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OUKSAPHEA PECH : PREPARATION, STRUCTURE, AND
ELECTROCHEMICAL PROPERTIES OF CARBON NANOFIBERS
FABRICATED BY CORE-SHELL ELECTROSPINNING TECHNIQUE.

THESIS ADVISOR : PROF. SANTI MAENSIRI, D.Phil. 283 PP.

CARBON-BASED NANOFIBERS/CORE-SHELL
ELECTROSPINNING/ELECTROCHEMICAL PROPERTY/INTERCONNECTED

CARBON NANOFIBERS/MANGANESE OXIDE/SUPERCAPACITOR

This work reported the preparation of carbon nanofibers (CNFs), interconnected
carbon nanofibers (ICNFs), and carbon-manganese oxide composite nanofibers
(C/MnOx) fabricated by a conventional and a core-shell electrospinning technique,
respectively, with the combination of heat treatment and COz-activation process. The
calcination and activation processes of all samples were performed at the temperature
of 900°C in the argon and COa», respectively. For IC-CNF, the PVP-PAN weight ratios
were varied as PVP-PAN: 3-7, 2-8, and 1-9 applied in the precursor solutions of the
single-nozzle polymer-blend electrospinning. Moreover, the core-shell nozzle
electrospinning was also used for this case. For carbon manganese oxide composite
core-shell nanofibers, the PAN solution was a core solution, while the PAN mixed with
metal oxide was a shell solution. By varying the shell solutions, we can get three
different samples based on the weight ratios of core-shell, i.e. 10-8, 10-9, and 10-10.
Concerning material characterizations, the field emission scanning electron microscopy
(FE-SEM) revealed the fiber-fiber interconnection patterns, the manganese oxide

nanoparticles, and other fiber morphologies. Moreover, the fiber-fiber interconnection
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morphologies were observed in PVP-PAN/PAN-PVP core-shell based carbon
nanofibers only, while the PVP-PAN blend did not. Furthermore, the FE-SEM results
also exhibited the fiber diameters and particle sizes, which were consistent with the
specific areas obtained from the N»-adsorption/desorption techniques. As a result, the
biggest diameter was observed in CNF; and the mixture of PVP and PAN via polymer
blend or core-shell electrospinning could reduce the sizes of fiber diameters. Besides,
the structures of carbon-manganese oxide composite core-shell nanofibers were
revealed by the cross-sectional images of the fibers, which displayed the particles
staying outside on the carbon nanofibers. Furthermore, the differentiate-canning
calometry (DSC) and the thermogravimetric analysis (TGA) displayed the thermal
properties of all samples. In addition, X-ray diffraction techniques (XRD) presented the
phases of amorphous carbon, graphite structure, and manganese oxides, while the
Raman analysis determined the carbon qualities in the samples. Additionally, the
electrochemical performances were measured by three-electrode system in 6 M KOH
aqueous electrolyte. Thus, the C/MnOx exhibited the greatest specific capacitance of
213.7 F g'! at the current density of 0.5 A g”' with the energy density of 30 W h kg™ at
the power density of 249 W kg™ and the great cycling stability of 97% after 1000 cycles.
These great results might be caused by the synergistic effect of EDLCs and
pseudocapacitive behaviors of CNF and MnOy because of the low charge transferred

resistance and high surface area.
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