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Abstract: [Purposes] The traditional coal-based hard carbon preparation process has the prob-
lem of complicated processes such as multiple carbonization and acid—base post—treatment. The aim of
this work 1s to develop a simple and efficient method to prepare high—performance coal-based hard car-
bon. [Methods] In this work, by taking advantage of the theory of zinc compounds that undergo zinc
vapor escape at high temperatures, the structural modulations of the layer spacing, degree of disorder,
pores, surface functional groups, etc. were achieved, and the high—performance anthracite-based hard

carbon materials was prepared by one step. [Results] The treatment of anthracite with zinc com-
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pounds increases the layer spacing, reduces the grain size of the graphite layer, increases the degree of

disorder, forms a large number of voids and defects, and increases, the specific surface area of hard

carbon, which could provide more active sites and convenient transport channels for sodium ion stor-

age and transport. The hard carbon material modified by zinc oxide exhibits the highest sodium storage

capacity, superior rate and cycling performances. It delivers a reversible capacity of 268 mAh g ' at a

current density of 30 mA-+g '. Even at a high current density of 2 000 mA-g ', it still delivers a re-

versible capacity of 199 mAh-g '. After 300 cycles at 1 000 mA-g ', the capacity retention rate re-

mains 90.9% . [ Conclusions] This work provides a theoretical basis and technical reference for the de-

velopment of high—performance and low—cost anode materials for sodium—ion batteries.
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Fig.1 Preparation diagram of hard carbon material
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Fig.3 SEM images of HC-ZnO, HC-Zn(CH,COO0),, HC-Zn(NO,),, HC-Blank, and HR-TEM images of HC-ZnO and HC-Blank
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