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Abstract

Disposal of dyes containing dyes from related industries has caused global concern. Therefore,
removing dyes from aqueous solution is very important and necessary. In this work, a novel
magnetic glycodendrimer is introduced as effective adsorbent for malachite green adsorption.
Firstly, magnetic graphene oxide was prepared by co-precipitation method and then modified
with ethylenediamine to generate amine group on the surface which was further reacted with
mercaptoacetic acid to provide polymerizable MGO nanosheets. Thereafter, Allylamine was
grafted onto nanosheets and subsequently, reacted with methacrylate in a Michael type reaction
to generate methyl ester groups. Finally, amidation of the terminal methyl ester groups with
chitosan resulted in the formation of glycodendrimer. The properties of the synthesized
adsorbent were investigated using XRD, FTIR, BET, FESEM and TEM. The results showed
that pH=5, temperature of 40 °C, initial concentration of 600 mg/mL and contact time of 10 min
as optimal values for removing malachite green dye with nanosorbent (MGD) were obtained.
The maximum adsorption capacity of green malachite was 452.97 pug/mg. The high correlation
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coefficient (R>=0.9947) for the Freundlich model confirms that the Freundlich model is suitable
for fitting laboratory data. According to the compliance model, the heat absorption for malachite
green is B=8.1447 j/mol and indicates that the process of dye adsorption with nanosorbent is
physical. According to the results of fitting the kinetic models of dye adsorption kinetics by
nanosorbent shows that Hu and McKay model with higher correlation coefficient (R*=0.994)
than other models is more consistent with experimental data. Due to the fact that a large
decrease in dye removal is not observed in 10 consecutive recovery cycles and therefore
nanosorbent has a high stability and can be used several times.

Keywords: Magnetic Graphene Oxide, Dendrimer, Radical Polymerization, Green Malachite.
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Fig. 10. Effect of dye concentration on the adsorption of
malachite green by nanoadsorbent at pH=8, temperature
40 °C and contact time 60 min
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Table 2. Adsorption kinetics parameters

Kinetic models Parameters MG
qe (Lg/mg) 350.14
Lagergren K 0.2266
R’ 0.9522
Je (Lg/mg) 472.75
Ho and McKay K 0.1036
R’ 0.9963
C 19.798
Intraparticle diffusion K 4.8808
R’ 0.6764
Q 0.2448
Elovich model P 230.28
R’ 0.8694
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Fig. 12. Regeneration of adsorbent at pH=8, initial
concentration 600 pg/mL, temperature 40 °C,
10 mg and 10 min
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Table 3. Results obtained from the study of adsorption
thermodynamics

Lnkp, AG AH AS

°O) (mL/pg) (kj/mol) (kj/mol) (j/molk)

298 721 197 477 -19.62 -48.62
303 662 189 -4.64
308 579 175 -4.09
313 516 164 -3.69
318 488 158 -436
@3l bl -A-Y
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Table 4. Comparison of MGD adsorption capacity with other reported adsorbents

Time

Adsorbents pH ) Tem{)oeclj';ature qe(mg/g) Ref.
MGD 8 10 40 452.97 Current study
SnO,~NP-AC 5 30 25 142.87 (Shamsizadeh et al., 2014)
Chemically modified
cellulose by anhydride 7 180 30 370 (Zhou et al., 2015)
Multi-walled carbon .
nanotubes (MWCNTs) 8 0 -0 62.11 (Ghaedi et al., 2016)
CoFe,0,S10, 6 70 25 75.5 (Amiri etal., 2017)
Cu-MOFs/Fe;0, 7 40 35 113.67 (Shi et al., 2018)
Boron doped mesoporous .
carbon nitride (BMCN) > 30 25 310 (Azimi et al., 2019)
MOF 8 50 25 198.1 (Lietal., 2021)
Graphene-Silver oxide
nanocomposite (GO-Ag) 8 10 35 65.21 (Ahmad ctal,, 202 1)
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