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RHEE
Elucidation of Effect of Environments on Wear Phenomena of Diamond-like Carbon and Proposal of
Design Principles towards Improving its Durability

Diamond-like carbon is an amorphous carbon material which has excellent properties such as ultra-
low friction, wear resistance, and chemical stability and then it is expected to be used in space stations,
airplane engines, drones, medical equipment, etc. However, the wear of diamond-like carbon can lead
to reduced material lifespan, machine failure, and even unexpected accidents. Therefore, minimizing
its wear to the utmost is a critical challenge for realizing a safe and secure society. Especially, its wear
behavior varies significantly even with slight environmental differences such as partial pressures of
water vapor, oxygen, nitrogen, and hydrogen, and then experimental research has not yet advanced our
understanding of its underlying mechanism. Therefore, it is strongly demanded to utilize computational
science simulations for clarifying the effects of environments and atmosphere on its wear mechanism
and then for establishing the design guidelines to reduce its wear. However, unlike “material-intrinsic
properties” such as hardness and electrical conductivity, the changes in wear phenomena due to
the environments represent “material response characteristics”. Therefore, understanding multi-
physics phenomena including chemical reactions, friction, impact, stress, fluids, and heat transfer by
computational science simulations is essential, which is one of the challenging tasks in computational
science simulations.

Therefore, by developing a reactive molecular dynamics simulator capable of elucidating complex
multi-physics phenomena involving chemical reactions on the supercomputer “MASAMUNE-IMR,” for
the first time in the world we discovered that wear occurs via two mechanisms, chemical wear and
mechanical wear, on diamond-like carbon and revealed that the chemical reactions occurring on the
surface of diamond-like carbon during friction vary depending on the environments such as water and
oxygen, leading to differences in the form and amount of chemical wear and mechanical wear. This
achievement contributes to extending the lifespan of mechanical systems as well as preventing failures
and accidents.

Jing Zhang, Yang Wang, Qian Chen, Yixin Su, Shandan Bai, Yusuke Ootani, Nobuki Ozawa, Koshi Adachi,
and Momoji Kubo, Carbon, 231 (2025) 119713. DOI: 10.1016/j.carbon.2024.119713
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