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Research on Microstructure Formation and Electrochemical Functional Design of Petroleum
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[Abstract] Petroleum coke is a byproduct of petroleum refining, which has broad application prospects in
electrochemical energy storage fields such as lithium—ion batteries, supercapacitors, and fuel cells due to its high
carbon content, adjustable graphitization degree, and low cost. The core of its electrochemical performance
depends on the degree of matching between microstructural features (pore structure, graphitization degree,
surface chemical state) and electrochemical functional requirements. However, the current petroleum coke has
problems such as uneven pore distribution, difficulty in controlling graphitization degree, and insufficient surface
active sites, which restrict its application in high rate and long—life electrochemical devices. This article
systematically analyzes the structure—activity relationship between the microstructure (porosity, graphitization
degree, surface chemistry) of petroleum coke and its electrochemical properties, and constructs a strategy system
for precise microstructure shaping from three dimensions: pretreatment, pyrolysis carbonization, and doping
control. Correspondingly, in response to the three core electrochemical functional requirements of ion transport
kinetics, electronic conductivity, and electrode electrolyte interface stability, this paper proposes a functionally
oriented design blueprint for different energy storage devices (lithium—ion batteries, supercapacitors, fuel cells),
providing theoretical guidance and design ideas for the development of high—performance petroleum coke
based electrode materials.

[Key words] Petroleum coke; Electrochemical performance regulation; Energy storage devices; Doping

modification; Pore regulation
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