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ABSTRACT

In this study, we prepared iron oxide/titanium dioxide (o-Fe,O3/TiO,) nanocomposites based on
Logas natural sand using a ball milling method. The effect of milling time on the magnetic
properties and chemical composition of the nanocomposites was studied using a vibrating sample
magnetometer (VSM) and X-ray fluorescence (XRF), respectively. The magnetization versus
external magnetic field measurements used for all samples indicated ferromagnetic behavior,
characterized by low coercivity values ranging from 360.10 Oe to 86.50 Oe for milling times of 50
to 200 hours, respectively. The XRF results indicated that several other elements, such as silicon,
aluminum, and others, were detected, indicating that the milled nanocomposites (a-Fe,O5/TiOy)
were impure. The methylene blue degradation efficiency of a-Fe,O3/TiO, nanocomposites

increases with increasing milling time.
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INTRODUCTION

One of the most used synthetic dyes is
methylene blue (MB), releasing methylene blue
into the environment can cause various
problems. MB is toxic, carcinogenic, and non-
biodegradable, posing various environmental
hazards to aquatic and terrestrial life. The
dangers of MB can also harm human health in
multiple ways, such as respiratory disorder,
abdominal pain, blindness, and digestive issues
[1, 2]. Because of this, various treatment
methods have been used to remove MB from
environment.

Advanced oxidation processes (AOP) is one
of the methods to remove methylene blue from
environment, it is a promising, efficient, and
environmentally friendly method [3, 4]. Among
various AOP methods, the photo-Fenton
method has garnered widespread attention due
to its high efficiency and environmental
friendliness. This method uses ultraviolet (UV)
radiation to enhance the production of hydroxyl
radicals and improve the overall efficiency of
the degradation process. In the photo-Fenton,

UV irradiation significantly enhances pollutant
degradation by regenerating Fe** from Fe®,
thereby sustaining the catalytic cycle and
increasing hydroxyl radical production [5].

Iron oxides is one of the most used catalysts
in photo-Fenton process. They have unique
properties, apart from having a short energy
band gap, this material is also magnetic, so it is
easy to recycle. Iron oxides are divided into
three main types, namely hematite (a-Fe,Os)
which is most widely used as a photocatalyst, as
well as maghemite (y-Fe,O3) and magnetite
(FesO4) which are applied in drug delivery,
energy storage, and data storage [6].

Iron oxide a-Fe,O3 is a photocatalyst with
good stability, low cost, and short band gap
energy (2.1 eV) so it shows good visible light
response. Iron oxide o-Fe,O; has several
disadvantages such as poor absorptivity and
low electrical conductivity which cause high
charge recombination resulting in low
photoactivity [7, 8]. This weakness can be
overcome by combining a-Fe,O; with other
iron oxides such as TiO,, to obtain a-
Fe,03/TiO, nanocomposites. By combining a-
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Fe,Os with TiO,, charge transfer is increased,
and electron-hole recombination is suppressed,
thereby enhancing the photocatalytic activity
[9]. To obtain iron oxide o-Fe,0; with
controlled size, various methods have been
developed such as hydrothermal, sol-gel,
microwave, and ball milling. Ball milling is one
of the best choices [10], because this method is
simple, efficient, and cost-effective [11-13].

In recent years, research on a-Fe,O3/TiO;
nanocomposite has been widely conducted.
TiO,/a-Fe,O3 composite derived from iron sand
via  mechanical ball milling  method
demonstrated high photodegradation activity
(100%) against indigo carmine dye under UV
irradiation [14]. Another research found using a
simple co-precipitation method, Fe,0;@50%
TiO, nanocomposites performed the best as a
photocatalyst to degrade MB under visible light
[15].

In this study, a-Fe,03/TiO, nanocomposite
were derived from natural sand of Logas
village. Natural sands were prepared using 4-
stage ball milling method. The resulting product
were analyzed using X-ray diffraction (XRD),
X-ray fluorescence (XRF) spectroscopy, and
vibrating sample magnetometer (VSM) to
investigate the structural, elemental
composition and magnetic properties of a-
Fe,0s/TiO, nanocomposite. Using photo-
Fenton method, methylene blue degradation
efficiency of samples was investigated.

EXPERIMENTAL PROCEDURE
Material and Chemical

The material used to prepare a-Fe,Os/TiO;
nanocomposites was natural sand from Logas
Village, Kuansing District, Riau Province. The
chemical used included methylene blue
(C16H1sCIN3S), hydrogen peroxide (H,0,) 30%,
and aqua DM.

Preparation of a-Fe,O3/TiO, Photocatalyst

Before the ball milling process began,
natural sand was first processed using iron sand

separator and NdFeB magnet to separate iron
oxide and non-iron oxide particles from
samples. The ball milling process conducted in
four stages, each stage lasted for 50 hours.
After each stage, iron oxide and non-iron oxide
separated using NdFeB magnets. Four products
from the ball milling process were then
characterized using X-ray diffraction (XRD),
X-ray fluorescence (XRF) spectroscopy, and
vibrating sample magnetometer (VSM) to
analyze the structural properties, chemical
composition, and magnetic properties of
samples.

Methylene Blue Degradation

The methylene blue (MB) degradation
experiment was performed in a black box, using
a 250-watt mercury lamp as the light source. 1-
gram of a-Fe,03/TiO, catalyst was mixed with
100 ml MB (30 ppm) in each test. First, the
solution was mixed with magnetic stirrer in the
dark environment for 40 minutes to reach an
adsorption—desorption equilibrium. After 40
minutes, the light source was turned on and
then 5 ml hydrogen peroxide were added to
solution, at interval of 0, 10, 20, 40, 60, 80,
100, and 120 minutes, 6 ml sample were
collected from solution. Samples were
centrifuged for 5 minutes at 3000 rpm, this
process repeated until the catalyst precipitate
removed. Absorbance was measured using UV-
vis spectrophotometer at a wavelength of 660
nm. The percentage of MB degradation can be
calculated using following Equation (1):

Degradation MB (%) = C“’Cﬁ x 100% Q)

where, C, is concentration of initial MB and C;
is concentration of MB after irradiation.

RESULTS AND DISCUSSION
Structural Analysis

The XRD pattern of a-Fe,O3/TiO,
nanocomposite from 4 stage milling process
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and pure Fe,Oz are shown in Figure 1. The
prominent peaks of a-Fe,05/TiO;
nanocomposites of 50 hours milling time were
detected at about 26 = 23.93°, 32.79°, 35.38°,
40.51°, 48.94°, 53.45°, 56.75°, 61.81°, 63.49°,
and 70.86°, which are associated with the (102),
(104), (110), (113), (024), (116), (122), (214),
(300), and (119) of crystal planes hexagonal
hematite (JCPDS No. 89-8103). The presence
of two additional peaks also detected at 20 =
26.68° and 38.69°, corresponding to the
diffraction planes (111) and (004). The peak
(111) was observed in BM 1, BM 2, and BM 3
products, the presence of a peak at (111)

indicates that silicon was present in the
samples. The peak at (004) indicated the
present of TiO, anatase phase within the
samples, this means that the 4-stage ball milling
process has successfully produced a-
Fe,0s/TiO, nanocomposite. Other than these
two additional peaks, other observable
difference XRD pattern between BM products
and pure o-Fe,O; also found. There was a
decrease in the intensity of the main peaks and
slight shift of angles of hematite in XRD
pattern of ball milling products due to
cooperation of a-Fe,O3 and TiO..
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Figure 1. XRD patterns of: (a) pure Fe,O; and a-Fe,Os/TiO, nanocomposites for different milling

time (b) 50 hours (c) 100 hours (d) 150 hours (e) 200 hours.

The average crystallite size could be
calculated using Scherrer’s equation based on
the determined lattice parameters as follows [16]:
D = kid/Bcosé 2
where D is the average crystallite size, Kk is
Scherrer’s constant, A is the X-ray wavelength,
B is the full-width half maximum (FWHM) of
the XRD peaks, and 0 is the peak angle [8]. The
calculations using Scherrer’s equation show
that the average crystallite size of a-Fe,O5/TiO,
nanocomposites decreased monotonically from
57.09 nm to 51.14 nm as shown in Figure 2.
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Elemental Composition

The chemical composition of ball milling
products with different variations of milling
time, analyzed using X-ray fluorescence (XRF)
Spectroscopy. The percentage of a-Fe,0O3, TiO,,
and SiO; are presented in Figure 3.
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Figure 3. The percentage of (a) a-Fe,Os, (b)
TiO,, and (c) SiO, for milling products with
time variations of 50, 100, 150, and 200 hours.

The percentage of a-Fe,O; and TiO;
increases from 0.166 to 53.274% and 0.225 to
40.464% respectively, while SiO2 decreases
from 93.209% to 0.9% along with the increase
in milling time used, with 200 hours of milling
time having the highest percentage of a-Fe,O3
and TiO,, also with the lowest impurity.

This shows that the 4-stage ball milling
process for 200 hours and separation using
NdFeB magnets after each stage successfully
eliminated most of the silicon from the sample,
although there were still impurities in the form
of silicon and other oxides in the sample in low
guantities.

Magnetic Properties

The hysteresis loop measurement of a-
Fe,0s/TiO, nanocomposites was carried out
using vibration sample magnetometer (VSM),
the applied magnetic field used ranged from -
20.000 Oe to +20.000 Oe, as can be seen in
Figure 4.

From Figure 4, it is clear that all samples
show ferromagnetic behavior, the samples have
low coercivity and remanence values. Table 1

shows the magnetic parameters of a-Fe,03/TiO,
nanocomposites with different milling times,
which include saturation magnetization (M),
remanent magnetization (M,), and coercivity
(Hc). The Ms value increases as the milling time
increases, which is likely due to higher
proportion of a-Fe,Oz in nanocomposite. This
leads to increase in magnetic moment per unit
mass, resulting in higher magnetization value.
This result is in agreement with previous
studies [17].
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Figure 4. Hysteresis loop of a-Fe,Os/TiO,
nanocomposite with variations of milling time,
with an inset showing the enlarged loop of
samples.

The coercivity value of a-Fe,Os/TiO, for
milling time of 50 h is about 349.2 Oe, then
increase to 357.94 Oe and 360.08 Oe for 100 h
and 150 h respectively. The coercivity value
experienced a significant decrease to 88.5 Oe at
200 hours of milling time. This decrease in
coercivity value suggests that the material
becomes more superparamagnetic.

Table 1. Magnetic parameters of a-Fe,O3/TiO;
nanocomposites.

Milling time M M; H,
(hours) (emu/g)  (emu/g) (Ce)
50 0.954 0.157 349.20
100 0.998 0.175 357.94
150 1.299 0.182 360.08
200 1.508 0.201 88.50

Photocatalytic Activity of a-Fe,O3/TiO,

The photocatalytic activity of a-Fe,Os/TiO,
nanocomposite using photo-Fenton method
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were investigated. Figure 5 shows the
degradation efficiency of ball milling products
as function of irradiation time.

100 4 2 e P — &

40

Degradation Percentage(%)

—=8— 50 hours
—e— 100 hours
20 1 —4— 150 hours
—v— 200 hours

04

0 20 40 60 80 100 120
Irradiation Time (minutes)

Figure 5. Methylene blue

efficiency.

degradation

As observed from Figure 5, within just 10
minutes of irradiation time all a-Fe,O3/TiO,
nanocomposite catalysts show degradation rate
of over 94 %. Similar results also found by
previous studies, they explained that the high
degradation rate at first minutes happen because
of the high initial concentration of MB [18].
The strong driving force caused by the high
concentration  difference  promotes  the
adsorption of MB on the material, thereby
accelerating the subsequent photodegradation
reaction rate [18].

All  four catalysts exhibited excellent
photocatalytic performance. The maximum
degradation rate of a-Fe,05/TiO,
nanocomposites prepared with 50 hours milling
is 97.46 %, and then increase to 97.73%,
98.92%, and 99.00% with increasing milling
time of 100, 150, and 200 hours, respectively.
The increases of degradation rate with
increasing milling time happen because of the
decrease of crystallite size, resulting in a higher
specific surface area. This provides more active
sites for photocatalyst to interact with MB,
generating more reactive radicals species.

CONCLUSION
In this study, iron oxide (o-Fe,03)/TiO;

nanocomposites were successfully prepared by
ball milling method. The results of VSM

measurements showed that the magnetic
properties of iron oxide (a-Fe;03)/TiO;
nanocomposites were affected by increasing
milling time. Magnetization (M) and
remanance magnetization (M,) increased with
increasing milling time, while the coercivity
(Hc) of the sample increased with increasing
milling time up to 100 hours and decreased
rapidly after 150 hours. Iron oxide (a-Fe,O3)
and titanium dioxide (TiO,) nanoparticles both
increased and silicon oxide (SiO;) and others
decreased with increasing milling time. The
maximum degradation rate of o-Fe,Os/TiO;
nanocomposites prepared with 50 hours milling
is 97.46 %, and then increase to 97.73%,
98.92%, and 99.00% with increasing milling
time of 100, 150, and 200 hours, respectively.
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