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A study on the preparation and sodium storage properties of

high-performance bamboo-based hard carbon materials
XU Zikang' \WANG Laibin® ,YUAN Yongfeng' \WANG Xiuli* ,GUO Shaoyi'
(1. School of Mechanical Engineering, Zhejiang Sci-Tech University, Hangzhou 310018, China;
2. School of Materials Science and Engineering, Zhejiang University, Hangzhou 310027, China)

Abstract: Biomass hard carbon is an ideal anode material for sodium-ion batteries, but there are
problems such as low initial coulombic efficiency, poor cycling performance and rate performance.
Bamboo-based hard carbon materials were prepared by two-step pyrolysis using bamboo as a precursor,
and the sodium storage properties were improved by optimizing the carbon layer spacing, degree of
graphitization, specific surface area and pore size of the hard carbon. The microstructure of hard carbon
was analyzed by scanning electron microscopy, transmission electron microscopy, nitrogen isothermal
adsorption and desorption, the electrochemical properties of hard carbon were investigated by cyclic
charging and discharging and rate performance test, and the sodium storage mechanism of hard carbon was
analyzed by electrochemical impedance test, galvanostatic intermittent titration technique and cyclic
voltammetry tests at different scan rates. The results showed that the hard carbon (Bam-1400) prepared
by pyrolysis at 1400 °C displayed excellent electrochemical performance. The highest initial coulombic
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efficiency of 91. 9% was achieved, and the reversible capacity was 308. 8 mAh/g at a current density of 0. 1

C (1 C=372 mA/g). The capacity retention was 97. 3% after 200 cycles, and the reversible capacity was
134. 7 mAh/g at a high rate of 7 C. Kinetic analysis showed that the sodium storage behavior of Bam-1400

was dominated by diffusion, while exhibiting efficient ion migration and low interfacial impedance,

confirming that the excellent electrochemical performance of Bam-1400 was attributed to the fast reaction

kinetics. This study can provide theoretical guidance to produce low-cost and high-performance hard

carbon anode materials for sodium-ion batteries.

Key words: bamboo; hard carbon; microstructure; pyrolysis temperature; sodium-ion battery
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