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Fig.1 Crystal structure of Mgi7Al1; (2), AlLY (b) and Al,Ca (c)

phases
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Table 1 Crystal structure parameters of Mgi7Al12, Al,Y
and Al,Ca phases

Structure O Atom coordinates
Phase number Group (No.) Atom
type in cell y z

MgisAl, Al2 58 1-43M (217) Mg(l) 0 0 0
Mg(I1) 0.328 0.328 0.328
Mg(111) 0.356 0.356 0.040

Al 0.0900.0900.274

AlLY C15 24 FD-3M (227) Y 0 0 0
Al 0.6250.625 0.625
Al;Ca C15 24 FD-3M (227) Ca 0.1250.1250.125

Al 05 05 05

F 2 MgyAl. ALY 1 Al,Ca 89 T8 & 4% 5 BRI B
Table 2 Lattice constants and heats of formation of Mgi7Al1,,
Al,Y and Al,Ca phases
Lattice constant/nm
Phase Present Ref. Exp.

Heat of formation/kJ mol™

Present Cal.
a a a
Mgi7Al, 1.056 1.05509 1,054  _3.024 -3.2808
ALY 0.788 0.7861% 0.787%  _56.734 —52.3214
Al,Ca 0.802 0.789"% 0.802P%%  _35.989 -35.70%
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Fig.2 Cohesive energy of Mgi7Al12, Al.Ca and Al,Y phases
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Fig.3 Gibbs free energy of one atom for Mg;7Al;,, Al,Ca and

AlLY phases at different temperatures
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Fig.4 Density of state of Mgi7Al;2 (a), AlLY (b) and Al,Ca (c),
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R PR R T AT 0.213; X ALY, i
Y s AL R PR AR T A S, AR R R A e A
BORZh 1.00, KRB EREVIR A4 N
0.167; XI Al,Ca, 1 Ca Jii-[n Al Jgir /=4 T fifai%
B, hRhEBBa KL 1.84, KRTHBET
5 AT B2 0.307. KW 3 Fh a4k A b
FHEAE NSRBI . Al,Cas Mgy7Al, T ALY .
B 3 MréE A Y% S Mulliken H 5 48 201
BT, ALY 25 5 A8 e 1) IR D8 32 2008 T
R RAFAE S ZL I SE M BEVE T, 10 AlCa g5 f e R T

%3 MgpAlias ALY # AlCa 89 Mulliken BF & #E 5]
Table 3 Mulliken electronic populations in Mgi7Al12, ALY

and Al,Ca
Population
Phase  Species S ) q Total Charge/electron
Mgi;Al;,  Mg(l) 0.77 6.50 0.00 7.27 0.73
Mg(ll) 0.79 6.69 0.00 7.48 0.52
Mg(lll) 0.78 6.94 0.00 7.72 0.28
Al 128 2.23 0.00 351 -0.51
ALY Al 1.10 2.15 0.00 3.25 -0.25
Y 2.28 6.30 1.92 10.50 0.50
Al,Ca Al 120 2.26 0.00 3.46 —0.46
Ca 221 599 0.88 9.08 0.92
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(R G A V[ AU () B ) L W 7 -
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B=(C,+2C,)/3 (4)

G=(3C, +C,-C,)/5 (5)

v=(E-2G)/2G (6)
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Table 4 Calculated elastic constants (GPa) of Mgi17Al12,
Al,Y and Al,Ca phases

Elastic constants/GPa

Phase
Cu Cp Cis Cas Cas Ces

Present 90.93 24.13 - - 28.68
Mgi7Al 12 18

cal.l’® 8986 2721 - - 3332

Present 163.14 33.42 - - 55.89
ALY

cal.”¥ 17166 32.74 - - 54.08

Present 113.55 27.12 - - 4154
AIZCa

cal.”m 1259 308 - - 43.5
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Table 5 Moduli of Mgi7Al12, AlLY and Al,Ca derived by this
work from elastic constants
Modulus/GPa
Phase G/B C11—Ci2
B G E
Present 46.40 30.57 75.19 0.659 66.80 0.230
cal.’® 4810 32.49 79.62 0.676 62.65 0.226
Present 76.66 59.48 141.77 0.776 129.72 0.192
Cal.’!! 79.05 60.23 144.09 0.762 138.92 0.196
Present 55.93 42.21 101.19 0.755 86.43 0.199

Al,Ca -
cal.”’ 62.49 4512 113.85 0.7220 95.1 0.196
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Ratio, v
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Fig.5 Values of C1;—Ci2 and Young’s modulus (E) for Mgi7Al 12,
AlY and Al,Ca phases
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First-Principles Study of Structural Stabilities and Elastic Properties
of Mgy7Al,, AlLY and Al,Ca Phases

Yang Xiaomin®, Hou Hua®, Zhao Yuhong®, Yang Ling*, Han Peide?
(1. North University of China, Taiyuan 030051, China)
(2. Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: Structural stabilities, elastic properties and electronic structures of Mgi7Al12, Al,Y and Al,Ca phases have been determined by
Castep and Dmol program based on the density functional theory. The calculated heats of formation and cohesive energies show that Al,Y
has the strongest alloying ability as well as the highest structural stability. The calculations of thermodynamic properties display that the
Gibbs free energy of Al,Y is always the smallest and it has the highest stability within 298~573 K. The next is Al,Ca, and the last one is
Mgi7Al2. Y and Ca addition to the Mg-Al alloys can improve the heat resistance. The calculated elastic constants reveal that Mgi7Al12,
ALY and Al,Ca are all brittle, and among the three phases Mgi7Ali, is a phase with the best plasticity. The results of elastic constant
calculation predict that Al,Y has the highest melting temperature and the best structural stability. The calculations of the density of states
(DOS) and Mulliken electronic populations indicate that the highest structural stability of Al,Y attributes to more covalent bonds below
Fermi level compared with those of Mgi7Al1; and Al,Ca phases.
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