
CHAPTER IV
EVALUATION OF MECHANICAL RHEOLOGICAL AND THERMAL 

PROPERTIES OF POLY(TRIMETHYLENE 
TEREPHTHALATE)(PTT)/POLYETHYLENE BLEND USING 

COMPATIBILIZER BASED ON CARBOXYLATE AND IONOMER FOR
AUTOMOTIVE APPLICATION

4.1 Abstract

P o ly m e r  b le n d in g  is  o n e  w a y  fo r  d e v e lo p m e n t  o f  n e w  m a t e r ia ls  w i t h  

e x c e l l e n t  p r o p e r t ie s .  In  th is  s tu d y , p o ly ( t r im e t h y le n e  te r e p h th a la t e )  (P T T )  a n d  

p o ly e t h y le n e  b le n d e d  w i t h  m a le ic  a n h y d r id e  g r a f te d  h ig h - d e n s i t y  p o ly e t h y le n e  

( M A H - g - H D P E )  a n d  e t h y le n e - m e t h a c r y l ic  a c id  n e u t r a l iz e d  s o d iu m  m e ta l  ( N a -  

E M A A ) ,  w e r e  u s e d  a s  c o m p a t ib i l i z e r s .  T h e  b le n d s  w e r e  p r e p a r e d  b y  a  t w i n - s c r e w  

e x tr u d e r  w i t h  d i f f e r e n t  r a t io s  o f  p o ly m e r s  ( P T T /H D P E  a n d  P T T /L L D P E :  8 0 /2 0  a n d  

6 0 / 4 0 )  a n d  c o m p a t ib i l i z e r s  ( 0 ,  0 .1 ,  0 .5 ,  1, a n d  5 p h r ). T h e  b le n d s  w e r e  c h a r a c te r iz e d  

o n  m e c h a n ic a l ,  r h e o lo g ic a l ,  th e r m a l,  a n d  m o r p h o lo g ic a l  p r o p e r t ie s .  B y  a d d in g  th e  

c o m p a t ib i l i z e r s ,  Y o u n g ’s m o d u lu s  a n d  t e n s i l e  s tr e n g th , im p a c t  s tr e n g th  a n d  v i s c o s i t y  

o f  th e  b le n d s  in c r e a s e d  a n d  s m a lle r  d i s p e r s e d  d r o p le t  s i z e  m ic r o g r a p h s  w e r e  

o b s e r v e d .  F o r  th e  t y p e s  o f  c o m p a t ib i l i z e r s ,  M A H - g - H D P E  a n d  N a - E M A A ,  e f f e c t e d  

o n  m e c h a n ic a l  p r o p e r t ie s .  T h e  m e l t in g  a n d  c r y s t a l l i z a t io n  b e h a v io r  o f  th e  b le n d s  a ls o  

d e p e n d e d  o n  ty p e  o f  c o m p a t ib i l i z e r .

K e y w o r d s :  P o ly ( t r im e t h y le n e  te r e p h th a la t e ) ,  P o ly e t h y le n e ,  c o m p a t ib i l i z e r ,  p o ly m e r
b le n d .
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P o ly ( t r im e t h y le n e  te r e p h th a la t e )  ( P T T ) ,  a  l in e a r  a r o m a t ic  p o ly e s t e r  w a s  f ir s t  

s y n t h e s iz e d  b y  W h in f i e ld  a n d  D i c k s o n  in  1 9 4 1  ( R e x  e t a l ,  1 9 4 9 ) .  P T T ’s  p r o p e r t ie s  

a re  b e t w e e n  p o l y ( e t h y le n e  te r e p h th a la t e )  (P E T )  a n d  p o ly ( b u t y le n e  t e r e p h th a la t e )  

( P B T )  a n d  it  o f f e r s  s e v e r a l  a d v a n t a g e o u s  p r o p e r t ie s .  T h e s e  a re  g o o d  s tr e n g th  a n d  

s t i f f n e s s ,  g o o d  s u r f a c e  a p p e a r a n c e , l o w  s h r in k a g e  a n d  w a r p a g e ,  g o o d  d im e n s io n a l  

s t a b i l i t y ,  o u t s t a n d in g  e la s t ic ,  r e c o v e r y ,  a n d  d y e a b i l i t y ,  w h ic h  m a k e  it c a n  u s e  a s  

a p p l ic a t io n s  s u c h  a s  c a r p e ts ,  t e x t i l e  f ib e r ,  a u t o m o t iv e  a p p l ic a t io n s ,  o r  a s  a n  

e n g in e e r in g  p la s t ic .  H o w e v e r ,  it h a s  l o w  im p a c t  s tr e n g th  a t l o w  te m p e r a tu r e  w h i c h  is  

th e  p r o b le m s  in  th e  a u t o m o t iv e  a p p l ic a t io n s  (R u n  e t a l ,  2 0 1 2 ) .  T h u s ,  th e  

m o d i f i c a t i o n  o f  P T T  w i t h  th e  o th e r  k in d  o f  p o ly m e r s  o r  p o ly m e r  b le n d  i s  o n e  w a y  to  

d e v e lo p  n e w  m a te r ia l  w i t h  e x c e l l e n c e  p r o p e r t ie s  ( K o n in g  e t a l ,  1 9 9 8 ) ,  ( U tr a c k i ,
2 0 0 2 ) .  F o r  th e  p o ly m e r  b le n d  s y s t e m s ,  s u c h  a s  P T T /m P E  (J a fa r i et a l ,  2 0 0 5 ) ,  
P T T /P P  ( X u e  et a l ,  2 0 0 7 ,  X u e  et a l ,  2 0 0 7 ,  W a n g  e t a l ,  2 0 0 9 ) ,  P T T /P E T  ( R u n  e t a l ,
2 0 0 9 ) ,  P T T /P S  (H u a n g ,  2 0 0 3 ) ,  P T T /a c r y l o n i t r i l e - b u t a d i e n e - s t y r e n e  ( A B S )  ( X u e  e t 
a l ,  2 0 0 7 ) ,  a n d  e t c . ,  im p r o v e  th e ir  im p a c t  s tr e n g th , c r y s t a l l i z a t io n ,  o r  o th e r  

m e c h a n ic a l  a n d  p h y s ic a l  p r o p e r t ie s .  P o ly e t h y le n e  ( P E )  is  th e  m o s t  w i d e l y  u s e d  

p la s t ic  t h r o u g h o u t  th e  w o r ld . It h a s  s e v e r a l  t y p e s  s u c h  a s  h ig h - d e n s i t y  p o ly e t h y le n e  

( H D P E ) ,  lo w -d en s ity  p o ly e th y le n e  ( L D P E )  a n d  l in e a r  l o w  d e n s i t y  p o ly e t h y le n e  

(L L D P E ) .  P E  is  e a s y  to  p r o c e s s ,  in s e n s i t i v e  to  m o is t u r e ,  g o o d  f l e x ib i l i t y ,  g o o d  

im p a c t  r e s i s t a n c e ,  a n d  r e la t iv e ly  i n e x p e n s i v e  ( S in t h a v a t h a v o m  e t a l ,  2 0 0 8 ) .  
T h e r e f o r e ,  th e  b le n d in g  o f  P T T  w it h  P E  c a n  c o m b in e  th e  d e s ir a b le  c h a r a c t e r is t ic s  o f  

b o th  m a te r ia ls  a n d  c a n  e n h a n c e  th e ir  p r o p e r t ie s  s u c h  a s  s tr e n g th , l o w  te m p e r a tu r e  

im p a c t  r e s i s t a n c e ,  a n d  h ig h  te m p e r a tu r e  c a p a b i l i t y  w h i c h  t h e s e  a re  a ll  im p o r t a n c e  fo r  

a u t o m o t iv e  a p p lic a t io n s .
T h e o r e t ic a l ly ,  P T T  a n d  P E  b le n d s  a re  t h e r m o d y n a m ic a l ly  i m m is c i b l e  a n d  

m e c h a n ic a l ly  in c o m p a t ib le  w h i c h  s h o w  a s e p a r a t io n  t e n d e n c y ,  a n d  le a d  to  a  c o a r s e  

s tr u c tu r e  a n d  l o w  in te r fa c ia l  a d h e s io n  a n d  r e s u lt  in  p o o r  m e c h a n ic a l  p r o p e r t ie s  o f  th e  

f in a l  m a te r ia l.  S o ,  th e  d ir e c t ly  m ix e d  P T T /P E  c a n n o t  s e r v e  a s  a n y  u s e f u l  p r o d u c t .  
I m m is c ib le  b le n d s  c a n  b e  im p r o v e d  b y  a d d in g  a  th ir d  c o m p o n e n t ,  w h i c h  is  a n  

in t e r f a c ia l ly  a c t iv e  p o ly m e r  o r  a  c o m p a t ib i l i z e r .  It c a n  im p r o v e  p h y s ic a l  a n d /o r

4.2 Introduction
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c h e m ic a l  in te r a c t io n s  b e t w e e n  e a c h  p o ly m e r  ( K o n in g  e t a i ,  1 9 9 8 ) ,  ( U tr a c k i ,  2 0 0 2 ) .  
In  th is  r e s e a r c h , m a le ic  a n h y d r id e  g r a f te d  h ig h - d e n s i t y  p o ly e t h y le n e  ( M A H - g -  

H D P E )  o r  F u s a b o n d  a n d  e t h y le n e - m e t h a c r y l ic  a c id  n e u t r a l iz e d  s o d iu m  m e ta l  ( N a -  

E M A A )  o r  S u r ly n  w e r e  s e l e c t e d  a s  c o m p a t ib i l i z e r s  fo r  P T T /P E  b le n d s  s in c e  t h e y  a re  

w i d e l y  u s e d  a n d  e a s i ly  a v a i la b le .
T h e  a im  o f  th e  th is  w o r k  is  to  s tu d y  c o m p a t ib i l i z a t io n  e f f e c t  o f  M A H - g -  

H D P E  a n d  N a - E M A A  o n  th e  b le n d s  o f  P T T  a n d  P E . C h a r a c te r iz a t io n  o f  m e c h a n ic a l ,  
r h e o lo g ic a l ,  a n d  m o r p h o lo g ic a l  p r o p e r t ie s  o f  o b t a in e d  p o lm e r  b le n d s
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4 .3 .1  M a te r ia ls
P o ly ( t r im e t h y le n e  te r e p h th a la t e ) ,  S o r o n a ®  3 3 0 1  N C 0 1 0  ( d e n s i t y  1 .3 2  

g /c m 3) w a s  s u p p l ie d  b y  D u P o n t  ( บ ร A ) .  H ig h  d e n s i t y  p o ly e t h y le n e ,  I n n o P lu s ®  

H D 2 2 0 8 J  ( d e n s i t y  0 .9 6 1  g /  c m 3) a n d  L in e r  l o w  d e n s i t y ,  I n n o P lu s ®  L L 8 4 2 0 A  

( d e n s i t y  0 .9 2 4  g /c m 3) w e r e  a n  in j e c t io n  m o ld in g  g r a d e  w h i c h  s u p p l ie d  b y  P T T  

G lo b a l  C h e m ic a l  P u b l ic  C o .,L td . (T h a i la n d ) .  M a le ic  a n h y d r id e  g r a f te d  h ig h - d e n s i t y  

p o ly e t h y le n e  ( M A H - g - H D P E ) ,  F u s a b o n d ®  E  M B 1 0 0 D  ( d e n s i t y  0 .9 6 0  g / c m 3)  a n d  

e t h y le n e - m e t h a c r y l ic  a c id  n e u t r a l iz e d  s o d iu m  m e t a l  ( N a - E M A A ) ,  S u r ly n ®  8 9 4 0  

( d e n s i t y  0 .9 5  g / c m 3) w e r e  s u p p l ie d  b y  D u P o n t  ( U S A ) .

4 .3 .2  B le n d  P r e p a r a t io n
P r io r  to  m e l t  m i x i n g ,  a ll  m a te r ia ls  h a v e  d r ie d  in  o v e n  a t 6 0  c  fo r  2 4  h . 

T h e n , th e  m a te r ia ls  w i t h  d i f f e r e n t  r a t io s  ( T a b le  4 .1 )  w e r e  p la c e d  in to  a  t u m b le  m ix e r  

to  p r e m ix  fo r  10  m in . T h e n  t h e s e  m a te r ia ls  w e r e  f e d  th r o u g h  a  C o l l i n  D 8 0 1 7  T - 2 0  

tw in -s c r e w ' e x tr u d e r  b y  u s in g  a  s c r e w  s p e e d  o f  4 0  r p m  a n d  t e m p e r a tu r e  p r o f i l e  f o l l o w  

T a b le  4 .2 .  T h e  b le n d s  w e r e  e x tr u d e d  th r o u g h  th e  s tr a n d s  d ie ,  t h o s e  e x t r u d a t e s  w e r e  

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  t e m p e r a tu r e  a n d  w e r e  c u t  f r o m  a  

p n e u m a t ic  d ie  c u tte r .

4 .3 .3  S p e c im e n  P r e p a r a t io n
4 .3 .3 .1  C o m p ress io 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  10  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 lie 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  te 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 .
4 .3 .3 .2  In jection  M o ld in g

T e n s i l e ,  im p a c t ,  a n d  D M A  te 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

4.3 Experimental
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4 .3 .4  C h a r a c te r iz a t io n
4 .3 .4 .1  Tensile T esting

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 l o 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  fr 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 .
4 .3 .4 .2  Im pact T esting

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 .
4 .3 .4 .3  D ifferen tia l S can n in g  C a lo r im e try  (D SC )

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 i n i m 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  fr o m  - 8 5  c  to  2 7 5  c  at a  

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

th a t , s a m p le s  r e h e a t  to  2 7 5  c  w i t 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 in g  e q u a t io n  (1 ) ;

temperature profile for forming specimen was 230, 245, 250, and 250 c  respectively
except for pure HDPE and pure LLDPE using 160, 165, 170, and 175 c. The screw
speed was 20 rpm, and injection pressure was set as 75 bars.

Xc -
A H  X 1 0 0 %  

AHfX wt.fraction ( 1 )

w h e r e ;  Xc i s  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
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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 L D P E )  

( P io r k o w s k a  e t a l ,  2 0 1 3 ) .
4 .3 .4 .4  R h eom etry

A l l  b le n d s  a re  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 lg i c  5 0 0 0 ) .  T h e  in v e s t ig a t io n  is  r e c o r d e d  at 

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  to le r a n c e  i s  s e t  a t ± 0 .5  c .  T h e  in n e r  d ia m e t e r  

o f  th e  b a rr e l is  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 th  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 iv 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 te 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 io 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 .
4 .3 .4 .5  M elt F lo w  Index T esting
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  at 250 c  a c c o r d in g  to A S T M  อ ]238 t e s t  p r o c e d u r e .
4 .3 .4 .6  S can n in g  E lec tron  M ic ro sc o p y  (SEM )
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 in g  a  s c a n n in g  e le c t r o n  

m i c 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  t h 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 t e r  (d„) w a s  c a lc u la t e d  u s in g  

e q u a t io n  (2 ) ;

dn = ร(ท,di)lZn, ( 2 )

w h e r e ;  ท, 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  z'th d r o p le t .
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4 .4 .1  P T T /H D P E  B le n d s
4 .4 .1 .1  P h ase  M o rp h o lo g y

T h e  m o r p h o lo g y  o f  d i f f e r e n c e  b le n d s  w a s  in v e s t ig a t e d  b y  

s c a n n in g  e le c t r o n  m i c r o s c o p e  ( S E M )  o n  fr e e z e - f r a c t u r e  s p e c im e n s .  S E M  

m ic r o g r a p h s  o f  fr e e z e - f r a c t u r e  s u r f a c e s  o f  u n c o m p a t ib i l i z e d  b le n d s  s h o w e d  t w o  

p h a s e s  m o r p h o lo g y  w i t h  p h a s e  s e p a r a t io n  b e t w e e n  P T T  a n d  H D P E  p h a s e  a s  s h o w n  

in  F ig u r e  4 .1 .  T h e  p r e s e n c e  o f  d i s p e r s e d  p h a s e ,  c o n s i s t in g  o f  s p h e r ic a l  d r o p le t s  

im b e d d e d  in  a  m a tr ix ,  w a s  o b s e r v e d  f r o m  th e  m ic r o g r a p h s  o v e r  th e  w h o l e  

c o m p o s i t io n  r a n g e . It w a s  o b v i o u s  fr o m  F ig u r e  4 .1  th a t  th e  a d h e s io n  b e t w e e n  P T T  

a n d  H D P E  w a s  v e r y  p o o r .
T h e  m ic r o g r a p h s  o f  c o m p a t i b i l i z e d  P T T /H D P E  b le n d s  w i t h  

d if f e r e n t  a m o u n t  o f  M A H - g - H D P E  a re  s h o w n  in  F ig u r e  4 .2  a n d  4 .3 .  T h e  a d d it io n  o f  

M A H - g - H D P E  a s  c o m p a t ib i l i z e r  r e s u lt e d  in  a  d e c r e a s e  o f  th e  d i s p e r s e d  p h a s e  s iz e .  
T h e  r e d u c t io n  o f  d is p e r s e d  p h a s e  s i z e  w a s  d u e  to  th e  a b i l i t y  o f  th e  c o m p a t ib i l i z e r  to  

r e d u c e  th e  in te r fa c ia l  t e n s io n  b e t w e e n  th e  d i s p e r s e d  p h a s e  a n d  th e  m a tr ix  p h a s e .  T h e  

r e d u c t io n  o f  th e  in te r fa c ia l  t e n s io n  c o u ld  b e  c a u s e d  b y  th e  c h e m ic a l  r e a c t io n  b e t w e e n  

th e  c a r b o n y l  g r o u p s  o f  M A H - g - H D P E  a n d  h y d r o x y l  g r o u p s  o f  P T T  in c r e a s e d  th e  

in te r fa c ia l  a d h e s io n  o f  th e  b le n d  ( Y a n g  e t a l ,  2 0 0 2 ,  Q i  e t a l ,  2 0 0 6 ) .
T h e  p h a s e  m o r p h o lo g y  o f  th e  b le n d s  w i t h  d i f f e r e n t  a m o u n t  o f  

N a - E M A A  w a s  a ls o  in v e s t ig a t e d  a s  s h o w n  in  F ig u r e  4 .4  a n d  4 .5 .  T h e  a d d it io n  o f  

io n o m e r  s h o w e d  a  d e c r e a s e d  o f  th e  d i s p e r s e d  p h a s e  s i z e .  T h e  r e d u c t io n  o f  d is p e r s e d  

p h a s e  s i z e  w h e n  th e  c o m p a t ib i l i z e r  w a s  a d d e d  w a s  d u e  to  N a - E M A A  to  r e d u c e  th e  

in te r fa c ia l  t e n s io n  b e t w e e n  t w o  p h a s e s .  T h e s e  o b s e r v a t io n s  c o u ld  b e  c a u s e d  b y  th e  

e t h y le n e  s e g m e n t s  o f  N a - E M A A  c o m p a t ib le  to  th e  H D P E  a n d  th e  N a - E M A A  

c a r b o x y l ic  a c id  r e a c te d  w i t h  th e  h y d r o x y l  e n d  g r o u p s  o f  P T T  ( R e t o l a z a  et a l . , 2 0 0 2 ,  
R e t o la z a  et a l ,  2 0 0 3 ) .

T a b le  4 .3  a n d  4 .4  s h o w  th e  n u m b e r  a v e r a g e  s i z e  o f  d is p e r s e d  

p h a s e  o f  th e  u n c o m p i l iz e d  a n d  c o m p a t ib i l z i e d  b le n d s  w i t h  M A H - g - H D P E  a n d  N a -  

E M A A , r e p e c t iv e ly .  T h e  n u m b e r  a v e r a g e  s i z e  o f  d i s p e r s e d  p h a s e  r a n g e d  b e t w e e n  

0 .8 5  a n d  3 .5 7  p m . T h e  u n c o m p a t i l i z e d  b le n d s  d e m o n s t r a t e d  th e  b i g g e s t  d ia m e te r  o f

4.4 Results and Discussion
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d is p e r s e d  p h a s e  s iz e .  A l l  c o m p a t ib i l i z e d  b le n d s  b o th  w i t h  M A H - g - H D P E  a n d  N a -  

E M A A  d is p la y e d  m u c h  s m a l le r  d ia m e te r .  T h e  r e d u c t io n  o f  d i s p e r s e d  p h a s e  s iz e  

w h e n  th e  c o m p a t ib i l i z e r  w a s  a d d e d  w a s  d u e  to  c o m p a t ib i l i z e r  to  r e d u c e  th e  

in te r fa c ia l  t e n s io n  b e t w e e n  t w o  p h a s e s .  A s  s h o w  in  T a b le  4 .3  a n d  4 .4 ,  th e  t y p e s  o f  

c o m p a t ib l iz e r  d id  n o t  e f f e c t  o n  d is p e r s e d  p h a s e  s i z e  o f  th e  b le n d s .
4 .4 .1 .2  M ech a n ica l P ro p e r tie s

T a b le  4 .5  s h o w s  th e  m e c h a n ic a l  p r o p e r t ie s ,  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  im p a c t  s tr e n g th , o f  P T T /H D P E  b le n d s  w i t h  a n d  w i t h o u t  

c o m p a t ib i lz e r .
4 .4 .1 .2 .1  T e n s i le  P r o p e r t ie s

T h e  r e s u lt s  s h o w e d  th a t  th e  Y o u n g ’s m o d u lu s  a n d  

th e  t e n s i l e  s tr e n g th  o f  n e a t  P T T  w e r e  h ig h e r  th a n  n e a t  H D P E  ( s e e  in  T a b le  4 .5 ) ,  
w h i c h  in d ic a t e d  th a t  P T T  g a v e  th e  h ig h e r  s tr e n g th  a n d  s t i f f n e s s  th a n  H D P E .

T h e  t e n s i l e  p r o p e r t ie s ,  th e  Y o u n g ’s m o d u lu s  a n d  

th e  t e n s i l e  s tr e n g th  o f  a l l  u n c o m p a t ib i l i z e d  b le n d s  w e r e  lo w e r  th a n  p u r e  P T T . T h e  

t e n s i l e  p r o p e r t ie s  d e c r e a s e  w i t h  in c r e a s in g  H D P E . T h e  a d d in g  o f  f l e x i b l e  p o ly m e r  

( H D P E )  c a u s e d  th e  r e d u c in g  in  th e  Y o u n g ’s  m o d u lu s  a n d  t e n s i l e  s tr e n g th . T h e  

r e d u c t io n  o f  t h e s e  p r o p e r t ie s  a ls o  c o u ld  b e  a t tr ib u te d  to  th e  p o o r  in te r fa c ia l  a d h e s io n  

b e t w e e n  t w o  p h a s e s  w h i c h  r e s u lt e d  in  th e  w e a k  s t r e s s  tr a n s fe r  fr o m  o n e  p h a s e  to  

a n o th e r  p h a s e .  F u r th e r m o r e , th e  d is p e r s e d  p h a s e  in  th e  m a tr ix  a ls o  le a d e d  to  th e  

p r e s e n c e  o f  s t r e s s  c o n c e n t r a t io n s  th a t g iv e  a  w e a k  p o in t  in  th e  b le n d s .
T h e  e f f e c t  o f  M A H - g - H D P E  a s  a  c o m p a t ib i l i z e r  o n  

t e n s i l e  p r o p e r t ie s  w a s  in v e s t ig a t e d .  A s  s h o w n  in  T a b le  4 .5 ,  th e  Y o u n g ’s m o d u lu s  a n d  

t e n s i l e  s tr e n g th  o f  th e  c o m p a t ib i l z e d  b le n d s  w e r e  h ig h e r  th a n  u n c o m p a t b i l i z e d  

b le n d s .  T h e  im p r o v e m e n t  o f  t e n s i l e  p r o p e r t ie s  d u e  to  th e  a d d it io n  o f  M A H - g - H D P E  

b r o u g h t  a b o u t  f in e r  d is p e r s e d  p h a s e  a n d  s t r o n g e r  a d h e s io n  b e t w e e n  P T T  a n d  H D P E  

p h a s e s  ( Y a n g  et a l ,  2 0 0 2 ,  Q i e t a l ,  2 0 0 6 ) .
T h e  Y o u n g ’s m o d u lu s  a n d  t e n s i l e  s tr e n g th  o f  

P T T /H D P E  w e r e  a ls o  e n h a n c e d  b y  a d d it io n  o f  N a - E M A A  a s  s h o w n  in  T a b le  4 .5 .  
T h is  b e h a v io r  w a s  d u e  to  th e  c h e m ic a l  in te r a c t io n  b e t w e e n  c o m p a t ib i l i z e r  a n d  P T T .  
T h is  in d ic a t e d  th a t  c o m p a t ib i l i z e r  im p r o v e d  th e  in te r fa c ia l  a d h e s io n  a n d  c a u s e s  th e
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d is p e r s e d  p h a s e  s i z e  to  d e c r e a s e  r e s u lt in g  in  b e t te r  s t r e s s  tr a n s fe r  b e t w e e n  t w o  

p h a s e d  w e r e  o b ta in .
W h e n  c o m p a r e  b e t w e e n  2  c o m p a t ib i l i z e r s ,  M A H -  

g - H D P E  b le n d s  g a v e  th e  h ig h e r  t e n s i l e  s tr e n g th  th a n  N a - E M A A  ( e x c e p t  P T T /H D P E  

8 0 /2 0 ) .  F o r  th e  Y o u n g ’s m o d u lu s ,  M A H - g - H D P E  b le n d s  a ls o  g a v e  h ig h e r  v a lu e  th a n  

N a - E M A A  ( e x c e p t  P T T /H D P E  6 0 /4 0 ) .
4 .4 .1 .2 .2  I m p a c t  P r o p e r t ie s

T h e  r e s u lt s  s h o w  th a t  n e a t  H D P E  g a v e  th e  h ig h e r  

im p a c t  s tr e n g th  th a n  n e a t  P T T  ( s e e  in  T a b le  4 .5 )  d u e  to  H D P E  h a d  m o r e  f l e x ib l e  

m a in  c h a in  th a n  P T T , w h e n  it w a s  im p a c t e d ,  it c o u ld  a b s o r b  th e  e n e r g y ,  th e n  

d is s ip a t e  a n d  tr a n s fe r  th e  e n e r g y  w h ic h  le a d  H D P E  s h o w n  b e t te r  im p a c t  p r o p e r t ie s .
T h e  im p a c t  s tr e n g th  o f  u n c o m p a t ib l i z e d  b le n d s  

in c r e a s e d  a s  H D P E  c o n t e n t  in c r e a s e d . T h is  c o u ld  b e  d u e  to  th e  in c o r p o r a t io n  o f  

H D P E , w h ic h  h a s  m o r e  f l e x ib l e  c h a in ,  a n d  th e n  it s h o w e d  b e t te r  im p a c t  p r o p e r t ie s .
T h e  e f f e c t  o f  M A H - g - H D P E  c o n t e n t s  o n  th e  

im p a c t  s tr e n g th  w a s  a ls o  s h o w n  in  T a b le  4 .5 .  T h e  r e s u lt s  s h o w e d  th a t  th e  im p a c t  

s tr e n g th  o f  c o m p a t b i l i z e d  b le n d s  w e r e  h ig h e r  th a n  u n c o m p a t ib l i z e d  b le n d s .  T h e  

im p r o v e m e n t  in  c o m p a t ib i l i t y  o f  p o ly m e r s  b le n d s  w o u l d  d u e  to  s m a l le r  d i s p e r s e d  

p h a s e  s i z e s  a n d  h ig h  in te r fa c ia l  a d h e s io n .  T h e r e  w a s  in te r a c t io n  b e t w e e n  c a r b o x y la t e  

g r o u p s  o f  th e  M A H - g - H D P E  a n d  h y d r o x y l  g r o u p s  o f  P T T . T h e r e f o r e ,  c o m p a t ib i l i z e d  

b le n d s  s h o u ld  b e  m u c h  b e tte r  th a n  u n c o m p a t b i l i z e d  b le n d s ,  w h i c h  r e s u lt e d  in  th e  

e n h a n c e m e n t  o f  im p a c t  r e s i s t a n c e  o r  t o u g h n e s s  ( Y a n g  e t a l ,  2 0 0 2 ,  Q i e t a l., 2 0 0 6 ) .  
H o w e v e r ,  th e  r e a c t io n  ra te , o f  c a r b o n y l  g r o u p s  a n d  h y d r o x y l  g r o u p s ,  fo r  f o r m in g  a n  

e s te r  w a s  v e r y  l o w  (ร น ท  e t a l ,  1 9 9 6 ) ,  w h i c h  m a y  b e  o n e  o f  r e a s o n s  th a t  im p a c t  

s tr e n g th  o f  th e  b le n d s  w a s  n o t  d r a m a t ic a l ly  im p r o v e d .
T h e  e f f e c t  o f  N a - E M A A  c o n t e n t s  o n  th e  im p a c t  

s tr e n g th  w a s  a l s o  in v e s t ig a t e d .  T h e  r e s u lt s  s h o w e d  th a t  th e  c o m p a t b i l i z e d  b le n d s  

g a v e  h ig h e r  th a n  u n c o m p a t ib l i z e d  b le n d s  ( s e e  in  T a b le  4 .5 ) .  T h is  im p r o v e m e n t  c a n  

a ls o  b e  e x p la in e d  b y  th e  im p r o v e d  a d h e s io n  b e t w e e n  th e  p h a s e s ,  w h i c h  a l l o w  

a b s o r b e d  e n e r g y  to  tr a n s fe r  fo r m  o n  p h a s e  to  a n o th e r  p h a s e  (G u e r r e r o  e t a l ,  2 0 0 1 ,  
R e t o la z a  e t a l ,  2 0 0 2 ) .
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W h e n  c o m p a r e  b e t w e e n  2  c o m p a t ib i l i z e r s ,  
P T T /H D P E  b le n d s  w i t h  N a - E M A A  g a v e  th e  h ig h e r  im p a c t  s t r e n g th  th a n  P T T /H D P E  

b le n d s  w i t h  M A H - g - H D P E .
4 .4 .1 .3  R h e o lo g ic a l B eh a v io r

T h e  p lo t s  o f  v i s c o s i t y  v e r s u s  s h e a r  ra te  fo r  th e  n e a t  p o ly m e r s  

w e r e  m e a s u r e d  a t te m p e r a tu r e  2 5 0 ° c  a n d  a t s h e a r  ra te  r a n g e  fr o m  5 0  to  6 4 0 0  ร '1, 

w h ic h  a re  s h o w n  in  F ig u r e  4 .6 .  T h e  r e s u lt s  s h o w e d  th a t  n e a t  P T T  s h o w e d  r e la t iv e ly  

lo w e r  v i s c o s i t y  th a n  n e a t  H D P E .
A l l  u n c o m p a t ib i l iz e d  b le n d s  e x h ib i t  s h e a r  t h in n in g  b e h a v io r  

w h ic h  in te r p r e te d  a s  th e  v i s c o s i t y  d e c r e a s e d  w i t h  in c r e a s in g  s h e a r  ra te  ( s e e  in  F ig u r e  

4 .7 )  d u e  to  th e  in d u c e d  c h a in  o r ie n t a t io n ,  r e s u lt in g  in  a  lo w e r  e n t a n g le m e n t  d e n s i t y .  
T h e  s h e a r  v i s c o s i t y  o f  th e  b le n d s  w a s  f o u n d  to  d e c r e a s e  w i t h  d e c r e a s in g  H D P E .

T h e  f l o w  c u r v e s  o f  c o m p a t i b i l i z e d  b le n d s  w i t h  d i f f e r e n c e  

a m o u n t  o f  M A H - g - H D P E  w e r e  s h o w n  in  F ig u r e  4 .8 .  T h e  r e s u lt s  s h o w e d  th a t  s h e a r  

v i s c o s i t y  o f  P T T /H D P E  b le n d s  w i t h  M A H - g - H D P E  in c r e a s e d  w i t h  in c r e a s in g  o f  

M A H - g - H D P E  w h ic h  m a y  b e  r e la te d  to  th e  fo r m a t io n  o f  c o v a le n t  b o n d s  b e t w e e n  

h y d r o x y l  g r o u p  o f  P T T  a n d  c a r b o x y l ic  a c id s  in  M A H - g - H D P E  ( K a n g  e t a l . , 1 9 9 9 ,  
C h a r o e n p o n g p o o l  et a l., 2 0 1 3 ) .

T h e  s h e a r  v i s c o s i t y  o f  c o m p a t i b i l i z e d  b le n d s  w i t h  d i f f e r e n c e  

a m o u n t  o f  N a - E M A A  is  s h o w n  in  F ig u r e  4 .9 .  U s in g  N a - E M A A  to  c o m p a t i b i l i z e d  th e  

b le n d s  c a n  e n h a n c e  th e  v i s c o s i t y .  A s  io n o m e r  w a s  a d d e d , a  m o r e  h o m o g e n e o u s  

d is p e r s io n  o f  o n e  p h a s e  in to  a n o th e r  w a s  o b t a in e d ,  in d ic a t in g  m o r e  in t e r a c t io n s  a t th e  

in te r fa c e  b e t w e e n  th e  t w o  p o ly m e r s  a n d  h e n c e  l e s s  s l ip p a g e  a t th e  in te r fa c e  in  th e  

p r e s e n c e  o f  io n o m e r .  T h is  m a y  b e  th e  r e a s o n  fo r  h ig h e r  v i s c o s i t i e s  o f  th e  b le n d s  o n  

a d d it io n  o f  N a - E M A A  (J o s h i  et a l ,  1 9 9 2 ) .
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4 .4 .1 .4  M e lt F lo w  In d ex
T h e  m e l t  f l o w  in d e x  o f  n e a t  p o ly m e r s  w a s  i n v e s t ig a t e d .  T h e  

r e s u lt s  s h o w e d  th a t  P T T  g a v e  th e  h ig h e r  m e l t  f l o w  in d e x  th a n  H D P E  w h i c h  in d ic a t e d  

th a t  P T T  g a v e  th e  lo w e r  v i s c o s i t y  o r  th e  e a s ie r  f l o w  th a n  H D P E .
T h e  c o m p a t ib i l i z e r s  a d d it io n  u s u a l ly  in c r e a s e s  th e  m e lt  

v i s c o s i t y  o f  i m m is c i b l e  b le n d s  b e c a u s e  it in c r e a s e s  th e  in t e r a c t io n  b e t w e e n  

c o m p o n e n t s .  F ig u r e  4 .1 0  s h o w s  th e  e f f e c t  o f  c o m p a t ib i l i z e r s  o n  th e  m e l t  f l o w  in d e x  

o f  P T T /H D P E  b le n d s .  T h e  r e s u lt s  s h o w  th a t  m e l t  f l o w  in d e x  o f  th e  b le n d s  d e c r e a s e d  

w it h  in c r e a s in g  M A H - g - H D P E  c o n t e n t s .  T h e  d e c r e a s e  o f  th e  m e l t  f l o w  in d e x  o r  th e  

in c r e a s e  o f  th e  v i s c o s i t y  m a y  b e  r e la te d  to  th e  e x p e c t e d  r e a c t io n  a n d  th e  in c r e a s e d  

in te r fa c ia l  in te r a c t io n  o f  th e  P T T /H D P E /H D P E - g - M A H  b le n d in g  s y s t e m  ( K a n g  e t  

a l„  1 9 9 9 ) .
T h e  e f f e c t  o f  N a - E M A A  c o n t e n t s  o n  th e  m e l t  f l o w  in d e x  o f  

th e  b le n d s  w a s  a ls o  s h o w n  in  F ig u r e  4 .1 0 .  T h e  r e s u lt s  s h o w  th a t  m e l t  f l o w  in d e x  o f  

th e  b le n d s  d e c r e a s e d  w i t h  in c r e a s in g  N a - E M A A  c o n t e n t s .  T h e  d e c r e a s e  o f  th e  m e lt  

f l o w  in d e x  o r  th e  in c r e a s e  o f  th e  v i s c o s i t y  c o u ld  b e  r e la te d  to  th e  e x p e c t e d  r e a c t io n  

a n d  N a - E M A A  c a n  in c r e a s e  th e  in te r fa c ia l  a d h e s io n  b e t w e e n  t w o  p h a s e s .  T h is  c o u ld  

b e  th e  r e a s o n  fo r  l o w e r  m e l t  f l o w  in d e x  o f  th e  b le n d s  o n  a d d it io n  o f  N a - E M A A  

(J o s h i  e t  a h , 1 9 9 2 ) .
A t  5 p h r  o f  c o m p a t ib i l i z e r ,  N a - E M A A  b le n d s  e x h ib i t e d  

h ig h e r  m e l t  f l o w  in d e x  th a n  M A H - g - H D P E .
4 .4 .1 .5  D S C  A n a ly s is

E f f e c t  o f  c o m p a t ib l i z a t io n  o n  th e  m e l t in g  a n d  c r y s t a l l i z a t io n  

t e m p e r a tu r e s  a n d  w e i g h t  f r a c t io n  c r y s t a l l in i t y  o f  e a c h  c o m p o n e n t  o f  th e  b le n d  w e r e  

s t u d ie s .
A s  th e  r e s u lt s ,  th e  c r y s t a l l i z a t io n  te m p e r a tu r e  ( T c)  p e a k  o f  

n e a t  P T T  a n d  n e a t  H D P E  o c c u r r e d  a t 1 8 0 .0  c  a n d  1 1 8 .7  c, r e s p e c t iv e ly .
F ig u r e  4 .1 1  s h o w s  D S C  e x o t h e r m ic  th e r m o g r a m s  o f  

u n c o m p a t ib i l i z e d  P T T /H D P E . T h e  r e s u lt s  s h o w e d  th a t  th e r e  w e r e  n o  c h a n g e s  in  T c 
o f  th e  H D P E  c o m p o n e n t  in  th e  P T T /H D P E . O n  th e  o th e r  h a n d , T c o f  P T T  c o m p o n e n t  

w a s  r e la t iv e ly  lo w e r  th a n  T c o f  p u r e  P T T . It i s  p o s s i b l e  th a t  H D P E  r e ta r d e d  P T T
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c r y s t a l l i z a t io n  w h ic h  th e  r e s u lt s  s h o w e d  th a t T c o f  P T T  in  th e  u n c o m p a t ib l i z e d  

b le n d s  d e c r e a s e  w i t h  in c r e a s in g  H D P E  c o n t e n t s .
D S C  e x o t h e r m ic  th e r m o g r a m s  o f  P T T /H D P E  w i t h  d i f f e r e n c e  

a m o u n t  o f  M A H - g - H D P E  a re  s h o w n  in  F ig u r e  4 .1 2 .  T h e  r e s u lt s  s h o w  th a t th e  

a d d it io n  o f  M A H - g - H D P E  s h i f t e d  th e  T c o f  P T T  p h a s e  t o  lo w e r  te m p e r a tu r e  b u t  

s h i f t e d  T c o f  H D P E  p h a s e  to  h ig h e r  t e m p e r a tu r e . It in d ic a t e d  th a t  th e  p r e s e n c e  o f  

M A H - g - H D P E  r e ta r d e d  th e  c r y s t a l l i z a t io n  o f  P T T  b u t  in d u c e d  th e  c r y s t a l l i z a t io n  o f  

H D P E .
F ig u r e  4 .1 3  s h o w s  D S C  e x o t h e r m ic  th e r m o g r a m s  o f  

P T T /H D P E  w it h  d i f f e r e n c e  a m o u n t  o f  N a - E M A A . T h e  r e s u lt s  s h o w  th a t  th e  a d d it io n  

o f  N a - E M A A  s h if t e d  th e  T c o f  P T T  p h a s e  to  h ig h e r  te m p e r a tu r e  b u t  s h i f t e d  T c o f  

H D P E  p h a s e  to  lo w e r  t e m p e r a tu r e . T h is  in d ic a t e d  th e  n u c lé a t io n  e f f e c t  o f  N a - E M A A  

o n  th e  c r y s t a l l i z a t io n  o f  P T T .
A s  th e  r e s u lt s ,  th e  m e l t in g  te m p e r a tu r e  ( T m) o f  n e a t  P T T  a n d  

H D P E  w a s  2 2 7 .7  c  a n d  1 3 2 .4  c , r e s p e c t iv e ly .

F ig u r e  4 .1 4  s h o w s  D S C  m e l t in g  t h e r m o g r a m s  o f  P T T /H D P E  

b le n d s  w i t h o u t  c o m p a t ib i l i z e r .  T h e  T m p e a k s  o f  P T T  in  P T T /H D P E  b le n d s  w e r e  n o t  

d i f f e r e n c e  f r o m  p u r e  P T T . O n  th e  o th e r  h a n d , th e  T m p e a k s  o f  H D P E  in  th e  b le n d s  

w e r e  lo w e r  th a n  th a t p u r e  F ID P E . T h is  in d ic a t e d  th a t , in  th e  p r e s e n c e  o f  P T T , th e  

c r y s t a l l in e  p h a s e  w a s  l e s s  p e r fe c t .
D S C  m e l t in g  t h e r m o g r a m s  o f  P T T /H D P E  w i t h  d i f f e r e n c e  

a m o u n t  o f  M A H - g - H D P E  a re  s h o w n  in  F ig u r e  4 .1 5 .  T h e  r e s u lt s  s h o w  th a t  th e  

a d d it io n  o f  M A H - g - H D P E  d id  n o t  a f f e c t  b o th  th e  T m o f  P T T  p h a s e  a n d  th e  T m o f  

H D P E  p h a s e .
A s  s h o w n  in  F ig u r e  4 .1 6 ,  th e  r e s u lt s  s h o w  th a t  m e l t in g  

te m p e r a tu r e  p e a k s  o f  e a c h  c o m p o n e n t  in  th e  P T T /H D P E  b le n d s  w i t h  N a - E M A A  

w e r e  n o t  d i f f e r e n c e  fr o m  u n c o m p a t i l iz e d  b le n d s  w h i c h  th e  a d d it io n  o f  N a - E M A A  

s t i l l  g a v e  lo w e r  T m p e a k s  o f  H D P E  c o m p o n e n t s  w h e n  c o m p a r e d  w i t h  p u r e  H D P E  

a n d  d id  n o t  a f f e c t  to  P T T ’s T m p e a k s .

T h e  w e i g h t  f r a c t io n  c r y s t a l l in i t y  (X c) o f  th e  b le n d  a n d  n e a t  

c o m p o n e n t s  is  s h o w n  in  T a b le  4 .6 .  It c a n  b e  o b s e r v e d  fr o m  th e  ta b le  th a t  a ll
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c o m p o s i t io n  r a t io s  o f  u n c o m p a t ib i l i z e d  b le n d s  s h o w e d  th a t  th e  w e i g h t  f r a c t io n  

c r y s t a l l in i t y  fo r  b o th  P T T  a n d  H D P E  c o m p o n e n t s  w a s  l e s s  th a n  p u r e  p o ly m e r s .  T h is  

im p l ie d  th a t  th e  c r y s t a l l i z a t io n  o f  o n e  c o m p o n e n t  w a s  a f f e c t e d  b y  a d d it io n  o f  a n o th e r  

c o m p o n e n t .  B y  a d d in g  M A H - g - H D P E  o r  N a - E M A A  in  P T T /H D P E  b le n d s ,  th e  Xc o f  

b o th  P T T  a n d  H D P E  d e c r e a s e d .

4 .4 .2  P T T /L L D P E  B le n d s
4 .4 .2 .1  P h a se  M o rp h o lo g y

S E M  m ic r o g r a p h s  o f  f r e e z e - f r a c t u r e  s u r f a c e s  o f  

u n c o m p a t ib i l i z e d  P T T /L L D P E  b le n d s  a re  s h o w n  in  F ig u r e  4 .1 7 .  T h e  r e s u lt s  s h o w  

th a t  th e r e  w e r e  t w o  p h a s e s  m o r p h o lo g y  w i t h  p h a s e  s e p a r a t io n  b e t w e e n  P T T  a n d  

L L D P E  p h a s e .  T h e  p r e s e n c e  o f  d is p e r s e d  p h a s e ,  c o n s i s t in g  o f  s p h e r ic a l  d r o p le t s  

im b e d d e d  in  a  m a tr ix ,  w a s  o b s e r v e d  fr o m  th e  m ic r o g r a p h s  o v e r  th e  w h o l e  

c o m p o s i t io n  r a n g e . It w a s  o b v i o u s  fr o m  F ig u r e  4 .1 7  th a t  th e  a d h e s io n  b e t w e e n  P T T  

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

P T T /L L D P E  b le n d s  w i t h  d i f f e r e n t  a m o u n t  o f  M A H - g - H D P E  a re  s h o w n  in  F ig u r e
4 .1 8  a n d  4 .1 9 .  T h e  p r e s e n c e  o f  M A H - g - H D P E  r e s u lt e d  in  a  d e c r e a s e  o f  th e  d is p e r s e d  

p h a s e  s iz e .  T h e  r e d u c t io n  o f  d is p e r s e d  p h a s e  s i z e  w a s  d u e  to  M A H - g - H D P E  c a n  

r e d u c e  th e  in te r fa c ia l  t e n s io n  b e t w e e n  th e  d is p e r s e d  p h a s e  a n d  th e  m a tr ix  p h a s e  

w h ic h  c a u s e d  b y  th e  c h e m ic a l  r e a c t io n  b e t w e e n  th e  c a r b o n y l  g r o u p s  o f  M A H - g -  

H D P E  a n d  h y d r o x y l  g r o u p s  o f  P T T  in c r e a s e d  th e  in te r fa c ia l  a d h e s io n  o f  th e  b le n d  

( Y a n g  e t a l ,  2 0 0 2 ,  Q i e t a l ,  2 0 0 6 ) .
F ig u r e  4 .2 0  a n d  4 .2 1  s h o w  th e  p h a s e  m o r p h o lo g y  o f  th e  

b le n d s  w i t h  d i f f e r e n t  a m o u n t  o f  N a - E M A A . T h e  a d d it io n  o f  i o n o m e r  s h o w e d  a  

d e c r e a s e d  o f  th e  d is p e r s e d  p h a s e  s iz e .  T h e  r e d u c t io n  o f  d i s p e r s e d  p h a s e  s i z e  w h e n  

th e  c o m p a t ib i l i z e r  w a s  a d d e d  w a s  d u e  to  N a - E M A A  c a n  r e d u c e  th e  in te r fa c ia l  

t e n s io n  b e t w e e n  t w o  p h a s e s  w h i c h  c o u ld  b e  c a u s e d  b y  th e  e t h y le n e  s e g m e n t s  o f  N a -  

E M A A  c o m p a t ib le  to  th e  H D P E  a n d  th e  N a - E M A A  c a r b o x y l ic  a c id  r e a c te d  w i t h  th e  

h y d r o x y l  e n d  g r o u p s  o f  P T T  ( R e t o la z a  e t a l ,  2 0 0 2 ,  R e t o la z a  e t a l ,  2 0 0 3 ) .
T h e  e f f e c t  o f  c o m p a t ib i l i z e r  o n  th e  n u m b e r  a v e r a g e  s i z e  o f  

d is p e r s e d  p h a s e  o f  th e  u n c o m p i l iz e d  a n d  c o m p a t i b i l z i e d  b le n d s  i s  s h o w n  in  T a b le
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4 .7  a n d  4 .8 .  T h e  r e s u lt s  s h o w  th a t  th e  n u m b e r  a v e r a g e  s i z e  o f  d i s p e r s e d  p h a s e  r a n g e d  

b e t w e e n  1 .2 0  a n d  3 .4 3  p m . T h e  u n c o m p a t i l i z e d  b le n d s  s h o w e d  th e  b i g g e s t  d ia m e te r  

o f  d is p e r s e d  p h a s e  s iz e .  A l l  c o m p a t ib i l i z e d  b le n d s  b o th  w i t h  M A H - g - H D P E  a n d  N a -  

E M A A  e x h ib i t e d  s m a lle r  d ia m e t e r  o f  d i s p e r s e d  p h a s e .  T h e  r e d u c t io n  o f  d i s p e r s e d  

p h a s e  s i z e  w a s  d u e  to  c o m p a t ib i l i z e r  to  r e d u c e  th e  in te r fa c ia l  t e n s io n  b e t w e e n  t w o  

p h a s e s .  A s  s h o w  in  T a b le  4 .7  a n d  4 .8 ,  th e  t y p e s  o f  c o m p a t ib l i z e r  d id  n o t  e f f e c t  o n  

d i s p e n s e d  p h a s e  s i z e  o f  th e  b le n d s  w h i c h  s h o w  th e  s a m e  e f f e c t  w ith  P T T /H D P E  

b le n d s .
4 .4 .2 .2  M e c h a n ic a l P ro p e r tie s

T h e  m e c h a n ic a l  p r o p e r t ie s  in c lu d in g  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  im p a c t  s tr e n g th  o f  P T T /H D P E  b le n d s  w i t h  a n d  w it h o u t  

c o m p a t ib i l z e r  a re  s h o w n  in  T a b le  4 .9 .
4 .4 .2 .2 .1  T e n s i le  P r o p e r t ie s

T h e  r e s u lt s  s h o w e d  th a t  th e  Y o u n g ’s  m o d u lu s  a n d  

th e  t e n s i l e  s tr e n g th  o f  n e a t  P T T  w e r e  h ig h e r  th a n  n e a t  L L D P E  ( s e e  in  T a b le  4 .9 ) ,  
w h ic h  in d ic a t e d  th a t  P T T  g a v e  th e  h ig h e r  s tr e n g th  a n d  s t i f f n e s s  th a n  L L D P E .

T h e  t e n s i l e  p r o p e r t ie s ,  th e  Y o u n g ’s m o d u lu s  a n d  

th e  t e n s i l e  s tr e n g th  o f  a ll  u n c o m p a t ib i l i z e d  b le n d s  w e r e  lo w e r  th a n  p u r e  P T T . T h e  

t e n s i l e  p r o p e r t ie s  d e c r e a s e  w i t h  in c r e a s in g  L L D P E  b e c a u s e  L L D P E  w a s  th e  f l e x ib l e  

c h a in  w h ic h  g a v e  r e la t iv e ly  l o w  s tr e n g th  a n d  s t i f f n e s s .  T h e  r e d u c t io n  o f  t h e s e  

p r o p e r t ie s  a ls o  c o u ld  b e  a t tr ib u te d  to  th e  p o o r  in te r fa c ia l  a d h e s io n  b e t w e e n  t w o  

p h a s e s  w h ic h  r e s u lt e d  in  th e  w e a k  s t r e s s  tr a n s fe r  f r o m  o n e  p h a s e  to  a n o th e r  p h a s e .  
F u r th e r m o r e , th e  d is p e r s e d  p h a s e  in  th e  m a tr ix  a ls o  l e a d e d  to  th e  p r e s e n c e  o f  s t r e s s  

c o n c e n t r a t io n s  th a t  g iv e  a  w e a k  p o in t  in  th e  b le n d s .
T h e  e f f e c t  o f  M A H - g - H D P E  a s  a  c o m p a t ib i l i z e r  o n  

t e n s i l e  p r o p e r t ie s  is  s h o w n  in  T a b le  4 .9 .  A s  r e s u lt s ,  th e  Y o u n g ’s m o d u lu s  a n d  t e n s i l e  

s tr e n g th  o f  th e  c o m p a t ib i l z e d  P T T /L L D P E  b le n d s  w e r e  h ig h e r  th a n  u n c o m p a t b i l i z e d  

b le n d s .  T h e  r e a s o n  o f  im p r o v e m e n t  o f  t e n s i l e  p r o p e r t ie s  w a s  th e  s a m e  w i t h  

P T T /H D P E /M A H - g - H D P E  b le n d s  th a t  h a d  d i s c u s s e d  in  P T T /H D P E  b le n d s  p a r t th a t  

th e  im p r o v e m e n t  o f  t e n s i l e  p r o p e r t ie s  d u e  to  th e  a d d it io n  o f  M A H - g - H D P E  b r o u g h t  

a b o u t  f in e r  d i s p e r s e d  p h a s e  a n d  s t r o n g e r  a d h e s io n  b e t w e e n  P T T  a n d  L L D P E  p h a s e s  

( Y a n g  e t a l . , 2 0 0 2 ,  Q i e t a l ,  2 0 0 6 ) .
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T h e  Y o u n g ’s  m o d u lu s  a n d  t e n s i l e  s tr e n g th  o f  

P T T /L L D P E  w e r e  a ls o  e n h a n c e d  b y  a d d it io n  o f  N a - E M A A  a s  s h o w n  in  T a b le  4 .9 .  
T h e  r e a s o n  o f  im p r o v e m e n t  o f  t e n s i l e  p r o p e r t ie s  w a s  th e  s a m e  w i t h  P T T /H D P E /N a -  

E M A A  b le n d s  th a t  h a d  d i s c u s s e d  in  P T T /H D P E  b le n d s  p a r t w h i c h  th is  b e h a v io r  w a s  

d u e  to  th e  c h e m ic a l  in te r a c t io n  b e t w e e n  c o m p a t ib i l i z e r  a n d  P T T . T h is  in d ic a t e d  th a t  

c o m p a t ib i l i z e r  im p r o v e d  th e  in te r fa c ia l  a d h e s io n  a n d  c a u s e s  th e  d i s p e r s e d  p h a s e  s iz e  

to  d e c r e a s e  r e s u lt in g  in  b e t te r  s t r e s s  tr a n s fe r  b e t w e e n  t w o  p h a s e d  w e r e  o b ta in .
W h e n  c o m p a r e  b e t w e e n  2  c o m p a t ib i l i z e r s ,  M A H -  

g - H D P E  b le n d s  g a v e  th e  h ig h e r  t e n s i l e  s tr e n g th  a n d  Y o u n g ’s  m o d u lu s  th a n  N a -  

E M A A  ( e x c e p t  Y o u n g ’s m o d u lu s  o f  P T T /L L D P E :  8 0 /2 0  w i t h  0 .1  a n d  0 .5  p h r  o f  

c o m p a t ib i l i z e r  a n d  T e n s i le  s tr e n g th  a n d  Y o u n g ’s m o d u lu s  o f  P T T /L L D P E :  6 0 /4 0  

w it h  0 . 1  p h r  o f  c o m p a t ib i l i z e r ) .
W h e n  c o m p a r e  b e t w e e n  P T T /H D P E  a n d  

P T T /L L D P E  b le n d s ,  P T T /L L D P E  b le n d s  s h o w  lo w e r  t e n s i l e  s tr e n g th  a n d  Y o u n g ’s  

m o d u lu s  th a n  P T T /H D P E  b le n d s .
4 .4 .2 .2 .2  I m p a c t  P r o p e r t ie s

T h e  r e s u lt s  s h o w  th a t  n e a t  L L D P E  g a v e  th e  h ig h e r  

im p a c t  s tr e n g th  th a n  n e a t  P T T  ( s e e  in  T a b le  4 .9 )  d u e  to  L L D P E  h a d  s h o r t  b r a n c h  

c h a in s  s o  th e  c h a in s  w e r e  f l e x ib l e ,  w h e n  it w a s  im p a c t e d ,  it c o u ld  a b s o r b  th e  e n e r g y ,  
th e n  d is s ip a t e  a n d  tr a n s fe r  th e  e n e r g y  w h ic h  le a d  L L D P E  s h o w n  g o o d  im p a c t  

p r o p e r t ie s .
T h e  im p a c t  s tr e n g th  o f  u n c o m p a t ib l i z e d  b le n d s  

in c r e a s e d  a s  L L D P E  c o n t e n t  in c r e a s e d . T h is  c o u ld  b e  d u e  to  th e  in c o r p o r a t io n  o f  

L L D P E , w h ic h  h a s  m o r e  f l e x i b l e  c h a in , a n d  th e n  it  s h o w e d  b e t te r  im p a c t  p r o p e r t ie s .
T h e  e f f e c t  o f  M A H - g - H D P E  c o n t e n t s  o n  th e  

im p a c t  s tr e n g th  w a s  a ls o  s h o w n  in  T a b le  4 .9 .  T h e  r e s u lt s  s h o w e d  th a t  th e  im p a c t  

s tr e n g th  o f  c o m p a t b i l i z e d  b le n d s  w e r e  h ig h e r  th a n  u n c o m p a t ib l i z e d  b le n d s .  T h e  

r e a s o n  o f  im p r o v e m e n t  o f  im p a c t  p r o p e r t ie s  w a s  th e  s a m e  w i t h  P T T /H D P E /M A H - g -  

H D P E  b le n d s  th a t  h a d  d i s c u s s e d  in  P T T /H D P E  b le n d s  p a r t th a t  th e  im p r o v e m e n t  in  

c o m p a t ib i l i t y  o f  p o ly m e r s  b le n d s  w o u ld  d u e  to  s m a l le r  d i s p e r s e d  p h a s e  s i z e s  a n d  

h ig h  in te r fa c ia l  a d h e s io n .  T h e r e  w a s  in te r a c t io n  b e t w e e n  c a r b o x y la t e  g r o u p s  o f  th e  

M A H - g - H D P E  a n d  h y d r o x y l  g r o u p s  o f  P T T . T h e r e f o r e ,  c o m p a t i b i l i z e d  b le n d s
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s h o u ld  b e  m u c h  b e t te r  th a n  u n c o m p a t b i l i z e d  b le n d s ,  w h i c h  r e s u lt e d  in  th e  

e n h a n c e m e n t  o f  im p a c t  r e s i s t a n c e  o r  t o u g h n e s s  ( Y a n g  e t a l ,  2 0 0 2 ,  Q i e t a l ,  2 0 0 6 ) .
T h e  e f f e c t  o f  N a - E M A A  c o n t e n t s  o n  th e  im p a c t  

s tr e n g th  o f  P T T /L L D P E  b le n d s  w a s  a ls o  in v e s t ig a t e d .  T h e  r e s u lt s  s h o w e d  th a t th e  

c o m p a t b i l i z e d  b le n d s  g a v e  h ig h e r  th a n  u n c o m p a t ib l i z e d  b le n d s  ( s e e  in  T a b le  4 .5 ) .  
T h is  im p r o v e m e n t  c a n  a ls o  b e  e x p la in e d  b y  th e  im p r o v e d  a d h e s io n  b e t w e e n  th e  

p h a s e s ,  w h ic h  a l l o w  a b s o r b e d  e n e r g y  to  tr a n s fe r  fo r m  o n  p h a s e  to  a n o th e r  p h a s e  

(G u e r r e r o  e t a l . , 2 0 0 1 ,  R e t o la z a  e t a l . , 2 0 0 2 ) .
W h e n  c o m p a r e  b e t w e e n  2  c o m p a t ib i l i z e r s ,  

P T T /L L D P E  s h o w e d  th e  d i f f e r e n c e  e f f e c t  w i t h  P T T /H D P E  b le n d s  th a t  th e  ty p e  o f  

c o m p a t ib i l i z e r  d id  n o t  e f f e c t  o n  im p a c t  p r o p e r t ie s  o f  th e  b le n d s .
4 .4 .2 .3  R h e o lo g ic a l B eh a v io r

T h e  p lo t s  o f  v i s c o s i t y  v e r s u s  s h e a r  ra te  fo r  th e  n e a t  p o ly m e r s  

w e r e  m e a s u r e d  a t te m p e r a tu r e  2 5 0 ° c  a n d  a t s h e a r  ra te  r a n g e  f r o m  5 0  to  6 4 0 0  ร"1, 

w h ic h  a re  s h o w n  in  F ig u r e  4 .2 2 .  T h e  r e s u lt s  s h o w e d  th a t  n e a t  L L D P E  s h o w e d  

r e la t iv e ly  lo w e r  v i s c o s i t y  th a n  n e a t  P T T .
A l l  u n c o m p a t ib i l i z e d  b le n d s  s h o w e d  s h e a r  t h in n in g  b e h a v io r  

w h ic h  in te r p r e te d  a s  th e  v i s c o s i t y  d e c r e a s e d  w i t h  in c r e a s in g  s h e a r  ra te  ( s e e  in  F ig u r e  

4 .2 3 )  d u e  to  th e  in d u c e d  c h a in  o r ie n t a t io n ,  r e s u lt in g  in  a  lo w e r  e n t a n g le m e n t  d e n s i t y .  
T h e  s h e a r  v i s c o s i t y  o f  th e  b le n d s  w a s  fo u n d  to  d e c r e a s e  w it h  in c r e a s in g  L L D P E .

T h e  f l o w  c u r v e s  o f  c o m p a t ib i l i z e d  b le n d s  w i t h  d i f f e r e n c e  

a m o u n t  o f  M A H - g - H D P E  w e r e  s h o w n  in  F ig u r e  4 .2 4 .  T h e  r e s u lt s  s h o w e d  th a t s h e a r  

v i s c o s i t y  o f  P T T /L L D P E  b le n d s  in c r e a s e d  w h e n  M A H - g - H D P E  w a s  a d d e d  w h ic h  

m a y  b e  r e la te d  to  th e  fo r m a t io n  o f  c o v a le n t  b o n d s  b e t w e e n  h y d r o x y l  g r o u p  o f  P T T  

a n d  c a r b o x y l ic  a c id s  in  M A H - g - H D P E  (K a n g  et a l ,  1 9 9 9 ,  C h a r o e n p o n g p o o l  e t a l ,
2 0 1 3 ) .

T h e  s h e a r  v i s c o s i t y  o f  c o m p a t i b i l i z e d  b le n d s  w i t h  d i f f e r e n c e  

a m o u n t  o f  N a - E M A A  is  s h o w n  in  F ig u r e  4 .2 5 .  U s in g  N a - E M A A  a s  c o m p a t ib i l i z e r  

c a n  e n h a n c e  th e  v i s c o s i t y .  A s  io n o m e r  w a s  a d d e d , a  m o r e  h o m o g e n e o u s  d i s p e r s io n  

o f  o n e  p h a s e  in to  a n o th e r  w a s  o b t a in e d ,  in d ic a t in g  m o r e  in t e r a c t io n s  a t th e  in te r fa c e  

b e t w e e n  th e  t w o  p o ly m e r s  a n d  h e n c e  l e s s  s l ip p a g e  a t th e  in te r fa c e  in  th e  p r e s e n c e  o f
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io n o m e r .  T h is  m a y  b e  th e  r e a s o n  fo r  h ig h e r  v i s c o s i t i e s  o f  th e  b le n d s  o n  a d d it io n  o f  

N a - E M A A  (J o s h i  e t a l ,  1 9 9 2 ) .
4 .4 .2 .4  M e lt F lo w  In d ex

T h e  m e l t  f l o w  in d e x  o f  n e a t  p o ly m e r s  w a s  a l s o  s tu d ie d . T h e  

r e s u lt s  s h o w e d  th a t  L L D P E  g a v e  th e  h ig h e r  m e l t  f l o w  in d e x  th a n  P T T  w h ic h  

in d ic a t e d  th a t L L D P E  g a v e  th e  lo w e r  v i s c o s i t y  o r  th e  e a s ie r  f l o w  th a n  P T T .
F ig u r e  4 .2 6  s h o w s  th e  e f f e c t  o f  c o m p a t ib i l i z e r s  o n  th e  m e lt  

f l o w  in d e x  o f  P T T /L L D P E  b le n d s .  T h e  r e s u lt s  s h o w  th a t  m e l t  f l o w  in d e x  o f  th e  

b le n d s  d e c r e a s e d  w i t h  in c r e a s in g  M A H - g - H D P E  c o n t e n t s .  T h e  d e c r e a s e  o f  th e  m e l t  

f l o w  in d e x  o r  th e  in c r e a s e  o f  th e  v i s c o s i t y  m a y  b e  r e la te d  t o  th e  e x p e c t e d  r e a c t io n  

a n d  th e  in c r e a s e d  in te r fa c ia l  in te r a c t io n  o f  th e  P T T /L L D P E /H D P E - g - M A H  b le n d in g  

s y s t e m  ( K a n g  e t  a h , 1 9 9 9 ) .
T h e  e f f e c t  o f  N a - E M A A  c o n t e n t s  o n  th e  m e l t  f l o w  in d e x  o f  

th e  b le n d s  w a s  a l s o  s h o w n  in  F ig u r e  4 .6 .  T h e  r e s u lt s  s h o w  th a t  m e l t  f l o w  in d e x  o f  th e  

b le n d s  d e c r e a s e d  w it h  in c r e a s in g  N a - E M A A  c o n t e n t s .  T h e  d e c r e a s e  o f  th e  m e l t  f l o w  

in d e x  o r  th e  in c r e a s e  o f  th e  v i s c o s i t y  c o u ld  b e  r e la te d  to  th e  e x p e c t e d  r e a c t io n  a n d  

N a - E M A A  c a n  in c r e a s e  th e  in te r fa c ia l  a d h e s io n  b e t w e e n  t w o  p h a s e s .  T h is  c o u ld  b e  

th e  r e a s o n  fo r  lo w e r  m e l t  f l o w  in d e x  o f  th e  b le n d s  o n  a d d it io n  o f  N a - E M A A  ( J o s h i  e t  

a l„  1 9 9 2 ) .
A t  5 p h r  o f  c o m p a t ib i l i z e r ,  N a - E M A A  b le n d s  e x h ib i t e d  

h ig h e r  m e l t  f l o w  in d e x  th a n  M A H - g - H D P E  w h i c h  a ls o  f o u n d  in  P T T /H D P E  b le n d s .
4 .4 .2 .5  D S C  A n a ly s is

E f f e c t  o f  c o m p a t ib l i z a t io n  o n  th e  m e l t in g  a n d  c r y s t a l l i z a t io n  

t e m p e r a tu r e s  a n d  w e ig h t  f r a c t io n  c r y s t a l l in i t y  o f  e a c h  c o m p o n e n t  o f  th e  b le n d  w e r e  

s t u d ie s .
A s  th e  r e s u lt s ,  th e  c r y s t a l l i z a t io n  te m p e r a tu r e  ( T c)  p e a k  o f  

n e a t  P T T  a n d  n e a t  L L D P E  o c c u r r e d  a t 1 8 0 .0  c  a n d  1 1 0 .5  c , r e s p e c t iv e ly .
F ig u r e  4 .2 7  a n d  4 .2 8  s h o w  D S C  e x o t h e r m ic  t h e r m o g r a m s  o f  

u n c o m p a t ib i l i z e d  P T T /H D P E . T h e  r e s u lt s  s h o w e d  th a t  th e r e  w e r e  n o  c h a n g e s  in  T c 
o f  th e  H D P E  c o m p o n e n t  in  th e  P T T /H D P E . O n  th e  o th e r  h a n d , T c o f  P T T  c o m p o n e n t  

w a s  r e la t iv e ly  lo w e r  th a n  T c o f  p u r e  P T T . It i s  p o s s i b l e  th a t  H D P E  r e ta r d e d  P T T
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c r y s t a l l i z a t io n  w h i c h  th e  r e s u lt s  s h o w e d  th a t  T c o f  P T T  in  th e  u n c o m p a t ib l i z e d  

b le n d s  d e c r e a s e  w i t h  in c r e a s in g  H D P E  a n d  L L D P E  c o n t e n t s .
D S C  e x o t h e r m ic  th e r m o g r a m s  o f  P T T /L L D P E  w it h  

d i f f e r e n c e  a m o u n t  o f  M A H - g - H D P E  a re  s h o w n  in  F ig u r e  4 .2 8 .  T h e  r e s u lt s  s h o w  

s im i la r  to  P T T /H D P E /M A H - g - H D P E  b le n d s .  T h e  a d d it io n  o f  M A H - g - H D P E  s h i f t e d  

th e  T c o f  P T T  p h a s e  to  lo w e r  te m p e r a tu r e  b u t  s h i f t e d  T c o f  L L D P E  p h a s e  to  h ig h e r  

te m p e r a tu r e . It in d ic a t e d  th a t  th e  p r e s e n c e  o f  M A H - g - H D P E  r e ta r d e d  th e  

c r y s t a l l i z a t io n  o f  P T T  b u t in d u c e d  th e  c r y s t a l l i z a t io n  o f  L L D P E .
F ig u r e  4 .2 9  s h o w s  D S C  e x o t h e r m ic  th e r m o g r a m s  o f  

P T T /L L D P E  w i t h  d i f f e r e n c e  a m o u n t  o f  N a - E M A A . T h e  r e s u lt s  s h o w  th a t  th e  

a d d it io n  o f  N a - E M A A  s h i f t e d  th e  T c o f  P T T  p h a s e  to  h ig h e r  te m p e r a tu r e  b u t  s h i f t e d  

T c o f  L L D P E  p h a s e  to  l o w e r  t e m p e r a tu r e . T h is  in d ic a t e d  th e  n u c lé a t io n  e f f e c t  o f  N a -  

E M A A  o n  th e  c r y s t a l l i z a t io n  o f  P T T  w h i c h  th is  e f f e c t  a l s o  o c c u r r e d  in  

P T T /H D P E / N a - E M A A  th a t  a lr e a d y  d i s c u s s  in  p r e v ie w  p art.
A s  th e  r e s u lt ,  th e  m e l t in g  te m p e r a tu r e  ( T m) o f  n e a t  P T T  a n d  

L L D P E  w a s  2 2 7 .7  c  a n d  1 2 2 .1  c , r e s p e c t iv e ly .
F ig u r e  4 .3 0  s h o w s  D S C  m e l t in g  th e r m o g r a m s  o f  

P T T /L L D P E  b le n d s  w i t h o u t  c o m p a t ib i l i z e r .  T h e  T m p e a k s  o f  P T T  in  P T T /L L D P E  

b le n d s  w e r e  n o t  d i f f e r e n c e  fr o m  p u r e  P T T . O n  th e  o th e r  h a n d , th e  T m p e a k s  o f  

L L D P E  in  th e  b le n d s  w e r e  h ig h e r  th a n  th a t  n e a t  L L D P E . T h is  in d ic a t e d  th a t , in  th e  

p r e s e n c e  o f  P T T , th e  c r y s t a l l in e  p h a s e  w a s  m o r e  p e r fe c t .
D S C  m e l t in g  t h e r m o g r a m s  o f  P T T /L L D P E  w i t h  d i f f e r e n c e  

a m o u n t  o f  M A H - g - H D P E  a re  s h o w n  in  F ig u r e  4 .3 1 .  T h e  r e s u lt s  w e r e  s im i la r  to  

P T T /H D P E  b le n d  th a t  th e  a d d it io n  o f  M A H - g - H D P E  d id  n o t  a f f e c t  b o th  th e  T m o f  

P T T  p h a s e  a n d  L L D P E  p h a s e .
A s  s h o w  in  F ig u r e  4 .3 2 ,  th e  r e s u lt s  s h o w  s im i la r  to  

P T T /H D P E  b le n d  th a t  m e l t in g  te m p e r a tu r e  p e a k s  o f  e a c h  c o m p o n e n t  in  th e  

P T T /L L D P E  b le n d s  w i t h  N a - E M A A  w e r e  n o t  d i f f e r e n c e  fr o m  u n c o m p a t i l i z e d  b le n d s  

w h ic h  th e  a d d it io n  o f  N a - E M A A  s t i l l  g a v e  lo w e r  T m p e a k s  o f  L L D P E  c o m p o n e n t s  

w h e n  c o m p a r e d  w i t h  p u r e  L L D P E  a n d  d id  n o t  a f f e c t  to  P T T ’s  T m p e a k s .
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T h e  w e i g h t  fr a c t io n  c r y s t a l l in i t y  (X c) o f  th e  b le n d  a n d  n e a t  

c o m p o n e n t s  is  s h o w n  in  T a b le  4 .1 0 .  It c a n  b e  o b s e r v e d  f r o m  th e  ta b le  th a t  a ll  
c o m p o s i t io n  r a t io s  o f  u n c o m p a t ib i l i z e d  b le n d s  s h o w e d  th a t  th e  w e i g h t  f r a c t io n  

c r y s t a l l in i t y  fo r  b o th  P T T  a n d  L L D P E  c o m p o n e n t s  w a s  l e s s  th a n  p u r e  p o ly m e r s .  T h is  

im p l ie d  th a t  th e  c r y s t a l l i z a t io n  o f  o n e  c o m p o n e n t  w a s  a f f e c t e d  b y  a d d it io n  o f  a n o th e r  

c o m p o n e n t .  B y  a d d in g  M A H - g - H D P E  o r  N a - E M A A  in  P T T /L L D P E  b le n d s ,  th e  Xc 

o f  b o th  P T T  a n d  L L D P E  d e c r e a s e d  w h ic h  s im i la r  to  P T T /H D P E  b le n d s .

4.5 Conclusions

In  th is  w o r k ,  M A H - g - H D P E  a n d  N a - E M A A  a s  c o m p a t ib i l i z e r s  w e r e  a d d e d  

to  th e  P T T /H D P E  a n d  P T T /L L D P E  b le n d s  b y  m e l t  m i x i n g .  S E M  m ic r o g r a p h s  s h o w  

th a t  th e  a v e r a g e  s iz e  o f  th e  d is p e r s e d  p h a s e  d e c r e a s e d  b y  th e  a d d it io n  o f  s m a ll  

a m o u n t  o f  c o m p a t ib i l i z e r .  O n ly  0 . 1 - 1  p h r  o f  c o m p a t ib i l i z e r  w a s  s u f f ic i e n t  to  

p r o d u c e  m a x im u m  r e d u c t io n  in  d i s p e r s e d  p h a s e  s i z e .  T h e  m e c h a n ic a l  p r o p e r t ie s  

in c r e a s e d  w i t h  th e  a d d it io n  o f  c o m p a t ib i l i z e r ,  i n c lu d in g  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  im p a c t  s tr e n g th . P T T /H P D E /N a - E M A A :  8 0 /2 0 /1  g a v e  th e  h ig h e s t  

t e n s i l e  s tr e n g th  a t 4 6 .8 7  M P a  w h i l e  P T T /H D P E / M A H - g - H D P E  : 8 0 /2 0 / 1  g a v e  th e  

h ig h e s t  Y o u n g ’s m o d u lu s  a t 9 2 5  M P a  a n d  P T T /L L D P E / M A H - g - H D P E : 6 0 / 4 0 / l  g a v e  

th e  h ig h e s t  im p a c t  s tr e n g th  a t 8 .2  K J /m 2.V is c o s i t y  o f  b le n d s  in c r e a s e d  w i t h  

in c r e a s in g  a m o u n t  o f  c o m p a t ib i l i z e r  a n d  a t 5 p h r  o f  c o m p a t ib i l i z e r ,  N a - E M A A  

b le n d s  g a v e  h ig h e r  m e l t  f l o w  in d e x  th a n  M A H - g - H D P E  b le n d s .  T h e  a d d it io n  o f  

M A H - g - H D P E  in  th e  b le n d s  s h i f t e d  T c o f  P T T  to  lo w e r  te m p e r a tu r e  b u t  s h i f t e d  T c o f  

H D P E  o r  L L D P E  to  h ig h e r  t e m p e r a tu r e . O n  th e  o th e r  h a n d  th e  a d d it io n  o f  N a -  

E M A A  s h i f t e d  th e  T c o f  P T T  to  h ig h e r  t e m p e r a tu r e  b u t  s h i f t e d  T c o f  H D P E  o r  

L L D P E  to  lo w e r  te m p e r a tu r e . T h e  a d d it io n  o f  M A H - g - H D P E  a n d  N a - E M A A  d id  n o t  

e f f e c t  to  T m o f  b o th  P T T  a n d  H D P E  o r  L L D P E . A l l  c o m p o s i t io n  r a t io s  o f  

u n c o m p a t ib i l i z e d  a n d  c o m p a t b i l i z e d  b le n d s  s h o w e d  th a t  %  C r y s t a l l in i t y  fo r  b o th  

P T T  a n d  H D P E  o r  L L D P E  c o m p o n e n t s  w a s  l e s s  th a n  n e a t  p o ly m e r s .
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Table 4.1 B le n d  c o m p o s i t io n s

C o n c e n t r a t io n  (% w t)

P P T H D P E L L D P E C o m p a t ib i l iz e r

P T T 1 0 0 - - -

H O P E - 1 0 0 - -

L L D P E - - 1 0 0 -

P T T /H D P E /M A H - g - H D P E
8 0 2 0 - 0 ,  0 .1 ,  0 .5 ,  1 , 5 p h r

6 0 4 0 - 0 , 0 .1 ,  0 .5 ,  1, 5 p h r

P T T  /H D P E / N a - E M A A
8 0 2 0 - 0 ,  0 .1 ,  0 .5 ,  1, 5 p h r

6 0 4 0 - 0 ,  0 .1 ,  0 .5 ,  1, 5 p h r

P T T /L L D P E /M A H - g - H D P E
8 0 - 2 0 0 , 0 .1 ,  0 .5 ,  1, 5 p h r

6 0 - 4 0 0 , 0 .1 ,  0 .5 ,  1, 5 p h r

P T T /L L D P E /N a - E M A A
8 0 - 2 0 0 , 0 .1 ,  0 .5 ,  1, 5 p h r

6 0 - 4 0 0 , 0 . 1 , 0 . 5 ,  1, 5 p h r

Table 4.2 T e m p e r a tu r e  p r o f i l e  o f  tw in  s c r e w  e x tr u d e r

E x tr u d e r  Z o n e 1 2 3 4 5 6 7 8

T e m p e r a tu r e  ( ๐C ) 1 2 0 2 4 0 2 4 5 2 4 5 2 5 0 2 5 0 2 5 0 2 5 0
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Table 4 .3  D is p e r s e d  p h a s e d  s i z e  o f  P T T /H D P E /M A H - g - H D P E  b le n d s

M A H - g - H D P E  c o n t e n t  (p h r )
P T T /H D P E  r a tio

8 0 /2 0 6 0 /4 0
0 2 .9 9 3 .5 7

0 . 1 1 .0 7 2 .5 7
0 .5 1 .7 9 1 .1 7

1 2 .2 7 1 . 2 2

5 2 .0 6 1 .0 7

Table 4.4 D is p e r s e d  p h a s e d  s i z e  o f  P T T /H D P E / N a - E M A A  b le n d s

N a - E M A A  c o n t e n t  (p h r )
P T T /H D P E  r a tio

8 0 /2 0 6 0 /4 0
0 2 .9 9 3 .5 7

0 . 1 1 .8 4 0 .8 5
0 .5 2 .6 3 1 .4 2

1 1 .6 1 1 .3 7
5 0 . 8 6 1 .2 6
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Table 4.5 Mechanical properties of PTT/HDPE blends with and without
compatibilizer

System Ratio
Tensile strength 

(MPa)
Young’s modulus 

(MPa)
Impact strength 

(KJ/m2)

Average SD Average SD Average SD
PTT 100 60.26 0.20 1056.72 17.48 7.0 0.3
PTT/HDPE 80/20 44.45 0.49 902.92 25.70 6.9 0.0
PTT/HDPE/MAH-g-HDPE 80/20/0.1 44.56 0.49 914.70 44.49 7.2 0.4
PTT/HDPE/MAH-g-HDPE 80/20/0.5 44.71 0.40 899.94 42.76 7.3 0.3
PTT/HDPE/MAH-g-HDPE 80/20/1 45.96 0.31 925.44 27.06 7.3 0.2
PTT/HDPE/MAH-g-HDPE 80/20/5 43.42 0.51 875.80 37.76 7.3 0.2
PTT/HDPE/Na-EMAA 80/20/0.1 46.58 0.76 898.79 30.53 7.5 0.1
PTT/HDPE/Na-EMAA 80/20/0.5 46.27 0.60 898.71 31.75 7.5 0.1
PTT/HDPE/Na-EMAA 80/20/1 46.87 0.24 916.86 48.53 7.5 0.1
PTT/HDPE/Na-EMAA 80/20/5 42.73 0.49 819.13 42.70 7.5 0.1
PTT/HDPE 60/40 39.14 0.62 795.34 16.47 7.8 0.5
PTT/HDPE/MAH-g-HDPE 60/40/0.1 39.83 0.87 802.00 53.83 7.8 0.2
PTT/HDPE/MAH-g-HDPE 60/40/0.5 40.54 0.38 817.09 51.87 8.0 0.2
PTT/HDPE/MAH-g-HDPE 60/40/1 40.36 0.51 819.01 21.38 7.8 0.3
PTT/HDPE/MAH-g-HDPE 60/40/5 39.43 0.38 760.88 41.44 7.8 0.3
PTT/HDPE/Na-EMAA 60/40/0.1 40.68 3.20 829.71 25.50 7.9 0.5
PTT/HDPE/Na-EMAA 60/40/0.5 39.53 2.89 824.40 22.14 8.2 0.3
PTT/HDPE/Na-EMAA 60/40/1 39.38 3.56 812.94 47.75 7.9 0.2
PTT/HDPE/Na-EMAA 60/40/5 37.95 0.75 783.71 29.64 7.9 0.3
HDPE 100 24.47 0.52 613.25 26.19 11.9 0.5
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Table 4.6 Weight fraction crystallinity of PTT/HDPE with and without
compatibilizer

S y s t e m s r a tio % x,c o f  H D P E % X C o f  P T T

P T T 1 0 0 - 3 3 .1

H D P E 1 0 0 7 1 .3 -

P T T /H D P E 8 0 /2 0 6 6 . 6 2 9 .8

P T T /H D P E /M A H - g - H D P E 8 0 /2 0 / 0 .1 5 9 .1 3 0 .5

P T T /H D P E /M A H - g - H D P E 8 0 / 2 0 / 0 .5 6 4 .7 3 0 .8

P T T /H D P E /M A H - g - H D P E 8 0 /2 0 /1 6 1 .9 3 0 .5

P T T /H D P E /M A H - g - H D P E 8 0 /2 0 / 5 6 6 . 6 3 0 .3

P T T /H D P E /N a - E M A A 8 0 /2 0 / 0 .1 5 8 .4 3 1 .8

P T T /H D P E /N a - E M A A 8 0 / 2 0 / 0 .5 6 1 .4 3 0 .9
P T T /H D P E /N a - E M A A 8 0 /2 0 /1 5 9 .3 3 2 .3

P T T /H D P E /N a - E M A A 8 0 /2 0 / 5 5 5 .9 3 2 .5

P T T /H D P E 6 0 /4 0 6 9 .4 2 8 .4
P T T /H D P E /M A H - g - H D P E 6 0 /4 0 / 0 .1 6 5 3 0
P T T /H D P E /M A H - g - H D P E 6 0 / 4 0 / 0 .5 6 1 .6 2 9 .2

P T T /H D P E /M A H - g - H D P E 6 0 /4 0 /1 6 4 .5 2 9 .9
P T T /H D P E /M A H - g - H D P E 6 0 / 4 0 / 5 6 8 .3 2 9 .2

P T T /H D P E /N a - E M A A 6 0 /4 0 / 0 .1 6 3 .8 2 9 .4

P T T /H D P E /N a - E M A A 6 0 / 4 0 / 0 .5 6 7 .2 2 8 .5

P T T /H D P E /N a - E M A A 6 0 /4 0 /1 6 3 .5 3 0 .1
P T T /H D P E /N a - E M A A 6 0 / 4 0 / 5 5 9 .9 2 7 .2
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Table 4 .7  D i s p e r s e d  p h a s e d  s i z e  o f  P T T /H D P E /M A H - g - H D P E  b le n d s

M A H - g - H D P E  c o n t e n t  (p h r )
P T T /L L D P E  r a tio

8 0 /2 0 6 0 /4 0

0 2 .1 3  p m 3 .4 3  p m

0 . 1 1 .7 3  p m 1 .6 2  p m

0 .5 1 .3 6  p m 2 .1 8  p m

1 1 .7 7  p m 1 .2 9  p m

5 1 .3 1  p m 1 . 6 6  p m

Table 4.8 D is p e r s e d  p h a s e d  s i z e  o f  P T T /H D P E / N a - E M A A  b le n d s

N a - E M A A  c o n t e n t  (p h r )
P T T /L L D P E  r a tio

8 0 /2 0 6 0 /4 0

0 2 .1 3  p m 3 .4 3  p m

0.1 1 .8 0  p m 1 . 2 0  p m

0 .5 1 .7 6  p m 2 . 1 0  p m

1 1 .2 7  p m 1 .7 7  p m

5 1 .5 9  p m 1 .8 2  p m
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Table 4.9 Mechanical properties of PTT/HDPE blends with and without
compatibilizer

System Ratio
Tensile strength 

(MPa)
Young’s modulus 

(MPa)
Impact strength 

(KJ/m2)

Average SD Average SD Average SD
PTT 100 60.26 0.20 1056.72 17.48 7.0 0.3
PTT/LLDPE 80/20 39.70 1.05 710.76 33.46 7.4 0.6
PTT/LLDPE/MAH-g-HDPE 80/20/0.1 41.66 0.11 748.08 20.11 7.9 0.4
PTT/LLDPE /MAH-g-HDPE 80/20/0.5 42.39 0.54 763.72 16.89 7.9 0.4
PTT/LLDPE/MAH-g-HDPE 80/20/1 41.42 0.50 794.74 8.42 7.6 0.5
PTT/LLDPE /MAH-g-HDPE 80/20/5 41.53 0.35 775.32 24.46 7.6 0.5
PTT/LLDPE /Na-EMAA 80/20/0.1 40.13 0.78 771.65 29.36 7.7 0.8
PTT/LLDPE /Na-EMAA 80/20/0.5 41.56 0.54 800.94 23.17 7.9 0.8
PTT/LLDPE /Na-EMAA 80/20/1 41.62 0.25 780.65 21.31 7.8 0.6
PTT/LLDPE /Na-EMAA 80/20/5 39.83 0.13 756.04 23.73 7.8 0.6
PTT/LLDPE 60/40 27.13 0.42 548.56 11.82 7.6 0.5
PTT/LLDPE/MAH-g-HDPE 60/40/0.1 26.95 0.34 557.45 15.68 8.1 0.6
PTT/LLDPE /MAH-g-HDPE 60/40/0.5 27.75 0.78 561.62 16.49 8.0 0.5
PTT/LLDPE/MAH-g-HDPE 60/40/1 27.86 0.71 555.41 8.33 8.2 0.5
PTT/LLDPE /MAH-g-HDPE 60/40/5 27.87 0.40 569.20 8.82 7.9 0.5
PTT/LLDPE /Na-EMAA 60/40/0.1 30.52 1.35 625.25 21.21 8.0 0.6
PTT/LLDPE /Na-EMAA 60/40/0.5 27.08 1.17 538.48 16.89 8.0 0.7
PTT/LLDPE /Na-EMAA 60/40/1 26.67 0.35 529.79 15.85 7.9 0.3
PTT/LLDPE /Na-EMAA 60/40/5 25.03 0.56 502.82 20.96 7.9 0.5
LLDPE 100 11.18 0.39 177.14 16.33 47.6 2.9
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Table 4.10 Weight fraction crystallinity of PTT/HDPE with and without
compatibilizer

S y s t e m s r a tio % X C o f  H D P E % X C o f  P T T

P T T 1 0 0 - 3 3 .1

L L D P E 1 0 0 3 3 .6 -

P T T /L L D P E 8 0 /2 0 3 3 .3 2 9 .7

P T T /L L D P E /M A H - g - H D P E 8 0 /2 0 / 0 .1 2 7 .0 3 1 .0

P T T /L L D P E /M A H - g - H D P E 8 0 / 2 0 / 0 .5 2 8 .7 3 1 .9

P T T /L L D P E /M A H - g - H D P E 8 0 /2 0 /1 3 1 .1 3 0 .6
P T T /L L D P E /M A H - g - H D P E 8 0 /2 0 / 5 4 0 .2 3 0 .3
P T T /L L D P E /N a - E M A A 8 0 /2 0 / 0 .1 2 7 .7 3 1 .7

P T T /L L D P E /N a - E M A A 8 0 / 2 0 / 0 .5 2 5 .8 3 1 .5

P T T /L L D P E /N a - E M A A 8 0 /2 0 /1 2 3 .6 3 2 .1

P T T /L L D P E /N a - E M A A 8 0 /2 0 / 5 2 6 .7 3 1 .0

P T T /L L D P E 6 0 /4 0 3 3 .3 2 7 .7
P T T /L L D P E /M A H - g - H D P E 6 0 /4 0 / 0 .1 3 1 .3 2 9 .2

P T T /L L D P E /M A H - g - H D P E 6 0 / 4 0 / 0 .5 3 1 .6 2 9 .9

P T T /L L D P E /M A H - g - H D P E 6 0 /4 0 /1 3 1 .3 2 8 .8
P T T /L L D P E /M A H - g - H D P E 6 0 / 4 0 / 5 3 1 .6 2 7 .7
P T T /L L D P E /N a - E M A A 6 0 /4 0 / 0 .1 3 3 .1 3 0 .0
P T T /L L D P E /N a - E M A A 6 0 / 4 0 / 0 .5 3 0 .7 3 0 .3
P T T /L L D P E /N a - E M A A 6 0 /4 0 /1 2 8 .2 3 1 .6
P T T /L L D P E /N a - E M A A 6 0 / 4 0 / 5 2 7 .0 2 9 .4
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(a )  P T T /H D P E  : 8 0 /2 0 (b )  P T T /H D P E  : 6 0 /4 0

Figure 4.1 S E M  m ic r o g r a p h s  o f  th e  u n c o m p a t ib i l i z e d  P T T /H D P E  b le n d s  at 

d i f f e r e n t  r a t io  a s  (a )  P T T /H D P E :  8 0 /2 0  a n d  (b )  P T T /H D P E :  6 0 / 4 0

( c )  1 p h r  (d )  5 p h r

Figure 4.2 S E M  m ic r o g r a p h s  o f  c o m p a t i b i l i z e d  P T T /H D P E :  8 0 / 2 0  w i t h  d i f f e r e n t  

a m o u n t  o f  M A H - g - H D P E .
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(b )  0 .5  p h r

(d )  5  p h r

(a )  0 . 1  p h r

( c )  1 p h r

Figure 4.3 S E M  m ic r o g r a p h s  o f  c o m p a t i b i l i z e d  P T T /H D P E :  6 0 / 4 0  w i t h  d i f f e r e n t  

a m o u n t  o f  M A H - g - H D P E .

( c )  1 p h r  (d )  5 p h r

Figure 4.4 S E M  m ic r o g r a p h s  o f  c o m p a t ib i l i z e d  P T T /H D P E :  8 0 /2 0  w i t h  d i f f e r e n t  

a m o u n t  o f  N a - E M A A .
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(b )  0 .5  p h r

(d )  5 p h r

(a )  0 . 1  p h r

( c )  1 p h r

Figure 4.5 S E M  m ic r o g r a p h s  o f  c o m p a t ib i l i z e d  P T T /H D P E :  6 0 / 4 0  w i t h  d i f f e r e n t  

a m o u n t  o f  N a - E M A A .
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Figure 4.6 M e lt  v i s c o s i t y  o f  P T T  a n d  H D P E .

I -• PTT/HDPC : 80/201 I -♦ - PTT/HDPE : 60/401

Figure 4.7 M e lt  v i s c o s i t y  o f  P T T /H D P E .

(a )  (b )

Figure 4.8 M e lt  v i s c o s i t y  o f  P T T /H D P E :  (a )  8 0 /2 0  a n d  (b )  6 0 / 4 0  b le n d s  w i t h  

d if f e r e n t  a m o u n t  o f  M A H - g - H D P E .
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(a) (b )

Figure 4.9 M e lt  v i s c o s i t y  o f  P T T /H D P E :  (a )  8 0 / 2 0  a n d  (b )  6 0 / 4 0  b le n d s  w i t h  

d if f e r e n t  a m o u n t  o f  N a - E M A A .

N
th
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n PTT/HDPE/MAH-g-HDPE: 80/20 
PTT/HDPE/MAH-g-HDPE: 60/40 

ggsgj PTT/HDPE/Na-EMAA: 80/20

0 0.1 0.5 1 5
compatibilizer content (phr)

Figure 4.10 Melt flow index of PTT/HDPE blends with different compatibilizer 
contents.
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Temperature fC)

Figure 4.11 DSC thermograms at cooling scan of PTT/HDPE blends along with 
neat component.

7 .0  ๅ  12  ๅ

Figure 4.12 DSC thermograms at cooling scan of PTT/HDPE (a) 80/20 (b) 60/40 
blends with difference amount of MAH-g-HDPE.
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Figure 4.13 DSC thermograms at cooling scan of PTT/HDPE (a) 80/20 (b) 60/40 
blends with difference amount of Na-EMAA.

-1 0 0  -5 0  0  5 0  1 0 0  1 50  2 0 0  2 5 0  3 0 0
Temperature (°C)

Figure 4.14 DSC thermograms at second heating scan of PTT/HDPE blends along 
with pure component.
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5.0- 
4.5-
4.0-

PTT/HDPE/MAH-g-HDPE . 80/20/5 

PTT/HDPE/MAH-g-HDPE : 80/20/1 »

PTT/HDPE/MAH-g-HDPE ; 60/40/5 

PTT/HDPE/MAH-g-HDPE : 60/40/1 \
-ST 3 5- 
1  3 0- ~ ' ไ f ' f ~  iPTT/HOPE/M AH-g-HDPE : 80/20/0.5 ' §■  4 - PTT/HDPE/MAH-g-HDPE : 60/405.5 ^
1 2.0- 1 ,5 - M \ r  I "PTT/HDPE/MAH-g-HDPE : 80/20/0.1 » J ๐ 2 • PTT/HDPE/MAH-g-HDPE : 60/40/0.1 V
"z 1.0-I ~ไI " \l 1 PTT/HDPE : 60/40 \

-0.5-
-1.0-
-15- V Y -2- '

-1 0 0  -50  0  50  1 0 0  1 5 0  2 0 0  2 5 0  3 0 0  -1 0 0  -50  0  50  1 0 0  1 5 0  2 0 0  2 5 0  3 0 0

Temperature (°C) Temperature (°C)

(a) (b)

Figure 4.15 DSC thermograms at second heating scan of PTT/HDPE (a) 80/20 (b) 
60/40 blends with difference amount of MAH-g-HDPE.

(a )

PTT/HDPE/Na-EMAA : 60/405

PTT/HDPE/Na-EMAA : 60/40/1

-1 0 0  -5 0  0  5 0  1 0 0  1 5 0  2 0 0  2 5 0  300

Temperature (°C)

(b)

Figure 4.16 DSC thermograms at second heating scan of PTT/HDPE (a) 80/20 (b) 
60/40 blends with difference amount of Na-EMAA.
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(a) PTT/LLDPE : 80/20 (b) PTT/LLDPE : 60/40

Figure 4.17 SEM micrographs of the uncompatibilized PTT/LLDPE blends at 
different ratio as (a) PTT/LLDPE: 80/20 and (b) PTT/LLDPE: 60/40

(b) 0.5 phr

(d) 5 phr

(a) 0.1 phr

(c) 1 phr

Figure 4.18 SEM micrographs of compatibilized PTT/LLDPE: 80/20 with different 
amount of MAH-g-HDPE.
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(a) 0.1 phr (b) 0.5 phr

(c) 1 phr (d )5 phr

Figure 4.19 SEM micrographs of compatibilized PTT/LLDPE: 60/40 with different 
amount of MAH-g-HDPE.

(c) 1 phr (d )5 phr

Figure 4.20 SEM micrographs of compatibilized PTT/LLDPE: 80/20 with different 
amount of Na-EMAA.
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(c) 1 phr (d) 5 phr

Figure 4.21 SEM micrographs of compatibilized PTT/LLDPE: 60/40 with different 
amount of Na-EMAA.
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£•I

1000
Shear rate (ร'1)

Figure 4.22 Melt viscosity of PTT and LLDPE.

PTT-A- LLDPE

f
10 100 1000

Shear rate (ร'')
10000

Figure 4.23 Melt viscosity of PTT/LLDPE blends.

(a) (b)

Figure 4.24 Melt viscosity of PTT/LLDPE: (a) 80/20 and (b) 60/40 blends with 
different amount of MAEl-g-HDPE.
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-TT------------------- . 1— .............. I------------- 1-------1 .— ...............I 10-1  >—.......................................... - 1— .............. I------------- ------- 1  — .............. I100 1000 10000 100 1000 10000
Shear rate (ร'') Shear rate (ร'’)

(a ) (b)

Figure 4.25 Melt viscosity of PTT/LLDPE: (a) 80/20 and (b) 60/40 blends with 
different amount of Na-EMAA.
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com p a tib ilize r con ten t (phr)

Figure 4.26 Melt flow index of PTT/LLDPE blends with different compatibilizer 
contents.
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Temperature (°C)

Figure 4.27 DSC thermograms at cooling scan of PTT/LLDPE blends along with 
neat component.

6  5 - ,

-1 0 0  -50 0  50  1 00  1 5 0  2 0 0  2 5 0  3 0 0
Temperature (°C)

(a )

CT>

03

(b)

Figure 4.28 DSC thermograms at cooling scan of PTT/LLDPE (a) 80/20 (b) 60/40
blends with difference amount of MAH-g-HDPE.
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PTT/LLDPE/Na-EMAA : 80/20/5

-100  -50  0  5 0  100  150  2 0 0  2 5 0  3 0 0
Temperature (°C)

(a)

6 .0 -
5 .5 -  

1 5 0 -

. 4 5  '  
’ 4 0 -

3 .5 -

1 .0 -
0 .5 -
0.0-

-50  0  5 0  1 0 0  1 5 0  2 0 0  2 5 0  3 0 0
Temperature (°C)

(b)

Figure 4.29 DSC thermograms at cooling scan of PTT/LLDPE (a) 80/20 (b) 60/40 
blends with difference amount of Na-EMAA.

Figure 4.30 DSC thermograms at second heating scan of PTT/LLDPE blends along
with pure component.
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-0.5-1.0

PTT/LLDPE/MAH-g-HDPE : 80/20/5
PTT/LLDPE/MAH-g-HDPE 80/20/1

-100 -50 0 50 100 150 200 250 300
Tem perature (°C)

(a)

PTT/LLDPE/MAH-g-HDPE : 60/40/5
1PTT/LLDPE/MAH-g-HDPE : 60/40/1 1 r ~

PTT/LLDPE/MAH-g-HDPE : 60/40/0.5 .

PTT/LLDPE/MAH-g-HDPE : 60/40/0.1 '1
'ฯPTT/LLDPE : 60/40L T ~
-A 'V ■

D -50 0 50 100 150 
Tem perature (°C)

200 250

(b)

F ig u re  4 .31 DSC thermograms at second heating scan of PTT/LLDPE (a) 80/20 (b) 
60/40 blends with difference amount of MAH-g-HDPE.

(a) (b)

Figure 4.32 DSC thermograms at second heating scan of PTT/LLDPE (a) 80/20 (b)
60/40 blends with difference amount of Na-EMAA.
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