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Table 1 Porosity characteristics of SiC-derived carbons according to N.,,.

carbon carbide SaeET) Sa(Langmuin) Vore V iero APS
(m’/g) (m’/g) (cm’/g) (cm’/g) A)
1 -SiC 982 1233 0.48 0.40 9.8
2 -SiC 1190 1491 0.59 0.50 9.9
3 SiC nanofibres 1046 1319 0.53 0.41 10.1

Silicon was further extracted from the carbide crystal lattice via chlorination:
SiC+2Cl, - C+SiCl,.

The reaction temperature to yield nanoporous carbon depends on the starting carbide and the content of
impurities in the carbide; the temperature to extract silicon from the carbide should be at least 900 °C to
ensure the complete turnover of SiC to carbon. Resulting carbon powder was additionally treated with
hydrogen gas at 800 °C to de-chlorinate deeply the carbon material. The final carbon product was ana-
lysed using different techniques:

— The low temperature nitrogen sorption/desorption experiments were performed at —196 °C using
Gemini Sorptometer 2375 (Micromeritics). The surface area of carbon materials was calculated accord-
ing to the BET and Langmuir theories. Total pore volume was measured at P/P,= 0.95 and volume of
micropores was calculated by using the s-plot of adsorption isotherm. Average pore size (APS) is calcu-
lated according to: APS = 2V, ./S, e

— The X-ray powder diffraction (XRD) measurements were performed using Cu K, radiation
(A=154A).

— For the evaluation of EDL characteristics, the carbon powder/fibres (90 wt%) were rolled by a
PTFE binder (10 wt%) into a thin carbon sheet (~100 um) and coated from one side with a ~2 um layer
of aluminium using PVD. The electric double-layer capacitors (SC 1-3) were assembled from a pair of
carbon electrode discs (2.27 cm?) separated with ion-permeable separator. The electrolyte used in this
study was 1.2 M triethylmethylammonium tetrafluoroborate (TEMA) in anhydrous acetonitrile. Meas-
urements of EDLCs in constant current charge/ discharge regimes were performed at 10 mA in voltage
range from 1.25V to 2.5 V. The discharge capacitance was calculated from the data of the tenth cycle
according to C =1 ¢# U. The internal resistance values were calculated from the initial IR-drop value
(at fixed ¢=10 ms) according to R = dU,/21, where dU, is the voltage drop at fixed .
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Fig. 1 (online colour at: www.pss-b.com) Powder XRD spectra of SiC nanofibres, reference 3-SiC and
carbon from SiC nanofibres.
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Table 2  Specific resistance, EDL capacitance and geometric density of carbon electrodes.

SC carbon source electrode density  resistance  capacitance®
—3 2
(g cm ) ( cm ) (F g—l) (F Cm—S)
1 -SiC 0.73 - 89 65
2 -SiC 0.89 0.74 105 93
3 SiC nanofibres 0.93 0.85 78 73

# Capacitance is calculated per single electrode at constant current 10 mA.

3 Results and discussion

All SiC-derived materials of this study have uniform pore size distribution of micropores (Table 1).
Slightly increased average pore size of nanofibres calculated from total specific surface area and total
pore volume using the model of slit type pores could be attributed to the voids between fibres.

XRD analysis of SiC-nanofibres confirms the -SiC crystal structure (cf. Fig. 1). XRD patterns of
carbon from SiC nanofibres and the precursor material show the complete transformation of carbide into
carbon in chlorination reaction. The fact of missing the strongest Bragg reflections of graphite [(002),
(004), (100) and (101)] confirms the disordered amorphous structure of resultant carbon material.

The EDLC cells composed from different SiC derived carbons were studied by means of chrono-
amperometric and electrochemical impedance spectroscopy. It is interesting to note that SiC nano-
fibres based carbon has similar electrochemical properties to -SiC derived carbon but not to -SiC.
One reason could be the remarkably high density of carbon from nanofibres, which noticeably hinders
the access to the nanopores of the electrolyte ions. In other words, the effective porosity of carbon nano-
fibres in the electrolyte solution is reduced in comparison with the porosity observed in nitrogen atmos-
phere.

The cyclic voltammograms (Fig. 2) were recorded in the voltage range U from 0 V to 2.5 V by using
a potential sweep-rate (v) 50 mV s™' according to v = +dU/dz. It was established that EDLC cells were
ideally polarizable in the applied voltage range.

The complex impedance plane plots were measured in 1.2 M TEMA/AN solutions in the range of ac
frequency from 1 MHz to 5 mHz at 2.5 V, cf. Fig. 3. The EIS results reveal the absence of Faradaic reac-
tions and therefore all electrochemical cells studied behaved as ideal double layer capacitors.

In Fig. 4, at frequencies below 0.1 Hz, the capacitance reaches almost plateau, indicating the fre-
quency range where these materials are usable as EDL-capacitors. The capacitance value calculated at
107 Hz slightly differs from the values obtained from the constant current discharge regimes, due to
different technique applied.
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Fig. 2 (online colour at: www.pss-b.com) Cyclic
voltammogram of the EDLC with different SiC-deriv-
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Fig. 3 (online colour at: www.pss-b.com) Nyquist
plots for DL-capacitors with B-SiC and SiC-nanofibres
derived carbon electrodes at 2.5 V.

4 Summary
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Fig. 4 (online colour at: www.pss-b.com) Capaci-
tance vs. frequency for the for DL-capacitors with
B-SiC and SiC-nanofibres derived carbon electrodes at
potential 2.5 V.

The nanoporous carbon derived from SiC nanofibres behaves like usual SiC-derived carbon. The very
high density of carbon resulting from compacted nanofibres when rolled into the thin carbon sheet was
noted. However, this high density could be a problem for its sorption properties. The electrical double
layer performance of SiC nanofibres derived carbon is better than most of the common activated pyro-
Iytically-made carbons, but still does not reach the superior level of TiC-derived carbon materials [5].
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