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Single phase and crystalline calcium titanate exhibiting spherical particle was synthesized by spray
pyrolysis method. Nanometric to submicrometric particle size was characterized by X-ray diffraction
and scanning electron microscopy. Crystalline structure and its crystallographic parameters were inves-
tigated via Rietveld method. The spray was generated from aqueous solution. An acid solution was tai-
lored to support titanium IV isopropoxide as source of titanium cation. The acid character of the
solution is reached from addition of citric acid monohydrate. Calcium nitrate was used as source of cal-
cium. The influence of the precursor solution concentration and furnace temperature on the crystalliza-
tion phenomenon of the calcium titanate was investigated. CaTiO3 exhibits orthorhombic symmetry and
space group Pbnm (a = 5.3862 Å, b = 5.4433 Å and c = 7.6440 Å, V = 224.11 Å3). Nanostructure develop-
ment is discussed.

� 2017 Elsevier B.V. All rights reserved.
1. Introduction

Perovskite ABO3 oxides represent a major class of crystalline
oxides and are known to exhibit properties such as giant magne-
toresistance, high-Tc superconductivity, metal-insulator transi-
tions [1]. The rich diversity of chemical and physical properties
of this structure is derived from its ability to accommodate various
metal elements at both the A and B sites with a wide range of ionic
radius and valence. Among the class of perovskite structure oxides
stands out the CaTiO3. Calcium titanate is an important material,
being used as basis to obtain newmaterials in many research fields
[2,3]. This material exhibits high dielectric constant, low dielectric
loss and large temperature coefficient of resonant frequency,
which makes it a promising component in the production of com-
munication equipment operating at microwave frequencies [4]. As
a matter of fact, these properties depend on the powders morphol-
ogy and the method of synthesis. Up until now, various methods
have been reported in the literatures for the syntheses of CaTiO3.
Among these methods include conventional solid state [5], chemi-
cal co-precipitation method [6], hydrothermal method [7], sol–gel
route [8] and polymeric precursor method [9]. In this work the
CaTiO3 has been synthesized by spray pyrolysis method, where
the influence of processing parameters on the crystallization phe-
nomenon has been investigated. This method allows to obtain
material with high chemical and structural homogeneity, contain-
ing grains with controlled morphology and size [10].
2. Experimental

2.1. Synthesis

CaTiO3 nanoparticles were prepared by spray-pyrolysis method
[10]. The precursor solution of the CaTiO3 was prepared from a sto-
ichiometric mixture of titanium IV isopropoxide with citric acid
monohydrate and calcium nitrate. The titanium precursor solution
was prepared from the reaction of citric acid and titanium IV iso-
propoxide with the molar ratio 3:1 and heating at 70 �C. The con-
centrations investigated were 0.025 mol.L�1, 0.05 mol.L�1 and
0.1 mol.L�1. The solutions were placed in the spray container and
were atomized by a high frequency ultrasonic generator of
1.7 MHz. The aerosol generated was drawn into a tubular furnace,
using a carrier gas constituted of N2 and O2 with flow rate of 3 L.
mim�1. The pyrolysis furnace was programmed between 750 �C
and 850 �C. Different experiments were performed in according
to Table 1. The average crystallite size was derived by Scherrer’s
equation.
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Fig. 1. XRD patterns of CaTiO3 powders obtained from the precursor solution
concentration of 0.05 mol.L�1 in air flow of 3 L/min.
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2.2. Structural characterization

Structural characterization of the CaTiO3 was carried out by X-
ray diffraction (XRD). A diffractometer XRD-6000 (Shimadzu
model) with Cu-Ka radiation (k = 1.54 Å) and a graphite
monochromator were used. Measurements were carried out over
an angular range of 5� � 2h � 80� with a scanning step of 0.02�.
The structure was refined according to the Rietveld method using
the Fullprof program [11].

The average crystallite size values of the powders obtained from
solutions prepared by spray pyrolysis are shown in Table 1. The
powder morphology was analyzed by scanning electron micro-
scopy (SEM) using a microscope model Carls Zeiss EVO LS15, oper-
ating at 30 kV.
Fig. 3. Scanning electron microscopy (SEM) of powders obtained in Experiment 1.
3. Results and discussion

Fig. 1 shows, as an example, the XRD patterns of CaTiO3 pow-
ders obtained by spray pyrolysis method with solution concentra-
tion equal to 0.05 mol.L�1, air flow of 3 L/min and at temperatures
of 750 �C, 800 �C and 850 �C. The X-ray diffraction, for all experi-
mental conditions investigated, showed only a set of diffraction
Fig. 2. (a) Unit cell of the CaTiO3 and (b) b
lines ascribed to CaTiO3 single phase powders, which were identi-
fied from the JCPDS card number 78-1013.

The structural parameter set of the CaTiO3 powders was derived
using the Rietveld method. The refinements were performed by
taking into account the space group Pbnm (62) compatible with
orthorhombic symmetry. In the refined structure the assigned
occupation sites were 4c for Ca/O1, 4b for Ti and 8d for O2.

The Fig. 2(a) shows the graphic representation of the unit cell of
CaTiO3 powder obtained from solution concentration equal to
0.05 mol.L�1, air flow of 3 L/min and at temperature of 850 �C. Tita-
nium atoms occupy distorted 6-fold coordinated sites in the struc-
ture and the Ca cations occupy the 12-fold cuboctahedral
coordination. Fig. 2(b) shows tilted and distorted TiO6 octahedra
view along (001), which can be observed from the angle values
between Ti-O-Ti and Ti-O bond distances. The rotation angle
around the c-axis (Ti-O2-Ti) is 155.630�, while the octahedral tilt
angle relative to (001) plane is equal to 157.191�, showing the dis-
tortion of octahedra. The TiO6 polyhedra exhibit a similar distor-
tion to that reported in literature [12].

The powder morphology was analyzed by scanning electron
microscopy (SEM). Fig. 3 shows, as an example, the morphology
of the powders obtained in experiments 1 and Fig. 4 shows the
powder morphology obtained in experiment 9 (Table 1). In exper-
iment 1 the particles present spherical shape and smooth surface,
ond distances view along (001) axis.



Table 1
Experimental conditions and average crystallite sizes for CaTiO3 powders.

Experiments Concentration
(mol.L�1)

Temperature
(�C)

Average crystallite
size (nm)

1 0.025 750 5.7
2 0.025 800 8.3
3 0.025 850 8.7
4 0.05 750 8.7
5 0.05 800 9.0
6 0.05 850 9.3
7 0.1 750 8.7
8 0.1 800 8.9
9 0.1 850 9.2
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which were obtained with low solution concentration (2.5 � 10�2 -
mol.L�1), see inset of Fig. 3. However, with increasing temperature,
the particles show some degree of distortion. Furthermore, the
increase of the solution concentration (5 � 10�2 mol.L�1) showed
a modification in the particle surface, where a large part of them
presented an aspect rough. This phenomenon can be related with
the solvent evaporation rate [13], where the evaporation stage
can be associate as a series the physical phenomena occurring
simultaneously. Thus, it was observed that the particles formed
with higher concentration of the precursor solution presented high
heterogeneity in the distribution of the particles size and more
agglomerates. High concentration of the initial solution increases
the droplet density which is thereby submitted to high internal
stress during particle formation. The rapid evaporation of the
Fig. 4. Scanning electron microscopy (SEM)
solvent from the droplet surface can lead to the formation of a salt
crust around the particles [12], as shown in Fig. 4 for the precursor
solution concentration of 0.1 mol.L�1. From the three concentra-
tions investigated the solution of lower concentration (2.5 � 10�2 -
mol.L�1) showed a greater amount of small particles, at around
0.4 mm. However, for high concentration of the precursor solutions
(5 � 10�2 mol.L�1 and 0.1 mol.L�1) large amount of particle size
ranged between 0.6 mm and 0.8 mm.
4. Conclusions

From the spray pyrolysis method was possible to obtain single
and nanometric to submicrometric particle size of calcium titanate
with the space group Pbnm and orthorhombic symmetry. The tests
performed at different concentrations and temperature have
shown that the concentration of the precursor solutions influence
on the morphology of the particles. The morphological analysis
of the powders showed that the CaTiO3 powders obtained from
solution concentration of 2.5 � 10�2 mol.L�1, air flow of 3 L/min
and at 750 �C presented spherical and small particles with smooth
surface, small agglomerates and lower average crystallite size,
equal to 5.7 nm, showing to be a promising catalyst.
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