
CHAPTER III 
EXPERIMENTAL

3.1 Materials

Hi-Sil®255, an amorphous precipitated silica, was obtained from PPG- 
Siam Co., Ltd. and had a N2 BET surface area of 170 ± 15 m2/ g. 
Hexadecyltrimethyl ammonium bromide (CTAB) 98%, Styrene 99% and 
Isoprene 98% were purchased from Fluka 2, T  -Azobisisobutyronitrile 
(AIBN), a water insoluble initiator, was obtained from Aldrich Chemicals 
Company with 98% purity. Sodium hydroxide pellets with 99 % purity were 
obtained from BDH Laboratory Supplies. Tetrahydrofuran (THF) was 
obtained from Lab-Scan Analytical Sciences. All materials were used without 
further purification.

3.2 Experimental Setup

The continuous reactor system consisted of a stirred feed tank, a 
stirred reactor and a product tank. The feed tank was made of stainless steel 
having 17-liter capacity with a lid and internal baffles. The reactor vessel was 
a one-liter borosilicate glass bottle with a screw cap. The product tank was a 
stainless steel tank. Mixtures in the reactor and feed tanks were well mixed 
with a magnetic bar and mechanical stirrer, respectively. Reactor temperature 
was maintained at constant 70 ± 2°c by using a circulating heater and water 
bath. The fluid flow rates were controlled by using a Masterflex Digital 
console drive peristaltic pump with easy-load model 7518-60 head. The 
reactor system is shown in Figure 3.1.
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T o  H o o d

Figure 3.1 T h e  c o n t i n u o u s  a d m i c e l l a r  p o l y m e r i z a t i o n  s y s t e m .

3.3 Experimental Procedures

3 .3 .1  A d s o r p t i o n  I s o t h e r m  o f  C T A B  o n t o  S i l i c a  H i - S i l® 2 5 5

A d s o r p t i o n  e x p e r i m e n t s  w e r e  c o n d u c t e d  in  c a p p e d  2 4 - m l  v i a l s .  

T w o - g r a m  s a m p l e s  o f  s i l i c a  w e r e  m i x e d  w i t h  20 m l o f  C T A B  s o l u t i o n  a t  

d i f f e r e n t  c o n c e n t r a t i o n s  a n d  a  c o n s t a n t  p H  o f  8 . T h e  s a m p l e s  w e r e  a l l o w e d  to  

e q u i l i b r a t e  a t  30°c f o r  2 4  h o u r s  a n d  t h e n  c e n t r i f u g e d  a t  2000 r p m  f o r  10 
m i n u t e s .  T h e  s u p e r n a t a n t  w a s  t a k e n  to  a n a l y z e  t h e  C T A B  c o n c e n t r a t i o n .  T h e  

C T A B  a d s o r p t i o n  w a s  c a l c u l a t e d  b y  t h e  c o n c e n t r a t i o n  d i f f e r e n c e  m e t h o d .  

T h e n  t h e  a d s o r p t i o n  d a t a  w a s  u s e d  t o  p l o t  t h e  a d s o r p t i o n  i s o t h e r m .  F r o m  th e  

a d s o r p t i o n  i s o t h e r m ,  t h e  c r i t i c a l  m i c e l l e  c o n c e n t r a t i o n  ( C M C )  o f  C T A B  o n  H i -
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S il® 2 5 5  c o u l d  b e  d e t e r m i n e d .  I t  is  v e r y  c r u c i a l  t o  k e e p  C T A B  c o n c e n t r a t i o n  

b e l o w  C M C  in  o r d e r  to  a v o i d  m i c e l l e  f o r m a t io n .

3 .3 .2  S u r f a c e  M o d i f i c a t i o n  P r o c e d u r e

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

c o m b i n a t i o n s  o f  s t y r e n e  a n d  i s o p r e n e  c o - m o n o m e r s  a t  a  1 :3  m o l a r  r a t i o .  T h e  

a m o u n t s  o f  t h e  c o - m o n o m e r s  f e d  i n t o  t h e  f e e d  t a n k  w e r e  5 ,  2 0  a n d  3 0  g r a m s  

p e r  k i l o g r a m  o f  s i l i c a .  T h e  p o l y m e r i z a t i o n  t i m e s  w e r e  3 0 ,  4 5  a n d  6 0  m i n u t e s ,  

w h i c h  a r e  d e n o t e d  b y  ร , M  a n d  L ,  r e s p e c t i v e l y .

T h e  s i l i c a  s u r f a c e  m o d i f i c a t i o n  p r o c e d u r e  c o n s i s t e d  o f :  ( 1 )  

w e i g h i n g  o n e  k g  o f  s i l i c a ,  ( 2 )  a d d i n g  2 0 0  g r a m s  C T A B  t o  1 2 .5  l i t e r s  o f  

d e i o n i z e d  w a t e r  a n d  s t i r r i n g  u n t i l  t h e  s u r f a c t a n t  c o m p l e t e l y  d i s s o l v e d ,  ( 3 )  

a d j u s t i n g  t h e  p H  o f  t h e  s u r f a c t a n t  s o l u t i o n  t o  8  u s i n g  s o d i u m  h y d r o x i d e  

s o l u t i o n ,  ( 4 )  a d d i n g  t h e  s i l i c a  t o  t h e  s u r f a c t a n t  s o l u t i o n  in  t h e  f e e d  t a n k ,  ( 5 )  

d i s s o l v i n g  1 .6 5  g r a m s  o f  A I B N  a n d  1 :3 m o l a r  r a t i o  o f  s t y r e n e  a n d  i s o p r e n e  c o 

m o n o m e r  i n t o  9 9 .7 %  e t h a n o l  a t  t h e  r a t i o  o f  3 0  m l  p e r  0 .5  g r a m  o f  A I B N  a n d  

t h e n  a d d i n g  t h i s  m i x t u r e  t o  t h e  f e e d  t a n k ,  a n d  ( 6 ) a l l o w i n g  t h e  s y s t e m  to  

e q u i l i b r a t e  w i t h  c o n s t a n t  s t i r r i n g  f o r  2 4  h o u r s ,  f o r m i n g  t h e  f e e d  s t o c k .

T h e  r e a c t o r  w a s  h e a t e d  t o  7 0 ° c  in  a  w a t e r  b a t h  h e a t e d  b y  a  

c i r c u l a t i n g  h e a t e r .  B y  a d j u s t i n g  t h e  p u m p  f l o w  r a t e ,  t h e  r e a c t i o n  w a s  a l l o w e d  

t o  p r o c e e d  f o r  v a r i o u s  r e s i d e n t  t i m e s .  T h e  r e a c t i o n  e f f l u e n t ,  c o l l e c t e d  in  t h e  

p r o d u c t  t a n k ,  w a s  a l l o w e d  t o  s e t t l e  a n d  t h e  s u p e r n a t a n t  w a s  d e c a n t e d .  T h e  

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

d a i l y  s t i r r i n g  o r  u n t i l  t h e  w a s h  w a t e r  n o  l o n g e r  f o a m e d  o n  a g i t a t i o n .  T h e  s i l i c a  
w a s  t h e n  d r i e d  a t  1 1 0 ° c  f o r  2 4  h o u r s  a n d  r e g r o u n d  i n to  a  p o w d e r  t h r o u g h  a  

1 2 0 - m e s h  s i e v e .
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3 .3 .3  A n a l y s i s  a n d  M e a s u r e m e n t  M e t h o d

T h e  C T A B  c o n c e n t r a t i o n  w a s  d e t e r m i n e d  b y  u s i n g  a  T o t a l  

o r g a n i c  C a r b o n  A n a l y z e r  ( T O C ) .  T h e  o r i g i n a l  a n d  m o d i f i e d  s i l i c a s  w e r e  

c h a r a c t e r i z e d  b y  t h e  t e c h n i q u e s  l i s t e d  in  T a b l e  3 .1 .  P o l y m e r  e x t r a c t i o n  w a s  

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

( T H F )  f o r  4  h o u r s .  T h e  s l u r r y  w a s  c o o l e d  t o  r o o m  t e m p e r a t u r e ,  f i l t e r e d ,  a n d  

r i n s e d  w i t h  h o t  T H F .  T h e  p o l y m e r  w a s  p r e c i p i t a t e d  b y  a d d i n g  t h e  f i l t r a t e  t o  

w a t e r .  E x t r a c t e d  p o l y m e r  w a s  a n a l y z e d  b y  a  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 .  I m a g i n g  o f  s i l i c a  a g g r e g a t e s  w a s  p e r f o r m e d  b y  

S c a n n i n g  E l e c t r o n  M i c r o s c o p e  ( S E M ) .  T h e r m o g r a v i m e t r i c  A n a l y s i s  ( T G A )  

w a s  u s e d  t o  d e t e r m i n e  t h e  a m o u n t  o f  c o - p o l y m e r  f o r m e d  o n  t h e  s i l i c a s .  

A d d i t i o n a l l y ,  t h e  n i t r o g e n  B E T  s u r f a c e  a r e a  a n d  m e a n  a g g l o m e r a t e  p a r t i c l e  

s i z e  w e r e  a l s o  d e t e r m i n e d .

Table 3.1 S i l i c a  t e s t  m e t h o d s .

P a r a m e t e r T e c h n i q u e /  I n s t r u m e n t

C T A B  c o n c e n t r a t i o n T o t a l  O r g a n i c  C a r b o n  A n a l y z e r  
( T O C .5 0 0 0 A ,  S h i m a d z u )

S p e c i f i c  s u r f a c e  a r e a B E T  N 2  s u r f a c e  a r e a  
A u t o s o r b - 1 Q u a n t a c h r o m e

P a r t i c l e  s i z e M A L N E R N  M a s t e r s i z e r  X  V e r .  2 .1 5

S u r f a c e  m o r p h o l o g y S c a n n i n g  E l e c t r o n  M i c r o s c o p e  ( S E M )  
J E O L  J S M - 5 2 0 0

F u n c t i o n a l  g r o u p s
F o u r i e r  T r a n s f o r m  I n f r a r e d  
S p e c t r o s c o p y  ( F T I R )  
B R U K E R  E Q U I N O X 5 5 / S

A m o u n t  o f  p o l y m e r  f o r m e d T h e r m o g r a v i m e t r i c  A n a l y s i s  ( T G A )  
D u  P o n t  I n s t r u m e n t  T G A  2 9 5 0
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