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The title core-double shell magnetic materials, CaFe(SiZOG)@SiOZ@titania, were successfully fabricated
using CaFe(Si O ) beads. The magnetic CaFe(Si O ) core was covered by internal-shell silica thin
films and external-shell titania nanoparticles. The coated silica shell on CaFe(SiZOS) beads was prepared
by the sol-gel method using tetraethyl orthosilicate (TEOS) precursor. The external titania shell covered
on CaFe(SiZOE)@SiO2 was prepared by hydrothermal processes at 180 °C for 48 hours using TiO2
particles and NaOH solution as precursors. The outer titania shell on CaFe(SiZOG)@SiO2 was made
utilizing hydrothermal procedures at 180 °C for 48 hours, with TiO2 particles and NaOH solution as
precursors. Scanning electron microscopy (SEM), energy dispersive spectroscopy (EDS), powder
x-ray diffraction spectroscopy (XRD), and nitrogen adsorption-desorption apparatus were used to
analyze the produced materials. The effects of NaOH concentration and TiO2 precursor quantity were
studied. Titania nanorods were elongated as the NaOH concentration increased. When the dosage
of TiO2 precursor was increased, the nanorod shape changed to the nanowire.
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INTRODUCTION

Industrial effluents containing hazardous metals, dyes, and other
organic materials are harmful to the environment by restricting light
penetration and are potent carcinogens to mammals causing severe
health risks [1-3].

In the wastewater treatment field, photocatalysis is an alternative
treatment that can be used for organic wastewater treatment by using
light irradiation to generate radicals that can entirely oxidize and
mineralize them into carbon dioxide, water, and other simple inorganic
substances [4-6].

TiO, nanoparticles and other titania materials are effective
photocatalysts that have been wildly studied due to their ability to
treat organic pollutants, are less toxic, and are applicable to apply in
large-scale applications [6-7]. However, the recovery of TiO, from the
treated wastewater after wastewater treatment is difficult to practically
process, especially when the catalyst size is in the nanoscale. Separation
processes by centrifugation and filtration are typically used, however
these methods are complicated and require long-time operations. A
promising technique for producing photocatalyst for practical wastewater
treatment is to use magnetically photocatalytic material, which can
be easily separated and reused by applying a magnetic field. Using
magnetically photocatalytic material, which can be easily separated
and reused by applying a magnetic field, is a potential technology for
manufacturing photocatalyst for practical wastewater treatment. The

synthesis of separable magnetic-photocatalyst composite materials
by modified core-shell preparation process is a potential material for
overcoming the separation problems [8—10].

There are several methods for the titania-based coating process,
such as the electrochemical process [11], the modified sol-gel method
[12], and the chemical deposition technique [13]. However, those are
complicated and not suitable for practical production. The hydrothermal
process is an appropriate technique that has been commonly used to
coat titania nanoparticles on the substrate due to its simplicity [14].
However, the coating of titania onto the surface of magnetic particles
directly would decrease the photocatalytic efficiency due to the photo
dissolution and the transfer of electrons—holes from titania to the magnetic
particle. Thus, an intermediate SiO, layer between magnetic particles
and titania film is required to prevent the photo dissolution by sol-gel
method using tetraethyl orthosilicate (TEOS) as silica precursor [15].

Therefore, in this research, CaFe(Si,0,)@Si0,@titania core-
double shell magnetic materials will be fabricated using CaFe(Si,0,)
core. The magnetic CaFe(Si,0,) beads will be coated by internal-shell
silica thin films and external-shell titania nanoparticles, respectively.
The sol-gel method will prepare the coated silica shell on CaFe(Si,0,)
beads. The external titania shell will be fabricated by hydrothermal
processes. The as-synthesis materials will be characterized to confirm
the presence of each phase and physical morphology.
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METHODOLOGY

Synthesis of silica coating on magnetic particles by sol-gel method

The coating of SiO, onto the surface of magnetic particles
(CaFe(Si,0,); F1) was carried out by the sol-gel polycondensation
process in an acidic medium. First, magnetic particles are impregnated
in ammonia solution for 20 minutes and then dispersed in a mixing
solution (1.8 mL methanol, 6 mL distilled water, 1 mL of 1 M HCI,
and 5.6 mL of TEOS). After the gelation was complete, the resulting
product CaFe(Si,0,)@SiO, was dried at 80 °C for 24 h to remove the
excess water content (F1S1).

Titania nanoparticles coating by hydrothermal process

The obtained 0.2 g of CaFe(Si,0,)@SiO, were suspended in 10 mL
of 3, 6, and 10 M NaOH in the hydrothermal processes. After that, 0.1 or
0.2 g TiO, particles were added to the solution. Note that F1SIHTx-yM
refers to the core-double shell magnetic materials prepared by using
dosage TiO, precursor of x (0.1 and 0.2 g) and NaOH concentration of
y (3, 6, and 10 M). The solution was stirred for 30 min, and then the
mixture was transferred to Teflon lined stainless steel autoclave with
70% filing and heated to 180 °C for 48 h. The name list of synthesized
CaFe(Si1,0,)@SiO,@titania and their relative synthetic conditions are
shown in Table 1.

Magnetic core Silica shell Titania shell
Titania
coating coating

(CaFeSi,O) CaFeSi.0.@SiO
aEeSLOORI0; Two-layer magnetic particle

(CaFeSi,0,@Si0,@Na,Ti,0,)

Figure 1. Schematic illusion of the preparation process for
photocatalyst.

Table 1. List of sample name and their relevant synthetic conditions.

Sample code TiO, [g] NaOH [M]
Fl1 - -
FISI - -
FISIHTO.1-3M 0.1 3
F1S1HTO.1-6M 0.1 6
FISIHTO.1-10M 0.1 10
FISIHTO0.2-3M 0.2 3
F1S1HTO0.2-6M 0.2 6
FISIHTO0.2-10M 0.2 10

Characterization

The elemental composition and morphology of CaFe(Si,0,)@
SiO,@titania were confirmed by using the field-emission scanning
electron microscopy (FE-SEM, JSM 6335 F) with energy-dispersive
X-ray spectroscopy (EDS). The phases of the samples were identified by
using X-ray diffraction (XRD, Advance, Bruker). The specific surface
area of the samples was carried out by nitrogen adsorption-desorption
apparatus (Autosorb MP, Quantachrome) at -196 °C.

RESULTS AND DISCUSSION

This research presented the coating effect of SiO, and TiO, on
magnetic particles (CaFe(Si,0,)). Following the changes in the crystal
structure at each synthetic step were evaluated by powder-X-ray
diffractometer. The XRD pattern of the samples is shown in Figure 2.
For the control sample without any coating process (F1), only the
diffraction peaks of CaFe(Si,0,) were presented. After coating the
SiO, layer onto the surface of magnetic particles (CaFe(Si,0,)), the
diffractogram presented a broad pattern of an amorphous SiO, around
23° (F1S1). This confirmed the well-covered amorphous SiO, onto the
CaFe(Si,0,). The XRD pattern of both FISTHTO0.1 and FISTHTO0.2
can be assigned to Na,Ti,O, structures. These indicated that the titania
nanoparticles were well covered onto the CaFe(Si,0,)@SiO, after
hydrothermal process.

The morphology of magnetic particles was investigated by FE-
SEM, as shown in Figure 3. This result demonstrated the bare surface
of magnetic particles before coating SiO, as shown in Figure 3(a).
Figure 3(b) illustrated the roughness surface with accumulated small
particles on a spherical morphology of magnetic beads, which can
assume that the silica layer preserved a spherical morphology and the
well glazed on the magnetic beads. The Si composition (EDS results as
shown in Table 2) of F1S1(14.5% atomic) was higher than F1 (3.1%)
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Figure 2. XRD pattern of the as-synthesis materials illustrated
the crystal structure of CaFe(Si,0,) core (F1), silica
coated on CaFe(Si,0O,) (F1Sl)and CaFe(Si,0,)@
SiO,@titania (F1STHTO.1 and F1STHTO.2).
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Figure 3. SEM images of (a) F1 and (b) F1S2.

according to the core materials were covered by SiO,. However, the
specific surface area of FI1S1 (S__. = 0.44 m?/g) was smaller than F1
(S, = 0.93 m¥/g).

The FE-SEM images of magnetic particles core covered by
internal silica thin films and external titania particles (CaFe(Si,0,)@
SiO,@titania) were shown in Figure 4. The F1S1 sample was coated
with titania particles by hydrothermal processes at 180 °C for 48 hours
with various TiO, dosages (0.1 and 0.2 g) and NaOH concentrations of
3,6, and 10 M, as shown in Figure 4. The physical appearance from all
samples shows the semi-spherical morphology with a rough surface. As
listed in Table 2 and Table 3, the SEM-EDS results presented that when
an increasing amount of TiO, dosage in the hydrothermal reaction, the
%atomic of Ti increase correlated with the amount of deposited titania
particles from TiO, dosage.

As a good mineralizer, NaOH was chosen to modify the SiO, surface
for supporting the TiO, shell. The effect of NaOH concentration on the
morphology of deposited titania particles was shown in Figure 5. The
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synthesized titania particles revealed a discreet polyhedron shape at low
NaOH concentrations, such as at 3 M (Figure 5d). Whereas the higher
NaOH concentrations promoted, the smaller titania nanoparticle size
and the morphology change to be needle-like shape, as shown in Figure
5(d-f). The high concentration NaOH can dissolve and recrystallize TiO,
to end up with rod-like morphology [16]titanium isopropoxide (TTIP.
The length of the particle tends to be elongated by the increasing of
base concentration.

CONCLUSIONS

The CaFe(Si,0,)@SiO,@titania core-double shell magnetic
materials was achieved via using sol-gel process and hydrothermal
method. The synthesis of CaFe(Si,0,)@SiO, by sol-gel method used
5.6 mL of TEOS. The optimum condition of hydrothermal method was
10 M of NaOH concentration and 0.2 g of dosage TiO, precursor at 180
°C for 48 hours. The expected result showed that the amorphous silica
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Figure 4. SEM images of CaFe(Si,0,)@SiO,@titania showing the physical appreance of the catalyst particles.



Table 2. chemical composition of F1, F1S1 and F1ISIHTO0.2-10M.
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Elements (atomic%)

Samples S e (M)
Fe Si (0] Ca Ti Na
F1 11.7 3.1 47.6 17.5 - - 0.93
F1S1 15.8 14.5 42.1 9.6 - - 0.44
FISIHTO0.2-10M - - 64.0 - 22.7 13.2 2.40

Table 3. The chemical composition of FISTHTO0.1 and FISTHTO.2 in the difference of base NaOH concentrations (3, 6 and 10 M)

and average particle size of samples with standard deviation (S.D.).

Elements (atomic%)

Average titania particles size

Samples = 5 - (um) S.D.
F1S1HTO.1-3M 19.6 69.8 6.8 1.28 1.06
FISIHTO.1-6M 19.9 70.4 8.1 0.41 0.34
FISIHTO.1-10M 14.8 68.0 6.1 0.90 0.55
FIS1HTO0.2-3M 32.8 553 8.2 1.19 1.42
FISIHTO0.2-6M 233 63.5 6.9 1.50 1.57
FISIHTO0.2-10M 22.7 64.0 13.2 2.27 1.23
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Figure 5. SEM image of CaFe(Si,0,)@SiO,@titania illustrating the titania morphology varying by the NaOH concentrations

and the amount of TiO, precursor.

was observed by XRD pattern after coating silica on the crystalline
CaFe(Si,0,) beads by sol-gel method. The pattern of Na, Ti,O, structure
was presented after hydrothermal treatment with TiO, precursor.
Na,Ti,O, morphology was elongated as a result of the greater NaOH
concentration. When the dosage of TiO, precursor was increased, the
titania nanorod became a nanowire. The EDS result on the surface of the
double core-shell materials showed that the elemental composition was
Ti, O, and Na. The highest surface area of the material was 2.40 m%/g.

ACKNOWLEDGEMENTS

This work was partially supported by Chiang Mai University,
Thailand. YC thanks Development and Promotion of Science and
Technology Talent Projects (DPST) through research fund for DPST
graduates with first placements. The authors would like to acknowledge
Dr. Apinpus Rujiwatra from Department of Chemistry, Faculty of
Science, Chiang Mai University for supervision in the DPST research
fund. The authors would like to thank Dr. Saranphong Yimklan for their
supervision in this project.



Jaideekard M. et al. / Microsc. Microanal. Res. 2022, 35(1) 5-9 9

REFERENCES

(1]

(2]

(3]

(4]

(6]

[7]

(8]

(9]

R. O. Alves de Lima, A. P. Bazo, D. M. F. Salvadori, C. M. Rech,
D. de Palma Oliveira, and G. de Aragdo Umbuzeiro, “Mutagenic
and carcinogenic potential of a textile azo dye processing plant
effluent that impacts a drinking water source,” Mutat. Res. Toxicol.
Environ. Mutagen., vol. 626, no. 1-2, pp. 53-60, Jan. 2007.

B. Lellis, C. Z. Favaro-Polonio, J. A. Pamphile, and J. C. Polonio,
“Effects of textile dyes on health and the environment and
bioremediation potential of living organisms,” Biotechnol. Res.
Innov., vol. 3, no. 2, pp. 275-290, Jul. 2019.

S. Kumar, Alka, Tarun, J. Saxena, C. Bansal, and P. Kumari,
“Visible light-assisted photodegradation by silver tungstate-modified
magnetite nanocomposite material for enhanced mineralization
of organic water contaminants,” Appl. Nanosci., vol. 10, no. 5,
pp. 15551569, May 2020.

W. M. M. Mahmoud, T. Rastogi, and K. Kiimmerer, “Application
of'titanium dioxide nanoparticles as a photocatalyst for the removal
of micropollutants such as pharmaceuticals from water,” Curr.
Opin. Green Sustain. Chem., vol. 6, pp. 1-10, Aug. 2017.

H. Ahmari, S. Z. Heris, and M. H. Khayyat, “The effect of titanium
dioxide nanoparticles and UV irradiation on photocatalytic
degradation of Imidaclopride,” Environ. Technol., vol. 39, no. 4,
pp- 536-547, Feb. 2018.

H. A. Kiwaan, T. M. Atwee, E. A. Azab, and A. A. El-Bindary,
“Photocatalytic degradation of organic dyes in the presence of
nanostructured titanium dioxide,” J. Mol. Struct., vol. 1200, p.
127115, Jan. 2020.

D. Dodoo-Arhin et al., “The effect of titanium dioxide synthesis
technique and its photocatalytic degradation of organic dye
pollutants,” Heliyon, vol. 4, no. 7, p. €00681, Jul. 2018.

T. A. Gad-Allah, S. Kato, S. Satokawa, and T. Kojima, “Role of
Core Diameter and Silica Content in Photocatalytic Activity of
TiO,/Si0,/Fe,O, Composite.,” Chemlnform, vol. 38,n0.47, Nov.
2007.

C. Wang, Y. Ao, P. Wang, J. Hou, and J. Qian, “A facile method
for the preparation of titania-coated magnetic porous silica and its
photocatalytic activity under UV or visible light,” Colloids Surfaces
A Physicochem. Eng. Asp., vol. 360, no. 1-3, pp. 184-189, May
2010.

[10]

[16]

M. O. Ojemaye, O. O. Okoh, and A. I. Okoh, “Performance of
NiFe,0,-Si0,-TiO, Magnetic Photocatalyst for the Effective
Photocatalytic Reduction of Cr(VI) in Aqueous Solutions,” J.
Nanomater., vol. 2017, pp. 1-11, Jan 2017.

R. Xie et al., “Electrochemical oxidation of ofloxacin using a
TiO,-based SnO,-Sb/polytetrafluoroethylene resin-PbO, electrode:
Reaction kinetics and mass transfer impact,” Appl. Catal. B
Environ., vol. 203, pp. 515-525, Apr. 2017.

J. Wang, L. Peng, F. Cao, B. Su, and H. Shi, “A Fe,0, -SiO,-TiO,
core-shell nanoparticle: Preparation and photocatalytic properties,”
Inorg. Nano-Metal Chem., vol. 47,n0. 3, pp. 396—400, Mar. 2017.

A. Uricchio, E. Nadal, B. Plujat, G. Plantard, F. Massines, and F.
Fanelli, “Low-temperature atmospheric pressure plasma deposition
of TiO,-based nanocomposite coatings on open-cell polymer foams
for photocatalytic water treatment,” Appl. Surf. Sci., vol. 561, p.
150014, Sep. 2021.

M. Yang, D. Lu, H. Wang, P. Wu, and P. Fang, “A facile one-pot
hydrothermal synthesis of two-dimensional TiO,-based nanosheets
loaded with surface-enriched Ni O nanoparticles for efficient
visible-light-driven photocatalysis,” Appl. Surf. Sci., vol. 467468,
pp. 124-134, Feb. 2019.

J. P. Cheng, R. Ma, M. Li, J. S. Wu, F. Liu, and X. B. Zhang,
“Anatase nanocrystals coating on silica-coated magnetite: Role
of polyacrylic acid treatment and its photocatalytic properties,”
Chem. Eng. J., vol. 210, pp. 80-86, Nov. 2012.

Y. Chimupala and R. Drummond-Brydson, “Hydrothermal Synthesis
and Phase Formation Mechanism of TiO,(B) Nanorods via Alkali
Metal Titanate Phase Transformation,” Solid State Phenom., vol.
283, pp. 23-36, Sep. 2018.



