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ABSTRACT

Three-layer Aurivillius compound bismuth titanate (BisTizO12) is well known for having
interesting properties such as ferroelectric and photocatalyst. Many researchers reported that
the unique plate-like shaped particle affecting ferroelectric and photocatalyst properties. The
molten salt synthesis is the common simple method to obtain that unique morphology. In
this research, BisTizO12 was synthesized using single molten salt NaCl at various
temperatures, which is 800, 850, 900, and 950 °C. X-Ray Diffraction data showed that all
obtained BisTi3O12 have a B2cb space group with no impurities detected. The Raman spectra
shows the characteristic vibration modes of BisTisO1, at 62, 117, 228, 269, 332, 364, 536,
851 cm™ The plate-like shaped particle was confirmed by SEM analysis. Based on SEM
images, the size of the particle increases as the synthesis temperature increased, which is due
to the thermal effect on grain growth.

Keywords: Bismuth titanate, synthesis temperature, molten salt synthesis, plate-like shaped
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INTRODUCTION

Aurivillius-structure compound has got more attention due to interesting properties such
as ferroelectric, photocatalytic, and luminescence properties [1-3]. Aurivillius structure
compound consists of two-layered structure: (a) pseudo perovskite structure layer, and (b)
bismuth oxide layers with the general formula (Bi202)** (Am-1BmOsm+1)%. A is bigger cations
with a low charge such as Ca?*, Sr**, Ba?*, Pb?*, and Bi®*, whereas B is smaller cations with a
high charge such as Fe3*, Ti**, Ta®", dan W®*, and m represent the number of perovskite layer
[4,5]. BisTisO12 (BIT) is one of three-layered Aurivillius compound family member that is
potentially applied as ferroelectric materials, and recently, many researchers reported the
possibility of being applied as photocatalysts [6-8].

Plate-like morphology in the grain particles of the Aurivillius compounds was reported
to affect their ferroelectricity properties [9]. As photocatalyst materials, the particle
morphology of Aurivillius compounds also influences their photocatalytic properties [10-12].
It is well known that a smaller particle size has higher photocatalytic activity. In addition, many
researchers also reported that the particle morphology also correlated to the photocatalytic
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activity [13]. Lin et al. (2012) successfully synthesized BIT with microsphere morphology
using a hydrothermal method, and reported that photocatalytic activity of BIT is higher than
that of TiO2-N [14]. Meanwhile, Zhao et al. (2013) also reported that plate-like particle of BIT
has higher photocatalytic properties than TiO2 [12]. It is suspected that the morphology of
particles is strongly affecting its photocatalytic activity.

Molten salt synthesis (MSS) method is a simple method to synthesize particle with
typical morphology such as whisker, microsphere, and plate-like. MSS method uses molten
salt as a reaction medium of the precursors. Other advantage of MSS method is it only requires
a lower temperature of synthesis. There are many factors that affecting the MSS method, i.e.
(a) synthesis temperature, (b) flux salt type, and (c) oxide to salt ratio [15]. In previous reports,
many researchers used the salt mixtures, such as NaCI-KCl and Na2SO4-K2SOg, to synthesize
BIT. Zhang and Guo (2012) synthesized BIT by the MSS method, and used NaCI-KCI mixture
at different calcination temperature. They reported that the agglomeration was observed on the
BIT plate-like particles, and resulting in larger particles at higher calcination temperature [16].
Meanwhile, Zhao et al. (2014) reported that the BIT plate-like particles were obtained from the
MSS method with Na>SOs-K>SO4 salt mixture. They also reported that larger plate-like
particles were obtained at higher calcination temperature [17].

NaCl is one of the salt that widely used in the MSS method with many advantages such
as abundant in nature, inexpensive, and non-toxic. Our group had synthesized the BIT using
molten NaCl only in various synthesis time, and successfully produced BIT plate-like particles,
in which the longer synthesis time the larger particles size produced [18]. This result indicates
that NaCl has a great opportunity to be widely used in the BIT synthesis. Therefore, the study
to optimize the synthesis parameters are necessary. In this paper, effect of synthesis
temperature on BIT particles synthesized using single molten NaCl is studied.

EXPERIMENT
Chemicals and instrumentations

Bismuth oxide (Bi203) (Sigma-Aldrich), titanium (IV) oxide (TiO2) (Sigma-Aldrich),
and sodium chloride (NaCl) (Merck) were analytical grade, and used without further
purification.

X-ray diffraction (XRD) characterization was performed by Panalytical Xpert-pro
diffractometer using Cu-Ka radiation from 26 (°) of 10-90 at room temperature. The result was
compared by the Inorganic Crystal Structure Database (ICSD) number 1559929, and refined
using Rietica software with the Le-Bail method [19]. The Raman spectra were measured using
Bruker-Senterra spectrometer at spectral range 30-1560 cm™ with resolution of ~3-5 cm™. The
excitation source of Raman spectrometer is 532 nm (green laser). The particles morphology
was captured using Scanning Electron Microscopy (SEM) JEOL-JSM-6510L with
magnification between 2000-10000x.

Reaction Procedure

The target mass of all samples are 3 g. Consequently, the precursor requirement is: 2.3859
g of Bi»0O3, and 0.6136 g of TiO> (mol ratio 2:3). All of precursors were grinded in an agate
mortar for an hour, and added acetone (nonstoichiometric calculation) to get a more
homogeneous mixture. The mixture was placed onto the alumina crucible, and then heated at
700 °C for 6 hours. NaCl (2,3598 g) was added into the mixture with a molar ratio to the
BisTizO12 of 1:15.8, then the mixture was grinded once again for an hour in the addition of 1
mL acetone, and calcined at various temperatures of 800, 850, 900, and 950 °C for 4 hours.
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The samples were then cooled down to 500 °C with cooling rate of 2 °C/min, and continuously
cooled down to room temperature without further control on the cooling rate. The removal of
salt content in the sample was carried by washing the mixture several times by hot deionized
water.

RESULT AND DISCUSSION

Figure 1 shows the XRD pattern of the synthesized BisTi3O12, which obtained from the
molten salt synthesis using NaCl at various calcination temperatures of 800, 850, 900, and 950
°C. XRD data shows that the pure BisTi3O12 was obtained with no impurities. All peaks in the
XRD pattern of the samples can be indexed to the International Crystallography Standard Data
(ICSD) No. 35-0795 (BIT database with space group B2cb). The XRD data of BIT obtained at
the highest calcination temperature (950 °C) indicates that this sample has less crystallinity
than that of other samples. This due to the growth of crystal at higher temperature is quicker
which resulting in irregular atoms packing. Therefore, samples that synthesized at higher
temperature tend to have low crystallinity.
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Figure 1. Powder X-Ray Diffraction Pattern of BIT Synthesized by Molten NaCl
Salt at VVarious Temperatures: 800, 850, 900, and 950 °C.

XRD database of BIT (ICSD No. 27-0595) with space group B2cb was refined using The
Le-Bail method. An XRD pattern intensities may overlaps due to the symmetry, or near-
equivalence d-values for nonequivalent reflections. Pattern decomposition using Le Bail
method adjust the intensity of the reflections, instead of structural paramenters to calculate
diffraction pattern [20]. Figure 2 shows the fitting results of X-ray diffraction refinement data
of all of the samples. The refinement results are shown in Table 1, in which the obtained cell
parameters of all samples (a, b, and c) are relatively identical. The Ry value for sample 950 °C
is higher than the others. It corresponds to (a) the noise of XRD data of the 950 °C sample,
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which is high, and (b) The degree of crystallinity of the sample synthesized at 950 °C, which

is less than the others.
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Figure 2. Plot of Le Bail of X-Ray Diffraction Pattern of BIT Synthesized by
Molten salt method using NaCl at Various Temperatures of 800, 850, 900, and 950

°C.

Table 1. The Refinement result of XRD sample data using Le-Bail Method

Parameter Sample

800°C | 850°C 900°C | 950°C
a(A) 5.421(1) 5.433(2) 5.439(2) 5.436(2)
b (A) 5.418(1) 5.420(2) 5.424(1) 5.429(1)
c(A) 32.698(7) 32.69(1) 32.71(1) 32.76(1)

Rp 12.23 13.91 12.89 15.02

Rup 15.85 16.64 16.74 20.00
GoF 0.4049 0.04249 0.05770 0.02195

Figure 3 shows the Raman spectra of all BIT samples. The vibrational modes of the
Aurivillius compound can be divided into two group: (a) vibrational modes at less than 200
cm related to external modes of BOs, and, (b) vibrational modes at higher than 200 cm™,
which are related to internal modes of BOe. Aurivillius structure has vibrational fingerprint
mode at 60 cm, representing the displacements of the Bi>O; planes relative to perovskite-like
blocks. The Raman spectra of BIT samples obtained are appropriate to previous works by other
researchers. List of vibration modes, and the BIT sample’s peak position are tabulated in Table
2. This Raman spectra is identical to the Raman spectra of BIT in other works, which indicated
that BIT has synthesized with no impurities, and suitable for XRD data [21-25]
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Figure 3. The Raman spectra of BIT Synthesized by Molten salt method using
NaCl at Various Temperatures of 800, 850, 900, and 950 °C.

Table 2. List of vibration modes of BIT samples [21-25]

Peak Position (cm™) Assignment
40 A/Bi-site cation displacement
60 Rigid layer (RL) mode
120 Translational mode of Bi or Ti
224, 270 TiOs bending
326, 360 The bending-stretching
vibration TiOs
460 Ti-O torsional mode
540, 565, 620 TiOs stretching mode
850 TiOs Symmetric stretching
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Figure 4. SEM Image of BIT Synthesized by Molten salt method using NaCl at
Various Temperature of (a) 800, (b) 850, (c) 900, and (d) 950 °C.

The typical morphology of all BIT samples is shown in Figure 4. The shape of the BIT
sample is plate-like. It can be seen that the BIT particles in the samples at 800 and 850 °C are
smaller, and become larger at the higher temperature. This phenomenon relates to crystal,
growth mechanism in MSS. There are two main stages in growth particle i.e. (a) nucleation,
and crystal growth, and (b) particle growth. The particle size was influenced by the step of
nucleation, and crystal growth rate [26-27]. In this case, the nucleation rate is faster at lower
temperatures (800 and 850 °C). As a results, the reactions at 800 and 850 °C produces a lot of
smaller particle size due to the fast formation of crystal nuclei or seeds. Meanwhile, the crystal
growth rate is faster at higher temperatures (900 and 950 °C); therefore, the size of particles
obtained at 900 and 950 °C is significantly larger. In addition, at higher temperatures, the
atomic diffusion rate becomes higher that results in the enlargement of the BIT plate-like
particle size [17].

The second stage of particle growth is mainly occurred in cooling down process. The
controlled cooling down treatment to 500 °C give the appropriate energy to the sample to
absorb the other particles, and arrange their morphology in order, and resulting bigger particle
size [28]. In previous study, single salt NaCl had shown to limiting the accelerating effect on
crystal formation [29]. On the other hand, the high temperature of calcination increase the rate
of the BIT particle nucleus. Both two effect resulting anisotropic growth of the particle, and
consequently the morphology of the grain changes to plate like particle.

CONCLUSION
The effect of temperature on the molten salt synthesis of BIT using single salt, NaCl was
studied. The single-phase BIT with plate-like particle shape was obtained. At lower
temperature (800-850 °C), crystal nucleation was faster, and resulted in smaller particle size;
while at higher temperature (900-950 °C), crystal growth, and diffusion rate were faster, and
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resulted in bigger particle size. However, the appearance of molten NaCl in reaction medium
tend to limit the acceleration of crystal formation, and compete with the calcination effect at
the same time, therefore, induced the anisotropic growth, and resulted in plate like morphology.
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