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APPENDICES

Appendix A Admicelled Latex Recipe

Table A1 Ingredients of the admicelled rubbers

Sample SDS SDS NaCl NaCl Pyrrole Pyrrole Fex(SO4)s Fex(SO4)s

mM) (@ M (® @M (@@L @mM) (g)
A21-1 16 2307 0.0 20 6916 200 3.9988
A22-1 16 2307 0.0 20  691.6 10.0 1.9994
A23-1 16 2307 0.0 20  691.6 6.7 1.3329
AS,1-1 16 2307 0.0 50  1729.1  50.0 9.9970
A52-1 16 2307 0.0 50  1729.1 25 4.9985

AS5,3-1 16 2.307 0.0 50 1729.1 16.7 3.3323

A10,1-1 16 2.307 0.0 100 3458.2 100.0 19.9940

A10,2-1 16 2.307 0.0 100 3458.2 50.0 9.9970

A10,3-1 16 2.307 0.0 100 3458.2 33.3 6.6647

B2,1-1 56 0.8074 2.9222 20 691.6 20.0 3.9988

B2,2-1 56 0.8074 2.9222 20 691.6 10.0 1.9994

B2,3-1 56 0.8074 29222 20 691.6 6.7 1.3329
B5,1-1 56 0.8074 29222 50 1729.1 50.0 9.9970
B5,2-1 56 0.8074 29222 50 1729.1 25 4.9985

B5,3-1 56 0.8074 29222 50 1729.1 16.7 3.3323

B10,1-1 56 0.8074 2.9222 100 3458.2 100.0 19.9940

B10,2-1 56 0.8074 29222 100 3458.2 50.0 9.9970
B10,3-1 56 0.8074 29222 100 3458.2 333 6.6647
C2,1-1 32 04614 8.7665 20 691.6 20.0 3.9988
C2,2-1 32 0.4614 8.7665 20 691.6 10.0 1.9994
C2,3-1 32 04614 8.7665 20 691.6 6.7 1.3329
Cs,1-1 32 04614 8.7665 50 1729.1 50.0 9.9970
C5,2-1 32 04614 8.7665 50 1729.1 25 4.9985

C5,3-1 32 04614 8.7665 50 1729.1 16.7 3.3323

C10,1-1 32 04614 8.7665 100 3458.2 100.0 19.9940

C10,2-1 32 04614 8.7665 100 3458.2 50.0 9.9970

=1E=1k=] k=] E=] §=] k=] =] k=] K= E=l Rl Bl Bl Eal Bad Bl B
wauuwuwu-—-—-——-—a—-—-—i—-ooOOOQQOO

C10,3-1 32 04614 8.7665 100 3458.2 333 6.6647

Note Total volume of the reaction is 500 ml.
Ax,y-z:
A,B,C = [NaCl] 0.0, 0.1, 0.3 M, x = [PPy] 20, 50, 100 mM, y-z = [Mo}/[In]




Table A2 Calculation of pyrrole content in the admicelled rubbers in gram
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Pyrrole (mM) | Pyrrole (g) | Latex (g) | Pyrrole (wt%) | Latex (Wt%)
20 0.5706 25 2.61 97.39
50 1.6773 25 6.29 93.71
100 3.3545 25 11.83 88.17
Note

Total volume of the reaction is 500 ml.



Appendix B Calculation for Volume and Surface Resistivity

Surface Resistivy

Guard

Top
Electrode

Ring
Electrode

@ CGuarded Hi

LO o

Figure B1 Surface resistivity measurement technique.

p,=K.R

5

p, = surface resistivity (per square)

) R = measured resistance in ohms (V/I)
K;=Pl/g
where:
P = the effective perimeter of the guarded electrode (mm)
g = distance between the guarded electrode and the ring electrode(mm).
For circular electrodes:
P =nDy
Do=D,+g

Hi Electrods
e O51TA 65174
I NOSGHINCS Picoanmeter
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Volume Resistivity
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Figure B3 Volume resistivity measurement technique.

p, = surface resistivity (per square)

K, = the effective area of the guarded electrode for the particular electrode
arrangement employed

1 = average thickness of the sample (mm)

R = measured resistance in ohms (V/I)

For circular electrodes:
K. = :r(g + Bg)’
2 2
D, = outside diameter of guarded electrode

g = distance between the guarded electrode and the ring electrode

B = effective area coefficient, B of 0 is typically used for volume resistivity
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Appendix C Data of Particle Size Distribution
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Figure C1 Histogram showing the particle size distribution by volume of the natural

rubber latex.



Appendix D Data of Electrophoretic Mobility

Table D1 Mean electrophoretic mobility of centrifuged NR latex

pH EM (microns/sec per volt/cm)
3.0 3.242
3.6 1.802
4.0 -1.554
4.5 -3.318
6.2 -4.068
40 1
3.0 |
T 201
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S 10-
o
& 00 ; gty :
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‘E 20
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M 30
-4.0
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Figure D1 The electrophoretic mobility of charged latex particles in aqueous

solution at various pH.
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Appendix E Scanning Electron Micrographs of the Admicelled Rubbers

Figure E1 Scanning electron micrograph of B20,1-1 at magnification 3500/15 kV.

Figure E2 Scanning electron micrograph of B50,1-1 at magnification 3500/15 kV.
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Figure E4 Scanning electron micrograph of B100,1-1 at magnification 2000/15 kV.
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Figure ES Scanning electron micrograph of B100,1-1 at magnification 3000/15 kV.



Appendix F Data of Thermogravimetric Analysis

[PPy] mM, [Mo}/[In]
—20,1-1
100 - - ——, v 20,2-1
M"“"-»:,:_‘:‘:‘-._," " % - ) L 20,3-1
= . == 50,1-1
80 - N R
- Steeesg ., ek 5131
~ N
< e 100251
-~ %’ gaam 100,3-1
© 40 <<=~ PPy
Rubber
20 -
0 4
T T T T T T T ¥ T " T v ! - ¥
0 100 200 300 400 500 600 700

Temperature ('C)

Figure F1 Thermogravimetric analysis thermograms at 10 °C/min of nitrogen

atmosphere of the admicelled rubbers without salt.
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Figure F2 Thermogravimetric analysis thermograms at 10 °C/min of nitrogen

atmosphere of the admicelled rubbers with 0.1M NaCl.
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Figure F3 Thermogravimetric analysis thermograms at 10 °C/min of nitrogen

atmosphere of the admicelled rubbers with 0.3M NaCl.
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Appendix G Data of Fourier-Transform Infrared Spectroscopy

Table G1 FT-IR peak assignments for the IR absorption band

Wavenumber (cm™)

Assignment

Rubber

3035
2960
2926
2853
1663
1448
1375
1128
834
Polypyrrole
1557
1476
L 12851193
1044
924
787
684
618

=C-H stretching

C-H stretching of CH3

C-H stretching of CH;

C-H stretching of CH; and CHs
C=C stretching

C-H bending of CH;

C-H bending of CH;

C-H bending

C=CH wagging

C=C stretching
C-C stretching
=C-H in plane
N-H in plane

C-H stretching
=C-H out of plane
C-C out of plane
N-H out of plane




Appendix H Data of Mechanical Properties Measurement

Table H1 Raw data of tensile properties
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Sample Thickness  Elongation at Tensile strength  Young’s modulus
(mm) break (%) (MPa) (MPa)

A20,1-1 0.8892 107422 0.94+0.21 0.89+0.95
A20,2-1 0.3258 149+43 1.08+£0.04 0.73+£0.09
A20,3-1 0.7243 1714£37 0.45+0.09 0.26+0.24
AS50,1-1 0.2646 7249 1.99+0.13 2.88+1.18
A50,2-1 0.276 208+50 2.73+£0.12 1.35+0.24
A50,3-1 0.6657 163+12 0.81+0.08 0.50+0.66
A100,1-1 0.4363 39+4 3.98+0.28 11.03+6.37
A100,2-1 0.598 48+10 0.56+0.08 1.40+0.57
A100,3-1 0.592 88+13 1.47+0.07 1.70+0.45
B20,1-1 0.5618 113£15 1.63+0.13 1.44+0.88
B20,2-1 0.675 199421 0.64+0.10 0.39+0.12
B20,3-1 0.7047 120+29 1.44+0.33 1.20%1.11
B50,1-1 0.4258 118+4 2.62+0.32 2.28+5.02
B50,2-1 0.4091 102+11 1.42+0.16 1.40+1.35
B50,3-1 0.651 88+14 1.41+£0.30 1.62+2.15
B100,1-1 0.3593 5148 8.40+0.45 16.79+5.48
B100,2-1 0.3058 8315 4.24+0.20 5.16+1.32
B100,3-1 0.5008 69+5 2.29+0.22 3.374£3.65
C20,1-1 0.8967 13345 0.58+0.01 0.44+0.16
C20,2-1 0.9242 69+14 0.43%0.08 0.62+0.57
C20,3-1 0.6192 73+10 0.55+0.04 0.76+0.41
C50,1-1 0.4293 139+15 2.68+0.34 1.95+2.20
C50,2-1 0.5425 54+10 1.99+0.32 3.7243.14
C50,3-1 78£16 1.59+0.16 2.05+0.99

0.5208
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Sample Thickness  Elongation at Tensile strength  Young’s modulus
(mm) break (%) (MPa) (MPa)
C100,1-1 0.3375 48+15 4.12+0.58 9.87+3.03
C100,2-1 0.4936 127421 2.70+0.55 2.1742.35
C100,3-1 0.7655 88+21 1.81+0.41 2.07£1.96
Rubber 1.2 44748 0.23+0.06 0.01+0.47
Note
Ax,y-z:

AB.C = [NaCl] 0.0, 0.1, 0.3 M, x = [PPy] 20, 50, 100 mM, y-z = [Mo}/[In]

(a) ] - = =20,1-1
0.016 =e+=-20.2-1
----- 20,3-1
Rubber
0.012 4
=
= p
% 0.008 - /
8
B
w2 /
!
0.004 - J’
/ - —
I " -
L7~
0.000 T T T T T 1
0 100 200 300 400 500

Strain (%)



77

(b) 1 - = =50,1-1
-e=250,2-1
00164  eees 50,3-1
Rubber
0.012 4
£
2 0.008 -
DT e
= et
7 s
,'IT -
e RN
00044 ;7 .
vy
427 o
K
0.000 T T T T v ] L 1 L, 1
0 100 200 300 400 500
Strain (%)
k - = =100,1-1
© o006 ! =--=-100,2-1
(RS . S el 100,3-1
1 Rubber
I
00124 |
= 1
=™ ]
E '
2 0008 |
E )
5} {1
£ .
0.0044' - .
I e
l?‘
'l
0.000 - ’ T X T ' T v T v 1
0 100 200 300 400 500
Strain (%)
&
Figure H1 Effect of [Mo]:[In] on the Stress-Strain curves of the admicelled rubbers

with no salt (a) PPy 20 mM, (b) PPy 50 mM, (c) PPy 100 mM.
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Figure H2 Effect of [Mo]:[In] on the Stress-Strain curves of the admicelled rubbers
with 0.1M NaCl (a) PPy 20 mM, (b) PPy 50 mM, (c) PPy 100 mM.
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Figure H3 Effect of [Mo]:[In] on the Stress-Strain curves of the admicelled rubbers
with 0.3M NaCl (a) PPy 20 mM, (b) PPy 50 mM, (c) PPy 100 mM.
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Figure H4 Stress-Strain curve of natural rubber.



Appendix I Data of Dynamic Mechanical Analysis
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Figure 12 Storage modulus, loss modulus and tan § of A20,2-1.
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Figure I3 Storage modulus, loss modulus and tan & of A20,3-1.
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Figure 14 Storage modulus, loss modulus and tan 8 of A50,1-1.
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Figure 16 Storage modulus, loss modulus and tan 6 of A50,3-1.
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Figure I8 Storage modulus, loss modulus and tan & of A100,2-1.
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Appendix J Data of Conductivity Measurement

Table J1 Volume and surface conductivity of the admicelled rubbers

Sample Th:z::;ess co:: tlll::lil:ity co:::c-zic:ity
(S/cm) (S)
A201-1  0.08892 1.9E-08 6.3E-08
A202-1  0.03258 2.9E-08 4.1E-08
A203-1  0.04417 4.6E-10 3.1E-08
A50,1-1  0.02646 1.6E-06 1.1E-07
A502-1  0.02760 2.9E-07 5.5E-08
A503-1  0.07083 4.5E-09 1.5E-08
A100,1-1  0.05933 1.0E-05 9.6E-07
A1002-1  0.05980 7.2E-06 2.6E-07
A1003-1 005920  3.3E-06 8.9E-08
B20,1-1  0.03685 8 3E-07 5.9E-07
B202-1  0.07557 2.3E-07 1.0E-07
B203-1  0.06927 1.6E-07 5.7E-09
BS0,1-1  0.04258 4.8E-06 2.2E-06
B50,2-1  0.04091 1.5E-06 4.5E-07
B50,3-1  0.06510 2.6E-06 3.6E-07
B100,1-1  0.03669 5.5E-06 5.8E-07
B1002-1  0.03871 6.8E-06 1.2E-06
B1003-1  0.05008 3.9E-06 9.0E-07
C20,1-1  0.08967 2.1E-08 3.2E-09
C202-1  0.04467 53E-10 2.7E-09
C203-1  0.04469 3.1E-09 1.0E-09
C50,1-1  0.04293 5.0E-06 1.3E-07
C502-1  0.05425 2.9E-06 2.0E-07
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Sample Th:::;n)ess co::llll;:’il:ity con?:lliz:ic:ity
(S/cm) (S)
C50,3-1 0.05208 3.7E-07 1.5E-08
C100,1-1 0.03375 6.8E-06 2.6E-06
C100,2-1 0.04936 1.6E-06 3.6E-07
C100,3-1 0.07655 6.0E-06 4.7E-07
Note
Ax,y-z:
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A,B,C = [NaCl] 0.0, 0.1, 0.3 M, x = [PPy] 20, 50, 100 mM, y-z = [Mo}/[In]

Table J2 Volume conductivity of the stretched admicelled rubbers

Strain

Conductivity (S/cm)

(%) B20,1-1

B50,1-1

B100,1-1

B100,2-1 B100,3-1

0.00 1.12E-07 3.22E-04 2.28E-04 1.17E-04  5.25E-05
0.89 6.81E-08  1.19E-04 2.59E-04 2.08E-05 3.30E-05
1.28 4.02E-08  4.19E-05 2.65E-04 2.12E-05 4.88E-05
2.11 5.90E-05 9.87E-05 1.20E-05 7.08E-05
3.06 4.56E-06 4.09E-05 5.08E-06 5.52E-06
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