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Fig. 1. Conventional cell, primitive cell and supercell of Mg, (Si, Sn) crystal.
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Table 1.  Calculated results of lattice constant,
bond length and Mulliken population for Bi/Sb
doped Mg goSi365n4, crystals.

AR
Hy/A

Mg—Sn 0.26  2.846
Mgy9oSizSng)  18.436
Mg Si 019 2.748
Mg—Sb 0.10  2.896
Mg192SizeSnseSh 18.422  Mg—Sn 0.33 2.814 -1.102
Mg Si 022 2.708
Mg—Bi 0.22  2.963
Mg995i36Sn59Bi 18.442 Mg—Sn 0.27  2.849 -0.674
Mg—Si 0.20 2.763
Mg—Sb 0.14 2.935
Mg192Si35SngSb 18.438  Mg—Sn 0.30  2.831 -1.337
Mg—Si 0.21  2.727
Mg—Bi 0.17  2.989
MgySigSngBi 18.440 Mg Sn  0.20  2.855 —0.945
Mg—Si 0.20  2.766
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Fig. 2. Electron density of Bi/Sb doped Mg, 4,Si55Sng, alloys.
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Fig. 3. Band structures of undoped Mg,Si 37551 625 conventional cell (a) and the supercells with Sb/Bi doped at different Si/Sn
sites (b)—(e).
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Fig. 4. Calculated results of total DOS (a) and the weighting of elements in total DOS (b)—(f) for the Mg,Sij 375500 625 alloys under

different doping conditions.
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K 5
Fig. 5. Microstructure of rapid solidified Mg,Si 37551 625 crystal (a) and the elements mapping images of Mg, Si, and Sn (b)-(d).
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Table 2.  Nominal and measured results of elementary composition of MgySij 375590 625 alloys under different doping conditions.
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Fig. 6. Power XRD patterns of the rapid solidified MgySij 375510625 crystals under different doping conditions (a) and partial en-

larged peaks of (111) and (220) (b).
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Effect of Sb/Bi atom substitution site on electronic transport
properties of Mg,Si, 37551 25 alloy”
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(School of Materials Engineering, Xi’an Aeronautical University, Xi’an 710077, China)
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Abstract

Mg, (Si,Sn)-based thermoelectric materials, which are environmentally friendly and low-cost, have great
development potential in a moderate temperature range. Electronic transport properties of Mg,Si;_,Sn, alloys
can be optimized by doping elements. Doping is still one of the most effective methods of optimizing electronic
transport performance, such as carrier concentration, mobility, and effective mass. The most effective doping
elements are Sb and Bi. Much attention has been paid to the influence of element type and doping content.
Different substitution sites will also greatly affect the electronic transport parameters. In this work, the defect
formation energy value of Mg,Sij 37551 ¢05 alloy for substituting Sb atoms and Bi atoms for Sn sties and Si sites,
respectively, are calculated by first-principles calculations. The influence on electronic transport parameters is
systematically analyzed by combining the calculated results of band structures and density of states.
Corresponding component Sb and Bi atoms doped Mg,Sij 375591 605 alloys are prepared by rapid solidification
method, and microstructures, Seebeck coefficients, and electrical conductivities of the alloys are measured.
Combined with the predicted results by solving the Boltzmann transport equation, electronic transport
performances are compared and analyzed. The results indicate that both Sn and Si sites are equally susceptible
to Sb and Bi doping, but the Si sites are preferentially substituted due to their lower AE; values. Doped Bi
atoms provide a higher electron concentration, and Sb atoms offer higher carrier effective mass. Thus, the
maximum o value of the Mg,Sij 575510 615Big01 alloy is 1620 S/cm. The maximum S value of the MgySij 365
Sng ga559bg.01 alloy is —228 pV/K. Correspondingly, the highest PF value for this alloy is 4.49 mW/(m-K)
at T = 800 K because of the dominant role of S values. Although its power factor is slightly lower, the
MgoSig 375910 61559b0. 01 alloy is expected to exhibit lower lattice thermal conductivity due to the lattice shrinkage
caused by substituting Sb sites for Sn sites. The optimal doping concentration of the Bi-doped alloy is lower
than that of the Sb-doped alloy. These results are expected to provide a significant reference for optimizing the

experimental performance of Mg,(Si, Sn)-based alloys.

Keywords: first-principles calculation, atomic substituted sites, electronic transport performance, rapid

solidification
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