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ARTICLE INFO ABSTRACT

The current study involves synthesis of iron oxide, nickel oxide and then
synthesis of FeO-NiO composites in three different ratios (1:1, 1:2, and
2:1). These materials were synthesized using co-precipitation method. The
synthesized above materials were characterized by using different analytical
and spectroscopic methods such as X-ray diffraction technique (XRD),
scanning electron microscopy (SEM-EDX), specific surface area (BET),
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Adsorption processes . ) . . . :

. synthesized materials was investigated by removing of Malachite Green
Iron oxide . : . .

) (MG) dye from its aqueous solution by adsorption over these materials.
Malachite Green dye Different adsorption conditions and parameters were conducted such as
Nickel oxide

mass of catalyst, concentration of the used dye, pH of the solution and
the effect adsorption temperature. From the obtained results, the best ratio
of FeO-NiO composites was (2:1) which exhibited best removal efficiency
of the used dye over this composite and it was around 96%, and this was
obtained over using 0.20 g. of catalyst, 20 ppm of Malachite Green dye, 6
pH and 25 °C. Adsorption isotherm was investigated for adsorption of MG
dye over FeO-NiO composites (2:1), and the obtained results showed that
it was more fitted with Freundlich isotherm. Also, the activation energy
was calculated applying Arrhenius equation for this adsorption and it was
around 15 KJ/mol., which falls in the range of physical adsorption.
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INTRODUCTION

Inthe last few decades, and as aresult of massive
growth in population over the world, this was
accompanied with high consumption of industrial
materials including food industry, pharmaceutical
industry, pesticides industry, textile industry, and
oil refinement processes. All these activities were
increased significantly, which leads to high levels
of pollution in our environment including air, water

* Corresponding Author Email: alaa.allabban@gmail.com

and soil. Therefore, particularly in the chemical
industries, there is a need for efficient and
effective procedures to remove or at least control
on the levels of the environmental pollution at the
safe limit [1-3]. In this context, wastewaters refer
to water that has been contaminated by excess
substances that detract from its quality and render
it unfit for human consumption as well as for many
industrial processes. Wastewater varies greatly

This work is licensed under the Creative Commons Attribution 4.0 International License.
To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.



A. Hussein, A. Atiyah et al. / Removal of Malachite Green Dye by FeO-NiO NPs

in composition and is very reliant on the original
point of its origin. Wastewater typically contains
inorganic compounds, such as solutes, heavy
metals, metal ions, and metal sulphides [4]. Dyes
compounds are used to provide a desired color
to a variety of materials, including fibers, textiles,
leather, paint, pigment and paper and many other
purposes especially in our modern life [5]. In this
way, at least one hundred thousand distinct dye
categories are presently available, and they play
animportant role in the textile, paint, and pigment
production sectors. It is estimated that every year,
1.6 million tons of dyes are generated to supply
the industrial sector, with 10 — 15% of this amount
being discharged as wastewater [6]. Currently,
wastewaters that contain dyes and heavy metals
can be treated using a variety of techniques,
such as adsorption, precipitation, membrane
filtration, chemical oxidation, ion exchange, and
the electrolytic process. Most methods, however,
are prohibitively expensive, time-consuming, and
problematic when it comes to waste management.
Among these methods, adsorption processes
seem to be a promising technique [7]. In the last
few years, a big rise in the synthesis of magnetic
adsorbent materials nanoparticles of Fe, Co, and
Ni due to their superior magnetic characteristics
and prospective applications in a wide variety
of applications, such as catalysis, memory
storage devices, and sensors. Magnets have
several medical applications, including magnetic
resonance imaging and the hyperthermia therapy
of cancer cells [8].

Iron oxides are chemicals formed when iron
and oxygen react chemically; thus far, scientists
have found about 16 different iron oxides. Rust

is a naturally occurring type of iron (lll) oxide.
Magnetite (Fe,0,), magnetite (y-Fe,0,), and
hematite (a-Fe,0,) are the three most frequent
iron oxides form in nature. The scientific and
technological fields both rely heavily on these
oxides [9, 10].

Malachite green (MG) dye is a green crystalline
powder that dissolves in water and is a soluble
organic cationic dye [11]. Malachite Green, also
known as Leucomalachite Green, has the chemical
formula C_H,N,O and occurs in many different
forms. Among these is its usage as an industrial
dye in the tanning and coloring of leather, silk,
paper, plastic, and other materials. It is present in
the waste products of these businesses and must
be eliminated in various ways [12]. Malachite
green and leucomalachite green structures and
their conversions are shown in Fig. 1 [13].

The current study aims to synthesize of
composites of FeO-NiO in three different ratios.
Then the activity of these materials would be
investigated by following removal of MG dye
from its aqueous solution by adsorption over
these materials. This also would involve screening
different conditions and factors that can effect on
the adsorption efficiency.

MATERIALS AND METHODS
Used chemicals and materials

Iron (II) chloride tetrahydrate [FeCl,.4H,O]
was obtained from (CDH) with assay 97%, ferric
chloride anhydrous [FeCl.] from (CDH) with assay
97%, ferric nitrate nonahydrate [Fe(NO,),.9H,0]
was obtained from (THOMAS BAKER) with assay
98%, nickel (I) nitrate hexahydrate [Ni(NO,),.6H,0]
was obtained from (CDH) with assay 99%, sodium

G N
Reduction
EEE——
S
. 'F/CH] Oxidation H’C\ri: ']'
CH4 CHs CH, CH,
Malachite Green (MG) Leucolmalachite Green (LMG)
\_ >,

Fig. 1. Structure and conversion of Malachite Green dye and Leucomalachite Green
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carbonate [Na,CO,] was obtained from (VWR
INTERNATIONAL) with purity 99.9%, hydrochloric
acid [HCI] was obtained from (BDH) with 37%
and Malachite Green (MG) dye [C,_H, .N,O], M.W.
346.46 mol.g* was obtained from (BDH) with dye
content 99%.

Synthesis of iron oxide

In this part, the co-precipitation method was
applied to synthesize iron oxide nanoparticles. This
technique is the most ideal traditional approach for
manufacturing iron oxide nanoparticles because
of its non-toxic solvent, high yield, and ease of
repeatability [14]. According to this method,
0.7954g. of iron (ll) chloride, FeCl,.4H,0, and
1.2974 g. of iron (Ill) chloride, FeCl, were dissolved
in distilled water. Throughout the experiment, the
mole ratio of iron (Il) chloride to iron (Ill) chloride
was held constant at 1:2. After that, the solution
was stirred for 30 minutes on a hot plate using
a magnetic stirrer (Heidolph MR Hei-Standard).
Different processing temperatures, pH, and
stirring speeds were all controlled throughout
mixing processes. The combined solution was then
separated by centrifugation at 4000 rpm for 15
minutes. The obtained solid precipitate was dried
in an oven at 100 °C for 24 hours. Finally, using a
pestle and mortar, the dried dark brown obtained

samples were collected and crushed into powder
form. Equation 1-3 depicts the chemical balancing
equation for the reaction FeCI2.4HZO and FeCIB,
where y-Fe O, was the end product and water was
the by-product [15]:

Fe**+2Fe** +80H — Fe,0,+4H,0 (D
Fe,0,+0.250,+4.5H,0 — 3Fe(0OH), (2)
2Fe(OH),— yFe,0,+3H,0 3

Synthesis a composite of iron oxide — nickel oxide
The co-precipitation method was utilized to
synthesize the supported co-catalyst. This process
was conducted using mixture of Ni(NO,),.6H,0
and Fe(NO,),.9H,0 (in a ratio of 1:1, 1:2 and
2:1). This mixture was dissolved in 400 ml of
deionized distilled water at a constant stirring and
under ambient atmospheric conditions. A digital
pH meter was used to adjust the pH of the final
combination to the specified level. The solution
was maintained at a temperature of (70-75) °C
while Na,CO, (1M) was added drop by drop as a
precipitating agent. The resulting solution’s pH was
controlled to remain in the 9.0-9.1 range. Then the
resulted mixture was kept undisturbed for 2 hours
at room temperature with a constant stirring. A
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Fig. 2. UV. Vis. Spectrum of (20 ppm) MG dye, Amax 617 nm.
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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 [16].

Adsorption study

Adsorption study involves investigation of the
optimal conditions for the removal of MG dye
from its aqueous solution by adsorption over
the synthesized catalysts (neat iron oxide and
a composite of iron oxide / nickel oxide). In this
part, adsorption experiments were conducted in a
closed system of the glass dual wall reactor kind,
with a chiller (Julabo model EH/Germany) serving
as the temperature controller. The reaction
mixture was agitated using a magnetic stirrer
(Heidolph MR Hei-Standard).

In each run, MG dye solution (20 ppm, 100 ml)
was suspended over 0.20 g. of the used catalysts.
Periodically, samples (2) ml were withdrawn every
15 minute and then centrifuged carefully using (80-
1 Electric Centrifuge). Then the absorbance of the
supernatant liquids was recorded at a wavelength
of 617nm using a SHIMADZU spectrophotometer
double beam (UVProbe). The adsorption time was
60 minutes. The efficiency of MG dye removal
(R%) was calculated using the following equation:

C.— C
Removal % = g X 100 (4)

Where C  and C are the concentrations values
at time zero and time t, respectively [17]. UV. Vis.
Spectrum of MG dye is shown in Fig. 2 to obtain
Amax of dye (617 nm). Fig. 3 shows a calibration
curve of MG dye in the range of concentrations
from 1 to 25 ppm.

RESULTS AND DISCUSSION
Characterization of the prepared materials
X—-Ray Diffraction (XRD) of the synthesized
materials

Crystal morphology of the synthesized materials
was investigated using XRD technique. XRD
patterns were conducted using PANlytical X- -rays
diffraction with CuK radiation (1.542 A, 40 KV, 30
MA), in the range of 2© = 10-802 using a Shimadzu
XRD6000 - Japan. Fig. 4 illustrates XRD patterns of
four samples of iron oxide and it’s composite with
nickel oxide (FeO, and FeO-NiO in three different
ratios, 1:1, 1:2 and 2:1). These patterns of iron
oxide are showed some characteristic peaks of
this oxide at 26 =(24.24), (33.21), (35.7), (40.95),
(49.55), (54.11), (62.45) and (64.03) and these are
corresponded to the planes (012), (104), (110),

0.7
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Fig. 3. Calibration curve of MG dye (1 — 25) ppm.
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(113), (024), (116), (214) and (300) respectively
assigned to the direction planes of rhombohedra
structure of a-Fe,0, phase (JCPDS card No: 79 —
0007) [18]. The other patterns of composites of
iron oxide with nickel oxide are showed some
diffraction peaks at 26 = (35.84), (43.456), (63.03)
and (75.41), these are corresponded to the
planes (111), (200), (220) and (311) respectively.
These peaks are almost agree with the standard
patterns of nickel oxide nanoparticles (JCPDS,
78 — 0643) [19]. The size of crystallite can be
calculated applying Scherer’s equation, D = k A /
B cos¥ where the constant k is taken to be 0.94,
A is the wavelength of respectively [20]. From the
obtained results, the crystallite sizes were around
21 nm for FeO, and 30 nm for FeO-NiO (1:1), 24 nm
for FeO-NiO (1:2) and 16 nm for FeO-NiO (2:1). So
that, all the synthesized materials in the present
study are full in nanometer scale.

Fourier Transform Infrared Spectroscopy (FTIR) for

the synthesized materials
FTIR spectra for the synthesized four samples

Counts

of iron oxide and its composites with nickel oxide
are shown in Fig. 5. From these spectra, the
peaks at 559.255cm™, 454.154 cm™?, 545.756cm™
and 441.679 cm™ are due to the formation of
iron oxide nanoparticle [21]. In FTIR spectrum of
iron oxide and nickel oxide composites vibration
bands at 410 cm™ can be assigned to nickel-
oxygen stretching vibrations, whereas the bands
at 606 and 1056 cm™ are attributed to iron-oxygen
stretching vibration modes [22].

Scanning Electron Microscopy (SEM) and Energy
Dispersive X-rays (EDX) for the synthesized
materials

Surface morphology of the synthesized
materials was investigated using SEM technique
and the obtained images are shown in Fig. 6. From
these images it can be seen that, in all samples a
spherical shape for the four samples with relative
aggregation for these particles was seen. Besides
that, all samples have an average particle size to in
the range from 23nm to 67nm.

Fig. 7, A, B, C, and D shows EDX results for the
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Fig. 4. XRD patterns for neat iron oxide and its composites with nickel oxide
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Fig. 5. FTIR specra of iron oxide and its composites with nickel oxide
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Fig. 6. SEM images of iron oxide and its composites with nickel oxide
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synthesized iron oxide aand its composites with NiO (1:2) (C) and FeO-NiO (2:1) (D). These spectra
nickel oxide neat FeO (A), FeO-NiO(1:1) (B), FeO- show elemental composition with weight percent
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Fig. 7. EDX of iron oxide and co-oxide of iron oxide with nickel oxide
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Fig. 8. Removal efficiency of MG dye over the synthesized nanomaterials
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of these materials. Fig. 7-A, shows elemental
composition of iron oxide, it shows a percent of
62.3 wt% of iron and 27.5 wt% of oxygen, Fig. 7-B,
shows elemental composition of a composite of
iron and nickel oxide FeO-NiO (1:1), it consists of
47.2 wt% of nickel, 16.9 wt% of iron and 26.4wt%
of oxygen. Fig. 7-C, shows elemental composition
of a composite of iron and nickel oxide FeO-NiO
(1:2), it consists of 39.8 wt% of nickel, 25.8 wt%
of iron and 26.1 wt% of oxygen. Fig. 7-D, shows
elemental composition of a composite of iron and
nickel oxide FeO-NiO (2:1), it consists of 24.4 wt%
of nickel, 15.4 wt% of iron and 29.9 wt% of oxygen.
In general, these results confirm presence of the
proposed element in each sample.

Specific surface areas (BET) for the
prepared materials are shown in Table 1.
From these results, it can be seen that, there was
a reduction in the specific surface area for neat

iron oxide in comparison with its composites with
nickel oxide in the two ratios (1:1, and 1:2). This
probably arises from strong overlap between
particles of these two oxides which leads to
eliminate of some of active sites at the surface
of the resulted composites of these two oxides
[23]. On the other, the BET specific surface area
for the composite FeO-NiO in a ratio of (2:1),
there was an increase in surface area for this
composite in comparison with neat iron oxide
and other composites in other ratios. This can be
attributed to the role of high ratio of iron oxide in
this composite to increase porosity of the resulted
material which lead to relative increase its specific
surface area for this composite [24].

Removal of MG dye by adsorption over the
synthesized nanomaterials
To investigate the activity of the synthesized
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Fig. 9. Effect of using different dosages of FeO-NiO (2:1) on the efficiency of MG removal by adsorption

Table 1. BET surface area and pore size of iron oxide and co-oxide of iron oxide with nickel

oxide
Catalysts BET (m?/g)
FeO 47.7045
FeO-NiO 1:1 16.0697
FeO-NiO 1:2 23.6675
FeO-NiO 2:1 59.4898
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nanomaterials to be used as adsorbent materials.
A series of experiments were conducted using
same amount of each one, and some other
adsorption conditions including dye concentration,
temperature of adsorption, pH of solution, and
adsorption period, which was one hour for each
run.The obtained resultsare presentedin Fig. 8 that

presents removal efficiency for each used material
for one hour. From the obtained results, it can be
seen that, the optimum removal efficiency was
achieved over FeO-NiO (2:1) ratio. This probably
arises from its excellent surface properties and
its high specific surface area in comparison with
other synthesized nanomaterials in different ratios
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Fig. 10. Effect of MG dye

concentration

on the efficiency of its removal over

FeO-NiO (2:1)
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Fig. 11. Effect pH of dye solution on the efficiency of its removal over FeO-NiO (2:1)
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[25]. This means that, FeO-NiO ratio (2:1) would be
expected to be a best adsorbent among the other
synthesized nanomaterials that were synthesized
in this study.

Effect dosage of the used adsorbent on the
efficiency of MG dye removal

To investigate effect of the used masses of the
adsorbent on the efficiency of MG dye removal
over the best used adsorbent which was FeO-NiO
ratio (2:1). A series of dosages of FeO-NiO ratio
(2:1) in the range of 0.01 to 0.25 g. were conducted
under a constant of other adsorption parameters
for a constant volume and concentration of MG
dye. The obtained results are presented in Fig. 9.
From the obtained results, it was found that, the
best removal efficiency was attained with 0.2 g.
of the used adsorbent, and the removal efficiency
was increased as the amount of adsorbent
was increased. This arises from increase of the
available adsorption sites as the amount of the
used adsorbent was increased which consequently
leads to increase number of dye molecules that
can be adsorbed [26]. Upon increasing amount
of adsorbent more than 0.2 g., dye adsorption
effectiveness was decreased. This probably results
from aggregation of the adsorbent particles which
leads to reduce the total number of accessible
adsorption sites [27]. So that, from the obtained

results in this study it was found that, 0.2 g was
the optimal dose for in this study which gives a
maximum removal efficiency for the used which
was around 96%.

Effect of MG dye concentration on the efficiency of
its removal over FeO-NiO (2:1) nanomaterial

The effect of dye concentration on the efficiency
of its removal by adsorption over FeO-NiO (2:1)
was investigated over 0.2 g. of this composite
with fixation of all other adsorption conditions
with variation MG dye concentration only. To
conduct this factor, a series of dye concentrations
were investigated from (5 to 25) ppm, over a
fixed amount (0.2) g. of the used adsorbent. the
remaining concentration of dye after adsorption
was recorded according to the previously
established calibration curve for the dye. The
obtained results are presented in Fig. 10. From
these results, it can be seen that, from 5 ppm up
to 20 ppm, dye removal efficiency was increased
linearly with increase of dye concentration. This
can be attributed due to availability of more
dye molecules would be present at higher dye
concentrations, and these molecules can be
adsorbed easily at the unoccupied adsorption sites
at the surface of the used adsorbent. After this
point, dye concentrations more than (20 ppm), dye
removal efficiency was diminished linearly with

4 N

100

90

80

70

60

50

40

30

20

10

0

5°C 15°C 25°C 35°C 45°C

. y
Fig. 12. Effect of temperature on the efficiency of removal of MG dye over

FeO-NiO (2:1)
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increasing of dye concentrations above this value.
This probably arises from numerous additional
dye molecules competing for the same amount
of adsorption sites due to high dye concentration
upon this addition. Besides that, the solution
viscosity can rise at  high dye concentrations,
this can lead to retard mobility of dye molecules
which leads to reduce rate of diffusion of dye
molecules from bulk solution towards adsorption
sites at the surface of the used adsorbent [28].

Effect of pH of MG dye solution on the efficiency of
its removal

In order to investigate the effect of pH of dye
solution on the efficiency of removal over FeO-
NiO (2:1). A series of experiments were performed
with keeping all other adsorption conditions
constant with variation only pH of dye solution.
The effect of pH was screened in the range of (2
— 12). Adjusting of pH of solution was conducted
by using hydrochloric acid and sodium hydroxide
to adjust pH of dye solution at a desired value. The
obtained results are presented in Fig. 11.

From the obtained results, it is clear that, MG
dye removal efficiency was increased with increase
of pH from pH = 2 to pH = 6 to reach maximum
removal efficiency. After this point, dye removal
efficiency was reduced steadily from a neutral (7)
to a high basic medium (pH=12), with the lowest
efficiency seen at a pH of 12. These observations
can be related to the effect of pH of solution on the
net charge of the surface of the used adsorbent.
In this context, the acidity or the basicity of the
dye solution would effect on the adsorbent’s net
charge. In this situation, adsorption is predicted to
occur with high efficiency under acidic conditions
duetothestrongattraction between the adsorbent
surface and the negatively charged moieties of
the dye molecules. However, the efficiency of dye
removal is predicted to be lower in basic media
due to the repulsion between the surface of the
adsorbent and the dye molecules [29].

Effect of temperature on the efficiency of MG dye
removal over FeO-NiO (2:1)
To investigate effect of temperature on the

[ 35 h
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< =@ 1288.15 K
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Fig. 13. Evaluating rate constant for adsorption of MG dye over FeO-NiO (2:1) at different temperatures

Table 2. rate constant values for adsorption of MG dye over FeO-NiO (2:1) at different temperatures

Temperature (K)

Reaction rate constant K (min%)

278.15
288.15
298.15
308.15
318.15

0.0049
0.0092
0.047
0.0247
0.0078
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efficiency of MG dye removal over the used FeO-
NiO (2:1) adsorbent, a series of experiments were
conducted in the range of temperature from 5 °C
to 45°C. All other adsorption conditions were kept
constant for each case including using 0.2 g. mass
of adsorbent, same dye concentration (20) ppm,
and using same adsorption period of one hour for
each case. The obtained results are presented in
Fig. 12. From the obtained results, it was found
that, when the temperature was raised from 5
to 25 °C, the dye was removed more effectively.
It’s likely a result of the faster rate at which dye
molecules diffuse from the bulk solution into the
adsorption sites when the temperature is raised.
Additionally, a rise in temperature might decrease
the solution’s viscosity, resulting in a greater
rate of diffusion for the dye molecules [30]. Dye
removal effectiveness then decreased with further
increases in reaction temperature (over 25 °C).
High temperatures can contribute in increasing
kinetics energy of dye molecules and can lead

to desorb of dye molecules from adsorption
sites into the bulk of solution, this would lead to
reduce efficiency of dye adsorption under these
circumstances [31].

Rate constant for adsorption of MG dye over
FeO-NiO (2:1) was estimated by plotting InA /At
as a function of time assuming pseudo first order
kinetics, and the obtained results are presented in
Fig. 13 and the obtained values of rate constants are
presented in Table 2. calculation of reaction rate
constant (Kmin™) pseudo first order) of adsorption
of MG dye over FeO-NiO (2:1) adsorbent. The
magnitude of the slope of the In A /A, against time
graph indicates the reaction rate constant (K min)
for the adsorption of MG dye over FeO-NiO (2:1)
adsorbent [32].

Calculation of activation energy for adsorption of
MG dye over FeO-NiO (2:1)

Activation energy (Ea) for adsorption of MG
dye over FeO-NiO (2:1) was calculated by applying

4 N
103/T
0
311 3.2 3.3 3.4 3.5 3.6 3.7
-1
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4
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° y=-1.8667x + 1.9513
4| e R?2=0.1311
"""" o,
5 ®
[ J
-6
A\ Y
Fig. 14. Arrhenius plot for adsorption of MG dye over FeO-NiO (2:1)
Table 3. Adsorption temperatures and rate constants for adsorption of MG dye over
FeO-NiO (2:1)

Temperature (K) Reaction rate constant K (min) 1000/T Ln K
278.15 0.0049 3.595182456 -5.318520074
288.15 0.0092 3.470414715 -4.688551795
298.15 0.047 3.354016435 -3.057607677
308.15 0.0247 3.245172805 -3.700952035
318.15 0.0078 3.14317146 -4.853631545
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Arrhenius equation (5). The obtained results are
summarized in Table 3 and are plotted in Fig. 14.

Ea
InK=InA — RT ()

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) [33].

From the obtained results, the activation
energy that was estimated by applying Arrhenius
equation was around 15.5197 KJ/mol. In this
case and as the value of the obtained activation
energy is considered to be low and it falls in the
range of activation of physical energy, its value (5-
40 KJ/mol). So that it is worth to suggest physical
adsorption occurs in our study, with equilibrium
being attained rapidly. In contrast, activation
energies for chemical adsorption is much higher
(40-800 ki/mol) [34].

Isothermal study for adsorption of MG dye over
FeO-NiO (2:1)

As adsorption processes involve mass transfer
through an adhesion process, the adsorbate’s
charge state is a crucial factor which can affect
significantly on adsorption capacity. Therefore,
both of the adsorbent and the adsorbate play

significant role in the adsorption mechanism.
Adsorption isotherm describes the relationship
between the adsorbent and adsorbate when the
system is in equilibrium at a constant temperature
[35]. Adsorption system optimization relies heavily
on the examination of isotherm data by fitting to
several isotherm models. There are a number of
models for adsorption isotherms, however for our
investigation, we employed the standard Langmuir
and Freundlich models [36].

Langmuir Isotherm

Langmuir adsorption isotherm interest with
adsorption that occurs at the uniform surfaces
has as its starting point the hypothesis of a
uniform adsorbent surface, monolayer adsorbate
coverage, and molecular-level activation energy
equality. Langmuir adsorption isotherm can be
presented in a linear form as follows [37]:

Ce B 1 N Ce
Je KL dm m (6)
Where C, (mg/L), is the equilibrium

concentration of the remaining concentration of
the adsorbate in the bulk solution, q_ (mg/g) is the
amount of adsorbate per unit mass of adsorbent
at equilibrium, q_ (mg/g) is the theoretical

64— Langmuir Isotherm

12 14 16 18 20

C. (mglL)
Fig. 15. Langmuir isotherm for adsorption of MG dye over n FeO-NiO (2:1).
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saturation capacity of the monolayer, and K _(L/
mg) is Langmuir constant related to the heat of
adsorption. Values of q_ and K were estimated
from the slope and intercept of the linear plot
of C/q, against C_as shown in Fig. 15 and are
presented in Table 4.

Freundlich Isotherm

This model can be utilized for multilayers
adsorption on heterogeneous surfaces, unlike
Langmuir isotherm, which only applies to
homogeneous surfaces. This relation can
be applied for heterogeneous surfaces [38].
Freundlich relation can be presented as follows;

de = Kg Ce'/n (7)

_ L (8)
Logq. = LogKg + " Log C,

where K_is a Freundlich isotherm constant, 1/n
is the adsorption intensity, C_is the equilibrium dye
concentration, and q_ is the amount of adsorbate
per unit mass of adsorbent at equilibrium.
Freundlich coefficients n and K_ are acquired
from by plotting of (Log q_) versus (Log C ). The
magnitude of exponent (n) provides an indication
of the capacity and favorability of the adsorbate/
adsorbent system. When the value of n between
1 and 10, it represents favorable adsorption.
When the slope (1/n) ranges between 0 and 1
is a measure of adsorption intensity or surface
heterogeneity, becoming more heterogeneous
as its value gets closer to zero. While the values
less than unity indicate chemisorption process
where 1/n over one is an indication of cooperative
adsorption [39]. These results are presented in Fig.
16 and are listed Table 4.

From these results, it can be seen that the value

2.6

—— Freundlich isotherm

2.4 -
2.2 —

2.0

T T T
0.4 0.6 0.8

1.0 1.2 14

Log C,

Fig. 16. Freundlich adsorption isotherm for adsorption of MG dye over FeO-NiO (2:1).

Table 4, Langmuir and Freundlich constants for e adsorption of MG dye over
FeO-NiO (2:1)
Langmuir isotherm model Freundlich isotherm model
Qm Kt
Ri2 K N Re?
(mg/g) (L/g) ) ' '
4.1368 0.1404 0.37975 0.5399 0.4645 0.999
308 J Nanostruct 14(1): 295-310, Winter 2024
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of the correlation factor (R?) that was obtained
from Langmuir model is lower than that for
Freundlich isotherm. This means that adsorption
isotherm in the current study was more fitted
with Freundlich model [40].

CONCLUSION

In this study, three composites of iron oxide and
nickel oxide were synthesized in three different
ratios. Then the activity of these materials was
investigated by following removal of MG dye from
its aqueous solution by adsorption over these
materials. The obtained results showed that, the
best removal efficiency was achieved over FeO-
NiO (2:1) ratio under using 0.2 g. of the catalyst,
20 ppm of MG dye, 6 pH and 25°C. The optimum
removal efficiency was achieved under these
conditions was around 96% by adsorption of MG
dye over FeO-NiO (2:1) ratio. Also, adsorption
isotherm for removal of MG dye by adsorption
over FeO-NiO (2:1) was investigated applying
both of Langmuir and Freundlich model and the
obtained results showed that it was more fitted
with Freundlich model and it follows Freundlich
adsorption isotherm. Also, the activation energy
for adsorption of MG dye over FeO-NiO (2:1) was
conducted and it was around 15 kJ/mol., which
falls in the range of physical adsorption.
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