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Preparation and High Temperature Stability of Ca,Sr;,Bi,Nb,Og
Lead-free Piezoelectric Ceramics
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Abstract: Ca,Sr,,Bi,Nb,O, (x=0, 0.10, 0.25, 0.40) ceramics were prepared by solid-state reaction method, and their
microstructure, electrical and temperature stability properties were systematically investigated. It is found that
Ca-doping does not change the phase structure of SrBi,Nb,O,. With increasing Ca>" contents, microstructure of the
Ca,Sr;.,.Bi;Nb,Oy ceramics changes from sheet to long strips. The remnant polarization (P,) increases firstly and then
decreases, reaching the maximum value at x=0.01, while the coercive field (£,) decreases gradually. Furthermore,
Ca-doping can also improve the Curie temperature, which increases from 450°C to 672°C with increase of Ca®" con-
tents. The optimum electrical properties can be obtained at x=0.10 as 2P,=14.8 uC/cm’, d3;=22 pC/N and 7,=488°C. In

addition, after annealing at 400°C, the piezoelectric constant (ds;) of the ceramics remains 20 pC/N, showing good

temperature stability for high temperature applications.
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Fig. 1 XRD patterns of Ca,Sr;.,Bi;Nb,O, ceramics sintered at 1100°C for 2 h
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Fig.2 SEM images of the fracture surface microstructure for Ca,Sr;_,Bi;Nb,Og ceramics sintered at 1100°C for 2 h

AR ) T A EL e Bl AR R R T B R
RIS THRE, Aok 23 U0 S8 W A5 I S T RE 7 ) AR K,
T 2RI ab T 2R K R W 2 K0T e il g )
AR, DRI R & () S RL s v A a T %
FOREGK 4R,
23 MEHRBNTBEMEEDST

3 4 Ca,Sr;_Bi,Nb,Og Fi ZEFF i #E 10kHz
AHE B ey MHIEE tand BEIRE ML R, N
KBl DLA H, M= F] 750°C, Ca,Sry.,BiNb,Oo f
BEAFAE R I AR AR A AR TR R B R e R
V¥ T.. BZE Ca™ B2 iIman, M m e Bk g
BEI R, HARMIEEER, HEYIr x=0 FH

450°CH8 N F x=0.4 11K 670°C (K 3).

i FA R B B (AR A E B2 B A0 R N B
TR AL R T I R, LR BB Ak 0
EY A el N TR ek P STv 3 s K1 DN ]
U, ZEABFFTR RN Ca® B S, Ca” BT
48K 0.106 nm, /N T SETHIE T2 42£(0.127 nm);
Ca” [l L FPE(L.0) KT ST (0.95) i il . 4y
WHAKN K, B Ca™ BR8N, £ 5 1w 1
WA T . B 3 ARG R B (T
5 Ca¥ BB ZIMMKR, WTEROFIR.

T,=439.102+546.122x (1)

M RE(D)ATLAR H, —H 2 R R, b



992 o Bl MR SE IR %30 %
o0 8 S350, B CaZ BRI, WBZERE R At
1200 . 17 R IR RGER . B E 1100°CHLgE, T

Z 1000} 18 Bi R (830°C), UK PR it v,

ER 1s BB R AL, AT LR A 2 2

g 145 TR AR M, S REE B R, AT

g o P35 SOMR A EOR AN, I NI B T B

& 40 12 (MR HE I 8 TR, HL XG0
200 1 i4h, HE 3 AT LLE B, =R TEE] 400°CRE, %

of | 1o Wi e A 4L T B ) L BB PR Py, 5 0 A2

0 100 200 300 400 500 600 700 800
Temperature / C

3 Ca,Sry,BiNbyOo Fig BEFE il 71 10 kHz RS F K19l
Pl A AT tand

Fig. 3 Temperature dependence and dielectric loss tand of
dielectric response at 10 kHz for Ca,Sr;_Bi,Nb,Og ceramics
Inset is the relation between T, and x
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Fig. 5 Remnant polarization (P;) and coercive field (£.) of
Ca,Sr;_Bi,Nb,0Og ceramics as a function of x
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Fig. 6 Relationship between piezoelectric constant (c33) and heat
treatment temperature (7) of the Ca,Sr,_Bi,Nb,Og ceramics

(1) 20557 T A WA A, A M AR AP I U T i ) AR 4R
5, FORASRI78 5 Wk, BRI 5 s vk pER
1 ] 6 IR 1T LA Y, B8 s HL B o B IR L 11
Fh e R IAR R e, B KRB 2] 380°C I, b
1) s FL P e B B BRI . 45 4% 8 x=0.10 (1) P& A KL
2 400°CiR ‘K 20 min, daz AR CREFAE 20 pC/N, 15t ]
Cay,; St 9BiyNb,Og Fij % H AT 5 it (AR A2 e 1

3 #ig

KMEG ML T2, #il%H CaSri.BiNbOy
RYIBHERES, R XRD. 3 B S AR Tt
ARWFTE T PR EERE S A S5 M SO S, &5 %k
B BT AIE UL 53 () B A il 38 LA R ) AR A 4
B ERE IR R ], B 2%E B Ca™ al LUBE sk i
FARE 0 Jo B 5 R A Ak B B, BRI R A H
TRFE Rl 3, MR R R RE AT B O .
x=0.10 [/ % RE 5 Pk A 50 2P=14.8 pClem?,
d33=22 pC/N, T.=488°C; 1B KK 400°CH, dsz=
20 pC/N, FF HABARKI A ke, BA R A
R Mk A0 L I R

S % Hk:

[11 ZHU K J, SU L K, JI H L, et al. Hydrothermal solvothermal
synthesis of (K, Na)NbO; lead-free piezo-electric ceramics and its
properties. Journal of Inorganic Materials, 2010, 25(11):
1159-1163.

[2] TANG F S,DU HL, LIU D J, et al. Sintering characteristic and
piezoelectric properties of lead-free (Ko sNags)NbO;-LiNbO;
ceramics. Journal of Inorganic Materials, 2007, 22(2): 323-327.

[3] YAN H X, LI C E, ZHOU J G, et al. Structures and properties of
bismuth layer-structured piezoelectric ceramics with high T..
Journal of Inorganic Materials, 2000, 15(2): 209-220.

[4] XU Z J, CHU R Q, HAO J G, et al. Study on high temperature
performances for bismuth layer-structured (Sr;-,Ca,),BisTisOs
(0<x=<1) ceramics. Journal of Alloys and Compounds, 2009,
487(1): 585-590.

[5] HUANG X Y, CHEN Z G, ZHENG X, et al. Dielectric and
piezoelectric properties of Ca,.(Li, Ce),»BisTisOs ceramics.
Journal of Rare Earths, 2007, 25(1): 158-162.

[6] PENG Z H, CHEN Q, WU J G, et al. Dielectric properties and
impedance analysis in Aurivillius-type (Nag25Ko25Bios)i—x
(LiCe)wn[1»BisTisO)s ceramics. Journal of Alloys and Compounds,
2012, 541: 310-316.

[71 ZHANG Y D, ZHOU D, GUO J, et al. Microwave dielectric
properties of the (1—x)(MgoosZng0s) TiOs—x(CagsSmy43)TiO; tempera-



994

E LM OB )

&30 35

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

ture stable ceramics. Materials Letters, 2014, 132: 200-202.

JIN S, SALVADO IMM, COSTA MEV. Structure, dielectric and
ferroelectric anisotropy of Sr,-,Ca,BisTisO;s ceramics. Materials
Research Bulletin, 2011, 46(3): 432-437.

SIMOES AZ, RICCARDI CS, CAVALCANTE LS, et al. Impact of
oxygen atmosphere on piezoelectric properties of CaBi,Nb,O, thin
films. Acta Materialia, 2007, 55(14): 4707-4712.

WEI T, ZHAO C Z, ZHOU Q J, et al. Bright green upconversion
emission and enhanced ferroelectric polarization in St 5.Er,Bi,Nb,Oy.
Optical Materials, 2014, 36(7): 1209—1212.

FANG P, XI Z, LONG W, et al. Ferroelectric, dielectric and
piezoelectric properties of Sry¢(BiNa)y,Bi,Nb,Oy ceramics. Materials
Research Bulletin, 2013, 48(11): 4907-4910.

FANG P, XI Z, LONG W, et al. Structure and electrical properties
of SrBi,Nb,O¢-based ferroelectric ceramics with lithium and
cerium modification. Journal of Alloys and Compounds, 2013, 575:
61-64.

SUN L, CHU J H, YANG P X, et al. Influence of substitution of
Nd** for Bi*" on structure and piezoelectric properties of SrBi,-,
Nd,Nb,Oy (x=0, 0.1, 0.2 and 0.4). Transactions of Nonferrous
Metals Society of China, 2009, 19(6): 1459—1463.

LIN D M, XIAO D Q, YU P, ef al. Researches and progresses of
bismuth layer-based lead-free piezoelectric ceramics. Journal of
Functional Materials, 2002, 34(5): 491-495.

WU Y, FORBESS MJ, SERAII S, et al. Doping effect in layer
structured SrBi,Nb,Oy ferroelectrics. Journal of Applied Physics,
2001, 90(10): 5296.

JAIN R, GUPTA V, MANSINGH A, et al. Ferroelectric and
piezoelectric properties of non-stoichiometric Sr;_Bis:z,3Ta;09
ceramics prepared from Sol-Gel derived powders. Materials
Science and Engineering: B, 2004, 112(1): 54-58.

HUANG S, FENG C, GU M, et al. Dielectric properties of
SrBi,— La,Nb,Oo(0<<x<<0.35) ceramics. Journal of Alloys and
Compounds, 2009, 472(1): 262-266.

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

CHENG R F, XU Z J, CHU R Q, et al. Study on structural and
electrical properties of (MoySt10)* doped Bi;;Na,,TiO; based
lead-free piezoceramics. Journal of Functional Materials, 2014,
45(15): 15080-15083.

DU H L, L1Y, SHI X. Effect of ion substitution of PbBi,Nb,Oy
bismuth layered ceramics on the dielectric properties. Piezoe-
lectectrics & Acoustooptics, 2009, 31(2): 247-250.

KHASA S, SINGH P, SANGHI S, ef al. Structural analysis and
dielectric characterization of Aurivillius type CaSrBi;Nb,Oy
ceramics. Journal of Integrated Science and Technology, 2014,
2(1): 13-21.

SIMOES A Z, RIES A, RICCARDI CS, et al. High Curie point
CaBi,Nb,Oy thin films: a potential candidate for lead-free
thin-film piezoelectrics. Journal of Applied Physics, 2006,
100(7): 074110.

ZHAO Y, DU H L, LI H L. Preparation and properties
improvement of bismuth layer-structured piezoelectric ceramics.
Journal of The Chinese Ceramic Society, 2008, 36(9): 1262—1266.

WANG C M, ZHANG S, WANG J F, et al. Electromechanical
properties of calcium bismuth niobate (CaBi,Nb,Oy) ceramics at
elevated temperature. Materials Chemistry and Physics, 2009,
118(1): 21-24.

PUJA G, YADAV K L. Effect of V** doping on structural and di-
electric properties of SrBi,Nb,Oy synthesized at low temperature,
Physical B, 2006, 382(1): 245.

JUN Z, XIANG-YU M, WANG-PING L. Effect of Bi*" content on
the properties of SrBisTi4O;s ferroelectric ceramics. Journal of
Yangzhou University, 2003, 6(1): 33-36.

AR R 2 s Bk A B O 2. s P B B A L. IR IR
HiRRAL, 1974, 67-69.

WANG C M, WANG J F, ZHANG S, et al. Electromechanical
properties of A-site (LiCe)-modified sodium bismuth titanate
(NaysBissTisOys) piezoelectric ceramics at elevated temperature.

Journal of Applied Physics, 2009, 105(9): 94-110.



