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I NTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
GU IDANCE ON  THE MEASUREMENT OF HYDROPHOBICITY 

OF INSULATOR SURFACES 
 

FOREWORD 

1 )  The  I n ternati ona l  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 ides  (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 dea l 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 i zati on  ( I SO)  i n  accordance  wi th  cond i ti ons  d eterm 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  reasonable  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  responsib l 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  app l y I EC  Publ i cati ons  
transparen tl y to  the  maximum  exten t  possib l e  i n  thei r nati ona l  and  reg i onal  pub l 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 attestati on  of con form i ty.  I ndependen t  certi fi cati on  bod ies  provi de  conform i ty 
assessmen t  services  and ,  i n  some  areas,  access  to  I EC  marks  of conform i ty.  I EC  i s  not  responsib le  for any 
services  carri ed  ou t  by i ndependen t  certi fi cati on  bod i es .  

6 )  Al l  u sers  shou ld  ensu re  that  they have  the  l atest 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 cal  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 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 ,  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 spensable  for the  correct appl i cati on  of th i s  publ i cati on .  

9)  Atten ti on  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  sub j ect  of 
paten t ri gh ts .  I EC  shal l  n ot  be  he l d  responsib l e  for i den ti fyi ng  any or a l l  such  paten t  ri gh ts .  

The  main  task of I EC techn ical  commi ttees  i s  to  prepare  I n ternational  Standards.  I n  
exceptional  ci rcumstances,  a  techn ical  commi ttee  may propose  the  publ ication  of a  techn ical  
speci fication  when  

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

•  the  subject i s  sti l l  under techn ical  development or where,  for any other reason ,  there  i s  the  
fu ture  bu t no  immed iate  possibi l i ty of an  agreement on  an  I n ternational  Standard .  

Techn ical  speci fications  are  subject to  review wi th in  th ree  years  of publ ication  to  decide  
whether they can  be  transformed  in to  I n ternational  Standards.   

I EC  62073,  wh ich  i s  a  techn ical  speci fication ,  has  been  prepared  by I EC  techn ical  commi ttee  
36:  I nsu lators.  

Th is  second  ed i ti on  cancels  and  replaces  the  fi rst ed i tion  publ ished  i n  2003.  Th is  ed i ti on  
consti tu tes  a  techn ical  revision .  
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Th is  ed i tion  i ncludes  the  fol lowing  s ign i fican t techn ical  changes  wi th  respect to  the  previous  
ed i tion :  

a)  Changed  wettabi l i ty to  hydrophobici ty th roughou t the  document 

b)  Redefined  the  cri teria  for the  determination  of hydrophobici ty class  in  paragraph  3. 4 ;  

The  text of th is  techn ical  speci fication  i s  based  on  the  fol lowing  documents:  

Enqu i ry d raft  Report  on  voti ng  

36/363/DTS  36/367/RVC 

 
Fu l l  i n formation  on  the  voting  for the  approval  of th is  techn ical  speci fication  can  be  found  in  
the  report on  voting  i nd icated  i n  the  above  table.  

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

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  

•  transformed  i n to  an  I n ternational  standard ,  

•  reconfi rmed ,  

•  wi thd rawn ,  

•  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  wetting  properties  of a  surface  by water are  common ly described  by the  terms  
hydrophobic (or hydrophobici ty)  and  hydroph i l ic (or hydroph i l ici ty).  A hydrophobic su rface  i s  
water-repel len t,  wh i l e  a  su rface  that i s  easi l y wetted  by water i s  hydroph i l i c.  

The  wetting  phenomenon  of a  surface  i s  complex and  many d i fferen t parameters  can  
i n fluence  i ts  hydrophobic properties.  Some importan t parameters  include:  type  of i nsu lator 
materia l ,  su rface  roughness,  heterogenei ties  of the  surface,  chemical  composi tion  (e. g .  due  to  
ageing)  and  presence  of pol l u tion .  For i nsu lator materia ls  i n  common  use,  the  hydrophobic 
properties  can  change  over time,  due  to  the  i n fluence  of the  ambien t cond i tions.  Th is  change  
can  be  e i ther reversib le  or i rreversible.  Thus,  the  resu l t  of the  measurement of the  
hydrophobici ty may be  in fluenced  by the  ambien t cond i tions  and  the  HV corona  or d ry-band  
arcing  to  wh ich  the  i nsu lator has  been  previously exposed .  Th is  dynamic behaviour of the  
hydrophobici ty i s  more  or l ess  speci fic  to  d i fferen t i nsu lator materia ls.  These  types  of 
materia ls,  wh ich  have  an  abi l i ty to  retain  and  transfer hydrophobici ty,  are  commonly cal led  
Hydrophobici ty Transfer Materia ls  (HTM).  

The  dynamic behaviour of the  hydrophobici ty exh ib i ted  by i nsu lator materials  i s  due  to  thei r 
chemical  composi tion .  D i fferent processes  such  as  oxidation ,  hydrolysis,  m igration  of l ow 
molecu lar weigh t compounds,  formation  of complex compounds  between  e. g .  s i l oxanes  and  
water,  rotation  of fl exible  polymer chains,  i n ter-  and  in tra-molecu lar rearrangements,  
m icrobiolog ical  g rowth ,  deposi tion  of contaminan ts,  adhesion  and  encapsu lation  of 
con taminan t particles,  may take  p lace  at d i fferent rates,  depend ing  on  materia l  and  ambien t 
cond i tions.  Thus  hydrophobici ty a long  and  around  an  i nsu lator can  vary,  due  to  d i fferences  i n  
the  exposure  to  solar rad iation ,  ra in ,  corona  d ischarges,  deposi ted  pol lu tion ,  etc.  Therefore,  
hydrophobici ty of i nsu lators  i s  usual ly measured  on  several  separate  areas  of the  insu lator.  

Measurement of the  hydrophobici ty of a  surface  i s  read i ly performed  in  the  laboratory on  wel l  
defined ,  homogeneous,  smooth  and  planar surfaces  of prepared  specimens.  I n  the  case  of 
i nsu lators,  for wh ich  non-destructive  measurements  are  usual l y requ i red  (and  where  cu t-ou t of 
materia l  samples  i s  usual l y not desi red),  these  cond i tions  do  not exist and  measurement wi th  
h igh  precis ion  i s  a  d i fficu l t  task.  Th is  i s  especia l l y true  when  the  measurement has  to  be  
performed  on  an  i nsu lator i nsta l l ed  i n  an  overhead  l i ne,  substation  or even  in  a  h igh  vol tage  
test set-up  in  the  laboratory.  

Previously wettabi l i ty class  (WC)  was  used  as  equ ivalen t technology.  
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GUIDANCE ON  THE MEASUREMENT OF HYDROPHOBICITY 
OF INSULATOR SURFACES 

 
 
 

1  Scope 

The  methods  described  i n  th is  techn ical  speci fication  can  be  used  for the  measurement of the  
hydrophobici ty of the  shed  and  housing  material  of composi te  i nsu lators  for overhead  l i nes,  
substations  and  equ ipment or ceramic insu lators  covered  or not covered  by a  coating .  The  
obtained  value  represents  the  hydrophobici ty at  the  time  of the  measurement.  

The  object of th is  techn ical  speci fication  i s  to  describe  th ree  methods  that can  be  used  to  
determine  the  hydrophobici ty of i nsu lators.  The  determination  of the  abi l i ty of water to  wet the  
su rface  of i nsu lators  may be  usefu l  to  evaluate  the  cond i tion  of the  surface  of i nsu lators  i n  
service,  or as  part  of the  i nsu lator testing  i n  the  laboratory.  

2  Terms and  defin i tions  

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

2.1   
hydrophobici ty 
state  of a  surface  wi th  a  l ow su rface  tension  and  thus  i s  water-repel len t 

2.2   
hydrophi l ici ty 
state  of a  su rface  wi th  a  h igh  surface  tension  and  thus  i s  wetted  by water ( i n  the  form  of a  
fi lm)  

2.3   
surface tension  

reg ion  of fin i te  th ickness  (usual ly l ess  than  0 , 1  µm)  i n  wh ich  the  composi tion  and  energy vary 
con tinuously from  one  bu lk phase  to  the  other 

Note  1  to  en try:  The  pressu re  (force  fi e l d )  i n  the  i n terfaci a l  zone  has  a  g rad i en t  perpend icu lar to  the  i n terfacia l  
boundary.  A net  energy i s  requ i red  to  create  an  i n terface  (su rface)  by transporti ng  the  matter from  the  bu l k  phase  
to  the  i n terfacia l  (su rface)  zone.  The  reversi b l e  work requ i red  to  create  a  un i t  i n terfacia l  (su rface)  area  i s  the  
su rface  tens ion  and  i s  defi ned  thermodynamical l y as  fol l ows:  

T,P,n
A

G








∂
∂

=γ
 

where  

γ  i s  the  su rface  ( i n terfacia l )  tension  or su rface  energy;  

G  i s  the  G i bbs  free  energy of the  tota l  system;  

A  i s  the  su rface  ( i n terfacia l )  area;  

T i s  the  temperatu re;  

P  i s  the  pressu re ;  

n  i s  the  tota l  number of mol es  of matter i n  the  system .  

The  su rface  tensi on  (γ)  i s  u sual l y expressed  i n  mN /m  (1  mN /m  =  1  d yn /cm).  
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2.4  
static  contact ang le  
ang le  of a  d rop  of l i qu id  resting  on  the  su rface  of a  sol id ,  and  a  gas  i s  i n  contact wi th  both ,  the  
forces  acting  at  the  i n terfaces  are  i n  balance  

Note  1  to  en try:  These  forces  are  d ue  to  su rface  tensions  acti ng  i n  the  d i recti on  of the  respective  su rfaces.  From  
F i gu re  1  i t  fo l l ows  that:  

SLGSsGL cos γγ −=θγ
 

where  

θ
s
 i s  the  stati c  con tact  ang l e  of the  edge  of the  d rop  wi th  the  so l i d  su rface,  

γ
GL

 i s  the  su rface  tensi on  of the  gas-l i qu i d  i n terface,  

γ
GS

 i s  the  su rface  tensi on  of the  gas-sol i d  i n terface,  and  

γ
SL

 i s  the  su rface  tensi on  of the  so l i d - l i qu i d  i n terface.  

Note  2  to  en try:  The  above  equati on  (Young ´s  equati on )  i s  on l y val i d  for i dea l  and  smooth  su rfaces.  

 

Figure  1  – Defin i tion  of the  static  contact angle  

The  ri gh t  s i de  of the  above  equati on  ( the  d i fference  between  the  su rface  tensi ons  of the  gas-sol i d  and  the  so l i d -
l i qu i d  i n terfaces)  i s  defi ned  as  the  su rface  tensi on  of the  sol i d  su rface.  I t  i s  not  a  fundamen tal  property of the  
su rface  bu t  d epends  on  the  i n teracti on  between  the  sol i d  and  a  parti cu l ar envi ronmen t.  

When  the  gas  i s  a i r satu rated  wi th  vapour of the  l i q u i d ,  γGL wi l l  be  the  su rface  tensi on  of the  l i q u i d .  I f the  con tact 

ang l e  i s  0° ,  the  l i qu i d  i s  sa i d  to  j u st  wet  the  su rface  of the  so l i d ,  and  i n  th i s  parti cu l ar case  (s i nce  cos  θs  =  1 ) ,  the  
su rface  tension  of the  sol i d  wi l l  be  equal  to  the  su rface  tension  of the  l i q u i d .  

2.5  
advancing  and  receding  contact angle  (dynamic contact ang les)  
ang les  of a  d roplet on  an  i ncl ined  sol i d  surface  that exh ib i ts  two  d i fferent ang les  

Note  1  to  en try:  The  advancing  con tact  ang le  (θ
a
)  i s  the  ang l e  i n s i de  the  water d rop l et  between  the  sol i d  su rface  

and  the  d ropl et  su rface  a t  the  l ower part  of the  d ropl et  on  the  i ncl i ned  su rface  (see  F i gu re  2 ) .  The  reced i ng  con tact  

ang l e  (θ
r
)  of a  d ropl et  on  an  i ncl i ned  su rface  i s  the  ang le  i ns i de  the  d ropl et  between  the  so l i d  su rface  and  the  

d ropl et  su rface  a t  the  d roplet  rear (h i ghest  part  on  the  i ncl i ned  su rface).  I f the  reced ing  con tact  ang l e  i s  zero,  a  
completel y wetted  trace  of water i s  formed  as  the  d rop  moves  a l ong  the  so l i d  i ncl i ned  su rface  (see  F i gure  2 ) .  The  
genera l  phys i ca l  re l a ti on  between  the  advanci ng  and  reced i ng  con tact  ang l e  and  the  stati c  con tact  ang le  defi ned  i n  

2 . 4  i s :  θ
r
 ≤  θ

s
 ≤  θ

a
.  

 

Figure  2  – Defin i tion  of the  advancing  angle  (θa)  and  the  receding  angle  (θr)   
i nside  a  l iqu id  drop resting  on  an  incl ined  sol id  surface 

IEC  
γGS  γ  SL  

γGL  

θS  

Ai r 

So l i d  

L i q u i d  

IEC  

θa  Sol i d  

L i qu i d  

Ai r 

θ r  
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2.6   
hydrophobici ty class  
HC  
speci fic  l evel  of the  scale  used  in  the  spray method  (Method  C)  

Note  1  to  en try:  Seven  cl asses,  HC/1  to  HC/7,  have  been  defi ned .  HC/1  corresponds  to  the  most  hyd rophobi c 
su rface  and  HC/7  to  the  most  h yd roph i l i c  su rface.  

3  Methods  for measurement of hydrophobic properties  

3.1  General  

Three  methods  for measurement of the  hydrophobici ty,  d i ffering  i n  accuracy,  s impl ici ty,  s ize  
of measured  surface  area  and  appl icabi l i ty,  are  described  in  th is  techn ical  speci fication  and  
are  as  fol lows:  

a)  the  contact ang le  method ;  

b)  the  surface  tension  method ;   

c)  the  spray method .  

Gu idance  relati ve  to  the  speci fic  use  of the  th ree  methods  i s  found  in  Annex A.  

3.2  Method  A – Contact ang le  method  

3.2 .1  General  

The  con tact ang le  method  i s  a  measurement that i nvolves  the  evaluation  of the  con tact ang le  
formed  between  the  edge  of a  s ing le  d roplet of water and  the  surface  of a  sol i d  materia l .  I f 
done  on  a  horizon tal  surface,  the  advancing  and  reced ing  contact ang les  can  be  measured  by 
add ing  water to  or wi thdrawing  water from  the  d roplet.   

The  con tact ang les  depend  strong ly on  the  su rface  roughness  and  con tact ang les  measured  
on  pol l u ted  su rfaces  may d i ffer s ign i fican tl y from  con tact ang les  measured  on  smooth ,  clean  
and  p lanar surfaces.  

3.2.2  Equ ipment 

Different commercial  equ ipment for measuring  the  contact ang le  i s  avai lable.  S imple  
measurements  are  made  using  a  magn i fying  device  wi th  a  g raduated  reticle  (gon iometer)  
fi xed  on  a  frame  wi th  a  syringe  for appl ication  of the  d roplet on  the  test specimen .  Another 
method  involves  magn i fying  the  d roplet using  a  l i gh t projector (beh ind  the  d roplet)  and  
projecting  an  image  of the  d roplet on to  a  g raduated  background .  Some equ ipment i ncludes  
camera,  d isplay and  computer for analysis  of the  measurements.  

3.2.3  Measurement procedure  

3.2 .3. 1  General  recommendations  

General  recommendations  i nclude:  

a)  the  reced ing  con tact ang le  (θ r)  reflects  the  hydrophobic properties  of an  i nsu lator more  
than  the  advancing  contact ang le  (θa)  and  the  static con tact ang le  (θs) ;  

b)  i t  i s  often  necessary to  cu t ou t a  test specimen  from  the  i nsu lator under i nvestigation .  The  
test specimen  selected  shou ld  be  as  planar as  possible  and  the  s ize  shou ld  a l low for the  
appl ication  of at  l east th ree  d roplets  on  separate  surface  areas  ad jacent to  each  other.  
The  su rface  to  be  measured  shou ld  not be  touched  and  the  specimen  shou ld  be  carefu l l y 
stored  un ti l  the  measurement has  been  performed .  The  measurement shou ld  be  
performed  as  soon  as  possib le;  

c)  the  water used  shou ld  not con tain  impuri ties  affecting  the  water surface  tension  (e. g .  
tensides,  solvents,  o i l  residues,  etc. ) .  De-ion ized  water i s  su i table;  
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d )  the  volume of water i n  the  d roplet i s  not very cri ti cal .  Volumes  in  the  range  5  µ l  to  50  µ l  
may be  used .  50  µ l  i s  the  recommended  volume.  For rough  surfaces,  a  l arger d roplet 
volume  may be  needed .  To  l im i t  a  possible  i n fluence  of the  water d roplet volume,  the  
volume  shou ld  be  kept as  constan t as  possible  when  comparing  d i fferen t specimens;  

e)  the  measurement of the  con tact ang les  shou ld  be  performed  as  soon  as  possible  (wi th in  a  
m inu te)  after the  appl ication  of the  d roplet on  the  su rface.  Th is  i s  especia l l y importan t 
when  the  ambien t temperature  i s  h igh  and  the  relative  humid i ty i s  l ow,  wh ich  i ncreases  
the  rate  of evaporation  of the  d roplet.  I f the  measurement i s  performed  in  a  chamber wi th  
saturated  water vapour,  i t  e l im inates  the  i n fl uence  of evaporation .  

NOTE  Smal l  d rop let  vol umes  have  the  advantage  that  the  con tact  ang l e  i s  l ess  i n fl uenced  by g ravi ty.  On  the  other 
hand ,  for rough  su rfaces  and  other su rfaces  that  cou l d  have  h i gh  advanci ng  con tact ang les  and  l ow reced ing  
ang l es,  a  too  smal l  d ropl et  vol ume  makes  the  measurement of the  dynam ic  con tact  ang les  very d i ffi cu l t.  A  smal l  
d ropl et  vo l ume  wi l l  a l so  be  more  sensi ti ve  to  evaporati on ,  wh ich  cou l d  affect  the  measuremen t.  The  optimal  d ropl et  
vol ume  may thus  be  dependen t  on  type  of su rface  and  ambien t  temperatu re  and  hum id i ty.  

3.2.4 Static  contact angle  measurements  

The  measurement of the  static contact ang le  (θs)  can  be  performed  by applying  a  water 
d roplet to  the  horizon tal  surface  of a  test specimen ,  using  a  pipette  or a  syringe  wi th  a  scale.   

3.2.5  Dynamic contact angle  measurements  

The  measurement of the  reced ing  con tact ang le  (θ r)  can  be  performed  on  a  horizon tal  p lane  
by wi thdrawing  water from  the  d roplet by using  a  syringe  wi th  a  scale  (see  F igure  3) .  θ r  i s  the  
ang le  at  the  moment when  the  l i qu id  fron t recedes.  Measurement of θr  shou ld  be  performed  
on  both  projected  s ides  of the  d roplet.  At l east th ree  measurements  on  d roplets  appl ied  on  
ad jacent areas  on  the  test specimen  shal l  be  performed .  I f th ree  d roplets  are  appl ied ,  th is  
g i ves  a  tota l  of s ix values.   

 

Figure  3  – Measurements  of the  advancing  ang le  (θa)  and  the  
receding  ang le  (θr)  by add ing  or withdrawing  water from  a  droplet 

I t  i s  recommended  to  keep  the  capi l lary p ipette  of the  syringe  immersed  i n  the  d roplet during  
the  en ti re  measurement i n  order to  avoid  vibrations  and  d istortions  of the  d roplet that 
otherwise  may affect the  resu l t.  

There  exist other methods  to  measure  the  dynamic con tact ang les.  Examples  of such  
methods  are  g iven  i n  Annex B.  

NOTE  Pri or to  the  measu remen t  of θr the  advanci ng  con tact  ang le  (θa)  can  be  measured  by add i ng  water to  the  
d ropl et.  θ

a
 i s  the  ang l e  at  the  momen t when  the  water d ropl et  fron t  starts  to  advance  on  the  su rface.  

3.2.6  Evaluation  

To obtain  a  good  i nd ication  of the  hydrophobici ty of the  whole  i nsu lator,  several  con tact ang le  
measurements  shou ld  be  performed  on  d i fferen t areas  a long  and  around  the  insu lator.  Low or 
zero  reced ing  ang les  on  a l l  measured  areas  i nd icate  a  hydroph i l ic i nsu lator,  especia l ly i f a lso  
the  advancing  ang les  are  l ow or zero.  On  the  con trary,  h i gh  reced ing  (and  advancing)  ang les  
i nd icate  that the  i nsu lator i s  hydrophobic.  Measurement on  a  s ing le  spot of the  i nsu lator 
su rface  i s  on ly val id  for that l ocation  and  i s  not su fficien t to  d raw conclusions  on  the  
hydrophobici ty of the  whole  i nsu lator.  
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3.3  Method  B  – Surface  tension  method  

3.3.1  General  

The  determination  of the  surface  tension  of an  i nsu lator su rface  i s  based  on  the  phenomenon  
that d rops  of a  series  of organ ic l i qu id  m ixtures,  wi th  gradual ly i ncreasing  surface  tension ,  
have  d i fferen t abi l i ty to  wet the  insu lator surface.  Any trace  of surface-active  impuri ti es  i n  the  
l i qu id  reagents  or on  the  surface  may affect the  resu l ts.  I t  i s ,  therefore,  important that the  
su rface  to  be  tested  shou ld  not be  touched  or rubbed ,  that a l l  equ ipment i s  clean  and  that 
reagent puri ty i s  carefu l l y control led .  

Th is  method  i s  an  extension  of I EC  60674-2: 1 988,  Specification for plastic films for electrical 
purposes – Part 2:  Methods of test,  wh ich  i s  used  for the  determination  of the  surface  tension  
of polyethylene  and  polypropylene  fi lms.  I n  particu lar th is  method  impl ies  the  adoption  of a  
l arger number of l i qu ids  to  cover a  wider range  of surface  tension ,  wh ich  i s  needed  to  perform  
measurements  on  both  hydrophobic and  hydroph i l ic  i nsu lators.  There  may be  restrictions  in  
us ing  th is  method  on  pol l u ted  i nsu lator surfaces  (see  Annex A).  

3.3.2  Safety precautions  

The  organ ic l i qu ids  used  as  reagents  may affect heal th  i f not used  properly.  Formamide  
(HCONH 2)  may cause  skin  i rri tation  and  i s  parti cu larly dangerous  i n  d i rect con tact wi th  eyes.  
Ethylene-g lycolmonoethyl -ether (CH 3OCH 2CH 2OH)  (or ethyl  cel losolve)  i s  a  h igh ly fl ammable  
solven t.  Both  formamide  and  ethyl  cel losolve  are  toxic.  Adequate  safety precau tions  shou ld  
be  adopted ,  e . g .  safety gogg les  shou ld  be  worn  and  there  shou ld  be  adequate  ven ti lation  
when  hand l ing  these  l i qu ids  and  performing  the  measurements.  

3.3.3  Equ ipment and  reagents  

3.3.3.1  Preparation  of reagents  

Tables  C. 1 ,  C.2  and  C.3  are  used  for the  preparation  of the  requ i red  m ixtures.  For surface  
tension  ou tside  the  range  30  mN/m  to  56  mN/m,  reference  i s  made  to  m ixtures  in  Tables  C.2  
and  C.3.  Commercial l y avai lable  marker pens  a l ready prepared  wi th  solu tions  of d i fferen t 
su rface  tension  may be  an  a l ternative  to  making  own  mixtures.  

I f desi red ,  add  dye  (e. g .  Victoria  Pure  B lue  BO  at  a  maximum  concentration  of 0 , 03  %)  to  
each  of the  d i fferent reagent m ixtures.  The  dye  used  shou ld  be  of such  a  colour as  to  make  
d rops  clearly vis ib le  on  the  surface  of the  organ ic material  considered .  Furthermore,  the  dye  
shal l  be  of such  a  chemical  composi tion  that i t  wi l l  not measurably affect the  wetting  tension  
of the  l i qu id  m ixtures.  I t  i s  recommended  that the  surface  tension  of the  l i qu id  m ixture  be  
checked  weekly.  Any surface  tension  method  appl ied  i n  the  l aboratory i s  su i table.  Al though  
the  shown  l i qu id  m ixtures  are  re latively stable,  exposure  to  temperatures  above  30  °C  and  a  
relati ve  humid i ty i n  excess  of 70  %  shou ld  be  avoided .  

3.3.3.2  Equ ipment 

Three  d i fferen t appl icators  are  avai lable  to  apply the  reagent solu tions  on  the  insu lator 
su rface:  

a)  cotton-tipped  wooden  appl icators;  

b) smal l  soft  pain tbrushes  fixed  i n to  the  caps  of the  bottl es  wi th  the  reagents;  

c)  commercia l ly avai l able  marker pens  a l ready prepared  wi th  solu tions  of d i fferen t su rface  
tension .  

For appl icators  a)  and  b) ,  add i tional  equ ipment i s  requ i red :  

•  two  graduated  bottles  of 50  m l ;  

•  o ther bottles,  1 00  m l  wi th  caps  and  l abels.  The  bottles  shou ld  be  cleaned  wi th  chrome-
su l furic acid  and  rinsed  wi th  d isti l l ed  water.  
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3.3.4 Measurement procedure  

Wet the  extreme  ti p  of the  cotton  appl icator ( i f cotton  appl icators  are  used)  wi th  one  of the  
reagent m ixtures  or remove  the  soft pain tbrush  fi xed  i n to  the  cap  of the  bottle  wi th  the  
reagent.  Use  on ly a  m in imum  amount of l i qu id  as  an  excess  of reagent may affect the  resu l t.  

The  same  measurement procedure  i s  then  used  wi th  any of the  th ree  appl icators.  

Spread  the  l i qu id  l i gh tly over an  area  of approximately 5  cm2  (25  mm  of d iameter)  of the  
i nsu lator surface  at the  selected  l ocation .  Note  the  time  requ i red  for the  con tinuous  l i qu id  
coverage  formed  on  the  surface  to  break up  in to  d roplets.  I f the  con tinuous  l i qu id  coverage  
holds  for more  than  2  s ,  proceed  to  a  h i gher su rface  tension  mixture,  bu t i f the  con tinuous  
l i qu id  coverage  breaks  i n to  d roplets  i n  l ess  than  2  s  proceed  to  a  l ower surface  tension  
m ixture.  For each  appl ication  of a  new reagent m ixture,  a  new ad jacent surface  shou ld  be  
selected  to  avoid  con tamination  from  the  previously appl ied  reagent.  I f measurements  on  the  
same  surface  area  are  desi rable  and  possible  wi thout d isturbance,  the  surface  may be  gen tl y 
cleaned  wi th  a  d ry cloth  (wi thou t the  use  of any detergent)  to  remove  the  remain ing  reagent 
previously appl ied .  I f clean ing  i s  not performed ,  i t  i s  recommended  to  start  wi th  the  l ower 
su rface  tension  m ixtures  and  progressively continue  to  h igher surface  tension  mixtures  to  
m in imize  erroneous  resu l ts  due  to  con tamination  from  the  previously appl ied  reagent m ixture.  
When  a  cotton  appl icator i s  used ,  a  clean ,  new appl icator shal l  be  used  each  time  to  avoid  
con tamination  of the  solu tion .  I f the  soft pain tbrushes  fixed  i n to  the  caps  are  used ,  the  brush  
may be  cleaned  i n  a  smal l  volume of the  reagent before  i t  i s  re-i nserted  in to  the  reagent bottle  
again .  

Proceed  in  the  d i rection  i nd icated  above  con tinual l y repeating  the  prescribed  steps  un ti l  i t  i s  
possible  to  select the  righ t m ixture  accord ing  to  the  evaluation  in  3 . 3. 5.  

3.3.5  Evaluation  

The  mixture  i s  considered  as  wetti ng  the  i nsu lator surface  when  i t  remains  i n tact as  a  
con tinuous  coverage  of the  l i qu id  for at  l east 2  s .  Shrinkage  of the  periphery of the  continuous  
l i qu id  coverage  does  not i nd icate  l ack of wetti ng .  On ly breaking  i n to  d roplets  wi th in  2  s  
i nd icates  l ack of wetting .  Severe  peripheral  sh rinking  may be  caused  when  too  much  l i qu id  i s  
p laced  upon  the  surface.  The  surface  tension  of the  appl ied  m ixture  ( in  mN/m),  wh ich  remains  
i n tact during  2  s  as  close  as  possible,  i s  ca l led  the  surface  tension  of the  measured  i nsu lator 
surface.  

3.4 Method  C  – The  spray method  

3.4.1  General  

The  spray method  i s  based  on  the  response  that an  i nsu lator surface  g ives  after exposure  to  
a  fi ne  water m ist for a  short period .  The  hydrophobici ty after the  m ist  exposure  i s  evaluated .   

NOTE  The  method  wi l l  not  g i ve  exact measuremen ts  of the  advancing  and  reced i ng  con tact  ang le  bu t  i s  a  
practi cal  method  for an  estimation  of the  hyd rophobi ci ty i n  fi e l d .  Th i s  method  i s  i n tended  to  be  performed  on  
unenerg i zed  i nsu l ator 

3.4.2  Equ ipment 

The  equ ipment needed  i s  a  device  that can  produce  a  fine  m ist,  such  as  a  common  spray 
bottl e.  The  spray bottle  i s  fi l l ed  wi th  water.  The  water shal l  not contain  any impuri ties,  wh ich  
cou ld  i n fluence  the  surface  tension  of the  water,  such  as  detergents,  solven ts,  etc.  Tap  water 
of h igh  qual i ty does  usual l y not contain  impuri ti es  that s ign i ficantly i n fl uence  the  surface  
tension  of the  water.  Tap  water of h igh  qual i ty cou ld  thus  be  used  for the  measurement.  I f 
there  are  any uncertain ties  abou t the  water qual i ty,  de-ion ized  water or d i sti l l ed  water shou ld  
be  used  

NOTE  1  Add i ti onal  equ ipment  wh i ch  may faci l i tate  the  measu remen t  i ncl ude  a  magn i fi cati on  g l ass  ( for an  easi er 
j u dgemen t of d ropl et  shape)  and  a  l amp.  
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3.4.3  Measurement procedure 

The  test area  shou ld  preferably be  approximately 50  cm2  to  1 00  cm2 .  The  ratio  between  the  
l eng th  and  wid th  of the  test area  shou ld  not be  l arger than  1 : 3 .  I f th is  requ i rement cannot be  
met,  th is  shou ld  be  noted  in  the  measurement report.  Apply the  mist from  a  d istance  of 20  cm  

±1 0  cm.  The  surface  shal l  be  exposed  to  the  m ist for a  period  of 1 0  s  to  20  s .  Typical l y,  the  
amount of water sprayed  during  the  1 0  s  to  20  s  shou ld  be  su fficien t enough  so  that the  water 
i s  d ripping  of the  sheds.  The  measurements  of the  hydrophobici ty shal l  be  performed  wi th in  
1 0  s  after the  spraying  has  been  completed .  

The  measurement shou ld  be  performed  in  such  a  way that a  clear p icture  of the  variation  of 
the  hydrophobici ty a long  and  around  the  i nsu lator i s  obtained .  

The  measurement m igh t be  d i fficu l t  to  perform  i n  h igh  winds.  I f such  d i fficu l ties  are  present i t  

may be  necessary to  perform  the  spraying  from  a  shorter d istance  than  20  cm±1 0  cm.  Th is  
shou ld  be  noted  i n  the  measurement report,  together wi th  any other possib le  deviations  from  
g iven  recommendations,  e . g .  smal ler test area.  

NOTE  1  For l ong  i nsu l ators ,  i t  i s  possi b l e  to  on l y examine  some  se lected  sheds  from  the  upper,  m i dd l e  and  l ower 
part  of the  i n su l ator.  

NOTE  2  I f necessary,  a  photog raph ic  camera  can  be  u sed  to  record  the  su rface  cond i ti on .  

3.4.4 Evaluation  

The  appearance  on  the  i nsu lator surface  after m ist exposure  has  to  be  i den ti fied  wi th  one  of 
the  seven  hydrophobici ty classes  (HC),  wh ich  i s  a  va lue  between  1  and  7 .  The  cri teria  for the  
d i fferen t HCs  are  g iven  i n  Table  1 .  Typical  photos  of surfaces  wi th  d i fferen t HCs  are  shown  i n  
Annex D .  

A surface  wi th  the  HC value  1  i s  the  most hydrophobic su rface  and  a  su rface  wi th  the  HC 
value  7  i s  the  most hydroph i l ic  su rface.  

Two  visual  cri teria  are  used  to  j udge  the  HC value:  

a)  the  shape  of d roplets;  

b)  the  percentage  part of the  surface  wh ich  i s  wetted .  

NOTE  The  uncertai n ty i n  the  vi sual  eval uati on  i s  usual l y not  l arger than  ±1  h yd rophobi ci ty cl ass.  
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Table  1  – Cri teria  for the  determination  of hydrophobici ty class  (HC)  

HC  Description  
Approximate  reced ing  

contact  ang le  θ
r
 

1  On l y d i screte  d ropl ets  are  formed .  Thei r shape  when  vi ewed  perpend icu l ar to  the  
su rface  i s  practi ca l l y ci rcu l ar.  

>60°  

2  On l y d i screte  d ropl ets  are  formed .  The  major part  of the  su rface  i s  covered  by 
d ropl ets  wi th  a  shape,  as  seen  perpend icu l ar to  the  su rface,  s ti l l  regu l ar bu t  
devi ates  from  ci rcu l ar form.  

40  to  60°  

3  On l y d i screte  d ropl ets  are  formed .  The  major part  of the  su rface  i s  covered  by 
d ropl ets  wi th  an  i rregu lar shape.  

1 0  to  40°  

4  Both  d i screte  d ropl ets  and  wetted  traces  from  the  water runne ls  or water fi lm  are  

observed  ( i . e .  θ
r
 =  0 °  for some  of the  d ropl ets).  

Less  than  1 0  %  of the  observed  area  i s  covered  by water runnel s  or fi lm .  

0  to  1 0°  

5  Both  d i screte  d ropl ets  and  wetted  traces  from  the  water runne l s  or water fi lm  are  

observed  ( i . e .  θ
r
 =  0 °  for some  of the  d ropl ets).  

More  than  1 0  %  bu t  l ess  than  90  %  of the  observed  area  i s  covered  by water 
runne l s  or fi lm .  

0  to  1 0°  

6  More  than  90  %  bu t  l ess  than  1 00  %  of the  observed  area  i s  covered  by water 
runne l s  or fi lm  ( i . e .  smal l  n on -wetted  areas/spots/traces  are  sti l l  observed ) .  

0  to  5°  

7  Con ti nuous  water fi lm  i s  formed  over the  whole-observed  area.  0°  

 

3.5 Documentation  

The  measurement report shou ld  i nclude  the  fol lowing  i n formation :  

a)  General  i n formation  

1 )  l ocation ,  station ,  l i ne  or l aboratory cond i tions;  

2 )  method  used  (A,  B  or C);  

3)  date  and  time  of the  measurement and  sample  col lection  date  and  d roplet volume  for 
method  A;  

4)  weather cond i tions  ( temperature,  wind ,  precipi tation );   

5)  who  performed  the  test.   

b)  Test object 

1 )  type  of i nsu lator or apparatus;  

2 )  i nsu lator material  and  shed  profi le ;  

3)  i den ti ty ( i tem  No. ,  posi tion  i n  substation  or tower No. ) ;  

4 )  vol tage  class,  arcing  d istance,  creepage  d istance;  

5)  date  of i nstal l ation  or appl ication  of coating  (type  of coating );  

6)  i nstal lation  posi tion  (vertical ,  horizon tal ,  ang le);  

7)  i n formation  on  the  pol l u tion  state  of the  i nsu lator.  

c)  Resu l t  

The  resu l ts  of the  measurement performed  at  d i fferen t posi tions  shou ld  be  documented ,  
e . g .  a long  the  i nsu lator (shed  No. ) ,  a long  the  su rface  wi th in  each  shed  sequence  ( top,  
bottom,  l arge  shed ,  smal l  shed ,  trunk,  etc. ) ,  and  d i fferences  ( i f any)  around  the  insu lator 
ci rcumference  shou ld  be  noted .  
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Annex A 
(normative)  

 
Guidel ines  regarding  the appl icabi l i ty and  comments   
on  the l imitations  of the  d ifferent methods  described   

in  th is  technical  specification  

A.1  General  

The  su i tabi l i ty of each  method  and  i ts  appl icabi l i ty depends  not on ly on  i ts  associated  
procedure  bu t a l so  on  the  speci fic  case  to  be  evaluated .  Al l  th ree  methods  are  wel l  su i ted  for 
hydrophobici ty measurements  in  the  l aboratory.  I n  the  fie ld ,  i t  may be  d i fficu l t  to  use  method  
A.  Method  B  can  be  used  wi thou t too  much  d i fficu l ty wh i le  Method  C  can  read i l y be  used .  
Some considerations  re levant to  each  method  are  ou tl i ned  below:  

a)  Method  A:  Con tact ang le  measurement  

•  g i ves  an  accurate  value  of the  hydrophobici ty of the  area  measured ,  

•  i s  more  accurately performed  i n  the  laboratory than  i n  the  fie ld ,  

•  the  measurement i s  easi ly performed  on  practical l y fl at surfaces,  

•  i f ag ing  has  affected  the  su rface  morphology,  i . e .  presence  of cracks,  fi ssures  of fi l l er,  
the  measurement may be  adversely affected ,  and  

•  requ i res  many measurements  i f a  complete  evaluation  of the  insu lator surface  i s  
requ i red .  

b)  Method  B :  Surface  tension  measurement 

•  g i ves  an  accurate  value  of the  hydrophobici ty of the  area  measured  provided  the  
spatial  variation  in  the  hydrophobici ty i s  compatib le  wi th  the  area  requ i red  for the  
measurement,  

•  i s  fa i rl y easy to  perform,  

•  requ i res  certain  safety precau tions,  

•  may be  d i fficu l t  to  use  i f the  su rface  i s  covered  wi th  a  l ayer of l oosely adhering  
pol lu tion ,   

•  may be  affected  by in teraction  between  certain  types  of surface  pol lu tion  and  the  
measuring  agen ts  may occur,  and  

•  requ i res  many measurements  i f a  complete  evaluation  of the  insu lator surface  i s  
requ i red .  

c)  Method  C :  Spray method   

•  g i ves  a  g lobal  assessment of the  hydrophobici ty of the  i nsu lator surface  and  i ts  
variation  a long  and  around  the  i nsu lator,  

•  i s  easy to  perform  and  requ i res  s imple  equ ipment,  

•  depends  on  subjective  visual  examination  of the  su rface,  

•  can  be  used  to  evaluate  bare  and  pol l u ted  surfaces,  and  

•  may be  affected  by an  i n teraction  between  certain  types  of surface  pol l u tion  and  the  
spray water ( i . e .  mod i fication  of the  equ ivalen t sa l t  deposi t densi ty (ESDD)  l evel  of the  
surface  con taminan t appl ied  for l aboratory pol l u tion  tests).  

A.2  Typical  resu l ts  obtained  with  the  three  methods  

Typical  resu l ts  obtained  wi th  the  th ree  methods  are  as  fol lows:  

a)  Hydrophobic surface  
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•  h igh  value  of reced ing  con tact ang le  (>80°) ,  

•  l ow value  of su rface  tension  (<30  mN/m),  

•  l ow HC  value  (HC =  1  or HC  =  2) .  

b)  I n termed iate  surface  

•  i n termed iate  value  of reced ing  con tact ang le  (1 0°  to  80° ),  

•  i n termed iate  value  of surface  tension  (30  mN/m  to  60  mN/m),  

•  i n termed iate  HC value  (HC  =  3  to  HC  =  5) .  

c)  Hydroph i l i c  surface  

•  l ow value  of reced ing  contact ang le  (<1 0° ),  

•  h igh  value  of surface  tension  (>60  mN /m),   

•  h i gh  HC  value  (HC =  6  or HC =  7) .  
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Annex B  
(normative)  

 
Method  A – Contact angle  method  

There  are  several  d i fferen t methods  to  measure  the  dynamic con tact ang les.  The  captive  
bubble  techn ique  i s  i l l ustrated  i n  F igure  B . 1 .  I n  th is  techn ique  the  specimen  i s  immersed  in  
water.  An  a i r bubble  (or a  l i qu id  immiscible  wi th  water)  i s  formed  by i n jecting  a i r (or l i qu id )  on  
the  l ower s ide  of the  immersed  specimen .  Young ’s  equation ,  as  g iven  in  2 . 4 ,  i s  a lso  val id  
i n  th is  case.  

 

Figure  B.1  – Measurement of the  advancing  ang le  (θa)  and   
the  receding  ang le  (θr)  by using  the  captive  bubble  technique 

I t  i s  a lso  possib le  to  measure  the  advancing  and  reced ing  con tact ang les  (θa  and  θ r,  res-
pectively)  on  an  i ncl ined  su rface.  Th is  method ,  the  ti l ting  base  techn ique,  uses  a  water d roplet 
that i s  p laced  on  the  surface,  wh ich  i s  ti l ted  at a  progressively h igher ang le  un ti l  the  d roplet 
starts  to  move,  a l lowing  the  determination  of advancing  and  reced ing  con tact ang les.  The  
ti l ting  base  techn ique  i s  i l l ustrated  in  F igure  2 .  

IEC  

Li qu i d  

Ai r 
θa  

Ai r 

Sol i d  Sol i d  

θ r  
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Annex C  
(normative)  

 
Method  B  – Surface tension  method  

Tables  C. 1 ,  C.2  and  C.3  are  to  be  used  for the  preparation  of the  requ i red  m ixtures  i n  order to  
perform  the  surface  tension  method .   

Table  C .1  – Concentrations  of ethylene-g lycol -monoethyl -ether (cel losolve) ,   
formamide  mixtures  used  in  measuring  surface tension  of insu lator  

surfaces  in  the  range  30  mN/m  to  56  mN/m  (T = 20  °C)  

Surface  tension  Formamide  volume   Cel losolve  volume  

mN/m  %  %  

30  0  1 00 , 0  

31  2 , 5  97 , 5  

32  1 0 , 5  89 , 5  

33  1 9 , 0  81 , 0  

34  26 , 5  73 , 5  

35  35, 0  65, 0  

36  42 , 5  57 , 5  

37  48 , 5  51 , 5  

38  54 , 0  46 , 0  

39  59 , 0  41 , 0  

40  63 , 5  36 , 5  

41  67 , 5  32 , 5  

42  71 , 5  28 , 5  

43  74 , 7  25, 3  

44  78 , 0  22 , 0  

45  80 , 3  1 9 , 7  

46  83 , 0  1 7 , 0  

48  87 , 0  1 3 , 0  

50  90 , 7  9 , 3  

52  97 , 3  6 , 3  

54  96 , 3  3 , 7  

56  99 , 0  1 , 0  

NOTE  The  su rface  tens i on  of l i q u i ds  vary l i nearl y wi th  temperatu re.  The  su rface  tension  for smal l  mol ecu l e  
l i q u i ds  d ecreases  wi th  abou t  0 , 1  mN /m  per deg ree  Cel si us  at  ord i nary temperatu res.  
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Table  C.2  – Concentrations  of d isti l led  water and  formamide mixture   
used  in  measuring  surface tension  of insu lator surfaces   

in  the  range  58  mN/m  to  73  mN/m  (T =  20  °C)  

Surface  tension  Formamide  volume  Cel losolve  volume  

mN/m  %  %  

58  0 , 0  1 00 , 0  

59  9 , 5  90 , 5  

60  21 , 3  78 , 7  

61  34 , 0  66 , 0  

62  41 , 5  58 , 5  

63  50 , 0  50 , 0  

64  57 , 4  42 , 6  

65  64 , 4  35, 6  

66  71 , 3  28 , 7  

67  77 , 3  22 , 7  

68  82 , 0  1 8 , 0  

69  86 , 2  1 3 , 8  

70  89 , 5  1 0 , 5  

71  93 , 7  6 , 3  

72  97 , 5  2 , 5  

73  1 00  0 , 0  

 

Table  C .3  – Concentrations  of d isti l led  water and  sodium  ch loride  in  mixtures  
used  in  measuring  surface  tension  of insu lator surfaces  

 i n  the  range  73  mN/m  to  82  mN/m  (T =  20  °C)  

Surface  tension  NaCl  D isti l led  water 

mN/m  %  %  

73  0 , 0  1 00 , 0  

74  4 , 0  96 , 0  

75  7 , 2  92 , 8  

76  1 0 , 1  89 , 9  

77  1 2 , 9  87 , 1  

78  1 5 , 6  84 , 4  

79  1 8 , 2  81 , 8  

80  20 , 6  79 , 4  

81  22 , 8  77 , 2  

82  24 , 9  75, 1  
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Annex D  
(normative)  

 
Method  C  – Spray method  

Typical  examples  of surfaces  wi th  hydrophobici ty class  (HC)  from  1  to  6  are  shown  in  F igure  
D . 1 .  HC  7  i s  a  surface  that i s  completely hydroph i l i c  wi th  no  d ry spots  observed .  

 
Figure  D.1  – Examples  of surfaces  with  hydrophobici ty class  (HC)  from  1  to  6   

_____________ 
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