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Research Progress on Electrolytes for Four-Electron
Zinc-lodine Batteries

MAO Fengyun, TU Yunchuan
(School of Chemistry and Chemical Engineering, Chongging University, Chongging 401331)

Abstract: Aqueous four-electron zinc-iodine batteries exhibit significant potential for large-scale
energy storage due to their high theoretical specific capacity, abundant resources, non-flammability,
and environmental friendliness. In contrast, traditional zinc-iodine batteries operate on a two-electron
transfer, suffering from limited capacity and energy density. The four-electron reaction, which could
double the theoretical capacity, still faces challenges such as the easy hydrolysis of iodine cations
polyiodide shuttling, and dendrite growth along with hydrogen evolution side reactions at the zinc
anode. The electrolyte, as the core of ion transport and interface regulation, is key to solving these
bottlenecks. This paper systematically reviews the reaction mechanisms and challenges associated with
four-electron zinc-iodine batteries, focusing on the design strategies, reaction mechanisms, and
research progress of three major electrolyte systems, including functional additives, hydrogels, and
deep eutectics. It also discusses future development directions, aiming to provide a reference for the
practical development of high-performance four-electron zinc-iodine batteries.

Key words: Four-electron zinc-iodine battery; Electrolyte optimization; Polyiodide; Shuttle effect;
Zinc anode protection

illl3

0 5

BE 2 A ERAER L A RE RPN, RBHAE . XUBESE AT T AR BEVR A AL S, ot s
R wh RRA . KEMIIMERERARSEH TEDITE R 857 ib T m i 2 S EAKAE
W, AR TR S HANREN Y S FHAL, EIAYIARR SR BRI
TR, B RERE 29 T AR R i BE AU i B IR, K RS H I DA & B A
ik, FESEISHAE (820mAhg™D) | B HEEHESA (-0.76 Vvs. SHE) . HFEFEE .
FARAN AT IR Hom s 1 L S R SIS, AR A Re USRI 35 1) 8 A Bl

TEARZ K REEHE AR R rf, e it RO E AR e BB g2 By mladi PR G . AR ==
GRS ORVE . AR, AR GUEE I i KO 368, O 1712 [A) () SR — A R

{EZ®N: RS (1999-) , B, WiLWsid, FEHATA: KEEEFHI
BIEBRRAAN: Bl (1989-) , B, WiHASIH, FEHRTR: FREAZE. E-mail: yctu@cqu.edu.cn




45

50

55

60

65

70

75

11

m i ﬂ&ie XEﬁ http://www.paper.edu.cn

RBEFET RAFWLI) 22 A A AR SRR, S B0 b ) BE R 55 P 5 iy ) P T 229 R B L ARK
o IR 1 B D AN 1, AT DLEGE B U R R, (R LA R LURTT R
422 mAh gt HET, DYH-FEHB DI G = kil (1 M5 5K AEKIE RN A
JRTE AL A B R B R, 3 R VE ) B AN TR R (2) i R AR
JRITAIETEZ IR T (0 137D 25K GFRBNL, BRERRCRE, (3) KRBT H
HIK &5 S G R BT B SN, ™ B R AR A AR E 1S

BEXT AR, T RWETCE BUD TR, BISEREE If. ] 2 e R AL
RIS H bR, TP T 2R AR R, BT 1T i i Zr S PERE . AC
AGUEL 1 VY A7 A PR ROC A T T RO BIE TERERE , VAN 1 AN [R] AR AR AR 1 e
B S AR INLEE, X RARR DT 74T T IR, AN U J5 St SR A 25 2%

1 fERELE

K Z Bt (Aqueous Zinc-lodine Batteries, AZIBs) J& T L7 ({5 4k, s B Y i e f4 &,
HAERAT A OIRFE T HUT R 2N AR R W 1 SR S R, X S8R Bl E
G 1k N TR B3 s PR T A6 40 B B 55— 5 TE ARk ks A T St N 1 PR ik e ML AR A7 AE AR i [X
AL, MOTEIA-1. 0. +1 FE2 MREAAS, HNnET BRI e T B
Yo T RS A BIR . ARSI R TE BAL S R R I S ARG L S T R R A,
AZIBs FIfigRENLIE AT R/ A KAR R, BN T 17/ AL s ALER 1770/ B Ak g DY
L HLERION, 2k R AR AR A SR A B 1 s

Two-electron Four-electron
L I,
e 2¢ 2e
o1 ar 2T
Zn%* Zn**
2¢" 2e

1 7 A AP T R L R A
Fig. 1 Schematic diagrams of the two-electron and four-electron mechanisms for zinc-iodine batteries.
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Kl 2 (a) 3Tk ZnCle + KCI B f# it 545 % ZnSOq Eﬁﬁﬂpﬁ 4Bt 7E 0.5 A g’l T GCD #hiZk. (b) 7E
10mV st R CV gk, (¢) Ni-Fe-l LARIEARFPIRAS FIIEM R 86 m &R, (b)) )mE&XMELN
WSS A B g, (e) Ni-Fe-l B IEALIEHHLEE
Fig. 2 (a) GCD curves of the full cell based on the optimized ZnCl, + KCI electrolyte and the conventional ZnSO4
electrolyte at 0.5 A g% (b) CV curves at 10 mV s7%, (c) Contour plot of the in situ Raman spectra of the Ni-Fe-I
electrode at different states. (d) Calculated Gibbs free energies of halogens and interhalogens. (e) Redox
mechanism of the Ni-Fe-I electrode.
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Fig. 3 (a) SEM images of Zn anodes containing HEU additive after cycling. (b) CV curves of Zn-I2 full cells with
and without HEU at 0.2 mV s, (c) Binding energies of I* with different species. (d) Discharge curves of the
iodine cathode at 1C rate in different electrolytes. (e) Schematic of deprotonation of the imide group and
155 nucleophilic attack by N atoms. (f) CV curves of imide-containing molecules at 1 mV s, (g) Bivariate linear
correlation of activation energy with Eq and LN.
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Fig. 4 (a) Schematic illustration of the three-dimensional network structure of SA-qChi-ZSO. (b) Mechanism
diagram showing the dual-regulation function of SA-qChi-ZSO in four-electron zinc-iodine batteries. (c)
COMSOL Multiphysics simulation results depicting Zn dendrite growth evolution in ZSO, SA-ZSO, and
SA-qChi-ZSO systems.
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Fig. 5 (a) IL-Br prepared after solvent evaporation and exchange process. (b) Photos of IL-Br under pristine and
1000% strain. (c) Current-voltage curves of the four-electron Zn-I2 full cell. (d) Schematic illustrations of the
MNPHE and framework confinement effects. (e) Ex situ UV-vis spectra of cathodes at different potentials.
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Fig. 6 (a) Gibbs free energy variation during iodine oxidation with 30Zn and ZPDES. (b) Redox mechanism of the
Zn-12 battery with ZPDES. (c) Ternary phase diagram of the DMS-Zn(ClOa)2 6H20-NA mixture. (d) Molecular
electrostatic potential and binding energy of [I(DMS)]* and [I(NA)2]* species. (e) Proportions of strong H-bond,
weak H-bond, and non-H-bond water. (f) Charge/discharge curves during the Raman tests. (g) In situ Raman
spectra of plated iodine on the cathode during the charge/discharge process.
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