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First-principles molecular dynamics analysis of
chemical reactions induced by friction of silicon based ceramics
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! Institute for Materials Research, Tohoku University, Japan

[Abstract] Frictional properties of silicon-based ceramics are important in various fields,
such as water lubrication. It is known that chemical reactions of water at sliding interfaces affect
the frictional properties. However, the detailed chemical reaction process is still in debate. In
this work, we investigated the chemical reaction process at sliding interfaces of silicon-based
ceramics. We found that the Si-O-Si bridge bonds connecting the two surfaces were formed at
the sliding interface. The formation processes were classified into two patterns, bond alternation
and proton transfer, independent of the presence of water. When water was present at the sliding
interface, water mediated the proton transfer. At the same time, water reduced the number of
Si-O-Si bridge bond because it reduced the contact area of the surfaces. Moreover, water led
the hydrolysis reaction of the surfaces. The hydrolysis reaction was triggered by Si-O-Si bridge
bonds, which increased a tension on the surfaces. We suggested that humidity dependence of
the wear, which was observed in experiments, can be explained on the basis of these processes.
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