
Abstract
Magnetic nanofibers can be fabricated by adding
nanoparticles in polymer solution using the electrospinning
method. The advantages of such nanofibers include a large
surface-to-volume ratio and high porosity, which makes
them promising for sensing applications. In addition, car-
bonization of such nanofibers increases electrical
conductivity. In this study, the chemical and morphological
properties of magnetic nanofiber mats prepared from
polyacrylonitrile (PAN)/magnetite and carbonized at 500
°C, 600 °C, 800 °C and 1000 °C. Resulting surface mor-
phologies with some agglomerations are discussed.
Addition of nanoparticles increased average fiber diameter
and improved dimensional stability.

Introduction
Magnetic nanofibers are produced by introducing magnetic
nanoparticles into a polymer solution using an
electrospinning process, which is simple and cost-effective
[1-2]. Due to their high surface-to-volume ratio and high
porosity, nanofibers have excellent sensitivity and high
sensing performance, which makes them attractive for
sensing applications such as detection of various gases,
strain sensors etc. [3-4]. The nanofiber mats produced by
electrospinning are widely applied in filtration, separation,
sensors, catalyst support, energy storage, in biomedicine,
etc. This study deals with electrospun magnetic nanofiber
mats of polyacrylonitrile (PAN) and magnetite nanoparticles
using the low toxic solvent dimethyl sulfoxide (DMSO). The
different nanofibers morphologies of the oxidatively
stabilized and carbonized were investigated using AFM and
SEM/EDS and discussed.

Materials and methods
The polymer spinning solution contains 14%
polyacrylonitrile (X-PAN, Dralon, Dormagen, Germany)
dissolved in DMSO (min 99. 9%, purchased from S3
chemicals, Bad Oeynhausen, Germany), 20% magnetic
nanoparticles Fe3O4 (magnetite, 50-10 nm diameter, Merck
KGaA, Darmstadt, Germany).

The polymer solution stirred for 2h on a magnetic stirrer and
before electrospinning additionally in an ultrasonic bath for
40 min at 35 °C with a frequency of 37 kHz. Needleless
electrospinning machine "Nanospider Lab" (Elmarco,
Liberec, Czech Republic) was used.

Optical investigations were made with FlexAFM Axiom
(Nanosurf, Liestal, Switzerland), confocal laser scanning
microscope (CLSM) VK-8710 (Keyence), Zeiss 1450VPSE
scanning electron microscope (SEM) and energy-dispersive
X-ray spectroscopy (EDS) was used for more detailed
investigations. For Fourier-transform infrared (FTIR)
spectroscopy, an Excalibur 3100 (Varian, Inc.) was used.

Results and discussions 
Figure 1 shows AFM pictures of magnetite nanofiber mats,
after electrospinning (1a), stabilization (1b) and
carbonization (1c). After electrospinning the nanofibers are
relatively straight but after oxidative stabilization at 280° C
(1b) and carbonization at 600° C (1c), the nanofibers exhibit
shortening and contraction. In addition, the diameter of the
nanofibers decreases and the beads do not disappear and are
still visible.
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The PAN/magnetite nanofiber mats (605 ± 160) (fig. 2b) nm
showed a larger average as well as a wider distribution of
nanofiber diameters compared to pure PAN diameter (364 ±
82) nm (fig. 2a). This means that with the addition of
magnetite, the nanofibers diameter has increased.
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The SEM images and EDS spectrum clearly show that the
highest concentration of particles is located in the beads (not
shown here). In addition, the EDS spectrum shows strong
peaks of the elements iron (Fe), confirming that the
magnetite nanoparticles are agglomerated within the beads.

Conclusion
In this study, PAN/magnetite nanofibers were prepared by
adding nanoparticles into a polymer solution by
electrospinning method. Oxidative stabilization and
carbonization at 500 °C, 600 °C, 800 °C, and 1000 °C were
performed, and resulting surface morphologies of the
nanofiber mats were studied and discussed. According to
the study, addition of nanoparticles increased the fiber
average and improved the dimensional stability. Moreover,
the agglomeration of magnetite nanoparticles was largely
detected in beads by means of SEM and EDS spectra. The
results show that more attention should be given to the
aspects of the morphological studies, which deals with the
effect of thermal treatment on the surface structure of
nanofiber mats. According to the study, agglomeration of
magnetic particles are located on the surface and inside the
nanofiber mats..
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Fig 1. AFM images of (a) PAN/magnetite after electrospinning, (b)
PAN/magnetite stabilized at 280°C and (c) PAN/magnetite carbonized at
600°C. The scale bars indicate 5 μm.

Fig. 2. Distributions of the fiber diameters of: (a) pure PAN; (b)
PAN/magnetite nanofiber mat.
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