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Composite nanofibers of polyacrylonitrile/ multi wall carbon nanotubes 
(PAN-MWCNTs) were prepared via electrospinning techniques using 
a moving collector. Samples contained 1 wt%, 3 wt%, 5 wt%, and 7 wt% 
of MWCNTs. Scanning electron microscopy, X-ray diffraction, Dielectric 
Properties and UV-visible tests were used to characterize the nanofiber 
sheets. The results showed that with the addition of multi-walled carbon 
nanotubes, the fiber diameter decrease, the bandgap decreased from 4 
eV to 2.7 eV when the wight percent of MWCNTs increased.the dielec-
tric constant values of PAN nanocomposite fibers increase based on the 
amount of inclusions presented in the PAN fibers.

INTRODUCTION 
Electrospinning utilizes a high electric field on 

the surface of a polymeric solution to overcome the 
surface tension and produce a very slim charged 
jet. A Polymeric solution is held by its surface 
tension at end the of the capillary stresses. As 
the intensity of the electrostatic field is increased 
beyond a certain limit, the hemispherical surface 
of the solution at the tip of the capillary elongates 
to form a structure called a Taylor cone[1]. The jet 
first extends in a straight path for some distance, 
called jet length[2], and then instability occurs 
and the jet bends and follows a looping path. The 
electrostatic field elongates the jet thousands of 
times and the jet becomes very slim. Finally, the 
solvent evaporates, and fine submicron fibers are 
collected on a collector placed at some distance 
from the capillary as shown in Fig. 1.

Polymer nanofiber papers have been fabricated 
using an electrospinning process that produces 
nanofibers from an electrically charged jet of 
polymer solution or polymer melts. The nanofiber 
diameters range from 40 nm to 2 mm, depending 
on the polymer types, bias voltage, viscosity 
of the solution, and so on[1]. One advantage 
of nanofibers is the high specific surface area 
developed by creating pores on the nanofiber 
surface[2]. Mechanical strength of an individual 
nanofiber is also expected to be enhanced with 
decreasing diameters[3]. This material has been 
widely applied to filters[4], scaffolds[5], protective 
clothing[6], and sensors[7].

Polyacrylonitrile (PAN) has been widely used 
to fabricate nanofibers owing to their easy 
carbonization process. PAN nanofiber papers 
can be used directly for electrode materials after 
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stabilization and carbonization, which cannot 
be realized in other types of polymers. Another 
advantage of the carbonized PAN nanofiber is 
that; the nanofiber surface can be modified 
and functionalized by activation process under 
different ambient conditions[2]. 

Electrospinning is one of the effective 
methods to produce polymer nanofibers[1], 
[8]–[10], which have been successfully used 
as filters for air filtration,[11]  as templates for 
making tubular nanostructures such as metal 
nanotubes[12], metal oxide nanotubes[13][14] 
or polymer nanotubes, [12][15] and as substrates 
for forming hierarchical carbon nanostructures.
[16] Electrospun nanofibers are also finding uses 
in protective clothing,[17] nanocomposites,[18] 
optical sensors,[19] biomedical applications 
including biomedicine,[20], [21] scaffolding for 
tissue growth,[2], [22] drug delivery systems,[23] 
and for solar sails in space.[23] For macroscopic 
applications such as clothing, solar sails in space, or 
media for filtration, stronger polymer nanofibers 
are desired. However, the polymer nanofibers 
produced by electrospinning processes are not as 
strong as desired due to their very small diameters 
and the unoptimized molecular orientation in 
the fibers. Stretching and making composites can 
improve the mechanical properties of polymer 
fibers, but making nanocomposites is a more 
promising way to reinforce the nanofibers. 
Methods to stretch nanofibers are not available.

Carbon nanotubes (CNT), first reported by 
Iijima in 1990,[24] possess excellent mechanical 
properties and good electrical and thermal 
conductivity, making CNTs an ideal material for 
reinforcing polymer materials. Several reports 

were published on polymer materials reinforced 
by using CNTs.[25]–[29] The modulus and tensile 
strength were improved from several percent 
up to more than 100 percent, depending on the 
polymer matrix, types and synthesis methods of 
CNT, and concentration of the CNT in the matrix. 
Recently, Dror et al.[30] reported electrospun 
polyethylene oxide nanofibers containing low 
concentrations of multiwall CNTs (MWCNT),which 
were observed using transmission electron 
microscopy (TEM). In the work reported here, 
polyacrylonitrile nanofibers (PAN) containing 
MWCNT were produced in concentrations of (1, 
3,5,7) wt%. Thick sheets of nanofibers were made. 
This work showed that at high concentration, 
MWCNTs were nearly parallel, along the axis of the 
nanofibers, embedded within the nanofibers. The 
optical properties tests showed that the energy 
gap decreased well, and the measurements of the 
dielectric constant were observed to increase with 
the increase of MWCNTs.

MATERIALS AND METHODS
Materials

Polyacrylonitrile (PAN) having molecular 
Weight 150,000g/mole was purchased from sigma 
Aldrich. MWCNTs were purchased from Fisher 
Scientific having diameter of 140 (+/- 30) nm and a 
length of 7 (+/- 2) microns.

Electrospinning process
Different wt. % (1%,3%, 5% and 7%) of MWCNTs 

were dissolved in Dimethylformamide (DMF) and 
Sonicated for 30 minutes Then PAN was added, 
and the solution was constantly stirred at 40 0C for 
12h.The (PAN/DMF) + MWCNTs polymer solution 

 

 

 

 

 

 

 

  Fig. 1. Scheme Electrospinning device
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was poured to fill a clean syringe of 3ml volume. 
The syringe(24g) needle was connected to the high 
voltage power supply at 10 kV of positive potential. 
A drum collector was centered horizontal at a 10 
cm distance away from the needel of srying and 
covered with aluminum foil. The electrospun 
fibers were collected for about 6 h.

Characterization
Scanning Electron Microscopy (FESEM, TESCN 

MIRA3 FRENCH) was used for measuring the 
morphology of the composite nanofibers. The X-ray 
diffraction (XRD) in a Rigaku X-ray diffractometer 
operated with CuKα radiation (α = 1.540Å) is used 
for examined the structural characterization. UV 
visible spectroscopy (Shimazdu UV-1800) is used 
to make a characterization of the absorption, 
transmission and band gap of the composite 
nanofibers. Image processing software (Image J) 
was used to measure the diameters of the fiber. 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

Fig. 2. Scanning electron microscopic images of the PAN-MWCNT composite nanofibers. (A) MWCNTs (B) PAN nanofibers; (C) 
contains 1% MWCNT by weight; (D) 3%; (E) 5%; (F) 7%
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Material Fiber diameters range (nm) 
MWCNTs 27.33-56.71 nm 

PAN 331 – 375 nm 
PAN:MWCNTs 1% 202 – 250 nm 
PAN:MWCNTs 3% 101 – 200 nm 
PAN:MWCNTs 5% 142 -195 nm 
PAN:MWCNTs 7% 152 - 163 nm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

Fig. 3. XRD of MWCNT (A), PAN (B) and PAN-MWCNT composite nanofiber sheets containing MWCNT of 1% (C), 3% (D), 5% 
(E) and 7% (F) by weight, respectively.

Table 1. The Fiber diameters range with MWCNT weight percent from SEM measurements.



660

M. Zbalh et al. / Electrospun (Polyacrylonitrile - Multi Wall Carbon Nanotubes) Nanofibers

J Nanostruct 14(2): 656-664, Spring 2024

The dielectric its measuring by PRPGRAMMABLE 
AUTOMATIC RCL METER. 

RESULTS AND DISCUSSION
SEM measurements

The diameter of the fibers and the surface 
morphology of the composite nanofiber film 
can be observed by using the scanning electron 
microscopy (SEM). Fig. 2 shows the SEM images of 
PAN and PAN/MWCNT composite nanofibers with 
different concentration of MWCNT. Fig. 2a show 
the diameters of MWCNTs with range (27.33-

56.71) nm[31]. Fig. 2b shows a very smooth, 
uniform and clear surface of PAN nanofiber with 
a spun fiber diameters range between from 331 
to 375 nm. In Fig. 2(c–f), there are a different 
concentration of MWCNT in PAN composite 
nanofiber, a small beads and groups of CNT on the 
fiber was observed in Fig. 2(c–d). Moreover, Fig. 
2d and e shows that there are bulges and many 
groves in the fiber web and it has been found that 
a group of CNTs pulled out of the fiber surface. The 
spun fibers diameters range are shown in Table1. 
As observed, the fiber diameter decrease as the 

 

 

  

  

Fig. 4. Absorption spectra of MWCNT (A), PAN (B) and PAN-MWCNT composite nanofiber sheets (C-F)
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MWCNT concentration is increased which can be 
attributed to increase in the PAN/MWCNT solution 
conductivity when the carbon precents increased.

X-ray diffraction analysis
XRD analysis was used to examine the phase 

structures of the composite nanofiber and the 
main PAN nanofibers which presented in Fig. 3. Fig. 
3b is for the neat PAN nanofiber sheet. A strong 
peak was observed at 2θ =17.3°. This peak of 
diffraction can be assigned as (200) crystal planes 
of PAN. MWCNTs (Fig. 3a) exhibited a sharp, high 

intensity peak at 2θ =25.6◦ and lower intensity 
peak at 43.2◦, all of which were attributed to the 
diffraction signature of the distance between the 
walls of CNTs and the inter wall spacing [32]. For 
PAN-MWCNTs (Fig. 3c) the X-ray pattern showed 
both the characteristic peaks of PAN and the peaks 
of MWCNTs. The peaks of MWCNTs have been 
increased when the MWCNTs percent increased.

Optical characterization
UV–Visible is a fundamental tool to examine 

the optical properties and to distinguish electronic 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

Fig. 5.  Band gap of MWCNT ( A), PAN (B) and PAN-MWCNT composite nanofiber sheets containing MWCNT of  1% (C), 3% 
(D), 5% (E) and  7% (F) by weight, respectively
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transitions. The UV–Visible spectra of the PAN/
MWCNT nanocomposites with different weight 
ratios are shown in Fig. 4. 

Fig. 4a shows the UV–Visible spectra of MWCNT. 
It indicates a strong absorption band at 260 nm 
attributed to n-π* transition [33]. 

 The absorption spectra of neat PAN show 
high absorption at 260 nm and decreased with 
increasing of wavelength to 350 nm and becomes 
stable at higher wavelengths. This band is 
attributed to the electronic transitions n-π*[34]. 
Also, the low absorption of PAN above 350 nm 
means that the free-standing film of PAN is 
transparent to the entire visible wavelength above 
300 nm. It well be shown also that the absorbance 
of these nanocomposites increases by MWCNT 
concentration increasing [35] .

The optical band gap of neat PAN and its 
nanocomposites were determined by translating 
the UV–Visible Spectra into Tauc’s plot [36] 
and were estimated from the intercept of the 
extrapolated linear part of the plot of (αh)1/n 
versus the photon energy with abscissa.

(αhν) = B(hν − Eg)
n 

  

                                             (1)

α: is the absorption coefficient, B is a parameter 
that depends on the interband transition, hν is 
the incident photon energy, Eg is the optical band 
gap and n is an index characterizing the nature of 
the electronic transition which causes the optical 
absorption. The n index can be equal to 1/2, 3/2, 
2, 3 for direct allowed, direct forbidden, indirect 
allowed and finally indirect forbidden transitions 
respectively. 

The values of the optical band gap are 
illustrated in Fig. 5 from which (and its inset) we 
can notice a decrease of the band gap energy 
from 4 eV to 2.7 eV. This decrease in band gap 
infers that the addition of MWCNT modifies the 
electronic structure of PAN molecules and may 
be the result of two mechanisms. The first is the 
creation of new levels in the band gap which 
facilitates the electrons moving from valence band 
to conduction band [24]. The second mechanism 
is the formation of defects in the polymer matrix. 
These defects can produce localized states at the  

Fig. 6. Dielectric constant of PAN with different weight % of MWCNTs VS frequency
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level of the optical band gap and these localized 
states are responsible for this decrease.

Dielectric Constant 
The dielectric measurement results of neat PAN 

and PAN-MWCNT nanocomposite thin films are 
shown in Fig. 6. As can be seen, dielectric constant 
values of PAN nanocomposite fibers increase 
based on the amount of inclusions presented in the 
PAN fibers. The dielectric properties of a polymer 
depend on several factors, including temperature, 
frequency, structure, composite of polymers polar 
and nonpolar, inclusions, moisture, and defects. 
MWCNT is conducting materials, while PAN are 
electrical insulators. This means that MWCNTs 
have higher free charge concentrations at room 
temperature than PAN fibers. Therefore, the 
addition of MWCNT increases the number of 
dipole moments in the nanocomposite system. 
This leads to the increasing polarizability of the 
nanocomposite fibers with increasing wt % of 
MWCNTs. The relation between the dielectric 
constant r and the molecular polarizability t is 
given by

                                                                                     (2) εr = 1 + (Nαtεo
) 

Where N is the concentration of molecules and 
is the permittivity of free space. According to this 
relation, the dielectric constant should increase by 
increasing the polarizability of the material, which 
comes from the nanoscale inclusions in the fibers. 

In this experiment, the dielectric readings 
were taken based on the assumption of uniform 
thickness of the samples, uniform dispersion of 
MWCNTs and moisture free samples. A part from 
these factors, porosity and air pockets present in 
the fiber texture also play an important role in 
altering the dielectric properties of nanocomposite 
fibers. The values of dielectric constant of 
materials in fibrous form are lower than their 
bulk forms because of air pockets present in fiber 
texture and nanoscale inclusions embedded into 
the polymers. 

CONCLUSION
In conclusion, the study demonstrates that the 

incorporation of multi-walled carbon nanotubes 
(MWCNTs) into polyacrylonitrile (PAN) significantly 
influences the morphological, structural, 

optical, and dielectric properties of the resulting 
composite nanofibers. The findings indicate 
that increasing MWCNT concentration not only 
enhances the conductivity and polarizability of the 
nanocomposite but also modifies its electronic 
structure, leading to a notable decrease in the 
optical band gap and an increase in the dielectric 
constant, thereby highlighting the potential 
applications of these materials in advanced 
technological fields.
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