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STRUCTURE, MORPHOLOGY AND ELECTRICAL PROPERTIES OF CaTiO; CERAMICS SYNTHESIZED
BY THE SOLID-STATE REACTION METHOD

In this paper, explain the preparation of CaTiO; ceramics synthesized by the solid-state reaction method. Calcium carbonate
and titanium dioxide were high energy mixed in stoichiometric amounts, and the obtained mixture was calcined at different tem-
peratures (800, 900, 1000 and 1300°C) for 2 h. The obtained samples were characterized by measurement of particle size, Energy
Dispersive X-Ray (EDX) Analysis; differential thermal analysis, X-ray diffraction and SEM images. XRD patterns indicated that
CaTiO; ceramics with the structure of perovskite is obtained from calcined powders at 1,300°C for 2 h. SEM images show the
formation of a very fine and homogeneous morphology. The measured values of electrical resistivity were within the typical range
of insulating materials and approach values corresponding to insulating ceramics.
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1. Introduction

Electroceramics are materials of high technological impor-
tance in which properties and applications depend on a complex
interrelation between microstructure, processing, and chemical
composition [1]. Depending on the electroceramic property of
interest either mechanical, optical, magnetic and mainly electric,
will be the type of control that must be taken in each variable
during its processing. In addition, there is an increasing demand
for high dielectric constant ceramics due to actual applications
in microelectronics industry. The use of high dielectric constant
materials allows the miniaturization of microelectronics structures
[2]. A clear example of this situation is presented in ceramic varis-
tors, materials that are characterized by not obeying Ohm’s Law
[1]. The ceramic varistors are often made of zinc oxide, which is
doped with other metallic oxides of bismuth, cobalt, manganese,
chromium, and antimony [3]. These oxides segregate towards
the grain boundaries of the zinc oxide matrix, thereby generating
the known Schottky barriers [4-6], which cause the non-linear
behavior of the current-voltage (I-V) curve. For these reasons, the
varistors are devices that can prevent electric surges and therefore
are used in different electronic applications for the protection of
equipment. Recently, compounds with the perovskite structure
(ABO3) and its derivatives, have been extensively studied due to
their different physical properties and the high potential for tech-
nological applications [1,7-9]. Their electrical properties among
others, allow them to be employed as varistors in electronic devices.

Calcium titanate (CaTiOs) is a perovskite with cubic struc-
ture that has a high dielectric constant (¢ = 105) at low frequen-
cies, high melting point 1,975°C and therefore good thermal
stability [1]. These characteristics make this material a potential
candidate for diverse applications in the electronics industry [ 10].
However, as in any electroceramic compound, some deficiencies
must be overcome, such as the strong dependence of the dielec-
tric properties of the material with the processing route [11,12].

Usually, the perovskite of CaTiO; is obtained by solid state
reactions of the precursor oxides (CaCO5 y Ti0O,), involving high
temperatures and long sintering times, situations that significant-
ly can affect the microstructure and therefore dielectric properties
of the material. Besides, during heating there is the possibility
of forming secondary phases [13]. There are other methods to
prepare the CaTiO;. Among them are wet chemical routes such
as sol-gel, co-precipitation, self-combustion, microwave heat-
ing technique and microwave-assisted hydrothermal synthesis
[1,14-25]. Although some of these methods have advantages
such as the control of the chemical composition of the product,
the costs are usually very high due to the high costs of precursor
agents in addition to the complexity of the experimental method
which makes them less productive processes.

Therefore, in the present paper, we investigate the electri-
cal properties of CaTiO; ceramics synthesized by the solid-state
reaction method. This approach is used to obtain compounds with
fine and homogeneous microstructures that will be correlated
with their dielectric properties.
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2. Experimental details

For the present study, the CaTiO; perovskite was synthe-
sized. For this purpose, a mixture in stoichiometric amounts in
agreement with reaction (1) was prepared.

A
CaCOs) + TiOy) = CaTiOs() + COyg (1)

Powders of CaCOj5 (Sigma-Aldrich, 99.9% purity and 1 um
size) and TiO, (Sigma-Aldrich, 99.9% purity and 1 um size)
were milled in a planetary mill (Retsch PM 100) for 3 hours
at a rotation speed of 300 rpm. A stainless steel container with
zirconia grinding elements of 0.3 cm diameter was utilized as
well as a powder weight/ball weight ratio of 1:12; no control
agent was used during the milling. After milling the particle size
distribution and specific surface area were determined using
a Mastersizer 2000 equipment. Observations of milled powders
and microstructure of sintered samples were performed by scan-
ning electron microscopy (JEOL, JSM 6300). EDX spectrum was
carried out with the intention of determining the chemical ele-
ments present in the sample. The mixtures of powders resulting
from the milling step were subjected to a thermal at 800, 900,
1,000 and 1,300°C. This calcination was done in order to promote
solid state chemical reaction between the particles as indicated
by reaction (1). The thermal was carried out in an electric resist-
ance furnace (Carbolite RHF17/3E) for 2 hours with an interval
in each hour to grind the powder in a mortar and thus increase
its surface area. The heating speed was 25°C/min. The progress
of the chemical reaction was followed by thermogravimetric
analysis (TA Instrument SDT Q600 V20.9) in addition to X-ray
diffraction analysis (Siemens, D-5000). Resistivity and dielectric
constant measurements were performed at 0 Hz frequency (direct
current) at room temperature, using the 4-point method, apply-
ing currents of the order of nanoampers, through a controlled
current source manufactured in our laboratories. This source
was manufactured using circuits for stabilization of junctions
in bipolar transistors [26].

3. Results and discussion
3.1. Powder size

In Fig. 1. The results of the particle size distribution are
reported. This figure shows that for the CaCO; — TiO, powder
mixture after the milling period, approximately 60% of the
powders have particle sizes under 20 microns; about 30% of
particles present 20 to 60 microns in size; and the remaining
10% of powders have sizes larger than 60 microns. These big
sizes are due to the agglomeration of very small powders. The
particle size is significant because the smaller they are, there will
be a larger number of points of contact between the particles,
situation which benefits the chemical reaction between CaCO;
and TiO, reactants during the calcination step, thereby favoring
the formation of the desired compound. The specific surface area

that was obtained in the powder mixture was 11.6 m?/g, which is
a good indication that there is sufficient area of contact between
the particles to carry out the reaction (1).
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Fig. 1. Particle size distribution after milling stage

3.2. Powder composition

A micrograph of the powders after the grinding step is
shown in Fig. 2. It shows the zone in which an analysis by EDX
was carried out with the intention of determining the chemical
elements present in the sample. In the EDX spectrum, the pres-
ence of Ca, Ti, C and O, chemical elements corresponding to
the starting reactants (CaCOj; and TiO,) can be observed. Like-
wise, no other chemical elements are observed in the spectrum.
Moreover, in this figure, the agglomeration of the powder, its
round morphology and its very small size is appreciated.

3.3. Thermogravimetric analysis

Fig. 3. presents the curve of the thermogravimetric analysis
for reaction (1). In this curve, a slight loss in weight is observed
from room temperature to about 400°C. This is associated with
the moisture evaporation absorbed by the sample during its
milling. Subsequently, from 540°C, the loss in weight becomes
considerable. This decline in weight ends near 660°C and is re-
lated to the decomposition of CaCOj; and the consequent release
of CO,. The total loss weight of the sample due to both, moisture
evaporation and CO, released was estimated in 7.52%. At higher
temperatures the formation of CaTiO; perovskite must occur;
however, because this reaction is not accompanied by a change
in weight, it is not observable in this type of analysis. At 650°C,
both the CaO and the TiO, are already available and will react
at higher temperatures to form the desired CaTiO; perovskite.
According to thermodynamic data the formation of CaTiO5 has
to occur at 970°C [27].



Fig. 2. EDX analysis performed in ground powders
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Fig. 3. Thermogravimetric analysis of reaction (1)

3.4. X-ray diffraction

Fig. 4. shows the diffraction patterns obtained in powders
of reaction (1) treated at different temperatures. It this figure it
is observed that CaTiO; compound has reflection peaks at 34.8,
46.3,47.9,61.4 and 72.1° which correspond to the planes (110),
(200), (210), (211) and (220) respectively. Meanwhile, the XRD
spectrum for TiO, displays reflection peaks at 24.8, 38.2, 56.8
and 63.4°, related to the planes (101), (004), (105) and (204)
and which correspond to the anatase structure of TiO,. Finally,
there are reflection peaks in 27.2, 31.4, 36.7, 43.5 and 53.2°,
which correspond to the (012), (013), (200), (015) and (220)
planes of CaO. In some reflection peaks there are small devia-
tions in the angle 26. This behavior is due to the modification
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Fig. 4. X-ray diffraction patterns of CaCO; and TiO, powders calcined
at different temperatures

of the lattice parameter due to high deformation of the crystal
structure during the milling stage. The high intensity at 34.8°,
20 indicates that the CaTiOj; crystals grow along the preferential
direction (110).

From the XRD results, it can be concluded that as the tem-
perature increases, the corresponding peaks of CaO and TiO,
decrease in intensity, while the intensity of CaTiO; perovskite
peaks increases. The figure shows that at 1,000°C the chemical
reaction (1) has been completed, and only traces of the initial
reagents remain. The original CaCO; carbonate is not observed
in these diffraction patterns, since CaCO; in agreement with
the TGA analysis, decomposes entirely at 650°C. In addition,
the tests shown here were performed on samples treated at 800,
900, 1,000 and 1300°C.
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The crystallite size for sample calcined at 1300°C was
calculated by using the Debye-Scherrer equation (2) [28]:

0.9,
B,,cosd

2

Where D is the crystallite size, 0.9 is the shape factors for spheri-
cal particles, 4 the radiation wavelength (1.5406A), B, is the
full width at half maximum, and 6 is the Bragg diffraction angle
for each crystalline plane. The calculated value for the CaTiO,
crystal size was 85.8 nm.

3.5. Morphology

SEM observation of the morphology of CaTiO; perovskite
calcined at 1,000°C is presented in Fig. 5. In this figure grains
with polymorphic but homogeneous shapes are observed; the
grain size is in the order of nanometers. This observation is in
agreement with the calculus of particles size performed with
the information of the XRD analysis which gives a value of
85.8 nanometers. In general, it can be said that the morphology
presented by the perovskite manufactured through the proposed
methodology presents very small powder sizes with polymorphic
shape which causes the formation of a large number of contacts
between grains. This situation evidently favors the resulting low
values of resistivity in this compound.

Fig. 5. Morphology of CaTiO; perovskite calcined at 1,000°C

3.6. Electrical properties

In Table 1, the electrical resistivity and conductivity values
of'the calcined materials are reported as a function of the calcina-
tion temperature. As can be seen in this table, as the calcination
temperature increases, the resistivity of the material also in-
creases. This situation is associated with the progress of chemical
reaction (1). According to the results of XRD, at 1,000°C we

have the formation of CaTiO; perovskite, at temperatures of 800
and 900°C although the presence of CaTiOs is already present,
Ca0 and TiO, are also present in the material, and therefore the
latter compounds must be acting as dopants of CaTiOj; perovskite
causing its resistivity to be slightly lower. The resistivity values
presented by all the samples obtained here are within a range
characteristic of insulating materials, typically from 108 to 10%°
Wm [28]. The low resistivity values of these materials are due
to the high concentration of flaws in the samples, which were
probably introduced into them during the high intensity grinding
to which the original powders were subjected.

Alsoin table 1, the dielectric constant of processing materi-
als is presented. In this table, it can be seen that after the calcina-
tion step at different temperatures, samples have different values
of the dielectric constant. A linear behavior of this property with
the temperature is not observed as it happens in the results of
the electrical resistivity. This strange behavior of the dielectric
constant is probably due to the presence of secondary phases
like CaO and TiO, in the calcined samples.

TABLE 1

Estimated resistivity, conductivity and dielectric constant
of studied perovskite CaTiO4

teizlg(:?gisre Conduc_tlivity Resistivity Dielectric
°C) (Sm™) (Wm) constant
800 6.3025x107"" | 1.5866%10'° 47.8828
900 5.7773x107"" | 1.7309%10'° 69.4966
1,000 5.2521x107!! 1.904 %101 39.9024

4. Conclusions

In summary, pure CaTiO; ceramics perovskite-type with
orthorhombic structure was synthetized by solid state reaction
at 1,300°C for 2 h as proved by X-ray analysis. SEM images
showed the presence of fine and very small grain sizes through
the proposed methodology. Moreover, the polymorphic shape
which causes the formation of a large number of grain bounda-
ries, a situation that favors the obtaining of low values of resistiv-
ity in this oxide. Our electrical measurements indicate that this
kind of perovskites has very low electrical conductivity making
them suitable for electronic applications, such as protector of
electric shocks in electronic gadgets. The high dielectric constant
and isolation capability presented by the CaTiO; ceramics make
it suitable for capacitors miniaturization.
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