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ABSTRACT: A simple nanocomposite consisting of MIL-53(Al) and reduced graphene oxide
(rGO), denoted as MIL-53(Al)/rGO, was synthesized as a photocatalyst driven by sunlight
and UV light to study the decomposition of methylene orange and methylene blue in aqueous
solution. The MIL-53(Al)/rGO ultrafine particles were produced by an in situ method using
the solvothermal technique. The nanocomposite was made with two different amounts of
rGO, 2.5% and 5% by weight. Various tests, including XRD, N, adsorption-desorption
isotherms, SEM, SEM-EDS, UV-Vis DRS (Diffuse Reflectance Spectroscopy), and FTIR,
were performed on all photocatalyst variations to analyse their properties. Results from SEM
and EDS showed the creation of small MIL-53(Al) particles measuring 10-20 um and rGO
spread evenly on the MIL-53(Al) surface, particularly in the 2.5% rGO sample. The
photocatalytic effectiveness of the MIL-53(Al)/rGO nanocomposites was tested for degrading
organic dyes (MO and MB) in water under both sunlight and UV light for 60- and 120-minute
durations. The 2.5% rGO photocatalyst showed the highest performance, removing over 96%
and 98% of the dyes after one hour of sunlight exposure for MB and MO, respectively. This
demonstrates that the combined effect of MIL-53(Al) and rGO composite can be seen as an
effective photocatalyst for breaking down reactive dyes, such as MO and MB, in water
treatment applications.

ABSTRAK: Kajian ini adalah berkaitan nanokomposit sederhana daripada MIL-53(Al) dan
grafit oksida yang tereduksi (rGO), atau MIL-53(Al)/rGO, berjaya disintesis sebagai
fotopemangkin oleh cahaya matahari dan cahaya UV bagi mengkaji penguraian metil jingga
(MO) dan metilena biru (MB) dalam larutan akueus. Zarah ultrahalus MIL-53(Al)/rGO
dihasilkan melalui kaedah in situ menggunakan teknik solvotermal. Nanokomposit dibuat
dengan dua jumlah rGO berat berbeza, 2.5 wt% dan 5 wt%. Pelbagai ujian termasuk XRD,
N, penyerapan-nyahserapan isoterma (BET), SEM, SEM-EDS, UV-Vis DRS, dan FTIR telah
dilakukan pada semua variasi fotopemangkin bagi mengkaji sifatnya. Dapatan kajian dari
SEM dan EDS menunjukkan penciptaan zarah kecil MIL-53(Al) berukuran 10-20 pm dan
rGO tersebar secara rata pada permukaan MIL-53(Al), terutamanya dalam sampel rGO 2.5%.
Keberkesanan fotopemangkin nanokomposit MIL-53(Al)/rGO telah diuji bagi mengurai
pewarna organik dalam air, di bawah kedua-dua cahaya matahari dan cahaya UV selama
tempoh 60 dan 120 minit. Fotopemangkin rGO 2.5% menunjukkan prestasi tertinggi, dengan
penyingkiran lebih dari 96% MB dan 98% MO, selepas pendedahan cahaya matahari selama
satu jam. Ini menunjukkan, kesan gabungan komposit MIL-53(Al) dan rGO, boleh dilihat
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sebagai fotopemangkin yang berkesan bagi memecahkan pewarna reaktif, seperti MO dan
MB, dalam aplikasi rawatan air.

KEYWORDS: Metal organic frameworks, Photocatalyst, Reduced graphene oxide,
Organic Dye Pollutants, Degradation.

1. INTRODUCTION

In the last decade, freshwater pollution by organic dyes has become a problem of concern
for governments in every country. Industrial wastewater containing organic dyes is the most
difficult waste to eliminate due to its high level of toxicity, difficult degradation process, high
chromaticity content, and difficulty in removing the color [1]. Several methods have been
introduced to remove organic dyes, such as physicochemical processes like adsorption,
coagulation, and filtration. However, they include high costs, low efficiency, and the generation
of large volumes of sludge that need further treatment [2][3]. Therefore, finding alternative
technologies for removing toxic organic dyes in wastewater is essential. Advanced oxidation
processes (AOPs) have emerged as a highly effective alternative for converting organic
materials into simple mineral products [4][5]. Among AOPs, photocatalysis is seen as the most
promising solution for sustainable energy conversion [6]. Researchers have focused on
photocatalysis for its non-selectivity, efficiency in removing pollutants, and toxicity reduction.
However, the complete degradation of organic dyes is time-consuming and less effective in
some studies. Therefore, developing new and improved photocatalysts is necessary to address
these issues. Materials that can be used as photocatalysts are semiconductors [7][8].
Semiconductors have proven to be promising materials as photocatalysts for degrading liquid
organic waste [9]. In addition, photocatalysts have several advantages, such as low energy
consumption, mild reaction conditions, reduction of secondary pollution, and so on, which have
attracted wide attention domestically and internationally [10][11]. However, some
semiconductor materials have disadvantages, such as being unresponsive to visible light
(around 43% of the solar spectrum) and rapid recombination between electrons and holes
[12][13]. Therefore, to overcome these limitations, the development of new photocatalysts with
high efficiency, long-term stability, and the ability to harness visible light is necessary[14][15].

One of the materials that are included as semiconductors and receiving wide attention for
application in the field of photocatalysis is metal-organic frameworks (MOFs) [16][17]. MOFs
have a band gap that is not too large [18][19]. MOFs have the potential as semiconductor
materials because they can transfer charge from ligands to metals (LMCT) or transfer charge
from metals to ligands (MLCT). With this charge transfer ability, MOFs have photocatalytic
capabilities to reduce hazardous materials [20]. One type of MOF with an interesting structure
and widely studied is Hong Kong University of Science and Technology-1 (HKUST-1), a Cu-
based MOF with benzene dicarboxylate organic ligands [21]. By adding graphene oxide (GO)
to the HKUST-1 structure, the composition of these two materials has very good photocatalytic
performance on organic dyes [22]. Furthermore, GO is a graphene-like material that has been
functionalized with different oxygen-containing groups such as hydroxyl, carboxylic, carbonyl,
and epoxide groups. Studies have shown that there are chemical bonds formed between MOF
and substrates in composite materials [21]. Research indicates that the oxygen groups of GO
are linked to the metal centres of the MOF in MOF/GO composites, leading to an enhanced
ability to adsorb toxic gases such as NHs, H2S, and NO: [23][24]. But the use of
nanocomposites combining MOF MIL-53 with Aluminium (Al) metal ion cluster and
graphene-based materials like reduced graphene oxide (rGO) as highly effective photocatalysts
has not been extensively studied until this point.
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In this study, we will perform and report the degradation process of organic dyes,
methylene orange (MO) and methylene blue (MB), contaminating water using MOF MIL-
53(Al) nanocomposite with tGO as co-doping. The photocatalyst synthesis method uses
solvothermal techniques, while rGO is produced using the modified Marcano method [25].
MIL-53(Al) bandgap measurement shows great potential in photocatalysis because it has a
band gap between 3.5 — 4.5 eV. The formation of nanocomposites between MOFs and rGO is
expected to widen the range of absorption light and slow down the electron-hole recombination
process of semiconductor materials based on MOFs.

2. METHODOLOGY

This section contains the materials we used, the synthesis method and process of the target
materials, and various characterizations employed to determine the physical and chemical
properties of the synthesized materials. The final part describes the testing methods used to
evaluate the synthesized materials as photocatalysts.

2.1. Materials

The materials needed for this procedure are aluminium nitrate nonahydrate
(AI(NO3)3-9H20, Merck KGaA), terephthalic acid or benzene-1,6-dicarboxylic acid (H.BDC,
98%, Sigma Aldrich), graphite as a carbon source for GO/rGO synthesis, concentrated sulfuric
acid (H2SOa4, Mallinckrodt), phosphoric acid (H3PO4, Merck KGaA), 30% hydrogen peroxide
(H202, Merck KGaA), potassium permanganate (KMnOs, Sigma Aldrich 98%), N,N'-
dimethylformamide (DMF, Merck KGaA), methanol (CH30OH, Merck KGaA), and distilled
water. All materials are used directly without any purification steps.

2.2. Synthesis of Reduced Graphene Oxide (rGO)

The rGO synthesis followed previous work [25]. The process begins by preparing a 9:1
mixture of H2SO4/ H3PO4 (23 ml) and adding 1g of graphite powder. Afterward, 3g of KMnO4
is slowly added to the solution, and the mixture temperature is maintained below 10°C during
the addition process. The mixture is stirred for 40 minutes at 50°C and then diluted with
deionized water. 30% hydrogen peroxide (H20:2) enhances the oxidation process. Adding H202
to the solution changes its colour to greenish yellow with bubbles indicating a high oxidation
level. The solution is filtered and washed until the pH is near 7. The washing and filtration
process of the rGO suspension was carried out by following the following steps: The rGO
powder was dispersed in excess distilled water and stirred for 10 minutes using a magnetic
stirrer at 300 rpm to neutralize the residual acid attached to the rGO. The rGO solid was then
separated from the suspension solvent using a centrifuge, set at 5000 rpm for 10 minutes. This
suspension formation and centrifugation process was repeated several times with excess
distilled water until the pH of the rGO suspension approached 7. Finally, the product, rGO, is
recovered and heated to 60°C overnight.

2.3. Synthesize nanocomposite Mil-53 (Al)/rGO

Synthesis of MIL-53 (Al)/rGO nanocomposites started by preparing the metal source from
aluminium nitrate salt and the ligand source from terephthalic acid in a 1:1 molar ratio. Both
materials are mixed and homogenized in DMF for 60 minutes under standard conditions.
Afterwards, the rGO suspension was added in an amount of 2.5 to 5 % wt. of the total weight
of the metal salt and ligand used and homogenized using a magnetic stirrer at around 400 rpm
for 60 minutes. Then, the suspension is in a Durant bottle and is heated in an oven at 120°C for
72 hours to trigger the growth of MIL-53 (Al)/rGO crystals. After heating, the solid MIL-53
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(Al)/rGO catalyst was recovered using a centrifugation technique at 5000 rpm for 10 minutes,
then washed twice with methanol. The wet MIL-53 (Al)/rGO catalyst was dried at 80°C for 24
hours in the oven. Next, synthesized MIL-53 (Al)/GO is ground and sieved using a 200-mesh
sieve. Finally, the catalyst was activated using a furnace at 160°C for 5 hours to produce dry
nanocomposite MIL-53 (Al)/rGO.

2.4. Characterization

The samples were characterized using various analytical techniques. The infrared spectra
were recorded using a NICOLET iS5 FT-IR spectrophotometer with ATR windows. Powder
X-ray diffraction was performed with a Rigaku Miniflex 600 with a detector 1D—DteX/Ultra,
Kp filter. The XRD instrument uses a Cu-Ka radiation source. Furthermore, the morphological
surface of the catalyst was examined using a Phenom Pro-X SEM. Finally, a Micrometrics
TriStar II gas sorption and porosimeter device determined specific surface areas and porosity.

2.5. Photocatalytic Test

The photocatalyst testing of all photocatalyst materials was conducted by mixing 12 mg
of the material with 20 mL of Methylene Blue (MB) or 20 mL of Methylene Orange (MO) at
a concentration of 20 ppm in a reactor vessel. The mixture was stirred at 400 rpm using a
magnetic stirrer for 60 and 120 minutes. The experimental setup for testing the photocatalyst
material uses a glass reactor with the equipment arrangement as shown in Fig. 1. The
photocatalyst performance tests were conducted under two types of light: UV light and
sunlight. For UV light, the test was performed using a UV-A lamp with a wavelength range of
320-400 nm. For sunlight testing, the reactor containing the test solution was placed near a
window to expose it to sunlight throughout the testing period. The cooling jacket was also filled
with water, and the temperature was maintained at 30°C. This temperature was chosen as it is
a moderate temperature typical for Jakarta and its surroundings.

Glass Tube
UV-A Lamp
;u’"ﬁathymne Blue (MB)
Methylene Orange (MO)

. Photocatalyst ————
Particles
| = Magnetic Slirrer =—

@

Outlet Water
—_—

Cooling
Jacket

Inlet Water

o

@ O

—
—* Holplate =——

Figure 1. Experimental setup for organic dyes degradation using photocatalyst
materials.

3. RESULTS AND DISCUSSION

3.1. FTIR SPECTRA

The interaction of aluminum (Al) ions and organic linker, H2BDC, in the solvent, triggers
the formation of covalent coordination bonds between metal ions and oxygen atoms derived
from bidentate terephthalic acid [26]. As presented in Fig. 2, the wave numbers at 1417, 1511,
and 1603 cm™ correspond to a carbonyl (C=0O) group and CO stretching in the C-OH
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carboxylic group. Meanwhile, the wave numbers at 1001, 755, and 593 cm™ indicate the C=0
double bond in terephthalic acid, which interacts with metal ions and forms a single metal-O
bond [27]. From FTIR data, we qualitatively assume that the target materials had been
synthesized successfully.
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Figure 2. FTIR spectrums of MIL-53 (Al), tGO, MIL-53(Al)/rGO 2.5% wt., MIL-
53(A1)/rGO 5% wt.

3.2. PHOTOCATALYST BANDGAP

The bandgap measurement of the photocatalytic materials was conducted using a UV-Vis
DRS spectroscopy instrument. The sample reflects electromagnetic waves in the UV-Visible
wavelength range in this measurement. Using the Tauc plot proposed by J. Tauc [28], the
bandgap of a material can be calculated. The bandgap values for all photocatalyst variants are
presented in the figure below.

25

38eV

-

39eV
20 [/”.

4.6 €V

Reflectance, %
e
L

——MIL-53(Al)
——MIL-53(Al)1GO 2.5% wt.
———MIL-53(Al)/rGO 5% wt.

5 T T T T
1 2 3 4 5 6 7.

Energy, eV

Figure 3. Bandgap measurement of photocatalyst materials.

Fig. 3 shows that the addition of 2.5% wt. rGO is effective in reducing the bandgap of the
photocatalytic material. However, increasing the rGO ratio to 5% wt. does not further decrease
the bandgap value. Instead, it remains the same or even slightly increases compared to the
bandgap of the photocatalytic material without rGO. This phenomenon appears to be
influenced by the decrease in the photocatalytic material's crystallinity and the increase in the
size of the photocatalyst due to the increasing coverage by rGO.
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3.3. X-Rays Diffraction

XRD patterns of GO, rGO, and MIL-53(Al) and MIL-53(Al)/rGO composites are shown
in Fig. 4. In the XRD pattern of the GO sample, the sharp intense peak at 26 of 10° is assigned
to the plane of [002] belonging to the GO layer [24]. In the XRD pattern of rGO, the sharp peak
no longer exists but is replaced by a diffractogram representing material with amorphous
properties. Interestingly, the diffractogram peak of the rGO sample appears at 20 of 23°, a
value similar to the 20 peak of graphite [29]. In the XRD pattern of MIL-53 (Al), the strong
peaks appear at 20 0£ 9.13°, 10.05°, 15.36°, 18.26°, 20.91°, 25.45°, and 32.6° are several peaks
characteristic of the MIL-53 (Al) phase, which match the peaks reported in the previous report
[30]. In the XRD pattern of MIL-53(Al)/rGO, some diffraction peaks of MIL-53(Al) are still
clearly visible, but these peaks appear at 20 values that are either higher or lower. Furthermore,
the amorphous profile, which belongs to rGO, does not appear due to mixing with the crystal
structure of MIL-53(Al). This result indicates that MIL-53(Al) crystals may be well dispersed
within the interlayers of GO/rGO sheets.
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Figure 4. XRD patterns of: MIL-53 (Al), rGO, MIL-53(Al)/rGO 2.5% wt., MIL-
53(Al)/rGO 5% wt.

3.4. SEM and SEM-EDS Analysis

The photocatalytic process is influenced by the physical characteristics of the catalyst,
such as its active surface area and porosity. Smaller catalyst sizes result in a higher surface-to-
mass ratio, reducing the distance electrons need to travel to the solid/solution interface and
increasing efficiency. Therefore, our objective was to produce semiconductor nanocrystals to
enhance light absorption. Scanning electron microscopy (SEM) images in Fig. 5 illustrate the
morphology of MIL-53(Al), MIL-53(Al)/rGO 2.5% wt., MIL-53 (Al)/rGO 5% wt. From XRD
testing results, the addition of rGO, both at 2.5% w.t and 5% w.t, did not significantly affect
the crystal structure of MIL-53 (Al) because they have similar diffractogram profiles. This
XRD result is supported by SEM profiles for MIL-53(Al)/rGO composites for all variants. The
general SEM image of MIL-53(Al) appears as sub-micrometer particles with bar and flat cube
surfaces and sharp or rounded edges [31]. The presence of GO/rGO surrounding the crystal
structure of MIL-53(Al) did not alter its crystal structure dramatically, as seen in the following
image.
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Figure 5. SEM profile for (a) MIL-53 (Al) [30], (b) MIL-53 (Al)/rGO 2.5% wt.
(c) MIL-53/rGO 5% wt.

Fig. 5 shows that the addition of rGO ratio to the photocatalyst material leads to the
coverage of the MIL-53 (Al) surface, resulting in larger crystallite sizes compared to the
composite material with a lower rGO content and without rGO. As the crystallite size increases,
the surface area decreases as shown in Table 1. The crystallite size measurements, presented
in Table 1, show that the amount of rGO strongly influences the crystallite size added to the
photocatalyst composition. As the rGO ratio increases, most MIL-53(Al) MOF surface
interacts with rGO sheets. Since rGO still contains many oxygen-based functional groups, the
interaction between crystallites becomes stronger due to hydrogen interaction, leading to an
increase in crystallite size.

Table 1. The effect of rGO ratio on the crystallite size of the photocatalyst-composite
material.

<o Do '
Voo Xy p
- g

MIL-53 (A])rGO 2.5% wt.

1

MIL-53 (AD/rGO 5% wt.

No Particle Length of Particle (um) No Particle Length of Particle (um)

1 10.15 1 28.32
2 4.63 2 8.04
3 5.92 3 6.05
4 6.27 4 4.74
5 13.47 5 1.95
6 4.49 6 9.22
7 5.52 7 9.51
8 3.03 8 7.46
9 7.29 9 25.08

Average 6.75 Average 11.15
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SEM-EDS analysis was performed to investigate the chemical composition of MIL-
53(Al)/rGO. The EDX spectra (Fig. 6) of MIL-53(Al)/rGO showed that the amount of
aluminium decreases with the increase in the rGO weight ratio. In Fig. 6, for MIL-53 (Al)/rGO
2.5% wt., the atomic percentage of Al is 10.04% when the rGO ratio is increased to 5% wt.
(MIL-53 (Al)/rGO 5% wt.). The atomic percentage of Al decreases to 5.43%, nearly halving.
The EDX spectra results qualitatively match the composition of the two variations of the
photocatalyst composite materials well.
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Figure 6. Elemental composition for each photocatalyst material

3.5. Nitrogen Isotherm adsorption

Fig. 7 shows that the isothermal curve of all photocatalyst samples shows type III based
on the IUPAC classification.
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Figure 7. N2 adsorption-desorption for synthesized MIL-53 (Al)/rGO. (a) 2.5% wt.
rGO, (b) 5% wt. rGO.

The type-III adsorption isotherm, like the type-II isotherm, shows a general increase in
adsorption with increasing pressure or concentration. As shown in Fig. 7, this rapid rise
continues until the pressure is equal to the saturation pressure. At this point, adsorption is

typically stable after relative pressure larger than 0.8, suggesting that the surface is saturated
by adsorbate [32].
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3.6. Photocatalyst Performances

To evaluate the performance of the synthesized photocatalytic materials, tests were
conducted to degrade two organic dyes, namely methylene blue (MB) 20 ppm and methyl

orange (MO) 20 ppm, under UV and sunlight irradiation. The results of these tests are shown
in Fig. 8.
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Figure 8. Photocatalyst performance under UV and Sunlight irradiation in 20 ppm MB
solution.

Fig. 8 shows the performance of each photocatalyst material in degrading a 20 ppm MB
test solution. Generally, all photocatalyst materials can degrade the test solution by more than
75% during the testing period. The MIL-53(Al)/rGO 2.5% wt. composition exhibits the best
performance in degrading the test solution. Under sunlight, this composition can degrade the
test solution by up to 97%, while under UV light, the test solution can be degraded by up to
99%. These results show that the MIL-53(Al) photocatalyst yields higher degradation of the
test solution under sunlight than the MIL-53(Al)/rGO 5% wt. material shows slightly lower
performance than the MIL-53(Al)/rGO 2.5% wt. composition. The poor photocatalytic
performance of MIL-53(Al)/rGO 5% wt. under visible light, compared to other photocatalyst
materials, is likely attributed to the larger crystallite size of this material resulting from the
highest rGO ratio of 5%. As is well known, larger crystallite sizes can lead to a reduction in
the number of active sites on the catalyst surfaces [33], facilitate faster recombination of
electrons and holes [34], widen the bandgap [35], and enhance the stability of the photocatalyst
material [36]. Ultimately, the increased crystallite size in the photocatalyst reduces its
performance in degrading organic dye molecules.

A similar trend was observed for the methylene orange (MO) test solution. The
photocatalyst with 2.5% wt rGO exhibited the best performance in degrading the 20 ppm MO
solution within 60 and 120 minutes, under UV light and sunlight. The photocatalytic
performance in the MO solution is presented in Fig. 9.
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Figure 9. Photocatalyst performance under UV and Sunlight irradiation in 20 ppm MO
solution.

3.7. General Mechanism of MIL-53(Al)/rGO Photocatalyst.

Methylene blue and methylene orange are synthetic dyes commonly used in various
applications, including in the textile and pharmaceutical industries. Its decomposition under
UV and sunlight irradiation in the presence of a photocatalyst involves photochemical reactions
that lead to the breakdown of the dye molecules into smaller, non-toxic components. This
process can be enhanced by using photocatalysts or other semiconductors, which facilitate
photodegradation [24][37].

Here is an explanation of the mechanism of methylene blue and methylene orange
decomposition using photocatalysts under UV and sunlight irradiation. UV-Irradiation: When
UV light (typically in the range of 200-400 nm) is irradiated onto the photocatalyst, MIL-53
(Al), it excites the electrons (e”) in the photocatalyst’s valence band to the conduction band due
to its relatively small bandgap. This creates electron-hole pairs, where the photogenerated
electron (¢") in the conduction band and hole (h*) in the valence band are highly reactive. On
the other hand, Sunlight Irradiation contains a broader spectrum, including visible light. To
enhance the photocatalysis under sunlight, doping MIL-53(Al) with substances like rGO can
allow the catalyst to absorb visible light and become activated under sunlight [9].

The electron-hole pairs generated in the photocatalyst due to UV or sunlight irradiation
can migrate to the surface of the photocatalyst. The electron in the conduction band can
participate in reducing species (such as oxygen molecules or water), while the hole in the
valence band can oxidize other species (such as water or hydroxyl ions) [9]. Electron in the
conduction band reacts with dissolved oxygen (O:z) in the solution to form superoxide anions
(O2¢7), or they can reduce oxygen into hydrogen peroxide (H20:)[38]. This leads to the
formation of various reactive oxygen species (ROS), such as hydroxyl radicals (*OH) [38],
[39], which are highly reactive and play a crucial role in the degradation of MB and MO.

02+ e — O2* (superoxide anion) (1)
02~ + H20 — H20: + OH™ (hydrogen peroxide and hydroxyl ion) (2)

On the other side, the hole in the Valence Band reacts with water (H20) or hydroxide ions
(OH") on the surface of the photocatalyst to generate hydroxyl radicals (*OH), which are strong
oxidants capable of attacking and degrading MB molecules.

H->0 + h* — «OH + H* (formation of hydroxyl radicals) 3)
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OH™ + h" — *OH (formation of hydroxyl radicals) (4)

The reactive oxygen species (ROS), such as hydroxyl radicals (*OH), superoxide anions
(O2¢7), and hydrogen peroxide (H20-), are highly reactive and can attack the methylene blue
and methylene orange molecules. The degradation of MB and MO primarily involves the
following steps. The ROS oxidizes the aromatic structure of MB and MO, breaking the
chemical bonds in the dye and leading to the formation of smaller, less complex molecules,
eventually mineralizing to carbon dioxide (CO:) and water (H20)[39]. The next step is
demethylation and decolorization. The methyl groups on the MB and MO molecules may be
oxidized or broken down, leading to a loss of color. The photodegradation process of MO and
MB is presented schematically in Fig. 10.

Photodegradated
products
|
vl |
.'ﬂ : H_{.-’E\ s ?
MIL-53 (A) "\ ¢\ /8"

Figure 10. The process of photodegradation of MO and MB using MIL-53 (Al)/rGO

The breakdown of the chromophore (the part of the molecule responsible for its color)
leads to the decolorization of MB and MO. From our experimental data, the process of dye
decomposition is more efficient under UV light because of the high energy available to activate
the photocatalyst. Under sunlight, the process can still occur, but it may be slower or require
modified photocatalysts that can absorb visible light. Furthermore, factors like temperature and
pH can improve this mechanism, and the presence of additional substances like co-catalysts or
sacrificial agents can enhance the efficiency of MB and MO degradation.

4. CONCLUSION

The photocatalyst materials were successfully synthesized via the solvothermal method,
producing three variants: MIL-53(Al), MIL-53(Al)/rGO (2.5 wt.%), and MIL-53(Al)/rGO (5
wt.%). FTIR analysis confirmed their composition, with characteristic absorption peaks at 1417
cm™’, 1511 cm™, and 1603 cm™, indicating the presence of carbonyl and carboxyl functional
groups. The IR spectra at wave numbers 1001, 755, and 593 cm™ indicate the vibrational
interaction between metal ions and oxygen bonds. XRD characterization confirmed the
crystalline structure of the materials. MIL-53(Al) showed distinct diffraction peaks consistent
with reported data, while rGO exhibited an amorphous peak at 20 = 23°, characteristic of
graphite. Additionally, combining MIL-53(Al) with rGO caused a shift in diffraction peaks at
20 and peak broadening due to the amorphous nature of rGO. However, both materials retained
their characteristic peaks, confirming successful synthesis. The incorporation of rGO
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influenced the photocatalyst's morphology, with higher rGO content nearly doubling its size,
decreasing surface area, and affecting dye degradation efficiency. N2 adsorption-desorption
data revealed that larger particles had reduced gas adsorption capacity, which impacted their
photocatalytic activity. Additionally, introducing a small amount of rGO reduced the bandgap
from ~4 eV to 3.8 eV, though further rGO addition had no significant effect. Photocatalytic
tests showed that MIL-53(Al)/rGO (2.5 wt.%) achieved the highest degradation efficiency,
breaking down MB and MO dyes almost completely (~100%) within 120 minutes under both
UV and sunlight irradiation.
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