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Abstract N-doped carbon nanofibers as catalysts for oxygen-reduction reactions are synthesized using electrospinning

and carbonization. Their morphologies, structures, chemical bonding states, and electrochemical performance are character-

ized. The optimized N-doped carbon nanofibers exhibit graphitization of carbon nanofibers and an increased nitrogen dop-

ing as well as a uniform network structure. In particular, the optimized N-doped carbon nanofibers show outstanding

catalytic activity for oxygen-reduction reactions, such as a half-wave potential (E;,,) of 0.43 V, kinetic limiting current den-

sity of 6.2mA cm?, electron reduction pathways (n=3.1), and excellent long-term stability after 2000 cycles, resulting in

a lower E;; potential degradation of 13 mV. The improvement in the electrochemical performance results from the syner-

gistic effect of the graphitization of carbon nanofibers and the increased amount of nitrogen doping.
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Fig. 1. Low-resolution (a-c) and high-resolution (d-f) FESEM images of CNFs, N-doped CNFs using 4 wt% precursor, and N-

doped CNFs using 8 wt% precursor.
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Fig. 3. XRD patterns of CNFs, N-doped CNFs using 4 wt%
precursor, and N-doped CNFs using 8 wt% precursor.
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Table 1. Concentration of different nitrogen species on the surfaces.
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Fig. 4. The N 1s XPS spectra of CNFs, N-doped CNFs using
4 wt% precursor, and N-doped CNFs using 8 wt% precursor.
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Concentration of different nitrogen species (%)

Samples Pyridinic Pyrrolic Graphitic Pyridine
(398.4eV+03eV)  (400.0 eV£0.3 eV) (401.0 eV£0.3 eV) (403.0 eV£0.3 V)
CNFs 51.6 5.5 27.0 15.9
N-doped CNFs using 4 wt% precursor 42.1 7.6 449 5.4
N-doped CNFs using 8 wt% precursor 29.2 9.2 57.0 4.6
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Fig. 5. (a) CV curves of samples in an Ar-saturated 0.1 M
HCIO; electrolyte at a scan rate of 50 mV s in the range
of -0.2 to 1.0V. (b) The polarization curves of CNFs, N-
doped CNFs using 4 wt% precursor, and N-doped CNFs
using 8 wt% precursor in an O,-saturated 0.1 M HCIO,
electrolyte at a sweep rate of 5 mV s at rotational speeds of
1,600 rpm. (c) The electron transfer of CNFs, N-doped CNFs
using 4 wt% precursor, and N-doped CNFs using 8 wt%
precursor. (d) The polarization curves of N-doped CNFs
using 8 wt% precursor in an O,—saturated 0.1 M HCIO,
electrolyte at a sweep rate of SmV s! at various rotational
speeds in range from 400, 900, 1,600, and 2,500 rpm.
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Fig. 6. Polarization curves of (a) N-doped CNFs using 4 wt%
precursor and (b) N-doped CNFs using 8 wt% precursor
before and after long—term stability test in an O,—saturated
0.1M HCIO, electrolyte at a scan rate of SmV s' at
rotational speeds of 1,600 rpm. The long—term stability tests
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0.4 to 0.9V at a scan rate of 50 mV s' in an O,—saturated
electrolyte.
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