Original Paper

dx.doi.org/10.22093/ww;j.2019.118849.2631

Journal of Water and Wastewater, Vol. 31, No.3, pp: 112-127

Removal of Cd (IT) Ion from Aqueous Solution Using

Nickel Ferrite Magnetic Nanoparticles Cross-Linked

Chitosan

A. Homayonfardi, M. Miralinaghiz, R. Haji Seyed Mohammad Shirazi3, E. Moniri#

1. Former Graduate Student of Environmental Engineering, Dept. of Environmental Engineering, Tehran
Science and Research Branch, Islamic Azad University, Tehran, Iran
2. Assist. Prof., Dept. of Chemistry, Varamin-Pishva Branch, Islamic Azad University, Varamin, Iran
(Corresponding Author) m_miralinaghi@iauvaramin.ac.ir
3. Assist. Prof., Dept. of Environmental Engineering, Tehran Science and Research Branch, Islamic Azad
University, Tehran, Iran
4. Assoc. Prof., Dept. of Chemistry, Varamin-Pishva Branch, Islamic Azad University, Varamin, Iran

(Received June 1, 2018  Accepted Apr. 29, 2019)

To cite this article:
Homayonfard, A., Miralinaghi, M., Shirazi, R. H. S. M., Moniri, E. 2020. “Removal of Cd(II) Ion from aqueous
solution using nickel ferrite magnetic nanoparticles cross—linked chitosan” Journal of Water and Wastewater,
31(3), 112-127. Doi: 10.22093/wwj.2019.118849.2631 (In Persian)

Abstract

Cadmium is one of the non-biodegradable and extremely toxic heavy metals that enter into the
aquatic environment by various sources. In order to provide a safe and clean water supply to the
public, there is a crucial need to take some measures for removal of cadmium from wastewaters
prior to their disposal in the environment. In the present study, a NiFe,O,-CS magnetic
nanocomposite was prepared by a cross—linking reaction of chitosan with nickel ferrite
(NiFe,O4) nanoparticles using glutaraldehyde as the cross—linking agent. The structure,
morphology, and magnetic behavior of the NiFe,0,-CS were characterized by FTIR, XRD, FE-
SEM, EDX, VSM analysis. The adsorption property of Cd (II) onto NiFe,O4-CS composite and
the different factors that affect the adsorption, such as pH value, contact time, initial Cd (II)
concentration, and the presence of foreign metal ions were extensively investigated. The Cd (1)
removal efficiency of 95% was obtained within 60 min at pH 7.0 with initial Cd (II)
concentration of 10 mg/L using CS/NiFe,O4. High amine and hydroxyl density of chitosan
facilitated the chelation with Cd (II) ions, resulting in efficient adsorption. The pseudo-second-
order kinetic model provided the best fit to experimental adsorption data and the equilibrium
data could be well described by Langmuir adsorption isotherm. Adsorption/desorption results
demonstrated that reusability of prepared NiFe,O,-CS was considerable. The results showed
that NiFe,0,-CS could be employed as an effective and potential adsorbent for application in
the removal of Cd (II) from wastewater.
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Table 1. Impact of concentration of other metal ions on
cadmium removal

Metal ions C. (mg/L) (E%)
cd* 7.27 100
cu* 2.57 35.31
Zn* 3.76 51.41
Pb** 3.92 53.89
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Table 2. Results of cadmium removal from real samples

Samole Added Found Removal RSD
PC mgL) gL (%)
River
5.00 0.324 93.5 1.88
water
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Fig. 8. Results of NiFe,0,4-CS recovery on cadmium
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Table 3. Kinetic model parameters for cadmium adsorption on NiFe,04-CS
Cd*" initial concentration (mg/L)
Kinetic model Parameter
10 20 40
Pseudo first order k; (1/min) 0.3412 02938 0.2379
Qe cal (ME/2) 4.8007 9.3139 17.7292
R’ 0.9994 0.9989 0.9985
Pseudo second order k, (g/mg min) 0.1511 0.0576 0.0212
Qe.cal (ME/) 4.9896 9.7869 18.9002
R’ 1.0000 1.0000 1.0000
Qe.exp (ME/) 4.9100 9.6050 18.4500
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Fig. 9. Pseudo-first-order (dashed line) and pseudo-second-order (solid line) kinetic models for cadmium
adsorption with initial concentration of (a) 10 mg/L, (b) 20 mg/L, and (c) 40 mg/L on NiFe,O4-CS
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Table 4. Isotherm model parameters for cadmium adsorption

Absorbent
Isotherm Parameter .
NlFe204-CS NiFe204
Langmuir Jm (Mg/g) 25.5534 20.5513
K; (L/mg) 0.1643 0.1205
Ry 0.0483 0.0646
R’ 0.9999 0.9998
Freundlich Ky (mg'""L'""/g) 4.5989 3.3936
n 1.9875 2.1482
R’ 0.9910 0.9896
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Fig. 10. Langmuir (solid line) and Freunlich (dashed line) isotherm models for cadmium adsorption
on (a) NiFe,04-CS and (b) NiFe,0, adsorbents
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