
CHAPTER II 
LITERATURE REVIEW

2.1 Blends of PA/PE with Compatibilizers

O v e r  r e c e n t  d e c a d e s  th e  im p o r ta n c e  o f  p o ly m e r  b le n d s  h a s  b e e n  s tu d ie d .  
O n e  o f  th e m  w a s  a  P A /P E  b le n d . T h is  b le n d  w a s  in c o m p a t ib le ,  a n d  m a n y  r e s e a r c h e s  

h a v e  b e e n  s t u d ie d  to  im p r o v e  th e  c o m p a t ib i l i z a t io n  o f  P A /P E  b le n d s  u s in g  th e  

f u n c t io n a l  r e a c t iv e  g r o u p s  o n  th e  p o l y o le f in  c h a in s .
In  1 9 8 8 ,  W i l l i s  a n d  F a v is  s tu d ie d  th e  e f f e c t  o f  a n  io n o m e r  c o m p a t ib i l i z e r  o n  

th e  m o r p h o lo g y  o f  p o ly o le f in /p o ly a m id e  b le n d s .  T h e  m o r p h o lo g y  o f  c o m p a t ib i l i z e d  

p o ly o le f m /p o l y a m id e  b le n d s  w a s  fo u n d  to  b e  s ig n i f ic a n t ly  d e p e n d e n t  o n  th e  

c o n c e n t r a t io n  o f  a n  io n o m e r  c o m p a t ib i l i z e r  ( p o ly e t h y le n e m e t h a c r y l i c  a c id - i s o b u t y l  

a c r y la t e  t e r p o ly m e r )  in  th e  b le n d . F o r  a  d i s p e r s e d  p h a s e  c o n t e n t  o f  1 0 %  b y  w e ig h t ,  a  

m a x im u m  r e d u c t io n  in  p h a s e  s i z e  w a s  o b s e r v e d  w h e n  o n ly  0 .5 %  b y  w e i g h t  o f  

io n o m e r  w a s  a d d e d  to  th e  b le n d . A  m o r e  s ig n i f ic a n t  r e d u c t io n  o f  th e  d is p e r s e d  p h a s e  

s i z e  w a s  o b s e r v e d  w h e n  th e  m in o r  p h a s e  w a s  p o ly a m id e ,  d u e  to  in te r a c t io n ,  w h ic h  

e x i s t s  b e t w e e n  th e  io n o m e r  a n d  th e  p o ly a m id e .  T h e s e  in te r a c t io n s  h a v e  b e e n  

c o n f ir m e d  b y  F o u r ie r  tr a n s fo r m  in fr a r e d  s p e c t r o s c o p y .  A t  h ig h  c o n c e n t r a t io n s  o f  th e  

io n o m e r ,  f l o c c u la t io n  o f  th e  p o ly a m id e  d is p e r s e d  p h a s e  w a s  o b s e r v e d .  In  

c o m p a r is o n  to  o n e - s t e p  m ix in g ,  b le n d s  p r e p a r e d  b y  t w o - s t e p  o r  b a tc h  m ix in g  w e r e  

c h a r a c te r iz e d  b y  a  s m a lle r  d i s p e r s e d  p h a s e  w h e n  p o ly a m id e  w a s  th e  m a tr ix  a n d  a  

la r g e r  p a r t ic le  s i z e  w h e n  p o ly a m id e  w a s  th e  m in o r  p h a s e .  T h e  r e s u lt s  o b s e r v e d  w e r e  

e x p la in e d  in  t e r m s  o f  a  s p e c u la t iv e  m o d e l  o f  th e  in te r a c t io n s  o c c u r r in g  a c r o s s  th e  

p o ly a m id e  - p o l y o l e f i n  in te r fa c e .
A r m â t  a n d  M o e t  ( 1 9 9 3 )  in v e s t ig a t e d  th e  e f f e c t  o f  c o m p a t ib i l i z in g  

p o l y e t h y l e n e  a n d  p o ly a m id e  6  o n  th e  m o r p h o lo g y  a n d  m e c h a n ic a l  p r o p e r t ie s  o f  th e ir  
b le n d s .  A  m a le i c  a n h y d r id e  f u n c t io n a l iz e d  s t y r e n e - ( e t h y le n e - c o - b u t y le n e ) - s t y r e n e  

b lo c k  c o p o ly m e r  ( M A / S E B S )  w a s  a d d e d  to  th e  b le n d s  a s  th e  c o m p a t ib i l i z e r .  T h e  
c o m p a t ib i l i z e r  w a s  fo u n d  to  p la y  a  d u a l in te r fa c ia l  fu n c t io n . It r e d u c e d  th e  

in te r fa c ia l  t e n s io n  o f  th e  s y s t e m ,  r e s u lt in g  in  r e d u c t io n  o f  th e  p a r t ic le  s iz e  o f  th e  
d is p e r s e d  p o l y e t h y l e n e  p h a s e  a n d  a ls o  e n h a n c e s  th e  in te r fa c ia l  a d h e s io n  th r o u g h  th e
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f o r m a t io n  o f  m ic r o - b r id g e s .  T h e  f in e  p o l y e t h y l e n e  p h a s e  th u s  c o u p le d  t o  th e  m a tr ix  

in  c o m p a t ib i l i z e d  b le n d s  c a n  c a r r y  lo a d  a n d  d e f o r m  c o - c o n t in u o u s l y  a lo n g  w it h  th e  

m a tr ix . T h is  c a u s e d  e x t e n s iv e  y ie ld in g  o f  th e  b le n d  to  i t s  fa i lu r e  a n d  h ig h  u l t im a te  

e lo n g a t io n .  U n e x p e c t e d l y ,  a t M A / S E B S  c o n t e n t s  h ig h e r  th a n  1 0 %  th e  d u c t i l i t y  o f  

th e  b le n d s  d r o p s  s h a r p ly . T h is  w a s  a t tr ib u te d  to  f l o w - in d u c e d  d is c o n t in u i t i e s  w i t h in  

a  la r g e  c o r e  in  th e  t e n s i l e  s p e c im e n s .  T h e  l in e s  o f  in s t a b i l i t i e s  a c t  a s  la r g e  n o t c h e s  

w it h in  th e  s p e c im e n ,  c a u s in g  b r itt le  fa i lu r e  o f  th e  o t h e r w is e  d u c t i le  b le n d .
S i l v a  a n d  S o a r e s  ( 1 9 9 6 )  in v e s t ig a t e  th e  e f f e c t  o f  p o l y  ( e t h y le n e - c o - v i n y l  

a l c o h o l - c o - v in y l  m e r c a p to a c e ta te )  ( E V A S H )  o n  th e  c o m p a t ib i l i z a t io n  o f  p o ly a m id e  6  

( P A 6 ) / l o w - d e n s i t y  p o ly e t h y le n e  ( L D P E ) .  E V A S H  w a s  p r e p a r e d  fr o m  h y d r o ly z e d  

E V A  th r o u g h  a n  e s t e r i f i c a t io n  r e a c t io n  w i t h  m e r c a p t o a c e t ic  a c id .  M e c h a n ic a l  

p r o p e r t ie s ,  d i f f e r e n t ia l  s c a n n in g  c a lo r im e t r y , a n d  s c a n n in g  e le c t r o n  m ic r o s c o p y  

r e s u lt s  w e r e  d i s c u s s e d .  T h e  m e c h a n ic a l  p r o p e r t ie s  w e r e  im p r o v e d  w i t h  th e  a d d it io n  

o f  E V A S H . T h e  c o m p a t ib i l i z in g  a g e n t  a ls o  a f f e c t e d  th e  c r y s t a l l in i t y  d e g r e e  o f  b o th  

c o m p o n e n t s  o f  b le n d ,  a s  in d ic a te d  b y  th e  r e s u lt s  o b ta in e d  fr o m  D S C  s t u d ie s .  T h e  

a d d it io n  o f  E V A S H  r e s u lt e d  in  a  r e d u c e d  d i s p e r s e d - p h a s e  p a r t ic le  s iz e .
M o r p h o lo g ic a l ,  c a lo r im e t r ic ,  r h e o lo g ic a l ,  d ie le c t r ic  a n d  m e c h a n ic a l  

b e h a v io u r  o f  b le n d s  m a d e  w i t h  p o ly a m id e  6  ( P A 6 )  a n d  l in e a r  l o w  d e n s i t y  

p o ly e t h le n e  ( P E )  w e r e  s tu d ie d  b y  V a le n z a  et al. ( 1 9 9 7 )  T h e  P E  w a s  f u n c t io n a l iz e d  

g r a f t in g  e s te r  a n d  a lc o h o l  g r o u p s  in  a  B r a b e n d e r  m ix e r  w i t h  m e t h a c r y l ic  a c id  

d e r iv a t iv e s .  T h e s e  g r o u p s  in d u c e d  “ c o m p a t ib i l i z a t io n ” e f f e c t s  in  th e  b le n d s  w i t h  

r e s p e c t  to  b le n d s  m a d e  w i t h  th e  u n f u n c t io n a l iz e d  p o ly e t h y le n e .  T h e  d i f f e r e n c e  

e f f e c t s  o n  th e  b e h a v io u r  o f  th e  b le n d s  o f  th e  v a r io u s  f u n c t io n a l  g r o u p s  w e r e  s h o w n .  
In  p a r t ic u la r , th e  in te r a c t io n s  a t th e  in te r fa c e  c h a n g e  d e p e n d in g  o n  th e  c h e m ic a l  

n a tu r e  o f  th e  g r a f te d  g r o u p s . E th y l  a n d  i s o b u t h y l- m e t h a c r y la t e  e s s e n t i a l ly  c a u s e d  

d ip o la r  in te r a c t io n s  a n d  h y d r o g e n  b o n d in g  w h e r e a s  h y d r o x y e t h y l - m e t h a c e y la t e  g a v e  

r is e s  to  c o n d e n s a t io n  r e a c t io n s  w i t h  th e  fu n c t io n a l  g r o u p s  o f  p o ly a m id e .  T h is  la s t  

b le n d  p r e s e n te d  th e  h ig h e s t  in c r e a s e  o f  th e  e lo n g a t io n  a t b r ea k .
J u r k o w s k i  et al. ( 1 9 9 8 )  s tu d ie d  in f lu e n c e  o f  c h e m ic a l  a n d  m e c h a n ic a l  

c o m p a t ib i l i z a t io n  o n  s tr u c tu r e  a n d  p r o p e r t ie s  o f  p o ly e t h y le n e /p o ly a m id e  b le n d s .  
L D P E /P A 6  b in a r y  b le n d s  a n d  L D P E /P A 6 /c o m p a t ib i l i z e r  te r n a r y  b le n d s  w e r e  
p r e p a r e d  in  a  B r a b e n d e r  e x tr u d e r , e q u ip p e d  w i t h  a  p r o t o t y p e  s ta t ic  m ix e r .
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C o m p a t ib i l i t y  o f  th e  c o m p o n e n t s  w a s  e s t im a t e d  b y  r h e o lo g ic a l  p r o p e r t ie s  ( v i s c o s i t y  

a n d  m e lt  f l o w  in d e x ) ,  a n d  o b s e r v a t io n s  o f  th e  s tr u c tu r e  w e r e  m a d e  w i t h  th e  h e lp  o f  

s c a n n in g  e l e c t r o n  m ic r o s c o p y  a n d  t e n s i l e  s tr e n g th . I t w a s  fo u n d  th a t  s tr u c tu r e  a n d  

p r o p e r t ie s  o f  th e  b le n d s  w e r e  d e p e n d e n t  o n  th e  r e c ip e  c o n t e n t  o f  th e  p o ly m e r  b le n d s  

a n d  th e  c o n d i t io n s  o f  th e ir  m a n u fa c tu r in g . U n i f o r m it y  o f  th e  b le n d s  o f  th e  

t h e r m o d y n a m ic a l ly  im m is c i b l e  p o ly m e r s  w a s  im p r o v e d  b y  u s in g  a  p r o t o t y p e  s ta t ic  

m ix e r  g iv in g  m e c h a n ic a l  c o m p a t ib i l i z a t io n  a n d  a  c o m p a t ib i l i z e r  g iv i n g  c h e m ic a l  

c o m p a t ib i l i z a t io n .  L D P E  g r a fte d  w i t h  a  m a le ic  a n h y d r id e  ( L D P E - g - M A H )  w a s  u s e d  

a s  a  c o m p a t ib i l i z e r .
F u r th e r m o r e , K u d v a  et al. ( 1 9 9 9 )  s tu d ie d  th e  m o r p h o lo g y  a n d  m e c h a n ic a l  

p r o p e r t ie s  o f  c o m p a t ib i l i z e d  p o ly a m id e  6 /p o ly e t h y l e n e  b le n d s .  B le n d s  o f  p o ly a m id e  

6  a n d  p o l y e t h y l e n e  w e r e  in v e s t ig a t e d  o v e r  a  r a n g e  o f  c o m p o s i t io n s .  T h e  

p o l y e t h y l e n e s  u s e d  w e r e  g r a fte d  w it h  m a le ic  a n h y d r id e  a n d , th u s ,  h a v e  th e  p o te n t ia l  
to  r e a c t  w it h  th e  a m in e  e n d  g r o u p s  o f  p o ly a m id e  6  d u r in g  m e l t  p r o c e s s in g .  T h is  

s tu d y  f o c u s e s  o n  th e  e f f e c t s  o f  th e  c o n c e n tr a t io n ,  v i s c o s i t y  a n d  f u n c t io n a l i t y  o f  th e  

m a le a t e d  p o l y e t h y l e n e s  ( P E - g - M A )  o n  th e  r h e o lo g ic a l ,  m o r p h o lo g ic a l ,  a n d  

m e c h a n ic a l  p r o p e r t ie s  o f  p o ly a m id e  6 /P E - g - M A  b le n d s .  T h e  im p a c t  p r o p e r t ie s  o f  

t h e s e  b le n d s  w e r e  s t r o n g ly  in f lu e n c e d  b y  th e  a m o u n t  a n d  t y p e  o f  m a le a t e d  

p o l y e t h y l e n e s  u s e d .  A  l o w  v i s c o s i t y  m a le a t e d  p o l y e t h y l e n e  w a s  s h o w n  to  b e  

i n e f f e c t i v e  in  t o u g h e n in g  p o ly a m id e  6 ; th is  w a s  b e c a u s e  o f  t h e  p r o p e n s i t y  o f  

p o l y e t h y l e n e  to  b e c o m e  c o n t in u o u s  e v e n  w h e n  p o ly a m id e  6  w a s  th e  m a jo r ity  

c o m p o n e n t .  T w o  h ig h e r  v i s c o s i t y  m a le a t e d  p o l y e t h y l e n e s  w e r e  a b le  to  p r o d u c e  

b le n d s  w i t h  h ig h  im p a c t  s tr e n g th  a n d  e x c e l l e n t  l o w  te m p e r a tu r e  t o u g h n e s s  o v e r  a  

r a n g e  o f  c o m p o s i t io n s .  T h e  r e s u lt  d e m o n s tr a te d  th a t  p o l y e t h y l e n e  m a te r ia ls  

c o n t a in in g  a  v e r y  l o w  d e g r e e  o f  a n h y d r id e  f u n c t io n a l i t y  c o u ld  g e n e r a te  b le n d s  w ith  

e x c e l l e n t  im p a c t  p r o p e r t ie s .  A  b r ie f  p o r t io n  o f  th is  s tu d y  f o c u s e d  o n  te r n a r y  b le n d s  
o f  p o ly a m id e  6 ,  m a le a t e d  p o ly e t h y le n e  a n d  n o n m a le a t e d  p o ly e t h y le n e ;  in  g e n e r a l ,  
th e  im p a c t  p r o p e r t ie s  o f  t h e s e  b le n d s  im p r o v e d  a s  th e  m o le c u la r  w e i g h t  o f  p o ly a m id e  

6  in c r e a s e d  a n d  a s  th e  r a tio  o f  m a le a t e d  p o ly e t h y le n e  to  n o n m a le a t e d  p o ly e t h y le n e  

in c r e a s e d .
M o r p h o lo g y ,  th e r m a l b e h a v io r ,  a n d  m e c h a n ic a l  p r o p e r t ie s  o f  

P A 6 /U H M W P E  b le n d  w ith  H D P E - g - M A H  a s  a  c o m p a t ib i l i z in g  a g e n t  w a s  s tu d ie d
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b y  Y a o  et al. ( 2 0 0 0 ) .  A  f u n c t io n a l iz e d  h ig h - d e n s i t y  p o l y e t h y l e n e  ( H D P E )  w i t h  

m a le ic  a n h y d r id e  ( M A H )  w a s  p r e p a r e d  u s in g  a  r e a c t iv e  e x tr u d in g  m e th o d . T h is  

c o p o ly m e r  w a s  u s e d  a s  a  c o m p a t ib i l i z e r  o f  b le n d s  o f  p o ly a m id e  6  ( P A 6 )  a n d  

u ltr a h ig h  m o le c u la r  w e i g h t  p o ly e t h y le n e  ( U H M W P E ) .  M o r p h o lo g ie s  o f  th e  b le n d s  

w e r e  e x a m in e d  b y  a  s c a n n in g  e le c t r o n  m ic r o s c o p e .  T h is  s tu d y  f o u n d  th a t th e  

d im e n s io n  o f  U H M W P E  a n d  H D P E  d o m a in s  in  th e  P A 6  m a tr ix  d e c r e a s e d  

d r a m a t ic a l ly  c o m p a r e d  w i t h  th a t o f  th e  u n c o m p a t ib i l iz e d  b le n d in g  s y s t e m .  T h e  s i z e  

o f  th e  U H M W P E  d o m a in s  w a s  r e d u c e d  fr o m  3 5  p m  ( P A 6 /U H M W P E , 8 0 /2 0 )  to  l e s s  

th a n  4  p m  ( P A 6 /U H M W P E /H D P E - g - M A H , 8 0 / 2 0 / 2 0 ) .  T h e  t e n s i l e  s tr e n g th  a n d  

I z o d  im p a c t  s tr e n g th  o f  P A 6 /U H M W P E /H D P E - g - M A H  ( 8 0 / 2 0 / 2 0 )  w e r e  1 .5  a n d  1 .6  

t im e s  a s  h ig h  a s  t h o s e  o f  P A 6 /U H M W P E  ( 8 0 /2 0 ) ,  r e s p e c t iv e ly .  T h is  b e h a v io r  c o u ld  

b e  a t tr ib u te d  to  c h e m ic a l  r e a c t io n s  b e t w e e n  th e  a n h y d r id e  g r o u p s  o f  H D P E - g - M A H  

a n d  th e  te r m in a l  a m in o  g r o u p s  o f  P A 6  in  P A 6 /U H M W P E /H D P E - g - M A H  b le n d s .  
T h e r m a l a n a ly s i s  w a s  p e r fo r m e d  to  c o n f ir m  th a t th e  a b o v e  c h e m ic a l  r e a c t io n s  t o o k  

p la c e  d u r in g  th e  b le n d in g  p r o c e s s .
R e c e n t ly ,  L e e w a ja n a k u l  et al. ( 2 0 0 3 )  in v e s t ig a t e d  th e  u s e  o f  z i n c -  

n e u tr a l iz e d  e t h y le n e /m e t h a c r y l ic  a c id  c o p o ly m e r  io n o m e r s  a s  b le n d  c o m p a t ib i l i z e r s  

fo r  p o ly a m id e  6  a n d  l o w - d e n s i t y  p o ly e t h y le n e .  T h e  e f f e c t  o f  th e  c o m p o s i t io n  o n  th e  

m o r p h o lo g ie s  a n d  p r o p e r t ie s  o f  u n c o m p a t ib i l iz e d  a n d  c o m p a t ib i l i z e d  b le n d s  o f  

p o ly a m id e  6  a n d  l o w - d e n s i t y  p o l y e t h y l e n e  w e r e  s t u d ie d  o v e r  a  w i d e  r a n g e  o f  w e i g h t  

f r a c t io n s . T h e  u n c o m p a t ib i l iz e d  b le n d s  h a d  s u b s t a n t ia l ly  r e d u c e d  m e c h a n ic a l  

p r o p e r t ie s  a f te r  m ix in g ,  a n d  th is  w a s  a lm o s t  c e r ta in ly  d u e  to  p o o r  in te r fa c ia l  a d h e s io n  

b e t w e e n  th e  t w o  p o ly m e r s .  T h e  a d d it io n  o f  a  z in c - n e u t r a l iz e d  p o l y ( e t h y l e n e - c o -  

m e t h a c r y l ic  a c id )  io n o m e r  (S u r ly n ®  9 0 2 0 )  a s  a  c o m p a t ib i l i z e r s  im p r o v e d  th e  

m e c h a n ic a l  p r o p e r t ie s  in  c o m p a r is o n  w i t h  t h o s e  o f  th e  m a te r ia l  b le n d e d  w it h o u t  th e  

c o m p a t ib i l i z e r .  T h e  c le a r e s t  e v id e n c e  o f  th is  im p r o v e m e n t  c a m e  fr o m  d y n a m ic  

m e c h a n ic a l  s t u d ie s ;  fo r  s e l e c t e d  b le n d s  w it h  h ig h  p o ly e t h y le n e  c o n t e n t s ,  th e  d r o p  in  

th e  m o d u lu s  c o r r e s p o n d in g  to  th e  t r a n s it io n  o f  a  s o l i d  to  a  m e l t  o c c u r r e d  a t h ig h e r  
te m p e r a tu r e s  w i t h  th e  a d d e d  c o m p a t ib i l iz e r .  T h is  im p r o v e m e n t  in  th e  p r o p e r t ie s  w a s  

a c c o m p a n ie d  b y  a  r e d u c t io n  in  th e  d i s p e r s e d - p h a s e  s iz e  d u e  to  th e  in te r a c t io n
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b e tw een  th e  io n ic  p a rt o f  the  io n o m er and  th e  am id e  g ro u p s o f  p o ly am id e  6, 
e sp ec ia lly  w h en  p o ly a m id e  6 w as th e  d isp e rsed  p h ase  o f  th e  b lend .

2.2 Functionalized Polyolefin

K o u lo u ri et al. (1 9 9 7 ) s tu d ied  th e  g ra ftin g  e ffic ien cy  o n  d iffe re n t p o ly am id e  
(6 , 11, 12, 6 .1 0  an d  6 .12 ) o f  e th y len e -g ly c id y l m e th ac ry la te  co p o ly m e r (P E -g -G M A ) 
and  e th y len e -e th y l ac ry la te  c o p o ly m er a t a  c o m p o sitio n  o f  85 /15 , w h e n  m e lt-m ix ed  
u n d e r o p tim u m  co n d itio n s . T w o  o f  th is  p o ly am id e  6 an d  11 w ere  se lec ted  to  be 
s tu d ied  in  th e  co m p le te  co m p o sitio n  range. U sin g  te c h n iq u e s  like  d y n am ic  
m ech an ica l an a ly s is , ten s ile  te s tin g , d iffe ren tia l scan n in g  ca lo rim e try , scan n in g  
e lec tro n  m ic ro sco p y  an d  F o u rie r  tran sfo rm  in fra red  sp ec tro sco p y  (F T IR ) fo r th e  
c h a rac te riz a tio n  o f  th e  b len d s. T h e  re su lts  sh o w ed  th a t th e  m o st e ff ic ie n t g ra ftin g  
o ccu rred  in  th e  case  o f  p o ly am id e  11/P E -g -G M A  b len d s. T h e  fo rm a tio n  o f  a  
c o p o ly m er w as  co n firm ed  u sin g  so lv en t ex trac tio n  tech n iq u e . T h e  ex is ten ce  o f  b o th  
p o ly m ers  in  th e  iso la ted  co p o ly m ers  w as p ro v ed  by  F T IR  and  th e rm a l ana lysis . 
O v era ll, th e  co n c e p t o f  th e  co m p a tib iliz a tio n  o f  th e  p o ly a m id e -p o ly e th y le n e  sy stem  
w as co n firm ed  in  th e  case  o f  p o ly am id e  11 /H D P E  co m p a tib iliz ed  by  P E -g -G M A  
co p o ly m er.

F u s io n  b o n d in g  o f  m a lea ted  p o ly e th y len e  b len d s  to  p o ly a m id e  6 w as 
in v es tig a ted  by  V a ld es  et al. (1 9 9 8 ) B len d s  o f  lin ea r lo w -d en s ity  p o ly e th y len e  
(L L D P E ) an d  lin ea r lo w -d en sity  p o ly e th y le n e -g ra fted  m a le ic  an h y d rid e  (L L D P E -g - 
M A ) w ere  u se d  to  p ro m o te  the  ad h es io n  to  p o ly a m id e  6 (P A 6 ) in  a  th ree -lay e r 
co ex tru d ed  film  w ith o u t u sin g  an  ad d itio n a l ad h es iv e  o r tie  layer. T h e  e ffec t o f  
b o n d in g  tim e  an d  m o lecu la r  w e ig h t (M W ) o f  d iffe ren t m a lea ted  p o ly e th y le n e s  on  th e  
p ee l s tren g th  o f  th e  jo in ts  w as an a ly zed . D irec t ev id en ce  o f  a  c o p o ly m e r fo rm ed  in- 
s itu  at th e  in te rfaces  is a lso  co n sid ered . T he p eel s tren g th  o f  fu s io n  b o n d e d  lay ers  o f  
L L D P E /L L D P E -g -M A  b len d s  w ith  P A 6  s tro n g ly  d ep en d s on  b o n d in g  tim e  and  
m o lecu le r  w e ig h t o f  th e  m a lea ted  p o ly m er. T en s ile  p ro p e rtie s  o f  th re e -la y e r film s, 
m ad e  up  o f  P A 6  as th e  cen tra l lay e r and  L L D P E /L L D P E -g -M A  b len d s  as th e  tw o  
ex te rn a l lay ers , w ere  im p ro v ed  w ith  in c reases  in  th e  m a le ic  an h y d rid e  (M A ) co n ten t 
in  th e  b lend . T h e  in -s itu  fo rm a tio n  o f  a  c o p o ly m er b e tw e e n  th e  M A  in  th e  b len d  and
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th e  te rm in a l am in e  g ro u p s o f  the P A 6  w as co n firm ed  by  th e  M o lau  te s t, in fra red  (IR ) 
sp ec tro sco p y , an d  th e rm al an a ly sis  (D S C ).

B len d  o f  p o ly am id e  6 (P A 6 ) and  p o ly o le fin s  fu n c tio n a liz ed  w ith  ac ry lic  
ac id  (p o ly e th y len e -P E -A A , p o ly p ro p y len e -P P -A A ) w ere  in v es tig a ted  by  P sarsk i et 
al. (2000) in  te rm s o f  c ry s ta lliza tio n  b eh av io r and  re su ltin g  P A 6 c ry s ta llin e  s truc tu re . 
T h erm al a n a ly s is  sh o w ed  th a t in the  case  o f  b len d s  w ith  fu n c tio n a liz ed  p o ly o le fin  as 
a  m atrix : (a) P A 6  c ry s ta lliz a tio n  w as sp read  and  d ram a tica lly  sh ifted  to w ard  lo v er 
tem p e ra tu res , ap p ro ach in g  th a t o f  th e  p o ly o le fin  co m p o n e n t 125 -132°C ; (b) P A 6  y 
c ry sta l p o ly m o rp h  w as th e  m a jo r p h ase  p resen t; co n firm ed  an d  q u an tita tiv e ly  
ev a lu a ted  by  u se  o f  d eco n v o lu tio n  co m p u ta tio n s  p e rfo rm ed  on  W A X S  sp ec tra  o f  the  
b len d s. W h en  P A 6  w as d isp e rsed  in  fu n c tio n a lized  p o ly o le fin  m a trix , the  w e ig h t 
co n ten t o f  P A 6  y c ry sta ls  in c reases  up  to  th ree  tim es  w ith  re sp ec t to  an a lo g o u s, n on - 
co m p a tib iliz ed  b len d s  and  up  to  »  16 tim es w ith  re sp ec t to  P A 6  h o m o p o ly m er. 
T h ese  p h e n o m e n a  a re  ex p la in ed  by  th e  red u c tio n  o f  s ize  o f  P A 6  d isp e rsed  p artic le s , 
c au sed  by  th e  in te rac tio n s  b e tw een  th e  fu n c tio n a l g ro u p s  o f  p o ly o le fin  and  the  p o la r  
g ro u p s  in  p o ly a m id e  chain . T he  n u c léa tio n  m ech an ism  w as ch an g ed  due  to  the  lack  
o f  h e te ro g en eo u s  n u c le i in  m o st sm all P A 6  d ro p le ts , w h ich  re su lts  in  th e  en h an ced  y 
c ry sta l fo rm ation .

In 2 0 0 1 , S a ila ja  and  C h an d a  s tu d ied  th e  u se  o f  m ale ic  a n h y d rid e -g ra fted  
p o ly e th y len e  as c o m p a tib iliz e r  fo r H D P E -tap io ca  s trach  b lends. T a p io c a  s ta rch  in  
b o th  g ly ce ro l-p la s tic ized  and  in  u n p la s tic ized  sta te s  w as b len d ed  w ith  h ig h -d en sity  
p o ly e th y len e  (H D P E ) u sin g  H D P E -g -m a le ic  an h y d rid e  as the  co m p a tib iliz e r . T h e  
im p ac t and  ten sile  p ro p e rtie s  o f  the  b len d s  w ere  m easu red  acco rd in g  to  A S T M  
m eth o d s. T h e  resu lts  reveal th a t b len d s  co n ta in in g  p la s tic ized  sta rch  have  b e tte r  
m ech an ica l p ro p e rtie s  th an  th o se  co n ta in in g  u n p la s tic ized  starch . H ig h  v a lu es  o f  
e lo n g a tio n  at b reak  at p a r w ith  th o se  o f  v irg in  H D P E  co u ld  be o b ta in ed  for b len d s, 
ev en  w ith  h ig h  lo ad in g  o f  p la s tic ized  starch . M o rp h o lo g ie s  o f  th e  b len d s  w as s tu d ied  
by  S E M  m ic ro sco p y  o f  im p ac t-frac tu red  sp ec im en s o f  su ch  b len d s  rev ea led  a  du c tile  
frac tu re , u n lik e  b len d s  w ith  u n p la s tic ized  sta rch  a t su ch  h ig h  lo ad in g , w h ich  sho w ed  
b rittle  frac tu re , e v en  w ith  th e  ad d itio n  o f  co m p a tib ilize r. In  g en era l, b len d s  o f  H D P E
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and  p la s tic ized  sta rch  w ith  add ed  c o m p a tib iliz e r  sh o w ed  b e tte r  m ech an ica l p ro p ertie s  
th an  s im ila r b len d  co n ta in in g  u n p la s tic ized  starch .

J ian g  et al. (2 0 0 3 ) s tu d ied  reac tiv e  co m p a tib iliz e r  p recu rso rs  fo r L D P E /P A 6  
b len d s . S ev era l h o m e-m ad e  and  co m m erc ia lly  av a ilab le  p o ly e th y len e  (P E ) sam p les 
g ra fted  w ith  m a le ic  an h y d rid e  (M A ) (P E -g -M A ) w ere  u sed  as  co m p a tib iliz e r  
p recu rso rs  (C P s) fo r th e  reac tiv e  b len d in g  o f  low  d en sity  P E  (L D P E ) w ith  p o ly am id e  
6 (P A ). S co p e  o f  th e  w o rk  w as to  co m p are  th e  e ffec tiv en ess  o f  th e se  C P s w ith  th a t 
o f  a  n u m b er o f  e th y len e -ac ry lic  ac id  co p o ly m ers  (E A A ), w h ich  h ad  b een  em p lo y ed  
in  a  p rev io u s  s tu d y  for th e  reac tiv e  co m p a tib iliz a tio n  o f  th e  sam e b len d s , and  to  g e t a 
d eep e r in s ig h t in to  th e  co u p lin g  reac tio n s  p ro d u c in g  th e  P A -g -C P  co p o ly m ers  th a t 
a re  th o u g h t to  ac t as the  tru e  co m p a tib ilize rs  in  th ese  system s. T o  th is  end , b inary  
C P /L D P E  an d  C P /P A  and  te rn a ry  L D P E /P A /C P  b len d s  w ere  p re p a re d  w ith  a 
B rab en d e r m ix e r  and  w ere  ch a rac te riz ed  by  D S C , S E M  and  so lv e n t frac tio n a tio n . 
T h e  re su lts  sh o w  th a t the  P E -g -M A  co p o ly m ers  reac t m o re  rap id ly  w ith  PA  th an  th e  
E A A  c o p o ly m ers  and  th a t th e ir  C P  e ffec tiv en ess  d ep en d s c ritic a lly  on  the  
m ic ro s tru c tu re  an d  th e  m o la r m ass o f  th e ir  P E  b ack b o n es. In p a rtic u la r , th e  C P s 
p ro d u ced  b y  fu n c tio n a liz a tio n  o f  L D P E  w as sh o w n  to  be  m isc ib le  w ith  th is  b len d  
co m p o n e n t an d  to  be  sca rce ly  av a ilab le  at th e  in te rface  w h ere  re a c tio n  w ith  P A  is 
ex p ec ted  to  occu r. C o n v erse ly , th e  C P s p rep a red  fro m  the  H D P E  g rad es w ere  
im m isc ib le  w ith  L D P E  an d  sh o w ed  b e tte r  C P  p e rfo rm an ce . W h ereas th e  
e ffec tiv en ess  o f  th e  E A A  co p o ly m ers  s tu d ied  ea rlie r h ad  b een  sh o w n  to  in c rease  w ith  
an  in crease  in  th e  co n cen tra tio n  o f  th e  ca rb o x y l g ro u p s, th e  co n cen tra tio n  o f  the  
su cc in ic  an h y d rid e  g ro u p s o f  th e  P E -g -M A  C P s s tu d ied  in  th is  w o rk  w as fo u n d  to  
p lay  a m in o r ro le , a t least in  th e  in v estig a ted  range  (0 .3 -3 .0  w t%  M A ).
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