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Abstract: In view of the practical applications of the piezoelectric ceramics produced from barium titanate (BaTiO3;) and barium
stannate (BaSnOs), (the BT-BS system), the dielectric behavior of such materials was studied. The starting components (powder of both
BaTiO; and BaSnO,) were synthesizedand structurally characterized in advance. Bulk samples of BT-BS (formed as tablets with addition of
PVA plasticizer) were prepared using the sol-gel method by varying the BT-BS composition percentage. The samples were characterized by
complex electrical impedance spectroscopy and dielectric spectroscopy in the frequency range from 0.1 Hz to 1 MHz. As compared to
BaTiOj3, an increase with at least 50 % was measured for the value of the room-temperature dielectric constant (¢’ — the real part of the
dielectric permittivity) of the BT-BS samples containing 15 wt% BaSnOs. In contrast, the 50 wt% content of BaSnO; led to a decrease of &'
value of BT-BS by a factor of 3.5, due to relatively low &' value of BaSnO3. Analyses of the frequency spectra of complex electrical
impedance and complex dielectric permittivity revealed the dielectric relaxational behavior of the BaTiO3;+BaSnO; system. The results
obtained for &' of BT-BS dielectrics as a function of the temperature were correlated with the data from structural studies. In particular, a
specific enhancement of & was observed in temperature range around 120 <C for the BT-BS samples containing 15 wt% BaSnOs.
Corresponding conclusions were done. The effects observed show that the synthesized BaTiO5;-BaSnO3; ceramics are promising materials for
piezoelectric and dielectric applications, e.g., in energy storage devices.
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when measured at 220°C and at a frequency of 1 kHz. The ¢, value
of BaSnO; is two orders of magnitude higher than previously
Alkaline earth mites are interesting compounds in terms of their ~ reported studies [12, 13]. However, the dielectric constanter
dielectric properties. Solid solutions in the BaTiO3-BaSnO; (BTBS) decreases with decreasing temperature. Therefore, it is assumed that
system have attracted attention in recent years in the field of  the lack of oxygen leads to a reduction of Sn** to Sn?* in BaSnO;
nanocapacitors. Synthetic BaTiOs, prepared by conventional solid samples, which contributes to an anomaly in the value of the giant
phase method shows great performance with high er value of ~ dielectric constant & when the samples were sintered at very high
1900 at room temperature (30°C), low dielectric loss & ~ 0,01 and ~ temperatures of T°C > 1450°C [ 13-16].

piezoelectric constant dz;~191 pC/N [1]. BaTiO; has five

polymorphic structures showing different phases that vary with Il. Experimental part

temperature [2]. The phase transition of BaTiO; at the Curie
temperature (Tc) significantly changes its properties, which are
ferroelectric and non-ferroelectric.

I. Introduction

Organic precursors such as barium acetate, titanium butoxide
and stannous acetate were used to synthesize the ceramic samples.
The process is carried out according to the sol-gel method, with the

The BaTiO; nepheroelectric shows a hexagonal structure at ratio of the starting components being 1:1:1.6. The solutions were
1460°C and a cubic structure at over 120°C [3]. On the other hand, prepared in the presence of acetic acid, distilled water and
the ferroelectric properties of BaTiO; exist in three different acetylacetone. Each of the indicated solutions was homogenized
polymorphic crystal structures, which are tetragonal, orthorhombic independently using a magnetic stirrer for 30 minutes. After mixing
and rhombohedral. Zheng et al. [4] studied the effect of grain size the components, the total solution was homogenized for 5 hours.
on the dielectric constant and piezoelectric properties of BaTiOs. The synthesis and stabilization of the sol thus carried out allows the
They report that the dielectric constant and piezoelectric properties deposition of thin layers on various monolithic substrates. One part
increase significantly by reducing the grain size. The maximum is allowed to gel. The gel was dried in an oven at 120°C for 24
grain size was reached around 0.94 um due to the density of the hours. Next is annealing at 800°C and holding for 8 hours. After
domain structure and the area decreased with decreasing grain size. obtaining the desired BaTiO; and BaSnO; phases, tablets are
BaSnO; has a cubic perovskite structure that exhibits n-type formed and pressed in the presence of polyvinyl alcohol. The
semiconductor behavior at room temperature [5, 6]. BaSnO; is finished samples are calcined in a furnace at a temperature of
thermally stable up to 2000°C, but has a high absorption of moisture 1100°C until the plasticizer burns out. The deposition of layers by
compared to other species [6]. Thus, it is currently used for  the immersion method is carried out by means of a dip-coater
thermally stable capacitors and humidity sensors [7, 8]. Meanwhile, . .
completely dense BaSnOs ceramics can be achieved by synthesizing I11. Results and discussion
them at temperatures above 1594°C [6]. Huang reported that in
order to obtain single-phase BaSnOs, it is necessary to heat it to
1200°C and achieve a significant amount of grain porosity [9, 10].

Characterization of the resulting phases was performed by X-
ray analysis using a Bruker D8 Advance automatic powder X-ray
diffractometer with CuKa radiation (Ni filter) and registration by a

In addition, Azad confirmed that grain porosity can be reduced ~ LYnXEye solid-state detector. The X-ray spectrum was recorded in
by milling BaSnO; at 1600°C [11]. The initial report on materials the angular range from 10 to 80° 26 with a step of 0.02° 20 and a
based on the findings found that BaSnOj, synthesized at 1200°C, ~ counting time of 17.5 s/step. Qualitative phase analysis was
has a dielectric constant er~ 14 at 25°C [6]. Kumar reported that performed using the International Center for Diffraction Data
BaSnO; was sintered at 1200°C for 12 hours using the solid state ~ (ICDD) PDF-2(2022) database. In fig. 1 and 2 are presented X-ray
method. A huge dielectric behavior of BaSnO; has recently ~ Photographs of the prepared samples of BaTiO3-BaSnO; in the ratio

emerged, where the dielectric constant er value reaches ~ 6000 (85%:15%) and BaTiO3-BaSnO; in the ratio (50%:50%). Figure 2
shows the distinct peaks of the BaTiO; and BaSnO; phases. We
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have the presence of TiO, in two nonstoichiometric compositions
between 24° and 25° and nonstoichiometric SnO, at 27°. The result
may be due to the not good homogeneity during the preparation of
the tableted samples or incorrectly conducted temperature mode of
baking. When adjusting the percentage ratio of the BaTiO3-BaSnO;
system (85%:15%), we have a monophase characteristic of the
BaTiO3-BaSnO; structure.
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Fig. 1. System BaTiO; + BaSnOs in ratio (50% : 50%) ceramic
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Fig. 2. System BaTiO; + BaSnOjs in ratio (85% : 15%) ceramic

Description of impedance spectra

Experimental data were obtained by EIS. By this technique,
both real (Rez) and imaginary (ImZ) parts of the complex electrical
impedance Z* = ReZ + i ImZ are simultaneously measured as a
function of the frequency f of the alternating-current (AC) electric
field applied. The frequency spectra of Z* of the produced sample
were recorded by electrical impedance-meter Bio-Logic SP-200, in
the range 0.1 Hz — 1 MHz, at various temperatures (Fig.4). By the
measurements, forall the samples were kept identical experimental
conditions. Silver paste was applied on both sample surfaces,
surving as electrodes. The amplitude of the AC voltage applied
between the electrodes of ceramic cylinders was 2 Vgys (Sine
function). The dimensions of the two round electrodes were 2.0 cm
in diameter, the distance between them variey 1-4 mm.

Dielectric Spectroscopic Analysis
Dielectric Permittivity
By means of the expressions
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from the measured Z’ (f) and Z” (f) spectra, we calculated the
real (¢') and imaginary (&") parts of the complex dielectric function
of the composites under study. The geometrical parameters were A
= XX cm? and d = XX mm, and &, = 8.85 x 1072 F.m* was the
value of the permittivity of free space. The dispersion curves for
both €' and &” had relaxational characteristics.
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parts of complex electrical impedance measured
for the samples at different temperatures
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Conclusion:

BaTiO;-BaSnO; ceramic phases were synthesized. XRD
analysis showed a good phase structure in the ratio of 85%/ 15%.
The studied physical and mathematical indicators showed good
piezoelectric effects. With a view to future applications in
electronics, the material will be further investigated both as dip-
coating deposited thin layers and presented in subsequent
developments by the team.
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