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Abstract

With the rapid development of renewable energy, sodium ion batteries have become a research hotspot for the next generation
of energy storage technology due to their abundant resources and low cost advantages. This study explores the positive and
negative electrode materials of sodium ion batteries, using sodium titanate (Na2Ti30O7) as the negative electrode material, and
optimizes its electrochemical performance by adjusting the calcination time (5 h, 10 h, 16 h); Using manganese based oxide
NaMnO?2 as the positive electrode matrix, the cycling stability and rate performance were improved by Fe/Cu doping modification
(NaMn0.8Fe0.1Cu0.102, NaMn0.94F¢0.03Cu0.0302, NaMn0.98F¢0.01Cu0.0102). By using scanning electron microscopy
(SEM), X-ray diffraction (XRD), constant current intermittent titration technique (GITT), and X-ray photoelectron spectroscopy
(XPS), the correlation between the microstructure, crystal structure, and electrochemical properties of materials is systematically
analyzed. Experiments have found that calcination time affects the kinetics of sodium ion transport by regulating the porosity and
interlayer spacing of sodium titanate, while Fe/Cu doping can regulate the valence state evolution path of Mn ions through lattice
distortion. The capacity retention rate of the sodium titanate negative electrode calcined for 5 hours reached 82.7% after 200 cycles,
and the capacity at high rate after 20 cycles was 101.64 mAh/g; The initial discharge capacity of NaMn0.8Fe0.1Cu0.102 positive
electrode at 0.1C rate is 173.87 mAh/g, and the capacity retention rate is 85.2% after 50 cycles. This study proposes the hypothesis of
“porosity ion diffusion coupling” and the law of “doping concentration lattice distortion threshold”, providing experimental basis and
theoretical reference for the optimization of positive and negative electrode materials in sodium ion batteries.
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