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PREFACE 

Because e x t e r i o r  c o a t i n g s  a r e  exposed t o  wa t e r  i n  t h e  form o f  

s o l i d ,  l i q u i d  o r  vapour ,  t h e  de t e rmina t i on  o f  wa t e r  a b s o r p t i o n  i n  

c o a t i n g s  a t  v a r i o u s  t empe ra tu r e s  and r e l a t i v e  h u m i d i t i e s  i s  
c ons ide r ed  impor tan t  i n  t h e  p r e d i c t i o n  o f  e x t e r i o r  performance.  

Absorpt ion i s  a f f e c t e d  by t h e  s o l u b i l i t y  of wa t e r  i n  a  c o a t i n g  and 

by t h e  speed w i t h  which wate r  d i f f u s e s  th rough  a  c o a t i n g .  S tudying  
t h e  changes  i n  s o l u b i l i t y  and d i f f u s i o n  c o e f f i c i e n t s  o f  c o a t i n g s  
f o r  wate r  p rov ide s  an unders tand ing  o f  how a b s o r p t i o n  i s  a f f e c t e d  

by c o a t i n g  compos i t ion  and c l i m a t e .  

Th i s  r e p o r t  d e s c r i b e s  a b s o r p t i o n  s t u d i e s  on  c l e a r  f i n i s h e s  

i n t ended  f o r  e x t e r i o r  wood. The e f f e c t s  o f  t h e  two environmental  
f a c t o r s  on abso rp t i on ,  s o l u b i l i t y  c o e f f i c i e n t  and d i f f u s i o n  
c o e f f i c i e n t  a r e  d i s c u s s e d .  I t  i s  shown t h a t  wa t e r  a b s o r p t i o n  i s  
a f f e c t e d  more by t h e  t ype  o f  p o l a r  groups and t h e i r  a c c e s s i b i l i t y  
than  by t h e  t y p e  and c o n t e n t  of  o i l  i n  t h e  c o a t i n g .  An i n c r e a s e  

i n  t empera ture  has  much l e s s  e f f e c t  on a b s o r p t i o n  t h a n  i n c r e a s i n g  

humidi ty  . 

Ottawa 
February 1978 

C . B . Craw f o r d  
D i r e c t o r ,  D B R / N R C  



PREFACE 

Because e x t e r i o r  coa t ings  a r e  exposed t o  water  i n  t h e  form of  
s o l i d ,  l i q u i d  o r  vapour, t he  de t e rmina t ion  o f  water  a b s o r p t i o n  i n  
coa t ings  a t  va r ious  tempera tures  and r e l a t i v e  humid i t i e s  i s  

cons idered  important  i n  t h e  p r e d i c t i o n  o f  e x t e r i o r  performance. 
Absorption i s  a f f e c t e d  b y  t h e  s o l u b i l i t y  of water  i n  a  coa t ing  and 

by t h e  speed wi th  which water  d i f f u s e s  through a  c o a t i n g .  Studying 
t h e  changes i n  s o l u b i l i t y  and d i f f u s i o n  c o e f f i c i e n t s  o f  c o a t i n g s  
f o r  water  p rovides  an understanding o f  how abso rp t ion  i s  a f f e c t e d  

by c o a t i n g  composi t ion and c l i m a t e .  

This  r e p o r t  d e s c r i b e s  abso rp t ion  s t u d i e s  on c l e a r  f i n i s h e s  

in tended  f o r  e x t e r i o r  wood. The e f f e c t s  o f  t h e  two environmental 
f a c t o r s  on abso rp t ion ,  s o l u b i l i t y  c o e f f i c i e n t  and d i f f u s i o n  
c o e f f i c i e n t  a r e  d i scussed .  I t  is  shown t h a t  water  abso rp t ion  i s  
a f f e c t e d  more by t h e  t ype  of  po l a r  groups and t h e i r  a c c e s s i b i l i t y  

than by t h e  t ype  and con ten t  of  o i l  i n  t h e  c o a t i n g .  An i n c r e a s e  

i n  tempera ture  has  much l e s s  e f f e c t  on a b s o r p t i o n  than  i n c r e a s i n g  
humidi ty .  

Ottawa 
February 1978 
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a  r e l a t i v e l y  long  t ime t o  reach t h e  abso rp t ion  equ i l i b r ium s t a t e .  
Vapours t h a t  do n o t  i n t e r a c t  wi th  t h e  c o a t i n g  m a t e r i a l  cause  no swe l l i ng  

and a t t a i n  e q u i l i b r i u m  i n  a  f a i r l y  s h o r t  pe r iod ;  t hey  a r e  cons idered  t o  
b e  i n e r t  wi th  r e s p e c t  t o  t h e  m a t e r i a l .  A s  a  genera l  r u l e ,  p o l a r  

m a t e r i a l s  have more a f f i n i t y  f o r  p o l a r  vapours ,  and t h e i r  abso rp t ion  o f  
non-polar  vapours fo l lows  t h e  r u l e  a p p l i c a b l e  t o  i n e r t  vapours . 
Molecular s t r u c t u r e  a l s o  a f f e c t s  abso rp t ion .  Loosely packed c h a i n  
s t r u c t u r e s  absorb more vapour than  wel l  c ro s s -  l i nked  and packed 

systems ( 2 )  . The degree o f  c r y s t a l l i n i t y  of a  polymer i s  ano the r  
c o n t r o l l i n g  f a c t o r  (3 )  . 

Water a b s o r p t i o n  d i f f e r s  o n l y  i n  degree  from t h a t  o f  o rgan ic  

s o l v e n t s  owing t o  t h e  f a c t  t h a t  water  molecules a r e  r e l a t i v e l y  small  
and s t r o n g l y  a s s o c i a t e d  through hydrogen bond formation.  Absorption o f  
wa te r  i n  a  polymer depends on t h e  na tu re  o f  t h e  p o l a r  groups a s  w e l l  a s  
t h e i r  p o s i t i o n  i n  t h e  cha in .  The a c c e s s i b i l i t y  o f  t h e  p o l a r  groups, t h e  
r e l a t i v e  s t r e n g t h  o f  water-water  ve r sus  water-polymer i n t e r a c t i o n  and 

c r y s t a l l i n i t y  a r e  impor tan t  f a c t o r s .  Polymers having  we l l -de f ined  
c r y s t a l l i t e s  have r e s t r i c t e d  a c c e s s i b i l i t y  t o  water  molecules,  whereas 

p o l a r  groups promote abso rp t ion .  No s imple  c o r r e l a t i o n  e x i s t s ,  however, 

among t h e s e  f a c t o r s  and amount of  abso rp t ion  (4)  . 

The amount o f  vapour sorbed a s  a  func t ion  o f  r e l a t i v e  vapour 
p r e s s u r e s  a t  a  cons t an t  t empera ture  i s  r ep re sen t ed  by a b s o r p t i o n  i s o -  

therms.  Absorpt ion of vapours  i n  polymers g e n e r a l l y  fo l lows  one  o f  t h r e e  

t ypes  o f  a b s o r p t i o n  i so therm:  i n  t h e  f i r s t ,  abso rp t ion  i s  s t r i c t l y  l i n e a r  

a t  a l l  r e l a t i v e  p r e s s u r e s ;  i n  t h e  second, a b s o r p t i o n  con t inuous ly  
i n c r e a s e s  w i t h  p r e s s u r e ;  t h e  t h i r d  t ype  is  e s s e n t i a l l y  a  combination, f o l -  

lowing t h e  f i r s t  t y p e  a t  low p r e s s u r e  and t h e  second a t  h igh  p r e s s u r e s .  

S o l u b i l i t y  C o e f f i c i e n t  

Absorpt ion o f  a  mobile phase i n  a  s o l i d  i s  a  process  o f  d i s t r i b u t i o n  

and mixing a s s o c i a t e d  wi th  a  change i n  t h e  en t ropy  l e v e l .  I t  i s  governed 

by t h e  Van der  Waalls fo rces  a c t i n g  a t  i n t e rmo lecu la r  s u r f a c e s .  Because 
a b s o r p t i o n  involves  a  change i n  en t ropy ,  t h e  t o t a l  f r e e  energy of t h e  
s o l  i d  phase  and in t e rmo lecu la r  f o r c e s  determine the  e x t e n t  o f  abso rp t ion .  
The abso rp t ion  o f  a  mobile phase (vapour o r  l i q u i d )  having  a  d e f i n i t e  
t o t a l  f r e e  energy t h e r e f o r e  d i f f e r s  from one polymer t o  ano the r .  

Usual ly ,  where a b s o r p t i o n  o f  vapour i n  a  polymer i s  r e l a t i v e l y  low 
o r  t h e  vapour p r e s s u r e s  a r e  no t  h igh ,  Henry's law is  obeyed (5) ; a t  
e q u i l  illrium, t h e  concen t r a t i on  o f  t h e  vapour absorbed i n  t h c  polymer, c , 
i s  d i r e c t l y  p r o p o r t i o n a l  t o  i t s  p a r t i a l  p r e s su re ,  p ,  t h a t  i s  



Thc s o l u b i l i t y  c o e f f i c i e n t  i s  o f t e n  c o n s t a n t  a t  low r e l a t i v e  vapour 
p r e s s u r e s .  When f a c t o r s  1  i ke  concen t r a t i on ,  t ime, o r  t empera ture  o f  

a b s o r p t i o n  o f  vapour i n  a  polymer a r e  i nc reased ,  t he  p roces s  d e v i a t e s  
from Henry 's  law and t h e  va lue  of  t h e  s o l u b i l i t y  c o e f f i c i e n t  changes 
accord ingly .  I t  can then b e  expressed  i n  terms o f  t h e  a c t i v i t y  o f  t h e  

vapour 

w i th  a l  -, p/po, t h e  r e l a t i v e  vapour p r e s s u r e  be ing  an approximation o f  

vapour a c t i v i t y .  

Re l a t i on  o f  S o l u b i l i t y  and Permeabi l i ty  C o e f f i c i e n t s  

On d i f f e r e n t i a t i o n  w i th  r e spec t  t o  x, equa t ion  (1) becomes 

Under cond i t i ons  i n  which F ick ' s  f i r s t  law holds  good, t h e  f l u x  Q o f  t h e  

d i f f u s i n g  vapour i s  propor t i ona l  t o  t he  concen t r a t i on  g r a d i e n t  (6) 

where D i s  t h e  d i f f u s i o n  c o e f f i c i e n t .  Equation (4) can be  expressed  a s  

o r  

t h e r e f o r e  

When r a t e  o f  permeation i s  s teady ,  t he  q u a n t i t y  o f  vapour,  Q ,  permeat ing 
i n  u n i t  time through u n i t  a r e a  of  f i lm  th i cknes s  L under a  vapour p r e s s u r e  
d i f f e r e n t i a l  (p l  - p2) i s  



where P i s  t h e  pe rmeab i l i t y  c o e f f i c i e n t .  

Thus P = DS (9) 

E f f e c t  o f  Temperature on S o l u b i l i t y  C o e f f i c i e n t  

I n  equa t ion  (9) bo th  D and P r e p r e s e n t  movement o f  vapours i n  o r  
through a  s o l i d ,  w h i l e  S r e p r e s e n t s  t h e  amount of  t h e  vapour absorbed by 

a  s o l i d .  Genera l ly ,  a  r i s e  i n  temperature  a c c e l e r a t e s  t he  r a t e  o f  move- 
ment, so t h a t  t h e  va lues  o f  t h e  rate-dependent  cons t an t s  P and D i n c r e a s e  
Absorpt ion,  because it fo l lows  the  p r i n c i p l e s  a p p l i c a b l e  t o  s o l u t i o n s ,  i s  

no t  d i r e c t l y  a f f e c t e d  by tempera ture  and any inc rease  wi th  a  r i s e  i n  
temperature  i s  due t o  a c t i v a t i o n  of  abso rp t ion  s i t e s .  The e f f e c t  o f  

t empera ture  on t h e  s o l u b i l i t y  c o e f f i c i e n t  o v e r  a  small  temperature  change 

can, however, b e  r ep re sen t ed  by an Arrhenius- type express ion  

where So i s  a  pre-exponent ia l  f u n c t i o n  and AHs i s  t h e  appa ren t  h e a t  o f  

s o l u t i o n  ( abso rp t ion )  ( 7 ) .  A s  t he  process  o f  abso rp t ion  o f  vapour by a  
polymer i s  cons idered  t o  occur  i n  two s t a g e s  - condensat ion of  vapour,  

then mixing and s o l u t i o n  i n  t h e  s o l i d  phase - &-Is can be  expressed  i n  
terms o f  molar  h e a t  o f  condensat ion AHc and the  p a r t i a l  molar h e a t  o f  

mixing AHm 

Genera l ly ,  vapours  with low abso rp t ion  a c t i v i t i e s  ( i d e a l  gases )  

h a r d l y  condense on t h e  absorp t ion  s i t e s  and t h e i r  AHc i s  n e g l i g i b l e .  I n  

such ca se s  Alls i s  e s s e n t i a l l y  equ iva l en t  t o  AHm, which i s  u s u a l l y  small  

and p o s i t i v e .  S o l u b i l i t y  c o e f f i c i e n t s  o f  such vapours t h e r e f o r e  i n c r e a s e  
s l i g h t l y  wi th  tempera ture .  On the  o t h e r  hand, vapours t h a t  condense 
e a s i l y  (It20, N H 3 ,  s o l v e n t s )  u s u a l l y  have nega t ive  Alls  va lues  owing t o  t h e  
h e a t  o f  condensat ion.  For t h i s  reason s o l u b i l i t y  c o e f f i c i e n t s  o f  e a s i l y  
condensable  o r  high a b s o r p t i o n - a c t i v i t y  vapours dec rease  w i th  i n c r e a s i n g  

temperature  (8,  9 ) .  



A b s o r p t i o n  by C o a t i n g s  

Water  a b s o r p t i o n  i s  c o n s i d e r e d  t o  b e  a n  i m p o r t a n t  p r o p e r t y  b e c a u s e  

e x t e r i o r  c o a t i n g s  remain i n  c o n t a c t  w i t h  w a t e r  i n  t h e  form o f  r a i n  o r  

h igh  humid i ty  a t  v a r i o u s  t e m p e r a t u r e s .  I t  h a s  b e e n  obse rved  i n  s t u d i e s  
o f  w a t e r  vapour  pe rmea t ion  (1) t h a t  b o t h  pe rmea t ion  r a t e s  and p e r m e a b i l i t y  

c o e f f i c i e n t  a r e  a f f e c t e d  by t e m p e r a t u r e  and r e l a t i v e  h u m i d i t y  a s  w e l l  a s  

by t h e  compos i t ion  o f  t h e  c o a t i n g .  The s t u d y  o f  t h e  e f f e c t  o f  vapour  
p r e s s u r e  and t e m p e r a t u r e  on  a b s o r p t i o n  o f  w a t e r  i n  o r g a n i c  c o a t i n g s  was 

t h e r e f o r e  c o n s i d e r e d  t o  b e  o f  some p r a c t i c a l  importance .  T h i s  p a p e r  
r e p o r t s  how w a t e r  a b s o r p t i o n ,  d i f f u s i o n  c o e f f i c i e n t  and s o l u b i l i t y  
c o e f f i c i e n t  o f  c o a t i n g s  respond  t o  changes  i n  v a p o u r  p r e s s u r e  o r  
t e m p e r a t u r e .  

EXPERIMENTAL 

A p p a r a t u s  

The t r a d i t i o n a l  method o f  measur ing a b s o r p t i o n  by immersing f r e e  

f i lms o f  a  c o a t i n g  i n  w a t e r  h a s  c e r t a i n  l i m i t a t i o n s  and c a n n o t  b e  u s e d  
f o r  s t u d y j ~ n g  w a t e r  a b s o r p t i o n  a t  d i f f e r e n t  r e l a t i v e  h u m i d i t i e s  and 

t e m p e r a t u r e s .  The q u a r t z  s p r i n g  b a l a n c e  (10) m o d i f i e d  f o r  use  w i t h  
b u i l d i n g  m a t e r i a l s  (11.) does n o t  have  t h e s e  l i m i t a t i o n s  and h a s  been used  
i n  t h i s  and p r e v i o u s  work (1 ,  12) . 

M a t e r i a l s  

Twelve pa rapheny l  -phenol  i c  r e s i n  v a r n i s h e s  and 1 0  a1 kyds upon which 

p e r m e a b i l i t y  measurements had b e e n  made (1) were  used  i n  t h i s  work.  
T h e i r  f o r m u l a t i o n s  a r e  summarized i n  T a b l e  I .  

Procedure  

The s p e c i f i c  g r a v i t i e s  o f  t h e  d r i e d  films were de te rmined  i n  

a c c o r d a n c e  w i t h  ASTM Method D1963, u s i n g  Hubbard- type pycnometers  

(Tab le  I ) .  

Four p i e c e s  (each  a b o u t  30 by  70 mm) o f  a  sample  were  p l a c e d  on a  
t r i a n g u l a r  p l a t i n u m  w i r e  loop ,  a l l o w i n g  f r e e  a c c e s s  o f  vapour  t o  a l l  
s u r f a c e s .  The l o o p  was t h e n  suspended  from a  s p r i n g  i n  a  g l a s s  t u b e .  
Four such  t u b e s  were f i x e d  on each o f  two a b s o r p t i o n  u n i t s .  The t e s t  
samples  were e v a c u a t e d  t o  c o n s t a n t  w e i g h t ,  t h e n  s u b j e c t e d  t o  s e v c r a l  
c y c l e s  o f  a b s o r p t i o n  a t  99 p e r  c e n t  RH and d e s o r p t i o n  a t  0 p e r  c e n t  Rtl 

T h i s  o p e r a t i o n  h a s  been  found n e c e s s a r y  f o r  removing t r a c e s  o f  s o l v e n t  

t r a p p e d  i n  t h e  d r i e d  f i l m  ( 1 2 ) .  

The amount o f  w a t e r  absorbed  i n  t h e  f r e e  f i l m  o f  a  c o a t i n g  under  t h e  
c o n d i t i o n  o f  e q u i l i b r i u m  was c a l c u l a t e d  a s  t h e  p e r  c e n t  by  w e i g h t  o f  
w a t e r  absorbed  a t  a  g iven  r e l a t i v e  vapour  p r e s s u r e  ( r e l a t i v e  h u m i d i t y ) .  

The s o l u b i l i t y  c o e f f i c i e n t  d e n o t e s  t h e  amount o f  w a t e r  ( g )  absorbed  i n  
u n i t  volume o f  t h e  c o a t i n g  (cm3) when t h e  vapour  p r e s s u r e  i s  1  mm o f  
mercury.  



RESULTS AND DISCUSS ION 

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

a  d r y i n g  o r  a  semi -d ry ing  o i l .  A s  some p a r t i a l l y  r e a c t e d  o i l  o r  o t h e r  
a c t i v e  i n g r e d i e n t s  a r e  p r e s e n t ,  t h e  c o a t i n g s  d e v e l o p  r e l a t i v e l y  g r e a t e r  

a f f i n i t y  f o r  w a t e r ,  e s p e c i a l l y  i n  humid environments ,  and may e x h i b i t  

some h y d r o p h i l i c  c h a r a c t e r i s t i c s .  I n  such c a s e s  t h e  i n c r e a s e  i n  w a t e r  
a b s o r p t i o n  and t h e  d imens iona l  changes  i n  a  c o a t i n g  depend mainly  on  t h e  
r e l a t i v e  vapour  p r e s s u r e  (humid i ty )  a n d  t h e  n a t u r e  and p o s i t i o n  o f  p o l a r  

groups  i n  t h e  s t r u c t u r e .  

Water Absorp t ion  and S o l u b i l i t y  C o e f f i c i e n t  

P h e n o l i c s :  The amount o f  w a t e r  a b s o r b e d  and t h e  r e s u l t i n g  s o l u b i l i t y  
c o e f f i c i e n t s  a r e  shown i n  T a b l e s  I1 t o  I V .  A s  i l l u s t r a t e d  i n  F i g u r e  1, 

w a t e r  a b s o r p t i o n  by t h e s e  c o a t i n g s  i s  a n  approx imate ly  1  i n e a r  f u n c t i o n  
o f  r e l a t i v e  vapour  p r e s s u r e  i n  accordance  w i t h  H e n r y ' s  Law up t o  abou t  
60 t o  70 p e r  c e n t  M I .  The s o l u b i l i t y  c o e f f i c i e n t s  sl~own i n  F i g u r e  2 

d e v i a t e  from b e i n g  p a r a l l e l  t o  t h e  RH a x i s  a t  h i g h e r  r e l a t i v e  h u m i d i t i e s .  
T h i s  d e v i a t i o n  i s  b e l i e v e d  t o  b e  t h e  r e s u l t  o f  h y d r a t i o n  o f  some p o l a r  
groups  p r e s e n t  i n  t h e  c o a t i n g ,  i l l u s t r a t i n g  t h e  c o n c e n t r a t i o n  dependence 

o f  a b s o r p t i o n  i n  p h e n o l i c s .  

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

p h e n o l i c s  a b s o r b  r e l a t i v e l y  more w a t e r .  The e f f e c t  of  r e l a t i v e  humid i ty  
on t h e i r  s o l u b i l i t y  c o e f f i c i e n t s  is a l s o  g r e a t e r  a t  h i g h  r e l a t i v e  vapour  
p r e s s u r e  t h a n  f o r  t h e  lower  o i l  c o n t e n t  p h e n o l i c s  ( F i g u r e  3 ) .  Because  o f  

g r e a t e r  c r o s s -  1 i n k i n g  w i t h  t h e  r e s i n ,  t u n g  phenol i c s  a b s o r b  l e s s  wa te r  
t h a n  t h e i r  c o u n t e r p a r t s  b a s e d  on  o t h e r  o i l s ,  a l t h o u g h  a t  5 8 . 3  p e r  c e n t  
o i l  c o n t e n t  t h e  d i f f e r e n c e s  between t u n g  and l i n s e e d  a r e  n o t  s i g n i f i c a n t .  

Consequent ly ,  t h e i r  s o l u b i l i t y  c o e f f i c i e n t s  a r e  a f f e c t e d  l e s s  by t h e  
h i g h  a c t i v i t y  o f  w a t e r .  D i f f e r e n c e s  i n  w a t e r  a b s o r p t i o n  v a l u e s  o r  

s o l u b i l i t y  c o e f f i c i e n t s  w i t h  r e s p e c t  t o  o i l  c o n t e n t s  and o i l  t y p e s  a r e ,  
however, n o t  g r e a t .  By c o n t r a s t ,  o i l  c o n t e n t  o r  o i l  t y p e  markedly 

a f f e c t e d  t h e  r a t e  of  w a t e r  vapour  pe rmea t ion  and t h e  t e n s i l e  p r o p e r t i e s  
o f  t h e s e  p h e n o l i c s  ( 1 ,  1 3 ) .  

A1 kyds : A s  s t a t e d ,  a b s o r p t i o n  depends o n  t h e  chemical  c o n f i g u r a t i o n  o f  
t h e  c o n s t i t u e n t s  and t h e i r  p o s i t i o n  i n  t h e  m o l e c u l a r  s t r u c t u r e  o f  t h e  
c o a t i n g  m a t e r i a l .  A s  a  p r o d u c t  of  o i l ,  p h t h a l i c  a n h y d r i d e ,  p o l y o l  and  
o t h e r  i n g r e d i e n t s ,  a  c o n v e n t i o n a l  a lkyd  h a s  r e l a t i v e l y  more a c t i v e  a r e a s  
t o  absorb  w a t e r  t h a n  h a s  a  p h e n o l i c .  The v a l u e s  g iven  i n  Tab le  V show 
t h a t  a t  50 p e r  c e n t  RH most a l k y d s  absorb  t w i c e  a s  much w a t e r  a s  do 

p h e n o l i c s ,  and t h a t  above 90 p e r  c e n t  R H  t h e  r a t i o  becomes a l m o s t  3 .  
T h i s  i n d i c a t e s  t h a t  p a r t i a l l y  r e a c t e d  i n g r e d i e n t s  i n  t h e s e  a l k y d s  r e t a i n  
some o f  t h e i r  p o l a r  groups ,  c a u s i n g  a l k y d  c o a t i n g s  t o  e x h i b i t  h y d r o p h i l i c  
c h a r a c t e r i s t i c s  i n  a  humid env i ronment .  

The s o l u b i l i t y  c o e f f i c i e n t s  o f  a l k y d s  (Tab le  VI ) ,  u n l i k e  t h o s e  of  
phenol i c s ,  show a r e g u l a r  i n c r e a s e  i n  v a l u e  w i t 1 1  i n c r e a s i n g  r e l a t i v e  
humidi ty ,  t h e  r e l a t i o n  b e i n g  e s s e n t i a l l y  l i n e a r  f o r  most o f  t h e  a l k y d s  

s t u d i e d  ( F i g u r e  4 )  . T!le e x t e n t  o f  t h e  d e v i a t i o n  o f  t h e  p l o t s  from t h e  



Rl1 a x i s  i n d i c a t e s  t he  degree o f  hydra t ion  o f  p o l a r  groups t h a t  may cause  
swe l l i ng  and dimensional c!langes i n  t he  c o a t i n g .  One i n t e r e s t i n g  f e a t u r e  

i s  t h a t  t h e  p l o t s  i n d i c a t e  t h a t  o r t h o p h t h a l i c  a lkyds  a r e  more hyd roph i l i c  
than i s o p h t h a l i c  a lkyds ,  a l though the  o i l  c o n t e n t s  o f  t he  l a t t e r  a r e  
h i g h e r .  A s  bo th  t ypes  a r e  commercial p roduc t s  and a l l  o f  t h e i r  

c o n s t i t u e n t s  a r e  no t  known, t h i s  f e a t u r e  can be  c o r r e l a t e d  a t  p r e s e n t  
on ly  wi th  t h e  p h t h a l i c  isomer used i n  t h e  fo rmula t ion .  

Water abso rp t ion  i n  a lkyds  912, 913 and 914 decreases  w i t h  o i l  
c o n t e n t ,  b u t  t h i s  r e l a t i o n  does no t  ho ld  good f o r  o t h e r  o r t h o p h t h a l i c  
a lkyds  o r  f o r  i s o p h t h a l i c  a lkyds ;  i n  o t h e r  words, o i l  con ten t  may n o t  b e  

t h e  major f a c t o r  r e s p o n s i b l e  f o r  wa te r  abso rp t ion  i n  t h e s e  a lkyds .  Apart  
from o i l  c o n t e n t ,  water  abso rp t ion  i n  a lkyds  i s  probably a f f e c t e d  mainly 
by polyol  c o n t e n t  and t h e  e x t e n t  o f  t h e  r e a c t i o n .  

P l o t s  i n  F igure  5 o f  s o l u b i l i t y  c o e f f i c i e n t s  f o r  some a l k y d s  and 
phenol ics  i l  l u s t r a t e  t he  d i f f e r e n c e s  i n  wa te r  abso rp t ion  c h a r a c t e r i s t i c s  

o f  t h e s e  c o a t i n g s .  O i l  con ten t  i n  soya pheno l i c s  1022 and 1023 o r  i n  
a lkyds  E4  and E 6  does no t  cause  much d i f f e r e n c e  i n  t h e  s o l u b i l i t y  
c o e f f i c i e n t s  of m a t e r i a l s  o f  t h e  same type ,  b u t  t h e r e  is  a  l a r g e  

d i f f e r e n c e  between the  two types  o f  c o a t i n g .  Alttiough l i n s e e d  phenol ic  
1021 (F igure  3) and alkyd 1055 (F igure  5) have s i m i l a r  o i l  con ten t s ,  they  
show a  r e l a t i v e l y  l a r g e  d i f f e r e n c e  i n  t h e i r  s o l u b i l i t y  c o e f f i c i e n t s .  

These obse rva t ions  i n d i c a t e  t h a t  w a t e r  abso rp t ion  i n  coa t ing  m a t e r i a l s  

depends more on t h e  n a t u r e  o f  t h e  p o l a r  groups and t h e i r  a c c e s s i b i l i t y  t o  
water  than  on t h e  type  and c o n t e n t  o f  o i l s  i n  t h e  c o a t i n g s .  

I n f luence  of  Water Absorption on Permeabi l i ty  and Dif fus ion  C o e f f i c i e n t s  

I n  t h e  process  o f  permeation, vapour a t  t h e  h igh  p r e s s u r e  s i d e  i s  

absorbed,  then  d i f f u s e s  t o  t he  low p r e s s u r e  s i d e  where i t  i s  desorbed.  
Permeation, which d e s c r i b e s  t h e  cont inuous  flow of vapour from high t o  

low p r e s s u r e ,  i s  t h e r e f o r e  d i r e c t l y  p ropor t i ona l  t o  t h e  r a t e  o f  d i f fu s ion ,  
which main ta ins  t h e  concen t r a t i on  o f  t h e  permeant i n  t h e  coa t ing  a t  t h e  
a b s o r p t i o n  equ i l i b r ium 1  eve1 . The pe r iod  r equ i r ed  t o  e s t a b  l i s h  

abso rp t ion  equ i l i b r ium w i t h i n  t h e  system depends on t h e  r a t e  o f  d i f f u s i o n  
o f  t h e  condensed vapour through t h e  absorb ing  s i t e s  i n  t h e  c o a t i n g  and on 
t h e  a f f i n i t y  between t h e  mobile and s o l i d  phases .  Once t h e  abso rp t ion  
equ i l i b r ium o f  t he  mobile phase i n  t h e  c o a t i n g  has been a t t a i n e d ,  permea- 
t i o n  i s  a  s t e a d y - s t a t e  flow p roces s .  This  i n d i c a t e s  t h a t  t h e  t ime f o r  
t h e  s t eady  s t a t e  of permeation i s  equ iva l en t  t o  t h e  t ime  r equ i r ed  f o r  t h e  
system t o  a t t a i n  abso rp t ion  e q u i l  ibr ium wh i l e  temperature  and vapour 
p re s su re  a r e  cons t an t .  

The wa te r  r e t a i n e d  i n  t he  coa t ing  under t h e  cond i t i on  of  abso rp t ion  
equ i l i b r ium a c t s  a s  a  p l a s t i c i z e r  f o r  t h e  movement o f  segments o f  t h e  
polymer molecules .  This  i s  t h e  reason why, i n  ca se s  where r e l a t i v e l y  
more water  is  absorbed a t  h igh  r e l a t i v e  p r e s s u r e s  (because o f  some 
phys i ca l  i n t e r a c t i o n  between wa te r  and t h e  p o l a r  g roups) ,  t h e  permeab il i t y  
c o e f f i c i e n t  o f  t h e  coa t ing  f o r  wa te r  vapour i n c r e a s e s  w i th  a  r i s e  i n  
r e l a t i v e  humidi ty .  In  o t h e r  words, t he  pe rmeab i l i t y  c o e f f i c i e n t  o f  a  
coa t ing  i s  p a r t l y  c o n t r o l l e d  by  t h e  c o e f f i c i e n t  o f  d i f f u s i o n  and p a r t l y  by 
t h e  amount of  mobile phase r e t a i n e d  i n  t h e  c o a t i n g  a t  abso rp t ion  

equi  l i b r ium.  



I n  p r e v i o u s  work (1)  it  was shown t h a t  t h e  p e r m e a b i l i t y  c o e f f i c i e n t s  

o f  p h e n o l i c s  a r e  o n l y  s l i g h t l y  a f f e c t e d  by i n c r e a s i n g  r e l a t i v e  humid i ty  
w h i l e  t h o s e  o f  a l k y d s  a r e  modera te ly  a f f e c t e d .  The t h e o r e t i c a l  v a l u e s  o f  
w a t e r  d i f f u s i o n  c o e f f i c i e n t s  o f  20-ga l lon  p h e n o l i c s  were  c a l c u l a t e d  from 

t h e  known v a l u e s  o f  t h e i r  s o l u b i l i t y  and p e r m e a b i l i t y  c o e f f i c i e n t s  a t  
73OF (22.S0C) and d i f f e r e n t  r e l a t i v e  h u m i d i t i e s  (Tab le  VI I )  . The p l o t s  

o f  d i f f u s i o n  c o e f f i c i e n t s  a s  a  f u n c t i o n  o f  r e l a t i v e  humid i ty  a r e  s t r a i g h t  
l i n e s  w i t h  a  s l i g h t  i n c l i n a t i o n  towards t h e  RH a x i s  ( F i g u r e  6 ) .  With 

a l k y d s ,  p e r m e a b i l i t y  and a b s o r p t i o n  d e t e r m i n a t i o n s  were made a t  o n l y  one  
r e l a t i v e  humid i ty ,  a t  t h e  same t e m p e r a t u r e .  I n  t h e  o t h e r  c a s e s ,  a l though  
t h e  h u m i d i t i e s  were t h e  same a t  each l e v e l ,  t e m p e r a t u r e  v a r i e d  somewhat 
f o r  t h e  two d e t e r m i n a t i o n s .  The t e m p e r a t u r e s  were  comparab l e  enough, 
however, t o  p e r m i t  approximate  c a l c u l a t i o n  o f  t h e  a l k y d  d i f f u s i o n  
c o e f f i c i e n t s ,  which were  found t o  behave i n  a s i m i l a r  manner t o  t h o s e  o f  
p h e n o l i c s .  Th i s  f e a t u r e  i n d i c a t e s  t h e  small e f f e c t  o f  r e l a t i v e  humidi ty  

on t h e  v a l u e s  o f  D and s u g g e s t s  t h a t  t h e  i n c r e a s e  i n  p e r m e a b i l i t y  
c o e f f i c i e n t s  can  b e  a t t r i b u t e d  t o  an i n c r e a s e  i n  s o l u b i l i t y  c o e f f i c i e n t s  

a t  h i g h  r e l a t i v e  h u m i d i t i e s .  

E f f e c t  o f  T e m ~ e r a t u r e  on Water A b s o r ~ t i o n  

Absorp t ion  o f  w a t e r  t a k e s  p l a c e  i n  two s t a g e s :  condensa t ion  o f  
vapour  on t h e  s u r f a c e ,  and  i t s  d i s t r i b u t i o n  (mixing) t o  t h e  a c t i v e  s i t e s  
w i t h i n  t h e  c o a t i n g  u n t i l  it a t t a i n s  a  s t a t e  o f  a b s o r p t i o n  e q u i l i b r i u m .  

T h i s  shows t h a t  a b s o r p t i o n  i s  mainly  governed b y  h e a t  o f  c o n d e n s a t i o n  
and by t h e  a c t i v i t i e s  o f  t h e  mobi le  and s o l i d  phases ,  and t h a t  i t  i s  

independen t  o f  r a t e  because  it  i s  e x p r e s s e d  as a b s o r p t i o n  a t  e q u i  1 ibr ium.  
Cliange i n  t e m p e r a t u r e  does a c t i v a t e  abs 'o rp t ion  s i t e s ,  b u t  i t  i s  n o t  s o  
s i g n i f i c a n t  a s  f o r  r a t e  dependent  phenomena. A 1  though t h e  a c t i v i t y  o f  
t h e  vapour  condensed i n  t h e  c o a t i n g  i n c r e a s e s  w i t h  a r i s e  i n  t empera tu re ,  
t h e  amount absorbed  i n  a c o a t i n g  under e q u i l i b r i u m  a t  a  p a r t i c u l a r  r e l a -  

t i v e  p r e s s u r e  does  n o t  change much w i t h  t empera tu re .  

The p e r  c e n t  w a t e r  a b s o r b e d  b y  f o u r  20-ga l lon  p h e n o l i c s  a t  f o u r  

d i f f e r e n t  t e m p e r a t u r e s  (Tab le  V I I I )  shows a  l i m i t e d  l i n e a r  i n c r e a s e  w i t h  
t e m p e r a t u r e .  T h i s  i n d i c a t e s  t h a t  t h e  e f f e c t  o f  t e m p e r a t u r e  on a b s o r p t i o n  
i s  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  e x t e n t  o f  a c t i v a t i o n  o f  t h e  groups 
r e s p o n s i b l e  f o r  a b s o r p t i o n  and on t h e i r  p h y s i c a l  i n t e r a c t i o n  w i t 1 1  w a t e r  
molecu les .  O b s e r v a t i o n s  o f  t h e  r e l a t i o n  between tempera tu re  and  w a t e r  
a b s o r p t i o n  f o r  a l k y d s  (Tab le  IX) show t h a t  a l k y d s  have r e l a t i v e l y  more 
p o l a r  groups  t h a n  p h e n o l i c s  and  a r e  a f f e c t e d  more b y  t e m p e r a t u r e .  The 
d i f f e r e n c e  between t h e  e x t e n t  o f  a c t i v a t i o n  o f  t h e  groups can  b e  e s t i m a t e d  

i n  F i g u r e  7  f rom t h e  r a t i o  between t h e  s l o p e s  o f  t h e  p l o t s  f o r  w a t e r  
a b s o r p t i o n  v e r s u s  t empera tu re  f o r  p h e n o l i c s  and a l k y d s  - about  1 : 1 . 7 .  
Th is  r a t i o  cou ld  a l s o  b e  used a s  a n  approx imate  measure o f  t h e  a c t i v i t y  
o f  p o l a r  groups i n  t h e  a l k y d s  and p h e n o l i c s  s t u d i e d  h e r e  w i t h  r e s p e c t  t o  
w a t e r  molecu les .  

The f a i r l y  h i g h  l e v e l  o f  w a t e r  a b s o r p t i o n  and t h e  r e l a t i v e l y  l a r g e  
d i f f e r e n c e s  from one  t y p e  o f  c o a t i n g  t o  a n o t h e r  show t h a t  a b s o r b e d  w a t e r  
i s  i n  t h e  form o f  condensed vapour o r  l i q u i d .  I f  w a t e r  were p r e s e n t  o n l y  
a s  vapour ,  t h e  amount would n o t  b e  s u f f i c i e n t  t o  d i s t i n g u i s h  between 



coa t ings .  There i s ,  t h e r e f o r e ,  a  phys ica l  mixture  of  two phases ,  and 

the  a f f i n i t y  o f  water  molecules f o r  the  a c t i v e  groups i n  t he  c o a t i n g  and 
t h e  l e v e l  o f  t h e i r  phys ica l  i n t e r a c t i o n  can be  cons idered  mainly 
r e spons ib l e  f o r  t h e  e f f e c t  o f  temperature  on abso rp t ion .  I f  t h e r e  a r e  

no s t r o n g  phys ica l  i n t e r a c t i o n  f o r c e s  between water  molecules and t h e  
chemical groups i n  t he  coa t ing ,  t he  thermodynamics o f  water  abso rp t ion  
a t  low r e l a t i v e  humidi t ies  can b e  desc r ibed  by t h e o r i e s  a p p l i c a b l e  t o  
s o l u t i o n s .  

E f f e c t  o f  Temperature on Water S o l u b i l i t y ,  Permeabi l i ty ,  and 
Dif fus ion  C o e f f i c i e n t s  o f  a  Coat ine  

'Ihe s o l u b i l i t y  c o e f f i c i e n t  i s  d i r e c t l y  p ropor t i ona l  t o  t h e  c a p a c i t y  

o f  a  c o a t i n g  t o  r e t a i n  a  c e r t a i n  amount o f  wa te r  i n  a  cond i t i on  o f  
a b s o r p t i o n  equi l ib r ium,  whereas t h e  d i f f u s i o n  and pe rmeab i l i t y  

c o e f f i c i e n t s  depend on the  s t r u c t u r a l  con f igu ra t i on  of t h e  c o a t i n g  and 
t h e  migra t ion  o f  t h e  mobile phase through i t .  With condensable vapours 
t h e  h e a t  o f  s o l u t i o n ,  Alls (coming most ly  from t h e  h e a t  o f  condensat ion,  
h i c ,  equa t ion  (1 1) ) , i s  u s u a l l y  nega t ive .  The temperature  dependence o f  
t h e  s o l u b i l i t y  c o e f f i c i e n t  o f  a  c o a t i n g  f o r  such vapour i s  t h e r e f o r e  a  
func t ion  o f  t h e  degree o f  condensab i l i t y  o f  t h e  vapour .  Because water  i s  
a  f a i r l y  condensable vapour,  t h e r e  i s  a  s i g n i f i c a n t  decrease  i n  t he  water  
s o l u b i l i t y  c o e f f i c i e n t s  o f  c o a t i n g  m a t e r i a l s  wi th  an i n c r e a s e  i n  the  
temperature  o f  the  environment.  F igure  8 shows t h a t  t h e  s o l u b i l i t y  
c o e f f i c i e n t s  decrease s h a r p l y  wi th  i n c r e a s i n g  tempera ture ,  a l though t h e  
p e r  c e n t  water  absorbed by phenol ics  and a lkyds  i n c r e a s e s  s l i g h t l y  

w i th  tempera ture .  

Vapour condensed a t  t h e  s u r f a c e  has  a  tendency t o  move i n t o  t h e  

c o a t i n g  under a  p re s su re  d i f f e r e n t i a l .  A s  d i f f u s i o n  and permeation a r e  
r a t e  dependent phenomena, t h e  vapour needs energy i n  a d d i t i o n  t o  t h a t  o f  
t h e  h e a t  o f  s o l u t i o n  f o r  i t s  movement through t h e  c o a t i n g .  This  energy 
i s  p r i n c i p a l l y  supp l i ed  by t h e  thermal movement of  t h e  molecules and t h i s  
i s  i n c r e a s e d  by a  r i s e  i n  t h e  temperature  o f  t h e  system. Di f fus ion  and 
permeat ion,  being thermally a c t i v a t e d  processes ,  a r e  t h e r e f o r e  
cons ide rab ly  i n f luenced  by changes i n  tempera ture .  

The va lues  p re sen t ed  i n  Table  X f o r  pheno l i c s  and i n  Table  XI f o r  
a lkyds  show t h e  e f f e c t  o f  temperature  on permeation and d i f f u s i o n  
c o e f f i c i e n t s ,  wi th  t h e  l a t t e r  i l l u s t r a t e d  i n  Figure 9 .  A s  wi th  humidi ty ,  
t h e  pe rmeab i l i t y  c o e f f i c i e n t s  o f  pheno l i c s  do n o t  change markedly wi th  
temperature ,  b u t  those  o f  a lkyds a r e  more a f f e c t e d .  The d i f f u s i o n  
c o e f f i c i e n t s  o f  bo th  i n c r e a s e  r a p i d l y  because permeation and d i f f u s i o n  
a r e  r a t e  dependent;  and because t h e  s o l u b i l i t y  c o e f f i c i e n t  i s  r a t e  
independent ,  i t  dec reases  w i  t h  i n c r e a s i n g  temperature  . 

For a  p a r t i c u l a r  c l a s s  o f  c o a t i n g ,  p e r m e a b i l i t y  c o e f f i c i e n t s  a r e  
a f f e c t e d  by o i l  con ten t  o r  type  i n  t h e  c o a t i n g ,  bu t  w i t h i n  each c l a s s  t h e  
s o l u b i l i t y  c o e f f i c i e n t s  a r e  approximately t he  same; e .  g . ,  893 versus  1022 
f o r  phenol ics  (Tables  VIII  and X) and E4 ve r sus  1056 f o r  a lkyds (Tables 
IX and XI) .  The d i f f u s i o n  c o e f f i c i e n t  does n o t  appear  t o  be  r e l a t e d  t o  
t he  c l a s s  o f  c o a t i n g  because soya i so-a lkyd  E6 has  a  much lower d i f f u s i o n  
c o e f f i c i e n t  than t h e  corresponding soya phenol ic  1022. 



CONCLUSIONS 

The amount o f  water  absorbed by pheno l i c  va rn i shes  i n c r e a s e s  l i n e a r l y  
up t o  60 p e r  c e n t  M i ;  below t h i s  va lue  t h e i r  s o l u b i l i t y  c o e f f i c i e n t s  a r e  

r e l a t i v e l y  una f f ec t ed  by r e l a t i v e  humidi ty .  Although those  con ta in ing  

slower d ry ing  o i l s  o r  more o i l  absorb more water ,  e s p e c i a l l y  a t  h ighe r  
r e l a t i v e  humid i t i e s ,  than  t h e  s h o r t  o i l  tung and l i n s e e d  va rn i shes ,  t h e  
d i f f e r e n c e s  a r e  no t  so  g r e a t  a s  f o r  permeation r a t e s .  The same i s  t r u e  
when s o l u b i l i t y  c o e f f i c i e n t s  a r e  compared wi th  pe rmeab i l i t y  c o e f f i c i e n t s .  
These r e s u l t s  show t h a t  pheno l i c  v a r n i s h e s  c o n t a i n  on ly  a  r e l a t i v e l y  
small  p ropor t i on  o f  p o l a r  groups a t t r a c t i v e  t o  w a t e r .  I n c r e a s i n g  o i l  

con ten t  has  l i t t l e  e f f e c t  on p o l a r  group concen t r a t i on ,  b u t  i t  does 
reduce t h e  compactness and r i g i d i t y  o f  t h e  f i l m  s t r u c t u r e ,  thereby  
i n c r e a s i n g  permeat ion.  

Alkyds, on t h e  o t h e r  hand, absorb twice  a s  much wa te r  a s  pheno l i c s  

a t  50 p e r  c e n t  RH and t h e i r  s o l u b i l i t y  c o e f f i c i e n t s  a r e  markedly a f f e c t e d  

by r e l a t i v e  humidi ty .  This  i s  cons idered  t o  be  evidence o f  t h e  hyd ra t ion  
o f  p o l a r  groups i n  t h e  a lkyd  molecule .  I t  i s  known t h a t  a l l  t h e  carboxyl 
and hydroxyl groups a r e  n o t  r e a c t e d  du r ing  alkyd p r e p a r a t i o n  f o r  f e a r  o f  
g e l 1  ing  t he  a1 kyd through too much c ros s -  l i n k i n g .  The reason t h a t ,  water  
abso rp t ion  i s  n o t  always d i r e c t l y  r e l a t e d  t o  p h t h a l i c  o r  o i l  c o n t e n t  i s  
t h a t  some a1 kyds con ta in  a  g r e a t e r  amount o f  exces s  po lyo l ,  which would 
have a  g r e a t e r  e f f e c t  on absorp t ion .  

Di f fus ion  c o e f f i c i e n t s  o f  both pheno l i c s  and a lkyds  a r e  n o t  a f f e c t e d  

by r e l a t i v e  humidi ty .  Consequently, change i n  p e r m e a b i l i t y  c o e f f i c i e n t s  
w i th  r e l a t i v e  humidi ty  i s  due t o  an i n c r e a s e  i n  t h e  s o l u b i l i t y  
c o e f f i c i e n t s .  Higher s o l u b i l i t y  l e a d s  t o  g r e a t e r  a b s o r p t i o n  o f  wa te r ,  
which a c t s  a s  a  p l a s t i c i z e r  and promotes permeat ion.  

An i n c r e a s e  i n  temperature  has  much l e s s  e f f e c t  on water  abso rp t ion  
than an i n c r e a s e  i n  r e l a t i v e  humidi ty .  The s i z e  o f  t h e  temperature  
e f f e c t  shows t h a t  t h e  i n c r e a s e  i n  abso rp t ion  is  t h e  r e s u l t  o f  t empera ture  
a c t i v a t i o n  o f  a b s o r p t i o n  s i t e s .  The r a t e  o f  change f o r  a lkyds  i s  about  

1 . 7  t imes t h a t  f o r  pheno l i c s .  

Conversely,  d i f f u s i o n  c o e f f i c i e n t s  i n c r e a s e  markedly w i th  temperature  
b u t  appear  t o  b e  un re l a t ed  t o  c l a s s  o f  coa t ing .  Owing t o  t h e  nega t ive  
h e a t  o f  s o l u t i o n  o f  condensable  vapours ,  t h e  s o l u b i l i t y  c o e f f i c i e t l t s  o f  

coa t ings  f o r  wa te r  decrease  w i t h  i n c r e a s i n g  temperature .  The pe rmeab i l i t y  
c o e f f i c i e n t ,  P ,  t h e  product  o f  D and S,  t h e r e f o r e  i n c r e a s e s  l e s s  than D. 
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TABLE I  

COllPOSITION OF CLEAR FINISHES 
Para-Phenylphenol ic  Varn i shes  

NR P 
Formula 

O i l  Conten t  

Compo s i t  i o n  o f  

V o l a t i l e  Con ten t  

P e r  Cent 
Varn i sh  P r o p e r t i e s  

Alkyds 

Dens i ty  o f  

Dry Film 

1 Type 
Appmx Per  Cent 
Length o f  S o l i d s  

N R P  

Formula 
No. 

Tung 

Tun g  
Tung 

Tun g  
Linseed 

Linseed 

Linseed 

Linseed 
Soya 

Soya 
DH C a s t o r  

Dl1 C a s t o r  

Aromatic Mineral  

S o l v e n t  S p i r i t s  

O i l  Conten t  

Per  Cen t  

S o l i d s  V i s c o s i t y  I: - I g/ml 

Per  Cent 

Type o f  S o l i d s  

Soya 59.4* 

Soya 62.5* 
Soya 

Soya 4  8 
Soya 39.6* 

I Linseed 54 

Soya 56.5 

Soya 75 

Soya 72 

! Soya 6  7  

P e r  Cen t  

Ph t h a l  i c  Con ten t  S o l u t i o n  C h a r a c t e r i s t i c s  ' 

Ortho 

Ortho 
Ortho 

Ortho 
Ortho 

Ortho 

Ortho 
I s 0  

I so  

I s 0  

Per  Cent 
Isomer o f  S o l i d s  

Dens i ty  o f  Dry 
Fi lm 

Per  Cent  G - H  

S o l i d s  V i s c o s i t y  

* Per  c e n t  o i l  c o n t e n t  c a l c u l a t e d  from r e p o r t e d  f a t t y  a c i d  c o n t e n t .  

Other  commercial a l k y d s  a r e  t h e  r e p o r t e d  o i l  c o n t e n t .  

A - B  

A- B 
D- F 

E 
G-ti 

A-B 
A- B 

C- D 

C- D 
C - D  

* * Prepared i n  l a b o r a t o r y .  



M m  M hl 
m M  m 4 

bln a m 

m m  m M 
9hl 9 0 
bln 9 m 

or '  0 ln 
m M  m m 
bln 9 r' 

In 

or '  0 0 0 r' 
InIn r' m m m 

M M l n  . . 
4 l n r '  
hl M b  



03N 4 d 

O r -  t-. d 
m m  0 d . . 

d 4 

C ' m m  
o a t - .  
O d d  



TABLE IV 

EFFECT OF RELATIVE tlUMIDITY 
ON SOLUBILITY COEFFICIENT OF PHENOLIC VARNISHES 

S o l u b i l i t y  C o e f f i c i e n t  X l o 4  g/cm3/mm Hg* 

O i l  Length 20 ga l  

Re la t i ve  
t lumidi t y  1024 

a t  89 3 902 1022 Dl I 

20.1°C Tung Linseed Soya Cas to r  

R e l a t i v e  15 ga l  30 ga l  
llumidi t y  

a t  1020 90 3 
2 0 . 3 " ~  Tung 

Re la t i ve  
Flumidi t y  1024 

a t  89 3 90 2 1022 Df I 

2 2 . 8 " ~  Tung Linseed Soya Cas to r  

R e l a t i v e  40 ga l  

Humidity 1025 
a t  901 905 1023 DtI 

20.4"C Tung Linseed Soya Cas tor  

* Vapour p r e s s u r e  







TABLE VII 

EFFECT OF RELATIVE IIUMIDITY ON DIFFUSION COEFFICIENT OF PHENOLICS 

CALCULATED FROM KNOWN VALUES OF P AND S AT 22.8OC (73OF) 

Re1 a t i v e  

Humidity 
% 

Permeabi l i ty  C o e f f i c i e n t *  

P x 1012 g/cm/s/mm Hg 

893 902 1022 1024 

Di f fus ion  C o e f f i c i e n t  

P/S** = D x l o 9  cm2/s 

893 902 1022 10 24 

* from Table  10 of  Report 430 

* *  from Table IV 

TABLE VIII  

EFFECT O F  TEMPERATURE ON WATER ABSORPTION AND 

SOLUBILITY COEFFICIENT OF PHENOLICS AT 50 PER CENT RH 

S o l u b i l i t y  C o e f f i c i e n t  
Tempera- 

Water Absorption - Per Cent 
t u r e  

TABLE IX 

EFFECT O F  TEMPERATURE ON WATER ABSORPTION 

AND SOLUBILITY COEFFICIENT O F  ALKYDS AT 50 PER CENT NI 

Tempera- 

t u r e  Water Absorption - Per Cent 
OF (OC) 

E4 E 5 E 6 1056 

S o l u b i l i t y  C o e f f i c i e n t  - 
S x l o 4  g/cm3/mm Hg 

E 4 E 5 E 6 1056 



TABLE X 

EFFECT OF TEMPERATURE ON DIFFUSION COEFFICIENT OF PHENOLICS 

C A L C U L A E D  FROM KNOWN VALUES OF P AND S AT 50 PER CENT RH 

TABLE XI 

Tempera- Permeabi l i ty  C o e f f i c i e n t  

t ure P x 1012 g/cm/s/mm Hg 

O F  (OC) 

89 3 902 1022 1024 

EFFECT OF TEMPERATURE ON DIFFUSION COEFFICIENT OF ALKYDS 

CALCULATED FROM KNOWN VALUES OF P AND S AT 50 PER CENT RH 

Diffus ion  C o e f f i c i e n t  

P/S = D x l o 9  cm/s 

89 3 902 1022 1024 

Tempera- 
Permeabi l i ty  C o e f f i c i e n t  

t u r e  

O F  (OC) 
P x 1o12 g/cm/s/mm I-~g 

Dif fus ion  C o e f f i c i e n t  

P/S = D x l o 9  cm2/s 



R E L A T I V E  H U M I D I T Y ,  % 

t 

F I G U R E  1 

1 I I 

R E L A T I V E  H U M I D I T Y  V S  W A T E R  A B S O R P T I O N  
F O R  P H E l U O L l C S  

I 
- - 

- 1 0 2 0  1 5 - G A L  T U N G  - 
17 8 9 3  2 0 - G A L  T U N G  

1 9 0 3  3 0 - G A L  L I N S E E D  - 
0 1 0 2 5  4 0 - G A L  DH C A S T O R  

- - 

- - 

7 - 

- 

- 

- 

- 

- 

- 

- - 

- 

- 

- 

- 



F I G U R E  2 

R E L A T I V E  H U M I D I T Y  V S  S O L U B I L I T Y  C O E F F I C I E N T  
F O R  2 0 - G A L  P H E N O L I C S  

18 

16 
CS1 

I 

E 

14 - 
m 

E 
U - 
CS1 

w 1 2  
0 
4 

X 

V) 

- 10 + 
Z 
W - 
0 - 
L- 
LL 

W 
0 

I I I I I 

- - 
A T  2 0 . 1 ° C  

- O 8 9 3  2 0 - G A L  T U N G  - 
9 0 2  2 0 - G A L  L I N S E E D  

- V 1 0 2 4  2 0 - G A L  D H  C A S T O R  - 

- AT 2 2 . 8 O C  - 
1 8 9 3  2 0 - G A L  T U N G  

- 9 0 2  2 0 - G A L  L I N S E E D  - 

- - 

- - 

- - 
- - 
- - 

8 -  - 

- 
U 

m 
3 
-I 

0 

r/) 

2  

8  9 3  

4 -  - 

- - 

- - 

- - 

0 0 2 0 30 40 5 0  60 7 0  80 90 100 

R E L A T I V E  H U M I D I T Y ,  % 



1 I I I I 

L I N S E E D  P H E N O L I C  V A R N I S H E S  
- 

TEST T E M P ,  OC 

1 1 0 2 1  1 5 - G A L  2 0 . 3  
9 0 2  2 0 - G A L  2 2  .8 

0 9 0 3  3 0 - G A L  2 0 . 3  - V 9 0 5  4 0 - G A L  2 0 . 4  - 

- - 

- - 

- 

v 
9 0 5  

- .903 
I 

9 0 2  

1 0 2 1  

- - 

- - 

1 

R E L A T I V E  H U M I D I T Y ,  % 

F I G U R E  3 

R E L A T I V E  H U M I D I T Y  V S  S O L U B I L I T Y  C O E F F I C  I E N T  

F O R  .15-  T O  4 0 - G A L  P H E N O L I C S  



I I I 

- 

- - 

ORTHO 

1 913 6 2 . 5 %  SOYA 
A 912 5 9 . 4 %  SOYA - - 
7 914 5 6 %  SOYA 
A 915 48% SOYA 

I S 0  - 
0 E5 72% SOYA 

E6 67% SOYA 

- - 

R E L A T I V E  H U M I D I T Y ,  % 

F l G l l R E  4 

R E L A T I V E  H U M I D I T Y  V S -  S O L U B I L I T Y  C O E F F I C I E N T  
F O R  A L K Y D S  



A L K Y D S  

E6 6 7 %  S O Y A  I S 0  

E4 7 5 %  S O Y A  I S 0  

0 1 0 5 5  5 4 %  L I N S E E D  O R T H O  

- - 

- - 
0 

a 
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