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Abstract

In this study, Fe3Os nanoparticles are first synthesized using the co-precipitation method.
Afterwards, the surface coating of iron oxide nanoparticles is performed to synthesize core-shell
Fe304@SiO2 nanoparticles using the Stober method by tetraethoxysilane as a silica source. After
functionalization of FesO4@SiO2 nanoparticles with theophylline molecules, the synthesized
nanoparticles are used as an effective adsorbent to remove cadmium ions from aqueous solutions.
Particle size, morphology, magnetic properties, structural properties and surface functional groups
are investigated using TEM, FE-SEM, VSM, BET, TGA, EDX, XRD and FT-IR. Finally, the
effect of various amounts of adsorbent, contact time, pH and initial concentration of cadmium on
the adsorption are investigated. The results of optimization of effective parameters at ambient
temperature in the presence of 20 mg of adsorbent dose, pH 7 in 50 mL of solution with an initial
concentration of 0.3 mmol/L for a contact time of 25 min resulted in 93.3 mg/g of cadmium
adsorption. Moreover, the synthetic nanoadsorbent has the ability to be recovered and reused in
successive adsorption-desorption cycles without serious reduction in functional activity.

Keywords: Fes04@SiO2 nanostructure, theophylline, surface adsorption, cadmium ion, magnetic
separation, solid phase extraction.
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Table 1: All used chemicals.

Name Chemical formula Purity/ % Company
etraethoxysilane« Si(OC;Hs)4 99 Merck
Ferro chloride FeCl,.4H,0 99 Merck
Ferric chloride FeCls.6H,O 97 Merck
Ethanol C2HsO 96 Merck
Hexa methylene tetra amine CsH12N4 99 Sigma-Aldrich
3-Amino propyl teriethoxy silane NH2(CH2)3Si(OCzHs)3 99 Merck
Sodium hydroxide NaOH 99 Merck
Dimethyl formaldehyde CsH/NO 99 Merck
Hydrochloric acid HCI 37 Merck
Theophylline C7HsN4O; 99 Sigma-Aldrich
Distilled water H.O - -
3-Bromopropylamine CsHsBrN 98 Sigma-Aldrich
Tri chloro triazine CsClI3Ns 99 Sigma-Aldrich
Tetrahydrofuran C4HsO 99 Sigma-Aldrich
Polyvinyl alcohol [CH2CH(OH)]x 99 Merck
Di isopropy! ethyl amine CsHiN 99 Sigma-Aldrich
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Figure 1: FT-IR spectra of nanoparticles a) Fe304, b) Fes0.@Si0;, ¢) Fes04@SiO2-NH,, d)
Fes0.@Si0,-TCT, e) Fes0.@Si0,-TCT-(CH2)3Br and f) Fes0.@SiO,-TCT-Theophylline.
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Figure 2: XRD spectra of a) Fe;0a4, b) Fes0.@Si0- and ¢) FesO4@SiO2-TCT-Theophyline nanoparticles.
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Figure 3: TEM images of nanoparticles a) Fez;0a4, b) Fes0.@SiO-, ¢) Fe;0.@SiO,-TCT-Theophylline
and FE-SEM images of nanoparticles d) FezOa, €) Fes0s@SiO,, f) Fes0.@SiO.-TCT-Theophylline and
DLS analysis of nanoparticles g) FesOs, h) Fes0.@SiO; and Fes0.@SiO,-TCT-Theophylline.
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Table 1: Characteristics and properties of Fe3O4, Fes04@SiO; and Fes0:@SiO>-TCT-Theophyline
nanoparticles.

Sample Crystal Structure of Specific surface Particle diameter
Fes04 area (nm)

(m?g)? XRDP TEM®

Fes04 Cubic Spinel 480.0 11.33 12

Fes0,@SiO; Cubic Spinel 430.3 12.64 20

Fes04@SiO,-TCT-Theophylline Cubic Spinel 392.6 14.82 30

a) Calculated by BJH
b) Calculated by Scherer equation based on XRD
c) Average particle size by using TEM image
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Figure 4: EDX analysis of Fes0.@SiO,-TCT-Theophylline nanoparticles, B) TGA analysis of
nanoparticles a) Fes04@SiO2-NH>, b) Fes04@SiO2-TCT, ¢) Fes04@SiO.-TCT-(CH2)sBr and d)
Fes0.@SiO,-TCT-Theophylline.
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Figure 5: VSM diagram of a) Fe;O4 nanoparticles, b) Fes0.@SiO; and Fe;s0.@SiO,-TCT-Theophyline,
B) separation capability of nanosorbent with magnetic magnet.
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Figure 6: Optimization of the amount of adsorbent on the rate of Cd?* absorption.
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Figure 7: Effect of nanoadsorbent contact time on the adsorption of Cd?* ions.
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Figure 8: Effect of pH on the removal rate of Cd?* ions.
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Figure 9: Adsorption isotherms of cadmium ions in the presence of Fes0.@SiO.-TCT-Theophyline
nanoadsorbent.
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Figure 10: Isotherm curves of Langmuir and Freundlich models in the adsorption of cadmium ions.
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Table 3: Parameters for Longmuir and Fredrich model.

Target Longmuir Model Fredrich model
lon Qm KL R? n Kr R?
(mmol/g)  (L/mmol) (mmol/g)
Cd(ll)  0.83084 115.74 0.99 2.297 3.021 0.938
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Table 3: Comparison of the maximum adsorption capacity of Fes04@SiO,-TCT-Theophyline with the
values reported in previous studies on cadmium ion adsorption.

Adsorbent Adsorption Capacity, gm (Mg/g) Ref.

CD poly-MNPs 21.7 [40]

Oxidized granular activated carbon 5.7 [41]

MWCNTSs grown on Al,O3 8.9 [42]

Alumina/MWCNTSs 27.2 [43]

Multi-amine-grafted mesoporous silicas 11 [44]

MWCNTs-IDA 6.6 [45]

Tirecarb 300 2.4 [46]

Dithiocarbamated-sporopolleni 7.1 [47]

Untreated coffee grounds 15.6 [48]

Iron oxide NPs 18.6 [49]

v-Fe20;@CS 15.2 [50]
Fes0.@SiO,-TCT-Theophyline 93.3 Presented
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