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The removal of organic pollutants has become an increasingly important environmental concern. In recent years, there has been
significant 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. These nanoparticles were functionalized with amine, derivatized
with thiol, and then reacted with 5,5'-dithiobis-(2-nitrobenzoic acid) (DTNB). The presence of DTNB molecules attached to the
surface was confirmed by FTIR spectra, as evidenced by the appearance of peaks at ~1528cm™" and ~1365cm™". The nano-
adsorbents demonstrated high removal efficiency for bromothymol blue (BT) and methyl orange (MO) at a pH below 5, with
a maximum adsorption capacity of 139.27 mg/g and 101.62 mg/g for BT and MO, respectively. The linear regression coefficient
value suggested that the adsorption of BT and MO onto magnetic MSNs-DTNB followed the Langmuir isotherm and second-
order process. Overall, these findings suggest that magnetic MSNs-DTNB could be a promising nanoadsorbent for removing

organic pollutants from contaminated water sources.

1. Introduction

The significant advancement of industry worldwide has
resulted in the discharge of numerous forms of contami-
nants, including organic dyes, into the water. The 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. These 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/floccula-
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 effective process for eliminating
organic dyes from polluted water [16, 17]. Different 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 specific surface area, pore volume, and high chemical
and thermal stability. Different 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 to MCM-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 (Fe;04 NPs) are characterized by their strong
magnetic properties, high specific 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 significant use in
a number of fields, 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 field [43]. However,
the use of unmodified 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.
Modification of surface MSNs with different 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
modified with cysteine (MSN-Cys) were prepared as
a nanosorbent to remove MB from an aqueous solution at
different pH. The adsorption isotherm was fitted with the
Freundlich model, and the kinetics of MB adsorption on
MSN-Cys was found to fit a pseudo-second-order kinetic
model, with an adsorption capacity of 140 mg/g [49]. Beagan
developed a nanosorbent by coating Fe;O, NPs with MSNs
and modified with aspartic acid via a hydrophobic linker to
effectively remove MB dye from contaminated water, and
the maximum adsorbed amount of MB was estimated to be
135mg/g at 200 mg/L MB concentration and 80 minutes’
contact time [52]. Magnetic MSNs modified with poly(2-
methacryloyloxy) ethyl trimethylammonium chloride brush
were found to be highly efficient in removing MO and
bromothymol blue (BT) dyes from contaminated water, with
a removal efficiency of 100% at 100 ppm and unaffected
adsorption performance by pH. They 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.
Thus, this study aims to develop a material that employs
magnetic mesoporous silica nanomaterial modified with 5,5'-
dithiobis-(2-nitrobenzoic acid) (DTNB) to effectively elimi-
nate toxic dyes from aqueous solutions (Scheme 1). The
synthesis process involved the co-precipitation of ferric and
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ferrous salts to generate iron oxide nanoparticles. A meso-
porous silica shell was then coated on the Fe;O, core using
tetraethyl orthosilicate (TEOS) as the source of silica and
cetyltrimethylammonium bromide (CTAB) as the template.
The surface of MSNs was subsequently modified with amine,
followed by a reaction with ethylene sulfide and DTNB. The
study investigated the impact of various parameters, such as
contact time, pH, and initial dye concentration, on the ad-
sorption efficiency of ionic dyes (bromothymol blue (BT) and
methyl orange (MO)). Adsorption isotherms and kinetic
models were employed to fit the experimental data.

2. Materials and Methods

2.1. Materials. Hexane (HPLC grade), ammonium hydroxide
(NH,OH, 28 wt%), cetyltrimethylammonium bromide
(CTAB, 98%), 3-aminopropyltriethoxysilane (APTES,
>98%), ammonium nitrate (NH4;NO3, 99%), ethylene sulfide
(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 Scientific. All
chemicals and reagents were used as received.

2.2. Synthesis of Magnetic Mesoporous Nanoparticles (Mag-
netic MSNs). For the preparation of iron oxide nanoparticles
(Fe304-NPs), 50 mL of ferric chloride solution (0.98 M) was
mixed with 50 mL of ferrous chloride solution (0.82M).
Then, the ammonium hydroxide (30 mL, 28 wt%) was added
to the solution under N, gas and stirred at 85°C for 20 min.
The Fe;0,4-NPs were collected by filtration then washed for
five times with deionized water and ethanol [54].

To prepare magnetic mesoporous nanoparticles, 0.5g of
Fe;0,4-NPs were suspended in 200 mL deionized water. Then,
0.8 g of CTAB was added to the suspension, followed by the
addition of 10 mL of ammonia water at 45°C. A mixture of n-
hexane (14 mL) and TEOS (6 mL) solutions was added to the
suspension. After 15h, the solid was separated by filtration
and washed five times with water and ethanol [55].

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

2.3. DTNB-Modified Magnetic Mesoporous Silica (Magnetic
MSNs-DTNB). Dried Fe;O04-MSNs were suspended in
a mixture of APTES (0.3 mL) and methanol (50 mL). Then,
the mixture was heated under reflux for 15h under stirring.
Magnetic MSNs-NH, were separated and washed six times
with methanol and dried at 80°C for 3h [55].

Magnetic MSN-NH, WAS suspended in 40 mL ethanol,
followed by the addition of ethylene sulfide (0.5mL). The
reaction mixture was stirred for 24h. The sample was
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separated and washed with ethanol five times. The sample (Ca - Ce)V ()
was dried at 80°C for 3h [56]. e = o

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

2.4. Characterization and Measurement. Topological images
of Fe;0, embedded in mesoporous silica nanoparticles were
obtained from SEM (JEOL JSM-6380 LA, Japan) and TEM
(JEOL JEM-1230, Japan). FTIR spectroscopy (Thermo Sci-
entific Nicolet 1S10, USA) was utilized in the range
4000-400 cm™" 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. The 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 flask at different pH values. Then,
the required volume of the stock solution was transferred to
100 mL volumetric flask then filled the flask to the line with
DI water, making the standards by diluting the stock so-
lution. Atleast 5 concentrations were taken and evaluated by
UV-vis spectrophotometer to have a good calibration curve
with a linear regression coefficient (R?) value closed to 1.

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

The adsorption capacity at equilibrium (mg/g) repre-
sented by g., while C, and C,, 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. The adsorption isotherm helps in
understanding the relationship between the amounts of dyes
on the surface of nanoparticles to its concentration. The
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. The linear form of the Langmuir isotherm can be
defined by the following equation:

% = ; + % (2)
9e qul Im ’

where C, and ¢, describe the equilibrium concentration of
dyes (mg/L) and the adsorption capacity at equilibrium(mg/
g), respectively. g, describes the maximum adsorption ca-
pacity of dyes onto the nanomaterials (mg/g). k; describes
the Langmuir constant representing the affinity of binding
sites (L/mg).

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

1
logg, = ElogCe +logKp, (3)



where 1/n defined as the adsorption intensity and surface
heterogeneity, and Ky describes the Freundlich adsorption
constant ((mg/g)/(mg/L)"").

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

K

log(q, - q;) = log(q.) - 2'383 t, (4)
St (5)
g que2 qe

where g, (mg/g) is the adsorption capacity at time ¢. K; (L/
min) and K, (g/mg-min) are the rate coefficient of pseudo-
first-order and pseudo-second-order, respectively.

3. Results and Discussion

The morphological structure of surface-modified 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. The
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 5nm, as estimated from the TEM image. No sig-
nificant difference 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™" and 810 cm ™" were attributed to the silicon-
oxygen band stretching of the silica network. The FTIR
spectra of magnetic MSNs with CTAB showed two peaks at
~2900 cm ™" and ~1430 cm ™', which were assigned to the C-
H stretching mode of CTAB molecules [14, 59]. After the
extraction process, the peaks at ~2900 cm ™' and ~1430 cm ™"
disappeared, indicating the successful removal of CTAB
from MSNs. Peaks at ~2950 cm ™" were noticed in the FTIR
of magnetic MSNs-NH, and magnetic MSNs-SH assigned to
the C-H stretching mode of the organic layer. After the
reaction with DTNB, new peaks appeared at ~1528 cm ™" and
~1365cm™}, which could be attributed to the nitro group
stretches of DTNB molecules.

The TGA analysis was applied to investigate the weight
loss of the fabricated magnetic nanoparticles, as shown in
Figure 3. The 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. There was no significant
difference in weight loss when the particles reacted with
ethylene sulfide. However, magnetic MSNs-DTNB illus-
trated weight loss of 20% at ca. 260°C. The gradual increase
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in the weight loss confirmed the successful surface modi-
fication of the magnetic MSNs.

The elemental analysis technique provided additional
support for the incorporation of amine in the magnetic
MOSN, as well as the successful reactions with ethylene sulfide
and DTNB. To quantify the amount of organic material
attached to the nanoparticle surfaces, the CHN analysis was
performed on Fe;O,-MSNs, Fe;04-MSNs-NH,, Fe;Oy4-
MSNs-SH, and Fe;O4,-MSNs-DTNB, and the results are
presented in Table 1. The carbon and nitrogen concentra-
tions in the functionalized samples were higher compared to
the nanomodified sample, indicating that the particles were
successfully functionalized. The Fe;0,-MSNs-NH, had an
increase of approximately 7.16% in carbon concentration
and 2.62% in nitrogen concentration. The same increase was
observed for the Fe;0,-MSNs-SH sample, with an additional
increase in sulfur concentration, which suggests that MSN
successfully reacted with amine and ethylene sulfide. Since
Fe;0,-MSNs-NH, 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, confirming the success of the loading
process.

To investigate the effect of pH on the removal efficiency
of BT and MO, different pH values between 3 and 9 were
selected at contact time 3h 25°C and 100 ppm. Figure 4
shows the removal efficiency of all dyes by magnetic MSNs-
NH, and magnetic MSNs-DTNB. It was observed that both
nanoadsorbents have ca. 100% removal efficiency towards
removing BT and MO at pH values below 3. Magnetic
MSNs-DTNB has ca. 85% removal efficiency towards re-
moving BT and MO at pH 5, whereas magnetic MSNs-NH,
has ca. 100% at the same conditions. Both nanoadsorbents
have removal efficiency ranged between 45 and 60% to-
wards removing BT and MO at pH values above 7. In
addition, the effects of initial dye concentrations on the
removal efficiency of both dyes were examined under
a pH value of 3. The findings are illustrated in Figure 4(c).
When the initial dye concentration was below 100 mg/L,
the decontamination efficiency did not show a significant
change as the concentration increased from 25mg/L to
100 mg/L. However, as the initial dye concentration rose
from 100 mg/L to 150 mg/L, the removal efficiency 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. The adsorption of BT and MO onto
magnetic MSNs-NH, and magnetic MSNs-DTNB followed
the Langmuir isotherm better than Freundlich’s isotherm as
indicated by the linear regression coefficient (R?) value. The
Langmuir model describes the formation of a monolayer of
the organic dyes onto the surface of the adsorbents. The
maximum adsorption capacity of BT and MO onto magnetic
MSNs-NH, was found to be 115.13 mg/g and 68.92 mg/g,
respectively, whereas the maximum adsorption capacity of
BT and MO onto magnetic MSNs-NH, was found to be
139.27 mg/g and 101.62 mg/g, respectively.
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FiGgure 1: Topological images of Fe;0, 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
MSNs-NH,, (d) magnetic MSNs-SH, and (e) magnetic MSNs-DTNB.
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FIGURE 3: TGA of the synthesized nanomaterials: (black) CTAB-free magnetic MSNs, (red) Fe;04-MSNs-NH,, (blue) Fe;O,-MSNs-SH, and
(violet) Fe;04-MSNs-DTNB.
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TaBLE 1: CHN elemental analysis data for carbon, nitrogen, and hydrogen obtained from samples: Fe;0,-MSNs, Fe;0,-MSNs-NH,, Fe;0,4-

MSNs-SH, and Fe;O4-MSNs-DTNB.

Materials C (%) N (%) H (%) S (%)
Fe;04-MSNs 1.94 0.04 0.43 0.01
Fe;O4-MSNs-NH, 7.16 2.62 2.95 0.04
Fe;04-MSNs-SH 9.38 291 3.73 1.88
Fe;0,-MSNs-DTNB 13.26 4.07 4.42 1.53
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FIGURE 4: (a) The effect of pH media on the removal efficiency of BT and MO by magnetic MSNs-NH, at contact time 3 h, 25°C and 100 ppm.
(b) The effect of pH media on the removal efficiency of BT and MO by magnetic MSNs-DTNB at contact time 3 h, 25°C and 100 ppm. (c) The
effect of initial concentration on the removal efficiency of dyes by nanoadsorbents at contact time 3 h and 25°C.

The effect of time on the removal efficiency of BT and
MO has been investigated at different exposure time, as
shown in Figure 6. The removal efficiency increased grad-
ually as the exposure time increased. No significant differ-
ence in the BT removal between magnetic MSNs-NH, and
magnetic MSNs-DTNB. The maximum adsorption was
obtained after 15min exposure time. Magnetic MSNs-
DTNB showed better adsorption capacity than magnetic
MSNs-NH, for removing MO. The removal efficiency was
ca. 100% in 15min after contact time for magnetic MSNs-
DTNB, whereas the removal efficiency was ~65% for
magnetic MSNs-NH,.

Pseudo-first-order and pseudo-second-order kinetic
models were used to determine the adsorption mechanism
of BT and MO onto magnetic MSNs-NH, and magnetic
MSNs-DTNB. Figure 7 illustrates the plot curves of the
adsorption data fitted with Pseudo-first-order and pseudo-
second-order models. Table 3 shows the pseudo-first-order
and pseudo-second-order kinetic models’ constants for the
adsorption of BT and MO by magnetic MSNs-NH, and
magnetic MSNs-DTNB at 25°C. In both systems, the R*
values for the first-order model were not high, as well as the
estimated values of g, from the model were different from
the experimental values, suggesting that this model is not
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FIGURE 5: (a) Langmuir isotherm for the adsorption of BT and MO by magnetic MSNs-NH, and magnetic MSNs-DTNB at 25°C. (b)
Freundlich isotherm for the adsorption of BT and MO by magnetic MSNs-NH, and magnetic MSNs-DTNB at contact time 3 h and 25°C.

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

) Langmuir isotherm model Freundlich isotherm model
Material Dye 1 1 > -1 -1 2
Gmax (Mg/g ") K, (L/'mg™) R n (L/mg ") K (mg/g™) R
. BT 115.13 0.008 0.993 2.83 37.23 0.518
Magnetic MSNs-NH, MO 68.93 0.014 0.996 4.07 2512 0.811
. BT 139.27 0.007 0.979 2.24 39.85 0.701
Magnetic MSNs-DTNB MO 101.62 0.010 0.995 2.89 29.55 0.714
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F1GURE 6: The effect of time on the removal efficiency of BT at pH 3 by magnetic MSNs-NH, and magnetic MSNs-DTNB at 25°C and 100 ppm.
The effect of time on the removal efficiency of MO at pH 9 by magnetic MSNs-NH, and magnetic MSNs-DTNB at 25°C and 100 ppm.

appropriate to describe this adsorption process. When the  were close to the experimental value, suggesting that the
experimental data was fitted with pseudo-second-order  adsorption process in both systems followed the pseudo-
model, the R* values were nearly 1 and the calculated g, second-order kinetic model.
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FIGURE 7: (a) Pseudo-first-order kinetics for the adsorption of BT and MO by magnetic MSNs-NH, and magnetic MSNs-DTNB at 25°C. (b)
Pseudo-second-order kinetics for the adsorption of BT and MO by magnetic MSNs-NH, and magnetic MSNs-DTNB at 25°C.

TaBLE 3: Pseudo-first-order and pseudo-second-order kinetic models” constants for the adsorption of BT and MO by magnetic MSNs-NH,

and magnetic MSNs-DTNB at 25°C.

Pseudo-first order

Pseudo-second order

Material Dye _ o B L
Y q. (mg/g 1 k, (min™?) R? q. (mg/g N k, (g.g Y/min™") R?

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

. BT 7.14 0.022 0.954 132.35 0.0015 0.998
Magnetic MSNs-DTNB 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 different adsorbents.

Adsorbent Dye q. (mg/g™") 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]
MoSe, 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

The performance of fabricated nanoparticles toward
removing BT and 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 Fe;O, NPs embedded in MSPs’
structure as determined by SEM and TEM images. The pore

size of magnetic MSNs was estimated from the TEM image
to be ca. 5 nm. After surface modification with amine, thiol
groups were introduced to the surface via the reaction be-
tween amine and ethylene sulfide and reacted with 5,5’
dithiobis-(2-nitrobenzoic acid). FTIR spectra confirmed the
successful attachment of DTNB molecules by appearance of
peaks at ~1528 cm ™" and ~1365cm™". The nanoadsorbents
showed high removal efficiency towards removing BT and
MO in acidic media. The percent adsorption of the adsor-
bent obtained was ca. 98% for both dyes at pH 3.0, the
contact time was 2h, and adsorbent dose was 10 mg. The
maximum adsorption capacity by magnetic MSNs-DTNB
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was obtained 139.27 mg/g (BT) and 101.62 mg/g (MO). The
equilibrium data have been analyzed by Langmuir and
Freundlich isotherm models. The linear regression co-
efficient value suggested that the adsorption of BT and MO
onto nanoadsorbent followed the Langmuir isotherm
among the tested models and second-order process. These
findings suggested that the fabricated nanoadsorbents could
be used to toxic jonic dyes from contaminated water
effectively.
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