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Abstract

CaTiO; as one of the perovskite-based photocatalysts has a band gap energy of 3.5 eV (~354 nm), thus will work at the ultraviolet
light region. One of the strategies to decrease the band gap energy is doping metal. In this research, CaTiO; was doped by Fe
element as purposes to decreasing its band gap energy. Fe doped CaTiO; with different Fe concentrations (O, 5, 10, 15, and 20%)
compounds were synthesized using molten NaCl salt method. The diffractogram samples showed that the Fe-doped CaTiO; crystal
was successfully prepared. The refinement results showed that the samples have space group Pbnm a with R, and Ry, values below
12%. The SEM images showed that the particle shape was regular polyhedra morphology, and doping Fe®* caused the particle size
to decrease and agglomerate. The UV-Vis DRS spectra showed that the Fe-dopant revealed the absorption light at visible range
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wavelength by meaning that Fe-dopant successfully lowered the band gap value of CTO (3.43 eV)
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1. INTRODUCTION

It is well known that perovskite structure (4BOg) has good
potential to be applied as a photocatalyst material (Wang et al.,
2021; Wei et al., 2021). CaTiOg is one of the perovskite struc-
ture class materials that can be used as a photocatalyst with
band gap energy of 8.5 €V and relatively low rate recombina-
tion (Jang et al., 2011). The high band gap energy of CaTiOg
makes it less eflicient because it just work in the ultraviolet re-
gion (UV). Therefore, it is certainly not beneficial for the appli-
cation of CaTiOg as a photocatalyst material. Many researchers
have been reported that aliovalent metal doping in perovskite
structure compound can reduces the band gap energy value
(Huang et al., 2016; Jang et al., 2011; Lozano-Sanchez et al.,
2015; Passi and Pal, 2021; Kumar et al., 2020; Zhang et al.,
2018). Perovskite structure compound has a unique structure,
where A or B cation can be substituted with other cations to ob-
tain more attractive characteristics. The substitution of 4 or B
cation will change the composition and symmetrical structure
of perovskite material and form cation or anion vacancies that
affect the band gap energy and photocatalytic activity. Thus,
doping at A or B-site cation is one of the best ways to improve
the photocatalytic property of CaTiOg material (Wang et al.,
2015). In addition, tuning morphology particle of photocata-

lyst is also other strategies to enhance the photocatalytic activity
(Cheng et al., 2021; Zhou et al., 2020).

Some metals have been reported as a dopant for CaTiOg
material, such as Zr (Huang et al., 2016), Er (Lozano-Sanchez
etal., 2015), Fe (Jang et al., 2011), and Mn (Zhang et al., 2018).
Meanwhile, Yang et al. (2014) had successfully synthesized
the Fe-doped CaTiOg material using the solid-state reaction
method and reported that Fe could increase the photocatalytic
activity of CaTiOg. It also was reported that Fe dopant revealed
the new transition electronic between the valence band and the
conduction band of CaTiOg, and caused revealing the light
absorption in the visible region (Jang et al., 2011) and then
improved the photocatalytic activity in methylene blue degra-
dation (MB). Yang et al. (2014) also reported agglomeration in
Fe-doped CaTiOg particle caused by high-temperature con-
dition in the solid-state method synthesized (Markovic et al.,
2008). Meanwhile, the agglomeration in material influences
the optical properties and decreases the photocatalytic activity
(Pellegrino et al., 2017). Therefore, the Fe-doped CaTiOg
material without agglomeration particle formed is needed to
improve its photocatalytic activity. In addition, the CaTiOg
morphology particle has also been reported to influence the
photocatalytic activity (Yoshida et al., 2015; Zhuang et al.,
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2014).

Molten salt synthesis (MSS) is a simple and green method
commonly used to synthesize high-purity of metal oxide with
composition and morphology tuning and decreases the agglom-
eration (Gupta and Mao, 2021; Kimura, 2011). The synthesis
of CaTiOg using MSS was reported by many researchers and
found a unique morphology. Yoshida et al. (2015) synthesized
CaTiOg using NaCl molten salt and obtained the regular poly-
hedra morphology with high photocatalytic activity. On other
hand, tuning morphology of Fe doped photocatalyst material
have reported others researcher. Liu et al. (2017) have been
successfully synthesized nanosheets Fe doped Bi, TijO;4 using
MSS which reported having high activity photocatalytic. It’s
indicates that morphology tuning in Fe doped CaTiOg can be
used as a technique to increase its photocatalytic activity. In
this research, we prepared Fe-doped CaTiOg with different
Fe concentrations from 0 to 20% with step size 5% using the
molten NaCl salt method. The samples were characterized us-
ing the X-Ray diffraction (XRD) technique, scanning electron
microscopy-energy dispersive X-ray spectroscopy (SEM-EDS),
and ultraviolet-visible diffuse reflectance spectroscopy (UV-Vis

DRS).

2. EXPERIMENTAL SECTION

2.1 Materials

Chemicals and materials: CaCOg (Merck, powder 99.9%),
TiOy (Sigma-Aldrich, powder 99.9%), FesOg (Sigma-Aldrich,
powder 99.9%), NaCl (Merck, powder 99.5%), acetone (Merck,
p-a).

2.2 Synthesis

In this study, we prepared CaTiOg (CTO), CaTig g5Fe( 0503
(CTOFO0.05), CaTig goFeg 1003 (CTOFO0.10), CaTig g5Feq 1503
(CTOFO0.10), CaTig g5Feq 1503 (CTOF0.15), and CaTig goFeq o
O3 (CTOFO0.2). The requirement precursors depend on stoi-
chiometric calculation. The precursors are weighed, and ground
to a fine powder using an agate mortar and pestle for 1 hour.
Sometimes, acetone is used as a mixing medium to get a ho-
mogeneous mixture (Zuniga et al., 2018). Then, all samples
were calcined at 700°C for 6 hours. The powders were then
mixed with NaCl solid in the ratio of 1:7. All solid solutions
were then calcined at 900°C for 8 hours, followed by cooling
down to room temperature and washing 3-5 times with hot
water to remove the salt ions (Mao et al., 2007).

2.3 Characterization

The phase and crystal structure were analyzed from the X-
ray diffraction patterns. All diffraction patterns were obtained
by using Panalytical Xpert-pro (Panalytical, Almelo, Nether-
land) diffractometer measurement with Cu Ke (1.5406 A) at
range measurement 26 (°): 20-80. The lattice parameters were
obtained from the refinement process using Le Bail method
available in RIETICA software (Hunter , 2000). The mor-
phologies and elemental compositions of the compounds were
characterized using SEM-EDS type of JSM 6510 LA (JEOL,
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Tokyo, Japan). The absorption spectrum of all powders were
obtained using Shimadzu UV-2450 spectrometer (Shimadzu,
Kyoto, Japan) at the wavelength of 200-800 nm.

3. RESULTS AND DISCUSSION
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Figure 1. XRD Pattern of Fe-doped CaTiOg (Inset: Peak
Shifting at 26 (°): 32.96)

Figure 1 showed the diffractogram sample and matched it
with standard data of CaTiOg in the Joint Committee on Pow-
der Diffraction Standards (JCPDS) No.82-0229 and indicate
that the target sample was successfully synthesized. The result
also showed that the samples have a single-phase except for
CTOFO0.20. The typical peak found at 20 (°): 29.15, 32.19,
46.61, and 58.13. However, the secondary phase in CTOF - o
was CagFegO; identified from the diffraction peak at 26 (°):
22.7,29.2,82.1, and 46.6 (JCPDS cards no. 89-8662).
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Figure 2. XRD Refinement Result for CTO and CTOF with
Different Doping Concentration. (Black Dot Symbol (e) for
Experimental Data, Red Lines (-) for Calculation Data, Blue
Line (]) for The Peak Position, and Green Line (-) for The
Difference Between Experimental Data and Calculation)
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Table 1. Crystallographic Data of Fe-doped CaTiOg
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Samples
Parameters CTO CTOF0.05 CTOF0.1 CTO¥F¥0.15
Crystal system  Orthorhombic  Orthorhombic  Orthorhombic ~ Orthorhombic
Space group Pbnm Pbnm Pbnm Pbnm
a(A) 5.3799(2) 5.4085(8) 5.3964(5) 5.3948(5)
b (A) 5.4402(3) 5.406(1) 5.403(1) 5.409(1)
c(A) 7.6423(4) 7.6168(8) 7.6334(9) 7.629(2)
V (A3) 223.68(2) 2922.71(6) 222.57(6) 222.62(7)
R, (%) 10.57 16.56 11.42 10.02
Ry (%) 5.9 14.1 8.88 9.24
GoF(X?) 0.085 0.041 0.062 0.12

The CagFeqOj; was a perovskite with oxygen vacancy and
it is well-known as brownmillerite structure (A9B9QO;) (Silva
and Sombra, 2011). The formed CagkeqOj; represents the
maximum concentration of Fe dopant to replace Ti in CaTiOg
structure without changing the original structure (Jang et al.,
2011). All refined diffractograms, except CTOFy- 9o, were
depicted in Figure 2 and all parameters were summarized in
Table 1.

Based on Figure 2 and Table 1, the refinement result can
be accepted (Toby, 2006). The result showed that the CTOF
materials have been successfully prepared with orthorhombic
crystal and Pbnm space group. Inset in Figure 1 represents
the Fe3* dopant caused the peak at 26 (°): 82.96 shifted. It
was reported that the main peak was shifted to the lower 26,
indicating the crystal lattice has changed. This result relates to
the difference in the ionic crystal radii of Ti** (0.605 A) and
Fe?* (0.645 A) which caused a change in the crystal lattice of
the CTO structure (Xia et al., 2018). This result showed that
Fe ion successfully replaces Ti ion, partially.

Figure 3. SEM Image, and EDS Spectrum of CTO

The SEM images and EDS spectrum of all samples were
depicted in Figure 3 and 4. As it can be seen that the particle
has polyhedra morphology. Many researchers reported vari-
ous morphologies of CTO such as spheric, walnut-like, cubic,
sphere, plate-like, and whisker, which were synthesized by dif-
ferent methods and parameters (Zhao et al., 2013; Karthikeyan
et al., 2020; Yoshida et al., 2014; Saito et al., 2008; Zhang
et al., 2013). These morphologies indicate that parameters and
methods in synthesis influence the morphology of particles.
The polyhedra morphology of CTO was similar to a previous
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report by Yoshida et al. (2014), whom synthesized CTO using
the molten NaCl salt method. They were also reported that
synthesis using different salt flux lead to different morphology.
Based on Figure 4, the particle sizes were decreasing but they
agglomerated. It indicates that Fe doping influences the growth
of CTO grain particles (Huang et al., 2016; Luo et al., 2021).
Sato et al. (2019) reported that the substitution of Ti** with
Fe3* with a smaller charge caused an unbalance charge, thus
compensated by the reveal of oxygen vacancy. This vacancy
detains the ion movement cause decreasing the grain growth
and particle size.

i : *f . L ﬁ .
Figure 4. SEM Images, and EDS Spectra of (a) CTOF0.05, (b)
CTOFO0.10, (c) CTOFO0.15, and (d) CTOF0.2

The EDS result exhibiting the elemental composition of
Fe-doped CTO were summarized in Table 2. The result shows
that Ca, Ti, Fe, and O were found and indicated that the con-
stituents’ elements matched. The percentage of Fe element in-
creases, which corresponds to the mol concentration Fe dopant.
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Table 2. The Elemental Composition of Fe-doped CTO

Samples Ca(%) Ti(x) Fe@) OW)
CTO 26.02 31.3 - 40.38
CTOF0.05 26.04 31.47 1.88 387.32
CTOFO0.10 25.52 29.08 3.99 38.12
CTOF0.15 25.56 26.74 6.16 387.35
CTOF0.20 24.28 224 8.41 39.32
CTO
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Figure 5. Tauc-Plot Spectrum DRS CTO

The band gap energy of the CTO was 3.43 eV (361 nm) which
is obtained from the Tauc-plot method depicted in Figure 5.
The light reflectance of CTOF's were shown in Figure 6, and it
can be seen that there was a change in light reflectance character.
The Fe dopant reveals decreases of reflectance and red-shifted.
It indicated that the absorption light in the visible increases
due to Fe?* dopant. A similar phenomenon with the previous
report by Jang et al. (2011) and Yang et al. (2014) that observes
the Fe substitution to CaTiOg crystal lattice revealed the new
energy band state between the conduction band and the valence
band and having lower band gap energy than CaTliOg (Jang
et al., 2011). It is also reported that the CTO band gap in-
volved the electronic transition of O 2p orbitals (valence band)
to Ti 8d orbitals (conduction band), while the Fe-doped CTO
has emerged a new electronic transition with lower energy and
carrying electron of Fe,g to Fe 4s (Jang et al., 2011). Revealing
light absorption in the visible region is important to increase
its photocatalytic activity.

4. CONCLUSIONS

The CTO and Fe-doped CTO (CTOF) were successfully syn-
thesized using the molten NaCl salt method and with space
group Pbnm. Nevertheless, at 20% of Fe concentration, it
formed secondary phase which is CagFeqOj;. All obtained
powders have regular polyhedra morphologies with the size
inversely proportional with the Fe concentration. DRS spectra
of samples showed that Fe dopant revealed the absorptions
light at visible wavelength. These results suggested that MSS is
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Figure 6. UV-Vis DRS Spectra of CTO, and CTOF Powders

potential to synthesize metal-doped photocatalyst with tuning
morphology strategies.
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