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properties, while the studies on divalent
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elements are relatively few. However, the
mechanism, preparation process and the effects of different doped ion combinations on the dielectric properties are still
unclear. Further research on the microstructure, dielectric properties and mechanism of co-doped TiO, ceramics is of
great significance. In this work, (Ca, Ta) co-doped TiO» ceramics were prepared by a solid state reaction process. The
effects of different components on their morphology, crystal structure and dielectric properties were studied. The
sample with high viscosity needs to be sintered at 1400 ‘C for a minimum of about 4 h. When (Cai;3Taz3):Tii—O2
ceramic with x=7%, the second phase appeared in the (Cai3Ta3),Ti1O> ceramic sample. Compared with pure TiO»,
(Cai3Taz;)xTi1—O; ceramics all had giant dielectric constant, which roughly increased by two orders of magnitude.
With the continuous increase of doping, the dielectric constant increased first and then decreased, while the dielectric
loss was completely opposite. (Cai;3Taz3)xTi1—O2 ceramic with x=3% showed better dielectric and pressure-sensitive
properties of ceramics. Ta doping led to the generation of electrons in the material, but Ca doping can produce vacancy
and the defective dipole cluster can improve the dielectric performance.
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Fig.1 The preparation process of (Ca, Ta) co-doped TiO2 ceramics
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Fig.2 XRD patterns of (Cai3Taz3)Tii—+O2 ceramic samples at room temperature

(g) Only 1% Ca
K3 (CaisTazs):TiiOx M EEAE i FIWTTH SEM A

Fig.3 SEM images of (Ca1/3Taz3):Ti1—xO2 ceramic samples cross section
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Table 1 Temperature stability coefficients of (Cai3Ta23):Tii—<O2 ceramic samples with different doping contents
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Fig.8 Electric field—current density curves of
(Cai/3Taz3)xTi1-xO2 ceramic samples at room temperature
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521 HEUKEE: (Ca, Ta)JLB 0 TiO: Mg B B LR RE S BLER 217
(a) Ti2p O  Rawdata (b) Ols Ols ©  Rawdata
4t ---- Fitting data  529.7 eV Fiting data
%Tl Py Background | | g T gaCkgTO;'“;?
R 3+ == xygen lattice
. 8 ‘458.2 eV T14+2P3/z = --+-=-= Oxygen hydroxyl
= 9 fg) == Ti"2py, g ******** Oxygen vacancy
g § ® Ti""2p,, £ Ols
= / =
= g % ,,,,, Ti*2p,,, 530.5eV
Ti®* g Ti2p Ti*? Ols
P32 ::,g }:,. 12 P » 33L6eV
457.54eV 5§ 462.
i ol . . I . I . I .
454 456 8 460 462 464 466 468 526 527 528 529 530 531 532 533 534 535 536
Binding energy/eV Binding energy/eV
O Raw data
(c) Tadf Tadf,, 0 Raw dat (d) Cazp Ca2p,, — Fitting data
2 Ta4f, aw data - - - Background
2520y Tadfs Fitting data 3469 eV " Suportioal Ca2p
Background SN 12
> --—- Superficial Ca2p;,
g Z --- Bulk Ca2p,,,
§ g Bulk Ca2p,,
L | | | | | | | L
345 346 347 348 349 350 351 352 353
Binding energy/eV Binding energy/eV
Bl 10 45045 x=3%IN (Ca1sTaxs):Tii—O2 P % R T (¥ HL 7 R il ]
Fig.10  XPS spectra of (Cai3Taz3)Ti1—+O2 ceramic surface with x=3%
HE 10(b)ATLAE i, Ols I AAE FREE M, F B, XEZRZM TR Ta ME Ca BERT, &FH
W25 A REN 529.7 eV, BRIGST BRI [ TiO6 ) H 1 Ti—O Ta>—Ti¥* Fll Ca2*=V "o BREGFEIIAEE . B, 7 LLAATE

By —/NBWEAAE T FIES5, FAMERT DU ILE AN/
g, Z54HE4 530.5 A1 531.6 eV, 20BN A AL I
OH!'I. I 10(c) T LAE tH, S XUE 456 Re 23 N
27.1 F125.2eV, AEEHALE ARG, KRIIBET Ta
PL+5 M AAETE T (CainTans), Tii -0, FE 4, mE
10(d)FTLAE i, Ca2p fE(ERA F g, HEERED A
346.9 F1350.2 eV, HIMNEKRIMAFENA/NE, 556
5314 347.8 F1351.5 eV, 43 5l B ] CatFl{E Ca'lel,
KEERENA CHMENZELRBNRT TiVE, EAL
TiO; di b 147 LA P , AR FELAr <7 1o B A bt T 2 v 2
FEASR AL, BT B A2 T RE (S ) RI(6) BT R :

CaCO4 + 2TiO, — 2Caq; + V5 + 30, (5)

CaCO, —2Ca , +207, +0, (6)

T 0548 x=3%I11 XPS 4584 a5, 78 AR s
B T /Ti% 22 1) 48045 67 A H 1 Bk R 7] i A A A2

35 2% (Cai3Tazs), Ti O, M ERE i I E AW ke v
RE S X PR R [ AT 5%, AREE H AT (In, Nb)FLi5 2%
TiO, W Be (AR AT 8 T 0, 78 H LB I8 I FE il AR AR =
TR B 1 BIRE I V- An FIZE T B 1 BE Nb L T A
PRFPERFE A%, i il B F R RE Y SR A o DR AR AR AR
SEUG B 45 SR 0] PAHEI TE (Cay5Tazs), Ti— O, M % Rl
A Ca? =V oTi F Ta> ", Ti** A HIAFAE, W9 AHGRRE 245
PCAE—, FERLT — Mt Bhia %, B Rkt &8
(1 R 8 A A s S T, o8 48 2 A AT L ZE SR P T P K R
I ER T, Hi(CaisTays)iTii— O B &SR R IFINEA
HERE, 4535 BaTio; My & AH [FRIUS),

4 % b

FFH AL Gt [ A VE D i & 7 AR B 2R &1
(CaysTazs ) Ti02(r=1%~10%)4 25 , 33 XRD, SEM /%
-2, /rrEae. XPS 4ir, 1921045k

() A FH B 2 & 1 (CasTay)Ti-0: M &



218 U= I

¥k

21 %

(=1%~10%)T* 1400 ‘C F et 4 h P A3BCHRIFRES, 24
BmE x=T7%H0, (CaisTays)Tii—O, P& H I CaTisOo
Al CaTasOr #H o

(2) A4l TiO, #8LL, P& (Ca)sTays).Tii— 02 B EH
EEEE, NHEEBERTHEEAIR . H x=3%M,
% (CaysTays )i Tii—Or FRAFEA 7 1A v 4 RE AT i
RE.

(3) B XPS HHTRIL, Ta JLERIBAAEFR} A~
BT, TR Ca BRXN B AHE R, Ak
M) Ta¥-Ti" fl Ca?*-V'o #k B & v DL & &
(Cay3Tas),Ti—O Jr HLPERE.

SE R

[11 HuW, LiuY, Withers R L, et al. Electron-pinned defect-dipoles for
high-performance colossal permittivity materials [J]. Nature
Materials, 2013, 12(9): 821-826.

[2] Song Y C, Liu P, Zhao X G, et al. Dielectric properties of
(BisNby5)Ti;—, O, ceramics with colossal permittivity [J]. Journal
of Alloys and Compounds, 2017, 722: 676—682.

[3] FanJT, Leng S L, Cao Z Z, et al. Colossal permittivity of Sb and
Ga co-doped rutile TiO, ceramics [J]. Ceramics International, 2019,
45(1): 1001-1010.

[4] LiZ W, Wul G, Xiao D Q, et al. Colossal permittivity in titanium
dioxide ceramics modified by tantalum and trivalent elements [J].
Acta Materialia, 2016, 103: 243-251.

[5] LiZ,Luo X, WuW, et al. Niobium and divalent-modified titanium
dioxide ceramics: colossal permittivity and composition design [J].
Journal of the American Ceramic Socirty, 2017, 100(7):
3004-3012.

[6] Homes C C, Vogt T. Colossal permittivity materials: doping for
superior dielectrics [J]. Nature Materials, 2013, 12(9): 782-783.

[71 Wang Z, Chen H, Wang T, et al. Enhanced relative permittivity

[8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

in niobium and europium co-doped TiO, ceramics [J]. Journal of the
European Ceramic Society, 2018, 38(11): 3847-3852.

Hayati R, Bahrevar M A, Ganjkhanlou Y, et al. Electromechanical
of Ce-doped (BagssCag 15)(ZroTigs)Os
piezoceramics [J]. Journal of Advanced Ceramics, 2019, 8(2):
186-195.

Sahoo S. Enhanced time response and temperature sensing behavior

properties lead-free

of thermistor using Zn-doped CaTiO; nanoparticles [J]. Journal of
Advanced Ceramic, 2018, 7(2): 99-108.

Xu D, Yue X, Song J, et al. Improved dielectric and non-ohmic
properties of (Zn+Zr) codoped CaCu;Ti;O), thin films [J]. Ceramics
International, 2019, 45(9): 11421-11427.

Mei Y, Pandey S, Long W, et al. Processing and characterizations of
flash sintered ZnO-Bi,O3;—MnO, varistor ceramics under different
electric fields [J]. Journal of the European Ceramic Society, 2019,
22(19): 1330-1337.

LiJ, Li F, Zhu X, et al. Colossal dielectric permittivity in hydrogen-
reduced rutile TiO, crystals [J]. Journal of Alloys and Compouds,
2017, 692: 375-380.

LiL X, Lu T, Zhang N, et al. The effect of segregation structure on
the colossal permittivity properties of (LagsNby )« Ti;-.O, ceramics
[J]. Journal of Materials Chemistry C, 2018, 10: 2283-2294.

LiJ, Li F, Zhuang Y, et al. Microstructure and dielectric properties
of (Nb + In) co-doped rutile TiO, ceramics [J]. Journal of Appled
Physics, 2014, 116(7): 074105.

Dong W, Chen D, Hu W, et al. Colossal permittivity behavior and
its origin in rutile (Mg;;3Ta,;3),Ti;-O, [J]. Scientific Report, 2017,
7(1): 9950.

Thongyong N, Tuichai W, Chanlek N, et al. Effect of Zn>* and Nb**
co-doping ions on giant dielectric properties of rutile-TiO, ceramics
[J]. Ceramics International, 2017, 43(17): 15466—15471.

Tuichai W, Thongyong N, Danwittayakul S, et al. Very low
dielectric loss and giant dielectric response with excellent
temperature stability of Ga®* and Ta** co-doped rutile-TiO, ceramics
[J]. Materials & Design, 2017, 123: 15-23.

Xu D, Yue X, Zhang Y, et al. Enhanced dielectric properties and
electrical responses of cobalt-doped CaCu;TisO, thin films [J].
Journal of Alloys and Compouds, 2019, 773: 853—859.



