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Abstract: The NiCoV face-centered cubic (FCC) single-phase medium-entropy alloy exhibits outstanding strength and
ductility, making it a highly promising structural material. In this study, a NiCoV alloy was prepared using spark plasma
sintering (SPS) technology, which is renowned for its rapid heating, low sintering temperature, and high product density,
making it particularly suitable for the rapid fabrication of high-performance alloys with fine grains. By ball-milling the
powder, porosity defects are eliminated in the alloy preparation process. During subsequent hot rolling, the hard phases
distributed along the grain boundaries in the alloy are redistributed, forming a composite microstructure with abundant
dislocation substructures, nanotwins, and uniformly distributed hard phases. This structure is distinct from the uniform FCC
single-phase structure of NiCoV alloys produced by traditional casting methods. The composite microstructure generated by
the SPS process combined with hot rolling, through the synergistic strengthening effect of dislocations, precipitates,
nanotwins, and grain boundaries, results in achieving a yield strength of 1 360 MPa and a tensile strength of 1 593
MPa, while maintaining a uniform elongation rate of 18.7%, thus realizing excellent strength-ductility matching. This study
not only optimizes the microstructure and mechanical properties of NiCoV alloys but also provides a new approach for the
preparation of high-performance medium-entropy alloys.
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Tab.1 Mechanical properties of the NBM, BM, BM-HR
and as—cast NiCoV samples

Samples YS/MPa U.EL/% UTS/MPa T.EL/%
NBM 820+5 21.8+2.3 11439 22.4+1.5
BM 1081+11 15.9+1.4 1370+8 16.1+0.3
BM-HR 1360+10 18.7+0.8 1593+12 22.3+2
Cast-NiCoV®! 767 40 1221 46
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Fig.1 Mechanical properties of the SPS NiCoV samples: (a) engineering stress-strain curves of the NBM, BM and BM-HR samples,
(b) mechanical properties of the NBM, BM and BM-HR samples compared with those of other HEAs'**!
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Fig.2 XRD patterns of the the SPS NiCoV samples
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%1 3 NiCoV # it 4 A B SR 14« (a) NBM A it , (b) NBM # il fLA2 534, (c) BM # i, (d) BM-HR # s
Fig.3 Metallographic images of the NiCoV samples: (a) NBM sample, (b) pore size distribution of the NBM sample, (c) BM sample,
(d) BM-HR sample

¥ 4 NBM ,BM 5 BM-HR #£ it EBSD 5 SEM %54 . (ai~c)) IPF &, (ay~c,) SEM &l , (as~cs) fb i R~ 70 A G it
Fig.4 EBSD IPF and SEM images of the NBM, BM, BM-HR samples: (a,~c,) IPF maps, (ay~c,) SEM images, (a;~c;) grain size
distributions
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Fig.5 EBSD phase and boundary maps showing the distribution of grain boundaries and twin boundaries in the NBM, BM and BM-HR
samples: (a) NBM sample, (b) BM sample, (c) BM-HR sample
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Fig.6 NBM ,BM and BM-HR samples: (a;~c,) SEM images, (a,~c,) size distribution of the precipitates
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Fig.7 TEM images of BM-HR sample: (a~b) BF images of different areas, (c) SAED patterns of the corresponding area P1 in (a),
(d) HAADF image of the precipitate and EDS maps of V, Co, Ni and O
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Fig.8 Schematic illustration of the microstructural evolution of the NBM, BM and BM-HR samples
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