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advanced structural application due to their superior physical and chemical properties compared to traditional carbides.
Among these materials, (TIVNbMoW)C has garnered attention due to its outstanding mechanical properties and wear
resistance. However, previous studies on the single-phase formation process of (TiVNbMoW)C and the effect of
carbon vacancy concentration on its mechanical properties remain inadequate. In this study, TiC, VC, NbC, Mo,C,
WC, elemental W powder, and graphite powder were innovatively selected as raw materials, and (TiIVNbMoW)C,
with different carbon vacancy concentrations was successfully prepared by spark plasma hot pressing sintering
technology. Effects of carbon vacancies on phase composition, phase evolution, microstructure, and mechanical
property of the material were systematically studied. The results show that in the Ti-V-Nb-Mo-W-C system, the
carbides corresponding to Mo, Ti, Nb and V elements began to dissolve into each other at 1500 ‘C, forming
(MoTiNbV)C phase. With increase of temperature, W element gradually participates in solid solution, resulting in
densification of the material at 1700 “C, and formation of (TiIVNbMoW)C as a high entropy single phase occurs at
1800 C. The mass ratio of carbon to transition metals (C/TM) has a great influence on phase structure and
microstructure of the material. When the C/TM is 0.7, the W element cannot dissolve sufficiently to form a
single-phase structure, resulting in a composition consisting of (MoTiNbV)C and W,C phases. At a C/TM of 0.8, the
sample exhibits a single-phase (TiVNbMoW)C structure characterized by a large number of carbon vacancies. At a
C/TM of 0.9, carbon vacancies reach saturation. At a C/TM of 1.0, excessive carbon enrichment within the material
results in a decreased degree of densification. An optimal concentration of carbon vacancies is beneficial for grain
refinement and enhancement of the mechanical properties of materials. The sintered sample with a C/TM of 0.8
exhibits the highest hardness, elastic modulus and fracture toughness, demonstrating the most favorable integral
mechanical properties. Therefore, this study provides an important basis for a comprehensive understanding of
(TiVNbMoW)C, high-entropy carbides. Future research may introduce additional elements to optimize material
properties and broaden its application in high-end manufacturing and related fields.

K ey wor ds: high-entropy transition metal carbide; densification; carbon vacancy concentration; mechanical property
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Tablel Basic parametersof raw material powders

powder  sivelm PO G consantA
TiC 1 99.9 fec 433

vC 1 99.9 fee 4.18

NbC 1 99.9 fee 4.47
Mo,C 1 99.9 hep  a=3.01, c=4.74
wC 1 99.9 hep  a=2.91, ¢=2.83
w 1 99.9 bee a=3.165
Graphite 0.05 99.9
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Table2 Raw material composition of samples with different C/TM

C/TM

Mass fraction/%

TiC vC NbC Mo,C wC W Graphite
1.0 11.26 11.84 19.74 19.18 36.85 0 1.13
0.9 11.39 11.98 19.96 19.40 37.27 0 0
0.8 11.53 12.12 20.19 19.62 18.85 17.69 0
0.7 11.66 12.26 20.43 19.85 0 35.80 0
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(a) 1500 C; (b) 1600 C; (c) 1700 °C; (d) 1800 C; (e) EDS analyses of spots in Fig. (a-d). Colorful figures are available on website
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Fig. 5 BE-SEM images and EDS analyses of different C/TM samples sintered at 1800 C
(a) C/TM=1.0; (b) C/TM=0.9; (c) C/TM=0.8; (d) C/TM=0.7; (e) EDS analyses of spots in Fig. (d). Colorful figures are available on website
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Fig. 8 EBSD mappings and corresponding grain size distributions of different C/TM samples sintered at 1800 C
(a) C/TM=1.0; (b) C/TM=0.9; (¢) C/TM=0.8; (d) C/TM=0.7
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Table3 Hardness, elastic modulus and fracture toughness of different C/TM samplessintered at 1800 ‘C

Sample Hardness/GPa Elastic modulus/GPa Fracture toughness/(MPa-m'?)
1800-1.0 20.60+1.42 421.34+7.88 3.32+0.09
1800-0.9 26.98+1.51 452.86+9.33 2.87+0.10
1800-0.8 30.64+0.93 502.37+8.85 3.94+0.09
1800-0.7 28.01£1.10 490.53+5.79 3.00+0.10

B9 1800 C FEELEAR C/TM KRS & SE-SEM [f )1
Fig. 9 SE-SEM images of crack propagation of different C/TM samples sintered at 1800 C
(a) C/TM=1.0; (b) C/TM=0.9; (c) C/TM=0.8; (d) C/TM=0.7
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