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Abstract:

Silicon has become one of the most promising candidates to replace carbon as the anodic material in
lithium-ion batteries due to its high theoretical capacity and relatively low cost. However, this high
capacity is coupled with volume changes of up to 300% upon alloying with lithium. The intense
expansion subsequently induces large mechanical stresses on the material which have been shown to
have a significant impact on the functionality and reliability of silicon as an anode material. Here we
present results from in situ scanning electron microscopy investigations into the mechanical integrity
of silicon nanowires before and after alloying and de-alloying with lithium. Additionally, the constant
charging and discharging nature of battery electrodes implies inherent time constraints on the various
physical processes occurring during within the host material. Thus, we also explore time-dependent
deformation mechanisms in fully-lithiated silicon nanowires using creep-based in situ mechanical
testing methods. Measurements of the wire size and microstructure can be used to gain insight into
the atomic diffusion pathways which govern the creep behavior in these lithium-silicon alloy materials.
Implications regarding the implementation, design and construction of silicon-based electrode
materials will be discussed. Additionally, the same synthesis and testing methods can be applied to
other classes of semiconductor nanowires which show very promising results for the future of smart
materials for energy applications.
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