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TANAYT SINPRACHIM : FABRICATION, STRUCTURE AND
ELECTROCHEMICAL PROPERTIES OF ELECTROSPUN METAL-
METAL OXIDE/CARBON COMPOSITE NANOFIBERS. THESIS

ADVISOR : PROF. SANTI MAENSIRI, D.Phil. 236 PP.

CARBON NANOFIBERS/ELECTROSPINNING/MANGANESE OXIDE

/SILVER/ELECTROCHEMICAL/SUPERCAPACITOR

In this study, carbon-based bare and composite nanofibers (i.e., pure CNF,
NiOyx/ CNF, AgOy/ CNF, MnO,/CNF, and AgOx- MnO,x/ CNF) were fabricated by
electrospinning of 10 wt.% polyacrylonitrile-based (PAN) in DMF and 20 wt.% metal
precursors comparing to PAN. The as-spuns were subsequently calcined to obtain
as composited CNF using tree steps of stabilization, carbonization and activation.
The morphology, thermal stability, surface functional chemistry, microstructures,
crystallinity, chemical state, and porosity of the samples were investigated by
scanning electron microscopy (SEM), transmission electron microscopy (TEM),
thermogravimetric analysis (TGA), Fourier-transform infrared spectroscopy (FTIR),
Raman spectroscopy, X-ray diffraction (XRD), X-ray absorption spectroscopy (XAS)
and Brunauer-Emmett-Teller (BET) techniques. The electrochemical properties of the
samples were studied by using cyclic voltammetry (CV), galvanostatic charge-
discharge (GCD), and electrochemical impedance spectroscopy (EIS).

The as-spun nanofibers have average diameter sizes between 265-643 nm and
~25% of these sizes were reduced after calcination. TGA and Raman spectroscopy
revealed that the most samples consisted of matrix amorphous carbon of around 80%

composited with the nanometal reinforcement of around 20%. The measurement of N>



v

isotherm of the samples revealed the highest surface area of 812 m? g for AgOx-
MnO,/CNF almost two times greater than that the value of bare CNF. This high value
was due to the plentiful micropores average sizes of 0.6-0.9 nm yielding the high
volume of 0.36 cm® g in the AgOx-MnOx/CNF.

The studying of electrochemical properties of the prepared samples revealed
that the energy storage mechanism of the electrodes can be divided into tree features.
Firstly, the bare CNF, Ni/CNF and Ag/CNF presented likely rectangular CV of EDLC
behavior with the capacitances of 63-130 F g*. Secondly, the MnO/CNF electrode
displayed mainly pseudocapacitive behavior from the redox reaction of manganese
reinforcement with the capacitance of 38 F g*. Thirdly, both the Ni-NiO/CNF and
AgOx-MnOx/CNF electrodes stored the charge by a combination of both EDLC
forming on high surface area of carbon matrix together and the pseudocapacitive
process of metal and/or metal oxides composited in each electrode, showing the high
specific capacitance of 94-204 F g*. Moreover, the internal DC resistances (ESR) of
each composite were significant changed by adding of nanometal reinforcement
resulting in the resistance value of ~273-627 mQ. Furthermore, most the electrodes

showed the imposing cycling capacity retention more than 80% at 1000 cycles.
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