
IN T R O D U C T I O N

1.1 T h e sig n ifica n t im portance o f  S P G  em u ls ifica tio n  tech n iq u e
P o ly m e r ic  m ic r o sp h e r e s  w ith  m o n o d is p e r s e  s iz e  h a v e  lo n g  b e e n  

r e c o g n iz e d  a s  o n e  o f  th e  m o st  s o p h is t ic a te d  m a ter ia ls  in  in d u s tr ie s  o f  a p p lie d  
a n a ly tic a l c h e m is tr y , p r in tin g  an d  b io m e d ic a l  f ie ld ,  su ch  a s, p a c k in g  m a te r ia ls  
o f  G P C  (G e l P erm ea tio n  C h ro m a to g ra p h y ) [1 ] , to n er  p a r tic le s  [2 ] , b io m e d ic a l  
m a ter ia l [3 ] , and  carriers o f  e n z y m e  im m o b iliz a t io n  [4 ]. T h ere  are m a n y  
te c h n iq u e s  fo r  p rep a r in g  m o n o d isp e r se  p a r tic le s , su ch  a s, s e e d e d  e m u ls io n  
p o ly m e r iz a t io n , d isp e r s io n  p o ly m e r iz a t io n , a n d  tw o -s te p  s w e l l in g  te c h n iq u e . 
H o w e v e r , th e  t im e  req u ired  fo r  p rep a r in g  p a r tic le s  m a y  ta k e  h a lf  a  d a y  to  
se v e r a l w e e k s  d e p e n d in g  u p o n  th e  m e th o d  b e in g  u se d  [5 ] . F o r  e x a m p le ,  the  
s e e d  p o ly m e r iz a t io n  m eth o d  in v o lv e s  s e v e r a l s te p s  and n e e d s  a lo n g  t im e  to  
c o m p le te , an d  it  is  d if f ic u lt  to  in co rp o ra te  a v e r y  h y d r o p h ilic  m o n o m e r  in to  
m ic r o sp h e r e s  i f  w a ter  is  u se d  a s c o n t in u o u s  p h a se . In a d d itio n , a  s im p le  
su sp e n s io n  p o ly m e r iz a t io n  m e th o d  is  o f te n  u se d  to  p rep are  la r g e -s iz e  
m ic r o sp h e r e s  in  th e  a q u e o u s  p h a se , b u t th e  s iz e  d is tr ib u tio n  o f  m ic r o sp h e r e s  is  
v e r y  b road  [3 ].

In 1 9 8 8 , a m ic r o p o r o u s  g la s s  m em b r a n e  o r  S h ira su  P o r o u s  G la ss  (S P G )  
m em b ra n e  w a s  fa b r ica ted  b y  N a k a sh im a  e t  a l [6 , 7 ] , S P G  m em b ra n e  h a s  a 
u n ifo r m  m ic r o p o r o u s  stru ctu re, w h ic h  is  a b le  to  o f fe r  th e  d r o p le ts  w ith  a n arrow  
s iz e  d is tr ib u tio n  an d  ta k es  a sh orter  t im e  to  p rep a re  p o ly m e r  p a r tic le s . T h e  S P G  
m em b ra n e  p r o v id e s  m a n y  v a r ie t ie s  o f  so p h is t ic a te d  a p p lic a tio n s , su c h  a s , fo o d  
p r o c e s s in g , d ru g  d e liv e r y  s y s te m  ( D D S )  fo r  c a n c e r o u s  th era p y , u ltra -filtra tio n  
d e v ic e  an d  a ir -sp a rg er  fo r  c e l l  cu ltu re , an d  e tc . T h e  m em b ra n e  e m u ls if ic a t io n  
m e th o d  u s e s  th e  su r fa c e  (c h e m is tr y )  o f  a  m ic r o p o r o u s  m em b ra n e  to  d isp e r se  
o n e  o f  tw o  im m is c ib le  liq u id s  (th e  d isp e r se  p h a se )  in to  a n o th er  l iq u id  (th e  
c o n tin u o u s  p h a se )  b y  a p p ly in g  a d eq u a te  p r e ssu r e  to  c a u se  th e  d isp e r s io n  p h a se



2

to  p erm ea te  th rou gh  th e m em b ra n e . T h e  d isp e r s io n  p h a se  is  c o m p o s e d  o f  
m o n o m e r , in itia to r , s o lv e n t  an d  w a ter  in s o lu b le  a d d it iv e , an d  th e  c o n t in u o u s  
p h a se  c o n s is t s  o f  su rfa cta n t, e m u ls if ie r , in h ib ito r  an d  w a ter . S u s p e n s io n  
p o ly m e r iz a t io n  is  a su b se q u e n t m eth o d  a fter  th e  e m u ls if ic a t io n  m e th o d . T h e  
c o e f f ic ie n t  o f  v a r ia tio n  (C V )  o f  p o ly m e r ic  m ic r o sp h e r e s  a b o u t 10%  an d  th e  s iz e  
ra n g in g  fro m  2  to  1 0 0  | im  w e r e  o b ta in e d  b y  th is  m eth o d .

T h e  S P G  m em b ran e w ith  d ifferen t p ore s iz e s  ran g in g  fro m  0 .5  to  5 .2 5  p m  
h as p ro d u ced  a variety  o f  m o n o s iz e d  sp h eres, and  h as a lso  d em o n stra ted  s e v e r a l  
s u c c e s s fu l  a p p lic a t io n s  o f  th e se  sp h eres  [8 -1 2 ] .

H o llo w  p o ly m e r  la te x  p a r tic le s  h a v in g  u n ifo r m  m ic r o v o id s  or  
h e m isp h e r ic a l p a r tic le s  w ith  v o id  cen ter s  w e r e  o b ta in e d . T h e  h o l lo w  p o ly m e r  
la te x  p a r tic le s  w ith  a c e n te r  v o id  h a v e  g rea ter  u t ility  in  c o a t in g s  than  th o se  
stru ctu res h a v in g  m ic r o v o id s  or  h e m isp h e r ic a l p a r tic le s  w ith  v o id  c e n te r  [1 3 ] .  
F u rth erm ore , th e h o l lo w  p a r tic le  o ffe r s  a h ig h  su r fa c e  area  [1 6 ] an d  th e  
stru ctu re  h a s a lig h t sc a tte r in g  p ro p erty  m o re  e f f ic ie n t ly  th an  a c o r r e sp o n d in g  
p a r tic le  o f  u n ifo rm  d e n s ity . T h e  lig h t  sc a tte r in g  p ro p er tie s  are  re la ted  to  th e  
d if fe r e n c e  in  re fra c tiv e  in d e x  b e tw e e n  th e sh e ll  an d  th e  in tern a l v o id  [ 1 3 ,1 4 ] ,  
H o llo w  p a r tic le s  p r o v id e  m a n y  o f  a p p lic a t io n s  su c h  as o p a c ify in g  p la s t ic  
p ig m e n ts  fo r  v a r io u s c o a t in g s , g lo s s -e n h a n c in g  p la s t ic  p ig m e n ts  fo r  p a p er  an d  
p ap er-b o a rd  c o a tin g  an d  m ic r o e n c a p su la t io n s  fo r  c o n tr o lle d  r e le a s e  a g e n ts  [1 4 ] .  
In a d d itio n , h o llo w  p a r tic le s  m a y  h a v e  p o te n tia l a p p lic a t io n s  a s  a lo w  w e ig h t  
p a c k in g  m a ter ia l, n e w  c a ta ly s t  or  r e a g e n t su p p o rts  an d  e n c a p su la t io n  o f  
m a c r o m o le c u le s , su ch  a s, e n z y m e  [1 5 ] . T h e  m e th o d s  o f  p rep a r in g  h o l lo w  
p a r tic le s  h a v e  b e e n  rep o rted  [1 3 -1 9 ]  and a ls o  th e  p r o d u c tio n s  o f  m u lt i-h o llo w  
p o ly m e r  p a r tic le s  h a v e  b e e n  p rep a red  [2 1 -2 3 ] .

R e c e n t ly , O k u b o  e t  a l. [1 7 ]  p rep ared  h o l lo w  p o ly m e r  p a r tic le s  b y  
s u sp e n s io n  p o ly m e r iz a t io n  o f  d iv in y lb e n z e n e  an d  s tu d ie d  th e  e f f e c t  o f  th e  
m o le c u la r  w e ig h t  and c o n c e n tr a tio n  o f  p o ly s ty r e n e  o n  th e  h o l lo w  stru ctu re.

T h e  o b je c t iv e  o f  th is  r esea rch  is , a c c o r d in g ly , to  s y n th e s iz e  h o l lo w  
a c ry la te  or m eth a cry la te  b e a d s  b y  th e  n e w  te c h n iq u e  o f  th e  S P G  m e m b r a n e  
e m u ls if ic a t io n  te c h n iq u e , an d  f o l lo w e d  b y  th e  su b se q u e n t  s u s p e n s io n  
p o ly m e r iz a t io n  u s in g  v a r io u s  a m o u n ts  and th e  ty p e s  o f  m o n o m e r s , c r o s s l in k in g  
a g en t, an d  so lv e n ts . T h e  h o l lo w  b e a d s  so  p r o d u c e d  w il l  b e  fu rth er  m o d if ie d  fo r  
a b so rb in g  p a ra ffin ic  s o lv e n ts  as w e l l  a s  a ro m a tic  s o lv e n ts .
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1.2 O b jec tiv es o f  the research work
T h e  o b je c t iv e s  o f  th is w o rk  fa ll  in to  th e fo l lo w in g  c a te g o r ie s :

1. T o  o b ta in  th e c r o ss lin k e d  p o ly (m e th )a c r y la te  p o ly m e r s  w ith  a 
v a r ie ty  o f  m o r p h o lo g ie s  b y  S P G  e m u ls if ic a t io n  an d  s u s p e n s io n  p o ly m e r iz a t io n .

2 . T o  s tu d y  th e  e f fe c ts  o f  m o n o m ers , c r o s s lin k in g  a g e n ts  a n d  in ert  
s o lv e n t s  o n  th e p a rtic le  fo rm a tio n  and th e  s w e l l in g  d eg ree .

3 . T o  d e term in e  th e so lv e n t-a b so r p tio n  c a p a c ity  o f  th e r e su lt in g  
p o ly m e r .

4 . T o  ch a ra cter ize  th e p ro p erties  o f  th e  sy n th e s iz e d  p o ly m e r s .

1.3 S c o p e  o f  the research w ork
P a ra m eters a ffe c t in g  the p a rtic le  fo rm a tio n  an d  th e  s w e l l in g  d e g r e e , su c h  

a s, th e  r a tio s  o f  m o n o m e r  and c r o ss lin k in g  a g en t, m ix e d  s o lv e n t  c o n te n ts , and  
th e  m o n o m e r  ty p e s  are stu d ied . In su m m ary , th e  fa c to rs  to  b e  in v e s t ig a te d  in  
th is  r e se a r c h  w o r k  are as fo llo w s :

1. E f fe c t  o f  th e  ratios o f  m o n o m e r  an d  c r o s s l in k in g  a g e n t o n  th e  
s w e l l in g  d e g r e e  and p a rtic le  m o r p h o lo g y .

2 . E ffe c t  o f  th e  so lv e n t  a m o u n t o n  th e  s w e l l in g  d e g r e e  an d  th e  
p a r tic le  m o r p h o lo g y .

3 . E f fe c t  o f  th e m o n o m e r  ty p e s  o n  th e  s w e l l in g  d e g r e e  a n d  th e  
p a r tic le  m o r p h o lo g y .

4 .  E ffe c t  o f  th e  so lv e n t  ty p e s  o n  th e  s w e l l in g  d e g r e e  an d  th e  p a r t ic le  
m o r p h o lo g y .

5 . E ffe c t  o f  th e  m o n o m e r  ty p e s  and c r o s s lin k in g  a g e n t  a m o u n ts  o n  
th e  th erm a l p ro p erties .

In stru m en ta l te c h n iq u e s  w e r e  e m p lo y e d  to  c h a r a c te r iz e  th e  c o p o ly m e r  
o b ta in e d  fr o m  e a c h  e x p e r im e n t as th e  fo llo w in g :

1. E m u ls io n  d ro p le t s iz e s  are o b se r v e d  b y  an o p t ic a l m ic r o s c o p y .
2 . T h e  su r fa ce  fea tu res  o f  p o ly m e r  p a r tic le s  a n d  th e  d ia m e te r  o f  

p o ly m e r  p a r tic le s  are o b se r v e d  b y  a sc a n n in g  e le c tro n  m ic r o s c o p e  (S E M ).
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3 . C o p o ly m e r  c o m p o s it io n  is  e lu c id a te d  b y  F o u rier  tra n sfo rm  
in fra red  sp e c tr o sc o p y  (F T -IR )

4 . T h erm a l p ro p erties  o f  th e r e su lt in g  p o ly m e r  are d o n e  b y  
d iffe r e n t ia l  s c a n n in g  c a lo r im e try  (D S C )  tech n iq u e .

5 . T h e  p o r o s ity , the p o re  s iz e  d istr ib u tio n  an d  th e  s p e c if ic  su r fa c e  
area  o f  th e  r e su lt in g  p o ly m e r s  are m ea su red  b y  a p o r o s im e te r  (P R O S O R P  
V A S - 3 0 0 0 )


	CHAPTER 1 INTRODUCTION
	1.1 The significant importance of SPG emulsification technique
	1.2 Objectives of the research work
	1.3 Scope of the research work


