
CHAPTER I
INTRODUCTION

T ac tile , o r  to u ch  sen so rs  can  be v e rsa tile  in en g in e e rin g  sec to rs  in c lu d in g  
ro b o tic  a rm s, m a te r ia l d isc rim in a tio n , shap e  reco g n itio n , d e te c tio n  o f  h ard n ess  as 
w ell as e le c tro n ic  d ev ice . T h ere  are  sev e ra l ty p es  o f  sen so rs  b a sed  on p re ssu re ­
sen sin g  m ec h a n ism s: re s is tiv e , cap ac itiv e , and  p iezo e lec tr ic  sen s in g  schem es. In re ­
s is tiv e  sen so rs , a re s is ta n c e  ch an g e  in du ced  fro m  the  re s is tiv e  m a te ria l sq u eezed  b e ­
tw een  e lec tro d es  is m easu red . A  c a p a c itiv e -sen s in g  m e c h a n ism  m easu re s  the  cap a c i­
tan ce  ch an g e  in d u ced  by th e  ch an g e  in  th e  gap  b e tw een  th e  e lec tro d es . H ow ever, 
m o st o f  th e se  are  n o t su itab le  fo r to u ch  sc reen  d isp la y  b ecau se  o f  the  non- 
tran sp a ren cy  o f  the  m a te ria ls  th ey  are m ad e  o f  an d  th ey  w as  tra d itio n a lly  fab rica ted  
o n  g lass  d u e  to  th e  ex ce llen ce  on  ro u g h n ess  and  tran sp a ren cy , bu t th e  flex ib ility  lim ­
its its use. So th e re  are  m an y  e ffo rts  to  p ro v id e  a lte rn a tiv e  p o ly m ers  to  rep lace  the 
trad itio n a l one. T he  p iezo e lec tr ic  sen so r is an  ab ility  to  co n v e rt m ech an ica l energy  
in to  e lec trica l en e rg y  an d  v ice  versa , its m ean s  th a t w h e n  fo rce  w as app lied  to the 
m a te ria l th en  it su b seq u en tly  re sp o n d ed  on  e lec trica l s ig nal.

F ilm s  o f  so m e  p o ly m ers , such  as p o ly v in y lid en e  f lu o rid e  ( P V D F )  and  its 
co p o ly m ers , o p p o rtu n e ly  co n d itio n ed , ex h ib it p iez o e le c tr ic  an d  p y ro e lec tric  p ro p e r­
ties  w ith  ex c e lle n t sen s itiv ity  and  a sa tis fac to ry  d y n am ic  re sp o n se  th a t hav e  been  e x ­
p lo ited  in  th e  d e v e lo p m e n t o f  e lec tro n ic  d ev ices . M o reo v er, th ey  can  be red u ced  to 
tin y  c o m p lia n t s tr ip s  fo r  em b ed d in g  in  a co n tin u o u s  e la s tic  layer. U sed  as iso la ted  
sen so rs , a c tu a to rs , o r a ssem b led  in to m o re  c o m p lex  m u ltim o d a l d ev ices , th ey  offe r 
c h a llen g in g  so lu tio n s  in  m an y  ap p lica tio n  fie ld s. F o r th ese  rea so n s  th ey  can  be re ­
g a rd ed  as in te re s tin g  can d id a te s  for to u c h  sen so rs  o r to u c h  sc re en  panel. T he  m a jo ri­
ty  o f  th e  P V D F  ch a in s  hav e  a reg u la r  s tru c tu re  o f  a lte rn a tin g  C H : and  C F : g roups. It 
has been  w id e ly  rep o rted  th a t P V D F  sho w s h ig h ly  c o m p lic a te d  c ry s ta llin e  s truc tu res 
and  e x h ib its  as least five  p o ss ib le  ty pes o f  c rysta l p h ase  (a . p, Ô. y, an d  8). T he a and  
P 'p h a se s  a re  c o m m o n ly  s tu d ied  an d  a lso  th e  m o st im p o rta n t p o ly m o rp h s  fo r P V D F  

and  its c o p o ly m ers . T he  c ry s ta llin e  ph ase  o f  in te re s t fo r  P V D F  e lec tric  p ro p ertie s  is 
the  p o la r  P -p hase  b eca u se  the  a lig n m en t o f  m o le c u la r  ch a in s  in  the  P -phase  (a ll-trans
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p lan a r z ig -zag  c o n fo rm a tio n )  g ives P V D F  a  m u c h  h ig h e r  p o la rity  co m p ared  w ith  
o th e r  P V D F  p h ases  due  to  the  n e t d ip o le  m o m en t, a c c o rd in g ly  p ro v id in g  the  h ig h est 
p iezo  and  p y ro e le c tr ic  p ro p e rtie s  as w ell as e lec trica l ac tiv ity . T h is s tru c tu re  can  be 
o b ta in ed  e ith e r  by  u s in g  the  P V D F  tr if lu o ro e th y le n e  c o p o ly m e r [P (V D F -T rF E )J 
w h ich  has th e  te n d e n c y  to  c ry s ta lliz e  d irec tly  in  the  p o la r  p - p h a s e ,  fro m  m elt un der 
spec ific  co n d itio n s  su ch  as h ig h  p ressu re , ex te rn a l e lec tric  fie ld , u ltra -fa s t coo ling , 
and  by  m e c h an ica l s tre tch in g  o f  the  a  -p h a se .

O n  th e  o th e r  han d , in o rd e r to u se  P V D F . e sp e c ia lly  in to u ch  sen so r ap p lica ­
tio n s, the  in tr in s ic  p ro p e rtie s  o f  th e  p u re  P V D F  ca n n o t fu lly  m ee t th ese  requ irem en ts . 
T h ere fo re , an  in c re a se d  e lec trica l p ro p e rtie s  o f  th e  p o ly m e r is n ece ssa ry . B asically , 
p rep a rin g  c o m p o s ite s  by in tro d u c in g  so m e n an o fille rs , su ch  as c a rb o n  b lack , m eta l 
p a rtic le s , c a rb o n  n an o tu b e s, and  n an o -ce llu lo se  in to  the  p o ly m e r m a trix  has been 
sh o w n  to be a g o o d  ap p ro a c h  to  m ak e  im p ro v em en ts . M o reo v e r, th e re  is a need  to 
d ev e lo p  a to u c h  se n so r  w ith  h ig h  m ech an ica l p ro p ertie s  fo r th e ir  lo ng  te rm  o p era tio n  
an d  to le ra n c e  to  th e  ap p lied  fo rce  d u rin g  e lec tro n ic  dev ice  life tim e .

U p  to  th e  p re se n t tim e , the  ce llu lo se  co m p o site  is on e  o f  th e  m o st im p o rtan t 
tra n sp a re n t m a te r ia ls  w ith  f lex ib le  ch a rac te ris tic  and  a lso  can im p ro v e  d ip o le  o r ien ta ­
tion  o f  P V D F  p o ly m e r chain . C e llu lo se  is a  in te re s tin g  m a te r ia l b eca u se  o f  its a b u n ­
dan t av a ilab ility , b io d eg rad ab ility , and  lo w  cost. T he  u se  o f  c e llu lo se  a lso  g en era lly  
p ro v id es  n u m ero u s  ad v an tag es  in c lu d in g  b io d eg rad ab ility , lig h t w e ig h t, tran sp a ren cy , 
and  h ig h  s tren g th . C e llu lo se  is ty p ica lly  sep a ra ted  fro m  lig n o c e llu lo s ic  p lan ts, such 
as w o o d  and  a g ricu ltu ra l c ro p s , u s in g  m ech an ica l tre a tm en t. U su a lly , lig n in  is also  
rem o v ed  from  the  p la n t cell w all p r io r  to  f ib r illa tio n  u s in g  ch em ica l trea tm en t. 
M o reo v er, so m e  o f  re se a rch e rs  have  p ro p o sed  th e  no ve l m e th o d  o f  ce llu lo se  p re p a ra ­
tio n  fro m  b ac te ria l sp ec ies  w h ich  ca lled  b ac te ria l c e llu lo se . T h e  u n ifo rm ity  o f  c e llu ­
lo se  p rep a red  fro n t b ac te ria l is e a s ie r  to  co n tro l by  m ean s  o f  b ac te ria l d ig estio n  
m ech an ism .

In  fac t, c e llu lo se  is a h y d ro p h ilic  su b s tan ce  and  ab le  to  fo rm s irrev ersib le  
ag g re g a tio n  w h e n  it d ried , the  m o st su ccessfu l m e th o d s  u sed  to  p rep are  th e  ce llu lo se  
co m p o site s  h av e  b een  so lu tio n  cas tin g  o f  d ilu te  so lu tio n  o f  m a trix  and  cellu lo se . 
H o w ev er, fo r la rg e r sca le  p ro d u c tio n , th ese  m e th o d s  are  s lo w  an d  ex p en siv e . C o n se ­
q u en tly . e x tru s io n  c o m p o u n d in g  is one  o f  th e  m o st p ro m is in g  m e th o d s  for industria l
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p ro c e ss in g  b eca u se  o f  th e  easy  sca le -u p  and  the  p o ss ib ility  in  fu rth e r  m o ld in g  o f  the 
m a te ria ls . It a lso  ten d s  to  red u ce  en v iro n m en ta l h aza rd s  fro m  th e  ch em ica l substance . 
O u r re se a rc h  in te res t fo cu ses  on  ex tru s io n  p ro cess in g  o f  c e llu lo se  co m p o site s  to be 
an  a lte rn a tiv e  to  cu rren t m e th o d  effic ien tly .

T he  o b je c tiv e  o f  th is  w o rk  is to  d ev e lo p  th e  tran sp a ren t and  flex ib le  to uch  
sen so r based  o n  p iezo e lec tr ic  m ate ria l fo r to u c h  sc reen  ap p lic a tio n s  by b len d in g  c o ­
p o ly m er o f  P V D F . p o ly (v in y lid e n e  f lu o rid e -c o -H e x a flu o ro p ro p y le n e )  o r  P V D F -H F P . 
w ith  ce llu lo se . W e co m p ared  tw '0 k inds o f  c e llu lo se  b ased  m a te r ia l, ex trac ted  m ic ro ­
c ry s ta llin e  c e llu lo se  (M C C ) fro m  su g arcan e  b ag asses , and  ex trac ted  b ac te ria l c e llu ­
lo se  (B C ) fro m  N a ta  de coco , as a  fille r to  im p ro v e  th e  d ip o le  a lig n m en t o f  P V D F - 
H F P  m a tr ix  by  u s in g  m e lt m ix in g  m e th o d  fo llo w ed  by  cast f ilm  p ro cess . T he d ie lec ­
tric c o n s ta n t W'as m easu red  as th e  e lec trica l and  p iezo e lec tr ic  p ro p ertie s . In  add ition , 
the  m o rp h o lo g ic a l, th e rm a l, and  m ech an ica l p ro p ertie s  w ere  an a ly zed  and  d iscussed  
based  on  basis  p ro p e rtie s  fo r to u c h  sc reen  ap p lica tio n s .
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