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APPENDICES

Appendix A C o r r e c t io n  F a c to r  (K )  M e a s u r e m e n t

A  tw o  p o in t  p r o b e  m e te r  c o n n e c te d  w i th  a  s o u r c e  p o w e r  s u p p l ie r  ( K e i th le y /  
M o d e l  6 5 1 7 A )  w a s  e m p lo y e d  to  d e t e r m in e  th e  e le c t r i c a l  c o n d u c t iv i t y  o f  m a te r ia ls .  A  
c o n s ta n t  v o l ta g e  w a s  a p p l ie d  a n d  th e  c u r r e n t  w a s  s im u l ta n e o u s ly  m e a s u r e d .  
A c c o r d in g  to  th e  g e o m e tr ic  e f f e c ts  o f  th e  p r o b e ,  th e  g e o m e tr ic a l  c o r r e c t io n  f a c to r  
d e p e n d s  o n  th e  c o n f ig u r a t io n  a n d  p r o b e  t ip  s p a c in g :

K  =  w /l  ( A . l )

w h e re  K  is  th e  g e o m e tr ic  c o r r e c t io n  f a c to r ,  พ  is  th e  p r o b e  w id th  o r  th e  t ip  s p a c in g  
(c m ) , a n d  /  is  th e  p r o b e  le n g th  (c m ) .

T h e  g e o m e tr ic  c o r r e c t io n  f a c to r  c a n  b e  d e te r m in e d  b y  u s in g  s ta n d a r d  
m a te r ia ls  w h o s e  s p e c i f i c  r e s i s t iv i ty  v a lu e s  a r e  k n o w n . In  o u r  c a s e , s i l ic o n  w a f e r  c h ip s  
w e r e  u s e d  a s  th e  s ta n d a r d  m a te r ia ls .  T h e  r e s i s ta n c e  w a s  m e a s u r e d  b y  u s in g  o u r  
c u s to m - m a d e  tw o - p o in t  p r o b e ,  o b ta in e d  b y  a p p ly in g  v a r io u s  v o l t a g e s  a n d  
s im u l ta n e o u s ly  m e a s u r in g  c u r r e n ts .  T h e  g e o m e tr ic  c o r r e c t io n  f a c to r  w a s  c a lc u la te d  
v ia  th e  e q u a t io n :

K  =  p /R  * t  =  / x  p / v  Xf ( A .2 )

w h e r e  p  is  th e  r e s i s t iv i ty  o f  a  s ta n d a r d  s i l ic o n  w a f e r  ( f i . c m ) ,  R  i s  th e  r e s i s t a n c e  o f  
f i lm  (Q ), t  is  th e  f i lm  th ic k n e s s  ( c m ) ,  /  i s  th e  m e a s u r e d  c u r r e n t  ( A )  ,a n d  V  i s  th e  
a p p l ie d  v o l t a g e  (V ) .
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T a b le  A l  V oltage-current data o f  the probe num ber 1 calibration w ith  S i-w afer
w h o se  sheet resistiv ity  o f  107 .373  E>/sq, 2 5 ° c ,  60-65  % RH

V Current (A) K=I/V*p/t
1 0 0 100 1 0 0 0 .0 1 0 6 8 0 .0 1 0 9 6 3 0 .0 1 1 0 8 3 0 .0 1 1 4 6 7 0 .0 1 1 7 7 2 0 .0 1 1 9

9 0 9 0 9 0 0 .0 1 1 2 2 4 0 .0 1 1 2 5 1 0 .0 1 1 2 2 2 0 .0 1 3 3 9 0 .0 1 3 4 2 3 0 .0 1 3 3 8 8

8 0 8 0 8 0 0 .0 1 1 2 6 5 0 .0 1 1 3 5 6 0 .0 1 1 2 9 6 0 .0 1 5 1 1 9 0 .0 1 5 2 4 2 0 .0 1 5 1 6 1

7 0 7 0 7 0 0 .0 1 1 3 7 7 0 .0 1 1 4 7 2 0 .0 1 1 4 9 2 0 .0 1 7 4 5 1 0 .0 1 7 5 9 7 0 .0 1 7 6 2 7

6 0 6 0 6 0 0 .0 1 1 4 6 5 0 .0 1 1 4 9 5 0 .0 1 1 5 4 1 - 0 .0 2 0 5 1 7 0 .0 2 0 5 7 1 0 .0 2 0 6 5 4

5 0 5 0 5 0 0 .0 1 1 5 0 4 0 .0 1 1 5 3 2 0 .0 1 1 5 4 9 0 .0 2 4 7 0 4 0 .0 2 4 7 6 4 0 .0 2 4 8

4 0 4 0 4 0 0 .0 0 7 3 5 8 0 .0 0 6 3 7 6 0 .0 0 5 7 9 7  - : 0 .0 1 9 7 5 2 0 .0 1 7 1 1 4 0 .0 1 5 5 6 2

3 0 3 0 3 0 0 .0 0 2 4 3 6 0 .0 0 2 1 9 4 0 .0 0 2 0 1 - 0 .0 0 8 7 2 0 .0 0 7 8 5 2 0 .0 0 7 1 9 6

2 0 2 0 2 0 0 .0 0 0 4 9 3 0 .0 0 0 4 6 1 0 .0 0 0 4 4 6 . 0 .0 0 2 6 4 7 0 .0 0 2 4 7 4 0 .0 0 2 3 9 5

10 10 10 4 .7 E -0 5 4 .5 9 E - 0 5 4 .2 4 E - 0 5 0 .0 0 0 5 0 5 0 .0 0 0 4 9 3 0 .0 0 0 4 5 5

9 9 9 3 .1 8 E -0 5 2 .9 9 E - 0 5 2 .9 3 E - 0 5 0 .0 0 0 3 7 9 0 .0 0 0 3 5 7 0 .0 0 0 3 5

8 8 8 2 .3 1 E -0 5 2 .2 E -0 5 2 .1 1 E - 0 5 0 .0 0 0 3 1 0 .0 0 0 2 9 5 0 .0 0 0 2 8 3

7 7 7 1 .5 E -0 5 6 .4 3 E - 0 6 4 .6 8 E - 0 6 0 .0 0 0 2 2 9 9 .8 6 E - 0 5 7 .1 8 E - 0 5

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

5 5 5 2 .7 6 E - 0 6 2 .8 4 E - 0 6 2 .8 2 E - 0 6 5 .9 2 E - 0 5 6 .1 E -0 5 6 .0 5 E - 0 5

4 4 4 2 .2 2 E - 0 6 2 .0 4 E - 0 6 1 .8 1 E -0 6 5 .9 7 E - 0 5 5 .4 7 E - 0 5 4 .8 6 E - 0 5

3 3 3 1 .4 5 E -0 6 1 .4 2 E -0 6 1 .4 2 E -0 6 5 .1 9 E - 0 5 5 .0 9 E - 0 5 5 .0 9 E - 0 5

2 2 2 1 .0 7 E -0 6 1 .0 2 E -0 6 1 .0 5 E -0 6 5 .7 5 E - 0 5 5 .4 9 E - 0 5 5 .61  E -0 5

1 1 1 5 .8 9 E -0 7 5 .6 7 E - 0 7 5 .7 1 E - 0 7 6 .3 2 E - 0 5 6 .0 9 E - 0 5 6 .1 3 E - 0 5

0 .9 0 .9 0 .9 4 .6 3 E -0 7 4 .6 6 E - 0 7 4 .7 2 E - 0 7 5 .5 2 E - 0 5 5 .5 6 E - 0 5 5 .6 3 E - 0 5

0 .8 0 .8 0 .8 3 .9 3 E -0 7 3 .9 6 E - 0 7 3 .8 5 E - 0 7 5 .2 8 E - 0 5 5 .3 2 E - 0 5 5 .1 7 E - 0 5



73

V Current (A) K=I/V*p/t
0 .7 0 .7 0 .7 3 .1 7 E - 0 7 3 .0 7 E - 0 7 3 .0 3 E - 0 7 4 .8 7 E - 0 5 4 .7 1 E - 0 5 4 .6 4 E - 0 5

0 .6 0 .6 0 .6 2 .2 7 E - 0 7 2 .2 E -0 7 2 .2 3 E - 0 7 4 .0 7 E - 0 5 3 .9 3 E - 0 5 3 .9 8 E - 0 5

0 .5 0 .5 0 .5 1 -5 9 E -0 7 1 .6 2 E -0 7 1 .6 3 E -0 7 3 .4 2 E - 0 5 3 .4 7 E - 0 5 3 .5 E -0 5

0 .4 0 .4 0 .4 1 .0 7 E -0 7 1 .0 6 E -0 7 1 .0 4 E -0 7 2 .8 8 E - 0 5 2 .8 4 E - 0 5 2 .8 E -0 5

0 .3 0 .3 0 .3 6 .8 2 E - 0 8 6 .7 4 E - 0 8 6 .6 6 E - 0 8 2 .4 4 E - 0 5 2 .4 1 E - 0 5 2 .3 8 E - 0 5

0 .2 0 .2 0 .2 3 .7 E -0 8 3 .6 6 E - 0 8 3 .7 2 E - 0 8 1 .9 9 E -0 5 1 .9 6 E -0 5 2 E - 0 5

0.1 0.1 0.1 1 .6 2 E -0 8 1 .6 1 E -0 8 1 .6 E -0 8 1 .7 4 E -0 5 1 .7 3 E -0 5 1 .7 1 E -0 5

0 .0 5 0 .0 5 0 .0 5 7 .6 3 E - 0 9 7 .6 6 E - 0 9 7 :6 3 E -0 9 1 .6 4 E -0 5 1.6 5 E -0 5 1 .6 4 E -0 5

0 .0 1 0 .01 0 .01 1 .4 7 E -0 9 2 .0 7 E - 0 9 8 .9 8 E - 1 0 1 .5 7 E -0 5 2 .2 2 E - 0 5 9 .6 4 E - 0 6

Correction factor (K)
1 2 3 Avg. SD

0 .0 0 2 6 0 .0 0 2 5 7 0 .0 0 2 5 5 0 .0 0 2 5 7 2 .3 1 0 2 3 E - 0 5

i.
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Figure A1 V o lta g e  v s .  c u r r e n t  d a ta  o f  th e  p r o b e  n u m b e r  1 c a l ib r a t io n  w i th  S i - w a f e r  
w h o s e  s h e e t  r e s i s t iv i ty  o f  1 0 7 .3 7 3  :Q /sq , 2 5 ° c ,  6 0 -6 5  % R H .
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Appendix B C o n d u c t iv i ty  M e a s u re m e n t

T h e  e le c t r i c a l  c o n d u c t iv i ty  ( a )  c a n  b e  m e a s u r e d  b y  u s in g  th e  tw o - p o in t  
p r o b e  m a te r  c o n n e c te d  w i th  a  v o l ta g e  s u p p l ie r  ( K e i th le y ,  6 5 1 7 A )  w h o s e  c o n s ta n t  
v o l t a g e  c a n  b e  v a r ie d  a n d  th e  c u r r e n t  is  m e a s u r e d . T h e  c o n d u c t iv i ty  m e a s u r e m e n t  
w a s  p e r f o rm e d  u n d e r  a tm o s p h e r ic  p r e s s u r e ,  4 0 -6 0  %RH a n d  a t 2 5 -2 7 ° C . T h e  r e g im e  
w h e r e  r e s p o n s iv e  c u r r e n t  is  l in e a r ly  p r o p o r t io n a l  to  th e  a p p l ie d  v o l t a g e  is  c a l le d  th e  
l i n e a r  O h m ic  r e g im e .  T h e  v o l ta g e  a n d  th e  c u r r e n t  in  th e  r e g im e  w e r e  c o n v e r te d  to  th e  
e le c t r i c a l  c o n d u c t iv i ty  b y  th e  f o l lo w in g  e q u a t io n :

(T —1/p  — 1/(R  * t) =  I / ( R s x y x t j  (B . 1 )

w h e r e  a  is  th e  s p e c i f i c  c o n d u c t iv i ty  ( S /c m ) ,  p  is  th e  s p e c i f i c  r e s i s t iv i ty  ( Q .c m ) ,  Rs is  
th e  s h e e t  r e s is ta n c e - ( f2 /s q ) ,  t is  th e  th ic k n e s s  o f  s a m p le  p e l le t  ( c m ) ,  V  i s  th e  a p p l ie d  
v o l t a g e  ( V o l ta g e  d r o p ) ( V ) ,  I  is  th e  m e a s u r e d  c u r r e n t  ( A ) , a n d  K  i s  th e  g e o m e tr ic  
c o r r e c t io n  f a c to r  o f  th e  tw o - p o in t  p r o b e  m e te r .  A l l  s a m p le  th ic k n e s s e s  w e r e  
m e a s u r e d  b y  u s in g  a  th ic k n e s s  g a u g e .

Figure B1 s p e c i f i c  c o n d u c t iv i ty  v e r s u s  d o p in g  m o le s  r a t io  (Njodine/Nmonomer) o f  P A Z .
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T a b le  B1 V oltage-current data in linear reg im e o f  D e  P A Z  at 2 5 ° c ,  6 0 -6 5  %RH

Voltage (V) Current (A) Specific conductivity (S/cm)
1 2 3 1 2 3 1 2 3

10 10 10 I E - 10 I E - 1 0 I E - 1 0 I E - 0 5 1 .1 E -0 5 1 .1 E -0 5

9 9 9 9 .5 E -1 1 9 .2 E -1 1 9 .1 E -1 1 1 .1 E -0 5 1 .1 E -0 5 I E - 0 5

8 8 8 7 .9 E -1 1 8 E -1 1 8 .1 E -1 1 I E - 0 5 I E - 0 5 I E - 0 5

7 .7 7 6 .9 E -1 1 7 .1 E -1 1 7 .2 E -1 1 I E - 0 5 1 .1 E -0 5 1 .1 E -0 5

6 6 6 6 .4 E -1 1 6 .4 E -1 1 6 .4 E -1 1 1 .1 E -0 5 1 .1 E -0 5 1 .1 E -0 5

5 5 5 . 5 .2 E -1 1 5 .2 E -1 1 5 .2 E -1 1 1 .1 E -0 5 1 .1 E -0 5 1 .1 E -0 5

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

3 3 3 1 .3 E -1 1 1 .4 E -1 1 1 .4 E -1 1 4 .5 E -0 6 4 .7 E - 0 6 4 .7 E - 0 6

2 2 2 7 .8 E -1 2 7 .9 E -1 2 7 .8 E -1 2 4 E - 0 6 4 E - 0 6 4 E - 0 6

1 1 1 4 .1 E - 1 2 4 E - 1 2 4 E -1 2 4 .2 E -0 6 4 .1 E - 0 6 4 .1 E - 0 6

0 .9 0 .9 0 .9 3 .7 E -1 2 3 .7 E -1 2 3 .7 E -1 2 4 .2 E -0 6 4 .2 E - 0 6 4 .3 E - 0 6

0 .8 0 .8 0 .8 3 .5 E -1 2 3 .4 E -1 2 3 . I E - 12 4 .5 E -0 6 4 .4 E - 0 6 4 E - 0 6

0 .7 0 .7 0 .7 2 .8 E -1 2 3 . I E - 12 3 .1 E -1 2 4 .1 E -0 6 4 .5 E - 0 6 4 .5 E - 0 6

0 .6 0 .6 0 .6 1 .5 E -1 2 2 .6 E - 1 2 2 .6 E -1 2 2 .6 E -0 6 4 .4 E - 0 6 4 .5 E - 0 6

0 .5 0 .5 0 .5 2 .1 E - 1 2 2 .5 E -1 2 2 .5 E -1 2 4 .3 E -0 6 5 .2 E -0 6 5 .1 E -0 6

0 .4 0 .4 0 .4 1 .6 E -1 2 1 .7 E -1 2 1 .7 E -1 2 4 E - 0 6 4 .5 E - 0 6 4 .3 E - 0 6

0 .3 0 .3 0 .3 1 .4 E -1 2 1 .4 E -1 2 1 .4 E -1 2 4 .7 E -0 6 4 .9 E - 0 6 4 .9 E - 0 6

0 .2 0 .2 0 .2 1 .2 E -1 2 I E - 12 9 .9 E -1 3 6 .2 E -0 6 5 .2 E -0 6 5 .1 E -0 6

0.1 0.1 0.1 - 4 E -1 3 - 8 E - 1 4 - I E - 1 3 - 4 E -0 6 - 8 E -0 7 - I E - 0 6

0 .0 5 0 .0 5 0 .0 5 - 4 E -1 3 - 4 E -1 3 -4 E -1 3 - 9 E -0 6 - 7 E -0 6 - 8 E - 0 6

0 .01 0 .01 0 .01 1 .7 E -1 2 - 4 E -1 3 3 .3 E -1 3 0 .0 0 0 1 8 - 5 E -0 5 3 .4 E -0 5
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Figure B 2 The O h m ic  reg im e o f  D e  P A Z  at th ick n ess =  0 .0 1 5 0 8  cm , 2 5 ° c ,  60-65
% RH. -
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T a b le  B 2 V oltage-current data in linear reg im e o f  D  P A Z  1:1 at 2 5 ° c ,  6 0 -6 5  % RH

Voltage (V) Current (A) Specific conductivity (S/cm)
1 2 3 1 2 3 1 2 3

10 10 10 2 .5 5 E - 0 6 2 .5 5 E - 0 6 2 .5 6 E - 0 6 0 .0 7 1 9 9 8 0 .0 7 2 1 1 5 0 .0 7 2 1 2 1

9 9 9 2 .2 9 E - 0 6 2 .3 E - 0 6 2 .3 2 E - 0 6 0 .0 7 1 8 2 9 0 .0 7 2 1 5 4 0 .0 7 2 8 7 8

8 8 8 2 .0 5 E - 0 6 2 .0 5 E - 0 6 2 .0 5 E - 0 6 0 .0 7 2 5 0 1 0 .0 7 2 2 3 5 0 .0 7 2 4 4 9

7 7 7 1 .7 9 E -0 6 1 .7 9 E -0 6 1 .7 8 E -0 6 0 .0 7 2 2 5 8 0 .0 7 1 9 9 9 0 .0 7 1 9 0 8

6 6 6 1 .5 5 E -0 6 1-5 3 E -0 6 1 .5 3 E -0 6 0 .0 7 2 7 2 3 0 .0 7 2 2 0 .0 7 2 1 6 5

5 5 5 1 .2 8 E -0 6 1 .2 9 E -0 6 1 .3 E -0 6 0 .0 7 2 5 2 9 0 .0 7 3 0 6 5 0 .0 7 3 2 5

4 4 4 1.0 4 E -0 6 1 .0 4 E -0 6 1 .0 4 E -0 6 0 .0 7 3 2 0 8 0 .0 7 3 1 9 3 0 .0 7 3 1 0 7

3 3 3 7 .7 6 E - 0 7 7 .7 2 E - 0 7 7 .7 1 E - 0 7 0 .0 7 3 0 5 8 0 .0 7 2 6 7 2 0 .0 7 2 5 4 8

2 2 2 5 .2 2 E - 0 7 5 .2 E -0 7 5 .1 9 E - 0 7 0 .0 7 3 6 3 1 0 .0 7 3 3 8 6 0 .0 7 3 2 6 3

1 1 1 2 .6 E -0 7 2  6 E -0 7 2 .6 E -0 7 0 .0 7 3 3 9 7 0 .0 7 3 5 2 8 0 .0 7 3 5 1 8

0 .9 0 .9 0 .9 2 .3 5 E - 0 7 2 .3 5 E - 0 7 2 .3 5 E - 0 7 0 .0 7 3 6 6 1 0 .0 7 3 7 0 5 0 .0 7 3 6 4 4

0 .8 0 .8 0 .8 2 .0 8 E - 0 7 2 .0 7 E - 0 7 2 .0 7 E - 0 7 0 .0 7 3 3 6 9 0 .0 7 3 1 1 2 0 .0 7 3 0 2 8

0 .7 0 .7 0 .7 1 .8 1 E -0 7 1-8 2 E -0 7 1 .8 1 E -0 7 0 .0 7 2 9 5 0 .0 7 3 2 5 0 .0 7 3 0 5 4

0 .6 0 .6 0 .6 1 .5 5 E -0 7 1 .5 5 E -0 7 1 .5 4 E -0 7 0 .0 7 2 8 4 0 .0 7 2 7 2 5 0 .0 7 2 4 6 6

0 .5 0 .5 0 .5 1 .2 8 E -0 7 1 .2 9 E -0 7 1 .2 9 E -0 7 0 .0 7 2 4 2 4 0 .0 7 2 5 6 8 0 .0 7 2 6

0 .4 0 .4 0 .4 1-0 3 E -0 7 1 .0 3 E -0 7 1 .0 3 E -0 7 0 .0 7 2 7 7 5 0 .0 7 2 6 8 2 0 .0 7 2 5 8 7

0 .3 0 .3 0 .3 7 .7 1 E - 0 8 7 .6 8 E - 0 8 7 .6 5 E - 0 8 0 .0 7 2 5 4 8 0 .0 7 2 2 5 4 0 .0 7 1 9 7 7

0 .2 0 .2 0 .2 5 .1 1 E - 0 8 5 .1 E -0 8 5 .1 E -0 8 0 .0 7 2 1 0 2 0 .0 7 1 9 7 2 0 .0 7 1 9 5 3

0.1 0.1 0.1 2 .6 1 E - 0 8 2 .6 3 E - 0 8 2 .6 2 E - 0 8 0 .0 7 3 5 5 9 0 .0 7 4 2 2 5 0 .0 7 3 9 7 8

0 .0 5 0 .0 5 0 .0 5 1 .3 5 E -0 8 1 .3 5 E -0 8 1 .3 3 E -0 8 0 .0 7 6 4 8 1 0 .0 7 5 9 3 4 0 .0 7 5 2 7 4

0 .01 0 .01 0 .01 4 .7 E -0 9 4 .6 6 E - 0 9 4 .6 7 E - 0 9 0 .1 3 2 7 0 5 0 .1 3 1 4 0 3 0 .1 3 1 9 2
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Voltage (V)

Figure B3 T h e  O h m ic  r e g im e  o f  D  P A Z  1: 1 at th ic k n e s s  -  0.05501 c m , 2 5 ° c ,  60-65 
% R H .
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T a b le  B 3  V oltage-current data in linear regim e o f  D PA Z  0.75:1 at 2 5 ° c ,  6 0 -6 5
%RH

Voltage (V) Current (A) Specific conductivity (S/cm)
1 2 3 1 2 3 1 2 3

10 10 10 1 .6 9 E -0 6 1 .7 2 E -0 6 1 .7 4 E -0 6 1 .3 5 E -0 1 1 .3 8 E -0 1 1 .3 9 E -0 1

9 9 9 1 .5 7 E -0 6 1 .5 8 E -0 6 1 .5 9 E -0 6 1 .4 0 E -0 1 1 .4 0 E -0 1 1 .4 1 E -0 1

8 8 8 1 .4 2 E -0 6 1.4 3 E -0 6 1 .4 3 E -0 6 1 .4 2 E -0 1 1 .4 3 E -0 1 1 .4 3 E -0 1

7 - . 7 7 1 .2 6 E -0 6 1 .2 6 E -0 6 1 .2 7 E -0 6 1 .4 4 E -0 1 1 .4 4 E -0 1 1 .4 5 E -0 1

6 6 6 1 .0 9 E -0 6 1 .0 9 E -0 6 1 .1 0 E -0 6 1 .4 5 E -0 1 1 .4 6 E -0 1 1 .4 6 E -0 1

5 . ^5 5 9 .1 4 E - 0 7 9 .1 7 E -0 7 9 .2 0 E -0 7 1 .4 6 E -0 1 1 .4 7 E -0 1 1 .4 7 E -0 1

4 4 4 7 .4 1  E -0 7 7 .4 4 E -0 7 7 .4 6 E -0 7 1 .4 8 E -0 1 1 .4 9 E -0 1 1 .4 9 E -0 1

3 3 3 5 .6 2 E -0 7 5 .6 3 E -0 7 5 .6 6 E -0 7 1 .5 0 E -0 1 1 .5 0 E -0 1 1 .5 1 E -0 1

2 2 2 3 .7 8 E - 0 7 3 .8 0 E - 0 7 3 .8 1 E -0 7 1 .5 1 E -0 1 1 .5 2 E -0 1 1 .5 2 E -0 1

1 1 1 1.9 0 E -0 7 1.91 E -0 7 1.91 E -0 7 1 .5 2 E -0 1 1 .5 3 E -0 1 1 .5 3 E -0 1

0 .9 0 .9 0 .9 1 .7 2 E -0 7 1 .7 3 E -0 7 1 .7 3 E -0 7 1 .5 3 E -0 1 1 .5 3 E -0 1 1 .5 4 E -0 1

0 .8 0 .8 0 .8 1 .5 4 E -0 7 1 .5 5 E -0 7 1 .5 5 E -0 7 1 .5 4 E -0 1 1 .5 5 E -0 1 1 .5 5 E -0 1

0 .7 0 .7 0 .7 1 .3 6 E -0 7 1 .3 6 E -0 7 1 .3 7 E -0 7 1 .5 5 E -0 1 1 .5 6 E -0 1 1 .5 6 E -0 1

0 .6 0 .6 0 .6 1 .1 7 E -0 7 1 .1 8 E -0 7 1 .1 8 E -0 7 1 .5 6 E -0 1 1 .5 7 E -0 1 1 .5 7 E -0 1

0 .5 0 .5 0 .5 9 .7 6 E - 0 8 9 .7 8 E -0 8 9 .8 1 E -0 8 1 .5 6 E -0 1 1 .5 6 E -0 1 1 .5 7 E -0 1

0 .4 0 .4 0 .4 7 .8 1 E - 0 8 7 .8 4 E -0 8 7 .8 7 E -0 8 1 .5 6 E -0 1 1 .5 7 E -0 1 1 .5 7 E -0 1

0 .3 0 .3 0 .3 5 .8 2 E - 0 8 5 .8 3 E -0 8 5 .8 5 E -0 8 1 .5 5 E -0 1 1 .5 5 E -0 1 1 .5 6 E -0 1

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

0.1 0.1 0.1 1 .8 1 E -0 8 1 .8 1 E -0 8 1 .8 1 E -0 8 1 .4 4 E -0 1 1 .4 5 E -0 1 1 .4 5 E -0 1

0 .0 5 0 .0 5 0 .0 5 7 .8 7 E - 0 9 7 .8 9 E - 0 9 7 .6 1 E - 0 9 1 .2 6 E -0 1 1 .2 6 E -0 1 1 .2 2 E -0 1
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F ig u re  B 4  T h e O hm ic reg im e o f  D  P A Z  0.75:1 at th ick n ess =  0 .0 1 9 4 2  cm , 2 5 ° c ,
6 0 -6 5  %RH.
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T a b le  B 4  V oltage-current data in linear reg im e o f  D  P A Z  0.50:1 at 2 5 ° c ,  6 0 -6 5
%RH

Voltage (V) Current (A) Specific conductivity (S/cm)
1 2 3 1 2 3 1 2 3
10 10 10 1 .0 8 E -0 7 1 .0 8 E -0 7 1 .0 8 E -0 7 8 .8 7 E - 0 3 8 .9 0 E - 0 3 8 .8 7 E -0 3

9 9 9 9 .6 5 E -0 8 9 .6 3 E - 0 8 9 .5 7 E - 0 8 8 .8 5 E - 0 3 8 .8 2 E - 0 3 8 .7 7 E -0 3

8 8 8 8 .5 1 E -0 8 8 .4 7 E -0 8 8 .4 3 E - 0 8 8 .7 7 E - 0 3 8 .7 3 E - 0 3 8 .6 9 E -0 3

7 7 7 7 .4 0 E -0 8 7 .4 1 E - 0 8 7 .4 1 E - 0 8 8 .7 1 E - 0 3 '8-. 7 3  E -0 3 8 .7 3 E -0 3

6 6 6 6 .3 6 E -0 8 6 .3 9 E - 0 8 6 .4 1  E -0 8 8 .7 5 E - 0 3 8 J 8 E - 0 3 8 .81  E -0 3

5 5 5 5 .3 4 E -0 8 5 .3 4 E - 0 8 5 .3 5 E - 0 8 8 .8 0 E .0 3 8 .81  E -0 3 8 .8 3 E -0 3

4 4 4 4 .2 8 E - 0 8 4 .2 7 E - 0 8 4 .2 5 E - 0 8 8 .8 2 E - 0 3 8 .8 0 E - 0 3 8 .7 6 E -0 3

3 3 3 3 .1 7 E -0 8 3 .1 7 E - 0 8 3 .1 9 E - 0 8 8 .7 3 E - 0 3 8 .7 2 E - 0 3 8 .7 8 E -0 3

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

1 1 1 1 .0 7 E -0 8 1 .0 6 E -0 8 1 .0 6 E -0 8 8 .7 9 E - 0 3 8 .7 8 E - 0 3 8 .7 7 E - 0 3

0 .9 0 .9 0 .9 9 .5 9 E - 0 9 9 .6 3 E - 0 9 9 .6 5 E - 0 9 8 .7 9 E - 0 3 8 .8 3 E - 0 3 8 .8 4 E -0 3

0 .8 0 .8 0 .8 8 .6 2 E - 0 9 8 .6 6 E - 0 9 8 .6 7 E - 0 9 8 .8 8 E - 0 3 8 .9 3 E - 0 3 8 .9 4 E -0 3

0 .7 0 .7 0 .7 7 .6 0 E - 0 9 7 .5 9 E - 0 9 7 .5 4 E - 0 9 8 .9 6 E - 0 3 8 .9 4 E - 0 3 8 .8 8 E -0 3

0 .6 0 .6 0 .6 6 .4 5 E - 0 9 6 .4 8 E - 0 9 6 .5 1 E - 0 9 8 .8 6 E - 0 3 8 .91  E -0 3 8 .9 5 E -0 3

0 .5 0 .5 0 .5 5 .4 3 E -0 9 5 .4 4 E - 0 9 5 .4 4 E - 0 9 8 .9 6 E - 0 3 8 .9 7 E - 0 3 8 .9 8 E -0 3

0 .4 0 .4 0 .4 4 .3 3 E - 0 9 4 .3 3 E - 0 9 4 .3 5 E - 0 9 8 .9 3 E - 0 3 8 .9 2 E - 0 3 8 .9 6 E -0 3

0 .3 0 .3 0 .3 3 .2 5 E - 0 9 3 .2 5 E - 0 9 3 .2 3 E - 0 9 8 .9 3 E - 0 3 8 .9 2 E - 0 3 8 .8 9 E -0 3
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Figure B5 The Ohmic regime of D PAZ 0.50:1 at thickness = 0.01883 cm, 2 5 ° c ,
60-65 %RH.
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Table B5 Voltage-current data in linear regime of D PAZ 0.25:1 at 2 5 ° c ,  6 0 -6 5
%RH

V o lta g e  (V ) C u r r e n t (A ) S p e c if ic  c o n d u c tiv ity  (S /cm )

1 2 3 1 2 3 1 2 3

10 10 10 7 .0 9 E -0 9 6 .9 5 E -0 9 6 .8 4 E -0 9 8 .0 0 E -0 4 7 .8 4 E -0 4 7 .7 2 E -0 4

9 9 9 6 .0 4 E -0 9 5 .9 7 E -0 9 5.91 E -09 7 .5 8 E -0 4 7 .4 9 E -0 4 7.41 E -04

8 8 8 5 .2 0 E -0 9 5 .1 4 E -0 9 5 .0 8 E -0 9 7 .3 4 E -0 4 7 .2 5 E -0 4 7 .1 6 E -0 4

7 7 7 4 .3 7 E -0 9 4 .3 3 E -0 9 4 .2 9 E -0 9 7 .0 5 E -0 4 6 .9 7 E -0 4 6.91 E -04

6 6 6 3 .6 4 E -0 9 3 .6 1 E -0 9 3 .5 9 E -0 9 6 .8 5 E -0 4 6 .8 0 E -0 4 6 .7 5 E -0 4

5 5 5 2 .9 6 E -0 9 2 .9 5 E -0 9 2 .9 3 E -0 9 6 .6 9 E -0 4 6 .6 5 E -0 4 6.61 E -04

0 .4 0 .4 0 .4 1 .77E -09 1 .77E -09 1 .76E -09 4 .9 9 E -0 4 4 .9 8 E -0 4 4 .9 5 E -0 4

0.3 0 .3 0.3 1 .58E -10 1 .57E -10 1 .58E -10 5 .9 4 E -0 4 5.91 E -04 5 .9 4 E -0 4

0.2 0.2 0.2 1.02E -10 1 .02E -10 1 .02E -10 5 .7 4 E -0 4 5 .7 5 E -0 4 5 .7 6 E -0 4

0.1 0.1 0.1 4 .9 1 E -1 1 4 .9 2 E -1 1 4 .9 3 E -1 1 5 .5 5 E -0 4 5 .5 6 E -0 4 5 .5 6 E -0 4

0 .0 9 0 .0 9 0 .09 3 .8 2 E -1 1 3 .8 4 E -1 1 3 .8 3 E -1 1 4 .7 9 E -0 4 4 .8 2 E -0 4 4.81 E -04

0 .08 0 .0 8 0 .08 2 .6 8 E -1 1 2 .6 8 E -1 1 2 .6 8 E -1 1 3 .7 8 E -0 4 3 .7 9 E -0 4 3 .7 9 E -0 4

0 .0 7 0 .0 7 0 .07 1.74E-11 1 .7 4 E -1 1 1.75E-11 2 .8 0 E -0 4 2.81 E -04 2 .8 3 E -0 4

0 .0 6 0 .0 6 0 .06 1.52E -11 1 .5 2 E -1 1 1.49E-11 2 .8 6 E -0 4 2 .8 6 E -0 4 2.81 E -04

0 .05 0 .0 5 0.05 1 .1 7 E -1 1 1 .1 6 E -1 1 1 .1 5 E -1 1 2 .6 5 E -0 4 2 .6 3 E -0 4 2 .6 0 E -0 4

0 .0 4 0 .0 4 0 .04 8 .8 4 E -1 2 8 .66E -12 8 .7 4 E -1 2 2 .4 9 E -0 4 2 .4 4 E -0 4 2 .4 6 E -0 4

0 .03 0 .03 0.03 5 .9 6 E -1 2 5 .9 6 E -1 2 5 .8 4 E -1 2 2 .2 4 E -0 4 2 .2 4 E -0 4 2 .2 0 E -0 4

0.02 0.02 0.02 3 .4 7 E -1 2 3 .5 0 E -1 2 3 .5 2 E -1 2 1 .96E -04 1 .97E -04 1.9 8 E -0 4

0.01 0.01 0.01 2 .0 9 E -1 2 2 .1 1 E -1 2 2 .1 3 E -1 2 2 .3 6 E -0 4 2 .3 8 E -0 4 2 .4 0 E -0 4
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Figure B6  The Ohmic regime of D PAZ 0.25:1 at thickness = 0 .0 1 3 7 6  cm, 2 5 ° c ,
6 0 -6 5  %RH.
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A p p en d ix  c  D en sity  D eterm ination  by P ycnom eter

T h e den sity  o f  d ed op ed -P erm eth y lp o lyazin e and the d op ed -p o ly m ers w ith  
various d op ing m o le  ratios w a s determ ined b y  u sin g  P ycn om eter w ith  a sm all cell 
size . T he polym ers w ere  firstly  vacuum -dried  for 2 4  hr and then w eigh ted  at am bient 
tem perature, loaded the sam ple to the ce ll. D en sity  determ ination  w as carried out 3 
tim e for each sam ple.

T a b le  C l  D en sity  data o f  d ed op ed -p erm eth y lp o lyazin e  (D e  P A Z ) m easured  at 27
°c.

R u n V o lu m e  (cm 3) D e n s ity  (g /c m 3)

1 0 .1 3 1 6 0 .7 1 2 0

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

3 0 .2 1 8 6 0 .8 2 3 0

A v e r a g e  V o lu m e 0 .1 7 5 7 3 3  cm 3

A v e r a g e  D e n s ity 0 .7 7 7 5 6 7  g /cm 3

S ta n d a r d  D e v ia tio n 0 .0 5 8 1 7 4  g /cm 3
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T a b le  C2 D en sity  data o f  d op ed -p erm eth y lp o lyazin e (D J P A Z ) at d op in g  m o le  ratio 
N io d in e -N m onom er, 0.25:1 ( D P A Z  0.25:1) m easured at 27 °c.

R u n V o lu m e  (cm 3) D e n s ity  (g /c m 3)

1 0 .1 7 1 0 1 .2156

2 0 .1 9 9 6 1 .2320

3 0.2671 1 .2460

A v e r a g e  V o lu m e 0 .2 1 2 5 6 7  cm 3

A v e r a g e  D en sity 1 .2312 g /cm 3

S ta n d a rd  D ev ia tio n 0 .0 1 5 2 1 6  g /cm 3

T a b le  C3 D en sity  data o f  dop ed -p erm eth y lp o lyazin e ( D P A Z )  at d op in g  m o le  ratio 
Njodine-Nmonomer, 0 .50:1 (D  P A Z  0.50:1 ) m easured at 27  ๐c .

Run V o lu m e (cm 3) D en sity  (g /cm 3)

1 0 .1 6 6 0 1.737

2 0 .0 8 2 0 1.781

3 0.1671 1.735

A v e r a g e  V o lu m e 0 .1 3 8 3 6 7  cm 3

A v e r a g e  D en sity 1.751 g /cm 3

S ta n d a rd  D ev ia tio n 0 .0 2 6  g /cm 3
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T a b le  C 4 D en sity  data o f  d oped-perm ethylpolyazine (D  P A Z ) at d op in g  m o le  ratio  
N jod ine '-N m onom er 5 0.75:1 (D _P A Z  0 .75:1) m easured at 27  ๐c .

Run V o lu m e (cm 3) D en sity  (g /c m 3)

1 0 .3343 1.810

2 0 .3243 1.960

. 3 0 .3 2 4 4 1.791

A v e r a g e  V o lu m e 0 .3 2 7 6 6 7  cm 3

A v e r a g e  D en sity 1 .862333  g /cm 3

S ta n d a r d  D ev ia tio n 0 .0 8 4 6 5 4  g /cm 3

T a b le  C 5 D en sity  data o f  d oped-perm ethylpolyazine ( D P A Z )  at d op in g  m o le  ratio  
N jo d in e -N m on om e r , 1.00:1 (D  PA Z  1.00:1) m easured at 27  ° c .

Run V o lu m e (cm 3) D en sity  (g /c m 3)

1 0 .3 2 4 3 1.805

2 0 .3443 1.831

3 0 .2 8 4 4 1.764

A v e r a g e  V o lu m e 0 .3 1 7 6 6 7  cm 3

A v e r a g e  D en sity 1.8 g /cm 3

S ta n d a r d  D ev ia tio n 0 .0 3 3 7 7 9  g /cm 3
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A p p e n d ix  D  E lectrom echanical Properties M easurem ent o f  E P D M  w ith  different 
EN B contents

S t r a i n  S w e e p  T e s t :  p u r e  E P D M  f i l m  b y  u s i n g  p a r a l l e l  p l a t e s

T h e tem poral resp on se o f  pure E PD M  film s w ith different E N B  content; 
N O R D E L  IP 3670; N O R D E L  IP 4 570; and N O R D E L  IP 5 565  w ere carried out by  
m elt rheom eter m eter (R heom etric S cien tific , A R E S ). It w as fitted w ith  a cu stom - 
built copper parallel p lates fixture, diam eter 25 m m . A  D C  v o lta g e  w as applied  b y  
D C  p ow er  supply  (Instek , G FG  8 2 1 6 A ), w hich  can deliver e lectric  field  strength to 2 
k v /m m . A  digital m ultim eter w as u sed  to m onitor the vo lta g e  input. For tem poral 
resp on ses testing, o sc illa te  shear strain w as applied and the d yn am ic m oduli (G' and 
G") w ere  in vestigated  as a function o f  tim e and electric  fie ld  strength. D yn am ic  
strain sw eep  test w ere  first carried out to determ ine appropriate strains b y  m easured  
G' and G" in linear v isco e la stic  reg im e. T he fo llo w in g  figures, F igure D l ,  D 2 , and 
D 3, sh o w  linear v isco e la stic  reg im es o f  pure E P D M  film s: N O R D E L  IP 3670;  
N O R D E L  IP 4570; and N O R D E L  IP 5565 , resp ective ly , w ithout e lectric  field  
strength (0  v /m m ). B es id es , F igure D 4 , D 5 , and D 6 , sh ow  the linear v isco e la stic  
regim es o f  pure E P D M  film s in the in flu en ce  o f  e lectr ic  field  strength at 1 k v /m m .
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Table D1 Storage modulus and loss modulus data, obtained from dynamic strain
sweep test of NORDEL IP 3670 (1.8% of ENB), parallel plate, gap = 0.676 mm, film
diameter = 25 mm, electric field (E) ; 0 v /m m , 2 7 ° c

% S tra in G ’ (P a) G " (P a) % S tra in G ' (P a) G " (P a)

0 .0 2 5 4 9 80529 .5 7 0 0 6 .2 9 1 .6789 1.00E + 05 19577 .8

0 .0 4 1 8 7 86 1 7 9 .8 5 6 5 0 .9 2 . 2 .6 6 3 4 1.00E + 05 2 2 1 5 8

0 .0 6 7 1 2 8 6623 .5 7 4 9 3 .7 8 . 4 .2 3 6 1 7 9 7 3 7 9 .9 .2 4 4 5 8 .3

0.10611 9 0 3 9 5 .9 9 6 2 5 .8 5 6 .7 5 4 8 6 7 6 8 .9 2 4 0 3 8 .4

0.16851 90689.1 11469 .5 • 10 .775 80 8 5 6 .8 ; 2 4 7 6 3 .2

0 .2 6 7 4 6 9 1 3 9 8 .9 11962 .8 17.1971 7 5 6 7 0 .2 : 2 3 2 6 3 .2

0 .4 2 0 7 2 95 0 2 5 .3 1 3376 .4 27 .5691 6 7 8 3 8 .8 -29409 .5

0 .6 6 4 8 4 97818.1 16450 .4 4 3 .2 8 2 5 7 4 5 4 9 .7 2 7 7 3 1 .4

1.05907 99 2 9 8 .3 17817 .7

Figure D1 Storage modulus and loss modulus versus strain (%) obtained from
dynamic strain sweep test of NORDEL IP 3670 (1.8% of ENB), parallel plate, gap =
0.676 mm, film diameter = 25 mm, electric field (E) = 0 v/mm, 27°c.
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Table D2 Storage modulus and loss modulus data, obtained from dynamic strain
sweep test of NORDEL IP 4570 (4.9% of ENB), parallel plate, gap = 0.638 mm, film
diameter = 25 mm, electric field (E) = 0 v/mm, 2 7 ° c

% S tra in G ’ (P a) G "  (P a) % S tra in G ' (P a) G " (P a)

0 .0 2 5 7 8 7 5 6 5 8 .8 2 5 4 0 3 .8 1.74301 6 6 3 6 0 .2 2 1 4 5 2 .8

0 .0 4 1 3 5 8 2 1 7 7 .9 2 6 8 4 7 .8 2 .7 7 2 5 3 63987 .1 20271

0 .0 6 6 8 5 7 9 4 1 2 .9 2 5 9 4 1 .5 4 .4 0 0 5 9 6 2 8 7 0 .8 19266 .9

0 .1 0 6 3 3 8 0 3 5 1 .8 2 2 0 8 9 .6 6 .9 8 4 7 6 1 9 7 9 .4 19746 .2

0 .1 6 8 7 9 7 9 6 2 8 2 2 9 8 9 .6 11.1537 5 3 4 2 4 .2 18992 .3

0 .26991 7 7 9 8 2 .9 2 2 2 5 1 .9 17 .7426 4 9 7 7 6 .9 18762

0.42861 7 5 6 5 9 22122.2 28.131 4 9 8 4 8 .6 2 1 5 2 6 .3

0 .6 8 2 6 3 7 3 9 6 9 .4 2 1 5 7 8 4 5 .2 5 7 2 3 7 8 1 1 .7 2 1 2 6 8 .5

1 .09406 7 0 3 3 5 .6 22102.2

Figure D2 Storage modulus and loss modulus versus strain (%) obtained from
dynamic strain sweep test of NORDEL IP 4570 (4.9% of ENB), parallel plate, gap =
0.638 mm, film diameter = 25 mm, electric field (E) = 0 v/mm, 2 7 ° c .
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Table D3 Storage modulus and loss modulus data, obtained from dynamic strain
sweep test of NORDEL IP 5565 (7.5% of ENB), parallel plate, gap = 0.464 mm, film
diameter = 25 mm, electric field (E) = 0 v /m m , 2 7 ° c

% S tra in G ’ (P a) G " (P a ) % S tra in G ' (P a) G " (P a)

0 .0 2 3 9 1.32E +05 2 7 3 1 9 .7 1.55063 1.20E + 05 3 4 6 1 9 .6

0.0371 1.23E +05 3 4 1 6 9 .5 2 .4 6 0 4 7 1.19E + 05 34551.1

0 .0 6 1 1 7 1.23E + 05 3Q 896.5 3 .90261 1 .19E + 05 3 4 9 9 2 .9

0.09601 1 .26E +05 3 8 5 6 1 .2 6 .1 9 6 1 7 1 .11E +05 3 2 9 7 4 .2

0 .1 5 2 8 6 1 .24E +05 36914 .1 9 .8 5 8 3 5 1.09E + 05 33375 .1

0 .2 4 2 8 2 1.23E + 05 3 4 8 9 6 .2 16 .7946 6 4 4 0 6 .6 4 3 9 9 9

0 .3 8 5 2 3 1.23E +05 3 5 2 1 7 .2 2 7 .2 5 2 6 5 1 5 8 7 .6 34208 .1

0 .6 1 1 2 6 1 22E + 05 3 5 0 6 7 .6 4 3 .0 2 7 2 5 4 1 9 7 .8 2 7 3 6 2 .2

0 .9 6 8 7 3 1.21E +05 34860 .1

Figure D3 Storage modulus and loss modulus versus strain (%) obtained from
dynamic strain sweep test of NORDEL IP 5565 (7.5% of ENB), parallel plate, gap =
0.464 mm, film diameter = 25 mm, electric field (E) = 0 v/mm, 27°c.
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T a b le  D 4  Storage modulus and loss modulus data, obtained from dynamic strain
sweep test o f NORDEL IP 3 6 7 0  (1 .8%  of ENB), parallel plate, gap =  0 .6 7 6  mm, film
diameter =  25  mm, electric field (E) =  1 v /m m , 2 7 ° c

% S tra in G ' (P a) G" (P a ) % S tra in G ’ (P a) G " (P a )

0 .0263 70 9 1 3 .5 11063 .4 1.72319 73 3 9 1 .9 2 0 3 5 4 .3

0 .0 4 2 1 5 7 6 2 2 3 .7 2 1 3 3 7 2 .7337 7 2 9 8 7 .9 2 0 8 6 5 ,4

0 .0 6 7 2 6 7 4 9 5 6 .8 2 1 5 2 5 .4 4 .3 4 2 0 9 7 1 5 5 8 .9 2 1 5 1 0 .9

0 .1 0 7 3 8 74 9 8 0 .5 2 0 6 5 9 .9 6 .92192 6 6 6 0 1 .4 2 2 5 5 2 .8

0 .17161 74 3 1 1 .5 2 0 4 2 6 .5 11 .1214 52515 .3 2 0 9 2 5 .8

0 .2 7 1 3 3 7 4 4 2 9 .4 2 0 3 5 6 .8 17.7997 45 4 2 0 .5 19972 .2

0 .4 3 0 6 7 7 4003 2 0 4 4 8 .9 2 8 .4 0 9 4 4 0 3 0 4 .6 17291.3

0 ,6 8 1 8 3 74047.1 2 0 4 8 9 .5 4 5 .7 5 8 8 2 8 1 0 4 .8 12385 .3

1.0857 7 3 8 5 2 .4 2 0 3 3 5 .3

F ig u re  D 4  Storage modulus and loss modulus versus strain (%) obtained from
dynamic strain sweep test of NORDEL IP 3 6 7 0  (1.8%  of ENB), parallel plate, gap =
0 .6 7 6  mm, film diameter =  25  mm, electric field (E) = 1 v/mm, 2 7 ° c .
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T a b le  D 5  Storage modulus and loss modulus data, obtained from dynamic strain
sweep test o f NORDEL IP 4570 (4.9% of ENB), parallel plate, gap = 0.638 mm, film
diameter = 25 mm, electric field (E) = 1 v/mm, 27°c

% S tr a in G ’ (P a) G " (P a) % S tra in G ’ (P a ) G " (P a )

0 .0 2 4 3 5 1.70E +05 2 8 0 8 3 .9 1 .46229 1.84E + 05 5 8 4 7 6 .3

0 .0 3 7 1 5 1.90E + 05 2 4 7 3 7 .5 2 .3 7 1 9 5 1.66E + 05 5 5 1 2 8 .6

0 .0 5 8 2 8 1 .92E +05 2 8 5 3 5 .2 4 .1 0 7 5 4 9 5 9 3 7 .9 77880 .1

0 .0 9 1 8 8 1 .96E +05 30344 .1 6 .9 5 0 0 5 5 0 5 1 2 .9 6 0339 .1

0 .1 4 2 2 5 2 .1 7 E + 0 5 3 1 1 3 6 .2 11.4145 2 7 6 3 3 .5 4 1 6 8 7 .4

0 .2 1 6 1 3 2 .4 4 E + 0 5 3 4 5 5 2 .5 18.2968 19969 .8 2 4 8 0 2 .6

0 .3 3 3 5 5 2 .6 7 E + 0 5 4 6 3 0 3 .4 2 7 .8 4 5 3 4 6 2 2 2 .6 1 5977 .2

0 .5 2 3 9 9 2 .7 1 E + 0 5 5 9 7 4 1 .4 4 2 .1 2 2 7 77778.1 2 3 0 6 5 .8

0 .8 7 4 6 3 2 .3 0 E + 0 5 6 4 5 0 2 .6

F ig u r e  D 5  Storage modulus and loss modulus versus strain (%) obtained from
dynamic strain sw'eep test of NORDEL IP 4570 (4.9% of ENB), parallel plate, gap =
0.638 mm, film diameter = 25 mm, electric field (E) = 1 v/mm, 27°c.
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T a b le  D 6  Storage modulus and loss modulus data, obtained from dynamic strain
sweep test of NORDEL IP 5565 (7.5% of ENB), parallel plate, gap = 0.464 mm, film
diameter = 25 mm, electric field (E) = 1 v/mm, 27°c

% S tra in G ' (P a) G " (P a) % S tra in G ' (P a) G " (P a)

0 .0 2 3 7 9 1.46E + 05 4 0 8 3 9 .5 1 .4 9 2 4 4 1.45E + 05 4 1 6 6 2 .5

0 .0 3 5 1 3 1.59E +05 3 7 8 5 0 .9 2 .3 7 0 0 7 1 .45E +05 4 2 0 3 7 .6

0 .0 5 6 7 3 1.53E +05 4 7 1 6 3 3 .7 5 9 2 7 1.44E +05 41919 .1

0 .0 9 2 9 4 1 .49E +05 4 0 0 4 8 .3 5 .9 7 0 5 5 1.35E +05 3 9 5 9 8 .2

0 .1 4 6 8 2 1.50E +05 4 2 8 1 7 .7 9 .48991 1 .33E +05 3 9 7 8 6 .8

0 .2 3 3 0 3 1 .51E +05 4 2 1 2 3 .4 16.653 6 8 9 5 6 .4 4 9 5 8 8 .8

0 .3 7 1 5 9 1 .48E +05 4 2 9 7 7 .8 2 6 .9 4 5 7 5 7 8 8 6 .2 3 8 7 2 3 .3

0 .5 8 8 2 8 1.47E + 05 4 2 9 4 3 .9 4 2 .2851 6 5 3 1 5 .6 3 1 8 9 0 .2

0 .9 3 3 9 4 1 .46E +05 4 1 7 6 2 .3

F ig u r e  D 6  Storage modulus and loss modulus versus strain (%) obtained from
dynamic strain sweep test o f NORDEL IP 5565 (7.5% of ENB), parallel plate, gap =
0.464 mm, film diameter = 25 mm, electric field (E) = 1 v/mm, 27°c.



Tim e Sw eep  Test: pure E P D M  film  by using p a ra lle l pla tes

T he tim e sw eep  test w as carried out w ith  e lectric  fie ld  applied  on  and off, 
alternately. T he G 'o f  each  film  w a s investigated  to m easure until each  film  resp on se  
reaches a steady state and to find w hether the response under e lectric  field  
stim ulation  is  irreversible or not. B eca u se  they  are low  d ielectric  m aterials. T h u s, the 
force generated under e lectric  fie ld  is  low . T he e ffec tiv e  actuation force is  g iv en  b y  
(P elr in e e t  a l ,  2 0 0 0 ) :

P  =  e e o E 2 =  £ ร 0 ( V / z f  (D . 1 )

w h ere P  is  the actuation pressure, E  is  the e lectric  field  strength, £ is  the d ie lectric  
constant, € o  is  the perm ittiv ity  o f  free  space, V  is  v o ltage , and z  is  the p olym er  
th ickness.

T he tim e sw eep  test o f  N O R D E L  IP 3 6 7 0  (1 .8%  o f  E N B ) are sh o w n  in  
Figure D 7  and D 8  reversed  film  to another surface, heated it up and coo led  it dow n, 
resp ective ly  w a s carried out w ith  electric  fie ld  applied  on  and o ff , alternately. T he  
G 'o f  th is film  w a s investigated  to  m easure the tim e each  film  resp on se reach es a 
steady state and there is  response under e lectric  fie ld  stim ulation  but irreversible.
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Time (ร)

F ig u re  D 7  Tem poral resp on se testing o f  storage m od u lu s (G ') o f  N O R D E L  IP 3 6 7 0  
(1 .8%  o f  E N B ), parallel p late, strain 0.2 %, gap 0.601 m m , film  diam eter 25 m m , 
frequency 100 rad/s, e lectric  field  (E ) 1 k v /m m , 27°c.

F ig u re  D 8  Tem poral resp on se  testing o f  storage m od u lu s (G ') o f  N O R D E L  IP 3 6 7 0  
(1.8%  o f  E N B ), parallel plate, strain 0 .2  %, gap 0 .8 5 4  m m , film  diam eter 25  m m , 
frequency 100 rad/s, e lectr ic  field  (E ) 1 k v /m m , 2 7 ° c .
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A p p e n d ix  E  Frequency S w eep  T est o f  pure EPD M  film s w ith  d ifferent E N B  
contents; various electric  fields.

F r e q u e n c y  t e s t  o f N O R D E L  I P  3 6 7 0  ( 1 . 8 %  o f  E N B )

NORDEL IP 3670 (1.8% of ENB) at 27°c

■ At 0 V/mm
A. At 2 V/mm? At 5 V/mm• At 10 V/mm♦ At 20 V/mm• At 50 V/mm• At 100 V/mm• At 200 V/mm* At 500 V/mm• At 1000 V/mm

F ig u re  E l  N O R D E L  IP 3 6 7 0  at T  -  27°c, strain 0 .2  % frequency sw eep  test at 
various e lectric  fie ld  strength (V /m m ).

T h e  s t o r a g e  m o d u l u s  r e s p o n s e  o f  N O R D E L  I P  3 6 7 0  ( 1 . 8 %  o f  E N B )

F ig u r e  E 2 The storage modulus response (AG’) at T = 2 7 ° c ,  and %strain=0.2, vs.
electric field strength (V/mm) ofNORDEL IP 3670.
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The sensitiv ity  o f  the storage m odulus o fN O R D E L  IP  3670 (1.8%  o fE N B )

F ig u re  E 3  T he sen sitiv ity  o f  the storage m odulus DAGVG'o) at T = 2 7 ° c ,  and  
% strain=0.2, vs. e lectric  fie ld  strength (V /m m ) o fN O R D E L  IP 3 6 7 0  (G'o at frequency 1.0 

ra d /s "~ 2 0 5 ,2 6 5  Pa and G  Oat frequency 100 rad/s:=2 9 7 , 5 5 5  Pa.

F r e q u e n c y  t e s t  o f N O R D E L  I P  4 5 7 0  ( 4 . 9 %  o f E N B )

NORDEL IP 4570 (4.9% of ENB) at 27°c

D At 0 V/mm
A At 2 V/mm
Y At 5 V/mm♦ At 10 V/mmo At 20 V/mmAt 50 V/mm■ At 100 V/mm▲ At 200 V/mm
V At 500 V/mmo At 1000 V/mm

Figure E4 N O R D E L  IP 4 5 7 0  at T = 2 7 ° c ,  strain 0 .0 6  % frequency sw eep  test at
various e lectr ic  field  strength (V /m m ).



100

The storage m odulus response o f  N O R D E L IP  4570 (4 .9%  o fE N B )

1 0  100 ■ 1000 
Electric field (V/mm)

F ig u r e  E 5 T h e storage m od u lu s response (D A G ') at T = 2 7 ° c ,  and % strain=0.06, vs. 
electric  field  strength (V /m m ) o f  N O R D E L  IP 4 5 7 0 .

T h e  s e n s i t i v i t y  o f  t h e  s t o r a g e  m o d u l u s  o f  N O R D E L  I P  4 5 7 0  ( 4 . 9 %  o f  E N B

F ig u r e  E 6  T h e sen sitiv ity  o f  the storage m odulus □ (AG'/G'o) at T = 2 7 ° c ,  and  
% strain=0.06, v s . e lectric  fie ld  strength (V /m m ) o f  N O R D E L  IP 4 5 7 0  (G'o at frequency 
1.0 rad/s=75,7 2 6 .7  Pa and G'o at frequency 100 rad/s= 1 0 9 ,2 2 0  Pa).
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F requency test o fN O R D E L  IP  5565 (7 .5%  o fE N B )

NORDEL IP 5565 (7.5% of ENB) at 27°c

๐ At 0 v/mm□ At 2 V/mm
At 5 V/mm▲ At 10 V/mm♦ At 20 V/mmAt 50 V/mm
At 100 V/mm• At 200 V/mm■ At 500 V/mmA At 1000 V/mm

F ig u re  E 7  NORDEL IP 5565 at T =  27°c, strain 0.3 % freq u en cy  sw eep  test at 
various e lectric  fie ld  strength (V /m m ).

T h e  s t o r a g e  m o d u l u s  r e s p o n s e  o f  N O R D E L  I P  5 5 6 5  ( 7 . 5 %  o f  E N B )

Figure E8 T he storage m odulus resp on se □  (AG') at T = 2 7 ° c ,  and % strain=0.3, vs.
electric  fie ld  strength (V /m m ) o fN O R D E L  IP 5 5 6 5 .



The sensitiv ity  o f  the storage m odulus o fN O R D E L  IP  5565 (7 .5%  o f  E N B )

Electric field (V/mm)

F ig u r e  E 9  T h e sen sitiv ity  o f  the storage m od u lu s nAGVG'o) at T = 2 7 ° c ,  and 
% strain=0.3, v s . e lectr ic  field  strength (V /m m ) o fN O R D E L  IP 5 5 6 5  (G'o at frequency 1.0 
r a d /s ~ 2 6 ,7 2 5  Pa and G 0 at frequency 100 rad/s—9 1 , 2 4 8 . 7 5  Pa).
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A p p e n d ix  F  E lectrorheological Properties M easurem ent o f  E P D M  w ith  m olecu lar  
w eigh t contents

S t r a i n  S w e e p  T e s t :  p u r e  E P D M  f i l m  b y  u s i n g  p a r a l l e l  p l a t e s

T he tem poral response o f  pure E PD M  film s w ith  different m olecu lar w eigh t  
content; N O R D E L  IP 4 5 2 0 ; N O R D E L  IP 4 640; and N O R D E L  IP 4 5 7 0  w ere carried  
out b y  m elt rheom eter m eter (R heom etric S cien tific , A R E S ). It w as fitted w ith  a 
custom -built copper parallel p lates fixture, diam eter 25  m m . A  D C  v o lta g e  w as  
applied by D C  p ow er supp ly  (Instek, G FG  8 2 1 6 A ), w h ich  can d eliver  e lectr ic  field  
strength to 2 k v /m m . A  digital m ultim eter w as used to m onitor the vo ltage  input. For 
tem poral resp on ses testin g , o sc illa te  shear strain w as applied and the dynam ic m oduli 
(G' and G") w ere  in vestigated  as a function o f  tim e and e lectric  field  strength. 
D yn am ic  strain sw eep  test w ere first carried out to determ ine appropriate strains by  
m easured G ’ and G ” in  linear v isco e la stic  regim e. T he fo llo w in g  figures, F igure F I ,  
F 2, and F3, sh o w  linear v isco e la stic  reg im es o f  pure E P D M  film s: N O R D E L  IP 
4 5 2 0 ; N O R D E L  IP 4 6 4 0 ; and N O R D E L  IP 4 5 7 0 , resp ectively , w ithout e lectric  field  
strength (0  v /m m ). B esid es , F igure F 4, F5, and F6, sh ow  the linear v isco e la stic  
reg im es o f  pure SIS film s in  the in flu en ce o f  electric  field  strength at 1 k v /m m .
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Table FI Storage m odulus and lo ss  m od u lu s data, obtained  from  d yn am ic strain
sw eep  test o f  N O R D E L  IP 4 5 2 0  (M W = ! 15 ,000), parallel plate, gap =  0 .5 6 7  m m ,
fd m  diam eter =  25  m m , e lectric  fie ld  (E ) = 0 v /m m , 2 7 ° c

% S tra in G ' (P a) G " (P a) % S tra in G ’ (P a ) G " (P a )

0 .0 2 6 8 7 98311 .1 2 9 7 1 6 .9 1 .60536 1.18E + 05 5 5 1 1 3 .6

0 .0 4 1 1 5 1.0 4 E + 0 5 3 9 9 2 3 .7 2 .5 2 5 3 2 1.24E + 05 5 6 2 8 1 .2

0 .0 6 6 1 2 9 4 8 0 4 .6 3 7 6 9 3 .2 3 .9 8 8 9 2 1.26E + 05 59698 .1

0 .1 0 3 1 5 1 .05E + 05 4 3 0 9 7 .3 6 .3 9 6 6 5 1.10E + 05 6 2 5 1 0

0 .1 5 9 6 7 1 .14E + 05 4 4 8 6 6 .5 10 .7383 6 9 4 7 4 .8 5 6 0 5 1 .5

0 .2 5 0 9 2 1.14E + 05 5 1 3 6 2 .7 17 .4602 5 2 5 0 7 .8 4 2 5 0 0 .2

0 .3 9 9 8 5 1.15E + 05 5 1 4 6 9 .3 2 8 .0 5 6 3 43 0 7 3 .1 3 1 9 8 3 .4

0 .6 3 3 4 6 1 .16E + 05 5 2 9 6 0 .5 4 3 .4 1 8 3 6 0 1 7 9 27967 .1

1 .01648 1 .15E + 05 5 3 4 9 5 .9

Figure FI S torage m od u lu s and lo ss  m od u lu s versus strain (% ) obtained  from
dynam ic strain sw eep  test o f  N O R D E L  IP 4 5 2 0  (M W = 1 1 5 ,0 0 0 ), parallel p late, gap =
0 .5 6 7  m m , film  diam eter =  25  m m , electric  field  (E ) =  0  v /m m , 2 7 ° c .
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Table F2 Storage m od u lu s and lo s s  m odulus data, obtained from  d yn am ic  strain
sw eep  test o f  N O R D E L  IP 4 6 4 0  (M W =  160 ,000), parallel p late, gap =  0 .5 3 8  m m ,
film  diam eter =  25 m m , e lectric  fie ld  (E ) =  0  v /m m , 2 7 ° c

% S tra in G ' (P a) G " (P a ) % S tra in G ’ (P a) G " (P a )

0 .0 2 6 4 2 1 2 3 9 .7 5467 .41 1 .8294 19995.8 5 8 5 1 .3 2

0 .0 4 3 9 2 1 3 1 3 .9 6508 .91 2 .9065 19110.6 6062 .31

0 .0 7 0 4 19198.2 4 6 4 7 .2 2 4 .6 3 4 7 15580.8 7 1 4 8 .6 2

0.1131 19432.4 4 6 0 4 .3 3 7 .4 2 2 9 8653 .27 7 0 6 3 .8 3

0 .1 8 0 3 19114 4 3 4 0 .8 3 11.8368 57 3 1 .0 2 5 1 2 7 .6 8

0 .2 8 7 7 19049.5 4 9 7 9 .2 2 18 .7499 5 963 .15 3 8 1 8 .3 3

0 .4 5 6 3 19608 .4 4 8 1 3 .8 5 2 9 .7 1 8 9 5 753 .03 3 1 7 1 .3 9

0 .7 2 3 2 2 0 4 6 8 .8 5 0 4 3 .0 4 4 7 .0 6 3 8 74 5 7 .4 5 3 0 6 6 .0 7

1 .1549 20 5 7 9 .3 5 5 6 1 .9 4

Figure F2 Storage m od u lu s and lo ss  m odulus versu s strain (% ) obta ined  from
dynam ic strain sw eep  test o f  N O R D E L  IP 4 6 4 0  (M W =  160 ,000 ), parallel p late, gap =
0 .5 3 8  m m , film  diam eter =  25 m m , electric  field  (E ) =  0  v /m m , 27°c.
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Table F3 Storage m odulus and lo ss  m od u lu s data, obtained  from  d yn am ic strain
sw eep  test o f  NORDEL IP 4570 (MW=210,000), parallel p late, gap = 0.638 m m ,
film  diam eter = 25  m m , e lectric  field  (E) = 0 v /m m , 2 7 ° c

% S tra in G ' (P a) G " (P a) % S tra in G ' (P a ) G " (P a)

0 .02578 75 6 5 8 .8 2 5 4 0 3 .8 1.74301 6 6 3 6 0 .2 2 1 4 5 2 .8

0 .04135 8 2 1 7 7 .9 2 6 8 4 7 .8 2 .77253 63987 .1 20271

0 .06685 7 9 4 1 2 .9 25 9 4 1 .5 4 .4 0 0 5 9 6 2 8 7 0 .8 19266 .9

0 .10633 8 0 3 5 1 .8 2 2 0 8 9 .6 6 .9847 6 1 9 7 9 .4 19746 .2

0 .1 6 8 7 9 7 9628 2 2 9 8 9 .6 11.1537 5 3 4 2 4 .2 18992 .3

0.26991 7 7 9 8 2 .9 2 2 2 5 1 .9 17 .7426 4 9 7 7 6 .9 18762

0.42861 75659 22122.2 28.131 4 9 8 4 8 .6 2 1 5 2 6 .3

0 .68263 7 3 9 6 9 .4 2 1578 45 .2 5 7 2 3 7 8 1 1 .7 2 1 2 6 8 .5

1 .09406 7 0 3 3 5 .6 22102.2

Figure F3 Storage m od u lu s and lo ss  m od u lu s versu s strain (% ) obtained  from
dynam ic strain sw eep  test o f  NORDEL IP 4570 (MW=210,000), parallel p late, gap =
0.638 m m , film  diam eter = 25 m m , electric  fie ld  (E) = 0 v /m m , 27°c.
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Table F4 Storage m od u lu s and lo ss  m odulus data, obtained from  dyn am ic strain
sw eep  test o f  N O R D E L  IP 4 5 2 0  (M W = 1 15 ,000), parallel p late, gap =  0 .5 6 7  m m ,
film  diam eter =  25  m m , e lectric  field  (E ) =  1 v /m m , 2 7 ° c

% S tra in G ' (P a ) G " (P a) % S tra in G ' (P a ) G "  (P a)

0 .0 2 3 6 1.26E + 05 61 6 2 8 .3 1 .55683 1.41E + 05 7 4 1 0 3

0 .0 3 9 6 6 1 .27E +05 59 9 0 7 .7 2 .4 6 4 6 4 1.42E + 05 7 4 8 1 5 .7

0 .0 6 0 7 5 1 .37E +05 69773.1 3 .9 0 4 5 9 1 .43E + 05 7 5 3 2 7 .6

0 .0 9 7 1 2 1 .38E +05 6 8 1 1 8 .5 6 .2 8 7 6 7 1 .23E +05 7 4 8 5 4 .8

0 .1541 1 .37E + 05 6 9 5 9 8 .9 10 .7127 6 9 9 4 3 .4 6 4 7 0 2 .3

0 .2 4 2 5 3 1 .39E +05 71664.1 17 .3815 5 4 4 4 6 .6 4 8 0 0 8 .8

0 .3 8 6 6 2 1.39E + 05 7 2479 .3 2 7 .9 6 8 9 4 5022 .1 3 4 9 0 3 .9

0 .61461 1.40E + 05 7 3 6 9 3 .4 4 3 .0 0 7 4 6 6 6 9 5 3 1 2 9 6 .7

0 .9 8 2 4 9 1 .41E +05 73 7 2 9 .5

Figure F4 Storage m od u lu s and lo ss  m odulus versus strain (% ) obtained  from
d yn am ic strain sw eep  test o f  N O R D E L  IP 4 5 2 0  (M W = 1 1 5 ,0 0 0 ), parallel plate, gap =
0 .5 6 7  m m , film  diam eter =  25  m m , e lectric  field  (E ) =  1 v /m m , 27°c.
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Table F5 Storage m odulus and lo ss  m odulus data, obtained from  d yn am ic strain
sw eep  test o f  N O R D E L  IP 4 6 4 0  (M W = 1 6 0 ,0 0 0 ), parallel plate, gap =  0 .5 3 8  m m ,
film  diam eter =  25  m m , e lectric  field  (E ) =  1 v /m m , 2 7 ° c

% S tra in G ' (P a) G " (P a) % S tra in G ' (P a ) G " (P a )

0 .0 3 1 4 2 1 1 0 5 .7 5 6 0 9 .1 9 1.8362 18268 .4 7 7 5 1 .4 3

0 .0 4 5 4 2 2 2 9 3 .2 6 627 .73 2.9331 12863 .9 8 4 7 2 .0 2

0 .0 6 9 7 2 3 5 9 7 .9 7210 .45 4 .6 9 4 8 7031 .61 7 2 4 1 .4 3

0 .1 1 2 7 2 2 2 5 9 .9 7 2 2 0 .1 6 7 .4805 3 7 6 2 .3 5 5 2 6 0 .2 6

0 .1 7 9 7 2 2 2 6 4 .2 70 0 8 .5 9 11 .8932 2 1 4 8 .7 4 3 6 8 3 .2 4

0 .2 8 5 6 2 2 1 9 2 .7 6 595 .85 18.8296 3 4 0 5 .6 3 2 7 7 8 .7 6

0 .4 5 2 3 2 2 8 8 8 .4 7238.1 29.6881 6 3 5 1 .7 8 2 6 8 8 .4 2

0 .717 2 3 8 0 4 .4 7 509 .92 4 6 .9 0 4 2 8372.01 3 1 8 8 .5 2

1 .1497 2 2 1 0 8 .4 74 2 4 .3 7

Figure F5 Storage m od u lu s and lo ss  m od u lu s versu s strain (% ) obtained from
dynam ic strain sw eep  test o f  N O R D E L  IP 4 6 4 0  (M W =  160 ,000 ), parallel plate, gap =
0 .5 3 8  m m , film  diam eter =  25 m m , electric  field  (E ) =  1 v /m m , 2 7 ° c .
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T a b le  F 6  Storage m od u lu s and lo s s  m odulus data, obtained from  d yn am ic strain
sw eep  test o f  N O R D E L  IP 4 5 7 0  (M W = 2 10 ,000), parallel p late, gap =  0 .6 3 8  m m ,
film  diam eter =  25  m m , electric  field  (E ) =  1 v /m m , 2 7 ° c

% S tra in G ’ (P a) G " (P a ) % S tra in G ' (P a ) G " (P a )

0 .0 2 4 3 5 1-70E +05 2 8 0 8 3 .9 1 .46229 1.84E + 05 5 8 4 7 6 .3

0 .0 3 7 1 5 1.90E + 05 2 4 7 3 7 .5 2 .3 7 1 9 5 1 .66E + 05 5 5 1 2 8 .6

0 .0 5 8 2 8 1.92E +05 2 8 5 3 5 .2 4 .1 0 7 5 4 9 5 9 3 7 .9 77880.1

0 .0 9 1 8 8 1.96E +05 30344 .1 6 .9 5 0 0 5 5 0 5 1 2 .9 60339 .1

0 .1 4 2 2 5 2 .1 7 E + 0 5 3 1 1 3 6 .2 11 .4145 2 7 6 3 3 .5 4 1 6 8 7 .4

0 .2 1 6 1 3 2 .4 4 E + 0 5 3 4 5 5 2 .5 18 .2968 1 9969 .8 2 4 8 0 2 .6

0 .3 3 3 5 5 2 .6 7 E + 0 5 4 6 3 0 3 .4 2 7 .8 4 5 3 4 6 2 2 2 .6 15977 .2

0 .5 2 3 9 9 2 .7 1 E + 0 5 5 9 7 4 1 .4 4 2 .1 2 2 7 77778 .1 2 3 0 6 5 .8

0 .8 7 4 6 3 2 .3 0 E + 0 5 6 4 5 0 2 .6

F ig u re  F 6  S torage m od u lu s and lo s s  m odulus versus strain (% ) obtained  from
dynam ic strain sw eep  test o f  N O R D E L  IP 4 5 7 0  (M W = 2 1 0 ,0 0 0 ), parallel p late, gap  =
0 .638  m m , film  diam eter =  25  m m , e lectric  field  (E ) =  1 v /m m , 2 7 ° c .
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A p p e n d ix  G  F requency S w eep  T est o f  pure E P D M  film s w ith  different m olecu lar  
w eigh t contents; various e lectric  fields.

F r e q u e n c y  t e s t  o f N O R D E L  I P  4 5 2 0  ( M \v = l  1 5 , 0 0 0 )

NORDEL IP 4520 (M1t= 115000 g/mol) at 27°c

■ At 0 V/mm• At 2 V/mmAt 5 v/m*m» At 10 V/mm-♦ At 20 V/mm •• At 50 V/mm• At 100 V/mm■ At 200 V/mm
A At 500 V/mm▼ At 1000 V/mm

F ig u re  G 1 N O R D E L  IP 4 5 2 0  at T  =  27°c, strain 0 .2  % frequency  sw eep  test at 
various electric  fie ld  strength (V /m m ).

T h e  s t o r a g e  m o d u l u s  r e s p o n s e  o f  N O R D E L  I P  4 5 2 0  ( M w = l 1 5 , 0 0 0 )

Figure G2 T he storage m od u lu s response D (A G ') at T  =  2 7 ° c ,  strain 0 .2  %, vs.
electric  field  strength (V /m m ) o fN O R D E L  IP 4 5 2 0 .



The sensitiv ity  o f  the storage m odulus o fN O R D E L  IP  4520  (M w = l 15,000)

F ig u re  G 3 T he sen sitiv ity  o f  the storage m odulus □ (AG'/G'o) at T  =  2 7 ° c ,  strain 0 .2  
%, v s. electric field  strength (V /m ra) o f  N O R D E L  IP 4 5 2 0  (G'o at frequency 1.0 
rad/s 14 1 ,2 0 0  Pa and G Oat frequency 100 rad/s 2 6 6 ,9 8 0  Pa).

F r e q u e n c y  t e s t  o f N O R D E L  I P  4 6 4 0  ( M w = 1 6 0 , 0 0 0 )

NORDEL IP 4640 (Mw=l60000 g/mol) at 27°c

Os
b

A At 0 V/mm• At 2 V/mm• At 5 V/mm▼ At 10 V/mm♦ At 20 V/mmAt 50 V/mm• At 100 V/mmร. At 200 V/mmA At 500 v.mm• At 1500 V/mm♦ At 2000 V/mm

Frequency (rad/s)

F ig u re  G 4  NORDEL IP 4 6 4 0  at T  =  27°c, strain 0 .5  % freq u en cy  sw eep  test at
various electric  field  strength (V /m m ).
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The storage m odulus response o f  N O R D E L IP  4640 (M w=160,000)

F ig u r e . G 5  T he storage m odulus resp on se □  (AG') at T  =  27°c, strain 0 .5  %, vs. 
electric  fie ld  strength (V /m m ) o f  N O R D E L  IP 4 6 4 0 .

T h e  s e n s i t i v i t y > o f  t h e  s t o r a g e  m o d u l u s  o f  N O R D E L  I P  4 6 4 0  ( M w = l 6 0 , 0 0 0 )

F ig u r e  G 6  T h e sen sitiv ity  o f  the storage m od u lu s □ (AG'/G'o) at T  =  2 7 ° c ,  strain 0.5  
%, v s. e lectric  field  strength (V /m m ) o f  N O R D E L  IP 4 6 4 0  (G'o at frequency 1.0 

rad/s 105 ,485  Pa and G Oat frequency 100 rad/s—2 2 0 ,5 7 5  Pa).
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F requency test o fN O R D E L  IP  4570 (M w = 210,000)

NORDEL IP 4570 (4.9% of ENB) at 27°c

e« 1e+5 Pa.
ii

i
i

* i
f  *

1 10 
Frequency (rad/s)

* $ D At 0 V/mm
A At 2 V/mm* At 5 V/mm♦ At 10 V/mme At 20 V/mmAt 50 V/mm■ At 100 V/mm
A At 200 V/mmc At 500 V/mmo At 1000 V/mm

100

F ig u re  G 7  N O R D E L  IP 4 5 7 0  at T  = 2 7 ° c ,  strain 0 .06  % frequency sw eep  test at 
various electric  fie ld  strength (V /m m ).

T h e  s t o r a g e  m o d u l u s  r e s p o n s e  o f  N Ô R D E L  I P  4 5 7 0  ( M w = 2 1 0 , 0 0 0 )

Electric field (V/mm)

F ig u re  G 8  T h e storage m od u lu s resp on se (D A G ') at T=27°c, and % strain=0.06, v s .
e lectric  fie ld  strength (V /m m ) o fN O R D E L  IP 4 570 .
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T h e  s e n s i t i v i t y  o f  t h e  s t o r a g e  m o d u l u s  o f  N O R D E L  I P  4 5 7 0  ( M w = 2 1 0 , 0 0 0 )

F ig u r e  G 9 T h e sen sitiv ity  o f  the storage m odulus □ (AG'/G'o) at T = 2 7 ° c ,  and 
% strain=0.06, v s . electric  fie ld  strength (V /rara) o f  N O R D E L  IP 4 5 7 0  (G'o at frequency 
I.0rad/s 7 5 ,7 2 6 .7  Pa and G 0 at frequency 100 rad/s 1 0 9 ,2 2 0  Pa).
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Appendix H Frequency Sweep Test; various electric fields and temperatures.

Frequency sweep test o f  pure EPDM with different ENB contents

N O R D E L  I P  3 6 7 0  E = 0 V /m m

Frequency (rad/s)

300 K 310 K 320 K 330 K 340 K 350 K 360 K 370 K 380 K

Figure HI NORDEL IP 3670 at E = ov/m m , gab=1.013 mm, strain 0.2 % in 
frequency sweep test at various temperatures.

N O R D E L  I P  3 6 7 0  E = 1 0 0 0  v / m m

300 K 310 K 320 K 330 K 340 K 350 K 360 K 370 K 380 K

Figure H2 NORDEL IP 3670 at E = 1000V/mm, gab=1.001 mm, strain 0.2 % in 
frequency sweep test at various temperatures.
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NORDEL IP 4570 E=0 v/mm

F r e q u e n c y  ( r a d /s )

300 K 310 K 320 K 330 K 340 K 350 K 360 K 370 K 380 K

Figure H3 N O R D E L  IP 4570 at E  = ov/m m , gab=l.l22 mm, strain 0.2 % in 
frequency sweep test at various temperatures.

N O R D E L  I P  4 5 7 0  E = 1 0 0 0  v / m m

300 K 310 K 320 K 330 K 340 K 350 K 360 K 370 K 380 K

Figure H4 NORDEL IP 4570 at E = 1000V/mm, gab=0.995 mm, strain 0.3 % in
frequency sweep test at various temperatures.
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NORDEL IP 5565 E=0 v/mm

300 K 310 K 320 K 330 K 340 K 350 K 360 K 370 K 380 K

Figure H5 NORDEL IP 5565 at E = ov/mm, gab=0,988 mm, strain 0.3 % in 
frequency sweep test at various temperatures.

N O R D E L  I P  5 5 6 5  E = 1 0 0 0  v / m m

300 K 310 K 320 K 330 K 340 K 350 K 360 K 370 K 380 K

1 10 100
F r e q u e n c y  ( r a d /s )

Figure H 6  NORDEL IP 5565 at E = 1000V/mm, gab=1.011 mm strain 0.5 % in
frequency sweep test at various temperatures.
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Ft'equency sweep test o f  pure EPDM with different molecular weight contents

N O R D E L  IP  4 5 2 0  E = 1 0 0 0  v / m m

300 K 310 K 320 K 330 K 340 K 350 K 360 K 370 K 380 K

Figure H 7  N O R D E L  IP 4520 at E  = ov/m m , gab=0.978 mm, strain 0.2 % in 
frequency sweep test at various temperatures.

N O R D E L  IP  4 5 2 0  E = 1 0 0 0  v / m m

300 K 310 K 320 K 330 K 340 K 350 K 360 K 370 K 380 K

Figure H 8  NORDEL IP 4520 at E = 1000V/mm, gab=0.878 mm, strain 0.4 % in
frequency sweep test at various temperatures.



119

NORDEL IP 4640 E=0 v/mm

F r e q u e n c y  ( r a d /s )

300 K 310 K 320 K 330 K 340 K 350 K 360 K 370 K 380 K

Figure H9 NORDEL IP 4640 àt E = ov/mm, g a b -1.203 mm, strain 0.1 % in 
frequency sweep test at various temperatures.

N O R D E L  I P  4 6 4 0  E = 1 0 0 0  v / m m

300 K 310 K 320 K 330 K 340 K 350 K 360 K 370 K 380 K

Figure H10 NORDEL IP 4640 at E = 1000V/mm, gab=1.143 mm strain 0.1 % in
frequency sweep test at various temperatures.
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NORDEL IP 4570 E=0 v/mm

300 K 310 K 320 K 330 K 340 K 350 K 360 K 370 K 380 K

F r e q u e n c y  ( r a d /s )

Figure H ll  N O R D E L  IP 4570 at E  = ov/m m , gab=1.122 mm, strain 0.2 % in 
frequency sweep test at various temperatures.

N O R D E L  I P  4 5 7 0  E = 1 0 0 0  v / m m

300 K 310 K 320 K 330 K 340 K 350 K 360 K 370 K 380 K

F r e q u e n c y  ( r a d /s )

Figure H12 NORDEL IP 4570 at E = 1000V/mm, gab=0.995 mm, strain 0.3 % in 
frequency sweep test at various temperatures.
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Appendix I The Storage Modulus of EPDM Films vs. Temperature at Various
Electric fields.

The storage modulus o f  EPDM films with different ENB contents

Figure i l  The storage modulus vs. temnerature at the frequency 100 rad/s
Temperature (K)

The storage modulus o f  tLrUM jums พนท aijjerent molecular weight contents

T e m p e r a tu r e  (K )

Figure 12 The storage modulus vs. temperature at the frequency 100 rad/s.
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Appendix J Electromechanical Properties Measurement o f Polymer Blends

Strain Sweep Test: polymer blend between permethylpolyazine PAZ and ethylene 
propylene diene m bber (NORFEL IP 5565) by using parallel plates

The temporal response of polymer blend films were carried out by melt 
rheometer meter (Rheometric Scientific, ARES). It was fitted with a custom-built 
copper parallel plates fixture, diameter 25 mm. A DC voltage was applied by DC 
power supply (Instek, GFG 8216A), which can deliver electric field strength to 1 . 
kv/mm. A digital multimeter was used to monitor the voltage input. For temporal 
responses testing, oscillate shear strain was applied and the dynamic moduli (G' and 
G") were investigated as a function of time and electric field strength. Dynamic 
strain sweep test were first carried out to determine appropriate strains by measured 
G' and G" in linear viscoelastic regime. The following figures, Figure J l , J2, J3, and 
J4, show linear viscoelastic regimes of polymer blend films:, respectively, without 
electric field strength (0 v/m m ). Besides, Figure J5, J6, J7, and J8, show the linear 
viscoelastic regimes of pure EPDM films in the influence of electric field strength at; 
1 kV/mm.
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Table J1 Storage modulus and loss modulus data, obtained from dynamic strain
sweep test o f polymer blend (5%v/v of PAZ), parallel plate, gap = 0.876 mm, film
diameter = 25 mm, electric field (E) = 0 v/m m , 27°c.

%Strain G' (Pa) G" (Pa) %Strain G' (Pa) G" (Pa)
0.017 48097.3 12321.8 1.8688 47814.2 9125.31

0.0274 55465.7 11499 2.9628 47379.7 9479.34
0.0452 52439.2 11153.1 4.7034 46797.3 9869.23
0.0726 47639 8023.96 7.4653 45759 10633.8
0.1159 47555.1 8424.07 11.8807 43568.1 11401.9
0.1846 47587.1 8241.28 18.905 38395.4 10474.9
0.2935 46346.5 7744.18 30.0988 34928.7 11319.2
0.466 47163.3 7048.77 48.3169 26229.6 14088.1

0.7372 48204.6 8123.4 77.4166 18339.6 14020.6
1.1827 49281.1 6958.16 124.006 10489.5 11572.3

Figure J1 Storage modulus and loss modulus versus strain (%) obtained from
dynamic strain sweep test of polymer blend (5%v/v o f PAZ), parallel plate, gap =
0.876 mm, film diameter = 25 mm, electric field (E) = 0 v/m m , 27°c.
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Table J2  Storage modulus and loss modulus data, obtained from dynamic strain
sweep test of polymer blend (10%v/v of PAZ), parallel plate, gap = 0.858 mm, film
diameter = 25 mm, electric field (E) = 0 v/mm, 2 7 °c .

%Strain G ' (Pa) G" (Pa) %Strain G' (Pa) G " (Pa)
0.0194 37698.5 11700.6 1.897 38872.4 10971.3
0.0302 40793.3 9186.78 3.0092 38453.9 10949.4
0.0454 41344.4 10822.4 4.7748 37800.1 10877.7
0.0735 41048.1 11615.5 7.5851 36456.5 10942.1
0.1171 41607.3 10802.9 12.103 - 31851.8 11983.3
0.185 41205.1 10857.3 19.4654 20304.2 13406.2

0.2952 40881.6 11027 31.1002 14324.2 11981.2
0.4697 40308.6 11262 49.463 11168 8546.62
0.7476 39824.5 11163 78.4887 10020.1 5991.92
1.1954 39258.9 11088.3 124.42- 8835.57 4101.93

Figure J2 Storage modulus and loss modulus versus strain (%) obtained from
dynamic strain sweep test of polymer blend (10%v/v of PAZ), parallel plate, gap =
0.858 mm, film diameter = 25 mm, electric field (E) = 0 v/mm, 27°c.
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Table J3 S to r a g e  m o d u lu s  a n d  lo s s  m o d u lu s  d a ta ,  o b ta in e d  f ro m  d y n a m ic  s tr a in
s w e e p  te s t  o f  p o ly m e r  b le n d  ( 1 5 % v /v  o f  P A Z ) , p a r a l l e l  p la te ,  g a p  =  0 .9 2 1  m m , f i lm
d ia m e te r  = 25 m m , e le c t r i c  f ie ld  (E) = 0 v / m m ,  27°c.

%Strain G' (Pa) G" (Pa) %Strain G' (Pa) G" (Pa)
0.0164 92898.6 21675.9 1.6931 101690 28217.7
0.0256 100510 26731.4 2.6965 98736.3 28961.7

0.04 91359.7 19437.9 4.3063 93953.7 29520.2
0.0644 94526.7 20505.7 6.9592 80958.8 32465.6
0.1042 92348.7 20795 11.6156 44909.1 33983.9
0.1661 95957.3 22457.8 18.8513 32213.7 25268.3
0.2643 98945.8 21281.2 30.4476 21840.6 18541.4
0.4187 102450 23929.7 48.8781 14796 15436.7
0.6662 103440 25953.7 77.9992 10602 15529.1
1.0573 103450 27226.1 124.59 6355.74 12898

Figure J3 S to ra g e  m o d u lu s  a n d  lo s s  m o d u lu s  v e r s u s  s t r a in  ( % )  o b ta in e d  f ro m
d y n a m ic  s t r a in  s w e e p  te s t  o f  p o ly m e r  b le n d  ( 1 5 % v /v  o f  P A Z ) , p a r a l le l  p l a te ,  g a p  =
0 .9 1 5  m m , f i lm  d ia m e te r  =  2 5  m m , e le c t r ic  f ie ld  (E )  =  0  v / m m ,  27°c.
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Table J4 S to ra g e  m o d u lu s  a n d  lo s s  m o d u lu s  d a ta ,  o b ta in e d  f ro m  d y n a m ic  s t r a in
s w e e p  t e s t  o f  p o ly m e r  b le n d  ( 2 0 % v /v  o f  P A Z ) , p a r a l l e l  p la te ,  g a p  =  0 .8 7 3  m m , f i lm
d ia m e te r  =  2 5  m m , e le c t r i c  f ie ld  (E )  =  0  v / m m ,  2 7 ° c .

% Strain G' (Pa) G" (Pa) % Strain G' (Pa) G" (Pa)
0.0184 61374.7 -2127.1 1.6816 109710 16010.4
0.0299 65287.6 10258.9 2.662 111240 21078.5
0.0459 •' -70992.3 5516.1 4.2301 109460 25124.7
0.0691 . 73015.9 3521.53 6.734 100230 25207.6
0.1102 •71613.8 2012.62 10.7739 94147.9 27061.2
0.1757 '70574.8 6219.45 17.4724 79508.6 30470.8
0.2792 - -72383.5 4419 28.8546 53914 34958.3
0.4394 . 77485.6 4391.23 46.9438 38207.9 33694.5
0.6876 ; 87096.6 5174.54 75.9459 25709.9 31832.1
1.0678 101690 8120.49 122.57 15582.7 25073.1

Figure J4 S to ra g e  m o d u lu s  a n d  lo s s  m o d u lu s  v e r s u s  s t r a in  ( % )  o b ta in e d  f ro m
d y n a m ic  s t r a in  s w e e p  te s t  o f  p o ly m e r  b le n d  ( 2 0 % v /v  o f  P A Z ) , p a r a l l e l  p la te ,  g a p  =
0 .8 7 3  m m , f i lm  d i a m e te r  =  2 5  m m , e le c t r i c  f ie ld  ( E )  =  0  v / m m ,  2 7 ° c .
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Table J5 S to r a g e  m o d u lu s  a n d  lo s s  m o d u lu s  d a ta ,  o b ta in e d  f r o m  d y n a m ic  s tra in
s w e e p  te s t  o f  p o ly m e r  b l e n d  ( 5 % v /v  o f  P A Z ) ,  p a r a l l e l  p l a te ,  g a p  =  0 .7 8 6  m m , f i lm
d ia m e te r  =  2 5  m m , e le c t r i c  f ie ld  (E )  =  1 v / m m ,  2 7 ° c .

%Strain G’ (Pa) G" (Pa) % Strain G’ (Pa) G" (Pa)
0.0185 47258.4 -2575 1.7354 105150 12730.7
0.0283 61086 6529.56 2.7367 109350 18287.3
0.0452 61442.7 12339.1 4.3304 110890 23017.9
0.0723 63535.1 9171.24 6.8903 101250 24652.2
0.1138 64125.7 9044.94 11.0151 94958.8 25247.3
0.1781 64807.4 10224.8 17.8712 78383.6 25570.4
0.2836 66231.4 9618.58 28.9539 61726.6 35854.3
0.4505 69898.6 9180.57 47.4738 39061.5 31555.7
0.7025 85176.4 6170.56 77.3218 18878 22519.5
1.1049 96372.3 7719.38 123.99 9517.58 14890.4

Figure J5 S to r a g e  m o d u lu s  a n d  lo s s  m o d u lu s  v e r s u s  s t r a in  ( % )  o b ta in e d  f ro m
d y n a m ic  s t r a in  s w e e p  t e s t  o f  p o ly m e r  b le n d  ( 5 % v /v  o f  P A Z ) ,  p a r a l l e l  p l a te ,  g a p  =
0 .7 8 6  m m , f i lm  d i a m e te r  =  2 5  m m , e le c t r i c  f ie ld  ( E )  =  1 v / m m ,  2 7 ° c .
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Table J6  S to ra g e  m o d u lu s  a n d  lo s s  m o d u lu s  d a ta ,  o b ta in e d  f ro m  d y n a m ic  s t r a in
s w e e p  te s t  o f  p o ly m e r  b le n d  ( 1 0 % v /v  o f  P A Z ) ,  p a r a l le l  p la te ,  g a p  =  0 .8 4 1  m m , f i lm
d ia m e te r  =  2 5  m m , e le c t r i c  f ie ld  (E) =  1 v/mm , 27°c.

%Strain G’ (Pa) G" (Pa) %Strain G' (Pa) G" (Pa)
0.019 61244.7 13147.5 1.8384 64230.1 18112.4
0.03 62204.1 14364.6 2.9132 64236.7 18373.5

0.0468 63632.8 15585.2 4.6255 - 63245 18673.5
0.0719 64823.9 18219.9 7.4054 55067.1 21500.3
0.1139 64496.5 17212.5 11.9834 39071.5 23140.8
0.183 63806.1 16500.9 19.3527 24847 19593.5

0.2901 63679.8 17368 31.078 14001.2 11848.2
0.4573 64359 17845.2 49.5246 10129.1 8592.78
0.7252 64688.1 17880.3 78.7194 8753.05 5801.54
1.1582 64331.1 17978.9 123.767 12144.1 6170.83

Figure J6  S to ra g e  m o d u lu s  a n d  lo s s  m o d u lu s  v e r s u s  s t r a in  (% )  o b ta in e d  f ro m
d y n a m ic  s t r a in  s w e e p  te s t  o f  p o ly m e r  b le n d  ( 1 0 % v /v  o f  P A Z ) ,  p a r a l l e l  p la te ,  g a p  =
0 .8 4 1  m m , f i lm  d i a m e te r  =  2 5  m m , e le c t r i c  f ie ld  ( E )  =  1 v / m m ,  2 7 ° c .
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Table J7 S to ra g e  m o d u lu s  a n d  lo s s  m o d u lu s  d a ta ,  o b ta in e d  f ro m  d y n a m ic  s tr a in
s w e e p  te s t  o f  p o ly m e r  b le n d  ( 1 5 % v /v  o f  P A Z ) ,  p a r a l l e l  p l a te ,  g a p  = 0.758 m m , f i lm
d ia m e te r  = 25 m m , e le c t r i c  f ie ld  ( E )  = 1 v / m m ,  27°c.

%Strain G’ (Pa) G" (Pa) %Strain G’ (Pa) G" (Pa)
0.0164 125270 22582.2 1.6167 123170 37684.3
0.0268 121060 28328.1 2.586 118230 38176.5
0.0417 124600 26975.8 4.1466 110980 38126
0.065 124600 24170.6 6.6968 93390.4 35607.4

0.1027 124420 32296.1 11.3006 ■ 56652.1 40010.7
0.1616 127640 33099.3 18.5663 37356.9 30077.5
0.2546 127230 33425.2 30.2796 22933.2 21877.4
0.4015 127490 35028.8 48.4558 18256.6 17628.2
0.6345 128250 35832.4 77.7343 13057 17616.7
1.0089 126520 37152.7 124.092 7980.01 14768.2

Figure J7 S to ra g e  m o d u lu s  a n d  lo s s  m o d u lu s  v e r s u s  s t r a in  ( % )  o b ta in e d  f ro m
d y n a m ic  s t r a in  s w e e p  te s t  o f  p o ly m e r  b l e n d  ( 1 5 % v /v  o f  P A Z ) ,  p a r a l l e l  p l a te ,  g a p  =
0 .7 5 8  m m , f i lm  d ia m e te r  =  2 5  m m , e le c t r i c  f i e ld  (E )  = 1 v / m m ,  27°c.
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Table J8  S to ra g e  m o d u lu s  a n d  lo s s  m o d u lu s  d a ta ,  o b ta in e d  f ro m  d y n a m ic  s t r a in
s w e e p  te s t  o f  p o ly m e r  b le n d  ( 2 0 % v /v  o f  P A Z ) ,  p a r a l le l  p l a te ,  g a p  =  0 .7 3 7  m m , f i lm
d ia m e te r  =  2 5  m m , e le c t r ic  f ie ld  ( E )  =  1 v / m m ,  2 7 ° c .

%Strain G' (Pa) G" (Pa) %Strain G’ (Pa) G" (Pa)
0.0178 106870 7904.77 1.5253 172830 34206.3
0.0268 117220 -2420.6 2.4232 170890 39941.4
0.0426 114430 -5353 3.8903 152340 39709.7
0.0679 108190 1752.75 6.2478 143540 39551.5
0.1062 108720 8655.85 9.998 137090 39979
0.1645 115200 2165.2 16.3508 116910 45855.5
0.2572 123500 5880.6 27.573 77086.9 51680.4
0.3996 140580 7123.49 46.1221 45323.2 49114
0.6147 158570 16756.8 75.1306 30106.8 42686.3
0.9603 169560 25755.4 121.768 18037.2 30950.5

Figure J8  S to r a g e  m o d u lu s  a n d  lo s s  m o d u lu s  v e r s u s  s t r a in  (% )  o b ta in e d  f ro m
d y n a m ic  s tr a in  s w e e p  te s t  o f  p o ly m e r  b le n d  ( 2 0 % v /v  o f  P A Z ) ,  p a r a l l e l  p l a te ,  g a p  =
0 .7 3 7  m m , f i lm  d ia m e te r  =  2 5  m m , e le c t r ic  f ie ld  ( E )  =  1 v/mm, 27°c.
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Appendix K F r e q u e n c y  S w e e p  T e s t  o f  P o ly m e r  B le n d ;  v a r io u s  e le c t r i c  f ie ld s .

Frequency sweep test o f  polymer blend: 5%v/v o f  PAZ

• A t 0  V/m m
■ A t 2  V/m m
▲ At 5V/m m
▼ At 10 V /m mo A t 2 0  V /m m
๐ A t 50  V /m mA A t 100  V /m m
V A t 2 00  V /m mo A t 5 00  V /m m0 A t 1000 V /m m

Figure K1 Polymer-blend: 5%v/v of PAZ at 27°c, strain 1.0% in frequency sweep 
test mode at various electric field strengths (V/mm).
The storage modulus response (AGr) and sensitivity (AG'/G'n) o f  yolymer blend: 
5%v/v o f  PAZ

Figure K2 T h e  s to ra g e  m o d u lu s  r e s p o n s e  (A G ')  a n d  s e n s i t iv i ty  (A G '/G 'o )  o f  p o ly m e r
b le n d :  5 % v /v  o f  P A Z , co= 10 0  r a d /s  a t v a r io u s  e le c t r i c  f ie ld  s t r e n g th s  ( V /m m ) .
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Frequency sweep test o f  polymer blend: 10%v/v o fPAZ

• At 0 V/mm■ At 2 V/mm▲ At 5 V/mmT At 10 V/mmo At 20 V/mm□ At 50 V/mmA At 100 V/mmV At 200 V/mmo At 500 V/mm0 At 1000 V/mm

F r e q u e n c y  (r a d /s )

Figure K3 Polymer blend: 10%v/v of PAZ at 27°c, strain 1.0% in frequency sweep 
test mode at various electric field strengths (V/mm).
The storage modulus response (AG') and sensitivity (AG'/G'n) o f  polymer blend: 
10%v/v o f  PAZ

Figure K4 T h e  s to r a g e  m o d u lu s  r e s p o n s e  (A G ')  a n d  s e n s i t iv i ty  (A G '/G 'o )  o f  p o ly m e r
b le n d :  1 0 % v /v  o f  P A Z , co = 1 0 0  r a d /s  a t v a r io u s  e le c t r i c  f ie ld  s t r e n g th s  ( V /m m ) .
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F requency sw eep  test o f  po lym er blend: 15% v/v o f  P A Z

• At 0 V/mm■ At 2 V/mmA At 5 V/mmT At 10 V/mmo At 20 V/mm□ At 50 V/mmA At 100 V/mmV At 200 V/mmo At 500 V/mmo At 1000 V/mm

Figure K5 Polymer blend: 15%v/v o f PAZ at 27°c, strain f..0% in frequency sweep 
test mode at various electric field strengths (V/mm).
The storage modulus response (AG') and sensitivity (AG '/Go) o f  polymer blend:
15%y/y o f  PAZ

1 10 100 1000
E l e c t r i v  f i e ld  ( V / m m )

Figure K6  The storage modulus response (AG') and sensitivity (AG'/G'o) of polymer
blend: 15%v/v of PAZ, (0 = 1 00 rad/s at various electric field strengths (V/mm).
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F requency sw eep  test o f  po lym er blend: 20% v/v  o f  P A Z

• At 0 V/mmA At 2 V/mm■ At 5 V/mm▼ At 10 V/mmo At 20 V/mmA At 50 V/mm□ At 100 V/mmV At 200 V/mmo At 500 V/mmo At 1000 V/mm

Frequency (rad/s)
Figure K7 Polymer blend: 20%v/v of PAZ at 27°c, strain 1.0% in frequency sweep 
test mode at various electric field strengths (V/mm).
The storage modulus response (AG 7 and sensitivity (AG 7G 'กุ) o f  polymer blend: 
20%v/v o f PAZ

Figure K8 T h e  s to ra g e  m o d u lu s  r e s p o n s e  (A G ')  a n d  s e n s i t iv i ty  (A G '/G 'o )  o f  p o ly m e r
b le n d :  2 0 % v /v  o f  P A Z , (0 = 1 0 0  r a d /s  a t v a r io u s  e le c t r i c  f i e ld  s t r e n g th s  ( V /m m ) .
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