
CHAPTER II 
LITERATURE REVIEW

T h e  ra te  o f  in tro d u c tio n  o f  n ew  p o ly m e rs  in to  th e  m a rk e t p la c e  has 
d e c re a se d  in re c e n t y ea rs  o w in g  to  the  h ig h  co s t o f  re se a rc h  to  d e v e lo p  n ew  
c h e m is try  an d  p ro ce sse s  c o m p a re  to  the  p ro b a b le  re tu rn  o n  th is  in v e s tm e n t. 
A s a re su lt, in c reased  a tte n tio n  h as  fo cu s on b len d s  o r a llo y s  o f  e x is tin g  
p o ly m e rs  to  e x p a n d  the  sp e c tru m  o f  p ro p e rtie s  o f  e s ta b lish e d  p ro d u c ts  an d  to  
m ee t n ew  m a rk e t n eed s. M o s t p o ly m e r p a irs  a re  im m isc ib le  and , th e re fo re , 
from  se p a ra tio n  p h ases  co m p rise d  e sse n tia lly  o f  the  p u re  c o m p o n e n ts  w h en  
m ix ed . U n fo rtu n a te ly , fo r m an y  p o ly m e r p a irs  th e re  is re la tiv e ly  p o o r 
a d h e s io n  b e tw ee n  th ese  p h ases . T h u s , s tre ss  tra n s fe r  ac ro ss  th e  in te rfa c e  is n o t 
g o o d  an d  h en c e  m ay  p o o r m e c h a n ic a l p ro p e rtie s  m ay  o b ta in e d . T h is  fac t 
o ften  p re c lu d e s  s im p le  b le n d in g  o f  p o ly m e r p a irs  w h ic h  in p r in c ip le  lead  to  
c o m b in a tio n s  o fin te re s tin g  p ro p e rtie s . T h is  s itu a tio n  h as  led  to  in te re s t in 
b len d  a d d itiv e s  w h ic h  m ay  so m e h o w  a lte r th e  in te rfa c ia l p ro b le m  m e n tio n e d  
a b o v e  and  c irc u m v e n t the  p o o r m e c h a n ic a l p ro p e rtie s . It m ay  b e  e m p h a s iz e d  
h ere  th a t the  fu n c tio n  o f  the  th ird  c o m p o n e n t as a c o m p a tib iliz e r  is to  re d u c e  
the  in te rfa c ia l ten s io n  b e tw ee n  the  tw o  p h ases , p ro m o te  a d h e s io n  b e tw e e n  th e  
p h a se  c o m p o n e n ts  and  s ta b iliz e  the  d isp e rse d  p h a se  m o rp h o lo g y

2.1 Literature Work

T h e re  are  sev era l s tu d ie s  in lite ra tu re  in w h ich  the  ad d itio n  o f  a th ird  
c o m p o n e n t ac ts  as a c o m p a tib iliz e r  in c reases  the  te c h n o lo g ic a l c o m p a tib ili ty  
o f  im m isc ib le  p o ly m e r p a irs . In c o rp o ra tio n  o f  a c o m p a tib iliz e r  u su a lly  
im p ro v e s  th e  in te ra c tio n  b e tw ee n  th e  c o n s titu e n t h o m o p o ly m e rs  an d  th e re b y  
s l o w s  d o w n  t h e  p h a s e  s e p a r a t i o n  p r o c e s s  ( T h o m a s ,  1 9 9 5 ) .
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G e o rg e  (1 9 8 7 ) s tu d ied  th e  m o d if ic a tio n  o f  b u ta d ie n e -a c ry lo n itr ile  
ru b b e r/p o ly (v in y l c h o lr id e )  b len d  u s in g  n a tu ra l ru b b er, s ty re n e -b u ta d ie n e  
ru b b e r, an d  p o ly b u ta d ie n e  ru b b e r. T h ey  fo u n d  th a t n a tu ra l ru b b e r, s ty re n e - 
b u ta d ie n e  ru b b e r, an d  p ly b u ta d ie n e  ru b b e r w ere  u sed  to  re p la c e  p a r t o f  the  
b u ta d ie n e  a c ry lo n iy tr ile  ru b b e r in a 7 0 /3 0  % w t b u ta d ie n e -a c ry lo n iy tr ile  
ru b b e r/p o ly v in y l c h lo rid e  b len d . S uch  re p la c e m e n t up  to  15%  o f  th e  to ta l 
w e ig h t o f  th e  b len d  im p ro v e d  the  m e c h a n ic a l p ro p e rtie s , w h ile  d e c re a s in g  the  
co s t o f  the  b len d . S ty re n e  b u ta d ie n e  ru b b e r co u ld  re p la c e  b u ta d ie n e - 
a c ry lo n iy tr ile  ru b b e r up  to  30  %  o f  the  to ta l w e ig h t o f  th e  b le n d  w ith o u t 
d e te rio ra tio n  in the  m e c h a n ic a l p ro p e rtie s .

C h u a n  and  c o w o rk e rs  (1 9 9 0 ) s tu d ie d  on  th e  c o m p a tib iliz a tio n  o f  
N R /L L D P E  b len d s  w ith  p o ly e th y le n e -b -p o ly iso p re n e  d ib lo c k  c o p o ly m e r. 
T h ey  h av e  re p o rte d  th a t b lo ck  c o p o ly m e rs  a re  c o n s id e red  as b e tte r  in te rfa c ia l 
a g e n ts  than  g ra ft c o p o ly m e rs  b ec a u se  o f  less e ffe c tiv e  p e n e tra tio n  o f  th e  
b ra n c h es  o f  the  la tte r in to  h o m o p o ly m e r p h ases . M o le c u la r  w e ig h t (M W ) o f  
the  c o m p a tib iliz e r  p la y s  a ro le  in th e  c o m p a tib iliz in g  e ffe c t on  L L D P E /N R  
b len d s. In c re a se  in M W  o f  th e  c o m p a tib iliz e r  fav o red  the  p e n e tra tio n  o f  PE  
and  PI b lo ck  o f  P E -b -P I in to  the  re sp e c tiv e  h o m o p o ly m e rs . T h ey  w e re  a lso  
fo u n d  fro m  the  d isp e rs io n  o f  L L D P E /N R  th a t the  size  o f  L L D P E  w a s  re d u c e d  
on a d d in g  P E -b -P I b e c a u se  o f  th e  e m u ls ify in g  e ffe c t o f  th e  c o m p a tib iliz e r .

K im  an d  P ark  (1 9 9 1 ) h ad  c a rrie d  o u t s tu d ie s  on  re a c tiv e  b le n d in g  o f  
p o ly a m id e s  to  im p ro v e  m e c h a n ic a l an d  th e rm a l p ro p e rtie s . T h e y  e x a m in e d  
b le n d s  o f  p o ly a m id e  w ith  s ty re n e -m a le ic  a n h y d rid e  c o p o ly m e r (S M A ). O ne  
a im  o f  th is  w o rk  w as a c h ie v e d  w ith  v a r io u s  ad d itio n  lev e ls  o f  S M A . F o r 
e x a m p le , an in c re a se  in h ea t d is to rtio n  te m p e ra tu re  (H D T ) a b o u t 12 °c w as 
o b ta in e d  w ith  the  a d d itio n  o f  15% by w e ig h t o f  S M A  to  PA . M e lt v isc o s ity  
and  e la s tic ity  o f  the  PA  w ere  a lso  in c reased  on S M A  ad d itio n . A ll o f  th e se  
e ffe c ts  w e re  a ttr ib u te d  to  an  a n h y d r id e -a m in e  re a c tio n  o cc u rrin g  b e tw e e n  the  
tw o  m a te ria ls .
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B o n n e r et al (1 9 9 2 ) has in v e s tig a te d  the  re a c tiv e  b le n d in g  o f  m a le ic  
a n h y d r id e  g ra fte d  n itr ile  ru b b e r (N B R ) and  p o ly a m id e  6 . N itr ile  ru b b e r 
p ro v id e s  a d v a n ta g e s  su ch  as g o o d  lo w -te m p e ra tu re  p e rfo rm a n c e  an d  e x c e lle n t 
o il /h y d ro c a rb o n  re s is ta n c e . M a le ic  a n h y d rid e  g ra fted  n itr ile  ru b b e r  (M A -g - 
N B R ) w as  p ro d u c e d  by m e lt m ix in g  M A  w ith  N B R  in th e  p re se n c e  o f  a free  
rad ica l in itia to r. T h e  im p ac t p e rfo rm a n c e  o f  th e  n y lo n  6 w as  fu rth e r  e n h a n c e d  
w h en  the  N B R  re p la c e d  by M A -g -N B R . It w as sp e c u la te d  th a t th is  m ig h t be 
d u e  to  the  p re se n c e  o f  a h ig h  level o f  g ra fted  M A  c o u p le d  w ith  a  re la tiv e ly  
h ig h  d eg re e  o f  c ro ss lin k in g  in the  M A -g -N B R .

A h m a d  an d  A b d u lla h  (1 9 9 2 ) d isc u sse d  on  th e  m e c h a n ic a l an d  th e rm a l 
p ro p e rtie s  o f  T P N R  fo r N R -P P -L N R  b le n d s  o f  v a r io u s  c o m p o s itio n s . T h e rm a l 
an d  m e c h a n ic a l p ro p e rtie s  in d ica te  th a t such  b le n d s  a re  h o m o g e n e o u s  at 
v a r io u s  c o m p o s itio n s  o f  b len d . It is o b se rv e d  th a t th e  y ie ld  s tre ss  an d  m o d u lu s  
in c re a se  w ith  th e  a m o u n t o f  L N R . T h ey  a lso  d isc u sse d  th a t th e  d a ta  in d ic a te  a 
l in e a r  d e p e n d e n c e  o f  y ie ld  s tre ss  on  s tra in  ra te  in a g re e m e n t w ith  the  
p re d ic tio n  o f  th e  E y rin g  flo w  m o d e l a t ro o m  te m p e ra tu re  (25  °C ).

A h m a d  et al. (1 9 9 4 ) h ad  s tu d ie d  N R /H D P E  b le n d s  a t v a r io u s  
c o m p o s itio n  o f  H D P E  w ith  liq u id  n a tu ra l ru b b e r as a c o m p a tib iliz e r . T h ey  
fo u nd  th a t the  ten s ile  p ro p e rtie s  and  h a rd n e ss  o f  T P N R  im p ro v e d  s ig n if ic a n tly  
w ith  the  a d d itio n  o f  L N R  to  the  b len d . T h e  d eg re e  o f  c ro s s - l in k in g  a lso  
in c re a se d  w ith  in c re a s in g  a m o u n t o f  L N R  ad d ed . T h e y  a lso  fo u n d  th a t the  
in te rp h a se  p ro p e r tie s  o f  T P N R  co u ld  be  ta ilo red  by  v a ry in g  th e  c o m p o s itio n  o f  
th e  b le n d  an d  th e  o p tim u m  co n ten t o f  L N R  w as b e tw ee n  10 a n d  2 7 % .

A b d u lla h  an d  A h m a d  (1995) in v e s tig a te d  th e  e ffe c t o f  liq u id  n a tu ra l 
ru b b e r (L N R ) as a c o m p a tib iliz e r  on  th e  p h y sica l p ro p e r tie s  o f  L L D P E /N R  
b le n d s . T h e y  h ad  fo u n d  th a t th e  o p tim u m  p ro c e ss in g  c o n d itio n s  w e re  a 
te m p e ra tu re  o f  135 °c an d  a m ix in g  o f  55 rp m  in B ra b e n d e r  in te rn a l m ix er. 
T h e  ten s ile  p ro p e rtie s , s tre ss  and  s tra in , o f  th e  b le n d  h ad  im p ro v e d  
s ig n if ic a n tly  w ith  th e  ad d itio n  o f  L N R  ab o u t 10-15 %  in to  th e  b le n d s . S E M  o f
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the  sa m p les  a lso  in d ica te d  an in c rease  in the  h o m o g e n e ity  o f  th e  m ix tu re s  w ith  
th e  a d d itio n  o f  L N R . T h ey  fu rth er fo u n d  th a t a s in g le  Tg o f  a b o u t - 5 5  ๐c  fo r 
th e  b le n d  w a s  o b se rv e d  v ia  d y n a m ic  m ec h a n ic a l an a ly s is  (D M A ).

A x te ll  et al. (1 9 9 6 ) s tu d ie d  on  the  e ffe c t o f  m o d if ie d  N R  
c o m p a tib ilis e rs  on  p o ly a m id e  6 /N R  b len d s . T h is  b len d  w a s  c o m p a tib ilise d  
w ith  m a le ic  a n h y d rid e  m o d if ie d  N R  as a th ird  c o m p o n e n t in th e  b le n d s . T h ey  
h ad  fo u n d  th a t the  b len d  c o m p a tib iliz a tio n  o ccu rred  by  p h y s ic a l in te ra c tio n  
an d  by c h e m ic a l fo rm a tio n  o f  in situ  c o p o ly m e rs . T h is  c h e m ic a l 
c o m p a tib ilis in g  c o p o ly m e r (C C C ) w as v e rif ie d  by  th e  o b se rv a tio n s  fro m  th e  
M o lau  te s t an d  th e  in c reased  m ix in g  to rqu e . A d d itio n  o f  th e  c o m p a tib iliz e r  
g av e  a h ig h e r  d eg re e  o f  d isp e rs io n , re su ltin g  in sm a lle r  p a r tic le  s iz e  o f  the  
ru b b e r  p h ase . T h ey  fu rth e r c o n c lu d e d  th a t the  sm a lle r  ru b b e r  p a r tic le s  p re se n t 
g av e  g re a te r  to u g h n e ss  to  the  b len d s , w ith  im p ro v e d  m e c h a n ic a l p ro p e r tie s  
in c lu d in g  C h a rp y  im p a c t s tren g th , ten s ile  s tren g th  and  e lo n g a tio n  a t b reak .

M ic ic  e t al (1 9 9 6 ) s tu d ie d  on th e  m e lt s tre n g th  an d  e la s tic  b e h a v io r  o f  
L L D P E  an d  low  d en s ity  p o ly e th y le n e  (L D P E ) b len d s . M e lt s tre n g th  is 
d e f in e d  as th e  fo rce  a t the  b re ak  p o in t and  is in d ic a tiv e  o f  th e  re la tiv e  
e x te n s io n a l p e rfo rm a n c e  o f  p o ly m e r m elts . It is in v e rse ly  re la te d  to  th e  d ra w ­
d o w n  o r e x te n s ib ili ty  o f  th e  m e lt, i.e . the  a b ility  o f  the  m e lt to  b e  d ra w n  d o w n  
to  th in  g u ag e . T h ey  h ad  re p o rte d  th a t the  m e lt s tre n g th  o f  L L D P E /L D P E  
b le n d s  w as  d e p e n d e n t on  th e  d iffe re n t m o le c u la r  s tru c tu re  o f  p a re n t p o ly m e rs . 
It w as  o b se rv e d  to  be re la te d  to  the  m e lt m o rp h o lo g y  in su c h  a  w ay  th a t  the  
g o o d  m e lt s tre n g th  p ro p e rty  o f  a p o ly m e r b len d  w as a s so c ia te d  w ith  the  
im m isc ib ility  o f  th e  b len d  co m p o n en ts . T h e  m e lt s tre n g th  te s t p ro v e d  to  be 
se n s itiv e  e n o u g h  to  v e rify  th e  m e lt s tru c tu re . T h ey  a lso  re p o r te d  th a t th e  
p o ly m e r re sp o n se  to  e x te n s io n a l d e fo rm a tio n  w as  m u ch  m o re  se n s it iv e  to  
d if fe re n c e s  in m o le c u la r  s tru c tu re , o r in the  ca se  o f  p o ly m e r b le n d s  to  the  
d if fe re n c e s  in m e lt m isc ib ility , than  the  p o ly m e r re sp o n se  to  sh e a r 
d e fo rm a tio n .
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H e llm a n n  et al (1 9 9 6 ) s tu d ied  on the  e ffe c t o f  b lo c k -g ra f t c o p o ly m e rs  
as c o m p a tib iliz e r  in p o ly m e r b len d s. T h ey  fo u nd  th a t b lo ck  c o p o ly m e rs  co u ld  
be g o o d  c o m p a tib iliz e rs  in p o ly m e r b len d s, i f  ta ilo re d  c a re fu lly . H o w e v e r, 
they  w ere  p ro d u c e d  by an io n ic  p o ly m e riz a tio n  w h ic h  w a s  n o t a v e rsa tile  
te c h n iq u e  an d , m o re o v e r, w as  ex p en s iv e . S u ita b le  a lte rn a tiv e s  w e re  b lo c k - 
g ra ft c o p o ly m e rs , w h ic h  cu o ld  be p re p a re d  by ra d ic a l g ra ftin g  fro m  re a d ily  
a v a ila b le  b lo c k  c o p o ly m e rs , in p a r tic u la r  fro m  S -b -B  (ร , s ty re n e ; B, 
b u ta d ie n e ). T h e  e ff ic ie n c y  o f  tw o  b lo c k -g ra f t c o p o ly m e rs , S -b -B -g -C H M A  
an d  S -b -B -g -M M A C H M A , c y c lo h e x y lm e th a c ry la te ; M M A , m e th y l 
m e th a c ry la te ) , as c o m p a tib iliz e rs  in  P S /P V C  b le n d s  o f  p o ly s ty re n e  (P S ) an d  
p o ly  (v in y l c h lo r id e )  (P V C ). T h e ir  b len d  m o rp h o lo g ie s  w e re  in v e s tig a te d  by  
e le c tro n  m ic ro sc o p y . B o th  co p o ly m e rs  re fin e  th e  c o a rse  m o rp h o lo g ie s  o f  th e  
P S /P V C  b le n d s  e x c e lle n tly , c o v e rin g  the  in te rfa c e s  b e tw e e n  the  p h a se  
d o m a in s  o f  PS and  P V C  w ith  m o n o la y e rs . T h is  w as a c c o rd e d  to  th e ir  
c o m m o n ly  a ssu m e d  m o d el o f  the  c o m p a tib iliz e r  e ffe c t o f  b lo c k  c o p o ly m e rs . 
H o w ev e r, th e  p h a se  s tru c tu re s  w ere , in fact, ev en  fin er th a n  th a t p re d ic te d  by 
the  m o d e l. T h is  in fe rre d  th a t p e rfe c tly  c o m p a tib iliz e d  p h a se  d o m a in s  w e re  
to rn  a p a rt d u r in g  m ix in g  in th e  k n ead e r, w h e re b y  th e  m o rp h o lo g y  w a s  fu rth e r  
re fin ed .

M a rtin  V an  D u in  (1 9 9 7 ) s tu d ied  the  g ra ft fo rm a tio n  an d  c h a in  sc iss io n  
in b le n d s  o f  P o ly a m id e  6 (P A 6 ) an d  P o ly a m id e  6 ,6  (P A -6 ,6 ) w ith  m a le ic  
a n h y d r id e  c o n ta in in g  p o ly m e rs . T h ey  s tu d ied  fo u r b le n d s , c o n ta in in g  P A -6  o r 
P A -6 ,6  an d  E th y le n e  P ro p y le n e  d ien e  m o n o m e r-m a le ic  a n h y d r id e  (E P D M -g - 
M A ) o r p o ly  (s ty re n e -c o -m a le ic  a n h y d rid e ) (S M A , 28 w t%  M A ) w h ic h  w e re  
p re p a re d  and  c h a ra c te r iz e d . C h em ica l a n a ly s is  sh o w ed  th a t th e  a m o u n t o f  PA  
g ra ft w as in d e p e n d e n t o f  the  b lend  co m p o sitio n . F o r E P D M -g -M A  an d  S M A  
the  M A  c o n te n t o f  the  o rig in a l M A -co n ta in in g  p o ly m e r in c re a se d , w h ic h  
c o rre sp o n d e d  to  th e  b len d  re su lts  w h ic h  sh o w ed  an  in c rease  in th e  n u m b e r  o f  
PA  g ra fts  an d  a d ec re a se  in th e  len g th  o f  th e  P A  g ra fts . In  th e  S M A  b le n d s  th e



n u m b e r a v e ra g e d  m o le c u la r  w e ig h t o f  the  g ra fted  P A  is o n ly  ab o u t 2 0 0  g /m o l. 
It is p o s tu la te d  th a t the  w a te r  m o lec u le s , re lea se d  u p o n  im id e  fo rm a tio n  a t the  
in te rfa c e  o f  P A /M A -c o n ta in in g  p o ly m e r w ere  h y d ro ly se d  fro m  a P A ’s a m id e  
g ro u p , re su ltin g  in a n ew  am in e  en d  g roup . T h e  a m in e  g ro u p  re a c te d  fu rth e r 
w ith  the  M A -c o n ta in in g  p o ly m e r and  so  on. D iffe re n tia l s c a n n in g  c a lo rim e try  
sh o w e d  th a t the  d eg re e  o f  c ry s ta llin ity  o f  the  PA  p h a se  w as  d e c re a se d  on ly  
w h en  the  s ize  o f  the  PA  p h a se  b e tw ee n  the  M A -c o n ta in in g  p o ly m e r d o m ain s  
a p p ro a c h e s  the  PA  c ry s ta llin e  lam e lla r  th ick n ess .

M a rtu sc e lli  (1 9 5 8 ) s tu d ied  the  c ry s ta lliz a tio n , m o rp h o lo g y , s tru c tu re  
an d  th e rm a l b e h a v io u r  o f  n y lo n -6/ru b b e r  b le n d s . A n  e x p e rim e n ta l s tu d y  w as 
c a rrie d  o u t in  o rd e r to  in v e s tig a te  th e  m o rp h o lo g ic a l, k in e tic , s tru c tu ra l and  
th e rm o d y n a m ic  p ro p e r tie s  o f  n y lo n -6 /ru b b e r  (n a m e ly  e th y le n e -p ro p y le n e  
c o p o ly m e r (E P M ) an d  e th y le n e -p ro p y le n e  c o p o ly m e r fu n c tio n a liz e d  by, 
in se r tin g  a lo n g  its b ac k b o n e , su c c in ic  a n h y d rid e  g ro u p s  (E P M -g -S A ) b le n d s . 
T h e  m o rp h o lo g y  an d  th e  o v e ra ll k in e tic s  o f  c ry s ta lliz a tio n  o f  the  b len d s  
s tro n g ly  d e p e n d e d  on  the  ty p e  o f  c o p o ly m e r ad d e d  to  n y lo n  an d  on  th e  b len d  
c o m p o s itio n . T h e  E P M -g -S A  a c ted  as a n u c le a tin g  a g e n t fo r th e  N y lo n  
sp h e ru lite s  an d  a t th e  sam e  tim e  c a u se d  a d ra s tic  d e p re ss io n  o f  th e  o v era ll 
k in e tic  ra te  co n sta n t. T h is  d ec re a se  re la te d  to  the  in c re a se  o f  th e  m e lt 
v isc o s ity  o b se rv e d  in N y lo n /E P M -g -S A  b len d s . T h e  c ry s ta llin e  la m e lla r  
th ic k n e ss  o f  th e  N y lo n  p h a se  in the  b len d s  w as  lo w e r th an  th a t o f  p u re  N y lo n  
c ry s ta lliz e d  at the  sa m e  T c su g g e s tin g  th a t the  p re se n c e  in the  m e lt o f  an 
e la s to m e ric  p h a se  d is tu rb  th e  g ro w th  o f  th e  N y lo n  c ry s ta llin e . T h e  ru b b e r  d id  
n o t in f lu e n c e  th e  th e rm a l b e h a v io r  o f  th e  n y lo n . T h e  re su lts  fo u n d  led  to  the  
c o n c lu s io n  th a t n y lo n -6 w as  in c o m p a tib le  w ith  b o th  E P M  an d  E P M -g -S A  
c o p o ly m e rs .

Lee at el. (1995) reported that reactive extrusion of
polypropylene (PP)/natural rubber (NR) (90/10) blends was conducted in the
presence of a peroxide and coagent (trimethylolpropanetriacrylate, TMPTA).



1 2

E ffe c ts  o f  p e ro x id e  and  c o a g e n t c o n ten t w ere  s tu d ie d  in te rm s o f  m e lt in d ex  
(M I), m e lt v isc o s ity , m o rp h o lo g y , th e rm a l, an d  m e c h a n ic a l p ro p e rtie s . A t a 
c o n s ta n t c o n te n t o f  the  co a g e n t, m e lt v isc o s ity  in c re a se d  a t a low  and  
d e c re a se d  a t a h ig h  c o n te n t o f  the  p e ro x id e . O n  th e  o th e r  h an d , m e lt v isc o s ity  
in c re a se d  m o n o to n ic a lly  w ith  the  c o a g e n t c o n c e n tra tio n  at c o n s ta n t p e ro x id e  
c o n ten t. T h e  in c re a se s  and  d e c re a se s  o f  v isc o s ity  w e re  in te rp re te d  in te rm s  o f  
c ro s s lin k in g  and  c h a in  sc iss io n  o f  p p , w h ic h  g o v e rn ed  th e  ru b b e r  d o m a in  size  
an d  m e c h a n ic a l p ro p e rtie s  o f  the  re a c tiv e  b len ds.

N ik o s  (1 9 9 6 ) s tu d ied  the  b len d s o f  p o ly  (e th y le n e  te re p h th a la te )  w ith  
u n m o d if ie d  and  m a le ic  a n h y d rid e  g ra fted  a c ry lo n itr i le -b u ta d ie n e -s ty re n e  
te rp o ly m er. T h ey  fo u n d  th a t ten s ile , d y n a m ic  m e c h a n ic a l, th e rm a l p ro p e rtie s  
an d  m o rp h o lo g y  fea tu res  o f  p o ly  (e th y le n e  te re p h th a la te )  (P E T ) b le n d s  w ith  
th e  a c ry n itr ile -b u ta d ie n e -s ty re n e  (A B S ) te rp o ly m e r w e re  e x a m in e d  u p  to  25 
% w t c o n te n t o f  A B S . B o th  u n m o d if ie d  an d  m a le ic  a n h y d rid e  g ra fte d  A B S  
(A B S -g -M A ) w ere  used . P E T /A B S  b le n d s  q u e n ch e d  from  th e  m e lt an d  te s te d  
sh o rtly  sh o w e d  g o o d  m e c h a n ic a l p ro p e rtie s . T h e  re su lt  o f  c o m p o n e n t 
m isc ib ility  in m e lt p re d ic te d  by  the  th e o ry  p ro v id e d  te m p o ra l c o m p o n e n t 
a d h e s io n  in  th e  so lid  sta te . A fte r  s to rag e , p ro p e rtie s  h e n c e  d e te r io ra te e d  d u e  to  
A B S  p a r tic le s  d e b o n d in g  an d  th e  p o ly m e r a llo y  p o ss e s sp o o r  te n s ile  p ro p e rtie s . 
T h is  p ro p e rty  d e te rio ra tio n  w as n o t o b se rv e d  in P E T /A B S -g -M A  b le n d s  d u e  to  
the  g ra ftin g  o f  the  m o d ifie d  A B S  p artic le s  o n to  the  P E T  m a trix . T h ese  
fin d in g s w ere  su p p o rted  by the  o p tica l and  m ain ly  by the  s c a n n in g  e le c tro n  
m ic ro sc o p y  e x a m in a tio n  o f  c ry o fra c tu re d  an d  e tch ed  b len d s.

2.2 Microstructure

M ic ro s tru c tu re  o f  m a te ria ls  m u s t be u n d e rs to o d  in o rd e r to  d ev e lo p  
re la tio n sh ip s  b e tw ee n  the  s tru c tu re  and  p ro p e rtie s  o f  m a te ria ls . A  w id e  ra n g e  
o f  e le c tro n  m ic ro sc o p e  te c h n iq u e s  d e te rm in e s  the  m o rp h o lo g y  o f  p o ly m e rs . In
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p o ly m e r b len d  sy s tem s, the  m ic ro g rap h s  can  illu s tra te  th e  d isp e rs io n  o f  
d isp e rse d  p h a se  and  the  ad h es io n  b e tw een  d isp e rse d  p h a se  an d  c o n tin u o u s  
phase .

M a c h a d o  (1 9 9 4 ) s tu d ie d  the  c o m p a tib iliz a tio n  o f  im m isc ib le  b le n d s  
w ith  a m u tu a lly  m isc ib le  th ree  p o ly m e r. T h ey  fo u r im m isc ib le  b le n d  sy s te m s, 
s ty re n e -m a le ic  a n h y d rid e /s ty re n e -a c ry lo n itr ile (S M A /S A N ), s ty re n e -m a le ic  
a n h y d r i d e / a c r y l o n i t r i l e - b u t a d i e n e - s t y r e n e ( S M A / A B S ) ,p o l y ( v i n y l i d e n e  
f lu o r id e )/S A N  (P V F 2 /S A N ), an d  P V F 2 /A B S , w ere  in v e s tig a te d . T h e  e f fe c t o f  
a d d in g  up  to  a b o u t 10 w t% , o f  a th ird  p o ly m e r th a t is m isc ib le  w ith  e a ch  b len d  
c o m p o n e n t, p o ly (m e th y lm e th a c ry la te )(P M M A ), w as d e te rm in e d . In  ev e ry  
case , th e  a d d itio n  o f  P M M A  led to  the  im p ro v e m e n t o f  p ro p e r tie s  su c h  as 
ten s ile  s tre n g th , ten s ile  e lo n g a tio n , an d  n o tc h e d  im p ac t s tre n g th . F u rth e rm o re , 
the  a d d itio n  o f  P M M A  re su lte d  in finer, m o re  u n ifo rm  d isp e rs io n s  o f  the  
p rim a ry  b len d  c o m p o n en ts . T h e  ex p e rim e n ta l re su lts  w e re  in te rp re te d  in 
te rm s  o f  in te rfa c ia l a c tiv ity  o f  the  c o m m o n  p h a se  c o m p o n e n t, P M M A .

C h ris  (1 9 9 5 ) s tu d ie d  the  p ro c e ss in g  an d  m o rp h o lo g y  o f  
p o ly s ty re n e /e th y le n e -p ro p y le n e  ru b b e r  rea c tiv e  and  n o n re a c tiv e  b le n d s . T h e  
d if fe re n c e  b e tw e e n  re a c tiv e  and  n o n re a c tiv e  p o ly m e r b le n d s , in te rm s  o f  
p ro c e ss in g  an d  m o rp h o lo g y , h ad  b ee n  in v es tig a ted . T h e  g la ssy  p h a se s  fo r the  
b len d s  w e re  o x a z o lin e  fu n c tio n a l p o ly s ty re n e  (P S -O x ) an d  p o ly s ty re n e  (P S ). 
T h e  ru b b e ry  p h a se s  w e re  e th y le n e -p ro p y le n e  ru b b e r (E P ) an d  e th y le n e - 
p ro p y le n e  ru b b e r(E P -M A ) w ith  0 .7 % w t g ra fted  m a le ic  a n h y d rid e . In th e  case  
o f  P S -O x /E P -M A  b le n d s , the  o x a z o lin e  g ro u p  m ig h t re a c t w ith  th e  g ra fted  
ru b b e r fu n c tio n a lity  at th e  in te rfa c e  b e tw een  the  tw o  im m isc ib le  c o m p o n e n ts  
d u r in g  b le n d in g  to  fo rm  an in situ c o m p a tib iliz in g  ag en t. T h e  n o n re a c tiv e  
b len d  sy s te m s  o f  P S -O x /E P  an d  P S /E P -M A  w ere  u sed  for c o m p a riso n  to  the  
re a c tiv e  sy s tem . T h e  b len d  c o m p o n en ts  w ere  Id e o lo g ic a lly  m a tc h e d  to  
s im p lify  th e  in te rp re ta tio n  o f  th e  p ro ce ss  and  m o rp h o lo g ica l d a ta . T h e  b le n d s  
w ere  p re p a re d  in a b a tc h  m ix e r w ith  ro lle r  b lad es . T h e  to rq u e  re q u ire d  fo r
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m ix in g  w a s  m e a su re d  d u r in g  the  b le n d in g  p ro cess . T h e  to rq u e  tra c e s  fo r the  
re a c tiv e  b le n d s  e x h ib ited  a p eak  in to rq u e , a ttr ib u ted  to  the  c h e m ic a l re a c tio n  
at the  in te rface . T h e  w e ig h t frac tio n  o f  gel in the  b len d s  w as u sed  to  m e a su re  
the e x te n t o f  reac tio n . It c o rre la te s  w ell w ith  th e  m ix in g  to rq u e  and  
rh e o lo g ic a l p ro p e rtie s . T h e  n o n re a c tiv e  P S -O x /E P  an d  P S /E P -M A  b len d s  
sh o w e d  p o o r  in te rfa c ia l a d h e s io n  b e tw ee n  th e  tw o  p h a se s . In  c o n tra s t, the  
rea c tiv e  P S -O x /E P -M A  b len d s sh o w ed  e x c e lle n t a d h e s io n  an d  sm a lle r  
d isp e rse d  d o m a in  sizes . T h e  s ta b ility  o f  the  m o rp h o lo g y  d u rin g  a n n e a lin g  is 
a lso  m u c h  g re a te r  fo r th e  re a c tiv e  b len d s. V a ry in g  th e  fu n c tio n a lity  
c o n c e n tra tio n  in  th e  PS  p h a se  sh o w  th a t in c re a s in g  th e  c o n c e n tra tio n  o f  
o x a z o lin e  in th e  m a trix  re d u c e d  ru b b e r  p a r tic le  size . B len d s w ith  n o  o r  sm all 
a m o u n ts  o f  fu n c tio n a lity  in th e  PS  p h a se  e x h ib ited  y ie ld  b e h a v io r  in  ten s io n . 
H o w ev e r, level o f  c o n c e n tra tio n  o f  re a c tiv e  fu n c tio n a lity  m ig h t b e  re a c h e d  
w h en  the  m a te ria l b e c a m e  b rittle .

Z a c h a ria h  O o m m e n  (1 9 9 6 ) s tu d ied  the  c o m p a tib iliz in g  e ffe c t o f  
n a tu ra l ru b b e r-g -p o ly (m e th y l m e th a c ry la te )  in h e te ro g e n e o u s  n a tu ra l 
ru b b e r/p o ly  (m eth y l m e th a c ry la te )  b len d s. T h ey  fo u n d  th a t th e  m o rp h o lo g y  
and  p ro p e rtie s  o f  h e te ro g e n e o u s  p o ly (m e th y l m e th a c ry la te ) /n a tu ra l ru b b e r 
b len d s  c o u ld  be by the  a d d itio n  o f  a g ra ft c o p o ly m e r o f  a  n a tu ra l ru b b e r  and  
po ly  (m e th y l m e th a c ry la te )  (N R -g -P M M A ). T h e  m o rp h o lo g y  h a d  b een  
s tu d ie d  as a fu n c tio n  o f  c o p o ly m e r c o n c e n tra tio n . A  sh a rp  d e c re a se  in the  
d isp e rse d  d o m a in  s ize  w as  o b se rv e d  by  the  a d d itio n  o f  a few  p e rc e n t o f  the  
c o p o ly m e r fo llo w e d  b y  lev e lin g  o f f  a t h ig h e r c o n c e n tra tio n s . T h e  
c o m p a tib iliz e r  in c re a se s  th e  in te rfa c ia l a d h e s io n  by  th e  fo rm a tio n  o f  m ic ro ­
b rid g es  b e tw e e n  d isp e rse d  p h a se  and  the  m a trix . T h e  e ffe c ts  o f  h o m o p o ly m e r 
m o le c u la r  w e ig h ts , p ro c e ss in g  c o n d itio n s , and  m o d e  o f  a d d itio n  on  the  
m o rp h o lo g y  o f  the  d isp e rse d  p h a se  had  b een  in v e s tig a te d . T h e  e x p e rim e n ta l 
re su lts  a re  c o m p a re d  w ith  the  th e o re tic a l p re d ic tio n s  o f  N o o la n d i an d  H ong . 
A tte m p ts  h ad  b een  m ad e  to  ex p la in  the  c o n fo rm a tio n  o f  th e  g ra ft c o p o ly m e r  at
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the  in te rface . T h e  c h a n g e s  in m e c h a n ic a l p ro p e rtie s  o f  the  b le n d s  as a re su lt  o f  
the  a d d itio n  o f  the  c o m p a tib iliz e r  w ere  re la ted  to  the  m o rp h o lo g y  o f  the  
b len ds.

M a rc o  (1 9 9 7 ) s tu d ie d  rh e o lo g ic a l p ro p e rtie s , c ry s ta lliz a tio n , and  
m o rp h o lo g y  o f  c o m p a tib iliz e d  b le n d s  o f  iso ta c tic  p o ly p ro p y le n e  and  
p o ly am id e . T h e  b le n d s  o f  iso ta c tic  p o ly p ro p y le n e  ( iP P ) w ith  th e  p o ly a m id e  
n y lo n -6 (N 6 ), p re p a re d  by  e x tru s io n , w ere  s tu d ied  w ith  a c o m p o s itio n  o f  up  to 
30 %  by w e ig h t p o ly am id e . In  the  case  o f  a 70 /3 0  iP P /N 6 b le n d , th e  in f lu e n c e  
o f  a c o m p a tib iliz in g  ag en t b ased  on p o ly p ro p y le n e  fu n c tio n a liz e d  w ith  m a le ic  
a n h y d rid e  (P P -g -M A ), w ith  c o m p o s itio n s  o f  1 ,3 ,5 , and  10%  by  w e ig h t in 
p o ly p ro p y le n e , w as fo llo w ed . T h e  in flu e n c e  o f  th e  c o n c e n tra tio n  o f  N 6 and  
the  c o m p a tib iliz in g  ag en t o n  th e  rh e o lo g ic a l an d  th e rm a l p ro p e r tie s  w e re  
in v e s tig a te d . A n d  th e  m o rp h o lo g y  o f  th e  b len d s, w as  a n a ly z e d  b y  m o n ito r in g  
the  m e lt v isc o s ity  a t d if fe re n t sh e a r ra te s ; d iffe re n tia l s c a n n in g  c o lo rim e try ; 
and  p o la rize d  lig h t m ic ro sc o p y . V ib ra tio n a l sp e c tro sc o p y  w a s  u se d  to  
c h a ra c te r iz e d  th e  b le n d s  and  to  s tu d y  th e  e ffe c t o f  the  c o m p a tib iliz in g  ag en t. 
T h e  v isc o s ity -c o m p o s itio n  c u rv es  fo r th e  iP P /N 6 b len d s , in th e  c o m p o s itio n  
an d  sh e a r ra te  ra n g e s  a n a ly z e d , sh o w e d  a n eg a tiv e  d e v ia tio n  fro m  th e  a d d itiv e  
ru le , w h ile  th a t o p p o s ite  tren d  is o b se rv e d  fo r the  b le n d s  c o m p a tib iliz e d  w ith  
P P -g -M A . Im p o rta n t v a r ia tio n s  in the  sp e c tro sc o p ic  b e h a v io r  w as  o b se rv e d  
b e tw ee n  c o m p a tib iliz e d  and  n o n c o m p a tib lil iz e d  b le n d s , w h ic h  v a r ie d  as a 
fu n c tio n  o f  the c o m p a tib iliz in g  a g en t c o n c e n tra tio n . T h e  c ry s ta lliz a tio n  ra tes  
o f  iPP  in th e  iP P /N 6 b le n d s , u n d e r bo th  d y n a m ic  and  iso th e rm a l c o n d itio n s , 
w ere  m u ch  g re a te r  th a n  w ere  th o se  o b se rv e d  fo r p u re  iPP  an d  w e re  d irec tly  
re la te d  to  th e  n u c le a tin g  a c tiv ity  o f  the  p o ly am id e . T h is  e ffe c t w a s  re d u c e d  in 
the  p re se n c e  o f  the  c o m p a tib iliz in g  ag en t. T h e  iso th e rm a l c ry s ta lliz a tio n  o f  
the  N 6 in c o m p a tib iliz e d  b len d s  w as  a ffe c ted  by  the  p re se n c e  o f  iP P ; i.e. 
c a u s in g  re d u c tio n  o f  the  c ry s ta lliz tio n  ra te  o f  N  6 d u e  to  the  d ilu e n t e ffe c t o f  
the  p o ly p ro p y le n e .
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K ro eze  (1 9 9 7 ) in v e s tig a te d  th e  c o m p a tib iliz a tio n  o f  b le n d s  o f  low  
d en s ity  p o ly e th y le n e  and  p o ly  (v in y l c h lo rid e ) by  se g m e n te d  E B (S A N - block- 
E[})n b lo c k  c o p o ly m e rs . T h ey  fo u n d  th a t h y d ro g e n a te d  se g m e n te d  p o ly  
( b u a d i e n e - b l o c k - ( ( s t y r e n e - c o - a c r y l o n i t r i l e ) - b l o c k - b u t a d i e n e ) ) b l o c k  
c o p o ly m e rs , w h ic h  w ere  d e v e lo p e d  by  u se  o f  th e  p o ly m e ric  in ife rte r  
te c h n iq u e , w e re  te s te d  fo r its c o m p a tib iliz in g  c a p a c ity  fo r 10/90  % w t L D P E  
P V C  b le n d s . T h e  a c ry lo n itr ile  c o n te n t o f  th e  S A N  b lo c k s  o f  th e  b lo c k  
c o p o ly m e rs  w as , as ex p e c te d , fo u n d  to  b e  an  e x tre m e ly  im p o r ta n t fa c to r  fo r 
th e ir  m isc ib ility  w ith  the  p o ly (v in y l c h lo rid e ) p h ase . W h en  th e  S A N  b lo c k s  o f  
the  b lo ck  c o p o ly m e rs  h ad  the  p ro p e r co m p o s itio n . T h ey  w ere  e x c e lle n t a g en ts  
for the  d isp e rs io n  o f  the  p o ly e th y le n e  p h a se  in the  b len d  in to  s m a lle r  d o m ain s . 
A d d itio n  o f  o n e  p e rc e n t o f  b lo ck  c o p o ly m e r p ro v e d  to  b e  s u ff ic ie n t to  g iv e  a 
la rg e  im p ro v e m e n t o f  th e  m e c h a n ic a l p ro p e rtie s  o f  th e  b len d . T h ese  
c o m p a tib lil iz e d  b len d s  sh o w e d  to u g h n e ss  c o m p a ra b le  to  the  v irg in  p o ly (v in y l 
c h lo rid e ) . S c a n n in g  e le c tro n  m ic ro g ra p h s  sh o w e d  im p ro v e d  a d h e s io n  b e tw e e n  
the  d isp e rse d  p o ly e th y le n e  p h ase  and  th e  p o ly (v in y l c h lo rid e )  m a trix .

S an g  Y o u n g  L ee  (1 9 9 7 ) in v e s tig a te d  the  e ffe c t o f  th e  c o m p a tib iliz e r  
on  th e  c ry s ta lliz a tio n , rh e o lo g ic a l, an d  ten s ile  p ro p e rtie s  o f  lo w -d e n s ity  
p o ly e th y le n e  (L D P E )/e th y le n e  v in y l a lco h o l (E V O H ) 7 0 /3 0  % w t b le n d s . 
M a le ic  a n h y d r id e -g ra fte d  lin e a r lo w -d en s ity  p o ly e th y le n e  (L L D P E -g -M A ) 
w as u sed  as th e  c o m p a tib lil iz e r  in v a r io u s  c o n c e n tra tio n s  (f ro m  1 to  12 phr). 
M o rp h o lo g ic a l a n a ly s is  sh o w e d  th a t the  b le n d s  e x h ib ite d  a re g u la r  an d  fin er 
d isp e rs io n  o f  the  E V O H  p h a se  w h en  L L D P E -g -M A  w as  ad d ed . 
N o n iso th e rm a l c ry s ta lliz a tio n  e x o th e rm s  o f  the  c o m p a tib iliz e d  L D P E /E V O H  
b le n d s  sh o w e d  the  re ta rd e d  c ry s ta lliz a tio n  o f  th e  d isp e rse d  E V O H  p h ase , 
w h ic h  p ro b a b ly  re su lte d  fro m  the  c o n s tra in t e ffe c t o f  th e  g ra fted  E V O H  
(E V O H -g -L L D ) as w ell as the  s ize  re d u c tio n  o f  the  E V O H  d o m ain s . T h e  
b le n d s  e x h ib ite d  in c re a se d  m elt v isc o s ity  and  s to ra g e  m o d u lu s  an d  a lso  
e n h a n c e d  ten s ile  p ro p e rtie s  w ith  the  a d d itio n  o f  L L D -g -M A H , w h ic h  se e m e d
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to be a ttr ib u ta b le  to  b o th  d isp e rse d  p a r tic le -s iz e  re d u c tio n  an d  im p ro v e d  
in te rfac ia l a d h es io n .

2.3 Research Objectives

T h e  o b je c tiv e s  o f  th is  re se a rc h  are:
- T o  s tu d y  th e  e ffe c t o f  N R  c o m p o s itio n  on th e rm a l, m o rp h o lo g ic a l,

m e c h a n ic a l, flow  an d  h e a t s ta b ility  o f  L L D P E /N R  b le n d s
- T o  s tu d y  the  e ffe c t o f  m o le c u la r  w e ig h t o f  N R  o n  th e rm al, 

m o rp h o lo g ic a l, m e c h a n ic a l, flow  an d  h ea t s ta b ility  o f  L L D P E /N R  
b len d s

- T o  s tu d y  th e  e ffe c t o f  c o m p a tib iliz e r  c o m p o s itio n  on  th e rm a l, 
m o rp h o lo g ic a l, m e c h a n ic a l, flo w  an d  h ea t s ta b ility  o f  L L D P E /N R  
b len d s

- T o  s tu d y  the  e ffe c t o f  m o le c u la r  w e ig h t o f  N R  and  c o m p a tib iliz e r
c o m p o s itio n  on the  c o m p a tib ility  and  re la te d  p ro p e r tie s  o f  
L L D P E /N R  b len d s
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