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Table 1 Sublattice of completely ordered Al;Sc intermetallics

Atomic coordinates
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Al 3c 4/mm. m 0 0.5 0.5
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Table 2 Site occupancy fraction of alloying atoms in sublattices

of Al;Sc-based intermetallics

Site preference of M/%
System M

Sc Al

(la) (3¢)
Al3(Sco.75Y0.25) Y 100 0
Al3(Sco.75Tio.25) Ti 100 0
Al3(Sco.75Z10.25) Zr 100 0
Al3(Sco.75sHfo.25) Hf 100 0
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Table 3 Calculated and experimental lattice constant a in

sublattices of Al;Sc-based intermetallics (nm)

a
System Present Exp. Other cal.
AlsSc 0.4103  0.4103 21 0.4108 %
Al3(Sco75Y025) 0.4144  0.4138 "
Al3(Sco.75Tio.25) 0.4074  0.4073 B
Al3(Sco75Zr0.25) 0.4108  0.40953"  0.4106 ™
Als(Sco75Hfo.25) 0.4101  0.4091
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Table 4 Obtained elastic constants, bulk modulus, shear modulus, Young’s modulus, Cauchy pressure, Poisson’s ratios and elastic

anisotropy of L1,-Al;Sc and L1,-Al; (Sco.75Mo.25) by first-principle calculations

System C11 C|2 C44 B G E B/G C12-C44 % A Ref.
181.4 39.7 71.5 86.9 71.2 167.9 1.22 -31.8 0.178 1.01
182 39 74 87 72.9 171.0 1.19 -34.6 0.172 1.04 [20]
A13SC
185 394 74.0 87.9 73.5 172 1.20 -34.6 0.173 1.02 [2]
180.97 39.42 70.60 86.60 70.67 1.23 0.179 1.00 [4]
Al3(Sco.75Y0.25) 177.7 38.2 69.9 84.7 69.8 164.3 1.21 -31.7 0.177 1.00
Al3(Sco.75Tig.25) 180.3 442 68.9 89.6 68.5 163.8 1.31 -24.7 0.195 1.01
Al3(Sco.75Z10.25) 181.3 41.9 67.2 88.4 68.2 162.7 1.30 -25.2 0.193 0.96
184 46.3 70.7 92.2 70.7 167 1.32 -24.4 0.197 1.03 [2]
Al3(Sco.75Hfo.25)
178.4 42.7 67.8 87.9 67.8 161.8 1.30 -25.1 0.193 1.00
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First-principles Calculations of Ordering Behavior and Mechanical Properties of
Al3(Scy.75My 25)(M=Ti, Y, Zr and Hf) Intermetallics

Zhou Zeyou', Wu Bo?, Zheng Xiaoqing®, Hu Kangming?, Chen Kailu', Chen Chaoyang', Chen Tong', Huang Weilin'
(1. State Grid Fujian Electric Power Research Institute, Fuzhou 350007, China)
(2. Fuzhou University, Fuzhou 350108, China)
(3. Fujian Jiangxia University, Fuzhou 350108, China)

Abstract: The ordering behavior and the mechanical properties of the doped L1, type Al;Sc-based intermetallics were studied by
sublattice model supported by first-principles calculations. The results show that the intermetallics Al;Sc is a fully ordered intermetallics,
where Al atoms always occupy the 3¢ sublattice and Sc atoms always occupy the 1a sublattice. L1,-Al3(Sco.7sMo25) intermetallics (where
M=Y, Ti, Zr and Hf) is a fully ordered intermetallics, where M always occupies the la sublattice. The site preference of these alloying
elements is independent of the heat treatment temperature. L1,-Al3(Sco.7sMo.2s) intermetallics satisfy the mechanical stability conditions.
The shear modulus, elastic modulus, Young’s modulus and the hardness of L1,-Al3(Sco.75Y0.25) intermetallics are smaller than those of
L1,-Al3Sc. While the shear modulus, elastic modulus, Young’s modulus and the hardness of L1,-Al3(Sco7sMo2s) intermetallics, where
M=Ti, Zr or Hf, decrease with increasing the atomic radius. L1,-Al3(Sco.75Tio.25) has the best plasticity and toughness compared with other
L1>-Al3(Sco.75Mo.25).
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