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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
EXPLOSIVE ATMOSPHERES –  

 
Part  32-1 :  Electrostatic  hazards,  gu i dance 

 
FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Comm iss ion  ( I EC)  i s  a  worl dwide  organ i zati on  for  s tandard i zat i on  compri s i ng  
al l  n ati onal  e l ectrotechn i cal  comm i ttees  ( I EC Nati onal  Comm i ttees) .  The  object  of  I EC  i s  to  promote  
i n ternati onal  co-operat i on  on  al l  q uest i ons  concern i ng  s tandard i zat i on  i n  the  e l ectri cal  and  e l ectron i c  f i e l ds .  To  
th i s  end  and  i n  add i t i on  to  other  acti vi t i es ,  I EC  publ i shes  I n ternati onal  Standards,  Techn i cal  Speci f i cat i ons,  
Techn i cal  Reports ,  Publ i c l y  Avai l abl e  Speci f i cat i ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC  
Publ i cati on (s ) ”) .  Thei r  preparat i on  i s  en trusted  to  techn i cal  comm i ttees;  any I EC  Nati onal  Comm i ttee  i n terested  
i n  the  subj ect  deal t  wi th  may part i ci pate  i n  th i s  preparatory work.  I n ternati onal ,  governmental  and  non -
governmental  organ i zati ons  l i a i s i ng  wi th  the  I EC  al so  part i ci pate  i n  th i s  preparat i on .  I EC co l l aborates  cl osel y  
wi th  the  I n ternati onal  Organ i zati on  for  S tandard i zat i on  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
ag reement  between  the  two  organ i zat i ons.  

2)  The  formal  deci s i ons  or  ag reements  of  I EC  on  techn i cal  matters  express,  as  nearl y  as  poss ible,  an  i n ternati onal  
consensus  of  opi n i on  on  the  rel evant  subjects  s i nce  each  techn i cal  comm i ttee  has  represen tati on  from  al l  
i n terested  I EC Nati onal  Comm i ttees.   

3 )  I EC  Publ i cat i ons  have  the  form  of  recommendati ons  for  i n ternati onal  u se  and  are  accepted  by  I EC  Nati onal  
Comm i ttees  i n  that  sense.  Whi l e  al l  reasonable  efforts  are  made  to  ensure  that  the  techn i cal  con tent  of  I EC  
Publ i cati ons  i s  accu rate,  I EC  cannot  be  held  responsi ble  for  the  way i n  wh i ch  they  are  used  or fo r  any  
m i s i n terpretat i on  by any end  u ser.  

4)  I n  order to  promote  i n ternati onal  u n i form i ty,  I EC  Nati onal  Comm i ttees  undertake  to  apply I EC Publ i cati ons  
transparentl y  to  the  maximum  exten t  poss ible  i n  the i r  nati onal  and  reg i onal  publ i cat i ons.  Any d i vergence  
between  any I EC  Publ i cati on  and  the  correspond i ng  nati onal  or  reg i onal  publ i cat i on  shal l  be  c l earl y i n d i cated  i n  
the  l atter.  

5)  I EC  i tsel f  does  not  provi de  any attestati on  of  con form i ty.  I n dependent  cert i f i cati on  bod ies  provi de  con form i ty  
assessment  servi ces  and ,  i n  some  areas,  access  to  I EC marks  of  con form i ty.  I EC i s  not  responsi ble  for  any 
servi ces  carri ed  ou t  by i ndependen t  cert i f i cat i on  bod i es .  

6)  Al l  u sers  shou ld  ensu re  that  they have  the  l atest  ed i t i on  of  th i s  publ i cati on .  

7)  No  l i abi l i ty  shal l  attach  to  I EC  or  i ts  d i rectors,  employees,  servants  o r  agen ts  i ncl ud i ng  i n d i vi dual  experts  and  
members  of  i ts  techn i cal  comm i ttees  and  I EC  Nati onal  Comm i ttees  for  any personal  i n j u ry,  property  damage  or  
other damage  of  any natu re  whatsoever,  whether d i rect  o r  i nd i rect,  or  for  costs  ( i ncl ud i ng  l egal  fees )  and  
expenses  ari s i ng  ou t  of  the  publ i cati on ,  u se  of,  or  re l i ance  upon ,  th i s  I EC  Publ i cati on  or  any other I EC  
Publ i cat i ons .   

8)  Atten ti on  i s  d rawn  to  the  Normati ve  references  ci ted  i n  th i s  publ i cat i on .  Use  of  the  referenced  publ i cati ons  i s  
i nd i spensable  for the  correct  appl i cati on  of  th i s  publ i cat i on .  

9)  Atten ti on  i s  d rawn  to  the  poss ibi l i ty  that  some of  the  e l ements  of  th i s  I EC  Publ i cat i on  may be  the  subject  of  
paten t  ri g h ts .  I EC  shal l  not  be  held  respons ibl e  for  i den t i fyi ng  any or  a l l  such  paten t  ri gh ts .  

DI SCLAIM ER 
Th is  Consol id ated  versi on  i s  n ot  an  offi cial  I EC Stan dard  and  h as been  prepared  for  
u ser conven i ence.  On l y th e cu rren t  versi on s of  th e stan dard  and  i ts  am end m ent(s)  
are  to  be  con sid ered  th e offi ci al  docu men ts.  

Th i s  Consol i dated  versi on  of  I EC TS 60079-32-1  bears th e ed i tion  n u mber 1 . 1 .  I t  
con si sts  of  th e fi rst  ed i ti on  (201 3-08)  [docu m ents 31 /1 033/DTS and  31 /1 076/RVC]  and  i ts  
am end ment  1  (201 7-03)  [d ocu m ents  31 /1 237/DTS an d  31 /1 253/RVC] .  Th e tech ni cal  
conten t  i s  i d entical  to  th e base ed i ti on  and  i ts  am end ment.  

In  th i s  Red l in e versi on,  a  verti cal  l ine in  th e  m arg in  sh ows wh ere th e tech ni cal  content  
i s  m od i fied  by am en d m en t  1 .  Add i t i on s are i n  g reen  text,  d el eti on s are i n  striketh rou g h  
red  text.  A separate Fin al  version  wi th  al l  ch ang es accepted  i s  avai l able  in  th i s  
pu bl i cation .  
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The  main  task of  I EC  techn ical  comm i ttees  i s  to  prepare  I n ternati onal  Standards.  I n  
excepti onal  c i rcumstances,  a  techn ical  comm i ttee  may propose  the  publ ication  of  a  techn ical  
speci f ication  when  

•  the  requ i red  support  cannot  be  obtained  for  the  publ ication  of  an  I n ternati onal  Standard,  
despi te  repeated  efforts,  or  

•  the  subj ect  i s  st i l l  u nder techn ical  development or  where,  for  any other reason ,  there  i s  the  
fu ture  bu t  no  immediate  poss ibi l i ty of  an  agreement  on  an  I n ternational  Standard .  

Techn ical  speci f ications  are  subj ect  to  review wi th i n  th ree  years  of  publ ication  to  decide  
whether they can  be  transformed  i n to  I n ternati onal  Standards.   

I EC/TS 60079-32-1 ,  wh ich  i s  a  techn ical  speci f ication ,  has  been  prepared  by I EC  Techn ical  
Comm ittee  31 :  Equ ipment for  explos i ve  atmospheres,  and  I EC Techn ical  Comm ittee  1 01 :  
E lectrostatics .  

Th is  publ ication  has  been  drafted  i n  accordance  wi th  the  I SO/IEC  D i recti ves,  Part  2.  

A l i s t  of  al l  parts  of  the  I EC  60079  series ,  u nder the  general  t i t le  Explosive atmospheres,  can  
be  found  on  the  I EC websi te.  

The  comm ittee  has  decided  that  the  con ten ts  of  the  base  publ icati on  and  i ts  amendment  wi l l  
remain  unchanged  unt i l  the  s tabi l i ty date  i nd icated  on  the  I EC  web s i te  u nder  
"h ttp: //webstore. iec. ch "  i n  the  data re lated  to  the  speci fi c  publ ication .  At  th i s  date,  the  
publ ication  wi l l  be   

•  reconfi rmed,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i ti on ,  or  

•  amended.  

 

IMPORTANT – The 'colour inside'  l ogo  on  the  cover page of  th is  publ ication  ind icates 
that  i t  contains colours which  are considered  to  be  usefu l  for the correct  
understand ing  of  i ts  contents.  Users shou ld  therefore prin t  th is  document  using  a  
colour prin ter.  

 

A b i l i ngual  vers ion  of  th is  publ icati on  may be  i ssued  at  a  l ater date.  
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INTRODUCTION  

This  I EC Techn ical  Speci f ication  i s  based  on  CENELEC TR 50404:2003,  Code of practice for 
the avoidance of hazards due to static electricity and  a number of  o ther  documents :   

•  f rom  the  UK:  BS  5958,  Parts  1  &  2: 1 991 ,  Control of undesirable static electricity,   

•  f rom  Germany:  TRBS  21 53:2009,  Preventing risks of ignition due to electrostatic charges,   

•  from  Shel l  I n ternati onal  Petro leum :  Static electricity – Technical and safety aspects,  

•  from  the  US:  NFPA 77,  Recommended Practice on Static Electricity (2007),  

•  from  Japan :  JN IOSH  TR42,  Recommendations for Requirements for Avoiding Electrostatic 
Hazards in Industry (2007),   

•  f rom  ASTM,  EUROPIA,  I EC,  I n ternational  chamber of  sh ipping ,  I SO etc.  

I t  g i ves  the  best  avai lable  accepted  s tate  of  the  art  g u i dance  for the  avoidance  of  hazards  due  
to  stat ic  e l ectrici ty.  

Th is  document i s  main ly wri tten  for des igners  and  users  of  processes  and  equ ipmen t,  
manufacturers  and  test  houses .  I t  can  also  be  used  by suppl iers  of  equ ipment (e . g .  mach ines)  
and  f l ooring  or  apparel  when  no  product  fam i l y or  ded icated  product  s tandard  exists  or  where  
the  existi ng  s tandard  does  not  deal  wi th  e lectrostatic  hazards.  

A second  part,  I EC  60079-32-2,  Electrostatic Hazards,  Tests,  i s  u nder development .  
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EXPLOSIVE ATMOSPHERES –  
 

Part  32-1 :  Electrostatic  hazards,  gu i dance 
 
 
 

1  Scope 

This  part  of  I EC  60079  g i ves  gu idance  about  the  equ ipment,  product  and  process  propert ies  
necessary to  avoid  i gn i t i on  and  e lectrostatic  shock hazards  aris i ng  from  static  e l ectrici ty as  
wel l  as  the  operati onal  requ i rements  needed  to  ensure  safe  use  of  the  equ ipment,  product  or  
process.  I t  can  be  used  i n  a  ri sk assessment  of  e l ectrostatic  hazards  or for  the  preparati on  of  
product  fam i l y or  ded icated  product  standards  for e lectrical  or  non-electrical  mach ines  or  
equ ipment.  

The  hazards  associated  wi th  static  e l ectric i ty i n  i ndustrial  processes  and  envi ronments  that  
most  commonl y g i ve  problems  are  cons idered .  These  processes  i nclude  the  h and l i ng  of  
so l i ds ,  l i qu i ds ,  powders,  gases,  sprays  and  explos ives.  I n  each  case,  the  source  and  nature  of  
the  e lectrostatic  hazard  are  i den ti f i ed  and  speci f i c  recommendations  are  g i ven  for deal i ng  wi th  
them .   

The  purpose  of  th is  document  i s  to  provide  standard  recommendations  for the  contro l  of  static  
e lectrici ty,  such  as  earth ing  of  conductors,  reducti on  of  charg ing  and  restri cti on  of  chargeable  
areas  of  i nsu lators.  I n  some cases  stat ic  e l ectric i ty plays  an  i n tegral  part  of  a  process,  e. g .  
e lectrostatic  coating ,  bu t  often  i t  i s  an  unwelcome s ide  effect  and  i t  i s  wi th  the  latter that  th is  
gu i dance  i s  concerned.  I f  the  standard  recommendations  g i ven  in  th is  document  are  fu l f i l l ed  i t  
can  be  expected  that  the  r isk of  hazardous  e lectrostatic  d ischarges  i n  an  exp los ive  
atmosphere  i s  at  an  acceptabl y l ow l evel .  

I f  the  requ i rements  of  th i s  document cannot  be  fu l f i l l ed ,  al ternati ve  approaches  can  be  appl ied  
under the  cond i t i on  that  at  l east  the  same level  of  safety i s  ach ieved.  

Basic  i n formation  abou t  the  generati on  of  undes i rable  stat ic  e lectric i ty i n  so l i ds,  l i qu i ds,  
gases,  explos i ves,  and  also  on  people,  together wi th  descripti ons  of  how the  charges  
generated  cause  i gn i t i ons  or e l ectrostatic  shocks,  i s  g i ven  i n  the  annexes  and  i n  
IEC/TR  61 340-1 .  

Th is  Techn ical  Speci f ication  i s  not  appl icable  to  the  hazards  of  stat ic  e l ectric i ty re lati ng  to  
l i gh tn i ng  or to  damage  to  e lectron ic  components .   

Th is  Techn ical  Speci f icati on  i s  not  i n tended  to  supersede  standards  that  cover speci f i c  
products  and  i ndustrial  s i tuations.  

2 Normati ve references   

The fo l l owing  documents,  i n  whole  or  i n  part,  are  normati vel y referenced  i n  th is  documen t and  
are  i nd ispensable  for i ts  appl ication .  For dated  references,  on l y the  ed i t i on  c i ted  appl i es .  For 
undated  references,  the  l atest  ed i t i on  of  the  referenced  document  ( i nclud ing  any 
amendments)  appl i es .  

IEC 60079-0:201 1 ,  Explosive atmospheres – Part 0: Equipment – General requirements  

I EC  60079-1 0-1 ,  Explosive atmospheres – Part 10-1: Classification of areas – Explosive gas 
atmospheres  
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IEC 60079-1 0-2 ,  Explosive atmospheres – Part 10-2: Classification of areas – Combustible 
dust atmospheres  

I EC  60079-1 4,  Explosive atmospheres – Part 14: Electrical installations design,  selection and 
erection  

I EC  60079-20-1 ,  Explosive atmospheres – Part 20-1: Material characteristics for gas and 
vapour classification – Test methods and data  

I EC  60079-32-2 1 :201 5,  Explosive atmospheres – Part 32-2: Electrostatic hazards – Tests 

IEC  60093,  Methods of test for volume resistivity and surface resistivity of solid electrical 
insulating materials  

I EC  601 67,  Methods of test for the determination of the insulation resistance of solid 
insulating materials  

I EC  61 340-2-3,  Electrostatics – Part 2-3: Methods of test for determining the resistance and 
resistivity of solid planar materials used to avoid electrostatic charge accumulation  

I EC  61 340-4-1 ,  Electrostatics – Part 4-1: Standard test methods for specific applications – 
Electrical resistance of floor coverings and installed floors  

I EC  61 340-4-3,  Electrostatics – Part 4-3: Standard test methods for specific applications – 
Footwear 

I EC  61 340-4-4:201 2,  Electrostatics – Part 4-4: Standard test methods for specific applications 
– Electrostatic classification of flexible intermediate bulk containers (FIBC)  

I SO 284,  Conveyor belts – Electrical conductivity – Specification and test method 

ISO 6297,  Petroleum products – Aviation and distillate fuels – Determination of electrical 
conductivity 

I SO 8031 ,  Rubber and plastics hoses and hose assemblies – Determination of electrical 
resistance 

ISO 9563,  Belt drives; electrical conductivity of antistatic endless synchronous belts; 
characteristics and test method 

ISO 1 21 00-1 ,  Safety of machinery – Basic concepts,  general principles for design – Part 1 : 
Basic terminology,  methodology 

ISO 1 6392,  Tyres – Electrical resistance – Test method for measuring electrical resistance of 
tyres on a test rig 

I SO 21 1 78,  Light conveyor belts – Determination of electrical resistances 

ISO 21 1 79,  Light conveyor belts – Determination of the electrostatic field generated by a 
running light conveyor belt 

ISO 21 1 83-1 ,  Light conveyor belts – Part 1: Principal characteristics and applications  

————————— 
1   To  be  publ i shed.  
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ASTM  D257,  Standard Test Methods for DC Resistance or Conductance of Insulating 
Materials 

ASTM  D2624-07a,  Standard Test Methods for Electrical Conductivity of Aviation and Distillate 
Fuels 

ASTM  D4308-95,  Standard Test Method for Electrical Conductivity of Liquid Hydrocarbons by 
Precision Meter 

ASTM  E582-88,  Standard test method for minimum ignition energy and quenching distance in 
gaseous mixtures 

ASTM  E201 9-03,  Standard test method for minimum ignition energy of a dust cloud in air 

ASTM  F1 50,  Standard Test Method for Electrical Resistance of Conductive and Static 
Dissipative Resilient Flooring 

ASTM  F1 971 ,  Standard Test Method for Electrical Resistance of Tires Under Load On the 
Test Bench 

BS 5958:  Code of practice for control of undesirable static electricity  
Part  1 :  General considerations  
Part  2 :  Recommendations for particular industrial situations 

BS 7506,  Methods for measurements in electrostatics – Part 2 Test methods 

DIN  51 41 2-1 ,  Testing of petroleum products; determination of the electrical conductivity,  
laboratory method 

DIN  51 41 2-2,  Testing of petroleum products; determination of the electrical conductivity; field 
method 

EN  1 081 ,  Resilient floor coverings – Determination of the electrical resistance 

EN  1 1 49-3,  Protecting clothes – Electrostatic properties – Part 3: Test method for measuring 
the charge dissipation 

EN  1 1 49-5,  Protective clothing – Electrostatic properties – Part 5: Material performance and 
design requirements 

EN  1 360,  Rubber and plastic hoses and hose assemblies for measured fuel dispensing 
systems – Specification 

EN  1 361 ,  Rubber hoses and hose assemblies for aviation fuel handling – Specification 

EN  1 3463-1 ,  Non-electrical equipment for potentially flammable atmospheres – Part 1 : Basic 
principles and general requirements 

EN  1 41 25,  Underground pipework for petrol filling stations 

EN  1 4973,  Conveyor belts for use in underground installations – Electrical and flammability 
safety requirements 

International Safety Guide for Oil Tankers and Terminals ( ISGOTT) ,  f i fth  ed i t i on ,  I n ternational  
chamber of  sh ipping ,  2006.  
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JN IOSH  TR 42,  Recommendations for Requirements for Avoiding Electrostatic Hazards in 
Industry 

NFPA 77,  Recommended practice on static electricity 

SAE J 1 645,  Surface vehicle recommended practice – Fuel systems and Components – 
Electrostatic Charge Mitigation 

3 Terms and  defin i tions  

For the  purposes  of  th is  document the  fo l l owing  terms  and  defi n i t i ons  apply:  

3.1   
an tistat ic  
conducti ve  or d i ss ipati ve   

Note  1  to  en try:  Used  to  describe  a  materi al  that  i s  i ncapable  of  retai n i ng  a  s i gn i f i can t  e l ectrostati c  charge  when  
i n  con tact  wi th  earth .  I n  th i s  con text  the  word  i s  common ly used  to  describe  a  type  of  footwear and  an t i s tat i c  
add i t i ves  (ASAs)  for  use  wi th  l i qu i ds .  

Note  2  to  en try:  Preferred  term  i s  conducti ve  or d i ss ipat i ve  depend ing  on  wh i ch  i s  correct.  

3.2   
conductive  
having  a res isti vi ty or  res istance  below the  d iss ipative  range  (see  3. 7)  al l owing  stray current  
arcs  and  e lectrostatic  shocks  to  occur  

Note  1  to  en try:  Conducti ve  material s  or  obj ects  are  nei ther d i ss ipat i ve  nor i nsu l at i ng  and  are  i ncapable  of  
retai n i ng  a  s i g n i f i cant  e l ectrostati c  charge  when  i n  con tact  wi th  earth .  

Note  2  to  en try:  Boundary  l im i ts  for  the  conducti ve  range  are  g i ven  for so l i d  materi al s ,  enclosu res  and  some  
objects  i n  6 . 1  (Tabl e  1 ) ,  and  for  bu lk material s  i n  9 . 1 .  For certai n  i tems,  special  def i n i t i ons  are  main tai ned  i n  o ther  
s tandards  (see  3 . 3 ,  3 . 8  and  3 . 9) .  

Note  3  to  en try:  Product  s tandards  and  other  s tandards  coveri ng  e l ectrostati c  properti es  often  i ncl ude  speci f i c  
defi n i t i ons  of  “conducti ve”  wh i ch  appl y on l y  to  i tems  covered  by those  s tandards  and  may be  d i fferen t  to  the  
defi n i t i ons  g i ven  here.  See  e . g .  I SO 8031  and  I SO 8330  for  h ose  and  hose  assembl i es.  

3.3   
conductive  footwear 
footwear ensuring  that  a  person  s tand ing  on  a  conductive  f l oor has  a  res i stance  to  earth  l ow 
enough  to  ensure  d iss ipati on  of  e lectrostatic  charges  even  i n  particu larl y hazardous  s i tuati ons  
(e. g .  when  hand l ing  sens i t i ve  explos ives)  bu t  not  h i gh  enough  to  preven t  a hazardous  
e lectrical  shock at  vo l tages  l ess  than  500  V  

Note  1  to  en try:  See  I EC  61 340-4-3  and  I EC  61 340-4-5.   

3.4   
conductivi ty  
electrical  conductivi ty  
reciprocal  of  vo lume res i sti vi ty,  expressed  i n  s iemens  per  meter  

3.5   
conductor 
conducti ve  object  

3.6   
contaminated  l iqu id  
l i qu i d  contain ing  more  than  0 , 5  % by vo lume of  free  water or  o ther imm iscible  l i qu i ds  or  more  
than  1 0  mg/l  of  suspended  so l ids  
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3.7   
d issipative  
electrostatic  d issipative  
having  an  i n termediate  res ist i vi ty or  res istance  that  l i es  between  the  conductive  and  i nsu lating  
ranges  (see  3. 2  and  3 . 1 5)  

Note  1  to  en try:  D i ss ipat i ve  material s  or obj ects  are  nei ther conducti ve  nor i nsu l at i ng  bu t ,  l i ke  conducti ve  i tems,  
safel y  l im i t  con tact  charg i ng  and/or d i ss ipate  even  the  maximum  charg i ng  cu rren ts  associated  wi th  thei r  des i g ned  
appl i cat i on  when  i n  con tact  wi th  earth .  

Note  2  to  en try:  Boundary l im i ts  for  the  d i ss ipati ve  range  are  g i ven  for sol i d  materi al s ,  enclosu res  and  some 
objects  i n  Tabl e  1 ,  and  for  bu lk material s  i n  9 . 1 .  For certai n  i tems,  special  defi n i t i ons  are  main tai ned  i n  other 
s tandards  (see  3 . 3 ,  3 . 8  and  3 . 9) .  

Note  3  to  en try:  Product  s tandards  often  i ncl ude  speci f i c  defi n i t i ons  of  “d i ss ipat i ve”  wh i ch  appl y on l y  to  i tems  
covered  by those  s tandards  and  may be  d i fferent  to  the  defi n i t i ons  g i ven  here.  

3.8   
d issipative  cloth ing  
cloth ing  that  meets  the  material  and  des ign  requ i rements  speci fi ed  i n  EN  1 1 49-5  

3.9   
d issipative  footwear  
footwear ensuring  that  a  person  s tand ing  on  a  conductive  or  d i ss ipati ve  f l oor has  a  res is tance  
to  earth  l ow enough  to  ensure  d iss ipation  of  e lectrostatic  charges  bu t  h i gh  enough  to  prevent  
a hazardous  e lectrical  shock at  vol tages  l ess  than  500  V  

Note  1  to  en try:  See  I EC 61 340-4-3  and  I EC  61 340-4-5.  

Note  2  to  en try:  An ti s tati c  footwear as  descri bed  i n  I SO 20345  may fu l f i l  th i s  fu ncti on .  

3.1 0   
electrostatic  shock 
pathophysio log ical  effect  resu l ti ng  from  an  e lectric  current  caused  by an  e lectrostatic  
d ischarge  pass ing  th rough  human  or an imal  body 

3.1 1   
enclosure  
al l  the  wal ls,  doors,  covers,  cable  g lands,  rods,  spind les ,  shafts,  coati ngs  etc.  wh ich  surround  
and  enclose  equ ipmen t  

Note  1  to  en try:  For e l ectri cal  equ i pment,  the  enclosu re  i s  l i ke l y  to  be  i den ti cal  to  the  enclosu re  defi ned  i n  
I EC  60079-0.  

Note  2  to  en try:  Contai ners,  e . g .  d rums  and  FIBC,  are  not  equ i pment  enclosu res  and ,  therefore,  are  cons idered  
separatel y  i n  9 . 6 .  

3.1 2   
hazardous area  
area i n  wh ich  f l ammable  or  explos i ve  gas/vapour-ai r  or  dust-ai r  m ixtures  or aerosols  are,  or  
can  be,  present  i n  such  quan ti t ies  as  to  requ i re  special  precau tions  against  i g n i t i on  

Note  1  to  en try:  See  I EC 60079-1 0-1 and  I EC 60079-1 0-2.  A  short  summary i s  g i ven  i n  Annex D.  

3.1 3   
h igh  charg ing  
a process  that  generates  a h i gher rate  of  e l ectrostatic  charg ing  than  s imple  manual  
operati ons  

EXAMPLE  Rubbing ,  c l ean ing  wi th  a  c l oth ,  rai s i ng  from  a  seat,  walki ng ,  wipi ng  of  c l othes  etc.  

Note  1  to  en try:  Typi cal  examples  of  h i g h  charg i ng  operat i ons  i ncl ude  e. g .  the  f l ow of  i nsu l at i ng  l i qu i ds  o r 
powders  and  h i g h  vol tage  spray charg i ng .  
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3.1 4   
hybrid  mixture  
an  explos ible  heterogeneous  m ixture,  compris ing  gas  or vapour wi th  suspended  part icu late  
so l i d  or  l i qu i d ,  i n  wh ich  the  total  f l ammable  gas  concentrati on  i s  at  l east  1 0  %  of  i ts  l ower 
f lammable  l im i t  (LFL)  and  the  total  suspended  particu late  concentration  i s  at  l east  1 0  % of  i ts  
m in imum  explos ible  concen trati on  (MEC)  

3. 1 5   
insu lating  
having  a res ist i vi ty or  res istance  that  i s  h igher than  the  d iss ipati ve  range  ( see  3. 7)  

Note  1  to  en try:  I nsu l at i ng  materi al s  o r  objects  are  nei ther conducti ve  nor d i ss ipati ve.  E l ectrostati c  charges  can  
accumu late  on  them  and  do  not  read i l y  d i ss ipate  even  when  they are  i n  con tact  wi th  earth .  

Note  2  to  en try:  Boundary l im i ts  for  the  i nsu lat i ng  range  are  g i ven  for so l i d  material s ,  enclosu res  and  some 
objects  i n  Table  1 ,  fo r bu lk materi al s  i n  9 . 1 .  For  certai n  i tems,  special  defi n i t i ons  are  main tai ned  i n  o ther s tandards  
(see  3 . 3 ,  3 . 8  and  3 . 9) .  

Note  3  to  en try:  Product  s tandards  and  other  s tandards  coveri ng  e l ectrostati c  properti es  often  i ncl ude  speci f i c  
defi n i t i ons  of  “ i nsu lati ng ”  wh i ch  apply on l y to  i tems  covered  by those  s tandards  and  may be  d i fferen t  to  the  
defi n i t i ons  g i ven  here.  See  e. g .  I SO 8031  and  I SO 8330  for  h ose  and  hose  assembl i es.  

Note  4  to  en try:  The  ad j ect i ve  “non -conducti ve”  has  often  been  used  as  a  synonym  for  i nsu lati ng .  I t  i s  avoi ded  i n  
th i s  document  as  i t  cou ld  be  taken  to  mean  e i ther “ i nsu lat i ng ”  or “ i nsu lati ng  o r  d i ss ipat i ve”  and  th i s  may l ead  to  
con fus ion .  

3.1 6   
i solated  conductor 
conducti ve  object  wh ich  can  accumu late  charge  due  to  an  earth  l eakage  resistance  exceed ing  
the  values  g i ven  i n  Table  22  

3.1 7   
leakage resistance  
resistance to  earth  
res istance  expressed  i n  ohms  between  an  e lectrode  in  contact  wi th  the  su rface  to  be  
measured  and  earth  

Note  1  to  en try:  The  res i stance  depends  upon  the  vol ume  or  su rface  res i s t i vi ty  of  the  material s  and  the  d i s tance  
between  the  chosen  po i n t  o f  measurement  and  earth .  

Note  2  to  en try:  One  common  confi g urati on  (e. g .  i n  I EC 61 340-4-1 ,  I SO 1 0965  and  ASTM  F1 50)  uses  a  c i rcu lar 

e l ectrode,  (65  ±5)  mm  i n  d i ameter.  

3.1 8   
min imum  ign i tion  energy 
M IE  
min imum  energy that  can  ig n i te  a m ixtu re  of  a  speci fi ed  f lammable  material  wi th  ai r  or  oxygen ,  
measured  by a  s tandard  procedure  

Note  1  to  en try:  See  ASTM  E582-88  for  g ases  and  vapours,  I EC  61 241 -2-3 ,  ASTM  E201 9-03  and  EN  1 3821  for  
dust  c l ouds.  

3.1 9   
mu l t iphase l iqu id  
mixtu re  of  imm iscible  l i qu ids  that  form  separate  phases  wi th  a d i s ti nct  i n terfacial  boundary,  
and  so l i ds  suspended  i n  l i qu i ds,  and  gas  bubbles  suspended  i n  l i qu i ds  

Note  1  to  en try:  Li qu i d - i n -gas  suspens ions  (m i sts  or  sprays)  are  covered  separatel y .  

3.20   
relaxation  t ime  
time  during  wh ich  the  e lectrostatic  charge  on  a  sol i d  surface  or i n  the  bu lk of  a  l i qu id  or  
powder decays  exponen tial l y to  1 /e  ( i . e.  about  37  %)  of  i ts  ori g inal  value  (see  A. 2. 2)  
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Note  1  to  en try:  For h i gh  charge  generati on  wi th  h i g h  res i s t i vi ty  l i qu i ds,  re l axati on  may be  hyperbo l i c  rather than  
exponenti al .  

3.21   
su rface resistance 
res istance  expressed  i n  ohms  between  two  e lectrodes  i n  contact  wi th  the  surface  to  be  
measured  

Note  1  to  en try:  One  common  confi g urati on  (e . g .  i n  I EC  60079-0  and  I EC 601 67)  uses  paral l e l  e l ectrodes,  1 00  
mm  l ong  and  1 0  mm  apart)  

Note  2  to  en try:  The  su rface  res i stance  i s  dependen t  u pon  the  e l ectrode  con fi g u rat i on .  The  su rface  res i stance  
measured  wi th  the  example  e l ectrode  con fi gu rat i on  i s  ten  t imes  l ower than  the  su rface  res i s t i vi ty.  

Note  3  to  en try:  Soft  conducti ve  rubber s tri p  e l ectrodes  are  preferred  over s i l ver pai n t  e l ectrodes.  

3.22   
su rface resistivi ty  
res istance  across  opposi te  s i des  of  a  surface  of  u n i t  leng th  and  un i t  wid th  commonl y 
expressed  i n  ohms  (or  ohms/square)  

Note  1  to  en try:  Th i s  con fi g u rati on  i s  used  e . g .  i n  ASTM  D257  and  BS  7506-2.  

3.23   
volume resistivi ty  
res istance  of  a  body of  un i t  l eng th  and  un i t  cross-secti onal  area expressed  i n  ohm  metres  

4 Nomenclature  

Electrostatic  safety regu lations  use  many ad jecti ves  to  c lass i fy the  conducting  abi l i ty of  
materials  and  objects.  D i fferen t  regu lations  and  d i fferent  i ndustri es  use  d i fferent  ad jecti ves  
and ,  even  when  the  same ad j ecti ves  are  used ,  thei r  defi n i t i ons  can  vary.  The  nomenclature  
that  i s  systematical l y fo l l owed  in  th is  document  i s  g i ven  here  i n  order  to  avo id  confus ion  and  
to  ass ist  wi th  trans lat i on :  

Sol id  materials  are  c lassi f i ed  as  conducti ve,  d i ss ipative  or  i nsu lati ng  accord ing  to  the i r  
vo lume res isti vi ty (see  3. 2,  3 . 7  and  3 . 1 5) .  Boundary l im i ts  are  g i ven  i n  Table  1 .  

Sol id  objects  and  texti l es  are  class i f i ed  as  conductive,  d iss ipati ve  or i nsu lat ing  accord ing  to  
thei r  surface  or l eakage  res istance,  depend ing  on  appl icati on  (see  3 . 2,  3 . 7  and  3. 1 5) .  
Boundary l im i ts  for  enclosures  and  some objects  are  g i ven  i n  Table  1 .  For  certai n  i tems,  
special  defi n i t ions  are  main tained  in  o ther  standards  (see  3. 3 ,  3 . 8  and  3 . 9) .  

Bulk materials  (powders etc. )  are  class i f ied  as  l ow,  medium  or h i gh  res i sti vi ty accord ing  to  
thei r  vo lume res isti vi ty (see  9. 1  for  boundary l im i ts ) .  

Liqu ids  are  class i f i ed  as  h i gh ,  med ium  or l ow conductivi ty accord ing  to  thei r  e lectrical  
conductivi ty (see  7. 1 . 4  for boundary l im i ts) .   

NOTE  More  detai l s  abou t  e l ectrostati c  propert i es ,  concepts  and  terms  are  g i ven  i n  Annexes  A to  G .  

Resistances  have  main l y been  s tated  i n  exponen tial  form  i n  other documents .  However,  
exponen ts  are  smal l  f i g u res,  and  the  exponen ts  6,  8  and  9  main l y used  i n  e lectrostat ics  are  
eas i l y m isread  i n  pri n ted  or proj ected  documents,  and  even  unreadable  i f  they occur i n  notes .  
For th is  reason  th is  document  uses  SI  pref ixes  instead  of  exponents :  

1 03  Ω  =  1  kΩ  

1 06  Ω  =  1  MΩ  

1 08  Ω  =  1 00  MΩ  



I EC TS 60079-32-1 :201 3+AMD1 :201 7  CSV – 21  – 
© I EC  201 7  

1 09  Ω  =  1  GΩ  

1 0 1 1  Ω  =  1 00  GΩ  

1 0 1 2  Ω  =  1  TΩ  

Current  i s ,  for  the  same reasons,  also  g i ven  in  SI  pref ixes  instead  of  exponen ts:  

1 0 -3  A =  1  mA 

1 0 -6  A =  1  µA 

1 0 -9  A =  1  nA 

1 0 -1 2  A  =  1  pA 

5 General  

Static  e l ectric i ty occurs  common ly i n  i ndustry and  dai l y l i fe.  Many of  the  effects  are  harm less  
and  e i ther pass  completel y unnoticed  or  are  s impl y a  nu isance,  bu t  s tatic  e lectric i ty can  also  
g i ve  r ise  to  a hazardous  s i tuation .  I n  such  s i tuations,  the  hazard  can  general l y be  reduced  by  
charge  re laxation  (see  Annex  A) .  

Hazards  caused  by e lectrostatic  charge  i ncl ude:  

a)  i gn i ti on  and  /  or  explos ion  of  f l ammable  atmospheres ,  see  I EC  60079-0  and  EN  1 3463-1 ;  

b)  e lectrostatic  shock i n  combinati on  wi th  another hazard  (e . g .  fal l ,  tr ip)  −  see  I SO 1 21 00-1 ;  

c)  e lectrostatic  shock g iving  rise  to  i n ju ry or  death ,  see  I SO  1 21 00-1 ;  

d)  damage  to  e lectron ics  (not  covered  by th is  document) .  

I n  add i t ion ,  s tat ic  e l ectri ci ty can  i n troduce  operati onal  problems  duri ng  manufacturing  and  
hand l i ng  processes,  e. g .  by causing  art i c les  to  adhere  to  each  other,  or  by attracting  dust.  

Static  e l ectrici ty i s  generated  by:  

a)  the  contact  and  separation  of  so l i ds  e . g .  the  movement  of  conveyor bel ts ,  p last ics  f i lm ,  
etc.  over ro l lers ,  the  movement  of  a  person ;  

b)  the  f low of  l i qu ids  or  powders ,  and  the  producti on  of  sprays;  

c)  i nducti on  phenomena,  i . e .  objects  reach  h igh  potential  or  become charged  due  to  being  i n  
an  electric  f i e l d .  

The  accumu lation  of  e l ectrostatic  charge  can  g i ve  r ise  to  hazards  and  problems  i n  a  wide  
range  of  i ndustri es  and  working  envi ronments,  and  to  i gn i t ion  and  explos ion  hazards  
part icu larl y i n  chem icals,  pharmaceuticals,  petro leum  and  food  processing  i ndustri es .  

Because  of  the  l arge  number of  i ndustrial  processes  that  cou ld  be  i nvo lved  i t  i s  not  poss ible  
to  g i ve  detai led  i n formation  re levant  to  al l  of  them .  I nstead,  th is  document attempts  to  
describe  the  problems  associated  wi th  each  process,  and  to  g i ve  advice  on  how to  avo id  
them .  Th is  i n formation  shou ld  enable  the  plan t  operator to  take  whatever precau ti ons  cou ld  be  
necessary to  avoid  i g n i t ions  of  poten tial l y f lammable  atmospheres  and  e lectrostatic  shocks.  

For conven ience  th is  document i s  d i vided  i n to  a number of  clauses .  These  deal  wi th  problems 
associated  wi th  the  fo l l owing :  

a)  the  hand l ing  of  so l ids ;   

b)  the  s torage  and  hand l i ng  of  l i qu i ds;   

c)  the  hand l ing  of  gases  and  vapours;   

d )  the  s torage  and  hand l i ng  of  powders;  

e)  the  s torage  and  hand l i ng  of  explos i ves   
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f)  e lectrostatic  problems  caused  by people;   

g )  avo idance  of  e lectrostati c  shock;   

h )  earth i ng  and  bonding  of  p lant  and  mach inery;  

i )  measuring  methods.  

Th is  document also  contains  some fundamental  i n formation  re lati ng  to  e l ectrostatic  charg ing  
and  i ts  problems.  Th is  i s  con tained  i n  Annexes  A to  G  and  i t  shou ld  enable  the  reader to  
better u nderstand  the  advice  g i ven  and  also  to  extend  the  advice  to  processes  that  have  not  
been  deal t  wi th  i n  the  g u i dance.  

As  th is  document i s  very complex,  correctl y evaluating  the  e lectrostatic  hazards  of  products  
and  processes  may not  be  easy for new readers.  For th is  reason  a un iversal l y appl icable  
i n formative  Annex F  has  been  appended  wh ich  references  the  re levant  sections  of  th is  
document  i n  the  correct  order.  

I t  i s  very se ldom  that  an  e lectrostatic  hazard  can  be  treated  by i tsel f .  Precau tions  against  
e lectrostatic  hazards  shou ld  be  i n  add i t i on  to  other precau tions ,  e . g .  explos ion  protecti on .  
They shou ld  also  be  cons isten t  wi th  precau tions  taken  to  avo id  other hazards  that  may be  
present,  such  as  i g n i t i ons  due  to  other  causes,  and  toxici ty.  I t  i s  importan t  that  al l  sources  of  
ri sk i n  a  system  of  work are  cons idered  and  that  a  balanced  approach  to  safety that  covers  al l  
ri sks  i s  adopted .  I n  parti cu lar,  care  shou ld  be  exercised  i n  the  provis ion  of  earth ing  systems 
where  they can  i n terfere  wi th  other protecti ve  systems,  e . g .  cathod ic  protecti on  or i n tri ns ical l y  
safe  e lectrical  equ ipment.  

6 Static  electrici ty in  sol id  materials  

6.1  General  considerations  

Sol i d  materials  are  usual l y characterised  as  i nsu lat i ng ,  d i ss ipative  or  conductive  accord ing  to  
the i r  vo lume  res isti vi ty.  Enclosures  are  usual l y c lassi f i ed  accord ing  to  the i r  surface  res istance  
or res isti vi ty (measured  accord ing  to  I EC  60079-0,  I EC  601 67,  I EC  60093  or I EC  61 340-2-3  or  
equ ivalent  methods) .  Measuri ng  detai ls  wi l l  also  be  deal t  wi th  i n  I EC  60079-32-2 2.  The  two  
surface  c lass i f i cations  are  equ ivalent  because  the  surface  res isti vi ty i s  ten  t imes  h igher than  
the  su rface  resis tance  for the  speci fi ed  electrode  geometries .  For other speci f i c  appl ications  
d i fferent  defi n i t i ons  may be  appl icable  (e . g .  l eakage  res istance  i n  the  case  of  f loors) .  The  
th resholds  most  commonl y used  for  these  purposes  are  shown  i n  Table  1 .  

————————— 
2  To  be  publ i shed.  
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Table  1  – Boundary l imi ts  at  (23  ±  2)  °C  and  (25  ±  5)  % RH  for  the characterisation  
of  sol id  materials  and  examples for  the classi fication  of  objects  

Object  Un i t  
See 

subclause  
Conductive  Dissipativea  I nsu lating a  

Material  
Volume  

Resi st i vi ty  (Ω  m )  
6 . 2. 1  <  1 00  kΩ  m

 
1 00  kΩ  m  to  <  1  GΩ  m  ≥  1  GΩ  m  

Enclosure  

Surface  

Res i stance  (Ω )  
6 . 2 . 1  <  1 0  kΩ  1 0  kΩ  to  <  1 00  GΩ  ≥  1 00  GΩ  

Su rface  

Res i st i vi ty  (Ω )  
6 . 2 . 1  <  1 00  kΩ  1 00  kΩ  to  <  1  TΩ  ≥  1  TΩ  

Clothes  
Surface  

Res i stance,  (Ω )  
1 1 . 5  Not  avai l abl e  <  2 , 5  GΩ  ≥  2 , 5  GΩ  

Footwear  
Leakage  

res i s tance  (Ω )  
1 1 . 3  <  1 00  kΩ

 
1 00  kΩ  to  <  1 00  MΩ  ≥  1 00  MΩ  

Gloves  
Leakage  

res i stance  (Ω )  
1 1 . 6  <  1 00  kΩ

 
1 00  kΩ  to  <  1 00  MΩ  ≥  1 00  MΩ  

Floor 
Leakage  

res i stance  (Ω )  
1 1 . 2  <  1 00  kΩ

 
1 00  kΩ  to  <  1 00  MΩ  ≥  1 00  MΩ  

Pipes  
Resistance  per 

l eng th  (Ω /m )  
7. 7. 2. 1  <  1  kΩ/m  1  kΩ /m  to  <  1  MΩ /m  ≥  1  MΩ /m  

Hosesb  
Resistance  per 

assembly (Ω )  
7. 7. 3. 1  <  1  kΩ  1  kΩ  to  <  1  MΩ  ≥  1  MΩ  

a  Where  l ocal  ambien t  cond i t i ons  are  s i g n i f i can tl y  d i fferent  from  the  s tated  worst  case  test  cond i t i on  of  

(23  ±  2 )  °C  and  (25  ±  5 )  %  RH ,  other test  cond i t i ons  may be  used  after a  carefu l  hazard  evaluat i on .  I n  some 

coun tri es,  especial l y  du ri ng  wi n ter,  a  re l at i ve  hum id i ty  of  ( 1 2  ±  3 )  %  at  (23  ±  2 )  °C  i s  an  appropri ate  test  
envi ronment  for  qual i fyi ng  equ ipment.  As  the  res i stance  of  non -metal s  usual l y  depends  s trong ly  on  the  
measuri ng  vol tage,  the  measuri ng  vo l tages  ( typi cal l y  500  to  1  000  V)  shou ld  be  chosen  to  be  consi s ten t  wi th  
the  pu rpose  of  the  measu rement  and  s tated  wi th  the  test  resu l t .  

b  Accord i ng  to  I SO 8031 ,  the  values  for  hoses  are  measured  at  (50  ±  5 )  %  RH  and  are  the  l atest  ones  taken  
from  Table  1 5  i n  7 . 7. 3 . 1 .  I n  the  past,  s l i gh tl y  d i fferent  val ues  have  been  used  i n  I SO and  CENELEC  
documents.  Other class i f i cati ons  may be  used  by i n dustry s tandards  for  speci f i c  appl i cat i ons  (e . g .  i n  
I SO 8031  conducti ve  hoses  for  i ndustry appl i cati ons,  d i ss ipati ve  an ti s tat i c  hoses  for  au tomobi l e  appl i cati ons )  
wh i ch  does  not  necessari l y  imply e l ectrostat i c  safety.  

 

Enclosure  cri teria  are  to  prevent  tr ibo-charg ing  and  thus  do  not  necessari l y d iss ipate  charge  
deposi ted  from  unspeci fi ed  processes  wi th in  the  enclosure .  

D i fferen t  values  measured  at  50  % RH  have  been  appl i ed  i n  the  past  i n  the  absence  of  a  
dehum id i f i ed  test  chamber and  are  considered  to  err  on  the  safe  s ide.  Th is  approach  has  now 
been  d iscon tinued ,  and  l im i ts  at  50  % RH  are,  except  for  hoses,  g i ven  i n  o ther documents  
on l y.  They shou ld  on l y be  used  i f  an  appropriate  cl imate  i s  not  avai lable .  As  the  chargeabi l i ty 
of  materials  i s  h igher at  20  % RH  compared  to  30  % RH ,  the  former value  of  30  % RH  has  

been  reduced  to  (25  ±  5)  % RH.  A re lat i ve  hum id i ty at  the  l ower part  of  the  i n terval  shou ld  be  
appl ied  during  measuremen ts  whenever  poss ible.  

When  characteri zing  non -homogenous  materials  the  measured  values  shou ld  be  averaged  
and  rounded  to  the  nearest  order of  magn i tude  un less  o therwise  speci f i ed  by the  test  method.  
Non-homogeneous  materials  may exh ibi t  d i fferen t  res ist i vi ty i n  d i fferen t  d i rections  

I nstead  of  measuring  resistance,  the  rate  of  charge  decay may be  used  to  characteri ze  the  
d issipati ve  behaviour  of  c l oth ing  (see  EN  1 1 49-3  and  EN  1 1 49-5) .  

E lectrical l y i nsu lati ng  so l id  materials  are  common l y used  i n  many forms,  i ncl ud ing  pipes,  
con tainers,  sheets ,  coati ngs  and  l i ners .  The  use  of  e lectrical l y i nsu lati ng  so l id  materials  i n  
hazardous  areas  can  g i ve  ri se  to  many e lectrostatic  hazards,  i n  part icu lar:  
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a)  conducti ve  obj ects  cou ld  be  i solated  from  earth  by the  material  and  cou ld  then  reach  a  
h igh  e lectrical  poten tial  and  g i ve  ri se  to  sparks  (see  A. 3 .2) ;  

b)  charges  on  the  su rface  of  the  material  cou ld  l ead  to  brush  d ischarges  (see  A. 3 . 4) ;  

c)  a  combinati on  of  conducti ve  and  i nsu lat i ng  materials  i n  the  presence  of  prol i f i c  charge  
generators  (see  1 2. 3)  cou ld  lead  to  energetic  propagati ng  brush  d ischarges  (see  A. 3. 5) .  

Measures  to  address  these  hazards  are  g i ven  i n  6 . 2 ,  6. 3  and  6. 4.  

I f  i nsu lat i ng  materials  are  used,  a  ri sk assessmen t i s  necessary to  i den ti fy i f  there  i s  any 
process  that  can  l ead  to  d i rect  producti on  of  or  i nd i rect  i nducti on  of  e l ectrostatic  charg ing  on  
i nsu lated  materials  that  are  presen t  i n  the  l ocation .  

6.2  The use  of  conductive or d issipative materials  in  place  of  i nsu lating  ones  

6.2. 1  General  considerations  

I t  i s  general l y good  practice  to  m in im ise  the  use  of  i nsu lati ng  materials  i n  hazardous  areas.  
Wh i le  th is  may be  ach ieved  primari l y by the  use  of  i nherentl y conductive  materials  (e . g .  
metals ) ,  many materials  wh ich  used  to  be  avai lable  on l y i n  i nsu lat i ng  forms  (e. g .  rubbers  or  
p last ics)  are  now avai lable  i n  g rades  wh ich  meet  the  requ i rements  to  be  cons idered  
conducti ve  or d i ss ipative  as  g i ven  i n  Table  1 .  Th is  i ncrease  i n  conductivi ty i s  typi cal l y 
ach ieved  e i ther by add ing  conducti ve  i ngred ien ts  (e. g .  carbon  b lack)  to  i ts  composi t i on ,  or  by 

appl ying  h ygroscopic  agen ts  to  i ts  surface  that  attract  atmospheric  moisture  −  conducti ve  
po l ymers,  l am inates  wi th  conducti ve  e lements  and  metal l i sed  f i lms  have  al l  been  developed  
for improved  stat ic  d iss ipati on .  

I t  i s  importan t  that  such  conducti ve  and  d iss ipative  materials  are  earthed  re l i abl y accord ing  to  
Clause  1 3  and  are  l ong  lasting  accord ing  to  C lause  1 3 .  Also,  i f  conductive  or d i ss ipati ve  
coatings  are  used  to  make  an  i nsu lati ng  material  non -chargeable,  i t  i s  important  that  such  
coatings  are  properl y earthed,  and  that  the i r  durabi l i ty and  su i tabi l i ty for  use  i n  hazardous  
areas  (particu larl y Zone  0  and  Zone  1 )  i s  demonstrated  for the  particu lar app l ication .  

Another consideration  i s  that  the  use  of  a  h i gh  proportion  of  add i ti ves  such  as  carbon  black 
may deg rade  the  phys ical  properties  (primari l y  streng th  and  chem ical  res istance)  of  the  
material .  Th is  may render such  materials  unsu i table  for certain  appl icati ons .  Th is  can  be  
avoided  by us ing  i n tri ns ical l y conductive  po l ymers  as  a conducting  i ng red ient  or  coating .  Care  
shou ld  be  taken  to  ensu re  su ff ic ien tl y h i gh  concen trati ons  of  d i ss ipative  add i t i ves  and  thei r  
un i form  d istribu tion .  

NOTE  I t  i s  not  poss ible  to  determ ine  whether materi al s  may be  d i ss ipati ve  or  conducti ve  by thei r  col ou r.  B l ack 
po l ymers  may not  be  d i ss ipati ve,  and  modern  conducti ve  or d i ss ipat i ve  material s  may be  avai l abl e  i n  a  vari ety of  
colou rs.  

Fabrics,  e. g .  f i l ter  c lo th ,  can  be  made  d iss ipative  by incorporating  s tai n less  steel  or  other 
conducti ve  or d i ss ipative  f ibres  i n  the  fabric.  Care  has  to  be  taken  to  ensure  that,  as  a resu l t  
of  wash ing  or  mechan ical  stress,  the  overal l  conductivi ty of  the  fabric  i s  main tained  and  
i solated  patches  of  conductive  f ibres  are  not  formed.  

6.2.2  Dissipative sol id  materials  

A sol i d  material  i s  def ined  as  d iss ipati ve  i f  i ts  surface  res istance,  su rface  res isti vi ty or  vo lume  
res ist i vi ty meet  the  combined  cri teria  set  ou t  i n  6 . 1 .  

I n  general ,  provid ing  that  d iss ipative  materials  are  connected  to  earth  accord ing  to  C lause  1 3 ,  
no  fu rther protecti ve  measures  need  to  be  taken .  However,  i n  processes  i nvolving  h i gh  speed  
separati on  (e. g .  conveyor and  transm iss ion  be l ts ,  see  6 . 4)  l ower res is ti vi t i es  and  res istances  
can  be  requ i red .  
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NOTE  1  For material s  wi th  res i st i vi t i es  at  the  top  end  of  the  d i ss ipati ve  range  there  wi l l  be  s i gn i f i can t  constrai n ts  
on  the  poss ible  geometry of  a  manufactu red  i tem  i f  the  requ i rements  of  C lause  1 3  are  to  be  met  (e. g .  l ong  pi pes  or  
th i n  f i l aments  wi l l  not  meet  the  earth i ng  requ i rements  wh i l s t  th i n  sheets  wi th  a  l arge  earth  con tact  area wi l l ) .   

I n  some cases,  part icu larl y wi th  p lastic  f i lms  or sheeting ,  a  material  i s  added  to  attract  
atmospheric  mois tu re  to  the  surface,  thus  i ncreas ing  surface  conducti vi ty.  Care  shou ld  be  
taken  where  th is  type  of  d iss ipati ve  plastic  f i lm  or sheeti ng  i s  used  in  l ow hum id i ty cond i t i ons:  

i n  envi ronments  wi th  l ow hum id i ty ( typical l y <30  %) ,  i t  can  become i nsu lati ng  and  accumu late  
e lectrostatic  charge.  

I t  shou ld  be  ensured  that  a  d i ss ipative  coating  cannot  be  washed  away or  rubbed  off  and  
cannot  l ose  i ts  effecti veness  over t ime.  Otherwise  such  a coati ng  wou ld  on l y be  appropriate  
as  a temporary measure  to  reduce  accumu lation  of  static  e lectric  charge.  

D iss ipative  agen ts  used  i n  packag ing  shou ld  be  compatible  wi th  the  product  contained  wi th in  
the  package.  Absorption  of  the  d iss ipative  agents  by product  wi th  wh ich  i t  i s  i n  con tact  may 
cause  product  contam inati on  and  /  or  loss  of  d iss ipati ve  properti es  of  the  package.  

NOTE  2  New s tati c  d i ss ipati ve  add i t i ves  are  avai l able  wh i ch  i ncrease  the  vo l ume res i st i vi ty  and  are,  therefore,  
l ess  sensi t i ve  to  hum id i ty bu t  are  al so  affected  by ag i ng  as  are  other add i t i ves.  

NOTE  3  The  res i stance  of  d i ss ipati ve  material s  made  from  rubber vu l can i zed  wi th  carbon  b lack may i ncrease  wi th  

decreasi ng  temperatu re.  Such  materi al s  may,  for example,  be  d i ss ipat i ve  (~ 1 00  MΩ )  at  20  ˚C  bu t  i nsu l ati ng  

(~ 1 0  TΩ )  at  0  ˚C.  

6.2.3  Earth ing  of  conductive  and  d issipative  i tems  

Al l  metal  and  other conducti ve  or d i ss ipative  material  shou ld  be  connected  to  earth  accord ing  
to  C lause  1 3  wi th  the  excepti on  of  very smal l  i tems.  The  capaci tance  of  i so lated  i tems 
depends  on  thei r  s i ze,  su rrounding  materials  and  proxim i ty to  other conductors  and  may be  
very d i fferent  under i nstal led  or  non- instal led  cond i t i ons.  The  maximum  al lowable  capaci tance  
of  i so lated  i tems  depends  on  the  i g n i tabi l i ty of  the  gases,  vapours  and  dust  expressed  by the  
representati ve  gas  g roups  I ,  I I A,  I I B  and  I IC  ( I EC  60079-20-1 ,  see  D. 3)  or  dust  g roup I I I  
( IEC  60079-0)  and  the  class i f ication  of  the  hazardous  area ( IEC  60079-1 0-1  and  
IEC  60079-1 0-2 ,  see  D . 2)  as  shown  i n  Table  2 ,  taking  accoun t  of  the  fo l l owing :  

a)  Capaci tances  be low 3  pF  need  not  be  earthed  provided  that  the  object  cannot  reach  a  
hazardous  poten tial  and  i s  not  s i tuated  i n  Zone  0  when  gases  or  vapours  belong ing  to  
Group  I IC  are  used.  

b)  I n  Zone  1  where  gases  or vapours  belong ing  to  Group I I A are  used,  and  i n  Zones  20  and  
21  the  maximum  al lowed  i so lated  capaci tance  may be  i ncreased  to  6  pF  provided  h i gh  
charg ing  processes  do  not  occur.  

c)  I n  dust  Zones  20  and  21  and  i n  Group  I  the  maximum  al lowed  i so lated  capaci tance  may 
be  fu rther i ncreased  to  1 0  pF  provided  that  e i ther h igh  charg ing  processes  do  not  occur or  
on l y powders  wi th  m in imum  ign i t i on  energ ies  h igher than  1 0  mJ  are  hand led.  

d )  The  l im i ts  i n  Table  2  are  not  absolu te  values  that  preven t  i ncend ive  d ischarges,  bu t  they 
merel y reduce  the  r isk of  occurrence  to  a  general l y  accepted  low l evel .  

e)  Hand  he ld  devices  and  hand  too ls  are  expected  to  be  earthed  via  the  user.  I n  any case  of  
doubt  the  user  shou ld  ensure  earth i ng  of  the  device  when  working  i n  hazardous  areas.   

f )  People  are  conducti ve  i tems  having  su ffi c ien t  capaci tance  to  produce  an  i ncend ive  
d ischarge.  They,  therefore,  shou ld  be  earthed  accord ing  to  C lause  1 1  before  entering  a  
hazardous  area Zone  0 ,  1 ,  20 ,  21  or  Group  I .  

Capaci tances  shou ld  be  measured  accord ing  to  I EC  60079-0 ,  26. 1 5.  

NOTE  I t  i s  schedu led  to  revi se  th i s  method  and  move  i t  to  I EC  60079-32-2 3.  

————————— 
3  To  be  publ i shed .  



 – 26  – I EC  TS  60079-32-1 :201 3+AMD1 :201 7  CSV 
  © I EC  201 7  

Table  2  – M axi mu m al l owed  i sol ated  capaci tan ce i n  Zones  wi th  explosive atmosph ere  

 G rou p  I  G rou p  I I A G rou p  I I B  G rou p  I I C  G rou p  I I I  Ad d i ti on al  
con d i ti on  

Zon e 0  

1 0  pF  

3  pF  3  pF  

No  i sol ated  
conducti ve  
objects  
al l owed  

-  

No  h i gh  
charg i ng  
processes  

Zon e 1   6  pF  3  pF  3  pF  -  

Zon e 2  No  requ i rements  i f  charg i ng  processes  
capabl e  of  g enerati ng  hazardous  poten ti al s  
are  un l i ke l y  to  occur du ri ng  normal  
operati on  i ncl ud i ng  main tenance  and  
c l ean i ng  

-  

Zon es 20, 21  

M I E  <  1 0  m J  
-  -  -  6  pF  

Zon es 20, 21  

M I E  >  1 0  m J  
-  -  -  1 0  pF  

Zon e 22  

-  -  -  

No  requ i rements  i f  
charg i ng  processes  
capabl e  of  
generati ng  
hazardous  
poten ti al s  are  
un l i kel y  to  occu r 
du ri ng  normal  
operati on  i ncl ud i ng  
main tenance  and  
cl ean i ng  

NOTE  1  The  subd i vi s i ons  are  based  on  the  maximum  experimental  safe  gap (MESG)  or  the  m in imum  i gn i t i on  
cu rren t  rat i o  (MIC  rati o )  of  the  expl os i ve  gas  atmosphere  i n  wh i ch  the  equ i pment  may be  i nstal l ed  (see  
I EC  60079-20-1 ) .  More  detai l s  can  be  found  i n  C. 6  and  D. 3.  

NOTE  2  Manual  rubbing  i s  u sual l y  not  cons idered  to  be  a  h i gh  charg i ng  process.  

 

For d iss ipati ve  materials  wi th  a  surface  resis tance  exceed ing  1 0  GΩ  earth i ng  may not  be  
necessary.  I n  any case  of  doubt  an  add i t ional  test  i s  necessary to  prove  e lectrostatic  safety of  
unearthed  obj ects  (e . g .  6 . 3 . 9) .  

6. 3  Precau tion s requ i red  wh en  u sin g  in su l ati n g  sol i d  m ateri al s  

6. 3. 1  G en eral  

The restricti ons  on  the  use  of  i nsu lat ing  materials  i n  hazardous  areas  depend  on  the  
classi f i cation  of  the  hazardous  area accord ing  to  I EC  60079-1 0-1  and  I EC  60079-1 0-2:  

a)  i n  Zone  0,  i nsu lat i ng  so l i d  materials  shou ld  on l y be  used  i f  charg ing  processes  capable  of  
generati ng  hazardous  potentials  wi l l  not  occur e i ther du ri ng  normal  operation  i ncl ud ing  
main tenance  and  clean ing  or even  in  the  case  of  rare  mal functi ons;  

b)  i n  Zone  1 ,  i nsu lat i ng  so l i d  materials  shou ld  on l y be  used  i f  charg ing  processes  capable  of  
generati ng  hazardous  potentials  wi l l  not  occur e i ther du ri ng  normal  operation  i ncl ud ing  
main tenance  and  clean ing  or i n  the  case  of  l i ke l y mal functions;  

c)  i n  Zone  2,  i nsu lati ng  so l i d  materials  shou ld  on l y be  used  i f  charg ing  processes  capable  of  
generati ng  hazardous  poten tials  are  un l ikel y to  occur during  normal  operati on  i nclud ing  
main tenance  and  clean ing .  

d )  i n  Zones  20,  21  and  22  cons ideration  shou ld  be  g i ven  to  spark,  brush ,  cone,  and  
propagating  brush  d ischarges  (see  A. 3) .  However,  practical  experience,  experimental  
evidence  and  the  absence  of  i nci den ts  i nd icate  that  brush  d ischarges  do  not  i g n i te  even  
i gn i ti on  sensi t i ve  powder cl ouds  i n  the  absence  of  any f lammable  gas  or  vapour.  
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NOTE  1  Syntheti c  fabri cs  used  i n  c l oths  for  c l ean ing  or wipi ng  can  deve lop  su ff i ci en t  s tat i c  e l ectri c  charge  to  
produce  d i scharges  capabl e  of  i gn i t i ng  sol vent  vapou rs .  Typi cal l y,  charge  generati on  i ncreases  wi th  the  speed  and  
vi gou r of  the  wip i ng  act i on .  The  materi al  be i ng  cl eaned  or  wiped,  i f  i nsu l ati ng ,  al so  can  accumu late  su ff i c i en t  
charge  to  produce  an  i ncend i ve  d i scharge.  Cotton  or  syn thet i c  fabri c  treated  wi th  a  s tat i c  d i ss ipati ve  compound  
may be  requ i red  i f  s tati c  e l ectri c  charge  g enerat i on  needs  to  be  con trol l ed ,  especial l y  i f  f l ammable  i nsu l at i ng  
so l vents  are  bei ng  used  for  c l ean ing  or  wip i ng .  

NOTE  2  The  presence  of  con tam inati on  (e. g .  g rease  or  moi s tu re)  may affect  the  potent i al  i gn i t i on  hazard  when  
us i ng  i nsu lati ng  material s .  

NOTE  3  Conducti ve  so l i ds ,  objects  o r l i qu i ds  may form  hazardous  i sol ated  conducti ve  i s l ands  i f  present  on  
charged  i nsu lati ng  su rfaces.  

I n  add i t ion ,  to  prevent  i ncend ive  d ischarges  the  precau ti ons  g i ven  i n  6. 3. 2  to  6 . 3 . 4  shou ld  be  
taken  i n  al l  Zones  where  the  use  of  i nsu lati ng  so l i d  material s  i s  unavoidable.  The  precautions  
g i ven  i n  6 . 3 . 2  to  6. 3. 4  re late  to  the  avoidance  o f  i ncend ive  brush  d ischarges,  that  g i ven  i n  
6. 3. 4  also  re lates  to  propagating  brush  d ischarges.  

6.3.2  Restrictions on  the  size  of  chargeable insu lat ing  surfaces  

Where  the  use  of  chargeable  i nsu lating  material  i n  a  hazardous  area i s  necessary,  the  
maximum  al lowable  s i ze  of  i nsu lati ng  surface  depends  on  the  i gn i tabi l i ty of  the  gases  and  
vapours  expressed  by the  represen tati ve  g roups  I ,  I I A,  I I B,  I I C  ( IEC  60079-20-1 )  or  the  
representati ve  dust  g roup  I I I  ( I EC  60079-0)  and  the  c lass i f i cation  of  the  hazardous  area 
( IEC 60079-1 0-1  and  I EC  60079-1 0-2,  see  D. 2)  as  shown  i n  Table  3 ,  taking  account  of  the  
fo l l owing :  

a)  for  sheet  materials  the  area i s  defi ned  by the  exposed  (chargeable)  area;  

b)  for  cu rved  or  i rregu larl y shaped  obj ects  the  area i s  the  proj ecti on  of  the  object  g i ving  the  
maximum  area;  

c)  for  l ong  narrow materials ,  such  as  cable  sheaths  or p i pes,  the  maximum  s ize  i s  defi ned  by 
the  transverse  d imens ion  ( i . e.  the  d iameter for a  cable  sheath  or p i pe) ;  al though  when  i t  i s  
co i l ed  i t  shou ld  be  treated  as  for a  sheet;  

d )  even  smal l er d iameters  can  be  requ i red  for narrow pipes  or tubes  contain i ng  f l owing  
l i qu i ds  or  powders;  

e)  normal  e lectric  cables  are  usual l y acceptable  i n  al l  zones.  See  I EC  60079-1 4.  Very th ick 
i nsu lat i ng  layers  on  th ick cables  shou ld ,  however,  be  tested  experimental l y  e . g .  accord ing  
to  I EC  60079-0:2007,  26. 1 4.  

NOTE  I t  i s  schedu led  to  revi se  th i s  method  and  move  i t  to  I EC  60079-32-2 4.   

I t  i s  essential  that  non -conducti ve  so l i d  materials  used  in  hazardous  areas  do  not  exceed  the  
maximum  area or wid th  values  g i ven  i n  Table  3  for the  zone  wi th in  wh ich  i t  i s  used  un less  i t  
can  be  experimental l y shown  that  hazardous  electrostatic  charges  are  not  to  be  expected  
(see  6. 3. 9)  or  charg ing  mechan isms  wi l l  not  occur at  any t ime.  An  example  of  the  l ast-named  
case  i s  s igns  or l amps  at  the  ce i l i ng  wh ich  are  normal l y not  exposed  to  any charg ing  
mechan isms.  I n  th is  case,  a  warn ing  “C lean  wi th  a  water-wet  cl oth  on ly and  al low to  dry 
natural l y”  i s  su ffi ci ent  to  avoid  charg ing  when  c lean ing .  

————————— 
4  To  be  publ i shed.  
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Table  3  – Restriction  on  size  of  insu lating  sol id  materials  i n  hazardous  areas  

Zone Group  I  Group  I I A Group  I IB  Group  I IC  Group  I I I  

 
Max 
area 
(mm 2 )  

Max 
wid th  
(mm)  

Max 
area 
(mm 2 )  

Max 
wi d th  
(mm )  

Max 
area 
(mm 2 )  

Max 
wid th  
(mm)  

Max 
area 
(mm 2 )  

Max 
wid th  
(mm)  

Max 
area 
(mm 2 )  

Max 
wid th  
(mm)  

0  

1 0  000  30  

5  000  3  2  500  3  400  1  -  -  

1  1 0  000  30  1 0  000  30  2  000  20  -  -  

2  
No  s i ze  l im i t  (bu t  
see  6 . 3 . 1 )  

No  s i ze  l im i t  (bu t  
see  6. 3 . 1 )  

No  s i ze  l im i t  (bu t  
see  6 . 3 . 1 )  

-  -  

20  21  
22  

-  -  -  -  -  
No  s i ze  l im i t  (bu t  
see  6. 3 . 1 )  

NOTE  1  The  wid th  cri teri on  appl i es  to  th i n  pi pes,  cable  sheaths ,  and  other  i nsu l at i ng  materi al s  having  smal l  
wi d ths  o r d i ameters.  

NOTE  2  Equ ipment  marked  I I B  i s  su i tabl e  for appl i cati ons  requ i ri ng  G roup I I A equ ipment.  S im i l arl y,  equ i pment  
marked  I I C  i s  su i table  for  appl i cat i ons  requ i ri ng  Group  I I A  or G roup I I B  equ ipment.  

NOTE  3  These  border l im i ts  are  al so  used  e. g .  i n  I EC 60079-0,  CENELEC TR 50404,  TRBS  21 53,  JN IOSH  
TR42,  and  BS  5958.  

NOTE  4  The  subd i vi s i ons  are  based  on  the  maximum  experimental  safe  gap  (MESG)  or  the  m in imum  i gn i t i on  
cu rren t  rat i o  (M IC  rat i o )  o f  the  expl os i ve  gas  atmosphere  i n  wh i ch  the  equ i pment  may be  i nstal l ed  (see  
I EC  60079-20-1 ) .  More  detai l s  can  be  found  i n  C. 6  and  D. 3.  

NOTE  5  The  l im i ts  i n  Table  3  are  not  absolu te  val ues  that  prevent  i ncend i ve  d i scharges,  they merel y  reduce  i t  
to  a  general l y  accepted  l ow l evel .  

NOTE  6  The  present  s tate  of  knowledge  i nd i cates  that  there  i s  no  i gn i t i on  r i sk due  to  bru sh  d i scharges  i n  the  
case  of  sens i t i ve  dusts  provid i ng  that  there  are  no  f l ammable  gases  or vapours  (see  Annex A. 3 . 4) .  However,  
charge  generat i on  processes  s tronger than  manual  rubbi ng  may create  i ncend ive  propagati ng  brush  d i scharges  
under certai n  c i rcumstances  (see  6. 3 . 4. 2) .  

 

6.3.3  Earthed  metal  meshes  

The areas  g i ven  in  Table  3  can  be  increased  by a factor of  four by i ncorporati ng  an  earthed  
mesh  (or metal  frame)  i n to  the  i nsu lati ng  so l i d  or  by wrapping  such  a  mesh  around  i ts  surface .  
I n  add i t i on :  

a)  the  l ayer th ickness  above  the  mesh  shou ld  be  restricted  to  the  values  g i ven  i n  6. 3 .4.2  to  
prevent  brush  d ischarges;  and  

b)  propagating  brush  d ischarges  shou ld  be  prevented  accord ing  to  6. 3 . 4. 3 ;  and  

c)  special  care  shou ld  be  taken  to  preven t  or  detect  breaks  wh ich  cou ld  l ead  to  i so lated  
conducti ve  parts  wh ich  presen t  a  g reater e lectrostatic  hazard  than  an  insu lati ng  su rface.  

6.3.4  Insu lating  coatings on  earthed  conductive  surfaces  

6.3.4.1  General  

Layers  or  coati ngs  of  i n su lating  so l ids  on  earthed  conducti ve  su rfaces  ( i n  particu lar metal  
surfaces)  can  g i ve  rise  to  brush  and  / or  propagati ng  brush  d ischarges  depend ing  on  several  
factors .  

6.3.4.2  Avoidance of  brush  d ischarges  

With  regard  to  brush  d ischarges,  practical  experience  shows  that  these  d ischarges  are  
un l ikel y to  be  i ncend ive  i f :  

a)  h igh  e lectrostatic  charg ing  processes  are  avo ided  (e . g .  repeated  f i l l i ng  and  emptying  of  a  
conductive  drum  con tain ing  an  insu lat ing  l i ner) ;  and,  
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b)  the  th ickness  of  the  layer does  not  exceed  a value  of  2  mm  in  the  case  of  gases  and  
vapours  of  g roups  I ,  I I A and  I I B  and  a value  of  0 , 2  mm  in  the  case  of  gases  and  vapours  
of  g roup I I C.  For  dusts  there  i s  no  th ickness  l im i tati on  un less  the  powder l ayer can  form  a 
h igh  res istance  con tinuous  f i lm ,  e. g .  by se l f-pol ymeri zati on  or reacti on  wi th  water.  

NOTE  1  Manual  rubbi ng  i s  u sual l y  not  cons idered  to  be  a  h i gh  charg i ng  process.  

NOTE  2  The  th i nner the  coati ng  the  l ess  i ncend i ve  are  the  brush  d i scharges  created  by manual  rubbing  of  the  
su rface,  and  the  more  i ncend i ve  are  the  propagati ng  brush  d i scharges  created  by s tronger e l ectrostat i c  charg i ng  
processes  on  the  su rface.  

I n  those  cases  no  special  protecti ve  measures  are  necessary wi th i n  hazardous  areas .  
However,  i n  the  case  of  f luorinated  po l ymers  an  experimental  evaluation  of  the  chargeabi l i ty 
i s  recommended,  e . g .  accord ing  to  I EC  60079-0:2007,  26. 1 4.  

NOTE  I t  i s  schedu led  to  revi se  th i s  method  and  move  i t  to  I EC  60079-32-2 5.  

6.3.4.3  Avoidance of  propagating  brush  d ischarges  

Propagating  brush  d ischarges  can  occur  when  h igh  or  repeated  e lectrostatic  charg ing  
processes  act  on  i nsu lati ng  layers  or  coatings  on  conductive  surfaces.  These  d ischarges  can  
be  prevented  by one  or  more  of  the  fo l lowing  measures:  

a)  Avoid  having  th i n  i nsu lat i ng  coatings  on  metals  or  other conducti ve  material s .  Propagati ng  
brush  d ischarges  tend  to  occur wi th  th in  coati ngs;  they can  normal l y be  prevented  by 
having  th icknesses  g reater than  1 0  mm ;  

b)  Reduce  the  surface  or vo lume res isti vi ty of  the  coating .  I t  i s  not  known  precise l y what  
l evels  are  requ i red  to  preven t  the  occurrence  of  propagating  brush  d ischarges,  bu t  the  
values  for d iss ipative  materials  g i ven  i n  Table  1  and  a  l eakage  res istance  l ess  than  

1 00  GΩ  are  known  to  be  su ff ici entl y l ow;  

c)  Use  a coating  wi th  a  l ow d ie lectric  streng th  (breakdown  vo l tage  for sol i d  homogenous  
materials  l ess  than  4  kV,  i n  the  case  of  woven  fabrics  6  kV,  see  A.3 .5) .  Such  coati ngs  
e lectrical l y break down  before  a propagating  brush  d ischarge  can  develop.  The  d ie lectric  
streng th  shou ld  be  measured  accord ing  to  IEC  60243-2  i n  combination  wi th  I EC  60243-1 ,  
or  I EC  60079-32-25 .  

d )  Avoid  h i gh  or  repeated  charg ing  processes  (e . g .  ai r  i ons  i n  the  vicin i ty of  h i gh  vo l tage  
e lectrodes,  h i gh  speed  f l owing  l i qu i ds  and  pneumatic  transfer of  powders,  and  paper or  
p last ic  fo i ls  transported  by mach ines) .   

NOTE  1  Due  to  thei r  s l i gh t  poros i ty,  l ayers  of  so l ven t  o r  water based  pai n t  or  l oose  powder usual l y  have  a  l ow 
breakdown  vo l tage  so  that  propagati ng  brush  d i scharges  are  d i ff i cu l t  to  obtai n  from  such  l ayers.   

NOTE  2  Coati ngs  formed  by  baking  on  an  appl i ed  powder  and  enamel  usual l y  have  too  h i gh  a  breakdown  vo l tage  
to  avoid  propagati ng  brush  d i scharges.   

NOTE  3  Pol ymer f i lms  wh i ch  are  wound  on  to  a  reel  o r are  l i f ted  from  a conducti ve  or i nsu lat i ng  su rface  can  
acqu i re  b i po lar charges  i . e .  equal  and  opposi te  charges  on  the  two  su rface  of  the  f i lm .  Th i s  can  l ead  to  brush  
d i scharges  and  occasional l y  even  to  propagati ng  brush  d i scharges.  

NOTE  4  Manual  rubbi ng  i s  no t  normal l y cons idered  a  h i gh  charg i ng  process.  

6.3.5  Conductive  or d issipative coatings  on  insu lating  materials  

Special  care  i s  necessary when  appl yi ng  a conducti ve  or  d iss ipati ve  coati ng  on  an  i nsu lat ing  
surface  to  ensure  a  un i form  d is tribu tion  of  the  conductive  part ic les .  Non-un i form  d is tribu t i on  
may l ead  to  i so lated  conducti ve  i s lands  wh ich  can  be  charged  eas i l y by i nsu lated  su rfaces  i n  
the i r  vic i n i ty.  Such  i so lated  conducti ve  i s lands  presen t  a  g reater e lectrostatic  hazard  than  an  
i nsu lat i ng  surface.  

Conducti ve  coati ngs  shou ld  be  earthed  as  other conductors  i n  accordance  wi th  Clause  1 3 .  

————————— 
5  To  be  publ i shed.  
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6.3.6  Static  d issipative agents  

Diss ipative  antis tat ic  agen ts  are  frequen tl y used  on  c loth ing  and  f l oors  and  to  i ncrease  the  
conducti vi ty of  l i qu ids  and  materials .  Care  shou ld  be  taken  to  guaran tee  the  presence  of  a  
su ff ici ent  concen trati on  of  these  agents  to  ach ieve  the  des i red  functi on .  For example,  
d issipati ve  agen ts  may become d i l u ted  or washed  ou t.  Therefore,  the i r  effecti veness  needs  to  
be  mon i tored  and  main tained.  Non-m ig ratory permanent  an tis tatic  po l ymer add i ti ves  have  
recen tl y been  developed  to  overcome these  l im i tati ons .  

6.3.7  Humid i fication  

The surface  res is ti vi ty of  some i nsu lat ing  so l i d  materials  can  be  reduced  to  d iss ipative  leve ls  
i f  the  re lati ve  hum id i ty i s  main tained  above  abou t  65  %.  Even  though  damp ai r  i s  not  
conducti ve,  water / moisture  may adsorb on  the  surface  of  many materials  depend ing  on  the  
h ydroscopic  natu re  of  the  material .  Th is  may be  su ffi ci ent  to  prevent  accumu lati on  of  s tat ic  
e lectrici ty,  provided  there  i s  a  su i table  path  to  earth .  

However,  whereas  the  su rface  of  some materials  (e . g .  g lass  or natural  f i bres)  can  adsorb  
enough  moisture  to  ensu re  a  surface  conducti vi ty that  i s  su ff ici ent  to  preven t  accumu lation  of  
static  e l ectrici ty,  other materials  do  not  (e. g .  pol ytetraf luoroethylene  or  po lyethylene)  and  are  
capable  of  accumu lating  a static  e l ectric  charge  even  at  h i gh  re lat i ve  h um id i ty.  Also,  when  the  
hum id i ty fal l s  below about  30  %,  materials  wh ich  are  susceptible  to  hum id i f i cati on  general l y 
return  to  being  h i gh l y i nsu lating .  I ncreas ing  the  re lat i ve  hum id i ty,  therefore,  i s  not  effecti ve  i n  
al l  cases  and,  i n  general ,  i t  shou ld  no t  be  used  as  the  so le  protecti ve  measure.  Th is  i s  
part icu lar  importan t  i n  Zone  0.  

6.3.8  Ion isation  /  Charge Neu tral isation  

6.3.8.1  General  

I on isation  of  the  ai r  i s  a  method  of  making  the  ai r  l ocal l y i on- rich  so  that  charges  on  i nsu lat ing  
so l i d  materials  can  be  neu tral ised.  I t  i s  particu larl y usefu l  for  neu tral is i ng  charge  on  i nsu lati ng  
plastic  sheets  or  f i lms.  Methods  that  may be  employed  i ncl ude  those  g i ven  i n  6 . 3. 8. 2  to  
6. 3. 8 .5 .  Neu tral i sati on  cannot  succeed  i f  the  rate  at  wh ich  charge  i s  generated  exceeds  the  
rate  at  wh ich  i ons  are  suppl ied  to  the  ai r,  or  can  m igrate  to  the  charged  surface,  or  i f  su ffi ci en t  
i ons  of  the  des i red  po lari ty are  not  present .  Consequen tl y,  correct  i nstal lat ion  and  regu lar 
main tenance  i s  essential  for  those  devices,  taking  in to  cons iderati on  factors  that  can  
i n fl uence  thei r  effecti veness  such  as  envi ronmen tal  cond i t i ons  (e . g .  dust  and  temperature)  
and  pos i t i on i ng  of  the  device  i n  re lat ion  to  the  material  processed ,  mach ine  parts ,  and  people.  

The  reduction  of  charge  at  any one  po in t  i n  the  operation  does  not  preven t  generati on  of  
charge  i n  l ater s teps  of  the  process,  so  i on isers  may be  requ i red  at  a  number of  l ocati ons .  
Posi t ion i ng  i s  important,  and  effecti veness  of  i nd i vi dual  i ns tal lat i ons  shou ld  be  conf i rmed  by 
f ie l d  measurement  of  res idual  charge  or  vo l tage.  I n  part icu lar,  for  f i lms  and  sheets  i t  i s  
necessary to  ensure  that  i ons  are  d i rected  at  the  correct  s i de  to  avo id  form ing  a  b i polar  l ayer 
wh ich  cou ld  g i ve  ri se  to  propagating  brush  d ischarges.  

Corona po in ts  remain  functional  on l y as  l ong  as  they are  cl ean  and  sharp.  Accumu lation  of  
con tam inan ts  (e . g .  i nk,  coating  so lu ti on ,  or  paper dust)  and  corros ion  products  shou ld  be  
con trol l ed  by an  effecti ve  main tenance  program .   

I on isers  shou ld  be  selected  by the i r  charge  generation  rate  or  by thei r  charge  decay t ime.  
They shou ld  not  be  used  i n  Zone  1 ,  I I C  un less  the  ri sks  have  been  evaluated  by an  expert .  
Furthermore  they shou ld  not  be  used  in  Zone  0  as  the  on l y safety measure.  

6.3.8.2  Passive ion isers  

Poin ted  e lectrodes  such  as  earthed  sharp needles,  f i ne  wi res  or conducti ve  t i nse l  produce  
corona d ischarges  when  placed  i n  the  e lectric  f i e ld  from  a h i gh l y charged  su rface.  These  
provide  i ons  wh ich  neu tral i ze  the  charge  on  the  body.  Th is  method,  however,  i s  l im i ted  i n  i ts  
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effecti veness  and  may,  i n  add i t i on  produce  d ischarges  i f  passive  i on isers  are  not  properl y 
earthed.  

6.3.8.3  Active  ion isers  

Acti ve  i on isers  produce  ions  by appl yi ng  a h i gh  vol tage  to  a  number of  corona po in ts .  
Commercial  systems  commonl y use  al ternating  vo l tages  i n  the  range  5  kV to  1 0  kV.  The  use  
of  a  h i gh  vo l tage  power suppl y e l im inates  the  l im i tati on  of  pass ive  neu tral i zers  i n  con trol  of  
charges  having  f ie lds  below the  corona onset  th reshold .  The  cu rrents  from  the  corona po in ts  
are  l im i ted  e i ther  by h i gh  res istance  or  capaci t i ve  coupl ing .   

Acti ve  i on isers  shou ld  be  su i table  for the  locati on  in  wh ich  they are  u sed  and  shou ld  be  
des igned  and  constructed  to  preven t  being  a possible  source  of  i gn i t i on .  They requ i re  carefu l  
des ign  to  ensure  that  the  suppl y of  i ons  i s  balanced  wi th  the  requ i rements  of  the  process.  

6.3.8.4  Rad ioactive  /  soft  x-ray ion isers  

Rad ioacti ve  and  soft  x-ray sources  i on ise  the  su rround ing  ai r  and  can  be  used  to  d iss ipate  the  
charges  from  a charged  body.  Such  i on isati on  i tse l f  does  not  present  an  i gn i t ion  hazard  bu t  i s ,  
however,  l im i ted  i n  i ts  effecti veness  (performance  deteriorates  wi th  the  decay of  the  
rad ioacti ve  material ) .   

6.3.8.5  Ion ised  ai r  blowers  

I on ised  ai r  b lowers  us i ng  e i ther h i gh  vo l tages  or rad ioactive  sources  are  used  main l y for 
d issipati ng  charges  from  awkward l y shaped  objects .  However,  the  ion  concen trati on  can  
rapid l y decrease  downstream  due  to  recombination  or adsorption  of  the  i ons  by the  wal ls .  As  
a resu l t,  i t  i s  d i ff icu l t  to  convey the  ion ised  ai r  over l arge  d is tances.  The  parts  contain i ng  the  
h igh  vo l tages  shou ld  be  p laced  in  a  non-hazardous  area un less  they have  been  appropriate l y 
cert i f i ed .  

NOTE  The  funct i on  of  an  i on i ser can  be  tested  by the  method  descri bed  i n  I EC  61 340-4-7.  

6.3.9  Methods to  determine the incendivi ty of  d i scharges  

I f  the  requ i rements  i n  6 . 3 . 2  to  6 . 3 .8  are  not  appl icable,  an  experimental  determ inati on  of  a 
value  for the  i ncend ivi ty of  poss ible  d ischarges  may be  helpfu l .  

One  method  i s  to  charge  the  sample  under  worst  case  cond i ti ons  as  h i gh l y as  possible  (at  
l east  to  the  maximum  level  that  cou ld  occur i n  service)  to  provoke  d ischarges  to  an  earthed  
sphere  approach ing  and  to  pass  such  provoked  d ischarges  th rough  gas  m ixtu res  of  known  
MIE  value.  Th is  method  i s  described  i n  I EC  61 340-4-4.  

The  maximum  charge  transferred  by a d ischarge  i s  often  used  to  g i ve  an  i nd icati on  of  the  
i ncendivi ty of  spark and  brush  d ischarges  i nstead  of  us ing  an  exp los ive  gas  m ixtu re.  Th is  
method  i s  described  i n  I EC  60079-0:2007,  26. 1 4.  Table  4  shows  a summary of  al l  appl icable  
th reshold  l im i ts .  

NOTE  I t  i s  schedu led  to  revi se  th i s  method  and  move  i t  to  I EC  60079-32-2 6.  

Special  care  shou ld  be  taken  to  ensure  that  the  test  sample  i s  charged  as  h igh l y as  poss ible,  
that  i nduced  charges  are  compensated  for and  that  on l y one  s i ng le  d i screte  d ischarge  i s  
recorded.  

————————— 
6  To  be  publ i shed.  
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Table  4  – Maximum acceptable  transferred  charge  

Explosion  
Group  

EPL Ma 
EPL Mb 
M in ing  

EPL Ga 
Zone 0  

EPL Gb  
Zone 1  

EPL Gc 
Zone 2  

EPL Da  
Zone 20  

EPL Db  
Zone 21  

EPL Dc  
Zone 22  

I  60  nC  -  -  -  -  -  -  

I IA -  25  nC  60  nC  60  nC  -  -  -  

I IB  -  1 0  nC  25  nC  25  nC  -  -  -  

I IC  -  No  
measurabl
ed i scharge  

1 0  nC  1 0  nC  -  -  -  

I I I  -  -  -  -  60  nC  a  200  nC  a  200  nC  a  

a  Val ues  on l y  val i d  for  spark d i scharges  from  unearthed  conducti ve  or  d i ss ipati ve  parts  

NOTE  1  The  l im i ts  for  Zone  1  and  Zone  21  ensu re  that  i ncend i ve  d i scharges  shou l d  not  occur du ri ng  normal  
operat i on .  The  l im i ts  for  Zone  0  and  20  are  fu rther reduced  to  account  for abnormal  s i tuati ons  and  the  h i g h  l eve l  
of  safety requ i red  for  these  zones.  

NOTE  2  For the  explanati on  of  EPL see  I EC  60079-0  or  Annex E .  

NOTE  3  Al l  o f  the  values  con tai n  a  certai n  safety marg i n .  Recen t  work i n d i cates  that  the  value  h i therto  used  for  
I I B  con tai ns  a  l ower safety marg i n  than  al l  other  val ues.  To  equal i ze  al l  safety marg i ns  the  values  for I I B  have  

been  reduced  from  30  nC  to  25  nC.  

 

6.4  Conveyor bel ts  and  transmission  bel ts  

6.4. 1  General  

Bel ts  used  for transm iss ion  of  power or  the  transportation  of  so l i d  materials  can  generate  a  
cons iderable  amoun t  of  charge  and  become an  i gn i t i on  hazard  due  to  the  conti nuous  
separati on  of  the  contacti ng  surfaces  (primari l y a  d ri vi ng  shaft  and  a  bel t) .  The  amoun t  of  
charge  acqu i red  depends  on  the  material  of  the  conveyor be l t  as  wel l  as  the  materials  of  the  
dri vi ng  shaft  and  the  ro l l ers,  and  i ncreases  wi th  the  veloci ty and  tension  of  the  bel t  and  the  
wid th  of  the  area of  con tact.  

The  charge  acqu i red  by the  bel t  can  on l y be  safel y d iss ipated  to  earth  via the  earthed  
conducti ve  rol l ers  i f  the  conveyor be l t  i s  su ffi c ientl y d i ss ipative.  Material  that  i s  spi l led  from  
the  end  of  a  conveyor bel t  i n to  a hopper or  chu te  can  carry a s ign i f icant  charge .  Conducti ve  or  
d iss ipati ve  bel ts  cannot  be  expected  to  remove  charge  from  an  i nsu lati ng  conveyed  product.  

6.4.2  Conveyor bel ts  

Conveyor bel ts  are  end less  bel ts  wh ich  run  over ro l l ers  (usual l y metal l i c)  and  transport  
materials .  A conveyor  bel t  i s  cons idered  to  be  d iss ipative  i f  

a)  the  surface  resistances  on  both  s i des  of  the  bel t  are  below 300  MΩ  measured  accord ing  
to  I SO 284  and  EN  1 4973,  or  

b)  the  surface  resis tances  on  both  s i des  of  the  be l t  are  below 75  MΩ  measured  wi th  the  
e lectrode  confi gu ration  i n  3 . 21 ,  or  

c)  i n  cases  where  the  bel t  cons is ts  of  l ayers  of  d i fferen t  materials  the  bel t  i s  cons idered  to  be  
d issipati ve  i f  the  res istance  (measured  at  23  °C  and  50  % re lati ve  hum id i ty)  between  the  

two  oppos i te  ou ter  su rfaces  i s  be low 1  GΩ .   

NOTE  Surface  res i s tances  measured  accord i ng  to  I SO 284  and  EN  1 4973  are  at  (23  ±  2 )  °C  and  (50  ±  5 )  %  
re l ati ve  h um id i ty  and  wi th  an  i nner c i rcu l ar  e l ectrode  of  25  mm  i n  d i ameter,  ou ter  ri ng  e l ectrode  wi th  1 25  mm  i nner  
and  1 50  mm  ou ter d i ameter.  Surface  res i s tances  measured  wi th  the  e l ectrode  confi g urati on  described  i n  3 . 21  are  
exactl y  fou r t imes  l ower.  

Table  5  shows  a summary of  al l  measures  that  are  requ i red  for conveyor  bel ts  accord ing  to  
the  class i f ication  of  the  hazardous  area accord ing  to  I EC  60079-1 0-1  and  I EC  60079-1 0-2:  
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Table  5  – Req u i rem ents  for conveyor bel ts  

Bel t  Speed  
Zon e 

0  

Zon e 1  

Zon e 2  

Zon e 20  
Zon e 

21  
Zon e 22  

I I C  I I A & I I B  
M I E  

<1 0  m J  

M I E  

>1 0  m J  

≤0, 5  m /s 

Diss ipati vea  
bel t  and  
conducti ve  
pu l l eys ,   
no  bel t  
connectors  

D i ss ipat i vea  
bel t  and  
conducti ve  
pu l l eys ,  be l t  
connectors  
perm i tted  

No  
requ i rements  
beyond  those  
ou t l i ned  i n  
6 . 4. 1  u n less  
experi ence  
shows  that  
i ncend ive  
d i scharges  
occur 
frequen tl y  

D i ss ipat i vea  be l t  and  
conducti ve  pu l l eys,  bel t  
connectors  perm i tted  

No  
requ i rements  
beyond  those  
ou tl i ned  i n  
6 . 4. 1  u n less  
experi ence  
shows  that  
i ncend ive  
d i scharges  
occur 
frequen tl y  

0, 5  −  5  m /s  

Not  
perm i tted  

5 −  30  m /s  

Diss ipat i vea  
bel t  and  
conducti ve  
pu l l eys ,   
no  bel t  
connectors  

Not  
perm i tted  

D i ss ipat i vea  be l t  
and  conducti ve  
pu l l eys,  no  bel t  
connectors  

a  d i ss ipat i ve  accord i ng  to  the  def i n i t i on  of  6 . 4. 2  

NOTE  No  i n formati on  i s  avai l able  for  bel t  veloci t i es  >30  m /s.  

 

For explos ion  Group I ,  the  requ i rements  of  Zone  1  ( I I A & I I B)  appl y.  However,  i nsu lat i ng  coal  
dust  conveyors  transporti ng  hard l y i gn i table  conducti ve  coal  dust  and  s im i lar conveyors  may 
be  used  i f  a  r i sk assessment provides  a  l ow ri sk of  i gn i t i on .  

Table  5  and  the  requ i rements  i n  6. 4. 2  do  not  apply to  bel ts  wh ich  d iss ipate  charge  by corona.  
Such  bel ts  have  to  be  tested  by experts  e. g .  by measuring  thei r  chargeabi l i ty under worst  
case  cond i t i ons .   

A layer of  wax or d i rt  on  the  be l t  cou ld  i ncrease  the  chargeabi l i ty of  the  bel t  and  also  i ts  
res istance  and  th is  cou ld  i ncrease  the  charg ing  hazard .  Care  shou ld  be  taken  to  ensu re  that  
repai rs  do  not  i ncrease  the  values  g i ven .  I t  i s  essen tial  that  l ayers  of  i nsu lat ing  adhes ives  
used  to  connect  the  bel t  do  not  i n terrupt  the  conducti ve  path .  

Ligh t  conveyor bel ts  as  described  i n  I SO 21 1 83-1  frequentl y have  to  compl y wi th  h i gh l y 
special i sed  customer’s  demands .  For these  cases,  the  speci fi c  s tandards  ISO 21 1 78,  Light 
conveyor belts – Determination of electrical resistances  and  I SO  21 1 79,  Light conveyor belts 
– Determination of the electrostatic field generated by a running light conveyor belt exist  and  
shal l  be  used .  

6. 4. 3  Tran sm issi on  bel ts  

Transm ission  bel ts  are  V-bel ts  and  f lat  be l ts  wh ich  dri ve  rotati ng  parts  or  mach ines.  The  
amoun t  of  charge  acqu i red  by the  bel t  due  to  the  con tinuous  separation  of  the  con tacting  
surfaces  depends  on  the  material  of  the  be l t  and  pu l l eys  and  i ncreases  wi th  the  ve loci ty and  
tens ion  of  the  bel t  and  the  width  of  the  contact  area.  Accord ing  to  I SO 9563  and  I SO 1 81 3  a  
transm ission  bel t  material  i s  deemed  to  be  d iss ipati ve  i f:  

R ×  B / L  ≤  600  kΩ  

where  L i s  the  d istance  between  two  conducti ve  e lectrodes  (e. g .  g raph i te,  s i l ver pain t,  metal  
e lectrode)  on  a transm ission  bel t,  B i s  the  wid th  of  the  f lat  be l t  or  double  the  width  of  the  s i de 

face  of  the  V-bel t,  and  R the  measured  res is tance  between  the  e lectrodes  at  (23  ±  2 )  °C,  wi th  
no  moisture  condensati on .  

NOTE  I n  o l der documents  (e . g .  CENELEC TR  50404) ,  the  acceptance  cri teri a was  R  ×  B  ≤  1 00  kΩ  m ,  where  R  i s  
the  res i stance  measured  at  the  i nner s i de  of  the  mounted  transm iss ion  bel t  between  an  e l ectrode  hal fway between  
the  two  pu l l eys  and  earth  and  B  i s  the  wid th  of  the  f l at  be l t  or  doubl e  the  wi d th  of  the  s i de  face  of  the  V-bel t.  As  the  
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fu l f i lment  of  th i s  R  ×  B  cri teri on  depends  on  the  d i stance  between  the  two  pu l l eys  i t  i s  impossible  to  characteri se  a  
bel t  material  as  d i ss ipat i ve.  For th i s  reason  I SO 9563  and  I SO 1 81 3  g i ve  a  d i ss ipati ve  cri teri a  wh i ch  i s  i n dependent  
from  the  l eng th  of  the  bel t .  I f  the  d i stance  between  two  pu l l eys  exceeds  0 , 67  m  the  requ i rements  of  both  

I SO s tandards  are  au tomati cal l y  fu l f i l l ed  by the  R  ×  B  cri teri on  i n  o l der documents  s tated  above.  

Table  6  shows  a summary of  al l  measures  that  are  requ i red  accord ing  to  the  class i f i cati on  of  
the  hazardous  area accord ing  to  I EC  60079-1 0-1  and  I EC  60079-1 0-2:   

Table  6  – Requ i rem en ts  for tran smi ssi on  bel ts  

Bel t  
Speed  

Zon e 0  

Zon e 1  

Zon e 2  

 Zon e 20   
Zon e 

21  
Zon e 22  

I I C  I I A & I I B  M I E  <  1 0  m J  
M I E  >  
1 0  m J  

≤  0, 5  
m/s  

Diss i pati ve  a  
bel t  and  
conducti ve  
pu l l eys ,  no  
bel t  
connectors  

D i ss ipati ve  a  
bel t  and  
conducti ve  
pu l l eys,  be l t  
connectors  
perm i tted  

Protecti ve  
measures  
beyond  
those  
ou tl i ned  i n  
6 . 4. 1  n ot  
requ i red  
un less  
experi ence  
shows  that  
i ncend ive  
d i scharges  
occur 
frequen tl y  

D i ss ipati ve  a  bel t  and  conducti ve  
pu l l eys,  be l t  connectors  perm i tted  

Protect i ve  
measures  
beyond  
those  
ou t l i ned  i n  
6 . 4. 1  n ot  
requ i red  
un less  
experi ence  
shows  that  
i ncend ive  
d i scharges  
occur 
frequentl y  

0, 5  −   5  
m /s  

Not  perm i tted  
5  −  30  
m /s  

Diss ipat i ve  a  
bel t  and  
conducti ve  
pu l l eys,  no  
bel t  
connectors  

Not  perm i tted  

D i ss ipati ve  a  bel t  
and  conducti ve  
pu l l eys,  no  bel t  
connectors  

a  d i ss ipat i ve  accord i ng  to  the  def i n i t i on  i n  6 . 4. 3  

NOTE  No  i n formati on  i s  avai l able  for  bel t  ve loci t i es  >30  m /s.  

 

For explos ion  Group  I ,  the  requ i remen ts  of  Zone  1  ( I IA  & I I B)  appl y.  

Table  6  and  the  requ i rements  i n  6. 4. 3  do  not  apply to  be l ts  wh ich  d iss ipate  charge  by corona.  
Such  bel ts  have  to  be  tested  by experts  e. g .  by measuring  the i r  chargeabi l i ty u nder worst  
case  cond i t i ons .  

I n  cases  where  the  bel t  cons is ts  of  l ayers  of  d i fferen t  materials  the  bel t  i s  cons idered  to  be  

d issipati ve  i f  the  res is tance  across  i t  does  not  exceed  1  GΩ  ( resis tance  measured  at  23  °C  
and  50  % re lati ve  hum id i ty) .  

A layer of  wax or d i rt  on  the  be l t  cou ld  i ncrease  the  chargeabi l i ty of  the  be l t  and  also  i ts  
res istance  and  th is  cou ld  i ncrease  the  charg ing  hazard .  Care  shou ld  be  taken  to  ensu re  that  
repai rs  do  not  i ncrease  the  values  g i ven .  I t  i s  essen tial  that  l ayers  of  i nsu lating  adhes ives  
used  to  connect  the  bel t  do  not  i n terrupt  the  conducti ve  path .  

7 Stati c  electrici ty in  l i qu i ds  

7. 1  G en eral  con siderati on s  

7. 1 . 1  Occu rren ce of  fl amm able  atmosph eres  

NOTE  General  i n formati on  abou t  the  f l ammabi l i ty  and  i gn i tabi l i ty  o f  g as  and  vapour atmospheres  i s  g i ven  i n  
Annex C.  

Many operations  wi th  f l ammable  l i qu ids  produce  f lammable  atmospheres  by evaporati on  of  
the  l i qu i d  be ing  hand led .  The  f lash  po in t  provides  an  approximate  i nd icati on  of  the  m in imum  
l i qu i d  surface  temperatu re  requ i red  to  produce  a f l ammable  atmosphere  by th is  process .  
However,  because  of  the  uncertai n t ies  i nvolved  i n  f l ash  poin t  measurement,  d i fferences  
between  f lash  po in t  test  cond i t i ons  and  those  i n  a  real  i ndustrial  s i tuati on  and  the  d i ff icu l ty of  
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establ i sh ing  l i qu i d  surface  (rather than  bu lk)  temperature,  i t  i s  prudent  to  assume that  a  
f lammable  atmosphere  cou ld  exis t  even  when  the  l i qu id  temperature  i s  be low the  f l ash  po in t  
by a certai n  safety marg in .  The  marg in  depends  on  the  l evel  of  u ncertain ty about  temperature,  
l i qu i d  composi t i on  etc.  For wel l -contro l led  cond i t i ons  a marg in  of  5  °C  for  pure  l i qu i ds  and  at  
l east  1 1  °C  for m ixtures  i s  typi cal l y needed .  

Where  tanks  are  exposed  to  d i rect  sun l i gh t  and  l i qu id  temperatu res  are  not  mon i tored  i t  
shou ld  be  assumed  that  a  f lammable  atmosphere  cou ld  be  presen t  when  hand l ing  l i qu ids  wi th  
f lash  po in ts  up  to  60  °C.  I n  areas  of  h i gh  ambien t  temperature  and  s trong  sun l i gh t,  f l ammable  
atmospheres  may occur  even  wi th  l i qu i ds  that  have  f lash  po in ts  above  60  °C.  

When  hand l i ng  a l i qu i d  at  a  temperature  that  i s  wel l  above  i ts  f lash  po in t,  the  saturated  
vapour may g i ve  an  over-rich  ( i . e .  non-flammable)  atmosphere.  However,  the  actual  
atmosphere  above  the  l i qu id  may not  be  saturated  (e. g .  because  of  ven ti lati on)  and  so  may be  
f lammable.  I t  i s  therefore  necessary to  assume  that  the  atmosphere  cou ld  be  f lammable  
un less  i t  can  be  shown  otherwise.  Consequentl y,  for  l ow f l ash-po in t  l i qu i ds,  the  presence  of  
an  over-rich  atmosphere  shou ld  not  general l y be  re l i ed  upon  as  the  on l y contro l  measure.  

I n  some ci rcumstances,  the  f lammable  atmosphere  i s  not  due  to  the  l i qu id  being  hand led  bu t  
due  to  res idues  of  vo lati l e  l i qu id  or  vapour from  earl i er  operations  wi th  the  same equ ipment or  
from  nearby operations .  Res idual  vapours  can  occur duri ng  swi tch  l oad ing ,  i n  wh ich  a  l i qu id  
having  a h i gh  f lash  po in t  (e. g .  d iesel )  i s  loaded  i n to  a  tank wh ich  previous l y con tained  a l i qu id  
wi th  a l ow f l ash  po in t  (e. g .  gasol ine) .  A h i gh  proport i on  of  road  tanker f i res  has  been  
associated  wi th  swi tch - load ing .  

7.1 .2  Ign i tion  sensi tivi ty and  l im i tations  to  the  scope  of  advice  

The sens i t i vi ty of  a  f l ammable  atmosphere  to  e l ectrostatic  i g n i t i on  depends  on  the  

concentrati on  and  m in imum  ign i t ion  energy (M IE  −  see  C. 6)  of  the  f l ammable  material .  A  
he lpfu l  ru le  of  thumb i s  that  the  most  easi l y i gn i table  vapour concen trati on  i s  approximatel y 
double  the  concen tration  at  the  lower f lammable  l im i t.  Because  of  the  concen trati on  effect,  a  
m ixtu re  made wi th  a  h igh  M IE  material  at  i ts  most  eas i l y i gn i table  concentration  may be  more  
sens i t i ve  to  i gn i t i on  than  a m ixtu re  made wi th  a  l ow M IE  material  at  a  vapour concen tration  
that  l ies  on l y j ust  wi th i n  the  f lammable  range.  

For equ i l i bri um  vapour/ai r  m ixtu res  created  by f l ammable  l i qu ids,  the  most  eas i l y i gn i table  
vapour concen tration  i s  typi cal l y ach ieved  at  temperatures  of  approximatel y 1 0  °C  to  20  °C  
above  the  f lashpoin t.  F lammable  l i qu i ds  of  i n termed iate  vo lati l i ty tend  to  produce  the i r  most  
eas i l y i gn i table  m ixtures  at  common  ambient  temperatu res:  such  l i qu i ds  i ncl ude  to l uene  
(f lashpoin t  6  °C) ,  propyl  acetate  ( f lashpoin t  1 0  °C)  and  aceton i tri l e  ( f lashpoin t  2  °C) .  

The  general  precau ti ons  g i ven  in  th i s  chapter are  des igned  to  prevent  the  i gn i t ion  of  materials  
wi th  M IEs  of  0 , 20  mJ  or more  when  presen t  at  the  most  eas i l y i g n i table  vapour concen trati on .  
They are  thus  appl icable  to  the  most  easi l y i gn i table  m ixtures  i n  ai r  of  the  vapours  of  common  
f lammable  l i qu ids  such  as  paraff in ic  and  aromatic  so lven ts,  h ydrocarbon  fue ls  and  many 
organ ic  so lven ts  (see  l i s t  of  M IE  in  Table  C. 2) .  At  typical  ambient  temperatures ,  the  safety 
marg ins  are  at  a  m in imum  when  handl i ng  f lammable  l i qu i ds  of  i n termed iate  vo lat i l i ty such  as  
those  l i s ted  above.  I n  such  operations ,  particu lar care  shou ld  therefore  be  taken  to  ensure  
that  al l  recommended  precau ti ons  are  d i l i gen tl y fo l l owed.  

Al though  Explosion  Groups  are  not  ass igned  on  the  bas is  of  M IE  (see  C. 6) ,  the  precau tions  
requ i red  i n  the  presence  of  most  Explos ion  Group  I I A vapours  are  l i kel y to  be  s im i lar to  those  
g i ven  here  for M IEs  of  0 , 20  mJ  and  above.  Add i t i onal  precauti ons  are,  however,  l i kel y to  be  
requ i red  where  the  atmosphere  above  the  l i qu i d  i s  more  sensi t i ve  to  i gn i t i on .  Th is  s i tuation  
wi l l  ari se,  for  example,  wi th  the  most  read i l y i gn i table  m ixtures  i n  ai r  of  vo lat i le  materials  that  
have  M IEs  of  l ess  than  0 , 20  mJ  (most  Explos ion  Group I I B  and  I IC  materials)  or  wi th  oxygen-
rich  m ixtures .  Al though  general  advice  has  not  been  developed  for these  more  sens i ti ve  
atmospheres,  recommendations  are  g i ven  for a  few speci f ic  act i vi t i es.  Where  they are  g i ven ,  
the  add i t ional  precau ti ons  for the  more  sens i t i ve  materials  are  expl ic i t l y i den ti f i ed  as  such  i n  
the  text.  
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7.1 .3  Charg ing  mechanisms 

Liqu ids  can  become electrostatical l y charged  when  they move  re lat i ve  to  con tacti ng  so l i ds  or  
i f  there  are  two  or more  imm iscible  l i qu id  phases  and  there  i s  movemen t.  The  spraying  of  
l i qu i ds  can  also  create  a  h igh l y charged  m ist  or  spray.  Further detai l s  of  charge  generation  
and  charge  accumu lation  i n  l i qu ids  are  g i ven  i n  A. 1 . 3  to  A. 1 . 7  (generation)  and  A.2 . 2  
(accumu lation) .  

7.1 .4  Charge  accumulation  and  conductivi ty classi fi cations  

The level  of  charge  accumu lati on  i n  a  part icu lar l i qu i d ,  and  therefore  the  e lectrostatic  hazard  
that  can  be  created,  i s  strong l y dependent  upon  i ts  e l ectri cal  conducti vi ty and  d ie lectric  
constan t  (re lat i ve  perm i tt i vi ty) ,  εr.  To  describe  the  poss ible  hazards  and  associated  means  of  
preventi on ,  the  conducti vi t i es  of  l i qu i ds  have  been  class i f i ed  as  fo l l ows:  

h igh  conducti vi ty   >  1 0  000  pS/m ;  

medium  conductivi ty  between  25  ×  εr  pS/m  and  1 0  000  pS/m ;  

l ow conducti vi ty   <  25  ×  εr  pS/m .  

For l i qu i ds  wi th  a d i e lectric  constant  of  around  2,  (e. g .  h ydrocarbons) ,  these  c lassi f i cations  
reduce  to :  

h igh  conducti vi ty   >  1 0  000  pS/m ;  

med ium  conducti vi ty  between  50  pS/m  and  1 0  000  pS/m ;  

l ow conductivi ty   <  50  pS/m .  

For l i qu ids  wi th  a d ie lectric  constant  that  i s  substantial l y h i gher than  2  or  for  l i qu i ds  whose  
d ie lectric  constant  i s  unknown ,  the  border l im i t  for  low conducti vi ty i s  usual l y set  to  1 00  pS/m .  
The  upper border  l im i t  of  med ium  conducti vi ty remains  at  1 0  000  pS/m .  

NOTE  1 00  pS/m  i s  cons idered  su ff i ci en t  for  unknown  cases  because  few,  i f  any,  l ow conducti vi ty  l i qu i ds  have  a  
re l ati ve  perm i tt i vi ty  s i g n i f i cant l y  h i g her than  4.  

Hazardous  l evels  of  charge  accumu lation  are  most  common l y associated  wi th  l i qu i ds  of  low 
conducti vi ty.  However,  they can  occur wi th  med ium  or h i gh  conducti vi ty l i qu i ds  i n  processes  
that  produce  m ists  or  sprays,  when  transporti ng  med ium  conducti vi ty l i qu i ds  th rough  
i nsu lat i ng  pipes  or  duri ng  two-phase  m ix ing  operati ons .  

I n  general ,  po lar so lvents  such  as  alcohols ,  ketones  and  water have  a  h i gh  conducti vi ty,  wh i le  
saturated  hydrocarbon  l i qu ids  and  puri f i ed  aromatics  have  a l ow conducti vi ty.  The  
conducti vi t i es  and  re laxation  t imes  for  a  number  of  l i qu i ds  are  g i ven  i n  Table  7.   

NOTE  1  A more  complete  l i s t  i ncl ud i ng  a  wi der range  of  l i qu i ds  and  d i e l ectri c  constant  data  i s  g i ven  i n  NFPA-77.  

NOTE  2  B i ofuel s  and  hyd rocarbon  fuel s  b l ended  wi th  bi ocomponents  can  have  a  wide  range  of  conduct i vi ty  
depend ing  on  thei r  composi t i on .   

NOTE  3  Test  methods  for measuri ng  the  conducti vi ty  of  a  l i qu i d  are  g i ven  i n  e . g .  ASTM  D4308-95,  DIN  51 41 2-1 ,  
DIN  51 41 2-2  and  I SO 6297.  
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Table  7  – Conductivi t ies  and  relaxation  t imes of  some l i qu ids  

Liqu id  Conductivi ty  
(pS/m )  

Relaxation  time  
(seconds)  

Low conductivi ty 

h i gh l y  pu ri f i ed  paraffi ns  0 , 01  2  000  

typi cal  paraffi ns  0 , 1  to  1 0  2  to  200  

pu ri f i ed  aromati c  compounds  ( to l uene,  xyl ene  
etc. )  

0 , 1  to  1 0  2  to  200  

typi cal  aromati c  compounds  5  to  50  0 , 4  to  4  

gasol i ne   0 , 1  to  1 00  0 , 2  to  200  

kerosene  0 , 1  – 50  0 , 4  to  200  

gas  o i l  1  to  1 00  0 , 2  to  20  

wh i te  o i l s  0 , 1  to  1 00  0 , 2  to  200  

l ubri cati ng  o i l s  0 , 01  to  1 00  0 , 02  to  2  000  

ethers  except  g l ycol s  0 , 1  to  1 00  0 , 2  to  200  

propri etary aromati c  sol vent  m i xtu res  1  to  1  000  0 , 02  to  20  

natu ral  g as  condensate  wi thou t  corros i on  
i nh i bi tor  

1 0  to  1 00  0 , 2  to  2  

Medium  conductivi ty 

gasol i ne  con tai n i ng  performance  add i t i ves  or  5  
%  ethano l   

50  to  1  000  0 , 02  to  0 , 4  

fuel s  and  o i l s  con tai n i ng  d i ss ipat i ve  add i t i ves  50  to  1  000  0 , 02  to  0 , 4  

heavy (b lack)  fuel  o i l s  50  to  1 0  000  2  ×  1 0-4  to  0 , 4  

esters  1 00  to  1  000  000  2  ×  1 0-5  to  0 , 2  

High  conductivi ty (µS/m )   

crude  o i l  >  0 , 001  <  0 , 02  

gasol i ne  con tai n i ng  1 0  % ethanol  o r  more  ≥  0 , 01  <  0 , 002  

natu ral  g as  condensate  wi th  corros i on  i nh i bi tor  >  0 , 001  <  0 , 02  

g l ycol s  and  g l yco l  ethers  1  to  1 00  2  ×  1 0-7  to  2  ×  1 0-5  

al coho l s  1  to  1 00  2  ×  1 0-7  to  2  ×  1 0-5  

ketones  0 , 1  to  1 00  2  ×  1 0-7  to  2  ×  1 0-4  

pu re  water  5  1 0-6  

water (not  d i s t i l l ed )  >  1 00  <  2  ×  1 0-7  

NOTE  Al though  ketones  and  esters  usual l y  have  a  h i g h  conducti vi ty  m idd le-  and  l ong -chai ned  ketones  and  
esters  are  often  h i g h l y  chargeable  

 

A l i qu i d  of  h i gh  or  medium  conducti vi ty shou ld  be  considered  as  a conductive  or d issipati ve  
i tem  and  needs  to  be  earthed.  

7.1 .5  Incendive  d ischarges  produced  during  l iqu id  hand l ing  operations  

When  a tank i s  be ing  f i l l ed  wi th  a charged  l i qu i d  of  l ow conducti vi ty,  the  charge  that  
accumu lates  i n  the  l i qu id  i ns ide  the  tank creates  electrical  f i e lds  and  potentials  both  i n  the  
l i qu i d  and  i n  the  vapour space  of  the  tank.  With  h i gh  l i qu i d  surface  poten tials ,  brush  
d ischarges  can  occur between  the  surface  of  the  charged  l i qu id  and  metal l i c  parts  of  the  tank 
structu re.  Stud ies  i nd icate  that  al i phatic  h ydrocarbons  such  as  propane  can  be  i gn i ted  by 
brush  d ischarges  to  a g rounded  e lectrode  i f  the  l i qu id  su rface  poten tial  exceeds  25  kV.  
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An  i gn i t i on  hazard  can  arise  at  much  l ower poten tials  ( typical l y 5  kV to  1 0  kV)  i f  i so lated  
conductors  such  as  f l oati ng  metal  cans  or improperl y bonded  componen ts  are  present  i n  the  
tank,  or  i f  the  con tainer has  an  i nsu lati ng  l i n i ng ,  no  con tact  po i n t  for  earth i ng  the  l i qu id ,  and  i s  
splash  f i l l ed  wi th  a  l i qu i d  that  i s  su ff ic ientl y conducti ve  to  produce  sparks.  

7.2  Summary of  precautions against  ign i t ion  hazards during  l iqu id  hand l ing  
operations  

7.2. 1  Earth ing  and  avoidance  of  isolated  conductors  

I so lated  conductors  such  as  metal  tanks,  tank structures  or any other i so lated  metal  objects  
e i ther  de l i beratel y or  accidental l y associated  wi th  l i qu id  hand l ing  can  be  raised  to  h i gh  
poten tials  by charges  on  the  l i qu i d .  Th is  can  l ead  to  spark d ischarges.  These  are  part icu larl y 
hazardous  because  they can  usual l y i gn i te  f l ammable  vapours  at  much  l ower potentials  than  
brush  d ischarges.  Therefore,  al l  conducti ve  parts  of  a  l i qu id  hand l i ng  system  shou ld  be  
adequate l y connected  to  earth  (see  Clause  1 3 ) .  People  handl i ng  f lammable  l i qu i ds  shou ld  
also  be  earthed  (see  1 1 . 1 ) .  

Tanks  shou ld  be  regu larl y i n spected  to  ensure  there  are  no  l oose,  unbonded  conducti ve  
objects ,  e . g .  a  can ,  f l oati ng  on  the  l i qu i d .  

7.2.2  Restricting  charge generation  

Charge  generati on  can  be  restricted  by contro l l ing  the  re levant  process  parameters .  Su i table  
con trol  measures  i ncl ude:  

1 )  tank f i l l i ng  operations:  

a)  restrict  the  l i near f l ow veloci ty i n  the  feed ing  l i ne  of  the  tank by restrict i ng  the  pumping  
rate  or  by i ncreas ing  the  d iameter of  the  feed ing  l i ne  (see  7. 3. 2 .2 .3  and  7. 3. 2 . 3 .2  to  
7. 3 . 2 . 3 . 5) ;  

b)  provide  su ff ic i en t  res idence  t ime  for charge  re laxati on  downstream  of  pumps  and  f i l ters  
(see  7. 5  and  A. 2. 2) ;  

c)  avoid  having  a d ispersed  second  imm iscible  phase  i n  the  l i qu id ;  th is  can  be  caused,  for  
example,  by s t i rring  up  the  water present  i n  the  bottoms  of  o i l  tanks.  Where  the  
avoidance  of  a  second  d i spersed  phase  i s  not  possible  restrict  the  veloci ty fu rther (see  
7. 3. 2 .2 .2  and  7. 3 .2 . 3. 5. 3) ;  

d )  avoid  splash  f i l l i ng  by employing  bottom  entry or  by us ing  a f i l l  pipe  extend ing  close  to  
the  bottom  of  the  tank.  I f  a  short,  top-en try f i l l -p ipe  must  be  used  in  the  presence  of  a  
f lammable  atmosphere,  reduce  the  f l ow veloci ty to  2  m /s  and  take  the  add i t i onal  
precauti ons  i n  7. 3 . 2 . 3 . 2  (e. g .  d i rect  the  l i qu id  f l ow along  the  container wal l ) .  I n  the  case  
of  h i gh  conductivi ty l i qu i ds  i t  i s  su ffi ci en t  to  provide  a  con tact  area to  earth  i n  the  
bottom  of  the  container.  

2)  s ti rri ng  or  ag i tati ng  operati ons  (see  7. 9) :  

a)  l im i t  the  power i npu t  to  or  t i p  speed  of  the  s t i rrer (e. g .  i n  BS  5958,  a  maximum  power  
of  0 , 37  kW/m 3  was  requ i red  for  a  suspension  wi th  a  conductivi ty of  1  000  pS/m ) ;  

b)  avo id  the  presence  of  a  second  imm iscible  phase  i n  the  l i qu i d ;  

c)  use  a h igh  conducti vi ty con tinuous  phase  (conductivi ty exceed ing  1 0  000  pS/m ) .  

3)  tank clean ing  operations  wi th  l i qu id  j ets  (see  7. 1 0) :  

a)  l im i t  the  l i qu id  pressure  and  th roughput  of  the  wash ing  mach ines  to  the  values  
recommended  i n  7. 1 0;  

b)  avo id  the  bu i ld-up of  a  second  imm iscible  phase  i n  the  wash ing  l i qu id ,  part icu larl y i f  
the  wash ing  l i qu i d  i s  reci rcu lated ;  

c)  avoid  unbroken  j ets  that  may form  l arge  i so lated  vo lumes  of  l i qu id  (see  7. 1 0) .  
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7.2.3  Avoidance  of  a  fl ammable  atmosphere  

The most  effecti ve  way of  avoid ing  i gn i ti on  hazards  i s  to  preven t  the  occurrence  of  a  
f lammable  atmosphere,  for  example:  

a)  avoid  vapour  spaces  i n  the  system ;  

b)  i nert  the  vapour space  of  the  tank us i ng  i nert  gases  such  as  n i trogen ,  carbon  d ioxide  or  
pu ri f ied  f l ue  gas  (note  the  precauti ons  g i ven  i n  8 . 4) ;  

c)  avoid  swi tch  load ing  and  common  vapour co l lect ion  systems  that  al l ow ign i table  vapour-
ai r  m ixtu res  to  en ter  tanks  not  des i gned  for  th is  service;  

d )  after  hand l ing  vo lat i l e  l i qu i ds,  c lean  and  ven ti late  tanks  to  remove res idual  f l ammable  
l i qu ids,  gases  and  vapours;  

e)  ensure  that  su ff i ci ent  fresh  ai r  i s  d rawn  con tinuousl y th rough  the  system .  Regu lar gas  
tests  and  poss ible  forced  venti l at i on  may be  necessary;  

f)  purg i ng  a tank wi th  ai r  to  avoid  a f l ammable  atmosphere  shou ld  be  done  wi th  cau tion  i n  a  
tank that  contains,  or  has  previous l y con tained ,  a  f lammable  l i qu i d  wi th  a  l ow f lash  po in t  
due  to  the  risk of  res idual  l i qu i d  being  presen t.  

7.2.4  Promoting  charge  d issipation  

I n  s i tuations  where  i t  i s  not  possible  to  avoid  a f l ammable  atmosphere,  the  ri sk of  i g n i t ion  can  
be  con tro l l ed  by l im i t i ng  charge  accumu lati on .  For the  components  of  the  handl i ng  system ,  
th is  i nvolves  bond ing  so l i d  conductors  and  people  to  g round  and ,  i f  necessary,  replacing  
i nsu lat i ng  system  components  wi th  earthed  d iss ipative  or  conducti ve  components .  For the  
l i qu ids  themselves,  the  most  effecti ve  way of  promoting  d iss ipation  i s  to  i ncrease  the  
conducti vi ty of  the  l i qu i d  by the  use  of  commercial l y avai lable  s tat ic  d i ssipati ve  add i ti ves  
(SDA) .  When  added  to  a l i qu i d  i n  very low concen trati ons  of  the  order of  parts  per m i l l i on ,  
these  add i t i ves  can  read i l y i ncrease  the  conductivi ty to  l evels  that  preven t  the  hazardous  
bu i l d-up  of  charge  (see  7 . 1 . 4) .  

NOTE  1  SDA are  widely  used  i n  avi at i on  fue l s ,  and  at  the  concentrat i ons  normal l y u sed  the  effects  on  both  
ai rcraft  eng i ne  and  f i l ter/water separator performance  are  acceptable.  

NOTE  2  Some SDA may l ose  eff i ci ency i n  certai n  s i tuati ons,  e . g .  at  l ow temperatu res ,  after con tact  wi th  water,  
after  c l ay f i l trat i on  or  due  to  i n teract i on  wi th  other components.  

Al ternati ve  methods  of  enhancing  charge  d iss ipation  are  to  replace  an  i nsu lat i ng  ( l ow 
conducti vi ty)  so lven t  wi th  a more  conductive  (med ium  or h igh  conducti vi ty)  one  or  to  add  a 
m iscible  conductive  so lven t  to  an  i nsu lati ng  one.  The  amoun t  of  conducti ve  so lven t  needed  
wi l l  depend  on  the  l i qu i ds  i nvolved  and  the  conducti vi ty l evel  requ i red .  

7.3  Tanks and  Containers  

7.3. 1  General  

The poss ible  hazards  and  the  associated  means  of  protecti on  are  d i vi ded  accord ing  to  
whether the  tanks,  or  the i r  coatings  and  l i n i ngs ,  are  class i f i ed  as  conducti ve,  d i ss ipative  or  

i nsu lat i ng  (see  3. 2,  3 . 7  and  3 . 1 5) .  Fu l l y conducti ve  tanks  have  a  res istance  to  earth  of  1  kΩ  or  

l ess  from  everywhere  on  the  she l l ;  fu l l y d iss ipati ve  tanks  have  a res is tance  to  earth  of  1  MΩ  
or  l ess  from  everywhere  on  the  shel l .  

Fol lowing  th is  c lassi f i cati on ,  th is  section  i s  d i vi ded  i n to  chapters  as  fo l lows:  

Conducti ve  tanks  and  containers :  7. 3. 2  

Tanks  and  containers  made  en ti re l y of  d i ss ipati ve  material :  7. 3. 3  

Tanks  and  containers  wi th  i nsu lati ng  surfaces:  7. 3 . 4  

Use  of  l i ners  i n  con tainers:  7. 3. 5  
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Operations  that  g i ve  r ise  to  e l ectrostatic  hazards  i ns ide  a tank i nclude  f i l l i ng ,  transportation  
(of  the  tank and  con ten ts) ,  emptying ,  gaug ing  and  sampl i ng .  I f  there  cou ld  be  a f lammable  
atmosphere  i ns i de  a tank when  carryi ng  ou t  these  operati ons,  the  precautions  g i ven  below 
shou ld  be  taken .  

NOTE  I f  there  cannot  be  a  f l ammable  atmosphere  (see  7. 1 . 1 ) ,  the  precau ti ons  g i ven  i n  7. 3  are  not  necessary.  

Other operati ons  such  as  ci rcu lation  of  l i qu i d ,  st i rr i ng ,  m ixi ng ,  crystal l i sat i on  and  c lean ing  are  
deal t  wi th  i n  7. 9  and  7. 1 0 .  

The  standard  restricti ons  on  f low veloci t ies  g i ven  i n  7. 3 . 2  primari l y apply to  h ydrocarbons .  
They may,  however,  be  appl ied  wi th  cau tion  to  other solvents  and  fue ls  having  kinematic  
vi scosi t ies  l ess  than  about  6  mm 2/s  at  20  °C  bu t  care  may be  needed  wi th  materials  such  as  
b iofue l  components  (see  C. 8)  or  blends  that  are  chem ical l y d i fferen t  from  hydrocarbons  and  
for wh ich  there  i s  l im i ted  experience  of  handl i ng  i n  h i gh  th roughpu t  systems.  Further  
restrict ions  are  known  to  be  necessary for con tro l l ing  charg ing  i n  h i gh  viscos i ty l i qu i ds  such  
as  l uboi ls  (see  7. 4) .  

7.3.2  Conductive  tanks and  containers  

7.3.2.1  General  

I n  order to  describe  the  poss ible  hazards  and  associated  means  of  preven tion ,  conductive  
tanks  have  been  c lassi f i ed  accord ing  to  s i ze  as  fo l l ows:  

 Vert i cal  axi s  cyl i nd ri cal  tanks  and  non -
cyl i nd ri cal  tanks  wi th  square  or  nearl y 
square  cross-secti on  (see  NOTE  3)  

Hori zon tal  axi s  cyl i ndri cal  tanks  or  non-
cyl i nd ri cal  tanks  wi th  e l ongated  cross  
sect i on   
(see  NOTE  3)  

Large  tanks  (7. 3 . 2. 2)  d i ameter >  1 0  m  capaci ty  >  500  m 3  ( 1 25  000  USG)  

Med ium  tanks  (7. 3 . 2. 3)  1 , 3  m  <  e ffect i ve  d i ameter ≤  1 0  m  2  m 3  (500  USG)  <  capaci ty   

capaci ty  ≤  500  m 3  ( 1 25  000  USG)  

Smal l  tanks  and  
contai ners  (7. 3 . 2 . 4)  

effect i ve  d i ameter ≤  1 , 3  m  capaci ty  ≤  2  m 3  (500  USG)  

 

NOTE  1  I n  o l der documents ,  e . g .  CENELEC TR 50404,  the  upper l im i t  for  med ium  tanks  was  50  m 3  and  the  l ower  
l im i t  1  m 3 .  Recent  work (see  A. 2. 2)  has  suggested  that  both  the  upper  and  l ower boundary l im i ts  for med ium  tanks  
shou ld  be  i ncreased  and  that  d i ameter l im i ts  are  better than  capaci ty  l im i ts  for vert i cal  axi s  tanks  (vo l tages  depend  
more  s trong l y  on  d i ameter than  capaci ty) .  The  capaci ty  l im i ts  g i ven  above  for  h ori zontal  axi s  tanks  correspond  
approximately  to  the  d i ameter l im i ts  for  vert i cal  axi s  tanks  combined  wi th  the  l owest  typi cal  hei gh ts  of  these  tanks.   

NOTE  2  The  capaci ty  boundary l im i ts  are  g i ven  i n  both  m 3  and  US  gal l ons.  They  have  been  rounded  to  g i ve  
conven i en t  numbers  i n  each  set  of  un i ts .  As  a  consequence  the  boundary val ues  are  s im i l ar  bu t  do  not  exactl y  
correspond .  E i ther may be  adopted  at  the  users  d i screti on .  

NOTE  3  “Nearl y-square”  tanks  have  a  l eng th  to  wi d th  rat i o  not  exceed ing  1 . 5.  “E longated ”  tanks  have  a  l eng th  to  
wid th  rat i o  of  more  than  1 . 5 .  The  ru l es  g i ven  for  square  tanks  are  safe  for  e l ongated  tanks  of  the  same cross-
sect i onal  area bu t  may be  found  to  be  conservati ve.  

7.3.2.2  Large conductive  tanks  

7.3.2.2.1  General  

I rrespective  of  the  conducti vi ty of  the  l i qu i d  or  the  tank structure,  the  fo l l owing  general  
precautions  shou ld  be  taken:  

a)  earth  the  tank and  al l  associated  s tructures  such  as  p ipes,  pumps,  f i l ter  hous ings ,  etc.  
(see  C lause  1 3) ;  

b)  ensure  that  people  en teri ng  or  working  near an  open ing  of  the  tank are  earthed  (see  
Clause  1 1 ) ;  
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c)  avoid  splash  f i l l i ng  by employing  s i de-en try near the  bottom ,  bottom -en try or  by usi ng  a f i l l  
p ipe  reach ing  c l ose  to  the  bottom  of  the  tank.  

7.3.2.2.2  Fixed  roof  tanks  

For med ium  or l ow conducti vi ty l i qu i ds,  i nspect  the  tank regu larl y,  especial l y after each  
open ing  of  the  manhole,  for  l oose  metal  objects,  e. g .  cans,  that  cou ld  act  as  f l oat i ng  i so lated  
conductors.  

For l ow conducti vi ty l i qu i ds  the  fo l l owing  add i t ional  precau ti ons  are  necessary:  

1 )  Pump and  f i l ter l ocati on .  Locate  pumps,  f i l ters  and  other strong  charge  generating  
e lements  at  an  adequate  res idence  t ime  upstream  of  the  tank in let  to  al l ow the  extra 
charges  to  re lax  before  the  l i qu id  en ters  the  tank (see  7. 5  and  A. 2. 2) .  

2)  Restrict  the  f l ow veloci ty.  For  an  i ncom ing  f low of  uncontam inated,  s ing le  phase  l i qu i d ,  the  
f low veloci ty shou ld  be  restricted  to  1  m /s  for an  in i t i al  f i l l i ng  peri od  that  lasts  un t i l :  

a)  the  f i l l  p ipe  and  any other structu re  on  the  base  of  the  tank has  been  submerged  to  
twice  the  f i l l  pi pe  d iameter;  

b)  any water  wh ich  has  col l ected  i n  the  p ipework has  been  c leared .  

NOTE  1  Restri ct i on  a)  i s  des i gned  to  prevent  d i scharges  to  the  f i l l  p i pe  or  the  s tructu re  and  to  reduce  the  
d i s tu rbance  of  water o r  sed iment.  

NOTE  2  For b) ,  i t  i s  necessary to  wai t  e i ther for  a  peri od  of  hal f  an  hou r o r  u n t i l  two  p i pe  vol umes  have  
been  l oaded  i n to  the  tank,  wh i chever i s  the  shorter.  

After th is  i n i t i al  f i l l i ng  peri od ,  the  ve loci ty for an  uncontam inated,  s ing le-phase  l i qu id  
may be  raised  above  1  m /s .  The  maximum  safe  veloci ty has  not  been  accuratel y 
determ ined  bu t  extens ive  experience  has  shown  that  hazardous  poten tials  do  not  
occur  i f  the  veloci ty i s  be low 7  m /s.  

Because  of  the  h i gh  charge  generation  that  occu rs  i n  two  phase  f l ows  (see  A. 1 . 4)  the  
f low ve loci ty for an  i ncom ing  two  phase  or contam inated  l i qu id  (see  3 . 6)  shou ld  be  
restricted  to  1  m /s  du ri ng  the  whole  f i l l i ng  period .   

3 )  I n l et  des ign .  Liqu id  shou ld  en ter the  tank hori zon tal l y to  m in im ise  both  the  poss ible  
d isturbance  to  water bottoms  or sed iment  and  the  j ett ing  of  h i gh l y charged  i ncom ing  l i qu id  
to  the  su rface.  A good  arrangement  i n  th is  respect  i s  to  use  a hori zon tal  tee  or  cruci form  
end  to  d i rect  the  i ncom ing  l i qu i d  hori zontal l y around  the  wal ls .  

4)  Contro l  water bottoms.  I f  there  are  water bottoms  or sed imen t  present  i n  the  tank,  the  
l evel  of  the  bottom  layer shou ld  be  carefu l l y con tro l l ed  by mon i tori ng  and  drain ing  to  keep 
i t  at  least  two  pipe  d iameters  below the  i n l et.  The  i n l et  des i gn  requ i remen ts  described  in  3  
shou ld  then  ensure  that  the  water bottom  or sed imen t  i s  not  undu l y d isturbed  by the  
i ncom ing  l i qu id  duri ng  f i l l i ng .  

5)  I f  a  f l ammable  atmosphere  i s  presen t  and  i t  cannot  be  ensured  that  sed iments  or  water 
bottoms  wi l l  not  be  d isturbed ,  then  the  ve loci ty shou ld  be  l im i ted  to  1  m /s  when  f i l l i ng .  

NOTE  I t  i s  n ot  u sual l y  necessary  to  restri ct  f l ow speeds  to  1  m /s  th roughou t  the  f i l l  j u st  because  a  second  
phase  i s  present  i n  the  form  of  water bottom  or sed iment  i n  the  tank.  The  ri sks  associated  wi th  water bottoms  
can  normal l y  be  deal t  wi th  by precau ti ons  3  and  4.  

6)  I f  i t  can  be  avoided,  l i qu i d  of  low densi ty shou ld  not  be  l oaded  i n to  a  tank contain i ng  a 
l i qu id  of  substan tial l y h i gher dens i ty,  because  the  resu l tan t  buoyancy effect  wou ld  carry 
the  incom ing  h i gh l y charged  l i qu id  to  the  l i qu i d  su rface  l ead ing  to  a  h i gher surface  
poten tial .  For  the  same reason ,  l oad ing  warmer l i qu i ds  i n to  tanks  parti al l y f i l l ed  wi th  co lder  
l i qu i ds,  and  en trainment  of  ai r  or  other gas  i n to  the  i ncom ing  l i qu id  shou ld  also  be  avoided  
where  poss ible .  I f  such  operati ons  cannot  be  avoided,  the  i n let  f l ow speed  shou ld  be  
reduced  to  1  m /s  to  m in im ise  charge  generati on .  

7.3.2.2.3  Tanks wi th  floating  roofs or  in ternal  fl oating  covers  

I n  a  tank wi th  a f l oating  roof  or  i n ternal  f l oating  cover,  the  f l ammable  atmosphere  i s  sh ie lded  
from  the  poten tials  developing  du ring  f i l l i ng  by the  f loati ng  roof  or  cover.  Therefore,  after the  
i n i t ial  peri od  of  f i l l i ng  and  when  the  roof  or  cover i s  afloat  there  i s  no  need  for a  restricti on  on  
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the  f low veloci ty.  However,  the  veloci ty shou ld  be  restricted  to  1  m /s  un ti l  the  roof  i s  af loat.  To  
ensure  the  des i red  sh ie ld ing  effect,  i t  i s  essential  that  the  f l oati ng  roof  or  i n ternal  cover i s  
made  from  conductive  material  and  i s  properl y earthed  (see  Clause  1 3) .  

Sometimes  f loati ng  spheres  or bal ls  are  used  i n  tanks  to  m in im ise  evaporation .  I t  i s  essential  
that  they are  made  of  d i ss ipati ve  or conducti ve  material .  These  spheres  shou ld  on l y be  used  
on  h i gh  conducti vi ty l i qu i ds  s ince,  on  a  med ium  or l ow conductivi ty l i qu id ,  a  bal l  or  a  g roup of  
bal ls  cou ld  become i so lated  from  earth  thus  lead ing  to  the  possibi l i ty of  sparks.  

7. 3. 2.2.4  Su mm ary of  precau ti on s for  l arg e con d u ctive  tan ks  

Table  8  summarises  the  precauti ons  necessary for f i l l i ng  large  conducti ve  tanks  wi th  l ow 
conducti vi ty l i qu i ds.  I f  the  e lectrical  conductivi ty i s  raised  above  the  l ow conducti vi ty range,  
e. g .  by us i ng  a stat ic  d issipati ve  add i t i ve  (SDA,  see  7. 1 . 4  and  7 . 2. 4) ,  these  precau tions  are  
not  necessary.  However,  i n  th is  case,  i t  i s  essen tial  to  ensure  re l iable  add i t i on  of  the  SDA 
because  fai l u re  to  i ncorporate  the  add i t i ve  i n to  the  l i qu id  cou ld  l ead  to  a  f i re  or  explosion .  The  
precauti ons  for l ow conducti vi ty l i qu ids  shou ld  be  retai ned  i f  there  i s  any doubt  abou t  the  
re l i abi l i ty of  the  add i t i ve  add i t i on .  

Tabl e  8  – Precau ti on s for fi l l i ng  l arg e  condu cti ve tan ks  wi th  low cond u ctivi ty l iqu id s  

Precau ti on s  Appl i cabi l i ty to  tan k 

 Wi th  fl oati n g  roof  or  i n tern al  cover  Wi th  fi xed  roof,  n o  fl oati n g  cover  

Keep f l ow veloci t i es  below 1  m /s  Essential  un t i l  th e  roof  o r cover i s  
afl oat  

Essential  du ri ng  the  i n i t i al  f i l l i n g  
peri od ,  and  when  l oad i ng  a  
con tam inated  or  two  phase  l i qu i d  or  
a  l i qu i d  wi th  a  substant i al l y  l ower 
dens i ty  than  that  al ready i n  the  tank 

Keep f l ow veloci t i es  below 7  m /s  Unnecessary when  the  roof  o r  cover 
i s  afl oat   

NOTE  A f l ow rate  l im i t  wi l l  o ften  be  
needed  to  avoi d  damag ing  the  roof  
by too  rapid  movement.  

Recommended  i n  a l l  cases  i n  wh i ch  
the  1  m /s  l im i t  does  not  apply  

Ensure  an  adequate  res i dence  t ime  
between  strong  charge  generators  
(e. g .  m i crofi l ters)  and  the  tank 

Essen tial  un t i l  th e  roof  o r cover i s  
afl oat  

NOTE  The  res i dence  t ime  can  be  
cal cu lated  us i ng  a  ve loci ty  of  1  m /s  
i n  th i s  i nstance.  

Essential  

Avoid  d i stu rbi ng  water bottoms  wi th  
i ncom ing  product,  en trai ned  ai r  or  by 
bl owing  ou t  l i nes  wi th  gas  

Essential  un t i l  th e  roof  o r cover i s  
afl oat  

Essential  

Avoid  charg i ng  l ow densi ty l i qu i ds  
i n to  tanks  contai n i ng  substan ti al l y  
h i gher densi ty  l i qu i ds  (see  7. 3 . 2 . 2. 1 )  

Unnecessary  Recommended  as  far as  practi cable.  
I f  u navoi dabl e  keep the  f l ow ve loci ty  
below 1  m /s  (see  row 1  of  th i s  table )  

 

7. 3. 2.3  M ediu m-sized  condu cti ve tan ks   

7. 3. 2.3.1  Scope 

Medium  s i zed  conducti ve  tanks  (see  7. 3. 2. 1  for  s i ze  def in i t ions)  i nclude  both  f i xed  storage  
tanks  and  mobi l e  tanks  such  as  road  or rai l  tankers .  Al though  ai rcraft  fue l  tanks  general l y fal l  
wi th in  the  med ium  s i ze  range,  the  l oad ing  of  ai rcraft  tanks  i s  covered  separatel y i n  7. 8. 1 .  

7. 3. 2.3.2  Precau tion s for  fi xed  tanks  

7. 3. 2.3.2. 1  Precau tion s for  al l  types of  l iqu id  

a)  Earth ing :  The  earth ing  requ i rements  g i ven  i n  7 . 2 . 1  and  i tem  a)  of  7. 3 . 2 . 2  shou ld  be  
adopted.  



IEC TS  60079-32-1 :201 3+AMD1 :201 7  CSV – 43  – 
© I EC  201 7  

b)  P ipes  and  hoses:  P ipes  and  hoses  shou ld  compl y wi th  7. 7. 2  and  7. 7. 3  respecti ve l y.  

c)  People:   Hazards  due  to  the  charg ing  of  people  shou ld  be  avoided  by compl iance  wi th  the  
requ i rements  in  C lause  1 1 .   

d )  Fi l l i ng  ve loci ty:  F low veloci t i es  shou ld  be  kept  wi th i n  the  l im i ts  ou tl i ned  i n  7. 3 . 2. 3 . 5.2 .   

NOTE  The  f l ow l im i ts  vary wi th  the  tank des i gn ,  pi pe  d i ameter and  the  natu re  of  the  l i qu i d .  

e)  Ai r  and  gas:  Do  not  c lear l i nes  wi th  ai r  or  other gas  un less  i t  i s  certai n  that  the  operati on  
wi l l  not  overpressure  the  equ ipment.  N i trogen  or n i trogen-ai r  "m ixed  gas"  shou ld  be  
considered  for  l i ne  c learing  rather than  compressed  ai r .  To  avoid  excess ive  f l ow ve loci t i es  
(re lati ve  to  the  l im i ts  g i ven  i n  7. 3. 2. 3 . 5. 2) ,  use  the  smal l est  source  pressure  that  wi l l  
successfu l l y c lear the  l i ne.  M in im ize  the  vo lume of  en trained  gas  del i vered  sub-surface  i n  
the  receiving  tank.  

f)  Gaug ing  and  sampl ing :  Gaug ing  and  sampl ing  can  i n troduce  add i t ional  hazards.  These  
shou ld  be  deal t  wi th  as  described  i n  7. 6 .  

7.3.2.3.2.2  Addi tional  precautions  for  low conductivi ty l iqu ids  

a)  Fi l ters  and  other h igh  charg ing  equ ipmen t:  F ine  f i l ters,  pumps  and  o ther h i gh  charg ing  
equ ipment  i nstal led  i n  the  pipel ine  upstream  of  a  tank can  generate  h igh  l eve ls  of  charge.  
To  deal  wi th  th is,  fo l low the  advice  g i ven  i n  7. 5.  

b)  Tank drainage:  I f  the  product  i s  not  fu l l y m iscible  wi th  water and  i t  i s  poss ible  that  a  water 
bottom  may form  (e. g .  i f  the  i ncom ing  product  con tains  water or  i f  there  i s  d isso lved  water 
or  con tact  wi th  moist  ai r  and  variable  water so lubi l i ty due  to  temperature  cycl i ng ) ,  the  tank 
shou ld  be  provided  wi th  a low leve l  d rain  to  enable  the  water bottom  to  be  removed .  The  
l evel  of  the  water bottom  shou ld  be  mon i tored  and  con tro l l ed  to  keep i t  be low the  product  
i n let  by at  least  two  p ipe  d iameters.  

c)  Tank i n l et:  The  i n let  shou ld  be  l ocated  l ow i n  the  tank bu t  above  the  l evel  to  wh ich  a water  
bottom  wi l l  be  perm i tted  to  accumu late.  Th is  can  be  ach ieved  e i ther by top f i l l i ng  via a f i l l  
p ipe  reach ing  c lose  to  the  bottom  of  the  tank or by bottom  f i l l i ng  ( i ncl ud ing  s i de  f i l l i ng  
cl ose  to  the  bottom ) .  The  i n let  shou ld  be  des igned  to  feed  i ncom ing  l i qu id  hori zontal l y i n to  
the  tank both  to  m in im ise  the  j ett i ng  of  h igh l y charge  product  to  the  surface  and  to  
m in im ise  the  d istu rbance  of  water bottoms  or  sed iment.  A tee-shaped  i n let  that  d i rects  the  
l i qu id  paral l el  to  the  s ide  wal ls  i s  i deal  i n  th is  respect.   

NOTE  For f i xed  tanks  wi th  s i de  en try i n l ets ,  the  use  of  a  tee  i s  more  practi cal  than  the  defl ector p late  
because  i t  keeps  h i gh l y  charged  l i qu i d  near the  tank base  and  m in im ises  suspension  of  any water and  
sed iment  from  the  tank f l oor.  

d)  Splash  Fi l l i ng :   

– For most  appl icati ons ,  splash  f i l l i ng  shou ld  be  avoided  by us i ng  a  l ow level  i n l et  wi th  
the  i ncom ing  f l ow d i rected  hori zon tal l y as  described  i n  the  previous  paragraph  (see  
also  7 . 2. 2) .   

– Splash  top  f i l l i ng  i s  sometimes  essen tial  for  process  reasons  (e . g .  to  avoid  i n terference  
wi th  s ti rrers  i n  chem ical  reaction  vessels) .  I n  th is  case:  

i )  The  f i l l  p ipe  shou ld  en ter  the  vessel  c l ose  to  a s i de-wal l  and  the  i ncom ing  l i qu id  
shou ld  be  d i rected  downwards  and  s l i gh tl y towards  the  wal l  (at  an  ang le  of  1 5°  to  
30°  to  the  vert ical ) .  

i i )  The  operation  shou ld  be  assessed  i n  detai l  to  determ ine  an  acceptable  l oad ing  
ve loci ty.  Th is  shou ld  not  exceed  50  % of  the  veloci ty derived  from  the  normal  
ve loci ty or  vd  l im i ts  (see  7. 3. 2 . 3 .5)  and  shou ld  not  be  more  than  2  m /s.   

i i i )  The  d is tance  from  the  end  of  the  f i l l  p i pe  (and  other  protrus ions)  to  the  maximum  
l iqu id  l eve l  shou ld  be  at  l east  200  mm  so  that  d i scharges  from  the  l i qu i d  surface  
are  un l ikel y to  occur.   

Flammable  l i qu i ds  of  l ow vo lati l i ty (e . g .  l ubo i l s )  that  are  incapable  of  producing  a 
f lammable  vapour atmosphere  at  the  maximum  hand l i ng  temperature  can  be  splash  
f i l l ed  wi thout  the  above  add i t ional  load ing  restricti ons  (wh ich  are  for cases  where  there  
cou ld  be  a  f l ammable  atmosphere) .  However,  wi th  th is  approach  i t  i s  essen tial  to  
ensure  that  there  are  no  other sources  of  f l ammable  vapour and  that  the  l oad ing  
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process  does  not  produce  enough  m ist  or  suspended  droplets  to  render the  
atmosphere  f l ammable.  

7.3.2.3.3  Precautions for  road  tankers  

The precau tions  for road  tankers  are  the  same as  for f i xed  tanks  (7. 3. 2. 3 .2)  except  for the  use  
of  d i fferen t  ve loci ty l im i ts  as  described  i n  7. 3 . 2 . 3. 5. 4  and  the  fo l l owing  add i t i onal  
requ i rements :   

1 )  Earth ing  and  bond ing  

a)  The  bond ing  res is tance  between  the  chassis ,  the  tank and  the  associated  pipes  and  

f i tt i ngs  on  the  truck shou ld  be  l ess  than  1  MΩ .  For whol l y metal l i c  systems,  the  

res istance  shou ld  be  1 0  Ω  or  l ess  and  i f  a  h i gher  value  i s  found  fu rther i nvesti gations  
shou ld  be  made to  check for possible  problems  of  e. g .  corros ion  or l oose  connecti on .   

b)  An  earth ing  cable  shou ld  be  connected  to  the  truck before  any operation  (e . g .  open ing  
man  l i ds,  connecting  pipes)  i s  carried  ou t.  I t  shou ld  provide  a res is tance  of  l ess  than  

1 0  Ω  between  the  truck and  the  gan try’s  des ignated  earth i ng  po in t  and  shou ld  not  be  
removed  un t i l  al l  operations  have  been  completed .   

c)  I t  i s  recommended  that  the  earth  cable  requ i red  in  b)  be  part  of  a  static  earth  
mon i tori ng  system  that  con tinuous l y mon i tors  the  resistance  between  the  truck and  a  
des ignated  earth i ng  po in t  on  the  gantry and  acti vates  i n terlocks  to  preven t  l oad ing  

when  th is  res istance  exceeds  1 0  Ω .  I t  i s  fu rther recommended  that  the  stat ic  earth  
mon i tori ng  system  shou ld  be  capable  of  d i fferen tiati ng  between  connecti on  to  the  
truck’s  tank (or  earth  connection  po in t)  and  other metal  obj ects .  Th is  type  of  system  
wi l l  prevent  operators  from  connecting  the  earth i ng  system  to  objects  (e . g .  the  mud-
guards)  that  may be  e lectrical l y i so lated  from  the  truck’s  con tainer.  

2)  Top l oad ing  

a)  The  l oad ing  arm  (or d i p  l eg  or  drop pipe)  shou ld  be  i nserted  to  the  bottom  of  the  tank 
before  starti ng  l i qu i d  f low.   

b)  The  drop  p ipe  shou ld :  

i )  be  pos i ti oned  vert ical l y,  

i i )  reach  the  bottom  of  the  compartmen t;  

i i i )  have  a tee-piece  or  s im i lar  defl ector  on  the  bottom  to  def lect  the  f l ow along  the  
base  of  the  compartment.  

3)  Ligh tn i ng  

When  there  i s  the  poss ibi l i ty of  l i gh tn i ng ,  road  tankers  shou ld  not  be  l oaded  i n  the  open  
ai r  wi th  a l i qu i d  that  can  g i ve  ri se  to  a f l ammable  atmosphere  ou tsi de  the  tank 
compartment.  Load ing  may take  place  under canopies  or  where  an  adequate  cone  of  
l i gh tn i ng  protection  i s  provided.  

7.3.2.3.4  Precautions for  rai l  tankers  

The precau ti ons  for  rai l  tankers  are  the  same as  for f i xed  tanks  (7. 3. 2. 3. 2)  except  for the  use  
of  d i fferen t  ve loci ty l im i ts  (see  7. 3 .2 . 3. 5. 5)  and  the  fo l l owing  add i ti onal  requ i rements :   

1 )  Bond ing  

a)  The  rai l s  of  the  track shou ld  be  bonded  to  each  other  and  to  the  gan try wi th  a bond ing  

res istance  of  l ess  than  1  MΩ .  

b)  The  bonding  res istance  between  the  wheels ,  the  tank and  the  rest  of  the  car shou ld  be  

l ess  than  1  MΩ .  I ndependen t  bond ing  of  the  rai l  tank car i s  not  needed  as  i t  i s  provided  
by the  rai ls .  

2)  Ci rcu lati ng /stray currents  

a)  An  insu lat ing  f lange  may be  i nstal l ed  i n  the  f i l l i ng  l i ne  to  preven t  stray curren ts .  I n  th is  
case  the  f i l l  nozzle  shou ld  be  bonded  to  the  rai l -car before  f i l l i ng  commences.  



IEC TS  60079-32-1 :201 3+AMD1 :201 7  CSV – 45  – 
© I EC  201 7  

b)  The  s id ing  used  for tank car f i l l i ng  shou ld  be  i so lated  from  the  rest  of  th e  rai lway track 
i n  order to  avo id  s tray curren ts .  Th is  i nsu lat ion  shou ld  not  be  short  c i rcu i ted  by rai l  
equ ipment  or  rai l  cars.  

3)  Top l oad ing  

The  l oad ing  arm  (drop pipe)  shou ld  be  i nserted  to  the  bottom  of  the  tank before  s tart ing  
l i qu id  f l ow.  The  drop pipe  shou ld :  

a)  be  pos i t i oned  vert ical l y (au tomated  top load ing  systems  may i nsert  the  l ance  at  a  s l i gh t  
ang le) ;  

b)  reach  the  bottom  of  the  compartment;  

c)  have  a tee-piece  or  s im i lar def lector on  the  bottom  to  deflect  the  f l ow along  the  base  of  
the  compartment.  

4)  Ligh tn i ng  

When  there  i s  the  poss ibi l i ty of  l i gh tn i ng ,  rai l  tankers  shou ld  not  be  l oaded  i n  the  open  ai r  
wi th  a l i qu id  that  can  g i ve  rise  to  a f lammable  atmosphere  ou ts ide  the  tank compartment .  
Load ing  may take  place  under canopies  or where  an  adequate  cone  of  l i g h tn ing  protection  
i s  provided.  

7.3.2.3.5  Flow veloci ty and  vd l imi ts  

7.3.2.3.5. 1   General  explanatory notes  

Flow l im i ts  are  expressed  ei ther  d i rectl y i n  terms  of  ve loci ty or  i nd i rectl y i n  terms  of  l im i ts  on  
the  product  of  ve loci ty and  p ipe  d iameter  (vd) .  The  key factors  that  i n f l uence  these  l im i ts  are:  

a)  The  s i ze  and  shape  of  the  tank:   The  most  cri t i cal  s i ze  tends  to  l ie  i n  the  range  3  to  1 0  m 3  
and  tal l ,  narrow tanks  g i ve  the  h i ghest  vo l tages .  Potentials  are  general l y l ower i n  l arger or  
smal l er tanks,  i n  hori zon tal l y e longated  tanks  or i n  tanks  for wh ich  the  l eng th  and  wid th  (or 
d iameter)  are  g reater than  the  he igh t.  

NOTE  Extremely narrow tanks  wou l d  al so  g i ve  l ow vo l tages  bu t  the  hei g h t  to  wi d th  rati os  needed  to  real i se  
th i s  case  fal l  ou ts i de  the  normal  pract i cal  range.  

b)  The  presence  of  a  central  conductor:   I n  a  near-cubic  tank ( i . e.  al l  major  d imensions  of  
s im i lar magn i tude) ,  the  presence  of  a  substantial  conductor runn ing  vertical l y down  the  
cen tre  reduces  the  maximum  potential  by abou t  a  factor of  two.  Because  of  the  reduced  
poten tial ,  a  h i gher maximum  f i l l  ve loci ty may be  perm i tted .  A central  conductor i s  much  
l ess  effecti ve  at  reducing  poten tials  i n  e longated  hori zontal  tanks  or tanks  wi th  a smal l  
he i ght  to  wid th  rat io.  Examples  of  operations  that  can  benefi t  from  the  presence  of  a  
cen tral  conductor are  road  tanker top- load ing  ( the  f i l l i ng  arm  provides  the  conductor)  and  
road  tanker  bottom - load ing  i n  compartmen ts  wi th  d ip  tubes.  

c)  The  nature  of  the  l i qu id :   The  conducti vi ty i s  important  as  i s  the  presence  or absence  of  
mu l t iple  phases.  I n  add i t i on ,  the  o i l  i ndustry has  found  an  increased  risk of  e l ectrostatic  
i gn i t i on  when  l oad ing  veh icles  wi th  m idd le-d isti l l ate  fuels  that  have  l ow su lphur con ten t  

(<  50  ppm ) .  

NOTE  The  i ncreased  ri sk wi th  l ow-su lphu r d i esel  i s  though t  to  ari se  fundamental l y  from  factors  associated  
wi th  d i esel  processing  and  there  i s ,  as  yet,  no  evi dence  that  o ther l ow su lphu r l i qu i ds  are  s im i l arl y  affected  
(e. g .  gasol i nes ,  pu re  chem ical s  or  sol ven ts  may be  l ow i n  su lphur bu t  there  i s  n o  evi dence  that  they have  an  
i ncreased  r i sk of  e l ectrostat i c  i gn i t i on ) .  

d)  Whether the  tank i s  f i xed  or mobi le :   F i l l i ng  faci l i t i es  for  f i xed  tanks  can  be  des igned  for  a  
speci f i c  du ty whereas  faci l i t i es  for mobi le  tanks  have  to  deal  wi th  a range  of  tank s i zes  
and  shapes.  For mobi l e  tanks,  the  veloci ty or  vd l im i t  shou ld  be  su i table  for  the  worst  case  
that  cou ld  be  encountered.  Also  mobi le  tanks  tend  to  be  e longated  hori zon tal l y for s tabi l i ty  
i n  transi t  (e. g .  rai l  tanker compartments)  whereas  f i xed  tanks  are  often  tal l  and  narrow 

(height/d iameter > 1 ) .  

Because  of  these  practical  d i fferences,  there  are  separate  veloci ty or  vd l im i ts  for f i xed  tanks,  
road  tankers  and  rai l  tankers .  Also,  for  both  road  and  rai l  tankers ,  there  are  separate  l im i ts  for  
m idd le-d isti l l ate  h ydrocarbons  and  other l i qu i ds.  
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7.3.2.3.5.2  Reg ion  over wh ich  flow l imi ts  apply 

Where  veloci ty or  vd l im i ts  are  speci f i ed  they shou ld  be  met  th roughout  a “re laxati on  reg ion”  
upstream  of  the  tank.  The  re laxation  reg ion  consi sts  of  the  p ipework wi th in  a  residence  t ime  
of  30  seconds  or  3  re laxation  t imes  upstream  of  the  tank wh ichever i s  l ower.  Where  the  
re laxati on  t ime  i s  used  to  calcu late  the  residence  t ime  i t  shou ld  be  determ ined  from  the  l owest  
poss ible  conducti vi ty that  may be  hand led .  I f  the  lowest  conducti vi ty i s  not  known ,  the  30  s  
cri teri on  shou ld  be  adopted .   

To  ensure  that  the  vd or  ve loci ty l im i ts  are  met  th roughou t  the  re laxation  reg ion  i t  i s  necessary 
on l y to  ensure  that  they are  met  over  the  most  cri t i cal  secti on  wi th i n  the  reg ion .   

For an  un-branched  system  the  cri ti cal  section  i s  the  one  wi th  the  smal l est  p ipe  d iameter  
except  that  i f  the  secti on  wi th  the  smal l est  d i ameter i s  less  than  5  m  long  and  i s  on l y one  
nom inal  p ipe  s i ze  less  than  the  secti on  wi th  the  next  smal lest  d i ameter,  the  l atter may be  
taken  as  the  cri t ical  one.   

For a branched  p ipe  system  (e. g .  a  large  feeder l i ne  spl i tt i ng  i n to  smal l er l i nes  such  that  the  
upstream  pipe  segmen ts  feed  several  tanks  wh i l st  the  downstream  ones  each  feed  j ust  one  
tank) ,  the  cri t ical  section  i s  the  one  wi th  the  h ighest  value  of  Fs/ds

m  where  Fs  i s  the  h i ghest  
poss ible  f l ow rate  th rough  the  segmen t,  ds  i s  the  d iameter of  the  pipe  i n  the  segment and  m=2 
for evaluating  vd l im i ts  or  m=3  for  evaluati ng  veloci ty l im i ts  (see  A. 1 . 4) .   

The  maximum  acceptable  curren t  i n  a  cri t ical  segment f i l l i ng  mu l t i ple  tanks  s imu l taneousl y i s  
Ns  t imes  that  i n to  each  tank where:   

Ns  =  Fs/FT 

Fs  i s  the  maximum  possible  f low rate  th rough  the  segment and  FT i s  the  vo lumetric  f low rate  
i n to  the  tank.  The  increased  curren t  i s  acceptable  i n  the  segmen t because  i t  i s  d i vi ded  
between  the  tanks.  Because  the  s tream ing  current  vari es  as  the  square  of  the  veloci ty,  the  
perm i tted  f l ow veloci ty or  vd l im i t  for  the  segmen t i s  correspond ing l y Ns

1 /2  t imes  h igher than  
the  l im i t  for  the  tank (see  A. 1 . 4) .   

7.3.2.3.5.3  Limi ts  for fi xed  tanks  

Di fferen t  l im i ts  appl y,  as  fo l l ows,  i n  an  i n i t ial  s low start  period  and  i n  the  main  f l ow period :  

S low start:   For  med ium  and  low conducti vi ty l i qu ids  where  there  cou ld  be  water bottoms  or  
sed imen t  presen t  i n  the  tank,  the  i n i t i al  f l ow veloci ty shou ld  not  exceed  1  m /s  un t i l  the  f i l l  p i pe  
ou t let  i s  submerged  to  two  pipe  d iameters.  Th is  s l ow start  i s  requ i red  to  con trol  the  hazards  
associated  wi th  the  d is tu rbance  of  the  sed iment.  Opin ions  d i ffer as  to  whether a  s low s tart  i s  
necessary where  there  i s  no  poss ibi l i ty of  water  bottoms  or sed iment.  Measurements  have  
suggested  that  i n  th is  case  s low s tarts  do  not  s i gn i f icantl y reduce  the  maximum  vol tage.  
Nevertheless ,  they may be  advisable  to  avoid  poss ible  i ssues  wi th  d isplacement  of  water from  
the  p iping .   

I f  a  tank i s  f i l l ed  i n  a  seri es  of  separate  s tages,  a  s l ow start  of  1  m /s  i s  recommended  for  each  
i nd i vi dual  s tage.  

Fu l l  f l ow:   The  f l ow veloci ty and  vd l im i ts  for the  fu l l  f l ow period  depend,  as  fo l l ows,  on  the  
nature  of  the  l i qu id  and  the  tank:  

1 )  Al l  h i gh  conducti vi ty l i qu i ds  and  s i ng le-phase  med ium  conducti vi ty l i qu ids :   There  i s  no  
mandatory restriction  on  the  f l ow veloci ty bu t  a  general  precau ti onary l im i t  of  7  m /s  i s  
recommended .  I f  a  h i gh  veloci ty i s  perm i tted  on l y because  the  conductivi ty has  been  
raised  wi th  a Static  D iss ipati ve  Add i t i ve  (SDA) ,  i t  i s  essen tial  to  ensure  re l i able  add i ti on  of  
the  SDA because  fai lu re  to  i ncorporate  enough  add i t i ve  i n to  the  l i qu i d  cou ld  then  lead  to  a  
f i re  or  explos ion .  I f  there  i s  any doubt  abou t  the  rel iabi l i ty of  SDA add i t i on ,  the  veloci ty 
l im i ts  for  l ow conducti vi ty l i qu i ds  shou ld  be  used.  
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2)  Contam inated  or two-phase  l i qu i d  of  med ium  or l ow conductivi ty:   When  f i l l i ng  tanks  wi th  
two-phase  m ixtures  (e . g .  contam inated  l i qu ids,  l i qu ids  wi th  suspended  water or  so l i ds)  for  
wh ich  the  con tinuous  phase  has  a med ium  or l ow conducti vi ty there  i s  a  f i xed  ve loci ty l im i t  
of  1  m /s.  Th is  l im i t  shou ld  also  be  appl ied  i f  water  bottoms  or sed iment  cou ld  be  st i rred  up  
i n  a  tank con tain ing  a med ium  or l ow conducti vi ty l i qu id  e. g .  i f  water has  accumu lated  un ti l  
the  product/water i n terface  i s  c lose  to  (wi th i n  one  entry p ipe  d iameter)  or  h igher than  the  
l evel  of  the  i n let.  Veloci t i es  shou ld  not  be  much  be low 1  m /s  or  water cou ld  accumu late  at  
l ow poin ts  i n  the  p ipes.  

3)  Uncontam inated  l ow conducti vi ty l i qu i ds:   For uncon tam inated  (c lean) ,  s i ng le-phase,  l ow-
conducti vi ty l i qu ids,  the  veloci ty restrictions  are  e i ther g i ven  d i rectl y i n  terms  of  ve loci ty or  
they are  deri ved  from  vd l im i ts  where  v i s  the  average  f l ow veloci ty i n  the  p ipe  i n  
metres/second  and  d the  pipe  d iameter  i n  metres .  There  are  d i fferen t  l im i ts ,  as  fo l lows,  for  
vert ical -axis  and  hori zontal -axis  tanks.  

a)  Vert ical -axis  cyl i ndrical  tanks  or vessels  wi th  vertical  s ides  and  square  or near-square  
cross  secti on :   

NOTE  Near-square  tanks  are  those  for  wh i ch  the  rat i o  of  l eng th  to  wi d th  does  not  exceed  1 , 5 .  

When  f i l l i ng  th rough  an  un -branched  l i ne ,  the  f i l l i ng  ve loci ty v i n  the  cri t ical  secti on  of  the  
re laxati on  reg ion  (see  7. 3. 2. 3 .5 .2)  shou ld  be  restricted  to :  

v ≤  K(D/d) 1 /2  m /s  

subj ect  to  a  maximum  f low ve loci ty of  7  m /s.  

Here  D i s  the  tank d iameter or,  for  near-square  vessels  of  leng th ,  L,  and  width ,  W,  an  

effecti ve  d iameter determ ined  from  D=2(LW/π) 1 /2  ( for  square-section  vessels  L=W) ,  d i s  
the  p ipe  d iameter (both  D  and  d must  be  in  the  same un i ts)  and  K i s  a  constant  that  
depends  weakly on  the  d i e lectric  constant  of  the  l i qu i d  and  has  d imensions  of  ve loci ty.  I t  i s  
shown  i n  B.2 .2,  that  K =  0, 7  m /s  for ε  =  2  and  that the  maximum  departure  from  th is  value  
i s  l ess  than  6 , 3  % for the  range  of  d i electric  constants  associated  wi th  l ow conductivi ty  
l i qu ids  (up  to  ε  ~  5) .  Th is  smal l  d i fference  i s  wi th in  the  uncertain ties  and  safety marg ins  of  
the  anal ys is ,  so  the  value  0 . 7  m /s  i s  adopted  un i versal l y.   

When  f i l l i ng  mu l t i ple  tanks  th rough  a  branched  l i ne  the  cri t i cal  section  may occur at  a  
l ocation  that  feeds  more  than  one  tank.  I n  th is  case,  the  maximum  ve loci ty i n  the  cri ti cal  
section  may be  i ncreased  by a factor Ns

1 /2  from  the  value  g i ven  above,  where  Ns  i s  the  
rati o  of  the  maximum  f low rate  th rough  the  cri t ical  segment to  the  f l ow rate  i n to  the  tank 
(see  7. 3. 2. 3 .5. 2  and  A. 1 . 4) .   

F low rates  deri ved  from  the  above  express ion  for  f i l l i ng  tanks  th rough  un-branched  l i nes  
wi th  schedu le  40  wal l  th i cknesses  are  g i ven  i n  Tables  9a ( i n  m 3/m in )  and  9b  ( i n  USG/m in) .  

NOTE  I n  North  Ameri ca,  p i pes  are  defi ned  by  thei r  NPS  (Nom inal  P ipe  S i ze,  the  ou ter d i ameter i n  i nch )  and  a  
Schedu l e  for  the i r  wal l  th i ckness.  I n  Europe,  pi pes  are  defi ned  by thei r  DN  (Diameter Nom inal ,  the  ou ter  d i ameter  
i n  mm )  and  thei r  I N  ( I nner d i ameter Nom inal  i n  mm ) .  
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Table  9  – Fi l l i ng  rate l i mi ts  for  fi l l ing  m ed iu m-sized   
verti cal -axi s  tanks  th rou g h  sch edu l e  40  pipes  

a)  Flow rates  in  m 3/m i n  

Pi pe si ze  Tan k d i am eter,  m  

NPS  DN  I D,  mm  1   1 , 5   2   2 , 5   3   4   5   6   8   1 0   

1  25  26, 6  0, 1 4  0 , 1 8  0 , 20  0 , 23  0 , 23  0 , 23  0 , 23  0 , 23  0 , 23  0 , 23  

1 , 5  40  40, 9  0, 27  0 , 33  0 , 39  0 , 43  0 , 47  0 , 55  0 , 55  0 , 55  0 , 55  0 , 55  

2  50  52, 5  0, 40  0 , 49  0 , 56  0 , 63  0 , 69  0 , 79  0 , 89  0 , 91  0 , 91  0 , 91  

2, 5  65  62, 7  0, 52  0 , 63  0 , 73  0 , 82  0 , 90  1 , 04  1 , 1 6  1 , 27  1 , 30  1 , 30  

3  80  77, 9  0, 72  0 , 88  1 , 01  1 , 1 3  1 , 24  1 , 44  1 , 60  1 , 76  2, 00  2 , 00  

4 1 00  1 02  1 , 08  1 , 32  1 , 53  1 , 71  1 , 87  2 , 1 6  2 , 41  2 , 64  3 , 05  3 , 41  

5  1 25  1 28  1 . 51  1 . 85  2 . 1 4  2 . 39  2. 62  3 . 03  3 . 39  3 . 71  4. 28  4. 79  

6  1 50  1 54  1 , 99  2, 44  2 , 82  3 , 1 5  3 , 45  3 , 99  4, 46  4, 89  5, 64  6 , 31  

8 200  203  3, 01  3 , 69  4, 26  4, 76  5, 21  6 , 02  6 , 73  7, 38  8, 52  9 , 52  

1 0  250  254  4. 24  5. 1 9  5 . 99  6 . 70  7. 34  8 . 47  9 . 47  1 0 . 4  1 2 . 0  1 3 . 4  

1 2  300  305  5, 51  6, 75  7, 79  8 , 71  9 , 54  1 1 , 0  1 2, 3  1 3 , 5  1 5, 6  1 7, 4  

 

b)  Fl ow rates  in  U SG /min  

Pi pe si ze  Tan k d i am eter,  ft  

NPS DN  I D,  m m  4  5  6  8  1 0  1 2  1 6  20  26  33  

1  25  26, 6  42  47  51  59  62  62  62  62  62  62  

1 , 5  40  40, 9  80  89  97  1 1 3  1 26  1 38  1 46  1 46  1 46  1 46  

2  50  52, 5  1 1 6  1 29  1 42  1 64  1 83  201  232  240  240  240  

2, 5  65  62, 7  1 51  1 69  1 85  21 4  239  262  302  338  343  343  

3  80  77, 9  209  234  256  296  331  363  41 9  468  529  529  

4 1 00  1 02  31 5  352  385  445  497  545  629  704  802  904  

5  1 25  1 28  442  494  541  625  698  765  883  988  1 1 30  1 270  

6  1 50  1 54  582  650  71 3  823  920  1 01 0  1 1 60  1 300  1 480  1 670  

8 200  203  878  982  1 080  1 240  1 390  1 520  1 760  1 960  2240  2520  

1 0  250  255  1 240  1 380  1 51 0  1 750  1 950  21 40  2470  2760  31 50  3550  

1 2  300  305  1 61 0  1 800  1 970  2270  2540  2780  321 0  3590  41 00  4620  

 

b)  vd l im i ts  for other med ium  s i zed  tanks  (e. g .  hori zontal -axis  tanks  or vert ical -s ided  
vessels  wi th  e l ongated  non -square  cross  secti ons) :  

vd ≤  N ×  0 , 50  m 2/s  for  top l oad ing  or  bottom  l oad ing  wi th  a  cen tral  conductor  

vd ≤  N ×  0 , 38  m 2/s  for  bottom  load ing  wi thou t  a  central  conductor  

subject  to  a  maximum  f low ve loci ty of  7  m /s.  

I n  these  l im i t  express ions  N i s  a  factor that  describes  the  i n fl uence  of  the  tank l eng th ,  L,  

wh ich  i s  the  largest  hori zon tal  d imens ion .  W i th  L  expressed  i n  metres:  N = 1  for  L  <  2 ,  

N =  /2L  for  2   ≤  L ≤  4 , 6  and,  N =  1 , 5  for L >  4 , 6.  I n ternal  s tructures  such  as  baff les  need  

not  to  be  taken  in to  accoun t  when  determ in ing  the  tank l eng th ,  bu t  i f  the  tank i s  
subd ivided  i n to  complete l y separate  compartments,  each  compartment  shou ld  be  treated  
as  a separate  tank.  
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These  l im i ts  appl y to  the  cri ti cal  secti on  of  the  piping  i n  the  re laxati on  reg ion  upstream  of  
the  tank (see  7. 3. 2. 3. 5. 2) .  When  f i l l i ng  mu l t i ple  tanks  th rough  a branched  l i ne  the  cri t i cal  
secti on  may occur at  a  l ocati on  that  feeds  more  than  one  tank.  I n  th is  case,  the  maximum  
veloci ty i n  the  cri t i cal  secti on  may be  i ncreased  by a factor Ns

1 /2  f rom  the  value  g i ven  
above,  where  Ns  i s  the  rat io  of  the  maximum  f low rate  th rough  the  cri ti cal  segmen t to  the  
f low rate  i n to  the  tank (see  7. 3 . 2 . 3 . 5. 2  and  A. 1 . 4) .  

F low ve loci ty and  vo lume f low rate  l im i ts  for f i l l i ng  hori zon tal  axis  tanks  th rough  un -
branched  l i nes  via  a range  of  p ipe  s i zes  can  be  obtained  by combin ing  the  vd and  veloci ty 
l im i ts  and  are  g i ven  i n  Table  1 0 .  

Tabl e  1 0  – Veloci ty an d  fi l l in g  rate  l im i ts  for l oadi ng  low cond u ctivi ty l i qu i d s  
in to  sh ort  (N =1 ) ,  f i xed  h orizontal  axis  tanks  vi a  sch edu l e  40  pi pes  

Pi pe si zea  

Bottom  l oad i n g  or  l oad i n g  wi th ou t  a  
cen tral  con d u ctor  

Top  l oad i n g  or  l oad i n g  wi th  a  cen tral  
con d u ctor  

vd  =  0, 38  m 2/s  vd  =  0, 50  m 2/s  

NPS DN  I D,  mm  Fl ow vel oci ty,  m/s  Fi l l i n g  rate,  m 3/m in  Fl ow vel oci ty,  m/s  Fi l l i n g  rate,  m 3/m in  

1  25  26, 6  7, 0  0 , 23  7, 0  0 , 23  

1 , 5  40  40, 9  7, 0  0 , 55  7, 0  0 , 55  

2  50  52, 5  7, 0  0 , 91  7, 0  0 , 91  

2 , 5  65  62, 7  6 , 1  1 , 1 2  7, 0  1 , 30  

3  80  77, 9  4, 9  1 , 40  6, 4  1 , 84  

4  1 00  1 02  3 , 7  1 , 83  4, 9  2 , 41  

6  1 50  1 54  2 , 5  2 , 76  3 , 2  3 , 63  

8  200  203  1 , 9  3 , 63  2, 5  4, 78  

1 2  300  305  1 , 2  5 , 46  1 , 6  7, 1 8  

a  based on diameter of critical pipe section (see 7.3.2.3.5.2).  

 

The ve loci ty,  vd,  and  f l ow rate  l im i ts  g i ven  i n  th is  section  are  derived  on  the  assumption  that  
al l  the  requ i remen ts  ou tl i ned  i n  7. 3 . 2. 3. 2  are  fu l f i l l ed .  Sometimes  th is  i s  d i ff icu l t  to  ensure  
(e. g .  i t  i s  not  always  certain  that  splash  l oad ing  can  be  preven ted) .  Where  there  i s  any doubt,  
a  r i sk assessment  shou ld  be  carried  ou t  and  add i t ional  contro l  measures  pu t  i n  p lace  i f  
appropriate .  Add i t ional  measures  may i nclude:  

a)  reducing  the  f low veloci ty below the  leve l  requ i red  by the  l im i ts  i n  Table  1 0;  

b)  rais i ng  the  conducti vi ty u si ng  SDA (see  7. 2 . 4) .  

7. 3. 2.3.5. 4  Li m i ts  for road  tan kers  

This  subclause  describes  how the  veloci ty or  vd l im i ts  for load ing  uncontam inated,  s i ng le-
phase,  l ow-conducti vi ty l i qu ids  i n to  road  tankers  d i ffer from  the  l im i ts  for f i xed  tanks 
(7. 3 . 2. 3 . 5. 3) .  Any veloci ty or  vd l im i t  that  i s  not  expl ic i t l y men ti oned  i n  th is  section  (e. g .  l im i ts  
for s low s tarts  and  con tam inated  l i qu ids)  remains  as  g i ven  i n  7. 3 . 2. 3. 5. 3  for f i xed  tanks:  

Liqu ids  o ther than  petro leum  fue ls:  Use  the  f i xed- tank veloci ty l im i ts  i n  7. 3 . 2 . 3 . 5. 3  except  that  
i f  compartments  of  d i fferen t  l eng th  are  to  be  f i l l ed  at  the  same l oad ing  po in t,  as  wi l l  usual l y be  
the  case,  the  vd l im i t  and  f low veloci ty shou ld  be  calcu lated  us ing  the  N val ue  for the  shortest  
compartmen t that  wi l l  be  f i l l ed .  I f  the  l eng th  of  the  shortest  compartment  i s  not  known ,  N =  1  
shou ld  be  used.  Th is  wi l l  ensure  that  the  maximum  f low ve loci ty i s  acceptable  for the  worst-

case  compartment  l eng ths  (L  ≤  2  m ) .  The  f l ow veloci t i es  and  f l ow rates  for th is  case  are  g i ven  
i n  Table  1 0.  

Petro leum  m idd le  d ist i l late  fuels :  To  deal  wi th  d i f ferences  i n  veh icle  des i gn ,  the  o i l  i ndustry 
has  s tarted  to  c lass i fy those  road  tankers  for wh ich  a  h igher f l ow veloci ty can  be  to lerated  i n  
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al l  compartmen ts  as  “veh icles  su i table  for  h i gh-speed  load ing”.  These  veh icles  have  the  
features  i den ti f i ed  in  Table  1 1  as  promoting  reduced  poten tials  and  may be  loaded  up to  33  % 
faster  than  standard  veh icles  i f  l ocal  regu lati ons  perm i t.  A term inal  that  i s  set  to  load  at  the  
h igher ve loci ty l im i t  shou ld  speci fy that  on l y veh icles  su i table  for h i gh  speed  l oad ing  be  f i l l ed .  

Table  1 1  g i ves  a def in i t i on  of  the  veh icles  that  may be  considered  su i table  for  h i gh  speed  
l oad ing .  Us ing  th is  defi n i ti on  to  class i fy veh icles,  f l ow veloci t i es  shou ld  be  set  so  that  vd does  
not  exceed  the  appropriate  l im i t  taken  from  Table  1 2 .  The  vd l im i ts  i n  Table  1 2  depend  on  the  

type  of  product  ( l ow su lphur (<  50  ppm)  or  other m idd le-d is ti l l ate  product) ,  the  nature  of  the  
compartment (su i table  for h i gh  speed  l oad ing  or not)  and  the  product  conducti vi ty.  

Gasol i nes:  F in ished  gasol i nes  may be  loaded  at  rates  determ ined  from  a un i versal  l im i t  of  

vd ≤  0 , 5  m 2/s  (subject  to  v ≤  7  m /s)  i rrespecti ve  of  veh icle  type,  gaso l i ne  conducti vi ty or  
su lphur con ten t.  Th is  rate  i s  based  on  the  degree  of  protecti on  con ferred  by h igh  vo lat i l i ty 
coupled  wi th  l im i ted  scope  for ai r  i ng ress  i n  bottom  loaded  veh icles  and  i ts  use  i s  supported  
by operati onal  experience.  I t  shou ld  not  be  appl i ed  to  the  l oad ing  of  i nd ivi dual  gasol i ne  
components  such  as  naph thas,  wh ich  may have  s i gn i f ican tl y lower vo lati l i ty than  f i n ished  
gasol ines .  Such  componen ts  shou ld  be  l oaded  us ing  the  f i l l i ng  ru les  for m idd le  d ist i l l ates.  

Flow ve loci ti es  and  vo lume f low rates  deri ved  from  the  vd l im i ts  i n  Table  1 2  and  subject  to  the  
maximum  flow veloci ty of  7  m /s  are  g i ven  in  Table  1 3  for  a  range  of  p i pe  s i zes.  

Table  1 1  – Veh icles  and  compartments  su i table  for h igh-speed  load ing  
for  ADR  compl iant  veh icles  

Vehicle  I f  a  veh i cl e/tanker i s  to  be  classed  as  su i tabl e  for  H i gh  Speed  Load ing ,  then  al l  
compartments  on  that  veh i cle  must  be  H i gh  Speed  Load ing  Compartments.  

Compartment  A H igh  Speed  Load ing  Compartment  i s  any compartment  or  chamber wi th  a  capaci ty  of  
2  000  l  to  1 5  000  l  equ ipped  wi th  a  conductor wh i ch  i s  e i ther  

a)  a  fu l l  hei gh t  baff l e  o r  su rge  pl ate,  o r  

b)  an  I n ternal  Tube,  or  

c)  a  Central  Conductor Wi re,  

so  that  no  part  of  the  l i qu i d ,  i n  plan  vi ew,  has  a  d i s tance  exceed ing  0 , 8  m  from  any 
conducti ng  su rface.  Larger compartment  s i zes  do  not  requ i re  such  a  conductor to  be  
c lassed  as  H i g h  Speed  Load ing  Compartments .   Where  a  compartment  i s  f i t ted  wi th  an  
overf i l l ,  o r  o ther,  probe  wh ich  i s  at  l east  0 , 5  m  from  a  "conductor" ,  as  defi ned  above,  the  
probe  shou l d  be  f i tted  wi th  a  "probe  extender"  to  be  f i xed  to  the  probe  and  l ocated  at  the  
f l oor of  the  compartment.  

Central  
Conductor  

An  e lectri cal l y  con t i nuous  cabl e/wi re/tube  wi th  a  d i ameter of  at  l east  2  mm ,  f i xed  to  the  
roof  of  the  compartment  or  chamber and  l ocated  at  the  f l oor.  The  cabl e/wi re/tube  shou ld  
be  of  corros i on -res i s tan t  metal  and  have  su ffi c i en t  mechan ical  i n teg ri ty  to  res i st  normal  
wear and  tear.  

In ternal  Tube  Any tube  for  d i ppi ng ,  servi ce  or  vapour recovery that  i s  e l ectri cal l y  con ti nuous  wi th  the  
shel l  of  a  compartment  o r chamber.  

Chamber  A chamber i s  the  space  created  i n  a  compartment  l arger than  7  500  l  when  that  
compartment  i s  subd ivi ded  by baffl es  o r su rge  pl ates,  i n  accordance  wi th  the  ADR,  i n to  
spaces  of  smal l er capaci ty.  

NOTE  ADR i s  the  Eu ropean  Ag reement  Concern i ng  the  I n ternati onal  Carri age  of  Dangerous  Goods  by Roads.  
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Table  1 2  – I n flu en ce of  th e su lph u r content  on  mi dd l e  
d i sti l l ate  vd  l i mi ts  for road  tankers  

Prod u ct  cl ass  Con d u cti vi ty,  pS/m  

>  50  >  1 0  <  1 0  or unknown  

Di esel  or  g as  o i l  wi th  >  50  ppm  
su l ph u r an d  al l  o th er m i d d l e  
d i sti l l ate  fu el s   

vd ≤  0 , 5  m 2 /s  vd ≤  0 , 5  m 2/s  vd ≤  0 , 38  m 2 /s  

(vd ≤  0 , 5  m 2 /s)  

Di esel  or  g asoi l  wi th  ≤  50  ppm  
su l ph u r  

vd ≤0, 5  m 2/s  vd ≤  0 , 38  m 2/s  

(vd ≤  0 , 5  m 2/s)  

vd ≤  0 , 25  m 2 /s  

(vd ≤  0 , 35  m 2 /s)  

NOTE  Values  i n  brackets  apply to  veh i cl es  su i tabl e  for h i g h  speed  l oad ing  (see  Tabl e  1 0 ) .  

 

Table  1 3  – Veloci ty and  fi l l in g  rate  l im i ts  for road  tankers  
based  on  sch ed u l e 40  pipes;  rates for  h oses  wi l l  be  sim i l ar  

Pi pe si zea  vd  =  0, 25  m 2/s  vd  =  0, 35  m 2/s  vd  =  0, 38  m 2/s  vd  =  0, 50  m 2/s  

NPS DN  I D,  
m m  

Flow 
vel oci ty,  
m /s  

Fi l l i ng  
rate,  
m 3 /m in  

Flow 
vel oci ty,  
m /s  

Fi l l i ng  
rate,  
m 3 /m in  

Flow 
vel oci ty,  
m /s  

F i l l i ng  
rate,  
m 3 /m in  

Flow 
vel oci ty,  
m /s  

Fi l l i ng  
rate,  
m 3/m in  

2, 5  65  62, 7  4, 0  0 , 74  5, 6  1 , 03  6, 1  1 , 1  7 , 0  1 , 3  

3  80  77, 9  3, 2  0 , 92  4, 5  1 , 3  4, 9  1 , 4  6 , 4  1 , 8  

4 1 00  1 02  2, 4  1 , 20  3 , 4  1 , 7  3 , 7  1 , 8  4, 9  2 , 4  

6  1 50  1 54  1 , 6  1 , 81  2 , 3  2 , 5  2 , 5  2 , 7  3 , 2  3 , 6  

a  based on diameter of critical pipe section (see 7.3.2.3.5.2).  

 

I f  a  veh icle  i s  not  ADR compl ian t,  a  detai l ed  assessment shou ld  be  carri ed  ou t  before  i t  can  
be  c lass i f ied  as  su i table  for H igh  Speed  Load ing .  

The  vd l im i ts  i n  Table  1 2  and  the  veloci ti es  and  f i l l i ng  rates  i n  Table  1 3  are  deri ved  on  the  
assumption  that  the  requ i rements  i n  7. 3 . 2 . 3 . 3  are  fu l f i l l ed .  Sometimes  th is  i s  d i ff icu l t  to  ensure  
(e. g .  i t  i s  not  always  certain  that  splash  l oad ing  can  be  preven ted) .  Where  there  i s  any doubt,  
a  r i sk assessmen t shou ld  be  carried  ou t  and  add i t ional  con tro l  measures  pu t  i n  p lace  i f  
appropriate .  Add i t ional  measures  may i nclude:  

a)  reducing  the  f low veloci ty below the  values  requ i red  by the  vd values  i n  Table  1 2 ;  

b)  us ing  SDA (see  7. 2 .4)  i n  products  that  have  l ow conducti vi ty.  

7. 3. 2.3.5. 5  Lim i ts  for rai l  tan kers  

Th is  subclause  describes  how the  veloci ty or  vd l im i ts  for l oad ing  uncontam inated,  s i ng le-
phase,  l ow-conducti vi ty l i qu i ds  i n to  rai l  tankers  d i ffer from  the  l im i ts  for f i xed  tanks  
(7. 3. 2. 3 . 5. 3) .  Any veloci ty or  vd l im i t  that  i s  not  expl ici t l y men ti oned  i n  th is  chapter (e. g .  l im i ts  
for s low starts  and  con tam inated  l i qu i ds)  remains  as  g i ven  i n  7 . 3 . 2. 3. 5. 3  for  f i xed  tanks:  

The  g i ven  l im i ts  assume the  use  of  s tandard  rai l  tank compartmen ts  that  are  s ign i f icantl y  
l arger than  road  tank compartments .  I f  th is  i s  not  the  case,  a  ri sk anal ys is  shou ld  be  done  to  
cons ider whether the  ( lower)  road  tanker  vd l im i ts  ough t  to  be  adopted .   

NOTE  There  i s  no  top- l oad i ng /bottom -load ing /cen tral  conductor d i s t i ncti on  for  s tandard  rai l  tank car 
compartments  as  they are  usual l y  l ong  and  a  cen tral  conductor i s  therefore  not  effect i ve  i n  reducing  the  maximum  
surface  vol tage.   

a)  vd l im i t  for  l ow-su lphur (<  50  ppm )  petro leum  m idd le-d is ti l l ate  fuels  (d i esel  etc) :   

vd ≤  0, 53  m 2/s  
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b)  vd l im i t  for  al l  other l i qu ids:   

vd ≤  0 , 75  m 2/s  

I n  case  of  doubt  about  product  c lassi f ication ,  a  vd l im i t  of  0 , 53  m 2/s  shou ld  be  used.  

Flow ve loci t ies  and  vo lume f low rates  correspond ing  to  these  vd l im i ts  and  subj ect  to  the  
maximum  f low ve loci ty of  7  m /s  are  g i ven  i n  Table  1 4  for  a  range  of  p i pe  s i zes.  

Table  1 4  – Veloci ty and  fi l l in g  rate  l im i ts  for l oad ing  rai l  tankers   

Pi pe si zea  
Low su l ph u r d i esel  Stan d ard  prod u cts  

vd  =  0, 53  m 2/s  vd  =  0, 75  m 2/s  

NPS DN  I D  Flow vel oci ty,  m /s  Fi l l i ng  rate,  
m 3 /m in  

Flow vel oci ty,  m /s  Fi l l i ng  rate,  m 3/m in  

2  50  52, 5  7, 0  0 , 91  7, 0  0 , 91  

2, 5  65  62, 7  7, 0  1 , 30  7, 0  1 , 30  

3  80  77, 9  6, 8  1 , 95  7, 0  2 , 00  

4 1 00  1 02  5, 2  2, 55  7, 0  3 , 45  

6 1 50  1 54  3, 4  3 , 85  4, 9  5, 44  

8 200  203  2, 6  5, 06  3 , 7  7, 1 6  

1 2  300  305  1 , 7  7, 61  2 , 5  1 0 , 77  

a  based on diameter of critical pipe section (see  7.3.2.3.5.2).  

 

The vd l im i ts  and  f low l im i ts  i n  Table  1 4  are  su ff icient  on l y i f  al l  the  cond i t ions  set  ou t  i n  
7. 3. 2 . 3 . 4  are  fu l f i l l ed .  Sometimes  th is  i s  d i ff icu l t  to  ensure  (e. g .  i t  i s  not  always  certai n  that  
splash  load ing  can  be  preven ted) .  Where  there  i s  any doubt,  a  r i sk assessment shou ld  be  
carried  ou t  and  add i ti onal  contro l  measures  pu t  i n  p lace  i f  appropriate.  Add i ti onal  measures  
may i nclude:  

a)  reducing  the  l oad ing  ve loci ty below the  values  requ i red  by Table  1 4;  

b)  us ing  SDA (see  7. 2 .4)  i n  products  that  have  l ow conductivi ty.  

7. 3. 2.4  Sm al l  condu ctive tan ks  an d  contain ers  

Examples  of  smal l  conductive  containers  (see  defi n i t ions  i n  7. 3 . 2)  are  buckets,  d rums,  petro l  
con tainers  and  I n termed iate  Bu lk Con tainers  ( IBC)  made of  metal .  Care  shou ld  be  taken  to  
ensure  that  the  metal  con tainers  and  drums  are  not  coated  wi th  an  i nsu lati ng  coati ng ,  
otherwise  these  containers  have  to  be  used  accord ing  to  7. 3. 4.  

NOTE  Some forms  of  coati ng  m igh t  be  transparent  and ,  consequentl y,  hard  to  i den ti fy  vi sual l y.  

Hazards  arise  because  the  charges  generated  by l i qu i d  f l ow can  l ead  to  brush  d ischarges  
from  the  surface  of  l ow conducti vi ty l i qu i ds  or  to  sparks  from  isolated  metal  con tainers  or  
components  such  as  d rum  pumps.  People  i n  the  vic in i ty shou ld  be  earthed  to  avoid  becom ing  
hazardous l y charged  (see  C lause  1 1 ) .  

The  fol l owing  precauti ons  shou ld  be  taken  whenever a f l ammable  atmosphere  cou ld  be  
present  i ns ide  or ou ts ide  the  container (e . g .  when  they are  f i l led  wi th  f lammable  l i qu i ds,  are  
f i l l ed  i n  hazardous  areas  or are  f i l l ed  i n  the  presence  of  f lammable  vapours  remain i ng  from  
previous  l oads) .  

a)  Duri ng  both  f i l l i ng  and  emptying  the  con tainer,  al l  conducti ve  and  d iss ipati ve  parts  of  the  
system  such  as  funnels  and  nozzles  shou ld  be  bonded  together and  earthed.  

b)  A metal  funnel  shou ld  be  re l iabl y earthed  and  shou ld  not,  for  example,  be  accidental l y 
i solated  from  the  container by an  i nsu lati ng  bush ing .  
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c)  P last ic  funnels  shou ld  not  be  used  un less  the  material  i s  d i ss ipative  and  earthed.  

NOTE  The  use  of  p l ast i c  f i l l e r necks  i n  cars  i s ,  at  presen t,  cons idered  to  be  safe  due  to  over-ri ch  gasol i ne  
and  too  l ean  d i esel  fu el  vapours .  Th i s  s tatement  may be  not  t rue  for some  bi ofuel s .  

d)  For s i ng le-phase  l iqu ids,  the  vd and  ve loci ty l im i ts  set  for  med ium -si zed  tanks  shou ld  not,  
i n  pri nciple ,  be  exceeded.  I n  practice  these  l im i ts  usual l y perm i t  f l ow rates  wel l  above  
l im i tations  of  the  f i l l i ng  equ ipment for smal l  tanks.  Therefore,  there  i s  usual l y no  restrict i on  
on  the  f i l l i ng  rate.  I f  an  expl ici t  f l ow l im i t  i s  desi red,  i t  i s  suggested  that  the  f i l l i ng  ve loci ty 
shou ld  not  exceed  2  m /s.  

e)  When  f i l l i ng  a container wi th  a  two-phase  or  con tam inated  l i qu id ,  the  f l ow ve loci ty shou ld  
not  exceed  1  m /s  when  the  con tinuous  phase  i s  o f  medium  or l ow conducti vi ty.  

f)  For i gn i t i on-sensi t i ve  l i qu i ds  wi th  M IE  l ess  than  0 , 20  mJ  (see  C. 6  for a  l i s t  of  M IE)  the  f l ow 
veloci ty shou ld  not  exceed  1  m /s.  

g )  I f  f i ne  f i l ters  (e. g .  m icrof i l ters)  are  used  i n  the  f i l l i ng  system  upstream  of  the  container,  the  
precauti ons  i n  7. 5  shou ld  be  taken .  

The  on l y type  of  I BC that  i s  acceptable  for use  wi th  l i qu ids  of  explos ion  g roup I IC  (see  also  
7. 3. 4. 5)  i s  that  made  of  conducti ve  or  d i ss ipative  material .  L im i ted  amoun ts  of  i nsu lat ing  
material  may be  perm issible  (e. g .  f i l l er  cap or areas  around  the  f i l l er  cap)  bu t  chargeable  
areas  shou ld  not  exceed  the  l im i t i ng  values  g i ven  i n  6. 3 . 2 .  

7.3.3  Tanks and  containers  made  enti rely of  d issipative material  

These  tanks  may be  treated  exactl y as  the  equ ivalent  conducti ve  tanks  s i nce  they cause  no  
add i t i onal  hazards.  They shou ld  be  c learl y marked  "e lectrostatic  d i ss ipati ve"  and  provided  
wi th  means  for earth ing .  

Tanks  made partl y of  d i ssipati ve  and  part l y of  i nsu lat i ng  material  may be  treated  as  fu l l y  
d i ss ipative  i f  the  area of  each  pi ece  of  i nsu lating  material  i s  l ess  than  the  re levant  maximum  
al lowable  area from  Table  3 .  Otherwise,  they shou ld  be  treated  l i ke  tanks  wi th  i nsu lating  
surfaces.  

7.3.4  Tanks and  containers  wi th  insu lating  surfaces  

7.3.4.1  General  

For tanks  wi th  i nsu lat i ng  su rfaces  ( i nclud ing  metal  tanks  wi th  i nsu lati ng  coati ngs) ,  the  
precauti ons  g i ven  i n  7. 3. 4. 2  to  7 . 3 . 4. 6  appl y i n  add i t ion  to  the  requ i rements  al ready g i ven  for  
the  equ ivalen t  metal  tanks.  

7.3.4.2  Tanks and  containers  made of  conductive or  d issipative  material  wi th  
insu lating  inner coatings  

Add i ti onal  hazards  arise  due  to  the  poss ibi l i ty of  charg ing  of  the  i nner coati ng  by rubbing  (e. g .  
cl ean ing )  or  by con tact  wi th  the  charged  l iqu id .  

When  the  coating  th ickness  i s  l ess  than  50  µm  (e. g .  pain t,  phenol ic  or  epoxy coati ngs)  there  
i s  no  add i t ional  hazard  (see  6 . 3 . 4. 2)  un less  there  are  rapid  repeat f i l l s .  The  coati ng  th ickness  
may be  i ncreased  to  l ess  than  2  mm  i f  there  i s  a  con tact  po i n t  to  earth  for the  l i qu i d  at  the  
bottom  of  the  con tainer.  

I n  al l  o ther  cases  the  fo l l owing  add i t i onal  precau ti ons  shou ld  be  taken :  

a)  the  coating  shou ld  be  i n  good  con tact  wi th  the  wal l  ( i . e .  no  separati on  or  de lam ination ) ;  

b)  i rrespecti ve  of  whether  the  tank or container  i s  f i l l ed  wi th  a  h i gh ,  medium  or l ow 
conductivi ty l i qu i d ,  there  shou ld  be  a conducti ve  path  between  the  l i qu i d  and  earth .  Th is  
may be  an  earthed  conductive  d i p  tube  proj ecti ng  to  the  l owest  po in t  of  the  tank,  a  foot  
valve  or  a  conducti ve  plate  at  the  base  of  the  tank;  
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c)  i f  the  tank can  be  en tered  by a person  (e. g .  for  c l ean ing )  precau ti ons  shou ld  be  taken  to  
prevent  persons  and  hand  too ls  from  being  charged .  Th is  can  be  ach ieved  by ensuring  the  
person  i s  earthed  by wearing  d iss ipati ve  shoes  and  provid i ng  an  earthed  conducti ve  or  
d i ss ipative  walkway at  the  tank bottom  (e. g .  by provid ing  d iss ipati ve  coati ngs  in  the  area 
where  people  may walk) ,  or  by other means;  

d )  rapid  repeated  f i l l i ngs  shou ld  be  avoided ,  because  they can  cause  i ncend ive  propagating  
brush  d ischarges.  These  can  be  avoided  e i ther i f  the  breakdown  s treng th  of  the  coati ng  i s  
l ess  than  4  kV (see  A. 3. 5)  or  i f  the  th ickness  of  the  coati ng  exceeds  1 0  mm .  

I nsu lat ing  tanks  buri ed  underground  are  usual l y medium  in  s i ze  and  are  e lectrical l y s im i lar to  
those  covered  i n  th is  c lause.  However,  they are  deal t  wi th  i n  7. 3 .4.6 .  

7.3.4.3  Tanks and  containers  made of  conductive or  d issipative  materials  wi th  
insu lating  outer  coatings  

With  these  tanks  there  are  the  add i t i onal  hazards  that  the  ou ter coati ng  cou ld  become 
charged  or  i t  cou ld  i nsu late  conducti ve  obj ects .  With  coati ngs  l ess  than  2  mm  th ick,  brush  
d ischarges  capable  of  i g n i t i ng  h ydrocarbon/ai r  atmospheres  are  un l ikel y to  occur.  Propagati ng  
brush  d ischarges  are  also  un l ikel y,  provid i ng  there  are  no  strong  external  sources  of  charg ing  
(e. g .  e l ectrostatic  sprayi ng ) .  Al l  metal  or  d iss ipati ve  obj ects ,  however,  wh ich  cou ld  become 
isolated  by the  coating  shou ld  be  earthed .  I n  part icu lar the  tank or container i tse l f  shou ld  be  
re l iabl y earthed.  Earthed  conducti ve  or d i ss ipative  walkways  shou ld  be  provided  to  preven t  
people  becom ing  charged.  

7.3.4.4  Tanks and  containers  wi th  conductive layers  embedded  in  the  wal ls  

These  tanks  are  effecti vel y conductive  tanks  wi th  both  i nner and  ou ter i nsu lati ng  coati ngs .  
Therefore  the  precau tions  g i ven  i n  both  7. 3 . 4. 2  and  7. 3 . 4. 3  shou ld  be  taken  together wi th  the  
fo l l owing :  

a)  the  conducti ve  l ayer shou ld  be  robust  and  re l iabl y earthed ;  

b)  i f  the  l i qu i d  i s  not  i n  con tact  wi th  the  conductive  layer,  a  path  to  earth  from  the  l i qu id  
shou ld  be  provided  via an  earthed  metal  object  i n  the  base  of  the  tank.  Th is  cou ld  be  a  
metal  plate,  a  foot  valve  or  a  f i l l  pi pe  extend ing  cl ose  to  the  bottom  of  the  tank;   

c)  i f  the  conducti ve  layer i s  i n  the  form  of  a  conducti ve  net  or  g ri l l ,  the  area of  each  mesh  
( i . e .  the  area contained  by the  wi res)  shou ld  not  exceed  the  area value  g i ven  i n  6 . 3 . 3  for  
Zone  0 .  

Where  rapid  repeated  f i l l s  take  place  there  i s  a  possibi l i ty that  the  i nner coati ng  cou ld  become 
h igh l y charged  enabl i ng  propagating  brush  d ischarges  to  occur.  These  can  be  avoided  i f  the  
breakdown  s treng th  of  the  coating  i s  l ess  than  4  kV (see  A. 3 . 5) .  

7.3.4.5  Containers and  IBCs made of  an  insu lat ing  material  surrounded  by a  
conductive  enclosure  or coating  

This  form  of  constructi on  i s  general l y used  for smal l  tanks  or containers  wi th  a capaci ty of  
around  1  m 3 .  E lectrostatical l y,  i t  i s  s im i lar to  that  covered  i n  7. 3 . 4.2 .  bu t  the  coverage  
provided  by the  conducti ve  enclosure  may be  i ncomplete  and  there  may be  gaps  between  the  
enclosure  and  the  con tainer  wal l  Examples  are  plastic  containers,  such  as  I BCs,  su rrounded  
by a conducti ve  sh ie ld ,  g rid ,  mesh  or coating .  The  advice  i n  th is  c lause  focuses  on  the  
appl ication  to  I BCs  and  appl i es  pri ncipal l y to  con tainers  of  around  1  m 3  i n  capaci ty.  
Conducti ve  enclosures  are  not  normal l y provided  for plastic  containers  much  smal ler than  
th is .  Al though  speci f ic  advice  has  not  been  developed  for smal l er vessels ,  the  advice  i n  th is  
clause  wou ld  provide  for  safe  operation .  Al ternati vel y,  the  provis ions  of  7 . 3. 4. 6  may be  used  
for vessels  of  th is  type  wi th  max.  5  l  capaci ty.  

Expert  advice  i s  recommended  i f  the  use  of  med ium  or l arge  s i zed  tanks  wi th  conducti ve  
enclosures  i s  being  considered  i n  other contexts .  
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NOTE  1  I nsu lati ng  tanks  bu ri ed  u nderg round  can  be  med ium  or l arge  i n  s i ze  and  are  e l ectri cal l y  s im i l ar  to  those  
covered  i n  th i s  c l ause.  However,  they are  deal t  wi th  i n  7 . 3 . 4. 6 .  

The use  of  I BCs  i s  one  act i vi ty for wh ich  speci fi c  requ i remen ts  for  more  ig n i t i on-sensi t i ve  
materials  are  g i ven .  For  I BCs  and  s im i lar tanks,  a  fu l l  conductive  enclosure,  coati ng  or  an  
open  mesh  screen  wi th  open  areas  not  exceed ing  1 0  000  mm² prevents  the  ou ter su rface  of  
the  p last ic  charg ing  to  a  hazardous  l evel  (subject  to  the  provis i ons  g i ven  be low abou t  con tact  
between  enclosure  and  plastic)  and  he lps  to  b i nd  any charges  present  on  the  i nner surface  to  
reduce  the  risk of  i ncend ive  brush  d ischarges  i ns i de  the  con tainer.  Strict  care  shou ld  be  taken  
to  avoid  conducti ve  i s lands  caused  by i nhomogeneous  conducti ve  coati ngs  on  insu lat i ng  
receptacles.  

NOTE  2  The  ou ter coati ng  may be  a  non -chargeable  l ayer co-extruded  wi th  the  i nner receptacle  of  the  I BC.  The  
receptacle  may consi st  of  several  o ther l ayers.  

To ensure  that  ne i ther the  i nner and  ou ter  wal ls  o f  the  con tainer nor the  l i qu id  i ns i de  can  be  
charged  to  a  hazardous  l evel ,  al l  of  the  fo l l owing  precautions  shou ld  be  taken:  

1 )  Requ i rements  for containers  that  wi l l  on l y be  used  for l i qu ids  of  explos ion  g roup I IA and  
ethanol ,  propanol ,  bu tano l ,  hexanol ,  heptanol ,  1 , 2-ethaned iol ,  e thylbenzene  and  3-
oxobutanoic  acid  ethyl  ester.  

NOTE  On l y a  few g roups  of  l i qu i ds  are  not  c l assed  i n  explos ion  g roup I I A.  See  I EC 60079-20- 1  for  more  
detai l s .  A  summary i s  g i ven  i n  Annex C. 6.  

a)  The  con tainer shou ld  be  completel y surrounded  by a conducti ve  sh ie ld ,  g rid ,  mesh  or  
coating  except  for l im i ted  des ign  re lated  areas  ( i . e .  areas  for wh ich  the  consequences  
of  i ncomplete  coverage  have  been  cons idered  i n  the  des ign  process  and  shown  to  be  
non-hazardous) .  I f  the  enclosure  i s  a  g ri d  the  open  mesh  area of  each  open  mesh  un i t  
shou ld  be  not  more  than  1 0  000  mm 2 .  

b)  Any l im i ted  areas  not  enclosed  by the  conducti ve  sh ie ld ,  g rid ,  mesh  or coati ng  (e. g .  the  
f i l l er  cap or areas  around  the  f i l ler  cap)  shou ld  be  ei ther d iss ipati ve  and  earthed  or  
protected  by o ther measures  so  that  i gn i t ion  hazards  for  explos ion  g roup I I A i n  Zone  1  
ou ts ide  and  Zone  0  i ns i de  of  the  con tainer do  not  occur (e. g .  l im i t i ng  the  chargeable  
area to  the  values  of  6. 3 . 2  or  surface  treatment) .  The  effecti veness  and  du rabi l i ty of  
the  surface  treatmen t (e . g .  prof i l i ng ,  homogenous  coating  wi th  d iss ipative  l ayers  etc. )  
has  to  be  demonstrated  experimental l y u nder the  worst  case  cond i t ions  of  charg ing ,  
hum id i ty and  con tam inati on  (see  6 . 3. 9) .  

c)  The  sh ie ld ,  g rid ,  mesh  or  coati ng  shou ld  have  good  and  close  contact  to  the  i nner  
receptacle  on  al l  faces  o f  the  con tai ner except  for l im i ted  des ign  related  areas .  For a  
g rid ,  wi th  open  mesh  areas  exceed ing  3  000  mm 2  a local  maximum  d istance  of  20  mm  
between  g ri d  and  inner  receptacle  shou ld  not  be  exceeded  on  the  design  re lated  
areas,  e. g .  the  ou tl et  valve  area.  On l y i n  edges  and  corners  of  the  con tainers  a l ocal  
maximum  d istance  of  up  to  40  mm  can  be  to lerated .  For a so l id  sh ie ld ,  g ri d ,  mesh  or  
coating  or  a  g ri d  wi th  mesh  s i zes  lower than  3  000  mm 2  a  l ocal  maximum  d istance  of  
40  mm  is  al lowed  i n  des ign  related  areas,  and  edges  and  corners.  

 NOTE  I t  i s  general l y  impract i cal  to  ach ieve  smal l er  d i s tances .  The  resu l t i n g  charged  areas  are  smal l  and  
general l y  presen t  an  acceptabl y l ow ri sk.  

d)  Al l  conducti ve  and  d iss ipati ve  i tems  shou ld  be  bonded  together and  earthed.  

e)  A conducti ve  path  wi th  a maximum  resis tance  of  1  MΩ  shou ld  be  provided  between  the  
l i qu i d  and  earth ,  e . g .  by us i ng  an  earthed  conducti ve  f i l l  p ipe  extended  close  to  the  
bottom  of  the  con tainer  or  an  earthed  conducti ve  foot  valve  or a  su ffi c ien t  l arge  
conducti ve  plate  at  the  base  of  the  tank.  Even  smal l  amounts  of  remain i ng  l i qu i d ,  e. g .  1  
l ,  shou ld  be  permanentl y i n  con tact  wi th  the  bottom  earth  po in t  to  prevent  the  l i qu id  
from  becom ing  a  charged  i so lated  conductor.  

f )  The  container shou ld  be  equ ipped  wi th  a  ye l low warn ing  l abel  concern ing  i ts  safe  use  
(see  h )  to  m ) ) .  

g )  Before  refi l l i ng ,  the  container shou ld  be  checked  whether i t  st i l l  fu l f i l s  the  requ i rements  
of  a)  to  f) .  

h )  The  con tainer shou ld  not  be  f i l l ed  wi th  any other l i qu i ds .  
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i )  The  con tainer shou ld  not  be  used  where  a Zone  0  i s  present  ou ts ide  the  container.  

j )  I nsu lat ing  l i qu ids  (e. g .  to l uene)  shou ld  be  added  via  an  earthed  conducti ve  d ip  pi pe.  
Th is  d ip  p i pe  shou ld  go  to  wi th i n  a few cm  of  the  f loor to  avo id  brush  d ischarges  from  
i nsu lat i ng  l i qu i ds.  

k)  The  f i l l i ng  ve loci ty shou ld  be  restricted  to  400  l /m in  and  the  f l ow veloci ty shou ld  not  
exceed  2  m /s.  

NOTE  Both  val ues  are  usual l y  fu l f i l l ed  when  f i l l i n g  by g ravi ty.  

l )  Rapid  repeated  f i l l i ngs  or o ther h i gh  charg ing  processes  shou ld  be  avoided.  Such  
other h igh  charg ing  processes  are  deal t  wi th  i n  7 . 5,  7 . 9  and  7. 1 0 .  

m )  The  con tainer shou ld  not  be  f i l l ed  immediatel y after clean ing ,  manufacturi ng  etc.  when  
i t  may be  hazardous l y charged.  

2)  Requ i remen ts  for  con tainers  wh ich  may be  used  for  al l  l i qu ids  producing  vapours  of  
explos ion  g roups  I I B:  

a)  The  container shou ld  be  su rrounded  by a con tinuous  earthed  d iss ipative  or conduct i ve  
ou ter wal l  su rface,  obtained  e. g .  by coating  or  co-extrus ion .  

b)  G rids  or  separate  metal  sh ie lds  that  are  not  phys ical l y bonded  to  the  wal l  th roughou t  
shou ld  be  earthed.  

c)  Any l im i ted  areas  not  enclosed  by the  conductive  ou ter  wal l  su rface  (e . g .  the  f i l l er  cap  
or areas  around  the  f i l l er  cap)  shou ld  be  e i ther d i ss ipati ve  and  earthed  or  protected  by 
l im i t ing  the  chargeable  area to  the  values  i n  6 . 3 . 2 .  

d )  A conductive  path  wi th  a maximum  resis tance  of  1  MΩ  shou ld  be  provided  between  the  
l i qu id  and  earth .  

e)  The  container shou ld  be  equ ipped  wi th  a g reen  warn ing  label  concern ing  i ts  safe  use  
(see  f) ) .  

f )  Fo l low precau ti ons  h )  to  m )  i n  section  1 .   

3 )  L iqu ids  producing  vapours  of  explos ion  g roup I I C  may on l y be  used  wi th  d iss ipative  or 
conducti ve  containers  (see  7. 3. 3) .  

4)  Al though  I BC are  not  constructed  to  be  used  as  m ixing  vessels  or  reaction  containers  i t  
may be  necessary to  homogen ize  the  con tents  by s t i rring  before  f i l l i ng  or  emptying  the  
IBC.  As  these  processes  are  l i ke l y to  cause  powerfu l  charg ing  the  fo l l owing  precau tions  
shou ld  be  taken :  

a)  Use  on l y explos ion-proof  st i rr i ng  devices.  

b)  Use  st i rri ng  devices  wi th  a  l arge  metal  surface  immersed  i n  the  l i qu id .  

c)  Earth  both  the  I BC  and  the  s ti rri ng  device  i nclud ing  the  metal  s t i rrer immersed  in  the  
l i qu i d .  

d )  Do  not  act i vate  the  st i rri ng  device  un ti l  fu l l y immersed .  

e)  The  conducti vi ty of  the  con tinuous  l i qu i d  phase  shou ld  exceed  1  000  pS/m .  

NOTE  Water so l uble  l i qu i d  phases  usual l y  fu l f i l  th i s  requ i rement.  

f)  Reduce  the  ci rcumferential  t i p  speed  of  the  st i rrer to  7  m /s  for  s i ng le  phase  l i qu ids  and  
1  m /s  for  mu l t i -phase  l i qu ids.  

g )  I f  h igh  charg ing  l i qu ids  (see  A. 1 . 3)  are  used,  s trong  charge  generation  i s  expected  so  
that  fu rther  measures,  e. g .  i nert i ng ,  are  necessary.  

h )  Further measures  are  al so  necessary in  the  case  of  h igh  speed  m ixi ng ,  e. g .  use  of  
su rfactants .  

7.3.4.6  Tanks and  containers  made  en ti rely of  i nsu lat ing  material  

I f  the  tank i s  buried  underground  i t  i s  e l ectri cal l y s im i lar to  a  conducti ve  tank wi th  an  
i nsu lat i ng  i nner coating  (see  7. 3 .4.2)  or  a  tank surrounded  by a conducti ve  enclosure  (see  
7. 3. 4.5) .  I n  these  c i rcumstances,  the  tanks  may be  used  for f lammable  l i qu ids  provid ing  there  
i s  an  earthed  metal l i c  object  (e. g .  f i l l  p ipe  or  foot  valve)  i n  con tact  wi th  the  l i qu i d  and  rapid  
repeated  f i l l s  are  avoided.  Where  the  tank wal l  th ickness  exceeds  2  mm  brush  d ischarges  
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cou ld  occur from  the  i n ternal  surface  du ri ng  c l ean ing  operati ons .  The  precau tions  g i ven  i n  
7. 1 0  shou ld  be  taken  to  avoid  th is  hazard .  

I n  al l  other c i rcumstances,  tanks  and  containers  wi thout  any conducti ve  or d i ss ipative  layer  
present  a  h i gher r i sk than  those  described  i n  7. 3. 4. 2  to  7. 3. 4. 5  because  of  the  fo l lowing :  

a)  They can  i nsu late  conductive  and  d iss ipative  obj ects ,  e . g .  metal  funnels ,  too ls ,  l i ds,  even  
poo ls  of  l i qu i d ,  from  earth ;  

b)  Poten tials  are  h i gher  than  wi th  equ ivalent  metal  con tainers;  

c)  The  insu lati ng  wal l  cou ld  be  charged  e i ther by rubbing  or  by contact  wi th  the  charged  
l i qu id ;  

d )  The  re laxati on  of  charge  from  the  l i qu id  wi l l  usual l y be  impeded  by the  i nsu lat i ng  wal l ;  

e)  The  charge  retai ned  on  the  l i qu i d  or  the  wal l  of  the  container produces  an  external  e l ectric  
f i e l d .  Th is  cou ld  lead  to  brush  d ischarges  or sparks  from  external  conductors  charged  by 
i nducti on ;  

f)  I n  the  case  of  rapid  repeat  f i l l s ,  s trong  brush  d ischarges  cou ld  occur.  

For these  reasons,  i nsu lati ng  tanks  shou ld  not  normal l y be  used  above  g round  i f  a  f l ammable  
atmosphere  cou ld  be  presen t  i ns i de  or  ou ts ide  the  tank.  Where  product  pu ri ty requ i rements  or  
other processing  i ssues  d ictate  the  use  of  an  i nsu lating  tank or container e i ther the  fo l l owing  
precau ti ons  shou ld  be  appl ied  or an  expert  review of  the  hazards  shou ld  be  undertaken :  

I n  external  Zone  2,  i nsu lat i ng  containers  wi th  a nom inal  capaci ty exceed ing  5  l  shou ld  not  be  
used  for f l ammable  l i qu i ds  and  shou ld  on l y be  used  for non- flammable  l i qu i ds  under the  
fo l l owing  cond i t i ons:  

a)  Al l  conducti ve  and  d iss ipati ve  componen ts,  particu larl y metal  funnels,  shou ld  be  earthed;  

b)  Duri ng  f i l l i ng  operations  the  l i qu i d  shou ld  be  in  good  con tact  wi th  earth ,  for  example,  by an  
earthed  metal  f i l l  p ipe  reach ing  to  the  bottom  of  the  container.  During  emptying  operati ons  
the  appropriate  precauti ons  shou ld  also  be  appl ied  to  the  receivi ng  vessel ;  

c)  The  l i qu id  f l ow rate  duri ng  f i l l i ng  operations  shou ld  not  be  g reater than  that  recommended  
for a  metal  con tainer of  s im i lar  s i ze;  

d )  Do  not  carry ou t  operati ons  such  as  fast  m ixi ng ,  s ti rri ng  or  wiping  of  the  su rface  that  may 
generate  hazardous  e lectrostatic  charges.  

I n  Zone  1  containers  of  i nsu lat i ng  material  wi th  a  capaci ty exceed ing  5  l  shou ld  not  be  used.  
Containers  wi th  a nom inal  capaci ty up  to  5  l  may be  used  wi th  f l ammable  and  non- flammable  
l i qu i ds  provided  the  f low ve loci ty i s  l im i ted  to  1  m /s  and  the  precau tions  for  Zone  2  are  met.  

I n  Zone  0 ,  i nsu lating  containers  are  s trictl y forbidden  except  smal l  ones  (≤  1  l )  for  sampl i ng  
i ns i de  tanks  (see  7. 6) .  

NOTE  Smal l  coextruded  contai ners  >  5  l  wi th  a  d i ss ipat i ve  ou ter and  an  i nsu lati ng  i n ner l ayer are  avai l able  on  the  
market  wh i ch  are  preferable.  

7.3.5  Use of  l iners in  containers  

The fo l lowing  assessments  are  based  on  the  assumption  that  the  hand l i ng  of  l i ners  and  
con tainers  occurs  in  a  hazardous  area ( typical l y Zone  0 ,  1  or  2  wi th  substances  of  explos ion  
g roups  I I A and  I I B) .  

Conducti ve  or d iss ipati ve  l i ners  may be  used  i n  any con tainer i f  they are  earthed  re l i abl y and  
permanentl y.  Removal  of  conducti ve  or d i ss ipati ve  l i ners  from  any container  i s  on l y 
perm iss ible  i f  the  l i ner s tays  re l iabl y earthed .  

Where  unearthed  conductive  or static  d iss ipati ve  removable  l i ners  are  used  i n  metal  
con tainers  having  pain ted  coatings,  the  coating  shou ld  have  a maximum  surface  resistance  of  
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1  GΩ  and  precauti ons  shou ld  be  taken  to  l im i t  the  charg ing  curren t  to  no  more  than  1  
m icroampere,  such  as  by placing  f i l ters  a safe  d is tance  upstream  (see  7. 5  and  A. 2. 2) .  
Al ternativel y measu res  shou ld  be  taken  to  ensure  a safe  earth  connecti on  for  the  l i ner,  such  
as  by securel y attach ing  a  porti on  of  i t  to  an  uncoated  secti on  of  the  drum .  

I nsu lat ing  l i ners  shou ld  on l y be  used  i n  conducti ve  containers  or  i n  conducti ve  con tainers  wi th  
i nsu lat i ng  coatings,  i f  they always  remain  i n  t i gh t  con tact  wi th  the  wal l  of  the  con tainer and,  i n  
the  case  of  a  conductive  l i qu id ,  i f  the  l i qu i d  i s  properl y earthed  (e. g .  by earthed  d ip  p i pe,  
earth i ng  rod ,  etc. ) .  I n  add i t i on  the  th ickness  of  the  coati ng  and  l i ner  i n  total  shou ld  not  exceed  
2  mm .  The  removal  of  i nsu lating  l i ners  i n  explos i ve  atmosphere  (e. g .  the  removal  of  solvent  
wet  l i ners)  shou ld  be  avo ided.  

Solvent-wet conductive  or d i ss ipati ve  l i ners  shou ld  be  handled  by a properl y earthed  person  
wearing  s tatic  d i ss ipative  g l oves  (see  1 1 . 6)  and  stored  i n  a  wel l -ven ti l ated  area ou ts ide  the  
operating  area.  The  l i ners  shou ld  be  s tacked  on  an  earthed  conducti ve  or  d i ss ipative  surface  
such  as  concrete  and  placed  i n  s tatic  d i ss ipative  bags  pending  d isposal .  

Users  of  conducti ve  or d i ss ipative  con tainer l i ners  shou ld  adopt  a s imple  performance  test  to  
check for batch  defects .  Such  a procedure  m igh t  i nvolve  res is tance  testi ng  us i ng  a  seri es  of  
tera ohmmeter measurements  between  the  top and  bottom  of  the  l i ner or  s im i lar  testi ng .  The  
speci f ic  performance  s tandard  shou ld  be  provided  by the  suppl ier of  the  l i ner.  

7. 4  H i g h  vi scosi ty l iq u id s  

High  viscos i ty l i qu ids  (ki nematic  vi scos i ty about  1 00  mm 2/s)  tend  to  charge  more  read i l y than  
l ow viscosi ty l i qu i ds  such  as  fuels  or  so lven ts  l i ke  hexane  (abou t  1  mm 2/s)  du ri ng  f l ow th rough  
pipes  and  especial l y f i l ters .  They can  also  have  an  e lectrical  conducti vi ty as  l ow as  0, 01  pS/m  
enabl i ng  them  to  retai n  thei r  charge  for more  than  1  h .  Because  of  th is ,  the  restricti ons  on  
f low veloci ty recommended  for low viscosi ty l i qu i ds  i n  vari ous  parts  of  7. 3  are  not  adequate  i f  
a  f lammable  atmosphere  cou ld  be  presen t.  

Fortunatel y,  most  h igh  vi scosi ty l i qu i ds  are  e i ther  of  h i gh  conducti vi ty (e. g .  crude  o i l )  or  are  
not  vo lati le  enough  to  produce  a f l ammable  atmosphere  (e . g .  most  l ubricating  o i l s) .  As  a  
resu l t,  they do  not  normal l y g i ve  ri se  to  an  i g n i t i on  hazard .  I n  some cases,  however,  there  i s  a  
h igh  ri sk of  i gn i t ion ,  e . g .  when  a l ow conducti vi ty l ubricati ng  o i l  i s  swi tch - loaded  i n to  a road  
tanker that  previous l y contained  a vo lat i l e  f lammable  l i qu id .  S i nce  re l iable  f low l im i ts  for h igh -
viscosi ty l i qu i ds  are  not  known ,  the  recommended  precaution  when  l ow-conducti vi ty,  h i gh-
viscosi ty l i qu i ds  are  being  hand led  i s  to  avo id  a f l ammable  atmosphere,  e. g .  by i nerti ng .  

7. 5  H i g h  ch arg in g  equ ipm ent  

7. 5. 1  Fi l ters,  water separators and  strain ers  

Flow through  f i ne  f i l ters  ( i nclud ing  water separators)  and  strainers ,  can  produce  s i gn i f icantl y 
h igher charge  densi t ies  than  f l ow through  p ipes.   

Coarse  wi re  mesh  or gauze  strai ners  (pore  s i ze  <  1 50  µm)  are  not  normal l y regarded  as  h i gh  
charg ing  al though  i f  part ial l y blocked  they can  generate  charge  dens i t i es  that  cons iderabl y 
exceed  those  obtained  i n  p i pe- fl ow.  Part ial  b l ockages  can  be  detected  by mon i tori ng  the  
pressure  drop.   

M icrof i l ters  (pore  s i ze  <  30  µm)  often  generate  very h i gh  levels  of  charge:  for example,  charge  

dens i t i es  exceed ing  5  000  µC/m 3  have  been  reported  i n  systems  that  gave  about  1 0  µC/m 3  

from  pipe  f low.  Moderatel y f i ne  f i l ters  (30  µm  ≤  pore  s i ze  ≤  1 50  µm)  generate  i n termed iate  
l evels  of  charge.   

Flow rate  l im i ts  are  based  on  the  charg ing  due  to  p ipe  f low.  Therefore,  i f  there  cou ld  be  a  
f lammable  atmosphere  i n  the  vapour space  of  a  tank located  downstream  of  a  m icrofi l ter,  
moderatel y f i ne  f i l ter/strai ner or  b l ocked  coarse-strainer,  i t  i s  essential  that  there  i s  su ff ic i en t  
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res idence  t ime  between  the  f i l ter and  the  tank for the  excess  charge  to  re lax  to  a  safe  l evel  
before  the  l i qu id  en ters  the  tank.  The  res idence  t ime  cou ld  be  provided  by conducti ve  pipe  
work downstream  of  the  f i l ter  or,  i f  necessary,  by an  add i ti onal  conducti ve  re laxati on  chamber.  

The  res idence  t ime  requ i rements  and  add i t i onal  precauti ons  for f i l ters  and  strainers  are  as  
fo l l ows:  

1 )  Res idence  t ime  requ i rements  between  f i l ter and  tank for  m icrofi l ters ,  f i l ters/strain ers  wi th  

pore  s i ze  l ess  than  1 50  µm  and  coarse  s trainers  that  may be  subj ect  to  b l ockage:  

a)  Liqu ids  of  (re l iabl y)  known  m in imum  conductivi ty:  the  res idence  t ime  shou ld  be  at  l east  
th ree  t imes  the  re laxati on  t ime  based  on  the  m in imum  conducti vi ty (see  Table  7  and  
A. 2 .2)  al though  i t  i s  not  necessary to  provide  more  than  the  maximum  values  set  ou t  i n  
the  next  parag raph  for  l i qu ids  of  unknown  conducti vi ty.  

b)  Upper l im i ts  for  l i qu ids  of  unknown  conducti vi ty:  The  maximum  residence  t imes  
requ i red  when  the  l i qu id  conductivi ty i s  unknown  or i s  very l ow,  are  as  fo l l ows:  

i )  For m icrofi l ters  (pore  s i ze  <  30  µm)  and  moderatel y f i ne  f i l ters  (30  µm  ≤  pore/mesh  

s i ze  ≤  1 50  µm)  wi th  a tendency to  parti al  b lockage:  1 00  s;   

i i )  For moderate l y f i ne  f i l ters  (30  µm  ≤  pore/mesh  s i ze  ≤  1 50  µm)  wi th  no  tendency to  
part ial  b l ockage  and  coarse  f i l ters  wi th  a tendency to  b lockage:  30  s .   

NOTE  These  res i dence  t imes  are  adequate  for  al l  conduct i vi t i es  except  i n  the  case  of  h i gh  vi scosi ty  
l i qu i ds  (see  7. 4) .  

2)  Other  precau tions:  

a)  Ensure  that  al l  conducti ve  parts  on  f i l ters  and  i n  f i l ter  hous ings  are  bonded  together  
and  earthed;  

b)  Ensure  that  the  f i l ter housing  and  the  re laxation  chamber,  i f  used,  remain  fu l l  of  l i qu i d  
duri ng  normal  operation  i n  order  to  preven t  a f l ammable  atmosphere.  

I f  provis ion  of  the  requ i red  res idence  t ime  i s  impractical ,  cons ider us ing  SDA to  i ncrease  the  
conductivi ty of  the  l i qu i d  or  replacing  the  l i qu i d  wi th  a more  conducti ve  one .  I f  th is  i s  not  
poss ible,  the  vapour space  shou ld  be  i nerted .  

The  use  of  a  shorter  res idence  t ime  than  the  upper l im i t  value  requ i res  a re l i able  knowledge  
or con tro l  of  the  m in imum  l iqu id  conductivi ty that  cou ld  be  encountered.  I n  many practical  
cases,  th is  m in imum  conducti vi ty i s  not  known  and  i t  i s  necessary to  provide  a res idence  t ime 
equal  to  the  upper l im i t.  

I n  the  case  of  h igh -viscosi ty,  l ow-conductivi ty l i qu i ds  such  as  base  l ubricati ng  o i l s  (see  7 . 4)  
the  usual  maximum  residence  t imes  are  not  adequate.  When  the  requ i red  res idence  t imes  are  
unknown  or are  too  l ong  to  be  practicable,  i t  i s  essen tial  to  avoid  a  f l ammable  atmosphere  i n  
the  receiving  tank.  

For tanks  wi th  a  f l oati ng  roof  or  an  i n ternal  f l oati ng  cover,  the  res idence  t ime  can  be  
calcu lated  from  the  reduced  i n i t i al  f l ow veloci ty of  1  m /s  that  appl i es  before  the  roof  or  i n ternal  
cover  i s  f l oating  (see  7. 3 . 2. 2. 3) .  Th is  i s  because  there  i s  no  l onger an  i gn i t i on  hazard  after the  
roof  or  cover  i s  afl oat.  

Free  hang ing  f i l ter bags,  also  known  as  end-of- l i ne  po l ish i ng  f i l ters ,  shou ld  not  be  used  i n  
explos i ve  atmospheres .  Even  i f  the  l i qu id  i s  conducti ve  such  f i l ters  shou ld  be  l ocated  
upstream  so  that  the  fabric  i s  not  i n  con tact  wi th  vapour-ai r  m ixtures .  W i th  l ow conducti vi ty  
l i qu i ds  the  f i l ter shou ld  be  l ocated  an  appropriate  res idence  t ime  upstream  of  the  p ipe  end  
(see  above) .   

7.5.2  Pumps and  other equ ipment  

Other equ ipmen t,  such  as  pumps  and  partl y c l osed  valves,  may also  g i ve  i ncreased  charge  
generati on .  However these  i tems  do  not  usual l y generate  as  much  charge  as  a m icrof i l ter.  
Therefore,  i f  there  cou ld  be  a f l ammable  atmosphere  i n  the  vapour space  of  a  tank l ocated  
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downstream  of  such  equ ipment,  the  res idence  time  requ i rements  for moderate l y f i ne  f i l ters  
shou ld  be  appl ied  (see  7. 5. 1 ,  i . e .  a  res idence  t ime  of  at  least  th ree  re laxati on  t imes  (3 τ)  u p  to  
a maximum  of  30  s  shou ld  be  al l owed  between  the  equ ipment  and  the  tank) .   

7.6  Gaug ing  and  sampl ing  in  tanks  

7.6. 1  General  

Gaug ing  and  sampl i ng  cou ld  cause  e lectrostati c  i gn i t i on  i n  any s i ze  o f  tank i f  there  i s  a  
f lammable  atmosphere  presen t,  and  the  gaug ing  and  sampl i ng  equ ipmen t or  the  people  us ing  
the  equ ipment  cou ld  become charged .  Also,  for  l arge  and  med ium  tanks,  the  ri sk of  i gn i t i on  i s  
h igh  i f  the  l i qu id  i n  the  tank i s  h i gh l y charged  by e i ther f i l l i ng  processes  or ag i tation ,  e. g .  i n  a  
m ixing  operati on  (see  7 . 9) .  The  l atter r i sks  are,  however,  e l im inated  i f  gaug ing  or sampl ing  
takes  p lace  i n  a  f i xed,  earthed  d ip-pipe  extend ing  to  the  bottom  of  the  tank (gauge  wel l ) .  

An  i ncend ive  d ischarge  can  occur between  the  l i qu id  and  the  gaug ing  or sampl ing  equ ipment  
as  they approach  each  other,  or  between  the  equ ipment,  or  the  person  hand l i ng  i t,  and  the  rim  
of  the  manhole  or  d i p  hatch  th rough  wh ich  the  operation  i s  taking  place.  To  avoid  these  
hazards,  the  recommendations  i n  7. 6. 2  shou ld  be  fo l l owed .  

7.6.2  Precautions during  gaug ing  and  sampl ing  

The fo l l owing  precau ti ons  shou ld  be  taken:  

a)  Al l  conducti ve  and  d iss ipative  parts  of  gaug ing  and  sampl i ng  equ ipment  shou ld  be  earthed  
e i ther  by connecti ng  them  to  the  tank,  or  i f  the  tank i s  constructed  of  i nsu lating  material ,  
d i rectl y to  earth .  The  connections  shou ld  be  made  of  d iss ipati ve  or conducti ve  material .  A 
metal  chain  shou ld  not  be  used .  

b)  Where  the  earth ing  of  conductive  gaug ing  and  sampl ing  equ ipment  for l ow and  med ium  

conducti vi ty l i qu ids  cannot  be  ensured,  smal l  (≤  1  l )  g lass  or g lass  containers ,  preferabl y 
coated  wi th  a static  d i ss ipative  coating ,  and  wooden  d ip  st i cks  shou ld  be  used.  Th is  
equ ipment  shou ld  also  be  used  i n  the  case  of  u nearthed  h i gh  conducti vi ty l i qu ids.  

c)  Ensure  that  people  engaged  i n  gaug ing  and  sampl i ng  do  not  present  an  i gn i t ion  ri sk and  
are  earthed  (see  C lause  1 1 ) .  

Un less  f ixed  gaug ing  equ ipment  i s  used  or the  gaug ing  takes  place  i n  a  f i xed,  earthed  d ip-
pipe  extend ing  to  the  bottom  of  the  tank,  the  fo l l owing  measures  shou ld  also  be  appl ied :  

a)  Gaug ing  and  sampl ing  from  above  the  l i qu i d  surface  shou ld  not  be  carried  ou t  i n  a  tank 
con tain i ng  a f lammable  atmosphere  wh i l e  any charge  generating  operati on  i s  g o ing  on .  
Charge  generati ng  operations  i nclude  pumping  or ci rcu lati ng  l ow conducti vi ty,  s i ng le-
phase  l i qu ids,  pumping  or ci rcu lat i ng  low or med ium  conducti vi ty mu l t i -phase  l i qu i ds  and  
many clean ing  procedures.  

b)  Gaug ing  and  sampl i ng  shou ld  not  take  p lace  wh i l e  the  componen ts  of  a  l ow conductivi ty  
m ixture  are  sett l ing .  Therefore,  a  t ime  delay of  at  l east  30  m in  shou ld  be  al l owed  after  
completion  of  the  operati on  before  gaug ing  or  sampl i ng  i f  a  l ow conducti vi ty l i qu id  
con tain ing  a second  phase  has  been  pumped  in to  a tank or has  been  i nvolved  i n  a  m ixi ng  
operati on  i n  a  tank.  Examples  of  th is  i nclude  sti rred  up  water or  non -d issolved  so l id  
partic les .  

c)  Gaug ing  and  sampl i ng  shou ld  not  be  carri ed  ou t  th rough  the  open  manhole  of  an  i nerted  
con tainer.  I n  th is  case  the  i nerti ng  i s  destroyed  even  i f  the  manhole  i s  open  for on l y a  few 
seconds.  

Gaug ing  and  sampl ing  of  f lammable  l i qu i ds  ou tdoors  shou ld  not  be  carried  ou t  i f  there  i s  a  
poss ibi l i ty of  thunderstorms,  snowstorms,  hai l storms,  or  other  d is turbed  atmospheric  e l ectrical  
cond i t i ons.  
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7.7  Pipes and  hose assembl ies  for l i qu ids  

7.7. 1  General  

When  a  l i qu id  f l ows  i n  a  p ipe  or  hose  assembly,  charge  separati on  produces  e lectrostatic  
charges  of  oppos i te  po lari ty on  the  l i qu id  and  the  i nner p i pe  wal l .  I f  the  pipe  i s  en t i re l y 
conducti ve  or d iss ipati ve  and  i s  earthed ,  charges  cannot  accumu late  on  the  wal l  and  the  
e lectrostatic  hazards  are  con fi ned  to  the  tanks  where  the  l i qu i d  charges  may accumu late.  The  
hazards  associated  wi th  tanks  are  deal t  wi th  i n  7 . 3 .  

I f  the  p ipe  or hose  assembly con tains  i nsu lati ng  materials ,  charge  accumu lation  on  the  pipe  
wal l  becomes  poss ible  and  hazards  may also  be  associated  wi th  the  p ipe  or hose  assembly 
i tse l f .  Thus,  the  wal l  cou ld  be  charged  by l i qu i d  f low or  by rubbing  and  metal  components  
cou ld  be  i so lated  and  accumu late  charge.  The  hazards  associated  wi th  charge  accumu lati on  
on  pipes  or  hoses  that  are  whol l y or  partl y i nsu lat i ng  are  deal t  wi th  i n  th is  c lause.  The  deg ree  
of  accumu lation  depends  on  the  res isti vi ty of  the  pipe  material ,  the  conductivi ty of  the  l i qu id  
and  the  phys ical  geometry of  the  system .  I t  can  reach  l evels  that  produce  i ncend ive  
d ischarges.  

I gn i t i on  hazards  can  occur both  i ns ide  the  pipe,  i f  i t  runs  partl y empty when  hand l i ng  a  
f lammable  l ow f l ash  po in t  l i qu i d ,  and  / or  ou ts ide,  i f  the  su rround ing  atmosphere  i s  f l ammable .  
D ischarges  may also  puncture  the  wal ls  of  i nsu lat ing  pipes  and  hence  cause  leakage .  
Leakage  cou ld  generate  an  external  f l ammable  atmosphere  that  cou ld  be  i gn i ted  by l ater 
d ischarges  or i t  cou ld  l ead  to  a toxic  hazard  (e. g .  i f  the  pipe  carried  a toxic  l i qu id )  or  
envi ronmental  harm .  Add i t i onal  requ i rements  for petro l  forecourt  p ipes  are  speci f i ed  i n  
EN  1 41 25.  

7.7.2  Pipes  

7.7.2.1  Classi fi cation  of  pipes  

Pipes  are  class i f i ed  i n to  the  categories  conducti ve  (res istance  <  1  kΩ/m ) ,  d i ss ipative  

(res istance  1  kΩ/m  to  <  1  MΩ/m )  and  i nsu lat ing  ( res istance  ≥  1 MΩ/m )  g i ven  i n  the  Terms  and  
def in i t ions  (3 . 2 ,  3 . 7  and  3. 1 5)  and  Table  1 .  

7.7.2.2  Conductive  or d issipative p ipes  

Al l  sections  of  conductive  or d iss ipati ve  pipes  shou ld  be  adequatel y bonded  and  earthed  (see  
7. 7. 1 ) .  Un less  the  pipe  i s  made  enti re l y of  conducti ve  or d iss ipati ve  materials ,  the  poss ibi l i ty  
of  puncturing  insu lating  l i n ings  remains  (see  7 .7. 2. 3  and  7. 7. 2. 4) .  

7.7.2.3  Conductive  or d issipative p ipes  wi th  an  insu lating  inner l i n ing  

When  a conducti ve  or d i ss ipati ve  pipe  wi th  an  i nsu lat ing  i nner l i n i ng  i s  used  to  convey a low 
or med ium  conductivi ty l i qu i d ,  e l ectrostatic  charges  cou ld  accumu late  on  the  i nner su rface  of  
the  l i n ing  and  produce  d ischarges  th rough  the  l i n i ng  to  the  ou ter  wal l  o f  the  pipe .  Theory 
i nd icates  that  the  poten tial  on  the  su rface  of  a  l i n i ng  often  i ncreases  i n  proport ion  to  the  
th ickness  of  the  l i n i ng .  Hazardous  d ischarges  are  therefore  more  l i kel y to  occur wi th  th icker  
l i n i ngs  such  as  p lastic  s leeves  than  wi th  th i n  l i n i ngs  such  as  epoxy coatings .  Even  under  
adverse  cond i ti ons  (h igh  charge  densi ty i n  the  l i qu i d ,  l arge  pipe  d iameter,  th ick l i n i ng )  
d ischarges  are  un l ikel y to  occur  when  the  volume res isti vi ty of  the  l i n ing  i s  l ess  than  abou t  

1 00  MΩ  m .  Under typi cal  cond i t ions  (charge  dens i ty <  1  000  µC/m 3 ,  p i pe  d iameter about  

1 00  mm ,  l i n i ng  th ickness  <  5  mm)  d ischarges  wi l l  not  occu r un less  the  vo lume res isti vi ty 

exceeds  1 00  GΩ  m .  

NOTE  The  th i cker  the  i nsu l at i ng  l i ner,  the  more  l i kel y  the  occu rrence  of  brush  d i scharges  and  the  l ess  l i ke l y  the  
occurrence  of  propagati ng  brush  d i scharges.  See  A. 3. 4  and  A. 3. 5.  

The use  of  conducti ve  or  d i ss ipative  pipes  wi th  th icker and/or l ess  conducti ve  l i n i ngs  cou ld  
sti l l  be  acceptable  for many l i qu i d  hand l i ng  appl i cati ons .  I n  th is  case  i t  i s  necessary that  al l  
conducti ve  sections  of  the  pipe  are  rel i abl y earthed  and  the  pipe  remains  fu l l  of  l i qu i d  
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th roughou t  the  operati ons.  The  l atter requ i rement ensures  that  there  i s  no  f l ammable  
atmosphere  i ns ide  the  pipe.  

A p ipe  wi th  a th ick and  l ess  conducti ve  l i n ing  shou ld  be  f i l l ed  and  emptied  s l owl y i f  a  
f lammable  atmosphere  cou ld  be  present.  I n  general ,  the  veloci ty of  the  l i qu id/ai r  i n terface  
shou ld  not  be  al l owed  to  exceed  1  m /s.  Lower veloci t ies  cou ld  be  necessary downstream  of  
m icrofi l ters.  

Al though  there  i s  no  e lectrostatic  i gn i t i on  hazard  i f  the  pipe  remains  fu l l  of  l i qu i d ,  an  e lectrical  
breakdown  cou ld  punctu re  a h i gh l y i nsu lati ng  l i n ing .  Where  i t  i s  essen tial  to  avoid  th is  (e. g .  to  
prevent  corros ion)  i t  can  general l y be  prevented  by us i ng  a l i n ing  wi th  a l ow vo lume res ist i vi ty.  

A value  of  l ess  than  1 00  GΩ  m  i s  usual l y adequate  al though ,  under h i gh  rates  of  charge  

generati on ,  l ess  than  1 00  MΩ  m  cou ld  be  necessary.  

7.7.2.4  Insu lating  pipes  

7.7.2.4.1  General  

The f l ow of  l ow,  medium  and  h i gh  conducti vi ty l i qu ids  th rough  insu lating  pipes  can  produce  
h igh  surface  charge  densi t i es,  e l ectric  f i e lds  and  potentials  on  the  pipe  wal l s .  These  may l ead  
to  the  fo l l owing  hazards:  

a)  h igh  f ie l ds  and  potentials  may l ead  d i rectl y to  i ncend ive  d ischarges  i ns ide  or ou ts ide  the  
pipe,  

b)  h igh  f ie lds  wi l l  extend  beyond  the  p ipe  and ,  consequen tl y,  sparks  cou ld  occur by 
e lectrostatic  i nduction  from  nearby conductive  obj ects  or  people  that  are  not  earthed.  

c)  h igh  charge  dens i t i es  on  the  i nner surface  of  the  pipe  cou ld  lead  to  the  e lectrical  
breakdown  and  punctu re  of  the  p ipe  wal l .  

d )  damp ai r  may enter  the  p ipe  and  condense  on  the  wal ls  i ns i de,  creati ng  conducti ve  
pudd les  that  may g ive  spark d ischarges  to  earthed  objects.  

7.7.2.4.2  Insu lating  pipes above g round  

Above  g round,  hazards  cou ld  arise  from  i n ternal  or  external  d i scharges,  i nducti ve  sparks  or  
wal l  puncture.  The  fol l owing  requ i rements  therefore  appl y i f  there  cou ld  be  a f lammable  
atmosphere  i ns i de  or  ou tsi de  the  p ipe  (e. g .  i n  hazardous  areas  or  when  hand l i ng  f lammable  
l i qu i ds  i n  part l y- fi l l ed  pipes) :  

1 )  For l ow or med ium  conducti vi ty l i qu i ds  e i ther:  

a)  ensure  that  the  p ipe  end- to-end  res is tance  fal l s  wi th in  safe  l im i ts  developed  
speci f ical l y for the  appl icati on  usi ng  a detai led  hazard  anal ys is ,  or  

b)  empi rical l y ad just  the  p ipe  res istances  and  operati ng  cond i t i ons  un ti l  i t  can  be  
demonstrated  by experimental  hazard  assessments  that  i ncend ive  d ischarges  wi l l  not  
be  generated  by the  proposed  operation  even  under worst-case  cond i t i ons.  

NOTE  Both  these  approaches  are  used ,  for  example,  i n  SAE  J 1 645  for  des i gn i ng  p l ast i c  fuel  hand l i ng  
systems  on  motor veh i cles.  

2)  For h i gh  conducti vi ty l i qu i ds  ei ther  fo l low the  precau tions  for med ium  and  l ow conducti vi ty 
l i qu ids  or:  

a)  ensure  that  the  l i qu id  i s  i n  d i rect  con tact  wi th  an  earthed  conductive  component  such  
as  a valve  or tank at  the  upstream  end  of  the  p ipe,  and  

b)  ensure  that  the  f low ve loci ty does  not  exceed  1  m /s.  

3)  Use  the  precautions  g i ven  i n  Clause  6  to  ensure  that  the  external  wal l  of  the  pipe  cannot  
be  hazardous l y charged  by external  sources  such  as  steam  impingement  or  rubbing .  

4)  To  avoid  sparks  due  to  i nducti on-charg ing ,  earth  al l  conducti ve  components  attached  to  
the  pipe  (e. g .  f langes ,  valves,  bal ls  of  valves  or  conductive  layers  i ns ide  the  pipe)  and  al l  
such  i tems  i n  the  vic in i ty of  the  p ipe  un less  the i r  i nstal led  e lectrical  capaci tance  i s  l ess  
than  3  pF.  
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NOTE  1  I nstal l ed  capaci tance  means  the  capaci tance  of  the  component  as  i nstal l ed  i n  the  worki ng  assembly.  
I t  may be  s i gn i f i can tl y  h i gher than  the  capaci tance  of  the  i solated  componen t  i f  the  component  i s  moun ted  
c l ose  to  an  earthed  su rface.  

NOTE  2  I n  some ci rcumstances  i t  may be  poss ibl e  to  preven t  e l ectrostati c  d i scharges  f rom  conducti ve  i tems  
by other means  than  earth i ng ,  e . g .  by su rround i ng  them  wi th  an  ai rt i gh t  i nsu l ati ng  material  o f  su ff i ci en t l y  h i gh  
breakdown  streng th .  

5)  Use  the  procedures  g i ven  i n  i tem  1 a  or  1 b  as  appropriate  to  set  res istance  l im i ts  and  
cond i t i ons  that  also  preven t  i ncend ive  d ischarges  i ns ide  the  pipe  or e l im inate  the  i n ternal  
f lammable  atmosphere  e i ther:  

a)  by ensuri ng  that  the  pipe  i s  permanentl y f i l l ed  wi th  l i qu i d ,  or  

b)  by i nerting .  

6)  Preven t  puncturing  e . g .  by us ing  a wal l  wi th  a  h i gh  d ie lectric  s treng th ,  by l im i ti ng  the  f low 
veloci ty,  or  by adopting  the  vo lume res ist i vi ty cri teria g i ven  i n  7. 7.2 . 3  for  i nsu lati ng  pipe  
l i n i ngs.  

The  f i nal  precauti on  may be  used  on  i ts  own  where  the  on l y i ssue  i s  to  preven t  puncturi ng .  

I f  the  pipe  passes  through  a zoned  hazardous  area the  pipe  shou ld  fu l f i l  the  requ i remen ts  of  
6. 3.  

7.7.2.4.3  Buried  insu lat ing  p ipes  

When  an  i nsu lati ng  p ipe  i s  buried ,  i ts  who le  external  surface  i s  i n  con tact  wi th  the  earth  and  
usual l y no  fu rther precauti ons  are  needed  to  preven t  external  i ncend ive  d ischarges .  The  
external  earth  contact  reduces  the  r isk of  i n ternal  brush  d ischarge  bu t  does  not  remove i t  
complete l y i f  the  p ipe  wal l  has  a  very h i gh  resist i vi ty.  Therefore  the  fo l l owing  add i t ional  
measures  are  needed :  

H i gh  conductivi ty l i qu i ds:  

a)  Ensure  that  the  l i qu id  i s ,  at  some poin t,  i n  contact  wi th  an  earthed  metal  object,  e. g .  a  
valve,  and  

b)  Preven t  puncturi ng  of  the  wal l  by d ischarges  (e . g .  by u si ng  a wal l  wi th  a h igh  d ie lectric  
streng th ,  by l im i t i ng  the  f l ow veloci ty,  by se lecting  a  wal l  material  wi th  a l ow resis ti vi ty,  and  
us ing  the  cri teria  g i ven  i n  7 . 7. 2. 3  for  i nsu lati ng  pipe  l i n i ngs) ,  and  

c)  Earth  i so lated  conducti ve  i tems  or surround  them  wi th  an  ai rt igh t  i nsu lati ng  material  of  
su ffi ci en tl y h i gh  breakthrough  streng th  to  preven t  d i scharges  (e. g .  cl ose  the  connectors  of  
e lectric  weld ing  sockets  wi th  i nsu lat i ng  caps) .  

Med ium  or l ow conducti vi ty l i qu i ds:  

Buried  i nsu lati ng  p ipes  may also  be  used  for the  passage  of  med ium  or l ow conducti vi ty 
l i qu i ds  bu t  stronger  measures  (e . g .  l ower f low veloci ty,  i ncreased  d i e lectric  streng th  of  the  
wal l  material ,  fu rther reduction  of  the  wal l  res i sti vi ty,  avoidance  of  explos ive  atmosphere  
i ns i de  the  pipe)  are  needed  to  preven t  puncturing  or  explos ion  of  the  pipe.  These  shou ld  be  
gu i ded  by a  detai l ed ,  case-speci fi c  hazard  assessment.  

Excavation  of  a  secti on  of  buried  pipe  cou ld  i ncrease  the  vol tages  aris i ng  from  l i qu id  f l ow and  
expose  conducti ve  or d i ssipati ve  componen ts .  Therefore  excavations  shou ld  not  be  carried  
ou t  wh i lst  the  p ipe  i s  i n  service  and  i f  there  i s  any poss ibi l i ty of  a  f l ammable  atmosphere,  al l  
conducti ve  obj ects  on  or  near  the  pipe  wh ich  cou ld  be  charged  by e lectrostatic  i nducti on  
shou ld  be  earthed .  However,  i t  can  be  hazardous  to  make an  earth i ng  connection  in  a  
poten tial l y f lammable  atmosphere.  

NOTE  Requ i rements  on  buri ed  pi pes  at  f i l l i n g  s tati ons  can  be  found  i n  7. 8. 4.  
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7.7.3  Hoses and  hose assembl ies  

7.7.3.1  General  

Subclause  7. 7. 3  deals  wi th  hoses  for chem ical  and  m ineral  o i l  transfers .  Pain t  hoses  are  deal t  
wi th  i n  ISO 8028.  

7.7.3.2  Design  aims for  electrostatic  safety of  hoses  

1 )  Bond ing  equ ipment:   Hoses  are  often  used  to  e l ectrical l y bond  connected  equ ipment  and  
may also  provide  a second  l ayer of  protecti on  i n  bond ing  of  i tems  such  as  nozzles  and  
l ances.  The  resistance  of  the  hose  between  end  coupl ings  shou ld  not  exceed  a  speci fi ed  
l im i t  and  the  coupl i ngs  shou ld  provide  re l i able  e lectrical  contact  to  attached  equ ipment.  

2)  Preven ting  incend ive  d ischarges:   Where  f lammable  m ixtures  may be  presen t  i ns i de  or 
ou ts ide  a hose  assembly,  hazardous  charge  accumu lation  shou ld  be  avoided  by a  desi gn  
that:  

a)  Avoids  i so lat ion  of  conducti ve  components  such  as  hose  connectors ,  rei n forci ng  
he l i xes  and  i n - l i ne  valves .  For hoses  wi th  one  hel i x  i ns ide  and  one  ou ts ide  i t  has  to  be  
ensured  that  both  of  them ,  especial l y the  inner,  are  re l iabl y connected  to  the  end  
f i tt i ngs.  Th is  i s  especial l y important  for hoses  wi th  he l i xes  chem ical l y protected  by 
i nsu lati ng  coatings.  

NOTE  I n  case  of  h oses  made  of  conducti ve  or  d i ss ipat i ve  hose  material  a  d i rect  con tact  of  uncoated  metal l i c  
he l i xes  and  end  f i tt i n gs  may not  be  necessary.  

b)  Lim i ts  accumu lation  on  i nsu lati ng  su rfaces  by the  placement  of  conductors  or  the  
u t i l i sation  of  d iss ipati ve  external  and/or  i n ternal  su rfaces  as  appropriate.  

c)  Avoids  formation  of  charged ,  i solated  l i qu i d  “s lugs”  wi th i n  the  hose.  

3)  Avoid i ng  hose  damage:   E lectrostatic  d i scharges  shou ld  not  damage the  hose  i n  any way 
that  comprom ises  performance.  I n  part icu lar,  d ischarges  that  create  p i nho les  th rough  the  
hose  wal l  shou ld  be  preven ted .  

4)  Preven ti ng  s tray currents :   I t  i s  sometimes  necessary to  preven t  s i gn i f i can t  l evels  of  s tray 
curren t  from  f lowing  along  the  hose  wh i ls t  s t i l l  ensuring  that  e lectrostatic  charges  can  be  
d issipated .  I n  th is  documen t,  hoses  des igned  to  do  th is  are  classed  as  d issipati ve,  hoses  
that  may conduct  s i gn i f i can t  stray currents  are  c lassed  as  conducti ve  and  those  wi th  too  
h igh  a  res istance  to  safe l y d iss ipate  any e lectrostatic  charg ing  curren t  are  c lassed  as  
i nsu lat i ng .  

Al though  these  def in i t i ons  are  somewhat  d i fferen t  from  those  used  to  def i ne  hose  g rades  in  
ISO 8031  and  EN  1 21 1 5  they help  i den ti fyi ng  hoses  wh ich  are  safe  from  the  e lectrostatic  
po i n t  of  view because  the  class i f icati on  by res istance  between  end  f i tt i ngs  i n  I SO  8031  does  
not  necessari l y impl y e lectrostatic  safety.  These  classi f i cations  for  con trol l i ng  hazards  caused  
by e lectrostatic  d ischarges  and  s tray curren ts  are  summarised  i n  Table  1 5  and  compared  to  
the  hose  g rades  i n  I SO 8031  i n  Table  1 6.  
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Table  1 5  – Cl assi fi cation  of  en d -to-en d  h ose resi stan ces for  control  
of  h azard s  from  static  el ectri ci ty and  stray cu rren t  

Cl assi fi cati on  En d -to-en d  
resi stan ce R  

l i m i ts   

Com m en ts  

Con d u cti ve  R <  1  kΩ  Con tro l s  most  s tat i c  e l ectri ci ty  hazards  bu t  may need  add i t i onal  
measures  due  to  h i g h  res i stance  covers  or l i n i ngs .  

Does  not  l im i t  s tray cu rren ts  from  power system  fau l ts ,  cathod i c  
protect i on  systems  or earth  l oops.   

Di ssi pati ve  1  kΩ  ≤  R  <  1  MΩ  Con tro l s  most  s tati c  e l ectri ci ty  hazards  bu t  may need  add i t i onal  
measures  due  to  h i g h  res i s tance  covers  or l i n i ngs.  

Lim i ts  stray cu rren ts  to  safe  l evel s .  

I nsu l ati n g  1  MΩ  ≤  R  Cannot  be  re l i ed  upon  to  con tro l  s tati c  e l ectri ci ty  hazards.  

Lim i ts  stray cu rren ts  to  safe  l evel s .  

 

I n  meeti ng  the  above  cri teria  for contro l l i ng  i gn i t ion ,  d i fferen t  des i gn  featu res  may be  needed  
depend ing  on  the  conductivi ty of  the  l i qu id ,  the  process  requ i rements  and  the  sens i t i vi ty of  the  
atmosphere  to  i gn i t i on .  

7. 7. 3.3  Appl i cation  of  d esig n  pri n ci pl es for  avoi d an ce of  i g n i t ion  i n  f lamm abl e  

atm osph eres  h aving  M IE  <  0 , 20  m J  

7. 7. 3.3.1  End-to-end  electri cal  bon din g  (con ti nu i ty)  

End- to-end  e lectrical  bond ing  i s  usual l y provided  by re in forcing  hel i xes ,  wi res  embedded  i n  
the  hose  wal l ,  or  braided  metal  sheaths  bonded  to  conducti ve  end  coupl i ngs .  I t  i s  importan t  
that  each  bond ing  wi re  or  re in forci ng  he l i x  i s  secure l y connected  to  the  end  coupl i ngs .  
Connections  between  bond ing  wi res  and  coupl i ngs  shou ld  be  robust  and  the  res is tance  
between  the  end  coupl ings  shou ld  be  tested  period ical l y.  The  frequency and  type  of  testi ng  
wi l l  depend  on  the  appl icati on  and  shou ld  be  determ ined  i n  consu l tat i on  wi th  the  
manu factu rer.  

7. 7. 3.3.2  El i m in ati on  of  el ectri cal l y i sol ated  condu ctive elements  

Conducti ve  hose  e lements  typical l y i nclude  end  f i t t i ngs ,  hose  c l i ps  (c lamps) ,  re i n forcing  
hel ixes,  embedded  wi res  and  braided  sheaths.  

a)  End  coupl i ngs:   Coupl i ngs  are  bonded  together by a conducti ve  or d i ss ipati ve  (an tistat ic)  
hose  e lement  to  meet  the  end- to-end  res is tance  requ i rements.   

b)  Hose  c l ips :   I so lated  metal  hose  cl i ps  shou ld  be  avoided  for systems  carryi ng  f lammable  
l i qu ids  s ince  they may be  raised  to  a  h i gh  poten tial  due  to  charg ing  curren ts  wi th in  the  
hose  and  thus  become a  poten tial  i g n i t i on  source.   

c)  Rein forci ng  hel ixes,  bond ing  wi res  and  braided  sheaths:   I n  the  absence  of  a  conductive  
or d i ss ipative  i nner l i n i ng  these  objects  may become charged  by l i qu id  f l ow.  The  
capaci tance  of  these  componen ts  i s  usual l y h igh ,  therefore  they may produce  s i gn i f i cant  
d i scharge  energ ies  i f  i so lated.  S i nce  the  on l y provis ion  general l y made  for  
earth i ng /bond ing  i s  vi a the  end  coupl i ngs  i t  i s  particu larl y importan t  to  ensure  that  each  
such  componen t  i s  bonded  securel y to  the  coupl i ngs  at  both  ends  of  the  hose .  The  end- to-
end  res istance  of  the  hose  shou ld  be  checked  regu larl y to  ensure  that  th is  bond ing  
remains  i n tact.  I f  there  are  mu l t i p le  end- to-end  conductors  (e. g .  two  re i n forci ng  hel i xes  or 
two  f l exible  bonding  wi res) ,  an  end-to-end  con ti nu i ty check does  not  reveal  whether al l  
conductors  are  properl y bonded  and  the  con ti nu i ty check needs  to  be  supplemented  by 
carefu l  qual i ty contro l  during  constructi on  and  regu lar vi sual  i nspecti on  for any damage  
that  cou ld  comprom ise  the  i n tegri ty of  a  conductor.  A hose  of  th is  type  showing  any s i gn  
of  mechan ical  damage  shou ld  be  d iscarded  or  re legated  to  du ti es  wi th  non -flammable  
l i qu i ds.  
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7.7.3.3.3  Avoidance  of  incend ive  brush  d ischarges from  insu lating  su rfaces  

Th is  may be  done  us ing  one  of  the  fo l l owing  measures:  

a)  Use  a  d issipati ve  or conducti ve  ou ter cover and/or i nner l i n ing  bonded  to  the  end  
coupl ings  to  e l im inate  the  chargeable  i nsu lati ng  surface(s) .  

b)  Lim i t  the  extent  of  any chargeable  i nsu lati ng  su rface  e i ther by keeping  the  hose  d iameter  
l ow (see  Table  3)  or  by l im i t i ng  the  gap  between  the  tu rns  of  re in forcing  hel i x(es)  i n  
accordance  wi th  6. 3 . 2.  These  l im i ts  may not  preven t  the  eros ion  of  p i nho les  part icu larl y 
wi th  th ick and/or h i gh l y res ist i ve  (e. g .  f l uoropol ymer)  l i n ings.  

7.7.3.3.4  Avoidance of  propagating  brush  d ischarges  

Propagating  brush  d ischarges  may occur when  there  i s  a  th in  l ayer of  i nsu lat i ng  material  wi th  
a conducti ve  backing  and  the  breakdown  vol tage  of  the  i nsu lating  l ayer exceeds  4  kV (see  
6. 3 . 4.2) .  Th is  s i tuati on  may arise  i f  there  are  c losel y-spaced  tu rns  of  a  re i n forcing  hel ix  that  i s  
not  i n  d i rect  contact  wi th  the  l i qu id  or  i f  there  i s  a  th i n  wal l  wi th  an  external  braided  sheath ,  
bu t  i t  requ i res  a  large  bu i l d -up of  surface  charge  dens i ty.  Usual l y the  hose  wal l  material  i s  
su ff icientl y conductive  that  d i ss ipation  th rough  the  wal l  to  the  re i n forcing  he l ix  or  sheath  
occurs  before  the  charge  dens i ty reaches  the  requ i red  l evel .  Th is  may,  however,  not  be  the  
case  wi th  f luoropol ymer l i ned  hose  assembl i es  un less  d iss ipati ve  (e. g .  carbon  f i l led )  
f l uoropol ymer materials  are  used  or the  l i n i ng  has  a  breakdown  vo l tage  that  does  not  exceed  
4  kV.  

NOTE  Al though  a  breakdown  vo l tage  of  l ess  than  4  kV wi l l  prevent  propagati ng  brush  d i scharges,  i t  may 
encou rage  d i scharges  that  l ead  to  p i nhol i ng .  

7.7.3.3.5  Avoid ing  d ischarges from  isolated  masses  of  conductive  l iqu id  

A mass  (s l ug )  of  conductive  l i qu i d  cou ld  become charged  as  a resu l t  of  f l ow i f  i t  i s  i so lated  
from  the  earthed  ends  of  the  hose  by vapour breaks  and  the  hose  has  an  i nsu lati ng  i nner  
surface.  A charged  l i qu id  s l ug  cou ld  create  an  i ncend ive  spark as  i t  approached  an  earthed  
end  coupl ing .  Th is  scenario  can  be  avo ided  by us ing  a conducti ve  or  d i ss ipative  i nner hose  
l i n i ng  bonded  to  the  end  coupl i ngs  or,  for  hoses  up  to  about  200  mm  (8  i nches)  i n  d iameter,  

by us ing  a hose  wi th  a th i n  l i n i ng  (≤  1  mm )  and  re in forcing  he l i cal  wi re  having  a pi tch  of  
1 0  mm  or l ess.  

7.7.3.4  Practical  hose classi fications  

Hoses  shou ld  be  cl earl y marked  to  preven t  the  use  of  a  wrong  type  of  hose.  I SO 8031  defi nes  
s ix  practical  g rades  of  hoses  together wi th  th ree  subd ivis ions  of  the  conducti ve  and  an tistat ic  
g rades.  The  nomenclature  and  res istance  l im i ts  for the  hose  g rades,  wh ich  d i ffer from  those  in  
o lder ed i t i ons  of  I SO  8031 ,  are  summarised  i n  Table  1 6 .  

NOTE  Hoses  are  usual l y  suppl i ed  complete  wi th  end  f i tt i ng s  that  form  a  cri t i cal  part  of  the  s tat i c  d i ss ipati on  path .  
For these  reasons,  the  c lass i f i cat i on  of  hose  g rades  g i ven  i n  I SO 8031  covers  on l y  complete  assembl i es  wi th  end  
f i t t i ngs.  

I n  I SO  8031 ,  the  res istance  boundary l im i ts  g i ven  for each  hose  g rade  appl y to  a  variety of  
res istance  measuremen ts  as  described  in  that  documen t for each  type.  When  appl i ed  to  the  
end- to-end  res istance,  these  l im i ts  can  be  used  to  re late  each  g rade  to  the  d iss ipati on  
categories  g i ven  i n  Table  1 5.  Table  1 6  i ncludes  a l i st i ng  of  the  d iss ipati on  categories  for  each  
hose  g rade.  
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Table  1 6  – ISO 8031  classi fi cation  of  hose g rades   

ISO 8031  G rades  IEC 60079-32-1  stati c  
d issipation  category 

Grade ID  Name/description  Resi stance R  per 
assembl y between  end  

fi tti ngs
1 )
  

 

M   Electri cal l y  bonded  

At  l east  two  f l exibl e  metal  bond ing  wi res  
wi th  o r  wi thou t  a  metal  h el i x.  

R  <  1 00  Ω  Conducti ve  

-  Conti nuous  e l ectri cal l y  bonded  

Metal  he l i x(es)  connected  e l ectri cal l y  to  
both  end  f i t t i n gs.  

R  <  1 00  Ω  Conducti ve  

Ω  Conducti ve  R  <  1  MΩ   Conducti ve   

 I ncorporat i ng  conducti ve  rubber or  plasti cs  
l ayer(s) .  

 or   

Ω -L Conducti ve  on l y  on  i n ner l i n i ng .   D i ss ipati ve  

Ω -C  Conducti ve  on l y  on  ou ter cover.    

Ω -CL  Conducti ve  cover and  l i n i ng .    

Ω  Anti s tati c  1  kΩ  ≤  R  ≤  1 00  MΩ  D i ss ipati ve   

 I ncorporat i ng  an ti s tati c  rubber or pl asti cs  
l ayer(s) .  

 or   

Ω -L Anti s tati c  on l y  on  i n ner l i n i ng .   I nsu lati ng  

Ω -C  Anti s tati c  on l y  on  ou ter cover.    

Ω -CL  Anti s tati c  cover and  l i n i ng .    

-  I nsu lat i ng   1 00  MΩ  <  R  I nsu lat i ng  

-  Disconti nuous  1 0  kΩ  <  R  D i ss ipat i ve  

or  

I nsu lat i ng  

NOTE  More  detai l s  concern i ng  g rade  class i f i cati on  and  appropri ate  test  methods  for  the  d i fferen t  hose  types  
speci f i ed  i n  th i s  Tabl e  are  described  i n  I SO 8031 .  

 

Antistatic  hoses,  g rade  Ω ,  are  commonl y used  i n  au tomoti ve  appl ications  and  i n  f luoropol ymer 
l i ned  hoses.  I n  these  and  o ther appl ications  that  do  not  produce  very h i gh  l eve ls  of  
e lectrostatic  charg ing ,  the  1 00  MΩ  l im i t  i s  an  appropriate  upper bound  for  the  d iss ipative  

range.  However,  where  rates  of  charge  generation  cou ld  exceed  1 0  µA,  hoses  wi th  
res istances  of  up  to  1 00  MΩ  may not  be  able  to  d i ss ipate  charges  safe l y (see  7. 7. 3. 5  c) ) .  

Other requ i remen ts  i n  add i t i on  to  end- to-end  res istance  are  necessary to  ensure  the  
avoidance  of  hazardous  brush  d ischarges  and  propagating  brush  d ischarges,  see  7 .7. 3. 3. 3  
and  7. 7.3 . 3 . 4.  Consequentl y,  the  end-to-end  res i stance  i s  not  always  the  on l y cri teri on  for  
hose  su i tabi l i ty  

Certai n  h ybrid  methods  of  hose  constructi on  provide  both  e lectrical  bond ing  and  conducti ve  or  
an ti stat ic  (d iss ipating )  l i ners  or  covers .  Th is  combination  i s  used ,  for  example,  where  
equ ipment earth ing  requ i rements  demand  e lectrical  bond ing  bu t  the  process  requ i res  a  th ick 
i nner l i n ing  that  wou ld ,  i f  made  of  an  i nsu lat i ng  material ,  l ead  to  i n ternal  d ischarges.  These  
hybri d  des igns  do  not  f i t  any of  the  g rades  def i ned  in  I SO 8031  and  Table  1 6  bu t  can  be  
described  by the  h ybrid  g rades  defi ned  i n  Table  1 7  that  provide  usefu l  i n formation  for  
se lecting  or  speci fyi ng  hoses  for  part icu lar du ti es.  
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Table  1 7  – Hybrid  g rades of  hoses and  hose assembl ies  

Hybrid  cl assi fication  based  on  ISO 8031  IEC 60079-32-1  

Hybrid  
g rade  

Name Resistance R  per assembl y 
between  end  fi t tings  

Stati c  d issipation  cl ass  

M/Ω -L Electri cal l y  bonded  wi th  
conducti ve/an ti stat i c  i nner l i ner.  

R  <  1 00  Ω  Conducti ve  

M/Ω -C Electri cal l y  bonded  wi th  
conducti ve/an ti stat i c  ou ter cover.  

R  <  1 00  Ω  Conducti ve  

M/Ω -CL Electri cal l y  bonded  wi th  
conducti ve/an ti stat i c  cover and  
l i ner.  

R  <  1 00  Ω  Conducti ve  

The safety of  the  h ybrid  hose  g rades  cannot  be  pred icted  on  the  basis  of  end- to-end  
res istance  measu rements  alone.  Other measurements  such  as  the  res is tance  between  the  
i nner l i n ing  and  the  end  f i tt i ngs  shou ld  also  be  considered  (see  I SO 8031 ) .  

7.7.3.5  Properties and  usage  of  ISO  8031  hose assembly g rades  

a)  E lectrical l y Bonded  (Grade  M) ,  and  Con ti nuous  E lectrical l y Bonded  hoses:  E lectrical l y  
Bonded  (Grade  M)  and  Continuous  E lectrical l y Bonded  hose  assembl i es  con tain  metal l i c  
end- to-end  bond ing .  Regu lar  conti nu i ty checks  and  visual  i nspecti ons  shou ld  be  carried  
ou t  as  ou tl i ned  in  7. 7. 3 . 3 .2  to  prevent  one  or more  of  the  bond ing  componen ts  ( i . e .  
bond ing  wi re,  re i n forci ng  he l i x  or  sheath )  from  becom ing  e lectrical l y i so lated.  

Usual l y,  these  hose  g rades  preven t  i ncend ive  brush  d ischarges  as  described  i n  7. 7. 3 . 3 . 3  
i n  wh ich  case,  a  wel l -main tained  hose  assembly does  not  i n troduce  an  e lectrostatic  
i gn i t i on  hazard .  However i n  some types  of  bonded  hose  assembly,  e. g .  f l uoropol ymer 
(PTFE)  l i ned  hoses  or hoses  wi th  unusual l y th ick l i n ings  or l arge  gaps  between  conductive  
e lements,  the  e lectrical  bond ing  alone  i s  not  su ffi cien t  to  preven t  hazardous  or damag ing  

vo l tages  occurri ng  on  one  of  the  i nsu lat i ng  surfaces.  I n  th is  case  hybri d  G rade  M /Ω-L  or  

M/Ω-CL hoses  wi th  d issipati ve  i nner l i n i ngs  shou ld  be  used  rather than  pure  Grade  M .  The  
e lectrical l y bonded  character of  the  hose  then  provides  e lectrical  con ti nu i ty between  the  
parts  of  the  equ ipment  i t  i s  connected  to ,  and  the  d iss ipati ve  character of  the  l i n i ng  
prevents  hazardous  charge  bu i l d  up  on  the  hose  surfaces.  

Because  of  the i r  low end- to-end  res is tance,  G rade  M ,  M/Ω-L or  M /Ω-CL hoses  can  
conduct  stray curren ts  and  create  an  i gn i t ion  hazard  when  the  s tray cu rrents  are  
i n terrupted  (e. g .  when  the  hose  i s  d isconnected) .  Where  stray currents  may g ive  ri se  to  
problems,  these  hoses  shou ld  therefore  be  used  i n  con junction  wi th  an  i nsu lating  f lange.  

b)  Grade  Ω ,  Conductive:  Grade  Ω ,  Conducti ve  hose  assembl ies  have  conducti ve  or  

d i ssipati ve  layers  on  one  or more  of  the  hose  surfaces.  Grade  Ω-L has  a conductive  or  

d i ssipati ve  inner l i n i ng ,  G rade  Ω-C  has  a  conductive  or d i ss ipati ve  ou ter cover and  Grade  

Ω-CL has  both .  Conducti ve  hose  assembl i es  shou ld  be  constructed  so  that  al l  conducti ve  
components  are  bonded  to  the  end  coupl ings  wi th  a res is tance  per assembl y as  speci f ied  
i n  Table  1 6.  

The  construction  of  conductive  hose  assembl i es  i s  often  such  that  e lectrical  con tinu i ty 
cannot  be  l ost  wh i l st  the  hose  remains  usable .  Regu lar con tinu i ty checks  are  unnecessary 
when  e lectrical  con ti nu i ty i s  i nheren t  to  the  hose  constructi on  in  th is  way.  

As  described  i n  7 . 7. 3. 4,  conducti ve/d iss ipative  covers  or l i n i ngs  may be  combined  wi th  

e lectrical  bond ing  to  g i ve  the  h ybri d  c lass i f i cati on  g rades  M /Ω-L,  M /Ω-C  and  M/Ω-CL.   

c)  Grade  Ω ,  An tistatic:  G rade  Ω ,  An t istatic  hose  assembl ies  have  an  i n termed iate  res istance  
(see  Table  1 6)  that  i s  l ow enough  to  d iss ipate  e lectrostatic  charges  safel y i n  most  
ci rcumstances  bu t  h i gh  enough  to  restrict  s tray cu rren ts  to  safe  l evels .  They d i ffer  from  

Grade  Ω ,  Conducti ve  hoses  on l y i n  the  resis tance  boundary l im i ts  al though  there  i s  

cons iderable  overlap between  the  res is tance  ranges  and  Grade  Ω .  Antistatic  hose  

assembl ies  may also  be  Grade  Ω ,  Conducti ve.   

The  charg ing  currents  due  sole l y to  f l ow through  pipes  or hoses  can  be  estimated  from  the  

correlati ons  g i ven  i n  A. 1 . 4  (see  also  NFPA 77)  and  wi l l  usual l y be  l ess  than  1 0  µA.  Where  
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rates  of  charge  generati on  can  exceed  1 0  µA,  An tistat ic  hoses,  wh ich  may have  

res istances  of  up  to  1 00  MΩ ,  may not  be  able  to  d i ss ipate  charges  safel y.  I n  particu lar,  the  
charg ing  currents  immed iatel y downstream  of  h igh  charg ing  e lemen ts  such  as  h igh-
th roughpu t  f i ne  f i l ters  may be  h igher.  Immed iately downstream  of  such  devices  and  for a  
d i stance  that  enables  the  res idence  t ime  requ i rements  set  ou t  i n  7 . 5  to  be  met,  i t  i s  
preferable  to  use  f i xed  conducti ve  pipes  rather than  hoses .  I f  a  hose  must  be  used  i n  such  

a l ocati on ,  res istances  at  the  upper end  of  the  Grade  Ω ,  Antis tat ic  range,  may be  too  h i gh  
to  safel y d issipate  charge  and  shou ld  be  avoided .  I n  th is  case,  i f  stray curren ts  are  not  an  

i ssue,  a  Grade  Ω-L or  Ω-CL,  Conducti ve  hose  shou ld  be  used  and  i f  s tray curren ts  are  an  

i ssue,  a  hose  that  meets  both  Grade  Ω-L  or  Ω-CL,  Conductive  and  Grade  Ω-L or  Ω-CL,  
Antistatic  requ i rements ,  shou ld  be  used.   

The  number of  i n terconnected  Grade  Ω ,  An tis tat ic  hose  assembl ies  i n  a  hose  stri ng  shou ld  
be  l im i ted  to  ensure  that  the  res istance  to  earth ,  g i ven  i n  Table  1 6,  i s  not  exceeded  
anywhere  on  the  stri ng ,  o therwise  add i t ional  earth  bond ing  po in ts  shou ld  be  provided.  

d )  D isconti nuous:  A hose  that  has  no  conducti ve  end- to-end  bond ing .  Usual l y th is  type  of  
hose  i s  made  of  i nsu lati ng  material .  I t  may con tain  metal l i c  wi res  or  re in forcing  he l i xes,  
bu t  these  are  not  connected  to  the  end  f i tt i ngs .  

Where  stray currents  may occu r,  Grade  Ω ,  Antistatic  hose  assembl ies  wi th  end- to-end  
res istances  i n  the  d iss ipati ve  range  (see  Table  1 5)  are  preferred ,  i f  avai lable,  to  e lectrical l y 
bonded  ones  s ince  they protect  against  i nducti ve  sparks  aris i ng  from  the  i n terruption  of  s tray 
curren ts  as  wel l  as  against  e l ectrostatic  d ischarges .  E lectrical l y bonded  hose  assembl i es  
(Grade  M  or h ybri d)  may be  used  where  Antis tat ic  hoses  are  not  avai lable .  I n  th is  case  i t  may 
be  necessary to  i nsert  an  i nsu lat i ng  f lange,  coupl i ng  or  hose  secti on  to  provide  protection  
against  i nducti ve  sparks  from  stray cu rrents .  Where  th is  i s  done,  the  hose  s tri ng  on  e i ther s i de  
of  the  i nsu lat i ng  pi ece  shou ld  be  separatel y earthed .   

I nsu lating  hoses  shou ld  not  be  used  where  a f l ammable  atmosphere  cou ld  be  present.  

Table  1 8  summarises  the  du t ies  for wh ich  each  hose  type  can  be  used .  

Table  1 8  – Hose selection  Table  for f l ammable l iqu id  service  

Grade  Construction  H igh  conductivi ty l i qu ids  
 

(>1 0  000  pS/m)  

Med ium  and  l ow  
conductivi ty l i qu ids  

(<1 0  000  pS/m)  

-  Flexi ble  metal  Acceptable  Acceptable  

M Electri cal l y  bonded  General l y  acceptablea
 

General l y acceptabled , e
 

-  Conti nuous  e l ectri cal l y  bonded  General l y  acceptablea
 

General l y acceptabled , e
 

Ω -L Conducti ve  i n ner l i n i ng  Acceptable  Acceptable  

Ω -C  Conducti ve  ou ter cover  Review each  appl i cati ona
 

Review each  appl i cati on d  

Ω -CL Conducti ve  i n ner l i n i ng  and  
ou ter cover  

Acceptable  Acceptable  

Ω -L Anti stat i c  i nner l i n i ng  Acceptable
 

General l y acceptable f
 

Ω -C  Anti s tati c  ou ter cover  Review each  appl i cati ona
 

Review each  appl i cati on d , f
 

Ω -CL Anti s tati c  i nner l i n i ng  and  ou ter  
cover  

Acceptable
 

General l y acceptable f
 

M/Ω -L Hybri d  wi th  bond ing  and  
conducti ve  i nner l i n i ng  

Acceptable  Acceptable  

M/Ω -C Hybri d  wi th  bond ing  and  
conducti ve  cover  

Review each  appl i cati ona  General l y  acceptabled  

M/Ω -CL Hybri d  wi th  bond ing  and  
conducti ve  cover and  i nner 
l i n i ng  

Acceptable  Acceptable  

M/Ω -L Hybri d  wi th  bond ing  and  
an t i s tat i c  i nner l i n i ng  

General l y  acceptable  General l y  acceptabled , f
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Grade  Construction  H igh  conductivi ty l i qu ids  
 

(>1 0  000  pS/m)  

Med ium  and  l ow  
conductivi ty l i qu ids  

(<1 0  000  pS/m)  

M /Ω -C Hybri d  wi th  bond ing  and  
an ti s tati c  cover  

General l y  acceptable  General l y  acceptabled
 

M/Ω -CL Hybri d  wi th  bond ing  and  
an ti s tati c  cover and  l i n i ng  

General l y  acceptable  General l y  acceptabled , f
 

-  I nsu lat i ng  Proh i bi ted  Proh i bi ted  

-  Disconti nuous  General l y  proh i bi tedb , c
 

General l y proh i bi tedb , c
 

a  Acceptable  on l y  i f  there  i s  a  con t i nuous  col umn  of  h i g h  conducti vi ty  l i qu i d  th roughou t  the  hose.  Hazards  may 
ari se  i f  the  col umn  i s  broken  i n to  i solated  segments  by i nsu lat i ng  vapou r gaps,  the  wal l  res i stance  i s  very  
h i gh  (e. g .  th i ck l i n i ngs,  f l uoropolymer l i n i ngs)  and  the  capaci tance  to  the  embedded  conductor i s  l ow ( th i ck  
l i n i ng ,  l arge  gaps  between  bond i ng  conductors) .  The  hazards  ari s i ng  u nder these  cond i t i ons  may be  
m i t i gated  by employi ng  a  s l ow f l ow (1  m /s)  un ti l  the  l i qu i d  co l umn  i s  con t i nuous  or  by us i ng  a  more  
conducti ve  l i n i ng .   

b  I t  i s  not  poss ible  to  ascertai n  the  safety of  d i scont i nuous  hoses  from  res i stance  data al one.  Detai l s  of  the  
hose  constructi on  need  to  be  considered .  I n  special  cases,  safe  operati on  may be  poss ibl e.   

c  For mari ne  appl i cati ons,  s i ng le  l eng ths  of  i nsu lati ng  mari ne  hose,  wh i ch  corresponds  to  the  I SO 8031  
d i scont i nuous  G rade,  are  acceptabl e  i n  l i eu  of  an  i nsu l at i ng  f l ange  as  speci f i ed  by I SGOTT.  

d  Hazards  may ari se  i f  the  l i n i ng  res i stance  i s  very  h i gh  (e . g .  th i ck l i n i ngs ,  f l uoropol ymer  l i n i ngs)  and  the  
capaci tance  to  the  embedded  conductor or  conducti ve  cover i s  l ow ( th i ck l i n i ng ,  l arge  gaps  between  bond ing  

conductors) .  Hazards  may be  m i t i gated  by us i ng  a  more  conducti ve  l i n i ng  o r hybri d  g rade  (e. g .  G rade  M/Ω -L 

or M/Ω -CL) .  

e  Hoses  wi th  embedded  wi res  or  external  re i n forci ng  hel i xes  have  been  used  i n  petroleum  appl i cat i ons  (e . g .  
truck del i veri es)  for  many years  wi thou t  caus i ng  probl ems.  However i ssues  have  ari sen  wi th  very h i g h l y  
res i st i ve  l i n i ngs  such  as  PTFE.  I t  i s ,  therefore,  recommended  that  h i gh  res i s tance  l i n i ng  materi al s  are  on l y  
used  after carefu l  evaluati on  of  the  ri sks .  

f  An ti s tati c  Ω -L and  Ω -CL g rade  hoses  are  acceptabl e  i n  most  c i rcumstances  bu t  shou ld  be  avoi ded  
immediatel y  downstream  of  h i gh  charg i ng  devi ces  such  as  h i gh  th roughpu t  f i ne  f i l ters  that  may generate  

more  than  1 0  µA of  cu rren t.  I n  cases  of  doubt,  a  test  res i stance  that  meets  the  G rade  Ω ,  Conducti ve  
s tandard  or both  the  Conducti ve  and  An ti stat i c  s tandards  shou ld  be  speci f i ed .  

 

7.8  Special  fi l l ing  procedures  

7.8. 1  Ai rcraft  fuel l ing  

7.8. 1 .1  General  

Aircraft  are  most  frequen tl y fue l led  by means  of  mobi le  fuel lers  or  by h ydrant  systems  feed ing  
the  ai rcraft  th rough  mobi le  d ispensers .  Smal ler ai rf i e lds  usual l y employ a  cabinet  d ispenser  
system  (s im i lar to  a  retai l  station)  and  remote  ai rf ie l ds  may fuel  ex-drum .  Fuel  transfers  are  
made through  f l exible  rubber hoses  and  i gn i t ion  hazards  due  to  stat ic  e l ectric i ty can  arise  
du ri ng  these  operations .  Charge  can  be  generated  on  the  fuel  i n  the  system  feed ing  the  
ai rcraft  or  i n  the  ai rcraft  tank,  wh ich  i s  normal l y made  of  metal  though  fu ture  ai rcraft  wi l l  
employ composi te  materials  for  fuel  tanks,  wing  componen ts  etc.  Ai rcraft  fue l l i ng  systems  
always  contain  e i ther  a  f i l ter  mon i tor or,  l ess  common l y,  a  f i l ter  water separator.  

NOTE  Detai l ed  requ i rements  for  ai rcraft  fu el l i n g  are  g i ven  i n  API /I P  RP  1 540.  

Al though  not  an  e lectrostatic  hazard,  the  poss ibi l i ty of  sparks  due  to  stray currents  from ,  for  
example,  e lectrical  power i nstal lations  or cathod ic  protecti on  systems,  exis ts  when  making  or  
breaking  hose  connections .  Precauti ons  against  s tatic  e lectric i ty i gn i t i ons  shou ld  be  
cons isten t  wi th  the  precau tions  for avo idance  of  these  sparks.  Hose  designs  are  g i ven  i n  
EN  1 361 .  

7.8. 1 .2  Hose assembl ies  

Flexible  hose  assembl ies  for ai rcraft  fue l l ing  shou ld  normal l y be  of  the  d i ssipati ve  type  (see  
7. 7. 3 .2)  so  as  to  d i ss ipate  e lectrostatic  charges  wh i l e  l im i ti ng  stray curren ts .  E lectrical l y 
bonded  (conducti ve)  hoses  may be  used ,  however,  i n  a  few speci f i c  appl icati ons  (e. g .  on  the  
suction  s i de  of  a  pump where  the  presence  of  a  metal  he l i x  m igh t  res ist  hose  co l lapse) .  For  
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hydrant  systems,  the  hose  connecting  the  in l et  coupler to  the  h ydran t  d ispenser shou ld  be  

dissipati ve;  e lectrical l y bonded  hoses  shou ld  not  be  perm i tted.  

7.8. 1 .3  Earth ing  and  bonding  

7.8. 1 .3.1  General  

Al l  the  metal l i c  fuel l i ng  components  of  the  fuel l i ng  veh icle  (e. g .  chass is,  tank,  f i l ter,  meter,  
p ipework,  sample  equ ipment,  bond ing  reel )  shou ld  be  in  good  e lectrical  contact  wi th  each  
other.  Good  e lectrical  conti nu i ty shou ld  exist  wi th i n  the  h ydran t  system .  

A bonding  connecti on  shou ld  always  be  made between  the  ai rcraft  and  the  refuel l i ng  veh icle  
before  the  f i l l i ng  hoses  are  attached .  Accord ing  to  aviat i on  ru les ,  the  bond ing  cable  shou ld  

have  an  overal l  res is tance  be low 25  Ω .  I t  shou ld  remain  i n  p lace  un t i l  fue l l i ng  i s  completed  
and  the  hoses  are  d isconnected .  The  ai rcraft  bond ing  l ugs  shou ld  always  be  used.  The  use  of  
other metal  parts  of  ai rcraft,  e . g .  p i tot  tubes,  land ing  gear doors  etc  i s  s trict l y forbidden  by 
aviation  i ndustry gu idel ines  (except  for overwing  fuel l i ng  – see  be low) .  

There  shou ld  be  a d i rect  bond  between  the  ai rcraft  fuel l i ng  ori f i ce  and  the  metal l i c  end  of  the  
fuel l i ng  hose.  For  underwing  fue l l i ng ,  th is  connection  i s  provided  by the  metal - to-metal  
con tact  between  the  hose  end -coupl i ng  and  the  ai rcraft  fue l l i ng  adapter.  For overwing  fuel l i ng ,  
th is  connection  i s  made  by ho ld i ng  the  fuel l i ng  nozzle  i n  contact  wi th  the  metal  ori f ice  during  
fuel l i ng .  A separate  bond ing  wi re  between  the  nozzle  and  ori f i ce  may be  used,  al though  th is  
arrangement i s  not  always  poss ible  due  to  the  l ack of  su i table  connecti ng  po in t .  Where  a  
nozzle  bond ing  wi re  i s  not  used ,  a  maximum  fi l l i ng  rate  of  200  l /m in  shou ld  be  appl ied .  

I n  aviati on  i ndustry gu idel i nes,  the  use  of  a  funnel  i s  s tr ict l y forbidden  for overwing  fuel l ing  
because  the  funnel  comprom ises  the  g rade  selecti vi ty of  the  fuel l i ng  nozzle .  

I n  some places  earth i ng  i s  requ i red  by the  ai rport  au thori ty.  Where  there  i s  a  choice,  earth i ng  
i s  not  recommended  because  of  poten tial  i ssues  caused  by mu l t ip le  earth  po in ts,  earth  l oops  
and  c i rcu lat ing  curren ts .  Where  earth i ng  i s  to  be  employed ,  the  fuel l i ng  veh icle  shou ld  be  
earthed  e i ther by a  cable  j o i ned  to  the  bond ing  cable  or  by a separate  earth ing  cable  attached  
to  the  veh icle  bond ing  reel .   

Fuel l i ng  from  drums  shou ld  fo l l ow the  same procedures  as  other overwing  fuel l ings .  I n  
particu lar i t  i s  necessary to  bond  the  drum  pump both  to  the  ai rcraft  and  to  the  drum .  
Containers  smal l er than  nom inal  200  l  d rums  are  not  al lowed  for  aviati on  fuel  use.  

7.8. 1 .3.2  Flow veloci ti es  

The  maximum  f low veloci ty i n  ai rcraft  fue l l i ng  hoses  shou ld  not  exceed  7  m /s  for  fuels  wi th  a  
conductivi ty g reater than  or equal  to  50  pS/m  or 5  m /s  for fuels  wi th  a conducti vi ty of  l ess  than  
50  pS/m .  Care  has  to  be  taken  that  su ffi c ien t  res idence  t ime  i s  provided  downstream  of  the  
f i l ters  (see  7. 5. 1 ) .  

7.8.2  Road  tanker del iveries  

Del iveries  from  road  tankers  are  performed  via a hosereel  or  l oose  hoses  us ing  e i ther g ravi ty 
feed  or pumps  on  the  veh icle .  E lectrostatic  i g n i t i on  hazards  may occur as  a  resu l t  of  sparks  
from  i so lated  conductors  (e . g .  hose  coupl ings  or  the  road  tanker  as  a  whole) ,  brush  
d ischarges  from  non-conducti ve  hoses  or  brush  d i scharges  wi th in  the  receiving  tank.  

The  fo l l owing  precauti ons  are  recommended:  

a)  Conductive  or properl y des igned  e lectrical l y bonded  hose  assembl ies  (see  7. 7. 3)  shou ld  
be  used;  

b)  Ensure  that  the  truck and  al l  metal l i c  coupl ings  are  bonded  to  the  tank be ing  f i l l ed .  The  
recommended  hose  assembl ies  provide  the  requ i red  bonding  so  separate  add i t i onal  
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bond ing  i s  not  necessari l y needed .  I f  company s tandards  requ i re  separate  bond ing  these  
shou ld  be  connected  before  the  connection  of  the  hoses  (see  7. 3. 2. 3 .3  1 b) ;  

c)  For del i veries  via l oose  hoses,  when  connecting  the  truck to  the  receivi ng  tank,  f i rs t  
connect  the  hose  to  the  tank f i l l  p ipe  and  then ,  before  completi ng  the  hose  connecti on  to  
the  truck,  equal ise  the  potentials  by touch ing  the  end  coupl i ng  of  the  hose  on  to  a metal l i c  
part  of  the  truck;  

d )  For de l i veri es  via  a hosereel ,  touch  the  hose-end  f i tt ing  or  nozzle  on  to  a metal l i c  part  of  
the  receiving  tank assembly,  p i ping  or  coupl i ngs  before  inserting  the  nozzle  or  making  a  
connection .  Th is  i n i t ial  touch ing  shou ld  be  done  away from  any reg ion ,  such  as  the  
immed iate  vic in i ty of  the  d ischarge  f i tt ing  of  the  tank,  where  residual  traces  of  f lammable  
vapour may be  present;  

e)  Provid ing  the  maximum  safe  f l ow ve loci t ies  for med ium  s i zed  tanks  are  not  exceeded  (see  
7. 3 . 2 . 3 . 3)  i t  i s  un l ikel y that  there  i s  an  i gn i t i on  hazard  wi th in  the  tank.  I f  the  l i qu id  con tains  
a second  phase,  the  f low ve loci ty shou ld  be  restri cted  to  1  m /s;  

f )  The  conti nu i ty and  mechan ical  cond i t ion  of  e lectrical l y bonded  hoses  shou ld  be  checked  
regu larl y (see  7. 7. 3 . 3) .  

7.8.3  Retai l  fi l l i ng  stations  

7.8.3.1  General  

Fuel  hand l i ng  operations  at  retai l  f i l l i ng  s tations  i nvolve  both  the  del i very of  fuel  i n to  
underg round  tanks  at  the  s tation ,  usual l y from  road  tankers ,  and  the  d ispens ing  of  fuel  from  
the  underground  tanks  i n to  customer’s  veh icles .  F lash  f i res  in i t i ated  by static  e lectrici ty have  
occurred  both  wh i l s t  de l i vering  fue l  i n to  the  underground  tanks  and  wh i lst  d ispensing  gasol i ne  
to  customer veh icles.  

The  production  of  explosive  atmospheres  during  both  del i very and  d ispensing  operations  
depends  on  the  fuel  type.  Based  on  the  Flash  Poin t  of  d iesel  fuel  be ing  at  l east  58  °C,  d iese l  
fuel  vapours  are  usual l y too  l ean  for combusti on  at  ambien t  temperatures  al though  hot  d i esel  
return  l i nes  on  the  veh icle  may sometimes  produce  an  explos ive  atmosphere  wi th i n  the  
veh icle  tank.  However,  some coun tries  perm i t  d iesel  fue l  to  have  a s ign i f icantl y l ower f lash  
po in t.  I n  these  coun tri es  d iesel  vapours  may produce  f l ammable  m ixtu res  at  h i gh  ambient  
temperatu res.  

I n  con trast,  gasol ine  vapour m ixtures  are  general l y too  ri ch  for combusti on  i n  enclosed  spaces  
such  as  fuel  tanks  bu t  may come i n to  the  explos ive  range  where  m ixing  wi th  fresh  ai r  i s  
poss ible  (e. g .  when  fuel l i ng  a  veh icle  wi th  gasol i ne  there  wi l l  always  be  a  p lace  near the  f i l l er  
i n let  where  the  m ixture  s treng th  i s  at  the  optimum  for i gn i t i on ,  consequentl y,  an  electrostatic  
d i scharge  near the  f i l l er  i n l et  cou ld  l ead  to  a f i re  and  burn  the  person  f i l l i ng  the  veh icle) .  
Ethanol -gasol ine  m ixtu res  wi th  h i gh  concen trations  of  ethanol  may produce  explos ive  
atmospheres  wi th in  c l osed  tanks  at  s tandard  ambient  temperatures  al though  these  fuels  are  
l ess  l i kel y to  become e lectrostatical l y charged  because  of  the i r  h i gh  conducti vi ty.  

Based  on  the  above,  explos i ve  atmospheres  may occur  i n  the  fo l l owing  s i tuations:  

•  i ns ide  gaso l i ne-ethanol  (e. g .  E85)  tanks  or drained  p ipes,   

•  i ns ide  gasol i ne  p ipes  when  ai r  i s  drawn  i n  after hoses  are  d isconnected  fo l lowing  a  
de l i very,  

•  around  gaso l ine  f i l ler  open ings  du ring  refuel l i ng ,  

•  ou ts ide  gasol i ne  or gaso l i ne-ethanol  p i pes  due  to  l eaks  or spi l lage,  part icu larl y i n  enclosed  
underg round  “sumps”  or  “f i l l  boxes”  where  the  underground  pipes  are  connected  to  tanks  
or truck hoses.  Gasol ine  and  d i esel  p i pes  are  often  housed  in  the  same  f i l l  box  so  i t  i s  
conceivable  for  a  l eak from  the  gaso l ine  l i ne  to  produce  an  explosive  atmosphere  that  
cou ld  be  i gn i ted  du ri ng  d i esel  l oad ing .  

The  fuel  at  f i l l i ng  stat i ons  varies  from  low conducti vi ty h ydrocarbons  blends  wi thou t  static  
d iss ipati ve  add i t i ve  (SDA)  to  h igh  conducti vi ty b lends  of  oxygenated  bi o-components  (e . g .  
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ethanol )  and  h ydrocarbons.  Even  wi th  the  l ow conducti vi ty fue ls ,  the  f l ow rates  are  su ffi cien tl y 
smal l  to  preven t  hazardous  poten tials  be ing  generated  by the  accumu lation  of  charge  on  the  
l i qu i d  e i ther i n  the  underground  storage  tanks  or  i n  the  fuel  tanks  on  customer veh icles.  

However,  i f  any of  the  conductors  associated  wi th  the  operations  (e. g .  the  f i l l er  nozzle,  p ipe  
coupl ings ,  the  veh icle  being  f i l l ed ,  the  f i l l er  neck,  or  a  person)  are  e lectrical l y i so lated ,  charge  
accumu lation  on  the  i so lated  i tem  cou ld  then  g i ve  ri se  to  i ncend ive  spark d ischarges .  Also,  
charges  accumu lating  on  i nsu lati ng  pipes  or other  i nsu lat ing  components  i n  the  hand l i ng  
system  cou ld  produce  i ncend ive  brush  d ischarges.  An  i gn i t i on  cou ld  occur i f  any of  these  
d ischarges  occurred  i n  an  explos ive  atmosphere  (see  above) .  The  precau ti ons  l i sted  i n  
7. 8. 3 . 2  and  7. 8. 3. 3  shou ld  be  taken  to  avoid  electrostatic  i g n i t i ons  i n  fuel  de l i very to  
underg round  tanks  and  fuel  d i spens ing  operations  to  customer veh icles  respecti vel y.  

7.8.3.2  Del ivering  fuel  to  underground  tanks  

7.8.3.2.1  Systems wi th  metal  p ipes  

a)  Al l  pi pe  sections  shou ld  be  earthed  in  a  manner  that  does  not  r i sk i n troducing  e lectrical  
fau l t  currents  i n to  the  pipi ng  system  (e. g .  wi th  a su i table  i so lating  res is tance) .  

b)  The  earth ing  shou ld  be  regu larl y checked.  

c)  Equ ipment such  as  f i ne  f i l ters  that  may g i ve  enhanced  fue l  charg ing  shou ld  be  used  on l y i f  
there  i s  enough  re laxati on  t ime  i n  the  conducti ve  pipe.  

7.8.3.2.2  Systems wi th  p lastic  pipes  

Plastic  p ipes  are  i ncreasing l y be ing  used  for fuel  de l i very from  road  tankers  to  u nderground  
tanks,  from  underground  tanks  to  fuel  d ispensers,  and  for vapour recovery l i nes  and  ven ts  
because  they provide  improved  corros ion  res is tance  and  secondary con tainment.  

NOTE  Speci f i c  requ i rements  for thermoplast i c  and  f l exib l e  metal  pi pework for th i s  appl i cati on  are  covered  i n  
EN  1 41 25.  

Two main  variet ies  of  plastic  pipe  system  are  i n  use:  the  so-cal led  “non -conducti ve”  
( i nsu lat i ng )  p i pes  and  the  so-cal led  “conductive”  pi pes  (non -conductive  p ipes  i ncorporati ng  
co-extruded  d iss ipative  i nner l i n i ngs) .  Typical  p last ic  p i pe  systems  use  connectors  wh ich  
i ncorporate  metal  heati ng  coi l s  (e lectrofus ion  couplers ,  EFCs)  to  couple  and  seal  pi pe  l eng ths  
and  j o in ts.  These  EFCs  may have  an  i nstal led  capaci tance  of  between  5  pF  and  30  pF  
depend ing  on  the  instal lati on .  P lastic  p ipes  normal l y i ncorporate  a co-extruded  inner l i n ing  for  
coun teri ng  fuel  permeation .  For p i pes  that  also  have  a d iss ipati ve  l i n i ng ,  the  d iss ipative  l i n i ng  
i s  usual l y the  i nnermost.  

Speci f ic  r i sks  i n  these  types  of  systems  incl ude :  

a)  Fuel  f l ow cou ld  cause  s i gn i f i cant  charg ing  o f  l ow or  medium  conductivi ty fue ls .  
Consequen tl y:  

i )  For fu l l y i nsu lat i ng  (“non-conducti ve”)  p ipes:  

1 )  H i gh  vo l tages  cou ld  bu i l d  up  on  unburied  pipe  wal ls  or  on  associated  non-earthed  
connectors.  

2)  D ischarges  can  occur on  the  i nner su rface  of  a  charged  pipe.  The  f i l l  poi n t  where  
the  hose  from  the  l orry i s  attached  i s  a  cri t i cal  po i n t  i n  th is  respect  because  
d ischarges  to  earthed  connectors  or  coupl ings  or from  h i gh l y charged  to  l ess  
charged  p lastic  surfaces  may cause  i g n i t i on  i f  ai r  i ng ress  occurs  on  d isconnection .  

3 )  The  e lectrostatic  f i e lds  aris ing  from  the  bu i l d  up  of  charge  on  the  p ipe  wal l  cou ld  
cause  h i gh  vo l tages  to  arise  on  nearby conducti ve  EFCs,  too ls ,  and  other i tems 
ou ts ide  pipes  and  cause  spark d ischarges  to  nearby earthed  conducti ve  i tems.  

4)  H i gh  e lectric  f ie lds  cou ld  occur i n  the  wal ls  of  buried  p ipes  l ead ing  to  poss i ble  
breakdown  and  p inhol i ng  by e lectrostatic  d i scharges.  

i i )  For i nsu lating  pipes  wi th  d iss ipative  l i ners  (so-cal led  “conducti ve  p ipes”) :  
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1 )  Charge  cannot  accumu late  i f  the  l i n i ng  i s  earthed ,  and  the  sh ie ld i ng  provided  by an  
earthed  l i n i ng  m in im ises  the  ri sk of  f low-related  h i gh  vo l tages  on  associated  
conductors  such  as  EFCs.  

2)  However,  vo l tages  may bu i l d  up  on  any unearthed  l i ner sections  or  on  the  
connectors  associated  wi th  them .  

b)  Charg ing  of  external  i nsu lati ng  pipe  su rfaces  by rubbing  cou ld  g i ve  brush  d i scharges.  

c)  M ixi ng  of  i nsu lating  and  conducti ve  p ipes  i n  a  system  cou ld  l ead  to  i so lated  conducti ve  
parts.  I t  i s  acceptable  on l y i f  al l  conducti ve  parts  are  certai n  to  be  earthed .  Particu lar 
atten ti on  shou ld  be  paid  to  earth i ng  metal  f l anges,  coupl i ngs  and  c l i ps  on  insu lat i ng  
segments  and  earth i ng  the  l i n i ng  of  the  conducti ve  segments.  

d )  Where  pipes  are  f i tted  during  main tenance  of  a  system ,  when  a  f l ammable  atmosphere  
cou ld  be  presen t,  speci fi c  ri sks  may arise .  Both  conducti ve  and  i nsu lati ng  pipes  may 
charge  du ring  hand l i ng  and  g i ve  potential l y i ncend ive  d ischarges.  

i )  For i nsu lat i ng  pipes,  i ncend ive  brush  d ischarges  from  the  ou ter p ipe  surface  are  
poss ible  

i i )  For p i pes  wi th  d iss ipative  l i ners ,  the  accumu lated  surface  charge  cou ld  i nduce  h i gh  
vo l tage  on  an  erroneously un -earthed  l i ner and  th is  cou ld  be  the  source  of  shocks  to  
people  and  i ncend ive  d ischarges.  

The  vol tage  bu i l d -up  on  i nsu lati ng  pipes  from  fuel  charg ing  depends  on  f l ow speed,  f i l l  vo l ume 
and  the  l eng th  of  unburied  secti ons  as  wel l  as  on  p ipe  and  fue l  propert i es .  The  variabi l i ty of  
these  charg ing  characteristics  and  the  variation  of  charge  d iss ipation  characteristics  wi th  age  
and  temperature  i s  s t i l l  not  wel l  u nderstood.  Wide  safety marg ins  for  d i ss ipati on  shou ld ,  
therefore,  be  appl i ed  un t i l  the  worst-case  charg ing  characterist ics  are  better known .  

There  i s ,  however,  a  cons iderable  i nstal l ed  base  of  p ipes  and  there  are  on l y few recorded  
i nci den ts  so  exist i ng  practices  seem  to  be  broad l y acceptable  wi th  today’s  fuels.  I t  i s ,  
however,  unclear whether exist ing  practices  wou ld  con tinue  to  provide  adequate  safety 
marg ins  i f  the  i ncreas ing  use  of  oxygenated  b i ocomponents  i n  gasol ine  were  to  g i ve  r ise  to  
h igher charg ing .  

NOTE  There  are  i nd i cat i ons  that  at  l east  some  ethers  and  esters  are  prone  to  h i gher  charg i ng  than  h yd rocarbon  
fuel s .  

I n  order to  preven t  excess ive  electrostatic  charge  and  vo l tage  bu i ld- up  on  the  pipe  wal ls ,  
valves  and  coupl i ngs  the  fo l l owing  precauti ons  are  recommended:  

1 )  I nsu lat ing  p last ic  p ipes:  

a)  To  avo id  p in  ho l ing  i nsu lat ing  plast ic  p i pes  shou ld  have  an  e lectrical  breakthrough  
streng th  across  the  p ipe  exceeding  1 00  kV,  measured  accord ing  to  I EC  60243-2.  A 
po l yethylene  layer of  at  l east  4  mm  in  th ickness  usual l y exceeds  th is  breakthrough  
streng th .  

b)  Unburied  EFCs  shou ld  be  e i ther  l ong - lasti ng  and  re l i abl y earthed  or sealed  us ing  
ai rt i gh t  seals.  

c)  Al l  other conductive  parts  of  p ipes  or  j o i n ts  shou ld  be  earthed.  

d )  The  earth ing  of  al l  conductive  and  d issipati ve  i tems  shou ld  be  regu larl y checked.  

e)  Unburied  fu l l y i nsu lating  plastic  p ipe  sections  shou ld  be  kept  as  short  as  practicable.  

f)  Fuel  f l ow rates  shou ld  be  l im i ted  to  <  2 , 8  m /s.  

NOTE  The  poss ibl e  fu tu re  i n troducti on  of  bi o -components  may change  the  charg i ng  behavi our of  fue l .  

g)  The  earth ing  of  the  majori ty of  each  p ipe  by burial  contri bu tes  s i gn i f ican tl y to  the  safe  
operati on  of  the  system .  Consequen tl y,  fo l l owing  i nstal lat ion  or  repai r,  l i qu id  shou ld  not  
be  adm i tted  i n to  a  p i pe  un ti l  al l  secti ons  that  are  i n tended  to  be  buri ed  are  conf i rmed  to  
be  fu l l y covered  wi th  earth .  

h )  Equ ipment  such  as  f i ne  f i l ters  that  may g i ve  enhanced  fuel  charg ing  shou ld  be  used  
on l y wi th  carefu l  assessment  of  the  l ikel y hazards.   
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i )  The  f i l l  po in t  where  the  truck hose  i s  attached  shou ld  use  a safety connection  valve,  
preferabl y an  i n terlocked  system  that  does  not  al l ow ai r  to  en ter  the  system  and  m ix  
wi th  the  fuel  vapours ,  e . g .  a  valve  that  i s  c l osed  before  d isconnecting  hose  and  pipe.  

j )  The  exposure  of  p ipes  and  j o i n ts  i n  sumps  where  f lammable  vapours  cou ld  accumu late  
shou ld  be  m in im ised .  

k)  People  shou ld  avoid  brush ing  against  external  p i pe  surfaces  where  a f l ammable  
vapour may be  present.  

l )  Duri ng  system  main tenance,  care  shou ld  be  taken  to  avoid  i n troducing  a h igh l y 
charged  p ipe  i n to  a  f l ammable  atmosphere.   

2)  P lastic  p ipes  wi th  d iss ipative  l i n ings:  

a)  The  l i n ings  shou ld  be  earthed.  An  earthed,  d iss ipati ve  l i ner preven ts  i n ternal  
d i scharges  and  screens  external  conductors  from  f l ow charg ing .  

b)  Earth ing  may be  ach ieved  by a su i table  arrangement of  d i ss ipati ve  i n ternal  coupl ings  
l i nki ng  to  external  g round ing  po in ts .  

c)  The  earth ing  of  al l  conductive  and  d issipati ve  i tems  shou ld  be  regu larl y checked.  

d )  Equ ipment  such  as  f i ne  f i l ters  that  may g ive  enhanced  fue l  charg ing  shou ld  be  used  
on l y wi th  carefu l  assessment of  the  l ikel y hazards.  

e)  Duri ng  system  main tenance,  care  shou ld  be  taken  to  avoid  i n troducing  a h igh l y 
charged  p ipe  i n to  a f l ammable  atmosphere.  D i ssipati ve  l i ners  shou ld  be  g rounded  
before  the  pipe  i s  i n troduced  i n to  a f l ammable  atmosphere  and  the  g round  connecti on  
shou ld  be  main tained  du ri ng  the  f i tt i ng  process,  un t i l  the  l i ner i s  re l i abl y g rounded  via  
the  i nstal led  system .  

f)  People  shou ld  avo id  brush ing  against  external  p i pe  su rfaces  where  a f l ammable  
vapour may be  present.  

7.8.3.3  Dispensing  fuel  to  customer veh icles  

The fo l l owing  precauti ons  shou ld  be  taken:  

a)  The  pump shou ld  be  properl y earthed.  

b)  A conductive  or properl y des i gned  e lectrical l y bonded  hose  assembly (see  7. 7.3 . 2)  
shou ld  be  used  to  connect  the  nozzle  to  the  pump.  The  f i l l i ng  nozzle  to  earth  

res istance  via the  hose  shou ld  be  l ess  than  1  MΩ  for  conductive  hoses  and  less  than  

1 00  Ω  for  e lectrical l y bonded  hoses.  Detai led  requ i rements  can  be  found  i n  EN  1 360.  

c)  The  surfaces  of  forecou rts  shou ld  have  a l eakage  res is tance  to  earth  of  l ess  than  

1 00  MΩ ,  measured  i n  d ry cond i t i on  at  l ess  than  50  % relati ve  hum id i ty,  to  enable  the  
earth i ng  of  veh icles  via  thei r  tyres .  

d )  The  d iss ipati ve  surface  of  the  forecourt  around  the  pump shou ld  be  b ig  enough  to  
assure  that  al l  fou r  tyres  of  a  pri vate  car wi l l  have  con tact  to  i t  i n  al l  f i l l i ng  pos i t i ons .  

e)  The  g ri p  of  the  f i l l i ng  nozzle  shou ld  be  designed  wi th  conducti ve  or  d i ss ipative  
materials  to  ensure  that  earth i ng  of  the  refue l l i ng  person  i s  establ ished  during  the  
refuel l i ng  process.  

NOTE  To  avo id  e l ectrostat i c  shocks  d i ss ipat i ve  materi al s  are  preferred .  

f)  I f  there  i s  a  latch-open  device  on  the  f i l l er  nozzle  i t  shou ld  meet  any l ocal  requ i rements  
that  may exis t  for  au tomatic  shu t-off.  

g )  General l y for  veh icles ,  the  res istance  between  a s tandard  f i l l er  nozzle  i nserted  i n to  the  
f i l l er  neck and  a metal  p late  on  wh ich  each  tyre  stands  in  success ion  shou ld  not  

exceed  1 0  GΩ  when  al l  other tyres  rest  on  an  i nsu lat ing  surface .  For tyres  to  be  used  

i n  hazardous  areas  the  border l im i t  reduces  to  1  MΩ .  Detai led  requ i remen ts  can  be  
found  i n  I SO  1 6392  and  ASTM  F1 971 .  

h )  The  veh icle  des ign  shou ld  ensure  that  hazardous  l evels  of  charge  wi l l  not  accumu late  
on  p last ic  f i l l er  system  components  on  the  veh icle  and  that  metal  f i l l er  system  
components  on  the  veh icle  are  adequatel y bonded  to  the  chassis .  Detai led  
requ i rements  can  be  found  in  SAE  J 1 645.  
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These  precautions  wi l l  ensure  earth ing  of:  

a)  the  nozzle,  d i rectl y vi a the  conductive  or  d i ss ipative  hose  assembly;  

b)  a person  g rasping  i t ,  u n less  weari ng  i nsu lati ng  g loves;  

c)  the  veh icle  chassis  during  f i l l i ng ,  by contact  wi th  the  nozzle  and  th rough  the  tyres;  

d )  conducti ve  f i l l i ng  system  components  on  the  veh icle  by bond ing  to  the  veh icle  chass is .  

Experience  i nd icates  that  earth ing  via the  nozzle  and  the  tyres  i s  su ffi c ient  to  d i ss ipate  the  
re lat i vel y smal l  amounts  of  charge  that  are  generated  during  f i l l i ng .  

NOTE  Most  f i res  du ri ng  car refuel l i ng  are  caused  by charged  persons.  

7. 8. 4  M obi le  or  temporary l i q u id  h andl i ng  equ i pm en t  

Particu lar  care  shou ld  be  taken  when  us ing  temporary equ ipment  that  i n troduces  f i l ters  or  
other restricti ons  in to  the  system .  An  example  of  th is  i s  portable  meter proving  equ ipment that  
con tains  f ine  f i l ters  to  protect  the  sens i ti ve  meters.  When  us ing  such  equ ipment,  precauti ons  
shou ld  be  taken  to  ensu re  that  the  temporary hand l ing  arrangement  provides  an  adequate  
res idence  t ime  between  the  portable  equ ipment  and  any tanks  being  f i l led  (see  7. 5)  and  to  
ensure  that  al l  normal  earth i ng  requ i rements  are  met  (see  C lause  1 3) .  

7. 9  Pl ant  processes  (blen di ng ,  st i rring ,  mi xi ng ,  crystal l i sat ion  an d  st i rred  reactors)  

7. 9. 1  Gen eral  

The process ing  of  l i qu i ds  or  suspens ions  (m ixing ,  s ti rri ng ,  b l end ing  or crystal l i sat ion)  can  g i ve  
rise  to  i gn i t i on  r isks  due  to  s tat ic  e l ectric i ty.  When  these  processes  i nvolve  low or sometimes  
even  med ium  conductivi ty l i qu i ds  the  charge  i s  retained  i n  the  conti nuous  l i qu id  phase,  on  
suspended  l i qu id  or  so l i d  particu late  matter,  or  on  any i so lated  metal l i c  obj ect .  I f  a  f l ammable  
vapour/ai r  m ixture,  m ist  or  foam  i s  present  there  i s  an  i gn i t ion  hazard  and  to  avoid  th is ,  the  
recommendations  in  7. 9. 2  to  7. 9. 6  shou ld  be  fo l l owed  as  appropriate.  

H i gh  l evels  of  charge  generation  are  often  associated  wi th  f l u ids  cons isti ng  of  two  imm iscible  
l i qu i d  phases  or a  l i qu i d  wi th  suspended  so l i ds .  As  a consequence,  two-phase  f lows  are  
subj ect  to  add i t i onal  f l ow rate  restricti ons .  These  reduced  f low rates  are  also  requ i red  for  
hand l i ng  “contam inated”  l i qu i ds,  wh ich ,  i n  th is  con text,  are  defi ned  i n  3 . 6  as  l i qu ids  that  
con tains  more  than  0, 5  % by vo lume of  free  water or  other imm iscible  l i qu id  or  more  than  
1 0  mg/l  of  suspended  so l i ds.  

7. 9. 2  Earth i n g  

Al l  conducti ve  parts  of  the  equ ipment  shou ld  be  bonded  and  earthed ,  see  Clause  1 3 .  

Ensure  that  people  working  i n  the  vicin i ty of  a  b lend ing  operati on  are  not  an  i gn i t ion  r isk by 
fo l l owing  the  precauti ons  i n  C lause  1 1 .  

7. 9. 3  In -l in e  bl end i ng  

I n  th is  process,  m ixi ng  takes  p lace  wi th in  a  pi pe  i n to  wh ich  the  various  consti tuen ts  are  
pumped  at  prescribed  rates .  There  i s  usual l y no  vapour space  i n  wh ich  a  f lammable  m ixture  
can  occur,  and  hence  no  i gn i ti on  ri sk where  the  m ixing  i s  taking  place.  

To  avo id  i gn i t i on  hazards  i n  the  receiving  tank aris ing  from  charge  generated  i n  the  m ixing  
operation  or i n  subsequent  f l ow to  the  tank,  the  recommendations  for tank f i l l i ng  i n  7. 3  shou ld  
be  adopted  as  appropriate.  
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7.9.4  Blend ing  in  vessels  or tanks  

The blend ing  of  m iscible  l i qu i ds  to  produce  a s i ng le  phase  i s  not  undu ly hazardous  at  any 
conducti vi ty provided  that  the  precauti ons  appropriate  to  l i qu i d  hand l i ng  operations  are  taken  
(see  7. 3) .  

I f  the  m ixture  contains  d ispersed  l i qu id  or  so l i d  partic les ,  the  generati on  of  static  e lectric i ty 
cou ld  be  reduced  by i ncreas ing  the  conducti vi ty o f  any low conducti vi ty l i qu ids  i n  the  system .  
Th is  cou ld  be  done  by us ing  a more  conductive  so lven t  or  by add ing  a SDA (see  7. 2. 4) ,  
provided  that  i t  i s  compatible  wi th  the  i n tended  use  of  the  m ixture.  

I f  the  phases  i n  a  m ixture  are  al l  l i qu i ds  i t  i s  usual l y su ff ic ien t  to  raise  the  conducti vi ty of  the  
con tinuous  phase  to  above  the  l ow conducti vi ty range.  I f  one  or more  of  the  d ispersed  phases  
i s  a  so l i d  i t  cou ld  be  necessary to  i ncrease  the  conducti vi ty of  the  conti nuous  phase  to  m uch  
g reater than  1 00  pS/m  (1  000  pS/m  i s  general l y,  bu t  not  always  adequate)  and  also  to  restrict  
the  power i npu t  to  the  sti rrer (e. g .  i n  BS 5958  a maximum  power of  0 , 37  kW/m 3  i s  
recommended  for  suspensions  of  1  000  pS/m ) .  

NOTE  The  conducti vi ty  of  the  con ti nuous  phase  can  be  considerabl y reduced  by the  absorpt i on  of  i ons  by the  
so l i d  phase.  

I f  a  b l end ing  vessel  has  an  i n ternal  i nsu lat i ng  l i n i ng ,  e . g .  g lass ,  ceram ic  or  p lastic,  the  
re laxati on  of  charge  from  the  con ten ts  shou ld  be  promoted  by p lacing  earthed  conducti ve  
strips  or  plates  on  or  near the  bottom  of  the  vessel .  I t  i s  poss ible  that  th i s  precaution  i s  not  
necessary i f  the  l i n i ng  i s  th i n  or  conducti ve  enough  to  perm i t  charge  d iss ipati on  and  to  avoid  a  
hazardous  surface  potential .  The  poten tial  for  propagating  brush  d ischarges  wh ich  cou ld  
cause  pinho le  damage  to  i nsu lati ng  l i n ings  shou ld  be  considered  where  s i gn i f i cant  charge  
generation  may be  presen t  due  to  handl i ng  of  l ow conductivi ty or  mu l t i phase  m ixtu res  (see  
B. 1 . 4) .  

The  gaug ing  and  sampl i ng  of  whol l y l i qu id  systems  shou ld  be  carried  ou t  i n  accordance  wi th  
the  recommendations  of  7. 6 .  The  precautions  for l i qu ids  con tain i ng  a d ispersed  so l i d  phase  
wi l l  depend  upon  the  speci f ic  m ixtu re  and  no  general  advice  can  be  g i ven .  

As  an  al ternative  to  rais i ng  l i qu id  conductivi t i es,  the  vapour space  in  the  blend ing  vessel  cou ld  
be  i nerted  i n  accordance  wi th  the  recommendations  i n  8. 4.  Lim i t ing  the  power inpu t  to  the  
sti rrer  i s  then  no  l onger requ i red .  

7.9.5  Jet  m ixing  

The j et  m ix i ng  of  l i qu i ds  wi th  conducti vi t ies  exceed i ng  the  low conducti vi ty range  i s  not  
hazardous  provided  that  the  j et  does  not  break the  l i qu i d  surface  and  that  the  l i qu i d  and  al l  
metal  parts  of  the  equ ipment  are  earthed .  

I f  a  l i qu i d  has  a  l ow conductivi ty,  SDA (see  7. 2. 4)  cou ld  be  added  to  raise  i t  to  the  med ium  
conducti vi ty range,  provided  that  i t  i s  compatible  wi th  the  i n tended  use  of  the  m ixture.  

As  an  al ternati ve  to  rais i ng  l i qu i d  conducti vi t i es ,  the  vapour space  i n  the  tank may be  i nerted.  
The  use  of  i nerti ng  agents  shou ld  be  i n  accordance  wi th  the  recommendations  i n  8 . 4.  

I f  a  l i qu id  has  a l ow conductivi ty and  nei ther the  use  of  a  d i ssipati ve  add i t i ve  nor i nert i ng  i s  
poss ible,  the  degree  of  r i sk wi l l  depend  upon  ci rcumstances.  I t  cou ld  be  necessary to  seek 
expert  advice  i n  order to  con tro l  the  su rface  poten tial  of  the  l i qu id  i n  the  tank.  Factors  to  be  
cons idered  i ncl ude:  

a)  the  proxim i ty of  i n ternal  projecti ons  i n  the  tank to  the  l i qu i d  su rface,  s ince  a h i gh  f ie l d  
streng th  cou ld  occur i n  the  vapour space  due  to  charges  i n  the  i ncom ing  l i qu i d  being  
carried  up  to  the  surface  by the  j e t;  

b)  the  presence  of  a  separate  phase  (usual l y water)  at  the  bottom  of  the  tank;  
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c)  whether the  tank i s  be ing  f i l l ed  wh i l s t  the  m ixi ng  i s  taking  place;  

d )  the  t ime  e lapsed  s i nce  the  completion  of  a  f i l l i ng  operati on .  

Gaug ing  and  sampl i ng  shou ld  be  carri ed  ou t  i n  accordance  wi th  the  recommendations  g i ven  
i n  7. 6.  

7.9.6  H igh  speed  m ixing  

High  speed  m ixi ng ,  for  example  to  produce  emu ls ions,  generates  more  charge  than  normal  
b lend ing .  Expert  advice  shou ld  be  sough t  on  the  amendments  to  the  precau ti ons  g i ven  i n  
7. 9. 4  that  wi l l  be  necessary during  h i gh  speed  m ix i ng  of  imm iscible  l i qu i ds.  

7.1 0  Spraying  l iqu ids and  tank clean ing  

7. 1 0. 1  General  

When  the  wash ing  j et  impinges  on  the  tank wal l  or  any protrus ion  i n  the  tank,  i t  forms  a m ist  
of  f i ne  droplets,  wh ich  i s  usual l y charged .  Due  to  tu rbu lence  created  by the  wash ing  j ets ,  the  
charged  m ist  i s  usual l y d i stri bu ted  un i form ly th roughout  the  tank.  

The  charged  m ist  produces  h i gh  e lectrical  poten tials  and  the  maximum  value,  wh ich  occurs  i n  
the  centre  of  the  tank,  depends  main l y on  the  s i ze  of  the  tank and  the  charge  dens i ty of  the  
m ist.  The  charge  dens i ty depends  on  the  nature  of  the  l i qu i d  being  used  for  c l ean ing  (e . g .  
water  or  o i l ,  u se  of  detergen ts)  and  the  type  of  clean ing  system  being  u sed  ( l i qu id  pressure  
and  th roughput,  nozzle  d iameter) .  

An  add i t ional  i gn i t i on  hazard  cou ld  occur due  to  brush  d ischarges  to  an  earthed  conducti ve 
object  protrud ing  i n to  the  i n teri or of  the  tank.  I f  the  space  potential  i n  the  tank exceeds  abou t  
58  kV the  brush  d ischarges  cou ld  i gn i te  h ydrocarbon/ai r  atmospheres  al though  such  h i gh  
poten tials  are  se ldom  produced  du ring  tank clean ing .  

I f  i so lated  conductors  were  presen t  i n  the  tank,  i ncend ive  sparks  cou ld  occur at  much  lower  
poten tials .  Typical l y,  poten tials  i n  the  range  5  kV to  20  kV are  su ff ic i en t  to  produce  sparks  
i ncend ive  to  h ydrocarbon/ai r  atmospheres.  The  value  depends  on  the  s i ze  of  the  i so lated  
conductors  and  the  l eng th  of  the  spark gap.  I so lated  conductors  are  i nevi tabl y formed  when  
wash ing  wi th  l i qu id  j ets  from  h igh -throughput  nozzles  because  these  produce  l arge  i solated  
l i qu i d  vo lumes  cal l ed  “s lugs”  as  the  j et  breaks  up.  These  s l ugs  cou ld  be  charged  by i nduction  
to  the  potential  at  the  tank cen tre  and  i ncend ive  sparks  cou ld  occur when  s lugs  wi th  a 
poten tial  of  at  l east  1 5  kV approach  earthed  conducti ve  objects .  I t  i s ,  therefore,  
recommended ,  as  far  as  poss ible ,  to  avoid  nozzles  that  may form  l arge  i so lated  s l ugs  duri ng  
the  j et  breakup process.  Care  shou ld  also  be  taken  that  l i qu i d  does  not  gather and  then  spi l l  
fal l  from  ledges  or recesses  near  the  roof  of  the  tank.  

After a  cl ean ing  operati on ,  subsequen t  processes  (e. g .  i nspecti on ,  gaug ing ,  sampl i ng )  shou ld  
be  delayed  un ti l  any charged  m ist  generated  has  sett led .  Th is  can  take  several  hours  for  very 
l arge  tanks.  

7.1 0.2  Tank clean ing  wi th  low or medium  pressure  water jets  (up  to  about  1 2  bar)  

Fol lowing  explos ions  on  board  th ree  very l arge  crude  carri ers  wh i le  c l ean ing  tanks  wi th  water 
j ets  i n  1 969,  techn ical  reports  showed  that  the  maximum  poten tial  i n  the  tank i s  proportional  
to  the  charge  dens i ty of  the  m ist  and  to  the  square  of  the  l i near d imens ion  of  the  tank (or i n  
other words  proport ional  to  V2/3  where  V i s  the  tank vo lume) .  Th is  means  the  i gn i t i on  hazard  
i ncreases  wi th  the  vo lume of  the  tank.  

Techn ical  reports  show that  c l ean ing  a tank wi th  a capaci ty of  l ess  than  1 00  m 3  presen ts  a 
very l ow hazard  l evel  bu t  clean ing  a tank wi th  a capaci ty of  1 0  000  m 3  or  more  i s  hazardous.  
The  threshold  vo lume l i es  between  these  l im i ts .  A more  precise  value  can  on l y be  g i ven  i f  al l  
the  cond i t ions  are  known .  The  I n ternational  Mari t ime  Organ isati on  ( IMO)  regu lat ions  for  



I EC TS  60079-32-1 :201 3+AMD1 :201 7  CSV – 79  – 
© I EC  201 7  

seagoing  tankers  requ i re  that  the  tanks  of  tankers  wi th  50  000  dwt and  more  shou ld  on l y be  
cl eaned  when  the  tanks  are  i nerted .  Detai led  i nstructi ons  are  g i ven  in  the  " I n ternational  Safety 
Gu ide  for O i l  Tankers  and  Term inals  ( I SGOTT) " .  

7.1 0.3  Tank clean ing  wi th  low conductivi ty l i qu ids  

Low conducti vi ty l i qu ids,  e . g .  h ydrocarbons,  charge  less  than  water  duri ng  spraying  because  
they con tain  on l y a smal l  concentrati on  of  d i ssociated  ions .  Spraying  l ow conducti vi ty so lven ts  
cou ld  be  cons idered  to  be  safe  i n  the  cases  described  above.  However,  the  cl ean ing  so lven ts  
shou ld  not  contain  e i ther  water or  so l id  particles  that  cou ld  form  a second  phase  i n  the  l i qu i d .  
For th is  reason  the  cl ean ing  so lven t  shou ld  not  be  reci rcu lated  un less  the  fore ign  matter  
con ten t  i s  l ess  than  0 , 5  %.  

The  l i qu id  i n  the  tank shou ld  be  drained  during  cl ean ing  to  avo id  the  bu i l d-up of  charge  i n  
l i qu i d  that  accumu lates.  

7.1 0.4  Tank clean ing  wi th  h igh  pressure  water  or solvent  j ets  (above 1 2  bar)  

I n  the  chem ical  i ndustry,  con tainers  and  smal l er vessels  (e. g .  s t i rri ng  vessels)  are  often  
cl eaned  us i ng  h igh  pressure  spraying  heads  operated  at  pressures  of  up  to  500  bar.  I t  i s  
suspected  that  these  sprays  cou ld  create  very h igh  charge  dens i t i es  and  potentials  i n  the  tank 
duri ng  clean ing .  Experimen tal  evi dence,  however,  has  shown  that  the  i gn i t i on  ri sk for tanks  
wh ich  contain  a  f l ammable  h ydrocarbon/ai r  atmosphere  i s  acceptable  i n  the  fo l l owing  
ci rcumstances:  

a)  Spraying  water  

1 )  Cyl i ndrical  metal  con tainer up  to  3  m  d iameter,  and  

2)  Spraying  head  operated  at  500  bar maximum  l iqu i d  pressure  and  maximum  l i qu id  f low 
rate  of  5  l /s .  

b)  Spraying  l ow conductivi ty l i qu ids  

1 )  Cyl i ndrical  metal  con tainer of  up  to  5  m ³  volume,  and  

2)  Spraying  head  operated  at  50  bar maximum  pressure  and  1  l /s  maximum  l i qu id  
th roughpu t.  

The  wash ing  l i qu i ds  shou ld  not  con tain  more  than  0, 5  % foreign  l i qu id  or  part ic les  wh ich  can  
form  a second  phase  and  they shou ld  be  drained  duri ng  wash ing  to  avoid  accumu lations  of  
charge.  I n  add i t ion ,  al l  conducti ve  parts  shou ld  be  earthed.  

Safe  operati on  has  on l y been  veri f ied  wi th in  the  above  l im i ts  bu t  exceed ing  them  does  not  
necessari l y create  a  hazardous  s i tuati on .  Seek special ist  advice  i n  those cases.  

I n  the  case  of  con tainers  wi th  i nsu lati ng  wal ls  the  l im i ts  are  unknown ,  bu t  i n  any case  they wi l l  
be  much  lower than  for  metal  containers .  Th is  i s  because  even  i n  smal l  con tainers  plastic  
wal ls  charged  by the  c l ean ing  process  may create  charged  puddles  of  conducti ve  l i qu i ds  
wh ich  are  known  to  produce  i ncend ive  spark d ischarges  on  com ing  i n to  con tact  wi th  earthed  
parts.  Al ternativel y,  us i ng  low conducti vi ty l i qu i ds  may create  h i gh l y charged  container wal ls  
able  to  produce  i ncendive  brush  d ischarges.   

For these  reasons  the  presence  of  an  explos ive  atmosphere  i ns ide  insu lat ing  containers  
shou ld  be  avoided  duri ng  the  c l ean ing  process,  e. g .  by f i l l i ng  and  emptyi ng  them  wi th  water 
beforehand ,  or  by the  use  of  c lean ing  l i qu i ds  wi th  a  h i gh  f l ash  poin t.  Special is t  advice  may be  
necessary i n  those  cases  where  e lectrostatic  i gn i t i on  hazards  are  expected  and  an  explos ive  
atmosphere  i s  presen t.  

7.1 0.5  Steam  clean ing  tanks  

Steam  clean ing  tanks  produces  an  electrostatical l y charged  m ist .  Experimental  evi dence  
i nd icates  that  th is  does  not  resu l t  i n  an  i gn i t i on  hazard  for  tanks  wi th  vo lumes  up to  1 00  m ³ 
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wh ich  contain  a f l ammable  atmosphere.  However,  a  hazardous  s i tuation  may exist  wi th  l arger 
vo lumes.  

7. 1 0.6  Water  deluge systems 

Water deluge  systems  are  used  main l y to  knock down  and  d isperse  f lammable  atmospheres .  
They do  not  operate  at  h igh  pressures  and  do  not  produce  h i gh l y charged  clouds  of  m ist.  
S ince  they tend  to  d isperse  rather than  to  concentrate  charged  droplets ,  they are  un l ikel y to  
l ead  to  e lectrostatic  i g n i t i on  problems.  

7. 1 1  G lass systems 

7. 1 1 . 1  General  

I ncend ive  d ischarges  wi th in  g lass  systems  are  due  main l y to  charg ing  by l ow conducti vi ty  
l i qu i ds  or  dust/ai r-m ixtu res.  Charge  accumu lation  i s  s trong l y i ncreased  by having  a l ow 
conducti vi ty p lastic  coating  on  the  g lass  su rface.  

Spark d ischarges  cou ld  occur from  conducti ve  parts  (metal  f l anges,  f i tt i ngs ,  valves)  and,  
under usual  ambien t  cond i t i ons ,  brush  d ischarges  from  plastic  coated  g lass  surfaces.  

Brush  d ischarges  cou ld  on l y occu r from  uncoated  g lass  su rfaces  at  l ow re lati ve  hum id i ty or,  
for  example,  i f  the  surface  temperature  was  wel l  above  the  ambien t  temperature.  

7.1 1 .2  Precautions to  be taken  for low conductivi ty l iqu ids  

Hazards  from  l ow conducti vi ty l i qu i ds  can  be  reduced  by taking  the  precauti ons  recommended  
i n  7. 2.  For systems  made main l y from  uncoated  g lass,  however,  the  fo l l owing  earth i ng  
requ i rements  need  to  be  considered .  

I n  Zone  0  areas  contain i ng  gases  and  vapours  i n  Groups  I IC  (see  Annex D) ,  al l  conducti ve  
parts,  such  as  metal  f langes,  f i tt i ngs ,  valves  or measuri ng  equ ipmen t shou ld  be  connected  to  

earth  wi th  a res is tance  of  less  than  1  MΩ .  For al l  metal  systems,  a  res istance  of  l ess  than  

1 0  Ω  shou ld  be  ach ieved .  I f  a  s i gn i f i can tl y h i gher value  i s  found ,  fu rther i nvesti gations  shou ld  
be  made to  check for possible  problems,  e . g .  corrosion  or  a  l oose  connection .  

I n  case  of  gases  and  vapours  i n  G roup  I IA and  I IB  i t  i s  on l y necessary to  earth  conducti ve  
i tems  wi th  an  i nstal led  e lectrical  capaci tance  of  more  than  3  pF.  Thus  i t  i s  not  necessary to  
earth  smal l  bol ts  or  screws  (e lectrical  capaci tance  equal  to  or  l ess  than  3  pF) .  F i tt i ngs,  valves  
or seals  wi th  unearthed  conductive  parts  wi th  a capaci tance  above  3  pF  and  wh ich  cannot  be  
earthed  ( for  example  due  to  having  an  i nsu lati ng  coati ng )  are  not  su i table  for use  in  g lass  
systems.  

I f  pro l i f i c  charge  generati ng  e lements  such  as  m icrofi l ters  are  used ,  i ncend ive  brush  
d ischarges  cou ld  occur from  the  g lass  to  conductive  surfaces.  I n  those  ci rcumstances  the  
f langes  shou ld  be  made  from  i nsu lati ng  materials .  

I n  Zone  1  areas  contain i ng  gases  and  vapours  i n  Group I I B  and  I I C,  the  same requ i remen t  to  
earth  conductive  i tems  wi th  an  e lectrical  capaci tance  more  than  3  pF appl i es.  For Zone  1  
areas  i n  the  presence  o f  those  i n  Group I I A,  the  e lectrical  capaci tance  shou ld  not  exceed  
6  pF.  

I n  Zone  2  i t  i s  usual l y su ffi cient  to  earth  conducti ve  f langes  on l y i n  the  vicin i ty  of  strong  
charge  generating  e lements  such  as  pumps,  m icrofi l ters  and  nozzles  provid ing  the  p ipes  do  
not  exceed  50  mm  d iameter.  

For p ipes  of  d i ameter 50  mm  and  above,  al l  f langes  and  metal l i c  parts  of  comparable  s i ze  
shou ld  be  earthed.  
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The  restricti ons  for the  hand l i ng  of  l ow conducti vi ty l i qu i ds  i n  systems  made from  plastic  
coated  g lass  (g lass  wi th  external  p lastic  coating )  are  comparable  to  those  for the  hand l ing  of  
such  l i qu i ds  i n  i nsu lati ng  systems  and  are  summarised  i n  7. 3 . 4. 6 .  The  precauti ons  for 
hand l i ng  conducti ve  or  d i ss ipative  conten t  such  as  water,  acids ,  bases  or alcohols  are  the  
same as  for  uncoated  g lass.  

Conducti ve  l i qu i ds  in  g lass  and  g lass  l i ned  metal  systems  shou ld  be  earthed,  e . g .  by 
conducti ve  i n l et  or  ou tl et  p ipes  or an  earthed  metal  pl u g  at  the  bottom  of  the  system  (see  also  
7. 3. 4.2) .  

Expert  advice  i s  recommended  when  hand l i ng  so lven t  wet  powders  i n  g lass  systems.  

8 Static  electrici ty in  gases  

8.1  General  

The movement  of  pure  gases  or  a  m ixture  of  gases  generates  l i tt le ,  i f  any,  s tatic  e l ectri ci ty bu t  
i f  the  gases  contain  so l i d  or  l i qu i d  particles  these  can  become charged .  I n  i ndustrial  
processes  such  particles  are  common.  They can  be  due  to  contam ination ,  such  as  dust  or  
water droplets ,  they can  be  a  condensed  phase  of  the  gas  i tse l f ,  such  as  carbon  d i oxide  snow 
or the  droplets  i n  wet  steam ,  or  they can  be  del i beratel y i n troduced,  e. g .  shot  b last i ng  or  pain t  
spraying .  

Examples  of  processes  where  part ic le  charg ing  can  g i ve  rise  to  s i gn i f i cant  amoun ts  of  
e lectrostatic  charg ing  i nclude:  pneumatic  transfer  of  materials ;  the  escape or  re lease  of  any 
compressed  gas  con tain ing  part icles;  the  re lease  of  l i quefi ed  carbon  d i oxide;  the  use  of  
i ndustrial  vacuum  cleaners;  and  spray pain t ing .  

Charged  partic les  produced  by these  mechan isms can  g i ve  ri se  to  a  number of  types  of  
i ncendive  d ischarges:  spark d ischarges  (see  A. 3. 2)  can  occur when  charge  bu i l ds  up  on  
i solated  conductors  as  a resu l t  of  impingement  or  co l lect ion  of  part icles;  brush  d ischarges  
(see  A. 3. 4)  can  occur when  charged  c louds  or  j e ts  of  charged  part ic les  are  close  to  earthed  
metal  projecti ons;  propagati ng  brush  d ischarges  (see  A. 3 . 5)  can  occur due  to  charged  
part ic les  imping ing  on  th i n  l ayers  of  i nsu lat i ng  material ;  and  cone  d ischarges  (see  A.3 . 7)  can  
occur when  charged  partic les  co l lect  and  form  a cone,  as  i n  a  s i lo .  There  i s  no  evidence  to  
suggest  that  l i gh tn ing - l ike  d ischarges  (see  A. 3 .6)  can  occur  i n  i ndustrial  scale  equ ipmen t.  

I t  i s  not  possible  to  preven t  the  e lectrostatic  charg ing  of  particles  bu t  i gn i t i on  can  be  avoided  
e i ther  by ensuring  that  the  atmosphere  i s  not  f l ammable  or  by preven ting  i ncend ive  
d ischarges.  The  precau ti ons  that  can  be  taken  to  avo id  i ncend ive  d ischarges  i nclude  the  
fo l l owing :  

1 )  ensuri ng  that  al l  metal  and  other conductive  objects  are  earthed  (see  Clause  1 3) ;   

2)  avo id ing  the  use  of  i nsu lati ng  materials;   

3 )  reducing  charge  dens i ti es  by restrict i ng  f l ow ve loci t i es  or  by su i table  nozzle  des ign ;  

4)  removing  the  partic les.  

For recommendations  re lating  to  the  pneumatic  transfer of  powders  see  C lause  9 .  For  
recommendations  for  o ther i ndustrial  processes  see  8. 2  to  8. 8.  

8.2  Gri t  b lasting  

Gri t  (or shot)  b lasti ng  of  surfaces  i s  used  for c lean ing  or preparati on  pri or to  pain t i ng .  The  
process  can  l ead  to  charg ing  of  the  g ri t ,  the  g ri t  b lasti ng  equ ipment,  the  hose  and  any nozzle  
attached  to  the  end  of  the  hose.  Sparks  can  occur as  a resu l t  of  g ri t  accumu lating  or  
imping ing  on  unearthed  metal  objects  or  d i rectl y from  parts  of  the  b lasti ng  equ ipment.  
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I f  such  equ ipment i s  used  where  there  cou ld  be  f l ammable  atmospheres,  al l  metal  parts  i n  the  
area and  al l  parts  of  the  blasting  equ ipment,  parti cu larl y the  nozzle  attached  to  the  end  of  the  
hose,  shou ld  be  earthed.  The  hose  shou ld  be  conductive  or d iss ipati ve.  

8.3  Fi re  extingu ishers  

Some types  of  pressuri sed  f i re  ext i ngu isher,  particu larl y those  us i ng  carbon  d ioxide,  can  
generate  h i gh l y charged  clouds.  I f  there  i s  a  f i re  th is  i s  of  l i tt l e  importance.  However,  i f  such  
equ ipment i s  s i tuated  where  a f lammable  atmosphere  cou ld  be  presen t,  the  con tainer and  the  
associated  pipework shou ld  be  earthed.  I n  the  absence  of  f i re ,  the  system  shou ld  not  be  
operated  for testi ng ,  demonstration  or i nerti ng  un ti l  i t  has  been  establ i shed  that  there  are  no  
f lammable  m ixtu res  i n  the  area.  

8.4  Inerting  

I nert i ng  a system ,  for  example,  by us i ng  pressurised  carbon  d ioxide,  can  in troduce  large  
amoun ts  of  charged  parti cles  or  droplets .  I f  the  system  contains  a f l ammable  atmosphere  th is  
can  lead  to  i ncendive  d ischarges  occurring  before  su ff icien t  i nert  material  has  been  added  to  
ensure  that  the  atmosphere  i s  no  l onger explos ive.  

To  avoid  the  r isk of  i gn i ti on  when  i nert i ng  vessels  con tain ing  f l ammable  gas  m ixtures  or dust  
suspensions,  avoid  i n j ecti ng  part icles .  Where  poss ible,  use  gases  that  do  not  con tain  
part icu late  matter or  wh ich  do  not  condense  to  a  l i qu i d  or  sol i d  phase  when  released  at  h i gh  
pressure,  e. g .  c lean  dry n i trogen .  

Wet steam  shou ld  not  be  used  for i nerti ng  a  vessel  contain ing  a f l ammable  m ixture  of  any 
kind .  Dry steam  i s  acceptable  provided  that  al l  condensed  water i s  removed  from  the  l i nes  
prior  to  the  i nerting  operation .  

Whatever substance  i s  u sed  for i nert i ng ,  i t  i s  advisable  to  i n troduce  i t  s lowl y th rough  a large  
ori f i ce.  Th is  wi l l  both  m in im ise  the  pick-up of  d i rt  and  scale  from  the  l i nes  and  also  the  rais ing  
of  dust  or  spray wi th in  the  vessel .  

8.5  Steam  clean ing  

Steam  i ssu ing  from  a nozzle  cou ld  contain  charged  water d roplets .  I ns ide  a  vessel  the  
charged  m ist  cou ld  l ead  to  h igh  e lectric  f i e lds  g i vi ng  ri se  to  i ncendive  d ischarges.  

Experimen tal  evidence  i nd icates  that  th is  does  not  resu l t  i n  an  i g n i t i on  hazard  for  tanks  wi th  
vo lumes  up to  1 00  m ³ wh ich  con tain  a  f l ammable  atmosphere.  However,  a  hazardous  s i tuation  
may exis t  wi th  l arger vo lumes.  

For th is  reason ,  tanks  wi th  capaci t i es  g reater than  1 00  m 3  that  cou ld  con tain  a f lammable  
atmosphere  shou ld  not  be  steam  cleaned .  Tanks  smal ler  than  th is  may be  s team  cleaned  
provid i ng  that  the  steam  nozzles  and  o ther  metal  parts  of  the  system  are  re l i abl y earthed;  the  
vessel  or  container  being  c l eaned  i s  earthed;  and,  where  poss ible,  dry or  superheated  steam  
shou ld  be  used  and  condensate  prevented  from  form ing  i n  the  l i nes.  

8.6  Accidental  l eakage of  compressed  gas  

Hazardous  charges  cou ld  be  produced  when  e i ther f lammable  or non- f lammable  gases  
con tain ing  l i qu id  or  so l i d  part ic les  are  accidental l y re leased .  I f  there  i s  the  poss ibi l i ty of  a  l eak 
where  there  cou ld  be  a f lammable  atmosphere,  the  contain ing  vessel  or  pipe  and  any 
ad j acen t  conducti ve  objects  shou ld  be  earthed.  Conducti ve  objects  that  cou ld  be  moved  i n to  
an  area contain i ng  a f l ammable  atmosphere  shou ld  be  earthed  before  the  obj ect  i s  moved.  
People  go ing  i n to  the  area of  such  l eaks,  for  example  to  carry ou t  repai rs,  shou ld  also  be  
earthed  (see  C lause  1 3)  and  i nsu lating  objects  shou ld  not  be  taken  i n to  the  area.  
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8. 7  Sprayi ng  of  fl am mabl e pai nts  and  powd ers  

8. 7. 1  Gen eral  

The clouds  of  d roplets  or  part ic les  produced  by pain t  or  powder sprayi ng  are  often  h i gh l y 
charged.  As  a  resu l t ,  the  spraying  equ ipment,  the  object  bei ng  sprayed  and  any other object  
( i ncl ud ing  people)  wi th in  range  of  the  spray cou ld  also  become charged .  I f  the  c l oud  of  
droplets  or  part ic les  i s  f l ammable  there  can  be  an  i gn i t i on  hazard .  The  ri sks  are  g reatest  wi th  
e lectrostatic  pain t,  powder and  f lock spraying .  Even  i n  the  case  of  water based  pain ts  the  
occurrence  of  propagati ng  brush  d ischarges  i s  possible,  e. g .  duri ng  e lectrostatic  varn ish ing  of  
metal  car  bod ies.  Local  extract  venti lat i on  may also  be  requ i red  to  contro l  the  f lammabi l i ty  
hazard.  

NOTE  The  safety requ i remen ts  for  these  processes  are  g i ven  i n  EN  50050,  EN  50059,  EN  501 76,  EN  501 77  and  
EN  50223.  

Airless  spraying  processes  can  also  g i ve  ri se  to  h igh  charge  l evels  and  the  precau tions  g i ven  
i n  8 . 7. 2  shou ld  be  observed .  The  l evel  of  charg ing  wi th  ai r-atom ised  spraying  equ ipment i s  
not  usual l y h i gh  enough  to  cause  concern .  However,  i f  sparking  or  e l ectrostatic  shocks  are  
encoun tered ,  th is  equ ipment shou ld  also  be  subj ect  to  the  precautions  g i ven  i n  8. 7.2 .  

Operations  to  c lean  spray equ ipment  and  spray booths  also  need  to  be  cons idered,  
particu larl y i f  f lammable  so lvents  are  u sed.  

8. 7. 2  Earth i n g  

The spraying  equ ipment,  al l  metal l i c  objects  i n  the  vicin i ty of  the  pain t  or  powder cl oud ,  and ,  
i n  particu lar,  the  object  being  sprayed  shou ld  be  earthed  (see  C lause  1 3) .  

Pain t  or  powder deposi ts  can  prevent  earth ing  by the  j i gs  and  suspension  hooks .  Th is  
problem  can  be  avoided  by su i table  des ign  and  regu lar cl ean ing .  People  operating  the  
equ ipment  shou ld  also  be  earthed  (see  C lause  1 1 ) .  

8. 7. 3  Pl asti c  spray cabin ets  

Due to  the  ri sk of  brush  d ischarges  spray cabinets  made of  i nsu lat i ng  materials  shou ld  not  be  
used  for  spraying  f l ammable  pain ts .  They are  acceptable  for  spraying  powders  on l y i f  i t  can  
be  shown  that  there  i s  no  i gn i t ion  ri sk.  Cabinets  of  conductive  or d iss i pati ve  material  are  
acceptable  for al l  types  of  spraying ,  provided  that  they are  earthed.  The  appl icati on  of  
protecti ve  i nsu lat i ng  fo i l s  on  conductive  or  d i ss ipative  surfaces  shou ld  be  avoided  as  they 
may lead  to  hazardous  propagating  brush  d ischarges.  

8. 8  Vacu u m  cl ean ers,  fi xed  an d  mobi l e  

8. 8. 1  G en eral  

Vacuum  clean ing  systems  can  generate  l arge  amoun ts  of  e l ectrostatic  charge .  The  material ,  
i n  the  form  of  dust,  partic les,  l i qu i d  drops  or smal l  objects,  can  become charged  as  i t  i s  
sucked  i n  th rough  the  nozzle  and  the  hose  in to  the  co l l ecti ng  system .  I f  there  are  metal  parts  
wi th i n  the  system  wh ich  are  not  bonded  to  i t  and  earthed,  they cou ld  acqu i re  a  h i gh  vo l tage .  
I ncend ive  spark d ischarges  (see  A. 3 . 2) ,  cou ld  occur e i ther between  the  metal  parts  or  from  
the  system  to  earth .  Brush  d ischarges  (see  A. 3. 4)  cou ld  also  occur  i ns i de  the  system  between  
accumu lations  of  charged  material  and  earthed  metal .  

8. 8. 2  Fi xed  system s 

I f  the  equ ipmen t i s  used  for co l l ecti ng  f l ammable  materials ,  al l  metal  and  conducti ve  parts  of  
the  system  shou ld  be  bonded  together and  earthed .  I t  i s  particu larl y importan t  to  ensu re  that  a  
metal  nozzle  i s ,  and  remains,  bonded  to  the  f lexible  connecting  hose.  That  hose  shou ld  be  
e i ther  conductive  or d issipati ve  (see  Table  1 5  for l i qu ids  and  9 . 3 . 3  for so l i ds) .  E lectrical l y 
bonded  hoses  are  also  acceptable  i f  they are  constructed  so  that  no  brush  d ischarges  cou ld  
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be  generated  (see  7. 7. 3)  or  i f  no  f l ammable  gases  and  vapours  are  present .  The  hose  shou ld  
be  bonded  to  the  co l lect i ng  system ,  wh ich  shou ld  also  be  earthed  and,  preferabl y,  shou ld  be  
s i ted  ou ts ide  of  the  hazardous  area.  

I n  some cases  where  l i nes  are  l ong  the  use  of  d i ss ipati ve  hoses  may not  provide  a su ffi c ien tl y  
l ow res istance  for earth ing  of  end-of- l ine  conductive  components  (e . g .  nozzles)  and  a  
ded icated  earth  connecti on  to  such  conducti ve  componen ts  may,  therefore,  be  necessary.  

I f  the  system  may be  u sed  for co l lect ing  f lammable  l i qu ids,  vapours  or  gases,  the  system  
shou ld  be  special l y designed  for th is  purpose  to  avo id  the  r isk  of  brush  d ischarges .  The  
present  state  of  knowledge  i nd icates  that  there  i s  no  i gn i t ion  r isk due  to  brush  d ischarges  i n  
the  case  of  sens i ti ve  dusts  provid ing  that  there  are  no  f lammable  gases  or  vapours  (see  
A. 3 .4) .   

F i l ter  med ia  made  from  earthed  conducti ve  material  shou ld  always  be  used  where  f l ammable  
vapours  are  present  or  where  non-metal l i c  conducti ve  powders  wi th  a M IE  l ess  than  30  mJ  
are  hand led .  Such  fabrics  shou ld  also  be  used  for  combustib le  metal l i c  dusts  having  M IE  l ess  
than  30  mJ  provided  that  d ry med ia type  dust  co l l ectors  are  not  expressl y proh ibi ted  by 

prevai l i ng  regu lat i ons .  The  res istance  to  earth  shou ld  be  below 1 00  MΩ .  The  use  of  f i bres  
con tain i ng  conducti ve  th reads  also  helps  to  reduce  charge  on  the  powder and  f i l ter by corona 
d ischarge.  

To  prevent  e l ectrostatic  shock the  conducti ve  parts  of  al l  co l l ect i ng  systems  shou ld  be  
earthed  even  when  they are  not  used  for  co l l ecti ng  f lammable  materials  (see  Clause  1 3) .  

Large  systems  shou ld  be  treated  as  systems  for pneumatic  transport  (see  Clause  9) .  

8.8.3  Portable  systems 

I f  the  equ ipmen t i s  used  for co l l ecti ng  f l ammable  materials ,  al l  metal  and  conducti ve  parts  of  
the  system  shou ld  be  bonded  together and  earthed .  I t  i s  particu larl y important  to  ensure  that  
the  con tainer i s  always  earthed  when  i n  use .  Th is  cou ld  be  done  us ing  the  mains  l ead  or,  i n  
the  case  of  compressed  ai r  dri ven  equ ipmen t,  by u si ng  a conducti ve  or e lectrical l y bonded  
hose  for the  compressed  ai r.  

Equ ipment  wh ich  cannot  be  earthed  (e. g .  because  the  ou ter  shel l  i s  i nsu lati ng ,  see  3. 1 5)  and  
wh ich  does  not  have  e lectrical  con tinu i ty between  the  nozzle  and  the  receiver shou ld  not  be  
used  i n  hazardous  areas  (see  Annex D) .  

8.8.4  Vacuum  trucks  

Vacuum  trucks  shou ld  be  connected  to  a des ignated  s i te  earth  before  commencing  any 
operati ons.  I n  areas  where  s i te  earths  are  not  presen t,  i . e .  where  portable  earth ing  rods  are  
requ i red ,  or  there  i s  doubt  regard ing  the  qual i ty of  s i te  earths ,  the  res is tance  to  earth  shou ld  
be  veri f i ed  pri or to  any operation .  When  the  truck i s  connected  to  a veri f i ed  earth ,  the  

connecti on  res istance  between  the  truck and  veri f ied  earth  shou ld  not  exceed  1 0  Ω  for  pure  

metal l i c  connections  or  1  MΩ  for  al l  o ther  connections .  

Th is  requ i rement shou ld  be  veri f i ed  wi th  a truck moun ted  earth i ng  system  or portable  
ohmmeter.  The  e lectrostat ic  su i tabi l i ty of  the  hoses  used  shou ld  also  be  veri f i ed  in  
accordance  wi th  7. 7. 3  or  9 . 3 . 3 .  

9 Static  electrici ty in  powders 

9.1  General  

Accord ing  to  experience  the  i g n i tabi l i ty of  bu lk material  rang ing  from  f ine  dust  to  g ranu les  or  
ch ips  i ncreases  wi th  decreas ing  particle  s i ze  and  decreas ing  m in imum  ign i t i on  energy (M IE) .  
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Explos ion  hazard  assessment  shou ld  always  be  based  on  the  m in imum  ign i t i on  energy of  the  
f i nest  part ic le  s i ze  fracti on  that  may be  presen t.  Th is  fraction  i s  usual l y obtained  by s ievi ng  a  

sample  th rough  a  63  µm  s ieve.  

NOTE  1  For a  l i s t  of  M IE  of  powders  see  BIA-Report  1 2/97  “Combusti on  and  expl os ion  characteri s t i cs  of  dusts”.  A  
method  for determ in i ng  the  M I E  i s  g i ven  i n  I EC  61 241 -2-3 ,  ASTM  E201 9-03  and  EN  1 3821 .  

NOTE  2  M IE  of  powders  are  notori ous l y  variable  depend ing  on  many parameters  not  common ly detai l ed  i n  
l i teratu re  data sou rces  (part i cl e  s i ze  d i stri bu ti on ,  so l ven t/moistu re  con ten t  etc. ) .  

I f  the  re levan t  m in imum  i gn i ti on  energy i s  above  1  J  and  there  are  no  f lammable  gases  and  
vapours  present,  special  measures  to  avo id  i gn i t i on  hazards  due  to  s tatic  e l ectric i ty are  
usual l y not  necessary.  A poss ible  exception  to  th is  i s  the  case  where  propagati ng  brush  
d ischarges  are  poss ible  (see  9. 2  d ) ) .  

NOTE  Precau ti ons  m igh t  be  necessary to  m in im ise  e l ectrostati c  shock ri sks.  See  1 2. 2.  

Bu lk materials  are  class i f i ed  i n to  3  g roups  depend ing  on  thei r  vo lume res isti vi ty:  

a)  l ow res is ti vi ty powders,  wi th  vo lume res is t i vi t ies  ρ  ≤  1  MΩ  m ;  

b)  medium  res ist i vi ty powders,  wi th  vo lume  res ist i vi ti es  1  MΩ  m  <  ρ  ≤  1 0  GΩ  m ;  

c)  h igh  res ist i vi ty powders,  wi th  res ist i vi t i es  ρ  >  1 0  GΩ  m .  

NOTE  For methods  to  measure  the  res i st i vi ty  see  I EC  60079-32-2 7.  

I n  practice,  l ow res isti vi ty powders  are  rare .  Even  metal  powders  do  not  remain  conductive  for  
very l ong  because  oxide  f i lms  form  on  the  surface  and  i ncrease  thei r  res ist i vi ty.  An  excepti on  
i s ,  however,  carbon  b lack.  

During  hand l ing  of  bu lk materials  e l ectrostatic  charg ing  normal l y occurs .  I n  add i t i on  to  
avo id ing  the  hazardous  accumu lations  of  charge  add i ti onal  explos ion  protecti on  measures  
may have  to  be  taken  as  i nerting ,  the  use  of  explos ion  res istant  equ ipmen t,  explos ion  venti ng  
or  explos ion  suppress ion .  

9. 2  Di sch arg es,  occu rren ce  an d  i n cen divi ty  

The bu i ld  up  and  retenti on  of  charge  on  powder  or  equ ipment creates  a  hazard  on l y i f  the  
charge  i s  sudden l y released  i n  the  form  of  a  d i scharge  wh ich  can  cause  an  i g n i t i on .  Charged  
powder and  equ ipment can  g i ve  ri se  to  several  types  of  d i scharge  and  they vary g reatl y i n  
i ncendivi ty (see  A. 3. 2  to  A. 3 . 7) .  The  i ncendivi ty and  other detai l s  of  these  d ischarges  re levan t  
to  powder hand l i ng  are  as  fo l l ows:  

a)  Spark d ischarges:  The  i ncendivi ty of  spark d ischarges  can  usual l y be  assessed  by 
comparing  the  stored  energy (see  A.3 .2) ,  wi th  the  M IE  of  the  combustible  powder in  
question  (see  C. 6) .  Spark d ischarges  can  be  avoided  by earth i ng  al l  conductive  parts  of  
equ ipment,  conductive  products  and  also  people;  

b)  Brush  d ischarges:   The  presen t  s tate  of  knowledge  i nd icates  that  i ndependen t  of  the i r  M IE  
combustib le  powders  cannot  be  i gn i ted  by brush  d ischarges,  provid ing  there  are  no  
f lammable  gases  or  vapours  (see  A.3 . 4) .  When  hand l i ng  large  amounts  of  medium  or  h igh  
res ist i vi ty powders ,  brush  d ischarges  cannot  be  avoided  (see  B. 3 . 7) ;  

c)  The  presence  of  con tam inations  (e . g .  so lvent,  g rease  or moisture)  may affect  the  poten tial  
i gn i ti on  hazard  when  us i ng  i nsu lati ng  plastics  i n  the  presence  of  dusts .  

d )  Care  shou ld  be  taken  when  hand l ing  so lvent  wet  powders,  as  they may re lease  f l ammable  
vapours  over  a  l ong  period  of  t ime  wi th  a much  l ower M IE  than  the  pure  powder.  
Cons ideration  shou ld  also  be  g i ven  to  whether M IE  resu l ts  l ess  than  1  m J  are  actual l y due  
to  such  mechan isms,  rather  than  the  powder alone.  

————————— 
7  To  be  publ i shed.  
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e)  Corona d ischarges:   Corona d ischarges  cannot  i gn i te  combustible  powders .  When  
hand l i ng  l arge  amounts  of  medium  or non-conducti ve  powders,  corona d i scharges  cannot  
be  avo ided ;  

f)  Propagating  brush  d ischarges:   The  energy re leased  i n  a  propagating  brush  d ischarge  can  
be  calcu lated  and  values  in  excess  of  1  J  are  typical .  Examples  of  a  calcu lat ion  and  more  
detai l s  of  propagating  brush  d ischarges  are  g i ven  i n  B . 3. 9;  

g )  Cone  d ischarges:   Cone  d ischarges  can  occur when  h igh l y charged  powder i s  l oaded  i n to  
a s i l o.  I t  i s  cons idered  l i kel y that  f l ammable  gases  and  vapours  and  al so  combustible  
powders  can  be  i gn i ted  by these  d ischarges  (see  also  A. 3. 7) ;  

h )  Ligh tn i ng - l ike  d ischarges:   Such  d ischarges,  though  theoretical l y poss ible,  have  not  been  
observed  i n  i ndustrial  operations .  

9.3  Procedural  measures  

9.3. 1  General  

The process  parameters  shou ld  be  set  i n  a  way that  m in im ises  e lectrostatic  charg ing .  Th is  
shou ld  be  ach ieved  by implemen ting  some or al l  of  the  fo l lowing  precau tions:  

a)  i ncreas ing  the  conductivi ty of  the  bu lk material ,  e . g .  by coati ng ,  

b)  replace  i nsu lati ng  equ ipment by earthed  conducti ve  equ ipment,  

c)  hum id i f icati on  of  powders,  

d )  i on isati on ,  

e)  reducing  the  quanti ty of  f i nes  i n  the  bu lk,  e. g .  avoid i ng  f i ne  fractions  caused  by wear and  
abrasion ,  

f)  l im i t i ng  d ispers ion ,  e . g .  dense  phase  conveying  i nstead  of  d i l u te  phase  conveying ,  

g )  reducing  the  conveying  speed,  th roughpu t  or  ai r  ve loci ty,  

h )  avo id ing  b i g  heaps  of  bu lk material ,  

i )  preferring  g ravi ty transport  to  pneumatic  transport,  

j )  us ing  conducti ve  or  an ti s tat ic  hoses  for  pneumatic  transport.  

9.3.2  Humid i fication  

I f  hum id i f i cation  i s  used  as  measure  to  d iss ipate  charges  from  bu lk materi al ,  usual l y 70  % 
re lat i ve  hum id i ty at  23  °C  i s  necessary.  Th is  method  may not  be  effecti ve  for h igh  speed  
conveying  and  for warm  products .  I t  may also  adversel y affect  the  f l ow properti es  of  some 
powders .  

NOTE  Ai r  i s  a  poor conductor of  e l ectri ci ty.  Hum id i f i cat i on  i s  not  effect i ve  as  a  means  of  d i ss ipat i ng  the  charge  

from  a dust  c l oud .  However,  h i gh  relati ve  hum id i ty does  decrease  the  su rface  res i st i vi ty  of  many powders  −  wi th  

the  excepti on  of  most  po l ymers  −  and ,  therefore,  m i gh t  i ncrease  the  rate  of  charge  decay on  bu lked  powder.  

9.3.3  Hoses for  pneumatic  transfer  

The defi n i t ions  of  an t is tatic  and  conducti ve  hoses  i n  7. 7. 3 . 4  do  not  appl y for  hoses  for  the  use  
wi th  pneumatic  transport  of  bu lk materials .  For  such  pneumatic  transport  the  l eakage  

res istance  from  any place  of  the  i nner  wal l  of  the  hose  shou ld  be  l ess  than  1 00  MΩ  (measured  
accord ing  to  I SO  8031 ) .  

9.3.4  Ion isation  

The conductivi ty of  dust/ai r  m ixtures  can  be  i ncreased  by i on isation .  I t  may be  poss ible  to  
avoid  dust  depos i ts  by i on isation .  I t  i s  not  possible  to  avoid  hazards  when  deal ing  wi th  l arge  
amoun ts  of  bu lk materi al  and  of  l arge  dust  c l ouds.  

NOTE  I t  i s  d i ff i cu l t  to  provi de  the  necessary i on i sat i on  for  re l at i vel y  l arge  d i stances,  e . g .  more  than  1 00  mm .  
Furthermore  the  total  charge  to  be  neu tral i zed  i s  o ften  l arger than  an  i on i sat i on  system  may provi de.  
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Local  d i scharges  from  poin ted ,  earthed  conductive  probes  or wi res  can  be  of  value  i n  both  
dust  c l ouds  and  bu lked  powders  when  the  electric  f i e l d  s treng th  i s  cl ose  to  the  breakdown  
value.  The  earthed  conducti ve  probes  or  wi res  shou ld  not  break off  i n  total  or  i n  parts.  

NOTE  1  Such  earth i ng  probes  or  wi res  placed  at  the  bu lki ng  po i n t  as  powder en ters  a  con tai ner can  reduce  the  
energy of  i nd i vi dual  d i scharges  to  a  l ow l evel .  They can  al so  provi de  a  safe  rou te  to  earth  for accumu lated  charge  
when  powder en ters  an  i nsu lati ng  con tai ner.  

NOTE  2  Detached  parts  (e. g .  i f  parts  of  the  probe  or wi re  break)  m igh t  behave  as  charged  capaci tors  and  cause  
spark d i scharges.  

NOTE  3  I n  the  case  of  acti ve  i on i sers ,  con tam inati on  of  poi n ts  m igh t  l ead  to  ohm ic  heati ng  poss ibl y  caus i ng  f i res  
wh i ch  needs  to  be  preven ted.  

9.4  Bu lk materials  i n  the  absence of  f l ammable  gases  and  vapours  

9.4. 1  General  

For these  purposes  i t  i s  assumed  that  the  powder i s  hand led  and  processed  free  from  any 
f lammable  gases  and  vapours ,  i f :  

a)  wi th  non-f lammable  bu lk material  the  concen trati on  of  gases  and  vapours  i s  be low the i r  
l ower explos ive  l im i t  (LEL) ,  

b)  wi th  f lammable  bu lk material  the  concen tration  of  gases  and  vapours  i s  be low 20  % of  
the i r  LEL.  

NOTE  Th i s  i s  often  met  i f  immediatel y  after  a  d ryi ng  process  the  total  res i dual  concen trati on  of  sol ven t  i n  the  bu lk 
material  i s  be low 0 , 5  %,  the  powder i s  subsequen tl y  hand led  at  ambien t  temperatu re,  and  no  fu rther f i ne  fracti on  
generati ng  process  i s  carri ed  ou t.  

9.4.2  Equ ipment  and  objects  made of  conductive or  d issipative  materials  

I n  hazardous  areas  al l  equ ipment  and  objects  made of  conducti ve  and  d iss ipati ve  materials  
shou ld  be  earthed ,  e . g .  l am inated  packages  wi th  conducti ve  l ayers  and  non-stati onary coated  
con tainers.  

For the  fo l lowing  s i tuations  the  earth ing  requ i rement  may be  abandoned/re laxed:  

a)  i f  i t  can  be  shown  that  obj ects  made of  conductive  and  d iss ipative  materials  do  not  
become charged  duri ng  normal  operation  and  poss ible  mal functi ons;  or  

b)  i f  the  maximum  energy that  can  be  stored  on  the  i so lated  objects  i s  much  lower than  the  
M IE  of  the  bu lk material ,  or  

c)  i f  the  capaci tance  of  the  object  does  not  exceed  the  appl icable  value  g i ven  i n  Table  2.  

9.4.3  Equ ipment  and  objects  made  of  insu lating  materials  

Equ ipment  and  obj ects  made of  i nsu lati ng  materials  are  on l y perm iss ible  i f  no  hazardous  
charge  bu i l d  up  wi l l  occu r.  I f  equ ipment  and  obj ects  made  of  i nsu lating  materials  i n  the  form  
of  p ipes,  hoses,  con tainers,  sheets ,  coatings  and  l i ners  are  used  charge  bu i l d  up  has  to  be  
expected.  

Charg ing  of  i nsu lati ng  surfaces  may resu l t  i n  propagating  brush  d ischarges  wi th  typical  
energ ies  i n  excess  of  1  J  when  backed  wi th  conducti ve  areas  in  a  d is tance  l ess  than  1 0  mm .  
I f  i nsu lati ng  f i lms,  l ayers  or  coatings  wi th  a  breakdown  streng th  below 4  kV are  used  they wi l l  
not  resu l t  i n  propagating  brush  d ischarges  i ncend ive  to  bu lk materials.  

As  charg ing  of  i so lated  conducti ve  material  may cause  spark d ischarges,  the  combination  of  
conducti ve,  d i ss ipative  and  i nsu lat i ng  materials  i s  on l y perm i tted  provid ing  that  al l  conducti ve  
and  d iss ipati ve  parts  are  properl y earthed .  
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9.4.4  Dust  separators  

I n  separators  for f lammable  dusts  i nsu lating  f i l ter fabrics  shou ld  not  i n terrupt  the  earth i ng  
connecti ons  of  parts  made of  conducti ve  or d i ss ipati ve  materials,  e. g .  support i ng  cages  of  
f i l ter  s leeves  or  metal  c lamps  to  keep the  f i l ter socks  i n  p lace.  Particu larly when  the  M IE  of  
the  bu lk material  i s  l ower than  3  mJ  ensuri ng  earth ing  of  al l  metal  parts  such  as  c lamps,  etc.  
having  a capaci tance  g reater than  1 0  pF  i s  of  g reat  importance.  Th is  l im i t  i s  due  to  the  
practical  experience  that  i t  i s  nearl y imposs ible  to  make su re  that  even  the  smal lest  metal  
parts  (s i ng le  screws,  c lamps  etc. )  are  always  earthed  by cable  connecti ons .  The  earth i ng  and  
bond ing  shou ld  be  guaran teed  by the  constructi on  i tse l f  and/or by the  propert ies  of  the  
materials  used.  

For th is  purpose  the  use  of  f i l ter  fabrics  made  of  f ibre  contain i ng  conducti ve  th reads ,  or  the  
use  of  normal  f i l ter  socks  wi th  copper s traps  sewed  around  the  end  of  the  f i l ter socks  wh ich  
au tomatical l y bond  the  support i ng  cages  and  metal  c lamps  have  proven  to  be  very usefu l .  

Fi l ter  fabrics  made from  conducti ve  and  earthed  material  shou ld  always  be  used  where  
f lammable  vapours  are  present  or  where  non-metal l i c  conducti ve  powders  wi th  a M IE  l ess  
than  30  mJ  are  hand led .  Such  fabrics  shou ld  al so  be  used  for  combust ible  metal l i c  dusts  
having  M IE  l ess  than  30  mJ  provided  that  d ry med ia type  dust  co l lectors  are  not  express l y 

proh ibi ted  by prevai l i ng  regu lati on .  The  res is tance  to  earth  shou ld  be  below 1 00  MΩ .  The  use  
of  f i bres  con tain ing  conducti ve  th reads  also  he lps  to  reduce  charge  on  the  powder and  f i l ter  
by corona d ischarge.  

NOTE  Al ,  Mg ,  Ti  and  Zr dusts  usual l y  have  M IE  of  l ess  than  30  m J  whereas  Fe,  Co,  N i ,  Cu  and  Mn  dusts  usual l y  
exceed  th i s  l im i t .  More  detai l s  can  be  found  i n  NFPA 484,  Standard for combustible metal.  

9.4.5  Si los  and  Containers  

9.4.5.1  General  

Bu lk materials  shou ld  be  hand led  and  processed  i n  such  a  way that  a  hazardous  charge  bu i l d  
up  i s  avo ided.  A hazardous  charge  can  be  accumu lated  on  the  bu lk material  as  wel l  as  on  the  
wal l  of  the  s i l o  or  container.  

NOTE  Th i s  appl i es  to  l arge  s i l os  and  contai ners  as  wel l  as  al so  to  smal l  mobi l e  con tai ners,  b i ns ,  d rums,  bags,  
FIBC  or other packages.  The  speci f i c  requ i rements  for  FIBC  are  g i ven  i n  9 . 6 .  

Figu res  1  to  3  detai l  how to  anal yse  whether the  bu lk material  i tse l f  can  be  charged  to  a  
hazardous  amount  during  the  f i l l i ng  of  a  s i l o  or  con tainer.  I f  requ i red,  measures  against  the  
occurrence  of  cone,  l i gh tn ing  l i ke  or  spark d ischarges  have  to  be  taken .  The  f l ow d iagram  to  
be  chosen  depends  on  the  res ist i vi ty of  the  bu lk material :  

Fi gu re  1 :  Assessment  of  l ow res is ti vi ty bu lk material  (ρ  ≤  1  MΩ  m )  

Fi gu re  2 :  Assessment  of  medium  res isti vi ty bu lk material  ( 1  MΩ  m  <  ρ  ≤  1 0  GΩ  m )  

Fi gu re  3 :  Assessmen t  of  h igh  res isti vi ty bu lk material  (ρ  >  1 0  GΩ  m )  

NOTE  I n  Fi g u res  2  and  3  Wcone discharge means  the  maximum  expected  energy of  the  cone  d i scharge  (see  A. 3 . 7) .   

As  an  al ternative  to  the  measurement of  the  s treng th  of  the  e lectrical  f i e l d  above  the  powder 
heap,  th is  f i e ld  streng th  may be  estimated  by model l i ng  the  e lectrical  f ie ld  wi th i n  the  s i l o  
taking  i n to  account  charge  re laxation  du ri ng  the  f i l l i ng  procedure .  Such  model  calcu lations  
shou ld  be  based  on  the  charge  to  mass  rat i o,  bu lk dens i ty and  f i l l i ng  rate  of  the  powder,  the  
re lati ve  perm i tti vi ty and  res isti vi ty of  the  bu lked  powder as  wel l  as  on  the  s i lo  geometry.  I f  the  
rad ial l y d i rected  e lectrical  f i e ld  stays  below 3  MV/m ,  the  cri teri on  for the  f ie l d  of  the  bu lked  
powder i s  fu l f i l l ed .  The  d i fference  between  the  500  kV/m  average  e lectrical  f i e ld  over the  gap  
of  the  d ischarge  and  3  MV/m  l im i t  value  i s  based  on  the  f ie ld  d is tribu tion  wi th in  s i l os ,  where  
the  maximum  f ie ld  i s  always  d i rected  rad ial l y against  the  wal l  of  the  s i l o  measured  at  the  s i l o  
wal l  and  not  axial l y d i rected  measured  above  the  powder heap.  

http://dict.leo.org/ende?lp=ende&p=eL4jU.&search=supporting
http://dict.leo.org/ende?lp=ende&p=eL4jU.&search=cage
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To  assess  the  charge  bu i l d  up  on  the  wal l  of  the  s i l os  and  con tainers  9 . 3  as  wel l  as  9 . 4  shou ld  
be  considered  i n  add i t ion .  

Duri ng  d ischarg ing  of  s i l os  and  con tainers  i n  the  absence  of  f l ammable  gases  and  vapours  no  
hazardous  charge  bu i l d  up  on  the  bu lk material  has  general l y to  be  expected .  I n  add i t i on  al l  
d i scharge  and  transfer devices  requ i re  a  separate  anal ys is .  

NOTE  See  al so  9 . 3 .  

I t  shou ld  however be  kept  i n  m ind  that  most  d i scharg ing  operations  represent  a f i l l i ng  
operati on  for  the  successive  s i lo  or  container.  

Conducti ve  s i l os  and  con tainers  shou ld  be  earthed  and  d iss ipati ve  s i los  and  con tainers  shou ld  
be  in  con tact  wi th  earth  during  f i l l i ng  and  emptying .  
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*  see  9 . 4. 5. 2  

Figure 1  – Flow d iag ram:  Assessment  of  bu lk material  wi th  ρ  ≤  1  MΩ  m   
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*  see  9 . 4. 5. 2  

Figure 2  – Flow d iag ram:  Assessment  of  bu lk material  wi th  1  MΩ  m  <  ρ  ≤  1 0  GΩ  m   
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*  see  9 . 4. 5. 2  

Figure 3  – Flow d iag ram:  Assessment  of  bu lk material  wi th  ρ  >  1 0  GΩ  m  
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9.4.5.2  Documentation  of  provable  safe process  experiences  

I f  accord ing  to  one  of  the  f low d iag rams  i n  F igures  1  to  3  the  i g n i t i on  hazard  i s  excluded  
based  on  the  decis i on  step “Documentation  of  proven  safe  process  experiences”,  the  
explos ion  hazards  shou ld  have  been  anal ysed  i n  detai l  and  subjected  to  an  assessment.  I n  
th is  con text  i t  has  to  be  kept  i n  m ind  that  m inor changes  i n  the  process,  product,  equ ipment,  
packages,  etc.  may have  a  s ign i f ican t  effect  on  the  occurrence  and  incend ivi ty of  d i scharges  
as  wel l  as  on  the  occurrence  and  concen tration  of  an  explos ive  atmosphere .  The  re levan t  
j ust i f i cati on  explai n i ng  even  the  most  marg inal  changes  and  the i r  possible  consequences  
shou ld  be  explai ned  i n  an  explos ion  protection  documen t.  I n  any case,  protecti ve  measures  
shou ld  to  be  taken  (e. g .  explosion  venti ng ,  i nerti ng ,  des ign  for containmen t)  where  cred ible  
i gn i ti on  sources  cannot  be  excluded  and  f lammable  atmosphere  i s  presen t.  

NOTE  I n  Europe,  the  explos i on  protect i on  document  i s  wri t ten  accord i ng  to  D i recti ve  99/92/EC.  

9.4.5.3  Conductive  and  d issipative containers  wi th  conductive  or d issipative l iners  

I n  add i t i on  to  the  measures  l i s ted  i n  9 . 3,  on l y conductive  and  d iss ipative  l i ners  shou ld  be  used  
i n  hazardous  areas  i f  they are  safel y earthed  and  i f  they remain  earthed  when  taken  ou t  of  or  
pu t  i n to  the  container.  Th is  can  be  establ ished  e. g .  by a  re l i able  con tact  to  earth  via the  
con tainer and  a re l i able  con tact  to  earth  via  the  person  when  the  l i ners  are  taken  ou t  or  pu t  
i n to  the  container.  Otherwise  conductive  and  d iss ipati ve  l i ners  shou ld  not  be  taken  ou t  of  or  
pu t  i n to  the  con tainer i n  a  hazardous  area.  

9.4.5.4  Conductive  and  d issipative containers  wi th  insu lating  l iners  

I nsu lating  l i ners  shou ld  i n  general  be  avo ided  due  to  the  r isk of  propagating  brush  d ischarges.  
They may on l y be  used  i f ,  i n  add i t i on  to  the  measures  l i s ted  i n  9 . 3 ,  at  l east  one  of  the  
fo l l owing  cond i t i ons  i s  met:  

a)  Volume <  0 , 25  m 3 ,  

b)  Breakdown  vo l tage  <  4  kV (6  kV i n  the  case  of  woven  materials) ,  

c)  Liner th ickness  >  1 0  mm  

d)  Documented  evidence  that  no  propagati ng  brush  d ischarges  wi l l  occur.  

NOTE  Propagati ng  brush  d i scharges  may occur depend ing  on  the  th i ckness,  the  res i st i vi ty  and  the  breakdown  
vo l tage  of  the  l i ner as  wel l  as  on  the  e l ectri cal  propert i es  of  the  bu lk material .  They are  not  expected  for th i n  pai n t  

and  po l ymeri c  coati ngs  <  50  µm  typi cal l y  found  i ns i de  contai ners  due  to  the  l ow breakdown  vo l tage  of  such  
coati ngs .  

I f  the  bu lk material  has  a res isti vi ty of  l ess  than  1 00  MΩ  m  i t  shou ld  be  earthed .  

Earth ing  can  be  ach ieved  e . g .  by i n troducing  one  or several  metal  rods  or  metal  pi pes  i n to  the  
con tainer l ead ing  down  to  the  bottom  of  the  con tainer.  These  shou ld  be  i n troduced  pri or to  the  
add i t i on  of  the  conducti ve  bu lk material .  

9.4.5.5  Insu lating  containers  

I nsu lating  con tainers  shou ld  i n  general  be  avoided  due  to  the  r isk of  propagating  brush  
d ischarges.  They may on l y be  used,  i f  i n  add i t i on  to  the  measures  l i s ted  i n  9 . 3  at  l east  one  of  
the  cond i t i ons  a)  – d )  i n  9 . 4. 5. 4  i s  met.  I f  the  bu lk material  has  a res isti vi ty of  l ess  than  

1 00  MΩ  m  i t  shou ld  be  earthed .  Cone  d ischarges  shou ld  be  avo ided .  

NOTE  Propagati ng  brush  d i scharges  may occur depend ing  on  the  th i ckness,  the  res i st i vi ty  and  the  breakdown  
vo l tage  of  the  con tai ner as  wel l  as  on  the  e l ectri cal  properti es  of  the  bu lk material .  

9.4.5.6  Insu lating  containers  wi th  l i ners  

Conducti ve  l i ners  shou ld  not  general l y be  used  i n  i nsu lat i ng  containers  due  to  the  risk of  them  
being  i so lated  from  earth .  I f  conductive  l i ners  are  i nd ispensable  they shou ld  re l iabl y be  
earthed.  
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I nsu lating  l i ners  i n  i nsu lat ing  containers  shou ld  be  assessed  as  i nsu lat ing  containers  
accord ing  to  9 . 4. 5. 5.  

9.5  Addi tional  requ irements for  bu lk material  i n  the presence of  f lammable gases  and  
vapours  

9.5. 1  General  

I n  the  presence  of  f l ammable  gases  or vapours  a combinati on  of  the  gas  or vapour  
concentrati on  and  the  suspended  bu lk material  concen tration  (see  3. 1 4)  determ ines  whether a  
f lammable  gas  or vapour/ai r  m ixture  or a  so  cal l ed  h ybri d  m ixture  (m ixture  of  f lammable  gases  
or vapours  and  f l ammable  dusts  i n  ai r)  i s  formed .  The  m in imum  ign i t i on  energy (M IE)  of  the  
m ixtu re  i s  main l y determ ined  by the  amoun t  of  gas  or  vapour and  common l y l i es  below the  
MIE  of  the  pure  dust.  The  f l ammable  gas/vapour may arise  from  another source  (e. g .  i f  a  
powder i s  added  to  a f lammable  l i qu i d) ,  or  from  the  powder i tse l f  (e. g .  i f  i t  con tains  s i gn i f i cant  
so lvent  or  may evolve  f lammable  gas) .  

Special  care  shou ld  be  taken  when  hand l i ng  so lven t  wet  powders,  because  when  hand l i ng  
l arge  amounts  of  med ium  or i nsu lat i ng  powders ,  brush  d ischarges  i ncend ive  for the  evolved  
gas  / vapour or  h ybrid  atmosphere  cannot  be  avoided .  

Rather than  d i fferentiat i ng  between  low,  average  or h igh  res isti vi ti es  of  bu lk materials  as  i s  
the  case  when  no  f lammable  gases  or vapours  are  present,  the  importan t  l im i t  of  the  bu lk 

material  res is ti vi ty i n  the  presence  of  f l ammable  gases  or vapours  i s  on l y 1 00  MΩ  m .  

The  fo l l owing  requ i rements  do  appl y on l y to  gases  and  vapours  of  the  explos ion  g roups  I IA 
and  I IB.  I n  hazardous  zones  of  explos ion  g roup I I C  i nerting  i s  necessary.  

9.5.2  Measures  for resistivi ty g reater  equal  1 00  MΩ  m   

The open  handl i ng  of  so lven t  wet  bu lk materials  wi th  a resis ti vi ty g reater equal  1 00  MΩ  m  
shou ld  general l y be  avo ided .  Where  hand l i ng  of  such  materials  cannot  be  avoided ,  add i t ional  
measures  of  explos ion  preventi on  or protection  are  normal l y requ i red ,  part icu larl y when  
hand l i ng  l arge  quan ti t i es .  Such  measures  are   

a)  i nert ing ,  

b)  process ing  of  the  solvent  wet  material  u nder  vacuum ,  

c)  process ing  at  a  temperature  s ign i f i cantl y be low the  f lash  po in t,  

d )  process ing  wi th in  explos ion  proof  equ ipment,  

e)  exclus ion  of  the  h ybrid  m ixture,  or  

f)  special  constructi onal  measures.  

NOTE  As  hand l i ng  of  bu l k materi al  wi th  a  res i st i vi ty g reater  equal  1 00  MΩ  m  common ly g enerates  a  h i gh  l eve l  o f  
e l ectrostati c  charges,  brush  d i scharges  cannot  be  avoi ded  and  i gn i t i on  i s  therefore  poss ibl e.  

9.5.3  Measures  for resistivi ty l ess  than  1 00  MΩ  m  

I f  the  res ist i vi ty of  the  bu lk material  i s  l ess  than  1 00  MΩ  m ,  e . g .  i n  case  of  bu lk material  
con tain i ng  a  po lar so lven t,  the  bu lk material  shou ld  be  hand led  in  conducti ve  earthed  
equ ipment  or  any o ther type  of  equ ipment that  provides  a su ffi ci en tl y large  earth  po in t  for  the  
bu lk material .  

NOTE  1  I n  case  of  l arge  amoun ts  of  bu lk materi al  a  represen tati ve  sample  i s  requ i red  for an  assessment  of  the  
res i st i vi ty.  I ns tead  of  the  res i st i vi ty  al so  the  natu re  and  the  amoun t  of  the  so l vent  con ten t  can  be  used  for an  
assessment.  

NOTE  2  The  bu lk material  as  wel l  as  the  f l ammable  l i qu i d  m igh t  become  charged  to  a  hazardous  l eve l  when  f i l l ed  
i n to  a  con tai ner o r  added  to  a  l i qu i d .  
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9.5.4  Fi l l ing  of  bu lk material  i n to  a  container  

Fi l l i ng  bu lk material  i n to  a container con tain ing  f l ammable  gases  or vapours  may lead  to  th e  
generati on  of  hazardous  charg ing  l evels  at  the  container to  be  emptied,  at  a  l i ner,  at  the  chu te  
pipe  or funnel ,  at  the  product  fal l i ng  i n to  the  co l lect i ng  receiver,  at  the  co l lecting  receiver,  at  
the  product  i n  the  co l lect i ng  receiver or  at  the  operators.  F i l l i ng  of  bu lk material  i s ,  therefore,  
preferabl y performed  wi th  a  c l osed  and  / or  au tomated  system ,  typical l y u nder i nert  gas  
atmosphere.  

NOTE  1  Charge  bu i l d  u p  du ri ng  the  f i l l i ng  of  bu lk material  from  metal  or  p last i c  d rums  or from  plast i c  bags  has  
caused  many f i res  and  expl os ions  i n  the  past.  

NOTE  2  Charge  bu i l d  up  occurs  when  bu lk materi al  i s  d i scharged  from  a  con tai ner  or  bag  or i f  i t  f l ows  th rough  a  
chu te,  pi pe  or  funnel .   

Manual  add i t i on  to  an  open  vessel  shou ld  be  avoided  whenever poss ible .  I f  the  open  add i t i on  
of  powder to  a container con tain i ng  an  explos ive  atmosphere  cannot  be  avoided ,  special  
measures  shou ld  be  provided  to  reduce  the  charge  bu i l d  up:  

a)  Containers  or  packages  to  be  emptied  shou ld  be  made from  conducti ve  or d iss ipative  
material .  

b)  Duri ng  emptying ,  conducti ve  containers  or  packages  shou ld  be  earthed  and  d iss ipative  
con tainers  or  packages  shou ld  be  in  con tact  wi th  earth .  

NOTE  1  Examples  of  d i ss ipati ve  materi al s  used  to  make  contai ners  i ncl ude  paper,  d i ss ipat i ve  composi te  
material  and  some plast i c  l am inated  papers.  For packages  made  from  d i ss ipati ve  materi al ,  e . g .  paper bags,  an  
earth  con tact  vi a  the  hands  of  an  operator i s  su ff i c i en t.  I n  th i s  case  the  f l oor,  the  shoes,  and  the  g l oves  shou l d  
al so  be  d i ss ipat i ve  and  the  res i stance  to  earth  shou ld  not  be  i ncreased  by con tam inan ts .  

NOTE  2  Du ri ng  s torage  the  d i ss ipati ve  property of  the  packages  may be  l ost  by ag i ng ,  adsorpti on  or  i f  the  
re l ati ve  hum id i ty  i s  l ow.  Steps  to  i ncrease  relati ve  hum id i ty  i n  s torage  areas  may be  necessary,  especial l y  at  
wi n tert ime.  

NOTE  3  D i ss i pati ve  pl asti c  bags  are  normal l y  not  earthed  vi a  an  earth i ng  c lamp bu t  by con tact  to  earth ,  e . g .  
by the  operator on l y.  

NOTE  4  I t  i s  advantageous  to  hand le  sacks  and  bags  etc.  on  a  conducti ve  support  she l f  or  tabl e  wi th  a  c l ean  
su rface  connected  to  earth .  

c)  I nsu lat ing  l i ners  shou ld  not  be  used  i f  they may come i n to  con tact  wi th  f l ammable  gases  / 
vapours.  

d )  Conducti ve  l i ners  shou ld  on l y be  used  i n  conducti ve  or d iss ipati ve  con tainers .  I t  shou ld  be  
ensured  that  they are  i n  good  contact  wi th  the  earthed  container and  remain  earthed  when  
they are  taken  ou t  or  pu t  i n to  the  container.  Otherwise  they shou ld  not  be  taken  ou t  or  pu t  
i n to  the  container  i n  a  hazardous  area.  During  hand l i ng  the  l i ner  shou ld  not  become 
detached  from  the  con tainer.  

e)  D iss ipative  l i ners  may be  used  i n  conducti ve  or d issipati ve  con tainers .  I t  shou ld  be  
ensured  that  they are  i n  good  contact  wi th  the  earthed  container and  remain  i n  contact  
wi th  earth  when  they are  taken  ou t  or  pu t  i n to  the  con tainer.  Otherwise  they shou ld  not  be  
taken  ou t  or  pu t  i n to  the  container i n  a  hazardous  area.  Duri ng  hand l i ng  the  l i ner shou ld  
not  become detached  from  the  container.  

f)  Mu l t iple  layer packages  or packages  wi th  i nsu lati ng  coati ngs  shou ld  be  avo ided  whenever 
poss ible .  I f  they have  to  be  used  for  o ther  reasons,  the  fo l l owing  cond i t i ons  have  to  be  
met:  

– The  i nsu lat i ng  coating  shou ld  not  be  th icker than  2  mm ,  and  

– Al l  conductive  or d iss ipati ve  layers  of  the  package  shou ld  always  be  earthed  or  i n  
con tact  wi th  earth .  

g )  Auxi l i ary devices  for the  add i ti on  of  the  bu lk material  shou ld  be  conducti ve  and  earthed .  
Any chu te  or funnel  shou ld  have  a  maximum  leng th  of  3  m .  

NOTE  Examples  of  such  auxi l i ary devi ces  are  shovels ,  funnel s ,  chu tes,  etc.  

h)  Earth ing  of  al l  i nvo lved  operators  shou ld  be  ensured .  

i )  The  rate  of  add ing  the  bu lk material  shou ld  be  l im i ted  to  1  kg /s .  
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However,  due  to  the  h i gh  l evel  of  r i sk i nheren t  wi th  such  operations,  i t  may s t i l l  be  necessary 
to  use  add i t ional  con tro l  measures  to  ach ieve  the  requ i red  level  of  safety.  

I f  by the  add i t ion  of  the  bu lk material  a  suspension  or  emu ls ion  i s  formed  i n  the  receiving  
vessel  – even  on l y for  a  short  period  of  t ime  – i t  shou ld  be  considered  that  ag i tat i on  of  such  a 
mu l t ip le  phase  system  may generate  a hazardous  charge  bu i l d  up  i ndependen t  of  the  
charg ing  procedure.  I n  these  cases  7. 9. 4  has  to  be  taken  i n to  accoun t.  

NOTE  3  A typ i cal  example  i s  the  add i t i on  of  p i gments  when  manufactu ri ng  dyes,  l acquers  and  pai n ts .  

9.6  Flexible in termed iate  bu lk containers (FIBC)  

9.6. 1  General  

Flexible  i n termed iate  bu lk containers  (FIBC)  are  used  in  i ndustry for s torage  and  transport  of  
powders  and  g ranu les.  They are  common l y constructed  from  po l ypropyl ene  fabric  or  s im i lar  
strong  and  heavy du ty i nsu lating  material .  

E lectrostatic  charge  can  be  generated  during  f i l l i ng  and  emptying  and  i t  can  accumu late  on  
the  product  as  wel l  as  on  the  fabric  from  wh ich  a FIBC i s  constructed  or  on  any parts  of  i t .  An  
i gn i ti on  cou ld  occur i f  the  accumu lated  charge  i s  re leased  i n  the  form  of  an  i ncend iary 
d ischarge  i n  the  presence  of  a  f l ammable  atmosphere.  Spark,  brush ,  cone  and  propagati ng  
brush  d ischarges  are  al l  poss ible  when  FIBC  are  used .  

The  requ i rements  and  speci f i cations  wh ich  FIBC shou ld  meet  depend  on  the  nature  and  
sens i t i vi ty of  the  f lammable  atmosphere  present  duri ng  f i l l i ng  and  emptying .  The  f i nal  goal  for  
the  constructi on  of  F IBC i s  to  exclude  i ncend ive  d ischarges  from  the  FIBC  fabric  duri ng  the i r  
i n tended  use.  S i nce  d ischarges  of  d i fferent  i ncend ivi ty ( i . e .  d i fferen t  types  of  d i scharges,  such  
as  spark,  brush  or propagati ng  brush  d ischarges)  may be  generated ,  the  necess i ty of  the i r  
exclus ion  and  thus  the  requ i rements  for  constructi on  of  the  FIBC depends  on  the  i n tended  
use  of  the  FIBC.  For th i s  reason  d i fferent  types  of  FIBC  have  been  developed ,  wh ich  are  
def ined  as  Type  A,  B ,  C  or  D  (see  I EC  61 340-4-4) :  

– Type  A FIBC  are  made  from  fabric  or  p last ic  sheet  wi thou t  any measures  against  the  bu i l d  
up  of  s tat ic  e l ectrici ty.  

– Type  B  FIBC  are  made  from  fabric  or  p lastic  sheet  des igned  to  preven t  the  occu rrence  of  
sparks  and  propagating  brush  d ischarges.  

– Type  C  FIBC are  made  from  conducti ve  fabri c  or  p lastic  sheet,  or  i n terwoven  wi th  
conductive  th reads  or  f i l aments  and  des igned  to  preven t  the  occurrence  of  i ncend iary 
sparks,  brush  d ischarges  and  propagati ng  brush  d ischarges .  Type  C  FIBC are  des igned  to  
be  connected  to  earth  du ri ng  f i l l i ng  and  emptying  operati ons.  

– Type  D  FIBC are  made from  static  protecti ve  fabric  des i gned  to  preven t  the  occurrence  of  
i ncendiary sparks,  brush  d ischarges  and  propagati ng  brush  d ischarges,  wi thou t  the  need  
for a  connecti on  from  the  FIBC to  earth .  

Depend ing  on  the  mechan ism  appl ied  to  exclude  i ncend ive  d ischarges,  the  requ i rements  
wh ich  the  d i fferent  types  of  FIBC shou ld  meet,  refer e i ther to  pu rel y phys ical  parameters  such  
as  breakdown  vo l tage  and  conducti vi ty (Type  B  and  C)  or  to  more  general  procedures  i n  
wh ich  i t  shou ld  be  demonstrated  that  no  i ncend ive  d ischarges  occu r (Type  D) .  These  
requ i rements  are  g i ven  i n  I EC  61 340-4-4.  

The  four d i fferent  types  of  FIBC shou ld  be  used  as  shown  i n  Table  1 9.  Other types  of  FIBC or 
FIBC of  unknown  type  shou ld  on l y be  used  i n  the  presence  of  f lammable  atmospheres  after  
detai led  evaluati on  by an  expert.  

Document  pockets  and  pouches  made  from  i nsu lat i ng  material  shou ld  fu l f i l  the  requ i rements  
of  I EC  61 340-4-4  wh ich  are  s im i lar to  6 . 3.  I n  the  case  of  document pockets  for Type  C  i t  
shou ld  be  cons idered  that  they are  usual l y backed  wi th  an  earthed  conducti ve  fabric  wh ich  
helps  to  prevent  a  h igh  surface  charge.  
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Table  1 9  – Use of  the  d i fferent  types  of  FIBC 

Bulk Product  i n  FIBC  Surroundings  

M IE  of  dusta  
Non  fl ammable 
atmosphere  

Dust  zones 21 -22b  

Gas  zones 1 -2b  

(Explosion  Groups 
I IA/I IB )c  

M IE  >  1  000  mJ  A,B,C,D  B ,C,D  C,Dd  

3  mJ  <  M IE  ≤  1  000  mJ  B,C,D  B,C,D  C,Dd  

MIE ≤  3  mJ  C,D  C,D  C,Dd  

a  Measured  i n  accordance  wi th  I EC  61 241 -2-3,  ASTM  E201 9  and  EN  1 3821  wi th  a  capaci t i ve  d i scharge  c i rcu i t  
(no  added  i nductance) .

 

b  See  D. 2  for  the  defi n i t i on  of  zones.  

c  See  D. 3  for an  explanati on  of  Explos i on  G roups.  

d  U se  of  Type  D  shou l d  be  l im i ted  to  Expl os ion  Groups  I I A/I I B  wi th  M IE  ≥  0 , 1 4  mJ .   

NOTE  1  Add i t i onal  precau ti ons  are  usual l y  necessary when  a  f l ammable  gas  or  vapou r atmosphere  i s  present  
i ns i de  the  FIBC,  e . g .  i n  the  case  of  sol vent  wet  powders .   

NOTE  2  Non-fl ammable  atmosphere  i ncl udes  dusts  havi ng  a  M IE  >  1  000  m J .  

NOTE  3  The  MIE  l im i t  of  3  mJ  i s  based  on  the  i ncend ivi ty  o f  cone  d i scharges.  Cone  d i scharges  m igh t  have  a  
much  h i gher  energy  i n  a  Type  B  FIBC  than  i n  a  Type  C  or  D  FIBC  because  the  wal l  o f  a  Type  C  or  D  FIBC  wi l l  
be  at  c l ose  to  zero  poten ti al .  Based  on  th i s  fact  the  i n ternal  f i e l d  d i s tri bu t i on  wi l l  be  such  that  i n  Type  C  or  D  
FIBC  cone  d i scharges  wi l l  at  most  on l y  j ump across  hal f  the  d i ameter of  the  FIBC.  A cal cu lat i on  wi th  the  formu la 
g i ven  i n  A. 3. 7  for  the  l argest  FI BC  common ly used  (d i ameter of  1 , 5  m )  yi e l ds  3  mJ  for powder wi th  a  med ian  
s i ze  of  on l y  0 , 055  mm  i n  a  Type  B  FIBC,  whereas  i n  a  Type  C  or  D  FIBC  the  3  mJ  l im i t  i s  on l y  reached  wi th  a  
coarse  powder having  a  med i an  s i ze  of  0 , 27  mm  or h i g her.  However,  such  coarse  powders  usual l y  have  a  M IE  
h i gher than  3  mJ .  

 

I n  order for a  propagating  brush  to  occur from  a FIBC in  practice,  i t  i s  general l y necessary to  
hand le  a  h i gh  resis ti vi ty powder i n  a  way that  l eads  to  h i gh  l evels  of  e l ectrostatic  charge  
generation  (e . g .  pneumatic  transfer) .  I f  these  cond i t i ons  are  not  met,  particu larl y wi th  med ium  
or h i gh  M IE  powders,  then  a detai l ed  expert  assessment may conclude  that  the  r isk of  an  
i ncendive  propagati ng  brush  d ischarge  i s  acceptabl y l ow.  

The  abi l i ty to  use  FIBC safel y i n  hazardous  explos ive  atmospheres  may change  i f  an  i nner 
l i ner i s  i ns tal l ed  i n  the  FIBC.  Combinati ons  of  FIBC and  i nner l i ner that  can  be  used  safel y i n  
hazardous  atmospheres  are  shown  i n  Table  20.  I n  add i t ion  there  are  some precau ti ons  that  
certain  combinations  of  FIBC and  i nner l i ner shou ld  meet.  These  precau ti ons  are  also  shown  
i n  Table  20.  
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Table  20  – I nner l iners  and  FIBC:  combinations that  are permissible  
and  not  permissible in  hazardous atmospheres  

FIBCa  
I nner Linerb  

Type L1  Type L2  Type L3  

Type B  Not  perm iss ible  Perm iss ible  Perm iss ible  

Type C  Perm iss iblec
 

Perm iss ible  Not  perm iss ible  

Type D  Not  perm iss ible  Perm iss ibled
 

Not  perm iss ible  

a   Type  A FIBC  shou l d  not  be  used  i n  hazardous  explos i ve  atmospheres  i rrespecti ve  of  the  type  of  l i n er used .  

b   L i ners  shou l d  not  be  removed  from  empti ed  FIBC  i n  hazardous  expl os i ve  atmospheres.  

c   To  ensu re  the  i n ner l i ner i s  properl y  earthed ,  the  res i s tance  from  at  l east  one  s i de  of  the  i nner l i ner to  the  

g roundable  po i n ts  on  the  FIBC  shou ld  be  l ess  than  1 0  MΩ ,  measured  accord i ng  to  9 . 3  of  
I EC  61 340-4-4:201 2  under the  cond i t i ons  speci f i ed  i n  8 . 1  of  I EC  61 340-4-4:201 2.  

d   Combinati on  of  FIBC  and  l i ner  shou ld  meet  the  requ i rements  of  7. 3 . 2  of  I EC  61 340-4-4:201 2  tested  under  
the  cond i t i ons  speci f i ed  i n  8 . 2  of  I EC  61 340-4-4:201 2.  

NOTE  E lectrostati c  d i scharges  from  i so lated  conducti ve  l i ners  may cause  pai n fu l  shocks  to  operators  o r 
d i srupt  the  operati on  of  e l ectri c/e lectron i c  equ ipment.  

 

– Type  L1  i nner l i ners  are  made  from  materials  wi th  surface  res ist i vi ty on  at  l east  one  

surface  of  l ess  than  1 0  MΩ  and ,  where  necessary,  a  breakdown  vo l tage  th rough  the  
material  of  l ess  than  4  kV.  

– Type  L2  inner l i ners  are  made from  materials  wi th  surface  res isti vi ty on  at  l east  one  

surface  between  1  GΩ  and  1  TΩ  and  a breakdown  vo l tage  through  the  material  of  l ess  
than  4  kV.  

– Type  L3  i nner l i ners  are  made from  materials  wi th  surface  resist i vi ty of  g reater than  1  TΩ  
and  a  breakdown  vol tage  through  the  material  of  l ess  than  4  kV.  

NOTE  Breakdown  vo l tage  measurements  are  on l y  necessary for certai n  confi gu rati ons  of  Type  L1  and  Type  L2  

i nner l i ners ,  i . e .  when  one  of  the  su rfaces  has  a  su rface  res i st i vi ty  of  g reater than  1  TΩ .  More  detai l ed  
speci f i cati ons  for Types  L1 ,  L2  and  L3  i n ner l i ners  are  g i ven  i n  the  I EC  61 340-4-4.  

I nner l i ners  made from  materials  that  contain  a  conductive  layer  sandwiched  between  two  
i nsu lat i ng  l ayers  shou ld  not  be  used  i n  Type  B  or  Type  D  FIBC.  I f  such  an  i nner l i ner i s  used  
i n  Type  C  FIBC,  the  conducti ve  l ayer  shou ld  be  secure l y connected  to  earth .  

Other types  of  i nner l i ner  or  i nner l i ners  of  unknown  type  shou ld  on l y be  used  i n  the  presence  
of  hazardous  explos ive  atmospheres  after  detai l ed  evaluation  by an  expert.  

I nsu lating  l i ft i ng  be l ts  and  l oops  for FIBC shou ld  compl y wi th  the  wid th  restriction  i n  Table  3 .  
Metal  f i t t i ngs  (shackles)  for connecti on  between  bel ts  and  ropes  for FIBC shou ld  not  be  used  
for FIBC Types  B  and  D .  For Type  C  they shou ld  be  earthed .  

9.6.2  Addi tional  precautions  when  using  FIBC 

I so lated  conducti ve  objects  (e. g .  too ls,  bo l ts,  c l ips,  etc. )  shou ld  not  be  stored  on ,  attached  to,  
or  even  temporari l y p laced  on  any type  of  FIBC duri ng  f i l l i ng  and  emptyi ng  operations .  Even  
wi th  Type  C  FIBC,  the  rough  nature  of  some FIBC materials  may prevent  conducti ve  obj ects  
placed  on  the  FIBC  from  con tacti ng  the  conducti ve  e lements  i n  the  fabric  o f  the  FIBC.  

I n  hazardous  areas,  al l  conductive  objects  wi th in  the  immediate  vici n i ty of  any FIBC ( i . e .  l ess  
than  about  1  m  away)  shou ld  be  properl y earthed  duri ng  f i l l i ng  and  emptying  operati ons.  

Precau tions  shou ld  be  taken  to  preven t  the  con tam inati on  of  any FIBC wi th  substances  (e . g .  
water,  rust,  o i l ,  g rease,  e tc. )  that  m igh t  create  an  i gn i t ion  hazard  or  impai r  charge  d iss ipati on .  
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1 0  Stati c  electrici ty when  handl i ng  expl osi ves and  electro-expl osi ve devi ces  

1 0. 1  Expl osives manu factu re,  h and l in g  and  storag e  

1 0. 1 . 1  G en eral  

Static  e lectric i ty accumu lated  on  i solated  conductors  or  people  may cause  the  i gn i t i on  of  
explos i ves  wi th  severe  or even  catastroph ic  resu l ts .  There  are  vari ous  types  of  explos i ves  
(so l i d ,  powder or  l i qu i d)  and  they may be  encoun tered  i n  many forms  such  as  bu lk,  bagged,  
p last ics,  pe l l eted,  compacted,  mou lded  or  f i l l ed  i n to  metal  or  p last ics  con tainers .  Before  
hand l i ng  or  processing  explos ives,  cons iderati on  shou ld  be  g i ven  to  the  speci f ic  
recommendations  g i ven  i n  1 0 . 1 . 2  to  1 0 . 1 . 4,  bu t  i n  add i t i on  reference  shou ld  be  made to  those  
clauses  of  th is  document  that  are  re levant  to  the  part icu lar  operati ons  to  be  performed.  

The  energy requ i red  i n  a  spark to  cause  ig n i t i on  of  an  explos ive  varies  wi th  the  type  of  
explos i ve  and  i ts  phys ical  state .  I n  general ,  primary explos ives  are  much  more  sens i t i ve  than  
propel lan ts  or  h i gh  explosives,  wh i l e  pyrotechn ics  exh ibi t  a  wide  range  of  sens i t i vi ty.  

The  exten t  of  the  precau tions  that  shou ld  be  appl ied  depends  upon  the  m in imum  spark energy 
for i gn i ti on ,  and  explos ives  may be  d i vi ded  i n to  th ree  c lasses  depend ing  upon  th is  m in imum  
spark energy.  I t  i s  essential  to  u nderstand  that  the  m in imum  spark energy for i g n i t i on  of  
explos i ves  i s  measured  by means  of  a  special ised  test  for  speci f ic  use  wi th  explos ives.  

The  three  classes  of  explos i ves  and  the  precau ti ons  that  shou ld  be  adopted  for th em  are  
g i ven  i n  1 0. 1 . 2 ,  1 0 . 1 . 3  and  1 0. 1 . 4 .  Deviat i ons  from  these  recommendations  shou ld  not  be  
made wi thou t  taking  expert  advice.  Special i sed  earth ing  techn iques  are  used  i n  the  explos ives  
i ndustry for  sens i t i ve  or  very sensi t i ve  explos ives.  

A re lat i ve  hum id i ty of  more  than  40  % shou ld  be  main tained .  H igher hum id i ty may be  requ i red  
when  hand l i ng  more  sensi t i ve  materials .  

1 0. 1 . 2  Fi rst  d eg ree protection  

These  comparativel y i nsensi t i ve  explos ives  have  a m in imum  spark energy for i gn i t ion  g reater  
than  450  mJ ,  and  the  precau tions  g i ven  here  are  su ff ici ent  when  they are  hand led .  

Al l  l arge  conducti ve  obj ects,  such  as  f i xed  plan t  and  equ ipment systems,  shou ld  be  earthed .  
Where  the  earth ing  i s  by means  of  metal l i c  conductors  the  res is tance  to  earth  shou ld  be  l ess  

than  1 0  Ω .  Th is  res istance  i nd icates  a re l i able  earth  connecti on  wi th  a metal l i c  conductor.  
Non-metal l i c  materials  may also  be  used  for  earth i ng  provid ing  they meet  the  requ i rements  of  
Clause  1 3 .  

1 0. 1 . 3  In termed i ate protecti on  

These  are  sens i t i ve  explosives  wi th  sens i ti veness  between  those  deal t  wi th  i n  1 0. 1 . 2  and  
1 0 . 1 . 4,  and  have  m in imum  spark energ ies  for i gn i t ion  g reater than  1  m J  and  l ess  than  or  
equal  to  450  mJ .  

Depend ing  on  the  properti es  of  the  particu lar explos i ve  and  the  way in  wh ich  i t  i s  hand led ,  
some re laxation  of  the  fu l l  precauti ons  g i ven  i n  1 0 . 1 . 4  may be  acceptable.  Special is t  advice  
shou ld  be  sought  to  determ ine  the  leve l  of  precau ti ons  appl icable  to  each  speci f i c  case.  

1 0. 1 . 4  Second  d eg ree protecti on  

The m in imum  spark energy for i gn i t ion  of  these  very sensi t i ve  explos ive  materials  i s  l ess  than  
or equal  to  1  mJ  and  the  fo l l owing  precau ti ons  are  requ i red :  
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a)  Al l  equ ipment,  i nclud ing  movable  and  portable  i tems,  shou ld  be  earthed .  The  earth  

res istance  shou ld  not  exceed  1 0  Ω  i n  the  case  of  metal  parts  and  1 00  kΩ  i n  al l  other  
cases.  I nsu lat i ng  materials  shou ld  be  ri gorous l y excluded.  

b)  Al l  people  shou ld  be  earthed  by means  of  f l oors  wi th  maximum  leakage  resis tance  of  

50  kΩ ,  and  footwear wi th  maximum  leakage  res is tance  of  1 00  kΩ .  A  personnel  res istance  
mon i tor shou ld  be  i nstal l ed  at  every entrance  to  any area where  such  footwear i s  requ i red .  
When  hand l i ng  composi t i ons  having  i gn i t i on  energ ies  of  l ess  than  0, 1  mJ ,  cons ideration  
shou ld  be  g i ven  to  the  i nstal l ati on  of  personnel  res istance  mon i tors  at  the  i nd i vi dual  work 
stations.  

c)  Outer c loth ing  shou ld  not  be  made from  insu lati ng  materials .  C loth i ng  shou ld  i n  no  
ci rcumstances  be  removed  i n  the  area where  the  explos ive  i s  bei ng  hand led  (see  1 1 . 5) .  

d )  Conducti ve  obj ects  wh ich  cou ld  act  as  spark promoters  shou ld  be  avoided,  for  example  
ri ngs  on  people,  wet  f i ngers,  conducti ve  too ls  or  wi res .  

e)  The  re lati ve  hum id i ty of  the  atmosphere  shou ld  not  be  less  than  65  %.  

f)  Care  shou ld  be  taken  to  prevent  a number of  smal l  capaci tances  becom ing  electrical l y 
coupled  together  to  g i ve  a much  larger capaci tance.  

g )  Use  of  i nsu lati ng  g loves  shou ld  be  avoided .  I t  i s  advisable  to  avoid  use  of  g loves  en ti re l y 
where  toxici ty or  other cons iderations  do  not  prevent  i t.  

1 0.2  Hand l ing  of  electro-explosive  devices  

1 0.2. 1  General  

Electro-explos ive  devices  such  as  e lectric  detonators  may i nadvertentl y be  i gn i ted  by a  
d ischarge  of  s tat ic  e l ectri ci ty,  e i ther th rough  the  fusehead  or between  the  metal  case  and  the  
fusehead.  Many e lectro-explos ive  devices  can  be  more  sensi t i ve  to  e l ectrostati c  energy i n  th is  
l atter  con figurati on .  The  stat ic  e l ectric i ty may accumu late  on  an  i so lated  person  as  a resu l t  of  
the i r  movemen ts,  and  people  and  i tems  of  equ ipment may become charged  du ri ng  
thunderstorms,  dust  or  d ry sand  storms.  Charge  may also  be  generated  du ring  the  pneumatic  
l oad ing  of  bore  ho les  wi th  g ranu lar b last ing  explosives.  

Precau tions  to  avoid  the  hazard  are  g i ven  i n  1 0 . 2. 2  to  1 0. 2. 4  i nclusi ve  and  they shou ld  be  
observed  at  al l  t imes  when  e lectro-explos ive  devices  are  being  hand led ,  that  i s  du ri ng  
storage,  i ssue  and  preparati on  for  use.  

I t  shou ld  be  recogn ised  that  there  are  other sources  of  hazard  when  handl i ng  e lectro-
explos ive  devices,  for  example  the  pick-up  of  energy from  sources  of  e l ectromagnetic  
rad iati on  and  testi ng  for con ti nu i ty of  the  f i r i ng  ci rcu i t .  Appropriate  manuals  shou ld  be  
consu l ted  for  these.  

1 0.2.2  Earth ing  

People  shou ld  have  an  adequatel y conducti ve  path  to  earth ,  for  example  by wearing  
conductive  footwear,  and  preferabl y they shou ld  wear cotton  type  cl oth i ng .  However,  i n  some 
envi ronments ,  for  example  m ines,  conti nuous  earth ing  of  people  may not  be  feas ible,  and  i t  i s  
recommended  that  the  procedures  i n  1 0 . 2. 3  and  1 0. 2. 4  shou ld  therefore  always  be  fo l l owed.  

Al l  conducti ve  equ ipmen t i n  the  area,  such  as  rai ls  and  pipi ng ,  and  al l  mach inery shou ld  be  
earthed.  I t  shou ld  be  noted  that  o ther codes  of  practice  may also  requ i re  conductors  to  be  
bonded  to  each  other to  avoid  any d i fference  i n  potential  between  them  wh ich  m ight  cause  a  
curren t  to  f l ow through  l ead  wi res  making  contact  wi th  them .  

I f  a  g ranu lar type  explosive  i s  be ing  l oaded  pneumatical l y i n to  a bore  ho le,  the  load ing  
equ ipment  shou ld  be  earthed.  The  hose  assembly shou ld  be  conducti ve  or  d iss ipati ve  and  
shou ld  be  connected  to  earth .  Special i sed  codes  of  practice  exis t  on  th is  subject  and  shou ld  
be  consu l ted.  
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1 0.2.3  Precautions during  storage and  i ssue 

Electro-explos ive  devices  are  received  from  the  manu factu rer wi th  the  leads  fo lded  and  
wrapped  and  the  bare  ends  twisted  together.  I f  the  bare  ends  are  found  to  be  unconnected ,  
the  operati ve  shou ld  earth  h imsel f  and  reconnect  them .  I f  the  poss ibi l i ty of  s i gn i f i cant  
e lectromagnetic  f ie l ds  exists  then  care  wi l l  need  to  be  taken  to  ensure  that  such  procedures  
do  not  create  a  rad io  frequency i g n i t i on  hazard .  These  devices  shou ld  not  be  packaged  or  
transported  i n  i nsu lat i ng  materials ,  e. g .  po l yethylene  bags  or  po l ystyrene  foam  packs;  the  use  
of  metal l i c  or  conducti ve  packs  i s  advised  for th is  purpose  and  these  may also  provide  some 
protecti on  against  any rad io  frequency hazard.  

1 0.2.4  Precautions during  preparation  for use  

When  the  f i r i ng  cable  has  been  lai d  ou t  the  bare  wi res  at  each  end  shou ld  be  connected  to  
each  o ther  and  to  a  su i table  earth ,  such  as  a  metal  rod  dri ven  i n to  the  g round,  wh ich  shou ld  
be  wetted  i f  very dry.  Th is  cable  and  al l  o ther l eads  shou ld  be  kept  separate  from  conductors  
i n  the  area,  such  as  rai l s  and  piping .  

A check shou ld  be  made  to  see  that  the  device  leads  are  connected  together.  After  
connecti ng  them  i f  necessary (see  1 0. 2. 3) ,  they shou ld  be  earthed  to  the  earth  rod  or other  
su i table  earth  at  the  f i r i ng  end .  The  device  l eads  can  then  be  uncoi led  and  l ai d  along  the  
g round .  

The  operati ve  shou ld  then  make su re  that  they are  earthed  before  they hand le  the  metal  case  
of  the  device  prior  to  connecting  i t  to  the  f i r i ng  cable.  

Appropriate  precau ti ons  shou ld  be  taken  against  atmospheric  e l ectrici ty (e. g .  l i gh tn ing )  
accord ing  to  the  type  of  device  used.  

1 1  Static  electrici ty on  people  

1 1 . 1  General  considerations  

I t  i s  very importan t  that  people  who  may be  exposed  to  f l ammable  atmospheres  having  a  M IE  
l ess  than  1 0  mJ  shou ld  be  earthed  to  preven t  them  from  becom ing  e lectrostatical l y charged .  
I so lat i on  from  earth  can  occur due  to  the  fact  that  many f l oor  coveri ngs  and  the  so les  of  
footwear are  made  from  i nsu lat i ng  materials .  There  are  many mechan isms  that  can  cause  a  
person  to  become charged  and  the  fo l l owing  are  examples:  

a)  walki ng  across  a  f l oor;  

b)  ri s ing  from  a seat;  

c)  removing  c loth ing ;  

d )  hand l i ng  plast ics;  

e)  pouri ng  from  or  co l l ecti ng  charged  material  i n  a  container;  

f)  s tand ing  c l ose  to  h i gh l y charged  obj ects ,  e . g .  a  moving  be l t .  

I f  an  e lectrostatical l y charged  person  touches  a  conducti ve  object  (e. g .  door hand le,  hand  rai l ,  
metal  con tainer)  a  spark can  occur at  the  po in t  of  con tact.  Such  sparks,  wh ich  are  un l ikel y to  
be  seen ,  heard  or  even  fel t  by the  person ,  can  cause  i gn i t ions.  Sparks  from  a person  are  
capable  of  i gn i t ing  gases,  vapours  and  even  some of  the  more  sensi t i ve  dusts.  

I t  i s  very importan t  that  people  who  may be  exposed  to  f l ammable  atmospheres  having  M IE  

<  1 0  mJ  shou ld  be  prevented  from  becom ing  e lectrostatical l y charged  by being  earthed .  Th is  
i s  best  ach ieved  by having  a conducti ve  or d i ss ipati ve  f loor and  ensuring  that  people  wear  
d iss ipative  footwear.  However,  i n  Zone  2  and  in  Zone  22  earth i ng  of  people  i s  requ i red  on l y 
when  charge  generati on  i s  conti nuous.  
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NOTE  The  worst  case  vo l tage  wh i ch  may common ly be  acqu i red  by people  i s  abou t  20  kV.  Wi th  the  typi cal  
capaci tance  of  the  human  body bei ng  abou t  1 50  pF,  the  resu l t i ng  maximum  stored  energy i s  abou t  30  m J .  
However,  due  to  the  h i g h  ohm ic  res i stance  of  the  h uman  ski n  abou t  two  th i rds  of  the  s tored  energy g ets  l ost.  For 
th i s  reason ,  sparks  from  the  h uman  body have  a  maximum  equ i valen t  i gn i t i on  energy of  on l y  1 0  mJ  except  when  
hand l i ng  l arge  conducti ve  tool s .  

1 1 .2  Static  d issipative floors  

The recommended  leakage  resistance  for f l oors  i s  1  MΩ  to  1 00  MΩ  (see  Clause  1 3) .  I n  many 
factory envi ronments  the  conven ti onal  f l oori ng  materials ,  for  example,  bare  concrete  or  steel  
g rids ,  are  adequatel y conducti ve .  I n  order to  remain  effecti ve,  the  f l oor  shou ld  not  be  covered  
by i nsu lat ing  pain t,  rubber mats  or  p lastic  sheet,  etc. ,  and  care  shou ld  be  taken  to  prevent  the  
bu i l d-up of  con tam inants  such  as  res i n  or  other i nsu lat i ng  substances,  and  i ts  res istance  
shou ld  be  regu larl y checked.  

I n  case  of  a  bare  metal  surface  f loor (e . g .  s tee l  g rat i ng  and  p late)  the  use  of  appropriate  
footwear (see  1 1 . 3)  i s  necessary to  preven t  dangerous  electrical  shocks  to  people.   

There  are  several  s tandards  publ i shed  wi th  d i fferen t  measuri ng  methods  for test i ng  the  

conductivi ty of  a  f loor.  I n  I EC 61 340-4-1  the  test  i s  executed  wi th  a c i rcu lar e lectrode,  (65  ±  5)  
mm  in  d iameter pressed  to  the  f l oor  wi th  2 , 5  kg  (hard  f l oor)  or  5 , 0  kg  (soft  f l oor) .  I n  I SO 1 0965  
measurement i s  done  wi th  a  c i rcu lar e lectrode,  65  mm  in  d iameter pressed  to  the  f l oor wi th  
5, 0  kg .  ASTM  F1 50  uses  a c i rcu lar e lectrode,  63 , 5  mm  in  d iameter pressed  to  the  f l oor wi th  
2, 5  kg .  EN  1 081  uses  a th ree-footed  electrode  pressed  to  the  f loor by a person  s tand ing  on  i t .  
As  each  method  yi e l ds  a somewhat  d i fferen t  resistance  i t  i s  importan t  that  the  measuring  
method  used  i s  s tated  i n  product  speci fi cati ons  and  test  reports .  

NOTE  1  I n  i deal  cases  the  d i fferences  between  the  measured  res i stances  of  the  d i fferent  methods  described  
above  are  smal l .  I n  real i ty,  rough  su rfaces,  e . g .  external  concrete  forecourts  wi th  s i gn i f i cant  s tone  content  s tand i ng  
proud  may i n fl uence  the  measured  res i s tance  depend ing  on  the  e l ectrode  su rface  used  and  the  appl i ed  pressu re.  
Improved  resu l ts  may be  obtai ned  wi th  conducti ve  foam  pads  under I EC  61 340-4-1  e l ectrodes  to  take  up  
roughness  of  several  mm .  However,  th i s  may not  repl i cate  the  practi cal  s i tuati on  of  a  person ’s  footwear wi th  hard  
soles.  

NOTE  2  The  val ues  i n  th i s  parag raph  do  not  necessari l y  appl y to  s i tuat i ons  where  sensi t i ve  explos i ves  are  
hand led .  See  Cl ause  1 0  for  special  requ i rements  i n  th i s  case.  

1 1 .3  Dissipative and  conductive footwear  

There  are  two  types  of  footwear wh ich  are  used  for earth in g  people  i n  order  to  preven t  them  
from  becom ing  e lectrostatical l y charged:  

a)  d iss ipati ve  footwear has  both  an  upper and  a l ower res is tance  requ i remen t (see  3 . 9) .  The  
upper l evel  i s  l ow enough  to  preven t  the  bu i l d -up  of  e l ectrostatic  charge  i n  most  s i tuations  
and  the  lower l evel  offers  some protection  i n  the  event  of  accidental  contact  wi th  mains  
e lectrici ty.  Th is  type  of  footwear  i s  su i table  for  general  use;  

NOTE  1  I SO 20345  defi nes  an ti s tat i c  (d i ss ipati ve)  footwear as  havi ng  res i stance  measu red  i n  accordance  

wi th  I SO 20344  of  between  1 00  kΩ  and  1  GΩ .  An ti s tat i c  (d i ss ipati ve)  footwear defi ned  by I SO 20345  may not  
sat i sfy  the  res i stance  requ i rements  speci f i ed  i n  th i s  document .  

NOTE  2  D i ss ipat i ve  shoes  shou ld  not  be  worn  as  the  primary protect i ve  measure  against  mains  e l ectri ci ty as  
th i s  may encourage  people  to  work on  l i ve  e l ectri cal  systems,  al though  u nder some  ci rcumstances  (e . g .  when  
wet)  the  shoes  may be  i neffect i ve.  

NOTE  3  Resi stance  of  d i ss ipat i ve  material s  made  from  rubber  con tai n i ng  carbon  bl ack sometimes  i ncreases  
wi th  decreas ing  temperatu re.  

b)  conductive  footwear has  a very low res istance  (see  3 . 3)  and  i s  worn ,  for  example,  by 
people  who  have  to  hand le  sens i t i ve  explos ives.  Th is  type  of  footwear shou ld  not  be  worn  
where  there  i s  any risk of  accidental  contact  wi th  mains  e lectric i ty and  i t  i s  not  su i table  for  
general  use.  

NOTE  Except  i n  the  case  of  very sens i t i ve  expl os i ves  on l y d i ss ipat i ve  footwear i s  usual l y  requ i red .  

Socks  or stockings  do  not  normal l y adversel y affect  the  properti es  of  e i ther  types  of  footwear;  
however,  some types  of  overshoes  and  orthopaed ic  i nsoles  can  do  so.  
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Diss ipative  footwear used  i n  con juncti on  wi th  conducti ve  or d i ss ipative  f l ooring  provides  a  
means  to  contro l  and  d i ssipate  stat ic  e lectric  charges  from  the  human  body.  Res is tance  to  

earth  th rough  d issipati ve  footwear and  conducti ve  f loori ng  shou ld  be  between  1 00  kΩ  and  

1 00  MΩ .  For  handl i ng  explos ive  materials  the  res istance  to  earth  th rough  footwear and  

f looring  shou ld  be  l ess  than  1  MΩ ,  or  l ess  than  1 50  kΩ  i f  the  m in imum  spark energy for 
i gn i ti on  of  the  explos ive  i s  l ess  than  or  equal  to  1  mJ .  

Res is tances  can  be  measured  wi th  commercial l y avai lable  footwear conductivi ty testers  wh ich  
measure  the  resistance  between  a hand-held  metal  bar  via  body and  feet  to  a  metal  p late  on  
wh ich  the  person  stands.  Al ternati ve l y,  the  res is tance  between  a  shoe  f i l l ed  wi th  shot  pel l ets  
and  a  steel  plate  on  wh ich  the  shoe  i s  pressed  can  be  measured  accord ing  to  I EC  61 340-4-3.  

The  res is tance  of  footwear can  i ncrease  wi th  the  accumu lation  of  debris  on  the  footwear,  use  
of  orthopaed ic  i nso les,  and  reduced  f l oor  contact  area.  The  conducti vi ty of  footwear shou ld  be  
tested  frequen tl y to  conf i rm  functional i ty.  

1 1 .4  Supplementary devices  for earth ing  of  people  

Where  d iss ipative  footwear  wi l l  not  provide  adequate  earth i ng  of  the  person ,  supplementary 
devices  shou ld  be  used .  Such  devices  i nclude  wri st  straps,  heel /toe  g rounders  and  conducti ve  
overshoes.  

Supplementary devices  shou ld  be  selected  so  that  accumu lation  of  hazardous  stat ic  e l ectric  
charge  i s  prevented,  wh i le  the  risk of  e l ectrocuti on  i s  not  i ncreased .  I n  most  practical  

s i tuati ons ,  earth i ng  of  people  i s  ach ieved  by ensu ring  a resis tance  to  earth  of  1 00  MΩ  or  l ess .  
The  need  to  protect  against  e lectrocu tion  via  an  earth i ng  device  imposes  a  m in imum  

res istance  from  skin  to  g round  of  1 00  kΩ .  Based  on  ski n  con tact  and  con tact  wi th  the  f loor,  
especial l y during  act i vi t i es  where  the  enti re  so le  of  the  footwear i s  not  i n  contact  wi th  the  f l oor  
(e. g . ,  kneel i ng ) ,  effecti veness  can  be  comprom ised.  Earth i ng  devices  shou ld  have  a  m in imum  

res istance  of  1 00  kΩ  for  shock protection .  

The  s implest  type  of  commercial  device  i s  an  earth ing  bracelet  wi th  a bu i l t- i n  res istor typi cal l y 

g i vi ng  a  res istance  to  g round  of  abou t  1 00  kΩ  for  shock protection .  Wrist  straps  of  th is  type  
have  the  g reatest  u t i l i ty at  venti l ati on  hoods  and  at  other l ocations  where  l im i tat i on  on  the  
operator’s  mobi l i ty can  be  to lerated .  Breakaway wris t  tether systems  cou ld  be  necessary 
where  emergency egress  i s  needed .  A hood  can  be  equ ipped  wi th  two  external  coi l ed  earth ing  
cords  wi th  cu ff  attachments  that  can  be  removed  and  kept  by i nd i vi dual  users .  Earth  conti nu i ty 
shou ld  be  checked  period ical l y to  the  manu facturer’s  speci f ied  l im i ts .  

1 1 .5  Cloth ing  

I n  spi te  of  the  fact  that  modern  c lo th i ng ,  made  from  syn thetic  texti l es,  can  read i l y become 
electrostatical l y charged  i t  i s  not,  i n  many cases,  an  i gn i t ion  ri sk provid i ng  that  the  wearer i s  
earthed  by means  of  su i table  footwear (see  1 1 . 3)  and  f looring  (see  1 1 . 2) ,  or  by other means  
such  as  a wrist  s trap and  earth  bond ing  cord .  However,  c lo th ing  shou ld  provide  proper  f i tt i ng  
and  s i z i ng  (see  I SO 1 3688)  and  al low fu l l  body movement  wi th  al l  c losures  fastened  accord ing  
to  manufacturer’s  i nstructi ons.  C loth ing  shou ld  be  as  cl ose  f i t t i ng  as  i s  practical  and  shou ld  
not  be  removed  or u n fastened  in  areas  where  there  cou ld  be  f lammable  atmospheres  (e . g .  
Zone  0 ,  Zone  1 ,  Zone  20  and  Zone  21 ) .  

Al though  the  l ike l ihood  of  i gn i ti on  by a g rounded  person  due  to  any type  o f  cloth ing  i s  usual l y 
very l ow,  the  charg ing  of  people  (e. g .  when  a person  i s  gett i ng  ou t  of  a  forkl i ft  truck)  i s  g reatl y 
i ncreased  by c loth ing  that  has  h i gh  res is ti vi ty.  

I n  s i tuati ons  where  there  i s  a  combination  of  h i gh  charg ing  acti vi t i es  and  the  presence  of  low 
MIE  gases  or vapours,  the  use  of  d iss ipati ve  cl oth ing  may be  requ i red .  Table  21  provides  
gu idance  on  when  d iss ipati ve  cloth ing  may be  requ i red.  Border l im i ts  for  d iss ipati ve  cl oth ing  
are  g i ven  i n  Table  1 .  
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Test  methods  and  performance  requ i rements  for personal  protecti ve  cl oth ing  for  use  i n  
f lammable  atmospheres  are  con tained  i n  EN  1 1 49.  D iss ipative  c lo th i ng  shou ld  cover al l  o ther  
cloth ing .  The  ou ter c loth i ng  shou ld  be  earthed  e i ther th rough  contact  wi th  the  body of  the  
wearer,  or  by d i rect  earth  connecti on .  I n  the  case  of  cloth i ng  wi th  i n teg rated  conductive  f i bres  

earth ing  of  the  person  wi th  a res istance  of  l ess  than  1 00  MΩ  i s  su ff ic i en t.  

Cloth ing  for use  i n  f l ammable  atmospheres  i s  Category I I  Personal  Protecti ve  Equ ipment  and  
shou ld  compl y i n  Europe  wi th  the  Essential  Heal th  and  Safety Requ i rements  of  EC  D i recti ve  
89/686/EEC.  

NOTE  1  Al though  s i l k  and  most  syn theti c  f i bres  are  excel l en t  i nsu l ators  and  u ndergarments  made  from  these  
material s  exh ib i t  s tati c  phenomena,  no  evi dence  exi sts  to  i n d i cate  that  weari ng  such  undergarments  const i tu tes  a  
hazard .  

NOTE  2  Cl oth i ng  wi th  i n teg rated  conducti ve  f i bres  does  not  prevent  the  wearer from  e lectri c  shocks.  

NOTE  3  The  res i s tance  of  d i ss ipat i ve  materi al s  made  from  rubber  con tai n i ng  carbon  black may sometimes  
i ncrease  wi th  decreasi ng  temperatu re.  

Tabl e  21  – Determi nation  of  requ i rem ent  for  el ectrostatic  d issipative  protective  
cloth in g  an d  oth er i tem s of  person al  protecti ve  eq u ipment  

Hazard ou s  Zon e  Probabi l i ty of  Ch arg i n g   0 , 02  m J  ≤  M I E  ≤  0 , 20  m J   M IE  >  0 , 20  m J  

Zon e 0  
High  

Requ i red  

Requ i red  

Low 
Recommended  

Zon e 1  
High  

Low 

Not  Requ i red  
Zon e 2  

High  Recommended  

Low Not  Requ i red  

Zon es  20,  21  or  22  -  Not  Requ i red  

 

I n  oxygen-enriched  atmospheres,  such  as  those  that  cou ld  be  presen t  i n  l i qu id  oxygen  f i l l i ng  
plants ,  vapour from  the  cooled  gas  can  permeate  an  employee’s  cl oth i ng ,  i ncreas ing  i ts  
combustibi l i ty.  C loth i ng  can  then  be  eas i l y i g n i ted  by s tatic  e l ectric i ty d i scharges  from  charged  
people  or  c loth ing .   

The  M IE  of  oxygen-en ri ched  atmospheres  may be  l ess  than  the  M IE  of  the  f lammable  
substance  common ly found  i n  l i terature.  I f  i t  i s  determ ined  that  an  oxygen-enriched  
atmosphere  may occur,  care  shou ld  be  taken  to  ensure  the  value  of  the  M IE  used  for the  
purposes  of  r i sk assessmen t i s  that  measured  us ing  the  oxygen-enriched  atmosphere.  

Expert  advice  shou ld  be  obtained  before  se lecti ng  e lectrostatic  d iss ipati ve  protecti ve  c loth ing  
or equ ipmen t for use  i n  hazardous  zones  wi th  M IE  l ess  than  0, 02  mJ .  The  requ i rements  
speci f ied  i n  EN  1 1 49-5  are  based  on  explos ive  atmospheres  wi th  M IE  of  0 , 02  mJ  or g reater.  

I f  c lo th i ng  becomes  con tam inated  wi th  f l ammable  so lven ts,  there  i s  a  ri sk of  e lectrostatic  
i gn i ti on  i f  the  cloth i ng  i s  removed  or o ther h i gh  charg ing  act i vi t i es  occur.  Un less  there  i s  an  
immed iate  ri sk of  chem ical  burn  or  toxici ty,  c l oth ing  that  i s  contam inated  wi th  f lammable  
so lvents  shou ld  be  doused  wi th  water  or  the  f lammable  so lvent  al l owed  to  evaporate  before  
the  c loth i ng  i s  removed.  

Metal l i c  f i bres  (e. g .  s tai n less  s teel ,  s i l ver coated  f i bres ,  etc. )  and  other  f ibres  of  very l ow 
res isti vi ty that  may be  used  i n  d i ss ipati ve  c loth ing  do  not  preven t  e l ectrostatic  shock hazards .  
Such  f ibres  shou ld ,  therefore,  on l y be  used  wi th  cau tion  i n  areas  where  there  may be  a r i sk of  
e lectrostatic  shock.  
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NOTE  Metal l i c  f i bres  can  cause  smal l  nu i sance  shocks  to  be  fe l t  where  c l oth i ng  con tacts  the  ski n  (e . g .  at  the  
wri sts  and  neck) .  Such  shocks  are  caused  by l ocal i sed  d i scharges  between  the  ski n  and  the  metal l i c  f i bres .  

The e lectrostatic  properti es  of  protecti ve  c loth i ng  may change  wi th  weari ng  time,  after  
cl ean ing  procedures  or  after exposu re  to  extreme  cond i t i ons.  Cloth i ng  shou ld  be  main tained  
i n  accordance  wi th  manufacturers ’  i nstructi ons .  For example  i t  may be  necessary to  re- treat  
cl oth ing  wi th  a  special  f i n i sh  each  t ime  i t  i s  washed.  

1 1 .6  G loves  

Gloves  made from  insu lat i ng  materials  cou ld  al l ow obj ects  he ld  i n  the  hand  to  become and  
remain  charged .  G loves  worn  i n  Zone  0  and  Zone  1  shou ld ,  therefore,  be  made from  
d iss ipati ve  or conductive  materials .  They may be  tested  wh i l e  worn  i n  con j unction  wi th  
footwear.  Typical l y the  res istance  i s  measured  between  a  hand-held  metal  bar and  a metal  
p late  on  wh ich  the  person  s tands.  The  same res istance  l im i ts  as  prescribed  for footwear  
shou ld  be  appl ied  (see  1 1 . 3) .  

Gloves  for use  i n  f lammable  atmospheres  are  Category I I  Personal  Protecti ve  Equ ipmen t and  
shou ld  compl y i n  Europe  wi th  the  Essential  Heal th  and  Safety Requ i rements  of  EC D i recti ve  
89/686/EEC.  

NOTE  1  The  test  procedu res  descri bed  i n  the  parag raph  above  are  su i tabl e  for  end-user veri f i cat i on  and  dai l y  
checking  of  g l oves  wi th i n  the  g l ove/person/footwear system .  For type  qual i f i cati on  testi ng ,  add i t i onal  product  
s tandards  may appl y,  e . g .  CEN  are  developi ng  a  product  s tandard  for  personal  protect i ve  g l oves  agai nst  
e l ectrostati c  r i sks.  

NOTE  2  I n  some cases  the  bas i s  for  hand  protecti on  wi l l  be  preventi on  of  exposu re  to  toxi c  substances  and  i t  
may not  be  poss ible  to  speci fy  a  g l ove  wh i ch  s imu l taneous ly  meets  the  goal s  of  s tat i c  charge  d i ss ipat i on  and  
chem ical  res i s tance.  I n  such  cases  i t  may be  necessary to  provide  an  al ternati ve  means  of  earth i ng  conducti ve  
hand-hel d  obj ects .  

When  the  i n tended  path  to  earth  for conducti ve  objects  or  too ls  he ld  i n  the  hand  i s  via  a 
person  wearing  g loves,  the  e lectrical  res is tance  measured  through  the  g l oves  shou ld  be  l ess  
than  the  overal l  res is tance  to  earth  l im i t.  For general  use  the  res istance  to  earth  via the  

g loves  shou ld  be  less  than  1 00  MΩ ,  and  for more  cri t i cal  appl icati ons  (e . g .  hand l ing  sensi ti ve  

explos ives)  the  res istance  to  earth  via  the  g l oves  shou ld  be  less  than  1 00  kΩ .  

1 1 .7  Other I tems  

Protecti ve  helmets,  breath ing  apparatus ,  vi sors  etc.  made  from  plastics  may become charged ,  
bu t  i f  they are  used  wi th  care  i n  accordance  wi th  manufacturer’s  recommendations,  they are  
un l ikel y to  presen t  an  e lectrostatic  i gn i t i on  ri sk i n  Zone  1 ,  Zone  2 ,  Zone  20,  Zone  21  or  Zone  
22  areas,  provided  there  are  no  h igh  charg ing  act i vi t i es .  As  wi th  cloth ing ,  there  may be  
e lectrostatic  i gn i t ion  r isks  i f  there  i s  a  combinati on  of  h i gh  charg ing  acti vi t i es  (e. g .  wiping  a  
visor)  and  low MIE  gases  or  vapou rs  present.  The  gu idance  g iven  in  Table  21  may also  be  
i n terpreted  for use  wi th  other i tems  of  personal  protecti ve  equ ipment.  I n  areas  where  the  use  
of  d iss ipati ve  i tems  i s  i nd icated  i n  Table  21 ,  personal  protecti ve  equ ipmen t shou ld  be  made  
from  d iss ipative  or  conducti ve  materials  accord ing  to  Table  1  and  earthed  via the  body of  the  
wearer.  Any i nsu lating  materials  used  in  the  construction  of  personal  protecti ve  equ ipment  
shou ld  be  l im i ted  i n  area as  i nd icated  i n  Table  3 .  

1 2  Electrostatic  shock 

1 2. 1  In troduction  

The d ischarge  of  static  e lectrici ty th rough  a person 's  body can  cause  an  e lectrostatic  shock.  
The  smal lest  d i scharge  energy a  person  can  fee l  to  or  from  h is  body i s  about  1  mJ .  As  th is  
energy i s  i ncreased  variations  i n  response  are  observed.  Some people  f i nd  1 0  mJ  
uncomfortable  due  to  muscu lar  contracti on ,  whereas  o thers  can  accept  several  hundred  mJ  
before  they experience  sharp muscu lar contracti on .  1  000  mJ ,  however,  affects  everybody 
severe l y.  I n  i nci dents  i n  wh ich  people  have  been  rendered  unconscious,  the  d ischarge  energy 
was  est imated  to  be  several  j ou les.  
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Since  i n  most  s i tuati ons  electrostatic  d i scharge  energ ies  are  below 1 00  mJ ,  serious  
phys io log ical  shocks  are  very rare .  I rrespecti ve  of  whether  the  shock i tse l f  i s  harm fu l ,  the  
i nvo lun tary muscu lar reacti on  resu l t i ng  from  the  shock can  cause  an  acciden t  l ead ing  to  i n j u ry 
or  even  death  th rough  e. g .  dropping  of  an  i nstrument or  precipi tating  a  fal l .  I n  add i t i on  to  
these  hazards,  the  e lectrostatic  d i scharge  that  normal l y precedes  these  shocks  can  also  
i gn i te  f l ammable  atmospheres.  

E lectrostatic  shocks  due  to  stat ic  e l ectric i ty d i ffer to  some extent  from  other forms  of  e lectric  
shock in  that  they are  of  short  du ration  ( l ess  than  1  ms) ,  they normal l y i nvolve  h i gh  vol tages  
(several  or  tens  of  kV) ,  and  safe/hazardous  l evels  are  expressed  i n  terms  of  energy or 
charge,  as  opposed  to  cu rrent.  

1 2 .2  Discharges relevant  to  electrostatic  shocks  

Static  e l ectrici ty g i ves  r ise  to  several  types  of  d ischarge  and  thei r  propert ies  are  fu l l y  
d i scussed  i n  A. 3 .2  to  A. 3 .7.  The  fo l l owing  are  considered  to  be  most  relevan t  to  e lectrostatic  
shocks  to  people:  

a)  brush  d ischarges  can  occur when  a person  moves  c lose  to  or  touches  a  h i gh l y charged  
i nsu lator (so l i d  or  l i qu i d) ;  

b)  spark d ischarges  can  occur when  a person  makes  con tact  wi th  a  h igh l y charged  
conducti ve  body;  

c)  propagating  brush  d ischarges  can  occu r due  to ,  for  example,  a  person  hand l i ng  p last ic  
sheets  being  charged  posi t i ve  on  one  s ide  and  negati ve  on  the  opposi te  s i de,  or  touch ing  
h igh l y charged  powders  or g ranu les  i nsi de  a l arge  plastic  skip.  

E lectrostatic  d i scharges  are  considered  to  be  a  d i rect  hazard  to  heal th  i f  the  d ischarge  energy 

exceeds  350  mJ  or  the  charge  transferred  exceeds  50  µC.  I t  fo l l ows  that  brush  d ischarges  or  
spark d ischarges  from  smal l  i so lated  metal  objects  ( funnels,  cans,  hand  too ls)  do  not  cause  
e lectrostatic  shocks  wh ich  are  d i rectl y harm fu l .  Bu t  spark d ischarges  from  l arge  obj ects  and  
some propagating  brush  d ischarges  can  be  harm fu l  s i nce  the  energ ies  from  both  these  types  
of  d i scharge  can  exceed  1  J .  

D ischarge  energ ies  as  l ow as  a few mJ  can  be  an  i nd i rect  hazard  to  heal th  due  to  i nvo lun tary 
movement.  Such  shocks  can  cause  i n j u ry due  to  contact  wi th  moving  mach inery or to  fal l s .  
Even  m inor shocks  are  undes i rable  s i nce  they can  cause  unnecessary anxiety and  l ead  to  
l oss  of  concen trati on .  

1 2.3  Sources  of  electrostatic  shock 

Many i ndustrial  and  non  i ndustrial  processes  can  l ead  to  e lectrostatic  shocks.  There  are  two  
scenarios  defi ned  i n  1  and  2  be low that  describe  how such  e lectrostatic  shocks  can  occur:  

1 a)  there  i s  a  pro l i f ic  source  of  charg ing ;  and  

1 b)  the  charge  i s  able  to  bu i l d  up  on  an  object,  normal l y a  conductor or  a  conducti ve  backed  
i nsu lator;  and   

1 c)  a  person  i s  able  to  make con tact  wi th  the  obj ect.  

or  

2a)  there  i s  a  pro l i f ic  source  of  charg ing ;  and  

2b)  a  person  gains  h i gh  vo l tage  th rough  d i rect  charg ing  or i nduction ;  and   

2c)  the  charged  person  then  touches  an  earthed  conductor.  

Examples  of  pro l i f i c  charg ing  processes  are:  

a)  Bel ts  or  f i lm  pass ing  rapid l y over  ro l l ers ;  

b)  Pneumatic  conveying  of  materials ;  
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c)  Pumping  low conducti vi ty l i qu ids  th rough  f i l ters  or  other restrictions;  

d )  Spraying  us ing  e lectrostatic  spraying  equ ipment;  

e)  Fi l l i ng  of  Type  A FIBC wi th  h igh l y i nsu lati ng  powders  or  pel l ets ;  

f)  Escape of  wet  s team ;  

g )  Fi re-exti ngu ishers  wh ich  em i t  charged  drops  or  particles;  

h )  Moving  of  forkl i ft  trucks  or o ther  veh icles  on  i nsu lati ng  surfaces  or  wi th  i nsu lat i ng  t i res.  

1 2.4  Precautions to  avoid  electrostatic  shocks  

1 2.4. 1  Sources  of  electrostatic  shocks  

Electrostatic  shocks  can  be  due  to  charge  bu i l t-up  on  a  person  or on  i so lated  conducti ve  parts  
or  on  i nsu lati ng  materials  i n  a  process  or  equ ipment.  

1 2.4.2  Reported  shocks  from  equ ipment  or processes  

Many types  of  equ ipment and  processes  cause  e lectrostatic  charg ing  bu t  i t  often  goes  
unnoticed .  However,  reports  by operati ves  that  they are  receiving  shocks  shou ld  always  be  
i nvestigated .  I t  i s  l i kel y that  they are  harm less,  bu t  th is  i s  not  always  the  case;  i t  can  i nd icate  
that  equ ipment i s  fau l ty and  hazardous.  

The  most  effecti ve  precau ti on  that  can  be  taken  to  avoid  e l ectric  shocks  i s  to  earth  al l  metal  
and  conducti ve  parts  of  mach inery and  plan t  ( for detai ls  see  Clause  1 3) .  However,  th is  
precauti on  i s  not  always  poss ible  and ,  even  when  i t  i s  done,  there  can  st i l l  be  problems  due  to  
h igh l y charged  i nsu lati ng  (so l i d  and  l i qu id)  materials .  

Other  precau tions  i nclude:  

a)  Reducing  the  rate  of  charge  generation .  Th is  has  l im i ted  appl icati on  bu t  the  use  of  
d i ss ipative  add i ti ves  can  be  effecti ve,  main l y when  used  wi th  l i qu i ds;  

b)  Reducing  charge  bu i l d  up  on  non -conductors.  Stat ic  e l im inators  are  usefu l  for  removing  
charge  on  moving  f i lm  and  webs;  

c)  Preven ting  people  from  making  contact  wi th  charged  parts .  Th is  approach  i s  usefu l  for  
processes  such  as  e lectrostatic  spraying  (see  8 . 7)  or  o ther processes  that  have  h i gh l y 
charged  parts.  People  can  be  protected  from  contact  wi th  such  parts  by us i ng  su i table  
i nsu lati on ,  earthed  screens,  etc;  

d )  Usi ng  a f l ooring  or  f l oor covering  material  having  a  res istance  to  earth  of  l ess  than  

1 00  MΩ .  People,  veh icles  incl ud ing  forkl i ft  trucks  or cars  i n  car parks  can  become charged  
when  moving  on  a h igh  res istance  f l oor.  

1 2.4.3  Shocks  as  a  resu l t  of  people  being  charged  

People  often  become electrical l y charged,  e i ther  d i rectl y (by removing  a  garment  or  walki ng  
across  a  carpet)  or  by i nduction  (due  to  being  c lose  to  h i gh l y charged  obj ects) .  Th is  can  l ead  
to  shocks  wh ich ,  al though  not  d i rectl y harm fu l ,  can  be  very annoying .  

Typical  charge  generati ng  s i tuati ons  are  walking  on  h igh  res istance  f looring  or  r i s ing  from  
seats  covered  wi th  certain  materials .  Acti vi t ies  such  as  push ing  tro l leys  wi th  i nsu lating  wheels  
can  exacerbate  charg ing  of  people  wh i le  walki ng .  

Shocks  due  to  charge  bu i l d -up wh i l e  walking  can  usual l y be  prevented  by us ing  f l oor  

coveri ngs  having  a res is tance  to  earth  of  less  than  1 00  MΩ .  

D i rect  charg ing  of  people  can  be  reduced  by weari ng  d iss ipati ve  cloth i ng  and  earth ing  the  
person  e. g .  th rough  stati c  d i ss ipati ve  or conductive  f looring  and  footwear (see  1 1 . 2  and  1 1 . 3) .  
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However,  l ow res is tance  earth i ng  (<  1 00  kΩ)  of  people  shou ld  not  be  used  general l y s i nce  i t  
can  l ead  to  more  serious  e lectric  shocks,  for  example,  when  a person  makes  contact  wi th  a  
h igh l y charged  conductor  or  wi th  mains  e lectric i ty.  

1 2.5  Precautions in  special  cases  

1 2.5. 1  Pneumatic  conveying  

Moving  powders,  g ranu les  or  smal l  obj ects  from  one  place  to  another by blowing  or sucking  
them  through  p ipes  often  causes  large  amoun ts  of  charg ing .  The  material  be ing  conveyed  and  
al l  parts  of  the  conveying  system ,  i nclud ing  the  p ipework and  the  containers  at  e i ther end,  can  
al l  become h i gh l y charged.  

I n  add i t i on  to  earth i ng  the  fo l l owing  precauti ons  shou ld  be  taken :  

a)  A bu i ld -up of  conducti ve  objects  i ns ide  an  i nsu lating  pipe  shou ld  be  earthed  before  
attempts  are  made  to  c lear  i t .  (A metal  rod  attached  to  an  earthed  conducti ve  wi re  i s  
su i table) ;  

b)  When  pneumatical l y conveyed  conducti ve  objects  col l ect  i n  an  i nsu lati ng  con tainer there  
shou ld  be  an  earthed  con tact  at  the  base  of  the  con tainer or  people  shou ld  be  prevented  
from  touch ing  the  con ten ts;  

c)  When  pneumatical l y conveyed  insu lat i ng  powder or  g ranu les  co l lect  i n  l arge  (≥  1  m 3)  
i nsu lati ng  containers  people  shou ld  be  prevented  from  touch ing  the  conten ts  (see  also  9 . 2  
and  9 . 6) .  

1 2.5.2  Vacuum  cleaners  

Vacuum  cleaners  are  s im i lar  to  pneumatic  conveyi ng  systems;  the  material  that  i s  p icked  up i s  
charged  as  i t  passes  th rough  the  hose  assembly and  col lects  i n  the  system .  

The  fo l l owing  precautions  shou ld  be  taken:  

a)  Fixed  systems  shou ld  be  earthed  and  metal  or  conducti ve  hoses  and  nozzles  bonded  to  
them ;  

b)  Portable  systems  are  not  normal l y a  problem  bu t  external  metal  parts  shou ld  be  earthed,  
especial l y i f  they are  to  be  used  near moving  mach inery or  on  e levated  platforms.  

1 2.5.3  Reels  of  charged  f i lm  or sheet  

Fi lm  and  sheet  material  can  become charged  due  to  pass ing  over ro l l ers  lead ing  to  the  
storage  of  large  amoun ts  of  charge  on  reels .  Ro l l s  of  such  material  are  best  handled  by 
mach ines  bu t  the  fo l l owing  precau ti ons  shou ld  also  be  taken :  

a)  Earth  al l  conductive  parts,  especial l y the  central  former (or rol l er)  before  i t  i s  touched  by a  
person ;  

b)  Use  stat ic  e l im inators,  especial l y at  a  su i table  d istance  after poi n ts  of  h igh  fri ct i on  or  
pressure  such  as  n ip  ro l l s ,  e . g .  i n  pri n ti ng  mach ines  between  presser  and  f i rst  ro l l er  and  
before  en tering  the  pri n t  reg ion ;  

c)  Use  d iss ipative  materials  for ro l l s ,  formers  and  s leeves;  

d )  Use  pain ts ,  i nks  and  g l ues  wi th  an  e lectric  conducti vi ty of  at  l east  1 0  000  pS/m ;  

e)  I ncrease  relati ve  hum id i ty;  

f)  Reduce  f i lm  speed;  

g )  Reduce  pressure  and/or  fri ct i on  between  f i lm  and  ro l l ers;  

h )  Where  f lammable  gases  or vapours  are  present,  the  maximum  perm issible  e lectric  f i e l d  for  
a  free  span  of  f i lm  of  at  l east  1 50  mm  away from  earthed  contact  po in ts  shou ld  be  
200  kV/m .  Al ternati vel y,  the  maximum  surface  charge  dens i ty shou ld  be  l ess  than  

2  µC/m 2 .  
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1 2.5.4  Fi re  ext ingu ishers  

The re lease of  material  from  an  exti ngu isher  can  cause  l arge  amoun ts  of  charg ing  and  the  
system ,  (or parts  of  i t) ,  that  are  not  earthed  can  acqu i re  a  h i gh  vol tage .  For th is  reason  al l  
metal  or  conducti ve  parts  of  f i xed  systems  shou ld  be  earthed.  

Al though  i t  i s  possible  to  get  shocks  from  portable  ext ingu ishers  th is  i s  rare.  On  balance  the  
advantages  of  us i ng  th is  equ ipment  ou tweigh  the  poss ible  shock r isk.  

1 3  Earth ing  and  bonding  

1 3. 1  General  

By far the  most  effecti ve  method  of  avoid i ng  hazards  due  to  static  e l ectri ci ty i s  to  connect  al l  
conductors  to  earth .  Th i s  wi l l  avo id  the  most  common  problem  wh ich  i s  the  accumu lati on  of  
charge  on  a  conductor and  the  release  of  vi rtual l y al l  the  s tored  energy as  a s i ng le  spark,  to  
earth  or  to  another conductor.  

I n  i ndustrial  envi ronments  where  there  can  be  poten tial l y f lammable  atmospheres,  there  are  
many conductors  wh ich ,  i f  not  su i tabl y earthed,  can  become charged  to  a hazardous  l evel .  
Some of  these  are  necessary parts  of  the  plant  or  the  equ ipment  used  and  these  i ncl ude:  
p lant  s tructure,  reaction  vessels ,  p i pes,  valves,  storage  tanks  and  d rums.  Others  are  there  
main l y by acciden t,  or  due  to  carelessness;  for  example,  l eng ths  of  redundant  wi re,  metal l i c  
cans  f l oating  on  med ium  or l ow conducti vi ty l i qu i ds,  and  metal  too ls  or  pools  of  conducti ve  
l i qu i d  on  the  surface  of  i nsu lat ing  materials .  

NOTE  Earth i ng  and  bond ing  techn iques  are  al so  used  for e l ectri ci ty  power suppl y systems  and  l i gh tn i ng  
protecti on ,  bu t  the  requ i remen ts  are  not  necessari l y  the  same.  C lause  1 3  deal s  on l y  wi th  protecti on  against  s tat i c  
e l ectri ci ty.  

Bond ing  i s  used  to  m in im ize  the  poten tial  d i fference  between  conducti ve  objects  to  an  
i ns i gn i f i can t  l evel ,  even  where  the  resu l ti ng  system  is  not  earthed .  Earth ing ,  on  the  other  
hand,  equal i zes  the  poten tial  d i fference  between  the  objects  and  the  earth .  Examples  of  
bond ing  and  earth i ng  are  i l l ustrated  i n  Figure  4.  

NOTE  1  An  often -used  synonym  for  earth i ng  i s  g round ing .  

 

Bonding  

Earthing 

Earthing  and bonding 
IEC   2175/13  

Figure 4  – Di fference between  earth ing  and  bonding  
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A conductive  object  can  be  earthed  by a d i rect  conducti ve  path  to  earth  or  by bond ing  i t  to  
another conducti ve  obj ect  that  i s  al ready connected  to  the  earth .  Some objects  are  i nherentl y 
bonded  or  i nheren tl y earthed  because  of  the i r  contact  wi th  earth .  

The  total  res istance  between  an  earthed  object  and  the  g round  i s  the  sum  of  the  i nd ividual  
res istances  of  the  earth  wi re,  i ts  connectors,  o ther conductive  materials  along  the  i n tended  
earth i ng  path ,  and  the  resistance  of  the  earth  e lectrode  ( i . e .  earth  rod)  to  the  g round.  

Most  of  the  res is tance  i n  an  earth  connection  may exist  between  the  earth  e lectrode  and  the  
earth  i tse l f .  Th is  earth  resistance  i s  qu i te  variable  because  i t  depends  on  the  area of  contact,  
the  res isti vi ty of  the  so i l ,  and  the  amoun t  of  moistu re  presen t  i n  the  so i l .  

NOTE  2  Depend i ng  on  thei r  res i s t i vi ty,  d i ss ipati ve  objects  may need  to  be  earthed  too.  I nsu lati ng  material s  
cannot  be  earthed.   

1 3.2  Cri teria  for  the d issipation  of  stat ic  electrici ty from  a  conductor  

1 3.2. 1  Basic  considerations  

The res istances  of  the  e lectrical  paths  need  to  be  su ff ic ien tl y l ow to  perm i t  the  re laxation  of  
charge  and  to  prevent  the  poten tial  on  a conductor bu i l d ing  up  a  hazardous  level .  I f  th i s  
poten tial  i s  V,  the  maximum  perm i tted  value  of  res istance  R depends  upon  the  rate  at  wh ich  
the  conductor i s  receiving  charge,  i . e .  the  charg ing  current  I.  Due  to  th is  principle  the  total  
res istance  to  earth  shou ld  not  exceed  an  acceptable  maximum  g i ven  by the  equation :  

V = I R 

An  i ncend ive  d ischarge  occurs  when  two  condi t ions  are  satisf ied :  

a)  The  f i e l d  streng th  due  to  the  poten tial  of  the  conductor exceeds  the  breakdown  s treng th  of  
the  atmosphere;  and  

b)  The  energy re leased  i n  the  spark exceeds  the  m in imum  ign i t i on  energy of  any f lammable  
material  presen t.  

With  few exceptions,  earth i ng  i s  i n tended  to  preven t  al l  i ncend ive  d ischarges .  I n  order  to  do  
th is ,  i t  i s  necessary to  ensure  that  the  conductor  does  not  ach ieve  the  poten tial  requ i red  to  
i n i t iate  an  i ncendive  d ischarge.  For typical  i ndustrial  operati ons ,  th is  poten tial  i s  at  l east  300  V 
to  1  000  V.  Usi ng  1 00  V as  the  l im i t  for  the  safe  d iss ipati on  of  s tatic  e l ectri ci ty,  the  value  of  R,  
the  total  res istance  to  earth ,  can  be  calcu lated  as  fo l l ows:  

I
R

100
=  

where  R i s  i n  ohms  and  I i n  amperes.  

1 3.2.2  Practical  cri teria  

When  speci fyi ng  earth ing  requ i remen ts  each  s i tuati on ,  i . e.  each  i nd ividual  value  of  charg ing  
curren t  I,  shou ld  be  taken  i n to  account.  S ince  i t  i s  known  that  charg ing  curren ts  range  from  

1 0  pA to  1 00  µA,  the  correspond ing  values  of  R are 1 0  TΩ  and  1  MΩ .  For  the  maximum  value  

of  I,  a  res istance  to  earth  of  1  MΩ  wi l l  ensure  safe  d iss ipati on  of  s tat ic  e l ectric i ty i n  al l  

s i tuati ons .  However,  i n  most  i ndustrial  operations  I does  not  exceed  1  µA and  the  capaci tance  
C o f  an  i so lated  conducti ve  obj ect  does  not  exceed  1 00  pF  (see  examples  i n  Table  A. 2) .  I n  

th is  case  a  res is tance  to  earth  of  1 00  MΩ  i s  adequate.  

Metal l i c  i tems  i n  good  con tact  wi th  earth  shou ld  have  a  res istance  to  i t  of  less  than  1 0  Ω .  

Al though  a  value  of  up  to  1  MΩ  i s  acceptable  for s tat ic  d i ss ipation ,  values  above  1 0  Ω  may 
g i ve  an  earl y i nd icati on  of  developing  problems  (e. g .  corros ion  or a  l oose  connection)  and  
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shou ld  be  i nvesti gated .  I t  i s  importan t  that  al l  connecti ons  are  re l i able,  permanent  and  not  
subj ect  to  deteri oration .  

Smal l  conducti ve  i tems,  e . g .  a  person ,  are  cons idered  to  be  e lectrostatical l y earthed,  i f  the  
time  for charge  re laxation  i s  l ess  than  0 , 1

 
s.  

A clear d ist i nct ion  shou ld  be  made between  a  value  chosen  for conven ience  i n  mon i toring  

metal  to  metal  connections,  and  the  value  of  1  MΩ ,  wh ich  i s  the  upper l im i t  for  the  res istance  
to  earth  of  a  conductor i n  al l  s i tuati ons .  What i s  most  important,  however,  i s  that  al l  
connections  are  rel i able ,  permanent  and  not  subj ect  to  deteri oration .  

Movable  conducti ve  i tems  requ i re  special  earth  connecti ons  wh ich  shou ld  have  a  res is tance  

to  earth  of  not  more  than  1  MΩ .  

I t  i s  not  poss ible  to  effecti vel y earth  i nsu lati ng  materials .  For th is  reason  other contro l  
measures  are  needed  i f  these  are  to  be  used  safel y i n  areas  where  f lammable  atmosphere  
cou ld  be  presen t.  Refer to  C lause  6  for  detai l s .  

I n  Zone  2  and  i n  Zone  22  areas  where  the  r isk of  e l ectrostatic  generati on  i s  su ff i ci en tl y l ow,  
earth ing  of  metal  componen ts  sole l y for  the  contro l  of  s tatic  e lectric i ty may not  be  necessary.  
D iss ipati ve  or conductive  materials  may then  be  used  to  avoid  the  reten ti on  of  s tat ic  
e lectrici ty.  The  most  appropriate  maximum  value  for the  res istance  to  earth  from  al l  parts  of  

such  equ ipment  i s  1  MΩ ,  al though  values  up  to  1 00  MΩ  can  be  acceptable  i n  most  cases.  

A bri ef  review of  earth i ng  res istance  recommendations  i s  g i ven  i n  Table  22.  A test  vol tage  of  
1 00  V  shou ld  be  used,  bu t  lower  vol tages  may be  more  su i table  at  l ow resi stance  values.  

Table  22  – Summary of  maximum  earth ing  resistances for  the control  
of  static  electrici ty in  hazardous areas  

Subclause  Type of  i nstal l ation  Maximum  
resistance to  

earth  a-e  

Comments  

1 3 . 3 . 1 . 1  Standard  val ue  1  MΩ  Val ues  up  to  1 00  MΩ  are  acceptabl e  i n  some cases,  e . g .  

capaci tance  <  1 00  pF.  

1 3 . 3 . 1 . 2  Large  f i xed  metal  plan t  
(reacti on  vessel s ,  
powder s i l os ,  etc. )  

1  MΩ  Earth i ng  normal l y  i nheren t  i n  the  s tructu re.  Speci al  
earth i ng  cou l d  be  requ i red  for i tems  moun ted  on  non -
conducti ve  supports .  

1 3 . 3 . 1 . 3  Metal  pi pel i nes  1  MΩ  Earth i ng  normal l y  i nheren t  i n  the  s tructu re.  Speci al  
earth i ng  connecti on  requ i red  across  j o i n ts  i f  res i stance  

cou l d  exceed  the  1  MΩ  cri teri on .  

1 3 . 3 . 1 . 4  Movable  metal  i tems  
(drums,  road  and  rai l  
tankers,  etc. )  

1  MΩ  Earth i ng  connecti ons  are  normal l y  requ i red  du ri ng  f i l l i n g  

and  emptyi ng .  A 1 0  Ω  connecti on  between  the  earth i ng  
poi n t  and  temporary connecti ons  to  metal  i tems  i s  
recommended  for pu re  metal  connecti ons .  

1 3 . 3 . 2  Metal  pl an t  wi th  some  
i nsu lati ng  e l ements  
(valves ,  etc. )  

1  MΩ  I n  special  cases  a  l im i t  o f  1 00  /  I Ω  cou ld  be  acceptable,  

bu t  i n  g eneral  i f  a  1  MΩ  cri teri on  cannot  be  sat i sf i ed  a  
special  earth i ng  connecti on  shou ld  be  used.  Very smal l  
conducti ve  i tems  need  not  be  earthed ,  see  6 . 2 . 3  

1 3 . 3 . 3  I nsu lat i ng  i tems  wi th  or 
wi thou t  i so lated  metal  
components  (e . g .  bol ts  
i n  plast i c  pi pel i ne)  

No  g eneral l y  
appl i cabl e  
val ue  

The  g eneral  e l ectrostat i c  i gn i t i on  ri sk and  the  f i re  hazard  
normal l y  preclude  the  use  of  such  materi al s  un less  i t  can  
be  shown  that  s i gn i f i can t  charge  accumu lat i on  wi l l  n ot  
occu r.  I n  the  absence  of  charge  accumu lati on  earth i ng  i s  
not  requ i red  i n  Zone  2  and  i n  Zone  22.  

1 3 . 3 . 4  I tems  fabri cated  from  
d i ss ipat i ve  material s  

1  MΩ  

to  1 00  MΩ  

Materi al s  at  the  border l im i t  to  i nsu lati ng  materi al s  may not  
need  to  be  earthed  i n  the  absence  of  s trong  charge  
generat i on  processes  

1 1 . 2  Fl oors  i n  f l ammable  
atmosphere  areas  

1  MΩ  

to  1 00  MΩ  

Res i stance  from  f l oor su rfaces  to  earth .  
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Subclause  Type of  i nstal l ation  Maximum  
resistance to  

earth  a-e  

Comments  

1 1 . 3  Footwear used  for 
earth i ng  peopl e  i n  
f l ammable  atmosphere  
areas  

1 00  MΩ  Res i s tance  from  hand -held  metal  bar to  metal  p late  under 
one  shoe  sole.  

1 1 . 3  Footwear used  for  
earth i ng  peopl e  i n  
explos i ve  devi ce  or  
material   hand l i ng  areas  

1  MΩ  Res i stance  from  hand -held  metal  bar to  metal  plate  under 
one  shoe  so le.  Where  the  m in imum  spark energy for 

i gn i t i on  i s  ≤  1  m J ,  the  maximum  res i stance  to  earth  shou l d  

be  l ess  than  1 50  kΩ .  

1 3 . 3 . 5  Earth i ng  of  h ous i ngs  vi a 
i n tri ns i c  safety c i rcu i ts  

1 00  MΩ  Th i s  res i stance  behaves  as  an  i nsu lati ng  res i s tance  i n  l ow 
vol tage  appl i cati ons.  

1 3 . 3 . 6  Sh ips  du ri ng  l oad ing  
and  un load i ng  

Al l  metal  parts  
bonded  
together  

Use  a  s i ng l e  i nsu lat i ng  f l ange  and  earth  one  l i ne  vi a  the  
sh ip  to  the  sea and  the  other vi a  an  earth  connecti on  at  
the  shore.  

7. 8. 1 . 3  Ai rplanes  du ri ng  
refuel l i n g  

25  Ω  Accord i ng  to  aviati on  ru l es.  

7. 8. 3  Veh i cles  du ri ng  
refuel l i n g  

1 00  MΩ  Leakage  res i s tance  of  the  forecourt  o f  the  f i l l i n g  s tat i on .  

1 0  GΩ  Leakage  res i stance  between  f i l l i ng  nozzl e  and  forecou rt  
vi a  one  s i ng le  tyre.  

1  MΩ  Leakage  res i s tance  between  f i l l i ng  nozzl e  and  earth  vi a  a  
conducti ve  f i l l i ng  hose  assembly.  I n  case  of  e l ectri cal l y  

bonded  f i l l i n g  hoses  the  border  l im i t  i s  1 00  Ω .  

a  Th i s  Tabl e  shou l d  be  read  i n  con junct i on  wi th  the  paragraphs  i nd i cated  i n  the  text.   

b  The  test  method  speci f i ed  i n  the  re l evant  subcl ause  shou l d  be  used.  

c  I n  Zone  2  and  i n  Zone  22  earth i ng  i s  requ i red  on l y  when  charge  accumu lat i on  i s  con ti nuous.  

d  I n  o rder to  provide  protect i on  agai nst  l i g h tn i ng  or  to  meet  the  e l ectri c i ty  power suppl y earth i ng  requ i rements  a  
l ower val ue  of  res i stance  to  earth  i s  normal l y  requ i red .  

e  The  values  g i ven  i n  the  Table  shou ld  not  be  appl i ed  i n  the  case  of  protecti ng  e l ectrostati c  sens i t i ve  e l ectron i c  
devi ces  or  explos i ves.  

 

1 3.3  Earth ing  requ irements  i n  practical  systems 

1 3.3. 1  Al l -metal  systems 

1 3.3. 1 . 1  General  

The standard  value  for  the  res istance  to  earth  i s  up  to  1  MΩ ,  provided  that  i t  can  be  
main tained .  Special  earth ing  connecti ons  are  not  normal l y requ i red  un less,  for  example,  
equ ipment i s  moun ted  on  i nsu lati ng  supports,  or  con tam inati on  wh ich  affects  the  i nsu lati on  
cou ld  develop across  a j o in t.  

Values  up  to  1 00  MΩ  are  acceptable  i n  some cases,  especial l y when  the  capaci tance  of  the  
conductor does  not  exceed  1 00  pF  (see  1 3 .2. 2  and  A.3 . 2) .  

For al l -metal  systems,  a  res istance  of  l ess  than  1 0  Ω  shou ld  usual l y be  ach ieved .  However,  

for  systems  us ing  e . g .  braided  bond ing  cables ,  a  res istance  of  l ess  than  25  Ω  i s  acceptable.  

I f  a  s ign i f i cantl y h i gher value  i s  found ,  fu rther i nvestigati ons  shou ld  be  made to  check for 
poss ible  problems  (e. g .  a  l oose  connection  or corros ion) .  

1 3.3. 1 .2  Main  structures  

The main  s tructure  of  a  p lant  and  i ts  major components ,  such  as  reactors,  m i l l s ,  b lenders  or  
tanks,  and  also  i tems  such  as  p ipel i nes ,  are  permanent  metal l i c  i nstal l ati ons  normal l y wi th  
bo l ted  or  welded  j o in ts.  They are  usual l y i n  d i rect  con tact  wi th  the  e lectric i ty power suppl y 
earth i ng  system ,  thei r  res istance  to  earth  i s  low and  there  i s  l i tt l e  ri sk of  deteri orati ng  to  a 
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value  above  1  MΩ .  Satisfactory earth i ng  wi l l  be  ach ieved  wi thou t  special  earth i ng  connections  
wh ich  are  recommended  on l y when  the  p lan t  des i gn  and  usage  make i t  d i f f i cu l t  to  main tain  a  
l ow res is tance  to  earth .  I n  some plants  i tems  of  equ ipment  are  not  i n  d i rect  e l ectrical  
connecti on  wi th  the  main  structure,  e . g .  those  moun ted  on  f l exible  or  vi bratory moun tings  or 
on  l oad  cel l s .  Those  shou ld  have  special  earth ing  connecti ons  to  ensure  a good  con tact  to  
earth ,  un less  a h igher prescribed  res istance  may be  accepted  (see  1 3. 3. 2) .  

1 3.3. 1 .3  Pipel ines  

A pipel i ne  i s  sometimes  a  temporary i nstal lat ion  and  i t  cou ld  i nclude  leng ths  of  i nsu lating  
pipe.  As  a resu l t,  special  earth ing  connecti ons  may be  needed  where  conducti ve  p ipe  
secti ons  are  i solated  from  earth  by i nsu lati ng  secti ons  or f i tt ings .  For th is  reason ,  i nstal l ing  an  
i nsu lati ng  p ipe  or hose  m idway i n  a  secti on  of  otherwise  ent i re l y metal  pi ping  shou ld  be  
avoided  because  i t  i s  equ ivalen t  to  a  break i n  bond ing .  Moreover  such  a p ipe  or hose  may 
cause  propagati ng  brush  d ischarges.  However,  sometimes  an  insu lati ng  f l ange  or secti on  of  
pipe  may be  necessary to  avoid  an  earth i ng  loop (see  1 3 . 3 . 6) .  

The  appl ication  of  bond ing  connectors  across  al l  j o in ts  i n  a  metal  pi pe l i ne  i s  not  general l y 
needed  and  shou ld  on l y be  used  when ,  because  of  the  des ign ,  there  i s  no  metal  to  metal  
con tact.  Th is  may occur where  i nsu lati ng  gaskets  are  used ,  and  pain t  on  the  ou ts i de  of  the  
pipe  preven ts  bol ts  making  a re l i able  electrical  contact  wi th  the  pipe.  

1 3.3. 1 .4  Movable metal  i tems  

There  are  i tems  of  equ ipment,  such  as  drums,  funnels  and  trol l eys,  wh ich  cannot  be  
permanentl y connected  to  earth  th rough  the  main  plan t  s tructu re .  I n  many cases,  thei r  

res istance  to  earth  cou ld  be  wel l  be low 1  MΩ ,  bu t  th is  cannot  be  rel i ed  upon .  To  al low th is ,  
su i table  temporary earth i ng  connecti ons  shou ld  be  used .  The  m in imum  requ i rement  i s  that  
each  i tem  shou ld  be  earthed  whenever a  f lammable  m ixture  cou ld  be  presen t  and ,  at  the  
same t ime,  there  i s  a  poss ibi l i ty of  e l ectrostatic  charg ing ,  such  as ,  for  example,  du ri ng  the  
f i l l i ng  or  emptying  of  a  container.  

Portable  conductive  i tems  (e. g .  tro l l eys  equ ipped  wi th  conducti ve  ro l l ers ,  metal  buckets  etc. )  
are  earthed  th rough  thei r  con tact  wi th  d iss ipative  or  conductive  f l oors.  However,  i n  the  
presence  of  contam inan ts  l i ke  d i rt ,  or  pain t  on  the  con tact  surface  of  e i ther the  f loor  or  the  
obj ect  the  l eakage  res is tance  to  earth  may i ncrease  to  an  unacceptable  value  resu l t ing  i n  
poss ible  hazardous  e lectrostatic  charge  on  the  object.  Where  such  s i tuati ons  are  expected,  
the  object  shou ld  be  earthed  by an  al ternative  means  (e . g .  earth ing  cable) .  A connection  

res istance  of  1 0  Ω  between  the  cable  and  the  i tem  to  be  earthed  i s  recommended .  

Earth ing  and  bond ing  need  to  be  con ti nuous  during  the  period  that  charge  bu i l d -up cou ld  
occur and  cause  e lectrostatic  hazards .  Making  or breaking  an  earth  or  bond  connecti on  i n  the  
presence  of  an  e lectrostatic  f ie ld  cou ld  cause  e lectrostatic  charg ing  by i nducti on ,  thus  be ing  
hazardous.  (See  A. 1 . 1 0) .  

1 3.3.2  Metal  p lant  wi th  i nsu lating  parts  

A plan t  of  metal  constructi on  always  con tains  i nsu lat i ng  e lemen ts  wh ich  cou ld  poss ibl y affect  
e lectrical  conti nu i ty and  earth i ng .  Examples  are  l ubricati ng  o i ls  and  g reases  and  a  wide  range  
of  po l ymers  such  as  PTFE  and  po l yethylene  wh ich  have  many appl icati ons .  Normal l y,  al l  
metal  parts  of  the  plant  are  earthed  e i ther d i rectl y or  th rough  su i table  earth ing  connecti ons  
and  al l  paths  to  earth  have  l ow res istances,  bu t  problems  cou ld  ari se  because  of  the  
i nsu lat i ng  e lements.  As  al ready men tioned  (see  1 3 . 2. 2) ,  a  res istance  to  earth  of  l ess  than  

1  MΩ  i s  adequate  for  the  relaxati on  of  static  e lectric i ty,  and  i n  many cases,  advan tage  can  be  
taken  of  th is .  An  importan t  example  i s  the  use  of  o i ls  and  g reases  for l ubricati ng  rotat ing  
shafts ,  s t i rrers,  etc.  Tests  have  shown  that  the  resistance  across  a  l ubricating  f i lm  in  a  

beari ng  i s  un l ikel y to  exceed  1 0  kΩ .  Th is  i s  su ffi ci en t  to  al l ow d iss ipati on  of  s tatic  e lectrici ty  
wi thout  special  earth ing  devices.  
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NOTE  I n  some  h i gh  charg i ng  processes  i t  h as  been  experi enced  that  bal l  beari ngs  have  a  reduced  operati ng  l i fe  
t ime  due  to  e l ectro-corros ion .  The  use  of  conduct i ve/d i ss i pati ve  g rease  may reduce  th i s  problem  (e. g .  g raph i te  
g rease) .  

When  po l ymers  are  the  i nsu lati ng  e lements,  a  resis tance  in  excess  of  1  MΩ  i s  almost  
i nevi table  and  the  on l y so lu tion  i s  to  bond  the  i so lated  conductor to  ad jacen t  earthed  metal  
components .  

Examples  of  th is  s i tuati on  are  

a)  Bal l  valves  wi th  PTFE  packing  and  seals ,  

b)  P ipe  spacing  ri ngs  i so lated  by PTFE  coated  gaskets ,  

c)  I so lated  metal  p ipe l ine  secti ons  between  p last ic  connectors,  and  

d )  Metal  nozzles  at  the  end  of  p last ic  l i nes.  

 

Liquid/powder transportation pipe 

Liquid/powder flow 

            Metal  mesh 

IEC   2176/13 
 

Figure 5  – Hazardous earthed  conductor in  contact  wi th  a  fl owing  insu lator  

Putti ng  an  earthed  conductor  i n  contact  wi th  a  f l owing  non-conductor  as  i l l ustrated  i n  F i gu re  5  
may cause  charge  generation .  Therefore  an  earth  conductor shou ld  not  be  pu t  i n to  a f lowing  
non-conductor  for  s tat ic  d issipati on  purposes.  

1 3.3.3  Insu lating  materials  

Materials  such  as  g lass  and  i nsu lating  pol ymers  are  i ncreasing l y being  used  as  major i tems  of  
equ ipment.  Wi th  those  materials  i t  i s  not  poss ible  to  compl y wi th  the  appropriate  cri teria for 
res istance  to  earth  to  avoid  e lectrostatic  hazards  (see  1 3 .2) .  S ince  those  materials  cannot  be  
effecti ve l y earthed  they cou ld  retai n  any charge  they acqu i re  for l ong  periods.  

D ischarges  from  insu lat i ng  materials  are  of  comparati ve l y l ow energy,  bu t  can  be  su ff ic ien t  to  
i gn i te  sens i t i ve  f lammable  m ixtures .  There  i s  also  the  possibi l i ty of  h i gh  energy sparks  from  
conductive  objects  i so lated  from  earth  by these  materials .  Examples  of  these  are:  

a)  metal  components  such  as  connecti ng  bo l ts  and  backing  f l anges  i n  a  p lastic  pi pe l i ne;  

b)  metal  mesh  extend ing  th roughou t  some types  of  i nsu lat ing  wal l  c ladd ing ;  and  

c)  pools  or  l ayers  of  conducti ve  l i qu i d  (e . g .  water)  on  the  surface  o f  the  material .  

Because  of  the i r  l ow conducti vi ty and  the  general  f i re  r i sk,  the  use  of  i nsu lati ng  materials  i n  
associat i on  wi th  f lammable  m ixtu res  or f l ammable  l i qu i ds  shou ld  be  avoided  whenever 
poss ible.  There  are,  however,  s i tuations  where  such  material s  are  vi rtual l y  essen tial ,  even  in  
areas  from  wh ich  f lammable  m ixtures  cannot  be  whol l y excluded  ( for example,  for  hand l ing  
h igh l y corros ive  l i qu ids) .  
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1 3.3.4  Conductive  and  d issipative materials  

Materials  are  i ncreas ing l y becom ing  avai lable  wh ich  combine  the  des i rable  properti es  of  
po l ymers,  such  as  corros ion  resis tance,  wi th  a  vo lume  resist i vi ty su ff ic i en tl y l ow to  prevent  the  
retenti on  of  hazardous  l evels  of  charge  provided  that  they are  in  contact  wi th  earth .  The  

res istance  to  earth  calcu lated  accord ing  to  1 3 . 2 . 1  i s  often  in  the  range  of  1 0  kΩ  to  1 00  MΩ .  

For general  use,  a  maximum  value  of  1  MΩ  i s  appropriate,  bu t  i f  i t  cannot be  met,  the  

calcu lated  value  i s  acceptable.  Values  above  1 00  MΩ  are  acceptable  on l y i n  special  
ci rcumstances,  e. g .  i n  the  absence  of  strong  charge  generation  mechan isms,  after  
assessmen t of  the  hazard ,  and  mon i toring  systems  may be  advisable  to  demonstrate  
compl iance.  

1 3.3.5  Earth ing  via  in trinsic  safety ci rcu i ts  

I n trins ical l y safe  equ ipment  or  i n tri ns ical l y safe  p lan ts  are  mostl y run  wi thou t  earth i ng  due  to  
p lant  process  requ i remen ts.  However,  the  conductive  or d iss ipati ve  housings  of  such  
equ ipment  have  to  be  e lectrostatical l y earthed  i n  hazardous  areas .  I n  these  cases  a  

res istance  to  earth  l ess  than  1 00  MΩ  i s  requ i red  to  su ff ic ien tl y earth  the  hous ing  and  main tain  
the  currents  at  a  safe  level  even  i n  e lectrical  equ ipment  whose  connecti ons  may not  d i rectl y 
be  connected  to  earth .  

1 3.3.6  Earth ing  of  sh ips  

When  load ing  or un load ing  f lammable  l i qu i ds  from  sh ips ,  e lectrostatic  charge  and  explosive  
atmospheres  may be  generated  s imu l taneous l y.  For th is  reason  care  shou ld  be  taken  to  
ensure  that  al l  metal  parts  of  the  d ischarge  l i ne  are  at  the  same potential .  On  the  other hand ,  
the  cathod ic  corros ion  protecti on  system  of  sh ips  and  the  e lectrical  equ ipmen t at  the  harbour,  
e. g .  e lectric  l ocomotives,  produce  stray curren ts  wh ich  create  a s trong  spark when  connecti ng  
metal  l i nes  from  sh ip  and  shore  together.  For  th is  reason  the  I SGOTT recommends  an  

i nsu lati ng  f lange  ( insu lat i ng  res is tance  ≥  1  kΩ)  or  a  s ing le  d iscon tinuous  hose  assembly to  be  
used  in  the  hose  s tri ng  from  sh ip  to  shore  and  an  i ndependen t  earth ing  of  both  conducti ve  
parts  of  the  l i ne  via the  sh ip  and  the  shore .  Th is  method  suppresses  i ncend ive  sparks  created  
by the  stray cu rren ts  when  connecti ng  the  l i nes  i n  poss ibl y explos ive  atmospheres ,  and  al l  
parts  of  the  l i ne  are  main tained  at  the  same e lectrical  potential .  However,  care  shou ld  be  
taken  to  ensure  that  there  i s  no  i solated  conductor between  the  sh ip  and  the  shore  th rough ,  
for  example,  the  use  of  two  insu lat i ng  f l anges  i n  one  l i ne.  For th is  reason ,  an  upper l im i t  of  

1 00  MΩ  wou ld  be  reasonable  for the  i nsu lating  res istance  of  the  f l ange  or  hose  assembly.  

1 3.4  The establ i shment  and  moni toring  of  earth ing  systems 

1 3.4. 1  Design  

At  the  des ign  s tage,  the  plan t  shou ld  be  exam ined  to  i den ti fy poss ible  e lectrostatic  hazards  
and  the  earth i ng  requ i rements  shou ld  be  determ ined  us ing  the  gu i dance  g i ven  i n  1 3 . 3 .  Where 
no  o ther  form  of  earth ing  exists ,  i t  shou ld  be  ach ieved  by connections  to  metal  rods  or  p lates  
dri ven  i n to ,  or  bu ri ed  i n  the  earth .  However,  special  earth i ng  devices,  such  as  bond ing  cables,  
straps  or brushes,  shou ld  be  kept  to  the  m in imum  essential .  Importan t  features  i n  the  design  
of  earth ing  devices  are:  

a)  They shou ld  be  recogn ised  as  such  and  be  accepted  as  essen tial  to  the  safe  operati on  of  
the  p lan t;  

b)  They shou ld  e i ther be  c learl y vi s ible  or  be  essen tial  to  the  correct  function ing  of  the  plan t,  
so  that  any shortcom ings  are  qu ickly detected ;  

c)  They shou ld  be  robust  and  so  i nstal l ed  that  they are  not  affected  by h igh  res isti vi ty 
con tam inati on ,  for  example,  by corros ion  products  or  pain t;  

d )  They shou ld  be  easy to  i nstal l  and  to  replace;  

e)  Cables  for earth ing  movable  i tems  shou ld  be  equ ipped  wi th  a  s trong  cl ip  capable  of  
penetrati ng  th rough  pain t  or  rust  l ayers .  The  cl i p  shou ld  be  attached  before  the  operation  
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commences  and  shou ld  remain  i n  p lace  un t i l  the  operation  has  been  f i n ished  and  al l  
hazardous  e lectrostatic  charges  have  been  e l im inated.  

f)  I f  earth ing  has  been  forgotten  i n  an  explos ive  atmosphere  i t  i s  recommended  that  the  
i solated  i tem  i s  s l owly approached  wi th  a corona t i p  or  a  special  earth  clamp wi th  a  bu i l t  i n  
res istor  to  safe l y d ischarge  the  object.  

Where  the  bond ing /earth ing  system  is  al l  metal ,  the  res is tance  i n  conti nuous  earth  paths  

typi cal l y i s  l ess  than  1 0  Ω .  Such  systems  incl ude  those  having  mu l t iple  componen ts .  A g reater  
res istance  usual l y i nd icates  that  the  metal  path  i s  not  con tinuous,  usual l y because  of  l oose  
connecti ons  or corros ion .  An  earth i ng  system  that  i s  acceptable  for power ci rcu i ts  or  for  
l i g h tn i ng  protecti on  i s  more  than  adequate  for  a  stat ic  e lectric i ty earth ing  system .  

NOTE  NFPA 77  contai ns  d i ag rams  of  vari ous  earth i ng  devi ces,  connecti ons  and  equ ipment .  

Where  wi re  conductors  are  used ,  the  m in imum  s i ze  of  the  bond ing  or earth i ng  wi re  i s  d ictated  
by mechan ical  s treng th ,  not  by i ts  current-carrying  capaci ty.  Stranded  or braided  wi res  shou ld  
be  used  for bonding  wi res  that  wi l l  be  connected  and  d isconnected  frequentl y.  See  Annex A 
for  add i t i onal  i n formation .  

Earth ing  conductors  can  be  i nsu lated  (e . g . ,  a  j acketed  or p lastic-coated  cable)  or  not  
i nsu lated  ( i . e.  bare)  conductors .  Non- insu lated  conductors  have  the  advan tage  that  defects  
are  eas ier to  detect.  However,  coated  conductors  may be  more  res istant  to  phys ical  damage 
and  corros ion .  

Permanent  bond ing  or earth i ng  connecti ons  shou ld  be  made  i n  a  way to  provide  low 
res istance  during  i ts  l i fetime,  e. g .  by brazing  or weld i ng .  Temporary connecti ons  can  be  made  
us ing  bo l ts ,  pressure- type  earth  c lamps,  or  o ther special  c lamps.  Pressure- type  clamps  
shou ld  have  su ff icient  pressure  to  penetrate  any protecti ve  coating ,  rust,  or  spi l led  material  to  

ensure  con tact  wi th  the  base  metal  wi th  an  in terface  res istance  of  l ess  than  1 0  Ω .  

1 3.4.2  Moni toring  

The  checking  of  earth ing  as  a protecti on  against  stat ic  e l ectrici ty shou ld  be  recogn ised  as  
qu i te  d ist i nct  from  that  for other reasons,  such  as  the  main tenance  of  earth i ng  systems 
associated  wi th  e l ectric i ty power suppl y and  l i gh tn ing  protect ion  i nstal lati ons.  Checks  shou ld  
be  made before  the  plan t  i s  brough t  i n to  use,  at  each  schedu led  main tenance,  and  after any 
other main tenance  or  mod i fi cati on .  

The  basis  of  mon i tori ng  i s  the  measurement  of  the  res istances  between  the  d i fferen t  parts  of  
the  plan t  and  earth ,  bu t  i t  i s  importan t  that  th is  shou ld  be  supplemented  by visual  i nspection .  
Th is  wi l l  he lp  to  detect  any i ncipien t  mal function  of  the  earth ing  devices,  and  to  m in im ise  the  
ri sk of  mod i fi cati ons  l ead ing  to  the  d isconnecti on  of  a  conductor.  

The  mon i toring  system  shou ld  be  capable,  not  on l y of  mon i tori ng  res istances,  bu t  also  of  
drawing  attenti on  to  any changes  in  res istance.  

1 4  Special  requirements for equipment  accord ing  to  IEC 60079-0  

1 4. 1  General  

I n  th is  document,  th reshold  l im i ts  are  g i ven  for e l ectrostatic  test ing  of  products  wh ich  d i ffer  
from  the  th reshold  l im i ts  i n  I EC  60079-0:201 1 .  The  th reshold  l im i ts  speci fi ed  i n  th is  document  
are  i n  some cases  more  conservati ve,  as  they appl y to  a  broad  range  of  i ndustrial  appl ications  
where  the  phys ical  s i tuation  may be  qu i te  d i fferen t  to  that  i n  wh ich  e lectrical  equ ipment  
compl yi ng  wi th  I EC  60079-0  i s  used.  The  more  conservati ve  l im i ts  are  based  on  theoretical  
model i ng  supported  by empirical  data.  

I n  order  to  have  al l  re levant  e lectrostatic  requ i rements  access ible  i n  one  place,  the  
requ i rements  from  I EC  60079-0:201 1  are  i ncl uded  for i n formation  i n  th is  c lause  of  th is  
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document,  wi th  the  add i t i on  of  he lpfu l  explanatory material  and  cross -references  to  other text  
i n  th is  document.  

The  test  methods  i n  I EC 60079-32-2:201 5  are  equ ivalen t  to  those  c i ted  i n  I EC  60079-0:201 1 ,  
bu t  i n  some cases  cl imatic  cond i t i ons  are  d i fferen t.  Equ ipment  wi th in  the  scope  of  
IEC 60079-0  may be  tested  i n  the  c l imatic  cond i t i ons  speci f ied  i n  I EC  60079-0.  

NOTE  The  use  i n  apparatus  of  products  and  material s  con form ing  to  the  th reshol d  l im i ts  speci f i ed  i n  
I EC 60079-0:201 1  i s  n ot  known  to  have  resu l ted  i n  any acciden tal  i gn i t i on .  

1 4.2  Electrostatic  charges on  external  non-metal l ic  materials  

1 4.2. 1  Appl icabi l i ty  

The requ i rements  of  th is  subclause  on l y appl y to  external  non-metal l ic  materials  of  e l ectrical  
equ ipment,  i nclud ing  non-metal l i c  parts  wh ich  are  appl i ed  to  the  external  surface  of  an  
enclosure.  

NOTE  1  Non -metal l i c  pai n ts ,  f i lms,  fo i l s ,  and  plates  are  typi cal l y  attached  to  external  su rfaces  of  enclosu res  to  
provi de  add i t i onal  envi ronmental  protecti on .  The i r  ab i l i ty  to  s tore  an  e l ectrostati c  charge  i s  addressed  by th i s  
subclause.  

NOTE  2  I t  i s  general l y  acknowledged  that  g l ass  i s  not  suscepti bl e  to  s tori ng  an  e l ectrostat i c  charge.  

1 4.2.2  Avoidance of  a  bu i ld-up  of  electrostatic  charge on  Group I  or  Group  I I  electrical  
equ ipment  

Electrical  equ ipmen t shou ld  be  so  des igned  that  under normal  cond i t ions  of  use,  main tenance  
and  c lean ing ,  danger of  i gn i ti on  due  to  e l ectrostatic  charges  are  avoided.  Th is  requ i rement 
shou ld  be  satisfi ed  by one  or  more  of  the  fo l l owing :  

a)  By su i table  se lection  of  the  material  so  that  surface  res istance  shal l  meet  at  least  one  of  
the  cri teria  g i ven  below (see  6. 2. 1 )  when  measured  i n  accordance  wi th  I EC  60079-32-2:  

– ≤  1 00  GΩ  measured  at  (30  ±  5)  %  re lati ve  hum id i ty 

– ≤  1  GΩ  measured  at  (50  ±  5)  %  relati ve  hum id i ty 

NOTE  1  For more  i n formati on  see  6. 1 .  

b)  By l im i tation  of  the  surface  area of  non -metal l ic  parts  of  enclosures,  determ ined  accord ing  
to  6 . 3 . 2,  to  the  values  of  Table  23.  

The  values  for su rface  area can  be  i ncreased  by a  factor of  fou r i f  the  exposed  area of  
non-metal l ic  material  i s  surrounded  by and  i n  con tact  wi th  conductive  earthed  frames  (see  
6. 3. 3) .  

Al ternati ve l y,  for  l ong  parts  wi th  non -metal l ic  surfaces,  such  as  tubes,  bars,  or  ropes,  the  
surface  area need  not  be  cons idered,  bu t  the  d iameters  or  widths  shou ld  not  exceed  the  
values  shown  i n  Table  23 .  

NOTE  2  E lectri c  cables  for  connecti on  of  external  c i rcu i ts  are  not  i n  the  scope  of  C lause  1 4.   I n formati on  on  
external  cabl es  can  be  found  i n  I EC  60079-1 4.  

NOTE  3  Requ i rements  for  p i pes  and  hoses  for  l i qu i ds  are  not  i n  the  scope  of  Clause  1 4 .  Requ i rements  for  
p i pes  and  hoses  for  l i qu i ds  are  g i ven  i n  7. 7,  and  for  sol i ds  i n  9 . 3 . 3.  

c)  By provis ion  of  an  i nsu lat i ng  layer bonded  to  a conductive  su rface.  Th is  l ayer shou ld  meet  
at  least  one  of  the  fo l l owing  cri teria:  

1 )  the  l ayer i s  not  expected  to  be  subject  to  h igh  charg ing  processes  stronger than  
manual  rubbing  (see  3 . 1 3)  and  has  a  th ickness   ≤  2  mm  for Groups  I ,  I I A,  I IB  or  
≤  0 , 2  mm  for Group I I C  (see  Table  23  and  6 . 3. 4. 2) .  

2)  the  breakdown  vo l tage  measured  through  the  th ickness  of  the  i nsu lati ng  material  i s  ≤  4  
kV (see  6 . 3 .4. 3)  when  measured  as  described  i n  I EC  60079-32-2.  
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NOTE  4  Accord i ng  to  I EC 60243-2,  i nsu lati ng  material s  s tressed  by DC  have  thei r  breakdown  vol tage  tested  
wi th  DC  and  the  method  described  i n  I EC  60243-1  wi th  the  add i t i onal  requ i rements  i n  I EC  60243-2.  Th i s  
method  and  the  add i t i onal  requ i rements  are  al so  g i ven  i n  I EC  60079-32-2.  

d)  By provis i on  of  a  conducti ve  coating  (see  6 . 3 .5) .  Non-metal l i c  surfaces  may be  covered  
wi th  a bonded  durable  conductive  coating .  The  res istance  between  the  coating  and  e i ther  
the  bond ing  po in t  ( i n  the  case  of  f i xed  equ ipment)  or  the  farthest  po i n t  of  poss ible  con tact  
wi th  the  enclosure  ( in  the  case  of  portable  equ ipment)  shou ld  not  exceed  1  GΩ .  The  
res istance  shou ld  be  measured  i n  accordance  wi th  I EC  60079-32-2  bu t  us ing  the  1 00  mm 2 

electrode  at  the  worst  case  pos i t i on  of  the  surface  and  ei ther  the  bond ing  po in t  or  the  
farthest  po i n t  of  poss ible  con tact.  

NOTE  5  The  envi ronmental  cond i t i ons  that  have  an  effect  on  the  coati ng  materi al  can  i ncl ude  i n fl u ences  f rom  
smal l  part i c l es  i n  an  ai r  s tream ,  so l ven t  vapou rs,  and  the  l i ke.  

e)  By us ing  any other safety measure  i n  th is  Techn ical  Speci f i cation  to  avoid  the  danger of  
i gn i t i on  due  to  e l ectrostatic  charges.  

f)  By testi ng  that  the  maximum  transferred  charge  measured  accord ing  to  IEC  60079-32-2  
under worst  case  cond i t i ons  i s  wi th in  the  th reshold  l im i ts  of  Table  23 .  

g )  I n  speci f i c  cases,  IEC  60079-0  al l ows  the  use  of  f i xed  equ ipment wh ich  does  not  fu l f i l l  the  
requ i rements  a)  to  f)  and  may have  a  r i sk from  e lectrostatic  d ischarges  by marking  them  
wi th  “X”.  I n  th is  case,  the  i nstruction  manual  shou ld  provide  gu idance  for  the  user to  
m in im ize  the  ri sk from  electrostatic  d i scharges  by operati onal  measures.  Where  
practicable,  the  equ ipment  shou ld  also  be  marked  wi th  the  e lectrostatic  charge  warn ing  
g i ven  in  I EC  60079-0.  However,  th is  al ternati ve  shou ld  not  be  used  i f  hazardous  
e lectrostatic  charg ing  i s  expected  du ring  use  (e. g .  for  hand-held  equ ipment  or  for  
constan tl y charg ing  f i xed  i nstal l at ions) .  

NOTE  6  X-marking  i s  used  e . g .  for  i nsu l ati ng  housi ngs  o f  e l ectri cal  equ ipment  that  are  touched  by the  
operator on l y du ri ng  c l ean ing ,  main tenance  and  repai r.  
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Table  23  – Al tern ati ve  restrict ion s  on  in su latin g  sol id  m aterials  and  i solated  cond u ctive  
or  d i ssi pative parts  in  h azard ou s areas  for  eq u i pment  wi th i n  th e  scope  of  I EC  60079-0  

 G rou p  I  G rou p  I I  G rou p  I I I  

EPL Ma,  Mb  
Sub  
g roup  

EPL Ga EPL Gb EPL Gc  
EPL 
Da  

EPL 
Db  

EPL 
Dc  

A)  Su rface area  ≤1 0  000  mm 2  

A  ≤5  000  mm 2  ≤1 0  000  mm 2  ≤1 0  000  mm 2  

No  l im i ts  B  ≤2  500  mm 2  ≤1 0  000  mm 2  ≤1 0  000  mm 2  

C  ≤   400  mm 2  ≤  2  000  mm 2  ≤   2  000  mm 2  

 

B)  Wi d th  of  bars,  
rod s  

≤30  mm  

A  ≤3  mm  ≤30  mm  ≤30  mm  

No  l im i ts  B  ≤3  mm  ≤30  mm  ≤30  mm  

C  ≤1  mm  ≤20  mm  ≤20  mm  

 

C)  Th i ckn ess  of  
i n su l ati n g  
coati n g s  to  avoi d  
bru sh  
d i sch arg es  

≤2  mm  

A  ≤2  mm  

No  l im i ts  B  ≤2  mm  

C  ≤0, 2  mm  

Th i ckn ess of  
i n su l ati n g  
coati n g s  to  avoi d  
an y i n cen d i ve  
d i sch arg e  

Not  perm i tted  
Not  
per 
m i tted  

Not  perm i tted  
≥  8  mm  

i f  area >  500  mm 2  

 

D)  Tran sferred  
ch arg e  

≤60  nC  

A  ≤60  nC  No  l im i ts  for  
i nsu lati ng  so l i ds  

≤200  nCa  

B  ≤25  nC  

C  ≤1 0  nC  

 

E)  Capaci tan ce 
of  u n earth ed  
m etal  parts  

≤1 0  pF  

A  ≤3  pF  ≤1 0  pF  ≤1 0  pF  

≤1 0  pFb  B  ≤3  pF  ≤1 0  pF  ≤1 0  pF  

C  ≤3  pF  

a  Val ue  on l y  val i d  for  spark d i scharges  from  unearthed  conducti ve  or  d i ss ipati ve  parts  

b  For equ i pment  i n tended  for  use  i n  ducts  or  p i pes  subj ect  to  the  presence  of  fast  moving  dust  a  l ower l im i t i ng  
val ue  of  capaci tance  i s  u nder considerati on  

NOTE  1  The  wi d th  cri teri on  i n  B)  appl i es  to  th i n  pi pes,  cable  sheaths,  and  other i nsu lat i ng  material s  havi ng  
smal l  wi d ths  o r  d i ameters .  

NOTE  2  The  l im i ts  i n  A)  and  B)  are  not  absol u te  val ues  that  preven t  i ncend i ve  d i scharges,  they merel y  reduce  i t  
to  a  general l y  accepted  l ow l evel .  

NOTE  3  The  l im i ts  i n  C)  apply  to  i nsu lati ng  coati ngs  and  l ayers  on  conducti ve  or  d i ss ipati ve  materi al s .  

NOTE  4  The  l im i ts  i n  D)  ensu re  that  i ncend ive  d i scharges  do  not  occu r.  

NOTE  5  Al l  o f  the  values  i n  D)  con tai n  a  certai n  safety marg i n .  Recent  work i nd i cates  that  the  value  h i therto  
used  for  I I B  con tai ns  a  l ower safety  marg i n  than  al l  o ther  val ues.  To  equal i ze  al l  safety  marg i ns  the  val ues  for  I I B  
have  been  reduced  from  30  nC  to  25  nC.  Th i s  does  not  mean  that  the  former val ue  was  unsafe  or retesti ng  i s  
necessary.  

NOTE  6  The  subg roups  are  based  on  the  maximum  experimental  safe  gap  (MESG)  or  the  m in imum  i gn i t i on  
cu rren t  rat i o  (M IC  rat i o )  o f  the  explos i ve  gas  atmosphere  i n  wh i ch  the  equ i pment  may be  i nstal l ed  (see  
I EC  60079-20-1 ) .  More  detai l s  can  be  found  i n  C. 6  and  D. 3.  

NOTE  7  The  val ues  i n  EPL Gc  do  not  excl ude  the  poss ib i l i ty  o f  h i gh  charg i ng  processes.  Manual  rubbi ng  i s  
usual l y  not  cons idered  to  be  a  h i gh  charg i ng  process  (see  3 . 1 3) .  

NOTE  8  I t  i s  general l y  accepted  that  an  u nearthed  metal  fastener such  as  a  cover  screw wi l l  presen t  a  
capaci tance  of  not  more  than  3  pF.  

 



 – 1 20  – IEC  TS  60079-32-1 :201 3+AMD1 :201 7  CSV 
  © I EC  201 7  

1 4.2.3  Avoidance of  a  bu i ld-up  of  electrostatic  charge on  equ ipment  for Group I I I  

I t  i s  not  poss ible  to  create  e lectrostatic  d ischarges  from  insu lat i ng  su rfaces  that  are  i ncendive  
for dust  cl ouds  or  dust  l ayers  j ust  by manual  rubbing .  However,  i f  h i gh  charg ing  processes  
(see  3 . 1 3)  are  not  excluded,  pain ted/coated  metal  equ ipment and  equ ipment  of  p last ic  
material  shou ld  be  so  des igned  that  under normal  cond i t i ons  of  use,  i g n i t i on  caused  by 
propagati ng  brush  d ischarges  i s  avoided .  

Enclosures  of  p lastic  material  cannot  be  charged  to  such  a cri t i cal  charge  dens i ty that  
propagati ng  brush  d ischarges  can  be  generated .  However,  no  extended  f lat  conducti ve  
surfaces  shou ld  be  i nstal led  i ns ide  the  enclosu re  wi th in  a d istance  of  8  mm  to  the  ou ter  
surface.  

NOTE  1  An  i n ternal  pri n ted  ci rcu i t  board  can  be  considered  to  be  an  extended  f l at  conducti ve  su rface,  though  th i s  
need  not  be  appl i ed  i n  smal l  hand -he ld  equ ipment  un l ess  the  equ i pment  i s  l i ke l y  to  be  subjected  to  a  prol i f i c  
charge  generati ng  mechan i sm  (such  as  m igh t  occur i n  pneumati c  transfer  of  powders  or  charge  spraying  i n  a  
powder coati ng  process) .  Charg i ng  th rough  normal  hand l i ng  of  hand-hel d  equ ipment  i s  not  cons idered  to  l ead  to  a  
prol i f i c  charge  g enerati ng  mechan i sm  and  therefore  wou ld  not  l ead  to  a  s i tuat i on  where  a  propagati ng  brush  
d i scharge  m igh t  occur.  

NOTE  2  A  s i ng le  f l at  conduct i ve  su rface  not  exceed i ng  500  mm 2
 i s  not  cons idered  to  be  an  extended  f l at  su rface.  

Th i s  al l ows  for  the  s tandoffs  or  brackets  used  for the  moun ti ng  of  conduct i ve  f l at  plates  i ns i de  of  an  enclosu re.  

Using  external  i nsu lation  of  at  l east  8  mm  in  th ickness  on  metal  parts  such  as  measurement  
probes  or s im i lar componen ts  can  preven t  propagating  brush  d ischarges.  When  evaluating  the  
m in imum  th ickness  of  the  i nsu lati on  to  be  used  or speci fi ed  i t  i s  necessary to  al low for any 
expected  wear under normal  usage.  

I f  p last ic  wi th  a  surface  area exceed ing  500  mm 2 i s  employed  as  a coveri ng  on  a  conductive  
material ,  and  h i gh  charg ing  processes  (see  3 . 1 3)  s tronger than  manual  rubbing  are  not  
excluded ,  the  plastic  shou ld  have  one  or  more  of  the  fo l lowing  characteristi cs  (see  6 . 3 .4. 3) :  

a)  material  su i tabl y se lected  so  that  su rface  resis tance  compl ies  wi th  the  l im i ts  g i ven  i n  
1 4. 2. 2;  

b)  a  breakdown  vo l tage  ≤4  kV,  measured  through  the  th ickness  of  the  i nsu lat ing  material  
accord ing  to  the  method  described  in  I EC  60079-32-2;  

c)  a  th ickness  ≥8 mm  of  the  external  i nsu lati on  on  metal  parts .  

1 4.3  Electrostatic  charges on  external  conductive parts  

Al l  external  conducti ve  parts  of  the  equ ipmen t (metal ,  conducti ve  plast i c  etc. )  shou ld  be  
earthed  wi th  a maximum  earth  res istance  of  1  MΩ .  For i tems  having  a capaci tance  of  l ess  
than  1 00  pF,  a  maximum  earth  res istance  of  1 00  MΩ  i s  acceptable  (see  Table  22) .  

Accessible  metal  parts  (e . g .  alum inum  labels  on  p last ic  enclosures)  with  a res istance  to  earth  
of  more  than  1 00  MΩ  cou ld  be  susceptible  to  e lectrostatic  charges  that  cou ld  become a  
source  of  i gn i t i on ,  and  shou ld  be  tested  i n  accordance  wi th  the  capaci tance  test  method  i n  
I EC 60079-32-2.  The  maximum  al lowed  values  are  g i ven  i n  Table  23 .  

The  requ i rements  of  1 4. 3  are  not  appl icable  i f  the  capaci tance  requ i remen ts  of  unearthed  
metal  parts  i n  Table  23 ,  secti on  E) ,  are  fu l f i l l ed .  
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Annex A 
( in formative)  

 
Fundamentals  of static  electrici ty 

A.1  Electrostatic  charg ing  

A.1 . 1  In troduction  

The primary source  of  e lectrostatic  charge  i s  con tact  charg ing  (e lectri f i cation) .  I f  two  
previous l y uncharged  substances  come i n to  con tact,  charge  transfer  wi l l  general l y occur at  
the i r  common  boundary.  On  separation ,  each  surface  wi l l  carry an  equal  charge  bu t  of  
oppos i te  po lari ty.  Conducti ve  objects  can  become charged  by i nducti on  i f  they res ide  i n  an  
e lectric  f i e l d  produced  by o ther charged  obj ects ,  or  by conductors  at  h i gh  poten tial  i n  the  
vic in i ty.  Any obj ect  can  also  become charged  i f  charged  part ic les  or  i on ised  molecu les  
accumu late  on  them .  

A.1 .2  Contact  charg ing  

Contact  charg ing  can  occur at  so l i d /sol i d ,  l i qu i d /l i qu i d  or  so l id /l iqu id  i n terfaces .  Gases  cannot  
be  charged  i n  th is  way,  bu t  i f  a  gas  has  so l i d  particles  or  l i qu id  droplets  i n  suspension ,  those  
cou ld  be  charged  by contact  so  that  such  a gas  can  carry an  e lectrostatic  charge .  Frozen  
water  i n  ai r  or  frozen  gases  (e . g .  carbon  d ioxide)  caused  by ad iabatic  expans ion  by the  
re lease  of  h i gh l y pressuri zed  gases  experience  contact  charg ing .  

I n  the  case  of  d iss im i lar  so l i ds  i n i t i al l y uncharged  and  normal l y at  earth  poten tial ,  a  smal l  
amoun t  of  charge  i s  transferred  from  one  material  to  the  other when  they make con tact.  The  
two  materials  are  therefore  opposi tel y charged  and  consequen tl y there  i s  an  electric  f i e ld  
between  them .  I f  the  materials  are  then  separated,  work has  to  be  done  to  overcome the  
attraction  between  the  oppos ing  charges  and  the  poten tial  d i fference  between  them ,  
therefore,  i ncreases  l i nearl y wi th  d i stance.  Th is  h i gher potential  d i fference  tends  to  d ri ve  
charge  back to  any poin t  of  res i dual  contact.  I n  the  case  of  two  conductors  the  recombination  
of  charges  i s  vi rtual l y complete  and  no  s i gn i f i can t  amoun t  of  charge  remains  on  ei ther  
material  after separation .  

I f  one,  or  both ,  of  the  materials  i s  a  non-conductor,  the  recombination  cannot  take  place  
completel y and  the  separating  materials  retai n  part  of  the i r  charge .  Because  the  d istance  
between  the  charges  when  i n  contact  i s  extremely smal l  the  potential  g enerated  on  separati on  
can  eas i l y reach  many ki lovol ts  despi te  the  smal l  amount  of  charge  involved.  For practical  
su rfaces  wh ich  are  rough ,  the  charg ing  i s  enhanced  i f  the  contact  and  separation  i nvo lves  
rubbing ,  s i nce  the  area of  real  con tact  i s  i ncreased.  

A.1 .3  Contact  charg ing  of  l iqu ids  

Contact  charg ing  i n  l i qu ids  i s  essential l y the  same process  bu t  i t  can  depend  on  the  presence  
of  i ons  or  sub-m icroscopic  charged  part ic les .  I ons  (or particles)  of  one  po lari ty cou ld  be  
adsorbed  at  the  i n terface  and  they then  attract  i ons  of  oppos i te  po lari ty wh ich  form  a d i ffuse  
layer of  charge  i n  the  l i qu id ,  cl ose  to  the  i n terface.  I f  the  l i qu id  i s  then  moved  re lati ve  to  the  
i n terface,  i t  carries  away some of  th is  d i ffuse  l ayer,  thereby bring ing  about  separati on  of  the  
oppos ing  charges.  Typical  examples  are  the  f l ow of  a  l i qu i d  past  a  so l id  wal l  (e. g .  p i pe,  pump,  
f i l ter) ,  the  st i rring  or  ag i tat i on  and  the  spraying  or  atom isati on  of  a  l i qu id .  I f  the  l i qu id  con tains  
a second  imm iscible  phase  i n  the  form  of  suspended  f i ne  so l ids  or  f i ne l y d ispersed  l i qu i ds  or  
ai r  bubbles ,  the  charg ing  i s  g reatl y enhanced  because  of  the  large  increase  of  the  i n terfacial  
area.  

As  i n  the  case  of  so l i ds ,  a  h i gh  vo l tage  i s  generated  because  of  the  work done  to  bri ng  abou t  
separati on ,  provided  that  the  l i qu id  i s  su ff ic i en tl y i nsu lating  to  prevent  recombination .  Such  
processes  can  occur at  both  so l id /l i qu id  and  l i qu i d /l i qu i d  i n terfaces.  
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A hazardous  l evel  of  charg ing  i s  encountered  main l y wi th  l i qu ids  of  l ow e lectrical  conductivi ty.  
Due  to  the  fast  charge  separati on  process,  however,  spraying  of  l i qu i ds  cou ld  create  a h i gh l y 
charged  m ist  or  spray,  i rrespecti ve  of  the  conducti vi ty of  the  l i qu id .  

Al though  h igh  conductivi ty l i qu i ds  usual l y charge  on l y very l i t tl e  there  exist  h igh l y chargeable  
conducti ve  l i qu ids,  especial l y some organ ic  acetates,  ethers  and  h i gher ketones  wh ich  may 
need  extra safety measu res.  Such  l i qu ids  i nclude  ethyl  acetate  and  i sopropyl  acetate,  bu t  not  
acetone.  

B iofuels  are  deal t  wi th  i n  C. 8.  

A.1 .4  Charge  generation  on  l i qu ids flowing  in  pipes  

A.1 .4. 1  Pipes of  f i xed  d iameter  

When  a l i qu id  f lows  through  a p ipe,  charge  separati on  occurs  resu l t i ng  i n  charg ing  of  the  
l i qu i d  and  an  equal  and  opposi te  charg ing  of  the  wal l  (wal l  charges  are  immed iate l y d iss ipated  
i f  the  pipe  i s  conducti ve  and  earthed) .  Turbu len t  f low generates  more  charge  than  l am inar 
f low.  S ince  the  f l ow i n  i ndustrial  i nstal lati ons  i s  usual l y  tu rbu len t,  on l y the  more  severe  
tu rbu lent  case  i s  cons idered  here.  For tu rbu len t  f l ow the  e lectrical  s tream ing  curren t  
generated  in  a  l ong  pipe  i s  rough l y proporti onal  to  the  square  of  the  ve loci ty.  

NOTE  The  s tream ing  cu rren t  i s  d i rect l y  proport i onal  to  the  veloci ty  for l am inar f l ow.  

I f  the  l i qu id  en ters  the  pipe  uncharged ,  the  charge  densi ty and  hence  the  stream ing  cu rren t  
carried  by the  l i qu id  wi l l  i ncrease  as  i t  moves  along  the  p ipe  and  wi l l  g radual l y approach  a  
stationary value,  provided  the  pipe  i s  su ffi c ien tl y l ong .  For most  l ow conducti vi ty l i qu i ds,  i n  

part icu lar saturated  h ydrocarbon  l i qu ids,  the  stati onary value  of  charge  densi ty ρ∞  does  not  
depend  g reatl y on  the  conducti vi ty or  perm i tti vi ty of  the  l i qu i d  and  i s  approximatel y 
proport ional  to  the  f l ow ve loci ty,  v,  d i vi ded  by the  pipe  d iameter,  d:  

ρ∞  ≈  K v/d 

where  K i s  a  constan t  wi th  d imensions  C  s  m -3 .   

NOTE  Other expressions  have  previous ly  been  suggested  and  ρ∞  ≈  K v (Schön ’s  Law)  i s  h i s tori cal l y  used  more  
frequentl y  than  the  express ion  proposed  above  and  l eads  to  the  express ion  of  f l ow l im i tati ons  as  vd  l im i ts .  

However  ρ∞  ≈  K v/d seems  to  g i ve  a  better  match  to  reported  measurements  (Walmsley and  M i l l s  1 992,  Bri tton  and  
Sm i th  201 2) ,  i s  c l oser to  theoreti cal  expressions  for p i pe  charg i ng  (Koszman  and  Gavi s  1 962,  Walmsley 1 982)  and ,  
by  su i tabl e  choi ce  of  the  cons tant,  K,  can  be  made  to  g i ve  the  same  cu rren ts  for  wel l  explored  cond i t i ons .  The  

h i ghest  Schön  constan t  was  deri ved  from  measurements  on  relati ve l y smal l  d i ameter  pi pes  (≤50  mm)  and  
overestimates  the  h i g hest  cu rren ts  measured  i n  l arger (e. g .  1 00  mm )  pi pes .  When  th i s  data i s  matched  to  the  
above  expression ,  the  i nverse  d iameter dependence  g i ves  l ower  charg i ng  i n  l arge  p i pes  and  f i ts  the  l arge  pi pe  data 
better.   

Various  values  have  been  proposed  for K.  A value  of  1 , 0  µC s  m -3  seems  to  be  a reasonable  
value  for most  h ydrocarbons  al though  h i gher  values  may be  needed  for o ther,  l ess  
documented ,  l i qu id  types  or  where  pro-charg ing  add i t i ves  are  presen t.  A value  of   

1 , 6  µC s  m–3  covers  al l  reported  charg ing  l evels  i n  normal  p i pi ng .   

For  the  practical  range  o f  veloci t i es  and  pipe  d iameters  (v =  1  m /s  to  1 0  m /s,  d=0, 025  m  to  

0 , 2  m  th is  g i ves  charge  dens i t ies  between  5  µC/m 3  and  400  µC/m 3 .  

For practical  purposes  the  pipe  can  be  considered  to  be  of  i n f in i te  leng th ,  i f  

L  ≥  3  v τ  wi th  τ  =  εr εo  /  γ  

where  

L   i s  the  leng th  of  the  pipe  ( i n  m ) ;  
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τ   i s  the  re laxati on  t ime  of  the  l i qu id  ( i n  s) ;  

εr  i s  the  re lati ve  perm i tti vi ty of  the  l i qu i d  (εr ~  2  for  hydrocarbons) ;  

εo   i s  the  perm i tt i vi ty of  free  space  (8 ,85  ×  1 0–1 2  F/m ) ;  

γ   i s  the  e lectrical  conductivi ty of  the  l i qu id  ( i n  S/m )  

There  i s  evi dence  that  the  charge  densi ty generated  by pipe  f l ow i s  proportional  to  
conductivi ty below a fue l -dependent  conducti vi ty th reshold .  Thus  the  h ighest  charge  densi t i es  
are  not  found  down  to  the  lowest  conductivi t ies .  The  conducti vi ty th reshold  for th is  behaviour 
seems  to  vary i nversel y wi th  vi scos i ty.  For example,  Hearn  (2002)  and  Walmsley (201 1 )  
reported  gasol i ne  charg ing  proport ional  to  conductivi ty at  conductivi t i es  up  to  50  pS/m  and  
~200  pS/m  respecti ve l y,  wh i l st  the  data of  Walmsley and  M i l l s  ( 1 992)  for  d iesel ,  wh ich  has  
approximatel y ten  t imes  the  viscosi ty of  gaso l i ne,  shows  charge  dens i ti es  proportional  to  
conductivi ty up  to  abou t  7  pS/m ,  and  l uboi l s ,  wh ich  have  st i l l  h i gher viscosi t i es,  can  g i ve  h i gh  
charg ing  down  to  very l ow conducti vi t ies  (see  7. 4) .  For fue ls  and  so lvents  wi th  viscosi t i es  no  
h igher than  that  of  au tomotive  d i esel  i t  i s ,  therefore,  reasonable  to  assume that  charg ing  wi l l  
s tart  to  decl i ne  at  a  conductivi ty of  3  pS/m  as  a worst  case  value.  

NOTE  Th i s  al l ows  a  marg i n  below the  d i esel  data ci ted  above;  for l ow vi scosi ty  l i qu i ds  such  as  gasol i ne  th i s  
marg i n  may be  l arge.   

High  viscos i ty l i qu ids ,  such  as  l ubo i ls ,  are  a special  case  and  are  cons idered  separatel y i n  
7. 4.  For these  l i qu i ds ,  the  fal l -off  i s  expected  to  occur at  very l ow conducti vi ty.  Consequen tl y,  
the  reducti on  i n  current  below 3  pS/m  shou ld  not  be  assumed  to  appl y to  any l i qu id  more  
viscous  than  au tomoti ve  d iesel .   

Wh i le  the  use  of  i nsu lat i ng  pipes  i s  not  general l y recommended ,  they are  used  for some  
speci f i c  du t ies.  Very l i t tl e  publ i shed  data i s  avai lable  for  charg ing  by l i qu i d  f low i n  i nsu lating  

pipes  or hoses.  However for l ow conducti vi ty l i qu i ds,  <  25  εr pS/m ,  f lowing  th rough  insu lat i ng  
p ipes,  the  stream ing  cu rren ts  appear to  be  s im i lar  to  those  produced  i n  conducti ve  pipes  and  
the  charge  dens i ty for an  i n f i n i te l y l ong  pipe  can  be  estimated  from  the  same express ion  as  
for conducti ve  p ipes.   

When  l iqu i ds  con tain i ng  a second  imm iscible  phase  such  as  d ispersed  l i qu ids  or  suspended  
so l i ds  are  pumped  th rough  p ipes,  the  rate  of  charge  generation  i s  much  g reater  than  wi th  a  
s i ng le  phase.  Due  to  the  l arge  number  of  i n fl uential  factors ,  however,  the  level  of  charge  
generati on  i s  not  pred ictable .  

A.1 .4.2  Pipe  wi th  mul tiple  sections  of  d i fferent  d iameter  

I f  the  p ipe  lead ing  to  a tank changes  d iameter along  i ts  l ength  so  that  there  are  N segments  
each  wi th  a d i fferent  d iameter then ,  assum ing  exponen tial  (Ohm ’s  Law)  re laxati on  behaviour,  
the  contribu tion  from  segment j  to  the  tank i n let  charge  densi ty i s :  

ρj =  K(vj/dj
n) [1 -exp(-Lj/vjτ) ]exp(-tresj/τ)  

where  vj,  dj  and  Lj  are  the  f l ow veloci ty,  d i ameter and  leng th  for segment j,  tresj  i s  the  
res idence  t ime  between  the  downstream  end  of  segment  j and  the  tank and  τ  i s  the  re laxati on  
t ime  of  the  l i qu id .  The  power n,  al l ows  for  e i ther  the  recommended  anal ysis  (n =  1 ,  charge  
dens i ty proporti onal  to  v/d)  or  a  Schön ’s  l aw anal ysis  (  n =0,  charge  densi ty proport ional  to  v) .  
The  Schön ’s  law anal ys is  i s  not  general l y recommended  bu t  i s  st i l l  needed  where  vd l im i ts  are  
used .   

I n  the  case  of  tresj >3τ  very l i tt le  of  the  charge  from  segment j remains  at  the  tank i n l et  so  
segments  more  than  3τ  u pstream  of  the  tank can  be  i gnored .  Th is ,  wi th  al l owance  for a  
maximum  effecti ve  re laxati on  t ime  of  1 0  s  due  to  h yperbol ic  re laxati on ,  l eads  to  the  defi n i t i on  
of  the  re laxation  reg ion  used  in  7. 3. 2. 3 .5. 2.   
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The  total  i n l et  charge  dens i ty at  the  tank i s  the  sum  of  al l  the  segmen t con tri bu tions  wi th in  th e  
re laxati on  reg ion ,  that  i s :  

ρ  =  Σj=N j=1  ρ j =  K Σj=N j=1  (vj/dj
n) [1 -exp(-Lj/vjτ) ] exp(-tresj/τ)  

This  expression  i s  cumbersome for practical  use  and  i s  therefore  s impl i f i ed  by i gnori ng  the  
exponen tial  terms  and  appl yi ng  the  charg ing  i n  the  worst-case  (“cri t ical ”)  segment  to  the  
whole  l i ne.  Both  of  these  s impl i f i cati ons  i ncrease  the  estimated  charge  dens i ty above  the  real  
value  and  therefore  add  a safety marg in  as  wel l  as  s impl i fyi ng  the  est imation  process.   

W i thou t  the  exponential  terms,  the  s impl i f i ed  con tribu tion  from  segmen t j i s :  

ρ  =  K(vj/dj
n)  =  (4K/π) (FT/dj

n+2)  

where  FT i s  the  vo lumetric  f l ow rate  to  the  tank.  Th is  shows  that  the  worst-case  (cri t i cal )  
segmen t is  the  one  wi th  the  smal l est  d i ameter.  Appl ying  the  charge  densi ty for the  cri tical  
segment  to  the  whole  l i ne,  the  estimated  charge  dens i ty at  the  tank i n let  i s :  

ρ  =  (4K/π) (FT/dw
n+2)  =  kVw/dw

n+2 

where  w i nd icates  the  worst  case  (smal lest  d i ameter)  segment.  The  correspond ing  stream ing  
curren t  at  the  tank i n l et  i s :  

I =  (πK/4)  vw
2dw

2-n  

A.1 .4.3  Branched  pipel ine  wi th  mul t iple  sections  of  d i fferent  d iameter 

A branched  pipe l i ne  i s  one  i n  wh ich  a  s ing le  upstream  secti on  spl i ts ,  i n  one  or more  stages,  
i n to  mu l t i p le  downstream  sections  each  of  wh ich  feeds  an  i nd i vidual  tank.  Wi th  th is  
arrangement,  the  calcu lation  of  the  con tribu ti on  from  a part icu l ar segment  to  the  in let  charge  
dens i ty of  a  particu lar  tank i s  s l i gh t l y more  complex as  the  f l ow rate  can  be  h i gher i n  the  
upstream  segments  when  mu l t ip le  tanks  are  being  f i l l ed  s imu l taneous l y.   

I n  th is  case  the  s impl i f ied  con tri bu ti on  of  segment  j to  the  i n l et  charge  densi ty i s  st i l l  

ρ  =  kVj/dj
n  

and  the  cri t i cal  segmen t i s  st i l l  the  one  wi th  the  h i ghest  value  of  vj/dj
n  bu t  now the  veloci ty vj 

must  be  calcu lated  from  Fs,  wh ich  i s  the  h ighest  poss ible  f l ow rate  th rough  the  segment  when  
mu l t ip le  tanks  are  bei ng  f i l l ed  s imu l taneousl y rather than  from  FT,  the  f l ow rate  to  the  
i nd i vi dual  tank being  assessed .   

The  worst-case  contri bu ti on  of  an  upstream  segmen t to  the  stream ing  curren t  at  the  tank i n let  
i s  then :  

I =  (πK/4)  vw
2dw

2-n  /Ns  

where  Ns=Fs/FT i s  the  ratio  of  the  maximum  possible  f l ow rate  i n  the  pipe  segment  to  the  f l ow 
rate  i n to  the  tank being  assessed .  Thus  the  maximum  veloci ty or  vd l im i t  (based  on  n=0  i n  the  
case  of  the  vd l im i t)  that  can  be  accepted  i n  a  cri t i cal  p i pe  segment that  feeds  several  tanks  
s imu l taneousl y i s  i ncreased  by a factor Ns

1 /2
 f rom  the  standard  (unbranched  l i ne)  value  

establ i shed  for  the  tank.  
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A.1 .5  Charge generation  in  fi l ters   

Fi l ters  i n  a  pipe  l i ne  can  be  pro l i f i c  charge  generators.  Wh i lst  coarse  f i l ters  cause  a charge  
generation  s im i lar to  that  encoun tered  i n  p i pe  fl ow,  very f ine  m icron ic  f i l ters  can  exceed  the  
charge  generati on  i n  p ipe  f low by orders  of  magn i tude.   

The  charge  dens i t i es  produced  by f i ne  f i l ters  can  remain  h i gh  at  conducti vi ti es  below 1  pS/m .  
Th is  i s  u n l ike  charg ing  in  pi pel i ne  f l ow.  Charge  arri ving  at  a  tank from  a f i l ter  may,  therefore,  
have  a  l arge  charge  dens i ty and  very l ong  re laxati on  t ime,  resu l t i ng  i n  unusual l y h i gh  
poten tials .  I t  i s  therefore  importan t  to  locate  f i ne  f i l ters  i n  an  adequate  d is tance  upstream  of  
tanks  so  that  the  res idence  t ime  provided  i n  the  downstream  pipe  and/or re laxati on  tank i s  at  
l east  3  relaxati on  t imes,  al lowing  charge  to  d i ssipate  to  safe  l eve ls .  Depend ing  on  the  
f i neness  of  the  f i l ter a  defau l t  res idence  t ime  of  30  s  or  1 00  s  i s  used  to  approximate  the  worst  
practical  case  (see  7. 5) .  

A.1 .6  Charge  generation  du ring  sti rring  and  m ixing  of  l iqu ids  

Sti rri ng  and  m ixing  processes  create  a  re lat i ve  moti on  between  the  l i qu ids  and  so l i d  surfaces  
i n  con tact.  The  resu l tan t  charge  generation  i s  usual l y moderate  provid ing  that  the  l i qu id  does  
not  contain  a  second  imm iscible  phase.  St i rred  l i qu i ds  wi th  d ispersed  l i qu ids  or  suspended  
so l i ds ,  however are  prone  to  an  extremel y h igh  charge  generati on  i f  the  con ti nuous  phase  has  
a  l ow conducti vi ty.  

A.1 .7  Settl ing  potentials  

The sett l i ng  of  so l id  part i cles  or  l i qu i d  droplets  suspended  i n  a  l ow conductivi ty l i qu i d  can  l ead  
to  charge  separati on  thus  creati ng  a potential  d i fferen tial  across  the  l i qu id  i n  the  d i rection  of  
the  g ravi ty force.  I n  l arge  tanks,  e . g .  after a  m ixture  of  water and  o i l  has  been  pumped  i n to  the  
tank or the  water bottom  has  been  s ti rred  up,  the  resu l tan t  sett l i ng  poten tial  cou ld  consti tu te  
an  i gn i t i on  hazard .  Aerati on  of  the  l i qu i d ,  such  as  ri s ing  bubbles,  i s  also  able  to  st i r  up  water  
bottoms  or  o ther  depos i ts  and  may,  therefore,  i ncrease  the  e lectric  f i e l ds  i n  tank.  

A.1 .8  Breakup of  l iqu id  j ets  

The d is i n tegration  of  a  l i qu i d  j e t  i n to  smal l  droplets ,  e . g .  when  the  j et  h i ts  an  obstruction  
du ri ng  tank clean ing ,  can  produce  a  h i gh l y charged  spray or m ist,  i rrespecti ve  of  the  
conducti vi ty of  the  l i qu i d .  I n  general ,  the  more  conductive  the  l i qu i d ,  the  g reater the  charge  
generati on .  For example,  a  water j et  produces  more  charge  than  an  o i l  j et,  bu t  water/oi l  
m ixtu res  can  produce  more  charge  than  e i ther  water or  o i l .  

A.1 .9  Contact  charg ing  of  powders  

The charge  carri ed  by a un i t  mass  of  powder (charge  to  mass  rat io)  i s  usual l y the  important  
parameter i n  cons ideri ng  the  l evel  of  charge  accumu lati on  on  powders .  For medium  resisti vi ty 
and  i nsu lating  powders  (see  def in i t ions  i n  9 . 1 ) ,  typi cal  values  are  between  1 0  pC/kg  and  
1  mC/kg  and  the  value  depends  main l y on  the  process  i tse l f  (speed  of  separati on  after  
con tact) ,  on  the  f i neness  of  the  powder (speci f ic  surface  area)  and  on  i ts  chem ical  
composi t i on  i ncl ud ing  con tam inations  (res ist i vi ty  and  re lat i ve  perm i tt i vi ty) .  Table  A. 1  g i ves  
measured  data on  the  charge  levels  on  med ium  res ist i vi ty powders  emerg ing  from  d i fferent  
processes.  
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Table  A. 1  – Charge bu i ld  up  on  powders  

Operation  Mass charge densi ty 

(µC kg–1 )  

Triboel ectri cal  powder coati ng  1 0  000  to  1  000  

Pneumati c  conveyi ng  1  000  to  0 , 1  

M i cron i s i ng  1 00  to  0 , 1  

Gri nd i ng  1  to  0 , 1  

Scro l l  feed  transfer  1  to  0 , 01  

Pouri ng  1  to  0 , 001  

S ievi ng  0 , 001  to  0 , 000  01  

 

A.1 . 1 0  Charg ing  by induction  

There  i s  an  e lectric  f i e l d  around  any charged  object.  A conductor i n troduced  i n to  th is  f i e ld  
changes  the  d is tri bu tion  of  poten tial  i n  the  f i e ld  i n  i ts  vic in i ty and  causes  separation  of  
opposing  charges  wi th i n  the  conductor.  I f  i t  i s  i so lated  from  earth ,  the  conductor  takes  up  a 
poten tial  dependen t  upon  i ts  pos i t ion  i n  the  f i e ld  and  i s  said  to  be  charged  by i nduction .  By 
vi rtue  of  i ts  poten tial ,  coupled  wi th  the  separated  charges  that  i t  carries,  the  conductor can  
produce  e lectrostatic  sparks.  

I f  an  i so lated  conductor  i s  momentari l y earthed  wh i l e  i t  i s  i n  an  e lectric  f i e l d ,  a  spark 
d ischarge  occurs .  Th is  spark reduces  the  poten tial  of  the  conductor to  zero  bu t  i t  acqu i res  a 
net  charge  to  cause  th is  reducti on .  Th is  remain i ng  charge  can  cause  a second  spark when  the  
i solated  conductor  i s  removed  from  the  vicin i ty of  the  ori g i nal  charged  obj ect .  Th is  type  of  
i nducti on  sparking  can  be  hazardous,  for  example,  when  an  i so lated  person  moves  abou t  near 
e lectrostatical l y charged  materials .  

A.1 . 1 1  Charge transfer by conduction  

Whenever a charged  object  touches  one  that  i s  uncharged,  the  charge  i s  shared  between  
them .  Th is  can  be  a  poten t  source  of  e l ectrostatic  charg ing  and  examples  of  i t  are  charged  
sprays,  m ists  or  dusts  imping ing  or sett l ing  on  so l i d  objects .  A s im i lar transfer of  charge  can  
also  take  p lace  when  a  stream  of  gaseous  i ons  col l ects  on  an  i n i t i al l y uncharged  obj ect.  

A.1 . 1 2  Charg ing  by corona d ischarge 

A method  for charg ing  objects  i s  spraying  e lectrons  from  a metal  t i p  wh ich  i s  at  h i gh  negati ve  
poten tial  of  some tens  of  ki lovol ts .  Th is  charg ing  mechan ism  can  also  happen  acciden tal l y,  
e. g .  from  h i gh -vo l tage  t i ps  of  e lectrostatic  sprayi ng  equ ipment or  from  corona need les  of  a  
Type  D  FIBC.  

A.2  Accumulation  of  electrostatic  charge 

A.2.1  General  

After separation  during  the  charg ing  process  e lectrostatic  charges  can  qu ickl y recombine,  
e i ther d i rectl y by con tact  or  via the  earth .  Charge  on  an  i nsu lat i ng  object  i s  retained  because  
of  the  res istance  of  the  material  i tse l f .  Bu t  for  a  conductor to  remain  charged  i t  has  to  be  
i solated  from  other conductors  and  from  earth .  

Under normal  cond i ti ons,  pure  gases  are  i nsu lators  and  the  charge  on  suspended  particles  i n  
cl ouds  of  dust,  m ist  or  spray can  often  remain  for l ong  peri ods ,  i rrespective  of  the  conducti vi ty 
of  the  partic les  themselves.  
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I n  al l  cases  the  charge  leaks  away at  a  rate  determ ined  by the  resis tances  of  the  non-
conductors  i n  the  system ;  the  process  i s  known  as  re laxati on .  The  l evels  of  res istance,  
res ist i vi ty or  conductivi ty  wh ich  can  lead  to  hazardous  s i tuati ons  depend  g reatl y upon  the  
i ndustrial  process  and  th i s  wi l l  be  d iscussed  later.  

I n  many processes  there  i s  con ti nuous  generati on  of  charge  that  accumu lates  on  an  i so lated  
conductor.  For example,  when  a  s tream  of  charged  l i qu i d  or  powder f l ows  i n to  an  i so lated  
metal  container,  the  potential  on  the  i so lated  conductor i s  the  resu l t  of  a  balance  between  the  
rate  of  i npu t  of  charge  and  the  rate  of  l eakage.  The  equ ivalen t  e l ectrical  ci rcu i t  i s  shown  i n  
Figu re  A. 1  and  the  poten tial  of  the  conductor  i s  g i ven  by the  equation :  

V =  I R  { 1  −  exp  ( -  t / R C) }  

where:  

V  i s  the  potential  of  the  conductor i n  vo l ts ;  

C  i s  i ts  capaci tance  i n  farads;  

R  i s  the  leakage  res is tance  to  earth  i n  ohms;  

I  s  the  electrostatic  charg ing  cu rren t  i n  amperes;  

t  i s  the  t ime  from  the  commencement  of  charg ing  i n  seconds.  

The  maximum  poten tial  Vmax  i s  reached  when  t i s  l arge  and  i s  therefore:  

Vmax  =  I R  
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Figure A. 1  – Equ ivalent  electrical  ci rcu i t  for an  electrostatical ly charged  conductor  

The l eakage  res is tance  and  the  capaci tance  of  an  i so lated  conductor can  often  be  measured  
and  th is  can  be  used  to  establ ish  i f  hazardous  l evels  of  charges  can  accumu late.  However,  
th is  assessment  cannot  be  carri ed  ou t  for  dusts  and  m ists  suspended  i n  ai r.  

A.2.2  Charge  accumulation  on  l iqu ids  

Charge  accumu lati on  i n  a  l i qu i d  i s  determ ined  by the  two  oppos ing  effects  of  charge  
generati on  and  charge  re laxation .  

Charge  re laxation  i n  a  con tainer of  l i qu i d  i s  governed  by i ts  e lectrical  conducti vi ty.  I n  the  
absence  of  charge  generation ,  the  charge  densi ty i n  the  l i qu i d  decays  accord ing  to  an  
exponen tial  l aw of  re laxati on  wi th  the  characteristi c  re laxation  t ime:  

τ  =  εr εo  /  γ  
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where:  

τ   i s  the  re laxati on  t ime;  

εr  i s  the  re lati ve  perm i tti vi ty of  the  l i qu i d  (abou t  2  for saturated  h ydrocarbon  l i qu i ds) ;  

εo   i s  the  perm i tt i vi ty of  free  space  (8 ,85  ×  1 0 -1 2  F/m ) ;  

γ   i s  the  e lectrical  conductivi ty of  the  l i qu id  

Exponen tial  re laxation  means  that  wi th i n  the  re laxati on  t ime  the  charge  decays  to  about  37  %  
(more  precisel y:  to  1 /e ,  where  e  i s  the  base  of  natural  l ogari thms)  of  i ts  orig i nal  value .  For 

example,  for  a  h ydrocarbon  l i qu id  wi th  a conducti vi ty of  γ  =  1  pS/m  (1 0 - 1 2  S/m )  the  re laxati on  

t ime  i s  τ  =  1 8  s .  The  t ime  for the  charge  to  decay to  50  % of  i ts  ori g inal  value  i s  0 , 7  τ  =  1 3  s .  

The  conducti vi ty of  a  very l ow conductivi ty l i qu i d  i s  s ign i f ican tl y h i gher  when  the  l i qu i d  has  a 
h igh  charge  densi ty than  when  i t  i s  uncharged .  Th is  l eads  to  what  i s  known  as  "hyperbol ic  
re laxation ".  I t  resu l ts  i n  charge  being  d iss ipated  more  rapid l y from  l i qu ids  of  very l ow 
conductivi ty and  h igh  charge  dens i ty than  wou ld  be  expected  on  the  bas is  of  the  calcu lati on  
above.  

Th is  has  a benefic ial  effect:  i t  means  that,  i rrespecti ve  of  conductivi ty or  very h i gh  charge  
densi t i es,  residence  t imes  of  1 00  s  are  su ff icient  to  reduce  the  charge  dens i ty i n  receiving  
tanks  downstream  of  f i ne  f i l ters  to  the  l evel  encountered  i n  p i pe  f low.  

Conductivi t ies  of  l i qu ids  are  c lass i f ied  as  h i gh  (γ  >  1 0  000  pS/m ) ,  medium  

(1 00  pS/m  <  γ  <  1 0  000  pS/m )  or  l ow (γ   <  1 00  pS/m ) .  I n  the  case  of  h ydrocarbons  50  pS/m  i s  
used  as  border l im i t  for  l ow conductivi ty (see  7. 1 . 4) .  The  conducti vi t ies  and  re laxation  times  
for a  number of  l i qu ids  are  g i ven  i n  Table  7.  

Hazardous  levels  of  charge  accumu lation  are  associated  main l y wi th  l ow conductivi ty l i qu i ds.  
Such  l evels  can  also  occur wi th  med ium  conducti vi ty l i qu i ds  when  the  charg ing  rate  i s  h i gh ,  
e. g .  h i gh  f low veloci t i es  or  s t i rr ing  certai n  suspensions  (see  7 .7  and  7. 9) .  Hazardous  levels  
are  vi rtual l y unknown  wi th  h igh  conductivi ty l i qu ids  provid i ng  that  the  l i qu i ds  are  earthed .  

Suspens ions  of  charged  droplets  i n  m ists  and  sprays  retain  the i r  charge  because  the  
su rrounding  atmosphere  i s  h i gh l y i nsu lati ng .  Charge  re laxation  i s  not  by e lectrical  conduction  
bu t  by processes  such  as:  sett l i ng  or  impingement  of  the  droplets  on  the  tank structure;  and ,  
at  h igh  charge  dens i ty l eve ls,  corona from  protrusions  i n  the  tank.  For these  reasons  charge  
re laxati on  i n  charged  m ists  i s  usual l y s low,  i rrespecti ve  of  the  conductivi ty of  the  l i qu i d .  

A.2.3  Charge accumulation  on  powders  

I f  the  vo lume resis ti vi ty of  the  powder i n  bu lk i s  h igh ,  charge  cou ld  be  retained  on  powder 
even  i f  i t  i s  i n  an  earthed  con tainer or  i n  con tact  wi th  earthed  metal .  The  t ime  taken  for  the  
charge  to  decay to  1 /e  of  i ts  ori g inal  value  (where  e  i s  2 , 71 8)  i s  known  as  the  re laxation  t ime.  
I t  i s  g i ven  by the  equation :  

τ  =  S εr εo  

where:  

εr  i s  the  re lati ve  perm i tti vi ty of  the  powder;  

εo   i s  the  perm i tt i vi ty of  free  space  (8 ,85  ×  1 0–1 2  F/m ) ;  

S  i s  the  vo lume resis ti vi ty of  the  powder  

A vo lume res ist i vi ty of  1 0  GΩ  m  and  a re lat i ve  perm i tt i vi ty of  2  g i ves  a  relaxati on  time  of  
approximate l y 0 , 2  s .  Th i s  means  that  after  0 , 2  s  abou t  two  th i rds  of  the  charge  has  been  
re leased  from  the  bu lked  powder to  earth .  



IEC  TS  60079-32-1 :201 3+AMD1 :201 7  CSV – 1 29  – 
© I EC  201 7  

Because  ai r  i s  very h i gh l y i nsu lati ng ,  charge  decay for  a  powder i n  suspens ion  i n  ai r  (dust  
cl oud)  i s  not  i n f l uenced  by the  vo lume res ist i vi ty of  the  powder.  The  charge  remains  on  the  
powder part ic les  un ti l  they i n teract  wi th  each  other or  wi th  the  equ ipment.  I n  those  
ci rcumstances,  charge  decay i s  main l y affected  by particle  movement  caused  by ai r  d ri ft ,  
g ravi ty and  space  charge  f i el ds .  

For both  powder i n  bu lk and  powder i n  suspension  i n  ai r,  charge  l evels  are  l im i ted  by the  
onset  of  d ischarges.  These  wi l l  occur when  the  electric  f i e l d ,  wh ich  i s  h ighest  at  the  boundary 
of  the  heap or the  dust  c l oud ,  reaches  the  d ie lectri c  streng th  of  ai r,  3  MV/m .  

A.3  Electrostatic  d ischarges  

A.3.1  In troduction  

Charge  on  a l i qu id  or  on  a so l i d  creates  a hazard  on l y i f  i t  i s  d i scharged  to  another body or,  
more  usual l y,  to  earth .  These  d ischarges  vary g reatl y i n  type  and  i ncend ivi ty.  They are  
described  i n  A. 3. 2  to  A. 3 . 7.  

A.3.2  Sparks  

A spark i s  a  d i scharge  between  two  conductors ,  l i qu i d  or  sol i d .  I t  i s  characterised  by a wel l  
def ined  lum inous  d ischarge  channel  carrying  a h i gh  dens i ty curren t.  I on isati on  of  gas  i n  the  
channel  i s  complete  over i ts  whole  l eng th .  The  d ischarge  i s  very rapid  and  g i ves  ri se  to  a  
sharp  crack.  

A spark occurs  between  conductors  when  the  f ie l d  streng th  between  them  exceeds  the  
e lectric  streng th  of  the  atmosphere .  The  poten tial  d i fference  between  the  conductors  
necessary to  cause  breakdown  depends  upon  both  the  shape  and  the  d is tance  between  the  
conductors.  As  a gu ide,  the  breakdown  streng th  for f lat  or  l arge  rad ius  su rfaces  1 0  mm  or  
more  apart  i s  about  3  MVm -1  i n  normal  ai r  and  i t  i ncreases  as  the  gap  decreases.  

Because  the  obj ects  between  wh ich  the  spark passes  are  conductors,  most  of  the  stored  
charge  passes  through  the  spark.  I n  most  practical  cases,  that  d iss ipates  most  of  the  s tored  
energy.  The  energy of  a  spark between  a conducti ve  body and  a conducti ve  earthed  obj ect  
can  be  calcu lated  us ing  the  equati on  below:  

W =  ½ Q V =  ½ C V2  

where:  

W  i s  the  energy d i ss ipated  i n  j ou les;  

Q  i s  the  quan ti ty of  charge  on  the  conductor  i n  cou lombs;  

V  i s  i ts  poten tial  i n  vo l ts;  

C  i s  i ts  capaci tance  i n  farads.  

Th is  i s  the  maximum  value  of  energy and  the  energy i n  the  spark i s  l ess  i f  there  i s  res istance  
i n  the  d ischarge  path  to  earth .  Typical  values  for the  capaci tances  of  conductors  are  g i ven  i n  
Table  A. 2.  
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Table  A.2  – Values of  capaci tances for  typical  conductors  

Object  Capaci tance  

pFa  

Smal l  metal  i tems  (scoop,  hose  nozz le)  1 0  to  20  

Smal l  con tai ners  (bucket,  50  l  d rum )  1 0  to  1 00  

Med ium  con tai ners  (250  l  to  500  l )  50  to  300  

Maj or plan t  i tems  (react i on  vessel s)  immediatel y  su rrounded  by earthed  s tructu re  1 00  to  1  000  

Human  body  1 00  to  200  

a  1  pF  =  1  ×  1 0–1 2  F  

 

An  example  of  a  calcu lati on  of  spark d ischarge  energy i s  as  fo l l ows:  

An  unearthed  metal  d rum  i s  f i l l ed  wi th  powder from  a g ri nd ing  un i t .  I n  such  a s i tuation  the  

charg ing  current,  I,  can  be  1 00  nA;  the  leakage  res istance  of  the  drum  to  earth  R,  1 00  GΩ ;  
and  i ts  capaci tance  C,  50  pF.  The  maximum  vol tage  on  the  drum  i s  then :  

Vmax  =  I R  =  1 0  kV  

and  the  maximum  energy re leased  i n  a  spark d ischarge  wou ld  be  

Wmax  =  ½ C Vmax
2  =  2 , 5  mJ  

A.3.3  Corona 

This  type  of  d i scharge  occurs  at  the  sharp  po in ts  or edges  of  conductors ,  i . e .  su rfaces  wi th  a  
smal l  rad i us  of  curvatu re.  They can  occur when  such  a conductor i s  earthed  and  moved  
towards  a h igh l y charged  obj ect  or,  al ternati ve l y,  i f  the  conductor i s  raised  to  a h igh  poten tial .  
The  d ischarge  arises  due  to  the  fact  that  the  e lectric  f i e ld  at  the  sharp surface  i s  very h i gh  
(above  3  MV/m) .  S i nce  the  f i e ld  away from  the  surface  drops  off  rapid l y the  reg ion  of  
i on isation  does  not  extend  far from  i t .  I t  can  be  d i rected  towards  the  charged  object  or,  i n  the  
case  of  a  h i gh  poten tial  conductor,  i t  can  s impl y be  d i rected  away from  the  conductor.  

Corona d ischarges  are  d i ff i cu l t  to  see  bu t  under subdued  l i gh ting  a g l ow can  be  seen  ad j acen t  
to  the  po in t.  Ou ts ide  th is  i on ised  reg ion  i ons  can  dri ft  away,  thei r  po lari ty be ing  dependent  on  
the  f i e l d  d i recti on .  The  energy dens i ty i n  the  d ischarge  i s  much  less  than  in  a  spark and  for 
th is  reason  corona d ischarges  are  not  normal l y i ncend ive.  However,  i n  certai n  c i rcumstances,  
for  example,  i f  there  i s  an  i ncrease  i n  the  potential  of  the  po in ted  conductor,  corona can  
develop  in to  a spark between  i t  and  another  obj ect.  

A.3.4  Brush  d ischarges  

These  d ischarges  can  occur when  rounded  (as  opposed  to  sharp)  earthed  conductors  are  
moved  towards  charged  i nsu lat ing  obj ects ,  for  example,  between  a  person 's  f i nger and  a  
p last ic  surface,  or  between  a g rounded  metal  protrus ion  and  the  surface  of  l i qu id  i n  a  tank.  

They are  short  durati on  even ts  wh ich ,  under su i table  ci rcumstances,  can  be  seen  and  heard.  
Un l ike  spark d ischarges  they tend  to  i nvolve  on l y a smal l  fracti on  of  the  charge  associated  
wi th  the  system  and  the  d ischarge  does  not  l i nk the  two  objects .  I n  spi te  of  th is ,  brush  
d ischarges  can  i gn i te  most  f lammable  gases,  vapours  and  hybrid  m ixtures .  The  present  state  
of  knowledge  i nd icates  however,  that  i ndependen t  of  the i r  M IE  combustible  powders  cannot  
be  i g n i ted  by brush  d ischarges,  provid ing  there  are  no  f l ammable  gases  or  vapours.  

Experimen ts  have  shown  that  brush  d ischarges  are  capable  of  i g n i t i ng  gas  atmospheres  wi th  
M IEs  up to  3 , 6  mJ  when  transform ing  them  in to  spark d ischarges  th rough  gases.  These  
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experiments,  however,  don ’ t  g i ve  any i n formation  concern ing  the  i ncend ivi ty of  brush  
d ischarges  for  dust.  

NOTE  Brush  d i scharges  show a s i g n i f i cant l y  d i fferent  energy d i stri bu ti on  i n  space  and  t ime  compared  to  spark 
d i scharges.  Th i s  resu l ts  i n  d i fferences  i n  the i r  i ncend ivi ty  towards  gases  and  vapours  compared  to  dusts .   

A.3.5  Propagating  brush  d ischarges  

For th is  type  of  d i scharge  i t  i s  necessary to  have  a sheet  (or l ayer)  of  a  material  of  h i gh  
res isti vi ty and  h i gh  d i e lectric  streng th  wi th  the  two  surfaces  h i gh l y charged  (h igh  su rface  
charge  densi ty)  bu t  of  oppos i te  po lari ty.   

The  d ischarge  i s  i n i t iated  by an  e lectrical  connecti on  (short  c i rcu i t)  between  the  two  surfaces.  
I t  often  has  a bri gh t  tree- l ike  s tructure  and  i s  accompan ied  by a l oud  crack.  The  bipo lar 
charged  sheet  can  be  i n  " free  space"  or,  as  i s  more  normal ,  have  one  surface  i n  i n t imate  
con tact  wi th  a  conductive  material  (normal l y earthed) .  

The  short  ci rcu i t  can  be  ach ieved:  

a)  By pi ercing  the  su rface  (mechan ical l y or  by an  e lectrical  break through) ;  

b)  By approach ing  both  su rfaces  s imu l taneous l y wi th  two  e lectrodes  e lectrical l y connected ;  
or   

c)  When  one  of  the  surfaces  i s  earthed,  by touch ing  the  other surface  wi th  an  earthed  
conductor.  

The  d ischarge  co l lects  most  of  the  d istri bu ted  charges  from  the  i nsu lat i ng  surface  and  
channels  them  to  where  the  short  c i rcu i t  takes  place.  The  cond i t i ons  necessary for th is  type  of  
d ischarge  can  be  d i ff i cu l t  to  ach ieve,  particu larl y for  th ick sheets .  I n  most  ci rcumstances,  a  
th ickness  of  more  than  1 0  mm  is  su ffi cien t  to  prevent  propagating  brush  d ischarges .  For  

sheets  th i nner  than  that  value,  a  su rface  charge  dens i ty of  at  l east  250  µC/m 2  i s  requ i red .  

A fu rther requ i rement i s  that  the  breakdown  vo l tage  through  the  charged  sheet  needs  to  be  
more  than  4  kV for  even  su rfaces  l i ke  f i lms,  webs  and  sheets  and  6  kV for  fabrics .  Th is  means  
that  charge  on  l ayers  of  pain t  does  not  normal l y g i ve  r i se  to  propagati ng  brush  d ischarges.  

NOTE  Th i ck l ayers  of  woven  or  porous  material s  can  wi thstand  vol tages  g reater than  4  kV  bu t  are  unable  to  g i ve  
ri se  to  propagati ng  brush  d i scharges  un less  they i ncorporate  a  l ayer of  impervious  material ,  i . e .  one  abl e  to  
wi thstand  vo l tages  g reater than  4  kV.  

The energy re leased  i n  such  d ischarges  can  be  h igh  ( 1  J  or  more) ;  i t  depends  on  the  area,  
th ickness  and  su rface  charge  densi ty of  the  charged  sheet.  The  d ischarges  can  i g n i te  
explos ive  gas ,  vapour  and  dust  atmospheres.  

A.3.6  Lightn ing  l i ke  d ischarges  

I n  pri nciple  l i g h tn ing  l i ke  d ischarges  can  occur wi th in  charged  clouds  or from  such  c l ouds  to  
earth  when  the  f i e l d  streng th  due  to  the  charged  particles  i s  h i gh  enough .  Such  l i gh tn i ng  l ike  
d ischarges  have  been  observed  i n  large  ash  clouds  duri ng  the  eruption  of  volcanoes.  They 
are  obvious l y capable  of  i gn i ti ng  f l ammable  atmospheres,  bu t  they have  never been  observed  
i n  charged  c louds  of  the  s i ze  encoun tered  i n  i ndustrial  operations.  

Accord ing  to  experimental  i nvestigati ons  such  d i scharges  are  un l ike l y to  occur i n  s i l os  of  
vo lume less  than  1 00  m 3  or  i n  s i l os  of  d iameter l ess  than  3  m  and  of  any hei gh t.  Those  
d imens ions  are  not  necessari l y the  upper safe  l im i ts,  they are  based  so le l y on  the  s i ze  of  the  
equ ipment  i n  the  above  menti oned  i nvesti gations .  I n  add i t i on ,  no  l i gh tn ing - l ike  d ischarges  
have  been  observed  duri ng  the  wash ing  of  sh ip’s  tanks  of  up  to  30  000  m 3  i n  vo lume.  

Such  d ischarges  are  un l ikel y to  occur i n  l arger s i los  or  con tainers  provid ing  that  averag ing  
f ie l d  s treng ths  remain  below 500  kV/m .  
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A.3.7  Cone d ischarges  

When  h igh l y charged  i nsu lating  powder i s  f i l l ed  i n to  s i los  or  l arge  containers  i t  generates  a  
reg ion  of  very h igh  space  charge  dens i ty wi th in  the  heap of  bu lked  powder.  Th is  l eads  to  h i gh  
e lectrical  f ie l ds  at  the  top of  the  heap.  Under those  ci rcumstances  l arge  d ischarges  runn ing  
(rad ial l y,  i n  the  case  of  cyl i ndrical  con tainers)  al ong  the  surface  have  been  observed.  

The  cond i t i ons  necessary for th is  type  of  d i scharges  are  complex;  the  in f l uencing  factors  are  
res isti vi ty of  bu lked  powder,  charg ing  current,  vo lume and  geometry of  bu lked  powder and  
particle  s i ze.  I t  has  been  reported  that  atmospheres  of  f lammable  gases  and  vapours  as  wel l  
as  atmospheres  of  sens i t i ve  combustible  powders  can  be  i gn i ted  by th is  type  of  d ischarge.  

Based  on  extensive  experiments  performed  i n  earthed  conducti ve  s i l os  the  energy re leased  in  
such  d ischarges  depends  on  the  s i l o  d i ameter and  the  partic le  s i ze  (mass  median)  of  the  
products  form ing  the  powder heap.  For  s i l os  wi th  d iameters  i n  the  range  0, 5  m  to  3 , 0  m  and  
powders  wi th  a med ian  range  of  0 , 1  mm  to  3 , 0  mm ,  the  maximum  energy released  i n  cone  
d ischarges  can  be  estimated  us ing  the  numerical  formu la:  

W =  5, 22  ×  D3, 36  ×  d1 , 46  

where:  

W  i s  the  upper  l im i t  of  the  energy of  the  cone  d ischarge  i n  m i l l i j ou les;  

D  i s  the  d iameter of  the  earthed  conductive  s i l o  i n  metres;  

d  i s  the  mass  median  of  the  partic le  s i ze  d istribu ti on  of  the  powder form ing  the  cone  i n  
m i l l imetres.  

For s i l os  wi th  d iameters  l arger  than  3  m  and  powders  wi th  a med ian  larger  than  3  mm  the  
appl ication  of  the  above  formu la i s  not  val i dated  by measurements  or  experiments .  Based  on  
practical  evi dence  the  i gn i t i on  eff ic iency i s  l ower and  therefore  the  equ ivalen t  energy of  cone  
d ischarges  i s  also  l ower than  i nd icated  by the  above  formu la above  these  l im i ts .  Expert  
advice  i s  recommended  under these  ci rcumstances.  

As  fo l lows  from  the  above  formu la,  cone  d ischarges  formed  from  coarse  powder are  of  much  
h igher energy than  those  from  f i ne  powder.  Thus  the  most  hazardous  s i tuati on  i s  when  h i gh l y 
i nsu lati ng  g ranu les  are  hand led  together wi th  f i ne  powder ( f i nes)  form ing  a  dust  c l oud  of  low 
MIE.  

I n  case  of  s i l os  made from  insu lating  material  twi ce  the  d iameter shou l d  be  used  i n  the  above  
formu la for the  calcu lat ion  of  the  equ ivalen t  energy of  cone  d ischarges .  Th i s  recommendation  
i s  not  based  on  experimental  data bu t  on  the  fact  that  – i n  con trast  to  an  earthed  conducti ve  
s i lo ,  where  the  h ighest  poten tial  i s  usual l y at  the  cen tral  axis  – the  s i l o  wal l  i s  not  at  zero  
poten tial .  I f  one  s i de  i s  forced  to  be  at  zero  poten tial ,  the  opposi te  s i de  may have  the  h i ghest  
poten tial  and  consequen tl y the  cone  d ischarge  may j ump over the  whole  d iameter and  thus  
co l lect  much  more  charges  than  i n  a  conducti ve  s i l o  of  s im i lar d imens ions.  

A.4  Measurements for risk assessment  

Measurements  are  often  necessary for  the  i den ti f i cati on  of  static  e lectrici ty hazards  and  the  
assessment  of  i gn i t ion  r isks.  I n  add i t ion ,  they can  veri fy whether precauti ons ,  wh ich  have  
been  implemented  against  the  hazards,  work wel l .  Computer model l i ng  of  poten tial  and  
e lectrical  f i e l d  d istribu ti on  based  on  the  measurement of  res istances,  charge  to  mass  and  / or  
space  charge  dens i t ies  may be  very he lpfu l  i n  ri sk assessmen ts  when  hand l i ng  l i qu i ds  or  
powders .  

General  methods  for measuri ng  e lectrostatic  phenomena (charge,  charge  dens i ty,  potential ,  
e lectric  f ie ld ,  chargeabi l i ty,  charge  decay,  cu rren t,  and  capaci tance)  and  re lated  properti es  of  
materials  (res is ti vi ty and  electrical  s treng th )  for  a  ri sk assessmen t have  been  described  i n  
IEC 61 340-1 .  Measuremen t of  transferred  charges  i s  described  i n  I EC  60079-0:2007,  26. 1 4.  
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NOTE  I t  i s  schedu led  to  revi se  th i s  method  and  move  i t  to  I EC  60079-32-2 8.  

Another common  practice  i s  surface  vo l tage  measurement wi th  a noncontact  e l ectrostatic  
vo l tmeter or  f i e l d  meter  i n  order to  l ocate  a  hazardous  charge  on  a conductor  or  a  non-
conductor.  The  i g n i t i on  risk associated  wi th  the  measured  values  shou ld  be  evaluated  by 
comparing  wi th  the  recommended  safety l evels  i n  th is  document.  I n  on-s i te  measurements ,  
care  shou ld  be  taken  before  i n troducing  an  earthed  i nstrument i n to  h igh l y charged  
envi ronment  to  avoid  causing  a d ischarge  and  the  i gn i t i on  r isk shou ld  separatel y be  assessed  
for such  measurements.  

Assessment  of  earth i ng  and  bonding  shou ld  be  conducted  wi th  a measurement of  res istance  
e i ther to  g round  or between  bonded  i tems.  Res is tance  measurements  can  be  used  to  check 
e lectrical  connections  that  are  prone  to  corros ion ,  movement,  bond ing  clamps ,  i nsu lat ing  
coatings,  etc.  For  test i ng  the  earth i ng  of  personnel ,  methods  of  res istance  measurements  for  
f loors  and  footwear are  provided  i n  I EC  61 340-4-1  and  61 340-4-3.  

Appropriate  procedures  for the  measurements  of  e lectrostatic  properti es  of  materials ,  such  as  
res ist i vi ty (conducti vi ty)  and  electrical  s treng th ,  are  g i ven  i n  the  fo l lowing  standards:  

a)  For res isti vi ty and  conducti vi ty of  so l i d  materials :  I EC  60093,  IEC  601 67 and  
IEC 61 340-2-3.  Al ternative  national  standards  incl ude  ASTM  D257,  BS  7506-2,  JN IOSH  
TR 42,  and  DIN  54345-5.  

b)  For l i qu i d  conductivi ty:  I SO  6297.  Al ternati ve  nati onal  s tandards  i nclude  ASTM  
D2624-07a,  ASTM  D4308-95,  JN IOSH  TR 42,  D IN  51 41 2-1 ,  and  D IN  51 41 2-2.  

c)  For  powder res isti vi ty:  I EC  61 241 -2-2.  Al ternati ve  national  s tandards  i nclude  JN IOSH  TR  
42.  

d )  For e l ectrical  breakdown  streng th :  I EC  60243-1  and  I EC  60243-2.  

NOTE  A comprehensi ve  summary of  al l  these  test  methods  i s  g i ven  i n  I EC  60079-32-28.  

Care  shou ld  be  taken  as  the  measured  res istance  and  res ist i vi ty depend  on  the  e lectrode  
conf igurati on .  For example,  the  surface  res is tance  measu red  wi th  the  e lectrode  confi guration  
described  i n  the  Note  to  3 . 21  i s  ten  t imes  lower than  the  surface  res ist i vi ty.  

M in imum  ign i ti on  energ ies  and  f l ammable  l im i ts  of  materials  used  shou ld  be  measured  by a 
special i st  under practical  cond i t i ons  to  evaluate  thei r  potential  as  an  i g n i table  atmosphere .  
Related  standard  test  methods  are  ASTM  E582-88  for gases,  I EC 61 241 -2-3,  ASTM  E201 9-03  
and  EN  1 3821  for dusts.  

————————— 
8  To  be  publ i shed.  
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Annex B  
( in formative)  

 
Electrostatic  d ischarges in  speci fic  si tuations  

B.1  Incendive d ischarges  involving  insulating  sol id  materials  

B.1 . 1  General  

I nsu lat ing  materials  can  g i ve  r ise  to  vari ous  types  of  d i scharge  e i ther  d i rectl y from  thei r  
surfaces  or by i so lati ng  conductive  parts  and  enabl ing  them  to  become charged .  

B.1 .2  Sparks from  isolated  conductors  

The use  of  i nsu lat i ng  materials  can  i so late  metal  p lan t  componen ts  or  o ther conducti ve  
obj ects  from  earth .  By being  c l ose  to  charged  material ,  such  conductors  can  become charged  
by i nduction ,  charge  sharing  or by co l lect i ng  sprayed  charge  or charged  particles .  These  
conductors  can  acqu i re  a  large  amount  of  charge  and  energy and  can  s tore  i t  for  a  l ong  t ime.  
Most  of  that  energy can  even tual l y be  re leased  as  an  i ncend ive  spark to  earth .  

For th is  reason  i t  i s  important  to  avoid  having  i so lated  conductors ;  they shou ld  be  bonded  
together  and  earthed  (see  C lause  1 3) .  

B.1 .3  Brush  d ischarges  from  insu lating  sol id  materials  

Brush  d ischarges  can  occur  when  earthed  conductive  obj ects  approach  h i gh l y charged  
i nsu lat i ng  materials .  Such  materials ,  normal l y p lastics ,  are  very common  and  they are  used  
extensive l y i n  i ndustry.  Examples  are  buckets,  pi pes,  scoops,  bags  and  al l  types  of  
con tainers,  be l ts ,  f l oor and  wal l  coverings,  i ns trument  containers  and  many constructi onal  
materials .  Those  can  become charged  i n  many ways:  by being  hand led;  by being  rubbed;  by 
having  materials  poured  i n ,  th rough ,  or  ou t  of  them ;  and  by co l lect ing  charged  part ic les  on  
the i r  su rfaces.  

The  incend ivi ty of  brush  d ischarges  depends  on  a  number of  parameters ,  i n  particu lar  on  the  
s i ze  of  the  charged  area,  bu t  i t  i s  vi rtual l y i ndependent  of  the  type  of  the  charged  material .  I t  
i s ,  however,  wel l  known  that  brush  d ischarges  are  capable  of  i gn i t i ng  gas  m ixtures  wi th  M IEs  
below abou t  4  mJ .  The  present  s tate  of  knowledge  i nd icates  however,  that  i ndependent  of  
the i r  M IE  combustible  powders  cannot  be  i g n i ted  by brush  d ischarges,  provid i ng  there  are  no  
f lammable  gases  or  vapours.  

The  equ ivalent  energ ies  of  brush  d ischarges  have  been  determ ined  by transform ing  them  in to  
spark d ischarges  th rough  gases.  These  experimen ts,  therefore,  do  not  g i ve  any i n formation  
concern ing  the  i ncend ivi ty of  brush  d ischarges  for dusts.  

Brush  d ischarges  from  posi t i vel y charged  obj ects  or  materials ,  e. g .  a  pos i ti vel y charged  l i qu id ,  
are  less  i ncendive  than  those  from  negati ve l y charged  obj ects.   

I f  the  charged  material  i s  i n  the  form  of  a  sheet  wi th  the  uncharged  surface  i n  contact  wi th  an  
earthed  metal  sheet,  the  brush  d ischarges  are  rather  weak (note,  however,  B . 1 . 4) .  

Measurements  for the  i gn i t i on  ri sk assessment  of  brush  d ischarges  are  g i ven  i n  A. 4  and  6. 3. 9.  

B.1 .4  Propagating  brush  d ischarges  from  insu lating  sol id  materials  

I n  the  presence  of  pro l i f i c  charge  generating  mechan isms  (e. g .  pneumatic  transfer of  
powders,  charge  spraying  i n  the  powder coating  process)  very h i gh  l evels  of  su rface  charge  
can  be  generated  on  an  i nsu lati ng  sheet  or  l ayer wi th  earthed  metal  backing .  I f  the  breakdown  
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streng th  of  the  l ayer i s  su ff i ci ent  to  wi thstand  the  l arge  f i e ld  streng th  i n  the  layer,  surface  

charge  densi t i es  of  the  order of  300  µC/m 2  enable  the  d ischarge  to  change  from  a brush  
d ischarge  in to  a propagati ng  brush  d ischarge.  

A propagati ng  brush  d ischarge  can  re lease  a lo t  o f  energy.  I t  i s ,  therefore,  capable  of  i g n i t i ng  
almost  al l  f l ammable  gases,  vapours  and  powders  and  can  cause  severe  e lectrostatic  shocks.  
I n  special  cases  the  b ipolar charg ing  of  the  i nsu lating  sheet  can  also  be  ach ieved  wi thou t  
metal  backing .  

B.2  Incendive d ischarges  produced  during  l iqu id  handl ing  

B.2.1  General  

When  a tank i s  be i ng  f i l l ed  wi th  a  charged  l i qu i d  of  l ow conduct i vi ty,  the  charge  accumu lating  
i n  the  l i qu i d  wi th in  the  tank can  create  h i gh  poten tials  on  the  l i qu i d  su rface  and  h i gh  electric  
f i e l ds  i n  the  u l l age  space.  The  f ie ld  streng th  and  poten tial  d i s tribu tions  depend  upon  the  s i ze  
and  shape  of  the  tank,  on  the  l i qu id  depth  and  on  the  d ie lectric  constan t.  They are  
proporti onal  to  the  amoun t  of  accumu lated  charge  and  also  depend  on  how the  charge  i s  
d istribu ted  wi th in  the  l i qu id .   

Wi th  h i gh  l i qu id  surface  potentials ,  i ncend ive  brush  d ischarges  can  occur between  the  surface  
of  the  l i qu i d  and  metal  protrus ions  in to  the  u l l age  space.  For a negativel y charged  l i qu id ,  an  
optim ised  hydrocarbon /ai r  atmosphere  and  an  i deal  spherical  1 2 , 8  mm  d iameter  protrus ion ,  
experimen ts  have  shown  that  brush  d ischarges  can  be  i ncend ive  i f  the  surface  potential  
ad j acen t  to  the  protrus ion  exceeds  abou t  –25  kV.   

An  i g n i t i on  hazard  cou ld  arise  at  much  l ower potentials  i f  i so lated  conductors  were  presen t  i n  
the  tank.  For example,  a  can  f l oating  on  the  l i qu id  surface  cou ld  acqu i re  the  poten tial  of  i ts  
surroundings  and  g i ve  r ise  to  an  i ncend ive  spark i f  i t  moved  c lose  to  an  earthed  metal  
protrus ion  or  the  tank wal l .  

Safe  f i l l i ng  ru les  for many s i tuations  have  been  arri ved  at  empi rical l y (e . g .  for  road  and  rai l  
tanker l oad ing )  bu t  the  ru les  for l oad ing  f i xed  vertical  axis  med ium  s i zed  tanks  have  been  
deri ved  theoretical l y (wi th  qu i te  s im i lar resu l ts  to  the  empirical  methods  where  there  i s  
overlap)  as  empi rical  measurement  data i s  not  avai lable  for th is  c lass  of  tank.  The  theoretical  
method  i s  summarised  i n  B . 2. 2.  

B.2.2  Calcu lated  maximum  safe f low veloci t ies  for  f i l l ing  medium-sized  vertical  axis  
storage  tanks  

The maximum  safe  f low ve loci ty i s  the  veloci ty that  j ust  keeps  the  maximum  surface  vol tage  
below the  speci fi ed  hazard  th reshold  (25  kV)  th roughou t  the  f i l l .  I t  has  been  calcu lated  (Bri tton  
and  Sm i th  (201 2) ,  Bri tton  and  Walmsley (201 2) )  i n  order to  obtain  the  veloci ty l im i ts  
recommended  i n  7. 3. 2. 3 . 5. 3  for f i l l i ng  med ium -si zed  vertical  axis  storage  tanks.  

The  calcu lat i ons  are  not  general l y usefu l  for  l arge  tanks  (d iameter >1 0  m )  because,  i n  these,  
the  assumption  of  un i form  charge  densi ty,  wh ich  i s  used  i n  the  calcu lat ions,  tends  to  be  a 
poor approximation .  They cou ld  be  appl i ed  to  the  f i l l i ng  of  smal l  metal  con tainers  such  as  
drums  and  metal  I BCs  bu t,  for  these,  the  benefi ts  of  f i l l i ng  via a  downpipe  located  near  the  
axis  of  the  con tainer usual l y need  to  be  taken  i n to  account  and  the  f l ow rates  in  s tandard  
f i l l i ng  equ ipment are  general l y l ow enough  that  expl ici t  ve loci ty restrict ions  need  not  be  g i ven .   

The  resu l ts  of  the  calcu lat ions  are  not  wel l  f i tted  by vd l im i ts  and  consequen tl y the  approach  
adopted  has  been  to  d i rectl y calcu late  and  tabu late  the  maximum  safe  ve loci ty and  the  
associated  maximum  safe  f low rate  as  a  functi on  of  tank and  pipe  d iameter.   

The  maximum  safe  ve loci ty calcu lati on  i s  based  on :  
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a)  A maximum  surface  potential  of  25  kV
 
on  the  l i qu i d  surface  at  any t ime  duri ng  the  f i l l  (see  

B. 2. 1 ) .  

b)  An  i n let  charge  densi ty deri ved  for  p i pe  f low charg ing  us ing  the  express ion  g i ven  i n  A. 1 . 4  

wi th  conducti vi ty compensati on  below 3  pS/m  and  an  empi rical  constant  of  1 , 0  µC s  m–3 .  

c)  An  Ohm ’s  Law re laxati on  model  to  deri ve  the  (un i form )  i n ternal  tank charge  densi ty from  
the  i n let  charge  densi ty us ing  an  effecti ve  re laxati on  t ime,  τeff that  i s  double  the  re laxati on  
time  derived  d i rectl y from  the  rest  conducti vi ty of  the  fuel .  For most  practical  cases  the  
total  l i qu i d  charge  i s  cl ose  to  Iτeff where  I i s  the  i n let  stream ing  curren t  (charge  

dens i ty ×  f l ow rate) .  Where  the  total  charge  departs  from  Iτeff i t  i s  l ower so  the  use  of  Iτeff 
provides  a worst-case.  The  calcu lated  maximum  safe  veloci t i es  are  therefore  based  on  a  
to tal  l i qu id  charge  of  Iτeff.  Below 3  pS/m  the  charge  dens i ty (s tream ing  curren t)  i s  
proporti onal  to  conductivi ty and  the  effecti ve  re laxati on  t ime  i s  i nversel y proporti onal  to  
stream ing  current  so  the  total  charge  and  the  su rface  vo l tage  are  i ndependent  of  
conducti vi ty.  The  vo l tage  obtained  at  3  pS/m  (g i ving  τeff =  1 2  s )  i s  thus  equal  to  the  worst-
case  and  the  calcu lat ions  were  done  wi th  th is  conducti vi ty.   

d )  An  expression  deri ved  i ndependen tl y by Asano  (1 979)  and  Bri tton  and  Sm i th  ( 1 988)  for 
the  vo l tage  at  the  cen tre  of  the  l i qu id  surface  i n  a  cyl i ndrical  metal  verti cal -axis  s torage  
tank that  i s  partl y f i l led  wi th  a  un i form l y charged  l i qu id .  

e)  Work by Bri tton  and  Sm i th  (201 2)  who  performed  many calcu lations  wi th  the  Asano/Bri tton  
and  Sm i th  expression  and  used  an  empi rical  anal ys is  of  the  resu l ti ng  data to  extract  
s impl i f i ed  resu l ts  for the  maximum  poten tial  on  the  l i qu i d  surface  under  d i fferen t  f i l l  
cond i t i ons.  

I t  fo l l ows  from  equati on  (1 2)  of  Bri tton  and  Sm i th  (201 2)  and  the  charge  densi ty equation  i n  
A. 1 . 4  that  the  maximum  safe  f i l l i ng  ve loci ty v i s  g i ven  by:  

v =  K(D/d)0, 5  

where  K i s  a  constan t  wi th  the  d imens ions  of  ve loci ty that  depends  weakly on  the  d ie lectric  
constan t,  εL,  o f  the  l i qu i d  and  may be  expressed  (Bri tton  and  Walmsley 201 2)  as:  

K <  0 , 6{ (1+εL) /εL}
1 /2  
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Figure B. 1  – Calcu lated  maximum safe f i l l ing  veloci ti es  for  medium  sized  tanks  
(see  7.3.2.2.5.2)  
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For εL=  2 ,2 ,  K takes  the  value  0 ,72  m /s.  Fi gu re  B. 1  shows  the  l im i t i ng  veloci t i es  obtained  wi th  
th is  expression  for a  range  of  d i fferen t  p ipe  and  tank d iameters.  

The  uncertain t ies  i n  the  anal ys is  (e . g .  i s  the  charge  un i form ly d istri bu ted  i n  the  l i qu i d)  do  not  
warrant  the  use  of  a  h i gh l y accurate  value  for  the  constan t  so  i n  7. 3 . 2 . 3 . 5. 3  of  the  main  text  
the  constant  has  been  rounded  down  to  K =  0 , 7  m /s  for  s impl ic i ty.  

B.3  Incendive d ischarges  produced  during  powder handl ing  and  storage  

B.3.1  General  

With  few excepti ons,  al l  part ic les,  i nclud ing  ch ips  and  g ranu les ,  read i l y become charged  
duri ng  transport  th rough  pipes  and  ducts .  Th is  i s  especial l y true  when  the  particles  remain  
wel l  separated  from  each  other,  as  i n  pneumatic  transport.  Charge  retention  on  powder or  
equ ipment  creates  a  hazard  on l y i f  the  charge  i s  sudden l y re leased  i n  a  d i scharge  g i vi ng  ri se  
to  a h i gh  l ocal  energy densi ty and  thus  act i ng  as  a poss ible  i g n i t i on  source.  D ischarges  from  
charged  powder and  equ ipment  vary g reatl y i n  type  and  i ncend ivi ty (see  A. 3. 2  to  A. 3 .7) .  

B.3.2  Discharges from  bu lk powder 

When  h i gh l y charged  part ic les  are  bu lked  i n  a  con tainer,  cone  d ischarges  cou ld  occur  
between  the  powder and  the  con tainer (see  A. 3 . 7)  and  these  cou ld  cause  an  i gn i t i on  i f  there  
i s  a  suspens ion  of  powder and  ai r.  

There  i s  no  r i sk of  i gn i ti on  wi th  systems  con tain i ng  on l y g ranu les  (part ic le  s i ze  >  500  µm) ,  
except  where  f l ammable  gas  or  a  f i ne  powder fraction  i s  presen t  (e. g .  unpurged  res in  or  
powders  con tain ing  res idual  so lven t  or  a  f i ne  fracti on  caused  by wear) .  Bu t  m ixtures  of  
g ranu les  and  f i ne  powder are  poten tial l y hazardous,  s i nce  i n  both  cases  brush  and  the  more  
i ncendive  cone  d ischarges  can  occur.  These  d ischarges  have  also  been  observed  wi th  
part ic le  d is tribu ti ons  con tain i ng  no  g ranu les ,  bu t  thei r  frequency of  occurrence  i s  l ower.  

B.3.3  Discharges from  powder clouds  

I n  pri nciple,  d i scharges  cou ld  occur wi th in  powder cl ouds  or from  powder c l ouds  to  the  wal l  of  
the  container i f  the  f i e ld  streng th  due  to  the  charged  part ic les  were  h i gh  enough .  Recent  work 
i nvolvi ng  operati ons  such  as  pneumatic  conveyi ng  i n  med ium  s i zed  s i l os  has  i nd icated  that  
such  d ischarges  are  brush  or corona.  Spark and  l i gh tn ing  l i ke  d ischarges  due  to  powder  
cl ouds  have  not  been  detected .  Evidence  so  far  i nd icates  that,  wi th  the  poss ible  excepti on  of  
sens i t i ve  atmospheres,  the  r isk of  an  i gn i t i on  due  to  powder c loud  d ischarges  i s  very l ow.  

B.3.4  Discharges involving  insu lating  containers  and  people  

Charged  powders  i nsi de  an  i nsu lat i ng  con tainer,  or  people  cl ose  to  such  a con tainer,  can  also  
l ead  to  d ischarges  wh ich  can  cause  i gn i t i ons .  D ischarges  from  powder to  the  ins i de  wal l  of  an  
i nsu lat i ng  container can  l ead  to  po larisation  across  the  container wal l .  I f  an  earthed  person  or  
conductor touched  the  su rface  there  cou ld  be  a ri sk of  a  propagati ng  brush  d ischarge .  Such  a  
d ischarge  i s  not  on l y h i gh l y i ncend ive  bu t  i t  can  cause  severe  e lectrostati c  shock.  I nsu lating  
con tainers  can  also  be  charged  external l y by rubbing  or  by other charge  generating  
mechan isms  such  as  steam  impingement;  these  charges  cou ld  be  an  i gn i t i on  r isk.  

B.3.5  The use  of  l iners in  powder processes  

I n  some operati ons ,  parti cu larl y during  the  hand l i ng  of  dry powders  in  drums,  i t  i s  conven ien t  
to  use  an  i nner l i ner,  such  as  a plastic  bag ,  as  a precau ti on  against  contam inati on .  Li ners  
made from  insu lat i ng  materials  can  be  charged  during  f i l l i ng  and  emptying .  The  separation  of  
charges  wh ich  occurs  when  such  l i ners  are  removed  from  con tainers  can  cause  i ncend ive  
d ischarges.  However,  sparks  from  improperl y g rounded  people  are  a  far more  importan t  
hazard .  
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I n  some processes,  for  example,  when  f i l l i ng  a con tainer wi th  a h i gh l y charged ,  h i gh  resis ti vi ty 
powder,  i t  i s  even  poss ible  to  produce  propagati ng  brush  d ischarges  from  the  l i ner .  Such  
d ischarges  wou ld  be  very i ncend ive  and  cou ld  also  cause  seri ous  e lectrostatic  shock and  
precautions  shou ld  be  taken  to  preven t  thei r  occu rrence.  

A fu rther consequence  of  usi ng  h i gh l y i nsu lat i ng  l i ners  i s  that  they i nsu late  the  material  bei ng  
hand led ,  even  when  the  ou ter con tainer i s  conducti ve  and  earthed .  

B.3.6  Spark d ischarges  in  powder processes  

Spark d ischarges  can  occur due  to  the  charg ing  of  e l ectrical l y i so lated  conducti ve  parts  of  
equ ipment,  people  or  accumu lati ons  of  l ow res is ti vi ty powders .  I n  most  cases,  vi rtual l y al l  the  
stored  e lectrostatic  energy i s  d i ss ipated  i n  the  spark.  The  incend ivi ty of  spark d ischarges  can  
be  e i ther  by assessed  by comparing  the  s tored  energy,  as  measured  by ½ C V2  (see  A.3 .2) ,  
wi th  the  m in imum  ign i t i on  energy (M IE)  of  the  combustible  powder in  questi on  (see  C. 6)  or  by 
measuring  the  transferred  charge  and  comparing  i t  wi th  known  threshold  l im i ts  (see  6 . 3 . 9) .  

NOTE  For the  assessment  of  e l ectrostati c  hazards  of  i so lated  conductors,  the  most  re l evant  val ue  of  M IE  i s  that  
wh i ch  has  been  determ ined  us i ng  a  capaci t i ve  c i rcu i t  wi thou t  an  add i t i onal  i nductance  (see  C. 6) .  

B.3.7  Brush  d ischarges  i n  powder processes  

Brush  d ischarges  can  occur from  the  t i ps  of  earthed  objects,  for  example,  proj ecti ons  of  
equ ipment,  measuring  probes,  working  too ls ,  a  person ’s  f i nger t i p,  e tc.  wh ich  are  i n  h igh  
e lectrical  f i e l ds.  Such  f i e lds  can  be  generated  by h igh l y charged  i nsu lating  surfaces  of  
equ ipment,  packag ing  material ,  or  by h i gh l y charged  i nsu lat ing  powder,  e i ther i n  bu lk or  i n  
suspension  i n  ai r.  

The  presen t  state  of  knowledge  based  on  practical  experience,  experimen tal  evi dence  and  the  
absence  of  i nciden ts  i nd icates  that  brush  d ischarges  do  not  i gn i te  powder  cl ouds  un less  they 
are  m ixed  wi th  f lammable  gases  and  vapours  (see  A. 3 .4) .  

Care  shou ld  be  taken  when  hand l i ng  so lven t  wet  powders ,  wh ich  can  re lease  f lammable  
gases  over a l ong  peri od  of  t ime  wi th  a much  l ower M IE  than  the  pure  powder.  When  hand l ing  
l arge  amoun ts  of  medium  or i nsu lati ng  powders  brush  d ischarges  i ncendive  for the  evo lvi ng  
gas  atmosphere  cannot  be  avoided .  

Cons iderati on  shou ld  also  be  g i ven  to  whether M IE  resu l ts  of  less  than  1  m J  for powders  are  
actual l y caused  by evolvi ng  gas  atmosphere  rather than  by the  powder  alone.  

NOTE  The  presence  of  con tam inan ts  (e . g .  so l ven t,  g rease  or  moi stu re)  may affect  the  poten ti al  i gn i t i on  hazard  
when  us i ng  i nsu l ati ng  material s  i n  the  presence  of  dusts .  

B.3.8  Corona d ischarges in  powder processes  

Corona d ischarges  occur i n  the  presence  of  a  su ff ici en tl y s trong  e lectric  f i e ld  when  the  
e lectrode  i s  very smal l  and  po in ted,  or  has  a sharp edge  (see  A. 3. 3) .  The  i ncend ivi ty of  
corona d ischarges  i s  far  too  low for i gn i t i on  of  combustib le  powders .  When  hand l i ng  large  
amoun ts  of  medium  or i nsu lat i ng  powders,  corona d ischarges  cannot  be  avo ided ,  bu t  these  
d ischarges  do  not  create  an  i gn i t ion  hazard  un less  very sens i t i ve  explos ive  atmospheres  are  
present,  e. g .  caused  by oxygen  enrichment  or  the  presence  of  h ydrogen  or other gases  
having  a very l ow MIE.  

B.3.9  Propagating  brush  d ischarges  in  powder processes  

Propagating  brush  d ischarges  can  occur from  the  surfaces  of  i nsu lati ng  wal ls  of  containers  or  
from  coati ngs  on  equ ipmen t (see  A. 3. 5) .  The  h i gh  surface  charge  densi ty requ i red  for  these  
d ischarges  can  be  generated  where  powder part ic les  h i t  such  surfaces .  Th is  can  occur,  for  
example,  du ring  the  pneumatic  transport  of  powder th rough  pipes  of  i nsu lating  material  or  
th rough  metal  p i pes  wi th  an  i nsu lat ing  l i n ing .  H i gh  su rface  charge  dens i t i es  can  also  resu l t  
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from  the  depos i ti on  of  i ons  such  as  are  produced  duri ng  the  bu lki ng  of  charged  i nsu lati ng  
powder.  

Propagating  brush  d ischarges  do  not  normal l y occur due  to  charge  on  l ayers  of  powder;  there  
has  to  be  a  l ayer of  material  wi th  a h igh  d ie lectric  streng th .  

The  energy re leased  i n  a  propagating  brush  d ischarge  can  be  est imated  by assum ing  that  the  
(b ipolar)  charged  sheet  behaves  l i ke  a  paral l e l  p late  capaci tor wi th  the  sheet  as  d ie lectric .  For  

example,  a  sheet  wi th  re lati ve  perm i tt i vi ty ε  =  2 ,  su rface  charge  densi ty σ  =  1  ×  1 0–3  C/m 2 ,  

th ickness  d =  1 50  µm,  and  area A  =  0 , 25  m 2 ,  the  s tored  energy W i s  g i ven  by:  

J1
2

2
2

1 ===
0

2

εε

σdA
VCW  

Propagating  brush  d ischarges  can  be  avoided  by us ing  on l y conducti ve  or d i ssipati ve  material  
for  wal ls  of  equ ipment and  for coati ngs  or by ensuring  that  the  breakdown  vo l tage  across  al l  
i nsu lat i ng  wal ls  and  coatings  i s  l ess  than  4  kV (see  A.3 . 5) .  
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Annex C  
( in formative)  

 
Flammabi l i ty properties  of substances  

C.1  General  

Most  h ydrocarbons  and  many other substances  used  in  i ndustry are  f lammable.  These  
substances,  i n  the  form  of  gas,  vapou r,  l i qu i d  droplets  or  powder,  when  m ixed  wi th  ai r  or  
some other  oxid is i ng  agent  cou ld  be  i g n i ted  by e lectrostatic  d i scharges .  The  ease  wi th  wh ich  
they can  be  i gn i ted  depends  upon  a number of  factors ,  some of  wh ich  are  g i ven  i n  C. 2  to  C. 8.  

C.2  Effect  of  oxygen  concentration  and  ambient  condi tions  

The i gn i t ion  properties  are  g reatl y affected  by the  oxygen  concen tration ,  temperature  and  
pressure  of  the  atmosphere .  Most  of  the  comments  and  values  quoted  i n  C. 3  to  C . 8  re late  to  
normal  atmospheric  cond i t i ons.  Those  are  m ixtu res  wi th  ai r  at  –20  °C  to  60  °C  and  at  0 , 8  bar 
to  1 , 1  bar.  

Operating  at  cond i t i ons  other than  ambien t,  i n  particu lar wi th  h i gh  temperatures  or  oxygen  
l evels  above  21  %,  can  have  a severe  adverse  effect  on  f l ammabi l i ty characteristics  ( i n  
particu lar  M IEs) .  

C.3  Explosive l imi ts  for gases and  l iquids  

For each  substance  there  are  upper and  lower explos ive  l im i ts  and  on l y m ixtures  wi th in  these  
l im i ts  can  be  ign i ted .  For  h ydrocarbons  i n  ai r  those  l im i ts  are  between  about  1  % and  1 5  %  by 
vo lume.  Substances  wi th  wide  f lammable  l im i ts,  for  example,  h ydrogen ,  acetylene,  and  
carbon  d isu l f ide,  are  part icu larl y hazardous.  

Ven ti l ati on  i s  often  the  most  effecti ve  way of  reducing  a  m ixture  to  below i ts  lower explos ive  
l im i t  and  making  i t  i ncapable  of  i gn i t ion .  

C.4  Inerting  

An  i nert  gas  i s  one  that  i s  non- f lammable,  contains  l i tt l e  or  no  oxygen ,  and  does  not  support  
combusti on .  Examples  i nclude  n i trogen ,  bo i l er f l ue  gas,  s team ,  and  carbon  d i oxide.  The  
add i t i on  of  such  a  gas  to  a  f l ammable  atmosphere  can  reduce  the  oxygen  concentrati on  to  
such  a l ow level  that  i gn i t i on  i s  not  poss ible  at  any concentration  of  f lammable  substance .  
Some l im i t i ng  oxygen  concentrations  (LOC) ,  wi th  n i trogen  d i l uen t,  are  1 0  % by vo lume for  
methane,  8  % for ethylene  and  3  % by vo lume for h ydrogen .  I t  i s  normal  to  i nclude  a safety 
factor  and  a  maximum  oxygen  conten t  of  5  to  6  %  by vo lume i s  frequen tl y speci fi ed  for  
h ydrocarbons.   

The  i nerted  atmosphere  cou ld  become f lammable  again ,  shou ld  ai r  be  added .  Therefore  i t  i s  
important  to  recogn ise  that  i t  i s  poss ible  to  i g n i te  gas  or vapour escaping  i n to  ai r  from  an  
i nerted  vessel .  

NFPA 69,  Standard on Explosion Prevention Systems,  may help  wi th  defi n ing  con tro ls  to  
prevent  the  formation  of  f lammable  atmospheres  for fu rther  i n formation  an d  provides  a safety 
factor for  explos ion  preven tion  wh ich  depends  on  the  LOC and  on  the  type  of  oxygen  con trol  
system  employed .  

NOTE  Deplet i on  of  oxygen  con tent  i n  ai r  by  d i splacement  wi th  i nert  gas  i s  a  poten t i al  hazard  to  people.  Exposu re  
to  atmospheres  con tai n i ng  1 2  % or l ess  oxygen  wi l l  bri ng  abou t  unconsciousness  wi thou t  warn i ng  and  so  qu i ckl y  
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that  the  i nd i vi dual  cannot  he lp  or  protect  themselves.  Exposu re  to  atmospheres  con tai n i ng  between  1 2  %  and  1 4  % 
oxygen  wi l l  have  the  fo l l owing  phys i cal  effects  on  peopl e:  respi rati on  i ncreases  on  exert i on ,  rai sed  pu l se,  and  
impai red  co-ord i nat i on ,  percepti on  and  j u dgement.  Exposu re  to  atmospheres  contai n i ng  between  1 5  % and  1 9  % 
oxygen  may  impai r co-ord i nati on  of  people  and  may i nduce  earl y  symptoms  i n  people  wi th  coronary,  pu lmonary or  
c i rcu latory probl ems.  Nati onal  regu lati ons  and/or codes  re l ati ng  to  speci f i c  i n dustri es  or appl i cat i ons  may exi s t  and  
may be  consu l ted .  

Carbon  d i oxide  i s  known  sometimes  to  become a  source  of  oxygen  i n  combusti on .  Therefore,  
care  shou ld  be  taken  when  carbon  d ioxide  i s  used  for  i nerting .  

C.5  Flash  point  

I t  i s  not  normal l y poss ible  to  i gn i te  the  vapour/ai r  m ixture  above  a l i qu id  wh ich  i s  be low i ts  
f lash  po in t.  To  avoid  i gn i t i on ,  however,  i t  i s  advisable  to  keep the  temperature  of  a  l i qu id  at  
l east  5  °C  below i ts  f l ash  po in t  and,  for  m ixtu res  con tain ing  l i qu ids  wi th  a wide  range  of  
vo lat i l i t i es ,  th is  shou ld  be  i ncreased  to  at  l east  1 1  °C.  I n  general ,  i t  i s  better to  use  a h i gh  
rather than  a l ow f l ash  po in t  so lven t.  

NOTE  For a  d i scuss ion  of  f l ash  po i n t  safety factors  i ncl ud i ng  correct i ons  for e l evati on  above  sea- level ,  see  
Bri tton  and  Sm i th  (201 2) .   

I t  shou ld  be  noted  that  sprays  or f i ne  m ists  of  f lammable  l i qu ids  can  be  i gn i ted  at  
temperatures  wel l  be low the i r  f lashpoin t  (e. g .  i n  a  fuel  o i l  bu rner) .  

C.6  Minimum igni tion  energ ies  

Flammable  gases,  vapours  and  dusts  are  often  c lass i f i ed  accord ing  to  the i r  m in imum  ign i t i on  
energ ies  (M IEs) .  These  values  normal l y re late  to  the  most  easi l y i gn i table  m ixtu re  of  the  
substance  and  ai r,  and  they are  obtained  us i ng  capaci tor spark d ischarges .  They provide  a 
usefu l  g u i de  as  to  how eas i l y the  substance  can  be  i g n i ted  by e lectrostatic  d ischarges .  For  
most  gases  and  vapours  the  M IE  l i e  between  0 , 1  mJ  and  0 , 3  mJ .  The  value  for dusts  ranges  
from  below 1  mJ  to  over 1 0  J .  

The  incend ivi ty of  spark d ischarges  varies  for  sparks  produced  from  e lectrical  c i rcu i ts  
con tain ing  d i fferent  values  of  i nductance,  res is tances  and  types  of  capaci tors .  I n  some 
ci rcumstances  i gn i ti ons  may occur at  energ ies  l ower than  the  M IE  values  obtained  wi th  main l y 
capaci t i ve  ci rcu i ts .  Care  i s  needed  to  ensure  that  the  values  used  i n  a  r i sk assessment  have  
been  determ ined  wi th  a su i table  c i rcu i t.  For an  e lectrostatic  hazard  assessment the  values  
obtained  from  a capaci ti ve  d ischarge  ci rcu i t  wi th  no  add i t ional  i nductance  or res is tance  are  
used ,  as  described  for gaseous  m ixtures  i n  ASTM  E  582,  Standard test method for minimum 
ignition energy and quenching distance in gaseous mixtures  and  for dust  cl ouds  i n  
IEC  61 241 -2-3 ,  Method for determining minimum ignition energy of dust/air mixtures  and  
ASTM  E  201 9-03,  Standard test method for minimum ignition energy of a dust cloud in air.  

NOTE  1  ASTM  E  582  g i ves  the  reproduci bi l i ty  as  ±1 0  %.  

NOTE  2  Speci al  care  i s  needed  for  condensable  vapou rs  whose  l i qu i d  phases  are  conducti ve.  

Methane  has  the  h ighest  M IE  of  any h ydrocarbon  (0 , 28  mJ ) .  E thylene  (0 , 082  mJ )  i s  used  in  
testing  as  being  d ist i nct  f rom  paraff in  test  gases  such  as  propane.  H ydrogen  i s  used  i n  testi ng  
as  being  d ist i nct  from  ethylene.  Benzene  (0, 20  mJ )  has  the  smal l est  measured  M IE  of  any 
h ydrocarbon  not  contain ing  double  or  tri ple  bonds  or  ri ng  tors ion .  Wi th  th is  i n  m ind  one  can  
def ine  several  M IE  in tervals  as  shown  i n  Table  C. 1 :  
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Table  C. 1  – Typical  M IE  in tervals  wi th  examples  

Name Lowest  value   H ighest  value  Examples  

H igh  M IE  >  1 0  mJ  -  Ammon ia,  d i ch loromethane,  t ri ch loroethylene  

Elevated  M IE  >  0 , 28  mJ  1 0  m J  Halogenated  organ ics  

Normal  M IE  0, 20  mJ  0 , 28  m J  Aromati c  and  al i phati c  h ydrocarbons  wi thou t  doubl e  bonds  

Low M IE  0, 08  mJ  ≤  0 , 20  m J  
Ethene,  bu tad iene,  cyclopropane,  acetal dehyde,  d i ethyl  
ether,  s tyrene  

Very Low M IE  -  <  0 , 08  m J  
Hydrogen ,  ethyne,  ars i n ,  ch l oros i l anes,  carbon  d i su l f i de,  
ethyl ene  oxi de,  fuel  m i xtu res  wi th  oxygen  

 

There  exis t  on l y few measured  values  of  M IE  for  sprays  or d ispersed  droplets  (e. g .  7  mJ  for 

qu iescen t  cl ouds  of  organ ic  solvents  wi th  f l ash  po in t  38  °C  to  1 50  °C,  and  >  1 50  mJ  for 
tu rbu lent  ones) .  These  values  are  h i gher than  those  for the  equ ivalen t  vapour/ai r  m ixtu res  
s i nce  the  heat  of  vapori zation  must  be  suppl i ed .  

I n  the  1 960s  and  1 970s,  l i qu i ds  producing  f l ammable  vapours  were  often  c lassi f ied  accord ing  
to  thei r  Maximum  Experimental  Safety Gap (MESG)  because  th is  un i t  l ed  to  th ree  s i gn i f icantl y 
separated  data cl usters  when  drawing  MESG  against  i g n i t i on  hazard .  I n  1 978,  these  three  
cl usters  were  named  I IA,  I I B  and  I IC  i n  EN  5001 4.  

Subsequent  checking  of  o ld  MESG  values  has  ind icated  that  many were  too  h i gh .  As  a  
consequence  some I IA l i qu i ds  (ethanol ,  propanol ,  bu tano l ,  hexanol ,  heptanol ,  1 , 2 -ethaned io l ,  
ethylbenzene,  3-oxobutanoic  acid  ethyl  ester)  were  moved  i n to  the  I I B  reg ion .  I n  1 981  these  
l iqu i ds  were,  therefore,  reclass i f i ed  as  I I A/I I B  to  i nd icate  that  al though  the i r  MESG  was  i n  the  
I I B  reg ion ,  they on l y needed  the  same safety precau tions  as  I I A l i qu i ds.  

I n  2003,  these  l i qu ids  were  newly c lassi f ied  as  I I B,  bu t  comparable  to  I I A l i qu i ds .  However,  as  
th is  express ion  i s  not  very robust,  many proposals  have  been  made to  overcome th is  problem  
(e. g .  moving  the  MESG  border l im i t  from  0, 90  mm  to  0 , 88  mm ,  use  of  a  M IE  border l im i t  of  
0 , 20  mJ  or 0 , 1 8  mJ ) .  Because  M IE  and  MESG  values  can  be  measured  on l y wi th  a re lati vel y 
h igh  degree  of  uncertain ty,  none  of  these  proposals  i s  real l y sat isfactory.  For th is  reason ,  al l  
l i qu i d  previous l y class i f ied  as  I I A/I IB  (see  above)  were  s imply added  to  the  explos ion  g roup  
I I A.  

Table  C .2  con tains  values  for  the  m in imum  ign i t i on  energy M IE  and  m in imum  ign i ti on  charge  
M IQ of  i gn i t i on  optim ised  m ixtures  at  25  °C  and  atmospheric  pressure  publ i shed  by the  
Physikal i sch-Techn ische  Bundesanstal t,  Braunschweig ,  Germany,  i n  the  Appendix  of  the  
German  Techn ische  Regeln  Betriebss icherhei t  TRBS 21 53,  2009.  Note  especial l y that  the  
M IE  of  methanol  has  been  redeterm ined  as  0, 20  mJ  wh ich  i s  i n  con trast  to  an  o l der  
extrapolated  value  of  0 , 1 4  mJ .  Some values  have  been  added  from  NFPA77 (2004) .  These  
values  are  marked  wi th  a .  
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Table  C.2  – M in imum  ign i tion  energy M IE  and  min imum  ign i tion  charge M IQ 

Substance  M IE  
[mJ ]  

MIQ 
[nC]  

I gn i tion  optimum  
[Vol . -%]  

Explosion  g roup  accord ing   
to  IEC 60079-20-1  

Acetaldehyde  0 , 38  – – I I A  

Aceti c  aci d  ethyl  es ter  0 , 46  1 20  5 , 2  I I A  

Acetone  0 , 55  1 27  6 , 5  I I A  

Acrolei na  0 , 1 3  – – I I B  

Acrylon i tri l e  0 , 1 6  – 9 , 0  I I B  

Al l yl  ch lori dea
 
 0 , 77  – – I I A 

Ammon ia 1 4  1  500  20  I I A  

Benzene  0 , 20  45  4, 7  I I A 

1 , 3-Bu tad i ene  0 , 1 3  – 5, 2  I I B  

Bu tane  0 , 25  60  4, 7  I I A 

2-Bu tanone  0 , 27  – 5, 3  I I B  

2-Bu tyl  ch lori dea  1 , 24  – – I I A 

Carbon  d i su l f i de  0 , 009  – 7, 8  I I C  

Cyclohexane  0 , 22  – 3 , 8  I I A 

Cyclopropane  0 , 1 7  – 6, 3  I I B  

1 , 2-Dich loroethane  1 , 0  – 1 0 , 5  I I A  

D i ch loromethane  9  300  880  000  1 8  I I A 

D iethyl  ether  0 , 1 9  40  5, 1  I I B  

D iethyl  ether i n  oxygena  0 , 0  01 2  – – –b  

2 , 2-Dimethyl bu tane  0 , 25  70  3 , 4  I I A 

E thane  0 , 25  70  6 , 5  I I A 

E thanol  0 , 28  60  6 , 4  I I B  

E thyl ene  0 , 082  32  8 , 0  I I B  

E thyl ene  i n  oxygena  0 , 0  009  – – –b  

E thyne  (Acetylene)  0 , 01 9  – 7, 7  I I C  

E thyne  i n  oxygena  0 , 0  002  – – –b  

E thyl en  oxi de  0 , 061  – 1 0, 8  I I B  

Heptane  0 , 24  60  3 , 4  I I A 

Hexane  0 , 24  60  3 , 8  I I A 

Hydrogen  0 , 01 6  1 2  22  I IC  

Hydrogen  i n  oxygen
 a  0 , 0  01 2  – – –b  

Methane  0 , 28  70  8 , 5  I I A 

Methanol  0 , 20  50  1 4, 7  I I A 

2-Methyl bu tane  0 , 21  63  3 , 8  I I A 

Methylcyclohexane  0 , 27  70  3 , 5  I I A 

Pen tane  0 , 28  63  3 , 3  I I A 

ci s -2-Pen tene  0 , 1 8  – 4, 4  I I B  

trans-2-Pen tene  0 , 1 8  – 4, 4  I I B  

Propane  0 , 25  70  5 , 2  I I A 

Propane  i n  oxygen
 a  0 , 0  021  – – –b  

1 -Propyne  (methyl  
acetyl ene)  

0 , 1 1  – 6 , 5  I I B  
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Substance  M IE  
[mJ ]  

MIQ 
[nC]  

I gn i tion  optimum  
[Vol . -%]  

Explosion  g roup  accord ing   
to  IEC 60079-20-1  

Propylene  oxi de  0 , 1 3  – 7, 5  I I B  

Tetrafl uoroethene  4, 1  – – I I A  

Tetrahydro-2H -pyrane  0 , 22  60  4, 7  I I A  

Toluene
 a  0 , 24  – – I I A  

1 , 1 , 1 -Tri ch l oroethane  4  800  700  000  1 2  I I A  

Tri ch loroethylene  51 0  1 50  000  26  I I A  

Tri ch loros i l ane
 a  0 , 01 7  -  -  I I C  

Xylenea  0 , 20  – – I I A  

a   From  NFPA77,  2007  

b  Accord i ng  to  I EC  60079-20-1 ,  the  measuri ng  method  for  the  MESG  val ues,  on  wh i ch  the  class i f i cati on  i n  
explos ion  g roups  i s  based ,  i s  val i d  on l y for  m i xtu res  of  g ases  and  vapou rs  wi th  ai r.  

 

C.7 Combustible powders 

Al l  so l id  combustible  materials  i nclud ing  metals  may create  a f l ammable  atmosphere  when  
f i nel y d ispersed  in  ai r  i n  the  form  of  a  dust  c loud .  A dust  explos ion  hazard  cou ld  exist  i f  the  
part ic le  s i ze  i s  be low 0 , 5  mm  and  the  dust  concen trati on  i s  wi th in  the  explos ive  l im i ts  ( for 
most  organ ic  powders  typi cal l y abou t  20  g /m 3  to  several  kg /m 3) .  The  explos ion  hazard  
(explos ion  sens i t i vi ty and  vi o lence)  for a  g i ven  substance  depends  on  part ic le  s i ze  and  many 
other factors.  I t  i s  h i ghest  i n  the  case  of  very f i ne  dust.  

NOTE  The  M IE  of  expl os i ve  powders  i s  sometimes  l ower when  they are  depos i ted  on  a  su rface  than  when  they  
are  suspended  i n  ai r.  Therefore,  the  r i sk of  e l ectrostati c  i g n i t i on  of  such  explos i ve  powders  when  depos i ted  i s  
h i gher than  that  of  the  suspended  powders  i n  ai r.  

C.8 Biofuels  

A biofuel  i s  any fuel  made  from  a regenerati ve  bi osystem .  They are  named  accord ing  to  thei r  
b iocomponen t  (E  =  Ethanol ,  M  =  Methanol ,  B  =  B iod iesel )  and  i ts  vo lume  con ten t  i n  the  fuel  i n  
percent.  

Curren tl y (201 2)  b i od iesel  made  from  natural  p lant  o i l s  and  biogasol i ne  wh ich  contains  
ethanol  produced  by alcohol ic  oxi dati on  of  bi omass  are  al ready i n  use.  B iofuels  are,  however,  
not  j ust  l im i ted  to  ethanol /gasol i ne  m ixtu res  or p lant  o i ls  bu t  may become other m ixtures  i n  the  
fu ture.  As  i t  i s  hard  to  general ise  what  wi l l  appear i n  the  fu tu re  the  fo l l owing  statements  are  
l im i ted  to  b i oethanol /gasol i ne  m ixtures:  

a)  I f  ethanol  i s  added  to  gaso l i ne  i t  tends  to  c lean  the  system .  Th is  may l ead  to  an  i ncreased  
water  and  so l i d  con ten t  i n  the  f l owing  fuel  wh ich  both  i ncrease  chargeabi l i ty.  

b)  The  more  ethanol  i s  added  to  gasol ine,  the  h i gher  i ts  conducti vi ty and  the  l ower i ts  
chargeabi l i ty.  

c)  As  a consequence  of  a)  and  b)  the  chargeabi l i ty of  biofuel  usual l y i ncreases  i n  the  

fo l l owing  sequence:  E1 00  <  E1 0  <  E0  <  E5.  

d )  E50  to  E1 00  fuels  may create  explos ive  atmosphere  in  tanks  under certain  cond i t i ons ,  
especial l y as  the  tank becomes  empty.  For th is  reason  F lexfuel  veh icles  may need  special  
tank equ ipment,  e. g .  f lame arresters  i n  the  f i l l i ng  tube .  Too  f i ne  a  f l ame arrester may,  
however,  cause  other  problems,  e . g .  due  to  bl ockages.  
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Annex D  
( in formative)  

 
Classi fication  of hazardous areas  

D.1  Concept  of  zoning  

The degree  of  ri sk (e. g .  the  l i ke l i hood)  of  f i re  or  explos ion  due  to  e lectrostatic  charg ing  
depends  not  on l y on  the  probabi l i ty that  the  charg ing  wi l l  l ead  to  an  i ncend ive  spark bu t  also  
on  the  probabi l i ty that  there  wi l l  be  a f l ammable  atmosphere.  Precau tions  cons idered  
necessary to  avoid  e lectrostatic  charg ing  where  there  i s  often  a f l ammable  atmosphere  are  
not  always  necessary where  such  an  atmosphere  occurs  i n frequentl y.  The  concept  of  zon ing  
d i vi des  areas  i n to  Zones  accord ing  to  the  probabi l i ty of  a  hazardous  f l ammable  atmosphere  
occurri ng .  

D.2  Classi fication  

Accord ing  to  I EC  60079-1 0-1  and  I EC  60079-1 0-2  hazardous  areas  are  classi f ied  i n to  the 
fo l l owing  Zones:  

a)  Zone 0:  p lace  i n  wh ich  an  explosive  atmosphere  cons ist i ng  of  a  m ixture  wi th  ai r  of  
f lammable  substances  in  the  form  of  gas,  vapou r or  m ist  i s  presen t  con ti nuousl y or  for  
l ong  periods  or  frequentl y.  

b)  Zone 1 :  p lace  i n  wh ich  an  explosive  atmosphere  cons is t i ng  of  a  m ixture  wi th  ai r  of  
f lammable  substances  i n  the  form  of  gas,  vapour  or  m ist  i s  l i kel y to  occur  i n  normal  
operati on  occas ional l y.  

c)  Zone 2:  p lace  i n  wh ich  an  explosive  atmosphere  cons ist i ng  of  a  m ixture  wi th  ai r  of  
f lammable  substances  i n  the  form  of  gas,  vapour  or  m ist  i s  not  l i ke l y to  occur  i n  normal  
operati on  bu t,  i f  i t  does  occur,  wi l l  pers ist  for  a  short  peri od  on l y.  

d )  Zone 20:  place  i n  wh ich  an  explos ive  atmosphere,  i n  the  form  of  a  cloud  of  combustible  
dust  i n  ai r,  i s  presen t  con ti nuousl y,  or  for  long  periods  or frequen tl y for  short  peri ods.  

NOTE  P laces  where  pi l es  of  dust  are  presen t  bu t  where  dust  c l ouds  are  not  present  con t i nuousl y,  o r  fo r a  
l ong  peri od ,  or  frequentl y  are  not  i ncl uded  i n  th i s  Zone.  

e)  Zone 21 :  place  i n  wh ich  an  explos ive  atmosphere,  i n  the  form  of  a  cloud  of  combustible  
dust  i n  ai r,  i s  l i ke l y to  occur occasional l y i n  normal  operation .  

f)  Zone 22:  place  i n  wh ich  an  explos ive  atmosphere,  i n  the  form  of  a  cloud  of  combustible  
dust  i n  ai r,  i s  not  l i kel y to  occur i n  normal  operati on  bu t,  i f  i t  does  occur,  wi l l  pers ist  for  a  
short  period  on l y.  

D.3  Explosion  groups  

D.3.1  General  

Accord ing  to  I EC  60079-0,  substances  creating  f lammable  gases,  vapours  and  dusts  are  
classi f ied  i n to  the  fo l l owing  explos ion  g roups:  

D.3.2  Group I  

Equ ipment  of  G roup I  i s  i n tended  for  use  in  m ines  susceptib le  to  f i redamp.  

NOTE  The  types  of  protecti on  for G roup I  take  i n to  accoun t  the  i gn i t i on  of  both  f i redamp and  coal  dust  al ong  wi th  
enhanced  physi cal  protect i on  for  equ i pment  used  u nderg round .   

Equ ipment i n tended  for m ines  where  the  atmosphere,  i n  add i ti on  to  f i redamp,  may contain  
s i gn i f icant  proporti ons  of  o ther  f l ammable  gases  ( i . e .  other than  methane) ,  shou ld  be  
constructed  and  tested  i n  accordance  wi th  the  requ i rements  re lat i ng  to  Group I  and  also  to  the  
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subd ivis ion  of  Group I I  correspond ing  to  the  other s ign i f i cant  f l ammabl e  gases.  Th is  
equ ipment shou ld  then  be  marked  appropriate l y ( for example,  "Ex  d  I /I I B  T3"  or  "Ex  d  I /I I  
(NH3) ") .  

D.3.3  Group I I  

Equ ipment  of  Group I I  i s  i n tended  for use  i n  places  wi th  an  explos ive  gas  or vapour  
atmosphere  other than  m ines  susceptible  to  f i redamp.  

Equ ipment  of  G roup I I  i s  subd ivi ded  accord ing  to  the  nature  of  the  explosive  gas  or vapour  
atmosphere  for  wh ich  i t  i s  i n tended.  

Group  I I  subd ivis i ons   

I I A:  A typical  gas  i s  propane,  a  typical  vapour  i s  hexane.  

I I B:  A typical  gas  i s  e th yl ene,  a  typical  vapour  i s  d i ethyl  ether.  

I IC:  A typi cal  gas  i s  h ydrogen ,  a  typical  vapour i s  carbon  d isu l f ide.  

NOTE  1  Th i s  subd ivi s i on  i s  based  on  the  maximum  experimental  safe  gap  (MESG)  or  the  m in imum  i gn i t i on  
cu rren t  rat i o  (M IC  rati o)  of  the  expl os i ve  gas  atmosphere  i n  wh i ch  the  equ ipment  may be  i nstal l ed .  See 
I EC 60079-20-1 .  

NOTE  2  Equ ipment  marked  I I B  i s  su i table  for  appl i cati ons  requ i ri ng  Group I I A  equ ipment.  S im i l arl y,  equ i pment  
marked  I I C  i s  su i table  for  appl i cati ons  requ i ri ng  Group I I A or  Group  I I B  equ ipment.  

D.3.4  Group I I I  

Equ ipment of  G roup I I I  i s  i n tended  for use  i n  p laces  wi th  an  explos ive  dust  atmosphere  other  
than  m ines  susceptible  to  f i redamp.  

Equ ipment of  Group I I I  i s  subd ivided  accord ing  to  the  nature  of  the  explos ive  dust  atmosphere  
for wh ich  i t  i s  i n tended.  

Group  I I I  subd ivis i ons:   

I I I A:  combustible  f l yi ngs  (e. g .  f l ock) .  

I I I B:  non-conducti ve  dust  (e . g .  coati ng  powder) .  

I I I C:  conducti ve  dust  (e . g .  metal  dust) .  

NOTE  Equ i pment  marked  I I IB  i s  su i table  for  appl i cati ons  requ i ri ng  G roup  I I I A  equ ipment.  S im i l arl y,  equ i pment  
marked  I I IC  i s  su i table  for  appl i cati ons  requ i ri ng  G roup I I I A  or  Group I I I B  equ i pment.  
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Annex E  
( in formative)  

 
Classi fication  of equipment protection  level  

Accord ing  to  I EC  60079-0  equ ipmen t for use  i n  explos i ve  atmospheres  i s  classi f ied  i n to  the  
fo l l owing  equ ipment protection  levels  EPL:  

EPL Ma 

Equ ipment for i nstal lati on  i n  a  m ine  susceptible  to  f i redamp,  having  a  "very h i gh "  l evel  of  
protecti on ,  wh ich  has  su ffi ci en t  securi ty that  i t  i s  un l ike l y to  become an  i gn i ti on  source  i n  
normal  operati on ,  du ri ng  expected  mal functi ons  or during  rare  mal functi ons,  even  when  left  
energ i zed  i n  the  presence  of  an  ou tbreak of  gas.  

EPL Mb 

Equ ipment  for i nstal l at ion  i n  a  m ine  susceptible  to  f i redamp,  having  a "h i gh "  l eve l  of  
protecti on ,  wh ich  has  su ffi cien t  securi ty that  i t  i s  un l ikel y to  become a source  of  i g n i t i on  i n  
normal  operati on  or duri ng  expected  mal functi ons  i n  the  t ime  span  between  there  being  an  
ou tbreak of  gas  and  the  equ ipment  being  de-energ i zed.  

EPL Ga  

Equ ipment for explos i ve  gas  atmospheres,  having  a "very h igh "  l evel  of  protecti on ,  wh ich  i s  
not  a  source  of  i gn i t ion  i n  normal  operation ,  during  expected  mal functi ons  or during  rare  
mal functions.  

EPL Gb  

Equ ipment  for  explos i ve  gas  atmospheres,  having  a "h i gh "  l evel  of  protecti on ,  wh ich  i s  not  a  
source  of  i gn i t ion  i n  normal  operati on  or during  expected  mal functi ons.  

EPL Gc  

Equ ipment for explos i ve  gas  atmospheres,  having  an  "enhanced"  l evel  of  protecti on ,  wh ich  i s  
not  a  source  of  i gn i t i on  i n  normal  operation  and  wh ich  may have  some add i t i onal  protection  to  
ensure  that  i t  remains  i nacti ve  as  an  i g n i t i on  source  i n  the  case  of  regu lar expected  
occurrences  ( for  example  fai l u re  of  a  l amp) .  

EPL Da 

Equ ipment for explosi ve  dust  atmospheres,  having  a  "very h igh "  leve l  of  protecti on ,  wh ich  i s  
not  a  source  of  i gn i t i on  i n  normal  operation ,  du ring  expected  mal functi ons,  or  duri ng  rare  
mal functions.  

EPL Db  

Equ ipment  for explos i ve  dust  atmospheres,  having  a "h i gh "  l evel  of  protecti on ,  wh ich  i s  not  a  
source  of  i gn i t ion  i n  normal  operati on  or during  expected  mal functi ons.  

EPL Dc  

Equ ipment  for  explos i ve  dust  atmospheres,  having  an  "enhanced"  l evel  of  protecti on ,  wh ich  i s  
not  a  source  of  i gn i t i on  i n  normal  operation  and  wh ich  may have  some add i t i onal  protection  to  
ensure  that  i t  remains  inacti ve  as  an  i g n i t i on  source  i n  the  case  of  regu lar expected  
occurrences  ( for  example  fai l u re  of  a  l amp) .  
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Annex F 
( in formative)  

 
Flow chart  for a  systematic  electrostatic  evaluation  

This  Techn ical  Speci fi cati on  i s  extens ive  and  for new readers  may appear complex and  
d i ff icu l t  to  work th rough .  To  make i t  easi er for the  new or  i n frequent  reader,  the  f l ow chart  
g i ven  in  F igure  F. 1  i s  desi gned  to  he lp  i n  f ind i ng  a systematic  procedure  for an  e lectrostatic  
evaluation  of  any product  or  process.  

The  f l ow chart  i s  d i vi ded  i n  two  paths:  the  f i rst  evaluates  al l  conducti ve  or d iss ipati ve  
materials ,  parts  and  sockets,  the  second  al l  i nsu lat i ng  parts.  Every path  e i ther ends  at  “Test  
passed”  or  at  the  respecti ve  type  of  d ischarge  expected  to  occur  under  the  g i ven  cond i t ions.  

Th is  f l ow chart  i s  wri tten  i n  a  style  that  i t  i s  as  widel y appl icable  as  poss ible .  However,  there  
may be  s i tuations  where  i t  cannot  be  used.  I n  th i s  case,  the  user shou ld  search  for a  c lause  
e lsewhere  i n  th is  Techn ical  Speci fi cation  deal i ng  wi th  the  speci f ic  s i tuati on .  
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Figure F. 1  – Flowchart  for a  systematic  electrostatic  evaluation  

y 

E lectrostatic  charge  due  to  separation  processes  (e. g .  manual  rubbing ) ,  char-
ged  partic les  (e . g .  HV e lectrodes) ,  or  i nducti on  by charged  obj ects  expected?  

Tests  for  i nsu lat ing  
materials  and  parts  
accord ing  to  Table  1  

Tests  for  conducti ve/d iss ipative  materials,  
parts  and  sockets  accord ing  to  Table  1  

Parts  i so lated  ( 1 3)  and  capa-
ci tance  exceeding  Table  2?  

Powders  present  
and  f i l led  unsafe  
i n to  con tainer  or  

s i lo  (9. 4. 4) ?  

TEST 
PASSED  Sharp  conducti ve  

t i ps  presen t  (A.3 . 3)?  

1 .  Surface  area exceeds  border l im i ts  
(Table  3)  and  g roup  I  o r  I I ,  or   

2 .  Coating  (e. g .  pain t,  p lasti c  etc. ) ,  or   
3 .  Stream ing  i nsu lati ng  powder or  l i qu id?  

BRUSH  
DISCHARGE  

I gn i t i on  
hazards  for 
gases  and  
vapours  

SPARK 
DISCHARGE  
I gn i t i on  hazards  

for  gases,  
vapours  and  

dust  

CONE  
DISCHARGE  

I gn i t i on  hazards  
for gases,  

vapours  and  
dust  

CORONA 
DISCHARGE  
No  ig n i t i on  
hazards  

PROPAGA-
TING  BRUSH  
DISCHARGE  
Severe  i gn i t i on  

and  heal th  
hazards  

Experimental  
charg ing  test  

passed  (6. 3 . 9) ?  
 

Stronger  charge  ge-
nerati on  than  manual  
rubbing  (6. 3. 4. 2) ?  

Th ickness  wi th in  
border l im i ts  

(6. 3 . 4. 3)  or  g roup 
I I I ?  

Coati ng  backed  
wi th  conductor  

(6. 3. 4) ?  

None  of  the  safety 
measures  6. 3. 4.3  a  to  d  etc.  

i s  appl i ed?  

yes  (down)  

Experimental  
charg ing  test  

passed  (6. 3 .9) ?  

Provide  a  
warn ing  “Clean 
with wet cloth 
only and allow 
to dry naturally” 

(6. 3. 2)  

TEST 
PASSED  

TEST 
PASSED  

1
st
 2

nd
 

L i qu ids  or  powders  
present  and  hand led  
safe  (7,  resp.  9) ?  

no  
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Annex G  
( in formative)  

 
Tests  

At  presen t,  I EC  60079-32-2 9,  Explosive atmospheres −  Part 32-2: Electrostatic hazards – 
Tests  i s  i n  development.  I ts  test  methods  are  based  on  the  pri nciples  l i s ted  be low:  

G.1  General  

Variat ions  i n  the  resu l ts  of  the  measuring  electrostatic  properti es  of  materials  i s  main l y due  to  
variations  i n  the  sample  (e . g .  i nhomogeneous  surfaces,  geometry and  the  state  of  the  
material )  rather than  uncertain ties  i n  vo l tage,  curren t,  e l ectrode  geometry or  uncertai n ty of  the  
measuring  device.  Th is  i s  due  to  the  effect  that  e l ectrostatic  properti es  are  strong l y i n f l uenced  
by very smal l  d i fferences  so  that  s tat ist i cal  effects  p lay an  important  ro le.   

Typical l y,  the  accuracy and  reproducibi l i ty of  e lectrostatic  measurements  i s  abou t  20  % to  
30  %.  Th is  i s  much  h igher than  for a  typical  e lectri c  measurement wh ich  i s  l ess  than  1  %.  For 
th is  reason ,  e l ectrostatic  th reshold  l im i ts  contain  a certain  safety marg in  to  compensate  for  
the  occurring  stati s tical  scatter.  

To  obtain  comparable  resu l ts  al l  over the  world ,  the  samples  shou ld  be  accl imated  and  

measured  at  the  stated  re lati ve  hum id i ty and  temperature  (mostl y 24  h  at  (23  ±  2 )  °C  and  

(25  ±  5)  % re lat i ve  hum id i ty) .  I n  countri es  wh ich  may experience  l ower or  h i gher hum id i ty and  
temperatu re  levels,  an  add i t i onal  value  at  the  l ocal  h igher or  l ower re lat i ve  hum id i ty and  

temperature  may be  reasonable  (e. g .  (40  ±  2 )  °C  and  (90  ±  5 )  % re lati ve  hum id i ty for tropical  

cl imates  and  (23  ±  2 )  °C  and  (1 5  ±  5)  % re lat i ve  hum id i ty for  arct ic  c l imates) .  

G.2 Surface resistance 

G.2.1  General  

Surfaces  wh ich  have  a  su ffi cientl y l ow surface  resistance  cannot  be  e lectrostatical l y charged  
when  i n  con tact  wi th  earth .  For th is  reason ,  the  surface  res istance  i s  a  bas ic  e lectrostatic  
property concern ing  e lectrostatic  chargeabi l i ty.  As  surface  res is tances  usual l y i ncrease  wi th  
decreas ing  re lati ve  hum id i ty,  a  l ow re lati ve  hum id i ty i s  necessary during  measuring  to  
repl i cate  worst  case  cond i t i ons .  

G.2.2  Principle  

The surface  i s  con tacted  wi th  two  conducti ve  e lectrodes  of  d ist i nct  l eng th  and  d istance  and  
the  res istance  between  both  electrodes  i s  measured .  As  h i gh  res is tances  usual l y decrease  
wi th  i ncreas ing  vo l tage,  the  appl i ed  vol tage  shou ld  be  i ncreased  to  at  least  500  V,  preferabl y 
1  000  V,  at  very h i gh  res i stances.  

G.2.3  Apparatus  

The measuring  apparatus  accord ing  to  I EC  60079-0  cons ists  of  two  paral le l  e lectrodes  wi th  
the  d imensions  g i ven  i n  Fi gu re  G . 1 .  Th is  may be  real i zed  by e lectrodes  pain ted  wi th  s i l ver  
pain t  th rough  a su i table  stenci l ,  soft  conducti ve  rubber strip  e lectrodes  on  spri ng -mounted  
metal  tongues  or  conducti ve  foam  strips  mounted  on  an  i nsu lating  support.   

————————— 
9  To  be  publ i shed.  
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Dimensions in millimetres 

Figure G .1  – Test  sample wi th  appl ied  electrodes   

NOTE  1  The  su rface  res i stance  i s  dependen t  upon  the  e l ectrode  con fi gu rati on .  

NOTE  2  Th i s  e l ectrode  confi g urati on  i s  al so  used  e. g .  i n  I EC  601 67  and  CENELEC TR 50404.  

NOTE  3  Soft  conducti ve  rubber  s tri p  e l ectrodes  are  preferred  over  s i l ver pai n t  e l ectrodes  to  l im i t  unwanted  
chem ical  su rface  i n teracti on .  

NOTE  4  I n  case  of  uneven  samples ,  s i l ver pai n t  e l ectrodes  are  preferred  over soft  e l ectrodes  because  of  the i r  
better adopti on  to  the  sample  g eometry.  

NOTE  5  I n  the  case  of  smal l  samples,  the  area around  the  e l ectrodes  may be  smal l er  than  25  mm  as  g i ven  i n  
Fi gu re  G . 1 .  

The electrodes  are  connected  to  a teraohm  meter.  A guard  sh ie ld  e lectrode  may be  placed  
over the  e lectrodes  to  m in im ise  e lectric  no ise.  Duri ng  the  test,  the  vo l tage  shou ld  be  
su ffi ci en tl y s teady so  that  the  charg ing  curren t  due  to  vo l tage  f l uctuati on  wi l l  be  neg l ig i ble  
compared  wi th  the  curren t  f l owing  th rough  the  test  sample.  

The  teraohm  meter shou ld  be  regu larl y checked  wi th  a h i gh  res istance  of  known  value.  The  
geometry of  conducti ve  rubber or  foam  electrodes  shou ld  also  be  regu larl y checked  by 
measuring  thei r  impri n t.  I f  the  e lectrode  pressure  to  reach  the  m in imum  res istance  i s  h i gher  
than  20  N ,  the  rubber e lectrodes  shou ld  be  replaced  by softer  ones.  

G.2.4  Test  sample  

The surface  res istance  shou ld  be  measured  on  the  parts  of  actual  specimen  i f  s i ze  perm i ts ,  or  
on  a test  sample  compri s i ng  a rectangu lar p late  wi th  d imensions  i n  accordance  wi th  Fi gure  
G . 1 .  The  test  sample  shou ld  have  an  i n tact  cl ean  surface.  As  any so lvent  may leave  
conducti ve  res idues  on  the  surface  i t  i s  best  to  c l ean  the  surface  wi th  a  brush  on l y.  Th is  i s  
especial l y important  i n  cases  where  the  surface  i s  treated  wi th  special  an ti s tat ic  agents .  

I f ,  however,  f i ngerprin ts  or  o ther d i rt  i s  vi s ible  on  the  surface  and  n o  special  an ti static  agents  
are  used  on  the  surface  the  test  sample  shou ld  be  cl eaned  wi th  d ist i l l ed  water,  then  wi th  
i sopropyl  alcohol  (or any other so lvent  that  can  be  m ixed  wi th  water and  wi l l  not  affect  the  
material  of  the  test  sample  and  the  electrodes) ,  then  once  more  wi th  d i sti l l ed  water before  
being  dried .   

Un touched  by bare  hands,  i t  shou ld  then  be  cond i t i oned  for at  l east  24  h  at  (23  ±  2 )  °C  and  

(25  ±  5)  %  re lati ve  hum id i ty.  

IEC   2180/13 
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G.2.5  Procedure  

The measurement  procedure  i s  as  fo l l ows:  

a)  Carry ou t  the  test  under the  same cl imate  as  the  pre-cond i t i on ing .   

b)  P lace  the  electrodes  on  the  su rface.  

c)  Appl y a pressure  of  20  N  on  the  e lectrodes  (not  necessary i n  the  case  of  pain ted  
e lectrodes) .  

d )  Appl y a  measuring  vo l tage  of  ( 1 0  ±  0 , 5)  V for  ( 1 5  ±  5)  s  between  the  e lectrodes .  

e)  Measure  the  res is tance  between  both  e lectrodes  and  record  the  value  at  the  end  of  the  
measuring  t ime.  

NOTE  Start i ng  wi th  l ow measuri ng  vo l tage  i s  necessary to  avoi d  damage  of  the  e l ectrodes  caused  by h i g h  
cu rren ts  when  measuri ng  l ow res i stance  samples.  

f)  I f  the  resis tance  i s  between  1  MΩ  and  1 0  MΩ ,  the  measuring  vo l tage  shou ld  be  i ncreased  

to  (1 00  ±  5)  V.  Resistances  between  1 0  MΩ  and  1 00  MΩ  shou ld  be  measured  wi th  

(500  ±  25)  V.  I n  case  of  surface  res is tances  exceed ing  1 00  MΩ  appl y a vo l tage  of  at  l east  

(500  ±  25)  V,  preferabl y ( 1  000  ±  50)  V,  for  (65  ±  5 )  s .  

NOTE  I n  I EC  61 340-4-1 ,  1 00  V  are  appl i ed  for  res i stances  between  1  MΩ  and  1 00  MΩ  and  500  V  for  even  
h i gher ones.  As  h i gh  res i stances  usual l y  decrease  wi th  i ncreasing  vol tage  and  need  a  l onger t ime  for  s tabl e  
resu l ts ,  th i s  document  uses  even  h i g her vol tages  and  measu ri ng  t imes  for  h i gh  res i stances  than  the  s tandard  
above.  

g)  Repeat the  measurement  n i ne  t imes.  I f  the  object  i s  not  su ff ic i en tl y l arge  for n i ne  
add i t i onal  measuremen ts ,  a  l ower number  of  repeats  i s  acceptable.  

G.2.6  Acceptance  cri teria  

The su rface  res istance  i s  the  quoti en t  of  the  d i rect  vo l tage  appl ied  at  the  e lectrodes  to  the  
total  curren t  f l owing  between  them .  Respecti ve  border l im i ts  can  be  found  i n  Table  1 .  Test  
samples  shou ld  be  c lass i f i ed  accord ing  to  the  measured  res istance  at  the  h ighest  measuring  

vo l tage.  For example,  i f  the  resis tance  at  1 0  V i s  1 , 5  MΩ ,  and  at  1 00  V i s  900  kΩ ,  the  test  

sample  shou ld  be  c lassed  as  having  a  res is tance  of  900  kΩ .  

G.2.7  Test  report  

The test  report  shou ld  i nclude  at  l east  the  fo l l owing  i n formation :  

– measuring  l aboratory,   

– date  of  measu rement,   

– temperature  and  re lat i ve  hum id i ty,  

– descripti on  and  identi f icati on  of  the  sample,   

– test  resu l ts,   

– appl ied  measuri ng  vo l tage   

– number of  measurements,  

– geometric  mean  res is tance.  

– i denti f ication  of  the  used  i nstrumentation ,  

– date  of  i ts  most  recen t  as  wel l  as  i ts  next  cal ibration ,  

– number of  th is  s tandard .  

G.3 Surface resistivi ty 

The surface  res isti vi ty i s  ten  t imes  h i gher than  the  surface  res istance  measured  accord ing  to  
G .2 .  



IEC TS  60079-32-1 :201 3+AMD1 :201 7  CSV – 1 53  – 
© I EC  201 7  

G.4 Leakage resistance 

G.4.1  General  

The l eakage  resis tance  of  an  object  i s  an  importan t  e l ectrostatic  safety characteris tic.  There  
are  several  standards  publ i shed  wi th  d i fferen t  measuring  methods  for testing  the  l eakage  
res istance  of  a  f l oor wh ich  mostl y can  be  appl i ed  for o ther objects  too  (e. g .  rotati ng  cyl i nders,  
hous ings ,  bags  wi th  an  earth i ng  po in t) .  I n  I EC  61 340-4-1  the  test  i s  executed  wi th  a  c i rcu lar  

e lectrode,  (65  ±  5)  mm  in  d iameter pressed  to  the  f loor wi th  (2 ,5  ±  0 , 25)  kg  (hard  f l oor)  or  

(5, 0  ±  0 , 25)  kg  (soft  f l oor) .  I n  I SO 1 0965  measurement  i s  done  wi th  a  ci rcu lar e lectrode,  

(65  ±  2 )  mm  in  d iameter pressed  to  the  f l oor wi th  (5, 0  ±  0 , 1 )  kg .  ASTM  F1 50  uses  a  c i rcu lar  
e lectrode,  63, 5  mm  in  d iameter pressed  to  the  f l oor wi th  2, 5  kg .  EN  1 081  uses  a  th ree- footed  
e lectrode  pressed  to  the  f loor by a person  stand ing  on  i t .  As  each  method  yie lds  a  somewhat  
d i fferent  res istance  i t  i s  importan t  that  the  measuring  method  used  i s  stated  in  product  
speci f ications  and  test  reports.  

NOTE  I n  i deal  cases  the  d i fferences  between  the  measured  res i stances  of  the  d i fferen t  methods  described  above  
are  smal l .  I n  real i ty,  rough  su rfaces,  e . g .  external  concrete  forecou rts  wi th  s i gn i f i can t  s tone  conten t  s tand ing  proud  
may i n f l uence  the  measured  res i stance  depend i ng  on  the  used  e l ectrode  su rface  and  the  appl i ed  pressure.  
Improved  resu l ts  may be  obtai ned  wi th  conducti ve  foam  pads  under I EC  61 340-4-1  e l ectrodes  to  take  up  
roughness  of  several  mm .  However,  th i s  may not  repl i cate  the  pract i cal  s i tuat i on  of  a  person ’s  footwear wi th  hard  
soles.  

G.4.2  Principle  

The f loor or  obj ect  i s  con tacted  wi th  a speci fi ed  e lectrode  and  the  res istance  between  
e lectrode  and  earth  i s  measured.  

G.4.3  Apparatus  

Usual l y,  a  c i rcu lar e lectrode,  (65  ±  5 )  mm  in  d iameter wi th  a conducti ve  rubber surface  i s  
pressed  to  the  object  wi th  2 , 5  kg ,  or  5  kg  wh ich  i s  wi th in  the  e lectrode  speci fi cati on  of  nearl y 
al l  s tandards  ci ted  i n  G . 4. 1 .  However,  th ree-footed  e lectrodes  described  i n  EN  1 081  may be  
more  su i table  i f  s imu lati on  of  the  body pressure  on  the  f l oor  i s  importan t.  

NOTE  Measu red  res i stance  tends  to  decrease  wi th  i ncreasi ng  e l ectrode  pressure,  bu t  on l y  up  to  a  certai n  po i n t,  
after wh i ch  fu rther i ncrease  i n  pressu re  has  l i t t l e  effect  on  measured  res i s tance.  I t  has  been  found  that  for  many 
f l oori ng  materi al s ,  the  pressure  appl i ed  by a  5  kg ,  65  mm  d iameter e l ectrode  i s  adequate  for  accu rate  
measurement.  

The electrodes  are  connected  to  a teraohm  meter.  A guard  sh ie ld  e lectrode  may be  placed  
over the  e lectrode  to  m in im ise  e lectric  no ise.  Duri ng  the  test,  the  vo l tage  shou ld  be  
su ffi ci en tl y s teady so  that  the  charg ing  curren t  due  to  vo l tage  f l uctuati on  wi l l  be  neg l ig i ble  
compared  wi th  the  curren t  f l owing  th rough  the  test  sample.  

The  teraohm  meter shou ld  be  regu larl y checked  wi th  a  h i gh  res is tance  of  known  value.  I f  the  
e lectrode  pressure  to  reach  the  m in imum  resistance  on  a  test  sample  i s  h i gher than  20  N ,  the  
rubber e lectrodes  shou ld  be  replaced  by softer ones.  

G.4.4  Test  sample  

The  test  f l oor or  object  shou ld  have  an  i n tact  cl ean  surface.  I f  the  f loor or  object  bei ng  
measured  i s  ou ts ide  (e. g .  forecourt  su rfaces  at  f i l l i ng  s tations) ,  there  shou ld  be  no  rai n y or  
foggy weather wi th in  24  h  before  the  measuri ng  t ime  (re lat i ve  hum id i ty c l ose  to  50  % or  even  

l ess) .  F loors  or  obj ects  i n tended  to  be  used  i nsi de  shou ld  be  cond i t ioned  at  (23  ±  2 )  °C  and  

(25  ±  5)  % re lat i ve  hum id i ty for  24  h  for l aboratory measurements ,  or  under ambient  
cond i t i ons  for  i n  s i tu  measurements .  

Add i ti onal  cond i t i on i ng  t ime  may be  requ i red  for  text i l e  f l oor covering  and  other materials  that  
read i l y absorb  moistu re  (see  I SO  1 0965) .  
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G.4.5  Procedure  

The test  shou ld  be  carri ed  ou t  accord ing  to  G . 2. 5  except  that  measurement takes  place  
between  one  e lectrode  and  earth .  I n  case  of  f l oors,  one  measuring  value  per square  metre  i s  
su ff ici ent.  

G.4.6  Acceptance cri teria  

The l eakage  res istance  i s  the  quotient  of  the  d i rect  vol tage  appl i ed  at  the  e lectrode  to  the  
total  cu rren t  f lowing  between  e lectrode  and  earth .  Respecti ve  border l im i ts  can  be  found  i n  
Table  1 .  

G.4.7  Test  report  

The test  report  shou ld  i nclude  at  l east  the  fo l l owing  i n formation :  

– measuring  l aboratory,   

– date  of  measurement,   

– temperature  and  re lati ve  hum id i ty,  

– descript i on  and  i den ti f i cati on  of  the  sample,   

– test  resu l ts ,   

– measuring  vo l tage,  

– e lectrode  description ,  

– appl ied  pressure,  

– number of  measuremen ts ,  

– median  resis tance  

– i denti f i cation  of  the  used  i nstrumentation ,  

– date  of  i ts  most  recen t  as  wel l  as  i ts  next  cal ibrati on ,   

– number of  th is  s tandard .  

G.5 In-use testing  of  footwear 

G.5.1  General  

Laboratory test i ng  of  footwear i s  described  i n  I EC  61 340-4-3.  For regu lar dai l y testing ,  the  
earth  l eakage  res istance  of  a  person  wearing  footwear can  usual l y be  determ ined  wi th  
footwear conducti vi ty testers  (Personnel  Ground ing  Tester) .  I f  such  a device  i s  not  avai lable,  
th is  res istance  shou ld  be  measured  accord ing  to  the  fo l lowing  sections.   

G.5.2  Principle  

The res istance  between  a hand-held  obj ect  and  a metal  p late  where  a  person  stands  wi th  
both  feet  i s  measured .  The  res istance  of  the  person  i s  assumed  to  be  neg l ig i ble  compared  to  
the  res istance  of  the  shoes.  

G.5.3  Apparatus  

The measuring  device  consists  of  a  metal  p late  on  the  f l oor and  a hand-held  metal  object  (e . g .  
a  metal  bar of  20  mm  i n  d iameter and  1 00  mm  in  l eng th  or  a  metal  sphere  50  mm  in  
d iameter) .  A teraohm  meter i s  connected  between  both  e lectrodes  measuring  the  resis tance  
between  hand-held  metal  obj ect  to  the  metal  p late  via body and  feet.  The  teraohm  meter  
shou ld  be  regu larl y checked  wi th  a h igh  res is tance  of  known  value.  
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The  measuring  vo l tage  shou ld  not  exceed  1 00  V to  preven t  an  e lectric  shock.  When  

measuring  wi th  1 00  V a  protecting  res is tor of  abou t  1  MΩ  shou ld  be  wi th i n  the  measuring  
ci rcu i t.  Th is  res istor  may be  om i tted  when  measuri ng  low res istances  wi th  1 0  V.  

G.5.4  Procedure  

The measurement  procedure  i s  as  fo l l ows:  

a)  Measure  at  (23  ±  2 )  °C  and  (25  ±  5)  %  re lat i ve  hum id i ty.  I f  the  re lati ve  hum id i ty i s  
exceeded ,  record  the  hum id i ty at  least.  

b)  Pu t  on  the  shoes  to  be  tested .  

c)  Wai t  f i ve  m inu tes  to  get  su ffi ci ent  hum id i ty i n  shoes  and  socks.  

d )  Stand  on  the  metal  p late  wi th  both  feet  and  g rasp the  metal  obj ect  wi th  one  bare  hand .  

e)  Record  the  d isplayed  res istance  of  the  footwear.  

G.5.5  Acceptance  cri teria  

Respecti ve  border l im i ts  can  be  found  i n  Table  1 .  

G.5.6  Test  report  

I n  case  of  rou t ine  con tro ls ,  a  resu l t  i n  form  of  a  red  or g reen  l amp is  su ffi ci ent.  I n  al l  o ther  
cases,  the  test  report  shou ld  i ncl ude  at  l east  the  fo l lowing  i n formation :  

– measuring  l aboratory,   

– date  of  measurement,   

– temperature  and  re lat i ve  hum id i ty,  

– descripti on  and  identi f ication  of  the  sample,  

– test  resu l ts,   

– measuring  vo l tage,  

– number of  measurements,   

– i denti f ication  of  the  used  i nstrumentati on ,  

– date  of  i ts  most  recen t  as  wel l  as  i ts  next  cal ibration ,   

– number of  th is  s tandard .  

G.6 In-use testing  of  g loves  

G.6.1  General  

Laboratory testi ng  of  g l oves  i s  described  i n  EN  420.  For regu lar dai l y test ing ,  the  res istance  of  
g loves  may be  measured  together wi th  the  res i stance  of  footwear.  Unfortunate l y,  th is  total  
res istance  cannot  always  be  determ ined  wi th  footwear conducti vi ty testers  (Personnel  
Ground ing  Tester) .  I t  may,  therefore,  necessary to  measure  the  res istances  accord ing  to  the  
fo l l owing  sections .  

NOTE  A new CEN  standard  i s  bei ng  devel oped,  cu rren t l y  i den ti f i ed  as  WI  001 6231 7:201 1 .   

G.6.2  Principle  

The res istance  between  a  g l ove-held  and  a  hand-held  metal  obj ect  vi a body and  feet  to  a  
metal  p late  on  wh ich  the  person  stands  wi th  both  feet  i s  measured  accord ing  to  G . 5. 4.  I f  the  
res istance  of  the  footwear i s  not  known,  the  res istance  between  g love-held  metal  object  and  a  
wris t  s trap  of  known  res is tance  on  the  persons  arm  shou ld  be  measured .  
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G.6.3  Apparatus  

Same as  in  G . 5.3  

G.6.4  Procedure  

The measurement  procedure  for persons  earthed  via the i r  footwear i s  as  fo l lows:  

a)  Measure  the  res is tance  o f  the  used  footwear as  described  i n  G . 5. 4.  

b)  Repeat  the  measurement  wi th  g l oves  on  the  hand.  

c)  Report  both  values  and  thei r  quoti ent.  

The  measurement  procedure  for persons  earthed  via wris t  s traps  i s  as  fo l l ows:  

a)  Earth  the  person  via a wrist  s trap of  known  res istance.  

b)  Measure  the  res is tance  between  the  g l ove  he ld  metal  object  and  the  wris t  s trap.  

c)  Report  both  values  and  thei r  d i fference.  

G.6.5  Acceptance cri teria  

Respecti ve  border l im i ts  can  be  found  i n  Table  1 .  

G.6.6  Test  report  

The test  report  shou ld  i ncl ude  at  l east  the  fo l l owing  i n formation :  

– measuring  l aboratory,   

– date  of  measuremen t,   

– temperatu re  and  re lat i ve  hum id i ty,  

– descript i on  and  i denti f i cati on  of  the  sample,  

– res istance  of  wrist-strap  or footwear,  

– test  resu l ts,   

– measuring  vo l tage,  

– number of  measurements,   

– i denti f ication  of  the  used  i nstrumentati on ,  

– date  of  i ts  most  recen t  as  wel l  as  i ts  next  cal ibrati on ,   

– number of  th is  s tandard .  

G.7 Powder resistivi ty 

G.7.1  General  

Di fferen t  measuri ng  methods  exis t  for  powder res ist i vi ty:  measuri ng  cel l  accord ing  to  
IEC/TS 61 241 -2-2  (g roove  cel l ) ,  accord ing  to  I EC  60093  (stamp ce l l )  and  a  concen tric  ce l l  
wi th  an  ou ter  and  an  i nner ri ng  e lectrode  (Lucas,  201 1 ,  Stahmer et  al ,  201 2) .  Accord ing  to  
Stahmer et  al ,  g roove  cel l  and  concen tric  ce l l  yi e l d  the  same resu l ts .  However,  as  a  
consequence  of  the  compress ion  of  the  dust,  the  stamp cel l  g i ves  an  up  to  ten  t imes  lower 
res isti vi ty when  measuring  compressible  dusts .  For these  reasons,  the  powder res is ti vi ty 
shou ld  be  measured  accord ing  to  the  fo l l owing  procedure  based  on  IEC/TS 61 241 -2-2.  

G.7.2  Principle  

A constant  vo lume of  powder i s  f i l l ed  i n  a  speci f ic  measuri ng  cel l  wi th  two  electrodes.  The  
res istance  between  both  e lectrodes  i s  measu red.  
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G.7.3  Apparatus  

A measuri ng  ce l l  accord ing  to  I EC  61 241 -2-2  consist i ng  of  two  oppos i te  e lectrodes  of  po l i shed  
stain less  s teel  bars  ( 1 ) ,  1 0  mm  in  he i gh t,  1 00  mm  in  l eng th  and  1 0  mm  d istance,  moun ted  
together wi th  two  oppos i te  wal ls  of  i nsu lating  g lass  bars  (2) ,  1 0  mm  in  he i gh t,  on  an  i nsu lati ng  
base  (3) ,  shou ld  be  used  (Fi gure  G .2) .  The  th ickness  of  the  e lectrodes  shou ld  be  between  

5  mm  and  1 0  mm .  The  resistance  R between  the  e lectrodes  shou ld  exceed  1 00  TΩ .  The  exact  
values  of  the  d imens ions  of  the  ce l l  have  to  be  known  for  the  geometric  correction  factor i n  
4. 7. 4.  

 

3  

 

IEC   2181/13 
 

Figure G .2  – Measuring  cel l  for powder resistivi ty  

The e lectrodes  are  connected  to  a  teraohm  meter.  The  teraohm  meter shou ld  be  regu larl y 
checked  wi th  a  h i gh  res istance  of  known  value.  A guard  sh ie ld  e lectrode  may be  placed  over  
the  measuri ng  cel l  wi thout  contacti ng  the  e lectrodes  to  m in im ise  e lectric  noise.  Duri ng  the  
test,  the  vo l tage  shou ld  be  su ff ic ien tl y s teady so  that  the  charg ing  curren t  due  to  vo l tage  
f luctuation  wi l l  be  neg l i g i ble  compared  wi th  the  cu rrent  f l owing  th rough  the  test  sample.  

G.7.4  Procedure  

The measurement  procedure  i s  as  fo l l ows:  

a)  Accl imate  the  test  dust  to  (23  ±  2 )  °C  and  (25  ±  5 )  % re lat i ve  hum id i ty for at  l east  24  h .  
Dusts  wh ich  s i gn i f ican tl y d ry up  or absorb water and  for wh ich  the  dust  resi stance  du ri ng  a  
special  technolog ical  process  i s  importan t,  shou ld  be  measured  at  the  cl imate  cond i t ions  
of  th is  process .  

b)  Pour  a quanti ty of  the  ori g inal  un treated  test  dust  between  the  test  e l ectrodes  (3) .  

c)  Remove excess  dust  by runn ing  a s traight-edge  along  the  top of  the  stai n less  s tee l  bars  
(1 ) .  

d )  Measure  the  res istance  R  of  the  f i l l ed  test  ce l l  between  the  e lectrodes  ( 1 )  wi th  the  

fo l l owing  values  of  DC vo l tage  appl i ed  for 1 0  s :  ( 1 05  ±  1 0)  V,  (500  ±  25)  V,  (1  000  ±  50)  V.  
The  same sample  of  dust  i n  the  test  ce l l  may be  used  for al l  the  tests  at  any one  of  the  
values  of  vol tage.  I f  no  constan t  measuring  value  i s  reached  after 1 0  s  the  measuring  t ime  

shou ld  be  elongated  to  (65  ±  5)  s .  

NOTE  I n  most  cases,  a  test  vo l tage  of  (1 05  ±  1 0 )  V  i s  su ff i ci en t.  H i gher  vol tages  can  l ead  to  unwanted  
physi cal  or chem ical  effects .  

e)  Calcu late  the  res istivi ty ρ  at a l l  test vol tages  from  the  equation  

–  ρ  =  0 , 001  ×  R ×  H ×  W/L  

– where  ρ  i s  the  res isti vi ty i n  Ωm,  H i s  the  hei gh t  of  the  e lectrode  i n  mm ,  W i s  the  l eng th  
of  the  e lectrode  i n  mm  and  L  i s  the  space  between  e lectrodes  i n  mm .  

f)  Repeat  s teps  b)  to  e)  twi ce  and  calcu late  the  average  value.  
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G.7.5  Acceptance cri teria  

Respecti ve  border l im i ts  can  be  found  i n  9 . 1 .  

G.7.6  Test  report  

The test  report  shou ld  i nclude  at  l east  the  fo l l owing  i n formation :  

– measuring  l aboratory,   

– date  of  measurement,   

– temperature  and  re lati ve  hum id i ty,  

– descript i on  and  i den ti f i cati on  of  the  sample,   

– test  resu l ts ,   

– measuring  vo l tage,  

– number of  measurements ,  

– i den ti f i cation  of  the  used  i nstrumentati on ,  

– date  of  i ts  most  recen t  as  wel l  as  i ts  next  cal ibrati on ,   

– number of  th is  s tandard .  

G.8 Liquid  conductivi ty 

G.8.1  General  

Usual l y,  conducti vi ty meters  wi th  d ip  e lectrodes  are  su ffi c ien tl y exact  for e l ectrostatic  
purposes.  I n  any case,  the  temperature  shou ld  also  be  reported  because  conducti vi ty i s  
strong l y dependan t  on  temperature.  

I f  more  exact  values  are  needed ,  a  speci fi c  test  ce l l  such  as  the  cel l  described  i n  the  fo l lowing  
section  shou ld  be  used .  The  cel l  can  be  used  for  s ing le  phase  and  stable  mu l t i phase  l i qu ids .  
Al ternati vel y,  the  conducti vi ty may be  determ ined  accord ing  to  I EC  60247.  

G.8.2  Principle  

A constan t  vo lume of  l i qu i d  i s  f i l l ed  i n  a  speci f ic  measuring  cel l  wi th  two  e lectrodes.  The  
res istance  between  both  e lectrodes  i s  measu red.  

G.8.3  Apparatus  

Figu re  G . 3  describes  a measuri ng  ce l l  accord ing  to  D IN  51 41 2- 1  wi th  a ce l l  constan t  K o f  1 /m .  
Other ce l l  d imens ions  are  poss ible  bu t  the  cel l  constant  of  th is  arrangement  has  to  be  

determ ined  from  geometry.  A DC vol tage  U  of  ( 1 00  ±  1 )  V shou ld  be  appl ied  between  the  
i nner and  the  ou ter e l ectrode  and  the  resu l t i ng  cu rren t  I shou ld  be  recorded  wi th  a  
p icoammeter  coupled  to  an  osci l l oscope  or  Personal  Compu ter.  
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Figure G .3  – Measuring  cel l  for l i qu id  conductivi ty  

G .8.4  Procedure 

The  measurement  procedure  i s  as  fo l l ows:  

a)  Pour ( 1 00  ±  0 , 5)  cm 3  o f  the  ori g i nal  un treated  test  l i qu id  i n  the  measuri ng  cel l  and  c lose  i t  
wi th  the  l i d .  

b)  Record  the  current  I o f  the  f i l l ed  test  ce l l  between  the  e lectrodes  at  1 00  V for the  time  t 
wi th  an  osci l l oscope  or  Personal  Compu ter coupled  to  a  p icoammeter.   

NOTE  I n  most  cases,  a  test  vol tage  of  1 00  V  i s  su ff i c i en t.  H i gher  vol tages  can  l ead  to  u nwanted  physi cal  or  
chem ical  effects .  

c)  Extrapolate  the  curren t  I o  for t  =  0  from  the  recorded  course  of  I.  

d )  Calcu late  the  conductivi ty σ  i n  S/m  accord ing  to  

σ  =  K ×  Io/U 

–  1  pS/m  =  1 0–1 2  S/m  =  1  cu  (conductivi ty un i t)  

e)  Repeat the  procedure  twice  

G.8.5  Acceptance cri teria  

Respective  border l im i ts  can  be  found  i n  7. 1 . 4.  

G.8.6  Test  report  

The test  report  shou ld  i ncl ude  at  l east  the  fo l l owing  i n formation :  

– measuring  l aboratory,   
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– date  of  measu rement,   

– temperature,  

– descripti on  and  i denti f i cati on  of  the  sample,   

– median  conducti vi ty,   

– measuring  vo l tage,  

– number of  measurements ,  

– i denti f ication  of  the  used  i nstrumentati on ,  

– date  of  i ts  most  recen t  as  wel l  as  i ts  next  cal ibration ,   

– number of  th is  s tandard .  

G.9 Capaci tance 

G.9.1  General  

Avoid i ng  i solated  conductors  i s  one  of  the  most  importan t  e lectrostatic  ru les.  For th is  reason  
on l y smal l  i so lated  conducti ve  objects  wi th  low capaci tances  are  al lowed  i n  hazardous  areas.  
To  check whether the  suspected  conducti ve  object  (e . g .  metal  screws  of  an  enclosure,  metal  
connecti ng  sockets  of  hand-held  equ ipment)  i s  wi th i n  the  al l owed  l im i ts ,  the  fo l l owing  test  
shou ld  be  execu ted .  Metal  sockets  and  con tacts  wh ich  are  s i tuated  so  deep i n  an  enclosure  
that  d ischarges  to  approach ing  earthed  objects  are  not  expected  need  not  be  tested.  

G.9.2  Principle  

The test  sample  i s  p laced  on  an  unearthed  metal l i c  p late  and  the  capaci tance  between  
exposed  conductive  parts  and  the  metal l i c  p late  i s  measured  wi th  a capaci tance  meter.  

G.9.3  Apparatus  

The measuring  device  cons ists  of  an  unearthed  metal  plate  that  s i gn i f i cantly exceeds  the  area 
of  the  test  sample  and  a capaci tance  meter  able  to  measure  between  1  and  1 0  pF  wi th  a  
measuring  uncertai n ty of  l ess  than  0 , 5  pF  at  a  measuring  frequency of  at  l east  1  000  Hz.  The  
appl ied  vo l tage  shou ld  be  between  1  V and  9  V.  The  negati ve  measurement l ead  i s  connected  
to  the  metal  p late.  The  pos i t i ve  l ead  i s  free l y avai lable  for capaci tance  measu ri ng .  The  
connecti on  leads  shou ld  be  as  short  as  poss ible  to  avoid  stray curren ts.  Metal l i c  p lates  wi th  
su rface  oxidati on  shou ld  be  avoided  as  th is  may l ead  to  erroneous  resu l ts .  

NOTE  A battery powered  capaci tance  meter may be  necessary to  ensure  s table  read ings  wi thou t  earth  l oops.  

Other e lectrical  equ ipment,  especial l y f l uorescen t  l amps,  shou ld  be  kept  at  l east  two  meter  
away from  the  test  sample.  

G.9.4  Test  sample  

The test  shou ld  be  carri ed  ou t  on  a fu l l y assembled  sample  of  the  equ ipment.  The  sample  
shou ld  be  cond i t ioned  i n  a  c l imatic  cond i t i on ing  chamber for at  l east  1  h  at  a  temperatu re  of  

(23  ± 2)  °C  and  a  relati ve  hum id i ty of  (25  ±  5 )  %.  

G.9.5  Procedure  for moveable  i tems 

The capaci tance  between  each  exposed  metal l i c  part  on  the  test  sample  and  the  metal  p late  
shou ld  be  measured  as  fo l l ows:  

a)  P lace  the  sample  on  the  metal  p late.  The  conductive  part  of  the  sample  to  be  measured  
must  remain  i so lated  from  the  plate.  I f  the  sample  requ i res  support,  i t  may be  held  i n  
pos i t ion  wi th  c lamps  made of  i nsu lat i ng  material ,  bu t  shou ld  not  be  held  by hand.  

b)  The  pos i t i ons  of  the  samples  are  to  be  such  that  the  exposed  metal l i c  test  po in t  be ing  
measured  i s  as  c lose  as  poss ible  to  the  unearthed  metal  plate  wi thou t  con tacting  the  
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plate .  However,  i f  the  external  metal  part  i s  i n  e lectrical  con tact  wi th  i n ternal  metal  parts,  i t  
i s  necessary to  measure  the  capaci tance  i n  al l  orien tations  of  the  equ ipment to  ensure  
that  the  maximum  capaci tance  has  been  determ ined .   

NOTE  1  I f  a  metal l i c  part  i s  not  eas i l y  accessible  to  the  meter l eads,  a  screw may be  i n serted  to  extend  the  
part  and  create  a  test  poi n t.  The  screw shou ld  be  smal l  compared  to  the  metal l i c  part  and  may not  make  
e lectri cal  con tact  wi th  any other i n ternal  metal  part .  

NOTE  2  Stray capaci tance  shou ld  be  m in im i zed  by  keeping  conducti ve  i tems  and  the  human  body at  l east  50  
cm  away from  the  sample  under test.  

c)  Connect  the  negative  measurement lead  of  the  capaci tance  meter to  the  unearthed  metal  
p late .  

d )  Posi t ion  the  pos i t i ve  measurement probe  of  the  capaci tance  meter  3  mm  to  5  mm  away 
from  the  metal l i c  test  po i n t  and  as  far as  poss ible  from  the  metal  p late.  Record  the  value  
of  th is  s tray capaci tance  i n  ai r  to  the  nearest  pF.  

e)  P lace  the  pos i t i ve  measurement  l ead  of  the  capaci tance  meter i n  contact  wi th  the  metal l i c  
test  poi n t  and  record  the  value  of  the  capaci tance  to  the  nearest  pF.  

f)  Compu te  the  d i fference  between  the  measurements  i n  steps  d )  and  e) ,  and  record  the  
value.  

g )  Repeat s teps  d )  th rough  f)  two  t imes  for each  test  po in t.  

h )  Calcu late  the  average  capaci tance  from  the  th ree  measurements  obtained .  

i )  Calcu lated  capaci tances  l ess  than  2  pF  shou ld  be  reported  as  <  2pF.  

I n  cases  where  the  capaci tance  of  an  i solated  metal  part  i s  expected  to  be  h i gher to  o ther  
metal  parts  of  the  object  than  to  earth ,  th is  capaci tance  shou ld  add i t ional l y be  measu red  and  
evaluated .  

G.9.6  Procedure  for instal l ed  i tems 

The capaci tance  between  each  exposed  metal l i c  part  on  the  test  sample  and  earth  i s  to  be  
measured  i n  i nstal led  cond i t ion  (e. g .  metal  parts  wi th i n  an  earthed  metal  tank system )  under 
worst  case  condi t ions .  An  unearthed  coun ter metal  p late  i s  not  needed .  Measure  the  
capaci tance  as  fo l l ows:  

a)  Connect  the  negati ve  measurement l ead  of  the  capaci tance  meter to  an  earth  po in t.  The  
pos i t i ve  measuremen t l ead  of  the  capaci tance  meter shou ld  be  kept  as  far as  poss ible  
from  that  cable .  

b)  Fo l low s teps  d )  to  i )  of  the  test  procedure  described  i n  G .9 .5.  

G.9.7  Acceptance  cri teria   

The maximum  al l owed  capaci tance  depends  on  the  type  of  the  hazardous  area and  i s  g i ven  i n  
Table  2 .  

G.9.8  Test  report  

The test  report  shou ld  i nclude  at  l east  the  fo l l owing  i n formation :  

– measuring  l aboratory,   

– date  of  measu rement,   

– temperatu re  and  re lati ve  hum id i ty,  

– descripti on  and  i denti f i cati on  of  the  sample,   

– median  capaci tance,   

– measuring  vo l tage,  

– measuring  frequency,  

– number of  measurements ,  
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– i denti f i cation  of  the  used  i nstrumentation ,  

– date  of  i ts  most  recen t  as  wel l  as  i ts  next  cal ibrati on ,   

– number of  th is  s tandard .  

G.1 0 Transferred  charge 

G.1 0. 1  General  

Accord ing  to  I EC  60079-0  and  I EC/TS 60079-32-1 ,  the  maximum  al lowed  surface  area of  
i nsu lat i ng  materials  i s  l im i ted  i n  explos i ve  atmospheres.  However,  there  are  many cases  
where  a su ffi c ien t  safety l evel  i s  s t i l l  ach ieved  wi th  i nsu lati ng  materials .  These  cases  incl ude  
surfaces  wi th  embedded  corona t i ps,  enclosures  backed  wi th  pri n ted  boards  as  wel l  as  
materials  wi th  an  i n ternal  breakthrough  vo l tage  of  on l y a  few ki l ovol ts.  For th is  reason  the  
fo l l owing  charg ing  test  may be  execu ted  wi th  the  evaluated  obj ect  i f  su rface  area 
requ i rements  cannot  be  fu l f i l l ed .  

I n  some cases  the  test  has  to  be  mod i f ied .  For example,  i n  case  of  evaluati ng  a f i l l er  p ipe  for  
motor cars,  a  measurement of  the  charge  generated  on  the  f i l ler  p ipe  by stream ing  h i gh  
chargeable  fue ls  under  worst  case  cond i t i ons  i s  preferred .  

NOTE  One  of  the  h i ghest  chargeable  l i qu i ds  i s  to l uene  i n  techn i cal  qual i ty.  However,  to l uene  presents  a  
s i gn i f i can t  f i re  ri sk.  Therefore,  i n  SAE  J 1 645  a  techn i cal  hydrodesu l fu rated  heavy naphtha,  boi l i ng  range  1 45  °C  to  
200  °C,  f l ashpoin t  40  °C,  i s  proposed  (commercial  name:  wh i te  spi ri t ,  Stoddard  sol ven t,  or Testbenzin ) .  

I n  the  case  of  garments,  the  test  may produce  resu l ts  wh ich  conf l i ct  wi th  other establ i shed  
test  methods.  For th is  reason ,  garments  are  usual l y tested  by the  method  of  charge  decay in  
G . 1 2  or  EN  1 1 49-3.  

G.1 0.2  Principle  

Sparks  occur when  a capaci tance  C charged  to  a vo l tage  U i s  d i scharged  via a spark gap.  I t  i s  
known  from  l i teratu re  that  every explosive  atmosphere  has  a speci f ic  m in imum  ign i ti on  vo lume 
necessary to  become i gn i ted  by a certain  m in imum  ign i t ion  energy.  Therefore,  doubl i ng  the  
l eng th  of  a  spark gap resu l ts  i n  halving  U effecti ve  i n  one  i gn i t ion  vo lume (second  l aw of  
Ki rchhoff) .  Due  to  th is  l i near corre lati on  between  i ncend ivi ty and  U,  the  transferred  charge  

C ×  U corre lates  better  wi th  the  i ncend ivi ty of  a  d i scharge  than  i ts  energy ½  C ×  U2.  

These  facts  al l ow the  measurement of  the  transferred  charge  of  provoked  d ischarges  under  
worst  case  cond i ti ons  to  assess  electrostatic  i g n i t i on  hazards.  

G.1 0.3  Apparatus  

The fo l l owing  i tems  are  needed:  

1 )  A table  or  ri g i d  sheet  of  d iss ipati ve  material ,  e . g .  u n treated  wood;  

NOTE  The  correct  use  of  a  d i ss ipat i ve  tabl e  su rface  guarantees  a  s trong  charge  accumu lat i on  on  the  charged  
su rface  due  to  charge  bi nd i ng  effects .   After  l i f t i ng  the  sample  from  the  table  the  charges  are  no  l onger bound  
by opposi te  charges  of  the  tabl e  yi e l d i ng  optimal  cond i t i ons  for d i scharg i ng .  

2)  Cloths  made of  material s  free  from  f i n ishes  from  the  pos i t i ve  and  negati ve  end  of  a  
tri boelectric  series  l arge  enough  to  avoid  con tact  between  the  test  sample  and  the  f i ngers  
of  the  testi ng  person  du ri ng  the  rubbing  process,  and  a  g l ove  or other p i ece  of  smooth  
natural  l eather.  

NOTE  1  See  I EC/TR 61 340-1  for a  tri boelectri c  seri es.  

NOTE  2  Su i tabl e  pos i t i ve  materi al s  for tri bocharg i ng  are  e. g .  smooth  natu ral  l eather,  sheep  wool  fe l t ,  
pol yam ide  cl oth  for rai n  coats ,  cotton ,  and  cat  fu r.  Su i table  negati ve  materi al s  for  tri bocharg i ng  are  e. g .  
pol yu rethane  and  pol yethylene  table  c l oth .  
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3)  A s i ng le  po in ted  metal  need le  e lectrode  or mu l t i -need le  e lectrodes  having  a connection  of  
the  e lectrode(s)  to  the  m inus  po le  of  a  h igh  vo l tage  power suppl y of  30  kV to  70  kV dc  for  
corona charg ing .   

4)  One  of  the  fo l l owing  or equ ivalen t  equ ipment  for  measuring  charge  transfer:  

a)  A pol i shed  metal  e l ectrode  of  (25  ±  5)  mm  in  d iameter coupled  to  the  50  Ω  i npu t  of  an  
osci l l oscope  of  at  least  1  G igasamples/s  and  300  MHz bandwid th  having  a c i rcu lar  

arranged  earthed  shun t  res istance  of  (0, 25  ±  0 , 05)  Ω  o f  at  l east  300  MHz i n  bandwid th  
(see  B ibl i og raphy,  von  P ido l l ) ,  or  

b)  A po l ished  metal  e lectrode  of  (25  ±  5)  mm  in  d iameter coupled  to  an  earthed  

(1 00  ±  1 0)  nF  capaci tor wi th  a  (1 5  ±  2 )  kΩ  res istor i n  paral le l ,  both  connected  to  the  
i npu t  of  a  vo l tmeter au tomatical l y tri ggering  and  hold i ng  the  h i ghest  value  (see  
B ibl i og raphy,  Schn ier) ,  or  

c)  A po l ished  metal  e l ectrode  of  (3  ±  1 )  mm  in  d iameter i n  a  smooth  edged  ho le  of  (5  ±  1 )  

mm  in  d i ameter of  an  earthed  ho l low sphere  of  (25  ±  5)  mm  in  d iameter,  connected  to  

an  earthed  (1 00  ±  1 0)  nF  capaci tor  at  the  i npu t  of  a  cou lomb meter  (see  B ibl i ography,  
Chubb) .  

5)  A f l at  round  d isk,  less  than  3  mm  th ickness,  made  of  PTFE  wi th  an  area exceed ing  
20  000  mm² as  a  h i gh l y chargeable  reference  (see  B ibl iography,  von  P idol l ) .  

G.1 0.4  Test  sample  

The test  shou ld  be  carri ed  ou t  on  a  fu l l y assembled  sample  of  the  product  or  a  material  wi th  
the  same fabrication  parameters .  Th is  sample  shou ld  not  have  been  previous l y subj ected  to  
other tests  and  may cons ist  of  any combinati on  of  i nsu lat ing ,  conducti ve  or  d i ss ipative  
materials .  

NOTE  I t  i s  advan tageous  to  test  the  fu l l y  assembled  product  because  charge  bi nd i ng  effects ,  e . g .  due  to  i n ternal  
conduct i ve  i tems,  may hel p  to  prevent  hazardous  d i scharges.  

The sample  shou ld  be  cond i t ioned  in  an  envi ronmen tal  cond i t i on i ng  chamber for at  l east  24  h  

at  a  temperature  of  (23  ± 2)  °C  and  a  relati ve  hum id i ty of  (25  ±  5)  %  RH .  

The  test  sample  shou ld  have  an  i n tact  clean  su rface.  As  any so lven t  may l eave  conductive  
rests  on  the  surface  i t  i s  best  to  clean  the  su rface  wi th  a brush  on l y.  Th is  i s  especial l y 
important  i n  cases  where  the  su rface  i s  treated  wi th  special  an t is tat ic  agents.  

I f ,  however,  f i ngerprin ts  or  o ther d i rt  i s  vis ib le  on  the  surface  and  no  special  an t istatic  agents  
are  used  on  the  su rface  the  test  sample  shou ld  be  cl eaned  accord ing  to  G . 2. 4.  

G.1 0.5  Procedure  

Al l  i nsu lat ing  parts  of  the  test  sample  shou ld  be  tested .  Conductive  parts  shou ld  be  earthed  
duri ng  testing  i f  earth ing  i s  ensured  during  use.  

The  test  i s  conducted  as  fo l l ows:  

a)  The  correct  operati on  of  the  measuring  system  shou ld  be  confi rmed  e. g .  by test  pu lses  of  
approximatel y 50  nC  from  a spherical  e lectrode  at  the  i npu t  of  a  cal i brated  e lectrostatic  
vo l tmeter of  known  i npu t  capaci tance  (e. g .  1 0  pF)  and  known  appl i ed  vo l tage  (e. g .  5  kV) .  
Al ternati vel y,  a  very short  connection  of  a  1 , 5  V battery ( typical l y 1 , 65  V)  to  the  i npu t  of  a  
cou lombmeter ( typical l y 1 00  nF  i npu t  capaci tance)  shou ld  d isplay the  transferred  charge  
( typical l y 1 65  nC) .  

b)  Check the  test  steps  3  to  1 2  wi th  the  reference  PTFE d isk and  veri fy that  at  l east  1 00  nC  
i s  obtained.  

c)  Rub the  test  sample  wi th  a material  from  the  pos i t i ve  end  of  the  tri boelectri c  series .  Wh i ls t  
rubbing  at  l east  one  s troke  per second  wi th  medium  force  (approximatel y 40  N ) ,  i n  
d i rection  away from  the  test  person .  The  test  su rface  shou ld  not  be  contacted  wi th  the  
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bare  hand.  Rubbing  shou ld  con tinue  for  (1 0  ±  1 )  s  and  shou ld  be  term inated  wi th  a  hard  
rubbing  stroke.  

NOTE  The  med ium  force  of  40  N  may be  contro l l ed  by a  we i gh i ng  mach ine.  

d)  Grab the  sample  by us i ng  an  i solated  g ri p  to  m in im ize  i nadverten t  d ischarge.  

e)  Li ft  the  sample  carefu l l y at  l east  20  cm  away from  the  table  los i ng  as  l i t t le  charge  as  
poss ible.   

f )  D ischarge  the  sample  as  qu ickl y as  poss ible  by s l owl y moving  the  spherical  e l ectrode  of  
the  measuri ng  equ ipment towards  the  test  sample  un ti l  a  d i scharge  occurs.  Part icu lar  
atten tion  shou ld  be  made to  d ischarge  the  most  hazardous  parts  of  the  sample,  e . g .  g reat  
surface  areas  and  smal l  conducti ve  i tems.  

NOTE  Di scharges  occurri ng  at  gaps  l ess  than  2  mm  for I I A,  1  mm  for I I B  and  0 . 5  mm  for  I I C  are  l ess  
i ncend ive  than  expected  by the i r  transferred  charge  due  to  quench ing  effects  at  the  e l ectrodes.  

g)  Immediatel y remove  the  sample  from  the  vicin i ty of  the  e lectrode.  

h )  Read  the  value  from  the  d isplay or  i n tegrate  the  recorded  curren t  (hori zon tal  sett i ng  
typi cal l y 40  ns/d i v)  and  mu l t ipl y i t  wi th  the  known  cal i brati on  factor.   

NOTE  Experts  advi ce  may be  necessary i f  mu l t i pl e  d i scharges  are  recorded .  

i )  Repeat the  test  n i ne  t imes.  

j )  Repeat s teps  3-9  wi th  a  material  from  the  negati ve  end  of  the  tr i boelectric  series .  

k)  Repeat s teps  3-9  wi th  a  second  material  from  the  pos i t i ve  end  of  the  tri boelectric  series   

l )  Repeat s teps  3-9  wi th  a th i rd  material  or  h i t  the  sample  f i ve  t imes  wi th  the  smooth  part  of  
a  l eather  g l ove,  for  ten  t imes.  

m )  Check whether the  test  sample  con tains  insu lati ng  parts  backed  wi th  a conductor or  i s  
d issipati ve  or  conductive.  I f  yes  con ti nue  wi th  1 6,  i f  no  go  to  s tep  1 4.  

NOTE  Th i s  i s  necessary to  ensu re  that  propagati ng  brush  d i scharges,  wh i ch  damage  the  measu ri ng  
equ i pment,  cannot  occu r.  

n)  Charge  the  sample  by posi t i on i ng  the  corona e lectrode  s l i gh t l y above  the  test  sample  and  
charge  i t  wi th  smal l  c i rcu lar moti on .  Remove the  e l ectrode  after 5  s  far  away from  the  
sample  wh i l e  the  h i gh  vo l tage  i s  s ti l l  appl ied  i n  order to  avoid  back spraying  of  charges  
from  the  charged  sample  to  the  e lectrode.  

NOTE  Ci rcu lar moti on  i s  not  necessary i n  case  of  a  mu l t i -need le  e l ectrode.  

o)  Conti nue  wi th  steps  4  to  9.  

p)  End  of  test.  

G.1 0.6  Acceptance cri teria  

The h ighest  value  of  al l  charg ing  methods  shou ld  be  used  for the  assessmen t procedure.  

The  maximum  al l owed  value  depends  on  the  type  of  the  hazardous  area and  i s  g i ven  i n  Table  
4.  

Charg ing  by corona and  wh ipping  wi th  a  l eather g love  are  strong  charge  generati ng  
processes  comparable  to  mach ine  rubbing ,  charg ing  by e lectrons  i n  the  vic i n i ty of  i on isers  
and  e lectrostatic  spraying  equ ipment  or  charg ing  by s tream ing  l i qu i ds  and  powders.  

G.1 0.7  Test  report  

The test  report  shou ld  i nclude  at  l east  the  fo l l owing  i n formation :  

– measuring  l aboratory,   

– date  of  measurement,   

– temperature  and  re lati ve  hum id i ty,  



IEC TS  60079-32-1 :201 3+AMD1 :201 7  CSV – 1 65  – 
© I EC  201 7  

– descripti on  and  identi f icati on  of  the  sample,   

– type  of  c l othes  used,  

– corona vo l tage,  

– maximum  values  obtained,  

– number of  measurements ,  

– maximum  value  obtained  wi th  the  reference  sample,  

– i denti f ication  of  the  used  i nstrumentati on ,  

– date  of  i ts  most  recen t  as  wel l  as  i ts  next  cal ibrati on ,   

– number of  th is  s tandard .  

I f  resu l ts  on  corona charg ing  and  wh ipping  wi th  a  l eather g love  have  been  d iscarded ,  i t  shou ld  
be  stated  that  the  test  sample  may not  be  used  i n  the  presence  of  charge  generating  
processes  s tronger than  manual  rubbing .  

G.1 1  Igni tion  test   

G.1 1 . 1  General  

A second  poss ibi l i ty to  evaluate  the  i ncendivi ty of  provoked  d ischarges  under worst  case  
cond i t i ons  are  experiments  wi th  an  i g n i t i on  probe  producing  a def ined  explos ive  atmosphere  
i n  the  reg ion  of  the  provoked  d ischarges.  A su i table  d ischarge  probe  i s  described  i n  
IEC 61 340-4-4  (F igures  G .4  and  G . 5) .   

An  equ ipment  other than  that  speci fi ed  may be  used  i f  i t  reproduces  the  pri nciples  of  the  test  
and  can  g i ve  comparable  resu l ts .  

G.1 1 .2  Apparatus  

The i gn i t i on  probe  accord ing  to  I EC  61 340-4-4  i s  a  cyl i nder made  from  ri g id  non-conductive  

material  such  as  po l ycarbonate  or acryl i c  wi th  an  in ternal  d i ameter of  (70  ±  5 )  mm  and  an  

i n ternal  leng th  of  ( 1 00  ±  5)  mm  (Figure  G .  4) .  The  material  used  for constructing  the  probe  
shou ld  be  of  su ffi ci en t  th ickness  and  streng th  to  wi thstand  repeated  i gn i t i on  wi thout  cracking ,  
d istorti ng  or  otherwise  fai l i ng .  

One  end  of  the  cyl i nder i s  closed  apart  from  a central  port  to  al low the  in f l ow of  the  f l ammable  
gas.  The  s i ze  of  the  in let  port  i s  not  cri ti cal  bu t  shou ld  be  l arge  enough  to  al l ow the  requ i red  
f low rate  to  be  ach ieved  wi thou t  excess ive  pressure  bu i l d-up.  A su i table  f l ame arrestor shou ld  
be  i nstal l ed  i n  the  gas  suppl y l i ne  as  c l ose  as  possible  to  the  i gn i t i on  probe.  

A metal  p late  i s  f i tted  to  the  other end  of  the  cyl i nder to  form  a f i xi ng  base  for the  d ischarge  

e lectrode  (Figure  G .5) .  The  metal  p late  i s  dri l l ed  wi th  ho les,  (5  ±  1 )  mm  i n  d iameter  to  al low 
the  un i form  f low of  gas  th rough  i t  and  around  the  d ischarge  e lectrode.  

A spherical  metal  e lectrode  of  d i ameter (20  ±  5 )  mm  is  moun ted  central l y to  the  metal  p late .  
The  e lectrode,  metal  p late  and  any other metal  or  conductive  material  i n  the  i g n i t i on  probe  are  

connected  to  a common  po in t  earth  via  a l ow impedance  (<1 0  Ω)  connecti on .  The  earth  po in t  
shou ld  be  the  common  poin t  earth  for local  s tructures  and  equ ipmen t.  The  common  earth  
po in t  may be  connected  to  the  e lectric i ty suppl y earth .  The  connection  between  the  e lectrode,  
the  metal  p late  and  the  earth  connector shou ld  be  su ff icientl y robust  to  wi thstand  physical  and  
thermal  impacts.  The  e lectrical  con tinu i ty between  the  d ischarge  e lectrode  and  the  earth  
connector shou ld  be  checked  pri or  to  use.  

The  i gn i t i on  probe  i s  f i l led  wi th  g lass  or porcelai n  beads,  nom inal l y 1  mm  to  2  mm  d iameter,  
wh ich  are  retained  by a  f ine  metal  gauze  or mesh  at  e i ther end  of  the  main  cyl i nder.  The  
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beads  ass is t  i n  the  m ixi ng  of  the  gases  and  also  con tribu te  to  preven ting  propagation  of  any 
f lame back through  the  probe.  

An  ad j ustable  shroud  made  from  i nsu lati ng  material  i s  f i tted  to  the  cyl i nder  to  d i rect  gas  over  
the  d ischarge  e lectrode  and  i n to  the  reg ion  i n  fron t  of  the  d ischarge  e lectrode  where  

e lectrostatic  d ischarges  take  place.  The  open ing  i n  th is  shroud  i s  (40  ±  5)  mm .  

The  f lammable  gas  i s  generated  by m ix ing  the  test  gas  (m in imum  99,5  % puri ty)  wi th  ai r.  The  

ai r  used  shou ld  con tain  (21 , 0  ±  0 , 5)  % oxygen  and  (79, 0  ±  0 , 5)  % n i trogen .  The  gas  con trol  
and  m ixing  apparatus  i s  used  to  d i rect  the  gas  i n  the  appropriate  proport i ons  to  the  i g n i t i on  
probe.  The  volume concentrati ons  of  the  test  gas  used  are  shown  i n  Table  G . 1 .  

Table  G . 1  – Volume concentrations of  f lammable gas mixtu res  

Test  g as  Volume concentration  M in imum  i gn i tion  energ ya  Explosion  g roup  

Hydrogen  (22, 0  ±  0 , 3 )  %  i n  ai r  0 , 01 6  mJ  I I C  

Ethylene  (8, 0  ±  0 , 1 )  %  i n  ai r  0 , 082  mJ  I I B  

Propane  b  (5 , 2  ±  0 , 1 )  %  i n  ai r  0 , 25  mJ  I I A  

a  See  C. 6.  

b  See  EN  50050.  

 

The contro l  of  the  gas  m ixture  wi th in  the  speci f i ed  to lerances  shou ld  be  checked  us i ng ,  for  
example,  an  i n fra-red  gas  anal yzer  sampl i ng  the  gas  m ixtu re  suppl y l i ne .  

I f  a  gas  m ixture  other than  that  speci f ied  i n  Table  G . 1  i s  used ,  the  m in imum  ign i t ion  energy of  
the  gas  m ixtu re  shou ld  be  veri f i ed  us ing  the  ASTM  E582-88  method .  

I t  i s  conven ien t  to  use  compressed  gas  cyl i nders  for  the  gas  suppl y,  bu t  o ther sources  of  
suppl y may be  used .  I f  necessary,  molecu lar s ieve  f i l ters  shou ld  be  used  to  ensure  the  gases  
have  l ow moistu re  content.  Th is  i s  part icu larl y importan t,  for  example,  when  us i ng  ai r  d i rectl y 
from  a compressor.  

Each  gas  suppl y i s  con tro l l ed  and  mon i tored  us i ng  f l owmeters  and  valves.  The  combined  

f low-rate  of  al l  gases  th rough  the  i gn i t i on  probe  shou ld  be  (0 , 21  ±  0 , 04)  l /s .  

A fast  acti on  shu t-off  valve  i s  used  to  s top the  f l ow of  test  gas  when  i gn i t i on  occurs.  The  shu t-
off  valve  shou ld  s top  the  suppl y of  test  gas  wh i lst  l eaving  the  ai r  to  f low free l y to  provide  
cool i ng  and  dryi ng  of  the  i gn i t ion  probe  after i gn i t i on  has  occurred .  The  type  and  l ocation  of  
the  shu t-off  valve  shou ld  be  se lected  as  appropriate  to  the  speci fi c  desi gn  of  the  overal l  
apparatus.  
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1 00 ±  5 

∅70 ±  5 

∅40 ±  5 

35 ±  5 

∅20 ±  5 

 

IEC   2183/13 
 

Dimensions in millimetres 

 

Key  

1  d i scharge  e l ectrode  

2  ad justable  sh roud  made  from  i nsu lati ng  material  
    (e . g .  po l ycarbonate  or  acryl i c)  

3  cyl i nder made  from  i nsu lat i ng  material  
     (e . g .  pol ycarbonate  or acryl i c)  

4  perforated  metal  p l ate   
    (2mm  nom inal  th i ckness)  

5  f i ne  metal  mesh  or gauze  
     (e . g .  copper)  

6  beads  (e. g .  g l ass  or  porcelai n ) ,  
     1 –2  mm  d iameter (nom inal )  

7  robust  earth  connecti on  

8  earth  connector  

9  i n l et  port  fo r  f l ammable  gas  

Figure G .4  – Ign i tion  probe   
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1  
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20 ±  1  35 ±  1  50 ±  1  

IEC   2184/13 
 

Dimensions in millimetres 

Key 

1  perforati on  (5  ±  1 )  mm  d iameter  

2  moun ti ng  hole  for d i scharge  e l ectrode  

3  screw for  securi ng  pl ate  to  body of  i g n i t i on  probe  

Figure G .5  – Perforated  plate of  i gn i tion  probe  

G .1 1 .3  Procedure  

I gn i t i on  tests  are  carri ed  ou t  by bri ng ing  the  i g n i t i on  probe  close  to  the  charged  test  sample  
wi th  the  f l ammable  gas  m ixture  f lowing  th rough  the  probe.  The  same test  procedure  as  
described  i n  G . 1 0 . 4,  s teps  2  to  1 6,  shou ld  be  execu ted  except  that  the  numbers  of  test  
sequences  shou ld  at  l east  be  doubled  to  compensate  s tati st i cal  scatters.  

G.1 1 .4  Acceptance  cri teria  

Any ig n i t i on  occurri ng  shou ld  be  regarded  as  product  fai l u re  for the  explosion  g roup g iven  by 
the  speci fi c  gas  m ixtu re.  

Charg ing  by corona and  wh ipping  wi th  a l eather g love  are  strong  charge  generating  
processes  comparable  to  mach ine  rubbing ,  charg ing  by e lectrons  i n  the  vic i n i ty of  i on isers  
and  e lectrostatic  spraying  equ ipment  or  charg ing  by s tream ing  l i qu i ds  and  powders .   

G.1 1 .5  Test  report  

The  test  report  shou ld  i ncl ude  at  l east  the  fo l l owing  i n formation :  

– measuring  l aboratory,   

– date  of  measurement,   

– temperature  and  relat i ve  hum id i ty,  

– descripti on  and  identi f ication  of  the  sample,   

– type  of  c l othes  used,  

– corona vo l tage,  
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– i gn i ti on  test  resu l ts ,   

– number of  non  i gn i t ions  obtained,  

– i gn i t i on  was  obtained  wi th  the  reference  sample,  

– i den ti f ication  of  the  used  i nstrumentati on ,  

– date  of  i ts  most  recen t  as  wel l  as  i ts  next  check,   

– number of  th is  s tandard .  

G.1 2  Measuring  of  charge decay 

G.1 2. 1  General  

Another possibi l i ty to  evaluate  the  chargeabi l i ty of  a  material ,  and  one  that  i s  preferable  for  
garments,  i s  measuri ng  o f  i ts  charge  decay accord ing  to  I EC  61 340-2-1 .  

NOTE  I n  Eu rope,  the  method  described  i n  EN  1 1 49-3  i s  used  to  determ ine  charge  decay from  personnel  
protecti ve  c l oth i ng .   

G.1 2.2  Principle  

The material  i s  charged  by corona and  the  decay of  i ts  su rface  equ ivalent  vo l tage,  measured  
wi th  a f i e l d  meter,  i s  recorded  i n  between  a  g i ven  vo l tage  i n terval .  

G.1 2.3  Apparatus  

An  example  of  the  apparatus  i s  shown  i n  F i gure  G .6.  The  test  aperture  for depos i t i on  and  
measurement of  deposi ted  charge  shou ld  be  50  mm  d iameter or  an  equ ivalent  area quas i -
square  apertu re.  Al l  the  corona po in ts  are  moun ted  i n  a  1 0  mm  d iameter  ci rcle  on  a  movable  
plate  1 0  mm  above  the  cen tre  of  the  test  apertu re.  The  f i el dmeter sens ing  apertu re  shou ld  be  
25  mm  above  the  cen tre  of  the  test  area.  When  the  p late  wi th  the  corona po in ts  i s  moved  fu l l y 
away,  the  test  area shou ld  be  c lear  up  to  the  p lane  of  the  f ie ldmeter  sens ing  apertu re.  

The  f i el d  meter shou ld  be  a  f ie l d-m i l l  type  of  i nstrument able  to  measure  the  su rface  vo l tage  
wi th  an  accuracy of  5  V to  be low 40  V wi th  a respond  t ime  (1 0  % to  90  %)  below 1 0  ms.  The  
stabi l i ty of  zero  shou ld  al l ow measurements  of  surface  vo l tage  wi th  th is  accuracy over the  
l ongest  decay t imes  to  be  measured .  Any rest  i on i zati on  i n  the  measuri ng  chamber shou ld  be  
l ess  than  1 0  V wh ich  can  be  evaluated  wi th  fu l l y conducti ve  garments .  

The  f ie ld  meter shou ld  be  connected  to  a Personal  Computer or  an  osci l loscope  to  record  
charge  decay.  

NOTE  More  detai l s  abou t  th i s  measuri ng  procedure  and  d rawings  of  the  necessary apparatus  can  be  found  i n  
I EC 61 340-2-1 .  
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Dimensions in millimetres 

Key  

1  1 0  mm  d iameter c i rcl e  of  corona poi n ts  

2  Fi el dmeter sens i ng  apertu re  

3  Movable  pl ate:  

– i nsu lati ng  plate:  to  moun t  corona po i n ts  ( res i stance  to  g round  >  1 0
1 4
 Ω )  

– earthed  top  su rface:  to  sh i el d  f i e l dmeter  

4  Earthed  cas i ng  

5  Sample  

6  Open -sh i e l ded  backing  

NOTE  Al l  d imens ions  are  nom inal .  

 

Figure G .6  – Example  of  an  arrangement  for  measurement  of  charge decay 

G .1 2.4  Test  sample  

The sample  i s  typical l y a  garment material  of  at  l east  60  mm  in  d iameter.  Remove  any l oose  
dust  by gen tl y brush ing  or bl owing  wi th  c lean  ai r.  Further cl ean ing  shou ld  on l y be  done  i f  th i s  
i s  agreed  to .  However,  do  not  test  obvious l y contam inated  parts.  

The  atmosphere  for cond i t i on i ng  and  test ing  shou ld  be  (23  ±  2 )  °C  and  (25  ±  5)  % re lat i ve  
hum id i ty.  The  cond i t i on i ng  t ime  pri or  to  the  testi ng  shou ld  be  at  least  48  h ,  or  as  otherwise  
ag reed .  

G.1 2.5  Procedure  

The test  procedure  i s  as  fo l l ows:  

a)  Clamp the  garment  i n  the  apparatus .  

b)  Move  the  m idd le  plate  so  that  the  corona po in ts  are  effecti vel y p laced  and  the  f i e ld  meter  
i s  sh ielded .  
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c)  Appl y 5  kV to  1 0  kV negati ve  on  the  corona po in ts  for ( 1  ±  0 , 5)  seconds.  

d )  Remove the  m idd le  p late  so  that  the  f i e ld  meter can  measure  the  equ ivalen t  surface  
poten tial  of  the  probe.  

e)  Measure  the  charge  decay from  the  i n i t i al  vo l tage  to  the  agreed  l ower vo l tage  l evel .  

f)  Repeat  s teps  b)  to  e)  two  t imes  on  d i fferen t  l ocations.  

g )  Repeat  s teps  a)  to  f)  wi th  pos i t i ve  polari ty.  

G.1 2.6  Acceptance cri teria  

Acceptable  decay t ime  i s  dependent  on  the  charg ing  processes  i nvolved  i n  the  appl icati on .  
For manual  processes  where  charg ing  i s  dependent  on  human  acti vi ty,  a  decay t ime  from  
1  000  V to  1 00  V i n  about  1  s  to  2  s  i s  general l y acceptable.  Where  charg ing  currents  are  
h igher,  shorter  decay t imes  may be  requ i red .  

G.1 2.7  Test  report  

The test  report  shou ld  i ncl ude  at  l east  the  fo l l owing  i n formation :   

– measuring  l aboratory,   

– date  of  measuremen t,   

– temperature  and  re lat i ve  hum id i ty,  

– descript i on  and  i denti f i cati on  of  the  sample,   

– test  resu l ts ,   

– appl ied  corona vol tage   

– charg ing  t ime,  

– i den ti f i cation  of  the  used  i nstrumentati on ,  

– date  of  i ts  most  recen t  as  wel l  as  i ts  next  cal ibrati on ,   

– number of  th is  s tandard .  

G.1 3  Breakthrough  vol tage 

G.1 3. 1  General  

The e lectrical  breakthrough  vol tage  shou ld  be  measured  accord ing  to  the  short- t ime  (rapid  
ri se)  test  i n  I EC  60243-1  wi th  the  add i t ional  requ i rements  of  I EC  60243-2  for DC  testi ng .  

G.1 3.2  Principle  

The test  sample  i s  p laced  between  two  metal  e lectrodes.  A DC vo l tage  i s  appl ied  and  
i ncreased  un t i l  breakthrough  occurs.  

G.1 3.3  Apparatus  

I n  cases  of  p lates,  d i scs  and  sheets,  the  sample  i s  p laced  between  two  metal  cyl i nders .  

Accord ing  to  I EC 60243-1 ,  the  f i rs t  i s  (25  ±  1 )  mm  in  d i ameter,  (25  ±  1 )  mm  in  he igh t,  pressed  

wi th  1  kg  on  the  sample,  and  the  second  one  (75  ±  1 )  mm  in  d i ameter,  ( 1 0  ±  1 )  mm  in  he igh t  
(Fi gure  G . 7) .  The  edges  of  the  metal  cyl i nders  shou ld  be  rounded  wi th  a  rad ius  of  

(3  ±  0 , 2)  mm  to  avoid  corona d ischarges.  I n  the  case  of  smal l  hoses  the  electrodes  shou ld  be  
a metal  rod  cl osel y i n  con tact  wi th  the  ins i de  of  the  hose  and  a metal  fo i l  tape  at  the  ou ter 
s i de  of  the  specimen .  
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Figure G .7  – Electrodes  for measuring  breakthrough  vol tage of  sheets  

The e lectrodes  are  connected  to  a DC  HV generator wi th  cal i brated  vo l tage  and  cu rrent  
d isplays.  For normal  e lectrostatic  pu rposes,  a  maximum  vol tage  of  20  kV i s  su ffi ci ent.  
However,  i n  the  case  of  tube  test i ng  a maximum  vo l tage  of  1 20  kV i s  necessary.  

G.1 3.4  Test  procedure  

The test  procedure  i s  as  fo l l ows:  

a)  Accl imate  the  samples  at  (23  ±  2 )  °C  and  (25  ±  5 )  % re lati ve  hum id i ty except  when  other  
cond i t i ons  have  been  agreed .  

b)  P lace  a  sample  between  the  e lectrodes  i n  the  same cl imate.  

c)  Appl y a DC vo l tage  between  the  e lectrodes  and  s lowl y i ncrease  i t  from  0  V at  a  rate  of  
1 00  V/s.  

d )   Mon i tor the  current  mon i tored  th rough  th is  procedure.   

e)  Stop  the  test  and  record  the  actual  vo l tage  i f  e i ther  a  rapid  i ncrease  of  cu rren t,  often  
together  wi th  a bang  and  smoke,  occurred ,  or  an  agreed  upper l im i t  o f  the  curren t  i s  
reached.  

f)  I f  the  ou tpu t  current  of  the  DC power suppl y reaches  1  mA before  the  e lectrode  vo l tage  
reaches  4  kV (6  kV in  case  of  fabrics) ,  the  material  under test  shou ld  be  deemed  to  have  
a su fficient  l ow breakthrough  vo l tage.  

NOTE  More  detai l s  abou t  th i s  measuri ng  procedu re  can  be  found  i n  I EC  60243-1  and  I EC  60243-2.  

G.1 3.5  Acceptance cri teria  

The maximum  al lowed  value  depends  on  the  type  of  the  hazardous  area and  i s  g i ven  i n  
6. 3. 4. 3  and  9. 6. 1 .  

G.1 3.6  Test  report  

The test  report  shou ld  i nclude  at  l east  the  fo l l owing  i n formation :  

– measuring  l aboratory,   

– date  of  measurement,   

– temperature  and  re lati ve  hum id i ty,  
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– descripti on  and  identi f icati on  of  the  sample,   

– median  breakthrough  vo l tage  or  reach ing  1  mA l im i t,  whatever  i s  appl icable.  

– i denti f i cation  of  the  used  i nstrumentation ,  

– date  of  i ts  most  recen t  as  wel l  as  i ts  next  cal ibrati on ,  

– number of  th is  s tandard .  
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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
EXPLOSIVE ATMOSPHERES –  

 
Part  32-1 :  Electrostatic  hazards,  gu i dance 

 
FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Comm iss ion  ( I EC)  i s  a  worl dwide  organ i zati on  for  s tandard i zat i on  compri s i ng  
al l  n ati onal  e l ectrotechn i cal  comm i ttees  ( I EC Nati onal  Comm i ttees) .  The  object  of  I EC  i s  to  promote  
i n ternati onal  co-operat i on  on  al l  q uest i ons  concern i ng  s tandard i zat i on  i n  the  e l ectri cal  and  e l ectron i c  f i e l ds .  To  
th i s  end  and  i n  add i t i on  to  other  acti vi t i es ,  I EC  publ i shes  I n ternati onal  Standards,  Techn i cal  Speci f i cat i ons,  
Techn i cal  Reports ,  Publ i c l y  Avai l abl e  Speci f i cat i ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC  
Publ i cati on (s ) ”) .  Thei r  preparat i on  i s  en trusted  to  techn i cal  comm i ttees;  any I EC  Nati onal  Comm i ttee  i n terested  
i n  the  subj ect  deal t  wi th  may part i ci pate  i n  th i s  preparatory work.  I n ternati onal ,  governmental  and  non -
governmental  organ i zati ons  l i a i s i ng  wi th  the  I EC  al so  part i ci pate  i n  th i s  preparat i on .  I EC co l l aborates  cl osel y  
wi th  the  I n ternati onal  Organ i zati on  for  S tandard i zat i on  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
ag reement  between  the  two  organ i zat i ons.  

2)  The  formal  deci s i ons  or  ag reements  of  I EC  on  techn i cal  matters  express,  as  nearl y  as  poss ible,  an  i n ternati onal  
consensus  of  opi n i on  on  the  rel evant  subjects  s i nce  each  techn i cal  comm i ttee  has  represen tati on  from  al l  
i n terested  I EC Nati onal  Comm i ttees.   

3 )  I EC  Publ i cat i ons  have  the  form  of  recommendati ons  for  i n ternati onal  u se  and  are  accepted  by  I EC  Nati onal  
Comm i ttees  i n  that  sense.  Whi l e  al l  reasonable  efforts  are  made  to  ensure  that  the  techn i cal  con tent  of  I EC  
Publ i cati ons  i s  accu rate,  I EC  cannot  be  held  responsi ble  for  the  way i n  wh i ch  they  are  used  or fo r  any  
m i s i n terpretat i on  by any end  u ser.  

4)  I n  order to  promote  i n ternati onal  u n i form i ty,  I EC  Nati onal  Comm i ttees  undertake  to  apply I EC Publ i cati ons  
transparentl y  to  the  maximum  exten t  poss ible  i n  the i r  nati onal  and  reg i onal  publ i cat i ons.  Any d i vergence  
between  any I EC  Publ i cati on  and  the  correspond i ng  nati onal  or  reg i onal  publ i cat i on  shal l  be  c l earl y i n d i cated  i n  
the  l atter.  

5)  I EC  i tsel f  does  not  provi de  any attestati on  of  con form i ty.  I n dependent  cert i f i cati on  bod ies  provi de  con form i ty  
assessment  servi ces  and ,  i n  some  areas,  access  to  I EC marks  of  con form i ty.  I EC i s  not  responsi ble  for  any 
servi ces  carri ed  ou t  by i ndependen t  cert i f i cat i on  bod i es .  

6)  Al l  u sers  shou ld  ensu re  that  they have  the  l atest  ed i t i on  of  th i s  publ i cati on .  

7)  No  l i abi l i ty  shal l  attach  to  I EC  or  i ts  d i rectors,  employees,  servants  o r  agen ts  i ncl ud i ng  i n d i vi dual  experts  and  
members  of  i ts  techn i cal  comm i ttees  and  I EC  Nati onal  Comm i ttees  for  any personal  i n j u ry,  property  damage  or  
other damage  of  any natu re  whatsoever,  whether d i rect  o r  i nd i rect,  or  for  costs  ( i ncl ud i ng  l egal  fees )  and  
expenses  ari s i ng  ou t  of  the  publ i cati on ,  u se  of,  or  re l i ance  upon ,  th i s  I EC  Publ i cati on  or  any other I EC  
Publ i cat i ons .   

8)  Atten ti on  i s  d rawn  to  the  Normati ve  references  ci ted  i n  th i s  publ i cat i on .  Use  of  the  referenced  publ i cati ons  i s  
i nd i spensable  for the  correct  appl i cati on  of  th i s  publ i cat i on .  

9)  Atten ti on  i s  d rawn  to  the  poss ibi l i ty  that  some of  the  e l ements  of  th i s  I EC  Publ i cat i on  may be  the  subject  of  
paten t  ri g h ts .  I EC  shal l  not  be  held  respons ibl e  for  i den t i fyi ng  any or  a l l  such  paten t  ri gh ts .  

DI SCLAIM ER 
Th is  Consol id ated  versi on  i s  n ot  an  offi cial  I EC Stan dard  and  h as been  prepared  for  
u ser conven i ence.  On l y th e cu rren t  versi on s of  th e stan dard  and  i ts  am end m ent(s)  
are  to  be  con sid ered  th e offi ci al  docu men ts.  

Th i s  Consol i dated  versi on  of  I EC TS 60079-32-1  bears th e ed i tion  n u mber 1 . 1 .  I t  
con si sts  of  th e fi rst  ed i ti on  (201 3-08)  [docu m ents 31 /1 033/DTS and  31 /1 076/RVC]  and  i ts  
am end ment  1  (201 7-03)  [d ocu m ents  31 /1 237/DTS an d  31 /1 253/RVC] .  Th e tech ni cal  
conten t  i s  i d entical  to  th e base ed i ti on  and  i ts  am end ment.  

Th is  Fi nal  version  d oes not  sh ow wh ere  th e tech n ical  content  i s  modi fi ed  by 
am end ment  1 .  A separate  Red l i n e  version  wi th  al l  ch an g es h ig h l ig h ted  i s  avai l abl e in  
th is  pu bl ication .  
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The  main  task of  I EC  techn ical  comm i ttees  i s  to  prepare  I n ternati onal  Standards.  I n  
excepti onal  c i rcumstances,  a  techn ical  comm i ttee  may propose  the  publ ication  of  a  techn ical  
speci f ication  when  

•  the  requ i red  support  cannot  be  obtained  for  the  publ ication  of  an  I n ternati onal  Standard,  
despi te  repeated  efforts,  or  

•  the  subj ect  i s  st i l l  u nder techn ical  developmen t or  where,  for  any other reason ,  there  i s  the  
fu ture  bu t  no  immediate  poss ibi l i ty of  an  agreement  on  an  I n ternational  Standard .  

Techn ical  speci f ications  are  subj ect  to  review wi th i n  th ree  years  of  publ ication  to  decide  
whether they can  be  transformed  in to  I n ternati onal  Standards.   

I EC/TS 60079-32-1 ,  wh ich  i s  a  techn ical  speci f ication ,  has  been  prepared  by I EC  Techn ical  
Comm ittee  31 :  Equ ipment for  explos i ve  atmospheres,  and  I EC Techn ical  Comm ittee  1 01 :  
E lectrostatics .  

Th is  publ ication  has  been  drafted  i n  accordance  wi th  the  I SO/IEC  D i recti ves,  Part  2 .  

A l i s t  of  al l  parts  of  the  I EC  60079  series ,  under the  general  t i t le  Explosive atmospheres,  can  
be  found  on  the  I EC websi te.  

The  comm ittee  has  decided  that  the  con ten ts  of  the  base  publ icati on  and  i ts  amendment wi l l  
remain  unchanged  unt i l  the  s tabi l i ty date  i nd icated  on  the  I EC  web s i te  u nder  
"h ttp: //webstore. i ec. ch "  i n  the  data re lated  to  the  speci fi c  publ ication .  At  th i s  date,  the  
publ ication  wi l l  be   

•  reconfi rmed,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i ti on ,  or  

•  amended.  

A bi l i ngual  vers ion  of  th is  publ icati on  may be  i ssued  at  a  l ater date.  
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INTRODUCTION  

This  I EC Techn ical  Speci f ication  i s  based  on  CENELEC TR 50404:2003,  Code of practice for 
the avoidance of hazards due to static electricity and  a number of  o ther  documents :   

•  f rom  the  UK:  BS  5958,  Parts  1  &  2: 1 991 ,  Control of undesirable static electricity,   

•  f rom  Germany:  TRBS  21 53:2009,  Preventing risks of ignition due to electrostatic charges,   

•  from  Shel l  I n ternati onal  Petro leum :  Static electricity – Technical and safety aspects,  

•  from  the  US:  NFPA 77,  Recommended Practice on Static Electricity (2007),  

•  from  Japan :  JN IOSH  TR42,  Recommendations for Requirements for Avoiding Electrostatic 
Hazards in Industry (2007),   

•  f rom  ASTM,  EUROPIA,  I EC,  I n ternational  chamber of  sh ipping ,  I SO etc.  

I t  g i ves  the  best  avai lable  accepted  s tate  of  the  art  g u i dance  for the  avoidance  of  hazards  due  
to  stat ic  e l ectrici ty.  

Th is  document i s  main ly wri tten  for des igners  and  users  of  processes  and  equ ipmen t,  
manufacturers  and  test  houses .  I t  can  also  be  used  by suppl iers  of  equ ipment (e . g .  mach ines)  
and  f l ooring  or  apparel  when  no  product  fam i l y or  ded icated  product  s tandard  exis ts  or  where  
the  existi ng  s tandard  does  not  deal  wi th  e lectrostatic  hazards.  

A second  part,  I EC  60079-32-2,  Electrostatic Hazards,  Tests,  i s  u nder development .  
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EXPLOSIVE ATMOSPHERES –  
 

Part  32-1 :  Electrostatic  hazards,  gu i dance 
 
 
 

1  Scope 

This  part  of  I EC  60079  g i ves  gu idance  about  the  equ ipment,  product  and  process  propert ies  
necessary to  avoid  i gn i t i on  and  e lectrostatic  shock hazards  aris i ng  from  static  e l ectrici ty as  
wel l  as  the  operati onal  requ i rements  needed  to  ensure  safe  use  of  the  equ ipment,  product  or  
process.  I t  can  be  used  i n  a  ri sk assessment  of  e l ectrostatic  hazards  or for  the  preparati on  of  
product  fam i l y or  ded icated  product  standards  for e lectrical  or  non-electrical  mach ines  or  
equ ipment.  

The  hazards  associated  wi th  static  e l ectric i ty i n  i ndustrial  processes  and  envi ronments  that  
most  commonl y g i ve  problems  are  cons idered .  These  processes  i nclude  the  hand l i ng  of  
so l i ds ,  l i qu i ds ,  powders,  gases,  sprays  and  explos ives.  I n  each  case,  the  source  and  nature  of  
the  e lectrostatic  hazard  are  i den ti f i ed  and  speci f i c  recommendations  are  g i ven  for deal i ng  wi th  
them .   

The  purpose  of  th is  document  i s  to  provide  standard  recommendations  for the  contro l  of  static  
e lectrici ty,  such  as  earth ing  of  conductors,  reduction  of  charg ing  and  restri cti on  of  chargeable  
areas  of  i nsu lators.  I n  some cases  stat ic  e l ectric i ty plays  an  i n tegral  part  of  a  process,  e. g .  
e lectrostatic  coati ng ,  bu t  often  i t  i s  an  unwelcome s i de  effect  and  i t  i s  wi th  the  latter that  th is  
gu i dance  i s  concerned.  I f  the  standard  recommendations  g i ven  in  th is  document  are  fu l f i l l ed  i t  
can  be  expected  that  the  r isk of  hazardous  e lectrostatic  d ischarges  i n  an  explos ive  
atmosphere  i s  at  an  acceptabl y l ow l evel .  

I f  the  requ i rements  of  th i s  document cannot  be  fu l f i l l ed ,  al ternative  approaches  can  be  appl i ed  
under the  cond i t i on  that  at  l east  the  same level  of  safety i s  ach ieved.  

Basic  i n formation  abou t  the  generati on  of  undes i rable  static  e lectric i ty  i n  so l i ds,  l i qu i ds ,  
gases,  explos i ves,  and  also  on  people,  together wi th  descripti ons  of  how the  charges  
generated  cause  i gn i t i ons  or e l ectrostatic  shocks,  i s  g i ven  i n  the  annexes  and  i n  
IEC/TR  61 340-1 .  

Th is  Techn ical  Speci fi cati on  i s  not  appl icable  to  the  hazards  of  static  e l ectrici ty re lat i ng  to  
l i gh tn i ng  or to  damage  to  e lectron ic  components .   

Th is  Techn ical  Speci f ication  i s  not  i n tended  to  supersede  standards  that  cover speci f i c  
products  and  i ndustrial  s i tuations.  

2 Normati ve references   

The fo l l owing  documents,  i n  whole  or  i n  part,  are  normati vel y referenced  i n  th is  documen t and  
are  i nd ispensable  for i ts  appl ication .  For dated  references,  on l y the  ed i t i on  c i ted  appl i es .  For 
undated  references,  the  l atest  ed i t i on  of  the  referenced  document  ( i nclud ing  any 
amendments)  appl i es .  

IEC 60079-0:201 1 ,  Explosive atmospheres – Part 0: Equipment – General requirements  

I EC  60079-1 0-1 ,  Explosive atmospheres – Part 10-1: Classification of areas – Explosive gas 
atmospheres  
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IEC 60079-1 0-2 ,  Explosive atmospheres – Part 10-2: Classification of areas – Combustible 
dust atmospheres  

I EC  60079-1 4,  Explosive atmospheres – Part 14: Electrical installations design,  selection and 
erection  

I EC  60079-20-1 ,  Explosive atmospheres – Part 20-1: Material characteristics for gas and 
vapour classification – Test methods and data  

I EC  60079-32-2:201 5,  Explosive atmospheres – Part 32-2: Electrostatic hazards – Tests 

IEC  60093,  Methods of test for volume resistivity and surface resistivity of solid electrical 
insulating materials  

I EC  601 67,  Methods of test for the determination of the insulation resistance of solid 
insulating materials  

I EC  61 340-2-3,  Electrostatics – Part 2-3: Methods of test for determining the resistance and 
resistivity of solid planar materials used to avoid electrostatic charge accumulation  

I EC  61 340-4-1 ,  Electrostatics – Part 4-1: Standard test methods for specific applications – 
Electrical resistance of floor coverings and installed floors  

I EC  61 340-4-3,  Electrostatics – Part 4-3: Standard test methods for specific applications – 
Footwear 

I EC  61 340-4-4:201 2,  Electrostatics – Part 4-4: Standard test methods for specific applications 
– Electrostatic classification of flexible intermediate bulk containers (FIBC)  

I SO 284,  Conveyor belts – Electrical conductivity – Specification and test method 

ISO 6297,  Petroleum products – Aviation and distillate fuels – Determination of electrical 
conductivity 

ISO 8031 ,  Rubber and plastics hoses and hose assemblies – Determination of electrical 
resistance 

ISO 9563,  Belt drives; electrical conductivity of antistatic endless synchronous belts; 
characteristics and test method 

ISO 1 21 00-1 ,  Safety of machinery – Basic concepts,  general principles for design – Part 1: 
Basic terminology,  methodology 

ISO 1 6392,  Tyres – Electrical resistance – Test method for measuring electrical resistance of 
tyres on a test rig 

ISO 21 1 78,  Light conveyor belts – Determination of electrical resistances 

ISO 21 1 79,  Light conveyor belts – Determination of the electrostatic field generated by a 
running light conveyor belt 

ISO 21 1 83-1 ,  Light conveyor belts – Part 1: Principal characteristics and applications  

ASTM  D257,  Standard Test Methods for DC Resistance or Conductance of Insulating 
Materials 
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ASTM  D2624-07a,  Standard Test Methods for Electrical Conductivity of Aviation and Distillate 
Fuels 

ASTM  D4308-95,  Standard Test Method for Electrical Conductivity of Liquid Hydrocarbons by 
Precision Meter 

ASTM  E582-88,  Standard test method for minimum ignition energy and quenching distance in 
gaseous mixtures 

ASTM  E201 9-03,  Standard test method for minimum ignition energy of a dust cloud in air 

ASTM  F1 50,  Standard Test Method for Electrical Resistance of Conductive and Static 
Dissipative Resilient Flooring 

ASTM  F1 971 ,  Standard Test Method for Electrical Resistance of Tires Under Load On the 
Test Bench 

BS 5958:  Code of practice for control of undesirable static electricity  
Part  1 :  General considerations  
Part  2 :  Recommendations for particular industrial situations 

BS 7506,  Methods for measurements in electrostatics – Part 2 Test methods 

DIN  51 41 2-1 ,  Testing of petroleum products; determination of the electrical conductivity,  
laboratory method 

DIN  51 41 2-2,  Testing of petroleum products; determination of the electrical conductivity; field 
method 

EN  1 081 ,  Resilient floor coverings – Determination of the electrical resistance 

EN  1 1 49-3,  Protecting clothes – Electrostatic properties – Part 3: Test method for measuring 
the charge dissipation 

EN  1 1 49-5,  Protective clothing – Electrostatic properties – Part 5: Material performance and 
design requirements 

EN  1 360,  Rubber and plastic hoses and hose assemblies for measured fuel dispensing 
systems – Specification 

EN  1 361 ,  Rubber hoses and hose assemblies for aviation fuel handling – Specification 

EN  1 3463-1 ,  Non-electrical equipment for potentially flammable atmospheres – Part 1: Basic 
principles and general requirements 

EN  1 41 25,  Underground pipework for petrol filling stations 

EN  1 4973,  Conveyor belts for use in underground installations – Electrical and flammability 
safety requirements 

International Safety Guide for Oil Tankers and Terminals ( ISGOTT) ,  f i fth  ed i t i on ,  I n ternational  
chamber of  sh ipping ,  2006.  

JN IOSH  TR 42,  Recommendations for Requirements for Avoiding Electrostatic Hazards in 
Industry 
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NFPA 77,  Recommended practice on static electricity 

SAE J 1 645,  Surface vehicle recommended practice – Fuel systems and Components – 
Electrostatic Charge Mitigation 

3 Terms and  defin i tions  

For the  purposes  of  th is  document the  fo l l owing  terms  and  defi n i t i ons  apply:  

3.1   
an tistat ic  
conducti ve  or d i ss ipative   

Note  1  to  en try:  Used  to  describe  a  materi al  that  i s  i ncapable  of  retai n i ng  a  s i g n i f i cant  e l ectrostat i c  charge  when  
i n  con tact  wi th  earth .  I n  th i s  con text  the  word  i s  common ly used  to  describe  a  type  of  footwear and  an ti s tati c  
add i t i ves  (ASAs)  for  use  wi th  l i qu i ds .  

Note  2  to  en try:  Preferred  term  i s  conducti ve  or d i ss ipat i ve  depend ing  on  wh i ch  i s  correct.  

3.2   
conductive  
having  a res isti vi ty or  res istance  below the  d iss ipative  range  (see  3. 7)  al l owing  stray current  
arcs  and  e lectrostatic  shocks  to  occur  

Note  1  to  en try:  Conducti ve  material s  or  obj ects  are  nei ther d i ss ipat i ve  nor i nsu l at i ng  and  are  i ncapable  of  
retai n i ng  a  s i g n i f i cant  e l ectrostati c  charge  when  i n  con tact  wi th  earth .  

Note  2  to  en try:  Boundary  l im i ts  for  the  conducti ve  range  are  g i ven  for  sol i d  materi al s ,  enclosures  and  some  
objects  i n  6 . 1  (Tabl e  1 ) ,  and  for  bu lk material s  i n  9 . 1 .  For certai n  i tems,  special  def i n i t i ons  are  main tai ned  i n  o ther  
s tandards  (see  3 . 3 ,  3 . 8  and  3 . 9) .  

Note  3  to  en try:  Product  s tandards  and  other  s tandards  coveri ng  e l ectrostati c  properti es  often  i ncl ude  speci f i c  
defi n i t i ons  of  “conducti ve”  wh i ch  appl y on l y  to  i tems  covered  by those  s tandards  and  may be  d i fferen t  to  the  
defi n i t i ons  g i ven  here.  See  e . g .  I SO 8031  and  I SO 8330  for  h ose  and  hose  assembl i es .  

3.3   
conductive  footwear 
footwear ensuring  that  a  person  s tand ing  on  a conductive  f loor has  a res i stance  to  earth  l ow 
enough  to  ensure  d iss ipati on  of  e lectrostatic  charges  even  i n  particu larl y hazardous  s i tuati ons  
(e. g .  when  hand l ing  sens i t i ve  explos ives)  bu t  not  h i gh  enough  to  preven t  a hazardous  
e lectrical  shock at  vo l tages  l ess  than  500  V  

Note  1  to  en try:  See  I EC  61 340-4-3  and  I EC  61 340-4-5.   

3.4   
conductivi ty  
electrical  conductivi ty  
reciprocal  of  vo lume res i sti vi ty,  expressed  i n  s iemens  per  meter  

3.5   
conductor 
conducti ve  object  

3.6   
contaminated  l iqu id  
l i qu i d  contain ing  more  than  0 , 5  % by vo lume of  free  water or  o ther imm iscible  l i qu ids  or  more  
than  1 0  mg/l  of  suspended  so l ids  
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3.7   
d issipative  
electrostatic  d issipative  
having  an  i n termediate  res ist i vi ty or  res istance  that  l i es  between  the  conductive  and  i nsu lating  
ranges  (see  3. 2  and  3. 1 5)  

Note  1  to  en try:  D i ss ipat i ve  material s  or obj ects  are  nei ther conducti ve  nor i nsu l at i ng  bu t ,  l i ke  conducti ve  i tems,  
safel y  l im i t  con tact  charg i ng  and/or d i ss ipate  even  the  maximum  charg i ng  cu rren ts  associated  wi th  thei r  des i g ned  
appl i cat i on  when  i n  con tact  wi th  earth .  

Note  2  to  en try:  Boundary l im i ts  for  the  d i ss ipati ve  range  are  g i ven  for sol i d  materi al s ,  enclosu res  and  some 
objects  i n  Tabl e  1 ,  and  for  bu lk material s  i n  9 . 1 .  For certai n  i tems,  special  defi n i t i ons  are  main tai ned  i n  other 
s tandards  (see  3 . 3 ,  3 . 8  and  3 . 9) .  

Note  3  to  en try:  Product  s tandards  often  i ncl ude  speci f i c  defi n i t i ons  of  “d i ss ipat i ve”  wh i ch  appl y on l y  to  i tems  
covered  by those  s tandards  and  may be  d i fferent  to  the  defi n i t i ons  g i ven  here.  

3.8   
d issipative  cloth ing  
cloth ing  that  meets  the  material  and  des ign  requ i rements  speci fi ed  i n  EN  1 1 49-5  

3.9   
d issipative  footwear  
footwear ensuring  that  a  person  s tand ing  on  a  conductive  or  d i ss ipati ve  f l oor has  a  res is tance  
to  earth  l ow enough  to  ensure  d iss ipation  of  e lectrostatic  charges  bu t  h i gh  enough  to  prevent  
a hazardous  e lectrical  shock at  vol tages  l ess  than  500  V  

Note  1  to  en try:  See  I EC 61 340-4-3  and  I EC  61 340-4-5.  

Note  2  to  en try:  An ti s tati c  footwear as  descri bed  i n  I SO 20345  may fu l f i l  th i s  fu ncti on .  

3.1 0   
electrostatic  shock 
pathophysio log ical  effect  resu l ti ng  from  an  e lectric  current  caused  by an  e lectrostatic  
d ischarge  pass ing  th rough  human  or an imal  body 

3.1 1   
enclosure  
al l  the  wal ls,  doors,  covers,  cable  g lands,  rods,  spind les ,  shafts,  coati ngs  etc.  wh ich  surround  
and  enclose  equ ipmen t  

Note  1  to  en try:  For e l ectri cal  equ i pment,  the  enclosu re  i s  l i ke l y  to  be  i den ti cal  to  the  enclosu re  defi ned  i n  
I EC  60079-0.  

Note  2  to  en try:  Contai ners,  e . g .  d rums  and  FIBC,  are  not  equ i pment  enclosu res  and ,  therefore,  are  cons idered  
separatel y  i n  9 . 6 .  

3.1 2   
hazardous area  
area i n  wh ich  f l ammable  or  explos i ve  gas/vapour-ai r  or  dust-ai r  m ixtures  or aerosols  are,  or  
can  be,  present  i n  such  quan ti t ies  as  to  requ i re  special  precau tions  against  i g n i t i on  

Note  1  to  en try:  See  I EC 60079-1 0-1 and  I EC 60079-1 0-2.  A  short  summary i s  g i ven  i n  Annex D.  

3.1 3   
h igh  charg ing  
a process  that  generates  a h i gher rate  of  e l ectrostatic  charg ing  than  s imple  manual  
operati ons  

EXAMPLE  Rubbing ,  c l ean ing  wi th  a  c l oth ,  rai s i ng  from  a  seat,  walki ng ,  wipi ng  of  c l othes  etc.  

Note  1  to  en try:  Typi cal  examples  of  h i g h  charg i ng  operat i ons  i ncl ude  e. g .  the  f l ow of  i nsu l at i ng  l i qu i ds  o r 
powders  and  h i g h  vol tage  spray charg i ng .  
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3.1 4   
hybrid  mixture  
an  explos ible  heterogeneous  m ixture,  compris ing  gas  or vapour wi th  suspended  part icu late  
so l i d  or  l i qu i d ,  i n  wh ich  the  total  f l ammable  gas  concentrati on  i s  at  l east  1 0  %  of  i ts  l ower 
f lammable  l im i t  (LFL)  and  the  total  suspended  particu late  concentration  i s  at  l east  1 0  % of  i ts  
m in imum  explos ible  concen trati on  (MEC)  

3. 1 5   
insu lating  
having  a res ist i vi ty or  res istance  that  i s  h igher than  the  d iss ipati ve  range  ( see  3. 7)  

Note  1  to  en try:  I nsu l at i ng  materi al s  o r  objects  are  nei ther conducti ve  nor d i ss ipati ve.  E l ectrostati c  charges  can  
accumu late  on  them  and  do  not  read i l y  d i ss ipate  even  when  they are  i n  con tact  wi th  earth .  

Note  2  to  en try:  Boundary l im i ts  for  the  i nsu lat i ng  range  are  g i ven  for so l i d  material s ,  enclosu res  and  some 
objects  i n  Table  1 ,  fo r bu lk materi al s  i n  9 . 1 .  For  certai n  i tems,  special  defi n i t i ons  are  main tai ned  i n  o ther s tandards  
(see  3 . 3 ,  3 . 8  and  3 . 9) .  

Note  3  to  en try:  Product  s tandards  and  other  s tandards  coveri ng  e l ectrostati c  properti es  often  i ncl ude  speci f i c  
defi n i t i ons  of  “ i nsu lati ng ”  wh i ch  apply on l y to  i tems  covered  by those  s tandards  and  may be  d i fferen t  to  the  
defi n i t i ons  g i ven  here.  See  e. g .  I SO 8031  and  I SO 8330  for  h ose  and  hose  assembl i es.  

Note  4  to  en try:  The  ad j ect i ve  “non -conducti ve”  has  often  been  used  as  a  synonym  for  i nsu lati ng .  I t  i s  avoi ded  i n  
th i s  document  as  i t  cou ld  be  taken  to  mean  e i ther “ i nsu lat i ng ”  or “ i nsu lati ng  o r  d i ss ipat i ve”  and  th i s  may l ead  to  
con fus ion .  

3.1 6   
i solated  conductor 
conducti ve  object  wh ich  can  accumu late  charge  due  to  an  earth  l eakage  resistance  exceed ing  
the  values  g i ven  i n  Table  22  

3.1 7   
leakage resistance  
resistance to  earth  
res istance  expressed  i n  ohms  between  an  e lectrode  in  contact  wi th  the  su rface  to  be  
measured  and  earth  

Note  1  to  en try:  The  res i stance  depends  upon  the  vol ume  or  su rface  res i s t i vi ty  of  the  material s  and  the  d i s tance  
between  the  chosen  po i n t  o f  measurement  and  earth .  

Note  2  to  en try:  One  common  confi g urati on  (e. g .  i n  I EC 61 340-4-1 ,  I SO 1 0965  and  ASTM  F1 50)  uses  a  c i rcu lar 

e l ectrode,  (65  ±5)  mm  i n  d i ameter.  

3.1 8   
min imum  ign i tion  energy 
M IE  
min imum  energy that  can  ig n i te  a m ixtu re  of  a  speci fi ed  f lammable  material  wi th  ai r  or  oxygen ,  
measured  by a  s tandard  procedure  

Note  1  to  en try:  See  ASTM  E582-88  for  g ases  and  vapours,  I EC  61 241 -2-3 ,  ASTM  E201 9-03  and  EN  1 3821  for  
dust  c l ouds.  

3.1 9   
mu l t iphase l iqu id  
mixtu re  of  imm iscible  l i qu ids  that  form  separate  phases  wi th  a d i s ti nct  i n terfacial  boundary,  
and  so l i ds  suspended  i n  l i qu i ds,  and  gas  bubbles  suspended  i n  l i qu i ds  

Note  1  to  en try:  Li qu i d - i n -gas  suspens ions  (m i sts  or  sprays)  are  covered  separatel y .  

3.20   
relaxation  t ime  
time  during  wh ich  the  e lectrostatic  charge  on  a  sol i d  surface  or i n  the  bu lk of  a  l i qu id  or  
powder decays  exponen tial l y to  1 /e  ( i . e.  about  37  %)  of  i ts  ori g inal  value  (see  A. 2. 2)  
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Note  1  to  en try:  For h i gh  charge  generati on  wi th  h i g h  res i s t i vi ty  l i qu i ds,  re l axati on  may be  hyperbo l i c  rather than  
exponenti al .  

3.21   
su rface resistance 
res istance  expressed  i n  ohms  between  two  e lectrodes  i n  contact  wi th  the  surface  to  be  
measured  

Note  1  to  en try:  One  common  confi g urati on  (e . g .  i n  I EC  60079-0  and  I EC 601 67)  uses  paral l e l  e l ectrodes,  1 00  
mm  l ong  and  1 0  mm  apart)  

Note  2  to  en try:  The  su rface  res i stance  i s  dependen t  u pon  the  e l ectrode  con fi g u rat i on .  The  su rface  res i stance  
measured  wi th  the  example  e l ectrode  con fi gu rat i on  i s  ten  t imes  l ower than  the  su rface  res i s t i vi ty.  

Note  3  to  en try:  Soft  conducti ve  rubber s tri p  e l ectrodes  are  preferred  over s i l ver pai n t  e l ectrodes.  

3.22   
su rface resistivi ty  
res istance  across  opposi te  s i des  of  a  surface  of  u n i t  leng th  and  un i t  wid th  commonl y 
expressed  i n  ohms  (or  ohms/square)  

Note  1  to  en try:  Th i s  con fi g u rati on  i s  used  e . g .  i n  ASTM  D257  and  BS  7506-2.  

3.23   
volume resistivi ty  
res istance  of  a  body of  un i t  l eng th  and  un i t  cross-secti onal  area expressed  i n  ohm  metres  

4 Nomenclature  

Electrostatic  safety regu lations  use  many ad jecti ves  to  c lass i fy the  conducting  abi l i ty of  
materials  and  objects.  D i fferen t  regu lations  and  d i fferent  i ndustri es  use  d i fferent  ad jecti ves  
and ,  even  when  the  same ad j ecti ves  are  used ,  thei r  defi n i t i ons  can  vary.  The  nomenclature  
that  i s  systematical l y fo l l owed  in  th is  document  i s  g i ven  here  i n  order  to  avo id  confus ion  and  
to  ass ist  wi th  trans lat i on :  

Sol id  materials  are  c lassi f i ed  as  conducti ve,  d i ss ipative  or  i nsu lati ng  accord ing  to  the i r  
vo lume res isti vi ty (see  3. 2,  3 . 7  and  3 . 1 5) .  Boundary l im i ts  are  g i ven  i n  Table  1 .  

Sol id  objects  and  texti l es  are  class i f i ed  as  conductive,  d iss ipati ve  or i nsu lat ing  accord ing  to  
thei r  surface  or l eakage  res istance,  depend ing  on  appl icati on  (see  3 . 2,  3 . 7  and  3. 1 5) .  
Boundary l im i ts  for  enclosures  and  some objects  are  g i ven  i n  Table  1 .  For  certai n  i tems,  
special  defi n i t ions  are  main tained  in  o ther  standards  (see  3. 3 ,  3 . 8  and  3 . 9) .  

Bulk materials  (powders etc. )  are  class i f ied  as  l ow,  medium  or h i gh  res i sti vi ty accord ing  to  
thei r  vo lume res isti vi ty (see  9. 1  for  boundary l im i ts ) .  

Liqu ids  are  class i f i ed  as  h i gh ,  med ium  or l ow conductivi ty accord ing  to  thei r  e lectrical  
conductivi ty (see  7. 1 . 4  for boundary l im i ts) .   

NOTE  More  detai l s  abou t  e l ectrostati c  propert i es ,  concepts  and  terms  are  g i ven  i n  Annexes  A to  G .  

Resistances  have  main l y been  s tated  i n  exponen tial  form  i n  other documents .  However,  
exponen ts  are  smal l  f i g u res,  and  the  exponen ts  6,  8  and  9  main l y used  i n  e lectrostat ics  are  
eas i l y m isread  i n  pri n ted  or proj ected  documents,  and  even  unreadable  i f  they occur i n  notes .  
For th is  reason  th is  document  uses  SI  pref ixes  instead  of  exponents :  

1 03  Ω  =  1  kΩ  

1 06  Ω  =  1  MΩ  

1 08  Ω  =  1 00  MΩ  
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1 09  Ω  =  1  GΩ  

1 0 1 1  Ω  =  1 00  GΩ  

1 0 1 2  Ω  =  1  TΩ  

Current  i s ,  for  the  same reasons,  also  g i ven  in  SI  pref ixes  instead  of  exponen ts:  

1 0 -3  A =  1  mA 

1 0 -6  A =  1  µA 

1 0 -9  A =  1  nA 

1 0 -1 2  A  =  1  pA 

5 General  

Static  e l ectric i ty occurs  common ly i n  i ndustry and  dai l y l i fe.  Many of  the  effects  are  harm less  
and  e i ther pass  completel y unnoticed  or  are  s impl y a  nu isance,  bu t  s tatic  e lectric i ty can  also  
g i ve  r ise  to  a hazardous  s i tuation .  I n  such  s i tuations,  the  hazard  can  general l y be  reduced  by  
charge  re laxation  (see  Annex  A) .  

Hazards  caused  by e lectrostatic  charge  i ncl ude:  

a)  i gn i ti on  and  /  or  explos ion  of  f l ammable  atmospheres ,  see  I EC  60079-0  and  EN  1 3463-1 ;  

b)  e lectrostatic  shock i n  combinati on  wi th  another hazard  (e . g .  fal l ,  tr ip)  −  see  I SO 1 21 00-1 ;  

c)  e lectrostatic  shock g iving  rise  to  i n ju ry or  death ,  see  I SO  1 21 00-1 ;  

d)  damage  to  e lectron ics  (not  covered  by th is  document) .  

I n  add i t ion ,  s tat ic  e l ectri ci ty can  i n troduce  operati onal  problems  duri ng  manufacturing  and  
hand l i ng  processes,  e. g .  by causing  art i c les  to  adhere  to  each  other,  or  by attracting  dust.  

Static  e l ectrici ty i s  generated  by:  

a)  the  contact  and  separation  of  so l i ds  e . g .  the  movement  of  conveyor bel ts ,  p last ics  f i lm ,  
etc.  over ro l lers ,  the  movement  of  a  person ;  

b)  the  f low of  l i qu ids  or  powders ,  and  the  producti on  of  sprays;  

c)  i nducti on  phenomena,  i . e .  objects  reach  h igh  potential  or  become charged  due  to  being  i n  
an  electric  f i e l d .  

The  accumu lation  of  e l ectrostatic  charge  can  g i ve  r ise  to  hazards  and  problems  i n  a  wide  
range  of  i ndustri es  and  working  envi ronments,  and  to  i gn i t ion  and  explos ion  hazards  
part icu larl y i n  chem icals,  pharmaceuticals,  petro leum  and  food  processing  i ndustri es .  

Because  of  the  l arge  number of  i ndustrial  processes  that  cou ld  be  i nvo lved  i t  i s  not  poss ible  
to  g i ve  detai led  i n formation  re levant  to  al l  of  them .  I nstead,  th is  document attempts  to  
describe  the  problems  associated  wi th  each  process,  and  to  g i ve  advice  on  how to  avo id  
them .  Th is  i n formation  shou ld  enable  the  plan t  operator to  take  whatever precau ti ons  cou ld  be  
necessary to  avoid  i g n i t ions  of  poten tial l y f lammable  atmospheres  and  e lectrostatic  shocks.  

For conven ience  th is  document i s  d i vided  i n to  a number of  clauses .  These  deal  wi th  problems 
associated  wi th  the  fo l l owing :  

a)  the  hand l ing  of  so l ids ;   

b)  the  s torage  and  hand l i ng  of  l i qu i ds;   

c)  the  hand l ing  of  gases  and  vapours;   

d )  the  s torage  and  hand l i ng  of  powders;  

e)  the  s torage  and  hand l i ng  of  explos i ves   
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f)  e lectrostatic  problems  caused  by people;   

g )  avo idance  of  e lectrostati c  shock;   

h )  earth i ng  and  bonding  of  p lant  and  mach inery;  

i )  measuring  methods.  

Th is  document also  contains  some fundamental  i n formation  re lati ng  to  e l ectrostatic  charg ing  
and  i ts  problems.  Th is  i s  con tained  i n  Annexes  A to  G  and  i t  shou ld  enable  the  reader to  
better u nderstand  the  advice  g i ven  and  also  to  extend  the  advice  to  processes  that  have  not  
been  deal t  wi th  i n  the  g u i dance.  

As  th is  document i s  very complex,  correctl y evaluating  the  e lectrostatic  hazards  of  products  
and  processes  may not  be  easy for new readers.  For th is  reason  a un iversal l y appl icable  
i n formative  Annex F  has  been  appended  wh ich  references  the  re levant  sections  of  th is  
document  i n  the  correct  order.  

I t  i s  very se ldom  that  an  e lectrostatic  hazard  can  be  treated  by i tsel f .  Precau tions  against  
e lectrostatic  hazards  shou ld  be  i n  add i t i on  to  other precau tions ,  e . g .  explos ion  protecti on .  
They shou ld  also  be  cons isten t  wi th  precau tions  taken  to  avo id  other hazards  that  may be  
present,  such  as  i g n i t i ons  due  to  other  causes,  and  toxici ty.  I t  i s  importan t  that  al l  sources  of  
ri sk i n  a  system  of  work are  cons idered  and  that  a  balanced  approach  to  safety that  covers  al l  
ri sks  i s  adopted .  I n  parti cu lar,  care  shou ld  be  exercised  i n  the  provis ion  of  earth ing  systems 
where  they can  i n terfere  wi th  other protecti ve  systems,  e . g .  cathod ic  protecti on  or i n tri ns ical l y  
safe  e lectrical  equ ipment.  

6 Static  electrici ty in  sol id  materials  

6.1  General  considerations  

Sol i d  materials  are  usual l y characterised  as  i nsu lat i ng ,  d i ss ipative  or  conductive  accord ing  to  
the i r  vo lume  res isti vi ty.  Enclosures  are  usual l y c lassi f i ed  accord ing  to  the i r  surface  res istance  
or res isti vi ty (measured  accord ing  to  I EC  60079-0,  I EC  601 67,  I EC  60093  or I EC  61 340-2-3  or  
equ ivalent  methods) .  Measuri ng  detai ls  wi l l  also  be  deal t  wi th  i n  I EC  60079-32-2 1 .  The  two  
surface  c lass i f i cations  are  equ ivalent  because  the  surface  res isti vi ty i s  ten  t imes  h igher than  
the  su rface  resis tance  for the  speci fi ed  electrode  geometries .  For other speci f i c  appl ications  
d i fferent  defi n i t i ons  may be  appl icable  (e . g .  l eakage  res istance  i n  the  case  of  f loors) .  The  
th resholds  most  commonl y used  for  these  purposes  are  shown  i n  Table  1 .  

————————— 
1   To  be  publ i shed.  
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Table  1  – Boundary l imi ts  at  (23  ±  2)  °C  and  (25  ±  5)  % RH  for  the characterisation  
of  sol id  materials  and  examples for  the classi fication  of  objects  

Object  Un i t  
See 

subclause  
Conductive  Dissipativea  I nsu lating a  

Material  
Volume  

Resi st i vi ty  (Ω  m )  
6 . 2. 1  <  1 00  kΩ  m

 
1 00  kΩ  m  to  <  1  GΩ  m  ≥  1  GΩ  m  

Enclosure  

Surface  

Res i stance  (Ω )  
6 . 2 . 1  <  1 0  kΩ  1 0  kΩ  to  <  1 00  GΩ  ≥  1 00  GΩ  

Su rface  

Res i st i vi ty  (Ω )  
6 . 2 . 1  <  1 00  kΩ  1 00  kΩ  to  <  1  TΩ  ≥  1  TΩ  

Clothes  
Surface  

Res i stance,  (Ω )  
1 1 . 5  Not  avai l abl e  <  2 , 5  GΩ  ≥  2 , 5  GΩ  

Footwear  
Leakage  

res i s tance  (Ω )  
1 1 . 3  <  1 00  kΩ

 
1 00  kΩ  to  <  1 00  MΩ  ≥  1 00  MΩ  

Gloves  
Leakage  

res i stance  (Ω )  
1 1 . 6  <  1 00  kΩ

 
1 00  kΩ  to  <  1 00  MΩ  ≥  1 00  MΩ  

Floor 
Leakage  

res i stance  (Ω )  
1 1 . 2  <  1 00  kΩ

 
1 00  kΩ  to  <  1 00  MΩ  ≥  1 00  MΩ  

Pipes  
Resistance  per 

l eng th  (Ω /m )  
7. 7. 2. 1  <  1  kΩ/m  1  kΩ /m  to  <  1  MΩ /m  ≥  1  MΩ /m  

Hosesb  
Resistance  per 

assembly (Ω )  
7. 7. 3. 1  <  1  kΩ  1  kΩ  to  <  1  MΩ  ≥  1  MΩ  

a  Where  l ocal  ambien t  cond i t i ons  are  s i g n i f i can tl y  d i fferent  from  the  s tated  worst  case  test  cond i t i on  of  

(23  ±  2 )  °C  and  (25  ±  5 )  %  RH ,  other test  cond i t i ons  may be  used  after a  carefu l  hazard  evaluat i on .  I n  some 

coun tri es,  especial l y  du ri ng  wi n ter,  a  re l at i ve  hum id i ty  of  ( 1 2  ±  3 )  %  at  (23  ±  2 )  °C  i s  an  appropri ate  test  
envi ronment  for  qual i fyi ng  equ ipment.  As  the  res i stance  of  non -metal s  usual l y  depends  s trong ly  on  the  
measuri ng  vol tage,  the  measuri ng  vo l tages  ( typi cal l y  500  to  1  000  V)  shou ld  be  chosen  to  be  consi s ten t  wi th  
the  pu rpose  of  the  measu rement  and  s tated  wi th  the  test  resu l t .  

b  Accord i ng  to  I SO 8031 ,  the  values  for  hoses  are  measured  at  (50  ±  5 )  %  RH  and  are  the  l atest  ones  taken  
from  Table  1 5  i n  7 . 7. 3 . 1 .  I n  the  past,  s l i gh tl y  d i fferent  val ues  have  been  used  i n  I SO and  CENELEC  
documents.  Other class i f i cati ons  may be  used  by i n dustry s tandards  for  speci f i c  appl i cat i ons  (e . g .  i n  
I SO 8031  conducti ve  hoses  for  i ndustry appl i cati ons,  d i ss ipati ve  an ti s tat i c  hoses  for  au tomobi l e  appl i cati ons )  
wh i ch  does  not  necessari l y  imply e l ectrostat i c  safety.  

 

Enclosure  cri teria  are  to  prevent  tr ibo-charg ing  and  thus  do  not  necessari l y d iss ipate  charge  
deposi ted  from  unspeci fi ed  processes  wi th in  the  enclosure .  

D i fferen t  values  measured  at  50  % RH  have  been  appl i ed  i n  the  past  i n  the  absence  of  a  
dehum id i f i ed  test  chamber and  are  considered  to  err  on  the  safe  s ide.  Th is  approach  has  now 
been  d iscon tinued ,  and  l im i ts  at  50  % RH  are,  except  for  hoses,  g i ven  i n  o ther documents  
on l y.  They shou ld  on l y be  used  i f  an  appropriate  cl imate  i s  not  avai lable .  As  the  chargeabi l i ty 
of  materials  i s  h igher at  20  % RH  compared  to  30  % RH ,  the  former value  of  30  % RH  has  

been  reduced  to  (25  ±  5)  % RH.  A re lat i ve  hum id i ty at  the  l ower part  of  the  i n terval  shou ld  be  
appl ied  during  measuremen ts  whenever  poss ible.  

When  characteri zing  non -homogenous  materials  the  measured  values  shou ld  be  averaged  
and  rounded  to  the  nearest  order of  magn i tude  un less  o therwise  speci f i ed  by the  test  method.  
Non-homogeneous  materials  may exh ibi t  d i fferen t  res ist i vi ty i n  d i fferen t  d i rections  

I nstead  of  measuring  resistance,  the  rate  of  charge  decay may be  used  to  characteri ze  the  
d issipati ve  behaviour  of  c l oth ing  (see  EN  1 1 49-3  and  EN  1 1 49-5) .  

E lectrical l y i nsu lati ng  so l id  materials  are  common l y used  i n  many forms,  i ncl ud ing  pipes,  
con tainers,  sheets ,  coati ngs  and  l i ners .  The  use  of  e lectrical l y i nsu lati ng  so l id  materials  i n  
hazardous  areas  can  g i ve  ri se  to  many e lectrostatic  hazards,  i n  part icu lar:  
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a)  conducti ve  obj ects  cou ld  be  i solated  from  earth  by the  material  and  cou ld  then  reach  a  
h igh  e lectrical  poten tial  and  g i ve  ri se  to  sparks  (see  A. 3 .2) ;  

b)  charges  on  the  su rface  of  the  material  cou ld  l ead  to  brush  d ischarges  (see  A. 3 . 4) ;  

c)  a  combinati on  of  conducti ve  and  i nsu lat i ng  materials  i n  the  presence  of  prol i f i c  charge  
generators  (see  1 2. 3)  cou ld  lead  to  energetic  propagati ng  brush  d ischarges  (see  A. 3. 5) .  

Measures  to  address  these  hazards  are  g i ven  i n  6 . 2 ,  6. 3  and  6. 4.  

I f  i nsu lat i ng  materials  are  used,  a  ri sk assessmen t i s  necessary to  i den ti fy i f  there  i s  any 
process  that  can  l ead  to  d i rect  producti on  of  or  i nd i rect  i nducti on  of  e l ectrostatic  charg ing  on  
i nsu lated  materials  that  are  presen t  i n  the  l ocation .  

6.2  The use  of  conductive or d issipative materials  in  place  of  i nsu lating  ones  

6.2. 1  General  considerations  

I t  i s  general l y good  practice  to  m in im ise  the  use  of  i nsu lati ng  materials  i n  hazardous  areas.  
Wh i le  th is  may be  ach ieved  primari l y by the  use  of  i nherentl y conductive  materials  (e . g .  
metals ) ,  many materials  wh ich  used  to  be  avai lable  on l y i n  i nsu lat i ng  forms  (e. g .  rubbers  or  
p last ics)  are  now avai lable  i n  g rades  wh ich  meet  the  requ i rements  to  be  cons idered  
conducti ve  or d i ss ipative  as  g i ven  i n  Table  1 .  Th is  i ncrease  i n  conductivi ty i s  typi cal l y 
ach ieved  e i ther by add ing  conducti ve  i ngred ien ts  (e. g .  carbon  b lack)  to  i ts  composi t i on ,  or  by 

appl ying  h ygroscopic  agen ts  to  i ts  surface  that  attract  atmospheric  moisture  −  conducti ve  
po l ymers,  l am inates  wi th  conducti ve  e lements  and  metal l i sed  f i lms  have  al l  been  developed  
for improved  stat ic  d iss ipati on .  

I t  i s  importan t  that  such  conducti ve  and  d iss ipative  materials  are  earthed  re l i abl y accord ing  to  
Clause  1 3  and  are  l ong  lasting  accord ing  to  C lause  1 3 .  Also,  i f  conductive  or d i ss ipati ve  
coatings  are  used  to  make  an  i nsu lati ng  material  non -chargeable,  i t  i s  important  that  such  
coatings  are  properl y earthed,  and  that  the i r  durabi l i ty and  su i tabi l i ty for  use  i n  hazardous  
areas  (particu larl y Zone  0  and  Zone  1 )  i s  demonstrated  for the  particu lar app l ication .  

Another consideration  i s  that  the  use  of  a  h i gh  proportion  of  add i ti ves  such  as  carbon  black 
may deg rade  the  phys ical  properties  (primari l y  streng th  and  chem ical  res istance)  of  the  
material .  Th is  may render such  materials  unsu i table  for certain  appl icati ons .  Th is  can  be  
avoided  by us ing  i n tri ns ical l y conductive  po l ymers  as  a conducting  i ng red ient  or  coating .  Care  
shou ld  be  taken  to  ensu re  su ff ic ien tl y h i gh  concen trati ons  of  d i ss ipative  add i t i ves  and  thei r  
un i form  d istribu tion .  

NOTE  I t  i s  not  poss ible  to  determ ine  whether materi al s  may be  d i ss ipati ve  or  conducti ve  by thei r  col ou r.  B l ack 
po l ymers  may not  be  d i ss ipati ve,  and  modern  conducti ve  or d i ss ipat i ve  material s  may be  avai l abl e  i n  a  vari ety of  
colou rs.  

Fabrics,  e. g .  f i l ter  c lo th ,  can  be  made  d iss ipative  by incorporating  s tai n less  steel  or  other 
conducti ve  or d i ss ipative  f ibres  i n  the  fabric.  Care  has  to  be  taken  to  ensure  that,  as  a resu l t  
of  wash ing  or  mechan ical  stress,  the  overal l  conductivi ty of  the  fabric  i s  main tained  and  
i solated  patches  of  conductive  f ibres  are  not  formed.  

6.2.2  Dissipative sol id  materials  

A sol i d  material  i s  def ined  as  d iss ipati ve  i f  i ts  surface  res istance,  su rface  res isti vi ty or  vo lume  
res ist i vi ty meet  the  combined  cri teria  set  ou t  i n  6 . 1 .  

I n  general ,  provid ing  that  d iss ipative  materials  are  connected  to  earth  accord ing  to  C lause  1 3 ,  
no  fu rther protecti ve  measures  need  to  be  taken .  However,  i n  processes  i nvolving  h i gh  speed  
separati on  (e. g .  conveyor and  transm iss ion  be l ts ,  see  6 . 4)  l ower res is ti vi t i es  and  res istances  
can  be  requ i red .  
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NOTE  1  For material s  wi th  res i st i vi t i es  at  the  top  end  of  the  d i ss ipati ve  range  there  wi l l  be  s i gn i f i can t  constrai n ts  
on  the  poss ible  geometry of  a  manufactu red  i tem  i f  the  requ i rements  of  C lause  1 3  are  to  be  met  (e. g .  l ong  pi pes  or  
th i n  f i l aments  wi l l  not  meet  the  earth i ng  requ i rements  wh i l s t  th i n  sheets  wi th  a  l arge  earth  con tact  area wi l l ) .   

I n  some cases,  part icu larl y wi th  p lastic  f i lms  or sheeting ,  a  material  i s  added  to  attract  
atmospheric  mois tu re  to  the  surface,  thus  i ncreas ing  surface  conducti vi ty.  Care  shou ld  be  
taken  where  th is  type  of  d iss ipati ve  plastic  f i lm  or sheeti ng  i s  used  in  l ow hum id i ty cond i t i ons:  

i n  envi ronments  wi th  l ow hum id i ty ( typical l y <30  %) ,  i t  can  become i nsu lati ng  and  accumu late  
e lectrostatic  charge.  

I t  shou ld  be  ensured  that  a  d i ss ipative  coating  cannot  be  washed  away or  rubbed  off  and  
cannot  l ose  i ts  effecti veness  over t ime.  Otherwise  such  a coati ng  wou ld  on l y be  appropriate  
as  a temporary measure  to  reduce  accumu lation  of  static  e lectric  charge.  

D iss ipative  agen ts  used  i n  packag ing  shou ld  be  compatible  wi th  the  product  contained  wi th in  
the  package.  Absorption  of  the  d iss ipative  agents  by product  wi th  wh ich  i t  i s  i n  con tact  may 
cause  product  contam inati on  and  /  or  loss  of  d iss ipati ve  properti es  of  the  package.  

NOTE  2  New s tati c  d i ss ipati ve  add i t i ves  are  avai l able  wh i ch  i ncrease  the  vo l ume res i st i vi ty  and  are,  therefore,  
l ess  sensi t i ve  to  hum id i ty bu t  are  al so  affected  by ag i ng  as  are  other add i t i ves.  

NOTE  3  The  res i stance  of  d i ss ipati ve  material s  made  from  rubber vu l can i zed  wi th  carbon  b lack may i ncrease  wi th  

decreasi ng  temperatu re.  Such  materi al s  may,  for example,  be  d i ss ipat i ve  (~ 1 00  MΩ )  at  20  ˚C  bu t  i nsu l ati ng  

(~ 1 0  TΩ )  at  0  ˚C.  

6.2.3  Earth ing  of  conductive  and  d issipative  i tems  

Al l  metal  and  other conducti ve  or d i ss ipative  material  shou ld  be  connected  to  earth  accord ing  
to  C lause  1 3  wi th  the  excepti on  of  very smal l  i tems.  The  capaci tance  of  i so lated  i tems 
depends  on  thei r  s i ze,  su rrounding  materials  and  proxim i ty to  other conductors  and  may be  
very d i fferent  under i nstal led  or  non- instal led  cond i t i ons.  The  maximum  al lowable  capaci tance  
of  i so lated  i tems  depends  on  the  i g n i tabi l i ty of  the  gases,  vapours  and  dust  expressed  by the  
representati ve  gas  g roups  I ,  I I A,  I I B  and  I IC  ( I EC  60079-20-1 ,  see  D. 3)  or  dust  g roup I I I  
( IEC  60079-0)  and  the  class i f ication  of  the  hazardous  area ( IEC  60079-1 0-1  and  
IEC  60079-1 0-2 ,  see  D . 2)  as  shown  i n  Table  2 ,  taking  accoun t  of  the  fo l l owing :  

a)  Capaci tances  be low 3  pF  need  not  be  earthed  provided  that  the  object  cannot  reach  a  
hazardous  poten tial  and  i s  not  s i tuated  i n  Zone  0  when  gases  or  vapours  belong ing  to  
Group  I IC  are  used.  

b)  I n  Zone  1  where  gases  or vapours  belong ing  to  Group I I A are  used,  and  i n  Zones  20  and  
21  the  maximum  al lowed  i so lated  capaci tance  may be  i ncreased  to  6  pF  provided  h i gh  
charg ing  processes  do  not  occur.  

c)  I n  dust  Zones  20  and  21  and  i n  Group  I  the  maximum  al lowed  i so lated  capaci tance  may 
be  fu rther i ncreased  to  1 0  pF  provided  that  e i ther h igh  charg ing  processes  do  not  occur or  
on l y powders  wi th  m in imum  ign i t i on  energ ies  h igher than  1 0  mJ  are  hand led.  

d )  The  l im i ts  i n  Table  2  are  not  absolu te  values  that  preven t  i ncend ive  d ischarges,  bu t  they 
merel y reduce  the  r isk of  occurrence  to  a  general l y  accepted  low l evel .  

e)  Hand  he ld  devices  and  hand  too ls  are  expected  to  be  earthed  via  the  user.  I n  any case  of  
doubt  the  user  shou ld  ensure  earth i ng  of  the  device  when  working  i n  hazardous  areas.   

f )  People  are  conducti ve  i tems  having  su ffi c ien t  capaci tance  to  produce  an  i ncend ive  
d ischarge.  They,  therefore,  shou ld  be  earthed  accord ing  to  C lause  1 1  before  entering  a  
hazardous  area Zone  0 ,  1 ,  20 ,  21  or  Group  I .  

Capaci tances  shou ld  be  measured  accord ing  to  I EC  60079-0 ,  26. 1 5.  

NOTE  I t  i s  schedu led  to  revi se  th i s  method  and  move  i t  to  I EC  60079-32-2 2.  

————————— 
2  To  be  publ i shed .  



 – 26  – I EC  TS  60079-32-1 :201 3+AMD1 :201 7  CSV 
  © I EC  201 7  

Table  2  – M axi mu m al l owed  i sol ated  capaci tan ce i n  Zones  wi th  explosive atmosph ere  

 G rou p  I  G rou p  I I A G rou p  I I B  G rou p  I I C  G rou p  I I I  Ad d i ti on al  
con d i ti on  

Zon e 0  

1 0  pF  

3  pF  3  pF  

No  i sol ated  
conducti ve  
objects  
al l owed  

-  

No  h i gh  
charg i ng  
processes  

Zon e 1   6  pF  3  pF  3  pF  -  

Zon e 2  No  requ i rements  i f  charg i ng  processes  
capabl e  of  g enerati ng  hazardous  poten ti al s  
are  un l i ke l y  to  occur du ri ng  normal  
operati on  i ncl ud i ng  main tenance  and  
c l ean i ng  

-  

Zon es 20, 21  

M I E  <  1 0  m J  
-  -  -  6  pF  

Zon es 20, 21  

M I E  >  1 0  m J  
-  -  -  1 0  pF  

Zon e 22  

-  -  -  

No  requ i rements  i f  
charg i ng  processes  
capabl e  of  
generati ng  
hazardous  
poten ti al s  are  
un l i kel y  to  occu r 
du ri ng  normal  
operati on  i ncl ud i ng  
main tenance  and  
cl ean i ng  

NOTE  1  The  subd i vi s i ons  are  based  on  the  maximum  experimental  safe  gap (MESG)  or  the  m in imum  i gn i t i on  
cu rren t  rat i o  (MIC  rati o )  of  the  expl os i ve  gas  atmosphere  i n  wh i ch  the  equ i pment  may be  i nstal l ed  (see  
I EC  60079-20-1 ) .  More  detai l s  can  be  found  i n  C. 6  and  D. 3.  

NOTE  2  Manual  rubbing  i s  u sual l y  not  cons idered  to  be  a  h i gh  charg i ng  process.  

 

For d iss ipati ve  materials  wi th  a  surface  resis tance  exceed ing  1 0  GΩ  earth i ng  may not  be  
necessary.  I n  any case  of  doubt  an  add i t ional  test  i s  necessary to  prove  e lectrostatic  safety of  
unearthed  obj ects  (e . g .  6 . 3 . 9) .  

6. 3  Precau tion s requ i red  wh en  u sin g  in su l ati n g  sol i d  m ateri al s  

6. 3. 1  G en eral  

The restricti ons  on  the  use  of  i nsu lat ing  materials  i n  hazardous  areas  depend  on  the  
classi f i cation  of  the  hazardous  area accord ing  to  I EC  60079-1 0-1  and  I EC  60079-1 0-2:  

a)  i n  Zone  0,  i nsu lat i ng  so l i d  materials  shou ld  on l y be  used  i f  charg ing  processes  capable  of  
generati ng  hazardous  potentials  wi l l  not  occur e i ther du ri ng  normal  operation  i ncl ud ing  
main tenance  and  clean ing  or even  in  the  case  of  rare  mal functi ons;  

b)  i n  Zone  1 ,  i nsu lat i ng  so l i d  materials  shou ld  on l y be  used  i f  charg ing  processes  capable  of  
generati ng  hazardous  potentials  wi l l  not  occur e i ther du ri ng  normal  operation  i ncl ud ing  
main tenance  and  clean ing  or i n  the  case  of  l i ke l y mal functions;  

c)  i n  Zone  2,  i nsu lati ng  so l i d  materials  shou ld  on l y be  used  i f  charg ing  processes  capable  of  
generati ng  hazardous  poten tials  are  un l ikel y to  occur during  normal  operati on  i nclud ing  
main tenance  and  clean ing .  

d )  i n  Zones  20,  21  and  22  cons ideration  shou ld  be  g i ven  to  spark,  brush ,  cone,  and  
propagating  brush  d ischarges  (see  A. 3) .  However,  practical  experience,  experimental  
evidence  and  the  absence  of  i nci den ts  i nd icate  that  brush  d ischarges  do  not  i g n i te  even  
i gn i ti on  sensi t i ve  powder cl ouds  i n  the  absence  of  any f lammable  gas  or  vapour.  
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NOTE  1  Syntheti c  fabri cs  used  i n  c l oths  for  c l ean ing  or wipi ng  can  deve lop  su ff i ci en t  s tat i c  e l ectri c  charge  to  
produce  d i scharges  capabl e  of  i gn i t i ng  sol vent  vapou rs .  Typi cal l y,  charge  generati on  i ncreases  wi th  the  speed  and  
vi gou r of  the  wip i ng  act i on .  The  materi al  be i ng  cl eaned  or  wiped,  i f  i nsu l ati ng ,  al so  can  accumu late  su ff i c i en t  
charge  to  produce  an  i ncend i ve  d i scharge.  Cotton  or  syn thet i c  fabri c  treated  wi th  a  s tat i c  d i ss ipati ve  compound  
may be  requ i red  i f  s tati c  e l ectri c  charge  g enerat i on  needs  to  be  con trol l ed ,  especial l y  i f  f l ammable  i nsu l at i ng  
so l vents  are  bei ng  used  for  c l ean ing  or  wip i ng .  

NOTE  2  The  presence  of  con tam inati on  (e. g .  g rease  or  moi s tu re)  may affect  the  potent i al  i gn i t i on  hazard  when  
us i ng  i nsu lati ng  material s .  

NOTE  3  Conducti ve  so l i ds ,  objects  o r l i qu i ds  may form  hazardous  i sol ated  conducti ve  i s l ands  i f  present  on  
charged  i nsu lati ng  su rfaces.  

I n  add i t ion ,  to  prevent  i ncend ive  d ischarges  the  precau ti ons  g i ven  i n  6. 3. 2  to  6 . 3 . 4  shou ld  be  
taken  i n  al l  Zones  where  the  use  of  i nsu lati ng  so l i d  material s  i s  unavoidable.  The  precautions  
g i ven  i n  6 . 3 . 2  to  6. 3. 4  re late  to  the  avoidance  o f  i ncend ive  brush  d ischarges,  that  g i ven  i n  
6. 3. 4  also  re lates  to  propagating  brush  d ischarges.  

6.3.2  Restrictions on  the  size  of  chargeable insu lat ing  surfaces  

Where  the  use  of  chargeable  i nsu lating  material  i n  a  hazardous  area i s  necessary,  the  
maximum  al lowable  s i ze  of  i nsu lati ng  surface  depends  on  the  i gn i tabi l i ty of  the  gases  and  
vapours  expressed  by the  represen tati ve  g roups  I ,  I I A,  I I B,  I I C  ( IEC  60079-20-1 )  or  the  
representati ve  dust  g roup  I I I  ( I EC  60079-0)  and  the  c lass i f i cation  of  the  hazardous  area 
( IEC 60079-1 0-1  and  I EC  60079-1 0-2,  see  D. 2)  as  shown  i n  Table  3 ,  taking  account  of  the  
fo l l owing :  

a)  for  sheet  materials  the  area i s  defi ned  by the  exposed  (chargeable)  area;  

b)  for  cu rved  or  i rregu larl y shaped  obj ects  the  area i s  the  proj ecti on  of  the  object  g i ving  the  
maximum  area;  

c)  for  l ong  narrow materials ,  such  as  cable  sheaths  or p i pes,  the  maximum  s ize  i s  defi ned  by 
the  transverse  d imens ion  ( i . e.  the  d iameter for a  cable  sheath  or p i pe) ;  al though  when  i t  i s  
co i l ed  i t  shou ld  be  treated  as  for a  sheet;  

d )  even  smal l er d iameters  can  be  requ i red  for narrow pipes  or tubes  contain i ng  f l owing  
l i qu i ds  or  powders;  

e)  normal  e lectric  cables  are  usual l y acceptable  i n  al l  zones.  See  I EC  60079-1 4.  Very th ick 
i nsu lat i ng  layers  on  th ick cables  shou ld ,  however,  be  tested  experimental l y  e . g .  accord ing  
to  I EC  60079-0:2007,  26. 1 4.  

NOTE  I t  i s  schedu led  to  revi se  th i s  method  and  move  i t  to  I EC  60079-32-2 3.   

I t  i s  essential  that  non -conducti ve  so l i d  materials  used  in  hazardous  areas  do  not  exceed  the  
maximum  area or wid th  values  g i ven  i n  Table  3  for the  zone  wi th in  wh ich  i t  i s  used  un less  i t  
can  be  experimental l y shown  that  hazardous  electrostatic  charges  are  not  to  be  expected  
(see  6. 3. 9)  or  charg ing  mechan isms  wi l l  not  occur at  any t ime.  An  example  of  the  l ast-named  
case  i s  s igns  or l amps  at  the  ce i l i ng  wh ich  are  normal l y not  exposed  to  any charg ing  
mechan isms.  I n  th is  case,  a  warn ing  “C lean  wi th  a  water-wet  cl oth  on ly and  al low to  dry 
natural l y”  i s  su ffi ci ent  to  avoid  charg ing  when  c lean ing .  

————————— 
3  To  be  publ i shed.  
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Table  3  – Restriction  on  size  of  insu lating  sol id  materials  i n  hazardous  areas  

Zone Group  I  Group  I I A Group  I IB  Group  I IC  Group  I I I  

 
Max 
area 
(mm 2 )  

Max 
wid th  
(mm)  

Max 
area 
(mm 2 )  

Max 
wi d th  
(mm )  

Max 
area 
(mm 2 )  

Max 
wid th  
(mm)  

Max 
area 
(mm 2 )  

Max 
wid th  
(mm)  

Max 
area 
(mm 2 )  

Max 
wid th  
(mm)  

0  

1 0  000  30  

5  000  3  2  500  3  400  1  -  -  

1  1 0  000  30  1 0  000  30  2  000  20  -  -  

2  
No  s i ze  l im i t  (bu t  
see  6 . 3 . 1 )  

No  s i ze  l im i t  (bu t  
see  6. 3 . 1 )  

No  s i ze  l im i t  (bu t  
see  6 . 3 . 1 )  

-  -  

20  21  
22  

-  -  -  -  -  
No  s i ze  l im i t  (bu t  
see  6. 3 . 1 )  

NOTE  1  The  wid th  cri teri on  appl i es  to  th i n  pi pes,  cable  sheaths ,  and  other  i nsu l at i ng  materi al s  having  smal l  
wi d ths  o r d i ameters.  

NOTE  2  Equ ipment  marked  I I B  i s  su i tabl e  for appl i cati ons  requ i ri ng  G roup I I A equ ipment.  S im i l arl y,  equ i pment  
marked  I I C  i s  su i table  for  appl i cat i ons  requ i ri ng  Group  I I A  or G roup I I B  equ ipment.  

NOTE  3  These  border l im i ts  are  al so  used  e. g .  i n  I EC 60079-0,  CENELEC TR 50404,  TRBS  21 53,  JN IOSH  
TR42,  and  BS  5958.  

NOTE  4  The  subd i vi s i ons  are  based  on  the  maximum  experimental  safe  gap  (MESG)  or  the  m in imum  i gn i t i on  
cu rren t  rat i o  (M IC  rat i o )  o f  the  expl os i ve  gas  atmosphere  i n  wh i ch  the  equ i pment  may be  i nstal l ed  (see  
I EC  60079-20-1 ) .  More  detai l s  can  be  found  i n  C. 6  and  D. 3.  

NOTE  5  The  l im i ts  i n  Table  3  are  not  absolu te  val ues  that  prevent  i ncend i ve  d i scharges,  they merel y  reduce  i t  
to  a  general l y  accepted  l ow l evel .  

NOTE  6  The  present  s tate  of  knowledge  i nd i cates  that  there  i s  no  i gn i t i on  r i sk due  to  bru sh  d i scharges  i n  the  
case  of  sens i t i ve  dusts  provid i ng  that  there  are  no  f l ammable  gases  or vapours  (see  Annex A. 3 . 4) .  However,  
charge  generat i on  processes  s tronger than  manual  rubbi ng  may create  i ncend ive  propagati ng  brush  d i scharges  
under certai n  c i rcumstances  (see  6. 3 . 4. 2) .  

 

6.3.3  Earthed  metal  meshes  

The areas  g i ven  in  Table  3  can  be  increased  by a factor of  four by i ncorporati ng  an  earthed  
mesh  (or metal  frame)  i n to  the  i nsu lati ng  so l i d  or  by wrapping  such  a  mesh  around  i ts  surface .  
I n  add i t i on :  

a)  the  l ayer th ickness  above  the  mesh  shou ld  be  restricted  to  the  values  g i ven  i n  6. 3 .4.2  to  
prevent  brush  d ischarges;  and  

b)  propagating  brush  d ischarges  shou ld  be  prevented  accord ing  to  6. 3 . 4. 3 ;  and  

c)  special  care  shou ld  be  taken  to  preven t  or  detect  breaks  wh ich  cou ld  l ead  to  i so lated  
conducti ve  parts  wh ich  presen t  a  g reater e lectrostatic  hazard  than  an  insu lati ng  su rface.  

6.3.4  Insu lating  coatings on  earthed  conductive  surfaces  

6.3.4.1  General  

Layers  or  coati ngs  of  i n su lating  so l ids  on  earthed  conducti ve  su rfaces  ( i n  particu lar metal  
surfaces)  can  g i ve  rise  to  brush  and  / or  propagati ng  brush  d ischarges  depend ing  on  several  
factors .  

6.3.4.2  Avoidance of  brush  d ischarges  

With  regard  to  brush  d ischarges,  practical  experience  shows  that  these  d ischarges  are  
un l ikel y to  be  i ncend ive  i f :  

a)  h igh  e lectrostatic  charg ing  processes  are  avo ided  (e . g .  repeated  f i l l i ng  and  emptying  of  a  
conductive  drum  con tain ing  an  insu lat ing  l i ner) ;  and,  
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b)  the  th ickness  of  the  layer does  not  exceed  a value  of  2  mm  in  the  case  of  gases  and  
vapours  of  g roups  I ,  I I A and  I I B  and  a value  of  0 , 2  mm  in  the  case  of  gases  and  vapours  
of  g roup I I C.  For  dusts  there  i s  no  th ickness  l im i tati on  un less  the  powder l ayer can  form  a 
h igh  res istance  con tinuous  f i lm ,  e. g .  by se l f-pol ymeri zati on  or reacti on  wi th  water.  

NOTE  1  Manual  rubbi ng  i s  u sual l y  not  cons idered  to  be  a  h i gh  charg i ng  process.  

NOTE  2  The  th i nner the  coati ng  the  l ess  i ncend i ve  are  the  brush  d i scharges  created  by manual  rubbing  of  the  
su rface,  and  the  more  i ncend i ve  are  the  propagati ng  brush  d i scharges  created  by s tronger e l ectrostat i c  charg i ng  
processes  on  the  su rface.  

I n  those  cases  no  special  protecti ve  measures  are  necessary wi th i n  hazardous  areas .  
However,  i n  the  case  of  f luorinated  po l ymers  an  experimental  evaluation  of  the  chargeabi l i ty 
i s  recommended,  e . g .  accord ing  to  I EC  60079-0:2007,  26. 1 4.  

NOTE  I t  i s  schedu led  to  revi se  th i s  method  and  move  i t  to  I EC  60079-32-2 4.  

6.3.4.3  Avoidance of  propagating  brush  d ischarges  

Propagating  brush  d ischarges  can  occur  when  h igh  or  repeated  e lectrostatic  charg ing  
processes  act  on  i nsu lati ng  layers  or  coatings  on  conductive  surfaces.  These  d ischarges  can  
be  prevented  by one  or  more  of  the  fo l lowing  measures:  

a)  Avoid  having  th i n  i nsu lat i ng  coatings  on  metals  or  other conducti ve  material s .  Propagati ng  
brush  d ischarges  tend  to  occur wi th  th in  coati ngs;  they can  normal l y be  prevented  by 
having  th icknesses  g reater than  1 0  mm ;  

b)  Reduce  the  surface  or vo lume res isti vi ty of  the  coating .  I t  i s  not  known  precise l y what  
l evels  are  requ i red  to  preven t  the  occurrence  of  propagating  brush  d ischarges,  bu t  the  
values  for d iss ipative  materials  g i ven  i n  Table  1  and  a  l eakage  res istance  l ess  than  

1 00  GΩ  are  known  to  be  su ff ici entl y l ow;  

c)  Use  a coating  wi th  a  l ow d ie lectric  streng th  (breakdown  vo l tage  for sol i d  homogenous  
materials  l ess  than  4  kV,  i n  the  case  of  woven  fabrics  6  kV,  see  A.3 .5) .  Such  coati ngs  
e lectrical l y break down  before  a propagating  brush  d ischarge  can  develop.  The  d ie lectric  
streng th  shou ld  be  measured  accord ing  to  IEC  60243-2  i n  combination  wi th  I EC  60243-1 ,  
or  I EC  60079-32-25 .  

d )  Avoid  h i gh  or  repeated  charg ing  processes  (e . g .  ai r  i ons  i n  the  vicin i ty of  h i gh  vo l tage  
e lectrodes,  h i gh  speed  f l owing  l i qu i ds  and  pneumatic  transfer of  powders,  and  paper or  
p last ic  fo i ls  transported  by mach ines) .   

NOTE  1  Due  to  thei r  s l i gh t  poros i ty,  l ayers  of  so l ven t  o r  water based  pai n t  or  l oose  powder usual l y  have  a  l ow 
breakdown  vo l tage  so  that  propagati ng  brush  d i scharges  are  d i ff i cu l t  to  obtai n  from  such  l ayers.   

NOTE  2  Coati ngs  formed  by  baking  on  an  appl i ed  powder  and  enamel  usual l y  have  too  h i gh  a  breakdown  vo l tage  
to  avoid  propagati ng  brush  d i scharges.   

NOTE  3  Pol ymer f i lms  wh i ch  are  wound  on  to  a  reel  o r are  l i f ted  from  a conducti ve  or i nsu lat i ng  su rface  can  
acqu i re  b i po lar charges  i . e .  equal  and  opposi te  charges  on  the  two  su rface  of  the  f i lm .  Th i s  can  l ead  to  brush  
d i scharges  and  occasional l y  even  to  propagati ng  brush  d i scharges.  

NOTE  4  Manual  rubbi ng  i s  no t  normal l y cons idered  a  h i gh  charg i ng  process.  

6.3.5  Conductive  or d issipative coatings  on  insu lating  materials  

Special  care  i s  necessary when  appl yi ng  a conducti ve  or  d iss ipati ve  coati ng  on  an  i nsu lat ing  
surface  to  ensure  a  un i form  d is tribu tion  of  the  conductive  part ic les .  Non-un i form  d is tribu t i on  
may l ead  to  i so lated  conducti ve  i s lands  wh ich  can  be  charged  eas i l y by i nsu lated  su rfaces  i n  
the i r  vic i n i ty.  Such  i so lated  conducti ve  i s lands  presen t  a  g reater e lectrostatic  hazard  than  an  
i nsu lat i ng  surface.  

Conducti ve  coati ngs  shou ld  be  earthed  as  other conductors  i n  accordance  wi th  Clause  1 3 .  

————————— 
4  To  be  publ i shed.  
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6.3.6  Static  d issipative agents  

Diss ipative  antis tat ic  agen ts  are  frequen tl y used  on  c loth ing  and  f l oors  and  to  i ncrease  the  
conducti vi ty of  l i qu ids  and  materials .  Care  shou ld  be  taken  to  guaran tee  the  presence  of  a  
su ff ici ent  concen trati on  of  these  agents  to  ach ieve  the  des i red  functi on .  For example,  
d issipati ve  agen ts  may become d i l u ted  or washed  ou t.  Therefore,  the i r  effecti veness  needs  to  
be  mon i tored  and  main tained.  Non-m ig ratory permanent  an tis tatic  po l ymer add i ti ves  have  
recen tl y been  developed  to  overcome these  l im i tati ons .  

6.3.7  Humid i fication  

The surface  res is ti vi ty of  some i nsu lat ing  so l i d  materials  can  be  reduced  to  d iss ipative  leve ls  
i f  the  re lati ve  hum id i ty i s  main tained  above  abou t  65  %.  Even  though  damp ai r  i s  not  
conducti ve,  water / moisture  may adsorb on  the  surface  of  many materials  depend ing  on  the  
h ydroscopic  natu re  of  the  material .  Th is  may be  su ffi ci ent  to  prevent  accumu lati on  of  s tat ic  
e lectrici ty,  provided  there  i s  a  su i table  path  to  earth .  

However,  whereas  the  su rface  of  some materials  (e . g .  g lass  or natural  f i bres)  can  adsorb  
enough  moisture  to  ensu re  a  surface  conducti vi ty that  i s  su ff ici ent  to  preven t  accumu lation  of  
static  e l ectrici ty,  other materials  do  not  (e. g .  pol ytetraf luoroethylene  or  po lyethylene)  and  are  
capable  of  accumu lating  a static  e l ectric  charge  even  at  h i gh  re lat i ve  h um id i ty.  Also,  when  the  
hum id i ty fal l s  below about  30  %,  materials  wh ich  are  susceptible  to  hum id i f i cati on  general l y 
return  to  being  h i gh l y i nsu lating .  I ncreas ing  the  re lat i ve  hum id i ty,  therefore,  i s  not  effecti ve  i n  
al l  cases  and,  i n  general ,  i t  shou ld  no t  be  used  as  the  so le  protecti ve  measure.  Th is  i s  
part icu lar  importan t  i n  Zone  0.  

6.3.8  Ion isation  /  Charge Neu tral isation  

6.3.8.1  General  

I on isation  of  the  ai r  i s  a  method  of  making  the  ai r  l ocal l y i on- rich  so  that  charges  on  i nsu lat ing  
so l i d  materials  can  be  neu tral ised.  I t  i s  particu larl y usefu l  for  neu tral is i ng  charge  on  i nsu lati ng  
plastic  sheets  or  f i lms.  Methods  that  may be  employed  i ncl ude  those  g i ven  i n  6 . 3. 8. 2  to  
6. 3. 8 .5 .  Neu tral i sati on  cannot  succeed  i f  the  rate  at  wh ich  charge  i s  generated  exceeds  the  
rate  at  wh ich  i ons  are  suppl ied  to  the  ai r,  or  can  m igrate  to  the  charged  surface,  or  i f  su ffi ci en t  
i ons  of  the  des i red  po lari ty are  not  present .  Consequen tl y,  correct  i nstal lat ion  and  regu lar 
main tenance  i s  essential  for  those  devices,  taking  in to  cons iderati on  factors  that  can  
i n fl uence  thei r  effecti veness  such  as  envi ronmen tal  cond i t i ons  (e . g .  dust  and  temperature)  
and  pos i t i on i ng  of  the  device  i n  re lat ion  to  the  material  processed ,  mach ine  parts ,  and  people.  

The  reduction  of  charge  at  any one  po in t  i n  the  operation  does  not  preven t  generati on  of  
charge  i n  l ater s teps  of  the  process,  so  i on isers  may be  requ i red  at  a  number of  l ocati ons .  
Posi t ion i ng  i s  important,  and  effecti veness  of  i nd i vi dual  i ns tal lat i ons  shou ld  be  conf i rmed  by 
f ie l d  measurement  of  res idual  charge  or  vo l tage.  I n  part icu lar,  for  f i lms  and  sheets  i t  i s  
necessary to  ensure  that  i ons  are  d i rected  at  the  correct  s i de  to  avo id  form ing  a  b i polar  l ayer 
wh ich  cou ld  g i ve  ri se  to  propagating  brush  d ischarges.  

Corona po in ts  remain  functional  on l y as  l ong  as  they are  cl ean  and  sharp.  Accumu lation  of  
con tam inan ts  (e . g .  i nk,  coating  so lu ti on ,  or  paper dust)  and  corros ion  products  shou ld  be  
con trol l ed  by an  effecti ve  main tenance  program .   

I on isers  shou ld  be  selected  by the i r  charge  generation  rate  or  by thei r  charge  decay t ime.  
They shou ld  not  be  used  i n  Zone  1 ,  I I C  un less  the  ri sks  have  been  evaluated  by an  expert .  
Furthermore  they shou ld  not  be  used  in  Zone  0  as  the  on l y safety measure.  

6.3.8.2  Passive ion isers  

Poin ted  e lectrodes  such  as  earthed  sharp needles,  f i ne  wi res  or conducti ve  t i nse l  produce  
corona d ischarges  when  placed  i n  the  e lectric  f i e ld  from  a h i gh l y charged  su rface.  These  
provide  i ons  wh ich  neu tral i ze  the  charge  on  the  body.  Th is  method,  however,  i s  l im i ted  i n  i ts  
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effecti veness  and  may,  i n  add i t i on  produce  d ischarges  i f  passive  i on isers  are  not  properl y 
earthed.  

6.3.8.3  Active  ion isers  

Acti ve  i on isers  produce  ions  by appl yi ng  a h i gh  vol tage  to  a  number of  corona po in ts .  
Commercial  systems  commonl y use  al ternating  vo l tages  i n  the  range  5  kV to  1 0  kV.  The  use  
of  a  h i gh  vo l tage  power suppl y e l im inates  the  l im i tati on  of  pass ive  neu tral i zers  i n  con trol  of  
charges  having  f ie lds  below the  corona onset  th reshold .  The  cu rrents  from  the  corona po in ts  
are  l im i ted  e i ther  by h i gh  res istance  or  capaci t i ve  coupl ing .   

Acti ve  i on isers  shou ld  be  su i table  for the  locati on  in  wh ich  they are  u sed  and  shou ld  be  
des igned  and  constructed  to  preven t  being  a possible  source  of  i gn i t i on .  They requ i re  carefu l  
des ign  to  ensure  that  the  suppl y of  i ons  i s  balanced  wi th  the  requ i rements  of  the  process.  

6.3.8.4  Rad ioactive  /  soft  x-ray ion isers  

Rad ioacti ve  and  soft  x-ray sources  i on ise  the  su rround ing  ai r  and  can  be  used  to  d iss ipate  the  
charges  from  a charged  body.  Such  i on isati on  i tse l f  does  not  present  an  i gn i t ion  hazard  bu t  i s ,  
however,  l im i ted  i n  i ts  effecti veness  (performance  deteriorates  wi th  the  decay of  the  
rad ioacti ve  material ) .   

6.3.8.5  Ion ised  ai r  blowers  

I on ised  ai r  b lowers  us i ng  e i ther h i gh  vo l tages  or rad ioactive  sources  are  used  main l y for 
d issipati ng  charges  from  awkward l y shaped  objects .  However,  the  ion  concen trati on  can  
rapid l y decrease  downstream  due  to  recombination  or adsorption  of  the  i ons  by the  wal ls .  As  
a resu l t,  i t  i s  d i ff icu l t  to  convey the  ion ised  ai r  over l arge  d is tances.  The  parts  contain i ng  the  
h igh  vo l tages  shou ld  be  p laced  in  a  non-hazardous  area un less  they have  been  appropriate l y 
cert i f i ed .  

NOTE  The  funct i on  of  an  i on i ser can  be  tested  by the  method  descri bed  i n  I EC  61 340-4-7.  

6.3.9  Methods to  determine the incendivi ty of  d i scharges  

I f  the  requ i rements  i n  6 . 3 . 2  to  6 . 3 .8  are  not  appl icable,  an  experimental  determ inati on  of  a 
value  for the  i ncend ivi ty of  poss ible  d ischarges  may be  helpfu l .  

One  method  i s  to  charge  the  sample  under  worst  case  cond i ti ons  as  h i gh l y as  possible  (at  
l east  to  the  maximum  level  that  cou ld  occur i n  service)  to  provoke  d ischarges  to  an  earthed  
sphere  approach ing  and  to  pass  such  provoked  d ischarges  th rough  gas  m ixtu res  of  known  
MIE  value.  Th is  method  i s  described  i n  I EC  61 340-4-4.  

The  maximum  charge  transferred  by a d ischarge  i s  often  used  to  g i ve  an  i nd icati on  of  the  
i ncendivi ty of  spark and  brush  d ischarges  i nstead  of  us ing  an  exp los ive  gas  m ixtu re.  Th is  
method  i s  described  i n  I EC  60079-0:2007,  26. 1 4.  Table  4  shows  a summary of  al l  appl icable  
th reshold  l im i ts .  

NOTE  I t  i s  schedu led  to  revi se  th i s  method  and  move  i t  to  I EC  60079-32-2 5.  

Special  care  shou ld  be  taken  to  ensure  that  the  test  sample  i s  charged  as  h igh l y as  poss ible,  
that  i nduced  charges  are  compensated  for and  that  on l y one  s i ng le  d i screte  d ischarge  i s  
recorded.  

————————— 
5  To  be  publ i shed.  
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Table  4  – Maximum acceptable  transferred  charge  

Explosion  
Group  

EPL Ma 
EPL Mb 
M in ing  

EPL Ga 
Zone 0  

EPL Gb  
Zone 1  

EPL Gc 
Zone 2  

EPL Da  
Zone 20  

EPL Db  
Zone 21  

EPL Dc  
Zone 22  

I  60  nC  -  -  -  -  -  -  

I IA -  25  nC  60  nC  60  nC  -  -  -  

I IB  -  1 0  nC  25  nC  25  nC  -  -  -  

I IC  -  No  
measurabl
ed i scharge  

1 0  nC  1 0  nC  -  -  -  

I I I  -  -  -  -  60  nC  a  200  nC  a  200  nC  a  

a  Val ues  on l y  val i d  for  spark d i scharges  from  unearthed  conducti ve  or  d i ss ipati ve  parts  

NOTE  1  The  l im i ts  for  Zone  1  and  Zone  21  ensu re  that  i ncend i ve  d i scharges  shou l d  not  occur du ri ng  normal  
operat i on .  The  l im i ts  for  Zone  0  and  20  are  fu rther reduced  to  account  for abnormal  s i tuati ons  and  the  h i g h  l eve l  
of  safety requ i red  for  these  zones.  

NOTE  2  For the  explanati on  of  EPL see  I EC  60079-0  or  Annex E .  

NOTE  3  Al l  o f  the  values  con tai n  a  certai n  safety marg i n .  Recen t  work i n d i cates  that  the  value  h i therto  used  for  
I I B  con tai ns  a  l ower safety marg i n  than  al l  other  val ues.  To  equal i ze  al l  safety marg i ns  the  values  for I I B  have  

been  reduced  from  30  nC  to  25  nC.  

 

6.4  Conveyor bel ts  and  transmission  bel ts  

6.4. 1  General  

Bel ts  used  for transm iss ion  of  power or  the  transportation  of  so l i d  materials  can  generate  a  
cons iderable  amoun t  of  charge  and  become an  i gn i t i on  hazard  due  to  the  conti nuous  
separati on  of  the  contacti ng  surfaces  (primari l y a  d ri vi ng  shaft  and  a  bel t) .  The  amoun t  of  
charge  acqu i red  depends  on  the  material  of  the  conveyor be l t  as  wel l  as  the  materials  of  the  
dri vi ng  shaft  and  the  ro l l ers,  and  i ncreases  wi th  the  veloci ty and  tension  of  the  bel t  and  the  
wid th  of  the  area of  con tact.  

The  charge  acqu i red  by the  bel t  can  on l y be  safel y d iss ipated  to  earth  via the  earthed  
conducti ve  rol l ers  i f  the  conveyor be l t  i s  su ffi c ientl y d i ss ipative.  Material  that  i s  spi l led  from  
the  end  of  a  conveyor bel t  i n to  a hopper or  chu te  can  carry a s ign i f icant  charge .  Conducti ve  or  
d iss ipati ve  bel ts  cannot  be  expected  to  remove  charge  from  an  i nsu lati ng  conveyed  product.  

6.4.2  Conveyor bel ts  

Conveyor bel ts  are  end less  bel ts  wh ich  run  over ro l l ers  (usual l y metal l i c)  and  transport  
materials .  A conveyor  bel t  i s  cons idered  to  be  d iss ipative  i f  

a)  the  surface  resistances  on  both  s i des  of  the  bel t  are  below 300  MΩ  measured  accord ing  
to  I SO 284  and  EN  1 4973,  or  

b)  the  surface  resis tances  on  both  s i des  of  the  be l t  are  below 75  MΩ  measured  wi th  the  
e lectrode  confi gu ration  i n  3 . 21 ,  or  

c)  i n  cases  where  the  bel t  cons is ts  of  l ayers  of  d i fferen t  materials  the  bel t  i s  cons idered  to  be  
d issipati ve  i f  the  res istance  (measured  at  23  °C  and  50  % re lati ve  hum id i ty)  between  the  

two  oppos i te  ou ter  su rfaces  i s  be low 1  GΩ .   

NOTE  Surface  res i s tances  measured  accord i ng  to  I SO 284  and  EN  1 4973  are  at  (23  ±  2 )  °C  and  (50  ±  5 )  %  
re l ati ve  h um id i ty  and  wi th  an  i nner c i rcu l ar  e l ectrode  of  25  mm  i n  d i ameter,  ou ter  ri ng  e l ectrode  wi th  1 25  mm  i nner  
and  1 50  mm  ou ter d i ameter.  Surface  res i s tances  measured  wi th  the  e l ectrode  confi g urati on  described  i n  3 . 21  are  
exactl y  fou r t imes  l ower.  

Table  5  shows  a summary of  al l  measures  that  are  requ i red  for conveyor  bel ts  accord ing  to  
the  class i f ication  of  the  hazardous  area accord ing  to  I EC  60079-1 0-1  and  I EC  60079-1 0-2:  
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Table  5  – Req u i rem ents  for conveyor bel ts  

Bel t  Speed  
Zon e 

0  

Zon e 1  

Zon e 2  

Zon e 20  
Zon e 

21  
Zon e 22  

I I C  I I A & I I B  
M I E  

<1 0  m J  

M I E  

>1 0  m J  

≤0, 5  m /s 

Diss ipati vea  
bel t  and  
conducti ve  
pu l l eys ,   
no  bel t  
connectors  

D i ss ipat i vea  
bel t  and  
conducti ve  
pu l l eys ,  be l t  
connectors  
perm i tted  

No  
requ i rements  
beyond  those  
ou t l i ned  i n  
6 . 4. 1  u n less  
experi ence  
shows  that  
i ncend ive  
d i scharges  
occur 
frequen tl y  

D i ss ipat i vea  be l t  and  
conducti ve  pu l l eys,  bel t  
connectors  perm i tted  

No  
requ i rements  
beyond  those  
ou tl i ned  i n  
6 . 4. 1  u n less  
experi ence  
shows  that  
i ncend ive  
d i scharges  
occur 
frequen tl y  

0, 5  −  5  m /s  

Not  
perm i tted  

5 −  30  m /s  

Diss ipat i vea  
bel t  and  
conducti ve  
pu l l eys ,   
no  bel t  
connectors  

Not  
perm i tted  

D i ss ipat i vea  be l t  
and  conducti ve  
pu l l eys,  no  bel t  
connectors  

a  d i ss ipat i ve  accord i ng  to  the  def i n i t i on  of  6 . 4. 2  

NOTE  No  i n formati on  i s  avai l able  for  bel t  veloci t i es  >30  m /s.  

 

For explos ion  Group I ,  the  requ i rements  of  Zone  1  ( I I A & I I B)  appl y.  However,  i nsu lat i ng  coal  
dust  conveyors  transporti ng  hard l y i gn i table  conducti ve  coal  dust  and  s im i lar conveyors  may 
be  used  i f  a  r i sk assessment provides  a  l ow ri sk of  i gn i t i on .  

Table  5  and  the  requ i rements  i n  6. 4. 2  do  not  apply to  bel ts  wh ich  d iss ipate  charge  by corona.  
Such  bel ts  have  to  be  tested  by experts  e. g .  by measuring  thei r  chargeabi l i ty under worst  
case  cond i t i ons .   

A layer of  wax or d i rt  on  the  be l t  cou ld  i ncrease  the  chargeabi l i ty of  the  bel t  and  also  i ts  
res istance  and  th is  cou ld  i ncrease  the  charg ing  hazard .  Care  shou ld  be  taken  to  ensu re  that  
repai rs  do  not  i ncrease  the  values  g i ven .  I t  i s  essen tial  that  l ayers  of  i nsu lat ing  adhes ives  
used  to  connect  the  bel t  do  not  i n terrupt  the  conducti ve  path .  

Ligh t  conveyor bel ts  as  described  i n  I SO 21 1 83-1  frequentl y have  to  compl y wi th  h i gh l y 
special i sed  customer’s  demands .  For these  cases,  the  speci fi c  s tandards  ISO 21 1 78,  Light 
conveyor belts – Determination of electrical resistances  and  I SO  21 1 79,  Light conveyor belts 
– Determination of the electrostatic field generated by a running light conveyor belt exist  and  
shal l  be  used .  

6. 4. 3  Tran sm issi on  bel ts  

Transm ission  bel ts  are  V-bel ts  and  f lat  be l ts  wh ich  dri ve  rotati ng  parts  or  mach ines.  The  
amoun t  of  charge  acqu i red  by the  bel t  due  to  the  con tinuous  separation  of  the  con tacting  
surfaces  depends  on  the  material  of  the  be l t  and  pu l l eys  and  i ncreases  wi th  the  ve loci ty and  
tens ion  of  the  bel t  and  the  width  of  the  contact  area.  Accord ing  to  I SO 9563  and  I SO 1 81 3  a  
transm ission  bel t  material  i s  deemed  to  be  d iss ipati ve  i f:  

R ×  B / L  ≤  600  kΩ  

where  L i s  the  d istance  between  two  conducti ve  e lectrodes  (e. g .  g raph i te,  s i l ver pain t,  metal  
e lectrode)  on  a transm ission  bel t,  B i s  the  wid th  of  the  f lat  be l t  or  double  the  width  of  the  s i de 

face  of  the  V-bel t,  and  R the  measured  res is tance  between  the  e lectrodes  at  (23  ±  2 )  °C,  wi th  
no  moisture  condensati on .  

NOTE  I n  o l der documents  (e . g .  CENELEC TR  50404) ,  the  acceptance  cri teri a was  R  ×  B  ≤  1 00  kΩ  m ,  where  R  i s  
the  res i stance  measured  at  the  i nner s i de  of  the  mounted  transm iss ion  bel t  between  an  e l ectrode  hal fway between  
the  two  pu l l eys  and  earth  and  B  i s  the  wid th  of  the  f l at  be l t  or  doubl e  the  wi d th  of  the  s i de  face  of  the  V-bel t.  As  the  
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fu l f i lment  of  th i s  R  ×  B  cri teri on  depends  on  the  d i stance  between  the  two  pu l l eys  i t  i s  impossible  to  characteri se  a  
bel t  material  as  d i ss ipat i ve.  For th i s  reason  I SO 9563  and  I SO 1 81 3  g i ve  a  d i ss ipati ve  cri teri a  wh i ch  i s  i n dependent  
from  the  l eng th  of  the  bel t .  I f  the  d i stance  between  two  pu l l eys  exceeds  0 , 67  m  the  requ i rements  of  both  

I SO s tandards  are  au tomati cal l y  fu l f i l l ed  by the  R  ×  B  cri teri on  i n  o l der documents  s tated  above.  

Table  6  shows  a summary of  al l  measures  that  are  requ i red  accord ing  to  the  class i f i cati on  of  
the  hazardous  area accord ing  to  I EC  60079-1 0-1  and  I EC  60079-1 0-2:   

Table  6  – Requ i rem en ts  for tran smi ssi on  bel ts  

Bel t  
Speed  

Zon e 0  

Zon e 1  

Zon e 2  

 Zon e 20   
Zon e 

21  
Zon e 22  

I I C  I I A & I I B  M I E  <  1 0  m J  
M I E  >  
1 0  m J  

≤  0, 5  
m/s  

Diss i pati ve  a  
bel t  and  
conducti ve  
pu l l eys ,  no  
bel t  
connectors  

D i ss ipati ve  a  
bel t  and  
conducti ve  
pu l l eys,  be l t  
connectors  
perm i tted  

Protecti ve  
measures  
beyond  
those  
ou tl i ned  i n  
6 . 4. 1  n ot  
requ i red  
un less  
experi ence  
shows  that  
i ncend ive  
d i scharges  
occur 
frequen tl y  

D i ss ipati ve  a  bel t  and  conducti ve  
pu l l eys,  be l t  connectors  perm i tted  

Protect i ve  
measures  
beyond  
those  
ou t l i ned  i n  
6 . 4. 1  n ot  
requ i red  
un less  
experi ence  
shows  that  
i ncend ive  
d i scharges  
occur 
frequentl y  

0, 5  −   5  
m /s  

Not  perm i tted  
5  −  30  
m /s  

Diss ipat i ve  a  
bel t  and  
conducti ve  
pu l l eys,  no  
bel t  
connectors  

Not  perm i tted  

D i ss ipati ve  a  bel t  
and  conducti ve  
pu l l eys,  no  bel t  
connectors  

a  d i ss ipat i ve  accord i ng  to  the  def i n i t i on  i n  6 . 4. 3  

NOTE  No  i n formati on  i s  avai l able  for  bel t  ve loci t i es  >30  m /s.  

 

For explos ion  Group  I ,  the  requ i remen ts  of  Zone  1  ( I IA  & I I B)  appl y.  

Table  6  and  the  requ i rements  i n  6. 4. 3  do  not  apply to  be l ts  wh ich  d iss ipate  charge  by corona.  
Such  bel ts  have  to  be  tested  by experts  e. g .  by measuring  the i r  chargeabi l i ty u nder worst  
case  cond i t i ons .  

I n  cases  where  the  bel t  cons is ts  of  l ayers  of  d i fferen t  materials  the  bel t  i s  cons idered  to  be  

d issipati ve  i f  the  res is tance  across  i t  does  not  exceed  1  GΩ  ( resis tance  measured  at  23  °C  
and  50  % re lati ve  hum id i ty) .  

A layer of  wax or d i rt  on  the  be l t  cou ld  i ncrease  the  chargeabi l i ty of  the  be l t  and  also  i ts  
res istance  and  th is  cou ld  i ncrease  the  charg ing  hazard .  Care  shou ld  be  taken  to  ensu re  that  
repai rs  do  not  i ncrease  the  values  g i ven .  I t  i s  essen tial  that  l ayers  of  i nsu lating  adhes ives  
used  to  connect  the  bel t  do  not  i n terrupt  the  conducti ve  path .  

7 Stati c  electrici ty in  l i qu i ds  

7. 1  G en eral  con siderati on s  

7. 1 . 1  Occu rren ce of  fl amm able  atmosph eres  

NOTE  General  i n formati on  abou t  the  f l ammabi l i ty  and  i gn i tabi l i ty  o f  g as  and  vapour atmospheres  i s  g i ven  i n  
Annex C.  

Many operations  wi th  f l ammable  l i qu ids  produce  f lammable  atmospheres  by evaporati on  of  
the  l i qu i d  be ing  hand led .  The  f lash  po in t  provides  an  approximate  i nd icati on  of  the  m in imum  
l i qu i d  surface  temperatu re  requ i red  to  produce  a f l ammable  atmosphere  by th is  process .  
However,  because  of  the  uncertai n t ies  i nvolved  i n  f l ash  poin t  measurement,  d i fferences  
between  f lash  po in t  test  cond i t i ons  and  those  i n  a  real  i ndustrial  s i tuati on  and  the  d i ff icu l ty of  
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establ i sh ing  l i qu i d  surface  (rather than  bu lk)  temperature,  i t  i s  prudent  to  assume that  a  
f lammable  atmosphere  cou ld  exis t  even  when  the  l i qu id  temperature  i s  be low the  f l ash  po in t  
by a certai n  safety marg in .  The  marg in  depends  on  the  l evel  of  u ncertain ty about  temperature,  
l i qu i d  composi t i on  etc.  For wel l -contro l led  cond i t i ons  a marg in  of  5  °C  for  pure  l i qu i ds  and  at  
l east  1 1  °C  for m ixtures  i s  typi cal l y needed .  

Where  tanks  are  exposed  to  d i rect  sun l i gh t  and  l i qu id  temperatu res  are  not  mon i tored  i t  
shou ld  be  assumed  that  a  f lammable  atmosphere  cou ld  be  presen t  when  hand l ing  l i qu ids  wi th  
f lash  po in ts  up  to  60  °C.  I n  areas  of  h i gh  ambien t  temperature  and  s trong  sun l i gh t,  f l ammable  
atmospheres  may occur  even  wi th  l i qu i ds  that  have  f lash  po in ts  above  60  °C.  

When  hand l i ng  a l i qu i d  at  a  temperature  that  i s  wel l  above  i ts  f lash  po in t,  the  saturated  
vapour may g i ve  an  over-rich  ( i . e .  non-flammable)  atmosphere.  However,  the  actual  
atmosphere  above  the  l i qu id  may not  be  saturated  (e. g .  because  of  ven ti lati on)  and  so  may be  
f lammable.  I t  i s  therefore  necessary to  assume  that  the  atmosphere  cou ld  be  f lammable  
un less  i t  can  be  shown  otherwise.  Consequentl y,  for  l ow f l ash-po in t  l i qu i ds,  the  presence  of  
an  over-rich  atmosphere  shou ld  not  general l y be  re l i ed  upon  as  the  on l y contro l  measure.  

I n  some ci rcumstances,  the  f lammable  atmosphere  i s  not  due  to  the  l i qu id  being  hand led  bu t  
due  to  res idues  of  vo lati l e  l i qu id  or  vapour from  earl i er  operations  wi th  the  same equ ipment or  
from  nearby operations .  Res idual  vapours  can  occur duri ng  swi tch  l oad ing ,  i n  wh ich  a  l i qu id  
having  a h i gh  f lash  po in t  (e. g .  d iesel )  i s  loaded  i n to  a  tank wh ich  previous l y con tained  a l i qu id  
wi th  a l ow f l ash  po in t  (e. g .  gasol ine) .  A h i gh  proport i on  of  road  tanker f i res  has  been  
associated  wi th  swi tch - load ing .  

7.1 .2  Ign i tion  sensi tivi ty and  l im i tations  to  the  scope  of  advice  

The sens i t i vi ty of  a  f l ammable  atmosphere  to  e l ectrostatic  i g n i t i on  depends  on  the  

concentrati on  and  m in imum  ign i t ion  energy (M IE  −  see  C. 6)  of  the  f l ammable  material .  A  
he lpfu l  ru le  of  thumb i s  that  the  most  easi l y i gn i table  vapour concen trati on  i s  approximatel y 
double  the  concen tration  at  the  lower f lammable  l im i t.  Because  of  the  concen trati on  effect,  a  
m ixtu re  made wi th  a  h igh  M IE  material  at  i ts  most  eas i l y i gn i table  concentration  may be  more  
sens i t i ve  to  i gn i t i on  than  a m ixtu re  made wi th  a  l ow M IE  material  at  a  vapour concen tration  
that  l ies  on l y j ust  wi th i n  the  f lammable  range.  

For equ i l i bri um  vapour/ai r  m ixtu res  created  by f l ammable  l i qu ids,  the  most  eas i l y i gn i table  
vapour concen tration  i s  typi cal l y ach ieved  at  temperatures  of  approximatel y 1 0  °C  to  20  °C  
above  the  f lashpoin t.  F lammable  l i qu i ds  of  i n termed iate  vo lati l i ty tend  to  produce  the i r  most  
eas i l y i gn i table  m ixtures  at  common  ambient  temperatu res:  such  l i qu i ds  i ncl ude  to l uene  
(f lashpoin t  6  °C) ,  propyl  acetate  ( f lashpoin t  1 0  °C)  and  aceton i tri l e  ( f lashpoin t  2  °C) .  

The  general  precau ti ons  g i ven  in  th i s  chapter are  des igned  to  prevent  the  i gn i t ion  of  materials  
wi th  M IEs  of  0 , 20  mJ  or more  when  presen t  at  the  most  eas i l y i g n i table  vapour concen trati on .  
They are  thus  appl icable  to  the  most  easi l y i gn i table  m ixtures  i n  ai r  of  the  vapours  of  common  
f lammable  l i qu ids  such  as  paraff in ic  and  aromatic  so lven ts,  h ydrocarbon  fue ls  and  many 
organ ic  so lven ts  (see  l i s t  of  M IE  in  Table  C. 2) .  At  typical  ambient  temperatures ,  the  safety 
marg ins  are  at  a  m in imum  when  handl i ng  f lammable  l i qu i ds  of  i n termed iate  vo lat i l i ty such  as  
those  l i s ted  above.  I n  such  operations ,  particu lar care  shou ld  therefore  be  taken  to  ensure  
that  al l  recommended  precau ti ons  are  d i l i gen tl y fo l l owed.  

Al though  Explosion  Groups  are  not  ass igned  on  the  bas is  of  M IE  (see  C. 6) ,  the  precau tions  
requ i red  i n  the  presence  of  most  Explos ion  Group  I I A vapours  are  l i kel y to  be  s im i lar to  those  
g i ven  here  for M IEs  of  0 , 20  mJ  and  above.  Add i t i onal  precauti ons  are,  however,  l i kel y to  be  
requ i red  where  the  atmosphere  above  the  l i qu i d  i s  more  sensi t i ve  to  i gn i t i on .  Th is  s i tuation  
wi l l  ari se,  for  example,  wi th  the  most  read i l y i gn i table  m ixtures  i n  ai r  of  vo lat i le  materials  that  
have  M IEs  of  l ess  than  0 , 20  mJ  (most  Explos ion  Group I I B  and  I IC  materials)  or  wi th  oxygen-
rich  m ixtures .  Al though  general  advice  has  not  been  developed  for these  more  sens i ti ve  
atmospheres,  recommendations  are  g i ven  for a  few speci f ic  act i vi t i es.  Where  they are  g i ven ,  
the  add i t ional  precau ti ons  for the  more  sens i t i ve  materials  are  expl ic i t l y i den ti f i ed  as  such  i n  
the  text.  
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7.1 .3  Charg ing  mechanisms 

Liqu ids  can  become electrostatical l y charged  when  they move  re lat i ve  to  con tacti ng  so l i ds  or  
i f  there  are  two  or more  imm iscible  l i qu id  phases  and  there  i s  movemen t.  The  spraying  of  
l i qu i ds  can  also  create  a  h igh l y charged  m ist  or  spray.  Further detai l s  of  charge  generation  
and  charge  accumu lation  i n  l i qu ids  are  g i ven  i n  A. 1 . 3  to  A. 1 . 7  (generation)  and  A.2 . 2  
(accumu lation) .  

7.1 .4  Charge  accumulation  and  conductivi ty classi fi cations  

The level  of  charge  accumu lati on  i n  a  part icu lar l i qu i d ,  and  therefore  the  e lectrostatic  hazard  
that  can  be  created,  i s  strong l y dependent  upon  i ts  e l ectri cal  conducti vi ty and  d ie lectric  
constan t  (re lat i ve  perm i tt i vi ty) ,  εr.  To  describe  the  poss ible  hazards  and  associated  means  of  
preventi on ,  the  conducti vi t i es  of  l i qu i ds  have  been  class i f i ed  as  fo l l ows:  

h igh  conducti vi ty   >  1 0  000  pS/m ;  

medium  conductivi ty  between  25  ×  εr  pS/m  and  1 0  000  pS/m ;  

l ow conducti vi ty   <  25  ×  εr  pS/m .  

For l i qu i ds  wi th  a d i e lectric  constant  of  around  2,  (e. g .  h ydrocarbons) ,  these  c lassi f i cations  
reduce  to :  

h igh  conducti vi ty   >  1 0  000  pS/m ;  

med ium  conducti vi ty  between  50  pS/m  and  1 0  000  pS/m ;  

l ow conductivi ty   <  50  pS/m .  

For l i qu ids  wi th  a d ie lectric  constant  that  i s  substantial l y h i gher than  2  or  for  l i qu i ds  whose  
d ie lectric  constant  i s  unknown ,  the  border l im i t  for  low conducti vi ty i s  usual l y set  to  1 00  pS/m .  
The  upper border  l im i t  of  med ium  conducti vi ty remains  at  1 0  000  pS/m .  

NOTE  1 00  pS/m  i s  cons idered  su ff i ci en t  for  unknown  cases  because  few,  i f  any,  l ow conducti vi ty  l i qu i ds  have  a  
re l ati ve  perm i tt i vi ty  s i g n i f i cant l y  h i g her than  4.  

Hazardous  l evels  of  charge  accumu lation  are  most  common l y associated  wi th  l i qu i ds  of  low 
conducti vi ty.  However,  they can  occur wi th  med ium  or h i gh  conducti vi ty l i qu i ds  i n  processes  
that  produce  m ists  or  sprays,  when  transporti ng  med ium  conducti vi ty l i qu i ds  th rough  
i nsu lat i ng  pipes  or  duri ng  two-phase  m ix ing  operati ons .  

I n  general ,  po lar so lvents  such  as  alcohols ,  ketones  and  water have  a  h i gh  conducti vi ty,  wh i le  
saturated  hydrocarbon  l i qu ids  and  puri f i ed  aromatics  have  a l ow conducti vi ty.  The  
conducti vi t i es  and  re laxation  t imes  for  a  number  of  l i qu i ds  are  g i ven  i n  Table  7.   

NOTE  1  A more  complete  l i s t  i ncl ud i ng  a  wi der range  of  l i qu i ds  and  d i e l ectri c  constant  data  i s  g i ven  i n  NFPA-77.  

NOTE  2  B i ofuel s  and  hyd rocarbon  fuel s  b l ended  wi th  bi ocomponents  can  have  a  wide  range  of  conduct i vi ty  
depend ing  on  thei r  composi t i on .   

NOTE  3  Test  methods  for measuri ng  the  conducti vi ty  of  a  l i qu i d  are  g i ven  i n  e . g .  ASTM  D4308-95,  DIN  51 41 2-1 ,  
DIN  51 41 2-2  and  I SO 6297.  
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Table  7  – Conductivi t ies  and  relaxation  t imes of  some l i qu ids  

Liqu id  Conductivi ty  
(pS/m )  

Relaxation  time  
(seconds)  

Low conductivi ty 

h i gh l y  pu ri f i ed  paraffi ns  0 , 01  2  000  

typi cal  paraffi ns  0 , 1  to  1 0  2  to  200  

pu ri f i ed  aromati c  compounds  ( to l uene,  xyl ene  
etc. )  

0 , 1  to  1 0  2  to  200  

typi cal  aromati c  compounds  5  to  50  0 , 4  to  4  

gasol i ne   0 , 1  to  1 00  0 , 2  to  200  

kerosene  0 , 1  – 50  0 , 4  to  200  

gas  o i l  1  to  1 00  0 , 2  to  20  

wh i te  o i l s  0 , 1  to  1 00  0 , 2  to  200  

l ubri cati ng  o i l s  0 , 01  to  1 00  0 , 02  to  2  000  

ethers  except  g l ycol s  0 , 1  to  1 00  0 , 2  to  200  

propri etary aromati c  sol vent  m i xtu res  1  to  1  000  0 , 02  to  20  

natu ral  g as  condensate  wi thou t  corros i on  
i nh i bi tor  

1 0  to  1 00  0 , 2  to  2  

Medium  conductivi ty 

gasol i ne  con tai n i ng  performance  add i t i ves  or  5  
%  ethano l   

50  to  1  000  0 , 02  to  0 , 4  

fuel s  and  o i l s  con tai n i ng  d i ss ipat i ve  add i t i ves  50  to  1  000  0 , 02  to  0 , 4  

heavy (b lack)  fuel  o i l s  50  to  1 0  000  2  ×  1 0-4  to  0 , 4  

esters  1 00  to  1  000  000  2  ×  1 0-5  to  0 , 2  

High  conductivi ty (µS/m )   

crude  o i l  >  0 , 001  <  0 , 02  

gasol i ne  con tai n i ng  1 0  % ethanol  o r  more  ≥  0 , 01  <  0 , 002  

natu ral  g as  condensate  wi th  corros i on  i nh i bi tor  >  0 , 001  <  0 , 02  

g l ycol s  and  g l yco l  ethers  1  to  1 00  2  ×  1 0-7  to  2  ×  1 0-5  

al coho l s  1  to  1 00  2  ×  1 0-7  to  2  ×  1 0-5  

ketones  0 , 1  to  1 00  2  ×  1 0-7  to  2  ×  1 0-4  

pu re  water  5  1 0-6  

water (not  d i s t i l l ed )  >  1 00  <  2  ×  1 0-7  

NOTE  Al though  ketones  and  esters  usual l y  have  a  h i g h  conducti vi ty  m idd le-  and  l ong -chai ned  ketones  and  
esters  are  often  h i g h l y  chargeable  

 

A l i qu i d  of  h i gh  or  medium  conducti vi ty shou ld  be  considered  as  a conductive  or d issipati ve  
i tem  and  needs  to  be  earthed.  

7.1 .5  Incendive  d ischarges  produced  during  l iqu id  hand l ing  operations  

When  a tank i s  be ing  f i l l ed  wi th  a charged  l i qu i d  of  l ow conducti vi ty,  the  charge  that  
accumu lates  i n  the  l i qu id  i ns ide  the  tank creates  electrical  f i e lds  and  potentials  both  i n  the  
l i qu i d  and  i n  the  vapour space  of  the  tank.  With  h i gh  l i qu i d  surface  poten tials ,  brush  
d ischarges  can  occur between  the  surface  of  the  charged  l i qu id  and  metal l i c  parts  of  the  tank 
structu re.  Stud ies  i nd icate  that  al i phatic  h ydrocarbons  such  as  propane  can  be  i gn i ted  by 
brush  d ischarges  to  a g rounded  e lectrode  i f  the  l i qu id  su rface  poten tial  exceeds  25  kV.  
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An  i gn i t i on  hazard  can  arise  at  much  l ower poten tials  ( typical l y 5  kV to  1 0  kV)  i f  i so lated  
conductors  such  as  f l oati ng  metal  cans  or improperl y bonded  componen ts  are  present  i n  the  
tank,  or  i f  the  con tainer has  an  i nsu lati ng  l i n i ng ,  no  con tact  po i n t  for  earth i ng  the  l i qu id ,  and  i s  
splash  f i l l ed  wi th  a  l i qu i d  that  i s  su ff ic ientl y conducti ve  to  produce  sparks.  

7.2  Summary of  precautions against  ign i t ion  hazards during  l iqu id  hand l ing  
operations  

7.2. 1  Earth ing  and  avoidance  of  isolated  conductors  

I so lated  conductors  such  as  metal  tanks,  tank structures  or any other i so lated  metal  objects  
e i ther  de l i beratel y or  accidental l y associated  wi th  l i qu id  hand l ing  can  be  raised  to  h i gh  
poten tials  by charges  on  the  l i qu i d .  Th is  can  l ead  to  spark d ischarges.  These  are  part icu larl y 
hazardous  because  they can  usual l y i gn i te  f l ammable  vapours  at  much  l ower potentials  than  
brush  d ischarges.  Therefore,  al l  conducti ve  parts  of  a  l i qu id  hand l i ng  system  shou ld  be  
adequate l y connected  to  earth  (see  Clause  1 3 ) .  People  handl i ng  f lammable  l i qu i ds  shou ld  
also  be  earthed  (see  1 1 . 1 ) .  

Tanks  shou ld  be  regu larl y i n spected  to  ensure  there  are  no  l oose,  unbonded  conducti ve  
objects ,  e . g .  a  can ,  f l oati ng  on  the  l i qu i d .  

7.2.2  Restricting  charge generation  

Charge  generati on  can  be  restricted  by contro l l ing  the  re levant  process  parameters .  Su i table  
con trol  measures  i ncl ude:  

1 )  tank f i l l i ng  operations:  

a)  restrict  the  l i near f l ow veloci ty i n  the  feed ing  l i ne  of  the  tank by restrict i ng  the  pumping  
rate  or  by i ncreas ing  the  d iameter of  the  feed ing  l i ne  (see  7. 3. 2 .2 .3  and  7. 3. 2 . 3 .2  to  
7. 3 . 2 . 3 . 5) ;  

b)  provide  su ff ic i en t  res idence  t ime  for charge  re laxati on  downstream  of  pumps  and  f i l ters  
(see  7. 5  and  A. 2. 2) ;  

c)  avoid  having  a d ispersed  second  imm iscible  phase  i n  the  l i qu id ;  th is  can  be  caused,  for  
example,  by s t i rring  up  the  water present  i n  the  bottoms  of  o i l  tanks.  Where  the  
avoidance  of  a  second  d i spersed  phase  i s  not  possible  restrict  the  veloci ty fu rther (see  
7. 3. 2 .2 .2  and  7. 3 .2 . 3. 5. 3) ;  

d )  avoid  splash  f i l l i ng  by employing  bottom  entry or  by us ing  a f i l l  pipe  extend ing  close  to  
the  bottom  of  the  tank.  I f  a  short,  top-en try f i l l -p ipe  must  be  used  in  the  presence  of  a  
f lammable  atmosphere,  reduce  the  f l ow veloci ty to  2  m /s  and  take  the  add i t i onal  
precauti ons  i n  7. 3 . 2 . 3 . 2  (e. g .  d i rect  the  l i qu id  f l ow along  the  container wal l ) .  I n  the  case  
of  h i gh  conductivi ty l i qu i ds  i t  i s  su ffi ci en t  to  provide  a  con tact  area to  earth  i n  the  
bottom  of  the  container.  

2)  s ti rri ng  or  ag i tati ng  operati ons  (see  7. 9) :  

a)  l im i t  the  power i npu t  to  or  t i p  speed  of  the  s t i rrer (e. g .  i n  BS  5958,  a  maximum  power  
of  0 , 37  kW/m 3  was  requ i red  for  a  suspension  wi th  a  conductivi ty of  1  000  pS/m ) ;  

b)  avo id  the  presence  of  a  second  imm iscible  phase  i n  the  l i qu i d ;  

c)  use  a h igh  conducti vi ty con tinuous  phase  (conductivi ty exceed ing  1 0  000  pS/m ) .  

3)  tank clean ing  operations  wi th  l i qu id  j ets  (see  7. 1 0) :  

a)  l im i t  the  l i qu id  pressure  and  th roughput  of  the  wash ing  mach ines  to  the  values  
recommended  i n  7. 1 0;  

b)  avo id  the  bu i ld-up of  a  second  imm iscible  phase  i n  the  wash ing  l i qu id ,  part icu larl y i f  
the  wash ing  l i qu i d  i s  reci rcu lated ;  

c)  avoid  unbroken  j ets  that  may form  l arge  i so lated  vo lumes  of  l i qu id  (see  7. 1 0) .  
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7.2.3  Avoidance  of  a  fl ammable  atmosphere  

The most  effecti ve  way of  avoid ing  i gn i ti on  hazards  i s  to  preven t  the  occurrence  of  a  
f lammable  atmosphere,  for  example:  

a)  avoid  vapour  spaces  i n  the  system ;  

b)  i nert  the  vapour space  of  the  tank us i ng  i nert  gases  such  as  n i trogen ,  carbon  d ioxide  or  
pu ri f ied  f l ue  gas  (note  the  precauti ons  g i ven  i n  8 . 4) ;  

c)  avoid  swi tch  load ing  and  common  vapour co l lect ion  systems  that  al l ow ign i table  vapour-
ai r  m ixtu res  to  en ter  tanks  not  des i gned  for  th is  service;  

d )  after  hand l ing  vo lat i l e  l i qu i ds,  c lean  and  ven ti late  tanks  to  remove res idual  f l ammable  
l i qu ids,  gases  and  vapours;  

e)  ensure  that  su ff i ci ent  fresh  ai r  i s  d rawn  con tinuousl y th rough  the  system .  Regu lar gas  
tests  and  poss ible  forced  venti l at i on  may be  necessary;  

f)  purg i ng  a tank wi th  ai r  to  avoid  a f l ammable  atmosphere  shou ld  be  done  wi th  cau tion  i n  a  
tank that  contains,  or  has  previous l y con tained ,  a  f lammable  l i qu i d  wi th  a  l ow f lash  po in t  
due  to  the  risk of  res idual  l i qu i d  being  presen t.  

7.2.4  Promoting  charge  d issipation  

I n  s i tuations  where  i t  i s  not  possible  to  avoid  a f l ammable  atmosphere,  the  ri sk of  i g n i t ion  can  
be  con tro l l ed  by l im i t i ng  charge  accumu lati on .  For the  components  of  the  handl i ng  system ,  
th is  i nvolves  bond ing  so l i d  conductors  and  people  to  g round  and ,  i f  necessary,  replacing  
i nsu lat i ng  system  components  wi th  earthed  d iss ipative  or  conducti ve  components .  For the  
l i qu ids  themselves,  the  most  effecti ve  way of  promoting  d iss ipation  i s  to  i ncrease  the  
conducti vi ty of  the  l i qu i d  by the  use  of  commercial l y avai lable  s tat ic  d i ssipati ve  add i ti ves  
(SDA) .  When  added  to  a l i qu i d  i n  very low concen trati ons  of  the  order of  parts  per m i l l i on ,  
these  add i t i ves  can  read i l y i ncrease  the  conductivi ty to  l evels  that  preven t  the  hazardous  
bu i l d-up  of  charge  (see  7 . 1 . 4) .  

NOTE  1  SDA are  widely  used  i n  avi at i on  fue l s ,  and  at  the  concentrat i ons  normal l y u sed  the  effects  on  both  
ai rcraft  eng i ne  and  f i l ter/water separator performance  are  acceptable.  

NOTE  2  Some SDA may l ose  eff i ci ency i n  certai n  s i tuati ons,  e . g .  at  l ow temperatu res ,  after con tact  wi th  water,  
after  c l ay f i l trat i on  or  due  to  i n teract i on  wi th  other components.  

Al ternati ve  methods  of  enhancing  charge  d iss ipation  are  to  replace  an  i nsu lat i ng  ( l ow 
conducti vi ty)  so lven t  wi th  a more  conductive  (med ium  or h igh  conducti vi ty)  one  or  to  add  a 
m iscible  conductive  so lven t  to  an  i nsu lati ng  one.  The  amoun t  of  conducti ve  so lven t  needed  
wi l l  depend  on  the  l i qu i ds  i nvolved  and  the  conducti vi ty l evel  requ i red .  

7.3  Tanks and  Containers  

7.3. 1  General  

The poss ible  hazards  and  the  associated  means  of  protecti on  are  d i vi ded  accord ing  to  
whether the  tanks,  or  the i r  coatings  and  l i n i ngs ,  are  class i f i ed  as  conducti ve,  d i ss ipative  or  

i nsu lat i ng  (see  3. 2,  3 . 7  and  3 . 1 5) .  Fu l l y conducti ve  tanks  have  a  res istance  to  earth  of  1  kΩ  or  

l ess  from  everywhere  on  the  she l l ;  fu l l y d iss ipati ve  tanks  have  a res is tance  to  earth  of  1  MΩ  
or  l ess  from  everywhere  on  the  shel l .  

Fol lowing  th is  c lassi f i cati on ,  th is  section  i s  d i vi ded  i n to  chapters  as  fo l lows:  

Conducti ve  tanks  and  containers :  7. 3. 2  

Tanks  and  containers  made  en ti re l y of  d i ss ipati ve  material :  7. 3. 3  

Tanks  and  containers  wi th  i nsu lati ng  surfaces:  7. 3 . 4  

Use  of  l i ners  i n  con tainers:  7. 3. 5  
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Operations  that  g i ve  r ise  to  e l ectrostatic  hazards  i ns ide  a tank i nclude  f i l l i ng ,  transportation  
(of  the  tank and  con ten ts) ,  emptying ,  gaug ing  and  sampl i ng .  I f  there  cou ld  be  a f lammable  
atmosphere  i ns i de  a tank when  carryi ng  ou t  these  operati ons,  the  precautions  g i ven  below 
shou ld  be  taken .  

NOTE  I f  there  cannot  be  a  f l ammable  atmosphere  (see  7. 1 . 1 ) ,  the  precau ti ons  g i ven  i n  7. 3  are  not  necessary.  

Other operati ons  such  as  ci rcu lation  of  l i qu i d ,  st i rr i ng ,  m ixi ng ,  crystal l i sat i on  and  c lean ing  are  
deal t  wi th  i n  7. 9  and  7. 1 0 .  

The  standard  restricti ons  on  f low veloci t ies  g i ven  i n  7. 3 . 2  primari l y apply to  h ydrocarbons .  
They may,  however,  be  appl ied  wi th  cau tion  to  other solvents  and  fue ls  having  kinematic  
vi scosi t ies  l ess  than  about  6  mm 2/s  at  20  °C  bu t  care  may be  needed  wi th  materials  such  as  
b iofue l  components  (see  C. 8)  or  blends  that  are  chem ical l y d i fferen t  from  hydrocarbons  and  
for wh ich  there  i s  l im i ted  experience  of  handl i ng  i n  h i gh  th roughpu t  systems.  Further  
restrict ions  are  known  to  be  necessary for con tro l l ing  charg ing  i n  h i gh  viscos i ty l i qu i ds  such  
as  l uboi ls  (see  7. 4) .  

7.3.2  Conductive  tanks and  containers  

7.3.2.1  General  

I n  order to  describe  the  poss ible  hazards  and  associated  means  of  preven tion ,  conductive  
tanks  have  been  c lassi f i ed  accord ing  to  s i ze  as  fo l l ows:  

 Vert i cal  axi s  cyl i nd ri cal  tanks  and  non -
cyl i nd ri cal  tanks  wi th  square  or  nearl y 
square  cross-secti on  (see  NOTE  3)  

Hori zon tal  axi s  cyl i ndri cal  tanks  or  non-
cyl i nd ri cal  tanks  wi th  e l ongated  cross  
sect i on   
(see  NOTE  3)  

Large  tanks  (7. 3 . 2. 2)  d i ameter >  1 0  m  capaci ty  >  500  m 3  ( 1 25  000  USG)  

Med ium  tanks  (7. 3 . 2. 3)  1 , 3  m  <  e ffect i ve  d i ameter ≤  1 0  m  2  m 3  (500  USG)  <  capaci ty   

capaci ty  ≤  500  m 3  ( 1 25  000  USG)  

Smal l  tanks  and  
contai ners  (7. 3 . 2 . 4)  

effect i ve  d i ameter ≤  1 , 3  m  capaci ty  ≤  2  m 3  (500  USG)  

 

NOTE  1  I n  o l der documents ,  e . g .  CENELEC TR 50404,  the  upper l im i t  for  med ium  tanks  was  50  m 3  and  the  l ower  
l im i t  1  m 3 .  Recent  work (see  A. 2. 2)  has  suggested  that  both  the  upper  and  l ower boundary l im i ts  for med ium  tanks  
shou ld  be  i ncreased  and  that  d i ameter l im i ts  are  better than  capaci ty  l im i ts  for vert i cal  axi s  tanks  (vo l tages  depend  
more  s trong l y  on  d i ameter than  capaci ty) .  The  capaci ty  l im i ts  g i ven  above  for  h ori zontal  axi s  tanks  correspond  
approximately  to  the  d i ameter l im i ts  for  vert i cal  axi s  tanks  combined  wi th  the  l owest  typi cal  hei gh ts  of  these  tanks.   

NOTE  2  The  capaci ty  boundary l im i ts  are  g i ven  i n  both  m 3  and  US  gal l ons.  They  have  been  rounded  to  g i ve  
conven i en t  numbers  i n  each  set  of  un i ts .  As  a  consequence  the  boundary val ues  are  s im i l ar  bu t  do  not  exactl y  
correspond .  E i ther may be  adopted  at  the  users  d i screti on .  

NOTE  3  “Nearl y-square”  tanks  have  a  l eng th  to  wi d th  rat i o  not  exceed ing  1 . 5.  “E longated ”  tanks  have  a  l eng th  to  
wid th  rat i o  of  more  than  1 . 5 .  The  ru l es  g i ven  for  square  tanks  are  safe  for  e l ongated  tanks  of  the  same cross-
sect i onal  area bu t  may be  found  to  be  conservati ve.  

7.3.2.2  Large conductive  tanks  

7.3.2.2.1  General  

I rrespective  of  the  conducti vi ty of  the  l i qu i d  or  the  tank structure,  the  fo l l owing  general  
precautions  shou ld  be  taken:  

a)  earth  the  tank and  al l  associated  s tructures  such  as  p ipes,  pumps,  f i l ter  hous ings ,  etc.  
(see  C lause  1 3) ;  

b)  ensure  that  people  en teri ng  or  working  near an  open ing  of  the  tank are  earthed  (see  
Clause  1 1 ) ;  
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c)  avoid  splash  f i l l i ng  by employing  s i de-en try near the  bottom ,  bottom -en try or  by usi ng  a f i l l  
p ipe  reach ing  c l ose  to  the  bottom  of  the  tank.  

7.3.2.2.2  Fixed  roof  tanks  

For med ium  or l ow conducti vi ty l i qu i ds,  i nspect  the  tank regu larl y,  especial l y after each  
open ing  of  the  manhole,  for  l oose  metal  objects,  e. g .  cans,  that  cou ld  act  as  f l oat i ng  i so lated  
conductors.  

For l ow conducti vi ty l i qu i ds  the  fo l l owing  add i t ional  precau ti ons  are  necessary:  

1 )  Pump and  f i l ter l ocati on .  Locate  pumps,  f i l ters  and  other strong  charge  generating  
e lements  at  an  adequate  res idence  t ime  upstream  of  the  tank in let  to  al l ow the  extra 
charges  to  re lax  before  the  l i qu id  en ters  the  tank (see  7. 5  and  A. 2. 2) .  

2)  Restrict  the  f l ow veloci ty.  For  an  i ncom ing  f low of  uncontam inated,  s ing le  phase  l i qu i d ,  the  
f low veloci ty shou ld  be  restricted  to  1  m /s  for an  in i t i al  f i l l i ng  peri od  that  lasts  un t i l :  

a)  the  f i l l  p ipe  and  any other structu re  on  the  base  of  the  tank has  been  submerged  to  
twice  the  f i l l  pi pe  d iameter;  

b)  any water  wh ich  has  col l ected  i n  the  p ipework has  been  c leared .  

NOTE  1  Restri ct i on  a)  i s  des i gned  to  prevent  d i scharges  to  the  f i l l  p i pe  or  the  s tructu re  and  to  reduce  the  
d i s tu rbance  of  water o r  sed iment.  

NOTE  2  For b) ,  i t  i s  necessary to  wai t  e i ther for  a  peri od  of  hal f  an  hou r o r  u n t i l  two  p i pe  vol umes  have  
been  l oaded  i n to  the  tank,  wh i chever i s  the  shorter.  

After th is  i n i t i al  f i l l i ng  peri od ,  the  ve loci ty for an  uncontam inated,  s ing le-phase  l i qu id  
may be  raised  above  1  m /s .  The  maximum  safe  veloci ty has  not  been  accuratel y 
determ ined  bu t  extens ive  experience  has  shown  that  hazardous  poten tials  do  not  
occur  i f  the  veloci ty i s  be low 7  m /s.  

Because  of  the  h i gh  charge  generation  that  occu rs  i n  two  phase  f l ows  (see  A. 1 . 4)  the  
f low ve loci ty for an  i ncom ing  two  phase  or contam inated  l i qu id  (see  3 . 6)  shou ld  be  
restricted  to  1  m /s  du ri ng  the  whole  f i l l i ng  period .   

3 )  I n l et  des ign .  Liqu id  shou ld  en ter the  tank hori zon tal l y to  m in im ise  both  the  poss ible  
d isturbance  to  water bottoms  or sed iment  and  the  j ett ing  of  h i gh l y charged  i ncom ing  l i qu id  
to  the  su rface.  A good  arrangement  i n  th is  respect  i s  to  use  a hori zon tal  tee  or  cruci form  
end  to  d i rect  the  i ncom ing  l i qu i d  hori zontal l y around  the  wal ls .  

4)  Contro l  water bottoms.  I f  there  are  water bottoms  or sed imen t  present  i n  the  tank,  the  
l evel  of  the  bottom  layer shou ld  be  carefu l l y con tro l l ed  by mon i tori ng  and  drain ing  to  keep 
i t  at  least  two  pipe  d iameters  below the  i n l et.  The  i n l et  des i gn  requ i remen ts  described  in  3  
shou ld  then  ensure  that  the  water bottom  or sed imen t  i s  not  undu l y d isturbed  by the  
i ncom ing  l i qu id  duri ng  f i l l i ng .  

5)  I f  a  f l ammable  atmosphere  i s  presen t  and  i t  cannot  be  ensured  that  sed iments  or  water 
bottoms  wi l l  not  be  d isturbed ,  then  the  ve loci ty shou ld  be  l im i ted  to  1  m /s  when  f i l l i ng .  

NOTE  I t  i s  n ot  u sual l y  necessary  to  restri ct  f l ow speeds  to  1  m /s  th roughou t  the  f i l l  j u st  because  a  second  
phase  i s  present  i n  the  form  of  water bottom  or sed iment  i n  the  tank.  The  ri sks  associated  wi th  water bottoms  
can  normal l y  be  deal t  wi th  by precau ti ons  3  and  4.  

6)  I f  i t  can  be  avoided,  l i qu i d  of  low densi ty shou ld  not  be  l oaded  i n to  a  tank contain i ng  a 
l i qu id  of  substan tial l y h i gher dens i ty,  because  the  resu l tan t  buoyancy effect  wou ld  carry 
the  incom ing  h i gh l y charged  l i qu id  to  the  l i qu i d  su rface  l ead ing  to  a  h i gher surface  
poten tial .  For  the  same reason ,  l oad ing  warmer l i qu i ds  i n to  tanks  parti al l y f i l l ed  wi th  co lder  
l i qu i ds,  and  en trainment  of  ai r  or  other gas  i n to  the  i ncom ing  l i qu id  shou ld  also  be  avoided  
where  poss ible .  I f  such  operati ons  cannot  be  avoided,  the  i n let  f l ow speed  shou ld  be  
reduced  to  1  m /s  to  m in im ise  charge  generati on .  

7.3.2.2.3  Tanks wi th  floating  roofs or  in ternal  fl oating  covers  

I n  a  tank wi th  a f l oating  roof  or  i n ternal  f l oating  cover,  the  f l ammable  atmosphere  i s  sh ie lded  
from  the  poten tials  developing  du ring  f i l l i ng  by the  f loati ng  roof  or  cover.  Therefore,  after the  
i n i t ial  peri od  of  f i l l i ng  and  when  the  roof  or  cover i s  afloat  there  i s  no  need  for a  restricti on  on  
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the  f low veloci ty.  However,  the  veloci ty shou ld  be  restricted  to  1  m /s  un ti l  the  roof  i s  af loat.  To  
ensure  the  des i red  sh ie ld ing  effect,  i t  i s  essential  that  the  f l oati ng  roof  or  i n ternal  cover i s  
made  from  conductive  material  and  i s  properl y earthed  (see  Clause  1 3) .  

Sometimes  f loati ng  spheres  or bal ls  are  used  i n  tanks  to  m in im ise  evaporation .  I t  i s  essential  
that  they are  made  of  d i ss ipati ve  or conducti ve  material .  These  spheres  shou ld  on l y be  used  
on  h i gh  conducti vi ty l i qu i ds  s ince,  on  a  med ium  or l ow conductivi ty l i qu id ,  a  bal l  or  a  g roup of  
bal ls  cou ld  become i so lated  from  earth  thus  lead ing  to  the  possibi l i ty of  sparks.  

7. 3. 2.2.4  Su mm ary of  precau ti on s for  l arg e con d u ctive  tan ks  

Table  8  summarises  the  precauti ons  necessary for f i l l i ng  large  conducti ve  tanks  wi th  l ow 
conducti vi ty l i qu i ds.  I f  the  e lectrical  conductivi ty i s  raised  above  the  l ow conducti vi ty range,  
e. g .  by us i ng  a stat ic  d issipati ve  add i t i ve  (SDA,  see  7. 1 . 4  and  7 . 2. 4) ,  these  precau tions  are  
not  necessary.  However,  i n  th is  case,  i t  i s  essen tial  to  ensure  re l iable  add i t i on  of  the  SDA 
because  fai l u re  to  i ncorporate  the  add i t i ve  i n to  the  l i qu id  cou ld  l ead  to  a  f i re  or  explosion .  The  
precauti ons  for l ow conducti vi ty l i qu ids  shou ld  be  retai ned  i f  there  i s  any doubt  abou t  the  
re l i abi l i ty of  the  add i t i ve  add i t i on .  

Tabl e  8  – Precau ti on s for fi l l i ng  l arg e  condu cti ve tan ks  wi th  low cond u ctivi ty l iqu id s  

Precau ti on s  Appl i cabi l i ty to  tan k 

 Wi th  fl oati n g  roof  or  i n tern al  cover  Wi th  fi xed  roof,  n o  fl oati n g  cover  

Keep f l ow veloci t i es  below 1  m /s  Essential  un t i l  th e  roof  o r cover i s  
afl oat  

Essential  du ri ng  the  i n i t i al  f i l l i n g  
peri od ,  and  when  l oad i ng  a  
con tam inated  or  two  phase  l i qu i d  or  
a  l i qu i d  wi th  a  substant i al l y  l ower 
dens i ty  than  that  al ready i n  the  tank 

Keep f l ow veloci t i es  below 7  m /s  Unnecessary when  the  roof  o r  cover 
i s  afl oat   

NOTE  A f l ow rate  l im i t  wi l l  o ften  be  
needed  to  avoi d  damag ing  the  roof  
by too  rapid  movement.  

Recommended  i n  a l l  cases  i n  wh i ch  
the  1  m /s  l im i t  does  not  apply  

Ensure  an  adequate  res i dence  t ime  
between  strong  charge  generators  
(e. g .  m i crofi l ters)  and  the  tank 

Essen tial  un t i l  th e  roof  o r cover i s  
afl oat  

NOTE  The  res i dence  t ime  can  be  
cal cu lated  us i ng  a  ve loci ty  of  1  m /s  
i n  th i s  i nstance.  

Essential  

Avoid  d i stu rbi ng  water bottoms  wi th  
i ncom ing  product,  en trai ned  ai r  or  by 
bl owing  ou t  l i nes  wi th  gas  

Essential  un t i l  th e  roof  o r cover i s  
afl oat  

Essential  

Avoid  charg i ng  l ow densi ty l i qu i ds  
i n to  tanks  contai n i ng  substan ti al l y  
h i gher densi ty  l i qu i ds  (see  7. 3 . 2 . 2. 1 )  

Unnecessary  Recommended  as  far as  practi cable.  
I f  u navoi dabl e  keep the  f l ow ve loci ty  
below 1  m /s  (see  row 1  of  th i s  table )  

 

7. 3. 2.3  M ediu m-sized  condu cti ve tan ks   

7. 3. 2.3.1  Scope 

Medium  s i zed  conducti ve  tanks  (see  7. 3. 2. 1  for  s i ze  def in i t ions)  i nclude  both  f i xed  storage  
tanks  and  mobi l e  tanks  such  as  road  or rai l  tankers .  Al though  ai rcraft  fue l  tanks  general l y fal l  
wi th in  the  med ium  s i ze  range,  the  l oad ing  of  ai rcraft  tanks  i s  covered  separatel y i n  7. 8. 1 .  

7. 3. 2.3.2  Precau tion s for  fi xed  tanks  

7. 3. 2.3.2. 1  Precau tion s for  al l  types of  l iqu id  

a)  Earth ing :  The  earth ing  requ i rements  g i ven  i n  7 . 2 . 1  and  i tem  a)  of  7. 3 . 2 . 2  shou ld  be  
adopted.  
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b)  P ipes  and  hoses:  P ipes  and  hoses  shou ld  compl y wi th  7. 7. 2  and  7. 7. 3  respecti ve l y.  

c)  People:   Hazards  due  to  the  charg ing  of  people  shou ld  be  avoided  by compl iance  wi th  the  
requ i rements  in  C lause  1 1 .   

d )  Fi l l i ng  ve loci ty:  F low veloci t i es  shou ld  be  kept  wi th i n  the  l im i ts  ou tl i ned  i n  7. 3 . 2. 3 . 5.2 .   

NOTE  The  f l ow l im i ts  vary wi th  the  tank des i gn ,  pi pe  d i ameter and  the  natu re  of  the  l i qu i d .  

e)  Ai r  and  gas:  Do  not  c lear l i nes  wi th  ai r  or  other gas  un less  i t  i s  certai n  that  the  operati on  
wi l l  not  overpressure  the  equ ipment.  N i trogen  or n i trogen-ai r  "m ixed  gas"  shou ld  be  
considered  for  l i ne  c learing  rather than  compressed  ai r .  To  avoid  excess ive  f l ow ve loci t i es  
(re lati ve  to  the  l im i ts  g i ven  i n  7. 3. 2. 3 . 5. 2) ,  use  the  smal l est  source  pressure  that  wi l l  
successfu l l y c lear the  l i ne.  M in im ize  the  vo lume of  en trained  gas  del i vered  sub-surface  i n  
the  receiving  tank.  

f)  Gaug ing  and  sampl ing :  Gaug ing  and  sampl ing  can  i n troduce  add i t ional  hazards.  These  
shou ld  be  deal t  wi th  as  described  i n  7. 6 .  

7.3.2.3.2.2  Addi tional  precautions  for  low conductivi ty l iqu ids  

a)  Fi l ters  and  other h igh  charg ing  equ ipmen t:  F ine  f i l ters,  pumps  and  o ther h i gh  charg ing  
equ ipment  i nstal led  i n  the  pipel ine  upstream  of  a  tank can  generate  h igh  l eve ls  of  charge.  
To  deal  wi th  th is,  fo l low the  advice  g i ven  i n  7. 5.  

b)  Tank drainage:  I f  the  product  i s  not  fu l l y m iscible  wi th  water and  i t  i s  poss ible  that  a  water 
bottom  may form  (e. g .  i f  the  i ncom ing  product  con tains  water or  i f  there  i s  d isso lved  water 
or  con tact  wi th  moist  ai r  and  variable  water so lubi l i ty due  to  temperature  cycl i ng ) ,  the  tank 
shou ld  be  provided  wi th  a low leve l  d rain  to  enable  the  water bottom  to  be  removed .  The  
l evel  of  the  water bottom  shou ld  be  mon i tored  and  con tro l l ed  to  keep i t  be low the  product  
i n let  by at  least  two  p ipe  d iameters.  

c)  Tank i n l et:  The  i n let  shou ld  be  l ocated  l ow i n  the  tank bu t  above  the  l evel  to  wh ich  a water  
bottom  wi l l  be  perm i tted  to  accumu late.  Th is  can  be  ach ieved  e i ther by top f i l l i ng  via a f i l l  
p ipe  reach ing  c lose  to  the  bottom  of  the  tank or by bottom  f i l l i ng  ( i ncl ud ing  s i de  f i l l i ng  
cl ose  to  the  bottom ) .  The  i n let  shou ld  be  des igned  to  feed  i ncom ing  l i qu id  hori zontal l y i n to  
the  tank both  to  m in im ise  the  j ett i ng  of  h igh l y charge  product  to  the  surface  and  to  
m in im ise  the  d istu rbance  of  water bottoms  or  sed iment.  A tee-shaped  i n let  that  d i rects  the  
l i qu id  paral l el  to  the  s ide  wal ls  i s  i deal  i n  th is  respect.   

NOTE  For f i xed  tanks  wi th  s i de  en try i n l ets ,  the  use  of  a  tee  i s  more  practi cal  than  the  defl ector p late  
because  i t  keeps  h i gh l y  charged  l i qu i d  near the  tank base  and  m in im ises  suspension  of  any water and  
sed iment  from  the  tank f l oor.  

d)  Splash  Fi l l i ng :   

– For most  appl icati ons ,  splash  f i l l i ng  shou ld  be  avoided  by us i ng  a  l ow level  i n l et  wi th  
the  i ncom ing  f l ow d i rected  hori zon tal l y as  described  i n  the  previous  paragraph  (see  
also  7 . 2. 2) .   

– Splash  top  f i l l i ng  i s  sometimes  essen tial  for  process  reasons  (e . g .  to  avoid  i n terference  
wi th  s ti rrers  i n  chem ical  reaction  vessels) .  I n  th is  case:  

i )  The  f i l l  p ipe  shou ld  en ter  the  vessel  c l ose  to  a s i de-wal l  and  the  i ncom ing  l i qu id  
shou ld  be  d i rected  downwards  and  s l i gh tl y towards  the  wal l  (at  an  ang le  of  1 5°  to  
30°  to  the  vert ical ) .  

i i )  The  operation  shou ld  be  assessed  i n  detai l  to  determ ine  an  acceptable  l oad ing  
ve loci ty.  Th is  shou ld  not  exceed  50  % of  the  veloci ty derived  from  the  normal  
ve loci ty or  vd  l im i ts  (see  7. 3. 2 . 3 .5)  and  shou ld  not  be  more  than  2  m /s.   

i i i )  The  d is tance  from  the  end  of  the  f i l l  p i pe  (and  other  protrus ions)  to  the  maximum  
l iqu id  l eve l  shou ld  be  at  l east  200  mm  so  that  d i scharges  from  the  l i qu i d  surface  
are  un l ikel y to  occur.   

Flammable  l i qu i ds  of  l ow vo lati l i ty (e . g .  l ubo i l s )  that  are  incapable  of  producing  a 
f lammable  vapour atmosphere  at  the  maximum  hand l i ng  temperature  can  be  splash  
f i l l ed  wi thout  the  above  add i t ional  load ing  restricti ons  (wh ich  are  for cases  where  there  
cou ld  be  a  f l ammable  atmosphere) .  However,  wi th  th is  approach  i t  i s  essen tial  to  
ensure  that  there  are  no  other sources  of  f l ammable  vapour and  that  the  l oad ing  
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process  does  not  produce  enough  m ist  or  suspended  droplets  to  render the  
atmosphere  f l ammable.  

7.3.2.3.3  Precautions for  road  tankers  

The precau tions  for road  tankers  are  the  same as  for f i xed  tanks  (7. 3. 2. 3 .2)  except  for the  use  
of  d i fferen t  ve loci ty l im i ts  as  described  i n  7. 3 . 2 . 3. 5. 4  and  the  fo l l owing  add i t i onal  
requ i rements :   

1 )  Earth ing  and  bond ing  

a)  The  bond ing  res is tance  between  the  chassis ,  the  tank and  the  associated  pipes  and  

f i tt i ngs  on  the  truck shou ld  be  l ess  than  1  MΩ .  For whol l y metal l i c  systems,  the  

res istance  shou ld  be  1 0  Ω  or  l ess  and  i f  a  h i gher  value  i s  found  fu rther i nvesti gations  
shou ld  be  made to  check for possible  problems  of  e. g .  corros ion  or l oose  connecti on .   

b)  An  earth ing  cable  shou ld  be  connected  to  the  truck before  any operation  (e . g .  open ing  
man  l i ds,  connecting  pipes)  i s  carried  ou t.  I t  shou ld  provide  a res is tance  of  l ess  than  

1 0  Ω  between  the  truck and  the  gan try’s  des ignated  earth i ng  po in t  and  shou ld  not  be  
removed  un t i l  al l  operations  have  been  completed .   

c)  I t  i s  recommended  that  the  earth  cable  requ i red  in  b)  be  part  of  a  static  earth  
mon i tori ng  system  that  con tinuous l y mon i tors  the  resistance  between  the  truck and  a  
des ignated  earth i ng  po in t  on  the  gantry and  acti vates  i n terlocks  to  preven t  l oad ing  

when  th is  res istance  exceeds  1 0  Ω .  I t  i s  fu rther recommended  that  the  stat ic  earth  
mon i tori ng  system  shou ld  be  capable  of  d i fferen tiati ng  between  connecti on  to  the  
truck’s  tank (or  earth  connection  po in t)  and  other metal  obj ects .  Th is  type  of  system  
wi l l  prevent  operators  from  connecting  the  earth i ng  system  to  objects  (e . g .  the  mud-
guards)  that  may be  e lectrical l y i so lated  from  the  truck’s  con tainer.  

2)  Top l oad ing  

a)  The  l oad ing  arm  (or d i p  l eg  or  drop pipe)  shou ld  be  i nserted  to  the  bottom  of  the  tank 
before  starti ng  l i qu i d  f low.   

b)  The  drop  p ipe  shou ld :  

i )  be  pos i ti oned  vert ical l y,  

i i )  reach  the  bottom  of  the  compartmen t;  

i i i )  have  a tee-piece  or  s im i lar  defl ector  on  the  bottom  to  def lect  the  f l ow along  the  
base  of  the  compartment.  

3)  Ligh tn i ng  

When  there  i s  the  poss ibi l i ty of  l i gh tn i ng ,  road  tankers  shou ld  not  be  l oaded  i n  the  open  
ai r  wi th  a l i qu i d  that  can  g i ve  ri se  to  a f l ammable  atmosphere  ou tsi de  the  tank 
compartment.  Load ing  may take  place  under canopies  or  where  an  adequate  cone  of  
l i gh tn i ng  protection  i s  provided.  

7.3.2.3.4  Precautions for  rai l  tankers  

The precau ti ons  for  rai l  tankers  are  the  same as  for f i xed  tanks  (7. 3. 2. 3. 2)  except  for the  use  
of  d i fferen t  ve loci ty l im i ts  (see  7. 3 .2 . 3. 5. 5)  and  the  fo l l owing  add i ti onal  requ i rements :   

1 )  Bond ing  

a)  The  rai l s  of  the  track shou ld  be  bonded  to  each  other  and  to  the  gan try wi th  a bond ing  

res istance  of  l ess  than  1  MΩ .  

b)  The  bonding  res istance  between  the  wheels ,  the  tank and  the  rest  of  the  car shou ld  be  

l ess  than  1  MΩ .  I ndependen t  bond ing  of  the  rai l  tank car i s  not  needed  as  i t  i s  provided  
by the  rai ls .  

2)  Ci rcu lati ng /stray currents  

a)  An  insu lat ing  f lange  may be  i nstal l ed  i n  the  f i l l i ng  l i ne  to  preven t  stray curren ts .  I n  th is  
case  the  f i l l  nozzle  shou ld  be  bonded  to  the  rai l -car before  f i l l i ng  commences.  
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b)  The  s id ing  used  for tank car f i l l i ng  shou ld  be  i so lated  from  the  rest  of  th e  rai lway track 
i n  order to  avo id  s tray curren ts .  Th is  i nsu lat ion  shou ld  not  be  short  c i rcu i ted  by rai l  
equ ipment  or  rai l  cars.  

3)  Top l oad ing  

The  l oad ing  arm  (drop pipe)  shou ld  be  i nserted  to  the  bottom  of  the  tank before  s tart ing  
l i qu id  f l ow.  The  drop pipe  shou ld :  

a)  be  pos i t i oned  vert ical l y (au tomated  top load ing  systems  may i nsert  the  l ance  at  a  s l i gh t  
ang le) ;  

b)  reach  the  bottom  of  the  compartment;  

c)  have  a tee-piece  or  s im i lar def lector on  the  bottom  to  deflect  the  f l ow along  the  base  of  
the  compartment.  

4)  Ligh tn i ng  

When  there  i s  the  poss ibi l i ty of  l i gh tn i ng ,  rai l  tankers  shou ld  not  be  l oaded  i n  the  open  ai r  
wi th  a l i qu id  that  can  g i ve  rise  to  a f lammable  atmosphere  ou ts ide  the  tank compartment .  
Load ing  may take  place  under canopies  or where  an  adequate  cone  of  l i g h tn ing  protection  
i s  provided.  

7.3.2.3.5  Flow veloci ty and  vd l imi ts  

7.3.2.3.5. 1   General  explanatory notes  

Flow l im i ts  are  expressed  ei ther  d i rectl y i n  terms  of  ve loci ty or  i nd i rectl y i n  terms  of  l im i ts  on  
the  product  of  ve loci ty and  p ipe  d iameter  (vd) .  The  key factors  that  i n f l uence  these  l im i ts  are:  

a)  The  s i ze  and  shape  of  the  tank:   The  most  cri t i cal  s i ze  tends  to  l ie  i n  the  range  3  to  1 0  m 3  
and  tal l ,  narrow tanks  g i ve  the  h i ghest  vo l tages .  Potentials  are  general l y l ower i n  l arger or  
smal l er tanks,  i n  hori zon tal l y e longated  tanks  or i n  tanks  for wh ich  the  l eng th  and  wid th  (or 
d iameter)  are  g reater than  the  he igh t.  

NOTE  Extremely narrow tanks  wou l d  al so  g i ve  l ow vo l tages  bu t  the  hei g h t  to  wi d th  rati os  needed  to  real i se  
th i s  case  fal l  ou ts i de  the  normal  pract i cal  range.  

b)  The  presence  of  a  central  conductor:   I n  a  near-cubic  tank ( i . e.  al l  major  d imensions  of  
s im i lar magn i tude) ,  the  presence  of  a  substantial  conductor runn ing  vertical l y down  the  
cen tre  reduces  the  maximum  potential  by abou t  a  factor of  two.  Because  of  the  reduced  
poten tial ,  a  h i gher maximum  f i l l  ve loci ty may be  perm i tted .  A central  conductor i s  much  
l ess  effecti ve  at  reducing  poten tials  i n  e longated  hori zontal  tanks  or tanks  wi th  a smal l  
he i ght  to  wid th  rat io.  Examples  of  operations  that  can  benefi t  from  the  presence  of  a  
cen tral  conductor are  road  tanker top- load ing  ( the  f i l l i ng  arm  provides  the  conductor)  and  
road  tanker  bottom - load ing  i n  compartmen ts  wi th  d ip  tubes.  

c)  The  nature  of  the  l i qu id :   The  conducti vi ty i s  important  as  i s  the  presence  or absence  of  
mu l t iple  phases.  I n  add i t i on ,  the  o i l  i ndustry has  found  an  increased  risk of  e l ectrostatic  
i gn i t i on  when  l oad ing  veh icles  wi th  m idd le-d isti l l ate  fuels  that  have  l ow su lphur con ten t  

(<  50  ppm ) .  

NOTE  The  i ncreased  ri sk wi th  l ow-su lphu r d i esel  i s  though t  to  ari se  fundamental l y  from  factors  associated  
wi th  d i esel  processing  and  there  i s ,  as  yet,  no  evi dence  that  o ther l ow su lphu r l i qu i ds  are  s im i l arl y  affected  
(e. g .  gasol i nes ,  pu re  chem ical s  or  sol ven ts  may be  l ow i n  su lphur bu t  there  i s  n o  evi dence  that  they have  an  
i ncreased  r i sk of  e l ectrostat i c  i gn i t i on ) .  

d)  Whether the  tank i s  f i xed  or mobi le :   F i l l i ng  faci l i t i es  for  f i xed  tanks  can  be  des igned  for  a  
speci f i c  du ty whereas  faci l i t i es  for mobi le  tanks  have  to  deal  wi th  a range  of  tank s i zes  
and  shapes.  For mobi l e  tanks,  the  veloci ty or  vd l im i t  shou ld  be  su i table  for  the  worst  case  
that  cou ld  be  encountered.  Also  mobi le  tanks  tend  to  be  e longated  hori zon tal l y for s tabi l i ty  
i n  transi t  (e. g .  rai l  tanker compartments)  whereas  f i xed  tanks  are  often  tal l  and  narrow 

(height/d iameter > 1 ) .  

Because  of  these  practical  d i fferences,  there  are  separate  veloci ty or  vd l im i ts  for f i xed  tanks,  
road  tankers  and  rai l  tankers .  Also,  for  both  road  and  rai l  tankers ,  there  are  separate  l im i ts  for  
m idd le-d isti l l ate  h ydrocarbons  and  other l i qu i ds.  
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7.3.2.3.5.2  Reg ion  over wh ich  flow l imi ts  apply 

Where  veloci ty or  vd l im i ts  are  speci f i ed  they shou ld  be  met  th roughout  a “re laxati on  reg ion”  
upstream  of  the  tank.  The  re laxation  reg ion  consi sts  of  the  p ipework wi th in  a  residence  t ime  
of  30  seconds  or  3  re laxation  t imes  upstream  of  the  tank wh ichever i s  l ower.  Where  the  
re laxati on  t ime  i s  used  to  calcu late  the  residence  t ime  i t  shou ld  be  determ ined  from  the  l owest  
poss ible  conducti vi ty that  may be  hand led .  I f  the  lowest  conducti vi ty i s  not  known ,  the  30  s  
cri teri on  shou ld  be  adopted .   

To  ensure  that  the  vd or  ve loci ty l im i ts  are  met  th roughou t  the  re laxation  reg ion  i t  i s  necessary 
on l y to  ensure  that  they are  met  over  the  most  cri t i cal  secti on  wi th i n  the  reg ion .   

For an  un-branched  system  the  cri ti cal  section  i s  the  one  wi th  the  smal l est  p ipe  d iameter  
except  that  i f  the  secti on  wi th  the  smal l est  d i ameter i s  less  than  5  m  long  and  i s  on l y one  
nom inal  p ipe  s i ze  less  than  the  secti on  wi th  the  next  smal lest  d i ameter,  the  l atter may be  
taken  as  the  cri t ical  one.   

For a branched  p ipe  system  (e. g .  a  large  feeder l i ne  spl i tt i ng  i n to  smal l er l i nes  such  that  the  
upstream  pipe  segmen ts  feed  several  tanks  wh i l st  the  downstream  ones  each  feed  j ust  one  
tank) ,  the  cri t ical  section  i s  the  one  wi th  the  h ighest  value  of  Fs/ds

m  where  Fs  i s  the  h i ghest  
poss ible  f l ow rate  th rough  the  segmen t,  ds  i s  the  d iameter of  the  pipe  i n  the  segment and  m=2 
for evaluating  vd l im i ts  or  m=3  for  evaluati ng  veloci ty l im i ts  (see  A. 1 . 4) .   

The  maximum  acceptable  curren t  i n  a  cri t ical  segment f i l l i ng  mu l t i ple  tanks  s imu l taneousl y i s  
Ns  t imes  that  i n to  each  tank where:   

Ns  =  Fs/FT 

Fs  i s  the  maximum  possible  f low rate  th rough  the  segment and  FT i s  the  vo lumetric  f low rate  
i n to  the  tank.  The  increased  curren t  i s  acceptable  i n  the  segmen t because  i t  i s  d i vi ded  
between  the  tanks.  Because  the  s tream ing  current  vari es  as  the  square  of  the  veloci ty,  the  
perm i tted  f l ow veloci ty or  vd l im i t  for  the  segmen t i s  correspond ing l y Ns

1 /2  t imes  h igher than  
the  l im i t  for  the  tank (see  A. 1 . 4) .   

7.3.2.3.5.3  Limi ts  for fi xed  tanks  

Di fferen t  l im i ts  appl y,  as  fo l l ows,  i n  an  i n i t ial  s low start  period  and  i n  the  main  f l ow period :  

S low start:   For  med ium  and  low conducti vi ty l i qu ids  where  there  cou ld  be  water bottoms  or  
sed imen t  presen t  i n  the  tank,  the  i n i t i al  f l ow veloci ty shou ld  not  exceed  1  m /s  un t i l  the  f i l l  p i pe  
ou t let  i s  submerged  to  two  pipe  d iameters.  Th is  s l ow start  i s  requ i red  to  con trol  the  hazards  
associated  wi th  the  d is tu rbance  of  the  sed iment.  Opin ions  d i ffer as  to  whether a  s low s tart  i s  
necessary where  there  i s  no  poss ibi l i ty of  water  bottoms  or sed iment.  Measurements  have  
suggested  that  i n  th is  case  s low s tarts  do  not  s i gn i f icantl y reduce  the  maximum  vol tage.  
Nevertheless ,  they may be  advisable  to  avoid  poss ible  i ssues  wi th  d isplacement  of  water from  
the  p iping .   

I f  a  tank i s  f i l l ed  i n  a  seri es  of  separate  s tages,  a  s l ow start  of  1  m /s  i s  recommended  for  each  
i nd i vi dual  s tage.  

Fu l l  f l ow:   The  f l ow veloci ty and  vd l im i ts  for the  fu l l  f l ow period  depend,  as  fo l l ows,  on  the  
nature  of  the  l i qu id  and  the  tank:  

1 )  Al l  h i gh  conducti vi ty l i qu i ds  and  s i ng le-phase  med ium  conducti vi ty l i qu ids :   There  i s  no  
mandatory restriction  on  the  f l ow veloci ty bu t  a  general  precau ti onary l im i t  of  7  m /s  i s  
recommended .  I f  a  h i gh  veloci ty i s  perm i tted  on l y because  the  conductivi ty has  been  
raised  wi th  a Static  D iss ipati ve  Add i t i ve  (SDA) ,  i t  i s  essen tial  to  ensure  re l i able  add i ti on  of  
the  SDA because  fai lu re  to  i ncorporate  enough  add i t i ve  i n to  the  l i qu i d  cou ld  then  lead  to  a  
f i re  or  explos ion .  I f  there  i s  any doubt  abou t  the  rel iabi l i ty of  SDA add i t i on ,  the  veloci ty 
l im i ts  for  l ow conducti vi ty l i qu i ds  shou ld  be  used.  



IEC  TS  60079-32-1 :201 3+AMD1 :201 7  CSV – 47  – 
© I EC  201 7  

2)  Contam inated  or two-phase  l i qu i d  of  med ium  or l ow conductivi ty:   When  f i l l i ng  tanks  wi th  
two-phase  m ixtures  (e . g .  contam inated  l i qu ids,  l i qu ids  wi th  suspended  water or  so l i ds)  for  
wh ich  the  con tinuous  phase  has  a med ium  or l ow conducti vi ty there  i s  a  f i xed  ve loci ty l im i t  
of  1  m /s.  Th is  l im i t  shou ld  also  be  appl ied  i f  water  bottoms  or sed iment  cou ld  be  st i rred  up  
i n  a  tank con tain ing  a med ium  or l ow conducti vi ty l i qu id  e. g .  i f  water has  accumu lated  un ti l  
the  product/water i n terface  i s  c lose  to  (wi th i n  one  entry p ipe  d iameter)  or  h igher than  the  
l evel  of  the  i n let.  Veloci t i es  shou ld  not  be  much  be low 1  m /s  or  water cou ld  accumu late  at  
l ow poin ts  i n  the  p ipes.  

3)  Uncontam inated  l ow conducti vi ty l i qu i ds:   For uncon tam inated  (c lean) ,  s i ng le-phase,  l ow-
conducti vi ty l i qu ids,  the  veloci ty restrictions  are  e i ther g i ven  d i rectl y i n  terms  of  ve loci ty or  
they are  deri ved  from  vd l im i ts  where  v i s  the  average  f l ow veloci ty i n  the  p ipe  i n  
metres/second  and  d the  pipe  d iameter  i n  metres .  There  are  d i fferen t  l im i ts ,  as  fo l lows,  for  
vert ical -axis  and  hori zontal -axis  tanks.  

a)  Vert ical -axis  cyl i ndrical  tanks  or vessels  wi th  vertical  s ides  and  square  or near-square  
cross  secti on :   

NOTE  Near-square  tanks  are  those  for  wh i ch  the  rat i o  of  l eng th  to  wi d th  does  not  exceed  1 , 5 .  

When  f i l l i ng  th rough  an  un -branched  l i ne ,  the  f i l l i ng  ve loci ty v i n  the  cri t ical  secti on  of  the  
re laxati on  reg ion  (see  7. 3. 2. 3 .5 .2)  shou ld  be  restricted  to :  

v ≤  K(D/d) 1 /2  m /s  

subj ect  to  a  maximum  f low ve loci ty of  7  m /s.  

Here  D i s  the  tank d iameter or,  for  near-square  vessels  of  leng th ,  L,  and  width ,  W,  an  

effecti ve  d iameter determ ined  from  D=2(LW/π) 1 /2  ( for  square-section  vessels  L=W) ,  d i s  
the  p ipe  d iameter (both  D  and  d must  be  in  the  same un i ts)  and  K i s  a  constant  that  
depends  weakly on  the  d i e lectric  constant  of  the  l i qu i d  and  has  d imensions  of  ve loci ty.  I t  i s  
shown  i n  B.2 .2,  that  K =  0, 7  m /s  for ε  =  2  and  that the  maximum  departure  from  th is  value  
i s  l ess  than  6 , 3  % for the  range  of  d i electric  constants  associated  wi th  l ow conductivi ty  
l i qu ids  (up  to  ε  ~  5) .  Th is  smal l  d i fference  i s  wi th in  the  uncertain ties  and  safety marg ins  of  
the  anal ys is ,  so  the  value  0 . 7  m /s  i s  adopted  un i versal l y.   

When  f i l l i ng  mu l t i ple  tanks  th rough  a  branched  l i ne  the  cri t i cal  section  may occur at  a  
l ocation  that  feeds  more  than  one  tank.  I n  th is  case,  the  maximum  ve loci ty i n  the  cri ti cal  
section  may be  i ncreased  by a factor Ns

1 /2  from  the  value  g i ven  above,  where  Ns  i s  the  
rati o  of  the  maximum  f low rate  th rough  the  cri t ical  segment to  the  f l ow rate  i n to  the  tank 
(see  7. 3. 2. 3 .5. 2  and  A. 1 . 4) .   

F low rates  deri ved  from  the  above  express ion  for  f i l l i ng  tanks  th rough  un-branched  l i nes  
wi th  schedu le  40  wal l  th i cknesses  are  g i ven  i n  Tables  9a ( i n  m 3/m in )  and  9b  ( i n  USG/m in) .  

NOTE  I n  North  Ameri ca,  p i pes  are  defi ned  by  thei r  NPS  (Nom inal  P ipe  S i ze,  the  ou ter d i ameter i n  i nch )  and  a  
Schedu l e  for  the i r  wal l  th i ckness.  I n  Europe,  pi pes  are  defi ned  by thei r  DN  (Diameter Nom inal ,  the  ou ter  d i ameter  
i n  mm )  and  thei r  I N  ( I nner d i ameter Nom inal  i n  mm ) .  
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Table  9  – Fi l l i ng  rate l i mi ts  for  fi l l ing  m ed iu m-sized   
verti cal -axi s  tanks  th rou g h  sch edu l e  40  pipes  

a)  Flow rates  in  m 3/m i n  

Pi pe si ze  Tan k d i am eter,  m  

NPS  DN  I D,  mm  1   1 , 5   2   2 , 5   3   4   5   6   8   1 0   

1  25  26, 6  0, 1 4  0 , 1 8  0 , 20  0 , 23  0 , 23  0 , 23  0 , 23  0 , 23  0 , 23  0 , 23  

1 , 5  40  40, 9  0, 27  0 , 33  0 , 39  0 , 43  0 , 47  0 , 55  0 , 55  0 , 55  0 , 55  0 , 55  

2  50  52, 5  0, 40  0 , 49  0 , 56  0 , 63  0 , 69  0 , 79  0 , 89  0 , 91  0 , 91  0 , 91  

2, 5  65  62, 7  0, 52  0 , 63  0 , 73  0 , 82  0 , 90  1 , 04  1 , 1 6  1 , 27  1 , 30  1 , 30  

3  80  77, 9  0, 72  0 , 88  1 , 01  1 , 1 3  1 , 24  1 , 44  1 , 60  1 , 76  2, 00  2 , 00  

4 1 00  1 02  1 , 08  1 , 32  1 , 53  1 , 71  1 , 87  2 , 1 6  2 , 41  2 , 64  3 , 05  3 , 41  

5  1 25  1 28  1 . 51  1 . 85  2 . 1 4  2 . 39  2. 62  3 . 03  3 . 39  3 . 71  4. 28  4. 79  

6  1 50  1 54  1 , 99  2, 44  2 , 82  3 , 1 5  3 , 45  3 , 99  4, 46  4, 89  5, 64  6 , 31  

8 200  203  3, 01  3 , 69  4, 26  4, 76  5, 21  6 , 02  6 , 73  7, 38  8, 52  9 , 52  

1 0  250  254  4. 24  5. 1 9  5 . 99  6 . 70  7. 34  8 . 47  9 . 47  1 0 . 4  1 2 . 0  1 3 . 4  

1 2  300  305  5, 51  6, 75  7, 79  8 , 71  9 , 54  1 1 , 0  1 2, 3  1 3 , 5  1 5, 6  1 7, 4  

 

b)  Fl ow rates  in  U SG /min  

Pi pe si ze  Tan k d i am eter,  ft  

NPS DN  I D,  m m  4  5  6  8  1 0  1 2  1 6  20  26  33  

1  25  26, 6  42  47  51  59  62  62  62  62  62  62  

1 , 5  40  40, 9  80  89  97  1 1 3  1 26  1 38  1 46  1 46  1 46  1 46  

2  50  52, 5  1 1 6  1 29  1 42  1 64  1 83  201  232  240  240  240  

2, 5  65  62, 7  1 51  1 69  1 85  21 4  239  262  302  338  343  343  

3  80  77, 9  209  234  256  296  331  363  41 9  468  529  529  

4 1 00  1 02  31 5  352  385  445  497  545  629  704  802  904  

5  1 25  1 28  442  494  541  625  698  765  883  988  1 1 30  1 270  

6  1 50  1 54  582  650  71 3  823  920  1 01 0  1 1 60  1 300  1 480  1 670  

8 200  203  878  982  1 080  1 240  1 390  1 520  1 760  1 960  2240  2520  

1 0  250  255  1 240  1 380  1 51 0  1 750  1 950  21 40  2470  2760  31 50  3550  

1 2  300  305  1 61 0  1 800  1 970  2270  2540  2780  321 0  3590  41 00  4620  

 

b)  vd l im i ts  for other med ium  s i zed  tanks  (e. g .  hori zontal -axis  tanks  or vert ical -s ided  
vessels  wi th  e l ongated  non -square  cross  secti ons) :  

vd ≤  N ×  0 , 50  m 2/s  for  top l oad ing  or  bottom  l oad ing  wi th  a  cen tral  conductor  

vd ≤  N ×  0 , 38  m 2/s  for  bottom  load ing  wi thou t  a  central  conductor  

subject  to  a  maximum  f low ve loci ty of  7  m /s.  

I n  these  l im i t  express ions  N i s  a  factor that  describes  the  i n fl uence  of  the  tank l eng th ,  L,  

wh ich  i s  the  largest  hori zon tal  d imens ion .  W i th  L  expressed  i n  metres:  N = 1  for  L  <  2 ,  

N =  /2L  for  2   ≤  L ≤  4 , 6  and,  N =  1 , 5  for L >  4 , 6.  I n ternal  s tructures  such  as  baff les  need  

not  to  be  taken  in to  accoun t  when  determ in ing  the  tank l eng th ,  bu t  i f  the  tank i s  
subd ivided  i n to  complete l y separate  compartments,  each  compartment  shou ld  be  treated  
as  a separate  tank.  
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These  l im i ts  appl y to  the  cri ti cal  secti on  of  the  piping  i n  the  re laxati on  reg ion  upstream  of  
the  tank (see  7. 3. 2. 3. 5. 2) .  When  f i l l i ng  mu l t i ple  tanks  th rough  a branched  l i ne  the  cri t i cal  
secti on  may occur at  a  l ocati on  that  feeds  more  than  one  tank.  I n  th is  case,  the  maximum  
veloci ty i n  the  cri t i cal  secti on  may be  i ncreased  by a factor Ns

1 /2  f rom  the  value  g i ven  
above,  where  Ns  i s  the  rat io  of  the  maximum  f low rate  th rough  the  cri ti cal  segmen t to  the  
f low rate  i n to  the  tank (see  7. 3 . 2 . 3 . 5. 2  and  A. 1 . 4) .  

F low ve loci ty and  vo lume f low rate  l im i ts  for f i l l i ng  hori zon tal  axis  tanks  th rough  un -
branched  l i nes  via  a range  of  p ipe  s i zes  can  be  obtained  by combin ing  the  vd and  veloci ty 
l im i ts  and  are  g i ven  i n  Table  1 0 .  

Tabl e  1 0  – Veloci ty an d  fi l l in g  rate  l im i ts  for l oadi ng  low cond u ctivi ty l i qu i d s  
in to  sh ort  (N =1 ) ,  f i xed  h orizontal  axis  tanks  vi a  sch edu l e  40  pi pes  

Pi pe si zea  

Bottom  l oad i n g  or  l oad i n g  wi th ou t  a  
cen tral  con d u ctor  

Top  l oad i n g  or  l oad i n g  wi th  a  cen tral  
con d u ctor  

vd  =  0, 38  m 2/s  vd  =  0, 50  m 2/s  

NPS DN  I D,  mm  Fl ow vel oci ty,  m/s  Fi l l i n g  rate,  m 3/m in  Fl ow vel oci ty,  m/s  Fi l l i n g  rate,  m 3/m in  

1  25  26, 6  7, 0  0 , 23  7, 0  0 , 23  

1 , 5  40  40, 9  7, 0  0 , 55  7, 0  0 , 55  

2  50  52, 5  7, 0  0 , 91  7, 0  0 , 91  

2 , 5  65  62, 7  6 , 1  1 , 1 2  7, 0  1 , 30  

3  80  77, 9  4, 9  1 , 40  6, 4  1 , 84  

4  1 00  1 02  3 , 7  1 , 83  4, 9  2 , 41  

6  1 50  1 54  2 , 5  2 , 76  3 , 2  3 , 63  

8  200  203  1 , 9  3 , 63  2, 5  4, 78  

1 2  300  305  1 , 2  5 , 46  1 , 6  7, 1 8  

a  based on diameter of critical pipe section (see 7.3.2.3.5.2).  

 

The ve loci ty,  vd,  and  f l ow rate  l im i ts  g i ven  i n  th is  section  are  derived  on  the  assumption  that  
al l  the  requ i remen ts  ou tl i ned  i n  7. 3 . 2. 3. 2  are  fu l f i l l ed .  Sometimes  th is  i s  d i ff icu l t  to  ensure  
(e. g .  i t  i s  not  always  certain  that  splash  l oad ing  can  be  preven ted) .  Where  there  i s  any doubt,  
a  r i sk assessment  shou ld  be  carried  ou t  and  add i t ional  contro l  measures  pu t  i n  p lace  i f  
appropriate .  Add i t ional  measures  may i nclude:  

a)  reducing  the  f low veloci ty below the  leve l  requ i red  by the  l im i ts  i n  Table  1 0;  

b)  rais i ng  the  conducti vi ty u si ng  SDA (see  7. 2 . 4) .  

7. 3. 2.3.5. 4  Li m i ts  for road  tan kers  

This  subclause  describes  how the  veloci ty or  vd l im i ts  for load ing  uncontam inated,  s i ng le-
phase,  l ow-conducti vi ty l i qu ids  i n to  road  tankers  d i ffer from  the  l im i ts  for f i xed  tanks 
(7. 3 . 2. 3 . 5. 3) .  Any veloci ty or  vd l im i t  that  i s  not  expl ic i t l y men ti oned  i n  th is  section  (e. g .  l im i ts  
for s low s tarts  and  con tam inated  l i qu ids)  remains  as  g i ven  i n  7. 3 . 2. 3. 5. 3  for f i xed  tanks:  

Liqu ids  o ther than  petro leum  fue ls:  Use  the  f i xed- tank veloci ty l im i ts  i n  7. 3 . 2 . 3 . 5. 3  except  that  
i f  compartments  of  d i fferen t  l eng th  are  to  be  f i l l ed  at  the  same l oad ing  po in t,  as  wi l l  usual l y be  
the  case,  the  vd l im i t  and  f low veloci ty shou ld  be  calcu lated  us ing  the  N val ue  for the  shortest  
compartmen t that  wi l l  be  f i l l ed .  I f  the  l eng th  of  the  shortest  compartment  i s  not  known ,  N =  1  
shou ld  be  used.  Th is  wi l l  ensure  that  the  maximum  f low ve loci ty i s  acceptable  for the  worst-

case  compartment  l eng ths  (L  ≤  2  m ) .  The  f l ow veloci t i es  and  f l ow rates  for th is  case  are  g i ven  
i n  Table  1 0.  

Petro leum  m idd le  d ist i l late  fuels :  To  deal  wi th  d i f ferences  i n  veh icle  des i gn ,  the  o i l  i ndustry 
has  s tarted  to  c lass i fy those  road  tankers  for wh ich  a  h igher f l ow veloci ty can  be  to lerated  i n  
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al l  compartmen ts  as  “veh icles  su i table  for  h i gh-speed  load ing”.  These  veh icles  have  the  
features  i den ti f i ed  in  Table  1 1  as  promoting  reduced  poten tials  and  may be  loaded  up to  33  % 
faster  than  standard  veh icles  i f  l ocal  regu lati ons  perm i t.  A term inal  that  i s  set  to  load  at  the  
h igher ve loci ty l im i t  shou ld  speci fy that  on l y veh icles  su i table  for h i gh  speed  l oad ing  be  f i l l ed .  

Table  1 1  g i ves  a def in i t i on  of  the  veh icles  that  may be  considered  su i table  for  h i gh  speed  
l oad ing .  Us ing  th is  defi n i ti on  to  class i fy veh icles,  f l ow veloci t i es  shou ld  be  set  so  that  vd does  
not  exceed  the  appropriate  l im i t  taken  from  Table  1 2 .  The  vd l im i ts  i n  Table  1 2  depend  on  the  

type  of  product  ( l ow su lphur (<  50  ppm)  or  other m idd le-d is ti l l ate  product) ,  the  nature  of  the  
compartment (su i table  for h i gh  speed  l oad ing  or not)  and  the  product  conducti vi ty.  

Gasol i nes:  F in ished  gasol i nes  may be  loaded  at  rates  determ ined  from  a un i versal  l im i t  of  

vd ≤  0 , 5  m 2/s  (subject  to  v ≤  7  m /s)  i rrespecti ve  of  veh icle  type,  gaso l i ne  conducti vi ty or  
su lphur con ten t.  Th is  rate  i s  based  on  the  degree  of  protecti on  con ferred  by h igh  vo lat i l i ty 
coupled  wi th  l im i ted  scope  for ai r  i ng ress  i n  bottom  loaded  veh icles  and  i ts  use  i s  supported  
by operati onal  experience.  I t  shou ld  not  be  appl i ed  to  the  l oad ing  of  i nd ivi dual  gasol i ne  
components  such  as  naph thas,  wh ich  may have  s i gn i f ican tl y lower vo lati l i ty than  f i n ished  
gasol ines .  Such  componen ts  shou ld  be  l oaded  us ing  the  f i l l i ng  ru les  for m idd le  d ist i l l ates.  

Flow ve loci ti es  and  vo lume f low rates  deri ved  from  the  vd l im i ts  i n  Table  1 2  and  subject  to  the  
maximum  flow veloci ty of  7  m /s  are  g i ven  in  Table  1 3  for  a  range  of  p i pe  s i zes.  

Table  1 1  – Veh icles  and  compartments  su i table  for h igh-speed  load ing  
for  ADR  compl iant  veh icles  

Vehicle  I f  a  veh i cl e/tanker i s  to  be  classed  as  su i tabl e  for  H i gh  Speed  Load ing ,  then  al l  
compartments  on  that  veh i cle  must  be  H i gh  Speed  Load ing  Compartments.  

Compartment  A H igh  Speed  Load ing  Compartment  i s  any compartment  or  chamber wi th  a  capaci ty  of  
2  000  l  to  1 5  000  l  equ ipped  wi th  a  conductor wh i ch  i s  e i ther  

a)  a  fu l l  hei gh t  baff l e  o r  su rge  pl ate,  o r  

b)  an  I n ternal  Tube,  or  

c)  a  Central  Conductor Wi re,  

so  that  no  part  of  the  l i qu i d ,  i n  plan  vi ew,  has  a  d i s tance  exceed ing  0 , 8  m  from  any 
conducti ng  su rface.  Larger compartment  s i zes  do  not  requ i re  such  a  conductor to  be  
c lassed  as  H i g h  Speed  Load ing  Compartments .   Where  a  compartment  i s  f i t ted  wi th  an  
overf i l l ,  o r  o ther,  probe  wh ich  i s  at  l east  0 , 5  m  from  a  "conductor" ,  as  defi ned  above,  the  
probe  shou l d  be  f i tted  wi th  a  "probe  extender"  to  be  f i xed  to  the  probe  and  l ocated  at  the  
f l oor of  the  compartment.  

Central  
Conductor  

An  e lectri cal l y  con t i nuous  cabl e/wi re/tube  wi th  a  d i ameter of  at  l east  2  mm ,  f i xed  to  the  
roof  of  the  compartment  or  chamber and  l ocated  at  the  f l oor.  The  cabl e/wi re/tube  shou ld  
be  of  corros i on -res i s tan t  metal  and  have  su ffi c i en t  mechan ical  i n teg ri ty  to  res i st  normal  
wear and  tear.  

In ternal  Tube  Any tube  for  d i ppi ng ,  servi ce  or  vapour recovery that  i s  e l ectri cal l y  con ti nuous  wi th  the  
shel l  of  a  compartment  o r chamber.  

Chamber  A chamber i s  the  space  created  i n  a  compartment  l arger than  7  500  l  when  that  
compartment  i s  subd ivi ded  by baffl es  o r su rge  pl ates,  i n  accordance  wi th  the  ADR,  i n to  
spaces  of  smal l er capaci ty.  

NOTE  ADR i s  the  Eu ropean  Ag reement  Concern i ng  the  I n ternati onal  Carri age  of  Dangerous  Goods  by Roads.  
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Table  1 2  – I n flu en ce of  th e su lph u r content  on  mi dd l e  
d i sti l l ate  vd  l i mi ts  for road  tankers  

Prod u ct  cl ass  Con d u cti vi ty,  pS/m  

>  50  >  1 0  <  1 0  or unknown  

Di esel  or  g as  o i l  wi th  >  50  ppm  
su l ph u r an d  al l  o th er m i d d l e  
d i sti l l ate  fu el s   

vd ≤  0 , 5  m 2 /s  vd ≤  0 , 5  m 2/s  vd ≤  0 , 38  m 2 /s  

(vd ≤  0 , 5  m 2 /s)  

Di esel  or  g asoi l  wi th  ≤  50  ppm  
su l ph u r  

vd ≤0, 5  m 2/s  vd ≤  0 , 38  m 2/s  

(vd ≤  0 , 5  m 2/s)  

vd ≤  0 , 25  m 2 /s  

(vd ≤  0 , 35  m 2 /s)  

NOTE  Values  i n  brackets  apply to  veh i cl es  su i tabl e  for h i g h  speed  l oad ing  (see  Tabl e  1 0 ) .  

 

Table  1 3  – Veloci ty and  fi l l in g  rate  l im i ts  for road  tankers  
based  on  sch ed u l e 40  pipes;  rates for  h oses  wi l l  be  sim i l ar  

Pi pe si zea  vd  =  0, 25  m 2/s  vd  =  0, 35  m 2/s  vd  =  0, 38  m 2/s  vd  =  0, 50  m 2/s  

NPS DN  I D,  
m m  

Flow 
vel oci ty,  
m /s  

Fi l l i ng  
rate,  
m 3 /m in  

Flow 
vel oci ty,  
m /s  

Fi l l i ng  
rate,  
m 3 /m in  

Flow 
vel oci ty,  
m /s  

F i l l i ng  
rate,  
m 3 /m in  

Flow 
vel oci ty,  
m /s  

Fi l l i ng  
rate,  
m 3/m in  

2, 5  65  62, 7  4, 0  0 , 74  5, 6  1 , 03  6, 1  1 , 1  7 , 0  1 , 3  

3  80  77, 9  3, 2  0 , 92  4, 5  1 , 3  4, 9  1 , 4  6 , 4  1 , 8  

4 1 00  1 02  2, 4  1 , 20  3 , 4  1 , 7  3 , 7  1 , 8  4, 9  2 , 4  

6  1 50  1 54  1 , 6  1 , 81  2 , 3  2 , 5  2 , 5  2 , 7  3 , 2  3 , 6  

a  based on diameter of critical pipe section (see 7.3.2.3.5.2).  

 

I f  a  veh icle  i s  not  ADR compl ian t,  a  detai l ed  assessment shou ld  be  carri ed  ou t  before  i t  can  
be  c lass i f ied  as  su i table  for H igh  Speed  Load ing .  

The  vd l im i ts  i n  Table  1 2  and  the  veloci ti es  and  f i l l i ng  rates  i n  Table  1 3  are  deri ved  on  the  
assumption  that  the  requ i rements  i n  7. 3 . 2 . 3 . 3  are  fu l f i l l ed .  Sometimes  th is  i s  d i ff icu l t  to  ensure  
(e. g .  i t  i s  not  always  certain  that  splash  l oad ing  can  be  preven ted) .  Where  there  i s  any doubt,  
a  r i sk assessmen t shou ld  be  carried  ou t  and  add i t ional  con tro l  measures  pu t  i n  p lace  i f  
appropriate .  Add i t ional  measures  may i nclude:  

a)  reducing  the  f low veloci ty below the  values  requ i red  by the  vd values  i n  Table  1 2 ;  

b)  us ing  SDA (see  7. 2 .4)  i n  products  that  have  l ow conducti vi ty.  

7. 3. 2.3.5. 5  Lim i ts  for rai l  tan kers  

Th is  subclause  describes  how the  veloci ty or  vd l im i ts  for l oad ing  uncontam inated,  s i ng le-
phase,  l ow-conducti vi ty l i qu i ds  i n to  rai l  tankers  d i ffer from  the  l im i ts  for f i xed  tanks  
(7. 3. 2. 3 . 5. 3) .  Any veloci ty or  vd l im i t  that  i s  not  expl ici t l y men ti oned  i n  th is  chapter (e. g .  l im i ts  
for s low starts  and  con tam inated  l i qu i ds)  remains  as  g i ven  i n  7 . 3 . 2. 3. 5. 3  for  f i xed  tanks:  

The  g i ven  l im i ts  assume the  use  of  s tandard  rai l  tank compartmen ts  that  are  s ign i f icantl y  
l arger than  road  tank compartments .  I f  th is  i s  not  the  case,  a  ri sk anal ys is  shou ld  be  done  to  
cons ider whether the  ( lower)  road  tanker  vd l im i ts  ough t  to  be  adopted .   

NOTE  There  i s  no  top- l oad i ng /bottom -load ing /cen tral  conductor d i s t i ncti on  for  s tandard  rai l  tank car 
compartments  as  they are  usual l y  l ong  and  a  cen tral  conductor i s  therefore  not  effect i ve  i n  reducing  the  maximum  
surface  vol tage.   

a)  vd l im i t  for  l ow-su lphur (<  50  ppm )  petro leum  m idd le-d is ti l l ate  fuels  (d i esel  etc) :   

vd ≤  0, 53  m 2/s  
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b)  vd l im i t  for  al l  other l i qu ids:   

vd ≤  0 , 75  m 2/s  

I n  case  of  doubt  about  product  c lassi f ication ,  a  vd l im i t  of  0 , 53  m 2/s  shou ld  be  used.  

Flow ve loci t ies  and  vo lume f low rates  correspond ing  to  these  vd l im i ts  and  subj ect  to  the  
maximum  f low ve loci ty of  7  m /s  are  g i ven  i n  Table  1 4  for  a  range  of  p i pe  s i zes.  

Table  1 4  – Veloci ty and  fi l l in g  rate  l im i ts  for l oad ing  rai l  tankers   

Pi pe si zea  
Low su l ph u r d i esel  Stan d ard  prod u cts  

vd  =  0, 53  m 2/s  vd  =  0, 75  m 2/s  

NPS DN  I D  Flow vel oci ty,  m /s  Fi l l i ng  rate,  
m 3 /m in  

Flow vel oci ty,  m /s  Fi l l i ng  rate,  m 3/m in  

2  50  52, 5  7, 0  0 , 91  7, 0  0 , 91  

2, 5  65  62, 7  7, 0  1 , 30  7, 0  1 , 30  

3  80  77, 9  6, 8  1 , 95  7, 0  2 , 00  

4 1 00  1 02  5, 2  2, 55  7, 0  3 , 45  

6 1 50  1 54  3, 4  3 , 85  4, 9  5, 44  

8 200  203  2, 6  5, 06  3 , 7  7, 1 6  

1 2  300  305  1 , 7  7, 61  2 , 5  1 0 , 77  

a  based on diameter of critical pipe section (see  7.3.2.3.5.2).  

 

The vd l im i ts  and  f low l im i ts  i n  Table  1 4  are  su ff icient  on l y i f  al l  the  cond i t ions  set  ou t  i n  
7. 3. 2 . 3 . 4  are  fu l f i l l ed .  Sometimes  th is  i s  d i ff icu l t  to  ensure  (e. g .  i t  i s  not  always  certai n  that  
splash  load ing  can  be  preven ted) .  Where  there  i s  any doubt,  a  r i sk assessment shou ld  be  
carried  ou t  and  add i ti onal  contro l  measures  pu t  i n  p lace  i f  appropriate.  Add i ti onal  measures  
may i nclude:  

a)  reducing  the  l oad ing  ve loci ty below the  values  requ i red  by Table  1 4;  

b)  us ing  SDA (see  7. 2 .4)  i n  products  that  have  l ow conductivi ty.  

7. 3. 2.4  Sm al l  condu ctive tan ks  an d  contain ers  

Examples  of  smal l  conductive  containers  (see  defi n i t ions  i n  7. 3 . 2)  are  buckets,  d rums,  petro l  
con tainers  and  I n termed iate  Bu lk Con tainers  ( IBC)  made of  metal .  Care  shou ld  be  taken  to  
ensure  that  the  metal  con tainers  and  drums  are  not  coated  wi th  an  i nsu lati ng  coati ng ,  
otherwise  these  containers  have  to  be  used  accord ing  to  7. 3. 4.  

NOTE  Some forms  of  coati ng  m igh t  be  transparent  and ,  consequentl y,  hard  to  i den ti fy  vi sual l y.  

Hazards  arise  because  the  charges  generated  by l i qu i d  f l ow can  l ead  to  brush  d ischarges  
from  the  surface  of  l ow conducti vi ty l i qu i ds  or  to  sparks  from  isolated  metal  con tainers  or  
components  such  as  d rum  pumps.  People  i n  the  vic in i ty shou ld  be  earthed  to  avoid  becom ing  
hazardous l y charged  (see  C lause  1 1 ) .  

The  fol l owing  precauti ons  shou ld  be  taken  whenever a f l ammable  atmosphere  cou ld  be  
present  i ns ide  or ou ts ide  the  container (e . g .  when  they are  f i l led  wi th  f lammable  l i qu i ds,  are  
f i l l ed  i n  hazardous  areas  or are  f i l l ed  i n  the  presence  of  f lammable  vapours  remain i ng  from  
previous  l oads) .  

a)  Duri ng  both  f i l l i ng  and  emptying  the  con tainer,  al l  conducti ve  and  d iss ipati ve  parts  of  the  
system  such  as  funnels  and  nozzles  shou ld  be  bonded  together and  earthed.  

b)  A metal  funnel  shou ld  be  re l iabl y earthed  and  shou ld  not,  for  example,  be  accidental l y 
i solated  from  the  container by an  i nsu lati ng  bush ing .  
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c)  P last ic  funnels  shou ld  not  be  used  un less  the  material  i s  d i ss ipative  and  earthed.  

NOTE  The  use  of  p l ast i c  f i l l e r necks  i n  cars  i s ,  at  presen t,  cons idered  to  be  safe  due  to  over-ri ch  gasol i ne  
and  too  l ean  d i esel  fu el  vapours .  Th i s  s tatement  may be  not  t rue  for some  bi ofuel s .  

d)  For s i ng le-phase  l iqu ids,  the  vd and  ve loci ty l im i ts  set  for  med ium -si zed  tanks  shou ld  not,  
i n  pri nciple ,  be  exceeded.  I n  practice  these  l im i ts  usual l y perm i t  f l ow rates  wel l  above  
l im i tations  of  the  f i l l i ng  equ ipment for smal l  tanks.  Therefore,  there  i s  usual l y no  restrict i on  
on  the  f i l l i ng  rate.  I f  an  expl ici t  f l ow l im i t  i s  desi red,  i t  i s  suggested  that  the  f i l l i ng  ve loci ty 
shou ld  not  exceed  2  m /s.  

e)  When  f i l l i ng  a container wi th  a  two-phase  or  con tam inated  l i qu id ,  the  f l ow ve loci ty shou ld  
not  exceed  1  m /s  when  the  con tinuous  phase  i s  o f  medium  or l ow conducti vi ty.  

f)  For i gn i t i on-sensi t i ve  l i qu i ds  wi th  M IE  l ess  than  0 , 20  mJ  (see  C. 6  for a  l i s t  of  M IE)  the  f l ow 
veloci ty shou ld  not  exceed  1  m /s.  

g )  I f  f i ne  f i l ters  (e. g .  m icrof i l ters)  are  used  i n  the  f i l l i ng  system  upstream  of  the  container,  the  
precauti ons  i n  7. 5  shou ld  be  taken .  

The  on l y type  of  I BC that  i s  acceptable  for use  wi th  l i qu ids  of  explos ion  g roup I IC  (see  also  
7. 3. 4. 5)  i s  that  made  of  conducti ve  or  d i ss ipative  material .  L im i ted  amoun ts  of  i nsu lat ing  
material  may be  perm issible  (e. g .  f i l l er  cap or areas  around  the  f i l l er  cap)  bu t  chargeable  
areas  shou ld  not  exceed  the  l im i t i ng  values  g i ven  i n  6. 3 . 2 .  

7.3.3  Tanks and  containers  made  enti rely of  d issipative material  

These  tanks  may be  treated  exactl y as  the  equ ivalent  conducti ve  tanks  s i nce  they cause  no  
add i t i onal  hazards.  They shou ld  be  c learl y marked  "e lectrostatic  d i ss ipati ve"  and  provided  
wi th  means  for earth ing .  

Tanks  made partl y of  d i ssipati ve  and  part l y of  i nsu lat i ng  material  may be  treated  as  fu l l y  
d i ss ipative  i f  the  area of  each  pi ece  of  i nsu lating  material  i s  l ess  than  the  re levant  maximum  
al lowable  area from  Table  3 .  Otherwise,  they shou ld  be  treated  l i ke  tanks  wi th  i nsu lating  
surfaces.  

7.3.4  Tanks and  containers  wi th  insu lating  surfaces  

7.3.4.1  General  

For tanks  wi th  i nsu lat i ng  su rfaces  ( i nclud ing  metal  tanks  wi th  i nsu lati ng  coati ngs) ,  the  
precauti ons  g i ven  i n  7. 3. 4. 2  to  7 . 3 . 4. 6  appl y i n  add i t ion  to  the  requ i rements  al ready g i ven  for  
the  equ ivalen t  metal  tanks.  

7.3.4.2  Tanks and  containers  made of  conductive or  d issipative  material  wi th  
insu lating  inner coatings  

Add i ti onal  hazards  arise  due  to  the  poss ibi l i ty of  charg ing  of  the  i nner coati ng  by rubbing  (e. g .  
cl ean ing )  or  by con tact  wi th  the  charged  l iqu id .  

When  the  coating  th ickness  i s  l ess  than  50  µm  (e. g .  pain t,  phenol ic  or  epoxy coati ngs)  there  
i s  no  add i t ional  hazard  (see  6 . 3 . 4. 2)  un less  there  are  rapid  repeat f i l l s .  The  coati ng  th ickness  
may be  i ncreased  to  l ess  than  2  mm  i f  there  i s  a  con tact  po i n t  to  earth  for the  l i qu i d  at  the  
bottom  of  the  con tainer.  

I n  al l  o ther  cases  the  fo l l owing  add i t i onal  precau ti ons  shou ld  be  taken :  

a)  the  coating  shou ld  be  i n  good  con tact  wi th  the  wal l  ( i . e .  no  separati on  or  de lam ination ) ;  

b)  i rrespecti ve  of  whether  the  tank or container  i s  f i l l ed  wi th  a  h i gh ,  medium  or l ow 
conductivi ty l i qu i d ,  there  shou ld  be  a conducti ve  path  between  the  l i qu i d  and  earth .  Th is  
may be  an  earthed  conductive  d i p  tube  proj ecti ng  to  the  l owest  po in t  of  the  tank,  a  foot  
valve  or  a  conducti ve  plate  at  the  base  of  the  tank;  
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c)  i f  the  tank can  be  en tered  by a person  (e. g .  for  c l ean ing )  precau ti ons  shou ld  be  taken  to  
prevent  persons  and  hand  too ls  from  being  charged .  Th is  can  be  ach ieved  by ensuring  the  
person  i s  earthed  by wearing  d iss ipati ve  shoes  and  provid i ng  an  earthed  conducti ve  or  
d i ss ipative  walkway at  the  tank bottom  (e. g .  by provid ing  d iss ipati ve  coati ngs  in  the  area 
where  people  may walk) ,  or  by other means;  

d )  rapid  repeated  f i l l i ngs  shou ld  be  avoided ,  because  they can  cause  i ncend ive  propagating  
brush  d ischarges.  These  can  be  avoided  e i ther i f  the  breakdown  s treng th  of  the  coati ng  i s  
l ess  than  4  kV (see  A. 3. 5)  or  i f  the  th ickness  of  the  coati ng  exceeds  1 0  mm .  

I nsu lat ing  tanks  buri ed  underground  are  usual l y medium  in  s i ze  and  are  e lectrical l y s im i lar to  
those  covered  i n  th is  c lause.  However,  they are  deal t  wi th  i n  7. 3 .4.6 .  

7.3.4.3  Tanks and  containers  made of  conductive or  d issipative  materials  wi th  
insu lating  outer  coatings  

With  these  tanks  there  are  the  add i t i onal  hazards  that  the  ou ter coati ng  cou ld  become 
charged  or  i t  cou ld  i nsu late  conducti ve  obj ects .  With  coati ngs  l ess  than  2  mm  th ick,  brush  
d ischarges  capable  of  i g n i t i ng  h ydrocarbon/ai r  atmospheres  are  un l ikel y to  occur.  Propagati ng  
brush  d ischarges  are  also  un l ikel y,  provid i ng  there  are  no  strong  external  sources  of  charg ing  
(e. g .  e l ectrostatic  sprayi ng ) .  Al l  metal  or  d iss ipati ve  obj ects ,  however,  wh ich  cou ld  become 
isolated  by the  coating  shou ld  be  earthed .  I n  part icu lar the  tank or container i tse l f  shou ld  be  
re l iabl y earthed.  Earthed  conducti ve  or d i ss ipative  walkways  shou ld  be  provided  to  preven t  
people  becom ing  charged.  

7.3.4.4  Tanks and  containers  wi th  conductive layers  embedded  in  the  wal ls  

These  tanks  are  effecti vel y conductive  tanks  wi th  both  i nner and  ou ter i nsu lati ng  coati ngs .  
Therefore  the  precau tions  g i ven  i n  both  7. 3 . 4. 2  and  7. 3 . 4. 3  shou ld  be  taken  together wi th  the  
fo l l owing :  

a)  the  conducti ve  l ayer shou ld  be  robust  and  re l iabl y earthed ;  

b)  i f  the  l i qu i d  i s  not  i n  con tact  wi th  the  conductive  layer,  a  path  to  earth  from  the  l i qu id  
shou ld  be  provided  via an  earthed  metal  object  i n  the  base  of  the  tank.  Th is  cou ld  be  a  
metal  plate,  a  foot  valve  or  a  f i l l  pi pe  extend ing  cl ose  to  the  bottom  of  the  tank;   

c)  i f  the  conducti ve  layer i s  i n  the  form  of  a  conducti ve  net  or  g ri l l ,  the  area of  each  mesh  
( i . e .  the  area contained  by the  wi res)  shou ld  not  exceed  the  area value  g i ven  i n  6 . 3 . 3  for  
Zone  0 .  

Where  rapid  repeated  f i l l s  take  place  there  i s  a  possibi l i ty that  the  i nner coati ng  cou ld  become 
h igh l y charged  enabl i ng  propagating  brush  d ischarges  to  occur.  These  can  be  avoided  i f  the  
breakdown  s treng th  of  the  coating  i s  l ess  than  4  kV (see  A. 3 . 5) .  

7.3.4.5  Containers and  IBCs made of  an  insu lat ing  material  surrounded  by a  
conductive  enclosure  or coating  

This  form  of  constructi on  i s  general l y used  for smal l  tanks  or containers  wi th  a capaci ty of  
around  1  m 3 .  E lectrostatical l y,  i t  i s  s im i lar to  that  covered  i n  7. 3 . 4.2 .  bu t  the  coverage  
provided  by the  conducti ve  enclosure  may be  i ncomplete  and  there  may be  gaps  between  the  
enclosure  and  the  con tainer  wal l  Examples  are  plastic  containers,  such  as  I BCs,  su rrounded  
by a conducti ve  sh ie ld ,  g rid ,  mesh  or coating .  The  advice  i n  th is  c lause  focuses  on  the  
appl ication  to  I BCs  and  appl i es  pri ncipal l y to  con tainers  of  around  1  m 3  i n  capaci ty.  
Conducti ve  enclosures  are  not  normal l y provided  for plastic  containers  much  smal ler than  
th is .  Al though  speci f ic  advice  has  not  been  developed  for smal l er vessels ,  the  advice  i n  th is  
clause  wou ld  provide  for  safe  operation .  Al ternati vel y,  the  provis ions  of  7 . 3. 4. 6  may be  used  
for vessels  of  th is  type  wi th  max.  5  l  capaci ty.  

Expert  advice  i s  recommended  i f  the  use  of  med ium  or l arge  s i zed  tanks  wi th  conducti ve  
enclosures  i s  being  considered  i n  other contexts .  
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NOTE  1  I nsu lati ng  tanks  bu ri ed  u nderg round  can  be  med ium  or l arge  i n  s i ze  and  are  e l ectri cal l y  s im i l ar  to  those  
covered  i n  th i s  c l ause.  However,  they are  deal t  wi th  i n  7 . 3 . 4. 6 .  

The use  of  I BCs  i s  one  act i vi ty for wh ich  speci fi c  requ i remen ts  for  more  ig n i t i on-sensi t i ve  
materials  are  g i ven .  For  I BCs  and  s im i lar tanks,  a  fu l l  conductive  enclosure,  coati ng  or  an  
open  mesh  screen  wi th  open  areas  not  exceed ing  1 0  000  mm² prevents  the  ou ter su rface  of  
the  p last ic  charg ing  to  a  hazardous  l evel  (subject  to  the  provis i ons  g i ven  be low abou t  con tact  
between  enclosure  and  plastic)  and  he lps  to  b i nd  any charges  present  on  the  i nner surface  to  
reduce  the  risk of  i ncend ive  brush  d ischarges  i ns i de  the  con tainer.  Strict  care  shou ld  be  taken  
to  avoid  conducti ve  i s lands  caused  by i nhomogeneous  conducti ve  coati ngs  on  insu lat i ng  
receptacles.  

NOTE  2  The  ou ter coati ng  may be  a  non -chargeable  l ayer co-extruded  wi th  the  i nner receptacle  of  the  I BC.  The  
receptacle  may consi st  of  several  o ther l ayers.  

To ensure  that  ne i ther the  i nner and  ou ter  wal ls  o f  the  con tainer nor the  l i qu id  i ns i de  can  be  
charged  to  a  hazardous  l evel ,  al l  of  the  fo l l owing  precautions  shou ld  be  taken:  

1 )  Requ i rements  for containers  that  wi l l  on l y be  used  for l i qu ids  of  explos ion  g roup I IA and  
ethanol ,  propanol ,  bu tano l ,  hexanol ,  heptanol ,  1 , 2-ethaned iol ,  e thylbenzene  and  3-
oxobutanoic  acid  ethyl  ester.  

NOTE  On l y a  few g roups  of  l i qu i ds  are  not  c l assed  i n  explos ion  g roup I I A.  See  I EC 60079-20- 1  for  more  
detai l s .  A  summary i s  g i ven  i n  Annex C. 6.  

a)  The  con tainer shou ld  be  completel y surrounded  by a conducti ve  sh ie ld ,  g rid ,  mesh  or  
coating  except  for l im i ted  des ign  re lated  areas  ( i . e .  areas  for wh ich  the  consequences  
of  i ncomplete  coverage  have  been  cons idered  i n  the  des ign  process  and  shown  to  be  
non-hazardous) .  I f  the  enclosure  i s  a  g ri d  the  open  mesh  area of  each  open  mesh  un i t  
shou ld  be  not  more  than  1 0  000  mm 2 .  

b)  Any l im i ted  areas  not  enclosed  by the  conducti ve  sh ie ld ,  g rid ,  mesh  or coati ng  (e. g .  the  
f i l l er  cap or areas  around  the  f i l ler  cap)  shou ld  be  ei ther d iss ipati ve  and  earthed  or  
protected  by o ther measures  so  that  i gn i t ion  hazards  for  explos ion  g roup I I A i n  Zone  1  
ou ts ide  and  Zone  0  i ns i de  of  the  con tainer do  not  occur (e. g .  l im i t i ng  the  chargeable  
area to  the  values  of  6. 3 . 2  or  surface  treatment) .  The  effecti veness  and  du rabi l i ty of  
the  surface  treatmen t (e . g .  prof i l i ng ,  homogenous  coating  wi th  d iss ipative  l ayers  etc. )  
has  to  be  demonstrated  experimental l y u nder the  worst  case  cond i t ions  of  charg ing ,  
hum id i ty and  con tam inati on  (see  6 . 3. 9) .  

c)  The  sh ie ld ,  g rid ,  mesh  or  coati ng  shou ld  have  good  and  close  contact  to  the  i nner  
receptacle  on  al l  faces  o f  the  con tai ner except  for l im i ted  des ign  related  areas .  For a  
g rid ,  wi th  open  mesh  areas  exceed ing  3  000  mm 2  a local  maximum  d istance  of  20  mm  
between  g ri d  and  inner  receptacle  shou ld  not  be  exceeded  on  the  design  re lated  
areas,  e. g .  the  ou tl et  valve  area.  On l y i n  edges  and  corners  of  the  con tainers  a l ocal  
maximum  d istance  of  up  to  40  mm  can  be  to lerated .  For a so l id  sh ie ld ,  g ri d ,  mesh  or  
coating  or  a  g ri d  wi th  mesh  s i zes  lower than  3  000  mm 2  a  l ocal  maximum  d istance  of  
40  mm  is  al lowed  i n  des ign  related  areas,  and  edges  and  corners.  

 NOTE  I t  i s  general l y  impract i cal  to  ach ieve  smal l er  d i s tances .  The  resu l t i n g  charged  areas  are  smal l  and  
general l y  presen t  an  acceptabl y l ow ri sk.  

d)  Al l  conducti ve  and  d iss ipati ve  i tems  shou ld  be  bonded  together and  earthed.  

e)  A conducti ve  path  wi th  a maximum  resis tance  of  1  MΩ  shou ld  be  provided  between  the  
l i qu i d  and  earth ,  e . g .  by us i ng  an  earthed  conducti ve  f i l l  p ipe  extended  close  to  the  
bottom  of  the  con tainer  or  an  earthed  conducti ve  foot  valve  or a  su ffi c ien t  l arge  
conducti ve  plate  at  the  base  of  the  tank.  Even  smal l  amounts  of  remain i ng  l i qu i d ,  e. g .  1  
l ,  shou ld  be  permanentl y i n  con tact  wi th  the  bottom  earth  po in t  to  prevent  the  l i qu id  
from  becom ing  a  charged  i so lated  conductor.  

f )  The  container shou ld  be  equ ipped  wi th  a  ye l low warn ing  l abel  concern ing  i ts  safe  use  
(see  h )  to  m ) ) .  

g )  Before  refi l l i ng ,  the  container shou ld  be  checked  whether i t  st i l l  fu l f i l s  the  requ i rements  
of  a)  to  f) .  

h )  The  con tainer shou ld  not  be  f i l l ed  wi th  any other l i qu i ds .  
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i )  The  con tainer shou ld  not  be  used  where  a Zone  0  i s  present  ou ts ide  the  container.  

j )  I nsu lat ing  l i qu ids  (e. g .  to l uene)  shou ld  be  added  via  an  earthed  conducti ve  d ip  pi pe.  
Th is  d ip  p i pe  shou ld  go  to  wi th i n  a few cm  of  the  f loor to  avo id  brush  d ischarges  from  
i nsu lat i ng  l i qu i ds.  

k)  The  f i l l i ng  ve loci ty shou ld  be  restricted  to  400  l /m in  and  the  f l ow veloci ty shou ld  not  
exceed  2  m /s.  

NOTE  Both  val ues  are  usual l y  fu l f i l l ed  when  f i l l i n g  by g ravi ty.  

l )  Rapid  repeated  f i l l i ngs  or o ther h i gh  charg ing  processes  shou ld  be  avoided.  Such  
other h igh  charg ing  processes  are  deal t  wi th  i n  7 . 5,  7 . 9  and  7. 1 0 .  

m )  The  con tainer shou ld  not  be  f i l l ed  immediatel y after clean ing ,  manufacturi ng  etc.  when  
i t  may be  hazardous l y charged.  

2)  Requ i remen ts  for  con tainers  wh ich  may be  used  for  al l  l i qu ids  producing  vapours  of  
explos ion  g roups  I I B:  

a)  The  container shou ld  be  su rrounded  by a con tinuous  earthed  d iss ipative  or conduct i ve  
ou ter wal l  su rface,  obtained  e. g .  by coating  or  co-extrus ion .  

b)  G rids  or  separate  metal  sh ie lds  that  are  not  phys ical l y bonded  to  the  wal l  th roughou t  
shou ld  be  earthed.  

c)  Any l im i ted  areas  not  enclosed  by the  conductive  ou ter  wal l  su rface  (e . g .  the  f i l l er  cap  
or areas  around  the  f i l l er  cap)  shou ld  be  e i ther d i ss ipati ve  and  earthed  or  protected  by 
l im i t ing  the  chargeable  area to  the  values  i n  6 . 3 . 2 .  

d )  A conductive  path  wi th  a maximum  resis tance  of  1  MΩ  shou ld  be  provided  between  the  
l i qu id  and  earth .  

e)  The  container shou ld  be  equ ipped  wi th  a g reen  warn ing  label  concern ing  i ts  safe  use  
(see  f) ) .  

f )  Fo l low precau ti ons  h )  to  m )  i n  section  1 .   

3 )  L iqu ids  producing  vapours  of  explos ion  g roup I I C  may on l y be  used  wi th  d iss ipative  or 
conducti ve  containers  (see  7. 3. 3) .  

4)  Al though  I BC are  not  constructed  to  be  used  as  m ixing  vessels  or  reaction  containers  i t  
may be  necessary to  homogen ize  the  con tents  by s t i rring  before  f i l l i ng  or  emptying  the  
IBC.  As  these  processes  are  l i ke l y to  cause  powerfu l  charg ing  the  fo l l owing  precau tions  
shou ld  be  taken :  

a)  Use  on l y explos ion-proof  st i rr i ng  devices.  

b)  Use  st i rri ng  devices  wi th  a  l arge  metal  surface  immersed  i n  the  l i qu id .  

c)  Earth  both  the  I BC  and  the  s ti rri ng  device  i nclud ing  the  metal  s t i rrer immersed  in  the  
l i qu i d .  

d )  Do  not  act i vate  the  st i rri ng  device  un ti l  fu l l y immersed .  

e)  The  conducti vi ty of  the  con tinuous  l i qu i d  phase  shou ld  exceed  1  000  pS/m .  

NOTE  Water so l uble  l i qu i d  phases  usual l y  fu l f i l  th i s  requ i rement.  

f)  Reduce  the  ci rcumferential  t i p  speed  of  the  st i rrer to  7  m /s  for  s i ng le  phase  l i qu ids  and  
1  m /s  for  mu l t i -phase  l i qu ids.  

g )  I f  h igh  charg ing  l i qu ids  (see  A. 1 . 3)  are  used,  s trong  charge  generation  i s  expected  so  
that  fu rther  measures,  e. g .  i nert i ng ,  are  necessary.  

h )  Further measures  are  al so  necessary in  the  case  of  h igh  speed  m ixi ng ,  e. g .  use  of  
su rfactants .  

7.3.4.6  Tanks and  containers  made  en ti rely of  i nsu lat ing  material  

I f  the  tank i s  buried  underground  i t  i s  e l ectri cal l y s im i lar to  a  conducti ve  tank wi th  an  
i nsu lat i ng  i nner coating  (see  7. 3 .4.2)  or  a  tank surrounded  by a conducti ve  enclosure  (see  
7. 3. 4.5) .  I n  these  c i rcumstances,  the  tanks  may be  used  for f lammable  l i qu ids  provid ing  there  
i s  an  earthed  metal l i c  object  (e. g .  f i l l  p ipe  or  foot  valve)  i n  con tact  wi th  the  l i qu i d  and  rapid  
repeated  f i l l s  are  avoided.  Where  the  tank wal l  th ickness  exceeds  2  mm  brush  d ischarges  
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cou ld  occur from  the  i n ternal  surface  du ri ng  c l ean ing  operati ons .  The  precau tions  g i ven  i n  
7. 1 0  shou ld  be  taken  to  avoid  th is  hazard .  

I n  al l  other c i rcumstances,  tanks  and  containers  wi thout  any conducti ve  or d i ss ipative  layer  
present  a  h i gher r i sk than  those  described  i n  7. 3. 4. 2  to  7. 3. 4. 5  because  of  the  fo l lowing :  

a)  They can  i nsu late  conductive  and  d iss ipative  obj ects ,  e . g .  metal  funnels ,  too ls ,  l i ds,  even  
poo ls  of  l i qu i d ,  from  earth ;  

b)  Poten tials  are  h i gher  than  wi th  equ ivalent  metal  con tainers;  

c)  The  insu lati ng  wal l  cou ld  be  charged  e i ther by rubbing  or  by contact  wi th  the  charged  
l i qu id ;  

d )  The  re laxati on  of  charge  from  the  l i qu id  wi l l  usual l y be  impeded  by the  i nsu lat i ng  wal l ;  

e)  The  charge  retai ned  on  the  l i qu i d  or  the  wal l  of  the  container produces  an  external  e l ectric  
f i e l d .  Th is  cou ld  lead  to  brush  d ischarges  or sparks  from  external  conductors  charged  by 
i nducti on ;  

f)  I n  the  case  of  rapid  repeat  f i l l s ,  s trong  brush  d ischarges  cou ld  occur.  

For these  reasons,  i nsu lati ng  tanks  shou ld  not  normal l y be  used  above  g round  i f  a  f l ammable  
atmosphere  cou ld  be  presen t  i ns i de  or  ou ts ide  the  tank.  Where  product  pu ri ty requ i rements  or  
other processing  i ssues  d ictate  the  use  of  an  i nsu lating  tank or container e i ther the  fo l l owing  
precau ti ons  shou ld  be  appl ied  or an  expert  review of  the  hazards  shou ld  be  undertaken :  

I n  external  Zone  2,  i nsu lat i ng  containers  wi th  a nom inal  capaci ty exceed ing  5  l  shou ld  not  be  
used  for f l ammable  l i qu i ds  and  shou ld  on l y be  used  for non- flammable  l i qu i ds  under the  
fo l l owing  cond i t i ons:  

a)  Al l  conducti ve  and  d iss ipati ve  componen ts,  particu larl y metal  funnels,  shou ld  be  earthed;  

b)  Duri ng  f i l l i ng  operations  the  l i qu i d  shou ld  be  in  good  con tact  wi th  earth ,  for  example,  by an  
earthed  metal  f i l l  p ipe  reach ing  to  the  bottom  of  the  container.  During  emptying  operati ons  
the  appropriate  precauti ons  shou ld  also  be  appl ied  to  the  receivi ng  vessel ;  

c)  The  l i qu id  f l ow rate  duri ng  f i l l i ng  operations  shou ld  not  be  g reater than  that  recommended  
for a  metal  con tainer of  s im i lar  s i ze;  

d )  Do  not  carry ou t  operati ons  such  as  fast  m ixi ng ,  s ti rri ng  or  wiping  of  the  su rface  that  may 
generate  hazardous  e lectrostatic  charges.  

I n  Zone  1  containers  of  i nsu lat i ng  material  wi th  a  capaci ty exceed ing  5  l  shou ld  not  be  used.  
Containers  wi th  a nom inal  capaci ty up  to  5  l  may be  used  wi th  f l ammable  and  non- flammable  
l i qu i ds  provided  the  f low ve loci ty i s  l im i ted  to  1  m /s  and  the  precau tions  for  Zone  2  are  met.  

I n  Zone  0 ,  i nsu lating  containers  are  s trictl y forbidden  except  smal l  ones  (≤  1  l )  for  sampl i ng  
i ns i de  tanks  (see  7. 6) .  

NOTE  Smal l  coextruded  contai ners  >  5  l  wi th  a  d i ss ipat i ve  ou ter and  an  i nsu lati ng  i n ner l ayer are  avai l able  on  the  
market  wh i ch  are  preferable.  

7.3.5  Use of  l iners in  containers  

The fo l lowing  assessments  are  based  on  the  assumption  that  the  hand l i ng  of  l i ners  and  
con tainers  occurs  in  a  hazardous  area ( typical l y Zone  0 ,  1  or  2  wi th  substances  of  explos ion  
g roups  I I A and  I I B) .  

Conducti ve  or d iss ipati ve  l i ners  may be  used  i n  any con tainer i f  they are  earthed  re l i abl y and  
permanentl y.  Removal  of  conducti ve  or d i ss ipati ve  l i ners  from  any container  i s  on l y 
perm iss ible  i f  the  l i ner s tays  re l iabl y earthed .  

Where  unearthed  conductive  or static  d iss ipati ve  removable  l i ners  are  used  i n  metal  
con tainers  having  pain ted  coatings,  the  coating  shou ld  have  a maximum  surface  resistance  of  
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1  GΩ  and  precauti ons  shou ld  be  taken  to  l im i t  the  charg ing  curren t  to  no  more  than  1  
m icroampere,  such  as  by placing  f i l ters  a safe  d is tance  upstream  (see  7. 5  and  A. 2. 2) .  
Al ternativel y measu res  shou ld  be  taken  to  ensure  a safe  earth  connecti on  for  the  l i ner,  such  
as  by securel y attach ing  a  porti on  of  i t  to  an  uncoated  secti on  of  the  drum .  

I nsu lat ing  l i ners  shou ld  on l y be  used  i n  conducti ve  containers  or  i n  conducti ve  con tainers  wi th  
i nsu lat i ng  coatings,  i f  they always  remain  i n  t i gh t  con tact  wi th  the  wal l  of  the  con tainer and,  i n  
the  case  of  a  conductive  l i qu id ,  i f  the  l i qu i d  i s  properl y earthed  (e. g .  by earthed  d ip  p i pe,  
earth i ng  rod ,  etc. ) .  I n  add i t i on  the  th ickness  of  the  coati ng  and  l i ner  i n  total  shou ld  not  exceed  
2  mm .  The  removal  of  i nsu lating  l i ners  i n  explos i ve  atmosphere  (e. g .  the  removal  of  solvent  
wet  l i ners)  shou ld  be  avo ided.  

Solvent-wet conductive  or d i ss ipati ve  l i ners  shou ld  be  handled  by a properl y earthed  person  
wearing  s tatic  d i ss ipative  g l oves  (see  1 1 . 6)  and  stored  i n  a  wel l -ven ti l ated  area ou ts ide  the  
operating  area.  The  l i ners  shou ld  be  s tacked  on  an  earthed  conducti ve  or  d i ss ipative  surface  
such  as  concrete  and  placed  i n  s tatic  d i ss ipative  bags  pending  d isposal .  

Users  of  conducti ve  or d i ss ipative  con tainer l i ners  shou ld  adopt  a s imple  performance  test  to  
check for batch  defects .  Such  a procedure  m igh t  i nvolve  res is tance  testi ng  us i ng  a  seri es  of  
tera ohmmeter measurements  between  the  top and  bottom  of  the  l i ner or  s im i lar  testi ng .  The  
speci f ic  performance  s tandard  shou ld  be  provided  by the  suppl ier of  the  l i ner.  

7. 4  H i g h  vi scosi ty l iq u id s  

High  viscos i ty l i qu ids  (ki nematic  vi scos i ty about  1 00  mm 2/s)  tend  to  charge  more  read i l y than  
l ow viscosi ty l i qu i ds  such  as  fuels  or  so lven ts  l i ke  hexane  (abou t  1  mm 2/s)  du ri ng  f l ow th rough  
pipes  and  especial l y f i l ters .  They can  also  have  an  e lectrical  conducti vi ty as  l ow as  0, 01  pS/m  
enabl i ng  them  to  retai n  thei r  charge  for more  than  1  h .  Because  of  th is ,  the  restricti ons  on  
f low veloci ty recommended  for low viscosi ty l i qu i ds  i n  vari ous  parts  of  7. 3  are  not  adequate  i f  
a  f lammable  atmosphere  cou ld  be  presen t.  

Fortunatel y,  most  h igh  vi scosi ty l i qu i ds  are  e i ther  of  h i gh  conducti vi ty (e. g .  crude  o i l )  or  are  
not  vo lati le  enough  to  produce  a f l ammable  atmosphere  (e . g .  most  l ubricating  o i l s) .  As  a  
resu l t,  they do  not  normal l y g i ve  ri se  to  an  i g n i t i on  hazard .  I n  some cases,  however,  there  i s  a  
h igh  ri sk of  i gn i t ion ,  e . g .  when  a l ow conducti vi ty l ubricati ng  o i l  i s  swi tch - loaded  i n to  a road  
tanker that  previous l y contained  a vo lat i l e  f lammable  l i qu id .  S i nce  re l iable  f low l im i ts  for h igh -
viscosi ty l i qu i ds  are  not  known ,  the  recommended  precaution  when  l ow-conducti vi ty,  h i gh-
viscosi ty l i qu i ds  are  being  hand led  i s  to  avo id  a f l ammable  atmosphere,  e. g .  by i nerti ng .  

7. 5  H i g h  ch arg in g  equ ipm ent  

7. 5. 1  Fi l ters,  water separators and  strain ers  

Flow through  f i ne  f i l ters  ( i nclud ing  water separators)  and  strainers ,  can  produce  s i gn i f icantl y 
h igher charge  densi t ies  than  f l ow through  p ipes.   

Coarse  wi re  mesh  or gauze  strai ners  (pore  s i ze  <  1 50  µm)  are  not  normal l y regarded  as  h i gh  
charg ing  al though  i f  part ial l y blocked  they can  generate  charge  dens i t i es  that  cons iderabl y 
exceed  those  obtained  i n  p i pe- fl ow.  Part ial  b l ockages  can  be  detected  by mon i tori ng  the  
pressure  drop.   

M icrof i l ters  (pore  s i ze  <  30  µm)  often  generate  very h i gh  levels  of  charge:  for example,  charge  

dens i t i es  exceed ing  5  000  µC/m 3  have  been  reported  i n  systems  that  gave  about  1 0  µC/m 3  

from  pipe  f low.  Moderatel y f i ne  f i l ters  (30  µm  ≤  pore  s i ze  ≤  1 50  µm)  generate  i n termed iate  
l evels  of  charge.   

Flow rate  l im i ts  are  based  on  the  charg ing  due  to  p ipe  f low.  Therefore,  i f  there  cou ld  be  a  
f lammable  atmosphere  i n  the  vapour space  of  a  tank located  downstream  of  a  m icrofi l ter,  
moderatel y f i ne  f i l ter/strai ner or  b l ocked  coarse-strainer,  i t  i s  essential  that  there  i s  su ff ic i en t  
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res idence  t ime  between  the  f i l ter and  the  tank for the  excess  charge  to  re lax  to  a  safe  l evel  
before  the  l i qu id  en ters  the  tank.  The  res idence  t ime  cou ld  be  provided  by conducti ve  pipe  
work downstream  of  the  f i l ter  or,  i f  necessary,  by an  add i ti onal  conducti ve  re laxati on  chamber.  

The  res idence  t ime  requ i rements  and  add i t i onal  precauti ons  for f i l ters  and  strainers  are  as  
fo l l ows:  

1 )  Res idence  t ime  requ i rements  between  f i l ter and  tank for  m icrofi l ters ,  f i l ters/strain ers  wi th  

pore  s i ze  l ess  than  1 50  µm  and  coarse  s trainers  that  may be  subj ect  to  b l ockage:  

a)  Liqu ids  of  (re l iabl y)  known  m in imum  conductivi ty:  the  res idence  t ime  shou ld  be  at  l east  
th ree  t imes  the  re laxati on  t ime  based  on  the  m in imum  conducti vi ty (see  Table  7  and  
A. 2 .2)  al though  i t  i s  not  necessary to  provide  more  than  the  maximum  values  set  ou t  i n  
the  next  parag raph  for  l i qu ids  of  unknown  conducti vi ty.  

b)  Upper l im i ts  for  l i qu ids  of  unknown  conducti vi ty:  The  maximum  residence  t imes  
requ i red  when  the  l i qu id  conductivi ty i s  unknown  or i s  very l ow,  are  as  fo l l ows:  

i )  For m icrofi l ters  (pore  s i ze  <  30  µm)  and  moderatel y f i ne  f i l ters  (30  µm  ≤  pore/mesh  

s i ze  ≤  1 50  µm)  wi th  a tendency to  parti al  b lockage:  1 00  s;   

i i )  For moderate l y f i ne  f i l ters  (30  µm  ≤  pore/mesh  s i ze  ≤  1 50  µm)  wi th  no  tendency to  
part ial  b l ockage  and  coarse  f i l ters  wi th  a tendency to  b lockage:  30  s .   

NOTE  These  res i dence  t imes  are  adequate  for  al l  conduct i vi t i es  except  i n  the  case  of  h i gh  vi scosi ty  
l i qu i ds  (see  7. 4) .  

2)  Other  precau tions:  

a)  Ensure  that  al l  conducti ve  parts  on  f i l ters  and  i n  f i l ter  hous ings  are  bonded  together  
and  earthed;  

b)  Ensure  that  the  f i l ter housing  and  the  re laxation  chamber,  i f  used,  remain  fu l l  of  l i qu i d  
duri ng  normal  operation  i n  order  to  preven t  a f l ammable  atmosphere.  

I f  provis ion  of  the  requ i red  res idence  t ime  i s  impractical ,  cons ider us ing  SDA to  i ncrease  the  
conductivi ty of  the  l i qu i d  or  replacing  the  l i qu i d  wi th  a more  conducti ve  one .  I f  th is  i s  not  
poss ible,  the  vapour space  shou ld  be  i nerted .  

The  use  of  a  shorter  res idence  t ime  than  the  upper l im i t  value  requ i res  a re l i able  knowledge  
or con tro l  of  the  m in imum  l iqu id  conductivi ty that  cou ld  be  encountered.  I n  many practical  
cases,  th is  m in imum  conducti vi ty i s  not  known  and  i t  i s  necessary to  provide  a res idence  t ime 
equal  to  the  upper l im i t.  

I n  the  case  of  h igh -viscosi ty,  l ow-conductivi ty l i qu i ds  such  as  base  l ubricati ng  o i l s  (see  7 . 4)  
the  usual  maximum  residence  t imes  are  not  adequate.  When  the  requ i red  res idence  t imes  are  
unknown  or are  too  l ong  to  be  practicable,  i t  i s  essen tial  to  avoid  a  f l ammable  atmosphere  i n  
the  receiving  tank.  

For tanks  wi th  a  f l oati ng  roof  or  an  i n ternal  f l oati ng  cover,  the  res idence  t ime  can  be  
calcu lated  from  the  reduced  i n i t i al  f l ow veloci ty of  1  m /s  that  appl i es  before  the  roof  or  i n ternal  
cover  i s  f l oating  (see  7. 3 . 2. 2. 3) .  Th is  i s  because  there  i s  no  l onger an  i gn i t i on  hazard  after the  
roof  or  cover  i s  afl oat.  

Free  hang ing  f i l ter bags,  also  known  as  end-of- l i ne  po l ish i ng  f i l ters ,  shou ld  not  be  used  i n  
explos i ve  atmospheres .  Even  i f  the  l i qu id  i s  conducti ve  such  f i l ters  shou ld  be  l ocated  
upstream  so  that  the  fabric  i s  not  i n  con tact  wi th  vapour-ai r  m ixtures .  W i th  l ow conducti vi ty  
l i qu i ds  the  f i l ter shou ld  be  l ocated  an  appropriate  res idence  t ime  upstream  of  the  p ipe  end  
(see  above) .   

7.5.2  Pumps and  other equ ipment  

Other equ ipmen t,  such  as  pumps  and  partl y c l osed  valves,  may also  g i ve  i ncreased  charge  
generati on .  However these  i tems  do  not  usual l y generate  as  much  charge  as  a m icrof i l ter.  
Therefore,  i f  there  cou ld  be  a f l ammable  atmosphere  i n  the  vapour space  of  a  tank l ocated  
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downstream  of  such  equ ipment,  the  res idence  time  requ i rements  for moderate l y f i ne  f i l ters  
shou ld  be  appl ied  (see  7. 5. 1 ,  i . e .  a  res idence  t ime  of  at  least  th ree  re laxati on  t imes  (3 τ)  u p  to  
a maximum  of  30  s  shou ld  be  al l owed  between  the  equ ipment  and  the  tank) .   

7.6  Gaug ing  and  sampl ing  in  tanks  

7.6. 1  General  

Gaug ing  and  sampl i ng  cou ld  cause  e lectrostati c  i gn i t i on  i n  any s i ze  o f  tank i f  there  i s  a  
f lammable  atmosphere  presen t,  and  the  gaug ing  and  sampl i ng  equ ipmen t or  the  people  us ing  
the  equ ipment  cou ld  become charged .  Also,  for  l arge  and  med ium  tanks,  the  ri sk of  i gn i t i on  i s  
h igh  i f  the  l i qu id  i n  the  tank i s  h i gh l y charged  by e i ther f i l l i ng  processes  or ag i tation ,  e. g .  i n  a  
m ixing  operati on  (see  7 . 9) .  The  l atter r i sks  are,  however,  e l im inated  i f  gaug ing  or sampl ing  
takes  p lace  i n  a  f i xed,  earthed  d ip-pipe  extend ing  to  the  bottom  of  the  tank (gauge  wel l ) .  

An  i ncend ive  d ischarge  can  occur between  the  l i qu id  and  the  gaug ing  or sampl ing  equ ipment  
as  they approach  each  other,  or  between  the  equ ipment,  or  the  person  hand l i ng  i t,  and  the  rim  
of  the  manhole  or  d i p  hatch  th rough  wh ich  the  operation  i s  taking  place.  To  avoid  these  
hazards,  the  recommendations  i n  7. 6. 2  shou ld  be  fo l l owed .  

7.6.2  Precautions during  gaug ing  and  sampl ing  

The fo l l owing  precau ti ons  shou ld  be  taken:  

a)  Al l  conducti ve  and  d iss ipative  parts  of  gaug ing  and  sampl i ng  equ ipment  shou ld  be  earthed  
e i ther  by connecti ng  them  to  the  tank,  or  i f  the  tank i s  constructed  of  i nsu lating  material ,  
d i rectl y to  earth .  The  connections  shou ld  be  made  of  d iss ipati ve  or conducti ve  material .  A 
metal  chain  shou ld  not  be  used .  

b)  Where  the  earth ing  of  conductive  gaug ing  and  sampl ing  equ ipment  for l ow and  med ium  

conducti vi ty l i qu ids  cannot  be  ensured,  smal l  (≤  1  l )  g lass  or g lass  containers ,  preferabl y 
coated  wi th  a static  d i ss ipative  coating ,  and  wooden  d ip  st i cks  shou ld  be  used.  Th is  
equ ipment  shou ld  also  be  used  i n  the  case  of  u nearthed  h i gh  conducti vi ty l i qu ids.  

c)  Ensure  that  people  engaged  i n  gaug ing  and  sampl i ng  do  not  present  an  i gn i t ion  ri sk and  
are  earthed  (see  C lause  1 1 ) .  

Un less  f ixed  gaug ing  equ ipment  i s  used  or the  gaug ing  takes  place  i n  a  f i xed,  earthed  d ip-
pipe  extend ing  to  the  bottom  of  the  tank,  the  fo l l owing  measures  shou ld  also  be  appl ied :  

a)  Gaug ing  and  sampl ing  from  above  the  l i qu i d  surface  shou ld  not  be  carried  ou t  i n  a  tank 
con tain i ng  a f lammable  atmosphere  wh i l e  any charge  generating  operati on  i s  g o ing  on .  
Charge  generati ng  operations  i nclude  pumping  or ci rcu lati ng  l ow conducti vi ty,  s i ng le-
phase  l i qu ids,  pumping  or ci rcu lat i ng  low or med ium  conducti vi ty mu l t i -phase  l i qu i ds  and  
many clean ing  procedures.  

b)  Gaug ing  and  sampl i ng  shou ld  not  take  p lace  wh i l e  the  componen ts  of  a  l ow conductivi ty  
m ixture  are  sett l ing .  Therefore,  a  t ime  delay of  at  l east  30  m in  shou ld  be  al l owed  after  
completion  of  the  operati on  before  gaug ing  or  sampl i ng  i f  a  l ow conducti vi ty l i qu id  
con tain ing  a second  phase  has  been  pumped  in to  a tank or has  been  i nvolved  i n  a  m ixi ng  
operati on  i n  a  tank.  Examples  of  th is  i nclude  sti rred  up  water or  non -d issolved  so l id  
partic les .  

c)  Gaug ing  and  sampl i ng  shou ld  not  be  carri ed  ou t  th rough  the  open  manhole  of  an  i nerted  
con tainer.  I n  th is  case  the  i nerti ng  i s  destroyed  even  i f  the  manhole  i s  open  for on l y a  few 
seconds.  

Gaug ing  and  sampl ing  of  f lammable  l i qu i ds  ou tdoors  shou ld  not  be  carried  ou t  i f  there  i s  a  
poss ibi l i ty of  thunderstorms,  snowstorms,  hai l storms,  or  other  d is turbed  atmospheric  e l ectrical  
cond i t i ons.  
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7.7  Pipes and  hose assembl ies  for l i qu ids  

7.7. 1  General  

When  a  l i qu id  f l ows  i n  a  p ipe  or  hose  assembly,  charge  separati on  produces  e lectrostatic  
charges  of  oppos i te  po lari ty on  the  l i qu id  and  the  i nner p i pe  wal l .  I f  the  pipe  i s  en t i re l y 
conducti ve  or d iss ipati ve  and  i s  earthed ,  charges  cannot  accumu late  on  the  wal l  and  the  
e lectrostatic  hazards  are  con fi ned  to  the  tanks  where  the  l i qu i d  charges  may accumu late.  The  
hazards  associated  wi th  tanks  are  deal t  wi th  i n  7 . 3 .  

I f  the  p ipe  or hose  assembly con tains  i nsu lati ng  materials ,  charge  accumu lation  on  the  pipe  
wal l  becomes  poss ible  and  hazards  may also  be  associated  wi th  the  p ipe  or hose  assembly 
i tse l f .  Thus,  the  wal l  cou ld  be  charged  by l i qu i d  f low or  by rubbing  and  metal  components  
cou ld  be  i so lated  and  accumu late  charge.  The  hazards  associated  wi th  charge  accumu lati on  
on  pipes  or  hoses  that  are  whol l y or  partl y i nsu lat i ng  are  deal t  wi th  i n  th is  c lause.  The  deg ree  
of  accumu lation  depends  on  the  res isti vi ty of  the  pipe  material ,  the  conductivi ty of  the  l i qu id  
and  the  phys ical  geometry of  the  system .  I t  can  reach  l evels  that  produce  i ncend ive  
d ischarges.  

I gn i t i on  hazards  can  occur both  i ns ide  the  pipe,  i f  i t  runs  partl y empty when  hand l i ng  a  
f lammable  l ow f l ash  po in t  l i qu i d ,  and  / or  ou ts ide,  i f  the  su rround ing  atmosphere  i s  f l ammable .  
D ischarges  may also  puncture  the  wal ls  of  i nsu lat ing  pipes  and  hence  cause  leakage .  
Leakage  cou ld  generate  an  external  f l ammable  atmosphere  that  cou ld  be  i gn i ted  by l ater 
d ischarges  or i t  cou ld  l ead  to  a toxic  hazard  (e. g .  i f  the  pipe  carried  a toxic  l i qu id )  or  
envi ronmental  harm .  Add i t i onal  requ i rements  for petro l  forecourt  p ipes  are  speci f i ed  i n  
EN  1 41 25.  

7.7.2  Pipes  

7.7.2.1  Classi fi cation  of  pipes  

Pipes  are  class i f i ed  i n to  the  categories  conducti ve  (res istance  <  1  kΩ/m ) ,  d i ss ipative  

(res istance  1  kΩ/m  to  <  1  MΩ/m )  and  i nsu lat ing  ( res istance  ≥  1 MΩ/m )  g i ven  i n  the  Terms  and  
def in i t ions  (3 . 2 ,  3 . 7  and  3. 1 5)  and  Table  1 .  

7.7.2.2  Conductive  or d issipative p ipes  

Al l  sections  of  conductive  or d iss ipati ve  pipes  shou ld  be  adequatel y bonded  and  earthed  (see  
7. 7. 1 ) .  Un less  the  pipe  i s  made  enti re l y of  conducti ve  or d iss ipati ve  materials ,  the  poss ibi l i ty  
of  puncturing  insu lating  l i n ings  remains  (see  7 .7. 2. 3  and  7. 7. 2. 4) .  

7.7.2.3  Conductive  or d issipative p ipes  wi th  an  insu lating  inner l i n ing  

When  a conducti ve  or d i ss ipati ve  pipe  wi th  an  i nsu lat ing  i nner l i n i ng  i s  used  to  convey a low 
or med ium  conductivi ty l i qu i d ,  e l ectrostatic  charges  cou ld  accumu late  on  the  i nner su rface  of  
the  l i n ing  and  produce  d ischarges  th rough  the  l i n i ng  to  the  ou ter  wal l  o f  the  pipe .  Theory 
i nd icates  that  the  poten tial  on  the  su rface  of  a  l i n i ng  often  i ncreases  i n  proport ion  to  the  
th ickness  of  the  l i n i ng .  Hazardous  d ischarges  are  therefore  more  l i kel y to  occur wi th  th icker  
l i n i ngs  such  as  p lastic  s leeves  than  wi th  th i n  l i n i ngs  such  as  epoxy coatings .  Even  under  
adverse  cond i ti ons  (h igh  charge  densi ty i n  the  l i qu i d ,  l arge  pipe  d iameter,  th ick l i n i ng )  
d ischarges  are  un l ikel y to  occur  when  the  volume res isti vi ty of  the  l i n ing  i s  l ess  than  abou t  

1 00  MΩ  m .  Under typi cal  cond i t ions  (charge  dens i ty <  1  000  µC/m 3 ,  p i pe  d iameter about  

1 00  mm ,  l i n i ng  th ickness  <  5  mm)  d ischarges  wi l l  not  occu r un less  the  vo lume res isti vi ty 

exceeds  1 00  GΩ  m .  

NOTE  The  th i cker  the  i nsu l at i ng  l i ner,  the  more  l i kel y  the  occu rrence  of  brush  d i scharges  and  the  l ess  l i ke l y  the  
occurrence  of  propagati ng  brush  d i scharges.  See  A. 3. 4  and  A. 3. 5.  

The use  of  conducti ve  or  d i ss ipative  pipes  wi th  th icker and/or l ess  conducti ve  l i n i ngs  cou ld  
sti l l  be  acceptable  for many l i qu i d  hand l i ng  appl i cati ons .  I n  th is  case  i t  i s  necessary that  al l  
conducti ve  sections  of  the  pipe  are  rel i abl y earthed  and  the  pipe  remains  fu l l  of  l i qu i d  
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th roughou t  the  operati ons.  The  l atter requ i rement ensures  that  there  i s  no  f l ammable  
atmosphere  i ns ide  the  pipe.  

A p ipe  wi th  a th ick and  l ess  conducti ve  l i n ing  shou ld  be  f i l l ed  and  emptied  s l owl y i f  a  
f lammable  atmosphere  cou ld  be  present.  I n  general ,  the  veloci ty of  the  l i qu id/ai r  i n terface  
shou ld  not  be  al l owed  to  exceed  1  m /s.  Lower veloci t ies  cou ld  be  necessary downstream  of  
m icrofi l ters.  

Al though  there  i s  no  e lectrostatic  i gn i t i on  hazard  i f  the  pipe  remains  fu l l  of  l i qu i d ,  an  e lectrical  
breakdown  cou ld  punctu re  a h i gh l y i nsu lati ng  l i n ing .  Where  i t  i s  essen tial  to  avoid  th is  (e. g .  to  
prevent  corros ion)  i t  can  general l y be  prevented  by us i ng  a l i n ing  wi th  a l ow vo lume res ist i vi ty.  

A value  of  l ess  than  1 00  GΩ  m  i s  usual l y adequate  al though ,  under h i gh  rates  of  charge  

generati on ,  l ess  than  1 00  MΩ  m  cou ld  be  necessary.  

7.7.2.4  Insu lating  pipes  

7.7.2.4.1  General  

The f l ow of  l ow,  medium  and  h i gh  conducti vi ty l i qu ids  th rough  insu lating  pipes  can  produce  
h igh  surface  charge  densi t i es,  e l ectric  f i e lds  and  potentials  on  the  pipe  wal l s .  These  may l ead  
to  the  fo l l owing  hazards:  

a)  h igh  f ie l ds  and  potentials  may l ead  d i rectl y to  i ncend ive  d ischarges  i ns ide  or ou ts ide  the  
pipe,  

b)  h igh  f ie lds  wi l l  extend  beyond  the  p ipe  and ,  consequen tl y,  sparks  cou ld  occur by 
e lectrostatic  i nduction  from  nearby conductive  obj ects  or  people  that  are  not  earthed.  

c)  h igh  charge  dens i t i es  on  the  i nner surface  of  the  pipe  cou ld  lead  to  the  e lectrical  
breakdown  and  punctu re  of  the  p ipe  wal l .  

d )  damp ai r  may enter  the  p ipe  and  condense  on  the  wal ls  i ns i de,  creati ng  conducti ve  
pudd les  that  may g ive  spark d ischarges  to  earthed  objects.  

7.7.2.4.2  Insu lating  pipes above g round  

Above  g round,  hazards  cou ld  arise  from  i n ternal  or  external  d i scharges,  i nducti ve  sparks  or  
wal l  puncture.  The  fol l owing  requ i rements  therefore  appl y i f  there  cou ld  be  a f lammable  
atmosphere  i ns i de  or  ou tsi de  the  p ipe  (e. g .  i n  hazardous  areas  or  when  hand l i ng  f lammable  
l i qu i ds  i n  part l y- fi l l ed  pipes) :  

1 )  For l ow or med ium  conducti vi ty l i qu i ds  e i ther:  

a)  ensure  that  the  p ipe  end- to-end  res is tance  fal l s  wi th in  safe  l im i ts  developed  
speci f ical l y for the  appl icati on  usi ng  a detai led  hazard  anal ys is ,  or  

b)  empi rical l y ad just  the  p ipe  res istances  and  operati ng  cond i t i ons  un ti l  i t  can  be  
demonstrated  by experimental  hazard  assessments  that  i ncend ive  d ischarges  wi l l  not  
be  generated  by the  proposed  operation  even  under worst-case  cond i t i ons.  

NOTE  Both  these  approaches  are  used ,  for  example,  i n  SAE  J 1 645  for  des i gn i ng  p l ast i c  fuel  hand l i ng  
systems  on  motor veh i cles.  

2)  For h i gh  conducti vi ty l i qu i ds  ei ther  fo l low the  precau tions  for med ium  and  l ow conducti vi ty 
l i qu ids  or:  

a)  ensure  that  the  l i qu id  i s  i n  d i rect  con tact  wi th  an  earthed  conductive  component  such  
as  a valve  or tank at  the  upstream  end  of  the  p ipe,  and  

b)  ensure  that  the  f low ve loci ty does  not  exceed  1  m /s.  

3)  Use  the  precautions  g i ven  i n  Clause  6  to  ensure  that  the  external  wal l  of  the  pipe  cannot  
be  hazardous l y charged  by external  sources  such  as  steam  impingement  or  rubbing .  

4)  To  avoid  sparks  due  to  i nducti on-charg ing ,  earth  al l  conducti ve  components  attached  to  
the  pipe  (e. g .  f langes ,  valves,  bal ls  of  valves  or  conductive  layers  i ns ide  the  pipe)  and  al l  
such  i tems  i n  the  vic in i ty of  the  p ipe  un less  the i r  i nstal led  e lectrical  capaci tance  i s  l ess  
than  3  pF.  
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NOTE  1  I nstal l ed  capaci tance  means  the  capaci tance  of  the  component  as  i nstal l ed  i n  the  worki ng  assembly.  
I t  may be  s i gn i f i can tl y  h i gher than  the  capaci tance  of  the  i solated  componen t  i f  the  component  i s  moun ted  
c l ose  to  an  earthed  su rface.  

NOTE  2  I n  some ci rcumstances  i t  may be  poss ibl e  to  preven t  e l ectrostati c  d i scharges  f rom  conducti ve  i tems  
by other means  than  earth i ng ,  e . g .  by su rround i ng  them  wi th  an  ai rt i gh t  i nsu l ati ng  material  o f  su ff i ci en t l y  h i gh  
breakdown  streng th .  

5)  Use  the  procedures  g i ven  i n  i tem  1 a  or  1 b  as  appropriate  to  set  res istance  l im i ts  and  
cond i t i ons  that  also  preven t  i ncend ive  d ischarges  i ns ide  the  pipe  or e l im inate  the  i n ternal  
f lammable  atmosphere  e i ther:  

a)  by ensuri ng  that  the  pipe  i s  permanentl y f i l l ed  wi th  l i qu i d ,  or  

b)  by i nerting .  

6)  Preven t  puncturing  e . g .  by us ing  a wal l  wi th  a  h i gh  d ie lectric  s treng th ,  by l im i ti ng  the  f low 
veloci ty,  or  by adopting  the  vo lume res ist i vi ty cri teria g i ven  i n  7. 7.2 . 3  for  i nsu lati ng  pipe  
l i n i ngs.  

The  f i nal  precauti on  may be  used  on  i ts  own  where  the  on l y i ssue  i s  to  preven t  puncturi ng .  

I f  the  pipe  passes  through  a zoned  hazardous  area the  pipe  shou ld  fu l f i l  the  requ i remen ts  of  
6. 3.  

7.7.2.4.3  Buried  insu lat ing  p ipes  

When  an  i nsu lati ng  p ipe  i s  buried ,  i ts  who le  external  surface  i s  i n  con tact  wi th  the  earth  and  
usual l y no  fu rther precauti ons  are  needed  to  preven t  external  i ncend ive  d ischarges .  The  
external  earth  contact  reduces  the  r isk of  i n ternal  brush  d ischarge  bu t  does  not  remove i t  
complete l y i f  the  p ipe  wal l  has  a  very h i gh  resist i vi ty.  Therefore  the  fo l l owing  add i t ional  
measures  are  needed :  

H i gh  conductivi ty l i qu i ds:  

a)  Ensure  that  the  l i qu id  i s ,  at  some poin t,  i n  contact  wi th  an  earthed  metal  object,  e. g .  a  
valve,  and  

b)  Preven t  puncturi ng  of  the  wal l  by d ischarges  (e . g .  by u si ng  a wal l  wi th  a h igh  d ie lectric  
streng th ,  by l im i t i ng  the  f l ow veloci ty,  by se lecting  a  wal l  material  wi th  a l ow resis ti vi ty,  and  
us ing  the  cri teria  g i ven  i n  7 . 7. 2. 3  for  i nsu lati ng  pipe  l i n i ngs) ,  and  

c)  Earth  i so lated  conducti ve  i tems  or surround  them  wi th  an  ai rt igh t  i nsu lati ng  material  of  
su ffi ci en tl y h i gh  breakthrough  streng th  to  preven t  d i scharges  (e. g .  cl ose  the  connectors  of  
e lectric  weld ing  sockets  wi th  i nsu lat i ng  caps) .  

Med ium  or l ow conducti vi ty l i qu i ds:  

Buried  i nsu lati ng  p ipes  may also  be  used  for the  passage  of  med ium  or l ow conducti vi ty 
l i qu i ds  bu t  stronger  measures  (e . g .  l ower f low veloci ty,  i ncreased  d i e lectric  streng th  of  the  
wal l  material ,  fu rther reduction  of  the  wal l  res i sti vi ty,  avoidance  of  explos ive  atmosphere  
i ns i de  the  pipe)  are  needed  to  preven t  puncturing  or  explos ion  of  the  pipe.  These  shou ld  be  
gu i ded  by a  detai l ed ,  case-speci fi c  hazard  assessment.  

Excavation  of  a  secti on  of  buried  pipe  cou ld  i ncrease  the  vol tages  aris i ng  from  l i qu id  f l ow and  
expose  conducti ve  or d i ssipati ve  componen ts .  Therefore  excavations  shou ld  not  be  carried  
ou t  wh i lst  the  p ipe  i s  i n  service  and  i f  there  i s  any poss ibi l i ty of  a  f l ammable  atmosphere,  al l  
conducti ve  obj ects  on  or  near  the  pipe  wh ich  cou ld  be  charged  by e lectrostatic  i nducti on  
shou ld  be  earthed .  However,  i t  can  be  hazardous  to  make an  earth i ng  connection  in  a  
poten tial l y f lammable  atmosphere.  

NOTE  Requ i rements  on  buri ed  pi pes  at  f i l l i n g  s tati ons  can  be  found  i n  7. 8. 4.  
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7.7.3  Hoses and  hose assembl ies  

7.7.3.1  General  

Subclause  7. 7. 3  deals  wi th  hoses  for chem ical  and  m ineral  o i l  transfers .  Pain t  hoses  are  deal t  
wi th  i n  ISO 8028.  

7.7.3.2  Design  aims for  electrostatic  safety of  hoses  

1 )  Bond ing  equ ipment:   Hoses  are  often  used  to  e l ectrical l y bond  connected  equ ipment  and  
may also  provide  a second  l ayer of  protecti on  i n  bond ing  of  i tems  such  as  nozzles  and  
l ances.  The  resistance  of  the  hose  between  end  coupl ings  shou ld  not  exceed  a  speci fi ed  
l im i t  and  the  coupl i ngs  shou ld  provide  re l i able  e lectrical  contact  to  attached  equ ipment.  

2)  Preven ting  incend ive  d ischarges:   Where  f lammable  m ixtures  may be  presen t  i ns i de  or 
ou ts ide  a hose  assembly,  hazardous  charge  accumu lation  shou ld  be  avoided  by a  desi gn  
that:  

a)  Avoids  i so lat ion  of  conducti ve  components  such  as  hose  connectors ,  rei n forci ng  
he l i xes  and  i n - l i ne  valves .  For hoses  wi th  one  hel i x  i ns ide  and  one  ou ts ide  i t  has  to  be  
ensured  that  both  of  them ,  especial l y the  inner,  are  re l iabl y connected  to  the  end  
f i tt i ngs.  Th is  i s  especial l y important  for hoses  wi th  he l i xes  chem ical l y protected  by 
i nsu lati ng  coatings.  

NOTE  I n  case  of  h oses  made  of  conducti ve  or  d i ss ipat i ve  hose  material  a  d i rect  con tact  of  uncoated  metal l i c  
he l i xes  and  end  f i tt i n gs  may not  be  necessary.  

b)  Lim i ts  accumu lation  on  i nsu lati ng  su rfaces  by the  placement  of  conductors  or  the  
u t i l i sation  of  d iss ipati ve  external  and/or  i n ternal  su rfaces  as  appropriate.  

c)  Avoids  formation  of  charged ,  i solated  l i qu i d  “s lugs”  wi th i n  the  hose.  

3)  Avoid i ng  hose  damage:   E lectrostatic  d i scharges  shou ld  not  damage the  hose  i n  any way 
that  comprom ises  performance.  I n  part icu lar,  d ischarges  that  create  p i nho les  th rough  the  
hose  wal l  shou ld  be  preven ted .  

4)  Preven ti ng  s tray currents :   I t  i s  sometimes  necessary to  preven t  s i gn i f i can t  l evels  of  s tray 
curren t  from  f lowing  along  the  hose  wh i ls t  s t i l l  ensuring  that  e lectrostatic  charges  can  be  
d issipated .  I n  th is  documen t,  hoses  des igned  to  do  th is  are  classed  as  d issipati ve,  hoses  
that  may conduct  s i gn i f i can t  stray currents  are  c lassed  as  conducti ve  and  those  wi th  too  
h igh  a  res istance  to  safe l y d iss ipate  any e lectrostatic  charg ing  curren t  are  c lassed  as  
i nsu lat i ng .  

Al though  these  def in i t i ons  are  somewhat  d i fferen t  from  those  used  to  def i ne  hose  g rades  in  
ISO 8031  and  EN  1 21 1 5  they help  i den ti fyi ng  hoses  wh ich  are  safe  from  the  e lectrostatic  
po i n t  of  view because  the  class i f icati on  by res istance  between  end  f i tt i ngs  i n  I SO  8031  does  
not  necessari l y impl y e lectrostatic  safety.  These  classi f i cations  for  con trol l i ng  hazards  caused  
by e lectrostatic  d ischarges  and  s tray curren ts  are  summarised  i n  Table  1 5  and  compared  to  
the  hose  g rades  i n  I SO 8031  i n  Table  1 6.  



IEC  TS  60079-32-1 :201 3+AMD1 :201 7  CSV – 65  – 
© I EC  201 7  

Table  1 5  – Cl assi fi cation  of  en d -to-en d  h ose resi stan ces for  control  
of  h azard s  from  static  el ectri ci ty and  stray cu rren t  

Cl assi fi cati on  En d -to-en d  
resi stan ce R  

l i m i ts   

Com m en ts  

Con d u cti ve  R <  1  kΩ  Con tro l s  most  s tat i c  e l ectri ci ty  hazards  bu t  may need  add i t i onal  
measures  due  to  h i g h  res i stance  covers  or l i n i ngs .  

Does  not  l im i t  s tray cu rren ts  from  power system  fau l ts ,  cathod i c  
protect i on  systems  or earth  l oops.   

Di ssi pati ve  1  kΩ  ≤  R  <  1  MΩ  Con tro l s  most  s tati c  e l ectri ci ty  hazards  bu t  may need  add i t i onal  
measures  due  to  h i g h  res i s tance  covers  or l i n i ngs.  

Lim i ts  stray cu rren ts  to  safe  l evel s .  

I nsu l ati n g  1  MΩ  ≤  R  Cannot  be  re l i ed  upon  to  con tro l  s tati c  e l ectri ci ty  hazards.  

Lim i ts  stray cu rren ts  to  safe  l evel s .  

 

I n  meeti ng  the  above  cri teria  for contro l l i ng  i gn i t ion ,  d i fferen t  des i gn  featu res  may be  needed  
depend ing  on  the  conductivi ty of  the  l i qu id ,  the  process  requ i rements  and  the  sens i t i vi ty of  the  
atmosphere  to  i gn i t i on .  

7. 7. 3.3  Appl i cation  of  d esig n  pri n ci pl es for  avoi d an ce of  i g n i t ion  i n  f lamm abl e  

atm osph eres  h aving  M IE  <  0 , 20  m J  

7. 7. 3.3.1  End-to-end  electri cal  bon din g  (con ti nu i ty)  

End- to-end  e lectrical  bond ing  i s  usual l y provided  by re in forcing  hel i xes ,  wi res  embedded  i n  
the  hose  wal l ,  or  braided  metal  sheaths  bonded  to  conducti ve  end  coupl i ngs .  I t  i s  importan t  
that  each  bond ing  wi re  or  re in forci ng  he l i x  i s  secure l y connected  to  the  end  coupl i ngs .  
Connections  between  bond ing  wi res  and  coupl i ngs  shou ld  be  robust  and  the  res is tance  
between  the  end  coupl ings  shou ld  be  tested  period ical l y.  The  frequency and  type  of  testi ng  
wi l l  depend  on  the  appl icati on  and  shou ld  be  determ ined  i n  consu l tat i on  wi th  the  
manu factu rer.  

7. 7. 3.3.2  El i m in ati on  of  el ectri cal l y i sol ated  condu ctive elements  

Conducti ve  hose  e lements  typical l y i nclude  end  f i t t i ngs ,  hose  c l i ps  (c lamps) ,  re i n forcing  
hel ixes,  embedded  wi res  and  braided  sheaths.  

a)  End  coupl i ngs:   Coupl i ngs  are  bonded  together by a conducti ve  or d i ss ipati ve  (an tistat ic)  
hose  e lement  to  meet  the  end- to-end  res is tance  requ i rements.   

b)  Hose  c l ips :   I so lated  metal  hose  cl i ps  shou ld  be  avoided  for systems  carryi ng  f lammable  
l i qu ids  s ince  they may be  raised  to  a  h i gh  poten tial  due  to  charg ing  curren ts  wi th in  the  
hose  and  thus  become a  poten tial  i g n i t i on  source.   

c)  Rein forci ng  hel ixes,  bond ing  wi res  and  braided  sheaths:   I n  the  absence  of  a  conductive  
or d i ss ipative  i nner l i n i ng  these  objects  may become charged  by l i qu id  f l ow.  The  
capaci tance  of  these  componen ts  i s  usual l y h igh ,  therefore  they may produce  s i gn i f i cant  
d i scharge  energ ies  i f  i so lated.  S i nce  the  on l y provis ion  general l y made  for  
earth i ng /bond ing  i s  vi a the  end  coupl i ngs  i t  i s  particu larl y importan t  to  ensure  that  each  
such  componen t  i s  bonded  securel y to  the  coupl i ngs  at  both  ends  of  the  hose .  The  end- to-
end  res istance  of  the  hose  shou ld  be  checked  regu larl y to  ensure  that  th is  bond ing  
remains  i n tact.  I f  there  are  mu l t i p le  end- to-end  conductors  (e. g .  two  re i n forci ng  hel i xes  or 
two  f l exible  bonding  wi res) ,  an  end-to-end  con ti nu i ty check does  not  reveal  whether al l  
conductors  are  properl y bonded  and  the  con ti nu i ty check needs  to  be  supplemented  by 
carefu l  qual i ty contro l  during  constructi on  and  regu lar vi sual  i nspecti on  for any damage  
that  cou ld  comprom ise  the  i n tegri ty of  a  conductor.  A hose  of  th is  type  showing  any s i gn  
of  mechan ical  damage  shou ld  be  d iscarded  or  re legated  to  du ti es  wi th  non -flammable  
l i qu i ds.  



 – 66  – I EC  TS  60079-32-1 :201 3+AMD1 :201 7  CSV 
  © I EC  201 7  

7.7.3.3.3  Avoidance  of  incend ive  brush  d ischarges from  insu lating  su rfaces  

Th is  may be  done  us ing  one  of  the  fo l l owing  measures:  

a)  Use  a  d issipati ve  or conducti ve  ou ter cover and/or i nner l i n ing  bonded  to  the  end  
coupl ings  to  e l im inate  the  chargeable  i nsu lati ng  surface(s) .  

b)  Lim i t  the  extent  of  any chargeable  i nsu lati ng  su rface  e i ther by keeping  the  hose  d iameter  
l ow (see  Table  3)  or  by l im i t i ng  the  gap  between  the  tu rns  of  re in forcing  hel i x(es)  i n  
accordance  wi th  6. 3 . 2.  These  l im i ts  may not  preven t  the  eros ion  of  p i nho les  part icu larl y 
wi th  th ick and/or h i gh l y res ist i ve  (e. g .  f l uoropol ymer)  l i n ings.  

7.7.3.3.4  Avoidance of  propagating  brush  d ischarges  

Propagating  brush  d ischarges  may occur when  there  i s  a  th in  l ayer of  i nsu lat i ng  material  wi th  
a conducti ve  backing  and  the  breakdown  vol tage  of  the  i nsu lating  l ayer exceeds  4  kV (see  
6. 3 . 4.2) .  Th is  s i tuati on  may arise  i f  there  are  c losel y-spaced  tu rns  of  a  re i n forcing  hel ix  that  i s  
not  i n  d i rect  contact  wi th  the  l i qu id  or  i f  there  i s  a  th i n  wal l  wi th  an  external  braided  sheath ,  
bu t  i t  requ i res  a  large  bu i l d -up of  surface  charge  dens i ty.  Usual l y the  hose  wal l  material  i s  
su ff icientl y conductive  that  d i ss ipation  th rough  the  wal l  to  the  re i n forcing  he l ix  or  sheath  
occurs  before  the  charge  dens i ty reaches  the  requ i red  l evel .  Th is  may,  however,  not  be  the  
case  wi th  f luoropol ymer l i ned  hose  assembl i es  un less  d iss ipati ve  (e. g .  carbon  f i l led )  
f l uoropol ymer materials  are  used  or the  l i n i ng  has  a  breakdown  vo l tage  that  does  not  exceed  
4  kV.  

NOTE  Al though  a  breakdown  vo l tage  of  l ess  than  4  kV wi l l  prevent  propagati ng  brush  d i scharges,  i t  may 
encou rage  d i scharges  that  l ead  to  p i nhol i ng .  

7.7.3.3.5  Avoid ing  d ischarges from  isolated  masses  of  conductive  l iqu id  

A mass  (s l ug )  of  conductive  l i qu i d  cou ld  become charged  as  a resu l t  of  f l ow i f  i t  i s  i so lated  
from  the  earthed  ends  of  the  hose  by vapour breaks  and  the  hose  has  an  i nsu lati ng  i nner  
surface.  A charged  l i qu id  s l ug  cou ld  create  an  i ncend ive  spark as  i t  approached  an  earthed  
end  coupl ing .  Th is  scenario  can  be  avo ided  by us ing  a conducti ve  or  d i ss ipative  i nner hose  
l i n i ng  bonded  to  the  end  coupl i ngs  or,  for  hoses  up  to  about  200  mm  (8  i nches)  i n  d iameter,  

by us ing  a hose  wi th  a th i n  l i n i ng  (≤  1  mm )  and  re in forcing  he l i cal  wi re  having  a pi tch  of  
1 0  mm  or l ess.  

7.7.3.4  Practical  hose classi fications  

Hoses  shou ld  be  cl earl y marked  to  preven t  the  use  of  a  wrong  type  of  hose.  I SO 8031  defi nes  
s ix  practical  g rades  of  hoses  together wi th  th ree  subd ivis ions  of  the  conducti ve  and  an tistat ic  
g rades.  The  nomenclature  and  res istance  l im i ts  for the  hose  g rades,  wh ich  d i ffer from  those  in  
o lder ed i t i ons  of  I SO  8031 ,  are  summarised  i n  Table  1 6 .  

NOTE  Hoses  are  usual l y  suppl i ed  complete  wi th  end  f i tt i ng s  that  form  a  cri t i cal  part  of  the  s tat i c  d i ss ipati on  path .  
For these  reasons,  the  c lass i f i cat i on  of  hose  g rades  g i ven  i n  I SO 8031  covers  on l y  complete  assembl i es  wi th  end  
f i t t i ngs.  

I n  I SO  8031 ,  the  res istance  boundary l im i ts  g i ven  for each  hose  g rade  appl y to  a  variety of  
res istance  measuremen ts  as  described  in  that  documen t for each  type.  When  appl i ed  to  the  
end- to-end  res istance,  these  l im i ts  can  be  used  to  re late  each  g rade  to  the  d iss ipati on  
categories  g i ven  i n  Table  1 5.  Table  1 6  i ncludes  a l i st i ng  of  the  d iss ipati on  categories  for  each  
hose  g rade.  
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Table  1 6  – ISO 8031  classi fi cation  of  hose g rades   

ISO 8031  G rades  IEC 60079-32-1  stati c  
d issipation  category 

Grade ID  Name/description  Resi stance R  per 
assembl y between  end  

fi tti ngs
1 )
  

 

M   Electri cal l y  bonded  

At  l east  two  f l exibl e  metal  bond ing  wi res  
wi th  o r  wi thou t  a  metal  h el i x.  

R  <  1 00  Ω  Conducti ve  

-  Conti nuous  e l ectri cal l y  bonded  

Metal  he l i x(es)  connected  e l ectri cal l y  to  
both  end  f i t t i n gs.  

R  <  1 00  Ω  Conducti ve  

Ω  Conducti ve  R  <  1  MΩ   Conducti ve   

 I ncorporat i ng  conducti ve  rubber or  plasti cs  
l ayer(s) .  

 or   

Ω -L Conducti ve  on l y  on  i n ner l i n i ng .   D i ss ipati ve  

Ω -C  Conducti ve  on l y  on  ou ter cover.    

Ω -CL  Conducti ve  cover and  l i n i ng .    

Ω  Anti s tati c  1  kΩ  ≤  R  ≤  1 00  MΩ  D i ss ipati ve   

 I ncorporat i ng  an ti s tati c  rubber or pl asti cs  
l ayer(s) .  

 or   

Ω -L Anti s tati c  on l y  on  i n ner l i n i ng .   I nsu lati ng  

Ω -C  Anti s tati c  on l y  on  ou ter cover.    

Ω -CL  Anti s tati c  cover and  l i n i ng .    

-  I nsu lat i ng   1 00  MΩ  <  R  I nsu lat i ng  

-  Disconti nuous  1 0  kΩ  <  R  D i ss ipat i ve  

or  

I nsu lat i ng  

NOTE  More  detai l s  concern i ng  g rade  class i f i cati on  and  appropri ate  test  methods  for  the  d i fferen t  hose  types  
speci f i ed  i n  th i s  Tabl e  are  described  i n  I SO 8031 .  

 

Antistatic  hoses,  g rade  Ω ,  are  commonl y used  i n  au tomoti ve  appl ications  and  i n  f luoropol ymer 
l i ned  hoses.  I n  these  and  o ther appl ications  that  do  not  produce  very h i gh  l eve ls  of  
e lectrostatic  charg ing ,  the  1 00  MΩ  l im i t  i s  an  appropriate  upper bound  for  the  d iss ipative  

range.  However,  where  rates  of  charge  generation  cou ld  exceed  1 0  µA,  hoses  wi th  
res istances  of  up  to  1 00  MΩ  may not  be  able  to  d i ss ipate  charges  safe l y (see  7. 7. 3. 5  c) ) .  

Other requ i remen ts  i n  add i t i on  to  end- to-end  res istance  are  necessary to  ensure  the  
avoidance  of  hazardous  brush  d ischarges  and  propagating  brush  d ischarges,  see  7 .7. 3. 3. 3  
and  7. 7.3 . 3 . 4.  Consequentl y,  the  end-to-end  res i stance  i s  not  always  the  on l y cri teri on  for  
hose  su i tabi l i ty  

Certai n  h ybrid  methods  of  hose  constructi on  provide  both  e lectrical  bond ing  and  conducti ve  or  
an ti stat ic  (d iss ipating )  l i ners  or  covers .  Th is  combination  i s  used ,  for  example,  where  
equ ipment earth ing  requ i rements  demand  e lectrical  bond ing  bu t  the  process  requ i res  a  th ick 
i nner l i n ing  that  wou ld ,  i f  made  of  an  i nsu lat i ng  material ,  l ead  to  i n ternal  d ischarges.  These  
hybri d  des igns  do  not  f i t  any of  the  g rades  def i ned  in  I SO 8031  and  Table  1 6  bu t  can  be  
described  by the  h ybrid  g rades  defi ned  i n  Table  1 7  that  provide  usefu l  i n formation  for  
se lecting  or  speci fyi ng  hoses  for  part icu lar du ti es.  
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Table  1 7  – Hybrid  g rades of  hoses and  hose assembl ies  

Hybrid  cl assi fication  based  on  ISO 8031  IEC 60079-32-1  

Hybrid  
g rade  

Name Resistance R  per assembl y 
between  end  fi t tings  

Stati c  d issipation  cl ass  

M/Ω -L Electri cal l y  bonded  wi th  
conducti ve/an ti stat i c  i nner l i ner.  

R  <  1 00  Ω  Conducti ve  

M/Ω -C Electri cal l y  bonded  wi th  
conducti ve/an ti stat i c  ou ter cover.  

R  <  1 00  Ω  Conducti ve  

M/Ω -CL Electri cal l y  bonded  wi th  
conducti ve/an ti stat i c  cover and  
l i ner.  

R  <  1 00  Ω  Conducti ve  

The safety of  the  h ybrid  hose  g rades  cannot  be  pred icted  on  the  basis  of  end- to-end  
res istance  measu rements  alone.  Other measurements  such  as  the  res is tance  between  the  
i nner l i n ing  and  the  end  f i tt i ngs  shou ld  also  be  considered  (see  I SO 8031 ) .  

7.7.3.5  Properties and  usage  of  ISO  8031  hose assembly g rades  

a)  E lectrical l y Bonded  (Grade  M) ,  and  Con ti nuous  E lectrical l y Bonded  hoses:  E lectrical l y  
Bonded  (Grade  M)  and  Continuous  E lectrical l y Bonded  hose  assembl i es  con tain  metal l i c  
end- to-end  bond ing .  Regu lar  conti nu i ty checks  and  visual  i nspecti ons  shou ld  be  carried  
ou t  as  ou tl i ned  in  7. 7. 3 . 3 .2  to  prevent  one  or more  of  the  bond ing  componen ts  ( i . e .  
bond ing  wi re,  re i n forci ng  he l i x  or  sheath )  from  becom ing  e lectrical l y i so lated.  

Usual l y,  these  hose  g rades  preven t  i ncend ive  brush  d ischarges  as  described  i n  7. 7. 3 . 3 . 3  
i n  wh ich  case,  a  wel l -main tained  hose  assembly does  not  i n troduce  an  e lectrostatic  
i gn i t i on  hazard .  However i n  some types  of  bonded  hose  assembly,  e. g .  f l uoropol ymer 
(PTFE)  l i ned  hoses  or hoses  wi th  unusual l y th ick l i n ings  or l arge  gaps  between  conductive  
e lements,  the  e lectrical  bond ing  alone  i s  not  su ffi cien t  to  preven t  hazardous  or damag ing  

vo l tages  occurri ng  on  one  of  the  i nsu lat i ng  surfaces.  I n  th is  case  hybri d  G rade  M /Ω-L  or  

M/Ω-CL hoses  wi th  d issipati ve  i nner l i n i ngs  shou ld  be  used  rather than  pure  Grade  M .  The  
e lectrical l y bonded  character of  the  hose  then  provides  e lectrical  con ti nu i ty between  the  
parts  of  the  equ ipment  i t  i s  connected  to ,  and  the  d iss ipati ve  character of  the  l i n i ng  
prevents  hazardous  charge  bu i l d  up  on  the  hose  surfaces.  

Because  of  the i r  low end- to-end  res is tance,  G rade  M ,  M/Ω-L or  M /Ω-CL hoses  can  
conduct  stray curren ts  and  create  an  i gn i t ion  hazard  when  the  s tray cu rrents  are  
i n terrupted  (e. g .  when  the  hose  i s  d isconnected) .  Where  stray currents  may g ive  ri se  to  
problems,  these  hoses  shou ld  therefore  be  used  i n  con junction  wi th  an  i nsu lating  f lange.  

b)  Grade  Ω ,  Conductive:  Grade  Ω ,  Conducti ve  hose  assembl ies  have  conducti ve  or  

d i ssipati ve  layers  on  one  or more  of  the  hose  surfaces.  Grade  Ω-L has  a conductive  or  

d i ssipati ve  inner l i n i ng ,  G rade  Ω-C  has  a  conductive  or d i ss ipati ve  ou ter cover and  Grade  

Ω-CL has  both .  Conducti ve  hose  assembl i es  shou ld  be  constructed  so  that  al l  conducti ve  
components  are  bonded  to  the  end  coupl ings  wi th  a res is tance  per assembl y as  speci f ied  
i n  Table  1 6.  

The  construction  of  conductive  hose  assembl i es  i s  often  such  that  e lectrical  con tinu i ty 
cannot  be  l ost  wh i l st  the  hose  remains  usable .  Regu lar con tinu i ty checks  are  unnecessary 
when  e lectrical  con ti nu i ty i s  i nheren t  to  the  hose  constructi on  in  th is  way.  

As  described  i n  7 . 7. 3. 4,  conducti ve/d iss ipative  covers  or l i n i ngs  may be  combined  wi th  

e lectrical  bond ing  to  g i ve  the  h ybri d  c lass i f i cati on  g rades  M /Ω-L,  M /Ω-C  and  M/Ω-CL.   

c)  Grade  Ω ,  An tistatic:  G rade  Ω ,  An t istatic  hose  assembl ies  have  an  i n termed iate  res istance  
(see  Table  1 6)  that  i s  l ow enough  to  d iss ipate  e lectrostatic  charges  safel y i n  most  
ci rcumstances  bu t  h i gh  enough  to  restrict  s tray cu rren ts  to  safe  l evels .  They d i ffer  from  

Grade  Ω ,  Conducti ve  hoses  on l y i n  the  resis tance  boundary l im i ts  al though  there  i s  

cons iderable  overlap between  the  res is tance  ranges  and  Grade  Ω .  Antistatic  hose  

assembl ies  may also  be  Grade  Ω ,  Conducti ve.   

The  charg ing  currents  due  sole l y to  f l ow through  pipes  or hoses  can  be  estimated  from  the  

correlati ons  g i ven  i n  A. 1 . 4  (see  also  NFPA 77)  and  wi l l  usual l y be  l ess  than  1 0  µA.  Where  
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rates  of  charge  generati on  can  exceed  1 0  µA,  An tistat ic  hoses,  wh ich  may have  

res istances  of  up  to  1 00  MΩ ,  may not  be  able  to  d i ss ipate  charges  safel y.  I n  particu lar,  the  
charg ing  currents  immed iatel y downstream  of  h igh  charg ing  e lemen ts  such  as  h igh-
th roughpu t  f i ne  f i l ters  may be  h igher.  Immed iately downstream  of  such  devices  and  for a  
d i stance  that  enables  the  res idence  t ime  requ i rements  set  ou t  i n  7 . 5  to  be  met,  i t  i s  
preferable  to  use  f i xed  conducti ve  pipes  rather than  hoses .  I f  a  hose  must  be  used  i n  such  

a l ocati on ,  res istances  at  the  upper end  of  the  Grade  Ω ,  Antis tat ic  range,  may be  too  h i gh  
to  safel y d issipate  charge  and  shou ld  be  avoided .  I n  th is  case,  i f  stray curren ts  are  not  an  

i ssue,  a  Grade  Ω-L or  Ω-CL,  Conducti ve  hose  shou ld  be  used  and  i f  s tray curren ts  are  an  

i ssue,  a  hose  that  meets  both  Grade  Ω-L  or  Ω-CL,  Conductive  and  Grade  Ω-L or  Ω-CL,  
Antistatic  requ i rements ,  shou ld  be  used.   

The  number of  i n terconnected  Grade  Ω ,  An tis tat ic  hose  assembl ies  i n  a  hose  stri ng  shou ld  
be  l im i ted  to  ensure  that  the  res istance  to  earth ,  g i ven  i n  Table  1 6,  i s  not  exceeded  
anywhere  on  the  stri ng ,  o therwise  add i t ional  earth  bond ing  po in ts  shou ld  be  provided.  

d )  D isconti nuous:  A hose  that  has  no  conducti ve  end- to-end  bond ing .  Usual l y th is  type  of  
hose  i s  made  of  i nsu lati ng  material .  I t  may con tain  metal l i c  wi res  or  re in forcing  he l i xes,  
bu t  these  are  not  connected  to  the  end  f i tt i ngs .  

Where  stray currents  may occu r,  Grade  Ω ,  Antistatic  hose  assembl ies  wi th  end- to-end  
res istances  i n  the  d iss ipati ve  range  (see  Table  1 5)  are  preferred ,  i f  avai lable,  to  e lectrical l y 
bonded  ones  s ince  they protect  against  i nducti ve  sparks  aris i ng  from  the  i n terruption  of  s tray 
curren ts  as  wel l  as  against  e l ectrostatic  d ischarges .  E lectrical l y bonded  hose  assembl i es  
(Grade  M  or h ybri d)  may be  used  where  Antis tat ic  hoses  are  not  avai lable .  I n  th is  case  i t  may 
be  necessary to  i nsert  an  i nsu lat i ng  f lange,  coupl i ng  or  hose  secti on  to  provide  protection  
against  i nducti ve  sparks  from  stray cu rrents .  Where  th is  i s  done,  the  hose  s tri ng  on  e i ther s i de  
of  the  i nsu lat i ng  pi ece  shou ld  be  separatel y earthed .   

I nsu lating  hoses  shou ld  not  be  used  where  a f l ammable  atmosphere  cou ld  be  present.  

Table  1 8  summarises  the  du t ies  for wh ich  each  hose  type  can  be  used .  

Table  1 8  – Hose selection  Table  for f l ammable l iqu id  service  

Grade  Construction  H igh  conductivi ty l i qu ids  
 

(>1 0  000  pS/m)  

Med ium  and  l ow  
conductivi ty l i qu ids  

(<1 0  000  pS/m)  

-  Flexi ble  metal  Acceptable  Acceptable  

M Electri cal l y  bonded  General l y  acceptablea
 

General l y acceptabled , e
 

-  Conti nuous  e l ectri cal l y  bonded  General l y  acceptablea
 

General l y acceptabled , e
 

Ω -L Conducti ve  i n ner l i n i ng  Acceptable  Acceptable  

Ω -C  Conducti ve  ou ter cover  Review each  appl i cati ona
 

Review each  appl i cati on d  

Ω -CL Conducti ve  i n ner l i n i ng  and  
ou ter cover  

Acceptable  Acceptable  

Ω -L Anti stat i c  i nner l i n i ng  Acceptable
 

General l y acceptable f
 

Ω -C  Anti s tati c  ou ter cover  Review each  appl i cati ona
 

Review each  appl i cati on d , f
 

Ω -CL Anti s tati c  i nner l i n i ng  and  ou ter  
cover  

Acceptable
 

General l y acceptable f
 

M/Ω -L Hybri d  wi th  bond ing  and  
conducti ve  i nner l i n i ng  

Acceptable  Acceptable  

M/Ω -C Hybri d  wi th  bond ing  and  
conducti ve  cover  

Review each  appl i cati ona  General l y  acceptabled  

M/Ω -CL Hybri d  wi th  bond ing  and  
conducti ve  cover and  i nner 
l i n i ng  

Acceptable  Acceptable  

M/Ω -L Hybri d  wi th  bond ing  and  
an t i s tat i c  i nner l i n i ng  

General l y  acceptable  General l y  acceptabled , f
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Grade  Construction  H igh  conductivi ty l i qu ids  
 

(>1 0  000  pS/m)  

Med ium  and  l ow  
conductivi ty l i qu ids  

(<1 0  000  pS/m)  

M /Ω -C Hybri d  wi th  bond ing  and  
an ti s tati c  cover  

General l y  acceptable  General l y  acceptabled
 

M/Ω -CL Hybri d  wi th  bond ing  and  
an ti s tati c  cover and  l i n i ng  

General l y  acceptable  General l y  acceptabled , f
 

-  I nsu lat i ng  Proh i bi ted  Proh i bi ted  

-  Disconti nuous  General l y  proh i bi tedb , c
 

General l y proh i bi tedb , c
 

a  Acceptable  on l y  i f  there  i s  a  con t i nuous  col umn  of  h i g h  conducti vi ty  l i qu i d  th roughou t  the  hose.  Hazards  may 
ari se  i f  the  col umn  i s  broken  i n to  i solated  segments  by i nsu lat i ng  vapou r gaps,  the  wal l  res i stance  i s  very  
h i gh  (e. g .  th i ck l i n i ngs,  f l uoropolymer l i n i ngs)  and  the  capaci tance  to  the  embedded  conductor i s  l ow ( th i ck  
l i n i ng ,  l arge  gaps  between  bond i ng  conductors) .  The  hazards  ari s i ng  u nder these  cond i t i ons  may be  
m i t i gated  by employi ng  a  s l ow f l ow (1  m /s)  un ti l  the  l i qu i d  co l umn  i s  con t i nuous  or  by us i ng  a  more  
conducti ve  l i n i ng .   

b  I t  i s  not  poss ible  to  ascertai n  the  safety of  d i scont i nuous  hoses  from  res i stance  data al one.  Detai l s  of  the  
hose  constructi on  need  to  be  considered .  I n  special  cases,  safe  operati on  may be  poss ibl e.   

c  For mari ne  appl i cati ons,  s i ng le  l eng ths  of  i nsu lati ng  mari ne  hose,  wh i ch  corresponds  to  the  I SO 8031  
d i scont i nuous  G rade,  are  acceptabl e  i n  l i eu  of  an  i nsu l at i ng  f l ange  as  speci f i ed  by I SGOTT.  

d  Hazards  may ari se  i f  the  l i n i ng  res i stance  i s  very  h i gh  (e . g .  th i ck l i n i ngs ,  f l uoropol ymer  l i n i ngs)  and  the  
capaci tance  to  the  embedded  conductor or  conducti ve  cover i s  l ow ( th i ck l i n i ng ,  l arge  gaps  between  bond ing  

conductors) .  Hazards  may be  m i t i gated  by us i ng  a  more  conducti ve  l i n i ng  o r hybri d  g rade  (e. g .  G rade  M/Ω -L 

or M/Ω -CL) .  

e  Hoses  wi th  embedded  wi res  or  external  re i n forci ng  hel i xes  have  been  used  i n  petroleum  appl i cat i ons  (e . g .  
truck del i veri es)  for  many years  wi thou t  caus i ng  probl ems.  However i ssues  have  ari sen  wi th  very h i g h l y  
res i st i ve  l i n i ngs  such  as  PTFE.  I t  i s ,  therefore,  recommended  that  h i gh  res i s tance  l i n i ng  materi al s  are  on l y  
used  after carefu l  evaluati on  of  the  ri sks .  

f  An ti s tati c  Ω -L and  Ω -CL g rade  hoses  are  acceptabl e  i n  most  c i rcumstances  bu t  shou ld  be  avoi ded  
immediatel y  downstream  of  h i gh  charg i ng  devi ces  such  as  h i gh  th roughpu t  f i ne  f i l ters  that  may generate  

more  than  1 0  µA of  cu rren t.  I n  cases  of  doubt,  a  test  res i stance  that  meets  the  G rade  Ω ,  Conducti ve  
s tandard  or both  the  Conducti ve  and  An ti stat i c  s tandards  shou ld  be  speci f i ed .  

 

7.8  Special  fi l l ing  procedures  

7.8. 1  Ai rcraft  fuel l ing  

7.8. 1 .1  General  

Aircraft  are  most  frequen tl y fue l led  by means  of  mobi le  fuel lers  or  by h ydrant  systems  feed ing  
the  ai rcraft  th rough  mobi le  d ispensers .  Smal ler ai rf i e lds  usual l y employ a  cabinet  d ispenser  
system  (s im i lar to  a  retai l  station)  and  remote  ai rf ie l ds  may fuel  ex-drum .  Fuel  transfers  are  
made through  f l exible  rubber hoses  and  i gn i t ion  hazards  due  to  stat ic  e l ectric i ty can  arise  
du ri ng  these  operations .  Charge  can  be  generated  on  the  fuel  i n  the  system  feed ing  the  
ai rcraft  or  i n  the  ai rcraft  tank,  wh ich  i s  normal l y made  of  metal  though  fu ture  ai rcraft  wi l l  
employ composi te  materials  for  fuel  tanks,  wing  componen ts  etc.  Ai rcraft  fue l l i ng  systems  
always  contain  e i ther  a  f i l ter  mon i tor or,  l ess  common l y,  a  f i l ter  water separator.  

NOTE  Detai l ed  requ i rements  for  ai rcraft  fu el l i n g  are  g i ven  i n  API /I P  RP  1 540.  

Al though  not  an  e lectrostatic  hazard,  the  poss ibi l i ty of  sparks  due  to  stray currents  from ,  for  
example,  e lectrical  power i nstal lations  or cathod ic  protecti on  systems,  exis ts  when  making  or  
breaking  hose  connections .  Precauti ons  against  s tatic  e lectric i ty i gn i t i ons  shou ld  be  
cons isten t  wi th  the  precau tions  for avo idance  of  these  sparks.  Hose  designs  are  g i ven  i n  
EN  1 361 .  

7.8. 1 .2  Hose assembl ies  

Flexible  hose  assembl ies  for ai rcraft  fue l l ing  shou ld  normal l y be  of  the  d i ssipati ve  type  (see  
7. 7. 3 .2)  so  as  to  d i ss ipate  e lectrostatic  charges  wh i l e  l im i ti ng  stray curren ts .  E lectrical l y 
bonded  (conducti ve)  hoses  may be  used ,  however,  i n  a  few speci f i c  appl icati ons  (e. g .  on  the  
suction  s i de  of  a  pump where  the  presence  of  a  metal  he l i x  m igh t  res ist  hose  co l lapse) .  For  
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hydrant  systems,  the  hose  connecting  the  in l et  coupler to  the  h ydran t  d ispenser shou ld  be  

dissipati ve;  e lectrical l y bonded  hoses  shou ld  not  be  perm i tted.  

7.8. 1 .3  Earth ing  and  bonding  

7.8. 1 .3.1  General  

Al l  the  metal l i c  fuel l i ng  components  of  the  fuel l i ng  veh icle  (e. g .  chass is,  tank,  f i l ter,  meter,  
p ipework,  sample  equ ipment,  bond ing  reel )  shou ld  be  in  good  e lectrical  contact  wi th  each  
other.  Good  e lectrical  conti nu i ty shou ld  exist  wi th i n  the  h ydran t  system .  

A bonding  connecti on  shou ld  always  be  made between  the  ai rcraft  and  the  refuel l i ng  veh icle  
before  the  f i l l i ng  hoses  are  attached .  Accord ing  to  aviat i on  ru les ,  the  bond ing  cable  shou ld  

have  an  overal l  res is tance  be low 25  Ω .  I t  shou ld  remain  i n  p lace  un t i l  fue l l i ng  i s  completed  
and  the  hoses  are  d isconnected .  The  ai rcraft  bond ing  l ugs  shou ld  always  be  used.  The  use  of  
other metal  parts  of  ai rcraft,  e . g .  p i tot  tubes,  land ing  gear doors  etc  i s  s trict l y forbidden  by 
aviation  i ndustry gu idel ines  (except  for overwing  fuel l i ng  – see  be low) .  

There  shou ld  be  a d i rect  bond  between  the  ai rcraft  fuel l i ng  ori f i ce  and  the  metal l i c  end  of  the  
fuel l i ng  hose.  For  underwing  fue l l i ng ,  th is  connection  i s  provided  by the  metal - to-metal  
con tact  between  the  hose  end -coupl i ng  and  the  ai rcraft  fue l l i ng  adapter.  For overwing  fuel l i ng ,  
th is  connection  i s  made  by ho ld i ng  the  fuel l i ng  nozzle  i n  contact  wi th  the  metal  ori f ice  during  
fuel l i ng .  A separate  bond ing  wi re  between  the  nozzle  and  ori f i ce  may be  used,  al though  th is  
arrangement i s  not  always  poss ible  due  to  the  l ack of  su i table  connecti ng  po in t .  Where  a  
nozzle  bond ing  wi re  i s  not  used ,  a  maximum  fi l l i ng  rate  of  200  l /m in  shou ld  be  appl ied .  

I n  aviati on  i ndustry gu idel i nes,  the  use  of  a  funnel  i s  s tr ict l y forbidden  for overwing  fuel l ing  
because  the  funnel  comprom ises  the  g rade  selecti vi ty of  the  fuel l i ng  nozzle .  

I n  some places  earth i ng  i s  requ i red  by the  ai rport  au thori ty.  Where  there  i s  a  choice,  earth i ng  
i s  not  recommended  because  of  poten tial  i ssues  caused  by mu l t ip le  earth  po in ts,  earth  l oops  
and  c i rcu lat ing  curren ts .  Where  earth i ng  i s  to  be  employed ,  the  fuel l i ng  veh icle  shou ld  be  
earthed  e i ther by a  cable  j o i ned  to  the  bond ing  cable  or  by a separate  earth ing  cable  attached  
to  the  veh icle  bond ing  reel .   

Fuel l i ng  from  drums  shou ld  fo l l ow the  same procedures  as  other overwing  fuel l ings .  I n  
particu lar i t  i s  necessary to  bond  the  drum  pump both  to  the  ai rcraft  and  to  the  drum .  
Containers  smal l er than  nom inal  200  l  d rums  are  not  al lowed  for  aviati on  fuel  use.  

7.8. 1 .3.2  Flow veloci ti es  

The  maximum  f low veloci ty i n  ai rcraft  fue l l i ng  hoses  shou ld  not  exceed  7  m /s  for  fuels  wi th  a  
conductivi ty g reater than  or equal  to  50  pS/m  or 5  m /s  for fuels  wi th  a conducti vi ty of  l ess  than  
50  pS/m .  Care  has  to  be  taken  that  su ffi c ien t  res idence  t ime  i s  provided  downstream  of  the  
f i l ters  (see  7. 5. 1 ) .  

7.8.2  Road  tanker del iveries  

Del iveries  from  road  tankers  are  performed  via a hosereel  or  l oose  hoses  us ing  e i ther g ravi ty 
feed  or pumps  on  the  veh icle .  E lectrostatic  i g n i t i on  hazards  may occur as  a  resu l t  of  sparks  
from  i so lated  conductors  (e . g .  hose  coupl ings  or  the  road  tanker  as  a  whole) ,  brush  
d ischarges  from  non-conducti ve  hoses  or  brush  d i scharges  wi th in  the  receiving  tank.  

The  fo l l owing  precauti ons  are  recommended:  

a)  Conductive  or properl y des igned  e lectrical l y bonded  hose  assembl ies  (see  7. 7. 3)  shou ld  
be  used;  

b)  Ensure  that  the  truck and  al l  metal l i c  coupl ings  are  bonded  to  the  tank be ing  f i l l ed .  The  
recommended  hose  assembl ies  provide  the  requ i red  bonding  so  separate  add i t i onal  
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bond ing  i s  not  necessari l y needed .  I f  company s tandards  requ i re  separate  bond ing  these  
shou ld  be  connected  before  the  connection  of  the  hoses  (see  7. 3. 2. 3 .3  1 b) ;  

c)  For del i veries  via l oose  hoses,  when  connecting  the  truck to  the  receivi ng  tank,  f i rs t  
connect  the  hose  to  the  tank f i l l  p ipe  and  then ,  before  completi ng  the  hose  connecti on  to  
the  truck,  equal ise  the  potentials  by touch ing  the  end  coupl i ng  of  the  hose  on  to  a metal l i c  
part  of  the  truck;  

d )  For de l i veri es  via  a hosereel ,  touch  the  hose-end  f i tt ing  or  nozzle  on  to  a metal l i c  part  of  
the  receiving  tank assembly,  p i ping  or  coupl i ngs  before  inserting  the  nozzle  or  making  a  
connection .  Th is  i n i t ial  touch ing  shou ld  be  done  away from  any reg ion ,  such  as  the  
immed iate  vic in i ty of  the  d ischarge  f i tt ing  of  the  tank,  where  residual  traces  of  f lammable  
vapour may be  present;  

e)  Provid ing  the  maximum  safe  f l ow ve loci t ies  for med ium  s i zed  tanks  are  not  exceeded  (see  
7. 3 . 2 . 3 . 3)  i t  i s  un l ikel y that  there  i s  an  i gn i t i on  hazard  wi th in  the  tank.  I f  the  l i qu id  con tains  
a second  phase,  the  f low ve loci ty shou ld  be  restri cted  to  1  m /s;  

f )  The  conti nu i ty and  mechan ical  cond i t ion  of  e lectrical l y bonded  hoses  shou ld  be  checked  
regu larl y (see  7. 7. 3 . 3) .  

7.8.3  Retai l  fi l l i ng  stations  

7.8.3.1  General  

Fuel  hand l i ng  operations  at  retai l  f i l l i ng  s tations  i nvolve  both  the  del i very of  fuel  i n to  
underg round  tanks  at  the  s tation ,  usual l y from  road  tankers ,  and  the  d ispens ing  of  fuel  from  
the  underground  tanks  i n to  customer’s  veh icles .  F lash  f i res  in i t i ated  by static  e lectrici ty have  
occurred  both  wh i l s t  de l i vering  fue l  i n to  the  underground  tanks  and  wh i lst  d ispensing  gasol i ne  
to  customer veh icles.  

The  production  of  explosive  atmospheres  during  both  del i very and  d ispensing  operations  
depends  on  the  fuel  type.  Based  on  the  Flash  Poin t  of  d iesel  fuel  be ing  at  l east  58  °C,  d iese l  
fuel  vapours  are  usual l y too  l ean  for combusti on  at  ambien t  temperatures  al though  hot  d i esel  
return  l i nes  on  the  veh icle  may sometimes  produce  an  explos ive  atmosphere  wi th i n  the  
veh icle  tank.  However,  some coun tries  perm i t  d iesel  fue l  to  have  a s ign i f icantl y l ower f lash  
po in t.  I n  these  coun tri es  d iesel  vapours  may produce  f l ammable  m ixtu res  at  h i gh  ambient  
temperatu res.  

I n  con trast,  gasol ine  vapour m ixtures  are  general l y too  ri ch  for combusti on  i n  enclosed  spaces  
such  as  fuel  tanks  bu t  may come i n to  the  explos ive  range  where  m ixing  wi th  fresh  ai r  i s  
poss ible  (e. g .  when  fuel l i ng  a  veh icle  wi th  gasol i ne  there  wi l l  always  be  a  p lace  near the  f i l l er  
i n let  where  the  m ixture  s treng th  i s  at  the  optimum  for i gn i t i on ,  consequentl y,  an  electrostatic  
d i scharge  near the  f i l l er  i n l et  cou ld  l ead  to  a f i re  and  burn  the  person  f i l l i ng  the  veh icle) .  
Ethanol -gasol ine  m ixtu res  wi th  h i gh  concen trations  of  ethanol  may produce  explos ive  
atmospheres  wi th in  c l osed  tanks  at  s tandard  ambient  temperatures  al though  these  fuels  are  
l ess  l i kel y to  become e lectrostatical l y charged  because  of  the i r  h i gh  conducti vi ty.  

Based  on  the  above,  explos i ve  atmospheres  may occur  i n  the  fo l l owing  s i tuations:  

•  i ns ide  gaso l i ne-ethanol  (e. g .  E85)  tanks  or drained  p ipes,   

•  i ns ide  gasol i ne  p ipes  when  ai r  i s  drawn  i n  after hoses  are  d isconnected  fo l lowing  a  
de l i very,  

•  around  gaso l ine  f i l ler  open ings  du ring  refuel l i ng ,  

•  ou ts ide  gasol i ne  or gaso l i ne-ethanol  p i pes  due  to  l eaks  or spi l lage,  part icu larl y i n  enclosed  
underg round  “sumps”  or  “f i l l  boxes”  where  the  underground  pipes  are  connected  to  tanks  
or truck hoses.  Gasol ine  and  d i esel  p i pes  are  often  housed  in  the  same  f i l l  box  so  i t  i s  
conceivable  for  a  l eak from  the  gaso l ine  l i ne  to  produce  an  explosive  atmosphere  that  
cou ld  be  i gn i ted  du ri ng  d i esel  l oad ing .  

The  fuel  at  f i l l i ng  stat i ons  varies  from  low conducti vi ty h ydrocarbons  blends  wi thou t  static  
d iss ipati ve  add i t i ve  (SDA)  to  h igh  conducti vi ty b lends  of  oxygenated  bi o-components  (e . g .  
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ethanol )  and  h ydrocarbons.  Even  wi th  the  l ow conducti vi ty fue ls ,  the  f l ow rates  are  su ffi cien tl y 
smal l  to  preven t  hazardous  poten tials  be ing  generated  by the  accumu lation  of  charge  on  the  
l i qu i d  e i ther i n  the  underground  storage  tanks  or  i n  the  fuel  tanks  on  customer veh icles.  

However,  i f  any of  the  conductors  associated  wi th  the  operations  (e. g .  the  f i l l er  nozzle,  p ipe  
coupl ings ,  the  veh icle  being  f i l l ed ,  the  f i l l er  neck,  or  a  person)  are  e lectrical l y i so lated ,  charge  
accumu lation  on  the  i so lated  i tem  cou ld  then  g i ve  ri se  to  i ncend ive  spark d ischarges .  Also,  
charges  accumu lating  on  i nsu lati ng  pipes  or other  i nsu lat ing  components  i n  the  hand l i ng  
system  cou ld  produce  i ncend ive  brush  d ischarges.  An  i gn i t i on  cou ld  occur i f  any of  these  
d ischarges  occurred  i n  an  explos ive  atmosphere  (see  above) .  The  precau ti ons  l i sted  i n  
7. 8. 3 . 2  and  7. 8. 3. 3  shou ld  be  taken  to  avoid  electrostatic  i g n i t i ons  i n  fuel  de l i very to  
underg round  tanks  and  fuel  d i spens ing  operations  to  customer veh icles  respecti vel y.  

7.8.3.2  Del ivering  fuel  to  underground  tanks  

7.8.3.2.1  Systems wi th  metal  p ipes  

a)  Al l  pi pe  sections  shou ld  be  earthed  in  a  manner  that  does  not  r i sk i n troducing  e lectrical  
fau l t  currents  i n to  the  pipi ng  system  (e. g .  wi th  a su i table  i so lating  res is tance) .  

b)  The  earth ing  shou ld  be  regu larl y checked.  

c)  Equ ipment such  as  f i ne  f i l ters  that  may g i ve  enhanced  fue l  charg ing  shou ld  be  used  on l y i f  
there  i s  enough  re laxati on  t ime  i n  the  conducti ve  pipe.  

7.8.3.2.2  Systems wi th  p lastic  pipes  

Plastic  p ipes  are  i ncreasing l y be ing  used  for fuel  de l i very from  road  tankers  to  u nderground  
tanks,  from  underground  tanks  to  fuel  d ispensers,  and  for vapour recovery l i nes  and  ven ts  
because  they provide  improved  corros ion  res is tance  and  secondary con tainment.  

NOTE  Speci f i c  requ i rements  for thermoplast i c  and  f l exib l e  metal  pi pework for th i s  appl i cati on  are  covered  i n  
EN  1 41 25.  

Two main  variet ies  of  plastic  pipe  system  are  i n  use:  the  so-cal led  “non -conducti ve”  
( i nsu lat i ng )  p i pes  and  the  so-cal led  “conductive”  pi pes  (non -conductive  p ipes  i ncorporati ng  
co-extruded  d iss ipative  i nner l i n i ngs) .  Typical  p last ic  p i pe  systems  use  connectors  wh ich  
i ncorporate  metal  heati ng  coi l s  (e lectrofus ion  couplers ,  EFCs)  to  couple  and  seal  pi pe  l eng ths  
and  j o in ts.  These  EFCs  may have  an  i nstal led  capaci tance  of  between  5  pF  and  30  pF  
depend ing  on  the  instal lati on .  P lastic  p ipes  normal l y i ncorporate  a co-extruded  inner l i n ing  for  
coun teri ng  fuel  permeation .  For p i pes  that  also  have  a d iss ipati ve  l i n i ng ,  the  d iss ipative  l i n i ng  
i s  usual l y the  i nnermost.  

Speci f ic  r i sks  i n  these  types  of  systems  incl ude :  

a)  Fuel  f l ow cou ld  cause  s i gn i f i cant  charg ing  o f  l ow or  medium  conductivi ty fue ls .  
Consequen tl y:  

i )  For fu l l y i nsu lat i ng  (“non-conducti ve”)  p ipes:  

1 )  H i gh  vo l tages  cou ld  bu i l d  up  on  unburied  pipe  wal ls  or  on  associated  non-earthed  
connectors.  

2)  D ischarges  can  occur on  the  i nner su rface  of  a  charged  pipe.  The  f i l l  poi n t  where  
the  hose  from  the  l orry i s  attached  i s  a  cri t i cal  po i n t  i n  th is  respect  because  
d ischarges  to  earthed  connectors  or  coupl ings  or from  h i gh l y charged  to  l ess  
charged  p lastic  surfaces  may cause  i g n i t i on  i f  ai r  i ng ress  occurs  on  d isconnection .  

3 )  The  e lectrostatic  f i e lds  aris ing  from  the  bu i l d  up  of  charge  on  the  p ipe  wal l  cou ld  
cause  h i gh  vo l tages  to  arise  on  nearby conducti ve  EFCs,  too ls ,  and  other i tems 
ou ts ide  pipes  and  cause  spark d ischarges  to  nearby earthed  conducti ve  i tems.  

4)  H i gh  e lectric  f ie lds  cou ld  occur i n  the  wal ls  of  buried  p ipes  l ead ing  to  poss i ble  
breakdown  and  p inhol i ng  by e lectrostatic  d i scharges.  

i i )  For i nsu lating  pipes  wi th  d iss ipative  l i ners  (so-cal led  “conducti ve  p ipes”) :  
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1 )  Charge  cannot  accumu late  i f  the  l i n i ng  i s  earthed ,  and  the  sh ie ld i ng  provided  by an  
earthed  l i n i ng  m in im ises  the  ri sk of  f low-related  h i gh  vo l tages  on  associated  
conductors  such  as  EFCs.  

2)  However,  vo l tages  may bu i l d  up  on  any unearthed  l i ner sections  or  on  the  
connectors  associated  wi th  them .  

b)  Charg ing  of  external  i nsu lati ng  pipe  su rfaces  by rubbing  cou ld  g i ve  brush  d i scharges.  

c)  M ixi ng  of  i nsu lating  and  conducti ve  p ipes  i n  a  system  cou ld  l ead  to  i so lated  conducti ve  
parts.  I t  i s  acceptable  on l y i f  al l  conducti ve  parts  are  certai n  to  be  earthed .  Particu lar 
atten ti on  shou ld  be  paid  to  earth i ng  metal  f l anges,  coupl i ngs  and  c l i ps  on  insu lat i ng  
segments  and  earth i ng  the  l i n i ng  of  the  conducti ve  segments.  

d )  Where  pipes  are  f i tted  during  main tenance  of  a  system ,  when  a  f l ammable  atmosphere  
cou ld  be  presen t,  speci fi c  ri sks  may arise .  Both  conducti ve  and  i nsu lati ng  pipes  may 
charge  du ring  hand l i ng  and  g i ve  potential l y i ncend ive  d ischarges.  

i )  For i nsu lat i ng  pipes,  i ncend ive  brush  d ischarges  from  the  ou ter p ipe  surface  are  
poss ible  

i i )  For p i pes  wi th  d iss ipative  l i ners ,  the  accumu lated  surface  charge  cou ld  i nduce  h i gh  
vo l tage  on  an  erroneously un -earthed  l i ner and  th is  cou ld  be  the  source  of  shocks  to  
people  and  i ncend ive  d ischarges.  

The  vol tage  bu i l d -up  on  i nsu lati ng  pipes  from  fuel  charg ing  depends  on  f l ow speed,  f i l l  vo l ume 
and  the  l eng th  of  unburied  secti ons  as  wel l  as  on  p ipe  and  fue l  propert i es .  The  variabi l i ty of  
these  charg ing  characteristics  and  the  variation  of  charge  d iss ipation  characteristics  wi th  age  
and  temperature  i s  s t i l l  not  wel l  u nderstood.  Wide  safety marg ins  for  d i ss ipati on  shou ld ,  
therefore,  be  appl i ed  un t i l  the  worst-case  charg ing  characterist ics  are  better known .  

There  i s ,  however,  a  cons iderable  i nstal l ed  base  of  p ipes  and  there  are  on l y few recorded  
i nci den ts  so  exist i ng  practices  seem  to  be  broad l y acceptable  wi th  today’s  fuels.  I t  i s ,  
however,  unclear whether exist ing  practices  wou ld  con tinue  to  provide  adequate  safety 
marg ins  i f  the  i ncreas ing  use  of  oxygenated  b i ocomponents  i n  gasol ine  were  to  g i ve  r ise  to  
h igher charg ing .  

NOTE  There  are  i nd i cat i ons  that  at  l east  some  ethers  and  esters  are  prone  to  h i gher  charg i ng  than  h yd rocarbon  
fuel s .  

I n  order to  preven t  excess ive  electrostatic  charge  and  vo l tage  bu i ld- up  on  the  pipe  wal ls ,  
valves  and  coupl i ngs  the  fo l l owing  precauti ons  are  recommended:  

1 )  I nsu lat ing  p last ic  p ipes:  

a)  To  avo id  p in  ho l ing  i nsu lat ing  plast ic  p i pes  shou ld  have  an  e lectrical  breakthrough  
streng th  across  the  p ipe  exceeding  1 00  kV,  measured  accord ing  to  I EC  60243-2.  A 
po l yethylene  layer of  at  l east  4  mm  in  th ickness  usual l y exceeds  th is  breakthrough  
streng th .  

b)  Unburied  EFCs  shou ld  be  e i ther  l ong - lasti ng  and  re l i abl y earthed  or sealed  us ing  
ai rt i gh t  seals.  

c)  Al l  other conductive  parts  of  p ipes  or  j o i n ts  shou ld  be  earthed.  

d )  The  earth ing  of  al l  conductive  and  d issipati ve  i tems  shou ld  be  regu larl y checked.  

e)  Unburied  fu l l y i nsu lating  plastic  p ipe  sections  shou ld  be  kept  as  short  as  practicable.  

f)  Fuel  f l ow rates  shou ld  be  l im i ted  to  <  2 , 8  m /s.  

NOTE  The  poss ibl e  fu tu re  i n troducti on  of  bi o -components  may change  the  charg i ng  behavi our of  fue l .  

g)  The  earth ing  of  the  majori ty of  each  p ipe  by burial  contri bu tes  s i gn i f ican tl y to  the  safe  
operati on  of  the  system .  Consequen tl y,  fo l l owing  i nstal lat ion  or  repai r,  l i qu id  shou ld  not  
be  adm i tted  i n to  a  p i pe  un ti l  al l  secti ons  that  are  i n tended  to  be  buri ed  are  conf i rmed  to  
be  fu l l y covered  wi th  earth .  

h )  Equ ipment  such  as  f i ne  f i l ters  that  may g i ve  enhanced  fuel  charg ing  shou ld  be  used  
on l y wi th  carefu l  assessment  of  the  l ikel y hazards.   
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i )  The  f i l l  po in t  where  the  truck hose  i s  attached  shou ld  use  a safety connection  valve,  
preferabl y an  i n terlocked  system  that  does  not  al l ow ai r  to  en ter  the  system  and  m ix  
wi th  the  fuel  vapours ,  e . g .  a  valve  that  i s  c l osed  before  d isconnecting  hose  and  pipe.  

j )  The  exposure  of  p ipes  and  j o i n ts  i n  sumps  where  f lammable  vapours  cou ld  accumu late  
shou ld  be  m in im ised .  

k)  People  shou ld  avoid  brush ing  against  external  p i pe  surfaces  where  a f l ammable  
vapour may be  present.  

l )  Duri ng  system  main tenance,  care  shou ld  be  taken  to  avoid  i n troducing  a h igh l y 
charged  p ipe  i n to  a  f l ammable  atmosphere.   

2)  P lastic  p ipes  wi th  d iss ipative  l i n ings:  

a)  The  l i n ings  shou ld  be  earthed.  An  earthed,  d iss ipati ve  l i ner preven ts  i n ternal  
d i scharges  and  screens  external  conductors  from  f l ow charg ing .  

b)  Earth ing  may be  ach ieved  by a su i table  arrangement of  d i ss ipati ve  i n ternal  coupl ings  
l i nki ng  to  external  g round ing  po in ts .  

c)  The  earth ing  of  al l  conductive  and  d issipati ve  i tems  shou ld  be  regu larl y checked.  

d )  Equ ipment  such  as  f i ne  f i l ters  that  may g ive  enhanced  fue l  charg ing  shou ld  be  used  
on l y wi th  carefu l  assessment of  the  l ikel y hazards.  

e)  Duri ng  system  main tenance,  care  shou ld  be  taken  to  avoid  i n troducing  a h igh l y 
charged  p ipe  i n to  a f l ammable  atmosphere.  D i ssipati ve  l i ners  shou ld  be  g rounded  
before  the  pipe  i s  i n troduced  i n to  a f l ammable  atmosphere  and  the  g round  connecti on  
shou ld  be  main tained  du ri ng  the  f i tt i ng  process,  un t i l  the  l i ner i s  re l i abl y g rounded  via  
the  i nstal led  system .  

f)  People  shou ld  avo id  brush ing  against  external  p i pe  su rfaces  where  a f l ammable  
vapour may be  present.  

7.8.3.3  Dispensing  fuel  to  customer veh icles  

The fo l l owing  precauti ons  shou ld  be  taken:  

a)  The  pump shou ld  be  properl y earthed.  

b)  A conductive  or properl y des i gned  e lectrical l y bonded  hose  assembly (see  7. 7.3 . 2)  
shou ld  be  used  to  connect  the  nozzle  to  the  pump.  The  f i l l i ng  nozzle  to  earth  

res istance  via the  hose  shou ld  be  l ess  than  1  MΩ  for  conductive  hoses  and  less  than  

1 00  Ω  for  e lectrical l y bonded  hoses.  Detai led  requ i rements  can  be  found  i n  EN  1 360.  

c)  The  surfaces  of  forecou rts  shou ld  have  a l eakage  res is tance  to  earth  of  l ess  than  

1 00  MΩ ,  measured  i n  d ry cond i t i on  at  l ess  than  50  % relati ve  hum id i ty,  to  enable  the  
earth i ng  of  veh icles  via  thei r  tyres .  

d )  The  d iss ipati ve  surface  of  the  forecourt  around  the  pump shou ld  be  b ig  enough  to  
assure  that  al l  fou r  tyres  of  a  pri vate  car wi l l  have  con tact  to  i t  i n  al l  f i l l i ng  pos i t i ons .  

e)  The  g ri p  of  the  f i l l i ng  nozzle  shou ld  be  designed  wi th  conducti ve  or  d i ss ipative  
materials  to  ensure  that  earth i ng  of  the  refue l l i ng  person  i s  establ ished  during  the  
refuel l i ng  process.  

NOTE  To  avo id  e l ectrostat i c  shocks  d i ss ipat i ve  materi al s  are  preferred .  

f)  I f  there  i s  a  latch-open  device  on  the  f i l l er  nozzle  i t  shou ld  meet  any l ocal  requ i rements  
that  may exis t  for  au tomatic  shu t-off.  

g )  General l y for  veh icles ,  the  res istance  between  a s tandard  f i l l er  nozzle  i nserted  i n to  the  
f i l l er  neck and  a metal  p late  on  wh ich  each  tyre  stands  in  success ion  shou ld  not  

exceed  1 0  GΩ  when  al l  other tyres  rest  on  an  i nsu lat ing  surface .  For tyres  to  be  used  

i n  hazardous  areas  the  border l im i t  reduces  to  1  MΩ .  Detai led  requ i remen ts  can  be  
found  i n  I SO  1 6392  and  ASTM  F1 971 .  

h )  The  veh icle  des ign  shou ld  ensure  that  hazardous  l evels  of  charge  wi l l  not  accumu late  
on  p last ic  f i l l er  system  components  on  the  veh icle  and  that  metal  f i l l er  system  
components  on  the  veh icle  are  adequatel y bonded  to  the  chassis .  Detai led  
requ i rements  can  be  found  in  SAE  J 1 645.  
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These  precautions  wi l l  ensure  earth ing  of:  

a)  the  nozzle,  d i rectl y vi a the  conductive  or  d i ss ipative  hose  assembly;  

b)  a person  g rasping  i t ,  u n less  weari ng  i nsu lati ng  g loves;  

c)  the  veh icle  chassis  during  f i l l i ng ,  by contact  wi th  the  nozzle  and  th rough  the  tyres;  

d )  conducti ve  f i l l i ng  system  components  on  the  veh icle  by bond ing  to  the  veh icle  chass is .  

Experience  i nd icates  that  earth ing  via the  nozzle  and  the  tyres  i s  su ffi c ient  to  d i ss ipate  the  
re lat i vel y smal l  amounts  of  charge  that  are  generated  during  f i l l i ng .  

NOTE  Most  f i res  du ri ng  car refuel l i ng  are  caused  by charged  persons.  

7. 8. 4  M obi le  or  temporary l i q u id  h andl i ng  equ i pm en t  

Particu lar  care  shou ld  be  taken  when  us ing  temporary equ ipment  that  i n troduces  f i l ters  or  
other restricti ons  in to  the  system .  An  example  of  th is  i s  portable  meter proving  equ ipment that  
con tains  f ine  f i l ters  to  protect  the  sens i ti ve  meters.  When  us ing  such  equ ipment,  precauti ons  
shou ld  be  taken  to  ensu re  that  the  temporary hand l ing  arrangement  provides  an  adequate  
res idence  t ime  between  the  portable  equ ipment  and  any tanks  being  f i l led  (see  7. 5)  and  to  
ensure  that  al l  normal  earth i ng  requ i rements  are  met  (see  C lause  1 3) .  

7. 9  Pl ant  processes  (blen di ng ,  st i rring ,  mi xi ng ,  crystal l i sat ion  an d  st i rred  reactors)  

7. 9. 1  Gen eral  

The process ing  of  l i qu i ds  or  suspens ions  (m ixing ,  s ti rri ng ,  b l end ing  or crystal l i sat ion)  can  g i ve  
rise  to  i gn i t i on  r isks  due  to  s tat ic  e l ectric i ty.  When  these  processes  i nvolve  low or sometimes  
even  med ium  conductivi ty l i qu i ds  the  charge  i s  retained  i n  the  conti nuous  l i qu id  phase,  on  
suspended  l i qu id  or  so l i d  particu late  matter,  or  on  any i so lated  metal l i c  obj ect .  I f  a  f l ammable  
vapour/ai r  m ixture,  m ist  or  foam  i s  present  there  i s  an  i gn i t ion  hazard  and  to  avoid  th is ,  the  
recommendations  in  7. 9. 2  to  7. 9. 6  shou ld  be  fo l l owed  as  appropriate.  

H i gh  l evels  of  charge  generation  are  often  associated  wi th  f l u ids  cons isti ng  of  two  imm iscible  
l i qu i d  phases  or a  l i qu i d  wi th  suspended  so l i ds .  As  a consequence,  two-phase  f lows  are  
subj ect  to  add i t i onal  f l ow rate  restricti ons .  These  reduced  f low rates  are  also  requ i red  for  
hand l i ng  “contam inated”  l i qu i ds,  wh ich ,  i n  th is  con text,  are  defi ned  i n  3 . 6  as  l i qu ids  that  
con tains  more  than  0, 5  % by vo lume of  free  water or  other imm iscible  l i qu id  or  more  than  
1 0  mg/l  of  suspended  so l i ds.  

7. 9. 2  Earth i n g  

Al l  conducti ve  parts  of  the  equ ipment  shou ld  be  bonded  and  earthed ,  see  Clause  1 3 .  

Ensure  that  people  working  i n  the  vicin i ty of  a  b lend ing  operati on  are  not  an  i gn i t ion  r isk by 
fo l l owing  the  precauti ons  i n  C lause  1 1 .  

7. 9. 3  In -l in e  bl end i ng  

I n  th is  process,  m ixi ng  takes  p lace  wi th in  a  pi pe  i n to  wh ich  the  various  consti tuen ts  are  
pumped  at  prescribed  rates .  There  i s  usual l y no  vapour space  i n  wh ich  a  f lammable  m ixture  
can  occur,  and  hence  no  i gn i ti on  ri sk where  the  m ixing  i s  taking  place.  

To  avo id  i gn i t i on  hazards  i n  the  receiving  tank aris ing  from  charge  generated  i n  the  m ixing  
operation  or i n  subsequent  f l ow to  the  tank,  the  recommendations  for tank f i l l i ng  i n  7. 3  shou ld  
be  adopted  as  appropriate.  
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7.9.4  Blend ing  in  vessels  or tanks  

The blend ing  of  m iscible  l i qu i ds  to  produce  a s i ng le  phase  i s  not  undu ly hazardous  at  any 
conducti vi ty provided  that  the  precauti ons  appropriate  to  l i qu i d  hand l i ng  operations  are  taken  
(see  7. 3) .  

I f  the  m ixture  contains  d ispersed  l i qu id  or  so l i d  partic les ,  the  generati on  of  static  e lectric i ty 
cou ld  be  reduced  by i ncreas ing  the  conducti vi ty o f  any low conducti vi ty l i qu ids  i n  the  system .  
Th is  cou ld  be  done  by us ing  a more  conductive  so lven t  or  by add ing  a SDA (see  7. 2. 4) ,  
provided  that  i t  i s  compatible  wi th  the  i n tended  use  of  the  m ixture.  

I f  the  phases  i n  a  m ixture  are  al l  l i qu i ds  i t  i s  usual l y su ff ic ien t  to  raise  the  conducti vi ty of  the  
con tinuous  phase  to  above  the  l ow conducti vi ty range.  I f  one  or more  of  the  d ispersed  phases  
i s  a  so l i d  i t  cou ld  be  necessary to  i ncrease  the  conducti vi ty of  the  conti nuous  phase  to  m uch  
g reater than  1 00  pS/m  (1  000  pS/m  i s  general l y,  bu t  not  always  adequate)  and  also  to  restrict  
the  power i npu t  to  the  sti rrer (e. g .  i n  BS 5958  a maximum  power of  0 , 37  kW/m 3  i s  
recommended  for  suspensions  of  1  000  pS/m ) .  

NOTE  The  conducti vi ty  of  the  con ti nuous  phase  can  be  considerabl y reduced  by the  absorpt i on  of  i ons  by the  
so l i d  phase.  

I f  a  b l end ing  vessel  has  an  i n ternal  i nsu lat i ng  l i n i ng ,  e . g .  g lass ,  ceram ic  or  p lastic,  the  
re laxati on  of  charge  from  the  con ten ts  shou ld  be  promoted  by p lacing  earthed  conducti ve  
strips  or  plates  on  or  near the  bottom  of  the  vessel .  I t  i s  poss ible  that  th i s  precaution  i s  not  
necessary i f  the  l i n i ng  i s  th i n  or  conducti ve  enough  to  perm i t  charge  d iss ipati on  and  to  avoid  a  
hazardous  surface  potential .  The  poten tial  for  propagating  brush  d ischarges  wh ich  cou ld  
cause  pinho le  damage  to  i nsu lati ng  l i n ings  shou ld  be  considered  where  s i gn i f i cant  charge  
generation  may be  presen t  due  to  handl i ng  of  l ow conductivi ty or  mu l t i phase  m ixtu res  (see  
B. 1 . 4) .  

The  gaug ing  and  sampl i ng  of  whol l y l i qu id  systems  shou ld  be  carried  ou t  i n  accordance  wi th  
the  recommendations  of  7. 6 .  The  precautions  for l i qu ids  con tain i ng  a d ispersed  so l i d  phase  
wi l l  depend  upon  the  speci f ic  m ixtu re  and  no  general  advice  can  be  g i ven .  

As  an  al ternative  to  rais i ng  l i qu id  conductivi t i es,  the  vapour space  in  the  blend ing  vessel  cou ld  
be  i nerted  i n  accordance  wi th  the  recommendations  i n  8. 4.  Lim i t ing  the  power inpu t  to  the  
sti rrer  i s  then  no  l onger requ i red .  

7.9.5  Jet  m ixing  

The j et  m ix i ng  of  l i qu i ds  wi th  conducti vi t ies  exceed i ng  the  low conducti vi ty range  i s  not  
hazardous  provided  that  the  j et  does  not  break the  l i qu i d  surface  and  that  the  l i qu i d  and  al l  
metal  parts  of  the  equ ipment  are  earthed .  

I f  a  l i qu i d  has  a  l ow conductivi ty,  SDA (see  7. 2. 4)  cou ld  be  added  to  raise  i t  to  the  med ium  
conducti vi ty range,  provided  that  i t  i s  compatible  wi th  the  i n tended  use  of  the  m ixture.  

As  an  al ternati ve  to  rais i ng  l i qu i d  conducti vi t i es ,  the  vapour space  i n  the  tank may be  i nerted.  
The  use  of  i nerti ng  agents  shou ld  be  i n  accordance  wi th  the  recommendations  i n  8 . 4.  

I f  a  l i qu id  has  a l ow conductivi ty and  nei ther the  use  of  a  d i ssipati ve  add i t i ve  nor i nert i ng  i s  
poss ible,  the  degree  of  r i sk wi l l  depend  upon  ci rcumstances.  I t  cou ld  be  necessary to  seek 
expert  advice  i n  order to  con tro l  the  su rface  poten tial  of  the  l i qu id  i n  the  tank.  Factors  to  be  
cons idered  i ncl ude:  

a)  the  proxim i ty of  i n ternal  projecti ons  i n  the  tank to  the  l i qu i d  su rface,  s ince  a h i gh  f ie l d  
streng th  cou ld  occur i n  the  vapour space  due  to  charges  i n  the  i ncom ing  l i qu i d  being  
carried  up  to  the  surface  by the  j e t;  

b)  the  presence  of  a  separate  phase  (usual l y water)  at  the  bottom  of  the  tank;  
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c)  whether the  tank i s  be ing  f i l l ed  wh i l s t  the  m ixi ng  i s  taking  place;  

d )  the  t ime  e lapsed  s i nce  the  completion  of  a  f i l l i ng  operati on .  

Gaug ing  and  sampl i ng  shou ld  be  carri ed  ou t  i n  accordance  wi th  the  recommendations  g i ven  
i n  7. 6.  

7.9.6  H igh  speed  m ixing  

High  speed  m ixi ng ,  for  example  to  produce  emu ls ions,  generates  more  charge  than  normal  
b lend ing .  Expert  advice  shou ld  be  sough t  on  the  amendments  to  the  precau ti ons  g i ven  i n  
7. 9. 4  that  wi l l  be  necessary during  h i gh  speed  m ix i ng  of  imm iscible  l i qu i ds.  

7.1 0  Spraying  l iqu ids and  tank clean ing  

7. 1 0. 1  General  

When  the  wash ing  j et  impinges  on  the  tank wal l  or  any protrus ion  i n  the  tank,  i t  forms  a m ist  
of  f i ne  droplets,  wh ich  i s  usual l y charged .  Due  to  tu rbu lence  created  by the  wash ing  j ets ,  the  
charged  m ist  i s  usual l y d i stri bu ted  un i form ly th roughout  the  tank.  

The  charged  m ist  produces  h i gh  e lectrical  poten tials  and  the  maximum  value,  wh ich  occurs  i n  
the  centre  of  the  tank,  depends  main l y on  the  s i ze  of  the  tank and  the  charge  dens i ty of  the  
m ist.  The  charge  dens i ty depends  on  the  nature  of  the  l i qu i d  being  used  for  c l ean ing  (e . g .  
water  or  o i l ,  u se  of  detergen ts)  and  the  type  of  clean ing  system  being  u sed  ( l i qu id  pressure  
and  th roughput,  nozzle  d iameter) .  

An  add i t ional  i gn i t i on  hazard  cou ld  occur due  to  brush  d ischarges  to  an  earthed  conducti ve 
object  protrud ing  i n to  the  i n teri or of  the  tank.  I f  the  space  potential  i n  the  tank exceeds  abou t  
58  kV the  brush  d ischarges  cou ld  i gn i te  h ydrocarbon/ai r  atmospheres  al though  such  h i gh  
poten tials  are  se ldom  produced  du ring  tank clean ing .  

I f  i so lated  conductors  were  presen t  i n  the  tank,  i ncend ive  sparks  cou ld  occur at  much  lower  
poten tials .  Typical l y,  poten tials  i n  the  range  5  kV to  20  kV are  su ff ic i en t  to  produce  sparks  
i ncend ive  to  h ydrocarbon/ai r  atmospheres.  The  value  depends  on  the  s i ze  of  the  i so lated  
conductors  and  the  l eng th  of  the  spark gap.  I so lated  conductors  are  i nevi tabl y formed  when  
wash ing  wi th  l i qu id  j ets  from  h igh -throughput  nozzles  because  these  produce  l arge  i solated  
l i qu i d  vo lumes  cal l ed  “s lugs”  as  the  j et  breaks  up.  These  s l ugs  cou ld  be  charged  by i nduction  
to  the  potential  at  the  tank cen tre  and  i ncend ive  sparks  cou ld  occur when  s lugs  wi th  a 
poten tial  of  at  l east  1 5  kV approach  earthed  conducti ve  objects .  I t  i s ,  therefore,  
recommended ,  as  far  as  poss ible ,  to  avoid  nozzles  that  may form  l arge  i so lated  s l ugs  duri ng  
the  j et  breakup process.  Care  shou ld  also  be  taken  that  l i qu i d  does  not  gather and  then  spi l l  
fal l  from  ledges  or recesses  near  the  roof  of  the  tank.  

After a  cl ean ing  operati on ,  subsequen t  processes  (e. g .  i nspecti on ,  gaug ing ,  sampl i ng )  shou ld  
be  delayed  un ti l  any charged  m ist  generated  has  sett led .  Th is  can  take  several  hours  for  very 
l arge  tanks.  

7.1 0.2  Tank clean ing  wi th  low or medium  pressure  water jets  (up  to  about  1 2  bar)  

Fol lowing  explos ions  on  board  th ree  very l arge  crude  carri ers  wh i le  c l ean ing  tanks  wi th  water 
j ets  i n  1 969,  techn ical  reports  showed  that  the  maximum  poten tial  i n  the  tank i s  proportional  
to  the  charge  dens i ty of  the  m ist  and  to  the  square  of  the  l i near d imens ion  of  the  tank (or i n  
other words  proport ional  to  V2/3  where  V i s  the  tank vo lume) .  Th is  means  the  i gn i t i on  hazard  
i ncreases  wi th  the  vo lume of  the  tank.  

Techn ical  reports  show that  c l ean ing  a tank wi th  a capaci ty of  l ess  than  1 00  m 3  presen ts  a 
very l ow hazard  l evel  bu t  clean ing  a tank wi th  a capaci ty of  1 0  000  m 3  or  more  i s  hazardous.  
The  threshold  vo lume l i es  between  these  l im i ts .  A more  precise  value  can  on l y be  g i ven  i f  al l  
the  cond i t ions  are  known .  The  I n ternational  Mari t ime  Organ isati on  ( IMO)  regu lat ions  for  
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seagoing  tankers  requ i re  that  the  tanks  of  tankers  wi th  50  000  dwt and  more  shou ld  on l y be  
cl eaned  when  the  tanks  are  i nerted .  Detai led  i nstructi ons  are  g i ven  in  the  " I n ternational  Safety 
Gu ide  for O i l  Tankers  and  Term inals  ( I SGOTT) " .  

7.1 0.3  Tank clean ing  wi th  low conductivi ty l i qu ids  

Low conducti vi ty l i qu ids,  e . g .  h ydrocarbons,  charge  less  than  water  duri ng  spraying  because  
they con tain  on l y a smal l  concentrati on  of  d i ssociated  ions .  Spraying  l ow conducti vi ty so lven ts  
cou ld  be  cons idered  to  be  safe  i n  the  cases  described  above.  However,  the  cl ean ing  so lven ts  
shou ld  not  contain  e i ther  water or  so l id  particles  that  cou ld  form  a second  phase  i n  the  l i qu i d .  
For th is  reason  the  cl ean ing  so lven t  shou ld  not  be  reci rcu lated  un less  the  fore ign  matter  
con ten t  i s  l ess  than  0 , 5  %.  

The  l i qu id  i n  the  tank shou ld  be  drained  during  cl ean ing  to  avo id  the  bu i l d-up of  charge  i n  
l i qu i d  that  accumu lates.  

7.1 0.4  Tank clean ing  wi th  h igh  pressure  water  or solvent  j ets  (above 1 2  bar)  

I n  the  chem ical  i ndustry,  con tainers  and  smal l er vessels  (e. g .  s t i rri ng  vessels)  are  often  
cl eaned  us i ng  h igh  pressure  spraying  heads  operated  at  pressures  of  up  to  500  bar.  I t  i s  
suspected  that  these  sprays  cou ld  create  very h igh  charge  dens i t i es  and  potentials  i n  the  tank 
duri ng  clean ing .  Experimen tal  evi dence,  however,  has  shown  that  the  i gn i t i on  ri sk for tanks  
wh ich  contain  a  f l ammable  h ydrocarbon/ai r  atmosphere  i s  acceptable  i n  the  fo l l owing  
ci rcumstances:  

a)  Spraying  water  

1 )  Cyl i ndrical  metal  con tainer up  to  3  m  d iameter,  and  

2)  Spraying  head  operated  at  500  bar maximum  l iqu i d  pressure  and  maximum  l i qu id  f low 
rate  of  5  l /s .  

b)  Spraying  l ow conductivi ty l i qu ids  

1 )  Cyl i ndrical  metal  con tainer of  up  to  5  m ³  volume,  and  

2)  Spraying  head  operated  at  50  bar maximum  pressure  and  1  l /s  maximum  l i qu id  
th roughpu t.  

The  wash ing  l i qu i ds  shou ld  not  con tain  more  than  0, 5  % foreign  l i qu id  or  part ic les  wh ich  can  
form  a second  phase  and  they shou ld  be  drained  duri ng  wash ing  to  avoid  accumu lations  of  
charge.  I n  add i t ion ,  al l  conducti ve  parts  shou ld  be  earthed.  

Safe  operati on  has  on l y been  veri f ied  wi th in  the  above  l im i ts  bu t  exceed ing  them  does  not  
necessari l y create  a  hazardous  s i tuati on .  Seek special ist  advice  i n  those cases.  

I n  the  case  of  con tainers  wi th  i nsu lati ng  wal ls  the  l im i ts  are  unknown ,  bu t  i n  any case  they wi l l  
be  much  lower than  for  metal  containers .  Th is  i s  because  even  i n  smal l  con tainers  plastic  
wal ls  charged  by the  c l ean ing  process  may create  charged  puddles  of  conducti ve  l i qu i ds  
wh ich  are  known  to  produce  i ncend ive  spark d ischarges  on  com ing  i n to  con tact  wi th  earthed  
parts.  Al ternativel y,  us i ng  low conducti vi ty l i qu i ds  may create  h i gh l y charged  container wal ls  
able  to  produce  i ncendive  brush  d ischarges.   

For these  reasons  the  presence  of  an  explos ive  atmosphere  i ns ide  insu lat ing  containers  
shou ld  be  avoided  duri ng  the  c l ean ing  process,  e. g .  by f i l l i ng  and  emptyi ng  them  wi th  water 
beforehand ,  or  by the  use  of  c lean ing  l i qu i ds  wi th  a  h i gh  f l ash  poin t.  Special is t  advice  may be  
necessary i n  those  cases  where  e lectrostatic  i gn i t i on  hazards  are  expected  and  an  explos ive  
atmosphere  i s  presen t.  

7.1 0.5  Steam  clean ing  tanks  

Steam  clean ing  tanks  produces  an  electrostatical l y charged  m ist .  Experimental  evi dence  
i nd icates  that  th is  does  not  resu l t  i n  an  i gn i t i on  hazard  for  tanks  wi th  vo lumes  up to  1 00  m ³ 
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wh ich  contain  a f l ammable  atmosphere.  However,  a  hazardous  s i tuation  may exist  wi th  l arger 
vo lumes.  

7. 1 0.6  Water  deluge systems 

Water deluge  systems  are  used  main l y to  knock down  and  d isperse  f lammable  atmospheres .  
They do  not  operate  at  h igh  pressures  and  do  not  produce  h i gh l y charged  clouds  of  m ist.  
S ince  they tend  to  d isperse  rather than  to  concentrate  charged  droplets ,  they are  un l ikel y to  
l ead  to  e lectrostatic  i g n i t i on  problems.  

7. 1 1  G lass systems 

7. 1 1 . 1  General  

I ncend ive  d ischarges  wi th in  g lass  systems  are  due  main l y to  charg ing  by l ow conducti vi ty  
l i qu i ds  or  dust/ai r-m ixtu res.  Charge  accumu lation  i s  s trong l y i ncreased  by having  a l ow 
conducti vi ty p lastic  coating  on  the  g lass  su rface.  

Spark d ischarges  cou ld  occur from  conducti ve  parts  (metal  f l anges,  f i tt i ngs ,  valves)  and,  
under usual  ambien t  cond i t i ons ,  brush  d ischarges  from  plastic  coated  g lass  surfaces.  

Brush  d ischarges  cou ld  on l y occu r from  uncoated  g lass  su rfaces  at  l ow re lati ve  hum id i ty or,  
for  example,  i f  the  surface  temperature  was  wel l  above  the  ambien t  temperature.  

7.1 1 .2  Precautions to  be taken  for low conductivi ty l iqu ids  

Hazards  from  l ow conducti vi ty l i qu i ds  can  be  reduced  by taking  the  precauti ons  recommended  
i n  7. 2.  For systems  made main l y from  uncoated  g lass,  however,  the  fo l l owing  earth i ng  
requ i rements  need  to  be  considered .  

I n  Zone  0  areas  contain i ng  gases  and  vapours  i n  Groups  I IC  (see  Annex D) ,  al l  conducti ve  
parts,  such  as  metal  f langes,  f i tt i ngs ,  valves  or measuri ng  equ ipmen t shou ld  be  connected  to  

earth  wi th  a res is tance  of  less  than  1  MΩ .  For al l  metal  systems,  a  res istance  of  l ess  than  

1 0  Ω  shou ld  be  ach ieved .  I f  a  s i gn i f i can tl y h i gher value  i s  found ,  fu rther i nvesti gations  shou ld  
be  made to  check for possible  problems,  e . g .  corrosion  or  a  l oose  connection .  

I n  case  of  gases  and  vapours  i n  G roup  I IA and  I IB  i t  i s  on l y necessary to  earth  conducti ve  
i tems  wi th  an  i nstal led  e lectrical  capaci tance  of  more  than  3  pF.  Thus  i t  i s  not  necessary to  
earth  smal l  bol ts  or  screws  (e lectrical  capaci tance  equal  to  or  l ess  than  3  pF) .  F i tt i ngs,  valves  
or seals  wi th  unearthed  conductive  parts  wi th  a capaci tance  above  3  pF  and  wh ich  cannot  be  
earthed  ( for  example  due  to  having  an  i nsu lati ng  coati ng )  are  not  su i table  for use  in  g lass  
systems.  

I f  pro l i f i c  charge  generati ng  e lements  such  as  m icrofi l ters  are  used ,  i ncend ive  brush  
d ischarges  cou ld  occur from  the  g lass  to  conductive  surfaces.  I n  those  ci rcumstances  the  
f langes  shou ld  be  made  from  i nsu lati ng  materials .  

I n  Zone  1  areas  contain i ng  gases  and  vapours  i n  Group I I B  and  I I C,  the  same requ i remen t  to  
earth  conductive  i tems  wi th  an  e lectrical  capaci tance  more  than  3  pF appl i es.  For Zone  1  
areas  i n  the  presence  o f  those  i n  Group I I A,  the  e lectrical  capaci tance  shou ld  not  exceed  
6  pF.  

I n  Zone  2  i t  i s  usual l y su ffi cient  to  earth  conducti ve  f langes  on l y i n  the  vicin i ty  of  strong  
charge  generating  e lements  such  as  pumps,  m icrofi l ters  and  nozzles  provid ing  the  p ipes  do  
not  exceed  50  mm  d iameter.  

For p ipes  of  d i ameter 50  mm  and  above,  al l  f langes  and  metal l i c  parts  of  comparable  s i ze  
shou ld  be  earthed.  
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The  restricti ons  for the  hand l i ng  of  l ow conducti vi ty l i qu i ds  i n  systems  made from  plastic  
coated  g lass  (g lass  wi th  external  p lastic  coating )  are  comparable  to  those  for the  hand l ing  of  
such  l i qu i ds  i n  i nsu lati ng  systems  and  are  summarised  i n  7. 3 . 4. 6 .  The  precauti ons  for 
hand l i ng  conducti ve  or  d i ss ipative  conten t  such  as  water,  acids ,  bases  or alcohols  are  the  
same as  for  uncoated  g lass.  

Conducti ve  l i qu i ds  in  g lass  and  g lass  l i ned  metal  systems  shou ld  be  earthed,  e . g .  by 
conducti ve  i n l et  or  ou tl et  p ipes  or an  earthed  metal  pl u g  at  the  bottom  of  the  system  (see  also  
7. 3. 4.2) .  

Expert  advice  i s  recommended  when  hand l i ng  so lven t  wet  powders  i n  g lass  systems.  

8 Static  electrici ty in  gases  

8.1  General  

The movement  of  pure  gases  or  a  m ixture  of  gases  generates  l i tt le ,  i f  any,  s tatic  e l ectri ci ty bu t  
i f  the  gases  contain  so l i d  or  l i qu i d  particles  these  can  become charged .  I n  i ndustrial  
processes  such  particles  are  common.  They can  be  due  to  contam ination ,  such  as  dust  or  
water droplets ,  they can  be  a  condensed  phase  of  the  gas  i tse l f ,  such  as  carbon  d i oxide  snow 
or the  droplets  i n  wet  steam ,  or  they can  be  del i beratel y i n troduced,  e. g .  shot  b last i ng  or  pain t  
spraying .  

Examples  of  processes  where  part ic le  charg ing  can  g i ve  rise  to  s i gn i f i cant  amoun ts  of  
e lectrostatic  charg ing  i nclude:  pneumatic  transfer  of  materials ;  the  escape or  re lease  of  any 
compressed  gas  con tain ing  part icles;  the  re lease  of  l i quefi ed  carbon  d i oxide;  the  use  of  
i ndustrial  vacuum  cleaners;  and  spray pain t ing .  

Charged  partic les  produced  by these  mechan isms can  g i ve  ri se  to  a  number of  types  of  
i ncendive  d ischarges:  spark d ischarges  (see  A. 3. 2)  can  occur when  charge  bu i l ds  up  on  
i solated  conductors  as  a resu l t  of  impingement  or  co l lect ion  of  part icles;  brush  d ischarges  
(see  A. 3. 4)  can  occur when  charged  c louds  or  j e ts  of  charged  part ic les  are  close  to  earthed  
metal  projecti ons;  propagati ng  brush  d ischarges  (see  A. 3 . 5)  can  occur due  to  charged  
part ic les  imping ing  on  th i n  l ayers  of  i nsu lat i ng  material ;  and  cone  d ischarges  (see  A.3 . 7)  can  
occur when  charged  partic les  co l lect  and  form  a cone,  as  i n  a  s i lo .  There  i s  no  evidence  to  
suggest  that  l i gh tn ing - l ike  d ischarges  (see  A. 3 .6)  can  occur  i n  i ndustrial  scale  equ ipmen t.  

I t  i s  not  possible  to  preven t  the  e lectrostatic  charg ing  of  particles  bu t  i gn i t i on  can  be  avoided  
e i ther  by ensuring  that  the  atmosphere  i s  not  f l ammable  or  by preven ting  i ncend ive  
d ischarges.  The  precau ti ons  that  can  be  taken  to  avo id  i ncend ive  d ischarges  i nclude  the  
fo l l owing :  

1 )  ensuri ng  that  al l  metal  and  other conductive  objects  are  earthed  (see  Clause  1 3) ;   

2)  avo id ing  the  use  of  i nsu lati ng  materials;   

3 )  reducing  charge  dens i ti es  by restrict i ng  f l ow ve loci t i es  or  by su i table  nozzle  des ign ;  

4)  removing  the  partic les.  

For recommendations  re lating  to  the  pneumatic  transfer of  powders  see  C lause  9 .  For  
recommendations  for  o ther i ndustrial  processes  see  8. 2  to  8. 8.  

8.2  Gri t  b lasting  

Gri t  (or shot)  b lasti ng  of  surfaces  i s  used  for c lean ing  or preparati on  pri or to  pain t i ng .  The  
process  can  l ead  to  charg ing  of  the  g ri t ,  the  g ri t  b lasti ng  equ ipment,  the  hose  and  any nozzle  
attached  to  the  end  of  the  hose.  Sparks  can  occur as  a resu l t  of  g ri t  accumu lating  or  
imping ing  on  unearthed  metal  objects  or  d i rectl y from  parts  of  the  b lasti ng  equ ipment.  
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I f  such  equ ipment i s  used  where  there  cou ld  be  f l ammable  atmospheres,  al l  metal  parts  i n  the  
area and  al l  parts  of  the  blasting  equ ipment,  parti cu larl y the  nozzle  attached  to  the  end  of  the  
hose,  shou ld  be  earthed.  The  hose  shou ld  be  conductive  or d iss ipati ve.  

8.3  Fi re  extingu ishers  

Some types  of  pressuri sed  f i re  ext i ngu isher,  particu larl y those  us i ng  carbon  d ioxide,  can  
generate  h i gh l y charged  clouds.  I f  there  i s  a  f i re  th is  i s  of  l i tt l e  importance.  However,  i f  such  
equ ipment i s  s i tuated  where  a f lammable  atmosphere  cou ld  be  presen t,  the  con tainer and  the  
associated  pipework shou ld  be  earthed.  I n  the  absence  of  f i re ,  the  system  shou ld  not  be  
operated  for testi ng ,  demonstration  or i nerti ng  un ti l  i t  has  been  establ i shed  that  there  are  no  
f lammable  m ixtu res  i n  the  area.  

8.4  Inerting  

I nert i ng  a system ,  for  example,  by us i ng  pressurised  carbon  d ioxide,  can  in troduce  large  
amoun ts  of  charged  parti cles  or  droplets .  I f  the  system  contains  a f l ammable  atmosphere  th is  
can  lead  to  i ncendive  d ischarges  occurring  before  su ff icien t  i nert  material  has  been  added  to  
ensure  that  the  atmosphere  i s  no  l onger explos ive.  

To  avoid  the  r isk of  i gn i ti on  when  i nert i ng  vessels  con tain ing  f l ammable  gas  m ixtures  or dust  
suspensions,  avoid  i n j ecti ng  part icles .  Where  poss ible,  use  gases  that  do  not  con tain  
part icu late  matter or  wh ich  do  not  condense  to  a  l i qu i d  or  sol i d  phase  when  released  at  h i gh  
pressure,  e. g .  c lean  dry n i trogen .  

Wet steam  shou ld  not  be  used  for i nerti ng  a  vessel  contain ing  a f l ammable  m ixture  of  any 
kind .  Dry steam  i s  acceptable  provided  that  al l  condensed  water i s  removed  from  the  l i nes  
prior  to  the  i nerting  operation .  

Whatever substance  i s  u sed  for i nert i ng ,  i t  i s  advisable  to  i n troduce  i t  s lowl y th rough  a large  
ori f i ce.  Th is  wi l l  both  m in im ise  the  pick-up of  d i rt  and  scale  from  the  l i nes  and  also  the  rais ing  
of  dust  or  spray wi th in  the  vessel .  

8.5  Steam  clean ing  

Steam  i ssu ing  from  a nozzle  cou ld  contain  charged  water d roplets .  I ns ide  a  vessel  the  
charged  m ist  cou ld  l ead  to  h igh  e lectric  f i e lds  g i vi ng  ri se  to  i ncendive  d ischarges.  

Experimen tal  evidence  i nd icates  that  th is  does  not  resu l t  i n  an  i g n i t i on  hazard  for  tanks  wi th  
vo lumes  up to  1 00  m ³ wh ich  con tain  a  f l ammable  atmosphere.  However,  a  hazardous  s i tuation  
may exis t  wi th  l arger vo lumes.  

For th is  reason ,  tanks  wi th  capaci t i es  g reater than  1 00  m 3  that  cou ld  con tain  a f lammable  
atmosphere  shou ld  not  be  steam  cleaned .  Tanks  smal ler  than  th is  may be  s team  cleaned  
provid i ng  that  the  steam  nozzles  and  o ther  metal  parts  of  the  system  are  re l i abl y earthed;  the  
vessel  or  container  being  c l eaned  i s  earthed;  and,  where  poss ible,  dry or  superheated  steam  
shou ld  be  used  and  condensate  prevented  from  form ing  i n  the  l i nes.  

8.6  Accidental  l eakage of  compressed  gas  

Hazardous  charges  cou ld  be  produced  when  e i ther f lammable  or non- f lammable  gases  
con tain ing  l i qu id  or  so l i d  part ic les  are  accidental l y re leased .  I f  there  i s  the  poss ibi l i ty of  a  l eak 
where  there  cou ld  be  a f lammable  atmosphere,  the  contain ing  vessel  or  pipe  and  any 
ad j acen t  conducti ve  objects  shou ld  be  earthed.  Conducti ve  objects  that  cou ld  be  moved  i n to  
an  area contain i ng  a f l ammable  atmosphere  shou ld  be  earthed  before  the  obj ect  i s  moved.  
People  go ing  i n to  the  area of  such  l eaks,  for  example  to  carry ou t  repai rs,  shou ld  also  be  
earthed  (see  C lause  1 3)  and  i nsu lating  objects  shou ld  not  be  taken  i n to  the  area.  
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8. 7  Sprayi ng  of  fl am mabl e pai nts  and  powd ers  

8. 7. 1  Gen eral  

The clouds  of  d roplets  or  part ic les  produced  by pain t  or  powder sprayi ng  are  often  h i gh l y 
charged.  As  a  resu l t ,  the  spraying  equ ipment,  the  object  bei ng  sprayed  and  any other object  
( i ncl ud ing  people)  wi th in  range  of  the  spray cou ld  also  become charged .  I f  the  c l oud  of  
droplets  or  part ic les  i s  f l ammable  there  can  be  an  i gn i t i on  hazard .  The  ri sks  are  g reatest  wi th  
e lectrostatic  pain t,  powder and  f lock spraying .  Even  i n  the  case  of  water based  pain ts  the  
occurrence  of  propagati ng  brush  d ischarges  i s  possible,  e. g .  duri ng  e lectrostatic  varn ish ing  of  
metal  car  bod ies.  Local  extract  venti lat i on  may also  be  requ i red  to  contro l  the  f lammabi l i ty  
hazard.  

NOTE  The  safety requ i remen ts  for  these  processes  are  g i ven  i n  EN  50050,  EN  50059,  EN  501 76,  EN  501 77  and  
EN  50223.  

Airless  spraying  processes  can  also  g i ve  ri se  to  h igh  charge  l evels  and  the  precau tions  g i ven  
i n  8 . 7. 2  shou ld  be  observed .  The  l evel  of  charg ing  wi th  ai r-atom ised  spraying  equ ipment i s  
not  usual l y h i gh  enough  to  cause  concern .  However,  i f  sparking  or  e l ectrostatic  shocks  are  
encoun tered ,  th is  equ ipment shou ld  also  be  subj ect  to  the  precautions  g i ven  i n  8. 7.2 .  

Operations  to  c lean  spray equ ipment  and  spray booths  also  need  to  be  cons idered,  
particu larl y i f  f lammable  so lvents  are  u sed.  

8. 7. 2  Earth i n g  

The spraying  equ ipment,  al l  metal l i c  objects  i n  the  vicin i ty of  the  pain t  or  powder cl oud ,  and ,  
i n  particu lar,  the  object  being  sprayed  shou ld  be  earthed  (see  C lause  1 3) .  

Pain t  or  powder deposi ts  can  prevent  earth ing  by the  j i gs  and  suspension  hooks .  Th is  
problem  can  be  avoided  by su i table  des ign  and  regu lar cl ean ing .  People  operating  the  
equ ipment  shou ld  also  be  earthed  (see  C lause  1 1 ) .  

8. 7. 3  Pl asti c  spray cabin ets  

Due to  the  ri sk of  brush  d ischarges  spray cabinets  made of  i nsu lat i ng  materials  shou ld  not  be  
used  for  spraying  f l ammable  pain ts .  They are  acceptable  for  spraying  powders  on l y i f  i t  can  
be  shown  that  there  i s  no  i gn i t ion  ri sk.  Cabinets  of  conductive  or d iss i pati ve  material  are  
acceptable  for al l  types  of  spraying ,  provided  that  they are  earthed.  The  appl icati on  of  
protecti ve  i nsu lat i ng  fo i l s  on  conductive  or  d i ss ipative  surfaces  shou ld  be  avoided  as  they 
may lead  to  hazardous  propagating  brush  d ischarges.  

8. 8  Vacu u m  cl ean ers,  fi xed  an d  mobi l e  

8. 8. 1  G en eral  

Vacuum  clean ing  systems  can  generate  l arge  amoun ts  of  e l ectrostatic  charge .  The  material ,  
i n  the  form  of  dust,  partic les,  l i qu i d  drops  or smal l  objects,  can  become charged  as  i t  i s  
sucked  i n  th rough  the  nozzle  and  the  hose  in to  the  co l l ecti ng  system .  I f  there  are  metal  parts  
wi th i n  the  system  wh ich  are  not  bonded  to  i t  and  earthed,  they cou ld  acqu i re  a  h i gh  vo l tage .  
I ncend ive  spark d ischarges  (see  A. 3 . 2) ,  cou ld  occur e i ther between  the  metal  parts  or  from  
the  system  to  earth .  Brush  d ischarges  (see  A. 3. 4)  cou ld  also  occur  i ns i de  the  system  between  
accumu lations  of  charged  material  and  earthed  metal .  

8. 8. 2  Fi xed  system s 

I f  the  equ ipmen t i s  used  for co l l ecti ng  f l ammable  materials ,  al l  metal  and  conducti ve  parts  of  
the  system  shou ld  be  bonded  together and  earthed .  I t  i s  particu larl y importan t  to  ensu re  that  a  
metal  nozzle  i s ,  and  remains,  bonded  to  the  f lexible  connecting  hose.  That  hose  shou ld  be  
e i ther  conductive  or d issipati ve  (see  Table  1 5  for l i qu ids  and  9 . 3 . 3  for so l i ds) .  E lectrical l y 
bonded  hoses  are  also  acceptable  i f  they are  constructed  so  that  no  brush  d ischarges  cou ld  
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be  generated  (see  7. 7. 3)  or  i f  no  f l ammable  gases  and  vapours  are  present .  The  hose  shou ld  
be  bonded  to  the  co l lect i ng  system ,  wh ich  shou ld  also  be  earthed  and,  preferabl y,  shou ld  be  
s i ted  ou ts ide  of  the  hazardous  area.  

I n  some cases  where  l i nes  are  l ong  the  use  of  d i ss ipati ve  hoses  may not  provide  a su ffi c ien tl y  
l ow res istance  for earth ing  of  end-of- l ine  conductive  components  (e . g .  nozzles)  and  a  
ded icated  earth  connecti on  to  such  conducti ve  componen ts  may,  therefore,  be  necessary.  

I f  the  system  may be  u sed  for co l lect ing  f lammable  l i qu ids,  vapours  or  gases,  the  system  
shou ld  be  special l y designed  for th is  purpose  to  avo id  the  r isk  of  brush  d ischarges .  The  
present  state  of  knowledge  i nd icates  that  there  i s  no  i gn i t ion  r isk due  to  brush  d ischarges  i n  
the  case  of  sens i ti ve  dusts  provid ing  that  there  are  no  f lammable  gases  or  vapours  (see  
A. 3 .4) .   

F i l ter  med ia  made  from  earthed  conducti ve  material  shou ld  always  be  used  where  f l ammable  
vapours  are  present  or  where  non-metal l i c  conducti ve  powders  wi th  a M IE  l ess  than  30  mJ  
are  hand led .  Such  fabrics  shou ld  also  be  used  for  combustib le  metal l i c  dusts  having  M IE  l ess  
than  30  mJ  provided  that  d ry med ia type  dust  co l l ectors  are  not  expressl y proh ibi ted  by 

prevai l i ng  regu lat i ons .  The  res istance  to  earth  shou ld  be  below 1 00  MΩ .  The  use  of  f i bres  
con tain i ng  conducti ve  th reads  also  helps  to  reduce  charge  on  the  powder and  f i l ter by corona 
d ischarge.  

To  prevent  e l ectrostatic  shock the  conducti ve  parts  of  al l  co l l ect i ng  systems  shou ld  be  
earthed  even  when  they are  not  used  for  co l l ecti ng  f lammable  materials  (see  Clause  1 3) .  

Large  systems  shou ld  be  treated  as  systems  for pneumatic  transport  (see  Clause  9) .  

8.8.3  Portable  systems 

I f  the  equ ipmen t i s  used  for co l l ecti ng  f l ammable  materials ,  al l  metal  and  conducti ve  parts  of  
the  system  shou ld  be  bonded  together and  earthed .  I t  i s  particu larl y important  to  ensure  that  
the  con tainer i s  always  earthed  when  i n  use .  Th is  cou ld  be  done  us ing  the  mains  l ead  or,  i n  
the  case  of  compressed  ai r  dri ven  equ ipmen t,  by u si ng  a conducti ve  or e lectrical l y bonded  
hose  for the  compressed  ai r.  

Equ ipment  wh ich  cannot  be  earthed  (e. g .  because  the  ou ter  shel l  i s  i nsu lati ng ,  see  3. 1 5)  and  
wh ich  does  not  have  e lectrical  con tinu i ty between  the  nozzle  and  the  receiver shou ld  not  be  
used  i n  hazardous  areas  (see  Annex D) .  

8.8.4  Vacuum  trucks  

Vacuum  trucks  shou ld  be  connected  to  a des ignated  s i te  earth  before  commencing  any 
operati ons.  I n  areas  where  s i te  earths  are  not  presen t,  i . e .  where  portable  earth ing  rods  are  
requ i red ,  or  there  i s  doubt  regard ing  the  qual i ty of  s i te  earths ,  the  res is tance  to  earth  shou ld  
be  veri f i ed  pri or to  any operation .  When  the  truck i s  connected  to  a veri f i ed  earth ,  the  

connecti on  res istance  between  the  truck and  veri f ied  earth  shou ld  not  exceed  1 0  Ω  for  pure  

metal l i c  connections  or  1  MΩ  for  al l  o ther  connections .  

Th is  requ i rement shou ld  be  veri f i ed  wi th  a truck moun ted  earth i ng  system  or portable  
ohmmeter.  The  e lectrostat ic  su i tabi l i ty of  the  hoses  used  shou ld  also  be  veri f i ed  in  
accordance  wi th  7. 7. 3  or  9 . 3 . 3 .  

9 Static  electrici ty in  powders 

9.1  General  

Accord ing  to  experience  the  i g n i tabi l i ty of  bu lk material  rang ing  from  f ine  dust  to  g ranu les  or  
ch ips  i ncreases  wi th  decreas ing  particle  s i ze  and  decreas ing  m in imum  ign i t i on  energy (M IE) .  
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Explos ion  hazard  assessment  shou ld  always  be  based  on  the  m in imum  ign i t i on  energy of  the  
f i nest  part ic le  s i ze  fracti on  that  may be  presen t.  Th is  fraction  i s  usual l y obtained  by s ievi ng  a  

sample  th rough  a  63  µm  s ieve.  

NOTE  1  For a  l i s t  of  M IE  of  powders  see  BIA-Report  1 2/97  “Combusti on  and  expl os ion  characteri s t i cs  of  dusts”.  A  
method  for determ in i ng  the  M I E  i s  g i ven  i n  I EC  61 241 -2-3 ,  ASTM  E201 9-03  and  EN  1 3821 .  

NOTE  2  M IE  of  powders  are  notori ous l y  variable  depend ing  on  many parameters  not  common ly detai l ed  i n  
l i teratu re  data sou rces  (part i cl e  s i ze  d i stri bu ti on ,  so l ven t/moistu re  con ten t  etc. ) .  

I f  the  re levan t  m in imum  i gn i ti on  energy i s  above  1  J  and  there  are  no  f lammable  gases  and  
vapours  present,  special  measures  to  avo id  i gn i t i on  hazards  due  to  s tatic  e l ectric i ty are  
usual l y not  necessary.  A poss ible  exception  to  th is  i s  the  case  where  propagati ng  brush  
d ischarges  are  poss ible  (see  9. 2  d ) ) .  

NOTE  Precau ti ons  m igh t  be  necessary to  m in im ise  e l ectrostati c  shock ri sks.  See  1 2. 2.  

Bu lk materials  are  class i f i ed  i n to  3  g roups  depend ing  on  thei r  vo lume res isti vi ty:  

a)  l ow res is ti vi ty powders,  wi th  vo lume res is t i vi t ies  ρ  ≤  1  MΩ  m ;  

b)  medium  res ist i vi ty powders,  wi th  vo lume  res ist i vi ti es  1  MΩ  m  <  ρ  ≤  1 0  GΩ  m ;  

c)  h igh  res ist i vi ty powders,  wi th  res ist i vi t i es  ρ  >  1 0  GΩ  m .  

NOTE  For methods  to  measure  the  res i st i vi ty  see  I EC  60079-32-2 6.  

I n  practice,  l ow res isti vi ty powders  are  rare .  Even  metal  powders  do  not  remain  conductive  for  
very l ong  because  oxide  f i lms  form  on  the  surface  and  i ncrease  thei r  res ist i vi ty.  An  excepti on  
i s ,  however,  carbon  b lack.  

During  hand l ing  of  bu lk materials  e l ectrostatic  charg ing  normal l y occurs .  I n  add i t i on  to  
avo id ing  the  hazardous  accumu lations  of  charge  add i ti onal  explos ion  protecti on  measures  
may have  to  be  taken  as  i nerting ,  the  use  of  explos ion  res istant  equ ipmen t,  explos ion  venti ng  
or  explos ion  suppress ion .  

9. 2  Di sch arg es,  occu rren ce  an d  i n cen divi ty  

The bu i ld  up  and  retenti on  of  charge  on  powder  or  equ ipment creates  a  hazard  on l y i f  the  
charge  i s  sudden l y released  i n  the  form  of  a  d i scharge  wh ich  can  cause  an  i g n i t i on .  Charged  
powder and  equ ipment can  g i ve  ri se  to  several  types  of  d i scharge  and  they vary g reatl y i n  
i ncendivi ty (see  A. 3. 2  to  A. 3 . 7) .  The  i ncendivi ty and  other detai l s  of  these  d ischarges  re levan t  
to  powder hand l i ng  are  as  fo l l ows:  

a)  Spark d ischarges:  The  i ncendivi ty of  spark d ischarges  can  usual l y be  assessed  by 
comparing  the  stored  energy (see  A.3 .2) ,  wi th  the  M IE  of  the  combustible  powder in  
question  (see  C. 6) .  Spark d ischarges  can  be  avoided  by earth i ng  al l  conductive  parts  of  
equ ipment,  conductive  products  and  also  people;  

b)  Brush  d ischarges:   The  presen t  s tate  of  knowledge  i nd icates  that  i ndependen t  of  the i r  M IE  
combustib le  powders  cannot  be  i gn i ted  by brush  d ischarges,  provid ing  there  are  no  
f lammable  gases  or  vapours  (see  A.3 . 4) .  When  hand l i ng  large  amounts  of  medium  or  h igh  
res ist i vi ty powders ,  brush  d ischarges  cannot  be  avoided  (see  B. 3 . 7) ;  

c)  The  presence  of  con tam inations  (e . g .  so lvent,  g rease  or moisture)  may affect  the  poten tial  
i gn i ti on  hazard  when  us i ng  i nsu lati ng  plastics  i n  the  presence  of  dusts .  

d )  Care  shou ld  be  taken  when  hand l ing  so lvent  wet  powders,  as  they may re lease  f l ammable  
vapours  over  a  l ong  period  of  t ime  wi th  a much  l ower M IE  than  the  pure  powder.  
Cons ideration  shou ld  also  be  g i ven  to  whether M IE  resu l ts  l ess  than  1  m J  are  actual l y due  
to  such  mechan isms,  rather  than  the  powder alone.  

————————— 
6  To  be  publ i shed.  
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e)  Corona d ischarges:   Corona d ischarges  cannot  i gn i te  combustible  powders .  When  
hand l i ng  l arge  amounts  of  medium  or non-conducti ve  powders,  corona d i scharges  cannot  
be  avo ided ;  

f)  Propagating  brush  d ischarges:   The  energy re leased  i n  a  propagating  brush  d ischarge  can  
be  calcu lated  and  values  in  excess  of  1  J  are  typical .  Examples  of  a  calcu lat ion  and  more  
detai l s  of  propagating  brush  d ischarges  are  g i ven  i n  B . 3. 9;  

g )  Cone  d ischarges:   Cone  d ischarges  can  occur when  h igh l y charged  powder i s  l oaded  i n to  
a s i l o.  I t  i s  cons idered  l i kel y that  f l ammable  gases  and  vapours  and  al so  combustible  
powders  can  be  i gn i ted  by these  d ischarges  (see  also  A. 3. 7) ;  

h )  Ligh tn i ng - l ike  d ischarges:   Such  d ischarges,  though  theoretical l y poss ible,  have  not  been  
observed  i n  i ndustrial  operations .  

9.3  Procedural  measures  

9.3. 1  General  

The process  parameters  shou ld  be  set  i n  a  way that  m in im ises  e lectrostatic  charg ing .  Th is  
shou ld  be  ach ieved  by implemen ting  some or al l  of  the  fo l lowing  precau tions:  

a)  i ncreas ing  the  conductivi ty of  the  bu lk material ,  e . g .  by coati ng ,  

b)  replace  i nsu lati ng  equ ipment by earthed  conducti ve  equ ipment,  

c)  hum id i f icati on  of  powders,  

d )  i on isati on ,  

e)  reducing  the  quanti ty of  f i nes  i n  the  bu lk,  e. g .  avoid i ng  f i ne  fractions  caused  by wear and  
abrasion ,  

f)  l im i t i ng  d ispers ion ,  e . g .  dense  phase  conveying  i nstead  of  d i l u te  phase  conveying ,  

g )  reducing  the  conveying  speed,  th roughpu t  or  ai r  ve loci ty,  

h )  avo id ing  b i g  heaps  of  bu lk material ,  

i )  preferring  g ravi ty transport  to  pneumatic  transport,  

j )  us ing  conducti ve  or  an ti s tat ic  hoses  for  pneumatic  transport.  

9.3.2  Humid i fication  

I f  hum id i f i cation  i s  used  as  measure  to  d iss ipate  charges  from  bu lk materi al ,  usual l y 70  % 
re lat i ve  hum id i ty at  23  °C  i s  necessary.  Th is  method  may not  be  effecti ve  for h igh  speed  
conveying  and  for warm  products .  I t  may also  adversel y affect  the  f l ow properti es  of  some 
powders .  

NOTE  Ai r  i s  a  poor conductor of  e l ectri ci ty.  Hum id i f i cat i on  i s  not  effect i ve  as  a  means  of  d i ss ipat i ng  the  charge  

from  a dust  c l oud .  However,  h i gh  relati ve  hum id i ty does  decrease  the  su rface  res i st i vi ty  of  many powders  −  wi th  

the  excepti on  of  most  po l ymers  −  and ,  therefore,  m i gh t  i ncrease  the  rate  of  charge  decay on  bu lked  powder.  

9.3.3  Hoses for  pneumatic  transfer  

The defi n i t ions  of  an t is tatic  and  conducti ve  hoses  i n  7. 7. 3 . 4  do  not  appl y for  hoses  for  the  use  
wi th  pneumatic  transport  of  bu lk materials .  For  such  pneumatic  transport  the  l eakage  

res istance  from  any place  of  the  i nner  wal l  of  the  hose  shou ld  be  l ess  than  1 00  MΩ  (measured  
accord ing  to  I SO  8031 ) .  

9.3.4  Ion isation  

The conductivi ty of  dust/ai r  m ixtures  can  be  i ncreased  by i on isation .  I t  may be  poss ible  to  
avoid  dust  depos i ts  by i on isation .  I t  i s  not  possible  to  avoid  hazards  when  deal ing  wi th  l arge  
amoun ts  of  bu lk materi al  and  of  l arge  dust  c l ouds.  

NOTE  I t  i s  d i ff i cu l t  to  provi de  the  necessary i on i sat i on  for  re l at i vel y  l arge  d i stances,  e . g .  more  than  1 00  mm .  
Furthermore  the  total  charge  to  be  neu tral i zed  i s  o ften  l arger than  an  i on i sat i on  system  may provi de.  
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Local  d i scharges  from  poin ted ,  earthed  conductive  probes  or wi res  can  be  of  value  i n  both  
dust  c l ouds  and  bu lked  powders  when  the  electric  f i e l d  s treng th  i s  cl ose  to  the  breakdown  
value.  The  earthed  conducti ve  probes  or  wi res  shou ld  not  break off  i n  total  or  i n  parts.  

NOTE  1  Such  earth i ng  probes  or  wi res  placed  at  the  bu lki ng  po i n t  as  powder en ters  a  con tai ner can  reduce  the  
energy of  i nd i vi dual  d i scharges  to  a  l ow l evel .  They can  al so  provi de  a  safe  rou te  to  earth  for accumu lated  charge  
when  powder en ters  an  i nsu lati ng  con tai ner.  

NOTE  2  Detached  parts  (e. g .  i f  parts  of  the  probe  or wi re  break)  m igh t  behave  as  charged  capaci tors  and  cause  
spark d i scharges.  

NOTE  3  I n  the  case  of  acti ve  i on i sers ,  con tam inati on  of  poi n ts  m igh t  l ead  to  ohm ic  heati ng  poss ibl y  caus i ng  f i res  
wh i ch  needs  to  be  preven ted.  

9.4  Bu lk materials  i n  the  absence of  f l ammable  gases  and  vapours  

9.4. 1  General  

For these  purposes  i t  i s  assumed  that  the  powder i s  hand led  and  processed  free  from  any 
f lammable  gases  and  vapours ,  i f :  

a)  wi th  non-f lammable  bu lk material  the  concen trati on  of  gases  and  vapours  i s  be low the i r  
l ower explos ive  l im i t  (LEL) ,  

b)  wi th  f lammable  bu lk material  the  concen tration  of  gases  and  vapours  i s  be low 20  % of  
the i r  LEL.  

NOTE  Th i s  i s  often  met  i f  immediatel y  after  a  d ryi ng  process  the  total  res i dual  concen trati on  of  sol ven t  i n  the  bu lk 
material  i s  be low 0 , 5  %,  the  powder i s  subsequen tl y  hand led  at  ambien t  temperatu re,  and  no  fu rther f i ne  fracti on  
generati ng  process  i s  carri ed  ou t.  

9.4.2  Equ ipment  and  objects  made of  conductive or  d issipative  materials  

I n  hazardous  areas  al l  equ ipment  and  objects  made of  conducti ve  and  d iss ipati ve  materials  
shou ld  be  earthed ,  e . g .  l am inated  packages  wi th  conducti ve  l ayers  and  non-stati onary coated  
con tainers.  

For the  fo l lowing  s i tuations  the  earth ing  requ i rement  may be  abandoned/re laxed:  

a)  i f  i t  can  be  shown  that  obj ects  made of  conductive  and  d iss ipative  materials  do  not  
become charged  duri ng  normal  operation  and  poss ible  mal functi ons;  or  

b)  i f  the  maximum  energy that  can  be  stored  on  the  i so lated  objects  i s  much  lower than  the  
M IE  of  the  bu lk material ,  or  

c)  i f  the  capaci tance  of  the  object  does  not  exceed  the  appl icable  value  g i ven  i n  Table  2.  

9.4.3  Equ ipment  and  objects  made  of  insu lating  materials  

Equ ipment  and  obj ects  made of  i nsu lati ng  materials  are  on l y perm iss ible  i f  no  hazardous  
charge  bu i l d  up  wi l l  occu r.  I f  equ ipment  and  obj ects  made  of  i nsu lating  materials  i n  the  form  
of  p ipes,  hoses,  con tainers,  sheets ,  coatings  and  l i ners  are  used  charge  bu i l d  up  has  to  be  
expected.  

Charg ing  of  i nsu lati ng  surfaces  may resu l t  i n  propagating  brush  d ischarges  wi th  typical  
energ ies  i n  excess  of  1  J  when  backed  wi th  conducti ve  areas  in  a  d is tance  l ess  than  1 0  mm .  
I f  i nsu lati ng  f i lms,  l ayers  or  coatings  wi th  a  breakdown  streng th  below 4  kV are  used  they wi l l  
not  resu l t  i n  propagating  brush  d ischarges  i ncend ive  to  bu lk materials.  

As  charg ing  of  i so lated  conducti ve  material  may cause  spark d ischarges,  the  combination  of  
conducti ve,  d i ss ipative  and  i nsu lat i ng  materials  i s  on l y perm i tted  provid ing  that  al l  conducti ve  
and  d iss ipati ve  parts  are  properl y earthed .  
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9.4.4  Dust  separators  

I n  separators  for f lammable  dusts  i nsu lating  f i l ter fabrics  shou ld  not  i n terrupt  the  earth i ng  
connecti ons  of  parts  made of  conducti ve  or d i ss ipati ve  materials,  e. g .  support i ng  cages  of  
f i l ter  s leeves  or  metal  c lamps  to  keep the  f i l ter socks  i n  p lace.  Particu larly when  the  M IE  of  
the  bu lk material  i s  l ower than  3  mJ  ensuri ng  earth ing  of  al l  metal  parts  such  as  c lamps,  etc.  
having  a capaci tance  g reater than  1 0  pF  i s  of  g reat  importance.  Th is  l im i t  i s  due  to  the  
practical  experience  that  i t  i s  nearl y imposs ible  to  make su re  that  even  the  smal lest  metal  
parts  (s i ng le  screws,  c lamps  etc. )  are  always  earthed  by cable  connecti ons .  The  earth i ng  and  
bond ing  shou ld  be  guaran teed  by the  constructi on  i tse l f  and/or by the  propert ies  of  the  
materials  used.  

For th is  purpose  the  use  of  f i l ter  fabrics  made  of  f ibre  contain i ng  conducti ve  th reads ,  or  the  
use  of  normal  f i l ter  socks  wi th  copper s traps  sewed  around  the  end  of  the  f i l ter socks  wh ich  
au tomatical l y bond  the  support i ng  cages  and  metal  c lamps  have  proven  to  be  very usefu l .  

Fi l ter  fabrics  made from  conducti ve  and  earthed  material  shou ld  always  be  used  where  
f lammable  vapours  are  present  or  where  non-metal l i c  conducti ve  powders  wi th  a M IE  l ess  
than  30  mJ  are  hand led .  Such  fabrics  shou ld  al so  be  used  for  combust ible  metal l i c  dusts  
having  M IE  l ess  than  30  mJ  provided  that  d ry med ia type  dust  co l lectors  are  not  express l y 

proh ibi ted  by prevai l i ng  regu lati on .  The  res is tance  to  earth  shou ld  be  below 1 00  MΩ .  The  use  
of  f i bres  con tain ing  conducti ve  th reads  also  he lps  to  reduce  charge  on  the  powder and  f i l ter  
by corona d ischarge.  

NOTE  Al ,  Mg ,  Ti  and  Zr dusts  usual l y  have  M IE  of  l ess  than  30  m J  whereas  Fe,  Co,  N i ,  Cu  and  Mn  dusts  usual l y  
exceed  th i s  l im i t .  More  detai l s  can  be  found  i n  NFPA 484,  Standard for combustible metal.  

9.4.5  Si los  and  Containers  

9.4.5.1  General  

Bu lk materials  shou ld  be  hand led  and  processed  i n  such  a  way that  a  hazardous  charge  bu i l d  
up  i s  avo ided.  A hazardous  charge  can  be  accumu lated  on  the  bu lk material  as  wel l  as  on  the  
wal l  of  the  s i l o  or  container.  

NOTE  Th i s  appl i es  to  l arge  s i l os  and  contai ners  as  wel l  as  al so  to  smal l  mobi l e  con tai ners,  b i ns ,  d rums,  bags,  
FIBC  or other packages.  The  speci f i c  requ i rements  for  FIBC  are  g i ven  i n  9 . 6 .  

Figu res  1  to  3  detai l  how to  anal yse  whether the  bu lk material  i tse l f  can  be  charged  to  a  
hazardous  amount  during  the  f i l l i ng  of  a  s i l o  or  con tainer.  I f  requ i red,  measures  against  the  
occurrence  of  cone,  l i gh tn ing  l i ke  or  spark d ischarges  have  to  be  taken .  The  f l ow d iagram  to  
be  chosen  depends  on  the  res ist i vi ty of  the  bu lk material :  

Fi gu re  1 :  Assessment  of  l ow res is ti vi ty bu lk material  (ρ  ≤  1  MΩ  m )  

Fi gu re  2 :  Assessment  of  medium  res isti vi ty bu lk material  ( 1  MΩ  m  <  ρ  ≤  1 0  GΩ  m )  

Fi gu re  3 :  Assessmen t  of  h igh  res isti vi ty bu lk material  (ρ  >  1 0  GΩ  m )  

NOTE  I n  Fi g u res  2  and  3  Wcone discharge means  the  maximum  expected  energy of  the  cone  d i scharge  (see  A. 3 . 7) .   

As  an  al ternative  to  the  measurement of  the  s treng th  of  the  e lectrical  f i e l d  above  the  powder 
heap,  th is  f i e ld  streng th  may be  estimated  by model l i ng  the  e lectrical  f ie ld  wi th i n  the  s i l o  
taking  i n to  account  charge  re laxation  du ri ng  the  f i l l i ng  procedure .  Such  model  calcu lations  
shou ld  be  based  on  the  charge  to  mass  rat i o,  bu lk dens i ty and  f i l l i ng  rate  of  the  powder,  the  
re lati ve  perm i tti vi ty and  res isti vi ty of  the  bu lked  powder as  wel l  as  on  the  s i lo  geometry.  I f  the  
rad ial l y d i rected  e lectrical  f i e ld  stays  below 3  MV/m ,  the  cri teri on  for the  f ie l d  of  the  bu lked  
powder i s  fu l f i l l ed .  The  d i fference  between  the  500  kV/m  average  e lectrical  f i e ld  over the  gap  
of  the  d ischarge  and  3  MV/m  l im i t  value  i s  based  on  the  f ie ld  d is tribu tion  wi th in  s i l os ,  where  
the  maximum  f ie ld  i s  always  d i rected  rad ial l y against  the  wal l  of  the  s i l o  measured  at  the  s i l o  
wal l  and  not  axial l y d i rected  measured  above  the  powder heap.  

http://dict.leo.org/ende?lp=ende&p=eL4jU.&search=supporting
http://dict.leo.org/ende?lp=ende&p=eL4jU.&search=cage
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To  assess  the  charge  bu i l d  up  on  the  wal l  of  the  s i l os  and  con tainers  9 . 3  as  wel l  as  9 . 4  shou ld  
be  considered  i n  add i t ion .  

Duri ng  d ischarg ing  of  s i l os  and  con tainers  i n  the  absence  of  f l ammable  gases  and  vapours  no  
hazardous  charge  bu i l d  up  on  the  bu lk material  has  general l y to  be  expected .  I n  add i t i on  al l  
d i scharge  and  transfer devices  requ i re  a  separate  anal ys is .  

NOTE  See  al so  9 . 3 .  

I t  shou ld  however be  kept  i n  m ind  that  most  d i scharg ing  operations  represent  a f i l l i ng  
operati on  for  the  successive  s i lo  or  container.  

Conducti ve  s i l os  and  con tainers  shou ld  be  earthed  and  d iss ipati ve  s i los  and  con tainers  shou ld  
be  in  con tact  wi th  earth  during  f i l l i ng  and  emptying .  
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*  see  9 . 4. 5. 2  

Figure 1  – Flow d iag ram:  Assessment  of  bu lk material  wi th  ρ  ≤  1  MΩ  m   
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*  see  9 . 4. 5. 2  

Figure 2  – Flow d iag ram:  Assessment  of  bu lk material  wi th  1  MΩ  m  <  ρ  ≤  1 0  GΩ  m   

yes 

yes 

yes 

yes 

yes 

yes 

yes 

no 

no 

no 

no no 

no no 

yes 

no 

Ignition  hazard 

associated with  

powder heap or 

dust cloud is not 
expected  

Igni tion  hazard 

associated  with  

powder heap cannot 
be excluded 

Earthed                    

si lo or container           

made from conductive 

or dissipative                      

material    

Energy:                         
Wcone discharge < MIE 

Electrical                             

field  strength  above 

the powder heap                      

E  <  500 kV/m 

 

Documentation                             

of provable safe 

process                
experiences* 

Ignition  hazard 

associated with  

dust cloud cannot 

be excluded  

V < 1 00 m
3 
                         

or                                               

∅  <  3  m  

Electrical                           

field  strength                           

E  <  500 kV/m                               
in  dust cloud 

 

Documentation                             

of provable safe 

process                

experiences* 

START 

Fil l ing  of si lo              

or container with                                

V <  0,25 m
3
 by means 

of gravity 

IEC   2173/13 



 – 92  – I EC  TS  60079-32-1 :201 3+AMD1 :201 7  CSV 
  © I EC  201 7  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

*  see  9 . 4. 5. 2  

Figure 3  – Flow d iag ram:  Assessment  of  bu lk material  wi th  ρ  >  1 0  GΩ  m  
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9.4.5.2  Documentation  of  provable  safe process  experiences  

I f  accord ing  to  one  of  the  f low d iag rams  i n  F igures  1  to  3  the  i g n i t i on  hazard  i s  excluded  
based  on  the  decis i on  step “Documentation  of  proven  safe  process  experiences”,  the  
explos ion  hazards  shou ld  have  been  anal ysed  i n  detai l  and  subjected  to  an  assessment.  I n  
th is  con text  i t  has  to  be  kept  i n  m ind  that  m inor changes  i n  the  process,  product,  equ ipment,  
packages,  etc.  may have  a  s ign i f ican t  effect  on  the  occurrence  and  incend ivi ty of  d i scharges  
as  wel l  as  on  the  occurrence  and  concen tration  of  an  explos ive  atmosphere .  The  re levan t  
j ust i f i cati on  explai n i ng  even  the  most  marg inal  changes  and  the i r  possible  consequences  
shou ld  be  explai ned  i n  an  explos ion  protection  documen t.  I n  any case,  protecti ve  measures  
shou ld  to  be  taken  (e. g .  explosion  venti ng ,  i nerti ng ,  des ign  for containmen t)  where  cred ible  
i gn i ti on  sources  cannot  be  excluded  and  f lammable  atmosphere  i s  presen t.  

NOTE  I n  Europe,  the  explos i on  protect i on  document  i s  wri t ten  accord i ng  to  D i recti ve  99/92/EC.  

9.4.5.3  Conductive  and  d issipative containers  wi th  conductive  or d issipative l iners  

I n  add i t i on  to  the  measures  l i s ted  i n  9 . 3,  on l y conductive  and  d iss ipative  l i ners  shou ld  be  used  
i n  hazardous  areas  i f  they are  safel y earthed  and  i f  they remain  earthed  when  taken  ou t  of  or  
pu t  i n to  the  container.  Th is  can  be  establ ished  e. g .  by a  re l i able  con tact  to  earth  via the  
con tainer and  a re l i able  con tact  to  earth  via  the  person  when  the  l i ners  are  taken  ou t  or  pu t  
i n to  the  container.  Otherwise  conductive  and  d iss ipati ve  l i ners  shou ld  not  be  taken  ou t  of  or  
pu t  i n to  the  con tainer i n  a  hazardous  area.  

9.4.5.4  Conductive  and  d issipative containers  wi th  insu lating  l iners  

I nsu lating  l i ners  shou ld  i n  general  be  avo ided  due  to  the  r isk of  propagating  brush  d ischarges.  
They may on l y be  used  i f ,  i n  add i t i on  to  the  measures  l i s ted  i n  9 . 3 ,  at  l east  one  of  the  
fo l l owing  cond i t i ons  i s  met:  

a)  Volume <  0 , 25  m 3 ,  

b)  Breakdown  vo l tage  <  4  kV (6  kV i n  the  case  of  woven  materials) ,  

c)  Liner th ickness  >  1 0  mm  

d)  Documented  evidence  that  no  propagati ng  brush  d ischarges  wi l l  occur.  

NOTE  Propagati ng  brush  d i scharges  may occur depend ing  on  the  th i ckness,  the  res i st i vi ty  and  the  breakdown  
vo l tage  of  the  l i ner as  wel l  as  on  the  e l ectri cal  propert i es  of  the  bu lk material .  They are  not  expected  for th i n  pai n t  

and  po l ymeri c  coati ngs  <  50  µm  typi cal l y  found  i ns i de  contai ners  due  to  the  l ow breakdown  vo l tage  of  such  
coati ngs .  

I f  the  bu lk material  has  a res isti vi ty of  l ess  than  1 00  MΩ  m  i t  shou ld  be  earthed .  

Earth ing  can  be  ach ieved  e . g .  by i n troducing  one  or several  metal  rods  or  metal  pi pes  i n to  the  
con tainer l ead ing  down  to  the  bottom  of  the  con tainer.  These  shou ld  be  i n troduced  pri or to  the  
add i t i on  of  the  conducti ve  bu lk material .  

9.4.5.5  Insu lating  containers  

I nsu lating  con tainers  shou ld  i n  general  be  avoided  due  to  the  r isk of  propagating  brush  
d ischarges.  They may on l y be  used,  i f  i n  add i t i on  to  the  measures  l i s ted  i n  9 . 3  at  l east  one  of  
the  cond i t i ons  a)  – d )  i n  9 . 4. 5. 4  i s  met.  I f  the  bu lk material  has  a res isti vi ty of  l ess  than  

1 00  MΩ  m  i t  shou ld  be  earthed .  Cone  d ischarges  shou ld  be  avo ided .  

NOTE  Propagati ng  brush  d i scharges  may occur depend ing  on  the  th i ckness,  the  res i st i vi ty  and  the  breakdown  
vo l tage  of  the  con tai ner as  wel l  as  on  the  e l ectri cal  properti es  of  the  bu lk material .  

9.4.5.6  Insu lating  containers  wi th  l i ners  

Conducti ve  l i ners  shou ld  not  general l y be  used  i n  i nsu lat i ng  containers  due  to  the  risk of  them  
being  i so lated  from  earth .  I f  conductive  l i ners  are  i nd ispensable  they shou ld  re l iabl y be  
earthed.  
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I nsu lating  l i ners  i n  i nsu lat ing  containers  shou ld  be  assessed  as  i nsu lat ing  containers  
accord ing  to  9 . 4. 5. 5.  

9.5  Addi tional  requ irements for  bu lk material  i n  the presence of  f lammable gases  and  
vapours  

9.5. 1  General  

I n  the  presence  of  f l ammable  gases  or vapours  a combinati on  of  the  gas  or vapour  
concentrati on  and  the  suspended  bu lk material  concen tration  (see  3. 1 4)  determ ines  whether a  
f lammable  gas  or vapour/ai r  m ixture  or a  so  cal l ed  h ybri d  m ixture  (m ixture  of  f lammable  gases  
or vapours  and  f l ammable  dusts  i n  ai r)  i s  formed .  The  m in imum  ign i t i on  energy (M IE)  of  the  
m ixtu re  i s  main l y determ ined  by the  amoun t  of  gas  or  vapour and  common l y l i es  below the  
MIE  of  the  pure  dust.  The  f l ammable  gas/vapour may arise  from  another source  (e. g .  i f  a  
powder i s  added  to  a f lammable  l i qu i d) ,  or  from  the  powder i tse l f  (e. g .  i f  i t  con tains  s i gn i f i cant  
so lvent  or  may evolve  f lammable  gas) .  

Special  care  shou ld  be  taken  when  hand l i ng  so lven t  wet  powders,  because  when  hand l i ng  
l arge  amounts  of  med ium  or i nsu lat i ng  powders ,  brush  d ischarges  i ncend ive  for the  evolved  
gas  / vapour or  h ybrid  atmosphere  cannot  be  avoided .  

Rather than  d i fferentiat i ng  between  low,  average  or h igh  res isti vi ti es  of  bu lk materials  as  i s  
the  case  when  no  f lammable  gases  or vapours  are  present,  the  importan t  l im i t  of  the  bu lk 

material  res is ti vi ty i n  the  presence  of  f l ammable  gases  or vapours  i s  on l y 1 00  MΩ  m .  

The  fo l l owing  requ i rements  do  appl y on l y to  gases  and  vapours  of  the  explos ion  g roups  I IA 
and  I IB.  I n  hazardous  zones  of  explos ion  g roup I I C  i nerting  i s  necessary.  

9.5.2  Measures  for resistivi ty g reater  equal  1 00  MΩ  m   

The open  handl i ng  of  so lven t  wet  bu lk materials  wi th  a resis ti vi ty g reater equal  1 00  MΩ  m  
shou ld  general l y be  avo ided .  Where  hand l i ng  of  such  materials  cannot  be  avoided ,  add i t ional  
measures  of  explos ion  preventi on  or protection  are  normal l y requ i red ,  part icu larl y when  
hand l i ng  l arge  quan ti t i es .  Such  measures  are   

a)  i nert ing ,  

b)  process ing  of  the  solvent  wet  material  u nder  vacuum ,  

c)  process ing  at  a  temperature  s ign i f i cantl y be low the  f lash  po in t,  

d )  process ing  wi th in  explos ion  proof  equ ipment,  

e)  exclus ion  of  the  h ybrid  m ixture,  or  

f)  special  constructi onal  measures.  

NOTE  As  hand l i ng  of  bu l k materi al  wi th  a  res i st i vi ty g reater  equal  1 00  MΩ  m  common ly g enerates  a  h i gh  l eve l  o f  
e l ectrostati c  charges,  brush  d i scharges  cannot  be  avoi ded  and  i gn i t i on  i s  therefore  poss ibl e.  

9.5.3  Measures  for resistivi ty l ess  than  1 00  MΩ  m  

I f  the  res ist i vi ty of  the  bu lk material  i s  l ess  than  1 00  MΩ  m ,  e . g .  i n  case  of  bu lk material  
con tain i ng  a  po lar so lven t,  the  bu lk material  shou ld  be  hand led  in  conducti ve  earthed  
equ ipment  or  any o ther type  of  equ ipment that  provides  a su ffi ci en tl y large  earth  po in t  for  the  
bu lk material .  

NOTE  1  I n  case  of  l arge  amoun ts  of  bu lk materi al  a  represen tati ve  sample  i s  requ i red  for an  assessment  of  the  
res i st i vi ty.  I ns tead  of  the  res i st i vi ty  al so  the  natu re  and  the  amoun t  of  the  so l vent  con ten t  can  be  used  for an  
assessment.  

NOTE  2  The  bu lk material  as  wel l  as  the  f l ammable  l i qu i d  m igh t  become  charged  to  a  hazardous  l eve l  when  f i l l ed  
i n to  a  con tai ner o r  added  to  a  l i qu i d .  
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9.5.4  Fi l l ing  of  bu lk material  i n to  a  container 

Fi l l i ng  bu lk material  i n to  a container con tain i ng  f l ammable  gases  or vapours  may lead  to  th e  
generation  of  hazardous  charg ing  l evels  at  the  container to  be  emptied,  at  a  l i ner,  at  the  chu te  
pipe  or funnel ,  at  the  product  fal l i ng  i n to  the  co l l ect i ng  receiver,  at  the  co l lect ing  receiver,  at  
the  product  i n  the  co l lect i ng  receiver or  at  the  operators.  F i l l i ng  of  bu lk material  i s ,  therefore,  
preferabl y performed  wi th  a c losed  and  / or  au tomated  system ,  typi cal l y u nder i nert  gas  
atmosphere.  

NOTE  1  Charge  bu i l d  u p  du ri ng  the  f i l l i ng  of  bu lk material  from  metal  or  p last i c  d rums  or from  plast i c  bags  has  
caused  many f i res  and  expl os ions  i n  the  past.  

NOTE  2  Charge  bu i l d  up  occurs  when  bu lk materi al  i s  d i scharged  from  a  con tai ner  or  bag  or i f  i t  f l ows  th rough  a  
chu te,  pi pe  or  funnel .   

Manual  add i t i on  to  an  open  vessel  shou ld  be  avoided  whenever poss ible .  I f  the  open  add i t i on  
of  powder to  a container con tain i ng  an  explos ive  atmosphere  cannot  be  avoided ,  special  
measures  shou ld  be  provided  to  reduce  the  charge  bu i l d  up:  

a)  Containers  or  packages  to  be  emptied  shou ld  be  made from  conducti ve  or d iss ipative  
material .  

b)  Duri ng  emptying ,  conducti ve  containers  or  packages  shou ld  be  earthed  and  d iss ipative  
con tainers  or  packages  shou ld  be  in  con tact  wi th  earth .  

NOTE  1  Examples  of  d i ss ipati ve  materi al s  used  to  make  contai ners  i ncl ude  paper,  d i ss ipat i ve  composi te  
material  and  some plast i c  l am inated  papers.  For packages  made  from  d i ss ipati ve  materi al ,  e . g .  paper bags,  an  
earth  con tact  vi a  the  hands  of  an  operator i s  su ff i c i en t.  I n  th i s  case  the  f l oor,  the  shoes,  and  the  g l oves  shou l d  
al so  be  d i ss ipat i ve  and  the  res i stance  to  earth  shou ld  not  be  i ncreased  by con tam inan ts .  

NOTE  2  Du ri ng  s torage  the  d i ss ipati ve  property of  the  packages  may be  l ost  by ag i ng ,  adsorpti on  or  i f  the  
re l ati ve  hum id i ty  i s  l ow.  Steps  to  i ncrease  relati ve  hum id i ty  i n  s torage  areas  may be  necessary,  especial l y  at  
wi n tert ime.  

NOTE  3  D i ss i pati ve  pl asti c  bags  are  normal l y  not  earthed  vi a  an  earth i ng  c lamp bu t  by con tact  to  earth ,  e . g .  
by the  operator on l y.  

NOTE  4  I t  i s  advantageous  to  hand le  sacks  and  bags  etc.  on  a  conducti ve  support  she l f  or  tabl e  wi th  a  c l ean  
su rface  connected  to  earth .  

c)  I nsu lat ing  l i ners  shou ld  not  be  used  i f  they may come i n to  con tact  wi th  f l ammable  gases  / 
vapours.  

d )  Conducti ve  l i ners  shou ld  on l y be  used  i n  conducti ve  or d iss ipati ve  con tainers .  I t  shou ld  be  
ensured  that  they are  i n  good  contact  wi th  the  earthed  container and  remain  earthed  when  
they are  taken  ou t  or  pu t  i n to  the  container.  Otherwise  they shou ld  not  be  taken  ou t  or  pu t  
i n to  the  container  i n  a  hazardous  area.  During  hand l i ng  the  l i ner  shou ld  not  become 
detached  from  the  con tainer.  

e)  D iss ipative  l i ners  may be  used  i n  conducti ve  or d issipati ve  con tainers .  I t  shou ld  be  
ensured  that  they are  i n  good  contact  wi th  the  earthed  container and  remain  i n  contact  
wi th  earth  when  they are  taken  ou t  or  pu t  i n to  the  con tainer.  Otherwise  they shou ld  not  be  
taken  ou t  or  pu t  i n to  the  container i n  a  hazardous  area.  Duri ng  hand l i ng  the  l i ner shou ld  
not  become detached  from  the  container.  

f)  Mu l t iple  layer packages  or packages  wi th  i nsu lati ng  coati ngs  shou ld  be  avo ided  whenever 
poss ible .  I f  they have  to  be  used  for  o ther  reasons,  the  fo l l owing  cond i t i ons  have  to  be  
met:  

– The  i nsu lat i ng  coating  shou ld  not  be  th icker than  2  mm ,  and  

– Al l  conductive  or d iss ipati ve  layers  of  the  package  shou ld  always  be  earthed  or  i n  
con tact  wi th  earth .  

g )  Auxi l i ary devices  for the  add i ti on  of  the  bu lk material  shou ld  be  conducti ve  and  earthed .  
Any chu te  or funnel  shou ld  have  a  maximum  leng th  of  3  m .  

NOTE  Examples  of  such  auxi l i ary devi ces  are  shovels ,  funnel s ,  chu tes,  etc.  

h)  Earth ing  of  al l  i nvo lved  operators  shou ld  be  ensured .  

i )  The  rate  of  add ing  the  bu lk material  shou ld  be  l im i ted  to  1  kg /s .  



 – 96  – I EC  TS  60079-32-1 :201 3+AMD1 :201 7  CSV 
  © I EC  201 7  

However,  due  to  the  h i gh  l evel  of  r i sk i nheren t  wi th  such  operations,  i t  may s t i l l  be  necessary 
to  use  add i t ional  con tro l  measures  to  ach ieve  the  requ i red  level  of  safety.  

I f  by the  add i t ion  of  the  bu lk material  a  suspension  or  emu ls ion  i s  formed  i n  the  receiving  
vessel  – even  on l y for  a  short  period  of  t ime  – i t  shou ld  be  considered  that  ag i tat i on  of  such  a 
mu l t ip le  phase  system  may generate  a hazardous  charge  bu i l d  up  i ndependen t  of  the  
charg ing  procedure.  I n  these  cases  7. 9. 4  has  to  be  taken  i n to  accoun t.  

NOTE  3  A typ i cal  example  i s  the  add i t i on  of  p i gments  when  manufactu ri ng  dyes,  l acquers  and  pai n ts .  

9.6  Flexible in termed iate  bu lk containers (FIBC)  

9.6. 1  General  

Flexible  i n termed iate  bu lk containers  (FIBC)  are  used  in  i ndustry for s torage  and  transport  of  
powders  and  g ranu les.  They are  common l y constructed  from  po l ypropyl ene  fabric  or  s im i lar  
strong  and  heavy du ty i nsu lating  material .  

E lectrostatic  charge  can  be  generated  during  f i l l i ng  and  emptying  and  i t  can  accumu late  on  
the  product  as  wel l  as  on  the  fabric  from  wh ich  a FIBC i s  constructed  or  on  any parts  of  i t .  An  
i gn i ti on  cou ld  occur i f  the  accumu lated  charge  i s  re leased  i n  the  form  of  an  i ncend iary 
d ischarge  i n  the  presence  of  a  f l ammable  atmosphere.  Spark,  brush ,  cone  and  propagati ng  
brush  d ischarges  are  al l  poss ible  when  FIBC  are  used .  

The  requ i rements  and  speci f i cations  wh ich  FIBC shou ld  meet  depend  on  the  nature  and  
sens i t i vi ty of  the  f lammable  atmosphere  present  duri ng  f i l l i ng  and  emptying .  The  f i nal  goal  for  
the  constructi on  of  F IBC i s  to  exclude  i ncend ive  d ischarges  from  the  FIBC  fabric  duri ng  the i r  
i n tended  use.  S i nce  d ischarges  of  d i fferent  i ncend ivi ty ( i . e .  d i fferen t  types  of  d i scharges,  such  
as  spark,  brush  or propagati ng  brush  d ischarges)  may be  generated ,  the  necess i ty of  the i r  
exclus ion  and  thus  the  requ i rements  for  constructi on  of  the  FIBC depends  on  the  i n tended  
use  of  the  FIBC.  For th i s  reason  d i fferent  types  of  FIBC  have  been  developed ,  wh ich  are  
def ined  as  Type  A,  B ,  C  or  D  (see  I EC  61 340-4-4) :  

– Type  A FIBC  are  made  from  fabric  or  p last ic  sheet  wi thou t  any measures  against  the  bu i l d  
up  of  s tat ic  e l ectrici ty.  

– Type  B  FIBC  are  made  from  fabric  or  p lastic  sheet  des igned  to  preven t  the  occu rrence  of  
sparks  and  propagating  brush  d ischarges.  

– Type  C  FIBC are  made  from  conducti ve  fabri c  or  p lastic  sheet,  or  i n terwoven  wi th  
conductive  th reads  or  f i l aments  and  des igned  to  preven t  the  occurrence  of  i ncend iary 
sparks,  brush  d ischarges  and  propagati ng  brush  d ischarges .  Type  C  FIBC are  des igned  to  
be  connected  to  earth  du ri ng  f i l l i ng  and  emptying  operati ons.  

– Type  D  FIBC are  made from  static  protecti ve  fabric  des i gned  to  preven t  the  occurrence  of  
i ncendiary sparks,  brush  d ischarges  and  propagati ng  brush  d ischarges,  wi thou t  the  need  
for a  connecti on  from  the  FIBC to  earth .  

Depend ing  on  the  mechan ism  appl ied  to  exclude  i ncend ive  d ischarges,  the  requ i rements  
wh ich  the  d i fferent  types  of  FIBC shou ld  meet,  refer e i ther to  pu rel y phys ical  parameters  such  
as  breakdown  vo l tage  and  conducti vi ty (Type  B  and  C)  or  to  more  general  procedures  i n  
wh ich  i t  shou ld  be  demonstrated  that  no  i ncend ive  d ischarges  occu r (Type  D) .  These  
requ i rements  are  g i ven  i n  I EC  61 340-4-4.  

The  four d i fferent  types  of  FIBC shou ld  be  used  as  shown  i n  Table  1 9.  Other types  of  FIBC or 
FIBC of  unknown  type  shou ld  on l y be  used  i n  the  presence  of  f lammable  atmospheres  after  
detai led  evaluati on  by an  expert.  

Document  pockets  and  pouches  made  from  i nsu lat i ng  material  shou ld  fu l f i l  the  requ i rements  
of  I EC  61 340-4-4  wh ich  are  s im i lar to  6 . 3.  I n  the  case  of  document pockets  for Type  C  i t  
shou ld  be  cons idered  that  they are  usual l y backed  wi th  an  earthed  conducti ve  fabric  wh ich  
helps  to  prevent  a  h igh  surface  charge.  
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Table  1 9  – Use of  the  d i fferent  types  of  FIBC 

Bulk Product  i n  FIBC  Surroundings  

M IE  of  dusta  
Non  fl ammable 
atmosphere  

Dust  zones 21 -22b  

Gas  zones 1 -2b  

(Explosion  Groups 
I IA/I IB )c  

M IE  >  1  000  mJ  A,B,C,D  B ,C,D  C,Dd  

3  mJ  <  M IE  ≤  1  000  mJ  B,C,D  B,C,D  C,Dd  

MIE ≤  3  mJ  C,D  C,D  C,Dd  

a  Measured  i n  accordance  wi th  I EC  61 241 -2-3,  ASTM  E201 9  and  EN  1 3821  wi th  a  capaci t i ve  d i scharge  c i rcu i t  
(no  added  i nductance) .

 

b  See  D. 2  for  the  defi n i t i on  of  zones.  

c  See  D. 3  for an  explanati on  of  Explos i on  G roups.  

d  U se  of  Type  D  shou l d  be  l im i ted  to  Expl os ion  Groups  I I A/I I B  wi th  M IE  ≥  0 , 1 4  mJ .   

NOTE  1  Add i t i onal  precau ti ons  are  usual l y  necessary when  a  f l ammable  gas  or  vapou r atmosphere  i s  present  
i ns i de  the  FIBC,  e . g .  i n  the  case  of  sol vent  wet  powders .   

NOTE  2  Non-fl ammable  atmosphere  i ncl udes  dusts  havi ng  a  M IE  >  1  000  m J .  

NOTE  3  The  MIE  l im i t  of  3  mJ  i s  based  on  the  i ncend ivi ty  o f  cone  d i scharges.  Cone  d i scharges  m igh t  have  a  
much  h i gher  energy  i n  a  Type  B  FIBC  than  i n  a  Type  C  or  D  FIBC  because  the  wal l  o f  a  Type  C  or  D  FIBC  wi l l  
be  at  c l ose  to  zero  poten ti al .  Based  on  th i s  fact  the  i n ternal  f i e l d  d i s tri bu t i on  wi l l  be  such  that  i n  Type  C  or  D  
FIBC  cone  d i scharges  wi l l  at  most  on l y  j ump across  hal f  the  d i ameter of  the  FIBC.  A cal cu lat i on  wi th  the  formu la 
g i ven  i n  A. 3. 7  for  the  l argest  FI BC  common ly used  (d i ameter of  1 , 5  m )  yi e l ds  3  mJ  for powder wi th  a  med ian  
s i ze  of  on l y  0 , 055  mm  i n  a  Type  B  FIBC,  whereas  i n  a  Type  C  or  D  FIBC  the  3  mJ  l im i t  i s  on l y  reached  wi th  a  
coarse  powder having  a  med i an  s i ze  of  0 , 27  mm  or h i g her.  However,  such  coarse  powders  usual l y  have  a  M IE  
h i gher than  3  mJ .  

 

I n  order for a  propagating  brush  to  occur from  a FIBC in  practice,  i t  i s  general l y necessary to  
hand le  a  h i gh  resis ti vi ty powder i n  a  way that  l eads  to  h i gh  l evels  of  e l ectrostatic  charge  
generation  (e . g .  pneumatic  transfer) .  I f  these  cond i t i ons  are  not  met,  particu larl y wi th  med ium  
or h i gh  M IE  powders,  then  a detai l ed  expert  assessment may conclude  that  the  r isk of  an  
i ncendive  propagati ng  brush  d ischarge  i s  acceptabl y l ow.  

The  abi l i ty to  use  FIBC safel y i n  hazardous  explos ive  atmospheres  may change  i f  an  i nner 
l i ner i s  i ns tal l ed  i n  the  FIBC.  Combinati ons  of  FIBC and  i nner l i ner that  can  be  used  safel y i n  
hazardous  atmospheres  are  shown  i n  Table  20.  I n  add i t ion  there  are  some precau ti ons  that  
certain  combinations  of  FIBC and  i nner l i ner shou ld  meet.  These  precau ti ons  are  also  shown  
i n  Table  20.  
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Table  20  – I nner l iners  and  FIBC:  combinations that  are permissible  
and  not  permissible in  hazardous atmospheres  

FIBCa  
I nner Linerb  

Type L1  Type L2  Type L3  

Type B  Not  perm iss ible  Perm iss ible  Perm iss ible  

Type C  Perm iss iblec
 

Perm iss ible  Not  perm iss ible  

Type D  Not  perm iss ible  Perm iss ibled
 

Not  perm iss ible  

a   Type  A FIBC  shou l d  not  be  used  i n  hazardous  explos i ve  atmospheres  i rrespecti ve  of  the  type  of  l i n er used .  

b   L i ners  shou l d  not  be  removed  from  empti ed  FIBC  i n  hazardous  expl os i ve  atmospheres.  

c   To  ensu re  the  i n ner l i ner i s  properl y  earthed ,  the  res i s tance  from  at  l east  one  s i de  of  the  i nner l i ner to  the  

g roundable  po i n ts  on  the  FIBC  shou ld  be  l ess  than  1 0  MΩ ,  measured  accord i ng  to  9 . 3  of  
I EC  61 340-4-4:201 2  under the  cond i t i ons  speci f i ed  i n  8 . 1  of  I EC  61 340-4-4:201 2.  

d   Combinati on  of  FIBC  and  l i ner  shou ld  meet  the  requ i rements  of  7. 3 . 2  of  I EC  61 340-4-4:201 2  tested  under  
the  cond i t i ons  speci f i ed  i n  8 . 2  of  I EC  61 340-4-4:201 2.  

NOTE  E lectrostati c  d i scharges  from  i so lated  conducti ve  l i ners  may cause  pai n fu l  shocks  to  operators  o r 
d i srupt  the  operati on  of  e l ectri c/e lectron i c  equ ipment.  

 

– Type  L1  i nner l i ners  are  made  from  materials  wi th  surface  res ist i vi ty on  at  l east  one  

surface  of  l ess  than  1 0  MΩ  and ,  where  necessary,  a  breakdown  vo l tage  th rough  the  
material  of  l ess  than  4  kV.  

– Type  L2  inner l i ners  are  made from  materials  wi th  surface  res isti vi ty on  at  l east  one  

surface  between  1  GΩ  and  1  TΩ  and  a breakdown  vo l tage  through  the  material  of  l ess  
than  4  kV.  

– Type  L3  i nner l i ners  are  made from  materials  wi th  surface  resist i vi ty of  g reater than  1  TΩ  
and  a  breakdown  vol tage  through  the  material  of  l ess  than  4  kV.  

NOTE  Breakdown  vo l tage  measurements  are  on l y  necessary for certai n  confi gu rati ons  of  Type  L1  and  Type  L2  

i nner l i ners ,  i . e .  when  one  of  the  su rfaces  has  a  su rface  res i st i vi ty  of  g reater than  1  TΩ .  More  detai l ed  
speci f i cati ons  for Types  L1 ,  L2  and  L3  i n ner l i ners  are  g i ven  i n  the  I EC  61 340-4-4.  

I nner l i ners  made from  materials  that  contain  a  conductive  layer  sandwiched  between  two  
i nsu lat i ng  l ayers  shou ld  not  be  used  i n  Type  B  or  Type  D  FIBC.  I f  such  an  i nner l i ner i s  used  
i n  Type  C  FIBC,  the  conducti ve  l ayer  shou ld  be  secure l y connected  to  earth .  

Other types  of  i nner l i ner  or  i nner l i ners  of  unknown  type  shou ld  on l y be  used  i n  the  presence  
of  hazardous  explos ive  atmospheres  after  detai l ed  evaluation  by an  expert.  

I nsu lating  l i ft i ng  be l ts  and  l oops  for FIBC shou ld  compl y wi th  the  wid th  restriction  i n  Table  3 .  
Metal  f i t t i ngs  (shackles)  for connecti on  between  bel ts  and  ropes  for FIBC shou ld  not  be  used  
for FIBC Types  B  and  D .  For Type  C  they shou ld  be  earthed .  

9.6.2  Addi tional  precautions  when  using  FIBC 

I so lated  conducti ve  objects  (e. g .  too ls,  bo l ts,  c l ips,  etc. )  shou ld  not  be  stored  on ,  attached  to,  
or  even  temporari l y p laced  on  any type  of  FIBC duri ng  f i l l i ng  and  emptyi ng  operations .  Even  
wi th  Type  C  FIBC,  the  rough  nature  of  some FIBC materials  may prevent  conducti ve  obj ects  
placed  on  the  FIBC  from  con tacti ng  the  conducti ve  e lements  i n  the  fabric  o f  the  FIBC.  

I n  hazardous  areas,  al l  conductive  objects  wi th in  the  immediate  vici n i ty of  any FIBC ( i . e .  l ess  
than  about  1  m  away)  shou ld  be  properl y earthed  duri ng  f i l l i ng  and  emptying  operati ons.  

Precau tions  shou ld  be  taken  to  preven t  the  con tam inati on  of  any FIBC wi th  substances  (e . g .  
water,  rust,  o i l ,  g rease,  e tc. )  that  m igh t  create  an  i gn i t ion  hazard  or  impai r  charge  d iss ipati on .  
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1 0  Stati c  electrici ty when  handl i ng  expl osi ves and  electro-expl osi ve devi ces  

1 0. 1  Expl osives manu factu re,  h and l in g  and  storag e  

1 0. 1 . 1  G en eral  

Static  e lectric i ty accumu lated  on  i solated  conductors  or  people  may cause  the  i gn i t i on  of  
explos i ves  wi th  severe  or even  catastroph ic  resu l ts .  There  are  vari ous  types  of  explos i ves  
(so l i d ,  powder or  l i qu i d)  and  they may be  encoun tered  i n  many forms  such  as  bu lk,  bagged,  
p last ics,  pe l l eted,  compacted,  mou lded  or  f i l l ed  i n to  metal  or  p last ics  con tainers .  Before  
hand l i ng  or  processing  explos ives,  cons iderati on  shou ld  be  g i ven  to  the  speci f ic  
recommendations  g i ven  i n  1 0 . 1 . 2  to  1 0 . 1 . 4,  bu t  i n  add i t i on  reference  shou ld  be  made to  those  
clauses  of  th is  document  that  are  re levant  to  the  part icu lar  operati ons  to  be  performed.  

The  energy requ i red  i n  a  spark to  cause  ig n i t i on  of  an  explos ive  varies  wi th  the  type  of  
explos i ve  and  i ts  phys ical  state .  I n  general ,  primary explos ives  are  much  more  sens i t i ve  than  
propel lan ts  or  h i gh  explosives,  wh i l e  pyrotechn ics  exh ibi t  a  wide  range  of  sens i t i vi ty.  

The  exten t  of  the  precau tions  that  shou ld  be  appl ied  depends  upon  the  m in imum  spark energy 
for i gn i ti on ,  and  explos ives  may be  d i vi ded  i n to  th ree  c lasses  depend ing  upon  th is  m in imum  
spark energy.  I t  i s  essential  to  u nderstand  that  the  m in imum  spark energy for i g n i t i on  of  
explos i ves  i s  measured  by means  of  a  special ised  test  for  speci f ic  use  wi th  explos ives.  

The  three  classes  of  explos i ves  and  the  precau ti ons  that  shou ld  be  adopted  for th em  are  
g i ven  i n  1 0. 1 . 2 ,  1 0 . 1 . 3  and  1 0. 1 . 4 .  Deviat i ons  from  these  recommendations  shou ld  not  be  
made wi thou t  taking  expert  advice.  Special i sed  earth ing  techn iques  are  used  i n  the  explos ives  
i ndustry for  sens i t i ve  or  very sensi t i ve  explos ives.  

A re lat i ve  hum id i ty of  more  than  40  % shou ld  be  main tained .  H igher hum id i ty may be  requ i red  
when  hand l i ng  more  sensi t i ve  materials .  

1 0. 1 . 2  Fi rst  d eg ree protection  

These  comparativel y i nsensi t i ve  explos ives  have  a m in imum  spark energy for i gn i t ion  g reater  
than  450  mJ ,  and  the  precau tions  g i ven  here  are  su ff ici ent  when  they are  hand led .  

Al l  l arge  conducti ve  obj ects,  such  as  f i xed  plan t  and  equ ipment systems,  shou ld  be  earthed .  
Where  the  earth ing  i s  by means  of  metal l i c  conductors  the  res is tance  to  earth  shou ld  be  l ess  

than  1 0  Ω .  Th is  res istance  i nd icates  a re l i able  earth  connecti on  wi th  a metal l i c  conductor.  
Non-metal l i c  materials  may also  be  used  for  earth i ng  provid ing  they meet  the  requ i rements  of  
Clause  1 3 .  

1 0. 1 . 3  In termed i ate protecti on  

These  are  sens i t i ve  explosives  wi th  sens i ti veness  between  those  deal t  wi th  i n  1 0. 1 . 2  and  
1 0 . 1 . 4,  and  have  m in imum  spark energ ies  for i gn i t ion  g reater than  1  m J  and  l ess  than  or  
equal  to  450  mJ .  

Depend ing  on  the  properti es  of  the  particu lar explos i ve  and  the  way in  wh ich  i t  i s  hand led ,  
some re laxation  of  the  fu l l  precauti ons  g i ven  i n  1 0 . 1 . 4  may be  acceptable.  Special is t  advice  
shou ld  be  sought  to  determ ine  the  leve l  of  precau ti ons  appl icable  to  each  speci f i c  case.  

1 0. 1 . 4  Second  d eg ree protecti on  

The m in imum  spark energy for i gn i t ion  of  these  very sensi t i ve  explos ive  materials  i s  l ess  than  
or equal  to  1  mJ  and  the  fo l l owing  precau ti ons  are  requ i red :  
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a)  Al l  equ ipment,  i nclud ing  movable  and  portable  i tems,  shou ld  be  earthed .  The  earth  

res istance  shou ld  not  exceed  1 0  Ω  i n  the  case  of  metal  parts  and  1 00  kΩ  i n  al l  other  
cases.  I nsu lat i ng  materials  shou ld  be  ri gorous l y excluded.  

b)  Al l  people  shou ld  be  earthed  by means  of  f l oors  wi th  maximum  leakage  resis tance  of  

50  kΩ ,  and  footwear wi th  maximum  leakage  res is tance  of  1 00  kΩ .  A  personnel  res istance  
mon i tor shou ld  be  i nstal l ed  at  every entrance  to  any area where  such  footwear i s  requ i red .  
When  hand l i ng  composi t i ons  having  i gn i t i on  energ ies  of  l ess  than  0, 1  mJ ,  cons ideration  
shou ld  be  g i ven  to  the  i nstal l ati on  of  personnel  res istance  mon i tors  at  the  i nd i vi dual  work 
stations.  

c)  Outer c loth ing  shou ld  not  be  made from  insu lati ng  materials .  C loth i ng  shou ld  i n  no  
ci rcumstances  be  removed  i n  the  area where  the  explos ive  i s  bei ng  hand led  (see  1 1 . 5) .  

d )  Conducti ve  obj ects  wh ich  cou ld  act  as  spark promoters  shou ld  be  avoided,  for  example  
ri ngs  on  people,  wet  f i ngers,  conducti ve  too ls  or  wi res .  

e)  The  re lati ve  hum id i ty of  the  atmosphere  shou ld  not  be  less  than  65  %.  

f)  Care  shou ld  be  taken  to  prevent  a number of  smal l  capaci tances  becom ing  electrical l y 
coupled  together  to  g i ve  a much  larger capaci tance.  

g )  Use  of  i nsu lati ng  g loves  shou ld  be  avoided .  I t  i s  advisable  to  avoid  use  of  g loves  en ti re l y 
where  toxici ty or  other cons iderations  do  not  prevent  i t.  

1 0.2  Hand l ing  of  electro-explosive  devices  

1 0.2. 1  General  

Electro-explos ive  devices  such  as  e lectric  detonators  may i nadvertentl y be  i gn i ted  by a  
d ischarge  of  s tat ic  e l ectri ci ty,  e i ther th rough  the  fusehead  or between  the  metal  case  and  the  
fusehead.  Many e lectro-explos ive  devices  can  be  more  sensi t i ve  to  e l ectrostati c  energy i n  th is  
l atter  con figurati on .  The  stat ic  e l ectric i ty may accumu late  on  an  i so lated  person  as  a resu l t  of  
the i r  movemen ts,  and  people  and  i tems  of  equ ipment may become charged  du ri ng  
thunderstorms,  dust  or  d ry sand  storms.  Charge  may also  be  generated  du ring  the  pneumatic  
l oad ing  of  bore  ho les  wi th  g ranu lar b last ing  explosives.  

Precau tions  to  avoid  the  hazard  are  g i ven  i n  1 0 . 2. 2  to  1 0. 2. 4  i nclusi ve  and  they shou ld  be  
observed  at  al l  t imes  when  e lectro-explos ive  devices  are  being  hand led ,  that  i s  du ri ng  
storage,  i ssue  and  preparati on  for  use.  

I t  shou ld  be  recogn ised  that  there  are  other sources  of  hazard  when  handl i ng  e lectro-
explos ive  devices,  for  example  the  pick-up  of  energy from  sources  of  e l ectromagnetic  
rad iati on  and  testi ng  for con ti nu i ty of  the  f i r i ng  ci rcu i t .  Appropriate  manuals  shou ld  be  
consu l ted  for  these.  

1 0.2.2  Earth ing  

People  shou ld  have  an  adequatel y conducti ve  path  to  earth ,  for  example  by wearing  
conductive  footwear,  and  preferabl y they shou ld  wear cotton  type  cl oth i ng .  However,  i n  some 
envi ronments ,  for  example  m ines,  conti nuous  earth ing  of  people  may not  be  feas ible,  and  i t  i s  
recommended  that  the  procedures  i n  1 0 . 2. 3  and  1 0. 2. 4  shou ld  therefore  always  be  fo l l owed.  

Al l  conducti ve  equ ipmen t i n  the  area,  such  as  rai ls  and  pipi ng ,  and  al l  mach inery shou ld  be  
earthed.  I t  shou ld  be  noted  that  o ther codes  of  practice  may also  requ i re  conductors  to  be  
bonded  to  each  other to  avoid  any d i fference  i n  potential  between  them  wh ich  m ight  cause  a  
curren t  to  f l ow through  l ead  wi res  making  contact  wi th  them .  

I f  a  g ranu lar type  explosive  i s  be ing  l oaded  pneumatical l y i n to  a bore  ho le,  the  load ing  
equ ipment  shou ld  be  earthed.  The  hose  assembly shou ld  be  conducti ve  or  d iss ipati ve  and  
shou ld  be  connected  to  earth .  Special i sed  codes  of  practice  exis t  on  th is  subject  and  shou ld  
be  consu l ted.  



IEC TS  60079-32-1 :201 3+AMD1 :201 7  CSV – 1 01  – 
© I EC  201 7  

1 0.2.3  Precautions during  storage and  i ssue 

Electro-explos ive  devices  are  received  from  the  manu factu rer wi th  the  leads  fo lded  and  
wrapped  and  the  bare  ends  twisted  together.  I f  the  bare  ends  are  found  to  be  unconnected ,  
the  operati ve  shou ld  earth  h imsel f  and  reconnect  them .  I f  the  poss ibi l i ty of  s i gn i f i cant  
e lectromagnetic  f ie l ds  exists  then  care  wi l l  need  to  be  taken  to  ensure  that  such  procedures  
do  not  create  a  rad io  frequency i g n i t i on  hazard .  These  devices  shou ld  not  be  packaged  or  
transported  i n  i nsu lat i ng  materials ,  e. g .  po l yethylene  bags  or  po l ystyrene  foam  packs;  the  use  
of  metal l i c  or  conducti ve  packs  i s  advised  for th is  purpose  and  these  may also  provide  some 
protecti on  against  any rad io  frequency hazard.  

1 0.2.4  Precautions during  preparation  for use  

When  the  f i r i ng  cable  has  been  lai d  ou t  the  bare  wi res  at  each  end  shou ld  be  connected  to  
each  o ther  and  to  a  su i table  earth ,  such  as  a  metal  rod  dri ven  i n to  the  g round,  wh ich  shou ld  
be  wetted  i f  very dry.  Th is  cable  and  al l  o ther l eads  shou ld  be  kept  separate  from  conductors  
i n  the  area,  such  as  rai l s  and  piping .  

A check shou ld  be  made  to  see  that  the  device  leads  are  connected  together.  After  
connecti ng  them  i f  necessary (see  1 0. 2. 3) ,  they shou ld  be  earthed  to  the  earth  rod  or other  
su i table  earth  at  the  f i r i ng  end .  The  device  l eads  can  then  be  uncoi led  and  l ai d  along  the  
g round .  

The  operati ve  shou ld  then  make su re  that  they are  earthed  before  they hand le  the  metal  case  
of  the  device  prior  to  connecting  i t  to  the  f i r i ng  cable.  

Appropriate  precau ti ons  shou ld  be  taken  against  atmospheric  e l ectrici ty (e. g .  l i gh tn ing )  
accord ing  to  the  type  of  device  used.  

1 1  Static  electrici ty on  people  

1 1 . 1  General  considerations  

I t  i s  very importan t  that  people  who  may be  exposed  to  f l ammable  atmospheres  having  a  M IE  
l ess  than  1 0  mJ  shou ld  be  earthed  to  preven t  them  from  becom ing  e lectrostatical l y charged .  
I so lat i on  from  earth  can  occur due  to  the  fact  that  many f l oor  coveri ngs  and  the  so les  of  
footwear are  made  from  i nsu lat i ng  materials .  There  are  many mechan isms  that  can  cause  a  
person  to  become charged  and  the  fo l l owing  are  examples:  

a)  walki ng  across  a  f l oor;  

b)  ri s ing  from  a seat;  

c)  removing  c loth ing ;  

d )  hand l i ng  plast ics;  

e)  pouri ng  from  or  co l l ecti ng  charged  material  i n  a  container;  

f)  s tand ing  c l ose  to  h i gh l y charged  obj ects ,  e . g .  a  moving  be l t .  

I f  an  e lectrostatical l y charged  person  touches  a  conducti ve  object  (e. g .  door hand le,  hand  rai l ,  
metal  con tainer)  a  spark can  occur at  the  po in t  of  con tact.  Such  sparks,  wh ich  are  un l ikel y to  
be  seen ,  heard  or  even  fel t  by the  person ,  can  cause  i gn i t ions.  Sparks  from  a person  are  
capable  of  i gn i t ing  gases,  vapours  and  even  some of  the  more  sensi t i ve  dusts.  

I t  i s  very importan t  that  people  who  may be  exposed  to  f l ammable  atmospheres  having  M IE  

<  1 0  mJ  shou ld  be  prevented  from  becom ing  e lectrostatical l y charged  by being  earthed .  Th is  
i s  best  ach ieved  by having  a conducti ve  or d i ss ipati ve  f loor and  ensuring  that  people  wear  
d iss ipative  footwear.  However,  i n  Zone  2  and  in  Zone  22  earth i ng  of  people  i s  requ i red  on l y 
when  charge  generati on  i s  conti nuous.  
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NOTE  The  worst  case  vo l tage  wh i ch  may common ly be  acqu i red  by people  i s  abou t  20  kV.  Wi th  the  typi cal  
capaci tance  of  the  human  body bei ng  abou t  1 50  pF,  the  resu l t i ng  maximum  stored  energy i s  abou t  30  m J .  
However,  due  to  the  h i g h  ohm ic  res i stance  of  the  h uman  ski n  abou t  two  th i rds  of  the  s tored  energy g ets  l ost.  For 
th i s  reason ,  sparks  from  the  h uman  body have  a  maximum  equ i valen t  i gn i t i on  energy of  on l y  1 0  mJ  except  when  
hand l i ng  l arge  conducti ve  tool s .  

1 1 .2  Static  d issipative floors  

The recommended  leakage  resistance  for f l oors  i s  1  MΩ  to  1 00  MΩ  (see  Clause  1 3) .  I n  many 
factory envi ronments  the  conven ti onal  f l oori ng  materials ,  for  example,  bare  concrete  or  steel  
g rids ,  are  adequatel y conducti ve .  I n  order to  remain  effecti ve,  the  f l oor  shou ld  not  be  covered  
by i nsu lat ing  pain t,  rubber mats  or  p lastic  sheet,  etc. ,  and  care  shou ld  be  taken  to  prevent  the  
bu i l d-up of  con tam inants  such  as  res i n  or  other i nsu lat i ng  substances,  and  i ts  res istance  
shou ld  be  regu larl y checked.  

I n  case  of  a  bare  metal  surface  f loor (e . g .  s tee l  g rat i ng  and  p late)  the  use  of  appropriate  
footwear (see  1 1 . 3)  i s  necessary to  preven t  dangerous  electrical  shocks  to  people.   

There  are  several  s tandards  publ i shed  wi th  d i fferen t  measuri ng  methods  for test i ng  the  

conductivi ty of  a  f loor.  I n  I EC 61 340-4-1  the  test  i s  executed  wi th  a c i rcu lar e lectrode,  (65  ±  5)  
mm  in  d iameter pressed  to  the  f l oor  wi th  2 , 5  kg  (hard  f l oor)  or  5 , 0  kg  (soft  f l oor) .  I n  I SO 1 0965  
measurement i s  done  wi th  a  c i rcu lar e lectrode,  65  mm  in  d iameter pressed  to  the  f l oor wi th  
5, 0  kg .  ASTM  F1 50  uses  a c i rcu lar e lectrode,  63 , 5  mm  in  d iameter pressed  to  the  f l oor wi th  
2, 5  kg .  EN  1 081  uses  a th ree-footed  electrode  pressed  to  the  f loor by a person  s tand ing  on  i t .  
As  each  method  yi e l ds  a somewhat  d i fferen t  resistance  i t  i s  importan t  that  the  measuring  
method  used  i s  s tated  i n  product  speci fi cati ons  and  test  reports .  

NOTE  1  I n  i deal  cases  the  d i fferences  between  the  measured  res i stances  of  the  d i fferent  methods  described  
above  are  smal l .  I n  real i ty,  rough  su rfaces,  e . g .  external  concrete  forecourts  wi th  s i gn i f i cant  s tone  content  s tand i ng  
proud  may i n fl uence  the  measured  res i s tance  depend ing  on  the  e l ectrode  su rface  used  and  the  appl i ed  pressu re.  
Improved  resu l ts  may be  obtai ned  wi th  conducti ve  foam  pads  under I EC  61 340-4-1  e l ectrodes  to  take  up  
roughness  of  several  mm .  However,  th i s  may not  repl i cate  the  practi cal  s i tuati on  of  a  person ’s  footwear wi th  hard  
soles.  

NOTE  2  The  val ues  i n  th i s  parag raph  do  not  necessari l y  appl y to  s i tuat i ons  where  sensi t i ve  explos i ves  are  
hand led .  See  Cl ause  1 0  for  special  requ i rements  i n  th i s  case.  

1 1 .3  Dissipative and  conductive footwear  

There  are  two  types  of  footwear wh ich  are  used  for earth in g  people  i n  order  to  preven t  them  
from  becom ing  e lectrostatical l y charged:  

a)  d iss ipati ve  footwear has  both  an  upper and  a l ower res is tance  requ i remen t (see  3 . 9) .  The  
upper l evel  i s  l ow enough  to  preven t  the  bu i l d -up  of  e l ectrostatic  charge  i n  most  s i tuations  
and  the  lower l evel  offers  some protection  i n  the  event  of  accidental  contact  wi th  mains  
e lectrici ty.  Th is  type  of  footwear  i s  su i table  for  general  use;  

NOTE  1  I SO 20345  defi nes  an ti s tat i c  (d i ss ipati ve)  footwear as  havi ng  res i stance  measu red  i n  accordance  

wi th  I SO 20344  of  between  1 00  kΩ  and  1  GΩ .  An ti s tat i c  (d i ss ipati ve)  footwear defi ned  by I SO 20345  may not  
sat i sfy  the  res i stance  requ i rements  speci f i ed  i n  th i s  document .  

NOTE  2  D i ss ipat i ve  shoes  shou ld  not  be  worn  as  the  primary protect i ve  measure  against  mains  e l ectri ci ty as  
th i s  may encourage  people  to  work on  l i ve  e l ectri cal  systems,  al though  u nder some  ci rcumstances  (e . g .  when  
wet)  the  shoes  may be  i neffect i ve.  

NOTE  3  Resi stance  of  d i ss ipat i ve  material s  made  from  rubber  con tai n i ng  carbon  bl ack sometimes  i ncreases  
wi th  decreas ing  temperatu re.  

b)  conductive  footwear has  a very low res istance  (see  3 . 3)  and  i s  worn ,  for  example,  by 
people  who  have  to  hand le  sens i t i ve  explos ives.  Th is  type  of  footwear shou ld  not  be  worn  
where  there  i s  any risk of  accidental  contact  wi th  mains  e lectric i ty and  i t  i s  not  su i table  for  
general  use.  

NOTE  Except  i n  the  case  of  very sens i t i ve  expl os i ves  on l y d i ss ipat i ve  footwear i s  usual l y  requ i red .  

Socks  or stockings  do  not  normal l y adversel y affect  the  properti es  of  e i ther  types  of  footwear;  
however,  some types  of  overshoes  and  orthopaed ic  i nsoles  can  do  so.  
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Diss ipative  footwear used  i n  con juncti on  wi th  conducti ve  or d i ss ipative  f l ooring  provides  a  
means  to  contro l  and  d i ssipate  stat ic  e lectric  charges  from  the  human  body.  Res is tance  to  

earth  th rough  d issipati ve  footwear and  conducti ve  f loori ng  shou ld  be  between  1 00  kΩ  and  

1 00  MΩ .  For  handl i ng  explos ive  materials  the  res istance  to  earth  th rough  footwear and  

f looring  shou ld  be  l ess  than  1  MΩ ,  or  l ess  than  1 50  kΩ  i f  the  m in imum  spark energy for 
i gn i ti on  of  the  explos ive  i s  l ess  than  or  equal  to  1  mJ .  

Res is tances  can  be  measured  wi th  commercial l y avai lable  footwear conductivi ty testers  wh ich  
measure  the  resistance  between  a hand-held  metal  bar  via  body and  feet  to  a  metal  p late  on  
wh ich  the  person  stands.  Al ternati ve l y,  the  res is tance  between  a  shoe  f i l l ed  wi th  shot  pel l ets  
and  a  steel  plate  on  wh ich  the  shoe  i s  pressed  can  be  measured  accord ing  to  I EC  61 340-4-3.  

The  res is tance  of  footwear can  i ncrease  wi th  the  accumu lation  of  debris  on  the  footwear,  use  
of  orthopaed ic  i nso les,  and  reduced  f l oor  contact  area.  The  conducti vi ty of  footwear shou ld  be  
tested  frequen tl y to  conf i rm  functional i ty.  

1 1 .4  Supplementary devices  for earth ing  of  people  

Where  d iss ipative  footwear  wi l l  not  provide  adequate  earth i ng  of  the  person ,  supplementary 
devices  shou ld  be  used .  Such  devices  i nclude  wri st  straps,  heel /toe  g rounders  and  conducti ve  
overshoes.  

Supplementary devices  shou ld  be  selected  so  that  accumu lation  of  hazardous  stat ic  e l ectric  
charge  i s  prevented,  wh i le  the  risk of  e l ectrocuti on  i s  not  i ncreased .  I n  most  practical  

s i tuati ons ,  earth i ng  of  people  i s  ach ieved  by ensu ring  a resis tance  to  earth  of  1 00  MΩ  or  l ess .  
The  need  to  protect  against  e lectrocu tion  via  an  earth i ng  device  imposes  a  m in imum  

res istance  from  skin  to  g round  of  1 00  kΩ .  Based  on  ski n  con tact  and  con tact  wi th  the  f loor,  
especial l y during  act i vi t i es  where  the  enti re  so le  of  the  footwear i s  not  i n  contact  wi th  the  f l oor  
(e. g . ,  kneel i ng ) ,  effecti veness  can  be  comprom ised.  Earth i ng  devices  shou ld  have  a  m in imum  

res istance  of  1 00  kΩ  for  shock protection .  

The  s implest  type  of  commercial  device  i s  an  earth ing  bracelet  wi th  a bu i l t- i n  res istor typi cal l y 

g i vi ng  a  res istance  to  g round  of  abou t  1 00  kΩ  for  shock protection .  Wrist  straps  of  th is  type  
have  the  g reatest  u t i l i ty at  venti l ati on  hoods  and  at  other l ocations  where  l im i tat i on  on  the  
operator’s  mobi l i ty can  be  to lerated .  Breakaway wris t  tether systems  cou ld  be  necessary 
where  emergency egress  i s  needed .  A hood  can  be  equ ipped  wi th  two  external  coi l ed  earth ing  
cords  wi th  cu ff  attachments  that  can  be  removed  and  kept  by i nd i vi dual  users .  Earth  conti nu i ty 
shou ld  be  checked  period ical l y to  the  manu facturer’s  speci f ied  l im i ts .  

1 1 .5  Cloth ing  

I n  spi te  of  the  fact  that  modern  c lo th i ng ,  made  from  syn thetic  texti l es,  can  read i l y become 
electrostatical l y charged  i t  i s  not,  i n  many cases,  an  i gn i t ion  ri sk provid i ng  that  the  wearer i s  
earthed  by means  of  su i table  footwear (see  1 1 . 3)  and  f looring  (see  1 1 . 2) ,  or  by other means  
such  as  a wrist  s trap and  earth  bond ing  cord .  However,  c lo th ing  shou ld  provide  proper  f i tt i ng  
and  s i z i ng  (see  I SO 1 3688)  and  al low fu l l  body movement  wi th  al l  c losures  fastened  accord ing  
to  manufacturer’s  i nstructi ons.  C loth ing  shou ld  be  as  cl ose  f i t t i ng  as  i s  practical  and  shou ld  
not  be  removed  or u n fastened  in  areas  where  there  cou ld  be  f lammable  atmospheres  (e . g .  
Zone  0 ,  Zone  1 ,  Zone  20  and  Zone  21 ) .  

Al though  the  l ike l ihood  of  i gn i ti on  by a g rounded  person  due  to  any type  o f  cloth ing  i s  usual l y 
very l ow,  the  charg ing  of  people  (e. g .  when  a person  i s  gett i ng  ou t  of  a  forkl i ft  truck)  i s  g reatl y 
i ncreased  by c loth ing  that  has  h i gh  res is ti vi ty.  

I n  s i tuati ons  where  there  i s  a  combination  of  h i gh  charg ing  acti vi t i es  and  the  presence  of  low 
MIE  gases  or vapours,  the  use  of  d iss ipati ve  cl oth ing  may be  requ i red .  Table  21  provides  
gu idance  on  when  d iss ipati ve  cloth ing  may be  requ i red.  Border l im i ts  for  d iss ipati ve  cl oth ing  
are  g i ven  i n  Table  1 .  
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Test  methods  and  performance  requ i rements  for personal  protecti ve  cl oth ing  for  use  i n  
f lammable  atmospheres  are  con tained  i n  EN  1 1 49.  D iss ipative  c lo th i ng  shou ld  cover al l  o ther  
cloth ing .  The  ou ter c loth i ng  shou ld  be  earthed  e i ther th rough  contact  wi th  the  body of  the  
wearer,  or  by d i rect  earth  connecti on .  I n  the  case  of  cloth i ng  wi th  i n teg rated  conductive  f i bres  

earth ing  of  the  person  wi th  a res istance  of  l ess  than  1 00  MΩ  i s  su ff ic i en t.  

Cloth ing  for use  i n  f l ammable  atmospheres  i s  Category I I  Personal  Protecti ve  Equ ipment  and  
shou ld  compl y i n  Europe  wi th  the  Essential  Heal th  and  Safety Requ i rements  of  EC  D i recti ve  
89/686/EEC.  

NOTE  1  Al though  s i l k  and  most  syn theti c  f i bres  are  excel l en t  i nsu l ators  and  u ndergarments  made  from  these  
material s  exh ib i t  s tati c  phenomena,  no  evi dence  exi sts  to  i n d i cate  that  weari ng  such  undergarments  const i tu tes  a  
hazard .  

NOTE  2  Cl oth i ng  wi th  i n teg rated  conducti ve  f i bres  does  not  prevent  the  wearer from  e lectri c  shocks.  

NOTE  3  The  res i s tance  of  d i ss ipat i ve  materi al s  made  from  rubber  con tai n i ng  carbon  black may sometimes  
i ncrease  wi th  decreasi ng  temperatu re.  

Tabl e  21  – Determi nation  of  requ i rem ent  for  el ectrostatic  d issipative  protective  
cloth in g  an d  oth er i tem s of  person al  protecti ve  eq u ipment  

Hazard ou s  Zon e  Probabi l i ty of  Ch arg i n g   0 , 02  m J  ≤  M I E  ≤  0 , 20  m J   M IE  >  0 , 20  m J  

Zon e 0  
High  

Requ i red  

Requ i red  

Low 
Recommended  

Zon e 1  
High  

Low 

Not  Requ i red  
Zon e 2  

High  Recommended  

Low Not  Requ i red  

Zon es  20,  21  or  22  -  Not  Requ i red  

 

I n  oxygen-enriched  atmospheres,  such  as  those  that  cou ld  be  presen t  i n  l i qu id  oxygen  f i l l i ng  
plants ,  vapour from  the  cooled  gas  can  permeate  an  employee’s  cl oth i ng ,  i ncreas ing  i ts  
combustibi l i ty.  C loth i ng  can  then  be  eas i l y i g n i ted  by s tatic  e l ectric i ty d i scharges  from  charged  
people  or  c loth ing .   

The  M IE  of  oxygen-en ri ched  atmospheres  may be  l ess  than  the  M IE  of  the  f lammable  
substance  common ly found  i n  l i terature.  I f  i t  i s  determ ined  that  an  oxygen-enriched  
atmosphere  may occur,  care  shou ld  be  taken  to  ensure  the  value  of  the  M IE  used  for the  
purposes  of  r i sk assessmen t i s  that  measured  us ing  the  oxygen-enriched  atmosphere.  

Expert  advice  shou ld  be  obtained  before  se lecti ng  e lectrostatic  d iss ipati ve  protecti ve  c loth ing  
or equ ipmen t for use  i n  hazardous  zones  wi th  M IE  l ess  than  0, 02  mJ .  The  requ i rements  
speci f ied  i n  EN  1 1 49-5  are  based  on  explos ive  atmospheres  wi th  M IE  of  0 , 02  mJ  or g reater.  

I f  c lo th i ng  becomes  con tam inated  wi th  f l ammable  so lven ts,  there  i s  a  ri sk of  e lectrostatic  
i gn i ti on  i f  the  cloth i ng  i s  removed  or o ther h i gh  charg ing  act i vi t i es  occur.  Un less  there  i s  an  
immed iate  ri sk of  chem ical  burn  or  toxici ty,  c l oth ing  that  i s  contam inated  wi th  f lammable  
so lvents  shou ld  be  doused  wi th  water  or  the  f lammable  so lvent  al l owed  to  evaporate  before  
the  c loth i ng  i s  removed.  

Metal l i c  f i bres  (e. g .  s tai n less  s teel ,  s i l ver coated  f i bres ,  etc. )  and  other  f ibres  of  very l ow 
res isti vi ty that  may be  used  i n  d i ss ipati ve  c loth ing  do  not  preven t  e l ectrostatic  shock hazards .  
Such  f ibres  shou ld ,  therefore,  on l y be  used  wi th  cau tion  i n  areas  where  there  may be  a r i sk of  
e lectrostatic  shock.  
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NOTE  Metal l i c  f i bres  can  cause  smal l  nu i sance  shocks  to  be  fe l t  where  c l oth i ng  con tacts  the  ski n  (e . g .  at  the  
wri sts  and  neck) .  Such  shocks  are  caused  by l ocal i sed  d i scharges  between  the  ski n  and  the  metal l i c  f i bres .  

The e lectrostatic  properti es  of  protecti ve  c loth i ng  may change  wi th  weari ng  time,  after  
cl ean ing  procedures  or  after exposu re  to  extreme  cond i t i ons.  Cloth i ng  shou ld  be  main tained  
i n  accordance  wi th  manufacturers ’  i nstructi ons .  For example  i t  may be  necessary to  re- treat  
cl oth ing  wi th  a  special  f i n i sh  each  t ime  i t  i s  washed.  

1 1 .6  G loves  

Gloves  made from  insu lat i ng  materials  cou ld  al l ow obj ects  he ld  i n  the  hand  to  become and  
remain  charged .  G loves  worn  i n  Zone  0  and  Zone  1  shou ld ,  therefore,  be  made from  
d iss ipati ve  or conductive  materials .  They may be  tested  wh i l e  worn  i n  con j unction  wi th  
footwear.  Typical l y the  res istance  i s  measured  between  a  hand-held  metal  bar and  a metal  
p late  on  wh ich  the  person  s tands.  The  same res istance  l im i ts  as  prescribed  for footwear  
shou ld  be  appl ied  (see  1 1 . 3) .  

Gloves  for use  i n  f lammable  atmospheres  are  Category I I  Personal  Protecti ve  Equ ipmen t and  
shou ld  compl y i n  Europe  wi th  the  Essential  Heal th  and  Safety Requ i rements  of  EC D i recti ve  
89/686/EEC.  

NOTE  1  The  test  procedu res  descri bed  i n  the  parag raph  above  are  su i tabl e  for  end-user veri f i cat i on  and  dai l y  
checking  of  g l oves  wi th i n  the  g l ove/person/footwear system .  For type  qual i f i cati on  testi ng ,  add i t i onal  product  
s tandards  may appl y,  e . g .  CEN  are  developi ng  a  product  s tandard  for  personal  protect i ve  g l oves  agai nst  
e l ectrostati c  r i sks.  

NOTE  2  I n  some cases  the  bas i s  for  hand  protecti on  wi l l  be  preventi on  of  exposu re  to  toxi c  substances  and  i t  
may not  be  poss ible  to  speci fy  a  g l ove  wh i ch  s imu l taneous ly  meets  the  goal s  of  s tat i c  charge  d i ss ipat i on  and  
chem ical  res i s tance.  I n  such  cases  i t  may be  necessary to  provide  an  al ternati ve  means  of  earth i ng  conducti ve  
hand-hel d  obj ects .  

When  the  i n tended  path  to  earth  for conducti ve  objects  or  too ls  he ld  i n  the  hand  i s  via  a 
person  wearing  g loves,  the  e lectrical  res is tance  measured  through  the  g l oves  shou ld  be  l ess  
than  the  overal l  res is tance  to  earth  l im i t.  For general  use  the  res istance  to  earth  via the  

g loves  shou ld  be  less  than  1 00  MΩ ,  and  for more  cri t i cal  appl icati ons  (e . g .  hand l ing  sensi ti ve  

explos ives)  the  res istance  to  earth  via  the  g l oves  shou ld  be  less  than  1 00  kΩ .  

1 1 .7  Other I tems  

Protecti ve  helmets,  breath ing  apparatus ,  vi sors  etc.  made  from  plastics  may become charged ,  
bu t  i f  they are  used  wi th  care  i n  accordance  wi th  manufacturer’s  recommendations,  they are  
un l ikel y to  presen t  an  e lectrostatic  i gn i t i on  ri sk i n  Zone  1 ,  Zone  2 ,  Zone  20,  Zone  21  or  Zone  
22  areas,  provided  there  are  no  h igh  charg ing  act i vi t i es .  As  wi th  cloth ing ,  there  may be  
e lectrostatic  i gn i t ion  r isks  i f  there  i s  a  combinati on  of  h i gh  charg ing  acti vi t i es  (e. g .  wiping  a  
visor)  and  low MIE  gases  or  vapou rs  present.  The  gu idance  g iven  in  Table  21  may also  be  
i n terpreted  for use  wi th  other i tems  of  personal  protecti ve  equ ipment.  I n  areas  where  the  use  
of  d iss ipati ve  i tems  i s  i nd icated  i n  Table  21 ,  personal  protecti ve  equ ipmen t shou ld  be  made  
from  d iss ipative  or  conducti ve  materials  accord ing  to  Table  1  and  earthed  via the  body of  the  
wearer.  Any i nsu lating  materials  used  in  the  construction  of  personal  protecti ve  equ ipment  
shou ld  be  l im i ted  i n  area as  i nd icated  i n  Table  3 .  

1 2  Electrostatic  shock 

1 2. 1  In troduction  

The d ischarge  of  static  e lectrici ty th rough  a person 's  body can  cause  an  e lectrostatic  shock.  
The  smal lest  d i scharge  energy a  person  can  fee l  to  or  from  h is  body i s  about  1  mJ .  As  th is  
energy i s  i ncreased  variations  i n  response  are  observed.  Some people  f i nd  1 0  mJ  
uncomfortable  due  to  muscu lar  contracti on ,  whereas  o thers  can  accept  several  hundred  mJ  
before  they experience  sharp muscu lar contracti on .  1  000  mJ ,  however,  affects  everybody 
severe l y.  I n  i nci dents  i n  wh ich  people  have  been  rendered  unconscious,  the  d ischarge  energy 
was  est imated  to  be  several  j ou les.  



 – 1 06  – IEC  TS  60079-32-1 :201 3+AMD1 :201 7  CSV 
  © I EC  201 7  

Since  i n  most  s i tuati ons  electrostatic  d i scharge  energ ies  are  below 1 00  mJ ,  serious  
phys io log ical  shocks  are  very rare .  I rrespecti ve  of  whether  the  shock i tse l f  i s  harm fu l ,  the  
i nvo lun tary muscu lar reacti on  resu l t i ng  from  the  shock can  cause  an  acciden t  l ead ing  to  i n j u ry 
or  even  death  th rough  e. g .  dropping  of  an  i nstrument or  precipi tating  a  fal l .  I n  add i t i on  to  
these  hazards,  the  e lectrostatic  d i scharge  that  normal l y precedes  these  shocks  can  also  
i gn i te  f l ammable  atmospheres.  

E lectrostatic  shocks  due  to  stat ic  e l ectric i ty d i ffer to  some extent  from  other forms  of  e lectric  
shock in  that  they are  of  short  du ration  ( l ess  than  1  ms) ,  they normal l y i nvolve  h i gh  vol tages  
(several  or  tens  of  kV) ,  and  safe/hazardous  l evels  are  expressed  i n  terms  of  energy or 
charge,  as  opposed  to  cu rrent.  

1 2 .2  Discharges relevant  to  electrostatic  shocks  

Static  e l ectrici ty g i ves  r ise  to  several  types  of  d ischarge  and  thei r  propert ies  are  fu l l y  
d i scussed  i n  A. 3 .2  to  A. 3 .7.  The  fo l l owing  are  considered  to  be  most  relevan t  to  e lectrostatic  
shocks  to  people:  

a)  brush  d ischarges  can  occur when  a person  moves  c lose  to  or  touches  a  h i gh l y charged  
i nsu lator (so l i d  or  l i qu i d) ;  

b)  spark d ischarges  can  occur when  a person  makes  con tact  wi th  a  h igh l y charged  
conducti ve  body;  

c)  propagating  brush  d ischarges  can  occu r due  to ,  for  example,  a  person  hand l i ng  p last ic  
sheets  being  charged  posi t i ve  on  one  s ide  and  negati ve  on  the  opposi te  s i de,  or  touch ing  
h igh l y charged  powders  or g ranu les  i nsi de  a l arge  plastic  skip.  

E lectrostatic  d i scharges  are  considered  to  be  a  d i rect  hazard  to  heal th  i f  the  d ischarge  energy 

exceeds  350  mJ  or  the  charge  transferred  exceeds  50  µC.  I t  fo l l ows  that  brush  d ischarges  or  
spark d ischarges  from  smal l  i so lated  metal  objects  ( funnels,  cans,  hand  too ls)  do  not  cause  
e lectrostatic  shocks  wh ich  are  d i rectl y harm fu l .  Bu t  spark d ischarges  from  l arge  obj ects  and  
some propagating  brush  d ischarges  can  be  harm fu l  s i nce  the  energ ies  from  both  these  types  
of  d i scharge  can  exceed  1  J .  

D ischarge  energ ies  as  l ow as  a few mJ  can  be  an  i nd i rect  hazard  to  heal th  due  to  i nvo lun tary 
movement.  Such  shocks  can  cause  i n j u ry due  to  contact  wi th  moving  mach inery or to  fal l s .  
Even  m inor shocks  are  undes i rable  s i nce  they can  cause  unnecessary anxiety and  l ead  to  
l oss  of  concen trati on .  

1 2.3  Sources  of  electrostatic  shock 

Many i ndustrial  and  non  i ndustrial  processes  can  l ead  to  e lectrostatic  shocks.  There  are  two  
scenarios  defi ned  i n  1  and  2  be low that  describe  how such  e lectrostatic  shocks  can  occur:  

1 a)  there  i s  a  pro l i f ic  source  of  charg ing ;  and  

1 b)  the  charge  i s  able  to  bu i l d  up  on  an  object,  normal l y a  conductor or  a  conducti ve  backed  
i nsu lator;  and   

1 c)  a  person  i s  able  to  make con tact  wi th  the  obj ect.  

or  

2a)  there  i s  a  pro l i f ic  source  of  charg ing ;  and  

2b)  a  person  gains  h i gh  vo l tage  th rough  d i rect  charg ing  or i nduction ;  and   

2c)  the  charged  person  then  touches  an  earthed  conductor.  

Examples  of  pro l i f i c  charg ing  processes  are:  

a)  Bel ts  or  f i lm  pass ing  rapid l y over  ro l l ers ;  

b)  Pneumatic  conveying  of  materials ;  
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c)  Pumping  low conducti vi ty l i qu ids  th rough  f i l ters  or  other restrictions;  

d )  Spraying  us ing  e lectrostatic  spraying  equ ipment;  

e)  Fi l l i ng  of  Type  A FIBC wi th  h igh l y i nsu lati ng  powders  or  pel l ets ;  

f)  Escape of  wet  s team ;  

g )  Fi re-exti ngu ishers  wh ich  em i t  charged  drops  or  particles;  

h )  Moving  of  forkl i ft  trucks  or o ther  veh icles  on  i nsu lati ng  surfaces  or  wi th  i nsu lat i ng  t i res.  

1 2.4  Precautions to  avoid  electrostatic  shocks  

1 2.4. 1  Sources  of  electrostatic  shocks  

Electrostatic  shocks  can  be  due  to  charge  bu i l t-up  on  a  person  or on  i so lated  conducti ve  parts  
or  on  i nsu lati ng  materials  i n  a  process  or  equ ipment.  

1 2.4.2  Reported  shocks  from  equ ipment  or processes  

Many types  of  equ ipment and  processes  cause  e lectrostatic  charg ing  bu t  i t  often  goes  
unnoticed .  However,  reports  by operati ves  that  they are  receiving  shocks  shou ld  always  be  
i nvestigated .  I t  i s  l i kel y that  they are  harm less,  bu t  th is  i s  not  always  the  case;  i t  can  i nd icate  
that  equ ipment i s  fau l ty and  hazardous.  

The  most  effecti ve  precau ti on  that  can  be  taken  to  avoid  e l ectric  shocks  i s  to  earth  al l  metal  
and  conducti ve  parts  of  mach inery and  plan t  ( for detai ls  see  Clause  1 3) .  However,  th is  
precauti on  i s  not  always  poss ible  and ,  even  when  i t  i s  done,  there  can  st i l l  be  problems  due  to  
h igh l y charged  i nsu lati ng  (so l i d  and  l i qu id)  materials .  

Other  precau tions  i nclude:  

a)  Reducing  the  rate  of  charge  generation .  Th is  has  l im i ted  appl icati on  bu t  the  use  of  
d i ss ipative  add i ti ves  can  be  effecti ve,  main l y when  used  wi th  l i qu i ds;  

b)  Reducing  charge  bu i l d  up  on  non -conductors.  Stat ic  e l im inators  are  usefu l  for  removing  
charge  on  moving  f i lm  and  webs;  

c)  Preven ting  people  from  making  contact  wi th  charged  parts .  Th is  approach  i s  usefu l  for  
processes  such  as  e lectrostatic  spraying  (see  8 . 7)  or  o ther processes  that  have  h i gh l y 
charged  parts.  People  can  be  protected  from  contact  wi th  such  parts  by us i ng  su i table  
i nsu lati on ,  earthed  screens,  etc;  

d )  Usi ng  a f l ooring  or  f l oor covering  material  having  a  res istance  to  earth  of  l ess  than  

1 00  MΩ .  People,  veh icles  incl ud ing  forkl i ft  trucks  or cars  i n  car parks  can  become charged  
when  moving  on  a h igh  res istance  f l oor.  

1 2.4.3  Shocks  as  a  resu l t  of  people  being  charged  

People  often  become electrical l y charged,  e i ther  d i rectl y (by removing  a  garment  or  walki ng  
across  a  carpet)  or  by i nduction  (due  to  being  c lose  to  h i gh l y charged  obj ects) .  Th is  can  l ead  
to  shocks  wh ich ,  al though  not  d i rectl y harm fu l ,  can  be  very annoying .  

Typical  charge  generati ng  s i tuati ons  are  walking  on  h igh  res istance  f looring  or  r i s ing  from  
seats  covered  wi th  certain  materials .  Acti vi t ies  such  as  push ing  tro l leys  wi th  i nsu lating  wheels  
can  exacerbate  charg ing  of  people  wh i le  walki ng .  

Shocks  due  to  charge  bu i l d -up wh i l e  walking  can  usual l y be  prevented  by us ing  f l oor  

coveri ngs  having  a res is tance  to  earth  of  less  than  1 00  MΩ .  

D i rect  charg ing  of  people  can  be  reduced  by weari ng  d iss ipati ve  cloth i ng  and  earth ing  the  
person  e. g .  th rough  stati c  d i ss ipati ve  or conductive  f looring  and  footwear (see  1 1 . 2  and  1 1 . 3) .  
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However,  l ow res is tance  earth i ng  (<  1 00  kΩ)  of  people  shou ld  not  be  used  general l y s i nce  i t  
can  l ead  to  more  serious  e lectric  shocks,  for  example,  when  a person  makes  contact  wi th  a  
h igh l y charged  conductor  or  wi th  mains  e lectric i ty.  

1 2.5  Precautions in  special  cases  

1 2.5. 1  Pneumatic  conveying  

Moving  powders,  g ranu les  or  smal l  obj ects  from  one  place  to  another by blowing  or sucking  
them  through  p ipes  often  causes  large  amoun ts  of  charg ing .  The  material  be ing  conveyed  and  
al l  parts  of  the  conveying  system ,  i nclud ing  the  p ipework and  the  containers  at  e i ther end,  can  
al l  become h i gh l y charged.  

I n  add i t i on  to  earth i ng  the  fo l l owing  precauti ons  shou ld  be  taken :  

a)  A bu i ld -up of  conducti ve  objects  i ns ide  an  i nsu lating  pipe  shou ld  be  earthed  before  
attempts  are  made  to  c lear  i t .  (A metal  rod  attached  to  an  earthed  conducti ve  wi re  i s  
su i table) ;  

b)  When  pneumatical l y conveyed  conducti ve  objects  col l ect  i n  an  i nsu lati ng  con tainer there  
shou ld  be  an  earthed  con tact  at  the  base  of  the  con tainer or  people  shou ld  be  prevented  
from  touch ing  the  con ten ts;  

c)  When  pneumatical l y conveyed  insu lat i ng  powder or  g ranu les  co l lect  i n  l arge  (≥  1  m 3)  
i nsu lati ng  containers  people  shou ld  be  prevented  from  touch ing  the  conten ts  (see  also  9 . 2  
and  9 . 6) .  

1 2.5.2  Vacuum  cleaners  

Vacuum  cleaners  are  s im i lar  to  pneumatic  conveyi ng  systems;  the  material  that  i s  p icked  up i s  
charged  as  i t  passes  th rough  the  hose  assembly and  col lects  i n  the  system .  

The  fo l l owing  precautions  shou ld  be  taken:  

a)  Fixed  systems  shou ld  be  earthed  and  metal  or  conducti ve  hoses  and  nozzles  bonded  to  
them ;  

b)  Portable  systems  are  not  normal l y a  problem  bu t  external  metal  parts  shou ld  be  earthed,  
especial l y i f  they are  to  be  used  near moving  mach inery or  on  e levated  platforms.  

1 2.5.3  Reels  of  charged  f i lm  or sheet  

Fi lm  and  sheet  material  can  become charged  due  to  pass ing  over ro l l ers  lead ing  to  the  
storage  of  large  amoun ts  of  charge  on  reels .  Ro l l s  of  such  material  are  best  handled  by 
mach ines  bu t  the  fo l l owing  precau ti ons  shou ld  also  be  taken :  

a)  Earth  al l  conductive  parts,  especial l y the  central  former (or rol l er)  before  i t  i s  touched  by a  
person ;  

b)  Use  stat ic  e l im inators,  especial l y at  a  su i table  d istance  after poi n ts  of  h igh  fri ct i on  or  
pressure  such  as  n ip  ro l l s ,  e . g .  i n  pri n ti ng  mach ines  between  presser  and  f i rst  ro l l er  and  
before  en tering  the  pri n t  reg ion ;  

c)  Use  d iss ipative  materials  for ro l l s ,  formers  and  s leeves;  

d )  Use  pain ts ,  i nks  and  g l ues  wi th  an  e lectric  conducti vi ty of  at  l east  1 0  000  pS/m ;  

e)  I ncrease  relati ve  hum id i ty;  

f)  Reduce  f i lm  speed;  

g )  Reduce  pressure  and/or  fri ct i on  between  f i lm  and  ro l l ers;  

h )  Where  f lammable  gases  or vapours  are  present,  the  maximum  perm issible  e lectric  f i e l d  for  
a  free  span  of  f i lm  of  at  l east  1 50  mm  away from  earthed  contact  po in ts  shou ld  be  
200  kV/m .  Al ternati vel y,  the  maximum  surface  charge  dens i ty shou ld  be  l ess  than  

2  µC/m 2 .  
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1 2.5.4  Fi re  ext ingu ishers  

The re lease of  material  from  an  exti ngu isher  can  cause  l arge  amoun ts  of  charg ing  and  the  
system ,  (or parts  of  i t) ,  that  are  not  earthed  can  acqu i re  a  h i gh  vol tage .  For th is  reason  al l  
metal  or  conducti ve  parts  of  f i xed  systems  shou ld  be  earthed.  

Al though  i t  i s  possible  to  get  shocks  from  portable  ext ingu ishers  th is  i s  rare.  On  balance  the  
advantages  of  us i ng  th is  equ ipment  ou tweigh  the  poss ible  shock r isk.  

1 3  Earth ing  and  bonding  

1 3. 1  General  

By far the  most  effecti ve  method  of  avoid i ng  hazards  due  to  static  e l ectri ci ty i s  to  connect  al l  
conductors  to  earth .  Th i s  wi l l  avo id  the  most  common  problem  wh ich  i s  the  accumu lati on  of  
charge  on  a  conductor and  the  release  of  vi rtual l y al l  the  s tored  energy as  a s i ng le  spark,  to  
earth  or  to  another conductor.  

I n  i ndustrial  envi ronments  where  there  can  be  poten tial l y f lammable  atmospheres,  there  are  
many conductors  wh ich ,  i f  not  su i tabl y earthed,  can  become charged  to  a hazardous  l evel .  
Some of  these  are  necessary parts  of  the  plant  or  the  equ ipment  used  and  these  i ncl ude:  
p lant  s tructure,  reaction  vessels ,  p i pes,  valves,  storage  tanks  and  d rums.  Others  are  there  
main l y by acciden t,  or  due  to  carelessness;  for  example,  l eng ths  of  redundant  wi re,  metal l i c  
cans  f l oating  on  med ium  or l ow conducti vi ty l i qu i ds,  and  metal  too ls  or  pools  of  conducti ve  
l i qu i d  on  the  surface  of  i nsu lat ing  materials .  

NOTE  Earth i ng  and  bond ing  techn iques  are  al so  used  for e l ectri ci ty  power suppl y systems  and  l i gh tn i ng  
protecti on ,  bu t  the  requ i remen ts  are  not  necessari l y  the  same.  C lause  1 3  deal s  on l y  wi th  protecti on  against  s tat i c  
e l ectri ci ty.  

Bond ing  i s  used  to  m in im ize  the  poten tial  d i fference  between  conducti ve  objects  to  an  
i ns i gn i f i can t  l evel ,  even  where  the  resu l ti ng  system  is  not  earthed .  Earth ing ,  on  the  other  
hand,  equal i zes  the  poten tial  d i fference  between  the  objects  and  the  earth .  Examples  of  
bond ing  and  earth i ng  are  i l l ustrated  i n  Figure  4.  

NOTE  1  An  often -used  synonym  for  earth i ng  i s  g round ing .  

 

Bonding  

Earthing 

Earthing  and bonding 
IEC   2175/13  

Figure 4  – Di fference between  earth ing  and  bonding  
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A conductive  object  can  be  earthed  by a d i rect  conducti ve  path  to  earth  or  by bond ing  i t  to  
another conducti ve  obj ect  that  i s  al ready connected  to  the  earth .  Some objects  are  i nherentl y 
bonded  or  i nheren tl y earthed  because  of  the i r  contact  wi th  earth .  

The  total  res istance  between  an  earthed  object  and  the  g round  i s  the  sum  of  the  i nd ividual  
res istances  of  the  earth  wi re,  i ts  connectors,  o ther conductive  materials  along  the  i n tended  
earth i ng  path ,  and  the  resistance  of  the  earth  e lectrode  ( i . e .  earth  rod)  to  the  g round.  

Most  of  the  res is tance  i n  an  earth  connection  may exist  between  the  earth  e lectrode  and  the  
earth  i tse l f .  Th is  earth  resistance  i s  qu i te  variable  because  i t  depends  on  the  area of  contact,  
the  res isti vi ty of  the  so i l ,  and  the  amoun t  of  moistu re  presen t  i n  the  so i l .  

NOTE  2  Depend i ng  on  thei r  res i s t i vi ty,  d i ss ipati ve  objects  may need  to  be  earthed  too.  I nsu lati ng  material s  
cannot  be  earthed.   

1 3.2  Cri teria  for  the d issipation  of  stat ic  electrici ty from  a  conductor  

1 3.2. 1  Basic  considerations  

The res istances  of  the  e lectrical  paths  need  to  be  su ff ic ien tl y l ow to  perm i t  the  re laxation  of  
charge  and  to  prevent  the  poten tial  on  a conductor bu i l d ing  up  a  hazardous  level .  I f  th i s  
poten tial  i s  V,  the  maximum  perm i tted  value  of  res istance  R depends  upon  the  rate  at  wh ich  
the  conductor i s  receiving  charge,  i . e .  the  charg ing  current  I.  Due  to  th is  principle  the  total  
res istance  to  earth  shou ld  not  exceed  an  acceptable  maximum  g i ven  by the  equation :  

V = I R 

An  i ncend ive  d ischarge  occurs  when  two  condi t ions  are  satisf ied :  

a)  The  f i e l d  streng th  due  to  the  poten tial  of  the  conductor exceeds  the  breakdown  s treng th  of  
the  atmosphere;  and  

b)  The  energy re leased  i n  the  spark exceeds  the  m in imum  ign i t i on  energy of  any f lammable  
material  presen t.  

With  few exceptions,  earth i ng  i s  i n tended  to  preven t  al l  i ncend ive  d ischarges .  I n  order  to  do  
th is ,  i t  i s  necessary to  ensure  that  the  conductor  does  not  ach ieve  the  poten tial  requ i red  to  
i n i t iate  an  i ncendive  d ischarge.  For typical  i ndustrial  operati ons ,  th is  poten tial  i s  at  l east  300  V 
to  1  000  V.  Usi ng  1 00  V as  the  l im i t  for  the  safe  d iss ipati on  of  s tatic  e l ectri ci ty,  the  value  of  R,  
the  total  res istance  to  earth ,  can  be  calcu lated  as  fo l l ows:  

I
R

100
=  

where  R i s  i n  ohms  and  I i n  amperes.  

1 3.2.2  Practical  cri teria  

When  speci fyi ng  earth ing  requ i remen ts  each  s i tuati on ,  i . e.  each  i nd ividual  value  of  charg ing  
curren t  I,  shou ld  be  taken  i n to  account.  S ince  i t  i s  known  that  charg ing  curren ts  range  from  

1 0  pA to  1 00  µA,  the  correspond ing  values  of  R are 1 0  TΩ  and  1  MΩ .  For  the  maximum  value  

of  I,  a  res istance  to  earth  of  1  MΩ  wi l l  ensure  safe  d iss ipati on  of  s tat ic  e l ectric i ty i n  al l  

s i tuati ons .  However,  i n  most  i ndustrial  operations  I does  not  exceed  1  µA and  the  capaci tance  
C o f  an  i so lated  conducti ve  obj ect  does  not  exceed  1 00  pF  (see  examples  i n  Table  A. 2) .  I n  

th is  case  a  res is tance  to  earth  of  1 00  MΩ  i s  adequate.  

Metal l i c  i tems  i n  good  con tact  wi th  earth  shou ld  have  a  res istance  to  i t  of  less  than  1 0  Ω .  

Al though  a  value  of  up  to  1  MΩ  i s  acceptable  for s tat ic  d i ss ipation ,  values  above  1 0  Ω  may 
g i ve  an  earl y i nd icati on  of  developing  problems  (e. g .  corros ion  or a  l oose  connection)  and  
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shou ld  be  i nvesti gated .  I t  i s  importan t  that  al l  connecti ons  are  re l i able,  permanent  and  not  
subj ect  to  deteri oration .  

Smal l  conducti ve  i tems,  e . g .  a  person ,  are  cons idered  to  be  e lectrostatical l y earthed,  i f  the  
time  for charge  re laxation  i s  l ess  than  0 , 1

 
s.  

A clear d ist i nct ion  shou ld  be  made between  a  value  chosen  for conven ience  i n  mon i toring  

metal  to  metal  connections,  and  the  value  of  1  MΩ ,  wh ich  i s  the  upper l im i t  for  the  res istance  
to  earth  of  a  conductor i n  al l  s i tuati ons .  What i s  most  important,  however,  i s  that  al l  
connections  are  rel i able ,  permanent  and  not  subj ect  to  deteri oration .  

Movable  conducti ve  i tems  requ i re  special  earth  connecti ons  wh ich  shou ld  have  a  res is tance  

to  earth  of  not  more  than  1  MΩ .  

I t  i s  not  poss ible  to  effecti vel y earth  i nsu lati ng  materials .  For th is  reason  other contro l  
measures  are  needed  i f  these  are  to  be  used  safel y i n  areas  where  f lammable  atmosphere  
cou ld  be  presen t.  Refer to  C lause  6  for  detai l s .  

I n  Zone  2  and  i n  Zone  22  areas  where  the  r isk of  e l ectrostatic  generati on  i s  su ff i ci en tl y l ow,  
earth ing  of  metal  componen ts  sole l y for  the  contro l  of  s tatic  e lectric i ty may not  be  necessary.  
D iss ipati ve  or conductive  materials  may then  be  used  to  avoid  the  reten ti on  of  s tat ic  
e lectrici ty.  The  most  appropriate  maximum  value  for the  res istance  to  earth  from  al l  parts  of  

such  equ ipment  i s  1  MΩ ,  al though  values  up  to  1 00  MΩ  can  be  acceptable  i n  most  cases.  

A bri ef  review of  earth i ng  res istance  recommendations  i s  g i ven  i n  Table  22.  A test  vol tage  of  
1 00  V  shou ld  be  used,  bu t  lower  vol tages  may be  more  su i table  at  l ow resi stance  values.  

Table  22  – Summary of  maximum  earth ing  resistances for  the control  
of  static  electrici ty in  hazardous areas  

Subclause  Type of  i nstal l ation  Maximum  
resistance to  

earth  a-e  

Comments  

1 3 . 3 . 1 . 1  Standard  val ue  1  MΩ  Val ues  up  to  1 00  MΩ  are  acceptabl e  i n  some cases,  e . g .  

capaci tance  <  1 00  pF.  

1 3 . 3 . 1 . 2  Large  f i xed  metal  plan t  
(reacti on  vessel s ,  
powder s i l os ,  etc. )  

1  MΩ  Earth i ng  normal l y  i nheren t  i n  the  s tructu re.  Speci al  
earth i ng  cou l d  be  requ i red  for i tems  moun ted  on  non -
conducti ve  supports .  

1 3 . 3 . 1 . 3  Metal  pi pel i nes  1  MΩ  Earth i ng  normal l y  i nheren t  i n  the  s tructu re.  Speci al  
earth i ng  connecti on  requ i red  across  j o i n ts  i f  res i stance  

cou l d  exceed  the  1  MΩ  cri teri on .  

1 3 . 3 . 1 . 4  Movable  metal  i tems  
(drums,  road  and  rai l  
tankers,  etc. )  

1  MΩ  Earth i ng  connecti ons  are  normal l y  requ i red  du ri ng  f i l l i n g  

and  emptyi ng .  A 1 0  Ω  connecti on  between  the  earth i ng  
poi n t  and  temporary connecti ons  to  metal  i tems  i s  
recommended  for pu re  metal  connecti ons .  

1 3 . 3 . 2  Metal  pl an t  wi th  some  
i nsu lati ng  e l ements  
(valves ,  etc. )  

1  MΩ  I n  special  cases  a  l im i t  o f  1 00  /  I Ω  cou ld  be  acceptable,  

bu t  i n  g eneral  i f  a  1  MΩ  cri teri on  cannot  be  sat i sf i ed  a  
special  earth i ng  connecti on  shou ld  be  used.  Very smal l  
conducti ve  i tems  need  not  be  earthed ,  see  6 . 2 . 3  

1 3 . 3 . 3  I nsu lat i ng  i tems  wi th  or 
wi thou t  i so lated  metal  
components  (e . g .  bol ts  
i n  plast i c  pi pel i ne)  

No  g eneral l y  
appl i cabl e  
val ue  

The  g eneral  e l ectrostat i c  i gn i t i on  ri sk and  the  f i re  hazard  
normal l y  preclude  the  use  of  such  materi al s  un less  i t  can  
be  shown  that  s i gn i f i can t  charge  accumu lat i on  wi l l  n ot  
occu r.  I n  the  absence  of  charge  accumu lati on  earth i ng  i s  
not  requ i red  i n  Zone  2  and  i n  Zone  22.  

1 3 . 3 . 4  I tems  fabri cated  from  
d i ss ipat i ve  material s  

1  MΩ  

to  1 00  MΩ  

Materi al s  at  the  border l im i t  to  i nsu lati ng  materi al s  may not  
need  to  be  earthed  i n  the  absence  of  s trong  charge  
generat i on  processes  

1 1 . 2  Fl oors  i n  f l ammable  
atmosphere  areas  

1  MΩ  

to  1 00  MΩ  

Res i stance  from  f l oor su rfaces  to  earth .  
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Subclause  Type of  i nstal l ation  Maximum  
resistance to  

earth  a-e  

Comments  

1 1 . 3  Footwear used  for 
earth i ng  peopl e  i n  
f l ammable  atmosphere  
areas  

1 00  MΩ  Res i s tance  from  hand -held  metal  bar to  metal  p late  under 
one  shoe  sole.  

1 1 . 3  Footwear used  for  
earth i ng  peopl e  i n  
explos i ve  devi ce  or  
material   hand l i ng  areas  

1  MΩ  Res i stance  from  hand -held  metal  bar to  metal  plate  under 
one  shoe  so le.  Where  the  m in imum  spark energy for 

i gn i t i on  i s  ≤  1  m J ,  the  maximum  res i stance  to  earth  shou l d  

be  l ess  than  1 50  kΩ .  

1 3 . 3 . 5  Earth i ng  of  h ous i ngs  vi a 
i n tri ns i c  safety c i rcu i ts  

1 00  MΩ  Th i s  res i stance  behaves  as  an  i nsu lati ng  res i s tance  i n  l ow 
vol tage  appl i cati ons.  

1 3 . 3 . 6  Sh ips  du ri ng  l oad ing  
and  un load i ng  

Al l  metal  parts  
bonded  
together  

Use  a  s i ng l e  i nsu lat i ng  f l ange  and  earth  one  l i ne  vi a  the  
sh ip  to  the  sea and  the  other vi a  an  earth  connecti on  at  
the  shore.  

7. 8. 1 . 3  Ai rplanes  du ri ng  
refuel l i n g  

25  Ω  Accord i ng  to  aviati on  ru l es.  

7. 8. 3  Veh i cles  du ri ng  
refuel l i n g  

1 00  MΩ  Leakage  res i s tance  of  the  forecourt  o f  the  f i l l i n g  s tat i on .  

1 0  GΩ  Leakage  res i stance  between  f i l l i ng  nozzl e  and  forecou rt  
vi a  one  s i ng le  tyre.  

1  MΩ  Leakage  res i s tance  between  f i l l i ng  nozzl e  and  earth  vi a  a  
conducti ve  f i l l i ng  hose  assembly.  I n  case  of  e l ectri cal l y  

bonded  f i l l i n g  hoses  the  border  l im i t  i s  1 00  Ω .  

a  Th i s  Tabl e  shou l d  be  read  i n  con junct i on  wi th  the  paragraphs  i nd i cated  i n  the  text.   

b  The  test  method  speci f i ed  i n  the  re l evant  subcl ause  shou l d  be  used.  

c  I n  Zone  2  and  i n  Zone  22  earth i ng  i s  requ i red  on l y  when  charge  accumu lat i on  i s  con ti nuous.  

d  I n  o rder to  provide  protect i on  agai nst  l i g h tn i ng  or  to  meet  the  e l ectri c i ty  power suppl y earth i ng  requ i rements  a  
l ower val ue  of  res i stance  to  earth  i s  normal l y  requ i red .  

e  The  values  g i ven  i n  the  Table  shou ld  not  be  appl i ed  i n  the  case  of  protecti ng  e l ectrostati c  sens i t i ve  e l ectron i c  
devi ces  or  explos i ves.  

 

1 3.3  Earth ing  requ irements  i n  practical  systems 

1 3.3. 1  Al l -metal  systems 

1 3.3. 1 . 1  General  

The standard  value  for  the  res istance  to  earth  i s  up  to  1  MΩ ,  provided  that  i t  can  be  
main tained .  Special  earth ing  connecti ons  are  not  normal l y requ i red  un less,  for  example,  
equ ipment i s  moun ted  on  i nsu lati ng  supports,  or  con tam inati on  wh ich  affects  the  i nsu lati on  
cou ld  develop across  a j o in t.  

Values  up  to  1 00  MΩ  are  acceptable  i n  some cases,  especial l y when  the  capaci tance  of  the  
conductor does  not  exceed  1 00  pF  (see  1 3 .2. 2  and  A.3 . 2) .  

For al l -metal  systems,  a  res istance  of  l ess  than  1 0  Ω  shou ld  usual l y be  ach ieved .  However,  

for  systems  us ing  e . g .  braided  bond ing  cables ,  a  res istance  of  l ess  than  25  Ω  i s  acceptable.  

I f  a  s ign i f i cantl y h i gher value  i s  found ,  fu rther i nvestigati ons  shou ld  be  made to  check for 
poss ible  problems  (e. g .  a  l oose  connection  or corros ion) .  

1 3.3. 1 .2  Main  structures  

The main  s tructure  of  a  p lant  and  i ts  major components ,  such  as  reactors,  m i l l s ,  b lenders  or  
tanks,  and  also  i tems  such  as  p ipel i nes ,  are  permanent  metal l i c  i nstal l ati ons  normal l y wi th  
bo l ted  or  welded  j o in ts.  They are  usual l y i n  d i rect  con tact  wi th  the  e lectric i ty power suppl y 
earth i ng  system ,  thei r  res istance  to  earth  i s  low and  there  i s  l i tt l e  ri sk of  deteri orati ng  to  a 
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value  above  1  MΩ .  Satisfactory earth i ng  wi l l  be  ach ieved  wi thou t  special  earth i ng  connections  
wh ich  are  recommended  on l y when  the  p lan t  des i gn  and  usage  make i t  d i f f i cu l t  to  main tain  a  
l ow res is tance  to  earth .  I n  some plants  i tems  of  equ ipment  are  not  i n  d i rect  e l ectrical  
connecti on  wi th  the  main  structure,  e . g .  those  moun ted  on  f l exible  or  vi bratory moun tings  or 
on  l oad  cel l s .  Those  shou ld  have  special  earth ing  connecti ons  to  ensure  a good  con tact  to  
earth ,  un less  a h igher prescribed  res istance  may be  accepted  (see  1 3. 3. 2) .  

1 3.3. 1 .3  Pipel ines  

A pipel i ne  i s  sometimes  a  temporary i nstal lat ion  and  i t  cou ld  i nclude  leng ths  of  i nsu lating  
pipe.  As  a resu l t,  special  earth ing  connecti ons  may be  needed  where  conducti ve  p ipe  
secti ons  are  i solated  from  earth  by i nsu lati ng  secti ons  or f i tt ings .  For th is  reason ,  i nstal l ing  an  
i nsu lati ng  p ipe  or hose  m idway i n  a  secti on  of  otherwise  ent i re l y metal  pi ping  shou ld  be  
avoided  because  i t  i s  equ ivalen t  to  a  break i n  bond ing .  Moreover  such  a p ipe  or hose  may 
cause  propagati ng  brush  d ischarges.  However,  sometimes  an  insu lati ng  f l ange  or secti on  of  
pipe  may be  necessary to  avoid  an  earth i ng  loop (see  1 3 . 3 . 6) .  

The  appl ication  of  bond ing  connectors  across  al l  j o in ts  i n  a  metal  pi pe l i ne  i s  not  general l y 
needed  and  shou ld  on l y be  used  when ,  because  of  the  des ign ,  there  i s  no  metal  to  metal  
con tact.  Th is  may occur where  i nsu lati ng  gaskets  are  used ,  and  pain t  on  the  ou ts i de  of  the  
pipe  preven ts  bol ts  making  a re l i able  electrical  contact  wi th  the  pipe.  

1 3.3. 1 .4  Movable metal  i tems  

There  are  i tems  of  equ ipment,  such  as  drums,  funnels  and  trol l eys,  wh ich  cannot  be  
permanentl y connected  to  earth  th rough  the  main  plan t  s tructu re .  I n  many cases,  thei r  

res istance  to  earth  cou ld  be  wel l  be low 1  MΩ ,  bu t  th is  cannot  be  rel i ed  upon .  To  al low th is ,  
su i table  temporary earth i ng  connecti ons  shou ld  be  used .  The  m in imum  requ i rement  i s  that  
each  i tem  shou ld  be  earthed  whenever a  f lammable  m ixture  cou ld  be  presen t  and ,  at  the  
same t ime,  there  i s  a  poss ibi l i ty of  e l ectrostatic  charg ing ,  such  as ,  for  example,  du ri ng  the  
f i l l i ng  or  emptying  of  a  container.  

Portable  conductive  i tems  (e. g .  tro l l eys  equ ipped  wi th  conducti ve  ro l l ers ,  metal  buckets  etc. )  
are  earthed  th rough  thei r  con tact  wi th  d iss ipative  or  conductive  f l oors.  However,  i n  the  
presence  of  contam inan ts  l i ke  d i rt ,  or  pain t  on  the  con tact  surface  of  e i ther the  f loor  or  the  
obj ect  the  l eakage  res is tance  to  earth  may i ncrease  to  an  unacceptable  value  resu l t ing  i n  
poss ible  hazardous  e lectrostatic  charge  on  the  object.  Where  such  s i tuati ons  are  expected,  
the  object  shou ld  be  earthed  by an  al ternative  means  (e . g .  earth ing  cable) .  A connection  

res istance  of  1 0  Ω  between  the  cable  and  the  i tem  to  be  earthed  i s  recommended .  

Earth ing  and  bond ing  need  to  be  con ti nuous  during  the  period  that  charge  bu i l d -up cou ld  
occur and  cause  e lectrostatic  hazards .  Making  or breaking  an  earth  or  bond  connecti on  i n  the  
presence  of  an  e lectrostatic  f ie ld  cou ld  cause  e lectrostatic  charg ing  by i nducti on ,  thus  be ing  
hazardous.  (See  A. 1 . 1 0) .  

1 3.3.2  Metal  p lant  wi th  i nsu lating  parts  

A plan t  of  metal  constructi on  always  con tains  i nsu lat i ng  e lemen ts  wh ich  cou ld  poss ibl y affect  
e lectrical  conti nu i ty and  earth i ng .  Examples  are  l ubricati ng  o i ls  and  g reases  and  a  wide  range  
of  po l ymers  such  as  PTFE  and  po l yethylene  wh ich  have  many appl icati ons .  Normal l y,  al l  
metal  parts  of  the  plant  are  earthed  e i ther d i rectl y or  th rough  su i table  earth ing  connecti ons  
and  al l  paths  to  earth  have  l ow res istances,  bu t  problems  cou ld  ari se  because  of  the  
i nsu lat i ng  e lements.  As  al ready men tioned  (see  1 3 . 2. 2) ,  a  res istance  to  earth  of  l ess  than  

1  MΩ  i s  adequate  for  the  relaxati on  of  static  e lectric i ty,  and  i n  many cases,  advan tage  can  be  
taken  of  th is .  An  importan t  example  i s  the  use  of  o i ls  and  g reases  for l ubricati ng  rotat ing  
shafts ,  s t i rrers,  etc.  Tests  have  shown  that  the  resistance  across  a  l ubricating  f i lm  in  a  

beari ng  i s  un l ikel y to  exceed  1 0  kΩ .  Th is  i s  su ffi ci en t  to  al l ow d iss ipati on  of  s tatic  e lectrici ty  
wi thout  special  earth ing  devices.  
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NOTE  I n  some  h i gh  charg i ng  processes  i t  h as  been  experi enced  that  bal l  beari ngs  have  a  reduced  operati ng  l i fe  
t ime  due  to  e l ectro-corros ion .  The  use  of  conduct i ve/d i ss i pati ve  g rease  may reduce  th i s  problem  (e. g .  g raph i te  
g rease) .  

When  po l ymers  are  the  i nsu lati ng  e lements,  a  resis tance  in  excess  of  1  MΩ  i s  almost  
i nevi table  and  the  on l y so lu tion  i s  to  bond  the  i so lated  conductor to  ad jacen t  earthed  metal  
components .  

Examples  of  th is  s i tuati on  are  

a)  Bal l  valves  wi th  PTFE  packing  and  seals ,  

b)  P ipe  spacing  ri ngs  i so lated  by PTFE  coated  gaskets ,  

c)  I so lated  metal  p ipe l ine  secti ons  between  p last ic  connectors,  and  

d )  Metal  nozzles  at  the  end  of  p last ic  l i nes.  

 

Liquid/powder transportation pipe 

Liquid/powder flow 

            Metal  mesh 

IEC   2176/13 
 

Figure 5  – Hazardous earthed  conductor in  contact  wi th  a  fl owing  insu lator  

Putti ng  an  earthed  conductor  i n  contact  wi th  a  f l owing  non-conductor  as  i l l ustrated  i n  F i gu re  5  
may cause  charge  generation .  Therefore  an  earth  conductor shou ld  not  be  pu t  i n to  a f lowing  
non-conductor  for  s tat ic  d issipati on  purposes.  

1 3.3.3  Insu lating  materials  

Materials  such  as  g lass  and  i nsu lating  pol ymers  are  i ncreasing l y being  used  as  major i tems  of  
equ ipment.  Wi th  those  materials  i t  i s  not  poss ible  to  compl y wi th  the  appropriate  cri teria for 
res istance  to  earth  to  avoid  e lectrostatic  hazards  (see  1 3 .2) .  S ince  those  materials  cannot  be  
effecti ve l y earthed  they cou ld  retai n  any charge  they acqu i re  for l ong  periods.  

D ischarges  from  insu lat i ng  materials  are  of  comparati ve l y l ow energy,  bu t  can  be  su ff ic ien t  to  
i gn i te  sens i t i ve  f lammable  m ixtures .  There  i s  also  the  possibi l i ty of  h i gh  energy sparks  from  
conductive  objects  i so lated  from  earth  by these  materials .  Examples  of  these  are:  

a)  metal  components  such  as  connecti ng  bo l ts  and  backing  f l anges  i n  a  p lastic  pi pe l i ne;  

b)  metal  mesh  extend ing  th roughou t  some types  of  i nsu lat ing  wal l  c ladd ing ;  and  

c)  pools  or  l ayers  of  conducti ve  l i qu i d  (e . g .  water)  on  the  surface  o f  the  material .  

Because  of  the i r  l ow conducti vi ty and  the  general  f i re  r i sk,  the  use  of  i nsu lati ng  materials  i n  
associat i on  wi th  f lammable  m ixtu res  or f l ammable  l i qu i ds  shou ld  be  avoided  whenever 
poss ible.  There  are,  however,  s i tuations  where  such  material s  are  vi rtual l y  essen tial ,  even  in  
areas  from  wh ich  f lammable  m ixtures  cannot  be  whol l y excluded  ( for example,  for  hand l ing  
h igh l y corros ive  l i qu ids) .  
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1 3.3.4  Conductive  and  d issipative materials  

Materials  are  i ncreas ing l y becom ing  avai lable  wh ich  combine  the  des i rable  properti es  of  
po l ymers,  such  as  corros ion  resis tance,  wi th  a  vo lume  resist i vi ty su ff ic i en tl y l ow to  prevent  the  
retenti on  of  hazardous  l evels  of  charge  provided  that  they are  in  contact  wi th  earth .  The  

res istance  to  earth  calcu lated  accord ing  to  1 3 . 2 . 1  i s  often  in  the  range  of  1 0  kΩ  to  1 00  MΩ .  

For general  use,  a  maximum  value  of  1  MΩ  i s  appropriate,  bu t  i f  i t  cannot be  met,  the  

calcu lated  value  i s  acceptable.  Values  above  1 00  MΩ  are  acceptable  on l y i n  special  
ci rcumstances,  e. g .  i n  the  absence  of  strong  charge  generation  mechan isms,  after  
assessmen t of  the  hazard ,  and  mon i toring  systems  may be  advisable  to  demonstrate  
compl iance.  

1 3.3.5  Earth ing  via  in trinsic  safety ci rcu i ts  

I n trins ical l y safe  equ ipment  or  i n tri ns ical l y safe  p lan ts  are  mostl y run  wi thou t  earth i ng  due  to  
p lant  process  requ i remen ts.  However,  the  conductive  or d iss ipati ve  housings  of  such  
equ ipment  have  to  be  e lectrostatical l y earthed  i n  hazardous  areas .  I n  these  cases  a  

res istance  to  earth  l ess  than  1 00  MΩ  i s  requ i red  to  su ff ic ien tl y earth  the  hous ing  and  main tain  
the  currents  at  a  safe  level  even  i n  e lectrical  equ ipment  whose  connecti ons  may not  d i rectl y 
be  connected  to  earth .  

1 3.3.6  Earth ing  of  sh ips  

When  load ing  or un load ing  f lammable  l i qu i ds  from  sh ips ,  e lectrostatic  charge  and  explosive  
atmospheres  may be  generated  s imu l taneous l y.  For th is  reason  care  shou ld  be  taken  to  
ensure  that  al l  metal  parts  of  the  d ischarge  l i ne  are  at  the  same potential .  On  the  other hand ,  
the  cathod ic  corros ion  protecti on  system  of  sh ips  and  the  e lectrical  equ ipmen t at  the  harbour,  
e. g .  e lectric  l ocomotives,  produce  stray curren ts  wh ich  create  a s trong  spark when  connecti ng  
metal  l i nes  from  sh ip  and  shore  together.  For  th is  reason  the  I SGOTT recommends  an  

i nsu lati ng  f lange  ( insu lat i ng  res is tance  ≥  1  kΩ)  or  a  s ing le  d iscon tinuous  hose  assembly to  be  
used  in  the  hose  s tri ng  from  sh ip  to  shore  and  an  i ndependen t  earth ing  of  both  conducti ve  
parts  of  the  l i ne  via the  sh ip  and  the  shore .  Th is  method  suppresses  i ncend ive  sparks  created  
by the  stray cu rren ts  when  connecti ng  the  l i nes  i n  poss ibl y explos ive  atmospheres ,  and  al l  
parts  of  the  l i ne  are  main tained  at  the  same e lectrical  potential .  However,  care  shou ld  be  
taken  to  ensure  that  there  i s  no  i solated  conductor between  the  sh ip  and  the  shore  th rough ,  
for  example,  the  use  of  two  insu lat i ng  f l anges  i n  one  l i ne.  For th is  reason ,  an  upper l im i t  of  

1 00  MΩ  wou ld  be  reasonable  for the  i nsu lating  res istance  of  the  f l ange  or  hose  assembly.  

1 3.4  The establ i shment  and  moni toring  of  earth ing  systems 

1 3.4. 1  Design  

At  the  des ign  s tage,  the  plan t  shou ld  be  exam ined  to  i den ti fy poss ible  e lectrostatic  hazards  
and  the  earth i ng  requ i rements  shou ld  be  determ ined  us ing  the  gu i dance  g i ven  i n  1 3 . 3 .  Where 
no  o ther  form  of  earth ing  exists ,  i t  shou ld  be  ach ieved  by connections  to  metal  rods  or  p lates  
dri ven  i n to ,  or  bu ri ed  i n  the  earth .  However,  special  earth i ng  devices,  such  as  bond ing  cables,  
straps  or brushes,  shou ld  be  kept  to  the  m in imum  essential .  Importan t  features  i n  the  design  
of  earth ing  devices  are:  

a)  They shou ld  be  recogn ised  as  such  and  be  accepted  as  essen tial  to  the  safe  operati on  of  
the  p lan t;  

b)  They shou ld  e i ther be  c learl y vi s ible  or  be  essen tial  to  the  correct  function ing  of  the  plan t,  
so  that  any shortcom ings  are  qu ickly detected ;  

c)  They shou ld  be  robust  and  so  i nstal l ed  that  they are  not  affected  by h igh  res isti vi ty 
con tam inati on ,  for  example,  by corros ion  products  or  pain t;  

d )  They shou ld  be  easy to  i nstal l  and  to  replace;  

e)  Cables  for earth ing  movable  i tems  shou ld  be  equ ipped  wi th  a  s trong  cl ip  capable  of  
penetrati ng  th rough  pain t  or  rust  l ayers .  The  cl i p  shou ld  be  attached  before  the  operation  
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commences  and  shou ld  remain  i n  p lace  un t i l  the  operation  has  been  f i n ished  and  al l  
hazardous  e lectrostatic  charges  have  been  e l im inated.  

f)  I f  earth ing  has  been  forgotten  i n  an  explos ive  atmosphere  i t  i s  recommended  that  the  
i solated  i tem  i s  s l owly approached  wi th  a corona t i p  or  a  special  earth  clamp wi th  a  bu i l t  i n  
res istor  to  safe l y d ischarge  the  object.  

Where  the  bond ing /earth ing  system  is  al l  metal ,  the  res is tance  i n  conti nuous  earth  paths  

typi cal l y i s  l ess  than  1 0  Ω .  Such  systems  incl ude  those  having  mu l t iple  componen ts .  A g reater  
res istance  usual l y i nd icates  that  the  metal  path  i s  not  con tinuous,  usual l y because  of  l oose  
connecti ons  or corros ion .  An  earth i ng  system  that  i s  acceptable  for power ci rcu i ts  or  for  
l i g h tn i ng  protecti on  i s  more  than  adequate  for  a  stat ic  e lectric i ty earth ing  system .  

NOTE  NFPA 77  contai ns  d i ag rams  of  vari ous  earth i ng  devi ces,  connecti ons  and  equ ipment .  

Where  wi re  conductors  are  used ,  the  m in imum  s i ze  of  the  bond ing  or earth i ng  wi re  i s  d ictated  
by mechan ical  s treng th ,  not  by i ts  current-carrying  capaci ty.  Stranded  or braided  wi res  shou ld  
be  used  for bonding  wi res  that  wi l l  be  connected  and  d isconnected  frequentl y.  See  Annex A 
for  add i t i onal  i n formation .  

Earth ing  conductors  can  be  i nsu lated  (e . g . ,  a  j acketed  or p lastic-coated  cable)  or  not  
i nsu lated  ( i . e.  bare)  conductors .  Non- insu lated  conductors  have  the  advan tage  that  defects  
are  eas ier to  detect.  However,  coated  conductors  may be  more  res istant  to  phys ical  damage 
and  corros ion .  

Permanent  bond ing  or earth i ng  connecti ons  shou ld  be  made  i n  a  way to  provide  low 
res istance  during  i ts  l i fetime,  e. g .  by brazing  or weld i ng .  Temporary connecti ons  can  be  made  
us ing  bo l ts ,  pressure- type  earth  c lamps,  or  o ther special  c lamps.  Pressure- type  clamps  
shou ld  have  su ff icient  pressure  to  penetrate  any protecti ve  coating ,  rust,  or  spi l led  material  to  

ensure  con tact  wi th  the  base  metal  wi th  an  in terface  res istance  of  l ess  than  1 0  Ω .  

1 3.4.2  Moni toring  

The  checking  of  earth ing  as  a protecti on  against  stat ic  e l ectrici ty shou ld  be  recogn ised  as  
qu i te  d ist i nct  from  that  for other reasons,  such  as  the  main tenance  of  earth i ng  systems 
associated  wi th  e l ectric i ty power suppl y and  l i gh tn ing  protect ion  i nstal lati ons.  Checks  shou ld  
be  made before  the  plan t  i s  brough t  i n to  use,  at  each  schedu led  main tenance,  and  after any 
other main tenance  or  mod i fi cati on .  

The  basis  of  mon i tori ng  i s  the  measurement  of  the  res istances  between  the  d i fferen t  parts  of  
the  plan t  and  earth ,  bu t  i t  i s  importan t  that  th is  shou ld  be  supplemented  by visual  i nspection .  
Th is  wi l l  he lp  to  detect  any i ncipien t  mal function  of  the  earth ing  devices,  and  to  m in im ise  the  
ri sk of  mod i fi cati ons  l ead ing  to  the  d isconnecti on  of  a  conductor.  

The  mon i toring  system  shou ld  be  capable,  not  on l y of  mon i tori ng  res istances,  bu t  also  of  
drawing  attenti on  to  any changes  in  res istance.  

1 4  Special  requirements for equipment  accord ing  to  IEC 60079-0  

1 4. 1  General  

I n  th is  document,  th reshold  l im i ts  are  g i ven  for e l ectrostatic  test ing  of  products  wh ich  d i ffer  
from  the  th reshold  l im i ts  i n  I EC  60079-0:201 1 .  The  th reshold  l im i ts  speci fi ed  i n  th is  document  
are  i n  some cases  more  conservati ve,  as  they appl y to  a  broad  range  of  i ndustrial  appl ications  
where  the  phys ical  s i tuation  may be  qu i te  d i fferen t  to  that  i n  wh ich  e lectrical  equ ipment  
compl yi ng  wi th  I EC  60079-0  i s  used.  The  more  conservati ve  l im i ts  are  based  on  theoretical  
model i ng  supported  by empirical  data.  

I n  order  to  have  al l  re levant  e lectrostatic  requ i rements  access ible  i n  one  place,  the  
requ i rements  from  I EC  60079-0:201 1  are  i ncl uded  for i n formation  i n  th is  c lause  of  th is  
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documen t,  wi th  the  add i t i on  of  he lpfu l  explanatory material  and  cross -references  to  other text  
i n  th is  document.  

The  test  methods  i n  I EC 60079-32-2:201 5  are  equ ivalen t  to  those  c i ted  i n  I EC  60079-0:201 1 ,  
bu t  i n  some cases  cl imatic  cond i t i ons  are  d i fferen t.  Equ ipment  wi th in  the  scope  of  
IEC 60079-0  may be  tested  i n  the  c l imatic  cond i t i ons  speci f ied  i n  I EC  60079-0.  

NOTE  The  use  i n  apparatus  of  products  and  material s  con form ing  to  the  th reshol d  l im i ts  speci f i ed  i n  
I EC 60079-0:201 1  i s  n ot  known  to  have  resu l ted  i n  any acciden tal  i gn i t i on .  

1 4.2  Electrostatic  charges on  external  non-metal l ic  materials  

1 4.2. 1  Appl icabi l i ty  

The requ i rements  of  th is  subclause  on l y appl y to  external  non-metal l i c  materials  of  e l ectrical  
equ ipment,  i nclud ing  non-metal l ic  parts  wh ich  are  appl i ed  to  the  external  surface  of  an  
enclosure.  

NOTE  1  Non -metal l i c  pai n ts ,  f i lms,  fo i l s ,  and  plates  are  typi cal l y  attached  to  external  su rfaces  of  enclosu res  to  
provi de  add i t i onal  envi ronmental  protecti on .  The i r  ab i l i ty  to  s tore  an  e l ectrostati c  charge  i s  addressed  by th i s  
subclause.  

NOTE  2  I t  i s  general l y  acknowledged  that  g l ass  i s  not  suscepti bl e  to  s tori ng  an  e l ectrostat i c  charge.  

1 4.2.2  Avoidance of  a  bu i ld-up  of  electrostatic  charge on  Group I  or  Group  I I  electrical  
equ ipment  

Electrical  equ ipment  shou ld  be  so  des igned  that  u nder normal  cond i t ions  o f  use,  main tenance  
and  clean ing ,  danger of  i gn i ti on  due  to  e l ectrostatic  charges  are  avoided.  Th is  requ i remen t 
shou ld  be  satisf i ed  by one  or more  of  the  fo l l owing :  

a)  By su i table  se lecti on  of  the  material  so  that  surface  res istance  shal l  meet  at  l east  one  of  
the  cri teria  g i ven  below (see  6. 2. 1 )  when  measured  i n  accordance  wi th  I EC  60079-32-2:  

– ≤  1 00  GΩ  measured  at  (30  ±  5 )  %  re lat i ve  hum id i ty 

– ≤  1  GΩ  measured  at  (50  ±  5)  %  relati ve  hum id i ty 

NOTE  1  For more  i n formati on  see  6. 1 .  

b)  By l im i tation  of  the  surface  area of  non -metal l ic  parts  of  enclosures,  determ ined  accord ing  
to  6 . 3. 2,  to  the  values  of  Table  23.  

The  values  for  surface  area can  be  i ncreased  by a factor of  fou r i f  the  exposed  area of  
non-metal l ic  material  i s  surrounded  by and  i n  con tact  wi th  conducti ve  earthed  frames  (see  
6. 3 . 3) .  

Al ternati vel y,  for  l ong  parts  wi th  non -metal l i c  surfaces,  such  as  tubes,  bars,  or  ropes,  the  
surface  area need  not  be  cons idered,  bu t  the  d iameters  or  widths  shou ld  not  exceed  the  
values  shown  i n  Table  23 .  

NOTE  2  E lectri c  cables  for  connecti on  of  external  c i rcu i ts  are  not  i n  the  scope  of  C lause  1 4.   I n formati on  on  
external  cabl es  can  be  found  i n  I EC  60079-1 4.  

NOTE  3  Requ i rements  for  p i pes  and  hoses  for  l i qu i ds  are  not  i n  the  scope  of  C lause  1 4 .  Requ i rements  for  
p i pes  and  hoses  for  l i qu i ds  are  g i ven  i n  7. 7,  and  for  sol i ds  i n  9 . 3 . 3.  

c)  By provis ion  of  an  i nsu lat i ng  layer bonded  to  a conductive  su rface.  Th is  l ayer shou ld  meet  
at  least  one  of  the  fo l l owing  cri teria:  

1 )  the  l ayer i s  not  expected  to  be  subject  to  h igh  charg ing  processes  stronger than  
manual  rubbing  (see  3 . 1 3)  and  has  a  th ickness   ≤  2  mm  for Groups  I ,  I I A,  I IB  or  
≤  0 , 2  mm  for Group I I C  (see  Table  23  and  6 . 3. 4. 2) .  

2)  the  breakdown  vo l tage  measured  through  the  th ickness  of  the  i nsu lati ng  material  i s  ≤  4  
kV (see  6 . 3 .4. 3)  when  measured  as  described  i n  I EC  60079-32-2.  
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NOTE  4  Accord i ng  to  I EC 60243-2,  i nsu lati ng  material s  s tressed  by DC  have  thei r  breakdown  vol tage  tested  
wi th  DC  and  the  method  described  i n  I EC  60243-1  wi th  the  add i t i onal  requ i rements  i n  I EC  60243-2.  Th i s  
method  and  the  add i t i onal  requ i rements  are  al so  g i ven  i n  I EC  60079-32-2.  

d)  By provis i on  of  a  conducti ve  coating  (see  6 . 3 .5) .  Non-metal l i c  surfaces  may be  covered  
wi th  a bonded  durable  conductive  coating .  The  res istance  between  the  coating  and  e i ther  
the  bond ing  po in t  ( i n  the  case  of  f i xed  equ ipment)  or  the  farthest  po i n t  of  poss ible  con tact  
wi th  the  enclosure  ( i n  the  case  of  portable  equ ipment)  shou ld  not  exceed  1  GΩ .  The  
res istance  shou ld  be  measured  i n  accordance  wi th  I EC  60079-32-2  bu t  us ing  the  1 00  mm 2 

electrode  at  the  worst  case  pos i t i on  of  the  surface  and  ei ther  the  bond ing  po in t  or  the  
farthest  po i n t  of  poss ible  con tact.  

NOTE  5  The  envi ronmental  cond i t i ons  that  have  an  effect  on  the  coati ng  materi al  can  i ncl ude  i n fl u ences  f rom  
smal l  part i c l es  i n  an  ai r  s tream ,  so l ven t  vapou rs,  and  the  l i ke.  

e)  By us ing  any other safety measure  i n  th is  Techn ical  Speci f i cation  to  avoid  the  danger of  
i gn i t i on  due  to  e l ectrostatic  charges.  

f)  By testi ng  that  the  maximum  transferred  charge  measured  accord ing  to  IEC  60079-32-2  
under worst  case  cond i t i ons  i s  wi th in  the  th reshold  l im i ts  of  Table  23 .  

g )  I n  speci f i c  cases,  IEC  60079-0  al l ows  the  use  of  f i xed  equ ipment wh ich  does  not  fu l f i l l  the  
requ i rements  a)  to  f)  and  may have  a r i sk from  e lectrostatic  d i scharges  by marking  them  
wi th  “X”.  I n  th is  case,  the  i nstruction  manual  shou ld  provide  gu idance  for  the  user to  
m in im ize  the  ri sk from  electrostatic  d i scharges  by operati onal  measures.  Where  
practicable,  the  equ ipment  shou ld  also  be  marked  wi th  the  e lectrostatic  charge  warn ing  
g i ven  in  I EC  60079-0.  However,  th is  al ternati ve  shou ld  not  be  used  i f  hazardous  
e lectrostatic  charg ing  i s  expected  duri ng  use  (e. g .  for  hand-held  equ ipment or  for  
constan tl y charg ing  f i xed  i nstal l at i ons) .  

NOTE  6  X-marking  i s  used  e . g .  for  i nsu l ati ng  housi ngs  o f  e l ectri cal  equ ipment  that  are  touched  by the  
operator on l y  du ri ng  c l ean ing ,  main tenance  and  repai r.  
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Tabl e  23  – Al ternative  restri ction s  on  i n su latin g  sol id  m aterials  and  i solated  cond u ctive  
or  d i ssipative parts  in  h azard ou s areas  for  eq u i pment  wi th in  th e  scope of  I EC 60079-0  

 G rou p  I  G rou p  I I  G rou p  I I I  

EPL Ma,  Mb  
Sub  
g roup  

EPL Ga EPL Gb  EPL Gc  
EPL 
Da 

EPL 
Db  

EPL 
Dc  

A)  Su rface area  ≤1 0  000  mm 2  

A  ≤5  000  mm 2  ≤1 0  000  mm 2  ≤1 0  000  mm 2  

No  l im i ts  B  ≤2  500  mm 2  ≤1 0  000  mm 2  ≤1 0  000  mm 2  

C  ≤   400  mm 2  ≤  2  000  mm 2  ≤   2  000  mm 2  

 

B)  Wi d th  of  bars,  
rod s  

≤30  mm  

A  ≤3  mm  ≤30  mm  ≤30  mm  

No  l im i ts  B  ≤3  mm  ≤30  mm  ≤30  mm  

C  ≤1  mm  ≤20  mm  ≤20  mm  

 

C)  Th i ckn ess  of  
i n su l ati n g  
coati n g s  to  avoi d  
bru sh  
d i sch arg es  

≤2  mm  

A  ≤2  mm  

No  l im i ts  B  ≤2  mm  

C  ≤0, 2  mm  

Th i ckn ess of  
i n su l ati n g  
coati n g s  to  avoi d  
an y i n cen d i ve  
d i sch arg e  

Not  perm i tted  
Not  
per 
m i tted  

Not  perm i tted  
≥  8  mm  

i f  area >  500  mm 2  

 

D)  Tran sferred  
ch arg e  

≤60  nC  

A  ≤60  nC  No  l im i ts  for  
i nsu lati ng  sol i ds  

≤200  nCa  

B  ≤25  nC  

C  ≤1 0  nC  

 

E)  Capaci tan ce 
of  u n earth ed  
m etal  parts  

≤1 0  pF  

A  ≤3  pF  ≤1 0  pF  ≤1 0  pF  

≤1 0  pFb  B  ≤3  pF  ≤1 0  pF  ≤1 0  pF  

C  ≤3  pF  

a  Val ue  on l y  val i d  for  spark d i scharges  from  unearthed  conducti ve  or  d i ss ipati ve  parts  

b  For equ i pment  i n tended  for  use  i n  ducts  or  p i pes  subj ect  to  the  presence  of  fast  moving  dust  a  l ower l im i t i ng  
val ue  of  capaci tance  i s  u nder considerati on  

NOTE  1  The  wi d th  cri teri on  i n  B)  appl i es  to  th i n  pi pes,  cable  sheaths,  and  other i nsu lat i ng  material s  havi ng  
smal l  wi d ths  o r  d i ameters .  

NOTE  2  The  l im i ts  i n  A)  and  B)  are  not  absol u te  val ues  that  preven t  i ncend i ve  d i scharges,  they merel y  reduce  i t  
to  a  general l y  accepted  l ow l evel .  

NOTE  3  The  l im i ts  i n  C)  apply  to  i nsu lati ng  coati ngs  and  l ayers  on  conducti ve  or d i ss ipati ve  material s .  

NOTE  4  The  l im i ts  i n  D)  ensu re  that  i ncend ive  d i scharges  do  not  occu r.  

NOTE  5  Al l  o f  the  values  i n  D)  con tai n  a  certai n  safety marg i n .  Recent  work i nd i cates  that  the  value  h i therto  
used  for  I I B  con tai ns  a  l ower safety  marg i n  than  al l  o ther  val ues.  To  equal i ze  al l  safety  marg i ns  the  val ues  for  I I B  
have  been  reduced  from  30  nC  to  25  nC.  Th i s  does  not  mean  that  the  former val ue  was  unsafe  or  retesti ng  i s  
necessary.  

NOTE  6  The  subg roups  are  based  on  the  maximum  experimental  safe  gap  (MESG)  or  the  m in imum  i gn i t i on  
cu rren t  rat i o  (M IC  rat i o )  o f  the  explos i ve  gas  atmosphere  i n  wh i ch  the  equ i pment  may be  i nstal l ed  (see  
I EC  60079-20-1 ) .  More  detai l s  can  be  found  i n  C. 6  and  D. 3.  

NOTE  7  The  val ues  i n  EPL Gc  do  not  excl ude  the  poss ib i l i ty  o f  h i gh  charg i ng  processes.  Manual  rubbi ng  i s  
usual l y  not  cons idered  to  be  a  h i gh  charg i ng  process  (see  3 . 1 3) .  

NOTE  8  I t  i s  general l y  accepted  that  an  u nearthed  metal  fastener such  as  a  cover  screw wi l l  presen t  a  
capaci tance  of  not  more  than  3  pF.  
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1 4.2.3  Avoidance of  a  bu i ld -up  of  electrostatic  charge on  equ ipment  for Group I I I  

I t  i s  not  poss ible  to  create  e lectrostatic  d i scharges  from  insu lati ng  surfaces  that  are  i ncendive  
for dust  cl ouds  or  dust  l ayers  j ust  by manual  rubbing .  However,  i f  h i gh  charg ing  processes  
(see  3 . 1 3)  are  not  excluded,  pain ted/coated  metal  equ ipment  and  equ ipment  of  p lastic  
material  shou ld  be  so  des igned  that  u nder normal  cond i t i ons  of  use,  i gn i t i on  caused  by 
propagati ng  brush  d ischarges  i s  avoided .  

Enclosures  of  p lastic  material  cannot  be  charged  to  such  a cri t ical  charge  dens i ty that  
propagati ng  brush  d ischarges  can  be  generated .  However,  no  extended  f lat  conductive  
surfaces  shou ld  be  i nstal l ed  i ns ide  the  enclosu re  wi th in  a d i stance  of  8  mm  to  the  ou ter  
surface.  

NOTE  1  An  i n ternal  pri n ted  ci rcu i t  board  can  be  considered  to  be  an  extended  f l at  conducti ve  su rface,  though  th i s  
need  not  be  appl i ed  i n  smal l  hand -he ld  equ ipment  un l ess  the  equ i pment  i s  l i ke l y  to  be  subjected  to  a  prol i f i c  
charge  generat i ng  mechan i sm  (such  as  m igh t  occur i n  pneumati c  transfer  of  powders  or  charge  spraying  i n  a  
powder coati ng  process) .  Charg i ng  th rough  normal  hand l i ng  of  hand-hel d  equ ipment  i s  not  cons idered  to  l ead  to  a  
prol i f i c  charge  g enerati ng  mechan i sm  and  therefore  wou ld  not  l ead  to  a  s i tuat i on  where  a  propagati ng  brush  
d i scharge  m igh t  occu r.  

NOTE  2  A  s i ng le  f l at  conduct i ve  su rface  not  exceed i ng  500  mm 2
 i s  not  cons idered  to  be  an  extended  f l at  su rface.  

Th i s  al l ows  for  the  s tandoffs  or  brackets  used  for the  moun ti ng  of  conduct i ve  f l at  pl ates  i ns i de  of  an  enclosu re.  

Using  external  i nsu lation  of  at  l east  8  mm  in  th ickness  on  metal  parts  such  as  measurement  
probes  or s im i lar componen ts  can  preven t  propagating  brush  d ischarges.  When  evaluating  the  
m in imum  th ickness  of  the  i nsu lati on  to  be  used  or speci fi ed  i t  i s  necessary to  al low for any 
expected  wear under normal  usage.  

I f  p last ic  wi th  a  surface  area exceed ing  500  mm 2 i s  employed  as  a coveri ng  on  a  conductive  
material ,  and  h i gh  charg ing  processes  (see  3 . 1 3)  s tronger than  manual  rubbing  are  not  
excluded ,  the  plastic  shou ld  have  one  or  more  of  the  fo l lowing  characterist i cs  (see  6 . 3 .4. 3) :  

a)  material  su i tabl y se lected  so  that  su rface  resis tance  compl ies  wi th  the  l im i ts  g i ven  i n  
1 4. 2. 2;  

b)  a  breakdown  vo l tage  ≤4  kV,  measured  through  the  th ickness  of  the  i nsu lat ing  material  
accord ing  to  the  method  described  in  I EC  60079-32-2;  

c)  a  th ickness  ≥8 mm  of  the  external  i nsu lat i on  on  metal  parts .  

1 4.3  Electrostatic  charges on  external  conductive parts  

Al l  external  conductive  parts  of  the  equ ipment  (metal ,  conducti ve  p lasti c  etc. )  shou ld  be  
earthed  wi th  a maximum  earth  res istance  of  1  MΩ .  For i tems  having  a  capaci tance  of  l ess  
than  1 00  pF,  a  maximum  earth  res istance  of  1 00  MΩ  i s  acceptable  (see  Table  22) .  

Accessible  metal  parts  (e . g .  alum inum  labels  on  plastic  enclosures)  wi th  a res istance  to  earth  
of  more  than  1 00  MΩ  cou ld  be  susceptib le  to  e lectrostatic  charges  that  cou ld  become a  
source  of  i g n i t i on ,  and  shou ld  be  tested  i n  accordance  wi th  the  capaci tance  test  method  i n  
IEC  60079-32-2.  The  maximum  al l owed  values  are  g i ven  i n  Table  23 .  

The  requ i rements  of  1 4. 3  are  not  appl icable  i f  the  capaci tance  requ i rements  of  u nearthed  
metal  parts  i n  Table  23 ,  secti on  E) ,  are  fu l f i l l ed .  
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Annex A 
( in formative)  

 
Fundamentals  of static  electrici ty 

A.1  Electrostatic  charg ing  

A.1 . 1  In troduction  

The primary source  of  e lectrostatic  charge  i s  con tact  charg ing  (e lectri f i cation) .  I f  two  
previous l y uncharged  substances  come i n to  con tact,  charge  transfer  wi l l  general l y occur at  
the i r  common  boundary.  On  separation ,  each  surface  wi l l  carry an  equal  charge  bu t  of  
oppos i te  po lari ty.  Conducti ve  objects  can  become charged  by i nducti on  i f  they res ide  i n  an  
e lectric  f i e l d  produced  by o ther charged  obj ects ,  or  by conductors  at  h i gh  poten tial  i n  the  
vic in i ty.  Any obj ect  can  also  become charged  i f  charged  part ic les  or  i on ised  molecu les  
accumu late  on  them .  

A.1 .2  Contact  charg ing  

Contact  charg ing  can  occur at  so l i d /sol i d ,  l i qu i d /l i qu i d  or  so l id /l iqu id  i n terfaces .  Gases  cannot  
be  charged  i n  th is  way,  bu t  i f  a  gas  has  so l i d  particles  or  l i qu id  droplets  i n  suspension ,  those  
cou ld  be  charged  by contact  so  that  such  a gas  can  carry an  e lectrostatic  charge .  Frozen  
water  i n  ai r  or  frozen  gases  (e . g .  carbon  d ioxide)  caused  by ad iabatic  expans ion  by the  
re lease  of  h i gh l y pressuri zed  gases  experience  contact  charg ing .  

I n  the  case  of  d iss im i lar  so l i ds  i n i t i al l y uncharged  and  normal l y at  earth  poten tial ,  a  smal l  
amoun t  of  charge  i s  transferred  from  one  material  to  the  other when  they make con tact.  The  
two  materials  are  therefore  opposi tel y charged  and  consequen tl y there  i s  an  electric  f i e ld  
between  them .  I f  the  materials  are  then  separated,  work has  to  be  done  to  overcome the  
attraction  between  the  oppos ing  charges  and  the  poten tial  d i fference  between  them ,  
therefore,  i ncreases  l i nearl y wi th  d i stance.  Th is  h i gher potential  d i fference  tends  to  d ri ve  
charge  back to  any poin t  of  res i dual  contact.  I n  the  case  of  two  conductors  the  recombination  
of  charges  i s  vi rtual l y complete  and  no  s i gn i f i can t  amoun t  of  charge  remains  on  ei ther  
material  after separation .  

I f  one,  or  both ,  of  the  materials  i s  a  non-conductor,  the  recombination  cannot  take  place  
completel y and  the  separating  materials  retai n  part  of  the i r  charge .  Because  the  d istance  
between  the  charges  when  i n  contact  i s  extremely smal l  the  potential  g enerated  on  separati on  
can  eas i l y reach  many ki lovol ts  despi te  the  smal l  amount  of  charge  involved.  For practical  
su rfaces  wh ich  are  rough ,  the  charg ing  i s  enhanced  i f  the  contact  and  separation  i nvo lves  
rubbing ,  s i nce  the  area of  real  con tact  i s  i ncreased.  

A.1 .3  Contact  charg ing  of  l iqu ids  

Contact  charg ing  i n  l i qu ids  i s  essential l y the  same process  bu t  i t  can  depend  on  the  presence  
of  i ons  or  sub-m icroscopic  charged  part ic les .  I ons  (or particles)  of  one  po lari ty cou ld  be  
adsorbed  at  the  i n terface  and  they then  attract  i ons  of  oppos i te  po lari ty wh ich  form  a d i ffuse  
layer of  charge  i n  the  l i qu id ,  cl ose  to  the  i n terface.  I f  the  l i qu id  i s  then  moved  re lati ve  to  the  
i n terface,  i t  carries  away some of  th is  d i ffuse  l ayer,  thereby bring ing  about  separati on  of  the  
oppos ing  charges.  Typical  examples  are  the  f l ow of  a  l i qu i d  past  a  so l id  wal l  (e. g .  p i pe,  pump,  
f i l ter) ,  the  st i rring  or  ag i tat i on  and  the  spraying  or  atom isati on  of  a  l i qu id .  I f  the  l i qu id  con tains  
a second  imm iscible  phase  i n  the  form  of  suspended  f i ne  so l ids  or  f i ne l y d ispersed  l i qu i ds  or  
ai r  bubbles ,  the  charg ing  i s  g reatl y enhanced  because  of  the  large  increase  of  the  i n terfacial  
area.  

As  i n  the  case  of  so l i ds ,  a  h i gh  vo l tage  i s  generated  because  of  the  work done  to  bri ng  abou t  
separati on ,  provided  that  the  l i qu id  i s  su ff ic i en tl y i nsu lating  to  prevent  recombination .  Such  
processes  can  occur at  both  so l id /l i qu id  and  l i qu i d /l i qu i d  i n terfaces.  
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A hazardous  l evel  of  charg ing  i s  encountered  main l y wi th  l i qu ids  of  l ow e lectrical  conductivi ty.  
Due  to  the  fast  charge  separati on  process,  however,  spraying  of  l i qu i ds  cou ld  create  a h i gh l y 
charged  m ist  or  spray,  i rrespecti ve  of  the  conducti vi ty of  the  l i qu id .  

Al though  h igh  conductivi ty l i qu i ds  usual l y charge  on l y very l i t tl e  there  exist  h igh l y chargeable  
conducti ve  l i qu ids,  especial l y some organ ic  acetates,  ethers  and  h i gher ketones  wh ich  may 
need  extra safety measu res.  Such  l i qu ids  i nclude  ethyl  acetate  and  i sopropyl  acetate,  bu t  not  
acetone.  

B iofuels  are  deal t  wi th  i n  C. 8.  

A.1 .4  Charge  generation  on  l i qu ids flowing  in  pipes  

A.1 .4. 1  Pipes of  f i xed  d iameter  

When  a l i qu id  f lows  through  a p ipe,  charge  separati on  occurs  resu l t i ng  i n  charg ing  of  the  
l i qu i d  and  an  equal  and  opposi te  charg ing  of  the  wal l  (wal l  charges  are  immed iate l y d iss ipated  
i f  the  pipe  i s  conducti ve  and  earthed) .  Turbu len t  f low generates  more  charge  than  l am inar 
f low.  S ince  the  f l ow i n  i ndustrial  i nstal lati ons  i s  usual l y  tu rbu len t,  on l y the  more  severe  
tu rbu lent  case  i s  cons idered  here.  For tu rbu len t  f l ow the  e lectrical  s tream ing  curren t  
generated  in  a  l ong  pipe  i s  rough l y proporti onal  to  the  square  of  the  ve loci ty.  

NOTE  The  s tream ing  cu rren t  i s  d i rect l y  proport i onal  to  the  veloci ty  for l am inar f l ow.  

I f  the  l i qu id  en ters  the  pipe  uncharged ,  the  charge  densi ty and  hence  the  stream ing  cu rren t  
carried  by the  l i qu id  wi l l  i ncrease  as  i t  moves  along  the  p ipe  and  wi l l  g radual l y approach  a  
stationary value,  provided  the  pipe  i s  su ffi c ien tl y l ong .  For most  l ow conducti vi ty l i qu i ds,  i n  

part icu lar saturated  h ydrocarbon  l i qu ids,  the  stati onary value  of  charge  densi ty ρ∞  does  not  
depend  g reatl y on  the  conducti vi ty or  perm i tti vi ty of  the  l i qu i d  and  i s  approximatel y 
proport ional  to  the  f l ow ve loci ty,  v,  d i vi ded  by the  pipe  d iameter,  d:  

ρ∞  ≈  K v/d 

where  K i s  a  constan t  wi th  d imensions  C  s  m -3 .   

NOTE  Other expressions  have  previous ly  been  suggested  and  ρ∞  ≈  K v (Schön ’s  Law)  i s  h i s tori cal l y  used  more  
frequentl y  than  the  express ion  proposed  above  and  l eads  to  the  express ion  of  f l ow l im i tati ons  as  vd  l im i ts .  

However  ρ∞  ≈  K v/d seems  to  g i ve  a  better  match  to  reported  measurements  (Walmsley and  M i l l s  1 992,  Bri tton  and  
Sm i th  201 2) ,  i s  c l oser to  theoreti cal  expressions  for p i pe  charg i ng  (Koszman  and  Gavi s  1 962,  Walmsley 1 982)  and ,  
by  su i tabl e  choi ce  of  the  cons tant,  K,  can  be  made  to  g i ve  the  same  cu rren ts  for  wel l  explored  cond i t i ons .  The  

h i ghest  Schön  constan t  was  deri ved  from  measurements  on  relati ve l y smal l  d i ameter  pi pes  (≤50  mm)  and  
overestimates  the  h i g hest  cu rren ts  measured  i n  l arger (e. g .  1 00  mm )  pi pes .  When  th i s  data i s  matched  to  the  
above  expression ,  the  i nverse  d iameter dependence  g i ves  l ower  charg i ng  i n  l arge  p i pes  and  f i ts  the  l arge  pi pe  data 
better.   

Various  values  have  been  proposed  for K.  A value  of  1 , 0  µC s  m -3  seems  to  be  a reasonable  
value  for most  h ydrocarbons  al though  h i gher  values  may be  needed  for o ther,  l ess  
documented ,  l i qu id  types  or  where  pro-charg ing  add i t i ves  are  presen t.  A value  of   

1 , 6  µC s  m–3  covers  al l  reported  charg ing  l evels  i n  normal  p i pi ng .   

For  the  practical  range  o f  veloci t i es  and  pipe  d iameters  (v =  1  m /s  to  1 0  m /s,  d=0, 025  m  to  

0 , 2  m  th is  g i ves  charge  dens i t ies  between  5  µC/m 3  and  400  µC/m 3 .  

For practical  purposes  the  pipe  can  be  considered  to  be  of  i n f in i te  leng th ,  i f  

L  ≥  3  v τ  wi th  τ  =  εr εo  /  γ  

where  

L   i s  the  leng th  of  the  pipe  ( i n  m ) ;  
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τ   i s  the  re laxati on  t ime  of  the  l i qu id  ( i n  s) ;  

εr  i s  the  re lati ve  perm i tti vi ty of  the  l i qu i d  (εr ~  2  for  hydrocarbons) ;  

εo   i s  the  perm i tt i vi ty of  free  space  (8 ,85  ×  1 0–1 2  F/m ) ;  

γ   i s  the  e lectrical  conductivi ty of  the  l i qu id  ( i n  S/m )  

There  i s  evi dence  that  the  charge  densi ty generated  by pipe  f l ow i s  proportional  to  
conductivi ty below a fue l -dependent  conducti vi ty th reshold .  Thus  the  h ighest  charge  densi t i es  
are  not  found  down  to  the  lowest  conductivi t ies .  The  conducti vi ty th reshold  for th is  behaviour 
seems  to  vary i nversel y wi th  vi scos i ty.  For example,  Hearn  (2002)  and  Walmsley (201 1 )  
reported  gasol i ne  charg ing  proport ional  to  conductivi ty at  conductivi t i es  up  to  50  pS/m  and  
~200  pS/m  respecti ve l y,  wh i l st  the  data of  Walmsley and  M i l l s  ( 1 992)  for  d iesel ,  wh ich  has  
approximatel y ten  t imes  the  viscosi ty of  gaso l i ne,  shows  charge  dens i ti es  proportional  to  
conductivi ty up  to  abou t  7  pS/m ,  and  l uboi l s ,  wh ich  have  st i l l  h i gher viscosi t i es,  can  g i ve  h i gh  
charg ing  down  to  very l ow conducti vi t ies  (see  7. 4) .  For fue ls  and  so lvents  wi th  viscosi t i es  no  
h igher than  that  of  au tomotive  d i esel  i t  i s ,  therefore,  reasonable  to  assume that  charg ing  wi l l  
s tart  to  decl i ne  at  a  conductivi ty of  3  pS/m  as  a worst  case  value.  

NOTE  Th i s  al l ows  a  marg i n  below the  d i esel  data ci ted  above;  for l ow vi scosi ty  l i qu i ds  such  as  gasol i ne  th i s  
marg i n  may be  l arge.   

High  viscos i ty l i qu ids ,  such  as  l ubo i ls ,  are  a special  case  and  are  cons idered  separatel y i n  
7. 4.  For these  l i qu i ds ,  the  fal l -off  i s  expected  to  occur at  very l ow conducti vi ty.  Consequen tl y,  
the  reducti on  i n  current  below 3  pS/m  shou ld  not  be  assumed  to  appl y to  any l i qu id  more  
viscous  than  au tomoti ve  d iesel .   

Wh i le  the  use  of  i nsu lat i ng  pipes  i s  not  general l y recommended ,  they are  used  for some  
speci f i c  du t ies.  Very l i t tl e  publ i shed  data i s  avai lable  for  charg ing  by l i qu i d  f low i n  i nsu lating  

pipes  or hoses.  However for l ow conducti vi ty l i qu i ds,  <  25  εr pS/m ,  f lowing  th rough  insu lat i ng  
p ipes,  the  stream ing  cu rren ts  appear to  be  s im i lar  to  those  produced  i n  conducti ve  pipes  and  
the  charge  dens i ty for an  i n f i n i te l y l ong  pipe  can  be  estimated  from  the  same express ion  as  
for conducti ve  p ipes.   

When  l iqu i ds  con tain i ng  a second  imm iscible  phase  such  as  d ispersed  l i qu ids  or  suspended  
so l i ds  are  pumped  th rough  p ipes,  the  rate  of  charge  generation  i s  much  g reater  than  wi th  a  
s i ng le  phase.  Due  to  the  l arge  number  of  i n fl uential  factors ,  however,  the  level  of  charge  
generati on  i s  not  pred ictable .  

A.1 .4.2  Pipe  wi th  mul tiple  sections  of  d i fferent  d iameter  

I f  the  p ipe  lead ing  to  a tank changes  d iameter along  i ts  l ength  so  that  there  are  N segments  
each  wi th  a d i fferent  d iameter then ,  assum ing  exponen tial  (Ohm ’s  Law)  re laxati on  behaviour,  
the  contribu tion  from  segment j  to  the  tank i n let  charge  densi ty i s :  

ρj =  K(vj/dj
n) [1 -exp(-Lj/vjτ) ]exp(-tresj/τ)  

where  vj,  dj  and  Lj  are  the  f l ow veloci ty,  d i ameter and  leng th  for segment j,  tresj  i s  the  
res idence  t ime  between  the  downstream  end  of  segment  j and  the  tank and  τ  i s  the  re laxati on  
t ime  of  the  l i qu id .  The  power n,  al l ows  for  e i ther  the  recommended  anal ysis  (n =  1 ,  charge  
dens i ty proporti onal  to  v/d)  or  a  Schön ’s  l aw anal ysis  (  n =0,  charge  densi ty proport ional  to  v) .  
The  Schön ’s  law anal ys is  i s  not  general l y recommended  bu t  i s  st i l l  needed  where  vd l im i ts  are  
used .   

I n  the  case  of  tresj >3τ  very l i tt le  of  the  charge  from  segment j remains  at  the  tank i n l et  so  
segments  more  than  3τ  u pstream  of  the  tank can  be  i gnored .  Th is ,  wi th  al l owance  for a  
maximum  effecti ve  re laxati on  t ime  of  1 0  s  due  to  h yperbol ic  re laxati on ,  l eads  to  the  defi n i t i on  
of  the  re laxation  reg ion  used  in  7. 3. 2. 3 .5. 2.   
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The  total  i n l et  charge  dens i ty at  the  tank i s  the  sum  of  al l  the  segmen t con tri bu tions  wi th in  th e  
re laxati on  reg ion ,  that  i s :  

ρ  =  Σj=N j=1  ρ j =  K Σj=N j=1  (vj/dj
n) [1 -exp(-Lj/vjτ) ] exp(-tresj/τ)  

This  expression  i s  cumbersome for practical  use  and  i s  therefore  s impl i f i ed  by i gnori ng  the  
exponen tial  terms  and  appl yi ng  the  charg ing  i n  the  worst-case  (“cri t ical ”)  segment  to  the  
whole  l i ne.  Both  of  these  s impl i f i cati ons  i ncrease  the  estimated  charge  dens i ty above  the  real  
value  and  therefore  add  a safety marg in  as  wel l  as  s impl i fyi ng  the  est imation  process.   

W i thou t  the  exponential  terms,  the  s impl i f i ed  con tribu tion  from  segmen t j i s :  

ρ  =  K(vj/dj
n)  =  (4K/π) (FT/dj

n+2)  

where  FT i s  the  vo lumetric  f l ow rate  to  the  tank.  Th is  shows  that  the  worst-case  (cri t i cal )  
segmen t is  the  one  wi th  the  smal l est  d i ameter.  Appl ying  the  charge  densi ty for the  cri tical  
segment  to  the  whole  l i ne,  the  estimated  charge  dens i ty at  the  tank i n let  i s :  

ρ  =  (4K/π) (FT/dw
n+2)  =  kVw/dw

n+2 

where  w i nd icates  the  worst  case  (smal lest  d i ameter)  segment.  The  correspond ing  stream ing  
curren t  at  the  tank i n l et  i s :  

I =  (πK/4)  vw
2dw

2-n  

A.1 .4.3  Branched  pipel ine  wi th  mul t iple  sections  of  d i fferent  d iameter 

A branched  pipe l i ne  i s  one  i n  wh ich  a  s ing le  upstream  secti on  spl i ts ,  i n  one  or more  stages,  
i n to  mu l t i p le  downstream  sections  each  of  wh ich  feeds  an  i nd i vidual  tank.  Wi th  th is  
arrangement,  the  calcu lation  of  the  con tribu ti on  from  a part icu l ar segment  to  the  in let  charge  
dens i ty of  a  particu lar  tank i s  s l i gh t l y more  complex as  the  f l ow rate  can  be  h i gher i n  the  
upstream  segments  when  mu l t ip le  tanks  are  being  f i l l ed  s imu l taneous l y.   

I n  th is  case  the  s impl i f ied  con tri bu ti on  of  segment  j to  the  i n l et  charge  densi ty i s  st i l l  

ρ  =  kVj/dj
n  

and  the  cri t i cal  segmen t i s  st i l l  the  one  wi th  the  h i ghest  value  of  vj/dj
n  bu t  now the  veloci ty vj 

must  be  calcu lated  from  Fs,  wh ich  i s  the  h ighest  poss ible  f l ow rate  th rough  the  segment  when  
mu l t ip le  tanks  are  bei ng  f i l l ed  s imu l taneousl y rather than  from  FT,  the  f l ow rate  to  the  
i nd i vi dual  tank being  assessed .   

The  worst-case  contri bu ti on  of  an  upstream  segmen t to  the  stream ing  curren t  at  the  tank i n let  
i s  then :  

I =  (πK/4)  vw
2dw

2-n  /Ns  

where  Ns=Fs/FT i s  the  ratio  of  the  maximum  possible  f l ow rate  i n  the  pipe  segment  to  the  f l ow 
rate  i n to  the  tank being  assessed .  Thus  the  maximum  veloci ty or  vd l im i t  (based  on  n=0  i n  the  
case  of  the  vd l im i t)  that  can  be  accepted  i n  a  cri t i cal  p i pe  segment that  feeds  several  tanks  
s imu l taneousl y i s  i ncreased  by a factor Ns

1 /2
 f rom  the  standard  (unbranched  l i ne)  value  

establ i shed  for  the  tank.  
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A.1 .5  Charge generation  in  fi l ters   

Fi l ters  i n  a  pipe  l i ne  can  be  pro l i f i c  charge  generators.  Wh i lst  coarse  f i l ters  cause  a charge  
generation  s im i lar to  that  encoun tered  i n  p i pe  fl ow,  very f ine  m icron ic  f i l ters  can  exceed  the  
charge  generati on  i n  p ipe  f low by orders  of  magn i tude.   

The  charge  dens i t i es  produced  by f i ne  f i l ters  can  remain  h i gh  at  conducti vi ti es  below 1  pS/m .  
Th is  i s  u n l ike  charg ing  in  pi pel i ne  f l ow.  Charge  arri ving  at  a  tank from  a f i l ter  may,  therefore,  
have  a  l arge  charge  dens i ty and  very l ong  re laxati on  t ime,  resu l t i ng  i n  unusual l y h i gh  
poten tials .  I t  i s  therefore  importan t  to  locate  f i ne  f i l ters  i n  an  adequate  d is tance  upstream  of  
tanks  so  that  the  res idence  t ime  provided  i n  the  downstream  pipe  and/or re laxati on  tank i s  at  
l east  3  relaxati on  t imes,  al lowing  charge  to  d i ssipate  to  safe  l eve ls .  Depend ing  on  the  
f i neness  of  the  f i l ter a  defau l t  res idence  t ime  of  30  s  or  1 00  s  i s  used  to  approximate  the  worst  
practical  case  (see  7. 5) .  

A.1 .6  Charge  generation  du ring  sti rring  and  m ixing  of  l iqu ids  

Sti rri ng  and  m ixing  processes  create  a  re lat i ve  moti on  between  the  l i qu ids  and  so l i d  surfaces  
i n  con tact.  The  resu l tan t  charge  generation  i s  usual l y moderate  provid ing  that  the  l i qu id  does  
not  contain  a  second  imm iscible  phase.  St i rred  l i qu i ds  wi th  d ispersed  l i qu ids  or  suspended  
so l i ds ,  however are  prone  to  an  extremel y h igh  charge  generati on  i f  the  con ti nuous  phase  has  
a  l ow conducti vi ty.  

A.1 .7  Settl ing  potentials  

The sett l i ng  of  so l id  part i cles  or  l i qu i d  droplets  suspended  i n  a  l ow conductivi ty l i qu i d  can  l ead  
to  charge  separati on  thus  creati ng  a potential  d i fferen tial  across  the  l i qu id  i n  the  d i rection  of  
the  g ravi ty force.  I n  l arge  tanks,  e . g .  after a  m ixture  of  water and  o i l  has  been  pumped  i n to  the  
tank or the  water bottom  has  been  s ti rred  up,  the  resu l tan t  sett l i ng  poten tial  cou ld  consti tu te  
an  i gn i t i on  hazard .  Aerati on  of  the  l i qu i d ,  such  as  ri s ing  bubbles,  i s  also  able  to  st i r  up  water  
bottoms  or  o ther  depos i ts  and  may,  therefore,  i ncrease  the  e lectric  f i e l ds  i n  tank.  

A.1 .8  Breakup of  l iqu id  j ets  

The d is i n tegration  of  a  l i qu i d  j e t  i n to  smal l  droplets ,  e . g .  when  the  j et  h i ts  an  obstruction  
du ri ng  tank clean ing ,  can  produce  a  h i gh l y charged  spray or m ist,  i rrespecti ve  of  the  
conducti vi ty of  the  l i qu i d .  I n  general ,  the  more  conductive  the  l i qu i d ,  the  g reater the  charge  
generati on .  For example,  a  water j et  produces  more  charge  than  an  o i l  j et,  bu t  water/oi l  
m ixtu res  can  produce  more  charge  than  e i ther  water or  o i l .  

A.1 .9  Contact  charg ing  of  powders  

The charge  carri ed  by a un i t  mass  of  powder (charge  to  mass  rat io)  i s  usual l y the  important  
parameter i n  cons ideri ng  the  l evel  of  charge  accumu lati on  on  powders .  For medium  resisti vi ty 
and  i nsu lating  powders  (see  def in i t ions  i n  9 . 1 ) ,  typi cal  values  are  between  1 0  pC/kg  and  
1  mC/kg  and  the  value  depends  main l y on  the  process  i tse l f  (speed  of  separati on  after  
con tact) ,  on  the  f i neness  of  the  powder (speci f ic  surface  area)  and  on  i ts  chem ical  
composi t i on  i ncl ud ing  con tam inations  (res ist i vi ty  and  re lat i ve  perm i tt i vi ty) .  Table  A. 1  g i ves  
measured  data on  the  charge  levels  on  med ium  res ist i vi ty powders  emerg ing  from  d i fferent  
processes.  



 – 1 26  – I EC TS  60079-32-1 :201 3+AMD1 :201 7  CSV 
  © I EC  201 7  

Table  A. 1  – Charge bu i ld  up  on  powders  

Operation  Mass charge densi ty 

(µC kg–1 )  

Triboel ectri cal  powder coati ng  1 0  000  to  1  000  

Pneumati c  conveyi ng  1  000  to  0 , 1  

M i cron i s i ng  1 00  to  0 , 1  

Gri nd i ng  1  to  0 , 1  

Scro l l  feed  transfer  1  to  0 , 01  

Pouri ng  1  to  0 , 001  

S ievi ng  0 , 001  to  0 , 000  01  

 

A.1 . 1 0  Charg ing  by induction  

There  i s  an  e lectric  f i e l d  around  any charged  object.  A conductor i n troduced  i n to  th is  f i e ld  
changes  the  d is tri bu tion  of  poten tial  i n  the  f i e ld  i n  i ts  vic in i ty and  causes  separation  of  
opposing  charges  wi th i n  the  conductor.  I f  i t  i s  i so lated  from  earth ,  the  conductor  takes  up  a 
poten tial  dependen t  upon  i ts  pos i t ion  i n  the  f i e ld  and  i s  said  to  be  charged  by i nduction .  By 
vi rtue  of  i ts  poten tial ,  coupled  wi th  the  separated  charges  that  i t  carries,  the  conductor can  
produce  e lectrostatic  sparks.  

I f  an  i so lated  conductor  i s  momentari l y earthed  wh i l e  i t  i s  i n  an  e lectric  f i e l d ,  a  spark 
d ischarge  occurs .  Th is  spark reduces  the  poten tial  of  the  conductor to  zero  bu t  i t  acqu i res  a 
net  charge  to  cause  th is  reducti on .  Th is  remain i ng  charge  can  cause  a second  spark when  the  
i solated  conductor  i s  removed  from  the  vicin i ty of  the  ori g i nal  charged  obj ect .  Th is  type  of  
i nducti on  sparking  can  be  hazardous,  for  example,  when  an  i so lated  person  moves  abou t  near 
e lectrostatical l y charged  materials .  

A.1 . 1 1  Charge transfer by conduction  

Whenever a charged  object  touches  one  that  i s  uncharged,  the  charge  i s  shared  between  
them .  Th is  can  be  a  poten t  source  of  e l ectrostatic  charg ing  and  examples  of  i t  are  charged  
sprays,  m ists  or  dusts  imping ing  or sett l ing  on  so l i d  objects .  A s im i lar transfer of  charge  can  
also  take  p lace  when  a  stream  of  gaseous  i ons  col l ects  on  an  i n i t i al l y uncharged  obj ect.  

A.1 . 1 2  Charg ing  by corona d ischarge 

A method  for charg ing  objects  i s  spraying  e lectrons  from  a metal  t i p  wh ich  i s  at  h i gh  negati ve  
poten tial  of  some tens  of  ki lovol ts .  Th is  charg ing  mechan ism  can  also  happen  acciden tal l y,  
e. g .  from  h i gh -vo l tage  t i ps  of  e lectrostatic  sprayi ng  equ ipment or  from  corona need les  of  a  
Type  D  FIBC.  

A.2  Accumulation  of  electrostatic  charge 

A.2.1  General  

After separation  during  the  charg ing  process  e lectrostatic  charges  can  qu ickl y recombine,  
e i ther d i rectl y by con tact  or  via the  earth .  Charge  on  an  i nsu lat i ng  object  i s  retained  because  
of  the  res istance  of  the  material  i tse l f .  Bu t  for  a  conductor to  remain  charged  i t  has  to  be  
i solated  from  other conductors  and  from  earth .  

Under normal  cond i ti ons,  pure  gases  are  i nsu lators  and  the  charge  on  suspended  particles  i n  
cl ouds  of  dust,  m ist  or  spray can  often  remain  for l ong  peri ods ,  i rrespective  of  the  conducti vi ty 
of  the  partic les  themselves.  
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I n  al l  cases  the  charge  leaks  away at  a  rate  determ ined  by the  resis tances  of  the  non-
conductors  i n  the  system ;  the  process  i s  known  as  re laxati on .  The  l evels  of  res istance,  
res ist i vi ty or  conductivi ty  wh ich  can  lead  to  hazardous  s i tuati ons  depend  g reatl y upon  the  
i ndustrial  process  and  th i s  wi l l  be  d iscussed  later.  

I n  many processes  there  i s  con ti nuous  generati on  of  charge  that  accumu lates  on  an  i so lated  
conductor.  For example,  when  a  s tream  of  charged  l i qu i d  or  powder f l ows  i n to  an  i so lated  
metal  container,  the  potential  on  the  i so lated  conductor i s  the  resu l t  of  a  balance  between  the  
rate  of  i npu t  of  charge  and  the  rate  of  l eakage.  The  equ ivalen t  e l ectrical  ci rcu i t  i s  shown  i n  
Figu re  A. 1  and  the  poten tial  of  the  conductor  i s  g i ven  by the  equation :  

V =  I R  { 1  −  exp  ( -  t / R C) }  

where:  

V  i s  the  potential  of  the  conductor i n  vo l ts ;  

C  i s  i ts  capaci tance  i n  farads;  

R  i s  the  leakage  res is tance  to  earth  i n  ohms;  

I  s  the  electrostatic  charg ing  cu rren t  i n  amperes;  

t  i s  the  t ime  from  the  commencement  of  charg ing  i n  seconds.  

The  maximum  poten tial  Vmax  i s  reached  when  t i s  l arge  and  i s  therefore:  

Vmax  =  I R  
 

 

Charging  current,  I 

Leakage 
resistance,  R 

Capacitance,  C 

Leakage current 

IEC   2177/13 
 

Figure A. 1  – Equ ivalent  electrical  ci rcu i t  for an  electrostatical ly charged  conductor  

The l eakage  res is tance  and  the  capaci tance  of  an  i so lated  conductor can  often  be  measured  
and  th is  can  be  used  to  establ ish  i f  hazardous  l evels  of  charges  can  accumu late.  However,  
th is  assessment  cannot  be  carri ed  ou t  for  dusts  and  m ists  suspended  i n  ai r.  

A.2.2  Charge  accumulation  on  l iqu ids  

Charge  accumu lati on  i n  a  l i qu i d  i s  determ ined  by the  two  oppos ing  effects  of  charge  
generati on  and  charge  re laxation .  

Charge  re laxation  i n  a  con tainer of  l i qu i d  i s  governed  by i ts  e lectrical  conducti vi ty.  I n  the  
absence  of  charge  generation ,  the  charge  densi ty i n  the  l i qu i d  decays  accord ing  to  an  
exponen tial  l aw of  re laxati on  wi th  the  characteristi c  re laxation  t ime:  

τ  =  εr εo  /  γ  
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where:  

τ   i s  the  re laxati on  t ime;  

εr  i s  the  re lati ve  perm i tti vi ty of  the  l i qu i d  (abou t  2  for saturated  h ydrocarbon  l i qu i ds) ;  

εo   i s  the  perm i tt i vi ty of  free  space  (8 ,85  ×  1 0 -1 2  F/m ) ;  

γ   i s  the  e lectrical  conductivi ty of  the  l i qu id  

Exponen tial  re laxation  means  that  wi th i n  the  re laxati on  t ime  the  charge  decays  to  about  37  %  
(more  precisel y:  to  1 /e ,  where  e  i s  the  base  of  natural  l ogari thms)  of  i ts  orig i nal  value .  For 

example,  for  a  h ydrocarbon  l i qu id  wi th  a conducti vi ty of  γ  =  1  pS/m  (1 0 - 1 2  S/m )  the  re laxati on  

t ime  i s  τ  =  1 8  s .  The  t ime  for the  charge  to  decay to  50  % of  i ts  ori g inal  value  i s  0 , 7  τ  =  1 3  s .  

The  conducti vi ty of  a  very l ow conductivi ty l i qu i d  i s  s ign i f ican tl y h i gher  when  the  l i qu i d  has  a 
h igh  charge  densi ty than  when  i t  i s  uncharged .  Th is  l eads  to  what  i s  known  as  "hyperbol ic  
re laxation ".  I t  resu l ts  i n  charge  being  d iss ipated  more  rapid l y from  l i qu ids  of  very l ow 
conductivi ty and  h igh  charge  dens i ty than  wou ld  be  expected  on  the  bas is  of  the  calcu lati on  
above.  

Th is  has  a benefic ial  effect:  i t  means  that,  i rrespecti ve  of  conductivi ty or  very h i gh  charge  
densi t i es,  residence  t imes  of  1 00  s  are  su ff icient  to  reduce  the  charge  dens i ty i n  receiving  
tanks  downstream  of  f i ne  f i l ters  to  the  l evel  encountered  i n  p i pe  f low.  

Conductivi t ies  of  l i qu ids  are  c lass i f ied  as  h i gh  (γ  >  1 0  000  pS/m ) ,  medium  

(1 00  pS/m  <  γ  <  1 0  000  pS/m )  or  l ow (γ   <  1 00  pS/m ) .  I n  the  case  of  h ydrocarbons  50  pS/m  i s  
used  as  border l im i t  for  l ow conductivi ty (see  7. 1 . 4) .  The  conducti vi t ies  and  re laxation  times  
for a  number of  l i qu ids  are  g i ven  i n  Table  7.  

Hazardous  levels  of  charge  accumu lation  are  associated  main l y wi th  l ow conductivi ty l i qu i ds.  
Such  l evels  can  also  occur wi th  med ium  conducti vi ty l i qu i ds  when  the  charg ing  rate  i s  h i gh ,  
e. g .  h i gh  f low veloci t i es  or  s t i rr ing  certai n  suspensions  (see  7 .7  and  7. 9) .  Hazardous  levels  
are  vi rtual l y unknown  wi th  h igh  conductivi ty l i qu ids  provid i ng  that  the  l i qu i ds  are  earthed .  

Suspens ions  of  charged  droplets  i n  m ists  and  sprays  retain  the i r  charge  because  the  
su rrounding  atmosphere  i s  h i gh l y i nsu lati ng .  Charge  re laxation  i s  not  by e lectrical  conduction  
bu t  by processes  such  as:  sett l i ng  or  impingement  of  the  droplets  on  the  tank structure;  and ,  
at  h igh  charge  dens i ty l eve ls,  corona from  protrusions  i n  the  tank.  For these  reasons  charge  
re laxati on  i n  charged  m ists  i s  usual l y s low,  i rrespecti ve  of  the  conductivi ty of  the  l i qu i d .  

A.2.3  Charge accumulation  on  powders  

I f  the  vo lume resis ti vi ty of  the  powder i n  bu lk i s  h igh ,  charge  cou ld  be  retained  on  powder 
even  i f  i t  i s  i n  an  earthed  con tainer or  i n  con tact  wi th  earthed  metal .  The  t ime  taken  for  the  
charge  to  decay to  1 /e  of  i ts  ori g inal  value  (where  e  i s  2 , 71 8)  i s  known  as  the  re laxation  t ime.  
I t  i s  g i ven  by the  equation :  

τ  =  S εr εo  

where:  

εr  i s  the  re lati ve  perm i tti vi ty of  the  powder;  

εo   i s  the  perm i tt i vi ty of  free  space  (8 ,85  ×  1 0–1 2  F/m ) ;  

S  i s  the  vo lume resis ti vi ty of  the  powder  

A vo lume res ist i vi ty of  1 0  GΩ  m  and  a re lat i ve  perm i tt i vi ty of  2  g i ves  a  relaxati on  time  of  
approximate l y 0 , 2  s .  Th i s  means  that  after  0 , 2  s  abou t  two  th i rds  of  the  charge  has  been  
re leased  from  the  bu lked  powder to  earth .  
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Because  ai r  i s  very h i gh l y i nsu lati ng ,  charge  decay for  a  powder i n  suspens ion  i n  ai r  (dust  
cl oud)  i s  not  i n f l uenced  by the  vo lume res ist i vi ty of  the  powder.  The  charge  remains  on  the  
powder part ic les  un ti l  they i n teract  wi th  each  other or  wi th  the  equ ipment.  I n  those  
ci rcumstances,  charge  decay i s  main l y affected  by particle  movement  caused  by ai r  d ri ft ,  
g ravi ty and  space  charge  f i el ds .  

For both  powder i n  bu lk and  powder i n  suspension  i n  ai r,  charge  l evels  are  l im i ted  by the  
onset  of  d ischarges.  These  wi l l  occur when  the  electric  f i e l d ,  wh ich  i s  h ighest  at  the  boundary 
of  the  heap or the  dust  c l oud ,  reaches  the  d ie lectri c  streng th  of  ai r,  3  MV/m .  

A.3  Electrostatic  d ischarges  

A.3.1  In troduction  

Charge  on  a l i qu id  or  on  a so l i d  creates  a hazard  on l y i f  i t  i s  d i scharged  to  another body or,  
more  usual l y,  to  earth .  These  d ischarges  vary g reatl y i n  type  and  i ncend ivi ty.  They are  
described  i n  A. 3. 2  to  A. 3 . 7.  

A.3.2  Sparks  

A spark i s  a  d i scharge  between  two  conductors ,  l i qu i d  or  sol i d .  I t  i s  characterised  by a wel l  
def ined  lum inous  d ischarge  channel  carrying  a h i gh  dens i ty curren t.  I on isati on  of  gas  i n  the  
channel  i s  complete  over i ts  whole  l eng th .  The  d ischarge  i s  very rapid  and  g i ves  ri se  to  a  
sharp  crack.  

A spark occurs  between  conductors  when  the  f ie l d  streng th  between  them  exceeds  the  
e lectric  streng th  of  the  atmosphere .  The  poten tial  d i fference  between  the  conductors  
necessary to  cause  breakdown  depends  upon  both  the  shape  and  the  d is tance  between  the  
conductors.  As  a gu ide,  the  breakdown  streng th  for f lat  or  l arge  rad ius  su rfaces  1 0  mm  or  
more  apart  i s  about  3  MVm -1  i n  normal  ai r  and  i t  i ncreases  as  the  gap  decreases.  

Because  the  obj ects  between  wh ich  the  spark passes  are  conductors,  most  of  the  stored  
charge  passes  through  the  spark.  I n  most  practical  cases,  that  d iss ipates  most  of  the  s tored  
energy.  The  energy of  a  spark between  a conducti ve  body and  a conducti ve  earthed  obj ect  
can  be  calcu lated  us ing  the  equati on  below:  

W =  ½ Q V =  ½ C V2  

where:  

W  i s  the  energy d i ss ipated  i n  j ou les;  

Q  i s  the  quan ti ty of  charge  on  the  conductor  i n  cou lombs;  

V  i s  i ts  poten tial  i n  vo l ts;  

C  i s  i ts  capaci tance  i n  farads.  

Th is  i s  the  maximum  value  of  energy and  the  energy i n  the  spark i s  l ess  i f  there  i s  res istance  
i n  the  d ischarge  path  to  earth .  Typical  values  for the  capaci tances  of  conductors  are  g i ven  i n  
Table  A. 2.  
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Table  A.2  – Values of  capaci tances for  typical  conductors  

Object  Capaci tance  

pFa  

Smal l  metal  i tems  (scoop,  hose  nozz le)  1 0  to  20  

Smal l  con tai ners  (bucket,  50  l  d rum )  1 0  to  1 00  

Med ium  con tai ners  (250  l  to  500  l )  50  to  300  

Maj or plan t  i tems  (react i on  vessel s)  immediatel y  su rrounded  by earthed  s tructu re  1 00  to  1  000  

Human  body  1 00  to  200  

a  1  pF  =  1  ×  1 0–1 2  F  

 

An  example  of  a  calcu lati on  of  spark d ischarge  energy i s  as  fo l l ows:  

An  unearthed  metal  d rum  i s  f i l l ed  wi th  powder from  a g ri nd ing  un i t .  I n  such  a s i tuation  the  

charg ing  current,  I,  can  be  1 00  nA;  the  leakage  res istance  of  the  drum  to  earth  R,  1 00  GΩ ;  
and  i ts  capaci tance  C,  50  pF.  The  maximum  vol tage  on  the  drum  i s  then :  

Vmax  =  I R  =  1 0  kV  

and  the  maximum  energy re leased  i n  a  spark d ischarge  wou ld  be  

Wmax  =  ½ C Vmax
2  =  2 , 5  mJ  

A.3.3  Corona 

This  type  of  d i scharge  occurs  at  the  sharp  po in ts  or edges  of  conductors ,  i . e .  su rfaces  wi th  a  
smal l  rad i us  of  curvatu re.  They can  occur when  such  a conductor i s  earthed  and  moved  
towards  a h igh l y charged  obj ect  or,  al ternati ve l y,  i f  the  conductor i s  raised  to  a h igh  poten tial .  
The  d ischarge  arises  due  to  the  fact  that  the  e lectric  f i e ld  at  the  sharp surface  i s  very h i gh  
(above  3  MV/m) .  S i nce  the  f i e ld  away from  the  surface  drops  off  rapid l y the  reg ion  of  
i on isation  does  not  extend  far from  i t .  I t  can  be  d i rected  towards  the  charged  object  or,  i n  the  
case  of  a  h i gh  poten tial  conductor,  i t  can  s impl y be  d i rected  away from  the  conductor.  

Corona d ischarges  are  d i ff i cu l t  to  see  bu t  under subdued  l i gh ting  a g l ow can  be  seen  ad j acen t  
to  the  po in t.  Ou ts ide  th is  i on ised  reg ion  i ons  can  dri ft  away,  thei r  po lari ty be ing  dependent  on  
the  f i e l d  d i recti on .  The  energy dens i ty i n  the  d ischarge  i s  much  less  than  in  a  spark and  for 
th is  reason  corona d ischarges  are  not  normal l y i ncend ive.  However,  i n  certai n  c i rcumstances,  
for  example,  i f  there  i s  an  i ncrease  i n  the  potential  of  the  po in ted  conductor,  corona can  
develop  in to  a spark between  i t  and  another  obj ect.  

A.3.4  Brush  d ischarges  

These  d ischarges  can  occur when  rounded  (as  opposed  to  sharp)  earthed  conductors  are  
moved  towards  charged  i nsu lat ing  obj ects ,  for  example,  between  a  person 's  f i nger and  a  
p last ic  surface,  or  between  a g rounded  metal  protrus ion  and  the  surface  of  l i qu id  i n  a  tank.  

They are  short  durati on  even ts  wh ich ,  under su i table  ci rcumstances,  can  be  seen  and  heard.  
Un l ike  spark d ischarges  they tend  to  i nvolve  on l y a smal l  fracti on  of  the  charge  associated  
wi th  the  system  and  the  d ischarge  does  not  l i nk the  two  objects .  I n  spi te  of  th is ,  brush  
d ischarges  can  i gn i te  most  f lammable  gases,  vapours  and  hybrid  m ixtures .  The  present  state  
of  knowledge  i nd icates  however,  that  i ndependen t  of  the i r  M IE  combustible  powders  cannot  
be  i g n i ted  by brush  d ischarges,  provid ing  there  are  no  f l ammable  gases  or  vapours.  

Experimen ts  have  shown  that  brush  d ischarges  are  capable  of  i g n i t i ng  gas  atmospheres  wi th  
M IEs  up to  3 , 6  mJ  when  transform ing  them  in to  spark d ischarges  th rough  gases.  These  
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experiments,  however,  don ’ t  g i ve  any i n formation  concern ing  the  i ncend ivi ty of  brush  
d ischarges  for  dust.  

NOTE  Brush  d i scharges  show a s i g n i f i cant l y  d i fferent  energy d i stri bu ti on  i n  space  and  t ime  compared  to  spark 
d i scharges.  Th i s  resu l ts  i n  d i fferences  i n  the i r  i ncend ivi ty  towards  gases  and  vapours  compared  to  dusts .   

A.3.5  Propagating  brush  d ischarges  

For th is  type  of  d i scharge  i t  i s  necessary to  have  a sheet  (or l ayer)  of  a  material  of  h i gh  
res isti vi ty and  h i gh  d i e lectric  streng th  wi th  the  two  surfaces  h i gh l y charged  (h igh  su rface  
charge  densi ty)  bu t  of  oppos i te  po lari ty.   

The  d ischarge  i s  i n i t iated  by an  e lectrical  connecti on  (short  c i rcu i t)  between  the  two  surfaces.  
I t  often  has  a bri gh t  tree- l ike  s tructure  and  i s  accompan ied  by a l oud  crack.  The  bipo lar 
charged  sheet  can  be  i n  " free  space"  or,  as  i s  more  normal ,  have  one  surface  i n  i n t imate  
con tact  wi th  a  conductive  material  (normal l y earthed) .  

The  short  ci rcu i t  can  be  ach ieved:  

a)  By pi ercing  the  su rface  (mechan ical l y or  by an  e lectrical  break through) ;  

b)  By approach ing  both  su rfaces  s imu l taneous l y wi th  two  e lectrodes  e lectrical l y connected ;  
or   

c)  When  one  of  the  surfaces  i s  earthed,  by touch ing  the  other surface  wi th  an  earthed  
conductor.  

The  d ischarge  co l lects  most  of  the  d istri bu ted  charges  from  the  i nsu lat i ng  surface  and  
channels  them  to  where  the  short  c i rcu i t  takes  place.  The  cond i t i ons  necessary for th is  type  of  
d ischarge  can  be  d i ff i cu l t  to  ach ieve,  particu larl y for  th ick sheets .  I n  most  ci rcumstances,  a  
th ickness  of  more  than  1 0  mm  is  su ffi cien t  to  prevent  propagating  brush  d ischarges .  For  

sheets  th i nner  than  that  value,  a  su rface  charge  dens i ty of  at  l east  250  µC/m 2  i s  requ i red .  

A fu rther requ i rement i s  that  the  breakdown  vo l tage  through  the  charged  sheet  needs  to  be  
more  than  4  kV for  even  su rfaces  l i ke  f i lms,  webs  and  sheets  and  6  kV for  fabrics .  Th is  means  
that  charge  on  l ayers  of  pain t  does  not  normal l y g i ve  r i se  to  propagati ng  brush  d ischarges.  

NOTE  Th i ck l ayers  of  woven  or  porous  material s  can  wi thstand  vol tages  g reater than  4  kV  bu t  are  unable  to  g i ve  
ri se  to  propagati ng  brush  d i scharges  un less  they i ncorporate  a  l ayer of  impervious  material ,  i . e .  one  abl e  to  
wi thstand  vo l tages  g reater than  4  kV.  

The energy re leased  i n  such  d ischarges  can  be  h igh  ( 1  J  or  more) ;  i t  depends  on  the  area,  
th ickness  and  su rface  charge  densi ty of  the  charged  sheet.  The  d ischarges  can  i g n i te  
explos ive  gas ,  vapour  and  dust  atmospheres.  

A.3.6  Lightn ing  l i ke  d ischarges  

I n  pri nciple  l i g h tn ing  l i ke  d ischarges  can  occur wi th in  charged  clouds  or from  such  c l ouds  to  
earth  when  the  f i e l d  streng th  due  to  the  charged  particles  i s  h i gh  enough .  Such  l i gh tn i ng  l ike  
d ischarges  have  been  observed  i n  large  ash  clouds  duri ng  the  eruption  of  volcanoes.  They 
are  obvious l y capable  of  i gn i ti ng  f l ammable  atmospheres,  bu t  they have  never been  observed  
i n  charged  c louds  of  the  s i ze  encoun tered  i n  i ndustrial  operations.  

Accord ing  to  experimental  i nvestigati ons  such  d i scharges  are  un l ike l y to  occur i n  s i l os  of  
vo lume less  than  1 00  m 3  or  i n  s i l os  of  d iameter l ess  than  3  m  and  of  any hei gh t.  Those  
d imens ions  are  not  necessari l y the  upper safe  l im i ts,  they are  based  so le l y on  the  s i ze  of  the  
equ ipment  i n  the  above  menti oned  i nvesti gations .  I n  add i t i on ,  no  l i gh tn ing - l ike  d ischarges  
have  been  observed  duri ng  the  wash ing  of  sh ip’s  tanks  of  up  to  30  000  m 3  i n  vo lume.  

Such  d ischarges  are  un l ikel y to  occur i n  l arger s i los  or  con tainers  provid ing  that  averag ing  
f ie l d  s treng ths  remain  below 500  kV/m .  
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A.3.7  Cone d ischarges  

When  h igh l y charged  i nsu lating  powder i s  f i l l ed  i n to  s i los  or  l arge  containers  i t  generates  a  
reg ion  of  very h igh  space  charge  dens i ty wi th in  the  heap of  bu lked  powder.  Th is  l eads  to  h i gh  
e lectrical  f ie l ds  at  the  top of  the  heap.  Under those  ci rcumstances  l arge  d ischarges  runn ing  
(rad ial l y,  i n  the  case  of  cyl i ndrical  con tainers)  al ong  the  surface  have  been  observed.  

The  cond i t i ons  necessary for th is  type  of  d i scharges  are  complex;  the  in f l uencing  factors  are  
res isti vi ty of  bu lked  powder,  charg ing  current,  vo lume and  geometry of  bu lked  powder and  
particle  s i ze.  I t  has  been  reported  that  atmospheres  of  f lammable  gases  and  vapours  as  wel l  
as  atmospheres  of  sens i t i ve  combustible  powders  can  be  i gn i ted  by th is  type  of  d ischarge.  

Based  on  extensive  experiments  performed  i n  earthed  conducti ve  s i l os  the  energy re leased  in  
such  d ischarges  depends  on  the  s i l o  d i ameter and  the  partic le  s i ze  (mass  median)  of  the  
products  form ing  the  powder heap.  For  s i l os  wi th  d iameters  i n  the  range  0, 5  m  to  3 , 0  m  and  
powders  wi th  a med ian  range  of  0 , 1  mm  to  3 , 0  mm ,  the  maximum  energy released  i n  cone  
d ischarges  can  be  estimated  us ing  the  numerical  formu la:  

W =  5, 22  ×  D3, 36  ×  d1 , 46  

where:  

W  i s  the  upper  l im i t  of  the  energy of  the  cone  d ischarge  i n  m i l l i j ou les;  

D  i s  the  d iameter of  the  earthed  conductive  s i l o  i n  metres;  

d  i s  the  mass  median  of  the  partic le  s i ze  d istribu ti on  of  the  powder form ing  the  cone  i n  
m i l l imetres.  

For s i l os  wi th  d iameters  l arger  than  3  m  and  powders  wi th  a med ian  larger  than  3  mm  the  
appl ication  of  the  above  formu la i s  not  val i dated  by measurements  or  experiments .  Based  on  
practical  evi dence  the  i gn i t i on  eff ic iency i s  l ower and  therefore  the  equ ivalen t  energy of  cone  
d ischarges  i s  also  l ower than  i nd icated  by the  above  formu la above  these  l im i ts .  Expert  
advice  i s  recommended  under these  ci rcumstances.  

As  fo l lows  from  the  above  formu la,  cone  d ischarges  formed  from  coarse  powder are  of  much  
h igher energy than  those  from  f i ne  powder.  Thus  the  most  hazardous  s i tuati on  i s  when  h i gh l y 
i nsu lati ng  g ranu les  are  hand led  together wi th  f i ne  powder ( f i nes)  form ing  a  dust  c l oud  of  low 
MIE.  

I n  case  of  s i l os  made from  insu lating  material  twi ce  the  d iameter shou l d  be  used  i n  the  above  
formu la for the  calcu lat ion  of  the  equ ivalen t  energy of  cone  d ischarges .  Th i s  recommendation  
i s  not  based  on  experimental  data bu t  on  the  fact  that  – i n  con trast  to  an  earthed  conducti ve  
s i lo ,  where  the  h ighest  poten tial  i s  usual l y at  the  cen tral  axis  – the  s i l o  wal l  i s  not  at  zero  
poten tial .  I f  one  s i de  i s  forced  to  be  at  zero  poten tial ,  the  opposi te  s i de  may have  the  h i ghest  
poten tial  and  consequen tl y the  cone  d ischarge  may j ump over the  whole  d iameter and  thus  
co l lect  much  more  charges  than  i n  a  conducti ve  s i l o  of  s im i lar d imens ions.  

A.4  Measurements for risk assessment  

Measurements  are  often  necessary for  the  i den ti f i cati on  of  static  e lectrici ty hazards  and  the  
assessment  of  i gn i t ion  r isks.  I n  add i t ion ,  they can  veri fy whether precauti ons ,  wh ich  have  
been  implemented  against  the  hazards,  work wel l .  Computer model l i ng  of  poten tial  and  
e lectrical  f i e l d  d istribu ti on  based  on  the  measurement of  res istances,  charge  to  mass  and  / or  
space  charge  dens i t ies  may be  very he lpfu l  i n  ri sk assessmen ts  when  hand l i ng  l i qu i ds  or  
powders .  

General  methods  for measuri ng  e lectrostatic  phenomena (charge,  charge  dens i ty,  potential ,  
e lectric  f ie ld ,  chargeabi l i ty,  charge  decay,  cu rren t,  and  capaci tance)  and  re lated  properti es  of  
materials  (res is ti vi ty and  electrical  s treng th )  for  a  ri sk assessmen t have  been  described  i n  
IEC 61 340-1 .  Measuremen t of  transferred  charges  i s  described  i n  I EC  60079-0:2007,  26. 1 4.  
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NOTE  I t  i s  schedu led  to  revi se  th i s  method  and  move  i t  to  I EC  60079-32-2 7.  

Another common  practice  i s  surface  vo l tage  measurement wi th  a noncontact  e l ectrostatic  
vo l tmeter or  f i e l d  meter  i n  order to  l ocate  a  hazardous  charge  on  a conductor  or  a  non-
conductor.  The  i g n i t i on  risk associated  wi th  the  measured  values  shou ld  be  evaluated  by 
comparing  wi th  the  recommended  safety l evels  i n  th is  document.  I n  on-s i te  measurements ,  
care  shou ld  be  taken  before  i n troducing  an  earthed  i nstrument i n to  h igh l y charged  
envi ronment  to  avoid  causing  a d ischarge  and  the  i gn i t i on  r isk shou ld  separatel y be  assessed  
for such  measurements.  

Assessment  of  earth i ng  and  bonding  shou ld  be  conducted  wi th  a measurement of  res istance  
e i ther to  g round  or between  bonded  i tems.  Res is tance  measurements  can  be  used  to  check 
e lectrical  connections  that  are  prone  to  corros ion ,  movement,  bond ing  clamps ,  i nsu lat ing  
coatings,  etc.  For  test i ng  the  earth i ng  of  personnel ,  methods  of  res istance  measurements  for  
f loors  and  footwear are  provided  i n  I EC  61 340-4-1  and  61 340-4-3.  

Appropriate  procedures  for the  measurements  of  e lectrostatic  properti es  of  materials ,  such  as  
res ist i vi ty (conducti vi ty)  and  electrical  s treng th ,  are  g i ven  i n  the  fo l lowing  standards:  

a)  For res isti vi ty and  conducti vi ty of  so l i d  materials :  I EC  60093,  IEC  601 67 and  
IEC 61 340-2-3.  Al ternative  national  standards  incl ude  ASTM  D257,  BS  7506-2,  JN IOSH  
TR 42,  and  DIN  54345-5.  

b)  For l i qu i d  conductivi ty:  I SO  6297.  Al ternati ve  nati onal  s tandards  i nclude  ASTM  
D2624-07a,  ASTM  D4308-95,  JN IOSH  TR 42,  D IN  51 41 2-1 ,  and  D IN  51 41 2-2.  

c)  For  powder res isti vi ty:  I EC  61 241 -2-2.  Al ternati ve  national  s tandards  i nclude  JN IOSH  TR  
42.  

d )  For e l ectrical  breakdown  streng th :  I EC  60243-1  and  I EC  60243-2.  

NOTE  A comprehensi ve  summary of  al l  these  test  methods  i s  g i ven  i n  I EC  60079-32-28.  

Care  shou ld  be  taken  as  the  measured  res istance  and  res ist i vi ty depend  on  the  e lectrode  
conf igurati on .  For example,  the  surface  res is tance  measu red  wi th  the  e lectrode  confi guration  
described  i n  the  Note  to  3 . 21  i s  ten  t imes  lower than  the  surface  res ist i vi ty.  

M in imum  ign i ti on  energ ies  and  f l ammable  l im i ts  of  materials  used  shou ld  be  measured  by a 
special i st  under practical  cond i t i ons  to  evaluate  thei r  potential  as  an  i g n i table  atmosphere .  
Related  standard  test  methods  are  ASTM  E582-88  for gases,  I EC 61 241 -2-3,  ASTM  E201 9-03  
and  EN  1 3821  for dusts.  

————————— 
7  To  be  publ i shed.  
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Annex B  
( in formative)  

 
Electrostatic  d ischarges in  speci fic  si tuations  

B.1  Incendive d ischarges  involving  insulating  sol id  materials  

B.1 . 1  General  

I nsu lat ing  materials  can  g i ve  r ise  to  vari ous  types  of  d i scharge  e i ther  d i rectl y from  thei r  
surfaces  or by i so lati ng  conductive  parts  and  enabl ing  them  to  become charged .  

B.1 .2  Sparks from  isolated  conductors  

The use  of  i nsu lat i ng  materials  can  i so late  metal  p lan t  componen ts  or  o ther conducti ve  
obj ects  from  earth .  By being  c l ose  to  charged  material ,  such  conductors  can  become charged  
by i nduction ,  charge  sharing  or by co l lect i ng  sprayed  charge  or charged  particles .  These  
conductors  can  acqu i re  a  large  amount  of  charge  and  energy and  can  s tore  i t  for  a  l ong  t ime.  
Most  of  that  energy can  even tual l y be  re leased  as  an  i ncend ive  spark to  earth .  

For th is  reason  i t  i s  important  to  avoid  having  i so lated  conductors ;  they shou ld  be  bonded  
together  and  earthed  (see  C lause  1 3) .  

B.1 .3  Brush  d ischarges  from  insu lating  sol id  materials  

Brush  d ischarges  can  occur  when  earthed  conductive  obj ects  approach  h i gh l y charged  
i nsu lat i ng  materials .  Such  materials ,  normal l y p lastics ,  are  very common  and  they are  used  
extensive l y i n  i ndustry.  Examples  are  buckets,  pi pes,  scoops,  bags  and  al l  types  of  
con tainers,  be l ts ,  f l oor and  wal l  coverings,  i ns trument  containers  and  many constructi onal  
materials .  Those  can  become charged  i n  many ways:  by being  hand led;  by being  rubbed;  by 
having  materials  poured  i n ,  th rough ,  or  ou t  of  them ;  and  by co l lect ing  charged  part ic les  on  
the i r  su rfaces.  

The  incend ivi ty of  brush  d ischarges  depends  on  a  number of  parameters ,  i n  particu lar  on  the  
s i ze  of  the  charged  area,  bu t  i t  i s  vi rtual l y i ndependent  of  the  type  of  the  charged  material .  I t  
i s ,  however,  wel l  known  that  brush  d ischarges  are  capable  of  i gn i t i ng  gas  m ixtures  wi th  M IEs  
below abou t  4  mJ .  The  present  s tate  of  knowledge  i nd icates  however,  that  i ndependent  of  
the i r  M IE  combustible  powders  cannot  be  i g n i ted  by brush  d ischarges,  provid i ng  there  are  no  
f lammable  gases  or  vapours.  

The  equ ivalent  energ ies  of  brush  d ischarges  have  been  determ ined  by transform ing  them  in to  
spark d ischarges  th rough  gases.  These  experimen ts,  therefore,  do  not  g i ve  any i n formation  
concern ing  the  i ncend ivi ty of  brush  d ischarges  for dusts.  

Brush  d ischarges  from  posi t i vel y charged  obj ects  or  materials ,  e. g .  a  pos i ti vel y charged  l i qu id ,  
are  less  i ncendive  than  those  from  negati ve l y charged  obj ects.   

I f  the  charged  material  i s  i n  the  form  of  a  sheet  wi th  the  uncharged  surface  i n  contact  wi th  an  
earthed  metal  sheet,  the  brush  d ischarges  are  rather  weak (note,  however,  B . 1 . 4) .  

Measurements  for the  i gn i t i on  ri sk assessment  of  brush  d ischarges  are  g i ven  i n  A. 4  and  6. 3. 9.  

B.1 .4  Propagating  brush  d ischarges  from  insu lating  sol id  materials  

I n  the  presence  of  pro l i f i c  charge  generating  mechan isms  (e. g .  pneumatic  transfer of  
powders,  charge  spraying  i n  the  powder coating  process)  very h i gh  l evels  of  su rface  charge  
can  be  generated  on  an  i nsu lati ng  sheet  or  l ayer wi th  earthed  metal  backing .  I f  the  breakdown  



IEC TS  60079-32-1 :201 3+AMD1 :201 7  CSV – 1 35  – 
© I EC  201 7  

streng th  of  the  l ayer i s  su ff i ci ent  to  wi thstand  the  l arge  f i e ld  streng th  i n  the  layer,  surface  

charge  densi t i es  of  the  order of  300  µC/m 2  enable  the  d ischarge  to  change  from  a brush  
d ischarge  in to  a propagati ng  brush  d ischarge.  

A propagati ng  brush  d ischarge  can  re lease  a lo t  o f  energy.  I t  i s ,  therefore,  capable  of  i g n i t i ng  
almost  al l  f l ammable  gases,  vapours  and  powders  and  can  cause  severe  e lectrostatic  shocks.  
I n  special  cases  the  b ipolar charg ing  of  the  i nsu lating  sheet  can  also  be  ach ieved  wi thou t  
metal  backing .  

B.2  Incendive d ischarges  produced  during  l iqu id  handl ing  

B.2.1  General  

When  a tank i s  be i ng  f i l l ed  wi th  a  charged  l i qu i d  of  l ow conduct i vi ty,  the  charge  accumu lating  
i n  the  l i qu i d  wi th in  the  tank can  create  h i gh  poten tials  on  the  l i qu i d  su rface  and  h i gh  electric  
f i e l ds  i n  the  u l l age  space.  The  f ie ld  streng th  and  poten tial  d i s tribu tions  depend  upon  the  s i ze  
and  shape  of  the  tank,  on  the  l i qu id  depth  and  on  the  d ie lectric  constan t.  They are  
proporti onal  to  the  amoun t  of  accumu lated  charge  and  also  depend  on  how the  charge  i s  
d istribu ted  wi th in  the  l i qu id .   

Wi th  h i gh  l i qu id  surface  potentials ,  i ncend ive  brush  d ischarges  can  occur between  the  surface  
of  the  l i qu i d  and  metal  protrus ions  in to  the  u l l age  space.  For a negativel y charged  l i qu id ,  an  
optim ised  hydrocarbon /ai r  atmosphere  and  an  i deal  spherical  1 2 , 8  mm  d iameter  protrus ion ,  
experimen ts  have  shown  that  brush  d ischarges  can  be  i ncend ive  i f  the  surface  potential  
ad j acen t  to  the  protrus ion  exceeds  abou t  –25  kV.   

An  i g n i t i on  hazard  cou ld  arise  at  much  l ower potentials  i f  i so lated  conductors  were  presen t  i n  
the  tank.  For example,  a  can  f l oating  on  the  l i qu id  surface  cou ld  acqu i re  the  poten tial  of  i ts  
surroundings  and  g i ve  r ise  to  an  i ncend ive  spark i f  i t  moved  c lose  to  an  earthed  metal  
protrus ion  or  the  tank wal l .  

Safe  f i l l i ng  ru les  for many s i tuations  have  been  arri ved  at  empi rical l y (e . g .  for  road  and  rai l  
tanker l oad ing )  bu t  the  ru les  for l oad ing  f i xed  vertical  axis  med ium  s i zed  tanks  have  been  
deri ved  theoretical l y (wi th  qu i te  s im i lar resu l ts  to  the  empirical  methods  where  there  i s  
overlap)  as  empi rical  measurement  data i s  not  avai lable  for th is  c lass  of  tank.  The  theoretical  
method  i s  summarised  i n  B . 2. 2.  

B.2.2  Calcu lated  maximum  safe f low veloci t ies  for  f i l l ing  medium-sized  vertical  axis  
storage  tanks  

The maximum  safe  f low ve loci ty i s  the  veloci ty that  j ust  keeps  the  maximum  surface  vol tage  
below the  speci fi ed  hazard  th reshold  (25  kV)  th roughou t  the  f i l l .  I t  has  been  calcu lated  (Bri tton  
and  Sm i th  (201 2) ,  Bri tton  and  Walmsley (201 2) )  i n  order to  obtain  the  veloci ty l im i ts  
recommended  i n  7. 3. 2. 3 . 5. 3  for f i l l i ng  med ium -si zed  vertical  axis  storage  tanks.  

The  calcu lat i ons  are  not  general l y usefu l  for  l arge  tanks  (d iameter >1 0  m )  because,  i n  these,  
the  assumption  of  un i form  charge  densi ty,  wh ich  i s  used  i n  the  calcu lat ions,  tends  to  be  a 
poor approximation .  They cou ld  be  appl i ed  to  the  f i l l i ng  of  smal l  metal  con tainers  such  as  
drums  and  metal  I BCs  bu t,  for  these,  the  benefi ts  of  f i l l i ng  via a  downpipe  located  near  the  
axis  of  the  con tainer usual l y need  to  be  taken  i n to  account  and  the  f l ow rates  in  s tandard  
f i l l i ng  equ ipment are  general l y l ow enough  that  expl ici t  ve loci ty restrict ions  need  not  be  g i ven .   

The  resu l ts  of  the  calcu lat ions  are  not  wel l  f i tted  by vd l im i ts  and  consequen tl y the  approach  
adopted  has  been  to  d i rectl y calcu late  and  tabu late  the  maximum  safe  ve loci ty and  the  
associated  maximum  safe  f low rate  as  a  functi on  of  tank and  pipe  d iameter.   

The  maximum  safe  ve loci ty calcu lati on  i s  based  on :  
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a)  A maximum  surface  potential  of  25  kV
 
on  the  l i qu i d  surface  at  any t ime  duri ng  the  f i l l  (see  

B. 2. 1 ) .  

b)  An  i n let  charge  densi ty deri ved  for  p i pe  f low charg ing  us ing  the  express ion  g i ven  i n  A. 1 . 4  

wi th  conducti vi ty compensati on  below 3  pS/m  and  an  empi rical  constant  of  1 , 0  µC s  m–3 .  

c)  An  Ohm ’s  Law re laxati on  model  to  deri ve  the  (un i form )  i n ternal  tank charge  densi ty from  
the  i n let  charge  densi ty us ing  an  effecti ve  re laxati on  t ime,  τeff that  i s  double  the  re laxati on  
time  derived  d i rectl y from  the  rest  conducti vi ty of  the  fuel .  For most  practical  cases  the  
total  l i qu i d  charge  i s  cl ose  to  Iτeff where  I i s  the  i n let  stream ing  curren t  (charge  

dens i ty ×  f l ow rate) .  Where  the  total  charge  departs  from  Iτeff i t  i s  l ower so  the  use  of  Iτeff 
provides  a worst-case.  The  calcu lated  maximum  safe  veloci t i es  are  therefore  based  on  a  
to tal  l i qu id  charge  of  Iτeff.  Below 3  pS/m  the  charge  dens i ty (s tream ing  curren t)  i s  
proporti onal  to  conductivi ty and  the  effecti ve  re laxati on  t ime  i s  i nversel y proporti onal  to  
stream ing  current  so  the  total  charge  and  the  su rface  vo l tage  are  i ndependent  of  
conducti vi ty.  The  vo l tage  obtained  at  3  pS/m  (g i ving  τeff =  1 2  s )  i s  thus  equal  to  the  worst-
case  and  the  calcu lat ions  were  done  wi th  th is  conducti vi ty.   

d )  An  expression  deri ved  i ndependen tl y by Asano  (1 979)  and  Bri tton  and  Sm i th  ( 1 988)  for 
the  vo l tage  at  the  cen tre  of  the  l i qu id  surface  i n  a  cyl i ndrical  metal  verti cal -axis  s torage  
tank that  i s  partl y f i l led  wi th  a  un i form l y charged  l i qu id .  

e)  Work by Bri tton  and  Sm i th  (201 2)  who  performed  many calcu lations  wi th  the  Asano/Bri tton  
and  Sm i th  expression  and  used  an  empi rical  anal ys is  of  the  resu l ti ng  data to  extract  
s impl i f i ed  resu l ts  for the  maximum  poten tial  on  the  l i qu i d  surface  under  d i fferen t  f i l l  
cond i t i ons.  

I t  fo l l ows  from  equati on  (1 2)  of  Bri tton  and  Sm i th  (201 2)  and  the  charge  densi ty equation  i n  
A. 1 . 4  that  the  maximum  safe  f i l l i ng  ve loci ty v i s  g i ven  by:  

v =  K(D/d)0, 5  

where  K i s  a  constan t  wi th  the  d imens ions  of  ve loci ty that  depends  weakly on  the  d ie lectric  
constan t,  εL,  o f  the  l i qu i d  and  may be  expressed  (Bri tton  and  Walmsley 201 2)  as:  

K <  0 , 6{ (1+εL) /εL}
1 /2  
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Figure B. 1  – Calcu lated  maximum safe f i l l ing  veloci ti es  for  medium  sized  tanks  
(see  7.3.2.2.5.2)  
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For εL=  2 ,2 ,  K takes  the  value  0 ,72  m /s.  Fi gu re  B. 1  shows  the  l im i t i ng  veloci t i es  obtained  wi th  
th is  expression  for a  range  of  d i fferen t  p ipe  and  tank d iameters.  

The  uncertain t ies  i n  the  anal ys is  (e . g .  i s  the  charge  un i form ly d istri bu ted  i n  the  l i qu i d)  do  not  
warrant  the  use  of  a  h i gh l y accurate  value  for  the  constan t  so  i n  7. 3 . 2 . 3 . 5. 3  of  the  main  text  
the  constant  has  been  rounded  down  to  K =  0 , 7  m /s  for  s impl ic i ty.  

B.3  Incendive d ischarges  produced  during  powder handl ing  and  storage  

B.3.1  General  

With  few excepti ons,  al l  part ic les,  i nclud ing  ch ips  and  g ranu les ,  read i l y become charged  
duri ng  transport  th rough  pipes  and  ducts .  Th is  i s  especial l y true  when  the  particles  remain  
wel l  separated  from  each  other,  as  i n  pneumatic  transport.  Charge  retention  on  powder or  
equ ipment  creates  a  hazard  on l y i f  the  charge  i s  sudden l y re leased  i n  a  d i scharge  g i vi ng  ri se  
to  a h i gh  l ocal  energy densi ty and  thus  act i ng  as  a poss ible  i g n i t i on  source.  D ischarges  from  
charged  powder and  equ ipment  vary g reatl y i n  type  and  i ncend ivi ty (see  A. 3. 2  to  A. 3 .7) .  

B.3.2  Discharges from  bu lk powder 

When  h i gh l y charged  part ic les  are  bu lked  i n  a  con tainer,  cone  d ischarges  cou ld  occur  
between  the  powder and  the  con tainer (see  A. 3 . 7)  and  these  cou ld  cause  an  i gn i t i on  i f  there  
i s  a  suspens ion  of  powder and  ai r.  

There  i s  no  r i sk of  i gn i ti on  wi th  systems  con tain i ng  on l y g ranu les  (part ic le  s i ze  >  500  µm) ,  
except  where  f l ammable  gas  or  a  f i ne  powder fraction  i s  presen t  (e. g .  unpurged  res in  or  
powders  con tain ing  res idual  so lven t  or  a  f i ne  fracti on  caused  by wear) .  Bu t  m ixtures  of  
g ranu les  and  f i ne  powder are  poten tial l y hazardous,  s i nce  i n  both  cases  brush  and  the  more  
i ncendive  cone  d ischarges  can  occur.  These  d ischarges  have  also  been  observed  wi th  
part ic le  d is tribu ti ons  con tain i ng  no  g ranu les ,  bu t  thei r  frequency of  occurrence  i s  l ower.  

B.3.3  Discharges from  powder clouds  

I n  pri nciple,  d i scharges  cou ld  occur wi th in  powder cl ouds  or from  powder c l ouds  to  the  wal l  of  
the  container i f  the  f i e ld  streng th  due  to  the  charged  part ic les  were  h i gh  enough .  Recent  work 
i nvolvi ng  operati ons  such  as  pneumatic  conveyi ng  i n  med ium  s i zed  s i l os  has  i nd icated  that  
such  d ischarges  are  brush  or corona.  Spark and  l i gh tn ing  l i ke  d ischarges  due  to  powder  
cl ouds  have  not  been  detected .  Evidence  so  far  i nd icates  that,  wi th  the  poss ible  excepti on  of  
sens i t i ve  atmospheres,  the  r isk of  an  i gn i t i on  due  to  powder c loud  d ischarges  i s  very l ow.  

B.3.4  Discharges involving  insu lating  containers  and  people  

Charged  powders  i nsi de  an  i nsu lat i ng  con tainer,  or  people  cl ose  to  such  a con tainer,  can  also  
l ead  to  d ischarges  wh ich  can  cause  i gn i t i ons .  D ischarges  from  powder to  the  ins i de  wal l  of  an  
i nsu lat i ng  container can  l ead  to  po larisation  across  the  container wal l .  I f  an  earthed  person  or  
conductor touched  the  su rface  there  cou ld  be  a ri sk of  a  propagati ng  brush  d ischarge .  Such  a  
d ischarge  i s  not  on l y h i gh l y i ncend ive  bu t  i t  can  cause  severe  e lectrostati c  shock.  I nsu lating  
con tainers  can  also  be  charged  external l y by rubbing  or  by other charge  generating  
mechan isms  such  as  steam  impingement;  these  charges  cou ld  be  an  i gn i t i on  r isk.  

B.3.5  The use  of  l iners in  powder processes  

I n  some operati ons ,  parti cu larl y during  the  hand l i ng  of  dry powders  in  drums,  i t  i s  conven ien t  
to  use  an  i nner l i ner,  such  as  a plastic  bag ,  as  a precau ti on  against  contam inati on .  Li ners  
made from  insu lat i ng  materials  can  be  charged  during  f i l l i ng  and  emptying .  The  separation  of  
charges  wh ich  occurs  when  such  l i ners  are  removed  from  con tainers  can  cause  i ncend ive  
d ischarges.  However,  sparks  from  improperl y g rounded  people  are  a  far more  importan t  
hazard .  
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I n  some processes,  for  example,  when  f i l l i ng  a con tainer wi th  a h i gh l y charged ,  h i gh  resis ti vi ty 
powder,  i t  i s  even  poss ible  to  produce  propagati ng  brush  d ischarges  from  the  l i ner .  Such  
d ischarges  wou ld  be  very i ncend ive  and  cou ld  also  cause  seri ous  e lectrostatic  shock and  
precautions  shou ld  be  taken  to  preven t  thei r  occu rrence.  

A fu rther consequence  of  usi ng  h i gh l y i nsu lat i ng  l i ners  i s  that  they i nsu late  the  material  bei ng  
hand led ,  even  when  the  ou ter con tainer i s  conducti ve  and  earthed .  

B.3.6  Spark d ischarges  in  powder processes  

Spark d ischarges  can  occur due  to  the  charg ing  of  e l ectrical l y i so lated  conducti ve  parts  of  
equ ipment,  people  or  accumu lati ons  of  l ow res is ti vi ty powders .  I n  most  cases,  vi rtual l y al l  the  
stored  e lectrostatic  energy i s  d i ss ipated  i n  the  spark.  The  incend ivi ty of  spark d ischarges  can  
be  e i ther  by assessed  by comparing  the  s tored  energy,  as  measured  by ½ C V2  (see  A.3 .2) ,  
wi th  the  m in imum  ign i t i on  energy (M IE)  of  the  combustible  powder in  questi on  (see  C. 6)  or  by 
measuring  the  transferred  charge  and  comparing  i t  wi th  known  threshold  l im i ts  (see  6 . 3 . 9) .  

NOTE  For the  assessment  of  e l ectrostati c  hazards  of  i so lated  conductors,  the  most  re l evant  val ue  of  M IE  i s  that  
wh i ch  has  been  determ ined  us i ng  a  capaci t i ve  c i rcu i t  wi thou t  an  add i t i onal  i nductance  (see  C. 6) .  

B.3.7  Brush  d ischarges  i n  powder processes  

Brush  d ischarges  can  occur from  the  t i ps  of  earthed  objects,  for  example,  proj ecti ons  of  
equ ipment,  measuring  probes,  working  too ls ,  a  person ’s  f i nger t i p,  e tc.  wh ich  are  i n  h igh  
e lectrical  f i e l ds.  Such  f i e lds  can  be  generated  by h igh l y charged  i nsu lating  surfaces  of  
equ ipment,  packag ing  material ,  or  by h i gh l y charged  i nsu lat ing  powder,  e i ther i n  bu lk or  i n  
suspension  i n  ai r.  

The  presen t  state  of  knowledge  based  on  practical  experience,  experimen tal  evi dence  and  the  
absence  of  i nciden ts  i nd icates  that  brush  d ischarges  do  not  i gn i te  powder  cl ouds  un less  they 
are  m ixed  wi th  f lammable  gases  and  vapours  (see  A. 3 .4) .  

Care  shou ld  be  taken  when  hand l i ng  so lven t  wet  powders ,  wh ich  can  re lease  f lammable  
gases  over a l ong  peri od  of  t ime  wi th  a much  l ower M IE  than  the  pure  powder.  When  hand l ing  
l arge  amoun ts  of  medium  or i nsu lati ng  powders  brush  d ischarges  i ncendive  for the  evo lvi ng  
gas  atmosphere  cannot  be  avoided .  

Cons iderati on  shou ld  also  be  g i ven  to  whether M IE  resu l ts  of  less  than  1  m J  for powders  are  
actual l y caused  by evolvi ng  gas  atmosphere  rather than  by the  powder  alone.  

NOTE  The  presence  of  con tam inan ts  (e . g .  so l ven t,  g rease  or  moi stu re)  may affect  the  poten ti al  i gn i t i on  hazard  
when  us i ng  i nsu l ati ng  material s  i n  the  presence  of  dusts .  

B.3.8  Corona d ischarges in  powder processes  

Corona d ischarges  occur i n  the  presence  of  a  su ff ici en tl y s trong  e lectric  f i e ld  when  the  
e lectrode  i s  very smal l  and  po in ted,  or  has  a sharp edge  (see  A. 3. 3) .  The  i ncend ivi ty of  
corona d ischarges  i s  far  too  low for i gn i t i on  of  combustib le  powders .  When  hand l i ng  large  
amoun ts  of  medium  or i nsu lat i ng  powders,  corona d ischarges  cannot  be  avo ided ,  bu t  these  
d ischarges  do  not  create  an  i gn i t ion  hazard  un less  very sens i t i ve  explos ive  atmospheres  are  
present,  e. g .  caused  by oxygen  enrichment  or  the  presence  of  h ydrogen  or other gases  
having  a very l ow MIE.  

B.3.9  Propagating  brush  d ischarges  in  powder processes  

Propagating  brush  d ischarges  can  occur from  the  surfaces  of  i nsu lati ng  wal ls  of  containers  or  
from  coati ngs  on  equ ipmen t (see  A. 3. 5) .  The  h i gh  surface  charge  densi ty requ i red  for  these  
d ischarges  can  be  generated  where  powder part ic les  h i t  such  surfaces .  Th is  can  occur,  for  
example,  du ring  the  pneumatic  transport  of  powder th rough  pipes  of  i nsu lating  material  or  
th rough  metal  p i pes  wi th  an  i nsu lat ing  l i n ing .  H i gh  su rface  charge  dens i t i es  can  also  resu l t  
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from  the  depos i ti on  of  i ons  such  as  are  produced  duri ng  the  bu lki ng  of  charged  i nsu lati ng  
powder.  

Propagating  brush  d ischarges  do  not  normal l y occur due  to  charge  on  l ayers  of  powder;  there  
has  to  be  a  l ayer of  material  wi th  a h igh  d ie lectric  streng th .  

The  energy re leased  i n  a  propagating  brush  d ischarge  can  be  est imated  by assum ing  that  the  
(b ipolar)  charged  sheet  behaves  l i ke  a  paral l e l  p late  capaci tor wi th  the  sheet  as  d ie lectric .  For  

example,  a  sheet  wi th  re lati ve  perm i tt i vi ty ε  =  2 ,  su rface  charge  densi ty σ  =  1  ×  1 0–3  C/m 2 ,  

th ickness  d =  1 50  µm,  and  area A  =  0 , 25  m 2 ,  the  s tored  energy W i s  g i ven  by:  

J1
2

2
2

1 ===
0

2

εε

σdA
VCW  

Propagating  brush  d ischarges  can  be  avoided  by us ing  on l y conducti ve  or d i ssipati ve  material  
for  wal ls  of  equ ipment and  for coati ngs  or by ensuring  that  the  breakdown  vo l tage  across  al l  
i nsu lat i ng  wal ls  and  coatings  i s  l ess  than  4  kV (see  A.3 . 5) .  
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Annex C  
( in formative)  

 
Flammabi l i ty properties  of substances  

C.1  General  

Most  h ydrocarbons  and  many other substances  used  in  i ndustry are  f lammable.  These  
substances,  i n  the  form  of  gas,  vapou r,  l i qu i d  droplets  or  powder,  when  m ixed  wi th  ai r  or  
some other  oxid is i ng  agent  cou ld  be  i g n i ted  by e lectrostatic  d i scharges .  The  ease  wi th  wh ich  
they can  be  i gn i ted  depends  upon  a number of  factors ,  some of  wh ich  are  g i ven  i n  C. 2  to  C. 8.  

C.2  Effect  of  oxygen  concentration  and  ambient  condi tions  

The i gn i t ion  properties  are  g reatl y affected  by the  oxygen  concen tration ,  temperature  and  
pressure  of  the  atmosphere .  Most  of  the  comments  and  values  quoted  i n  C. 3  to  C . 8  re late  to  
normal  atmospheric  cond i t i ons.  Those  are  m ixtu res  wi th  ai r  at  –20  °C  to  60  °C  and  at  0 , 8  bar 
to  1 , 1  bar.  

Operating  at  cond i t i ons  other than  ambien t,  i n  particu lar wi th  h i gh  temperatures  or  oxygen  
l evels  above  21  %,  can  have  a severe  adverse  effect  on  f l ammabi l i ty characteristics  ( i n  
particu lar  M IEs) .  

C.3  Explosive l imi ts  for gases and  l iquids  

For each  substance  there  are  upper and  lower explos ive  l im i ts  and  on l y m ixtures  wi th in  these  
l im i ts  can  be  ign i ted .  For  h ydrocarbons  i n  ai r  those  l im i ts  are  between  about  1  % and  1 5  %  by 
vo lume.  Substances  wi th  wide  f lammable  l im i ts,  for  example,  h ydrogen ,  acetylene,  and  
carbon  d isu l f ide,  are  part icu larl y hazardous.  

Ven ti l ati on  i s  often  the  most  effecti ve  way of  reducing  a  m ixture  to  below i ts  lower explos ive  
l im i t  and  making  i t  i ncapable  of  i gn i t ion .  

C.4  Inerting  

An  i nert  gas  i s  one  that  i s  non- f lammable,  contains  l i tt l e  or  no  oxygen ,  and  does  not  support  
combusti on .  Examples  i nclude  n i trogen ,  bo i l er f l ue  gas,  s team ,  and  carbon  d i oxide.  The  
add i t i on  of  such  a  gas  to  a  f l ammable  atmosphere  can  reduce  the  oxygen  concentrati on  to  
such  a l ow level  that  i gn i t i on  i s  not  poss ible  at  any concentration  of  f lammable  substance .  
Some l im i t i ng  oxygen  concentrations  (LOC) ,  wi th  n i trogen  d i l uen t,  are  1 0  % by vo lume for  
methane,  8  % for ethylene  and  3  % by vo lume for h ydrogen .  I t  i s  normal  to  i nclude  a safety 
factor  and  a  maximum  oxygen  conten t  of  5  to  6  %  by vo lume i s  frequen tl y speci fi ed  for  
h ydrocarbons.   

The  i nerted  atmosphere  cou ld  become f lammable  again ,  shou ld  ai r  be  added .  Therefore  i t  i s  
important  to  recogn ise  that  i t  i s  poss ible  to  i g n i te  gas  or vapour escaping  i n to  ai r  from  an  
i nerted  vessel .  

NFPA 69,  Standard on Explosion Prevention Systems,  may help  wi th  defi n ing  con tro ls  to  
prevent  the  formation  of  f lammable  atmospheres  for fu rther  i n formation  an d  provides  a safety 
factor for  explos ion  preven tion  wh ich  depends  on  the  LOC and  on  the  type  of  oxygen  con trol  
system  employed .  

NOTE  Deplet i on  of  oxygen  con tent  i n  ai r  by  d i splacement  wi th  i nert  gas  i s  a  poten t i al  hazard  to  people.  Exposu re  
to  atmospheres  con tai n i ng  1 2  % or l ess  oxygen  wi l l  bri ng  abou t  unconsciousness  wi thou t  warn i ng  and  so  qu i ckl y  
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that  the  i nd i vi dual  cannot  he lp  or  protect  themselves.  Exposu re  to  atmospheres  con tai n i ng  between  1 2  %  and  1 4  % 
oxygen  wi l l  have  the  fo l l owing  phys i cal  effects  on  peopl e:  respi rati on  i ncreases  on  exert i on ,  rai sed  pu l se,  and  
impai red  co-ord i nat i on ,  percepti on  and  j u dgement.  Exposu re  to  atmospheres  contai n i ng  between  1 5  % and  1 9  % 
oxygen  may  impai r co-ord i nati on  of  people  and  may i nduce  earl y  symptoms  i n  people  wi th  coronary,  pu lmonary or  
c i rcu latory probl ems.  Nati onal  regu lati ons  and/or codes  re l ati ng  to  speci f i c  i n dustri es  or appl i cat i ons  may exi s t  and  
may be  consu l ted .  

Carbon  d i oxide  i s  known  sometimes  to  become a  source  of  oxygen  i n  combusti on .  Therefore,  
care  shou ld  be  taken  when  carbon  d ioxide  i s  used  for  i nerting .  

C.5  Flash  point  

I t  i s  not  normal l y poss ible  to  i gn i te  the  vapour/ai r  m ixture  above  a l i qu id  wh ich  i s  be low i ts  
f lash  po in t.  To  avoid  i gn i t i on ,  however,  i t  i s  advisable  to  keep the  temperature  of  a  l i qu id  at  
l east  5  °C  below i ts  f l ash  po in t  and,  for  m ixtu res  con tain ing  l i qu ids  wi th  a wide  range  of  
vo lat i l i t i es ,  th is  shou ld  be  i ncreased  to  at  l east  1 1  °C.  I n  general ,  i t  i s  better to  use  a h i gh  
rather than  a l ow f l ash  po in t  so lven t.  

NOTE  For a  d i scuss ion  of  f l ash  po i n t  safety factors  i ncl ud i ng  correct i ons  for e l evati on  above  sea- level ,  see  
Bri tton  and  Sm i th  (201 2) .   

I t  shou ld  be  noted  that  sprays  or f i ne  m ists  of  f lammable  l i qu ids  can  be  i gn i ted  at  
temperatures  wel l  be low the i r  f lashpoin t  (e. g .  i n  a  fuel  o i l  bu rner) .  

C.6  Minimum igni tion  energ ies  

Flammable  gases,  vapours  and  dusts  are  often  c lass i f i ed  accord ing  to  the i r  m in imum  ign i t i on  
energ ies  (M IEs) .  These  values  normal l y re late  to  the  most  easi l y i gn i table  m ixtu re  of  the  
substance  and  ai r,  and  they are  obtained  us i ng  capaci tor spark d ischarges .  They provide  a 
usefu l  g u i de  as  to  how eas i l y the  substance  can  be  i g n i ted  by e lectrostatic  d ischarges .  For  
most  gases  and  vapours  the  M IE  l i e  between  0 , 1  mJ  and  0 , 3  mJ .  The  value  for dusts  ranges  
from  below 1  mJ  to  over 1 0  J .  

The  incend ivi ty of  spark d ischarges  varies  for  sparks  produced  from  e lectrical  c i rcu i ts  
con tain ing  d i fferent  values  of  i nductance,  res is tances  and  types  of  capaci tors .  I n  some 
ci rcumstances  i gn i ti ons  may occur at  energ ies  l ower than  the  M IE  values  obtained  wi th  main l y 
capaci t i ve  ci rcu i ts .  Care  i s  needed  to  ensure  that  the  values  used  i n  a  r i sk assessment  have  
been  determ ined  wi th  a su i table  c i rcu i t.  For an  e lectrostatic  hazard  assessment the  values  
obtained  from  a capaci ti ve  d ischarge  ci rcu i t  wi th  no  add i t ional  i nductance  or res is tance  are  
used ,  as  described  for gaseous  m ixtures  i n  ASTM  E  582,  Standard test method for minimum 
ignition energy and quenching distance in gaseous mixtures  and  for dust  cl ouds  i n  
IEC  61 241 -2-3 ,  Method for determining minimum ignition energy of dust/air mixtures  and  
ASTM  E  201 9-03,  Standard test method for minimum ignition energy of a dust cloud in air.  

NOTE  1  ASTM  E  582  g i ves  the  reproduci bi l i ty  as  ±1 0  %.  

NOTE  2  Speci al  care  i s  needed  for  condensable  vapou rs  whose  l i qu i d  phases  are  conducti ve.  

Methane  has  the  h ighest  M IE  of  any h ydrocarbon  (0 , 28  mJ ) .  E thylene  (0 , 082  mJ )  i s  used  in  
testing  as  being  d ist i nct  f rom  paraff in  test  gases  such  as  propane.  H ydrogen  i s  used  i n  testi ng  
as  being  d ist i nct  from  ethylene.  Benzene  (0, 20  mJ )  has  the  smal l est  measured  M IE  of  any 
h ydrocarbon  not  contain ing  double  or  tri ple  bonds  or  ri ng  tors ion .  Wi th  th is  i n  m ind  one  can  
def ine  several  M IE  in tervals  as  shown  i n  Table  C. 1 :  
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Table  C. 1  – Typical  M IE  in tervals  wi th  examples  

Name Lowest  value   H ighest  value  Examples  

H igh  M IE  >  1 0  mJ  -  Ammon ia,  d i ch loromethane,  t ri ch loroethylene  

Elevated  M IE  >  0 , 28  mJ  1 0  m J  Halogenated  organ ics  

Normal  M IE  0, 20  mJ  0 , 28  m J  Aromati c  and  al i phati c  h ydrocarbons  wi thou t  doubl e  bonds  

Low M IE  0, 08  mJ  ≤  0 , 20  m J  
Ethene,  bu tad iene,  cyclopropane,  acetal dehyde,  d i ethyl  
ether,  s tyrene  

Very Low M IE  -  <  0 , 08  m J  
Hydrogen ,  ethyne,  ars i n ,  ch l oros i l anes,  carbon  d i su l f i de,  
ethyl ene  oxi de,  fuel  m i xtu res  wi th  oxygen  

 

There  exis t  on l y few measured  values  of  M IE  for  sprays  or d ispersed  droplets  (e. g .  7  mJ  for 

qu iescen t  cl ouds  of  organ ic  solvents  wi th  f l ash  po in t  38  °C  to  1 50  °C,  and  >  1 50  mJ  for 
tu rbu lent  ones) .  These  values  are  h i gher than  those  for the  equ ivalen t  vapour/ai r  m ixtu res  
s i nce  the  heat  of  vapori zation  must  be  suppl i ed .  

I n  the  1 960s  and  1 970s,  l i qu i ds  producing  f l ammable  vapours  were  often  c lassi f ied  accord ing  
to  thei r  Maximum  Experimental  Safety Gap (MESG)  because  th is  un i t  l ed  to  th ree  s i gn i f icantl y 
separated  data cl usters  when  drawing  MESG  against  i g n i t i on  hazard .  I n  1 978,  these  three  
cl usters  were  named  I IA,  I I B  and  I IC  i n  EN  5001 4.  

Subsequent  checking  of  o ld  MESG  values  has  ind icated  that  many were  too  h i gh .  As  a  
consequence  some I IA l i qu i ds  (ethanol ,  propanol ,  bu tano l ,  hexanol ,  heptanol ,  1 , 2 -ethaned io l ,  
ethylbenzene,  3-oxobutanoic  acid  ethyl  ester)  were  moved  i n to  the  I I B  reg ion .  I n  1 981  these  
l iqu i ds  were,  therefore,  reclass i f i ed  as  I I A/I I B  to  i nd icate  that  al though  the i r  MESG  was  i n  the  
I I B  reg ion ,  they on l y needed  the  same safety precau tions  as  I I A l i qu i ds.  

I n  2003,  these  l i qu ids  were  newly c lassi f ied  as  I I B,  bu t  comparable  to  I I A l i qu i ds .  However,  as  
th is  express ion  i s  not  very robust,  many proposals  have  been  made to  overcome th is  problem  
(e. g .  moving  the  MESG  border l im i t  from  0, 90  mm  to  0 , 88  mm ,  use  of  a  M IE  border l im i t  of  
0 , 20  mJ  or 0 , 1 8  mJ ) .  Because  M IE  and  MESG  values  can  be  measured  on l y wi th  a re lati vel y 
h igh  degree  of  uncertain ty,  none  of  these  proposals  i s  real l y sat isfactory.  For th is  reason ,  al l  
l i qu i d  previous l y class i f ied  as  I I A/I IB  (see  above)  were  s imply added  to  the  explos ion  g roup  
I I A.  

Table  C .2  con tains  values  for  the  m in imum  ign i t i on  energy M IE  and  m in imum  ign i ti on  charge  
M IQ of  i gn i t i on  optim ised  m ixtures  at  25  °C  and  atmospheric  pressure  publ i shed  by the  
Physikal i sch-Techn ische  Bundesanstal t,  Braunschweig ,  Germany,  i n  the  Appendix  of  the  
German  Techn ische  Regeln  Betriebss icherhei t  TRBS 21 53,  2009.  Note  especial l y that  the  
M IE  of  methanol  has  been  redeterm ined  as  0, 20  mJ  wh ich  i s  i n  con trast  to  an  o l der  
extrapolated  value  of  0 , 1 4  mJ .  Some values  have  been  added  from  NFPA77 (2004) .  These  
values  are  marked  wi th  a .  
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Table  C.2  – M in imum  ign i tion  energy M IE  and  min imum  ign i tion  charge M IQ 

Substance  M IE  
[mJ ]  

MIQ 
[nC]  

I gn i tion  optimum  
[Vol . -%]  

Explosion  g roup  accord ing   
to  IEC 60079-20-1  

Acetaldehyde  0 , 38  – – I I A  

Aceti c  aci d  ethyl  es ter  0 , 46  1 20  5 , 2  I I A  

Acetone  0 , 55  1 27  6 , 5  I I A  

Acrolei na  0 , 1 3  – – I I B  

Acrylon i tri l e  0 , 1 6  – 9 , 0  I I B  

Al l yl  ch lori dea
 
 0 , 77  – – I I A 

Ammon ia 1 4  1  500  20  I I A  

Benzene  0 , 20  45  4, 7  I I A 

1 , 3-Bu tad i ene  0 , 1 3  – 5, 2  I I B  

Bu tane  0 , 25  60  4, 7  I I A 

2-Bu tanone  0 , 27  – 5, 3  I I B  

2-Bu tyl  ch lori dea  1 , 24  – – I I A 

Carbon  d i su l f i de  0 , 009  – 7, 8  I I C  

Cyclohexane  0 , 22  – 3 , 8  I I A 

Cyclopropane  0 , 1 7  – 6, 3  I I B  

1 , 2-Dich loroethane  1 , 0  – 1 0 , 5  I I A  

D i ch loromethane  9  300  880  000  1 8  I I A 

D iethyl  ether  0 , 1 9  40  5, 1  I I B  

D iethyl  ether i n  oxygena  0 , 0  01 2  – – –b  

2 , 2-Dimethyl bu tane  0 , 25  70  3 , 4  I I A 

E thane  0 , 25  70  6 , 5  I I A 

E thanol  0 , 28  60  6 , 4  I I B  

E thyl ene  0 , 082  32  8 , 0  I I B  

E thyl ene  i n  oxygena  0 , 0  009  – – –b  

E thyne  (Acetylene)  0 , 01 9  – 7, 7  I I C  

E thyne  i n  oxygena  0 , 0  002  – – –b  

E thyl en  oxi de  0 , 061  – 1 0, 8  I I B  

Heptane  0 , 24  60  3 , 4  I I A 

Hexane  0 , 24  60  3 , 8  I I A 

Hydrogen  0 , 01 6  1 2  22  I IC  

Hydrogen  i n  oxygen
 a  0 , 0  01 2  – – –b  

Methane  0 , 28  70  8 , 5  I I A 

Methanol  0 , 20  50  1 4, 7  I I A 

2-Methyl bu tane  0 , 21  63  3 , 8  I I A 

Methylcyclohexane  0 , 27  70  3 , 5  I I A 

Pen tane  0 , 28  63  3 , 3  I I A 

ci s -2-Pen tene  0 , 1 8  – 4, 4  I I B  

trans-2-Pen tene  0 , 1 8  – 4, 4  I I B  

Propane  0 , 25  70  5 , 2  I I A 

Propane  i n  oxygen
 a  0 , 0  021  – – –b  

1 -Propyne  (methyl  
acetyl ene)  

0 , 1 1  – 6 , 5  I I B  
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Substance  M IE  
[mJ ]  

MIQ 
[nC]  

I gn i tion  optimum  
[Vol . -%]  

Explosion  g roup  accord ing   
to  IEC 60079-20-1  

Propylene  oxi de  0 , 1 3  – 7, 5  I I B  

Tetrafl uoroethene  4, 1  – – I I A  

Tetrahydro-2H -pyrane  0 , 22  60  4, 7  I I A  

Toluene
 a  0 , 24  – – I I A  

1 , 1 , 1 -Tri ch l oroethane  4  800  700  000  1 2  I I A  

Tri ch loroethylene  51 0  1 50  000  26  I I A  

Tri ch loros i l ane
 a  0 , 01 7  -  -  I I C  

Xylenea  0 , 20  – – I I A  

a   From  NFPA77,  2007  

b  Accord i ng  to  I EC  60079-20-1 ,  the  measuri ng  method  for  the  MESG  val ues,  on  wh i ch  the  class i f i cati on  i n  
explos ion  g roups  i s  based ,  i s  val i d  on l y for  m i xtu res  of  g ases  and  vapou rs  wi th  ai r.  

 

C.7 Combustible powders 

Al l  so l id  combustible  materials  i nclud ing  metals  may create  a f l ammable  atmosphere  when  
f i nel y d ispersed  in  ai r  i n  the  form  of  a  dust  c loud .  A dust  explos ion  hazard  cou ld  exist  i f  the  
part ic le  s i ze  i s  be low 0 , 5  mm  and  the  dust  concen trati on  i s  wi th in  the  explos ive  l im i ts  ( for 
most  organ ic  powders  typi cal l y abou t  20  g /m 3  to  several  kg /m 3) .  The  explos ion  hazard  
(explos ion  sens i t i vi ty and  vi o lence)  for a  g i ven  substance  depends  on  part ic le  s i ze  and  many 
other factors.  I t  i s  h i ghest  i n  the  case  of  very f i ne  dust.  

NOTE  The  M IE  of  expl os i ve  powders  i s  sometimes  l ower when  they are  depos i ted  on  a  su rface  than  when  they  
are  suspended  i n  ai r.  Therefore,  the  r i sk of  e l ectrostati c  i g n i t i on  of  such  explos i ve  powders  when  depos i ted  i s  
h i gher than  that  of  the  suspended  powders  i n  ai r.  

C.8 Biofuels  

A biofuel  i s  any fuel  made  from  a regenerati ve  bi osystem .  They are  named  accord ing  to  thei r  
b iocomponen t  (E  =  Ethanol ,  M  =  Methanol ,  B  =  B iod iesel )  and  i ts  vo lume  con ten t  i n  the  fuel  i n  
percent.  

Curren tl y (201 2)  b i od iesel  made  from  natural  p lant  o i l s  and  biogasol i ne  wh ich  contains  
ethanol  produced  by alcohol ic  oxi dati on  of  bi omass  are  al ready i n  use.  B iofuels  are,  however,  
not  j ust  l im i ted  to  ethanol /gasol i ne  m ixtu res  or p lant  o i ls  bu t  may become other m ixtures  i n  the  
fu ture.  As  i t  i s  hard  to  general ise  what  wi l l  appear i n  the  fu tu re  the  fo l l owing  statements  are  
l im i ted  to  b i oethanol /gasol i ne  m ixtures:  

a)  I f  ethanol  i s  added  to  gaso l i ne  i t  tends  to  c lean  the  system .  Th is  may l ead  to  an  i ncreased  
water  and  so l i d  con ten t  i n  the  f l owing  fuel  wh ich  both  i ncrease  chargeabi l i ty.  

b)  The  more  ethanol  i s  added  to  gasol ine,  the  h i gher  i ts  conducti vi ty and  the  l ower i ts  
chargeabi l i ty.  

c)  As  a consequence  of  a)  and  b)  the  chargeabi l i ty of  biofuel  usual l y i ncreases  i n  the  

fo l l owing  sequence:  E1 00  <  E1 0  <  E0  <  E5.  

d )  E50  to  E1 00  fuels  may create  explos ive  atmosphere  in  tanks  under certain  cond i t i ons ,  
especial l y as  the  tank becomes  empty.  For th is  reason  F lexfuel  veh icles  may need  special  
tank equ ipment,  e. g .  f lame arresters  i n  the  f i l l i ng  tube .  Too  f i ne  a  f l ame arrester may,  
however,  cause  other  problems,  e . g .  due  to  bl ockages.  
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Annex D  
( in formative)  

 
Classi fication  of hazardous areas  

D.1  Concept  of  zoning  

The degree  of  ri sk (e. g .  the  l i ke l i hood)  of  f i re  or  explos ion  due  to  e lectrostatic  charg ing  
depends  not  on l y on  the  probabi l i ty that  the  charg ing  wi l l  l ead  to  an  i ncend ive  spark bu t  also  
on  the  probabi l i ty that  there  wi l l  be  a f l ammable  atmosphere.  Precau tions  cons idered  
necessary to  avoid  e lectrostatic  charg ing  where  there  i s  often  a f l ammable  atmosphere  are  
not  always  necessary where  such  an  atmosphere  occurs  i n frequentl y.  The  concept  of  zon ing  
d i vi des  areas  i n to  Zones  accord ing  to  the  probabi l i ty of  a  hazardous  f l ammable  atmosphere  
occurri ng .  

D.2  Classi fication  

Accord ing  to  I EC  60079-1 0-1  and  I EC  60079-1 0-2  hazardous  areas  are  classi f ied  i n to  the 
fo l l owing  Zones:  

a)  Zone 0:  p lace  i n  wh ich  an  explosive  atmosphere  cons ist i ng  of  a  m ixture  wi th  ai r  of  
f lammable  substances  in  the  form  of  gas,  vapou r or  m ist  i s  presen t  con ti nuousl y or  for  
l ong  periods  or  frequentl y.  

b)  Zone 1 :  p lace  i n  wh ich  an  explosive  atmosphere  cons is t i ng  of  a  m ixture  wi th  ai r  of  
f lammable  substances  i n  the  form  of  gas,  vapour  or  m ist  i s  l i kel y to  occur  i n  normal  
operati on  occas ional l y.  

c)  Zone 2:  p lace  i n  wh ich  an  explosive  atmosphere  cons ist i ng  of  a  m ixture  wi th  ai r  of  
f lammable  substances  i n  the  form  of  gas,  vapour  or  m ist  i s  not  l i ke l y to  occur  i n  normal  
operati on  bu t,  i f  i t  does  occur,  wi l l  pers ist  for  a  short  peri od  on l y.  

d )  Zone 20:  place  i n  wh ich  an  explos ive  atmosphere,  i n  the  form  of  a  cloud  of  combustible  
dust  i n  ai r,  i s  presen t  con ti nuousl y,  or  for  long  periods  or frequen tl y for  short  peri ods.  

NOTE  P laces  where  pi l es  of  dust  are  presen t  bu t  where  dust  c l ouds  are  not  present  con t i nuousl y,  o r  fo r a  
l ong  peri od ,  or  frequentl y  are  not  i ncl uded  i n  th i s  Zone.  

e)  Zone 21 :  place  i n  wh ich  an  explos ive  atmosphere,  i n  the  form  of  a  cloud  of  combustible  
dust  i n  ai r,  i s  l i ke l y to  occur occasional l y i n  normal  operation .  

f)  Zone 22:  place  i n  wh ich  an  explos ive  atmosphere,  i n  the  form  of  a  cloud  of  combustible  
dust  i n  ai r,  i s  not  l i kel y to  occur i n  normal  operati on  bu t,  i f  i t  does  occur,  wi l l  pers ist  for  a  
short  period  on l y.  

D.3  Explosion  groups  

D.3.1  General  

Accord ing  to  I EC  60079-0,  substances  creating  f lammable  gases,  vapours  and  dusts  are  
classi f ied  i n to  the  fo l l owing  explos ion  g roups:  

D.3.2  Group I  

Equ ipment  of  G roup I  i s  i n tended  for  use  in  m ines  susceptib le  to  f i redamp.  

NOTE  The  types  of  protecti on  for G roup I  take  i n to  accoun t  the  i gn i t i on  of  both  f i redamp and  coal  dust  al ong  wi th  
enhanced  physi cal  protect i on  for  equ i pment  used  u nderg round .   

Equ ipment i n tended  for m ines  where  the  atmosphere,  i n  add i ti on  to  f i redamp,  may contain  
s i gn i f icant  proporti ons  of  o ther  f l ammable  gases  ( i . e .  other than  methane) ,  shou ld  be  
constructed  and  tested  i n  accordance  wi th  the  requ i rements  re lat i ng  to  Group I  and  also  to  the  
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subd ivis ion  of  Group I I  correspond ing  to  the  other s ign i f i cant  f l ammabl e  gases.  Th is  
equ ipment shou ld  then  be  marked  appropriate l y ( for example,  "Ex  d  I /I I B  T3"  or  "Ex  d  I /I I  
(NH3) ") .  

D.3.3  Group I I  

Equ ipment  of  Group I I  i s  i n tended  for use  i n  places  wi th  an  explos ive  gas  or vapour  
atmosphere  other than  m ines  susceptible  to  f i redamp.  

Equ ipment  of  G roup I I  i s  subd ivi ded  accord ing  to  the  nature  of  the  explosive  gas  or vapour  
atmosphere  for  wh ich  i t  i s  i n tended.  

Group  I I  subd ivis i ons   

I I A:  A typical  gas  i s  propane,  a  typical  vapour  i s  hexane.  

I I B:  A typical  gas  i s  e th yl ene,  a  typical  vapour  i s  d i ethyl  ether.  

I IC:  A typi cal  gas  i s  h ydrogen ,  a  typical  vapour i s  carbon  d isu l f ide.  

NOTE  1  Th i s  subd ivi s i on  i s  based  on  the  maximum  experimental  safe  gap  (MESG)  or  the  m in imum  i gn i t i on  
cu rren t  rat i o  (M IC  rati o)  of  the  expl os i ve  gas  atmosphere  i n  wh i ch  the  equ ipment  may be  i nstal l ed .  See 
I EC 60079-20-1 .  

NOTE  2  Equ ipment  marked  I I B  i s  su i table  for  appl i cati ons  requ i ri ng  Group I I A  equ ipment.  S im i l arl y,  equ i pment  
marked  I I C  i s  su i table  for  appl i cati ons  requ i ri ng  Group I I A or  Group  I I B  equ ipment.  

D.3.4  Group I I I  

Equ ipment of  G roup I I I  i s  i n tended  for use  i n  p laces  wi th  an  explos ive  dust  atmosphere  other  
than  m ines  susceptible  to  f i redamp.  

Equ ipment of  Group I I I  i s  subd ivided  accord ing  to  the  nature  of  the  explos ive  dust  atmosphere  
for wh ich  i t  i s  i n tended.  

Group  I I I  subd ivis i ons:   

I I I A:  combustible  f l yi ngs  (e. g .  f l ock) .  

I I I B:  non-conducti ve  dust  (e . g .  coati ng  powder) .  

I I I C:  conducti ve  dust  (e . g .  metal  dust) .  

NOTE  Equ i pment  marked  I I IB  i s  su i table  for  appl i cati ons  requ i ri ng  G roup  I I I A  equ ipment.  S im i l arl y,  equ i pment  
marked  I I IC  i s  su i table  for  appl i cati ons  requ i ri ng  G roup I I I A  or  Group I I I B  equ i pment.  
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Annex E  
( in formative)  

 
Classi fication  of equipment protection  level  

Accord ing  to  I EC  60079-0  equ ipmen t for use  i n  explos i ve  atmospheres  i s  classi f ied  i n to  the  
fo l l owing  equ ipment protection  levels  EPL:  

EPL Ma 

Equ ipment for i nstal lati on  i n  a  m ine  susceptible  to  f i redamp,  having  a  "very h i gh "  l evel  of  
protecti on ,  wh ich  has  su ffi ci en t  securi ty that  i t  i s  un l ike l y to  become an  i gn i ti on  source  i n  
normal  operati on ,  du ri ng  expected  mal functi ons  or during  rare  mal functi ons,  even  when  left  
energ i zed  i n  the  presence  of  an  ou tbreak of  gas.  

EPL Mb 

Equ ipment  for i nstal l at ion  i n  a  m ine  susceptible  to  f i redamp,  having  a "h i gh "  l eve l  of  
protecti on ,  wh ich  has  su ffi cien t  securi ty that  i t  i s  un l ikel y to  become a source  of  i g n i t i on  i n  
normal  operati on  or duri ng  expected  mal functi ons  i n  the  t ime  span  between  there  being  an  
ou tbreak of  gas  and  the  equ ipment  being  de-energ i zed.  

EPL Ga  

Equ ipment for explos i ve  gas  atmospheres,  having  a "very h igh "  l evel  of  protecti on ,  wh ich  i s  
not  a  source  of  i gn i t ion  i n  normal  operation ,  during  expected  mal functi ons  or during  rare  
mal functions.  

EPL Gb  

Equ ipment  for  explos i ve  gas  atmospheres,  having  a "h i gh "  l evel  of  protecti on ,  wh ich  i s  not  a  
source  of  i gn i t ion  i n  normal  operati on  or during  expected  mal functi ons.  

EPL Gc  

Equ ipment for explos i ve  gas  atmospheres,  having  an  "enhanced"  l evel  of  protecti on ,  wh ich  i s  
not  a  source  of  i gn i t i on  i n  normal  operation  and  wh ich  may have  some add i t i onal  protection  to  
ensure  that  i t  remains  i nacti ve  as  an  i g n i t i on  source  i n  the  case  of  regu lar expected  
occurrences  ( for  example  fai l u re  of  a  l amp) .  

EPL Da 

Equ ipment for explosi ve  dust  atmospheres,  having  a  "very h igh "  leve l  of  protecti on ,  wh ich  i s  
not  a  source  of  i gn i t i on  i n  normal  operation ,  du ring  expected  mal functi ons,  or  duri ng  rare  
mal functions.  

EPL Db  

Equ ipment  for explos i ve  dust  atmospheres,  having  a "h i gh "  l evel  of  protecti on ,  wh ich  i s  not  a  
source  of  i gn i t ion  i n  normal  operati on  or during  expected  mal functi ons.  

EPL Dc  

Equ ipment  for  explos i ve  dust  atmospheres,  having  an  "enhanced"  l evel  of  protecti on ,  wh ich  i s  
not  a  source  of  i gn i t i on  i n  normal  operation  and  wh ich  may have  some add i t i onal  protection  to  
ensure  that  i t  remains  inacti ve  as  an  i g n i t i on  source  i n  the  case  of  regu lar expected  
occurrences  ( for  example  fai l u re  of  a  l amp) .  
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Annex F 
( in formative)  

 
Flow chart  for a  systematic  electrostatic  evaluation  

This  Techn ical  Speci fi cati on  i s  extens ive  and  for new readers  may appear complex and  
d i ff icu l t  to  work th rough .  To  make i t  easi er for the  new or  i n frequent  reader,  the  f l ow chart  
g i ven  in  F igure  F. 1  i s  desi gned  to  he lp  i n  f ind i ng  a systematic  procedure  for an  e lectrostatic  
evaluation  of  any product  or  process.  

The  f l ow chart  i s  d i vi ded  i n  two  paths:  the  f i rst  evaluates  al l  conducti ve  or d iss ipati ve  
materials ,  parts  and  sockets,  the  second  al l  i nsu lat i ng  parts.  Every path  e i ther ends  at  “Test  
passed”  or  at  the  respecti ve  type  of  d ischarge  expected  to  occur  under  the  g i ven  cond i t ions.  

Th is  f l ow chart  i s  wri tten  i n  a  style  that  i t  i s  as  widel y appl icable  as  poss ible .  However,  there  
may be  s i tuations  where  i t  cannot  be  used.  I n  th i s  case,  the  user shou ld  search  for a  c lause  
e lsewhere  i n  th is  Techn ical  Speci fi cation  deal i ng  wi th  the  speci f ic  s i tuati on .  
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Figure F. 1  – Flowchart  for a  systematic  electrostatic  evaluation  

y 

E lectrostatic  charge  due  to  separation  processes  (e. g .  manual  rubbing ) ,  char-
ged  partic les  (e . g .  HV e lectrodes) ,  or  i nducti on  by charged  obj ects  expected?  

Tests  for  i nsu lat ing  
materials  and  parts  
accord ing  to  Table  1  

Tests  for  conducti ve/d iss ipative  materials,  
parts  and  sockets  accord ing  to  Table  1  

Parts  i so lated  ( 1 3)  and  capa-
ci tance  exceeding  Table  2?  

Powders  present  
and  f i l led  unsafe  
i n to  con tainer  or  

s i lo  (9. 4. 4) ?  

TEST 
PASSED  Sharp  conducti ve  

t i ps  presen t  (A.3 . 3)?  

1 .  Surface  area exceeds  border l im i ts  
(Table  3)  and  g roup  I  o r  I I ,  or   

2 .  Coating  (e. g .  pain t,  p lasti c  etc. ) ,  or   
3 .  Stream ing  i nsu lati ng  powder or  l i qu id?  

BRUSH  
DISCHARGE  

I gn i t i on  
hazards  for 
gases  and  
vapours  

SPARK 
DISCHARGE  
I gn i t i on  hazards  

for  gases,  
vapours  and  

dust  

CONE  
DISCHARGE  

I gn i t i on  hazards  
for gases,  

vapours  and  
dust  

CORONA 
DISCHARGE  
No  ig n i t i on  
hazards  

PROPAGA-
TING  BRUSH  
DISCHARGE  
Severe  i gn i t i on  

and  heal th  
hazards  

Experimental  
charg ing  test  

passed  (6. 3 . 9) ?  
 

Stronger  charge  ge-
nerati on  than  manual  
rubbing  (6. 3. 4. 2) ?  

Th ickness  wi th in  
border l im i ts  

(6. 3 . 4. 3)  or  g roup 
I I I ?  

Coati ng  backed  
wi th  conductor  

(6. 3. 4) ?  

None  of  the  safety 
measures  6. 3. 4.3  a  to  d  etc.  

i s  appl i ed?  

yes  (down)  

Experimental  
charg ing  test  

passed  (6. 3 .9) ?  

Provide  a  
warn ing  “Clean 
with wet cloth 
only and allow 
to dry naturally” 

(6. 3. 2)  

TEST 
PASSED  

TEST 
PASSED  

1
st
 2

nd
 

L i qu ids  or  powders  
present  and  hand led  
safe  (7,  resp.  9) ?  
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Annex G  
( in formative)  

 
Tests  

At  presen t,  I EC  60079-32-2 8,  Explosive atmospheres −  Part 32-2: Electrostatic hazards – 
Tests  i s  i n  development.  I ts  test  methods  are  based  on  the  pri nciples  l i s ted  be low:  

G.1  General  

Variat ions  i n  the  resu l ts  of  the  measuring  electrostatic  properti es  of  materials  i s  main l y due  to  
variations  i n  the  sample  (e . g .  i nhomogeneous  surfaces,  geometry and  the  state  of  the  
material )  rather than  uncertain ties  i n  vo l tage,  curren t,  e l ectrode  geometry or  uncertai n ty of  the  
measuring  device.  Th is  i s  due  to  the  effect  that  e l ectrostatic  properti es  are  strong l y i n f l uenced  
by very smal l  d i fferences  so  that  s tat ist i cal  effects  p lay an  important  ro le.   

Typical l y,  the  accuracy and  reproducibi l i ty of  e lectrostatic  measurements  i s  abou t  20  % to  
30  %.  Th is  i s  much  h igher than  for a  typical  e lectri c  measurement wh ich  i s  l ess  than  1  %.  For 
th is  reason ,  e l ectrostatic  th reshold  l im i ts  contain  a certain  safety marg in  to  compensate  for  
the  occurring  stati s tical  scatter.  

To  obtain  comparable  resu l ts  al l  over the  world ,  the  samples  shou ld  be  accl imated  and  

measured  at  the  stated  re lati ve  hum id i ty and  temperature  (mostl y 24  h  at  (23  ±  2 )  °C  and  

(25  ±  5)  % re lat i ve  hum id i ty) .  I n  countri es  wh ich  may experience  l ower or  h i gher hum id i ty and  
temperatu re  levels,  an  add i t i onal  value  at  the  l ocal  h igher or  l ower re lat i ve  hum id i ty and  

temperature  may be  reasonable  (e. g .  (40  ±  2 )  °C  and  (90  ±  5 )  % re lati ve  hum id i ty for tropical  

cl imates  and  (23  ±  2 )  °C  and  (1 5  ±  5)  % re lat i ve  hum id i ty for  arct ic  c l imates) .  

G.2 Surface resistance 

G.2.1  General  

Surfaces  wh ich  have  a  su ffi cientl y l ow surface  resistance  cannot  be  e lectrostatical l y charged  
when  i n  con tact  wi th  earth .  For th is  reason ,  the  surface  res istance  i s  a  bas ic  e lectrostatic  
property concern ing  e lectrostatic  chargeabi l i ty.  As  surface  res is tances  usual l y i ncrease  wi th  
decreas ing  re lati ve  hum id i ty,  a  l ow re lati ve  hum id i ty i s  necessary during  measuring  to  
repl i cate  worst  case  cond i t i ons .  

G.2.2  Principle  

The surface  i s  con tacted  wi th  two  conducti ve  e lectrodes  of  d ist i nct  l eng th  and  d istance  and  
the  res istance  between  both  electrodes  i s  measured .  As  h i gh  res is tances  usual l y decrease  
wi th  i ncreas ing  vo l tage,  the  appl i ed  vol tage  shou ld  be  i ncreased  to  at  least  500  V,  preferabl y 
1  000  V,  at  very h i gh  res i stances.  

G.2.3  Apparatus  

The measuring  apparatus  accord ing  to  I EC  60079-0  cons ists  of  two  paral le l  e lectrodes  wi th  
the  d imensions  g i ven  i n  Fi gu re  G . 1 .  Th is  may be  real i zed  by e lectrodes  pain ted  wi th  s i l ver  
pain t  th rough  a su i table  stenci l ,  soft  conducti ve  rubber strip  e lectrodes  on  spri ng -mounted  
metal  tongues  or  conducti ve  foam  strips  mounted  on  an  i nsu lating  support.   

————————— 
8  To  be  publ i shed.  
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Dimensions in millimetres 

Figure G .1  – Test  sample wi th  appl ied  electrodes   

NOTE  1  The  su rface  res i stance  i s  dependen t  upon  the  e l ectrode  con fi gu rati on .  

NOTE  2  Th i s  e l ectrode  confi g urati on  i s  al so  used  e. g .  i n  I EC  601 67  and  CENELEC TR 50404.  

NOTE  3  Soft  conducti ve  rubber  s tri p  e l ectrodes  are  preferred  over  s i l ver pai n t  e l ectrodes  to  l im i t  unwanted  
chem ical  su rface  i n teracti on .  

NOTE  4  I n  case  of  uneven  samples ,  s i l ver pai n t  e l ectrodes  are  preferred  over soft  e l ectrodes  because  of  the i r  
better adopti on  to  the  sample  g eometry.  

NOTE  5  I n  the  case  of  smal l  samples,  the  area around  the  e l ectrodes  may be  smal l er  than  25  mm  as  g i ven  i n  
Fi gu re  G . 1 .  

The electrodes  are  connected  to  a teraohm  meter.  A guard  sh ie ld  e lectrode  may be  placed  
over the  e lectrodes  to  m in im ise  e lectric  no ise.  Duri ng  the  test,  the  vo l tage  shou ld  be  
su ffi ci en tl y s teady so  that  the  charg ing  curren t  due  to  vo l tage  f l uctuati on  wi l l  be  neg l ig i ble  
compared  wi th  the  curren t  f l owing  th rough  the  test  sample.  

The  teraohm  meter shou ld  be  regu larl y checked  wi th  a h i gh  res istance  of  known  value.  The  
geometry of  conducti ve  rubber or  foam  electrodes  shou ld  also  be  regu larl y checked  by 
measuring  thei r  impri n t.  I f  the  e lectrode  pressure  to  reach  the  m in imum  res istance  i s  h i gher  
than  20  N ,  the  rubber e lectrodes  shou ld  be  replaced  by softer  ones.  

G.2.4  Test  sample  

The surface  res istance  shou ld  be  measured  on  the  parts  of  actual  specimen  i f  s i ze  perm i ts ,  or  
on  a test  sample  compri s i ng  a rectangu lar p late  wi th  d imensions  i n  accordance  wi th  Fi gure  
G . 1 .  The  test  sample  shou ld  have  an  i n tact  cl ean  surface.  As  any so lvent  may leave  
conducti ve  res idues  on  the  surface  i t  i s  best  to  c l ean  the  surface  wi th  a  brush  on l y.  Th is  i s  
especial l y important  i n  cases  where  the  surface  i s  treated  wi th  special  an ti s tat ic  agents .  

I f ,  however,  f i ngerprin ts  or  o ther d i rt  i s  vi s ible  on  the  surface  and  n o  special  an ti static  agents  
are  used  on  the  surface  the  test  sample  shou ld  be  cl eaned  wi th  d ist i l l ed  water,  then  wi th  
i sopropyl  alcohol  (or any other so lvent  that  can  be  m ixed  wi th  water and  wi l l  not  affect  the  
material  of  the  test  sample  and  the  electrodes) ,  then  once  more  wi th  d i sti l l ed  water before  
being  dried .   

Un touched  by bare  hands,  i t  shou ld  then  be  cond i t i oned  for at  l east  24  h  at  (23  ±  2 )  °C  and  

(25  ±  5)  %  re lati ve  hum id i ty.  

IEC   2180/13 
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G.2.5  Procedure  

The measurement  procedure  i s  as  fo l l ows:  

a)  Carry ou t  the  test  under the  same cl imate  as  the  pre-cond i t i on ing .   

b)  P lace  the  electrodes  on  the  su rface.  

c)  Appl y a pressure  of  20  N  on  the  e lectrodes  (not  necessary i n  the  case  of  pain ted  
e lectrodes) .  

d )  Appl y a  measuring  vo l tage  of  ( 1 0  ±  0 , 5)  V for  ( 1 5  ±  5)  s  between  the  e lectrodes .  

e)  Measure  the  res is tance  between  both  e lectrodes  and  record  the  value  at  the  end  of  the  
measuring  t ime.  

NOTE  Start i ng  wi th  l ow measuri ng  vo l tage  i s  necessary to  avoi d  damage  of  the  e l ectrodes  caused  by h i g h  
cu rren ts  when  measuri ng  l ow res i stance  samples.  

f)  I f  the  resis tance  i s  between  1  MΩ  and  1 0  MΩ ,  the  measuring  vo l tage  shou ld  be  i ncreased  

to  (1 00  ±  5)  V.  Resistances  between  1 0  MΩ  and  1 00  MΩ  shou ld  be  measured  wi th  

(500  ±  25)  V.  I n  case  of  surface  res is tances  exceed ing  1 00  MΩ  appl y a vo l tage  of  at  l east  

(500  ±  25)  V,  preferabl y ( 1  000  ±  50)  V,  for  (65  ±  5 )  s .  

NOTE  I n  I EC  61 340-4-1 ,  1 00  V  are  appl i ed  for  res i stances  between  1  MΩ  and  1 00  MΩ  and  500  V  for  even  
h i gher ones.  As  h i gh  res i stances  usual l y  decrease  wi th  i ncreasing  vol tage  and  need  a  l onger t ime  for  s tabl e  
resu l ts ,  th i s  document  uses  even  h i g her vol tages  and  measu ri ng  t imes  for  h i gh  res i stances  than  the  s tandard  
above.  

g)  Repeat the  measurement  n i ne  t imes.  I f  the  object  i s  not  su ff ic i en tl y l arge  for n i ne  
add i t i onal  measuremen ts ,  a  l ower number  of  repeats  i s  acceptable.  

G.2.6  Acceptance  cri teria  

The su rface  res istance  i s  the  quoti en t  of  the  d i rect  vo l tage  appl ied  at  the  e lectrodes  to  the  
total  curren t  f l owing  between  them .  Respecti ve  border l im i ts  can  be  found  i n  Table  1 .  Test  
samples  shou ld  be  c lass i f i ed  accord ing  to  the  measured  res istance  at  the  h ighest  measuring  

vo l tage.  For example,  i f  the  resis tance  at  1 0  V i s  1 , 5  MΩ ,  and  at  1 00  V i s  900  kΩ ,  the  test  

sample  shou ld  be  c lassed  as  having  a  res is tance  of  900  kΩ .  

G.2.7  Test  report  

The test  report  shou ld  i nclude  at  l east  the  fo l l owing  i n formation :  

– measuring  l aboratory,   

– date  of  measu rement,   

– temperature  and  re lat i ve  hum id i ty,  

– descripti on  and  identi f icati on  of  the  sample,   

– test  resu l ts,   

– appl ied  measuri ng  vo l tage   

– number of  measurements,  

– geometric  mean  res is tance.  

– i denti f ication  of  the  used  i nstrumentation ,  

– date  of  i ts  most  recen t  as  wel l  as  i ts  next  cal ibration ,  

– number of  th is  s tandard .  

G.3 Surface resistivi ty 

The surface  res isti vi ty i s  ten  t imes  h i gher than  the  surface  res istance  measured  accord ing  to  
G .2 .  



IEC TS  60079-32-1 :201 3+AMD1 :201 7  CSV – 1 53  – 
© I EC  201 7  

G.4 Leakage resistance 

G.4.1  General  

The l eakage  resis tance  of  an  object  i s  an  importan t  e l ectrostatic  safety characteris tic.  There  
are  several  standards  publ i shed  wi th  d i fferen t  measuring  methods  for testing  the  l eakage  
res istance  of  a  f l oor wh ich  mostl y can  be  appl i ed  for o ther objects  too  (e. g .  rotati ng  cyl i nders,  
hous ings ,  bags  wi th  an  earth i ng  po in t) .  I n  I EC  61 340-4-1  the  test  i s  executed  wi th  a  c i rcu lar  

e lectrode,  (65  ±  5)  mm  in  d iameter pressed  to  the  f loor wi th  (2 ,5  ±  0 , 25)  kg  (hard  f l oor)  or  

(5, 0  ±  0 , 25)  kg  (soft  f l oor) .  I n  I SO 1 0965  measurement  i s  done  wi th  a  ci rcu lar e lectrode,  

(65  ±  2 )  mm  in  d iameter pressed  to  the  f l oor wi th  (5, 0  ±  0 , 1 )  kg .  ASTM  F1 50  uses  a  c i rcu lar  
e lectrode,  63, 5  mm  in  d iameter pressed  to  the  f l oor wi th  2, 5  kg .  EN  1 081  uses  a  th ree- footed  
e lectrode  pressed  to  the  f loor by a person  stand ing  on  i t .  As  each  method  yie lds  a  somewhat  
d i fferent  res istance  i t  i s  importan t  that  the  measuring  method  used  i s  stated  in  product  
speci f ications  and  test  reports.  

NOTE  I n  i deal  cases  the  d i fferences  between  the  measured  res i stances  of  the  d i fferen t  methods  described  above  
are  smal l .  I n  real i ty,  rough  su rfaces,  e . g .  external  concrete  forecou rts  wi th  s i gn i f i can t  s tone  conten t  s tand ing  proud  
may i n f l uence  the  measured  res i stance  depend i ng  on  the  used  e l ectrode  su rface  and  the  appl i ed  pressure.  
Improved  resu l ts  may be  obtai ned  wi th  conducti ve  foam  pads  under I EC  61 340-4-1  e l ectrodes  to  take  up  
roughness  of  several  mm .  However,  th i s  may not  repl i cate  the  pract i cal  s i tuat i on  of  a  person ’s  footwear wi th  hard  
soles.  

G.4.2  Principle  

The f loor or  obj ect  i s  con tacted  wi th  a speci fi ed  e lectrode  and  the  res istance  between  
e lectrode  and  earth  i s  measured.  

G.4.3  Apparatus  

Usual l y,  a  c i rcu lar e lectrode,  (65  ±  5 )  mm  in  d iameter wi th  a conducti ve  rubber surface  i s  
pressed  to  the  object  wi th  2 , 5  kg ,  or  5  kg  wh ich  i s  wi th in  the  e lectrode  speci fi cati on  of  nearl y 
al l  s tandards  ci ted  i n  G . 4. 1 .  However,  th ree-footed  e lectrodes  described  i n  EN  1 081  may be  
more  su i table  i f  s imu lati on  of  the  body pressure  on  the  f l oor  i s  importan t.  

NOTE  Measu red  res i stance  tends  to  decrease  wi th  i ncreasi ng  e l ectrode  pressure,  bu t  on l y  up  to  a  certai n  po i n t,  
after wh i ch  fu rther i ncrease  i n  pressu re  has  l i t t l e  effect  on  measured  res i s tance.  I t  has  been  found  that  for  many 
f l oori ng  materi al s ,  the  pressure  appl i ed  by a  5  kg ,  65  mm  d iameter e l ectrode  i s  adequate  for  accu rate  
measurement.  

The electrodes  are  connected  to  a teraohm  meter.  A guard  sh ie ld  e lectrode  may be  placed  
over the  e lectrode  to  m in im ise  e lectric  no ise.  Duri ng  the  test,  the  vo l tage  shou ld  be  
su ffi ci en tl y s teady so  that  the  charg ing  curren t  due  to  vo l tage  f l uctuati on  wi l l  be  neg l ig i ble  
compared  wi th  the  curren t  f l owing  th rough  the  test  sample.  

The  teraohm  meter shou ld  be  regu larl y checked  wi th  a  h i gh  res is tance  of  known  value.  I f  the  
e lectrode  pressure  to  reach  the  m in imum  resistance  on  a  test  sample  i s  h i gher than  20  N ,  the  
rubber e lectrodes  shou ld  be  replaced  by softer ones.  

G.4.4  Test  sample  

The  test  f l oor or  object  shou ld  have  an  i n tact  cl ean  surface.  I f  the  f loor or  object  bei ng  
measured  i s  ou ts ide  (e. g .  forecourt  su rfaces  at  f i l l i ng  s tations) ,  there  shou ld  be  no  rai n y or  
foggy weather wi th in  24  h  before  the  measuri ng  t ime  (re lat i ve  hum id i ty c l ose  to  50  % or  even  

l ess) .  F loors  or  obj ects  i n tended  to  be  used  i nsi de  shou ld  be  cond i t ioned  at  (23  ±  2 )  °C  and  

(25  ±  5)  % re lat i ve  hum id i ty for  24  h  for l aboratory measurements ,  or  under ambient  
cond i t i ons  for  i n  s i tu  measurements .  

Add i ti onal  cond i t i on i ng  t ime  may be  requ i red  for  text i l e  f l oor covering  and  other materials  that  
read i l y absorb  moistu re  (see  I SO  1 0965) .  
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G.4.5  Procedure  

The test  shou ld  be  carri ed  ou t  accord ing  to  G . 2. 5  except  that  measurement takes  place  
between  one  e lectrode  and  earth .  I n  case  of  f l oors,  one  measuring  value  per square  metre  i s  
su ff ici ent.  

G.4.6  Acceptance cri teria  

The l eakage  res istance  i s  the  quotient  of  the  d i rect  vol tage  appl i ed  at  the  e lectrode  to  the  
total  cu rren t  f lowing  between  e lectrode  and  earth .  Respecti ve  border l im i ts  can  be  found  i n  
Table  1 .  

G.4.7  Test  report  

The test  report  shou ld  i nclude  at  l east  the  fo l l owing  i n formation :  

– measuring  l aboratory,   

– date  of  measurement,   

– temperature  and  re lati ve  hum id i ty,  

– descript i on  and  i den ti f i cati on  of  the  sample,   

– test  resu l ts ,   

– measuring  vo l tage,  

– e lectrode  description ,  

– appl ied  pressure,  

– number of  measuremen ts ,  

– median  resis tance  

– i denti f i cation  of  the  used  i nstrumentation ,  

– date  of  i ts  most  recen t  as  wel l  as  i ts  next  cal ibrati on ,   

– number of  th is  s tandard .  

G.5 In-use testing  of  footwear 

G.5.1  General  

Laboratory test i ng  of  footwear i s  described  i n  I EC  61 340-4-3.  For regu lar dai l y testing ,  the  
earth  l eakage  res istance  of  a  person  wearing  footwear can  usual l y be  determ ined  wi th  
footwear conducti vi ty testers  (Personnel  Ground ing  Tester) .  I f  such  a device  i s  not  avai lable,  
th is  res istance  shou ld  be  measured  accord ing  to  the  fo l lowing  sections.   

G.5.2  Principle  

The res istance  between  a hand-held  obj ect  and  a metal  p late  where  a  person  stands  wi th  
both  feet  i s  measured .  The  res istance  of  the  person  i s  assumed  to  be  neg l ig i ble  compared  to  
the  res istance  of  the  shoes.  

G.5.3  Apparatus  

The measuring  device  consists  of  a  metal  p late  on  the  f l oor and  a hand-held  metal  object  (e . g .  
a  metal  bar of  20  mm  i n  d iameter and  1 00  mm  in  l eng th  or  a  metal  sphere  50  mm  in  
d iameter) .  A teraohm  meter i s  connected  between  both  e lectrodes  measuring  the  resis tance  
between  hand-held  metal  obj ect  to  the  metal  p late  via body and  feet.  The  teraohm  meter  
shou ld  be  regu larl y checked  wi th  a h igh  res is tance  of  known  value.  
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The  measuring  vo l tage  shou ld  not  exceed  1 00  V to  preven t  an  e lectric  shock.  When  

measuring  wi th  1 00  V a  protecting  res is tor of  abou t  1  MΩ  shou ld  be  wi th i n  the  measuring  
ci rcu i t.  Th is  res istor  may be  om i tted  when  measuri ng  low res istances  wi th  1 0  V.  

G.5.4  Procedure  

The measurement  procedure  i s  as  fo l l ows:  

a)  Measure  at  (23  ±  2 )  °C  and  (25  ±  5)  %  re lat i ve  hum id i ty.  I f  the  re lati ve  hum id i ty i s  
exceeded ,  record  the  hum id i ty at  least.  

b)  Pu t  on  the  shoes  to  be  tested .  

c)  Wai t  f i ve  m inu tes  to  get  su ffi ci ent  hum id i ty i n  shoes  and  socks.  

d )  Stand  on  the  metal  p late  wi th  both  feet  and  g rasp the  metal  obj ect  wi th  one  bare  hand .  

e)  Record  the  d isplayed  res istance  of  the  footwear.  

G.5.5  Acceptance  cri teria  

Respecti ve  border l im i ts  can  be  found  i n  Table  1 .  

G.5.6  Test  report  

I n  case  of  rou t ine  con tro ls ,  a  resu l t  i n  form  of  a  red  or g reen  l amp is  su ffi ci ent.  I n  al l  o ther  
cases,  the  test  report  shou ld  i ncl ude  at  l east  the  fo l lowing  i n formation :  

– measuring  l aboratory,   

– date  of  measurement,   

– temperature  and  re lat i ve  hum id i ty,  

– descripti on  and  identi f ication  of  the  sample,  

– test  resu l ts,   

– measuring  vo l tage,  

– number of  measurements,   

– i denti f ication  of  the  used  i nstrumentati on ,  

– date  of  i ts  most  recen t  as  wel l  as  i ts  next  cal ibration ,   

– number of  th is  s tandard .  

G.6 In-use testing  of  g loves  

G.6.1  General  

Laboratory testi ng  of  g l oves  i s  described  i n  EN  420.  For regu lar dai l y test ing ,  the  res istance  of  
g loves  may be  measured  together wi th  the  res i stance  of  footwear.  Unfortunate l y,  th is  total  
res istance  cannot  always  be  determ ined  wi th  footwear conducti vi ty testers  (Personnel  
Ground ing  Tester) .  I t  may,  therefore,  necessary to  measure  the  res istances  accord ing  to  the  
fo l l owing  sections .  

NOTE  A new CEN  standard  i s  bei ng  devel oped,  cu rren t l y  i den ti f i ed  as  WI  001 6231 7:201 1 .   

G.6.2  Principle  

The res istance  between  a  g l ove-held  and  a  hand-held  metal  obj ect  vi a body and  feet  to  a  
metal  p late  on  wh ich  the  person  stands  wi th  both  feet  i s  measured  accord ing  to  G . 5. 4.  I f  the  
res istance  of  the  footwear i s  not  known,  the  res istance  between  g love-held  metal  object  and  a  
wris t  s trap  of  known  res is tance  on  the  persons  arm  shou ld  be  measured .  
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G.6.3  Apparatus  

Same as  in  G . 5.3  

G.6.4  Procedure  

The measurement  procedure  for persons  earthed  via the i r  footwear i s  as  fo l lows:  

a)  Measure  the  res is tance  o f  the  used  footwear as  described  i n  G . 5. 4.  

b)  Repeat  the  measurement  wi th  g l oves  on  the  hand.  

c)  Report  both  values  and  thei r  quoti ent.  

The  measurement  procedure  for persons  earthed  via wris t  s traps  i s  as  fo l l ows:  

a)  Earth  the  person  via a wrist  s trap of  known  res istance.  

b)  Measure  the  res is tance  between  the  g l ove  he ld  metal  object  and  the  wris t  s trap.  

c)  Report  both  values  and  thei r  d i fference.  

G.6.5  Acceptance cri teria  

Respecti ve  border l im i ts  can  be  found  i n  Table  1 .  

G.6.6  Test  report  

The test  report  shou ld  i ncl ude  at  l east  the  fo l l owing  i n formation :  

– measuring  l aboratory,   

– date  of  measuremen t,   

– temperatu re  and  re lat i ve  hum id i ty,  

– descript i on  and  i denti f i cati on  of  the  sample,  

– res istance  of  wrist-strap  or footwear,  

– test  resu l ts,   

– measuring  vo l tage,  

– number of  measurements,   

– i denti f ication  of  the  used  i nstrumentati on ,  

– date  of  i ts  most  recen t  as  wel l  as  i ts  next  cal ibrati on ,   

– number of  th is  s tandard .  

G.7 Powder resistivi ty 

G.7.1  General  

Di fferen t  measuri ng  methods  exis t  for  powder res ist i vi ty:  measuri ng  cel l  accord ing  to  
IEC/TS 61 241 -2-2  (g roove  cel l ) ,  accord ing  to  I EC  60093  (stamp ce l l )  and  a  concen tric  ce l l  
wi th  an  ou ter  and  an  i nner ri ng  e lectrode  (Lucas,  201 1 ,  Stahmer et  al ,  201 2) .  Accord ing  to  
Stahmer et  al ,  g roove  cel l  and  concen tric  ce l l  yi e l d  the  same resu l ts .  However,  as  a  
consequence  of  the  compress ion  of  the  dust,  the  stamp cel l  g i ves  an  up  to  ten  t imes  lower 
res isti vi ty when  measuring  compressible  dusts .  For these  reasons,  the  powder res is ti vi ty 
shou ld  be  measured  accord ing  to  the  fo l l owing  procedure  based  on  IEC/TS 61 241 -2-2.  

G.7.2  Principle  

A constant  vo lume of  powder i s  f i l l ed  i n  a  speci f ic  measuri ng  cel l  wi th  two  electrodes.  The  
res istance  between  both  e lectrodes  i s  measu red.  
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G.7.3  Apparatus  

A measuri ng  ce l l  accord ing  to  I EC  61 241 -2-2  consist i ng  of  two  oppos i te  e lectrodes  of  po l i shed  
stain less  s teel  bars  ( 1 ) ,  1 0  mm  in  he i gh t,  1 00  mm  in  l eng th  and  1 0  mm  d istance,  moun ted  
together wi th  two  oppos i te  wal ls  of  i nsu lating  g lass  bars  (2) ,  1 0  mm  in  he i gh t,  on  an  i nsu lati ng  
base  (3) ,  shou ld  be  used  (Fi gure  G .2) .  The  th ickness  of  the  e lectrodes  shou ld  be  between  

5  mm  and  1 0  mm .  The  resistance  R between  the  e lectrodes  shou ld  exceed  1 00  TΩ .  The  exact  
values  of  the  d imens ions  of  the  ce l l  have  to  be  known  for  the  geometric  correction  factor i n  
4. 7. 4.  
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Figure G .2  – Measuring  cel l  for powder resistivi ty  

The e lectrodes  are  connected  to  a  teraohm  meter.  The  teraohm  meter shou ld  be  regu larl y 
checked  wi th  a  h i gh  res istance  of  known  value.  A guard  sh ie ld  e lectrode  may be  placed  over  
the  measuri ng  cel l  wi thout  contacti ng  the  e lectrodes  to  m in im ise  e lectric  noise.  Duri ng  the  
test,  the  vo l tage  shou ld  be  su ff ic ien tl y s teady so  that  the  charg ing  curren t  due  to  vo l tage  
f luctuation  wi l l  be  neg l i g i ble  compared  wi th  the  cu rrent  f l owing  th rough  the  test  sample.  

G.7.4  Procedure  

The measurement  procedure  i s  as  fo l l ows:  

a)  Accl imate  the  test  dust  to  (23  ±  2 )  °C  and  (25  ±  5 )  % re lat i ve  hum id i ty for at  l east  24  h .  
Dusts  wh ich  s i gn i f ican tl y d ry up  or absorb water and  for wh ich  the  dust  resi stance  du ri ng  a  
special  technolog ical  process  i s  importan t,  shou ld  be  measured  at  the  cl imate  cond i t ions  
of  th is  process .  

b)  Pour  a quanti ty of  the  ori g inal  un treated  test  dust  between  the  test  e l ectrodes  (3) .  

c)  Remove excess  dust  by runn ing  a s traight-edge  along  the  top of  the  stai n less  s tee l  bars  
(1 ) .  

d )  Measure  the  res istance  R  of  the  f i l l ed  test  ce l l  between  the  e lectrodes  ( 1 )  wi th  the  

fo l l owing  values  of  DC vo l tage  appl i ed  for 1 0  s :  ( 1 05  ±  1 0)  V,  (500  ±  25)  V,  (1  000  ±  50)  V.  
The  same sample  of  dust  i n  the  test  ce l l  may be  used  for al l  the  tests  at  any one  of  the  
values  of  vol tage.  I f  no  constan t  measuring  value  i s  reached  after 1 0  s  the  measuring  t ime  

shou ld  be  elongated  to  (65  ±  5)  s .  

NOTE  I n  most  cases,  a  test  vo l tage  of  (1 05  ±  1 0 )  V  i s  su ff i ci en t.  H i gher  vol tages  can  l ead  to  unwanted  
physi cal  or chem ical  effects .  

e)  Calcu late  the  res istivi ty ρ  at a l l  test vol tages  from  the  equation  

–  ρ  =  0 , 001  ×  R ×  H ×  W/L  

– where  ρ  i s  the  res isti vi ty i n  Ωm,  H i s  the  hei gh t  of  the  e lectrode  i n  mm ,  W i s  the  l eng th  
of  the  e lectrode  i n  mm  and  L  i s  the  space  between  e lectrodes  i n  mm .  

f)  Repeat  s teps  b)  to  e)  twi ce  and  calcu late  the  average  value.  
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G.7.5  Acceptance cri teria  

Respecti ve  border l im i ts  can  be  found  i n  9 . 1 .  

G.7.6  Test  report  

The test  report  shou ld  i nclude  at  l east  the  fo l l owing  i n formation :  

– measuring  l aboratory,   

– date  of  measurement,   

– temperature  and  re lati ve  hum id i ty,  

– descript i on  and  i den ti f i cati on  of  the  sample,   

– test  resu l ts ,   

– measuring  vo l tage,  

– number of  measurements ,  

– i den ti f i cation  of  the  used  i nstrumentati on ,  

– date  of  i ts  most  recen t  as  wel l  as  i ts  next  cal ibrati on ,   

– number of  th is  s tandard .  

G.8 Liquid  conductivi ty 

G.8.1  General  

Usual l y,  conducti vi ty meters  wi th  d ip  e lectrodes  are  su ffi c ien tl y exact  for e l ectrostatic  
purposes.  I n  any case,  the  temperature  shou ld  also  be  reported  because  conducti vi ty i s  
strong l y dependan t  on  temperature.  

I f  more  exact  values  are  needed ,  a  speci fi c  test  ce l l  such  as  the  cel l  described  i n  the  fo l lowing  
section  shou ld  be  used .  The  cel l  can  be  used  for  s ing le  phase  and  stable  mu l t i phase  l i qu ids .  
Al ternati vel y,  the  conducti vi ty may be  determ ined  accord ing  to  I EC  60247.  

G.8.2  Principle  

A constan t  vo lume of  l i qu i d  i s  f i l l ed  i n  a  speci f ic  measuring  cel l  wi th  two  e lectrodes.  The  
res istance  between  both  e lectrodes  i s  measu red.  

G.8.3  Apparatus  

Figu re  G . 3  describes  a measuri ng  ce l l  accord ing  to  D IN  51 41 2- 1  wi th  a ce l l  constan t  K o f  1 /m .  
Other ce l l  d imens ions  are  poss ible  bu t  the  cel l  constant  of  th is  arrangement  has  to  be  

determ ined  from  geometry.  A DC vol tage  U  of  ( 1 00  ±  1 )  V shou ld  be  appl ied  between  the  
i nner and  the  ou ter e l ectrode  and  the  resu l t i ng  cu rren t  I shou ld  be  recorded  wi th  a  
p icoammeter  coupled  to  an  osci l l oscope  or  Personal  Compu ter.  
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Figure G .3  – Measuring  cel l  for l i qu id  conductivi ty  

G .8.4  Procedure 

The  measurement  procedure  i s  as  fo l l ows:  

a)  Pour ( 1 00  ±  0 , 5)  cm 3  o f  the  ori g i nal  un treated  test  l i qu id  i n  the  measuri ng  cel l  and  c lose  i t  
wi th  the  l i d .  

b)  Record  the  current  I o f  the  f i l l ed  test  ce l l  between  the  e lectrodes  at  1 00  V for the  time  t 
wi th  an  osci l l oscope  or  Personal  Compu ter coupled  to  a  p icoammeter.   

NOTE  I n  most  cases,  a  test  vol tage  of  1 00  V  i s  su ff i c i en t.  H i gher  vol tages  can  l ead  to  u nwanted  physi cal  or  
chem ical  effects .  

c)  Extrapolate  the  curren t  I o  for t  =  0  from  the  recorded  course  of  I.  

d )  Calcu late  the  conductivi ty σ  i n  S/m  accord ing  to  

σ  =  K ×  Io/U 

–  1  pS/m  =  1 0–1 2  S/m  =  1  cu  (conductivi ty un i t)  

e)  Repeat the  procedure  twice  

G.8.5  Acceptance cri teria  

Respective  border l im i ts  can  be  found  i n  7. 1 . 4.  

G.8.6  Test  report  

The test  report  shou ld  i ncl ude  at  l east  the  fo l l owing  i n formation :  

– measuring  l aboratory,   
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– date  of  measu rement,   

– temperature,  

– descripti on  and  i denti f i cati on  of  the  sample,   

– median  conducti vi ty,   

– measuring  vo l tage,  

– number of  measurements ,  

– i denti f ication  of  the  used  i nstrumentati on ,  

– date  of  i ts  most  recen t  as  wel l  as  i ts  next  cal ibration ,   

– number of  th is  s tandard .  

G.9 Capaci tance 

G.9.1  General  

Avoid i ng  i solated  conductors  i s  one  of  the  most  importan t  e lectrostatic  ru les.  For th is  reason  
on l y smal l  i so lated  conducti ve  objects  wi th  low capaci tances  are  al lowed  i n  hazardous  areas.  
To  check whether the  suspected  conducti ve  object  (e . g .  metal  screws  of  an  enclosure,  metal  
connecti ng  sockets  of  hand-held  equ ipment)  i s  wi th i n  the  al l owed  l im i ts ,  the  fo l l owing  test  
shou ld  be  execu ted .  Metal  sockets  and  con tacts  wh ich  are  s i tuated  so  deep i n  an  enclosure  
that  d ischarges  to  approach ing  earthed  objects  are  not  expected  need  not  be  tested.  

G.9.2  Principle  

The test  sample  i s  p laced  on  an  unearthed  metal l i c  p late  and  the  capaci tance  between  
exposed  conductive  parts  and  the  metal l i c  p late  i s  measured  wi th  a capaci tance  meter.  

G.9.3  Apparatus  

The measuring  device  cons ists  of  an  unearthed  metal  plate  that  s i gn i f i cantly exceeds  the  area 
of  the  test  sample  and  a capaci tance  meter  able  to  measure  between  1  and  1 0  pF  wi th  a  
measuring  uncertai n ty of  l ess  than  0 , 5  pF  at  a  measuring  frequency of  at  l east  1  000  Hz.  The  
appl ied  vo l tage  shou ld  be  between  1  V and  9  V.  The  negati ve  measurement l ead  i s  connected  
to  the  metal  p late.  The  pos i t i ve  l ead  i s  free l y avai lable  for capaci tance  measu ri ng .  The  
connecti on  leads  shou ld  be  as  short  as  poss ible  to  avoid  stray curren ts.  Metal l i c  p lates  wi th  
su rface  oxidati on  shou ld  be  avoided  as  th is  may l ead  to  erroneous  resu l ts .  

NOTE  A battery powered  capaci tance  meter may be  necessary to  ensure  s table  read ings  wi thou t  earth  l oops.  

Other e lectrical  equ ipment,  especial l y f l uorescen t  l amps,  shou ld  be  kept  at  l east  two  meter  
away from  the  test  sample.  

G.9.4  Test  sample  

The test  shou ld  be  carri ed  ou t  on  a fu l l y assembled  sample  of  the  equ ipment.  The  sample  
shou ld  be  cond i t ioned  i n  a  c l imatic  cond i t i on ing  chamber for at  l east  1  h  at  a  temperatu re  of  

(23  ± 2)  °C  and  a  relati ve  hum id i ty of  (25  ±  5 )  %.  

G.9.5  Procedure  for moveable  i tems 

The capaci tance  between  each  exposed  metal l i c  part  on  the  test  sample  and  the  metal  p late  
shou ld  be  measured  as  fo l l ows:  

a)  P lace  the  sample  on  the  metal  p late.  The  conductive  part  of  the  sample  to  be  measured  
must  remain  i so lated  from  the  plate.  I f  the  sample  requ i res  support,  i t  may be  held  i n  
pos i t ion  wi th  c lamps  made of  i nsu lat i ng  material ,  bu t  shou ld  not  be  held  by hand.  

b)  The  pos i t i ons  of  the  samples  are  to  be  such  that  the  exposed  metal l i c  test  po in t  be ing  
measured  i s  as  c lose  as  poss ible  to  the  unearthed  metal  plate  wi thou t  con tacting  the  
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plate .  However,  i f  the  external  metal  part  i s  i n  e lectrical  con tact  wi th  i n ternal  metal  parts,  i t  
i s  necessary to  measure  the  capaci tance  i n  al l  orien tations  of  the  equ ipment to  ensure  
that  the  maximum  capaci tance  has  been  determ ined .   

NOTE  1  I f  a  metal l i c  part  i s  not  eas i l y  accessible  to  the  meter l eads,  a  screw may be  i n serted  to  extend  the  
part  and  create  a  test  poi n t.  The  screw shou ld  be  smal l  compared  to  the  metal l i c  part  and  may not  make  
e lectri cal  con tact  wi th  any other i n ternal  metal  part .  

NOTE  2  Stray capaci tance  shou ld  be  m in im i zed  by  keeping  conducti ve  i tems  and  the  human  body at  l east  50  
cm  away from  the  sample  under test.  

c)  Connect  the  negative  measurement lead  of  the  capaci tance  meter to  the  unearthed  metal  
p late .  

d )  Posi t ion  the  pos i t i ve  measurement probe  of  the  capaci tance  meter  3  mm  to  5  mm  away 
from  the  metal l i c  test  po i n t  and  as  far as  poss ible  from  the  metal  p late.  Record  the  value  
of  th is  s tray capaci tance  i n  ai r  to  the  nearest  pF.  

e)  P lace  the  pos i t i ve  measurement  l ead  of  the  capaci tance  meter i n  contact  wi th  the  metal l i c  
test  poi n t  and  record  the  value  of  the  capaci tance  to  the  nearest  pF.  

f)  Compu te  the  d i fference  between  the  measurements  i n  steps  d )  and  e) ,  and  record  the  
value.  

g )  Repeat s teps  d )  th rough  f)  two  t imes  for each  test  po in t.  

h )  Calcu late  the  average  capaci tance  from  the  th ree  measurements  obtained .  

i )  Calcu lated  capaci tances  l ess  than  2  pF  shou ld  be  reported  as  <  2pF.  

I n  cases  where  the  capaci tance  of  an  i solated  metal  part  i s  expected  to  be  h i gher to  o ther  
metal  parts  of  the  object  than  to  earth ,  th is  capaci tance  shou ld  add i t ional l y be  measu red  and  
evaluated .  

G.9.6  Procedure  for instal l ed  i tems 

The capaci tance  between  each  exposed  metal l i c  part  on  the  test  sample  and  earth  i s  to  be  
measured  i n  i nstal led  cond i t ion  (e. g .  metal  parts  wi th i n  an  earthed  metal  tank system )  under 
worst  case  condi t ions .  An  unearthed  coun ter metal  p late  i s  not  needed .  Measure  the  
capaci tance  as  fo l l ows:  

a)  Connect  the  negati ve  measurement l ead  of  the  capaci tance  meter to  an  earth  po in t.  The  
pos i t i ve  measuremen t l ead  of  the  capaci tance  meter shou ld  be  kept  as  far as  poss ible  
from  that  cable .  

b)  Fo l low s teps  d )  to  i )  of  the  test  procedure  described  i n  G .9 .5.  

G.9.7  Acceptance  cri teria   

The maximum  al l owed  capaci tance  depends  on  the  type  of  the  hazardous  area and  i s  g i ven  i n  
Table  2 .  

G.9.8  Test  report  

The test  report  shou ld  i nclude  at  l east  the  fo l l owing  i n formation :  

– measuring  l aboratory,   

– date  of  measu rement,   

– temperatu re  and  re lati ve  hum id i ty,  

– descripti on  and  i denti f i cati on  of  the  sample,   

– median  capaci tance,   

– measuring  vo l tage,  

– measuring  frequency,  

– number of  measurements ,  
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– i denti f i cation  of  the  used  i nstrumentation ,  

– date  of  i ts  most  recen t  as  wel l  as  i ts  next  cal ibrati on ,   

– number of  th is  s tandard .  

G.1 0 Transferred  charge 

G.1 0. 1  General  

Accord ing  to  I EC  60079-0  and  I EC/TS 60079-32-1 ,  the  maximum  al lowed  surface  area of  
i nsu lat i ng  materials  i s  l im i ted  i n  explos i ve  atmospheres.  However,  there  are  many cases  
where  a su ffi c ien t  safety l evel  i s  s t i l l  ach ieved  wi th  i nsu lati ng  materials .  These  cases  incl ude  
surfaces  wi th  embedded  corona t i ps,  enclosures  backed  wi th  pri n ted  boards  as  wel l  as  
materials  wi th  an  i n ternal  breakthrough  vo l tage  of  on l y a  few ki l ovol ts.  For th is  reason  the  
fo l l owing  charg ing  test  may be  execu ted  wi th  the  evaluated  obj ect  i f  su rface  area 
requ i rements  cannot  be  fu l f i l l ed .  

I n  some cases  the  test  has  to  be  mod i f ied .  For example,  i n  case  of  evaluati ng  a f i l l er  p ipe  for  
motor cars,  a  measurement of  the  charge  generated  on  the  f i l ler  p ipe  by stream ing  h i gh  
chargeable  fue ls  under  worst  case  cond i t i ons  i s  preferred .  

NOTE  One  of  the  h i ghest  chargeable  l i qu i ds  i s  to l uene  i n  techn i cal  qual i ty.  However,  to l uene  presents  a  
s i gn i f i can t  f i re  ri sk.  Therefore,  i n  SAE  J 1 645  a  techn i cal  hydrodesu l fu rated  heavy naphtha,  boi l i ng  range  1 45  °C  to  
200  °C,  f l ashpoin t  40  °C,  i s  proposed  (commercial  name:  wh i te  spi ri t ,  Stoddard  sol ven t,  or Testbenzin ) .  

I n  the  case  of  garments,  the  test  may produce  resu l ts  wh ich  conf l i ct  wi th  other establ i shed  
test  methods.  For th is  reason ,  garments  are  usual l y tested  by the  method  of  charge  decay in  
G . 1 2  or  EN  1 1 49-3.  

G.1 0.2  Principle  

Sparks  occur when  a capaci tance  C charged  to  a vo l tage  U i s  d i scharged  via a spark gap.  I t  i s  
known  from  l i teratu re  that  every explosive  atmosphere  has  a speci f ic  m in imum  ign i ti on  vo lume 
necessary to  become i gn i ted  by a certain  m in imum  ign i t ion  energy.  Therefore,  doubl i ng  the  
l eng th  of  a  spark gap resu l ts  i n  halving  U effecti ve  i n  one  i gn i t ion  vo lume (second  l aw of  
Ki rchhoff) .  Due  to  th is  l i near corre lati on  between  i ncend ivi ty and  U,  the  transferred  charge  

C ×  U corre lates  better  wi th  the  i ncend ivi ty of  a  d i scharge  than  i ts  energy ½  C ×  U2.  

These  facts  al l ow the  measurement of  the  transferred  charge  of  provoked  d ischarges  under  
worst  case  cond i ti ons  to  assess  electrostatic  i g n i t i on  hazards.  

G.1 0.3  Apparatus  

The fo l l owing  i tems  are  needed:  

1 )  A table  or  ri g i d  sheet  of  d iss ipati ve  material ,  e . g .  u n treated  wood;  

NOTE  The  correct  use  of  a  d i ss ipat i ve  tabl e  su rface  guarantees  a  s trong  charge  accumu lat i on  on  the  charged  
su rface  due  to  charge  bi nd i ng  effects .   After  l i f t i ng  the  sample  from  the  table  the  charges  are  no  l onger bound  
by opposi te  charges  of  the  tabl e  yi e l d i ng  optimal  cond i t i ons  for d i scharg i ng .  

2)  Cloths  made of  material s  free  from  f i n ishes  from  the  pos i t i ve  and  negati ve  end  of  a  
tri boelectric  series  l arge  enough  to  avoid  con tact  between  the  test  sample  and  the  f i ngers  
of  the  testi ng  person  du ri ng  the  rubbing  process,  and  a  g l ove  or other p i ece  of  smooth  
natural  l eather.  

NOTE  1  See  I EC/TR 61 340-1  for a  tri boelectri c  seri es.  

NOTE  2  Su i tabl e  pos i t i ve  materi al s  for tri bocharg i ng  are  e. g .  smooth  natu ral  l eather,  sheep  wool  fe l t ,  
pol yam ide  cl oth  for rai n  coats ,  cotton ,  and  cat  fu r.  Su i table  negati ve  materi al s  for  tri bocharg i ng  are  e. g .  
pol yu rethane  and  pol yethylene  table  c l oth .  
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3)  A s i ng le  po in ted  metal  need le  e lectrode  or mu l t i -need le  e lectrodes  having  a connection  of  
the  e lectrode(s)  to  the  m inus  po le  of  a  h igh  vo l tage  power suppl y of  30  kV to  70  kV dc  for  
corona charg ing .   

4)  One  of  the  fo l l owing  or equ ivalen t  equ ipment  for  measuring  charge  transfer:  

a)  A pol i shed  metal  e l ectrode  of  (25  ±  5)  mm  in  d iameter coupled  to  the  50  Ω  i npu t  of  an  
osci l l oscope  of  at  least  1  G igasamples/s  and  300  MHz bandwid th  having  a c i rcu lar  

arranged  earthed  shun t  res istance  of  (0, 25  ±  0 , 05)  Ω  o f  at  l east  300  MHz i n  bandwid th  
(see  B ibl i og raphy,  von  P ido l l ) ,  or  

b)  A po l ished  metal  e lectrode  of  (25  ±  5)  mm  in  d iameter coupled  to  an  earthed  

(1 00  ±  1 0)  nF  capaci tor wi th  a  (1 5  ±  2 )  kΩ  res istor i n  paral le l ,  both  connected  to  the  
i npu t  of  a  vo l tmeter au tomatical l y tri ggering  and  hold i ng  the  h i ghest  value  (see  
B ibl i og raphy,  Schn ier) ,  or  

c)  A po l ished  metal  e l ectrode  of  (3  ±  1 )  mm  in  d iameter i n  a  smooth  edged  ho le  of  (5  ±  1 )  

mm  in  d i ameter of  an  earthed  ho l low sphere  of  (25  ±  5)  mm  in  d iameter,  connected  to  

an  earthed  (1 00  ±  1 0)  nF  capaci tor  at  the  i npu t  of  a  cou lomb meter  (see  B ibl i ography,  
Chubb) .  

5)  A f l at  round  d isk,  less  than  3  mm  th ickness,  made  of  PTFE  wi th  an  area exceed ing  
20  000  mm² as  a  h i gh l y chargeable  reference  (see  B ibl iography,  von  P idol l ) .  

G.1 0.4  Test  sample  

The test  shou ld  be  carri ed  ou t  on  a  fu l l y assembled  sample  of  the  product  or  a  material  wi th  
the  same fabrication  parameters .  Th is  sample  shou ld  not  have  been  previous l y subj ected  to  
other tests  and  may cons ist  of  any combinati on  of  i nsu lat ing ,  conducti ve  or  d i ss ipative  
materials .  

NOTE  I t  i s  advan tageous  to  test  the  fu l l y  assembled  product  because  charge  bi nd i ng  effects ,  e . g .  due  to  i n ternal  
conduct i ve  i tems,  may hel p  to  prevent  hazardous  d i scharges.  

The sample  shou ld  be  cond i t ioned  in  an  envi ronmen tal  cond i t i on i ng  chamber for at  l east  24  h  

at  a  temperature  of  (23  ± 2)  °C  and  a  relati ve  hum id i ty of  (25  ±  5)  %  RH .  

The  test  sample  shou ld  have  an  i n tact  clean  su rface.  As  any so lven t  may l eave  conductive  
rests  on  the  surface  i t  i s  best  to  clean  the  su rface  wi th  a brush  on l y.  Th is  i s  especial l y 
important  i n  cases  where  the  su rface  i s  treated  wi th  special  an t is tat ic  agents.  

I f ,  however,  f i ngerprin ts  or  o ther d i rt  i s  vis ib le  on  the  surface  and  no  special  an t istatic  agents  
are  used  on  the  su rface  the  test  sample  shou ld  be  cl eaned  accord ing  to  G . 2. 4.  

G.1 0.5  Procedure  

Al l  i nsu lat ing  parts  of  the  test  sample  shou ld  be  tested .  Conductive  parts  shou ld  be  earthed  
duri ng  testing  i f  earth ing  i s  ensured  during  use.  

The  test  i s  conducted  as  fo l l ows:  

a)  The  correct  operati on  of  the  measuring  system  shou ld  be  confi rmed  e. g .  by test  pu lses  of  
approximatel y 50  nC  from  a spherical  e lectrode  at  the  i npu t  of  a  cal i brated  e lectrostatic  
vo l tmeter of  known  i npu t  capaci tance  (e. g .  1 0  pF)  and  known  appl i ed  vo l tage  (e. g .  5  kV) .  
Al ternati vel y,  a  very short  connection  of  a  1 , 5  V battery ( typical l y 1 , 65  V)  to  the  i npu t  of  a  
cou lombmeter ( typical l y 1 00  nF  i npu t  capaci tance)  shou ld  d isplay the  transferred  charge  
( typical l y 1 65  nC) .  

b)  Check the  test  steps  3  to  1 2  wi th  the  reference  PTFE d isk and  veri fy that  at  l east  1 00  nC  
i s  obtained.  

c)  Rub the  test  sample  wi th  a material  from  the  pos i t i ve  end  of  the  tri boelectri c  series .  Wh i ls t  
rubbing  at  l east  one  s troke  per second  wi th  medium  force  (approximatel y 40  N ) ,  i n  
d i rection  away from  the  test  person .  The  test  su rface  shou ld  not  be  contacted  wi th  the  
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bare  hand.  Rubbing  shou ld  con tinue  for  (1 0  ±  1 )  s  and  shou ld  be  term inated  wi th  a  hard  
rubbing  stroke.  

NOTE  The  med ium  force  of  40  N  may be  contro l l ed  by a  we i gh i ng  mach ine.  

d)  Grab the  sample  by us i ng  an  i solated  g ri p  to  m in im ize  i nadverten t  d ischarge.  

e)  Li ft  the  sample  carefu l l y at  l east  20  cm  away from  the  table  los i ng  as  l i t t le  charge  as  
poss ible.   

f )  D ischarge  the  sample  as  qu ickl y as  poss ible  by s l owl y moving  the  spherical  e l ectrode  of  
the  measuri ng  equ ipment towards  the  test  sample  un ti l  a  d i scharge  occurs.  Part icu lar  
atten tion  shou ld  be  made to  d ischarge  the  most  hazardous  parts  of  the  sample,  e . g .  g reat  
surface  areas  and  smal l  conducti ve  i tems.  

NOTE  Di scharges  occurri ng  at  gaps  l ess  than  2  mm  for I I A,  1  mm  for I I B  and  0 . 5  mm  for  I I C  are  l ess  
i ncend ive  than  expected  by the i r  transferred  charge  due  to  quench ing  effects  at  the  e l ectrodes.  

g)  Immediatel y remove  the  sample  from  the  vicin i ty of  the  e lectrode.  

h )  Read  the  value  from  the  d isplay or  i n tegrate  the  recorded  curren t  (hori zon tal  sett i ng  
typi cal l y 40  ns/d i v)  and  mu l t ipl y i t  wi th  the  known  cal i brati on  factor.   

NOTE  Experts  advi ce  may be  necessary i f  mu l t i pl e  d i scharges  are  recorded .  

i )  Repeat the  test  n i ne  t imes.  

j )  Repeat s teps  3-9  wi th  a  material  from  the  negati ve  end  of  the  tr i boelectric  series .  

k)  Repeat s teps  3-9  wi th  a  second  material  from  the  pos i t i ve  end  of  the  tri boelectric  series   

l )  Repeat s teps  3-9  wi th  a th i rd  material  or  h i t  the  sample  f i ve  t imes  wi th  the  smooth  part  of  
a  l eather  g l ove,  for  ten  t imes.  

m )  Check whether the  test  sample  con tains  insu lati ng  parts  backed  wi th  a conductor or  i s  
d issipati ve  or  conductive.  I f  yes  con ti nue  wi th  1 6,  i f  no  go  to  s tep  1 4.  

NOTE  Th i s  i s  necessary to  ensu re  that  propagati ng  brush  d i scharges,  wh i ch  damage  the  measu ri ng  
equ i pment,  cannot  occu r.  

n)  Charge  the  sample  by posi t i on i ng  the  corona e lectrode  s l i gh t l y above  the  test  sample  and  
charge  i t  wi th  smal l  c i rcu lar moti on .  Remove the  e l ectrode  after 5  s  far  away from  the  
sample  wh i l e  the  h i gh  vo l tage  i s  s ti l l  appl ied  i n  order to  avoid  back spraying  of  charges  
from  the  charged  sample  to  the  e lectrode.  

NOTE  Ci rcu lar moti on  i s  not  necessary i n  case  of  a  mu l t i -need le  e l ectrode.  

o)  Conti nue  wi th  steps  4  to  9.  

p)  End  of  test.  

G.1 0.6  Acceptance cri teria  

The h ighest  value  of  al l  charg ing  methods  shou ld  be  used  for the  assessmen t procedure.  

The  maximum  al l owed  value  depends  on  the  type  of  the  hazardous  area and  i s  g i ven  i n  Table  
4.  

Charg ing  by corona and  wh ipping  wi th  a  l eather g love  are  strong  charge  generati ng  
processes  comparable  to  mach ine  rubbing ,  charg ing  by e lectrons  i n  the  vic i n i ty of  i on isers  
and  e lectrostatic  spraying  equ ipment  or  charg ing  by s tream ing  l i qu i ds  and  powders.  

G.1 0.7  Test  report  

The test  report  shou ld  i nclude  at  l east  the  fo l l owing  i n formation :  

– measuring  l aboratory,   

– date  of  measurement,   

– temperature  and  re lati ve  hum id i ty,  
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– descripti on  and  identi f icati on  of  the  sample,   

– type  of  c l othes  used,  

– corona vo l tage,  

– maximum  values  obtained,  

– number of  measurements ,  

– maximum  value  obtained  wi th  the  reference  sample,  

– i denti f ication  of  the  used  i nstrumentati on ,  

– date  of  i ts  most  recen t  as  wel l  as  i ts  next  cal ibrati on ,   

– number of  th is  s tandard .  

I f  resu l ts  on  corona charg ing  and  wh ipping  wi th  a  l eather g love  have  been  d iscarded ,  i t  shou ld  
be  stated  that  the  test  sample  may not  be  used  i n  the  presence  of  charge  generating  
processes  s tronger than  manual  rubbing .  

G.1 1  Igni tion  test   

G.1 1 . 1  General  

A second  poss ibi l i ty to  evaluate  the  i ncendivi ty of  provoked  d ischarges  under worst  case  
cond i t i ons  are  experiments  wi th  an  i g n i t i on  probe  producing  a def ined  explos ive  atmosphere  
i n  the  reg ion  of  the  provoked  d ischarges.  A su i table  d ischarge  probe  i s  described  i n  
IEC 61 340-4-4  (F igures  G .4  and  G . 5) .   

An  equ ipment  other than  that  speci fi ed  may be  used  i f  i t  reproduces  the  pri nciples  of  the  test  
and  can  g i ve  comparable  resu l ts .  

G.1 1 .2  Apparatus  

The i gn i t i on  probe  accord ing  to  I EC  61 340-4-4  i s  a  cyl i nder made  from  ri g id  non-conductive  

material  such  as  po l ycarbonate  or acryl i c  wi th  an  in ternal  d i ameter of  (70  ±  5 )  mm  and  an  

i n ternal  leng th  of  ( 1 00  ±  5)  mm  (Figure  G .  4) .  The  material  used  for constructing  the  probe  
shou ld  be  of  su ffi ci en t  th ickness  and  streng th  to  wi thstand  repeated  i gn i t i on  wi thout  cracking ,  
d istorti ng  or  otherwise  fai l i ng .  

One  end  of  the  cyl i nder i s  closed  apart  from  a central  port  to  al low the  in f l ow of  the  f l ammable  
gas.  The  s i ze  of  the  in let  port  i s  not  cri ti cal  bu t  shou ld  be  l arge  enough  to  al l ow the  requ i red  
f low rate  to  be  ach ieved  wi thou t  excess ive  pressure  bu i l d-up.  A su i table  f l ame arrestor shou ld  
be  i nstal l ed  i n  the  gas  suppl y l i ne  as  c l ose  as  possible  to  the  i gn i t i on  probe.  

A metal  p late  i s  f i tted  to  the  other end  of  the  cyl i nder to  form  a f i xi ng  base  for the  d ischarge  

e lectrode  (Figure  G .5) .  The  metal  p late  i s  dri l l ed  wi th  ho les,  (5  ±  1 )  mm  i n  d iameter  to  al low 
the  un i form  f low of  gas  th rough  i t  and  around  the  d ischarge  e lectrode.  

A spherical  metal  e lectrode  of  d i ameter (20  ±  5 )  mm  is  moun ted  central l y to  the  metal  p late .  
The  e lectrode,  metal  p late  and  any other metal  or  conductive  material  i n  the  i g n i t i on  probe  are  

connected  to  a common  po in t  earth  via  a l ow impedance  (<1 0  Ω)  connecti on .  The  earth  po in t  
shou ld  be  the  common  poin t  earth  for local  s tructures  and  equ ipmen t.  The  common  earth  
po in t  may be  connected  to  the  e lectric i ty suppl y earth .  The  connection  between  the  e lectrode,  
the  metal  p late  and  the  earth  connector shou ld  be  su ff icientl y robust  to  wi thstand  physical  and  
thermal  impacts.  The  e lectrical  con tinu i ty between  the  d ischarge  e lectrode  and  the  earth  
connector shou ld  be  checked  pri or  to  use.  

The  i gn i t i on  probe  i s  f i l led  wi th  g lass  or porcelai n  beads,  nom inal l y 1  mm  to  2  mm  d iameter,  
wh ich  are  retained  by a  f ine  metal  gauze  or mesh  at  e i ther end  of  the  main  cyl i nder.  The  
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beads  ass is t  i n  the  m ixi ng  of  the  gases  and  also  con tribu te  to  preven ting  propagation  of  any 
f lame back through  the  probe.  

An  ad j ustable  shroud  made  from  i nsu lati ng  material  i s  f i tted  to  the  cyl i nder  to  d i rect  gas  over  
the  d ischarge  e lectrode  and  i n to  the  reg ion  i n  fron t  of  the  d ischarge  e lectrode  where  

e lectrostatic  d ischarges  take  place.  The  open ing  i n  th is  shroud  i s  (40  ±  5)  mm .  

The  f lammable  gas  i s  generated  by m ix ing  the  test  gas  (m in imum  99,5  % puri ty)  wi th  ai r.  The  

ai r  used  shou ld  con tain  (21 , 0  ±  0 , 5)  % oxygen  and  (79, 0  ±  0 , 5)  % n i trogen .  The  gas  con trol  
and  m ixing  apparatus  i s  used  to  d i rect  the  gas  i n  the  appropriate  proport i ons  to  the  i g n i t i on  
probe.  The  volume concentrati ons  of  the  test  gas  used  are  shown  i n  Table  G . 1 .  

Table  G . 1  – Volume concentrations of  f lammable gas mixtu res  

Test  g as  Volume concentration  M in imum  i gn i tion  energ ya  Explosion  g roup  

Hydrogen  (22, 0  ±  0 , 3 )  %  i n  ai r  0 , 01 6  mJ  I I C  

Ethylene  (8, 0  ±  0 , 1 )  %  i n  ai r  0 , 082  mJ  I I B  

Propane  b  (5 , 2  ±  0 , 1 )  %  i n  ai r  0 , 25  mJ  I I A  

a  See  C. 6.  

b  See  EN  50050.  

 

The contro l  of  the  gas  m ixture  wi th in  the  speci f i ed  to lerances  shou ld  be  checked  us i ng ,  for  
example,  an  i n fra-red  gas  anal yzer  sampl i ng  the  gas  m ixtu re  suppl y l i ne .  

I f  a  gas  m ixture  other than  that  speci f ied  i n  Table  G . 1  i s  used ,  the  m in imum  ign i t ion  energy of  
the  gas  m ixtu re  shou ld  be  veri f i ed  us ing  the  ASTM  E582-88  method .  

I t  i s  conven ien t  to  use  compressed  gas  cyl i nders  for  the  gas  suppl y,  bu t  o ther sources  of  
suppl y may be  used .  I f  necessary,  molecu lar s ieve  f i l ters  shou ld  be  used  to  ensure  the  gases  
have  l ow moistu re  content.  Th is  i s  part icu larl y importan t,  for  example,  when  us i ng  ai r  d i rectl y 
from  a compressor.  

Each  gas  suppl y i s  con tro l l ed  and  mon i tored  us i ng  f l owmeters  and  valves.  The  combined  

f low-rate  of  al l  gases  th rough  the  i gn i t i on  probe  shou ld  be  (0 , 21  ±  0 , 04)  l /s .  

A fast  acti on  shu t-off  valve  i s  used  to  s top the  f l ow of  test  gas  when  i gn i t i on  occurs.  The  shu t-
off  valve  shou ld  s top  the  suppl y of  test  gas  wh i lst  l eaving  the  ai r  to  f low free l y to  provide  
cool i ng  and  dryi ng  of  the  i gn i t ion  probe  after i gn i t i on  has  occurred .  The  type  and  l ocation  of  
the  shu t-off  valve  shou ld  be  se lected  as  appropriate  to  the  speci fi c  desi gn  of  the  overal l  
apparatus.  
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Dimensions in millimetres 

 

Key  

1  d i scharge  e l ectrode  

2  ad justable  sh roud  made  from  i nsu lati ng  material  
    (e . g .  po l ycarbonate  or  acryl i c)  

3  cyl i nder made  from  i nsu lat i ng  material  
     (e . g .  pol ycarbonate  or acryl i c)  

4  perforated  metal  p l ate   
    (2mm  nom inal  th i ckness)  

5  f i ne  metal  mesh  or gauze  
     (e . g .  copper)  

6  beads  (e. g .  g l ass  or  porcelai n ) ,  
     1 –2  mm  d iameter (nom inal )  

7  robust  earth  connecti on  

8  earth  connector  

9  i n l et  port  fo r  f l ammable  gas  

Figure G .4  – Ign i tion  probe   
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Dimensions in millimetres 

Key 

1  perforati on  (5  ±  1 )  mm  d iameter  

2  moun ti ng  hole  for d i scharge  e l ectrode  

3  screw for  securi ng  pl ate  to  body of  i g n i t i on  probe  

Figure G .5  – Perforated  plate of  i gn i tion  probe  

G .1 1 .3  Procedure  

I gn i t i on  tests  are  carri ed  ou t  by bri ng ing  the  i g n i t i on  probe  close  to  the  charged  test  sample  
wi th  the  f l ammable  gas  m ixture  f lowing  th rough  the  probe.  The  same test  procedure  as  
described  i n  G . 1 0 . 4,  s teps  2  to  1 6,  shou ld  be  execu ted  except  that  the  numbers  of  test  
sequences  shou ld  at  l east  be  doubled  to  compensate  s tati st i cal  scatters.  

G.1 1 .4  Acceptance  cri teria  

Any ig n i t i on  occurri ng  shou ld  be  regarded  as  product  fai l u re  for the  explosion  g roup g iven  by 
the  speci fi c  gas  m ixtu re.  

Charg ing  by corona and  wh ipping  wi th  a l eather g love  are  strong  charge  generating  
processes  comparable  to  mach ine  rubbing ,  charg ing  by e lectrons  i n  the  vic i n i ty of  i on isers  
and  e lectrostatic  spraying  equ ipment  or  charg ing  by s tream ing  l i qu i ds  and  powders .   

G.1 1 .5  Test  report  

The  test  report  shou ld  i ncl ude  at  l east  the  fo l l owing  i n formation :  

– measuring  l aboratory,   

– date  of  measurement,   

– temperature  and  relat i ve  hum id i ty,  

– descripti on  and  identi f ication  of  the  sample,   

– type  of  c l othes  used,  

– corona vo l tage,  
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– i gn i ti on  test  resu l ts ,   

– number of  non  i gn i t ions  obtained,  

– i gn i t i on  was  obtained  wi th  the  reference  sample,  

– i den ti f ication  of  the  used  i nstrumentati on ,  

– date  of  i ts  most  recen t  as  wel l  as  i ts  next  check,   

– number of  th is  s tandard .  

G.1 2  Measuring  of  charge decay 

G.1 2. 1  General  

Another possibi l i ty to  evaluate  the  chargeabi l i ty of  a  material ,  and  one  that  i s  preferable  for  
garments,  i s  measuri ng  o f  i ts  charge  decay accord ing  to  I EC  61 340-2-1 .  

NOTE  I n  Eu rope,  the  method  described  i n  EN  1 1 49-3  i s  used  to  determ ine  charge  decay from  personnel  
protecti ve  c l oth i ng .   

G.1 2.2  Principle  

The material  i s  charged  by corona and  the  decay of  i ts  su rface  equ ivalent  vo l tage,  measured  
wi th  a f i e l d  meter,  i s  recorded  i n  between  a  g i ven  vo l tage  i n terval .  

G.1 2.3  Apparatus  

An  example  of  the  apparatus  i s  shown  i n  F i gure  G .6.  The  test  aperture  for depos i t i on  and  
measurement of  deposi ted  charge  shou ld  be  50  mm  d iameter or  an  equ ivalent  area quas i -
square  apertu re.  Al l  the  corona po in ts  are  moun ted  i n  a  1 0  mm  d iameter  ci rcle  on  a  movable  
plate  1 0  mm  above  the  cen tre  of  the  test  apertu re.  The  f i el dmeter sens ing  apertu re  shou ld  be  
25  mm  above  the  cen tre  of  the  test  area.  When  the  p late  wi th  the  corona po in ts  i s  moved  fu l l y 
away,  the  test  area shou ld  be  c lear  up  to  the  p lane  of  the  f ie ldmeter  sens ing  apertu re.  

The  f i el d  meter shou ld  be  a  f ie l d-m i l l  type  of  i nstrument able  to  measure  the  su rface  vo l tage  
wi th  an  accuracy of  5  V to  be low 40  V wi th  a respond  t ime  (1 0  % to  90  %)  below 1 0  ms.  The  
stabi l i ty of  zero  shou ld  al l ow measurements  of  surface  vo l tage  wi th  th is  accuracy over the  
l ongest  decay t imes  to  be  measured .  Any rest  i on i zati on  i n  the  measuri ng  chamber shou ld  be  
l ess  than  1 0  V wh ich  can  be  evaluated  wi th  fu l l y conducti ve  garments .  

The  f ie ld  meter shou ld  be  connected  to  a Personal  Computer or  an  osci l loscope  to  record  
charge  decay.  

NOTE  More  detai l s  abou t  th i s  measuri ng  procedure  and  d rawings  of  the  necessary apparatus  can  be  found  i n  
I EC 61 340-2-1 .  
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Dimensions in millimetres 

Key  

1  1 0  mm  d iameter c i rcl e  of  corona poi n ts  

2  Fi el dmeter sens i ng  apertu re  

3  Movable  pl ate:  

– i nsu lati ng  plate:  to  moun t  corona po i n ts  ( res i stance  to  g round  >  1 0
1 4
 Ω )  

– earthed  top  su rface:  to  sh i el d  f i e l dmeter  

4  Earthed  cas i ng  

5  Sample  

6  Open -sh i e l ded  backing  

NOTE  Al l  d imens ions  are  nom inal .  

 

Figure G .6  – Example  of  an  arrangement  for  measurement  of  charge decay 

G .1 2.4  Test  sample  

The sample  i s  typical l y a  garment material  of  at  l east  60  mm  in  d iameter.  Remove  any l oose  
dust  by gen tl y brush ing  or bl owing  wi th  c lean  ai r.  Further cl ean ing  shou ld  on l y be  done  i f  th i s  
i s  agreed  to .  However,  do  not  test  obvious l y contam inated  parts.  

The  atmosphere  for cond i t i on i ng  and  test ing  shou ld  be  (23  ±  2 )  °C  and  (25  ±  5)  % re lat i ve  
hum id i ty.  The  cond i t i on i ng  t ime  pri or  to  the  testi ng  shou ld  be  at  least  48  h ,  or  as  otherwise  
ag reed .  

G.1 2.5  Procedure  

The test  procedure  i s  as  fo l l ows:  

a)  Clamp the  garment  i n  the  apparatus .  

b)  Move  the  m idd le  plate  so  that  the  corona po in ts  are  effecti vel y p laced  and  the  f i e ld  meter  
i s  sh ielded .  
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c)  Appl y 5  kV to  1 0  kV negati ve  on  the  corona po in ts  for ( 1  ±  0 , 5)  seconds.  

d )  Remove the  m idd le  p late  so  that  the  f i e ld  meter can  measure  the  equ ivalen t  surface  
poten tial  of  the  probe.  

e)  Measure  the  charge  decay from  the  i n i t i al  vo l tage  to  the  agreed  l ower vo l tage  l evel .  

f)  Repeat  s teps  b)  to  e)  two  t imes  on  d i fferen t  l ocations.  

g )  Repeat  s teps  a)  to  f)  wi th  pos i t i ve  polari ty.  

G.1 2.6  Acceptance cri teria  

Acceptable  decay t ime  i s  dependent  on  the  charg ing  processes  i nvolved  i n  the  appl icati on .  
For manual  processes  where  charg ing  i s  dependent  on  human  acti vi ty,  a  decay t ime  from  
1  000  V to  1 00  V i n  about  1  s  to  2  s  i s  general l y acceptable.  Where  charg ing  currents  are  
h igher,  shorter  decay t imes  may be  requ i red .  

G.1 2.7  Test  report  

The test  report  shou ld  i ncl ude  at  l east  the  fo l l owing  i n formation :   

– measuring  l aboratory,   

– date  of  measuremen t,   

– temperature  and  re lat i ve  hum id i ty,  

– descript i on  and  i denti f i cati on  of  the  sample,   

– test  resu l ts ,   

– appl ied  corona vol tage   

– charg ing  t ime,  

– i den ti f i cation  of  the  used  i nstrumentati on ,  

– date  of  i ts  most  recen t  as  wel l  as  i ts  next  cal ibrati on ,   

– number of  th is  s tandard .  

G.1 3  Breakthrough  vol tage 

G.1 3. 1  General  

The e lectrical  breakthrough  vol tage  shou ld  be  measured  accord ing  to  the  short- t ime  (rapid  
ri se)  test  i n  I EC  60243-1  wi th  the  add i t ional  requ i rements  of  I EC  60243-2  for DC  testi ng .  

G.1 3.2  Principle  

The test  sample  i s  p laced  between  two  metal  e lectrodes.  A DC vo l tage  i s  appl ied  and  
i ncreased  un t i l  breakthrough  occurs.  

G.1 3.3  Apparatus  

I n  cases  of  p lates,  d i scs  and  sheets,  the  sample  i s  p laced  between  two  metal  cyl i nders .  

Accord ing  to  I EC 60243-1 ,  the  f i rs t  i s  (25  ±  1 )  mm  in  d i ameter,  (25  ±  1 )  mm  in  he igh t,  pressed  

wi th  1  kg  on  the  sample,  and  the  second  one  (75  ±  1 )  mm  in  d i ameter,  ( 1 0  ±  1 )  mm  in  he igh t  
(Fi gure  G . 7) .  The  edges  of  the  metal  cyl i nders  shou ld  be  rounded  wi th  a  rad ius  of  

(3  ±  0 , 2)  mm  to  avoid  corona d ischarges.  I n  the  case  of  smal l  hoses  the  electrodes  shou ld  be  
a metal  rod  cl osel y i n  con tact  wi th  the  ins i de  of  the  hose  and  a metal  fo i l  tape  at  the  ou ter 
s i de  of  the  specimen .  
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Figure G .7  – Electrodes  for measuring  breakthrough  vol tage of  sheets  

The e lectrodes  are  connected  to  a DC  HV generator wi th  cal i brated  vo l tage  and  cu rrent  
d isplays.  For normal  e lectrostatic  pu rposes,  a  maximum  vol tage  of  20  kV i s  su ffi ci ent.  
However,  i n  the  case  of  tube  test i ng  a maximum  vo l tage  of  1 20  kV i s  necessary.  

G.1 3.4  Test  procedure  

The test  procedure  i s  as  fo l l ows:  

a)  Accl imate  the  samples  at  (23  ±  2 )  °C  and  (25  ±  5 )  % re lati ve  hum id i ty except  when  other  
cond i t i ons  have  been  agreed .  

b)  P lace  a  sample  between  the  e lectrodes  i n  the  same cl imate.  

c)  Appl y a DC vo l tage  between  the  e lectrodes  and  s lowl y i ncrease  i t  from  0  V at  a  rate  of  
1 00  V/s.  

d )   Mon i tor the  current  mon i tored  th rough  th is  procedure.   

e)  Stop  the  test  and  record  the  actual  vo l tage  i f  e i ther  a  rapid  i ncrease  of  cu rren t,  often  
together  wi th  a bang  and  smoke,  occurred ,  or  an  agreed  upper l im i t  o f  the  curren t  i s  
reached.  

f)  I f  the  ou tpu t  current  of  the  DC power suppl y reaches  1  mA before  the  e lectrode  vo l tage  
reaches  4  kV (6  kV in  case  of  fabrics) ,  the  material  under test  shou ld  be  deemed  to  have  
a su fficient  l ow breakthrough  vo l tage.  

NOTE  More  detai l s  abou t  th i s  measuri ng  procedu re  can  be  found  i n  I EC  60243-1  and  I EC  60243-2.  

G.1 3.5  Acceptance cri teria  

The maximum  al lowed  value  depends  on  the  type  of  the  hazardous  area and  i s  g i ven  i n  
6. 3. 4. 3  and  9. 6. 1 .  

G.1 3.6  Test  report  

The test  report  shou ld  i nclude  at  l east  the  fo l l owing  i n formation :  

– measuring  l aboratory,   

– date  of  measurement,   

– temperature  and  re lati ve  hum id i ty,  
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– descripti on  and  identi f icati on  of  the  sample,   

– median  breakthrough  vo l tage  or  reach ing  1  mA l im i t,  whatever  i s  appl icable.  

– i denti f i cation  of  the  used  i nstrumentation ,  

– date  of  i ts  most  recen t  as  wel l  as  i ts  next  cal ibrati on ,  

– number of  th is  s tandard .  
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