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Abstract

Silicon (Si) has garnered significant interest as a potential anode material for lithium-ion batteries (LIBs) due to its

high theoretical capacity. The utilization of Si nanoparticles (SiNPs) has been demonstrated to effectively mitigate volume

changes and internal stress during charge—discharge cycles, thereby enhancing battery life. However, the low electrical

conductivity of Si persists as a significant challenge. In this study, we propose a method to enhance both conductivity and

electrochemical performance by using Si sludge powder, an industrial waste from semiconductor manufacturing, as the raw

material. Through a series of steps involving ball milling and phosphorus (P) doping, P-doped SiNPs were synthesized. The

resulting anode demonstrated enhanced conductivity, substantial initial capacity, and sustained capacity exceeding 1000

mAhg! following 100 cycles. These findings suggest that P-doping of SiNPs derived from Si sludge is a promising and

environmentally friendly strategy for developing high-capacity, long-cycle-life Si-based LIB anodes.
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