Research Article

[@0Sle)

This journal is an open access journal licensed under an

d DOI: 10.22034/ijche.2023.361493.1242

Attribution-NonCommercial-NoDerivatives 4.0
International license(CC BY-NC-ND 4.0).

Evaluation of the Performance of MnFe,O, Nanoparticles
Functionalized with N-Phosphonomethyl Amino Diacetic Acid
as an Effective Magnetic Nanosorbent for the Removal
of Ni(l1), Pb(l1), V(V) lons from Aqueous Solutions

M. Esmaeilpour’, M. Ghahramanafshar®, Z. Noroozi Tisseh'", R. Ghahremanzadeh?

1- Assistant Professor of Chemistry, Niroo Research Institute
2- Associate Professor of Chemistry, Avicenna Research Institute, ACECR

Email: znoroozi@nri.ac.ir

Abstract

Contamination of soil and water with heavy metal ions poses serious
dangers and threats to the environment and human health, therefore it is
very important to find an effective solution to remove these heavy metals
from water. In this study, surface modified magnetic nanoparticles by
N-phosphono-methylamino - diacetic acid with a core-shell structure
were first synthesized. These nanoparticles were characterized.
The performance of this synthetic nanoadsorbent for removing nickel (I1),
lead (I1) and vanadium (V) ions from aqueous solutions was evaluated by
various parameters such as adsorbent amount, contact time effect on
adsorption rate and pH effect. The results show that the adsorption
efficiency increases with raising pH and the best adsorbent performance
in the adsorption process of nickel (1), vanadium (V) ions at pH = 6-7
and lead (I) at pH = 5-5.5 was observed. Also, the adsorption data were
analyzed by the Langmuir and Freundlich isotherm model. In addition,
the recyclability and reuse of the adsorbent shows that the adsorbent can
be easily separated by using a magnetic magnet without any significant
reduction in activity that can be used in successive metal ion
adsorption-desorption cycles.
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Figure 3. (a) The FT-IR spectra of magnetic nanoparticle of (a) MnFe,O,, (b) MnFe,0,@SiO; and (¢c) MnFe,0,@SiO,@PMIDA and
(b) X-Ray properties of nanomagnetic (a) MnF,0y, (b) MnFe,0,@SiO- and (¢) MnFe,O,@SiO,@PMIDA.
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Table 1. Investigation of various amount of adsorbent for nickel (II), lead (II) and vanadium (II) at pH 7 in 25°C.

Heavy Metal

First Test

Initial Concentration (mg/l)
Amount of Nanoadsorbent (mg)
Final Concentration (mg/l)

Adsorbtion Recovery (%)

Initial Concentration (mg/l)
Amount of Nanoadsorbent (mg)
Final Concentration (mg/l)

Adsorbtion Recovery (%)

Initial Concentration (mg/l)
Amount of Nanoadsorbent (mg)
Final Concentration (mg/l)

Adsorbtion Recovery (%)

Second Test

Third test

10 10 10
10 10 10
5.30 2.70 5.15

47+0.3 73x0.5 48.5+0.2

10 10 10
20 20 20
0.10 2.10 2.37
99+04 79x0.2 76.3+0.4
10 10 10
40 40 40
0.10 2.10 2.22
99+0.2  79+0.4 77.8+0.3
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Figure 6. (a) The pH effect of nickel (11), lead (I1) and vanadium (1) with magnetic nanoadsorbent, (b) the effect
of interaction time on the adsorbent efficiency for nickel (11), lead (11) and vanadium (I1) ion.
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Figure 7. (a), (c) and (e) Longmuir adsorption isotherm and (b), (d) and (f) Freundlich adsorption Isotherm for nickel (II),
lead (IT) and vanadium (II) ion in the presence of magnetic nanoparticle.

1. Langmuir Model

2. Freundlich Model
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Table 2: Comparison of the maximum adsorption capacities of MnFe,O,@SiO,@PMIDA with those of some
other adsorbents reported in literature.

Kind of Adsorbent

Max. Amount of Adsorbed Ni(ll) - g, (mg/g)

Multicarboxyl-functionalized silica gel

Fe30, onto tea waste (Fes04-TW)

Scrap tire

Silica gel functionalized with EDTA

Iron oxide nanoparticles

Fe3;04/montmorillonitenanocomposite

MnFe,0,@SiO,@PMIDA

30.8 [47]
38.3 [48]
25.0 [49]
26.0 [50]
11.3 [51]
17.3 [52]
49.5 This Work
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