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¢ Abstract

¢ Introduction: In the present study, Fes0.@SiO, nanoparticles functionalized
* with bis](3,4-salicylic imino)benzophenimine ligand is synthesized by co-
: precipitation method. In the next step, the proposed nano adsorbent is applied as
. an effective and powerful adsorbent to remove nickel ions from aqueous
: solutions. Finally, the proposed nanoadsorbent are characterized and the key
: parameters of the adsorption process are optimized.

: Methods: Investigation and evaluation of particle size, morphology and
: structural characteristics are performed using transmission and scanning electron
: microscope analyses, Fourier transform infrared spectroscopy, vibrating sample
: magnetometer, X-ray energy diffraction and X-ray diffraction.

¢ Findings: Afterwards, the optimization of the effective parameters of the
: adsorption process such as the adsorbent dose, the contact time with the target
: jon and the pH are carried out in 50 ml of nickel ion solution (initial
: concentration 0.35 mmol/L) at ambient temperature. According to the result, that
¢ the optimum performance of the magnetic adsorbent is obtained about 93% of
¢ nickel ions at pH 7 with the presence of 16 mg of adsorbent and a contact time
: of 22 min. Moreover, the synthetic adsorbent has the ability to be used in
¢ successive absorption-absorption cycles for 6 times without a serious decrease
. in absorption activity. The proposed nanoadsorbent possesses advantage
¢ including excellent coordination with metal ions, high surface-to-volume ratio,
: surface heteroatomic groups and creation of active absorption sites, easy
: synthesis, use of magnetic separation technique as a suitable and effective
: solution, use of small amounts of adsorbent, high adsorption capacity, recovery
: and reuse in successive absorption-desorption.
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Extended Abstract

Introduction

Due to the problems and issues that heavy metal ions
have caused in natural ecosystems and human
health, the need to monitor and eliminate them has
become particularly important. Today, various
methods such as sedimentation, filtration, reverse
osmosis, absorption, membrane techniques, ion
exchange and biological adsorption are used to
remove heavy metal ions from aqueous solutions.
Among these methods, adsorption techniques have
been highly considered due to features such as
effective and uniform effect, the ability to remove
low concentrations, economic synthesis, and the
ability to use different biocompatible compounds.
As a result, the adsorption technique by applying a
new family of selective and efficient adsorbent are
required to use in heavy metal removal purpose.
Nickle io lead to shortness of breath, chronic
bronchitis, lung problems and allergic effects on
humans. In addition, nickel have initial effects on
the human body such as vomiting, cough, chest pain,
nausea, headache, dizziness and chronic effects such
as death, convulsions and delirium. Moreover,
drinking water containing nickel (above the
permissible limit) lead to symptoms such as blood
problems, abdominal pain, lung cancer and kidney
problems. Considering the problems caused by
nickel on human health, it is necessary to remove it
from sewage, effluents and aqueous solutions.

In recent years, various nanocoating have been used
to synthesize core-shell structures such as
Fes0s@Polymer, Fes0.@MOF, FesO,@SiO, and
Fe;04@Carbon composite structures. Among all the
stabilizers and coating, the use of nanosilica as a
coating has received much attention due to its
remarkable features such as high specific surface
area, very small particle size distribution and the
possibility of surface modification. The presence of
hydroxy groups on the surface of silica enables
functionalization for broad range of applications. In
the functionalized core-shell nanostructures, the
atoms in the center of the nano mass do not have
much functional effect and the surface atoms play an
essential role. Moreover, the functionalization of
core-shell nanostructures provides special properties
such as biocompatibility, surface hydrophobicity,
and the ability to bond with biological molecules.
In this research, a novel adsorbent is synthesized by
co precipitation and Stober’s method. Afterwards,
the presented adsorbent is applied for heavy metal
removal purposes. Finally. All adsorbent parameters
and characteristic are optimized in this research.

Experimental

In the present study, initially FesO.@SiO, core-shell
nanoparticles are synthesized by co-precipitation
and Stober methods. Afterwards, these nanoparticles
are functionalized with 3-chloropropyl(triethoxy)
silane and bis[(3,4-salicylic imino)benzophenimine]

ligand. In the next step, the synthesized nano particle
is used as an effective adsorbent to remove nickel
ions from aqueous solutions. Evaluation of the
synthesis steps, particle size, morphology and
structural characteristics of nanoadsorbent are
performed using Fourier transform infrared
spectroscopy, transmission and scanning electron
microscope, vibrating sample magnetometer, X-ray
energy diffraction and X-ray diffraction. Moreover,
the effective adsorbent parameters such as adsorbent
contact time, adsorbent dosage and the effect of pH
on the absorption rate are investigated and
optimized.

Findings and Discussion

In order to optimize the adsorbent dose, pH and
contact time of the adsorption process, various
amounts of adsorbent in the range of 2-16 mg,
various pH in the range of 3 to 8 and time period of
1 to 24 min is applied here. All experiments are
performed in 50 ml of Ni?* solution with initial
concentration 0.35 mmol/Lin pH 7 at ambient. The
results are described by detail for each parameter.
The maximum adsorption capacity is obtained by
using 16 mg of adsorbent which lead to the
adsorption efficiency of 93%. Moreover, using
higher amounts of adsorbent (18 mg) does not
influence on increasing the amount of adsorption.
However, using adsorbent less than 16 mg led to a
decrease in the amount of adsorption efficiency. The
number of accessible active sites of the adsorbent
has increased by increasing the amount of adsorbent
up to 16 mg which results in an increase in
absorption. While the use of higher amounts of
adsorbent do not indicate a greater effect on the
amount of adsorption due to the constant
concentration of Ni?* ion.

The effect of contact time on the adsorption process
is investigated in 50 ml of solution (initial
concentration 0.35 mmol/L) in the presence of 16
mg of Fes04@SiO»-SBP in the time range of 6-24
minutes in pH 7 at ambient temperature. The
adsorption efficiency increases with increasing the
contact time up to 22 minutes. The 22 min contact
time result in adsorption of 93%. Further increase of
contact time (about 24 min and more) has no effect
on further increase of adsorption efficiency.

The Ni?* adsorption efficiency increases with
increasing pH value. The highest absorption
capacity of 93% is observed at pH 7. The
electrostatic repulsion created between Ni?* ions and
the positive sites of the adsorbent due to the
protonation of the heteroatomic groups at low pH.
As aresult, the coordination power of the active sites
decreases at lower pH which lead to a decrease in
the amount of adsorption. At higher pH in the range
of 7 to 8, the coordination of active sites with metal
ions increases due to the presence of free electron
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pairs in the sites which leads to 93% adsorption at
pH 7.

Conclusion
In the present study, bis [(3,4-salicylicimino)
benzopheniminephenyldiamine] ligands are

supported on Fes04@SiO, nanoparticles. The
synthesized adsorbent is used as an effective
adsorbent in removal of nickel ions from aqueous
solutions. Excellent coordination properties with
metal ions, high surface-to-volume ratio and surface
heteroatomic groups lead to the creation of active
adsorption sites to adsorb Ni?* ions. The proposed
adsorbent possesses many advantages including
easy synthesis of adsorbent, the use of magnetic
separation technique as a suitable and effective
solution, the use of small amounts of adsorbent, high
adsorption capacity, the ability to recover and reuse
in consecutive adsorption-desorption processes
without a serious decrease in activity. Therefore, all

this advantage makes the proposed nanoadsorbent as
efficient candidate enables to remove heavy metal
ion from industrial effluents and sewage.
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