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APPENDICES

Appendix A Elemental analysis data of acid-doped polyaniline

E le m e n ta l a n a ly z e r  d e te rm in e d  th e  w e ig h t p e rc e n t o f  c, H , an d  N in  
th e  u n d o p e d , H C l-d o p e d  an d  M A -d o p e d  p o ly a n ilin e  b y  v a r io u s  a c id -e m e ra ld in e  b a se  
m o le  ra tio s . R a w  d a ta  an d  ca lc u la ted  d a ta  ( % 0 ,  %C1 an d  % o x id a n t)  a re  sh o w n  in  
T a b le  A . l .

Table A.1 R a w  d a ta  an d  c a lc u la ted  d a ta  o f  a c id  d o p e d  p o ly a n il in e

Sample
Raw data %TGA

water
Calculated data

%c %H %N
%0

water
%o

dopant
%C1

dopant
%oxidant

[S04f
EB 73.79 5.305 14.177 4.00 3.556 - - 3.172

0.2HC1 71.676 4.965 13.806 5.00 4.44 - 1.94 3.17
0.5HC1 67.403 4.615 13.806 5.00 4.44 - 6.56 3.17
1.0HC1 62.033 4.394 11.840 10.25 8.89 - 9.67 3.17
2.0HC1 59.054 4.471 11.138 10.25 8.89 - 13.28 3.17
4.0HC1 58.863 4.460 11.081 10.25 8.89 - 13.54 3.17
5.0HC1 58.509 4.445 11.100 10.25 8.89 - 13.89 3.17
10.0HC1 58.461 4.433 11.175 10.25 8.89 - 13.87 3.17
20.0HC1 58.668 4.209 11.078 10.25 8.89 - 13.98 3.17

0.2MA 71.357 4.652 13.318 4.75 4.22 3.28 - 3.17
0.5MA 67.699 5.199 12.001 4.75 4.22 7.71 - 3.17
1.0MA 63.358 5.070 10.450 4.75 4.22 13.73 - 3.17
2.0MA 60.392 4.573 8.768 4.75 4.222 18.87 - 3.17
4.0MA 60.498 4.545 8.583 4.75 4.222 18.98 - 3.17
5.0MA 60.484 4.499 8.491 4.75 4.22 19.13 - 3.17
10.0MA 60.994 3.903 8.669 4.75 4.22 19.04 - 3.17
20.0MA 60.570 3.149 8.763 4.75 4.22 20.12 - 3.17
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T h e  a p p a re n t d o p in g  lev e ls  w e re  c a lc u la ted  b y  u s in g  E q u a tio n  A . 1 and  
th e y  a re  sh o w n  in  T a b le s  A .3  an d  A .5.

% A p p a re n t D o p in g  lev e l =  [H +]acid/[N] X 100 ( A .l )

T o  fin d  th e  [H +] o f  ac id  d o p an t, firs tly , th e  % 0  o f  w a te r  m o le c u le s  in  em era ld in e  
b a se  w as d e te rm in e d  b y  ca lc u la tin g  % w e ig h t lo ss  o f  w a te r  f ro m  T G A  d ata .

%0, H 2O  =  % W e ig h t loss o f  w a te r  X M o le c u la r  w e ig h t o f  o x y g e n  (A .2)

M o le c u la r  w e ig h t o f  w a te r

S eco n d ly , th e  % o x id a n t w as  d e te rm in e d  fro m  u n d o p e d  p o ly a n ilin e  fo llo w in g  
E q u a tio n  A .3 . T h is  v a lu e  is a  c o n s ta n t u se d  in  c a lc u la tin g  %C1 fro m  E q u a tio n  A .4 .

% O x id a n t =  100 - %c - % H  - % N  - ( % 0 EB, H 20 )  (A .3 )

T h en , th e  %C1 in  th e  H C l-d o p e d  p o ly a n ilin e  sam p le s  w a s  c a lc u la ted  as  fo llo w s.

%C1 =  100 - %c - % H  - % N  - % O x id a n t, ( fro m  A l )
- % 0 ,  H 20 ,  (fro m  T G A ) (A .4 )

T h e  p e rc e n ta g e  o f  e a c h  e le m e n t w as  c o n v e rte d  to  m o le  ra tio  in  o rd e r  to  c a lc u la te  
d o p in g  lev e l b y  u s in g  E q u a tio n  A .5 . T h e  re su lts  a re  sh o w n  in  T a b le  A .2

M o le  ra tio  =  % E le m e n t X P A N I-re p e a tin g  u n it  (A .5 )
100 X M o le c u la r  w e ig h t.

w h e re , P A N I-re p e a tin g  u n it =  362  g /m o le , 
i.e . [C ] =  %c X 362  g /m o le

100 X 12 g /m o le
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Table A.2 M o le  ra tio  o f  each  e le m e n t o f  P A N I-H C 1 p o w d e r

Sam ple [C] [H] [N] [C1-]=[H+] [Oxidant]
EB 22.26 19.20 3.67 - -

0.2HC1 21.62 17.97 3.57 0 . 2 0 0.1
0.5HC1 20.33 16.71 3.57 0.67 0.1
1.0HC1 18.71 15.91 3.06 0.99 0.1
2.0HC1 17.81 16.19 2 .8 8 1.35 0.1
4.0HC1 17.76 16.15 2.87 1.38 0.1
5.0HC1 17.65 16.09 2.87 1.42 0.1
10.0HC1 17.64 16.05 2.89 1.41 0.1
20.0HC1 17.70 15.24 2  8 6 1.43 0.1

B e c a u se  th e  a n ilin e  h a s  1 n itro g e n  a to m  p e r  m o lecu le , th e  m o le  ra tio  o f  e a c h  e lem en t 
n o rm a liz e d  to  n itro g e n  w as c a lc u la ted  b y  d iv id in g  m o le  ra tio s  o f  e a c h  w ith  m o le  
ra tio  o f  n itro g e n . T h e  ch e m ic a l s tru c tu re s  o f  P A N I-H C 1 an d  %  a p p a re n t d o p in g  level 
a re  sh o w n  in  T a b le  A .3.

Table A.3 C h e m ic a l s tru c tu re  o f  PA N I-H C 1 p o w d e r  an d  a p p a re n t d o p in g  level

S a m p le  n a m e C o m p o s it io n % A p p a ren t d o p in g  le v e l,  
% [H +]/[N ]

EB625 0ร. 1 H 4 .4N  1 o(H 2 0 ) o,22 0

0.2HC1 Q . 1H 4 .4N  1 ,o(H 2 0 ) o.28(HC1)o.0553 5.53
0.5HC1 C 5 .7H 3 .9N  1 o(H 20 ) o.28(HC1)o. 1874 18.74
1.0HC1 c 6. 1H 3.6N1.o(H 20 ) o.66(HC1)o.3221 32.21
2.0HC1 C 0 .2H 3 .8N  1 o(H 20 ) o.7o(H C 1)o.47oi 47.01
4.0HC1 C 6.2H 3 .7N  1 o( H 2 0 ) o.7o(H C 1)o.4817 48.17
5.0HC1 C 6.1H 3 .7N  1 o(H 2 0 ) o.7o(H C 1) o.4933 49.33
10.0HC1 C 0.2H 3 .7N  1 ,o(H 2 0 ) o.7o(H C 1)o.4895 48.95
20.0HC1 C ê. 1 H 3 .4N  1 o(H 20 ) o,7o(H C 1)o.4978 49.78

T h e  a p p a re n t d o p in g  lev e l o f  M A -d o p e d  p o ly a n il in e  (P A N I-M A ) w as 
d e te rm in e d  b y  ca lc u la tin g  %  O , C 4H 3O 4'  fo llo w in g  E q u a tio n  A .6 .

(%  O , C 4H 3O T ) =  100 - %c - % H  - % N  -% O x id a n t ( f ro m  A l )
- % 0 ,  H 20  (fro m  T G A ) (A .6 )
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T h e  p e rc e n ta g e  o f  each  e le m e n t o f  P A N I-M A  w a s  c o n v e rte d  to  m o le  
ra tio  b y  u s in g  E q u a tio n  A .5 . T h is  re su lt is sh o w n  in  T a b le  A .4 . T h e  ch em ica l 
s tru c tu re s  o f  P A N I-M A  p o w d e r  an d  re su ltin g  d o p in g  le v e ls  w e re  c a lc u la te d  from  
E q u a tio n  A . l  as sh o w n  in  T a b le  A . 5.

Table A.4 M o le  ra tio  o f  each  e lem en t o f  M A -d o p e d  p o ly a n il in e  p o w d e r

Sam ple [C] [H] [N] [O f] [H+]= [0 4-]/4 [Oxidant]
EB 22.26 19.20 3.67 - - -

0.2M A 21.53 16.84 3.44 0 .2 2 0.0538 0.1
0.5M A 20.42 18.82 3.10 0.56 0.1405 0.1
1.0M A 19.11 18.35 2.70 1.15 0.2873 0 .1

2 .0 M A 18.22 16.55 2.27 1 .8 8 0.4708 0.1
4.0M A 18.25 16.45 2 .2 2 1.93 0.4837 0.1
5.0M A 18.25 16.29 2 .2 0 1.97 0.4929 0.1
10.0M A 18.40 14.13 2.24 1.92 0.4804 0.1
2 0 .0 M A 18.27 11.40 2.27 2 .0 1 0 5023 0 .1

Table A .5  C h e m ic a l s tru c tu re  o f  P A N I-M A  p o w d e r  an d  a p p a re n t d o p in g  lev e l

Sam ple nam e Com position % A pparent doping level, 
% [H]/[N]

EB625 Cô. 1 H 4.4N  1 ,o(H 20)o,22 0

0 .2 M A C 6.0H 4.1N 1 o(H 20)o.28(C4H40 4)o.054 5.38
0.5M A C f i . c T b . 1N 1 , o ( H 2 0 ) o .3 1 ( 0 4 1 1 4 0 4 ) 0 . 1 40 14.05
1 .0 M A C 5.9H 5.7N  1 o(H 20)o.35(C4H 404)o.287 28.74
2 .0 M A C 6.2H 0.0N  1 .o(H 20)o.42(C4H404)o.471 47.08
4.0M A C ôjH ô. 1N 1 o(H 20)o.43(C4H404)o.484 48.37
5.0M A C 6.3H 6.1N  I ,o(H20)o. 44( ^ 4^ 0 4 )0.493 49.29
10.0M A C6.3H5.oNi.o(H20)o.43(C4H 404)o.481 48.04
20.0M A C 6.iH3.sN 1 o(H 20)o.42(C4H404)o.502 50.23
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A c c o rd in g  to  th e  B e e r ’s law  (C h a m b e ll an d  W h ite , 1989),

A i  =  ajbjCj ( B .l )

w h e re  A j  =  a rea  o f  e a c h  p e a k
ai =  a b so rp tiv ity  (c m 2/g ) 
bj =  p a th  le n g th  (cm )
Cj =  c o n c e n tra tio n  o f  e m e ra ld in e  b a se  in  so lu tio n  (g /c m 3)

T o  o b ta in  th e  d o p in g  lev e l, th e  am o u n ts  o f  th e  b e n z e n o id  (C = C ) to  q u in o id  p a rt 
(-N = ) in  a  s a m p le  w e re  d e te rm in e d  b y  co n v e rtin g  th e  a b so rb e n c y  o f  e a c h  p e a k  to  
c o n c e n tra tio n  b y  th e  fo llo w in g  eq u a tio n ;

Appendix B FT-IR  measurement of acid-doped polyaniline

A(C=C) = a(c=c)b(c=c)C(c=c) (B.2)

A(-n=) -  a<-N=)b(-N=)C(-N=) (B.3)

T h e re fo re  th e  d o p in g  lev e l o r c o n c e n tra tio n  ra tio  is

C(C=C) = A(C=C) - a(-N=)b(-N=) (B .4 )
C(-N=) A(-n=) . a<c=c)b(c=c)

B u t th e  ra tio  o f  C(C=C) is  u n k n o w n . W e k n o w  th e  fo r p u re  e m e ra ld in e  b a se  o r
C(-N =)

e m e ra ld in e  sa lt, th e  ra tio s  a re  eq u a l 5.5 an d  12 re sp e c tiv e ly . T h e re fo re  w e  u sed  
E q u a tio n  B .4  u n d e r  th e  c o n d itio n  o f  fu lly  d o p e d  e m e ra ld in e  sa lt w h e re  th e  le ft h an d  
s id e  sh o u ld  b e  12 an d  th e  r ig h t h a n d  s id e  sh o u ld  b e  A ( c = c ) .r ,  w h e re  r  =  a(-N=)b(-N=)

A(-n=) S(c=c)b(c=c)

F ro m  e x p e rim e n ta l, A (C = C ) v a lu e s  o f  th e  la s t th re e  ac id  e m e ra ld in e  ra tio  w e re
A(-n=)
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av e ra g e d  a n d  fo u n d  to  b e  1 .522, th e re fo re  r  =  0 .1 2 6 8 2 8 . N o w  E q u a tio n  B .4  can  b e  
rew ritten :

C(C=C) =  A ( C = C ) . 0 .1 2 6 8 2 8  (B .5 )
C(-N=) A(-n=)

T h e  a re a  o f  e a c h  p e a k  in  a  F T -IR  sp e c tra  c o u ld  b e  c a lc u la te d  b y  u s in g  th e  G a u ss ia n ’s 
E q u a tio n  as  sh o w n  in  E q u a tio n  B .6 .

G a u ss ia n  e q u a tio n  =  ( l /(S D * ((2 * (2 2 /7 ) )°  5)))* e x p (0 .5 (( (x -a v g ) /S D )2))* a re a  (B .6 )

T h e n  th e  p e rc e n ta g e  o f  d o p in g  lev e l co u ld  b e  c a lc u la ted  b y  u s in g  E q u a tio n  B .7  and  
c a lc u la ted  d a ta  sh o w n  in  T a b le  B . l .

%  D o p in g  lev e l =  [ X - 5 .5 ] x l 0 0  (B .7 )
[12 -5 .5 ]

w h e re , X  =  E q u a tio n  B .5
=  C(C=C) =  A(C=C) • 0 .1 2 6 8 2 8

A(-n=)C(-N=)
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Table B.l R a w  d a ta  o f  a b so rb en ce  a rea  an d  d o p in g  lev e l o f  P A N I-H C 1

A cid ratio
A bsorbance area (%) X

(C(C=C)/C(_N3=))
%

doping levelA(-n=) A(C=C) A(C=C)/ (-N=)
EB 21.4 24.4 0.877 6.915 21.773
0 .2 19.7 2 2 . 2 0.887 6.997 23.027

0.5 2 1 . 8 2 0 .6 1.058 8.344 43.754
21.4 21.3 1.005 7.922 37.257

1.0 23.9 19.8 1.203 9.485 61.302
2 1 . 6 20.5 1.054 8.308 43.197

2 .0
26.0 18.9 1.376 10.847 82.257
25.4 18.8 1.351 10.653 79.273

4.0 26.7 18.8 1.420 11.198 87.661

5.0 29.0 18.3 1.585 12.495 107.614
26.6 18.5 1.438 11.337 89.799

1 0 .0
28.7 19.6 1.464 11.545 93.007
27.5 18.5 1.486 11.721 95.700

2 0 . 0 28.8 17.6 1.636 12.902 113.881
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Appendix c  Crystallinity of acid-doped polyaniline

X R D  te c h n iq u e  w as  u se d  to  in v e s tig a te  th e  o rd e r  an d  th e  d eg re e  o f  
c ry s ta llin ity  o f  p o ly a n ilin e s . T h e  d iffra c tio n  p a tte rn s  o f  th e  e m e ra ld in e  b a se  w e re  
ty p ic a lly  o f  an  am o rp h o u s  p o ly m er. O n  th e  o th e r  h a n d , a ll p ro to n ic  ac id  d o p ed  
p o ly a n ilin e s  w e re  se m i-c ry s ta llin e  p o ly m e rs . T h e y  w e re  id e n tif ie d  as fo llo w : the  
c ry s ta llin e  o n e  co rre sp o n d s  to  a  re la tiv e  sh a rp  p eak , an d  th e  a m o rp h o u s  o n e  is  v is ib le  
as a  b ro a d  p a tte rn  (L u n z y  an d  B an k a , 2 0 0 0 ). T h e  p e rc e n ta g e  o f  c ry s ta llin ity  w as 
d e te rm in e d  fro m  E q u a tio n  c.l an d  sh o w n  in  F ig u re  c.l. T a b le  c.l an d  C .2  sh o w  th e  
v a lu e s  o f  c ry s ta ll in ity  o f  H C l-d o p e d  an d  M A -d o p e d  p o ly a n ilin e s  as d e te rm in e d  b y  
in te g ra tin g  a re a  u n d e r  a ssu m e d  G u a ss ia n  cu rv es , re sp e c tiv e ly . T h e  e ffe c t o f  
c ry s ta llin ity  o n  sp e c if ic  c o n d u c tiv ity  is sh o w n  in  T a b le  C .3  a n d  F ig u re  c.2.

% C ry s ta llin ity  =  (A re a  o f  c ry s ta llin ity  p e a k / T o ta l a re a ) X  1 0 0  ( C .l )

2 T h o t i

Scheme c . l  I n te g r a l  a r e a  o f  th e  d iffra c tio n  p a tte rn s  o f  a c id -d o p e d  p o ly a n ilin e



Table c.l Degree o f crystallinity o f HCl-doped polyaniline

N a/N eb
%  A re a  o f  C ry s ta ll in ity  p o s it io n %  A re a  o f  a m o rp h o u s %  C ry s ta ll in ity

2 0 - 9 2 0 - 1 5 2 0 - 1 7 2 0 - 2 1 2 0 - 2 5 2 0 - 2 7 2 0 - 3 0 2 0 - 3 6 2 0 - 1 9 2 0 -2 3 2 0 - 3 3
0 .2 3.70 11.09 - 10.49 5.57 - - - 27.19 41.96 - 30.85
0.5 4.84 8 . 0 2 - 9.74 5.77 3.17 2 .8 6 - 12.26 53.34 - 34.40
1 .0 6 .2 2 6.69 - 8.07 4.12 1 2 . 1 0 3.62 4.12 - 55.07 - 44.93

2 .0 ( 1 ) 5.65 7.74 - 8.83 9.60 12.90 4.90 5.18 - 19.59 25.59 54.81
2 .0  (2 ) 8.06 8.06 8.06 1 0 .6 6 12.59 9.75 - - - 18.13 24.68 57.18
4 .0 (1 ) 5.37 7.52 - 11.63 9.54 13.93 4.24 4.79 - 20.30 2 2 . 6 8 57.02
4.0 (2) 7.02 5.69 8.49 9.28 10.97 9.28 2.53 - - 15.79 30.95 53.25
5 .0 (1 ) 6.71 7.88 - 9.14 6.71 16.36 5.64 3.50 - 18.65 25.39 55.96

1 0 .0 ( 1 ) 7.39 9.54 - 8.07 7.39 11.54 5.74 3.43 - 18.69 28.21 53.09
1 0 .0  (2 ) 5.29 7.90 8.64 12.80 1 0 .2 1 7.90 2.35 - - 14.70 30.20 55.10
2 0 .0 ( 1 ) 6.97 8.43 - 11.15 7.25 14.14 6.62 2.94 - 14.64 27.86 57.49
2 0 . 0  (2 ) 4.48 5.33 11.34 14.08 9.48 5.79 1.33 - - 23.14 25.03 51.83



Table C.2 Degree o f crystallinity o f MA-doped polyaniline

N a/N eb
%  A re a  o f  c ry s ta ll in ity  p o s it io n  a t 2 T h e ta %  A re a  o f  a m o rp h o u s

%  C ry s t2 0 - 8 ,
1 0

2 0 -1 4 2 0 - 1 5 ,
16

2 0 - 1 7 ,
18 2 0 - 2 1 2 0 - 2 5 2 0 - 2 7 2 0 - 3 0 2 0 - 1 8 .9 2 0 - 2 3 2 0 - 3 3

0 .2 3.77 - 10.62 5.06 6.51 4.91 - - 27.34 41.78 - 30.88
0.5 3.43 - 8.36 4.56 8.46 6.09 4.11 2.25 24.67 38.07 - 37.26
1 .0 5.08 - 1 2 . 0 1 - 12.83 10.44 2.39 4.89 5.24 47.12 - 47.64

2 .0 ( 1 ) 5.83 3.05 12.08 0.93 8.67 6.79 4.93 3.88 - 53.84 - 46.16
2 . 0  (2 ) 5.00 - 13.02 - 6.58 5.55 6 .2 0 7.43 8 . 1 2 50.73 - 43.77
4.0 (1) 5.72 3.80 8.04 4.71 8.04 6.60 6.16 3.14 - 53.78 - 46.22
4.0 (2) 5.80 - 14.85 - 9.51 5.71 4.49 - - 52.21 - 40.36

5.0 5.36 3.97 13.05 4.54 9.34 7.72 4.34 3.43 - 48.25 - 51.75
1 0 .0 ( 1 ) 3.50 3.03 13.30 2.83 11.97 8.41 7.61 3.86 - 31.49 14.00 54.51
1 0 .0  (2 ) 2 .8 6 - 14.65 - 17.33 9.96 4.31 8.56 - 27.69 14.65 57.66
2 0 .0 ( 1 ) 3.50 1.40 1 1 . 8 8 - 13.28 7.61 6.26 7.07 - 29.35 19.65 51.00
2 0 . 0  (2 ) 4.80 - 20.91 - 1 1 . 1 2 9.88 5.67 9.06 - 27.45 1 1 . 1 2 61.44



73

Table C.3 Relation between specific conductivity and crystallinity of PANI-HC1

N a/N eb
C onductiv ity ,a  (S/cm ) % D oping

level
a  (S /cm )/% doping % C rystallinity

Cm a 2 Sam ple 1 Sam ple2 Sam ple 1 Sample2
0 .2 1.34E-05 1.34E-05 5.50 2.43E-06 4.33E-07 30.85 -
0.5 3.00E-04 4.00E-04 18.70 1.60E-05 1.16E-05 34.40 -
1 .0 4.04E-02 4.18E-02 32.20 1.25E-03 9.31E-04 46.05 -
2 .0 2.05E+00 2.24E+00 47.00 4.37E-02 4.08E-02 56.00 57.18
4.0 2.60E+00 3.32E+00 48.20 5.40E-02 5.82E-02 55.15 53.25
5.0 3.18E+00 2.99E+00 49.30 6.45E-02 5.34E-02 56.00 -

1 0 .0 3.01E+00 2.75E+00 48.90 6.15E-02 5.17E-02 54.10 55.10
2 0 .0 3.21E+00 3.42E+00 49.80 6.44E-02 5.94E-02 54.65 51.83

Table C.4 R e la tio n  b e tw e e n  sp ec if ic  c o n d u c tiv ity  an d  c ry s ta ll in ity  o f  P A N I-M A

N a/N eb
C onductiv ity ,c  (S/cm ) % D oping

level CT (S/cm )/% doping % C rystallinity

CTi (ทุ! M A Sam ple 1 Sam ple2 Sam ple 1 Sample2
0 .2 7.59E-06 7.73E-06 5.40 1.41E-06 2.50E-07 30.88 -
0.5 5.91E-05 5.62E-05 14.00 4.21E-06 1.61E-06 35.00 -
1 .0 3.86E-02 3.96E-02 28.70 1.34E-03 8.64E-04 43.50 -
2 .0 4.61E-01 3.33E-01 47.10 9.79E-03 7.37E-03 44.20 43.77
4.0 1.40E+00 1.39E+00 48.40 2.89E-02 3.00E-02 47.00 40.36
5.0 4.34E+00 4.48E+00 49.30 8.81E-02 8.66E-02 51.70 -

1 0 .0 4.32E+00 4.45E+00 48.04 8.99E-02 8.17E-02 56.10 57.66
2 0 .0 4.63E+00 4.40E+00 50.20 9.22E-02 8.64E-02 56.20 61.44
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Appendix D Moisture content of acid-doped polyaniline and zeolite A by 
thermogravimetric analysis

T h e  m o is tu re  co n ten ts  o f  p o ly a n ilin e  an d  z e o li te  w e re  s tu d ie d  b y  a 
D u P o n t m o d e l T G A  2 9 5 0  th e rm a lg ra v im e tric  an a ly ze r. E a c h  sa m p le  w a s  w e ig h e d  at 
10-15 m g  an d  th e n  p u t in  an  a lu m in u m  p an . T h e  in s tru m e n t w as  se t to  o p e ra te  at 
te m p e ra tu re s  fro m  30  to  7 0 0 ° c  at a  h e a tin g  ra te  o f  1 0 ° c /m in . T h e  raw  d a ta  o f  P A N I- 
HC1 an d  P A N I-M A  d rie d  in  v a c u u m  o v en  fo r  48  h  a n d  z e o lite  A  d rie d  a t 1 2 0 ° c  ~ 6  h  
are  sh o w n  in  T a b le  D . l ,  D .2  an d  D .3 , re sp e c tiv e ly . T h e  % w e ig h t lo ss  an d  o n se t 
te m p e ra tu re  o f  a c id -d o p e d  p o ly a n ilin e  an d  ze o lite  A  sa m p le  a re  sh o w n  in  T ab le  D .3 
an d  D .6 , re sp e c tiv e ly .
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Table D .l  T G A  d a ta  o f  H C l-d o p e d  p o ly a n ilin e

Tem p
(°C)

% W eight loss
PANI-0.2HC1 PANI-0.5HC1 PANI-1.0HC1 PANI-2.0HC1

Sam ple 1 Sample2 Sam ple 1 Sample2 Sam ple 1 Sam ple2 Sam ple 1 Sample2
35 99.2 99.21 99.19 99.21 99.12 99.17 99 99.03
45 98:37 98.38 98.36 98.38 98.07 98.12 97.63 97.66
55 97.66 97.67 97.65 97.67 97.11 97.16 96.3 96.33
65 97.00 97.01 96.99 97.01 96.2 96.25 95.02 95.05
75 96.33 96.34 96.32 96.34 95.29 95.34 93.79 93.82
85 95.61 95.62 95.6 95.62 94.38 94.43 92.74 92.77
95 94.86 94.87 94.85 94.87 93.49 93.54 91.83 91.86

105 94.16 94.17 94.15 94.17 92.61 92.66 91.09 91.12
115 93.69 93.7 93.68 93.7 91.87 91.92 90.46 90.49
125 93.39 93.4 93.38 93.4 91.35 91.4 89.96 89.99
135 93.22 93.23 93.21 93.23 91.03 91.08 89.5 89.53
145 93.11 93.12 93.1 93.12 90.82 90.87 89.03 89.06
155 93.04 93.05 93.03 93.05 90.64 90.69 88.53 88.56
165 92.98 92.99 92.97 92.99 90.44 90.49 87.96 87.99
175 92.91 92.92 92.9 92.92 90.19 90.24 87.31 87.34
185 92.83 92.84 92.82 92.84 89.86 89.91 86.56 86.59
195 92.73 92.74 92.72 92.74 89.4 89.45 85.72 85.75
205 92.61 92.62 92.6 92.62 8 8 .8 88.85 84.77 84.8
215 92.42 92.43 92.41 92.43 88.08 88.13 83.71 83.74
225 92.14 92.15 92.13 92.15 87.24 87.29 82.55 82.58
235 91.67 91.68 91.66 91.68 86.37 86.42 81.33 81.36
245 91.04 91.05 91.03 91.05 85.51 85.56 80.08 80.11
255 90.29 90.3 90.28 90.3 84.74 84.79 78.85 78.88
265 89.53 89.54 89.52 89.54 84.04 84.09 77.6 77.63
275 88.96 88.97 88.95 88.97 83.51 83.56 76.65 76.68
285 88.65 8 8 .6 6 88.64 8 8 .6 6 83.19 83.24 76.28 76.31

Cont.
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Tem p
(°C)

% W eight loss
PANI-4.0HC1 PANI-5.0HC1 PANI-10.0HC1 PANI-20.0HC1

Sam ple 1 Sample2 Sam ple 1 Sample2 Sam ple 1 Sam ple2 Sam ple 1 Sample2
35 99 99.15 99.67 99.72 99.26 99.36 99.42 99.43
45 97.82 97.97 98.92 98.97 98.15 98.25 98.46 98.47
55 96.63 96.78 97.95 98 96.95 97.05 97.29 97.3
65 95.44 95.59 96.91 96.96 95.81 95.91 95.92 95.93
75 94.26 94.41 95.87 95.92 94.69 94.79 94.46 94.47
85 93.15 93.3 94.8 94.85 93.61 93.71 93.1 93.11
95 92.2 92.35 93.66 93.71 92.49 92.59 91.94 91.95

105 91.35 91.5 92.52 92.57 91.34 91.44 90.85 90.86
115 90.64 90.79 91.31 91.36 90.2 90.3 90.01 90.02
125 90.05 90.2 90.32 90.37 89.16 89.26 89.29 89.3
135 89.53 89.68 89.44 89.49 88.26 88.36 8 8 .6 8 88.69
145 89.05 89.2 88.7 88.75 87.53 87.63 88.15 88.16
155 88.58 88.73 88.08 88.13 86.89 86.99 87.64 87.65
165 88.07 8 8 .2 2 87.49 87.54 86.3 86.4 87.12 87.13
175 87.51 87.66 86.92 86.97 85.71 85.81 86.58 86.59
185 86.87 87.02 86.33 86.38 84.92 85.02 85.97 85.98
195 86.14 86.29 85.67 85.72 84.43 84.53 85.29 85.3
205 85.31 85.46 84.93 84.98 83.68 83.78 84.5 84.51
215 84.34 84.49 84.07 84.12 82.85 82.95 83.57 83.58
225 83.27 83.42 83.12 83.17 81.92 82.02 82.48 82.49
235 82.16 82.31 82.1 82.15 80.93 81.03 81.28 81.29
245 81.01 81.16 81.06 81.11 79.99 80.09 79.99 80
255 79.91 80.06 79.99 80.04 79.03 79.13 78.74 78.75
265 78.81 78.96 78.87 78.92 78.02 78.12 77.4 77.41
275 77.83 77.98 78.05 78.1 77.2 77.3 76.16 76.17
285 77.28 77.43 77.67 77.72 76.87 76.97 75.57 75.58
295 77.04 77.19 77.46 77.51 76.68 76.78 75.34 75.35
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Table D.2 T G A  d a ta  o f  M A -d o p e d  p o ly a n ilin e

Tem p
(°C)

% W eight loss
PA N I-0.2M A PA N I-0.5M A PA N I-1.0M A PA N I-2.0M A

Sam ple 1 Sample2 Sam ple 1 Sample2 Sam ple 1 Sam ple2 Sam ple 1 Sample2
35 99.46 99.35 99.35 99.46 99.2 99.26 99.39 99.53
45 98.79 98.68 98.68 98.79 98.11 98.17 98.51 98.65
55 98.2 98.09 98.09 98.2 97.14 97.2 97.57 97.71
65 97.62 97.51 97.51 97.62 96.4 96.46 96.77 96.91
75 97.09 96.98 96.98 97.09 95.85 95.91 96.16 96.3
85 96.69 96.58 96.58 96.69 95.44 95.5 95.71 95.85
95 96.35 96.24 96.24 96.35 95.15 95.21 95.41 95.55

105 96.09 95.98 95.98 96.09 94.95 95.01 95.18 95.32
115 95.92 95.81 95.81 95.92 94.78 94.84 94.94 95.08
125 95.8 95.69 95.69 95.8 94.52 94.58 94.47 94.61
135 95.72 95.61 95.61 95.72 94.06 94.12 93.45 93.59
145 95.61 95.5 95.5 95.61 93.19 93.25 91.73 91.87
155 95.45 95.34 95.34 95.45 91.8 91.86 89.41 89.55
165 95.15 95.04 95.04 95.15 89.92 89.98 86.79 86.93
175 94.61 94.5 94.5 94.61 87.7 87.76 84.06 84.2
185 93.78 93.67 93.67 93.78 85.23 85.29 81.26 81.4
195 92.7 92.59 92.59 92.7 82.63 82.69 78.42 78.56
205 91.58 91.47 91.47 91.58 80.09 80.15 75.76 75.9
215 90.67 90.56 90.56 90.67 77.96 78.02 73.51 73.65
225 90.07 89.96 89.96 90.07 76.42 76.48 71.78 71.92
235 89.73 89.62 89.62 89.73 75.48 75.54 70.71 70.85
245 89.5 89.39 89.39 89.5 74.99 75.05 70.17 70.31
255 89.35 89.24 89.24 89.35 74.72 74.78 69.9 70.04
265 89.25 89.14 89.14 89.25 74.54 74.6 69.7 69.84
275 89.17 89.06 89.06 89.17 74.37 74.43 69.52 69.66
285 89.11 89 89 89.11 74.21 74.27 69.36 69.5
295 89.06 88.95 88.95 89.06 74.20 74.27 69.2 69.34
305 89.01 88.9 88.9 89.01 74.20 74.27 69.2 69.3

Cont.
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Tem p
(°C)

% W eight loss
PA N I-4.0M A PA N I-5.0M A PA N I-10.0M A PA N I-20.0M A

Sam ple 1 Sample2 Sam ple 1 Sam ple2 Sam ple 1 Sam ple2 Sam ple 1 Sam ple2
35 99.06 99.08 99.43 99.63 98.94 98.97 99 99.01
45 97.72 97.74 98.33 98.53 97.67 97.7 97.65 97.66
55 96.59 96.61 97.16 97.36 96.42 96.45 96.35 96.36
65 95.8 95.82 96.29 96.49 95.44 95.47 95.36 95.37
75 95.26 95.28 95.73 95.93 94.82 94.85 94.74 94.75
85 94.89 94.91 95.39 95.59 94.49 94.52 94.41 94.42
95 94.63 94.65 95.13 95.33 94.24 94.27 94.14 94.15

105 94.4 94.42 94.71 94.91 93.89 93.92 93.73 93.74
115 94.01 94.03 93.91 94.11 93.17 93.2 92.82 92.83
125 93.23 93.25 92.28 92.48 91.6 91.63 90.94 90.95
135 91.73 91.75 89.51 89.71 88.9 88.93 87.92 87.93
145 89.46 89.48 85.88 86.08 85.33 85.36 84.07 84.08
155 86.7 86.72 82.06 82.26 81.5 81.53 80.11 80.12
165 83.84 83.86 78.58 78.78 77.96 77.99 76.58 76.59
175 81.02 81.04 75.49 75.69 74.84 74.87 73.5 73.51
185 78.17 78.19 72.58 72.78 71.92 71.95 70.63 70.64
195 75.31 75.33 69.64 69.84 69.04 69.07 67.79 67.8
205 72.59 72.61 66.75 66.95 66.25 66.28 65.04 65.05
215 70.33 70.35 64.18 64.38 63.79 63.82 62.62 62.63
225 68.76 68.78 62.36 62.56 61.86 61.89 60.79 60.8
235 67.9 67.92 61.35 61.55 60.75 60.78 59.73 59.74
245 67.53 67.55 60.88 61.08 60.08 60.11 59.3 59.31
255 67.32 67.34 60.68 60.88 59.94 59.97 59.1 59.11
265 67.16 67.18 60.54 60.74 59.81 59.84 58.96 58.97
275 67.01 67.03 60.43 60.63 59.69 59.72 58.84 58.85
285 66.87 66.89 60.31 60.51 59.57 59.6 58.72 58.73
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Table D .3  W e ig h t lo ss  an d  o n se t te m p e ra tu re  o f  P A N I-H C 1 p o w d e r

N a / N e b

First-step Second-step
Sam D ie  1 Sam D ie  2 Sam Die 1 Sam D ie  2

%wt.
loss

O nset
(°C)

%wt.
loss

O nset
( ๐ ๑

%wt.
loss

O nset
(°C)

%wt.
loss

O nset
( ๐๑

0 . 2 6 . 0 80 6.5 85 1 0 2 2 0 9.4 224
0.5 6.5 75 7.0 82 10.5 2 2 1 10.3 198
1 .0 9.2 85 1 0 . 6 87 1 1 . 8 219 7.7 2 1 1

2 . 0 10.4 65 1 1 . 0 79 13.0 213 18.5 2 2 2

4 .0 10.9 69 11.3 72 12.3 215 1 1 . 0 215
5.0 12.9 81 13.3 80 10.7 2 2 1 9.4 209

1 0 . 0 13.8 83 1 1 . 0 81 1 1 . 8 217 12.3 215
2 0 . 0 12.3 60 1 0 . 2 6 8 8 . 8 215 7.7 2 2 0

Table D .4  W e ig h t lo ss  an d  o n se t te m p e ra tu re  o f  P A N I-M A  p o w d e r

N a/N eb
First-step Second-step

Sam Die 1 Sam Die 2 Sam Die 1 Sam Die 2
%W t.
loss

O nset
(°C)

%wt.
loss

O nset
(°C)

%wt.
loss

O nset
(°C)

%wt.
loss

Onset
(°C)

0.2 4 .2 60 3.6 66 19.6 201 20 198
0.5 4 .2 56 4 .2 50 20 .0 199 19 199
1 .0 4.9 58 5.2 51 19.6 193 19.5 194
2.0 4 .6 50 4.1 49 23 .0 193 43.1 190
4 .0 5.3 53 4 .0 49 35 .3 197 32 203
5.0 4 .6 50 4.3 49 37 .0 200 36 198

10.0 5.4 42 3.98 50 35.5 196 41 190
20 .0 4 .8 52 3.47 50 34 .9 190 35.5 190
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Table D .5  T G A  d a ta  o f  z e o lite  A  a fte r  d ry in g  a t 120°c ~ 6  h

Tem p
(°C)

% W eight loss o f 
Zeolite 3A Tem p

(°C)
% W eight loss o f 

Zeolite 3 A Tem p
(๐๑

% W eight loss o f 
Zeolite 4A

Sam ple 1 Sample2 Sam ple 1 Sam ple 2 Sam ple 1 Sample2
30 99.94 99.82 340 81.62 81.5 30 99.8 99.87
40 99.43 99.31 350 81.58 81.46 40 99.67 99.35
50 98.77 98.65 360 81.55 81.43 50 99.11 98.77
60 98.06 97.94 370 81.52 81.4 60 98.5 98.15
70 97.34 97.22 380 81.49 81.37 70 97.83 97.46
80 96.59 96.47 390 81.47 81.35 80 97.12 96.71
90 95.8 95.68 400 81.45 81.33 90 96.31 95.87

1 0 0 94.93 94.81 410 81.43 81.31 1 0 0 95.38 94.91
n o 93.92 93.8 420 81.41 81.29 1 1 0 94.24 93.83
1 2 0 92.71 92.59 430 81.4 81.28 1 2 0 92.83 92.46
130 91.29 91.17 440 81.38 81.26 130 91.22 90.86
140 89.67 89.55 450 81.37 81.25 140 89.57 89.23
150 87.99 87.87 460 81.36 81.24 150 8 8 . 1 2 87.82
160 86.47 86.35 470 81.35 81.23 160 87.06 8 6 .8

170 85.25 85.13 480 81.34 81.22 170 86.38 86.15
180 84.38 84.26 490 81.33 81.21 180 85.93 85.73
190 83.76 83.64 500 81.33 81.21 190 85.59 85.41
2 0 0 83.31 83.19 510 81.32 81.2 2 0 0 85.31 85.15
2 1 0 82.96 82.84 520 81.32 81.2 2 1 0 85.06 84.92
2 2 0 82.69 82.57 530 81.32 81.2 2 2 0 84.83 84.71
230 82.48 82.36 540 81.31 81.19 230 84.64 84.53
240 82.31 82.19 550 81.31 81.19 240 84.45 84.36
250 82.17 82.05 560 81.31 81.19 250 84.27 84.2
260 82.06 81.94 570 81.31 81.19 260 84.09 84.05
270 81.96 81.84 580 81.31 81.19 270 83.91 83.91
280 81.88 81.76 590 81.31 81.19 280 83.73 93.76
290 81.81 81.69 600 81.32 81.2 290 83.55 83.62
300 81.75 81.63 610 81.32 81.2 300 83.36 83.47
310 81.7 81.58 620 81.32 81.2 310 83.17 83.32
320 81.76 81.64 630 81.33 81.21 320 82.97 83.18
330 81.66 81.54 640 81.33 81.21 330 82.78 83.02

Cont.
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Tem p
(๐ C)

%  W eight loss o f  
Zeolite 4A Tem p

(°C)
% W eight loss o f  

Zeolite 5A Tem p
(๐๑

% W eight loss o f  
Zeolite 5A

Sam ple 1 Sam ple2 Sam ple 1 Sam ple 2 Sam ple 1 Sample2
340 82.58 82.87 30 99.8 99.87 340 81.62 81.5
350 82.38 82.71 40 99.67 99.35 350 81.58 81.46
360 82.2 82.55 50 99.11 98.77 360 81.55 81.43
370 82.03 82.4 60 98.5 98.15 370 81.52 81.4
380 81.87 82.26 70 97.83 97.46 380 81.49 81.37
390 81.37 82.14 80 97.12 96.71 390 81.47 81.35
400 81.62 82.02 90 96.31 95.87 400 81.45 81.33
410 81.52 81.92 1 0 0 95.38 94.91 410 81.43 81.31
420 81.43 81.84 1 1 0 94.24 93.83 420 81.41 81.29
430 81.36 81.77 1 2 0 92.83 92.46 430 81.4 81.28
440 81.29 81.71 130 91.22 90.86 440 81.38 81.26
450 81.24 81.66 140 89.57 89.23 450 81.37 81.25
460 81.19 81.62 150 8 8 . 1 2 87.82 460 81.36 81.24
470 81.15 81.58 160 87.06 8 6 .8 470 81.35 81.23
480 81.12 81.55 170 86.38 86.15 480 81.34 81.22
490 81.08 81.52 180 85.93 85.73 490 81.33 81.21
500 81.05 81.5 190 85.59 85.41 500 81.33 81.21
510 81.02 81.48 2 0 0 85.31 85.15 510 81.32 81.2
520 80.99 81.46 2 1 0 85.06 84.92 520 81.32 81.2
530 80.97 81.44 2 2 0 84.83 84.71 530 81.32 81.2
540 80.95 81.41 230 84.64 84.53 540 81.31 81.19
550 80.93 81.4 240 84.45 84.36 550 81.31 81.19
560 80.92 81.39 250 84.27 84.2 560 81.31 81.19
570 80.91 81.38 260 84.09 84.05 570 81.31 81.19
580 80.9 81.37 270 83.91 83.91 580 81.31 81.19
590 80.89 81.36 280 83.73 93.76 590 81.31 81.19
600 80.88 81.35 290 83.55 83.62 600 81.32 81.2
610 80.87 81.34 300 83.36 83.47 610 81.32 81.2
620 80.86 81.33 310 83.17 83.32 620 81.32 81.2
630 80.85 81.33 320 82.97 83.18 630 81.33 81.21
640 80.84 81.32 330 82.78 83.02 640 81.33 81.21
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Table D.6 Weight loss and onset temperature o f zeolite A powder

Step loss
Zeolite 3A

Sam ole 1 Sam île 2

% w t. loss O nset (°C) % w t. loss O nset (°C)
First-step 2.55 62 2.4 60.5
Second-step 15.9 143 15 141
Third-step - - - -

Step loss
Zeolite 4A

Sam pie 1 Sam île 2

%W t. loss O nset (°C) % w t. loss O nset (๐C)
First-step 1.5 56 2 58
Second-step 15.8 131 15.5 132
Third-step 1.7 345 3.5 343

Step loss
Zeolite 5A

Sam île 1 Sam île 2

% w t.
Loss

O nset (°C) % W t. loss O nset (°C)

First-step 2 .8 8 46.7 3.09 42.0
Second-step 8.59 121.7 8.51 1 2 2 . 8

Third-step 8 .1 183.2 7.78 184.3



83

Appendix E Morphology of polyaniline and zeolite samples

Na/Neb = 10.0 (x500) Na/Neb = 10.0 (xl500)

Na/Neb = 20.0 (x500) N A/N EB =  2 0 .0  (xl500)

Figure El M o rp h o lo g y  o f  p o ly a n ilin e  p o w d e rs  a fte r  d o p in g  w ith  HC1 a t d iffe re n t ac id - 
e m e ra ld in e  b a se  m o le  ra tio s , N a / N e b -
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Na/Neb = 1.0 (x500) Na/Neb = 1.0 (x l500)

Na/Neb = 10.0 (x500) Na/Neb = 10.0 (x 1500)

Na/Neb = 20.0 (x500) Na/Neb = 20.0 (xl500)

Figure E2 Morphology of polyaniline powders after doping with MA at different acid- 
emeraldine base mole ratios, N a / N e b -
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Zeolite NaKA, (3A), x2000 Zeolite NaKA, (3 A), x5000

Zeolite NaA, (4A), x2000 Zeolite NaA, (4A), x5000

Zeolite NaCaA, (5A), x2000 Zeolite NaCaA, (5A), x5000

Figure E3 Morphology of zeolite powders at different molecular structure.



Figure E4 Morphological structure of PANI-HC1 pellet 
at (a) N a / N e b  — 1.0 and (b) N a / N e b  =10.0

(xlOOO) (b) (x3500)

Figure E5 Morphological structure of PANI-MA pellet
at (a) Na/Neb = 1.0 and (b) NA/NEB =10.0

(xlOOO) (a) (x3500)

(xlOOO) (b) (x3500)



Figure E6 Morphological structure of PANI-1 OMA, Zeolite 4A and Zeolite4A7 PANI-1 OMA
at various zeolite contents (xlOOO)

PANI-1OMA PANI-10MA/5Zeolite 4A p AM-1OMA/1 OZeolite 4A PANI-10MA/20Zeolite 4A

PAM-10MA/30Zeolite 4A PAM-10MA/40Zeolite 4A PAM- 10MA/5OZeolite 4A Zeolite 4A

oo
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Appendix F Particle size of polyaniline and zeolite A powder

The particle size of polyaniline and zeolite sample A was determined 
by using a Masterizer X Version. 2.15 particle size analyzer, (Malvern Instruments 
Ltd.). The lenses used in this experiment were 45 for zeolite A measurement and 300 
mm for polyaniline powder. The beam length was 2.40 mm. The sample was placed 
in a sample cell across a laser beam. This instrument measured the average particle 
size and standard size distribution. Raw data of agglomerate particle size of 
polyaniline powder that ground with a ball mill for 3 h and sieved with mesh (53pm) 
are listed in Table F.l. Particle size distribution is shown in Figure F.l. For three 
types of zeolite A powder, raw data of agglomerate particle size are listed in Table 
F.2 and F.3. Particle size distributions of zeolite 3 A, 4A and 5 A are shown in Figure 
F.2.
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Table F.l Agglomerate particle size of polyaniline powder ground with a ball mill
for 3 h and sieved with mesh (53 pm)

Agglomerate Particle size (pm) PANI
Sample 1 Sample 2 Sample 3

Size Low (pm) Size High (pm) In % In % In %
0 50 0.91 1.32 0.05 0.05 0
1.32 1.46 1.60 0.1 0.1 0.23
1.60 1.78 1.95 0.13 0.13 0.53
1.95 2.17 2.38 0.13 0.13 0.94
2.38 2.64 2.90 0.14 0.16 1.51
2.90 3.22 3.53 0.24 0.27 2.29
3.53 3.92 4.30 0.53 0.58 3.28
4.30 4.77 5.24 1.09 1.16 4.46
5.24 5.82 6.39 2.01 2.08 5.71
6.39 7.09 7.78 3.3 3.36 6.78
7.78 8.63 9.48 4.97 4.99 7.44
9.48 10.52 11.55 6.86 6.82 7.55

11.55 12.82 14.08 8.7 8.59 7.2
14.08 15.62 17.15 10.18 10.03 6.9
17.15 19.03 20.90 11.14 10.98 6.78
20.90 23.18 25.46 11.48 11.34 6.8
25.46 28.24 31.01 11.08 11.01 6.72
31.01 34.40 37.79 9.83 9.88 6.21
37.79 41.91 46.03 7.84 7.98 5.07
46.03 51.06 56.09 5.42 5.57 3.46
56.09 62.21 68.33 3.05 3.16 1.81
68.33 75.80 83.26 1.21 1.32 0.58
83.26 92.35 101.44 0.14 0.32 0

101.44 112.52 123.59 0 0 0
123.59 137.08 150.57 0 0 0
150.57 167.01 183.44 0.01 0 0
183.44 203.48 223.51 0.13 0 0
223.51 247.91 272.31 0.13 0 0
272.31 302.04 331.77 0.08 0 0
331.77 367.99 404.21 0.03 0 0
404.21 448.34 492.47 0 0 0
492.47 546.24 600.00 0 0 0

Mean Diameters: 25.42 24.82 21.28
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1 10 1๓ 1๓0 
A g g lo m e ra te  P a rtic le  D ia m e te r, (เท•ท)

Figure F.l Particle size distribution of polyaniline powder ground with a ball mill 
for 3 h and sieved with mesh (53pm).
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Table F.2 Agglomerate particle size of zeolite 3 A powder

Agglomerate Particle size (pm) Zeolite 3A
Sample 1 Sample 2 Sample 3

Size Low (pm) Size High (pm) In % In % In %
0.05 0.09 0.12 0 0 0
0.12 0.14 0.15 0 0 0.02
0.15 0.17 0.19 0.03 0.03 0.06
0.19 0.21 0.23 0.08 0.08 0.11
0.23 0.26 0.28 0.17 0.17 0.19
0.28 0.32 0.35 0.3 0.29 0.31
0.35 0.39 0.43 0.47 0.47 0.46
0.43 0.48 0.53 0.68 0.68 0.66
0.53 0.59 0.65 0.92 0.93 0.87
0.65 0.73 0.81 1.16 1.17 1.1
0.81 0.91 1.00 1.36 1.36 1.31
1.00 1.12 1.23 1.46 1.43 1.44
1.23 1.37 1.51 1.35 1.3 1.39
1.51 1.69 1.86 1.02 0.95 1.1
1.86 2.08 2.30 0.67 0.58 0.77
2.30 2.57 2.83 0.47 0.35 0.59
2.83 3.16 3.49 0.6 0.44 0.73
3.49 3.90 4.30 1.14 0.96 1.27
4.30 4.80 5.29 2.14 1.99 2.26
5.29 5.91 6.52 3.65 3.61 3.77
6.52 7.28 8.04 5.76 5.87 5.88
8.04 8.98 9.91 8.45 8.65 8.51
9.91 11.06 12.21 11.26 11.38 11.14

12.21 13.63 15.04 13.26 13.2 12.96
15.04 16.79 18.54 13.43 13.31 13.12
18.54 20.69 22.84 11.59 11.56 11.41
22.841 25.50 28.15 8.6 8.7 8.55
28.15 31.42 34.69 5.49 5.64 5.48
34.69 38.72 42.75 2.98 3.15 3
42.75 47.72 52.68 1.29 1.42 1.3
52.68 58.80 64.92 0.22 0.33 0.24
64.92 72.46 80.00 0 0 0

Mean Diameters: 15.11 15.35 15.02
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Table F.3 Agglomerate particle size of zeolite 4A powder

Agglomerate Particle size (pm) Zeolite 4A
Sample 1 Sample 2 Sample 3

Size Low (pm) Size High (pm) ๒% ๒% ๒%
0.05 0.09 0.12 0 0 0
0.12 0.14 0.15 0 0 0
0.15 0.17 0.19 0 0 0
0.19 0.21 0.23 0 0 0.01
0.23 0.26 0.28 0 0 0.04
0.28 0.32 0.35 0.07 0.12 0.14
0.35 0.39 0.43 0.34 0.36 0.34
0.43 0.48 0.53 0.79 0.75 0.7
0.53 0.59 0.65 1.44 1.35 1.25
0.65 0.73 0.81 2.28 2.14 2.01
0.81 0.91 1.00 3.38 3.21 3.07
1.00 1.12 1.23 4.94 4.78 4.66
1.23 1.37 1.51 6.6 6.53 6.5
1.51 1.69 1.86 7.13 7.18 7.18
1.86 2.08 2.30 7.48 7.58 7.61
2.30 2.57 2.83 8.16 8.27 8.3
2.83 3.16 3.49 9.99 10.09 10.13
3.49 3.90 4.30 12.07 12.16 12.25
4.30 4.80 5.29 13.05 13.12 13.25
5.29 5.91 6.52 11.13 11.18 11.31
6.52 7.28 8.04 7.11 7.15 7.22
8.04 8.98 9.91 3.25 3.26 3.27
9.91 11.06 12.21 0.79 0.77 0.76

12.21 13.63 15.04 0 0 0
15.04 16.79 18.54 0 0 0
18.54 20.69 22.84 0 0 0
22.84 25.50 28.15 0 0 0
28.15 31.42 34.69 0 0 0
34.69 38.72 42.75 0 0 0
42.75 47.72 52.68 0 0 0
52.68 58.80 64.92 0 0 0
64.92 72.46 80.00 0 0 0

Mean Diameters: 3.64 3.65 3.67



Table F.4 Agglomerate particle size of zeolite 5 A powder

Agglomerate Particle size (pm) Zeolite 5A
Sample 1 Sample 2 Sample 3

Size Low (pm) Size High (pm) In % In % In %
0.05 0.09 0.12 0 0 0
0.12 0.14 0.15 0 0 0
0.15 0.17 0.19 0 0 0
0.19 0.21 0.23 0 0 0
0.23 0.26 0.28 0 0 0
0.28 0.32 0.35 0.04 0.06 0.06
0.35 0.39 0.43 0.34 0.33 0.35
0.43 0.48 0.53 0.77 0.76 0.78
0.53 0.59 0.65 1.35 1.32 1.36
0.65 0.73 0.81 2.04 2.01 2.07
0.81 0.91 1.00 2.79 2.77 2.84
1.00 1.12 1.23 3.49 3.48 3.56
1.23 1.37 1.51 3.71 3.73 3.8
1.51 1.69 1.86 3.11 3.18 3.23
1.86 2.08 2.30 2.49 2.58 2.62
2.30 2.57 2.83 2.64 2.72 2.77
2.83 3.16 3.49 4 4.04 4.13
3.49 3.90 4.30 6.43 6.43 6.57
4.30 4.80 5.29 9.3 9.23 9.4
5.29 5.91 6.52 11.42 11.31 11.45
6.52 7.28 8.04 11.88 11.81 11.84
8.04 8.98 9.91 10.73 10.69 10.59
9.91 11.06 12.21 8.55 8.53 8.32

12.21 13.63 15.04 6.1 6.07 5.83
15.04 16.79 18.54 3.93 3.87 3.69
18.54 20.69 22.84 2.27 2.23 2.12
22.84 25.50 28.15 1.21 1.21 1.16
28.15 31.42 34.69 0.62 0.67 0.63
34.69 38.72 42.75 0.35 0.43 0.36
42.75 47.72 52.68 0.23 0.29 0.23
52.68 58.80 64.92 0.15 0.18 0.15
64.92 72.46 80.00 0.5 0.06 0.08

Mean Diameters: 7.37 7.44 7.27
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j
.1 1 10 100 1000 

A gg lom éra t Parti cal D iam eter, (แทา)

.....  Zeolite3A
Zeolite 4A 

-------  Zeolite 5A

Figure F.2 Particle size distribution of zeolite A powder.
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Appendix G Determination of Ohmic law regime

Ohmic regime or linear regime is the regime in which applied voltage 
is limearly dependent on current according to the Ohmic’s law in Equation G.l.

Due to the specific conductivity given by the Equation 3.1, the 
acceptable current which was used in the experiments should be in the ohmic’s 
regime. Figures G.l and G.2 are the plots of V a and I using silicon wafer as a 
standard material and using polyaniline, respectively. These experiments were done 
under a pressure 1 atm, 64% relative humidity, and 26±l°c.

v a= IR (G.l)

where v a = applied voltage (mV)
I = current (mA)
R = resistance (G)

20 40 60 80

Applied voltage, v a (V)
100

Figure G.l Ohmic law region of the current and the applied voltage by using the 
silicon wafer Si 10-28A as a standard sheet.
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Table G.l Raw data of determination of linear regime of Silicon Wafer: 
Si 10-28A

Applied voltage (V) Current (mA)
7.38 0.03

24.30 0.23
34.50 0.34
43.50 0.45
48.20 0.60
56.20 0.66
62.50 0.73
65.50 0.77
72.50 0.79
80.40 0.81
84.50 0.91
89.30 1.08

From the Figure G.l, the voltage using for determination of geometric correction 
factor (K) of the probes should be in the range of 0-45 V.

Figure G.2 Ohmic law region of the current and the applied voltage by using PANI- 
MA and PANI-HC1 at doping ratio of N a / N e b  =  1 0 .
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From the Figure G.2, the voltage that could be used in the experiments should be in 
the range of 0-2.5 V.

Table G.2 Raw data of determination of linear regime of polyaniline
PANI-MA

Applied voltage, V 
(mV) Current, I (mA)
0.26 1.05
0.55 4.16
0.74 6.03
1.01 9.44
1.15 11.23
1.34 14.08
1.54 20.10
1.69 23.40
2.05 28.10
2.60 34.20
3.58 35.20
5.78 39.60
6.02 43.60
6.40 50.80
6.72 56.40
7.49 68.10

PANI-HC1
Applied voltage, V 

(mV)
Current, I 

(mA)
0.67 1.30
1.28 2.62
1.76 3.44
2.46 3.89
3.30 5.21
4.07 6.55
5.06 8.08
5.53 9.96
6.36 12.38
6.75 15.00
7.81 19.72
8.18 25.70
8.67 32.60
9.17 39.60
9.23 41.10
9.96 47.50
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Appendix H Determination of geometric correction factor (K)

A four-point probe meter commonly measured the electrical
conductivity of polyaniline thin film. Probe head assemblies are available in two 
different arrangements of the probe pins: the linear array and the square array. For 
the linear array, a constant current (I) was applied to the two outer electrodes and the 
sample voltage (V) was measured between the two inner electrodes as shown in 
Scheme H. 1.

resistance measurements are susceptible to geometric error, we needed to determine 
the geometric correction factor K which can be determine by using Equation H .l.

Scheme H.l Linear array four-point probe meter

As in the case of microelectronic structures, four point probe sheet

(H.l)
where geometric correction factor 

probe width (cm) 
probe length (cm).

In this measurement, the constant K value was determined by using a standard sheet 
with a known resistivity value; we used silicon wafer chips (SiO). K was calculated 
by using Equation H.2.

(H.2)
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where K = geometric correction factor
p = resistivity of stand materials which were calibrated from 

using a four point probe at King Mongkut’s Institute 
Technology of Lad Krabang (Q.cm) 

t = film thickness (cm)
R = film resistance (Q)
I = current (A)
V = Voltage drop (V).

The sheet resistivity (p) and thickness of silicon wafer chips are shown in Table H.l.

Table H.l Sheet resistivity and thickness of standard sheet (SiO)

Material Sheet Resistivity, p, 
(Q.cm)

Thickness
(cm)

K value

Si 0.8-3.5 A 1.54E+00 5.36E-02 4.22E-01
K-TAY 1.43E-02 7.24E-02 3.04E+00

Si 10-28A 4.59E+01 5.35E-02 3.55E+00
Average 3.62E+00
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Table H.2 Determination of K factor of the constructed four point probe meter 
Condition:

Temperature 26-28°C
Relative humidity 46-47%
Press 1 atm

Standard
(raA) (mV)

K Standard
(mA)

V (mV) K

Si 0.8-3.5 A

6.27 40.90 4.40E+00

K-TAY

24.4 1.6 3.00E+00
13.26 83.20 4.58E+00 31.5 2.1 2.96E+00
25.70 162.60 4.54E+00 32.4 2.1 3.04E+00
30.70 202.00 4.36E+00 36 5 2.3 3.13E+00
35.60 235.00 435E+00

Average 4.22E-01 Average 3.04E+00
SD 1.05E-01 SD 7.22E-02

Standard
(mA) (mV)

K Standard
(mA)

V (mV) K

Si 10-28A

0.17 44.30 3.29E+00

Si 10-28A

0.364 97.7 3.20E+00
0.239 56.10 3.66E+00 0.369 99 3.20E+00
0.311 70.10 3.81E+00 0.38 101 3.23E+00
0.39 87.50 3.80E+00 0.368 101.1 3.12E+00
0.50 97.90 4.34E+00 0.44 116.5 3.24E+00

Average 3.88E+00 Average 3.20E+00
SD 3.76E-01 SD 4.56E-02

K value 3.55E+00



101

Appendix I Conductivity measurements

Specific conductivity values of polyaniline pellets and 
polyaniline/zeolite pellets were measured by using the four-point probe under the 
atmospheric pressure, at 65-69 % relative humidity and at 27-28°C. The K value of 
the probe was 3.62 from Appendix H. A thickness gauge was used to measure the 
thickness of pellets. The data of conductivity measurement are shown in Table 1.1, 
Table 1.2 and Table 1.3, respectively as follow Equation 1.1

where a  = specific conductivity (S/cm.)

I = current (A)
K = geometric correction factor 
V = voltage drop (V) 
t = pellet thickness (cm).



Table 1.1 Raw data of conductivity measurement of PANI-HC1 in air
HCl-doped PANI Supplied 

Voltage (V) Current (mA) Voltage drop (mV) a (S/cm)
N a / N eb

Thickness (cm) 1 2 1 2 1 2 1 2
0.2 (1)0.01559 13.5 13.4 2.00E-04 3.00E-04 304 569 1.17E-05 9.48E-06

(2)0.01536 24.4 20.1 4.00E-04 4.00E-04 622 781 1.14E-05 9.21E-06
40.0 27.3 7.00E-04 6.00E-04 1026 1130 1.21E-05 9.55E-06
45.4 36.0 8.00E-04 8.00E-04 1178 1431 1.20E-05 1.01E-05
51.7 45.2 9.00E-04 1.00E-03 1409 1859 1.13E-05 9.67E-06
35.1 28.4 6.00E-04 6.20E-04 9080 1150 1.17E-05 9.59E-06

0.5 (1)0.01287 6.6 8.9 1.23E-02 1.33E-02 876 777 3.01E-04 3.72E-04
(2) 0.01270 8.5 10.4 1.60E-02 1.57E-02 1142 915 3.01E-04 3.73E-04

14.4 12.3 2.84E-02 1.91E-02 1975 1112 3.09E-04 3.74E-04
17.0 14.8 3.37E-02 2.34E-02 2345 1359 3.08E-04 3.75E-04
19.8 17.1 4.06E-02 2.74E-02 2815 1585 3.10E-04 3.76E-04
11.2 14.7 2.07E-02 2.33E-02 1290 1410 3.43E-04 3.56E-04

1.0 (1)0.01521 9.4 5.9 2.87 2.59 770 1046 6.77E-02 5.83E-02
(2) 0.01173 11.6 7.4 3.53 3.32 942 1334 6.81E-02 5.86E-02

13.3 9.6 3.58 4.31 960 1726 6.77E-02 5.88E-02
16.9 13.1 4.49 5.68 1188 2195 6.86E-02 6.09E-02
21.1 14.9 5.88 6.12 1564 2365 6.83E-02 6.09E-02
10.8 53.5 2.76 1.63 1240 912 4.04E -02 4 .19E -02



HCl-doped PANI Supplied 
Voltage (V) Current (mA) Voltage drop (mV) CT (S/cm)

Na/Neb Thickness (cm) 1 2 1 2 1 2 1 2
2.0 (1)0.01277 2.91 1.841 9.85 7.82 69.00 60 3.09E+00 2.94E+00

(2)0.01224 3.31 2.31 11.55 10.1 86.00 75 2.91E+00 3.04E+00
3.56 2.8 13.94 13.39 102.00 98 2.96E+00 3.08E+00
3.55 2.77 17.20 16.2 127.00 117 2.93E+00 3.12E+00
3.77 3.13 20.10 22.7 147.00 163 2.96E+00 3.14E+00
3.55 3.28 7.77 9.58 8.18E+01 96.7 2.05E+00 2.23E+00

4.0 (1)0.0127 1.95 0.43 7.75 5.82 48 33 3.51E+00 3.70E+00
(2) 0.01316 2.41 0.54 8.25 6.17 50 35 3.59E+00 3.70E+00

3.10 1.00 9.5 6.87 57 38 3.63E+00 3.79E+00
3.51 1.50 12.04 8.71 72 47 3.64E+00 3.89E+00
3.86 2.50 14.45 10.22 85 54 3.70E+00 3.97E+00
3.10 0.93 10.0 10.5 83.7 38 2.60E+00 3.32E+00

5.0 (1)0.01335 1.48 1.28 6.27 7.60 36 48 3.60E+00 3.17E+00
(2)0.01381 2.61 1.59 8.70 8.88 47 54 3.83E+00 3.29E+00

3.26 1.93 11.42 10.14 61 62 3.87E+00 3.27E+00
3.47 2.66 12.02 13.15 64 79 3.89E+00 3.33E+00
3.76 3.56 13.34 18.80 70 110 3.94E+00 3.42E+00
3.26 1.93 11.42 10.14 61 62 3.19E+00 2.54E+00



HCl-doped PANI Supplied 
Voltage (V) Current (mA) Voltage drop (mV) a (S/cm)

Na/Neb Thickness (cm) 1 2 1 2 1 2 1 2
10.0 (1)0.01362 0.68 0.62 10.47 11.64 53 61 4.01E+00 3.80E+00

(2)0.01388 0.79 0.76 11.22 13.70 57 72 3.99E+00 3.79E+00
1.08 0.93 12.60 16.41 63 84 4.06E+00 3.89E+00
1.53 1.13 14.50 18.20 73 93 4.03E+00 3.89E+00
1.44 1.10 16.20 20.30 79 105 4.16E+00 3.85E+00
1.08 1.13 12.6 16.41 63 84 3.01E+00 2.75E+00

20.0 (1)0.01288 0.62 0.53 12.50 11.9 63 55 4.26E+00 4.68E+00
(2) 0.01278 0.73 0.62 14.45 13.7 72 64 4.30E+00 4.63E+00

0.96 0.80 18.59 17.2 91 78 4.38E+00 4.76E+00
0.91 0.93 20.50 19.4 100 87 4.40E+00 4.82E+00
1.10 0.85 24.60 21.3 120 96 4.40E+00 4.80E+00
0.96 0.80 18.59 17.2 91 78 3.22E+00 3.42E+00



Table 1.2 Raw data of conductivity measurement of PANI-MA in air

HCl-doped PANI Supplied 
Voltage (V) Current (mA) Voltage drop (mV) (S/cm)

Na/Nhb Thickness (cm) 1 2 1 2 1 2 1 2
0.2 (1) 1.41E-02 77.9 95.9 4.00E-04 4.00E-04 1078 1068 7.25E-06 7.47E-06

(2) 1.39E-02 112.2 136.0 6.00E-04 6.00E-04 1569 1558 7.47E-06 7.68E-06
145.6 181.5 8.00E-04 8.00E-04 2035 2095 7.68E-06 7.62E-06
160.9 174.0 9.00E-04 9.00E-04 2245 2325 7.83E-06 7.72E-06
185.0 194.0 1.00E-03 1.00E-03 2615 2585 7.47E-06 7.72E-06
145 181.5 8.00E-04 8.00E-04 2035 2095 7.59E-06 7.73E-06

0.5 (1) 1.51E-02 58.3 23.3 2.06E-02 7.00E-03 5875 2085 6.42E-05 6.19E-05
(2) 1.50E-02 62.2 29.8 2.21E-02 9.00E-03 6315 2735 6.41E-05 6.06E-05

65.8 36.0 2.34E-02 1.08E-02 6705 3355 6.39E-05 5.93E-05
69.1 39.3 2.45E-02 1.20E-02 7035 3755 6.38E-05 5.89E-05
71.1 44.3 2.55E-02 1.37E-02 7325 4315 6.38E-05 5.85E-05
65.8 36.0 2.34E-02 1.08E-02 6705 3355 6.39E-05 5.91E-05

1.0 (1) 1.19E-02 4.89 4.29 0.69 0.67 421 361 3.79E-02 3.85E-02
(2) 1.34E-02 6.29 6.79 0.99 1.31 613 689 3.73E-02 3.92E-02

7.01 10.73 1.21 2.31 737 1214 3.81E-02 3.93E-02
9.24 11.61 1.64 2.60 998 1365 3.81E-02 3.94E-02
16.07 15.57 3.34 3.67 1962 1918 3.94E-02 3.96E-02
7.01 10.73 1.21 2.31 737 1214 3.86E-02 3.96E-02



HCl-doped PANI Supplied 
Voltage (V) Current (mA) Voltage drop (mV) a (S/cm)

N a/N eb Thickness (cm) 1 2 1 2 1 2 1 2
2.0 (1) 1.21E-02 10.06 5.66 10.72 4.36 291 205 8.41E-01 4.65E-01

(2) 1.26E-02 11.85 7.17 14.03 6.65 375 310 8.54E-01 4.69E-01
13.09 8.90 16.63 9.30 443 431 8.57E-01 4.72E-01
15.3 12.61 21.10 15.87 560 735 8.60E-01 4.72E-01

16.71 14.18 24.20 19.36 636 898 8.69E-01 4.72E-01
13.09 8.90 16.63 9.30 443 431 8.61E-01 4.68E-01

4.0 (1) 1.18E-02 6.16 14.87 11.4 22.4 191 415 1.40E+00 1.37E+00
(2) 1.09E-02 12.86 15.45 26.2 23.9 440 442 1.40E+00 1.37E+00

13.58 16.74 30.5 27.0 516 494 1.39E+00 1.39E+00
13.85 19.08 34.4 34.1 580 625 1.39E+00 1.39E+00
15.09 19.51 37.5 36.5 631 666 1.39E+00 1.39E+00
13.58 16.74 30.5 27.0 516 494 1.40E+00 1.39E+00

5.0 (1) 1.02E-02 2.10 1.99 29.4 28.2 185 188 4.32E+00 4.47E+00
(2) 9.28E-03 2.30 2.3 34.1 32.4 213 215 4.35E+00 4.49E+00

2.49 2.48 37.9 34.8 238 231 4.33E+00 4.48E+00
2.60 - 40.7 - 254 - 4.35E+00 -
2.77 - 44.6 - 278 - 4.36E+00 -
2.49 2.48 37.9 34.8 238 231 4.34E+00 4.48E+00



HCl-doped PANI Supplied 
Voltage (V) Current (mA) Voltage drop (mV) a (S/cm)

Na/Neb Thickness (cm) 1 2 1 2 1 2 1 2
10.0 (1) 9.52E-03 1.39 2.9 5.95 21.0 45 133 3.84E+00 4.26E+00

(2) 1.02E-02 1.56 4.0 8.16 26.0 61 164 3.88E+00 4.28E+00
1.67 5.9 9.36 34.1 68 215 3.99E+00 4.28E+00
1.91 6.7 11.62 36.7 84 228 4.01E+00 4.35E+00
2.23 7.3 13.52 39.7 97 247 4.04E+00 4.34E+00
1.67 5.9 9.36 34.1 68 215 4.00E+00 4.32E+00

20.0 (1) 1.01E-02 0.36 0.446 3.93 4.51 23.1 26.2 4.64E+00 4.43E+00
(2) 1.07E-02 0.47 0.716 5.30 7.92 31.0 46.1 4.67E+00 4.43E+00

0.61 0.997 7.10 11.59 41.6 67.5 4.66E+00 4.42E+00
1.00 1.396 12.99 20.70 76.5 121.9 4.63E+00 4.37E+00
1.35 1.566 18.73 24.50 110.3 144 4.63E+00 4.38E+00
0.61 0.997 7.10 11.59 41.6 67.5 4.63E+00 4.40E+00



Table 1.3 Raw data of conductivity measurement of polyaniline/zeolite 4A composite in air

%Zeolite
(พ/พ) Composition Thickness

(cm)
Supplied 

Voltage (V)
Current

(mA)
Voltage drop 

(mV) (S/cm)PANI-10MA (g) Zeolite 4A (g)
0.00 0.0750 0(1) 9.52E-03 1.98E+00 1.16E+01 8.36E+01 4.00E+00

0(2) 1.02E-02 6.24E+00 3.67E+01 2.29E+02 4.32E+00
0(3) 1.04E-02 2.49E+00 4.55E+01 2.72E+02 4.45E+00

1.00 0.0693 0.00075(1) 1.08E-02 5.00E+00 1.70E-02 1.02E-02 4.16E+00
0.00075(2) 1.24E-02 6.50E+00 2.23E-02 9.77E-02 5.23E+00

5.00 0.0663 0.00375(1) 1.18E-02 5.00E+00 1.57E-02 1.12E-02 3.42E+00
0.00375(2) 1.13E-02 5.10E+00 1.61E-02 9.77E-02 3.97E+00

10.00 0.0625 0.0075 (1) 1.17E-02 5.00E+00 1.58E-02 9.28E-02 4.03E+00
0.0075 (2) 1.17E-02 5.00E+00 1.70E-02 1.17E-01 3.27E+00
0.0075 (3) 1.26E-02 6.50E+00 1.72E-02 1.22E-02 3.14E+00

20.00 0.0550 0.015 (1) 1.13E-02 5.00E+00 1.48E-02 2.05E-01 1.71E+00
0.015 (2) 1.10E-02 5.00E+00 1.28E-02 1.42E-01 2.16E+00



%Zeolite
(พ/พ) Composition Thickness

(cm)
Supplied 

Voltage (V)
Current

(mA)
Voltage drop 

(mV) (S/cm)PANI-10MA (g) Zeolite 4A (g)
30.00 0.7275 0.0225 (1) 1.30E-02 1.36E+01 6.82E-03 1.11E-01 1.27E+00

0.0225 (2) 1.30E-02 1.74E+01 9.80E-03 1.66E-01 1.23E+00

40.00 0.7200 0.0300 (1) 1.30E-02 1.49E+01 4.92E-03 1.50E-01 6.83E-01
0.0300 (2) 1.30E-02 2.16E+01 1.68E-03 5.10E-02 6.61E-01
0.0300 (3) 1.30E-02 4.20E+00 8.50E-03 2.75E-01 6.50E-01

50.00 0.7125 0.0375 (1) 1.30E-02 1.56E+01 3.18E-03 1.40E-01 4.73E-01
0.0375 (2) 1.30E-02 1.59E+01 3.1 IE-03 1.59E-01 4.08E-01
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Appendix J Sensitivity measurement (Act)

S e n s i t iv i ty  m e a s u r e m e n ts  o f  p o ly a n i l in e  a n d  p o ly a n i l in e - 1 0 M A /z e o l i t e  
p e l le ts  w e r e  c a r r ie d  b y  u s in g  th e  f o u r  p o in t  p r o b e  a t  v a r io u s  C O /N 2 c o n c e n t r a t io n s  
u n d e r  th e  p r e s s u r e  g u a g e  o f  1 a tm , 6 5 - 6 9 %  r e la t iv e  h u m id i ty  a n d  2 6 - 2 8 ° C . T h e  

th ic k n e s s  o f  p e l le t s  w a s  m e a s u r e d  b y  a  th ic k n e s s  g a u g e . S e n s i t iv i ty  (A ct)  w a s  
c a lc u la te d  b y  th e  f o l lo w in g  E q u a tio n :

A ct =  ๐'G 0-^FinalN 2 ( J - l )

w h e re ;  A ct =  S e n s i t iv i ty  (S /c m )

CTco =  S p e c i f ic  c o n d u c t iv i ty  in  C O  ( S /c m )

CT Final N2 -  S p e c i f ic  c o n d u c t iv i ty  in  n i t r o g e n  a f te r  th e  lo w e s t  C O  
c o n c e n t r a t io n  e x p o s u r e  ( S /c m ) .

T h e  d a ta  o f  s e n s i t iv i ty  m e a s u r e m e n t  o f  a c id - d o p e d  p o ly a n i l in e  a re  
s h o w n  in  th e  T a b le  J . l  - T a b le  J .4 .  T h e  d a ta  o f  s e n s i t iv i ty  m e a s u r e m e n t  o f  
p o ly a n i l in e /z e o l i te  A  c o m p o s i te s  a r e  s h o w n  in  th e  T a b le  J .5  - T a b le  J .9 .
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Table J .l  Sensitivity measurement data of HCl-doped polyaniline at
SAMPLE NAME 
THICKNESS (cm) 
K-PROBE
^ap p lied  ( V )

PANI-1.0HC1, #1 
0.01521
3.62
19

INITIAL Gair (S/cm) 
INITIAL Gn2 (S/cm) 
FINAL GN 2 (S/cm)

: 3.70E+00 
: 2.98E+00 
: 2.62E+00

Na/Neb-  1-0

CO cone.(ppm) ^ v a c O c o ^ CO  — C >N 2fm al

1000.00 2.98E+00 3.23E+00 6.06E-01
500.00 2.98E+00 3.06E+00 4.39E-01
250.00 2.88E+00 2.92E+00 2.96E-01
125.00 2.81E+00 2.87E+00 2.48E-01
62.50 2.78E+00 2.83E+00 2.10E-01
31.25 2.73E+00 2.79E+00 1.61E-01
15.63 2.73E+00 2.74E+00 1.13E-01
7.81 2.68E+00 2.72E+00 9.60E-02

SAMPLE NAME 
THICKNESS (cm) 
K-PROBE
^applied ( V )

PANI-1.0HC1, #3
0.01483
2.941
15.6

INITIAL
INITIAL
FINAL

air (S/cm) 
N2 (S/cm) 

(S/cm)

4.33E+00
3.30E+00
2.70E+00

CO cone.(ppm) v ac CO C O  “ N 2 fm a l

1000.00 3.30E+00 3.59E+00 8.90E-01
500.00 3.30E+00 3.35E+00 6.50E-01
250.00 3.10E+00 3.11E+00 4.14E-01
125.00 2.92E+00 2.95E+00 2.50E-01
62.50 2.86E+00 2.84E+00 1.38E-01
31.25 2.84E+00 2.87E+00 1.70E-01
15.63 2.81E+00 2.83E+00 1.34E-01
7.81 2.75E+00 2.76E+00 5.80E-02
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S A M P L E  N A M E  
T H I C K N E S S  (c m )
K - P R O B E
Vapplied ( V )

P A N I-1 .0H C 1 , #6  
0 .0 1 4 8 3
3 .6 2
1 9 .8

INITIAL a air (S/cm) : 4.36E-02
INITIAL GN2 (S/cm) : 3 •19E-°2
FINAL CfN2 (S/cm) : 2.75E-02

C O  c o n e .( p p m ) ^7 vac °co CTco “ t7N2final

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

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

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

Table J.2 S e n s i t iv i ty  m e a s u r e m e n t  d a t a  o f  H C l- d o p e d  p o ly a n i l in e  a t  Na/Neb = 10.0

S A M P L E  N A M E  
T H I C K N E S S  (c m )  
K - P R O B E  
V a p p l ie d  (V )

P A N I-1 0 .0 H C 1 , #1  I N I T I A L  a air ( S /c m )  : 1 .4 5 E + 0 0
0 .0 1 3 1 6  I N I T I A L  G N2( S /c m )  : 8 .7 0 E -0 1
3 -6 2  F I N A L  a N2 ( S /c m )  : 6 .2 0 E -0 1
5

C O  c o n e .( p p m ) G vac tfco A g =  CTCo -ON2final

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

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

7 .8 1 6 .2 0 E -0 1 6 .2 4 E -0 1 4 .0 0 E - 0 3
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S A M P L E  N A M E  
T H I C K N E S S  (c m )  
K - P R O B E  
Y a p p  l ie d  (V )

P A N I-1 0 .0 H C 1 , # 2
0 .0 1 3 8 8
2 .9 4 1
6

I N I T I A L  CTair (S /c m )  
I N I T I A L  <JN2 ( S /c m )  
F I N A L  CTN2 (S /c m )

C O  c o n e .( p p m ) Cl vac ° c o A g =  Gco “ C7N2final

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

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

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

S A M P L E  N A M E  
T H I C K N E S S  (c m )  
K - P R O B E  
V a p p l ie d  (V )

P A N I-1 0 .0 H C 1 , # 5
0 .0 1 2 3 9
3 .6 2
7

I N I T I A L  G air ( S /c m )  
I N I T I A L  CTN2 ( S /c m )  
F I N A L  CTN2 ( S /c m )

C O  c o n e .( p p m ) G  vac ° c o A c j=  Geo ” CJN2final

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

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

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

3 .2 0 E + 0 0
1 .9 3 E + 0 0
1 .6 1 E + 0 0

2 .6 5 E + 0 0
1 .5 2 E + 0 0
1 .4 1 E + 0 0
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Table J.3 Sensitivity measurement data of MA-doped polyaniline at Na/Neb =1.0
S A M P L E  N A M E  
T H I C K N E S S  (c m )  
K - P R O B E  
V a p p l ie d  (V )

P A N I - 1 .0 M A , #1  i n i t i a l  CTair ( S /c m )  : 1 .7 7 E -0 2
0 .0 1 2 3  I N I T I A L  CTN2( S /c m )  : 5 .8 5 E -0 3
3 -6 2  F I N A L  a N2 ( S /c m )  : 4 .3 4 E - 0 3
2 0 .3

C O  c o n e .( p p m ) O'vac O co A c i := (Tco “ ON2final

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

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

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

S A M P L E  N A M E  
T H I C K N E S S  (c m )  
K - P R O B E  
V a p p l ie d  (V )

P A N I - 1 .0 M A , # 2  I N I T I A L  a air ( S /c m )  : 6 .4 2 E - 0 2

0 .0 1 3 6  I N I T I A L  CJN2 ( S /c m )  : 1 .8 2 E -0 2
3 .6 2  F I N A L  CTN2 ( S /c m )  ะ 1 .4 7 E -0 2
16

C O  c o n e .( p p m ) Ovac O co A c j=  O co ” ON2final

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

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

7 .8 1 1 .4 6 E -0 2 1 .5 3 E -0 2 6 .5 0 E - 0 4
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S A M P L E  N A M E  
T H I C K N E S S  (c m )
K - P R O B E  
V a p p l ie d  (V )

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

PANI-1.0MA, #3 INITIAL C7air (S/cm) : 5.01E-02
INITIAL a N2 (S/cm) : 2.07E-02
FINAL ctN2 (S/cm) : 1-86E-02

C O  c o n e .( p p m ) Ctvac °co CJco “CtN2final
1 0 0 0 .0 0 2 .6 9 E - 0 2 3 .4 7 E - 0 2 1 .6 1 E -0 2

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

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

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

Table J.4 S e n s i t iv i ty  m e a s u r e m e n t  d a ta  o f  M A - d o p e d  p o ly a n i l in e  a t  Na/Neb = 10.0

S A M P L E  N A M E  
T H I C K N E S S  (c m )  
K - P R O B E  
V a p p l ie d  (V )

P A N I - 1 0 .0 M A , #1  i n i t i a l  a air ( S /c m )  : 3 .3 3 E + 0 0
0 .0 0 9 5 2  I N I T I A L  G N2( S /c m )  : 2 .2 7 E + 0 0
3 -6 2  F I N A L  G N 2  ( S /c m )  ะ 1 .7 7 E + 0 0
7 .2

C O  c o n e .( p p m ) G  vac °co CTco “ CN2final

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

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

7 .8 1 1 .8 1 8 1 .8 5 4 8 .4 0 E - 0 2
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S A M P L E  N A M E  
T H I C K N E S S  (c m )  
K - P R O B E  
V a p p l ie d  (V )

0 .0 1 0 2 3
3 .6 2
15

PANI-10.0MA, #2 INITIAL CTair (S/cm)
INITIAL ctn2 (S/cm)
FINAL CN2 (S/cm)

C O  c o n e .( p p m ) O'vac °co A ( J =  Geo ” 0 ’N2final

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

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

7 .8 1 - - -

S A M P L E  N A M E  
T H I C K N E S S  (c m )  
K - P R O B E  
V a p p l ie d  (V )

P A N I - 1 0 .0 M A , # 4
0 .0 0 9 5 2
3 .6 2
5

I N I T I A L  G air ( S /c m )  
I N I T I A L  G N2 ( S /c m )  
F I N A L  G n 2 ( S /c m )

C O  c o n e .( p p m ) O’ vac A g =  Geo -0'N2final

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

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

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

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

4 .2 0 E + 0 0
4 .0 0 E + 0 0
2 .7 9 E + 0 0
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Table J.5 S e n s i t iv i ty  m e a s u r e m e n t  d a ta  o f  P A N I - lO M A / lO Z e o l i t e  4 A
S A M P L E  N A M E : 10 % Z e o l i t e 4 A - 1O M A , 

# 3
I N I T I A L  (Tair ( S /c m )

T H I C K N E S S  (c m ) : 0 .0 1 2 5 P R E E X P O S E  a N2 (S /c m )
K - P R O B E : 2 .9 4 1 F I N A L  ( I n 2  ( S /c m )
V a p p l ie d  (V ) : 7 .7 %  I N I T I A L  M O I S T U R E

: 1 .6 4 E + 0 0

: 1 .5 3 E + 0 0  
: 1 .2 0 E + 0 0  
: 4 .7 5

C O  c o n e .( p p m ) Ovac °co Acy=  CTco "CJN2final

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

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

S A M P L E  N A M E : 10 % Z e o l i t e 4 A - 10 M A # 5  I N I T I A L  a air (S /c m ) : 2 .0 6 E + 0 0
T H I C K N E S S  (c m ) : 0 .0 1 P R E E X P O S E  CJN2 (S /c m ) : 1 .8 0 E + 0 0
K - P R O B E : 3 .2 6 F I N A L  G n 2 ( S /c m ) : 1 .0 5 E + 0 0
V a p p l ie d  (V ) : 1 % I N I T I A L  M O I S T U R E ะ 2 7

C O  c o n e .( p p m ) O'vac ^co Â G — G co ” CtN2final

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

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

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

: 2.05E+00

C O  c o n e .( p p m ) O’vac °co A g =  G eo  “C^N2final
1 0 0 0 .0 0 - - - 5 .9 2 E -0 1

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

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

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

T H I C K N E S S  (c m )  
K - P R O B E  
V a p p l ie d  (V )

SAMPLE NAME : 10 % Z e o l i t e 4  A - 1O M A , 
#6
: 0.01 
ะ 2 .9 4 1  
: 10

I N I T I A L  CTair ( S /c m )  

P R E E X P O S E  CTN2 ( S /c m )

F I N A L  G N2 ( S /c m )
%  I N I T I A L  M O I S T U R E

Table J .6  S e n s i t iv i ty  m e a s u r e m e n t  d a ta  o f  P A N I - 1 0 M A /2 0 Z e o l i t e  4 A

S A M P L E  N A M E : 2 0 % Z e o l i t e 4 A - 1 O M A , 
# 5 I N I T I A L  G air ( S /c m ) : 1 .9 0 E + 0 0

T H I C K N E S S  (c m ) : 0 .0 1 1 1 P R E E X P O S E  G N2 (S /c m ) : 1 .6 0 E + 0 0
K - P R O B E : 3 .6 2 F I N A L  g N 2  ( S /c m ) : 1 .2 3 E + 0 0
Vapplied (V ) : 10 %  I N I T I A L  M O I S T U R E : 4 .7 5

C O  c o n e .( p p m ) Svac <บิ0 A g =  G co "CTN2final
1 0 0 0 .0 0 1 .4 1 3 1 .4 9 5 2 .6 6 E -0 1

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

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

: 6.89E-01

C O  c o n e .( p p m ) Svac ° c o A a =  CJco " 0 ’N2final

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

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

: 20%Zeolite4A-10MA, „ 1™TAT ,0 , .SAMPLE NAME \ r  INITIAL (7air (S/cm)
T H I C K N E S S  (c m ) : 0 .1
K - P R O B E : 2 .9 4 1
V a p p l ie d  (V ) : 10

P R E E X P O S E  CTn2 ( S /c m )

F I N A L  CTN2 ( S /c m )
%  I N I T I A L  M O I S T U R E

Table J.7 S e n s i t iv i ty  m e a s u r e m e n t  d a ta  o f  P A N I - 10 M A /4 0 Z e o l i t e  4 A

S A M P L E  N A M E : 4 0 % Z e o l i t e 4 A - 10 M A , 
#1 I N I T I A L  <7air ( S /c m ) : 3 .3 7 E -0 1

T H I C K N E S S  (c m ) : 0 .0 1 3 P R E E X P O S E  ÜN2 ( S /c m ) : 1 .5 5 E -0 1
K - P R O B E ะ 3 .6 2 F I N A L  a N2 ( S /c m ) : 1 .0 6 E -0 1
V a p p l ie d  (V ) : 8 %  IN IT IA L . M O I S T U R E : 4 .7 5

C O  c o n e .( p p m ) CJvac d c o A d — CTco *dN2final
1 0 0 0 .0 0 0 .1 1 2 0 .1 3 8 3 .2 0 E - 0 2

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

6 2 .5 0 0 .1 0 7 0 .1 2 4 1 .8 0 E -0 2
3 1 .2 5 0 .1 0 3 0 .1 1 2 6 .0 0 E - 0 3
1 5 .6 3 0 .1 0 4 0 .1 1 6 1 .0 0 E -0 2
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S A M P L E  N A M E

T H I C K N E S S  (c m )  
K - P R O B E  
V a p p l ie d  (V )

: 0 .0 1 1 9 6  P R E E X P O S E  a N2( S /c m )  : 3 .2 2 E -0 1
: 3 .6 2  F I N A L  CJN2 ( S /c m )  ะ 2 .0 5 E -0 1
: 8 %  I N I T I A L  M O I S T U R E  : 4 .7 5

: 40%Zeolite4A-10MA, ,11TTT1 . T _  ,.-1, ,  - „ 1^  ’ INITIAL a air (S/cm) : 5.05E-01

C O  c o n e .( p p m ) Oyac C5co “ Ĉ N2final

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

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

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

Table J.8 S e n s i t iv i ty  m e a s u r e m e n t  d a t a  o f  P A N I - 1 0 M A /2 0 Z e o l i t e  3 A

S A M P L E  N A M E

T H I C K N E S S  (c m )  
K - P R O B E  
V a p p l ie d  (V )

A > 0 % Z e o li te 3 A -1 0 M A , I N I T I A L  C air ( S /c m )  : 1 .8 2 E + 0 0

: 0 .0 1 2  P R E E X P O S E  G N2 ( S /c m )  ะ 1 .6 4 E + 0 0
: 3 .6 2  F I N A L  a N2 ( S /c m )  :1 .3 9 E + 0 0
: 8 « /(.IN IT IA L  M O I S T U R E  : 4 .7 5

C O  c o n e .( p p m ) O' vac tfc o O co "C^N2final

1 0 0 0 .0 0 1 .521 1 .5 8 4 1 .9 4 E -0 1
5 0 0 .0 0 1 .491 1 .5 5 7 1 6 7 E -0 1
2 5 0 .0 0 1 4 6 9 1 .5 5 5 1 .6 5 E -0 1
1 2 5 .0 0 1 .4 5 7 1 .5 4 6 1 .5 6 E -0 1

6 2 .5 0 1 .4 5 4 1 .5 1 3 1 .2 3 E -0 1
3 1 .2 5 1 .4 2 7 1 .4 8 5 9 .5 4 E - 0 2
1 5 .6 3 1 .4 1 6 1 .4 5 0 6 .0 0 E - 0 2
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S A M P L E  N A M E

T H I C K N E S S  (c m )  
K - P R O B E  
V a p p l ie d  (V )

: 0 .0 1 1 1  P R E E X P O S E  CIN2( S /c m )  : 2 .2 0 E + 0 0
: 3 .6 2  F I N A L  a N2 ( S /c m )  : 2 .0 5 E + 0 0
: 10  % I N I T I A L  M O I S T U R E  : 4 .7 5

: 20%Zeolite3A-10MA, „ TAT ^  /c , , 171,1,,^  INITIAL Gair (S/cm) : 2.59E+00

C O  c o n e .( p p m ) Gvac tfco A c r=  ( T c o  - CtN2final

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

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

Table J.9 S e n s i t iv i ty  m e a s u r e m e n t  d a ta  o f  P A N I - 1 0 M A /2 0 Z e o l i t e  5 A

S A M P L E  N A M E

T H I C K N E S S  (c m )  
K - P R O B E  
V a p p l ie d  (V )

: 2 0 % Z e o l i t e 5 A - 1O M A , 
#1
ะ 0.0112 
: 3 .6 2  
: 8

I N I T I A L  a air ( S /c m )  

P R E E X P O S E  ctn2 ( S /c m )

F I N A L  CTn 2  ( S /c m )
%  I N I T I A L  M O I S T U R E

: 1 .3 2 E + 0 0

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

C O  c o n e .( p p m ) Ovac A o ^  CJqo “ 0'N2final

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

6 2 .5 0 0 .6 8 0 0 .7 5 8 2 .2 6 E -0 1
3 1 .2 5 0 .6 8 6 0 .7 3 2 2 .0 0 E - 0 1
1 5 .6 3 0 .5 7 9 0 .6 5 0 1 .1 8 E -0 1
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S A M P L E  N A M E

T H I C K N E S S  (c m )  
K - P R O B E  
Y a p p  l ie d  (V )

: 2 0 % Z e o l i te 5 A - 1 0 M A , 
#2
: 0.01101 
: 2 .9 4 1  
: 8

I N I T I A L  (7air ( S /c m )  

P R E E X P O S E  CTn2 ( S /c m )

F I N A L  <Tn 2  ( S /c m )  
% IN IT L A L  M O I S T U R E

C O  c o n e .( p p m ) O'vac ° c o A(5=  O co  ” C5'N2final
1 0 0 0 . 0 0 1 .2 5 4 1 .3 2 8 4 .5 8 E -0 1

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

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

: 1 .7 1 E + 0 0

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