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First principles calculation of phase stability, elastic and
thermodynamic properties of Al-Y intermetallics in Mg-Al-Y alloy

CHEN Hong-lei, LIN Li, MAO Ping-li, LIU Zheng

(School of Materials Science and Engineering, Shenyang University of Technology, Shenyang 110870, China)

Abstract: Phase stability, electronic structure, elastic and thermodynamic properties of Al,Y and AlY phases were
investigated by means of first—principles calculations based on density functional theory (DFT). The results of formation
enthalpy show that both two phases can stay stably, and Al,Y is more stable than Al;Y. Therefore, Al,Y has the priority to
precipitate in the process of alloy solidification. The calculated density of state (DOS) and the electron density difference
indicate that the phase stability of Al,Y and Al;Y is due to the strong interaction between valence electron orbits of Al and
Y atoms, forming the spd hybridization. The bonding characteristics of Al,Y and Al;Y phases are all covalent bond, ionic
bond and metallic bond. The calculated results of bulk modulus (B), shear modulus (G), elastic modulus (%), Poisson’s
ratio (v ) and anisotropic coefficient (4) show that ALY and Al;Y phases are strong, hard and isotropic. Their similar
mechanical properties contribute to their similar performance in Mg-Al-Y alloy. The phonon spectrum, phonon density of
states and Debye temperature show their good structural stability as before. High melting points of ALY and ALY

show that their strong thermal stability can improve the mechanical properties of alloy at high temperature. The

ELWH: 2013 174 RHT #2515 H (2013201018)
Igis BE: 2015-04-19; 1&iTHEA: 2015-09-21
BIEMES: M 3L, BIEER, WA i 13609824337; E-mail: linli-1969@126.com



3320 PR R AR

20154 12 A

thermodynamic properties of the two phases conform to the general laws, and the calculated free energy shows that the

stability sequence of the two phases has not changed. With the increase of temperature, the structure stability of ALY is

still better than that of Al;Y.

Key words: Mg-Al-Y alloy; first principles calculation; phase stability; electronic structure; elastic property;

thermodynamic property
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Fig. 1 Crystal structure models of Al,Y(a) and Al;Y(b)
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Table 1 Crystal structure parameters of ALY and Al;Y

Atom
Phase nur.nb.e.r in  Space Pea}rson Atom site
primitive group sign
cell
Fd3m Al: (0.625,0.625,0.625)
ALY 6 F24
2 @7 ° Y: (0,0,0)
Pm3m Al: (0.5,0.5,0)
ALY 4 P4
3 @21y ¢ Y: (0,0,0)

T2 ALY ALY BT EHS H A () S IRBTER ARV
HIEE (p)

Table 2 Equilibrium crystal parameters(a), unit cell volume(V;)
and density(p) of Al,Y and Al;Y

a/nm Vo) /
Phase 03 P 3
This work ~ Experiment nm (grem )
ALY 0.559 0.552 0.124 3.838
ALY 0.425 0.432 0.081 3.491
6-@) § —Yd
3 I _/\/\/;\/\/\/\/\
0 | 1 |
6 : —Yp
3t :
0 | M I
6F —Ys
3t |
5 0 AU AN v, N ]
8 6f : —Alp
a4l |
0 | /\/\/\’“/\"1\/\/\4‘\ !
61 : —Als
3+ :
0 | N\ L~ !
6 : —Total
il /\-’\/\/\'/\W\\_
O | | 1 |

Energy/eV

2 ALY Fl1 ALY MEBELDSHETREE

3 ALY Al ALY 04 AH)
Table 3 Formation enthalpy (AH) of ALY and Al;Y

AH/(eV-atom™")

Phase

This work Reference
ALY -0.57 —0.54171 05519
ALY -0.47 -0.43171 —0.500181
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Fig. 2 Total and partial electronic density of state (DOS) of ALY (a) and ALY (b)
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Fig. 3 Electronic density difference (D.) of ALY (a) and ALY (b)
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Table 4 Elastic constants of Al,Y and Al;Y

Elastic constant

Phase Source
C“/GPa Clz/GPa C44/GPa

This work 160.98 32.36 53.52
ALY

Ref. [10] 168.62 34.81 54.36

This work 159.37 34.76 60.35
ALY

Ref. [17] 158.63 33.21 61.04
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Table 5 Thermodynamic properties of ALY and Al;Y

Phase Source B/GPa  G/GPa  E/GPa G/B A (C11—C1,)/GPa (C1y—Cy44)/GPa
This work 75.23 57.83 138.11 0.19 0.77 0.83 128.61 —21.16
ALY Ref. [10] 79.41 59.06 141.98 0.20 0.81 0.81 - -
This work 76.30 61.13 144.73 0.18 0.80 0.97 124.61 —25.58
ABY Ref. [17] 75.02 61.71 145.28 0.18 0.82 0.97 - -
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Fig. 5 Enthalpy, free energy and entropy of ALY and ALY as

a function of various temperatures (0—1000 K)
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Fig. 6 Phonon spectra((a), (c)) and phonon density of states((b), (d)) of ALY and Al3Y: (a), (b) ALY; (c), (d) ALY
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Table 6 Theoretically calculated thermal properties of ALY
and ALY phases

p/ v/ v/ Vin/ To/
Ph:
 gem?) (@msh  @msh msh K
ALY 3.838 6300.259 3881.801 4282.716 465.586
ALY 3491 6264.376 3611.253 4009.709 502.323
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