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 Abstract:  

The constant demand for improving engine efficiency and reducing pollutants has led 

to the increasingly high operating temperatures and the extending operating lives of 

blades of industrial gas turbines and jet engines. Thus superalloys for turbine blades need 

to meet the requirements of both high-strength and excellent anti-oxidation properties at 

elevated temperatures. The strength requirement is now met to some extent by the 

innovation of single-crystal superalloys substituting their polycrystalline counterparts. 

While excellent anti-oxidation property need to be provided by high-temperature 

protective coatings.  

The protection of most traditional protective coatings rely on the formation and 

maintenance of an intact alumina scale, which in turn requires the composition 

modification of the underlying coating to increase Al content, such as aluminizing and 

overlaying MCrAlY coatings. However, such coatings all face challenges in respect of 

element inter-diffusion with the underlying single-crystal superalloys once served at high 

temperature, because of the big difference in composition. Element inter-diffusion not 

only decreases the oxidation resistance of coating, but also reduces dramatically the 

mechanical strength of the alloy substrate. 

In this presentation, nanocrystalline coatings are introduced, which differ from the 

traditional metallic coatings by their low Al content. The nanocrystalline coatings are 

designed with the same chemical composition to the single-crystal superalloys, thus 

avoiding element inter-diffusion. However, their special columnar nanostructure, 

containing abundant grain boundaries and defects, ensures the formation of a protective 

alumina scale, even though in the case of very low content of Al. The oxidation 

properties of the nanocrystalline coatings are studied comparatively with the traditional 

MCrAlY one on the single-crystal superalloy N5. Results indicate that the nanocrystalline 

coating provides a higher oxidation resistance than the MCrAlY one, in addition that the 

former avoids any element inter-diffusion which has taken place immediately on 

oxidation in the latter. 
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