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Fig. 1. The crystal structure of InTe.
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Fig. 2. (a) Powder XRD patterns of In;,,Te (z = 0-0.01)

compounds; (b) the a and ¢ lattice parameters of In;,,Te
(z = 0-0.01).
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Fig. 3. Heat flow curve of In;,  Te samples (z = 0-0.01).
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el 3

Fig. 4. (a), (d) Back-scattering electron (BSE) images and (b), (e)In, (c), (f)Te elemental distributions of the polished surfaces for

In; ., Te samples ((a)—(c) z =0, (d)—(f) z = 0.01).

TE B HL T UG b, BT 00 380 A S LR Ak,
3 W G g Y B e B 2 S, SO R AR 45 SR R W
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FESL R A 25 3R .

B 5 Ingo Te FeZ5FE I F W7 37 A 5T LB I A
Fig. 5. FESEM images of the freshly fractured surface of

In; o, Te after sintering.
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Fig. 6. Temperature dependence of (a) electrical conductivity, (b) Seebeck coefficient, (¢) power factor for In;,,Te, (d) the relation-

ship between carrier concentration and Seebeck coefficient for In;, ,Te samples at room temperature.

F#1 In,Te(0 < z < 0.01) FE5 A IR IEM:BE R B0 7/ AU 22

Table 1.
(0 < 2z =< 0.01).

Physic properties at room temperature and the grain boundary scattering potential for charge carrier of In;, Te

Nominal composition p/(x 10" cm3) 4/ (ecm?V i) o/(10* S'm!) S/(uV-K™1) E,/(meV)
InTe 6.72 8.71 0.94 79.31 41.94
In, g, Te 5.58 10.72 0.96 87.17 42.03
Iny go3Te 5.35 16.16 1.38 92.99 23.14
In, o5 Te 4.53 17.73 1.28 131.44 25.47
Iny g Te 2.90 25.55 1.19 132,51 15.19

Hr, LAGRIRST, n FEBIRFWREE, m™ 8+
ARUT G, kg NBEIR2E 2 W, B, 4 b B 3
& UM REE VR AR SRR AU 0 — P AH
REGiHT, o SR RN
oot b 2)
o 0G 0GB
Herp, ¢ o SR FLARRG  He. 2RI, ML £ S
T FHE, o ST ogp. TEER FHEL
- A BT 1 AR AR, (Ino) 5 (1) kg T) Z 18]
FEAEMEE R, MARPRED -1,
XTI, FRATIAE T AR i 1 i Sl

W By, SR WE 1R, Ing, Te £ & 1 #0+
{1 i OB AR IR XA W] 0%, By, B In 3% E
B A IR RS InTe B 5 b i i A
SR 41.94 meV, T7E Iny o Te FE 55 R
SHA AR 15.19 meV, FPEHIY & B 2 1R
ihE0 Sy 08.19]

62 t2

8;35 ’ (3)
Hop, e oo R, Q b FHF IS EIE,
NBIETIRIL, e N BFERC I, WA
Si 5 RIS B D RAE L, SR AT

Ey, =
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ML RO 1.0 x 104 Sm L & 6(b) FIA 6(c)
53 9°h Iny, Te ¥E & 1Y Seebeck F %5 T % K -+
(PF) Bt B AR Tt 2, B A i i) 2 DL v R4
BIRTEE, R p UL SRR, FrAFERLY Seebeck
FOBI A R B T T 3G K. InTe A 4L 7E 300
F1790 K 1) Seebeck FEAN 79 F1192 nV-K.
M In Fr e, 2€ 01 v REGE T BT, Ing g5 Te
FEITE 740 K BJHUSHIY Seebeck 4227 pV-K .
XTI A RS, BT RS A 580 K LI N A IR
JEE T TG A, Ty 36 PR A, R AN BB s T
FAAE 580 K LAJS Rl R (W T E TR R, DR
AT . Horb, Ing gosTe A 50 7E 580 K
F1 790 K B B B F 43 518 0.60 mW-om LK 2
A1 0.36 mW-m K2 4 Inat &0, i FF WS
Seebeck R o3& HE T, F DR 7B 3K,
Iny gos Teff i 7E 580 K BUAG T i KW R W F
0.60 mW-m K2, 5A&AF InTe #£ 5 A7 L HE & T
24 40%.

itk — 2 R A G L 3 5 Seebeck 7 AR
R HLE], XA AR SR T T S IR R R AR I
K, I T R RS B e A
R R, 3R 1 R, ORI 2R Uk R
& In & 8RBT FEAR, AME InTe A i 7E 2 i
TG T HEE N 6.72 x 10" cm 3, 1fij Iny o Te
FESMTE IR T IR IR BN 2.90 x 10" cm .
XFT Ing, Te (b GYIME, MR ER 1T £ 2
SRR In 2868 UIAE, 1A Int2s (0 A] DLE
ZIAHET, LA It g2 34 H T,
In MBAMINAINER] 728 6087 A, TITREAR 144
BRI IR, R T RS — g, X

#2 AR In & Ing,Te BEM P IER Ty

Table 2. Positron Lifetimes for In;,,Te Samples.

Sample mi/ps  To/ps L/%  L/%  Tawe/PS

InggeTe 1266 3420 3.37 96.63  334.7
IngggeTe  131.6 343.0 422 9578  334.1

InTe 135.0 3454 510 94.90 3347
InjgnTe 1473 3445 549 9451 3337
InjgpsTe  171.0 3481 846 9154  333.1
Iy Te 1811 351.8 889 9111  336.6

HEAT T I L B B, DA R gk 2 f
7R ARPE OGS AR PO, BAT I R R

1 1

- = 4

T1 ’I'b_'—l€7 ( )
k = pCy, (5)

o 7 TR, myy MIE TR S T,
Kk O ERBA AR, o IE LR R AL, Gy ik
Pk EE. NER 20T LR, BEFE In & & T+,
To P Toe ZEASANAS | U0 RH Bk FE 1) 28 ROV A e A 7
1k, M 7 B, AAE InTe ) 7, i 135 ps, 1
In, yTe B 7, A 181.1 ps. WKE#E & R 25 7 4
7, FIE L F A 3 R BOW R — e E, SRR A R 3
rk BEE In & 5 AU AMTTIEC )N, RIIL, BHESF25 00 1
e FE B REAG. SEBR |, Jana 58 121 {158 InTe 1k
G Int, In*tH1 Te? BIERIE BURE, 25 R R,
Int 53 B BE A T In3+F0 Te? 25 3L AU TE A RE,
R Int 7 ds R G T LS A, L InTe 16 &
Y g £ Int S AA L, o In A9
AT Int 23 IE AR, (75 28000 1Tk BE R AR,

MBI Seebeck Z 405 ALY I V& B2 Fil
PR HLF-REAF 258 2 DIAHOC, 1 6(d) 4 Iny, Te
FRINFE AL E i Seebeck RELH L FHRIECHR M
2, WNEIH AT LIA ) FE Bl 2 RU BT 4544 | 2K
TFARIEN 0.6mg, LA 22305 8 &
FHERT (R AL IR), ] ARG 1A
In 3 S AE 5 Y Seebeck F 505 #0000 1k BE 1K) ¢
R, RUM R A RO EIF A R AR AR . A
I, RT3 v IR TR T B T
W Ak

E 7(a) 1 7(b) 5T Ing,,Te RIVFEMI
TR A% AT R IR AR C R AL A
B AT SR B R B A b TR R R, X TR
ThiE U B e, S B s o RO 2
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Fig. 7. Temperature dependence of the (a) total thermal conductivity, (b)lattice thermal conductivity, (c¢) figure of merit ZT and

(d) ZT,,. in the 300-750 K range for In;  ,Te samples.

Hil. 7E 300 K B, AiF InTe £ 5 T2 H 0.93
Wem LK 7E 773 K BIVEREESE 0.45 Wom LKL
Bl In & A3, BRI SRR ETREIL, X
& T 3R T VT R S R SRR AR T
Y. T A 2R A BB 25 A IR AT Wiedem-
ann-Franz & # 0] LITHEAFE] Ing, Te RINFER MY
ARSIV AN 7(b), BEE In S AN, FE5
() A I TR NI K. 7 750 K B, InTe A5
A RS FTR R 0.31 Wem VK1, 17 Iny o5 Te #5h Y
PR TR 0.40 Wem LKL, X FE R Tt
fR) In SEAN TAAE InTe £f50 TP B2 07, MIiREs T
SSRGS TR U T 0.

E 7(c) I 7(d) 5 T Ing Te 5L
{8 Z7T P 22 A rY ¢ &R B S & R 3% ZT
{H (300-750 K). i In BIASE AR 05 ik
FEREAR, Seebeck R K, W E L= TR
AT, WA, HEMAIEARA T3, (A5 4 S 7E
I 7L DX T O 1) A e B SAA5 31 T R4k, 7E 750
K i}, Iny go3Te FEARTS IR ZTH N 0.71. F &
S SRR R BT ZT AR K

ZTAHEEE, HIIHAE T 300—750 K i B i Fl
WEYF-34 ZT. Ing g5 Te FEG BT ZT 1N 0.39,
EARAE InTe FEMAR L, 25 T 23%. @it In i
Ji$, InTe MOBHGIEEMEREIR 2] T B 13T

4 %

AHIFFE R I Rl IR KA 4 B s ke
45 (SPS) T2l #5 T Iny, Te RINAIHZ Hh
K&, XRD, DSC K EDS 45 5 2 B I $R45 n kL i
RS EAAH. Bl IR T, AR AR i )
G 8 R HE IR B TR L R A SO
AR PR AE S TR b R IE TR S AL
Sy REMIAZE R0 In 5 B8 nT DL R ] In 25
Brry A, IR TR R 2 IR B, b 2 4
FRLPR) Seebeck FEK, 45 ML D 2 P+ 7E M
IR DERINESE] T RIEPUE, Ing g5 Te 7E 585 K
TR TR KRIIEKNFH 0.60 mW-m K2, L
InTe ARIEFESHAY 0.43 mW-m LK 2425 T 2 40%.
In i B EEM R PR In 25070820, A5 BE X2k HA
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FHEE T U VR PSS, SRS TR A T
fH R T3 35 50 B S R ST, £
% In i BREES R T InTe RYAMER VG R 1
H, Ing o Te BESTE 773 K T B G EKH 0.46
Wom LKL 5, BT R 4R TR A A
R Ing g3 Te BESLTE 750 K F 3G i Kk ZT1H
0.71, Iny o5 Te BE & KA e K AP ZT{H 0.39,
5AAE InTe FeaAHLL, $2F T 23%.
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Abstract

The inharmonic lattice vibration induced by the lone pair electrons of In™ in the InTe compound produces
its intrinsically low thermal conductivity, thus InTe compound shows a great potential serving as an
intermediate temperature thermoelectric material. However, its poor electrical transport properties result in an
inferior thermoelectric performance. In this study, a series of single-phase In;,,Te (z = 0, 0.001, 0.003, 0.005,
0.01) polycrystalline samples were prepared by a melting-annealing process combined with spark plasma
sintering. The influence of In content on the electronic and thermal transport properties for In;, ,Te compounds
was systematically studied. As the temperature rises, the predominant carrier scattering mechanism changes
from grain boundary scattering to acoustic phonon scattering, leading to an unusual semiconductor-to-metal
transition in In;,,/T'e samples. Positron annihilation spectroscopy and electrical transport properties demonstrate
that In vacancies are the main source for the charge carrier. Adding extra In effectively suppresses the
concentration of In vacancies, reduces the carrier concentration and improves the Seebeck coefficient of In;,,Te
samples. The power factor of the In excess samples in the test temperature range is greatly improved in
comparison with that of the pristine InTe sample. In;ysTe sample achieves a maximum power factor of
0.60 mW-m -K2 at 585 K, which is approximately 40% higher than the pristine InTe sample. In addition, the
In excess sample maintains a thermal conductivity as intrinsically low as the thermal conductivity of pristine
InTe, and the total thermal conductivity of the In; y;Te sample at 773 K is 0.46 W-m LK !. Owing to the
improvement of the power factor and the low thermal conductivity, the ZT value of the In excess sample is
greatly improved in the entire measure temperature range. A maximum ZT value of 0.71 is attained at 750 K
for In; gp3Te sample, and a maximum ZT,,, of 0.39 is achieved for In; opsTe sample in a temperature range of
300-750 K, which is about 23% higher than that of pristine InTe sample.
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