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Preparation and properties of three-dimensional silicon-carbon anode materials
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Abstract: Three-dimensional silicon-carbon anode materials were prepared via ball milling and
high-temperature calcination using nano silicon and artificial graphite as active substances, clay as binder
and conductive carbon black as conductive agent, and characterized by SEM, Raman spectrum, XRD, XPS,
and TEM. The effect of silicon doping amount (based on the mass of artificial graphite, the same below) on
the electrochemical properties of three-dimensional silicon carbon anode material was investigated by
cyclic voltammetry (CV), electrochemical impedance spectroscopy (EIS), constant current charge-discharge
and rate tests with these anode materials installed in lithium-ion batteries. The results demonstrated that the
three-dimensional Si/C-2 prepared from silicon doping amount of 20%, with an orderly and stable
three-dimensional skeleton structure, exhibited the optimal electrochemical performance. The Si/C-2
electrode displayed first charge and discharge specific capacities of 1754.7 and 1816.5 mA-h/g, respectively,
reversible capacities of 1816.5, 1386.5, 872.2 and 566.3 mA-h/g at 0.1, 0.2, 0.5 and 1.0 C, respectively, and
specific capacity retention of 91.6% when the rate capability was restored to 0.1 C. After 100 cycles at
100 mA/g current density, the Si/C-2 electrodes showed a reversible specific capacity of 1757.5 mA-h/g and
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a capacity retention of 96.8%. The clay formed a skeleton structure under high-temperature calcination, and

the pyrolytic carbon wrapped on the surface of silicon prevented direct contact between nanosilicon and

electrolyte, which was conducive to the stable formation of solid electrolyte intermediate-phase film and

reduced electrolyte consumption. Furthermore, the three-dimensional skeleton structure effectively

mitigated the volumetric expansion of the electrodes during cycling, thereby enhancing the electrochemical

performance of the electrodes.

Key words:. lithium-ion batteries; anode materials; nano silicon; three-dimensional structure; electrochemical

properties; functional materials
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