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APPENDICES
Appendix A Elemental analysis data of acid-coped polyaniline

Elemental analyzer determined the weight percent of C, H, and Nin
the undoped, HCI-doped and MA-doped polyaniline by various acid-emeraldine base
mole ratios. Raw data and calculated data (%0, %C1 and %oxidant) are shown in
Table Al

Table A1 Raw data and calculated data of acid doped polyaniline

Raw data Calculated data
%TGA %0 %0 OCL  Yoxidant

e oo UH e VA e dopant  dopant  [sos

es 379 5306 14177 400 3.556 - 3172
02HC1 71676 4965 13806 500 444 - 1% 317
05HCI 67403 4615 13806 500 4.44 - 6.56 317
10HCL 62033 4394 11840 105 889 - 9.67 317
20HCL 59054 4471 1118 105 889 - 1328 317
40HCL 58863 4460 11081 105 889 - 135 3l
50HCL 58509 4445 11100 1025 8.89 - 1389 317
100HC1 58461 4433 11175 105 8.39 - 1387 3l
200HC1 58668 4209 11078 105 889 - 1398 317
02MA 71357 4652 13318 475 4.22 328 - 317
05MA 67699 5199 12001 475 4.2 11 - 317
10MA 63358 5070 10450 475 4.22 13.73 - 317
20MA 60392 4573 8768 475 4222 18871 - 317
40MA 60498 4545 8583 475 4222 1898 - 317
50MA 60484 4499 8491 475 4.22 1913 - 317
100MA 6099 3903 8669 475 4.2 19.04 - 317

200MA 60570 3149 8763 475 42 2012 - 317
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The apparent doping levels were calculated by using Equation A.1and
they are shown in Tables A.3 and A 5.

%Apparent Doping level = [H+Jacid/[N] x 100 (A1)

To find the [H+] of acid dopant, firstly, the % 0 of water molecules in emeraldine
base was determined by calculating % weight loss of water from TGA data.

%0, H20 = %Weight loss of water xMolecular weight of oxygen (A.2)
Molecularweight of water

Secondly, the %oxidant was determined from undoped polyaniling following
Equation A.3. This value is a constant used in calculating %C1 from Equation A 4.

h0xidant = 100 - Y- %6 - %N - (% 0EB, H20) (A3)
Then, the %CL in the HCI-doped polyaniline samples was calculated as follows.

1 = 100 - YC- 961 - %N - % Oxidant, (from Al)
-%0, H20, (from TGA) (A4)
The percentage of each element was converted to mole ratio in order to calculate
doping level by using Equation A.5. The results are shown in Table A.2

Mole ratio = %Element x PANI-repeating unit (A.5)
100 x Molecular weight.

where, PANI- repeatlng unit = 362 g /mole,
e. [C] = /(Cx 362 g/mole
100 x 12 g/mole
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Table A2 Mole ratio of each element of PANI-HCL powder

Sample [C] [H] [N] [C1-]=[H+] [Oxidant]

EB 22.26 19.20 3.67 - -
0.2HC1 21.62 17.97 3.57 0.20 0.1
0.5HCL 20.33 16.71 3.57 0.67 0.1
1.0HC1 18.71 1591 3.06 0.99 0.1
2.0HC! 1781 16.19 2.88 1.35 0.1
4.0HC1 17.76 16.15 2.87 1.38 0.1
5.0HCL 17.65 16.09 2.87 1.42 0.1
10.0HC1 17.64 16.05 2.89 141 0.1
20.0HC1 17.70 15.24 2 86 143 0.1

Because the aniline has 1nitrogen atom per molecule, the mole ratio of each element
normalized to nitrogen was calculated by dividing mole ratios of each with mole
ratio of nitrogen. The chemical structures of PANI-HC1 and % apparent doping level
are shown in Table A.3.

Table A3 Chemical structure of PANI-HC1 powder and apparent doping level
% Apparent doping level,

Sample name Composition % [H4]/[N]
EB625 0 .1HeaN1H20)02 0
0.2HC1 Q .1H44N 1a(H 20)028(HC1)a0653 5.53
0.5HC1 CssHaoN 10(H20 ) 028(HC1)0.874 18.74
1.0HC1 C B1H 36N LH 20 ) 066(HCL)0322L 3221
2.0HC1 CozHaeN 10o(H20 ) aTo(HC1)odTai 41.01
4.0HC1 CooHaaN 1d(H20)aTo(HC1)ad8l7 48.17
50HCL  CoaHsaN 1o{Hz0)oroHC 1)ausss 49.33
10.0HC1 CoaHaaN 1(H20)aToHC 1)ad8®% 48.95
20.0HC1 CéaHaaN 1o(H20 ) oTo(HC 1)adoT8 49.78

The apparent doping level of MA-doped polyaniline (PANI-MA) was
determined by calculating % O, C4H304' following Equation A.s.

(% 0, C4H30T) = 100 - %C - %H - %N -%Oxidant (from Al)
-%0, H2 (from TGA) (A.s)
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The percentage of each element of PANI-MA was converted to mole
ratio by using Equation A.5. This result is shown in Table A.4. The chemical
structures of PANI-MA powder and resulting doping levels were calculated from
Equation A.l as shown in Table A.5.

Table A4 Mole ratio of each element of MA-doped polyaniline powder

Sample

EB
0.2MA
0.5MA
1.0MA
2.0MA
4.0MA
5.0MA
10.0MA
20 OMA

[C]
22.26
21.53
2042
19.11
18.22
18.25
18.25
18.40
18.27

[H] N] [01]
19.20 3.67

16.84 3.44 0.22
18.82 3.0 0.56
18.35 2.10 115
1655 2.21 188
16.45 2.22 1.93
16.29 2.20 197
14.13 2.4 1.92
11.40 2.21 2.01

[H4]=[04]/4

0.0538
0.1405
0.2873
0.4708
0.4837
0.4929
0.4804
05023

[Oxidant]
01
0.1
01
0.1

0.1
0.1

0.1

Table A5 Chemical structure of PANI-MA powder and apparent doping level

Sample name

EB625
0.2MA
0.5MA
1.oMA
2.0MA
4.0MA
5.0MA
10.0MA
20.0MA

Composition

C0.1H4aN 1dH20)a2

CooHaN 1 {H20)a28(CAHA 4)olh
chietd tN1o(H 2070

CosHsaN 1o(H20)a35(CaH402) o7
CozHooN 10{H20)ad2(CAHA0A) ol
CojHaiN 1o(H20)a43(C4HA04 ) ofh
CeaHeaN1,0(H20)0.44(" 4" 04 )oass
£6.3H5.0Ni.o(H20)0.43(CH 04)0.481
Co.iHa5N1o(H20)a42(C4HA04)oTR

Jr(0411404)0.140

%Apparent doping level,

[H]IN]

0

5.38
14.05
28.74
47.08
48.37
49.29
48.04
50.23
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Appendix B FT-IR measurement of acid-doped polyaniline

According to the Beer’s law (Chambell and White, 1989),

Ai = ajbCj (B.I)
where Aj= area ofeach peak
al = absorptivity (cm2/g)
bj = path length (cm)

ci = concentration of emeraldine base in solution (g/cm3)

To obtain the doping level, the amounts of the benzenoid (C=C) to quinoid part
(-N=) in a sample were determined by converting the absorbency of each peak to
concentration by the following equation;

ACO) = alc=o)b(c=)C(c=c) (B.2)
A(-n9 - a<-N=)b(-N=)C(-N=) (B.3)

Therefore the doping level or concentration ratio is

AQCO =  ACO) - a(N=)b(-N=) (B.4)
a9 A(-n) . ac)b(c=)

But the ratio 0f cc=cis unknown. We know the for pure emeraldine hase or

C(-N=)

emeraldine salt, the ratios are equal 55 and 12 respectively. Therefore we used
Equation B.4 under the condition of fully doped emeraldine salt where the left hand
side should be 12 and the right hand side should be A(c=c).r, Where r = a-N=)o(-N=)

A(-n9 S(c=c)b(c=¢)

From experimental, ac=c)values of the last three acid emeraldine ratio were
A(-n9
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averaged and found to be 1.522, therefore r = 0.126828. Now Equation B.4 can be
rewritten:

cc=c) = arc=c) 0.126828 (B.5)
C(\H) A(-ra)

The area of each peak ina FT-IR spectra could be calculated by using the Gaussian’s
Equation as shown in Equation B.s.

Gaussian equation = (I/(SD*((2*(2217))° 5)))*exp(0.5(((x-avg)/SD)2))*area  (B.s)

Then the percentage of doping level could be calculated by using Equation B.7 and
calculated data shown in Table B I.

% Doping level = [X-5.5]x100 (B.7)
[12-5.5]
where, X = Equation B.5
= ) = A(C=C) =0.126828

oy A3



Table B.| Raw data of absorbence area and doping level of PANI-HC1

o Absorbance area (%) X %
Acid ratio g -
A(-n9) A(C=C) AC=C)/ (N  (C(C=CIC(N&)  doping level
EB 21.4 24.4 0.877 6.915 21773
0.2 19.7 22.2 0.887 6.997 23.027
05 21.8 20.6 1.058 8.344 43.754
' 21.4 21.3 1.005 1.922 37.257
10 23.9 19.8 1.203 9.485 61.302
21.6 205 1.054 8.308 43.197
26.0 18.9 1.376 10.847 82.257
e 25.4 188 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
' 26.6 185 1.438 11.337 89.799
28.7 19.6 1.464 11.545 93.007
0 275 185 1.486 11,721 95,700

20.0 28.8 17.6 1.636 12.902 113.881
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Appendix ¢ Crystallinity of acid-doped polyaniline

XRD technique was used to investigate the order and the degree of
crystallinity of polyanilines. The diffraction patterns of the emeraldine base were
typically of an amorphous polymer. On the other hand, all protonic acid doped
polyanilines were semi-crystalline polymers. They were identified as follow: the
crystalline one corresponds to a relative sharp peak, and the amorphous one is visible
as a broad pattern (Lunzy and Banka, 2000). The percentage of crystallinity was
determined from Equation C.I and shown in Figure C.l. Table Gl and C.2 show the
values of crystallinity of HCI-doped and MA-doped polyanilines as determined by
integrating area under assumed Guassian curves, respectively. The effect of
crystallinity on specific conductivity is shown in Table C.3 and Figure C.

% Crystallinity = (Area of crystallinity peak/ Total area) x 100 (C.I)
1000 -
Q00
&00 {
700 4 P
$00 < 0 Crystallinity area
Joo &
00 ® & X l]
300 1 ()
Sk e ﬁ{/v
mg 1 Amorphous area
0 1:] 20 30 +0 30 Lo

2 Thoti

Scheme ¢ .| Integral area of the diffraction patterns of acid-doped polyaniline



Table c. Degree of crystallinity of HCI-doped polyaniline

% Area of Crystallinity position % Area of amorphous % Crystallinit

NalNeb 90,9 20415 20417 2020 2025 2027 2030 20-36 20-19 20-23 2033 © oot
0.2 370 11.09 - 1049 557 - - - 2119 41.96 - 30.85
0.5 484 502 - 9.74 577 311 2ss - 12.26 5334 - 34.40
1.0 6.22 6.69 - 8.07 412 1210 362 4,12 - 55.07 - 44,93
2.0 (1) 565  7.74 - 883 960 1290 490 518 - 1959 2559 54.81
2.0 (2) 806 806 806 10ee 1259 975 - - - 18.13  24.68 57.18
4.0(1) 531 1.52 - 1163 954 1393 424 479 - 2030 22.68 57.02
4.0 (2) 702 569 849 928 1097 928 253 - - 1579 30.95 53.25
5.0(1) 671  7.88 - 914 671 1636 564 350 - 18.65  25.39 55.96
100(1) 739 954 : 807 739 1154 574 343 - 18.69 28.21 53.09
00(2) 529 790 864 1280 1o2x 790 235 : : 1470 30.20 55.10
200 (1) 697 843 - 1115 725 1414 662 294 - 14.64  27.86 57.49
200(2) 448 533 1134 1408 948 579 133 s - 23.14  25.03 51.83



Table c.2 Degree of crystallinity of MA-doped polyaniline

% Area of crystallinity position at 2Theta % Area ofamorphous
Nalleb z0-0, 90.14 2045, 2011000 9005 2027 2030 20-18.9 2023 20-33 h Cryst
0.2 3.11 - 1062 506 651 491 - - 21,34 4178 - 30.88
05 343 - 836 456 846  6.09 411 225 2467 3807 - 37.26
1.0 5.08 - 12.01 - 1283 1044 239 489 524  47.12 - 47.64
2.0 (1) 583  3.05 1208 093 867 679 493 388 - 53.84 - 46.16
2.0 (2) 5.00 - 13.02 - 6.58 5.55 6.20 1.43 8.12 50.73 - 43.77
4.0 (1) 572 380  8.04 471 804 660 616 3.4 - 53.78 - 46.22
4.0 (2) 5.80 . 14.85 - 951 571 449 - - 52.21 - 40.36
5.0 5.36 3.97 1305  4.54 9.34 1.72 4.34 3.43 - 48.25 51.75

(1) 3.50 3.03 1330 2.83 1197 841 7.61 3.86 - 3149 14.00 5451
10.0 (2) 2.86 - 14.65 - 17.33 9.96 431 8.56 - 271.69 14,65 57.66
(1) 3.50 140 1188 - 13.28  7.61 6.26 1.07 - 29.35  19.65 51.00
(2) 4.80 - 20.91 - 11.12 9.88 5.67 9.06 - 2145 1112 61.44
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Table C.3 Relation between specific conductivity and crystallinity of PANI-HC1
Conductivity,a (S/cm) %%?/Féiﬂg a (S/lcm)/%doping

N a/N eb

0.2
05
1.0

2.0

4.0
50
10.0

20.0

Gn
1.34E-05
3.00E-04
4.04E-02

2.05E+00
2.60E+00
3.18E+00
3.01E+00
3.21E+00

dz

1.34E-05
4.00E-04
4.18E-02
2.24E+00
3.32E+00
2.99E+00
2.75E+00
3.42E+00

Samplel  Sample2
550  243E-06 4.33E-07
1870 1.60E-05 1.16E-05
3220 1.25E-03 9.31E-04
47.00  4.37E-02 4.08E-02
48.20  5.40E-02 5.82E-02
49.30  6.45E-02 5.34E-02
48.90  6.15E-02 5.17E-02
49.80  6.44E-02 5.94E-02

%Crystallinity

Samplel
30.85
34.40
46.05
56.00
55.15
56.00
54.10
54.65

Sample2

57.18
53.25

55.10
51.83

Table C.4 Relation between specific conductivity and crystallinity of PANI-MA

N a/Neb

0.2
05

1.0

2.0

4.0
5.0

10.0

20.0

Conductivity,c (S/cm)

Cl
7.59E-06
5.91E-05
3.86E-02
4.61E-01
1.40E+00
4.34E+00
4.32E+00
4.63E+00

(!
1.73E-06

5.62E-05
3.96E-02

3.33E-01
1.39E+00
4.48E+00
4.45E+00
4.40E+00

%Doping
level
MA

540
14.00
28.70

47.10
48.40
49.30
48.04
50.20

((S/cm)/%doping

Sample 1
1.41E-06
4.21E-06
1.34E-03
9.79E-03
2.89E-02
8.81E-02
8.99E-02
9.22E-02

Sample2
2.50E-07
1.61E-06
8.64E-04

1.37E-03
3.00E-02
8.66E-02
8.17E-02
8.64E-02

%Crystallinity

Samplel
30.88
35.00
43.50
44.20
47.00
51.70
56.10
56.20

Sample2

43.17
40.36

57.66
61.44
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Appendix D Moisture content of acid-doped polyaniline and zeolite A by
thermogravimetric analysis

The moisture contents of polyaniline and zeolite were studied by a
DuPont model TGA 2950 thermalgravimetric analyzer. Each sample was weighed at
10-15 mg and then put in an aluminum pan. The instrument was set to operate at
temperatures from 30 to 700°c at a heating rate of 10°c/min. The raw data of PANI-
HC1 and PANI-MA dried in vacuum oven for 48 h and zeolite A dried at 120°C -6 h
are shown in Table D.I, D.2 and D.3, respectively. The %weight loss and onset
temperature of acid-doped polyaniline and zeolite A sample are shown in Table D.3
and D .6, respectively.



TableD.I TGA dataof HCI-doped polyaniline

Temp
(°C)

3

45

55

65

75

85

9
105
115
125
135
145
155
165
175
185
195
205
215
225
235
245
255
265
215
285

% Weight loss

15

PANI-0.2HC1 PANI-0.5HCL PANI-1.0HC1 PANI-2.0HC1
Samplel Sample2 Samplel Sample2 Samplel Sample2 Samplel Sample2
99.2 9921 9919 9921  99.12  99.17 99 99.03
98:37 9838  98.36  98.38  98.07 9812 9763  97.66
97.66 9767 9765 97.67 9711  97.16 9.3  96.33
97.00  97.01  96.99  97.01 962  96.25  95.02  95.05
96.33  96.34 9632  96.34 9529 9534 9379  93.82
95.61  95.62 956  95.62 9438 9443 9274 9277
9486 9487 9485 9487 9349 9354 9183  91.86
9416 9417 9415 9417 9261 9266  91.09 9112
93.69 93.7  93.68 937 91.87 9192 9046  90.49
93.39 934 9338 934  91.35 914 8996  89.99
9322 9323 9321 9323 9103  91.08 89.5  89.53
9311 93.12 931 9312 90.82  90.87  89.03  89.06
93.04 9305 9303 9305 9064 90.69 8853  88.56
9298 9299 9297 9299 9044 9049 8796  87.99
9291 92.92 929 9292 9019 9024 8731  87.34
9283 9284 9282 9284 8986 8991  86.56  86.59
9273 9274 9272 9274 894 8945 8572 8575
9261  92.62 926  92.62 sss 08885  84.T7 84.8
9242 9243 9241 9243 8808 8813 8371 8374
9214 9215 9213 9215 8724 8729 8255 8258
9167 9168 9166  91.68  86.37 8642 8133 8136
91.04 9105 91.03 9105 8551 8556  80.08  80.11
90.29 9.3  90.28 9.3 8474 8479 7885  78.88
8953 8954 8952  89.54  84.04  84.09 176 7763
88.96 8897 8895 88.97 8351 8356  76.65  76.68
88.65 88.66 88.64  ss.66 83.19 8324 7628  76.31

Cont.



Temp
(°C)

35

45

%5

65

75

85

95
105
115
125
135
145
155
165
175
185
195
205
215
225
235
245
255
265
215

285
295

%Weight loss
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PANI-4.0HC1 PANI-5.0HCL PANI-10.0HC1 ~ PANI-20.0HC1
Samplel Sample2 Samplel Sample2 Samplel Sample2 Samplel Sample2
99 9915 9967 9972 9926  99.36  99.42  99.43
9782 9797 9892  98.97 9815 9825 9846 9847
96.63  96.78  97.95 98 9695 97.05 97.29 97.3
9544 9559 9691  96.96 9581 9591 9592 9593
9426 9441 9587 9592 9469 9479 9446 9447
93.15 93.3 948 9485 9361 9371 931 9311
922 9235 93.66 9371 9249 9259  91.94 9195
91.35 915 9252 9257 9134 9144 9085  90.86
9064  90.79 9131  91.36 90.2 90.3  90.01  90.02
90.05 902 9032 9037  89.16  89.26  89.29 89.3
8953 8968 8944 8949 8826 88.36 ss.es  88.69
89.05 89.2 887 8875 8753 8763 8815  88.16
8858 8873 8808 8813  86.89 8699 8764  B87.65
88.07 ss22 8749 8754 86.3 864 8712  87.13
8751 8766 8692 8697 8571 8581  86.58  86.59
8687 87.02 8633 8638 8492 8502 8597 8598
86.14 8629 8567 8572 8443 8453 8529 85.3
8531 8546 8493 8498  83.68  83.78 845 8451
8434 8449 8407 8412 8285 8295 8357 8358
8327 8342 8312 8317  8L92 8202 8248 8249
8216 8231 821 8215 8093 8103 8128 8129
81.01 8116 8106  8LI1L  79.99  80.09  79.99 80
7991 8006 7999  80.04  79.03 79.13 7874 7875
7881 7896 7887  78.92 7802 78.12 174 7741
7783 7798  78.05 78.1 112 773 7616  76.17
7728 7743 7167 7772 7687 7697 7557 7558
7704 7719 7746 7751 7668 7678 7534 7535



Table D.2 TGA data of MA-doped polyaniline
%W eight loss

Temp
(°C)

35

45

55

65

75

85

95
105
115
125
135
145
155
165
175
185
195
205
215
225
235
245
255
265
215
285
295
305

7

PANI-0.2MA PANI-0.5MA PANI-1.0MA PANI-2.0MA
Samplel Sample2 Samplel Sample2 Samplel Sample2 Samplel Sample2
99.46  99.35  99.35  99.46 992 9926  99.39  99.53
98.79 9868 9868 9879 9811  98.17 9851  98.65
982  98.09  98.09 982  97.14 972 9757 9111
9762 9751 9751  97.62 964  96.46  96.77  96.91
97.09 9698  96.98  97.09 9585 9591  96.16 96.3
96.69 9658 9658  96.69  95.44 955 9571  95.85
9635 9624 9624 9635 9515 9521 9541 9555
96.09 9598 9598  96.09 9495 9501 9518  95.32
9592 9581 9581 9592 9478 9484 9494 9508
958  95.69  95.69 958 9452 9458 9447 9461
9572 9561 ~ 9561 9572 9406 9412 9345 9359
95.61 95.5 955 9561 9319 9325 9173 9187
95.45 9534 9534 9545 918 9186 8941  89.55
9515 9504 9504 9515 8992 8998 8679  86.93
94.61 94.5 945 9461 87.7  87.76  84.06 84.2
93.78 9367  93.67 9378 8523 8529  81.26 81.4
927 9259  92.59 927 8263 8269 7842 7856
9158 9147 9147 9158  80.09 8015 7576 75.9
9067 9056 9056  90.67 7796  78.02 7351  73.65
90.07 8996  89.96  90.07 7642 7648 7178 7192
89.73 8962 8962 8973 7548 7554 7071  70.85
895  89.39  89.39 895 7499 7505 70.17 7031
89.35 8924 8924 8935 7472  TAT8 69.9  70.04
89.25  89.14  89.14 8925 7454 74.6 69.7  69.84
89.17  89.06 89.06 89.17 7437 7443 6952  69.66
89.11 89 80 8911 7421 7427  69.36 69.5
89.06 8895 8895  89.06 7420 7427 69.2  69.34
89.01 88.9 889  89.01 7420 7427 69.2 69.3

Cont.



Temp
(°C)

35

45

55

65

5

85

95
105
115
125
135
145
155
165
175
185
195
205
215
225
235
245
255
265
275
285

%Weight loss
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PANI-4.0MA PANI-5.0MA PANI-10.0MA PANI-20.0MA
Samplel Sample2 Samplel Sample2 Samplel Sample2 Samplel Sample2
99.06  99.08 9943 9963  98.94  98.97 99 99.01
97.72  97.74 9833 9853  97.67 97.7  97.65  97.66
9659  96.61 9716 9736 9642 9645 9635  96.36
958 9582 9629  96.49 9544 9547 9536 9537
9526 9528 9573 9593 9482 9485 9474 9475
9489 9491 9539 9559 9449 9452 9441 9442
9463 9465 9513 9533 9424 9427 9414 9415
944 9442 9471 9491 9389 9392 9373  93.74
9401 9403 9391 9411 9317 932 9282 9283
9323 9325 9228  92.48 916 9163  90.94  90.95
9173 9175 8951 8971 889 8893 8792 8793
89.46 8948 8588  86.08 8533 8536 8407  84.08
86.7 86.72 ~ 8206  82.26 815 8153 8011 8012
8384  83.86 7858 7878  77.96  77.99  76.58  76.59
81.02 8104 7549 7569 7484 7487 7135 7351
7847 7819 7258 7278 7192 7195  70.63  70.64
7531 7533  69.64  69.84  69.04  69.07  67.79 67.8
7259 7261 6675  66.95  66.25  66.28 6504  65.05
7033 7035 6418 6438 6379 6382 6262  62.63
68.76  68.78 6236 6256 6186  61.89  60.79 60.8
679 6792 6135 6155 60.75  60.78  59.73  59.74
6753 6755  60.88 61.08 60.08 60.11 593 5931
6732 6734 6068 60.88 59.94  59.97 5.0 59.11
67.16  67.18 6054  60.74 5981 5984 5896  58.97
6701  67.03 6043  60.63 59.69 59.72 5884  58.85
66.87  66.89 6031 6051  59.57 59.6  58.72  58.73
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Table 0.3 Weight loss and onset temperature of PANI-HC1 powder

First-step Second-step
N alN eb Sam pie 1 Sam pie 2 Sam Die 1 Sam pie 2
Oowt.  Onset  %wt  Onset %Wt  Onset Oowt  Onset
loss  (°C)  loss loss  (°C)  loss ¢
0.2 6.0 80 6.5 85 10 220 9.4 224
05 6.5 75 7.0 82 10.5 221 10.3 198
1.0 9.2 85 10.6 87 11.8 219 1.7 211
2.0 10.4 65 11.0 79 13.0 213 18.5 222

4.0 10.9 69 113 12 12.3 215 11.0 215
5.0 12.9 81 133 80 10.7 221 9.4 209
10.0 13.8 83 11.0 81 11.8 217 123 215
20.0 12.3 60 10.2 68 8.8 215 1.1 220

Table D.4 Weight loss and onset temperature of PANI-MA powder

First-step Second-step

Na/Neb Sam Die 1 Sam Die 2 Sam Die 1 Sam Die 2

%Wt Onset %wt  Onset %Wt  Onset Jowt  Onset
loss (°C)  loss  (°C) loss  (°C)  loss ()

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 41 49 23.0 193 43.1 190

4.0 5.3 53 4.0 49 353 197 32 203
5.0 4.6 50 43 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



Table D.5 TGA data of zeolite A after drying at 120°C -5 h

Temp
(°C)
30
40
50
60
70
80
90
100
no

130
140
150
160
170
180
190

200

220

230
240
250
260
210
280
290
300
310
320
330

%Weight loss of
Zeolite 3A

Sample 1 Sample2

99.94
99.43
98.77
98.06
97.34
96.59

95.8
94.93
93.92
92.71
91.29
89.67
87.99
86.47
85.25
84.38
83.76
83.31
82.96
82.69
82.48
8231
82.17
82.06
81.96
81.88
81.81
81.75

81.7
81.76
81.66

99.82
99.31
98.65
97.94
97.22
96.47
95.68
94.81

93.8
92.59
91.17
89.55
87.87
86.35
85.13
84.26
83.64
83.19
82.84
82.57
82.36
82.19
82.05
81.94
81.84
81.76
81.69
81.63
81.58
81.64
81.54

Temp

340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640

%Weight loss of
Zeolite 3A

Samplel Sample 2

81.62
81.58
81.55
81.52
81.49
81.47
81.45
81.43
8141

814
81.38
81.37
81.36
81.35
61.34
81.33
81.33
81.32
81.32
81.32
8131
81.31
8131
8131
81.31
81.31
81.32
81.32
81.32
81.33
81.33

815
81.46
81.43

81.4
81.37
81.35
81.33
81.31
81.29
61.28
61.26
61.25
81.24
81.23
81.22
8121
81.21

81.2

81.2

81.2
81.19
81.19
81.19
81.19
81.19
81.19

81.2

81.2

81.2
81.21
81.21

Temp

200
210

220

230
240
250
260
210
280
290
300
310
320
330

80

%Weight loss of
Zeolite 4A

Samplel Sample2

99.8
99.67
99.11

98.5
97.83
97.12
96.31
95.38
94.24
92.83
91.22
89.57
88.12
87.06
86.38
85.93
85.59
8531
85.06
84.83
84.64
84.45
84.21
84.09
83.91
83.73
83.55
83.36
83.17
82.97
82.78

99.87
99.35
98.77
98.15
97.46
96.71
95.87
94.91
93.83
92.46
90.86
89.23
87.82

86.8
86.15
85.73
85.41
85.15
84.92
84.71
84.53
84.36

84.2
84.05
8391
93.76
83.62
83.47
83.32
83.18
83.02

Cont.



340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640

%Weight loss of

Zeolite 4A
Sample 1 Sample2
8258 8287
8238 8271
822  82.55
8203 824
81.87  82.26
8137 82.14
8162  82.02
8152 8192
8143  81.84
8136  8L.77
8129  8L71
81.24  81.66
8119 8162
8115 8158
81.12 8155
81.08 8152
81.05 815
81.02 8148
80.99  81.46
80.97 8144
8095 8141
8093 814
80.92  81.39
8091  81.38
809 8137
80.89  81.36
80.88  81.35
80.87  81.34
80.86  81.33
8085 8133
80.84  81.32

Temp

200
210

220

230
240
250
260
270
280
290
300
310
320
330

%Weight loss of
Zeolite 5A

Samplel Sample 2

99.8
99.67
99.11

98.5
97.83
97.12
96.31
95.38
94.24
92.83
91.22
89.57
88.12
87.06
86.38
85.93
85.59
85.31
85.06
84.83
84.64
84.45
84.27
84.09
83.91
83.73
83.55
83.36
83.17
82.97
82.78

99.87
99.35
98.77
98.15
97.46
96.71
95.87
94.91
93.83
92.46
90.86
89.23
87.82

86.8
86.15
85.73
85.41
85.15
84.92
84.71
84.53
84.36

84.2
84.05
83.91
93.76
83.62
83.47
83.32
83.18
83.02

Temp

340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640

81

%Weight loss of
Zeolite 5A

Samplel Sample2

81.62
81.58
81.55
81.52
81.49
81.47
81.45
81.43
8141

81.4
81.38
81.37
81.36
81.35
81.34
81.33
81.33
81.32
81.32
81.32
§1.31
81.31
81.31
§1.31
81.31
8131
81.32
81.32
81.32
81.33
81.33

815
81.46
81.43

814
81.37
81.35
81.33
81.31
81.29
81.28
81.26
81.25
81.24
81.23
81.22
81.21
81.21

81.2

81.2

81.2
81.19
81.19
81.19
81.19
81.19
81.19

81.2

81.2

81.2
81.21
81.21



Tablep.s Weight loss and onset temperature of zeolite A powder

Step loss

First-step
Second-step
Third-step

Step loss

First-step
Second-step
Third-step

Step loss

First-step

Second-step
Third-step

Zeolite 3A
Sam ole 1 Samile 2
%wt. loss Onset (°C) %wt. loss Onset (°C)
2.55 62 2.4 60.5
15.9 143 15 141
Zeolite 4A
Sampie 1 Samile 2
%Wt. loss Onset (°C) %wt. loss Onset ( C)
15 56 2 58
15.8 131 15,5 132
L7 345 35 343
Zeolite 5A
Samile « Samile 2
%wt. Onset (°C) %Wt. loss Onset (°C)
L.0ss
2.88 46.7 3.09 42.0
8.59 121.7 8.51 122.8
8.1 183.2 1.18 184.3
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Appendix E Morphology of polyaniline and zeolite samples

Na/Neb = 20.0 (x500)

Figure El Morphology ofpolyaniline powders after doping with HC1 at different acid-
emeraldine base mole ratios, v ain eo-



Figure E2 Morphology of polyaniline powders after doping with MA at different acic-
emeraldine base mole ratios, s «/w <.



Nl

Zeolite NaCaA, (5A), x5000

¥

Figure E3 Morphology of zeolite powclers at different molecular structure.



Figure E4 Morphological structure of PANI-HC1 pellet Figure E5 Morphological structure of PANI-MA pellet
at (@) wam oo —1.0aNA (D) w v oo =100 at (a) Na/Neb= L1.0and () NANEB=10.0

(x1000) (a) (x3500)

W00 () ) oW @)



Figure E6 Morphological structure of PANI-10MA, Zeolite 4A and Zeolite4A7 PANI-10MA
at various zeolite contents (xI000)

PAM-10MA/30Zeolite 4A PAM-10MA/40Zeolite 4A  PAM- 10MAS0Zeolite 4A Zeolite 4A

00
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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 heam 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.I. Particle size distribution is shown in Figure F.I. 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 3A, 4A and 5A are shown in Figure
F.2.



89

Table F.I' Agglomerate particle size of polyaniline powcer ground with a ball mill
for 3h and sieved with mesh (53pm)

Agglomerate Particle size (pm)

Size Low (pm
(|00 30

132
160
1%
2.38
290
353
430
5.4
6.39
1.8
948
115
1408
1715
2090
20.46
3101
31.79
46.03
56.09
68.33
83.26
101.44
12359
150,57
18344
22351
21231
3L17
404.21
49241

091
146
178
217
2.64
3.22
392
4.1
5.2
1,09
863
1052
128
1562
1903
2318
20.24
440
4191
51.06
62.21
7580
92.35
1252
137.08
167.01
20348
24791
302.04
3619
448 34
046.24

Size High (pm
ghip 1%2

160

1%

2.38

290

353

430

h.24

6.39

.78

948

1155
1408
1715
20.90
2546
3101
379
46.03
56.09
68.33
83.26
10144
12359
15057
18344
22351
21231
3L77
404.21
492.47
600.00

Mean Diameters:

Sample 1
In%

01
0.13
0.13
0.14
0.24
053
109
201

33
497
6.86

8.7

1018
114
1148
11.08
9.83
184
542
305
12
0.14
0

0
001
0.13
0.13
0.08
0.03
0

0
2042

PANI
Sample 2
In%

0.1
0.13
0.13
0.16
0.27
058
116
208
3.36
499
6.62
8.59

1003
1098
1134
11.01
9.68
198
5.5
316
132
0.32

0
0
0
0
0
0
0
0
0
2

243

Sample 3
In%

0
0.23
053
0.9
151
2.29
328
446
511

OO OO O OO DODODIOODO

212
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Agglomerate Particle Diameter, ( ¢ )

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

Agglomerate Particle size (pm) Sample 1 Zg?#ﬁf? Sample 3

Size Low (pm Size High (pm In% In% In%
(p035 0.09 ’ (%1)2 0 0

. . . 0
0.12 0.14 015 0 0 0.02
0.15 017 0.19 0.03 003 0.06
0.19 021 0.23 0.08 0.08 011
0.23 0.26 0.28 0.17 0.17 019
0.28 0.32 0.35 03 0.29 031
035 0.39 043 047 047 046
043 048 053 0.68 068 0.66
053 059 065 092 093 0.7
0.65 0.73 081 116 L17 11
081 091 100 136 136 131
100 112 123 146 143 14
123 1371 151 13 13 139
151 169 186 102 0% 11
186 208 2.30 0.67 058 0.17
2.30 25 283 047 035 059
283 3.16 349 06 044 073
349 39 430 114 0.9 121
430 480 5.29 2.14 19 2.06
5.29 591 6.52 366 361 3.1
6.52 1.28 8.04 5.16 587 5.88
8.04 6.9 991 845 865 851
991 11.06 22 1126 1138 114

R2A 1363 1504 1326 132 12%
550 1679 18.54 1343 1331 1312
18%4 2069 22.84 1159 1156 na
22841 2550 2815 86 8.7 8.5
2815 34 34.69 549 5.64 548
#6372 4275 298 315 3
275 4112 52.68 129 182 13
2268 5880 64.92 0.22 033 0.24
6492 7246 80.00 0 0 0

Mean Diameters; (Yl 153 1502
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Table F.3 Agglomerate particle size of zeolite 4A powder

L Zeolite 4A
Agglomerate Particle size (pm) Sample 1 Sample?  Sample3
Size Low (pmg Size High (pm) % % %

0.05 0.09 0.12 0 0 0
0.2 0.14 0.15 0 0 0
0.15 0.17 0.19 0 0 0
0.19 02 0.23 0 0 001
023 0.26 0.28 0 0 0.04
0.28 0.32 035 0.07 0.12 0.14
0.35 0.39 043 0.3 0.36 0.34
043 048 053 0.79 0.75 07
053 059 0.65 14 13 125
0.65 0.73 081 2.28 214 201
081 091 100 338 32 307
100 112 123 4.94 478 4,66
123 137 151 6.6 653 65
151 169 186 113 718 118
186 208 2.3 148 158 161
230 251 283 8.16 8.27 83
283 316 349 9.99 1009 1013
349 390 430 1207 1216 1225
430 480 5.29 1305 1312 1325
5.29 591 6.52 1113 1118 1131
6.52 1.8 8.04 111 115 1.2
8.04 898 991 325 326 321
991 1106 22 0.79 0.77 0.76
v¥il 1363 1504 0 0 0
504 1679 1854 0 0 0
1854 2069 2284 0 0 0
284 550 28.15 0 0 0
815 3L 3.69 0 0 0
69 B72 42.75 0 0 0
DB 472 52.68 0 0 0
68 5880 64.92 0 0 0
6492 7246 80.00 0 0 0
Mean Diameters: 364 365 367



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

Agglomerate Particle size (pm)

Size Low (pmg5

0.12
0.15
0.19
0.23
0.28
0.35
043
053
0.65
081
100
123
151
186
2.30
2.83
349
430
5.29
6.52
8.04
991
p2A
1504
1854
22.84
28.15
34.69
42.75
52,68
64.92

0.09
0.14
0.17
021
0.26
0.32
0.39
048
0.59
0.73
091
112
137
169
208
257
3.16
390
480
591
1.28
8.9
11.06
1363
16.79
2069
2050
3142
38.72
47.72
58.80
1246

Size High (pm%

015
0.19
0.23
0.28

Mean Diameters:

Sample 1
In%

Zeolite 5A
Sample 2
In %

067
029

Sample 3
In%



..... Zeolite3A
Zeolite 4A
--- Zeolite 5A

11 0 100 1000

Agglomérat Partical Diameter, ()

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..

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.|I and G.2 are the plots of va and I using silicon wafer as a
standard material and using polyaniling, respectively. These experiments were done
under a pressure 1atm, 64% relative humidity, and 261°c.

va= IR (G.I)

where va= applied voltage (mV)
| = current (mA)
R = resistance ()

Current, I (mA)

0.0 +

oo . - —r ~
20 40 60 80 100

Applied voltage, va (V)

Figure G.I Ohmic law region of the current and the applied voltage by using the
silicon wafer Si 10-28A as a standard sheet.



Table G.I' Raw data of determination of linear regime of Silicon Wafer:

Si 10-28A

Applied voltage (V)
1.38
24.30
350
4350
48.20
56.20
62.50
65.50
1250
80.40
84.50
89.30

Current (mA)
0.03
0.23
0.34
045
0.60
0.66
0.73
0.77
0.79
081
091
108

%

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.

80

60

40 4 A

Current, I (mA)

20 A A

A ®
A....

® PANI-HCI
A  PANI-MA

0 lae ‘
0 2 4 6

T
8

Applied voltage, V, (V)

T
10

Figure G.2 Ohmic law region of the current and the applied voltage by using PANI-

MA and PANI-HC1 at doping ratio 0f u a/w <

= 10.
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From the Figure G.2, the voltage that could be used in the experiments should be in

the range 0f 0-25 V.

Table G.2 Raw data of determination of linear regime of polyaniline

PANI-MA

Applied voltage, V
) Current, I (mA)

0.26
0.55
0.74
101
115
134
154
169
205
2.60
3.58
5.8
6.02
6.40
6.72
149

416
6.03
944
1123
1408
2010
2340
28.10
420
3.2
39.60
43,60
50.80
56.40
68.10

PANI-HCL

Applie? n\]/\()Atage, Vv C

0.67
128
176
246
3.30
407
5.06
553
6.36
6.75
181
818
8.67
9.17
923
9.9

i
130
262
344
389
521
6.9
8.08
9.9
1233
1500
19.72
25.10
32.60
39.60
41.10
4750
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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 lingar array and the square array. For
the linear array, a constant current (1) was applied to the two outer electroces and the
sample voltage (V) was measured between the two inner electrodes as shown in

Scheme H. 1
()

Scheme H.I" Linear array four-point probe meter

As in the case of microelectronic structures, four point probe sheet
resistance measurements are susceptible to geometric error, we needed to determine
the geometric correction factor K which can be determine by using Equation H..I.

(¥ (H.)

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 (Si0). K was calculated
by using Equation H.2.

(H2)
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Where K = geometric correction factor
D = 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 = filmthickness (cm)

R = filmresistance (Q)
| = current (A)
V' = Voltage drop (V).

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

Table H.I' Sheet resistivity and thickness of standard sheet (Si0)

Material Sheet Resistivity, Thickness K value
(Qem) (om)
Si0835A 1L54E+0 5.36E-02 4.20E01
K-TAY 143602 1.24E-02 3.04E+00
Si 10-28A 4 59E+01 5.35E-02 355E+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 Latm
Standard K Standard vimv) K
S L ™
274090  440E+00 44 16 300EH0
1326 8320 4.58E+00 A5 21 29E+00
.00 16260 AAEHD Ay 24 21 JM4EH0
G0835A 0.0 20200 436E+00 5 23 3LEH0
360 23500 435E+00
Average  422E01 Average  J.04EH0
D 105E01 D 1.22E02
St K Standard V(m K
andard % 7) 54\/& ndlar (mA% (mV)
1 3 29E+00 0.364 977 320E+00
T S I
Si10-BA 039 §50 380E+00 SiI0-28A 0368 1001 3.12E+00
050 9190 434E+00 044 1165 324E+00
Average 3.88E+00 Average  320E+00
D 3.16E-01 D 4.56E-02

Kvalue 39500
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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 L1,
Table 12 and Table 13, respectively as follow Equation 11

where a = specific conductivity (Slcm.)
| = current (A)
K = geometric correction factor
V = voltage drop (V)
t = pellet thickness (cm).



Table L1 Raw data of conductivity measurement of PANI-HCL in air

HCl-doped PANI

N a/N eb

02

05

10

Thickness (cm)

(1)0.01559
(2)0.01536

(1)0.01287
(2) 001270

(1)0.01521
(2) 001173

elE B
1 2
135 134
244 201
400 213
454 36.0
oL7 452
b1 284
6.6 89
85 104
144 123
170 143
198 171
112 147
94 59
116 14
133 96
169 131
211 149

108

539

Current (mA)

1 2
200E-04  3.00E-04
400E-04  4.00E-04
700E-04  6.00E-04
8.00E-04  8.00E-04
900E-04  100E-03
6.00E-04  6.20E-04
123802 L33E-02
160E-02  157E02
284E-02  191E2
3302 234E02
406E-02  2.74E-02
207E02  2.33E2

287 259
353 332
358 431
449 5.68
588 6.12
216 163

Voltage drop (mV)
1 2
34 569
622 181
1026 1130
1178 1431
1409 1859
9080 1150
876 1
1142 915
1975 1112
2345 1359
2815 158
1290 1410
110 1046
942 1334
%0 1726
1188 21%
1564 2365

1240

912

a (Slcm)

1 2
LITE05  9.48E-06
L14E-05  9.21E-06
121605 9.55E-06
120E-05  101E05
LIE05  9.67E-06
LITED5  9.59E-06
301E-04  3.72E-04
301E-04  3.73E-04
J09E-04  3.74E-04
308E-04  3.75E-04
310E-04  3.76E-04
JA3E-04  356E-04
6.77E02  5.83E-(2
6.81E-02  5.86E-02
6.77E-02  5.88E-(2
6.86E-02  6.09E-02
6.83E-02  6.09E-02

4.04E-02

4.19E-02



HCl-doped PANI

Na/Neb

2.0

4.0

5.0

Thickness (cm)
(1)0.01277
(2)0.01224

(1)0.0127
(2) 0.01316

(1)0.01335
(2)0.01381

Supplied

Voltage (V)

| 2
291 1841
331 231
3.56 28
355 2.7
3.17 313
355 3.28
19 0.43
241 0.54
3.10 1.00
351 150
3.86 2.50
3.10 0.93
148 1.28
261 159
3.26 193
34T 2.66
3.76 3.56

3.26

193

Current (mA)

1 2
9.85 182
11.55 101
13.94 13.39
17.20 16.2
20.10 2.1
1.1 9.58
1.75 5.82
8.25 6.17

9.5 6.87
12.04 8.71
14.45 10.22
10.0 105
6.27 7.60
8.70 8.88
11.42 10.14
12.02 13.15
13.34 18.80
1142 10.14

Voltage drop (mV)
1 2
69.00 60
86.00 7
102.00 98
127.00 117
147.00 163
8.18E+01 96.7
48 33
5 3
57 38
12 47
85 54
83.7 33
36 48
47 54
61 62
64 19
10 110
61 62

d(Slem)

1 2
3.09E+00  2.94E+00
291E+00  3.04E+00
296E+00  3.08E+00
293E+00  3.12E+00
296E+00  3.14E+00
2.05E+00  2.23E+00
351E+00  3.70E+00
359E+00  3.70E+00
363E+00  3.79E+00
364E+00  3.89E+00
370E+00  3.97E+00
260E+00  3.32E+00
360E+00  3.17E+00
383E+00  3.29E+00
387E+00  3.27E+00
389E+00  3.33E+00
394E+00  3.42E+00
319E+00  2.54E+00



HCl-doped PANI

Na/Neb
100

20.0

Thickness (cm)
(1)0.01362
(2)0.01388

(1)0.01288
(2) 001278

Supplied

Voltage (V)

1 2
0.68 0.62
0.79 0.76
1.08 0.93
153 113
1.44 1.10
1.08 113
0.62 0.53
0.73 0.62
0.96 0.80
0.91 0.93
110 0.85
0.9 0.80

Current (mA)

1 2
10.47 11.64
11.22 13.70
12.60 1641
1450 18.20
16.20 20.30
12.6 1641
12.50 11.9
14.45 137
18.59 17.2
20.50 19.4
24.60 21.3
18.59 172

Voltage drop (mV)
1 2
53 61
57 72
63 84
13 93
19 105
63 84
63 55
2 64
91 18
100 87
120 96
91 18

a (Slem)

1 2
401E+00  3.80E+00
3.99E+00  3.79E+00
406E+00  3.89E+00
403E+00  3.89E+00
416E+00  3.85E+00
3.01E+00  2.75E+00
426E+00  4.68E+00
430E+00  4.63E+00
438E+00  4.76E+00
440E+00  4.82E+00
440E+00  4.80E+00
322E+00  3.42E+00



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

HCl-doped PANI

Na/Nto  Thickness (cm)

0.2

05

10

(1) L4LE-02
(2) 1.39E-02

(1) L51E-02
(2) 150E-02

(1) 11902
(2) L34E02

Volte 1
1 2
9 95.9
112.2 136.0
1456 1815
160.9 174.0
185.0 194.0
145 1815
58.3 233
62.2 29.8
65.8 36.0
69.1 393
11 443
65.8 36.0
4.89 429
6.29 6.79
.01 10.73
9.24 1161
16.07 1557
101 10.73

Current (mA)

1 2
4.00E-04  4.00E-04
6.00E-04  6.00E-04
8.00E-04  8.00E-04
9.00E-04  9.00E-04
100E-03  1.00E-03
8.00E-04  8.00E-04
20602 7.00E-03
2.21E02 ~ 9.00E-03
2.34E-02  1.08E-02
245E-02 - 120E-02
255E-02  L37E-02
2.34E02  1.08E-02

0.69 0.67
0.99 131
121 231
164 2.60
3.34 3.67
12 231

Voltage drop (mV)
| 2
1078 1068
1569 1558
2035 2095
2245 2325
2615 2585
2035 2095
5875 2085
6315 2135
6705 3355
7035 3755
1325 4315
6705 3355
21 361
613 689
137 1214
998 1365
1962 1918
137 1214

1

1.25E-06
1.47E-06
1.68E-06
1.83E-06
1.47E-06
1.59E-06
6.42E-05
6.41E-05
6.39E-05
6.38E-05
6.38E-05
6.39E-05
3.79E-02
3.73E-02
3.81E-02
3.81E-02
3.94E-02
3.86E-02

(Slem)

2

1.47E-06
1.68E-06
1.62E-06
1.72E-06
1.72E-06
1.13E-06
6.19E-05
6.06E-05
5.93E-05
5.89E-05
5.85E-05
5.91E-05
3.85E-02
3.92E-02
3.93E-02
3.94E-02
3.96E-02
3.96E-02



HCl-doped PANI

N a/Neb

2.0

40

5.0

Thickness (cm)
(1) L21E-02
(2) 1.26E-02

(1) L.18E-02
(2) L09E-02

(1) L02E-02
(2) 9.28E-03

Supplied

Voltage (V)

1 2
10.06 5.66
11.85 1.17
13.09 8.90
153 12,61
16.71 14.18
13.09 8.90
6.16 14.87
12.86 15.45
1358 16.74
13.85 19.08
15.09 1951
1358 16.74
2.10 199
2.30 2.3
2.49 2.48
2.60 -
2.7 -
2.49 2.48

Current (mA)

1 2
10.72 4.36
14.03 6.6
16.63 9.30
21.10 15.87
24.20 19.36
16.63 9.30
114 224
26.2 239
305 21.0
344 341
315 36.5
305 21.0
29.4 28.2
3.1 324
319 34.8
40.7
44.6 -
379 34.8

Voltage drop (mV)
1 2
291 205
375 310
443 431
560 735
636 898
443 431
191 415
440 442
516 494
580 625
631 666
516 494
185 188
213 215
238 231

254
218 -
238 231

a (Slem)

1 2
8.41E-01 4.65E-01
8.54E-01 4.69E-01
8.57E-01 472601
8.60E-01 4.72E-01
8.69E-01 4.72E-01
8.61E-01 4.68E-01
140E+00  1.37E+00
140E+00  1.37E+00
1.39E+00  1.39E+00
1.39E+00  1.39E+00
1.39E+00  1.39E+00
140E+00  1.39E+00
432E+00  4.47E+00
435E+00  4.49E+00
433E+00  4.48E+00
4.35E+00 -
4.36E+00 -
434E+00  4.48E+00



HCl-doped PANI

Na/Neb
10.0

20.0

Thickness (cm)
(1) 9.52E-03
(2) 1.02E-02

(1) LOLE-02
(2) LOTE-02

Supplied

Voltage (V)

1 2
1.39 2.9
1.56 4.0
167 5.9
191 6.7
2.23 13
167 59
0.36 0.446
0.47 0.716
0.61 0.997
1.00 1.3%
135 1.566

0.61

0.997

Current (mA)

1 2
5.95 210
8.16 26.0
9.36 341
11.62 36.7
1352 39.7
9.36 341
393 451
5.30 1.92
1.10 11.59
12.99 20.70
18.73 24.50
1.10 11.59

Voltage drop (mV)
1 2
45 133
61 164
68 215
84 228
07 2T
68 215
231 26.2
310 46.1
41.6 675
765 121.9
110.3 144
41.6 67.5

a (Slem)

1 2
3.84E+00  4.26E+00
3.8BE+00  4.28E+00
399E+00  4.28E+00
401E+00  4.35E+00
404E+00  4.34E+00
400E+00  4.32E+00
464E+00  4.43E+00
467E+00  4.43E+00
466E+00  4.42E+00
463E+00  4.37E+00
463E+00  4.38E+00
463E+00  4.40E+00



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

%Zeolite

0.00

1.00

5.00

10.00

20.00

Composition
PANI-10MA (g)  Zeolite 4A (g)
0.0750 0(1)
0(2)
0(3)
00693 0.00075(1)
0.00075(2)
00663 0.00375(1)
0.00375(2)
00625 0.0075 (1)
0.0075 (2)
0.0075 (3)
00550 0.015 (1)

0.015 ()

Thickness
(cm)
9.52E-03
1.02E-02
1.04E-02

1.08E-02
1.24E-02

1.18E-02
1.13E-02

L17E-02
L17E-02
1.26E-02

1.13E-02
1.10E-02

Supplied
Voltgge (V)
1.98E+00
6.24E+00
2.49E+00

5.00E+00
6.50E+00

5.00E+00
5.10E+00

5,00E+00
5,00E+00
6.50E+00

5.00E+00
5,00E+00

Current
(mA)
1.16E+01
3.67E+01
4 55E+01

1.70E-02
2.23E-02

1.57E-02
1.61E-02

1.58E-02
1.70E-02
1.72E-02

1.48E-02
1.28E-02

Voltage dro
)
8.36E+01
2.29E+02
2.12E+02

1.02E-02
9.77E-02

1.12E-02
9.77E-02

9.28E-02
117E-01
1.22E-02

2.05E-01
142E-01

(Slcm)

4,00E+00
4.32E+00
4 45E+00

4.16E+00
5.23E+00

3.42E+00
3.97E+00

4.03E+00
3.27E+00
3.14E+00

1.71E+00
2.16E+00



%Zeolite

30.00

40.00

50.00

Composition
PANI-10MA (g)  Zeolite 4A (g)
0.7275 0.0225 (1)
0.0225 (2)
0.7200 0.0300 (1)
0.0300 (2)
0.0300 (3)
0.7125 0.0375 (1)

0.0375 (2)

Thickness
(cm)
1.30E-02
1.30E-02

1.30E-02
1.30E-02
1.30E-02

1.30E-02
1.30E-02

Supplied

Voltage (V)

1.36E+01
1.74E+01

1.49E+01
2.16E+01
4.20E+00

1.56E+01
1.59E+01

Current
(mA)
6.82E-03
9.80E-03

4.92E-03
1.68E-03
8.50E-03

3.18E-03
3.11E-03

Voltage dro
)

111E-01
1.66E-01

150E-01
5.10E-02
2.75E-01

1.40E-01
1.59E-01

(Slem)

1.27E+00
1.23E+00

6.83E-01
6.61E-01
6.50E-01

4.73E-01
4.08E-01
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Appendix J Sensitivity measurement (Aa)

Sensitivity measurements of polyaniline and polyaniline-10M A/zeolite
pellets were carried by using the four point probe at various CO/N2 concentrations
under the pressure guage of 1 atm, 65-69% relative humidity and 26-28°C. The
thickness of pellets was measured by a thickness gauge. Sensitivity (Act) was

calculated by the following Equation:

Act= 'GO-"FinalN2 (J-1)
where; Act = Sensitivity (Sfcm)
Clo = Specific conductivity in CO (S/em)

CTFinal N2 - Specific conductivity in nitrogen after the lowest CO

concentration exposure (S/cm).

The data of sensitivity measurement of acid-doped polyaniline are
shown in the Table J.I - Table J.4. The data of sensitivity measurement of

polyaniline/zeolite A composites are shown in the Table J.5 - Table J.9.



Table J.| Sensitivity measurement data of HCI-doped polyaniline at Na/Neb- 1-0

SAMPLE NAME PANI-1.0HCY, #1 INITIAL air (Slcm)  :3.70E+00
THICKNESS (cm) 0,052 INITIAL Gre (Slcm) ~: 2.98E+00
K-PROBE 3.62 FINAL a2 (Sfem) 1 2.62E+00
napplied (V) 19

CO Cone(ppm) Mvac 0co ~ co —C>N2fmal

100000 298E+00  3.23E+00 6.06E-01
50000  298E+00  3.06E+00 4 39E-01
25000  2.88E+00  2.92E+00 2.96E-01
12500  281E+00  2.87E+00 2.48E-01

6250  2.78E+00  2.83E+00 2.10E-01
3125 273E+00  2.79E+00 161E-01
1563  273E+00  2.74E+00 113601

781 268E+00  2.72E+00 9.60E-02

SAMPLE NAME PANI-L0HCL, #3 INITIAL ~ ar (S/em)  4.33E+00
THICKNESS (cm) 001483 INITIAL e (Slcm)  3.30E+00
K-PROBE 2.941 FINAL (Slem)  2.70E+00
Napplied (V) 15.6

CO Cone(ppm) vac co “ N2fmal

1000.00  330E+00  3.59E+00 8.90E-01
50000 330E+00  3.35E+00 6.50E-01
25000  310E+00  3.11E+00 4.14E-01
12500  2.92E+00  2.95E+00 2.50E-01

6250 2.86E+00  2.84E+00 1.38E-01
3125  284E+00  287E+00 1.70E-01
1563  281E+00  283E+00 1.34E-01

781 275E+00  2.76E+00 5.80E-02



SAMPLE NAME PANI-1.0HCL, #6
THICKNESS (cm) 0.01483
K-PROBE 3.62

Vapplied (V) 19.8

CO cone.(ppm)

1000.00
500.00
250.00
125.00

62.50
31.25
15.63

1.81

NTvac

3.02E-02
2.89E-02
2.86E-02
2.88E-02
2.87E-02
2.85E-02
2.82E-02
2.17E-02

°co
3.12E-02
2.91E-02
3.05E-02
3.02E-02
2.95E-02
2.87E-02
2.85E-02
2.79E-02

112

INITIAL aar (Slcm)  :4.36E-02
INITIAL GM(S/cm) : 319E-°2
FINAL Cv2 (S/em) :2.75E-02

CTeo * t7N2final
3.70E-03
1.60E-03
3.00E-03
2.70E-03
2.00E-03
1.20E-03
1.00E-03
4.00E-04

Table J.2 Sensitivity measurement data of HCI-doped polyaniline at Na/Neb= 10.0

tfco

8.21E-01
8.09E-01
71.53E-01
1.12E-01
6.73E-01
6.56E-01
6.33E-01

SAMPLE NAME PANI-10.0HCY, #1
THICKNESS (cm) 0.01316
K-PROBE 3-62
Vapplied (V) 5
1000.00  7.58E-01
500.00 7.43E-01
250.00  7.25E-01
125.00  6.88E-01
62.50 6.60E-01
31.25  6.43E-01
15.63  6.27E-01
7.81  6.20E-01

6.24E-01

INITIAL aar(S/cm) : 1.45E+00
INITIAL GN(S/cm) :8.70E-01
FINAL a N(S/cm)  :6.20E-01

Ag = crco -ON2final
2.01E-01
1.89E-01
1.33E-01
9.20E-02
5.30E-02
3.60E-02
130E-02
4.00E-03



SAMPLE NAME
THICKNESS (cm)
K-PROBE
Yapplied (V)

CO cone.(ppm)

1000.00
500.00
250.00
125.00

62.50
31.25
15.63

1.81

SAMPLE NAME
THICKNESS (cm)

K-PROBE
Vapplied (V)

CO cone.(ppm)

1000.00
500.00
250.00
125.00

62.50
31.25
15.63

1.81

PANI-10.0HC1, #2

0.01388
2.941
0

Gvac °co
1.82E+00 2.11E+00
1.77E+400 2.17E+00
1.81E+00 2.05E+00
1.63E+00 1.87E+00
1.64E+00  1.76E+00
1.56E+00  1.70E+00
1.57E+00  1.67E+00
1.56E+00  1.64E+00

PANI-10.0HCL, #5

0.01239
3.62
1

G vac °co
1.70E+00  1.98E+00
1.69E+00 1.96E+00
1.66E+00 1.87E+00
1.60E+00 1.70E+00
1.54E+00 1.58E+00
1.35E+00 1.49E+00
1.36E+00 1.47E+00
1.38E+00 1.43E+00

INITIAL CTar (S/cm)

INITIAL <IN(S/cm)
FINAL CN (S/cm)

Ag= GO0 “cmehnal
4.98E-01
5.62E-01
4.34E-01
2.56E-01
1.50E-01
8.70E-02
6.00E-02
3.00E-02

INITIAL Gar (S/cm)
INITIAL CT(S/cm)
FINAL cme (S/em)

Acj= Geo " CINZfinal
5.73E-01
5.55E-01
4.60E-01
2.92E-01
1.74E-01
8.20E-02
5.80E-02
1.90E-02

113

3.20E+00
1.93E+00
1.61E+00

2.65E+00
1.52E+00
1.41E+00
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Table J.3 Sensitivity measurement data of MA-doped polyaniline at Na/Neb=1.0

SAMPLE NAME PANI-1.OMA, #1 initial Clar(S/cm) :1.77E-02
THICKNESS (cm) 0.0123 INITIAL CT(S/cm) :5.85E-03
K-PROBE 3-62 FINAL a N2 (S/cm) :4.34E-03
Vapplied (V) 20.3

CO cone.(ppm) 0'vac 0w Aci:= (Tco “ ON2final

1000.00 8.28E-03  9.65E-03 5.31E-03
500.00 6.34E-03  7.45E-03 3.11E-03
250.00 5.56E-03  6.37E-03 2.03E-03
125.00 4.71E-03  6.02E-03 1.68E-03

62.50 4.76E-03  5.23E-03 8.90E-04
31.25 458E-03  4.90E-03 5.60E-04
15.63  4.36E-03  4.67E-03 3.30E-04

781 4.39E-03  4.45E-03 1.10E-04
SAMPLE NAME PANI-1.0MA, #2 INITIAL aar(S/cm) :6.42E-02
THICKNESS (cm) 0.0136 INITIAL CIN(S/cm) : 1.82E-02
K-PROBE 3.62 FINAL CIN2 (S/lcm)  1.47E-02
Vapplied (V) 16
CO cone.(ppm) ovac ow Acj= Oco” ON2final

1000.00  1.60E-02  1.92E-02 4.55E-03
500.00 1.58E-02  1.86E-02 3.95E-03
250.00 1.59E-02  1.72E-02 2.55E-03
125.00  151E-02  1.71E-02 2.45E-03

62.50 152E-02  1.59E-02 1.25E-03
31.25  1.49E-02  1.57E-02 1.05E-03
1563  150E-02  1.55E-02 8.50E-04
7.81  1.46E-02  1.53E-02 6.50E-04



SAMPLE NAME
THICKNESS (cm)

K-PROBE
Vapplied (V)

CO cone.(ppm)

1000.00
500.00
250.00
125.00

62.50
31.25
15.63

1.81

PANI-1.0MA, #3
0.01326
3.62
13.7

Ctvac °co
2.69E-02  3.47E-02
2.88E-02  3.33E-02
291E-02  3.48E-02
2.49E-02  3.05E-02
2.34E-02  2.88E-02
2.31E-02  2.50E-02
2.26E-02  2.36E-02
2.06E-02  2.17E-02
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INITIAL Car (S/cm)  5.01E-02
INITIAL a KR(S/cm) : 2.07E-02
FINAL t\2 (S/cm) : 1-86E-02

Clco “CtN2final
1.61E-02
1.47E-02
1.62E-02
1.19E-02
1.02E-02
6.45E-03
4.97E-03
3.07E-03

Table J.4 Sensitivity measurement data of M A-doped polyaniline at Na/Neb= 10.0
initial aar(S/cm) :3.33E+00

SAMPLE NAME
THICKNESS (cm)

K-PROBE
Vapplied (V)

CO cone.(ppm)

1000.00
500.00
250.00
125.00

62.50
31.25
15.63

1.81

PANI-10.0MA, #1

0.00952

3-62
1.2

Gvac
2.043
2.043
1.917
1.906
1.897
1.875
1.855
1.818

°co
2.095
2.067
2.035
1.987
1.975
1.942
1898
1.854

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

CTco “ CN2final
3.25E-01
297E-01
265E-01
2 17E-01
2.05E-01
1.72E-01
1.28E-01
8.40E-02

2.2TE+00
1.77TE+00



SAMPLE NAME
THICKNESS (cm)

K-PROBE
Vapplied (V)

CO cone.(ppm)

1000.00
500.00
250.00
125.00

62.50
31.25
15.63

.81

SAMPLE NAME

THICKNESS (cm)

K-PROBE
Vapplied (V)

CO cone.(ppm)

1000.00
500.00
250.00
125.00

62.50
31.25
15.63

1.81

PANI-10.0MA, #2
0.01023

3.62
15

O'vac

2.48
2.35
2.35
2.35
2.29
2.20
2.16

°co

2.57
2.54
2.46
2.41
2.38
2.30
2.24

PANI-10.0MA, #4
0.00952

3.62
5

3.220
3150
3.060
2.970
2.750
2.830
2.850
2.790

3.470
3.320
3.100
3.080
3.000
2.940
2.870
2.800
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INITIAL Clar (Slcm)  3.10E+00

INITIAL ct®(S/cm)
FINAL CN2 (S/cm)

A(J= Geo "0 N2final
4.10E-01
3.80E-01
3.00E-01
2.50E-01
2.20E-01
1.40E-01
8.00E-02

INITIAL Gar (S/cm)
INITIAL cr(S/cm)
FINAL Gn2 (Slcm)

A g= Geo -0'N2final
6.80E-01
5.30E-01
3.10E-01
2.90E-01
2.10E-01
1.50E-01
8.00E-02
1.00E-02

2.85E+00
2.16E+00

4.20E+00
4.00E+00
2.79E+00



Table J.5 sensitivity measurement data of PANI-IOM A/I0 Zeolite 4A
1 10% ZeolitedA-10MA,

SAMPLE NAME

THICKNESS (cm)
K-PROBE
Vapplied (V)

CO cone.(ppm)

1000.00
500.00
250.00
125.00

62.50
31.25
15.63

SAMPLE NAME
THICKNESS (cm)

K-PROBE
Vapplied (V)

CO cone.(ppm)

1000.00
500.00
250.00
125.00

62.50
31.25
15.63

7.86

#3

:0.0125
12.941

1.7

Ovac

1.278
0.984
1.193
1.537
1.220
1.264
1.196

°co
1.503
1036
1,574
1.539
1.381
1.374
1.557

INITIAL (Tar (S/cm)

PREEXPOSE aMS/cm)

FINAL (In2 (S/cm)

%INITIALMOISTURE

Acy= CTco "CINZfinal

3.07E-01
-1.60E-01
3.78E-01
3.43E-01
1.85E-01
1.78E-01
3.61E-01

:10% Zeolited A-1OMA#5 INITIAL aar(S/cm)
:0.01
:3.26

01

1.686
1.541
1.358
1.290
1.23v
1.154
1.102
1.089

co

1.594
1.467
1359
1.247
1.212
1.206
1.151
1.119

PREEXPOSE CIN(S/cm)

FINAL Gn2 (S/cm)

%INITIAL MOISTURE

A G — G co " CtNZfinal
5.45E-01
4.18E-01
3.10E-01
1.98E-01
1.63E-01
1.57E-01
1.02E-01
7.00E-02
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: 1.64E+00

:1.53E+00
:1.20E+00
14,75

:2.06E+00
: 1.80E+00
:1.05E+00

21
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SAMPLE NAME #gO%ZGO'ite“A'lOMA’ INITIAL Clar (Slem) - 2.05E+00

THICKNESS (em) 001 PREEXPOSE CTN(S/cm) :2.00E+00
K-PROBE 2.941 FINAL GN2 (S/cm) 15.92E-01
Vapplied (V) .10 %INITIAL MOISTURE :4.75
CO cone.(ppm) Ovac °C0 Ag= Geo “C'N2final
1000.00 : . -5.92E-01
500.00 : : -5 92E-01
250.00 : -5.92E-01
125.00 0.673 0.864 2.72E-01
62.50 0.722 0.858 2.66E-01
31.25 0.720 0.839 2.47E-01
15.63 0.718 0.814 2.22E-01
7.86 0.668 0.755 163E-01

Table .6 Sensitivity measurement data 0of PANI-10M A/20Zeolite 4A
:20% ZeolitedA-10MA,

SAMPLE NAME 45 INITIAL Gar (S/cm) : 1.90E+00
THICKNESS (cm)  :0.0111 PREEXPOSE GN(S/cm) :1.60E+00
K-PROBE 1 3.62 FINAL gn2 (S/em) : 1.23E+00
Vapplied (V) - 10 %INITIAL MOISTURE :4.75
CO cone.(ppm) Svac <0 Ag= Gco "CTNfinal
1000.00 1.413 1.495 2.66E-01
500.00 1.379 1.425 196E-01
250.00 1.332 1.376 L47E-01
125.00 1.293 1.347 1 18E-01
62.50 1.256 1.307 7 80E-02
31.25 1.244 1.290 6.10E-02

15.63 1.227 1.262 3.30E-02



SAMPLENAME  {£0%ZeolitedA-TOMA, i TAT (74,8510m)

THICKNESS (cm) @01

K-PROBE 12.941
Vapplied (V) : 10
CO cone.(ppm) Svac
1000.00 0.45
500.00 0.34
250.00 0.31
125.00 0.23
62.50 0.12
31.25 0.11

°co

0.60
0.50
0.39
0.31
0.14
0.13

PREEXPOSE Cle(S/cm)

FINAL CIN2 (S/cm)
%INITIAL MOISTURE

A a= cJico "0 N2final
4.79E-01
3.75E-01
2 68E-01
1.88E-01
1.50E-02
4 00E-03

Table J.7 Sensitivity measurement data of PAN 1-10M A/40Z eolite 4A

SAMPLE NAME ./
THICKNESS (¢cm)  :0.013

K-PROBE 3.62
Vapplied (V) '8
CO cone.(ppm) Cdvac
1000.00 0.112
500.00 0.101
250.00 0.111
125.00 0.102
62.50 0.107
31.25 0.103

15.63

0.104

:40% ZeolitedA-10MA,

dco

0.138
0.146
0.118
0.127
0.124
0.112
0.116

INITIAL <ar (S/cm)

PREEXPOSE UN2(Slcm)

FINAL aN2 (S/em)
% INITIAL. MOISTURE

A d — CTeo *dN2final
3.20E-02
4.00E-02
1.20E-02
2.10E-02
1.80E-02
6.00E-03
1.00E-02
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1 6.89E-01

16.20E-01

:6.00E-01
4,75

$3.37E-01

: 1.55E-01

: 1.06E-01
14.75
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sampLe name  AA0WZeOlEAA-LOMA - AT o 4 (hom)  :5.05E:6h

THICKNESS (cm)  :0.01196 PREEXPOSE a N(S/cm) :3.22E-01
K-PROBE 13.62 FINAL CIN2 (S/cm) 2.05E-01
Vapplied (V) . 8 %INITIAL MOISTURE :4.75
CO Cone'(ppm) Oyac c5co “ C"N2final
1000.00 0.264 0.336 1.31E-01
500.00 0.262 0.317 1.12E-01
250.00 0.243 0.288 8.30E-02
125.00 0.232 0.272 6.70E-02
62.50 0.226 0.256 5.10E-02
31.25 0226 0.250 4.50E-02
15.63 0.206 0.225 2.00E-02
7.81 0.205 0.238 3.30E-02

Table J.8 sensitivity measurement data of PANI-10M A/20Zeolite 3A

SAMPLE NAME A>0%Zeolite3A-10MA, INITIAL Car (S/cm) : 1.82E+00
THICKNESS (cm) 10.012 PREEXPOSE GN(S/cm)  1.64E+00
K-PROBE 1 3.62 FINAL a N2 (S/cm) '1.39E+00
Vapplied (V) '8 «/(INITIALMOISTURE :4.75
CO cone.(ppm) Ovac teo O co "CN2final
1000.00 1.521 1.584 1.94E-01
500.00 1.491 1.557 167E-01
250.00 1469 1.555 1.65E-01
125.00 1.457 1.546 1.56E-01
62.50 1.454 1513 1.23E-01
31.25 1.427 1.485 9.54E-02

15.63 1.416 1.450 6.00E-02



sameLe name  420%Zeolite3A-TOMA, iy AT i (om):

THICKNESS (cm) :0.0111 PREEXPOSE CIN(S/cm)
K-PROBE :3.62 FINAL a N2 (S/cm)
Vapplied (V) 10 %INITIAL MOISTURE
CO cone.(ppm) Gvac tfco AcCr= (Tco - CtN2final
1000.00 2.2 2.28 2.30E-01
500.00 2.16 2.25 2.00E-01
250.00 2.16 2.23 1.80E-01
125.00 2.13 2.18 1.30E-01
62.50 2.10 2.16 1.10E-01
31.25 2.06 2.15 1.00E-01
15.63 2.03 2.07 2.00E-02

Table J.9 sensitivity measurement data of PANI-10M A/20Zeolite 5A

:20% Zeolite5A-10MA

SAMPLE NAME ' INITIAL aar(S/cm)

#l
THICKNESS (cm) 0.0112 PREEXPOSE ctr2(S/cm)
K-PROBE 13.62 FINAL Cln2 (Sicm)
Vapplied (V) .8 %INITIAL MOISTURE
CO cone.(ppm) Ovac A 07 Clp “ON2final
1000.00 0.779 1.005 4.73E-01
500.00 0.869 0.879 3.47E-01
250.00 0.752 0.816 2.84E-01
125.00 0.628 0.729 1.97E-01
62.50 0.680 0.758 2.26E-01
31.25 0.686 0.732 2.00E-01

15.63 0.579 0.650 1.18E-01
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-2 50H 40

:2.20E+00

:2.05E+00
L 4.75

1 1.32E+00

:7.89E-01

19.32E-01
14,75
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:20%Zeolite5A-10M A,
#2

SAMPLE NAME INITIAL (7ar (S/em)  : L.71E+00

THICKNESS (cm)  -0.01101 PREEXPOSE Cle(S/cm) 1.14E+00
K-PROBE 12.941 FINAL <Tn2 (S/em) 8.70E-01
Yapplied (V) .8 %INITLALMOISTURE 4.75
CO cone.(ppm) Ovac °c0 A(5= Oco " C5N2final
1000.00 1.254 1.328 4.58E-01
500.00 1.080 1.148 2.78E-01
250.00 1.288 1.086 2.16E-01
125.00 0.930 1.077 2.07E-01
62.50 0.929 0.999 1.29E-01
31.25 0.891 0.973 1.03E-01

15.63 0.929 1.012 1.42E-01
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