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Fig.1 Schematic diagram of the improved SHPB technique
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Fig.2 Morphologies of pore of porous CoCrNi MEA: (a) macro-pore, (b) micro-pore, (c) single pore, and (d) sintered neck
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Fig.3 EDS element mapping of porous CoCrNi MEA at high magnification
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Fig.4 XRD patterns of solid and porous CoCrNi MEAs
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Fig.5 Stress-strain curves of porous CoCrNi MEA (porosity=70.8%) at the strain rate of 200 s (a), 500 s (b), and 800 s™' (c); comparison between

dynamic and quasi-static compression tests under fixed porosity of 70.8% (d)
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Fig.6 Stress-strain curves of porous CoCrNi MEA (strain rate=500 s') with the porosity of 60.6% (a), 68.6% (b), and 77.6% (c); comparison

between dynamic and quasi-static compression tests (d)
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Table 1 Relationship among elastic modulus, yield strength and porosity of porous CoCrNi MEA

Porosity/% Yield strength/MPa Elastic modulus/GPa
60.6 (500 s™) 433 2.38
68.6 (500 s™) 31.1 2.12
77.6 (500 s™) 17.4 0.70
69.0 (10°s™) 24.8 0.49
78.0 (107 s™) 13.9 0.36
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Fig.7 Energy absorption related curves of porous CoCrNi MEA with different porosities: (a) energy absorption curves and (b) ideal energy

absorption efficiency curves
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Table 2 Platform stress and energy absorption values of porous CoCrNi MEA

Porosity/% Platform stress/MPa Energy absorption/MJ-m
60.6 (500 s 64.3 354
68.6 (500s™) 51.1 30.2
77.6 (500s™) 334 14.5
69.0 (107°s™) 424 26.5
78.0 (107 s™) 21.4 13.6
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Fig.8 Stress-strain curves of porous CoCrNi MEA (at the low temperature of —100 °C) with different porosity (a); relationship among elastic

modulus, platform stress and porosity at two kinds of temperatures (b)
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Dynamic Mechanical Behavior and Low-Temperature Mechanical Properties of Porous
CoCrNi Medium-Entropy Alloy

Wei Lai', Wang Xiaohua', Liu Jie', Wang Yifei', Ma Shengguo', Wang Zhihua®
(1. College of Aeronautics and Astronautics, Taiyuan University of Technology, Taiyuan 030024, China)
(2. College of Mechanical and Vehicle Engineering, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: Porous CoCrNi medium-entropy alloy (MEA) with porosity of 60.6%—78.1% and pore size of 1.8—2.4 mm were prepared by powder
sintering-dissolution method. Results show that the pore distribution is uniform, and the metallurgical bonding is good. The dynamic compression
test results show that the material has a significant strain rate strengthening effect, and the impact resistance is the best at strain rate of 500 s™'. The
yield strength increases by 52.8% (from 22.9 MPa to 35.0 MPa) with the increase in strain rate from 200 s to 800 s . The dynamic yield strength
increases by 25% compared with the quasi-static yield strength. The energy absorption value reaches 35.4—14.5 MJ/m® (6.6%—14.0% higher than
the quasi-static result), and the maximum ideal energy absorption efficiency is close to 0.9. At the same time, under the condition of low
temperature (—100 °C), the elastic modulus and platform stress are increased by 2.4%—10.5% and 2.5%—9.8%, respectively, compared with those
at room temperature. The energy absorption value is 41.3—15.2 MJ/m®, which is twice that of magnesium alloy foam, and the maximum ideal
energy absorption efficiency is 0.8. In summary, the porous CoCrNi MEA has both dynamic strengthening and low-temperature strengthening
characteristics, and it has good energy absorption capacity and high ideal energy absorption efficiency, showing significant application potential in
the field of actual working conditions and extreme environments.

Key words: porous medium-entropy alloy (MEA); mechanical property; energy absorption characteristic; strain rate; low temperature
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