20 5 2010 5
Vol.20 No.5 The Chinese Journal of Nonferrous Metals May 2010

1004-0609(2010)05-0946-08

Al-Sc

1,2 1,2 1 2
(1. 410083
2. 410083)
Al-Sc 4

Al-Sc Al3s—Sc3d  Al3p—Sc3d Sc 3d

Al AlLSc  AlsSc

4 0K Al,Sc(Hy=—52.02 kJ/mol)

AlScy(Hy=—35.93 kJ/mol) Al,Sc AlSc,

Al-Sc

TG 111; TG146.2 A

Electronic structure, stability and thermodynamic properties of
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Abstract: Based on the density functional theory (DFT), the plane-wave pseudopotential method was used to calculate
the electronic structures of four stable phases for Al-Sc alloys. The bonding situation was analyzed, and the formation
enthalpy, binding energy, Debye temperature, bulk modulus and free energy of each phase were calculated by the
thermodynamic calculation formula based on the first-principle. The results show that, under the Fermi energy, the bonds
of each phase are mainly mixed by Al 3s-Sc 3d and Al 3p-Sc 3d; over the Feimi energy, those bonds are mainly
contributed by electrons of Sc 3d. As the Al content increases, the covalent and stability of the system increase, and Al,Sc
and Al;Sc are the stable structures by the more bonding electrons in low-energy area. Among the four crystals, the
alloy-forming ability of Al,Sc(Hy=—52.02 kJ/mol) is the greatest, that of the AlSc,(Hy=—35.93 kJ/mol) is the lowest. The
free energy curves show that the crystal stability of Al,Sc is the highest, AlSc, is the most unstable; and the stabilities of the
four crystals are all reduced with increasing temperature. All the calculations data agree well with the experimental data.
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Fig.1 Crystal structures models of Al-Sc intermetallics compounds: (a) AlSc,; (b) AlSc; (¢) Al,Sc; (d) Al;Sc
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Fig.2 TDOS and PDOS diagrams of Al-Sc intermetallics compounds: (a) AlSc,; (b) AlSc; (c) Al,Sc; (d) Al;Sc
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Fig.3 Band structures of Al-Sc intermetallics compounds: (a) AlSc,; (b) AlSc; (c) Al,Sc; (d) Al;Sc
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Table 3 Densities, volumes, bulk modulus and Debye temperatures of Al-Sc intermetallics compounds
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