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KEYWORDS Abstract In the present study, novel Mn?* Mn3 *[SiO4]O5 (braunite, MSO) nanostructures were
Mn* Mn>* [Si0,]Os fabricated by a simple and affordable sonochemical method. The uniformity, structure, shape,
Nanostructures; and size of the product are affected by sonication time and power. Mn?>" Mn3 " [Si04]Og were used
Sonochemical; as a photocatalyst in the visible region due to their suitable bandgap (2.52 eV). The photocatalytic
Organic dyes; tests indicate that Mn?*Mng "[SiO4]Os nanostructures can degrade organic dyes, such as Eri-
Recyclability; ochrome Black T (EBT) and Erythrosine (ER) in high values. Therefore, the degradation rate is
Scavengers 94.8% under ideal circumstances, which include 70 mg of catalyst and 10 ppm EBT. According

to the kinetics study, the superior rate constant (k = 0.0217 min~") results in the maximum photo-
catalytic efficiency (94.8%). The recycle test unveils that Mn? " Mn3 ¥ [SiO4]Oy is so stable and after
five cycles, the photocatalyst efficiency decreased by 14.9 and 14.2% for EBT and erythrosine,
respectively. Superoxide radicals were found to be the most active radicals implicated in the degra-
dation of EBT and erythrosine by the scavenger’s test.
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1. Introduction

Environmental contamination is significant as a result of the ubiqui-
tous use of toxic coloring agents in industrial waste from the textile,
paper, and garment sectors (Caglayan et al., 2019; Chiu et al., 2019;
Kocyigit et al., 2018; Kucuk & Gulcin, 2016). According to several
studies, the textile sector employs 10-12% of dyes yearly, with a signif-
icant amount (20%) wasted during fabrication and operating proce-
dures and leads to effluent (Kumar & Pandey, 2017). These dyes
include Rhodamine B, Methylene Blue (MB), Victoria blue, Red
120, Thymol blue Rose Bengal, Carmine, Indigo Red, and Eriochrome
Black-T (EBT) (Deng et al., 2013; Wang et al., 2008; Xu et al., 2010).
These dye-contaminated sewages contain toxic and nonbiodegradable
colored pigments (Chen et al., 2010; Wang et al., 2021). Dye pollution
affects aquatic environments even at very low concentrations (<1
ppm) (Balarabe et al., 2022; Haider et al., 2022; Wahab et al., 2019).
Therefore, it is crucial to remove dyes from wastewater (Sanakousar
et al., 2022).

In recent years, it has become difficult to remove coloring agents
and other contaminants from water (Naseem et al., 2018). In order
to address this specific issue, a number of techniques have been used,
including membrane biosorption (Hai et al., 2008; Wenten et al.,
2020), filtration (Li et al., 2018), ozonation (Aziz et al., 2018), adsorp-
tion (Wazir et al., 2020; Zhou et al., 2019), biological/aerobic treat-
ment (H. Zhang et al., 2018), ion exchange removal (Bashir et al.,
2019; Feng et al., 2019), catalytic reduction (Khan et al., 2022;
Sherin et al., 2020), coagulation (He et al., 2021), and photocatalytic
degradation (Rafiq et al., 2021; Wu et al., 2020). The absorption
method is typically preferred in terms of pre-release disposal proce-
dures because of its simplicity of use and affordable cost (Guan
et al., 2019). However, drawbacks, such as weak mechanical stability
of adsorbents, low absorption effectiveness, and incomplete pollution
removal, make it difficult to remove pollutants effectively (Ikram,
Tabassum, et al., 2020; Raza et al., 2020).

Photodegradation of contaminants has gained enormous popular-
ity in recent years (Gautam et al., 2020; Zhuang et al., 2022). A semi-
conductor photocatalyst absorbs sunlight to break down different
ecological contaminants, including aquatic and atmospheric organic
contaminants, in the photocatalytic reaction, which uses heteroge-
neous catalysis (Guo et al., 2021; Sendal et al., 2022). There are bene-
fits to comparing photodegradation to more conventional wastewater
treatment techniques. For example, active photocatalysts at ambient
temperature can totally break down toxic pollutants in a few hours.
Furthermore, toxic pollutants can be thoroughly processed to yield rel-
atively safe byproducts (CO, and water) without producing any addi-
tional toxic byproducts (Maruthapandi et al., 2021). Nanomaterials’
surface functionalization is used in photodegradation to efficiently
remove dangerous contaminants (Ikram, Hassan, et al., 2020;
Nguyen et al., 2021). Multiple functional factors, including reaction
temperature, irradiation intensity, pH of the solution, and initial dye
concentration, influence the entire photodegradation procedure, from
dye molecule adsorption on the photocatalyst surface to dye molecule
decomposition by reactive radicals (Abkar et al., 2021; Ghanbari &
Salavati-Niasari, 2021; Karami et al., 2021).

In recent years, there has been a growing interest in the develop-
ment of nanostructure-based photocatalysts for the degradation of
organic pollutants or toxic molecules. These materials have shown
great potential for environmental remediation due to their high surface
area, unique electronic and optical properties, and efficient charge sep-
aration (Yang et al., 2023). Several recent studies have focused on the
development and application of nanostructure-based photocatalysts
for the degradation of organic pollutants and toxic molecules. One
recent study by Liu et al. reported the synthesis of a novel ZnO@TiO,
core—shell nanorod photocatalyst for the degradation of bisphenol A
(BPA). The results showed that the ZnO@TiO, nanorods exhibited
enhanced photocatalytic activity compared to pure TiO, nanoparticles,
attributed to the efficient charge transfer between ZnO and TiO, (Liu

et al., 2020). Furthermore, Zhang et al.synthesized a novel Ag;PO,/
AgBr binary composite photocatalyst for the degradation of rho-
damine B under visible light irradiation. The results showed that the
ternary composite exhibited significantly enhanced photocatalytic
activity compared to single-component photocatalysts due to its syner-
gistic effect (X. Zhang et al., 2018). Zhang et al. explored the use of
graphene-based nanocomposites as efficient photocatalysts for the
degradation of various organic dyes. The researchers synthesized a
hybrid material consisting of graphene oxide and metal oxide nanopar-
ticles, which exhibited excellent photocatalytic activity under visible
light irradiation (Zhang et al., 2020). In another study conducted by
Matos et al, titanium dioxide (TiO,) nanoparticles were doped with
carbon to enhance their photocatalytic performance. The researchers
found that C-doped anatase TiO, efficiently degrade organic pollu-
tants, including phenol and methylene blue dye (Matos et al., 2019).
Additionally, carbon-based nanostructures have also been extensively
studied for their photocatalytic properties. A recent study by Xiao
et al. reported on the synthesis of carbon nitride nanosheets with
enhanced visible light absorption capabilities for the degradation of
organic pollutants. The researchers found that the carbon nitride
nanosheets exhibited excellent photocatalytic activity and stability,
making them promising candidates for environmental remediation
applications (Xiao et al., 2021).

The ternary system Mn-Si-O has the three silicate phases Mn,SiOy,,
MnSiO;, and Mn;SiO;, at atmospheric pressure, which are repre-
sented by tephroite, minerals rhodonite, and braunite, respectively.
The Mn?" Mn} *[SiO4]Og phase, also known as MnSiO;.3Mn,0s3, is
composed of di- and trivalent manganese. These minerals, particularly
Mn?* Mn3 T[SiO4]Os, are significant components of manganese rocks
and ores. Tephroite and rhodonite are also interesting to metal work-
ers (Huang & Rosén, 1994). Mn>* Mng *[Si04]Og with the chemical
formula of Mn2+Mng+[SiO4]Og has a brownish-black appearance
(De Villiers, 1980). The commercial importance of manganese ore pro-
cessing and the producing of manganese compounds and alloys cannot
be overstated. The chemical and metallurgical industries heavily rely
on manganese (Mn), one of the less common elements on earth
(Yartasi et al., 1997). Some potential advantages of MSO nanostruc-
tures could include: Magnetic properties: Manganese is a magnetic ele-
ment, and the presence of both Mn?>* and Mn®" ions in the
nanostructure could result in interesting magnetic properties that could
be useful for various applications. Optical properties: Silicate materials
are known for their optical properties, and the addition of manganese
ions could enhance these properties further. This could make MSO
nanostructures useful for applications such as optoelectronics. Cat-
alytic activity: Manganese is also known to have catalytic activity,
and the presence of manganese ions in the nanostructure could
enhance this property. This could make MSO nanostructures useful
for catalytic applications. Biocompatibility: Silicate materials are gen-
erally biocompatible, meaning they are not harmful to living cells or
tissues. Overall, more research is needed to fully understand the poten-
tial advantages of Mn?>" Mn; * [SiO4]Og nanostructures and their prac-
tical applications.

In this work, we aim to fabricated and characterize Mn>"Mn; "
[SiO4]Og nanostructures using a simple and fast sonochemical
approach. This is the first time that this compound was prepared by
ultrasound radiation and its photocatalytic behavior was studied
through different organic dyes under visible radiation.

2. Materials and methods

2.1. Materials

Manganese (II) nitrate tetrahydrate 98% (Mn(NOs),-4H,0),
Tetraethyl orthosilicate > 99% (TEOS), Tetraethylenepen-
tamine > 95% (TEPA), Eriochrome Black-T (EBT), Ery-
throsine, Ethylenediaminetetraacetic acid (EDTA), Benzoic
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acid (BA), and 1,4-Benzoquinone (BQ), were acquired from
Sigma-Aldrich and applied with no additional purification.

2.2. Preparation of Mn?" M}t [Si04]Og nanostructures

810 mg of Mn(NO;), was liquefied in 40 mL of distilled water
and mixed for 10 min (solution A). Then, 360 ul of TEOS and
10 mL of ethanol were combined and agitated for 15 min (so-
lution B). The solution B was mixed with solution A under
ultrasonic radiation. TEPA was added to the mixture to adjust
the pH of the solution to 10. The precipitate was rinsed several
times with ethyl alcohol and dried at 70 °C for 12 h. Finally, the
powder was calcined at 900 °C for 8 h. The sonication time and
power were varied (Table 1 and Scheme 1) to obtain the best
product.

2.3. Photocatalytic behavior

Investigation of the photocatalytic application of Mn?"-
Mn; *[SiO4]Og nanostructures was performed over eriochrome
Black-T and erythrosine. A typical procedure involved mixing
50 mL of dye with various braunite contents and stirring it in
the dark for 0.5 h. Then, an Osram 400 W visible light (con-
taining a wavelength in the range of 400 to 780 nm) was turned
on. The solution containing dye was aerated continuously to
supply O,. At specific time intervals, 3 mL of the dye was
removed, centrifuged to remove the Mn?" Mn} " [SiO4]Os,
and scrutinized with a UV—Vis spectrometer. The degradation
rate (D) was calculated as (Ghanbari & Salavati-Niasari,
2021):

Table 1 Different conditions for fabrication of Mn>* Mng * [SiO4]Os.
Sample Time of sonication Power of Grain size (nm) from Scherrer formula Calcination Calcination
No. (min) sonication (W) (Abkar et al., 2021) temperature (C) time (h)
1 5 40 18.9 900 8
2 7 40 42.9
3 10 40 26.4
4 5 60 -
5 5 80 =
Mn(NOz): B\

40ml -
DI water
o ————————

===+

Stirrer / 15 min

Addition TEPA
to set pH=10

Ultrasonication

® Qs

10 ml -
EtOH

| -

L |

Stirrer / 15 min

Centrifuging Cream powder
—_— [
Drying at 60 °C
Scheme 1

10 min

Stirrer / 30 min

Black powder

Calcinating

900°C for8 h

Schematic of fabrication process of Mn>* Mng " [SiO4]Og by sonochemical method.
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Fig. 1 XRD patterns of Mn>" Mn "[SiO4]Oy in three different
times of sonication a) 5 min, b) 7 min, and c) 10 min.

Ay — A,
Ao
So that, Ay and A, display the initial absorption and

absorption at specific time (t), respectively.

D =

x 100 (1)

2.4. Physical instruments

XRD patterns were registered to utilize an X-ray diffrac-
togram (Philips) among X’ Pert Pro sieved through copper
K, irradiation (A = 15.4 nm). FT-IR spectra of nanomaterials
the samples were recorded by a Shimadzu Varian 4300 spec-
trophotometer in KBr pellets in the range of 400 to
4000 cm™!. The element examination from the samples was
registered using the EDS analysis device with 20 kV stimulat-
ing charge. The tiny structure of the outcomes were procured
over a ZEISS field emission scanning electron microscopy.
Before catching images, the products were coated by a thin
transparent coating of gold to avoid charge accretion and cre-
ate the product exterior conductive, and achieving a greater
dissimilarity. GC-2550TG (Teif Gostar Faraz Company, Iran)
were used toward all chemical agents. The surface areas (BET)
were defined through N, adsorption at —196 C using an auto-
matic gas adsorption analysis device (Tristar 3000,

Micromeritics). Diffuse reflectance UV-vis spectroscopy was
performed with a Shimadzu UV/3101 PC ranging from 200
and 800 nm. An MPI Ultrasonic; welding, 1000 W, 20 kHz,
Switzerland (multi-wave ultrasound generator) was provided
by a transducer/converter. A titanium oscillator was utilized
for the ultrasound radiation. Transmission electron micro-
scope (TEM) was carried out employing a TEM Philips
EM208 with an accelerating voltage of 100 kV.

3. Results and discussion

3.1. Characterization

The XRD patterns of Mn>"Mn*[SiO4]Og fabricated by
sonochemical method in three various sonication times, includ-
ing 5, 7min, and 10 min are illustrated in Fig. 1. These pat-
terns show that in three different sonication times,
MnMn(SiO4)Og with reference code of 01-081-0449 and
tetragonal structure (Space group = I41/acd) is formed
(Haghjoo, Sangsefidi, Hashemizadeh, et al., 2017). The pro-
duction of MnMng(SiO4)Og nanoparticles is accomplished by
ultrasound. Cavitation caused by ultrasonic waves is used to
make suitable nanoscale structures. Hot-spot theory postulates
that high energies are used to produce extreme temperatures
and tensions, which in turn produce active species of radicals
(Dheyab et al., 2020). The following reactions show how the
sonochemical process is being used to fabricate the product:

H,O —eH +eOH ()
2¢0H — H,0, 3)
2eH — H, 4)
0,+ eH —e0O,H (5)
eO,H + eH — H,0, (6)
2¢0,H — H,0, + O, (7
H,O + CgHyNs + oH — OH™ + CgHyNs-H* (8)
Mn(NO;), + 20H- —Mn(OH), + 2NO;" (9)
0, + Mn(OH), + H,O — Mn(OH); (10)

Si** + Mn(OH), + Mn(OH); — MnMn,(SiO))0s (1)

The elemental composition of products is investigated using
energy-dispersive X-ray spectroscopy (EDS). The sample’s
EDS results demonstrate the presence of oxygen, silicon, and
manganese elements, with no impurities observed (Fig. 2).

Fig. 2f illustrates the FT-IR spectrum of Mn?>" Mng " [SiOy]
Og nanostructures. The absorption peaks at 1637 cm™' and
3431 em™! are related to the bending vibration of H-O-H
and the O-H bond stretching vibration, respectively, due to
the moisture absorption. The characteristic bands associated
with Mn-O bond vibrations are primarily seen in two loca-
tions: a doublet (Mn-O-Mn) at 473 cm~" and a primary and
an intense peak at 637cm”! (Haghjoo, Sangsefidi,
Hashemizadeh, et al., 2017). The absorption bands located at
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1097 cm™" and 950 cm ™" are because of the formation of O-Si-
O and Si-O-Mn groups, respectively (Ionescu et al., 2010).
The impact of time and power of sonication was studied on
the shape of Mn?*"Mnl"[SiO4Os nanostructures using
FESEM images. Fig. 3 reveals the morphology of Mn?>"-
Mn; *[SiO4]Og nanostructures in three different sonication
times. As can be seen, agglomeration is increased by enhancing
sonication time due to increasing the temperature of reaction.
When the ultrasound wave is emitted for a longer period of
time, the temperature of the solution rises, causing the product
particles to grow larger (Ghanbari & Salavati-Niasari, 2018).
Considering that the sonication time has no effect on the pur-
ity and structure of the composition, the irradiation time of
5 min was chosen as the optimal time. Furthermore, Fig. 4 dis-
plays the influence of sonication power on the shape of Mn?* -
Mn2 "[SiO4]Os nanostructures. As observed, increasing the
sonication power leads to large particles as the temperature
rises. As a result, the optimum sonication power and time were

chosen to be 40 W and 5 min, respectively. The TEM images of
Mn?" Mn} " [SiO,4]Os nanostructures prepared at the optimal
condition (5 min and 40 W) are manifested in Fig. 5. These
images show the uniform nanoparticles, which have an average
size of 40 nm are observed in.

The Brunauer-Emmett-Teller surface area (BET) analysis
measured N, adsorption (ADS)/desorption (DES) at 77 k.
N, ADS/DES isotherm and pore size distribution plots are
exhibited in Fig. 6a and 6b, respectively. Based on the TUPAC
category, the isotherm is classified as an IV-type isotherm with
H3 hysteresis. The specific surface area of Mn?* Mn; *[SiO4]
Oy nanostructures is calculated at 23.595 m?/g. The pore vol-
ume and pore diameter of Mn?>" Mn; ¥ [Si04]Og nanostruc-
tures distinguished from the BJH plot are 0.041211 cm®/g
and 6.9863 nm, which implies Mn?*Mn "[Si04]Os meso-
porous structures.

The optical absorption of Mn?" Mn3 "[Si0,4]Og nanostruc-
tures is investigated using diffuse reflectance spectroscopy
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Fig. 3 FESEM images of Mn?* Mng "[Si0,]Oy in three different sonication times (a and b) 5 min, (c and d) 7 min, and (e and f) 10 min

with 40 W sonication power.

(DRS). The optical bandgap energy is determined by the
absorbance energy and photon, which was calculated using
Tauc method utilizing the following equation:

A(hv — B.G.) = (ahv)" (12)

Where v, o, h, A, and B.G. are the frequency, absorbance,
Planck constant, material constant, and optical bandgap,
respectively. Fig. 6¢ illustrates the absorption spectrum of
Mn?" Mn} " [SiO4]Og nanostructures. The energy bandgap of
the sample is calculated at 2.52 eV by linear extrapolation of
(othv)? versus hv to zero (Fig. 6d).

Magnetization behavior of Mn?" Mn; ¥ [Si0,4]Og was mea-
sured using a vibrating sample magnetometer (VSM) at
300 k (Fig. 6e). Mn**Mn "[SiO4]Os nanostructures display
a superparamagnetic behavior. The maximum saturation mag-
netization is about 0.906 emu/g. The magnetic properties of
materials make it possible to utilize them as a new catalyst

to remove dyes from aqueous media and magnetically collect
the catalyst.

3.2. Photocatalytic activity

The behavior of Mn?*Mn2"[SiO4]Os nanostructures was
studied over the decolorization of erythrosine (ER) and eri-
ochrome black-T (EBT) under visible radiation (Scheme 2).
The degradation percentages of ER and EBT are 77.5% and
88.8%, respectively (Fig. 7a). One of the significant factors
in degradation efficiency is catalyst dosage. Increasing the cat-
alyst dosage can enhance the photocatalytic efficiency due to
increasing the surface (Rahimzade et al., 2021). Fig. 7¢c unveils
the effect of Mn?" Mng " [Si04]Og content (30, 50, and 70 mg)
on the degradation of eriochrome black-T. Therefore, the
degradation performance is improved by increasing the
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Fig. 4 FESEM images of Mn”>"Mn{ " [SiO4]Os in two different sonication powers (a and b) 60 W, and (c and d) 80 W at 5 min
sonication time.

Fig. 5 TEM images of Mn>* Mn; "[Si0,4]Og prepared in the presence of 5 min and 40 W sonication.
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amount of Mn>* Mn3 " [SiO4]Os. As a result, the degradation
percentages for 30, 50, and 70 mg Mn?" MnZ " [Si04]Oy are
82.2%, 88.8%, and 94.8%, respectively. The concentration
of organic dyes is another major aspect in their degradation.
The catalyst’s efficiency decreases as pollutant concentration
rises (Wang et al., 2022). As illustrated in Fig. 7e, eriochrome
black-T degradation was decreased by increasing its concentra-
tion. So, 70 mg Mn?" MnZ " [Si0,4]Og nanostructure degraded
94.8%, 91.3%, and 84.8% of 10 ppm, 15 ppm, and 20 ppm
of eriochrome black-T. The photocatalytic efficiency decreases

with the increase in pollutant concentration because when
there are more pollutants present, they compete for the avail-
able active sites on the photocatalyst surface. This reduces the
number of reactive species that can be generated and decreases
the overall efficiency of the process. Additionally, at higher
pollutant concentrations, there may be a saturation effect
where all available active sites are already occupied, and fur-
ther pollutant molecules cannot be adsorbed or degraded effi-
ciently. Furthermore, the Langmuir-Hinshelwood reaction was
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Fig. 8 Effect of different pH
erythrosine, respectively.

media, scavengers, and

used to determine the possible reaction rate constant (k)
(Ghanbari & Salavati-Niasari, 2021).

Co
In(=22) =
n(c> kt

Cp and C are the primary concentration, and concentration
at t time, respectively. k is the Pseudo-first order rate constant
(min~') and is determined by linear correlations between reac-
tion time and In(Cy/C). The highest performance is attained in
a bigger reaction rate constant, as shown in Fig. 7b, 7d, and 7f.
The effect of the pH of the solution was studied on the removal
efficiency of EBT and ER (Fig. 8a and 8b). The degradation
efficiency of EBT in acidic (pH = 4), neutral (pH = 7), and
alkaline (pH = 9) media was about 94.8%, 82.2%, and
60.4%, respectively (Fig. 8a). Besides, the degradation rate
of ER in acidic (pH = 4), neutral (pH = 7), and alkaline
(pH = 9) media of EBT was about 77.5%, 67.9%, and
44.4%, respectively (Fig. 8b). These data demonstrated that
the most increased efficiency was at acidic media (pH = 4).
The catalyst’s surface becomes positively charged at low pH
levels, which can improve how well it interacts with dye mole-

(13)

100
b) —-pH=4 77.5%
—@-pH=7 67.9%
. 80 ——pH=9 44.4%
S
o
2 60
kS|
5
S 40
2
]
20
0
0 30 60 90 120
Time (min)
d) 100
—+—No scavenger 77.5 %
g0 |—=—EDTA 54.5% -
9 —+—=BA 74.1 % o -
g 60 |=<=BQ 21.9% /
g
S 40
(=3
3
A
20
0F
0 30 60 90 120
Time (min)
f) so I .
I
- I I
= 60
=]
2
S 40
= 71.5 74.5
= e 66.6 633
3
A 20
0
1 2 3 4 5
Number of cycles

recyclability of Mn?*Mn3 "[SiO4]Og over (a, c, and e) EBT, (b, d, and f)

cules that are negatively charged. Higher degradation rates
may occur as a result of greater dye molecule adsorption on
the catalyst surface. On the other hand, the catalyst and dye
molecules both acquire a negative charge at high pH levels.
Lower degradation rates may result from less contact and
adsorption between them (Yousefzadeh et al., 2022). Table 2
compared the photodegradation of different semiconductor
compounds. As seen in this table, Mn?* Mn "[SiO4]Og can
compete with other semiconductor photocatalysts. We can
nominate Mn?* Mn? "[SiO4]Og as a novel catalyst for the
water purification process.

The active species were scrutinized to comprehend the
mechanism of the photocatalytic process. The most likely
active species implicated in the photodegradation of organic
pollutants are superoxide radical anion (e0O3), holes (h™),
and hydroxyl radicals (¢OH) (Kadam et al., 2017). Benzoic
acid (BA), EDTA, and 1,4-Benzoquinone (BQ) were intro-
duced as scavengers for «OH, h™, and O3, respectively, to
determine which active species are more in charge of the degra-
dation of EBT and erythrosine in the photocatalytic reaction.
(Cui et al., 2021). Fig. 8c and 8d obviously demonstrate that
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Table 2 Comparison of Photocatalytic performance of different silicate compounds.

Catalyst Bandgap Solution Highest Dye Catalyst Source of light/  Ref.
V) pH degradation concentration dosage (g/mL) Time (min)
(o) (ppm)
MSO 2.52 4 94.8 (EBT) 10 0.007/50 visible/120 This work
Mg,Si0,  3.38 3 82 (Acid 20 0.005/200 UVv/90 (Moshtaghi et al., 2021)
Brown)
Co,Si0, 3.3 7 95 (Acid 10 0.04/40 UV/120 (Bayat et al., 2016)
Brown)
PbSiO; 3.38 7 100 (Reactive 5 0.05/50 UV/80 (Haghjoo, Sangsefidi, &
Red 120) Salavati-Niasari, 2017)
AgeSi-0; 1.6 7 90 (Methylene 10 0.05/100 Vis/120 (Wang & Wu, 2021)
Blue)
Pb,SiO4 33 7 52 (Reactive 10 0.04/40 uv/75 (Haghjoo et al., 2018)
Orangel6)
Mn;SiO;, 3.15 8 89 (Methyl 5 0.05/50 uvy/4s (Haghjoo, Sangsefidi,
Violet) Hashemizadeh, et al., 2017)
AgSio/ 13 7 99 (Methylene 10 0.02/50 Vis/70 (Cao et al., 2017)
Ag,CO; Blue)
AgeSi-07/ 1.58 7 95 (Methylene 10 0.05/100 Vis/120 (Wang & Wu, 2021)
CNT; Blue)
the highest photocatalytic degradation of EBT and erythrosine ¢0,” + H" + ¢~ —HOOe (23)
occurred without using a scavenger. Nevertheless, the gener-
ated active species would interact favorably with scavengers HOOe+ H,O —eOH + H,O, (24)
and prevent EBT and erythrosine from degrading through
photosynthesis. When EDTA and BA are applied as a scav- hygt + EBT — oxidation products (25)

enger, the photodegradation of EBT and erythrosine is not sig-
nificantly deteriorated. This phenomenon indicates that ¢OH
and h™ are not affecting the primary active species in the pho-
tocatalytic procedure. BQ significantly reduces degradation
efficiency indicates that €O, was an active species. The scav-
enger tests reveal that eO; are the most radicals involve in
the degradation of EBT and erythrosine. As indicated in
Fig. 8¢ and 8f, the fabricated Mn> " MnZ " [Si04]Og nanostruc-
tures did not display a considerable loss in efficiency after five
cycles. The degradation efficiency dropped from 88.8% to
73.9% for EBT and 77.5% to 63.3% after five cycles. There-
fore, Mn>* Mn " [SiO4]Og revealed high recyclability.

The following is a description of the reactions that took
place on the catalyst surface and led to the decolorization of
EBT (Konstantinou & Albanis, 2004) (Scheme 2):

MSO + hv(UV) — MSO (ecs™ + hyp) (14)
MSO (hyg*) + H,O — MSO + H* + OHe (15)
MSO (ecp ™) + O — MSO + Oye™ (16)
2H* + 0, —H,0, (17)
H,0, + ¢~ —OH™ + OH (18)
h* + OH™ —eOH (19)
h* + H,0 — H* + ¢OH (20)
e + 0, —e0, (1)

O,e~ + H* —HO,e (22)

eOH + EBT — degradation products (e.g., CO,, H,O, H,)

(26)

ecg + EBT — reduction products (27)

Besides, the bandgap energy (B.G.) of a semiconductor can

be calculated by the following equations (Salari &
Kohantorabi, 2021; Salari & Zahiri, 2022)

ECB = EVB - BG (29)

In which, X, E°, and B.G. are the absolute electronegativity
of the semiconductor, the free energy of electron in hydrogen
scale (about 4.5¢V), and the bandgap energy, respectively.
For Mn®>" MnZ "[Si04]Os, the values of Xis 2.526 V. The
measured B.G. of Mn?>" Mn; ¥ [Si0,4]Os is 2.52 eV. The valence
band, and conduction band energies are —0.713 eV, and
—3.233 eV, respectively.

4. Conclusions

Mn?* Mng T[Si04]Og were profitably fabricated time using a quick and
low-cost sonochemical technique. The influence of sonication power
and time of was evaluated on the uniformity, shape, structure, and size
of Mn?*Mn} "[Si0,4]Os nanostructures. According to the DRS data,
this compound has an appropriate bandgap (2.52 eV) in the visible
region. The photocatalytic behavior of Mn?"Mn?*[Si04]0¢ nanos-
tructures exhibited that this compound has high potential in the
destruction of organic dyes, so, 70 mg Mn>*Mni " [Si04]Os can
degrade 94.8% of 10 ppm eriochrome black T under visible light.
The kinetics study showed that a higher rate constant belongs to the
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highest photocatalytic performance (k = 0.0217 min~"). The scav-
enger experiment indicated that superoxide radicals performed a major
role in the photocatalysis process.
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