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Adhesion studies of magnetron sputtered Ti-C-N, Ti-Si-C-N,

Ti-Al-Si-C-N, and Ti-Al-C-O-N coatings
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Multicomponent coatings based on carbides and nitrides of transition metals

are widely used as protective layers on the surface of drilling and cutting

tools working under severe conditions. In addition to mechanical and

tribological properties, coatings for these applications must exhibit sufficient

adhesion to the substrate to provide practical benefits. The present work

describes the results of the adhesion strength of Ti-C-N, Ti-Si-C-N,

Ti-Al-Si-C-N, and Ti-Al-C-O-N coatings measured using scratch tester. The

coatings were deposited onto cemented carbide (WC – 6 % Co) substrates

by reactive DC magnetron sputtering of TiC, TiSiC, TiAlSiCN, and TiAlCO

targets under the same conditions. The targets were prepared by

self-propagating high-temperature synthesis method. Critical loads and

failure modes were obtained by scratch testing. To explain the difference

between scratch testing results, additional investigations of the structure

and properties were fulfilled. The structure, chemical and phase composition

were studied by means of X-ray diffraction, scanning electron microscopy

and glow discharge optical emission spectroscopy. The coatings were also

characterized in terms of their hardness, elastic modulus, and elastic

recovery using nanoindentation. All the coatings exhibited high values of

critical loads; however it was found that coatings fail in several different

ways when subjected to scratch testing. Note that the spallation of coatings

was not observed even under the highest load. Maximum adhesion strength

values over 70 N were measured for the Ti-Al-C-O-N coatings. The results

obtained showed that all the coatings had a dense featureless cubic B1

NaCl-type structure and hardness in range of 35 – 42 GPa except for

columnar Ti-C-N coating with hardness of 17 GPa. The correlation between

coatings failure mode and mechanical properties was discussed.
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