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Aqueous zinc-ion batteries (AZIBs) are promising for large-scale energy storage due to their safety, low cost, and high energy density. However, issues such as

dendrite growth, hydrogen evolution, and by-product formation at the zinc anode/electrolyte interface hinder commercialization. In this study, commercial zinc foil was

subjected to low-pressure annealing using a horizontal tube furnace at 300 °C for 2 hours to modify surface microstructure. Surface and structural analysis and

electrochemical testing showed that the resulting nanostructures increased surface roughness, enhancing electrolyte wettability and enabling uniform zinc-ion

deposition. This suppressed dendrite formation and side reactions, thereby improving electrochemical performance and extending cycle life.
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• Temperature 
300°C   

• Lasting time
2 hours 

• Pressure
• 1 torr / 30 torr / 

400 torr

Bare Zinc

14 mm

Zinc atoms evaporate

Issue and Proposed Method

The bare zinc surface is hydrophobic, which hinders wetting of the electrode by

the electrolyte. Consequently, the aqueous electrolyte tends to accumulate at

the edges, where a higher concentration of Zn²⁺ ions facilitates localized

dendrite growth.

A rough and hydrophilic anode surface facilitates the uniform distribution and

nucleation of Zn²⁺ ions across the surface. The uniform deposition throughout

the electrode leads to the suppress of short-circuit induced by the dendritic

growth in the cells.

Measuring electronic properties
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SEM images and contact angle picture of a) bare zinc b) Zn foil with treatment of annealing at 300℃ for 

2hr under 1 torr c) Zn foil with treatment of annealing at 300℃ for 2hr under 30 torr d) Zn foil with 

treatment of annealing at 300℃ for 2hr under 400 torr.
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EIS of  e) Zn//Cu half cell and f) Zn// MoO3  full cell. 
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CV curve of  b) Zn//Cu half cell and c) Zn// MoO3  full cell. d) Coulombic efficiency 

of Zn//Cu half cell. 
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f

a) Nucleation energy measurement in configuration of LPA@Zn//Zn symmetric cell

Parameter
Symmetric cell

Rct( Ω )
Full cell
Rct( Ω )

Bare Zn 164.2 180.2

1 torr 21.46 74.28

30 torr 33.84 98.77

400 torr 57.59 109.48

SEM analysis

LPA@Zn

Bare Zinc 1 torr 30 torr 400 torr
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a) Symmetric cell cycling under 1 mA cm-2 and 0.5 mA h cm-2

b) Long term cycle of Zn// MoO3  full cell under 1 A g -1 .c) Rate performance.
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We successfully induced nanostructure formation on zinc anodes through low-

pressure annealing, effectively enhancing surface roughness and thereby

promoting the wettability of the electrode surface by the electrolyte, achieving

uniform deposition of zinc ions. LPA@Zn under 1 torr exhibited optimal

performance, demonstrating a lower nucleation overpotential and charge transfer

resistance, thus extending cycle life and improving electrochemical performance.


