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Abstract: The effect of Sb doping on thermoelectric transport properties of N-type half-Heusler compounds
Zr,5Hf55Tip sNiSn;_,Sb, (x=0, 0.002, 0.005, 0.01, 0.02, 0.03) was studied. Results show that with increasing Sb doping
amount, the carrier concentration of the samples increases while the electrical resistivity decreases, especially sharply
at low temperature range (~300 K). The Seebeck coefficient decreases, and the temperatures at which the Seebeck co-
efficient reaches climax move to higher ones. Therefore, the power factor increases by ~20%. The total thermal con-
ductivity increases mainly due to the enhancement of electrical thermal conductivity, the lattice thermal conductivity
remains almost unchanged. For the samples with x<0.01, the maximum Z7 value is about 0.77 at 800 K, and among
the samples, the one with x=0.005 performs the best in the whole temperature range.

Key words: N-type half-Heusler; Sb doping; thermoelectric transport property

APPSR S IR BB, A BPRL £k 2 R P R R PO AU
HIT A0 1 SRS B R, (RIS SR (R 27 405, ZT=To/x ). Half-Heusler ft44)
Ly A T IR, (TR, R R R R P BT B K SR, T 4R
VU AU AL e T TR BRI T O . MNiSn(M=Ti, Zr, HOWAS H i

Wi BER: 2013-12-12; WEMEMAR HEA: 2014-02-07
ELWB: FxARBERSE(51372261); H K IEAHIFTIH H (2013CB632504)
National Natural Science Foundation of China (51372261); National Basic Research program of China (2013CB632504)
EZR N 5(1988-), T, Wi-HF57E. E-mail: wdfan_123@126.com
BIEE : 2=/h I, BT 0. E-mail: xyli@mail.sic.ac.cn



932 TS| R =

29 %

HA 1 B 5 1 1) N half-Heusler #H AR, HA 77
MgAgAs fhiR&H, 2518 FA3m™l, R M 47
(Tiv Zr. HP) 25H 744 Sn £7 Sb #5742 FRIK
MNiSn # 5 &, futbibEfg, UE 03 m otk
e IR . A X N A half-Heusler tL&54)
IR Sb B2 TR T KEWFTT, il 2R Sb
24 m OB REXT N Y half-Heusler 14 &
MNiSn;_,Sb, (M=Ti. Zr. Hf) [KJ# Ve 4 2%
Sl B, SCERIRIE Bt Sb B AR AN ZE i
KESWER ), HEAG—EL, X556 &R
JIT R FH RLSIH Jh i LA F 1 Sb Bedit 5 ¢ o DRIk, A b
BRI L HER ) Sb B xR Ik, 2B
FEHIE Sb MR AEB 2 & AW TR R KR T 5 4%
Sb M52, {E ZrgosHfy »5Tig sNiSn,_Sby 44 F& HdkAT
T SbB AR MBS, UG8 R AF N Y
half-Heusler {b &3 LA BL K LA Sb 324 & S

1 W7k

1.1 #H&EEE

Half-Heusler {44 %) 1404 fill & Rl 5 K H HL R
S, LI iR ) B o] A 21 = THE ECRE, 1M Sb [
MEA 1750°C, HZAAR R, IRE S8R, M LIHE
FE] Sb B A%, BRI, ANHFFUR A Rl R JOd 7
HOIIN Sb 177325, DL LG A M2 61 Sb IF45 24 it
FH ks i R F-(Sartorius BT 25 S, ¥5RE 4 0.01 me)f%
Zro2sHfy 25 Tig sNiSn;Sb, (x=0. 0.002. 0.005. 0.01.
0.02. 0.03)fb 24 1 = LL Bk & Zr(3N). Hf(4N). Ti(4N).
Ni(4N). Sn(4N). Sb(6N)fm2liytz, H H Gk
#%(MRF SA-200)#Fk Sb LSRRI G 2485 15 e 95 B ,
FEAN RIS MR 3 IR ORI 38 5] o 5 B RIRRAAIT S
Bk, B LAEA 74 um (ETE, RGN G5
HIK Sb Rk, ARSI, PR g10 mm
HLE, TN DS WL o B2 R OB

£ 1 N2 Half-Heusler KRB &R 1E Sb B 4r 5

Table 1 The optimal Sb doping amount in different N-type
Half-Heusler systems

ol -
Systems Optimal Sb doping Reference

amount

Zro sHf, sNiSn,_Sb, 0.005-0.010 [1]
TiNiSn,_Sb, 0.01-0.05 [6]
Zto2sHfy 25 Tio sNiSn, ,Sb, 0.002 (7]
Zt92sHfy 25 Tip sNiSn, ,Sb, 0.002 [8]
Hfy 75Z1025NiSn,_.Sb, 0.025 [9]
Hfy Zr.sNiSn,_Sb, 0.020 [10]
Hfy75Zr0.25NiSn,.Sb, 0.010 [11]
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Fig. 1 XRD pattems of the SPSed samples of ZrypsHfyosTigs NiSn., Sb,
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Fig. 2 Temperature dependence of carrier concentration for
the Zrj ,5Hf) »5Tig sNiSn;_,Sb,(x=0-0.03) samples
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Fig. 3 Temperature dependence of electrical resistivity for the
Zrg2sHfj 25Tip sNiSn;_ Sb (x=0-0.03) samples

—90 - (Sb
-o-0.0025b
-4 (.005Sh

- 0.01Sb

=120 -4 (.025b

- 0.035b

-180 §

=210

L L L L L 1

300 400 500 600 700 800 900 1000

Temperature / K

Bl 4 ZrgasHfy 25Tip sNiSn,Sb,(x=0~0.03)FF: it Z& VL 7 5 % bt
T BE R AR A

Fig. 4 Temperature dependence of Seebeck coefficients for
the Zry ,5sHfy »5Tig sNiSn;_Sb,(x=0-0.03) samples
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Fig. 5 Temperature dependence of power factor for the
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Fig. 6 Temperature dependence of thermal conductivity for

the Zr0_25Hf0_25Ti0_5NiSn1_bex(x:0~0.03) samples

(a) Total thermal conductivity; (b) Lattice and electronic contribution to the
total thermal conductivity
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Fig. 7 Temperature dependence of figure of merit, Z7 value
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