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Abstract

The urgent need for technologies to ensure health standards, as per the Sustainable Development Goals established by the
United Nations, has prompted research into addressing human health problems associated with chemical contaminants in air,
water, and soil. Heavy metals, particularly arsenic, pose significant health risks, with millions of people worldwide exposed
to concentrations exceeding recommended limits. Nanostructured materials, including ordered mesoporous substrates such
as SBA-15, have shown promise for arsenic removal due to their high surface area and pore characteristics. This study aimed
to synthesize a silica mesoporous material with reduced pore channel length to enhance surface area and active sites, thereby
improving arsenic removal efficiency. By exploring various surfactant-to-silica precursor ratios, a suitable value was identi-
fied to promote the production of shortened SBA-15 particles. These shortened pore channels facilitated the dispersion of
iron oxide nanoparticles (Fe,O3) on the SBA-15 surface, resulting in an effective adsorbent that achieved over 95% arsenic
removal. The combination of the modified SBA-15 substrate and Fe,O; nanoparticles demonstrated high efficiency in arsenic
removal from aqueous effluents, offering a promising solution to address water pollution and associated health risks.
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1 Introduction

According to the Sustainable Development Goals estab-
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rufino@uaq.mx millions of deaths every year [3]. In the context of water
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effective [4]. In this context, arsenic is one example of a

relevant pollutant that poses important health problems in

México and in the rest of the world [5-8]. Recent studies,
o L . for instance, have estimated that over 140 million people
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by the World Health Organization (WHO) [9]. In México,
the presence of arsenic in groundwater in regions like the
states of Chihuahua, Durango, and Zacatecas represents a
significant health threat, with an estimated 9 million people
consuming water from contaminated sources with higher
concentrations than the limit proposed by the WHO, which
is why research work has emerged that seeks to facilitate
the detection or quantification of arsenic in water [10, 11].
The main cause of arsenic poisoning is ingesting water with
high levels of arsenic and consuming foods that have been
prepared with contaminated water [12]. Health problems
related to arsenic depend largely on the time of exposure,
the species of arsenic with which one came into contact, and
the concentration. The most common effects are skin dam-
age and the development of cancer, however, relationships
of arsenicism with respiratory, cardiac, and gastrointesti-
nal problems, nephrotoxicity, and neurotoxicity have been
reported [12, 13].

Carbon nanotubes with iron oxide nanostructures have
been used to absorb arsenic from contaminated water due
to their surface-to-volume ratio [14], Mn—Fe layered double
hydroxide has been tested as an adsorbent from acid mine
drainage [15] and other alternatives based on inexpensive
materials [15] have shown relevant adsorption capacities to
remove arsenic from water. Due to their low cost, simple
manufacturing, and enhanced properties, nanostructured
materials are being studied for arsenic removal [16—-19].
Among these, adsorbents like the ordered mesoporous sub-
strates such as MCM-41 (Mobil Composition of Matter No.
41) and SBA-15 (Santa Barbara Amorphous No. 15) have
been used due to their specific morphological properties
such as high surface area and, wide pore diameter and high
volume [20-24]. These features provide a large number of
sites to locate metals, amines, and other species capable of
reducing/oxidizing chemicals and adsorbing ions from aque-
ous effluents [25-28]. The morphology of these mesoporous
materials, on the other hand, can be improved by changing
the silica precursor, the surfactant ratio, and the co-solvent
nature during the synthesis procedure. As a consequence,
different forms and shapes such as fibers, road-like figures,
spheres, and platelet mesoporous materials, can be readily
obtained [29-31]. In this way, conventional SBA-15 speci-
mens with a reduction in the length of the average particle
could enhance diffusion processes through the mesopore
channels, to promote the contact between the contaminated
water and the adsorbent nanoparticles.

In this context, the goal of this work was to synthesize
a silica mesoporous material, favoring a reduced length
of pore channels, to increase the surface area within
the pores and active sites. This would result in higher
efficiencies of As removal from aqueous effluents. For
this purpose, several ratios of the surfactant to silica
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precursor were explored to find a suitable value that
promotes a short-length SBA-15 particle. It is expected
that the shorter pore channels thus obtained, could facil-
itate the dispersion of adsorptive nanoparticles on its
surface as well as the diffusion of contaminated water.
Therefore, a length-reduced particle was used as a sup-
port to incorporate iron oxide nanoparticles (Fe,O3) on
its surface. Since these nanoparticles are known to be
effective in adsorbing arsenic [32-35], the combination
of the SBA-15 substrate and the Fe-based nanoparticle,
resulted in an effective adsorbent that achieved over 95%
As removal, which is a very high value when compared
with currently available adsorption systems using iron
oxide [25-30].

2 Experimental
2.1 Synthesis of the SBA-15 substrate

The adsorbents consisted of a modified SBA-15 sup-
port material, starting from a sol-gel method reported
elsewhere [36]. In this procedure, 4.8 g of the struc-
tural directing agent Pluronic P123 (PEG-PPG-PEG, av.
Mn ~ 5800, Sigma Aldrich) were dissolved in a solution
of 112.5 ml of deionized water and 75 ml of 4 M hydro-
chloric acid under constant stirring at 35 °C. Then, 8
ml of a silica precursor, tetraethyl orthosilicate (TEOS,
Sigma Aldrich, 98%), were added dropwise to the solu-
tion and the mixture was kept under stirring for 24 h at
the same temperature. After this, a gel is formed, and it
is transferred to a polypropylene bottle to start the aging
step at 80 °C for an additional 24-h period without stir-
ring. The obtained precipitate was washed with deion-
ized water and then filtered to finally let dry at 110 °C
and calcined at 550 °C for 4 h. To study the effect of
the silica precursor/surfactant ratio on the textural prop-
erties of the SBA-15, several modifications were made
during the synthesis process. Once an improved SBA-15
material was found, it was selected for its potential as an
adsorbent for arsenic removal.

2.2 SBA-15 surface modification with Fe,0,
nanoparticles

The enhanced SBA-15 was modified on its surface with
iron oxide Fe,O; nanoparticles using ferric chloride hex-
ahydrate (FeCl;-6H,0 Meyer, 97%) as the iron precur-
sor. First, four solutions were prepared with 2, 3, 4, and
5 weight percentages of Fe,O5. Then, the wet incipient
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impregnation procedure [37] was followed to obtain
homogenous wet powders. After this, the solids were dried
at 110 °C for 18 h and calcined at 550 °C for 4 h to obtain
the adsorbents.

2.3 Adsorbents characterization

The textural properties of the SBA-15 substrate and the
adsorbents were obtained by N, physisorption at 77 K
with an Autosorb-IQ? instrument (Quantachrome Instru-
ments). The specific surface area was calculated with the
Brunauer—-Emmett—Teller (BET) method [38] and the pore
size distribution using the Barrett—Joyner—Halenda (BJH)
method [39]. Scanning transmission electron microscopy
(STEM) was performed to get information about the mor-
phology of the materials, using a Nanotech TEM JEOL
JEM 2200FS+CS microscope. Photoemission experiments
were performed by a SPECS high-resolution X-ray pho-
toemission spectrometer to identify the adsorbent compo-
sition and the chemical state of its elements. To confirm
the pore arrangement of the modified SBA-15 materials,
the adsorbents were analyzed by low-angle X-ray diffrac-
tion (XRD) with an Ultima IV Rigaku diffractometer. To
identify the crystalline phase for the iron oxide present
in the adsorbents, XRD patterns were recorded with a
D8 Advance Bruker instrument and validated with High-
Resolution Transmission Electron Microscopy (HR-TEM)
with a JEOL JEM-ARM?200F microscope. The presence
of Fe,0; was verified through the vibronic response of the
molecular bonds in a Labram-Dior Micro-Raman spec-
trometer. The semi-quantitative analysis was made with an
S2 PUMA Bruker spectrometer to corroborate the amount
of iron oxide successfully attached to the substrate mate-
rial. To obtain information about the surface charge of
the adsorbents, the zeta potential was measured using a
Zetasizer (Nano-ZS) Malvern Instrument. Fourier Trans-
form Infrared Spectroscopy was conducted to analyze the
chemical bonds in samples before and after the arsenic
adsorption.

2.4 Adsorption tests

The adsorption performance of the x%Fe,0;/SBA-15
adsorbents for As was evaluated using a batch reactor
with constant stirring for 60 minutes. Three main factors
were studied for these adsorptions: the initial concentra-
tion of arsenic in the solutions, assessing 10 and 5 ppm;
the amount of Fe,O; in the adsorbents, starting from 2.0
to 5.0 wt%; and the pH of the solutions, natural pH of 2
from the prepared solution and neutral pH of 7 adjusting
with HCI. The initial solutions were prepared using deion-
ized water and an arsenic standard (Karal, 1000 ppm). For

each test, 0.275 g of the adsorbent was placed in the cor-
responding arsenic solution at room temperature, and then
the suspension was filtered. The atomic absorption spec-
troscopy (AAS) technique was employed to determine the
final concentration of arsenic according to the ISO 17378-2
standard using a Varian AA-240FS Spectrometer [40]. The
calculation of the arsenic removal capacity was determined
as a percentage (% As Removal), according to the follow-
ing equation (Eq. 1), where C refers to the initial concen-
tration of arsenic in the solution, and C corresponds to the
final concentration.

% Asremoval =

C,-C
x 100
Co

To understand the adsorption kinetics of trivalent arsenic,
the adsorption of As(IIl) was studied at an initial concentra-
tion of 0.5 ppm at a pH value of 2 and at room temperature.
Samples of the solution were extracted at time intervals
ranging from 5 to 210 min and subsequently filtered and
analyzed using atomic absorption spectroscopy.

The performance of the adsorbents was evaluated to
determine the adsorption model that best fits the interaction
of the systems under study. The adsorption capacity of the
best-performing material was evaluated at initial arsenic
concentrations ranging from 0.025 to 0.5 mg/L, to assess
the adsorption capacity at concentrations close to the maxi-
mum limit allowed by national and international stand-
ards. The adsorption isotherms were evaluated according
to the Langmuir, Freundlich, and Redlich—Peterson mod-
els to determine the best fit that explains the adsorption
mechanism.

3 Results and Discussion
3.1 Adsorbent Preparation and Characterization
3.1.1 Short-Sized SBA-15 Substrate

As it was previously mentioned, the surface chemistry char-
acteristics, as well as the morphology features of SBA-15,
are closely related to the proportion of silica precursor and
the surfactant applied in the synthesis. In this way, it is
expected that by making the silica precursor the limiting
reagent in the synthesis (by reducing its quantity at the sol
step), TEOS would be insufficient to completely coat the
directing structure given by the surfactant. Following this
idea, four different silica precursor-surfactant (TEOS:P123)
ratios (ranging from 0.97 to 2.72) were tested for the syn-
thesis of the SBA-15 matrix. While SBA-15¢ and SBA-151
correspond to the samples obtained using the smallest and
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Table 1 Effects in the textural

. 7. TEOS:P123 ratio Hysteresis/porous Surface area Pore
properties from the silica (m%g) diameter
precursor/surfactant ratio (nm)
variations during the SBA-15
synthesis 2.72 SBA-151 H2 disordered pores 759 43

2.14 SBA-15 H1 well-defined cylindrical channels 817 5.6

1.55 SBA-15¢ H1 well-defined cylindrical channels 1235 5.6

0.97 SBA-15mc H4 narrow pores and micropores 199 34
559 images, pore channels can be readily observed in Fig. 2a
50 | —<— SBA-15 and d for SBA-15 and SBA-15c, respectively; which con-
45 4 = ggﬁlgl(\:/lc firmed the information provided by the hysteresis loops. The
] e SBA-15L hexagonal pore arrangement typical of the SBA-15 can also

. . T . T . .
0 0.2 0.4 0.6 0.8 1
Relative Pressure (P/P)

Fig. 1 Adsorption—desorption isotherms for the SBA-15 synthesis
variations

the largest quantities of TEOS explored, the reference sam-
ple SBA-15, was prepared by using the most common ratio
(2.14). The textural properties of these four materials were
assessed as described in the experimental section and the
resulting data is summarized in Table 1. Inspection of the
relevant information shows that all the surveyed materials
are characterized by a type IV isotherm (see Fig. 1) [41].
The results also show that the largest increase in the volume
of the precursor during the synthesis (SBA-151) results in an
H2-type hysteresis loop that points to a disordered porous
arrangement. The smallest ratio of precursor-surfactant on
the other hand (SBA-15mc), gives rise to an H4-type hys-
teresis loop, that suggests micro-sized narrow pores. It is
also interesting to note that while the SBA-15 and SBA-
15¢ materials show H1 hysteresis loops that indicate well-
defined cylindrical pore channels [42], the largest normal-
ized surface area was observed for a TEOS:P123 ratio of
1.55.

As previously mentioned in the experimental part, the
morphology of the reference SBA-15 and the SBA-15¢
materials was analyzed using STEM. From the resulting
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be observed in Fig. 2b and e, along with the pore diameter
that lies within the range of mesopores [43]. Inspection of
the images in Fig. 2¢ and f, also reveals that the precursor to
tensoactive ratio excerpts an almost negligible effect on the
dimension of the pore diameter compared to that observed
for the length of the pore.

The results of the XPS analysis, as shown in Fig. 3a, indi-
cate the presence of both silanol and silicone oxygen bonds
in the O 1s region. Specifically, the deconvolution of the
oxygen peak revealed binding energy values of 533.0 and
532.3 eV for silanol and silicone oxygen bonds, respectively.
Additionally, the presence of these bonds is evident in the
Si 2p region, as shown in Fig. 3b. The deconvoluted peaks
correspond to the silicone oxygen bond at 106.6 eV and
silanol bond at 102.8 eV. The presence of silanol groups on
the surface of SBA-15 is essential for the incorporation of
iron oxide species. The silanol groups provide active sites
on the surface, including the inner surface of the pore chan-
nels [44].

3.1.2 Fe,05/SBA-15c characterization

From the synthesis characterization described in the previ-
ous section, the SBA-15¢ sample (which is characterized
by longer pore channels and a proportional increase in sur-
face area when compared to the standard SBA-15 adsorbent
material) was chosen as an adsorbent substrate for Fe,0;
nanoparticles that, as it is well known, are particularly effec-
tive as As adsorption sites. With the pore filling impregna-
tion method, loads of 2, 3, 4 and 5% by weight of ferric
oxide were added. Subsequently, N, physisorption analysis
was performed at 77 K to evaluate the textural properties
of the adsorbent materials. According to pore diameter in
Table 2, the incorporation of ferric oxide caused a decrease
in the pore size of the support material, which indicates
that a portion of the ferric oxide particles are being placed
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Fig.2 Scanning Transmission Electron Microscopy for SBA-15 15 reference and modified SBA-15, respectively, and ¢ and f particle
materials: a and d pore channels for SBA-15 reference and modified length for SBA-15 reference and modified SBA-15, respectively
SBA-15, respectively, b and e hexagonal pore arrangement for SBA-
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Fig.3 XPS spectra for short-sized SBA-15in a O 1s and b Si 2p regions
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Table 2 Pore diameter of

‘ ‘ Sample Pore

prepared adsorbents diameter
(nm)
SBA-15¢ 5.64

4.95
3.43
3.42
4.93

2% Fe,05/SBA-15¢
3% Fe,05/SBA-15¢
4% Fe,0,/SBA-15¢
5% Fe,05/SBA-15¢

inside the pores until saturation is reached. As a result of
this saturation, the average pore diameter onwards 5% Fe,O5
loading corresponds to the measurement of larger pores. Fol-
lowing the iron oxide impregnation steps described in the
experimental section, low-angle X-ray diffraction patterns
were recorded to assess the density and arrangement of the
adsorbed metallic oxide nanoparticles on the SBA-15¢ sub-
strate. From the corresponding experimental data in Fig. 4,
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hexagonal symmetry (p6mm) could be identified from the
(100), (110), and (200) indexes in good agreement with the
low-angle XRD SBA-15 patterns published in the literature
[45, 46].

XRD patterns from SBA-15c¢ substrates modified with
different amounts of Fe,O; are shown in Fig. 5. In all
cases, Bragg reflections are observed in 26 at 24.1° (012),
33.11° (104), 35.61° (110), 40.83° (113), 49.41° (024),
54.00° (116), 57.50° (122) and 62.38° (214), correspond-
ing to the hematite phase a-Fe,O; (PDF#33-0664). These
results also show that although the 2% Fe,O; nanopar-
ticle proportion sample seems to produce weak reflec-
tions, the main signals (012) and (104) can be seen in the
diffractogram.

Following the hematite diffraction pattern, high-resolu-
tion TEM images (HRTEM) presented in Fig. 6 confirm
the presence of the alpha phase of iron oxide in the SBA-
15¢ material. Fig. 6a displays the characteristic pore chan-
nels of SBA-15, while Fig. 6b reveals the crystallinity of

—— 3% Fe,0,

(100)

b)

d)

—— 5% Fe,0,

(100)

20

Fig.4 Low angle X-ray diffraction patterns for the adsorbents: a 2%Fe,05/SBA-15, b 3%Fe,05/SBA-15, ¢ 4%Fe,05/SBA-15, and d 5%Fe,0,/
SBA-15. The dots mark the Bragg reflections corresponding to the hexagonal symmetry
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a)

Intensity (a.u.)

f 2% Fe,0,

3% Fe,0,

Intensity (a.u.)

Fig.5 X-ray diffraction patterns for the adsorbents with 2.0 to 5.0 wt% Fe,Oj;, from a to d respectively. The arrows show the Bragg reflections

corresponding to the hematite phase a-Fe,04

the hematite nanoparticles within the pores. A set of lattice
planes with a d-spacing of 2.68 nm corresponding to the
(104) plane of the a-Fe,O5; phase (PDF#33-0664) can be
observed. This confirms that the iron oxide nanoparticles
characterized in the SBA-15 material correspond to the
a-Fe,O; phase.

The vibronic response of the molecular bonds of the
adsorbents, on the other hand, was analyzed using Raman
spectroscopy. In this way, Fig. 7 shows the characteristic
phonon response of hematite which peaks at 227 and 494

cm™! of the A1g mode, and signals at 245, 292, 299, 409, and
609 cm™! corresponding to the E, mode, can be observed
[47, 48], This assessment validates the experimental cal-
cinating step at 550 °C which does selectively produce
a-Fe,0;.

The quantity of iron oxide that could be adsorbed on the
SBA-15c matrix was evaluated using a semi-quantitative
approach through X-ray fluorescence experiments. From the
results shown in Table 3, it is possible to conclude not only that
the estimated concentration of Fe,O5; matches the theoretical
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Fig.6 HRTEM images of a-Fe,O5 nanoparticles inside the SBA-15c¢ pore channels

percentage incorporated into the mesoporous SBA-15 matrix,
but also that traces of the iron oxide precursor (FeCl;-6H,0)
could be identified from the Cl related signal.

The zeta potential plot of the freshly prepared and the
Fe,0; modified SBA-15¢ matrix is shown in Fig. 8. While
the point of zero charge for the SBA-15c could be observed at
a pH value of 1.5, the different iron oxide modified materials
showed a zero charge point at pH values close to 2. These val-
ues are not only consistent with those found for similar systems
in the literature [49, 50], but also indicate that at more basic
pH conditions (values above 2), the surface of the adsorbent
must have a negative net charge.

3.2 Adsorption tests
3.2.1 Effect of pH and the initial arsenic concentration

The adsorption of arsenic III on the prepared adsorbent
materials in aqueous solutions was evaluated at pH values
of 2 and 7. The arsenic was studied by varying the initial
concentrations of arsenic at 5 and 10 ppm. According to
the diagram published in the literature [51] on the specia-
tion of arsenic in water as a function of pH and its redox
potential, trivalent As would be present in the non-ionic
form of arsenious acid H3AsO; at both a pH of 2 and a
value of 7. As seen in Fig. 9a, the prepared adsorbents
performed better with a 3% ferric oxide load in a 5 ppm
As(IIT) solution. The difference in adsorption capacity of
the mentioned materials does not reach 10% when compar-
ing both pH values, which makes sense since the arsenic
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species does not change at these values. Similar results
were observed at an initial concentration of 10 ppm, as
seen in Fig. 9b. This indicates that, for this form of inor-
ganic arsenic, pH does not have a significant effect and
that a 3% by weight concentration of Fe,05 on the surface
of the SBA-15c matrix appears to be optimal for further
evaluations.

3.3 Adsorption kinetics

The adsorption kinetics of Arsenic III at an initial concen-
tration of 0.5 ppm with the 3% Fe,0,/SBA-15c adsorbent
were studied over a range of zero to 210 min, at a pH of
2 that matches with the isoelectric point of the material.
The results of Fig. 10 show accelerated adsorption in the
first 30 min, reaching 80% arsenic removal. However, the
maximum adsorption capacity of trivalent arsenic was
almost 90% in 90 min. The evaluation of the experimen-
tally obtained data according to the selection process for
the adsorption model published by Ho et al. [52], indicates
that: (i) the system consists of nanoparticles whose charge
will interact with the adsorbate, which will indicate an
adsorption model controlled by reaction kinetics, and not
by mass transfer processes, (ii) equilibrium is achieved
quickly and in less than three hours, which also reveals a
process controlled by kinetics and the data do not corre-
spond to the evaluation on intraparticle diffusion, discard-
ing a model controlled by the diffusion of the adsorbate
in the adsorbent, and (iii) the data obtained fit better to a
pseudo-first-order model, as can be seen in Fig. 10.
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Fig.7 Micro-Raman spectra for the adsorbent materials corresponding to hematite for 2.0 to 5.0 wt% Fe,O;, from a to d respectively. The

arrows correspond to the phonon responses from the hematite

Table 3 Weight percentages of oxides present in the adsorbents

Concentration (wt%)

Sio, Fe,0, cl
2%Fe,05/SBA-15¢ 97.23 233 0.44
3%Fe,05/SBA-15¢ 96.46 3.14 04

4%Fe,0,/SBA-15¢ 95.65 4.01 0.34
5%Fe,05/SBA-15¢ 93.19 6.49 0.33

3.4 Adsorption models

The adsorption models proposed by Langmuir, Freundlich,
and Redlich—Peterson were evaluated with the results of
arsenic(IIl) adsorption, their adjustments are shown in

Fig. 11. As can be seen, and in agreement with other iron-
based systems for removing As(IIl) [53-55], the model
that showed the best fit was Freundlich, slightly above
the Redlich—Peterson model. The maximum adsorption
capacity q,, was 0.94 mg/L and the fit reached a value of
0.836, according to the Langmuir model, while its K; con-
stant obtained a value of 0.041. The Freundlich model was
adjusted with a correlation of 0.996 and calculated a value
of the K constant of 6.855 and a value of 0.96 for the quo-
tient 1/n. The Redlich—Peterson model was adjusted with a
value of 0.992, similar to the Freundlich adjustment, which
confirms that adsorption in this system does not follow mon-
olayer coverage.

The response of the chemical bonds analyzed by infra-
red spectroscopy is shown in the spectrum of Fig. 12,
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Fig.8 Variations on the zeta potential of the SBA-15¢ matrix and
adsorbents as a function of pH, ranging from acidic to basic values

which shows the transmittance of an adsorbent with a
3%Fe,05 load supported on the mesoporous SBA-15¢
matrix before and after As(III) adsorption. The broad
band around 3435 cm™! corresponds to an H-O-H stretch-
ing band indicating the presence of hydrogen bonds and
oxygen from water molecules in the materials. The band
located at 969 cm™' is related to the Si—-OH stretching
vibration [56].

Regarding iron oxide, the band at approximately 467
cm™! corresponds to hematite due to its Fe—O bond [57],
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Fig. 10 Adsorption kinetics of As(III) on the 3%Fe,0;/SBA-15
adsorbent with an initial concentration of 5 ppm at 25 °C

while the band at 1088 cm~! may be related to metal
hydroxides due to the formation of —-FeOH complexes
on the surface of the adsorbent. In addition, the band at
1631 cm™! attributable to Fe—~OH complexes is intensified
after interaction with arsenic, in agreement with what is
reported in the literature [58]. The accumulation of arsenic
in the adsorbent can be identified by the pronounced peak
at 800 cm™!, which corresponds to the As—O stretching
vibration [59].
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Fig. 9 Adsorption efficiencies of x%Fe,05;/SBA-15c for an aqueous solution of As(III) varying the initial pH of the solution, at a concentration
of a5 ppm, and b 10 ppm
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Fig. 11 Adjustments of the adsorption isotherms according to the
Langmuir, Freundlich, and Redlich—Peterson models for the adsorp-
tion of arsenic on 3%Fe,05/SBA-15¢

4 Conclusions

The silica precursor to surfactant ratio of 1.55 resulted
in a material with similar properties to SBA-15 particles
but reduced in length. The STEM micrographs exhibited
a reduction in the length of the material while conserving

the size and arrangement of pores, in accordance with
the SBET results. The hexagonal symmetry of the STEM
images was corroborated by the low-angle X-ray diffrac-
tion results. The approach presented in this work provided
information that conduces to further analysis to construct
a solid explanation for the reduction in the length of the
material. This modification led to a thermally stable par-
ticle with a higher surface area available to incorporate
a-Fe,0; nanoparticles. The pH of the solution played a
central role in the performance of the adsorbents; for the
low concentration of iron nanoparticles, the neutral values
conducted greater adsorption capacities than the acidic
values. The obtained adsorption isotherm indicates that
the adsorption of As(IIT) on the surface of the ferric oxide
adsorbent supported on the mesoporous SBA-15 matrix
does not follow a monolayer coverage model on a homoge-
neous surface. Instead, the arsenic ions adhere to the Fe,0;
nanoparticles distributed in the matrix. In this context, the
dispersion of the nanoparticles on an enhanced specific
surface area represents a fundamental characteristic for
improving the adsorbent’s removal capacity in this system.
The present study aimed to address and evaluate significant
challenges during the adsorption of arsenic using a simple
and cost-effective system. The discussed results demon-
strated that by employing this material, it is possible to
reduce the concentrations of arsenic in water to levels that
meet environmental regulations.

Fig. 12 FTIR spectra of the
3%Fe,05/SBA-15¢c adsorbent:
a before adsorption, and b after
the adsorption of As(III)
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