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Abstract: Based on the first-principle pseudopotential plane-wave method, the formation enthalpies of point defects for
L1,-ALLi intermetallic were calculated. Combining with Wagner—Schottky model, the point defect concentrations in
L1,-Al;Li at 523, 673, 823 and 1 000 K as function of composition were also investigated. The results show that the point
defect concentrations at these investigated temperatures from small to big in sequence are Al vacancy, Li vacancy, Al
anti-site and Li anti-site. The point defect concentrations of Al anti-site are similar to those of Li anti-site in
stoichiometric L1,-Al;Li composition. However, the point defect concentrations of Al anti-site and Li anti-site change
evidently when the alloy composition is deviated from the stoichiometric L1,-Al;Li composition, resulting in mainly Al
anti-site in rich-Al alloy and mostly Li anti-site in rich-Li alloy. Using Arrhenius equation, the effective formation
enthalpies of point defects for L1,-Al;Li were calculated. It is found that the effective formation enthalpies from big to
small in sequence are Al vacancy, Li vacancy, Al anti-site and Li anti-site.
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Table 1 First-principles (LDA, GGA and PBE) calculated results and experimental data of Al, Li and Al;Li
Element Exchange Ground state" Lattice Bulk Lattice Bulk
correlation energy/(eV-atomﬁl) constant”/A  modulus"/GPa  constant”/A modulus?/GPa
CA —4.192 a=3.9854 72.3
Al PW91 -3.696 a=4.0480 72.3 a=4.0495 768
PBE —3.742 a=4.0445 73.0
CA —2.043 a=3.362 15.3
Li PW91 -1.897 a=3.438 13.7 a=3.509 1150
PBE —1.903 a=3.437 13.9
CA —15.062 a=3.965 70.0
a=4.01 66.08")
Al;Li PWI1 —13.436 a=4.033 62.4 -
a=B=y=90° 68.9341%
PBE —13.527 a=4.027 64.2

1) Calculated; 2) Experimental.
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Fig. 2 Formation enthalpy of of L1,-Al;Li as function of
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Table 2 Formation enthalpy of vacancies and anti-sites in

L1,-ALLi system calculated by ab-initio calculation method

Formation enthalpy of ~ Formation enthalpy of

_ vacancy/ anti-site/
Intermetallic (eV-atom ') (eV-atom ')
Hy, Hy, Hyy, Hy;,
AlLi 0.778 0.837 0.530 —0.055
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Fig. 3 Point defect concentrations in L1,-Al;Li at different temperatures as function of composition: (a) 523 K; (b) 673 K; (c) 823

K; (d) 1 000 K
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Table 3 Effective formation enthalpy of vacancies and

anti-sites in L1,-Al;Li

Effective formation Effective formation

~ enthalpy of vacancy/ enthalpy of anti-site/
Intermetallic (eV-atom ') (eV-atom ')
V”Al V”Li Al Liy
Al;Li 0.853 0.613 0.228 0.229
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