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The thermoelectric properties of TiNiSn,,Sb, (0 < x < 0.05) prepared by arc melting are measured up to 800 K
to obtain ZT. Hall effect measurements and ab initio calculation using AkaiKKR are performed to confirm the Sb
substitution effect. The density of states before and after substitution show that Sb acts as a donor. Thermoelectric
properties show that the absolute values of the electrical resistivity and Seebeck coefficient decreased with
increasing x while the thermal conductivity increased. This is consistent with the carrier density-dependent trends
when the carrier density increases. Hall effect measurements at room temperature also show that the carrier density
increases with increasing x. Thus, the sample with the maximum ZT is TiNiSn,Sb,,, with a value of ZT = 0.42
at 750 K. It can be said that Sb substitution for TiNiSn results in carrier doping and, at the optimum amount of

substitution, improves the thermoelectric performance.
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Table 1. Input parameters used for AkaiKKR.

Bravais lattice fec
Ti (x, v, 2)=(0, 0, 0)
Wyckoff Ni (%, y, 2)=(0.25, 0.25, 0.25)

position Sn (*, v, 2)=(0.5, 0.5, 0.5)
Ve (x, 1, 2)=(0.75, 0.75, 0.75)
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Fig. 1. XRD patterns of TiNiSn,,Sb, (0 < x <0.05) at room
temperature, where the indexed peaks represent the TiNiSn-
phase and ¥ represents Sn-phase.
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Table 3. Atomic-percent forTiNiSn, ,Sb, (0 < x < 0.05) at room
temperature which is determined by quantitative analysis

using SEM-EDS.

x Ti Ni Sn Sb

0 35.7(7) 32.7(6) 31.7(9) -
0.01 35.9(5) 33.2(7) 30.4(2) 0.51(8)
0.02 35.4(5) 32.7(9) 29.5(6) 24(2)
0.03 35.6(4) 32.2(9) 29.6(7) 2.6(2)
0.04 35.2(3) 32.2(8) 28.8(5) 3.7(5)
0.05 35.4(8) 31.4(6) 29.0(9) 42(4)

Crystal structure parameters for TiNiSn,_,Sb, (0 < x < 0.05) at room temperature, where the precision of

Rietveld analysis is evaluated by reliability factors such as Ryy: Reliability(R)-weighted pattern, Rp: R-pattern,
R,: R-expected, Ry: R-Bragg, Ry: R-structure factor, and S: goodness-of-fit indicator(Ry/R,).

x 0 0.01 0.02 0.03 0.04 0.05
Space group F43m
a=b=c(A) 5.92836(2) 5.93052(1) 5.93519(2) 5.93630(2) 5.93446(2) 5.93027(2)
V(A% 208.355(1) 208.582(1) 209.075(1) 209.192(1) 208.998(1) 208.556(1)
X 0 0 0 0 0 0
Ti y 0 0 0 0 0 0
z 0 0 0 0 0 0
B (A% 0.50 0.50 0.50 0.50 0.50 0.50
g 1.0 1.0 1.0 1.0 1.0 1.0
X 0.25 0.25 0.25 0.25 0.25 0.25
Ni y 0.25 0.25 0.25 0.25 0.25 0.25
z 0.25 0.25 0.25 0.25 0.25 0.25
B (A 0.50 0.50 0.50 0.50 0.50 0.50
1.0 1.0 1.0 1.0 1.0 1.0
X 0.50 0.50 0.50 0.50 0.50 0.50
Sn y 0.50 0.50 0.50 0.50 0.50 0.50
z 0.50 0.50 0.50 0.50 0.50 0.50
B (A% 0.50 0.50 0.50 0.50 0.50 0.50
g 1.0 0.9913 0.9804 0.9710 0.9605 0.9510
X 0.50 0.50 0.50 0.50 0.50
Sb v - 0.50 0.50 0.50 0.50 0.50
z - 0.50 0.50 0.50 0.50 0.50
B (A% - 0.50 0.50 0.50 0.50 0.50
g - 0.0087 0.0196 0.0290 0.0395 0.0490
R, (%) 4.561 3.873 4.858 6.512 5.308 5.240
Ry (%) 3.031 2.661 3.299 4.155 3.544 3513
R, (%) 1.615 1.569 1.917 1.863 1.751 1.810
Ry (%) 5172 3.597 3.622 5.443 3.031 2.803
Ry (%) 2.343 1.944 2.231 3.403 2.611 1.608
S=R,,/R. 2.824 2.468 2.534 3.495 1.759 2.895
Ti- Ni (A) 2.5671 2.5680 2.5700 2.5705 2.5697 2.5679
Ni - Sn/Sb (A) 2.9642 2.9653 2.9676 2.9682 2.9672 2.9651
Sn/Sb - Ti (A) 2.5671 2.5680 2.5700 2.5705 2.5697 2.5679
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Fig.2. (a) Secondary electron SEM image obtained from
TiNiSny¢5Sby 5. (b) SEM-EDS distribution image for Titanium.
(c) SEM-EDS distribution image for Nickel. (d) SEM-EDS
distribution image for Tin. (e) SEM-EDS distribution image
for Antimony.
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Fig. 3. Temperature dependence of thermoelectric properties
(electric conductivity(p), S and power factor(S’p ') for
TiNiSn, _,Sb, (0 < x £0.05).

Table 4. Hall coefficient(Ry) for TiNiSn,-,Sb, (0 < x < 0.05) at room

temperature.
X Ry [em’C™']
0 -9.8(2)x10?
0.01 -1.9(1)x107°
0.02 —-0.96(7)x 10"*
0.03 -0.7(1)x10°?
0.04 —-0.60(2)x10°*
0.05 —0.5(1)x107°
107 - - - - 30
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Fig. 4. Carrier concentration(,) and mobility(m,) for TiNiSn, _,Sb, (0
<x<0.05) at room temperature.
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Fig. 5. Seebeck coefficient(|S1) vs carrier concentration(n,) for
TiNiSn, _,Sb, (0 < x £0.05) at room temperature.
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Fig. 6. Temperature dependence of total thermal conductivity (= +
«.) for TiNiSn, _,Sb, (0 < x < 0.05), where Ke=Lp"T calculated
by Wiedemann-Franz law is plotted in the inset.
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Fig. 7. Temperature dependence of effective Lorentz number(L,;) for
TiNiSn, where BoltzTraP calculates L, and L, is calculated by
the Drude model.
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Fig. 8. Temperature dependence of ZT for TiNiSn, _,Sb, (0 <x < 0.05).

Table 5. ZT values of previous studies for TiNiSn, TiNiCu,sSn, and
Tiy0sNbg ,NiSn, and that of our research for TiNiSn, ¢Sb ;.

Sample zT Reference
TiNiSn 0.35(T=780 K) C.S. Birkel et al.*¥
TiNiCuy sSn 0.60(T=773 K) K. Chen et al.*
Tiy0sNby,,NiSn 0.60(T=770 K) H. Muta et al.*®

TiNiSny4,Sby o, 0.42(T=750 K) our research
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Fig. 9. DOS calculated by AkaiKKR for TiNiSn,_,Sb, (0 < x < 0.05)
near the Fermi level.
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