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APPENDICES

Appendix A Identification of Characteristic FT-IR Spectrum of 3-Thiophene
Acetic Acid, Poly(3-thiophene methyl acetate), Undoped Poly(3-thiophene acetic
acid), Acrylonitirle-butadiene Rubber, and P3TAA/NBR Blends

The poly(3-thiophene acetic acid) (P3TAA) was first characterized by FT-
IR spectroscopy in order to identify functional groups. Fourier Transform Infrared
Spectrometer (Thermo Nicolet, Nexus 670) operated in the absorption mode with 32
scans and a resolution of 4 cm'L, covering a wavenumber range of 4000-400 ¢cm'l
using a deuterated triglycine sulfate detector, optical grade KBr (Carlo Erba
Reagent) was used as the hackground material. The synthesized PTAA was
intimately mixed with dried KBr at a ratio of P3TAA: KBr = 1:20.

ECH M
N~

| (b)

o s
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Figure AL The FT-IR spectrum of: &) monomer; 3-thiophene acetic acid (TAA);
b) Poly(3-thiophene methyl acetate(P3TMA); and (c) Poly(3-thiophene acetic cid)
(P3TAA).

The assignments of peaks in the spectrum are shown in Table Al. The
characteristic peaks of PTAA were found at 3200-3000 cm"1 assignable to the
stretching vibration of the C-H bond on the thiophene ring; at 3000-2800 cm'], they
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represent the aliphatic C-H bonds; at 1700 cm', the ¢=0 stretching vibration; at
1400 cm'L the thiophene ring stretching vibration; and at 1300-1200 ¢m"l, the C-0
strectching vibration. The most characteristic feature in this spectrum is the
extremely broad O-H absorption occurring in the region from 3400 to 2400 cm'L
which is attributed to the strong hydrogen bonding of the dimmer. This absorption
often obscures the C-H stretching vibrations that occur in the same region. It is
obvious from the absorption paek at around 1700 cm"Lthat the ester groups were not
deteriorated during the oxidative polymerization (Kim ¢t al, 1999). The FT-IR
spectrum of Poly(3-thiophenemethyl acetate);PTMA, shown at 3000-2800 c¢m'l
assigned to the stretching vibration of the C-H band on the thiophene ring.
Ahsorption band at 1735-1750 cm-1 for the ¢=0 stretching vibrations; at 1432 cm-1
for thiophene ring stretching vibration and at 1300-1200 cm-1 for C-0 stretching
vibrations. Therefore, the oxidative polymerization of 3-thiophane methyl acetate is
confirmed (Senadeera, 2005).

Table AL The FT-IR absorption spectrum of undoped and doped P3TAA

Wavenumber Assignments References
(cm])
3400-2400 +20 IW1INE Kim et al.
13400-2400] O-H stretching vibration (199)
3100+50 Kim ¢t al,

13200 300 C-H stretching of thiophene ring (199)

BL0+0 C-H stretching of aliphatic Kim 14|,

[3000-2800] (1999)
1%117050]10 ¢=0 stretching vibration Kl(ngtgsl l'
1[31333]5 Thiophene ring stretching vibration K;rlnggtgil l'
1310380;2500 C-0 stretching vibration Kl(ng[g;l l'
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For Arcylonitrile butadiene rubber, were characterized in order to identify
their structures in different types. FT-IR spectrometer Fourier transform (Thermo
Nicolet, Nexus 670) operated in the absorption mode with 32 scans and a resolution
of £4 cm'L covering a wavenumber range of 4000-400 ¢cm'l using a deuterated
triglycing sulfate detector. A Horisontal Attenuated Total Reflectance accessory
(HATR) with equipped with ZnSe was used. The characteristic peaks of
Arcylonitrile butadiene rubber were found at 2850-3300 ¢cm'L assignable to the
stretching vibration of the C-H bond. The characteristic absorptions at 2237 cm'l-
ON stretching), 1630 cm 4C=C stretching) and 1440 -1445 cm'Lis out of plane C-H
wagging (Yong, ¢t al, 2006).

Absorbance

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber(cm'])

Figure A2 The FT-IR spectrum of: ) NBRL; b) NBR2; ¢) NBR3; d) NBR4 and ¢)
NBRS.
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Table A2 Summarized of FT-IR absorption spectrum at 2237 ¢cm'1(-C=N)

Bound acrylonitrile ~ FTIR band

Crade Type (%) intensity ratio
DN101L NBRL 4230 41%
Krynac334s F NBR2 33.00 23%
DN2650 NBR3 2800 20%
DN4OLL NBR4 1850 13%
KrynacX7.50 NBRS 26.50 20%

_— | —

5
T
e Y
-

Absorbance
5

\
4

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber(cm*®)

Figure A3 The FT-IR spectrum of: a) pure NBR1; b) P3TAA 5/NBRL; ¢)
P3TAAL0/NBRL; d) PSTAALS/NBRY; ¢) P3TAA20/NBRL; f)
P3TAA 30/NBR1 g) pure P3TAA.

Poly(3-thiopheneacetic acid)/Acrylonitri'e butadiene rubber, P3STAA/NBR,
blends were characterized by using FT-IR spectrometer Fourier transform (Thermo
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Nicolet, Nexus 670) operated in the absorption mode with 32 scans and a resolution
of +4 ¢cm'L covering a wavenumber range of 4000-400 cm'1 using a deuterated
triglycine sulfate detector. A Horisontal Attenuated Total Reflectance accessory
(HATR) with equipped with ZnSe was used. The results showed the position
wavenumber of the blends that were combined between NBR and P3TAA. When
P3TAA were added to NBR matrix the wavenumber around 3400 c¢m'l which
represent -OH group of poly(3-thiopheneacetic acid) were detected at the hlend
films. The absorbance of this wavenumber was higher in the blends having high
P3TAA composition.
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Appendix B Identification of Characteristic of Proton Nuclear Magnetic
Resonance (‘H-NMR)

Proton Nuclear Magnetic Resonance (‘H-NMR) Varian Unity Inova was
used to identify our successful synthesis of poly (3-thiopheneacetic acid). The
different characteristic peaks of both polythiophene derivatives are shown in the
figures BL and B2

Figure BL "H-NMR characteristic peaks of poly(3-thiophenemethyl acetate).
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Figure B2 'H-NMR characteristic peaks of poly(3-thiophene acetic acid).

'H-NMR spectra of these polymers were in agreement with their expected
structures: PSTMA (Figure 4.6) 07.26-7.3 ppm (m, thiophene ring proton, 1H), 3.68
ppm ( , thiophene ring -CH2-, 2H), 3.66 ppm (, -C//3, 3H). P3TAA Figure 4.7),
(DMSO) 12.60 ppm ( , -COOH, 1H), 7.55-7.28 ppm (m,thiophene ring proton, 1H),
3.80-3.37 ppm (m, thiophene ring -CH2-, 2H). The position at 12.6 ppm is the
important feature peak of poly(3-thiopheneacetic acid) in order to identify that the
structure can be changed from poly(3-thiophene methyl acetate) to poly(3-
thiopheneacetic acid) because this peak disappears in case of poly(3-thiophene
methyl acetate) (Kim, et al., 1999),
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Appendix ¢ Identification of Characteristic Peaks of Undoped Poly (3-
thiophene acetic acid) from UV-Visible Spectroscopy

The UV-Visible spectra of undope polythiophene recorded with a UV-Vis
absorption spectrometer (Perkin-Elmer, Lambda 10). Measurements were taken in
the absorbance mode in the wavelength range of 200-800 nm. Synthesized PTAA
was grinded into a fine powder, dissolved in DMSO at the concentration of 6.0x10'5
M and pipetted into the sample holder. Scan speed was 240 mm/min, and a slit
width of 2.0 nm using a deuterium lamp as the light source.

1.0
.8 1
=
0 .6
=
=
b
>
g o
<
2
0.0 &

200 300 400 500 600 700 800 900

Wavenumber(nm)

Figure Cl The UV-Visible spectra of; a) undoepd poly(3-thiophene acetic acid).
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Appendix D The Thermogravimetric Thermogram of Undoped poly(3-
thiophene acetic acid) and Acrylonitrile-butadiene Rubber

A thermal gravimetric analyzer (DuPont, model TGA 2950) was used to
determine amount decomposition temperature of undoped poly(3-thiophene acetic
acid) (P3TAA) and Acrylonitrile butadiene rubber. The temperature scans from 30 to
800°c with a heating rate of 10°c/min. The samples were weighted in the range of
5-10 mg and loaded into a platinum pan, and then heated it under an air flow. Three
transitions were observed in undoped poly(3-thiophene acetic acid), 30-120°C, 120-
280°c and 280-600°C; they refer to the losses of water and residue solvent, side
chain degradation and hackbone degradation, respectively (Chotpattananont ¢t 4|,
2004).

100

80 -
60 -

40

% Weight loss

20 -

200 400 600 800

Temperature(°C)

Figure D1 The TGA thermogram of undoped P3TAA under air flow, heating
rate 10 ¢/min.
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Table DI Summary of undoped PTAA degradation steps under air flow

Transition temperature (°C) % Weight loss
Sample = 2nd 3 W 2d  3d  Y%Residue

Pth—. 30-130  130-350 350-650 701 2623 U 53.76
under air

When temperature was scanned from 30 to 800°c with a heating rate of
10°c/min and the samples were weighted in the range of 5-10 mg and loaded into a
platinum pan. It was heated under nitrogen gas flow by using
Thermogravimetric/differential thermal analyzer (Perkin Elmer, Pyris Diamond).
Three transitions were observed in undoped poly(3-thiophene acetic acid), 30-120°c,
120-300 °c and 450-650°C, respectively.

100

o0
>

% Weight loss
(=2
(—]

40 1

200 400 600 800
Temperature (°C)

Figure D2 The TGA thermogram of undoped P3TAA under nitrogen flow, heating
rate 10 ¢/min.
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Table D2 Summary of undoped PTAA degradation steps under nitrogen flow

| Transition temperature (°c) % Weight loss

Samp ¢ 1st 283 2rd 1st 2 y d
PINUUNGET 1) g50030 33060 7002 2827 12840
Nitrogen gas

For Acrylonitrile butadiene rubber the composites have a better thermal
stability. When temperature was scanned from 30 to 80°C with a heating rate of
10°c/min under nitrogen gas and the samples were weighted in the range of 5-10 mg
and loaded into a platinum pan. They were heated under nitrogen gas flow. The main
transition temperature starts at 415 "C lead to weight loss of 79.84% and completed
at 505 °C (George, &1 2, 2000).

120
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Figure D3 The TGA thermogram of Acrylonitrile butadiene rubber under nitrogen
flow, heating rateio ¢/min.
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Figure D4 The TGA thermogram of Acrylonitrile butadiene rubber (NBR1) and
Poly(3-thiopheneacetic - acid)/Acrylonitrile rubber blends under nitrogen flow,
heating rate 10 ¢/min.

Poly(3-thiopheneacetic acid)/Acrylonitrile butadiene rubber, P3TAAINBR,
blends were characterized by using Thermogravimetric/differential thermal analyzer
(Perkin Elmer, Pyris Diamond) with a heating rate of 10°c/min from 30 to 800°c
under nitrogen gas. At lower concentration of P3TAA, the thermogram of the blend
trend to be the same characteristic as pure NBR having a main decomposition
temperature around 400 °c. When P3TAA were more added to NBR the
thermogram of the blended sample showed decomposition temperature around 230

¢ being the decomposition temperature of side chain of PSTAA. When the blends
were added more P3TAA the thermogram have the decomposition temperature in
between P3TAA and NBR.
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Appendix E Conductivity Measurement

The conductivity of matrixes can be measure by using the resistivity testing
fixture (Keithley, Model 8009) connected to a source meter (Keithley, Model
6517A) for a constant voltage source and reading resultant current under the
atmospheric pressure, 54-60% relative humidity and 24-25°C. The volume resistivity
(pv) of matrixes can calculate by following the ASTM standard D257.

p,=72R o))

where R is the volume resistance is ohms.
tis the average thickness of the sample.
Kvis the effective area of the guarded electrode for the particular electrode
arrangement employed.

For the Model 8009, which uses circular electrodes, Kv is calculated as follows:
K, - ,{%ﬂ‘ = ﬁg) (D.2)

D0 is the effective diameter of the guarded electroded (5.40 cm or 2% in),

D isthe effective area coefficient (typically zero).
g isthe distance between the guarded electroded and the ring electrode( X in-)-

When p=0, the Kvcalculation is simplified as follows:

K, = ﬂ—(—a@
(D3)
Thus
! (5.40)
K, =7=== =229cm (D.4)

or
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By using calculated values for Kv, D.| then becomes:

or

Where

22.9
sl (D.6)

C

vz A R (D7)

py IS the volume resistivity.
tc isthe average thickness of the sample in centimeters,
] Isthe average thickness of the sample in inches.

The applied voltage and the current change in the linear ohmic regime were

converted to the electrical conductivity of the polymer by using equation (D.8) as

follows:

Therefore, the electrical conductivity:

Where:

N U DY)

K]
=pv=200R 2229« V

a is specific conductivity (S/cm)

tc is the average thickness of the sample in centimeters
| s the measure current (A)

V is applied voltage (voltage drop) (V)



Table EI' Determination the specific conductivity (S/cm) of Acrylonitrile butadiene

rubber
Conductivity (Slcm)
sample 1 2 Average std
NBR1 3858E-10 2.768E-10 3.3132E-10 7.709E-11
NBR2 2.819E-10 4.003E-10 34108E-10 8.373E-11
NBR3 1.196E-10 3490E-10 2.3426E-10 1.622E-10
NBR4 1476E-10 1152E-10 1.3136E-10 2.291E-11
NBR5 4299E-10 4.386E-10 4.3424E-10 6.177E-12

From conductivity results, pure NBR rubbers have the electrical
conductivity around 10'0 s/em. When undoped P3TAA particles were added to
NBR, the conductivity slightly increase around one order magnitude.
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Appendix F Scanning Electron Micrograph of Undoped PTAA

Scanning electron microscope (JOEL, model JSM-5200-2AE) was used to
determine the morphological structure of the synthesized polymers.

Figure FI SEM photographs of undope poly(3-thiopheneacetic acid) at
magnification: (a) 1000; (b)2000.

From the SEM figures, the particle size of P3TAA is around 20 pm. The
size of undoped polymers was supported with the results from particle size analyzer
from table GI.

From figure E2, the cross cut P3TAA 20/NBR1 sample was checked
dispersion of P3TAA in NBR matrix. Figure F2 (b), the sample was extracted the
P3TAA particles out of NBR matrix by using pure DMSO to observe dispersion of
the particles.



@ (b)

Figure F2 SEM photographs of PSTAA 20/NBR1 blends at magnification 150: (a)
cross cut P3TAA 20/NBRL; (b) extracted PSTAA 20/NBR1 with DMSO.

Figure F3 SEM photographs of PSTAA/NBRL blends at magnification 500: (a)
P3TAA 5INBRL; (b) PSTAAJO/NBRY; (c) P3TAA 20/NBRL; (d)
P3TAA 30/NBRL.



Appendix G Determination of Particle Sizes of Undoped and Doped P3TAA
Table GL Summarized the particles diameter of undoped P3TAA (Pth_ )

Particle diameter (mm)
1 2 3 Avg.  STD
PSTAA 2503 2493 2519 2505 013

Samples

86
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Table G2 The raw data from particle size analysis of undoped P3TAA

Size 1 Polythizophene :
Low (Dm) - High (Dm) % Undere % Undere %  Under%
0.05 0.12 000 001 0 000 000 001
0.12 0.15 014 014 013 014 013 013
0.15 0.19 027 041 027 040 026 040
0.19 0.23 040 08 039 079 039 078
0.23 0.28 052 133 052 131 051 1.29
0.28 0.35 064 197 063 1% 062 19
0.35 043 074 271 072 266 071 262
043 0.53 081 351 079 346 077 339
0.53 0.65 084 435 08 428 080 419
0.65 0.81 081 517 079 507 077 496

081 1.00 072 580 070 577 067 563
1.00 123 059 647 057 634 084 6L
123 151 048 696 047 681 044 662
151 1.66 048 744 046 727 044 705

1.66 2.30 058 801 0% 78 053 139
2.30 2.83 077 879 075 838 072 83l
2.83 3.49 106 98 18 962 100 93
3.49 430 14 1124 140 1001 136 1066
4.30 .29 18 1309 184 1286 180 1246
5.29 6.92 236 1545 2% 152 231 1478
6.92 8.04 294 1839 294 1816 290 1768
8.04 9.91 362 200 362 2178 338 2126
991 1221 448 2649 44T 2625 445 2600
1221 1504 568 3218 566 3192 565 3L
15.04 185 734 95 7R 923 132 366
18.54 2284 945 4898 946 4870 947 4814
22.84 2815 1140 6037 1150 6020 1152  59.66
28.15 3469 241 7271 1263 7282 1269  72.34
34.69 275 114 8423 1178 8460 1189 8423
42.75 5268 880 9303 903 9363 917 9340
52.68 64.92 525 9821 517 9879 529 93.68
64.92 80.00 171 10000 119 10000 130  100.00
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Appendix H  Electrorheological Properties and Dielectric Properties
Measurement of Pure Acrylonitrile-butadiene  Rubber and  Poly(3-
thiopheneacetic acid)/ Acrylonitrile-butadiene Rubber Blend

The electrorheological properties of pure Arylonitrile butadiene rubber were
measure by the melt rheometer (Rheometric Scientific, ARES) under oscillatory
shear mode and applied electric filed strength varying from 0 to 2 kv/mm. In these
experiments, the dynamic moduli (GLand G") were measured as functions of
frequency and electric field strength. Strain sweep tests were first carried out to
determine the suitable strain to measure G' and G" in the linear viscoelastic regime.
As the figure HI was shown, the linear regime when without electric field was 0.1 %
strain.
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Figure HI  Strain sweep tests of pure arylonitrile-butadiene rubber (NBRI),

frequency 1.0 rad/s, temperature 27£0.5 °c, gap = 0.98L mm at: (a) E = 0 kv/mm:;(b)

E =2 kvimm.
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Figure H2 Strain sweep tests of P3STAA 5/NBRL, frequency 1.0 rad/s, temperature
2705 °c, gap = 0.768 mm at; (3) E = 0 kV/mm; (b) E = 2 kv/mm.
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Figure H3 Storage and loss moduli of pure NBR1 at various electric field strengths
vs. frequency, strain 0.1%, temperature 27£0.5 °c, gap = 0.981 mm at: (a) storage
modulus, G(co); (b) loss modulus, G"(co).



let6 -
;
- ! ggéESEEBBB 3
B Te+5 5 g g ! g g clz\
] J
R Rl e
Frequency (rad/s)
@)
le+S 1
| naié :
g | gigﬁéﬁlagégéggg 1 :
3 : :
let+4 R e S A
0.01 0.1 1 10 100 1000
Frequency (rad/s)
(b)

=0v/mm
=2v/imm
=5V/mm

= 10v/mm
=20 Vimm
=50 V/imm

= 100 V/imm
=200 V/imm
=500 V/mm
= 1000 V/mm
= 1200 V/imm
= 1500 V/imm
=2000 V/mm

mMmmmMmmMmMmmmmmm mm m

=0 v/imm
=2 V/imm
=5V/mm
=10 V/mm
=20 V/mm
=50 V/mm
=100 V/mm
=200 V/mm
=500 V/mm

= ['060 v/imm

= 1200 V/Imm
= 1500 V/mm
=2000 V/mm

92

Figure H4 Storage and loss moduli of P3TAA 5/NBRL at various electric field
strengths vs. frequency, strain 0.1%, temperature 27+0.5 °c, gap = 0.768 mm at: ()

storage modulus, G(ca); (b) loss modulus, G*(ca).
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Figure H5 Comparison of the storage modulus (G') of pure NBR and P3STAA/NBR
blends at electric field strength of 0 kv/mm and 2 kv/mm vs. frequency, strain 0.1%,

temperature 27+0.5 ¢, gap range 0.7- L0 mm: (a) pure NBR; (b) PSTAA/NBR.
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Figure H6  Comparison of the storage modulus response (AG') of pure NBR and
P3TAAINBR blends at frequency 1.0 rad/s vs. electric filed strength, strain 0.1%,
temperature 27£0.5 °c, gap range 0.7- 10 mm: (a) pure NBR; (b) PSTAA/NBR.



%

1.00 1
&5 0.10
< > By =S
7 T o
3 | R
o /%,
0014 ¥

%83
7/
72,
S 4
&
A R
/
2 g
=g~
% /
//Z/
SN
// — O~ NBRI, G, =202710Pa
d — - NBR2,G' = 126109 Pa
—4O—- NBR3,G',= 97359 Pa
— x7—- NBR4,G'g = 178255 Pa
—-O—- NBRS, G’ = 222280 Pa

0 100 1000

E (Willi

1.00 -

'=202710 Pa
—sp— P3TAA_S/NBRI, G', = 147415 Pa
—8— P3TAA_I0/NBRI,G, =221470 Pa
—O— P3TAA_I5/NBRI,G, = 257645 Pa
—A— P3TAA_20/NBRI,G, =297735 Pa
—O— P3TAA_30/NBR1,G,, = 726685 Pa

0100 10000
E (Vimm)
(b)

Figure H7  Comparison of the storage modulus sensitivity (AG'/G'0) of pure NBR
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temperature 27£0.5 °c, gap range 0.7- 1.0 mm: (a) pure NBR; (b) P3TAA/NBR.
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Figure HII Comparison of the storage modulus response (AG’) at various
frequency (L0, 10, and 100 rad/s), strain 0.1%, vs. dielectric constant (s') of pure
NBR at applied volt = 1.0 volt, 20 Hz, temperature 27 + 0.5 °c, gab range 0.7 - 10
mm: (a) 1.0 rad/s; (b) 10.0 rad/s; (c) 100.0 rads.
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Figure H12  Comparison of the storage modulus response (AG’) at various
frequency (L0, 10, and 100 rad/s), strain 0.1%, vs. dielectric constant (s') of
P3TAA/NBR1 blends at applied volt = 1.0 volt, 20 Hz, temperature 27 + 0.5 °c, gab
range 0.7 - 1.0 mm: (a) L0 rad/s; (b) 10.0 rads; (c) 100.0 radls.
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Figure H13 Temporal response of the storage modulus (G') at electric field
strengths 1.2 kV/mm vs, time ( ), frequency L0 rad/s, strain 0.1% and at 27°c of: (a)
Pure NBRY; (b) P3TAA_20/NBR1 blends.
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Figure H14  Schematic diagram of the bending response measurement of pure
NBRL and P3TAA 10/NBR1 films suspended vertically in a silicon oil hath and
sandwiched between copper plates (30 mm long, 30 mm wide, and 10 mm in
thickness, the distance between the electrodes is 10 mm) in acrylic box. A DC
electric field was applied horizontally at ambient temperature, which causes a
deflection distance (a) of the film from its original position to a new position (dash
ling).

The electric response of the specimens was recorded by a video camera, and
the deflection was analyzed by a digital image software (Sciion Image).

Bending angle can be calculated from: (H.I)

" (2)

The electric force (=) which was calculated from the equation following:
Fe=mgsin( +PE(f) (H.2)
where m is the sample’s weigth (kg), ¢ is the gravity (9.8 m/s2), 0 is the bending
angle, and . is the load force (N) from the field which was calculated from [24]:
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where E 15 Yong's modulus equal to 2G'(l+u), G' is the shear modulus 5 i
posson's ratio equal to 1/2 incompressible, | is the moment of inertia equal to
213C3W which ¢ is the sample thickness, s the sample width, a is the deflection
distance (a), and 11s the sample length.

Table HI' Bending response test of NBR1

Sample E 0 mgsinO
(V/Imm) (degree) (N) <N, (N)
NBR1 0 0.00 0.0000E+00 0.0000E+00 0.0000E+00
100 4.02 1.0404E-04 3.6616E-04  4.7020E-04
200 10.71 2.7588E-04  9.2872E-04  12046E-03
300 16.82 4.2973E-04  1.3615E-03  1.7912E-03
400 17.49 44621 E-04  1.4014E-03  18476E-03
20 0.0020
18 - )8»"”’8
16 - /
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4 ~
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Figure H15 Bending angle and electric force of pure NBRL vs. electric field
strength at room temperature. Size of pure NBR sample is 0.6 mm thick, with the
weight 0.1515 g, samples 5.55 mm wide.



Table H2 Bending response test of P3TAA 10/NBR1

Sample E 0 mgsiné
(V/mm) (degree) (N) (N

P3TAA 10/NBR1 0 0.00 0.0000E+00 0.0000[%+00
100 1.92 1.8766E-04 4.9322E-04
200 10.36 2.4504E-04  6.3448E-04
300 12.15 2.8668E-04  7.1589E-04
400 14.06 3.3103E-04  7.7574E-04
500 15.97 3.7489E-04  8.6194E-04
600 24.61 5.6729E-04  11229E-03
700 25.53 5.8707E-04  1.2043E-03
30 0.0020
| _-B - 0.0018
%5 /P” - 0.0016
20 1 / - 0.0014
15 | 5‘//6( - 0.0012
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Figure H16 Bending angle and electric force of PSTAAL0/NBRL vs. electric field
strength at room temperature. Size of PSTAALO/NBRI is 0.5 mm thick, weight of
0.1356 g, samples 5.55 mm wide.
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