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First—principles Study on the Effect of Stress on the Mechanical and
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Abstract: Nanoprecipitates in 6005A aluminum alloy can effectively improve the mechanical properties of the alloy.
However, the size and orientation changes at the nanoscale have greatly hindered the understanding of the potential
relationships between precipitates and the crystal structure. The structural stability, mechanical properties and electronic
structures of MgsSis, Mg,Sis and Mg,Si precipitates in 6005A aluminum alloy with or without stress were studied by
first-principles calculations. The calculated results are in good agreement with the previous experimental and theoretical
results. The compressive stress can increase the toughness of the three precipitated phases and decrease the band gap of
Mg,Si. Under stress conditions, the formation enthalpy and cohesive energy of the precipitated phase are generally
increased to reduce its stability and promote the transition from a metastable to steady precipitated phase. These findings
will help to further understand the structural behavior and mechanical properties of the precipitated phase of 6005A
aluminum alloy and have theoretical guiding significance for improving the properties of 6005A aluminum alloy.
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Fig.1 Cell structure: (a) MgsSis, (b) MgySis, (¢) Mg,Si
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Tab.1 Lattice constants (a,b,c), the formation enthalpy (AH) and the cohesive energy (E.,) of MgsSis, Mg,Sis and
Mg,Si under stress and non-stress conditions

Lattice parameter(A)
Phase S.G. . ) . E./(eV/atom) AH/(eV/atom) Ref.
B"/MgsSis Mon. (C2/m) 15.135 4.027 6.580 -3.150 -0.036 This work
15.160 4.050 6.740 [3]
B"(stress) 14.842 3.946 6.372 -3.130 0.053 This work
B'/Mg,Sis Hex. (P6y/m) 7.173 7.173 12.285 -2.720 -0.120 This work
7.150 7.150 12.150
B’ (stress) 7.010 7.010 11.970 -2.701 -0.096 This work
B/Mg,Si Cub.(Fm3m) 6.364 6.364 6.364 -2.690 -0.159 This work
6.340 6.340 6.340 [17]
6.380 6.380 6.380 [18]
B(stress) 6.195 6.195 6.195 -2.666 -0.135 This work
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Tab.2 Elastic constants of MgsSis, Mg,Sis and Mg,Si under
stress and non-stress conditions 2.3
Phase B”/MgsSis B"(stress) B'/Mg,Sis B'(stress) B/Mg,Si B(stress)
€, 118 1316 1263 1514 1165 1370 , Voigt-Reuss-Hill ) B
C. 1247 1395 G.
Cy 105.4 102.6 126.9 150.7 B:L(B B ) (8)
Cy 9.8 8.6 26.4 324 452 53.8 2 VPR
Css 12.7 10.9 G:L(G +G ) (9)
Cu 245 24.8 5 \VTLR
Cp 38.3 40.7 31.6 39.7 23.2 35.1 , \V R VOigt Reuss
Cys 423 70.0 21.8 324
Cx 348 62.1 ’
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_ 3B-2G (11) Tab.3 Mechanical properties (B, G, E, v, B/G) of MgsSis,
2(3B+G) Mg,Sis and Mg,Si under stress and non-stress conditions
3 Mg;Sis MgoSis Phase B"/MgsSis B"(stress) B'/MgoSis B'(stress) B/Mg,Si B(stress)
MgZSI (B, G, E, v, B/G)o By 63.670 79.92 58.90 73.60 5432 69.100

By 62.040 77.42 58.84 73.56 5432 69.100
B 62.860 78.67 58.87 73.58 5432 69.100
Gy 24.490 22.26 40.31 47.40 45.76  52.620

, B,G,E,v,B/G

° 3 ) Gy 14610 617 36.64 4383 4575 52580
Mg;Si; , G 19550 1422 3847 4562 4575  52.600
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Fig.2 TDOS and PDOS of the precipitated phase under different stress conditions: (a) MgsSis, (b) MgeSis, (c) Mg,Si
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