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Aligned polyacrylonitrile nanofibers were prepared by a modified 
electrospinning. Hot-drawing was used to improve the properties of the obtained 
nanofibers. Experiment revealed great changes in degree of alignment, crystalli-
zation, exothermic peak, and mechanical properties of nanofibers.  
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Introduction 

Electrospinning is a simple method for generating ultrathin fibers with diameters 
ranging from tens of nanometers to tens of micrometers. With the development of science and 
technology, it is highly desirable to develop an approach that is able to generate well-aligned 
and better properties nanofibers. For example, in the fabrication of electronic and photonic 
devices, well-aligned and better properties are often required. The alignment of fibers can im-
prove mechanical properties of fiber composites [1-4].  

The mechanical strength of nanofibers can be increased by hot drawing. The draw-
ing process orientates long molecules into alignment along the longitudinal axis of the 
nanofibers. The higher alignment of molecules increases the intermolecular bonds which 
causes higher mechanical strength. The orientation can also increase the crystallinity of 
nanofibers [5]. Leenslag and Penning, [6] and Postema and Penning [7]  have increased the 
mechanical strength of their Poly(L-lactil acid) (P(L)LA) filaments remarkably by using hot-
drawing temperatures near the melting temperature of polymer. Miaudet, et al. [8] use hot-
drawing treatment to improve the properties of nanotube/polyvinyl alcohol (PVA) fibers. This 
treatment yields a crystallinity increase of the PVA and an unprecedented degree of alignment 
of the nanotubes.  

In this paper, aligned polyacrylonitrile (PAN) nanofibers were prepared by a modi-
fied electrospinning with a positively charged ring between the needle and the parallel elec-
trodes collector. We used hot-drawing treatments, a concept inspired from textile technolo-
gies, to improve the properties of the obtained nanofibers. The influence of hot-drawing 
treatments was researched on the degree of alignment, exothermic peak, crystallization, and 
mechanical properties of composite fibers. Results showed the crystalline microstructure of 
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the PAN nanofibers after hot-drawing treatment developed well, and the crystallinity, align-
ment degree, and tensile strength of the PAN nanofibers were improved.  

Experiment 

The PAN solutions were prepared with 10wt.% by using N, N-dimethylformamide. 
An electrospinning setup was modified by placing a positively charged ring between the nee-
dle and the parallel electrodes collector. Electrospinning experiments were carried out with 
the same collective distance (18 cm), voltage applied (15 kV), and flow rate (0.1 ml/h) at the 
room temperature (25 ºC), and 45% relative humidity in a vertical spinning configuration. The 
distance between the parallel electrodes collector is 4 cm. The applied ring voltage is +5 kV. 
The ring was 19 cm in diameter and the distance from the ring to the parallel electrodes col-
lector was 5 cm. The obtained electrospun nanofibers were hot-drawing treated at 130 ºC. 

Results and discussion 

Figure 1 shows scanning electron microscopy pictures of the electrospun PAN 
nanofibers before and after hot-drawing treatment. The results the treatment enhanced the de-
gree of the alignment of electrospun nanofibers. The thickened fibers are due to the mat 
shrinkage by the thermal treatment. This phenomenon is due to the fiber shrinkage occurred at 
elevated temperatures. 

 
Figure 1. The SEM images of PAN nanofibers before and after hot-drawing treatment; (a) before  
hot-drawing treatment, (b) after hot-drawing treatment 

The crystalline of the PAN was determined by an X-ray diffractometer (XRD). The 
XRD patterns of PAN before and after hot-drawing treatment were shown in fig. 2. It illustrated 
the crystal peaks of PAN obtained by hot-drawing treatment were sharpened which proved that 
the degree of crystallinity of the PAN was obviously increased by hot-drawing treatment. 

Differential scanning calorimetry (DSC) thermograms of PAN nanofibers before 
and after hot-drawing treatment were shown in fig. 3. The nanofibers after hot-drawing treat-
ment showed a relatively large and sharp exothermic curve with a peak at 300 °C. At the same 
time, the peak shifted toward the low temperature. This indicated that the crystalline micro-
structure of the nanofibers after hot-drawing treatment developed well. The results obtained 
from DSC were supported by XRD analysis. 

Figure 4 shows the stress vs strain curves of PAN nanofibers before and after hot-
drawing treatment. It was seen that treatment enhanced the tensile properties. That meant the  
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tensile properties of PAN nanofibers were im-
proved by hot-drawing treatment. The im-
provement in tensile properties was the result 
of the enhanced degree of alignment and 
crystallinity [9].  

Conclusions 

We used hot-drawing treatments, a con-
cept inspired from textile technologies, to 
improve the properties of the aligned PAN 
nanofibers obtained by a modified 
electrospinning. Results showed the heat 
treatment could improve the degree of align-
ment of nanofibers. And the crystallinity of 
the hot-stretched fibrous membranes con-
firmed by X-ray diffraction analysis en-
hanced obviously. The exothermic peak tem-
perature of the hot-stretched membranes confirmed by DSC decreased obviously. That 
meant the crystalline microstructure of the PAN nanofibers after hot-drawing treatment de-
veloped well, and the improved nanofiber alignment and crystallinity resulted in the in-
creased tensile strength of the nanofibrous membranes. Hot-drawn PAN fibers hold great 
potential for a number of applications such as tissue engineering, electronic and photonic 
devices, and so forth. 

Figure 3. The DSC curves of PAN nanofibers;  
(a) non-woven fabric, (b) before hot-drawing 
treatment, (c) after hot-drawing  
treatment 

 
Figure 4. Stress vs. strain curves of PAN 
nanofibers; (a) non-woven fabric, (b) before  
hot-drawing treatment, (c) after hot-drawing 
treatment 
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Figure 2. The XRD patterns of PAN nanofibers; 
(a) non-woven fabric, (b) before hot-drawing 
treatment, (c) after hot-drawing treatment 
(for color image see journal web-site) 
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