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Abstract

Ceramic of Ag;(KNbOj; silver potassium niobate mixed solid solutions were sintered for K concentration

range 0 < x < 0.7. The prepared samples show a perovskite structure and exhibit the orthorhombic symmetry at room tem-
perature. The prepared samples have been characterized and average grain size of each composition has been calculated. It
has been found that average grain size of all the prepared samples is in the nano range. Frequency dependent dielectric in-
vestigations, i.e., dielectric constant, loss tangent and electrical conductivity were carried out in the frequency range

10Hz-10MHz at room temperature.
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1. Introduction

A study of dielectric properties of solid gives a good in-
sight in to the electric field distribution within them. By the
study of dielectric constant, loss tangent and electric con-
ductivity as a function of frequency and temperature, various
polarization mechanisms in solids can be understood and the
defect concentration can be estimated approximately. Silver

niobate mixed systems is a member of the perovskite niobate.

The perovskite compounds are of considerable technological
importance, particularly with regard to physical properties
such as pyro and piezoelectricity, dielectric susceptibility,
linear and non-linear optic effects. Many of these properties
are gross effects, varying enormously from one perovskite to
another, and the differences in crystal structures are hardly
apparent. The changes in physical properties are also re-
markable when one system is mixed with another to form a
composite system, like, NaNbO; is antiferroelectric in wide
range, but when mixed with a small amount, i.e., 2% (mole)
of potassium, via solid solution technique with KNbOs,
which is ferroelectric (with 7. = 435°C) at sodium site,
NaNbO; becomes ferroelectric [1]. Due to technological
importance and potential silver niobate[2-4], sodium doped
silver niobate[5-7], sodium doped potassium niobate[1],
lithium doped silver niobate[8], holmium doped lithium
niobate[9], potassium doped silver niobate[10,11] are stud-
ied by several research workers.

The physical properties of silver potassium niobate are
greatly affected by mixing and modifications in chemical
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compositions. The systematic investigation of these materals
will be helpful in establishing the characteristics of high
responsive and efficiencies for different technology uses. In
view of its composition dependent properties, the authors
have investigated the effect of concentration K in AgNbO;.
The changes in physical properties are particularly large
when the external conditions, such as, temperature, pressure,
frequency, electric field etc. are altered. The dielectric con-
stant shows strict temperature dependence with anomaly at
transition temperature. Such effects occur in connection with
the simultaneous presence of phase transition in the system,
where the atomic structure of the perovskite changes, either
discontinuously or continuously into another form.

2. Experimental Procedure

The raw materials used for preparing the composition of
Ag KNbO; system were silver oxide (Ag,0), potassium
carbonate (K,CO;), and niobium pentaoxide (Nb,Os).
K,CO; is a hygroscopic material and hence due care was
taken in its handling during the material formation. The
starting materials were initially dried at 200 °C for 2 h to
remove the absorbed moisture and then quantities of the
reagent required to prepare silver potassium niobate were
weighed in stoichiometric proportion. The samples of pre-
sent study were prepared by solid-state reaction method and
sintering process as discussed in earlier study[10]. The sin-
tered pellets were gold polished for characterization (SEM)
and behavior using air-drying silver paste for dielectric
measurements.

X-ray diffraction pattern of all the samples at room tem-
perature were obtained on a D-8 ADVANCE X-ray diffrac-
tometer made by Bruker, using Cu-K, filter radiation of
1.540598 A wavelength. The instrument is well calibrated
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with the silicon standard sample. The unit-cell parameters
were determined using the WinPLOTR computer software,
which includes CRYSFIRE and FULLPROF software.
X-ray diffraction patterns (XRD) obtained for all prepared
samples show characteristic lines corresponding to the or-
thorhombic along with some impurities. In order to study the
surface structure and morphology of the sample, a high
performance scanning electron microscope LEO-440 has
been used. From Scanning Electron Micrographs (SEM), for
different compositions, different grain sizes and porosity was
observed[11].

The Solartron 1260 Impedance Gain Phase Analyzer
(Made by Solartron Analytical — England) was used for
precise measurements of resistance, capacitance and dissi-
pation factor at room temperature. The Solartron 1260 Im-
pedance Gain Phase Analyzer, which was connected with a
computer, provides an auto function and auto ranging fea-
tures. It allows fast and high precision measurements and
diagnostic of passive components over a wide range.

3. Results and Discussion

X-ray diffraction patterns (XRD) and Scanning Electron
Micrographs (SEM) for all prepared samples have been
found similar to earlier study [10,11] and show characteristic
lines corresponding to the orthorhombic along with some
impurities at room temperature. Lattice parameters also
reveal the structures of present systems. The grain of dif-
ferent sizes with orthorhombic shape grow in the prepared
samples of Ag; .K.NbO; for x =0, 0.3, 0.5 and 0.7. Smaller
grains occupy the space between the bigger grains, and thus
reducing the porosity. The average grain size of all the pre-
pared samples has been found in the nano range. It has also
been observed from table 1 that on increasing the concen-
tration of potassium (K) in the Ag; KiNbO;, the average
grain size decreased. Decrease in average grain size on in-
creasing the potassium concentration is due to smaller size of
potassium (K ) with comparison to silver (Ag).

Table 1. The average grain sizes of Ag;<KNbO; for different x values at
room temperature

S. No Compositions Grain Size (nm)
1. AgNbO; 5127
2. Ag0_7 K0_3 Nb03 3588
3. Ago_s K0_5 Nb03 3415
4 Ago3 Ko7 NbO; 3144

3.1. Dielectric Constant (K)

The variation of dielectric constant (K) with frequencies,
at room temperature, for different compositions of
Ag KNbO; systems have been shown in Figs 1-4, in the
different frequency ranges. From these figures, it has been
observed that generally, the dielectric constant decreased
with increasing frequency except at higher frequencies, i.e.,
at 6.5-10 MHz, where dielectric constant slightly increased.
However, the magnitude of dielectric constant increased on
increasing K contents in Ag; (K,NbO;except forx=0.7, i.c.,

Ag3Ko7NbO; who show the anomalous 9behavior, in the
frequency range 0.10 MHz to 10 MHz, where it decreased.
Decreasing nature of dielectric constant with increasing
frequency may be due to the relaxation behavior of material.
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Figure 1. Variation of dielectric constant with frequency for Ag; \K\NbOs
system in the frequency range 0.1 MHz-10 MHz
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Figure 2. Variation of dielectric constant with frequency for Ag; \K\NbO;
system in the frequency range 0.1 KHz-100 KHz
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Figure 3. Variation of dielectric constant with frequency for Ag; \K\NbO3
system in the frequency range 10 Hz-100 Hz
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Figure 4. Variation of dielectric constant with frequency for Ag;.«KiNbO;
system at room temperature
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3.2. Tangent Loss (tand)

The variations of tangent loss (tand) with frequency, at
room temperature, have been shown in Figs 5-8, in the fre-
quency range 10 Hz to 10 MHz. It has been observed from
these graphs that similar to dielectric constant (K), tangent
loss (tand) also decreased with increasing frequency in the
lower frequency range, i.e., up to 20 KHz frequency, but at
higher frequencies, dielectric loss slightly increased. How-
ever, loss tangent decreases with increasing contents of K in
AgKiNbOj; in the lower frequency range up to 2MHz
frequency, while at higher frequencies, loss tangent slightly
increased with increasing contents of K, except for
Agy3Ko7NbO; who show the anomalous behavior.
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Figure 5. Variation of tangent loss with frequency for Ag;..K\NbO;

system in the frequency range 0.1 MHz-10 MHz
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Figure 6. Variation of tangent loss with frequency for Ag;..K\NbO;

system in the frequency range 0.1 KHz-100 KHz
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Figure 7. Variation of tangent loss with frequency for Ag;..K\NbO;

system in the frequency range 10 Hz-100 Hz
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Figure 8. Variation of tangent loss with frequency for Ag«KiNbO;

system at room temperature

3.3. Electrical Conductivity (o)

The variations of electrical conductivity (o) with fre-
quency, at room temperature, have been shown in Figs 9-12,
in the frequency range 10 Hz to 10 MHz. From these figures,
it has been observed that electrical conductivity (o) increased
as frequency increased and showed a small decrease at about
1 MHz, in the measured frequency range, at room tempera-
ture. It has also been observed that electrical conductivity
decreased as K content increased in the lower frequency
range but at higher frequencies it increased. The component
Ag3Ko7NbO; again showed anomalous behaviour in the
whole measured frequency range. The maximum values of
electrical conductivity have been observed 1.03 x 10™* Q!
em’, 1.31 x 10* Q' em'l, 12.2 x 10* Q' em™ and 0.56 x
10* Q' em™ for x =0, 0.3, 0.5 and 0.7 respectively, at 10
MHz frequency.
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Figure 9. Variation of conductivity with frequency for Ag;K\NbO;
system in the frequency range 0.1 MHz-10 MHz
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Figure 10. Variation of conductivity with frequency for Ag;K\NbO;
system in the frequency range 0.1 KHz-100 KHz
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Figure 11. Variation of conductivity with frequency for Ag;K\NbO;
system in the frequency range 10 Hz-100 Hz
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Figure 12. Variation of conductivity with frequency for Ag;K\NbO;
system at room temperature

4. Conclusions

Ceramic pellets of silver potassium niobate mixed system
Ag K.NbO; (x =0, 0.3, 0.5 & 0.7) have been prepared by
solid-state reaction method and sintering process. From
XRD and SEM studies, it has been observed that all the
prepared samples show orthorhombic structure at room
temperature. The average grain size of all the prepared
samples has been found in the nano range. The average grain
size of AgK\NbOj;decreased on increasing the concentra-
tion of potassium (K). As K is lighter and smaller than Ag, it
causes a decrease in average grain size of Ag; K\NbO; on
increasing the potassium (K) concentration. From dielectric
measurements, it has been observed that generally, the di-
electric constant and tangent loss decreased with increasing
frequency except at higher frequencies while electrical
conductivity increased as frequency increased. However, the
magnitude of dielectric constant increased on increasing the
value of x and electrical conductivity decreased on increas-
ing the value of x in Ag _KNbO;. Composition
Agy3Ko7NbO; shows the anomalous behavior due to its
hygroscopic nature. Decreasing nature of dielectric constant

with increasing frequency may be due to the relaxation be-
havior of material.
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