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Abstract. The in-situ polymerization method was used to prepare poly (3,4- ethylene-

dioxythiophene dioxide thiophene)-polystyrene sulfonate/polyacrylonitrile (PEDOT-PSS/PAN) 

composite conductive fiber. The results indicate that more PEDOT particles grow on the 

surface of in-situ PEDOT-PSS/PAN composite fibers than PAN fiber, which has the 

conductivity of 9.83 S/cm nearly twice of that of the composite fiber before in-situ 

polymerization. The crystallinity of the in-situ PEDOT-PSS/PAN composite fiber is a little 

lower than that of the fiber before in-situ polymerization, but the thermal stability goes by 

contraries. Furthermore, the in-situ polymerization process has minor effects on the mechanical 

properties of the fibers. The breaking strengths, elongation at break and initial modulus of the 

in-situ PEDOT-PSS/PAN composite fiber are 0.67 CN/dtex, 33.90% and 4.63 CN/dtex 

respectively, which can be waved. It is estimated that this in-situ PEDOT-PSS/PAN composite 

conductive fiber will have the electromagnetic wave absorption function, which can be used in 

military as wave absorption material. 

1.  Introduction  

Conductive textile based on conducting polymer combines not only the conduction, electromagnetic 

shielding and antistatic effect of the traditional conductive textile but also the specific smart sensing 

feature of conducting polymer[1-2], such as electrochromism[3-4], electroluminescence[5], wettability 

switching[6] etc., therefore, it presents great potential for application in fields of novel display device, 

information storage device, sensor, drug delivery, micro-fluidic device, military camouflage and so 

on[7-8]. Among the conducting polymers, poly(3,4-ethylenedioxy-thiophene)-polystyrene sulfonic acid 

(PEDOT-PSS) has been paid highly attention for its excellent conductive property, high stability and 

good processability, which usually is solution product, and can be processed by spin coating, silk-

screen printing and ink-jet printing etc.[9-11] , therefore, it has attracted much attention and is widely 

used in electrochromism, electroluminescence and transparent electrode materials[12-15]. We have done 

deep studies on preparation and application of PEDOT-PSS. For example, in our previous study, we 

have obtain the conductive fiber with good electrical conductivity and mechanical properties through 

wet spinning by compounding the self-made PEDOT-PSS with polyvinyl alcohol (PVA) and 

polyacrylonitrile (PAN) respectively. The resulted PEDOT-PSS/PAN composite fiber has a 

conductivity of 5 S/cm, with breaking strength of 0.36 CN/dtex, elongation at break of 36.73 % and 
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initial modulus of 3.32 CN/dtex, when the PEDOT-PSS content is 1.83% and draw ratio is 4, which 

presents a good application performance. However, as the conductive fiber, the conductivity of this 

kind of composite fiber is still too low, and cannot present the specific functions of PEDOT-PSS, 

further method is still need to improve its conductivity. 

In-situ polymerization is favored by researchers as a method building functional composite 

materials. At previous, we have prepared PEDOT-PSS/polyester composite conductive textile through 

in-situ polymerization. The resulted composite conductive textile has a conductivity of 2.67×10-2 S/cm, 

which presents electrochromic property with the color change between dark blue and light grey-blue. 

Besides, we have also prepared polyaniline/cotton composite conductive textile via in-situ 

polymerization, which can change color between yellow-green and dark green. Through in-situ 

polymerization, although these textiles have the electrochromic function initially, their properties 

especially the conductivity need further improve to acquire the application as electrochromic textile. 

In this paper, based on the previous study, by further increased the drawing ratio to 6, we obtain the 

PEDOT-PSS/PAN composite conductive textile with improved breaking strength of 0.73 CN/dtex, 

then, in-situ polymerization is used for forming the PEDOT-PSS coating on the surface, which is 

called in-situ PEDOT-PSS/PAN composite conductive fiber. It is found that the conductivity of this 

kind of fiber is improved for nearly twice, with the conductivity of 9.83 S/cm, which may cause by the 

synergistic effects between PEDOT-PSS inside the fiber and that on the surface coating, forming the 

effective conductive paths. It is estimated that this in-situ PEDOT-PSS/PAN composite conductive 

fiber will have the electromagnetic wave absorption function, which can be used in military as wave 

absorption material. 

2.  Experimental 

2.1.  Materials 

Polyacrylonitrile (PAN) was bought from China Daqing Petroleum Refining and Chemical Company, 

Daqing, China. PEDOT-PSS/PAN Composite fiber was self-made through our previous work[16]. 3,4-

ethylenedioxythiophene (EDOT, ≥99.5%) was obtained from Suzhou Industrial Park Chemical 

Reagents Co., Ltd., Suzhou, China. Poly styrene sulfonate (PSS, chemically pure) was gained from 

Shanghai Jiachen Chemical Co., Ltd., Shanghai, China. Iron trichloride (FeCl3, analytical reagent) was 

purchased from Shantou Xilong Chemical Co., Ltd., Shantou, China. And sodium persulfate (Na2S2O8, 

analytical reagent) was got from Beijing Chemical Factory., Beijing, China. The water used in the 

synthesis was distilled water. All the reagents were used without further purification. 

2.2.  Preparation 

Pure PAN fiber and PEDOT-PSS/PAN composite fiber were soaked in distilled water for the night 

and then dried. After that, both the fiber and EDOT were sunk into PSS water solution for a period of 

time. Then Na2S2O8 was added into the solution with stirring, and then FeCl3 was dropped into the 

system with the speed of 5 s/drop. Next, the reaction was kept stirring at room temperature for 24 

hours. At last, the fiber was taken out and washed with water for several times to get the final products: 

in-situ PAN conductive fiber and in-situ PEDOT-PSS/PAN composite conductive fiber. 

2.3.  Characterization 

Scanning electron micrographs (SEM) of the fibers were obtained on a JSM-6360LV scanning 

electron microscope (Japanese electronics company, Japan). The imaging conditions were 10.0 kV and 

work distance = 29 mm. The structure of the fibers was analyzed by a Nexus 670 Fourier transform 

infrared (FTIR, Nicolet company, America) spectroscope. X-ray diffraction (XRD) patterns of fiber 

samples were recorded with Cu Ka radiation (λ= 1.5406 Å) at 40 kV and 50 mA with a Rigaku wide-

angle goniometer, (Japan RIGAKU company, Japan). The data were collected in the range 6°≤ 2θ 

≤36°. The thermo stability was observed by a TG6300 instrument (SII company, Japan) operating at a 

heating rate of 10 °C/min under a nitrogen atmosphere. The temperature range was 20-800 °C. The 
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mechanical properties of the fibers were measured by a YG004N electronic single-fiber tensile 

strength tester (Nantong Dahong experimental instrument company, China). The electrical 

conductivities of the samples were examined by a four-probe conductivity meter (Keithley 

6221&2182A, Keithley Instruments Inc., America). The conductivities were calculated by the 

following formula: 

 
where δ is the conductivity (S/cm), I is the constant current through the two outer electrodes, L is the 

distance of the two inner electrodes, V is the variational potential through the two inner electrodes, and 

S is the area of the fiber section which is calculated by diameters of the fibers obtained via SEM. 

3.  Results and discussion 

3.1.  Morphology of the Fibers 

Figure 1 shows the morphology of PAN fiber and PEDOT-PSS/PAN composite fiber before and after 

in-situ polymerization. It is shown that the fiber diameter of the in-situ PEDOT-PSS/PAN composite 

fiber is about 40 μm, which is larger than that of 25 μm before the in-situ polymerization. Besides, it is 

clear that the surfaces of both PAN fiber and composite fiber before in-situ polymerization are smooth, 

but after in-situ polymerization, the fiber surfaces are attached with a lot of particles which are 

supposed of PEDOT gained from in-situ polymerization. In addition, there are more PEDOT particles 

on the surface of the in-situ PEDOT-PSS/PAN composite fiber than that of in-situ PAN fiber[17]. The 

main reason is: for PEDOT-PSS/PAN composite fibers, there contained PEDOT and EDOT 

components in the fibers, which have interaction with EDOT monomer in the solution during in-situ 

polymerization, so the EDOT monomer is easier to diffuse into the composite fiber. 

  

Figure 1. SEM images of the fibers: PAN fiber (a) and composite fiber (b) before the in-situ 

polymerization; and PAN fiber (c) and composite fiber (d) after the in-situ polymerization 

3.2.  FTIR spectra of the fibers 
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The structure of the pure PAN fiber and PEDOT-PSS/PAN composite fiber before and after the in-situ 

polymerization were measured by FTIR as shown in Figure 2. In the absorption curves of Figure 2a 

and 2b, the strong and broad peaks at 3426 cm-1 are assigned as hydrostatic bond stretching vibration 

peaks, and the sharp peaks at 2062 cm-1 are associated to those stretching vibrations of -SCN of 

sodium thiocyanate generated during the wet-spinning process. Besides, the absorption peak at 2935 

cm-1 is methylene anti-symmetric stretching vibration and the absorbance at 1724cm-1 belongs to -

C=O of those ester compounds added into PAN powder originally to promote dyeing, and the peaks at 

2249 cm-1 result from the stretching vibration of -C≡N as well[18]. In Figure 2b, the absorption peaks at 

1532 cm-1 and 1630 cm-1 are the stretching vibration peaks of the benzene ring in the PSS[19-20], and 

the peak around 980 cm-1 is attributed to the stretching vibration peak of -C-S-C- of EDOT. Figure 2c 

and 2d are similar with each other, and the peaks of them are all weaker than that of Figure 2a and 2b, 

in addition, some peaks have disappeared such as the peaks at 3426 cm-1 and 2062 cm-1, the former 

demonstrating there is no hydrostatic bond anymore after in-situ polymerization, and the later 

indicating that there no sodium thiocyanate on the surface of fibers after in-situ polymerization. At the 

same time, the characteristic peaks of PEDOT/PSS at 1532cm-1 and 1630 cm-1 which are belongs with 

benzene ring of PSS and the absorption of -C-S-C- at 980 cm-1 still exist, which indicates the forming 

of PEDOT on the surface of the fibers. 
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Figure 2. FTIR of the fibers: PAN fiber (a) and composite fiber (b) before the in-situ polymerization; 

and PAN fiber (c) and composite fiber (d) after the in-situ polymerization 

3.3.  XRD spectra of the fibers 

The XRD patterns of PAN fiber and composite fiber before and after in-situ polymerization are shown 

in Figure 3. Differences between both PAN fiber and PEDOT-PSS/PAN composite conductive fiber 

before and after polymerization exist in XRD curves although they are similar with each other. 

Obviously, for all XRD patterns in Figure 3, the strongest diffraction peak occurs at around 2θ=17°, 

which can be indexed to the (100) plane of a hexagonal structure of PAN[21]. The broad diffraction 

peaks centered at 27° indicate that the crystallization of all the fibers is amorphous phase. Compare the 

four curves, it can be seen that both the peak value at 17° and 27° decrease in turn of : a >b>c>d.  The 
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smallest peak value indicates the strongest amorphous state, which comes from a great quantity of 

amorphous PEDOT on the surface of the fiber increasing the area of the amorphous region. 
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Figure 3. XRD patterns of the fibers: PAN fiber (a) and composite fiber (b) before the in-situ 

polymerization; and PAN fiber (c) and composite fiber (d) after the in-situ polymerization 

3.4.  TG curves of the fibers 

Thermal stability of the four fibers is studied by TG, which is an important method to detect the 

degradation behavior of the fibers. From Figure 4, it is clear that the TG curves of PAN fiber and 

composite fiber before the in-situ polymerization are similar with each other and the two fibers after 

in-situ polymerization are similar, respectively. For the two fibers before in-situ polymerization, the 

first weight loss of 4~9 wt% at 100 °C is attributed to the elimination of moisture absorbed[22], and the 

second one at 280~550 °C[23] represents the degradation of the PAN molecular chains, and the final 

amount of residual carbon is from 62 to 64%. For the two fibers after in-situ polymerization, the first 

weight losses of 1~2 wt% occur at 70 °C and the second one at 310~580 °C with the residual carbon 

of 36-43%. Comparing these two kinds of fibers of before and after in-situ polymerization, we know 

that the initial decomposition temperature, the first weight losses amount and the residual carbon of 

the former fibers are all higher than that of the latter, but the second weight loss temperature of the 

former is lower than that of the latter. The higher residual carbon of the fibers before in-situ 

polymerization may due to the inorganic impurity from the wet spinning. In summary, from Figure 5, 

it indicates that the thermal stability of fibers after in-situ polymerization is slightly better than that of 

the fibers before in-situ polymerization. 
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Figure 4. TG curves of the fibers: PAN fiber (a) and composite fiber (b) before the in-situ 

polymerization; and PAN fiber (c) and composite fiber (d) after the in-situ polymerization 

3.5.  Conductivity of the fibers 

It is known that the pure PAN fiber is non-conductive, but after in-situ polymerization, as shown in 

Table 1, the conductivity of PAN fiber increased to 0.024 S/cm. The conductivity of the composite 

fiber is 4.98 S/cm, while the conductivity of the in-situ PEDOT-PSS/PAN composite fiber is 9.83 

S/cm, which is nearly twice of the former. During the in-situ polymerization, the PEDOT-PSS/PAN 

composite fiber are soaked in the solution containing EDOT, as the synergetic action between EDOT 

in the solution and PEDOT in the composite fiber, more PEDOT grow on the surface of PEDOT-

PSS/PAN composite fiber. As a result, the in-situ PEDOT-PSS/PAN composite fiber has much higher 

PEDOT content and conducting path than that of pure PAN fiber after in-situ polymerization, and of 

course having higher conductivity. 

Table 1. The conductivity of PAN fiber after in-situ polymerization and composite fiber before and 

after in-situ polymerization 

Fibers Conductivity (S/cm) 

PAN fiber after in-situ polymerization 0.024 

Composite fiber before in-situ polymerization 4.98 

Composite fiber after in-situ polymerization 9.83 

3.6.  Mechanical property of the fibers 

Table 2 gives the mechanical properties of the four fibers. It can be seen that the breaking strength of 

PAN fibers before and after polymerization is 0.79 CN/dtex and 0.73 CN/dtex respectively, while that 

of composite fibers is 0.72 CN/dtex and 0.67 CN/dtex respectively, which indicates that the in-situ 

polymerization process has little effect on fiber strength. But observing the dates of both the 

elongation at break and initial modulus, it is found that they are decreased compared with that of PAN 

fibers before and after in-situ polymerization. Therefore, in-situ polymerization process have a certain 

reduce on the mechanical properties of PAN fiber, however it does not affect their application for 

mechanical woven. 
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Table 2. Mechanical properties of PAN fiber and composite fiber before and after in-situ 

polymerization 

Fibers 
Breaking strengths 

(CN/dtex) 

Elongation at break 

(/%) 

Initial modulus 

(CN/dtex) 

PAN fiber  

before in-situ polymerization 
0.79 49.91 5.06 

PAN fiber  

after in-situ polymerization 
0.72 50.23 5.38 

Composite fiber  

before in-situ polymerization 
0.73 33.23 3.97 

Composite fiber  

after in-situ polymerization 
0.67 33.90 4.63 

4.  Conclusions 

This paper studies the effect of in-situ polymerization on the PAN fiber and PEDOT-PSS/PAN 

composite fiber, and draws the following conclusions:  

1. After the in-situ polymerization, the crystallinity of both PAN fiber and composite fiber have 

a certain decreased. 

2. The thermal stability of fibers after in-situ polymerization is slightly better than that of the 

fibers before in-situ polymerization. 

3. The conductivity of the in-situ PEDOT-PSS/PAN composite fiber has increased to about 2 

times compared with that of composite fiber before in-situ polymerization. 

4. The mechanical property of in-situ PEDOT-PSS/PAN composite fiber is a certain reduced 

compared with pure PAN, but does not affect its application for mechanical woven. 

5. This kind of in-situ PEDOT-PSS/PAN composite fiber is expected to be used in 

electromagnetic wave absorption field. 
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