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Abstract

Introduction: In this study, the construction and investigation of the
properties of an ion-imprinted polymer adsorbent for the removal of
heavy metal zinc from the aquatic environment was carried out.
Methods: Initially, a magnetic core/shell structure of iron/silica was
fabricated and after functionalization with an amine functional group, it
was used as a base for the preparation of an ion-imprinted polymer
adsorbent. The ion-imprinted polymer adsorbent was synthesized in the
presence of a magnetic base, zinc target ion, initiator, and binder. FT-IR,
XRD, FE-SEM, TEM, BET, and VSM tests were used to determine the
structural properties of the core/shell base and the ion-imprinted polymer
adsorbent. Also, for the adsorption performance, the effects of pH,
adsorbent dosage, initial concentration, Kinetics, and isotherm were
performed.

Findings: A spherical structure with an average particle size of 30-40 nm
was observed for the ion-imprinted polymer adsorbent in the morphology
results. Also, the presence of an iron phase (magnetite) with suitable
magnetic performance was confirmed in XRD, FTIR and VSM tests. The
experimental data showed a better agreement with the pseudo-second-
order kinetic model and the Langmuir isotherm model, and the maximum
adsorption capacity of zinc metal ion by the ion-imprinted polymer
adsorbent was estimated to be 88.5 mg/g. The results showed that the
ion-imprinted polymer adsorbent has a very good selective adsorption
performance for zinc metal ion from aqueous media.
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Extended Abstract

Introduction

Today, water pollution has become a major
concern for humanity. One type of water
pollution is heavy metals, which include
elements with atomic numbers between 60-200
and specific gravity greater than 5. Among the
various methods for removing heavy metals,
the adsorption method is known as an effective,
cheap and easy-to-implement method. Also, the
adsorbents used in the adsorption method can
be recovered and used in more cycles of the
adsorption process. Therefore, the construction
of various adsorbents in the adsorption process
has attracted the attention of researchers in
recent years. One of the important factors in the
adsorption performance depends on the type
and characteristics of the adsorbent used. The
development of adsorbents with selective
adsorption capabilities for water purification
and heavy metal removal has led to the creation
of ion-imprinted polymer (1IP) adsorbents.
Therefore, considering the new technology of
this structure, in this research, an ion-imprinted
polymer adsorbent was synthesized to remove
the heavy metal zinc from the aqueous
environment.

Findings and Discussion

In the first stage of manufacturing the ion-
imprinted polymer adsorbent, a magnetic
core/shell silica magnetite base was used to
manufacture the adsorbent, and after
functionalizing the core/shell structure with an
amine group, the ion-imprinted polymer
adsorbent was synthesized by in situ
polymerization in the presence of the target ion
(zinc ion) based on the magnetic core/shell. The
results of FT-IR and XRD results showed the
presence of magnetic phase (Fe304), amine
functional groups and formation of ion
imprinted polymer. The average particle size of
the adsorbent was calculated in the range of 30-
40 nm in the morphology photographs. In
addition, the presence of iron, silicon, oxygen,
nitrogen and carbon elements was confirmed in
the EDX test results. The average specific
surface area in the BET test for the ion
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imprinted polymer adsorbent was calculated to
be 363.6 m2/g, which is an acceptable value for
use in the adsorption process. Also, the
appropriate magnetic property of the ion
imprinted polymer adsorbent was confirmed in
the VSM test and the adsorbent was separated
from the aqueous medium by applying a
magnetic field. The adsorption tests showed
that the best conditions for the adsorption of
zinc ions by the ion imprinted polymer
adsorbent occur at pH 7, adsorbent dose of 20
mg and initial concentration of 35 mgll.
Adsorption kinetics tests showed that the
experimental data had a better agreement with
the pseudo-second-order Kkinetic equation,
which confirms that the adsorption of zinc ions
occurred mainly through chemical adsorption.
Also, a better agreement was observed for the
experimental data with the Langmuir model in
isotherm tests, and the maximum adsorption
capacity estimated with this model for the ion-
imprinted polymer adsorbent in the removal of
zinc ions was obtained as 88.5 mg/g.

Conclusion

Compared to the conventional polymer
adsorbent, the ion-imprinted polymer adsorbent
showed a high adsorption percentage for zinc
metal in contact with other heavy metals, which
indicates the selective adsorption power of this
type of structure. In general, it can be claimed
that the use of ion-imprinted polymer adsorbent
can be very useful in the water treatment
industry,  considering  the  advantages
mentioned.
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