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ABSTRACT 
Conductive surfaces on woven fabrics were obtained by 
knife-over-roll coating in laboratory small-scale 
equipment and continuously in a pilot plant. Commer-
cially available inherently conductive polymers 
(polyaniline, polytiophene and polypyrrole) were mixed 
with an acrylic binder polymer, and coated on a 
polyester fabric. The concentration of the conductive 
polymer and number of coated layers were varied with 
the aim to reach conductivity on a surface which could 
withstand aging and mechanical stress. The surface 
resistivity, surface analysis, appearance of the surface 
and behaviour of the coating paste were studied. 
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INTRODUCTION 
The possibility to integrate electronics in textiles is a 
growing research objective, as many commercially 
important applications can be seen. Electronic and smart 
textiles have applications in military, medical, leisure 
and sports as well as the industrial textile areas. Many of 
the current prototypes and demonstrators are 
cumbersome and awkward in use and wear, and 
impractical for daily use. To develop more user friendly 
wearable smart and electronic textiles new textile 
fabrics and fibres must be developed, and taken into 
commercial production. Metallic and optical fibres, 
conductive yarns and fabrics, conductive coatings and 
inks are today under development. These must however 

be tailored to meet the demands set by the textile 
manufacturing and design. Conductivity is a main 
requirement in smart and electronic textiles, and there 
are several options for achieving this [1]. Metal fibres in 
the form of thin metal filaments can be used, but these 
are brittle, heavier and more difficult to process than 
conventional textile fibres. Coating of textile fibres with 
metallic salts is another option, but these have limited 
stability during laundering. The development of 
intrinsically conductive polymers (ICP) has opened up 
new possibilities for conductive textile materials. These 
polymers are conjugated polymers which electrical 
conductivity is dramatically increased by doping [2]. In 
the doping a small amount of chemical agent is added, 
and the electronic structure is changed. The doping 
process is reversible, and involves a redox process. 
Conductive polymers are provided both as solid 
compounds or liquid dispersions or solutions. The liquid 
versions can easily be applied onto a textile substrate by 
coating methods. There are several reports of this 
concept in the literature. Polyester fabrics have been 
coated with polypyrrole (PPy) for obtaining heat 
generation textiles. The fabric could generate heat when 
a voltage was applied to the fabric [3]. In-situ 
polymerisation of the conductive polymer on the textile 
surface has also been reported. Poly-3,4-
ethylenedioxythiophene (PEDOT) and PPy have been 
deposited by chemical and electrochemical oxidation on 
a polyester textile [4]. These textiles showed also 
decrease in conductivity upon stretching, thus enabling 
the textiles to be used as strain sensors. Similar attempts 
have also been reported by others [5,6]. 

By applying conductive coatings on textiles, a novel 
and technically interesting textile material should be 
obtained. Textiles are frequently coated and printed to 
get different surface appearances and properties. There 
has however not been done many investigations about 
the possibilities to apply conductive coatings on textile 
by similar methods as used in the textile industry. 
Although the concept seems straightforward, there are 
several technical obstacles which must be overcome. 
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In the present work we have studied the possibilities 
to obtain conductive surfaces on textile fabrics by using 
commercially available conductive polymers; poly-
aniline, polytiophene and polypyrrole. These were 
blended with a polymeric coating binder, and applied on 
the textile surface with a laboratory coating equipment 
and with a larger scale continuous coating line. 

The surface resistivity was measured before and after 
exposure to aging, heat, rubbing and shear flexing. The 
structure of the coated surfaces were characterised by 
scanning electron microscopy (SEM). The behaviour of 
the fabric and the coating paste was further studied 
during coating with polyaniline and an acrylic binder in 
a small scaled continuous coating line. 

The aim was to identify the technical obstacles in an 
industrial coating procedure of applying conductive 
coating dispersion onto fabrics. The aim was further to 
find the most interesting textile applications, which 
could have a commercial potential. 
 

EXPERIMENTAL 

Materials 
Three commercial conductive polymers were used; 

 

• polyaniline (Panipol W, 6 to 10 wt-% in water) 
supplied by Panipol Oy, Finland. 

• polypyrrole (Eeonomer 7000, 3–5 wt-% in water) 
supplied by Eeonyx Corporation, USA. 

• polythiophene (Baytron P, 1,3 wt-% in water) 
supplied by H.C. Stark, Germany. 

 
 

A 110 g/m2 polyester fabric from Almedahl-Kinna AB, 
Sweden, was used. The binder was an acrylic binder 
(Hycar T-91) from Noveon UK Ltd., UK. 

 
 
 
 

Coating formulations 
Each ICP was blended with the acrylate binder, 
thickener and pH-regulator according to a proprietary 
recipie. The amount of conductive polymer dispersions 
was in the range from 74 to 78 wt-%. This corresponded 
to 1 wt-% polythiophene, 3.7 wt-% polypyrrole and 
4.7 wt-% polyaniline, due to the variations in material 
composition. These formulations were denoted Sample 
series A. 

A series of samples with same content of conductive 
polymers were then made. with the amount was 1 wt-% 
conductive polymer, the exact amount was estimated by 
determining by freeze drying the actual content of the 
conductive polymer in the supplied dispersions. This 
gave for Panipol 6,2 wt-%, for Eeonomer 5,3 wt-% and 
for Baytron 1,3 wt-%. These formulations were denoted 
Sample series B. 
 
 
 
 
 
 

 
 
Coating procedure 
Approximately 20 cm x 30 cm polyester fabrics were 
coated knife-over-roll in a laboratory coating equip-
ment; see Figure 1 a. The numbers of conductive 
coating layers were 1 or 2, and the layer thickness was 
0.1 mm or 0.2 mm. 
 

 
                   (a)                                      (b) 

Figure 1. (a) A knife-over-roll lab coater. (b) Large 
scale continuous knife-over-roll coater. 

 
To be able to see how the coating paste and the fabric 
interacted during continuous large scale coating a 50 m 
fabric of 50 cm width was coated in a pilot scale 
continuous knife-over-roll coater. The trial involved 
different coating thicknesses and number of coatings. 
For the larger scale coating the Panipol W was selected, 
due to limitation of material costs. The binder was of 
acrylic type. 

 
 

Characterization 
Surfaces and cross-sections of the coated fabrics were 
studied by low-pressure Scanning Electron Microscopy 
(SEM). The resistance of the coated surfaces were 
measured, and the surface resistivity was calculated. A 
Metrosol 2000 resistance meter with a concentric probe 
was used (Figure 2). In order to determine the adhesion 
of the coated layers to the fabrics rubbing and shear 
flexing mechanical tests were done. The shear flexing 
and rubbing tests were done on rectangular 10 x 5 cm 
samples, and the number of rubbing cycles was initially 
25. The surfaces were then inspected, and if no change 
was seen, the rubbing continued until degradation was 
seen. Abrasion resistance was measured with a 
Martindale abrader against wool felt during 50 000 
cycles. The fabrics were also subjected to aging (408 h) 
at elevated temperatures (107°C and 70°C/RH 95 %). 
The fabrics were inspected visually for any colour 
change, and the surface resistivity was measured. 
 

 
 
 

Figure 2. Surface resistivity measurement by using a 
concentric ring probe. 
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RESULTS 

Surface analysis 
The laboratory coating gave fairly good coated fabrics, 
which were used for surface resistivity measurements 
and mechanical characterisations. The characteristic 
colours for the conductive polymer dispersion can be 
seen in Figure 3. 
 

 
 
 

Figure 3. Laboratory coated fabrics. From left to right: 
Panipol W, Eeonomer 7000 and Baytron P. 

 
As can be seen in the SEM micrographs in Figure 4, the 
surfaces are smooth or more uneven surface with 
craters. It can also be seen that the layers have diffused 
into each other. 
 

 
                    (a)                                         (b) 

 

 
                    (c)                                         (d) 

Figure 4. SEM micrographs of the coated fabrics. 
(a) Panipol W, 
(b) Eeonomer 7000, 
(c) Baytron P, and 
(d) Cross-section of fabric coated  
      with Eeonomer 7000. 

 
Surface resistivity measurements 
The values (Table 1) varied from antistatic to conduc-
tive for the fabrics coated with the 74 to 78 wt-% range 
dispersions. (Sample series A) Samples with 1 wt-% 
active conductive polymer showed higher resistivities as 
expected, due to lower amount of conductive polymer. 
(Sample series B) 

 
 
 

Table 1. Surface resistivity measurements. 
 
 

  

Series A 
 

Series B 
Panipol W ~104 Ω/□ 3,8 1012 Ω/□ 
Baytron P ~108 Ω/□ 2,5 108 Ω/□ 

Eeonomer 7000 ~1010 Ω/□ 5,9 1012 Ω/□ 
   

 
 
The A samples showed almost the same surface 
resistivity after exposure to heat, but when exposed to 
aging where also humidity was involved the sample 
with Baytron obtained a decreased surface resistivity 
from 2,5 108 to 104 Ω/□. 
 
Textile performance evaluation 
All samples showed slight colour changes after the 
accelerated aging. The resistance to combined shear 
flexing and rubbing was low. After 250 cycles all 
specimens were severely damaged. Of the conducting 
polymers the Eenomer samples had the best resistance. 
All samples performed in the Martindale abrasion well, 
only slight colour changes were noted. 
 

 
 
 

Figure 5. Severe rubbing damage to coated fabric. 
 
Continuous pilot scale coating 
The continuous coating trial showed that careful 
tailoring and modification of coating recipe is 
necessary. It is difficult to get the Panipol W well 
dispersed in the coating paste. The coating paste 
behaved uneven during blending in the drum and under 
the knife blade during coating due to the shear forces 
obtained by the movements. It is also of greatest 
importance to hold the fabric as flat as possible to get an 
even and useful conductive layer on the fabric. 

Variation in coating thickness will cause colour 
differences, which must be considered. The natural 
colour for the conductive polymer dispersions will also 
affect the possibilities to obtain differently coloured 
textiles. 
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CONCLUSION 
Conductivities on woven fabric can be obtained by 
knife-over-roll coating on one side. The roughness of 
the surface caused no problem to get a conductive 
surface, but the stress on the fabric during coating 
caused unevenness especially when several layers where 
made. The different layers diffused into each other as 
the curing was left after the last drying step. The broken 
appearance of especially the surface with Eeonomer 
7000 but also the graininess of the surface with Panipol 
W shows the need for more studies to look into an 
optimal amount of binder and the pH of the system. For 
textile companies interested to develop new textile 
applications, the limited availability of commercial 
conductive polymer products with different 
concentrations is a problem. 

The trial with the continuous large scale coating 
showed that several processing parameters bust be 
studied in a further investigation. 
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