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Te removal of organic pollutants has become an increasingly important environmental concern. In recent years, there has been
signifcant research into the use of nanomaterials for removing organic dyes in single-component systems. In this study, magnetic
mesoporous silica nanoparticles (magnetic MSNs) were prepared with an average particle size of 170 nm. Iron oxide nanoparticles
(20 nm) were embedded within the mesoporous silica structure. Tese nanoparticles were functionalized with amine, derivatized
with thiol, and then reacted with 5,5′-dithiobis-(2-nitrobenzoic acid) (DTNB). Te presence of DTNB molecules attached to the
surface was confrmed by FTIR spectra, as evidenced by the appearance of peaks at ∼1528 cm−1 and ∼1365 cm−1. Te nano-
adsorbents demonstrated high removal efciency for bromothymol blue (BT) and methyl orange (MO) at a pH below 5, with
a maximum adsorption capacity of 139.27mg/g and 101.62mg/g for BT and MO, respectively. Te linear regression coefcient
value suggested that the adsorption of BT and MO onto magnetic MSNs-DTNB followed the Langmuir isotherm and second-
order process. Overall, these fndings suggest that magnetic MSNs-DTNB could be a promising nanoadsorbent for removing
organic pollutants from contaminated water sources.

1. Introduction

Te signifcant advancement of industry worldwide has
resulted in the discharge of numerous forms of contami-
nants, including organic dyes, into the water. Te conse-
quences of this are adverse impacts on both the natural
surroundings and human well-being [1–5]. Dyes are released
into the environment from various sources such as industrial
processes, textile manufacturing, and domestic activities
such as laundry and cloth dyeing. Tese pollutants can harm
aquatic life, decrease water quality, and pose a risk to human
health when discharged into water [6, 7]. Most organic dyes
are toxic and nonbiodegradable [8, 9]. Hence, it is necessary
to dispose of them from wastewater before discharging them
into water bodies and must be removed from wastewater
before it can be discharged into waterways.

Researchers have focused on developing processes to
remove organic dyes from wastewater. Various methods

encompassing physical, chemical, and biological approaches
have been devised to remove dyes from contaminated water.
Physical techniques employ sorbents to extract dyes from
water. Chemical techniques include coagulation/foccula-
tion, oxidation, and ion exchange. Biological techniques
utilize microorganisms to break down or modify the dyes
into less harmful substances [10–15]. Adsorption is regarded
as an economical and highly efective process for eliminating
organic dyes from polluted water [16, 17]. Diferent mate-
rials have been used as adsorbents, such as metal-organic
frameworks (MOFs) [18], activated carbon (AC) [19], metal-
doped porous carbon materials [20], bioadsorbent [21], and
mesoporous materials [22, 23].

Mesoporous silica nanoparticles (MSNs) have been
developed as new inorganic materials for various applica-
tions, including environmental applications, due to their
large specifc surface area, pore volume, and high chemical
and thermal stability. Diferent types of MSNs can be
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synthesized based on the pore and particle size, surface area,
and preparation method. For example, MCM-41 and
MCM-48 are characterized by a 3-dimensional cubic pore
structure, which can usually be prepared in basic media in
the presence of an ionic template [24, 25]. SBA-15 particles
have a similar hexagonal structure toMCM-41, which can be
prepared using an amphiphilic block copolymer under
acidic conditions [26, 27].

Magnetic mesoporous silica nanoparticles (magnetic
MSNs) are a class of nanomaterials that consist of a core of
iron oxide coated with a porous shell of silica. Iron oxide
nanoparticles (Fe3O4 NPs) are characterized by their strong
magnetic properties, high specifc surface area, low toxicity,
and high biocompatibility [28–31]. Despite these advan-
tages, several disadvantages have been noticed in magnetic
nanoparticles, such as aggregation and oxidation in air,
which limit their use [32]. To overcome these drawbacks,
coating magnetic NPs with a silica shell can enhance their
stability and prevent their aggregation [33, 34]. Magnetic
MSNs have attracted great interest and signifcant use in
a number of felds, such as biomedicine [35, 36], drug de-
livery [37], sensing [38], stimulation [39], separation [40],
printing [41], and water treatment [42]. Magnetic MSNs can
be used as adsorbent materials to remove dyes due to their
unique characteristics, such as high surface areas and ease of
separation using an external magnetic feld [43]. However,
the use of unmodifed surface MSNs is limited in applica-
tion, and therefore, it is necessary to modify the surface of
MSNs to increase their adsorption capacity and stability.
Modifcation of surface MSNs with diferent polymers
[44, 45] or functional groups, such as thiol [46], sulfonic acid
[22, 47], carboxylic acids [48], and amino acid [49–51], could
increase the adsorption capacities. For instance, MSNs
modifed with cysteine (MSN-Cys) were prepared as
a nanosorbent to remove MB from an aqueous solution at
diferent pH. Te adsorption isotherm was ftted with the
Freundlich model, and the kinetics of MB adsorption on
MSN-Cys was found to ft a pseudo-second-order kinetic
model, with an adsorption capacity of 140mg/g [49]. Beagan
developed a nanosorbent by coating Fe3O4 NPs with MSNs
and modifed with aspartic acid via a hydrophobic linker to
efectively remove MB dye from contaminated water, and
the maximum adsorbed amount of MB was estimated to be
135mg/g at 200mg/L MB concentration and 80minutes’
contact time [52]. Magnetic MSNs modifed with poly(2-
methacryloyloxy) ethyl trimethylammonium chloride brush
were found to be highly efcient in removing MO and
bromothymol blue (BT) dyes from contaminated water, with
a removal efciency of 100% at 100 ppm and unafected
adsorption performance by pH. Tey could be a promising
sorbent for the removal of other pollutants from water and
wastewater [53].

Due to the intricate structure of dye molecules, it is crucial
to remove multiple toxic dyes from contaminated water.
Tus, this study aims to develop a material that employs
magnetic mesoporous silica nanomaterial modifed with 5,5′-
dithiobis-(2-nitrobenzoic acid) (DTNB) to efectively elimi-
nate toxic dyes from aqueous solutions (Scheme 1). Te
synthesis process involved the co-precipitation of ferric and

ferrous salts to generate iron oxide nanoparticles. A meso-
porous silica shell was then coated on the Fe3O4 core using
tetraethyl orthosilicate (TEOS) as the source of silica and
cetyltrimethylammonium bromide (CTAB) as the template.
Te surface of MSNs was subsequently modifed with amine,
followed by a reaction with ethylene sulfde and DTNB. Te
study investigated the impact of various parameters, such as
contact time, pH, and initial dye concentration, on the ad-
sorption efciency of ionic dyes (bromothymol blue (BT) and
methyl orange (MO)). Adsorption isotherms and kinetic
models were employed to ft the experimental data.

2. Materials and Methods

2.1.Materials. Hexane (HPLC grade), ammonium hydroxide
(NH4OH, 28 wt%), cetyltrimethylammonium bromide
(CTAB, 98%), 3-aminopropyltriethoxysilane (APTES,
>98%), ammonium nitrate (NH4NO3, 99%), ethylene sulfde
(98%), ethanol (HPLC grade), methanol (HPLC grade),
tetraethyl orthosilicate (TEOS, 98%), methyl orange (MO,
85%), and bromothymol blue (BT, 95%) were purchased
from Sigma-Aldrich, Germany. Ferric chloride (99%) and
ferrous chloride (99%) were obtained from Loba Chemie,
India. Ellman’s reagent (5,5′-dithiobis(2-nitrobenzoic acid)
(DTNB)) was acquired from vwr, England. Hydrochloric
acid (HCl, 36%) was purchased from Fisher Scientifc. All
chemicals and reagents were used as received.

2.2. Synthesis of Magnetic Mesoporous Nanoparticles (Mag-
neticMSNs). For the preparation of iron oxide nanoparticles
(Fe3O4-NPs), 50mL of ferric chloride solution (0.98M) was
mixed with 50mL of ferrous chloride solution (0.82M).
Ten, the ammonium hydroxide (30mL, 28 wt%) was added
to the solution under N2 gas and stirred at 85°C for 20min.
Te Fe3O4-NPs were collected by fltration then washed for
fve times with deionized water and ethanol [54].

To prepare magnetic mesoporous nanoparticles, 0.5 g of
Fe3O4-NPs were suspended in 200mL deionized water. Ten,
0.8 g of CTAB was added to the suspension, followed by the
addition of 10mL of ammonia water at 45°C. A mixture of n-
hexane (14mL) and TEOS (6mL) solutions was added to the
suspension. After 15 h, the solid was separated by fltration
and washed fve times with water and ethanol [55].

To extract the template, magnetic mesoporous nano-
particles were suspended in a solution of ammonium nitrate/
ethanol (8mg/mL). Te mixture was stirred at 75°C for 6 h.
Magnetic MSNs were separated and washed with ethanol
four times [55].

2.3. DTNB-Modifed Magnetic Mesoporous Silica (Magnetic
MSNs-DTNB). Dried Fe3O4-MSNs were suspended in
a mixture of APTES (0.3mL) and methanol (50mL). Ten,
the mixture was heated under refux for 15 h under stirring.
Magnetic MSNs-NH2 were separated and washed six times
with methanol and dried at 80°C for 3 h [55].

Magnetic MSN-NH2 WAS suspended in 40mL ethanol,
followed by the addition of ethylene sulfde (0.5mL). Te
reaction mixture was stirred for 24 h. Te sample was
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separated and washed with ethanol fve times. Te sample
was dried at 80°C for 3 h [56].

Tiol functionalized magnetic nanoparticles were sus-
pended in 50mL aqueous solution (0.1mM) of freshly
prepared Ellman’s reagent and left under stirring for 2 h.Te
sample was separated by centrifugation and washed with
distilled water and ethanol fve times. Finally, the magnetic
MSNs-DTNB were dried at 80°C for 3 h [57, 58].

2.4. Characterization andMeasurement. Topological images
of Fe3O4 embedded in mesoporous silica nanoparticles were
obtained from SEM (JEOL JSM-6380 LA, Japan) and TEM
(JEOL JEM-1230, Japan). FTIR spectroscopy (Termo Sci-
entifc Nicolet IS10, USA) was utilized in the range
4000–400 cm−1 to identify the chemical functional group of
the nanoparticles. TGA analyzer (SII TGA 6300 thermog-
ravimetry analyzer, Japan) was utilized with a heating rate
10°C/min. UV-vis spectrophotometer (Shimadzu UV-2600,
Japan) was utilized in the adsorption study.

2.5. Dyes Adsorption Study. Te adsorption study of ionic
dyes onto magnetic MSNs-DTNB adsorbent was examined
by varying initial concentrations of dyes, pH, and contact
time. First, 500 ppm stock solutions of the dyes were pre-
pared in the volumetric fask at diferent pH values. Ten,
the required volume of the stock solution was transferred to
100mL volumetric fask then flled the fask to the line with
DI water, making the standards by diluting the stock so-
lution. At least 5 concentrations were taken and evaluated by
UV-vis spectrophotometer to have a good calibration curve
with a linear regression coefcient (R2) value closed to 1.

Te synthesized nanoparticles (10mg) were added to
10mL at diferent concentration of dyes solution and shaken
at 200 rpm/min at room temperature. Te adsorbent was
separated by a centrifuge, and fltrates were evaluated by
UV-vis spectrophotometer. Te adsorption capacity was
calculated by the following expression:

qe �
Co − Ce( 􏼁V

m
. (1)

Te adsorption capacity at equilibrium (mg/g) repre-
sented by qe, while Co and Ce, respectively, refers to the initial
concentration of dyes (mg/L) and the dye concentration at
equilibrium (mg/L). V and m denote the volume of the
contaminated solution (L) and the quantity of nanoparticles
(g), correspondingly.

2.6. Adsorption Isotherms. Te adsorption isotherm helps in
understanding the relationship between the amounts of dyes
on the surface of nanoparticles to its concentration. Te
most popular models for analyzing the adsorption behavior
of the nanoparticles are Freundlich and Langmuir adsorp-
tion isotherm models.

Langmuir’s model assumes that the dye will be deposited
on the surface of the nanoparticles in the form of a mono-
layer, and that the dye molecules will not interact with each
other. Te linear form of the Langmuir isotherm can be
defned by the following equation:

Ce

qe

�
1

qmKl

+
Ce

qm

, (2)

where Ce and qe describe the equilibrium concentration of
dyes (mg/L) and the adsorption capacity at equilibrium(mg/
g), respectively. qm describes the maximum adsorption ca-
pacity of dyes onto the nanomaterials (mg/g). kl describes
the Langmuir constant representing the afnity of binding
sites (L/mg).

Freundlich isotherms show that the adsorption of dye is
multilayered on heterogeneous surfaces. Te Freundlich
model isotherm can be defned by the following equation:

log qe �
1
n
logCe + logKF, (3)
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Scheme 1: Schematic representation of the synthesis route of magnetic MSNs-DTNB.
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where 1/n defned as the adsorption intensity and surface
heterogeneity, and KF describes the Freundlich adsorption
constant ((mg/g)/(mg/L)1/n).

2.7. Adsorption Kinetics. Te adsorption kinetics of the dyes
onto nanomaterials was evaluated by using pseudo-frst-
order and pseudo-second-order equations, respectively.

log qe − qt( 􏼁 � log qe( 􏼁 −
K1

2.303
t, (4)

t

qt

�
1

K2qe
2 +

1
qe

t, (5)

where qt (mg/g) is the adsorption capacity at time t. K1 (L/
min) and K2 (g/mg·min) are the rate coefcient of pseudo-
frst-order and pseudo-second-order, respectively.

3. Results and Discussion

Te morphological structure of surface-modifed nano-
particles (magnetic MSNs-DTNB) was determined using
SEM and TEM, as shown in Figure 1. As illustrated in
Figure 1(a), magnetic MSNs-DTNB were almost spherical in
shape, with a size ranging between 145 nm and 260 nm. Te
TEM image of the sample showed a dark spot in the middle
of the magnetic MSNs-DTNB, which was related to iron
oxide nanoparticles with an average particle size of 20 nm
(Figure 1(b)). Furthermore, the magnetic MSNs-DTNB
revealed a mesoporous structure, with an average pore
size of 5 nm, as estimated from the TEM image. No sig-
nifcant diference in the particle size was observed between
the SEM and TEM images.

To identify the organic molecules attached to the surface
of the nanoparticles, the FTIR technique was used. As shown
in the FTIR spectra in Figure 2, the broad peaks at
1250–1050 cm−1 and 810 cm−1 were attributed to the silicon-
oxygen band stretching of the silica network. Te FTIR
spectra of magnetic MSNs with CTAB showed two peaks at
∼2900 cm−1 and ∼1430 cm−1, which were assigned to the C-
H stretching mode of CTAB molecules [14, 59]. After the
extraction process, the peaks at ∼2900 cm−1 and ∼1430 cm−1

disappeared, indicating the successful removal of CTAB
from MSNs. Peaks at ∼2950 cm−1 were noticed in the FTIR
of magnetic MSNs-NH2 andmagnetic MSNs-SH assigned to
the C-H stretching mode of the organic layer. After the
reaction with DTNB, new peaks appeared at ∼1528 cm−1 and
∼1365 cm−1, which could be attributed to the nitro group
stretches of DTNB molecules.

Te TGA analysis was applied to investigate the weight
loss of the fabricated magnetic nanoparticles, as shown in
Figure 3. Te weight loss in the CTAB-free magnetic MSNs
sample was ca. 8% at 500°C, indicating the presence of traces
of the template and ethoxy groups from TEOS. Amino-
propyl groups attached to magnetic MSNs showed a weight
loss of around 10% at ca. 250°C. Tere was no signifcant
diference in weight loss when the particles reacted with
ethylene sulfde. However, magnetic MSNs-DTNB illus-
trated weight loss of 20% at ca. 260°C. Te gradual increase

in the weight loss confrmed the successful surface modi-
fcation of the magnetic MSNs.

Te elemental analysis technique provided additional
support for the incorporation of amine in the magnetic
MSN, as well as the successful reactions with ethylene sulfde
and DTNB. To quantify the amount of organic material
attached to the nanoparticle surfaces, the CHN analysis was
performed on Fe3O4-MSNs, Fe3O4-MSNs-NH2, Fe3O4-
MSNs-SH, and Fe3O4-MSNs-DTNB, and the results are
presented in Table 1. Te carbon and nitrogen concentra-
tions in the functionalized samples were higher compared to
the nanomodifed sample, indicating that the particles were
successfully functionalized. Te Fe3O4-MSNs-NH2 had an
increase of approximately 7.16% in carbon concentration
and 2.62% in nitrogen concentration. Te same increase was
observed for the Fe3O4-MSNs-SH sample, with an additional
increase in sulfur concentration, which suggests that MSN
successfully reacted with amine and ethylene sulfde. Since
Fe3O4-MSNs-NH2 structure does not naturally contain these
elements, the increase in both carbon and nitrogen con-
centrations indicates successful functionalization. After
DTNB attachment, the carbon and nitrogen concentrations
further increased, confrming the success of the loading
process.

To investigate the efect of pH on the removal efciency
of BT and MO, diferent pH values between 3 and 9 were
selected at contact time 3 h 25°C and 100 ppm. Figure 4
shows the removal efciency of all dyes by magnetic MSNs-
NH2 and magnetic MSNs-DTNB. It was observed that both
nanoadsorbents have ca. 100% removal efciency towards
removing BT and MO at pH values below 3. Magnetic
MSNs-DTNB has ca. 85% removal efciency towards re-
moving BTand MO at pH 5, whereas magnetic MSNs-NH2
has ca. 100% at the same conditions. Both nanoadsorbents
have removal efciency ranged between 45 and 60% to-
wards removing BT and MO at pH values above 7. In
addition, the efects of initial dye concentrations on the
removal efciency of both dyes were examined under
a pH value of 3. Te fndings are illustrated in Figure 4(c).
When the initial dye concentration was below 100mg/L,
the decontamination efciency did not show a signifcant
change as the concentration increased from 25mg/L to
100mg/L. However, as the initial dye concentration rose
from 100mg/L to 150mg/L, the removal efciency grad-
ually declined.

Langmuir and Freundlich’s isotherms have been used to
model the experimental adsorption data obtained at pH 5, as
shown in Figure 5, and the isotherm parameters are pre-
sented in Table 2. Te adsorption of BT and MO onto
magnetic MSNs-NH2 and magnetic MSNs-DTNB followed
the Langmuir isotherm better than Freundlich’s isotherm as
indicated by the linear regression coefcient (R2) value. Te
Langmuir model describes the formation of a monolayer of
the organic dyes onto the surface of the adsorbents. Te
maximum adsorption capacity of BTandMO onto magnetic
MSNs-NH2 was found to be 115.13mg/g and 68.92mg/g,
respectively, whereas the maximum adsorption capacity of
BT and MO onto magnetic MSNs-NH2 was found to be
139.27mg/g and 101.62mg/g, respectively.
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Figure 1: Topological images of Fe3O4 embedded in mesoporous silica nanoparticles: (a) SEM and (b) TEM.
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Figure 2: FTIR spectra of the synthesized nanomaterials: (a) magnetic MSNs with CTAB, (b) CTAB-free magnetic MSNs, (c) magnetic
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Te efect of time on the removal efciency of BT and
MO has been investigated at diferent exposure time, as
shown in Figure 6. Te removal efciency increased grad-
ually as the exposure time increased. No signifcant difer-
ence in the BT removal between magnetic MSNs-NH2 and
magnetic MSNs-DTNB. Te maximum adsorption was
obtained after 15min exposure time. Magnetic MSNs-
DTNB showed better adsorption capacity than magnetic
MSNs-NH2 for removing MO. Te removal efciency was
ca. 100% in 15min after contact time for magnetic MSNs-
DTNB, whereas the removal efciency was ∼65% for
magnetic MSNs-NH2.

Pseudo-frst-order and pseudo-second-order kinetic
models were used to determine the adsorption mechanism
of BT and MO onto magnetic MSNs-NH2 and magnetic
MSNs-DTNB. Figure 7 illustrates the plot curves of the
adsorption data ftted with Pseudo-frst-order and pseudo-
second-order models. Table 3 shows the pseudo-frst-order
and pseudo-second-order kinetic models’ constants for the
adsorption of BT and MO by magnetic MSNs-NH2 and
magnetic MSNs-DTNB at 25°C. In both systems, the R2

values for the frst-order model were not high, as well as the
estimated values of qe from the model were diferent from
the experimental values, suggesting that this model is not

Table 1: CHN elemental analysis data for carbon, nitrogen, and hydrogen obtained from samples: Fe3O4-MSNs, Fe3O4-MSNs-NH2, Fe3O4-
MSNs-SH, and Fe3O4-MSNs-DTNB.

Materials C (%) N (%) H (%) S (%)
Fe3O4-MSNs 1.94 0.04 0.43 0.01
Fe3O4-MSNs-NH2 7.16 2.62 2.95 0.04
Fe3O4-MSNs-SH 9.38 2.91 3.73 1.88
Fe3O4-MSNs-DTNB 13.26 4.07 4.42 1.53
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Figure 4: (a)Te efect of pHmedia on the removal efciency of BTandMO bymagneticMSNs-NH2 at contact time 3 h, 25°C and 100 ppm.
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appropriate to describe this adsorption process. When the
experimental data was ftted with pseudo-second-order
model, the R2 values were nearly 1 and the calculated qe

were close to the experimental value, suggesting that the
adsorption process in both systems followed the pseudo-
second-order kinetic model.

Table 2: Langmuir and Freundlich isotherm parameters for the adsorption of BT and MO by magnetic MSNs-NH2 and magnetic
MSNs-DTNB at contact time 3 h and 25°C.

Material Dye
Langmuir isotherm model Freundlich isotherm model

qmax (mg/g−1) KL (L/mg−1) R2 n (L/mg−1) K (mg/g−1) R2

Magnetic MSNs-NH2
BT 115.13 0.008 0.993 2.83 37.23 0.518
MO 68.93 0.014 0.996 4.07 25.12 0.811

Magnetic MSNs-DTNB BT 139.27 0.007 0.979 2.24 39.85 0.701
MO 101.62 0.010 0.995 2.89 29.55 0.714
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Figure 5: (a) Langmuir isotherm for the adsorption of BT and MO by magnetic MSNs-NH2 and magnetic MSNs-DTNB at 25°C. (b)
Freundlich isotherm for the adsorption of BT and MO by magnetic MSNs-NH2 and magnetic MSNs-DTNB at contact time 3 h and 25°C.
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Te performance of fabricated nanoparticles toward
removing BTand MO compared to other materials reported
in the literature is illustrated in Table 4. It can be seen that
magnetic MSNs-DTNB shows reasonable capacity which
can be used as a good and inexpensive nanoadsorbent for
organic dyes from contaminated water.

4. Conclusions

In this work, magnetic MSNs were prepared with an average
size of 170 nm, with 20 nm Fe3O4 NPs embedded in MSPs’
structure as determined by SEM and TEM images. Te pore

size of magnetic MSNs was estimated from the TEM image
to be ca. 5 nm. After surface modifcation with amine, thiol
groups were introduced to the surface via the reaction be-
tween amine and ethylene sulfde and reacted with 5,5′-
dithiobis-(2-nitrobenzoic acid). FTIR spectra confrmed the
successful attachment of DTNB molecules by appearance of
peaks at ∼1528 cm−1 and ∼1365 cm−1. Te nanoadsorbents
showed high removal efciency towards removing BT and
MO in acidic media. Te percent adsorption of the adsor-
bent obtained was ca. 98% for both dyes at pH 3.0, the
contact time was 2 h, and adsorbent dose was 10mg. Te
maximum adsorption capacity by magnetic MSNs-DTNB
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Figure 7: (a) Pseudo-frst-order kinetics for the adsorption of BTandMO by magnetic MSNs-NH2 and magnetic MSNs-DTNB at 25°C. (b)
Pseudo-second-order kinetics for the adsorption of BT and MO by magnetic MSNs-NH2 and magnetic MSNs-DTNB at 25°C.

Table 3: Pseudo-frst-order and pseudo-second-order kinetic models’ constants for the adsorption of BTand MO by magnetic MSNs-NH2
and magnetic MSNs-DTNB at 25°C.

Material Dye
Pseudo-frst order Pseudo-second order

qe (mg/g−1) k1 (min−1) R2 qe (mg/g−1) k2 (g.g−1/min−1) R2

Magnetic MSNs-NH2
BT 6.68 0.015 0.755 120.37 0.003 0.999
MO 8.25 0.009 0.920 85.54 0.0013 0.999

Magnetic MSNs-DTNB BT 7.14 0.022 0.954 132.35 0.0015 0.998
MO 7.53 0.013 0.832 104.36 0.002 0.999

Table 4: Comparison of adsorption capacities of BT and MO dyes onto diferent adsorbents.

Adsorbent Dye qe (mg/g−1) References
Zeolites (S-1) BT 17 [60]
Latvian sphagnum peat moss BT 18 [61]
PMPC/BNC_2 nanocomposite MO 4.5 [62]
Chitosan was coupled with succinimide (Ch/Su) MO 10 [63]
Orange and lemon peels-derived activated carbon MO 33 [64]
MoSe2 microspheres MO 37 [65]
ZnO-NPs MO 65 [66]
Powder activated charcoal-supported TNTs (TNTs@PAC) MO 107 [67]
Magnetic MSNs-DTNB BT 139 In this work
Magnetic MSNs-DTNB MO 102 In this work
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was obtained 139.27mg/g (BT) and 101.62mg/g (MO). Te
equilibrium data have been analyzed by Langmuir and
Freundlich isotherm models. Te linear regression co-
efcient value suggested that the adsorption of BT and MO
onto nanoadsorbent followed the Langmuir isotherm
among the tested models and second-order process. Tese
fndings suggested that the fabricated nanoadsorbents could
be used to toxic ionic dyes from contaminated water
efectively.
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[6] B. Lellis, C. Z. Fávaro-Polonio, J. A. Pamphile, and
J. C. Polonio, “Efects of textile dyes on health and the en-
vironment and bioremediation potential of living organisms,”
Biotechnology Research and Innovation, vol. 3, no. 2,
pp. 275–290, 2019.

[7] R. Al-Tohamy, S. S. Ali, F. Li et al., “A critical review on the
treatment of dye-containing wastewater: ecotoxicological and
health concerns of textile dyes and possible remediation
approaches for environmental safety,” Ecotoxicology and
Environmental Safety, vol. 231, Article ID 113160, 2022.

[8] Z. Aksu, “Application of biosorption for the removal of or-
ganic pollutants: a review,” Process Biochemistry, vol. 40,
no. 3-4, pp. 997–1026, 2005.

[9] J. Yun, Y. Wang, Z. Liu, Y. Li, H. Yang, and Z. L. Xu, “High
efcient dye removal with hydrolyzed ethanolamine-
Polyacrylonitrile UF membrane: rejection of anionic dye
and selective adsorption of cationic dye,” Chemosphere,
vol. 259, Article ID 127390, 2020.

[10] M. D. Khan, A. Singh, M. Z. Khan, S. Tabraiz, and J. Sheikh,
“Current perspectives, recent advancements, and efciencies
of various dye-containing wastewater treatment technolo-
gies,” Journal of Water Process Engineering, vol. 53, Article ID
103579, 2023.

[11] S. Dutta, B. Gupta, S. K. Srivastava, and A. K. Gupta, “Recent
advances on the removal of dyes from wastewater using
various adsorbents: a critical review,” Materials Advances,
vol. 2, no. 14, pp. 4497–4531, 2021.

[12] Y. Yang, Y. Li, R. Mao et al., “Removal of phosphate in
secondary efuent from municipal wastewater treatment
plant by iron and aluminum electrocoagulation: efciency and
mechanism,” Separation and Purifcation Technology, vol. 286,
Article ID 120439, 2022.

[13] A. K. Badawi and K. Zaher, “Hybrid treatment system for real
textile wastewater remediation based on coagulation/foccu-
lation, adsorption and fltration processes: performance and
economic evaluation,” Journal of Water Process Engineering,
vol. 40, Article ID 101963, 2021.

[14] P. N. Diagboya and E. D. Dikio, “Scavenging of aqueous toxic
organic and inorganic cations using novel facile magneto-
carbon black-clay composite adsorbent,” Journal of Cleaner
Production, vol. 180, pp. 71–80, 2018.

[15] P. N. Diagboya, B. I. Olu-Owolabi, D. Zhou, and B.-H. Han,
“Graphene oxide–tripolyphosphate hybrid used as a potent
sorbent for cationic dyes,” Carbon, vol. 79, pp. 174–182, 2014.

[16] X. Li, L. Zhang, Z. Yang, P. Wang, Y. Yan, and J. Ran,
“Adsorption materials for volatile organic compounds
(VOCs) and the key factors for VOCs adsorption process:
a review,” Separation and Purifcation Technology, vol. 235,
Article ID 116213, 2020.

[17] T. C. Costa, L. T. Hendges, B. Temochko et al., “Evaluation of
the technical and environmental feasibility of adsorption
process to remove water soluble organics from produced
water: a review,” Journal of Petroleum Science and Engi-
neering, vol. 208, Article ID 109360, 2022.

[18] C. Du, Z. Zhang, G. Yu et al., “A review of metal organic
framework (MOFs)-based materials for antibiotics removal
via adsorption and photocatalysis,” Chemosphere, vol. 272,
Article ID 129501, 2021.

[19] Z. Anfar, H. Ait Ahsaine, M. Zbair et al., “Recent trends on
numerical investigations of response surface methodology for
pollutants adsorption onto activated carbon materials: a re-
view,” Critical Reviews in Environmental Science and Tech-
nology, vol. 50, no. 10, pp. 1043–1084, 2020.

[20] W. Xiao, X. Jiang, X. Liu et al., “Adsorption of organic dyes
from wastewater by metal-doped porous carbon materials,”
Journal of Cleaner Production, vol. 284, Article ID 124773,
2021.

[21] N. S. Ali, N. M. Jabbar, S. M. Alardhi, H. S. Majdi, and
T. M. Albayati, “Adsorption of methyl violet dye onto
a prepared bio-adsorbent from date seeds: isotherm, kinetics,
and thermodynamic studies,”Heliyon, vol. 8, no. 8, Article ID
e10276, 2022.

[22] A. Beagan, K. Alotaibi, M. Almakhlaf et al., “Amine and
sulfonic acid functionalized mesoporous silica as an efective

Journal of Chemistry 9



adsorbent for removal of methylene blue from contaminated
water,” Journal of King Saud University Science, vol. 34, no. 2,
Article ID 101762, 2022.

[23] A. M. Alswieleh, “Aspartic acid-and glycine-functionalized
mesoporous silica as an efective adsorbent to remove
methylene blue from contaminated water,” Journal of
Chemistry, vol. 2022, Article ID 5375815, 14 pages, 2022.

[24] K. Khezri, H. Roghani-Mamaqani, M. Sarsabili, M. Sobani,
and S.-A. Mirshafei-Langari, “Spherical mesoporous silica
nanoparticles/tailor-made polystyrene nanocomposites by
in situ reverse atom transfer radical polymerization,” Polymer
Science-Series B, vol. 56, no. 6, pp. 909–918, 2014.

[25] R. A. Melo, M. V. Giotto, J. Rocha, and E. A. Urquieta-
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