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Abstract. A new synthesis route to obtain high-purity barium titanate powder, BaTiO;, using
the molten salt method by reacting the raw materials (BaCO; and TiO,) in an atmosphere of
molten NaCl and KCIl, has been developed. The synthesized BaTiO; ceramic particles have
been successfully carried out at the sintering temperature 950°C for 4 hours. The Rietveld
refinement of the XRD diffraction patterns was employed to characterize the structural
information of the nanocrystalline BaTiO; ceramics. The lattice parameters (a=4.0043 A,
b=4.0308A with space group P4mm) of tetragonal perovskite structure, as an indication of
piezoelectric characteristics, have been successfully determined by the Rietveld refinement.
While the crystallitte particle size and strains have been obtained for the values of 110.6 nm
and 0.74 % respectively

1. Introduction

One of the ferroelectric materials is barium titanate (BaTiO;) and has been a concern for several
decades because of the attractive properties. Something interesting can be shown that it is chemically
and mechanically very stable, and has also ferroelectric properties above room temperature. Therefore
it can be easily prepared and applied in the form of a ceramic polycrystalline sample [1,2]. Material
BaTiO; is also a strong candidate for the field induced piezoelectric transducers, due to their high
polarization, high permittivity and large induced strain achievable [3]. Therefore to obtain good
performance of materials, synthesis process which produces the perovskite crystal structure with a
small particle size and uniform is needed.

The chemical formula of BaTiO3, namely BT, is derived from an oxide of barium and titanium. It
has five phases as a solid, listing from low temperature to high temperature: rhombohedral,
orthorhombic, tetragonal, cubic and hexagonal crystal structure. Three of them show the piezoelectric
effect, except cubic and hexagonal. At room temperature, BaTiO3 adopts a tetragonal perovskite type
structure and  high permittivity.It transforms to the cubic, paraelectric state at the Curie
temperature, T¢, of approximates to 130 °C.

To improve the quality of materials (micro- and nano- BaTiOs) has made various approaches to
the process of synthesis which include a sol-gel [4], hydrothermal [5], high-temperature solid-state
reaction [6,7], and the method of microwave synthesis method [8,9]. In order to synthesize nano-
BaTiOs, a low sintering temperature and a short isothermal holding (time) are both critical. In this
study, we try to discuss the synthesis of the piezoelectric material with molten salt method which is
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used to prepare BaTiO; fine powder. And so we will try to analyze the crystal structure of the
synthesized product using the Rietveld refinement of X-ray diffraction (XRD) pattern in this study.
Common examples of the salt in the synthesis are molten salts of chloride and sulfate. In many
experiments, the eutectic composition (0.5 NaCl - 0.5 KCI) of a mixture of salt is oftenly used and has
a temperature lower than the temperature of liquid formation. While the melting point of NaCl and
KCI are 801 °C and 770 °C, respectively, and for the eutectic composition is 650 °C [10,11]. At the
heating temperature, the salt melts and the product particles form. The characteristics of the product
powder are controlled by selecting the temperature and duration of the heating.

2. Experimental

Previously, the raw materials consisting of BaCO; (one mole) and TiO, (one mole) were mixed for
BaTiO; and continued by grinding using a mortar for 4 hours. During grinding there were expected
homogeneously mixed and particle size is getting smaller.The reaction mechanism in the molten salt
method (MSS) is a little different from the solid-state reaction, due to the absence of the sample
compaction, as long as the salt mixed in a reaction formation.

Carbonate and Oxides (as raw material, BaCO; and TiO,) corresponding to a perovskite BaTiO;
compound were mixed with salt of NaCl and KCI and then sintered at a temperature above the
melting point (950 °C) of the salt. At this temperature, the oxides particles were rearranged and then
diffused rapidly in a liquid state of the salt. With further sintering (during 4 hours), particles of the
perovskite phase were formed through the nucleation and growth processes.

Schematic diagram of the molten salt method [7] is shown in figure 1. At the beginning a reaction
batch was contained the reactants (raw materials) and salts. After the sintering process the existing
salt was removed by washing with hot water repeatedly and then dried again. The chloride ions were
detected by an AgNO; solution even after ten times of washing.

reactant powders - . sintering hi
(BaCO3 +TiC3) grinding/mixing L3 950 °¢ ahous
salt :
NaCl + KCI product powder drying

Figure 1. Preparation procedure in molten salt synthesis.

3. Result and Discussion

Regarding our experts in the preparation of ceramic powder, it was clear that the molten salt method
that was used to obtain homogenous and ultrafine powder, whereas the conventional one (solid state
reaction) needs high temperature of approximately (1000°C - 1400°C). Solid state reaction in this
method was considered as an indirect method because the reaction was carried out in a molten salt
directly between Ba™, Ti™ and O (diffuse) to obtain BaTiO; precursor. The synthesis products and
materials used are clear by X-Ray Diffraction (XRD) as shown in Figure 2.
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Figure 2. XRD pattern for the raw materials (BaCO; & TiO,), the Salt
(NaCl and KCI) and the sample prepared at the sintering temperature of

400, 600, 800, and 950 °C, respectively.

o

For the sample at sintering temperatureof 400, 600, 800 and 950 ° C (as the powder product), as
shown at figure 2, the XRD patterns do not indicate the existence of raw material peaks of BaCO;
and TiO, . However, samples at 400, 600 and 800 °C, that have not been washed with hot water,
indicates the presence of NaCl and KCl peaks. And on the sample at 950 °C that has been washed
does not show the peaks of the salt material. This means that the salt solution did not react with the
sample. The resulting powder products show a distinct diffraction pattern to form new compounds. It
explains that the synthesis process using molten salt method has been successfully carried out.

In the x-ray diffraction pattern for the sample at sintering temperature of 950 °C, we employed the
Rietveld program to identify the crystal structure of the BaTiO; ceramic powder. The program also
required and refined an approximate structural model for the actual structure. Firstly, we performed
the Rietveld refinement based on the tetragonal perovskite crystal systems with space group of P4mm.
The initial refinement was done by the zero-point shift, background and the unit-cell parameters.

29 Refinements of BaTiO3 by X-Ray Diffraction {1 54044

Inensity 7 au.,

20¢°
Figure 3. The structural refinement patterns of BaTiO; using X-ray powder diffraction.
The final results of this refinement were obtained the weighted R-factors of 33.63% (Rwp) and the
goodness of fit indicator of 1.104 (S=R,,/R.). Figure 3 exhibits the Rietveld refinement (I,),
experimental pattern (L), differences (diff =L ps- Ica1) and the peaks of diffraction planes.
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Table 1. Structural parameters for BaTiO; obtained from the structural refinement
using X-ray powder diffraction data at room temperature.

Symmetry and lattice ~ Sites Atomic coordinates
parameter
Space group = P4mm X y zZ
a=b=4.004309) A Ba 0.5 0.5 0.5
c=4.0308(12) A Ti 0 0 0
c/a=1.0066 O(1) 0 0 0.475(69)
0(2) 0.549(27) 0 0

So it could conclude that this approach may be suitable to determine the structural parameters for the
nanocrystalline BaTiO; ceramics, such as lattice parameters, atomic coordinates, and isotropic
thermal parameters (Ui,). Lattice parameters for the crystal system of perovskite tetragonal show that
the value of a = 4.0043 A and ¢ = 4.0308 A and has close to each other with the difference 0.66%.

The BaTiO; synthesis using different method (hydrothermal) by Song Wei Lu [12] has obtained
cubic perovskite phase. It is possible to obtain a different phase, due to differences in lattice
parameter for cubic (c/a = 1), while tetragonal (c/a~ 1 ) could close to cubic and also depends on the
synthesis parameters performed. Cubic crystal system does not have piezoelectric properties.
Diffraction pattern for standard cubic phase of BaTiO; [13], JCPDS No. 31-174, has a peak at
diffraction angles (2(0J of about 31.5 and 45°, representing the plane of (110) and (200), respectively.
Figure 4 shows the experimental BaTiO; peaks indicates the overlap of the two peaks (blue dot) and
also in other words the refinemenet results can also show spliting (red line and dot) into two peaks.
While in this experiment we can exhibite the presence of BaTiOj; tetragonal phase, because there is
the existence of two overlapping peaks at between 31 to 32° for planes of (101) and (110) and 44 to
47 ° for planes of (002) and (200), as shown in figure 4. In same way, the analysis of the peaks of the
x-ray diffraction patterns to clarify the tetragonal phase was also done by some researchers [14,15].
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Figure 4. Peak broadening of BT nanocrystals (blue dot) and peak
split of the tetragonal phase (red line-refinement out put and blue
dot- experimeal data)

Polycrystalline aggregation formation during the synthesis process can also cause crystal defects.
Deviations from perfect crystallinity can lead to broadening the diffraction peaks. Crystallite size and
lattice strain are two main characteristics can be processed from the peak width analysis [16]. The size
and strain can affect the peak broadening. By using Williamson-Hall analytical methods can estimate
size-induced and strain as a function broadenings peak width and peak position 20 [17,18]. The strain
induced in powders due to crystal imperfection and distortion was calculated using the formula € =
p/4tand , where O (full width at the half maximum, FWHM) was taken from the refinement results and
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0 is the diffracted angle. With this approach, the Williamson_Hall plots can be drawn below in Fig. 5,
and the examined formula [ 19,20] is given asfollows:

B cos 0 =kA/d +4 g{sin 0} (1)

where d is the crystallite particle size, (¢) elastic strain and k is Scherrer constant (somewhat arbitrary
value that fall sin the range 0.87-1.0. We usually assume k = 1).
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Figure 5. Williamson-Hall plot for molten salt method and the SEM (Scanning Electron
Microscope) micrograph of a BT ceramic after sintering at 950°C/4hr

Crystallite particle size and strain can be calculated from the slope and y-intercept of the fitted line
and obtained for d= 110,2 nm and £=0,74 % respectively. The microstructure of a BaTiO; or a grain
size sample can be shown in Fig 5. measured by SEM method. Analysis on SEM micrograph was
done by measuring the grain size at horizontal with range of 116.7 to 500 nm. The crystallite size
which was calculated by using the Wiliamson- Hall method and compared with the results estimated
from SEM micrographs are able to show close to the same value range.

4. Conclusion.

Tetragonal phase of BaTiO; was achieved through molten salt method at the sintering temperature 950
°C within 2 hours in a solution of NaCl + KCl at mole ratio of 1: 1.

The presence of tetragonal perovskite system has been confirmed by the calculated lattice parameter
using Rietveld refinement program and analyzed by the presence of overlapping peaks as its
characteristic. Crystallite particle size of 110.2 nm can be estimated through the hall wiliamson- plot
and close to as shown in micrograph SEM measurement, while the crystal strain of 0.74 % was
obtained.
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