
C H A P T E R  II 
L IT E R A T U R E  R E V IE W

N o w a d a y s ,  m o re  th a n  a  h a l f  a re a  o f  T h a i la n d  is  th r e a te n e d  b y  d ro u g h t .  T o  r e ­
s o lv e  it, im p ro v in g  th e  q u a l i ty  o f  s o i ls  is  th e  w a y  o f  c h o ic e . F o r  s e v e ra l  y e a r s ,  p o l-  
y H IP E s  h a v e  b e e n  a n  in te r e s t in g  m a te r ia l  a s  s o i l  a d d it iv e , w h ic h  h a v e  th e  a b i l i ty  a d ­
s o r b  w a te r  s e v e ra l  t im e s  th e i r  o w n  w e ig h t  a n d  s lo w ly  r e le a s e  to  th e  r o o ts  u n d e r  th e  
s tr e s s  c o n d i t io n  w i th o u t  a n y  f u r th e r  ir r ig a t io n .

2.1 P o ly H IP E s
P o ly H I P E s  (h ig h  in te rn a l  p h a s e  e m u ls io n )  p o ly m e r s  a r e  h ig h ly  p o ro u s  m a te ­

r ia ls  th a t  h a v e  b e e n  k n o w n  fo r  s e v e ra l  y e a rs . T h e  in te rn a l o r  d is p e r s e d  p h a s e  o c c u ­
p ie s  m o re  th a n  7 4 %  o f  th e  to ta l  v o lu m e  a n d  c o m m o n ly  c o n ta in s  w a te r ,  a n  in i t ia to r  
a n d  s ta b il iz e rs .  T h e  e x te rn a l  o r  c o n t in u o u s  p h a s e  g e n e ra l ly  c o n s t i tu te s  fo r  le s s  th a n  
2 6 %  o f  th e  to ta l  v o lu m e . It u s u a l ly  c o n s is ts  o f  th e  m o n o m e r , a  c r o s s l in k in g  c o m o n ­
o m e r  a n d  e m u ls i f i e r  ( s u r f a c ta n t) .  B y  p o ly m e r iz in g  th e  c o n t in u o u s  p h a s e ,  th e  e m u l­
s io n  d ro p le ts  a re  e m b e d d e d  in  th e  r e s u l t in g  m a te r ia l  ( C a m e ro n  et a l., 1 9 9 6 ).

T h e  u n iq u e  f e a tu re  o f  p o ly H I P E s  is  its  h ig h ly  p o ro u s  s tru c tu re ,  w h ic h  c a n  b e  
s y n th e s iz e d  v ia  e m u ls io n  te m p la t in g . T h is  p r o v id e s  a  f le x ib le  a n d  s im p le  m e th o d  f o r  
th e  f a b r ic a t io n  o f  m a c ro p o ro u s  m a te r ia ls .

U n d e r  s u i ta b le  c o n d i t io n s ,  in te r c o n n e c te d  p o re s  a r e  c r e a te d  b e tw e e n  a d ja c e n t  
e m u ls io n  d ro p le ts ,  w h ic h  th e n  a l lo w  th e  d i s p e r s e d  p h a s e  to  b e  e n t i r e ly  r e m o v e d  b y  
d r y in g  in  a  c o n v e c t io n  o v e n .

~ 9 0 %  A q u e o u s  P h a s e
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Figure 2.1: Schematic illustration of typical polyHIPE synthesis. (M ichael ร., 2008)
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F o r  b e t te r  u n d e r s ta n d in g ,  s o m e  im p o r ta n t  w o rd in g s  th a t  w i l l  b e  u s e d  a re  d e ­
f in e d  h e re .  F ir s t ly ,  ‘P o r e s ’ c o r r e s p o n d s  to  th e  b ig  s p h e r ic a l  c a v i t ie s  w i th in  th e  m a te ­
r ia l. S e c o n d ly , th e  s m a ll  h o le s  b e tw e e n  a d ja c e n t  p o re s  a n d  r e fe r r e d  to  a s  ‘in te r c o n ­
n e c te d  p o r e s ’ .

P o re

I n te r c o n n e c te d  p o re

F ig u re  2.2: S E M  p ic tu re  s h o w in g  ty p ic a l  s tr u c tu r e  o f  p o ly P IIP E  m o n o li th .
P o re s  a n d  in te r c o n n e c te d  p o re s  a re  m a rk e d . (M ich a e l ร., 2008)

P o ly H I P E s  h a v e  m a n y  g r e a t  p ro p e r t ie s ,  s u c h  a s  h ig h  p o ro s i ty ,  h ig h  p e r m e a ­
b i li ty , s u r fa c e  a r e a  u p  to  7 0 0  m 2/g ,  lo w  d e n s i ty  ( d o w n  to  0 .0 3  g /c m 3) a n d  th e  a b ili ty  
to  a d s o r b  la rg e  a m o u n ts  o f  l iq u id , r e s u l t in g  f ro m  th e ir  h ig h ly  in te r c o n n e c te d ,  o p e n ­
c e ll  s tru c tu re .  D u e  to  th e s e  c h a r a c te r is t ic s ,  h ig h ly  in te r c o n n e c te d  m a c r o p o r o u s  m a te ­
r ia ls  a re  p o p u la r  in  a p p lic a t io n s  s u c h  a s  c e ll c u l tu re  a p p l ic a t io n s  (L e e  e t a l., 1 9 9 2 ), 
g e n e  th e ra p y  (C a v a n a g h  e t a l ,  2 0 0 1 ) ,  e n z y m e  im m o b i l i z a t io n  ( H s u a n y u , 2 0 0 2 ) ,  s e p ­
a r a t io n  m e d iu m  (B h u m g a ra  et a l., 1 9 9 5 ), io n  e x c h a n g e  ( W a k e m a n  e t a l., 1 9 9 8 ) , e le c ­
tro d e  (B ro w n  e t a l., 1 9 9 9 ), d ru g  d e l iv e ry  ( L a n d g r a f  et a l., 2 0 0 3 ) ,  a n d  c a ta ly s is  s u p ­
p o r t  (S u n sto rm  re sea rch  co rp o ra tio n ). A  m a jo r  a d v a n ta g e  o f  in t r o d u c in g  la rg e  
m a c ro p o re s  in to  s u c h  m a te r ia ls  is  th a t  it e n h a n c e s  th e  m a s s  t r a n s p o r t  o f  la r g e  m o le ­
c u le s ,  e s p e c ia l ly  in  v is c o u s  s y s te m s  ( S e rg ie n k o  e t a i ,  2 0 0 2 ) .
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2.2 P o ly sty ren e  (P S)
P o ly s ty re n e  is  a  v in y l p o ly m e r , p r o d u c e d  f ro m  f re e  ra d ic a l  v in y l p o ly m e r iz a ­

t io n  o f  p e t ro le u m  b a s e d  s ty re n e  m o n o m e rs ,  a  h y d r o c a r b o n  m a te r ia l .  Its  s t r u c tu r e  c o n ­
s is ts  o f  a  lo n g  h y d r o c a r b o n  c h a in  w i th  p h e n y l  g r o u p s  (a ro m a tic  r in g s )  b e s id e s ,  a lo n g  
th e  c h a in .

m a n y
Free radical

Vinyl polymerization 
------------ —------------ ►

styrene

k  / CH2 \  / CH2 \  / CH2 \  / CHK  / CH2 \  / CH2I ÇH ÇH CH CH ÇH CH 

polystyrene

F igu re  2.3: F re e  ra d ic a l  v in y l p o ly m e r iz a t io n  r e a c t io n  o f  p o ly s ty re n e . 
( e n .w ik ip e d ia .o rg /w ik i /P o ly s ty r e n e :  p o ly m e r iz a t io n )

P o ly s ty re n e  is  c la s s i f ie d  a s  a  th e rm o p la s t ic  m a te r ia l ,  s in c e  it  tu rn s  in to  l iq u id  
w h e n  h e a te d  a b o v e  1 8 5 °F  (8 5 ° C )  a n d  f re e z e s  to  a  r ig id  s ta te  w h e n  c o o le d  s u f f ic ie n t ly ,  
w h ic h  m e a n s  th a t  a t r o o m  te m p e ra tu re  it is s o lid . D u e  to  th e  m a n y  a ro m a tic  r in g s  in  
its  s t r u c tu r e ,  p o ly s ty r e n e  is  a  m a te r ia l  th a t  p o s s e s s e s  h ig h  f ire  re s is ta n c e , g o o d  r e ­
s is ta n c e  to  a c id s  a n d  b a s e s , g o o d  e le c t r ic  in s u la t in g  p ro p e r t ie s ,  h ig h  s h o c k - re s is ta n c e ,  
a n d  e x c e l le n t  s u r fa c e  c h a r a c te r is t ic s .  D u e  to  th e s e  o u ts ta n d in g  p r o p e r t ie s ,  p o ly s ty r e n e  
c a n  b e  c o n s id e re d  a s  a  u n iq u e  a n d  p o te n t ia l ly  u s e fu l  m a te r ia l .  M o re o v e r ,  p o ly s ty r e n e  
is  t r a n s p a re n t ,  a n d  c a n  b e  e a s i ly  c o lo r e d  a n d  f a b r ic a te d . A  fu r th e r  a d v a n ta g e  o f  p o ly ­
s ty re n e  is  th a t  it is  a n  in e x p e n s iv e  r a w  m a te r ia l .  H e n c e , it  is a n  e x c e l le n t  m a te r ia l  fo r  
p r o d u c in g  c o n s u m e r  p ro d u c ts .
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2.3 E th y len e  G ly co l D im eth a cry la te  (E G D M A )
E th y le n e  G ly c o l  D im e th a c r y la te  o r  2 - (2 -M e th y l - a c ry lo y lo x y )e th y l  2 - m e th y l­

a c r y la te  ( IU P A C  n a m e )  is  a  d ie s te r  p ro d u c e d  f ro m  tw o  e q u iv a le n ts  o f  m e th a c ry l ic  
a c id  a n d  o n e  e q u iv a le n t  o f  e th y le n e  g ly c o l. It is  a  c le a r  l iq u id  a n d  ty p ic a l ly  u s e d  a s  a  
fu n c t io n a l  m o n o m e r  fo r  p o ly m e r s  a s  w e l l  a s  a  f re e  r a d ic a l  c o p o ly ­
m e r  c r o s s l in k in g  a g e n t  (h ig h  p u r i ty  c r o s s l in k e r  w i th  b r id g in g /s p e c ia l ty  c a p a b il i ty )  
b e tw e e n  th e  m o le c u la r  c h a in s  o f  p o ly m e r s  a n d  e la s to m e rs .

L in ea r  m o lecu le  o f  E G D M A
H y d r o g e n  atom  (H ) 

C a rb o n  atom  (C )

M o lecu le  stru ctu re O x y g en  a tom  (O )

F ig u re  2.4: S tru c tu re  o f  E th y le n e  G ly c o l D im e th a c ry la te .
( e n .w ik ip e d ia .o rg /w ik i /E th y le n e _ g ly c o l_ d im e th a c ry la te )
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2.4  W a te r  A d so rp tio n  C ap acity  o f  P o lyH IP E s
W a te r  a d s o rp t io n  is  a n  in te r e s t in g  a b i l i ty  o f  p o ly H I P E s ,  w h ic h  a l lo w s  th e m  to  

b e  u s e d  e f f ic ie n t ly  in  a g r ic u ltu re . In  o rd e r  to  in d ic a te  th e  p e r f o rm a n c e  o f  a  m a te r ia l ,  
w a te r  a d s o rp t io n  c a p a c i ty  is  u s e d  to  d e te rm in e  th e  a m o u n t  o f  w a te r  a d s o rb e d  u n d e r  
s p e c i f ie d  c o n d i t io n s .  F a c to r s  a f fe c t in g  w a te r  a d s o rp t io n  in c lu d e : ty p e  o f  r a w  m a te r i ­
a l, a d d i t iv e s ,  te m p e ra tu re  a n d  le n g th  o f  e x p o s u re .

B u rk e  et a i ,  (2 0 1 0 )  s tu d ie d  th e  w a te r  a d s o rp t io n  w i th in  th e  s tru c tu re  o f  p o l ­
y H IP E s  b y  u s in g  s a m p le  d is k s  2 4  m m  in  d ia m e te r  a n d  4  m m  th ic k n e s s .  T h e s e  w ill 
b e  fu l ly  d r ie d  a n d  w e ig h te d  b e fo re  b e in g  im m e rs e d  in to  w a te r ,  a t  ro o m  te m p e ra tu re  
fo r  3 0  ร. T h e y  w e re  th e n  r e m o v e d  f ro m  th e  w a te r ,  d a b b e d  d ry  w ith  t i s s u e  p a p e r  to  
re m o v e  w a te r  f ro m  th e  s u r fa c e , a n d  r e w e ig h e d  to  d e te rm in e  th e  w a te r  a d s o r p t io n  b y  
u s in g  th e  fo l lo w in g  e q u a tio n :

W a te r  a d s o rp t io n  c a p a c ity  =  ( พ ร - W d)/W d ( 1 )

W h e re  พร a n d  w<j a re  th e  w e ig h ts  o f  th e  s o a k e d  a n d  d ry  p o ly H I P E s ,  r e s p e c t iv e ly .

2.5  L ite r a tu r e  rev iew
In  o r d e r  to  c o m b a t  a g r ic u ltu ra l  w a te r  s h o r ta g e s ,  s e v e ra l  a p p ro a c h e s  h a v e  b e e n  

a d o p te d , e .g . so il a d d i t iv e s  w ith  h ig h  w a te r  a b s o rp t io n  c a p a c ity .  C r o s s l in k e d  p o ly ­
m e rs  th a t  a b s o rb  a n d  r e ta in  f lu id s  h u n d re d s  o f  t im e s  th e ir  o w n  w e ig h t  w h ic h  a re  
c a l le d  s u p e ra b s o r b e n ts ,  (B a k a s s  e t a i ,  2 0 0 2 )  w e re  in te r e s te d  in  s tu d y in g  th e  a b s o r p ­
t io n  a n d  d e s o rp t io n  o f  l iq u id  w a te r  b y  a  th e s e  p o ly m e rs .  T h e  fo c u s  o f  th is  w o r k  w a s  
th e  e f f e c t  o f  th e  p o ly m e r ic  m a te r ia l  o n  th e  q u a li ty  o f  th e  c ro p s , a s  so il d r ie s  d u e  to  
s to p p e d  i r r ig a t io n , b y  s tu d y in g  th e  d ry in g  k in e t ic s  o f  th e  g e l a n d  so i l , u n d e r  c o n ­
t ro l le d  p r e s s u r e s  a n d  te m p e ra tu re s .  T h e  r e su lt  s h o w e d  th a t  th e s e  p o ly m e r s  h a v e  c e r ­
ta in  p o s s ib le  a p p l ic a t io n s  in  a g r ic u ltu ra l  p r o d u c t io n  s y s te m s  a n d  s o il a d d i t iv e s ,  s in c e  
th e y  a re  a b le  to  p r e s e rv e  w a te r  in  th e  so il fo r  a  lo n g e r  p e r io d  o f  t im e , b y  r e d u c in g  
w a te r  lo s s e s  d u e  to  in f i l t r a t io n  a n d  e v a p o ra t io n .

H o w e v e r ,  d u e  to  p o o r  c r o s s - l in k in g , w h ic h  o n  th e  o th e r  h a n d  a l lo w s  h ig h  w a ­
te r  r e te n t io n  a n d  s w e l l in g , s u p e ra b s o rb e n ts  re a d ily  d e g ra d e d  a n d  w a s h  a w a y , a n d  r e ­
q u ir in g  r e p le n is h m e n t  (A k a y  et a i ,  2 0 1 2 ) . B a rb y  e t a i ,  ( 1 9 8 2 ) ,  r e s e a rc h e r s  a t  U n i le -
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v e r , h a v e  p a te n te d  a  p r o c e s s  fo r  th e  p r e p a r a t io n  o f  h ig h ly  p o ro u s , c r o s s - l in k e d  p o ly ­
m e r ic  m a te r ia ls  b y  p o ly m e r iz in g  th e  e x te rn a l  p h a s e  o f  a  H IP E  ( h ig h  in te rn a l  p h a s e  
e m u ls io n ) .  T h e s e  m a te r ia ls  w e re  b r a n d e d  p o ly H I P E  p o ly m e r s  (P H P s )  a n d  th u s , p r e ­
s e n te d  p le n t i f u l  a d v a n ta g e s  o v e r  s u p e ra b s o rb e n ts .

A s  s o il a d d i t iv e s ,  P H P s  e n h a n c e  p la n t  g ro w th  a n d  c ro p  y ie ld  (A k a y  e t a l.,
2 0 0 9 ) . F u r th e r  a d v a n ta g e s  a re : r e d u c e d  c o s ts , c o n tr o l le d  s iz e  o f  th e  m a te r ia l ,  p o re  
m ic r o s t r u c tu r e  ( i .e .,  p o re  a n d  in te r c o n n e c te d  s iz e , p o re  v o lu m e , a n d  p o re  w a l l  c h e m ­
is try ) , a b i l i ty  to  in c lu d e  b io lo g ic a l ly  o r  c h e m ic a lly  a c t iv e  c o m p o n e n ts  (e .g .,  b a c te r ia  
o r  f e r t i l iz e r ) ,  c o n tro l  o f  r ig id i ty ,  a n d  h ig h  w a te r  a d s o rp t io n  c a p a c ity .

C o m m o n ly ,  H I P E  s ta b il i ty  is  a f fe c te d  b y  v a r io u s  f a c to rs , in c lu d in g  th e  m o ­
le c u la r  s t r u c tu r e s  o f  th e  c o m p o n e n ts  c o m p r is in g  th e  p h a s e s  a n d  o f  th e  s u r fa c ta n t ,  th e  
s u r f a c ta n t  c o n te n t ,  th e  d is p e r s e d  p h a s e  c o n te n t  ( W il l ia m s  et a l ,  1 9 9 0 ) , th e  t e m p e r a ­
tu re  ( P o n s  e t a l., 1 9 9 3 ), a n d  th e  p r e s e n c e  o f  s ta b i l iz in g  s a lts  ( P o n s  e t a l., 1 9 9 2 ). T h e  
n a tu re  o f  th e  s u r f a c ta n t  is  c r i t ic a l  to  th e  s ta b il i ty  o f  a  m a jo r  p h a s e  d is p e r s e d  w i th in  a  
m in o r  p h a s e . T h e  s u r f a c ta n t  u s e d  to  s ta b i l iz e  a H IP E  s h o u ld , th e re fo re ,  b e  c o m p le te ly  
in s o lu b le  in  th e  d i s p e r s e d  p h a s e  to  p r e v e n t  p h a s e  s e p a r a t io n  a n d /o r  p h a s e  in v e r s io n . 
A  n o n io n ic  s u r f a c ta n t  w i th  a  lo w  h y d r o p h i l ic  l ip o p h i l ic  b a la n c e  (H L B ) ,  s u c h  a s  s o r -  
b i ta n  m o n o o le a te  ( S p a n  8 0 )  w ith  its  H L B  o f  4 . 3 ,  is  n e e d e d  to  f o rm  a  s ta b le  w /o  
H IP E .

T h e  p o te n t ia l  a p p l ic a t io n s  o f  P H P s  in  a g r ic u ltu re  w e re  s tu d ie d  b y  B u rk e  e t a l., 
(2 0 1 0 ) . T h e y  in v e s t ig a te d  th e  t r a n s f o r m a t io n  o f  h y d ro p h o b ic  s ty re n e /D V B  P H P  to  a  
h y d r o p h i l ic  fo rm , b y  u s in g  m ic ro w a v e  s u lfo n a tio n . T h e  r ig id  fo rm  (p o r e  s iz e  =  2 0  
p m )  o f  s u l fo n a te d  P H P  h a d  a  lo w e r  w a te r - u p ta k e  c a p a c i ty  (c a . 1 0 -fo ld  o f  its  o w n  
w e ig h t)  c o m p a re d  to  th e  la r g e - p o re - s iz e  s p o n g y  fo rm  (p o re  s iz e  = 1 5 0  p m , w a te r -  
u p ta k e  c a p a c i ty  =  18 fo ld ) . T h e  r e s u lts  s h o w e d  th a t  th e  r ig id  s u l fo n a te d  P H P s  p r o ­
d u c e d  n o  s ig n i f ic a n t  in c re a s e  in  th e  y ie ld  c o m p a re d  to  th e  c o n tro l  b u t, th e  s p o n g y  
s u l fo n a te d  P H P s  g re a t ly  e n h a n c e d  th e  y ie ld . E s p e c ia l ly ,  u n d e r  s e m ia r id  a n d  a r id  c o n ­
d i t io n s ,  th e  y ie ld s  in  b io m a s s  c o u ld  b e  e n h a n c e d  b y  a b o u t  1 4 0 %  a n d  3 0 0 % , r e s p e c ­
t iv e ly  c o m p a re d  to  th e  c o n tro l .  M o re o v e r ,  T h e y  a ls o  s tu d ie d  th e  e f f e c t  o f  D V B  c o n ­
te n t  o n  th e  w a te r  a d s o rp t io n  c a p a c ity . T h is  w a s  fo u n d  th a t  a t in c re a s in g  in  D V B  c o n ­
te n t  f ro m  2 % - 1 0 % , th e  w a te r  a d s o rp tio n  c a p a c i ty  in c re a s e d .



9

T h e r e  a r e  s e v e ra l  r e s e a rc h e s  a b o u t  in c re a s in g  th e  a v e ra g e  p o r e  a n d  in te r c o n ­
n e c te d  p o re  s iz e  in  th e  r e s u l t in g  p o ro u s  m a te r ia l .  C a m a c h a n  et a l., (2 0 0 6 )  d id  r e ­
s e a rc h  in  o n  ta i lo r in g  th e  m o r p h o lo g y  o f  p o ly s ty r e n e - b a s e d  e m u ls io n - te m p la te d  
( P o ly H IP E )  m a te r ia ls .  In  th is  w o rk , th e  o i l  p h a s e  c o n s is te d  o f  s ty re n e , 2 -e th y lh e x y l  
a c ry la te ,  d iv in y lb e n z e n e  a n d  th e  s u r fa c ta n t  s o r b i ta n  m o n o o le a te  ( s p a n  8 0 ). T h e  e f fe c t  
o f  th e  t e m p e r a tu r e  o f  th e  a q u e o u s  p h a s e , th e  p r e s e n c e  o f  o rg a n ic  a d d i t iv e s :  te t ra h y -  
d r o f u r a n ( T H F ) ,  m e th a n o l  a n d  p o ly e th y l e n e  g ly c o l)  ( P E G ) , a n d  s u r f a c ta n t  c o n c e n t r a ­
t io n  w e re  s tu d ie d ,  w i th  th e  fo c u s  o n  th e  e f fe c ts  o n  th e  m o r p h o lo g y  o f  p o ly H IP E s . 
T h e  r e s u l t s  s h o w e d  th a t  a n  in c re a s e  in  th e  te m p e ra tu re  o f  th e  a q u e o u s  p h a s e  p r io r  to  
e m u ls i f i c a t io n ,  c a n  le a d  to  a  m a te r ia l  w i th  a  la rg e r  a v e r a g e  p o re s  a n d  in te r c o n n e c te d  
p o re  s iz e . It is  s u g g e s te d , th a t  th is  in c re a s in g  in  s iz e  is  d u e  to  c o a le s c e n c e ,  c a u s e d  
e i th e r  b y  in c re a s e d  d r o p le t  c o l l is io n  o r  in c re a s e d  s u r f a c ta n t  s o lu b i l i ty  in  th e  o rg a n ic  
p h a s e . T h e y  fu r th e r  s h o w e d  th a t  th e  p r e s e n c e  o f  a d d i t iv e s  o r  c o - s o lv e n ts  in  th e  a q u e ­
o u s  p h a s e  c a n  le a d  to  a  m a te r ia l  w ith  a  h ig h e r  a v e ra g e  p o re  a n d  in te r c o n n e c te d  p o r e  
s iz e ,  th is  e f f e c t  w a s  g r e a te s t  w h e n  T H F  w a s  u s e d  a s  a n  a d d it iv e  a n d  is m o s t  l ik e ly  
d u e  to  O s tw a ld  r ip e n in g . O n  th e  o th e r  h a n d , in c re a s in g  th e  s u r f a c ta n t  c o n c e n t r a t io n  
f ro m  2 0  to  3 0 %  (พ /พ )  in  e m u ls io n s  p re p a re d  w ith  a d d i t iv e s  c a u s e d  o n ly  s m a ll  
c h a n g e s  in  th e  s iz e  o f  th e  p o re s . T h is  s u g g e s ts  th a t  d e p le t io n  o f  s u r f a c ta n t  f ro m  th e  
in te r f a c e  in  th e  p re s e n c e  o f  a n  o rg a n ic  a d d i t iv e  o n ly  p la y s  a  m in o r  ro le  in  th e  m o r ­
p h o lo g y  o f  p o ly H IP E s .

T h e s e  r e s u lt s  w e re  a ls o  c o n f i rm e d  b y  th e  p r e v io u s  w o rk  o f  H a y m a n  et a i ,
( 2 0 0 5 )  w h o  a d d e d  s m a ll  q u a n t i t ie s  o f  w a te r  m is c ib le  o r g a n ic  s o lv e n ts  in  th e  e m u ls io n  
a q u e o u s  p h a s e  o f  S /D V B  H IP E s  fo c u s in g  o n  th e  m e a n  p o re  d ia m e te r s .  T h e y  fo u n d  
th a t  th e  a d d i t io n  o f  a ro u n d  1%  (v /v )  o f  te t r a h y d ro f u r a n  (T H F )  to  th e  a q u e o u s  p h a s e  
r e s u l te d  in  fo a m s  w ith  p o re  d ia m e te r s  in  th e  r a n g e  5 0 - 1 0 0  p m  (5 -2 0  p m  w i th o u t  a d ­
d i t iv e ) ,  a s  d e te rm in e d  b y  s c a n n in g  e le c t ro n  m ic ro s c o p y . T h e  in c re a s e  in  p o re  s iz e  is 
d u e  to  th e  fa c t, th a t  th e  w a te r  m is c ib le  o rg a n ic  s o lv e n t ,  T H F , is  c a p a b le  o f  p a r t i t io n ­
in g  b e tw e e n  th e  tw o  p h a s e s .  T h u s , h e lp in g  to  p r o m o te  th e  t r a n s p o r t  o f  w a te r  
th ro u g h o u t  th e  o rg a n ic  p h a s e ,  th is  e n h a n c e s  e m u ls io n  d e s ta b i l iz a t io n  d u e  to  O s tw a ld  
r ip e n in g .

T h e  e f f e c t  o f  o p e ra t in g  c o n d i t io n s  o n  th e  p o re  a n d  in te r c o n n e c te d  s iz e  w e re  
in v e s t ig a te d  b y  A k a y  et a h ,  (2 0 0 2 ) . T h e  o il p h a s e  c o n ta in e d  s ty re n e , D V B  a n d  s p a n
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8 0 , w h i le  th e  a q u e o u s  p h a s e  c o n ta in e d  w a te r  a n d  p o ta s s iu m  p e r s u lp h a te .  T h e  te m p e r ­
a tu re  o f  th e  a q u e o u s  p h a s e ,  a n d  th e  d o s in g  t im e  w e r e  ra n g e d  f ro m  - 1 . 0  to  8 0  ๐c  a n d  
f ro m  2 5  to  4 0  s e c o n d s  r e s p e c tiv e ly . T h is  w o rk  in d ic a te d  th a t  b o th , a n  in c re a s e  in  th e  
t e m p e ra tu re  o f  th e  a q u e o u s  p h a s e , a n d  a  lo n g e r  d o s in g  t im e  c a n  e x p a n d  th e  p o re  s iz e  
o f  p o ly H I P E s .  F u r th e rm o r e ,  it w a s  s u g g e s te d  th a t  w a te r  s o lu b le  p o ly m e r s  c o u ld  h a v e  
a n  e f f e c t  o n  p o re  a n d  in te r c o n n e c te d  s iz e , th is  m ig h t  b e  d u e  to  c o n tr o l le d  p o re  c o a ­
le s c e n c e . T h e  r e s u lt s  s h o w e d  th a t, th e  h ig h e r  th e  r e la t iv e  m o le c u la r  m a s s  o f  th e  w a ­
te r - s o lu b le  p o ly m e r s ,  th e  la rg e r  th e  p o re  s iz e  o f  th e  r e s u l t in g  m a te r ia l .  L ik e w is e ,  i n ­
c re a s in g  th e  w t-%  c o n c e n t r a t io n  o f  w a te r  s o lu b le  p o ly m e r s  in  th e  a q u e o u s  p h a s e  c a n  
e n la rg e  th e  p o re  s iz e . In  a d d it io n , th e  e f fe c t  o f  s i l ic a  p a r t ic le s ,  a d d e d  to  th e  a q u e o u s , 
a n d  o il p h a s e , o n  p o re  s iz e  w e re  d e s c r ib e d . T h e  r e s u l t s  s h o w e d  th a t  in  b o th  c a s e s ,  th e  
p o re  s iz e  o f  p o ly H I P E s  w a s  e x te n d e d  b y  in c re a s in g  a m o u n ts  o f  s i l ic a  lo a d in g .

A n  in te r e s t in g  w o r k  w a s  d o n e  s e v e ra l  y e a r s  a g o  a n d  in d ic a te d  th a t  fo a m  c e ll  
s iz e s  w e r e  fo u n d  to  b e  g re a t ly  a f fe c te d  b y  s a lt c o n c e n tra t io n . W i l l i a m s  et a l ,  ( 1 9 9 0 )  
v a r ie d  a  n o n in i t ia to r  s a lt ,  K 2S O 4, a t  le v e ls  f ro m  10 '6 to  10 g /1 0 0 c m 3 o f  w a te r  a n d  
A IB N . T h e  r e s u l t in g  f o a m s  s h o w e d  a  1 0 -fo ld  s ig n if ic a n t ly  d e c r e a s e  in  c e ll  s iz e  a t 
h ig h e r  s a l t  c o n c e n t r a t io n .  B e s id e s , th e  in f lu e n c e  o f  c r o s s l in k in g - le v e l  w a s  a ls o  s tu d ­
ied . T h e y  v a r ie d  th e  a m o u n t  o f  D V B  f ro m  0 % -1 0 0 % . U p  to  1 0 %  D V B , th e  r e s u l ta n t  
fo a m s  w e r e  n o t  c h a lk y . A b o v e  2 0 %  D V B , th e y  b e c a m e  s l ig h t ly  c h a lk y , a n d  th e y  
w e re  v e r y  c h a lk y  a t 1 0 0 %  D V B . T h e  p o re  s iz e  d e c r e a s e d  w ith  in c re a s e in g  in  D V B  
c o n te n t.

In  a d d it io n , m a n y  s tu d ie s  r e v e a le d  th a t  e th y le n e  g ly c o l  d im e th a c r y la te  
( E G D M A )  a s  a  m o n o m e r  c a n  g e n e ra te  p o re s  o f  la rg e  s iz e . L iv s h in  e t a l., ( 2 0 0 8 )  s y n ­
th e s iz e d  c r y s ta l l in e  p o ly H I P E  b a s e d  o n  s te a ry l  a c ry la te  a n d  th e  r e la t iv e ly  f le x ib le  
E /G D M A  a s  a  c r o s s - l in k in g  c o m o n o m e r . T h e y  th e n  c o m p a re d  it to  th e  r e la t iv e ly  r ig id  
d iv in y lb e n z e n e  a s  a  c r o s s - l in k in g  c o m o n o m e r , a n d  re p o r te d  th a t  H I P E s  y ie ld e d  r e la ­
tiv e ly  la r g e  p o re s  w ith  a v e ra g e s  o f  a ro u n d  100  p m  w ith  in c re a s in g  E G D M A  c o n te n t .  
T h e s e  p o re s  a re  in d ic a t iv e  fo r  d e s ta b i l iz a t io n  th ro u g h  d ro p le t  c o a le s c e n c e  a n d /o r  
O s tw a ld  r ip e n in g . H o w e v e r ,  w i th  in c re a s in g  d r o p le t  s iz e , th e  d is ta n c e  b e tw e e n  th e m  
in c re a s e s  a s  w e l l ,  r e s u l t in g  in  r e la t iv e ly  th ic k  w a l ls  b e tw e e n  th e  la r g e r  d ro p le ts .  T h e  
a b i l i ty  to  f o rm  in te r c o n n e c te d  p o re s  d e c r e a s e s  a s  th e  s iz e  o f  th e  d r o p le ts  in c re a s e s



11

and therefore, the distance between them, increases. Consequently, the openness and 
interconnectivity of the porous structure decreased with increasing EGDMA content.

A few years later, this work was supported by Rao e t a l ,  (2011). They 
showed that the water adsorption capacity of novel acrylamide (AAm)-EGDMA 
polyHIPEs had decreased from 670 to 420% with increasing EGDMA concentration 
from 30 to 70%, respectively. Theoretically, the swelling of the material is dependent 
on the nature and concentration of the cross-linking monomer. In this case, the AAm 
monomer is highly hydrophilic in nature and tends to swell. But, the EGDMA mon­
omer had affected the swelling characteristics of AAm by forming cross-linked net­
works during polyHIPE formation. Thus, with increasing EGDMA concentration, in 
the internal phase, the polyHIPE morphology shifted towards a more closed cell 
structure, resulting in less swelling.

The influence of surface treatment on water adsorption capacity was inves­
tigated by Sergienko e t a l., (2002). They attempted to enhance the hydrophilicity of 
poly(ethylhexyl acrylate) (PEHA) HIPEs, by two methods: (1) PEHA was first 
washed in water at 70°c, and then dried; (2) PEHA was immersed into 20 vol %  
acrylic acid and 0.05 wt % potassium persulphate and cured for acrylic acid polymer­
ization. The results showed that poly(acrylic acid) did not coat the walls, but, rather 
filled the pores, closing the open-cell structure and reducing porosity. Thus, the 
poly(acrylic acid) treatment disrupted the open-cell structure and prevented water 
from penetrating the foam. On the other hand, there was a significant enhancement in 
PEHA water adsorption following washing in water at 70°c. The water adsorption of 
PEHA increased from 350% to 500% after washing.
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