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Fig. 1 Diagram of modified graphite plate with oxygen plasma treatment
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Fig. 2 SEM images of oxygen plasma treated graphite plate

for different time
A. 0 min; B. 15 min; C. 20 min; D. 30 min
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Fig. 3 EDS images of oxygen plasma treated graphite

plates for different time A. 0 min; B. 15 min
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Fig. 4 FT-IR spectra of untreated and oxygen plasma treat-
ed graphite plates for different time
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Fig. 5 CV curves of untreated and oxygen plasma treated
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Tab. 2 The parameters obtained from the CV curves for VO*/VO," on the graphite plates treated

with oxygen plasma for different time

Treatmeat time/min E/V E,/V I/(mA-cm?) IJ/(mA-cm?) AE,/mV I/l
0 1.17 0.79 40.2 23.2 380 1.73
15 1.07 0.83 59.9 433 240 1.38
20 1.04 0.84 68.4 63.4 200 1.08
30 1.08 0.81 48.1 37.6 270 1.28




K, O-B 4 BB VOF/VO,T B SN TG PERIFSY

<123 -

H +H,0-H'
R—OH+VO*==R—OV=0

-H e +H
R—OV=O:‘R—?V ==R—OH+VO
OH (6]

+

2

6 S ERERI A BN VO*/VO, FXT L fb2ATh Ak B LR
Fig. 6 Mechanism of the improved activity of graphite plates toward VO*/VO," redox reactions by oxygen functional groups
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Fig.7 The 10th charge-discharge curves of the VO*/VO,"
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Tab.3 The eficiencies obtained from the 10th charge-discharge
curves of the VO*/VO," couple using different graphite

plate electrodes at a current density of 8 mA -cm?

Treatmeat time Charge Voltage
/min efficiency/% efficiency /%
0 72 45
15 83 75
20 91 84
30 87 63

K. XA F R R & SR R R D, R
KPR, ATk B TR B IR B R
RMPBARAMTEEREA, s THerEKEE, B
XS AR RE R X VOX/VO, L R 2 HL AL AR
FH B IR R 25 N, ORI R A5
PE155. 20 min AbFRETFRIZ AR VO*/VO," FLXT FE L
HLPERE R, HFECRCRIE 91%, HURRCR N 84%.

34 &

SRR B PR HLA B i, SCB T HSR
TR N & U E RE TR 2R 4 5 T VOP/ VO, HIX
LA AA I P AR SO A5 0 T AR5 B AR 3
20 min BHZ R B A R Z , VO*/VO," HLXT
LA TR PR B S, 1, R 68.4 mA -em?, [, H 63.4
mA-cm?,AE, N 200 mV, FEHCH ECRCR L 91%.

2% Lk (References) :

[1] Shao Y, Wang X, Engelhard M, et al. Nitrogen-doped
mesoporous carbon for energy storage in vanadium redox
flow batteries[J]. Journal of Power Sources, 2010, 195(13):
4375-4379.

[2] Zhu H, Zhang Y, Yue L, et al. Graphite-carbon nanotube
composite electrodes for all vanadium redox flow battery
[1]. Journal of Power Sources, 2008, 184(2): 637-640.

[3] Wang W H, Wang X D. Investigation of Ir-modified car-
bon felt as the positive electrode of an all-vanadium redox
flow battery[J]. Electrochimica Acta, 2007, 52(24): 6755-
6762.

[4] Sun B, Skyllas-Kazacos M. Chemical modification of
graphite electrode materials for vanadium redox flow bat-
tery application—II. Acid treatments [J]. Electrochimica
Acta, 1992, 37(13): 2459-2465.

[5] Sun B, Skyllas-Kazacos M. Modification of graphite elec-
trode materials for vanadium redox flow battery applica-
tion—I.Thermal treatment[J].Electrochimica Acta, 1992,
37(7): 1253-1260.

[6] Yue L, Li W, Sun F, et al. Highly hydroxylated carbon fi-
bres as electrode materials of all-vanadium redox flow bat-
tery[J]. Carbon, 2010, 48(11): 3079-3090.

[7] Han P, Wang H, Liu Z, et al. Graphene oxide nanoplatelets
as excellent electrochemical active materials for VO*/VO,"
and V*/V* redox couples for a vanadium redox battery[J].
Carbon, 2011, 49(2): 693-700.

[8] Ago H, Kugler T, Cacialli F, et al. Work functions and sur-
face functional groups of multiwall carbon nanotubes [J].
The Journal of Physical Chemistry B, 1999, 103(38):
8116-8121.



‘124 W o F 2013 4

[9] Honda K, Rao T N, Tryk D, et al. Electrochemical charac- Electrochimica Acta, 2005, 50(11): 2227-22231.
terization of the nanoporous honeycomb diamond elec- [12] Park J M, Kim D S, Kim S R. Improvement of interfacial
trode as an electrical double-layer capacitor[J]. Journal adhesion and nondestructive damage evaluation for plas-
Electrochemical Society, 2000, 147(2): 659-664. ma-treated PBO and Kevlar fibers/epoxy composites us-

[10] Bismarck A, Kumru M E, Springer J. Influence of oxygen ing micromechanical techniques and surface wet ability

plasma treatment of PAN-based carbon fibers on their [J]. Journal of Colloid and Interface Science, 2003, 264

electrokinetic and wetting properties[J]. Journal of Col- (2): 431-445.

loid and Interface Science, 1999, 210(1): 60-72. [13] Wu G. Oxygen plasma treatment of high performance
[11] Okajima K, Ohta K, Sudoh M. Capacitance behavior of fibers for composites[J]. Materials Chemistry and-

activated carbon fibers with oxygen-plasma treatment[J]. Physics, 2004, 85(1): 81-87.

Electrochemical Activities of Oxygen-Doped Graphite
Surface for V(IV)/V(V) Redox Couple

ZHANG Huan, QIN Lin-lin, SHI Yi-ning, ZHENG Ming-sen,
DONG Quan-feng’, TIAN Zhao-wu’
(State Key Lab of Physical Chemisiry of Solid Surfaces, Department of Chemistry,
College of Chemistry and Chemical Engineering, Xiamen University, Xiamen 361005, Fujian, China)

Abstract: Graphite plate electrodes were treated with oxygen plasma and doped with oxygen as well as oxygen functional
groups. With the treatment, the activities of graphite plate electrodes toward VO*/VO," redox reaction were improved. FT-IR and
EDS analysis results indicated that oxygen functional groups were introduced to the surface of graphite plates after oxygen plasma
treatment. In this paper, the graphite plate treated for 20 min showed the highest activity. The average charge efficiency reached

91%, suggesting an increase of 19%, compared with that of the untreated graphite plate under a current density of 8 mA-cm™

Key words: positive electrode of all-vanadium; oxygen plasma; electrochemical activity
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