
Transactions of the Materials Research Society of Japan 29[ 4] 1049-1054 (2004) 
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Piezoelectric properties of various alkaline niobate perovskite ceramics are reviewed and discussed. 
Sinterability of a typical ternary system LiNb03-NaNbOrKNb03 is firstly described. In NaNb03 rich 
composition region, well-sintered ceramics were obtained by the conventional powder processing. 
Dielectric permittivity of NaNb03-KNb03 pseudo binary system increases with increasing KNb03 mol 
fraction within 0.5. The relative dielectric permittivity is around 500 there, and it exceeded 1000 with other 
perovskite materials substitution such as CaTi03• On the other hand in low I<NbO:; fraction composition 
region, relative dielectric permittivity around 100 was obtained. Materials in this composition region such 
as (Lio_12Nao.88)Nb03, drastically heightened their Qm values by annealing (heat treatment). Their Qm 
values jumped up to around 3000 from around 500. It is considered that their domain configuration might 
play important roles on this Qm heightening phenomenon. 
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1. INTRODUCTION 
Piezoelectric ceramic materials are widely used in 

various electronic equipments. Lead based perovskite 
materials such as Pb(Ti,Zr)03, or PbTi03 based 
materials are commonly used there. Piezoelectric 
properties of these lead-containing materials have been 
studied by large number of researchers. However 
study on other piezoelectric ceramic materials has still 
been limited. 

Bismuth layer structured ferroelectrics (BLSF) 
have been studied by several researchers1-15>. However, 
these studies are almost for oscillator applications, ·· 
because of their relatively small electromechanical 
coupling and high mechanical quality factor (Qm). 

Bi-perovskites such as (Bi112Nai!2)Ti0:. based 
ceramics have also been studied recently by several 
researchers, however their thermal stability is low 
because these materials have phase transition from 
ferroelectric phase to antiferroelectric phase at 
temperatures around 200°C, and their piezoelectricity 
disappear there1

6-26}. Therefore the Bi-perovskite 
based materials are difficult to be alternatives for the 
lead based perovskite piezoelectric cerasmics despite 
their relatively large piezoelectricity. 

Alkaline niobate perovskite ceramic materials have 
been studied by number of researchers2741>, because of 
their attractive properties such as high acoustic 
velocities, high Curie temperatures, and relatively high 
electromechanical coupling properties. One of the 
earliest studies on the alkaline niobate ceramics was 
done by Egarton27·28) on NaNb03-KNb03 pseudo binary 
system. Nitta's pioneer work29

•
30

) revealed the 
fundamental piezoelectric properties of pseudo binary 
system LiNb03-NaNb03. Yonezawa and Ohno 
indicated poor reproducibility of these pseudo binary 
systems31l, and they pointed out that the drawback in 
reproducibility was improved by taking 
LiNb03-NaNb03-KNb03 ternary system. 

In spite of these great pioneer's works, the alkaline 
niobate based materials have not been studied much. 
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The authors suppose that this is because alkaline 
niobates have successive phase transitions, and these 
might be some obstacles in practical applications. 

In this study, the authors reviewed dielectric and 
piezoelectric characteristics of the pseudo ternary 
system KNb03-Na"NbO:>-LiNbO:> from viewpoints of 
practical applications. Composition dependences of 
their successive phase transition were also investigated. 

On the other hand, there have been limited 
studies32-34

) on solid solutions between the alkaline 
niobate and other perovskite materials. The author had 
also attempted to clarify their piezoelectric properties. 
(NaosKo5 )Nb03 - CaTi03 composition system was 
taken there as a typical example. 

Furthermore, the authors revealed a characteristic 
change in piezoelectric properties after the heat 
treatment for the alkaline niobate ceramics such as 
(Li012Nao 88)Nb0/5l. Their Qm values jumped up to 
3000 or higher from around 500. In this paper, this 
characteristic phenomenon are also reviewed and 
discussed. 

2. EXPERIMENTAL PROCEDURES 
The conventional powder processing was taken in 

order to make the sintered ceramic samples of 
LiNb03-NaNb03-KNbOJ pseudo ternary system 
materials and their solid solutions with other perovskite 
materials. In this study the authors took CaTi03 as the 
other perovskite. LizC03, NazC03, KzC03, NbzOs, 
and Ti02 were chosen as the starting materials. Their 
purities were 99.9% or better. These are weighed and 
mixed in 2-propanol to make compositions expressed 
below. 

(1-x)·(LiyN3z~I-y-z))Nb03 - x·CaTi03 

The mixtures were ball-milled with PSZ (Partially 
Stabilized Zirconia) balls (tjl5mm), and the mixed 
powder was dried and calcined at 850°C for 2h. The 
poly-vinyl acetate based binder was added to the 
powder by amount of 5wt"/o, and they were well-mixed 
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by the ball-milling in water for 10h. The powder was 
dried and pulverized after a filtration. 

The pulverized powder was die-pressed into 
disc-shaped samples. These samples were fired at 
temperatures between 11 00°C and 1250°C. Silver 
electrodes were formed by paste printing and firing at 
850°C. The poling treatment was carried out at I 00°C 
in silicone oil with electric fields between 5kV/mm and 
8kV/mm for IOmin. Then their piezoelectric 
characteristics were measured with an impedance 
analyzer. In order to observe the characteristic change 
in piezoelectric properties after the heat treatment, the 
measured samples of some compositions around 
(Lio12Nao.88)Nb03 were annealed at several 
temperatures, and their piezoelectric resonant 
characteristics were measured again. 

3. RESULTS AND DISCUSSIONS 
3-1 KNb03-NaNb03-LiNb03 ternary system 
.Sinterability: 

Since these pseudo ternary system materials are 
difficult to sinter, good piezoelectric characteristics 
were obtained at limited composition areas. Firing 
temperature should be controlled within l0°C of 
fluctuation to obtain good sintered samples. Ceramic 
samples of the KNb03 rich compositions or LiNb03 
rich compositions showed poor sinterability in this study. 
Well-sintered ceramics were obtained in the NaNb03 
rich compositional region as shown in Fig. l. The 
mark • in Figure 1 (Fig. 1) represents a composition 
where the well-sintered ceramic samples were obtained, 
and their piezoelectric properties could be measured 

LiNbOs 

Fig. I Compositional region where well-sintered 
ceramics were obtained 

Dielectric and Piezoelectric properties: 
Figure 2 shows dielectric permittivity of the ternary 

system. Relatively high values more than 500 are 
obtained for the composition of which KNb~ amount 
is more than 0.3 and of which LiNb03 amount is around 
0.1. There is a tendency that dielectric permittivity 
increases with KNb03 fraction increase up to 0.3, and 
relatively low permittivity around 100 was observed 

with low KNb03 fraction. 
Figure 3 shows the electromechanical coupling 

coefficient of the planer mode (kp) of the ternary system. 
There are some compositions which show the 
electromechanical coupling coefficient more than 400/o. 
Curie temperatures Tc of most of the obtained ceramics 
samples are more than 300 °C. 

0.2 0.4 0.6 0.8 

LiNb03 

Fig.2 Dielectric permittivity in a pseudo ternary 
system LiNb03-NaNb03-KNb03 
The contour lines might change depending on firing 
conditions. 

0.4 0.6 0.8 

LiNb03 
Fig.3 Electromechanical coupling coefficient in a 
pseudo ternary system LiNb03-NaNb03-KNb03 
The contour lines might change depending on firing 
conditions. 
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Fig.4 KNb03 fraction dependence of dielectric 
permittivity and electromechanical coupling coefficient of 
LiNb03-NaNb03-KNb03 with fixing LiNb03 fraction to 
0.1 

Figure 4 shows the dielectric permittivity and the 
electromecanical coupling coefficient against KNb03 
fraction with fixing the LiNb03 fraction at 0.1. Drastic 
changes are observed at around 0.25 ofKNb03 fraction. 

The dielectric permittivity change against the KNb03 
fraction shows an opposite trend to the 
electromechanical coupling coefficient change. 

The authors expect that a spontaneous polarization is 
relatively unstable in the composition region with high 
dielectric permittivity, because an unstable spontaneous 
polarization means that dielectric response against an 
electric field becomes large. Moreover, a smaller 
spontaneous polarization means a lower 
electromechanical coupling. Therefore the dielectric 
permittivity and electromechanical coupling coefficient 
show opposite trends each other. 

3-2 Solid solutions between alkaline niobates and other 
perovskite materials 

As mentioned above, NaNb03 rich composition 
shows its relative dielectric permittivity around 150, 
however the dielectric permittivity increases up to 
around 500 with increasing KNb03 amount. On the 
other hand, the authors attempted to study the dielectric 
properties of their solid solutions with CaTi03• The 
authors show the result of x·CaTiO:r
(1-x)·(NaosKo.s)NbOJ in Fig.5. Dielectric permittivity 
increases with increasing CaTi03 and becomes around 
1500 with CaTi03 more than 0.08. 

A few material has been reported to show high 
dielectric permittivity higher than 1000, beside the 
BaTi03 based material or lead based perovskite 
materials. Therefore, the high dielectric permittivity 
observed in this material system is noteworthy. The 
authors here show temperature dependences of 
dielectric permittivity and resonance frequency (planer 
mode) of the pseudo binary system 
x·CaTiO:r-(l-x)·(Nao5Ko5)NbDJ.with changing x. 
These are shown in Fig.6. and Fig.7. 

A phase transition temperature between monoclinic 
(orthorhombic) and tetragonal phases Tt-m and a 
transition temperature, which is a Curie temperature Tc, 

between the tetragonal and the cubic phase were 
changed with the CaTi03 amount. 

0 
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CaTi03 fraction (mol) 

Fig.5 Dielectric permittivity change against 
CaTi03 fraction in 
(1-x)·(Nao5 Ko5)Nb03-x·CaTi03 system 
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Fig.6 Temperature dependences of dielectric 
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Fig.7 Temperature dependences of resonance frequency 
of (1-x)·(NaosKo.5)Nb03-x·CaTiOJ system 
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The two transition temperatures lowered with increasing 
the CaTi03 fraction within 0.06. The T1_m was here 
decided from the temperature dependence of the 
resonance frequency. The phase diagram is shown in 
Fig.8. The temperature T1-m slightly increased for the 
CaTi03 amount more than 0.06. When the CaTi03 
amount is 0.06 (mol), the transition temperature T1_m lies 
around room temperatures. However, the dielectric 
permittivity does not make a clear peak against 
temperature as shown in Fig.6. 
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Fig.8 Phase diagram of(NaosKo5)Nb03-CaTi03 
system 

3-3 Characteristic changes in piezoelectric properties by 
the heat treatment 

We have seen the characteristic piezoelectric 
properties of the alkaline niobate based pseudo ternary 
system LiNb03-NaNb03-KNb03 especially those in the 
NaNb03-KNb03 pseudo binary system. Compositions 
which show relatively large piezoelectricity were 
obtained there. On the other hand, here the authors 
describe high Qm characteristics of the pseudo binary 
system LiNb03-NaNb03. 

IPolingl ·r' 
ll80"C, 2b 

in air 

sample A sample B sample C sampleD 

Fig. 9 Sample preparation flows 

The authors discovered that ceramics with these 
compositions show high Qm values by annealing (heat 
treatment) after their poling treatment in the previous 
work. Here we discuss the origin of the Qm 
heightening of the pseudo binary system 
LiNb03-NaNb03. Sample preparation procedure 
which the authors took in this experiment is 
summarized in Fig.9. Ceramic disc samples of 
(Li0.1zNaoss)Nb03 were prepared, and the poling was 
done after the electrode forming. The Poling was done 
at 100°C (in the rhombohedral phase), and the annealing 
was done at 200°C (in the monoclinic phase) and 400°C 
(in the tetragonal phase). 
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Fig. I 0 Impedance resonance characteristics 
(a) corresponds sample A and C. (b) and (c) 
correspond sample B and D, respectively 
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The sample c (annealed at 200°C) did not show a 
significant difference in its piezoelectric properties after 
the annealing. On the other hand, characteristically 
heightened Qm value was observed for the sample B 
with the annealing of 400°C. The Qm value changed 
from 500 to 3000. Since Qm values higher than 1000 
had not been reported for randomly oriented ceramics of 
which electromechanical coupling coefficient of a 
planer vibration mode is more than 200/o except for lead 
based perovskite ceramics, the authors believe that the 
discovery of this Qm heightening phenomenon would 
become important both in the fundamental study and 
applications of piezoelectric ceramic materials in the 
future. The impedance resonance characteristics of the 
samples are shown in Fig.IO. The impedance 
resonance characteristics of sample A and sample C are 
as same as shown in Fig.IO(a). Fig.IO(b) and (c) 
represents sample B and D, respectively. 

In order to explain the cause of the Qm heightening, 
sample preparation process and piezoelectric 
characteristics of samples A-D were compared each 
other. Since sample D does not show a Qm 
heightening phenomenon as shown in Fig.IO(c), the 
origin of the Qm heightening is not a mere quenching 
effect from a high temperature to room temperature. 
On the other hand the difference between the sample B 
and C was clarified in term of crystalline structure. 
Sample B shows monoclinic structure, while sample C 
shows rhombphedral structure. Figure ll shows the 
crystalline structure change with the annealing for 
sample B. 
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Fig.ll X -ray diffraction patterns in the annealing 
procedure (sample B). The Character R, M, and T 
represent the rhombohedral, monoclinic (orthorhombic), 
and tetragonal phases 

From the results of experiment where the 
comparisons between samples A-D were done, 
followings were clarified. 

· The Qm heightening is not caused by the mere 
quenching. 

· The crystalline structure after the poling procedure is 
rhombohedral. 

· The sample which shows the high Qm has a 

monoclinic crystalline structure. The monoclinic 
phase is possible for a sample which has experienced 
the tetragonal phase at the annealing. 

The authors speculate the origin of the Qm 
heightening phenomenon as follows. 

The origin of this Qm heightening is considered to owe 
to the poling direction against the normal vector of the 
sample plate. Once a poling procedure was taken for 
the samples, (111) direction of cubic symmetry is 
normal to the plate after the poling. If the crystalline 
structure after the annealing is monoclinic so as for 
Sample B, then the poling direction is (110) and it has 
an angle of35.3° against the (111) direction. There are 
three equivalent directions against the (111) directions, 
and they have angles of 60° against each other. Since 
these directions are energetically equivalent also when 
an electric field is applied along the (Ill) direction, 60° 
domain rotations are restricted. The Qm value is much 
heightened without the non-180° domain rotation like 
the Pb(Znl/3Nb213)-PbTi03 with the engineered domain 
structure4243

). On the other hand, the reason why the 
monoclinic phase appears only for the samples which 
experiences the tetragonal phase is still unclear. It is 
under investigation. 

5. CONCLUSIONS 
The authors reviewed the dielectric and piezoelectric 

characteristics of the alkaline niobate pseudo ternary 
system LiNbOrNaNbOrKNb03 and their solid 
solution of CaTi03• The well-sintered ceramics were 
obtained for NaNb03 rich compositions in this study. 
KNb03 makes the dielectric permittivity higher up to 
around 500, and the substitution of CaTi03 makes it to 
around 1500. On the other hand, the dielectric 
permittivity of the low KNb03 fraction compositions 
was around 100. However, these showed characteristic 
Qm heightening phenomenon after the annealing. The 
Qm value reached to 3000. 

Both the high dielectric permittivity and the high Qm 
of the alkaline niobate system materials are noteworthy. 
The authors believe that they will exhibit significant 
importance in the future in both fundamental studies on 
piezoelectric materials and application oriented studies. 

There have still been several unclear points on the 
properties of the alkaline niobate ceramic materials, 
especially the Qm heightening. Further studies are 
necessary on them. 
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