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Abstract

With the escalating global energy crisis and environmental concerns, the development of efficient, safe,
and low-cost energy storage technologies has become a research hotspot. Aqueous Zinc-Ion Batteries (AZIBs)
are regarded as one of the most promising large-scale energy storage systems due to their abundant resources,
environmental friendliness, and high safety. Vanadium Pentoxide (V20s), a candidate cathode material for
AZIBs, exhibits a high theoretical specific capacity (589 mAh g!) and multivalent properties (V3*/V#/V>).
However, its practical application is severely limited by intrinsic low electrical conductivity, structural
instability, and sluggish ion diffusion kinetics. Therefore, enhancing the electrochemical performance of
V,0s through modification strategies is crucial for promoting the commercialization of AZIBs. This paper
focuses on the research of vanadium pentoxide, using strategies such as intercalation, structural engineering,
and composite modification strategies to modify and design it as a positive electrode material for zinc ion
batteries, and studying the energy storage mechanism. The research results are as follows:

1. A series of rosolic acid-intercalated V,Os materials with different intercalation ratios were prepared
via hydrothermal synthesis. Morphological, valence state, and electrochemical characterizations (SEM, XRD,
XPS, and electrochemical tests) revealed that intercalation expanded the interlayer spacing, optimized the
electronic structure, increased zinc storage sites, and accelerated ion migration kinetics. The optimized RVO-
2 material with a nanorod/nanoparticle structure demonstrated superior zinc storage performance due to its
exposed active sites. It achieved a specific capacity of 461.2 mAh g! at 0.2 A g'!' and retained 83.2% of its
capacity after 20,000 cycles at 20 A g!. Moreover, it exhibited excellent electrochemical performance at -
20 °C

2. V205-H>S04 material with an interlaced nanowire structure was developed using sulfuric acid etching.
The acid treatment increased the specific surface area, optimized the electronic structure, shortened Zn?*
diffusion paths, and accelerated reaction kinetics. Detailed XPS and synchrotron radiation analyses clarified
the effects of acid etching on chemical bonding and vanadium valence states, confirming the superiority of
the optimized morphology and electronic structure. This material delivered a high specific capacity of 515.2
mAh g at 0.2 A g'! and retained 79% of its capacity after 20,000 cycles at 20 A g”'. When paired with a self-
supported CuZny/In/InZns interfacial protective layer anode, the full-cell performance was significantly
improved, achieving a specific capacity of 588.4 mAh g ! at 0.2 A g*! and retaining 88.4% of its capacity after
200 cycles.

3. Using composite and heterostructure engineering strategies, C, N-doped amorphous VOx/V2CTx

MXene heterostructure (C, N@V20s/VoCTx) with a nanosheet-loaded hollow sphere architecture was



synthesized using V,0s—H>SO4 and V,CTy as precursors and melamine formaldehyde as a template. HRTEM
and EDS analyses confirmed the formation of abundant heterointerfaces between amorphous VOx and V>CTyx
nanosheets. This composite design achieved multiple synergistic effects: VoCTx and C layers provided
mechanical support and high electrical conductivity, N doping enhanced active site adsorption, and
amorphous VO facilitated rapid ion diffusion. The material exhibited a specific capacity of 507.4 mAh g!
at 0.5 A g! and a low charge transfer resistance of 86.6 Q. The assembled full-cell demonstrated superior
cycling and rate performance, retaining 205.1 mAh g! after 10,000 cycles and maintaining 371.1 mAh g’!
with 84% capacity retention at -20 °C.

Key words: Vanadium Pentoxide; Aqueous Zinc-lon Batteries; Cathode Materials; Energy Storage

Mechanism
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Figure 1-1 Construction of Zinc Ion Battery
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Figure 1-2 Energy storage mechanism and electrode material modification strategy of zinc ion battery!!”]
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