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Fig. 1 Structure of MgsAl,Si4 (green dots represent Al, blue
dots represent Mg, red dots represent Si)
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Table 1 Cell parameter and volume of MgsAl,Siy

Source a/nm b/mm c/nm £/(°) V/nm® AVIV)/%
This work 1.533 0.408 0.677 105.8 0.4067 -

Calculation!'” 1.550 0.405 0.674 106.0 0.4067 0
Experiment!'”) 1.516 0.405 0.674 105.3 0.3992 1.8
Experiment”! 1.540 0.406 0.670 105.0 0.4046 0.5

Change rate of volume: AV/Vy=(Vy—V)/V,, where V, represents MgsAl,Si, volume obtained by calculation of this work, V represents

Mg;sAlLSi4 volume obtained by experiments!'® 2!,

£2 5 Cuthi Mgs Al SiiCu,,, M5 IS g RIER Y

Table 2 Optimized lattice parameter § and volume 7 of Cu-doped Mgs_,Al,-,Si4Cu,,, structure

x(Cw)/% (x, ) Doping site Structure p/(°) V/nm®
0 (0, 0) - MgsAlSiy 105.8 0.4067
4545 (0, 0.5) Al Mg;sAl, sSisCug s 106.2 0.3991
(0.5, 0) Mgl Mg, sAl,SisCug s 105.5 0.3951
0, 1) Al MgsAlSi,Cu 106.2 0.3917
9.09 (0.5,0.5) Both Mgl and Al Mg, sAl, 5Si,Cu 106.3 0.3884
(1, 0) Mgl Mg,ALSisCu 103.9 0.3842
1818 (0,2) Al Mg;Si,Cu, 107.2 0.3806
(1,1 Both Mgl and Al Mg,AlSi Cu, 107.1 0.3684
Mgl HEAC AL BEEA Mgl 3L AL 5 Cu 0.41 .
RIS B4R E | BRI R L 2. M 2 o B Mol and Al sifcs
ALLEH, BB BRI, TEBROE s 0.40 - —4— Al
TR TAEB IR N o 72 A SRR E A ) 5 PR A 48 N S
Cu FIBEAJRT Mgl B Al FUJR T RR % 5 E 039
Rcu(0.128 nm) < Rye(0.160 nm) ,  Rey(0.128 nm) < Ry =
(0.143 nm). HEE 2 FHFEBIKEARFB AR 038+
S RIRAL, RR VRN . V(R B AR
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Fig. 2 Relationships between volume, doping content and

doping sites for Cu-doped Mgs_Al,-,SiyCu,y,,
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Reference-Mg;sAl,Si,
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L
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...8 -
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Fig. 3 Relationships between formation entropy, doping

content and doping sites for Cu-doped Mgs_ Al ,Si,Cu,,
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Fig. 5 Charge density difference maps in (010) plane of different phases: (a) MgsAl,Siy; (b) MgyALSi4,Cu; (¢) Mgy sAl 5SiyCu; (d)
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First-principles study of #” phase in
Cu doped 6000-series aluminum alloys

WEN Bo-yang', JIA Zhi-hong" %, WU Xiao-zhi®, LIU Qing'

(1. College of Materials Science and Engineering, Chongqing University, Chongqing 400044, China;
2. Electron Microscopy Center, Chongqing University, Chongqing 400044, China;
3. College of Physics, Chongqing University, Chongqing 400044, China)

Abstract: f"(MgsAl,Si,) phase is the main strengthening phase in 6000-series aluminum alloys. The effect of Cu-doping
on the geometrical structure, the phase stability and the electronic properties of f”"(MgsAl,Si,) phase were investigated by
using projector augmented wave method and the generalized gradient approximation based on density functional theory.
The results show that the calculated equilibrium lattice parameters of 4" phase are in good agreement with available
experimental results. After Cu incorporates into " phase, the cell shape changes slightly and the cell volume decreases.
Various doping contents and doping sites result in various geometrical properties of Cu-doped structures, which then
impacts the lattice mismatch between 4" and Al matrix. The structures in which Cu atoms replace both Mgl and Al atoms,
or only replace Al atoms are easier to form in the alloys, while it is harder to form in the alloys for the structures, in which
Cu atoms only replace Mgl atoms, which is supported by experimental results. The analysis of electronic structures
shows that the phase stability of the Cu-doped structures Mgs-,Al,-,Si4Cu,, is closely related to the pseudo gap near the
Fermi level.

Key words: first-principles; 6000-series aluminum alloys; strengthening " phase; phase structure stability; Cu-doping
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