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Fig. 1. (a) Schematic of 3D interconnected carbon network synthesis via hydrothermal treatment, electrospinning, and carbon
coating ; (b) Schematic of NVP synthesis by high-temperature shock (HTS) and tube-furnace (TF) solid-state sintering.
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Fig. 2. (a) Crystal structure of NasV2(PQa)s ; (b, ¢) Doping sites and P-site doping ; (d) Classification of NVP by dopant number
and corresponding effects .
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Fig. 3. Electrochemical performance of NVP and NVP-M_L electrodes: (A) Cycling performance; (B) Charge—discharge curves;
(C) Rate capability; (D-F) Long-term cycling at 27 °C and 5C .
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Abstract : Sodium vanadium phosphate (NVP) is considered an ideal cathode material for breaking through the
energy density bottlenecks of existing sodium-ion batteries and constructing long-life energy storage systems, owing
to its robust three-dimensional open framework, high theoretical specific capacity, and excellent lattice stability.
However, its practical application in high-rate response and cycling life is severely restricted by its intrinsic low
electronic conductivity, as well as the kinetic polarization and structural strain instability encountered during
repeated charge-discharge processes. To overcome these bottlenecks, researchers have conducted extensive
explorations from dimensions such as crystal engineering and interfacial regulation. This paper systematically
reviews the recent research progress on NVP cathode materials. First, its NASICON-type crystal structure
characteristics are analyzed, and the effects of mainstream synthesis processes—such as hydrothermal method,
solid-state method, sol-gel method, and electrospinning—on microstructural morphology and electrochemical
performance are summarized. On this basis, the core modification mechanisms are comprehensively analyzed,
focusing on multi-level carbon network construction, ion doping ranging from single elements to high-entropy
multi-elements, and physical field-assisted orientation engineering. Finally, the role of the aforementioned
cutting-edge modification strategies in synergistically enhancing electron/ion dual transport kinetics and interfacial
stability is summarized, providing important theoretical references and technical pathways for the design and
development of high-performance, long-life sodium-ion battery cathode materials.

Keywords: NVP ; Crystal structure and synthesis; Ion doping and coating; Magnetic-field orientation engineering
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