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Abstract

This paper focuses on the technological bottlenecks and breakthroughs of hard carbon anode materials
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for sodium-ion batteries. It points out that hard carbon materials, due to their multi-level pore structure
and low-potential platform, have high sodium storage capacity, but there is academic controversy re-
garding the sodium storage mechanism: “intercalation-pore filling” versus “adsorption-intercalation
composite”. Optimization strategies proposed to address capacity fading and insufficient rate perfor-
mance emphasize nanomorphology manipulation to enhance ion transport, heteroatom doping tech-
niques to create active sodium storage sites, and the development of closed-pore structure design to
enhance initial efficiency stability. Through mechanism analysis and methodological improvements,
this paper provides theoretical support and practical reference for the development of high-perfor-
mance energy storage materials.
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Figure 1. Basic working principle diagram of SIB [4]
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Figure 2. Average voltage and specific capacity diagram of different SIB anode materials [5]
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Figure 3. Explanation diagram of the formation of hard carbon [17]
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Figure 4. Constant current charge and discharge curve of hard carbon [19]
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Figure 5. Intercalation-pore filling sodium storage mechanism diagram of hard carbon anode
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Figure 6. Schematic diagram of the adsorption-intercalation composite sodium storage mechanism of hard carbon anode [21]
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Figure 7. Adsorption-pore filling sodium storage mechanism diagram of hard carbon anode [23]
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Figure 8. Morphological diagrams of hard carbon with different morphologies [25]-[30]
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Figure 9. CAC1300 preparation process and its sodium storage mechanism diagram
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