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Abstract: CrCoNi-based medium- or high-entropy alloys with low stacking fault energy have excellent fracture toughness
at room temperature or low temperature. Moreover, under impact conditions, the variety of deformation mechanisms
imparts excellent deformation ability to CrCoNi-based medium- or high-entropy alloys, which can be used as
impact-resistant structural materials in extreme environments. However, the dilemma of "strength-plasticity" in metallic
materials 1s still observed in CrCoNi-based medium- or high-entropy alloys, and the low yield strength limits the potential
application of CrCoNi-based medium- or high-entropy alloys. Therefore, selecting appropriate strengthening methods to
improve the yield strength of CrCoNi-based medium- or high-entropy alloys while maintaining their high plasticity has

become a hotspot in the research of high-entropy alloys at present. This article introduced the strengthening methods
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currently applied in CrCoNi-based medium- or high-entropy alloys from three aspects: solid element, lattice defects, and

phase structure. Various strengthening and toughening mechanisms, such as solid solution elements, interstitial atoms,

dislocations, twinning, phase transformations, and gradient structures, were reviewed. By learning from the deformation

mechanisms of CrCoNi-based medium- or high-entropy alloys, the different strengthening mechanisms and their impact on

the increase in mechanical properties were analysed, providing ideas for the design of high-strength and high-toughness

alloys with low stacking fault energy.
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Fig.1 The excellent fracture toughness of the CrCoNi-based alloy: (a) Ashby map of the fracture toughness, K., versus the yield
strength, o, for a broad class of materials, (b~c) EBSD quality map and inverse pole figure (IPF) map, showing the fracture path of the
crack and accompanying deformation behavior of the CrCoNi alloy at 20 K™
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Fig.2 The nanohardness of CrMnFeCoNi alloy under the condition that only one element proportion is changed and the other elements
are present in equal proportions: (a~¢) predicted and experimental nanohardness of CrMnFeCoNi1 alloys, (f) experimental values of the
nanohardness of CrMnFeCoNi alloys**
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Fig.3 Original microstructure of the CrMnFeCoNi alloy with C added at room temperature, deformation microstructure under local
strain, and mechanical properties: (a,;) electron channel contrast (ECC) image of the alloy with a carbon content of 0.2 at. % after cold
rolling and annealing, (a,~a,) deformed structure of the alloy under local strains of 10% and 120%. The red and white arrows in (a;)
indicate mechanical twins and microbands, respectively, (b;) ECC image of the partially recrystallized interstitial HEA with a nominal
carbon content of 0.8 at. % without homogenization, showing the finer grains with increasing carbon content, (b,~b;) deformation
microstructure in the annealed interstitial HEAs (non-homogenized) with a nominal carbon content of 0.8 at. %. The local strain (&)
level 1s 30%. Near the crack, large areas contain deformation twins, and carbides appear in the recrystallization area, (c¢) typical tensile
stress-strain curves of HEAs with a nominal carbon content 0of 0.8 at. % under varying processing conditions. The homogenized-+annealed
HEA has the highest strength, (d) typical tensile stress-strain curves of the homogenized and annealed HEAs with varying nominal
carbon contents. The HEA with a nominal carbon content of 0.8 at. % has the highest strength”’!
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Fig.4 Comparison of the mechanical properties between CrFeCoNiPd alloy with Pd and other CrCoNi-based high-entropy alloys:
(a) uniaxial tensile stress-strain curves measured at room temperature (293 K) and liquid nitrogen temperature (77 K) for CrFeCoNiPd
(marked as Pd HEA) and CrMnFeCoNi (marked as Mn HEA) with an average grain size of approximately 130 pm,
(b) mechanical properties of Pd HEA and Mn HEA with an average grain size of approximately 5 pm, (c) comparison of yield strength
between the CrFeCoNiPd alloy and other related HEAs, which have the pure fcc phase or combined fcc and hep phases,
(d) comparison of the atomic strain distributions between the CrFeCoNiPd and CrMnFeCoNi alloys, based on high-angle annular
dark-field images and corresponding maps of horizontal normal strain (&..), vertical normal strain (&,,) and shear strain (&,,)"*"
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