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Abstract >> The three electrodes (carbon felt) were tested in all-vanadium redox

flow battery (VRFB) to confirm the its usefulness. The electrode property was
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measured by the CV (cyclic voltammetry) method. The current ratio of maximum
peak(IPA/IPC) in GFO40BH5 and GFO51BH3 had almost the same value com-

pared to that in XF30A. The performances of VRFB using the each electrode were
measured during 5 cycles of charge-discharge at the current density of 60
mA/omQ. An average energy efficiency of the VRFB was 77.8%, 77.3%, and 79.2%
for XF30A, GFO40BH5 and GFO51BH3, respectively. It was confirmed from the
data that GFO40BH5 and GFO51BH3 is well suited for use in a VRFB as a elec-

trode, like XF30A.
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Fig. 1. Experimental set-up for the cyclic voltammetry meas-
urement of electrode
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Table 1. Specific properties of the electrodes

Thickness Dry weight Electrical
Electrode 2 :
(mm) (g/m") resistance
XF30A 43104 330+30 6~10 (Qmm)
GF040BHS5 4.0+0.4 350+20 <5 (Qmm)
GF051BH3 4.2+0.4 380+5 <5 (Qmm)
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Fig. 3. CV (cyclic voltammetry) curve of the each electrode
measured at scan rate of 10 mV/s
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Table 2. Potential difference (A EP) at anodic-cathodic max-
imum current density and current density ratio of maximum
peak (IPA/IPC) calculated from the data of CV curve in Fig 3.
for the each electrode

Electrode AEp(V)| IPA IPC IPA/IPC
XF30A 1.70 0.068 | 0.054 1.27

GF040BHS5 1.52 0.085 | 0.068 1.26

GF051BH3 1.56 0.085 | 0.068 1.24
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Fig. 4. Relationship between the cell voltage and operation time
measured at each cycle of VRFB
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Table 3. Cell performance properties of VRFB using the each
electrode

Current Voltage Energy
Electrode efficiency efficiency efficiency
(%) (%) (%)
XF30A 90.5 85.9 77.8
GF040BH5 90.5 85.4 77.3
GF051BH3 90.6 87.4 79.2

Table 3| Fig. 4oflA ¥ojxl Anp=FE A
7} =5 AHEEH VRFBO| Bt ARas, B+ A
FaEY Bt JUAEES UERh

XF30A A5 AH&3H VRFBO| Ht ARass
90.5%, Ht AYAES 85.9%, Hit UA A&
77.8%% Hty. E3 GF040BH5 HZS AHE3H
VRFBO| B AFAES 90.5%, Bat AYAE2
85.4%, Hat AUA EZ&L 77.3%S HAch 17
GF051BH3 A& Al83F VRFBO] B4 HRHE
2 90.6%, Bt AYAES 87.4%, Hat oUA|
&2 792%E HYch

Table 32 2 & 4= 950, XF30A2} GF040BHS
=& AHES VRFB] Hot oH 4] a8 A9 H]
SR Helem, GFOSIBH3 =53 AREgRH
VRFBY] B+t oYA|G&2 thE 2714] HF(XF30A
9} GF040BHS)& AR-3F VRFBO] Hat oUA|a&
Hop ot =2 3he HSlth

olAe] An=XE INTGAM] GF040BH5%}
GF051BH3 =2 7]29] ToyoboAl2] XF30A%}
HR7HA = VRFB-E =082 F23] &8°| 7

[e]

o e Kor

v g5s 58
battery, VRFB)§ ] 7181512 40 o)
Btk AT B4 CVE RFORA A3
shick. E3F VRFBO|A] 2] 2718tk S Ao
dheh Brshec

9] dgo R ofefet 2

7 A (vanadium redox flow

A~

A1E 42 5

=

flo
o

» SRAAUNOLIX/3E] =27

Q au
A[ne
o
i

3}, XF30A, GF040BH5} GFO51BH3
o] w3 AFH(IPA/IPC)E= 1R} OFfF =2 gt
HYow, A3 k3ol 74 og APHct= A
3}

2) XF30A, GF040BH592} GF051BH3 H=& A}
43t VRFBY] 5 - 4 Ag Ay 25E 582 4
Abst Ak, XF30A9} GF040BH5 A=2g ARE-3H
VRFBO| B4t o|Ux] a&2 A9 H|=3th g1 &
9 01(77.3~77.8%), GF051BH3 H=Zg ARE3l
VRFBO| B oA &&-2 oF &2 7H(79.2%)S
Hth

3) GF040BH59} GF0O51BH3 =2 XF30A$} uf
742 & VRFBE H=F08 F83] &80 7155t

the 22 gl 4 qglch

-

for

7|

2 A ARIEARY RS SR 7|4
7Ho A R ¥8h= ol U 2] 74 7HEE AFI(No.20132
020102170)2t, AMY-SAAFHAF 2} gH=AE 7] =218
ol A Yst= FAFE

143)9] A-H] L&
of ZrAEHYTH

2 A1 84 AL ) (No. R0004
=]

ol 4|90, A A

References

1. G-J. Hwang, A-S. Kang, and H. Ohya, "Review of the re-
dox-flow secondary battery", Chemical Industry and
Technology, Vol. 16, No. 5, 1998, p. 455.

2. H-S. Choi, J-C. Kim, C-H. Ryu, and G-J. Hwang, "Research
review of the all vanadium redox-flow battery for large scale
power storage", Membrane Journal, Vol. 21, No. 2, 2011, p.
107.

3. M. Skyllas-kazacos, and F. Grossmith, "Efficient vanadium
redox flow battery", J. Electrochem. Soc., Vol. 134, No. 12,
1987, p. 2950.

4. M. Skyllas-Kazacos, D. Kasherman, D.R. Hong, and M.
Kazacos, "Characteristics and performance of IkW UNSW
vanadium redox battery", J. Power Sources, Vol. 35, 1991, p.
399.

H28d ®25 20174 48



- O|CHe

A

oIyl - £

12. X. Wu, H. Xu, L. Lu, H. Zhao, J. Fu, Y. Shen, P. Xu, and Y.

Dong, "PbO2-modified graphite felt as the positive elec-
trode for an all-vanadium redox flow battery", J. Power

5. H-S. Choi, Y-H. Oh, C-H. Ryu, and G-J. Hwang, "Chara-
Sources, Vol. 250, 2014, p. 274.
13. D. Yang, G. Guo, J. Hu, C. Wang, and D. Jiang,
"Hydrothermal treatment to prepare hydroxyl group modi-

cteristics of the all-vanadium redox flow battery using
fied multi-walled carbon nanotubes”, J. Materials Chem.,

anion exchange membrane", J. Taiwan Ins. Chem. Eng,,
Vol. 45, No. 6, 2014, p. 2920.
6. G-J. Hwang, Y-H. Oh, C-H. Ryu, and H-S. Choi,

"Electrochemical properties of current collector in the
all-vanadium redox flow battery", Korean Chem. Eng. Res.,
Vol. 18, 2008, p. 350.

14. X. Wu, H. Xu, Y. Shen, P. Xu, L. Lu, J. Fu, and H. Zhao,
"Treatment of graphite felt by modified Hummers method
for the positive electrode of vanadium redox flow battery",
Electrochim. Acta, Vol. 138, 2014, p. 264.
15. F. Rahman, and M. Skyllas-Kazacos, "Solubility of vanadyl
sulfate in concentrated sulfuric acid solutions", J. Power

Vol. 52, No. 2,2014, p. 182.

7. P.Qian, H. Zhang, J. Chen, Y. Wen, Q. Luo, Z. Liu, D. You,
B.Yi, "A novel electrode-bipolar plate assembly for the va-

Sources, Vol. 72, 1998, p. 105.
"Thermal stability of concentrated V(V) electrolytes in the

16. M. Skyllas-Kazacos, C. Menictas, and M. Kazacos,
vanadium redox cell", J. Eelctrochem. Soc., Vol. 143, 1996,

nadium redox flow battery applications", J. Power Sources,

Vol. 175, 2008, p. 613.
8. N.Kaneko, K. Nozaki, Y. Wada, T. Aoki, A. Negishi, and M.
Kamimoto, "Vanadium redox reactions and carbon elec-
17. M. Kazacos, M. Cheng, and M. Skyllas-Kazacos, "Vanadium

trodes for vanadium redox flow battery", Electrochim.
L8e.
redox cell electrolyte optimization studies”, J. Appl.

9. X. Li, K. Huang, S. Liu, N. Tan, and L. Chen,

Acta, Vol. 36, 1991, p. 1191.
"Characteristics of graphite felt electrode electrochemically
Electrochem., Vol. 20, 1990, p. 463.
18. H-S. Choi, Y-H. Oh, C-H. Ryu, and G-J. Hwang, "Study on

oxidized for vanadium redox battery application”, Tran.
Nonferrous Metals Society China, Vol. 17,2007, p. 195.
10. L.Yue, W.Li, E Sun, L. Zhao, and L. Xing, "Highly hydroxy-
the electrolyte for Zn-Br redox flow battery", Trans. Korean

lated carbon fibres as electrode materials of all-vanadium
Hydrogen and New Energy Society, Vol. 24, No. 4, 2013, p

347.

redox flow battery”, Carbon, Vol. 48, 2010, p. 3079.
11. T. Wu, K. Huang, S. Liu, S. Zhuang, D. Fang, S. Li, D. Lu,

and A. Su, "Hydrothermal ammoniated treatment of
PAN-graphite felt for vanadium redox flow battery", J. Solid

State Electrochem., Vol. 16, 2012, p. 579.

Transactions of the Korean Hydrogen and New Energy Society <<

Vol. 28, No. 2, April 2017



