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Abstract

Introduction: In the present study, Fes:O. nanoparticles were
synthesized using the co-precipitation method. Subsequently, due to the
high surface activity of FezO. nanoparticles and their solubility in acidic
media, the surface of the nanoparticles was coated with a silica layer and
core-shell particles of FesO,@SiO, were obtained. Subsequently, the
core-shell nanoparticles were functionalized with organic compounds
and theophylline molecules. Finally, the theophylline-functionalized
nanoparticles were used as an effective adsorbent for the adsorption of
zinc ions from aqueous solutions.

Methods: The characteristics, size and morphology of the synthesized
nanoparticles were determined using Fourier transform infrared
spectroscopy, X-ray diffraction, nitrogen gas adsorption-desorption,
vibrating sample magnetometer, thermal weighing analysis, scanning
electron microscopy, transmission electron microscopy and particle size
distribution. Subsequently, the synthesized nanoparticles were used as an
adsorbent for the extraction of zinc ions from aqueous solutions and the
parameters affecting the adsorption of the target ion were optimized.
Findings: The maximum adsorption capacity of the nanoadsorbent was
achieved using 60 ml of zinc solution with an initial concentration of 32.7
mg/L, 21 mg of nanoadsorbent at pH 7 and a contact time of 25 minutes
at ambient temperature. In addition, the synthetic nanoadsorbent has the
ability to be recycled and reused in consecutive adsorption-desorption
cycles for 7 times without serious reduction in adsorption activity.
Conclusion: Based on the results and considering the ideal properties of
the synthetic nanoadsorbent such as high adsorption capacity and the
ability to recover and reuse, the use of this nanoadsorbent in real water
and wastewater samples for the removal of heavy metal ions is highly
recommended.
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Extended Abstract

Introduction

In recent years, the discussion of water as one
of the effective factors in creating sustainable
development and controlling water resources
has become a highly challenging issue due to
the shortage of water resources in the world.
Therefore, providing various implementation
solutions in areas such as optimizing water
consumption, modifying consumption patterns,
wastewater treatment, and water recycling has
been considered in order to overcome the water
shortage crisis. In recent years, there has been a
significant increase in environmental pollution
caused by industrial activities and the
production of heavy metals, and therefore the
discussion of purifying and separating
pollutants from water is considered as one of
the basic solutions in controlling the water
shortage crisis and preventing environmental
hazards.

Heavy metals cause fundamental disturbances
in the metabolism of living organisms, nucleic
acids and proteins which poses serious
problems and challenges to human health.
Among the heavy metals, zin ion indicates
significant toxicity in high concentration.
Among the complications caused by this metal
are anemia, vomiting, fever, nausea, skin
irritation, stomach pain and in some cases
sudden death. The World Health Organization
has reported the permissible concentration limit
of this metal in drinking water as 3 mg/L
considering its high sensitivity. Therefore, it is
important to remove high concentrations of this
metal from aquatic environments.

Nowadays, various methods such as
adsorption, ion  exchange, = membrane
separation, filtration, and coagulation are used
to separate and remove pollutants from water.
Among the mentioned methods, adsorption
methods have attracted a lot of attention among
researchers due to their advantages and features
such as operational simplicity, recovery,
cheapness, and simplicity.

Methodology

In the present work, FezO4@SiO; nanoparticles
were  first  synthesized and after
functionalization with amine compounds,
trichloro triazine and theophylline molecules,
they were used as an effective adsorbent to
remove zinc ions from aqueous solutions. The
characteristics, morphology and size of the

synthetic nanoadsorbent were investigated and
evaluated using techniques such as FT-IR,
XRD, TEM, FE-SEM, DLS, BET, TGA, EDX
and VSM. Afterwards, the effective parameters
in adsorption such as adsorbent dosage,
solution pH, adsorbent contact time and initial
concentration of zinc ions were investigated
and optimized in order to achieve optimal
conditions for the adsorption process.

Findings and Discussion

Fourier transform infrared spectroscopy was
used to investigate and evaluate the synthetic
steps of the nanoparticles. In the FT-IR
spectrum of the synthetic samples, the presence
of O-H (stretching vibrations), O-H (bending
vibrations) and Fe-O (stretching vibrations)
peaks can be observed in the regions of about
3400 cm-1, 1620 cm?® and 570 cm?,
respectively. The presence of absorption peaks
in the regions of 1100 and 800 cm, which are
assigned to the asymmetric and symmetric
stretching vibrations of the Si-O-Si bond,
respectively which indicate the successful
coating of magnetite nanoparticles with a silica
layer. For the core-shell Fe;0.@SiO;
nanoparticles functionalized with theophylline
molecules. The presence of absorption peaks at
3441 (O-H stretching vibrations), 2847-3047
(C-H stretching vibrations), 1717 (C=0
stretching vibrations), 1662, 1562 (C=N
stretching vibrations), 1396 (CHs; bending
vibrations), 1288 (C-N stretching vibrations),
1104  (asymmetric  Si-O-Si  stretching
vibrations) and 1571 cm® (Fe-O stretching
vibrations) confirms the successful synthesis of
these nanoparticles and the synthetic adsorbent.
The optimization of the adsorbent dosage was
investigated and evaluated in a range of 3-24
mg of Fes04@SiO,-TCT-Theophyline
adsorbent and in 60 ml of zinc solution (initial
concentration  mmol/L0.5) at ambient
temperature. As can be seen from the results,
the adsorption of zinc ions increases with
increasing adsorbent dosage. The maximum
adsorption capacity of 93% occurs with the use
of 21 mg of nanoadsorbent.

One of the effective parameters in the
adsorption process of metal ions is the pH of the
solution. Therefore, the effect of pH in a range
of 3-8 in 60 ml of zinc solution (initial
concentration mmol/L0.5) in the presence of 21
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mg of Fes0.@SiO,-TCT-Theophyline
nanoadsorbent and a contact time of 30 minutes
was investigated. According to the result, as the
pH increases to 7, the rate of absorption of zinc
ions from the solution by the nanoadsorbent
increases.

In order to optimize the initial concentration of
zinc ions, experiments were performed in 60
mL of solution (concentration range 0.2-0.55
mmol/L) in the presence of 21 mg of synthetic
nanosorbent at pH 7 and a contact time of 30
min. The results indicate that with increasing
the initial concentration, the adsorption rate
increases and the maximum adsorption capacity
is observed at an initial concentration of 0.5
mmol/L for zinc ions. With increasing the
initial concentration, the mass gradient between
the nanoadsorbent and the metal solutions
increases which leads to improved adsorption
efficiency.

In order to optimize the contact time of the
nanosorbent, 60 mL of zinc ion solution with an
initial concentration of 0.5 mmol/L, 21 mg of
nanosorbent at pH 7 and ambient temperature
were used. The studies were performed in a
time range of 5-30 min and the results indicate
that with increasing the contact time, the
adsorption rate of zinc ions increases. The best
adsorption performance of the nanosorbent
occurs within 25 minutes, which results in a
maximum adsorption of 93% of the ions in the
solution. A further increase in contact time 30
minutes may not have a significant effect on
improving the adsorption performance of the
nanoadsorbent.

Conclusion

In the present study, core-shell nanoparticles
were synthesized using coprecipitation and
Stober methods and after functionalization with
organic  compounds and  theophylline
molecules, they were used as an effective and

powerful adsorbent for the adsorption of zinc
ions from aqueous solutions. After determining
the  characteristics of the  synthetic
nanoadsorbent, optimization of the effective
parameters in zinc adsorption such as adsorbent
dosage, solution pH, adsorbent contact time and
initial zinc concentration was performed. The
results indicate that in the presence of 21 mg of
nanoadsorbent and 60 mL of zinc solution
(initial concentration of 0.5 mmol/L) at pH 7,
the maximum adsorption of target ions is 93%.
Moreover, the synthetic nanoadsorbent has
significant advantages and features such as easy
synthesis, high specific surface area, use of
small amounts, high adsorption speed,
excellent adsorption capacity, high
coordination ability, and the ability to recycle
and reuse in sequential adsorption-desorption
processes without serious reduction in
adsorption  performance. Therefore, this
synthetic nanosorbent has the ability to be used
in the adsorption of heavy metal ions from
water, wastewater and industrial effluents.
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