
C H A P T E R  3

M A T E R IA L S  A N D  E X P E R IM E N T

3.1 M a te r ia ls

L o w  D e n s i t y  P o l y e t h y l e n e  (  L D P E )  J J 4 3 2 4  g r a d e  
(  T h a i  P e t r o c h e m i c a l  I n d u s t r y  C o . ,  L t d  )

T a p i o c a  S t a r c h
(  N a n s u r a k i j  C o . ,  L t d  )

Z i n c  S t e a r a t e  Z n  ( C i 7H 3 5 C O O )2

(  C o i n  C h e m i c a l  (  T h a i l a n d  )  C o . ,  L t d  )

G l y c e r o l  M o n o s t e a r a t e  ( C 21H 42O 4)
( I m p e r i a l  I n d u s t r y  C h e m i c a l s .(  T h a i l a n d  )  C o . ,  L t d  )

E p o l e n e  E - 4 3 p  w a x
(  W h i t e  G r o u p s  C o . ,  L t d  )

3.2 A p p a ra tu s

T w o - R o l l  M i l l
L a b t e c h  E n g i n e e r i n g  C o . ,  L t d  M o d e l  L R M - 1 1 0

I n j e c t i o n  M o l d i n g
E N K E L  C o . ,  L t d .  M o d e l  D T E  2 6
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I n s t r o n  U n i v e r s a l  T e s t i n g  M a c h i n e
L R - 1 0 K  w i t h  R C O N T R O L  s o f t w a r e

S c a n n i n g  E l e c t r o n  M i c r o s c o p e  ( S E M )
J O E L  M o d e l  J S M - T 2 2 0 A

P a r t i c l e  S i z e  A n a l y z e r
M a r v e r n  C o . ,  L t d .  E n g l a n d  M o d e l  M a s t e r  S e i z e r  ร

3.3 S am p le  P re p a ra t io n

3 .3 .1  P re p a ra t io n  o f  p re -m ix

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

3 .3 .2  B le n d in g  m a te r ia ls

A  t w o  r o l l  m i l l  c o m p o u n d i n g  m a c h i n e ,  L a b t e c h  E n g i n e e r i n g  
C o . ,  L t d . ,  M o d e l  L R M 1 1 0 ,  w a s  u s e d  . T h e  t e m p e r a t u r e  o f  f r o n t  r o l l  
a n d  b a c k  r o l l  w e r e  s e t  a t  1 4 5  a n d  140°c, r e s p e c t i v e l y  . A f t e r  3 0
m i n u t e s ,  t h e  s e t t i n g  t e m p e r a t u r e  o f  r o l l  w e r e  r e a c h e d .  T h e  
p o l y e t h y l e n e  r e s i n  w a s  p o r e d  i n  b e t w e e n  t h e  r o l l s  a n d  a l l o w e d  t o  w a r m  
f o r  5  m i n u t e s  . T h e  r o l l s  w e r e  s t a r t e d  t o  t u r n  w h i l e  t h e  p o l y e t h y l e n e  
p r e - m i x  w a s  m e l t i n g  . T a p i o c a  s t a r c h  o r  c o r n  s t a r c h  w i t h  o r  w i t h o u t  
t h e  c o m p a t i b i l i z e r  w a s  g r a d u a l l y  a d d e d  i n t o  t h e  m o l t e n  p o l y e t h y l e n e .  
I n  o r d e r  t o  h a v e  a  g o o d  h o m o g e n e o u s  m i x t u r e  , a  t r o w e l  w a s  u s e d  d u r i n g
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m i x i n g  . T h e  m i x i n g  t i m e  w a s  1 0  m i n u t e s  . I t  w a s  t h e n  a n d  l e t  i t  c o o l  
t o  r o o m  t e m p e r a t u r e .  F i n a l l y ,  i t  w a s  c r u s h e d  i n t o  s m a l l  p i e c e s .  I n  t h e  
c a s e  t h a t  t h e  c o m p a t i b i l i z e r ,  e p o l e n e  o r  g l y c e r o l  m o n o s t e a r a t e  o r  z i n c  
s t e a r a t e ,  w a s  u s e d ,  i t  w a s  a d d e d  a t  1 %  b y  w e i g h t  o f  t o t a l  m i x t u r e  o f  
s t a r c h  a n d  L D P E  a n d  m i x e d  m a n u a l l y  w i t h  s t a r c h  .

T a b l e  3 . 1 ,  3 . 2  a n d  3 . 3  s h o w  t h e  c o m p o s i t i o n  o f  e a c h  b l e n d .  T h e  
s a m p l e  i s  c o d e d  b y  P / T  o r  p / c  w h i c h  s t a n d s  f o r  .

3.4 S pec im ens P re p a ra t io n

E a c h  b l e n d  w a s  i n j e c t i o n  m o l d e d  i n t o  3 . 3  m m .  t h i c k n e s s  t e s t  
s p e c i m e n s  a c c o r d i n g  t o  A S T M  D  6 3 8 - 9 3  b y  E N K E L  D T E - 2 6  m o l d i n g  
m a c h i n e  . A l l  s a m p l e s  w e r e  m o l d e d  a t  t h e  m e l t  t e m p e r a t u r e  o f  1 7 0  ° c .  
T h e  i n j e c t i o n  s p e e d  o f  1 9 0  , 1 8 0  , 1 7 5  , 1 7 0  a n d  1 6 0  m m / s  r e s p e c t i v e l y ,  
a  h o l d i n g  p r e s s u r e  o f  1 0 2  b a r  , h o l d i n g  t i m e  o f  5 . 0  ร a n d  a  c o o l i n g  t i m e  
o f  1 5 . 0  ร . T h e  t o t a l  c y c l e  t i m e  w a s  a b o u t  2 5  ร f o r  a l l  b l e n d s  . T h e  
b l e n d  c o n t a i n i n g  5 %  t a p i o c a  s t a r c h  w i t h  e p o l e n e  o r  g l y c e r o l  
m o n o s t e a r a t e  o r  z i n c  s t e a r a t e  a n d  w i t h o u t  c o m p a t i b i l z e r  w a s  a l s o  u s i n g  
n o n e - m a d e  f i l m  b l o w i n g  m a c h i n e  a t  K - i n g  M o n g k u t  I n s t i t u t e  o f  
T e c h n o l o g y  N o r t h  B a n g k o k .  T h e  t e m p e r a t u r e  o f  f e e d ,  c o m p r e s s i o n ,  
m e t e r i n g  a n d  d i e  z o n e  w e r e  1 4 0  , 1 5 0  , 1 6 0  a n d  1 5 0  ° c ,  r e s p e c t i v e l y  .

T a b l e  3 . 1  T h e  c o m p o s i t i o n  o f  L D P E / t a p i o c a  s t a r c h  b l e n d s

S a m p l e  C o d e L D P E  ( g ) S t a r c h  ( g )
P / T 0 0 5 0 0 0
P / T 0 5 4 7 5 2 5
P / T  1 0 4 5 0 5 0
P / T 1 5 4 2 5 7 5
P / T 2 0 4 0 0 1 0 0
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P  =  L o w  D e n s i t y  P o l y e t h y l e n e  
T  =  T a p i o c a  s t a r c h
0 0  , 0 5  5 1 0  5 1 5  a n d  2 0  =  %  s t a r c h  c o n t e n t  b y  w e i g h t

T a b l e  3 . 2  T h e  c o m p o s i t i o n  o f  L D P E / t a p i o c a  s t a r c h  b l e n d s  w i t h  
c o m p a t i b i l i z e r s

S a m p l e  C o d e . L D P E  (  g ) S t a r c h  ( g ) E ( g ) Z ( g ) G ( g )
P / T 0 0 E 4 9 5 0 5 - -
P / T 0 5 E 4 7 0 2 5 5 - -
P / T 1 0 E 4 4 5 5 0 5 - -
P / T 1 5 E 4 2 0 7 5 5 -
P / T 2 0 E 3 9 5 1 0 0 5 - -
P / T 0 0 Z 4 9 5 0 - 5 -
P / T 0 5 Z 4 7 0 2 5 - 5 -
P / T 1 0 Z 4 4 5 5 0 - 5 -
P / T 1 5 Z 4 2 0 7 5 - 5 -
P / T 2 0 Z 3 9 5 1 0 0 - 5 -
P / T 0 0 G 4 9 5 0 - - 5
P / T 0 5 G 4 7 0 2 5 - - 5
P / T 1 0 G 4 4 5 5 0 - - 5
P / T 1 5 G 4 2 0 7 5 - - 5
P / T 2 0 G 3 9 5 1 0 0 - - 5

E  =  E p o l e n e  E - 4 3  p
z  =  Z i n c  s t e a r a t e
G  =  G l y c e r o l  m o n o s t e a r a t e
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T a b l e  3 . 3  T h e  c o m p o s i t i o n  o f  L D P E / c o r n  s t a r c h  b l e n d s  w i t h  
c o m p a t i b i l i z e r s

S a m p l e  C o d e L D P E  (  g ) S t a r c h ( g ) Z ( g ) G ( g )
p / c o o z 4 9 5 0 5 -
P / C 0 5 Z 4 7 0 2 5 5 -
P / C 1 0 Z 4 4 5 5 0 5 -
P / C 1 5 Z 4 2 0 7 5 5 -
P / C 2 0 Z 3 9 5 1 0 0 5 -
P / C 0 0 G 4 9 5 0 - 5
P / C 0 5 G 4 7 0 2 5 - 5
P / C 1 0 G 4 4 5 5 0 - 5  ■■
P / C 1 5 G 4 2 0 7 5 - 5
P / C 2 0 G 3 9 5 1 0 0 - 5

c  =  C o r n  s t a r c h

3.5  M e a s u re m e n t

3 .5 .1  M e c h a n ic a l T e s t in g

A n  i n s t r o n  u n i v e r s a l  t e s t i n g  m a c h i n e  M O D E L  L R - 1 0 K  w i t h  
R C O N T R O L  s o f t w a r e  w a s  u s e d  t o  e v a l u a t 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 t  b r e a k  i n  t h e  m a c h i n e  d i r e c t i o n .  F i v e  s p e c i m e n s  o f  e a c h  
b l e n d  w e r e  t e s t e d  f o r  o n e  m e a s u r e m e n t  b y  t a k i n g  t h e  a v e r a g e  o f  f i v e .  
T h e  t h i c k n e s s  o f  s p e c i m e n s  w e r e  m e a s u r e d  r a n d o m l y  a t  5  p o i n t s  w i t h  
m i c r o m e t e r  t o  n e a r e s t  a t  0 . 0 0 1  m m .  T h e  t e s t  c o n d i t i o n  w a s  a t  2 7  ±  2  ° c  
a n d  t h e  c r o s s  h e a d  s p e e d  o f  t e s t i n g  m a c h i n e  w a s  a t  2 5  m m / m i n  .
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3.7.2 Scanning Electron Microscopy ( SEM )

JOEL MODEL JSM-6400 ( TOKYO , JAPAN ) scanning electron 
microscope was used operating at 15 KV and 80 pA . The magnification 
used range from 250X to 1000X . SEM coating unit MODEL JPC-1100 
was used to coat the specimens with thin layer of 100% gold (Au) under 
vacuum for 20 minutes .
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