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Figure 1 Schematic diagrams of the structures of various cathode materials [18-23] (color online).
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Figure 3 (a) Discharge process mechanism diagram of the Zn-MnO, battery [28]; (b) Illustration of voltage of the Zn-MnO, battery from DFT
calculations for the 1* and 2™ discharge plateaus [43]. (c) The rechargeable aqueous Zn-V,Ojs battery chemistry [32]. (d) Schematic diagram of the
phase transition mechanism of Prussian blue analogues [21]. (e) Schematic illustration of the structure and mechanism of MoS, [39] (color online).
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Figure 4 (a) Schematic diagram of KMOH@C core—shell structure [46]. (b) CV curves of KMOH@C [46]. (c) GITT of KMOH@C [46]. (d)
Galvanostatic charge—discharge profiles of different samples [49]. (¢) HRTEM image of Mn,O;@PPy [50]. (f) GCD profiles of the Mn,O;@PPy at

various current rates [50] (color online).
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Figure 5 (a) Schematic illustration of Zn*" migration in H,-Ni;Mn, ;Fe, ;-LDH [56]. (b) Diffusion barriers for Zn*" [56]. (c) The adsorption energies
for Zn’" on the 0,-MnO, and MnO, [58]. (d) ESR spectra of NH,V,0,, (N100) and NVOH (N10) [58]. (¢) ABF-STEM image and crystal structure of
NVOH [60]. (f) Diffusion coefficients of O,-NH,V,0, at room temperature and low temperature [60] (color online).
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Figure 6 (a) Cycling performance of MnO, and S-MnO, [64]. (b) Charge—discharge curves of -MnO, and Mo-MnO, [65]. (¢) Schematic illustration
of the mechanism of Mo-MnO, [65]. (d) Cycling performance of BMO [69]. (¢) Crystal structure of a-MnO, and BMO; charge density distribution of
BMO [69]. (f) H self-diffusion path [69]. (g) Cycling performance of y»-MnO, and Ni-MnO, [69] (color online).
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Figure 7 (a) HRTEM image of VO,/rGO [76]. (b) SAED image of TiN/MoS, [73]. (c) Interface charge transfer of TiN/MoS, (the yellow region
represents the loss of electrons and the blue region represents the gain of electrons. Isosurface level=0.005) [73]. (d) Capacitive and diffusion-
controlled contributions to capacity [72]. (e) Migration barrier of the Zn®" ion in the interface of VO, bulk and VO,/rGO [72]. (f) Rate capability of
different samples [72]. (g) Discharge curves at different current densities [72] (color online).
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Figure 8 (a) Energy level diagram of electrode electrolyte interface [15]. (b) Comparison of activation energies of a-MnO, and CMO in the fully
charged state [77]. (¢) Cyclic capacity of different cathode [78]. (d) TEM image of CEI formed on MnO, surface [81]. (¢) Long-term cycling
performance of different samples [81]. (f) Comparison of redox potential of aqueous zinc batteries [83] (color online).
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Table 1 Summary of surface and interface characterization methods, performance, and functions of cathode materials

P ok AE (mAh g ") % (mAh g”") IR i EEAEH SR

KMOH@C 296.8 (0.1 Ag™h) 1222 (10 A g™ 6000 3 Ag™)  ERIEBALIL [46]

£&MnO,@C 280 (02 A g™ 150 3Ag ) 1700/ (1A g™ Eialkes [47]

sty H,,ALV(O,; ,@graphene  305.4 (0.1 A %;‘) 180.6 (10 A gl“) 400[8 (2 A g_l_)l e 3 ik [48]

- Mn,0,@PPy 255 (0.1 A g™ 756 2A g 200008 (0.4A¢g ) EEYBUER [50]

PDA@MnO,@NMC 4286 (0.1 Ag™h 23168 A g™ 3500/ (1A g™ Eilalkes [49]

ZnHCF@PANI 150 (0.1 A g™ 100 (0.5A g™ 3008 (0.5Ag™)  HIMHEEFES [51]

Ca-V,0,, nH,0 3105 (05A g™ 145 (10A g™ 3000/ (10 Ag™")  $RAETHMEAL A [57]

Ni;Mn, ,Fe,;-LDH 297 (0.05A g™ 112 (1Agh 500 &l (1Ag")  FRARY Bihe [56]

ST ZnMn,0, 120 (0.05Ag™h) 80 2A g 500/ 0.5A g™y hntkza® B [84]

it MnO,., 345 (02 A g Y 5030 A gh) 2000/ (5Ag) iRmYEUERE [58]

MoS,, 138.6 (0.1 Ag™h) 80.8 2A g™ 100008 (1Ag™")  FREHHF [62]

ViOis_s 420 (02A g™ 300 (15A ¢ 200008 (10 Ag™") REPECATME  [59]

S-MnO, 324 (02A¢) 150 3Agh 100008 GAg™")  JB/EHIER [64]

Bi-MnO, 363 (0.1A g 1033AgH 10000/8 (1 Ag™") FaEhgiEsH [66]

. Mn-VO, 4134 (0.1Ag™h 2411 5A g 100008 (5 A g™ N B [68]

A Mn-ZnHCF 42 (0.05A g™ 24 (05A g™ 50008 (025Ag™)  HMHIARAE [67]

Ni-MnO, 362 (0.1A g 56 (10 A g™ 11000/ 3 Ag™) WHEMFESHET  [69]

0-MoS, 289.1 (0.1 A g™ 1024 (10 A g™ 1000/ (1Ag™") &S Hk [41]

TiN/MoS, 200 (0.05A g™ 1092Ag™h 300018 (0.5A g™ ST [73]

Mn,05/MnO, 176 (02 A g™) 952A g™ 200008 (0.5A g™  RESHE [74]
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e VO,/rGO 443 (0.1A g™ 1744 (100 A g™ 100018 (20 A g™") T [72]

MoS,/MXene 2843 (0.1A g 1052 (10 A g™ 300008 (1Ag™") RSt [75]

VO0,tGO 370 (0.1A g™ 116 20 A g ™" 500008 (10 A g™ {RE¥F st [85]
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Surface and interface regulation of cathode in aqueous zinc batteries
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Abstract: Aqueous zinc batteries are considered as a promising candidate for large-scale energy storage systems,
alternative to lithium-ion batteries, due to the high safety and environmental friendliness. However, the cathode
materials suffer from issues such as structural collapse and side reactions, which seriously restrict their
commercialization. Since these issues are highly relevant to the surface and interface properties of cathode materials,
the surface and interface engineering therefore is expected to improve the overall performance. This review first
discusses the reaction mechanisms of various cathode materials, and then systematically summarizes and analyzes the
recent progress of surface and interface engineering strategies, and finally provides a perspective on future directions,
aiming to provide useful guidance for the design and preparation of cathode materials with high capacity and stability.

Keywords: aqueous zinc battery, cathode materials, surface and interface engineering
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