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Abstract 

 

Propulsion systems such as gas turbine engines require materials that are resistant to high temperature 

degradation by rapid oxidation, poor mechanical strength, microstructure and phase transformations. On one 

hand, conventional alloy strength decreases as temperature increases above 70% the absolute melting 

temperature; on the other hand, high temperature applications now require alloys beyond the traditional Fe, Ni, 

Co superalloys with superior mechanical strength in addition to good oxidation and corrosion resistance. Hence, 

the design and development of refractory metallic alloys that possess improved reactive, structural and transport 

properties for harsh environments are required to facilitate improved efficiency at lower operating costs. A 

possible solution is to consider refractory multi-principal element alloys (MPEAs) that are concentrated solid 

solutions containing several elements in comparable proportions. MPEAs composed of elements with high 

melting temperatures can be potentially engineered for high mechanical strength, and by inclusion of stable 

oxide forming elements can offer good oxidation resistance. We will present findings from first principle 

calculations and molecular simulations illustrating the effects of mixing multiple elements on the 

crystallographic structure of these alloys, as well as the resulting structural and transport properties that are 

strongly dependent on the material phase and composition. Finally, we will share a design strategy to 

computationally explore several elemental combinations in these alloys with a view to potentially tailoring the 

composition and structure to achieve desired material properties.  
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