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Fig.1 Conventional cell and supercell of MgsSb; crystal
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Fig.2 Microstructures of original induction melting (a) and directional solidified ingots at the rates of 2 um s (b), 5 pm s (c), and

10 um 5 (d); EDS element mappings of Mg (e) and Sb (f)
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Fig.3 XRD patterns of crystals powder at different growth
rates (a) and the detail view of (100) and (002) diffraction
patterns (b)
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Table 1  Actual composition of the MgsSb, crystals at

different growth rates measured by EDS (at%)

Growth rates/ym s Mg Sh Total
2 59.63 40.37 100
5 60.34 39.66 100
10 60.76 39.24 100
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Table 2 Actual compositions of the Mgs.«AgxSh, crystals with
different Ag doping concentrations tested by EDS

(at%)
X Mg Sh Ag Total
0 60.34 39.66 0 100
0.005 60.11 39.28 0.61 100
0.015 59.80 38.67 1.53 100
0.025 59.09 38.52 2.39 100
0.035 58.12 38.55 3.33 100
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Fig.4 XRD patterns of the Mgs;.xAg«Sb, crystal powder with
different Ag doping concentrations (a), and the detail view

of (100) and (002) diffraction patterns (b)
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Fig.5 Temperature dependence of electrical conductivity (a) and Seebeck coefficient (b) of the Mgs.xAgxSbh, crystals with different Ag
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Table 3 Hall testing results of MgsxAgxSb, crystals with

different Ag doping concentrations

X R3H/ -1 r1]9/ -3 -2 'u/-l -1 ! -1
cm®C X107 cm cm VTS S<m
0 5.68 0.11 60.43 10.8
0.005 0.27 2.33 50.38 188.1
0.015 0.21 2.93 44.09 206.7
0.025 0.19 3.26 44.02 229.6
0.035 0.17 3.68 39.54 232.8
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Fig.7 Temperature dependence of total thermal conductivity « (a)
and lattice thermal conductivity x_ (b) of Mgs.xAgxSh:

crystals with different Ag doping concentrations
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Thermoelectric Properties of Directionally Solidified Ag-Doped Mgs;Sh, Alloys

Zhang Yalong, Li Xin, Xie Hui, Wei Xin
(Xi’an Aeronautical University, Xi’an 710077, China)

Abstract: MgsSh, crystals were successfully prepared by directional solidification method. The critical velocity of planar interface of single-phase
MgsSh; crystal was predicted according to the solidification theory, and the precipitated Sb phase can be inhibited below this rate. Microstructure
analysis of MgsSh; crystals at different solidification rates indicates that, the quantity of Mg vacancies can be effectively reduced. The excess Mg
atoms in the crystals is conducive to the improvement of thermoelectric performance. Carrier mobility and concentration of MgsSh, crystal is
increased by grain boundary eliminated and Ag doping. On the premise of keeping a high Seebeck coefficient, the maximum electric conductivity
is 309 S em™ at the testing temperature range of 300-800 K. As a result, a better electronic transport properties of PF=1.2 mW m™ K? is obtained.
This result is verified by Hall testing and first-principle calculations. Correspondingly, the maximum ZT value is 0.67 at the doping concentration
of 25at%. This method developed in this research provides a new path for the performance optimization of MgsSh,-based thermoelectric materials,
and also provides a reference for the preparation of high-performance ternary Mgs(Sb, Bi); alloy.

Key words: directional solidification; crystal growth; thermoelectric materials; MgsSh;
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