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Superlubricity of ta-C Coatings and the Role of Lubricant Chemistry– an
Experimental and Simulational Study
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Tetrahedral amorphous carbon coatings (ta-C) have outstanding tribological

properties under both lubricated and unlubricated conditions. Besides their ability to

provide low friction and low wear with conventional oil lubrication their capability for

superlow friction is of high interest. In such a special tribological state, also called

superlubricity, the coefficient of friction is below 0.01.

While several lubricant substances have been identified that enable superlubricity for

ta-C coatings and functional models have been proposed, a broader understanding of

the lubricant chemistry is still missing.

In this work we investigate various model lubricants based on simple molecules in a

self-mated ta-C tribosystem, using a reciprocating ball-on-disk experiment and

accompanying tight-binding simulation. Results of experiment and simulation are in

good agreement and show that carboxyl groups can passivate the ta-C surface and

contribute to a low wear and steady friction state if compared to a simple hydrocarbon

chain. Furthermore, the combination of both a carboxyl group and an unsaturated

carbon chain enables superlubricity. Tight-binding simulation indicates that

unsaturated fatty acids bridge the tribo gap by covalent bonds between the ta-C

surfaces and the carboxyl group or the double bond, respectively. This results in a

rapid decomposition of the molecule and a subsequent ta-C passivation. A

tribo-induced phase transformation layer can be detected by Raman spectroscopy

and nanoindentation in those cases where the friction coefficient is above the state of

superlubricity.
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