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I NTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
PRINTED ELECTRONICS –  

 
Part 202:  Materials  – Conductive  ink 

 
FOREWORD 

1 )  The  I n ternati onal  E l ectrotechn ical  Commissi on  ( I EC)  i s  a  worl dwide  organ izati on  for s tandard i zati on  compri s i ng  
a l l  nati onal  e l ectrotechn ical  commi ttees  ( I EC  National  Commi ttees) .  The  ob ject  of I EC  i s  to  promote  
i n ternati onal  co-operati on  on  a l l  q uesti ons  concern ing  standard i zati on  i n  the  e l ectri cal  and  e l ectron ic  fi e l ds .  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es ,  I EC  publ i shes  I n ternati onal  S tandards,  Techn ica l  Speci fi cati ons,  
Techn ica l  Reports ,  Publ i cl y Avai l abl e  Speci fi cati ons  (PAS)  and  Gu i des  (hereafter referred  to  as  “ I EC 
Publ i cati on (s)” ).  The i r preparati on  i s  en trusted  to  techn ical  commi ttees;  any I EC  Nati onal  Commi ttee  i n terested  
i n  the  sub ject deal t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternati onal ,  governmen tal  and  non -
governmen ta l  organ izati ons  l i a i s i ng  wi th  the  I EC a l so  parti ci pate  i n  th i s  preparati on .  I EC  col l aborates  cl osel y 
wi th  the  I n ternational  Organ izati on  for Standard izati on  ( I SO)  i n  accordance  wi th  cond i ti ons  determ ined  by 
ag reement between  the  two  organ izati ons.  

2 )  The  formal  deci s ions  or ag reemen ts  of I EC  on  techn ical  matters  express,  as  nearl y as  poss ib l e,  an  i n ternati onal  
consensus  of op i n i on  on  the  re l evan t  subjects  s i nce  each  techn ical  commi ttee  has  represen tati on  from  a l l  
i n terested  I EC  Nati onal  Commi ttees.   

3 )  I EC  Publ i cati ons  have  the  form  of recommendati ons  for i n ternati ona l  u se  and  are  accepted  by I EC  Nati onal  
Commi ttees  i n  that  sense.  Wh i l e  a l l  reasonabl e  efforts  are  made  to  ensu re  that  the  techn ica l  con ten t  of I EC  
Publ i cati ons  i s  accu rate,  I EC  cannot be  hel d  responsibl e  for the  way i n  wh i ch  they are  used  or for any 
m is in terpretati on  by any end  u ser.  

4 )  I n  order to  promote  i n ternational  u n i form i ty,  I EC  Nati onal  Commi ttees  undertake  to  appl y I EC  Publ i cati ons  
transparen tl y to  the  maximum  exten t possi b l e  i n  thei r nati onal  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC  Publ i cati on  and  the  correspond i ng  nati onal  or reg ional  pub l i cati on  shal l  be  cl earl y i nd i cated  i n  
the  l a tter.  

5)  I EC  i tse l f does  not  provi de  any a ttestati on  of con form i ty.  I ndependen t  certi fi cati on  bod ies  provi de  con form i ty 
assessmen t services  and ,  i n  some  areas,  access  to  I EC  marks  of conform i ty.  I EC  i s  not  responsibl e  for any 
services  carri ed  ou t  by i ndependen t  certi fi cati on  bod i es .  

6)  Al l  u sers  shou l d  ensu re  that  they have  the  l a test ed i ti on  of th i s  publ i cati on .  

7)  N o  l i abi l i ty shal l  a ttach  to  I EC  or i ts  d i rectors,  employees,  servan ts  or agen ts  i ncl ud i ng  i nd i vi dual  experts  and  
members  of i ts  techn i ca l  commi ttees  and  I EC  Nati onal  Commi ttees  for any personal  i n j u ry,  property d amage  or 
o ther damage  of any natu re  whatsoever,  whether d i rect  or i n d i rect,  or for costs  ( i ncl ud i ng  l ega l  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cati on ,  use  of,  or re l i ance  upon ,  th i s  I EC  Publ i cati on  or any other I EC  
Publ i cati ons.   

8)  Atten ti on  i s  d rawn  to  the  Normative  references  ci ted  i n  th i s  publ i cati on .  U se  of the  referenced  publ i cati ons  i s  
i nd i spensabl e  for the  correct  app l i cati on  of th i s  pub l i cati on .  

9)  Atten tion  i s  d rawn  to  the  poss ib i l i ty that  some  of the  e l emen ts  of th i s  I EC  Publ i cati on  may be  the  subj ect of 
paten t  ri gh ts .  I EC  shal l  not  be  he l d  responsibl e  for i den ti fyi ng  any or a l l  such  paten t  ri gh ts .  

I n ternational  Standard  I EC  62899-2-1  has  been  prepared  by I EC  techn ical  commi ttee  1 1 9:  
Prin ted  e lectron ics.  

The  text of th is  standard  i s  based  on  the  fol l owing  documents:  

FDIS  Report  on  voti ng  

1 1 9/88/FDIS  1 1 9/1 01 A/RVD  

 
Fu l l  i n formation  on  the  voting  for the  approval  of th is  standard  can  be  found  i n  the  report on  
voting  i nd icated  i n  the  above  table.  

Th is  publ ication  has  been  drafted  i n  accordance  wi th  the  ISO/IEC Di rectives,  Part 2 .  

A l i st  of a l l  parts  i n  the  I EC  62899  series,  publ ished  under the  general  ti tl e  Printed electronics,  

can  be  found  on  the  IEC websi te.  
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The  commi ttee  has  decided  that the  conten ts  of th is  publ ication  wi l l  remain  unchanged  un ti l  
the  stabi l i ty date  ind icated  on  the  I EC  websi te  under "h ttp: //webstore. iec.ch"  i n  the  data  
related  to  the  speci fic publ ication .  At th is  date,  the  publ ication  wi l l  be   

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i tion ,  or 

•  amended .  

A b i l i ngual  version  of th is  publ ication  may be  i ssued  at a  l ater date.  
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I NTRODUCTION  

The  I EC  62899-20x series  relates  main ly to  evaluation  methods  for materia ls  of pri n ted  
e lectron ics.  The  series  a l so  include  storage  methods,  packag ing  and  marking ,  and  
transportation  cond i tions.  

The  IEC  62899-20x series  i s  d ivided  i n to  parts  for each  materia l .  Each  part i s  prepared  as  a  
generic speci fication  contain ing  fundamental  i n formation  for the  area  of prin ted  e lectron ics.  

The  I EC  62899-20x series  consists  of the  fol l owing  parts:  

Part 201 :  Materia ls  – Substrates  

Part 202:  Materials  – Conductive  ink 

Part 203:  Materia ls  – Semiconductor i nk 1  

(Subsequent parts  wi l l  be  prepared  for other materia ls. )  

Furthermore,  sectional  speci fications,  b lank detai l  speci fications,  and  detai l  speci fications  of 
each  materia l  wi l l  fo l low these  parts.  

Th is  part of I EC  62899  i s  prepared  for conductive  materia ls  used  in  prin ted  e lectron ics  and  
con tains  the  test cond i tions,  the  evaluation  methods  and  the  storage  cond i tions.  

 

_____________ 

1   U nder cons i derati on .  
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PRINTED ELECTRONICS –  
 

Part 202:  Materials  – Conductive  ink 
 
 
 

1  Scope 

Th is  part of I EC  62899  defines  the  terms  and  speci fies  the  standard  methods  for 
characterisation  and  evaluation .  

Th is  I n ternational  Standard  i s  appl icable  to  conductive  i nks  and  conductive  l ayer that are  
made  from  conductive  inks.  

2  Normative references  

The  fol lowing  documents,  i n  whole  or i n  part,  are  normatively referenced  in  th is  document and  
are  i nd ispensable  for i ts  appl ication .  For dated  references,  on ly the  ed i tion  ci ted  appl ies.  For 
undated  references,  the  l atest ed i tion  of the  referenced  document ( i nclud ing  any 
amendments)  appl ies.  

I SO  5-2 ,  Photography and graphic technology – Density measurements – Part 2:  Geometric 
conditions for transmittance density 

I SO  5-3,  Photography and graphic technology – Density measurements – Part 3: Spectral 
conditions 

I SO  1 24,  Latex,  rubber – Determination of total solids content 

I SO  291 ,  Plastics – Standard atmospheres for conditioning and testing 

I SO  304,  Surface active agents – Determination of surface tension by drawing up liquid films 

I SO  489: 1 999,  Plastics – Determination of refractive index 

I SO  758,  Liquid chemical products for industrial use – Determination of density at 20 degrees 
C 

I SO  1 1 83-1 ,  Plastics – Methods for determining the density of non-cellular plastics – Part 1 :  
Immersion method,  liquid pyknometer method and titration method 

I SO  2555,  Plastics – Resins in  the liquid state or as emulsions or dispersions – Determination 
of apparent viscosity by the Brookfield Test method 

I SO  2592,  Determination of flash and fire  points – Cleveland open cup method 

I SO  271 9,  Determination of flash point – Pensky-Martens closed cup method 

I SO  281 1 -1 ,  Paints and varnishes – Determination of density – Part 1 :  Pyknometer method 

I SO  281 1 -2 ,  Paints and varnishes – Determination of density – Part 2:  Immersed body 
(plummet)  method 
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I SO  2884-1 ,  Paints and varnishes – Determination of viscosity using rotary viscometers –  
Part 1 :  Cone-and-plate viscometer operated at a  high rate of shear 

I SO  321 9,  Plastics – Polymers/resins in  the liquid state or as emulsions or dispersions – 
Determination of viscosity using a  rotational viscometer with  defined shear rate  

I SO  3451 -1 ,  Plastics – Determination of ash – Part 1 :  General methods 

I SO  3664,  Graphic technology and photography – Viewing conditions 

I SO  3679,  Determination of flash no-flash and flash point – Rapid equilibrium closed cup 
method 

I SO  4576,  Plastics – Polymer dispersions – Determination of sieve residue (gross particle  and 
coagulum content)  

I SO  9276-6,  Representation of results of particle  size analysis – Part 6:  Descriptive and 
quantitative representation of particle  shape and morphology 

I SO  1 331 9,  Determination of particle  size distributions – Electrical sensing zone method 

I SO  1 3320,  Particle size analysis – Laser diffraction methods 

I SO  1 3321 ,  Particle  size analysis – Photon correlation  spectroscopy 

I SO  1 3322-1 ,  Particle  size analysis – Image analysis methods – Part 1 :  Static image analysis 
methods 

I SO  1 3468-1 : 1 996,  Plastics – Determination of the total luminous transmittance of transparent 
materials – Part 1 :  Single beam instrument 

I SO  1 3468-2: 1 999,  Plastics – Determination of the total luminous transmittance of transparent 
materials – Part 2:  Double-beam instrument 

I SO  1 3655,  Graphic technology – Spectral measurement and colorimetric computation for 
graphic arts images 

I SO  1 4488,  Particulate materials – Sampling and sample splitting for the determination of 
particulate properties 

I SO  1 4782,  Plastics – Determination of haze for transparent materials 

I SO  1 4887,  Sample preparation – Dispersing procedures for powers in  liquids 

I SO  20998-1 ,  Measurement and characterization of particles by acoustic methods – Part 1 :  
Concepts and procedures in  ultrasonic attenuation spectroscopy 

3  Terms and  defin i tions  

For the  purposes  of th is  document,  the  fol l owing  terms  and  defin i tions  apply.  

NOTE  The  terms  i n  i ta l i c  fon t are  those  defi ned  i n  C l ause  3 .  
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3.1   
conductive  material  
i ngred ient of a  prin ti ng  or coating  materia l ,  wh ich  i tsel f i s  e lectrical l y conductive  or becomes  
electrical l y conductive  by post treatment such  as  heating  

3.2   
conductive  ink 
fl u id  i n  wh ich  one  or more  smal l  molecu les,  polymers,  or parti cles  are  d issolved  or d i spersed ,  
and  wh ich  becomes  an  e lectrical l y conductive layer (3 . 3)  by post treatment such  as  heating  

3.3   
conductive  layer 
fi lm-l ike  e lectrical l y conductive  body made  of conductive ink (3 . 2),  wh ich  i s  prin ted  or coated  
on  a  substrate,  fol lowed  as  necessary by post treatment such  as  heating  

3.4  
conductive  fi lm  
substrate  (sheet or rol l )  wi th  conductive layer (3 . 3)  

3.5   
sol id  content 
mass  fraction  of an  i ngred ien t wh ich  effectively functions  as  a  conductive  substance,  i n  
conductive ink (3 . 2)  

3.6   
non-volati le  content 
mass  fraction  of residue  obtained  by evaporation  of the  volati l e  solvent under speci fic 
cond i tions,  i n  conductive ink (3 . 2)  

3.7   
ash  content 
mass  fraction  of residue  exclud ing  i ngred ien ts  wh ich  are  combusted  or carbon ised  by 
pyrolysis,  i n  conductive ink (3 . 2)  

3.8   
foreign  matter 
substances  and /or particles  of aggregated  grains,  fi lmed  ink and  i ngred ien ts  wh ich  do  not 
function  as  a  part  of conductive ink (3 . 2)  

3.9   
spherical  particle  
particle  wi th  th ree  approximately equal  d imensions  of l eng th ,  wid th  and  heigh t 

3.1 0   
rod  
substance  wi th  th in  e longated  cyl indrical  shape  

3.1 1   
wire  
substance  wi th  th in  long  fi bre- l i ke  shape  having  e lectrical l y conductive  or semi-conductive  
property 

3.1 2   
tube  
substance  wi th  fiber-l ike  hol low cyl ind rical  shape  
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3.1 3   
d ispersion  
heterogeneous  system  in  wh ich  fi ne  separated  materials  are  d istribu ted  un i formly i n  other 
materia ls  

3.1 4  
flash  point  
l owest l i qu id  temperature  at wh ich ,  under certain  standard ized  cond i tions,  a  l i qu id  g i ves  off 
vapours  i n  quan ti ty such  as  to  be  capable  of forming  an  ign i table  vapour/ai r m ixture  

[SOURCE:  I EC  60050-21 2:201 0,  21 2-1 8-05]   

4 Atmospheric condi tions  for evaluation  and  condi tion ing  

The  standard  atmosphere  for evaluation  ( test and  measurement)  and  storage  of the  specimen  

shal l  be  a  temperature  of 23  °C  ±  2  °C  and  relative  humid i ty of (50  ±  1 0)  %,  conforming  to  
standard  atmosphere  class  2  speci fied  i n  I SO  291 .  I f a  polymer substrate  i s  used  for a  test 
p iece  coated  wi th  a  conductive  l ayer,  the  standard  atmosphere  for evaluation  shal l  be  a  

temperature  of 23  °C  ±  1  °C  and  relati ve  humid i ty of (50  ±  5 )  %,  conforming  to  standard  
atmosphere  class  1  speci fied  i n  I SO  291 .  

I f cond i tion ing  i s  necessary,  the  same standard  atmosphere  speci fied  above  shal l  apply.  

5 Evaluation  of properties  of conductive  ink  

5.1  Specimen  

The  specimen  for evaluation  shal l  be  prepared  accord ing  to  I SO  1 4488  or an  equ ivalent 
method .  I f necessary,  d i l u tion  by a  compatible  solvent may be  a l l owed .  

5.2  Contents  

5.2 .1  Sol id  content 

5.2 .1 . 1  Determination  of sol id  content 

Sol id  con tent of conductive  materials  and  non-conductive  materials  shal l  be  determined  by the  
theoretical  mass  fraction  (expressed  as  a  percentage)  of functional  i ngred ien ts  to  the  tota l  i nk 
mass.   Functional  i ngred ien ts  i nclude  conductive  materia ls ,  thei r precursors  or b inders,  or any 
add i tives.  

5.2.1 .2  Report of the  resu l ts  

The  report shal l  i nclude  the  fol lowing  i tems:  

a)  un ique  specimen  i den ti fication ;  

b)  atmospheric cond i tions  of test;  

c)  sol id  con tent;  

d )  tester,  test place,  and  test time  (ex.  company name,  ci ty,  year) .  

5.2.2  Non-volati le  content 

5.2 .2 .1  Principle  

Non-volati l e  con ten t i s  determined  by measuring  the  mass  of residue  after evaporation  of the  
volati le  i ngred ien ts  and  calcu lating  the  mass  fraction  (expressed  as  a  percentage)  to  the  total  
i nk mass.  
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5.2.2 .2  Test method  

The  test method  shal l  be  as  speci fied  i n  I SO  1 625  wi th  the  fol lowing  exceptions:  

a)  Ai r pressure:  86  kPa  to  1 06  kPa.  

b)  I f speci fied  by the  manufacturer,  the  test may be  performed  under reduced  pressure.  The  
cond i tions  and  procedures  for reducing  the  pressure  shal l  be  as  speci fied  i n  I SO  1 24  or by 
the  manufacturer.  

c)  The  materials  wh ich  do  not react wi th  the  i nk during  an  examination  shal l  be  used .  

d )  Repeat the  test un ti l  the  weight  becomes  constant wi th in  5  %.  

5.2.2 .3  Report of the  resu l ts  

The  report shal l  i nclude  the  fol l owing  i tems:  

a)  specimen  i denti fication ;  

b)  test cond i tions  (a i r pressure  i f reduced ,  d rying  temperature  and  time);  

c)  specimen  mass;  

d )  resu l ts;  

e)  tester,  test place,  and  test time  (ex.  company name,  ci ty,  year) .  

5.2.3  Ash  content 

5.2 .3. 1  Test method  

The  test method  shal l  be  as  speci fied  i n  I SO  3451 -1 ,  method  A,  wi th  the  fol lowing  exceptions:  

a)  I f appropriate  for the  properties  of the  i nk,  a  ca lcination  temperature  other than  that 
speci fied  i n  I SO  3451 -1  may be  used .  

b)  I f the  ash  con ten t i s  very l ow,  considering  weigh ing  accuracy,  a  specimen  mass  other than  
that speci fied  in  I SO  3451 -1  may be  used .  

The  detai led  product speci fications  shal l  speci fy the  appl icable  calcination  temperature  and  
specimen  mass.  

5.2.3.2  Report of the  resu l ts  

The  report shal l  i nclude  the  fol l owing  i tems:  

a)  specimen  i den ti fication ;  

b)  ca lcination  temperature;  

c)  specimen  mass;  

d )  resu l ts  and  variation ;  

e)  tester,  test place,  and  test time  (ex.  company name,  ci ty,  year) .  

5.2.4 Foreign  matter 

5.2.4.1  Principle  

Foreign  matter i s  determined  by measuring  the  mass  of fi l tration  residue  and  calcu lating  the  
mass  fraction  (expressed  as  a  percentage)  to  the  total  i nk mass.  

5.2.4.2  Test method  

The  test method  shal l  be  as  speci fied  i n  I SO  4576,  wi th  the  fol l owing  exceptions:  

a)  The  specimen  mass  shal l  be  1  g  to  1 0  g .  
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b)  For fi l tration  of the  specimen ,  a  membrane  fi l ter wi th  appropriate  pore  s ize  shal l  be  used  
i nstead  of a  metal  s ieve.  The  pore  s ize  of the  fi l ter shal l  be  as  speci fied  by the  
manufacturer.  

c)  For d i l u ting  the  specimen  or clean ing  the  fi l tration  residue,  a  solvent appropriate  for the  
properties  of the  i nk shal l  be  used .  

d )  Prior to  fi l tering ,  the  specimen  may be  d i l u ted  by an  appropriate  solvent i f necessary.  No  
other treatment shal l  be  a l lowed .  

e)  The  d rying  temperature  for the  fi l ter and  fi l tration  residue  may be  other than  as  speci fied  
i n  I SO  4576.  

f)  The  test shal l  be  conducted  un ti l  the  d i fference  between  the  resu l ts  of two  consecu tive  
tests  i s  not more  than  20  %;  the  h igher resu l t  shal l  be  used  for the  report.  

5.2.4.3  Report of the  resu l ts  

The  report shal l  i nclude  the  fol l owing  i tems:  

a)  specimen  i den ti fication ;  

b)  test cond i tions  (fi l ter pore  s ize  and  d rying  temperature);  

c)  resu l ts;  

d )  tester,  test p lace,  and  test time  (ex.  company name,  ci ty,  year) .  

5.3  Physical  properties  

5.3.1  Density 

5.3.1 . 1  Measuring  method  

The  measuring  method  shal l  e i ther be  the  pyknometer method  as  speci fied  i n  I SO  758,  
I SO  1 1 83-1  and  I SO  281 1 -1 ,  the  method  using  osci l lation-type  densi ty meters  as  speci fied  in  
I SO  1 521 2-1 ,  or the  immersed  body (plummet)  method  as  speci fied  i n  I SO  281 1 -2.  The  
detai led  product speci fications  shal l  speci fy the  measuring  method  to  be  used .  

5.3.1 .2  Equ ipment 

Equ ipment shal l  be  as  speci fied  in  the  measurement method  (see  5. 3 . 1 . 1 )  or shal l  be  
equ ipment considered  equ ivalen t or superior.  

5.3.1 .3  Report of the  resu l ts  

The  report shal l  i nclude  the  fol lowing  i tems:  

a)  specimen  i den ti fication ;  

b)  measurement method ;  

c)  measurement atmosphere  (temperature  and  re lati ve  humid i ty);  

d )  resu l ts;  

e)  tester,  test place,  and  test time  (ex.  company name,  ci ty,  year) .  

5.3.2  Rheology 

5.3.2. 1  Measuring  method  

Viscosi ty shal l  be  measured  using  a  Brookfie ld  type  rotational  viscometer as  speci fied  in  
I SO  2555,  cone-and-plate  viscometer as  speci fied  i n  I SO  2884-1 ,  or rotational  vi scometer as  
speci fied  i n  I SO  321 9.  

The  detai led  product speci fications  shal l  speci fy the  measuring  method  and  measuring  
temperature  to  be  used .  
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5.3.2 .2  Report of the  resu l ts  

The  report shal l  i nclude  the  fol l owing  i tems:  

a)  standard  number of the  measurement method ;  

b)  specimen  i denti fication ;  

c)  measuring  temperature;  

d )  vi scometer model ;  

e)  vi scosi ty expressed  i n  m i l l i pascal  second  (mPa· s) ;  

f)  tester,  test place,  and  test time  (ex.  company name,  ci ty,  year) .  

5.3.3  Surface  tension  

5.3.3.1  Measuring  method  

Surface  tension  shal l  be  measured  using  the  d rawing  up  l i qu id  fi lm  (Wi l helmy)  method  as  
speci fied  i n  I SO  304  wi th  the  fol l owing  exceptions:  

a)  equ ipment considered  equ ivalen t to  that i n  I SO  304  may be  used ;  

b)  the  test j i g  shal l  be  made  of p latinum;  

c)  the  equ ipment shal l  be  cal ibrated  using  pure  water and  a  hang ing  weigh t.  

5.3.3.2  Report of the  resu l ts  

The  report shal l  i nclude  the  fol l owing  i tems:  

a)  specimen  i den ti fication ;  

b)  measuring  temperature;  

c)  surface  tension  expressed  i n  m i l l i newton  per metre  (mN/m);  

d )  tester,  test place,  and  test time  (ex.  company name,  ci ty,  year) .  

5.3.4 Size  of conductive  materials  

5.3.4.1  Sampl ing  

The  specimen  used  for measuring  the  s ize  of a  conductive  material  shal l  be  sampled  
accord ing  to  the  method  speci fied  i n  I SO  1 4488  or a  s im i lar method .  I f re-d ispersion  i s  
requ i red ,  perform  re-d ispersion  accord ing  to  the  method  speci fied  i n  I SO  1 4887  or a  s im i lar 
method .  

5.3.4.2  Sphere  

5.3.4.2 . 1  Measuring  method  

The  mean  particle  s ize  of spherical  particles  or near spherical  particles  (such  as  equants)  
shal l  be  measured  using  the  e lectric sensing  zone  method  speci fied  in  I SO  1 331 9,  the  l aser 
d i ffraction  method  speci fied  in  I SO  1 3320,  the  photon  correlation  method  speci fied  in  
I SO  1 3321 ,  or the  u l trason ic attenuation  spectroscopy method  speci fied  in  I SO  20998-1 .  

Measuring  equ ipment shal l  be  as  speci fied  i n  one  of the  above  standards.  Measuring  
equ ipment wh ich  uses  a  method  speci fied  in  any of these  standards  may be  used .  

Mean  particle  s ize  i s  obtained  as  the  sphere-equ ivalen t d iameter or ci rcle-equ ivalen t d iameter,  
depend ing  on  the  measurement method .  The  type  of d iameter shal l  be  recorded  and  included  
i n  the  report of the  resu l ts.  

NOTE  Equan ts  express  the  parti cl es  of s im i l ar l eng th ,  wi d th ,  and  th i ckness.  Both  cubica l  and  spheri ca l  parti cl es  
are  i ncl uded .  
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5.3.4.2 .2  Report of the  resu l ts  

The  report shal l  i nclude  the  fol lowing  i tems:   

a)  specimen  i den ti fication ;  

b)  mean  particle  s ize;  

c)  type  of d iameter;  

d )  tester,  test p lace,  and  test time  (ex.  company name,  ci ty,  year) .  

5.3.4.3  Rod,  wire  and  tube 

5.3.4.3. 1  Measuring  method  

Rods,  wi res  and  tubes  shal l  be  measured  using  the  method  speci fied  i n  I SO  1 3322-1 ,  or an  
equ ivalent method .  As  th is  method  measures  the  wid ths  and  lengths  of particles  from  an  
e lectron  m icroscope image,  i t  requ i res  a  standard  l eng th .  The  scale  shown  on  the  image may 
be  used  as  the  standard  l eng th .  I n  order to  decide  the  standard  l eng th ,  particles  having  known  
accurate  s ize  may be  m ixed  in  wi th  the  specimen  as  a  reference  and  photographed  wi th  the  
specimen  to  cal ibrate  the  scale  i n  the  photograph .  The  smal lest number of particles  requ i red  
for obtain ing  the  mean  wid th  and  l eng th  i s  determined  accord ing  to  I SO  1 3322-1 .  

I SO  9276-6  treats  rods,  wi res  and  tubes  as  acicu lar or columnar particles  and  speci fies  a  
method  for measuring  thei r l eng ths.  The  wid th  and  l ength  may be  obtained  using  th is  method  
and  software  based  on  i t.  

NOTE  1  The  aci cu l ar parti cl e  i s  a  s l ender,  n eed le- l i ke  parti cl e  of s im i l ar wi d th  and  th i ckness.  

NOTE  2  The  col umnar parti cl e  i s  a  l ong ,  th i n  parti cl e  wi th  the  wi d th  and  th i ckness  that  are  g reater than  those  of 
an  aci cu l ar parti cl e.  

5.3.4.3.2  Report of the  resu l ts  

The  report shal l  i nclude  the  fol l owing  i tems:   

a)  specimen  i den ti fication ;  

b)  wid th  and  length  of particles;  

c)  defin i tion  of the  standard  of l eng th ;  

d )  number of particles  used  for calcu lating  wid th  and  l eng th ;  

e)  tester,  test p lace,  and  test time  (ex.  company name,  ci ty,  year) .  

5.3.4.4 Other shapes  

5.3.4.4.1  Measuring  method  

For i rregu larly shaped  particles  wh ich  are  not classi fied  i n  5 . 3 .4 . 2  and  5. 3 . 4 .3  above,  the  
mean  particle  s ize  shal l  be  calcu lated  accord ing  to  the  method  speci fied  in  I SO  9276-6  or 
software  based  on  i t.  

5.3.4.4.2  Report of the  resu l ts  

The  report shal l  i nclude  the  fol l owing  i tems:   

a)  specimen  i den ti fication ;  

b)  mean  particle  s ize;  

c)  i tems whose  defau l ts  have  been  changed  during  data  processing ;  

d )  tester,  test place,  and  test time  (ex.  company name,  ci ty,  year) .  
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5.3.5  Flashpoint 

5.3.5. 1  Measuring  method  

Flashpoin t shal l  be  measured  accord ing  to  I SO  2592  (open  system).  The  method  of "open  
system"  i s  preferable  for safety,  however,  "closed  systems"  are  a lso  widely used .  The  
measurement method  based  on  I SO 271 9  (closed  system)  and  I SO  3679  (closed  system)  may 
be  appl ied  i f a  closed  system  i s  requ i red .   

5.3.5.2  Report of the  resu l ts  

The  report shal l  i nclude  the  fol lowing  i tems:   

a)  specimen  i den ti fication ;  

b)  test cond i tions  (temperature,  humid i ty and  atmospheric pressure);  

c)  sampl ing  cond i tions  (type  of i nk used ,  d i spersive  med ia  and  concentration );  

d )  resu l ts;  

e)  tester,  test place,  and  test time  (ex.  company name,  ci ty,  year) .  

f)  others  (special  i tems).  

5.3.6  Evaporation  rate  

5.3.6.1  General  

The  evaporation  rate  i s  a  property wh ich  i s  necessary for the  PE  i nk,  bu t the  detai l s  of the  
evaluation  cond i tion  and  the  measuring  method  are  si gn i fican tl y d i fferen t for the  i nk.  I n  th is  
standard ,  a  common  framework of the  method  i s  speci fied  as  a  gu idel ine.  The  detai l ed  
cond i tions  and  measurements  may be  determined  between  trad ing  partners  depend ing  on  the  
properties  of the  i nk.  

5.3.6.2  Measuring  method  

The  evaporation  rate  of solven t from  an  ink formu lation  can  be  determined  by measuring  the  
time  taken  to  evaporate  up  to  90  %  of the  mass  of the  solvent conten t of the  i nk formu lation .  

A flat  absorbent material  (such  as  a  fi l ter paper)  i s  posi tioned  on  a  sensi ti ve  mass  balance  

located  i nside  a  d ry a i r (< 5  %  relati ve  humid i ty)  or n i trogen  cabinet at atmospheric pressure.  
A known  volume  of i nk (such  as  1  mL)  i s  d i spensed  i n  a  stra igh t l i ne  on  the  absorbent 
material  to  produce  a  repeatable  area  of wetted  fi lm  on  the  fi l ter paper.  Dried  a i r or n i trogen  i s  
passed  through  the  cabinet at a  con trol led  temperature  and  flow rate.  The  temperature  and  
flow rate  may be  determined  between  trad ing  partners  depend ing  on  the  properties  of the  i nk,  
bu t these  cond i tions  shal l  be  i ncluded  i n  the  report.  The  location  of the  en try and  exi t  ports  for 
the  d ry a i r or n i trogen  shou ld  be  chosen  so  as  not to  d isturb  the  mass  balance  read ings  
throughou t the  test.  

The  evaporation  rate  can  be  calcu lated  by measuring  the  d i fference  in  mass  over a  period  of 
time.  I t  i s  recommended  that su fficien t measurements  are  made  to  a l l ow 5  or more  poin ts  to  
be  p lotted  on  a  graph  of mass  l oss  vs.  time  for values  of between  1 0  %  and  90  %  l oss  of 
solvent from  the  ink.  The  test shou ld  be  repeated  a  tota l  of 3  times  and  the  evaporation  rates  
averaged  for that i nk.  I n  order to  make  a  comparison ,  the  procedure  shou ld  be  conducted  wi th  
a  known  solven t such  as  n -bu tyl  acetate  and  the  evaporation  rate  normal ised  to  th is  solven t.  

I n  the  case  of an  i nk comprising  a  solven t m ixtu re,  an  i ncreased  number of measurements  
shal l  be  made  in  order to  clearly show how the  evaporation  rate  changes  over time.  I t  i s  
recommended  that a  balance  wi th  au tomated  data  logg ing  be  used  in  order to  faci l i tate  the  
capture  of su fficien t data  to  describe  the  detai led  behaviour.  The  resu l ts  may be  presented  in  
g raph ical  form  for the  case  where  the  solven t evaporation  rate  varies  wi th  time  i n  a  complex 
manner.  These  resu l ts  can  also  be  compared  wi th  those  for n -bu tyl  acetate  by p lotting  both  
data  on  the  same  graph .  
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5.3.6.3  Report of the  resu l ts  

The  report shal l  i nclude  the  fol lowing  i tems:  

a)  specimen  i den ti fication ;  

b)  test cond i tions  (mass  of i nk,  flow rate  of a i r/n i trogen ,  solven t used  for comparison) ;   

c)  resu l ts  (normal ised  to  the  solven t used  for comparison);  

d )  tester,  test p lace,  and  test time  (ex.  company name,  ci ty,  year) .  

6 Evaluation  of the  properties  of a  conductive  layer 

6.1  Test piece  

6. 1 . 1  General  

Test p ieces  are  used  for evaluating  the  conductive  layer.  

6.1 .2  Substrate  

The  substrate  for the  test p iece  shal l  be  a  clean  and  smooth-surface  non-alkal i  g lass  wh ich  
wi l l  not affect the  i nk.  Other substrate  materia ls  may be  used  i f agreed  between  the  trad ing  
partners  (suppl ier and  purchaser) .  

6.1 .3  Conductive  ink 

Accord ing  to  5 . 1 ,  except no  d i l u tion  i s  a l lowed .  

6.1 .4 Dimensions  of test  piece  

The  d imensions  of the  test p iece  shal l  be  as  speci fied  i n  each  test method .  I f evaluation  i s  
possible,  a  test p iece  wi th  smal ler and /or th inner d imensions  than  speci fied  may be  used .  

6.1 .5  Preparation  of test piece  

The  test piece  shal l  be  prepared  accord ing  to  the  fol lowing  procedure:  

a)  Prior to  i nk prin ting  or coating ,  the  substrate  surface  shal l  be  cleaned  by an  appropriate  
means  using  an  organ ic solvent such  as  acetone.  

b)  Prin t or coat the  i nk onto  the  substrate  surface  using  an  appropriate  method  to  form  a  
un i form  layer of i nk.  

c)  Sol id i fy the  ink by an  appropriate  means  to  produce  an  e lectrical l y conductive  l ayer.  

6.2  Electrical  properties  

6.2 .1  Volume resistivi ty 

6.2 .1 . 1  General  

The  volume resistivi ty of a  conductive  l ayer made  of conductive  i nk i s  measured  using  the  
four-poin t probe  method .  Th is  method ,  as  shown  i n  F igure  1 ,  arranges  four electrodes  l i nearly 
on  the  test p iece,  passes  cu rren t I between  two  e lectrodes  such  as  probe  A and  probe  D,  
measures  the  potentia l  d i fference  V between  the  other two  e lectrode,  and  calcu lates  
resistance  V/I.  

The  four-poin t probe  head  wh ich  does  not damage  the  conductive  layer shou ld  be  used .  
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Figure  1  –  Example  of four-point  probe measurement 

6.2 .1 .2  Equ ipment and  tools  

6.2 .1 .2 . 1  Test equ ipment 

6.2 .1 .2 . 1 . 1  Test equ ipment consti tution  

The  test equ ipment consists  of a  constan t-curren t source,  a  vol tmeter and  probes,  as  shown  
i n  F igure  2 .  

 

Figure  2  – Example  of four-probe  measurement equ ipment 

6.2 .1 .2 . 1 .2  Constant-current source  

The  constant-current source  shal l  be  able  to  pass  an  appl ied  curren t I0  as  l i sted  in  Table  1  
th rough  the  resistance  range  of the  test p iece.  The  appl ied  cu rren t i s  a  d i rect curren t passing  
from  the  constan t-curren t source  to  the  probe.  Appl ied  curren t I0  i s  determined  as  fol lows.  
Assuming  poten tia l  d i fference  V between  probe  B  and  probe  C,  the  resistance  of the  resistor 
i s  g i ven  by V/I0 .  Select the  current from  Table  1  correspond ing  to  the  resistor,  wh ich  i s  
appl ied  curren t I0 .  The  a l lowable  variation  ratio  of appl ied  curren t I0  d u ring  measurement 

shal l  be  ±0,05  %  or l ess.  
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Table  1  –  Resistance range  of the  test piece  and  the  appl ied  current 

Resistance  range  of 
the  test  p iece  

<  20  mΩ  <  200  mΩ  <  20  Ω  <  2  kΩ  <  20  kΩ  <  200  kΩ  <  2  MΩ  

Appl ied  current  (I
0
)  1  000  mA 1 00  mA 1 0  mA 1  mA 1 00  µA 1 0  µA 1  µA 

 

6.2.1 .2 . 1 .3  Voltmeter 

The  vol tmeter shal l  be  a  d ig i ta l  type  wi th  a  d i splay having  at l east three  d ig i ts .  As  i t  i s  requ i red  
to  measure  the  en ti re  range  of resistivi ty shown  in  Table  1 ,  the  vol tmeter shal l  preferably be  

able  to  measure  vol tages  rang ing  from  0 , 1  mV to  2  V and  an  i npu t resistance  of 1 0 1 0  Ω  or 
h igher.  

6.2.1 .2 . 1 .4  Probe 

Each  probe  shal l  be  a  metal  p in  wi th  a  d iameter of 0 , 5  mm  to  0 , 8  mm  wi th  a  semi -spherical  or 
fl at  ti p .  The  four probes  are  arranged  l i nearly at equal  spacing  wi th  semi -spherical  or flat ti ps  
touch ing  the  test p iece.  The  spacing  shal l  be  1 , 5  mm  and  the  insu lation  resistance  between  

ad jacent probes  shal l  be  1 0 1 0  Ω  or h igher.  The  spacing  may be  0 , 5  mm,  1 , 0  mm,  2 , 2  mm,  or 
5 , 0  mm.  When  the  spacing  of 0 , 5  mm  is  used ,  the  probe  shal l  be  cal i brated .  The  report shal l  
i nclude  that the  cal ibrated  probe  wi th  the  spacing  of 0 , 5  mm  has  been  used .  During  
measurement,  an  appropriate  force  shal l  be  appl ied  to  each  probe.  Examples  of the  probes  
wh ich  can  apply for the  appropriate  force  are  shown  i n  Annex A.  

I f a  0 , 5  mm  spacing  probe  i s  used  i t  i s  recommended  that a  cal ibrated  specimen  having  

known  resisti vi ty i s  measured  and  that i ts  measured  value  i s  wi th in  ±3  %  of the  known  value.  

6.2.1 .2 .2  Measuring  equ ipment for specimen  th ickness  

Measuring  equ ipment for specimen  th ickness  shal l  be  a  non-contact type  or probe  type.   

6.2.1 .3  Evaluating  the  test  piece  

6.2. 1 .3. 1  Preparing  the  specimen  

The  specimen  shal l  be  prepared  accord ing  to  the  procedure  speci fied  i n  6 . 1 ,  however,  the  
substrate  shal l  have  the  fol lowing  properties:  

– resistance  >  1 06  Ω ,  

– no  den t and  no  d istortion  exclud ing  the  den ts  from  the  probe  test i tsel f.  

I f a  substrate  i s  used  that i s  subject to  d istortion  then  the  specimen  shal l  be  fi xed  on  a  fl at 
p lane  during  the  measurement.  

6.2.1 .3.2  Dimensions  of the  specimen  

The  d imensions  of the  specimen  shal l  be  as  fol lows:  

a)  the  s ize  of the  specimen  shal l  be  selected  from  Table  2 ;  

Table  2  – List of the  s ize  of the  specimen  

 Length  

(mm)  

Width  

(mm)  

Type  A 30  ±  0 , 2   1 0  ±  0 , 1  

Type  B  30  ±  0 , 2  30  ±  0 , 2  

Type  C  80  ±  0 , 2  50  ±  0 , 2  
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b)  the  th ickness  of the  specimen  shal l  be  200  µm or less  and  measured  at the  same  
posi tions  where  the  resistance  i s  measured .  The  th ickness  i ncludes  on ly the  conductive  
l ayer,  and  the  substrate  i s  not i ncluded .  

6.2.1 .4  Test procedure  

6.2 .1 .4. 1  Resistance  measurement 

The  measuring  posi tions  of resistance  shal l  be  A1  to  A3  in  F igure  3 ,  B1  to  B5  i n  F igure  4 ,  or 
C1  to  C9  i n  F igure  5.  

Dimensions in  millimetres 

 

Figure  3  –  Measuring  positions  of resistance (Type A)  

 

Dimensions in  millimetres 

 

Figure  4  –  Measuring  positions  of resistance (Type  B)  
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Dimensions in  millimetres 

 

Figure  5  –  Measuring  positions  of resistance (Type  C)  

Resistance  shal l  be  measured  at th ree  poin ts:  A1  to  A3  for Type  A,  B1  to  B3  for Type  B ,  or C1  
to  C3  for Type  C.  However,  i n  consideration  of the  un i formi ty of the  fi lm  and  the  past test 
resu l ts,  measuring  on ly one  poin t (A1 ,  B1 ,  or C1 ) ,  fi ve  poin ts  (B1  to  B5  for Type  B,  or C1  to  
C5  for Type  C)  or n ine  poin ts  (C1  to  C9  for type  C)  i s  acceptable.  The  resistance  shal l  be  
measured  by p lacing  the  cen tre  of the  probe  on  each  measuring  posi tion .  The  probe  shal l  be  
p laced  paral le l  to  the  l ong  s ide  of the  specimen.  For the  stable  measurement,  i t  i s  necessary 
that the  measuring  posi tions  are  more  than  1 0  mm  inside  the  edge  of the  specimen .  Therefore,  
when  the  resistance  of the  Type  A i s  measured ,  a  template  may be  used  i n  order to  keep  the  
same  measuring  posi tion .  

6.2.1 .4.2  Calcu lating  resistivi ty 

Resisti vi ty shal l  be  calcu lated  by using  the  fol lowing  equation :  

 
RtF ⋅⋅=ρ

 ( 1 )  

where:  

ρ  i s  the  resistivi ty (Ω · cm);  

F i s  the  correction  factor;  

t  i s  the  conductive  layer th ickness  (cm);  

R  i s  the  measured  resistance  value  (Ω) .  

The  correction  factor F shal l  be  used  for the  value  wh ich  i s  ca lcu lated  by Poisson 's  equation  
(2).  The  same value  as  the  solu tion  of Poisson 's  equation  may be  used  in  the  correction  factor.  
(The  equation  of the  correction  factor i s  described  in  Annex B.  The  in fluence  of the  measuring  
posi tion  and  the  s ize  of the  specimen  are  described  i n  Annex C. )  
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where:  

(xA,  yA)  are  the  x,  y  coord inates  of the  probe  A (cm);  

(xB ,  yB)  are  the  x,  y  coord inates  of the  probe  B  (cm);  

(xC ,  yC)  are  the  x,  y  coord inates  of the  probe  C  (cm);  

(xD ,  yD)  are  the  x,  y  coord inates  of the  probe  D  (cm);  

a ,  b are  the  l ength  of the  specimen ;  

x  =  mπ/a  (m  represents  an  i n tegral  number),  h  =  nπ/t  (n  represents  an  i n tegral  number,  t  

represents  the  th ickness  of the  conductive  layer),  ζ  =  (x2  +  h 2)1 /2) .  

When  obtain ing  changes  i n  volume  resisti vi ty after humid i fication ,  the  volume  resistivi ty of the  

test p iece  shal l  be  measured  before  and  after humid i fication  at  a  temperature  of 60  °C ±  2  °C 

and  re lative  humid i ty of (90  ±  3 )  %  for 24  h ,  48  h ,  or 72  h ,  the  values  compared ,  and  the  
d i fference  calcu lated .  I f agreed  between  the  trad ing  partners  (suppl ier and  purchaser),  other 
humid i fication  cond i tions  may be  used .  

6.2.1 .5  Report of the  resu l ts  

The  report shal l  i nclude  the  fol l owing  i tems:  

a)  specimen  i den ti fication ;  

b)  test cond i tions  (a i r pressure  and  d rying  temperature);  

c)  test piece  s ize;  

d )  volume  resisti vi ty and  error;  

e)  tester,  test place,  and  test time  (ex.  company name,  ci ty,  year) .  

6.2.2  Surface  resistivi ty 

6.2.2. 1  Determination  of surface  resistivi ty 

Surface  resistivi ty shal l  be  obtained  by d ivid ing  the  volume resisti vi ty measured  i n  6 . 2 . 1  by 
the  th ickness  of the  conductive  l ayer.  I f th ickness  i s  measured  at several  poin ts,  the  average  
shal l  be  used .  When  obtain ing  changes  i n  surface  resisti vi ty after humid i fication ,  the  volume 
resistivi ty before  and  after humid i fication ,  measured  i n  6 . 2 . 1 . 4 ,  shal l  be  d ivided  by the  
th ickness  of the  conductive  layer and  the  d i fference  shal l  be  calcu lated .  

6.2.2 .2  Report of the  resu l ts  

The  report shal l  i nclude  the  fol lowing  i tems:  

a)  specimen  i den ti fication ;  
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b)  test cond i tions  (a i r pressure  and  d rying  temperature);  

c)  test piece  s ize;  

d )  su rface  resistivi ty;  

e)  tester,  test p lace,  and  test time  (ex.  company name,  ci ty,  year) .  

6.3  Optical  properties  

6.3.1  Overview 

The  tests  speci fied  in  6 . 3 . 2  th rough  6. 3 .5  shal l  be  used  for transparen t or equ ivalen t materia ls.  

6.3.2  Luminous  transmittance 

6.3.2. 1  General  

Luminous  transmi ttance  i s  presented  as  tota l  l um inous  transmi ttance.  

6.3.2.2  Measuring  method  

Luminous  transmi ttance  shal l  be  measured  using  the  s ing le-beam  method  as  speci fied  i n  
I SO  1 3468-1 ,  or the  double-beam  method  as  speci fied  in  I SO  1 3468-2,  wi th  the  fol lowing  
detai l s .  I f agreed  between  the  trad ing  partners  (suppl ier and  purchaser) ,  another method  
wh ich  i s  considered  equ ivalen t may be  used .  

The  detai led  product speci fications  shal l  speci fy the  appl icable  measuring  method .  

6.3.2 .3  Measuring  equ ipment 

Measuring  equ ipment shal l  be  as  speci fied  i n  I SO  1 3468-1 : 1 996,  Clause  4 ,  or I SO  1 3468-
2: 1 999,  C lause  4 ,  as  appropriate.  Measuring  equ ipment accord ing  to  I SO  1 3655  and /or I SO  5-
2  may be  used .  

6.3.2 .4 Wavelength  or wavelength  range  used  in  the  test 

Luminous  transmi ttance  shal l  be  measured  e i ther at a  particu lar wavelength  or a  wavelength  
range,  as  agreed  between  the  trad ing  partners  (suppl ier and  purchaser)  considering  factors  
such  as  material  characteristics  and /or appl ication .  

6.3.2 .5  Report of the  resu l ts  

The  report shal l  i nclude  the  fol l owing  i tems:  

a)  measuring  method  and  equ ipment;  

b)  measuring  wavelength  or wavelength  range;  

c)  specimen  th ickness;  

d )  l uminous  transmi ttance;  

e)  tester,  test p lace,  and  test time  (ex.  company name,  ci ty,  year).  

6.3.3  Chromatici ty 

6.3.3.1  General  

Accord ing  to  I SO  1 1 664-4,  chromatici ty i s  presented  as  the  CIE  (1 976)  L*a*b*  colour space.  

6.3.3.2  Measuring  method  

The  measuring  method  shal l  be  the  reflected  l i gh t method  or the  transmi tted  l i gh t method ,  
depend ing  on  the  appl ication  and  the  purpose.  
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I f the  reflected  l i gh t method  i s  used ,  a  reflecting  d i ffuser shal l  be  p laced  on  both  the  su rface  
to  be  measured  and  the  other surface,  wi th  the  specimen  i n  between .  

The  reflecting  d i ffuser shal l  be  a  perfect reflecting  d i ffuser or a  reference  d i ffuser used  for 
cal ibrating  measuring  equ ipment.  

6.3.3.3  Measuring  equ ipment and  auxi l iaries  

The  measuring  equ ipment and  l i gh t source  shal l  be  i n  accordance  wi th  at  l east one  of the  
fol lowing :  I SO  5-2 ,  I SO  5-3,  I SO  3664  or I SO  1 3655,  and  shal l  be  speci fied  in  the  detai led  
product speci fications.  

6.3.3.4 Expression  of the  resu lts  

The  resu l ts  shal l  be  presented  as  the  numerical  values  of each  of the  L*a*b*  coord inate  axes,  
or shal l  be  p lotted  i n  the  L*a*b*  colour space.  I f agreed  between  the  trad ing  partners  (suppl ier 
and  purchaser),  the  resu l ts  may be  presented  i nstead  by the  numerical  value  of a  speci fic 
coord inate  axis  or the  numerical  va lues  of two  speci fic coord inate  axes  of the  L*a*b*  colour 
space.  I n  th is  case,  the  coord inate  axis  or axes  concerned  shal l  be  clearly stated .  

6.3.3.5  Report of the  resu l ts  

The  report shal l  i nclude  the  fol l owing  i tems:  

a)  measuring  instrument and  l i gh t source;  

b)  measurement method  (reflected  l i gh t or transmi tted  l i gh t) ;  

c)  chromatici ty (numerical  va lues  of each  of the  L*a*b*  coord inate  axes,  p lotted  i n  the  L*a*b*  
colour space,  or the  numerical  value  of a  speci fi c coord inate  axis  or numerical  values  of 
two  speci fic coord inate  axes  of the  L*a*b*  colour space);  

d )  tester,  test place,  and  test time  (ex.  company name,  ci ty,  year) .  

6.3.4 Un i formi ty of colour 

6.3.4.1  Principle  

Colour d i fferences  are  obtained  on  1 0  poin ts  on  the  specimen,  and  thei r average  i s  evaluated  
by the  d i fference  from  the  standard  chromatici ty and  standard  deviation .  

6.3.4.2  Measuring  equ ipment  

Accord ing  to  6 . 3 .3 .3 .  

6.3.4.3  I l luminant ( l ight source)  

Accord ing  to  6 . 3. 3. 3.  

6.3.4.4 Measuring  method   

Accord ing  to  6 . 3. 3,  chromatici ty shal l  be  measured  on  1 0  poin ts  on  a  s ing le  specimen  using  
the  same  instrument and  under the  same  cond i tions.  F ive  or more  pai rs  of poin ts  are  selected  
so  that a l l  1 0  poin ts  are  chosen .  From  the  colour d i fference  between  each  pai r of poin ts,  the  
mean  colour d i fference,  the  d i fference  between  the  reference  chromatici ty and  the  mean ,  and  
the  standard  deviation  are  calcu lated .  

6.3.4.5  Calcu lation  of colour d i fference  

Colour d i fference  i s  ca lcu lated  by using  the  colour d i fference  formu la  based  on  the  numerical  
va lues  of each  of the  L*a*b*  coord inate  axes,  or us ing  the  colour d i fference  formu la  based  on  
l i gh tness,  chroma,  and  hue.  
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The  colour d i fference  based  on  the  L*a*b*  colour system  i s  calcu lated  by using  the  formu la:  

 ∆E*ab  =  [(∆L* )2＋ (∆a* )2＋ (∆b* )2 ] 1 /2  (3)  

where:  

∆E*ab  i s  the  colour d i fference  based  on  the  L*a*b*  colour system;  

∆L* ,  ∆a* ,  ∆b*  i s  the  d i fference  i n  L*  and  d i fference  i n  colour coord inates  a*  and  b*  of the  
chromatici ty between  the  pai r of poin ts  obtained  in  6 . 3. 3.  

The  colour d i fference  based  on  the  l uminosi ty,  chroma,  and  hue  i s  calcu lated  by using  the  
formu la:  

 ∆E*ab  =  [(∆L* )2＋ (∆C*ab)
2＋ (∆H*ab)

2 ] 1 /2  (4)  

where:  

∆E*ab  i s  the  colour d i fference  based  on  the  L*a*b*  colour system;  

∆L*  i s  the  d i fference  i n  l uminosi ty L*  of the  chromatici ty between  the  pai r of poin ts  
obtained  i n  6 . 3 .3 ;  

∆C*ab  i s  the  d i fference  in  ab  chroma  of the  chromatici ty between  the  pai r of poin ts  
obtained  i n  6 . 3 .3 ;  

∆H*ab  i s  the  d i fference  i n  ab  hue  of the  chromatici ty between  the  pai r of poin ts  obtained  
i n  6 . 3. 3 .  

The  colour d i fference  formu la  i n  CIE DE2000 (see  CIE  Publ ication  No.  1 42)  may a lso  be  used  
for calcu lating  the  colour d i fference.  

6.3.4.6  Report of the  resu l ts   

The  report shal l  i nclude  the  fol lowing  i tems:  

a)  measuring  i nstruments;  

b)  measurement method  (reflected  l i ght or transmi tted  l i gh t) ;  

c)  standard  chromatici ty;  

d )  d i fference  between  the  standard  chromatici ty and  the  mean ,  and  standard  deviation ;  

e)  tester,  test p lace,  and  test time  (ex.  company name,  ci ty,  year) .  

6.3.5  Haze 

6.3.5.1  Measuring  method  

Haze  shal l  be  measured  using  the  method  speci fied  in  I SO 1 4782.  A s im i lar method  may be  
used  as  agreed  between  the  trad ing  partners  (suppl ier and  purchaser).  

6.3.5.2  Report of the  resu l ts  

The  report shal l  i nclude  the  fol lowing  i tems:  

a)  th ickness  of the  specimen ;  

b)  type  of l i gh t source;  

c)  haze;  

d )  tester,  test p lace,  and  test time  (ex.  company name,  ci ty,  year) .  
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6.3.6  Refractive  index 

6.3.6. 1  Measuring  method  

The  refractive  index shal l  be  measured  using  method  A (for measuring  the  refractive  i ndex of 
fi lms  using  a  refractometer)  speci fied  i n  ISO 489 or a s im i l ar method .  

6.3.6.2  Contacting  l iqu id  

A contacting  l i qu id  wi th  a  refractive  i ndex h igher than  that of the  measured  object and  wi th  a  
substrate  wh ich  does  not swel l  or d i ssolve  as  l i sted  i n  ISO 489:1 999,  Table  1 ,  shal l  be  used .  
When  using  a  p lastic fi lm  for the  substrate,  choose  the  con tact l i qu id  i n  consideration  of the  
refractive  index,  swel l ing  and  mel ting  of the  substrate.  

6.3.6.3  Condi tion ing  

Cond i tion ing  shal l  be  performed  at a  temperature  of 23  °C  ±  2  °C  and  a  re lati ve  humid i ty of 

(50  ±  1 0)  %  for 88  h  or l onger.  Other cond i tion ing  shal l  be  determined  by the  trad ing  partners  
(suppl ier and  purchaser),  i f necessary.  

6.3.6.4 Report of the  resu l ts  

The  report shal l  i nclude  the  fol lowing  i tems:  

a)  refractometer used ,  and  the  type  of the  l i gh t source  and  wavelength ;  

b)  refractive  index;  

c)  d ispersion  ( i f appl icable);  

d )  tester,  test place,  and  test time  (ex.  company name,  ci ty,  year) .  

7  Storage 

7.1  Storage  condi tions  

Conductive  i nk shal l  be  stored  in  a  sealed  container,  at  a  temperature  of 6  °C  ±  4  °C  un less  
otherwise  speci fied .  

7.2  Method  for measuring  aged  deterioration  

The  degradation  due  to  storage  i s  expressed  by the  change  i n  viscosi ty.  The  viscosi ty j ust  
before  storage  and  the  viscosi ty j ust after storage  for 30  days  under the  cond i tions  i n  7 . 1  shal l  
be  measured  accord ing  to  the  method  speci fied  i n  5 . 3 . 2 .  

7.3  Report of the  resu l ts  

The  report shal l  i nclude  the  fol lowing  i tems:  

a)  specimen  i den ti fication ;  

b)  method  for measuring  vi scosi ty;  

c)  vi scosi ty j ust before  storage  (mPa· s);  

d )  vi scosi ty after storage  for one  month  (mPa· s) ;  

e) tester,  test place,  and  test time  (ex.  company name,  ci ty,  year).  
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Annex A 
( informative)  

 
Examples  of the four-point probe  
for applying  an  appropriate weight 

 

A.1  In ternal  structure 

Four-poin t probes  have  i n ternal  springs  to  keep  appropriate  con tact.  An  example  of the  
i n ternal  structure  around  the  probe  p in  i s  shown  in  F igure  A. 1 .  Resistance  i s  measured  by 
push ing  the  probe  in  the  d i rection  of the  arrow.  A spring  i s  i nstal led  i n  the  root of the  probe  
pin ,  and  the  force  appl ied  to  the  pin  i s  con trol led  appropriately.  

 

Figure  A. 1  –  Example  of the  internal  structure  of probe 

A.2  Example  of the  general  view 

An  example  of the  general  view of the  probe  i s  shown  in  F igure  A.2 .  The  four-probe  p ins  l i ke  
the  one  shown  in  F igure  A. 1  are  instal led  at  the  tip  of the  probe.  When  the  probe  i s  used  for 
measurement,  the  housing  portion  i s  held  i n  the  hand  or fi xed  to  the  X-Y stage.  Al though  the  
rectangu lar type  probe  i s  shown  in  the  figure  as  the  example,  a  columnar type  i s  a l so  
avai lable.  These  types  can  be  used  depend ing  on  the  spacing  of the  probe  p ins  and /or the  
consti tu tion  of the  measurement system.  

 

Figure  A.2  –  Example  of the  general  view of the  probe 

IEC  

IEC  

Spri ng  

Probe  p i n  

Specimen  
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Annex B  
( informative)  

 
Equation  of correction  factor F 

 

B.1  General  

The  resistivi ty ρ  of the  conductive  l ayer i s  defined  by the  fol lowing  equation  (B. 1 ) :  

 
I

V
Ft=ρ  (B . 1 )  

where:  

t  i s  the  th ickness  of the  conductive  layer (cm);  

F i s  the  resistivi ty correction  factor.  

The  configuration  of probes  A,  B ,  C,  and  D  i s  shown  in  F igure  B. 1 .  The  four probes  are  p laced  
on  the  surface  of the  rectangu lar paral le lepiped  of wid th  a ,  l eng th  b ,  wi th  th ickness  t.  

Wi th  the  poten tia ls  of the  probe  B  and  the  probe  C  expressed  as  φB  and  φC  respectively,  the  
poten tia l  d i fference  V i s  represented  as  the  fol lowing  equation :  

 CB φφ −=V  (B . 2)  

 

Figure  B.1  –  Schematic  d iagram  of the  geometry of the  conductive  layer  
and  the  configuration  of probes  A,  B,  C ,  and  D  

B.2  Condi tions  for correction  factor F 

With  the  potentia l  φ  of any poin t i n  the  sample  satisfying  Poisson ’s  equation ,  the  fol lowing  
Equation  B .3  i s  establ ished :  

 ( ) ( ) ( )[ ]AD
2 2 rrrrIr −−−=∇ δδρφ  (B .3)  
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where:  

vector r  i s  the  coord inates  (x,  y,  z)  of any poin t i n  the  conductive  layer;  

rA  i s  the  coord inates  (xA,  yA,  t)  of the  contact poin t of the  probe  A and  the  conductive  
l ayer;  

rD  i s  the  coord inates  (xD ,  yD ,  t)  of the  con tact poin t of the  probe  D  and  the  conductive  
l ayer;  

δ(r)  i s  the  del ta  function  ( the  function  i s  g iven  by the  product of δ(x) ,  δ(y) ,  and  δ(z)) .  

I n  the  process  of l ead ing  the  equation ,  the  function  q  =  ε*ρI/2π  i s  used  to  replace  curren t I by 
the  equ ivalen t charge  q .  (ε*  represents  the  d ie lectric constan t of the  conductive  layer. )  

When  the  conductive  l ayer i s  d i vided  i n to  three  areas  by the  p lanes  paral le l  to  the  x-axis  
th rough  the  posi tions  of the  probe  A and  the  probe  D,  Equation  B .3  equals  0  due  to  the  nature  
of the  del ta  function ,  and  Laplace’s  equation  i s  obtained .  

By applying  the  fol lowing  three  cond i tions  i n  order to  obtain  the  solu tion  of Laplace’s  equation ,  
i t  i s  possib le  to  determine  the  potentia ls  of each  reg ion :  

– Curren t does  not fl ow ou t to  the  ou tside  of the  conductive  layer.  

– The  potentia l  i s  a lways  con tinuous  at the  boundary of each  reg ion .  

– Gauss's  l aw can  be  appl ied  to  the  fie l d  of the  d i fferen tia l  volume in  the  cen tre  of the  
con tact of the  probe  and  the  conductive  layer.  

B.3  Equation  of correction  factor F 

From  these  cond i tions,  the  correction  factor F can  be  expressed  as  F-1  using  equation  (2)  i n  
6 . 2 . 1 . 4 . 2 .  
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Annex C  
( informative)  

 
Influence of the measuring  position  

and  the size  of specimen  on  resistance 
 

C.1  Influence of the  measuring  posi tion  on  resistance 

The  resu l t  of resistance  i s  g reatly affected  by the  measuring  posi tion .  As  shown  in  F igure  C. 1 ,  
when  the  correction  factor i s  fi xed  at  a  constan t value,  i t  i s  impossible  to  obtain  appropriate  
data  because  the  resistance  increases  s ign i ficantly at the  end  of the  specimen  scan  i n  order 
to  i ncrease  the  densi ty of the  e lectric fi e ld  energy.  Therefore,  i t  i s  necessary to  perform  a  
proper measurement of resistance  by using  the  variable  correction  factor g i ven  by Poisson 's  
equation  i n  accordance  wi th  the  accurate  measuring  posi tion .  

 

Figure  C.1  –  Measurement model  for the  in fluence  
of the  measuring  position  on  sheet resistance 

Data  (A)  shows  the  measurement for the  correction  factor fi xed  at 4 , 532.  Data  (B)  shows  the  
data  wh ich  i s  corrected  properly by using  the  correction  factor g i ven  by Poisson 's  equation .  
The  rectang le  under the  fi gure  expresses  the  image  of the  measured  specimen .  The  b lack 
poin ts  express  the  posi tion  of the  probe.  

NOTE  Al though  "Ω/square"  may be  fami l i ar as  the  un i t  of sheet  res i stance,  "Ω"  i s  appl i ed  as  the  S I  u n i t  i n  F i gu re  
C. 1 .  

C.2  Influence of the  s ize  of the  specimen  on  resistance 

The  resu l t  of resistance  i s  a l so  g reatly affected  by the  s ize  of the  specimen .  For smal l  
specimens,  the  resu l ts  become more  sensi ti ve  to  e lectric fie ld  energy in  the  same manner 
described  in  C lause  C. 1  because  the  d istance  from  the  edge  of the  specimen  to  the  
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measuring  poin t i s  closer.  At the  20  mm  wid th  poin t of the  specimen  (the  d istance  to  the  end  
of the  specimen  from  the  measurement poin t i s  1 0  mm),  the  same resistance  can  be  obtained  
by the  correction  of Poisson 's  equation  (F igure  C. 2) .  However,  i f the  specimen  wid th  becomes 
l ess  than  20  mm,  the  resistance  beg ins  to  ri se.  When  the  specimen  wid th  i s  1 0  mm  
measurements  are  d i fficu l t  and  proper correction  cannot be  made;  a  l arge  error i s  pred icted .  
The  determination  of the  accurate  measuring  posi tion  and  the  accurate  correction  by 
Poisson 's  equation  i s  requ i red  i n  order to  obtain  the  stable  and  proper resistance.  

 

Figure  C.2  – Model  measurement of the  influence of the  specimen  size  

Data  (A)  shows  the  measurement for correction  factor fi xed  at  4 , 532 .  Data  (B)  shows  the  data  
wh ich  i s  corrected  properly by using  the  correction  factor g i ven  by Poisson 's  equation .  The  
rectang le  under the  fi gu re  expresses  the  image  of the  measured  specimen .  The  b lack poin ts  
express  the  posi tion  of the  probe.  
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