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SOME U B O R A T O R Y  EVALUATIONS OF BITUMINOUS COATINGS 

Harold C . 0 'Brien, Jr . 
R o y s t o n  Laboratories, Inc . .  Pittsburgh. Pa. 

\ 
Bituminous Subs tances  have been used a s  p r e s e r v a t i v e s  

and p r o t e c t i v e  c o a t i n g s  for thousands o f  yea r s .  T h e i r  e f f e c t -  

i v e n e s s  i s  based l a r g e l y  upon t h e i r  r e s i s t a n c e  t o  m o i s t u r e  and 

chemical a t t a c k .  The t e r m  "Bituminous Substances"  i n c l u d e s  a 

wide v a r i e t y  o f  chemical compounds. These a r e  t h e  n a t i v e  

a s p h a l t s ,  o i l s  and r e s i n s ,  o f  bo th  animal and v e g e t a b l e  o r i g i n ,  

t h e  p roduc t s  d e r i v e d  from them by f u r t h e r  t r e a t m e n t  and chemical 

m e a n s ,  t h e  r e f i n e d  and chemica l ly  t r e a t e d  petroleum a s p h a l t s  and 

c o a l  t a r  p r o d u c t s ,  and t h e  p i t c h e s  and r e s i d u e s  from t h e  t reat-  

ment and p r o c e s s i n g  of r e s i n s  and o i l s ,  

The  c u r r e n t  major volume of bi tuminous m a t e r i a l s ,  by- 

p roduc t s  of t h e  c o a l  and petroleum i n d u s t r i e s ,  have been 

developed and used a s  p r o t e c t i v e  c o a t i n g s  ove r  a long  p e r i o d ,  

T h i s  has  been due t o  t h e i r  r eady  a v a i l a b i l i t y ,  low c o s t  p e r  u n i t  

volume and t o  t h e i r  performance c h a r a c t e r i s t i c s ,  . 
Many bi tuminous compounds have performed as under- 

ground p r o t e c t i v e  c o a t i n g s  exposed t o  s o i l  and wa te r  f o r  a h a l f  

cen tu ry .  With such long s e r v i c e  performance, s h o r t e r - t e r m  

l a b o r a t o r y  performance tests are a r e q u i s i t e  i n  o r d e r  t o  e v a l u a t e  

t h e  newer bi tuminous compounds, o t h e r  c o a t i n g s ,  and p a r t i c u l a r l y  

t h o s e  a p p l i e d  a t  lesser f i l m  t h i c k n e s s e s  t h a n  i n  p a s t  p r a c t i c e s ,  

I n  c o r r o s i o n  c o n t r o l  t h e  most e f f e c t i v e  p r o p e r t y  of a 

c o a t i n g  i s  e l e c t r i c a l  i n s u l a t i o n .  The p rope r  i n s u l a t i v e  v a l u e s  

l i m i t  g a l v a n i c  and c e l l  t y p e  co r ros ion .  Th i s  f a c t  a p p l i e s  

g e n e r a l l y ,  f o r  c o a t i n g s  used both above and below ground o r  
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immersed i n  e l e c t r o l y t e ,  Water may d e s t r o y  mechanical ly ,  by 

w a t e r  s o r p t i o n  and d e s o r p t i o n ,  c o a t i n g s  i n  t r a n s i e n t  water 

exposures ,  f l e x i n g  t h e  c o a t i n g s  t o  p h y s i c a l  f a i l u r e .  Water may 

d e s t r o y  t h e  e l e c t r i c a l  i n s u l a t i o n  p r o p e r t y  of  c o a t i n g s  by pene- 

t r a t i n g  and c a r r y i n g  i n  e l e c t r o l y t e s  and a c t i n g  as an i o n i z i n g  

v e h i c l e  t o  s o l u b i l i z e  c o a t i n g  c o n s t i t u e n t s .  Water-saturated 

c o a t i n g s  are ,  i n  e f fec t ,  a b r o t h  o f  e l e c t r o l y t e  and have very 

l i m i t e d  p r o t e c t i v e  v a l u e s  f o r  metal ,  The re fo re ,  t o  p r e s e r v e  

t h e  utmost  c o a t i n g  i n t e g r i t y  and performance, water  must be 

excluded,  

I n  o r d e r  t o  accomplish t h i s ,  t h e  compounder must 

produce a c o a t i n g  which w i l l  r e s i s t  water a b s o r p t i o n  a t  l e a s t  

t o  a degree  s u f f i c i e n t  t o  p r e v e n t  i t s  being p e n e t r a t e d  by wa te r  

t o  become w a t e r - s a t u r a t e d  and the reby  e l e c t r i c a l l y  conduct ive.  

The compounder must deve lop  means o f  e v a l u a t i n g  t h e  m a t e r i a l s  

a l r e a d y  known t o  have e x c e l l e n t  performance i n  t h i s  p r o p e r t y  and 

means of  s tudy ing  t h e s e  m a t e r i a l s  i n  r e l a t i o n  t o  new compounds 

and systems. 

The c r i t e r i a  which must be determined i n  o r d e r  t o  

produce new c o a t i n g s  e q u a l  t o  p a s t  e x c e l l e n t  ones a r e :  (1) 

w a t e r  a b s o r p t i o n ;  ( 2 )  w a t e r  p e n e t r a t i o n ;  (3) wate r  s a t u r a t i o n ;  

( 4 )  e l e c t r i c a l  i n s u l a t i o n  v a l u e s ;  and ( 5 )  performance i n  r e l a t i o n  

t o  t h e  f low of g a l v a n i c  c u r r e n t s .  

WATER ABSORPTION 

Much work h a s  been done i n  determining t h e  water 

a b s o r p t i o n  p r o p e r t i e s  of  c o a l  tar  and a s p h a l t  by g r a v i m e t r i c  

methods’’ 2. 

and determined t h e  sample weight  i n c r e a s e s  a f t e r  immersing i n  

E a r l i e r  workers a p p l i e d  c o a t i n g s  to  g l a s s  or metal  
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3 w a t e r  f o r  v a r i o u s  p e r i o d s  o f  t i m e  , The i n c r e a s e  i n  sample 

weight  g e n e r a l l y  was expres sed  a s  an i n c r e a s e  p e r c e n t  by weight 

and was assumed t o  be e n t i r e l y  due t o  t h e  a b s o r p t i o n  of water.  

I n  most c a s e s  t h e  p o s s i b i l i t y  of s o l u t i o n  o f  t h e  sample o r  sample 

l o s s  t o  t h e  wa te r  w a s  n o t  cons ide red ,  A.S.T.M. Method D-95 u s e s  

f l a t  free f i l m s  o f  t h e  c o a t i n g  m a t e r i a l  as samples and i n  t h i s  

method t h e  a c t u a l  water absorbed i s  removed from t h e  weighed 
4 sample,  c o l l e c t e d  and measured The r e s u l t s  may be expres sed  

e i t h e r  a s  weight  p e r c e n t  i n c r e a s e ,  o r  as weight  p e r  u n i t  a r e a  

exposed t o  t h e  water.  Most workers a g r e e  t h a t  f o r  c o a t i n g s  

which may v a r y  widely i n  s p e c i f i c  g r a v i t y ,  it i s  p r e f e r a b l e  t o  

e x p r e s s  t h e  f i g u r e  as weight  g a i n  p e r  u n i t  of  a r e a  exposed, 

The samples o f  t h i s  paper  were p repa red  a s  free f i l m s  

by c o a t i n g  on Mylar s h e e t  and s t r i p p i n g  a f t e r  c o o l i n g  o r  d ry ing ,  

E i t h e r  hot-  o r  co ld -app l i ed  m a t e r i a l s  may be s t r i p p e d  from Mylar. 

The removal of  most t acky  compounds can be e f f e c t e d  by c h i l l i n g  

t h e  sample. The free f i l m s  a r e  c u t  t o  measure approximately 

5.0 x 10.0 c m .  p e r  s i d e .  

The exposed a r e a  i s  c a l c u l a t e d  t o  be rough ly  100 sq. cm. These 

samples are ( a f t e r  sponging d r y  t h e  s u r f a c e s )  immersed i n  t a p  

wa te r  of  70,000 ohms cm! r e s i s t i v i t y  and a r e  weighed a t  i n t e r v a l s  

f o r  a pe r iod  o f  1,000 hours.  This  p e r i o d  w a s  chosen af ter  it  w a s  

d i scove red  t h a t  no t r e n d  of  e a r l y  e q u i l i b r i u m  could b e  e s t a b l i s h e d  

i n  sho r t - t e rm g r a v i m e t r i c  tests. T h i s  i s  a l s o  evidenced by t h e  

The t h i c k n e s s  i s  approximately 100 m i l s .  

5 work of Henry Lee , I n  most c a s e s ,  a f t e r  a t t a i n i n g  t h e  g r a v i -  

m e t r i c - t i m e  cu rve  f o r  a t  least  1,000 hour s ,  t h e  samples are 

removed and a d e s o r p t i o n  o r  weight loss-time cu rve  i s  o b t a i n e d o  

It was found t h a t  such a procedure d e p i c t s  any l o s s  i n  weight  



I 

-208-  

by l e a c h i n g  from t h e  sample,  

F igu re  1 shows g r a v i m e t r i c  cu rves  f o r  hot-appl ied 

p l a s t i c i z e d  c o a l  t a r  enamel and f o r  room-temperature cured c o a l  i 
tar-epoxy. T h e  exposure  was a t  70°F and demonstrated t h a t  a t  

t h i s  t empera tu re  t h e r e  is  some l e a c h i n g  loss wi th  t h e  p l a s t i c i z e d  i 

c o a l  t a r  enamel and none w i t h  t h e  epoxy compound. The l each ing  

e f f e c t  can be so pronounced a s  t o  become t h e  major e f f e c t  w i t h  

some bituminous s u b s t a n c e s  such as G i l s o n i t e  ( F i g u r e  2) which 

i 

c o n t i n u o u s l y  d i s s o l v e s  i n  water a t  room temperature.  

A number of g r a v i m e t r i c  a b s o r p t i o n  t e s t s  were made a t  

160°F, and i t  was found t h a t  p r a c t i c a l l y  no bi tuminous m a t e r i a l ,  I 

e i t h e r  c o a l  t a r  o r  a s p h a l t ,  w a s  s u i t a b l e  f o r  exposures  a t  t h e s e  

t empera tu res .  As shown i n  F igu re  3 ,  c o a l  t a r  enamel a t  160°F 

abso rbs  more than  t w i c e  a s  much wa te r  as it does a t  70°F. The 

l e a c h i n g  e f f e c t  i n  t h i s  example is n o t  n o t i c e a b l e  a t  70"Fo It 

i s ,  however, c o n s i d e r a b l y  more pronounced t h a n  t h e  a b s o r p t i o n  

e f f ec t  when carr ied o u t  a t  160"F, For a t o t a l  of  t h i r t y  bituminous 

samples t e s t e d  a t  70°F and 160°F, t h e  ave rage  a b s o r p t i o n  a t  160°F 

was approximately f i f t e e n  t i m e s  t h a t  a t  70"F, A series of b i t u -  

minous m a t e r i a l s  r e p r e s e n t i n g  t h o s e  which a r e  most r e s i s t a n t  t o  

/ 

r 

wate r  a b s o r p t i o n  i s  shown i n  F i g u r e  4. From t h i s  c h a r t ,  one may f 
de te rmine  t h a t  bo th  a s p h a l t s  and c o a l  t a r  m a t e r i a l s  can be h igh ly  

r e s i s t a n t  t o  water  a b s o r p t i o n  a t  room temperature .  It is a l s o  

shown t h a t  c e r t a i n  s o l v e n t  s o l u t i o n  cold-appl ied m a t e r i a l s  a r e  a s  i 

r e s i s t a n t  as  t h e  ho t - app l i ed  r e s i n s .  The a s p h a l t s ,  o t h e r  t han  f 

a s p h a l t  enamel, are a l l  blown a s p h a l t s  of s i m i l a r  p h y s i c a l  

p r o p e r t i e s  b u t  of  d i f f e r e n t  o r i g i n ,  They va ry  more i n  abso rp t ion  

p r o p e r t i e s  a t  160°F t h a n  a t  70°F. It would appea r  c h a r a c t e r i s t i c  

/' 
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Of c o a l  t a r  types  t o  l e a c h  somewhat a t  70°F and cons ide rab ly  

a t  16O0F, With a s p h a l t  t y p e s  t h i s  i s  n o t  evidenced. 

A s i d e  from t h e  i n h e r e n t  water s u s c e p t i b i l i t y  of a 

p a r t i c u l a r  bi tuminous r e s i n  i t s e l f ,  it i s  c h a r a c t e r i s t i c  t h a t  

t h e  presence  of  l oad ing  compounds, f i l l e r s ,  t a l c s ,  e t c . , i n  such 

a bi tuminous c o a t i n g  compound can s e r i o u s l y  affect  t h e  proper-  

t i es  of water  r e s i s t a n c e .  While pigments and load ing  compounds 

are f r e q u e n t l y  added t o  improve t h e  phys ica l  p r o p e r t i e s  of ten-  

s i l e  s t r e n g t h ,  f low and deformation r e s i s t a n c e ,  ha rdness ,  etc., 

p igmenta t ion  always r e s u l t s  i n  inc reased  w a t e r  absorp t ion .  It 

i s  e s s e n t i a l ,  t h e r e f o r e ,  t h a t  on ly  pigments low i n  w a t e r  suscep- 

t i b i l i t y  and i o n  c o n t e n t  be used ,  i n  o r d e r  t o  keep water  

abso rp t ion  low and t o  p reven t  water s a t u r a t i o n  and e l e c t r i c a l  

c o n d u c t i v i t y  upon prolonged exposures  t o  water. 

F igu re  5 demonst ra tes  t h e  e f f e c t  of  v a r i a t i o n s  i n  weight 

p e r c e n t  a d d i t i o n s  of  such a c a r e f u l l y  chosen pigment t o  a cold-  

a p p l i e d  i n s u l a t i v e  a s p h a l t  coa t ing .  The exposure w a s  a t  7O0Fo 

While 25% a d d i t i o n s  do n o t  markedly i n c r e a s e  water a b s o r p t i o n  

above t h e  v a l u e  f o r  t h e  r e s i n  a lone  (30 mi l l i g rams)  pe rcen tages  

h ighe r  t han  t h i s  are c e r t a i n l y  c l e a r l y  d e t r i m e n t a l  t o  water 

abso rp t ion  r e s i s t a n c e .  Typ ica l  va lues  f o r  c o a l  t a r  and a s p h a l t  

enamels a r e  found t o  be i n  t h e  range  of  2 0  t o  35%. 

It should  be po in ted  o u t  t h a t  t h e  degree  of  w a t e r  
i 

abso rp t ion  i n  c o a t i n g  m a t e r i a l s  is determined t o  a l a r g e  e x t e n t  

by t h e  e f f e c t s  of osmot ic  p re s su re .  E l m  showed t h a t  t h e  h ighe r  

t h e  osmotic  p r e s s u r e  of a s o l u t i o n  t h e  lower t h e  rate of water 

absorp t ion .  

6 

Using d i s t i l l e d  wa te r ,  he  found no e q u i l i b r i u m  
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establ ished a f t e r  800 hours  o f  immersion. E l m  a l s o  p o i n t e d  o u t  

t h e  i n c r e a s e d  wa te r  a b s o r p t i o n  i n  f i l m s  s u b j e c t e d  t o  p o t e n t i a l  

g r a d i e n t s ,  t h e  e l e c t r o e n d o s m o t i c  effect ,  It can be  understood', 

t h e r e f o r e ,  t h a t  s o l u t i o n  g r a d i e n t s  produced by chemical  e l e c t r o -  

l y t e s  are q u i t e  a p t  t o  be d i f f e r e n t  t han  t h o s e  produced by 

d i s t i l l e d  o r  t a p  water .  For t h i s  r e a s o n ,  a s  w e l l  as due t o  

s p e c i f i c  chemical reac t iv i t ies ,  e l e c t r o l y t e  weight a b s o r p t i o n s  

may v a r y  from t h o s e  o b t a i n e d  w i t h  water w i t h  t h e  s p e c i f i c  

e l e c t r o l y t e  and w i t h  t h e  p a r t i c u l a r  bitumen o r  c o a t i n g  compound, 

( F i g u r e  61, 

WATER PENETRATION BY ELECTRICAL METHODS 

A number of workers have explored methods t o  r e l a t e  

e l e c t r i c a l  measurements t o  wa te r  a b s o r p t i o n  and t o  water 

s a t . u r a t i o n  of c o a t i n g  materials. 

of e l e c t r i c a l  r e s i s t a n c e  measurements as a means o f  de t e rmin ing  

" f a i l u r e  t o  p r o t e c t o f f  H i s  t e s t  i s  n o t  an a c c e l e r a t e d  t e s t ,  

Ar thu r7  p o i n t s  o u t  t h e  v a l u e  

While t h e  volume r e s i s t i v i t y  v a l u e s  of  most bi tuminous 
15 s u b s t a n c e s  f a l l  i n  t h e  r ange  of 1 x ,lo1* ohms t o  1 x 10 

ohms c ~ n . ~ ,  t h e r e  o c c u r s  a w i d e  v a r i a t i o n  i n  t h e i r  r e s i s t a n c e  

v a l u e s  measured d u r i n g  immersion i n  water ,  From t i m e  t o  t i m e ,  

r e s i s t a n c e  v a l u e s  may va ry  up o r  down 10 ,  100 o r  even 1,000 

t i m e s  t h e  p r i o r  r e a d i n g ,  Adven t i t i ous  p inho les  o r  conduc t ive  

l e a k a g e  pa ths  a r e  formed g i v i n g  l i t t l e  i n d i c a t i o n  as t o  whether 

t h e  e n t i r e  c o a t i n g  volume i s  conduc t ive  o r  merely a s i n g l e  t i n y  

a rea .  

Conway and Smith8 s u g g e s t  t h e  use  o f  magnetic r e sonance  

t o  de t e rmine  t h e  m o i s t u r e  c o n t e n t  i n  hygroscopic  m a t e r i a l s ,  While 
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t h e  method i s  non-des t ruc t ive  and f a s t ,  it may n o t  prove s u i t a b l e  

f o r  u s e  a t  low percentage  v a l u e s  of water i n  c o a t i n g s  such a s  a r e  

found wi th  bi tuminous materials, McKinley and Seaberg' used 

g r a v i m e t r i c  data,  s p e c i f i c  i n d u c t i v e  measurements, and power 

f a c t o r  v a l u e s  t o  se t  up minimum s p e c i f i c a t i o n  performance c r i t e r i a  

f o r  c a b l e  i n s u l a t i o n .  They showed e a r l y  f a i l u r e s  w i t h  Vol tage 

and c u r r e n t  stresses, b u t  t hey  could  n o t  demonst ra te  a s u i t a b l e  

shor t - te rm tes t  t o  p r e d i c t  i n s u l a t i o n  breakdown. 

Brasher  and Kingsbury'' i n  1954 set  f o r t h  a comparison 

of  g r a v i m e t r i c  methods and c a p a c i t a n c e  methods f o r  measuring 

water abso rp t ion .  They po in ted  o u t  t h a t  i t  i s  p o s s i b l e  t o  

e s t i m a t e  water  up-take from t h e  c a p a c i t a n c e  changes t h a t  occur  

du r ing  t h e  immersion of t h e  p a i n t e d  pane l ,  They sugges ted  

methods of water  d i s t r i b u t i o n  w i t h i n  t h e  c o a t i n g  and t h a t  

p o s s i b l y  water i s  d i s t r i b u t e d  i n  l a y e r s  p a r a l l e l  t o  t h e  c o a t i n g  

su r face .  

A t  t h e  t i m e  o f  such e a r l y  workers ,  w e  developed a 

method p a r t i c u l a r l y  s u i t a b l e  f o r  t h e  water -capac i tance  e v a l u a t i o n  

of  bi tuminous compounds. W e  found t h a t  t h e  d i s t r i b u t i o n  o f  water  

i n  t h e s e  i n s u l a t i v e  t y p e  c o a t i n g s  w i t h  l i m i t e d  c o n c e n t r a t i o n s  of 

pigments could  be cons idered  t o  be e s s e n t i a l l y  i n  l a y e r s  para l le l  

t o  t h e  sample su r faces .  For most bituminous t y p e  c o a t i n g s  w e  have 

been able t o  c o r r o b o r a t e  t h i s ,  and w e  have a l s o  found it p a r t i c -  

u l a r l y  v a l u a b l e  t o  r e l a t e  t h e  changes i n  capac i t ance  t o  a 

c a l c u l a t e d  v a l u e  o f  t h e  a c t u a l  depth  of  p e n e t r a t i o n  o f  t h e  water 

f r o n t  i n t o  t h e  sample. 

Whereas, volume r e s i s t i v i t y  va lues  i n d i c a t e  e i t h e r  

p inho le  p e n e t r a t i o n  o r  abso rp t ion  o r  a combinat ion of  bo th  i n  a 
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$( 

q u a l i t a t i v e  f a s h i o n ,  the  d i e l ec t r i c  c o n s t a n t  v a l u e s  more n e a r l y  

i n d i c a t e  t h e  water a b s o r p t i o n ,  q u a n t i t a t i v e l y ,  While an adven- 

t i t i o u s  p i n h o l e  may a f f ec t  t h e  volume r e s i s t i v i t y  r ead ing  

a d v e r s e l y ,  and change t h e  v a l u e  by i t s  p resence  s e v e r a l  thousand 

p e r c e n t ,  i t  w i l l  produce o n l y  a small effect  i n  t h e  dielectr ic  

c o n s t a n t  va lue  of  t h e  sample, 

i 
I 

I \  

S i n c e  t h e  d ie lectr ic  c o n s t a n t  v a l u e  of immersion wa te r  /I 

i s  from e i g h t y  t o  s e v e r a l  hundred t i m e s  t h a t  of  a i r  and s i n c e  t he  

d i e l ec t r i c  c o n s t a n t  v a l u e s  of e l e c t r i c a l l y  i n s u l a t i v e  bi tuminous 

c o a t i n g s  a r e  much n e a r e r  t o  t h o s e  of  a i r  than  t o  t h e  va lues  o f  

I 

wate r  o r  e l e c t r o l y t e s ,  t h e  i n c l u s i o n  of water  w i t h i n  an i n s u l a -  f 
/ 

t i n g  c o a t i n g  m a t e r i a l  so  markedly changes i t s  d i e l e c t r i c  c o n s t a n t  

v a l u e  t h a t  a s e n s i t i v e  index  t o  q u a n t i t a t i v e  a b s o r p t i o n  and 
I,- 

dep th  of p e n e t r a t i o n  i s  provided. \ 

A series o f  d i e l ec t r i c  c o n s t a n t  v a l u e s  r e a d i l y  o b t a i n e d  
/ 

from water immersed samples f u r n i s h  i n d i c e s  t o  t h e  q u a n t i t y  of  

wa te r  a b s o r p t i o n  o r  d e p t h  o f  p e n e t r a t i o n  o f  wa te r  s a t u r a t i o n  a t  

any i n s t a n t .  When t h e s e  v a l u e s  are t aken  o v e r  a pe r iod  of t i m e  

and t h e  c a p a c i t a n c e  v a l u e s  i n d i c a t e  t h a t  t h e  v a l u e  of dielectr ic  

c o n s t a n t  f o r  t h e  sample i s  81 ( d i s t i l l e d  w a t e r ) ,  water  s a t u r a t i o n  

and p e n e t r a t i o n  are complete  and t h e  c o a t i n g  w i l l  have l i t t l e ,  

i f  any, p r o t e c t i v e  value.  

The r a t e  o f  w a t e r  a b s o r p t i o n  w i t h  t i m e  may be p l o t t e d  

and t h e  t h e o r e t i c a l  t l ,  o r  p e n e t r a t i o n  dep th ,  may be used a s  an 

index  of c o a t i n g  performance. 

A f t e r  o n l y  a f e w  weeks exposure,  cu rves  of tl v a l u e s  

v e r s u s  t i m e  show a tendency wi th  good c o a t i n g  m a t e r i a l  t o  

e s t a b l i s h  tl a t  a v e r y  low r a t e  of change, Study of  these 

,I '  
/ 
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e a r l y  cu rves  f u r n i s h e s  an index of u l t i m a t e  performance and a i d s  

i n  e s t a b l i s h i n g  a p r e d i c t e d  t i m e  of s a t u r a t i o n  fai lure . ,  

A condenser  specimen is se t  up u s i n g  a 4" x 10" panel  

on which i s  p laced  a uniform coa t ing .  The t h i c k n e s s  i s  measured 

a c c u r a t e l y ,  A one p i n t  can wi th  bottom removed i s  p l aced  a g a i n s t  

t h e  d r i e d  c o a t i n g  and sealed around t h e  edge wi th  cau lk ing  com- 

pound. The can is then  f i l l e d  w i t h  w a t e r ,  t h u s  forming a p a r a l l e l  

c i r cu la r  p l a t e  condenser  wi th  water as one p l a t e  and t h e  s t e e l  

pane l  as t h e  o t h e r  (F igu re  7 ) .  The diameter of  t h e  can is 

measured t o  c a l c u l a t e  t h e  a r e a  of one o f  the p l a t e s .  

Immediately,  upon f i l l i n g ,  t h e  i n i t i a l  c a p a c i t a n c e  and 

r e s i s t a n c e  are measured, 

f o r  t h e  whole c o a t i n g  i n s u l a t i o n  i s  c a l c u l a t e d  by us ing  t h e  

fo l lowing  equa t ions  f o r  p a r a l l e l  c i r c u l a r  p l a t e  c a p a c i t o r s :  

The s p e c i f i c  i n d u c t i v e  c a p a c i t y  (KO) 

,0885 K~ s co = 
t = co ,0885 . s 

--. , 
Where i n  t h e  above; ( i n i t i a l  capac i t ance  r e a d i n g )  'Lo x a - i n  micro 

micro farads (MMfd.1, KO is  t h e  dielectric c o n s t a n t ,  S i s  t h e  

area of  one p l a t e  i n  s q u a r e  c e n t i m e t e r s ,  and t i s  t h e  t h i c k n e s s  

i n  c e n t i m e t e r s ,  

By c o n s i d e r i n g  t h e  c o a t i n g  as made up of two series 

c i r c u l a r  p l a t e  c a p a c i t o r s  (F igu re  8 )  composed o f  (1) C1 a t h i n  

c a p a c i t o r  of  wa te r - sa tu ra t ed  d i e l ec t r i c  i n s u l a t i o n ,  and ( 2 )  

C a t h i c k e r  c a p a c i t o r  o f  water - f ree  d i e l e c t r i c  i n s u l a t i o n ,  

c a l c u l a t i o n  of  the approximate water p e n e t r a t i o n  dep th ,  tl , can 

be made. 

2 

The t o t a l  capac i t ance  C = C1 C2 
c2 + 
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The c a p a c i t a n c e  f o r  t h e  wa te r - sa tu ra t ed  d i e l ec t r i c  

i n s u l a t i o n  l a y e r  i s :  c1 = ,0885 0 81 S Note: K1 = 81 

i 
i The c a p a c i t a n c e  f o r  t h e  water-free d i e l e c t r i c  i n s u l a t i o n  

l a y e r  i s :  ,0885 K2 0 S K2 = t h e  i n i t i a l  KO v a l u e  
c a l c u l a t e d  c* = 

t 2  

Equations: 

1 1  1 - = -  + -  
c 2  

1 tl t 2  - =  
C ,0885 0 81 0 S ' ,0885 K 2  S 

i 

A l s o  : 

t = t  + t 2  1 

t 2 = t -  

t - tl 1 
C 
- =  

-0885 8 1  0 S + ,0885 K 2  S 
I 

t - tl 1 
C 7.1685 S ,0885 K 2  S 
- =  

The v a l u e  fo r  K 2  i s  t h e  same as f o r  KO a t  t h e  s t a r t  

o f  t h e  t es t  when tl = 0 i. e, 

co e0885 K 2  o S - and K2 = 
t ,0885 s co - 
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Then, s u b s t i t u t i n g  f o r  K2: 

1 
C 7.1685 S 

t - tl 
co 

- =  . s ( -0885 SI 
0 

t - tl 1 t 1 
s + v  - =  

C 7.1685 

7.1685 Co S 0 t + C - Co t tl + 7,1685 C 0 S ( t  - t,) 
7.1685 Co S 0 t = C 0 Co 0 t tl + 7.1685 C 0 S 0 t - 

7.1685 C 0 S 0 tl 

tl (C C o t  - 7,1685 C SI = 701685 Co 0 S 0 t - 7.1685 C S 0 t 

7.1685 S t (Co - C )  
t1 = C C o t  - 7.1685 C S 

tl is  t h e  dep th  o f  water p e n e t r a t i o n  i n  c e n t i m e t e r s .  

t2 is t h e  t h i c k n e s s  of water-free d i e l e c t r i c  i n  c e n t i m e t e r s .  

S i s  t h e  a r e a  i n  c e n t i m e t e r s  of one p l a t e  o f  t h e  c a p a c i t o r ,  

t i s  t h e  t h i c k n e s s  of t h e  c o a t i n g  i n  c e n t i m e t e r s ,  

Co i s  t h e  i n i t i a l  measured c a p a c i t y  i n  micro m i c r o  f a r a d s .  

C is t h e  p r e s e n t  c a p a c i t y  of t h e  c a p a c i t o r ,  

C 

C is t h e  water-free series c a p a c i t o r  i n  micro micro f a r a d s ,  

is  t h e  series c a p a c i t o r  of  wa te r - sa tu ra t ed  d i e l e c t r i c  (K1 = 81). 1 

2 
Using t h e  above e q u a t i o n ,  and s e v e r a l  s u b s t i t u t e d  v a l u e s  

of  c a p a c i t a n c e  between t h e  i n i t i a l  c a p a c i t a n c e  Co and a f i n a l  

v a l u e  when t h e  dep th  of p e n e t r a t i o n  tl is  equa l  t o  t h e  specimen 

t h i c k n e s s  t ,  a g raph  o f  c a p a c i t a n c e  v e r s u s  d e p t h  o f  p e n e t r a t i o n  

may be p l o t t e d ,  example, F i g u r e  9, From t h i s  g raph ,  f o r  any 

measured v a l u e  o f  c a p a c i t a n c e ,  tl, t h e  dep th  of p e n e t r a t i o n  of 

water  through t h i s  p a r t i c u l a r  c o a t i n g  can be found. 
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Figure  1 0  shows a sample c u r v e  which i n  two w e e k s  l e v e l s  

o f f  a t  about  70 p e r c e n t  p e n e t r a t i o n .  Such a cu rve  is  v a l u a b l e  

i n  p r e d i c t i n g  l i f e ,  a s c e r t a i n i n g  minimum f i l m  t h i c k n e s s  f o r  an 

a p p l i c a t i o n ,  and i n  e v a l u a t i n g  t h e  r e l a t i v e  a b s o r p t i o n  c h a r a c t e r -  

i s t i c s  of  t h e  c o a t i n g  system. 

I n  a d d i t i o n  t o  t h e  u s e  of  w a t e r  a s  a n  environmental  

c o n t a c t i n g  a g e n t ,  v a r i o u s  o t h e r  e l e c t r o l y t e s ,  va ry ing  i n  v a l u e s  

of  d i e l e c t r i c  c o n s t a n t ,  c o n d u c t i v i t y ,  pH, osmot i c  p r e s s u r e  and 

o t h e r  s p e c i f i c  e f f e c t s  upon t h e  c o a t i n g  may b e  used. The sample 

a s  shown, F igu re  7 ,  i s  p a r t i c u l a r l y  a d a p t a b l e  t o  t h e  above 

i n v e s t i g a t i o n s  a s  w e l l  a s  f o r  t h e  s tudy  of t h e  e f f e c t s  of g a l -  

v a n i c  phenomena such a s  p o l a r i t y  and c a t h o d i c  c u r r e n t s .  Anodes, 

ca thodes  and p o t e n t i a l  c a r r y i n g  e l e c t r o d e s  a r e  i n s e r t i b l e  

w i t h i n  t h e  e l e c t r o l y t e  con ta ined  i n  t h e  can. 

Using t h i s  method f o r  bi tuminous materials,  i t  w a s  found 

t h a t  i n  some c a s e s  s e v e r a l  months a r e  r e q u i r e d  t o  r each  e q u i l i b -  

rium. As shown i n  F i g u r e  11, one sample r e q u i r e d  t e n  months, 

I n  most cases, much e a r l i e r  p r e d i c t i o n s  of  c o a t i n g  l i f e  can be 

made. A s  shown i n  F i g u r e  1 2 ,  a group o f  t h e  b e t t e r  bi tuminous 

m a t e r i a l s  w a s  e v a l u a t e d  by t h i s  method f o r  400 days,  A t  t h e  

end of t h i s  pe r iod ,  a l l  samples were ove r  

r e s i s t i v i t y .  The o r i g i n a l  t h i c k n e s s ,  t ,  t h e  o r i g i n a l  d i e l e c t r i c  

c o n s t a n t ,  K ,  and t h e  dep th  o f  p e n e t r a t i o n ,  tl, are shown. 

wi th  t h e  g r a v i m e t r i c  a b s o r p t i o n  method, tl v a r i e s  i n  t h i s  group 

of samples,  From t h i s  i t  can b e  concluded t h a t  c o a l  t a r  and 

a s p h a l t  c o a t i n g s ,  b o t h  ho t -  and co ld -app l i ed ,  are s i m i l a r l y  

s a t i s f a c t o r y  i n  t h i s  t e s t ,  

ohms c m O 3  i n  

As 
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Typica l  water  p e n e t r a t i o n  cu rves  f o r  ho t -appl ied  c o a l  

t a r  enamels a r e  shown i n  F igu re  13, Gene ra l ly  t h e  h i g h e r  p l a s t i -  

c i z e r  and pigment c o n t e n t  of p l a s t i c i z e d  enamels cause  g r e a t e r  

W a t e r  p e n e t r a t i o n  v a l u e s  t h a n  f o r  t h e  s t a n d a r d  enamels, S tandard  

enamels or hard  c o a l  t a r  p i t c h e s  may demonst ra te  c rack ing  and 

t h u s  show more errat ic  r e s u l t s .  

Shown i n  F igu re  14 are t h r e e  water p e n e t r a t i o n  curves  

f o r  ho t -appl ied  a s p h a l t  coa t ings ,  It may be seen from such a 

cu rve  as t h a t  f o r  enamel G t h a t  a s u f f i c i e n t  minimum m i l  f i l m  

t h i c k n e s s  s p e c i f i c a t i o n  m u s t  be cons ide red  i n  view of t h e  depth  

of p e n e t r a t i o n  and t h e  r a t e  of p e n e t r a t i o n  i n c r e a s e  wi th  t i m e .  

A t  100 days ,  t h e  water i s  s a t u r a t e d  2 5  m i l s  i n t o  the  sample and 

i s  i n c r e a s i n g  p e n e t r a t i o n  a t  approximately t h r e e  m i l s  p e r  yea r .  

I n  F igu re  15  t h r e e  water p e n e t r a t i o n  curves  are shown 

f o r  co ld-appl ied  a s p h a l t  and c o a l  t a r  c o a t i n g s  demonst ra t ing  

aga in  t h a t  no g r e a t  d i f f e r e n c e s  need e x i s t  between c o a l  t a r  and 

a s p h a l t  c o a t i n g s ,  A t  app l i ed  t h i c k n e s s e s  double  t h e i r  pene t r a -  

t i o n  dep th ,  t h e  p r o j e c t e d  l i f e  of each ,  t o  a s t a t e  of water- 

s a t u r a t i o n ,  i s  a c o n s i d e r a b l e  per iod .  

Where it i s  desired t o  combine bi tuminous materials 

such as a bitumen r e s i n  wi th  epoxy r e s i n  and a t t a i n  t h e  necessa ry  

phys ica l  p r o p e r t i e s  t o  permi t  t h i n  c o a t i n g  a p p l i c a t i o n s ,  it 

becomes necessa ry  t o  e v a l u a t e  water p e n e t r a t i o n  v a l u e s  t o  

de te rmine  a minimum safe f i l m  t h i c k n e s s  f o r  s a t i s f a c t o r y  pro- 

jected l i fe ,  In F igu re  1 6  is a bitumen-epoxy showing a p r o j e c t e d  

l i f e  of approximately f i f t y  y e a r s  a t  20 m i l s  f i l m  t h i ckness .  

I n  o r d e r  t o  s tudy  t h e  smaller compounding e f f e c t s  

produced by v a r i a t i o n s  i n  t y p e s  of pigment i n  t h e  same base  
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formula o f  a bi tuminous c o a t i n g ,  it i s  advantageous t o  combine 

t h e  methods df g r a v i m e t r i c  a b s o r p t i o n  and w a t e r  p e n e t r a t i o n  as 

i n  F igure  17. While a l l  samples a r e  over  1014 ohms ~ m . ~  i n  

r e s i s t i v i t y ,  a f t e r  400 days some show inc reased  leaching  over  

o t h e r s ,  and t h e  c a p a c i t a n c e  p e n e t r a t i o n  va lues  can vary  over  

loo%,  a s e n s i t i v e  index  t o  such  compounding changes. 

It w a s  po in t ed  o u t  i n  t h e  s t u d i e s  of g rav ime t r i c  water 

a b s o r p t i o n  t h a t  h i g h e r  t e m p e r a t u r e s  (16O0F) produce more r ap id  

water  a b s o r p t i o n  t h a n  i s  a t t a i n e d  a t  room temperature .  This  

same e f f e c t  i s  noted  a s  i n  F igure  18 when t h e  capac i t ance  method 

i s  employed. A l l  s a m p l e s  f a i l e d  w i t h i n  f i v e  weeks a t  190°F. 

I n  o r d e r  to  de termine  t h e  e lec t ro-osmot ic  e f f e c t  of 

a p p l i e d  p o t e n t i a l s  and t h e i r  r e l a t i o n  t o  water  p e n e t r a t i o n  by 

t h e  capac i t ance  method, s e v e r a l  bi tuminous samples w e r e  sub- 

j e c t e d  t o  water anod ic  p o t e n t i a l s  of 90 v o l t s  arid 360 v o l t s .  

The r e s u l t a n t  cu rves  a r e  shown i n  F igu re  19. Within t h r e e  days 

t h e  cu rves  a r e  w e l l  e s t a b l i s h e d .  Ea r ly  f a i l u r e s  a r e  p red ic t ed  

w h e r e  r e s i s t i v i t y  v a l u e s  a r e  r e l a t i v e l y  low, i.e., under 1 x 

1 0 l 2  ohms cm. . 
1 x 1014 ohms 

fas ter  ra te  t h a n  w i t h  no a p p l i e d  p o t e n t i a l .  

3 Where r e s i s t i v i t y  va lues  a r e  h igh ,  i.e., over  

a t t e n u a t i o n  and e q u i l i b r i u m  occur  b u t  a t  a 

I n  review of t h e  g r a v i m e t r i c  water abso rp t ion  and 

water  p e n e t r a t i o n  d a t a  ob ta ined  f o r  bi tuminous materials, it 

appea r s  t h a t  each method i s  a v a l u a b l e  t o o l  f o r  r e l a t i v e l y  

shor t - te rm e v a l u a t i o n .  By combining data ,  t h e r e  i s  a d e f i n i t e  

r e l a t i o n s h i p  f o r  a p a r t i c u l a r  t ype  of bituminous coa t ing .  Once 

t h i s  i s  e s t a b l i s h e d ,  e i t h e r  tes t  may supp lan t  o r  implement t h e  

/ 

/ 

/ 
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o the r .  F igu re  2 0  d e p i c t s  t h e  r e l a t i o n s h i p  for a bitumen-epoxy 

c o a t i n g  g iv ing  v a l u e s  for p e n e t r a t i o n  and f o r  1,000-hour 

g r a v i m e t r i c  absorp t ion .  

As i n  F igu re  21 ,  it i s  sometimes convenient  t o  p l o t  

extended l i f e  i n  y e a r s  u s ing  bo th  t h e  d a t a  ob ta ined  f o r  weight 

abso rp t ion  and  capac i t ance  p e n e t r a t i o n .  Thus, one is  a b l e  t o  

d e t e r m i n e  a u s e f u l  l i f e  based upon a s p e c i f i e d  i n i t i a l  f i l m  

t h i c k n e s s  a p p l i c a t i o n .  

CATHODIC CURRENT DISBONDING TESTS 

I n  a d d i t i o n  t o  i n s u l a t i v e  c o a t i n g  e v a l u a t i o n  by t h e  

methods d e s c r i b e d ,  it has become c u r r e n t  p r a c t i c e  t o  t e s t  

i n s u l a t i v e  coa t ings  immersed i n  e l e c t r o l y t e s  and s u b j e c t e d  t o  

c a t h o d i c  p o t e n t i a l s  va ry ing  from less than  one v o l t  t o  s e v e r a l  

.hundred v o l t s ,  It is i n t e r e s t i n g  t o  n o t e  t h a t  most workers have 

a t tempted  t o  f i n d  a short- term c a t h o d i c  c u r r e n t  disbonding t e s t  

for e v a l u a t i n g  performance l i f e  of i n s u l a t i v e  coa t ings .  

There are p r e s e n t l y  many v a r i a t i o n s  of  t h i s  t y p e  t es t  

being carried out .  Higher v o l t a g e s  and c u r r e n t s  and e l e c t r o -  

l y t e s  o f  h ighe r  c o n d u c t i v i t i e s  t han  are encountered  i n  s e r v i c e  

are employed t o  produce f a s t  breakdown, I n  g e n e r a l ,  it i s  

d i f f i c u l t  t o  r ecogn ize  or  c o n t r o l  a l l  of t h e  f a c t o r s  c o n t r i b -  

u t i n g  t o  coa t ing  breakdown. Some of  t h e  f a c t o r s  which w e  have 

found t o  be of importance are: (1) t h e  pH v a l u e s  produced a t  

t h e  ca thodes ;  (2) t h e  a p p l i e d  p o t e n t i a l ;  (3) t h e  n a t u r e  of t h e  

anode (Weast)”;  ( 4 )  t h e  t empera tu re ;  (5) t h e  s o l u t i o n  concen- 

t r a t i o n  and c o n d u c t i v i t y ;  (6) t h e  t y p e  of s u r f a c e  p r e p a r a t i o n ;  

( 7 )  t h e  t y p e  of pr imer ;  (8) t h e  area exposed; (9) t h e  e l e c t r i c a l  
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r e s i s t i v i t y  v a l u e  o f  the a p p l i e d  c o a t i n g ;  and (10) t h e  t h i c k n e s s  

of t h e  sample. 

Our c a t h o d i c  c u r r e n t  disbonding tes t s  are g e n e r a l l y  

c a r r i e d  o u t  u s i n g  e n t i r e l y  c o a t e d  steel p a n e l s  w i t h  waxed edges. I 

A g iven  a r e a  of  p a n e l  i s  immersed  i n  d i s t i l l e d  water, t a p  water ,  

o r  other  more c o n d u c t i v e  e l e c t r o l y t e s ,  While d i f f e r e n t  anodes 

produce d i f f e r e n t  pH v a l u e s ,  w e  have found magnesium t o  be q u i t e  

e f f e c t i v e  i n  producing h igh  ca thode  pH va lues .  S ince  magnesium 

i s  most commonly used i n  p r a c t i c e ,  w e  app ly  1.5 v o l t s  DOC. t o  

magnesium a s  t h e  anode and 1.5 v o l t s  D.C. t o  t h e  samples as 

cathodes,  Small h o l e s  a r e  d r i l l e d  through t h e  c o a t i n g s  t o  i n i t -  

i a t e  areas of c u r r e n t  f low. I n i t i a l  c u r r e n t  r e a d i n g s  a r e  taken 

and s u c c e s s i v e  r e a d i n g s  are made a t  d a i l y  i n t e r v a l s .  When t h e  

c o a t i n g s  d i s p l a y  a d i s r u p t e d  appearance,  t h e y  a r e  removed and 

t h e  disbonded c o a t i n g s  a r e  c u t  away t o  expose t h e  e n t i r e  bared 

a rea .  Th i s  a r e a  i s  measured and can be r e l a t e d  t o  c u r r e n t ,  

p o t e n t i a l  and t i m e .  

i- 

- 

I n  o u r  work w i t h  c a t h o d i c  c u r r e n t  tests of bituminous 

m a t e r i a l s ,  w e  have obse rved  t h a t  t h i n  f i l m s  are r e a d i l y  a i s -  

bonded, Th i s  i s  i n  acco rd  w i t h  t h e  fac t  t h a t  t h i n  f i l m s  a r e  

r e a d i l y  and q u i c k l y  p e n e t r a t e d  by wa te r  and e l e c t r o l y t e s  espec- 
12 i a l l y  when mig ra t ing  under  p o t e n t i a l  stress. Tomashov e t  al ,  

have found t h a t  t h e  c o a t i n g  i f se l f  can become c a t h o d i c , a c t i n g  

a s  a conduc t ive  f i l m ,  

Cathodic  d i sbond ing  s u s c e p t i b i l i t y  due t o  t h i n n e s s  i s  

p o s s i b l y  due a l so  t o  the  f a c t o r  of i n c r e a s e d  c u r r e n t  f low a t  

s h o r t - l e n g t h  p i n h o l e s  i n  comparison t o  p i n h o l e s  which a r e  a x i a l l y  
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l ong ,  even though t h e  d i ame te r s  of each are a l i k e .  The effect  

i s  exp la ined  by Sunde . 1 3  

It is  i n t e r e s t i n g  t o  n o t e  t h a t  Koenecke14, who p l a c e s  

c o a t i n g  specimens under anodic  and c a t h o d i c  stress and measures 

c a p a c i t a n c e  index  (Shaw and Twiss )I5, r e s i s t a n c e ,  and d isbonding ,  

concludes  t h a t  a basic f i l m  t h i c k n e s s  must p rov ide  an i n s u l a t i n g  

barrier under e i ther  test or s e r v i c e  c o n d i t i o n s  t o  ma in ta in  

electrical  i n s u l a t i o n  and adhesion. 

When ca thode  d e p o s i t s  occur  a t  t h e  c o a t i n g ,  a t h i n  f i l m  

can be assumed t o  be h i g h l y  s a t u r a t e d  wi th  a l k a l i e s  which can 

react chemica l ly  t o  d i s i n t e g r a t e  many bi tuminous coa t ings .  W e  

have found t h e  a s p h a l t  coa t ings  g e n e r a l l y  t o  be more s u s c e p t i b l e  

t o  h igh  pH va lues  t h a n  a r e  coal tar  m a t e r i a l s  (see Figure 6). 

I n  a d d i t i o n ,  bo th  animal and vege tab le  r e s i d u a l  p i t c h e s  which 

are s a p o n i f i a b l e  by v i r t u e  of u n s a t u r a t i o n  o r  o t h e r  r e a c t i v e  

grouping are r e a d i l y  d i s i n t e g r a t e d  i n  a l k a l i  a t  cathodes.  

W e  have found t h a t  the  p rope r  metal s u r f a c e  prepara-  

t i o n  can effect  up t o  s e v e r a l  hundred p e r c e n t  i n c r e a s e d  c a t h o d i c  

c u r r e n t  r e s i s t a n c e  t o  disbonding.  Bituminous c o a t i n g s  over  

so lvent -degreased  s teel  pane l s  disbond approximate ly  f i v e  t i m e s  

t h e  area of t h e  same c o a t i n g s  over  phosphated or g r i t - b l a s t e d  

steel .  Almost as impor tan t  as s u r f a c e  p r e p a r a t i o n  i s  t h e  use  

of  proper  primers.  

F igu re  22  w a s  p repared  t o  demonst ra te  a number of hot-  

app l i ed  bi tuminous c o a t i n g s ,  Number 1 d e m n s t r a t e s  the effect 

of a p a r t i c u l a r l y  good pr imer  a p p l i e d  a t  1 m i l  f91m th i ckness .  

The remaining samples shown wi thou t  pr imers  demonst ra te  t h e  
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r e l a t i v e  r e s i s t a n c e  of each  bi tuminous type. It  can be no ted  

t h a t  a s p h a l t s  are g e n e r a l l y  more s u s c e p t i b l e  t h a n  c o a l  t a r  types.  

F igu re  23  s h o w s  a s i m i l a r  t r e n d  f o r  t h e  co ld -app l i ed  bi tuminous 

coa t ings .  

We have n o t e d  t h a t  a number of cola-appl ied type  mater- 

i a l s  hav ing  very h igh  v a l u e s  of  volume r e s i s t i v i t y ,  i.e., ove r  

1 x 

a p p l i e d  m a t e r i a l s  having much lesser v a l u e s  of r e s i s t i v i t y .  W e  

have been a b l e  t o  e s t a b l i s h  t h a t  i n  some c a s e s  disbonding i s  

a c c e l e r a t e d  i n  m a t e r i a l s  having ve ry  h igh  volume r e s i s t i v i t i e s .  

ohms c m O 3 ,  tended t o  disbond more t h a n  c e r t a i n  cold-  

Note samples 9 and 10 i n  F i g u r e  23, By adding 20% c o a l  d u s t  t o  

b r i n g  t h e  volume r e s i s t i v i t y  v a l u e  from 1 x l O l 4  t o  1 x 10l1 ohms 

cmO3, t h e  disbonded a r e a  o f  sample 10 was reduced t o  one-eighth 

t h a t  o f  sample 9. T h i s  a c c e l e r a t i n g  e f f e c t  i s  p o s s i b l y  due t o  

i n s u l a t i o n  r e t e n t i o n  o f  h i g h e r  p o t e n t i a l  d i f f e r e n t i a l s  i n  l o c a l  

ca thode  ce l l s  formed a t  i n t e r f a c e s  between b a r e  and coa ted  metal, 

When compared t o  o t h e r  conven t iona l  c o a t i n g  systems,  

t h e  bituminous m a t e r i a l s  are h i g h l y  r e s i s t a n t  t o  c a t h o d i c  c u r r e n t  

disbonding,  A l l  o f  t h e  d r y i n g  o i l s  and oi l -modif ied a l k y d s ,  epoxy 

es ters ,  u r e t h a n e  esters and many v i n y l  t ype  c o a t i n g s  are h i g h l y  

s u s c e p t i b l e  t o  ca thode  environments,  

I n  F i g u r e  24 t h e  r i g h t  pane l  i s  t h e  same base  bitumin- 

ous a s p h a l t  as t h e  l e f t  p l u s  t h e  a d d i t i o n  o f  10% f i s h  o i l  and 

10% z i n c  chromate. With t h e s e  a d d i t i o n s  t h e  a s p h a l t  i s  h i g h l y  

degraded and is  r e a d i l y  disbonded. 

I n  F igu re  2 5  t h e  l e f t  pane l  i s  20% alkyd and 80% 

a s p h a l t .  The r i g h t  p a n e l  i s  100% a s p h a l t .  

I 
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I n  F igure  26 t h e  l e f t  pane l  has  no pr imer  and t h e  r i g h t  

pane l  i s  primed w i t h  an i r o n  ox ide  a lkyd  primer.  The c o a t i n g  i s  

r e f i n e d  co ld-appl ied  a s p h a l t  mastic. Inc reased  s u s c e p t i b i l i t y  

t o  disbonding i s  noted  i n  t h e  primed panel .  

I n  F igu re  27 disbonding  due t o  pigment r e a c t i v i t y  i s  

demonstrated.  The same base a s p h a l t  co ld-appl ied  c o a t i n g  i s  

pigmented w i t h  g l a s s  f i b e r s  on t h e  l e f t  and wi th  a s b e s t o s  f i b e r s  

on t h e  r i g h t ,  

p re sen t .  

CONCLUSIONS 

The 

The g l a s s  i s  s u b j e c t  t o  a t t a c k  by t h e  a l k a l i  

e v a l u a t i o n  of long-term performance t y p e s  of  b i -  

tuminous c o a t i n g s  i s  p o s s i b l e  i n  t h e  l a b o r a t o r y ,  based upon 

l a b o r a t o r y  test  procedures  be ing  cons ide red  and e s t a b l i s h e d  i n  

t e r m s  of  normal-range exposures .  

Water, t h e  s i n g l e  most impor t an t  f a c t o r  i n  t h e  exce l -  

l e n t  performance l i f e  of bi tuminous c o a t i n g s ,  i s  absorbed by 

osmotic  and e l ec t ro -osmot i c  effects, The abso rp t ion  may be 

measured g r a v i m e t r i c a l l y  and related t o  q u a n t i t y  pe r  u n i t  area.  

By t h i s  method, a l s o ,  t h e  s o l u b i l i t y  o r  l each ing  c h a r a c t e r i s -  

t ics of c e r t a i n  bitumens may be d e t e c t e d  by means of d r y i n g  and 

weighing samples af ter  water immersion exposures ,  Coal t a r  

types  w e r e  found t o  be more s u s c e p t i b l e  than  a s p h a l t s  i n  t h i s  

regard .  

t h i s  f a c t  was accentua ted .  A t  160°F a l l  of t h e  bi tuminous 

m a t e r i a l s  t e s t e d  showed m u l t i f o l d  a b s o r p t i o n  i n c r e a s e s ,  

I n  g r a v i m e t r i c  a b s o r p t i o n  tests carried o u t  a t  160°F, 

Electr ical  p r o p e r t i e s  have been s t u d i e d  i n  r e l a t i o n  

t o  water a b s o r p t i o n  c h a r a c t e r i s t i c s  and t o  t h e  performance of 

\ 
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bituminous materials as  i n s u l a t i v e  c o a t i n g s ,  The bi tuminous 

c o a t i n g s  have volume r e s i s t i v i t i e s  i n  t h e  r ange  of  1 x lo1' t o  

1 x It  was found t h a t  volume r e s i s t i v i t y  measurements 

a l o n e  do not  l end  themselves  t o  short- term e v a l u a t i o n  methods, , 

Using bi tuminous c o a t i n g s ,  a new method was developed 

t o  d e r i v e  measurements of  dep th  of  wa te r  p e n e t r a t i o n  by electri-  

cal  capac i t ance ,  T h i s  method p e r m i t s  e v a l u a t i o n  of bituminous 

compounds of known performance a g a i n s t  newer compounds. Water 

p e n e t r a t i o n  v a l u e s  can  be co - re l a t ed  t o  g r a v i m e t r i c  abso rp t ion .  

T h i s  method pe rmi t s  p r o j e c t e d  l i f e  s t u d i e s  of c o a t i n g s  and per-  

m i t s  s a f e  f i l m  t h i c k n e s s  s p e c i f i c a t i o n s  f o r  new compounds, The 

method i s  f a s t ,  non-des t ruc t ive  and s u f f i c i e n t l y  s e n s i t i v e  t o  

detect s m a l l  changes i n  exposure c o n d i t i o n s  o r  compounding 

i n g r e d i e n t s .  It i s  an  effect ive shor t - t e rm t e s t  g i v i n g  pro- 

jected v a l u e s  for  t h e  l o n g - l i f e  bi tuminous c o a t i n g s ,  w e l l  

w i t h i n  a 400-day t e s t  p e r i o d ,  The phi losophy of  a short- term 

r a t h e r  t h a n  an accelerated t e s t  i s  p rese rved ,  

I n  app ly ing  a c c e l e r a t e d  t e s t  methods such a s  t h e  

c a t h o d i c  c u r r e n t  d i sbond ing  t e s t  t o  bi tuminous materials, it 

w a s  found t h a t  there  c a n  be many fac tors  which a f f e c t  t h e  

r e s u l t s  ob ta ined ,  Using a moderate v e r s i o n  of t h e  c a t h o d i c  

c u r r e n t  disbonding p rocedure ,  a number o f  bituminous m a t e r i a l s  * 

were e v a l u a t e d  and w e r e  found to be, i n  g e n e r a l ,  s u p e r i o r  t o  

I 

I '\/ 

I1 
l i  

\ I  

/I 

many o t h e r  c o a t i n g  types .  
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__ . I 
CATHODIC CURRENT DISBONDING T E S T S  

COATED 2 X 4 INCH PANELS IMHERSED 2%" I N ' 7 0 0 0 0  OHMS, 
R ,  WATER, 1 2  CM. FROM MG. ANODE, 1 .5  VOLT CLOSED 
C I R C U I T  POTENTIAL, 1/16" PINHOLE THROUGH PANEL I N  
SOLUTION. 

THICKNESS RANGE, 1 7  - 35 MILS 

DISBONDED AREA 
COATINGS (COLD A P P L I E D )  (NO PRIMERS)  SQ. M.U. 

COAL TAR MASTIC CA-50 TYPE 64.0 

COAL TAR MASTIC 'I " 100.0 

COAL TAR EPOXY (D.T.A.) 100.0 
COAL TAR N I T R I L E  COATING 440.0 

COAL TAR-EPOXf (POLYAMINE CURE) 1,575.0 
ASPHALT - STYRENE 3,000.0 
ASPHALT - REFINED 3 , 5 0 0 . 0  
ASPHALTIC RESIN PRIMER + ASPHALTIC BITUWINOUS TAPE ' 3,500.0' 
COAL TAR N I T R I L E  (C-37)  700.0 
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Fig. 27, 


