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ABSTRACT 
 

The stability and sensitivity are two main factors are important to practical 
sensors, the strain sensor is fabricated by fabrics is coated by conducting polymer 
Polypyrrole it’s an now approach, this also get in good strain sensing properties, and 
stability of long period. The reason for Polypyrrole is a good environmental stability 
and electrical conductive material. In this paper we prepared Knitted cotton-lycra 
blended fabric were coated with conductive polymer of Polypyrrole by using 
Diffusive chemical polymerization technique. The prepared conductive fabric were 
characterized by using Fourier transform infra red spectroscopy (FTIR) for chemical 
vibrational bonding analysis, structural characterization were analysis by X-Ray 
diffraction spectroscopy (XRD) and micro level image of morphological structures 
of polypyrrole particles were analysis by using Scanning Electron Microscope 
spectroscope (SEM). The FTIR analysis clearly indicate that the fabric was over 
coated by conductive polymer functional groups, The XRD revel that fabric was 
changed its own crystallinity nature to amorphous nature, particle size variation 
between 4nm to 12nm range and SEM analysis clearly showing that conductive 
polymer of Polypyrrole nano level particles are coated on deep in each knitting 
yarns.   
 

Keywords: Conductive fabrics, Cotton-Lycra Conductive fabric, in-situ 
Polymerization, Polypyrrole, XRD, SEM. 

 

1.  INTRODUCTION 
 

 E- Fabric is a new approach for textiles industries that’s also known as the 
Electronics fabric which deals with the assimilation of electronics in the everyday textiles or 



193 S. Sakthivel, et al., J. Pure Appl. & Ind. Phys. Vol.5 (7), 192-196 (2015) 

July, 2015 | Journal of Pure Applied and Industrial Physics | www.physics-journal.org 

fabrics. So E- fabric is the convergence of two different fields such as soft textile materials 
and much harder electronic field was a real challenge1. So this challenge is interconnecting 
the two different fields of organic conductive polymers and textile material or fabrics. 
Conductive polymers proved to be a promising material for producing conductive textiles. 
These intrinsically conductive polymers possess an extended π- conjugation along their 
polymeric backbone i.e., alternative single and double bond which is an essential condition 
for charge carriers to move freely and conduct electricity along the chain when doping is 
carried   out2 . These synthetic metals offers wide range of remarkable application as often 
stated ‘from buckets to aircraft’, strain sensors, EMI shielding materials as their electrical 
conductivity can be tuned. However, the main disadvantage of these materials is that they 
possess poor mechanical properties so by coating conductive polymers onto textiles we 
produce materials, which own pleasing mechanical properties of textiles whilst holding the 
excellent electrical properties. Among conducting polymers, Polypyrrole (PPy) has attracted 
much attention because of its high electrical conductivity, low toxicity and high stability in 
air relative to other conducting polymers of polyheterocyclics3.  
 A conductive polymer composite that is conductive fabric can be produced by in-situ 
chemical polymerization through bulk, diffusive or vapour-phase polymerization. 
Researchers that reported the vapour-phase polymerization carried out the method by passing 
the fiber substrates through the vapour of the monomer, followed by the exposure to an 
oxidizing agent. This method produces a more uniform coating than the bulk polymerization 
but requires additional set-up4,5. Conductive textile can also be achieved via diffusive 
polymerization6, 7 in this method occurs almost exclusively at the fibers whereas no bulk 
polymerization in the solution takes place which leads to cheaper production cost. Thus, this 
route was chosen in this study. The conductive polypyrrole is combined with the flexibility 
of one of the most durable nature and man-made fibers of cotton-lycra fabric were used in 
this study the cotton and lycra blending ratio is 92% cotton 8% lycra8. The Lycra or spondex 
is a elastomeric fibers it can be stretched repeatedly to at least twice their original length at 
room temperature when the extending force is removed, they immediately return with force 
to their approximate original length. Lycra is made up of synthetic polymer containing 85% 
segmented polyurethane, elasticity of these types varies from 60% to 300%, and this is 
reflected on the final characteristics of knitted fabrics9,10. The knitting fabric is given 
additional elastic advantage for the application of strain sensors. Knitting fabric is good 
elastic properties like plastic nature so that’s why selecting the substrate for knitted cotton-
lycra fabric coated with conductive polymer of polypyrrole. The prepared conductive fabrics 
were characterized by using following techniques such as FTIR, XRD, and SEM analysis. 
 
2. EXPERIMENTAL 
 
Chemical Diffusive Polymerization 
 
 The cotton-lycra knitted fabric were cut in to rectangles of 3cm X 3cm that fabric 
were subjected to thorough cleaning by first rinsing it in ethyl alcohol solution for half an 
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hour on an ultrasonic bath to remove any manufacturing oil or dust adhered to the fabric and 
that’s method to use to improve Polypyrrole coating on fabric surface, further washing it 
with water and then drying it in an oven at 500C. The surface of the Cotton-lycra knitted 
fabric was first enriched with the monomer using 50% aqueous 1.0M Pyrrole solution. After 
specific diffusion time, it was removed from the diffusion time, it was removed from the 
diffusion bath and air dried for 5 min before being soaked in the polymerization bath 
consisting of aqueous 1.0M FeCl3 at a specific polymerization of ambient temperature of 
below room temperature. After the polymerization, the polypyrrole/cotton-lycra composite 
textile was washed with water and air dried for 24h before characterization.  
 
3. RESULTS AND DISCUSSION 
 

3.1 FTIR Analysis 
 

The two different FTIR spectrum of untreated Cotton-Lycra fabric, and PPy coated 
Cotton-Lycra fabric is shown in Fig 1. The spectrum in the range of 400 cm-1 to 4000 cm-1 
showed that presence of PPy expected 
vibrational bands peaks on cotton-lycra fabric 
when coated with PPy. The prominent bands of 
polypyrrole structure are aromatic ring 
vibrations at 1570 cm-1, C-N in plane 
deformation at 1300 cm-1 and C-H in plane 
vibrations at 1050 cm-1, 912 cm-1, 785 cm-1 . 
The polypyrrole deposition on fabric is 
evidenced by the presence of same 
characteristic bands observed at 1590 cm-1, 
1206 cm-1, 1050 cm-1,905 cm-1,780 cm-1.  

Fig (1). FTIR Spectrum of Pure Cotton-Lycra fabric, PPy 
powder and PPy Coated Cotton-Lycra fabric  

 

3.2  X-Ray Diffraction Analysis   

 X-Ray diffraction studies were 
carried out to study the structural effect 
of diffusion of PPy on the crystalline and 
amorphous region of the fabric. The 
nature of peak is amorphous and the peak 
2θ=23.22(deg) has a hump shape 
probably due to the presence of the PPy 
nanoparticle. Further additional 
considerable peaks values and 
corresponding particle size values are 
calculated by using scherrrer formula and        Fig. (2). X-Ray diffraction pattern of PPy coated  
showed table.             Cotton-Lycra fabric 
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S.No. 
Diffraction angle 

 2θ (deg) 
Diffraction angle 

θ (deg) 
FWHF 
(deg) 

Particle Size 
(D) nm 

1. 
2. 
3. 
4. 
5. 

15.27 
23.22 
29.14 
35.23 
47.29 

7.635 
11.61 
14.57 
17.61 
23.64 

3.23 
1.81 
2.30 
1.24 
1.85 

4.522 
8.165 
6.503 
12.25 
8.54 

 

3.3 Scanning Electron Microscopy Analysis 
 

The surface structure was investigated by means of scanning electron microscopic 
studies. It can be seen from Fig. 3, that the surface is coated with conductive PPy. The 
polymerization of Pyrrole monomer with oxidant after completing polymerisation, fabric 
yarns appeared homogeneously coated with a film of PPy seen clearly from the micrograph. 
The two magnification images of PPy coated blended cotton-lycra fabric clearly indicated by 
PPy material its good diffusion into in depth of fabric yarns. The feel of the fabrics was noted 
to be getting harsh/ rough surface of PPy coated fabric.  

 

 
Fig.(3). SEM image of PPy coated Cotton-Lycra fabric in different magnifications 

 
4. CONCLUSIONS 

 
Polypyrrole coated conducting cotton-lycra fabric were successfully prepared by 

chemical diffusion polymerization method. The characterisation study of FTIR spectroscopy 
measurements shows vibrational bands indicate presences of all functional groups of 
conjugated polypyrrole it’s a conductive nature. The structural study of cotton-lycra fabric 
XRD spectroscopy shows the amorphous nature of PPy, crystalline size variation coated 
fabric. SEM micrograph showed that in depth diffusion of PPy particle over all yarns and 
getting harsh/ rough surface of conductive fabric.  
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