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Effects of Silica Sol and Thermal Complex Activation on Properties of Electrodes for All
Vanadium Redox Flow Battery

CHEN Na, ZHANG Huan, LUO Xudong
(School of Materials and Metallurgy, University of Science and Technology Liaoning, Anshan 114051, Liaoning, China)

Abstract: Graphite felt (GF) was modified with a silica sol via thermal treatment to improve its hydrophilicity and electrochemical
activity. The surface morphology, microstructure, and electrochemical performance of the modified samples were investigated. The
results show that GF electrodes after modification have a better hydrophilicity, a greater specific surface area and more oxygen
functional groups. The amount of C—O on the GF surface as the catalytic active sites for vanadium redox couples is 4.18% when the
amount of silica sol is 50% (mass fraction). The VRFB based on GF modified with 50% silica sol by thermal treatment has coulombic
efficiency of 95.58%, voltage efficiency of 86.07% and energy efficiency, of 92.35% at a current density of 40 mA/cm?, which is
increased by 10.93%, 9.16% and 3.22%, respectively, compared to the VRFB based on unmodified GF.

Keywords: all vanadium redox flow battery; graphite felt; silica gel; complex activation; cell performance
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Table 1 Parameters of complex activation

Sample No. Temperature/ C Time/h Mass fraction/%
A 400 5 0
B 400 5 25
C 400 5 50
D 400 5 100
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Table 2 Functional groups obtained from C 1s spectra
peak fitting of samples

Sample No. C==C c—C c—O C==0 O0—C==0
A 65.45 7.32 9.73 12.44 0
B 63.68 8.76 9.44 12.55 0
C 63.06 6.06 12.05 11.18 0
D 56.64 6.84 11.24 12.40 0

3 EHSKO s BRNFIESLER
Table 3 Functional groups obtained from O 1s spectra
peak fitting of samples

Sample No. C=0 C—O Other
A 1.97 1.52 0.59
B 1.44 2.47 0.84
C 1.04 4.18 1.05
D 1.35 291 0.63

it B 435N 0.75 V(vs.SCE) (& 9a)F1-0.5
V(vs.SCE)( 9b)[#) EIS # & . /£ 18 9 #, FrF EIS
T P 257 FR R A X 2P [ RIARR AT X 1 L 2 79 3 20
Fe o, A 5 S 43 o BT E AR/ FR R B T
B AT RS OB, AR 1 A 2 R )
R BGOSR 2 P, 9 2 BAFE AR B A AL
JETF, VYV VOV AR & RE R TR A
AL IE 5B I 327 L B R R T O TR IR A
.
F4 BHRBSIY ERSIESLER

Table 4 Functional groups obtained from Si 2p spectra

B 9 X TSRS TE 1 mol/L VY + 3 mol/L
H,S0, A1 1 mol/L V** + 3 mol/L H,SO, W& 1, %

peak fitting of samples
Sample No. SiO, Si0(0<x<2)
A 0.27 0
B 0.19 0
C 0.70 0
D 2.24 0
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Fig. 8 The positive and negative CV curves of samples at a scan rate of 3mV/s

&5 ME 8a REMANLERIESH
Table 5 Redox peak parameters obtained from Fig. 8(a)

Sample No.  En/V  Ep/V In/(mA-em™) L/(mA-cm ) AEMV L/l

A 1.113  0.846 334 236 267 142
B 1.118 0.843 351 283 275 1.24
C 1.113  0.841 403 313 272 1.29
D 1.104 0.848 348 280 256 1.24

E,—Oxidation peak potential; E,—Reduction peak potential;

I,,—Oxidation peaks current; ,—Reduction peak current; AE—Redox

peak potential separation.
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Fig. 9 Electrochemical Impedance Spectroscopy of positive
and negative electrodes of samples and equivalent
circuit diagram



2 48 H5 9 W

*6 MIEFWEBUSERRENEIESINSH

Table 6 Parameters obtained by fitting the positive
Nyquist plots according to the equivalent circuit
Sample No.  7/V(vs.SCE) RJ(Q-em®) C  Ro/(Q-em®)  W-T
A 0.75 157 101 1393 5.50
B 0.75 1.64 104 12.85 5.32
C 0.75 1.12 90 12.38 11.53
D 0.75 165 102 13.86 535

W-T—Diffusion impedance of finite thickness barrier layer.

R7T REFYUERBRIESORZREREIESINSHK
Table 7 Parameters obtained by fitting the negative

Nyquist plots according to the equivalent circuit

Sample No. #/V(vs.SCE) RJ/(Q-cm?) C Ry/(Qem®)  W-T

A 05 0.09 21 0.1 0.08
B 05 0.12 18 0.10 0.08
c 05 0.10 16 0.08 0.03
D 05 0.11 18 0.09 0.15

1(vs.SCE) —Polarization overpotential.
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Efficiency of VRFBs
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