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Abstract. The [50(Bag;Cag3)TiOs]-50[Ba(Zro,Tips)O3] + xmol%  Y,0; lead-free
ceramics(x=0,0.2,0.4,0.6,0.8 and 1.0) were fabricated successfully by the traditional solid-state
reaction. And the microstructures, phase structure, ferroelectric and piezoelectric properties were
investigated for the Y,Os-modified [50(Bay7Cag3)Ti03]-50[Ba(Zro2Tio5)Os] lead-free piezoelectric
ceramics. The appropriate dopant could reduce the pores in the specimens and enhance the
ferroelectric properties. The optimal piezoelectric properties d ssof the lead free ceramic is
494pm/V.And the SOBCT-50BZT ceramics with 0.4mol% Y,Ospossess the optimal ferroelectric
properties,Pr=6.38uC/cm’.

Introduction

Ferroelectric and piezoelectric materials are widely used in various devices such as sensors,
actuators and memories.PZT is the dominant ferroelectric and piezoelectric materials. However, its
toxicity can't be ignored during applying and casting aside. In recent years, the innovative
environment friendly materials have attracted increasing attention for the substitution of Pb-based
ceramics. There are several lead free ferroelectric materials, such as BT based ceramics, NBT and
KNN based ceramics[1-4].

Since 2009, the lead-free [Ba(Zr0.2Ti10.8)O3]-x[(Ba0.7Ca0.3)TiO3] piezoelectric ceramic, BCZT,
were designed by Ren and Liu, whichhas been attracted increasing attentions for its excellent
piezoelectric property at morphotropic phase boundary MPB[5]. The maximum of piezoelectric
coefficient reaches 620pC/N, which is regarded as the promising substitution of Pb-ceramic.
Thus,there are a series of studies on BCT-BZT lead-free piezoceramics were published[8,14-16].
For instance, Ma et al. have prepared Sb203 modified (Ba0.85Ca0.15)(Ti0.9Zr0.1)O3 lead-free
piezoelectric ceramics by conventional sintering and enhanced electric properties ofd33~556
pC/N,kp~52%, and €r~3,895 was obtained for the BCZT-xSb ceramic with x=0.1%[6].Jiang et al.
fabricated the Ba0.85Ca0.15Ti0.90Zr0.1003+xmol% MnO2 lead-free ceramics by a conventional
sintering method[7]. The 0.25 mol% MnO2addition promoted grain growth and improved the
ferroelectricity of the ceramics. The ceramic specimens with x=0.25 exhibited the optimal
piezoelectric properties (d*33=306pC/N andkp=42.2%,respectively).

In this work, Y element was added into BCZT lead-free piezoelectric ceramic to improve the
ferroelectric and piezoelectric properties. And the effectsY203on the structure, piezoelectric and
dielectric properties are investigated.

Experimental Procedure

50BCT-50BZT ceramic with xmol%Y203 (x=0.0,0.2,0.4,0.6,0.8and1.0)were prepared by
traditional solid-state reaction. BaCO3(99 %, Sinopharm Chemical Reagent Co., Ltd,China),
CaCO3(99 %, Sinopharm Chemical Reagent Co.,Ltd, China), TiO2(98 %, Sinopharm Chemical
Reagent Co., Ltd, China), ZrO2(99 %, Sinopharm Chemical Reagent Co., Ltd, China), and
Y203(99.99 %, Sinopharm Chemical Reagent Co., Ltd, China) were used as the raw materials. The
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weighted powders of BCZT doped with x mol% Y203 were ball-mixed in ethanol for 24h and dried
at 80°C.The obtained powders were calcined at 1200°C for 4h. The calcined powders were remixed
by ball milling for 10h and then were dried. Then the obtain powders mixed with 8% PVA
uniformly and were pressed into disks with 13 mm diameter and 1 mm thickness. The disks were
sintered at 1400°C for 4h in air staying at 550°C for 2h to burn off PVA. The silver was coated on
the sintered ceramic specimens as electrodes on the both side.

The structure of sintered ceramic specimens was studied by an X-ray Diffraction meter(XRD,
Bruker D8A25, Germany) with Cu Ka radiation. The microstructure of S0BCT-50BZT ceramic
doped Y203 was examined by scanning electron microscopy (Quanta 200FEG, FEI, America). The
dielectric performance of the ceramic specimens was investigated by using a precise impedance
analyzer (4294A,Agilent, America). The piezoelectric response of the specimens was evaluated
using a piezoelectric force microscope with a lock-in-amplifier at room temperature.

Results and Discussion
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Figure 1. X-ray diffraction (XRD) patterns of SOBCT-50BZT-xmol% Y,0O; ceramics

XRD pattern of the BCZT-xmol%Y,03 ceramic specimenswas shown in Figure 1.(a) sintered at
1400 °C for 4 h. The XRD pattern illustrates that the ceramic specimens exhibit pure perovikite
phase and no other second phase, as shown in Figure 1.(a). It means that the Ca’"ion and Zr*" ion
are distributed homogeneously in the BaTiOs crystal to form a solid solution. And the doping of
Y,0; doesn’t influence the crystal structure of BCZT ceramic.

According to the tolerance factor[9], the doping ions, of which the ionic radius is smaller than
0.087nm, will occupy B site. The large ions (r(RVI3+)>0.094nm) will occupy A site. The
intermediate ions could occupy the A site or B site. Because the ionic radius of Ba2+(0.135nm) and
Ca2+(0.1nm) are both larger than that of Y3+(0.09nm), the lattice constants decrease when the Y3+
as donor dopant occupies A site, leading to the position of the X-ray diffraction peak moving to the
high angles. Similarly, the ionic radii of Ti4+ and Zr4+are respectively 0.0605nm and 0.072nm and
the lattice constants increase when the Y3+ as acceptor dopant occupies B site, leading to the
position of the X-ray diffraction peak moving to the low angles. It matches the appearance from
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Figure 1.(b). It can be observed that the X-ray diffraction peak moves to low angles and then high
angles with Y3+ dopant increasing in Figure 1.(b)[10-13].

It can be seen that fracture occurs in the grain interior, without obvious dissociation surface in
Figure 2. The quantities of the pores in theceramics decrease, and thenthey increase with doping.
As shown in Figure 3,the temperature dependent dielectric permittivity diagram (€-T) of the BCZT-
xmol%Y203 ceramic specimens from -65°C to 200°C at 1kHz. For x=0.0, x=0.2 and x=0.4, the €
max peaks of the specimens are slim and deep and reach the maximum at 100°C, 100°C and 96°C ,
respectively. For the specimens of x=0.0 and x=0.2, there is an obvious peak near the room
temperature. But, for the specimens of the other components, the peaks have been broadened
because of the diffuse phase transition(DPT). It illustrates that the dielectric performance of the
ceramic specimens increases with the Y3+ ion increasing. Similarly, the € max peaks(TC) become
broadened and move shifts to the low temperature with Y3+ion increasing.
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Figure 2.The SEM images of the cross section for BCZT-X mol% Y,0; ceramic specimens: a:x=0.0,b: x=0.2,c:x=0.4, d:
x=0.6, e: x=0.8, f: x=1.0.
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Figure 3. Temperature dependence of dielectric permittivity for the BCZT-xmol% Y,0O; ceramic specimens measured at
1kHz.
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The hysteresis loops of BCZT ceramic specimens doping of various Xxmol%Y,Oswere measured
under 25 kV/cm and 10 Hz, which were shown in Figure 4. All ceramic specimens exhibit a typical
P-E loop.The remain polarizationP, increases and then decreases with doping,the maximum value
is 6.38uc/cm? at x=0.4. The values of remain polarization P, and coercive field for all ceramic
specimens were shown in Table 1 and Figure 5.

Figure 4. Temperature dependent of dielectric permittivity for SOBCT-50BZT-xmol% Y,0O; ceramics measured at
1kHz,10kHz and 100kHz.

Table 1. Related parameters of SOBCT-50BZT-xmol% Y,O; ceramics

xmol% 0 0.2 04 0.6 0.8 1.0
Tn(°C) 100 100 96 90 90 90
P,(uC/em’) 4.65 551 6.38 5.74 5.09 4.98
E.(kV/cm) 3.52 4.87 4.65 4.17 4.57 4.58
das (pm/V) 437 494 459 408 375 367
s T
i
= | =
g o
‘% 5 | Omol% Y, 04
E z:i:nnpﬁ\\"zns

Figure 5. Remain polarization value and Coercive field of S0BCT-50BZT-xmol% Y,0O; ceramics.
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Figure 6.Piezoelectric graph of S0BCT-50BZT-xmol%Y,Osceramic.

It can be seen inFigure 6 that the ceramic specimens of all amounts exhibit the characteristic
“butterfly” shape measured at 15 kV/cm and room temperature. The d 330f ceramic specimens for
x=0, x=0.2,x=0.4,x=0.6,x=0.8 and x=1.0is 437pm/V, 494pm/V, 459pm/V, 408pm/V, 375pm/V and
367pm/V, respectively. And the d 33 reaches the maximum value 494pm/V for x=0.2, which means
that Y,03 doped could improve the piezoelectric performance of BCZT ceramics.

Conclusions

The [50(Ba0.7Ca0.3)TiO3]-50[Ba(Zr0.2Ti0.8)0O3] + xmol% Y203 lead-free ceramics(x=0,
x=0.2,x=0.4,x=0.6,x=0.8 and x=1.0) were fabricated successfully by a traditional solid-state
reaction. It is illustrated that the specimens exhibit pure perovikite phase and no other second phase.
The Y3+ dopant is dissolved into the crystal lattice and forms a stable solid solution. And the
introduction of Y3+ icon is effective for the ferroelectric performance. For the ceramic with 0.4mol%
Y203 doping, the ferroelectric properties becomes the optimum, withPr=6.38uC/cm2. And the
d*33was enhanced to 494pm/V for the ceramic with 0.2mol% Y203 doping.

Acknowledgements

This work was supported by the National Natural Science Foundation of China (Grant NO.
61372013), and Scientific Research Fund of Heilongjiang Provincial Education Department (No.
E201258).

References

[1] J. Rodel, W. Jo, K.T.P. Seifert, E.M. Anton, T. Granzow, D. Damjanovic, Perspective on the
Development of Lead-free Piezoceramics, J. Am Ceram. Soc. 92[6](2009) 1153-1177.

[2] Saito Y, Takao H, Tani T, Nonoyama T, Takatori K, Hommal T, et al, Lead-free
piezoceramics, Nature. 432 (2004) 84-87.

[3] Y.M. Li, W. Chen, Q. Xu, J. Zhou and X.Y. Gu, Piezoelectric and ferroelectric properties of
Nay sBiy sT103-K¢ 5Bip sT103-BaTiOs3 piezoelectric ceramics, Materials Letters, 59 (2005) 1361-

270



TIS
‘ AT L':I':ESS Advances in Engineering, volume 100

1364.

[4] J. Wu, D. Xiao, J. Zhu, Potassium-Sodium Niobate, Lead-Free Piezoelectric Materials: Past,
Present, and Future of Phase Boundaries, Chem. Rev. 115 (2015) 2559-2595.

[5] W F LIU, X B REN, Large Piezoelectric Effect in Pb-Free Ceramics, Physical Review
Lerrers,103 (2009) 257602.

[6] JFMA, XY LIU, M H JIANG, et al,Dielectric, ferroelectric, and piezoelectric properties of
Sb,O3-modified (BaggsCag15)(Zro.1Tip9)O; lead-free ceramics, J Mater Sci: Mater Electrion,
25(2014) 992-996.

[7] M JIANG, Q LIN, D M LIN, et al, Effects of MnO, and sintering temperature on
microstructure, ferroelectric, and piezoelectric properties of BaggsCag15Tig90Z10.1003 lead-free
ceramic, J Mater Sci, 48(3) (2013) 1035-1041.

[8] C.H ZHANG, Q.G. CHI, X.X. HE, et al, Microelectric and electric properties of Nb doping
X(Bag 7Ca 3)TiO3-(1-X)Ba(Zr( 2 Tip )O3 ceramics, Journal of Alloys and Compounds, 685 (2016)
936-940.

[9] YOED T, TIMOTHY D D, CLIVE A R. CLIVE A R, Crystal and Defect Chemistry of Rare
Earch Cations in BaTiOs, J. Electronceram. 7(1) (2001) 25-34.

[10] Y R CUIL X Y LIU, M H JIANG, et al, Lead-free (Ba;Cag3)TiO3-Ba(Zry,Ti(g)O3-
xwt%CuO ceramics with high piezoelectric coefficient by low-temperature sintering, J Mater
Sci:Mater. Electron., 23 (2012) 1342-1345.

[11] X LIU, Z H CHEN, B J FANG, et al, Enhancing piezoelectric properties of BCZT ceramic
by Sr and Sn co-doping, J. Alloy. Compd., 640 (2015) 128-133.

[12] X LIU, M ZHU, Z H CHEN, et al, Structure and electrical properties of Li-doped BaTiO:-
CaTi0;-BaZrOs; lead-free ceramics prepared by citrate method, J. Alloy. Compd., 613 (2014) 219-
255.

[13] J G HAO, W F BAI, W LI, et al, Correlation Between the Microstructure and Electrical
Properties in High-Performance (Bag ssCag 15)(Zro1Tip9)O3 Lead-Free Piezoelectric Ceramics, J. Am.
Ceram. Soc., 95(6) (2012) 1-9.

[14] CL LIU, X LIU, et al, Improving piezoelectric property of BaTiO3;-CaTiO3-BaZrOs lead-
free ceramics by doping, Ceramics International, 40 (2014) 9881-9887.

[15] HAYATI R, BAHREVAR M A, TOURADIJ E, et al Effects of Bi,Os additive on sintering
process and dielectric, ferroelectric, and piezoelectric properties of (BaggsCag.15)(Zro.1Tip9)O3 lead-
free piezoceramics, J. Eur. Ceram. Soc., 10676 (2016) 10-20.

[16] W F BAIL W LI, B SHEN, et al, Piezoelectric and Strain Properties of Strontium-Doped
BZT-BCT Lead-Free Ceramics, Key Engineering Materials, 1385 (2012) 512-515.

271





