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Abstract

In this study, a Fe-Mg bimetallic oxide nanocomposite was synthesized Received: 7 May 2024
via a simple one-step co-precipitation method for As(V) adsorption. Accepted: 24 August 2024
The synthesized adsorbent was characterized using XRD, FT-IR, BET, Page Number: 86-102

and EDX. The results indicate an amorphous structure, proper surface
area (149.52 m?(g), and the presence of hydroxyl functional groups,
which are highly effective in arsenic ion removal. In addition, the BET
results showed that the adsorbent has a mesoporous structure, which is
suitable for the removal of heavy metals. Furthermore, examination of
FESEM and TEM images revealed spherical nanoparticles with a size of
less than 100 nm for the synthesized particles. Also, morphological image
review software was used to determine the exact size of the particles.
The adsorption kinetics and equilibrium isotherms were investigated,
revealing a maximum adsorption capacity of 188.68 mg/g using
the Langmuir isotherm. This signifies a remarkably high adsorption
capacity for arsenic ions. Examining the adsorption kinetics models
showed that the pseudo-second order kinetic model has a better fit with
the experimental data.
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Synthesis of Fe-Mg bimetallic oxide
by the simple co-precipitation method

XRD: Amorphous structure
FT-IR: Hydroxyl group

BET: Surface area: 149.52 m%/g
EDX: Fe, Mg and O

FESEM and TEM

As(V) batch adsorption
Fe-Mg (5588 g0 wsuus) Qila Cia g Fiw glaail 8 51 gloylga ybo .V Jsidi

Figure 2. Schematic of the processes of synthesis and adsorption of Fe-Mg bimetallic oxide.
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Figure 2. X-ray diffraction (XRD) pattern of Fe-Mg bimetallic oxide.
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Figure 3. Fourier transform infrared spectroscopy of Fe-Mg bimetallic oxide.
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Figure 4. (a) N, adsorption-desorption isotherm and (b) pore volume distribution plots of Fe-Mg bimetallic oxide.
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Tablel. Fe-Mg bimetallic oxide physical properties.

Adsorbent Active surface area (m?%g)

Average pore size(nm) Total pore volume(cm?/g) ‘

Fe-Mg 149.52

7.03 0.107
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Figure S. (a,b) Field emission scanning electron microscope (FESEM) images,
(¢,d) Transmission electron microscopy images of Fe-Mg bimetallic oxide.
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Figure 6. Energy dispersive x-ray spectroscopy(EDX) of Fe-Mg bimetallic oxide.

Iranian Chemical Engineering Journal — Vol. 24 - No. 140 (2025)



100
% mg(mg/g) ™ Removal efficiency (%4)
80 F
70 F
60 F
50 F
40 |
30 F
20 F
10 F
0
Fe-Mg
AS(V) 032 ¢l Fe-Mg cila ia &l )b g 805k Y Jsd
Figure 7. Efficiency and adsorption capacity of Fe-Mg for As(V) adsorption.
6
4 }
2
2}
£
H]
>
=
2
o 0 F
=
o
=]
2 F
_4 L L L L
0 2 4 6 8 10
Initial pH

Fe-Mg (5 313 93 wacus) (5f y3 dad g pH () joo o 33 pH () Jao Ol jaads A JSus
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Figure 9. Effect of pH values on As(V) adsorption capacity by Fe-Mg bimetallic oxide.
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Figure 10. Effect of initial concentration on As(V) adsorption capacity by Fe-Mg bimetallic oxide.
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Table 2. Pseudo-first order and pseudo-second order Kkinetic models equations and parameters.

Kinetic model

Equation

Parameters

ky
2.303

Pseudo-first order

log(q. — q¢) = logq. — Xt

t 1 t
Pseudo-second order —ae————db—
Qe Kp(@d) g

g:: The adsorbate absorbed by the adsorbent at time t

ge: The equilibrium adsorption capacity (mg/g)

Ki: Adsorption rate constant of pseudo-first order model (0]
(2/min)
Kz: Adsorption rate constant of pseudo-second order model( [30]

g/mg.min)

AS(V) e Susams sl oo geol ¥ Jgux
Table 3. As(V) adsorption Kinetic models constants.

Kinetics

Psuedo-first order

Adsorbent

Psuedo-second order

s nanin | el

Fe-Mg 0.095 68.37

0.909

0.0001 117.64 0.998
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Table 4. Equations and parameters of Langmuir and Freundlich isotherms.

Isotherm Linear equation Parameters
Ce: The equilibrium concentration (mg/l)
gt Ce _ 1 G Qe: The equilibrium adsorption capacit_y (mg/g) [31]
de bam aqm b: Langmuir constant related to adsorption energy
gm: Langmuir constant related to adsorption capacity(mg/g)
. 1 Kr: Freundlich constant related to adsorption capacity (mg/g)

Freundlich = = 32

reundiie logqe = log Ky + nlog Ce 1/n: Freundlich constant related to adsorption intensity [32]
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Figur 12. As(V) adsorption isotherm by Fe-Mg bimetallic oxide.
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Table 3. As(V) adsorption isotherm models constants.

Isotherm

Langmuir
Adsorbent
0.227

Fe-Mg 188.68

Freundlich

0.994

n
2.58 43.85

0.795
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Table 6. Comparison of adsorption capacity of As(V) ion by metal oxide and Fe-Mg bimetallic oxide adsorbents.

Adsorption capacity(mg/g)

Adsorbent

Cupric Oxide
o-Fe,03
iron—chitosan composites
Graphene oxide/ferric hydroxide
Fe-Cu binary oxides
Fe-Si binary oxide
Fe-Al binary oxide
Fe-Zr binary oxide

Fe-Ti-Mn ternary oxide

Ce-Mn modified biochar
carboxylated multi-walled carbon nanotubes

Modified Chitosan-Alumina
MWCNTSs/Fe-MOFs nanocomposites

magnetic nanoparticles modified with Fe-Mn

Fe-Mg binary oxide

226 [16]
95 [17]
22.45 [33]
23.78 [34]
70.9 [35]
14.9 [36]
59.37 [37]
46.1 [38]
74.4 [39]
108.88 [40]
250 [41]
76.92 [42]
27.24 [43]
54 [44]
188.68 This work
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