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Abstract

The transition toward sustainable electrified transportation requires the development of energy storage
technologies that simultaneously satisfy the demands for safety, cost-effectiveness, scalability, and high
electrochemical performance. This work presents sustainable manufacturing strategies for advanced
lithium-based cathode materials using scalable chemical deposition techniques, with emphasis on spray
deposition and chemical vapor deposition (CVD). Lithium iron phosphate (LiFePO.) was synthesized
directly onto graphite substrates through a water-based spray process under ambient conditions,
eliminating the need for binders, toxic organic solvents, and energy-intensive slurry processing. The
influence of aqueous LiOH electrolyte concentration on electrochemical performance demonstrated that
1 M LiOH provides the optimal balance between cycling stability and specific capacity, whereas 2 M
LiOH enhances conductivity but compromises long-term electrode integrity. In parallel, Ag-doped V205
thin films prepared by CVD exhibited improved conductivity, enhanced Li* intercalation/deintercalation
reversibility, and remarkable cycling stability, with the 15% Ag composition delivering superior
electrochemical activity. The proposed manufacturing approaches significantly reduce processing
complexity, energy consumption, and environmental impact while maintaining competitive battery
performance. These findings highlight the potential of low-temperature, scalable thin-film deposition
technologies to replace conventional powder/slurry fabrication routes, providing a viable pathway
toward safe, sustainable, and industrially competitive next-generation lithium-ion and solid-state

batteries for transportation and large-scale energy storage applications.
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Graphical Abstract

Sustainable Manufacturing of Advanced Li-Based Cathodes
Scalable Thin-Film Deposition for Safe, High-Performance Energy Storage
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SUSTAINABLE MANUFACTURING IMPACT

@ Eliminates high-temperature powder synthesis and slurry processing
@ Reduces energy ption, cost and footprint
@ Enables scalable, high-yield roll-to-roll comaahble production
@ Pathway to safe, i and i ive batteries
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