Effect of alloying additions in the substrate material on interdiffusion processes in MCrAlY-coating systems
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MCrAlY (M=Ni, Co) overlay coatings are widely used in the gas turbine technology to impart oxidation resistance to the load-bearing metallic components such as blades and vanes. The chemical lifetime of these coating systems is one of the fundamental issues and is determined by two simultaneous degradation mechanisms, i.e. oxidation-induced Al-depletion and interdiffusion between the coating and the substrate (single crystal or polycrystalline Ni-base superalloys). The thermal degradation processes in coating systems can be minimized by their compositional optimization. 

To investigate the effect of the alloying elements in the Ni-base alloy substrate on the interdiffusion processes, four model single-crystal Ni-Cr-Al-X (X=Co, Ta, W) alloys coated with a commercial NiCoCrAlY coating were considered in the present study. Optical and SEM micrographs of the test samples after high temperature exposure revealed significant differences in the rates of β-NiAl depletion and propagation of the secondary reaction zone (SRZ).

In general, the coating lifetime prediction requires an extensive experimental testing program. A reasonable alternative to this tedious and time consuming practice is an application of modelling techniques. A CALPHAD-based thermodynamic-kinetic model employed in the present study was able to accurately describe the experimentally observed microstructural changes in the investigated coating systems. A good agreement was found between the measured and calculated phase fractions as well as positions of the interfaces between the different interdiffusion zones.
