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Dealing with extreme heat: from multilayers to self-organization
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New generation of coatings that allow for a wide variety of solutions, such as

protecting of turbine blade materials at high temperature for improved engine

efficiency, reduction in the combustion temperature of natural gas for lowering

emissions, and efficiently machining difficult to cut materials, are today in high

demand. This plenary lecture is about some of the successful coating materials that

allow us to deal with the extreme heat involved.

The thermal conductivity challenge, faced by material engineers and engine

designers, to produce thermal resistances that can excess 200C across a layer as

thick as twice a human hair, is achieved through the innovative use of plasma

assisted PVD and the design of structured multi-layered thermal barrier coatings. The

design of new TBC coating systems has most recently progressed in the ability to

create multilayer self-diagnostic coating systems that can monitor component life

in-situ in addition to thermal protection.

Similarly, the design of noble metal thin film catalysts are of critical importance

nowadays in relation to chemical engineering processes and catalytic applications at

lower temperatures and therefore it is another “hot topic” of coating research.

Pd-based films on YSZ substrates are capable of showing better catalytic activity and

lower cost than Pt-based films, and can meet the challenge for the pollution control in

natural gas combustion by lowering the process temperature.

Finally, manufacturing tooling applications working under heavy loads and

temperatures above 1200 °C is another major challenge for high-temperature coating

architects. The major portion of frictional energy during machining transforms to heat

and dissipates mostly through chip removal, into the workpiece and the surrounding

environment, as well as within the tribofilm layer. The adaptive characteristics of some

nanostructured coating materials can develop dynamically entirely during the

interaction with such severe conditions by regenerating nanoscaled tribofilms through

self-organization.
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