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ABSTRACT Structural stabilities, elastic properties and electronic structures of MgoSn, MgZn,
and MgCusy in ZA62 magnesium alloy have been determined from first—principles calculations by
using Castep and Dmol program based on the density functional theory. The calculated heats of
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formation and cohesive energies showed that MgsSn has the strongest alloying ability and MgCus the
highest structural stability. The calculated bulk moduli (B), anisotropy values (A4), Young’s moduli
(E), shear moduli (G) and Poisson ratio (v) showed that MgZn, and MgCusy both are ductile, on the
contrary, MgoSn is brittle, and among the three phases MgZns is a phase with the best plasticity. Their
tested melting temperatures are within the ranges calculated from elastic constants (£300 K) and bulk
moduli (£500 K), the estimated values from elastic constant have the smallest average relative error,
the calculated melting temperature of MgoSn phase is in well agreement with the experimental one and
the error relative to the experiment result is about 0.31%. MgCus has higher melting temperature, i.e.
better structural stability among the three compounds. The calculations of thermodynamic properties
show that the Gibbs free energy of MgCus is also the smallest within 298—573 K range, indicating
the structural stability of MgCus does not change with the elevated temperature. The calculations
of the density of states (DOS) and Mulliken electronic populations showed that the reason of MgCus
having highest structural stability in ZA62 magnesium alloy attributes to MgCuy phase having more

ionic bonds below Fermi level compared with those of MgsSn and MgZn, phases.
KEY WORDS magnesium alloy, intermetallics, electronic structure, structural stability,

elastic property
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Fig.1 Crystal structures of MgZns (a), Mg2Sn (b) and MgCuz (c)
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Table 1 Structure parameters of MgZng, MgoSn and MgCus

Phase  Structure = Atom number Group (No.) Atom site
type in cell

MgZns C14 12 P63/mmec(194)  +4Mg: (1/3,2/3, 2), (1/3, 2/3, 1/2-2); 2=1/16=0.062;
+2Zn(1): (0, 0, 0), (0, 0, 1/2);
+6Zn(11): (z, 2z, 1/4), (2z, —x, 1/4), (z, —z, 1/4);

2=-1/6=-0.170
Mg,Sn c1 12 Fm3m(225) +4Sn: (0, 0, 0); +8Mg: (1/4, 1/4, 1/4)
MgCus C15 24 Fd3m(227) +16Cu: (5/8, 5/8, 5/8); +8Mg: (0, 0, 0)

& 2 MgZno, Mg2Sn fl MgCus H-PHFRIEH L. GBI &hHE
Table 2 Experimental and calculated lattice constants, heats of formation and cohesive energies of MgZna, MgaSn

and MgCug
Phase Lattice constant, nm Heat of formation, kJ/mol Cohesive energy, kJ/mol
Present Exp. Cal. Present Exp. Cal. Present  Exp. Cal.
a C a C a
MgZny 0.516 0.856 0.521[5] 0.854[15] —12.95 —10.90(211 —8.00[21]  89.056 142.5012 139.60(21]
MgzSn 0.669 0.676116] 0.683[161  _24.46 —24.30[16] —20.82[16] 251.827
0.67316] —26.30[221
0.652(18]
MgCus 0.701 0.704117] 0.70717  —20.15 —11.7211 —6.91121]  311.646 284.7(21] 279.9[21]
—4.28016] 4 75[16]

—10.91[22]
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Table 3 The calculated and experimental elastic constants of
MgZna, MgaSn and MgCus

Phase  Source Elastic constant, GPa
C11 Ci2  Ci3 Cs3 Cyq
MgZns Present 91.25 85.27 23.38 198.31 24.88
MgaSn  Present  83.71 39.79 - - 21.69
Exp.[?5] 8240 2080 — - 36.60
Call¥ 7940 2220 -~ — 3340
Cal.l8]  69.80 25.90 - - 3110
MgCuz Present 129.06 83.16 - - 43.73
Cal.l26] 12500 71.70 - — 4230
Cal.l'8] 107.90 79.00 — 3460

#4 MgZng, Mg2Sn il MgCusz Y
Table 4 Moduli of the three phases derived by this work and

Ref.[18] from elastic constants

Phase Modulus, GPa G/B  Poisson Anisotropic
B G E ratio coefficient
v A
MgZns 70.71 16.124 45.5656 0.228 0.3926  8.3211
MgoSn 42.36 21.798 74.78 0.5146 0.2058  0.9877
40.5018127.4 181 67.101181 0.676518]
41.3[25134.2 [25] 80.5125] 0.828112%]
MgCuz 98.46 35.418 63.89  0.3597 0.3919  1.9054

88.6181 26.5[18] 72.30[18] 0.2991[18]
89.4[26] 36.0[26] 95.30(26] 0.4027(26]
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(7)
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x5 MgZno, MgoSn il MgCus By Mulliken H5 %
Table 5 Mulliken electronic populations in MgZna, MgaSn

and MgCus
Phase  Atom Electron orbit Transfer charge
S P d

MgZno Mg 0.52 6.46 0.00 1.02

Zn(I) 0.71 1.80 9.95 —0.46

Zn(II) 0.76 1.82 9.95 —-0.53

MgaSn Mg 0.71  6.70 0.00 0.59

Sn 1.50 3.68 0.00 —1.18

MgCus Mg 0.39 6.29 0.00 1.33

Cu 0.74 1.19 9.73 —0.66
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Hi 3 FhemEML G MAEE S Mulliken T
BT REER 0T, MgCus Zity i iy i, T2
TR RAFER Y B EE 1R, T MgoSn Z5M et
T MgZny, JEi Z i 145 LA B LR 1 AT A 25 2R

3 &g

(1) Mg2Sn A EHR A & 4L mRE 1, MgCuy 45

(2) MgZny F1 MgCuy HIEHEAH, T MgaSn Hfifitk
#, I H 3 P& @b A, MgZng [P AT

(3) 7£ 298573 K MR EEE N, MgCuy ) Gibbs
H HREIRA /D, Has R e iRy, I H gk e
{147 588 553 T 7 51 A Wi T B 1 T v A AR 7R Ak THTXE MgZing Al
MgoSn T &, LAURE 475 K RIGF, 2565ty i s
I e B 1 T v A A T AR Ak

(4) 5 MgoSn 1 MgZng #HEE, MgCus 45 ffa
S 1 JR R R R AE Fermi RV T KIS HL 117
TESRF () T .
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