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First-principles Calculations of the Physical Properties
of Ta-C Compounds
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Abstract :[Objective]Refractory metal carbides have excellent physical and chemical properties,
and which can be widely used in many fields. [Methods]The thermodynamic, mechanical and e-
lectronic properties of TaC,Ta,C,Ta,C; three intermetallics of Ta-C binary system were inves-
tigated by using the first-principles calculations based on density functional theory. [Results])
The results showed that the calculated lattice constants were in good agreement with the exper-
imental data. The calculated formation enthalpies and elastic constants were all coincide with
the other theoretical data. The modulus of elasticity TaC had the highest bulk, shear and
Young’s modulus, and it was also the most brittle. Meanwhile, the bulk, shear and Young’s
modulus of Ta,C were the smallest, and it had
the maximum ductility. The difference between
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the electronic structure and the charge density
showed that the strong hybridization between
Ta-d states and C-p states,and the bond between
Ta-C was ionic bond. By using Debye model, the
thermos-physical properties of Ta-C compounds
had been estimated with high temperature and
high pressure. With the increasing temperature,
the bulk modulus decreased and the heat capaci-
ties and the thermal expansion coefficients de-
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creased,the heat capacity changed smaller and smaller above 1 000 K, and finally approaching

the Dulong-Petit limited value. With the increasing pressure, the bulk modulus increased and

the heat capacities and thermal expansion coefficients decreased. [ConclusionJAmong the three

compounds, TaC had the largest strength and brittleness, and Ta,C had the lowest strength

and the best ductility.

Key words: first-principles calculations,elastic constants, electronic structure, thermo— physical

properties
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Table 1 The lattice constants, enthalpy of formation AH,elastic constants C; of 3 binary compounds of Ta-C system
sy Fa A B Lattice constants(A) oMk H %% Elastic constants (GPa)
i

N AH(eV/atom)
Compounds

a c Cn Ciz Cis Ciy Cas Cut
_ - 749. 7 135.2 172.7
TaC et 08 732,860 112,040 315. 47L¢]
: - 73708 14108 17508
TarC 3.119 4,955 —0.603 478. 2 171.4 147.3 —49.9 517.0 133.2
a 3. 10018] 4. 94018 —0.608] 47918] 164L8) 14908 —45L8] 50008 13308
TaiC 3. 145 30. 852 —0.617 552.5 175. 2 172. 2 —70 534.1 182.9
s 3. 12018 30. 060181 —o0. 6208 571081 1568 16908 4708 53708 17908
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Table 2 The bulk modulus B,shear modulus G, Young’s modulus E,B/G value, Poisson’s ratio ¢,sound speed, Debye temperature @

of 3 binary compounds of Ta-C system
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sion coefficient vs temperature at various pressures of TaC
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