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A critical review on redox flow batteries for electrical energy storage
applications
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Abstract: Redox flow batteries have a number of advantages for electrical energy storage, including high round-
trip efficiency, long service life and suitable for large scale applications. Such a type of energy storage devices
have a wide range of applications in the use of renewable energy sources such as wind and solar, smart grid

and microgrid. This paper presents a brief review of the state-of-the-art development of the redox flow batteries.

Major technological barriers are discussed. Future directions of research and development are proposed.
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Fig.1 Statistics of publications on redox flow batteries
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Fig.2 Schematic diagram of a conventional redox flow

battery system
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Table 1 Characteristics of selected redox flow batteries
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Fig.3 Schematic diagram of a soluble lead-acid flow

battery



TS FE

VB HLU fi RE BRI TUBUIR 5 i 2 53

DIRE R, H Y 8 18K, 3 EPbO,ME DL
WFETEA, REMEABERI, PbO,EHRIK K
WAk 2T, TR, 25 5 8 Wit kA
U PO, HRR B0 1 2 ) A A Y BRI L
R B o

2.2 BRIt

PR B B v e v I AR R, R
A — AR S 0 1) 8RR PR TR B R L
AN ELAR SN g [ A5 AH AR (1 F 2R A
221 BRI FI

o AR BRI LT TR AR [ R SR AR AR, B
WAt AE TG PR AR bR AE TR SR Zn i i,
PR B PO BRI A R B v P . e e A, A
NiOHL K H'Ni(OH), A EINIOOH, IR & 1 1E
Ttk FUTRRR B Zn. OB, R, B
A LR N 1.705 V, BRABEAR, TE TSR L R
IEFNL6 VA AT, HEMWEARR>>, @it 1
P FEL Y R B RS PTT PR R HLME, SRARIE H R R A
&, PUERAFERSE RGeS & .

5 A5 B FR TR B 4 S8 A TR, T
TR 45 BAROR FRLVB I Zn B B (Vi S OH B
FeAK, BEERPMIEE, SRAERERL, Hi
T HARR SN, AW s BN B AR 7R A2 IIOH
AR T IR ENRAL R . FIRE, RS0 AR
TR B R T B AR R A A,k S FE AR PR R I
Wtk I HIEREE I G T8 AR b7 AR R R
RSN ER TSN

o — A ALY IR R LA T B R R AR A
HEERIE T Zowitk; MEMEENFEZRT
NiOIEM, 25 &8 13 3 2 HNi(OH), 5 NiOOH
Z (A F AL 2 R R IR R A BT . (R, o
DUARZn HE AW 1) 4 BB AT ] K25 B FRUNTO [ 4% L Bl A
BHR I E L R FE TR AR R )

R 51
e K
' fti
Y
AL
W

AL B LR )

—/
TR AR

El4 HRBEF-RBRRELREE

Fig.4 Schematic diagram of a zinc-nickel single flow battery
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Fig.5 Schematic diagram of a PbO,-Cu single flow redox
battery

% Bt FI PbO,/PbS O, L X N IE M IS 4
R, TEBRER AR AR AL it FR AR /N, BT DA LR
WAL £ ok B Cufi . MERRMERER T, Cufifk
BN 1R R A, BATERG &, Xl HEs
AR AL, AN RAETERMN. Fik, Cufitk
AHAREAFTHEMER. H2E, XAHEERPLO, EHK
e ICHR S BRI S0% LR, ANA #2r ICu® M
PbO,Z 5 HIM N, Hik T HAEE; JFH ik
fEigfr — BN E f5, 2/ D ERCul MPbO, K R
SN (37 S 95 AN L 5
2.2.3 BRI

T — 6 B RO LT A R T R S LA AE R
TRV B R G 1 rEL A 2 R T R R ) — bR 2
BRI FAAR R o 1% HE SR DY SO RS B g oK
(TR A A B AR AE M IER) s SRAICd/Cd® Pl A
WM LLH,SO,-(NH,),SO,-CdSO, /K& N
FELARR T ) R A S oA

TH%: QH,Cl,<2=QCl, +2H" +2¢"

VG
kg Cd* ZE Cd—-2e
X e G F I R O 1.1 VA, AP AR

L, AT B IRSR LR {EL E T DUSRTR 5
PEREME, SEOLA AR AR, kAR
B
3 &R/ BRI

9 7 VR S S 8 B R P A



54 ik A Bt

RERGUAS, RIS, B AY #L
PR T IE MR e v, R 255 R SRR R A
WY, UL “ & B/ AR iR R
HESOA FL B AR 32t 25 o LR AR T S 451 F 4
S LA M . XU AR S A . L
23S
3.1 B SRR IR L it

o AR VTR R DL S R R AR B - R
TOCUE HL Y R RN O R AR A 8 i P — ol BT 2R B I
HB ™, Z ) IEA N XU REE B A AR,
PR B 5 AR PRV L VB AR [

FEHM R RE A, R AR AR s

Eff: }0, +H,0~—=20H -2¢"
fift:  Zn+40H" <——=Zn(OH),’ +2¢”

% L R4 O 1) A 2 B i B U e 2 R AR
HIAR BT, BIZESETRARTE 43 51 51 N ELA Hr S A 4R
W JE AL D RE A EAGTR],  DLSEBLAR i A I 78 J e ik
FEo 20 ZR 78 IS AT I SO AR E B S T
e SHE 5T B3 i S 7 (A PR 37 1

EARRUIN RS A A HAR A S A P 78
PRAE TR RS, R A BT, ERANTE
E FEUAR B2 10 JE5 ok e, 9 L R SR R B v A
NIRRT, RPN SR S EORRE
WA, KA B gl “BRik” , 5ligd
M BE IR
3.2 WIhREEE- A AL it

ST £ A — S BRI F b — ol A L R AR AL
B S VR EL T R R AR 45 A R L Th REVR
VIR R, L e T AR 70 FUSON A ML) PR
WA i, CAIE PR BT B0 1 T b SR AL AR AL F A |
Mt Bl 7o R G RS

EH%: 2NiOOH + 2H ,0<——2Ni(OH), + 20H —2¢"

5% 8: CH,CH,CH,OH +4NiOOH +H,0

—> CH,CH,COOH + 4Ni(OH),
CH,CH,COOH + KOH—> CH,CH,COOK + H,0

b Zn +40H <= Zn(OH)? +2e

JICFR S -5 i A B - A A R A [ . FL
S nE6FTR .

AR R, WIEEEE A A AR 2 AR A
B, 43 F T 78 FLSE (R HLAD ) PR A B R TR0
AP . 52, R A R R
G TS = HARH LTS g HOE R, SEE T R
PRI FF 78, AR08 1 2 BRI AR . Bk

5 8% AR 2012 4E55 1 86
LR
®O ©
||
M | oL VL i
SR
re UL
A ORI
LR
; U
T O
Wi e SRR

Ele WMENINEESE- AR RREMTEE
Fig.6 Schematic diagram of an alkaline dual-functional

single flow battery
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Fig. 7 Schematic diagram of a V/O, redox flow battery
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201247 H27H, BHHTE LA G E R R #
HRIBH CREEMFR B LB EERSET RS
AYEY Wellsy. WAL RWECT WH HIG YR, W
TR, fvhie, —BOAOMEBE SR T RIES
FHEWHANE, BARERERER, FAREETRIK.
ExREMAFBEREITE CF I bR RS
RARIEN AT RHEE I . %0 B IR E i 56 1
FE AN TR AT A B L RE A, R AR B IR S B R IR
AW FE AN S B2 Ak B T 3 o i RE B AR & R R K B
MRS E EEE A, VAR oK E B AR R R RO 3
HEMEM.

BT R R RO RRL/N . BE B A R B B AR
i A A HIRIR SR s, & A UG RE A
“—2” Wik, bRigTER A E S b E R R
BT EE, R B AT R R & FR
YO N FHAERHFBOOR TAE, BUE T 85 e ith SA B R FI 7R Y
N PSR, ERERCAS HARZ FHR R AR K
RN EBZ OB ARIER . WH T2007F8H #
T T ¢ LA B R, 20094E2 H @K T
AR B MR IS 2R, TE AR T — i U IR B H AR 7 R
20114E10H, RAFS RigmSER. RER K LiF
TR AR AR, oL L AL fE AR
BIRAT, THRI2012—20134E 58 = fh st AL AriEfl;

2013—20144F 5L 10 MW ZE FiR 2k A JE BL s Y v ol 2
Wi 20154FSZI50 MWAE P2 2k 9% .
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98, R PEHE 9100 kKW/1000 kW-hi 5648 & BIEREK)
S RE b RTE Y, R H ERRPE R ER
P Z o %I H @ AT AL A BE T W RGN IE
W3E 4T DA S A R G S A T TR AR B A, ) i
P S 2 Y S A L AR NS g A e ik A L A 4R
B2 5 T A AR R B

(88 EH R WAL )



