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The adoption of high-mass-loading electrodes is one of the key strategies for improving the energy density of lithium-ion batteries. However, the increased thickness of high-mass-loading electrodes leads to severe ion and electron transport limitations within the electrode, resulting in increased polarization, degraded rate capability, and deteriorated long-term cycling stability arising from increased reaction heterogeneity. In addition, the fabrication of thick electrodes frequently results in structural heterogeneity, including binder migration, non-uniform distribution of electrode components and pores, crack formation, and delamination. These structural changes destabilize the electrode architecture and degrade both the mechanical integrity and electrochemical performance of the electrode.

In this study, the structural instability developed in the electrode architecture of high-loading NCM electrodes during fabrication was systematically investigated under various processing conditions, and its correlation with electrochemical behavior was examined. The influence of fabrication-induced structural evolution on through-thickness heterogeneity and electrode/current collector interfacial characteristics in thick electrodes was investigated. Cross-sectional analyses were conducted to evaluate the internal structural and compositional heterogeneity formed during electrode fabrication, while electrochemical evaluations were performed to examine their influence on cell performance. Furthermore, the relationship between structural instability and electrochemical behavior was analyzed to establish correlations between electrochemical characteristics and the internal structure of high-loading electrodes.

These findings provide a systematic understanding of processing-induced structural instability in high-loading electrodes and offer insight into the reliable design and fabrication of high-energy-density lithium-ion batteries.
