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Abstract: CrCoNi-based medium-entropy alloys have garnered substantial research attention as high-
performance metallic materials, owing to their exceptional synergy between strength and toughness. This
review provides a systematic overview of the core strengthening-toughening mechanisms and pivotal
performance-regulation strategies. At the atomic scale, chemical short-range order (CSRO) promotes the
formation of locally ordered clusters, which impede dislocation motion. Moreover, the dynamic evolution
of CSRO interacts with stacking fault energy, facilitating the generation of stacking faults and deformation
twins. On the nanoscale, a three-dimensional twin network not only restricts dislocation glide but also
provides channels for slip. Additionally, the introduction of nanoscale precipitates modifies the dominant
deformation mechanism, enabling the simultaneous enhancement of strength and ductility. Further research
reveals that precise control over heat treatment, additive manufacturing, and plastic deformation processes
can effectively tailor strengthening phases and gradient structures, thereby improving mechanical
properties. The alloy demonstrates a distinct advantage at cryogenic temperatures, where multiple
deformation mechanisms are activated, resulting in the concurrent enhancement of strength and toughness.
Future research endeavors should concentrate on elucidating the dominant mechanisms at room temperature
and enhancing environmental adaptability to facilitate engineering applications.
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Fig.1 Correlation between mechanical behavior and chemical short-range order in single-crystal CrCoNi alloy
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(a), (b)tensile stress-strain curves along [ 110] and [ 111] orientations; (¢) , (d)variation of CSRO parameters with strain along[ 110] and

[111] orientations; (e)ultimate strength vs. Co-Cr interaction parameter
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(e)Warren-Cowley parameters evolution of nearest-neighbor shell
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Fig.3 Defect and atomic structure evolution in CrCoNi MEA during room-temperature tension
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(a)stress-strain curve; (b)defect density evolution; (¢)atomic structure characterization; (d )local defect evolution
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(a)multiple slip systems activated by grain boundary ; (b)nano-twins emitted from grain boundary
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Fig.5 Twinning dominant deformation mode in the CoCrNi MEA

(a)BF TEM after 2% deformation; (b)BF TEM after 40% deformation; (¢)DF TEM after 40% deformation; (d ) HRTEM after 40% deformation
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