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FTIR S'I'UDY ON CHEMICAL MODIFICATION OF E-GLASS 

S H 0 R'r  F I B E R W I T H 'r E R 'I' - B U T Y L D I P H EN Y L CH LO RO S I LANE 

Key words; FTIR Spectroscopy; Chemical Modification; 

E-Glass Fiber: Tcrt-butyldiphenylchloro- 

s ilane . 
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Dpto. Ing. Quimica Ind., E.T.S.I.Industriales, 
U. Politecnica de Madrid, 28006-MADRID. 

M.U. de la Orden. 

Dpto. Quimica Org6nica I, E.U. de Optica, 
U .  Complutense de Madrid, 28031-MADRID. 

ABSTRACT 

The reaction of E-glass short fibers with tert- 

butyldiphenylchlorosilane (TBDPCS) and trimethylchlo- 

rosilane (TMCS) was studied by FTIR spectroscopy 

in water and in toluene. Fiber coating obtained from 

TMCS in aqueous solution contained siloxane bonds, 

by which the trimethylsilyl group was attached to 
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626 LARENA, MARTINEZ URREAGA, AND DE LA ORDEN 

t h e  g l a s s  s u r f a c e .  C o a t i n g s  o b t a i n e d  f r o m  TBDPCS, 

h o w e v e r ,  c o n s i s t e d  o f  s i l a n e  a n d  s i l a n o l ,  a n d  n o  

s i l o x a n e  b o n d s  w e r e  o b s e r v e d .  T h i s  may b e  a t t r i b u t e d  

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

INTRODUCTION 

G l a s s  f i b e r s  a re  commonly u s e d  i n  r e i n f o r c e d  

p l a s t i c s  b e c a u s e  t h e y  a r e  i n e x p e n s i v e  a n d  i m p r o v e  

some m a t e r i a l  p r o p e r t i e s  ( e . g .  i m p a c t  s t r e n g t h  a n d  

r i g i d i t y  i n  t h e r m o p l a s t i c s )  !-4 U s u a l l y ,  c o u p l i n g  

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

t o  i m p r o v e  f i b e r - m a t r i x  a d h e s i o n ,  o n e  of t h e  m a j o r  

f a c t o r s  g o v e r n i n g  t h e  p r o c e s s i n g  a n d  p r o p e r t i e s  of  

c o m p o s i t e  ma te r i a l s .  

T h e s e  c o u p l i n g  a g e n t s  a r e  m o s t l y  s i l a n e s  o f  

g e n e r a l  f o r m u l a  R S i 5  , w h e r e  R i s  a n  o r g a n o f u n c t i o n a l  

g r o u p  a n d  X i s  a g r o u p  s u c h  as -OR o r  - C l .  

T h e s e  s i l a n e s ,  a s  w e l l  a s  m o n o f u n c t i o n a l  s i l a n e s  

( R  S i x ) ,  a re  a l s o  u s e d  i n  t h e  o r g a n i c  f u n c t i o n a l i z a -  

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

g r a p h y  . 

3 

5 , 6  

The  r e a c t i o n  of s i l a n e s  w i t h  g l a s s  f i b e r s  d e p e n d s  

o n  t h e  n a t u r e  of t h e  s i l a n e ,  t h e  s u r f a c e  c h a r a c t e r i s -  

t i c s  of t h e  f i b e r ,  a n d  t h e  r e a c t i o n  c o n d i t i o n s .  To 
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E-GLASS FIBER W I T H  TBDPCS 627 

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

a t  t h e  s i l i c o n  atom h a v e  o n  t h i s  r e a c t i o n ,  w e  u s e d  

F o u r i e r  T r a n s f o r m  I n f r a r e d  ( F T I R )  S p e c t r o s c o p y  t o  

s t u d y  t h e  r e a c t i o n  o f  E - g l a s s  s h o r t  f i b e r s  w i t h  TBDPCS, 

R s i l a n e  w i t h  h i g h  s t e r i c  h i n d r a n c e .  The  r e s u l t s  

g i v e n  by  TBDPCS w e r e  c o m p a r e d  w i t h  t h o s e  g i v e n  b y  

TMCS . 

S o l u t i o n s  i n  w a t e r  a n d  i n  t o l u e n e  w e r e  u s e d  

as  r e a c t i o n  m e d i a ,  a n d  a l s o  w a s  s t u d i e d  t h e  e f f e c t  

7 of p y r i d i n e  a s  a s i l a n i z a t i o n  c a t a l y s t  i n  t o l u e n e .  

EXPERIMENTAL 

G l a s s  f i b e r  w a s  t r e a t e d  w i t h  0.5-10 % ( v / v )  

s o l u t i o n s  of s i l a n e s  i n  e i t h e r  w a t e r  JpH 3 . 3 ,  s t i r r i n g  

f o r  l h  a t  room t e m p e r a t u r e )  o r  t o l u e n e  ( 4 h  a t  r e f l u x  

t e m p e r a t u r e ) .  When p y r i d i n e  was u s e d ,  i t s  c o n c c n t r a -  

t i o n  w a s  5% b y  v o l u m e .  T r e a t e d  f i b e r  w a s  f i l t e r e d  

u n d e r  vacuum a n d  w a s h e d  w i t h  s o l v e n t  E r a c t i o n s  f o r  

Eimin, a f t e r  w h i c h  i t  w a s  d r i e d  a t  room t e m p e r a t u r e  

f o r  2 4 h .  

TBDPCS, TMCS ( S i g m a ) ,  t o l u e n e  a n d  a n h y d r o u s  

p y r i d i n e  ( M e r c k )  w e r e  u s e d  as r e c e i v e d .  Doubly  d i s t i -  

l l e d  ( i n  g l a s s )  w a t e r  w a s  u s e d .  E - g l a s s  f i b e r  ( a v e r a g e  

l e n g t h  180  m ,  a v e r a g e  d i a m e t e r  1 0  m )  was s u p p l i e d  
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628 LARENA, MARTINEZ URREAGA, AND DE LA ORDEN 

by  C r i s t a l e r i a  E s p a i i o l a ,  and  w a s  h e a t - c l e a n e d  a t  

500QC f o r  4h .  

FTIR s p e c t r a  ( 9 0  s c a n s ,  2crn-I r e s o l u t i o n )  w e r e  

r e c o r d e d  on a N i c o l e t  2 0  SXC s p e c t r o p h o t o r n e t e r  i n  

t r a n s m i s s i o n  mode. S o l i d  s a m p l e s  w e r e  a n a l y z e d  i n  

s p e c t r o s c o p y  g r a d e  K B r  p e l l e t s .  L i q u i d  s a m p l e s  w e r e  

a n a l y z e d  i n  c e l l s  w i t h  C s I  windows. 

Thermograrns w e r e  r e c o r d e d  on a Mettler Thermoa- 

n a l y z e r - 2  the r rnoba lance ,  a t  a h e a t i n g  r a t e  o f  5QC/min. 

G a s  ( d r y  a i r  o r  d r y  n i t r o g e n )  f l o w  ra te  w a s  100rnl/min. 

RESULTS A N D  DISCUSSION 

A . -  SILANE HYDROLYSIS 

Si -C1 bond h y d r o l y s i s  i s  g e n e r a l l y  a c c e p t e d  

a s  a n  i n t e r m e d i a t e  s t e p  i n  t h e  a t t a c h m e n t  by  s i l o x a n e  

bonds  of t h e s e  c h l o r o s i l a n e s  t o  g l a s s  s u r f a c e s .  Hydro- 

l y s i s  w a s  s t u d i e d  by  FTIR s p e c t r o s c o p y  i n  w a t e r  and  

t o l u e n e  s o l u t i o n s  o f  TMCS and TBDPCS. 

TMCS w a s  h y d r o l y z e d  t o  form h e x a r n e t h y l d i s i l o x a n e  

( H D M S O ,  a b s o r p t i o n  band a t  1050crn-I ) b y  r e a c t i o n  

w i t h  water .  P y r i d i n e  c a t a l y z e d  t h i s  r e a c t i o n  i n  t o l u -  

e n e .  However, no  h y d r o l y s i s  w a s  o b s e r v e d  f o r  TBDPCS 

a t  room t e m p e r a t u r e .  I n  r e f l u x i n g  t o l u e n e ,  p y r i d i n e  

c a t a l y z e d  TBDPCS h y d r o l y s i s  w i t h  s i l a n o l  f o r m a t i o n  
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E-GLASS FIBER WITH TBDPCS 629 

I 

WAVENUMBER 

F I G . l . -  FTIR s p e c t r a  o f :  E - g l a s s  s h o r t  f i b e r s  ( 1 ) ;  
E - g l a s s  f i b e r s  t r e a t e d  w i t h  a q u e o u s  TMCS 
( 2 ) .  3:  D i f f e r e n c e  s p e c t r u m .  

( b a n d  a t  1 0 6 7 ~ r n - ~ ) ,  b u t  no d i s i l o x a n e  f o r m a t i o n  w a s  

o b s e r v e d .  S t e r i c  h i n d r a n c e  c o u l d  e x p l a i n  t h i s  d i f f e -  

r e n t  b e h a v i o u r  o f  TBDPCS. 

B . -  GLASS COATINGS 

8.1.- Aqueous S o l u t i o n  

The FTIR s p e c t r a  of f i b e r s  t r e a t e d  w i t h  a q u e o u s  

TMCS ( l o % ,  v / v )  showed t h e  e x i s t e n c e  o f  a c o a t i n g  

( d i f f e r e n c e  s p e c t r u m ,  F i g . 1 )  c o n t a i n i n g  t h e  t r i m e -  

t h y l s i l y l  g r o u p  ( c h a r a c t e r i s t i c  bands  a t  760 ,  8 4 5 ,  

and 1258 c m - l ) .  The b r o a d  bands  a t  1080 and  1183an-1 

seem t o  i n d i c a t e  t h a t  t h i s  c o a t i n g  i s  a t t a c h e d  t o  

-0- S i t h e  f i b e r  by  s i l o x a n e  bonds  of t h e  Sism 
glass 
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630 LARENA, MARTINEZ URREAGA, AND D E  LA ORDEN 

WAVENUMBER 

F I G . 2 . -  F T I R  spectra of  E-glass fibers treated with 
aqueous TBDPCS and untreated fibers (baseline) 

type. The same attachment was previously observed 

in fibers treated with chloromethyldimethylchlorosi- 

lane. a 

The bands at 455, 800, 920 and 1650 cm-' were 

attributed to the slight leaching (by H C 1  formed 

as a consequence of silane hydrolysis) of soluble 

oxides from the glass surface. Such leaching would 

generate reactive hydroxyl groups at the fiber sur- 

face. a 

On the other hand, the F I I R  spectrum of fibers 

treated with aqueous TBDPCS (Fig.2) shows the silane 

characteristics bands, indicating that these fibers 
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E-GLASS FIBER WITH TBDPCS 631 

1 0 0  3 0 0  500  

TEMPERATURE ( Q c )  

FIG.3.- Thermograms o f :  E - g l a s s  f i b e r s  t r e a t e d  w i t h  
a q u e o u s  TBDPCS ( 1 ) :  T r e a t e d  f i b e r s  washed 
w i t h  THF ( 2 ) .  I n i t i a l l y :  40mg. G a s :  d r y  a i r .  

c o n t a i n  a s u b s t a n t i a l  amount of s i l a n e .  A s m a l l  ab -  

-1 s o r p t i o n  peak  a t  1 0 6 7  c m  i s  a l s o  n o t e d .  T h i s  band  

seems t o  i n d i c a t e  t h e  p r e s e n c e  of a s m a l l  amount 

of s i l a n o l ,  which  may f a c i l i t a t e  t h e  a d s o r p t i o n  o f  

s i l a n e  o n t o  t h e  f i b e r .  However, no  s i l o x a n e  bonds  

were o b s e r v e d  i n  t h i s  c o a t i n g ,  s u g g e s t i n g  t h a t  s te r ic  

h i n d r a n c e  p l a y s  a m a j o r  ro le  i n  t h e s e  r e a c t i o n s .  

C o n s e q u e n t l y ,  t h e  c o a t i n g  i s  o n l y  p h y s i c a l l y  

a d s o r b e d  and may be  removed by  h e a t i n g  a t  l o w  t empera -  
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6 32 LARENA, MARTINEZ URREAGA, AND DE LA ORDEN 

0 

1900 1 j O O  1500 1300 1100 600 $00 $00 300 

WAVENUMBER 

FIG.4.- F T I R  spectra of: E-glass fibers ( 1 ) ;  E-glass 
fibers treated with TMCS and pyridine in 
toluene ( 2 ) .  3: Difference spectrum. 

(CH3)3C-Si-C1 + 

6 
Surface Water- 

Toluene 

+ ( CH3 ) 3C-Si-OH I 

Scheme I 
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E-GLASS F I B E R  WITH TBDPCS 6 33 

t u r e s ,  as shown by t h e r m o g r a v i r n e t r i c  a n a l y s i s ,  or 

b y  w a s h i n g  w i t h  a s o l v e n t  s u c h  a s  THF ( F i g . 3 ) .  

5 . 2 . -  T o l u e n e  

Glass f i b e r s  w e r e  u n a l t e r e d  b y  t r e a t m e n t  w i t h  

TBDPCS or TMCS i n  r e f l u x i n g  t o l u e n e  i n  t h e  a b s e n c e  

of p y r i d i n e .  T h e s e  s i l a n e s  w e r e  n o t  h y d r o l y z e d  u n d e r  

t h e s e  c o n d i t i o n s .  

F i b e r  t rea ted  i n  r e f l u x i n g  t o l u e n e  w i t h  TMCS 

( l o % ,  v / v )  a n d  p y r i d i n e  c o n t a i n e d  a n  a v e r a g e  of 1 0 %  

b y  w e i g h t  o f  p y r i d i n i u m  c h l o r i d e  ( i d e n t i f i e d  b y  compa- 

r i n g  t h e  FTIR s p e c t r u m  o f  t h e  c o a t i n g  ( F i g . 4 )  w i t h  

t h a t  of homemade p y r i d i n i u m  c h l o r i d e ) .  

T h e  c o a t i n g  o b t a i n e d  b y  p y r i d i n e - c a t a l y z e d  reac- 

t i o n  w i t h  TBDPCS ( 1 0 % .  v/v) a p p a r e n t l y  c o n t a i n e d  s i l a -  

n e  a n d  s i l a n o l ,  i n  a d d i t i o n  t o  p y r i d i n i u m  c h l o r i d e  

( S c h e m e  1 ) .  

The  s m a l l e r  amount  o f  c o a t i n g  ( 1 %  b y  w e i g h t )  

o b t a i n e d  f r o m  TBDPCS c o u l d  be c a u s e d  b y  s l o w e r  h y d r o -  

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