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ABSTRACT

A cobalt ferrite nanocomposite is used as an affordable nano-adsorbent in this
investigation. It can be deposited easily. This study uses simple adsorption to
remove toxic direct orange 39 dye from aqueous solution. This process has been
studied using Fourier transform infrared spectroscopy, X-ray diffraction, scanning
electron microscopy, and X-ray magnetometer energy-dispersive analysis. The EDX
spectra show prominent peaks for iron, suggesting it is somewhat abundant in the
composition. This study examined the effectiveness of the adsorbent in removing
dye from an aqueous solution based on time, concentration, dosage, temperature,
and pH. Analysis showed 44.2% iron, 31.3% oxygen, and 16.6% cobalt, confirming
their excellent purity as CoFe,O, nanoparticles. Cobalt’s atomic ratio to iron was
0.4362, which matches the expected 0.5 stoichiometry. Notably, XRD patterns
showed no extra peaks, indicating no contamination. Sample purity was ensured by
measuring Bragg reflections between 7.0054 and 79.9904. The sample’s cobalt ferrite
NPs had cubic unit cell-like peaks, indicating an inverted spinel structure. Using
statistical analysis and the Debye-Scherer equation, the crystallite size in CoFe,O,
was determined to be 30.9 nm. Adsorption efficacy was strongly correlated with
temperature, with the maximum efficiency of 97.82% at 10°C. The perfect removal
of 5 ppm of direct orange 39 dye using 0.025 g of CoFe,O, NPs turned into pH 6 at
45 min. The AH® of adsorption is -87.6462 kJ/mol (exothermic) which emphasizes
energy release, moderate interaction strength, and favorable adsorption; efficiency
reduces with higher temperatures. The CoFe,O, adsorbent can be reused for a
maximum of three cycles.
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INTRODUCTION

The advantageous magnetic, optical, and
antibacterial properties of magnetic nanoparticles
have recently begun to garner significant attention
in most biological fields related to human
life. They demonstrated their efficacy against

* Corresponding Author Email: luma.ahmed@uokerbala.edu.iq

bacterial pathogens, highlighting eco-friendly and
biocompatible properties with potential in health
care and environmental fields [1]. The integration
of artificial intelligence (Al) into nanotechnology
has revolutionized research and development,
enabled precise predictions of nanoparticle
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properties, optimized synthesis conditions, and
reduced experimental costs and time. This synergy
between Al and nanotechnology has opened
new avenues for applications in environmental
remediation, biomedicine, and advanced material
development [2]. One of the strongest magnetic
materials, ferrite, is made up of two types of spinel
structure: inverse and normal. Cobalt ferrite’s
inverse spinel structure offers several benefits,
including high magnetostrictivity, low cost, and
good coupling efficiency. Among the materials
most frequently utilized as colorants in scientific
and commercial processes are pigments and
dyes. Specifically, they are extensively utilized in
the printing and leather sectors, as well as in the
spheres of plastics, foodstuffs, papers, cosmetics,
and pharmaceutical products [3-6]. The global
production of dyes and pigments has increased
by over 700,000 metric tons annually (which
proves the continuous annual rise rather than a
cumulative total over multiple years), with there
now being over 10,000 different types; however,
10-15% of these dyes will ultimately be allowed to
leak into the environment. Should this occur, the
formation of dangerous products: nitrogen oxides,
carbon monoxide (CO), and hydrogen chloride, all
of which are toxic to humans and animals due to
the toxicity of certain dyes, such as the neutral. Due
to this, the problem of dye treatment has received
considerable theoretical attention from many
researchers. Of the approaches examined, one
way is to be cooled before being dumped, implying
that cooling is the only necessary step [7-9] In fact,
several chemical and physical treatment methods
such as chemical oxidation and electrochemical
treatment are widely used to remove ions and dyes
from wastewaters [10], for instance, precipitation
[11], liquid chromatography [12], membrane
filtration [13] and correlation [14]. Due to its low
cost, ease of preparation and design, and potential
for multiple recycling and reuse of the adsorbent,
the adsorption process has recently garnered
particular attention for treating organic pollutants
and dyes in waste effluents [15,16]. Spinals with
a high surface area are employed in numerous
technical fields, namely pharmaceutical, chemical,
electronics, computer, separation, and medical
fields as target delivery, catalytic agents, high-
density record storage, ferrofluids, magnetic
separation, and MRI. The spinel ferrite structure
is derived from a closed pack of oxygen ions
and has a tetrahedral (A) and an octahedral (B)
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interstice. The general formula of spinel ferrites
is AB.O, when A and B are representing the
cations. In contrast, the Inverse spinals have
divalent ions in the octahedral positions such as
NiFe,O, [17] whereas normal spinals only have
divalent ions in the tetrahedral sites such as
ZnFe,0, [18] Most of the interesting phenomena
relating to spinel ferrites originate from so-called
cation superexchange, involving octahedral (B)
and tetrahedral (A) site cations [19,20]. A more
inverted spinel structure is observed for CoFe,O,
because Co?* ions occupy the B sites while Fe3*
ions are distributed in nearly equal proportions
between the A and B sites [21]. Cobalt ferrite, a
member of the ferrite family, is renowned for its
exceptional properties as a hard magnetic material.
It possesses excellent magnetostrictive qualities,
moderate magnetization, and high coercivity.
These characteristics make Co ferrite nanoparticles
highly desirable for various technical applications,
thanks to their outstanding chemical and physical
stability [22]. Their uses include memory cores,
high-density information storage, high-frequency
devices, and the biomedical industry [23].
This study is interested in synthesizing spinal
CoFe,0, nanoparticles, in conjunction with
the use of cetramide as a template, a capping
agent. Furthermore, it is our objective to study
the attributes of these nanoparticles through
various methods — Fourier-transform infrared
spectroscopy (FT-IR), X-ray diffraction (XRD),
and Scanning Electron Microscopy with Energy
Dispersive X-ray (SEM-EDX), In addition, the
efficiency of these nanoparticles shall assess
in the elimination of colored organic species,
such as the direct orange 39 dye adopted by the
textile industry. In this evaluation, factors such as
the amount of the catalyst and the initial pH of
the solution, as well as its temperature, will be
considered.

MATERIALS AND METHODS
Materials and Reagents

To conduct this research, we gathered the
necessary materials, including direct orange 39
dye sourced from Hila textile factory. Table 1
provides a detailed description of the specific
characteristics of this dye. The powders utilized
in the study were ferric nitrate (Fe (NO,), 6H,0)
and cobalt nitrate (Co (NO,),-6H,0), which were
purchased from Sigma Chemical Corp., USA.
Hydrochloric acid (35%) was obtained from a
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general drug house. We also acquired absolute
ethanol (C,H,OH) cetramide (CT) as a template
purchased from Sigma-Aldrich Chemie.

Synthesis of Spinel CoFe,O, NP

Using a simple and efficient preparation method
(due to its straightforward method, minimal
energy requirements, and ability to produce
uniform, high-purity CoFe,0, nanoparticles with
almost controlled size and structure.), CoFe,O,
nanoparticles were produced in the presence
of a surfactant. To begin the synthesis, 13.9 g of
ferric nitrate (Fe (NO,),.6H,0) was dissolved in 200
mL distilled water while, separately, 4.14 g of the
cobalt nitrate (Co (NO,),.6H,0) was dissolved in
200 clean mL water the cobalt nitrate solution was
then gradually added to the ferric nitrate solution
with vigorous stirring at room temperature.
Following this, 1 g of the surfactant cetramide (CT)
(to stabilize nanoparticles, preventing clumping
and ensuring uniform size and dispersion) was
introduced. After stirring for ten minutes, the
product was heated and stirred for a further 10
minutes. To achieve a pH between 9.5 and 10,
a specific amount of concentrated ammonia
solution was slowly added to the solution while

(Co (NO3),.6H,0)
+

for 10min

-

CoFe,0, -’
———————————
-

B

burn at 300°c
for2 h

(Fe (NO3); 6H,0)
_
with stirring

4 Filteration and washing
by D.W and ethanol

heating and stirring were maintained for 1 h. This
resulted in the formation of a dark brown solution,
which was subsequently filtered and washed with
distilled water and ethanol. The precipitate so
obtained was then dried in an oven at 100°C for 1
h. Finally, the precipitate was the precipitate was
burned at 300°C. As shown in Fig. 1.

Application of the Spinel CoFe O, NP in Removal of
direct orange 39 dyes

Using a shaker set at 50 rpm, a mixture was
prepared by adding 0.3 g CoFe,O, to 25 mL direct
orange 39 dye solution in a beaker. The mixture
was shaken for a specific duration to account for
variations in contact time, dose, concentration,
temperature, and pH when the dye was adsorbed
upon the external layer of the CoFe,O,, both
the dye and the magnet were attracted to each
other. The proportion of dye remaining in the
mixture was then measured using a UV-visible
spectrophotometer at a wavelength of 416 nm.
The adsorption capacity at equilibrium (g in
(mg/g) [25,26]

(Co - Ce)v

qe = m (1)

Addition 1@
of CT-sur.

_
with stirring

=5

s

Fig. 1. Schematic diagram of the steps for cobalt ferrite nanoparticle preparation.
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The adsorption efficiency E % can be calculated
by following the equation:

E%=%x1oo (2)

Where: C_ is the actual dye concentration in
the solution, C_is the concentration in (mg/L) of
dye at time equilibrium is the volume of the dye
solution (L), and m is the mass of the adsorbent
(CoFe,O,NPs) used in (g). C, is the concentration
(mg/L) of dye at different times.

RESULTS AND DISCUSSION
Characterization of CoFe,0, nanoparticles

To allow for an appropriate examination of
the samples synthesized in this research several
analyses were conducted, which included FTIR,
XRD, FE-SEM, and EDX-elemental analysis.

FT-IR Analysis

FT-IR analysis provided evidence for the
development of the spinal form of cobalt ferrite
and its distribution of cations. The infrared
transmittance spectra of cobalt ferrite samples,
obtained at different synthesis temperatures, are
shown in Fig. 2. The O-H stretching mode was
assigned to the absorption band at 3117.07 cm™
which corresponds to O-H stretching [27,28]
The stretching vibration of tetrahedral group
complexes is responsible for the presence of
various absorption bands [22]. In general, spinals,
including ferrites, display distinctive FT-IR spectra
characterized by two primary metal-oxygen bands.
The spectra indicate the presence of absorption
bands in the range of 400 to 600 cm™ which is
a common feature of the spinel ferrite [29]. The
vibrations associated with the Fe-O tetra site give

Table 1. Some of the features that can be associated with the Direct Orange 39 dye [24].

The variables

Information

Molecular Formula
Molecular Weight
Common Synonyms

C12H10N3NaOsS
299.28100 g mol*!
Solar Yellow 3R, Orange 2GL

Dye Class Azo, Direct Dyes
Amax 415 nm
160
1404 o - SN SENy e :
o T I
120 - & =
X
B 100
807 o 5 5 e /
g 5 &8 B g __
1 ° = ° 28/l
I
60 — A
] 2
T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

wavenumber cm™’
Fig. 2. The FT-IR spectra of CoFe,0, NP synthesis.
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rise to the highest frequency band, is located at
vl = 709.827-582.52 cm™ corresponds to Fe-O
vibrations in tetrahedral and octahedral sites.
The absorption band near v2, which is linked to
the octahedral ‘B’ site, is made up of multiple
peaks due to the presence of various cations,
which include Co (Il), Fe (lll), and Fe (ll), on the
‘B’ site [30]. The peak in (474.50-420.49) cm?
that corresponds to Co—O bonding, indicates the
bonding of cobalt to oxygen. in addition to the
peak at 1100 cm™ which is assigned to the O-Fe-O
as an octahedron bending [31].

X-ray Diffraction (XRD) Analysis

The X-ray diffraction patterns of CoFe,O,
have been studied in detail using the X’ Pert Pro
system. The analysis was carried out under exact
parameters, which included an 8-mA current, a 40
kV voltage, and a step size of 0.0110, at a step rate
of 1 s per step. No additional peaks were found
in the XRD patterns, suggesting the absence of
contaminants. Bragg reflections were measured
between 7.0054 and 79.9904 to ensure sample
purity. The X-ray diffraction profile provided
vital information about the synthesized powder
sample’s qualitative and quantitative phases, in
additiontoits preferred orientation. Fig. 3illustrates
the X-ray diffraction structure of CoFe,0,, having
peaks at 20 values of 17.19°, 23°, 29°, 30°, and 45°
which correspond to the (111), (220), (311), (222),

and (400) reflections of CoFe,O,, respectively.

These findings align with previous research on the
synthesis of CoFe,0, conducted by other research
groups [32-34]. One of the notable properties of
the synthesized powders was the absence of any
detectable impurity phase, the absence of further
peaks indicates particles purity. This suggests that
the synthesized CoFe,0, nanoparticles consist
solely of the desired crystalline phase [31]. The
cobalt ferrite NPs in the sample showed peaks that
corresponded to the position of a cubic unit cell,
indicating an inverse spinel structure (JCPDS No.
98-011-1281). The crystallite size in CoFe,O, was
determined to be 30.9 nm using statistical analysis
and the Debye Scherer equation (Eq. 3) [17,35,36].

KA

(L) = 5coso

(3)

Where A=1.54 A, k= 0.9 (constant), p = FWHM,
0 = 20/2, and L represents the average crystallite
size (nm).

FE-SEM Analysis

Over many years, scanning electron microscopy
(SEM) has remained the favored method for
examining the physical attributes and surface
characteristics of different materials. This
particular technique enables the determination
of particle size distribution and shape. In this
particular investigation, composite SEM spectra
were employed to analyze the surface morphology
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Fig. 3. XRD of CoFe,0, NP Synthesis.
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of CoFe,0, spinel. The introduction of a CT
surfactant resulted in a compact arrangement of
uniform nanoparticles, forming spherical granules
that aggregated into a nanoparticle structure.
The average particle size was measured at 41.35
nm, which surpasses the average crystal size due
to the prevalence of polycrystalline particles.
This can be attributed to the small size and high
density of the nanoparticles as illustrated in Fig.
4a. The polycrystalline nature of the CoFe,O,
structure was verified by conducting energy
dispersive X-ray (EDX) analysis to examine the

elemental composition. The inclusion of CT
surfactants facilitated the synthesis of pure
CoFe,0, nanoparticles, as illustrated in Fig. 4b.
There were no notable variations in particle size,
with more particles exhibiting a textured shape.
The elemental composition of the synthesized
nanoparticles is accurately represented by the
peaks observed in the EDX analysis. The results
indicate that the nanoparticles are composed
solely of cobalt (Co), iron (Fe), and oxygen (O),
without any impurities. Notably, the EDX spectra
show prominent peaks for iron, suggesting it to be

Table 2 The results of the EDX analysis of CoFe,O, nanoparticles are as follows.

Element Atomic% Weight %
C 17.8 7.9
(6} 53.1 313
Fe 21.5 44,2
Co 7.7 16.6

W -
HV  mag det
0.00 kV 120 000 x ETE

"": ke

}.Iei H".I'h Il
:';:'. : [ 13}

o ' g e e weg u LS
oV Skl

T TS

10keY

HV  mag

M 30.00 kV 15 000 x ETD

15 ke 0 ke

Fig. 4. (a)FE-SEM micrographs of CoFe,0, NP. (b) EDX spectrum of CoFe,O, NP.
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somewhat abundant in the composition Further
analysis revealed that the nanoparticles consist
of 44.2% iron, 31.3% oxygen, and 16.6% cobalt,
as illustrated in Table 2 confirming their high
purity as CoFe,0, nanoparticles. Additionally, the
atomic ratio of cobalt to iron was determined to
be 0.4362, which closely aligns with the expected
stoichiometry of 0.5 [32,33]. The appearance of
an Au peak in the EDX spectral analysis can be
ascribed to the procedures of sample preparation
and analysis, which entail the application of a layer
of Au, enabling conductivity and promoting the
movement of electric charge.

Removal of Direct Orange 39 Dye using CoFe,O,
NPs
Effect of Contact Time

The data in Fig. 5 elucidates the temporal
evolution of direct orange 39 dye adsorption by the
synthesized CoFe,0, nanoparticles. A substantial
increasein efficiency of dyeremovaland adsorption
constant values over time signifies the effective
adsorption of the dye. Notably, the adsorption
efficiency exhibited a significant increase from
27.33% at the initial 15 min to 69.43% after 45
min. concomitantly, the adsorption constant (kd)
followed an upward trajectory, peaking at 2.2722
min~" at 45 min. These parameters depress with
elevating the contact time that due to desorption

of Spinal CoFe,0, Nanoparticles

the dye from surface [37].

Effect of direct orange 39 concentration on removal
process using CoFe O, NP

The removal capacity for direct orange 39 dyes
is influenced by the concentration of the dye
solution and the amount of CoFe,0, catalyst used.
25 mL of dye solution was utilized at concentrations
ranging from 5 to 15 ppm. The equilibrium time
was set at 30 minutes and the temperature was
maintained at lab temperature (252C), as shown
in Fig. 6. The efficiency of dye removal decreased
from 37.1816% to 0.8488% as the initial dye
concentration increased from 5 ppm to 15 ppm.
This decrease in efficiency can be attributed to the
saturation of active sites on the catalyst surface,
which occurs when the initial dye concentration
increases. Consequently, the adsorption process is
slowed considerably [38,24].

Effect of CoFe, 0, NP Dose on direct orange 39 dye
Removal Process

Adsorption was utilized to remove 25 ppm of
straight orange-39 dyes, employing CoFe O, as the
adsorbent. The dosage of CoFe,O, ranged from 0.1
g to 0.4 g per 100 mL for 45 minutes. As depicted
in Fig. 7, the dye removal process exhibited an
upward trend with increasing mass of CoFe,O,,
ultimately reaching a removal efficiency of 82.34%

25 T T T T T T T
—m— kd
s E% n__ I 70
VA
2.0 / ~
/ - 60
.;/" =
,;7
1.5 v
) // 50 52
,"/"‘
1.0 4 /
W / - 40
_,-/
0.5 . - 30
Oo T T T T T 20
10 20 30 40 50 60
time

Fig. 5. Relationship between E% and kd vs contact time (min) for adsorption direct orange 39 dye on synthesis CoFe,O,

J Nanostruct 15(2): 639-651, Spring 2025

(@) |

nanoparticles

645



M. Hateef et al. / Synthesis of Spinal CoFe,0O, Nanoparticles

at a constant dye concentration. This can be
attributed to the fact that a higher catalyst dosage
results in a larger active surface area, thereby

enhancing the opportunity for dye removal from

the solution [39]. However, it should be noted
that the removal capacity (ge) decreased when
the mass of CoFe,O, was more than 0.4 g due to

Abs)

T T T T T T T
200 400 600 800 1000

wavelengt (nm)

1200

400

an increase in turbidity caused by the higher mass
of the catalyst and the limitation of active sites on
the catalyst surface [40].

Effect of Temperature on direct orange39 dye
Removal process

The information provided in Fig. 8 unveils the

350

300

250

200

150 4

9.(mg/g)

100 4

50

T
5 ppm

T T
10 ppm 15 ppm

C/ppm of diract orange dye )

Fig. 6.(a) The relationship between (Abs) and wavelength of the different concentrations (b) the relationship between( E%) and (ge)
with different concentrations of dye.

——0.2gm
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——0.4gm
| (dye)
341
|
@
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Fig. 7. The relationship between (Abs) and wavelength and for the various doses (b) The relationship between (E%) and (qe)
with dose of CoFe, O, NPs.
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profound effect of temperature on adsorption.
A wonderful tremendous correlation is
observed between temperature and adsorption
performance, with the highest efficiency of 97.82
% executed at 10°C. Concomitantly, the adsorption
capacity exhibited a trend, achieving a maximum
of 10°C. This temperature dependence may be
attributed to the improved mobility and reactivity
of the dye molecules and the nanoparticle surface
at better temperatures, facilitating extra efficient
adsorption and subsequent adsorption. The
adsorption efficiency decreased with elevating
the temperature, reaching 82.34% at 25°C, which
indicated the reaction was exothermic. [41,42].

Thermodynamic Parameters

The adsorption process is significantly affected
by changes in temperature, which can either
enhance or diminish its effects by specific types of
adsorptions. By utilizing the Van’t Hoff formula, as
shown in Fig. 9, it becomes possible to calculate
crucial thermodynamic parameters such as the
increase in entropy (AH°) and variation in the

100
90
80
70
60
50

40
30
20
10

Kd and E%

20

Temperature in °C

thermodynamics of adsorption (AS°) [43]:

—AH® As°

= (4)
In kd RT + R

Here, R stands for the universal gas constant (J/
mol. K) and T is the absolute temperature in Kelvin.

Using the Nernst equation (equation 5), the
standard Gibbs free energy (AG’) was determined,
and the relation between AG’ and temperature is
plotted in Fig. 10.

AG® = —RTlnkg (5)

However, equation) 6(was used to get the
activation energy (Ea) [44].

E, = AH® + RT (6)

It can be concluded from Figs. 9 and 10 and
Table 3, that the processes are thermal and

= kd
W E%

E%

25

Fig. 9. Relationship between Ink, and 1000/T during direct orange 39 dye removing via CoFe,0, NPs.
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10

15
T/°C

20

25 30

Fig. 10. The variability of Gibb’s free energy changes (AG) for direct orange 39 dye removing from the CoFe,O, surface at

various temperatures.
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Fig. 11. (a) The relationship between (Abs) and (wavelength)for dye solution at different pH (b) The relationship between (E %) and
(kd) with different pH of dye solution.
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Table 3. Kinetic and thermodynamic variables for adsorption of direct orange 39 dyes on CoFe,O,

surfaces.
AH° AG° Ea

kJ mol*? kJ mol*? kJ mol*? kJ mol?
-8.419 -85.293
-4.572 -85.251

-87.646 -0.283
-4.437 -85.210
-3.814 -85.168
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happened as a physical adsorption depended
on AHe value. Also the negative value of entropy
of the standard, AS°, which is -0.28343 kJ mol
1, refers to a decrease in the randomness. The
negative sign of AG°reveals that the adsorption
process is spontaneous. These data showed that
the adsorption process proceeded through an
associative-type process and did not result in
any alteration to the internal framework of the
catalyst (CoFe,0,) [45]. The negative value of
activation energy indicates the uptake of dye from
solution is a fast reaction, moreover that may be
interpreted to find multi-step binding on CoFe O,
surface because it contains two different ions with
different oxidation states and they demonstrate
two different hybridization (tetrahedral and
octahedral) in FT-IR analysis.

Effect of pH of direct orange 39 dye on the
Adsorption Process

Modification of acidity is a key factor in
effectively removing dyes from water-based
solutions. According to the data presented in Fig.
11, the highest level of removal (82.3429%) was
achieved at pH 6. However, if the pH exceeds this
value, the percentage removal starts to decline.
This decrease can be attributed to the presence of
a negative charge on the surface of CoFe,0, when
exposed to a strongly alkaline environment, which
leads to the formation of the [Co (OH),]*" complex

[23,24]. The presence of a high concentration of
hydrogen ions, that is, an acidic environment,
causes the dispersion of positive charges onto the
surface of the CoFe,O,, resulting in the generation
of CoOH* or Co?*ions [6].This results in competition
between dye molecules and hydrogen ions for the

active sites of the CoFe,O,.

Reusability of CoFe O, nanoparticles

The statistics provided in Fig. 12 on the
reusability of the synthesized CoFe,O, NPs .three
times reused, the efficiency depressless then
32.776%, and with continuous use it for five runs
that will decline less than 20.882% a gradual
decline in performance become found with
subsequent reuse cycles. This phenomenon can be
ascribed to the capacity deactivation by saturated
or blocking the active sites of the surface by dye
molecules, or fouling of the nanoparticle surface,
which may restrict the adsorption and adsorption
strategies [45]. Nevertheless, the nanoparticles
proven ability to perform well during the first
three rounds pastime more than one cycle,
underscoring their potential for sustainable and
fee-effective applications. The results indicate a
decline in adsorption efficiency with continuous
reuse cycle when used five times. it maintained
its warranty until the third time because the dye
molecules gradually accumulate and prevent
interaction with the surface [46]. However, the

90

1 82.342
80 -

70
60 H

50 7 44.991

E%

40

30

20 +

10

32.767

[ JE%

28.353

20.882

T

3 4 5

rec overv No
Fig. 12. Reusability of CoFe,0,NPs surface for direct orange 39 dye adsorption.
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fourth time it started to decrease with repeated
use. However, the nanoparticles still exhibited
significant adsorption activity after multiple cycles.
The results observed good reusability, which is the
acceptable loss in the sorption ability after five
circulations.

CONCLUSION

This study successfully synthesized and
characterized CoFe,0, nanoparticles using a
facile preparation method. The nanoparticles
so produced were used to study the removal
of direct orange 39 dye from aqueous solution.
CoFe,0, nanoparticles were synthesized using
ferric nitrate and cobalt nitrate in the presence of
a positive surfactant, cetramide. The synthesized
nanoparticles were characterized via several
analytical techniques: FTIR analysis confirmed
the spinel structure of CoFe,0, and the presence
of metal-oxygen bands; XRD analysis verified the
phase purity and crystalline nature of the CoFe,O,
nanoparticles, with a calculated crystallite size of
approximately 30.9 nm. SEM analysis revealed
a compressed arrangement of homogeneous,
roughly textured nanoparticles with asize ofaround
41.35 nm, is consistent with their polycrystalline
nature. EDX analysis confirmed the elemental
composition of the nanoparticles, indicating high
purity with no significant impurities. The efficiency
of CoFe,0, nanoparticles inremoving direct orange
39 dye was evaluated under varying conditions
of dye concentration, nanoparticle dose, pH,
and temperature. The effect of increasing dye
concentration was that the elimination efficiency
decreased from 37.18% to 0.85% The starting
dye concentration was increased from 5 ppm to
15 ppm, indicating saturation of active sites on
the catalyst surface. The effect of nanoparticle
dose was that increasing the dose of CoFe,O,
nanoparticles improved the dye removal efficiency
up to 82.34% at a dose of 0.3 g/100 mL, beyond
which the efficiency decreased due to increased
turbidity. The effect of pH was that the highest
removal efficiency was observed at pH 6, with an
overall decrease in efficiency at higher pH due
to changes in surface charge and competition
between dye molecules and hydrogen ions. The
effect of temperature was that the adsorption
process was found to be exothermic, with
negative thermodynamic parameters indicating
spontaneous and associative adsorption without
altering the internal structure of the catalyst.
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In  conclusion, the CoFe,O, nanoparticles
synthesized in this study demonstrated the
effective elimination of direct orange 39 dyes from
aqueous solution. The adsorption efficiency was,
as noted above in detail, influenced by factors
such as dye concentration, nanoparticle dose, pH,
and temperature. The negative thermodynamic
values indicated an exothermic and spontaneous
adsorption process, confirming the potential
of CoFe,0, nanoparticles to act as an efficient
adsorbent for dye removal in water treatment
applications. The current research validates the
potential of CoFe,0, nanoparticles as effectual,
reusable adsorbents for water treatment,
advancing cost-effective resolutions for dye
elimination. It contributes to nanotechnology by
highlighting the application of magnetic spinal
ferrites in sustainable water purification.
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