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ABSTRACT

The current study involves the synthesis of iron oxide—cobalt oxide nanocomposites (FeO—CoO) in
three different ratios (1:1, 2:1, and 1:2). These materials were synthesized using the co-precipitation
method. The synthesized materials above were characterized by using different analytical and spectroscopic
methods such as the X-ray diffraction technique (XRD), Field Emission Scanning Electron Microscopy
(FESEM), Energy Dispersive X-ray Spectroscopy (EDX), BET surface area, and FTIR spectroscopy.
Catalytic activity of the prepared materials was probed via screening removal of Malachite Green (MG)
dye from simulated industrial wastewaters applying adsorption technique over these prepared materials. To
screen adsorption efficiency many adsorption parameters were carried out. These including used weight of
the materials, concentration of MG dye, acidity of the simulated polluted solution, and the effect of
temperature of adsorption process. From the recorded findings, the best ratio of (FeO—CoO) nanocomposite
materials was (2:1). This ratio showed the best removal activity in term of removing this dye over this
material, this was around 85%, in case of using 0.20 g of catalyst, 20 ppm of MG dye, with acidic function
of 6 and adsorption temperature at 25°C. In terms of adsorption isotherm, recorded results was fitted with
adsorption model according to Freundlich adsorption isotherm. Activation energy was estimated according
to Arrhenius plot, and it was around 23 KJ/mol. This value of energy falls in the range of physical
adsorption.

Keywords: Adsorption processes, Wastewater treatment, Iron oxide, Cobalt oxide, Malachite Green dye.
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INTRODUCTION

Supporting the increasing demand for potable water is a critical priority and remains a
significant environmental challenge in the 21% century. The demand for water is rising owing to
environmental change, overcrowding, industrialization, and ecological degradation [1, 2]. The
significance of adsorption methods in the elimination of developing pollutants. Over 95% of
emerging pollutants may be eliminated using adsorption. The adsorption efficiency may be
enhanced by using nano adsorbents, metal oxide adsorbents, magnetic adsorbents, and hybrid
adsorption processes for the removal of developing pollutant [3]. Nano adsorbents, nanometals,
nanomembranes, and photocatalysts represent potential materials for tailored water technologies.
The majority use contemporary treatment technologies and may be readily integrated.
Contaminants in wastewater discharge, such as pesticides, dyes, plasticizers, disinfectants,
polychlorinated biphenyls (PCBs), polycyclic aromatic hydrocarbons (PAHSs), emerging
contaminants, and endocrine disruptors, adversely affect health [4, 5]. The elevated surface areas
and reactivity of novel nanomaterials render them promising for the elimination of hazardous
contaminants. Eco-friendly methods for the extraction of ionic metal species from water have
attracted interest. Nanotechnology and nanoscience, having progressed swiftly, provide several
possibilities for water and wastewater treatment. Nanostructured materials are increasingly favored
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for the degradation and remediation of harmful organic and inorganic contaminants owing to their
distinctive attributes, such as elevated catalytic activity, stability, specific surface area, chemical
reactivity, and electron transfer capability [6]. Dyes are chemical substances that adhere to surfaces
or textiles to produce color. The bulk of dyes are complex chemical compounds that must exhibit
resistance to many factors, including the effects of detergents. Synthetic dyes are extensively used
throughout several sectors of modern technology including textiles, paper, leather tanning [7], food
processing, plastics, cosmetics, rubber, printing [8, 9], and dye production industries. Synthetic
dyes are used in groundwater tracking [10]. Due to its harmful consequences, aquatic dye pollution
must be remedied immediately. Dyes' complex aromatic properties make them resistant to
biological methods. Thus, chemical oxidation, advanced oxidation, coagulation/flocculation,
membrane separation, and adsorption have been developed. Adsorption is a potential method due
to its simplicity, absence of chemical agents, and lack of byproducts. Dye adsorption has been
done using MOFs, carbon compounds, metallic substances, organic polymers, and their
composites. Adsorbents with large surface areas and functional groups attract dye molecules and
increase adsorption efficiency [11]. The oxides of nanomaterials containing iron (Ferrite) exhibit
unique chemical and physical properties, such as superior magnetism, an extensive specific surface
area, a high density of active sites on their surface, remarkable chemical stability, straightforward
preparation, and adaptability to desired shapes, along with the potential for surface modification
or functional group incorporation [12]. Consequently, it is included in the catalog of materials used
as adsorbents, since it can be readily and swiftly extracted from the solution post-adsorption with
the application of an external magnetic field. Upon separation, the contaminants may be extracted
and reused several times, hence contributing to a reduction in water treatment expenses [13, 14].
Cobalt oxide is an established antiferromagnetic p-type multifunctional semiconductor
characterized by a spinel crystal structure; the direct optical band gaps of Cos04 nanoparticles are
around 1.48 and 2.19 eV, making it an appropriate photocatalyst for the breakdown of organic
contaminants under visible light. Cobalt, in its oxide forms, exhibits many spin states—high, low,
and intermediate spin—rendering Co304 intriguing from a basic physics perspective, in addition
to its potential in spintronic applications. These nanoparticles possess various important
applications in fields such as field-effect transistors, energy storage, catalysis, anode materials for
rechargeable lithium-ion batteries, electrochromic sensors, solar cells, and photocatalysis.
Furthermore, these nanoparticles possess antibacterial, anticancer, antioxidant, antifungal, and
enzyme inhibitory capabilities, owing to their exceptional biological applications [15].

Generally, MG dye is found as a solid material with a green powdered appearance, it is water
soluble with high concentrations. This dye also called Leucomalachite Green dye, with a molecular
formula of C23H26N20 [16, 17]. Malachite green (MG) dye is extensively used in several sectors
such as cosmetics, tanning, textiles, printing, cotton, pigment manufacture, food processing, and
rubber production. MG is a toxic cationic dye characterized by limited biodegradability and
prolonged persistence in aquatic environments. It is regarded as a significant ocular irritant even
in minimal quantities, in addition to being carcinogenic, genotoxic, mutagenic, and teratogenic
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[18]. The extensive application and unregulated discharge may result in several health issues,
including respiratory enzyme toxicity, reduced erythrocyte count (anemia), and increased
leukocyte levels, even at doses below 1 ppm [19].

The present work describes synthesis of (FeO — CoO) nanocomposites in three different
composition ratios. The efficiency of prepared composites would be assessed by monitoring
removal activity of MG dye from its simulated industrial wastewaters by adsorption over the
prepared materials. This would also include evaluating various conditions and factors that might
affect adsorption activity.

MATERIALS AND METHODS
Used Chemicals and Materials

The used chemicals in this work were Feric nitrate nonahydrate [Fe(NOz)3.9H.0], this
purchased from (THOMAS BAKER) with a purity of 98%, Cobalt (1) nitrate hexahydrate
[Co(NO3)2.6H20] purchased from (Oxford Lab Chem) with a purity of 99%, Sodium carbonate
[Na2CO3] purchased from (VWR INTERNATIONAL) with a purity 99.9%, hydrochloric acid
[HCI] from (BDH) with 37% and Malachite Green dye powder (MG) with a molecular formula
[C23H26N20], with a molar mass of 346.46 mol.g™, it was purchased from (BDH) company.

Synthesis of Iron Oxide — Cobalt Oxide composite

Synthesis of this composite oxides was conducted using co-precipitation method, according to
this method, a mixture of Fe(NO3)3.9H20 and Co(NO3)2.6H20 (in a different three ratios( 1:1, 1:2
and 2:1). This mixture was dissolved in 400 ml of deionized water at a constant stirring and under
ambient atmospheric conditions. Controlling acidity of the solutions was kept around Ph=9 and it
was performed using a digital pH meter. Adsorption temperature was kept around (70-75) °C with
adding of Na,COs (1.0 M) as a precipitating agent drop wisely. Then the resulted mixture was kept
undisturbed for 2 hours at room temperature with a constant stirring. A Buchner filtration flask
equipped with a vacuum pump was used to remove the contaminants from the resulting
combination. After that, the material was calcined at 500 °C for 4 hours at a heating rate of 100 °C
per minute in an air environment [20]. Figure 2-3 shows schematic of procedure of synthesis of
nanocomposite of Iron oxide — Cobalt oxide, characterization and application.

Adsorption Study

In current study, adsorption processes were carried out applying batch methods, in each
experiment a required amount of FeO—CoO composite was suspended in aqueous solution MG
dye, 20 ppm in a volume of 100 ml. These experiments were conducted in a glass dual wall reactor
kind, with a chiller (Julabo model EH/Germany). In all runs, adsorption mixture was kept
homogeneously dispersed using a thermostatic magnetic stirrer (Heidolph MR Hei-Standard).
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0.20 g of dye solution was suspended over composite oxides for every batch. After that, two
milliliters of the solution were taken out every fifteen minutes, and the solid material was separated
from the liquid supernatant by centrifugation. A UV-visible spectrophotometer double beam
SHIMADZU (UV-Probe) was used to test the absorbance of clear liquid at a wavelength of 617nm.
The activity of dye removal (R) from its solution was estimated using the following equation after
each run lasted an hour:

Removal % = @ x 100 1)

From this relation, Co and C; represents initial dye concentration and its concentration at any time
respectively [21]. Figure 1 shows UV- Visible Spectrum of MG dye obtain Amax of dye . A
calibration curve for a series of MG dye concentrations ranging from 1 to 25 ppm was conducted
using a maximum wavelength of this dye (617 nm) is shown in Figure 2.

- N
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Figure 1: UV- Visible. Spectrum of MG dye
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Figure 2: Calibration curve of MG dye (1 — 25) ppm.
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RESULTS AND DISCUSSION
Characterization of the Synthesized Nanomaterials

X —rays Diffraction (XRD) of the Synthesized Nanomaterials

The XRD technique was used to characterize the crystalline phase of the Iron oxide/Cobalt
oxide nanocomposites that were produced. Figure 3 shows the X-ray diffraction (XRD) patterns
of Iron oxide/Cobalt oxide nanocomposites in three different ratios 1:1, 2:1 and 1:2. The detected
peaks suggest the presence of the spinel phase of FeC0204. The peaks seen at 20 values of 18.12,
30.27, 35.74, 43.47, 57.76, and 62.72° correspond to the (111), (220), (311), (400), (511), and
(440) crystal planes of spinel FeCo20s4, as reported in earlier research [22-24]. From the obtained
results, the crystallite sizes were around 12 nm for FeO—CoO (1:1), 10 nm for FeO—CoO (2:1) and
13 nm for FeO—CoO (1:2). So that, all the synthesized materials in the present study are full on
nanometer scale.

FeO/CoO (1:1)

o——

FeO/CoO (2:1)

FeO/CoO (1:2)
{ k h

1 l
" N h,&igcfmw -“a g I3 .4
L \'{( Lg,:“ﬁ ,]\«1,\},:,6 “qm ),4; E fg‘ "'@Y J@“JV
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30 40 50 60 70
Position [*2Theta] (Copper (Cu))

Figure 3: XRD Patterns of FeO — CoO Nanocomposites
FTIR Spectra for Iron Oxide — Cobalt Oxide Nanocomposites:

Figure 4 shows the FTIR spectra of Iron oxide — Cobalt oxide nanocomposites in ratios of 1:1,
2:1,and 1:2. The FTIR analysis was performed at room temperature within a range of 400 to 4000
cm! to study the chemical composition of Iron oxide — Cobalt oxide nanocomposites. The
presence of metal oxide bands in spinel production is confirmed by the prominent peaks seen in
FeO — CoO at around 400-650 cm™2, such as at 418, 564, and 646 cm™*. The three vibration bands
of Fe-O and Co-O explain the inherent lattice vibrations and stretching of tetrahedral and
octahedral coordination compounds in the spinel system. The bands are situated at about 1314 and
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3413 cm™ as a result of water moisture adsorption. The absorption peaks in the nanocomposite

~
demonstrate the presence of Iron oxide — Cobalt oxide nanocomposites [25, 26]. &
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“‘Es FESEM for Iron Oxide / Cobalt Oxide Nanocomposites:
[ Investigation of surface morphology of the composite material screened using FESEM

technique. The obtained images are presented in Figure 5. These images in general exhibit a
spherical shape for the three different samples with relative aggregation for these for all samples.
From these images, all samples have an average grain size which was around 27 nm for FeO —
CoO (1:1), 26 nm for FeO — CoO (2:1) and 27 nm for FeO — CoO (1:2).
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Figure 5: FESEM Images for the Nanocomposites of FeO — CoO
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DX for Iron Oxide — Cobalt Oxide Nanocomposites:

The results of elemental analysis (EDX)for the prepared materials are presented in Figure 6,
A, B and C for the samples, FeO — CoO (1:1) (A), (2:1) (B) and (1:2) (C) respectively.

These results show in Figure 6-A, a percent of 13.2 wt% of Iron, 39.3 wt% of Cobalt and 30.4 wt%
of Oxygen. Figure 6- B, shows elemental composition of composites of Iron oxide and Cobalt
oxide, FeO — CoO (2:1), it consists of 22.5 wt% of Iron, 51.3wt% of Cobalt and 18.8 wt% of
Oxygen. Figure 6-C, shows elemental composition of a composite of FeO and CoO. For a
composite’s oxides, FeO — CoO (1:2), it consists of 12.0 wt% of Iron, 56.1 wt% of Cobalt and 21.1
wit% of Oxygen. Generally, from obtained results from EDX analysis, confirm exsistance of the
proposed elements for all the synthesized materials in this study.

M spectrum 10

Wt% o
Co 393 03
304 02
132 02
77 03
a 6.1 01
33 02

M spectrum 11
Wt% o
513 03
225 03
188 02
49 02
16 01
09 02

Figure 6: EDX Spectra for the Nanocomposites of FeO — CoO
A: FeO - CoO (1:1), B: FeO — CoO (2:1), C: FeO — Co0 (1:2)
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BET specific surface area for the Synthesized Nanomaterials

BET surface area for the synthesized composite oxides was calculated applying the concept
of physical adsorption of N2 gas at 77 K using BET instrumentation and the recorded results are
listed in Table 1. From the obtained results, it can be noted that, the synthesized composite oxide
FeO—CoO in aratio of (2:1) shows a bets BET surface areas in comparison with other ratios. There
was a relative increase in surface area for this composite in comparison with other ratios. This can
be related to high ratio of FeO in these composite oxides, this leads to an increase in the porosity
of the resulted material which leads to an enhanced surface of this composite [27,28].

Table 1: BET Surface Area of Nanocomposites of Iron Oxide with Cobalt Oxide

Catalysts BET (m?/g)
FeO — CoO (1:1) 41.2397
FeO — CoO (2:1) 46.1474
FeO — CoO (1:2) 45.2969

Removal of MG Dye by Adsorption over Iron Oxide — Cobalt Oxide Nanocomposites:

The results of removal of MG dye by adsorption over FeO—CoO composite oxides are showed
in Figure 7.

From these results, the best removal efficiency was over FeO / CoO in a ratio of (2:1) ratio and it
was around 82%. This result can be related to its higher BET surface are in comparison with other
composite oxides with other ratios. High surface for material is very important parameter in its
adsorption activity as its related to having high numbers of adsorption sites that enable the surface
to adsorb high numbers of adsorbate species [29]..
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Figure 7: Removal Efficiency of MG Dye over Different Ratios of FeO — CoO Nanocomposites

Effect Dosage of the Used FeO — CoO Adsorbent on the Efficiency of MG Dye Removal

The effect of amount of adsorbent on activity of MG dye removal by adsorption over a
composite oxide (FeO—CoO) was investigated vi dispersing a series of masses of adsorbent with
fixation all other adsorption conditions. The obtained results are showed in Figure 8. From these
results, it can be noted that, there was a gradual increase in adsorption capacity with an increase in
the amount of the used adsorbent from 0.05 g., and maximum removal efficiency was recorded at
0.2 g. after this value there was decrease in adsorption ability was noted. This observations are
attributed to increase numbers of adsorption sites at the surface with increase amount of the
adsorbent. This consequently leads to an increased number of adsorbed dye molecules B, On
other hand, at high masses greater than (0.20 g.), reduction in adsorption capacity can be attributed
to the reduction in adsorption sites due to aggregation of the adsorbent particles which leads to
reducing the total number of accessible adsorption sites [31]. So, from the obtained results in this
study it was found that, 0.2 g. was the maximum dose of FeO—CoO composite in this study which
gives a maximum removal efficiency for the used which was around 85%.
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Figure 8: Effect of Using Different Dosages of FeO — CoO (2:1) on the Efficiency of MG dye

Effect of MG Dye Concentration on the Efficiency of its Removal over FeO — CoO (2:1)

Nanocomposite:

The effect of dye concentration on its removal efficiency by adsorption over FeO—CoO
composite was investigated by applying a series of dye concentrations with the fixation of all other

Removal by Adsorption

reaction conditions and the obtained results are shown in Figure 9.

The obtained results, showed an increase in activity of dye removal with an increase of dye
concentration from 5 ppm up to 20 ppm, and maximum removal efficiency was recorded at dye
concentration of 20 ppm. This observation is due to increase number of available dye molecules
that are available to be adsorbed over the surface of the used adsorbent. After this concentration
(20 ppm), there was a drop in the efficiency of dye adsorption with increase of dye concentration.
This can be related to numerous additional increase in number of dye molecules competing for the
same number of adsorption sites. In addition to that, increasing of dye concentration under these
circumstances can lead to increase of viscosity of the solution. This can affect dye mobility which
effect of the rate of diffusion of dye molecules from bulk solution towards adsorption sites at the

surface of the used adsorbent [32].
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Figure 9: Effect of Using Different Concentrations of MG Dye on the Efficiency of its Removal

Effect of pH of MG Dye Solution on the Efficiency of its Removal:

The effect of acidity and basicity of dye solution on the activity of its adsorption over
composite oxides (FeO—Co0O) was investigated by conducting adsorption processes over a range
of pH from pH= 2 to pH = 12 to predict a pH value that can yield maximum removal efficiency
with fixation of all adsorption factors. The obtained results are shown in Figure 10. From these
findings, it is clear that, MG dye removal efficiency was increased dramatically due to an increase
in the pH value of dye solution from pH = 2 to pH = 6 to yield a best maximum removal efficiency
at pH =2. After that, dye removal efficiency was reduced steadily from a neutral (7) to a high value
of acidity of solution (pH=12), and the minimum adsorption capacity was recorded at a pH of 12.

These considerations, can be attributed to the effect of pH of solution on the net charge of the
surface of the adsorbent. At acidic conditions, the surface of adsorbent would have a net positive
charge, this can lead to increased electrostatic attraction between active sites of the surface and
negatively charged groups of the dye, this would lead to an increased rate of diffusion of dye
molecules from bulk towards these active sites and hence increase adsorption capacity. On other
hand, under basic conditions electrostatic repulsion would occur as adsorbent surface has a net
negative charge. This can lead to occur repulsion between dye molecules and adsorbent active sites
which leads to reduce adsorption capacity of MG dye under these circumstances[33].

over FeO — CoO (2:1)
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Figure 10: Effect of pH of Dye Solution on the Efficiency of its Removal over FeO — CoO (2:1)

Effect of Temperature on the Efficiency of MG Dye Removal over FeO — CoO (2:1):

The effect of temperature on the adsorption capacity of MGG dye over FeO/CuO composite
was screened by conducting adsorption processes under a series of temperatures ranging from 5 to
45 °C, with an increase of temperature by 10 degrees between each interval with constant other
adsorption conditions. The recorded results are shown in Figure 11, from these findings, it can be
seen that, there was a gradual increase in adsorption capacity with elevation in temperature and
the best removal efficiency was recorded at 25 °C. This result can be related to increased Kinetic
energy of dye molecules and increase rate diffusion of dye molecules from bulk towards adsorption
sites at the adsorbent surface which leads to increase adsorption efficiency under this condition.
Additionally, increase in temperature can lead reduce the solution’s viscosity which can lead to
increased rate of diffusion of dye molecules from bulk towards adsorption sites at the adsorbent
surface [34]. From other side, at temperatures greater than 25 °C, there was a decrease in adsorption
efficiency under the same adsorption conditions.

This observation can be related to a high increase in kinetics energy of dye molecules their ability
to be adsorbed and this also can lead to desorb of dye molecules from adsorption sites into the bulk
of solution. These circumstances can lead to reduced adsorption capacity for adsorption of dye
molecules [35].
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Figure 11: Temperature effect on the activity of Removing of MG dye over FeO — CoO (2:1)

Rate constant for the removal of MG dye by adsorption over composite oxides was estimated by
plotting InA-/At against time of adsorption. This relation was applied by considering this process
occurs according to pseudo first order kinetics. The recorded findings are shown in Figure 12 and
are listed in Table 2. The value of rate constant (ki in mim™) for this process was calculated from
the slope of the line that is obtained from linear relationship[36].
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Figure 12: Evaluating rate constant for adsorption of MG dye over FeO — CoO (2:1) at different
temperatures
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Table 2: Rate constant values for adsorption of MG dye over FeO — CoO (2:1) at different

temperatures
Temperature (K) Reaction rate constant K (mint)
278.15 0.0043
288.15 0.0076
298.15 0.0319
308.15 0.0251
318.15 0.0110

Calculation of activation energy for adsorption of MG dye over FeO — CoO (2:1)

Activation energy (Ea) for adsorption of MG dye over FeO — CoO (2:1) was calculated by
applying Arrhenius equation (2). The obtained results are summarized in Table 3 and are plotted
in Figure 13.

Ea
InK=InA - - 2

Where K reaction rate constant (min), A is Arrhenius factor, Ea is activation energy (kJ/mol), R
is a universal gas constant = 8.314 (J/mol.K) and T is temperature (K) [37].

Table 3: Adsorption temperatures and rate constants for adsorption of MG dye over FeO — CoO

(2:1)
emperature NCACHONITALE 000
O d
278.15 0.0043 3.595182456 -5.449140256
288.15 0.0076 3.470414715 -4.879607032
298.15 0.0319 3.354016435 -3.445149269
308.15 0.0251 3.245172805 -3.684887433
318.15 0.0110 3.14317146 -4.509860006

Page | 459

8135 | Print ISSN: 1992-0652

ISSN: 2312

info@journalofbabylon.com | jub@itnet.uobabylon.edu.iq | www.journalofbabylon.com


mailto:info@journalofbabylon.com
mailto:jub@itnet.uobabylon.edu.iq
mailto:jub@itnet.uobabylon.edu.iq
https://www.journalofbabylon.com/index.php/JUB/issue/archive
https://www.journalofbabylon.com/index.php/JUB/issue/archive

JOURNAL OF UNIVERSITY OFBABYLON

Py D T ey S Ty S D T P ey

T

Y >

Tt

ey i

vé‘\v

TSy S Y T

i Vol. 34 ; No. 2| 2026 (=
n"lcle Eow Dunﬂe and AppheJ Sciences (JUBPH\g) ° > 2
” A
Arrhenius relationship plot
0
31 3.2 3.3 3.4 35 3.6 3.7
1
2
T3
...... ® ¢
a | e
o T y = -2.8479x + 5.1798
. 6
°
6
103/ T
§ Y

Figure 13: Arrhenius plot for adsorption of MG dye over FeO — CoO (2:1)

The estimated activation energy, derived from the data using the Arrhenius equation, was about
23.6774 kJ/mol. In this instance, the resulting activation energy is deemed minimal, falling within
the range of physical energy activation, namely between 5 to 40 kJ/mol. Thus, it is reasonable to
propose that physical adsorption happens in our investigation, with equilibrium being reached
swiftly. Conversely, the activation energies for chemical adsorption are much larger, ranging from
40 to 800 kJ/mol. [38].

Isothermal Study for Adsorption of MG Dye over FeO — CoO (2:1)

Adsorption isotherms quantitatively elucidate the interaction between contaminants in
wastewater and their adsorption onto the surface of a chosen adsorbent, delineating the correlation
between pollutant content in wastewater and its adsorption capacity. Employing this information
is essential for enhancing the efficacy and design of adsorption-based treatment systems. The
isotherms facilitate the selection and assessment of adsorbents by providing insights into their
saturation points, efficacy, and adsorption capacity The optimization of adsorption systems is
fundamentally dependent on the analysis of isotherm data through the application of various
isotherm models for fitting. Several models exist for adsorption isotherms; however, for our study,
we utilized the standard Langmuir and Freundlich models [39-41].

Langmuir Isotherm

The fundamental premise of the Langmuir theory is that adsorption takes place at distinct
homogeneous sites within an adsorbent, and once an adsorbate occupies a site, no additional
adsorption can take place on that site. The model effectively predicts the performance of various
adsorbents. A K. value, which is associated with the energy of sorption and indicates a high
adsorption affinity, along with gm representing maximum adsorption capacity (i.e., monolayer
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saturation), is known to decrease with increasing temperature. Langmuir adsorption isotherm can
be presented in a linear form as follows:

Ce 1 Ce

= ®)

de Kp qm dm
From above relation, Ce refers to concentration at equilibrium in bulk solution in (mg/L), Qe

refers to quantity of adsorbate per unit mass of adsorbent at equilibrium measured in (mg/g) is the
amount of adsorbate per unit mass of adsorbent at equilibrium, gm, refers to theoretical amount of
quantity of adsorbate for one layer at any time in (mg/g), and K, Refers to Langmuir constant that
is related to heat of adsorption and it is measured in (L/mg). The values of each of qm and K. are
calculated from the slope and intercept of the linear line that is obtained by plot of Ce/qe against
Ce . The obtained results are as plotted in Figure 14 and are listed in Table 4 [42, 43].

r N
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Figure 14: Langmuir Isotherm for Adsorption of MG Dye over FeO—CoO (2:1)

Freundlich Isotherm

The Freundlich isotherm model characterizes adsorption as a phenomenon occurring on
heterogeneous surfaces, involving a multilayer adsorption mechanism. The linear form of the
Freundlich model is articulated as

e = Kp Ce'/™ (4)
Log q, = LogKyp + % Log C, (5)
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In this part, Kr refers to Freundlich constant, 1/n refers to the adsorption intensity, Ce, refers
to equilibrium dye concentration, and e is the amount of adsorbate per unit mass of adsorbent at
equilibrium. Freundlich coefficients n and Kr can be obtained by plotting (Log ge) against (Log
Ce). When the value of n is between 1 and 10, it indicates favorable adsorption. The slope (1/n)
serves as an indicator of adsorption intensity or surface heterogeneity when it falls between 0 and
1, indicating increased heterogeneity as its value approaches zero. Values below unity suggest a
chemisorption process, with 1/n exceeding one indicating cooperative adsorption [44, 45]. These
results are presented in Figure 15 and are listed Table 4.
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Figure 15: Freundlich adsorption isotherm for adsorption of MG dye over FeO—CoO (2:1)

Table 4: Langmuir and Freundlich constants for e adsorption of MG dye over FeO—-CoO
(2:1)

Freundlich isotherm model

Langmuir isotherm model

Qm KL
Ri2 Kr N Rr?
(mg/q) (L/9)
0.3159 -0.0593 0.19991 0.5399 0.4645 0.999

The results indicate that, the correlation factor (R?) derived from the Langmuir model is less
than that obtained from the Freundlich isotherm. The findings indicate that the adsorption isotherm

in this study aligns more closely with the Freundlich model.
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CONCLUSIONS:

This study focused on the preparation of FeO—CoO composite oxides in three different ratios.
The activity of these materials was examined by monitoring their absorption ability in removing
MG dye from its aqueous solution by adsorption over these prepared materials. The obtained
results, showed that the optimum adsorption capacity was recorded with a composite of FeO / CoO
in a ratio of (2:1). In all cases, adsorption processes were performed using 0.2 g of the catalyst, at
a concentration of 20 ppm of MG dye, at a pH = 6 and a temperature of 25°C. The best removal
activity for dye adsorption was recorded under these conditions and it was around 85%.

adsorption isotherm investigation for the removal of MG dye by adsorption over FeO / CoO
composite in a ratio of (2:1) was conducted using both the Langmuir and Freundlich models. From
the found results, adsorption isotherm was more fitted with Freundlich model, confirming
adherence to the Freundlich adsorption isotherm. The activation energy for the adsorption of MG
dye over FeO / CoO in a ratio of (2:1) was estimated by applying the Arrhenius relation, and it
was around 23 kJ/mol. This value is indicated that, it falls within the range of energetic
requirements of physical adsorption.
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