Fe,0,@Si0O, nanocom-
posite

Ethylene diamine
tetraacetic acid

Bivalent cadmium

Effective removal

EDTA-functionalized Fe,0, @SiO, magnetic
nanoadsorbent for divalent cadmium removal from
aqueous solutions

Mohsen Esmaeilpour”?!, Afsanehsadat Larimi', Majid Ghahramanafshar?,
Morteza Faghihi', Aliakbar Asgharinezhad!

1 Assistant Professor, chemical and Process Engineering Department, Niroo
research Institute, Tehran, Iran

Research subject: In this study, EDTA-functionalized Fe,0,@SiO,mag-
netic nanocomposites with core-shell structure were synthesized to re-
move divalent cadmium ions from aqueous solutions.

Research approach: During the first step, Fe,0,@SiO, nanosphere
core-shell is synthesized using nano Fe,0, as the core, TEOS as the silica
source and PVA as the surfactant. This strategy relies on the covalently
bonding of ethylendiaminetetraacetic acid to bis(3-aminopropyl)amine
and cyanuric chloride functionalized magnetic nanoparticles. In the
next step, characteristics of surface functional groups, crystal structure,
magnetic properties, size and surface morphology of these nanoparti-
cles were investigated, identified and analyzed using physico-chemical
characterization techniques including Fourier transform infrared spec-
troscopy (FT-IR), X-ray diffraction (XRD), transmission electron micros-
copy (TEM), field emission scanning electron microscopy (FE-SEM),
dynamic light scattering (DLS), vibration sample magnetometry (VSM)
and Brunauer-Emmett-Teller (BET) surface area analyzer. The adsor-
bent, due to its magnetic property, could be simply separated from the
reaction mixture by a permanent magnet and reused in five consecutive
cycles without considerable loss in its activity.

Main results: To probe the nature of the adsorbent, various experi-
ments were investigated like adsorbent dose and contact time were op-
timized. Kinetic studies and the effect of different amounts of adsorbent
to remove divalent cadmium ions from aqueous solutions show a max-
imum adsorption of 94% at ambient temperature. Moreover, the recy-
clability of Fe,0,@Si0,-EDTA was investigated in order to remove the di-
valent cation for successive adsorption-desorption cycles. All the results
of studies show that the synthetic nanocomposite Fe,0,@SiO,-EDTA is
an effective, recyclable adsorbent with excellent performance for the re-
moval of divalent cadmium.
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Table 1 Outstanding properties of Fe,0

» Fe,0,@Si0, and Fe,0,@Si0,-EDTA nanoparticles

Sample Crystal structure | Specific surface area | Magnetite particle size
(m*/g) (nm)®
Fe 0, Cubic spinel 480 11.33
Fe,0,@Si0, Cubic spinel 430.3 12.64
Fe,0,@Si0,-EDTA Cubic spinel 367.1 15.17
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Fig. 6 a) Effects of Fe,0,@Si0,-EDTA adsorbent amount on the adsorption rate of dual-capacity cadmium ions, b)
Effects of adsorbent contact time on dual-capacity cadmium adsorption
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