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Abstract

Alkaline zinc-nickel secondary batteries exhibit excellent performance and have a wide range of ap-
plication scenarios. Zinc powders are the core material of their anode and are susceptible to oxidation
in air, which alters interfacial properties and degrades the electrochemical performance of the bat-
tery. In this study, commercial zinc powders were subjected to high-temperature oxidation in air at
350°C, and multiple characterization techniques were employed to analyze changes in morphology,
phase composition, and other properties, while electrochemical performance was evaluated through
coin-cell testing. The results reveal that high-temperature oxidation induces the formation of feather-
like structures and a zinc oxide layer on the surface of the zinc powder. Although the specific surface
area increases, the thick oxide layer raises the interfacial impedance, reduces anode activity, and ul-
timately leads to a decline in battery performance. This study elucidates the detrimental effects of
surface oxidation on zinc powder and can provide guide for the storage, transportation, processing,
and surface modification of zinc powder used in zinc-nickel batteries.
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Figure 1. Zinc powder after thermal oxidation in air at 350°C for 12 h inside a muftle furnace under three conditions: (a)
covered crucible, (b) uncovered crucible, (c) spread flat on a glass plate; (d) visual comparison of samples prepared via different
treatments; (e) schematic diagram illustrating the oxidation process inside the crucible
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Figure 2. Optical and scanning electron microscopy (SEM) images of yellow zinc powder (a)~(d) and black zinc powder
(e)~(h)
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Figure 3. (a)~(b) XRD patterns of pristine zinc powder and high-temperature-oxidized zinc powder: (a) full patterns; (b)
enlarged pattens between 30° and 50°
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Figure 4. SEM images and EDS elemental analysis results of pristine zinc powder (a)~(b), room-temperature-oxidized zinc
powder (c¢)~(d), and high-temperature-oxidized zinc powder (e)~(f)
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Figure 5. Raman spectra of room-temperature-oxidized zinc powder, and high-temperature-oxidized zinc powder
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Figure 6. Charge-discharge performance of the pristine zinc powder, high-temperature-oxidized zinc powder, and room-tem-
perature-oxidized zinc powder (a)~(d), and electrochemical impedance spectra of the pristine and high-temperature-oxidized
zinc powders (e)
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