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Abstract — Recently, there are many efforts focused on development of Redox Flow Battery (RFB) for large energy
storage system. Economical hydrocarbon membranes alternative to fluorinated membranes for RFB membrane are receiving
attention. In this study, characteristics of poly(arylene ether sulfone) (PAES) were compared with expensive fluorinated
membrane at VRB (Vanadium Redox Flow Battery) operation condition. Permeability of vanadium ion through membrane,
ion exchange capacity (IEC), change of OCV, swelling, charge-discharge curves and energy efficiency were measured.
PAES membrane showed lower permeability of vanadium ion, higher IEC and then higher energy efficiency compared
with Nafion 117 membranes.
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Fig. 1. The UV-vis spectra of different vanadium ion solutions: (a) V(II), (b) V(III), (¢) V(IV), and (d) V(V).

25
0.20

204 /
- 7 0.154
o 154 by
=] o
c c
S @ 0.10-
5 107 £ /
2 o]
o w
< ﬁ 0.05 /

0.5 /

0.0 — T e 0.00 T T T T T T T T

200 300 400 500 600 700 800 900 1000 0 50 100 150 200
Wave length (nm ) Concentration ( ppm )

Fig. 2. The UV-vis spectra of V(IV) ion solutions with different concentrations and calibration curve.
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Fig. 3. Variation of vanadium ion concentration (V(IV)) of Nafion
117 and PAES membranes with the elapsed time.
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Fig. 4. OCV decay curves of the VRF cell assembled with Nafion 117
and PAES membranes.
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Table 1. Membrane properties of PAES and Nafion 117
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Fig. 6. Variation of energy efficiency of PAES membrane cells with
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IEC (mmol/g) Swelling (%) Water uptake(%) Permeability (10”7cm?/min)
PAES 1.86 19.10 23.95 28.6
Nafion 117 1.09 11.70 18.86 56.2
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PAES membranes in a VRB single cells.

100
90-
80-
70-
60
50-
40
30-
20
10

O T T T T
1 2 3 4 5

Charge-discharge Cycle

Comparison of energy efficiencies with Nafion 117 and PAES
membranes in a VRB single cells.

L. J

' PAES

Energy Efficiency (%)

. Nafion 117

Fig. 8.

& 718 AL 2.0 ml/em’min FE5ell A U #] &0 2~5% FHAas)
Atk o712 Skl A = AFF=o] 155 Skl &gk AFAIRke] 7
2~ wjFo)gkar o}, 0= AN 1.2, 1.6 ml/em’min®] ™8 Z+
Zt AFAIZr0] 17.8, 13.4 2216 2.0 ml/em’minolA Al FA1o]
10722 g} ¢hds] g8k Jatal A Filehs Saaddol
Wola] offf#] Jgo] 7t Zolekal Als et

33. 540 ds

PAES %7} Nafion 117 ¥h& 2|14k Alo] Zbd 18|29} o
A&& TUZE Fig. 79 Fig. 8ol LERITE PAES B Ao o]
H-50] Nafion ¥ €] oUA] EE&HT}E A Alo]ZolA 6% =1 1
wx] Apo] Zof A k7t =t} PAES we] HhEol & T3t

Table 2. Variation of efficiencies with number of charge-discharge cycles

675

Nafion B 535 Ht} 31 PAES B} IEC} Nafion B} IEC Xt}
2 A} wliEel PAES B} oA &&0] Nafion = oflLx] &1
UF Sobslthal 2t} Table 20 & -84 sAlolE st Aas, d
Fa &, UA a& wskE vehllth Ale] & 31571 WoldA &
PAAIZro] FolA| 1 ARasS Tk Utk o] A & -
oA Bhs Sdehe Ead o] 7Has] wiEol
d(self-discharge) &7} 7487] wlizolth[14]. 3F
317} S7¥shaA Al = (overall polarization)©]
Faok. A5 &g Sl vls) det a g 1
2ol F kg wotk ouA] a5 T W S S
e T 3T

Hole] gHo] Tk

EO
ol

[e
2y

Ll
>
N
3
@y

N

27

oz
2

‘]

o%
rN

N
e
g[:‘o-l)l'

=y
e

>,
2
kit
N
N

7

et
=

i

N

oz £
T

2o

AT Al

of

0.8

0.6

Voltage ( V)

0.4

0.2 1

0.0

T T T T
0 100 200 300 500

Time (min)

Fig. 9. Comparison of charge-discharge curves of VRB without nitro-

gen purge and with nitrogen purge.

100
90

—a— Air exposed
—— N2 purge

——

80
70
60
50
40
30
20
10

0 T T T T T
0 1 2 3 4 5

Energy Efficiency ( % )

Charge - discharge Cycle
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Cyele No. Current efficiency(%) Voltage efficiency(%) Energy efticiency (%)
Nafion117 PAES Nafion117 PAES Nafion117 PAES
1 cycle 54.4 61.9 92.7 91.8 50.4 56.8
2 cycle 71.7 80.2 90.4 90.5 69.9 72.6
3 cycle 82.8 822 90.4 90.3 74.9 74.2
4 cycle 81.5 83.0 90.4 90.2 73.7 74.9
5 cycle 81.8 83.8 90.4 89.9 73.9 753
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