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with different physical and morphological properties. XRD, SEM and DRS absorption
spectroscopy techniques were used to identify the synthesized materials. According to the X-
ray diffraction patterns, the prepared materials have a spinel manganese oxide crystal structure.
The photocatalytic properties of the prepared samples were used and evaluated to remove the
methylene blue dye under the photocatalytic and sonophotocatalytic process in aqueous
medium. Experiments show that with the increase in the amount of dopant, the percentage of
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Nowadays, water pollution and energy crisis at the
global level have received most of the scientific studies
[1]. With the ever-increasing expansion of industries,
significant amounts of pollutants such as organic dyes,
agricultural toxins, and pharmaceutical compounds
enter water resources. One of the processes used in the
removal of pollutants resistant to biological oxidation
is photocatalytic processes, using semiconductors such
as Mnz0; in the presence of ultraviolet and visible light
in aqueous HO radical environments. which have high
oxidizing power. This HO radical. It destroys organic

pollutants and turns them into carbon dioxide and water.

Nano photocatalysts are of two types, which include
visible light region photocatalysts, which are activated
by sunlight, and synthetic UV-activated photocatalysts
that can be used at room temperature, and various
chemical and biological pollutants in Reduce the
weather. Considering that in photocatalysts that are
activated by visible light, sunlight can be used to
activate the photocatalyst. . Among these types of
photocatalysts, we can mention ZnS, ZnO, TiO,, CdS
[2-5]. The application potential of inorganic
compounds doped with lanthanide cations has been
widely researched in various fields such as
thermoelectric devices, fluorescence imaging and
material labeling. Biological and light-emitting diodes
have been developed with the development of energy
levels in the energy gap [6-8]. In addition, the
optimization of the energy gap using dopants has been
developed to remove pollutants and polluted waters [9-
11]. One of the limiting factors of semiconductors is the
rapid combination of hole-electron pair and this issue
can be improved by replacing cations. These cations act
as electron-hole acceptors and increase the charge
transport time and reduce the probability of electron-
hole pairs. Manganese oxide with spinel structure as a
metal oxide composed of two oxidation states has many
uses in catalysts. Oxidation of ,NO, CO, benzene and
supercapacitor has been found [12-13].

In this research, a simple method for preparing pure
mannequin oxide and its doped compounds with
gadolinium is introduced and the performance of the
manufactured nanomaterials in the removal of
methylene blue dye as an example of organic matter has
been investigated (Table 1).

Table 1. Features of methyl orange color
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Chemical structure

Color index name

Molecular formula C16H18NsSCI

Apax (M) 662.5

Manganese acetate (purity 99%), gadolinium acetate
hydrate (purity 99.95%) were purchased from Sigma-
Aldrich. Potassium hydroxide were purchased from

Merck and used as reaction initiators without any
purification. Also, methylene blue dye was purchased
from Zhejiang Yide Company.

2.1. Preparation method

In the usual method, we dissolve 4% manganese acetate
along with appropriate amounts of hydrated gadolinium
acetate and 1 mmol of potassium hydroxide in 40 ml of
distilled water and stir for 15 minutes, then it is
transferred to a 100 ml teflon reactor container covered
with a steel container and for a period of 12 hours at
170 °C in a thermal oven and gradually cooled to room
temperature. Then the obtained black product was
washed with ethanol and distilled water and dried at
room temperature.

2.2. Identification

Detection of crystalline phases was done using a
PANalytical X-ray diffractometer using a copper lamp
with A=5406.1Ko. The morphology of the prepared
materials was done using a JEOL JSM6700F SEM
machine. XPS elemental analysis was done using a
device (K-ALPHA, UK) and DRS spectroscopy of
samples was obtained with Varian Cary 3.

2.3. Evaluation of
performance

photocatalytic

The catalytic activity of the synthesized compounds
was evaluated against the removal of methyl orange
dye as a pollutant. In the usual method, 0.1 g of
nanocatalyst was added as a suspension to 100 ml of
the intended blue solution with a certain initial
concentration, and visible light was emitted by a 40
watt fluorescent lamp. With the help of UV-Vis
spectroscopy, the absorbance values of the solution
were obtained and the amount of color removal was
calculated as a percentage using formula 1.

Color removal percentage (%) =[1- (C/C0)] x 100 (1)

To repeat the test, the catalyst was collected and
washed several times with distilled water and then dried
and used for a new test.

X-ray powder diffraction in Figure 1 shows that Mn3O4
crystals and its compounds doped with gadolinium
cation belong to the spinel phase (JCPDS No.18-0803)
and no impurity peak can be seen up to 8%
concentration of dope in the corresponding pattern [14].
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Figure 1. P-XRD pattern of manganese oxide doped with
gadolinium cation MnzxGdxO4 (x=0 to x=0.08)

Figure 3(a-b) shows the SEM images of
nanoparticles synthesized with the chemical formula
Mn3.xGdxOa (x=0 to x=0.08). As it can be seen from the
pictures, doping Gd ions instead of manganese cations
in the crystal lattice does not change the morphology of
Mns;04 nanoparticles, and increasing the amount of
dopant, the size of the nanoparticles becomes larger.
The average diameter of these nanoparticles from the
particle distribution diagram (Figure 4) for pure
manganese oxide is approximately 10-60 nanometers,
and for the example of 8% doped with ytterbium, it is
approximately 20-80 nanometers.
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Figure 3. SEM image of nanoparticles synthesized with the
chemical formula Mn3xGdxO4 (x=0(a), x=0.08(b))
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Figure 4. Particle size distribution of pure Mn3O4 (a) and 8% Gd-
doped MnzO4 (b)

The absorption spectra of the synthesized
compounds with the chemical formula Mn3;xGdxO4
(x=0 to x=0.08) show a decrease in the energy gap with
the increase in the amount of doping, which seems to
be unaffected by the change in the size of the
nanoparticles [17-19].

To study and compare different processes of sono,
photo, and sonophotocatalyst, a series of tests were
carried out, which are shown in Figure 5. In case of the
photocatalytic process, the color removal rate was 68%
under visible light irradiation. This value was recorded
as 51% in the sonocatalytic process. In the combined
sonophotocatalytic process, the percentage of color
removal reached 85%, which is the result of the sample
doped with 8% gadolinium. The reason for this can be
the production of more reactive oxygen species during
the combined sonophotocatalysis process. The results
show that with the increase of the dopant factor, the
color removal percentage also increases.
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Figure 5. Comparison of different processes in the removal of
methylene blue dye considering the following conditions: [Dye] =
20 mg/L, [Catalyst] =1 g/L.

Through measuring the absorbance of the solution
in 10-minute intervals by UV-Vis spectrophotometer,
the concentration of methylene blue dye shows a
decrease under the sonophotocatalytic process. After
90 minutes, the main peak of the corresponding color
was removed and the rank removal percentage was
85% (Figure 6).
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Figure 6. Absorption spectrum of color removal in the presence of
manganese oxide doped with gadolinium under
sonophotocatalysis process.
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The removal percentage of methylene blue color
was tested by adding anions such as iodide oxalate and
other radical acceptors such as butanol and
benzoquinone, the results of which are shown in Figure
7. In the presence of butanol as a hydroxyl radical
receptor, the color removal rate shows a decrease of
67%. With the addition of iodide and oxalate ions, this
reduction is equal to 29 and 49%. In the presence of the
superoxide radical receptor , benzoquinone, the
greatest inhibition of the catalyst performance is
observed, which is equal to 15 %.
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Figure 7. The effects of different inhibitors on the color removal
efficiency under the following conditions: [dye] = 20 mg/L, [Catalyst]
=1 g/L, [Scavenger] =5 mM

Figure 8 shows the stability of the nanocatalyst in
reuse in 5 repeated tests, that the performance of the
catalyst compared to the first test is accompanied by no
degradation of the catalyst and shows a slight decrease.
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Figure 8- Color removal efficiency after 5 repeated tests

4. Conclusion

MnzO4 nanoparticles and doped compounds were
prepared and identified by hydrothermal method with
high efficiency and were used to remove methylene
blue under photocatalytic processes. The results
showed that the activity of the nanocatalyst increases
with the increase in the amount of dopant, and the
reason for this performance is directly related to the
reduction of the band gap in the doped samples. The
best performance of the catalyst is related to the 8%
doped sample under sonophotocatalyst conditions and
with the increase of radical receptors such as anions and
benzoquinone. The amount of color removal shows a
significant decrease. Based on the results, the above

doped compounds can be used as effective catalysts in
the removal of organic pollutants.
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