
R E S U L T S  A N D  D I S C U S S I O N
C H A P T E R  IV

4 .1  T h e r m a l  A n a l y s i s

T h e r m o g r a v im e t r ic  a n a ly s i s  w a s  c a r r ie d  o u t  o n  b o th  E S C O R ®  

t e r p o ly m e r s  a n d  E A A  c o p o ly m e r s  t o  d e te r m in e  h o w  s e n s i t i v e  th e  m a te r ia ls  to  

d e g r a d a t io n  d u r in g  p r o c e s s in g .  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 r y  w a s  u s e d  to  

d e t e r m in e  t h e  m e l t in g  te m p e r a tu r e , 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  o f  th e  

b le n d s ,  a n d  th e  o p t im u m  c o n d i t io n  th a t  w o u ld  b e  u s e d  fo r  b le n d in g  th e  t w o  

p o ly m e r s .

4 .1 .1  T h e r m o g r a v im e t r ic  A n a l y s i s

T h e r m o g r a v im e t r ic  a n a ly s i s  ( T G A )  o f  E S C O R ®  te r p o ly m e r s  a n d  

E A A  c o p o ly m e r s  w e r e  s h o w n  in  F ig u r e  3 . In  g e n e r a l ,  w e i g h t  l o s s  w i l l  b e  

o b s e r v e d  w h e n  v o la t i l e  p r o d u c t s  fr o m  d e g r a d a t io n  o f  th e  s a m p le s  o c c u r r e d .  

F r o m  th e  e x p e r im e n t ,  th e  in i t ia l  w e i g h t  l o s s  o f  th e  m a te r ia ls  b e g a n  a t 3 2 0 - 3 5 0 °  

c  a n d  r e a c h e d  a  c o n s t a n t  w e ig h t  p la te a u  a fte r  l o s i n g  a b o u t  9 8 .8 4  - 9 9 .0 2 %  o f  

its  in i t ia l  w e ig h t .  T h e  d e g r a d a t io n  t e m p e r a tu r e  o f  G e n e r a l ly  s ta te  th a t  a ll  o f  th e  

t w o  p o ly m e r s  u s e d  in  th is  e x p e r im e n t  w a s  4 5 0 ° c .

4 .1 .2  D i f f e r e n t ia l  S c a n n in g  C a lo r im e tr y
T h e  th e r m o g r a m s  f r o m  d if f e r e n t ia l  s c a n n in g  c a lo r im e t r y  ( D S C )  o f  

t w o  p o ly m e r s  w e r e  s h o w n  in  ta b le  4 .  A l l  th e  v a lu e s  r e c o r d e d  f r o m  D S C  w e r e  

c o n s i s t e n t  w i t h  v a lu e s  r e p o r te d  fr o m  E x x o n .  R e s u l t s  f r o m  D S C  s u g g e s t e d  th a t  

th a t  o p t im u m  te m p e r a tu r e  th a t  w o u ld  b e  u s e d  fo r  b le n d in g  th e  t w o  p o ly m e r s  

w a s  1 3 0 ° c .  N o  fr a c t io n a l  c r y s t a l l in i t y  r e s u lt s  c o u ld  b e  o b t a in e d  f r o m  th e  D S C  

th e r m o g r a m s . T h is  is  b e c a u s e  it w a s  n o t  p o s s i b l e  to  d r a w  a  b a s e l in e  u s in g  th e  

th e r m o g r a m s  o b t a in e d



W
eig

ht
 P

er
ce

nt

23

1๓

80

60

40

20
0

120

Figure 3  T G A  th erm o g ra m s o f  E S C O R ®  te r p o ly m e r s  and  E A A  
c o p o ly m e r s .

T em p era tu re  ( ๐C )

Table 4 M e lt in g  tem p era tu re  (T m, °C ) and  c r y s ta ll iz a t io n  tem p era tu re
(T c, ๐C ) o f  th e  m a ter ia ls .

M a te r ia ls T m (°C ) Tc ( ๐C )
E S C O R ®  3 1 0 9 3 .5 /9 4 * 7 1 .2 /7 4 *

E S C O R ® 3 2 0 7 7 /7 6 * -
E S C O R ®  3 2 5 7 3 .7 /7 3 * 5 6 /4 9 *

E A A  1 104 .1 8 5 .2

E A A  2 1 0 2 .4 8 1 .8

E A A  4 1 0 0 .2 8 0 .3

E A A  5 98 .1 7 3 .4

* E x x o n  v a lu e
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4.2 Mechanical Properties

M e c h a n ic a l p ro p ertie s  o f  th e  b le n d s  are sh o w n  in  f ig u r e  4 -7 .

4 .2 .1  H a rd n ess

E A A  c o n te n t
Figure 4a S h o re  D  h a rd n ess o f  b le n d s  o f  E S C O R T  3 1 0 /E A A s .

F ig u r e  4  (a -c )  s h o w  resu lt from  th e  h a rd n ess  te s t  o f  th e  b le n d s  
m e a su r e d  o n  th e  sh o r e -D  s c a le . F ro m  th e  r e su lts , f ig u re  4 (a ) , 4 (b ) , and  4 (c )  
in d ica te  th at h a rd n ess  g ra d u a lly  in c r e a se  as E A A  c o n te n t  in c r e a se s  fro m  0  w t  

% to  1 00  w t  %.
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Figure 4c S h o re  D h a rd n ess  o f  b le n d s  o f  E S C O R ®  3 2 5 /E A A s .
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M o st  b le n d s  sh o w e d  a lin ea r  re la tio n sh ip  b e tw e e n  h a rd n ess  and  
b le n d  c o m p o s it io n . A  lin ea r  r e la tio n sh ip  su g g e s ts  th at th e  fra ctio n a l 
c r y s ta ll in ity  s c a le s  w ith  b len d  c o m p o s it io n . S in c e  b o th  b le n d s  can  be  
c r y s ta llin e , o n e  ca n  r e a lly  m a k e  n o  u n d er ly in g  c o n c lu s io n s  rega rd in g  
m o r p h o lo g y  and  b len d  c o m p o s it io n . S o m e  b le n d s  sh o w e d  th e  sy n e r g is t ic  

b eh a v io r , fo r  e x a m p le  th e  b le n d s  o f  E S C O R ® 3 2 0 /E A A s  (a t 8 0  an d  95  w t % 

E A A  c o n te n t) , E S C O R ® 3 2 5 /E A A 2  (a t 80  w t  % E A A  c o n te n t) , an d  E SC O R ®  
3 2 5 /E A A 5  (a t 8 0  w t  % E A A  c o n te n t) . T h is  sy n e r g is t ic  b e h a v io r  is  p ro b a b ly  a 
resu lt o f  h ig h e r  c r y sta llin ity  in  th e se  sa m p le s  and  a lso  m ig h t b e  e x p la in e d  b y  
th e  g rea ter  in tera c tio n , su ch  as h y d ro g en  b o n d in g  a n d /o r  d ip o le -d ip o le  
in tera ctio n , b e tw e e n  th e  b le n d  c o n stitu e n ts  fo r m in g  th e se  b le n d s  (M o h a n ty  et 
al., 1 9 9 5  and  Jo  et al., 1 9 9 0 ).

4 .2 .2  T e n s i le  P ro p erties

4.2.2.1 Maximum Stress
T h e  m a x im u m  stre ss  rep o rted  w a s  a v a lu e  o f  m a x im u m  

stress  at 4 0 0 %  stra in . T h is  is  b e c a u se  th e en tire  s p e c im e n s  fa ile d  to  break  
d u rin g  th e  te n s ile  p ro p erty  m ea su rem en t.

It is  e v id e n t fro m  fig u re  5 (a -c )  th at th e  m a x im u m  
stren gth  in c r e a se s  ( in  a p o s it iv e  tren d ) as th e  E A A  ratio  in  th e  b le n d  in c r ea se s , 
startin g  fro m  0 to  100  w t % o f  E A A . T h e  s tre ss  v a lu e s  for th e  b le n d s  are 
in term ed ia te  to  th o s e  o f  th e  p u re  c o m p o n e n ts , b ut th ere  is  a s y n e r g ism  in  so m e  
o f  th e  p a ir  s tu d ie d  (su c h  as E S C O R ® 3 2 5 /E A A 5  at 8 0  w t%  E A A 5  co n ten t). 
T h is  c o u ld  b e  e x p la in e d  b y  th e  grea ter  in tera c tio n  b e tw e e n  th e  b len d  
c o n s titu e n ts  fo r m in g  th e se  b le n d s  as s u g g e s te d  ea r lier  (M o h a n ty  et a l,  1 9 9 5 ).  
S a m p le s  th at h a v e  s tr e s se s  b e lo w  a lin ear  r e la tio n sh ip  b e tw e e n  th e  tw o  s tr e sse s  
on  th e  a x e s  are p ro b a b ly  b le n d s  th at are n o t m is c ib le  (D e a n in  et al., 1 9 8 9 )
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E A A  c o n tn e t

ure 5a M a x im u m  stren gth o f  b le n d s  o fE S C O R ®  3 1 0 /E A A s .

Figure 5b Maximum strength of blends of ESCOR® 320/EAAs.
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E A A  c o n te n t

Figure 5c M a x im u m  stren gth  o f  b le n d s  o f  E S C O R T  3 2 5 /E A A s .

T h e o r e t ic a lly , b le n d s  c o n ta in in g  h ig h e r  p ro p o r tio n  o f  
E A A  w o u ld  s h o w  h ig h er  te n s ile  stren gth  as E A A  w o u ld  d o m in a te  th e  stren gth  
o f  th e  m a tr ix  d u e  to  in c r ea se  in  th e  p r e se n c e  o f  th e  io n ic  b o n d  (M o h a n ty  et al., 
1 9 9 5 ).

2.2.3 Young ’ร Modulus
F ig u re  6 (a -c )  sh o w  Y o u n g ’s m o d u lu s  o f  th e  b len d s . 

Y o u n g ’s m o d u lu s  , o f  th e  b le n d s  in c r e a se s  s l ig h t ly  w ith  in c r e a s in g  E A A  
co n ten t. T h e  m o d u lu s  is  p r im a r ily  a fu n c tio n  o f  tw o  p a ra m eters  in th is  
m a teria l, th e  a m o u n t o f  o r ien ta tio n  and  th e  fra ctio n a l c r y s ta ll in ity . S in c e  
n o m in a lly  th e  sa m e  p ro ced u re  w a s  u sed  in  term s o f  p r o c e s s in g , d if fe r e n c e s  in  
o r ien ta tio n  sh o u ld  b e  a resu lt o n ly  o f  d if fe r e n c e s  in  v is c o s i ty ,  w ith  h ig h er  
v is c o s i ty  m a te r ia ls  s h o w in g  h ig h e r  o r ien ta tio n s . M is c ib il ity , e s p e c ia l ly  in th e  
m e lt  m a y  a lso  b e  a fa cto r  as w e l l .  S o m e  b le n d s  sh o w e d  th e  sy n e r g is t ic  
p ro p erty  (s u c h  a s E S C O R ® 3 2 0 /E A A 2  at 9 0  and  9 5  w t%  E A A 2  co n ten t),
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w h ic h  m ig h t  b e  d u e  to  th e  m o le c u la r  m o b ility  (d e c r e a s in g  in  c r y sta llin ity )  
b e tw e e n  b le n d  se g m e n ts  (P a in ter  et ah , 1 9 9 7 ).

E A A 1  and  E A A 4  s e e m  to  b e h a v e  b etter  th at th e  o th er  tw o  
m a ter ia ls  w ith  a ll th ree  E S C O R  p o ly m e r s , s u g g e s t in g  th at th e  v is c o s i t ie s  o f  
th e se  tw o  m a ter ia ls  are m o re  c lo s e ly  m a tch ed  w ith  th e  E S C O R  te rp o ly m ers , 
a n d /o r  th e  m is c ib il i ty  is  b etter.

7 0 0
0  6 0 0  
'ê  5 0 0  

I  4 0 0  
I  3 0 0
•ร) 200
I  100  

0
0  2 0  4 0  6 0  80  100

E A A  c o n te n t

Figure 6a Y o u n g ’s  m o d u lu s  o f  b le n d s  o f  E S C O R ® 3 1 0 /E A A s .
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Figure 6b Y o u n g ’s m o d u lu s  o f  b le n d s  o f  E S C O R ® 3 2 0 /E A A s .

Figure 6c Young’s modulus of blends of ESCOR®325/EAAs.
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4.2.2.4 Gloss
T h e  e f fe c t  o f  E A A  c o n ten t o n  g lo s s  is  sh o w n  in  f ig u re  7  

(a -f ) . A s  e x p e c te d , E A A  resu lted  in  r e d u c in g  c r y sta llin ity  and  th ere fo re  film  
c la r ity  an d  g lo s s  are h ig h er  (M e r g e n h a g e n , 1 9 9 3 ).

F or m o st  o f  th e  b le n d s , th e  g lo s s  d ro p s u p o n  b len d in g . 
T y p ic a lly , h ig h  g lo s s  m a ter ia ls  are m o re  h ig h ly  v a lu e d , so  th is  b e h a v io r  is  n ot 
d esired . A  o n e -p h a se  n o n -c r y s ta llin e  m a teria l w o u ld  p r e su m a b ly  h a v e  th e  
h ig h e s t  g lo s s ,  s o  th e  fact that th e  g lo s s  d rop s in m o st  b le n d s  p ro b a b ly  in d ic a te s  
p h a se  sep a ra tio n . T ra n sp a ren cy  o f  b len d s; a q u ick  b ut n o t to ta lly  re lia b le  
m e th o d  fo r  m e a su r in g  m isc ib il i ty  o f  b le n d s  (F o x  et al, 1 9 8 0 ). an d  r e su lts  from  
b oth  th e  t e n s i le  s tren gth  and  th e  m o d u lu s  in d ic a tin g  p h a se  sep a ra tio n  o ccu rred  
in  th e se s  b le n d s . F to w e v e r  th ere  are a fe w  sa m p le s  w h e r e  th e  g lo s s  is  a c tu a lly  
h ig h er  th an  e ith er  p u re c o m p o n e n t  su ch  as E S C O R ® 3 1 0 /E A A 5  at 8 0 w t % 
E A A 5  s u g g e s t in g  m is c ib il i ty  o f  th e se  b le n d s .

EAA content
Figure 7a Gloss of blends at 20° of ESCOR®310/EAAs blends.
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E A A  c o n te n t

Figure 7 b  G lo s s  o f  b le n d s  at 6 0 °  o f  E S C O R ® 3 10 /E A A s  b le n d s .

E A A  c o n te n t

Figure 7c Gloss of blends at 20° of ESCOR®320/EAAs blends.
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0  2 0  4 0  6 0  8 0  100

E A A  c o n tn et

Figure 7d G lo s s  o f  b le n d s  at 6 0 °  o f  E S C O R ® 3 2 0 /E A A s  b le n d s .

0  2 0  4 0  6 0  8 0  100

E A A  co n tn et

Figure 7e Gloss of blends at 20° of ESCOR®325/EAAs blends.
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E A A  c o n tn et
Figure 7f G lo s s  o f  b le n d s  at 6 0 °  o f  E S C O R ^ 3 2 5 /E A A s  b le n d s .
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4.3 Rheological Properties

D e ta il  s tu d ie s  o f  E S C O R /E A A  b le n d s  w e r e  carried  o u t and  E S C O R ®  
3 2 0 /E A A 2  w a s  c h o s e n  for th is  stu d y .

0 20 40  60 80 100
Frequency, rad/s

Figure 8  S to r a g e  m o d u lu s , G ’, o f  E S C O R ® 3 2 0  te r p o ly m e r  and  E A A 2  
c o p o ly m e r  b le n d s .

F ro m  tan  Ô (d a m p in g  p ro p er tie s ) =  lo s s  m o d u lu s  (G ”) /  s to r a g e  m o d u lu s  
( G ’). T h e  g o o d  d a m p in g  p ro p ertie s  sh o u ld  h a v e  h ig h  s to r a g e  m o d u lu s  
(A k lo n is  et al, 1 9 8 3 ) . F rom  fig u re  8 and  9 , s u g g e s t in g  th at th e  m o s t  su ita b le  

to  u se  a s a d a m p in g  m ateria l sh o u ld  b e  th e  b le n d  o f  E S C O R ® 3 2 0  te r p o ly m e r  
and  E A A 2  c o p o ly m e r  b le n d s  at 6 0  w t % E A A 2 , w h ic h  is  a c c o m p a n ie d  w ith  
h a v in g  g o o d  m e c h a n ic a l p ro p er tie s  su ch  as h a rd n ess , g lo s s ,  and  te n s ile  
p ro p ertie s  a s m e n tio n  earlier.

ร'! Q  ๆ6(5 ‘giô'X
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R h e o lo g ic a l  P ro p erties  
E S C O R 3 2 0 /E A A 2

0  0  0  0  0

.  .  .  *  ■
a 1V  a 0%  50%

V  v  ■ •  V
■ 2 0 %  80%

0  ■

4 0 %  100%
▼  อ

.1 1001 10 
F r eq u e n cy  ((rad /s)

F ig u r e  9  R h e o lo g ic a l  p ro p erty , tan  8 , o f  E S C O R 3 2 0 ®  te r p o ly m e r  and  
E A A 2  c o p o ly m e r  b le n d s .
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4.4 Dynamic Mechanical Properties

F ig u r e  1 0 -1 3  s h o w  d y n a m ic  m e c h a n ic a l p ro p er tie s  o f  th e  E S C O R ®  
te r p o ly m e r s  and  E A A  c o p o ly m e r s  b le n d s .

10

1

0.1

0.01

0.001

A E SC O R 320/E A A  1=60/40  
: E SC O R 320/E A A  1=40/60

* E SC O R 320/E A A  1=20/80• EAA1
-100  -50  0 50 100 150 200 250

T em p eratu re  ( ๐C )
Figure 10 D y n a m ic  m e c h a n ic a l p ro p erty , tan 8 , E S C O R ® 3 2 0 /E A A 1  b le n d s .

T h e  d y n a m ic  p ro p ertie s  o f  th e  b le n d s  that e x h ib it  s in g le  g la s s  tra n sitio n  
tem p era tu re  (T g) v a lu e s  are th e  m is c ib le  o n e  p h a se  b le n d s , c o n f ir m in g  th e  la w  
o f  m is c ib il i ty  (M o h a n ty  et al., 1 9 9 6 ) .

F ro m  fig u r e  10, in d ic a tin g  th at th e  b le n d  o f  E S C O R ® 3 2 0 /E A A 1  at 0 , 
8 0 , and  1 0 0  w t  % E A A 1  h a v e  o n ly  s in g le  tra n sitio n  tem p era tu re  (T g) at ab ou t 

- 1 0 ,  4 0 , and  5 0 ° c  r e sp e c t iv e ly . S o , th e se  b le n d s  sh o u ld  b e  m is c ib le  o n e  p h a se
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b le n d  (M u ra y a m a , 1 9 8 2 )  and  co rresp o n d  to  th e  re su lts  fro m  m e ch a n ica l  
p ro p er tie s  stu d ied .

Figure 11 D y n a m ic  m e c h a n ic a l p ro p erty , tan  8 , E S C O R ® 3 2 0 /E A A 2  b le n d s .

F ro m  fig u r e  11 , th e  b le n d  o f  E S C O R ® 3 2 0 /E A A 2  s h o w s  s in g le  

tra n sitio n  p e a k s  at 0 , 9 0 , 9 5 , and  100  w t % E A A 2  at - 1 0 ,  4 0 ,  and  5 0 ° c  
r e s p e c t iv e ly . S o , th e  m is c ib le  o n e  p h a se  b le n d  sh o u ld  b e  o b ta in e d  at th e se  
c o m p o s it io n s  (M u ra y a m a , 1 9 8 2 ) , c o r r e sp o n d in g  to  m e c h a n ic a l p ro p ertie s  
stu d ied  re su lts .



Ta
n 

ô

39

10

ว. 1

0.01

0.001

♦  ËSCOR320
* ■  ESCOR320/EAA4=80/20

A —  ESCOR320/EAA4=60/40 
X  ESCOR320/EAA4=40/60 
X ESCOR320/EAA4=20/80
•  EAA4

-150 -100 -50 0 50 100 150 200 250Temperature (C)

F ig u re  12 D y n a m ic  m e c h a n ic a l p ro p erty , tan  Ô, E S C O R ® 3 2 0 /E A A 4  b len d s .

F ro m  fig u r e  12, s u g g e s t in g  that th e b len d  o f  E SC O R ® ’3 2 0 /E A A 4  sh o w  
s in g le  tr a n s it io n  p ea k s  at 0 , 2 0 , and  100  w t  % E A A 4  at a b o u t - 1 0 ,  -1 0 , and  

1 0 ° c  r e s p e c t iv e ly . S o , E S C O R ® 3 2 0 /E A A 4  b le n d  at th e s e  c o m p o s it io n s  
sh o u ld  b e  th e  m is c ib le  o n e  p h a se  b le n d s  (M o h a n ty  et al, 1 9 9 6 ) .
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Figure 13 D y n a m ic  m e c h a n ic a l p ro p erty , tan  Ô, E S C O R ® 3 2 0 /E A A 4  b le n d s .

F ro m  fig u r e  13, th e  m is c ib le  o n e  p h a se  b le n d s  o f  E S C O R ® 3 2 0 /E A A 5  
sh o u ld  b e  at 0 , 8 0 , and  100  w t % E A A 5  d u e  to  s in g le  tra n s itio n  p ea k s  w e r e  
o b se r v e d  at - 1 0 ,  -1 0 ,  and  4 0 ° c  r e s p e c t iv e ly  (M o h a n ty  et al, 1 9 9 6 ) .

S o , fro m  a ll r e su lts , th e  m o re  E A A  co n te n t , th e  b etter  m e c h a n ic a l  
p ro p er tie s  su c h  a s h a rd n ess , g lo s s ,  and te n s ile  p ro p er tie s  d u e  to  greater  
in tera c tio n  b e tw e e n  th e  b le n d  c o m p o n e n t  (M o h a n ty  et al, 1 9 9 6 )  and  a lso  th e  
b etter  m is c ib il i ty  (Jp  et al, 1 9 9 0 ).
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