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Microstructure and Thermoelectric Transport Behavior of ZrNiSn Material Synthesized by
Non-Equilibrium Technology
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Abstract: ZrNiSn bulk thermoelectric materials were synthesized by a self-propagating high-temperature synthesis (SHS) process.
Phases and microstructure of ZrNiSn were investigated. Its thermoelectric property was tested. The results show that there are a large
number of nuclei and high concentration of dislocation groups and stress fluctuation area inside the dense material, greatly enhancing
the phonon scattering and reducing the phonon mean free paths, thus leading to the decreased lattice thermal conductivity of the

materials. The thermoelectric properties of the material were optimized, and the Z7 value is 0.54 at 873 K.

Keywords: chemical furnace; self-propagating high-temperature synthesis; half-Heusler alloy; defect; thermoelectric

B REUE AR HE AR AR Y H a5 7R R BEYR fE AL
FUEREE 5 G ] AT A& AT . AR PPR R e S A
Ao 5 FRRE IR I B e, AR YR R R AU
AR Tl #ok 887 A BRI N H
AU SRR G e B th T B A A AR A
ZT Y5E , EHE U ZT=a’oT/k, Hed: a 2l Seebeck
R o NS R c BIRG K, T oLk g,

FHEHE) Seebeck %% 1 46 76 4 @ A kb A B,
B M B SRR R R, W50 B WA R 3
e AR RLE I L SR A e A R PR R

Wi 139 2020-08-04. BT HT: 2020-08-19.

FEBTIH B A RBLE S FI0H (G AU R S R 5 v A
#1iZ, 51632006).

B MRIE1989—), ¥, fi+t,

WSS FEE1962—), ¥, ML, #HT.

20 2D 50 AR, WEFUE R 2 FhEL B2 SR TR B
(1 1 5 A R 5 405 K 8 PR AR R R 5%,
BETT 3 ZT A . 33X I 30 0 i 75 B H b R
Bi,Te;' . PbTel. SiGel™E[fl ka4, Wites
N g T ) — R AR i B A
Fhrp A 2 3A ) R IB PR AR 23 A B i b gl
FHEAR BN, UnHEFE 755D (filled skutterudite)!> 0, 2
5 3 #4445 4 (half-Heusler)!' ", & 45 412021
BiCuSeO™ ! | SnSe®* >, LI M 45 # 5 4% 1
ZnsSbyP, TngSes? 28 CupSel®21%%

Received date: 2020-08-04. Revised date: 2020-08-19.

First author: YANG Dongwang (1989-), male, Ph.D.

E-mail: ydongwang@whut.edu.cn

Correspondent author: TANG Xinfeng (1962-), male, Ph.D., Professor.
E-mail: tangxf@whut.edu.cn



+ 598 - CRERR R 274D

J Chin Ceram Soc, 2021, 49(3): 597-604

2021 4F

ZrNiSn tLAWI1E A half-Heusler &4 (1) 4L 7Y
R, AMEANFRR AR, S EA R
Ry Efe, PRI AR AE o il A A R e
SR AE ZiNiSn g fA45 4, Zr-Sn £ NaCl 4§
K, JETE BRI SETT PRI B P — 24 Ni Jst 7~ 4, )
2R AE AP, ZeNiSn by [ AE A B G4k,
AEATREIE N 0.1~0.3 eV, =il T HME BRI U,
Seebeck REZIH—200 pV/K, HFEEiL 10° S/m.
HEny, RS, il NN 7 W/(mK),
K A2 PRSI A e B R — DR e 1 S B IR 32 B
T Zr 5 Sn W 1oRAREGE, ZeNiSn (AW HHIR
RIS Zr/Sn AT BeBER %, Ak, Larson 2517
VB, AT Zr/Sn AL ERBE, Ni/as A BB T
JRAE . Xie 250 MBI IE 286 K L, FHORLE KR
s Hoee G RE A K AW B AR, B
AN Ze/Sn SAL BRI A7 AE B P BEPEARMS, A AT
REMRI BRI R AR I & Ni (5%) di #2460, HT,
ZrNiSn Je A7 28 B 1 W JE % T B A Sn {7k
17 Sb Bi# Bi 7%, A RS T HUN T BURLE
Zr A7 Je Ni A7 S H A, Shen S5PSURO A S
V2414 149 HE) 5Z10 sNig Pdy 2Sn 990Sbo o1 75 800 K I ZT
B 0.7, Yu PR H R M &
Hf} 6Z194NiSng ogSbg oo /£ 1 000 K I} ZT iX%] 1.0,
Chen %5 UV j@ b Bk B 45 & 30 K ) 4% 79 20 1
Hf}y 757105NiSngeeSbo o1 £F 873~973 K Yu[H N ZT1A%1 1.0

W E Pk, ZeNiSn B AT AR N FHOME, T
RICTERAREE . X WRZORAR, ReFe>. BAENELF
HBE R ] 2 BRSO WA U N L 5K
Br b, ZeNiSn Hp Rk B R SR R il 2% T2 1
PR R, 3T 3 R A R L R AR LT
[l N R DRI s 2 N S R il
BORTG RN APRMELE B A N4 iIain), (4
BERILHI AR B SIS T . 2014 4, TR
R, half-Heusler 4 1] LAE G F & 4 w5
H(self-propagating high-temperature synthesis, SHS)
FORPHE S Pril SHS £, 2 4a5FH S 4 [a]
rei A SN TR N R A A B, BRIV N 49)
— HABIR, IR ) R SOV X AR SRR, B AR RO
54 T SHS G MBiks £ 4L, ZiNiSn =4
AR T AT JR S BRI R, A A
thhegti(plasma activated sintering, PAS)H A . MR
BRI A B e 4 BUB AR, 7E 20 min WRIAT S8R, )
KHAEHE T ZeiNiSn (& sl 4. Hu %5500 ik
SHS 4% PAS £ioREAT T ik, 1 ZrNiSn [¥) SHS

S I M 56 BG5BT e i 41 AL
A, BEI LR & R ZeNiSn 7 40 1t I il 17 Jis
I RIS B BUEA, XA B ST
WRBE A B2 4 PO N B2 R (self-propagating high-
temperature synthesis combined with quick pressing,
SHS+QP). X —HARMSE, K )5 880 i 75
SO ERCIA SHS BERED, HE—DAaRL T AL
A N R o i SEPREIN B B, SERREXT SHS [V,
VAR RE IR, OF I A) & B HR R OCBE, RA
RESE SN2 SHS I S NRERE, S FER R I I 21 SEAT
PO, XK 380 SHS VAN 5E A Bl 5 2R 303 b
HFEA T )

A ARG AL LR ARV bR o) o SRS L
— A, WEIAGER TR, AL SHS [y
T3 < 2 SN IR (iR b e ey, 1k 5 1 &
ZiNiSn ) SHS M. t+51 K SHS J i nl LA
FE R AERE— 5 N A), 2 BLORAE ZrNiSn SE1% SHS
SR, I A SR At i g, Al e s,
TRUEARLBUR A o R T TR A 2 b 45 PR
B (chemical furnace combined with quick pressing,
CF+QPYEIAR . fEbHeAls b, XA RMIAR Rkt e ik
ATHRAE, (RN A R BEREAT I, ) Wb 5
JR—E 45 VERE TR SC R

1.1 ZrNiSn SR{R##LHI &

B 1 b s G s s B #l %% ZeNiSn
BepppR s g i fon . i 1 T, S
AN R K3 FH S AL B R T S VAR R
IR R B, LB TR L 3:4:6 1 Cry0;
¥y C¥rJe ALBMER, MAMINFA] ALO; I 7 & (E
IRGTHO N A0%INT, N7 28 48 1) il 2 4 i
1600 K/s, I fRKeld [Tk 1796 K, wmiili ff 4L S
[(>1 573 K)AlIA 125 s, BERIAb2E RN, #5225
ML R, ARG KRG I8E, BEMiSIK ZiNiSn 1)
SHS Ko Ay IfE &M TRTELR, Rk
i) Fs ) AHMESE T e 0 XA 3 25 HARFE S . A8
A L(SHP32-160G AL L) $E A4 T, 44118
TEL ELAR SRE SR A AR B, VR BIRE S B s
ik J12920 170 MPa.

HALZEHRELL 10101 FREE Z $9(99.99%) Ni #y
(99.9%)~ Sn #1(99.999%) 24 g 1 M 5kl TRAHIA]
BRI N B RNYIE 6 MPa A E 5 min, 15
FIHAE 20 mm. 5 18 mm (19008 1) [0 A B ER 4,



49 55 3

WARIE A PRI B BRI 46 ZeNiSn ORI NI S5 14 5 ALk g © 599

SRJGTE 200 MPa N 45 R 5 min, 1528 430
I EAR 17.5 mm. = 16.6 mm R TERAK, KT
IR A TE AR TBON 19 5 48 v il R i s 26 1 v
(LB 1), 5K RGE, TSR H bR RS P44
(1) SHS R Y., #R%eik &5 4iE 43 HE A BT AR A4k b
(M EUKTFER 10 s), IR ARARIRAR IE AL T sl 21 A
IR, BER 72200 LL 170 MPa [IVESSE K, {4
F 1 min S0, RIS 2RI DRLFETRR A
“CF+QP”#f i) WY HE B )77 [ V) B9 20 4 TEAE b
(3 mmx3 mmx12 mm)H T HVEREINA, AT R
J3 ) DIEIAS 2) AR FE (8 mmx8 mmx2 mm) ] J-#4
T HREINL, #fh e 3 5 8E SR A7 )
AT o HARAMAREIH T EAE. R4
4 H - 2 B (FESEM) JZ 4 HL 1 W 4% (TEM)

ST

Hydraulic
system

Tungsten

$34Y  fnen
] / Ignition

QU [ e
//
Reactant
Sands
=+ Chamber

K1 Al g5 Pudon i (CF+QP) 1 7 il 26 B R 7 1
ZrNiSn BUAR BRI R 7 i B

Fig. 1 Schematic diagram of the synthesized process of

ZrNiSn bulk materials via chemical furnace combined
with quick pressing
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Fig. 2 XRD patterns of IM+PAS and CF+QP samples
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Fig. 3 Fracture surface morphologies of ZrNiSn bulk materials
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(b) Low-magnification TEM image of
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(c) Enlarged views of the yellow marked
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Fig. 4 Fine microstructures of ZrNiSn bulk materials
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