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Trace amounts of Cu (Il) and Pb (I1) in the wastewater sample were removed with a
new nano biosorbent based on cross-linked chitosan magnetic beads modified with
methionine-glutaraldehyde Schiff's base (MG-Chi/FesOq4) in wastewater samples.
Fourier transform infrared spectra (FTIR), X-ray diffraction (XRD) analysis, and
scanning electron microscope (SEM) have been applied to characterize nano
biosorbent. Various parameters affecting the uptake behavior of the metal ions were
examined and optimized, including pH, adsorbent dose, contact time, and initial
concentration. Freundlich and Langmuir isotherm models were applied to estimate
adsorption mode. The equilibrium data were well fitted with the Langmuir isotherm
model. The maximum adsorption capacities for Cu (I1) and Pb (II) were 172.4 and
175.4 mg g, respectively. The adsorption kinetics are better consistent with the
pseudo-second-order model. It was concluded that this method was successfully
applied for the simultaneous removal of Cu (1) and Pb (I1) in industrial wastewater
samples.
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Figure 1: How to connect methionine-glutaraldehyde Schiff’s base
with magnetic chitosan.
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Figure 6: pseudo 2nd order kinetics for the uptake of Cu(ll) and
Pb(11) on MG-Chi/FezO,,
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Table 1: Adsorption kinetics of copper and lead metal ions on Chi-MG/Fe;0,.

lon
(mggl) mn (E(mf)m'n) “-n
Cu(ln) 59.88 19.92 0.9748 54.94 1.31x10° 0.9904 3.2974 17.057  0.7521
Pb(ll) 59.17 16.11 0.9663 56.49 1.38x10° 0.9937 3.2443 19.258 0.7778
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Figure 7: Langmuir isotherm models for the adsorption of Cu(ll) and In q:=InKp +1/n(InC,) \p
Ph(ll).
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Table 2: Langmuir and Freundlich isotherm models for the adsorption of Cu(ll) and Pb(ll)
Isotherm
Metal model
ion
qmax R
(mg g (L mg ) (mg g 1)(mg LA
Cu(ll) 172.4 0.0261 0.2098 0.9911 2.71 20.57 0.9723
Pb(Il) 175.4 0.0287 0.1885 0.9924 2.82 22.89 0.9665
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Table 3: Efficiency of Chi-MG/Fe;0, adsorbent for removal of copper and lead metal ions from Iran Khodro’s wastewater sample.

Input (mg L) After treatment (mg L) Removal (%) RSD (%) (n=3)
0.25 0.01 96 15

cu(ll

Ph(I1) 0.48

5—CN —NHz claog,S wiile 5ui 1 orolio Lole claog,S asly
sl LSe lse 4y MG-Chi / FesOs &l 345l o o —S—
loosls 0S o it aslllas 0,90 I3l gl anlin JLas]
Sl abgire Joo sy 09 F5 5l 2oV Jao b i 093]
o5 ke OLE 5 VYYF Sl (ol oior s i 3l o
rizeets Aol Cawd 4 (D) s 5 (1) (o Sl i 5
A4S 020 oo Hlis pgd dd e ad Joe b Siiiw sbvosls b
3z 5y, el lian i Wy 00LiS S5 dl s
I, Chi-MG / Fes0s aS ans oo lis OB adas ;o ool jiw

D) Gy g (A1) o Bi> sl DI lgre @ Coddsn b lov oo
‘é; oolawl LRV ) LS’T LgL:eA.:j.q.s »

e )Lm.' ‘M_wdq|)5 ~\>‘5 u’.a)Lw‘ é‘)i oKl 6LQWLQ.‘> )l
205

1. Maleki, E. Pajootan, B. Hayati, Ethylacrylate grafted
chitosan for heavy metal removal from wastewater:
Equilibrium, kinetic and thermodynamic studies. J. Taiwan
Inst. Chem. Eng. 51(2015), 127-134.

2. Y. G. Abou El-Reash, M. Otto, I. M. Kenawy, A. M. Ouf,
Adsorption of Cr(VI) and As(V) ions by modified magnetic
chitosan chelating resin. Int. J. Biol. Macromol. 49(2011),
513-522.

3. Wang, Y. Zhu, Z. Bai, R. Luque, J. Xuan, Functionalized
chitosan  biosorbents  with  ultra-high  performance,
mechanical strength and tunable selectivity for heavy metals
in wastewater treatment. Chem. Eng. J. 325(2017), 350-359.

4. X. Luo, J. Zeng, S. Liu, L. Zhang, An effective and
recyclable adsorbent for the removal of heavy metal ions
from aqueous system: Magnetic chitosan/cellulose
microspheres. Bioresource Technol. 194 (2015), 403-406.

5. Y. G. Abou El-Reasha, Magnetic chitosan modified with
cysteine-glutaraldehyde as adsorbent for removal of heavy
metals from water. J. Environ. Chem. Eng. 4(2016), 3835—
3847.

6. M Abniki, A. Moghim, Removal and Measurement of

0.0144

97 18

Slpatigel yo i3l Bi> sl by 2T b3, -F=Y
S5 dnte Tl il Co QBB sladises I 53l slaye S
B slagg Jolod g wi Gl ¥ Jgaz 50085 18 (o)
Ba> )b aw luln goleidy Shg,y Bk 5l ALSL slaaises 5o
tile 63y ooloiinn b, 5145 ol i gl sl o 4l
Lot Wlgh oo 0ol oolaswl ML diges alax 3l g oduzmy Ly

slatiges 5| 3 sl Ba> 033 cg; cnl 3 S S ogllane

S 5 azmais =F
O3S A= (e o (S il DOl GBS (o
GBi> slats 4 (Chi-MG / Fes0s) (oS 5 cmsbline 3k
s Jolite Jlasl ol jiw ol ladised 51 A1) Gy g (1) ue
S9dsn GluginS el )l 5 (SHle oleS v Sl s

& o =0
Bromocresol Purple Dye in Aqueous Samples by
BCyclodextrin-Modified Magnetic Carbon Nanotube with
Dispersive Solid-Phase Extraction Technique. J. Color Sci.
Tech. 15(2022), 301-315.

7. Y. Wang, Y. Zhang, C. Hou, M. Liu, Mussel-inspired
synthesis of magnetic polydopamine—chitosan nanoparticles
as biosorbent for dyes and metals removal. J. Taiwan
Institute Chem. Eng. 61(2016), 292-298.

8. K. Yu, J. Ho, E. McCandlish, B. Buckley, R. Patel, Z.B. Li,
N. C. Shapley, Copper ion adsorption by chitosan
nanoparticles and alginate microparticles for water
purification applications. Colloid Surf. A. 425(2013), 31-34.

9. Maleki, E. Pajootan, B. Hayati, Ethyl acrylate grafted
chitosan for heavy metal removal from wastewater:
Equilibrium, kinetic and thermodynamic studies. J. Taiwan
Institute Chem. Eng. 51(2015), 127-134.

10. M. Ahmaruzzaman, S. L. Gayatri, Activated tea waste as a
potential low-cost adsorbent for the removal of p-
nitrophenol from wastewater. J. Chem. Eng. Data. 55(2010),
4614-4623.

11.H. R. Tashauoei, H. Movahedian, H. Attar, M. M. Amin, M.

\YD-1ED Y(\EN) V7 /55 (69Ud 9 pgle (ole &g uiss

| EE



T Sadghxo Jl (pSias 38 3 3 @5 323lio B3 5l 03 laSub usblide YlwgisS jiims / esde e 9 Lo S 3

Kamali, M. Nikaeen, V. M. Dastjerdi, Removal of cadmium
and humic acid from aqueous solutions using surface
modified nanozeolite. Inter J. Environ. Sci. Technol.
7(2010), 497-508.

12.Z. C. Wu, Z. Z. Wang, J. Liu, S. P. Kuang, Removal of
Cu(ll) ions from aqueous water by l-arginine
modifyingmagnetic chitosan. Colloids Surf. A. 499(2016),
141-149.

13.Y. Xiao, X. Zhou, Synthesis and properties of a novel
crosslinked chitosan resin modified by I-lysine. React Funct
Polym. 68(2008), 1281-1289

14.M. V. Dinu, E. S. Dragan, Evaluation of Cu?*, Co?* and Ni%*
ions removal from aqueous solution using a novel
chitosan/clinoptilolite composite: kinetics and isotherms.
Chem Eng J. 160(2010), 157-163.

15.S. A. Ali, M. A. J. Mazumder, A new resin embedded with
chelating motifs of biogenic methionine for the removal of
Hg(ll) at ppb levels, J. Hazar Mater. 350(2018), 169-179.

16.H. S. Ibrahim, N. S. Ammar, M. Soylak, M. M. lbrahim,
Removal of Cd(ll) and Pb(ll) from aqueous solution using
dried water hyacinthas a biosorbent. Spectrochim Acta A .
96(2012), 413-420.

17.L. Ma, Y. Peng, B. Wu, D. Lei, H. Xu, Pleurotus ostreatus
nanoparticles as a new nano-biosorbent for removal of
Mn(Il) from aqueous solution, Chem. Eng. J. 225(2013),
59-67.

18.D. Ozdes, A. Gundogdu, B. Kemer, C. Duran, H. B.
Senturk, M. Soylak, Removal of Pb(ll) ions from aqueous
solution by a waste mud from copper mine industry:
Equilibrium, kinetic and thermodynamic study, J. Hazard
Mater. 166(2009), 1480-1487.

19.J. R. Rangel-Mendez, R. Monroy-Zepeda, E. Leyva-Ramos,
P. E. Diaz-Flores, Chitosan selectivity for removing
cadmium(ll), copper(ll), and lead(Il) from aqueous phase:
pH and organic matter effect, J. Hazard Mater. 162(2009),
503-511.

20.N Salehi, A Moghimi, H Shahbazi, Preparation of cross-
linked magnetic chitosan with methionine-glutaraldehyde
for removal of heavy metals from aqueous solutions, Int. J.
Environ. Anal Chem. (2020), 1-17

21.M. Faraji, Y. Yamini, E. Tahmasebi, A. Saleh,
Nourmohammadian, F. Cetyltrimethylammonium bromide-
coated magnetite nanoparticles as highly efficient adsorbent
for rapid removal of reactive dyes from the textile
companies wastewaters, JICS, 7(2010), S130.

22. M. Adeli, Y. Yamini, M. Faraji, Removal of copper, nickel
and zinc by sodium dodecyl sulphate coated magnetite
nanoparticles from water and wastewater samples. Arabian
J. Chem. 10: S514 (2017).

23.M. R. Yarandpour, A. Rashidi, R. Khajavi, N. Eslahi, M. E.
Yazdanshenas, Preparation of Polyacrylic Acid (PAA) /
Dextran Nanofibres Modified with Aniline to the Removal
of Metal (Pb) from Aqueous Solutions, J. Color Sci. Tech.
14(2021), 255-271.

24.N. Salehi, A. Moghimi, H., Shahbazi, Magnetic nano
biosorbent (MG-Chi/FesOs) for dispersive solid phase
extraction of Cu(ll), Pb(ll) and Cd(ll) followed by FAAS
determination. IET Nanobiotechnol. (2021)

25.A. Moghimi, M. Abniki, The Dispersive Solid-Phase
Extraction of Fluoxetine Drug from Biological Samples by
the Amine-Functionalized Carbon Nanotubes with HPLC
Method. Chem. Methodol. 5(2021), 250-258.

26.Sh. Eyvazi, M. Shabani, A. Moghimi, The Modification of
Carboxylated Multi-Walled Carbon Nanotube Using
Titanium Dioxide for Surface Adsorption of Indigo Carmine
Dye From Aqueous Environment (Thermodynamics and
Kinetics Study), J. Color Sci. Tech. 15(2021), 13- 28.

27.A. Ramesh, H. Hasegawa, Sugimoto, W. Maki, T. K. Ueda,
Adsorption of gold(l1), platinum(1V) and palladium(ll) onto
glycine maodified crosslinked chitosan resin, Bioresour
Technol. 99(2008), 3801-38009.

How to cite this article:

DOR: 20.1001.1.17358779.1401.16.2.4.8

N. Salehi, A. Moghimi, Synthesis of Crosslinked Magnetic Chitosan to Removal of Trace Amounts of Some
Heavy Metals from Aqueous Solutions. J. Color Sci. Tech. 16, 2(2022), 135-145.

\YD-1ED Y(\EN) V7 /55 (69Ud 9 pgle (ole &g uiss


https://dorl.net/dor/20.1001.1.17358779.1401.16.2.4.8

