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ELECTROPOLYMERIZATION OF PYRROLE ON
COTTON FABRICS

Surya Subianto
Geoffrey D. Will
Serge Kokot
Centre for Instrumental and Developmental Chemistry,
Queensland University of Technology, Brisbane, Australia

Polypyrrole was electrochemically deposited onto cotton fabrics with the aid of
a water-soluble adhesive. The conductivity and surface structure of the resultant
polymer were studied, showing a templated dendritic growth on the surface
of the cotton fabric. The mechanism for templated growth is discussed.
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INTRODUCTION

Over the last decade conducting polymers have been intensely investi-
gated with specific focus on synthesis, characterization, processibility,
and stability. Particular emphasis in the last few years has been direc-
ted toward applications, with an attempt to translate the versatility of
conducting polymers into practical devices [1�5]. The ideal properties
of a conducting polymer would result in a material with metallic con-
ductivity and mechanical properties of a strong processible thermo-
plastic [6]. However, the reality is that most conducting polymers
possess poor mechanical properties, rendering them unsuitable for
many conventional industrial uses and processes [1]. Recently, the
processability issue has been addressed by Garnier and co-workers
through printing techniques [3] and Kim and co-workers by the incor-
poration of the conducting polymer into hydrogel composites [7].
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In situ polymerization of polypyrrole and aniline onto materials with
high surface area (textiles, membranes) has also been a source of com-
mercial interest over the last 10 years by numerous groups [8�10].
More recently, modification of the synthesis of these polymers has pro-
duced soluble derivatives allowing in situ synthesis of the polymer in
the same way as conventional thermoplastics [5].

Numerous composites made up of conducting polymers and struc-
tural synthetic polymers have been constructed and utilized in differ-
ent ways such as in electromagnetic radiation shields by the U.S.
military [9]. Generally, composite formation involves radical initiated
polymerization in the presence of the structural material [11]. The
integration of the structural material with the conducting polymer
in this case is dependent on an absorption mechanism [11�14]. An
alternative method is through the physical attachment of the textile
substrate onto an electrode and electrochemically polymerizing
through the textile network of the structural material [10,15]. The
advantage with this method rests in the ultimate control of the rate
of polymerization through the imposed electric current and the degree
of conductivity via the dopant concentration.

This article reports the use of electrochemical polymerization of
polypyrrole on/in to natural textiles through the surface modification
of the anodes used. In using this technique it can be shown that the
rate of polymerization has an inherent effect on the electrical proper-
ties of the final product. It is also shown that composite formation
improves the mechanical properties of the conducting polymer. The
nature and formation of the polypyrrole film are studied with the
aid of scanning electron microscopy (SEM), which provides an insight
into its polymerization on=in the cotton cellulose fabric structure in
the presence and absence of the adhesive. In particular the authors
follow and describe the growth stages of the polymer from the polymer
film layer through the network of holes formed by the criss-crossing
yarns to the formation of spherical dendrites.

EXPERIMENTAL

The preparation of conducting polymer films with and without a
natural fiber support were carried out using pyrrole (Aldrich, 98%),
p-toluenesulphonic acid (Aldrich, 99%) as dopant=electrolyte at the
indicated concentrations in an aqueous solution. Galvanostatic electro-
chemical synthesis was carried out by the oxidative polymerization of
polypyrrole using a two-electrode electrochemical cell employing a stain-
less steel (type-304) anode in conjunction with a stainless steel mesh
(type-304) cathode. The cell was arranged such that polymerization
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occurred in a horizontal orientation with the cathode suspended above
the anode (see Figure 1). Current and voltage were controlled and mon-
itored in the cell using a Parameters 8040 multimeter connected to a
Thandar TS3021S 30V=2A power supply.

Electropolymerization was carried out for 4 to 6 h. In the case of a
supported polymer film, cotton fabric was attached to the anode by
means of a water-based adhesive (Henkel Pritt stick) with a second
layer of adhesive applied to the external surface of the fabric. For
comparison, polymer films were also produced in the presence of
cotton fabric without adhesive by physically pressing the textile to
the surface of the anode. Unsupported films were prepared using the
same apparatus but in the absence of both adhesive and cotton fabric.
All polymerizations were carried out at room temperature (25�C).

Films were peeled from the electrode using a scalpel, washed with
deionized water, and air dried before testing. If films were not immedi-
ately tested they were stored in a darkened desiccator.

Conductivity of the resulting films was measured using the
two-point probe method. SEM micrographs of the supported and
unsupported films were measured with a JEOL JSM-35 CF scanning
electron microscope.

RESULTS AND DISCUSSION

Nature and Properties of the Polypyrrole Film

The polypyrrole formed on cotton fabric grew as a film of even thick-
ness on the electrode and appeared to be mechanically attached to
the cotton by polymerizing in between the yarns and finally through
the cotton fabric as dendrites. In contrast to the dendritic surface, a
smooth polypyrrole film was formed at the surface of the stainless
steel electrode. It was noted that the quality and uniformity of the film

FIGURE 1 A two-electrode electrochemical setup for polymerization of poly-
pyrrole.
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depended highly on the polymerization current and the evenness of
the adhesive layer, with low current and a thin, even layer of
adhesive producing the films with best physical properties. This
result reflects the dependence of electrochemical polymerization on
the rate of diffusion of the pyrrole from the bulk solution to the grow-
ing polymer tip [15]. Similar to results obtained by various groups
[16�22], the conductivity of the polymer increases with increasing
dopant concentration and decreasing polymerization current (see
Tables 1 and 2). This is due to a higher number of charge carriers
in the polymer as the dopant concentration increases and higher
degree of crystallinity in the polymer structure as it is formed more
slowly at lower currents.

It was found that the conductivity of the films supported on the cotton
fabric were lower than that of the free standing film (see Table 3). This
could be attributed to the more irregular structure of the film on the
cotton, therefore increasing the number of defects and barriers to the
movement of electrons. This result is supported by the hopping mech-
anism proposed to be the limiting step in the conduction of electricity
through a conducting polymer [17,21,23]. It would be expected that the
cotton, which is an insulator, would decrease the interaction between
polymer chains as a result of its presence. Therefore, the result is a
decreased probability of electrons hopping from one polymer chain to
the next, leading to a decrease in the conductivity of the composite.

TABLE 1 Conductivities of Films Prepared in 0.2M Pyrrole, 0.5M
p-Toluenesulphonic Acid in Aqueous Solution at Indicated Polymeri-
zation Currents

Polymerization current density (A=cm2) Resistance (X=cm2)

2 0.75
3 1.19
5 210

TABLE 2 Conductivities of Films Prepared at 100mA=cm2 and
0.6M Pyrrole with the Indicated Concentration of Dopant,
p-Toluenesulphonic Acid

Dopant concentration (M) Resistance (X=cm2)

0.01 0.44
0.02 0.033
0.05 0.0059
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Morphology Studies of the Cotton/Polypyrrole Composite

The SEM micrographs (Figure 2) reveal that a thick film growth
through the cotton is present when adhesive is used, with less
ordering compared to the free-standing film. It also shows that the
polymer does not coat the individual cotton fibers but rather fills
the gap between the yarns. Mechanical interlocking between the poly-
mer and the cotton yarns is therefore responsible for the improved
mechanical properties. This observation is in contrast to that observed
for conducting polymers formed chemically in the presence of support-
ing fibers where the polymer was shown to form a continuous coating
on the supporting fiber through an adsorption mechanism [11�14].

The growth pattern of the polymer on the surface of the free-
standing and supported films were shown to be distinctly different
(see Figure 3). The free-standing films produce granular dendrites,
which seem to be made of small spherulites growing together, whereas
the film on the adhesive-coated cotton fabric produces porous, hollow
dendrites.

TABLE 3 Conductivities of Free Standing and Composite Films
Prepared in 0.2M Pyrrole, 0.01M p-Toluenesulfonic Acid at
100mA for 2.5 h

Film type Resistance (X=cm2)

Free standing film 0.077
Film on cotton 1.60

FIGURE 2 SEM images of the cross section of electrochemically polymerized
polypyrrole films on cotton fabric (A1) and freestanding film (A) (Polymeriza-
tion conditions: 100mA=cm2 from a 0.2M polypyrrole, 0.02M p-toluenesulfonic
acid aqueous solution for 4 h.
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It can be seen from Figure 3 that the growth pattern for the polymer
is significantly different depending on the presence or absence of the
cotton fabric and the adhesive. When the adhesive and cotton are
present at the anode the dendrite has a hollow sponge-like appearance
(Figure 3(C1)). This structure may have arisen due to the structure of
the cotton fabric and the adhesive [8�9]. It has been observed pre-
viously that templated growth of conducting polymers can occur at
the surface of synthetic fibers. In these studies the polymers were
synthesized chemically and the mechanism for the templated polymer-
ization was thought to have resulted from the adsorption of the mono-
mer onto the surface of the substrate [11�14]. A similar mechanism
could exist here whereby the monomer adsorbs on the surface of the
cotton resulting in a high concentration of reactant or a preferential
nucleation site, and thus a route for accelerated electrochemical poly-
merization. Further, the polymer appears to grow only initially from

FIGURE 3 Dendrite on free standing film (B, C) and film on cotton (B1, C1)
(Polymerization conditions: 100mA=cm2 from a 0.2M polypyrrole, 0.02M
p-toluenesulfonic acid aqueous solution for 4 h.
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the electrode surface [24,25] and then it propagates from the outer
edge of the growing conducting polymer. This could be seen as a conse-
quence of the conducting properties of the polymer and indicates that
electrons are being transferred from the electrode through the poly-
mer to the growing tip.

The polypyrrole grown through the yarn substrate does so preferen-
tially on the yarn’s surface following the contour, forming hollow
square bases, which grows further into a circular ‘‘bloom.’’ As the elec-
trochemical polymerization proceeds the ‘‘bloom’’ closes off, resulting
in a roughly spherical hollow structure. Figure 4 shows the possible
steps in the growth of a dendrite through the gaps between yarn
fibers, taken from various areas of Figure 3(B1).

A adhesive-coated cotton fabric sample subjected to electrochemical
polymerization for periods up to 10h showed hollow structures similar
to that in the micrograph in Figure 4. The growth of hollow structures
was uniform with most of the structures similar in size. However, they
did not grow evenly across the surface, resulting in dark patches on
the cotton surface. The proposed reason for this behavior is the uneven
distribution of the adhesive underneath the cotton, resulting in differ-
ing resistance to monomer diffusion and therefore different rates of
polymerization at that point.

A further comparison between polypyrrole grown through cotton
fabric in the presence and absence of adhesive reveals an interesting
change in the growth pattern. SEM micrographs reveal that the
adhesive plays an important role in the incorporation of the polypyr-
role in the cotton fabric. When the cotton was only attached to the elec-
trode without any adhesive similar to the method used by Bhadani et
al. [10], (see Figure 5.) the polypyrrole film grows underneath the cot-
ton fabric and does not become incorporated between the yarns. The
attachment of the polypyrrole onto the fabric results from the forced
growth of the dendrites through the fabric rather than incorporation
of the polymer into the structure of the yarns. The adhesive also

FIGURE 4 Polymer dendrite growth (taken from different areas on the poly-
mer in micrograph Figure 3 B1).
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affects the dendrite formation, so that the polypyrrole film grown
without adhesive present results in non-uniform dendritic growth
with a granular structure similar to those formed in a free-standing
film. Figure 5(D2) demonstrates the formation of a film at the elec-
trode followed by the growth of individual dendrites through the tex-
tile. The evidence of a two-layered structure in Figure 5(D2) is in
stark contrast to that of the composite formed in the presence of the
adhesive, Figure 2(A), where the incorporation of the polymer into
the textile structure results in a significantly more uniform composite.

CONCLUSION

The authors have successfully electrochemically polymerized polypyr-
role through derivatized cotton fabric forming a highly uniform
composite material. The resulting mechanical properties of the
composite film were improved with a notable difference between it
and a free-standing polypyrrole film. In agreement with the literature
[17�18,26] the resistance of the composite films was shown to
decrease with increasing dopant concentration and increase with
decreased polymerization rate. The conductivity of composite films
compared to free-standing films was observed to decrease as a result
of the inclusion of the insulating cotton fibers.

The mechanism for growth of the polymer appears to follow the
template laid out by the yarns in the cotton fabric. It is proposed that
this is due to the adsorption of monomer to the surface of the yarns
and subsequent polymerization along the areas of high concentration
of monomer. The polymer appears to propagate from the growing

FIGURE 5 Polypyrrole film grown with cotton fabric attached to the elec-
trode without the adhesive present. D1 shows the dendrite growth through
the fabric, where as D2 shows the cross section of the fabric with a distinct
polypyrrole layer formed at the electrode side of the fabric.

148 S. Subianto et al.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
0
6
 
1
9
 
J
a
n
u
a
r
y
 
2
0
1
1



polymer end, forming hollow spheres as they emerge on the solution
side of the cotton fabric. This templated growth was seen to be dis-
tinctly different from that of a free-standing film in which growth
appears to progress through spherical nodes. Films prepared with
an added adhesive showed significantly better structural uniformity
than those prepared without. This is a noteworthy result as it indi-
cates that the adhesive has a significant templating effect on the
growth of the polymer.

The simplicity of the process and the significant improvements in
the mechanical properties of the composite and its uniformity indicate
the potential benefits of this process over more conventional means.
The processibility, control of the rate of polymerization, and the dopant
concentration all contribute to tuning the electrical properties of the
composite and are thus major benefits of this method of preparation.
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