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Abstract
Recently, exceptional properties that are continuously found in an intriguing new class of metallic structural materials, high-entropy alloys (HEAs), demonstrate their great potential for engineering applications particularly in extreme environments where conventional alloys reach their limits. The concept of HEAs has revolutionized traditional alloy design, in particular in terms of their endless composition space, which meanwhile brings a new challenge of how to effectively design HEAs with targeted properties. In this presentation, we will give an introduction on HEAs first.  Following that, we will focus on the design of advanced precipitate-strengthened lightweight as well as fatigue-resistant HEAs by integrating computational methods and advanced experimental techniques, such as neutron scattering. We will discuss how to design high-strength, low-cost, and lightweight and fatigue-resistant HEAs by the Calculation of Phase Diagrams (CALPHAD)-based high-throughput computational method (HTCM). A fundamental understanding of the precipitation-strengthening, order-disorder-transition, and fatigue behavior in these newly designed HEAs is revealed by in-situ neutron scattering, advanced microscopies, Monte-Carlo (MC) simulations, and ab initio molecular dynamics (AIMD). This study provides in-depth insights into the discovery of advanced structural materials by the HEA concept.  Moreover, the potential applications of HEAs are discussed.
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