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Elastic and thermal properties of ZrsSiz and Zr;Ti,Si;
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Abstract: A first-principles study on elastic and thermal properties of intermetallic silicides with 16H crystal structure,
Zr5Si; and Zr3Ti,Si;, was done, using the pseudopotential plane-wave method in the framework of the density-functional
theory. The equilibrium lattice parameters of ground state at 0 K were calculated. The elastic constants, bulk modulus,
elastic modulus, shear modulus, and Poisson’s ratio were obtained. Debye temperature and Griineisen parameters were
calculated from elastic constants. The anisotropic coefficients of thermal expansion (CTE) for a and ¢ axes of ZrsSi; and
Zr3Ti,Si; were calculated based on Debye-Griineisen model. For ZrsSi; (at high temperature), they are 8 X 10% and 15X
1075, respectively; for Zr;Ti,Sis (at high temperature), they are 11X 107® and 13 X 1075, respectively. The results are in
agreement with available experimental data. According to the calculated directional bulk modulus, directional elastic
modulus and overlap population, the cause of different anisotropic CTE in these two systems was discussed.
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Fig.1 Schematic representation of MsSi; silicides with D8g

structure
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Table 1 Lattice parameters of ZrsSi; and Zr3Ti,Si3
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Table 2 Overlap populations for ZrsSis and Zr3Ti,Sis

Compound Bond Population  Bond length/nm
Zr—Zr —-0.18 0.275
ersi3
Si—Zr 0.39 0.270
Ti—Ti 0.05 0.261
Zr3TiZSi3
Si—Zr 0.39 0.269
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Table 3 Elastic constants of ZrsSi; and Zr;Ti,S1; (GPa)

Compound a/nm c/nm x(Zr) x(Si)
Zr5Si; 0.7893 05504 02543 0.6106
ZrsSis"! 07932  0.5534 — —
Zr;T1,S15 0.7673 05217 02502  0.6007

Z1;TipSi; P! 0.7734  0.5327 — —
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Compound Cyy Cpp Ci Cs3 Cuy Ces

Zr15Si; 269 90.3 58.8 246 81.2 89.6
Zr;Ti,Si; - 316 106 54.5 306 88.0 105
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Table 4 Elastic properties of ZrsSi; and Zr;Ti,Si;

Compound  K/GPa G/GPa E/GPa v
Zr5Sis 133 88.4 217 0.227
Zr3Ti,Si3 151 103 252 0.223
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