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Fig.1 Schematics of the improved SHPB technique and the obtained

waveform.
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Fig.2 Pore morphologies of porous CoCrNi MEA: (a)macro pore;

(b)micro pore; (c)single pore; (d)sintered neck
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Fig.3 EDS results at high magnification of porous CoCrNi MEA
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Fig.4 XRD patterns of solid CoCrNi MEA and porous CoCrNi MEA
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Fig.5 Stress-strain curves of porous CoCrNi MEA (porosity=70.8%)
at different strain rates: The strain rates for (a), (b), and (c) are
200s71,500s™!, and 800s™!, respectively; (d)Comparison of the

first three with quasi-static compression.
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Tablel Relationship among elastic modulus, yield strength and

porosity of porous CoCrNi MEA

Porosity/% Yield strength/MPa  Elastic modulus/GPa
60.6 (500s™) 433 2.38
68.6 (500s1) 31.1 2.12
77.6 (500 s1) 17.4 0.70
69.0 (107s1) 24.8 0.49
78.0 (1073s1) 13.9 0.36
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Fig.6 Stress-strain curves of porous CoCrNi MEA (strain rate 500s™)
with different porosity: The porosity values for (a), (b), and (c)
are 60.6%, 68.6%, and 77.6%, respectively; (d)Comparison of

the first three with quasi-static compression.
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Fig.7 Energy absorption related curves of porous CoCrNi MEA with
different porosities: (a)Energy absorption curves; (b)ldeal

energy absorption efficiency curve.
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Table2 ‘Platform stress’ and energy absorption values of porous

CoCrNi MEA
. Platform Energy absorption/
L stress/MPa g]}\//lJ -m'gp
60.6 (500s") 64.3 354
68.6 (500s™") 51.1 30.2
77.6 (500s) 334 14.5
69.0 (1073s1) 424 26.5
78.0 (1073s1) 214 13.6
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Study on Dynamic Mechanical Behavior and Low Temperature Mechanical
Properties of Porous CoCrNi Medium-Entropy Alloy

Wei Lai!, Wang Xiaohua!, LiulJie!, 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 MEA with porosity of 60.6% -78.1% and pore size of 1.8 -2.4mm were prepared by powder sintering-dissolution
method. 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 500s™ strain rate. The yield strength increases by 52.8% (22.9


https://www.sciencedirect.com/science/article/pii/S0921509311009622?via%3Dihub
http://www.rmme.ac.cn/rmme/article/abstract/20230273?st=search
https://kns.cnki.net/kcms2/article/abstract?v=qKY3Y0De9e5ZYQYeaua9rE25XvNWtYM5eoVf0-6JugyDzmNU9pjStm_UTy4S9Nwtgq4QyXmynsXsvo2fTQKV_gkEkcKYE_2ppEISscUnd0Dj5Nja82MzWapLIX9wndGy699VEwWo4h2Cx1KaNPnf7tsfLDvLVamoMxrhE7QQE8hIZuSWiVN_-xDT3LrWJRWxuRQ-dojuj_A4ktRpqQh9ZUJMIZRwVU7H&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=qKY3Y0De9e5ZYQYeaua9rE25XvNWtYM5eoVf0-6JugyDzmNU9pjStm_UTy4S9Nwtgq4QyXmynsXsvo2fTQKV_gkEkcKYE_2ppEISscUnd0Dj5Nja82MzWapLIX9wndGy699VEwWo4h2Cx1KaNPnf7tsfLDvLVamoMxrhE7QQE8hIZuSWiVN_-xDT3LrWJRWxuRQ-dojuj_A4ktRpqQh9ZUJMIZRwVU7H&uniplatform=NZKPT&language=CHS
https://www.sciencedirect.com/science/article/pii/S0925838819316330?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0925838819316330?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0924013610003171?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0924013610003171?via%3Dihub
https://kns.cnki.net/kcms2/article/abstract?v=qKY3Y0De9e6UZDa3DS24eTRfGu3OXtKhZo9z5BJN92fRtKDkISVVtTAjtAT4t5oU2O_FnAMan1_2BrONjCdJqi2WHyGmH6vJzRk2Y9L0lP5Q2q6uZ7TsdDBoLbs21DN-YSEsVkn7UfNxyKvGEYaMiXAJ8Jm6CJJK6O5j7hOWCgAUkGRsleEkd61w3uojh6BBZnX5gHduMuKOYdJS62yi12uDx4DKalVt&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=qKY3Y0De9e6UZDa3DS24eTRfGu3OXtKhZo9z5BJN92fRtKDkISVVtTAjtAT4t5oU2O_FnAMan1_2BrONjCdJqi2WHyGmH6vJzRk2Y9L0lP5Q2q6uZ7TsdDBoLbs21DN-YSEsVkn7UfNxyKvGEYaMiXAJ8Jm6CJJK6O5j7hOWCgAUkGRsleEkd61w3uojh6BBZnX5gHduMuKOYdJS62yi12uDx4DKalVt&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=0iq8nzQYh5TXiSMha9NkUBVCzz7WmXwvzqEVYKr603VzYO8l_yXhYWwknxis68wQT4t7ujM-hldPrFwhXinnXU9hoL_wzFHsyKQGfiqW-XLjc2tuSQ7ZELn0kfyoAgi10DAwihmilRXltghWZ7j2TKTPczwlqW95jqEg6iGiDAeK5Y6Z32chYYFRXwAb0VbJcUsf8KUr92w7rBiL4JlhPA==&uniplatform=NZKPT
http://www.rmme.ac.cn/rmme/article/abstract/20210566?st=search
https://link.springer.com/article/10.1007/S40843-023-2578-5?utm_source=cnki&utm_medium=affiliate&utm_content=meta&utm_campaign=DDCN_1_GL01_metadata
https://kns.cnki.net/kcms2/article/abstract?v=0iq8nzQYh5Tr3PKZBomANyzU7AVIGUCp18jdVBxzrnIZqhiYt9FzLhrQLlCWG2Nj6nCFk_JsJ_KWXygUsrPDGCztPk60xQUeIn7hCeuskuJP0dRZjI1SnU67dB3Y-K5xdpL2Odxt07L5tmiu9nyREAAtaw_AsBmFTqMzGL_D7BCrAw4fOcidvTFYZzCft8rvk-lHHogOKFPhxotgdP4U-A==&uniplatform=NZKPT
http://www.rmme.ac.cn/rmme/article/abstract/20210133?st=search
http://www.rmme.ac.cn/rmme/article/abstract/20210133?st=search
https://www.sciencedirect.com/science/article/pii/S0921509321006948
https://www.sciencedirect.com/science/article/pii/S0921509321006948
https://kns.cnki.net/kcms2/article/abstract?v=0iq8nzQYh5QJ1HIQfXBFk6zSE87pioE1UOdyqFyWVHwErxKy-Z_GHAuLnwaS2CmMKsTSRQgyPxyOBzzed7qT68aOkJaToM9T9p8lWRWJiRbVAAgR0db0RwDXLT6h4n8wcZJCNqzH2gRZA5lGmhH2g3a0d_4lZ-Thdn25wdnRpM7cHlB0418Av1txRYIr4WiVnkfbpzwxE5MhpdRXsizy_A==&uniplatform=NZKPT
https://www.sciencedirect.com/science/article/pii/S2214860420308137?via%3Dihub
https://kns.cnki.net/kcms2/article/abstract?v=0iq8nzQYh5SKcGOe3tXsjiOlWaeyiTgqxKVLS482NxSX0B56-Mqk1zls2gZtjlaZCpzFTwqgOzxf6yRzTOdwRksk1rbrrsht_5FY6wg6CFglC-jVLlmRntaWz_FgerC07VLoxhYL9_a8Hgw_tw5rhr4Iq_xlhSSCVKoq45M1RWZKfyZDRov2Rg7vhNe0a6ZwRG8CihKepg1xcZvH5YkvLw==&uniplatform=NZKPT
https://kns.cnki.net/kcms2/article/abstract?v=0iq8nzQYh5SKcGOe3tXsjiOlWaeyiTgqxKVLS482NxSX0B56-Mqk1zls2gZtjlaZCpzFTwqgOzxf6yRzTOdwRksk1rbrrsht_5FY6wg6CFglC-jVLlmRntaWz_FgerC07VLoxhYL9_a8Hgw_tw5rhr4Iq_xlhSSCVKoq45M1RWZKfyZDRov2Rg7vhNe0a6ZwRG8CihKepg1xcZvH5YkvLw==&uniplatform=NZKPT
https://kns.cnki.net/kcms2/article/abstract?v=0iq8nzQYh5Sq1XTIDc7GONhgPa06xB3ATVkQu_IoJjaQ0gZC3Wg6nwT-mrAoEe86xqdCeaUOGFORPiiuIhDCl_BRbTe-31D0HwE5QvuQhoH369ZTtbEHQq8BvcgRDjWhHaG3hVnAUOAfOomW1qS4FaEjEIOU_P889nRwypXtBs5E_ARpJ4-b5A9njgvuprSq-w_RrAMN3XU=&uniplatform=NZKPT
https://www.sciencedirect.com/science/article/pii/S1003632611607358
https://www.sciencedirect.com/science/article/pii/S1003632611607358
https://kns.cnki.net/kcms2/article/abstract?v=0iq8nzQYh5SeVhj4IW8AZ47Fi_YatEEeRpKhaubi-OKkzD7YpTMAvclv85CGVNVnIDc_b02nIR-K6uRm1nfUll2UPKNYRbnxF7Kt4FkqOTnHfbgdGls8pV34HnxlohVjHuD5hbyRJ3KHZHj6BLPJAeRQEPQ8Nqh6Fl5xmwqNzKU47bYOFpgRNxrr-O1HLkhcR8W5Yuf16BI=&uniplatform=NZKPT
http://www.rmme.ac.cn/rmme/article/abstract/20230087?st=search
https://kns.cnki.net/kcms2/article/abstract?v=0iq8nzQYh5SiEHHmvlRqmcEnmPV_ZPq56J1fMzyoelWLRz8XpTQYkOd0h5QWtHGaOsbRb_3Jw_wI7KFws_fO7OknZJfu_nCWKoqVwq-w1GoRwJU78-7LZLzeFpfC4cHkWdra1v5yq3dMUIWzP1KMTdwwdejtdIlpRBH0TsqX2K8cACQR_FFE1--hAtzE6jIFLmwmnVt4eOKaE2ZyHI-W0A==&uniplatform=NZKPT
https://4spepublications.onlinelibrary.wiley.com/doi/10.1002/pen.760211505
https://kns.cnki.net/kcms2/article/abstract?v=0iq8nzQYh5QNgYseNUzRijx4b6rzET3pY3yiusnusRO-OJNH-d9Qpkjd19mzWxQgKlaUTcbtS9N2dqDAlfroe0IYbBX_byPG7NV9OAnOj4Ko1fO7_1zuRO4pzIt147EumdVSoP1zkOrC21TB8voHTMAXIdKe69vb1gMYa1lB4EKErbJ_6Y2sadFxyTxcx09Pzlj3RvQrLmh65bwOVIp6QQ==&uniplatform=NZKPT
https://www.sciencedirect.com/science/article/pii/S0921509321013745?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0921509321013745?via%3Dihub
https://kns.cnki.net/kcms2/article/abstract?v=0iq8nzQYh5SaECfAuyJ2ioI6cImUFby_6mBO4jmKLbAen51YLsNkccVb0S3c68vxHV_1GMJXpFadW9chfADdCJFbcED8XJmkhjHdo6sqRZOuJVlhxE_YR09bmhJJUzFS-4RBXdg-W_CtSEX6KNpVw2-Qf0JlMjeRMHOwrCOa7AjdD2toyb4DbZXoo2hLMXNOKD9qQYnQznoKrd_3pxccIg==&uniplatform=NZKPT

'8 Bt R 5 TR p—

MPa to 35.0MPa) with the increase of strain rate from 200s”' to 800s'. The dynamic yield strength increases by 25% compared with the
quasi-static yield strength. The energy absorption value reaches 35.4 ~14.5MJ/m? (6.6% ~ 14.0% higher than the quasi-static), 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 room temperature. The energy absorption value is
41.3 ~15.2MJ/m?, which is twice that of magnesium alloy foam, and the maximum ideal energy absorption efficiency remains 0.8. In summary, the
porous CoCrNi MEA has both dynamic strengthening and low-temperature strengthening characteristics, and 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; mechanical property; energy absorption characteristic; strain rate; low temperature
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