Multicomponent Nb-Based Oxide Anodes for Fast-Charging Lithium-Ion Batteries
This research focuses on the development of multicomponent niobium-based oxide anodes for next-generation lithium-ion batteries, with particular emphasis on fast charging, intrinsic safety, and scalable electrode design. The work combines transition metal composition engineering, crystal structure control, and mesostructure optimization to develop advanced anode materials capable of overcoming the limitations of conventional graphite systems.
A central theme of this project is the design of Nb-based ternary transition metal oxides incorporating elements such as Ti, W, and Mo to increase redox-active site density while preserving rapid Li-ion transport. Unlike graphite, niobium-based oxides operate at higher insertion potentials that suppress lithium plating and improve operational safety under fast-charging conditions. The research aims to establish composition–structure–performance relationships governing capacity, rate capability, and long-term cycling stability.
In parallel, the project investigates mesostructure engineering through block copolymer self-assembly to create interconnected mesoporous architectures that enhance ion diffusion and electrode kinetics. Advanced structural and electrochemical characterization techniques are used to correlate crystal structure, morphology, and transport behavior with battery performance.
A key aspect of this work is the integration of academic materials development with industrial validation through collaboration with NEO Battery Materials. Optimized materials will be translated from coin-cell studies to scalable electrode fabrication and pouch-cell testing, bridging fundamental materials research with practical battery manufacturing.
Overall, this research aims to establish scalable design strategies for fast-charging and high-safety battery materials while advancing the development of next-generation lithium-ion energy storage technologies (see Figure 1).
Beyond these core objectives, the project also explores how synthesis conditions—such as precursor chemistry, calcination profiles, and nanoscale compositional homogeneity—affect defect formation and ion diffusion pathways within the oxide framework. Particular attention is given to mitigating structural degradation during repeated cycling, with the goal of improving both coulombic efficiency and long-term capacity retention. This expanded understanding is expected to provide generalizable design rules for a broader class of multicomponent transition-metal oxide anodes beyond Nb-based systems.
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Figure 1: Coin-cell to pouch-cell validation of Nb-based ternary oxide anode materials.
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