
C H A P T E R  III
E X P E R I M E N T A L  S E C T I O N

3 .1  M a t e r ia l s

T h e  m a te r ia l s  u s e d  in  th is  s tu d y  w e r e  u s e d  a s  r e c e iv e d :

3 .1 .1  L in e a r  L o w  D e n s i ty  P o ly e th y le n e  ( L L D P E )
T h e  L L D P E  u s e d  in  th is  s tu d ie d  w a s  s u p p l ie d  b y  T h a i  

P o ly e th y le n e  C o m p a n y  L im i te d  in  b lo w n - f i lm  g ra d e  ( L 1 8 1 0 F I ) .  T h e  
p o ly m e r  w a s  in  o p a q u e - w h i te  p e l le t - b e a d  fo rm  w i th  a  d e n s i ty  o f  0 .9 1 8  g /c m 3 
a n d  m e l t  f lo w  in d e x  o f  1 g /1 0  m in .  I ts  M W  d e te r m in e d  b y  G P C  is  8 4 ,4 6 0  
( L im s i la ,1 9 9 9 ) .

3 .1 .2  N a tu r a l  R u b b e r  (N R )
T h e  N R  w a s  p u r c h a s e d  f ro m  R a y o n g  B a n g k o k  R u b b e r  C o . ,  L td . 

T h e  r u b b e r  g r a d e  w a s  S T R  5 L  w i th  a  d e n s i ty  o f  0 .9  g /c m 3.

3 .1 .3  M a le ic  A n h y d r id e  (M A )
T h e  M A  w a s  p u r c h a s e d  f ro m  F lu k a  C o .,  L td .  T h is  m a te r ia l  w a s  in  

th e  fo rm  o f  w h i te  f la k e s  w i th  m e l t in g  p o in t  5 2 -5 4 ° C  a n d  w a s  u s e d  a s  a  
r e a c t iv e  c o m p a t ib i l iz e r .

3 .1 .4  D ic u m y l  P e r o x id e  (D C P )
T h e  D C P  w a s  p u r c h a s e d  f r o m  M e r c k  C o .,  L td .  T h is  m a te r ia l  w a s  

in  th e  fo rm  o f  s m a l l  w h i te  o p a q u e  f la k e s  w ith  m e l t in g  p o in t  3 9 - 4 1 ๐c  a n d  
w a s  u s e d  a s  a n  in i t ia to r .
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3 .1 .5  A c e to n e
T h e  a c e to n e  w a s  p u r c h a s e d  f ro m  L a b - s c a n  C o .,  L td .  T h e  s o lv e n t  

w a s  in  c le a r  l iq u id  fo rm  w i th  b o i l in g  p o in t  56.1°c a n d  w a s  u s e d  a s  a  s o lv e n t  
in  M A  e x t r a c t io n .

3 .1 .6  C h lo r o f o r m
T h e  c h lo r o f o r m  w a s  p u r c h a s e d  f ro m  L a b - s c a n  C o .,  L td .  T h e  

s o lv e n t  w a s  in  c le a r  l iq u id  fo rm  w i th  b o i l in g  p o in t  61.2°c a n d  w a s  u s e d  a s  a  
s o lv e n t  in  r u b b e r  e x t r a c t io n .

3 .1 .7  X y le n e
T h e  x y le n e  w a s  p u r c h a s e d  f ro m  L a b - s c a n  C o .,  L td .  T h e  s o lv e n t  

w a s  in  c le a r  l iq u id  fo rm  w i th  b o i l in g  p o in t  138-140°c a n d  w a s  u s e d  a s  a  
s o lv e n t  in  L L D P E  e x t r a c t io n  a n d  a ls o  u s e d  fo r  th e  d e te r m in a t io n  o f  g e l 
c o n te n t .

3.2 Methodology

3 .2 .1  P r e p a r a t io n  o f  B le n d s

ร .2 .1 .1  M a s t ic a t io n  o f  N R
T h e  N R  w a s  m a s t ic a te d  b y  u s in g  a  tw o - r o l l  m i l l  (L a b  

T e c h ,  L M R  1 1 0 ) f o r  10 m in u te s  a t  r o o m  te m p e r a tu r e .  M o le c u la r  w e ig h t  o f  
th e  m a s t ic a te d  N R  w a s  fo u n d  to  b e  4 8 2 7 1 5 ,  s e e  a p p e n d ix  A  f o r  G P C  r e s u l t s .

ร. 2 .1 .2  B le n d in g  o f  L L D P E  a n d  N R  (S tu d y  e f fe c t  o f  p r o c e s s in g  
c o n d itio n )
B le n d in g  p r e p a r a t io n  w a s  c a r r ie d  o u t  in  a  B r a b e n d e r  

P la s t ic o d e r  ( P L - 2 0 0 0 ) .  In  o r d e r  to  f in d  s u i ta b le  p r o c e s s  c o n d i t io n ,  tw o  
c o m p o s i t io n  o f  L L D P E /N R /M A /D C P  w e r e  u s e d  i.e . 9 0 /1 0 /3 /0 .5  a n d
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5 0 /5 0 /7 /0 .5 .  P r o c e s s in g  c o n d i t io n s  a re  s h o w n  in  T a b le  3 .1 -3 .2 .  T h e  b le n d in g  
p r e p a r a t io n  w a s  d o n e  a s  fo l lo w in g  s te p s .

L L D P E  w a s  m e l te d  in  B r a b e n d e r  f o r  3 m in .  T h e n  D C P , 
M A  a n d  N R  w e r e  a d d e d  r e s p e c t iv e ly .  E a c h  m a te r ia l  a d d i t io n  c o n s u m e d  1 
m in u te  in te r v a l .  B le n d in g  w a s  f in is h e d  w i th in  10 m in .

T h e  m o s t  s u i ta b le  p r o c e s s  c o n d i t io n  fo r  e a c h  c o m p o s i t io n  
w a s  u s e d  to  s tu d y  e f f e c t  o f  M A  a n d  D C P .

3 .2 .1 .3  P re p a ra tio n  o f  G ra ftin g  N R  w ith  M A
M a s t ic a te d  N R  w a s  p u t  in to  B r a b e n d e r  a t  r o o m  

te m p e r a tu r e  a n d  r o to r  s p e e d  5 0  rp m  f o r  c o m p o s i t io n  9 0 /1 0  a n d  3 0  r p m  fo r  
c o m p o s i t io n  5 0 /5 0 . T h e n  'A p o r t io n  o f  M A  w a s  a d d e d  a n d  m ix e d  f o r  5 m in  
th e n  r e m o v e d  f ro m  th e  c h a m b e r .

3 .2 .1 4  B le n d in g  o f  L L D P E  a n d  N R  (E ffec t o f  M A  a n d  D C P )
L L D P E  w a s  m e l te d  fo r  3 m in  a t  t e m p e r a tu r e  1 50  ๐c  a t  50  

r p m  a n d  3 0  r p m  fo r  c o m p o s i t io n  9 0 /1 0  a n d  5 0 /5 0 . T h e  v a r ia t io n  o f  M A  a n d  
D C P  a re  s h o w n  in  T a b le  3 .2 . T h e n  3A  p o r t io n  o f  M A , D C P , a n d  N R - g - M A  
w e r e  a d d e d  r e s p e c t iv e ly .  A f te r  th e  la s t  a d d i t io n ,  m ix in g  w a s  c o n t in u e d  f o r  5 
m in  a n d  th e  r e s u l t in g  b le n d  w a s  r e m o v e d  f ro m  th e  c h a m b e r .

I f  c o n s id e r  th e  b le n d  c o m p o s i t io n s  (T a b le  3 .2 )  w i l l  s e e  th e  
f r a c t io n  o f  e a c h  m a te r ia l  w a s  a s s u m e  to  b e  e x a c t ly  p e r c e n ta g e  w h ic h ,  in  fa c t ,  
th e y  c a m e  f r o m  th e  c a lc u la t io n  o f  in p u t  m a te r ia ls  in  th e  B r a b e n d e r  ( s e e  
a p p e n d ix  F ) .
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T a b le  3 .1  P r o c e s s in g  c o n d i t io n s  fo r  L L D P E /N R /M A /D C P  b le n d  
c o m p o s i t io n s  o f  9 0 /1 0 /3 /0 .5  a n d  5 0 /5 0 /7 /0 .5 .

L L D P E /N R /M A H /D C P T em p era tu re  (๐C) R o to r  sp eed  (rp m )

9 0 /1 0 /3 /0 .5

140 50

150
30
50
70

160 50

5 0 /5 0 /7 /0 .5

140 50

150
30
50
70

160 50

T a b le  3 .2  V a r ia t io n s  in  a m o u n ts  o f  M A  a n d  D C P  u s e d  w i th  c o m p o s i t io n s  o f  
L L D P E /N R  9 0 /1 0  a n d  5 0 /5 0  b le n d .

C o m p o s i t io n L L D P E ( g ) N R ( g ) M A  (g ) D C P  (g )
9 0 /1 0 /1 /0 .5

9 0 1 0

1 0 .5
9 0 /1 0 /3 /0

3
0

9 0 /1 0 /3 /0 .5 0 .5
9 0 /1 0 /3 /1 .0 1
9 0 /1 0 /3 /1 .5 1.5
9 0 /1 0 /5 /0 .5 5 0 .5
9 0 /1 0 /7 /0 .5 7 0 .5
5 0 /5 0 /1 /0 .5

50 50

1 0 .5
5 0 /5 0 /3 /0 .5 3 0 .5
5 0 /5 0 /5 /0 .5 5 0 .5

5 0 /5 0 /7 /0
7

0
5 0 /5 0 /7 /0 .5 0 .5
5 0 /5 0 /7 /1 .0 1
5 0 /5 0 /7 /1 .5 1.5

N o te :  M A  1 %  w t  h e r e  m e a n s  1 g M A  in  100 g  o f  L L D P E /N R  b le n d
D C P  0 .5 %  w t  h e r e  m e a n s  0 .5  g  D C P  in  100  g o f  L L D P E /N R  b le n d
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3 .2 .2  S o lv e n t  E x t r a c t io n

3.2.2.1 D eterm ination  o f  Suitab le Time fo r  So lven t E x tra ction
A  c e r ta in  a m o u n t  o f  s a m p le  w a s  r e f lu x e d  w i th  e a c h  

s o lv e n t  in  r o u n d  b o t to m  f la sk . T h e  in s o lu b le  s a m p le  w a s  s e p a r a te d  e v e ry  
h o u r ,  a n d  d r ie d  o n  a  h o tp la te  a t t e m p e r a tu r e  a b o u t  100  ๐c  u n d e r  a  h o o d  fo r  3 
h o u r s  a n d  w e ig h e d  u n t i l  r e a c h in g  c o n s ta n t  w e ig h t .  T h e  s u i ta b le  t im e  fo r  e a c h  
s a m p le  w a s  o b ta in e d .

3.2 .2 .2  D eterm ination  o f%  fr e e  MA (acetone ex tra c ted  part)
O n e  g ra m  o f  s h re d d e d  s a m p le  w a s  r e f lu x e d  w i th  5 0  m l o f

a c e to n e  a t  60°c fo r  1 h r  in  a  2 5 0  m l ro u n d  b o t to m  f la s k  in  o r d e r  to  r e m o v e  
n o n - r e a c te d  M A . T h e  s u s p e n s io n  w a s  f i l te r e d  th r o u g h  f i l te r  p a p e r  ( w h a tm a n  
n o .4 ) .  T h e  in s o lu b le  p a r t  w a s  w a s h e d  w ith  a c e to n e  a n d  d r ie d  in  a  h o o d  fo r  2 4  
h o u r s  a n d  u s e d  fo r  c h lo r o f o r m  e x tr a c t io n .  A m o u n t  o f  f re e  m a le ic  a n h y d r id e  
w a s  c a lc u la te  b y

W e igh t o f  M A  in pe tr i d ish JQQ 
W e igh t o f  crudesam p le

%  F r e e  M A  =  --------------------------------------------- -- X 1 0 0  (3 .1 )
A m o u n t o f  ad d ed  M A  (% )

3.2 .2 .3  D eterm ination  o f  R ubber C ontent
T h e n  th e  in s o lu b le  s a m p le  f ro m  a c e to n e  e x t r a c t io n  w a s  

r e f lu x e d  w i th  5 0  m l o f  c h lo r o f o r m  a t 6 0  °c fo r  VA  h r  in  a  2 5 0  m l ro u n d  
b o t to m  f la s k  in  o r d e r  to  s e p a r a te  th e  u n b o u n d e d  N R  p a r t .  T h e  s u s p e n s io n  
w a s  f i l te r e d  th r o u g h  f i l te r  p a p e r  (w h a tm a n  n o .4 ) . T h e  c h lo r o f o r m - in s o lu b le  
p a r t  w a s  w a s h e d  w i th  c h lo r o f o r m  a n d  d r ie d  in  a  h o o d  fo r  2 4  h r . T h e  
in s o lu b le  p a r t  w a s  d r ie d  a n d  u s e d  fo r  d e te r m in a t io n  o f  g e l c o n te n t .  T h e  
f i l t r a te  p a r t  w a s  p o u r e d  in to  p e tr i  d is h  a n d  le t  th e  s o lv e n t  to  e v a p o r a te .  T h e  
a m o u n t  o f  r u b b e r  c o n te n t  w a s  c a lc u la te d  b y
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%  R u b b e r  c o n te n t  =  W e ie b to f  m b b erin p e tn d is li x , 00 ( 3 2 )
W e igh t o f  the crude sample

3.2 .2 .4  D eterm ination  o f  G el C ontent
T h e  in s o lu b le  s a m p le  f ro m  c h lo r o f o r m  e x t r a c t io n  w a s  

r e f lu x e d  w i th  5 0  m l o f  c h lo r o f o r m  a t  6 0  ๐c  fo r  1 h r  in  a  2 5 0  m l ro u n d  
b o t to m  f la s k  in  o r d e r  to  s e p a r a te  th e  u n b o u n d e d  N R  p a r t .  T h e  s u s p e n s io n  
w a s  f i l te r e d  th r o u g h  f i l te r  p a p e r .  T h e  c h lo r o f o r m - in s o lu b le  p a r t  w a s  w a s h e d  
w i th  c h lo r o f o r m  a n d  d r ie d  in  a  h o o d  fo r  2 4  h r. T h e n  th e  d r ie d  s a m p le  w a s  
r e f lu x e d  w i th  70 m l o f  x y le n e  a t 1 2 0 - 1 3 0 ° c  fo r  5 h r  in  a  2 5 0  m l ro u n d  
b o t to m  f la s k  in  o r d e r  to  s e p a ra te  th e  g e l p a r t .  T h e  h o t  s u s p e n s io n  w a s  f i l te r e d  
th r o u g h  f i l te r  p a p e r  ( in  a  h o t  f i l te r )  in to  140 m l o f  a c e to n e  in  o r d e r  to  
p r e c ip i ta te  th e  x y le n e - s o lu b le  p a r t  ( G a y lo r d  et a l ,  1987). T h e  x y le n e -  
in s o lu b le  p a r t  w a s  d r ie d  in  a  h o o d  fo r  5 d a y s  a n d  w e ig h e d  a s  g e l c o n te n t .  T h e  
p r e c ip i ta te d  p a r t  w a s  f i l te r e d  th r o u g h  f i l te r  p a p e r  a n d  d r ie d  a s  e x t r a c te d  
L L D P E  p h a s e .  T h e  g e l c o n te n t  c a n  b e  c a lc u la te d  b y

%  G e l c o n te n t  =  -------W eight o f  gel------- X  100 (3 .3 )
W e ig h t o f  c rudesam p le

3 .2 .3  D e te rm in a tio n  o f  %  G ra ft o f  M A  b y  F T IR  T e c h n iq u e
I n f r a r e d  s p e c t r o s c o p y  is  th e  te c h n iq u e  th a t  d e te c ts  th e  c h a n g e  o f  

b o n d  d ip o le  m o m e n t  d u e  to  v ib r a t io n  o f  th e  in te r a to m ic  b o n d s  a f te r  
a b s o r b in g  th e  e n e rg y .  E a c h  m o le c u le  s h o w s  its  c h a r a c te r i s t ic  o f  p a r t i c u la r  
fu n c t io n a l  g r o u p s  in  v ib r a t io n a l  f r e q u e n c ie s .

Q u a n t i ta t iv e  IR  a n a ly s is  e m p lo y s  th e  v ib r a t io n  o f  in f r a r e d  l ig h t  
th a t  p a s s  th r o u g h  a n  a b s o r b in g  p o ly m e r  fo l lo w s  th e  T A M B E R T - B E E R  la w :
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E  =  lo g ic  Iq/I  =  e* . c  . d ( 3 .4 )

T o  a v o id  th e  e f f e c t  o f  s a m p le  th ic k n e s s ,  th e  r a t io  o f  th e  in te r e s te d
a b s o r p t io n  p e a k /a r e a  to  th e  r e f e r e n c e  a b s o r p t io n  p e a k /a r e a  w e r e  u s e d .  H e n c e  
th e  r e la t iv e  a b s o r p t io n  c a n  b e  d e te r m in e d  as

T h e  r e f e r e n c e  p e a k  is  c h o s e n  f ro m  th e  m a te r ia l  c h a r a c te r i s t i c  p e a k  
th a t  is  a lw a y s  s h o w n  in  F T I R  s p e c tru m .

w h e r e  E  =  a b s o r b a n c e  (m e a s u r e  o f  a b s o r p t io n )
Io =  in te n s i ty  o f  r a d ia t io n  b e f o r e  t r a v e r s in g  th e  s a m p le  
I =  in te n s i ty  o f  r a d ia t io n  a f te r  t r a v e r s in g  th e  s a m p le  
e*=  m o la r  a b s o r p t iv i ty  ( c m 2/m o l)  
c  =  c o n c e n t r a t io n  ( m o l /c m 3) 
d  =  th ic k n e s s  o f  l a y e r  (c m ).

3.2.3.1 P reparation  o f  Sam ple F ilm  fo r  FTIR  C haracteriza tion  
A  c e r ta in  a m o u n t  o f  d ry  s a m p le  f ro m  c ru d e  s a m p le s ,  a n d  x y le n e -  

s o lu b le  s a m p le s  w e r e  p r e s s e d  b e tw e e n  tw o  p la te s  o f  s ta in le s s  s te e l  c o a te d  
w i th  c h r o m iu m  a t 1 7 0 ° c  15 to n  fo rc e s  fo r  4 m in  a n d  c o o le d  u n d e r  p r e s s u r e  

u n t i l  t e m p e r a tu r e  b e lo w  4 0 ° c .

w a s  a p p l ie d  o n to  th e  K B r  d is c  a n d  le t th e  c h lo r o f o r m  e v a p o r a te d .  (S e e  
a p p e n d ix  H  fo r  F T I R  p e a k s  o f  p u r e  c o m p o n e n ts ,  c r u d e  s a m p le s ,  s e p a r a te d  
s a m p le s ) .

E /E ref c  /  Cref (3 .5 )

3.2 .3 .2  P reparation  o f  R ubber P art fo r  F TIR  C haracteriza tion
A  c e r ta in  a m o u n t  o f  s t ic k y  s o lu t io n  o f  N R  in  c h lo r o f o r m



22

3 .2 .4  M o ld in g  o f  S a m p le  fo r  M e c h a n ic a l  T e s t in g
A  3 7  g  o f  e a c h  c ru d e  s a m p le  w a s  p u t  in to  p ic tu r e - f r a m e  m o ld  

w h ic h  h a s  th i c k n e s s  a b o u t  1 .2  m m  a n d  p u t  b e tw e e n  tw o  p la te s  o f  s ta in le s s  
s te e l  c o a te d  w i th  c h r o m iu m . T h e  m o ld s  w e re  p r e s s e d  b y  a  W a b a s h  V 5 0 H  
c o m p r e s s io n  m o ld in g .  T h e  s a m p le  w a s  p re h e a te d  a t 170°c fo r  3 m in ,  a n d  

170°c a t 5 to n s  fo r c e s  fo r  3 m in , a n d  170°c a t 15 to n s  fo rc e s  f o r  3 m in .  
T h e n  th e  s a m p le  w a s  c o o le d  u n d e r  p r e s s u r e  to  t e m p e r a tu r e  b e lo w  40°c

3 .3  I n s t r u m e n t a l

3 .3 .1  F o u r i e r  T r a n s f o r m  In f r a r e d  ( F T IR )  S p e c t r o s c o p y
F T I R  s p e c t r o m e te r  th a t  u s e d  in  th is  s tu d y  w a s  B r u k e r  F T - I R  

s p e c t r o m e te r  w i th  a  d e u te r a te d  t r ig lu c in e s u l f a te  d e te c to r  ( D T G S )  w i th  a  
s p e c i f ic  d e te c t iv i ty  (D *) o f  1 X  10 9 c m H z 1/2พ ’1.

F T I R  s p e c t r o s c o p ic  te s t  w a s  p e r f o r m e d  in  f r e q u e n c y  r a n g e  4 0 0 0 -  
4 0 0  c m '1 a n d  16 s c a n s  a t  r e s o lu t io n  o f  4  c m ’1. T h e  p e r c e n t  g r a f te d  o f  M A  
w a s  m e a s u r e d  b y  c u rv e  f i t t in g  to  d e te r m in e  th e  in te g ra l  r a t io  o f  a b s o r p t io n
p e a k  a t  1 7 1 3  c m '1 a n d  1 6 4 6  c m '1, w h ic h  w a s  th e  p e a k  o f  c a r b o n y l  a n d
r e f e r e n c e  p e a k  o f  L L D P E  a n d  N R .

T h e  s a m p le  f i lm s  w e r e  p la c e d  o n  s ta n d a r d  F T I R  s a m p le  p la t e  w i th  
a  r e m o v a b le  m a g n e t ic  c o v e r  fo r  h o ld in g  th e  s a m p le s .

T h e  K B r  d is c s  w e r e  p la c e d  o n  s ta n d a rd  K B r  s a m p le .
T h e  c a lc u la t io n  fo r  %  g ra f te d  M A  b y  F T I R  w a s  p e r f o r m e d  a s

f o l lo w in g :
a. %  g ra f te d  M A  in  c ru d e  s a m p le
b . %  g ra f te d  M A  in  N R  p h a s e  ( c h lo r o f o r m  s o lu b le  p a r t )
c . %  g ra f te d  M A  in  L L D P E  p h a s e  ( x y le n e  s o lu b le  p a r t )
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3 .3 .2  S c a n n in g  E le c t r o n  M ic r o s c o p e  (S E M )
S c a n n in g  e le c t r o n  m ic r o s c o p y  is  th e  v e r s a t i l e  te c h n iq u e  th a t  u s e d  

fo r  s tu d y in g  m o r p h o lo g y  o f  p o ly m e r s .  H o w e v e r ,  a  l im i ta t io n  w i th  p o ly m e r s  
is  th a t  p o ly m e r s  a re  n o n - c o n d u c t iv e  m a te r ia ls .  T o  o v e r c o m e  th is  p r o b le m ,  
c o a t in g  p o ly m e r s  w i th  a  c o n d u c t iv e  m a te r ia l  s u c h  a s  g o ld  a n d  s i lv e r  a re  
a p p l ie d .  A l th o u g h  th is  t e c h n iq u e  is  q u i te  c o m p l ic a te d ,  it is  e a s y  to  o p e ra te .  
T h is  t e c h n iq u e  u s e s  e le c tro n  b e a m  ( f ro m  tu n g s te n  f i la m e n t)  to  in te r a c t  w i th  
s o l id  s u r f a c e .  W h e n  e le c tro n  b e a m  im p a c ts  th e  s u r f a c e ,  th e r e  a re  3 ty p e s  o f  
e le c t r o n  d e te c te d  i.e . b a c k s c a t te r e d  e le c tro n ,  s e c o n d a r y  e le c t r o n ,  a n d  x - r a y .

F o r  s tu d y in g  m o r p h o lo g y ,  th e  s e c o n d a r y  e le c t r o n s  a re  d e te c te d  to  
g e n e r a te  s ig n a l  to  c re a te  th e  s e c o n d a r y  im a g e  (S E I ) .  T h e r e  a r e  m a n y  
a p p l ic a t io n s  o f  s e c o n d a r y  e le c tro n  im a g e  s tu d y in g  s u c h  a s  f ib e r  m o r p h o lo g y ,  
f ib e r  c o m p o s i te s ,  f r a c tu r e s  s u r f a c e ,  e tc .

S E M , J E O L  5 2 0 0 -2 A E  ( M P I 5 2 0 0 1 )  w ith  a  m a g n i f ic a t io n  r a n g e  
o f  3 5 - 2 0 0 ,0 0 0  t im e s  w a s  u s e d  fo r  th is  s tu d y . T h e  s m a l l  c r u d e  s a m p le s  s h e e t  
w e r e  c r y o g e n ic a l ly  b r o k e n  ( a f te r  d ip p e d  in  l iq u id  n i t r o g e n )  to  b r in g  a b o u t  
c r y o f r a c tu r e  s u r f a c e .  T h e  s a m p le s  w e r e  e tc h e d  to  r e m o v e  N R  p h a s e  f o r  2 
d a y s  b y  c h lo r o f o r m .  T h e  m a g n if ic a t io n s  o f  th e  im a g e s  w e r e  2 0 0 0  a t  10 k V  
a n d  15 k V .

3 .3 .3  T h e r m o g r a v im e t r ic  a n a ly s is  (T G A )
T h e r m o g r a v im e t r ic  a n a ly s is  is  th e  te c h n iq u e  th a t  m e a s u r e s  th e  

c h a n g e  in  w e ig h t  o f  m a te r ia ls  w i th  in c r e a s in g  te m p e r a tu r e  o r  t im e . T h e r e  a re  
m a n y  a p p l ic a t io n s  fo r  p o ly m e r  s tu d y in g  s u c h  a s  d e g r a d a t io n  p r o f i le ,  p o ly m e r  
b le n d  c o m p o s i t io n ,  a d d i t iv e s  in  p o ly m e r s ,  a n d  so  o n .

T h e r m a l  p r o p e r ty  w a s  c h a r a c te r iz e d  b y  u s in g  a  D u p o n t  
th e r m o g r a v im e t r i c  a n a ly z e r ,  T G A  2950, a t r o o m  te m p e r a tu r e  to  530 ° c . 
H e a t in g  r a te  w a s  a t  1 0 ° c /m in  u n d e r  N 2  a tm o s p h e r e .
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3 .3 .4  In t r o n  U n iv e r s a l  T e s t in g  M a c h in e
T h e  m e c h a n ic a l  p r o p e r t ie s  w e r e  m e a s u r e d  b y  u s in g  a n  In tr o n  

U n iv e r s a l  T e s t in g  M a c h in e ,  M o d e l  4 2 0 6 . In  th is  s tu d y , a ll  o f  s p e c im e n s  w e r e  
te s te d  a c c o r d in g  to  A S T M  D 6 3 8 -9 1  b y  u s in g  lo a d  c e ll  o f  5 k N  a n d  100  
m m /m in  c r o s s h e a d  s p e e d  in  2 5  m m  g a u g e  le n g th .  T h e  s a m p le  p la te s  th a t  g o t  
f ro m  c o m p r e s s io n  m o ld in g  w e r e  c u t  in to  d u m b b e l l  s h a p e  to  g e t  n a r r o w  
s e c t io n  a b o u t  6  m m  w id e  a n d  1.2 m m  th ic k .
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