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Research subject: Contamination of water and soil with heavy metals
poses serious risks and threats to human health and the environment,
and therefore finding an effective solution to remove these metals is
very necessary.

Research approach: In this research, magnetic nanoparticles Mn-
Fe,0,@Si0, functionalized with N-phosphonomethyl aminodiacetic acid
with core-shell structure were synthesized. These nanoparticles were
characterized by Fourier transform infrared (FT-IR) spectroscopy, X-ray
diffraction (XRD), scanning electron microscopy (SEM), (TGA) thermal
gravimetric analysis, and vibration sample magnetometry (VSM). The
performance of this synthetic nanoadsorbent for removing Cr (VI), Cu
(II) ions from aqueous solutions was evaluated by various parameters
such as adsorbent amount, contact time effect on adsorption rate and
pH effect.

Main results: The results show that the adsorption efficiency increas-
es with raising pH (2.5-5) and the best adsorbent performance in the
adsorption process of Cr ((VI) and Cu (II) ions at pH 7 was observed.
The amount of R in the Freundlich adsorption diagram of copper ion is
higher than the Langmuir isotherm. As a result, the adsorption of cop-
per ions on the adsorbent follows the Freundlich adsorption equation.
In addition, the amount of R in the Freundlich adsorption diagram for
chromium ion is higher than the Langmuir isotherm. Therefore, the
absorption of chromium ions on the adsorbent follows the Freundlich
adsorption equation. In conclusion, a high n value indicates a favorable
and effective absorption in the Freundlich equation. The adsorption
data were analyzed by the Langmuir and Freundlich isotherm model. In
addition, the recyclability and reuse of the adsorbent was investigated.
The results show that no significant reduction in adsorbent activity is
observed.
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Table 1. Investigating the effect of different amounts of adsorbent on the absorption of copper (II) and chromium (VI)

ions at pH 7 at a temperature of 25 °C

Heavy metal Cr(VI) Cu (I
T (°C) 25 25
T (min) 60 60
pH 7 7
Test 1
Initial Concentration (mg/1) 10 10
Nano adsorbent Concentration (mg/1) 10 10
Concentration after test (mg/1) 39 4.9
Removal efficiency (%) 61 51
Test 2
Initial Concentration (mg/1) 10 10
Nano adsorbent Concentration (mg/1) 20 20
Concentration after test (mg/1) 0.1 0.1
Removal efficiency (%) 99 o)
Test 3
Initial Concentration (mg/1) 40 10
Nano adsorbent Concentration (mg/1) 40 40
Concentration after test (mg/1) 0.05 0.05
Removal efficiency (%) 99.5 99.5
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Table 2. Investigating the effect of pH on the absorption of heavy metals by MnFe,0,@SiO,@PMIDA nanoparticles

No Cr(VI) Adsorption/ % Cu(II) Adsorption/ % pH
1 13 7 2.5
2 40 17.5 3
3 69 53 3.5
4 91 91.3 4
5 93 97.5 5
6 99 97.9 5.5
7 99 99 6
8 99 99 7
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Table 3. Investigating the effect of time on the amount of absorption of metal ions by magnetic nano adsorbents

Time/ min Cr(VI) Adsorption/ % | Cu(II) Adsorption/ %
10 97 95.3
20 99 97.7
30 99.2 99.1
40 99.1 98.7
50 99.4 97.9
60 99 99
70 99 97.8
80 99.5 98.9
90 99.3 L)
100 99 98.9
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Figure 5. Effects of adsorbent contact time on the absorption of copper (II) and chromium (VI) ions
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Table 4. Investigation of Langmuir and Freundlich adsorption isotherm of Cu(II) ions on the adsorbent

C,/ ppm C./ ppm Q./ ppm C./Q, LnC, LnQ,

5 0.1 1.225 0.081633 2.30259- 0.202941
10 0.6 2.35 0.255319 0.51083- 0.854415
20 3.7 4.075 0.907975 0.308333 1.404871
30 6.8 5.8 1.172414 1.916923 1.757858
40 10 7.5 1.333333 2.3022585 2.014903
60 17 10.75 1.581395 2.833213 2.374906
80 26 13.5 1.925926 3.258097 2.60269
100 37 15.75 2.349206 3.610918 2.75684
250 123 13.75 3.874016 4.812184 3.457893

Q,: 36.49635 n: 2.192021
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Figure 6. a) Langmuir adsorption isotherm and b) Freundlich adsorption isotherm of Cu(II) ions on the adsorbent
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Table 5. Investigation of Langmuir and Freundlich adsorption isotherm of Cr(VI) ions on the adsorbent

C,/ ppm C./ ppm Q./ ppm C./Q, LnC, LnQ,
0.1 5 1.225 0.081633 2.30259- 0.2022941
0.5 10 2.375 0.210526 0.69315- 0.864997
2.3 20 4.425 0.519774 0.832909 1.48727
5.1 30 6.225 0.8192771 0.629241 1.828573

8 40 8 1.333333 2.079442 2.079442

15 60 11.5 1.818182 2.70805 2.420328

25 80 13.75 2.153846 3.218876 2.621039

35 100 16.25 2.153846 3.555348 2.788093

98 250 38 2.578947 4.584967 3.637586
Q,:41.8410 n: 2.101723
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Figure 7. a) Langmuir adsorption isotherm and b) Freundlich adsorption isotherm of Cr (VI) ions on the adsorbent
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Figure 8. The possibility of adsorbent reusing after sequential adsorption cycles
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