An Introduction and Superior High-Temperature Strength in a Refractory High-Entropy Alloy
1, 2Rui Feng, 3Bojun Feng, 4Michael C. Gao, 5Chuan Zhang, 2Joerg C. Neuefeind, 6Jonathan D. Poplawsky, 7Yang Ren, 2Ke An, 1Lia Amalia, 3Michael Widom, and 1Peter K. Liaw

1Department of Materials Science and Engineering, The University of Tennessee, Knoxville, TN 37996, USA
2Neutron Scattering Division, Oak Ridge National Laboratory, Oak Ridge, TN 37831, USA
3Department of Physics, Carnegie Mellon University, Pittsburgh, PA 15213, USA
4National Energy Technology Laboratory, 1450 Queen Ave SW, Albany, OR 97321, USA
5Computherm, LLC, 8401 Greenway Blvd. Suite 248, Middleton, WI 53562, USA
6Center for Nanophases Materials Sciences, Oak Ridge National Laboratory, Oak Ridge, TN 37831, USA
7Advanced Photon Source, Argonne National Laboratory, Argonne, IL 60439, USA
E-mail: pliaw@utk.edu
An introduction of high-entropy alloys will be presented. To achieve high strength at elevated temperatures, one hurdle that needs to be overcome is the materials softening due to heat. In the present work, a single-phase body-centered-cubic (bcc) CrMoNbV refractory high-entropy alloy (RHEA) with excellent high-temperature strength was designed using intrinsic material characteristics as the principles for alloy design [1]. The cause of superior strength at elevated temperatures was studied with in-situ neutron scattering, transmission-electron microscopy, and first-principles calculations. It was revealed that large atomic-size and elastic-modulus mismatches, elastic constants insensitivity to temperature, and the dominance of non-screw character of dislocations caused by solute pinning are the probable causes of strength retention at elevated temperature in CrMoNbV. This study has provided insight into understanding the materials design for elevated-temperatures applications. 
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