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Table 2 Comparison of elastic constant Cj;, melting point T, bulk modulus B, shear modulus G, Young’s modulus E, Vickers hardness

Hy and fracture toughness K¢ for the four metal diborides calculated by DFT with the literature results

Property parameter TiB, ZrB; NbB; TaB;
CL/GPa DFT 634.62 562.00 591.20 677.90
Theory™®® 670.9 5405 608 708.6
CLiGPa DFT 69.33 64.95 123.75 133.86
Theory®® 64 55.9 104.1 129.2
CL/GPa DFT 110.31 131.47 198.36 201.80
Theory!™ 100.9 1111 193 218.6
C./GPa DFT 439.14 43450 434,87 539.99
Theory®®! 472.9 4222 493.7 517
CulGPa DFT 243.41 250.02 205.92 253.06
Theory®® 266.6 256~281 220.3 236.6
DFT 2916.58 2691.94 2779.92 3197.69
TrlK Exp.] 3253 3263450 3173 3423
DFT 251.93 245.60 294.47 329.61
B/GPa Theory!*"! 250.3 238.6 286.3 295.8
Exp.4 240/247 5/244 220/245 - -
DFT 245.30 228.22 197.64 243.26
G/GPa Theory*”! 260.7 231.4 210.4 191.5
Exp.[>4 255/264.3/262 225 - -
DFT 555.58 522.75 484.50 585.69
E/GPa Theoryt” 581 524.6 507 4725
Exp.[® 442 565/584.7/579 502/554/489 - 55148
DFT 4391 39.56 24.68 31.85
Hv/GPa Exp. 93943 34.3/35.5/35.1 35~36 255 25.6:4.2
" DFT 3.55 3.48 3.50 4.05
Kic/MPa m Exp.[2441 5.1441.109 35403 ; 45403
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Structural Stability and Mechanical Properties of Metal Diborides Solid Solutions
(Ti/Zr),x (Ta/Nb),B, from First-Principles

Liu Changming®, Liu Shiyu®?, Liu Yanyu', Yan Dali*, Yu Qian®, Ren Haitao®, Yu Bin’, Li Dejun*
(1. College of Physics and Materials Science, Tianjin Normal University, Tianjin 300387, China)
(2. Key Laboratory of Advanced Energy Materials Chemistry (Ministry of Education), Nankai University, Tianjin 300071, China)

Abstract: First-principles calculations with supercell (SC) method and virtual crystal approximation (VCA) method were preformed to study the
formation energy, mixing energy, lattice constant, volume, elastic constants, melting points, elastic modulus, Vickers hardness, fracture toughness
and density of states of (Ti/Zr):1x(Ta/Nb)B2(0<<x<:1) solid solutions. The formation energy results show that the structural stability of the diboride
solid solution of (Ti/Zr):.«(Ta/Nb).B, decreases with the increase of the concentration of doped atoms. The volume of Ti;«(Ta/Nb).B; increases
with the increase of the concentration of doped atoms, because the atomic radii of Ta and Nb are larger than that of Ti. While the volume of
Zr1x(Ta/Nb),B, becomes smaller, since the atomic radii of Ta and Nb are smaller than that of Zr. Moreover, the diboride solid solutions of
(Ti/Zr)1x(Ta/Nb)sB; are mechanically stable and brittle materials. In particular, Ta and Nb dopants can significantly improve the brittleness, bulk
modulus and fracture toughness of the solid solution (Ti/Zr)1.«(Ta/Nb)sB,, but reduce their Vickers hardness.
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