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Multi-Principal Element Alloys: A Review
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Abstract: Multi-principal element alloys, characterized by high configurational entropy, lattice distortion, and synergistic
multi-element effects, break through the conventional single-principal alloy design paradigm and exhibit outstanding
strength, ductility, and corrosion resistance, making them a promising class of high-performance structural materials. This
review systematically summarizes the classification, compositional design strategies, deformation behavior, and
strengthening mechanisms of multi-principal element alloys, with particular emphasis on major approaches for enhancing
room-temperature  ductility, including metastable structure engineering, ordered oxygen complex strengthening,
heterogeneous structure design, and spinodal decomposition. The progress in corrosion resistance studies is also reviewed,
elucidating the complex coupling among alloying elements, phase constitution, and the stability of the passive film. This
review not only consolidates the latest advances in strengthening and corrosion resistance enhancement of multi-principal
element alloys but also identifies critical scientific challenges in processing, microstructural control, and service
performance.
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Fig.1 Relationships between yield strength and uniform elongation and fracture elongation for metallic materials: (a) uniform
elongation; (b) fracture elongation. The light blue shaded area encompasses elemental metals and their conventional alloy derivatives,
whereas the pink shaded area represents heterogeneous nanostructured (HN) elemental metals and their derived alloys. Representative
multi-principal element alloys demonstrating exceptional strength-ductility synergy are located within the yellow shaded region!®
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Fig.3 Relationships among phase selection, phase stability, and design parameters in MPEAs: (a) correlation between VEC and the
stability of FCC/BCC phases, symbol legend: solid symbols indicate single-phase FCC, hollow symbols indicate single-phase BCC, and
half-filled symbols represent FCC+BCC dual-phase regions; (b) influence of § and (2 on phase selection®™!”!
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Tab.1 Bo and Md values for typical elements
3d Bo Md/eV 4d Bo Md/eV 5d Bo Md/eV Other Bo Md/eV
Ti 2.790 2.447 Zr 3.086 2.934 Hf 3.110 2.975 Al 2.426 2.200
\% 2.805 1.872 Nb 3.099 2.424 Ta 3.144 2.531 Si 2.561 2.200
Cr 2.779 1.478 Mo 3.063 1.961 W 3.125 2.072 Sn 2.283 2.100
Mn 2.723 1.194 Tc 3.026 1.294 Re 3.061 1.490
Fe 2.651 0.969 Ru 2.704 0.859 Os 2.98 1.018
Co 2.529 0.807 Rh 2.736 0.561 Ir 3.168 0.677
Ni 2.412 0.714 Pd 2.208 0.347 Pt 2.252 0.146
Cu 2.114 0.567 Ag 2.094 0.196 Au 1.953 0.258
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Fig.6 Effects of second-phase formation and interstitial element solid solution on the mechanical properties of multi-principal element
alloys: (a) second-phase formation; (b) interstitial element solid solution*!”}
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Fig.7 Engineering stress-strain curves and work hardening rate/true stress-true plastic strain curves of the CoCrFeMnNi HEA at 289
and 77 K: (a, b) engineering stress-strain curves; (a;, b;) work hardening rate/true stress-true plastic strain curvest
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