
CHAPTER II
LITERATURE REVIEW

2.1 Melt Grafting of Maleic Anhydride onto Polypropylene

S .H .P . B e ttin i and J .A .M . A g n e lli  (1 9 9 9 )  s tu d ie d  gra ftin g  o f  m a le ic  
a n h yd rid e  o n to  p o ly p r o p y le n e , fou r factors w e r e  varied: th e  m a le ic  an h yd rid e  and  
p e r o x id e  c o n c e n tr a tio n s , rotor sp e e d , and rea c tio n  tim e . T h e  e f fe c t  o f  rotor sp e e d  and  
rea c tio n  tim e  o n  th e le v e l o f  reacted  m a le ic  a n h yd rid e , o b ta in ed  b y infrared  
sp e c tr o sc o p y , an d  o n  the e x te n t o f  d egra d ation , b y  m ea n s o f  m e lt - f lo w  in d e x  (M F I) 
m ea su r e m e n ts . T h e  in crea se  in  rotor sp e e d  resu lts  in an in c r e a se  in  the p ercen ta g e  o f  
rea c ted  m a le ic  an h y d r id e  and a red u ction  in  M F I w h e n  th e  in itia l m a le ic  an h yd ride  
c o n cen tra tio n  is  h ig h , and in  a red u ction  in the p er c e n ta g e  o f  reacted  m a le ic  
an h yd rid e  and in c r e a se  in M FI w h en  the in itia l m a le ic  an h y d r id e  c o n cen tra tio n  is 
lo w .

S .H .P . B e ttin i and J .A .M . A g n e lli  (2 0 0 0 )  s tu d ie d  gra ftin g  o f  m a le ic  
an h yd rid e  o n to  p o ly p r o p y le n e , in  th e  p r e se n c e  o f  p e r o x id e s . Q u a n tifica tio n  o f  
rea c ted  m a le ic  an h y d r id e  w a s  te ste d  b y  titra tion  o f  ac id  g ro u p s  and  F ou rier  transform  
in frared  sp e c tr o sc o p y  (F T IR ). It w a s  fou n d  that ea ch  ty p e  o f  p r o c e s s in g  req u ires  
p u r if ica tio n  o f  th e  sa m p le s  for rem o v a l o f  resid u a l m a le ic  an h yd rid e . S p e c tr o sc o p y  
w a s  sh o w n  to  b e  b etter  for th e  q u a n tifica tio n  o f  reacted  m a le ic  an h yd rid e , as lo n g  as 
th e  sa m p le s  are su b m itte d  to  th erm al treatm en t at 1 3 0 ° c  for  at lea st  2 4  h.

Y o n g s o k  S e o  et al. (2 0 0 0 )  s tu d ied  th e  c r y s ta lliz a tio n  k in e t ic s  o f  iso ta c tic  
p o ly p r o p y le n e  ( iP P )  and  m a le ic  an h yd rid e gra fted  p o ly p r o p y le n e  ( M A - P P )  and their  
b le n d s , c r y s ta lliz e d  b oth  n o n iso th e r m a lly  and  iso th e r m a lly , w er e  in v e s t ig a te d  by  
d ifferen tia l s c a n n in g  ca lor im etry . It w a s  fo u n d  that the d if fu s io n a l a c tiv a tio n  en ergy  
w a s  sm a lle r  for  M A - P P  than fo r  iP P . T h e  n u m b er o f  h e te r o g e n e o u s  n u c le i for M A -  
P P  w a s  larger th an  that for iP P . T h e p r e se n c e  o f  M A - P P  in  iP P  a ffe c ts  the  
c r y s ta lliz a tio n  o f  iP P  b y a ctin g  a s  a n u c le a tin g  agen t.

D e a n  S h i et al. (2 0 0 1 )  s tu d ied  c h e m ic a l stru ctu res an d  m o le c u la r  p aram eters  
o f  gra fted  m a te r ia ls  o f  P P -g -M A H  p repared  b y  m e lt r e a c tiv e  e x tr u s io n  b y  u s in g  
e lec tro sp ra y  io n iz a t io n -m a ss  sp ec tro m eter  and g e l p e r m e a tio n  ch rom a to grap h y . It
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w a s  fo u n d  that th e  in itia l ra d ica ls , d u e  to  h o m o lit ic  s c is s io n  o f  d ic u m y l p e ro x id e  
c o u ld  b e  c o m b in e d  w ith  m a le ic  an h yd rid e (M A H ) m o n o m e r s  as w e ll  as 
p o ly p r o p y le n e  (P P ) m o le c u la r  ch a in s . T h e  h o m o p o ly m e r iz a t io n  o f  M A H  can n o t  
o c c u r  and th e  M A H  rad ica ls  u n d ergo  a d ism u ta tio n a l rea c tio n  u n d er  th e  p r o c e ss in g  

c o n d it io n  ( 1 8 0 ± 1 9 0 ° C ) .
W u lin  Q iu  et al. (2 0 0 5 )  s tu d ied  a n o v e l m e th o d  o f  p rep ara tion  o f  m a le ic  

an h yd rid e  g ra fted  p o ly p r o p y le n e  (M A P P ). T h e  p rep ara tion  w a s  p er fo rm ed  by ball 
m illin g  o f  p o ly p r o p y le n e  (P P ) p o w d er , m a le ic  an h yd r id e  (M A ) , and  p ero x id e  
in itia to r  in  b a lls -c o n ta in in g  ja rs  w ith  a p lan etary  b a ll m il l  for a cer ta in  tim e . M a le ic  
a n h yd rid e  g ra fted  p o ly e th y le n e  (M A P E ) w a s  o b ta in ed  v ia  th is  te c h n iq u e . T h e  n o v e l 
te c h n iq u e  h as a d v a n ta g es  o f  a  s o lv e n t le s s , lo w e r  p r o c e s s  tem p era tu re and  is en erg y  
e f f ic ie n t , lo w  c o s t , and is  s im p le . F u rth erm ore, it is  v ery  e a sy  to  o b ta in  p u rified  
p rod u cts.

G .R . p . H en ry et al. (2 0 0 9 )  s tu d ied  a m o rp h o u s and lo w  cry sta llin ity  
p o ly p r o p y le n e s  w er e  p ro d u ced  b y r ea c tiv e  p r o c e s s in g  o f  c o m m e r c ia l iso ta c tic  
p o ly p r o p y le n e s  in the p re se n c e  o f  p ero x id e . C h a ra cter iza tio n  o f  th e  m o d ifie d  
p o ly p r o p y le n e  m icro stru ctu res u s in g  N M R  sp e c tr o sc o p y  r ev e a led  that cry sta llin ity  
lo s s  is  co rre la ted  w ith  th e  e p im e r iz a t io n  o f  n u m erou s m e th y le n e s  ra n d o m ly  a lo n g  th e  
p o ly m e r  b a c k b o n e , lea d in g  to d e c r e a s in g  iso ta c t ic it ie s  and  a v era g e  iso ta c tic  b lo c k  
len g th s .
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2.2 Melt Grafting of Maleic Anhydride onto Polyethylene

c . R o sa le s  et al. (1 9 9 8 )  s tu d ied  g ra ftin g  o f  v a r io u s  co m m e r c ia l  
p o ly e th y le n e s , h ig h -d e n s ity  p o ly e th y le n e s  (H D P E s ) , and lin ear  lo w -d e n s ity  
p o ly e th y le n e s  (L L D P E s) w ith  d ie th y l m a lea te  (D E M ) w a s  carr ied  o u t in  tw o  c o ­
rotatin g  tw in  sc r e w  ex tru d ers w ith  d ifferen t s c r e w  c o n fig u r a tio n s  and ex tr u s io n  
c o n d it io n s . It w a s  fo u n d  that w h e n  th e in itia tor  le v e l  w a s  ra ised  in  th e  L L D P E s the  
gra ftin g  d e g r e e  in crea sed  and th e  m o le c u la r  w e ig h t  d is tr ib u tio n  o f  the grafted  
L L D P E  d id  n ot s h o w  a p p rec ia b le  d if fe r e n c e s  w h e n  th e y  w ere  co m p a r e d  to th e  v irg in  
resin .

G . M o ad  (1 9 9 9 )  s tu d ied  th e  sy n th e s is  o f  p o ly o le f in  graft c o p o ly m e r s  by  
rea c tiv e  e x tr u s io n  or m e lt  p h ase  p r o c e ss in g . T h e s e  m a ter ia ls , w h ic h  m ay  se r v e  as 
p recu rsors to o th er p o ly o le f in  graft c o p o ly m e r s , in c lu d e  p o ly o le f in s  w ith  grafted  
m a le ic  a n h yd rid e , fu m arate  and m a lea te  este rs , (m e th )  a cry la te  este rs  and (m e th )  
acry lic  a c id . M eth o d s in c lu d e  th e  tra n sfo rm a tio n  fu n c tio n a l p o ly o le f in s  in to  graft 
c o p o ly m e r s  b y  o p e n in g  o f  e p o x id e  or an h yd rid e , tra n se ste r ific a tio n  and rela ted  
p r o c e s se s , and  free rad ica l in d u ced  c o u p lin g .

B in g  Lu and T . c. C h u n g  (2000) s tu d ie d  a  n e w  c h e m ic a l rou te  to prepare  
m a le ic  an h yd rid e  (M A H ) grafted  p o ly e th y le n e  and  p o ly p r o p y le n e  p o ly m e r s  w ith  
co n tr o lle d  m o le c u la r  stru ctu re, that is , M A H  g ra fted  c o n ten t and  p o ly m e r  m o le c u la r  
w e ig h t  an d  c o m p o s it io n  d istr ib u tio n s. T h e c h e m is tr y  in v o lv e s  a  free  rad ica l graft 
reac tio n  o f  m a le ic  an h yd rid e  w ith  p o ly (e th y le n e -c o -p -m e th y ls ty r e n e )  and  
p o ly (p r o p y le n e -c o -p -m e th y ls ty r e n e )  c o p o ly m e r s .

Y a n h a n  S h e n  et al. (2 0 0 7 )  s tu d ied  g r a ft in g  c o p o ly m e r iz a t io n  o f  m a le ic  
an h yd rid e  (M A H ) o n to  h ig h  d e n s ity  p o ly e th y le n e  (H D P E ) carr ied  ou t throu gh  
so lv o th e r m a l p ro cess . Infrared sp ectra  (IR ) r e v e a le d  that M A H  h ad  b e e n  s u c c e s s fu l  
grafted  o n to  th e  H D P E  b a ck b o n e . T h e  in f lu e n c e s  o f  th e  rea c tio n  p aram eters o n  the  
gra ftin g  c o p o ly m e r iz a t io n , e .g ., th e  c o n c e n tr a tio n  o f  th e  in itia to r , M A H  and H D P E  
co n ten t, rea c tio n  tim e , rea c tio n  tem p era tu re, c o m o n o m e r , and d iffe r e n t so lv e n ts  w ere  
a lso  s tu d ied . M A H  c o u ld  b e gra fted  o n to  H D P E  in  b oth  g o o d  s o lv e n ts  and  p oor  
so lv e n ts , w h ic h  w a s  m u c h  d ifferen t from  th e tra d itio n a l s o lu t io n  g ra ftin g  m eth o d .
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Z h e  C h en  et al. (2 0 0 8 )  s tu d ied  r h e o lo g ic a l b eh a v io r , th erm a l p rop erties , and  
m o le c u la r  m o b ility  o f  a se r ie s  o f  m a le ic  an h yd rid e  (M A H ) g ra fted  h ig h -d e n sity  
p o ly e th y le n e s . T h e  v is c o s ity  o f  th e  sa m p le s  in  th eir  m e lt  s ta te  d e c r e a se d  w ith  an 
in crea se  in  th e  graft y ie ld , and th is  c o u ld  b e  attr ib uted  to  th e  h ig h er  m o lecu la r  
m o b ility  for  sa m p le s  w ith  a h ig h er  d eg ree  o f  g ra ftin g . M o r e o v e r , it w a s  fo u n d  that 
the gra fted  M A H  gro u p  p la yed  a  s ig n ific a n t  c h e m ic a l in h ib it io n  ro le  in  form atio n  
w h e n  th e  graft y ie ld  w a s  lo w .
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