
CHAPTER I 
INTRODUCTION

E la s to m e r su b s tra te s  can  p ro v id e  a  la rg e  d e fo rm a tio n  o v e r 100% . S ize  and  
sh ap e  o f  e la s to m e r can  be c h an g ed  re v e rs ib ly  u n d e r ex te rn a l e le c tr ic  fie ld  ap p lied ; it is 
ca lled  an  e le c tro a c tiv e  m a te ria l. P o ly u re th an e , a c ry lic , an d  s ilic o n  a re  w id e ly  u sed  as the  
e le c tro a c tiv e  p o ly m ers . A ll o f  th e se  m a te ria ls  h av e  lo w  s tiffn e ss , la rg e -s tra in  resp o n se , 
an d  re v e rs ib ility  th a t a re  th e  re q u ire m e n ts  o f  c o m p lia n t e le c tro d e  p ro p erties . 
In te re s tin g ly , n a tu ra l ru b b e r  (N R ) a lso  p o sse sse s  e x c e lle n t m e c h a n ic a l p ro p e rtie s  as a 
c o m m o n  e le c tro a c tiv e  p o ly m e r w h ich  can  c ry s ta lliz e  im p u ls iv e ly  w h e n  it is s tra in ed . 
T h a ila n d  is o n e  o f  th e  N R  p ro d u c tio n s  o f  th e  w orld . T h e  p ro d u c t is m o re  than  3 m illio n  
to n s  p e r year. T h e  g ro w in g  p ro d u c tio n s  co n tin u e  to  in c rea se  fro m  3.05 m illio n  to n s  per 
y ea r in 2 0 0 7  up  to  3 .56  m illio n  to n s  in  2 0 1 1 , a  16.8 p e rc e n ta g e  in c rea se  (M an m o u n ,
2 013). W h ile  in  y ea r 2 0 1 2 , the  ru b b e r p ro d u c tio n  in c reased  to  3 .6  m illio n  tons, a  8.25 
p e rc e n ta g e  in c rea se  (S in c h a ro e n k u l, 2012). So, a d d in g  v a lu e  o f  T h a i N R  th ro u g h  the 
p ro d u c tio n  o f  c o m p lia n t e lec tro d es  can  d riv e  T h a ila n d 's  eco n o m ic .

O v e r th e  p ast d ecad e , c o m p lia n t e lec tro d e  has b een  fa b ric a te d  b ased  on  tw o- 
p h ase  c o m p o s ite s  co m p o se d  o f  co n d u c tiv e  f ille r p a rtic le s  w ith in  an  in su la tin g  p o ly m er 
m a trix  (K u jaw sk i et a i, 2010 ). F o r ex am p le s , p o ly d im e th y ls ilo x a n e  f illed  w ith  g rap h ite  
(D u b o ise /a /.,  2 0 0 9 ; K u jaw sk ie / ai, 2 0 1 0 ), an d  s ilic o n  ru b b e r  o r  s ilic o n e  gel f illed  w ith  
ca rb o n  n a n o tu b e  (C h u aet al., 2 0 1 1 ; Ju n g e ta /., 2 0 1 0 ; YÀmet ai, 2 0 1 2 ). C a rb o n  b ased  
n an o fille rs , a re  o f  p a r tic u la r  in te res t in  th is  fie ld , h av e  sev e ra l fo rm s such  as sy n th e tic  
g rap h ite , c a rb o n  b lack , co k es , and  etc. It can  be u se d  as th e  f ille r  in  v a rio u s  ap p lica tio n s: 
e lec tr ica l co n tac ts , a irc ra ft, tire  and  e la s to m e r re in fo rc em en t, sp a c e c ra ft co m p o site s , and  
etc. G ra p h e n e  is one  o f  c a rb o n  b ase  m a te ria ls ; th e  g ra p h e n e  sh ee t is p a ra lle l tw o  
d im e n s io n a l (2 D ), a  s in g le  ca rb o n  lay er in th e  c ry s ta llin e  h o n e y c o m b  g rap h ite  la ttice , 
w ith  sp 2 h y b rid iz e d  c a rb o n  a to m s s tro n g ly  b o n d ed  in h e x a g o n a l rings. It is a g rea t no tice  
as a  f ille r fo r p o ly m e r  c o m p o site s  due  to  th e ir  u n iq u e  p ro p e rtie s  su ch  as h ig h  e lec trica l
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and  th e rm al co n d u c tiv ity , o p tic a l, u ltrah ig h  m e c h a n ic a l s tre n g th , a t n a n o -s iz e d  v a lu e  o f  
p a rtic le  (S e n g u p ta  et al, 2 0 1 1 )

In th is  w o rk , th e  c o m p lia n t e lec tro d es  from  N R  as a  m a tr ix  f illed  w ith  g rap h en e  
as a  co n d u c tiv e  f ille r a re  in ten s iv e ly  fab rica ted  an d  e x a m in e d  in  te rm  o f  g rap h en e  
co n c e n tra tio n s . T h e  ev a lu a tio n s  o f  the  co m p lia n t e lec tro d e  p e rfo rm a n c e  o f  the  fab rica ted  
g ra p h e n e /N R  c o m p o s ite s  a re  ca rried  o u t by  u s in g  th e  m e lt rh e o m e te r  in the  ten sio n  
m ode . T h e  e lec tr ica l p ro p e rtie s  and  m ech an ica l p ro p e rtie s  o f  th e  c o m p o site s  are m a in ly  
in v es tig a ted  an d  c o m p a re d  w ith  th e  co m m erc ia l c o m p lia n t e le c tro d e  from  D anfoss 
PolyPow er® .
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