
CHAPTER III
EXPERIMENTAL

3.1 Materials
U ltr a d u r ®  B 4 5 2 0  P o ly b u ty le n e  T e re p h th a la te (P B T ) (d e n s i ty  1.3 
g /c m 3) w a s  s u p p l ie d  b y  B A S F  C o rp o r a t io n  E n g in e e r in g  P la s t ic s  C o ., 
L td . H ig h  d e n s i ty  p o ly e th y le n e , E L -L e n e ®  H 6 0 0 7 J U ( d e n s i ty  0 .9 6 4  
g /c m 3) w a s  an  in je c t io n  m o ld in g  g ra d e  w h ic h  s u p p l ie d  b y  S ia m  
C e m e n t  G ro u p . S o d iu m - n e u tr a l iz e d  p o ly ( e th y le n e - c o - m e th a c r y l ic  
a c id )  io n o m e rs  m a rk e te d  u n d e r  th e  t r a d e m a r k  S u r ly n ®  8 9 4 0 (d e n s i ty
0 .9 5 g /c m 3) w a s  s u p p l ie d  b y  D u P o n t  (U S A )

3.2 Equipment
3 .2 .1  T w in  s c re w  e x t ru d e r  (C o l l in  D 8 0 1 7  T -2 0 )
3 .2 .2  C o m p r e s s io n  P re s s e s  (W A B A S H ® )
3 .2 .3  I n je c t io n  m o u ld  m a c h in e  (B a t te n fe ld  B A  2 5 0  C D C )
3 .2 .4  D if f e re n t ia l  S c a n n in g  C a lo r im e tr y  ( D S C  Q 1 0 0 0 )
3 .2 .5  U n iv e r s a l  T e s t in g  M a c h in e  ( L L O Y D  A M E T E K ® )
3 .2 .6  Z w ic k  Im p a c t  te s te r
3 .2 .7  D y n a m ic  M e c h a n ic a l  A n a ly z e r  ( E P L E X O R  1 0 0 N )
3 .2 .8  C a p i l l a ry  R h e o m e te r  ( C E A S T  R h e o lo g ic  5 0 0 0 )
3 .2 .9  S c a n n in g  E le c tro n  M ic ro s c o p e  ( H ita c h i ,  ร - 4 8 0 0 )

3.3 Experiment Procedures
3 .3 .1  B le n d s  p re p a r a t io n

P r io r  to  m e l t  m ix in g , a ll m a te r ia ls  h a v e  d r ie d  in  v a c u u m  o v e n  a t  60°c 
fo r  2 4  h r . T h e n , p u t  m a te r ia ls  w i th  d i f f e r e n t  r a t io s  in to  a  tu m b le  m ix e r  to  p r e m ix  10 
m in u te s  r e s p e c t iv e ly .  T h e  m a te r ia ls  w e re  b le n d e d  in  a  C o l l in  D -8 0 1 7  T -2 0  tw in  
s c re w  e x t r u d e r  u s in g  a  s c re w  s p e e d  o f  4 0  rp m . T h e  b le n d s  w e r e  e x t ru d e d  th ro u g h  th e
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s tr a n d s  d ie , th o s e  e x tra d â te s  w e re  c o o le d  in  a  w a te r  b a th , th e n  d r ie d  a t  a m b ie n t 
te m p e ra tu re  a n d w e re  c u t f ro m  a  p n e u m a tic  d ie  c u tte r .

T a b le  3.1 T e m p e ra tu re  p ro f i le  o f  tw in  s c re w  e x t ru d e r
Extruder Zone 1 2 3 4 5 6
Temperature(C) 200 230 240 245 245 240

T a b le  3 .2  B le n d  c o m p o s it io n s
Blend systems Concentration (wt%)

PBT HOPE Na-EMAA

PBT/HDPE/Na-EMAA

100 0 0
80 20 0, 1,2.5, 5, 10
70 30 0, 1,2.5, 5, 10
50 50 0, 1,2.5, 5, 10
30 70 0, 1, 2.5, 5, 10
20 80 0, 1,2.5, 5, 10
0 100 0

PBT/Na-EMAA
80 - 20
70 - 30
50 - 50

3 .3 .2  S p e c im e n  p re p a ra tio n
3 .3 .2 .1  C o m p re s s io n  m o ld in g

D M A s p e c im e n s  w e r e  o b ta in e d  u s in g  a W a b a s h  c o m p re s s io n  p re s s  m a c h in e .T h e  p e l le ts  
w e r e  p la c e d  in  a n  iro n  fra m e  m o ld  an d  p r e h e a te d  a t 2 5 0  ๐c  fo r  5 m in u te s b e tw e e n  th e  
p la te s  w ith o u t a n y  a p p lie d  p re s s u re  to  a llo w  fo r  c o m p le te  m e ltin g . A f te r  th is  p e r io d , 
lo a d in g  p re s s u re  o f  10 to n s  to  th e  m o u ld  a t  th e  sam e  te m p e ra tu re  fo r  5 m in u te s . T h e  
s a m p le w a s  c o o le d  to  60  ๐C b y  th e  c o o lin g  s y s te m  a t th e s a m e  p re s s u re .

D S C s p e c im e n s  w e re  o b ta in e d  u s in g  a L a b -T e c h c o m p re s s io n  m a c h in e .T h e  
p e l le ts  w e re  p la c e d  in  a p i e c e o f  T e f lo n  f ra m e  a n d  p re h e a te d  a t  2 5 0  ๐c  fo r  
3 m in u te s b e tw e e n  th e  p la te s  w i th o u t  a n y  a p p lie d  p re s s u re  to  a l lo w  fo r  c o m p le te  m e ltin g .
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A f te r  th is  p e r io d , lo a d in g  p re s s u re  o f  40 k g /c m 2to  m o u ld  a t  th e  s a m e  te m p e ra tu re  fo r  
3 m in u te s . T h e  s a m p le w a s  c o o le d  n a tu ra l ly  to  60 °c  u n d e r  s a m e  p re s s u re .

3 .3 .2 .2  In je c t io n  m o ld in g
Im p a c t a n d  U T M  te s t  sp e c im e n s  w e re  o b ta in e d  b y  in je c tio n  m o u ld in g  (B a tte n fe ld  B A  
250 C D C ). T h e  te m p e ra tu re  p ro f i le  fo r  fo rm in g  th e d u m b b e ll  s h a p e  w a s  200, 210, 220 
a n d  220 °c  r e s p e c tiv e ly  e x c e p t fo r  p u re  P B T  u s in g  260, 285, 290 a n d  295°c. T h e  s c re w  
s p e e d  is  65 rp m , d ia m e te r is  2 2  m m , a n d  in je c t io n  p re s s u re  w a s  s e t  as 80 b a r . C o o lin g  
tim e  w a s  3 0  se c o n d s .

3.4 Characterization
3 .4 .1  R h e o lo g ic a l  m e a s u re m e n t

A ll b le n d s  w e re  m e a s u re d  fo r  th e  sh e a r  v i s c o s i ty  b y  th e  c a p i l la ry  
rh e o m e te r (C E A S T  R h e o lo g ic 5 0 0 0 ) . T h e  in v e s t ig a t io n  w a s  r e c o rd e d  a t te m p e ra tu re  
2 5 0  °c  w ith  a te m p e ra tu re  to le ra n c e  w a s  s e t a t± 0 .5  °c. T h e  in n e r  d ia m e te r  o f  th e  b a r re l  
u s e d  w a s  15 m m , w h ile  th e  in n e r  d ia m e te r  a n d  th e  le n g th  o f  th e  d ie  w e re  1 a n d  2 0  m m  
( i.e . L /D  =  2 0 ), r e s p e c tiv e ly . A p p ro x im a te ly  5 0  m l p e l le ts  w e re  in s e r te d  to  th e  b o re  an d  
p re s s e d  w e l l .A f te r  p r e h e a t in g  2 0 0  s e c o n d s , a n  a u to m a tic  d a ta  c o l le c t io n  s y s te m  w a s  u s e d  
to  a n a ly z e  th e  te s t r e su lts .

3 .4 .2  S c a n n in g  E le c tro n  M ic ro s c o p e  (S E M I
T w in  s c re w  e x tru d a te s  o f  H D P E /P B T /io n o m e r  b le n d s  w e re  e x a m in e d  fo r  

th e  m o rp h o lo g ic a l  m ic ro g ra p h  b y  th e  sc a n n in g  e le c tro n  m ic ro s c o p e  (H ita c h i, ร - 4 8 0 0 ) . 
T h e  c ry o f ra c tu re d  o r  e tc h e d  su r fa c e s  w e re  p u t o n  th e  h o ld e r  w i th  a n  a d h e s iv e  ta p e  a n d  
c o a te d  w ith  a th in  la y e r  o f  p la t in u m g o ld  to  m a k e s a m p le s  e le c t r ic a l ly  c o n d u c tiv e . T h e  
s c a n n in g  e le c tro n  im a g e s  w e re  in v e s tig a te d  b y  u s in g  a n  a c c e le ra t io n  v o lta g e  o f  10 kv 
w ith  a m a g n if ic a tio n  in  3 kx. T h e  n u m b e r  a v e ra g e  d ia m e te r  (dn ) w a s  c a lc u la te d  u s in g  
e q u a tio n  b e lo w .

Z " '
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w h e re  7ij is  th e  n u m b e r  o f  d ro p le t  a n d  d j i s  th e  d ia m e te r  o f  th e  z'th d ro p le t .

3 .4 .3  M e c h a n ic a l  T e s tin g  M a c h in e
A n  U n iv e rs a l  te n s ile  m a c h in e  w a s  u s e d  to  m e a s u re  th e  te n s ile  s t r e n g th  o f  

th e  b le n d s . T h e  te s ts  w e r e  c o n d u c te d  a c c o rd in g  to  A S T M  D 6 3 8 -1 0  te s t  p ro c e d u re , u s in g  
a c ro s s h e a d  sp e e d  o f  5 0  m m /m in . T h e  te n s ile  m o d u lu s  a n d  te n s ile  s tr e n g th  a t b r e a k  w e re  
o b ta in e d . I z o d  im p a c t s tr e n g th  w a s  m e a s u re d  u s in g  a  Z w ic k  im p a c t  te s te r  a c c o rd in g  to  
A S T M  D 2 5 6 -1 0  te s t  p ro c e d u r e  m e th o d  w ith  a  2 .7  J  p e n d u lu m .

3 .4 .4  D y n a m ic  M e c h a n ic a l A n a ly z e r
D M A  m e a s u re m e n ts  w e r e  c a r r ie d  o u t u s in g  th e  E P L E X O R ®  100 N , a t 1 

H Z , a n d  so a k in g  t im e  w a s  3 0  s e c o n d s . S p e c im e n  d im e n s io n s  w e r e d e n g th  =  4 0  
m m ,w id th  =  10 m m , th ic k n e s s  =  3 m m . D y n a m ic  m e c h a n ic a l o f  th e s e  b le n d s  w e re  
s tu d ie d  u s in g  a  S o lid  A n a ly z e r  R S A  II (R h e o m e tr ic  s c ie n tif ic ) . T h e  s to ra g e  m o d u lu s  ( E ’), 
lo ss  m o d u lu s  (E ” ) a n d  ta n 5  w e re  m e a s u re d  a s  a fu n c tio n  o f  te m p e ra tu re . A ll 
e x p e r im e n ts  w e re  p e r f o rm e d  a t 1H z f re q u e n c y  a n d  0 .0 2 5 %  s tra in  a m p l i tu d e  u s in g  s ta tic  
fo rc e  t r a c in g  d y n a m ic  fo rc e .

3 .4 .5  D if fe re n tia l  S c a n n in g  C a lo r im e tr ic  A n a ly s is
T h e rm a l a n a ly s is  w a s  c a r r ie d  o u t o n  a  d if fe re n tia l  s c a n n in g  c a lo r im e te r ,  D S C  Q 1 0 0 0 . 

A ll th e  s c a n s  w e re  m a d e  u n d e r  n i t ro g e n  a tm o sp h e re  to  m in im iz e  o x id a t iv e  d e g ra d a tio n . 
T h e  te m p e ra tu re  c a l ib ra t io n  o f  th e  D S C  w a s  o b ta in e d  b y  m e a s u r in g  th e  m e lt in g  
te m p e ra tu re  o f  in d iu m  as  a  s ta n d a rd . 30 m g  s a m p le s  w e re  e n c a p s u la te d  in  a n  a lu m in u m  
p a n , h e a te d  f ro m  25 °c to  250 ๐c  a t a  h e a t in g  ra te  o f  80 °c /m in , h e ld  fo r  5 m in u te s  a t 
th is  te m p e ra tu re  to  r e m o v e  th e ir  th e rm a l h is to ry , f o l lo w e d  b y  c o o lin g  to  m in u s  80 °c at 
10 ๐c  /m in ,a n d  h o ld  fo r  5 m in u te s  a g a in . A f te r  th a t, s a m p le s  r e h e a t  a g a in  to  250 ° C a t  a 
ra te  o f  10°c /m in .
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