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Abstract

To meet the demand for high-power traction and energy storage across a wide temperature range, we take 

structural-interfacial synergistic regulation as the guiding thread, leveraging advanced characterization 

and multiscale analysis to track degradation evolution and establish an application-oriented materials 

design paradigm. For LNMO, we focus on morphology/grain-boundary stabilization and defect-interface 

coupling to enhance structural tolerance and suppress parasitic reactions; for Li-rich Mn-based cathodes, 

addressing voltage hysteresis and heterogeneous degradation, we integrate local-structure analysis, 

structural-unit design, and optimization of surface/interfacial functional layers and conductive networks 

to achieve controllable evolution and stable performance; for LFP, we regulate the electronic structure 

and interfacial behavior to improve charge-mass transport and stability. At the cell level, we co-optimize 

electrolytes and manufacturing processes and conduct joint validation under ultra-high-temperature, 

ultra-low-temperature, and ultra-high-power conditions, enabling deployment in UAVs, automotive, and 

energy-storage applications; we further propose a closed-loop pathway of characterization-mechanism-

design-cell validation to provide methodological support for the industrialization of cathode materials.
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