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Abstract: Electrodes were prepared by mixture of graphite powder (GP) and multi-walled carbon nanotubes
(MWNT) at various ratios for all-vanadium redox flow battery. In this studies, the surface morphologies of the
composite electrodes were characterized by scanning electron microscope (SEM), and electrochemical behaviors
were investigated by cyclic voltammograms, impedance spectroscope and charge-discharge technique. SEM obser-
vation shows that the electrode surface roughness increases after adding MWNT to GP. The research results indicate
that the MWNT added into GP can provide good electron conductive network between the GP particles, which re-
sults in a shorter current conducting pathway in the sheet GP and also a lower internal resistance for the electrodes.
The best composition for the positive electrode of all-vanadium redox flow battery (VRB) with different content of
MWNT is 15wt%. The current efficiency of VRB using 15wt% MWNT-GP composite electrode is above 93% and
the voltage efficiency decrease with current densities increasing under current densities of 20-80 mA/cm®. The im-
provement in the electrochemical activity of 15wt% MWNT-GP composite electrode is ascribed to the decrease in
the total resistivity of vanadium ions adsorption and desorption from MWNT-GP composite electrode and the
charge transfer resistivity of MWNT-GP electrode at the electrolyte/electrode interface.
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Fig. 1 Cyclic voltammograms for V(IV)/V(V) reaction on
MWNT-GP composite electrode with different contents of
MWNT
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Table 1 Values calculated from cycle voltammograms of
different MWNT-GP composite electrodes in 0.83 mol/L
VOSO, +3mol/L H,SO, solution

Composite electrodes with

different contents of MWNT ANV T/ Tpe
0 0.134 1.224

Swt% 0.146 1.271

10wt% 0.126 1.191

15wt% 0.061 1.119

20wt% 0.210 1.098
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Fig. 2 High magnification SEM images of various electrodes
(a) Graphite electrode; (b)15wt% MWNT-GP composite electrode; (¢)20wt% MWNT-GP composite electrode
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Table 2 Simulated kinetic parameters of equivalent circuits for EIS of various MWNT-GP composite electrodes

CPE

MWNTs RJ/(Q-cm?) C/(F-cm®) Ru/(Q-cm?) Re/(Q-cm?) WI(x107"8, S-570%)
Y/(S's™) n(0<n<1)
0 0.3188 0.0007733 1.1460 0.4611 0.6271 879.7 102.0
Swi% 0.3589 0.0025170 0.5848 0.9974 0.7095 243.9 6.103
10wt% 0.2581 0.0024430 0.4665 0.9970 0.7008 164.1 7.948
15wt% 0.3020 0.0022990 0.3038 1.5680 0.7278 3.793 12.83
20wWt% 0.3436 0.0007854 0.3632 1.7920 0.8269 89.07 253.3
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Fig. 3 Impedance spectra of MWNT-GP electrodes
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Fig.4 Equivalent circuits of MWNT-GP composite electrodes
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Table 3 Efficiency values of composite electrode with
15wt% content of MWNT as positive electrode under vari-
ous current densities

Charge—discharge

current density _Cl_lrrent Yo_ltage Epergy
/(mA . em?) efficiency/%  efficiency/%  efficiency/%
20 93.38 90.32 84.34
40 96.20 82.40 79.27
60 97.15 75.12 72.98
80 98.18 69.03 67.77
3 4t

A1 55 (GP)FH 22 BE Tl 40 K 45 (MWNT) $2 AN [A] L
il s P i R FE A, T A L AR A A UV U FE b FEL A
MEL 24 MWNT &8 15wt%I & & HAk ik 2
PEBE ST, JL A M AE HR % 20~60 mA/cm?
19 AT SRR EfE, (EFE 20 mA/em” 1
AR R 53 7 93.38% 41 90.32%.
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