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Figure 1 (Color online) The Zn”" insertion/extraction mechanism, chemical conversion reaction mechanism, co-insertion/extraction mechanism and
dissolution/deposition mechanism of cathodes of aqueous rechargeable zinc batteries. (a) Schematic of the Zn”" insertion/extraction process in f-MnO,
during cycling. Adapted from Ref. [25], Copyright 2017, Macmillan Publishers; (b) ex situ XRD patterns at discharge/charge states of the Mn;0,
electrode. Adapted from Ref. [71], Copyright 2018, the Royal Society of Chemistry; (c) ex situ XRD patterns at different discharge/charge states of the
NaV;04-1.5H,0 electrode. Adapted from Ref. [74], Copyright 2018, Macmillan Publishers; (d) schematic of the intercalation of H,O molecules and the
Zn®" insertion/extraction process in NH,V,0,, during cycling. Adapted from Ref. [45], Copyright 2019, the Royal Society of Chemistry; (e) the
schematic illustration of energy storage mechanism in Zn/MnO, battery; (f) the schematic illustration of the role of Zn,SO4(OH)¢-4H,O (ZHS) in the
discharge process. Adapted from Ref. [76], Copyright 2020, Elsevier Ltd.
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Figure 2 (Color online) Other energy storage mechanisms of cathodes of aqueous rechargeable zinc batteries. Ex situ XRD patterns at different
discharge/charge states of the Ag,,V,0s electrode (a) and schematic of combination displacement/intercalation mechanism of Ag,,V,0s (b) during
discharging/charging process. Adapted from Ref. [40], Copyright 2019, Elsevier B.V.; (c¢) the charge-discharge curves at 0.05 A g71 of aqueous Zn/
VOPO, battery; (d) oxygen and vanadium redox chemistry in aqueous Zn/VOPO, battery. Adapted from Ref. [79], Copyright 2019, Wiley-VCH; (e)
VL-edge and OK-edge NEXAFS spectra; (f) DRIFT spectra of electrode surface of VN,O, at different states; (g) rate capabilities of VN,O,, VN/V,0;,

and V,0s. Adapted from Ref. [80], Copyright 2019, Wiley-VCH
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Figure 3 (Color online) Effective strategies to optimize the performance of cathode materials of aqueous rechargeable zinc batteries. (a) Preparation
of the PANI-intercalated MnO, nanolayers. Adapted from Ref. [96], Copyright 2018, Macmillan Publishers; (b) schematics of the Zn-MnO,/rGO
battery. Adapted from Ref. [103], Copyright 2018, Springer Nature; (c) preparation of stainless steel welded mesh@Mn;0,. Adapted from Ref. [71],
Copyright 2018, the Royal Society of Chemistry; (d) preparation of ZnHCF@MnO, composite. Adapted from Ref. [104], Copyright 2017, the Royal
Society of Chemistry; (e) calculated H™ insertion energy barriers for f-MnO, with or without oxygen vacancy; (f) schematic illustration of H™ ions
diffusion paths in f-MnO, with perfect and oxygen-defect structure. Adapted from Ref. [105], Copyright 2019, Elsevier B.V.
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Figure 4 (Color online) Zn anode modified by three-dimensional nanoporous ZnO architecture. (a) Preparation process of Zn@ZnO-3D anode and
schematic diagram of Zn®" deposition process on anode; (b) SEM and EPMA mapping images of bare Zn and Zn@ZnO-3D anode; (c) nucleation barrier
of ion on Zn@ZnO-3D and bare Zn; (d) comparison image of exchange current density; (e) electric double-layer structure near the anode and
corresponding activation energy barrier; (f) first-principles calculation of charge density distribution on Zn@ZnO-3D anode; (g) Zn** binding energy
comparison of bare Zn and Zn@ZnO-3D anode; (h) SEM image comparison of anode after 500 cycles in full battery. Adapted from Ref. [123],

Copyright 2020, the Royal Society of Chemistry
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Figure 5 (Color online) Concentration modulations of aqueous rechargeable zinc batteries. (a) Cycling performances of Zn/V,0s battery using
different concentrations of ZnSO, electrolyte. Adapted from Ref. [61], Copyright 2018, The Royal Society of Chemistry; (b) XRD patterns of pristine Zn
metal and Zn electrodes cycled in 5 and 30 mol L ZnCl, electrolytes after 580 to 600 h; (c) Raman spectra of ZnCl, electrolytes with the concentrations
of 20 (upper) and 30 mol L (lower). Adapted from Ref. [140], Copyright 2018, the Royal Society of Chemistry; (d) ex situ XRD patterns of cathode of
Zn/Cay,,V,05:0.80H,0 cell in 1 (upper) and 30 mol L (lower) ZnCl, electrolyte. Adapted from Ref. [141], Copyright 2019, Wiley-VCH
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batteries

Jiang Zhou'"”, Lutong Shan', Boya Tangl & Shuquan Liangl’z*

' School of Materials Science and Engineering, Central South University, Changsha 410083, China;
2Key Laboratory of Electronic Packaging and Advanced Functional Materials of Hunan Province, Central South University, Changsha 410083, China
* Corresponding authors, E-mail: zhou jiang@csu.edu.cn; Isq@csu.edu.cn

With the rapid consumption of fossil energy resources and the increasing pollution problems, the efficient use of energy and
the development of renewable energy sources is urgently needed, which demand for the large-scale electrical energy
storage system with properties of high-security, low-cost, environmentally benign, remarkable capacity and long-life span.
In this regard, achieving some breakthroughs in this system will have extremely important strategic impacts on future
energy structure adjustments and smart grid construction. Although lithium ion battery has dominated the energy market
for decades, the intrinsic drawbacks of high cost and safety issues, to a great extent, impedes its utilization in scale-up
energy storage system. And recent years witnessed the significant progress of rechargeable multivalent metal ions batteries,
such as Mg2+—i0n, Al’-ion, Ca’"-ion and Zn’'-ion batteries. With the unique features of high safety, low-cost,
environmental friendly, abundant resources stockpile, low redox potential (—0.76 V vs. SHE), high capacity (up to 820
mAh gﬁ1 theoretically) and energy density (5851 mAh mLfl) of metallic Zn as well as remarkable ionic conductivity of
aqueous electrolyte, aqueous rechargeable zinc battery has attracted plenty of interest in recent years and exhibits great
potential to be an important candidate for the next generation of high-safe and large scale energy storage system. Many
researchers have paid great attention to the development of high performance aqueous rechargeable zinc battery system,
including cathode materials, electrolytes and anode. And some great achievements have been obtained. Henceforth, in this
review, we have systematically reviewed the research progress of aqueous rechargeable zinc battery, summarized and
discussed the existing problems faced by this system and the related solutions. Based on the author’s best knowledge and
understanding of aqueous rechargeable zinc battery, we have looked forward to its future research direction and made some
perspectives, which is expected to pave the pathway for the understanding and further development of aqueous
rechargeable zinc battery. In our view, the development of advanced solid/gel electrolyte should be attached great
significance, which is a promising way to solve a series of problems existing in anode and cathode, such as cathode material
dissolution, zinc anode dendrite growth, passivation and corrosion, as well as the by-products existing in the system.
Moreover, the research on solid/gel electrolyte also offers some opportunities of constructing wearable and flexible
electronic devices, such as smart watch, which is greatly beneficial to put forward to the practical application of aqueous
rechargeable zinc battery. In addition, development of high performance cathode materials with remarkable strength of
both high-voltage and high-capacity, and in-depth researches on the modification and optimization of zinc anode are the
further trends of high-performance aqueous rechargeable zinc battery.

high-safety, large-scale energy storage, aqueous rechargeable zinc battery, electrode materials, electrolyte, energy
storage mechanism
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