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Thermal Degradation of DLC Coatings
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This study investigates the thermal degradation of silicon doped diamond-like carbon

(DLC) coatings in dependence on their silicon content and distribution.

The coatings were deposited onto substrates of stainless steel by PACVD with a

precursor gas mixture of acetylene and tetramethylsilane. The layer properties (i)

thickness, (ii) hardness, (iii) topography and (iv) composition were examined before

and after thermal annealing up to 450°C in ambient air.

The thickness of the non-doped a-C:H coatings decreased with increasing annealing

temperature. This undesired effect, however, was inhibited by silicon doping over the

entire temperature range up to 450°C. Another effect of the silicon doping was an

increase of the micro hardness of the annealed samples.

Nodule-like growth defects of the PVD chromium bond coat were detected via SEM

methods. Those defects were found (as well known) to be the growth origin of larger

nodules surrounded by micro cracks that eventually form cracks through the entire

coating thickness from the interface to the top. The thermal degradation of the a-C:H

coatings starts circularly at those nodules, likely due to the enhanced access of

oxygen via the crack network. This specific appearance of coating degradation was

significantly inhibited in a-C:H:Si coatings.

As a consequence of the positive effect of silicon doping and the negative influence of

chromium nodules on the thermal stability, further coatings were deposited without

metallic PVD bond coat but based on PACVD bond coat made of tetramethylsilane.

The combination of silicon-based bond coat and a-C:H:Si coating further improved the

thermal stability. The possible cause effects of the silicon doping are discussed in the

paper.
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