
C H A P T E R  I I I  
E X P E R IM E N T A L

3.1 C h e m ic a l  a n d  M a te r i a ls

3.1.1 B an an a  T ru n k s
T h e  M usa sapientum  Linn  b a n a n a  tru n k s  w e re  o b ta in e d  from  local 

b a n a n a  fa rm  in B a n g k o k  p ro v in ce , T hailand .
3 .1 .2  C h e m ic a ls

(a) A n ilin e  m o n o m er
(b) A m m o n iu m  persu lfa te
(c) S o d iu m  h y d ro x id e  an a ly tica l g rad e
(d) H y d ro g e n  P e ro x id e  (H 2O 2)
(e) H y d ro c h lo r ic  acid  (HC1)
(f) S ilv e r  n itra te  (AgNC>3)
(g) S o d iu m  b o ro h y d rid e  (N a B H 4)
(h) M e th a n o l

3 .2  E q u ip m e n t

3.2.1 F o u rie r  T ra n sfo rm e d  In fra red  S p e c tro sc o p y  (F T IR )
P o ly a n ilin e  c o a ted  on  ce llu lo se  sh ee ts  w ill b e  a n a ly z e d  by  a  F T IR  

sp e c tro m e te r  (T h e rm o  N ic o le t N ex u s  670). T h e  f ib e rs  w ill b e  p la c e d  in to  th e  S m art 
M u lti-B o u n c e  H A T R  sa m p le  co m p artm en t o f  th e  sp e c tro m e te r  an d  co n tin u o u s ly  
p u rg ed  w ith  d ry  air. F o r  each  spec tru m , 64 scan s  w ill b e  a c q u ire d  at a  spec tra  
re so lu tio n  o f  4 c m -1.

3 .2 .2  T h erm ograv im etric  A nalyzer (T G A )
T he therm al stab ility  and the deco m po sitio n  tem p era tu re  o f  raw  banana 

fibers, treated  banana  fiber, po lyaniline , po lyan iline  coated  on  ce llu lo se  sheets will be 
analyzed  by th erm og rav im etric  analysis (T G A ) (D u p o n t In s tru m en t T G A  5.1, m odel 
2950). T he tem p era tu re  range study is 30-800 ° c . T G A  patte rns are m easu re  at a heating 
rate o f  10 ° c /m in  un der a n itrogen  gas atm osphere.
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3.2.3 S can n in g  E lec tro n  M ic ro sc o p y  (SE M )
S can n in g  e lec tro n  m ic ro sc o p y  (S E M ) w ill be p e rfo rm e d  o n  p la tin u m - 

co a ted  sam ples, w h ich  w ill be  o b ta in e d  u s in g  a p o la ro n  sp u tte r  co a te r. A  S E M  
op era tin g  co n d itio n  ty p ica lly  at 10 kV  w ill be em p lo y ed  fo r m o rp h o lo g y  stu d y . 
S am p les  w ill be m o u n te d  o n to  th e  sa m p le  ho ld er, sp u tte r-c o a te d  w ith  p la tin u m , and  
f ina lly  use the S E M  an a ly sis .

3 .2 .4  X -ray  P h o to e le c tro n  S p e c tro sc o p y  (X P S )
X P S  a n a ly s is  w ill be  co n d u c te d  to  an a ly ze  th e  su rfa c e  ch e m ic a l s ta te  

and  e lem en ta l co m p o s itio n s  o f  th e  p o ly a n il in e  coa ted  on  c e llu lo se  sh ee ts .
3.2.5 X -ray  D iffra c tio n  (X R D )

X R D  (R ig ak u )  is an  e q u ip m e n t to  d e te rm in e  th e  a to m ic  and  m o le c u la r  
s tru c tu re  o f  a c ry s ta l, in  w h ich  th e  c ry s ta llin e  a to m s cau se  a  b e a m  o f  in c id e n t x -ra y s  
to  d iffrac t in to  m an y  sp ec ific  d ire c tio n s .

3 .2 .6  C o n ta c t A n g le  M e a su re m e n t
E ly d roph ob ic ity  o f  th e  su rface  w ill be e v a lu a te d  b y  m e a su r in g  th e  

co n tac t ang le fo rm ed  b e tw e e n  w a te r  d ro p s  and  the  su rface  o f  th e  m o d if ie d  p a p e rs  
u s in g  con tac t an g le  m e a su rin g  sy s tem  G  10 (K R U S S ). F o r th is  p u rp o se , th e  d ro p s  o f  
w a te r  w ill be m o u n ted  o n  five  d iffe re n t a reas  o f  th e  su rface  w ith  a  m ic ro sy rin g e . T h e  
re su lts  w ill be m ean  v a lu e s  o f  f iv e  m e a su re m e n ts  on  d iffe re n t p a r ts  o f  th e  c e llu lo se  
sheets.

3 .2 .7  B en d in g  T est
T h e  s tiffn e ss  o f  c e llu lo se  sh ee t w ith o u t so lu tio n  p la sm a  an d  w ith  

so lu tio n  p la sm a  at d iffe re n t tim e  fo r tre a tm e n t w as d e te rm in e d  b y  b e n d in g  te s t.
3 .2.8 G el P e rm e a tio n  C h ro m a to g ra p h y  (G P C )

G P C  w a s  u sed  to  d e te rm in e  the  w e ig h t-a v e ra g e  m o le c u la r  w e ig h t 
(M w ) o f  po ly an iline . P o ly an ilin e  w as d isso lv e  in  te tra h y d ro fu ra n  (T H F ) an d  f iltra te d  
th ro u g h  ny lon 66 m e m b ra n e  w ith  th e  p o re  s ize  o f  0 .45  p m  (M illip o re , U S A ) b e fo re  
in jec tio n  in to th e  G P C  in s tru m en t.

3 .2 .9  E lec trica l C o n d u c tiv ity
T h e  e le c tr ic a l c o n d u c tiv ity  o f  sy n th esized  p o ly a n il in e  c o a te d  on  

b an an a  trun k  p ap e rs  w ill m easu re  a t a m b ie n t te m p e ra tu re  a n d  a p p ro x im a te ly  5 0 %  
h u m id ity  u s in g  a  co n v e n tio n a l tw o -p ro b e  te ch n iq u e  e q u ip p e d  w ith  6 5 1 7 A

o
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Electrometer/High Resistance Meter (Keithley, model 7517A). The applied voltage
and the resultant current were converted to the electrical conductivity by following
equation

P (R s X t) (K  X V  X t)

w h ere  a  is the  spec ific  co n d u c tiv ity  (S /cm ) 
p is th e  spec ific  resis tiv ity  (Q  cm )
R s is th e  resis tiv ity  o f  sam p le  (Q)
I is th e  resu ltan t cu rren t (A )
K  is th e  geo m etric  co rrec tio n  fac to r 
V  is th e  ap p lied  vo ltage  (v o lta g e  d ro p , V ) 
t is th e  th ick n ess o f  sam p le

3 .3  M e th o d o lo g y

' 3 .3 .1  P rep ara tio n  o f  C e llu lo se  F ib e r
B an an a  trunks w ere  cu t in to  th e  len g th  o f  10 m m  to 30  m m  an d  d ry«  -

fo r 48  h o u rs  in  an  ov en  at 6 0 °c . T h e  d r ie d  b a n a n a  ch ip s  w e re  th en  so ak ed  in  d iffe re n t 
c o n c e n tra tio n s  o f  N aO H  so lu tio n s  (5 , 10, 15 an d  20  % w /v )  at 1 0 0 °c  fo r 1 hr. A fte r  
th o ro u g h ly  r in se d  w ith  d is tilled  w a te r, th e  b a n a n a  ch ip s  w ere  trea ted  w ith  a  15%  
(w /v ) H 2O 2 so lu tio n  at 95°c fo r  1.5 hr. T h e  p u rif ie d  ce llu lo se  f ib e rs  w e re  
d is in te g ra te d  to  sm a lle r  sizes by  u s in g  a  m ix e r  an d  w e re  p a r tia lly  h y d ro ly zed  a t 7 0 ° c  
fo r 30 m in u te s  u s in g  d iffe ren t c o n c e n tra tio n s  o f  h y d ro c h lo r ic  ac id  so lu tio n s  (1, 1.5, 2 
and  2.5 M ). T h e  resu lting  c e llu lo se  f ib e rs  w ere  r in se d  w ith  d is tilled  w a te r  u n til 
n eu tra l an d  th e n  d is in teg ra te  w ith  a  m ix e r  u n til free  o f  lu m p s  w h en  su sp e n d e d  in  
w ater.

3.3.2 Preparation of Cellulose Sheet
Cellulose fiber suspension was poured onto a filter paper placed in a

Buchner funnel. Water is drawn through the funnel into the flask below by vacuum.

๐
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T he fibers  w ere  trap p ed  by  th e  filte r  and  form  sh ee t a f te r  re m o v e  o f  w a te r. T he 
ce llu lo se  sh ee t w as p u t b e tw e e n  tw o  filte r p ap e rs  to  a b so rb  m o is tu re  an d  a  w eig h t 
w ill ap p lied  on  the  to p  to  p ro v id e  p ress in g  force d u rin g  d ry in g  a t ro o m  tem p e ra tu re  
for 24  hr. T h e  ce llu lo se  sh e e t w as  th en  d ried  in an  o v en  at 60°c fo r  24  hr.

3 .3 .3  T rea tm en t o f  C e llu lo se  F ibers by S o lu tio n  P la sm a
A s sh o w ed  in  figu re  3.1 ce llu lo se  f ib e r 1 g. w as  su sp en d ed  in 

d is tilled  w a te r  100 m l. an d  th en  p o u red  in to the  re a c to r  e q u ip p e d  w ith  a  p a ir  o f  
tu n g sten  e lec tro d es . P la sm a  w as  g en era ted  at f re q u e n c y  o f  23 k H z , v o lta g e  o f  1.6 K v, 
cu rren t o f  1 A , p u lse  w id th  o f  2 ps and  e lec tro d e  g ap  o f  0 .5  m m  as sh o w n  in  figu re

3.2. P la sm a  trea tm en t tim e  w as  v a ried  at 0, 30, 60 , 90 , 120, 180 an d  2 4 0  m in u tes .

Figure 3.1 F lo w  ch a rt o f  tre a tm e n t o f  ce llu lo se  f ib e rs  b y  so lu tio n  p la sm a .

๐
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F ig u r e  3 .2  S o lu tion  p la sm a  se t up.

3 .3 .4  P o ly m eriza tio n  o f  P o ly a n ilin e  C o a ted  on  C e llu lo se  S h e e t by 
S o lu tio n  P la sm a  P ro cess .
T he p la sm a -tre a te d  c e llu lo se  f ib e r w as m ix ed  w ith  a n ilin e  m o n o m e r  at 

d iffe ren ce  ra tios in 0 .4  M  HC1 so lu tio n . A m m o n iu m  p e rsu lfa te  d is so lv e d  in  0 .4  M  
HC1 w as s lo w ly  d ro p p e d  in to  th e  a s -p re p a re d  ce llu lo se  f ib e r  m ix e d  w ith  an ilin e  
m o n o m er as sh o w ed  in figu re  3.3 . A ll o f  th is  w as do ne  in a  so lu tio n  p la sm a  reac to r. 
T h e  p la sm a  w as g en e ra te d  b e tw een  tw o  tu n g s te n  e lec tro d es  u s in g  f re q u e n c y  o f  15 
k H z , vo ltage  o f  1.6 K V , cu rren t o f  1 A . an d  p u lse  w id th  o f  2 p s . T h e  tw o  e le c tro d e s  
h av in g  th e  gap  d is tan ce  o f  0 .5 m m  w as  e q u ip p e d  in side  the  p la sm a  re a c to r  w h e re  th e  
p o ly m eriza tio n  re a c tio n  o ccu rred . O n ce  th e  p o w e r is ap p lied , th e  p la sm a  w ill be  
g e n e ra ted  b e tw een  th e  tw o  e lec tro d es .

3.3.5 P rep a ra tio n  o f  P o ly a n ilin e  an d  S ilv e r P artic les  C o -C o a te d  on  
C e llu lo se  S heets .

T he  c e llu lo se  fib e r su sp e n s io n  1 g, s ilver n itra te  h a v in g  d iffe re n t 
co n cen tra tio n s  and  N a B H 4 w ere  a d d e d  in to  th e  p la sm a  re a c to r  an d  p la sm a  w as  
ap p lied  fo r 1 hour. A f te r  th a t th e  c e llu lo se  f ib e r  w as w ash ed  w ith  d is tille d  w a te r  to  
rem o v e  the  un bo un d  s ilv e r  p a rtic le s  th a t d id  n o t a ttach  on  c e llu lo se  f ib e r. A f te r  th a t 
c e llu lo se  f ib e r c o n ta in in g  s ilv e r  p a r tic le s  w as m ix ed  w ith  a n ilin e  m o n o m e r  an d
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s tirred  fo r 30  m in u tes . A m m o n iu m  p e rsu lfa te  w a s  s lo w ly  ad d ed  in to  th e  c e llu lo se  
fib e r su sp e n s io n  and  th e  p la sm a  w as p ro v id e d  fo r 20  m in u tes .

F ig u r e  3 .3  F lo w  ch a rt o f  p o ly m e riz a tio n  p o ly a n il in e  c o a te d  o n  ce llu lo se  sheet.
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