
CHAPTER I
INTRODUCTION

L in e a r  L o w  D en sity  P o ly e th y le n e  (L L D P E ), a c o m m e rc ia l p la s tic s , 
has been  w id e ly  u sed  fo r e n g in e e rin g  a p p lic a tio n s . U n lik e  c o n v e n tio n a l 
L D P E  it h as  lin ea r s tru c tu re  w ith  re m a rk a b le  ab sen c e  o f  lo n g  c h a in  b ra n c h in g . 
It b e c o m e s  in c re a s in g ly  im p o rta n t as a re p la c e m e n t fo r c o n v e n tio n a l low - 
d en s ity  p o ly e th y le n e  (L D P E ) d u e  to  its su p e r io r  m e c h a n ic a l an d  th e rm al 
p ro p e rtie s . H o w e v e r, d if fe re n t m o le c u la r  s tru c tu re  b e tw e e n  the  tw o  p o ly m e rs  
m a k es  L L D P E  g en e ra lly  m o re  d ifficu lt to  p ro ce ss . A n  im p o r ta n t p a ra m e te r  in 
p ro c e ss in g , so  c a lle d  m elt s tre n g th , is d e fin e d  as th e  fo rce  a t th e  b re a k  p o in t 
an d  is an  in d ic a tiv e  o f  the  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 . 
L L D P E  h as  re la tiv e ly  low  m e lt s tren g th . L L D P E  th u s  h as  a lim it o f  
e x te n s ib ili ty  an d  its th ic k n e ss  is d if f ic u lt to  co n tro l. In c re a s in g  m o le c u la r  
w e ig h t (M w) o r m o le c u la r  w e ig h t d is tr ib u tio n  (M W D ) w as  sh o w n  to  so lv e  th is 
w eak  p ro p e rty . E n ta n g le m e n t w as a key fa c to r a sso c ia te d  w ith  h ig h  M w and  
M W D  to  h o ld  the  m o lec u le s  w h ile  b e in g  s tre tch ed . L L D P E  p o sse s se s  sh o rt 
c h a in  b ra n c h in g  w h ic h  is n o t cap a b le  to re s is t e x te n d in g  fo rce  w h ile  b lo w in g . 
เท in d u s try , low  d en sity  p o ly e th y le n e  w h ic h  c o n ta in s  lo n g  c h a in  b ra n c h in g  is 
b le n d e d  w ith  L L D P E  to  en h a n c e  b lo w  and  d raw  ab ilitie s , i.e . m e lt s tre n g th . 
B le n d in g  L L D P E  w ith  n a tu ra l ru b b e r (N R ) can  re su lt in m o re  e n ta n g le m e n t in 
the  m a te r ia l. T h is  is d ue  to  b ra n c h ed  m o lec u le s  o f  N R . B u t d u e  to  d if fe re n c e  
o f  th e ir  c h e m ic a l s tru c tu re  th e  p o ly m e r c o m p a tib ility  m u s t be  c o n c e rn e d . 
O v e r th e  y e a rs  d if fe re n t te c h n iq u e s  h av e  b een  d e v e lo p e d  to  a lle v ia te  th is  
p ro b le m . L low ever, the  p h e n o m e n o n  o f  c o m p a tib ility  can  b e  in d u ce d  in to  an 
im m isc ib le  p o ly m e r-p o ly m e r p a ir  by  in tro d u c in g  a th ird  c o m p o n e n t th a t w ill 
e ith e r  in te ra c t c h e m ic a lly  w ith  bo th  p h ases  o r h av e  sp e c if ic  in te ra c tio n  or
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p h y s ica l in te ra c tio n  w ith  each  o ther. T h is  w o rk , in fac t, d ea ls  w ith  th e  re a c tiv e  
c o m p a tib iliz a tio n  te c h n iq u e  by th e  ad d itio n  o f  m a le ic  a n h y d rid e  (M A ).
M A  h as b ee n  u sed  as a c o m p a tib iliz e r  in im m isc ib le  b le n d s  d u e  to  its h ig h  
re a c tiv ity . R e ac tiv e  p ro c e ss in g  in v o lv es  in situ  re a c tio n  o f  c o m p o n e n ts  to  
fo rm  fu n c tio n a liz e d  p o ly m e r a n d /o r b lo ck  o r g ra ft c o p o ly m e rs  a t th e  in te rfa c e  
b e tw e e n  th e  p h a se s . In s itu  c o m p a tib iliz a tio n  o f  p o ly m e r b le n d s  in g en e ra l is a 
c o m p le x  p ro c e ss , w h ic h  is g o v e rn ed  by a la rg e  n u m b e r o f  v a r ia b le s . O n  the  
o th e r  h an d , the  c h e m ic a l s tru c tu re  (c h em ic a l c o m p o s itio n  o f  p o ly m e r 
b a c k b o n e  and  n u m b e r an d  ty p e  o f  fu n c tio n a l g ro u p s), the  p h y s ic a l s tru c tu re  
(m o le c u la r  w e ig h t d is tr ib u tio n  and  b ra n c h in g  o f  th e  b len d  c o m p o n e n ts )  an d  
the  b len d  c o m p o s itio n  a re  o f  im p o rtan ce . In a d d itio n , th e  p ro c e s s in g  
e q u ip m e n t ( tw in  sc rew  o r in te rn a l m ix er) an d  the  p ro c e ss in g  c o n d itio n s  (s c re w  
sp eed , re s id e n c e  tim e , and  te m p e ra tu re )  a lso  p lay  a im p o rta n t ro le . V a r ia tio n s  
in th e se  a d ju s ta b le  p a ra m e te rs  a ffe c t the  m isc ib ility , th e  c h e m ic a l k in e tic s  and  
c o n v e rs io n , an d  th e  in te rfa c ia l ten s io n  o f  th e  sy stem . T h ese  p h e n o m e n a , in 
th e ir  tu rn , a ffe c t the  in te rfa c ia l ten s io n  an d  th ic k n e ss , an d  th e  m o rp h o lo g y  o f  
the  b len d  (th e  m o rp h o lo g y  b e in g  a b a la n c e  b e tw e e n  p a r tic le  b re a k  u p  an d  
c o a le sce n c e ) . C h e m is try  an d  m o rp h o lo g y  w ill c o n tin u o u s ly  an d  m u tu a lly  
in te rac t, no t o n ly  d u r in g  b len d  p ro d u c tio n  b u t a lso  d u rin g  all su b se q u e n t 
p ro c e ss in g  s teps.

1.1 Polymer Blends

P o ly m er b len d  is a m ix tu re  o f  at least tw o  p o ly m e rs  o r c o p o ly m e rs . 
P o ly m er b le n d s  can  be d e v id e d  in to  tw o  m a jo r c la sses  b a se d  on  th e ir  
th e rm o d y n a m ic  p h a se  b eh av io r.
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1.1.1 M isc ib le  B len d s
It is w ell k n o w  th a t d ue  to  th e rm o d y n a m ic  lim ita tio n s , o n ly  a few  

p o ly m e rs  fo rm  tru ly  m isc ib le  b len d s, c h a ra c te r iz e d  b y  a s in g le  Tg and  
h o m o g e n e ity  at the  m o lec u le  level. W h en  tw o  p o ly m e rs , A  an d  B fo rm  a 
h o m o g e n e o u s  m ix tu re , m an y  p ro p e rtie s  o f  the  b len d  a re  a d d itiv e  (O la sb is i, 
1979 an d  P au l, 1980). A  th e rm o d y n a m ic  c o n d itio n  fo r m isc ib ility  in v o lv e  an 
a p p ro p ria te  b a la n c e  o f  the  en th a lp y  an d  en tro p y  te rm s in the  G ib b s  free  e n e rg y  
o f  m ix in g , i.e ., th e  free  e n e rg y  o f  m ix in g  A G mjx, m u s t b e  n e g a tiv e  (O la b is i, 
1979):

A G  mix — A H „ „ x - T A S mtx ; ( 1. 1)
A G „ UX <  0 , ( 1.2 )

hen A H ,,11x - T A S  1,, 1x <  0 (1 .3 )

W h e re  A H mix is th e  e n th a lp y  o f  m ix in g , A Smjx is th e  e n tro p y  o f  m ix in g  an d  T  
is te m p e ra tu re . E q u a tio n  (1 .3 ) im p lie s  th a t e x o th e rm ic  m ix tu re  (A H mix < 0) 
and  a th e rm a l m ix tu re s  (A H mjx =  0 ) w ill m ix  sp o n ta n e o u s ly , w h e re a s  fo r 
e n d o th e rm ic  m ix tu re s  (A H mjx >  0) m isc ib ility  w ill o n ly  o c c u r a t h ig h  
te m p e ra tu re s  (F o lk e s  and  H o p e , 1993)

T h u s  fo r a m isc ib le  b len d , th e  fav o rab le  e n tro p ie  c o n tr ib u tio n  m u s t be 
la rg e  e n o u g h  to  y ie ld  a n e g a tiv e  free  e n e rg y  o f  m ix in g . F o r th e  e n th a lp ic  p art 
n e g a tiv e , z e ro  o r sm all p o s itiv e  A H mjx v a lu es  are  re q u ire d  fo r m isc ib ility .

1.1.2 Im m isc ib le  B len d s
M ost p o ly m e rs  are  im m isc ib le  b ec a u se  o f  th e ir  sm a ll c o m b in a to ria l 

e n tro p y  o f  m ix in g  and  th e ir p o s itiv e  e n th a lp y  o f  m ix in g  w h e n  sp e c ific  
in te ra c tio n s  b e tw ee n  c o m p o n e n ts  are  ab sen t. A n  im m isc ib le  m ix tu re  o f  
p o ly m e rs  sh o w s m u ltip le  a m o rp h o u s  p h a se s  as d e te rm in e d , fo r e x a m p le , by 
p re se n ta tio n  o f  m u ltip le  g lass  tra n s itio n  te m p e ra tu re s . A  th e rm o d y n a m ic
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c o n d itio n  fo r im m isc ib le  b len d  is th a t the  free  e n e rg y  A G mix, w ill b e  p o s itiv e  
(O la b is i, 1979).

AGma=AHmlx- TASmix, (1 .4 )
w h e re  AGmix> 0. (1 .5 )
I f  A H m jx is p o s itiv e , p h ase  sep ara tio n  can  occu r.

B len d s o f  im m isc ib le  p o ly m e r h av e  c o m p le x  p ro p e rtie s  c o m p o s itio n  
th a t a re  ra re ly  ad d itiv e  (O la b is i, 1979 and  P au l, 1980). M o s t p ro p e r tie s  are 
d ra m a tic a lly  in f lu e n c e d  by th e  sp a tia l a rra n g e m e n t o f  p h a se s  in  th e  fin a l b len d . 
T h e  m o rp h o lo g y  is s tro n g ly  a ffe c ted  by  p ro c e ss in g  h is to ry  an d  a c h a n g e  in 
m o rp h o lo g y  can  b ec o m e  u n d e s ira b le  d u rin g  fa b rica tio n  s te p s  s in c e  it is a 
d y n a m ic  s tru c tu re . P ro p e rtie s  like s tiffn e ss  o r h ea t d is to rtio n  te m p e ra tu re  are  
d o m in a te d  by the  c o m p o n e n t fo rm in g  the  c o n tin u o u s  p h a se  and  sh o w  a 
sp in o id a l sh a p e  v e rsu s  c o m p o s itio n  o w in g  to  the  p h a se  in v e rs io n  (K e itz , 1984 
and  S h aw , 1982).

T h e  p o o r m e c h a n ic a l b e h a v io r  o f  p h a se  se p a ra tio n  b le n d s  is u su a lly  
th e  c o n se q u e n c e  o f  in a d eq u a te  a d h e s io n  b e tw ee n  p h a se s  th a t d o es n o t a llo w  
e ff ic ie n t tra n s fe r  o f  s tre ss  ac ro ss  the  in te rface . O n e  m e th o d  to  im p ro v e  the  
in te rfa c ia l c h a ra c te r is tic  o f  im m isc ib le  b len d  is to  ad d  a sm all q u a lity  o f  a th ird  
c o m p o n e n t as a ' ‘C o m p a tib iliz e r” (P au l and  N e w m a n , 1978).

1.2 Reactive Compatibilizer as a Compatibilizer for Immiscible Blends

A  re a c tiv e  c o m p a tib iliz e r , b e fo re  rea c tio n , is n o t a rea l c o m p a tib iliz e r  
b ec a u se  it ten d s  to  d isso lv e  p re fe ra b le  in o n e  p h a se  d u r in g  m e lt b le n d in g . 
A fte r  the  re a c tio n , g ra ft o r b lo ck  c o p o ly m e rs  fo rm ed  in situ c o n ta in  c h a in s  o r 

* se g m e n ts  th a t a re  id en tica l to , o r m isc ib le  w ith  each  o f  the  b len d  c o m p o n e n ts .
F o r th is re a so n , a re a c tiv e  c o m p a tib iliz e r  can  be c o n s id e re d  a n o n -sp e c if ic  
c o m p a tib iliz e r  b ec a u se  the  s tru c tu re  an d  c o n te n t o f  the  e v e n tu a lly  fo rm ed  
c o p o ly m e rs  v ary  w ith  p ro c e ss in g  co n d itio n s . G en e ra lly , b le n d  c o m p o n e n ts
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c o n ta in in g  c h a in -e n d  re a c tiv e  fu n c tio n a l g ro u p s  are  m o re  su ita b le  fo r in situ 
c o m p a tib iliz a tio n  (K u o  and  C h an g , 1994). W h en  th e  b le n d  c o m p o n e n ts  
c o n ta in  h ig h ly  re a c tiv e  g ro u p s  w ith in  the  m a c ro m o le c u la r  c h a in , a c ro ss- 
lin k ed  n e tw o rk  m ay  be the  re su lt o f  a re a c tiv e  c o m p a tib iliz a tio n . It is 
im p o rta n t to  co n tro l the  e x te n t and  the  d eg ree  o f  g ra ft re a c tio n s . A n  
e x c e ss iv e ly  reac ted  and  g ra fted  c o p o ly m e r is less e ff ic ie n t as a c o m p a tib iliz e r  
than  a lig h tly  g ra fted  co p o ly m e r. It is p o ss ib le  to  c o n tro l th e  c o n c e n tra tio n  o f  
re a c tiv e  fu n c tio n a l g ro u p s to  o b ta in  the  d es ired  size  o f  th e  d isp e rse d  p h a se d .

T h e  g ra ftin g  o f  M A  o n to  a p o ly o le fin  is u su a lly  a c c o m p a n ie d  by 
e ith e r  c h a in  sc iss io n  o r m o le c u la r  w e ig h t loss (M in o u ri, 1969 an d  G ay lo rd , 
1983). T h e re fo re , an in v e rse  re la tio n  ex is ts  b e tw ee n  th e  lev e l o f  M A  g ra fted  
and  th e  fin al m o le c u la r  w e ig h t o f  the  m a te ria l. T o  o v e rc o m e  th is  p ro b le m , a 
g ra fted  p o ly o le fin  o f  low  m o le c u la r  w e ig h t is o ften  b le n d e d  w ith  a v irg in  
p o ly o le fin  (C a lla is  and  K a z m ie rc z a k  1995) o f  h ig h e r  m o le c u la r  w e ig h t. T h e  
d e g re e  o f  g ra ftin g  (i.e . M A  c o n ten t)  o f  a p o ly o le fin  can  a ffe c t th e  h o m o g e n e ity  
o f  su c h  b le n d s  (K e sk k u la  an d  P au l 1995).

T h e  goal o f  th is  s tu d y  w as to  in v e s tig a te  th e  e ffe c t o f  in situ  
c o m p a tib iliz a tio n  in b len d s  o f  N R  and  L L D P E  w ith  M A  an d  w ith o u t M A  on 
th e rm a l, m e c h a n ic a l and  m elt flow  p ro p e rtie s  o f  th e  b le n d s  in  a s y s te m a tic  an d  
m o re  in te g ra te d  ap p ro ach .
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