
CHAPTER III 
EXPERIMENTAL

3.1 Materials

Poly(trimethylene terephthalate), Sorona® 3301 NC010 (density 1.32 g/cm3) 
was supplied by DuPont (USA). High density polyethylene, InnoPlus® HD2208J 
(density 0.961 g/ cm3) and Liner low density, InnoPlus® LL8420A (density 0.924 
g/cm3) were an injection molding grade which supplied by PTT Global Chemical 
Public Co.,Ltd. (Thailand). Maleic anhydride grafted high-density polyethylene 
(MAH-g-HDPE), Fusabond® E MB100D (density 0.960 g/cm3) and ethylene- 
methacrylic acid neutralized sodium metal (Na-EMAA), Surlyn® 8940 (density 0.95 
g/cm3) were supplied by DuPont (USA).

3.2 Equipment

3.2.1 Twin screw extruder (Collin D8017 T-20)
3.2.2 Compression machine (Lab-Tech compression machine)
3.2.3 Injection molding machine (Battenfeld BA 250 CDC)
3.2.4 Universal testing machine (LLOYD AMETEX®)
3.2.5 Zwick impact tester
3.2.6 Dynamic mechanical analyzer (EPLEXOR® 100N)
3.2.7 Differential scanning calorimeter (DSC Q1000)
3.2.8 Capillary rheometer (CEAST Rhelogic 5000)
3.2.9 Melt flow indexer
3.2.10 Scanning electron microscope (JEOL JSM-S410LV)

3.3 Experiment Procedures
3.3.1 Blend Preparation

Prior to melt mixing, all materials have dried in oven at 60 c for 24
h. Then, the materials with different ratios (Table 3.1) were placed into a tumble
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mixer to premix for 10 min. Then these materials were fed through a Collin D8017 
T-20 twin-screw extruder by using a screw speed of 40 rpm and temperature profile 
follow Table 3.2. The blends were extruded through the strands die, those extrudates 
were cooled in a water bath, then dried at ambient temperature and were cut from a 
pneumatic die cutter.

T a b le  3 .1  Temperature profile of twin screw extruder

Extruder Zone 1 2 3 4 5 6 7 8
Temperature (°C) 120 240 245 245 250 250 250 250

T a b le  3 .2  Blend compositions

Concentration (%wt)
PPT HDPE LLDPE Compatibilizer

PTT 100 - - -
HDPE - 100 - -
LLDPE - - 100 -
PTT/HDPE/MAH-g-HDPE 80 20 - 0, 0.1, 0.5, 1, 5 phr

60 40 - 0, 0.1, 0.5, 1, 5phr
PTT/HDPE/Na-EMAA 80 20 - 0, 0.1, 0.5, 1, 5phr

60 40 - 0, 0.1, 0.5, 1, 5phr
PTT/LLDPE/MAH-g-HDPE 80 - 20 0,0.1, 0.5, 1, 5phr

60 - 40 0, 0.1, 0.5, 1, 5phr
PTT/LLDPE/Na-EMAA 80 - 20 0, 0.1,0.5, 1, 5phr

60 - 40 0, 0.1, 0.5, 1, 5phr
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3 .3 .2  S p e c im e n  P r e p a r a t io n
3 .3 .2 .1  C o m p ressio n  M o ld in g

D S C  s p e c im e n s  w e r e  o b t a in e d  b y  u s in g  a  L a b - T e c h  

c o m p r e s s io n  m a c h in e .  T h e  p e l l e t s  w e r e  p la c e d  in  a n  a lu m in u m  fr a m e  m o ld  a n d  

p r e h e a te d  a t 250 °c fo r  1 0  m in  b e t w e e n  th e  p la t e s  w i t h o u t  a n y  a p p l ie d  p r e s s u r e  to  

a l l o w  fo r  c o m p le t e  m e l t in g .  A f t e r  th is  p e r io d ,  la d in g  p r e s s u r e  o f  4 0  k g / c m 2 to  m o u ld  

at th e  s a m e  t e m p e r a tu r e  fo r  5 m in . T h e  s a m p le  w a s  c o o le d  n a tu r a l ly  fo r  5 m in  u n d e r  

s a m e  p r e s s u r e .
3 .3 .2 .2  In jection  M o ld in g

T e n s i le ,  im p a c t ,  a n d  D M A  t e s t  s p e c im e n s  w e r e  o b t a in e d  b y  

in j e c t io n  m o ld in g  m a c h in e  ( B a t t e n f e ld  B A  2 5 0  C D C )  w i t h  2 2  m m  o f  d ia m e te r .  T h e  

te m p e r a tu r e  p r o f i l e  fo r  f o r m in g  s p e c im e n  w a s  2 3 0 ,  2 4 5 ,  2 5 0 ,  a n d  2 5 0  c  r e s p e c t i v e ly  

e x c e p t  fo r  p u r e  H D P E  a n d  p u r e  L L D P E  u s in g  1 6 0 , 1 6 5 , 1 7 0 ,  a n d  1 7 5  c .  T h e  s c r e w  

s p e e d  w a s  2 0  r p m , a n d  in j e c t io n  p r e s s u r e  w a s  s e t  a s  7 5  b a rs .

3.4 Characterization

3 .4 .1  T e n s i l e  T e s t in g
A  U n iv e r s a l  t e s t in g  m a c h in e  w a s  u s e d  to  m e a s u r e  th e  t e n s i l e  s tr e n g th ,  

Y o u n g ’s  m o d u lu s ,  a n d  e lo n g a t io n  a t b r e a k  o f  th e  b le n d s .  T h e  t e s t s  w e r e  f o l l o w e d  

a c c o r d in g  to  A S T M  D 6 3 8  t e s t  p r o c e d u r e , u s in g  a  c r o s s h e a d  s p e e d  o f  5 0  m m /m in .  
R e s u l t s  w e r e  a v e r a g e d  f r o m  f i v e  s p e c im e n s  p e r  e a c h  b a tc h  o f  th e  b le n d s .

3 .4 .2  I m p a c t  T e s t in g
I z o d  im p a c t  s tr e n g th  w a s  m e a s u r e d  u s in g  a  Z w i c k  im p a c t  te s t e r  

a c c o r d in g  to  A S T M  D 2 5 6  t e s t  p r o c e d u r e  w i t h  a  2 .7  J p e n d u lu m . R e s u l t s  w e r e  

a v e r a g e d  fr o m  te n  s p e c im e n s  p e r  e a c h  b a tc h  o f  th e  b le n d s .
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3 .4 .3  D i f f e r e n t ia l  S c a n n in g  C a lo r im e tr y  ( D S C )
T h e r m a l a n a ly s i s  w a s  c a r r ie d  o u t  o n  a  d i f f e r e n t ia l  s c a n n in g  

c a lo r im e t e r ,  D S C  Q 1 0 0 0 .  A l l  s c a n s  w e r e  m a d e  u n d e r  n i t r o g e n  a t m o s p h e r e  to  

m in im iz e  o x id a t iv e  d e g r a d a t io n . T h e  te m p e r a tu r e  c a l ib r a t io n  o f  th e  D S C  w a s  

o b t a in e d  b y  m e a s u r in g  th e  m e l t in g  te m p e r a tu r e  o f  in d iu m  a s  a  s ta n d a r d . 1 0  m g  o f  

s a m p le s  w e r e  e n c a p s u la t e d  in  a n  a lu m in u m  p a n , h e a t e d  f r o m  - 8 5  c  t o  2 7 5  c  a t a  

h e a t in g  ra te  o f  1 o c / m i n ,  h e ld  fo r  1 m in  a t t h is  te m p e r a tu r e  to  r e m o v e  th e ir  th e r m a l  
h is t o r y ,  f o l lo w e d  b y  c o o l i n g  to  - 8 5  c  a t 1 0  c / m i n ,  a n d  h e ld  fo r  5 m in  a g a in . A f t e r  

th a t , s a m p le s  r e h e a t  to  2 7 5  c  w it h  h e a t in g  ra te  o f  10  c / m i n .  T h e  c r y s t a l l in i t y  o f  th e  

s a m p le  w a s  a ls o  d e t e r m in e d  fr o m  a k n o w le d g e  o f  th e  r a t io  o f  th e  m e l t in g  e n th a lp y  

fo r  1 0 0 %  c r y s t a l l in i t y  o f  p u r e  c o m p o n e n t s .  T h e  a b s o lu t e  c r y s t a l l in i t y  o f  th e  b le n d  

w a s  c a lc u la t e d  u s i n g  e q u a t io n ;
A H  X 1 0 0 %

^ c _  A H f X w t . f r a c t i o n
w h e r e ;  Xc is  th e  %  w e i g h t  f r a c t io n a l  c r y s t a l l in i t y ,  A H  i s  th e  m e l t in g  e n t h a lp y  o f  th e  

c o m p o n e n t  p r e s e n t  in  th e  b le n d s ,  A H f  i s  th e  h e a t  o  f u s io n  fo r  th e  1 0 0 %  c r y s t a l l in i t y  

o f  th e  p u r e  c o m p o n e n t ,  ( 1 4 5  J /g  fo r  P T T , a n d  2 9 3  J /g  fo r  H D P E  a n d  L T D P E )  

( P io r k o w s k a  e t a l ,  2 0 1 3 ) .

3 .4 .4  R h e o m e t r y
A l l  b le n d s  a r e  m e a s u r e d  fo r  th e  s h e a r  v i s c o s i t y  b y  th e  c a p i l la r y  

r h e o m e te r  ( C E A S T  R h e o l g i c  5 0 0 0 ) .  T h e  in v e s t ig a t io n  i s  r e c o r d e d  a t te m p e r a tu r e  

2 5 0  c  w it h  a  te m p e r a tu r e  t o le r a n c e  is  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 rre l 
i s  15  m m , w h i l e  th e  in n e r  d ia m e te r  a n d  th e  le n g t h  o f  th e  d ie  w e r e  1 a n d  2 0  m m  ( i .e .  
L /D  =  2 0 ) ,  r e s p e c t i v e ly .  A p p r o x im a t e ly  5 0  m l p e l l e t s  w e r e  in s e r t e d  to  th e  b o r e  a n d  

p r e s s e d  w e l l .  A f t e r  p r e h e a t in g  3 0 0  s e c o n d s ,  a n  a u t o m a t ic  d a ta  c o l l e c t i o n  s y s t e m  is  

u s e d  to  a n a ly z e  th e  t e s t  r e s u lt s .

3 .4 .5  M e l t  F lo w  I n d e x  T e s t in g
T h e  w e i g h t  o f  th e  p o ly m e r  f l o w  fo r  1 0  m in  w a s  m e a s u r e d  b y  a  m e l t  

f l o w  in d e x e r  u n d e r  a  2 .1 6 - k g  lo a d  a t 2 5 0  c  a c c o r d in g  to A S T M  D 1 2 3 8  t e s t  p r o c e d u r e .
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3 .4 .6  S c a n n in g  E le c t r o n  M ic r o s c o p y  ( S E M )
F r a c tu r e  m ic r o g r a p h s  w e r e  s t u d ie s  u s i n g  a  s c a n n in g  e le c t r o n  

m ic r o s c o p e  (J E O L , J S M - S 4 1 0 L V ) ,  o p e r a t e d  a t 15  k V . T h e  s a m p le  fr a c tu r e d  u n d e r  

l iq u id  n it r o g e n . T h e  s p e c im e n s  w e r e  th e n  c o a t e d  w i t h  g o ld  to  m a k e  s a m p le s  

e l e c t r i c a l ly  c o n d u c t iv e .  T h e  n u m b e r  a v e r a g e  d ia m e te r  ( d n) w a s  c a lc u la t e d  u s in g

d n -  'Z(nid jy Z n i

w h e r e ;  ทi i s  th e  n u m b e r  o f  d r o p le t  a n d  dj i s  th e  d ia m e te r  o f  th e  ith  d r o p le t .
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