Mechanical Surface Structuring of Aluminum Current Collectors for LiFePO4 Positive Electrodes

Gyu Hyeon An and Ji Heon Ryu*
Graduate School of Convergence Technology and Energy, Tech University of Korea, 
237 Sangidaehak-ro, Siheung-si, Gyeonggi-do, 15073, Korea
*ryujh@tukorea.ac.kr

The electrode–current collector interface critically influences the mechanical stability, electronic transport, and electrochemical performance of lithium-ion battery electrodes. In LiFePO4 (LFP) positive electrodes, which possess relatively low intrinsic electronic conductivity, the interfacial contact between the electrode layer and current collector becomes particularly important. However, the surface morphology of aluminum (Al) current collectors has rarely been considered as an active parameter for interfacial design.

In this study, mechanically surface-structured Al current collectors were fabricated using various mechanical stamping methods based on a roll-press imprint transfer process for LFP positive electrodes. Scanning electron microscopy (SEM) and atomic force microscopy (AFM) confirmed the formation of distinct surface topographies on the structured Al foil compared with pristine Al foil.

LFP electrodes fabricated on the structured current collectors exhibited reduced interfacial resistance and improved adhesion behavior, indicating enhanced interfacial contact and mechanical interlocking between the electrode layer and current collector. Electrochemical characterization including galvanostatic charge–discharge measurements, rate capability analysis, and electrochemical impedance spectroscopy (EIS) further demonstrated improved electrode response for the structured current collectors.

These results suggest that mechanical surface structuring of Al current collectors can effectively modify electrode–collector interfacial characteristics in LFP positive electrodes. This work highlights a simple and scalable strategy for interfacial engineering toward improved lithium-ion battery performance.
