Synthesis of magnetic molecular imprinting polymeric
adsorbent to remove nickel ion from water

Morteza Faghihi

Assistant Professor of Chemical Engineering, Chemistry and Process Research Department, Niroo
Research Institute

Mohsen Esmaeilpour '*

Assistant Professor of Organic Chemistry, Chemistry and Process Research Department, Niroo
Research Institute

*mesmaeilpour@nri.ac.ir
Abstract

Molecular imprinted polymer adsorbent is a new material that has attracted attention in the
water treatment industry. In this study, a molecular imprinted polymer adsorbent based on a
core/shell structure was successfully synthesized to be used for the removal of nickel ions from
aqueous media. Magnetite nanoparticles (Fe3O4) were synthesized by co-precipitation method
and then the core/shell structure of magnetite silica (Fe;04@Si02) was synthesized and after
functionalization with an amino group, it was used as a basis for the synthesis of molecular
imprinted polymer adsorbent (Fe304@Si102-MIP). The molecular imprinted polymer adsorbent
was synthesized in the presence of nickel target ion, Methacrylic acid monomer, initiator and
crosslinker by in situ polymerization method. FTIR, XRD, TEM, FE-SEM, BET and VSM
tests were used to determine the structure and properties of magnetite nanoparticles, core/shell
structure and molecular imprinted polymer adsorbent. Also, adsorption tests were performed
including the dose of the adsorbent, pH, initial concentration, isotherm, kinetics and selective
adsorption. The results of the tests to determine the properties showed the presence of a
magnetic phase and a core-shell structure. Also, the specific surface area and good magnetic
properties were observed for the molecular imprinted polymer adsorbent. The optimal
adsorption conditions were obtained including the adsorbent dose of 16 mg, pH 7 and the initial
nickel concentration of 25 mg/l. The results of the adsorption tests showed that the maximum
adsorption capacity of 105.26 mg/g was obtained for the molecular imprinted polymer
adsorbent for nickel removal.

Keywords: Molecular imprinting, poly methacrylic acid, magnetic adsorbent, nickel ion,
adsorption
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Fig 1. Schematic of the synthesis of Fe304@SiO2 nanoparticles functionalized with
imprinted polymer molecules.
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Fig 2. FTIR spectrum of a) Fe304, b) Fe304@Si02, c¢) Fe304@Si02-NH2, d) Fe304@SiO2-
MIPs and (e) Fe304@SiO2-NIPs.
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Fig 3. XRD spectra of a) Fe304 nanoparticles, b) Fe304@SiO2 and c) Fe304@SiO2-
MIPs.
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Tablel. Structural and surface area characteristics of synthetic Fe3Os, Fe304@SiO:2 and Fe;04@SiO2-MIPs

nanoparticles.
Crystal Active surface Mag.n etlt?
Adsorbent 27 na particle size
structure type area (m“/g) (nanometers)®
Fes;04 Cubic spinel 480 11.33
FC304@Si02 Cubic Spil’lel 430.3 12.64
Fe304@SiOz—MIPS Cubic spinel 363.6 14.32

a) specific surface area calculated by the BJH method.
b) Magnetite particle size calculated by the Scherrer equation.
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Fig 10. The effect of initial pollutant concentration on the adsorption capacity and removal efficiency of
molecularly imprinted polymeric adsorbent.
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Fig 11. Isotherm diagram of molecular imprinted polymer adsorbent for nickel removal and corresponding
Langmuir, Freundlich and Dubinin - Radushkevich (D-R) isotherm curves
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Table 2. Parameters calculated from Langmuir, Freundlich and Dubinin - Radushkevich isotherm models for
molecularly imprinted polymer adsorbent.

Isotherm Parameters Value
dm (Mg/g) 105.26
Langmuir K (I/'mg) 0.2691
R? 0.9655
n 1.8822
Freundlich Kr(mg/g).(I/mg)'™ 22.98
R? 0.8456
dm (Mg/g) 101.17
Dubinin - Radushkevich (D-R) B (I/mg) 0.0046
R? 0.9582
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Fig 12. Adsorption capacity versus time for nickel removal by molecular imprinted polymer adsorbent along with
pseudo-first-order, pseudo-second-order and intraparticle diffusion kinetic models.
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Table 3. Parameters calculated from pseudo-first-order, pseudo-second-order and intraparticle diffusion kinetic
models for molecularly imprinted polymer adsorbent.

Kinetics Parameters Value
qe (mg/g) 62
Pseudo-first order Ki (1/min) 0.0803
R? 0.9149
q. (mg/g) 97.08
P Se“i‘r’;eicond K> (mg/(g.min)) 0.0018
R? 0.9903
. 1172
Intrapartile K (e i) 83779
diffusion 4AMge :

R? 0.7147
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Fig 13. Removal efficiency (R%) for simultaneous removal of nickel, copper, zinc, and lead ions by (a) conventional
polymer adsorbent and (b) molecular imprinted polymer adsorbent.
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Table 4. Comparison of the adsorption capacity in the present study with adsorption capacity of similar adsorbents
for nickel removal.

Adsorbent AdsP rption Reference
capacity (mg/g)

glycidyl methacrylate- modified cellulose material
functionalised with imidazole (Cellulose-g-GMA- 48 [£¥]
Imidazole)
Graphene nanosheet / MnO, (GNS/MnO,) 46 [£8]
Superparamagnetic Fe3O4 nanoparticles 209 [£7]
B-cyclodextrin magnetic multi-walled carbon 103 [¥V]
nanotubes (B-CD@Fe;04/MWCNT
Magnetic layered double hydroxide composite (Ca— 109 [¥A]
Al LDH/Fe;04)
Chitosan-magnetic nanocomposite (CMNC) 30 [£a]
Carboxyl-modified Fe;O4@SiO; nanoparticles 64 [¥v]
Fe304@SiO,-MIPs 105 This work
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