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Abstract — In this study, nitrogen doped carbon felt was prepared by pyrolysis of urea at high temperature and applied
as an electrode for vanadium redox flow cell. Urea is easier to handle than ammonia and forms NH, radicals at higher
temperatures, creating a nitrogen functional group on the carbon surface and acting as an active site in the vanadium
redox reaction. Therefore, the discharge capacity of activated carbon felt electrodes using urea was 14.9 Ah/L at a current
density of 150 mA/cm?, which is 23% and 187% higher than OGF and GF, respectively. These results show the possibility that
activated carbon felt electrode using urea can be used as electrode material for redox flow battery.
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Fig. 1. SEM images of (a) Pristine graphite felt, (b) UGF-1-900, (c)
UGF-5-900, and (d) UGF-10-900.
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Fig. 2. N1s XPS spectra deconvoluted for urea heat-treated graphite
felts.
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Fig. 3. Cyclic voltammograms of urea heat-treated graphite felts with
different mass ratio of graphite felt and urea in 0.1 M VOSO,
+ 3.0 M H,SO, electrolyte at a scan rate of 5 mV/s with poten-
tial window of 0.0 V to 1.0 V vs. Hg/Hg,SO,.
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Fig. 4. Nyquist plots of urea heat-treated graphite felts with differ-
ent mass ratio of graphite felt and urea in a frequency range
from 10 to 10 Hz in 0.1 M VOSO, + 3.0 M H,SO, electro-
lyte at open circuit voltage.
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Fig. 5. Cyclic voltammograms of pristine graphite felt (GF), oxidized
graphite felt (OGF) and urea heat-treated graphite felt (UGF-5-
900) in 0.1 M VOSO, + 3.0 M H,SO, electrolyte at a scan rate of
5 mV/s with potential window of 0.0 V to 1.0 V vs. Hg/Hg,SO,.
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Fig. 6. Cyclic performance of VRFBs employing different graphite felts at different current densities; (a) energy efficiency and (b) discharge

capacity.

Table 1. Summary of cyclic performance for the VRFB employing different graphite felts at various current densities

Electrode Current density 5 cycle average efficiency (%) Discharge capacity
(Negative / Positive) (mA cm?) CE VE EE (AhL™Y
50 97.7 84.5 82.6 21.0
75 98.2 71.5 76.1 16.7
F/GF
GF/G 100 98.5 72.2 71.1 12.9
150 97.9 62.8 61.6 52
50 97.7 91.1 88.9 23.6
75 98.6 86.1 84.8 21.8
F F
OGF/0G 100 98.5 82.3 81.0 19.7
150 97.3 73.2 71.2 12.1
50 97.2 91.2 89.6 242
75 98.2 87.4 85.8 224
UGF-5-900 / UGF-5-900
100 98.3 83.5 82.1 20.5
150 98.4 73.4 73.0 14.9
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