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Performance Evaluation of Aqueous Redox Flow Battery using Quinone Redox Couple
Dissolved in Ammonium Chloride Electrolyte
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Abstract — In this study, anthraquinone-2,7-disulfonic acid (2,7-AQDS) is used as negative active material and Tiron
is used as positive active material for aqueous redox flow battery (RFB). In previous results that used the 2,7-AQDS and
Tiron, sulfuric acid (H,SO,) was a supporting electrolyte. However, in this study, ammonium chloride (NH,Cl) is sug-
gested as the electrolyte for the first time. By changing the supporting electrolyte from H,SO, to NH,Cl, the cell voltage
of RFB is improved from 0.76 V to 1.01 V. To investigate the effect of NH,CI supporting electrolyte of the performance
of RFB, the full-cell tests of RFB using 2,7-AQDS and Tiron that are dissolved in NH,Cl supporting electrolyte are car-
ried out, while cut-off voltage range is a main parameter to determine their performance. When the cut-off voltage range
is 0.2~1.6 V, the hydrogen evolution occurs during charging step. To address the side reaction effect, the cut-off voltage
range is changed to 0.2~1.2 V. When the revised cut-off voltage range is used and the current density of 40 mA/cm? is
applied, hydrogen evolution is not observed and the optimal RFB shows the charge efficiency of 99% and discharge
capacity of 3.3 Ah/L at 10cycle.

Key words: Anthraquinone, Tiron, Aqueous organic redox flow battery, Ammonium chloride

*To whom correspondence should be addressed.

E-mail: kwony@seoultech.ac.kr, kychung@seoultech.ac.kr

fo] ZEE AgFtel|atisly Ao wadel s 7Pdalel Tl
This is an Open-Access article distributed under the terms of the Creative Com-
mons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-
nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduc-
tion in any medium, provided the original work is properly cited.

239



240 olgln] -
LA B

oA A7 AI~RIESS) Al A% &] 8838 =o17] 9
3l Zhgta glom, 7 2= A A, 2l o] e E], Na-S
g, gl 55 A4 ol dvhl-6]. 1 5 dlsi 55 A
(Redox Flow Batteries, RFBs)i= 1/A|& 7|WFCO. 2 St vljE{g] xr) 9k
gAolH, & o] ATRAE 71 Q7] whitell 1 MR =R, 11
A9S 299 5 vk Aol ltH7-10]. BlEs 55 A9 &
T BE w2 WhgAd o] 9-rahaA I o] el sk -3
b8 S5 S A E ARSIt RFBY] SEA R 71 Hol A}

54 GEAS o E vike e A9 27 7 o
Fot 2bsldelE 7R3 Q7] whitell 42 Asldel disl 27 AR
4= 9lom, o] uje} 2 FEAS o el e ARE-ShE o]
2 ZEHo] Yorh= @Rl A2 A QW (Cross-over) @48 W
A& = QITH11,12]. SFAIRE, o1 7)4 ARgSh= A o] mEkeel
Nafion B E#Q12] Z-¢- 7} o] 73] vRth= whido] Q17] ol
7} o] A 3FHA = B4 =2 proton O] A EAE 7R =
PBI 1 H#|Q1 7} 7+ Fo] wREhe: AR A7 WaEo)$t
TH13,14]. 7]l BafiA] vhsg el s Whe S2s SV &
NEF FuE 8ot A% Wol Y=o I 15-17]. 3HAIRE,
ol A3 MBI =) vhbES] 72 o] HIA] wistel 24|
ARl vt 719 RFB A8 27831 sk= tlol] Sloixd= 4
Hxzol St

ole] gt vhvg tial 7] 845 = E8atde At
= Fol, 71 F Fl=o] RFBY] #7] &=z 71 o]
T ) 2TH18-20]. FA=2] 74 Fig. 1914 & = 9150] 44 A3
AelA, 53] 2 E0| FE-5t St dall oA o x-S S
g 2ho)7] wiZe] QS b w5 AT v Ps o
B FER Y A9 29 5 S THAE ks e
7HA1 3L lek o =
e Aa|HE 7IHEC = gt ATk EAISHA|RE, A5 A Al o
A= o] HAEE IS B3 A5 IS S8l vheket dallds
TEFATH21,22]. & A4 = Anthraquinone-2,7-disulfonic acid
(2,7-AQDS)®} TironZ=5h0 2 ERat Wl lellr] o] vhd A 7kS 7
stz st E(NH,ChE Aald 2 ARgsi om, 7.5 7d
&Y 2EE IR Jste] A HAES Jith

o
3
kA
2
=)
f&ﬂ
d T{l;l
o
=2
=
)
>
rlr
£
)
s
2z

2. AUy

2-1. A2}
52854 Anthraquinone-2,7-disulfonic acid (2,7-AQDS)+=
Anthraquone-2, 7-disulfonic disodium salt (Santa Cruz)E 217 (Amberlyst

@ " 0.0 HO 0.0

o] o 0.0 N D st
. N .S, S,
e “ HO' OH
o

HO
() i T
OH OH
5 . > +2e + 2H*
N . N A
1] | | Il
o 0 ] o OH o
Fig. 1. A scheme of redox reactions of (a) 2,7-AQDS and (b) Tiron
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Fig. 2. Cyclic voltammetry graph of 2,7-AQDS and Tiron dissolved in

1 M NH,CI electrolyte.
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Fig. 3. Charge-discharge curve measured over the first cycle of
ARFB using 2,7-AQDS and Tiron dissolved in NH,Cl elec-
trolyte. Here, cut-off voltage range used for the operation of
ARFB is from 0.2 V to 1.6 V.
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Fig. 4. (a) Charge-discharge curve at the first cycle, (b) charge-discharge curve at the second cycle, (c) charge efficiency graph and (d) dis-
charge and SOC graphs of ARFB using 2,7-AQDS and Tiron dissolved in NH,CI electrolyte. Here, cut-off voltage range used for the

operation of ARFB is from 0.2 V to 1.2 V.
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