ORIENTAL JOURNAL OF CHEMISTRY

An International Open Free Access, Peer Reviewed Research Journal

ISSN: 0970-020 X
CODEN: OJCHEG
2016, Vol. 32, No. (3):
Pg. 1521-1524

Est. 1984

www.orientjchem.org

Characterization Micro/nanostructures of
Barium Strontium Titanate

ABDELHALIM ELBASSET'?, FARID ABDI',
TAJ-DINE LAMCHARFI' and NOR-SAID ECHATOUI'

'LSSC Department of Electrical Engineering, Faculty of Science and Technology (FST),
Universit Sidi Mohamed Ben Abdellah y, Fes, Morocco.
2Département de Physique, Université Sidi Mohammed Ben Abdellah,
Faculté des Sciences D-M, B.P.1796, Fes-Atlas Maroc.
*Corresponding author E-mail: elbasset.abdelhalim @ gmail.com

http://dx.doi.org/10.13005/0jc/320326
(Received: April 06, 2016; Accepted: May 25, 2016)

ABSTRACT

Structural characteristics of Ba, .S, ..TiO, (BS,,.T) ceramics calcined at different
temperatures at 800, 850 and 900°C for 4 hours hove been investigated. Results DRX showed
that the change in the cell parameter along a axis (a) is more important than that along ¢ axis and
is accompanied by spacing of these parameters. In addition they indicate that the diminuation of
symmetry is caused by the increase of the calcination temperature This trend towards the tetragonale
phase was confirmed by Raman spectroscopy. Electronic scan microscopy (SEM) has given the
grains mean size, the latter increase and reaches a mean size of approximately 1.97 im when the
calcination temperature increases equals 900°C.
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INTRODUCTION

Barium titanate, BaTiO, formula was
discovered in the late 1940. It is the first single
ferroelectric oxide known and today remains a model
material for the study of ferroelectricity. Employed
as a solid ceramic or thin layer, barium titanate
is widely used in the industry for its dielectric and
piezoelectric properties'. This material possesses
nonlinear properties and may be developed for the
realization of new frequency converters by frequency

doubling by phase matching. This ternary compound
with a perovskite structure is probably one for which
literature is the most abundant and is qualified
as one of the most prolific among the analyzed
inorganic structures. Its properties, both optical
and electrical, were proved to be technologically
very promising, such as for example, the mirror
conjugation pumper phase, the linear resonator,
the phasing of laser sources and finally the active
waveguides?. On the other hand the potential
of BaTiO, is linked particularly to the existence
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of piezoelectric properties®s. The study of these
properties is necessary before any development.
The ultimate goal of this work is to study the effect
of heat treatment temperature on the structural state
of doped strontium barium titanate.

Synthesis

Solutions of barium acetate, Strontium
carbonate and the ground Ti are mixed in
stoichiometric proportions, depending on the
chemical formulation Ba, .S, ... TiO, under agitation
for 5 min. The destabilization of this solution is
assured by evaporation of the solvent in an oven at
the temperature of 80°C for 96h.The different steps
in the preparation of the Ba, .S, .., 11O, powders
are similar to those we have in our previous work®.
The xerogel obtained is ground in an agate mortar.
Raw powder, after grinding, is calcined in air at

different temperatures 800, 850 and 900°C for 4 h,
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Fig. 1: XRD patterns of the
Ba, ;.S 0,110, powder obtained
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at 800 (a), 850 (b), and 900°C (c)

Fig. 3: SEM images of Ba, .S
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in a programmable oven. The effect of temperature
on the structure of the obtained samples was studied
by X-ray diffraction (RX), Raman spectroscopy and
scanning electron microscopy (SEM).

RESULTS

Fig.1 shows XRD spectra of Ba, .St ., 1O,
powders calcined at different temperature for
4 hours. Thes specter reveal the crystallization
of the powders in the perovskite phase with the
presence of secondary microphase at 800°C; this
crystallization temperature is clearly lower than
that of other processes, such as conventional solid
and co-precipitation methode®® and even for the
sol-gel preparation method™. On the other hand
the secondary phase disappears at the calcination
temperature 850°C for 4 hours. It is also observed

that the crystallization peaks of the perovskite phase
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Fig. 2: Unit cell parameters (a) and (c)
variation depending on temperature
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Fig. 4: Room temperature depolarized Raman
spectra of the Ba, ... S, ,.TiO, calcined at 800
(a), 850 (b), and 900°C (c)
are becoming closer and more intense when the
calcination temperature increases. This indicates
a better crystallization of the phase. However, the
increase of the calcination temperature causes the
appearance of double peaks ((200) and (002)) in
the vicinity of 41 in 20, therefore, increased heat
treatment may increase the quadracity of the
ceramic' and a sharp peak with narrow peak width is
an indicator of Irge grain size'>'3. On the other hand
it is noted that the change in the lattice parameter
along a axis is greater than that along c axis and
spacer supports the lattice parameters a and ¢
(Figure 2 ). We can learn from these analyzes that
the observed decreasing symmetry is caused by
the increase of the calcination temperature. Figure
3 shows the morphology and the grain size of the
BS, .5 I ceramic sintered at 1100°C for 8 hours. The
grains formed have a relatively uniform size and fairly
regular. On the other hand it is important to note that
the grains formed have a rather variable form with
calcination temperature increase. Indeed for the
calcination temperature 850°C, the medium is of the
order of 0.69 pym which increases and reached an
average size of about 1.97 pm when the calcination

temperature increases to 900°C.

Raman spectra of the powder
Ba, ,,,sSr, .5 110, calcined at various temperatures
are shown in Figure 4. Between 200 and 300 cm,
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there are two modes A (LO1) and A (TO2) boated
around 218 and 247 cm™ respectively, however the
increase of the calcination temperature causes
a gradual decrease in the intensity thereof to the
appearance of a single broadband at 900°C. We also
observed a narrow band around 305 cm™ associated
with the modes B1 and E(TOS3 + LO2), and a wide
and asymmetrical strip with 520 cm™ associated with
the modes A1(TO3) and E(TO4) and another wide
peak (not very intense) around 720 cm™ associated
with the modes A1(LO3) and E(LO4). One may also
note the increase in intensity of the mode E(LO4)/
A1(LO3) by against that of E (TO3 + LO2) / B1
becomes very important. This is closely related to the
significant increase in lattice parameters observed
above in Figure 2. This indicates a trend towards the
tetragonal phase. Indeed, many researchers agree
on the fact that the presence of E (TO3) to 305cm™’
mode around. Who comes from idle F2U of the cubic
phase, is a characteristic of the tetragonal phase
of the unit cel BT'*'5. And that the decrease of the
number of Raman bands is a consequence of an
increase in the lattice symmetry'®'6. Those are the
consequence of shift of frequencies of the Raman
modes. Besides, we have observed the presence of
two bands at around 117 and 804 cm'', which have
not been reported in the literature; these bands are
not detectable on the spectrum recorded at 900°C,
and their presence may be closely related to the
secondary phase BaCQO,, in accordance with DRX
observation.

CONCLUSION

The structural analysis results found by
XRD and Raman spectroscopy showed that the
effect of heat treatment temperature is to change
the structure from the pseudo cubic phase to the
tetragonal phase by the large increase in the lattice
parameter a. therefore heat treatment temperature
decreases the symmetry of Ba, .S, 1,5 110,
Moreover, this study showed that the increase of the
temperature of calcination lead a good crystallization
of the Ba S,025 110, samples, but also to a large

0.0975 ~0.025
increase in the grain size.
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