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Abstract: The SBA-15 loaded with methylene blue was successfully prepared by sample adsorption
of methylene blue in SBA-15 and is characterized by an XRD, SEM, FTIR, and BET. The
photocatalytic activity for methyl orange (MO) degradation was investigated under visible light
irradiation under LEDs. Experimental results demonstrate that the SBA-15-MB exhibited higher
photocatalytic activity than SBA-15 under visible light irradiation. The degradation efficiency of MO
(50 ppm) by SBA-15-MB could reach 80% within 180 min under 25W LED visible light. The
photocatalytic activity of SBA-15 could be attributed to the excitation of methylene blue by visible
light, the transfer of electrons from methylene blue to SBA-15, and the production of radicals at the
surface of SBA-15.

Keywords: SBA-15; methylene blue; sensitization; wastewater treatment; photocatalysis; visible
light

1. Introduction

Water and soil ecosystems are being degraded because of enormous industrialization and a rise
in population. The most significant environmental pollutants are manufactured organic compounds
such as pigments, agricultural chemicals, and pharmaceutical products [1,2].

These hazardous pollutants must be thoroughly cleaned before they are released into the
ecosystem. Various treatment processes, such as membrane filtration, chemical oxidation,
coagulation, adsorption, flocculation, ozonation, and so on, have been employed to eliminate
pollutants in the past [3,4]. However, most traditional processes are not environmentally friendly and
have drawbacks such as fancy cost, low efficiency, harmful waste concentration, and others [5]. To
date, the most exciting treatment technology for removing hazardous dyes and other organic
contaminants found in industrial effluent is the Advanced Oxidation Process (AOP). Among the
several AOPs, photocatalytic degradation was identified as a promising and cost-effective treatment
strategy for reducing environmental issues [6,7]. High oxidizing species, especially OH and O:-
Radicals were generated in situ in AOPs. The pollutant molecules are subsequently decomposed into
smaller, less toxic compounds via these radicals [8].

Selecting suitable support is a critical step in improving photocatalytic performance. For
instance, SBA-15, a silica mesoporous molecular sieve, captured much interest because of its well-
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ordered two-dimensional hexagonal structure, significant surface area (600-1100 m?/g), excellent
adsorption capacity, high thermal stability, and, most notably, electron delocalization capacity
provided by its framework, which allows it to be picked out rather than any other is chosen over to
any other silicate substrate [9-14].

The dye-sensitization operation is applied to extend the active spectrum range of photocatalysts.
Transition metal-based dyes are the most suitable compounds for achieving excellent electron
transfer to semiconductors. Nevertheless, they are costly and not environmentally friendly, so
organic pigments can be used in sensitizing [15-18].

In this trial, SBA-15 does not incorporate a semiconductor; hence, the SBA-15 is sensitized by
methylene blue. Methylene blue molecules absorb the light, and the electron in the LUMO reacts with
dissolved oxygen to produce radicals necessary to degrade the pollutants in water. This creates a
simple, easy-to-manipulate, and cheapest photocatalyst that can degrade the pollutants in water.

2. Experimental
2.1. Preparation and Characterization of the Catalysts

According to Toufaily et al. [19], pure silica SBA-15 was synthesized by a sol-gel method by
using Pluronic 123 triblock-copolymer. 4 g of Pluronic 123 was added to 30 mL of H20, 120 g of HCI
2M and 10.2 ml of tetraethoxysilane (TEOS) at 40 °C. The solution was stirred for 45 min, and the
resulting gel was aged at 40 °C for 24 h and finally heated at 100 °C for 24 h. The solid product was
recovered by filtration and then calcinated at 500 °C for 24h to remove the P123 template.

100mg of SBA-15 was added to the solution of methylene blue at 20ppm and stirred for 24h to
achieve total adsorption of methylene blue into SBA-15. After that, the solution was filtered, and SBA-
15 was washed with distilled water and dried at 60 °C. The catalyst obtained was named SBA-15-MB.

2.2. Photocatalytic Experiments

Photocatalytic degradation experiments were carried out in a beaker with a volume of 250 mL,
in which a 25 W warm white LED lamp with a wavelength between 400 and 800nm was used as the
light source. Methyl orange, tetracycline, and malachite green were selected as the model’s pollutants
concerning cationic, anionic dyes, and pharmaceuticals. The residual concentration of contaminants
was determined using a UV-visible spectrophotometer.

The adsorption experiment of 20 ppm MB by 500 ppm of SBA-15 revealed an adsorption
percentage of 95 % after 60 minutes, which indicates full adsorption of methylene solution in the
sensitization process of SBA-15.

The leaching of MB from SBA-15 during the photocatalytic experiment was determined by
measuring the absorbance of MB in each sample using the UV-Vis spectrophotometer. The leaching
in all experiments did not exceed 1ppm (5%).

2.3. Characterization Technics

The obtained samples were characterized by different techniques such as X-ray powder
diffraction (XRD), Scanning electron microscope (SEM), Fourier transform infrared (FTIR), and
Brunauer—-Emmett-Teller (BET). The surface parameters of SBA-15 and SBA-15-MB, such as surface
area and pore size, were determined using a micromeritics instrument (Gemini VII). The phase
composition and crystal structure were analyzed by X-ray diffraction (XRD) using a Bruker D8
advance diffractometer (Cu source, 40 mA, and A=1.5418) at a scan rate of 4°/min over a 20 range of
0-60°. The chemical functional group at the surface of SBA-15 and SBA-15-MB was determined using
Fourier transform infrared spectrometry (FT-IR). FT-IR spectra were collected using a Shimadzu
instrument with a resolution of 4 cm!, employing the KBr technique and scanning the spectrum in
the 4000-500 cm-1 range. We utilized a scanning electron microscope (SEM) equipped with an energy-
dispersive X-ray (EDX) detector to evaluate morphology and structural characteristics. Specifically,
the SEM analysis was conducted employing a MIRA3 TESCAN microscope.
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3. Results and Discussion
3.1. Characterization of Catalyst
3.1.1. XRD

Figure 1 shows the small-angle XRD patterns of SBA-15 and SBA-15-MB, the scan range of 2
theta degrees of 0.5° to 10°. The typical XRD pattern for SBA-15 and SBA-15-MB exhibits three
characteristic peaks relative to the (100), (110), and (200) planes at 26 of 0.96°, 1.45°, and 1.7°. These
peaks characterize the two-dimensional hexagonal structure of SBA-15, which matches SBA-15

synthesized using TEOS as the silica source. The adsorption of methylene blue in the SBA-15 does
not affect the crystallinity of SBA-15.
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Figure 1. XRD patterns of SBA-15 and SBA-15-MB.
3.1.2. SEM and EDX

Scanning electron microscopy (SEM) equipped with EDX measured the particle morphology
and elementary composition. SEM images of the SBA-15 and SBA-15-MB samples are compared in
Figure 2. The two images show a spherical morphology of SBA-15. The EDX result shows the
presence of carbon in the sample SBA-15-MB, which corresponds to the carbon in the methylene blue
molecule and indicates the successful adsorption of methylene blue in the SBA-15.
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Figure 2. SEM image of (a) SBA-15 and (b) SBA-15-MB and EDX for (c) SBA-15 and (d) for SBA-15-
MB.
3.1.3. FTIR

The FTIR spectrum of SBA-15 and SBA-15-MB is shown in Figure 3. The peak between 1085 cm-
1 characteristic of Si-O-Si bands, indicates the establishment of a condensed silica network, and bands
at 803 cm-1 and 456 cm-1 are due to Si-O stretching and bending vibration, respectively. The O-H
stretching vibration mode contributed to the large peak at 3400 cm-! [20,21].

The SBA-15-MB composite material still has the prominent characteristic peaks of SBA-15. The
characteristic peaks of methylene blue appear in the wavenumber 675-900 cm! is assigned to the out-
of-plane C-H bending vibration of on the benzene ring [22], 1,382 cm™! is given to the symmetric
deformation vibration of methyl group, 1,557 cm-! is attributed to the vibration peak of the benzene
ring in methylene blue [23], The peak at 1480 cm-is attributed to C = C stretching vibration. Finally,
the peak at 2400 is due to adsorbed MB in SBA-15 [24].
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Figure 3. FTIR spectrum of the SBA-15 and SBA-15-MB.
3.1.4.BET

The nitrogen sorption isotherms of both SBA-15 and SBA-16 showed a reduction in the total
volume of adsorbed nitrogen after ABZ loading; indicating a significant pore filling of the
mesoporous carriers (Figure 4). In addition, SBA-15/ABZ showed a more significant reduction in the
pore size than SBA-16/ABZ. Even though the surface area changed, the shape of the isotherms
remained the same after drug loading, indicating that the mesoporous texture of carriers was
preserved.

Table 1 presents the following textural properties of SBA-15 and SBA-16 before and after drug
loading: BET surface area, total pore volume, microporous surface area and micropore volume
calculated using the t-plot method and the pore size using the BJH method. BET surface area of SBA-
15 and SBA-16 presented similar values. However, the total pore volume of SBA-16 is significantly
lower than the total pore volume of SBA-15. After drug loading, decreases in BET surface area, total
pore volume, micropore surface area and micropore volume were observed.

Table 1. Values of BET surface area, total pore volume, microporous surface area and micropore
volume of SBA-15 and SBA-16.

Sample St (M?/g) Vi (ecm®/g) Spe Vb
SBA-15 692 1 91 0.04
SBA-15-MB 255 0.6 31 0.013

These changes can be explained by the loading of ABZ into pores of mesoporous silica. These
results are in good agreement with FT-IR and N2 sorption data indicating that the drug was loaded
in the materials. Consequently, in order to quantify the amount of loaded drug in the mesoporous
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carriers, elemental analysis was done showing a drug loading of 30.3 wt% and 12.8 wt% for SBA-15
and SBA-16 samples, respectively.

3.2. Photocatalytic Activities of the Photocatalysts SBA-15-MB

To evaluate the photocatalytic activities of the SBA-15-MB photocatalysts, the degradation of
methyl orange in water under warm white LED light was investigated. Figure 4 shows the percentage
of degradation of methyl orange under 25W warm white LED light. The degradation efficiency of
methyl orange reached approximately 80% after 180 minutes. The synthesized SBA-15 shows no
adsorption capacity for the MO, which may be because of the negative charge of SBA-15 (pH of zero
charge 5 [25]) at pH of methyl orange solution 5.5.
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Figure 4. Degradation of methyl orange by SBA-15-MB ([MO]=50ppm, [SBA-15-MB]=300ppm,
pH=5.5, 25W LED warm white).

The lamp power’s impact on MO degradation (Methylene Blue) is depicted in Figure 5. Notably,
while the photodegradation efficiencies at 25 and 50 watts appear similar, the degradation rate at 50
watts surpasses 25 watts. This phenomenon can be attributed to the heightened penetration of
photons into the solution at the higher wattage, stimulating a greater number of catalyst particles and
subsequently generating more radicals within a given timeframe. Consequently, as the entirety of
methylene blue molecules becomes excited, the generation of radicals reaches a saturation point,
resulting in comparable degradation efficiencies for 25 and 50 watts after a certain duration.

The study of the efficiency of the SBA-15-MB for the degradation of mix pollutants (MO, MG,
TC) with an amount of catalyst 300ppm under 25W warm white LED lamp was mentioned in Table
2.
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Figure 5. Effect of light power in the degradation of methyl orange by SBA-15-MB ([MO] =50ppm,
[SBA-15-MB] =300ppm, pH=5.5).

Table 2. Results of the photodegradation for a mix of pollutants.

Pollutants MG MO TC
Initial concentration in ppm 20 50 20
Percentage of Degradation after 180 min 69 63 38

3.3. Proposed Mechanism of Degradation

When SBA-15-MB is irradiated by visible LED light, the methylene blue is excited, and the
electrons are excited from the HOMO levels of the dyes CB to the LUMO levels. Then, the electrons
from the LUMO levels can reduce the oxygen to superoxide radicals (see Figure 6. The steps in
degrading the dye were proposed using the following equations: [26,27].

MB + hv - MB* 1)
MB*(e™) + 0, - 0, (2)
05~ + pollutants —» CO, + H,0 3)

MB* + 05" - CO, + H,0 (4)



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 April 2024 d0i:10.20944/preprints202404.0330.v1

+ Pollutants — CO,+H,0
E Vs NHE ,

LUMO of MB (-1.74 eV)
Visible llght
14+
0 F 0,/0,~(-0.046eV)

HOMO of MB (0.01 eV)

OH/°OH (1.99 eV)

*OH/H,0 (2.68 eV)

Figure 6. Possible photocatalytic mechanism of SBA-15-MB in the degradation of pollutants.

4. Conclusions

SBA-15 has many advantages for water treatment, such as high surface area, low cost of
production, and thermal and chemical stability. The SBA-15 loaded with methylene blue has a low
cost, is easy to produce, and has a high photodegradation efficiency against different pollutants,
which is a strong possibility for use at an industrial scale to treat effluents. The SBA-15-MB can be
prepared by adsorption of MB from effluent, and after that, it can be irradiated to degrade all the
pollutants in effluents, including the MB. When the MB adsorbed into SBA was degraded, the SBA-
15-MB could be easily regenerated by treatment of effluent containing MB or by adding the SBA-15
to the fresh solution of MB. This catalyst can be examined for other pollutants present in water and
other applications such as photodynamic therapy and hydrogen production.
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