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Abstract : The method of virtual crystal approximation is deployed to control the content of Er in solid so-
lution and the first-principle pseudopotential plane wave (PPW) method based on the density functional
theory is uses to study the solid solution strengthening effect of Er on Mg-zEr(z=1 at. %—6 at. %)
solid solution. The results indicate that the bulk modulus(B) raises with the increasing content of Er,
which peaks at 4 at. % Er and remains at almost same level afterwards. Young's modulus(E) and shear
modulus(G) drop with the increment of Er content, while they increase slightly when Er content reaches

6 at. %5. The G/B values of six Mg-zEr(x=1 at. %—=6 at. %) solid solutions are less than 0. 57, all the
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Mg solid solutions are ductile materials. With the increasing of Er doped amount in the range of
1 at. %—5 at. %, the G/B value of solid solution decreases significantly, while Poisson ratio (v) increa-
ses and the toughness and plasticity of the solid solutions increase. When Er content increases to
6 at. %9, the G/B value of solid solution decreaseds to some extent, while y increaseds, and the toughness
and plasticity of the solid solutions increase. As the amount of Er increases, the density of state (DOS)
moves to the low-energy region as a whole, and the average quantity of bonding electron at low-energy
region of Fermi level grows and the bottom band widens simultaneously, resulting in greater bonding ca-
pacity. Affected by electrons in the 4f orbital, a clear pseudogap turns up in the total density of state
(TDOS) figure when Er content is between 1 at. %—2 at. %. The Fermi level is at the high-energy re-
gion of pseudogap where the electronic transition is hard to achieve. When Er content is higher than 2

at. %, the pseudogap turns blur and DOS at the Fermi level is high, which means the activity of these

solid solutions is increased.

Key words: Mg-Er solid solution; first-principle; solid solution strengthing; density of state
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Tab.1 Elastic constants for Mg and Mg-xEr(x=1 at. %—
6 at. %)
#m C,  C. Cy Gy Gy Cy

Mg 60.59 23.29 22.28 57.78 12.46 18.65
Mg Er, 79.81 19.48 22.71 73.32 15.38 30.16
Mg Er, 77.92 35.42 22.63 84.09 18.13 21.25
Mg Er; 81.41 36.39 30.48 84.17 12.24 22.51
Mgy Er, 81.40 43.12 33.71 84.00 14.18 19.14
Mge; Ers 72.86  49.28 30.98 96.74 6.09 11.79
Mgo Er; 71.24 48.37 35.01 84.50 12.87 11.44
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Tab. 2

LR B/GPa G/GPa E/GPa y G/B

Mg 35.47 15.72  41.09  0.31  0.44
Mg Er,  40.30 22.33  56.54  0.27  0.55
Mg Er,  44.56  21.66  55.92  0.29  0.49
Mgy Er;  49.07  18.35 48.94  0.33  0.37
Mg Er, 51.95 18.10 48.66  0.34  0.35
Mg Ers  51.64  11.49 32,10 0.40  0.22
Mgy Ers  51.53 14,08 38.72  0.37  0.27
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