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Influence of heat-treatment temperature
on structural and electrical properties for BaSrTiO; compounds
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The sol-gel process was utilized in the production of the ferroelectric material
Ba 7Srp3TiO;. Barium and strontium acetate were employed as sources for Ba and Sr,
respectively, and Ti(IV) isopropoxide was used as a source for Ti. The acetic acid was
utilized as a solvent for Ba and Sr acetate, whereas 2-methoxy ethanol was used as a
stabilizer for Ti (IV) isopropoxide. The effect of high temperatures on electrical and
structural were studied. The FESEM revealed the particle size of all samples with different
temperatures. The XRD shows the Bag 7Sro3TiO3; samples have a tetragonal phase for all
temperatures (1000, 1100, 1200°C). The high temperatures impacted tetragonality and the
lattice constant (a, c); the lattice constant decreased at higher temperatures. The
ferroelectric sample sintered at 1000 degrees Celsius had dielectric characteristics that
were inferior to those of the Bay;Sro3TiOssample sintered at 1100 and 1200°C degrees
Celsius. When the dielectric constant was graphed as a function of temperature, the Curie
temperature appeared to be between (28-32) degrees Celsius.
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1. Introduction

Ferroelectrics are materials that exhibit spontaneous polarisation over a certain
temperature range. They are a special type of pyroelectrics belonging to piezoelectric[1]. All these
classes are formed of dielectric materials. Ferroelectric materials are dielectric materials with
spontaneous polarization that can be reversed by an external electric field and retain polarization
when removed[2][3][4]. Due to its high dielectric constant, low dissipation factor, adjustable
dielectric constant at different frequencies, and low leakage current, barium strontium, titanate is a
ferroelectric material now receiving much attention[5][6].

In perovskite structure (ABO3), A, B atoms have different valance electrons but different
sizes or radii of atoms[7]. More features can be seen in the perovskite structure with Barium
Strontium Titanate (BST) compounds, such as substituting one atom (A) from (B) or vice
versa[8][6].

Barium Strontium Titanate (BST) belongs to the (ABO3) perovskite family of crystal
structures (ABX3)[9]. It possesses crystalline properties similar to general perovskites with a cubic
nature and with the chemical formula Ba;«SryTiO3[10]. The ferroelectric materials mentioned
above, the solid solution composition of ferroelectric barium titanate (BaTiOs) and paraelectric
SrTiO3, BaSrTiO3 (BST) possess the best dielectric constant and have a relatively low loss over a
wide range of frequencies, besides a low leakage current and large electric field tenability[11][12].

Barium Strontium Titanate (BST) compounds have emerged as very attractive materials
over the last ten years[13]. BST compounds are increasingly used in new and important
applications such as piezoelectric sensors, dynamic random dielectric access memory (DRAM),
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microwave phase shifter voltage-controlled oscillators, infrared detectors, frequency limiters,
transformers, micro-electrical mechanical switches, resonators, pulse shaping, and sharping
applications, and tunable Lange-couplers [14][15].

Perovskite materials can be prepared via a variety of methods, including mechanical
methods (traditional mixed oxide processing) and chemical methods (flux growth of single
crystals, chemical vapor deposition, co-precipitation, sol-gel). It can also be produced via the
processing of metal alkoxides and the hydrothermal growth of fine powders [16][17][18].

The sol-gel method allows the mixing of metal oxides where mixing two or more phases
can be controlled on both nanometer and molecular scales. Such systems comprise metal oxide
composites desirable for various transition and main group metals[19][20]. BST compounds have
a high dielectric constant and a low dissipation factor, which is why they are used in various
capacitors. Several parameters of the sol-gel method affect the manufacture of material oxides[21].
Previous studies have shown that high temperature influences the electric properties, the
microstructure, and the Curie temperature of BaTiO3-based ceramics[22][23].

However, there is not enough information regarding the effects of high temperature on the
dielectric and ferroelectric properties of Bag;Sry3TiO;. Therefore, in this paper, Bag;Sro3TiO; was
prepared via the conventional sol-gel method. This work’s novelty stems from how crystal and
particle sizes affect the dielectric constant values and the loss factor. The high heat treatment is the
main reason why the size and shape of the crystals change.

The effects of high heat treatment on the microstructure and the dielectric and ferroelectric
properties of Bag7Sro3TiOswere then investigated in detail.

2. Experimental details

Ferroelectric Bay;Sro3TiOswas prepared via sol-gel. The starting raw materials were high-
purity Barium acetate (BDH Chemicals England, 99.95%), Strontium acetate (Sigma Aldrich,
99.9%), and Ti (IV) isopropoxide (97% Sigma Aldrich) as the sources of barium, strontium, and
titanate, respectively. Acetic acid (Merck 99.8%) was used as the solvent, and 2-methoxy ethanol
was used as a stabilizer for Ti (IV) isopropoxide.

To obtain stoichiometric proportions, an appropriate weight of barium acetate (0.08 mol)
and strontium acetate (0.034 mol) powder were dissolved in a suitable volume of acetic acid (10
ml and 5 ml), respectively. Each solution was separately stirred for 60 min at 60°C and then mixed
to make up the (Ba, Sr) solution. This solution was refluxed in a reflux system (hotmintal (110 V),
three-necked flask, reflux condenser), and the temperature of the solution at 110 °C was adjusted.

Sr(CH;C00), = SrCO,
Ba(CH;C00), = BaCOs
(CsH, 0),Ti = Ti0,
xBaC0; + (1 — x)SrC0O5 + TiO, = Ba, Sr;_,TiO5 + CO,

The solution was refluxed at 110°C for two hours (until the transparent solution turned
slightly yellow). Then, 2-methoxy ethanol (2—4 ml) was added as the stabilizer to maintain the
crystalline structure of Ti-isopropoxide at room temperature. The (Ba,Sr) solution was filled in a
burette and added slowly (drop by drop) in the second solution (Ti(IV)). The final solution was
then adjusted to a pH range of pH 3.5 to pH 5.

The solution was refluxed again in the reflux system until the solution turned into a white
gel. Deionizing water was used to dilute the solution gel, and then a hot plate stirrer was used to
stir the solution at 60°C for one hour (1 h). The final solution was dried at 200°C for 2 hours to
separate the water completely and then again at 700°C. The powders were calcined for a limited
period (2 hours).
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A mortar and pestle were used to obtain a fine powder. The BST nano-powder and fine
powder were compacted in a cylindrical steel model with a (120 mm) internal diameter. In order to
eliminate voids and porosity between the particles and size loss by compressing the particles
closely together, the powder was compressed into a pellet shape. The final average dimension was
(120 mm) in diameter, a thickness of (2.5-3.0 mm), and a pressure below (250-300 MPa).All
samples were treated at three different temperatures (1000°C, 1100°C, and 1200°C) using a
programmable muffle furnace in an ambient atmosphere. A heat treatment cycle was developed to
allow better densification and to avoid cracking at a heating rate of 5 °C/min. The pellets were
cooled to room temperature at 8 °C.

The ferroelectric samples were examined via XRD (Bruker, Germany) with Cu Ka (40 kV
and 30 mA). The ferroelectric sample’s grain size and particle size were examined via Field
emission Scanning Electron Microscope (FESEM, S-4700, Hitachi), and the electric properties
were measured using an impedance analyzer, LCR”.

3. Results and discussion

The XRD pattern of the Bag;SrosTiOsphase showed polycrystalline peaks related to the
tetragonal perovskite phase along the (100), (101), (111), (200), (201), (211), (202), (221), (301)
planes. The peak positions matched well with the PDF card no. (00-044-0093), this phase
exhibited the P4 mm space group with (a =b 3.9771 A and ¢ = 3.9883 A). Fig. 1 shows the
polycrystalline structure of ferroelectric Bao;Sro3TiO; and the X-ray diffraction patterns at different
temperatures.

It can be observed that ferroelectric Bag;Sro3TiO; sintered at 1200 °C had a BST phase with
a perovskite structure, and there was no evidence of any additional phase, implying that Sr2+ ions
have a unit cell that maintained the perovskite structure of the solid solution.
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Fig. 1. XRD patterns of Ba0.75r0.3TiO3 ceramics sintered
at different temperatures (1000, 1100, 1200°C).

Ferroelectric Ba0.7Sr0.3TiO3 treating at 1000 °C and 1100 °C showed two weak
diffraction peaks as a secondary phase (+, +) besides the peaks of the BST phase, which appeared
at (20 = 24.21°, 26.8°) and (28.8°) belonging to the intermediate oxycarbonates such as
Ba,Ti,05CO3, and (Ba,Sr) Ti»OsCOs. The major peaks shifted toward higher 20 angles when the
Sr+ ions increased because of a decrease in the interatomic spacing of BST, affected by the radius
of the Sr+ ion (1.13A°), which is smaller than the Ba+ ions (1.35 A°). All these results are shown
in Table (1), which clearly shows that the standard and experimental d-space values depend on the
angle and lattice constant.
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Table 1. Structural parameters viz. angle values, Miller indices, inter-planar spacing
for the phase of Bay.7Sr93TiO3 powders.

20 (degree) at 20 (degree)at 20 (degree) d-standard (A) d -gxp. d -gxp. d -gxp. hkl
1000 1100 at 1200 A) A) A)
°C °C °C at 1000 °C at 1100 °C at 1200 °C
22.3363 22.6523 22.9745 3.96600 3.9611 3.8686 3.8547 (100)
31.7481 32.4398 32.724 2.80600 2.7931 2.7577 2.7344 101)
39.1642 39.7661 39.9482 2.29000 2.2940 2.26401 2.2971 (111)
45.5621 46.218 46.4429 1.982300 1.9852 1.9526 1.9506 (200)
51.3012 51.8438 52.224 1.773500 1.7685 1.7621 1.7501 (201)
56.6100 57.234 57.4899 1.61950 1.6137 1.6083 1.6017 (211)
66.3281 66.97 67.18 1.4023 1.3977 1.3961 1.3923 (202)
70.9431 71.3118 71.3897 1.3213 1.3221 1.3218 1.3202 (221)
75.3203 75.8211 76.123 1.2537 1.2598 1.2566 1.25401 (310)

increased temperatures.

Fig. 2. The relationship between sintering temperature and the lattice constant and tetragonality of
Ba0.75r0.3TiO3 ceramics.

As shown in Fig. 2, the lattice constant decreased when the temperature increased.
Overall, it can be seen that the lattice constant and tetragonality gradually decreased with
increasing high temperature. At the high temperature of 1200 °C, the tetragonality was close to 1,
showing that Bao;Sro3TiOs gradually changed from a tetragonal to a pseudo-cubic phase with
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The sintering of Bag7Sro3TiO; the powder at 1000, 1100 and 1200 degrees Celsius showed

very grain size with spherical or cubic shape particles, as can be seen from the FESEM images of
the samples in Fig. 3. As a result of the FESEM morphological surface, the particle size of
powders grew as the temperature increased. According to Fig. 3, the calculated grain size of

Bao 7Sr03TiOs treating at 1000 °C, 1100, and 1200 °C was 112.88, 221.44 nm and 397.39 nm,
respectively. The ImageJ program (1.51j8) showed that the particle size increased with increased

high temperature.
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Fig. 3. FESEM micrograph of ferroelectric Ba,, ,Sr, ;TiO; at various temperatures
(a) 1000 °C, (b) 1100 °C, and (c) 1200 °C.

Fig. 4 shows how the dielectric characteristics of Ba0.7Sr0.3TiO3 alter depending on
different high temperatures. Firstly, it was found that the dielectric constant of Bag7Sro3TiOs treated
at (1000, 1100 and 1200°C) decreased as the frequency increased. It attributed to different
polarization mechanisms (electronic, atomic or ionic, orientation, dipolar, and space charge
polarisation), which affected the total polarization. At low frequencies, all types of polarization
were affected by increased frequencies. Some types of polarization could not catch up with the
relaxed time of the frequencies, while others disappeared when the frequencies were increased or
with high frequency.
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Fig. 4. The dielectric constant vs. frequency at different temperatures.
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The same graph concludes that the dielectric constant increased when the sintering
temperature rose. The dielectric constant values are equal to (1011, 1422, and 1711) for (1000,
1100, and 1200°C), respectively. The fluctuation in the values is attributed to the change in particle
size with increased high treat temperature. The sample is treated at a high temperature to get the
best crystalline structure, fewer vacancies, and high density, so it has a high value of the dielectric
constant.

The dissipation factor of BagsSro3TiO; sintering at (1100 °C and 1200 °C) decreased with
increasing temperature, as shown in Fig.5. The dissipation factor of the sample at (1000 °C) was
greater than the sample at (1100 °C), which is the stabilized sample, when the sintering
temperature was increased, due to reduced porosity and higher density.
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Fig. 5. Dissipation factor for Ba0.75r0.3TiO3 for (1000 & 1100°C).

The physical properties and fabrication process of the Bag;Sro3TiO; compound greatly
affect the value of its dielectric constant and dissipation factor. The high treatment temperature
affects the degree of crystallization, which, in turn, affects the values of the dielectric constant and
dissipation factor. Compared to its dielectric constant, the porosity, crystallinity, and particle size
of the BST compound were significantly more affected by the changing temperatures (1100 °C,
1200 °C).

Fig. 6 also illustrates the dielectric properties as a function of temperature and different
frequencies (1 kHz, 20 kHz, and 100 kHz).
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Fig. 6. The dielectric constant vs temperatures with different frequencies (1,20,100 kHz).
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The dielectric constant initially increased when the temperature was increased to the
critical temperature, i.e. the Curie temperature, where the maximum dielectric constant was
achieved. Then, the dielectric constant decreased with increased temperature and increased
dissipation factor. Bao;Sro3TiOs is a tetragonal structure within the Curie temperature range of (28—
30) °C. Above the transition temperature, the dielectric constant goes down because the
molecules’ thermal oscillations and the dipoles’ degree of disorder increase.

4. Conclusion

Using the sol-gel method, the raw materials used to prepare the Ba;Sro3TiO; compound
were barium acetate, strontium acetate, and titanate (IV) isopropoxide. The solvent used acetic
acid to solve Ba and Sr acetate and the stabilizer for the Ti(IV) structure using 2-methoxy
ethanol. The effect of different sintering temperatures on the particle size, dielectric constant, and
dissipation factor is obtained. The XRD pattern showed a tetragonal perovskite structure for the
Bay ;Sr03TiO; compound with a lattice constant (a = b =3.9771 A) and P4 mm space group (221).
The d-spacing decreased when the sintering temperature was increased because of a change in
particle size. FESEM was used to determine the size of the particles. The results showed that the
particle sizes varied (112.88, 221.44 nm and 397.39 nm, respectively) with varying sintering
temperatures. Also, the particle size increased with increased sintering temperature. Increasing the
sintering temperature led to an increased dielectric constant that attributed to an increase in particle
size, density and decreased lattice constant. The dielectric constant decreased when increasing the
frequency and temperature.
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