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Accepted: Abstract The photocatalytic oxidation process (POC) as one of the advanced oxidation
October 6, 2024 processes (A.O.P) methods is a promising technology for water and wastewater
Available online: treatment. one of the ways to implement the PCO method is to use Titanium dioxide
December 26, 2024 (TiO2) nanoparticle. TiO2 nanoparticle is a heterogeneous semiconductor material with

a photocatalytic property in irradiation condition of the light source with a below 387
nm wavelength (equal to the Titanium dioxide bandgap, 3.2 eV). Due to the low
toxicities (in comparison with other semiconductors), cheap preparation, and strong
oxidation abilities, there is a huge demand for wastewater treatment. in this study, the
surface of commercial titanium dioxide nanoparticles (TiO2-P25 Degussa) that placed
Keywords: and immobilized on the surface of Expanded perlite (EP) was modified with the help of
Dye wastewater treatment, | the Ultrasonic Co-precipitation method with alpha-Iron oxide nanoparticles (o-Fe203)
TiO2, Methylene Blue, a- | and obtained nanocomposite are evaluated for the purification of water contain
Fe203. Methylene blue (M.B) pollution in aqueous solution. Experiments are set up in a batch
reactor (50-milliliter beaker) contain 35 ml synthetic dye wastewater. For Titanium
dioxide nanoparticles to become activated, used 3 Ultraviolet lamps (UV-C) with the
wavelength 285/7 nm and power of irradiations equal to the 15 watts. experiments at
three pH levels (3, 7 and 11) was performed, the highest decolorization methylene blue
from the water was observed at the following condition, pH equal to 11, light irradiation
time equal to one hour, initial concentration of methylene blue is 10 mg/L, and 5 g/L of
coated perlites, in reactor, that reached 99.7 % decolorization. the surface of Expanded
perlite before and after coating with TiO2 and a-Fe203 nanoparticles was study and
investigated with SEM test, also the distribution and disperse of these nanoparticles at
surface of expanded perlite was studied with an SEM-MAP analyst.

1) Introduction
The excessive use of synthetic dyes in various industries such as textile, leather and paper making,
cosmetics, has caused the production of a large amount of colored waste. One of these colored pollutants
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is methylene blue (Katheresan et al. 2018), which causes severe shortness of breath, dizziness with
nausea in humans. A strong breath causes dizziness with nausea.

There are different methods for purifying water containing methylene blue pollutant, such as using
electrochemical method, biological method (using microorganism), using reverse osmosis method and
using resin (ion exchange). But each of the stated methods has shortcomings and problems for purifying
methylene blue pollutant from water.

The use of heterogeneous semiconductor photocatalytic nanoparticles for the treatment of colored
wastewater represents an innovative method with high efficiency and effectiveness in the oxidation of
color pollutants, such as methylene blue, from water (Miklos et al. 2018). One such heterogeneous
semiconductor photocatalyst is titanium dioxide nanoparticles (Nakata et al. 2012). However, the use
of these nanoparticles in the water and wastewater treatment process poses challenges, one of which is
the collection of these nanoparticles after their use in the treatment process within the aquatic
environment. Therefore, the nanoparticles are often immobilized on a surface, a process referred to as
surface coating with nanoparticles (Sirirerkratana et al. 2019).

Another challenge in using titanium dioxide nanoparticles is the need for use of a light source with a
wavelength of less than 387 nanometers to activate these nanoparticles. Various synthesis methods, are
employed by researchers to improve the photocatalytic behavior of titanium dioxide or activate it at
wavelengths higher than 387 nanometers to achieve higher efficiency (Shayegan et al. 2018).

In this study, initially, the method used by Hosseini and colleagues (Hosseini et al. 2008) was adopted
to immobilize titanium dioxide nanoparticles on the surface of expanded perlite (the surface of
expanded perlite was coated with titanium dioxide), and subsequently, to enhance the photocatalytic
behavior of the titanium dioxide nanoparticles (situated on the expanded perlite surface), they were
modified with alpha iron oxide nanoparticles.

2) Materials and Methods
Used Chemicals

Titanium dioxide nanoparticles (TiO,-P25 Degussa) with a particle size of 40 nanometers were obtained
from Sigma-Aldrich Company, alpha iron oxide nanoparticles (Fe.Os-alpha) with an average particle
size ranging from 20 to 40 nanometers were purchased from Sigma-Aldrich Company, ethanol was
acquired from Taghtir Khorasan Company, potassium hydroxide was sourced from Merck, nitric acid
(Merck), methylene blue (Merck), distilled water by Zolal Teb Shimi Company, and expanded perlite
was bought from Behkam Company.

2.2. Experimental Procedure

At first, following the method employed by Hosseini and colleagues (Hosseini et al. 2008), the surface
of perlite is coated with Titanium Dioxide Nanoparticles and the final product is named P-TiO.. In the
next step, we modify the surface of the titanium dioxide nanoparticles placed on the perlite with alpha
iron oxide.

In such a way that the 5 milligrams of alpha iron oxide nanoparticles are added to a 50-cc beaker
containing 18 mL of ethanol. After adjusting the pH to 3.5, the solution is subjected to ultrasonication
for 30 minutes using an ultrasonic probe device (at a frequency of 20 kHz and a power of 400 W).
Subsequently, 1 gram of perlite coated with titanium dioxide nanoparticles (P-TiO,) is introduced into
the alpha iron oxide slurry and allowed to interact for one hour without any mechanical shock or thermal
shock applied to the solution. After one hour, the ethanol is evaporated off at 80°C, and the resulting
material is transferred to an oven, where it is heated to 450°C for one hour to obtain the end product,
perlite coated with a modified layer of titanium dioxide integrated with iron oxide nanoparticles, is
designated as P-TiO./Fe;03-20KHz in this research.

Then photocatalytic experiments were conducted under ultraviolet light. P-TiO, and P-TiOx/Fe;Os-
20Khz catalysts (each in separate reactors) were placed 3 cm away from three UV lamps. Artificially,
colored wastewater samples containing methylene blue, with a concentration of 10 mg/L, were
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prepared. Perlites coated with catalysts were then added to the reactor at a dosage of 5 grams per liter
and the experiment was conducted at three different pH levels: 3, 7, and 11, separately. Sampling from
the synthetic-colored wastewater was carried out every 15 minutes by collecting 1 cc from the reactor.
To compare with conditions without the presence of perlite catalysts in the reactor, samples were
examined under UV light at the stated concentrations and pH levels, as well as with perlite not coated
with nanoparticles.

3) Results
After Photocatalytic Purification Experiment of Methylene Blue from Water, the results and graphs
showed that in the first 15 minutes after the start of ultraviolet light, the slope of the graph is low, but
as the time of light irradiation increases, the percentage of removal of methylene blue dye from water
increases and the slope of the graph also increases slightly.

It should be noted that the highest percentage of decolorization of methylene blue from water, in the
condition of pH equal to 11, is by P-TiO2/Fe203-20KHz, which is equal to 99.7%.

P-TiO2/Fe203-20KHz has a higher photocatalytic ability than P-TiO2 in removing methylene blue
from water. For example, in the condition of pH equal to 3, P-TiO2/Fe203-20KHz compared to P-
TiO2, had a 12.73 % increase in removal efficiency also, at pH 7 and 11, respectively, 15.45 and 5.82%
increase in methylene blue decomposition efficiency has been observed after modifying the surface of
titanium dioxide with alpha iron oxide.

P-TiO2 and P-TiO2/Fe203-20KHz have a higher ability to remove methylene blue in alkaline
environment than in acidic environment so that in the period of one hour, P-TiO2 and P-TiO2/Fe203-
20KHz in an acidic environment with a pH of 3, have removed respectively 70.97 and 83.7 % methylene
blue and in an alkaline environment with a pH of 11 have removed respectively 93.88 and 99.7 %.

4) Discussion and Conclusion
Modifying the surface of titanium dioxide nanoparticle with alpha iron oxide nanoparticle by co-
precipitation method with ultrasonic waves, improves the photocatalytic activity of this nanoparticle in
the light environment with a wavelength less than 387 nanometers. Thus, at pH 3, 7, and 11, an increase
in efficiency of the decomposition of methylene blue from water was observed, respectively about
12.73, 15.45, and 5.82%, compared to unmodified titanium dioxide.
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