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A review of advances in battery materials chemistry

Hu Yu

Changsha University of Science and Technology, Changsha, Hunan

[ Abstract] Battery materials are at the core of electrochemical energy storage technology, and their performance
directly affects the energy density, power density, cycle life, and safety of batteries. With the rapid development of electric
vehicles and renewable energy, the demand for high-performance battery materials is becoming increasingly urgent. This
paper systematically reviews the research progress in battery materials chemistry, covering major directions such as
lithium-ion battery materials, sodium-ion battery materials, solid-state battery materials, organic electrode materials, and
fuel cell catalyst materials. On this basis, it deeply analyzes the structural regulation strategies and performance
optimization methods of cathode materials, anode materials, and electrolyte materials, and explores the application of new
design concepts such as medium-entropy engineering, carbon network construction, and hydrogen bond chemistry.
Research shows that current battery materials research presents development trends of high energy density, high safety,
long cycle life, and green sustainability. Significant breakthroughs have been achieved in lithium-rich manganese-based
cathodes, silicon-carbon anodes, solid-state electrolytes, and organic electrode materials, with artificial intelligence-
assisted materials design and green recycling technologies becoming new research directions. In the future, it is necessary
to strengthen fundamental research on the structure-performance relationship of materials and promote the practical
application of new battery materials.
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