
C H A P T E R  2

T H E O R E T IC A L  A N D  L IT E R A T U R E  R E V IE W

2.1 L o w  d e n s ity  p o ly e th y le n e  (L D P E )

L o w  de ns ity  p o ly e th y le n e  is a p a r t ia l ly  (5 0 -6 0% ) c r y s ta l l in i t y  s o lid  
m e lt in g  at abou t 115 ° c  , w ith  d e ns ity  in  the range o f  0 .9 1 -0 .9 4  g /cm 3 . 
The s im p le  s tru c tu re  fo r  the p o ly e th y le n e  m o le cu le s  is c o m p le te ly  on  
b ranched  cha in  o f  -C H 2- u n its . B o th  sho rt and lo n g  b ran ch  cha ins  are 
p roduced , exam p le  o f  w h ich  are shown in  F ig u re  2.1 .

-C H 2-C H 2-C H 2-C H 2-C H 2-C H 2-C H 3
-C H 2-C H -C H 2-C H 2-C H 2-C H -C H 2-C H 2-C H 2-C H 2-C H 2 -C H 2-

c h 2- c h 2- c h 3

F ig u re  2.1 B o th  sho rt and lo ng  b ranch  cha ins in  LD P E

LD P E  is a tough , s l ig h t ly  tra n s lu ce n t m a te r ia l and w axy  to  touch . 
LD P E  f i lm s  has a good ba lance o f  p ro p e rtie s  such as te n s ile  s tre ng th , 
tea r s tre ng th  and im pa c t s treng th  . A lm o s t tw o - th ir d  o f  lo w  d e n s ity  
p o ly e th y le n e  p roduced  has gone in to  f i lm  and sheet . LD P E  f i lm  
co n s titu te s  the m a jo r o f  to ta l f i lm  m a rke t . The o v e rw h e lm in g  
p o rp o r t io n  uses in  f ie ld  o f  packag ing  ( B r is to n  , 1983 ).
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2.2 C o n s t itu e n ts  o f  s ta rc h

A m ong  the na tu ra l m a te r ia ls  used fo r  b io d eg ra d ab le  pu rpose 3 
sta rch  is the m ost n a tu ra lly  abundan t and e c o n o m ic a lly  fe a s ib le  because  
i t  fo rm s  a m e lt and can be processed l ik e  a th e rm o p la s tic  a lth o u g h  i t  is 
no t th e rm o p la s tic  in  d ry  fo rm  .

S ta rch  can be ge ne ra lly  desc rib ed  by the fo rm u la  ( C 6H 10O 5 )n . 
S ta rch  can be cons ide red  a condensa tion  p o lym e r o f  g lucose  
co n s is t in g  o f  anhyd rog lucose  un its . M os t com m on ones con ta in s  17-20%  
am ylose 3 a lin e a r po ly saccha ride  c o n s is t in g  o f  1 ,4 -D -g lu co se  un its  
(F ig u re  2.2 ) 3 and am y lo p e c tin  3 b ranched  m o le cu le  c o n s is t in g  o f  bo th  
1 ,4 -D -g lu co se  and 1 ,6 -D -g lu cose  u n its  ( F ig u re  2.3 ) The s ta rch  
m o le cu le  has tw o  im p o r ta n t fu n c t io n a l g roups , the  h y d ro x y l g roup  (-O H  ) 
th a t is su sce p tib le  to  s u b s t itu t io n  re a c tio n  3 h y d ro p h il ic  ch a ra c te r 3 
and e the r g roup  ( -C -O -C - ) th a t is su sce p tib le  to  ch a in  b reakage . 
The g lucose  u n its  are lin k e d  to  one ano the r th ro u g h  the  C l oxygen  3 
know n  as g lu c o s id ic  bond . The g lu co s id e  lin k a g e  is s tab le  under 
a lk a lin e  c o n d it io n  and h yd ro ly za b le  under a c id  c o n d it io n s  .

F igu re  2.2 L in e a r-c h a in  s tru c tu re  o f  am y lose  m o le cu le s .



8

CH,OH CHjOH

1! , 4 - l i n k a g e

F i g u r e  2 . 3  S t r u c t u r e  o f  a m y l o p e c t i n  b r a n c h i n g  p o i n t s .

2.3 P ro ce ss in g  a d d it iv e s

P o l y e t h y l e n e  i s  n o n - p o l a r  w h i l e  s t a r c h  i s  p o l a r  . T h e y  c a n  t h u s  n o t  
b e  c o m p a t i b l e  v e r y  w e l l  . T h e  c o m p a t i b i l i z e r  , h o w e v e r  ,  w a s  u s e d  t o  
i m p r o v e  m i x i n g  o f  t w o  c o m p o n e n t  .

L u b r i c a n t  w a s  u s e d  a s  c o m p a t i b i l i z e r  t h a t  h a v e  b e n e f i c i a l  e f f e c t  o n  
p r o p e r t y  o p t i m i z a t i o n  o f  c o m p o u n d s  a n d  f i n i s h e d  a r t i c l e s  . T h e y  a c t e d  
o n  m a c h i n e  p a r t  a n d  m o l d s  r e s u l t  i n  f i n i s h e d  a r t i c l e s  w i t h  s m o o t h  , 
g l o s s y  s u r f a c e s  . T h e  i n t e r f a c i a l  p r o p e r t i e s  o f  c e r t a i n  p r o d u c t  f a c i l i t a t e  
d i s p e r s i o n  o f  f i l l e r s  a n d  p i g m e n t s  . A t  t h e  s a m e  t i m e  t h e  l u b r i c a t i n g  
e f f e c t  p a r t i a l l y  c o m p e n s a t e s  f o r  t h e  p o o r e r  f l o w  o f  f i l l e d  m e l t s  . 
L u b r i c a n t s  a r e  r e q u i r e d  w h i c h  a t  w h i c h  t h e  l o w e s t  p o s s i b l e  c o n c e n t r a t i o n  
t o  i m p r o v e  t h e  f l o w  o f  p o l y m e r  m e l t  w i t h o u t  r e d u c i n g  r e s i n  
p r o p e r t i e s  (  R i e d e l  3 1 9 9 0  ) .
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J a n e .  J .  L .  e t  a l . ( 1 9 9 4 )  w a s  f o u n d  t h a t  1 %  o f  g l y c e r y l  m o n o s t e a r a t e  
i n c r e a s e d  t h e  t e n s i l e  s t r e n g t h  a n d  e l o n g a t i o n  o f  p l a s t i c  . A c c o r d i n g  t o  
O n t e n i e n t e .  J .  P .  e t  a l .  ( 1 9 9 6 )  ‘ ร i n v e s t i g a t i o n ,  t h e y  r e p o r t e d  t h a t  1 %  
o f  e p o x i d i z e d  l i n s e e d  o i l  w a s  a c t e d  a s  l u b r i c a n t  5 w h i c h  g a v e  t h e  f i l m s  
b e t t e r  t e n s i l e  s t r e n g t h  a n d  l e s s  b r i t t l e n e s s  a s  i t  w a s  m o r e  p l a s t i c i z e d  . 
H o w e v e r ,  b o t h  r e s e a r c h e s  h a d  i n d i c a t e d  t h a t  i n c r e a s i n g  t h e  a m o u n t  o f  
t h e  l u b r i c a n t  d e c r e a s e d  t h e  p h y s i c a l  s t r e n g t h  .

2.4 L i t e r a tu r e  R e v iew

O n t e n i e n t  J .  P .  e t  a l .  (  1 9 9 6  )  r e s e a r c h  o n  b i o d e g r a d a b l e  
t h e r m o p l a s t i c  s t a r c h .  T h e y  o b t a i n e d  a  s u s p e n s i o n  o f  t h r e e  c o m p o n e n t ,  
c o r n  s t a r c h ,  l u b r i c a n t  a n d  g l y c e r o l  . T h e y  c o n c l u d e d  t h a t  l u b r i c a n t ,  
e p o x i d i z e d  l i n s e e d  o i l ,  g e n e r a t e d  a  p r o t e c t i v e  f i l m  o n  t h e  s u r f a c e  o f  
e x t r u d e d  r i b b o n  w h i c h  g a v e  t h e  m a t e r i a l  a  b e t t e r  t e n s i l e  s t r e n g t h  a n d  
l e s s  b r i t t l e n e s s  a s  i t  m o r e  p l a s t i c i z e d  . T h e  e x p e r i m e n t  s h o w e d  t h a t  t h e  
f o r m u l a t i o n  w i t h  m o r e  t h a n  2 %  e p o x i d i z e d  l i n s e e d  o i l  g a v e  r i s e  t o  a  
s e g r e g a t i o n  o f  p h a s e  d u r i n g  e x t r u s i o n  .

L a w t o n  J .  พ .  a n d  F a n t a  G .  F .  ( 1 9 9 4 )  d e s c r i b e d  t h e  e q u a t i o n  w e r e  
o b t a i n e d  f r o m  r e s p o n s e  s u r f a c e  m o d e l s  t o  s h o w  t h e  u l t i m a t e  t e n s i l e  
s t r e n g t h  a n d  p e r c e n t  e l o n g a t i o n  a t  b r e a k  o f  s o l u t i o n - c a s t  f i l m s  v a r y  
w i t h  r e l a t i v e  a m o u n t s  o f  s t a r c h ,  p o l y  ( v i n y l  a l c o h o l )  ( P V A ) ,  p o l y  
( e t h y l e n e - c o - a c r y l i c  a c i d )  ( E A A )  a n d  g l y c e r o l  i n  t h e  f o r m u l a t i o n  . I n  
g e n e r a l ,  p e r c e n t  e l o n g a t i o n  i n c r e a s e d  a s  E A A ,  P V A  a n d  g l y c e r o l  w e r e  
i n c r e a s e d  t o g e t h e r  . H o w e v e r  i n c r e a s e d  a m o u n t  o f  E A A  c o u l d  d e c r e a s e d  
p e r c e n t  e l o n g a t i o n  i f  E A A  w a s  t h e  o n l y  c o m p o n e n t  i n c r e a s e d  . A  
m i x t u r e  o f  5 5 . 6 %  s t a r c h ,  2 . 8 %  E A A ,  2 8 . 3 %  P V A  a n d  1 3 . 3 %  g l y c e r o l  i s  
b e l i e v e d  t o  b e  d o e s  t o  t h e  o p t i m u m  f o r m u l a t i o n  t o  o b t a i n  f i l m s  h a v i n g  
a t  l e a s t  1 0 0  p e r c e n t  e l o n g a t i o n  a n d  u l t i m a t e  t e n s i l e  s t r e n g t h  o f  2 5  M P a .
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G r i f f i n  ( 1 9 7 7 )  r e s e a r c h  o n  p o l y o l e f i n / s t a r c h  b l e n d s  . L L D P E  a r e  
b l e n d e d  w i t h  s t a r c h ,  t r e a t e d  w i t h  s i l y l y l a t i n g  a g e n t  s u c h  a s  t r i m e t h y l s i l y l  
h a l i d e ,  i n  a n  e x t r u d e r  t o  f o r m  a  m a s t e r  b a t c h  t h a t  i s  t y p i c a l l y  5 0 %  
s t a r c h  c o n t e n t  . S i l y l a t i o n  m a k e  t h e  s t a r c h  d r i e d  t o  < 1 %  m o i s t u r e  
c o n t e n t  . M o r e  L L D P E  i s  a d d e d  t o  p r o d u c e  r e s i n  t h a t  c o n t a i n e d  6 - 2 0 %  
s t a r c h .  F i l m  m a d e  f r o m  t h e  b l e n d s  h a v e  a d v a n t a g e s  o t h e r  t h a n  
d e g r a d a b i l i t y ,  w i t h  i n c r e a s i n g  s t a r c h  l e v e l ,  t h e y  f e l t  m o r e  p a p e r - l i k e ,  a n d  
a r e  m o r e  p e r m e a b l e  t o  w a t e r  v a p o r .

R o q u e  L .  e t  a l  . (  1 9 9 1  )  s t u d i e d  e f f e c t  o f  c o m p o u n d i n g  a n d  s t a r c h  
m o d i f i c a t i o n  o n  p r o p e r t i e s  o f  s t a r c h - f i l l e d  l o w  d e n s i t y  p o l y e t h y l e n e  . 
L i n e a r  l o w  d e n s i t y  p o l y e t h y l e n e  (  L L D P E  )  c a s t  f i l m  w e r e  p r e p a r e d  
w i t h  n a t i v e  c o r n  s t a r c h  (  N C S  )  a n d  m o d i f i e d  (  o c t e n y l  s u c c i n a t e  )  
c o r n  s t a r c h  (  S O S  )  . T h e  a d d i t i o n  o f  e i t h e r  s t a r c h  t o  L L D P E  d e c r e a s e d  
t h e  t e n s i l e  s t r e n g t h  a n d  e l o n g a t i o n  a n d  i n c r e a s e d  w a t e r  a b s o r p t i o n .  
H o w e v e r  S O S / L L D P E  c a s t  f i l m s  s h o w e d  h i g h e r  t e n s i l e  s t r e n g t h  a n d  
e l o n g a t i o n  v a l u e  t h a n  d i d  i n c o r p o r a t i n g  N C S / L L D P E  c a s t  f i l m s  .

O t e y  F .  H . ,  R i c h a r d  p .  พ . ,  a - d  W i l l i u m  M .  D .  (  1 9 8 0  )  
i n v e s t i g a t e d  s t a r c h - b a s e  b l o w n  f i l m s  w h i c h  f o r m u l a t i o n  c o n t a i n i n g  
h i g h  l e v e l  o f  g e l a t i n i z e d  s t a r c h  a n d  v a r i o u s  a m o u n t  o f  p o l y  
( e t h y l e n e - c o - a c r y l i c  a c i d )  a n d  L D P E  . I t  c a n  b e  r e a d i l y  b l o w n  i n t o  
b i o d e g r a d a b l e  f i l m s  h a v i n g  g e n e r a l  a p p e a r a n c e  o f  c o n v e n t i o n a l  p l a s t i c  
f i l m s  . M o i s t u r e  c o n t e n t  a p p e a r e d  i m p o r t a n c e  t o  a c h i e v i n g  q u a l i t y  o f  
f i l m s  . T h e  d e g r e e  o f  t r a n s p a r e n c y  a n d  f l e x i b i l i t y  d e c r e a s e d  s l i g h t l y  a s  
t h e  l e v e l  o f  s t a r c h  w a s  i n c r e a s e d  . T h e y  r e p o r t e d  t h a t  a l l  t h e  b l e n d s  
w e r e  u n i f o r m  a n d  i n d i c a t e d  t h a t  g o o d  c o m p a t i b i l i t y  e x i s t e d  b e t w e e n  
s t a r c h  a n d  E A A  i n  t h e  p r e s e n c e  o f  a m m o n i a  . I n c l u s i o n  o f  p o l y e t h y l e n e  
i n  t h e  f i l m  f o r m u l a t i o n  i m p r o v e d  t h e  e c o n o m i c s  a n d  r a t e  o f  
b i o d e g r a d a b i l i t y  o f  t h e  b l o w n  f i l m s .
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G o n s a l v e s  e t  a l . ( 1 9 8 3 )  c o n d u c t e d  r e s e a r c h  o n  P E / s t a r c h  b l e n d  . A  
m e t a l  c a t a l y s t  a n d  a u t o - o x i d a n t  w e r e  a d d e d  t o  p r o m o t e  c h e m i c a l  
d e g r a d a t i o n  . T h e  P E / s t a r c h  s a m p l e  w e r e  c o m p r e s s i o n  m o l d e d  t o  s h e e t  
a n d  c u t  i n t o  t e n s i l e  b a r s  . T h e  t e n s i l e  s t r e n g t h  o f  P E / s t a r c h  b l e n d  w i t h  
1 5 %  s t a r c h  c o n t e n t  d e c r e a s e d  a b o u t  6 %  w h e n  p l a c e d  i n  m a r i n e  c o n d i t i o n  
f o r  3  m o n t h s  .

M i s s  T h a n i d a  P a b u n g r u a n g  ( 1 9 9 5 )  s t u d i e d  o n  d e g r a d a t i o n  o f  
c a s s a v a  s t a r c h - f i l l e d  p o l y e t h y l e n e  f i l m s  . I r o n  s t e a r a t e  a n d  e p o l e n e  w e r e  
u s e d  i n  s o m e  f o r m u l a  a s  p r o o x i d a n t  a n d  d i s p e r s i n g  a g e n t  , r e s p e c t i v e l y .  
T h e  o x i d a t i v e  d e g r a d a t i o n  o f  t h e  f i l m s  5 e x a m i n e d  b y  o u t d o o r  e x p o s u r e  
a n d  s o i l  b u r i a l  t e s t .  L D P E  f i l m s  d i d  n o t  c h a n g e  s i g n i f i c a n t l y  w h i l e  t h e  
f i l m s  c o n t a i n i n g  p r o o x i d a n t  l o s t  t h e i r  p r o p e r t i e s  m o r e .  T h e  i n v e s t i g a t i o n  
o f  t h e  b i o d e g r a d a t i o n  b y  u s i n g  f u n g i  i n d i c a t e d  t h a t  a t  h i g h  s t a r c h  
c o n t e n t  t h e  d e g r a d a t i o n  r a t e  w a s  h i g h  a n d  t e n s i l e  s t r e n g t h  w a s  v e r y  l o w  
a f t e r  6 - m o n t h  e x p o s u r e  .
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