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Abstract: Due to its excellent mechanical properties and high-temperature thermal stability, half-Heusler (HH) alloy has
become one of the most promising medium- and high-temperature thermoelectric materials. However, its high intrinsic
lattice thermal conductivity prevents further improvement of its thermoelectric properties. In this paper, the P-type
ZrCoSbygsSny,s alloy is taken as the research object. Based on the isomorphic alloying of (NbgsTag,)esTip.FeSb with
excellent P-type thermoelectric properties, high-entropy HH alloys (ZrCoSbggsSngs)..[(NbosTag2)esTig.FeSb], (x=0, 0.2, 0.3,
0.4, 0.5) were designed and prepared by magnetic levitation melting and spark plasma sintering. Microstructure analysis
reveals that the isomorphic alloying strategy introduces many multi-scale and multi-contrast second phases, which
effectively enhance the scattering of phonons. When the isomorphic alloying content is 0.3, the lattice thermal conductivity
decreases by 35% from 4.72 W-m™-K" for ZrCoSbgSng;s to 3.07 W-m™-K"' at 923 K. However, due to the complex
doping effect between the multi-site alloyed elements, the electrical conductivity and Seebeck coefficient decrease
simultaneously, resulting in a certain decrease in the thermoelectric figure of merit. This work shows that the high-entropy
alloy design approach is a powerful measure for reducing the lattice thermal conductivity of HH thermoelectric alloys.
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Fig.2 SEM images and element mappings of the (ZrCoSb,gsSnys)..[(NbosTag,)osTip,FeSb], samples: (a) x=0, (b) x=0.2, (c) x=0.3,
(d) x=0.4, (e) x=0.5
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Fig.3 Electrical transport properties of the (ZrCoSbygsSnys)i.[(NbosTag,)osTi0FeSb], samples: (a) electrical conductivity,
(b) Seebeck coefficient

Kl 4 K (ZrCoSbyssSng,5)1-. [(NbgsTag)osTioFeSb],
i HH & 4 00 D) 32 K 7R 2 AR fb it 28 . 455 3%
W, B R AG 5 A A B AN, AR ) R 7 e
S5 B s, IR T J5A ZrCoSbossSny,s 74,
T YR T [ AT A L S RN 2 DL v R A, 45
L FT IR, (NbysTag,)osTig,FeSb 1 [7] ¥4 & 4 1k B A% T
ZrCoSbyssSno s 74 BT HTIZ BE )

5 A (ZrCoSbyssSnys) 1. [(NbesTag,)esTigFeSb],
FE b A IS PR RE . A&l Sa BT, BT A RE AT
PR B B I EE (0 T R I B R AR, B R G 4
& B RYIG I, 7E SRR R A I BRI R AR
JEHEIN, 24 2=0.3 Wk B o5/ ME TRl ST A
A% RO A R A, X2 T HH &

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.

[ 4 (ZrCoSbygsShoss) . [(NbosTag)osTig.FeSb], Hf & 9 T 2%
¥
Fig.4 Power factor of the (ZrCoSbgsSng;s),.[(NbesTan),s TigFeSb],
samples

SR R B W AR AT R TR, IR

http://www.cnki.net



CHIER A N01/2024

R, % . FHMASU P A ZrCoSh £ 54 half-Heusler & £ #4 B 1 65 19 & Il < 71 -

'S (ZrCoSbyssSto s)r.[(NbogTag)sTio FeSb], B i My iz e it + a) #45™ HCRAL, (b) BT () MHIA TR (d) B TG R
Fig.5 Thermal transport properties of the (ZrCoSbgsSnys)..[(NbosTag,)esTio.FeSb], samples: (a) thermal diffusivity, (b) total thermal
conductivity, (c) lattice thermal conductivity, (d) electronic thermal conductivity
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