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Research progresses in iron-based redox flow batteries

GUO Dingyu, JIANG Fengjing, ZHANG Zhuhan
(College of Mechanical Engineering, Shanghai Jiaotong University, Shanghai 200240, China)

Abstract: Redox flow batteries (RFBs) are promising large-scale energy storage technologies. The
commercialization of main RFBs is slow due to their high cost. Large-scale energy storage using RFBs
consumes a large amount of electrolytes consisting of metals of different valences, ionic compounds,
solvents, and additives. Elemental iron and iron compounds are the ideal active materials of positive
and negative electrodes due to their abundant reserves and being environment friendly, and they have
also been widely investigated. The research progress of iron-based RFBs in the recent years is briefly
reviewed in this study. The iron-based RFBs are divided into hybrid iron-based RFBs and all-liquid
iron-based RFBs based on the different active material states. The hybrid iron-based RFBs in the acid
and alkaline condition are discussed. The factors influencing the RFB performance, such as hydrogen
evolution, solubility, conductivity, and kinetics, are briefly described. The influence of complexing
agents on solubility and kinetics is discussed. Different kinds of additives that inhibit the hydrogen
evolution are introduced to improve the charging efficiency. The inhibition of the hydrogen evolution
and the stability of the electrode capacity should be further improved, and new electrode structure and
innovative aqueous RFB systems should be investigated.
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Fig.1 Schematic of structure of redox floe battery
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iR a2 BIRR G thAh, KARE N &
AT SRR G T e B, IR A R
{5 R 5% N TP 18

BRIESRAF T, IR SR F I I E AR 2 Fe(1IT)/
Fe(I1) %8 A0 & JF HLXF, A8 [ B a2 Fe(IT)/Fe(0) %4t
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IS, i DA Rk R rh 2k m RIS T 2 £ i 5l 2 A &
SN, W), AU 23 AL FL i Y HL I 2
2, SRR PRI 1 BB E T AR
LREAT ,  EEARR I pH 23 AW T i 5 300 A A
WAL LA A AT, SR AER
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40%", Kao Ml AL EAIE R 2k 2, 7F 40 nm
R B R R AR R T, RO B BLAR AE 30~
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KR, e BRAE N T 2 1) 5 FL ) 448 AR AT 12k i ) 4 11
BAZots, BERREIBT IS R KK, fREFFHE
REREER, RIS RSO E T A
B G T I SR AR K AP, Wang
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M, Ty 5 L8 Bk s AR PR & T I 1000 £
Wu S A S ik B Bk T, ik e A BRI
VIBRAL T, [RIN WREVE AL i i, RS
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BORIIE A RS E . Ujimine Z5°98F 98 T Fe,C {E N
gl P Bt S MR 7 7 TR o R ) FRAL 22 1 BB, Fe,C
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Fig.2 Schematic of electrochemistry process of
Fe,C as negative electrode
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Al E IR RN BRI LS R R AR . B
T RCRIE ) 99% LA E, 72 mA/em’® LI %
T REE AR B 76%, FEM A E IR 0.15%.
{ER 2488 F A 25 & 6 mA/em?® N, VB AE B
R RAR A 56%, 1K 72 HH HL AR Ak B FL O 5 B T v
AN 0 5 5 2
IEM%: Fe(CN)Y +e ==Fe(CN)¢ E=0.36 V vs.SHE(10)
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B FRAR, DRI 75 BB TS MR I 5 v VAR ) 4 ke
AL, ATl 5 LR AR B KR kL 4 &
FEAR FEV Y BESY, A IR SE /NS R R, B
SSETE T, $ i A O )R 2, Hang 551
W ASEIFHSE B AR PTFE &7 LA €
EEBIVR & FLRI B A, BRI MU 4E . £k
L A SABRGUK A4 S PR KA 4R XT AR 2
B AR FHE A L @ R B 2, OGN K 2
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AL JFR I, R AR S R ) T
F38iE . IE SO EI S N AN 55 1% A 5%, BRPEIR
B RIS MR R 2 IE B R, 1B 1 IR R
TR MR, MBS R I R 2 4
L, IR RS SGBIER DN, JLT AT L ZBE S,
2.1.2  BRARR B AL RRT AR

B IR rp, Bk L S A A FE AR I B LA
M8, FRCFR R R 2 2R AR T B PR I Bk ) AR
wE, BIEARE— PS5 RN, AR
AVRAERAERE, ASBELE T (8] P 58 i 7e i i s Btk
IR BT AR B[ (1)1~ 1T F A BBk 13 D L AT
[ HEIE, K IAE Fe(I) A Fe(IN) #% it Ji 4 Fe(0)
IF 2 4 B 5 BT SR B B EA T AT 5 5008 P B4 155
ZRHB I RO B . AR SR BE S, £
B Tl 1) R AR VRURN F A T PR A I R I ON TS N AR
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BV SIZ 1) e L E B B A 80% 0 —BRERE . BN 75 75
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B BRI WLBR AL D AN 25 5 A5 F A s et 7 b g A
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