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Abstract — Membrane characterization methods for aqueous redox flow batteries aqueous RFBs were modified for
non-aqueous RFBs. The modified characterization methods, such as ion exchange capacity, transport number, perme-
ability and single cell test, were carried out to evaluate commercial membranes in non-aqueous electrolyte. It was found
that columbic efficiency and energy efficiency in a single cell test were dependent on the ion selectivity of commercial
anion exchange membranes. Neosepta AHA anion exchange membrane showed the anion transport number of 0.81,
which is a relatively low ion selectivity in non-aqueous electrolyte, however, exhibited 92% of coulombic efficiency and
86% of energy efficiency in a single cell test. It was also found that a porous membrane without ion selectivity is suit-
able for a non-aqueous redox flow battery at a high current density.

Key words: Non-aqueous Vanadium Redox Flow Battery, Commercial Membrane, Single Cell Test, lon Selectivity, lonic

Conductivity
LM B S Ak P P Aske) Ao NS 2AFOR
ke ol A $B0% i w Heip} s 49 7
AAA = R T2 || An7) F7kebdA o F ol Zlet.

A B, B8, 28 9 vlo) ouls 53k 2 A% Tk ol A A EEAAE AS AZY SRl et ArktE
A1 48] FH= ule] ARl HAZE EQITE ofef] theh o w [2-4], A-=EA)[5-9], F-EleFEA[10], #n-polysulﬁdeﬁ][ll o}
AA A9 % Aol e Q17 ] RAE T BEAN2) o] AT HUTk ol9} R AlEA ARE Eeh ¢
§0v], 7L FAE s 58 A4S ALAHC Fo0iES) o] 89 Asjle B ) w30 clelubd e vk Welw A
WA A AR 7S W Q1. Bl S5 AR e & Ak, B ol B GFOR 0-100 °CR AEL
o f3lxlo] Q= G0 Als) U Y ue-S B3 W7 oA S5 Agteit}13]. ¥FHol acetonitrileZ} propylene carbonate®} -
= 38} olliA = Adshd, e sl el 2= dale A vl Sl 7] Blhe A AlARETE B2 el 2k

Azoh FF Aol AR o Eajo] RabETh B8], FHE B A ABLES RARTH14-16].
v HlEs 35 A kb=l Ak el =

*To whom correspondence should be addressed. N .
E-mail: shmoon@gist.ac.kr BEAT 2 AMgs, FHEA, 2hEA, A8, W

615



>
ox,

o

616 2719 -

A, A 53 2ol & A9AE 7HE dlss AES
sk7] §1%k A77F B RAH13,14,16-20]. v dlss 25 A
Z]¢] th34?1 vpbEA|= vanadium acetylacetonate (V(acac);) &
=722 acetonitrile g-1ljolx] A3 42 Az} 2 MRS o8-8t
o] 22V ZEANS A T[13], FHEAY B$ ruthenium
acetylacetonate (Ru(acac);) =42 acetonitrile -2vellA] 1.77 vV
250 BA1[16], AFAIONAE acetonitrile -7l A4] chromium
(Il1) acetylacetonate (Cr(acac);) =S 53l 3.4 Ve Z5He¢S
A3 [18], YA 2] 739 nickel tris (2,2-bipyridine) complex2}
iron tris (2,2"-bipyridine) complex %% 548 0]-435}¢ propylene
carbonate &HllellA] 225 V o]de] 2HE Aks UERASITH19]. A
M BlFAl dEAs EFAA] AT A T TR s
(acetylacetonate®} 2,2'-bipyridine)2} A3t 774555 SEAS
sk, A=REE-S Fal Aksh 3 Whe-S ERIgho m M Ade
GEAE EFeR= AN AQIAE oSehs Wakow 23]
th21]. 2 veA gl 55 AAE Q18 e Rlel thsh A
£ o ulugk Folct, MBS AIXE el A oF= sl
(positive electrolyte)?} == %13 (negative electrolyte)S 2]}
Z - Al Al (charge carrienE ©l5A71E 583t ks
gt} AalrdA| 2] Hste}l #2; A7)0 w} o] wEk HEy
= taA FEgRlo] oiqR] A% Alxglel] &85 11 irh22].
B ATelxE AEE v diss 55 AAE WEgl
of SbA] WlE Q1 5434 W] g V)& A wlEgRle] A
P& Hrreto] HlBRl /e 7| 2R R E-8taat sigict.
HIGA A5 35 AAell Agtel RugQl 548 48] $lal
A A=A 5 AR A ARSI AEER] S HHES
dste] el 559, o) AEE, o), €ud Fe A,
AAa& A 5 WEHR SRS gelstal -8 Wrgel

= olgato] nlg e 3ol AdS Al

ot ol
fd

it
r‘mo

o
]

as

[ ]
[l
o
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Fig. 1. Schematic of non-aqueous VRFB during discharge process.
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Fig. 2. Configuration of a clip cell for ionic conductivity.
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Fig. 3. A cell configuration for measurement of transport number.
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Fig. 4. Configuration of a redox flow cell.
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u], olo] ulg} o] & Aw = wugle] FA7} gk WA o] 2
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AHAS} H]528E 0.09 mS/em?] 2 o] AET 3he Kot o]
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AMI-70012] 739 ®lB |1 7] %3 o] 24ds] A9 WHHR] +
Al T3 TR S0l w3k WB gole] vlal 7] wlioll Neosepta
AHAS} H|5=8H o] & A5 7= 218 ERIsIinh tha/d wlH.
#2191 PEMFS] 75 Wl #ele] A7} ekal f-412 537t 7he
5lo] 2.86 Q-em?9] Bk A71AFE vER om, ool whe} Sikel
O] HE=E 0.88 mS/emE AXATE It PEMF HEH QIS HlH
) Uitell EAShs 71502 5] g 2ol wl Wrel
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Table 1. Electrolyte uptake, swelling ratio and IEC according to different commercial membranes

Membrane thickness ~ Electrolyte uptake Swelling ratio (%) IEC
(1m) (%) Length Thickness (meq/g)
. Fumasep FAP-PK 177 155.58 1.67 36.15 1.23
C"Xgﬁfal Neosepta AHA 203 28.05 3.17 8.56 134
AMI-7001 481 12.20 4.11 4.64 1.28
Commercial porous membrane PEMF 26 200.93 0.11 4.00 -

Table 2. MER, ion conductivity and transport number according to different commercial membranes

Membrane Electrical

Tonic conductivity Transport number

Resistance (Q-cm?) (mS/cm) t, t
Fumasep FAP-PK 11.13 1.44 0.39 0.61
Commercial AEMs Neosepta AHA 216.45 0.09 0.19 0.81
AMI-7001 560.65 0.09 0.38 0.62
Commercial porous membrane PEMF 2.86 0.88 0.45 0.55
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Table 3. The single cell performance results of commercial membranes
Membrane Current density (mA/cm?) Columbic efficiency (%) Voltage efficiency (%)  Energy efficiency (%) OCYV (hr)
0.5 31 95 29
Fumasep FAP-PK 4
1 60 93 56
Neosepta AHA 0.1 92 94 86 190
AMI-7001 0.05 70 91 64 300~
PEMF? 5 85 85 73 42

*The performance of Celgard PE was evaluated by using non-flow H-type cell which consists of graphite felt for both electrodes (2.5%3.5%0.5 cm®) and
graphite rod as current collector with 0.1 M V(acac);/1 M TEABF, in CH;CN for analyte and catholyte of 10mL volumes.
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Fig. 8. Non-aqueous vanadium RFB (a) charge-discharge graph and (b) efficiency for Neosepta AHA anion exchange membrane during 10
cycles.
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