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Fig. 1. Crystal structure schematic diagram of bismuth lay-

er-structured oxides (m = 2).
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Fig. 2. Powder X-ray diffraction of Bi;TiTaOg ceramics:
(a) z=0; (b) 2= 0.4; (c) z=0.8.
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Fig. 3. Composition-dependent piezoelectric coefficient dss.
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Fig. 5. Scanning electron microscopy images showing the

surfaces of BizTiTaOq ceramics: (a) z = 0; (b) z = 0.6.
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Fig. 6. Temperature dependence of the dielectric constant (a), dielectric loss tané for the BisTiTaOg ceramics measured at 1 MHz (b).
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Fig. 7. The polarization-electric field hysteresis (P-E) loops and current-electric field (I-E) curves of BTT (a), and BTT-6Ce (z =

0.6) (b) ceramics measured at room temperature and at a frequency of 1 Hz.
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Y E. = 53.8 kV /em, FRIAERE P, = 3.4 pC/cm?,
KA P = 5.8 pC/em? EFsa it T
BTT J&HL B &l sk i TRESKZh iy E A1k ith
LRIRE, PR TR B, 4L, B 1A ok
18 (S8 IME, X -E,), DB oAb f T g i iz
e BT AT B PR AT e, AT R T DA AR B,
i [ 28 R At A Al BTT-6Ce (7 = 0.6) P&
(i3 E, = 57.5 kV /em, BIAWALIRIE P, =
5.4 pC/em?, e RWALTERFE P, = 8.0 pC/cm?.
Lalify BTT F & A %, BTT-6Ce (z = 0.6) F4
BRI AW ACRE P, fde K ALSRE P, B
Pt AR AR FE AR AT A1 Bl 5 1 Hs v PR R BT,
KL, BTT-6Ce (z = 0.6) P& HAT 58 [ R L P fE
SHEAT = AR A5 B — S0

TR TEERIRE (Te~900 C) m =2
B ARESF AL e re P s Y L 2 R e S 8k (&
HRPE To FIEEPERE dyy). MERPATLIEH, &
BB To #E 900 C A A7 1Y R AU Gk J2 R 45 4 e vl
B % 1 R L R dgy — AN T 5 pC/N, A5k
AR5 Y H B 8 1) e FL R B dgs TT3K 16 pC/N, 22
JE T g S5 AR 55 4 e F P e PR R BB Y 35 . 4l
() BTT B () HL R AR dgs 4 4.2 pC/N, &7 1
Ce B AL, BTT-Ce % [ o RE K iE £ vy
BTT-6Ce (z = 0.6) FEHRHLFREL d33 4 16.2 pC/N,
2% BTT P& IR R 4 £5. 7t Ce B T8
&M BTT M PERER 4 & AT IH KT BTT-6Ce B
B R A A B R I A A FLARE.

Electric field/kV-cm~!

(a) BTT Al (b) BTT-6Ce (z = 0.6) M % ) P-E Al LEE3% (180 °C, M5 1 Hz)
Fig. 8. The polarization-electric field hysteresis (P-E) loops and current-electric field (I-E) curves of BTT (a) and BTT-6Ce (z =

F1 FEEBEE (Tc~900 C) 82 RE Ak &
BB R M8 S B CaBi)Nb,Oy (CBN),
Bi;TiNbOy (BTN), Bi;TiTaOy (BTT)

Table 1. Electrical parameters of high Curie temperature
(Tc~900 °C) bismuth layer-structured oxide piezoelectric
ceramics:  CaBi)Nb,Oy (CBN), Bi3TiNbOg (BTN),
Bi;TiTaOq (BTT).

m Ceramics Tc/C d33/pC-N! Ref.

2 CBN 936 5 9]

2 BTN 907 3 [10]

2 BTT 890 4.2 This work

2 CBN-NaCe 900 16 [28]

2 BTN-Ce 894 16 [29]

2 BTT-Ce 879 16.2 This work

9 4 BTT filfi + Ce B T48 7410 BTT [
TR R B dyg (B REIR KRR R
HL R B dyy (R TEIR KRE TR 2 h JR7E =R
3. NEIH AT B, BIf#ZE 800 °C (IR K AL B,
BTT Ml BTT-Ce P % i) e HL R %K dgy (EATSIE A B
BRI, X ER T 800 C 1Y i iR x4k 24k
45k BTT Wi % i Fe FL PR BESZ M /1N 3R L
FEIT 900 °C, JEHL BB dyy (HIT IR 20 F I T
F. R R dyg (HREIR JOR B Y7281 i 3 2 B
Fi + Ce B T2 00 BTT M & A EA SRR
PR RE A Y BLIRLRE ) 1 HLZR 800 °C iR Ak
ATHR FLAT B0 1) P L R BB IR B RS . B2 IR 254
FATREL SR AH PR 5 (BigTiTaOy) H2&:— 28] LATEJE HL
YL R r M A T S B R R G A R R R I SE 1Y
JEHL .
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Fig. 9. The piezoelectric coefficient ds3 of the BTT and

BTT-Ce ceramics as a function of annealing temperature.
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W9 T i 1 Ce B T4} BigTiTaOg B % i H . A
HLRIER LR PE A S . 98 R AR + Ce B F1Y5|
AR DA & BTT B & i e PR BE, B&A% BTT B
B ERA AL tans, $m BTT F& M ik iR
J£. BTT-6Ce (z = 0.6) Fi & B A e KA EH R 5L
ds3 = 16.2 pC/N, 2y 4lif) BTT B % He B R 4L
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Abstract

Piezoelectric materials have been extensively employed in numerous devices. With the rapid development of
modern information technology, the high temperature piezoelectric materials that can work in extreme
environments are in great demand. Therefore, it is urgent to investigate piezoelectric materials with high Curie
temperature and strong piezoelectric performance. This paper reports the significantly improved piezoelectric
properties of high temperature bismuth titanate-tantalate (BisTiTaOg, BTT) polycrystalline ceramics. In this
work, the rare-earth cerium ions modified BisTiTaO, piezoelectric ceramics are prepared by the conventional
ceramic technique. The introduction of Ce ions significantly enhances the piezoelectric performance of BTT
ceramics. The BTT-6Ce (BTT+0.6 wt.% CeQ,) exhibits optimized piezoelectric properties with a piezoelectric
coefficient ds3 of 16.2 pC/N, which is four times the value of unmodified BTT (ds3~4.2 pC/N). The dielectric
and ferroelectric measurements indicate that Ce ions remarkably reduce the dielectric loss tand and increase
polarizations, which are beneficial to the piezoelectric properties. The BTT and BTT-6Ce (z = 0.6) ceramics
each have a high Curie temperature T¢: ~890 C and 879 °C, respectively. The coercive field FE, of BTT and
BTT-6Ce ceramics are 53.8 kV/cm and 57.5 kV/cm, respectively, while the remnant polarizations P, of BTT
and BTT-6Ce ceramics are 3.4 pC/cm? and 5.4 pC/cm?, respectively, at a frequency of 1 Hz, temperature of 180 C,
and drive field of 110 kV/cm. The thermal annealing measurements indicate that the BTT ceramics still possess
stable piezoelectric properties after being annealed at 800 °C. The results exhibit that the cerium-modified BTT

ceramics are good materials for high temperature applications.
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