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Abstract In this study, (Na0.465K0.465Bi0.07)(Nb0.93-
Ti0.07)O3 ceramics with MnO2 addition were prepared by
conventional mixed oxide method. The effects of MnO2

addition on the structural and electrical properties of the
specimens were investigated for the application of piezo-
electric devices. As the results of X-ray diffraction analysis,
all specimens showed the typical polycrystalline perovskite
structure without presence of the second phase. Sintered
densities increased with increasing the addition amount of
MnO2 and the specimen added with 0.06 mol% of MnO2

showed the maximum value of 4.87 g/cm3. Average grain
size increased and densification increased with an increasing
of MnO2 contents. The electromechanical coupling factor,
dielectric constant, dielectric loss, d33 and Curie temperature
of the 0.06 mol% of MnO2 doped (Na0.465K0.465-

Bi0.07)(Nb0.93Ti0.07)O3 specimens were 0.32, 1309, 0.016,
122 and 465 °C, respectively.
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1 Introduction

Lead-oxide based ferroelectric ceramics, for example,
Pb(Zr,Ti)O3 (PZT), Pb(Mg,Nb)O3-PbTiO3 (PMN-PT) and
Pb(Zn,Nb)O3-PbTiO3 (PZN-PT) etc., are widely used for
piezoelectric actuators, sensors and transducers due to their
excellent electrical properties [1, 2]. Especially, PZT

ceramics are widely used due to their excellent piezoelectric
properties near the morphotropic phase boundary (MPB),
showing a good temperature stability of electrical properties.
However, lead-based piezoelectric materials fatally contain
large quantities of the toxic element, Pb. Alternative lead-
free piezoelectric materials have attracted much attention for
environmental issues recently.

In Europe, the legislation on waste electrical electronic
equipment has been issued; the use of hazardous substances
such as lead in electrical parts is prohibited from 2006. From
the viewpoint of sustainable development of world society,
the use of toxic substances should be prohibited in many
other countries in the field of piezoelectric ceramics. There-
fore, it is necessary to develop lead-free ceramics with
excellent piezoelectric properties [3]. Among the several
lead-free ferroelectric materials, (Na,K)NbO3 (NKN)–based
ferroelectric material is a promising candidate materials
because it has a high Curie temperature (~ 400 °C) and
good piezoelectric properties [4, 5]. NKN composition is a
solid solution of ferroelectric KNbO3 and antiferroelectric
NaNbO3 [6]. Recently, ferroelectric NaNbO3-BaTiO3 (NN-
BT) solid solution has been investigated and showed good
ferroelectric and piezoelectric properties [7].

The preparations of alkali niobate ceramics are diffi-
cult to control the chemical compositions because the
volatilization of the alkali metal elements easily occurs
during heat treatment at sintering temperature. There-
fore, alkali niobate-base ceramics have a serious prob-
lem of their low electrical resistivity or high leakage
current characteristic. In order to solve these problems,
alkali niobate ceramics have been fabricated by the
dopant addition or various sintering methods such as
hot-pressing, spark plasma sintering, and hydrothermal
synthesis [8, 9]. In previous study, we have investigated
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“Structural and electrical properties of (Na0.5K0.5)NbO3

ceramics with addition(0~0.07 mol%) of BiTiO3”. Re-
sult of previous experiments showed the specimen
doped with 0.07 mol% of BiTiO3 has maximum value.
We have investigated the doping of low melting point
Bi3+ ion into A-site of NKN-base ceramics in order to
increase sintered density and electrical properties and
doping of Ti4+ into B-site so as to compensate excess
cations of A-site. In this study (Na0.5K0.5)NbO3 speci-
mens doped with 0.07 mol% Bi,Ti [(Na0.465K0.465-

Bi0.07)(Nb0.93Ti0.07)O3] from the previous experiments
were chosen for the basic composition. In this study,
we investigated the effects of MnO2 addition on the
structural and electrical properties of (Na0.465K0.465-

Bi0.07)(Nb0.93Ti0.07)O3 (NKB-NT) ceramics.

2 Experimental procedure

(Na0.465K0.465Bi0.07)(Nb0.93Ti0.07)O3-xMnO2 (x=0~
0.08 mol%) ceramics were fabricated the conventional
mixed-oxide method and the basic composition ratio is
chosen from the previous experiments [10]. Reagent-grade
Na2CO3, K2CO3, Nb2O5, Bi2O3, TiO2 and MnO2 were
weighed in accordance with the formula, and mixed with
zirconia balls in ethanol for 24 h. The dried powder was
calcined at 950 °C for 2 h, and granulated with 3 wt%
polyvinyl alcohol (PVA). The granulated powder was
pressed into pellet shape with 1000 kg/cm2 pressure and
then cold iso-static press (CIP) process was performed with
30 MPa. The specimens were sintered at 1110 °C for 2 h. Ag
paste was painted the both side of the specimens as electro-
des and specimens were electrical poled in silicon oil at
100–120 °C under a dc field of 3 kV/mm for 30 min. The
crystalline structure and the microstructure of the specimens
were examined using X-ray diffractometer (XRD) and field
emission scanning electron microscopy (FE-SEM). Dielec-
tric and piezoelectric properties with variation of tempera-
ture from room temperature to 500 °C were measured using
a computer controlled LCR meter (HP 4284) and impedance
analyzer (HP 4192A).

3 Results and discussion

Figure 1 shows the XRD patterns of NKB-NT+x MnO2

(x=0~0.08 mol%) specimens sintered at 1110 °C for 2 h.
The NKB-NT+xMnO2 ceramics with dopant concentrations
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Fig. 1 XRD patterns of NKB-NT+xmol%MnO2 specimens for various
MnO2 contents: (a) x=0, (b) x=0.02, (c) x=0.04, (d) x=0.06, (e) x=0.08

Fig. 2 Surface SEM micrographs of NKB-NT+x mol% MnO2 specimens for various MnO2 contents: (a) x=0, (b) x=0.02, (c) x=0.04, (d) x=0.06,
(e) x=0.08
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in the range from 0 to 0.08 showed a perovskite phase. The
diffraction pattern was similar to that of randomly oriented
pseudo cubic perovskite dielectric, all specimens were crys-
tallized in the perovskite single phase without any formation
of a second phase such as pyrochlore. The NKB-NT+MnO2

ceramics had a typical perovskite structure with a pseudo
cubic structure, and no anomalous change with MnO2 con-
tents was observed.

Figure 2 shows the surface micrographs of NKB-NT+
MnO2 specimens with variation of the amount of MnO2

sintered at 1110 °C for 2 h and thermally etched at
1010 °C. Average grain size and densification increase
with increasing MnO2 amount. But, the average grain
size of the specimens doped with more than 0.08 mol%
MnO2 decreases because some excess Mn is deposited at
grain boundaries which inhibits grain growth. The aver-
age grain size in the NKB-NT+0.06 mol% MnO2 was
about 1.3 μm.

Figure 3 shows the sintered density of NKB-NT+MnO2

specimens with variation of the amount ofMnO2. The sintered
density increases with increasing MnO2 amount because the
grain size is increased. Specimens had high density and the
value of the specimen doped with 0.06 mol% MnO2 was
4.87 g/cm3. From amount of MnO2 above 0.08 mol% the
density start to decrease and increase the grain boundary layer
with low density and porosity, as shown in Fig. 2.

Figure 4 shows the electromechanical coupling factor
of NKB-NT+MnO2 specimens with variation of the
amount of MnO2. Electromechanical coupling factor
increases with increasing MnO2 amount due to increase
the grain size with high density and the value of the
specimen doped with 0.06 mol% MnO2 was 0.32. From
amount of MnO2 above 0.08 mol% the electromechan-
ical coupling start to decrease.

Figure 5 shows the relative dielectric constant and dielec-
tric loss of NKB-NT+MnO2 specimens with variation of the
amount of MnO2. Relative dielectric constant increases with
increasing MnO2 amount and the value of the specimens
doped with more than 0.08 mol% MnO2 decreases. Con-
trary, dielectric loss decreases with increasing MnO2 amount
and the value of the specimens doped with more than
0.08 mol% MnO2 increases. Mn ions exist as Mn2+ and
Mn3+ ions at sintering temperature, and act as substitutions
on the B-site of the ABO3 unit lattice. The Mn2+ and Mn3+

ions are associated with charged oxygen vacancies formed
to maintain the neutrality condition in the same perovskite
cell. In this way axial defect centers are formed, and these
axial defects are switched in the direction of the applied
poling field [11, 12]. Thus the dielectric constant increased
and dielectric loss decreased with different amount of
MnO2. In the specimens doped with more than 0.08 mol%
MnO2, dielectric constant decreased and dielectric loss
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Fig. 3 Sintered density of NKB-NT+x mol% MnO2 specimens as a
function of MnO2 contents
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Fig. 4 Electromechanical coupling factor of NKB-NT+x mol% MnO2

specimens as a function of MnO2 contents
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Fig. 5 Relative dielectric constant and dielectric loss of of NKB-NT+
x mol% MnO2 specimens as a function of MnO2 contents
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Fig. 6 Piezoelectric properties of NKB-NT+x mol%MnO2 specimens
as a function of MnO2 contents
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increased due to decrease the grain size and densification.
Relative dielectric constant and dielectric loss of the speci-
men doped with 0.06 mol% MnO2 were 1309 and 0.016,
respectively.

Figure 6 shows the piezoelectric properties of NKB-NT+
MnO2 specimens with variation of the amount of MnO2. The
piezoelectric properties of d33 increases with increasing MnO2

amount due to increase the grain size with high density and the
value of the specimen doped with 0.06 mol% MnO2 was 122.
From amount of MnO2 above 0.08 mol% the d33 start to
decrease.

Figure 7 shows the relative dielectric constant of NKB-
NT+MnO2 specimens with variation of the temperature. The
NKB-NT ceramics have two phase transition temperatures,
near about 200 °C and about 450 °C around, corresponding to
the transition temperatures for the pseudo-cubic to tetragonal
and tetragonal to cubic (Tc) transition, respectively

Figure 8 shows the Curie temperature of NKB-NT+
MnO2 specimens with variation of the amount of MnO2.
Curie temperature increases with increasing MnO2 amount,
the value of the specimen doped with 0.06 mol% MnO2 was
465 °C. This suggests that the axial defect centers, which are
preferentially oriented parallel to the direction of the spon-
taneous polarization [13], act as stabilizers to inhibit switch-
ing of the domain, as mentioned in Fig. 5. Curie temperature
of the specimen doped with more than 0.08 mol% MnO2

decreased due to pores and small grain size.

4 Summary

In this work, we fabricated (Na0.465K0.465Bi0.07)(Nb0.93-
Ti0.07)O3–xMnO2 (x=0~0.08 mol%) ceramics using the
mixed-oxide method. And the structural and dielectric prop-
erties were investigated with variation of MnO2 amount. All
specimens had a typical perovskite structure with a pseudo
cubic structure. Electromechanical coupling factor, dielec-
tric constant and dielectric loss properties were greatly af-
fected by the structural properties such as grain size and
porosity. Dielectric constant and Curie temperature proper-
ties were enhanced because of the Mn-Vo association
formed to maintain the neutrality condition in the perovskite
structure.
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Fig. 7 Relative dielectric constant of NKB-NT+x mol% MnO2 speci-
mens as a function of temperature
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Fig. 8 Curie temperature of NKB-NT+x mol% MnO2 specimens as a
function of MnO2 contents
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