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Abstract

CaBizNb20, (CBNO) piezoelectric ceramics, as typical bismuth layer-structured ferroelectrics, pos-
sess an ultrahigh Curie temperature of 940°C, showing great potential for high-temperature piezo-
electric applications. However, their practical use is limited by relatively low piezoelectric perfor-
mance. To enhance the electrical properties, this work adopts Cao.s(Lio.1Ceo0.03Bi0.07)BizNb209 as the
matrix and introduces TiOz and MnO: as co-dopants to substitute for Nb5+ at the B-site through a
multi-ion doping strategy. A series of Cao.s(Lio.1Ceo.03Bi0.07)BizNb1.99-x(TixMno.01) 09 (x =0, 0.01, 0.02,
0.03) ceramics were fabricated by a solid-state reaction method. Systematic characterizations were
conducted to investigate the effects of TiOz and MnO: co-doping on the sintering behavior, crystal
structure, and electrical properties. The results indicate that an appropriate amount of TiOz and
MnO: co-doping enables the dopant ions to enter the lattice and occupy B-sites, forming a stable
solid solution that induces a tetragonal distortion of the crystal structure. This significantly lowers
the sintering temperature, suppresses the volatilization of Biz03 to a certain extent, and markedly
promotes grain growth. Meanwhile, the co-doping weakens the pinning effect of oxygen vacancies
on domain walls and facilitates ferroelectric domain switching, leading to an overall improvement
in the performance of CBNO ceramics. At x = 0.02, the ceramic exhibits the optimum comprehensive
properties: a remnant polarization of 8.0 uC/cm?, a mechanical quality factor of 1500, a planar elec-
tromechanical coupling coefficient of 12.0%, a Curie temperature of 916°C, and a piezoelectric co-
efficient enhanced from 17.6 pC/N to 20.1 pC/N (an increase of ~14%). After annealing at 800°C for
30 min, the piezoelectric coefficient remains 18.4 pC/N with only a 9% drop, demonstrating excel-
lent thermal stability. This study experimentally establishes the optimal doping range and achieves
effective enhancement of the electrical properties of CBNO piezoelectric ceramics, thereby provid-
ing experimental evidence and theoretical guidance for the design of high-performance piezoelec-
tric ceramics.
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TES DA K L 2 me ARV, 45120k R 11 e LR BURT DA 2 18.9~23.3 pC/N T4 [15] [16]. I AR AR A,
MnO; 2 HL P 8 v i DL INGR], BE T DME a8 4455, T DUERBIRREE 7, InNBE & ] DAEBHKIR
FER I, 3k 5 A BUE R R 4Gt pe, BEBREMENRERE, RamErsEE, 7
B m P ) B PR BB 17] [18]. 534k, TiOx BB B I AR S I8 11, B 748 S0 A 5%
AT, TR T-HUR B A2 Nb>*, IX PSS BUACHE FEREE S LT, 51K A% AR DL R Jay 38
TIHIIFAHE o X BB A5 R A P B2 A 22 SRR N, Bk, Tit B AR Rets ek ki K . 42 s P e B
B, B SCEARINURER B S B tE e IR, SINBYJRIETE AT A R A BT R B R A e 22
PR B, SRS OB AT FLRRN, AR L R PSR T R PH R S R R AR e
P,

N BE A% CBNO K K% 45 i JZ DL i BiOs M8 &, A SCAE Liu [19] 9 BF 58 5 il b
Cag(Lio.1Ce0.03Bi0.07)02BiaNb20g FEH 5| N TiO; A1 MnO, 1E NBZFIHAL N 1T E &8 4 tt:, f#
CBNO TEEMRIRE F 5l N, @ RIREE A IIH] BiOs Kk, FHRFHIRTL TiO, F MnO, Xt i Kile 2k
REPEL ARG AL DL B LA I R 2 I AT

2. SEI 5k

A SIS K A% 43 [ AH S 3251 28 Cao s(Lio.1Ceo.03Bi0.07)BiaNby 99— TixMno 01)O9 F HL P ZE(TH1FX CBNO-
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Figure 1. (a) XRD diffraction spectrum of CBNO-LCB-T:Mo.: at room temperature; (b) Amplification of
diffraction peaks of different components (008) and (115)
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Figure 2. (a)~(d) XRD refinement spectra of CBNO-LCB-T:Mo.o1 ceramics; (e) The relationship between sample lattice
parameters and TiOz content variation; (f) The relationship between tetragonal a/b and TiOz content variation
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Figure 3. (a)~(d) Microscopic morphology and particle size distribution of CBNO-LCB-TxMo.o1 ceramic surface; (e) The
average grain size of CBNO-LCB-TxMo.o1; (f)~(1) x = 0.02 Distribution of each element in the sample
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Figure 4. (a)~(d) Hysteresis curves of CBNO-LCB-TxMo.o1 ceramics at 200°C; (e) The hysteresis loop diagram of
the sample with x = 0.01 at different temperatures; (f) The relationship between Ps, Pr, and 7 of sample x = 0.01
and temperature changes
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Figure 5. (a)~(d) The relationship between impedance and frequency of CBNO-LCB-T:Mo.o1 samples at different temperatures;
(e)~(h) Complex impedance spectra at different temperatures; (i) Arrhenius curve of conductivity with temperature variation
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