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Abstract

Polypyrrole was chemically synthesized by in situ polymerization in the presence of surfactant dopant on
cotton denim fabric. Shape and size of the particles are characterized by SEM micrographs. Electrical
and thermal conductivity of fabric samples were measured and it was found that electrical conductivity
can be increased by increasing the concentration of polypyrrole, but there is no significant relation
between electrical and thermal conductivities.
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1 Introduction

Several works have been devoted to the coating of fibres or fibrous materials with Conducting
Electroactive Polymers (CEP). All these works involve a vapour-phase treatment of oxidant-
containing carriers with the monomers [1]. Polymers with conjugated π-electron backbones can
be oxidized or reduced more easily and are more reversible than conventional polymers. Dopants,
which act as charge transfer agents, affect this oxidation or reduction process and render these
polymers conductive.

The ultimate goal of electrically conductive polymer research is to combine the process ability
of polymers with the electronic properties of metal or semi-conductors [2]. Unfortunately, most
of these conductive polymers are intractable and cannot be processed into useful articles. This
is particularly true for polypyrrole (PPy) and polyaniline (PANi), which are preferred for their
high conductivity and stability under environmental conditions [3, 4].

In the mid-1970s, the first polymer capable of conducting electricity was discovered in a new
form of polyacetylene. The announcement of this discovery quickly reverberated around scientific
community, and the intensity of the search for others magnified dramatically [5, 6, 7].
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Among the first commercial products incorporating conductive polymers there was Contex, a
line of conductive textile products originally manufactured by Milliken [8], starting around 1990,
and now produced by Eeonyx Corp., under the trade name of EeonTexTM.

There has been little attention devoted to the determination of the thermal conductivity proper-
ties of polypyrrole. Kanazawa et al. [9] reported a thermal conductivity value of 3.77 [Wm−1·K−1]
for a copolymer of pyrrole and N-methylpyrrole. No information was given regarding the mea-
surement technique or temperature at which the test was made.

For metals the Wiedemann-Franz law states that the ratio of thermal to electrical conductivity
is proportional to temperature. The proportionality constant is the Lorenz number and it is a
constant for a wide range of metals. This behavior may be explained by applying Fermi Dirac
statistics to the “free” electrons in the material [10, 11]. Hence, it can be shown that the ratio
of the electronic component of thermal conductivity λ [Wm−1·K−1] to electrical conductivity σ
[S·m−1] is given by Eq. (1).

λ/σ = (π2/3)(k/e)2T (1)

where k is the Boltzmann constant [JK−1], e the charge on an electron [C] and T the absolute
temperature [K], the Lorenz number for metals is given by (π2/3)(k/e)2 and is equal to 2.45×10−8

[W·Ω·K−2].

In this study PPy was chemically polymerized in different concentrations on cotton denim
fabric by surfactant dopant. Cotton fibre surface was characterized by SEM. Volume and surface
electrical conductivity of fabric samples was measured together with thermal conductivity.

2 Methodology

Cotton denim fabric was desized and washed thoroughly for complete removal of finishing addi-
tives. Construction of the fabric sample is mentioned in Table 1.

Table 1: Description of the fabric sample

Description

Warp Yarn Cotton Dyed, Tex 49.25

Weft Yarn Cotton, Tex 49.0

Weave Twill 3/1 Z

gram per sq. meter (GSM) 248

2.1 Sample Preparation

PPy was chemically synthesized in different concentrations on cotton denim fabric by in situ
polymerization in the presence of surfactant dopant. Five different aqueous emulsions of Pyrrole
(Sigma) with concentrations 1% to 5% were prepared by adding Dodecyl benzenesulphonate
(DBSA) (Sigma) 0.05 M in each solution.

Five samples of fabric were immersed completely in each emulsion for 5 hours. Each sample was
then taken out from emulsion and immersed in 0.1M FeCl3 (Sigma) for further 10 hours in order
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to complete polymerization of PPy. Each sample was then taken out and washed with ethanol
followed by distilled water several times in order to remove (DBSA) from the fabric surface.
Fabric samples were then dried at 25±4 ℃ for 24 hours and marked as A1 to A5 with respective
concentrations, 1% to 5% of Pyrrole and the untreated sample was marked as A0.

2.2 SEM Micrographs

Fibers coated with PPy were collected from each fabric sample and analyzed from SEM (VEGA
TESCAN Inc. USA) at 30kV. Samples were not coated with gold deliberately in order to take
contrast image of shiny PPy particles.

2.3 Electrical Conductivity

Surface as well as volume electric conductivity were measured three times from both face and
back of each fabric sample and the average was recorded with the help of HP Agilent 4339A High
Resistance Meter. Concentric ring electrodes were used for this purpose in order to avoid errors
caused by textural unevenness of denim fabric.

2.4 Thermal Conductivity

All treated and untreated fabric samples were conditioned for 24 hours at 25±2 ℃ and 65%
R.H before measuring thermal conductivity. It was measured with the help of ALAMBETA from
Sensora Czech Republic. It calculates all the statistic parameters of the measurement and exhibits
the instrument auto-diagnostics, which avoids faulty instrument operation. The simplified scheme
of the instrument is shown on Fig. 1.
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H
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Fig. 1: Schematic diagram of ALAMBETA instrument

The principle of this instrument is based on the hot plate (7). The ultra-thin heat flow sen-
sor (4) is attached to a metal block (2) with a constant temperature different from the sample
temperature which records the difference. When the measurement starts, the measuring head
(1) containing the heat flow sensor drops down with the help of assembly (10) and touches the
planar measured sample (5), which is located on the instrument base (6) under the measuring
head. At this moment, the surface temperature of the sample suddenly changes and the instru-
ment computer registers the heat flow course through connection wires (11). Simultaneously, a
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photoelectric sensor measures the sample thickness. To simulate the real conditions of warm-cool
feeling evaluation, the instrument measuring head is heated to 32 ℃ (see the heater (3) and the
thermometer (8)) [12].

3 Results

Fig. 2 shows the deposition of PPy on cotton fibers of fabric samples. It can be seen that with
increase in pyrrole concentration in the polymerizing emulsion, there is a significant increment in
the amount of particles on the fiber surface, Fig. 2 (b)-2 (f).
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Fig. 2: SEM micrographs of PPy coated cotton fibers (a) Untreated A0 (b) A1 (c) A2 (d) A3 (e) A4
and (f) A5

From the micrographs it can also be seen that there is no noticeable change in the surface of
the cotton fiber after deposition of PPy on it but tiny particles of PPy stick with the surface only.

Thermal conductivity of a material works by energy transfer through the material by excitation
of the following particles: electrons, phonons, photons and molecules [13]. In this particular work,
there is a noticeable increase in the thermal conductivity of untreated fabric sample and the sample
treated with the lowest concentration of pyrrole, but no relationship has been found between the
concentration of PPy and thermal conductivity Fig. 3. Surface and volume electrical conductivity
values can be seen in Table 2.

Similar effect was observed while plotting relationship between thermal resistance, volume and
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Table 2: Electrical and thermal properties of PPy coated cotton denim fabric samples

Sample #

Volume
electrical
resistivity
ρ [Ω·cm]

Volume
electrical

conductivity
σ [S·cm−1]

Surface
electrical
resistivity
ρs [Ω/sq]

Surface
electrical

conductivity
σs [S/sq]

Thermal
conductivity

λ×103

[Wm−1·K−1]

Thermal
resistance
R×103

[m2·KW−1]

A0 7.97E+10 1.26E-11 3.99E+12 2.50E-13 50.5 18.1

A1 3.84E+07 2.60E-08 5.48E+08 1.82E-09 54.8 15.3

A2 9.80E+06 1.02E-07 2.34E+07 4.26E-08 55.4 15.2

A3 5.56E+06 1.80E-07 9.37E+06 1.07E-07 53.6 16.3

A4 2.47E+06 4.04E-07 8.97E+06 1.11E-07 53.4 16.5

A5 2.10E+06 4.77E-07 7.64E+06 1.31E-07 55.7 15.4
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Fig. 3: Thermal conductivity plotted against
volume and surface electrical conductivity
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Fig. 4: Thermal resistance plotted against volume
and surface electrical resistivity

the surface electrical resistance of fabric samples as shown in Fig. 4.

4 Conclusion

PPy was synthesized on cotton denim fabric by in situ polymerization in the presence of sur-
factant dopant. Electrical and thermal properties were measured and it was found that there is
a significant increase in thermal conductivity due to small amount of PPy particles which were
formed on the surface of the cotton fiber. Further increase in particle concentration cause drastic
increase in electrical conductivity but it doesn’t affect thermal conductivity so much. Therefore
the relationship between thermal and electrical conductivity for PPy coated fabric does not fol-
low a simple Wiedemann-Franz proportionality over this range of concentration and/or for this
technique of polymerization of PPy which is presented in this work.
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