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Abstract

Silica-enriched hard carbon derived from barley husks (BHs) is investigated as a high-performance anode

material for lithium-ion batteries (LIBs). By systematically incorporating silica into the carbon matrix at

different ratios, the resulting composite anodes exhibit a significant enhancement in specific capacity,

achieving up to at C/5, far exceeding commercial graphite. The synergistic interaction between silica and

carbon effectively mitigates the volume expansion of SiO₂, ensuring improved cycling stability and rate

performance. A full cell was assembled using NMC622 as the cathode, delivering an energy density of at C/10

and maintaining 89% capacity retention after 100 cycles, surpassing conventional graphite-based cells. The

anode fabrication follows a straightforward, scalable approach, relying on simple carbonization and mechanical

mixing without requiring complex synthesis steps, making it suitable for large-scale production. Comparative

electrochemical analysis reveals that the prepared anodes outperform graphite in terms of both specific

capacity and rate capability, making them a viable, sustainable alternative for next-generation LIB anodes.
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