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Abstract: Thermoelectric materials, as a promising class of energy materials, can realize the direct conversion between
heat and electricity. Half-Heusler thermoelectric materials have attracted considerable attention for high-temperature ther-
moelectric conversion applications due to their excellent thermoelectric and mechanical properties, and good thermal stabil-
ity. Here, The development of half-Heusler thermoelectric materials in the past two decades are reviewed. The thermoe-
lectric transport mechanism and the sirategies targeting the optimization of the thermoelectric performance in typical 18-e-
lectron half-Heusler materials, for instance, ZrNiSn, NbFeSb, ZrCoSb, etc. , are introduced, and the intrinsic defects
and transport properties of emerging defective half-Heusler material, represented by nominal 19-electron half-Heusler sys-
tem, are discussed. The recent achievements of half-Heusler thermoelectric devices are presented. Finally, the develop-
ment trends of half-Heusler thermoelectric materials and devices are prospected.
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Fig. 1  Schematic diagram of the crystal structure of the half-Heusler compound, in which red represents the X atom, yellow represents the Y atom, and

blue represents the Z atom (a) ; schematic diagram of the bonding environment and molecular orbital evolution of ZrNiSn (b) (28]
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The forbidden band width of ZrNiSn obtained by various measurement methods, the blue and red regions are reports of measurements for poly-

31, 44]

crystalline samples and single crystal samples, respectively (a)l ; schematic diagrams of the crystal and electronic structures of Zr-

Ni;,,Sn and ZrNiSn (b) [45, 40] ; Pseudo-binary phase diagram of ZrNi,,,Sn and ZrNiSn, the blue and red paths represent the high-tempera-

ture and low-temperature fabrication processes, respectively (c) [49] ; band structure (d) , the three-dimensional distribution map of high-res-

olution angle-resolved photoemission spectroscopy intensity (e) and the distribution map along the I'-X direction (f) of ZrNiSn'*!
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B R R PE RS, HUJE 3 o $E T RE AT 147 O B2 A
R — DR TS B A RO R 1 R B AS AT RS R
140, Bi,Te,. SiGe LAK CoSh, 25 7l 25 M REFAHL A KT
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IR N FE5F] T 30 mW -em™' - K2, [RIEE 552
HZIERAE = B D A VTR EE 3 W -m™ K™, i
Z(V, (Nby ) s Tiy,FeSb 7£ 900 K i %] T 0. 8 [ I4(E 2T,
2 B A A T S R A R i AE AT, AT & B
RREAWMKOEEEABTE(~10 m,), FHZER
£ 900 K AR F W B ik 6x10% em™, ZFR T p
TAB R3] Ti W AL B, IH I 2 000 U B A 5 3k 3
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<
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B IRI B HE 7 ok S 35 Y o ik gl R g kg, dE— 20
REAR T A RHY A RS P 38 . RFeSh 1A R I — B 3 4 450
SRR FR AT TE BE R S N S K DR I, He
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s AR, ffi75 Nby o Ti, o FeSb %8 2R K 135
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2018 4F, Yu ZFE' G BRI A R T
(Nb,_,Ta,), T, ,FeSh(x=0~0. 4) B [EE A, 1545 T
Nb il Ta 2Z [F] 4775 K 9 3 #2250 B AR AL S 42
AR, B AR PR R AR R B, i 5
PR T RAEFR R AVERE . Y Ta BN 36% 1 40%
g, ZRZR ) 2T HAE 1200 K 3K 1.6, X SEE4 A (R
() p B P AR A & W B i B 2T . 2019 4F, Zhu
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M 6
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Fig. 3 Schematic diagram of the band structures of VFeSb and NbFeSb (a) ; Fermi surface of conduction band bottom and valence band top of

(V,Nb) FeSb system(b) ; dependence of power factor and carrier concentration of (V,Nb) FeSb system at 900 K, schematic diagram

of valence band top and conduction band bottom of NbFeSh and VFeSh and the calculated curves for different components using single

parabolic band model with different single band effective mass m, (c¢) Ls6]
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HFiEE T 45 mW -em™ K™, H 700 K B} IR Tk 2
WEAH 52 mW em™ - K™, il Ta HERKTEER V
HE4tk, Tay .V, T, FeSh % I A% PSR Pl AR =
23We-m "K', RZZIKRM T {HLE 973 K iK% 1. 52,
3.3 MCoSb (M=Ti, Zr, Hf)

2000 4F-, Xia 45" 3 i oI R 1L A T (Zr, HE) -
CoSb (BT #IA, IR Pt F1 Sn fENBIICEIEY T
HR R, AR R0 7 vk B Ik B e . 2006 41,
Takeyuki %' SR Sn B BB 24 5B T TiCoSh n-p B
BEAF | B 28 TiCoSby o5Sn, o5 B 2T {H 7F 988 K ik 0.3,
2011 4F, Yan %' R FH AL ITA B 45 B AR R4 A L T
Zr, sHf, ;CoShy ¢Sny , MEF, XTI T 95 58 FI3Kk 5 $4UE Be 45
HIRE PR RE, & PLBRIE AR G 45 Jo A 1) L R BB A i 4
T T b A R BRI K P U PR s 20 bl ke 17
TREUEE FEOR, AR 973 K BIEE 2T 355 0.8, 2012
A IR O AR M E T TS HEOLR, M
2 A JE A 4 98 EAE MCoSb 1 Z v 5| A K 1 J5 12 i j
J13% W 3h, {24 Hf, Ti, ,CoSbh, ,Sn,, B G KE F
2.7W em™ KT, R Z AT B T AEIZ 443 R R
THA TR, BHTEBEREBET 1.0, p B MCoSb HIXf
TS S PEREAZ 45 T REAAE L RURT Tl R M K8 %
JEARB G (~12.5m, ), HIE T H AT 8AR A T
R HYPREFIHRZMELEL 30 mW cem™ <K,

HSCA B0 T 203 (i, Zr, HE) NiSn #4 L 2E RE (9 4
IYEE, [RIREIE BT p A MCoSh 1R &, Al Y 2,
MCoSb " Ti/ (Zr, Hf) M43 B AR KRR BE | B T 44 Rk 1 i
L, XA ZE 6 4 o0 R A R B 5 AR AR AT AT 2%
83 K [6) A5 4l 5 B MCoSh!® 1, 2015 4E, Elisabeth
LT I Ak R T T RE AR AT B SRS, AR MRl AR
Ti/Hf BLb, &4 T BAT BAL M A& T R0 p B4 45
Ti,, ,s HE, ,sCoSb, ¢sSn, s, Fe 2T {H7E 983 Kl 1. 15,

i 2 JUAE, n B MCoSh 2 #3141 ) #4 i i
PAFT WIS SR IR R P RE A ORI
JUTFH8 T A i TCALR R A R T, ER A e iy
FE AT RE AP R f A% A T R T BRI RS R0 Ak, JFEA
[F] %) 61375 G 28 ety Ofe B s el AN S A ), n o] 36 865 4 T
R SRR A AT R R i A A PR RE— e —
MERE, SC00 b, R B T R 2R M T A A
Ji, JF CARCEATT A AR R R A B e, AR T AR
20T B R AR I AR . 2018 4F, Liu 45 IIEF
AT A S RO B, BEERII &, BT —&
FT BRI ROV PR A AT R DR m AR R
AR ms . AT I A2 22 53R I s B DI AR OC,
N A B A 2 S el D SR U Bl KB X L S 1 K

S, KW 25 0] LS RS 0 75 Ui, Bk, %
BHEMREFEA R EZEA/NMIEREN G ST
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Fig. 4 Schematic illustration of the effect of alloy scattering on phonon and carrier transport, the left figure shows that the larger radius differ-

ence between the host atoms and the alloying atoms brings a stronger perturbation to the periodic potential field, and the right figure is

the opposite (a) ; lanthanide contraction results in a smaller difference of covalent radii between sixth-period elements and isoelectronic

fifth-period elements(b) ; effects of Hf content and Ta content on the mobility u and lattice thermal conductivity k; of n-type ZrNiSn(c¢)

and p-type NbFeSb(d) , rcspectively[ég]
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