5% 53 &5 4 W JiE SO > B < N Vol. 53, No. 4

I

2025 F 4 A JOURNAL OF THE CHINESE CERAMIC SOCIETY April, 2025

http://www.gxyb.cbpt.cnki.net DOI: 10.14062/j.issn.0454-5648.20240639

Dy Fi1 Nb XWiB2: 1AL CaTiOs #41H RLPERE

Baf, B R, FRM pRf, REE, LRW

CREF TRFM RS TRABE, 7T B R E ] S5 b R BRI %, L7 K 116024)

i E. CaTiO; MAMRIE A RIT. RIFHONFEE RS AIREN ST ZH)) 2 2V EFT . A4E CaTiOy BA K
Re IR, RIHEA RN TS, B RBP4 S AR T 264 T n % Dy M Nb X5 4% CaTiO; FE#
1kl Ca;DyyTigosNbgsO3 (x=0~0.15), FF-XFHE M I BOMTESE . RAMEREIAT T RIES 5471 Dy Al Nb B4 AUAT LLE
EWINEIR TIRE, REERERE, RN BT KRR ES N 1355, BEHE S T, ARSI
FE AR, BT s R AR BE R R AL, 7E 1073 K I, CaggsDyo.1sTioosNbgosOs IR1GH A ZT (£ 0.29, F B CaTiO; &AL
YRR E R KR

KR KAV R BEER; BEIEE, AERE
PEISES: TB34  XEFER: A XEHS: 0454-5648(2025)04-0742-06
4% B AR AT (E]: 2025-02-18

MBI LLSE e S AR B B ERDLRA R BRER R, KRR 1 X ek 1)
1k, 75BN ARk AR IR AL T A o A Iz T AR A
POl BRI R A R R M BRI E 2N S CaTiO; M RHEN H H ) #a e Rk 2252
PN ZT v . BRAEMIGEADRIN B KR EME, FERIRAE S I BE4E R BRI TR AR
Seebeck R LA 4E KR EZHsIA, MAR S g, HA R BRICRSEA RS, RS2 21
[ FL 5 SRR MR R S B N R R, R L SRIEREFT. BT R REURERBR(~2.55 e V)Y,
SRRAEMMER KR ZEY, BT BT LR ZE G SIR T AR SR G JRN
Seebeck REr. SR MB THRSR 2 AMEMES R RPBENT T RS BT RERIEICA R, Hit
W21, M DLURMUR SR T A SR G AR WFEYONARE CaTiOs & — MR RL, Bzt
HPERES S, BT, REE A TREME TR BEE, f CaTios A ARSI L N . Li 20!
Skeor PR m M RE A AR RE . B TR o I La B0 MIGI N AL CaTiOs AR IERE T
MR REAS G5k, e T g s, M B . Li NEI Nb B2 7R kL i & T 395
AR R B sE e RE . X B AR R s, (SR EEGE e, i PR RBE E AC. Li %
REHE TR IES ORISR e Ok, A TR AERS R Nb B8 AR AT DAZE AN F e is R B DL R
BRI R 2 R EH O UGS TP A d 9 TEU . BT CaTiOs i i e i 2 8 4 R A
FER PR A A T, b gkt AR 12, HR, SEEUA BB R ME. BRI CaTio;
SEPRAL g DL R A gt L Sl R A MRS R R R EE TR BR B, M
RAHER, PEMEHRTEREE D] T B ERTE, # FIHZ e AR08 F R £ 24 s R e A AR S 4
W IV-VI LA SnTe i R AE 773 K B A TAEMUIA S K@ Dy 1 Nb FXU5 4=
ZHE T 1.9, GeTe Wi KM B EE BT R CaTiO; HEABHE HL I BEAN HE BE JF 48 7T 1
2.0 Ry, T HGRREME . R ErEAS NAENLEE

WA E I 2024-10-07, BT H#: 2024-10-28. Received date: 2024-10-07.  Revised date: 2024—10-28.
FEWH: K EARRHEEES(52271025, 51927801). First author: JIANG Quanwei (1996-), male, Doctoral candidate.
B Haeha99e—), B, HMEwadt. E-mail: jqw@mail.dlut.edu.cn

WEEE: BER09S2—), B, it #i%. Correspondent author: KANG Huijun (1982-), male, Ph.D., Professor.

E-mail: kanghuijun@dlut.edu.cn



B S3EE 4 e 5.

Dy 1 Nb 35 24404k CaTiO, B4 Hh e 1 i o 743 .

K F CaTiggsNbg 0503 NI, TE Ca MBI A
A RN Dy, fERERR TIRENFER, 5I0KH
N5 R RS, BIRESEHRTE, $E5 CaTio;
FEM R PERE

1 55

PL CaCOs, Nb,Os, Dy,05 Fll TiO, ¥ A 5k,
KOH W M & ORovE MO ke 4 & Ok
Ca; xDyyTig9sNbgosO3 (x=0~0.15)HARBg % . FIHAT
EERENEFREIRRIES 12 h, REH/T. BE
R, fE 1623 K, R 8 h HEATTiRE. ke )a i
FEMZE ZIREREE 6 h, W T M ARA R )5
P ERE SN ELAR A 13 mm (47 SR AL gk 47 4
JERESE, 78 1573 K {#iR 1.5 h, 585 2 mm /24
(R 5 P A

ffi B ff 2% PANalytical 2 & £ 7 1
EMPYREAN &! X SFZAT7 A (XRD)XF B i
BEAT VIR 73 A FES TR A R H BT EREE X
S 2% B X 2> B A (EPMA, H A B 7 #k R 2 4
JXA-8530F )it 470 #r. FIFHEE Linseis 2 H
LSR-3 74 e P BB 45 6 MR R 4 [R) 20 I A 5t 1 A
IR Seebeck FREUATHLBHA . Pk BT K FH HIAE 1
REZR, RFZ3°4 11.0 mm x 2.0 mm x 2.5 mm.
f# A Hall MK R G5 (3E [ Lake Shore /A ] 8400
B4 5 0 B TR FE AT Hall 3L F8 2 . {8

I T BAX (78 [ Netzsch 24 7 f¥] LFA-457 B3R5 4
i H 5 R 2, £ ) Dulong-Petit 3t 11 5 HUARRE iy
L2

2 HR5t#

K 1la N Ca;DyTigosNbgosOs (x=0~0.15)[¥]
XRD . A R AT S g 5 AR ifE RS (JCPDS
81-0562)— %, NIEAL LM, A Pnma. &
la i, BEEBAREERIRE N, A5 32 s AR
Wi W% . H Bragg 2]l

nA=2dsiné (D
e 0 AN (ESIR2R) 5 S TH B R S A, FRA
Pt M B Bragg f1, WA A AN K,
BN Ay ng AT IEREEL, FONRSHREG d
SPATIR P EEE, Ay A BEEE d 5 0
FARUS LG, 0 /N BE 5 1Al F% 2 BH AR 4 o T [
PRI N . 3X £ B T Dy’ BB TR 4R(1.03 Ay KT
Ca” I T2£42(0.99 A), Dy’ 1 N2 S5 Tk 1
i, 1 XRD fiphtiéeda /2 R AEmFE . B 1b NIEAS
SERBVERIR S i A A M s B BL BN T 5 6 MR
BT E/\EAHS, SR SR maES., Dy
AONb> 2 BIBEHL 5 PR3 fA e iy Ca™ fr A Ti fr
B, TG K IR, 5\ % 5 REAK,
ff CaTiO; MALMER S B SN EAR
U 5 HLHE ) AP SR R

. . o o \
AL | " 7ls J\/\/\\_
z x=0.10 \
el L e
g \
fL . g A x=0.05 A
L | . x=0.00 M
| CaTiO; JCPDS 81-2562
L By owewss ssn Boaw ws insimmiss @
20 30 40 50 60 70 80 33 34
20/(%)
(a) XRD patterns

(b) Crystal structure

1 Ca;,Dy,Tig0sNbg 505 (x=0~0.15)¥] XRD fTH 1 5 f iR 25 47 7 [
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WDS is wavelength dispersive X-ray spectroscopy.

(b) WDS spectra of Ca, gDy, 5TiyosNb, 0sO; sample
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Fig. 2 Electron probe X-ray cicro-analyzer (EPMA) analysis of CaggsDyj 15Tig.95sNbg ¢sO3 and corresponding element distribution maps
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Extended Abstract

Introduction CaTiO;-based compounds emerge as a promising thermoelectric material due to their environmentally benign,
thermally stable, and cost-efficient merits. Nonetheless, pristine CaTiO; manifests inherently inferior electronic transport properties.
In this paper, Ca;_DyyTig9sNbgosO3 (X=0-0.15) bulk ceramics were prepared Vvia solid-phase sintering combined with hot-pressing
sintering, and the composition, microstructure, and thermoelectric properties were analyzed. The results show that Dy and Nb doping
can significantly increase the carrier concentration and effectively improve the electronic transport properties. Also, the lattice thermal
conductivity is drastically reduced due to the introduction of large mass-field strain and stress-field strain, thus scattering
high-frequency phonons. CaggsDyy 15TigosNbgsO; bulk ceramic has a ZT maximum of 0.29 at 1073 K, showing that the
CaTiO;-based materials have a promising prospect for thermoelectric applications.

Methods Ca;_Dy,Tip9sNbg o503 (Xx=0-0.15) bulk ceramics were synthesized by solid-phase sintering and hot pressing. First,
powders of CaCOs3, Nb,Os, Dy,0s, and TiO, were mixed and ground in a planetary ball mill for 12 h, then dried and cold-pressed.
The pre-burned samples were ground for 6 h and the dried powders were cold-pressed again. The pressed samples were then placed in
a graphite mold with a diameter of 13 mm for hot pressing at 1573 K for 1.5 h to obtain dense disks with a thickness of 2 mm.

The phase composition of the bulk samples was performed by a model EMPYREAN X-ray diffractometer (XRD, PANalytical
Co., the Netherlands). The elemental distribution of the samples was measured by a model JXA-8530F electron probe X-ray
micro-analyzer (EPMA, JEOL Co., Japan). The Seebeck coefficient and resistivity of the samples were measured simultaneously by a
model LSR-3 device (Linseis Co., Germany). The samples used for the test were long strips with the sizes of approximately 11.0 mm X
2.0 mm X 2.5 mm. The carrier concentration and Hall mobility of the system were measured by a model 8400 Hall measurement
system (Lake Shore Co., Ltd., USA). The thermal conductivity of the system was measured by a model LFA-457 laser flash thermal
conductivity meter (Netzsch Co., Germany), and the specific heat capacity of the bulk samples was calculated according to the
Debye-Dulong law.

Results and discussion The polycrystalline Ca; yDyyTiggsNbgosO3; (x=0-0.15) samples with a single phase were prepared. The
main phase of the synthesized samples is an orthorhombic structure, with a space group of Pnma. Dy** and Nb** occupy Ca®* and Ti**
sites in the matrix, respectively, causing the lattice expansion and introducing the donor impurity levels, transforming CaTiO; from an
insulating wide-bandgap semiconductor to a good electrical conductivity thermoelectric material. The actual amounts of elements Dy
and Nb in the bulk samples are basically consistent with the nominal doping concentrations, indicating that elements Dy and Nb are
incorporated into the CaTiO; matrix effectively. The electrical conductivity decreases with increasing temperature, while the absolute
value of the Seebeck coefficient increases with increasing temperature, showing typical characteristics of degenerate semiconductor
electron transport. At high temperatures, the lattice vibrations are violent, and the acoustic wave scattering dominates the carrier
transport, with other scattering mechanisms having little effect on the electronic transport properties. As Dy concentration increases,
the effective mass of the density of states decreases. When x=0.15, the maximum ZT value can reach 0.29 at 1073 K, which is
comparable to the others reported CaTiO; based thermoelectric performances in the literature.

Conclusions Polycrystalline Ca; yDyyTig9sNbgosO; (Xx=0-0.15) samples with a single phase were prepared by solid-phase reaction
combined with HP sintering. Dy and Nb doping could significantly increase the carrier concentration and effectively improve the
electronic transport performance. Meanwhile, the high-frequency phonons were scattered due to the large mass difference and
covalent radius difference between Dy*" and Ca?", resulting in a substantial reduction in the lattice thermal conductivity of the system.
Cagg5Dyo.15Ti9.95Nbg 95Oz achieved the maximum ZT value of 0.29 at 1073 K due to the simultaneous optimization of electrical and
thermal properties, indicating that CaTiOs oxide thermoelectric materials could have a promising prospect for thermoelectric
applications.
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