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Abstract
Pure  K0.5Na0.5NbO3 lead-free piezoelectric ceramics without any dopants/additives were sintered at various temperatures 
(950–1125 °C) in low  pO2 atmosphere  (pO2 ~ 10−6 atm). All ceramics exhibit high relative densities (> 94%) and low weight 
loss (< 0.6%). Compared to the ceramics sintered in air, the ceramics sintered in low  pO2 exhibit improved electrical proper-
ties. The piezoelectric constant d33 and converse piezoelectric constant d33* are 112 pC/N and 119 pm/V, respectively. The 
ceramics show typical ferroelectric behavior with the remnant polarization of 21.6 µC/cm2 and coercive field of 15.5 kV/
cm under measurement electric field of 70 kV/cm. The good electrical properties of the present samples are related to the 
suppression of volatility of the alkali cations during the sintering process in low  pO2 atmosphere.

1 Introduction

Recently, lead-free piezoelectric materials such as potas-
sium niobate-based ceramics have been studied because of 
the increased environmental concern [1–4]. Among them, 
potassium sodium niobate (KNN)-based ceramics are widely 
investigated due to their good piezoelectric properties and 
high Curie temperature (~ 420 °C) [5–7]. However, it is hard 
to obtain dense KNN-based ceramics by means of conven-
tional sintering methods [5, 8]. In addition, the temperatures 
for sintering KNN-based ceramics are always higher than 
1000 °C, causing heavy loss of alkali elements and con-
sequent compositional fluctuation [5, 9]. The formation of 
 Na+/K+ vacancies in the KNN-based ceramics caused by 
 Na+/K+ loss during the sintering process strongly affects 
their electrical properties [10–12]. Pure KNN ceramics 
without any dopants/additives always have low piezoelectric 
constant d33 (80 pC/N) [13, 14]. In order to improve piezo-
electric properties, various methods were applied. Satio 
et al. prepared textured KNN ceramics and obtained high 

d33 (416 pC/N) [15]. Wu et al. reported very high d33 values 
of KNN-based ceramics by designing phase boundaries [4]. 
Special sintering techniques can also facilitate improving 
ferroelectric and piezoelectric properties of KNN-based 
ceramics. Li et al. sintered KNN ceramics with d33 value 
of 148 pC/N by using spark plasma sintering [16]. Jaeger 
et al. reported that the hot-pressed KNN ceramics exhibited 
relative densities higher than 99% and d33 as high as 160 
pC/N [17]. In our previous work, we prepared the pure KNN 
ceramic with fine grains (~ 0.1 µm) and good ferroelectric 
properties [18].

Low partial pressure of oxygen  (pO2) is one of impor-
tant reduced atmospheres for sintering dielectric and piezo-
electric materials. Tsuji et al. sintered  SrTiO3-based colos-
sal permittivity barrier layer capacitors in  pO2 as low as 
 10−13 atm [19]. Kobayashi et al. sintered KNN–LiF ceram-
ics in low  pO2 atmosphere and obtained higher resistivity 
[20]. Huan et al. obtained  SnO2 and  ZrO2 co-modified KNN 
ceramics with enhanced piezoelectric properties by firing 
under reduced atmosphere [21]. Co-fired KNN-based mul-
tilayer materials with inner nickel/copper electrodes could 
be prepared in low  pO2 atmospheres [22–24]. Shimizu et al. 
have reported that sintering in the low  pO2 atmosphere could 
suppress the volatilization of  Na+ in the  NaNbO3 system 
[25]. The theoretical analysis points out that the activation 
energy of volatilization of cations increases remarkably in 
reduced atmospheres, and thus the loss of alkali elements 
could be decreased obviously [26].
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In this study, the low  pO2 firing system was built and pure 
 K0.5Na0.5NbO3 ceramics without any dopants/additives were 
prepared via the solid-state reaction method. The ceram-
ics were sintered in low  pO2 atmosphere. Microstructure, 
dielectric, piezoelectric and ferroelectric properties of the 
ceramics were studied in detail.

2  Experimental procedures

The composition of  K0.5Na0.5NbO3 (KNN) ceramics with-
out any dopants/additives was chosen. The raw materials 
were  Na2CO3 (99.95%),  K2CO3 (99.0%), and  Nb2O5 (99.9%) 
powders (Alfa Aesar). After drying, the raw powders were 
weighed out and then ball-milled for 24 h in ethanol. The 
calcination temperature was 900 °C, and the dwelling time 
was 3 h. Both the heating and cooling rates are 180°C/h. 
After calcination, the obtained powders were milled again 
for 12 h. Pellets with diameter of 12 mm were pressed, 
and followed by a cold-isostatic pressing under 200 MPa. 
The pellets were sintered in reduced atmosphere with 
 pO2 ~ 10−6 atm. The sintering temperatures were changed 
from 950 to 1125 °C. The low  pO2 firing system is schemati-
cally shown in Fig. 1a. Figure 1b exhibits the photograph 
of the low  pO2 firing system in the lab. The  pO2 sintering 
system is comprised of a tube furnace (GSL-1500X, MTI 
Corporation, China), a digital flow meter with four gas flow 
controllers (Mass-Flo Controller, MKS Type 247, USA), and 
four valves. The  pO2 within the furnace is established by the 
equilibrium of water vapor and hydrogen. The water vapor is 
carried into the furnace by the  N2 (#4, in Fig. 1a). The dew 
temperature can be adjusted by water bath on a thermostati-
cally controlled heater (DF-101S, Zhengzhou Greatwall Sci. 
Ind. Trade Co. Ltd, China). At the exhaust end, the gas is 
drained into the atmosphere through a bottle containing oil. 
By changing the flow rates of dry  N2/H2 (95/5 vol% ratio) 
mixing gas, dry  N2 gas, and wet  N2 gas (dew), the  pO2 values 
in the tube furnace can be tuned, which were measured by 
using a  ZrO2 oxygen sensor (Oxyprobe; Australian Oxytrol 
System Pty Ltd.). For example, as the samples were sintered 

at 1075 °C, the gas flow contained 5 cc/min of 5%  H2/95% 
 N2 gas, 45 cc/min of dry  N2, and 450 cc/min of  N2 through 
ion-free water at 60 °C. The valve of air gas (#1, in Fig. 1a) 
is always closed during the low  pO2 sintering process.

Microstructures were observed via a scanning electron 
microscope (SEM, Nova Nano 450). The size distribution 
of grains in the ceramics was determined from more than 
200 particles in each sample using Nano Measurer software. 
Crystallite structure was investigated via X-ray diffraction 
(XRD, Rigaku D/Max 2550) using  CuKα radiation. For elec-
trical characterization, silver electrodes were coated on the 
surfaces of the polished ceramics and fired at 650 °C for 
0.5 h. Dielectric properties were measured by means of a 
precision Agilent E4980A LCR meter. The ceramics were 
poled in silicone oil bath at 80 °C and 40 kV/cm for 15 min. 
Piezoelectric constant (d33) was measured via a quasistatic 
d33 meter (ZJ-4A). Impedance properties were measured 
via a broadband dielectric spectrometer (Concept 80, Novo-
control Tech.). Ferroelectric properties were measured via a 
Radiant ferroelectric testing apparatus (Radiant Technolo-
gies Inc.).

3  Results and discussion

The weight loss (WL) of the ceramics is important in reflect-
ing the volatilization of alkali elements. In order to obtain 
the WL values of the ceramics during sintering, four pellets 
were put in an  Al2O3 crucible before sintering. They were 
baked at 120 °C for over 24 h to remove moisture. After 
baking, they were immediately weighed using an electronic 
balance (XT220A, Precisa, Switzerland) and the value 
of (mcrucible + m0−4) was obtained, in which mcrucible is the 
mass of the crucible and m0–4 is the mass of the four pel-
lets before sintering. After sintering, the same crucible and 
four samples were weighed together again and the value of 
(mcrucible + m1–4) was obtained, in which m1–4 is the mass of 
the four pellets after sintering. Then, the weight loss of the 
ceramics during sintering was calculated according to the 
following equation:

Fig. 1  a The schematic diagram 
of low  pO2 sintering system; 
b the photographs of low  pO2 
sintering system
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It should be mentioned that no any binder was added in 
the pellets and no powders were used during sintering. It 
was found that the mass of the crucible did not change after 
sintering. By means of the same method, one pellet was used 
to measure weight loss and the obtained WL value is very 
similar as that obtained via the four samples. It is reason-
able that the obtained WL values are the full weight loss 
during the sintering. The values of weight loss and relative 
densities of the ceramics sintered in low  pO2 atmosphere 
as a function of sintering temperatures are shown in Fig. 2. 
All ceramics exhibit relative densities higher than 94%. As 
the  K0.5Na0.5NbO3 ceramics were sintered in air, the rela-
tive densities are only around 88% [18]. The weight loss 
increases slowly as the sintering temperature increases. For 
the sintering temperatures between 950 and 1125 °C, the 
weight loss of the ceramics is very low (< 0.6%), which is 
lower than the values of the KNN-based ceramics sintered 
in flowing  O2 [27] and air [28]. As the samples were sintered 
in air, alkali cations can volatilize easily, as shown via the 
Kröger–Vink equation:

where A contains Na and K elements. The theoretical 
analysis points out that the activation energy of volatiliza-
tion of cations increases remarkably in reduced atmospheres 
[26]. Thus, the sintering in low  pO2 atmosphere can suppress 
volatilization of the alkali cations, resulting in low weight 
loss.

The SEM image of the thermally etched ceramic sin-
tered in low  pO2 and at 1075 °C is shown in Fig. 3a. The 
ceramic exhibits dense microstructure, corresponding to 
the high relative density (~ 95%). The grains show square 

(1)
WL = [(mcrucible + m0−4) − (mcrucible + m1−4)]∕m0−4 × 100%.

(2)2A×
A
+

1

2
O×

O
↔ A2O(↑) + 2V �

A
+ V ⋅⋅

O
,

shape, which is similar to those in the ceramics sintered in 
air [29]. The grain size distribution of the ceramic is shown 
in Fig. 3b. The mean grain size is approximate 1.2 µm. The 
 K0.5Na0.5NbO3 ceramics sintered in air via the conventional 
solid-state reaction method using the similar synthesis 
parameters have the mean size of 2 µm [30]. Compared to 
the sintering atmosphere of air, the sintering atmosphere 
of low  pO2 decreased grain sizes of the ceramics, as the 

Fig. 2  The weight loss and relative density of the ceramics as func-
tion of sintering temperatures

Fig. 3  a The SEM image of the ceramic sintered in low  pO2 atmos-
phere and at 1075 °C; b size distribution of the grains in the ceramic; 
c XRD curve of the ceramic
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 NaNbO3 system reported by Shimizu et al. [25]. The XRD 
curve of the ceramic sintered at 1075 °C is shown in Fig. 3c. 
The XRD peaks can be well indexed with the orthorhom-
bic symmetry (PDF no. 710946), with no secondary phase 
detected. In the following study, the ceramics sintered at 
1075 °C were chosen to study the electrical properties.

Figure 4 shows the temperature dependences of dielectric 
loss (tan δ) and dielectric constant (εr) of the ceramic meas-
ured at 1 kHz. The εr − T curve exhibits two dielectric anom-
alies, corresponding to the phase transitions of tetragonal-
cubic around TC and orthorhombic-tetragonal around TO−T, 
respectively. The values of tan δ, εr, TC and TO−T are 0.04, 
366, 406 °C, and 195 °C, respectively. The corresponding 
values of the ceramics sintered in air are 0.46, 183, 400 °C, 
and 191 °C, respectively [18]. Compared to the sintering 
atmosphere of air, the low  pO2 sintering atmosphere facili-
tates increasing εr, decreasing tan δ, and increasing phase 
transition temperatures.

The curves of alternating-current conductivity (σ′ac) vs. 
frequency measured at the given temperatures are shown 
in Fig. 5a. σ′ac is closely related to temperature and fre-
quency. Two regions are distinguished denoted as Region 
A and Region B. Plateau appears in Region A at frequen-
cies between  10−1 Hz and approximate  105 Hz. The pla-
teau range in Region A depends on the temperature. With 
increasing temperature, the conductivity increases and the 
plateau region extends towards higher frequency direction. 
In Region B, the dependence of conductivity on tempera-
ture decreases and the conductivity increases rapidly with 
increasing frequency. The change of σ′ac with frequency can 
be fitted via the universal law, as shown in Eq. (3) [31]:

where σdc is direct-current (DC) conductivity, σ0 is the 
temperature dependent constant, f is frequency. The n val-
ues are temperature and frequency dependent and always 

(3)��
ac
=�dc + �0f

n,

between 0 and 1. The σ′ac data were fitted via Eq. (3) and 
are shown in Fig. 5a. The obtained n values are shown 
in Fig. 5b. The n values decrease to a minimum and then 
increase with temperature increasing. The similar phenom-
enon was observed in other systems, such as  Na0.5Bi2.5Nb2O9 
[32],  (Na0.5Bi0.5)0.91Ba0.09TiO3 [33],  SrNiP2O7 [34] and 
 Bi0.90La0.10Fe0.95Mn0.05O3 [35]. Conduction activation 

Fig. 4  Changes of εr and tan δ vs. temperature at 1 kHz

Fig. 5  a Variation of AC conductivity with frequency at given tem-
peratures. The solid lines show fitting lines. b The obtained n values. 
c Variation of ln σdc T vs. 1/T 
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energy (Ea) was calculated according to the Arrhenius 
equation:

where kB is Boltzmann constant, T is absolute temperature, 
σ0 is the pre-exponential term. The fitting results are shown 
in Fig. 5c. The plots exhibit a convex knee between the low 
temperature and high temperature regions. The two regions 
show the different Ea values. The Ea values are 0.74 eV and 
1.56 eV in the low-temperature range (Range 1) and high-
temperature range (Range 2), respectively. The Ea value in 
Range 1 is smaller than that in Range 2. The different Ea 
values in the different temperature ranges imply a change in 
conduction mechanism [26, 36, 37].

The complex impedance plots (Z′–Z″) of the ceramic 
measured at the different temperatures are shown in Fig. 6a. 
The magnification of Z′–Z″ plots in the high frequency range 
is shown in Fig. 6b. The plots do not exhibit typical single 
semicircles, implying non-Debye-type relaxation mechanism 
[38]. The impedance decreases with increasing temperature. 
A tail appears in the side of low frequency. According to 
the brick-layer model, the impedance should be depicted 
via capacitance and resistance from grain boundaries and 
grains, respectively [39]. As shown in Fig. 6a, b, the centers 
for all semicircles arcs are below the Z′ axis. The constant 
phase element (CPE) should be introduced in the equivalent 
circuit, and the complex impedance (Z*) can be expressed 
as following [40, 41]:

where i is imaginary number and  i2 = − 1; Rg and Cg are 
resistance and capacitance from grains, respectively; Rgb 
and Cgb are resistance and capacitance from grain bounda-
ries, respectively; ω is the angular frequency; YCPE is the 
admittance of CPE; A and β are constants. The parameter 
β is between 0 and 1. β = 1 is for ideal capacitor and β = 0 
is for ideal resistor. The experimental data were fitted with 
the equivalent circuit using the ZVIEW software accord-
ing to Eq. (6). The fitting results are shown in Fig. 6a, b, 
and the equivalent circuit is shown in the inset of Fig. 6a. 
The parameters Rg, Rgb and β were obtained and shown in 
Fig. 6c. With increasing temperature, the values of β, Rgb, 
and Rg decrease. In the low-temperature range (Range 1), 
the Rgb and Rg values decrease rapidly. In the high-tempera-
ture range (Range 2), the Rgb and Rg values decrease slowly 
(Fig. 6c). The decreasing slope of β is contrary to that of Rgb 

(4)�dc =
�0

T
exp

(

−
Ea

kBT

)

,

(5)Z∗ = Z� − iZ��,

(6)Z∗ =
Rg

1 + i�RgCg

+
Rgb

1 + RgbA(i�)
�
,

(7)ZCPE = 1∕YCPE = 1∕A(i�)� ,

and Rg. The parameter β is between 0.79 and 0.95, imply-
ing non-Debye-type relaxation mechanism. For the studied 
temperatures, the Rgb values are larger than Rg values.

The polarization–electric field (P–E) hysteresis loops of 
the ceramic measured under different electric fields between 
40 and 70 kV/cm are shown in Fig. 7a. The coercive field 
(Ec) and remnant polarization (Pr) values are shown in 
Fig. 7b. The sample exhibits typical P–E hysteresis loops. 
With increasing the measurement electric fields, the P–E 
loops tend to be saturated. The values of Pr and Ec measured 
at 70 kV/cm are 21.6 µC/cm2 and 15.5 kV/cm, respectively. 

Fig. 6  a Variation of Z″ vs. Z′ of the ceramics at given temperatures. 
b The magnification of the Z″ ~ Z′ at high frequencies. The solid lines 
in a, b are fitted curves. c The obtained Rgb, Rg and β values
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For the  K0.5Na0.5NbO3 ceramic sintered in air, the values 
of Pr and Ec measured at 70 kV/cm are 17.5 µC/cm2 and 
6.5 kV/cm, respectively [18]. The sample sintered in low 
 pO2 atmosphere exhibits higher Pr and Ec. The curves of 
unipolar strain vs. electric field (S–E) measured at the differ-
ent electric fields are shown in Fig. 7c. The sample exhibits 
typical strain curves. Unipolar strain increases with increas-
ing electric field. The maximum values of strain (Smax) under 
the given electric fields are shown in Fig. 7d. The Smax value 
measured at 70 kV/cm is 0.083%. The converse piezoelectric 
coefficient (d33

*) calculated via the following equation:

where Emax and Smax is the maximum electric field and maxi-
mum strain according to the S–E curves, respectively. The 
d33

* value measured at 70 kV/cm is 119 pm/V. The piezo-
electric constant d33 is 112 pC/N. The ceramics with the 
same composition sintered in air exhibit lower d33 values 
[18, 42, 43]. Here, by sintering in the low  pO2 atmosphere, 
one can obtain the  K0.5Na0.5NbO3 ceramic with relatively 
high d33 value.

The Rayleigh law was utilized to study the nonlinear con-
tribution of non-180° domain wall motion to piezoelectric 
properties as following [44–46]:

where α is the Rayleigh coefficient; ε′init is a field-independ-
ent term, which represents a combination of the intrinsic 
ionic response together with the contribution from reversible 
domain wall vibration; E0 is the amplitude of the electric 

(8)d∗
33

= Smax∕Emax,

(9)��
r
(E0) = �E0 + ��

init
,

field; εr′(E0) is the real part of εr under the E0. By measuring 
P–E loops under various AC electric fields, one can calcu-
late εr′(E0) as following:

where ε0 is vacuum dielectric constant, Pp–p is the value 
of polarization from P–E loop peak to peak, and A is P–E 
loop area. The extrinsic contribution (Conex) can be esti-
mated as following:

For Rayleigh analysis, the amplitude of the applied 
electrical field should be below 1/3 Ec ~ 1/2 Ec [44, 47]. 
Figure 8a shows the P–E loops measured under the various 
applied electrical fields (Here, the electrical field ampli-
tude is below 8 kV/cm). The calculated εr′(E0) values 
under the different E0 values are shown in Fig. 8b. The 
ε′init and α values can be obtained by means of linear fitting 
according to Eq. (9). The εr′(E0) values under the different 
E0 values can be well fitted by the linear fitting (Fig. 8b). 
The obtained values of α and ε′init are 14.9 × 107  m2/V2 and 
305.7, respectively. The Conex values at different E0 values 
were calculated and are shown in Fig. 8b. The Conex values 
increase with increasing measured electric field, indicat-
ing that more domains switch under higher electric fields.

Grain size and electrical properties of the pure 
 K0.5Na0.5NbO3 ceramics sintered in air via the conven-
tional solid-state reaction method are compared to those 

(10)
��
r
(E0) =

√

�2
r
+ ���r

2 =

√

(Pp−p∕2�0E0)
2 − (A∕��0E

2
0
)
2
,

(11)Conex = �E0∕(�E0 + ��
init
).

Fig. 7  a Typical P–E loops 
and c S–E curves under various 
applied electrical fields meas-
ured at 1 Hz at room tempera-
ture. b, d The values of Ec, Pr, 
and Smax at the different applied 
electrical fields
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of the present sample in Table 1. The ceramic sintered 
in low  pO2 atmosphere shows smaller grains (~ 1.2 µm) 
compared to those sintered in air (> 2 µm). Compared to 
the sintering atmosphere of air, the sintering atmosphere 
of low  pO2 can decrease grain size of the ceramics, which 
is related to the variation of point defects in the ceramics 
[25]. The decrease in grain size is very important because 
of the miniaturization of electronic devices. The sinter-
ing atmosphere of low  pO2 provides an optional route for 
decreasing size of grains in ceramics. The present sample 
exhibits higher Pr, d33, and d33

* values. The Qm and kp 
values of the present sample are 143 and 0.29, respec-
tively. Compared to the doped KNN ceramics (Table 1), 
the present samples without any dopants/additives exhibit 
similar properties. By sintering in low  pO2 atmosphere, 
the  K0.5Na0.5NbO3 ceramics with small grains and good 
electrical properties were obtained. As is well known, one 
of the main problems for sintering KNN-based materi-
als is volatility of alkali species in sintering process. The 
volatilization of  K+ and  Na+ causes the main problems of 
controlling stoichiometry and point defects in the ceram-
ics, which is closely related to the electrical properties. 
As the samples were sintered in air, alkali cations could 
volatilize easily and point defects were introduced in the 
ceramics (Eq. 2). As mentioned above, activation energy 
of volatilization of cations increases remarkably in low 

 pO2 atmosphere, and so the loss of alkali elements could 
be suppressed obviously [26]. Thus, the ceramics sintered 
in low  pO2 atmosphere should have low defect concen-
tration, which facilitates improving electrical properties. 
In this work, the weight loss of the pure  K0.5Na0.5NbO3 
ceramics during the sintering process is very low (~ 0.6%), 
which is lower than the values of the KNN-based ceram-
ics sintered in flowing  O2 and air [27, 28]. The low-pO2-
sintered  K0.5Na0.5NbO3 ceramics show better electrical 
properties in comparison with air-sintered  K0.5Na0.5NbO3 
ceramics. The improved electrical properties of the ceram-
ics are related to the dense microstructure and suppression 
of the alkali vacancies formation, as reported by others 
[25]. Here, by means of sintering in low  pO2 atmosphere, 
pure  K0.5Na0.5NbO3 ceramics with excellent electrical 
properties were obtained. The results demonstrate that 
the low  pO2 atmosphere is good for sintering KNN-based 
materials. But, it should be mentioned that the  pO2 values 
in the sintering process can affect the contents of oxygen 
vacancies and electrons in the materials [26]. The sinter-
ing in low  pO2 atmosphere can cause oxygen vacancies 
intrinsically, as shown via the following equation:

(12)O×
O
↔ V ⋅⋅

O
+ 2e� +

1

2
O2(↑).

Fig. 8  a Typical P–E loops 
under various applied low 
electric fields. b The calculated 
εr′(E0) and Conex values under 
different E0

Table 1  Comparison of the  K0.5Na0.5NbO3 (KNN) ceramics between the sintering atmospheres of air and low  pO2

The electrical properties of the doped KNN ceramics are also shown
a Estimated values from the curves in the references

Samples Sintering atmosphere Grain Size (µm) Ec (kV/cm) Pr (µC/cm2) d33 (pC/N) d33
* (pm/V) Qm kp References

KNN Air 1.2 6.5 17.5 60 – – – [18]
KNN Air 2 15.6a 16.3a 85 86a – – [30]
KNN Air ~ 3.9 8.5 11.4 96 – – 0.28 [43]
KNN Air 2.4 9.7 26 90 112 85 0.25 [48]
KNN Low  pO2 1.2 16.9 21.6 112 119 143 0.29 This work
KNN–LiNbO3 Air 2.5–3.0 – 18.8 120 104 – – [49]
KNN–LiSbO3 Air – – – 119 – 53 0.31 [50]
KNN–LiTaO3 Air 6 – 15.5 132 – – 0.29 [51]
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The high concentration of oxygen vacancies and electrons 
may cause high electric conduction and deteriorate electrical 
properties of the ceramics. This is more serious in the case 
of very low  pO2 values. So, the sintering in the atmospheres 
with very low  pO2 values (such as lower than ~ 10−10 atm) 
is always followed by annealing in dry air or reduced atmos-
phere with relatively high  pO2 values (such as ~ 10−6 atm) 
[25]. In the present work, the  pO2 value during the sintering 
process was chosen as ~ 10−6 atm. The as-sintered samples 
without annealing exhibit good electrical properties. It can 
be expected that by changing  pO2 values, the electrical prop-
erties of the KNN-based ceramics can be tuned. The further 
studies are going on and will be reported in future.

4  Conclusions

Pure  K0.5Na0.5NbO3 lead-free ceramics without any dopants/
additives were sintered in the low  pO2 atmosphere. The 
obtained ceramics exhibit dense microstructure and small 
grains with mean size of 1.2 µm. Electrical properties of 
the present sample are better than those sintered in air. The 
 K0.5Na0.5NbO3 ceramic sintered in low  pO2 exhibits d33 
of 112 pC/N, d33

* of 119 pm/V, Pr of 21.6 µC/cm2, Ec of 
15.5 kV/cm, Qm of 143, kp of 0.29. The sintering in low 
 pO2 atmosphere can suppress volatilization of the alkali 
cations, which facilitates improving electrical properties of 
the ceramics.
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