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Abstract. The molten salt synthesis has been known as an eco-friendly syn-
thesis method because it does not produce hazardous waste and also, there is
no requirement for a high calcination temperature. In this research, we synthe-
sized SrBi4Ti3.95Fe0.05O15 photocatalytic material via the molten salt method
using NaCl, KCl, and NaCl/KCl salt. The diffractogram sample showed that
SrBi4Ti3.95Fe0.05O15 product obtained using KCl salt had successfully obtained
with no impurities, but the SrBi4Ti3.95Fe0.05O15 product synthesized using NaCl
salt has found an impurities phase of Bi4Ti3O12 and TiO2 (brookite). SrCO3
impurities was also found on SrBi4Ti3.95Fe0.05O15 product that was synthesized
using NaCl/KCl salt. The micrographs showed that the sample’s morphology is
plate-like and still found agglomeration. The results of the Kubelka-Munk cal-
culation showed that the SrBi4Ti3.95Fe0.05O15 has a band gap energy of about
2.32–2.55 eV.
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1 Introduction

As well known, the molten salt synthesis method (MSS) have some advantage, such
as being cheap, efficient, and eco-friendly, requiring a lower temperature, and no haz-
ardous waste [1]. Therefore MSS is known as an eco-friendly synthesis method. Many
researchers have used MSS to synthesize various metal oxide compounds, such as com-
pounds with perovskite and Aurivillius structures. SrBi4Ti4O15 (SBT) is a member of a
four-layer Aurivillius compound that was reported to have photocatalytic properties with
band gap energy of about 3.0 eV (~420 nm) [2]. The transition metal doped such as Fe3+,
Er3+, and V4+ in SBT is a strategy to decrease its band gap energy. Thus photocatalyst
SBT can work in a wider visible light [3]. The use of Fe metal as doping in compounds
with the Aurivillius structure has been carried out by Liu, et al. [4] and reporting can
reduce its band gap energy [5].

The plate-like (sheet) particle of Aurivillius structure was reported to have good
activity photocatalytic [6]. It indicates that if we can synthesized Aurivillius compound
with plate-like/sheet morphology so that will give advantage in photocatalyst applied.
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Many researchers reported successful synthesis of SBT using the molten salt method
and obtained plate-like morphology particle [7]. Sari, et al. synthesized the V-doped
SBT through KCl molten salt method and obtained the plate-like particle with less
agglomeration while V-doping caused the band gap energy decrease [8].

There are many factor which influence to MSS such as temperature and time synthe-
sis, ratio molar product to salt, and salt type [9]. Chang, et al. succeeded in synthesizing
plate-like SBT using different salt i.e. NaCl, Na2SO4, KCl, and K2SO4. They suggested
that the salt type affected to phase of the product and the size particle. Morphology
particle of product also affected by salt type in the molten salt method [10]. Liu, et al.
synthesized Y0.95Sm0.02Eu0.03VO4 compound using MSS and obtained spherical parti-
cle shape by KCl molten salt, meanwhile a regular rod-like particle is formed by using
NaClmolten salt. The differentiationmorphology indicated to come from the differences
of environmental reaction condition [11]. Therefore, in this research we synthesized Fe
doped SBT (SrBi4Ti3.95Fe0.05O15) prepared by MSS and used different salt type was
NaCl, KCl, and KCl/KCl, and studied using (a) X-ray diffraction technique (XRD),
(b) scanning electron microscopy (SEM), and (c) ultraviolet-visible diffuse reflectance
spectroscopy (UV-Vis DRS).

2 Method

2.1 Materials

In this research used: (Bi2O3) (Sigma-Aldrich, 99.9%), Fe2O3 (Sigma-Aldrich, 99.9%),
SrCO3 (Sigma-Aldrich, 99.9%), TiO2 (Sigma-Aldrich, 99.9%), NaCl (Merck, 99.9%),
KCl (Merck, 99.9%), AgNO3 (Aldrich, larutan 2,5%), acetone, and aquadest.

2.2 Synthesis of SrBi4Ti3.95Fe0.05O15

SrBi4Ti3.95Fe0.05O15 compound was prepared by molten salt method using NaCl, KCl,
andNaCl/KCl (molar ratio 1:1). The targetmass of all samples are 3 gram.All precursors
were weighed stoichiometrycally and grinded in a mortar agate for 1 hour with each
salts in a salt-to-oxide weight ratio of 1:7. Acetone was added during grinding process
to homogenize mixture. The mixture was put into an alumina crucible and calcined at
a temperature of 825 and 850 °C for 6 hours. Then, the samples were cooled to room
temperature and washed with warm water to remove the salts. The filtrate was tested by
AgNO3 to make sure that the salt is gone. Finally, the obtained powders were dried in
oven at 90 °C for 6 h.

2.3 Characterization

The sample phase of the product was characterized by XRDwith Cu Kα radiation 40 kV
and 15mA in the range 2θ = 10–80°. The diffractogram of product was compared by the
Inorganic Crystal Structure Database (ICSD) number 96608 and refined using Rietica
software with Le-Bail method. The particle morphology and elemental composition of
product were characterized by SEM-EDS. The reflectance spectrum was determined by
UV-Vis DRS instrument, then the obtained spectrum was calculated using the Kubelka-
Munk equation to get the band gap energy.
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3 Result and Discussion

The diffractogram of SrBi4Ti3.95Fe0.05O15, were shown in Fig. 1. All peaks in the XRD
pattern can be indexed with the SBT standard database ICSD No. 96608 and it shows
the characteristical peaks of the product SrBi4Ti3.95Fe0.05O15 at 2θ (°) = 17.3, 23.2,
30.4, 32.9, 39.7, 47.16, 52.3, and 57.15. The product that synthesized using NaCl and
mixture (NaCl/KCl) have an additional peaks at 2θ (°) = 30.64, 15.95, and 35.17. The
identification indicate that there is an impurities comes from the precursors that are
TiO2 (30.64°) and SrCO3 (15.95°), also it formed a new phase of Bi4Ti3O12 (35.17°).
The presence of impurities while using NaCl and NaCl/KCl salts indicates that the
formation of the synthesized phase was influenced by salt type. The salt flux in molten
salt synthesis acts as a reaction medium that facilitates ionic diffusion between reactants
(precursors) and then reacts between precursors [1]. The reactants dissolved in themolten
salt will diffuse to the surface of the less soluble reactants and form a product [12]. The
solubility of the reactant to salt affected the rate of diffusion. The presence of precursors
as impurities indicates that the reaction is not complete.

Figure 2 showed the diffractogram peak of SrBi4Ti3.95Fe0.05O15 at 2θ = 30.4° and
can be seen the peak position shifting to a larger 2θ. It indicated the local structural
changes; as a result, the Fe dopant succeeded in substituting small partially Ti. The size
of the crystal lattice becomes smaller because the ionic radii of Fe3+ (0.064 nm) have
a smaller size than the ionic radii of Ti4+ (0.068 nm). In addition, the sharpness of all
peaks in the diffractogram showed that the Fe dopant did not influence the crystallinity
degree of SrBi4Ti3.95Fe0.05O15.

The diffractogram of SrBi4Ti3.95Fe0.05O15 synthesized using KCl salt was refined
using the Le-Bail method. The refinement process using standard data of SrBi4Ti4O15
(ICSDNo. 96608)with an orthorhombic structure,A21am space group, cell parameters a

Fig. 1. The diffractogram of SrBi4Ti3.95Fe0.05O15
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Fig. 2. The diffractogram peaks shifting of SrBi4Ti3.95Fe0.05O15 at 2θ = 30,4°

Fig. 3. The refinement plot of SrBi4Ti3.95Fe0.05O15 synthesized using KCl.

=5.4510,b=5.4415, c=41.0233, andα=β =γ =90°. Figure 3 showed the refinement
plot, and the results of SrBi4Ti3.95Fe0.05O15 were summarized in Table 1. The results
showed that the residual profile value (Rp) is 13.93%, the residual weight profile (Rwp)
is 9.37%, and the goodness of fit (χ2) is 0.1334. Based on the values obtained, the
diffractogram of SrBi4Ti3.95Fe0.05O15 has good accordance with the standard data.

Figure 4 showed the morphology of SrBi4Ti3.95Fe0.05O15 compound. The morphol-
ogy particle sample was plate-like and had an agglomeration. The plate-like morphology
with a more regular shape is adopted by the sample synthesized using KCl. Meanwhile,
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Table 1. Crystallographic data for SrBi4Ti3.95Fe0.05O15

Parameter SrBi4Ti3,95Fe0,05O15-KCl

Crystal System Orthorombic

Space Group A21am

Azimetric Units (Z) 4

a (Å) 5.451000

b (Å) 5.441500

c (Å) 41.023300

Cell Volume (Å3) 1216.817505

Rp (%) 13.93

Rwp (%) 9.37

GoF (χ2) 0.1334

the sample synthesized by NaCl/KCl has a thinner, more extended particle and less
agglomeration. It indicates that the morphology particle of the product was affected
by salt type. The MSS method has two main stages in the particle growth process;
there are (a) nucleation and (b) crystal growth [13]. If the crystal growth rate is faster
than nucleation, a larger particle will be produced [14]. The particle morphology of
SrBi4Ti3.95Fe0.05O15 is influenced by the solubility of the precursors (reactant) to the
salt. The reactants less soluble in the molten salt will have formed the product phase
at first and caused agglomeration on the surface particles. The over-substitute of Fe
dopant also caused an agglomeration and affected the irregular plate-like morphology
that SrBi4Ti3.95Fe0.05O15 adopted. The particle can hold on to the adopted morphol-
ogy and reduce the particle size if the dopant is substituted correctly. Table 2 tabulated
the product’s constituent elements: strontium, bismuth, titanium, iron, and oxygen. Fe
dopant has succeeded in replacing, but it exceeded the actual amount of about 0.21%.

Figure 5 showed the DRS Spectrum of SrBi4Ti3.95Fe0.05O15 and can be seen the
compound can work in the wavelength of 380–450 nm. The plot Tauc was calculated
by Kubelka-Munk equation of SrBi4Ti3.95Fe0.05O15. Figure 6 showed the reflectance of
SrBi4Ti3.95Fe0.05O15 plotted by the Kubelka-Munk equation (y axis) against the photon
energy (x axis). The band gap energies of SrBi4Ti3.95Fe0.05O15 are tabulated in Table 3,
and all samples have band gap energy below 3.00 eV. The decreased band gap energy
indicated that Fe dopant increases the absorption of SrBi4Ti3.95Fe0.05O15 into the visible
light region. The dopant caused a possible change of electronic transition from Bi-6s +
O-2p (VB) to Ti-3d (CB) orbitals to Bi-6s + O-2p (VB) to Fe-3d (CB) orbitals with
lower band gap energy than the pure compound [15].
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Fig. 4. The micrograph of SrBi4Ti3.95Fe0.05O15 synthesized using (a) NaCl, (b) KCl, dan (c)
NaCl/KCl.

Table 2. The percentage of constituent elements of SrBi4Ti3.95Fe0.05O15 compounds

Salt Type Sr (%) Bi (%) Ti (%) Fe (%) O (%)

NaCl 7,03 52,53 19,71 1,10 19,61

KCl 7,14 53,95 18,85 1,14 18,91

NaCl/KCl 7,55 49,48 18,02 0,95 24,00
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Fig. 5. DRS spectra of SrBi4Ti3.95Fe0.05O15 compound.

Fig. 6. Plot Tauc of SrBi4Ti3.95Fe0.05O15 compound.
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Table 3. The band gap energy of SrBi4Ti3.95Fe0.05O15 compound

Salt Type Band Gap Energy
(eV)

Wavelength (nm)

NaCl 2,34 531

,KCl 2,32 535

NaCl/KCl 2,55 487

4 Conclusion

SrBi4Ti3.95Fe0.05O15 was successfully synthesized using molten salt method with NaCl,
KCl, and NaCl/KCl salt. A pure product is formed when using KCl salt with an
orthorhombic crystal system and A21am space group. An Impurities are still formed
when the product synthesized with NaCl and NaCl/KCl salts. It comes from their pre-
cursors that are TiO2 and SrCO3, also it formed a new phase of Bi4Ti3O12. The product
synthesized using KCl salt has more regular plate like shape, meanwhile the product
synthesized using NaCl/KCl salt has thinner and elongated particle shape. The different
morphology due to the salt type which used in synthesized process.
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