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Abstract

A technique for the microwave-activated synthesis of calcium titanate nanopowder was proposed. The microwave effect
used in the synthesis of CaTiO, samples when using sodium carbonate as a precipitant allowed obtaining a chemically
homogeneous nanopowder with a significant reduction of the process time.

Keywords: sol-gel, microwave synthesis, calcium titanate, nanoparticles.

For citation: V. F. Kostryukov, A. E. Igonina. Microwave synthesis of CaTiO, nanoparticles by the sol-gel method.
Kondensirovannye sredy i mezhfaznye granitsy = Condensed Matter and Interphases. 2020; 22(4): 504-506. DOI: https://doi.
org/10.17308/kemf.2020.22/3121.

Zna yumupoeanus: Kocrpiokos B. @., ronuna A. E. MMKpOBOMHOBBIV cuHTe3 HaHovacTui CaTiO, 30/1b-resib METOLOM.
KondercuposatHsie cpedvt u mexcpasusie eparuysl. 2020; 22(4): 504-506. DOI: https://doi.org/10.17308/kemf.2020.22/3121.

1. Introduction

In recent years, the development of methods
for obtaining and studying the properties of
nanoparticles and nanostructured materials of
various chemical composition, structure, and
morphology became a priority task in materials
science.

Oxide compounds with a perovskite structure
are widely used in the manufacture of solid oxide
fuel cells, catalysts, magnetic materials, chemical
sensors, and electrodes [1, 2].

Calcium titanate is known as a promising
material with ferroelectric and paraelectric
properties; it is used as an active element in
piezoelectric transducers, optical modulators,
ferroelectric memory devices, capacitors with a
high dielectric constant, microwave devices, and
photocatalysts [3].

Sol-gel technology has already proved to be
efficient methods for the synthesis of powders
of various compounds with particles of the
nanometre range [4, 5].
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The aim of this study was to establish the
effect of microwave exposure on the synthesis
of CaTiO, nanoparticles by the sol-gel method.

2. Experimental

The following precursors were used in
this study: calcium nitrate crystallohydrate
Ca(NO,),’5H,0 (analytical reagent grade CAS
10035-06-0), titanium chloride TiCl, (special
purity grade TU 6-09-4471-77), sodium carbonate
Na,CO, (reagent grade GOST 4201-79).

The synthesis of calcium titanate nanoparticles
was carried out in two modes - in the presence and
absence of microwave radiation. The rest of the
process parameters were kept the same.

During the first stage, the initial solutions
were prepared: aqueous solution Ca(NO,), and
alcoholic solution TiCl,. Then these solutions
were mixed, boiled for a certain time, and
cooled to room temperature. This process
was accompanied by the formation of TiO,.
During the same stage, in the second series
of experiments, microwave exposure was
carried out (P_ = 700 W, operating frequency
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2450 MHz). The boiling time was 5 min in the
presence of microwave exposure and 20 min in
the absence of microwave exposure.

Sodium carbonate was used as a precipitant
in an amount sufficient for the complete
precipitation of the components. The gel formed
by this method was filtered, dried in air, and then
annealed for one hour at a temperature of 750 °C.
The following reactions took place:

Ca(NO,),+ Na,CO,= CaCO,+ 2NaNO, (1)
CaCO,= CaO + CO, 2)
Ca0 + TiO,= CaTiO, 3)

For the investigation of the phase composition
of the samples, we used the method of X-ray phase
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analysis, DRON-3 X-ray diffractometer with a
Cu anode (A = 0.71075 nm). The scanning was
performed within an angle range of 26 = 0-80°
with a step of 0.1. Phases were identified using
[6, 7].

3. Results and discussion

Thee diffraction patterns of the samples
synthesized without (a) and in the presence (b)
of microwave exposure are shown in Fig. 1.

For the sample obtained without microwave
exposure, distinct peaks of unreacted starting
substances: titanium and calcium oxides were
observed. Reflexes corresponding to the target
product — CaTiO, were also present, but they
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Fig. 1. Diffraction pattern of calcium titanate powder obtained in the absence (a) and presence (b) of microwave

exposure
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were not so distinct. This means that when
the synthesis was carried out in the absence
of microwave exposure, it was not possible
to achieve the required degree of interaction
between the reagents.

The diffractogram for the sample synthe-
sized under the action of microwave radiation
(Fig. 1b) was radically different. The peaks cor-
responding to calcium titanate were predom-
inant and distinct, while the peaks related to
the starting substances were present in small
amounts and have low intensity, especially for
calcium oxide.

4. Conclusion

Thus, the use of microwave exposure in the
process of synthesis of nanocrystalline calcium
titanate allows solving two problems at once: in
the case of microwave synthesis, the powder had
not only more homogeneous in composition, with
a predominance of the required compound, but
also significant intensification of the process,
consisting in a decrease in the synthesis time
was observed.
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