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Abstract: Currently developing a field for modern textiles useful in electronics. Such fibers 
must retain sufficient conductivity, but also mechanical strength, which is closely connected 
with their crystal structure. For this purpose, the fibers are modified with various kinds of 

additives which can change the conductivity. The authors present a method for modifying the 
fiber polyacrylonitrile (PAN) carbon nanotubes (CNT) and graphene and their impact on the 
crystal structure. 
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1. INTRODUCTION 

Recently one can observe the development 

of a new discipline – textronics that 

integrates textiles with miniature electronic 

elements to make smart clothing and/or 

technical fabrics with unique properties. 

Such smart textiles are made, among other 

things, by a synergic combination of woven 

fabrics with active and passive electronic 

elements. As a result, there are constructed 

new useful electronic systems that are 

wearable and controllable by user. However, 

to make it possible to fasten electronic 

elements to textile fabrics, one should first 

make a good electric connection. An optimal 

solution is the use of synthetic fibers with 

a high electric conductivity. Electro-

conductive fibers not only transfer electric 

signals but also carry off electrostatic 

charges from the surface of textiles or 

constitute an effective protection against the 

action of electromagnetic field. Most often 

to construct wearable electronics, the 

following fibers and fabrics are used: 

composite fibers made by incorporating 

conductive inorganic particles to the organic 

polymeric matrix [1], nanocomposite fibers 

made by synthesis of nanoparticles in situ in 

spinning mass, from with fibers are spun 

[2,3], woven fabrics whose surface is 

covered with conductive layers deposited by 

the reactive ink-jet printing technique [4,5]. 

As active fillers with a high electric 

conductivity, there are used multi-wall 

carbon nanotubes (MWCNT) as these are 

characterized by good chemosensory 

properties. Under the influence of chemical 

stimuli there occurs a change in the electric 

conductivity of the layers containing 

MWCNT [6]. 

This paper presents a method to modify 

polyacrylonitrile fibers doped with different 

kinds of carbon nanoparticles (carbon 

nanotubes – CNTs and graphene) and shows 

their influence on the crystal structure of the 

fibers. 

2. RESULTS AND DISCUSSION 

Fibers was obtained by typical wet method. 

In the process of fibers spinning – in all 

samples prepared – 23% polyacrylonitrile in 

respect to DMF solvent was applied. In 
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order to obtain a modified PAN fibers to the 

spinning composition were added already 

sonificated nanoparticles in DMF with 1% 

dissolved polyacrylonitrile. On the 

diffractogram of obtained fibers are peaks 

characteristic for polyacrylonitrile, and their 

admixtures (Fig. 1). 

 

Fig. 1. XRD of PAN fibers doped with 

carbon nanoparticles 

2.1. Calculation of the degree of 

crystallinity 

The degree of crystallinity (Xc) of the fibers 

was determined using the Hinrichen's 

method (1): 

𝑋𝑐 =
𝐼𝑐

𝐼𝑐+𝐼𝑎
 (1) 

where: 

Ic  - the integral of the peak corresponding to 

the crystalline phase of the polymer, 

Ia - the integral of the peak corresponding to 

the amorphous phase of the polymer. 

Tab. 1. The degree of the fiber 
crystallinity doped with different kinds of 
carbon nanoparticles. 

Fibers The degree of 
 the fiber 

crystallinity 

PAN 0.33 
PAN + graphene 0.43 

PAN + CNT 0.11 

For this calculation is necessary to specify 

the peak of crystalline and amorphous 

shown on diffraction patterns. Calculations 

were performed using the program 

WAXFIT [7]. 
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