Mechanical Stabilization of High-Loading LiFePO4 Thick Electrodes through Electrode Architecture Engineering
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LiFePO₄ (LFP) is widely used as a positive electrode material for electric vehicle (EV) batteries because of its excellent thermal stability, long cycle life, and low cost. However, its relatively low energy density compared to NCM-based materials remains a major limitation. To improve energy density while enhancing cost efficiency, the development of high-loading thick electrodes has attracted significant attention.

However, as LFP positive electrodes are fabricated with increased areal loading and thickness, their mechanical stability deteriorates significantly. Thick electrodes are more vulnerable to crack formation and delamination because mechanical strain and interfacial stress increase with electrode thickness. In addition, increased thickness aggravates process-induced heterogeneity, including non-uniform drying, binder migration, and residual stress accumulation, resulting in weakened adhesion between the electrode layer and the current collector.

In this study, electrode architecture engineering strategies were investigated to improve the mechanical stability of high-loading LFP thick electrodes. The electrode architecture was controlled through compositional design and process optimization. First, the mechanical properties of the electrode were enhanced by controlling PVDF binder content and introducing linear carbon conductive additives such as multi-walled carbon nanotubes (MWCNTs) and vapor-grown carbon fibers (VGCFs). These approaches provided distinct reinforcement mechanisms, including binder-mediated adhesion enhancement and the formation of linear conductive networks through fiber scaffolding. In addition, electrode processing conditions were optimized to reduce structural heterogeneity within the electrode layer. Improvements in mechanical stability were evaluated through crack observation under mechanical deformation and peel strength measurements. Electrochemical evaluations were further performed to investigate the relationship between mechanical stability and electrochemical performance.

These results provide a systematic framework for understanding and controlling the mechanical stability of thick LFP electrodes, serving as a foundation for the reliable fabrication of high-loading electrodes for high-energy-density lithium-ion batteries.
