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Research Subject: The removal of heavy metals from drinking water is
one of the highest impact challenges in the water and wastewater indus-
try. For this purpose, the use of methods such as solid phase extraction
followed by the use of selective adsorbents is considered as one of the
most important issues in the water and wastewater industry.

Research Approach: In this research, in order to remove the pollut-
ing and toxic heavy metal cadmium from water in the water treatment
industry, Fe,0, nanoparticles with a diameter of 10 nm have been syn-
thesized. In order to make these nanoparticles resistant to corrosion
and erosive factors of the environment, they are covered with a silica
shell and afterwards with the aim of removing cadmium ions from aque-
ous solutions, the surface of Fe,0,@Si0, nanoparticles is modified with
1,4-dihydroxyanthraquinone molecules. The synthesized nanoparticles
are characterized in order to evaluate the efficiency of these nanoparti-
cles in separating cadmium ions soluble in water has.

Main Results: The synthesized and functionalized magnetic nanopar-
ticles have an effective surface area of 378 m2/g with black color and
spherical morphology. The effects of the parameters of the amount of
nano adsorbent, pH of the solution, various concentrations of the solu-
tion and test time in the removal of divalent cadmium ions are investi-
gated. According to the experimental data, the optimal values for the
absorption process at pH 7 by using 18 mg of adsorbent in 50 ml of
cadmium solution with an initial concentration of 0.35 mmol/L lead to
the removal of cadmium ions with a maximum absorption of 92% at am-
bient temperature in a period of 35 minutes. Moreover, the recyclability
and reusability of Fe,0,@Si0,-DAQ in the adsorption-desorption pro-
cess of cadmium ion is investigated using a magnetic magnet, and the
results confirm that this synthetic nanocomposite is an effective adsor-
bent with excellent performance in order to remove divalent cadmium
ion from aqueous solutions.
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J=9.3 Hz, 1H), 7.30 (d, J= 9.3 Hz, 1H), 7.65-7.70 (m, 2H), 8.13-8.16 (m, 2H), 12.91 (s, 1H); 13C NMR (62.9
MHz, CDCI3): 6= 14.1 (C24), 61.4 (C20), 68.1 (C17), 126.0 (C8), 126.3 (C9), 127.3 (C12), 128.2 (C3), 132.1
(Co6), 133.4 (C13), 134.6 (C1,C2), 134.7 (C4,C5), 152.1 (C14), 158.7 (C11), 168.7 (C18), 181.2 (C10), 188.6
(C7); FT-IR (KBr, Cm-1): 583, 730, 786, 1023, 1054, 1105, 1165, 1205, 1356, 1427, 1592, 1636, 1666, 1734,
2995, 3439; Anal. Calcd for C18H1406: C, 66.26; H, 4.32%; Found: C, 66.11; H, 4.43%.
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Figure 1 NMR spectrum of compound 2
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Figure 5 The XRD of nanoparticle including (a) Fe,O,, (b) Fe,O,@SiO, and (c) Fe,0,@Si0,-DAQ
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Table 2 The BET analysis for nanoparticles
No Sample Special Surface Area Pore Volume Pore Diameter
(m*/g) (cm/g) (nm)
1 Fe.O, 480 0.803 1.254
2 Fe,0,@SiO, 430 0.755 1.787
3 Fe,0,@Si0,-DAQ 378 0.741 1.896
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Figure 9 (a) The effect of adsorbent amount on Cd removal and (b) the effect of adsorption time on Cd removal
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Table 3 The comparison in between the adsorption capacity of Fe,0,@SiO,-DAQ with the other published

literature

Adsorbent Analyte Adsorption Capacity q_ (mg/g) Ref.

CD poly-MNPs Cd* 27.7 [22]

Iron oxide NPs Cd* 18.6 [23]

MWCNTs grown on Al,O, Cd* 8.9 [24]

Alumina/MWCNTs Cd* 27.2 [25]

Multi-amine-grafted mes- Cd* 1.1 [26]

oporous silicas

MWCNTs-IDA Cd* 6.6 [27]
Fe,O, Cd* 19.8 Present work
Fe,0,@SiO, Cd* 23.7 Present work
Fe,0,@Si0,-NH, Cd* 27.8 Present work
Fe,0,@Si0,-DAQ Cd* 39.8 Present work
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