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First-principles studies of crystal structure and mechanical
properties of Mg, Ti, (x=1~16) alloys
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Abstract: The design of new magnesium titanium alloy with good mechanical properties is of great signif-
icance for promoting automobile industry and solid hydrogen storage materials as well as biocomposite,
In this article, the most stable crystal structure of each component in Mg, Ti, (x=1~16) is selected
using energy as criterion based on first-principles calculation. At the same time, the structure of rela-
tively stable Mg;; Ti;, Mg, Ti,, Mg, Tij; was studied using physical quantities such as forming energy,
phonon spectrum and elastic constant. The results show that the magnesium-titanium alloy is incompati-
ble, and forms thermodynamic stable metastable structure. The increase in titanium content is beneficial
to increase the hardness and ductility of the magnesium-titanium alloy, which is consistent with experi-
mental results, but it reduces the strength of the covalent bond.
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Fig. 1 The ground state crystal structure of Mgas—., Ti,
(x=1~16) alloy

The gray and black represents magnesium atoms

Mg;Ti,;

Mg, Ti,, Mg, Ti, Mg,Ti,,

and titanium atoms, respectively.
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Tab.1 The space group, lattice parameter and formation energy of Mgs—., Ti. (x=1~16) alloys

System Space group a/A b/A ¢ /A v /A E /eV Formation energy /eV
Mgi5 Th P—6m2 6. 356 6. 356 10. 094 353.171 —29.6859 0.043 382
Mg2s Ty C2/m 11. 049 6. 276 14. 754 692. 799 —71.027 0.072 733
Mgy Tig Cm 11. 009 6.2 14. 94 680. 983 —82. 861 0. 096 516
Mg Tiy P21/m 9.938 3.015 5.57 166. 84 —23.865 6 0. 096 303
Mg Tis P3ml 6. 097 6. 097 10. 152 326. 784 —53.789 9 0. 111 221
Mg Tig Pm 10. 028 2. 965 5.42 161. 159 —30. 108 0.103 178
Mgig Tiig Cm 22.021 9. 690 2.9 614. 002 —134.726 0. 050 058
Mg Tiz P4/nmm 2.891 21 2.891 21 9.335 23 78.034 1 —18.519 2 0. 024 055
Mg, Tiig c2 10. 202 7 4.8327 14. 166 1 641. 765 3 —159. 609 4 0. 059 643
Mgz Tizo Cm 10. 455 6 5.963 14.458 5 600. 690 1 —169. 897 6 0.131 724
Mgs Tin Cm 10. 321 1 5.964 1 12.936 5 594.738 6 —184.240 9 0.077 08
Mg, Tiz P—6m2 2.958 2 2.958 2 9.702 8 73.533 08 —24.576 7 0.084 012
Mg; Tiiz P—6m2 5.9114 5.91114 9.55114 289.053 6 —104. 77 0.073 657
Mg T4 P—3ml 5.907 5 5.907 5 9. 360 4 282.899 7 —111. 318 3 0. 057 968
Mg Tiis P—6m2 5.892 7 5.892 7 9.3256 280.437 5 —118.053 2 0. 030 623

Mg P63/mmc 3.197 19 3.197 19 5. 099 45.139 1 —3.010 33 -
Ti P63/mmc 2.937 59 2.937 59 4. 649 65 34,748 3 —7.802 54 -
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Fig. 3 The phonon spectrum of Mgy; T, Mg» Ti,, Mg, Tij5 structure
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MRIE VRH L FRATE T2 A5 Voigt R# By) MIBTHIEE G (Hill 35408 G 2580 AT
#i i By, Voigt B P& Gy . Reuss R F{F & By, %% 3.
Reuss 8§ YIfE i Gy R BAR  B (Hill {R 54

3 Mg Ti, Mg, Ti;, Mg Ti; R &K Voigt {38 E By, Voigt BIYJ#E Gv, Reuss &= Br, Reuss HYIEE
Gr, 8IS B, SIYIEE G, HIKES E FiA#tE

Tab. 3 The Voigt bulk elastic modulus By, Voigt shear modulus Gy, Reuss bulk elastic modulus B, Reuss shear modulus

Gr s bulk elastic modulus B, shear modulus G, Young/s modulus E and Poisson’s ratio v of Mg; Tiy » Mg, Ti,

Mg1 Ti15 system

System Bv /GPa Gy /GPa Br /GPa Gr /GPa B /GPa G /GPa E /GPa v

Mg Tiy 42.71 27. 38 39. 27 4.13 40. 99 15.76 41.91 0. 33
Mg Tiz 86. 76 35.41 64. 21 0. 96 75. 49 18.19 50. 51 0. 39
Mg Tiis 106. 4 42. 87 106. 4 6. 81 106. 4 24. 84 69.13 0. 39
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