%41 5% 10 TR KX F FIR Vol.41 No.10
2018 4 10 A Journal of Chongqing University Oct.2018

doi:10.11835/].issn.1000-582X.2018.10.004
B VR PR B A O R B 1A A 0 5 Sk g

7R SRS LI - R

(LERAKRE BRESCEHHIEBERIL T, FR 400044;2. 7 & K5 H# 54 R F 3. E K 400715)

RE. 402 ABRNEEMM . AA OB AT T ARLAELS LR A LTHFHR
FTEZ—, FHREFEAFA A EFHAELSLERBET —HEFHHXG Tk, ATHF—RR
B R GRTHESELLEMABEKRGIFRIKR, ER3 MRS BB TR BERETAS LE
BRENE —BREMREFTANB. FETELEAEARMEMNELS LN FREGH A, B
G —RRENA T EEESGEMRATH TR AHAELS LR EIT AT A HEEELSE
REERF,

K AL H P RE BT LR

PESES :TGL46 XHiRER:A XEHE:1000-582X(2018)10-030-15

Research progress on intermetallic compounds and solid solutions of
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Abstract: As one of the lightest metal materials, Mg alloys have a broad application prospect, and it has been one
of the focuses to develop advanced Mg alloys at present. First-principles calculation provides a cost-effective method
for development and design of advanced Mg alloys. Based on first-principles calculation methods, researches on
intermetallic compounds and solid solutions of Mg alloys were reviewed. The research work on crystal structure,
elastic constant, elastic modulus and generalized stacking fault energy of Mg alloys by first-principles calculation
was introduced,and the effects of alloying elements and phase structures on mechanical properties of Mg alloys were
also discussed, aiming to illustrate that the first-principles computation plays an important role in the development
of Mg alloys. And we hope that it could provide a theoretical reference for composition design and performance
optimization of advanced Mg alloys.
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Fig.1 The origin of the first-principles calculation with density functional theory
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Table 1 The calculated elastic constants, Bulk modulus (B), Shear modulus (G) and

Young’s modulus (E) for intermetallic compound in Mg alloys

Compound C,/GPa C,,/GPa C,;/GPa Cs;3/GPa C,/GPa Cg/GPa B/GPa G/GPa E/GPa

Mg, ALY 88.38 23.54 26.95 45.15 29.14 71.94
Mg, Sit't 121.45 26.11 49.58 57.88 48.82 114.32
MgSH 72.37 55.76 58.41 61.30 38.37 95.24
Mg, Ca-**] 62.95 15.27 13.64 65.20 17.77 30.69 19.12 57.52
MgScl*! 63.86 45.09 52.62 51.35 27.30 69.57

Mg, Nit? 113.40 45.10 34.90 123.70 19.40 64.40 30.30 78.50
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Compound C,/GPa C,,/GPa C,;/GPa Cs;3/GPa C,/GPa Cg/GPa B/GPa G/GPa E/GPa

MgCu;*" 113.35 80.28 39.86 91.30 30.53 82.41
MgZn};* 119.48 42.98 30.04 129.48 24.23 38.25 63.84 33.67 85.91
Mg, Ga™** 81.40 22.30 42.20 36.70 19.50 45.80 19.90 52.10
Mg, Ge!'™ 110.60 15.17 42.12 46.98 44.36 106.94
Mg; As}'® 100.80 52.20 27.90 96.90 23.50 56.80 26.40 68.60
MgSe-'*] 63.22 43.86 44.76 50.31 30.73 76.59
Mg, Srt#!] 48.44 22.67 12.46 57.96 13.15 31.26 13.04 34.35
MgY!H! 53.07 36.10 39.26 41.75 21.81 55.73
MgPd;'"* 165.87 120.14 118.93 166.69 70.48 63.69 134.79 44.52 120.31
Mg, Cd# 61.50 35.40 26.30 75.20 24.40 41.50 19.70 51.00
Mg, Sn'* 93.71 39.79 21.69 42.36 21.80 74.78
Mg Sh'*] 87.50 43.60 21.70 91.90 17.80 48.80 22.60 58.80
MgTel" 61.24 28.17 48.27 39.19 35.58 81.94
Mg, Bat?* 39.80 14.50 9.80 46.20 11.00 21.50 13.00 32.50
Mgla "] 44.65 29.35 35.12 34.45 19.52 49.26
MgCel**) 47.47 30.42 35.41 36.11 20.41 51.52
MgPr"] 49.45 31.08 36.20 37.20 21.27 53.59
MgNd-? 50.83 31.99 37.65 38.27 22.00 55.39
MgPm [ 52.09 32.90 38.91 39.29 22.61 56.91
MgSm-'” 52.78 33.66 39.85 40.04 22.84 57.56
MgEul'" 29.92 18.57 24.68 22.35 13.95 34.65
MgGd- 53.15 35.54 40.08 41.41 22.37 56.88
MgThH 52.46 36.20 39.95 41.62 21.72 55.51
MgDy!*! 51.85 36.85 39.74 41.85 21.06 54.11
MgHo ! 51.63 37.47 40.16 42.19 20.81 53.61
MgEH] 52.03 37.99 40.88 42.67 20.99 54.10
MgTm" 53.45 38.73 41.83 43.64 21.66 55.75
MgYb"] 29.94 21.19 24.19 24.10 12.62 32.24
MgLu" 56.35 39.65 45.54 45.22 23.86 66.88

Mg, Pbt'* 70.15 30.90 30.53 43.98 26.17 51.25
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Fig.3 Young’s module of Mg based compounds based on elastic properties
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Fig.5 Ductile/brittle properties of Mg based compounds based on elastic properties
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Table 2 Comparison of calculated lattice constants with experimental values'**

Mg a [A] c/a

Smith GGA 3.18 1.630
Weinert et al. LDA 3.12 1.624
Wachowicz et al. LDA 3.13 1.616
Wachowicz et al. GGA 3.18 1.615
Fuchs et al. GGA 3.20 1.660
Experiment 3.21 1.624
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