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ABSTRACT : Electrically conductive composites have been prepared by treating fabrics with
oxidizing agent and exposing them to aniline, which deposited a substantial amount of con-
ductive polymer within the interstices of the material. However the conductivity of the com-
posite fabrics was limited by the irregular deposition of the conductive polymer layer. To im-
prove the conductivity of polyaniline/nylon 6 composite fabrics, we modified the surface char-
acteristics of nylon 6 fabrics by various plasma treatments and increased diffusion and
adsorption of aniline by ultrasonic treatments. By the oxygen plasma treatment, attachment
of functional groups such as C-O and C-OH increased on the surface of nylon 6 fiber, which
promoted adhesion to polyaniline resulting in the higher add-on and electrical conductivity.
Electrical conductivities of polyaniline/nylon 6 composite fabrics were highly increased by ul-
trasonic treatment, which assisted the diffusion of aniline into the inside of nylon fabrics by
cavitation and vibration. Also, the effects of monomer concentration and the number of depo-
sition cycles on the nylon 6 fabric conductivity were investigated. As a result, the fabric con-
ductivity increased with the monomer concentration and the number of polymerization depo-
sition cycles.

Keywords: plasma treatment, surface modification, ultrasonic treatment, conductive composite,
polyaniline, nylon 6.
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Figure 1. Schematics of capacitively coupled plasma
treatment system: RFG: radio frequency generator,
IMC: impedance matching circuit, MKS: MKS
Baratron gauge, S: radio frequency shield, V1: meter-
ing valve, V2: throttle valve, LN: liquid nitrogen trap,
VP: vacuum pump, CW: cooling water.
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preparation process.
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Table 1. Surface Compositions in Relative Atom %

sample O, plasma NHj; plasma Ar plasma
ontrol
core level treatment treatment treatment
Cis 72.7% 70.6% 69.3% 68.3%
Nis 5.4% 3.6% 6.5% 5.9%

Oy 219%  25.8% 24.2% 25.8%

Table 2. Atomic Composition Ratio‘l of Nylon 6
and Plasma Treated Nylon 6 Surfaces Measured
by XPS

sample O, plasma NHj plasma Ar plasma

core level \ treatment treatment treatment
N../Cr. 0075 0051 0.094 0.087
0,,/C;. 0301 0364 0.349 0.378
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Figure 3. XPS Ci, core level spectra of (a) control, (b) oxygen, (c) ammonia, and (d) argon plasma treated Nylon 6

surfaces at take-off angle of 35°
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Table 3. Deconvoluted Peak Assignment of the
XPS Spectra for the Plasma Treated Nylon 6
Fabrics®#

functional binding energy (eV)
group C] s Nl s OI s
C-C 284.6 - -
C-N 285.4 - -
C-0. C-OH 286.1 - 5316
CONH 2879 3994 5323
C=0 - - 531.1

Zxo] ¥ CONH 7#E9 Aiu|7} =4 Jebdo}

S24Z0F M2jol| 2F METef Bish 2, ¢ty
oh, ol2= Fotz=ul Majd YAE 6 NEL 10T
olA 0.5 Mo} opd@ls} 0.35Mo] HCI7L 23
Sl 241 FF AR A opdE e YUE 6
ol #aA7 F, 05Me] APS9} 0.35 M2] HCI
& H7HA 5T Mol 308 FF/AA Za)

677



09
0.8
07
06
0.&
0471
0.3
0.2
0.1

0

aControt
£ Oxygen
7 Ammonia
® Argon

Relative ratio

C-N/C-C C-0, C-OH/C-C CONH/C-C
Figure 4. Relative composition changes of functional
groups with various plasma treatment (C,).

shda/ULE 6 BaEe Azsigch
ohdalg HClZ 348 +89 &o GYAIA 40
cel Befzold AR, ol HClol 37}

slo] ohdele] SAe EoiFH, BB ABUE
AFsiel HERsE AEE 2P o 40 T} 7+
448 Roz Yehdl Eﬂ—r°lt}

T3 5Co) AN TP AL FUA ew7t
gowl 2lohdee] 4ol maAl AN AW 2

o FAsH 4Rl W B FATEE
QATIE, BHee oblsle] AEEE HalA7]
89l0] 5)7] Hgoln.

7 7PN Fhaz Eehzel A § Az
ol /UYE 6 BRHT AEES 53T
Aa Zalzul HEAlE 3.3x102S/cm, of2
2lzo} AP 2.1x102S/cm, FRUol Behx
o} AAlE 20x107S/eme] W7l AEEE e

\‘

27

&

o)

Ir

[

5 X

. =2

B

=R
AL A X at
T

Welen, Eaelzul Hsly ¥ AZE FEAE
o] AL 2.1x10°2S/cmo|gith.

Ma Zakzel AHesta Ee2lojdds FEAU
Hd 2 6 gEo] 71y & A7l AxxE JERldE

ol ol 4 Eekzeo} Aeldl ofa 44" C-OH,
C=0, C-09} 2 3477} yda 6 BEslo] &
Yslof opdalel MalEEte FUAYIL 2PAL @
FA717] MEo R Algdnt

YRyl Fehzel H2l@ Fejopdd/UAE 6
BBl Ay AEEE ZrlEx] ¢¥dod, F
ARS HlaAA 23l 27 Rastdnh ojAe %

2ujo} Eelzul Xald] oa) AAE amide®} amine
717} HegHol Zalopdd e 71eE o] 23} vhe

sl EYFES BaA717) BEoE Hrid

678

AL E
1.0E-02 7.0

E & Conductwiy (Sicmi ] 16.0
O 8.08-03¢ 0 Add-on (%)
n 50
> 6.0E-03 {40 §
2 c
O 4.0E-03} — 130 ¢
% | 12.0 g
& 2.08-03} ! <
O | 41.0

0.0e+00 1 - 0.0

. No treatment Uttrasonic  Ultrasonic freatment

treatment during
during diffusion polymerization

Figure 5. Effect of ultrasonic treatment on the con-
ductivity and add-on of PAn/Nylon 6 fabrics.
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Zjoldd/Ude 6 2

Table 4. Electrical Conductivity of PAn/Nylon 6
Fabrics with Washing Cycles

number of washing cycles
1 2 3 5
no treatment 95,107 79x107 18x102 15x107
(S/cm)
0, plasma
treatment (S/cm)
Data were normalized to their initial values.
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