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Abstract: Systems that operate at high temperatures require materials that maintain their 

mechanical properties, specifically strength and creep resistance in these extreme environments. 

In this pursuit, careful mechanism-informed alloy and process design approaches are imperative. 

One class of alloys known for exceptional strength is nanocrystalline (NC) metals; however, due 

to their large volume fraction of grain boundaries, they are very susceptible to creep and are 

thermally unstable against grain growth. While thermal stability mechanisms have been researched 

extensively, holistic strategies that limit coarsening in complex alloys beyond model binary and 

ternary systems still remain unexplored. In this work, a Ni-11at%W-3at%Ta-2at%Y alloy was 

designed to be stabilized by grain boundary segregation, secondary phase pinning, and Ni(W,Ta) 

solid solution induced sluggish diffusion. Microstructure/property predictions were 

experimentally verified: the alloy was synthesized via high-energy mechanical alloying, annealed 

up to 0.7Tm for 100 hours, and characterized using advanced electron microscopy techniques. Our 

main observations were that yttria particles kinetically stabilized the alloy, and that high  hardness 

was attributed to synergistic strengthening contributions from the Hall-Petch effect, Orowan 

looping of dislocations around yttria particles, the Ni(W,Ta) solid solution, and secondary phases.  
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