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aluminum alloys, but it is hard to determine the effect of Y doping on the precipitated phase and toughness mechanism of 7xxx
series aluminum alloys in experiments because the doping amount of Y is very small, which limits the further development of
7xxx series aluminum alloys. Therefore, the influence mechanism of Y doping on the important precipitation phase MgZn, in
7xxx series aluminum alloys was analyzed by the first principles calculation method in this paper, in order to provide a
theoretical basis for study of the strengthening and toughening mechanism of 7xxx series aluminum alloys by micro-alloying
elements. A crystal model with the atomic ratio of Mg/Zn=1 : 2, which was suitable for first-principles calculation, was built in
this paper, then Mg or Zn atoms were replaced with Y atoms by orderly substitution doping and the influence mechanism of Y
doping on the energy stability, electronic structure and mechanical properties of MgZn, was analyzed by energy calculations,
electronic calculations and elastic constant calculations. The results showed that after Y doping, the formation heat of Mg;ZngY,
Mg,Zn;Y-1 and MgyZn,Y-2 was —19.998, —7.14 and —3.916 kJ/mol respectively, so the three solid solutions could spontaneously
form and exist stably. It could be found that the structural stability of MgZn, could be enhanced by Y doping, and the formed
solid solution Mg;ZngY with Y substituting for Mg had the most stable structure and the formed solid solution Mg,Zn,Y-2 with
Y substituting for had the worst stability, since the binding energy of MgZn,, Mg;ZngY, Mg,Zn;Y-1 and MgsZn,;Y-2 were
—132.664, —163.584, —153.648 and —150.424 kJ/mol, respectively, obtained from the computation of binding energy. The solid
solution Mg,Zn;Y-2 hardly formed with Y doping due to their poor formation ability and structural stability, so the electronic
structure and mechanical property analysis didn’t be considered in this paper. Secondly, it was discovered that Mg-Zn atom
formed an ionic bond and the main covalent bond in MgZn, came from Zn-Zn atom without Y doping from the analysis of
electronic structure. When Y atoms were doped, the main covalent bond in the system came from the bonding between Y, Zn or
Mg atoms, the covalent bond of Zn-Zn atoms was converted into a stronger ionic bond, and the ionic bond between Mg-Zn
atoms was likewise considerably strengthened. The doped Y atoms formed a strong covalent bond with other atoms, which
promoted the stability of the system. It could be concluded that the metallic character of the system increased and the Mg,Zn;Y
possessed the strongest metallic character from the analysis of the gross density of states. Finally, the mechanical property
calculation showed that the hardness of MgZn, decreased and the toughness increased after Y doping, i.e., Y doping enhanced
the toughness of the important dispersed precipitation phase MgZn, in 7xxx series aluminum alloys, and consequently increased
the fracture toughness and anti-fatigue ability of 7xxx series aluminum alloys. Based on the above calculation and analysis, the
doped Y can improve the stability, bond strength and fracture toughness of MgZn, phase. In addition, relevant calculation and
analysis can provide a guidance for experimental analysis on enhancing the fracture toughness of 7xxx series aluminum alloys
by a little Y doping.

KEY WORDS: MgZn,; Y doping; electronic structure; mechanical properties; first principles calculation
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Tab.1 Lattice types and lattice constants after MgZn, and Y doping optimization
Phase Crystal system Lattice constants/nm Cell volume/nm® References
Hexagonal a=b=0.519, ¢=0.856 0.199 This work
MgZn,
a=b=0.516, c=0.856 [14]
MgsZngY Trigonal a=b=0.525, ¢=0.877 0.209 This work
Mg4Zn;Y-1 Trigonal a=b=0.522, ¢=0.978 0.230 This work
Mg4Zn;Y-2 Orthorhombic a=b=0.573, ¢=0.881 0.233 This work
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Tab.2 Formation heat and binding
ener gy calculation results

Phase Hporm/(kJ-mol ™) Eeon/(kJ-mol ™)
MeZn, -12.968 -132.664
-13.346 —132.628!18
Mg;ZngY -19.988 -163.584
Mg,Zn;Y-1 -7.14 ~153.648
Mg,Zn;Y-2 -3.916 -150.424
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Tab.4 Moduli B, G, E, B/G, v and Hy of MgZn,,

MgsZngY and M g,Zn;Y

Phase B/GPa G/GPa E/GPa B/G ) Hy/GPa
65.107 36.727 92.742 1.773 0.263 5.813
MgZn, 26
67.218 32.793 84.618 2.050 0.2907
Mg;ZngY 65.805 30.010 78.150 2.193 0.302 3.959
Mg, Zn,Y 53.613 19.482 52.131 2.752 0.338 2.105
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