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ABSTRACT

Wastewater from various sources can release large amounts of chemical pollutants
and related substances into the environment. There is an immediate need for methods
to purge water and wastewater of contaminants; one possible strategy is to employ
matrix-stabilized nanoparticles for adsorption-based pollutant removal. Mesoporous
silica (mSiO2) can be derived from natural sources as a cost-effective alternative to
industrial products. Natural minerals such as porcelainite, kaolinite, shale, and diatomite
contain silicon dioxide (SiO2), making them promising raw materials for the manufacture
of mesoporous silica. Mesoporous silica is characterized by a highly ordered pore
structure, with diameters ranging from 2 to 50 nm, an excellent surface area, and
a slimming structure. Recent studies have demonstrated the adsorption capacity of
mSiO2, particularly modified varieties, for removing toxic metal ions such as lead (Pb2+),
cadmium (Cd2+), and chromium (Cr3+), even at low concentrations. These ions pose
significant environmental risks due to their bioaccumulative nature and persistence
in aquatic environments. Therefore, in simple terms, matsorption is a cost-effective,
simple, and efficient method that is comparable to other techniques such as reverse
osmosis, membrane filtration, precipitation, oxidation-reduction, and ion exchange.

The mesoporous silica (mSiO2) was characterized using FTIR, FESEM, and XRD
analyses. Fourier transform infrared (FTIR) spectroscopy has been widely used to
characterize the functional properties of both tattoo chemicals and the distinctive
features of military compounds. A strong short-duration stretching band at 1000 cm-1,
attributed to silicon-oxygen vibrations, is the bandgap location of silicon dioxide. This
demonstrates the fineness of the prepared material. The XRD pattern of pure silica
(mSiO2) showed a strong stretch at 2𝜃 = 2.2◦ (100), spanning two stretches at 2𝜃 = 3.7◦
(110) and 4.3◦ (200). These lines indicate the hexagonal mesoporous structure of mSiO2.
FESEM images showed that mSiO2 has a uniform surface composed of densely packed
spherical particles.

The test materials were evaluated for the removal of Pb2+, Cd2+, and Cr3+ ions,
with removal efficiencies of 97.8% for Pb2+, 98% for Cd2+, and 99.6% for Cr3+ ions.
Manufactured silica effectively decomposes water under various conditions, with optimal
elimination achieved at pH 8, a contact time of 60 minutes, and a temperature of 298.

Keywords: Mesoporous silica (mSiO2), Porcelains rock, Silica Extraction, Waste water ions (Pb2+, Cd2+ ,Cr3+)

1 INTRODUCTION

In response to the growing global demand for eco-
friendly nanomaterials, researchers have increasingly

turned to extracting mesoporous silica (mSiO2) from
natural sources as sustainable and cost-effective alter-
natives to industrial products [1]. Natural rocks such
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as porcelanite, kaolinitic minerals, volcanic tuff, and
diatomite are rich in silicon dioxide (SiO2), making them
promising raw materials for the synthesis of mesoporous
silica [2]. Economically, the use of abundant, low-
cost sources such as fly ash, porcelanite, and kaolin
enhances the viability of mSiO2 production, supporting
circular-economy strategies and local resource utilization
in environmental applications [3]. Mesoporous silica is
distinguished by its high surface area, customizable pore
architecture, and organized porous structure, with pore
diameters ranging from 2 to 50 nm [4]. Additionally, its
surface chemistry can be readily modified with organic
or inorganic functional groups, making it highly adapt-
able for a wide range of environmental applications [5],
especially in adsorption-based water purification systems.

Recent research demonstrated that mSiO2, particularly
its modified forms, has high adsorption effectiveness
in eliminating harmful heavy metal ions such as hex-
avalent chromium (Cr3+), cadmium (Cd2+), and lead
(Pb2+) [6], even at low concentrations. The environmental
and health risks posed by these ions are substantial
due to their bioaccumulative nature and persistence in
aquatic environments [7]. Adsorption, therefore, stands
out as a simpler, more affordable, and more effective
treatment approach than other methods such as ion
exchange, chemical precipitation, membrane filtration,
reverse osmosis, and oxidation–reduction [8]. Improving
the adsorption capacity of mesoporous silica requires
surface modification. Functional components such as
amines and thiols (-SH) have demonstrated selectivity
toward specific metal ions, significantly improving uptake
performance, with some reports showing capacities ex-
ceeding 200 mg g-1 for Pb2+ ions [9, 10]. The adsorption
mechanisms typically involve physical adsorption, ion
exchange, and surface complexation and are influenced by
parameters such as solution pH, temperature, and surface
functionalization [11]. Moreover, the structural and
chemical stability of mesoporous silica allows repeated
use through simple regeneration processes, rendering it
suitable for long-term industrial deployment. The use
of adsorption isotherm models such as Langmuir and
Freundlich further aids in understanding the nature and
capacity of the adsorption process, providing insights
into whether interactions are monolayer or multilayer and
whether they are homogeneous or heterogeneous [12].

The increasing discharge of heavy metals from in-
dustries such as battery manufacturing, tanning, mining,
refining, and the production of pesticides, paints, and
dyes has become a significant source of aquatic con-

tamination [13, 14]. In addition, natural phenomena
such as volcanic activity, spring water leaching, ero-
sion, and microbial processes contribute to elevated
concentrations of these metals in water bodies [15].
While trace amounts of heavy metals are essential for
certain biological functions, excessive accumulation can
lead to severe health effects, including carcinogenicity,
nephrotoxicity, and neurological damage [16]. Against
this backdrop, the development of high-performance
and environmentally friendly adsorbents has become
a research priority. Among the promising candidates,
mesoporous silica derived from natural sources stands out
for its ease of functionalization, low cost, and distinctive
physicochemical characteristics. Therefore, the current
study aims to examine the production of mesoporous
silica from readily available naturally occurring rocks in
the area and to assess its ability to remove toxic metal ions
from aqueous solutions. The research also explores the
operational parameters affecting adsorption, underlying
mechanisms, and theoretical adsorption models, with
the goal of establishing a sustainable approach for heavy
metal remediation [17]. This study aimed to compare
the adsorption behavior of both types of silica under
identical experimental conditions, thereby assessing their
efficiency in eliminating hazardous metal ions from water-
based solutions.

2 MATERIALS AND METHODS
2.1 Materials used in the chemical and natural syn-

thesis of mesoporous silica (mSiO2)
The synthesis of mesoporous silica (mSiO2) involves

high-purity reagents to ensure the quality of the final prod-
uct. The primary chemical precursors include tetraethyl
orthosilicate (TEOS, C8H20O4Si) with a purity of 99%
(Evonik Industries; Wacker Chemie, Germany), which
serves as the silicon source, and cetyltrimethylammonium
bromide (CTAB, C16H33N(CH3)3Br), also with a purity
of 99% (Sigma-Aldrich, USA; Alfa Aesar, USA), which
acts as the structure-directing agent. Aqueous ammonia
(NH3, 25%) was used to catalyze the hydrolysis and
condensation reactions. For the natural synthesis route,
raw materials were derived from natural porcelanite rocks
collected from the Department of Geology, College of
Science, University of Anbar, Al-Qaim, Iraq. Additional
chemicals used in the purification and extraction process
include sodium hydroxide (NaOH, 98%; Sigma-Aldrich,
USA), sulfuric acid (H2SO4, 97%; Sigma-Aldrich, USA),
and hydrochloric acid (HCl, 99%; Sigma-Aldrich, USA).
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Lead nitrate (Pb(NO3)2), cadmium nitrate tetrahydrate
(Cd(NO3)2·4H2O), and chromium nitrate (Cr(NO3)3)
were obtained from BDH, UK.

2.2 Preparation of mesoporous silica (mSiO2) from
natural porcelanite rock

The natural porcelanite rock was initially thoroughly
washed with distilled water to remove any surface con-
taminants. The cleaned material was subsequently dried
overnight at 90 °C to eliminate moisture, followed by
manual grinding and sieving through a 180 µm mesh. The
processed powder was thermally activated at 500 °C for 3
hours to enhance its reactivity. For silica extraction, 2.5 g
of the activated sample was combined with 150 mL of 3
M sodium hydroxide (NaOH) in a 250 mL round-bottom
flask equipped with a reflux condenser. This mixture was
stirred at 300 rpm for 24 h to convert the silica content
into soluble sodium silicate. The resulting solution was
filtered using ash-free filter paper (Whatman No. 41) and
rinsed with hot distilled water. Silica precipitation began
by reducing the pH of the clear filtrate to below 10, after
which it was gradually neutralized with 5 M sulfuric acid
(H2SO4) under vigorous stirring until the pH reached
7. This step produced a soft, white silica hydrogel that
was allowed to age at room temperature for a full day.
After filtration, the gel was washed with distilled water
to remove residual sulfate ions. Subsequent drying steps
were performed at 80 °C and 110 °C, each for 24 h.
Finally, the dried product was calcined at 800 °C for 2 h,
yielding a fine, white mesoporous silica powder suitable
for environmental applications [18, 19].

2.3 Adsorption of cd2+, pb2+, and cr3+ ions
A batch adsorption study was conducted to identify

the adsorption capacity of mSiO2 to adsorb Cd2+, Pb2+,
and Cr3+ ions at varying amounts (10, 20, 30, 40, and
50 mg L-1), with pH adjustment ( pH = 8) and a contact
duration of 2 h at a temperature of 298 K. The experiments
were conducted using 50 mL centrifuge tubes. Solutions
with varying concentrations of Pb2+, Cd2+, and Cr3+ were
added to the tubes, each containing 10 mL of solution.
The samples underwent centrifugation for 10 min at 5,000
rpm to remove any remaining suspended material. The
samples were first agitated in a water bath at 100 rpm
to ensure optimal interaction between the adsorbent and
adsorbate. The percentage removal effectiveness (%R)
and the equilibrium adsorption capacity (𝑞𝑒, mg g-1)
were calculated using the corresponding Equations (1)
and (2) [20].

2.4 Batch adsorption assessment of heavy metals
using mesoporous silica (mSiO2)

A controlled-batch adsorption procedure was em-
ployed to investigate the adsorption efficiency of meso-
porous silica (mSiO2) for Pb2+, Cd2+, and Cr3+ ions from
aqueous solutions. Different starting metal concentrations
(10, 20, 30, 40, and 50 mg L-1) were prepared, and each
solution’s pH was set to 8. Adsorption was performed
over a 2 h contact period at 298 K. For each trial, 10 mL
of the metal solution was added to a 50 mL centrifuge
tube. The amount of contaminant added refers to the
initial concentration of the target pollutant (Pb2+, Cd2+,
Cr3+) that was introduced into 10 mg L-1 the solution at
the beginning of the experiment. This is a key parameter
in adsorption studies, as it influences both the driving
force for mass transfer and the adsorption capacity of
the material being tested. To ensure adequate contact
between the sorbent and the metal ions, the samples
were first agitated at 100 rpm in a water bath. To
remove any leftover particulate matter, centrifugation was
performed for 10 min at 5,000 rpm after agitation [21].
The adsorption performance was quantified by calculating
both the equilibrium adsorption capacity (𝑞𝑒, mg g-1) and
the removal efficiency (%R) using standard analytical
expressions based on concentration differences before
and after treatment [22].

2.5 Absorption process of heavy metals
Lead (Pb2+) solutions with concentrations of 10, 20,

30, 40, and 50 mg L-1 were prepared in 10 mL for
removal experiments. Activated carbon is commonly
used as an adsorbent. Its weights (0.01, 0.02, 0.03,
0.04, and 0.05 g) were added to each Pb2+ solution. All
samples were incubated in a shaking incubator at 25 °C
for 60 min, agitated at 150 rpm, except those used to
assess the impact of contact time. The time-dependent
samples were processed for 15-180 min. The equilibrium
adsorption capacity (𝑞𝑒) and removal efficiency (%R)
were calculated using Equations 1 and 2, respectively.
The pH, temperature, time, and starting concentration of
heavy metal ions determined the carbon quantity, which
varied from 10 to 50 mg [22,23].

%R =
𝑐𝑂 − 𝑐𝜀
𝑐𝑜

× 100 (1)

𝑞𝑒 =
(𝑐𝑂 − 𝑐𝑒) ×𝑉(𝐿)

𝑚 (𝑚𝑔)
(2)

The variables in this equation include the initial
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concentration Co, which represents the starting metal ion
concentration (mg/L). Ce: is the equilibrium metal ion
concentration (mg g-1). V is the solution’s volume (L).
m: is the adsorbent’s mass (g).

𝐶𝑒

𝑞𝑒
=

1
𝐾𝐿 × 𝑞𝑚

+ 𝐶𝑒

𝑞𝑚
(3)

where 𝐾𝐿 and 𝑞𝑚 are the Langmuir constants.

ln 𝑞𝑒 = ln𝐾𝐹 +
(
1
𝑛

)
𝐶𝑒 (4)

where 𝐾𝐹 and n are the Freundlich constant

3 RESULTS AND DISCUSSION
3.1 Infrared spectroscopy using fourier transforms

Fourier transform infrared (FTIR) spectroscopy is
widely employed to identify functional groups in both
pure substances and composite materials and to compare
structural features between compounds. The technique
relies on the vibrational motions of atoms and molecules,
which correspond to specific infrared absorption fre-
quencies. The FTIR spectrum of mesoporous silica
(mSiO2), as illustrated in Figure 1, exhibits prominent
absorption bands in the 1400-1700 cm-1 and 800-1000
cm-1 regions. A particularly strong peak appears near
1000 cm-1 [24, 25], which is attributed to Si-O stretching
vibrations typically associated with silicate materials and
mesoporous silica frameworks. Additionally, all analyzed
samples display a characteristic band at approximately
790 cm-1, corresponding to the symmetric stretching of
Si–O–Si linkages and indicative of the silica network
structure, as shown in Figure 1. The appearance of an
absorption band in the 2000–2500 cm-1 region in the
FTIR spectrum of mesoporous silica is often attributed
to the absorption of CO2 gas from the air during the
measurement and its return to the gas itself, or to the
presence of residual organic impurities from directing
agents (such as CTAB) or organic precursors (such as
TEOS).

3.2 Diffraction of x-rays
Patterns of X-rays for mSiO2 are displayed in Figure

2, which shows the X-ray diffraction (XRD) pattern of
pure silica (mSiO2). The pattern shows a strong peak at
2𝜃 = 2.2◦ (100) and two relatively weak lines at 2𝜃 = 3.7◦
(110) and 4.3° (200). These lines indicate the hexagonal
mesostructure of mSiO2 [26].

Fig. 1 FTIR spectra of (mSiO2) by natural source

Fig. 2 X-ray diffraction of (mSiO2) by natural source

3.3 Field emission scanning electron microscopy (FE-
SEM) analysis of mesoporous silica(mSiO2)

To examine surface morphology and microstruc-
tural characteristics, field emission scanning electron
microscopy (FESEM) was employed, as depicted in
Figure 3. The FESEM images of the synthesized material
reveal that mSiO2 exhibits a uniform surface composed
of densely agglomerated, quasi-spherical particles. As
shown in the micrographs, the particles are very fine, with
measured diameters of 42, 48, 51, and 53 nm, indicating
that the extracted material consists of particles below 100
nm. The particles appear closely packed, and individual
grains are difficult to distinguish due to agglomeration, a
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common phenomenon in nanosized silica powders. This
morphology is typical of mesoporous silica materials
prepared under controlled conditions and is consistent
with previously reported structural characteristics of
mSiO2-type materials. The observed particle aggregation
may be attributed to the high surface energy of these fine
particles, which promotes clustering during the drying
and calcination stages [27].

Fig. 3 Field emission scanning electron microscopy (FSEM)
of (mSiO2)

3.4 Factors affecting the adsorption
Effect of mesoporous silica initial concentration on

heavy metal adsorption The impact of initial mesoporous
silica concentrations, both commercially available (pure
mSiO2) and laboratory synthesized, was investigated to
evaluate adsorption performance toward Pb2+, Cd2+, and
Cr3+ ions, as listed in Table 1.

3.5 Effect of initial concentration
To assess the removal of Pb2+, Cd2+, and Cr3+ ions, the

effect of initial metal-ion concentration on the adsorption
efficiency of mesoporous silica (mSiO2) was investigated
in this study. Using a fixed adsorbent dosage of 0.01 g,
experiments were carried out at 298 K and pH 8. Results,
summarized in Figure 4, show that the removal efficiency
decreases as the initial concentration of metal ions increas-
es. This decrease can be explained by the limited number
of adsorption sites on the surface of mSiO2 relative to the
increasing number of metal ions in solution. In contrast,
the adsorption capacity (𝑞𝑒) increased with increasing ion
concentration, as more ions were available for uptake on
the adsorbent surface. This inverse relationship between
removal efficiency and adsorption capacity is consistent
with previous findings [28,29]. Based on the data, 10 mg
L-1 was the starting concentration and yielded the highest
removal efficiency for all three ions (Pb2+, Cd2+, and Cr3+)
at 298 K and pH 8, whereas adsorption capacity was
maximized at higher concentrations, such as 100 mg L-1.

The impact of the initial heavy metal-ion concentration
on the adsorption rate on the surface of pure mesoporous
silica (mSiO2) prepared from a natural source (porcelanite
rock) was also studied to calculate the percentage removal
of Pb2+, Cd2+, and Cr3+ ions listed in Table 1.

Fig. 4 Effect of the initial concentration on the removal of
Pb2+, Cd2+ and Cr3+ ions using mesoporous silica (mSiO2 )

3.6 Impact of pH on heavy metal ion adsorption
Because it directly influences the adsorbent surface

charge and adsorption behavior, solution pH is regarded as
one of the most important factors affecting the chemical
speciation of metal ions in aqueous media, including
Pb2+, Cd2+, and Cr3+, as shown in Figure 5. The impact
of pH on the adsorption efficiency of mesoporous silica
(mSiO2) was examined in this work, and the optimal pH
levels for efficient removal of these ions were determined.
Adsorption tests were carried out with 0.01 g of mSiO2,
an initial metal-ion concentration of 100 mg L-1, and
a contact time of 2 h at a fixed temperature of 298 K
under these fixed conditions. The amount of adsorbent
added typically ranges from 0.1 g to 2.0 g per 100-1000
mL of solution, depending on the initial contaminant
concentration and the desired adsorbent-to-solution ratio.
For example: 0.1 g of mesoporous silica (mSiO2) in 100
mL solution = 1.0 g L2-1 dosage; 1.0 g of mesoporous
silica (mSiO2) in 250 mL solution = 4.0 g L-1 dosage.

The pH of each solution was carefully adjusted to
specific values (2, 3, 4, 5, 6, 7, and 8) to examine its
influence on removal performance. The percentages
removed for Cd2+, Pb2+, and Cr3+ were then calculated
for each pH condition to identify the most favorable
conditions for adsorption on the silica surface [30]. The
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Table 1 Initial concentration and removal values of Pb2+, Cd2+, and Cr3+ ions using pure mesoporous silica mSiO2 for different
concentrations, acid function, contact time, and mass adsorbents

298 K

Initial con,mg. ( mg.l¹) Pb+.2𝒎𝑺𝒊𝑶2 Cd+2_mSiO2 Cr+3 mSiO2
Ce ( mgl−1) % Removal Ce ( mg.𝒍−1 ) % Removal Ce ( mg.1)1 ) % Removal

10 0.006 99.937 0.037 99.630 0.096 99.0360
20 0.015 99.924 0.098 99.510 0.260 98.7000
30 0.304 98.986 0.565 98.115 0.497 98.3449
40 0.467 98.833 0.937 97.657 0.724 98.1908
50 0.735 98.529 1.403 97.193 0.934 98.1312

298 K

pH Pb+2 _mSiO2 Cd+2 mSiO2 Cr+3mSiO2
Ce ( mg. l−1 ) % Removal Ce ( mg.𝒍−1 ) % Removal Ce ( mg..1) % Removal

2 6.758 83.329 3.864 87.121 5.001 83.3293
3 1.489 87.418 2.088 93.040 3.775 87.4183
4 0.674 91.343 1.359 95.471 2.597 91.3433
5 0.595 95.678 1.199 96.002 1.297 95.6783
6 0.402 97.193 1.077 96.410 0.842 97.1933
7 0.118 99.365 0.520 98.268 0.191 99.3650
8 1.64 99.507 98.496 0.148 99.5077

298 K

Time (min) Pb+2 _mSiO2 Cd+2 mSiO2 Cr+3 mSiO2
Ce ( mg.𝒍1) ) % Removal Ce ( mg..1) % Removal Ce ( mg.𝒍−1 ) % Removal

10 0.816 97.12 1.479 95.0707 0.862 97.1260
20 0.465 97.53 1.376 95.4149 0.464 98.4541
30 0.327 98.01 1.275 95.7513 0.434 98.5547
45 0.157 98.9 1.009 96.6377 0.367 98.7783
60 0.089 97.01 0.987 0.201 99.3310
90 0.067 96.79 0.770 97.4319 0.123 99.5907
120 0.052 96.2 0.732 97.5600 0.106 99.6459

298 K

Doses (mg) Pb+2 _mSiO2 Cd+2 mSiO2 Cr+3 mSiO2
Ce ( mg..1) % Removal Ce ( mg.1.1 ) % Removal Ce ( mg.l−1) % Removal

0.01 0.054 99.821 1.164 96.1203 0.332 98.8933
0.02 0.002 99.992 0.558 98.1417 0.157 99.4780
0.03 0.013 99.957 0.728 97.5727 0.350 98.8350
0.04 0.099 99.671 0.901 96.9953 0.400 98.6683
0.05 0.144 99.521 0.991 96.6977 0.446 98.5133

adsorption efficiency of mesoporous silica (mSiO2) is
significantly influenced by solution pH, particularly due
to changes in surface charge behavior and electrostatic
interactions. At low pH, adsorption sites on the mSiO2
surface tend to protonate, resulting in a positively charged
surface. Under these conditions, the positively charged
metal ions (Pb2+, Cd2+, and Cr3+) and the adsorbent
surface repel each other electrostatically, thereby hin-
dering access to available adsorption sites. In contrast,
within the pH range of 6 to 8, the number of protons in
solution decreases, reducing the extent of electrostatic
repulsion. As a result, adsorption sites become more
accessible, thereby enhancing the interaction between the
metal cations and the negatively charged silica surface.
Additionally, the increase in hydroxide ions (OH-) in this
pH range does not compete with metal ions for adsorption
sites, further improving metal uptake. These findings
align with previous studies [30], confirming that pH 8
provides the most favorable condition for the highest
removal efficiency of Pb2+, Cd2+, and Cr3+ ions using
mesoporous silica as an adsorbent: Pb2+ is 97.8%, Cd2+

is 98%, and Cr3+ is 99.6%.

Fig. 5 The impact of pH on the elimination of Pb2+,Cd2+,Cr3+

ions using mesoporous silica (mSiO2)

3.7 Impact of contact duration on heavy metal ion
adsorption

Contact time is a critical factor influencing heavy
metal-ion adsorption behavior, and identifying the ideal
time frame is crucial for maximizing adsorption effi-
ciency [31]. Assessing the effect of contact duration
improves understanding of adsorption dynamics and
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helps determine the equilibrium time required to remove
metal ions effectively. In general, increasing contact
time increases adsorption efficiency for all adsorbents
until equilibrium is reached, beyond which no significant
change in removal is observed [32].

In this investigation, the removal percentages of Pb2+,
Cd2+, and Cr3+ ions were calculated under controlled
conditions: 298 K, an initial metal-ion concentration
of 100 mg L-1, an adsorbent dosage of 0.02 g, and a
solution pH of 8. Adsorption was monitored over various
contact times of 10, 20, 30, 45, 60, 90, and 120 min, as
shown in Figure 6. The collected data were used to assess
adsorption rates and determine the equilibrium points for
each ion under these fixed conditions.

Adsorption of Pb2+, Cd2+, and Cr3+ ions onto meso-
porous silica (mSiO2) showed rapid uptake during the
first 10 min, followed by a gradual slowdown until equi-
librium is reached. Beyond this point, the adsorption rate
becomes nearly independent of contact time, indicating
saturation of accessible active sites on the adsorbent
surface [33]. This behavior can be explained by the
large specific surface area of mSiO2 at the start of the
process and the abundance of unoccupied adsorption
sites. During the initial rapid phase, metal ions interact
quickly with the external surface of the silica particles,
which is mainly controlled by surface diffusion. As the
adsorption rate slows, intra-pore diffusion becomes the
dominant mechanism, where ions migrate into the inner
porous structure of the material [34, 35]. Based on the
experimental results, under the same circumstances, a
contact time of 60 min was determined to be optimal,
producing the highest effective removal rate for Pb2+,
Cd2+, and Cr3+ ions.

3.8 Adsorbent mass effect
The impact of different mesoporous silica (mSiO2)

dosages on the adsorption of Pb2+, Cd2+, and Cr3+ ions
was investigated to determine the optimal adsorbent mass
for maximum removal efficiency. The tested dosages
were 0.01, 0.02, 0.03, 0.04, and 0.05 g. Adsorption tests
were carried out at 298 K under constant conditions, with
a contact time of 2 h and a solution pH of 8. The results,
presented in the table below, illustrate how adsorption
capacity and removal percentage vary with increasing
adsorbent dosage, providing insight into the optimal
mSiO2 dosage for efficient elimination of hazardous metal
ions from aqueous solutions.

Fig. 6 Impact of contact time the elimination of
(Pb2+,Cd2+,and Cr3+) ions using mesoporous silica (mSiO2)

Figure 7 illustrates that, at all tested temperatures,
adsorption of Pb2+, Cd2+, and Cr3+ ions occurs with
high efficiency. The results indicate that increasing
the mass of the mesoporous silica adsorbent (mSiO2)
enhances the removal of metal ions, primarily due to the
corresponding increase in surface area, which provides
more active adsorption sites [36, 37]. However, while
the adsorbent dosage was varied from 0.01 g to 0.05 g,
no significant improvement in removal efficiency was
observed beyond a certain point, as shown in Figure 7.
This plateau effect is likely due to particle aggregation at
higher adsorbent masses, which can reduce the effective
surface area and block available active sites, thereby
limiting further adsorption capacity [38].

Fig. 7 Adsorbent mass’s impact on removal of (Pb2+,Cd2+, and
Cr3+) ions using mesoporous silica (mSiO2)
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4 CONCLUSION
Natural porcelainite rocks from the western Anbar

Governorate of Iraq were successfully used to extract and
characterize mesoporous silica (mSiO2). The material’s
adsorption-friendly surface and structural characteristics
were validated using FTIR, XRD, and FESEM, making it
an affordable and effective material for removing harmful
heavy metals from aqueous solutions.

The ability of the synthesized mSiO2 to remove heavy
metal ions (Pb2+, Cd2+, and Cr3+) from tainted aqueous
solutions was assessed. Adsorption tests were conducted
at different initial concentrations (10, 20, 30, 40, and 50
mg L-1), with the temperature maintained at 298 K, pH
adjusted to 7, and a contact time of 2 h. The adsorption
efficiencies of mSiO2 were high. Pb2+ is 97.8%, Cd2+ is
98%, and Cr3+ is 99.6%. The material’s potential as a
selective adsorbent was highlighted by the fact that Cr3+

showed the highest removal efficiency among the tested
metals. The adsorption efficiencies of mSiO2 remained
high under these conditions, with Pb2+ at 97.8%, Cd2+ at
98%, and Cr3+ at 99.6%.

The ability of the synthesized mSiO2 to remove heavy
metal ions (Pb2+, Cd2+, and Cr3+) from tainted aqueous
solutions was also assessed. Adsorption tests were
conducted at different starting concentrations (10, 20,
30, 40, and 50 mg L-1), with the temperature kept at 298
K, the pH adjusted to 8, and the contact time fixed at 2 h.
The adsorption efficiencies of mSiO2 were high. Pb2+ is
97.8%, Cd2+ is 98%, and Cr3+ is 99.6%. The material’s
potential as a selective adsorbent was highlighted by Cr3+,
showing the highest removal efficiency among the tested
metals.

The ability of the synthesized mSiO2 to remove
heavy metal ions (Pb2+, Cd2+, and Cr3+) from tainted
aqueous solutions was assessed under the same starting
concentrations (10, 20, 30, 40, and 50 mg L-1), with
temperature kept at 298 K, pH adjusted to 8, and contact
time fixed at 2 h. The adsorption efficiencies of mSiO2
were high: Pb2+ is 97.8%, Cd2+ is 98%, and Cr3+ is
99.6%. Based on the high correlation coefficient (R2),
the results suggest monolayer adsorption behavior on a
comparatively homogeneous surface.
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