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Advanced coating design as an effective tool for protective coatings operating
under severe conditions
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Increasing requirements on tool surface protection during cost effective machining of

difficult-to-cut materials creates new challenges for design of hard protective coatings.

Severe conditions on tools during high-performance or high-speed dry cutting of very

abrasive or hard materials are beyond thermal and/or mechanical stability of standard

hard coatings. In order to design coating with such complex properties, an approach

to combine various materials with specific elemental and phase composition in a

dedicated coating architecture is very promising as it can simultaneously address

necessary properties such as good adhesion, optimized stress depth-profile, high hot

hardness and wear resistance, enhanced thermal stability, suppressed bulk diffusion

and diffusion across interfaces at elevated temperatures as well as improved

oxidation resistance. This approach will be demonstrated on multilayer systems

combining nanostructured AlCr(Si)N and AlTi(Si)N materials in a variety of

architectures. The coatings were synthesized in an industrial PVD deposition system

(alpha400P, eifeler-Vacotec) equipped with multiple arc evaporation sources. The

effect of the elemental composition (in particullar Al/Me ratio and Si content),

deposition conditions and architecture on the development of the coating structure

and phase composition was studied by advanced position-resolved X-ray diffraction

(XRD). The stress state was studied by XRD and curvature methods, hardness and

elastic properties by nanoindentation, wear resistance by pin-on-disc method and the

thermal stability and oxidation resistance were studied by thermogravimetry and

differential scanning calorimetry. A combination of extreme mechanical, tribochemical

and thermal loads on substrate-coating system with complex geometry during

machining of difficult-to-cut materials was simulated by dry milling of hardened steel

providing valuable data on cutting edge wear, cutting forces, formation of chips and

temperatures under various cutting speeds. The results were used to establish

correlation between coating composition, architecture and properties and provide

feedback for design of coatings operating under extreme conditions.
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