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Introduction
Carbon nanotubes (CNT) and carbon nanofibers (CNF)
are materials with a high potential for medical
applications. These carbon forms are interesting
candidates for many applications in medical diagnostics
and therapies [1,2]. Despite similarities in their form,
shape and chemical composition, CNT and CNF display
distinctly different surface properties. The differences
also result from different structure of both carbon
nanoforms.

Materials and Methods
Copolymer with the trade name Mavilon Zoltek Company
(Hungary) consisting of 93–94 wt% of acrylonitrile mers,
5–6 wt% of methyl acrylate mers and approximately
1 wt% of sodium alilo-sulfonate mers was used for the
manufacture of polymer nanofibers. The polyacrylonitrile
(PAN) nanofibers were spun from the polymer solution
using the electrospinning method [3]. The transformation
of polymer nanofibers into carbon nanofibers consisted of
two steps. The first step was the stabilization, during of
which the oxidation of the polymer nanofibers took place.
The stabilization occurred in an air atmosphere, in two
cycles: heating the nanofibers to the temperature of
250oC with the heating rate of 10oC/min, followed by
heating the polymer nanofibers to 300oC (heating rate of
10oC) and holding the samples at final oxidation
temperature for 20 minutes. The second step was
annealing the oxidized samples in nitrogen atmosphere,
preventing oxidation of the nanofibers to 1000oC at
a heating rate of 5oC/min, without holding the samples
at final temperature. The carbonization was carried out in
one-step process. The fibers obtained in this manner
were then subjected to chemical treatment by the
incubation in nitric acid at room temperature.
Subsequently, such prepared fibrous samples were
treated in the appropriate electrolytes to form on the
surface of carbon nanofibers silicon or calcium-contained
functional groups to make them bioactive.

Results and Discussion

FIG. 1 and 2 show the FTIR spectra of carbon nanofibers
before and after oxidation treatment in nitric acid.

FIG. 1. FTIR spectrum of carbon nanofibers before
oxidation treatment in nitric acid (PAN nanofibers after
carbonization process).

FIG. 2. FTIR spectrum of carbon nanofibers after
oxidation treatment in nitric acid.

As seen from the spectra, the incubation process leads to
the formation numerous carbon-oxygen-hydrogen
functional groups on the fiber surfaces. As it is known
such chemical species are desirable for applications in
the medical field. Functional groups on the surface of the
fiber are crucial in the design of nano fibers- based
polymer composites. Oxygen functional groups on the
surface of carbon nanofibers enable their further
modification by ion exchange and the introduction/
deposition on their surface other elements to create
specific biological properties.

FIG. 3. SEM images of modyfied carbon nanofibers after
incubation in simulated body fluid (SBF).

Microscopic images of nanofibers after incubation in SBF
indicate that their surfaces are covered with a
considerable amount of apatite and have bioactive
properties.

Conclusion
Carbon nanofibers, due to their turbostratic structure, are
materials which can be effectively modified by means of
simple two-step process i.e., oxidation treatment followed
by ion exchange process.
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