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Research Progress on Improvement for Shuttle Effect of AqQueous Zinc | odine Battery
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Abstract: Aqueous Zn iodine battery (AZIDB) is recognized as one of the most promising energy storage devices in the future
electric power storage area due to its high theoretical specific capacity, superior energy density, good rate capability, abundant and
low-cost of raw materials and high safety. However, the shuttle effect of polyiodide seriously increases the self-discharge current,
decreases the Coulombic efficiency and shortens the cycle life of AZIDB, further limiting the large-scale application. In this review,
the configuration of AZIDB, the corresponding energy storage mechanism and the reasons of shuttle effect were represented. The
suppression strategies of shuttle effect in AZIDB from cathode, electrolyte and separator aspects were described. In addition, we
summarized the current problems and shared thoughts on the future research development in AZIDBs to provide a reference for
promoting the industrialization of AZIDBs.
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(b) Schematic diagram of shuttle effect of iodineions
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Fig. 1 Configuration of aqueous Zn iodine battery (AZIDB) and its shuttle effect
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(b) Design and fabrication of electrodeposited el ectrodeposited |,—MXene (el M) electrode?!
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() Galvanostatic charge—discharge curve of doped porous carbon(dPC) based ZIDB and the corresponding in-situ Raman spectroscopy'®!

(b) Adsorption models of different nitrogen groups with iodine molecules (from Ieft to right are N-6, pyrrolic-N (N-5), N-Q and N-O group, respectively)?”

(c) Model and adsorption energy calculated by density functional theory (DFT) of different types of carbon nanotube (CNT) (from left to right are pure CNT,
carbonyl-rich CNT, hydroxyl-rich CNT and carboxyl-rich CNT, respectively)!?”
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Fig. 3 Inhibition of shuttle effect by doping strategy
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(b) Energy storage process and the advantages of PBE/I, el ectrode!®”
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Fig. 4 Inhibition of shuttle effect by introducing polymer chemical bond or electrostatic attraction
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Tablel Madification strategy of cathode and its corresponding per for mance of zinc iodine battery
Strategy Cathode Electrolyte Separator Stability Current density Self-discharge Ref.
Increase Steric Prussian analogue 2mol/L ZnSO, GF 80.2%@2 000 4A/g [16]
resistance
CFC 1mol/L ZnSO, GF 90%@3 000 1C 0.21mV/hin48h  [20]
MXene 1mol/L ZnSO, 80%@23 000 6A/g 5.6mV/h [21]
in48h
Nano-porous CC 1mol/L ZnSO, Filter 90%@1 500 5C 87% CR after 30d  [22]
CC 2mol/L ZnSO, IEM 91%@200 2mA/cm? [23]
Graphene 0.1mol/L Znl+ IEM 79%@500 0.2A/g [34]
0.01 mol/L 1+
0.05mol/L ZnSO,
PC 1mol/L ZnSO, Filter 78.8%@100 0.1A/g 242mV/hin5d [35]
72.3%@1 000 0.8A/g
Porous CC 1mol/L ZnSO, Non-woven fabric 90% @200 0.5C [36]
PCF 2mol/L ZnSO4 GF 77%@10 000 5C 6.6mV/hin48h [37]
HPC 1mol/L ZnSO, GF 96.2%@2 400 5C [38]
HPC 1mol/L ZnSO, 80%@150 0.1A/g 100% CR after 30d  [39]
53.8%@800 0.3A/g
PC 2mol/L ZnSO, GF 88.1%@3 000 12C 21mV/hin7d [40]
Element doping N-doped carbon 1mol/L ZnSO, GF 81%@10 000 10C [24]
N, O, S-codoped 1mol/L ZnSO, + 86.8%@1 000 4Alg 3.9mV/hin96h [25]
carbon 0.1mol/L Znl,
N-doped carbon 2mol/L ZnSO, GF 100%@3 500 5A/g [26]
OFG modifi-cation =~ OFG-riched CNT  2mol/L ZnSO4—I gel 89.2%@2 600 10mA/cm? [27]
Polymer induced Starch Catholyte: 0.1 mol/L 1+ GF 95%@10 000 2Alg [31]
chemical bond 1mol/L Lil 91%@50 000 10A/g
Anolyte:
0.5mol/L ZnSO, +
0.5mol/L Li,SO4
Electrostatic 1,8-ODA 2mol/L ZnSO4 85%@3 500 1A/g 7.8mV/hin36h [19]
adsorption 80%@10 000 45Alg
PANI 0.75mol/L ZnCl,+ ~76%@10 000 20mA [28]
1.5mol/L KI 80%@5 000
CC+Ppy 0.5 mol/L Znl+ GF+Filter 91.3%@600 05C 27.5mV/hin2h [29]
0.1mol/L HAc/NaAc (voltage efficiency)
PBE 2mol/L ZnSO, GF 97.2%@2 000 20C 85.37% CR [30]
QR-D296 100%@17 000 10C after 15d
PANI 1mol/L Znly+ 99.9%@1 000 6mA/cm? 82% CR after 12h  [48]
9mol/L ZnCl,
PANI 2mol/L ZnSO4 GF 79%@700 15A/g 52mV/hin48h [49]

CFC: Carbon fiber cloth; HPC: Hierarchical porous carbon; PC: Porous carbon; PCF: Porous carbon fiber; |EM: lon exchange membrane; GF: Glass fiber; CR:
Capacity retention.
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(a) Preparation process of eutectic electrolyte®®  (b) In-situ UV-Vis absorption spectra and the optical images of different electrolytes after measurement™=3

(c) Schematic illustration of the working mechanism of ZDIB with the property of controlling iodide diffusion!*®

KI5 R S SIS 5 4R S50 F) 40 1)
Fig. 5 Inhibition of shuttle effect by the modification of electrolytes
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(a) Configuration (left) and critical problems (middle) of traditional AZIDB and the working mechanism of zeolite molecular sieve (right)

(b) lodine diffusion tests by using glass fiber (up) and zeolite (down) as separator

(c) In-situ Raman spectra tests observed on the Zn-metal anode surface in AZIDB assembled by glass fiber (Ieft) and zeolite membrane (right)
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Fig. 6 Inhibition of shuttle effect by separator modification*2
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Table2 Moadification strategy of dectrolyte and separator and its corresponding electrochemical performance of zinciodine battery

Strategy Cathode Electrolyte Separator Stability Current density Self-discharge  Reference
Regulation of AC 2mol/L Zn(CFsS0z), 66%@10 000 5A/g 74.4% CR after 100h  [52]
coordination effect AC 2mol/L 98%@35 000 50C 80% CR after 24h  [53]
and solvation degree Zn(CF3 SO3),+0.1 mol/L Znl,
cC Zn(CF;3 SO3),+1 mol/L KI+25% PEG400 GF 58.3%@1 200 7mA/cm? [54]
CFP 15mol/L ZnCl+5KI Filter  124.2%@300 0.3mA/cm? [55]
Eutectic electrolyte AC 1mol/L Zn(CF;3 SO3),+4mol/L N-AC+ GF 98.7%@5 000 4mA/cm? [33]
0.5 mol/L K1+20% H,0O
Gel electrolyte Hydro- Catholyte: 94.3%@500 1C 0.1mV/hin 120h [13]
philic CC 0.1 mol/L I»+1 mol/L KI+
Anolyte:
0.5mol/L ZnSO4+77 block polymer
cC MOG Cellulose 95.8%@1 500 1C 0.6mV/hin 150h [56]
AC Alginate-based hydrogel 97.6% @200 0.2A/g 72% CR after 100h [57]
New type separator KB Catholyte: MOF  84.6%@6 000 1.92A/g 96% CR after 5h [17]
0.5mol/L ZnSO4+1 mol/L Lil+0.1mol/L I,
Anolyte:
0.5mol/L ZnSO4+0.5 mol/L Li,SO4
KB Catholyte: Zeolite  91%@30 000 4Alg [32]

0.5mol/L ZnSO 4+1mol/L Lil+0.1mol/L I,

Anolyte:
0.5mol/L ZnSO4+0.5 mol/L Li,SO,4

AC: Activated carbon.
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