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Abstract: Titanium dioxide is a potential high-performance thermoelectric material, but its low conversion efficiency
limits further application. In this study, a core-shell structure powder was prepared by encapsulating titanium dioxide
with tetrabutyl titanate, and ceramic thermoelectric materials, TBT-x%(x=0, 5, 10, 15, 20), were fabricated through
high-temperature argon atmosphere sintering. With the proportion of titanium dioxide coating increasing, the electrical
conductivity and power factor of materials increase significantly, and the thermal conductivity decreases markedly. At
873 K, TBT-20% had a power factor of 355 pW-m™'-K?2, a thermal conductivity of 2.29 W-m™'-K™!, and a

thermoelectric figure of merit of 0.135. The organic substances generated by the hydrolysis of tetrabutyl titanate were
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dispersed in the powder, which carbonized and formed pores in the ceramic during sintering process. The carbon

derived from carbonization not only reduced titanium dioxide but also inhibited grain growth, increasing the grain

boundary density. The increase in oxygen defects enhanced the carrier concentration, while the defects, grain

boundaries, core-shell structure, and pores formed a gradient structure that enhanced the scattering of phonons and

reduced the effective sound velocity, resulting in a significant decrease in lattice thermal conductivity. Therefore, by

the synergetic effect of "defect—grain boundary—core-shell-pore structure" to optimize electrical and thermal transport

properties, the thermoelectric conversion efficiency was significantly improved.
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Fig. 3 (a-e)Cross-sectional SEM images of TBT-x% and (f) pore size distribution of TBT-20%
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Fig. 4 TEM analysis of TBT-20%
(a) High-resolution transmission electron microscopy (HRTEM) image; Fourier transforms of (b) selected area A and (c) selected
area B in (a); (d) Inverse Fourier transform of selected area A in image (a); (¢) Geometric phase analysis of image (d)

AN R IR R 2R, BREATIE R,
PR TE 1R 2 e & A BRI R TR i 2 AR
H O HAT SE R AR AT R AR XA 4(a)
A DXICHEAT W0 HLrE AR 3, 4 4(d) P iz X sk
FAAERE ARSI BE— DT LA Hr, 15
I e PR AT (14 MLAE 7 A (B 4(e)) - BRI AL 2 DL B2 11
AR ELG, Hrp S0 BRI (R OR IR VAT
OB ORORPNNAL . I8 R A ERAE Sk
TSI NK A ERIE, e A O R RS SR A
GREEAE, SREEMT 2 R RA . XA 5 I A A%
ISz 3355 T AE B AN ) 7 1 B ARy, AT B A1 i
MR,

2.3 MBS
Kl 5(a)y TBT-x% ) L, 5 28 [ Uk 52 1) A2 A i 2k
FrE R Bon e R S AT R, RIS bl IR
FrEfidgm. B S3 AFEMmMInC )5 1000/ K
Az, 2SI ROFMLEMEICR, RUIFEM B
A& 58 IR T S ALY, B Sa)t, Bl x 1
B R SR EEE R, Hx Smres, ik
(1 Ak 2 o Ui P8 v T ARG, LR M R AR AT
N4 BT NEEAR RS . S R LLUE R AR (1)
THE,
= .. (1)
FL 5 U TR BE () R T RS 38 (1) Bk
IEE. FEa R B ET S, FEERE TR



3]

B, S SRR -2 AL M RO AL SR A BR e R R i A s T e

e S SRR A PR 22, R AR R B R B R T B
B R TR EN, BRI BAREE T, MK
HYRESIEN, REAR, B2 TREREE
AR REN R, MR, EREERET, 81
TR 75 - DA K R T R IO AR A
LT ER 323 7RSI, k2RI RAE T I Sk
IR B,

Kl 5(b) v TBT-x% (1) Z& DL v 22 % bl i i 1) 22 4k
M. P rein 2 DUoe RECHFUE, RUIFE G 32
WINT BT, FESON n B SAR . RS HIZE DL
FHOE DU R Bl PN B T v R A A B R
Fo o X BB x 385 0 PR A

2 DU R A0T L A Q)i

=5 o ) @
Kb, gy b5 (HIABUR 2% 2% $0(1.38%10723
JKY) . B 50 5 50(6.63% 10734 T-s) FI A 25 B A R4
B, RE EIR A, (SIS EERIER, SERT
W SR Vo R TR P B R b T T KR 38
T FE T v 5 R | ST BT, S e A R R [ D 1
IS A AR ATHEE . R, RS ZE D REULT
AN L A B AR A

N T R HR RO R, SR A B (Eg) 3R
TWELBR FEBRREATT 0. MH
Goldsmid-Sharp % & (A X (3)),

g:2 | lmax max (3)
T I | S| P U AR L A W A R PR AR AT S0 S max A
FE DUow RENANHE I KAB S Tnax 9|S]max XS PRI
B o B x S, | S max P/ o

0 I S 6 A 1) F T R ZE DL R T SN AL
BRI w20, 15 260 R DB IR Tk
BE(nw)P71. R 1 FIH T 323 K N &K b I B R IR
TZH0. Bl x B, FERIBGERR FIRER N, X
55 B R 43 A 45 SR AR & o TBT-5% I AL E It FiT
B B ERAR, xdE—D8m, TAHE. FR
IR T 1L A8 2 10 A8 A0 5 B 5 () A R 235 5 A A A
— 3o BRI T RS R 1 AR AL A R TR A
RRRE B AR R FL IR 25 FE XS n o B 8 P 8 R Al oK 2 AL
Bl BN # T, IS BUIAEIR T B R KA
Ak

Bl 5(c) 9 TBT-x% 1 Ly 26 [K] - i i 55 11 742 44, it
2. B x 0, ThERRFFEEE I, TBT-20%7E 873
K FIShZR R Fik 3 355 yW-m K2, X EEIHARET
HL G 3K IR P & .

1 TBT-x%HYAFRE B F323 K BMAER TR EF MR FiEBE
Table 1 Bulk density and weighted carrier concentration and weighted carrier mobility at 323 K for TBT-x%

Sample pAg-cm™) nw(323 K) /(x10'8, cm ™) 1w(323 K)/(cm?-V71-s7!)
TBT-0% 3.75 0.15 66.07
TBT-5% 3.56 1.84 27.35
TBT-10% 3.50 441 23.57
TBT-15% 3.51 5.03 25.69
TBT-20% 3.57 5.24 25.40
9000 0 550
(a) ——x=0 5oL (B —o—x=0 00 () ——x=0
e TBT-x % - S0 | TBT-x % DN TBT-x % D
7000 - —v—x=15 —150 [ —v—x=15 8o —y—x=15
——x=20 ——x=20 400 | ——x=20

6000 |- —200 -
2 5000
fv 4000 2-350
3000 “ —400

—450
2000
—500 [

1000 | ././k,+’4——"’—’ ok

~-250 'W:QEQ:Q s

s ¥ 300 [ Ean|
L Z a0l S

= S0
F [ B

[ & 200

150 .W
(./k’—l/.’_.\. 100 |-

e S —600 |-
L 50
. . . . . 1 ! 50 L1 L L L L L L L L . . . ) .
300 400 500 600 700 800 900 300 400 500 600 700 800 900 300 400 500 600 700 800 900
T/K T/K T/K

5 TBT-x% ] L i3 11 At 00 okl 2 1) 28 1 o 25
Fig. 5 Electrical transport properties of TBT-x% varied with test temperature
(a) Electrical conductivity; (b) Seebeck coefficient; (c) Power factor



ks T WL R AR Vol. * No.*
*E*H Journal of Inorganic Materials *
5.0 5.0
014 (b) —m—x=0 ——x=0
45 - o= TBT-x % .5 D
D ay

K,/ (W-m™"-K")
-
]

Y

1 1 ! !
600 700 800 900

T/K

! 1 1
300 400 500

1
600
T/K

L 1 ! !
600 700 800 900

T/K

1 ! L
300 400 500

Pl 6 TBT-x% 1) i iz 15 A il 00 X il P52 10 22 Al i 2
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Table S1 Specific dosage table of experimental reagents

TiO; . . . Tetrabutyl
Sample powder/g The mass of TiO: provided by tetrabutyl titanate/g titanate/g Ehtanol/mL
TBT-0% 4.30 0 0 30
TBT-5% 4.56 0.24 1.02 30
TBT-10% 432 0.48 2.04 30
TBT-15% 4.08 0.72 3.07 30
TBT-20% 3.84 0.96 4.09 30
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Fig. S2 Formation mechanism of the core-shell structure
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