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Abstract

In the present study, three-component alumina-chitosan-clay nanocomposite Received: 24 September 2021
(Al/Cs/C) using in situ polymerization method was evaluated as an efficient Accepted: 27 December 2021
and a low-cost adsorbent for the removal of methyl orange dye as an anionic Page Number: 85-100

contaminant from aqueous solutions. Activated alumina is a porous mineral
adsorbent that was selected as the substrate of the nanocomposite. In order to
improve the physical properties of alumina and make an environmentally
friendly adsorbent, chitosan biopolymer was used as a composite
reinforcement. In continued, the clay particles were applied to increase the Keywords;
adsorption capacity of the adsorbent and modification of the composite. The

. o . i s . Adsorption,
various structural analysis including X ray diffraction (XRD), Fourier .

. . .. - Nanocomposite,
transform infrared spectroscopy (FTIR) and field emission scanning electron .
microscopy (FESEM) were evaluated to study the morphology of the Algmlna,
fabricated samples. The highest adsorption capacity for the prepared Chitosan,
adsorbent was 133.33 mg/g, according to Langmuir isotherm. There is a Clay,
good agreement between the pseudo second order Kkinetics and the Methyl Orange

experimental data.
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Figure 5. Effect of solution pH on the adsorption capacity of methyl orange dye.
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Figure 6. Effect of initial solution concentration on
adsorption capacity.
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Table 1. Langmuir and Freundlich isotherm equations and their parameters.

Parameters

Isotherm Linear equation Non-Linear equation
. Gy 1 Ce qmbC,
Langmuir = e e——gp= =
de bAdm  Am %= T+be,
” log g,
Freundlich = n 1
e = KrCe =log Ky + ;log C,

Ce: liquid phase sorbate concentration at
equilibrium (mg/L)
ge: adsorption capacity (mg/g)
Om: Langmuir constant related to adsorption capacity (mg/g)
b: Langmuir constant related to energy of adsorption (L/mg)

Ke: Freundlich constant related to adsorption capacity
1/n: Freundlich constant related to intensity of adsorption
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Figure 7. Equilibrium concentration diagram for surface adsorption of methyl orange dye.
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Table 2. Parameters of Langmuir and Freundlich isotherms for adsorption of methyl orange dye on Al/Cs/C.

Equilibrinm concentration (ppm)
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(t=180 min, T=25°C, adsorbent dosage=0.02g, pH=6).

Isotherm ETETNECTES
gm (Ma/g) 133.33
Langmuir b (L/mg) 0.27
R 0.997
K (mg/g) 325
Freundlich N 2.62
R 0.96
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Figure 8. Langmuir isotherm diagram for surface adsorption of methyl orange dye.
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Figure 9. Freundlich isotherm diagram for surface adsorption of methyl orange dye.
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Table 3. Pseudo-first and pseudo-second order kinetic models.

Kinetic model

Equation

Pseudo-first order log(q, — q;) = logq, — - I;t) o+ ¢

Pseudo-second t 1 ¢

-+ -
order 9 k2(q2) g

Intra-particle

diffusion Qe = kdiftl/z +C

Parameters
ge: the amount of adsorbate, adsorbed at equilibrium (mg/g)

gy the amount of adsorbate, adsorbed at
any time, t (mg/g)

ky: the rate constant of pseudo-first order adsorption (1/min)

ky: the rate constant of pseudo-second order adsorption
(9/mg.min)

kit the intra-particle diffusion rate constant (mg/g.min*?)

C: intercept
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Figure 10. Effect of contact time on the adsorption capacity of methyl orange dye
(Concentration=50 mg/g, T=25°C, adsorbent dosage=0.02g, pH=7).
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Table 4. Kinetic parameters for adsorption of methyl

range dye on Al/Cs/C.

Kinetic model Parameters Value
K; (1/min) 0.03
Pseudo-first order Q. (mg/qg) 46.93
R? 0.979
K, (g/mg.min) 0.0023
Pseudo-second order Q. (mg/g) 95.24
R? 0.999
Kqir (mg/g.min) 12.76
Intra-particle diffusion C (mg/g) 3.47
R? 0.922
5
y =-0.0282x + 3.8487
R?=0.979
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Figure 11. Pseudo-first order kinetic diagrams for surface adsorption of methyl orange dye.
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Figure 12. Pseudo-second order Kinetic diagrams for surface adsorption of methyl orange dye.
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Figure 13. Intra-particle diffusion kinetic diagrams for surface adsorption of methyl orange dye.
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