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(1. School of Materials Science and Engineering, Beijing Institute of Technology, Beijing 100081, China; 2. National Key
Laboratory of Science and Technology on Materials Under Shock and Impact, Beijing 100081, China; 3. Tangshan Research
Institute, Beijing Institute of Technology, Tangshan 063000, Hebei, China; 4. Materials Intelligent Innovation Laboratory, Beijing
Institute of Technology, ZHUHAI, Zhuhai 519088, Guangdong, China)

Abstract: High-temperature high-entropy alloys(HEAs) show potential to surpass traditional Ni-based alloys through multi-
principal element synergy and microstructural regulation. This review systematically examines three systems: high-entropy
superalloys(HESAs) , refractory HEAs(RHEAs) and refractory high-entropy superalloys(RSAs) . HESAs emulate the y/y’" dual-
phase structure of Ni-based alloys, achieving comparable strength at 800-1000 °C. RHEAs utilize refractory elements to form high-
melting-point solid solutions with superior performance above 1200 °C. RSAs innovate with BCC/B2 nanobasket structures,
outperforming Ni-based alloys across 25-1200 “C. Current challenges include poor room-temperature ductility, oxidation resistance
and phase stability, demanding breakthroughs in multi-scale microstructure control, dynamic phase transformation mechanisms and
high-throughput design. Future directions prioritize multi-objective composition optimization, advanced processing, cross-scale
characterization, and service-condition evaluation systems to guide extreme-environment applications like aeroengine components
and nuclear reactors, efc.

Key words: high-temperature high entropy alloy; high entropy superalloy; refractory high entropy alloy; refractory high entropy

superalloy; composition design; microstructure; mechanical property
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Fig. 1 Classification of high-temperature high-entropy alloys
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Table 1 Comparison of three types of high-entropy high-temperature alloys
. . Strengthening .
Alloy Representative constitute mechanism Phase structure Mechanical property Challenge
HESAs Al, Co, Cr, Fe, Ni Precipitation ~ y+ v’ Tensile ductility at 25 C: >25%; Phase stability
strengthening yield strength at 800 °C: >600 MPa
RHEAs Ti, V, Cr, Zr, Nb, Mo, Hf, solid solution =~ BCC, Laves, Tensile ductility at 25 “C: 1%-50%; Oxidation, phase
Ta, W, Al, Si strengthening  Silicide, efc. yield strength at 1000 °C: 100- stability
1000 MPa
RSAs Al, Mo, Nb, Ta, Ti, Zr, V.  Precipitation = BCC+B2 Compressive ductility at 25 C: 5%- Ductile deformation

strengthening

60%; yield strength at 1000 °C:
400-1000 MPa

capacity, phase
stability
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Fig. 2 Comparison of yield strength (a) and specific yield strength (b) of CoCrFeMnNi,

HESAs, and nickel-based superalloys at different temperatures
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" (2)-(¢)BSE images and corresponding EBSD maps

of TiVNbTaSi , alloys after hot-rolling at 85% reduction; (d)-(f)TEM images and ASED images of nano-precipitated silicides in
HR85; (g), (h)typical stress-strain curves and tensile properties of TiVNbTaSi, , in as-cast and hot-rolled states
(inserts are fracture morphologies of as-cast TiVNbTaSi, ;, HR85 and as-cast TiVNbTa samples )
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Fig. 4 Mechanical properties of RHEAs

(a), (b)comparison of yield strength and specific yield strength of single-phase

RHEAs, multiphase RHEAs, Inconel 718, and Mar-M-247 at different temperatures[27’46’52'53’58’65"72]; (¢)steady-state creep rate of
NbysTa,sTi;sHf| 5 as a function of creep stress in vacuum and argon at 1173 K[m; (d)comparison of steady-state creep rates of
4515 11155 p

NbysTa,sTi;sHf}5, high-entropy alloys and CMSX-4 alloy
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Fig. 5 Microstructures and mechanical properties of AIMo, sNbTa, sTiZr
[001] zone axis, with FFT images corresponding to the phase indicated by the arrow

(a), (b)STEM-HAADF images along the BCC/B2
“: (¢), (d)unfiltered and FFT-filtered

STEM-HAADF images, respectively, resolving atomic columns parallel to the [011] zone axis of the B2 phase'"”’; (), (f)com-
parison of yield strength and specific yield strength, respectively, of AIMo,sNbTa, sTiZr and three nickel-based superalloys
(Inconel 718, Mar-M-247, Haynes230) at different temperatures[m
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Fig. 6 Microstructures near the fracture surface of HT600 tensile specimen tested at 1000 °C
surface of HT600 tensile specimen tested at 1000 °C [105]; (b)-(e)Burgers vectors of dislocations determined by g + b analysis[
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