
RESULTS AND DISCUSSION
CHAPTER IV

4.1  R h e o lo g ic a l  b e h a v io r
4 .1 .1  N e a t  c o m p o n e n ts  a n d  u n c o m p a t ib i l i z e d  b in a r y  b le n d s  
T h e  p lo t s  o f  v is c o s i ty  v e r s u s  s h e a r  r a te  f o r  th e  n e a t  c o m p o n e n ts  a n d  

th e  b le n d s  w e r e  m e a s u r e d  a t  te m p e ra tu re  250 °c a n d  a t  s h e a r  r a te  r a n g e  f ro m  30 to  
3200 ร'1, w h ic h  a re  p r e s e n te d  in  f ig u re s .

Figure 4.1 F lo w  c u re s  o f  n e a t  c o m p o n e n ts .

A p p a r e n t ly ,  th e  n e a t  P B T  s h o w s  r e la t iv e ly  lo w  v i s c o s i ty  a t  lo w e r  
s h e a r  r a te  r e g io n  a n d  le s s  s h e a r  th in n in g  a t  h ig h e r  s h e a r  ra te  w h ile  n e a t  H D P E  h a s  th e  
h ig h e s t  v is c o s i ty .  In  a d d i t io n ,  th e  v is c o s i ty  o f  th e  S u r ly n  is  h ig h e r  th a n  P B T , a t le a s t  
in  th e  lo w  s h e a r  ra te  r e g io n  a n d  th e  f lo w  c u rv e  o f  F fD P E  is  h ig h e r  th a n  S u r ly n  in  th e  
w h o le  s h e a r  ra te  re g io n .
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Temperature (°c)

Figure 4.2 F lo w  c u r v e s  o f  u n c o m p a tib il iz e d  b in a ry  b le n d s  an d  n e a t  p o ly m e rs .

A ll s p e c im e n s  e x h ib i t  s h e a r - th in n in g  b e h a v io r  w h ic h  in te rp re te d  as th e  
v is c o s i ty  d e c re a s e s  w ith  in c re a s in g  s h e a r  ra te  d u e  to  th e  in d u c e d  c h a in  o r ie n ta tio n , 
r e s u lt in g  in a lo w e r  e n ta n g le m e n t d e n s ity . N o tic in g  th a t m o lte n  P B T  b e h a v e d  like  a 
N e w to n ia n  f lu id  a t lo w  sh e a r  ra te s  a n d  like  a s h e a r  th in n in g  f lu id  a t  h ig h  s h e a r  ra te  (i.e ., 
g re a te r  th a n  8 0 0  ร"1). T h e  s h e a r  v is c o s it ie s  fo r  b le n d  sa m p le s  w e re  fo u n d  to  in c re a se  w ith  
in c re a s in g  H D P E  c o n te n t, an d  th e  v a lu e s  w e re  fo u n d  to  lo c a te  b e tw e e n  th o s e  o f  th e  tw o  
n e a t p o ly m e rs .
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Figure 4.3 F lo w  c u re s  o f  P B T /S u ry ln  b le n d s .

In  F ig .4 .3  th e  P B T /S u rly n  b le n d s  a t ra tio  o f  8 0 /2 0 , 7 0 /3 0 , 5 0 /5 0 , d isp la y  
g re a te r  s h e a r  th in n in g  o v e r  th e  w h o le  s h e a r  ra te  ra n g e  th a n  th e  n e a t P B T , in d ic a tin g  th a t 
in tro d u c in g  S u r ly n  in to  th e  sy s te m  c o u ld  e n h a n c e  its s h e a r - th in n in g  b e h a v io r . It is 
im p o rta n t to  n o te  th a t v is c o s i ty  in c re a se  w ith  in c re a s in g  S u r ly n  c o n te n t, w h ic h  in d ic a te  
th e  c o m p a tib i l iz in g  re a c tio n  b e tw e e n  P B T  a n d  S u rly n  h a s  in c re a se d  th e ir  in te rfa c ia l 
a d h e s io n .

4 .1 .2  C o m p a tib il iz e d  te rn a ry  b le n d s
T h e  f lo w  c u rv e s  o f  te rn a ry  b le n d s  c o m p a tib il iz e d  w ith  N a -E M A A  (0 , 1,

2 .5 , 5 , 10 p h r)  a t  v a r io u s  c o m p o s it io n s  w e re  p lo tte d . In o rd e r  to  m a k e  c o m p a riso n , th e  
u n c o m p a tib i l iz e d  b in a ry  b le n d  w a s  a lso  p lo t te d  in th e  sa m e  fig u re .



18

F ig u r e  4 .4  F lo w  c u re s  o f  P B T /H D P E  8 0 /2 0  b le n d  c o n ta in in g  v a r io u s  S u r ly n  c o n te n ts  o f  
0 , 1, 2 .5 , 5, 10 p h r .

F ig u r e  4 .5  F lo w  c u re s  o f  P B T /H D P E  7 0 /3 0  b le n d  c o n ta in in g  v a r io u s  S u r ly n  c o n te n ts  o f  
0 , 1, 2 .5 , 5 , 10 p h r.
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In  P B T -r ic h  b le n d s , u s in g  S u r ly n  to  c o m p a tib i l iz e  th e  b le n d s  c a n  e n h a n c e  
th e  v is c o s ity , it  s e e m s  to  b e  h ig h e s t  v is c o s i ty  w h e n  5 p h r  o f  S u r ly n  u se d . E s p e c ia l ly ,  th e  
c u rv e  s h o w e d  m o re  s h e a r  th in n in g  a n d  th e  v is c o s i ty  tu rn  to  d e c re a s e  w h e n  th e  c o n te n t  o f  
S u r ly n  in c re a s e d  to  10 p h r . F ig .4 .5 , it  sh o w e d  lp h r  N a -E M A A  h a d  s m a ll  e f fe c t o n  
v is c o s ity , th e n  v is c o s i ty  in c re a s e d  o b v io u s ly  w h e n  2 .5  p h r  a n d  5 p h r  N a - E M A A  w e re  
a d d e d .

S h ea r ra te  (ร ’ 1)
F ig u r e  4 .6  F lo w  c u r e s  o f  P B T /F ID P E  5 0 /5 0  b le n d  c o n ta in in g  v a r io u s  S u r ly n  c o n te n ts  o f  
0 , !, 2 .5 , 5, 10 p h r.

In  F ig .4 .6 . T h e  f lo w  c u rv e s  o f  a ll th e  te rn a ry  c o m p a tib i l iz e d  b le n d s  a re  
s im ila r  a n d  m u c h  h ig h e r  th a n  th a t  o f  th e  b in a ry  b le n d . T h is  d ra s t ic a l ly  in c re a s in g  c a n  b e  
d u e  to  th e  a d d it io n  o f  a h ig h e r  v is c o s ity  N a -E M A A  c o m p o n e n t o r  to  so m e  
c o m p a tib i l iz in g  a c t io n  o f  th e  N a -E M A A  b o th  w ith  H D P E  a n d  P B T .
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F ig u r e  4 .7  F lo w  c u re s  o f  P B T /H D P E  3 0 /7 0  b le n d  c o n ta in in g  v a r io u s  S u r ly n  c o n te n ts  o f  
0 , 1, 2 .5 , 5, 10 p h r .

F ig u r e  4 .8  F lo w  c u re s  o f  P B T /H D P E  2 0 /8 0  b le n d  c o n ta in in g  v a r io u s  S u r ly n  c o n te n ts  o f  
0 , 1 ,2 .5 ,  5 , 10 p h r.
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In  H D P E -r ic h  b le n d s , th e  v is c o s i ty  in c re a s e  w ith  in c re a s in g  th e  a m o u n t o f  
N a -E M A A . F ig . 4 .7  d is p la y s  th e  v is c o s i t ie s  o f  d i f fe re n t  c o n te n t  o f  N a -E M A A  b le n d s  
w e re  s lig h tly  d if fe re n t  a f te r  f a r th e r  a d d i t io n  o f  m o re  th a n  1 p h r , a n d  it  h a rd  to  d is t in c t  
w h ic h  o n e  is  th e  h ig h e s t v is c o s i ty  c o m p a re d  w ith  2 .5  a n d  5 p h r , b u t it  c a n  b e  s e e n  10 p h r  
o f  N a -E M A A  re s u lt in g  a  li t t le  d e c re a s in g  o f  v is c o s ity . H o w e v e r , in  F ig .4 .8 , a f te r  u s in g  
N a -E M A A , v is c o s i ty  s h o w s  s lig h tly  v a r ia t io n  a n d  th e  lo c a t io n  o f  f lo w  c u rv e s  o f  a ll 
b le n d s  a re  v e r y  c lo se  to  e a c h  o th e r , d u e  to  th e  h ig h e s t v is c o s i ty  o f  H D P E  m a in  p h a s e  
c o m p a re d  w i th  sm a ll a m o u n t o f  d is p e r s e d  N a -E M A A  a n d  P B T  m in o r  p h a se .

4 .2  D y n a m ic  p ro p e r t ie s

4 .2 .1  T h e  D M A  re s u lts  o f  T a n  8 a s  a  fu n c t io n  o f  te m p e ra tu re  w e re  
s h o w n  as  b e lo w .

F ig u r e  4 .9  T a n  8 a s  a  fu n c t io n  o f  te m p e ra tu re  o f  n e a t c o m p o s it io n s  (a ) a n d  P B T /H D P E  
b le n d s  (b ).

T h e  o c c u rre n c e  o f  g la s s  t r a n s i t io n s  c a n  b e  c le a r ly  s e e n  in  th e  ty p ic a l 
p ro f ile s  o f  ta n  8 v e rs u s  te m p e ra tu re  s h o w n  f ro m  F ig .4 .9 . T h e  ta n  8 p e a k  o f  H D P E  g la s s  
tr a n s i t io n  te m p e ra tu re  is  -116.3 °c, th e  ta n  8 p e a k  o f  P B T  g la s s  t r a n s i t io n  te m p e ra tu re  is  
64.1°c, tw o  ta n  8 p e a k s  o f  S u r ly n  is  - 5 0 . 7  a n d  5 8 .9  °c  re s p e c tiv e ly . In  P B T /H D P E
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b le n d s  w ith o u t  c o m p a tib i l iz e r , F ig .4 .9  (b )  tw o  s e p a ra te  T g s  w e re  o b s e rv e d , in d ic a tin g  
th a t th e  b le n d s  w e re  p h a s e  s e p a ra te d  in  th e  a m o rp h o u s  p h a se .

(a)

(b )
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(c)

F ig u r e  4 .1 0  T a n  5 a s  a fu n c tio n  o f  te m p e ra tu re  o f  d i f fe re n t r a t io s  o f  b le n d s : P B T /H D P E  
3 0 /7 0  (a ), P B T /H D P E  5 0 /5 0  (b ), P B T /H D P E  7 0 /3 0  (c).

E l P B T /H D P E /S u r ly n  te rn a ry  b le n d s , th e  g la s s  t r a n s i t io n  o f  th e s e  b le n d s  
h a d  c h a n g e d . In  F ig .4 .1 0  (c ), P B T /H D P E  7 0 /3 0  b le n d s  s h o w e d  th a t  T g s  s h if te d  c lo s e  to  
e a c h  o th e r  a f te r  a d d in g  c o m p a tib i l iz e r . It su g g e s ts  th a t P B T  a n d  H D P E  w e re  m o re  
c o m p a tib le  a f te r  a d d in g  c o m p a tib liz e r . In  P B T /H D P E  3 0 /7 0 , b le n d s  s h o w  th a t  a  s in g le  
T g  w a s  o b s e rv e d  in  g la s s  tr a n s i t io n  o f  H D P E , b u t  th e  ta n  5 p e a k  o f  g la s s  t r a n s i t io n  o f  
P B T  m in o r  p h a s e  b e c a m e  sm o o th . T h e  c u rv e s  w e re  lo c a te d  c lo s e ly , it s e e m s  lik e  th e  
c o m p a tib l iz e r  h a s  a  l i ttle  e f fe c t o n  c o m p a tib il i ty . In  P B T /H D P E  5 0 /5 0 , th e re  w e re  
ta n g e n t  p e a k s  b e c a m e  f la t a f te r  a d d in g  c o m p a tib liz e r , in d ic a t in g  th e  im p ro v e m e n t o f  
c o m p a tib il i ty .

4 .2 .2  T h e  D M A  re s u lts  o f  s to ra g e  m o d u lu s  a s  a fu n c t io n  o f  te m p e ra tu re  
o f  P B T /H D P E  b le n d s  w ith  d if fe re n t a m o u n t o f  S u r ly n  a s  s h o w n  in  
f ig u re s .
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(a)

(b)
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(c)
F ig u r e  4 .1 1  S to ra g e  m o d u lu s  E ’ a s  a  fu n c tio n  o f  te m p e ra tu re  o f  d i f fe re n t  r a t io s  o f  
b le n d s :  P B T /H D P E  3 0 /7 0  (a ), P B T /H D P E  5 0 /5 0  (b ), P B T /H D P E  7 0 /3 0  (c ).

T y p ic a l  D M A  c u rv e s  re c o rd e d  fo r  d if fe re n t ra tio  o f  c o m p o n e n ts  a re  
d is p la y e d  in  F ig .4 .1 1. In  P B T /H D P E  3 0 /7 0  w ith  0  p h r  N a -E M A A , th e  m a in  fe a tu re s  fo r  
th e  e la s t ic  m o d u lu s  E ’ are : tw o  sh a rp  d ro p s  a t th e  a  t r a n s i t io n , r e fe r  to  H D P E  a n d  P B T  
re s p e c tiv e ly , a  ru b b e r  p la te a u  in te r ru p te d  b e tw e e n  th e s e  tw o  te m p e ra tu re s . T h e  
v a r ia t io n s  in  s to ra g e  m o d u lu s  E ’ sh o w  s p e c im e n s  w h ic h  a d d e d  N a - E M A A  d e c re a s in g  
th e  s to ra g e  m o d u lu s  E \  l p h r  o f  N a -E M A A  b le n d  h a s  th e  lo w e s t E ’ w h ile  2 .5 , 5 a n d  
lO p h r  o f  s p e c im e n s  s h o w  th e  v a lu e s  c lo se ly .

In  P B T /H D P E  5 0 /5 0  an d  P B T /H D P E  7 0 /3 0 , f ro m  F ig . 4 .11  (b ) it s h o w e d  
a  d e c re a s in g  tre n d  in  s to ra g e  m o d u lu s  w ith  in c re a s e  in  te m p e ra tu re  It c a n  b e  s e e n  th a t  
th e  v a r ia t io n  o f  s to ra g e  m o d u lu s  w ith  te m p e ra tu re  s e e m e d  to  b e  a f fe c te d  b y  th e  a m o u n t 
o f  N a -E M A A . W ith  in c re a s in g  c o n te n t o f  N a -E M A A , th e  s to ra g e  m o d u lu s  E ’ tu rn  to  
d e c re a s e , b u t lO p h r o f  N a -E M A A  sh o w e d  h ig h e r  s to ra g e  m o d u lu s  th a n  5 p h r  o f  N a -  
E M A A  d u e  to  th e  c ro s s - l in k  e f fe c t  o f  N a -E M A A  io n o m e r . In  F ig . 4 .11  (c )  it s ti ll  c a n  b e  
s e e n  tw o  d ro p s  a t  th e  a  t r a n s i t io n  w h e n  1 p h r  N a -E M A A  a d d e d , b u t  o n ly  o n e  d ro p  a t th e
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a  tr a n s i t io n  o f  P B T  c a n  b e  se e n  w h e n  fu r th e r  a m o u n t o f N a - E M A A  a d d e d  ( i.e ., 2 .5  p h r ,  
5 p h r  a n d  10 p h r) . T h a t  in d ic a te  th e  c o m p a tib i l iz a t io n  b e tw e e n  P B T  a n d  H D P E  h a s  
in c re a s e d .

4 .3  S E M  m o rp h o lo g y

T h e  u l t im a te  g o a l o f  c o m p a tib i l iz a t io n  is  to  a c h ie v e  s ta b le  p h a s e  
m o rp h o lo g y  a n d  im p ro v e d  m e c h a n ic a l p e r fo rm a n c e . M e c h a n ic a l p ro p e r t ie s  o f  a 
h e te ro g e n e o u s  p o ly m e r  b le n d  a re  d ire c t ly  r e la te d  to  its  m ic ro s tru c tu re ,  e s p e c ia lly  th e  
s iz e  a n d  s h a p e  o f  th e  d is p e rs e d  p h a se . F ig u re s  4 .1 2 - 4 .1 6  s h o w  th e  S E M  m ic ro g ra p h s  o f  
th e  u n c o m p a tib i l iz e d  a n d  c o m p a tib il iz e d  b y  S u r ly n  fo r  b le n d s , r e sp e c tiv e ly .

(a ) H D P E /P B T  2 0 /8 0  (b ) H D P E /P B T  3 0 /7 0

(c )  H D P E /P B T  5 0 /5 0
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(d ) H D P E /P B T  7 0 /3 0  (e )  H D P E /P B T  8 0 /2 0

F ig u r e  4 .1 2  T h e  S E M  m ic ro g ra p h s  o f  th e  u n c o m p a tib i l iz e d  H D P E /P B T  b le n d s  at 
d i f fe re n t r a tio  a s  (a ) 2 0 /8 0 ; (b ) 3 0 /7 0 ; (c )  5 0 /5 0 ; (d ) 7 0 /3 0 ; (e ) 8 0 /2 0  re sp e c tiv e ly .

T h is  s e t  o f  m ic ro g ra p h s  s h o w  H D P E /P B T  b le n d s  w i th o u t  c o m p a tib i l iz e r , 
a ll o f  th e m  sh o w  th e  in c o m p a t ib i l i ty  a n d  th e ir  c o a rs e  p h a s e  e x h ib i te d  b ig  s iz e  o f  d o m a in  
d ro p le ts . N o tic in g , a t  d if fe re n t r a t io s  o f  P B T -n c h  p h a se , F ig .4 .1 2  (b ) s h o w e d  b ig g e r  
d ro p le t  s iz e  th a n  F ig .4 .1 2  (a ), d u e  to  th e  d if f e re n t  a m o u n t o f  F ID P E  c o n te n t ,  as 
m e n tio n e d  p re v io u s ly , H D P E  h a s  h ig h e r  v is c o s i ty  th a n  P B T , w h e n  in c re a s e  H D P E  
c o n te n t, th e  d ro p le t is m o re  h a rd e r  to  b re a k  u p . A t d if fe re n t r a t io s  o f  H D P E -n c h  p h a s e  , 
F ig .4 .1 2  (d )  sh o w e d  th a t  d ro p le ts  w e re  b e c o m e  m u c h  m o re  c ro w d  th a n  F ig .4 .1 2  (e) 
m a y  d u e  to  th e  P B T  m o le c u la r  s tru c tu re  h a s  m u c h  m o re  re s i l ie n c e , so  it  is  h a rd  to  
d isp e rse .

T h e  l iq u id  n i tro g e n  f ra c tu re d  s a m p le s  a f te r  e tc h in g  b y  to lu e n e  w h ic h  
p ro d u c e d  th e  re p re se n ta t iv e  S E M  m ic ro g ra p h s  a re  s h o w n  in  F ig .4 .1 3 . H D P E /P B T  8 0 /2 0  
w ith  1 p h r  N a -E M A A  e tc h e d  b y  h o t  to lu e n e  in  o rd e r  to  re m o v e  H D P E  p h a s e . 
M ic ro g ra p h s  w e re  m a d e  a c o m p a r iso n  to  s h o w  th e  P B T  d ro p le ts  c le a r ly , th e  d is p e r s e d  
P B T  p h a s e  a p p e a re d  a s  sp h e r ic a l d o m a in s .
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(a )  n o  e tc h in g  (b ) e tc h in g

Figure 4.13 T h e  S E M  m ic ro g ra p h s  o f  H D P E /P B T  8 0 /2 0  w ith  1 p h r  o f  N a -E M A A .

S E M  m ic ro g ra p h s  o f  s a m p le s  a f te r  c ry o g e n ic  f ra c tu re  o f  H D P E /P B T
3 0 /7 0  w ith  d i f f e re n t  a m o u n t o f  c o m p a tib i l iz e r  a re  sh o w n  in  f ig u re s  b e lo w .

( c ) 5 p h r  (d )  10 p h r
Figure 4.14 S E M  m ic ro g ra p h s  o f  f ra c tu re d  s u r fa c e s  o f  H D P E /P B T  3 0 /7 0  w ith  d if fe re n t 
a m o u n t o f  N a -E M A A .
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T h e s e  f ig u re s  sh o w  a p p a re n t  d e c re a s e s  in th e  d o m a in  s iz e  o f  th e  H D P E  
d is p e rs e d  p h a s e s  w ith  a d d in g  d if fe re n t c o n te n ts  o f  S u r ly n . T h e re  is n o  a p p a re n tly  fu r th e r  
d e c re a s e  in  th e  d o m a in  s iz e  o f  th e  H D P E  p h a se  in th e  P B T -r ic h  b le n d s  w ith  a  5 p h r  o f  
S u rly n  c o n te n t .  T h e  S E M  m ic ro g ra p h s  sh o w e d  th e  im p ro v e m e n t o f  a d h e s io n  o f  
in te rfa c e , w h ic h  c a n  b e  a s so c ia te d  w ith  th e  re su lt o f  m e c h a n ic a l p ro p e r t ie s  w o u ld  be 
d is c u s s e d  la te r.

S E M  m ic ro g ra p h s  o f  s a m p le s  a f te r  c ry o g e n ic  f ra c tu re  o f  H D P E /P B T  
5 0 /5 0  w ith  d if f e re n t  a m o u n t o f  c o m p a tib il iz e r  a re  sh o w n  in f ig u re s  b e lo w .

(a ) 1 p h r (b )  2 .5  p h r

(c) 5 p h r (d ) 1 0 p h r

Figure 4.15 S E M  m ic ro g ra p h s  o f  f ra c tu re d  su r fa c e s  o f  H D P E /P B T  5 0 /5 0  w ith  d if fe re n t 
a m o u n t o f  N a -E M A A .

The SEM of cryogenic fractures produced expected contrast between
these two phases, and showed a more adhesive interfacial phase when added more than
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2 .5  p h r  o f  N a -E M A A , th e  p a r t ic le s  w a s  le ss  p o ly d is p e rs e . T h e  c o m p a tib i l i ty  o f  th e se  
b le n d s  is a tt r ib u te d  to  th e  e th y le n e  s e g m e n ts  o f  N a -E M A A  c o m p a tib le  to  th e  H D P E  a n d  
th e  N a -E M A A  c a rb o x y l ic  a c id  r e a c ts  w ith  th e  h y d ro x y l e n d  g ro u p s  o f  P B T . D u e  to  th e  
io n o m e r  is o n ly  p a r t ly  n e u tra liz e d  w ith  so d iu m  io n , a d d it io n a l c a rb o x y lic  a c id s  a re  
a v a i la b le . It a lso  w o r th  n o tic in g  th e  p h y s ic a l in te ra c tio n  b e tw e e n  P B T  a n d  io n o m e r  can  
n o t b e  w ith d ra w n . T h e re  a re  p o s s ib le  w ay s  s u c h  a s  h y d ro g e n  b o n d in g , io n -d ip o le  
in te ra c tio n .

S E M  m ic ro g ra p h s  o f  s a m p le s  a f te r  c ry o g e n ic  f ra c tu re  o f  H D P E /P B T  
7 0 /3 0  w ith  d if f e re n t  a m o u n t o f  c o m p a tib il iz e r , a re  sh o w n  in f ig u re s  b e lo w

(c )  5 p h r  (d )  10 p h r

Figure 4.16 S E M  m ic ro g ra p h s  o f  f ra c tu re d  s u r fa c e s  o f  H D P E /P B T  7 0 /3 0  w ith  
d if f e re n t  a m o u n t o f  N a -E M A A .
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T h e  s ta b ili ty  o f  d is p e rs e d  p h a s e  d o m a in s  o f  H D P E -r ic h  b le n d  w as  
in se r te d  b y  a  s e r ie s  o f  p ic tu re s . T h e  d isp e rse d  P B T  p h a se  fo rm e d  a s  f ib r il la r  a n d  
sp h e ric a l d o m a in s ,  an d  th e  f ib r il la r  d o m a in s  b e c o m e  lo n g e r  an d  m o re  c o n c e n tra te d  w ith  
in c re a s in g  N a -E M A A  c o n te n t  d u e  to  th e  p h a s e  c o a le s c e n c e . It is a lso  fo u n d  th a t th e  s ize  
o f  th e  d is p e r s e d  d ro p le ts  d e c re a s e  d ra s tic a lly  a t a d d it io n  o f  10 p h r  c o m p a tib il iz e r . T h is  
re d u c tio n  m a y  b e  d u e  to  th e  im p ro v e m e n t o f  th e  in te r fa c ia l  a d h e s io n  b y  c o m p a tib il iz e r  
fo rm in g  an  in te rp h a se .

Table 4.1 N u m b e r  a v e ra g e  d ia m e te r  (p m )  o f  d isp e rse d  p h a s e  s iz e  o f  b le n d s

S u rly n H D P E /P B T
2 0 /8 0 3 0 /7 0 5 0 /5 0 7 0 /3 0 8 0 /2 0

0 p h r 3 .63 3 .6 7 2 .5 5 2.41 2 .1 6
1 p h r 3 .5 4 1.83 2 .2 0 1 60 2 .03
2 .5  p h r 2 .0 3 2 .2 2 1.47 1.75 1.97
5 p h r 2 .1 0 1.83 1.48 1.67 1.85
10 p h r 2 .2 2 1.41 1.54 1.44 1.30

T h e  n u m b e r  a v e ra g e  d ia m e te rs  ra n g e d  b e tw e e n  1 an d  4 p m  an d  a re  sh o w n  
in T a b le  4 .1 . T h e  u n c o m p a tib il iz e d  b le n d s  d e m o n s tra te d  th e  b ig g e s t d ia m e te r  o f  
d isp e rse d  p h a s e  s iz e  o v e r  th e  w h o le  ra n g e . A ll c o m p a tib i l iz e d  b le n d s  d isp la y e d  m u c h  
sm a lle r  d ia m e te r . T h e  c o m p a tib i l iz e r  is a b le  to  p ro d u c e  n o t  o n ly  m u c h  f in e r  
m o rp h o lo g y , b u t a lso  to  re d u c e  th e  d is p e rs e d  p h a se  s iz e s .

4 .4  M e c h a n ic a l  p ro p e r t ie s
4 .4 .1  Im p a c t s tre n g th
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Figure 4 .1 7  V a r ia t io n  o f  im p a c t s tr e n g th  w ith  S u r ly n  c o n te n t in  th e  b le n d  o f  P B T /H D P E
7 0 /3 0 .

In  F ig .4 .1 7  th e  im p a c t  s tre n g th  o f  u n c o m p a tib i l iz e d  b le n d  c a n  b e  
c o n s id e re d  th e  h ig h e s t. A n  e n h a n c e m e n t o f  im p a c t  s tre n g th  w a s  o b s e rv e d  in  b le n d s  
c o n ta in in g  5 p h r  S u r ly n  c o m p a re d  w i th  2 .5  p h r  o f  it. D u e  to  th e  c o m p a tib i l iz e d  a c tio n  
h o ld  th e  tw o  p h a s e s  to g e th e r  a t h ig h e r  lo a d in g  b y  e x te n d in g  th e m se lv e s . L o w e r  im p a c t 
s tre n g th  a t  10 p h r  s u r ly n  w a s  d u e  to  th e  p re s e n c e  o f  h ig h e r  a m o u n t o f  s h o r te r  m o le c u le s  
o f  S u r ly n , w h ic h  p la s t ic iz e d  th e  p h a s e , th e re b y  w e a k e n e d  th e  in h e re n t  s tr e n g th  o f  th e  
c o m p o n e n ts .
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F ig u r e  4 .1 8  V a r ia t io n  o f  im p a c t s t r e n g th  w ith  S u r ly n  c o n te n t in  th e  b le n d  o f  P B T /H D P E
5 0 /5 0 .

T h e  im p a c t  s tre n g th  o f  P B T /H D P E  5 0 /5 0  b le n d  w a s  sh o w n  in  F ig u re  
4 .1 8 . T h e r e  is a  d is t in c t  d e c re a s in g  tr e n d  o f  im p a c t s tr e n g th  f ro m  u n c o m p a tib i l iz e d  b le n d  
to  c o m p a tib i l iz e d  b le n d  u n ti l  c o m p a tib i l iz e r  c o n te n t  in c re a s e d  to  10 p h r.

F ig u r e  4 .1 9  V a r ia t io n  o f  im p a c t s tr e n g th  w ith  S u r ly n  c o n te n t in  th e  b le n d  o f  P B T /H D P E
3 0 /7 0 .
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T h e  im p a c t s tr e n g th  o f  P B T /H D P E  3 0 /7 0  b le n d  w a s  s h o w n  in  F ig u re  
4 .1 9 . T h e  im p a c t  s tre n g th  o f  th is  b le n d  d is p la y e d  m u c h  s m a lle r  v a lu e s  th a n  o th e r  tw o  
r a t io s  o f  b le n d s , a n d  it  s h o w e d  a  s l ig h t ly  d e c re a s in g  tr e n d  u n ti l  th e  c o m p a tib i l iz e r  
c o n te n t in c re a s e d  to  2 .5  p h r ,  th e n  f a r th e r  a m o u n t o f  c o m p a tib l iz e r  d id n ’t  c h a n g e  th e  
im p a c t s tr e n g th  to o  m u c h .

4 .4 .2  T e n s i le  p ro p e r t ie s
T h e  te n s ile  p ro p e r t ie s  o f  P B T /H D P E  b le n d s  w ith  d i f f e re n t  c o n te n t o f  

S u r ly n  a re  s h o w n  as  b e lo w .

Surlyn content (phr)
(a)

CTJCL

- C
O)1

CO
JD
to
I
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Surlyn co n ten t (phr)

(b )

Surlyn co n ten t (phr)

(c )
F ig u r e  4 .2 0  V a r ia t io n  o f  te n s i le  s tre n g th  a n d  te n s i le  m o d u lu s  w ith  S u r ly n  c o n te n t  in  th e  
b le n d  o f  H D P E /P B T  7 0 /3 0  (a ), H D P E /P B T  5 0 /5 0  (b ), a n d  H D P E /P B T  3 0 /7 0  (c).
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It is  r e p o r te d  th a t  th e  te n s ile  p ro p e r t ie s  o f  p o ly m e r  b le n d s  a re  v e ry  
s e n s i t iv e  to  th e  s ta te  o f  th e  in te r fa c e , th a t is , in te r fa c ia l  a d h e s io n . A s  m e n t io n e d  a b o v e , 
th e  re a c t io n s  c o u ld  h a p p e n  b e tw e e n  P B T  a n d  S u r ly n , O n  th e  o th e r  h a n d , th e  S E M  
m ic ro g ra p h s  s h o w e d  th e  im p ro v e m e n t o f  f ra c tu re d  su rfa c e  a f te r  u s in g  c o m p a tib il iz e r . 
S o , th e  a p p a re n tly  im p ro v e m e n t in  th e  te n s ile  s tr e n g th  o f  th e  b le n d s  is b e l ie v e d  to  b e  
re la te d  to  th e  im p ro v e d  in te rfa c ia l a d h e s io n  b e tw e e n  th e  P B T  a n d  H D P E . It is  s e e n  th a t 
th e  te n s i le  m o d u lu s  h a s  a  li ttle  v a r ia t io n  w ith  in c re a s in g  S u r ly n  c o n te n t, b u t  th e  te n s ile  
s tr e n g th  a re  m a x im u m  im p ro v e d  b y  th e  in tro d u c tio n  o f  1 p h r  o f  S u r ly n  a t  r a tio s  o f  
H D P E /P B T  7 0 /3 0  a n d  H D P E /P B T  5 0 /5 0 , e x c e p t  H D P E /P B T  3 0 /7 0  is  m a x im u m  
im p ro v e d  b y  2 .5  p h r  o f  S u rly n . T o  c o m p a re  th e s e  b le n d s , h ig h e r  c o n te n t  o f  P B T  
d is p la y e d  th e  h ig h e r  te n s i le  s tre n g th  a n d  m o d u lu s .

4 .5  T h e rm a l p ro p e r ty
D S C  th e rm o g ra m s  fo r  H D P E , P B T , an d  H D P E /P B T  b le n d  sa m p le s  

r e c o r d e d  d u rin g  c o o l in g  a n d  h e a t in g  tra c e s  a t a  r a te  o f  10 ๐c / m i n  a re  b o th  p re s e n te d  in  
F ig u re  4 .2 1 .
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(a)

Temperature (°C)
(b )

F ig u r e  4 .2 1  D S C  m e lt  c ry s ta l l iz a t io n  e x o th e rm s  (a ) a n d  m e lt in g  th e rm o g ra m s  (b ) fo r  
H D P E , P B T , a n d  H D P E /P B T  b le n d  sa m p le s  re c o rd e d  d u r in g  c o o lin g  a n d  h e a t in g  at 
10 c/min.

In  F ig .4 .2 1  (a )  T h e  c o o lin g  t r a c e  s u g g e s te d  th a t  b o th  E ID P E  a n d  P B T  
c o m p o n e n ts  in  th e  b le n d s  c ry s ta l l iz e d  c o n c u rre n tly , th e  a re a  o f  e x o th e rm a l p e a k s  
id e n t ify  H D P E  m o le c u le s  w e re  m o re  c ry s ta l l iz a b le , w h ile  P B T  m o le c u le s  w e re  le s s  
c ry s ta l l iz a b le . W h e n  th e  H D P E  c o n te n t w a s  m o re  th a n  7 0  p e rc e n t , th e  p e a k  a re a  o f  P B T  
is  o b v io u s ly  s m a lle r  th a n  th a t  o f  H D P E . H o w e v e r , th e  m e lt  c ry s ta l l iz a t io n  te m p e ra tu re  
(p e a k  te m p e ra tu re )  o f  e a c h  p h a s e  o f  th e  b le n d s  d id n ’t c h a n g e  to o  m u c h . A s  it  is  k n o w n , 
th e  c ry s ta l l in i ty  is  d e p e n d e n t  o n  th e  m o le c u la r  s tru c tu re  o f  th e  p o ly m e r  c h a in s . H D P E  
h a s  lo w e r  c o n te n t o f  s h o r t  b ra n c h e d -c h a in  s e g m e n ts  th a t p ro m o te  th e  c ry s ta l l iz a t io n .

G e n e ra l ly , a s in g le  T g  o r  i t s  s h if t  in  b le n d s  re p re se n ts  m is c ib i l i ty  o r  
p a r t ia l  m is c ib il i ty . T h e  g la s s - tra n s i t io n  te m p e ra tu re  o f  H D P E  w a s  u s u a lly  n o t d e te c ta b le  
b y  D S C  b e c a u s e  o f  its  lo w  a m o rp h o u s  f ra c tio n . A l th o u g h  P B T  is  s e m i-c ry s ta ll in e  
p o ly m e r , th e  T g  a re  n o t p r o p e r ly  o b s e rv e d  in  F ig .4 .2 1  (b ) (w h ic h  m a y  b e  a t tr ib u te d  to  
th e  p o o r  q u a li ty  o f  th e  d a ta  e x p o r te d  f ro m  th e  T A  In s tru m e n t a n d  f ro m  th e  o v e r la y
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plotting of these data in the same figure). But in the heating trace, two melting peaks for 
PBT appeared.

The DSC exotherms obtained at a cooling rate of 10.00 ๐c/min for the 
different amounts of Surlyn in the blends of HDPE/PBT 30/70, HDPE/PBT 50/50 and 
HDPE/PBT 70/30 are shown as figures.
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(b)

Figure 4.22 DSC melt crystallization exotherms for HDPE/PBT 30/70 blend (a), 
HDPE/PBT 50/50 blend (b) and HDPE/PBT 70/30 blend (c) samples recorded during 
cooling at 10 ๐c/min.

The results suggest that both HDPE and PBT components in the blends 
crystallized concurrently and that the presence of the more crystallizable HDPE



40

molecules in the PBT-rich blends helps promote the crystallizability of the blends. As 
shown in Fig.4.22 (a), the addition of Surlyn shifted the Tc of PBT-rich phase to higher 
Temperature. The Tc of PBT-rich phase from Ophr to lOphr were 191.7, 200.2, 202.9,
203.1, 204.6 °c, respectively. But the Tc of HDPE phase is nearly keep 116.7 ๐c, except 
lOphr increased a little to 117.7 °c.

In Fig.4.22 (b), in F1DPE/PBT 50/50 the addition of Surlyn both shifted 
the Tc of PBT phase and HDPE phase to higher temperature, the Tc variation of PBT 
phase from Ophr to lOphr was 191.5, 200.3, 202.1, 202.9, 203.9 ๐c, and the Tc variation 
of HDPE phase from Ophr to lOphr was 117, 117.5, 117.4, 117.8, 117.1 ๐c  respectively. 
It could be interpreted as a mutual nucleating agent to enhance the crystallization on the 
other component.

When the presence of the less crystallizable PBT molecules in the HDPE- 
rich blends retards the crystallizability of the blends. As shown in Fig.4.22 (c), the 
addition of Surlyn shifted the Tc of HDPE-rich phase to lower temperature except 
lOphr. It varied from 117.6, 116.3, 117, 116.4, 118°c respectively. Although the PBT 
minor phase displayed smaller exothermal peaks, the Tc of PBT phase still shifted to 
higher temperature.
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