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First-principle Method of Elastic Properties and Debye Temperature

of Mg and Sc Doped AlLi Phase
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(School of Materials Science and Engineering, North University of China)

Abstract: The effects of Mg and Sc elements on the elastic moduli, anisotropy, and Debye temperature of AlLi
phase were investigated by first-principles method. The results indicate that AlLi, Alg Lig, X and Alg, Ligs X (X=
Mg and Sc) phases can form a stable structure at 0 K and meet the mechanical stability criterion. The shear mod-
ulus and Youngs modulus of AlLi phase are increased by Mg and Sc elements, which play a negative role in im-
proving the bulk modulus of AlLi phase. AlLi, Als; Lig, X and Al Ligs X phases show anisotropy, among which
Alg, Ligs Mg has the highest degree. The brittleness of AlLi phase is increased with the doping of Mg or Sc. The
hardness and Debye temperature of AlLi, Als;Lig, X and Alg, Ligs X phases have the similiar changing trend.
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Fig.1 Crystal model of AlLi, Alg Ligy X and Alg, Ligs X (X =Mg and Sc)
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Tab.1 The lattice parameters and formation enthalpy of AlLi,

Alg; Ligy X and Alg, Lig; X (X =Mg and Sc)

A4 Eh A W 8L @ /nm ks AH/(eV « atom™ 1)
AlLi 0.637 1 —0.180 7
Algy Ligs Mg 1.276 1 —0.174 0
Algs Liss Mg 1.275 7 —0.180 0
Algy Ligs Sc 1.275 8 —0.180 8
Algsz Ligs Sc 1.277 3 —0.173 1
2.2 MR

S AR ALLL, Al Lig, X 1 Al Lig X (X =
Mg Fl SO A 3 A 37 i 3Pk 8 £ (Cu) L B Cu Coe
M Cuo AlLD A R B R85/ C; WLk 2, BN AY
AlLi My C,; 5 UESUGI T Z85 38 i BS i (Co, =
66.9 GPa,C,,=38.2 GPa #ll C,, =51.7 GPa) 3t . iIF
TR R A R

AlLi. Aly; Lig X F1 Aly, Lis, X (X = Mg fil Sc) # 1)
C; ¥ N7 7 b 1A 1 M AR PR F i (Chy — C >0,
C,>>0,C >0,Cpy +2C, >0 % 5 ME 4 H
£ 0 GPa By R B T2k . ALLL AH I H 4B 44 25 44
B Cou KT Co il Cuy s VAWK LE M AE o Bl 7 1) 50 s
45 .

941



R W oA (5 2022 AR5 42 55 8 1Y)

+ 2 AlLi Al Lig X (Al Lis X (X =Mg #0 Sc) R84 E# C,; |
FREE B EYIRE G.HREE EB/G LLMEE H,
Tab.2 The elastic constants C;; , bulk modulus B, shear modulus

G, Young’s modulus E, B/G ratio and Vickers hardness

H,of AlLi, AlgLis X and Alg Lig; X (X =Mg and Sc)

Cu/ C/ Cu/ B/ G/ E/ H,/

PN ! B/G
cEl GPa GPa GPa GPa GPa GPa GPa
AlLi 66.2 38.1 50.3 47.5 30.3 75.0 1.57 5.7

Algy Ligs Mg 66.6 37.9 52.5 47.5 31.3 77.0 1.52 6.2
Algs Ligs Mg 68.5 36.4 55.0 47.1 33.7 81.6 1.40 7.6
Algs Ligs Sc 67.5 37.3 52.0 47.4 31.8 77.9 1.49 6.5
Algs Liss Sc 67.4 36.8 53.3 47.0 32.4 79.1 1.45 6.9
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Tab.3 The universal anisotropy index A", compressible
anisotropy A, shear anisotropy A and Debye temperature

O, of AlLi, Alg;Lig, X and Alg, Lig; X (X =Mg and Sc)

A AY Ay Ag en/K’
AlLi 2.226 0 0.182 544
Algy Ligs Mg 2.320 0 0.188 551
Algs Ligs Mg 2.066 0 0.171 573
Algy Ligs Sc 2.077 0 0.172 552
Algz Ligs Sc 2.119 0 0.175 561
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