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8.1 Conclusions

The electromechanical properties of the AR71:undoped ppp blends, with 
ppp particle volume fractions of 5, 10, 20, 25, 30 and 40 %vol, the dynamic moduli, 
G' and G" of each blend, are higher than those of pure AR71. Their storage modulus
sensitivity ( ) increases with electric field strength; it attains a maximum value

G 'o

about 97% at E = 2 kv/mm. The effect of temperature is to increase the storage 
modulus of pure AR71 and poly(p-phenylene)/AR71 linearly. For pure AR71 and 
AR71:30un systems, in conformity with the classical rubber elasticity, the effect of 
temperature and electrical strands induce an increase in G' linearly with temperature. 
With PPP particles present, the effect of electrical strands induced becomes more 
dominant.

The electromechanical properties of AR70, AR71, AR72, SAR, SIS 
D1112P, and SBR were investigated by examining the effects of temperature, 
conductivity, and dielectric constant on the dynamic modulus, G', under the 
oscillatory shear mode at an electric field strength varying from 0 to 2 k v /m m . The 
dielectric constants and specific electrical conductivities of the elastomers increase 
with increasing temperature. In the case of the acrylic elastomers, the storage 
modulus responses and sensitivities increase linearly with temperature. For the 
styrene copolymers, the storage modulus responses and sensitivities attain their 
maximum at the Tg of the hard segment. The storage modulus responses of AR70, 
AR71, and AR72 are correlated positively with dielectric constant. On the other 
hand, the storage modulus responses of SAR, SIS D1112P, and SBR may increase 
and decrease with increasing dielectric constant, depending on whether the operating 
temperature is below or above the Tg of the hard segment.

The deflection angle and the dielectrophoresis force of AR70, AR71, AR72, 
SAR, SIS D1112P, and SBR were investigated by examining the effects of the DC 
electric field strength and the dielectric constant. The deflection angle and the
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d ie le c t r o p h o r e s i s  fo rc e  o f  a ll  e la s to m e rs  in c re a s e s  w i th  e le c t r i c  f ie ld ,  a n d  b e c o m e s  
s a tu r a te d  a t  h ig h  e le c t r i c  f ie ld  s t r e n g th  fo r  A R 7 1  a n d  A R 7 2 . B o th  p a r a m e te r s  
in c re a s e  n o n l in e a r ly  w i th  in c re a s in g  d ie le c t r ic  c o n s ta n t .  T h e  m a te r ia ls  w i th  h ig h  
d i e le c t r ic i ty  r e q u i r e  lo w  e le c t r ic a l  e n e r g y  to  r e s p o n d .  T h e  a c r y l ic  e la s to m e r s  (A R 7 0 , 
A R 7 1 , a n d  A R 7 2 ) ,  s ty re n e -b u ta d ie n e  r u b b e r  ( S B R ) , a n d  s ty r e n e - i s o p r e n e - s ty r e n e  
t r ib lo c k  c o p o ly m e r  ( S I S )  d e f le c t  to w a r d s  th e  a n o d e  s id e  u n d e r  a p p l i e d  e le c t r i c  f ie ld  
d u e  to  th e  p o la r i ty  o f  p o la r  g r o u p s  o n  th e  p o ly m e r  c h a in s  ( B e h l  e t a l ,  2 0 0 7 ) .  O n  th e  
o th e r  h a n d , th e  s ty r e n e - a c r y l ic  c o p o ly m e r  d e f le c ts  to w a r d s  th e  o p p o s i te  s id e . T h is  
b e h a v io r  r e s u l t s  f ro m  th e  C u  a n d  Z n  m e ta l  io n s  r e s id in g  w i th in  th e  S A R . T h e  io n s  
c a n  b e  io n iz e d  to  b e c o m e  p o s i t iv e ly  c h a r g e d  ( C u 2+ a n d  Z n 2+) u n d e r  a p p l ie d  e le c t r ic  
f ie ld

F in a l ly ,  th e  d e f le c t io n  a n g le  a n d  th e  d i e le c t r o p h o r e s i s  f o rc e  o f  A R 7 1 , S A R , 
a n d  S B R  w e r e  in v e s t ig a t e d  b y  e x a m in in g  th e  e f f e c ts  o f  th e  a m p l i tu d e  o f  A C  f ie ld  
s t r e n g th ,  th e  f r e q u e n c y ,  th e  th ic k n e s s  o f  s p e c im e n s  a n d  th e  p a r t i c le s  c o n c e n t r a t io n .  
T h e  d e f le c t io n  a n g le ,  th e  fo rc e  a n d  th e  c u t - o f f  f r e q u e n c y  o f  th e  e la s to m e r s  in c re a s e  
w i th  in c r e a s in g  a m p l i tu d e  o f  A C  f ie ld . B u t  th e  d e f le c t io n  a n g le  a n d  th e  fo rc e  
d e c r e a s e  w i th  in c re a s e  o f  f re q u e n c y . T h e  o p t im u m  th ic k n e s s  o f  A R 7 1  is  0 .2 5  m m  
w h ic h  g iv e  th e  h ig h e s t  d e f le c t io n  a n d  d ie le c t r o p h o r e s i s  f o rc e  a t  E =  8 0 0  v/mm. T h e  
d e f le c t io n  a n g le  a n d  f o rc e  in c re a s e s  b e y o n d  th e  c o n c e n t r a t io n  o f  10 % v o l  p p p  a t  E = 
8 0 0  V /m m . H o w e v e r ,  b o th  d e c r e a s e  a t  2 0  % v o l  b e c a u s e  th e  s t i f f n e s s  a n d  r ig id i ty  o f  
p o ly m e r  b le n d s . .  T h e  c u t - o f f  f r e q u e n c ie s  o f  a ll p o ly m e r  b le n d s  a r e  h ig h e r  th a n  th a t  
p u re  A R 7 1 . T h e  c o n d u c t iv e  p a r t i c le s  a c t  a s  a  f i l l e r  a n d  c a n  b e  u s e d  to  im p ro v e  th e  
e le c t r o m e c h a n ic a l  r e s p o n s e s  o f  m a te r ia ls  a t  h ig h  f r e q u e n c y .

8.2 Recommendations for Future Work

T h e  n e w  a c tu a to r  d e v ic e s  th a t  r e q u i r e  th e  lo w  p o w e r  c o n s u m p t io n  a re  
p r e p a r e d .  T h e  e le c t r o m e c h ic a l  p r o p e r t ie s  o f  A R 7 1  :u n d o p e d  p p p  b le n d s  in  o s c i l la to r y  
s h e a r  h a v e  b e e n  in v e s t ig a te d .  S o m e  im p o r ta n t  e f f e c ts  s h o u ld  b e  s tu d ie d  f o r  e x a m p le s  
th e  d o p in g  r a t io ,  th e  m o r p h o lo g y  o f  b le n d s , a n d  m o r e  u n d e r s ta n d in g  in  th e  
e le c t r o m e c h a n ic a l  f u n d a m e n ta l s .
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I n  th e  d e f le c t io n  e x p e r im e n t ,  v a r io u s  ty p e s  o f  e le c t r o d e ,  th e  o p e ra t in g  
te m p e r a tu r e s ,  th e  m o r p h o lo g y  o f  p o ly m e r  b le n d s ,  a n d  th e  ty p e s  o f  f i l l e r s  w o u ld  
p r o v id e  u s e f u l  d a t a  th a t  a re  a p p l ic a b le  to  d e v e lo p  a  n e w  ty p e  o f  a  lo w  p o w e r  
c o n s u m p t io n  a c tu a to r .
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