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Figure 1 (Color online) Crystal structure (a) and powder X-ray diffraction pattern (b) of PbBi,Te,
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Figure 2 (Color online) Thermoelectric properties of PbBi,Te; in the directions of parallel (/) and perpendicular (L) to the HP pressure. (a) Electrical
conductivity; (b) Seebeck coefficient; (c) power factor; (d) total thermal conductivity; (e) lattice thermal conductivity; (f) ZT values

(152 2 b IARLE 4, PbBi,Te, fh A4 2 B H R I A S 44
R BN RS ACEAT R T B A TR
AR ZE0.65810.53 Wm™ K. RS2 s T
B S EORAT 15 1) _EBAT AR A S R A 3=
BRH. e, A RENYRR TR TR, 157
TS5 1) EJRERPbBi, Te AL &5 T 0.41 O ek

ZT(H(ZT ), P55 F 3 B )7 1) L 190.33(&12(1)),

W, JEEEER N = JTPbBI, Te AL & W O M BRI AL &

BRSO AT 5 A T

2.2 PbBi,Te;-~x%Cu (x = 0~ BRI FE H 5L
T T P4 405 SR 2 7 Y PbBi, Te, A& MR AR AE s 44

721



M % h & 2025528 #H70% o6

SRR, BRI IR R T iR
= PbBi Te fL AL PERE, FRATHE B TERERI DL ALAE
AR T ZTIE 0 S 5 5 AT, CuliFiB il e
HTEREC RS PR R TRIED ™ N T
SLEINR ) CulBF1EZ R PbBi, Te AL & W Hh R PE AL AL
W RATE I TPOBi,Te;x%Cu (x = 0~1)—ZRFIFES.
13 (a) XTI RE A I AR XRDIEE, 455 R, Culsdy
PbBi, Te, KT ABIMHM /7. HRIEXRDE R IR T
PbBi,Te;-x%Cu (x = O~D)FESL A ARAE 5 2L, T4 R a0
EI3(b)fT7R. B Cudr BN, PbBi,Te, fb i adilifd
A BB AR AN, AR CHl ) fb s B B e/
JEHER IS, X AT RRIE P AR 2 Cufe )2 RA R
B AHLEH S E A, S Cuf DI (x<0.1%),
HTFCu’ (0.91 A)RyEs 742/ FBiP (1.17 A)fiPb”
(1.2 A), FEAZM GBI, Pof S8 s ™ b
Cufr BN (x>0.1%), HRZ 1) Culi T HE AJEfEAE
JEADE BLRIBRAAL (B3 (c)), BTl Ty 1) A J22 8] ] 3
K, BBy il A R R, R B &
CulB 2= 1 Bi, Te, 5 31242,

2.3 PbBi,Te,x%Cu (x = 0~z TERE

El4 7R 147717719 EPbBi,Te;-x%Cu (x =
O~ DBt AR i F s . th Kl4(a) ] %, BE# Cu
BB N, 300 K FPbBi, Te,-x%Cu (x = 0~1) L5
KRBT G TR RS, 45 A0 %t fh s & B
LB AT, X — B ] 5 BT Culdi 2 B % 2 Rl 20
TR IEEAE Y, nE 4R, 7EMiECuls
Z=IPbBITe, ', I FTAHRME] TR, =

(a) PbBi,Te,-x%Cu
* PbBi,Te,

kk A A x=1

3 ke \ A A x=0.3
é‘g e Lo A x=01
L] |* A A x=0.05
5 k A A x=0.03

f =
| PbBi,Te;

II T II - Il L

10 20 30 40 50 60
26(°)

TR T 2 A PbBI, Te £ 5 11100 cm” V™' s 7427}
ZPbBi, Te,-0.1%Cuff it H1160 cm® V™' s, Efifdi g 5
R FERT MCuBZEI KR, B KA Tk
JEMAS R TR RS IR IR, PR T Ak,
PbBi,Te;-x%Cu (x = 0~1)f*Seebeck F FFifi ik 1921k
WE4)IT/R, I B29FE 1 Seebeck R EUARIE K. 18
Jinff)Seebeck RS Cus 425 R T A L. H
TFHEMF A AT I, A SCAUH R FH X He i, 3%
WA R A A Rl f T BB SR AT ok —
AT T A Cuds 4 X PbBi, Te, 41 4
JZ R T A RER, %4t T PbBiyTe;-x%Cu
(x = O~1)FATH S 7 U IAGE RS % (u, ) AR PRI L, 40
El4(d)Frs. BIERH, PbBiTe,-x%Cu (x = 0~1)H AL
TR ATRASR T T, HUGEH T CulB 24X PbBi, Te,
JZE T R EA R IHEH. &, BT Cui X2
{RPbBi, Te, FLEE PEREM S, PbBi,Te,Y) H 5L
TAREX W RERT. E 4R, PbBi,Te ik
I Z P F(PF )M 9.0 uW cm™ K H4/1%|PbBi,Te,-
0.1%CukE 11,3 pW em™ K72, #8274 T726%. 5HAl
LAY () = JCPb-Bis b 5 AH L, PbBi,Te;-0.1%CufFiE
AN DX R ELA S R A DR A, AnE 4D TR,

2.4 PbBi,Te;x%Cu (x = 0~1)FJHdiia kRt

PbBi,Te;~x%Cu (x = 0~1)AY#Griz HH R UNIA S
Fis, ARG BARE(D) KREFE(WL). BT
Kot ATV (k) AR (10 ) UL R
H(v,). WES(FTR, B AFREB A Cuf 1281k
5 R — 2, RS RR N, EISd) T,

(b) 24.05 — . ; . . .
| PbBi, Te,-x%Cu
24.00 | -
<
= 2395 -
e
0
03
| D - a&b
445 | ¢ .
L @ -a .- - -..9...9---0
440 L . LA -
435 L T T T

T T
0 003 005 01 03 1
BRE x

B 3 (MZRUEG)PbBIi, Te,-x%Cu (x = 0~ AT A XRDEI % () Al A% Bt Cuts 2 A AL TS Dl (b)

Figure 3 (Color online) Powder X-ray diffraction pattern (a) and lattice parameters as a function of Cu content (b) of PbBi,Te,~x%Cu (x = 0-1)
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Global energy and environmental challenges are an urgently required on the development of efficient, green and clean
energy materials due to the consumption of fossil fuels. Thermoelectric materials, which enable the direct conversion
between heat and electricity, hold great promise in applications such as waste heat recovery, energy utilization and
refrigeration. In this context, more and more researchers are focusing on exploring ternary high-performance
thermoelectric materials. Among the newly discovered ternary chalcogenides (IV-VI),(V,-VLy),, IV = Ge, Sn, Pb; VI =
Se, Te; V = Sb, Bi), PbBi,Te, has attracted increasing attention due to its low lattice thermal conductivity and unique
layered crystal structure. Previous studies have indicated that the intrinsic low lattice thermal conductivity of PbBi,Te; is
primarily attributed to strong phonon scattering at the interfaces with its complex layered stacking structure. However, this
structure also significantly reduces carrier mobility and limits the enhancement of its thermoelectric properties, which is
also an issue commonly encountered in most layered thermoelectric materials. In recent years, Cu doping has been proven
to be an effective method for enhancing interlayer carrier transport and achieving high Z7 value in layered thermoelectric
materials such as Bi,Te;, Sb,Te; and SnSe,. Understanding the effects of Cu on the thermoelectric properties of layered
PbBi,Te; in detail is of great importance.

In this study, Cu doping is adopted to synergistically regulate its electrical and thermal transport to improve the
thermoelectric properties of PbBisTe,. A series of PbBisTe;-x%Cu (x = 0—1) compounds were prepared by the melting
method. These compounds were comprehensively characterized using techniques such as X-ray diffraction (XRD) and
Hall coefficient measurement systems, etc. The results show that PbBi,Te; with unique layered structure exhibits
anisotropic carrier and phonon transport behavior. Specifically, PbBi,Te; demonstrates an extremely low lattice thermal
conductivity of 0.53 W m' K along the direction parallel to the applied pressure, as well as a high electrical conductivity
0f938 S cm™' and a considerable Seebeck coefficient of —76 uv K™, indicating its potential as a promising thermoelectric
material. Cu doping can strengthen the interlayer electronic transport, increasing the interlayer room-temperature carrier
mobility from 100 em’V's™ in PbBi,Te; to 160 em’V's™ in PbBi,Te;-0.1%Cu. This enhanced carrier mobility
enables the maximum power factor of PbBi,Te;-0.1%Cu to reach 11.3 pW em ' K% Additionally, Cu doping can enhance
interlayer phonon scattering, resulting in a minimum lattice thermal conductivity of 0.20 W m™' K in PbBi,;Te;-0.1%Cu.

Ultimately, with the synergistic optimization of Cu doping on interlayer electronic and thermal transport properties, the
maximum Z7 (Z7,,,,) value of PbBi Te;-0.1%Cu is increased to 0.59, and the near-room-temperature average Z7T (Z7,,.)
value (300-773 K) can reach 0.48. PbBi,Te,-0.1%Cu sample demonstrates significant advantages over other typical Pb-Bi-
based ternary compounds, indicating their promising potential as thermoelectric materials near room temperature.

PbBi Te; thermoelectric materials, interlayer carrier mobility, power factor, lattice thermal conductivity, Z7 value
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