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Sur face  Film Formation on E Glass 

Sumner N .  Levine* and William C .  Lacourse* 

A b s t r a c t  

A s  p a r t  of  a  program concerned w i t h  t h e  i n f l u e n c e  of 

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

p l a s t i c s ,  we r e p o r t  h e r e  on t h e  fo rma t ion  of f i l m s  on t h e  

s u r f a c e  of E g l a s s  on exposure t o  Oxal ic  ac id  s o l u t i o n s .  

No such  f i l m s  have been observed wi th  994  g l a s s  t r e a t e d  

under i d e n t i c a l  c o n d i t i o n s .  As i s  w e l l  known, both  of t he se  

g l a s s e s  a r e  employe6 i n  t h e  p roduc t ion  of  g l a s s  r e i n f o r c e d  

p l a s t i c .  

Evidence i s  provided t h a t  t h e  f i l m  i s  a s s o c i a t e d  w i th  

t h e  ~ a * '  i o n s  i n  E g l a s s .  Experiments i n d i c a t e  t h a t  t h i s  

i o n  i s  d e f i c i e n t  i n  t h e  s u r f a c e  of  E g l a s s .  Thus f r a c t u r e d  

E g l a s s  e x h i b i t s  much more r a p i d  f i l m  format ion than  t h e  

n a t i v e  s u r f a c e .  Moreover, p r i o r  removal of t h e  n a t i v e  

s u r f a c e  on t r e a t m e n t  wi th  NaOIl s o l u t i o n  a l s o  r e s u l t s  i n  

more r a p i d  f i l m  format ion .  

* 
P r o f e s s o r  of  M a t e r i a l s  Sciences and Department Chairman, 
S t a t e  U n i v e r s i t y  of New York a t  Stony Brook, L.I. , 
New York 11790. 
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1 n t r ~ d ~ c t i o n  ---- 
~ ~ i d e n c e  t h a t  t h e  s u r f a c e  s t r u c t u r e  of many g l a s s e s  d i f f e r s  

f r o m  t h a t  of t h e  b u l k  m a t e r i a l  i s  found i n  work by in 
1 9 5 1  and more r e c e n t l y  by  Anderson  and ~ i r n ~ t o n ( ' )  and  re^^^^^^^(^). 

~ e n s l e y ' s  work o n  t h e  a d s o r p t i o n  of tagged phosphate ions  on 

~ ~ p y r e x "  and s o f t  g l a s s e s  showed t h a t  a d s o r p t i o n  i s  very weak on the 

surface e x c e p t  a t  c r a c k s  o r  o t h e r  i m p e r f e c t i o n s  which pene t ra t e  the 

glass  s u r f a c e  a n d  e x p o s e  t h e  b u l k  g l a s s .  I t  was a l s o  shown t h a t  

a f t e r  a l k a l i n e  a t t a c k  on t h e  g l a s s ,  t h e  adso rp t ion  is g r e a t l y  

increased. T h i s  d i f f e r e n c e  i n  a d s o r p t i o n  is  thought t o  be due to 

the absence o f  p o l y v a l e n t  c a t i o n s  i n  t h e  s u r f a c e  s t r u c t u r e  even 

though t h e y  a r e  p r e s e n t  i n  t h e  b u l k  m a t e r i a l ,  s i n c e  polyvalent ions 

would normal ly  a c t  as a d s o r p t i o n  s i t e s  f o r  t h e  doubly negatlvc 

phosphate i o n s  i s  d u e  t o  t h e  b u l k  s t r u c t u r e  being exposed by  thc 

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

Results 

V i s u a l  o b s e r v a t i o n  of  t h i s  s t r u c t u r a l  d i f fe rence  has beer1 

obtained by t h e  a u t h o r s  of t h i s  pape r .  Treatment of f r a c t u r e i  1: 

and 9 9 4  g l a s s e s  i n  a b o i l i n g  pH 2 o x a l i c  ac id  so lu t ion  yieldei t l l ~  

formation of an i n s o l u b l e  ca l c ium s a l t  on the  E g l a s s  f r ac tu rc  

T h i s  s u r f a c e  l a y e r  d i d  n o t  appear  on the  994 g l a s s  o r  (11; 

the n a t i v e  s u r f a c e  of t h e  E g l a s s .  A f t e r  removing t h e  layer ! r u n  
+ + 

the g l a s s ,  s p o t  t e s t s  (4)  9 C 5 )  ,ere made which r e v e a l d  (:3 
s 

(Siog) - -  and ( C 2 0 4 )  - -  i o n s  i n  t h i s  l a y e r .  Subsequent r i n s  l l l ~ .  

however ,  removed t h e  o x a l a t e  ion .  Treatment of b o t h  g l ; i s % ~ i 1  h l t ! 1  



H C ~  ~ r o d u c e d  no s u r f a c e  f i l m  on t h e  994 g l a s s  while a  film did 

f o r m  on t he  E g l a s s  f r a c t u r e  s u r f a c e .  Spot t e s t s  again revealed 

cat t ,  ( s i o 3 ) - -  i n  t h e  l a y e r .  

~ i g u r e s  1, 2 ,  and 3 show microphotographs of untreated E 

g la s s ,  the  o x a l a t e  t r e a t e d  f r e e  s u r f a c e ,  and the  t r ea t ed  f racture  

surface r e s p e c t i v e l y .  The network of l i n e s  seen i n  Fig. 2 are  . 

Gri f f i ths"  microcracks  which have been made v i s i b l e  by the etching 

act ion of t h e  o x a l i c  a c i d .  No f i l m  has formed on t h i s  surface. 

It i s  noted t h a t  t h e  microcracks  a r e  a l s o  seen on t h i s  surface 

but a re  masked somewhat by t h e  s u r f a c e  l aye r .  

Figure 4 shows t h e  n a t i v e  s u r f a c e  of t he  E g lass  a f t e r  48 

hours t rea tment .  The microcracks  have widened and a s l i g h t  film 

has s t a r t e d  t o  form. T h i s  f i l m  begins a t  the  crack l ines  and 

grows toward t h e  i n t e r i o r  of t h e  mat r ix  elements formed by the 

cracks. This  i s  b e l i e v e d  t o  be caused by a  higher concentration 

of ca+* ions  i n  t h e  r e g i o n  of t h e  c racks ,  s ince  not only do the 

cracks p e n e t r a t e  t h e  s u r f a c e  i n t o  t h e  bulk mater ia l ,  but d i f f u s i o n  

of ca+* ions  would a l s o  be acce l e r a t ed  i n  these regions- 

The n a t i v e  s u r f a c e  of E g l a s s    retreated fo r  10 minutes wi th  

a  . 2 5 N  NaOH s o l u t i o n  b e f o r e  t rea tment  i n  the  oxalic acid is shown 

in Fig. 5. A r a t h e r  w e l l  developed su r f ace  f i l m  i s  seen 'Overing 

about 8 0 %  of t h e  g l a s s .  Th is  i n d i c a t e s  t h a t  the EaOII treatment 

has d i s so lved  t h e  n a t i v e  su r f ace  of t he  g l a s s  exposing the ~ 3 '  ' 

ions of t h e  bu lk  m a t e r i a l .  



There a r e  t h r e e  p o s s i b l e  e x p l a n a t i o n s  f o r  t h e  absence of 

ca++ ions i n  t h e  s u r f a c e  s t r u c t u r e .  

1, The ca+* may b e  r e m o v e d  by  a n  i o n  exchange wi th  H+ ions .  

2 .  CaO may be v a p o r i z e d  d u r i n g  t h e  f o r m a t i o n  of t h e  g l a s s .  

3 .  Ca** i o n s  may p r o d u c e  a h i g h  s u r f a c e  energy and t h e r e f o r e  

t e n d  t o  r e s i d e  away from t h e  s u r f a c e .  

I t  seems l i k e l y  t h a t  t h e  i o n  exchange mechanism is  important 

i n  forming t h e  s u r f a c e  s t r u c t u r e .  ~ a * '  atoms r e s i d i n g  wi th in  an 

a tomic  l a y e r  of t h e  s u r f a c e  would l i k e l y  b e  e f f e c t e d  by t h i s  

mechanism, b u t  s i n c e  t h e  i o n  exchange mechanism i s  d i f f u s i o n  con- 

t r o l l e d  f o r  ~ a * *  atoms m o r e  t h a n  an  a tomic  l a y e r  away t h e  e f f e c t  

would be n e g l i g i b l e  away f r o m  t h e  s u r f a c e  monolayer. V o l a t i l i z a -  

t i o n  of g l a s s  c o n s t i t u e n t s  is  known t o  occur  a t  e leva ted  tempera- 

tu reS(6 )  , i. e .  d u r i n g  f o r m a t i o n .  The p r o c e s s  i s  genera l ly  considered 

t o  c o n s i s t  o f  two s t e p s .  F i r s t  v o l a t i l i z a t i o n  from the na t ive  

s u r f a c e  and s e c o n d l y  v o l a t i l i z a t i o n  from t h e  su r face  layer  nok of 

a d i f f e r e n t  c o m p o s i t i o n .  I n  some extreme cases ,  t h e  sur face  

created by t h e  v o l a t i l i z a t i o n  of c e r t a i n  c o n s t i t u e n t s  may 

subjec t  t o  e x t e n s i v e  d e v i  t r i f i c a t i o n .  I t  i s  seen, therefore ,  

may c a u s e  s t r u c t u r a l  d i f f e r e n c e  i n  the  su r face*  
++ 

The f i n a l  p o s s i b i l i t y  f o r  t h e  absence of Ca i n  tllc s u r f a c e  

is exp la ined  by Yates and T r e b i l c o c k  ( 3 ) .  
~t is  well  k n o h n  from 

t h e  Gibbs i so the rm t h a t  c o n s t i t u e n t s  which  lower tilt surf'" 



will concentra te  i n  t h e  s u r f a c e  r eg ion .  Since  the  negative surface 

charge due t o  non -b r idg ing  oxygen 'atoms a r e  probably e f fec t ive ly  

by H+ and monovalent  i o n s  t h e  more highly  charged Ca + 2  

ions  may r e s u l t  i n  a n  i n c r e a s e  i n  s u r f a c e  energy. However, more 

d a t a  is r equ i r ed  conce rn ing  t h e  i n f l u e n c e  of var ious  ions on 

su r f  ace energy. 

I t  i s  c l e a r  on t h e  b a s i s  of t h e  above work and t h a t  of others 

t h a t  the s u r f a c e  s t r u c t u r e  of  E g l a s s  and o ther  bo ros i l i c a t e  

g lasses  v a r i e s  s i g n i f i c a n t l y  from t h e  bu lk  s t ruc tu re .  As ye t ,  

however, t h e  r e a s o n s  f o r  t h i s  a r e  unc l ea r .  Since i t  is the surface 

s t ruc tu re  which i n f l u e n c e s  g l a s s - c o u p l i n g  agent bonding, it would 

be of value  t o  de t e rmine  t h e  r ea sons  f o r  t h i s  s t ruc tu ra l  difference. 
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F i g .  1 Untreated E g l a s s  n a t i v e  
su r f acz  240X 

Fig. 2 g l a s s  n a t i v e  surf"' i i f fcr  
24  h r .  boiling i n  pll 2 oxalic ac id  
b u f f e r  s o l u t i o n .  2 4 O X  
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F i g .  5 E g i a s s  f r a c t u r e  ~ u r f x e  
a-Ei:2~ 24 hi-s. b o i . l i n g  in pH 2 oxalic 
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Fig. 5 E g l s s s  n a t i v e  sur face  
p r e t r e ~ ~ ~ ~ c d  1il minutes i n  . 2 5 N  NaOH 
b e f o r e  t r e r ~ t i i ~ g  24 h r s .  i n  pH 2 .  
oxalic a,.sid. s o l i l t i o n .  240X 

Pig. 6 E g l a s s  fracture sur face  
t r e a t e d  2 4  h r s .  i n  b o i l i n g  .IN I I C l  
240X 


