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Abstract; The purpose of this paper is to study the effects of PAN graphite felt electrode by acid or
thermal treatment on the discharge performance and AC impedance of all-vanadium redox flow
battery. Firstly, the graphite felt samples are treated under different acid and thermal conditions.
Secondly , the samples of graphite felt electrode with acid or thermal treatment are tested by cyclic
voltammetry and SEM. Finally , the treated graphite felt electrode is assembled into a vanadium red-
ox flow battery for performance test with the equivalent circuit method to analyze the AC imped-
ance. The results show that both of acid and thermal treatment can improve the battery perform-
ance ,reduce the Faraday resistance ,and promote electrochemical reaction. Meanwhile , experiments
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show that the acid treatment(98% H,SO, ,5 h)or thermal treatment(400 C,30 h) graphite felt e-
lectrode performance is superior. With the number of oxygen-containing functional groups increas-

ing on the surface of acid-treated graphite felt electrode, there is a catalytic effect on the electro-

chemical reaction. The surface active sites of the graphite felt electrode and the effective specific

surface area increase after thermal treatment, thus, the performance of the vanadium battery has

been improved.

Key words:all vanadium flow battery ;acid treatment ;thermal treatment ; PAN-graphite felt
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Fig.1 The cyclic voltamen curves of the graphite

felt electrode
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Table 1 The processing result of cyclic voltamen curves

YOSz v E,/ V E,/ V AE,/ V i/ A i/ A g/ e
b 1.048 0. 645 0.542 0. 631 0.86
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Fig.2 The image of untreated electrode by electron

microscope scan
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Fig.3 The image of thermal treatment electrode by

electron microscope scan
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Fig. 4 The J - U curves for different concentration of

acid treatment

LS Ay Joi dk 43 45 98 % 1) Wk B IR I Ak Ak
P[] P 1] f) P A 4 SR 1) T - U il
2. N 5 AT LU Y Bl e BRI Ak B 1] 119
B, r A PERE A R i (R B b PR
PP [R5 o0, R YL P R o ) R A e T &K
PERH 5 h o Kb B A R AR ] 5 X o B
B S AT RE R DR D et R % FL AR AT



1114 WHERKESMARBFR)

o534 3

T ECE RE AR VR D, BRI R AR N R G R 3
( -OH) FIR H: ( - COOH) £ | & A B fit
VA XL F Sl R b 2% B 7 AT A A R 2 1
e LR T P R 5 (F B 7 A SR R) A | R
T 1 i S A Mt Ak 2 R AL F AR R T 25 R
TR A A CO 5 CO, 24
i .

0 Ol.l OI.2 013 0I.4 OI.5
IR E/(A - cm™)

B5 RACEHARFERE R T - U ihZk
Fig.5 The J - U curves for different time of acid

treatment

&1 6 A 400 C AL BEAN [ B 18] F) Fi AR 2H
R J - U M. WAl LIE Y B
A TR TR ] AR S0 o e AP REAS 1)
PR Ak PG A7 8 AR B i R v 1k
BLERIVERT, 2G4 B ]y 30 h I, HL AR Y
e IR A DA R SE AP KN RN S o= r AT
HEALAE A,

L6

14f

0‘.2 0'.3 0‘.4 0'.5
R FE/A - cm™)
6 HACHUR[ERTE Y J - U 2R

Fig. 6 The J - U curves of thermal treatment of

0 0.1

different time

B 7 SRS R P B 30 h A FL AR 4
BEHLE LY J - U i<k, IR AT LB ) B
A PR SR FE A RGN R Y R e L1 B 4
e (EL R A B 1 b L R v 1Y)
HORHTFRE T . B 3 B A A R B
400 C. 7= Az B4 1 T R AT R (R oA 2
=1 N e TR s =
FETE 07 B 4G L HE AR A T A Y
PERE.

0 0.1 0.2 0.3 0.4 0.5
B E/(A - cm™)

7 PREBLARIREERY J - U LR
Fig.7 The J - U curves of thermal treatment of

different temperature

3.3 B SHAEI RIS

it — I TE 4 BRI L T ) e, 2B
ORI R AT T AR B BTRCALL. I
A7 BT 1% V5 AF 5 R 2 BT 0 L i 19 32 3K BHL
. R # A ZSimDemo F1 Originpro8 >k 15
UG FHAS ) R AL 2 T A 2 S R Tt Y
SRR (UL ) . R Ry BRI R, |
R, JIE AL R B AT €, . C, S BUA

_— 0

W AW

R, R,
8 AU FHPL SR H s R

Fig.8 AC impedance equivalent circuit




ZLA A7 B P AR PR A B 7 o A LR U P b 1 R 1) 2 ) 1115

55 6 1] i
SRR IR
Z=R,+ I + I . (1)
iwC, + L joC, + L
JoL, R, 2 R,

Ko IR j= /-1,

&9 R i 4 BUh 98 % Wk A7 iR Ab BN
[i) I ) P 7 S8 4 R A o 4L | L TF | f b o
SEBHATR R ) A8 A il 26 3k hr 2 BHAT = R
F A7 S g T Y B 7 2 REAE R B T LAk A

20
—a—RAb3

18} —A-3h
—-5h

—y-10h

—
=)
T

R/(mQ * cm?)
S o =

op & o o

.2 0.4 0.6 0.8 1.0 1.2
I/A
(a)IEH%

SN (e S R . AL aT DA Y B e A
PR b TS (8] ) SN, SRR M 9 1 SR ST 2R BE
PUAR I/ BRLAL M (9 1F | S5 5 BT e AR B
5 h A BEAE FR /). 3X AT RE J2 PR O B TR ) R
W HATHE I & AU REHT RO T, &5 S RE M
Xt AP EL L FE A B AT AR A, DA T e AR
TR Y AE | SRR AR BT ; G I 1]
T, AR R LA B4 B RE T AL P a5

7.0
—a— R A3
6.5 —A-3h
-e-5h
6.0} -v-10h
~55F
g
°s0f
cé 45t
& 40t
3.5F
3.0f
25 . . . . ,
0.2 0.4 0.6 0.8 1.0 12
1A
(byfui%

B9 A AR R Ak AN [ A IH Xk B R b 35 437 5 BEL T 1)

Fig.9 Influence of electrode different time acid treatment on vanadium battery Faraday
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Fig. 11 Influence of electrode different temperature thermal treatment on vanadium battery Faraday
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Fig. 12 Influence of electrode different time thermal treatment on vanadium battery Faraday
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