
C H A P T E R  I 
IN T R O D U C T IO N

B le n d in g  o f  p o ly m e r  is  a  p o p u la r  m e th o d  o f  im p ro v in g  th e i r  e n d -u s e  
p ro p e r t ie s .  H o w e v e r ,  m o s t  p o ly m e rs  a re  th e r m o d y n a m ic a l ly  in c o m p a t ib le  a n d  
p h a s e  s e p a ra te d  o n  b le n d in g .

F o r  b in a r y  im m is c ib le  b le n d s ,  i t  is  w id e ly  k n o w  th a t  th e  s iz e  a n d  
d is t r ib u t io n  o f  d is p e r s e d  p a r t ic le s  a re  th e  r e s u l ts  o f  th e  c o m p e t i t iv e  p ro c e s s  
b e tw e e n  d ro p  b re a k u p  a n d  c o a le s c e n c e  a n d  d i f f e r e n c e  p o ly m e r  b le n d  
p ro p e r t ie s .  T h e  in te r f a c ia l  te n s io n ,  s h e a r  ra te  o f  m ix in g ,  a n d  v is c o s i ty  ra tio  
a re  f a c to r s  c o n tr o l l in g  th e  d e g re e  o f  d is p e rs io n .  F o r  te r n a r y  im m is c ib le  b le n d  
s y s te m  w h e re  tw o  m in o r  p h a s e s  a re  d is p e r s e d  in  a  c o n t in u o u s  m a tr ix ,  n o t  o n ly  
th e  p a r t ic le  s iz e s  b u t  a lso  th e  m o rp h o lo g y  o f  th e  tw o  d is p e r s e d  p h a s e s  in  th e  
m a tr ix  is  a n  im p o r ta n t  f a c to r  a f f e c t in g  th e  b le n d  p e r fo rm a n c e .  I t h a s  b e e n  
k n o w n  th a t  m o r p h o lo g ic a l  d e v e lo p m e n t  o f  n o n - re a c t iv e  te r n a r y  im m is c ib le  
b le n d s  a re  m o s tly  c o n tro l le d  by  th e  b a la n c e  o f  in te r f a c ia l  te n s io n  a m o n g  th e  
c o m p o n e n ts  (H o r iu c h i  e t  a l ,  1 9 9 7 ).

C o m p a t ib i l iz a t io n  o f  p o ly m e r  b le n d s  is c a r r ie d  o u t to  r e d u c e  th e  sc a le  
o f  d is p e r s io n  a n d  to  s ta b i l iz e  th e  m o rp h o lo g y . T h is  c a n  b e  a c h ie v e d  b y  
a d d i t io n  o f  a  p re -m a d e  b lo c k  c o p o ly m e r  to  th e  s y s te m  o r  b y  c a r r y in g  o u t  an  
in - s i tu  re a c t io n  b e tw e e n  th e  c o m p le m e n ta ry  g ro u p s  o f  th e  b le n d  c o m p o n e n ts .  
B o th  te c h n iq u e s  p ro m o te  d is p e rs iv e  m ix in g  w h ic h  le a d s  to  r e d u c e  p a r t ic le  
s iz e .

F o r  m u lt ip h a s e  p o ly m e r  b le n d s ,  o n e  o f  th e  m a jo r  ta r g e ts  is  to  
u n d e r s ta n d  a n d  to  c o n tro l  th e  p h a s e  m o rp h o lo g y  o f  th e s e  m u lt ic o m p o n e n t  
b le n d s .  In  th is  r e s p e c t ,  th e  in te r f a c ia l  te n s io n s  b e tw e e n  th e  in d iv id u a l  p h a s e s  
a n d  th e i r  r e la t iv e  v is c o s i t ie s  a re  tw o  p r e d o m in a n t  f a c to r s .  In  b in a ry  b le n d s ,  
th e  s iz e  o f  th e  m in o r  p h a s e  d e p e n d s  o n  th e  in te r f a c ia l  te n s io n  a n d  th e  v is c o s i ty  
(o r  to rq u e )  ra tio  o f  th e  d is p e rs e d  p h a s e  w ith  r e s p e c t  to  th e  m a tr ix .  T h e  
in te r p la y  o f  th e s e  f a c to r s  a l th o u g h  m o re  c o m p le x  in  te r n a r y  b le n d s  r e m a in s  
e s s e n t ia l  fo r  th e  c o n tro l  o f  th e  b le n d  m o rp h o lo g y , in  w h ic h  e a c h  c o m p o n e n t ,  is 
e i th e r  s e p a ra te ly  d is p e r s e d ,  o r  fo rm s  a  c o re - s h e l l  s t r u c tu r e  (o n e  m in o r
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c o m p o n e n t  fo rm in g  s h e ll  a ro u n d  s m a ll  d o m a in s  o f  th e  s e c o n d  o n e )  o r  an  
in te r m e d ia te  p h a s e  o rg a n iz a t io n .  T h e  te n d e n c y  fo r  o n e  m in o r  p h a s e  to  
e n c a p s u la te  th e  s e c o n d  m in o r  c o m p o n e n t  in  te rn a ry  b le n d s  c a n  b e  p r e d ic te d  b y  
e q u a tio n .

^31 = Yl2 -  Y32 -  Yl3

W h e re  y 1 2 , Y3 2  a n d  y 13 a re  th e  in te r f a c ia l  te n s io n s  fo r  e a c h  c o m p o n e n t  p a ir ,  an d  
X3 1  is  d e f in e d  a s  th e  s p re a d in g  c o e f f ic ie n t  fo r  c o m p o n e n t  3 ( s h e l l )  to  
e n c a p s u la te  c o m p o n e n t  1 (c o re ) .  T h e  in d e x  2 r e f e r s  to  th e  m a tr ix ,  À. 3 1  m u s t  b e  
p o s i t iv e  fo r  c o m p o n e n t  1 to  b e  e n c a p s u la te d  b y  c o m p o n e n t  3. I f  A. 3 1  a n d  X 13 

a re  n e g a t iv e ,  p h a s e  1 a n d  3 w ill  te n d  to  b e  d is p e r s e d  s e p a r a te ly  in  th e  m a tr ix  
o f  2 . F u r th e rm o re ,  in  th e  p a r t ic u la r  c a se  w h e re  % 2 \ is  a ls o  n e g a t iv e ,  a  p a r t ia l  
e n g u l f in g  m o rp h o lo g y  c o u ld  o c c u r . T h e se  d if f e r e n t  c a s e s  a re  r e p r e s e n te d  in  
F ig u re  1.1

ra
0  •  . ' /-‘\ ;•  !. 0 _ •  ;

i ' V 9 - l ฟ) 1๏  '
0  ' ; 

! 0 °
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F i g u r e  1.1 S c h e m a tic  d e s c r ip t io n  o f  th e  d if f e r e n t  p o s s ib le  m o r p h o lo g ie s  in  a 
1 /2 /3  te r n a r y  b le n d  ะ (a )  s e p a ra te  d is p e r s io n ;  (b ) p a r t ia l  e n g u l f in g ;  (c )  c o m p le te  
e n g u l f in g  o f  p h a s e  1 b y  p h a s e  3; (d )  c o m p le te  e n g u lf in g  o f  p h a s e  3 b y  p h a s e  1.

F o r  p o ly m e r  b le n d  sy s te m s , th e  G ib b s  f re e  e n e rg y  o f  m ix in g  (A G m) is  
g iv e n  b y  th e  fo l lo w in g  e q u a tio n :

A G m =  A H , ท - T A S m +  S y
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w h e re  A H m is th e  e n th a lp y  o f  m ix in g , A Sm is th e  e n t ro p y  o f  m ix in g ,  T  is th e  
te m p e r a tu r e ,  ร is  th e  s u r fa c e  a re a , a n d  Y is  th e  in te r f a c ia l  t e n s io n .  W h e n  A Sm is 
v e ry  s m a ll  (h ig h  p o ly m e r ) ,  th e  e q u a t io n  b e c o m e s

A G m =  A H m +  S y

F o r  a n  in c o m p a t ib le  b le n d s ,  A H m is  a ls o  v e ry  s m a ll ,  h e n c e  w e  m a y  u n i te ,
A G m »  +  S y

so  th e  lo w e r  th e  in te r f a c ia l  te n s io n ,  th e  lo w e r  f re e  e n e rg y  o f  m ix in g  (P a u l, 
1 9 7 6 , ch . 12).

T h e  in te r f a c ia l  te n s io n  c a n  b e  a lso  r e la te d  to  th e  d is p e r s e d  p h a se  
d ia m e te r  u s in g  th e  T a y lo r ’s e q u a tio n  fo r  d ro p le t  b re a k -u p :

W e =  (PmdnY)/2yi2
W h e re  W e is  th e  c r i t ic a l  n u m b e r , ๆ 111 is  th e  v is c o s i ty  o f  th e  m a tr ix ,  dn is 
n u m b e r  a v e ra g e  d ia m e te r  o f  d is p e r s e d  p h a s e ,  Y is  th e  s h e a r  r a te ,  a n d  y 12 is  th e  
in te r f a c ia l  te n s io n .  W h e n  a c o m p a t ib i l iz e r  is  a d d e d  to  a  b le n d ,  th e  in te r f a c ia l  
te n s io n  d e c re a s e .  A s  a  re s u lt ,  th e  d is p e rs e d  p h a s e  s iz e  d e c re a s e .  A t a  
p a r t i c u la r  c o m p a t ib i l iz e r  lo a d in g , th e re  is  a  b a la n c e  o f  in te r f a c ia l  te n s io n  a n d  
p a r t ic le  d e fo rm a t io n .  H o w e v e r , w h e n  th e  c o m p a t ib i l iz e r  le v e l  r e a c h e s  th e  
p o in t  th a t  th e re  is  n o  fu r th e r  r e d u c t io n  in  th is  p a r t ic le  s iz e  is  o b s e rv e d ,  it 
m e a n s  th a t  th e  c o m p a t ib i l iz e r  o c c u p ie s  th e  m a x im u m  in te r f a c ia l  a re a . 
T h e re fo re ,  th e re  is  a  m a x im u m  q u a n t i ty  o f  th e  c o m p a t ib i l i z e r  r e q u ir e d  to  
s a tu r a te  th e  b le n d  in te r f a c e  a n d , b e y o n d  th is  le v e l ,  f u r th e r  a d d i t io n  o f  
c o m p a t ib i l iz e r  w ill  n o t  re d u c e  th e  p a r t ic le  s iz e  a n d  m a y  le a d  to  u n d e s i r a b le  
m ic e l le  fo rm a t io n  w h ic h  v e ry  o f te n  r e d u c e s  th e  to ta l  p e r f o r m a n c e  o f  th e  b le n d  
s y s te m  (A s a le th a  a n d  T h o m a s , 1 9 9 5 ).

A n o th e r m a jo r ta rg e t is to  u n d e rs tan d  th e  rh eo lo g ica l p ro p e rtie s  o f  th ese  
m u ltic o m p o n e n t b lends. T he k n o w led g e  o f  rh eo lo g y  can  b e  u se d  in  p ro cess in g . I f  
c o rre la tio n s  b e tw een  rh eo lo g ica l b eh av io r and  b le n d  m o rp h o lo g y  co u ld  be  
e s tab lish ed , rh eo lo g y  co u ld  be u se  as a  sen sitiv e  to o l to  m o n ito r  an d  con tro l 
m o rp h o lo g ica l changes.

F ro m  p rev io u s  re sea rch  w ork , th e  m o rp h o lo g y  o f  b le n d  d e p en d ed  on  m elt 
rh e o lo g y  an d  su rface  te n s io n  w h ile  th e  in te rface  d ep en d ed  o n  su rface  ten sio n . T he
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p ro p e rtie s  o f  b len d  d e p e n d e d  on  in te rfac ia l d is tan ce , to ta l d isp e rs io n  size  an d  core 
size. So th e  m o rp h o lo g y  an d  in te rface  p la y e d  th e  m a jo r ro le  in  p ro p e rtie s  o f  b lend .

In  th is  w o rk , N a tu ra l R u b b er (N R ) and  P o ly am id e  12 (N y lo n  12) a re  b len d ed  
to g e th e r  w ith  p re -m a d e  b lo ck  c o p o ly m er (P o ly s ty re n e /N a tu ra l R u b b e r/M a le ic  
A n h y d rid e  o r N R /P S /M A ). T he p o ss ib le  reac tio n  am o n g  m a le ic  an h y d rid e  and  
p o ly a m id e  th a t can  tak e  p lace  d u rin g  p ro cess in g  is rep re se n te d  in  F ig u re  1.2

F ig u r e  1.2 P o ssib le  re a c tio n  am o n g  m a le ic  an h y d rid e  an d  P o ly a m id e  th a t can  take  
p lace  d u rin g  p ro cess in g  (C aro n e  Jr. e t  a l ,  2000)

In th is  w ork , th e  m o rp h o lo g y -rh e o lo g y -in te rfa ce -p ro p e rty  re la tio n sh ip s  o f  
P o ly a m id e l2  (N y lo n l2 )  (8 0 % w t)/N a tu ra l R u b b er (N R ) (2 0 % w t)/C o m p a tib iliz e r  
w ere  in v estig a ted . S ty ren e -e th y len e -b u ty len e -s ty ren e  b lo c k  c o p o ly m e r (S E B S ), 
S ty ren e -e th y len e -b u ty len e -s ty ren e  b lo c k  co p o ly m er g ra fted  b y  m a le ic  an h y d rid e  
(S E B S -g -M A ), P o ly s ty re n e  (P S )/N a tu ra l R u b b er (N R ), [P S N R ], an d  P o ly sty ren e  
(P S )/N a tu ra l R u b b e r (N R )/M ale ic  A n h y d rid e  (M A ), [P S N R M A ], reac tiv e  b len d  w as 
u sed  as th e  co m p a tib ilize r. D icu m y l p e ro x id e  w as u sed  as  a  free  rad ica l in itia to r  to  
k ic k -o f f  th e  reac tio n  b e tw een  p o ly s ty ren e /n a tu ra l ru b b e r/m a le ic  an h y d rid e  
(P S /N R /M A ) b len d s. T h e  c ro ss lin k  reac tio n  m ay  be in v o lv ed  w h ic h  can  be  v e rified  
la te r b y  so lv en t ex trac tio n . F o r S E B S -g -M A , M A  read ily  re a c ted  w ith  th e  am ine  
g ro u p  in  p o ly am id e . T h e  effec t o f  co p o ly m e r ty p e  an d  a m o u n t w e re  s tu d ie d  on  the  
b len d  m o rp h o lo g ie s , rh eo lo g ica l p ro p e rtie s  and  m ech an ica l p ro p e rtie s . T h e  in te rface  
in  N y lo n  1 2 /N R /co m p a tib ilize r b len d s  w as a lso  s tu d ied  in  o rd e r  to  o b ta in  the 
re la tio n sh ip  to  th e  b len d  p roperties.
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