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[ Abstract ]

This study aims to explore the effect of metal impurity ions on the electrolyte performance of vanadium flow

batteries (VRFB), in order to reduce costs and promote their commercialization process. As an efficient energy storage technology,

the performance of vanadium flow batteries is affected by metal impurity ions in the electrolyte. The paper primarily compiles the

findings of both domestic and international researchers regarding the effects of metal impurity ions on vanadium electrolyte

performance. It delves into the mechanisms by which various metal impurities impact the stability and electrochemical

characteristics of vanadium electrolytes, offering a concise reference for academics engaged in related fields of study.
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Table 1 Comparison of costs and operating system management of various redox flow batteries
(Ve BATIERE  EHAEaG BITHE BRENRE B4ERA
B § S o e B
1% /C 1K % A$/KWh)  /($/kWh £F)
SR H it (VREFB) 75-85 10-40 10000+ 1.2-1.6 35-50 1-2 [8]
BRI L (Zn-Br) 65-67 25-45 3000 1.8 20-30 0.5-1 [9]
RS WAL HL T (Fe-Cr) 80-85 5-45 12000+ 1.2 20-40 0.5-1 [10]
LI R R B (PS/Br)  75-80 25-60 3000 1.8 25-40 0.5-1 [11]
FRIR A FL i (Pb-Acid) 85-90 25-40 1500 2 15-25 0.5-1 [12]
LI H i (ORFB) 70-80 -20-60 5000 1.5-2.0 20-35 0.5-1 [13]
E, 17 - - %R, 57 B 2% 536 A E T A T R A A 7R R TR V2O
ﬁ#mmi N TR Va0s A FERR T B 99% A b, AT ik A
a | 2 38 0 (AU AL R AR DY, (RIS AT 2 A A —
e e B L LA R 0«
7 B, oA

E1 2HARERHEESHIER (USGS)

Fig.1 Distribution of Global Vanadium Resource

Reserves (USGS)
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Table 2 Partial study on the influence of metal impurity ions on the thermal stability of vanadium electrolyte in recent

years
PANCS JL R o AL
. i A REATTERSE S
MR RE A St HEL ARV AR i O -
T /(mol/L) ik
2MV5+2M Fe ¥ % Jy 0.335mol/L i HiL AR #vke 8 P ER T AU i
50C  Fe 0.093/0.335/0.630 o
H2S04 IF, FRERAIRER T 41.8%
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Table 2 Partial study on the influence of metal impurity ions on the thermal stability of vanadium electrolyte in recent

years
i ‘ ) % i RFLESE ) S
MR RE A St HEL ARV VR A :
TR /(mol/L) ik
LEMVS42.8M Bt Na Bk FE B I Fa e gL 2, 4
.HSO. 50C  Na 0.0008/0.0048/0.011  Na*¥#KkFik % 0.011mol/L B, FaBfE(EM V HEFEkR  [27]
20Uy
I 77.4%
1L.6MV35+2.8  -10 Na* ¥ 5 5= T 0.0008mol/L i PR HL i R e P, iR
Na* 0.0008/0.0048/0.011 i [27]
M H2S04 C JEiE£]0.011mol/L B, F& B AR V KA TR K1 92.5%
1.L6MV¥*+2.8M  -10 Na* ¥ 5 5= T 0.0008mol/L i P& HL R e P, iR
Na* 0.0008/0.0048/0.011 i [27]
H,SO;4 C JEiE£]0.011mol/L B, F& B AR V KA TR K1 92.4%
-5~
1.6MV3*+3M ‘ ) :
2°C ALK H 0.00026mol/L #1151 0.0024mol/L, HLARW
H;S04+0.1M AP 0.0024 i [23]
/-15 FaEEAERT A 24.8h #2713 232h
H;PO4
C
1.7MV3*+3M  50°C ‘ ) ]
AP H 0.00026mol/L #44n% 0.0024mol/L, HLRIK
H>S0,+0.1M /55 AP 0.0024 N i [23]
FaELEAE A B 117.3h 3272 310.5h
H3PO4 C
AN N2 H VR RS AR B A7 7E 36h, N iR JE N
1.66MV5*+3M o : i
SO 40°C Niz 0.00017/0.0085 0.00017mol/L , #& & K [A] 25 26h , Ni2* R FE R [28]
29U
0.0085mol/L, #&5ERfE{KZE 16h
KHEr & 0 3815 0.001 mol/L. 0.0lmol/L I}, W
2.0MV*+5.0M o ‘
SO 25°C K* 0.001/0.01 #E 30h JEIEW R R AR VIR E RFE KT 95.7%, [29]
P 93.3%
2.0MV*++4.0M K& i 0 B hnF) 0.001mol/L. 0.002mol/L, W V
25°C K* 0.001/0.002 i ) [29]
H,SO4 FaEAFAE IR A 112h 254 115h. 114h
1.6MV5+2.8M Mg & 0 313 0.048mol/L I, V R fEAE i
40C  Mg* 0.048 k [30]
H,S04 [B] 5 108h F&#{% 2 96h
1.6MV5+2.8M Mg & 0 313 0.048mol/L i, V R fEAE I
50C  Mg* 0.048 k [30]
H,SO;4 [B]EH 18h P& 14h
1.6MV5+2.8M K& & H 033 0.0016mol/L B 0.008mol/L i,
40°C K* 0.0016/0.008 e i [22]
H>SO4 ULVENT 8] B 6h ZB4L % 4h
1.6MV5+2.8M K& & H 033 0.0016mol/L BA K 0.008mol/L i,
50°C K* 0.0016/0.008 e i [22]
H>SO4 UTVENT 8] B 6h ZB4L % 4h

2.3 SRR T L R R AL SE P RE K

ERAFETRA B SRR B, £
S E T AR F R, IR
BT IR SR U R, XA 520 F b A 78
B PERE, ISR BE T BB TR LE T S
AR AR o TR EBARCIEE AR FEIAR 23 A Rl

T R

22 BB M 78 T AT R sz 7 ) RT3
e R MRS, LA R EOR, BEE AUV EER
EL PR 208 38, P B8 LA S B 1) m it R B R
PR, MRS R ER, EHRREE
100-300mA/cm? i i 4, BE/R EEABOK, R it 78 5 F
BOR R, HLR SR, AR SCR N 5Tt .
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Fig.3 Cyclic voltammograms of the V**/V3* redox reaction after adding different concentrations of LiCl, NaCl, KCl, and

MgCl:; to the electrolytel!]
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Fig.4 (a)Change in the peak potential separation;(b)Change ratio of the cathodic peak current densities as a function of

the concentration of the alkali metal ions!'!
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Fig.5 Cyclic voltammograms of the V?*/V3 redox reaction after adding different concentrations of CrCl;,MnCl,,

FeCls,CoClz, NiClz,and ZnSOj4 to the electrolyte 15!
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Table 3 Partial study on the influence of metal impurity ions on the electrochemical reaction of vanadium electrolyte in

recent years

, X FEETREE . Sk
Wi A g Al
FEL A VR ZEL 1K (mol/L) ot eV O B i
. 51N 0.00017mol/L 1) Ni2*, HiMtif¥) CE. VE. EE 737l Hi 94.88%.
+ 2+, . .
LOOMVESMHaS0s— NIT 0.00017 o) 930, 7230406 7 93.09%. 91.16%. 86.07% [28]
76 HL MR P R 0 0.005mol/L Cu* FL AR Y AC A P 28 00 A U 30 3R 40 il wn ik
+ 2, 0. N
1MV+2M HaS04 Cu™s 0005 o3 0h, 80.1%, 43 BIEL%S A HLARIR 53.1%, 17.8% [33]
5 5 P AR ORE BN ON Fe/Fe™* (1) R AR I 8 - 17 fild 5 14 it S B 2 B 1y
2MV+2MH,SO Fe?'/Fe’, 1 it o . 38
2504 e /e MRS 54.6%, ELELAT ST {75 B RFF A 381
IINT Zn® 5 BRI B B R B 2.59~3.20 X 107 4em?/s 3K 3.65~4.49
AMV+3M H Zn*, 0. N ; o X
0AMVESMESSOs 207, 00008 o Gsempss, Wl 7 SIS, 5 7 AR R I T (9]
TE AR AR I 0.0057mol/L ) Cr**, CV M ZR If fafr 220/ 24%, U
145MV+3M HSO4  Cr**, 0.0057  FHURMEIE K 10%, FLE T BREEE & 24%, RS 0.0057mol/L I, [40]
2 FRAT HL AR I
1.6MV+3M H,SO4 Mn?*, 0.1 WA FIN 0.1mol/L 1) M2 s AT, X M (1 s ] 20 AN it [41]
I\ 0.1mol/L [ AP*, IEM MR CV Bl 20 B A7 2 i 94mV B KN
101mV, PR R ATPE, AAIE % E H 73.27mA/cm? FEAK N
+ 3*,00. . e .
1.6MV+3M H.S0, el S1.16mA/em?, 7 LU H7 5 FE 1 40.91mA/em? FAIE )y 31.64mA/em?, [ LHU)
K7 PR
LEMVA2.8M 5\ 0.008mol/L (1] K45 IE AR FLMER 1) CV T 2R (1) F A7 22 B 326mV 1
: S 0' K*, 0.008 K2 355mV, BIRT ONRIATPE, IS &N 40mA/cm? FFEIBAY CE. [42]
o VE. EE i1 84%. 78.4%. 64.3%&(% N 82.2%. 75.4%. 61.8%
I 0.05mol/LLi* FE fif ¥ I ¥ 8 R 20 HH 2.94 X 107em?s B# KN 2.72 X
2MV+3M H,SOq4 Li*, 0.05,0.1 107cm?¥s, JBIA 0.1mol/L Li* H i % I FE R UK 53.8% i K T = FHiE W [15]
76.9%
A Radt A 3+ veRyaite = W AS KA
LEMVA2.8M Fe. 00196,  THFeTEE 0.0/1\96mol/L Fe* HifE ) CE. VE.EE %wﬂTﬁﬁ 89.10%.
SO 0.0286 80.77%- 71.92%, ¥ Fe**0.0286mol/L ¥ CE. VE #1 EE Jy 88.99%.81.61%.  [43]
2 4 .
72.59%
1.2MV+3.0M . 0.01 TE BRI F 5N 0.01mol/L [ In* 1] LLEE T+ VIV)/V(V) AL G HL I M (4]
H,SO04 e 41.8mA 1FF 46.6mA, TFIIEERIEE 1.9%
3 ZARS5RE SE 0k

SR (VRFB) Bt LIk B A I+
SERREDIFE, fEX—8 O aie T RE it
J&g o R, AT I A R o AR B
KIES1 N T BEAR AR AR HE4E B AU
M DAL HERE, BRATTRZAARARE M A
16 GV AT I 55 R P P BSOS SR 1 VaOse %
Fax s al et B AT e SN R AR R, R
ORI K — LR 2R e &, (B R kAT 5
2 B VPA AN, DU TR F ARV 11 i R s 1)
HLAL S PERR . ) T T8 6 ) R B 78 20 B 0 1 4% 5 G
2, WAIRLINRWFE AT EE, IRAIRILEATTRH FLith
PERE I ELARTZ I, R0 2 A TE R R I R K e
VR & o 1K 9 BRI F ARV A A A5 FH B AR Al B2 )
PUECRHRAERT BRI, AT A AR IR )2 B
F 3 %
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