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Abstract

Silicon is a promising material for lithium ion battery anodes due to its high theoretical capacity
(3600 mAh g1) and high Li uptake, but its applications remain limited because the significant volume
change and the formation of an unstable solid electrolyte interphase (SEI) layer during the
electrochemical cycling process lead to a fast degradation in capacity when batteries are charged.

Herein, we use waste silicon slurry produced in Taiwan’s photovoltaic industries as raw material
to synthesize nanosilicon. The silicon is first transformed into porous silicon then further reduced to
be nanoscale by an innovative chemical etching method.

At present, high-speed grinding is still the main method for manufacturing nanosilicon. In our
project, copper sulfate/copper nitrate, hydrogen peroxide and hydrofluoric acid is successfully used,
for the first time, as etching solutions to prepare nanosilicon (under 100 nm), which not only reduces
energy consumption but also saves time and cost. Meanwhile, the magnesium powder used in the
process can be recycled and reused by 94%, discharging nearly zero waste and significantly reducing
the current cost of the production of lithium-ion batteries. Finally, battery testing results have shown
superior performance in Coulombic efficiency (74% in the first cycle) and battery circularity (20
cycles more than normal silicon anodes).

In this design, a large amount of silicon slurry is recycled. It consumes much less energy and
utilizes renewable feedstocks, which are green chemistry principles. This approach could boost the
performance of lithium batteries for energy storage and reduce the cost significantly.
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