
CHAPTER IV
ADMICELLAR POLYMERIZATION OF POLYSTYRENE ON 

NATURAL RUBBER PARTICLES

ABSTRACT:
A thin film of polystyrene (PS) was deposited onto natural rubber (NR) particles by 
admicellar polymerization (AP). The AP process involves polymerization of an 
adsolubilized monomer in the hydrophobic regions of surfactant bilayers adsorbed on 
the substrate surface. The point of zero charges (PZC) of NR, the equilibration time 
for surfactant (hexadecyltrimethylammonium bromide, CTAB) adsorption, the 
adsorption isotherm of CTAB on NR particles and the adsolubilization of styrene 
monomer into the surfactant aggregates were examined to find a suitable pH, time 
for surfactant adsorption, CTAB concentration and styrene concentration for 
admicellar polymerization. Moreover, the effects of salt on CTAB adsorption and 
monomer adsolubilization were studied. PS coated onto characterized by FTIR and 
TGA. FTIR of the products showed the characteristic peaks of PS and NR. 
Degradation temperature of the products from TGA also confirmed the presence of 
PS and NR.
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INTRODUCTION

Thin-film coatings on solid substrates have been a popular research topic because 
they have many applications in composite materials [1-2], microelectronics [3], and 
electronic devices [4-5], They can provide many beneficial physical and chemical 
properties, such as improvement in adhesion between polymer matrix and reinforcing 
filler in composite materials, increase in composite strength, reduction of cure time, 
increase in tear strength, improvement of elongation at break and improvement in 
processability.[6-11]. One method used to produce a thin-film coating on solid 
substrates is called admicellar polymerization or the thin film via surfactant template 
(TFST).
Admicellar polymerization has been shown to be effective for depositing ultra-thin 
polymer films onto charged surfaces in aqueous solution. The method is based on 
the formation of surfactant bilayers as reaction templates on surfaces where 
polymerization takes place. AP can be described as a four step process. The first 
step involves the adsorption of a surfactant bilayer, an admicelle, on the substrate in 
aqueous solution. Second, the monomer to be polymerized is added and solubilized 
by the admicelles, forming a region of high monomer density at the water/substrate 
interface. Third, the monomer is polymerized inside the admicelles, forming an ultra- 
thin film. Finally, the substrate is rinsed to wash away excess surfactant. The 
advantage of such a process is the ability to deposit ultra-thin layers of polymer into 
very small spaces normally difficult to reach by conventional coating process [12]. 
Many types of polymer-substrate systems have been produced successfully by AP. 
PS, which can be used in many applications, including home construction, 
refrigerator components and electronic devices, has often been formed in application 
of AP. However, limitations of polystyrene in its properties, such as brittleness and 
low strength, must be improved in order to achieve satisfactory applications. พน et 
al. รณdied the formation of ultra-thin polystyrene films on alumina by using 
admicellar polymerization and sodium dodecylsulfate (SDS) as a surfactant template. 
From a study of the adsorption isotherm of SDS, their findings also revealed that the 
presence of styrene enhanced SDS adsorption [13]. Essumi et al. employed 
admicellar polymerization to prepare polystyrene coated on alumina surface by using
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sodium 10-undecenoate as a surfactant. They found that the films prepared were 
nanometer-thick films [14].
In this study, the effect of styrene and salt concentration on adsorption isotherm was 
investigated in order to employ admicellar polymerization to prepare polystyrene 
coated on natural rubber. This effort brought the improvement in mechanical 
properties of polystyrene, which is brittle, by natural rubberDue to its well- 
established structure, high interaction, and stability in several surfactants, NR latex 
was chosen as the substrate for polystyrene coating.

EXPERIMENTAL

Materials
The Rubber Research Institute of Thailand provided natural rubber (60% dry rubber 
content). Hexadecyltrimethylammonium bromide (CTAB, 98%) and styrene 
monomer (99%) were purchased from Fluka. Aldrich supplied 2,2’ Azo-bis(2- 
methylpropionamidine) (V50, 97%), a water insoluble initiator. Sodium bromide 
(99.5%) was obtained from Unilab. Solvents tetrahydrofuran (THF/99.8%) and 
absolute anhydrous ethanol (99.9%) came from LAB-SCAN and J.T. Baker, 
respectively. All materials except NR were used without further purification.

Purification of the NR Latex
NR latex particles were purified by centrifugation (at 20°c, 8,000 rpm, 20 min) and 
were redispersed in distilled water twice to remove any dissolved impurities and to 
reduce the particle size distribution. The resulting particles were considered to be 
clean. After washing, the particles were resuspended in distilled water at pH8 
adjusted with NaOH.

Particle Size Measurement
The average particle size, the standard size distribution and the specific surface area 
of NR latex after purification was measured by the principle of beam obscuration 
using a particle size analyzer, lens 45mm (Malvern Instruments Ltd., Mastersizer X
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Ver. 2.15). Specific surface area was calculated from the particle diameter with the 
assumption of spherical particles of constant volume.

Electrophoretic Mobility Measurement
Because solution pH affects the charge of particles and because surface charge of 
latex particles influences surfactant adsorption, electrophoretic mobility was used to 
determine the surface charge of the latex particles at various solution pHs. The pH 
of the natural rubber solution was adjusted by 0.01 and 0.1 M standard solution of 
hydrochloric solution (HC1) and sodium hydroxide (NaOH). The electrophoretic 
mobility of the latex particles was then observed at room temperature with Zeta 
Meter 3.0+.

Surfactant Adsorption Isotherm
Solutions of various initial CTAB concentrations were prepared in water pH 8. Each 
solutions was added to a 6 dram test tube vial with a screw cap containing 1 mL of 1 
% NR solution (0.01 g DRC—not defined). Tubes were agitated in a shaking bath at 
30 °c for a period of 15 h to ensure equilibration. NR particles were separated from 
the mixture by filtering the mixture through a nylon membrane. Concentrations of 
filtrates or equilibrium CTAB concentration were determined by surface tension 
measurement. The linear region of a Gibbs plot(i.e., the relationship between surface 
tension and CTAB concentration) was used as the calibration curve. CTAB solutions 
were diluted into the linear region for measurement and the concentration back- 
calculated.

Styrene Adsolubilization Measurement
Hexadecyltrimethylammonium bromide solution of concentration 2,100 pM was 
prepared in water pH 8. Then, 10 mL was pipetted into a 6 dram test tube vial with a 
screw cap containing 1 mL of 1 % NR solution and 9 mL of water. The mixture was 
agitated in a shaking bath at 30°c for an equilibration period of 15h to form 
surfactant bilayer. Pure styrene monomer was pipetted into each tube. These 
mixtures consist of 0.01 g rubber particles, 1,000 pM CTAB and styrene monomer at
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v a r io u s  c o n c e n t r a t io n s  in  a  to ta l  v o lu m e  o f  2 1  m L . T u b e s  w e r e  a g it a t e d  in  a  s h a k in g  

b a th  a t  3 0  ๐c  a g a in  fo r  2  h  fo r  a d s o lu b i l i z a t io n  o f  s t y r e n e  in to  s u r f a c ta n t  b i la y e r .  T h e  

N R  p a r t ic le s  w e r e  s e p a r a te d  fr o m  th e  m ix t u r e  b y  f i l t e r in g  th e  m ix t u r e  th r o u g h  a  

n y lo n  m e m b r a n e . T h e  c o n c e n t r a t io n s  o f  s ty r e n e  m o n o m e r  in  th e  f i l t r a te s  o r  

e q u i l ib r iu m  s ty r e n e  c o n c e n t r a t io n s  w e r e  d e te r m in e d  u s in g  U V - v i s i b l e  s p e c t r o s c o p y  

a t w a v e le n g t h  2 4 7  n m . T h e  d i f f e r e n c e  b e t w e e n  th e  in i t ia l  s t y r e n e  c o n c e n t r a t io n  a n d  

e q u i l ib r iu m  s ty r e n e  c o n c e n t r a t io n  t i m e s  th e  v o lu m e  y i e ld e d  th e  a m o u n t  o f  

a d s o l u b i l i z e d  s ty r e n e .

Polymerization of Polystyrene onto Latex Particle
A d m ic e l la r  p o ly m e r iz a t io n  o f  s ty r e n e  o n  n a tu r a l r u b b e r  w a s  c a r r ie d  o u t  a t v a r io u s  

s t y r e n e  c o n c e n t r a t io n s .  T h e  c o n d i t io n s  o f  p o ly m e r iz a t io n  o f  s t y r e n e  o n  N R  p a r t ic le s  

w e r e :  C T A B  c o n c e n t r a t io n  1 ,0 0 0  p M , 2 :1  s t y r e n e : V 5 0  m o la r  r a t io , a n d  l g  d r y  

n a tu r a l r u b b e r  c o n t e n t .  T h e  p o ly m e r iz a t io n  e x p e r im e n t  f o l l o w e d  th e  s a m e  p r o c e d u r e  

a s  in  m o n o m e r  a d s o lu b i l i z a t io n  e x p e r im e n t  w i t h  in i t ia l  s ty r e n e  m o n o m e r  a t v a r io u s  

c o n c e n t r a t io n s  a s  s h o w n  in  T a b le  4 .1 .  T h e  m ix tu r e  w a s  c o n t in u o u s l y  a g it a t e d  in  th e  

s h a k in g  b a th  fo r  2  h r s  fo r  m o n o m e r  a d s o lu b i l i z a t io n .  T h e  in it ia t o r  V 5 0  w a s  a d d e d  

in to  th e  s y s t e m  w i t h  th e  a m o u n t s  a s  s h o w n  in  T a b le  4 .1  fo r  s ta r t in g  p o ly m e r iz a t io n  

r e a c t io n . P o ly m e r iz a t io n  r e a c t io n  w a s  p e r fo r m e d  a t 70°c in  t h e  s h a k in g  b a th  fo r  2  h . 

A t  th e  e n d  o f  th e  p o ly m e r iz a t io n  t im e ,  th e  r e a c t io n  w a s  s t o p p e d  b y  im m e r s in g  th e  

v ia l s  in  th e  i c e  b a th  fo r  1 0  m in . N R  p a r t ic le s  w e r e  w a s h e d  w i t h  w a t e r  to  r e m o v e  

e x c e s s  s u r fa c ta n t  b y  f i l t e r in g  th r o u g h  a  d i a l y s i s  tu b e  ( C e l l u l o s e  m e m b r a n e )  a n d  N R  

p a r t ic le s  w e r e  s e p a r a te d  fr o m  th e  m ix t u r e  b y  c e n t r i f u g in g  a t 3 0 0 0  r p m . F in a l ly ,  th e  

p r o d u c t s  w e r e  d r ie d  in  a  v a c u u m  o v e n  a t 70°c fo r  1 6  h .

Testing and Characterization
FTIR Spectra
F T I R  w a s  u s e d  to  ร ณ d y  th e  c h e m ic a l  c o m p o s i t io n  o f  t h e  p r o d u c t  w i t h  3 2  s c a n s  a t a  

r e s o lu t io n  o f  4  c m ' 1. S a m p le s  w e r e  s c a n n e d  o v e r  th e  f r e q u e n c y  r a n g e  4 0 0 0 - 4 0 0  c m ' 1 
u s in g  a  d e u te r a te d  t r ig ly c in e s u l f a t e  ( D T G S )  a s  a  d e t e c t o r  w i t h  a  s p e c i f i c  d ir e c t iv i ty ,  
D * ,  o f  l x l 0 9c m .H z 1/2. พ ' 1. B e c a u s e  F T I R  h a s  v e r y  h ig h  s e n s i t i v i t y ,  th e  p r o d u c ts  

w e r e  c o m p r e s s e d  b y  c o m p r e s s io n  m o ld in g  b e f o r e  c h a r a c te r iz a t io n  to  fo r m  a  v e r y  th in
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f i lm  o f  s a m p le  a n d  to  g e t  s h a r p  p e a k s  in  th e  F T I R  s p e c tr a .  T h e  c o n d i t io n  o f  

c o m p r e s s i o n  m o ld i n g  (W a b a s h  m o d e l  V50H-18-CX) w a s  p r e h e a t in g  a t 150 ๐c fo r  3 

m in u t e s  a n d  c o m p r e s s in g  a t 150 °c, w it h  a  f o r c e  10 t o n s  f o r  3  m in ,  t h e n  c o o l i n g  th e  

s a m p le  t o  40°c u n d e r  p r e s s u r e .

Thermogravimetric Analysis
T o  s t u d y  th e  th e r m a l p r o p e r ty  o f  th e  p r o d u c t ,  T G - D G A  ( P e r k in  E lm e r , M o d e l  P y r is  

D ia m o n d  T G - D T A )  w a s  u s e d  t o  o b s e r v e  th e r m a l  s t a b i l i t y  a n d  d e g r a d a t io n  

te m p e r a tu r e s  o f  th e  p r o d u c t . S a m p le s  w e r e  p u t  in to  th e  P t  p a n  a n d  h e a t e d  f r o m  3 0 -  

6 0 0 ° c  a t a  h e a t in g  r a te  o f  1 0 ° c / m i n u t e  u n d e r  n i t r o g e n  a t m o s p h e r e  w i t h  1 0 0  m L /m in  

f l o w  ra te .

RESULTS AND DISCUSSION 

Particles Size Determination
F r o m  th e  h is to g r a m  in  F ig u r e  4 .1 ,  i t  s h o w s  th a t  p a r t ic le  d ia m e t e r  o f  N R  c o v e r e d  a  

w i d e  r a n g e . T h e  d ia m e te r  o f  N R  r a n g e d  fr o m  0 .2 8 - 1 .5  (J.M, c o n f ir m in g  th a t  th e  

p a r t ic le  s i z e  o f  N R  w a s  n a tu r a lly  p o ly d i s p e r s e .  T h e  m e a n  d ia m e t e r  o f  N R  w a s  0 .8 6  

p m  b y  v o lu m e  a v e r a g e .  T h is  r e s u lt  c o m p a r e s  w e l l  to  v a lu e s  f r o m  th e  l ite r a tu r e s  

[ 6 ,1 5 ] .  T h e  s p e c i f i c  s u r f a c e  a r e a  o f  N R  w a s  e q u a l  to  8 .4 7 2 1  m 2/ g .  P a r t ic le  s iz e  o f  

N R  w a s  m e a s u r e d  in  e a c h  e x p e r im e n t  a f te r  p u r i f ic a t io n .

Electrophoretic Mobility Result
T h e  e le c t r o p h o r e t ic  m o b i l i t y  ( E M )  o f  N R  p a r t ic le s  in  w a te r  a t v a r io u s  p H  w a s  

m e a s u r e d  b y  Z e ta  M e t e r 3 + .  T h e  p lo t  b e t w e e n  th e  E M  a n d  p H  h e lp e d  d e t e r m in e  th e  

p o in t  o f  z e r o  c h a r g e  ( P Z C ) ,  a n  im p o r ta n t  p a r a m e te r  a f f e c t in g  s u r f a c ta n t  a d s o r p t io n .  
F r o m  F ig u r e  4 .2 ,  a t p H  e q u a l  to  3 .3 ,  th e  E M  w a s  e q u a l  t o  z e r o . W h e n  th e  p H  is  

lo w e r  th a n  th e  i s o e l e c t r ic  p o in t  o f  3 .3 ,  th e  E M  h a s  p o s i t i v e  v a lu e s ;  w h e n  th e  p H  is  

h ig h e r  th a n  3 .3 ,  th e  E M  h a s  n e g a t iv e  v a lu e s .  T h e  ra te  o f  c h a n g e  o f  E M  w a s  r a p id  a t 

p H  b e t w e e n  2 .4  a n d  4 . A t  p H  h ig h e r  th a n  4 ,  th e  E M  c h a n g e d  s l o w l y  a n d  in d ic a te d  

th a t  i o n iz a t io n  o f  a c id ic  g r o u p s  w a s  n e a r ly  c o m p le t e .  T h is  a m p h o te r ic  c h a r a c te r
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c o n f ir m s  th e  p r e s e n c e  o f  p r o t e in  o n  th e  N R  p a r t ic le s .  H o w e v e r ,  th e  i s o e l e c t r i c  p o in t  

fr o m  t h is  e x p e r im e n t  d id  n o t  fa l l  in  th e  n o r m a l  r a n g e  o f  p r o t e in  ( 4 .0 - 6 .0 )  [ 1 5 ]  d u e  to  

th e  p r e s e n c e  o f  fa t ty  a c id  o n  N R  p a r t ic le s .
T h e  p o in t  o f  z e r o  c h a r g e  fo u n d  fo r  N R  p a r t ic le s  a t p H  3 .3  i s  c o m p a r a b le  to  v a lu e s  

p r e v io u s ly  r e p o r te d  in  th e  l ite r a tu r e s  [ 6 ,1 5 ] ,  T h is  e x p e r im e n t  in d ic a t e s  th a t  a  s u ita b le  

p H  m u s t  b e  h ig h e r  th a n  3 .3  to  a c h i e v e  th e  a d s o r p t io n  o f  th e  c a t io n ic  s u r fa c ta n t  

C T A B . A  p H  o f  8  w a s  c h o s e n  fo r  r e m a in in g  e x p e r im e n t s  to  g e t  h i g h l y  n e g a t iv e ly -  

c h a r g e d  s u r f a c e  f a v o r a b le  to  a d s o r p t io n .

Surfactant Adsorption Isotherm
F r o m  F ig u r e  4 .3 ,  th e  a d s o r p t io n  i s o t h e r m  ( L - s h a p e )  o f  C T A B  s u r fa c ta n t  o n t o  th e  N R  

p a r t ic le  s u r f a c e s  s h o w s  th e  c h a r a c te r is t ic  o f  s u r fa c ta n t  a d s o r b e d  o n  n o n - h ig h ly  

c h a r g e d  s u r f a c e .  T h e  c r it ic a l  m i c e l l e  c o n c e n t r a t io n  ( C M C )  i s  a b o u t  8 9 0  p M  

e q u i l ib r iu m  c o n c e n t r a t io n  o r  a t 1 ,1 0 0  p M  o f  f in a l  c o n c e n t r a t io n  w h i c h  i s  a c c e p t a b le  

w h e n  c o m p a r in g  to  th e  r e f e r e n c e ,  i .e .  c r i t ic a l  m i c e l l e  c o n c e n t r a t io n  ( C M C )  o f  C T A B  

=  9 2 0  p M  [ 1 6 ] .  T h e  e f f e c t  o f  s a lt  ( N a B r )  o n  th e  C T A B  a d s o r p t io n  i s o t h e r m  w a s  

s t u d ie d ,  t o o .  T h e  r e s u lt  s h o w s  th a t th e  a d s o r p t io n  o f  C T A B  o n  N R  in c r e a s e d  w i t h  

N a B r  c o n c e n t r a t io n .  T h e  C M C  w a s  r e d u c e d  f r o m  8 8 8  p M  to  6 9 2  p M  w h e n  th e  

N a B r  c o n c e n t r a t io n  e q u a le d  to  1 m M . A s  in  th e  l ite r a tu r e s  [ 8 ,1 7 ,1 8 ] ,  th e  r e a s o n a b ly  

e x p la n a t io n  o f  th is  e f f e c t  c a n  b e  a t tr ib u te d  to  2  f a c to r s .  T h e  f ir s t  i s  r e d u c t io n  o f  

h e a d g r o u p  r e p u ls io n  in  th e  a d s o r b e d  C T A B . T h e  s e c o n d  i s  in c r e a s e d  r e p u ls io n  

b e t w e e n  t h e  h y d r o c a r b o n  ta i l  o f  C T A B  a n d  w a te r . A s  a  r e s u lt ,  g o o d  p a c k in g  o f  

C T A B  o n  N R  s u r f a c e  o c c u r s  g iv i n g  a  h ig h e r  a m o u n t  o f  C T A B  a d s o r b e d  o n  N R  

p a r t ic le s .  T h e  C M C  p o in t  o f  n o _ s a lt  s y s t e m  w a s  a b o u t  8 9 0  p M  w h i c h  g a v e  C T A B  

a d s o r p t io n  6 9 .0 1  p M /m 2 (  5 .3 4  p m o l /g ) .  In  th e  p a rt o f  p a r t ic le  s i z e  m e a s u r e m e n t ,  th e  

s p e c i f i c  s u r f a c e  a r e a  o f  N R  w a s  8 .4 7 2 1  m 2/ g .  I f  it  i s  a s s u m e d  th a t  C T A B  f o r m e d  a  

p e r f e c t  b i la y e r  a n d  c o m p l e t e ly  c o v e r  N R  s u r f a c e ,  th e  h e a d  o f  a  C T A B  m o le c u l e  w i l l  

c o v e r  5 .2 7  n m 2 o n  N R  s u r fa c e .  T h e  h e a d  g r o u p  o f  C T A B  w a s  0 .5  n m 2. 
(T h a k u ls u k a n a n t ,  1 9 9 7 )  It i s  p o s s i b l e  th a t  th e r e  w a s  e l e c t r i c  r e p u ls io n  b e t w e e n  

a d ja c e n t  C T A B  h e a d  g r o u p s  o r  C T A B  d id  n o t  c o m p l e t e ly  c o v e r  N R  s u r f a c e .  T h e  

c o n c e n t r a t io n  o f  C T A B  s e l e c t e d  fo r  a d m ic e l la r  p o ly m e r iz a t io n  w a s  1 ,0 0 0  p M  to  g iv e
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a n  e q u i l ib r iu m  C T A B  c o n c e n t r a t io n  l o w e r  th a n  th e  C M C  a n d  to  a v o id  m i c e l l e  

f o r m a t io n  in  th e  s u p e r n a ta n t  w h i l e  p r o v id in g  a  h ig h  a m o u n t  o f  C T A B  b i la y e r  

f o r m a t io n  o n  N R  s u r f a c e .

Adsolubilization of Styrene
F ig u r e  4 .4  s h o w s  th e  s ty r e n e  a d s o lu b i l i z a t io n .  T h e  r e s u lt  o b t a in e d  in d ic a t e d  th a t th e  

h ig h e r  a m o u n t  o f  in it ia l  s ty r e n e  c o n c e n t r a t io n ,  w h i c h  r e s u lt e d  in  h ig h e r  a m o u n t  o f  

e q u i l ib r iu m  c o n c e n t r a t io n  s ty r e n e  in  th e  s u p e r n a ta n t , g a v e  c o r r e s p o n d in g ly  h ig h e r  

a m o u n ts  o f  s ty r e n e  a d s o lu b i l i z a t io n  a t b o th  0  a n d  I m M  N a B r  c o n c e n t r a t io n s .  T h is  

e x p e r im e n t  c a n  a l s o  e x p la in  th e  e f f e c t  o f  N a B r  o n  th e  s t y r e n e  a d s o l u b i l i z e d  a t th e  

in te r fa c e .  F r o m  th e  e f f e c t  o f  N a B r  o n  th e  C T A B  a d s o r p t io n  o n  N R ,  th e  s a lt  

im p r o v e d  th e  a m o u n t ,  o r ie n t a t io n  a n d  p a c k in g  o f  C T A B . T h e  b e t te r  p a c k in g  o f  

C T A B  fo r m e d  a  s t r o n g e r  h y d r o p h o b ic  r e g io n  in  th e  a d m i c e l l e  r e s u l t in g  in  b e tte r  

s t y r e n e  a d s o lu b i l i z a t io n .

Characterization of PS coated on NR
FTIR
F ig u r e s  4 .5 a  a n d  4 .5 b  s h o w  F T I R  s p e c tr a  o f  s ta n d a r d  P S ,  N R  a n d  p o ly s t y r e n e  c o a te d  

o n  N R  p a r t ic le s  a t d i f f e r e n t  in it ia l  c o n c e n t r a t io n s  o f  s t y r e n e  m o n o m e r .  T h e  s p e c tr a  

e n c o m p a s s  r e s u lt s  fo r  p o ly m e r iz a t io n s  c a r r ie d  o u t  a t d i f f e r e n t  c o n c e n t r a t io n s  o f  

N a B r ,  0  M  a n d  1 m M , r e s p e c t iv e ly .  C o m p o s i t e  m a te r ia l  o f  P S  a n d  N R  w a s  o b ta in e d  

b e c a u s e  th e  s p e c tr a  s h o w  b o th  c h a r a c te r is t ic s  o f  P S  a n d  N R  w h e n  c o m p a r e d  to  

s ta n d a r d  P S  a n d  p u r e  N R .  F T I R  s p e c tr a  o f  th e  p r o d u c t  w e r e  s im i la r  to  F T I R  

s p e c tr u m  o f  p u r e  N R  b u t  t h e y  a ls o  s h o w e d  d is t in c t  p e a k s  fo r  P S .  T h e  im p o r ta n t  

p e a k s  o f  P S  in c lu d e  a r o m a t ic  C -H  s t r e t c h in g  a t 3 1 0 0 - 3 0 0 0  c m ' 1, a r o m a t ic  c= c 
s t r e t c h in g  a t 1 6 0 0  c m ' 1, 1 4 9 5  c m ' 1, 1 4 5 4  c m ' 1 a n d  o u t - o f - p la n e  a r o m a t ic  C -H  

b e n d in g  a t 7 0 0  c m ' 1, s o m e  o f  w h ic h  a re  m a s k e d  b y  N R .  F ig u r e  4 .6 c  i s  th e  p lo t  o f  

F T I R  in t e n s i t y  a t 7 0 0  c m ' 1 a n d  in i t ia l  s ty r e n e  c o n c e n t r a t io n .  F r o m  F ig u r e  4 .6 c ,  it  

s h o w s  th a t  th e  in t e n s i t y  o f  c h a r a c te r is t ic  p e a k s  o f  P S  in  th e  p r o d u c t  in c r e a s e d  

p r o p o r t io n a l ly  w i t h  th e  c o n c e n t r a t io n  o f  s ty r e n e  m o n o m e r  u s e d .  I n t e n s i t ie s  o f  F T I R  

s p e c tr a  a t in it ia l  s ty r e n e  m o n o m e r  1 0 0  m M  d id  n o t  d i f f e r  m u c h .  T h is  m a y  b e  d u e  to
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saturation or limitation of monomer adsolubilized into the surfactant aggregates. The 
presence of NaBr also resulted in a greater amount of PS in the composite. Peaks of 
PS in the admicellar polymerized samples became obvious at concentrations of 50 
mM and 20 mM for the sample without salt and with salt respectively. This is 
attributed to the more adsorption and better packing of CTAB on substrate surface in 
the presence of salt resulting in higher amount of styrene adsolubilized at the 
interface and thus more PS was produced.

TGA
Figure 4.6a and 4.6b show the TGA results of PS coated on NR particles at various 
initial styrene concentration compared with standard PS and pure NR under 
conditions of different salt concentrations of 0 M and 1 mM, respectively. From the 
thermograms, one can determine the degradation temperature and weight loss of 
samples (%) with increasing temperature. Products formed at low initial styrene 
concentration (10, 20, 30, 40 and 50 mM) did not exhibit any significant difference 
from NR, but at high initial styrene concentration (100 mM), the degradation rate 
slightly increased. It could be concluded that the degradation rate of the product 
increased when the initial styrene concentration increased.

CONCLUSIONS
In this research, admicellar polymerization of PS on NR particles was studied and 
conditions suitable for admicellar polymerization determined. Acceptable pH range 
for polymerization was ascertained from EM measurement and the isoelectric point 
of NR which was equal to 3.3. A pH higher than 3.3 and a cationic surfactant were 
chosen because at pH lower than the isoelectric point, the stabilizer for NR particles 
hydrolyzes resulting in the coagulation of NR. The pH 8 was chosen to form a 
relatively highly negatively charged surface of NR since the surfactant used in this 
experiment was CTAB. Equilibration experiments indicated that 15 h was sufficient 
for surfactant adsorption. [CTAB adsorptions on NR 890 and 692 pM for 
equilibrium CTAB concentration with 0 M and 1 mM of NaBr, respectively. To 
avoid micelle formation, the initial concentration of CTAB for admicellar
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polymerization was 1000 |iM which gave an equilibrium CTAB concentration lower 
than CMC. Moreover, the adsorption isotherm experiment showed that addition of 
NaBr resulted in greater adsorption of CTAB. It was found that the higher the initial 
styrene concentration, which gave higher equilibrium styrene concentration, the 
higher the styrene adsolubilization. The effect of NaBr on styrene adsolubilization 
showed the same trend as the adsorption isotherm. The products from admicellar 
polymerization were characterized by FTIR and TGA. FTIR spectra showed the 
combination of characteristic peaks of NR and PS. The intensities of the PS peak 
increased with the % weight of PS. The TGA results did not show the significant 
character of PS at low % weight of PS but at high % weight of PS, it showed a slight 
change in the degradation rate.
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Table 4.1 Feed concentrations of styrene monomer and V50 used in the 
experiments.

Monomer(styrene) (pM) Initiator(V50) (pM)
10 5
20 10
30 15
40 20
50 25
100 50

Table 4.2 The final contents of PS (as calculated) that correlated to the initial 
styrene concentration for polymerization.

Monomer(styrene) (pM) %weight of polystyrene
10 2.124
20 4.167
30 6.121
40 7.995
50 9.804
100 17.947
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K e s u it  s ta t is t ic s
C o n ce n fra tio n  = 0.0019 % V o l D e ns ity  = 1.000 g  /  cu b . cm
D  (V, 0 .7) = 0.47 urn D  (v, 0 .5)  =  0.75 um
D  [3 , 2] =  0.71 um  S pa n  = 9.323E-01

D is trib u tio n  T yp e : V o lu m e  
M e a n  D ia m e te rs :
D  [4 , 3] = 0.86 um

S p e c ific  S .A . =  8.4721 sq. m  /  g 
D ( v ,  0 .9) = 1.17 um
U n ifo rm ity  =  3.825E-01

Figure 4.1 The relationship of particle diameter of NR and volume.

pH

Figure 4.2 The electrophoretic mobility of NR particles in water at various pH.
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Equilibrium CTAB concentration(iuM)

ImM  NaBr 
0 M nosalt

Figure 4.3 Adsorption isotherm of CTAB on NR.

•  Im M  N a B r  

1 0  M  N aB r

Figure 4.4 Adsolubilzed isotherm of styrene momomer in CTAB aggregates.
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Figure 4.5a FT-IR spectra of PS, NR, and PS coated on NR at various %weight of 
PS.

1 OmM styrene
J ~ \  20mM styrene 

J r \ .  40mM stvrene A-40mM styrene a.
5 OmM styrene ^
100mMstyrene J Il ^ vJ I aI a .

PS _aL>v_

4000 3000 2000 1000
Wavenumberfcm’1)

4000 3000 2000 1000 0
พ  avenumber(cm‘1 )

Figure 4.5b FT-IR spectra of PS, NR, and PS coated on NR at various %weight of 
PS and polymerization in ImM NaBr.
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♦ 1 mM NaBr 
■ OmM NaBr
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Initial styrene concentration (mM)

Figure 4.5c The relationship between FTIR intensity at 700 cm'1 and initial styrene 
concentration.

Figure 4.6a TGA curves of pure PS, pure NR and PS coated on NR at 
various % weight of PS.
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Temperature (°C)
Figure 4.6b T G A  c u r v e s  o f  p u r e  P S ,  p u r e  N R  a n d  P S  c o a t e d  o n  N R  at v a r io u s  %  

w e i g h t  o f  P S  a n d  p o ly m e r iz a t io n  in  I m M  N a B r .
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