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Lip12NapgsNbOs-modified Bigs0Nags50TiO3 [(1 — x)BNT-xLNN] lead-free piezoelectric ceramics were pre-
pared by the conventional solid-state solid method. Effects of LNN content on the electrical properties of
(1 —x)BNT-XLNN ceramics were investigated. The relaxor behavior of (1 — x)BNT-xLNN ceramics gradu-
ally enhances, and the depolarization temperature decreases with increasing LNN content. The largest
&m value and the lowest dielectric loss are demonstrated for the ceramic with x=0.02. Moreover, the

(1 —x)BNT-XLNN ceramic with x=0.02 also has an enhanced piezoelectric behavior of ds3 ~113 pC/N
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and kp ~21.6%. Therefore, the introduction of LNN could be an effective way to improve the electrical
behavior of BNT ceramics.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Ferroelectric ceramics have been widely used in the field
of microelectronic and microelectromechanical devices because
of their good dielectric, ferroelectric, pyroelectric, and piezo-
electric properties. However, some environmental issues have
restricted some applications of lead-based ferroelectric ceramics
because of their toxicity and high vapor pressure during pro-
cessing and preparation [1]. Therefore, lead-free ceramics have
been given considerable attention [2-6]. In 1960, sodium bismuth
titanate (Big590Nag50TiO3, BNT) was first found by Smolenskii and
Aganovskaya [7]. Recently, considerable attention has been given
to these BNT-based ceramics for the replacement of lead-based
piezoelectric ceramics.

BNT-based ceramics have been considered a promising can-
didate of lead-free piezoelectric ceramics because of its strong
ferroelectricity and a high Curie temperature of ~320°C [8-13].
However, some shortcomings seriously hinder the development
and practical application of BNT-based ceramics [8-13], for exam-
ple, a large coercive field and a high conductivity. In the past,
some attempts have been used to resolve these issues of BNT-based
ceramics. Among these, the formation of BNT solid solutions with
other ferroelectrics is to help improve their electrical properties,
for example, BNT-BaTiO3 [14], BNT-Kq 5Big5TiO3 [15], BNT-KNbO3
[16], and Bi(Mg;3Nby;3)03 [17]. Although their piezoelectric prop-
erties were improved, the dielectric loss of these materials is often
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high [18,19]. A solid solution of (Lig 12Nag gg)NbO3 (LNN) has been
considered as a promising candidate for the high-frequency filter
application [20-25]. Moreover, a low dielectric loss is also observed
for such a LNN material [25]. Therefore, it is expected that a high
piezoelectric constant and a low dielectric loss of BNT ceramics are
induced by introducing the LNN.

In the paper, (1 —X)Big50Nag50TiO3-xLig 12Nag ggNbO3
[(1 —x)BNT-xLNN] lead-free piezoelectric ceramics were pre-
pared by the conventional solid-state solid method, and effects
of LNN content on the electrical properties of (1 —x)BNT-xLNN
ceramics were investigated. Enhanced piezoelectric properties
have been observed for these BNT ceramics doped with optimum
LNN content, together with a low dielectric loss. Underlying
physical mechanisms are also addressed.

2. Experiments

(1 —x)BNT-XLNN lead-free piezoelectric ceramics with x=0-0.08 were fabri-
cated by using the conventional solid state reaction method. In this work, raw
materials were NayCO3 (99.8%), Nb,Os (99.5%), Bi»03 (99%), Li,CO3 (99.99%), and
TiO; (99%). All raw materials were weighed according to the stoichiometric ratio
of (1 —x)BNT-XLNN, ball mixed in the alcohol, dried in an oven at 80°C, and then
calcined at 850°C for 6 h. These calcined mixtures were again ball milled and then
pressed into the pellet disk of ~1.5cm diameter and ~1.0-1.2 mm thickness. All
samples were sintered in air at the same temperature of ~1160°C for 2 h by using
the crucibles without any atmospheric powder. They were coated with silver on
both sides of all ceramics and annealed at 800 °C for 30 min in order to characterize
their electrical properties. The x-ray diffraction (XRD) machine was used to char-
acterize the phase structure of all sintered pellets. The temperature dependence of
the dielectric constant of all ceramics was investigated in the temperature range
of 25-500°C by using a programmable furnace with an LCR analyzer (TH2816). A
poling process was conducted in the silicon oil by using a dc power supply under
~6.0kV/mm for 20 min at room temperature. The d33 value of these ceramics was


dx.doi.org/10.1016/j.jallcom.2012.01.014
http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
mailto:chentaocmc@163.com
mailto:myfriendsroom@163.com
dx.doi.org/10.1016/j.jallcom.2012.01.014

8 T. Chen et al. / Journal of Alloys and Compounds 520 (2012) 7-10

A e 1‘\
=
e ¥=0.06 R i
>
.é i A‘=0.04 L ]l A ol N
g g = = S 855
ERals U ah 5S¢ 88
20 30 40 50 60 70
20 (Degree)

Fig. 1. XRD patterns of (1—x)BigsoNags0TiO3-xLig.12NagggNbO3 ceramics as a
function of LNN content.

measured using a piezo-ds3 meter (ZJ-3A, China), and their k; values were calculated
from the measured resonance-antiresonance frequencies using an Agilent 4294A
precision impedance analyzer.

3. Results and discussion

XRD patterns of these (1 —x)BNT-XLNN ceramics were mea-
sured, as shown in Fig. 1. A pure perovskite structure is identified,
and no secondary phases can be observed for all ceramics in this
work, confirming that the LNN has diffused into the BNT lat-
tice during sintering. The feature peak located at ~47° does not
split for all ceramics, indicating that a rhombohedral symmetry
structure is involved into these (1 —x)BNT-xLNN ceramics. Simi-
lar phenomenon has been observed for the BNT-based ceramics
[26,27]. However, it is also observed from Fig. 1 that a higher inten-
sity of XRD peaks is only demonstrated for the (1 —x)BNT-xLNN
ceramic with x = 0.02. Therefore, the introduction of optimum LNN
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Fig. 3. In(1/e—1/em) vs. In(T-Tyn) curves for (1-x)BigsoNagsoTiO3—

xLio.12NagggNbO3 ceramics, and the insert is the y value as a function of LNN
content.

content may lead to the improvement of the crystalline property of
BNT ceramics.

Fig. 2(a)-(e) shows the temperature dependence of the dielec-
tric constant (&r) of (1—x)BNT-xLNN ceramics, measured at
1-1000 kHz. These peaks of the dielectric constant vs. temperature
become much broader with increasing LNN content in these ceram-
ics, as shown in Fig. 2(a)-(e). The diffuseness of the phase transition
of these ceramics can be defined by the modified Curie-Weiss law,
as described in Eq. (1).

1 1 v

E_%_C (T = Tm) (1)
where e, is the maximum value of ¢; at the phase transition tem-
perature of Ty, y is the degree of diffuseness, and Cis the Curie-like
constant. The nature of the phase transition can be identified by
the y value. It is well known that a y value of 1 is a normal ferro-
electricand y =2 is for an ideal ferroelectric relaxor. Fig. 3 indicates
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Fig. 2. Temperature dependence of the dielectric constant of (1 — x)Big s0Nag50TiO3—xLig12NagsgNbO3 ceramics: (a) x=0, (b) x=0.02, (c) x=0.04, (d) x=0.06, (e) x=0.08, and
(f) temperature dependence of the dielectric loss of (1 — x)Big50Nags50TiO3-XLig.12NagsgsNbO3 ceramics, measured at 100 kHz.
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Fig. 4. Dielectric properties of (1 — x)BigsoNag 50 TiO3-xLig.12NaggsNbO3 ceramics.

In(1/er — 1/em) vs. In(T— Ty) at 100kHz for the (1 —x)BNT-xLNN
ceramics. All ceramics have a linear relationship for the plots
of In(1/er —1/em) vs. In(T— Ty). The y value can be determined
by the least-squared fitting the experimental data according to
the Eq. (1). The insert of Fig. 3 plots the y value vs. LNN con-
tent of (1 — x)BNT-xLNN ceramics. The y value of (1 — x)BNT-XxLNN
ceramics gradually increases from ~1.737 to ~1.942 with increas-
ing LNN content, that is, the relaxor behavior of (1 —x)BNT-xLNN
ceramics gradually becomes much stronger. As compared with
normal ferroelectrics, the dynamic polar nanometer-sized regions
(PNRs) appear in relaxor ferroelectrics. The local electric fields
and elastic fields give rise to the PNRs, by hindering the long-
range dipole alignment. For the (1 —x)BNT-XLNN ceramics, the
ionic radii of Nb>*/(Li, Na)* is respectively different from that
of Ti**/(Bi, Na)?*, together with their different valences. There-
fore, the relaxor behavior in (1 —x)BNT-XLNN ceramics should be
attributed to the cationic disorder induced by the LNN substitu-
tions for BNT. Fig. 2(f) shows the temperature dependence of the
dielectric loss of (1 — x)BNT-XLNN ceramics, measured at 100 kHz.
As shown in Fig. 2(f), a peak of the dielectric loss is observed for
all ceramics in this work. Usually, the depolarization temperature
(Tq) could be determined by the temperature dependence of the
dielectric loss in these BNT-based piezoelectric ceramics [28,29].
Therefore, these peaks for the temperature dependence of the
dielectric loss can characterize the T4 value in this work. Moreover,
it was observed from Fig. 2(f) that the T4 value of (1 — x)BNT-xLNN
ceramics decreases with increasing LNN content.

Fig. 4 shows the dielectric properties of (1—x)BNT-xLNN
ceramics as a function of LNN content, measured at 100 kHz
and room temperature. As shown in Fig. 4, the & value of
(1 —x)BNT-XLNN ceramics gradually increases with increasing
LNN content. However, the (1 —x)BNT-xLNN ceramic with x =0.02
has the highest ey, value. Moreover, the dielectric loss (tand)
of (1 —x)BNT-XLNN ceramics firstly decreases dramatically with
increasing LNN content, reaches a minimum value for x=0.02,
and then gradually increases with increasing LNN content. There-
fore, the (1 —x)BNT-xLNN ceramic with x=0.02 demonstrates an
enhanced dielectric behavior of a low tan§ value and a large &n,
value.

Fig. 5 plots the piezoelectric properties and the mechanical qual-
ity factor (Qm) of (1 —x)BNT-XLNN ceramics as a function of LNN
content. The ds3 value of (1 —x)BNT-XLNN piezoelectric ceramics
increases withincreasing LNN content, reaches a maximum value of
~113 pC/N atx =0.02, and gradually decreases with further increas-
ing LNN content. Similar to the ds3 value, the (1 —x)BNT-xLNN
ceramic with x=0.02 has a highest k;, value of ~21.6% among these
ceramics. However, the Qn value of (1 —x)BNT-xLNN ceramics
gradually increase with increasing LNN content because of the LNN
material with a high Qn, value [25]. In this work, the enhancement
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Fig. 5. Piezoelectric properties and mechanical factor of

( 1- X)Bio_so N30_50T103 —XLi0_12N30_3g Nb03 ceramics.

quality

in piezoelectric properties should be attributed to the introduction
of an optimum LNN content, where the intensity of XRD peaks is
improved greatly for the ceramic with x=0.02.

4. Conclusions

(1 —x)Big50Nag50TiO3-xLig 12Nag ggNbO3 lead-free piezoelec-
tric ceramics were prepared by the conventional solid-state
method, and the LNN content strongly affects the electrical prop-
erties of (1 —x)BNT-XLNN ceramics. The introduction of LNN
enhances the relaxor behavior of (1 —x)BNT-xLNN ceramics. A
larger e value and a lower tan§ value have been demonstrated
for these LNN-modified BNT ceramic with x=0.02. Moreover,
improved piezoelectric properties are observed for the 2% LNN-
modified BNT ceramics. Therefore, optimizing the LNN content is
an effective way to enhance the piezoelectric properties of BNT
ceramics.
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