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Abstract

Introduction: In the present study, magnetite nanoparticles were
synthesized by co-precipitation method with surface coating by silica
nanoparticles. Afterwards, these nanoparticles were functionalized with
glucosamine molecules. In the next step, these functionalized core-shell
nanoparticles were used as a suitable adsorbent to remove nickel ions
from aqueous solutions.

Methods: The synthetic adsorbent was investigated using techniques
such as X-ray diffraction (XRD), fourier transform infrared spectroscopy
(FT-IR), scanning electron microscopy (FE-SEM), transmission electron
microscopy (TEM), particle size distribution (DLS), vibrating sample
magnetometer (VSM), X-ray energy diffraction (EDX) and
thermogravimetric analysis (TGA) to evaluate the structure, morphology
and size of the particles. Moreover, the absorption performance of the
synthetic adsorbent was investigated by optimizing the amount of
adsorbent, pH of the solution and contact time.

Findings: The results indicate that the maximum absorption capacity
occurs when 24 mg of the adsorbent is added to 75 mL of the solution
with an initial concentration of 0.65 mmol/L at pH=7 with contact time
of 18 min. Additionally, the synthetic adsorbent possess the ability to be
recovered and used repeatedly in successive absorption processes up to
7 times without a serious decrease in activity.
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Extended Abstract

Introduction

The presence of heavy metal ions in sewage and
industrial wastewater has led to the creation of
problems in terms of the environment and
human health. In recent years, various methods
such as filtration, biological absorption, reverse
osmosis, ion exchange, adsorption and
membrane separation have been used in order
to remove these heavy metal ions from
wastewater. Among these methods, application
of absorption techniques attracts more attention
due to advantages such as the ability to remove
small amounts of metal ions, effective and
uniform effect, low costs of adsorbent synthesis
and the ability to use various biocompatible
compounds [1].

Nickel enters the human body through drinking
water, food, air and smoking. Moreover, some
nickel enters the human body through skin
contact with contaminated water and soil and its
excessive increase is dangerous for the human
body and living organisms. Based on the
American National Toxicological
Classification (NTP), nickel and its compounds
are considered cancer-causing factors.
Additionally, based on the classification of the
International Agency for Research on Cancer
(IARC), nickel compounds are placed in group
one, which is related to the elements that have
enough evidence about their carcinogenicity.
The results of high consumption of nickel on
the human body include skin sensitivity,
abdominal pain, shortness of breath, chest pain,
delirium, lung problems such as reduced lung
capacity, chronic bronchitis, lung and sinus
cancer, kidney and blood problems, seizures,
larynx cancer, prostate cancer and death.
Therefore, due to the harms and problems of
nickel on the metabolism of living organisms, it
is necessary and important to remove them
from sewage and wastewater [2].

In recent years, magnetite iron oxide
nanoparticles (Fes0.) have attracted a lot of
attention due to their wide applications as
adsorbents, catalysts, gas sensors, ion
exchangers, targeted drug release and magnetic
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resonance imaging as an attractive class [3].
Among the prominent features of these
nanoparticles, it should be mentioned the high
magnetic property, ease of separation with
magnetic field, low toxicity, small particles,
high volume to surface ratio, and existence of
quantum effects. Due to their high surface
activity, these nanoparticles tend to accumulate
and clump which lead to a decrease in their
surface activity. On the other hand, the acidic
environment creates unstable conditions for
these nanoparticles which leads to their
dissolution and destruction. Moreover, these
nanoparticles are oxidized when exposed to the
atmosphere. Therefore, in order to solve these
problems, it is necessary to use surface
stabilizing coatings in order to control the size
of particles and prevent the accumulation and
clumping of particles [4]. In recent years,
various types of FesOs4 core-shell composite
nanoparticles including Fe304@SiO,
FesO.@Polymer, FesOs@Carbon and
Fes04s@MOF have been synthesized. Among
surface coatings and stabilizers, silica layer has
attracted the most attention due to its
advantages such as easy surface changeability,
high surface area and small size distribution.
Moreover, the presence of hydroxy groups on
the surface of silica makes it possible to connect
multiple active molecules in line with various
application [5].

Methodology

Here in this work, magnetite nanoparticles were
synthesized using the co-precipitation method
and coated with a silica layer using the Stdber
method in order to remove heavy metal ions
like nickel ions from industrial wastewater.
Afterwards, these synthetic Fe;0.@SiO-
nanoparticles were functionalized with 3-
chlorotrimethoxypropylsilane,  3-(3-hydroxy-
propylamine)-propan-1-ol, cyanuric chloride
and glucosamine respectively to obtain the
desired nanoadsorbent. Investigating and
evaluating the properties and structural features
of the synthetic nanoadsorbent was performed
using various techniques such as VSM, EDX,
FE-SEM, TEM, XRD, TGA and FT-IR.
Finally, optimization of adsorbent dose, effect
of contact time on absorption rate, effect of
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solution pH and ability to adsorbent recovery in
successive adsorption-desorption cycles were
evaluated in order to investigate the
performance of synthetic nanoadsorbent in
nickel ion absorption.

Findings and Discussion

Morphology and size of  synthetic
nanocomposites  were investigated and
evaluated using field emission scanning
electron microscopy (FE-SEM), transmission
electron microscopy (TEM) and particle size
distribution electron microscope. Magnetite
nanoparticles were uniform in size and shape
with an average size of about 10 nm. Thermal
stability of magnetic nanoparticles was
investigated using TGA thermal weighing
analysis. According to the diagram of the
samples, the weight loss of the first stage below
the temperature of 200° C is due to the physical
removal of water, solvent and hydroxyl groups
from the samples. Moreover, the weight loss of
the second stage in the temperature range of
200-700° C is related to the decomposition of
organic compounds on the surface of
nanoparticles.

After characterization of proposed

nanoadsorbent, the adsorption capacity was
optimized by changing the solution content and
the amount of adsorbent. By increasing the
amount of adsorbent, the removal rate of
divalent nickel ion from the solution increases
and the maximum absorption capacity of 94%
occurs when 24 mg of adsorbent is used. A
further increase in the amount of adsorbent
more than 28 mg was not affect the amount of
Ni2* absorption from the solution. The results
indicate that by increasing the contact time up
to 18 minutes, the amount of Ni?* absorption
from the solution increases and further increase
of the contact time was not be effective in
improving the absorption performance. As the
pH of the solution increases from 3 to 7, the
amount of Ni?* absorption increases and the
maximum absorption capacity occurs at pH=7.
Due to the reduction of absorption at higher
pHs, the adsorbent performance was not
investigated at pHs higher than 8. The results
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show that after 7 times of recovery and reuse of
the adsorbent, there is no serious decrease in the
activity and absorption capacity of the
adsorbent.

Conclusion

In the present work, FesO4 nanoparticles were
firstly synthesized using the co-precipitation
method by surface coating with silica
nanoparticles using Stober's method. The
proposed  nanoadsorbent  were  finally
functionalized  with  polyvinyl  alcohol
molecules. The structure, size and morphology
of the synthetic nanoadsorbent was investigated
using FT-IR, XRD, TEM, FE-SEM, DLS,
TGA, EDX and VSM techniques. Finally, the
performance of the nanoadsorbent in removing
Ni2* ions at 75 mL of solution with initial
concentration 0.65 mmol/L was evaluated. This
new nanoadsorbent offers several advantages
such as high coordination power, easy
synthesis, small amounts, high absorption
capacity, ability to recover and use repeatedly
in successive absorption-desorption cycles,
high absorption speed and high surface-to-
volume ratio. However, the proposed particle is
possible to use as a great adsorbent in the
removal of heavy metal ions from industrial
effluents and wastewaters.
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