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Fig.1 XRD patterns of Co, Cr, Ni powder milled for different time
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powder milled for different time
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Fig.2 SEM morphologies of CoCrNi milled for different time: (a) 10 min, (b) 10 h, (c) 20 h, (d) 25 h, (e) 30 h, (f) 40 h, and (g) 50 h;

(h) annealed after 25 h milling
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Table 2 Statistics of particle size of powder milled for different

time

Time/h 10 20 25 30 40 50

Size/um 5.4~41.2 2.5~43.2 0.7~28.0 0.7~35.2 0.5~21.7 0.3~14.6
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Fig.3 SEM morphology (a) and EDS element mappings of Co (b), Cr (c) and Ni (d) for MA25 h CoCrNi
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Fig.4 XRD patterns of CoCrNi bulk by different sintering
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Fig.5 BSE images and EDS composition analysis of sintered bodies by different sintering methods: (a) vacuum sintering,

(b) annealing sintering, and (c) SPS
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Table 3 Mechanical properties of blocks with different sintering processes
Elastic modulus/ . Yield Compressive  Elongation/ Hardness, . 3
Process GPa Porosity/% strength/MPa strength/MPa % HV/MPa Density/g <m

SPS 12.17 4.66 793.72 2772 61.08 3910.2 7.8620

Vacuum sintering 4.25 20.37 285.23 651 27.08 1205.4 6.5671
Annealing sintering 6.57 31.04 279.28 932 35.97 1662.08 5.6877

MA+SPS 112 652 25.9
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Compressive stress-strain curves of CoCrNi bulk obtained

by different sintering processes
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Fig.7 Relationships between mechanical properties and porosity of three CoCrNi medium entropy alloys
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Effect of Sintering Methods on Microstructure and Mechanical Properties of CoCrNi
Medium Entropy Alloy

Zhang Chao’, Liu Jie?, Wang Xiaohua?®, Ma Shengguo®, Wang Zhihua®
(1. College of Mechanical and Vehicle Engineering, Taiyuan University of Technology, Taiyuan 030024, China)
(2. College of Aeronautics and Astronautics, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: CoCrNi medium entropy alloy raw material powder was prepared by mechanical alloying ball milling, in combination with
spark plasma sintering or high vacuum sintering to prepare CoCrNi medium entropy alloy. The effects of milling time and annealing on the
morphology, particle size and phase structure of CoCrNi medium entropy alloy powder were studied. The microstructure and mechanical
properties of the alloy blocks prepared by different sintering methods were studied. The results show that with the extension of milling
time, the particle size of each elemental powder decreases and gradually merges. After milling for 25 h, the raw powder is mainly fcc solid
solution structure, with a small amount of bcc phase. In the subsequent sintering process, a small amount of bcc phase changes, and only
fcc phase structure exists in the structure. The elastic modulus of the annealed sample is 6.57 GPa, which is 1.55 times of that of the
vacuum sintered sample. The yield strength of the annealed sample is 279.28 MPa, which is equivalent to that of the vacuum sintered
sample. The elongation of the annealed sample is 35.97%, which is significantly higher than that of the direct vacuum sintered sample. The
SPS sintered bulk alloy has a yield strength of 793.72 MPa, a plastic strain of 61.08%, and a Vickers hardness of 3910.2 MPa. Compared
with the other two sintering methods, SPS has more potential in realizing rapid low temperature sintering of HEAs.
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