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ABSTRACT

Dyes pollution is a major problem in the water, especially since the main factor is textile factories.
The treatments for this problem through nanomaterials have taken a broad scope and many stud-
ies. In this study, trinary novel metal oxide [CoZnFe,O,] nanocomposite is successfully synthe-
sized by UV irradiation presses with a maximum wavelength of 365 nm. The nanocomposite was
investigated by scanning and transmission electron microscopy measurements, and their crystal
structure is obtained by the X-ray diffraction technique. The sample’s percentage of elements was
determined by energy-dispersive X-ray spectroscopy and X-ray mapping. The energy gap is equal
to 2.48 eV calculated by photoluminescence spectroscopy. Incorporating CoZnFe, O, nanoparticles
enhanced the uptake of Direct blue. The faster Direct blue adsorption onto CoZnFe,O, nanocom-
posite at a contact time of 60 min. Two adsorption isotherms were used in this study: Freundlich
and Langmuir, and this adsorption were fitted with The Freundlich (R* > 0.95) model with the
highest adsorption efficiency 75%. The pseudo-second-order (R* > 0.95) model was most appro-
priate in the description of the adsorption process. In addition, a thermodynamic study was per-
formed to calculate the AG, AH, and AS parameters of —144 kJ/mol, 8.2 J/mol K, and 28 J/mol.

Finally, the novel synthesized nanocomposite is a good adsorbate surface for Direct blue dyes.
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1. Introduction

One of the biggest problems a person faces in the
current era is environmental pollution, which increases
through various human activities. It was found that
environmental pollution has a close relationship with
population expansion in the world [1]. Water is one of the
essential elements in sustaining life. Freshwater resources
have recently witnessed a significant deterioration due
to technological progress, as thousands of chemical com-
pounds are discharged daily, directly or indirectly, to water
sources without any treatment [2]. Therefore, researchers’
water pollution problem has received significant attention

* Corresponding author.

in the modern era. Organic materials are an essential part
of the components of industrial wastewater. Organic pol-
lutants are highly risky in terms of their long-term impact,
as some cause cancerous diseases [3]. Dyes are recog-
nized in aquatic systems to be organic pollutants. They
include any compound used to color the textile, leather,
food and other materials, which can provide a great risk
to all environmental elements due to their high toxicity,
particularly when present at high levels [4]. World Health
Organization reports show that contamination of drinking
water is the source of most of the diseases spread in under-
developed countries. Several studies, therefore, employed
multiple strategies in industrial water treatment [5].
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Many strategies for treating and removing organic con-
taminants have been utilized in industrial water. They are
chemical oxidation, photo-oxidation, ion exchange, reverse
osmosis, and adsorption [4]. The adsorption method on
hard porous surfaces is one of the methods Reports of the
World Health Organization indicate that commonly used
in purifying contaminated water, many surfaces such as
wood, cellulose, activated carbon, and others were used [5].
Many previous studies and research used different adsor-
bents to adsorb the Direct blue dye [6]. In this article,
a compound composed of three metal oxides (ternary
compounds) is abused: iron oxide, cobalt oxide, and zinc
oxide. The compound is prepared by irradiating ultravi-
olet light using a photovoltaic cell. Nano metal oxides Zn,
CoO0, and Fe,O,, because these oxides are environmentally
friendly, have high surface efficiency (large surface area),
good electrical conductivity, low toxicity, and many other
characteristics. And the biological activity of a variety of
bacteria can absorb these characteristics in a single case
[7-9]. Combining these oxides in the triple superposition
form of nanostructures increases even more [10]. This proj-
ect aimed to test the efficacy of a photo-prepared trinary
CoZnFe,0, nanostructure in removing the Direct blue dye
that is one of the dyes used at the Baghdad Governorate
Textile Factory, and the remainder are mostly discarded
as wastewater.

2. Experimental part
2.1. Synthesis of CoZnFe,O, nanocomposite

All chemicals were used purchased from (BDH) and
without any purification. CoZnFe,O, nanoparticles have
been prepared by the photo-irradiation method. As in
Fig. 1, the irradiation cell was used to irradiate Ferro(II)
oxalate, sodium cobalt nitrite, and zinc acetate as sources of
Zn, Co and Fe oxides nanoparticles. Immersed UV source
(125 W mercury medium pressure lamp) is used with max-
imum light intensity at 365 nm. The cell contains a quartz
tube like a jacket for immersion UV source in the solution
of salts. Pyrex tube is used as a reactor. An ice bath cools the
reactor to avoid rising temperatures due to UV irradiation
[11,12]. Accordingly, 30 mL, 0.01 mol FeC,0,-H,O, 30 mL,
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Fig. 1. Diagram of photolysis cell.

0.01 mol Na,Co(NQ,),, and 30 mL, 0.01 mol (CH,COO),Zn
were mixed to gather as a stoichiometric ratio (1:1:1). Then,
90 mL, 0.03 mole of urea is added slowly (drop per second)
to the mixture and stirred at 30 min for 15 min. After that,
the solution is irradiated by a photocell for 30 min. The
nanocomposite is precipitated as a red-brown (dark) pow-
der; it is separated and washed several times with deioniz-
ing water (all steps done with centrifuge then decantation).
The precipitate has dried in an oven at 100°C for 3 h and
calcined at 400°C for 3 h. The black-brown color precipitate
CoZnFe,0, nanoparticles have been obtained.

2.2. Adsorption of dye on CoZnFe,0, nanoparticles

100 mL solutions were prepared by dissolving 0.01 g
of the dye in deionized water in the standard (100 ppm)
of Direct blue dye at different concentrations between 5,
10, 15, 20, and 25 ppm. The CoZnFe,O, nanoparticles were
added 0.01 g and shackled at selected temperatures at 288,
298, 308, 318, and 328 K for 60 min. The following systems
were filtered and used to determine the dye concentra-
tion in the filtrate in a UV-Visible absorption spectropho-
tometer [13].

(CO - Ce ) Vsol
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@

where Q, (mg/g) is the adsorption capacity at equilibrium,
C, and C, are concentrations of Direct blue dye (mg/L) ini-
tially, and equilibrium, M is the mass of the CoZnFe,O,
nanoparticles (g). Thus, V_, is the volume of Direct blue
dye (L).

2.3. Characterization

Some procedures for characterizing the nanoparti-
cles sample CoZnFe,O, were utilized. The radiation D5000
Model was used to examine the material composition
using Cu-Ka (a-Cu = 0.154 nm) in a twin-four (alternative)
source. CoZnFe,O, nanoparticles [16] has 20 X-ray diffrac-
tion (XRD) (10° to 80°) and measuring temperatures (25°C).
The JEOL JSM-6010LV model was scanned with a total
of 20 pL on a grid of 300-mesh Cu and dried at room tem-
perature electron microscope FE-SEM model.

3. Results and discussion
3.1. XRD characterization of CoZnFe,O, nanoparticles

Fig. 2 shows the XRD patterns of the samples calcined in
air at 400°C. CoZnFe O, can be assigned to the cubic crystal
phase according to the peak’s XRD patterns. There are sig-
nificant amounts of broadening lines that are characteristic
of nanoparticles. The crystal size can be calculated accord-
ing to the Debye-Scherrer formula [14].

_kx
BcosO
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where k = 0.9 Scherrer constant, A is the wavelength of the
Cu-Ka radiations, B is the full width at half maximum, and
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0 is the angle obtained from 26 values corresponding to
maximum intensity peak in XRD pattern. The mean crys-
tal sizes of nanoparticles are 8.6 nm. The prominent peaks
were observed at 20 values of 30°, 35.5°, 37°, 44°, 54°, 56°,
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Fig. 2. X-ray diffraction graph of the CoZnFe,O, nanoparticles.
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64°, 72°, 74°, 75°, 79° and at 82° were assigned to (220),
(311), (222), (400), (422), (511), (440), (620), (533), (622), (444)
and (551) planes.

3.2. FE-SEM characterization

Scanning electron microscopy (SEM) images, Fig. 3 shows
the morphology and size distribution of nanoparticles. The
surface of nanoparticles is smooth with good crystallinity.
The average particle size and distribution were determined
randomly on the SEM images. The mean particle size was
obtained from SEM images equal to 27.5 nm.

3.3. Energy-dispersive X-ray spectroscopy characterization

The energy-dispersive X-ray spectroscopy (EDX) spec-
trum of CoZnFe,O, nanoparticles is shown in Fig. 4. Typical
iron, cobalt, zinc, and oxygen peaks are present in the spec-
trum. The results confirm the high purity of the synthesized
nanostructures. Fig. 5 indicates that CoZnFe,O, nanopar-
ticles have been spread well by the mixed catalyst’s matrix.
Further data indicate typical images of X-ray mapping
to display the distribution of elemental components of a
ZnO, CoO, and Fe O, catalyst, which will support the dis-
persion of the catalyst element.
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Fig. 4. EDX spectrum of CoZnFe,O, nanoparticles.
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3.4. Photoluminescence measurements

CoZnFe,0, nanoparticles calcinated at 400°C were
evaluated for their emissions utilizing the solid-state pho-
toluminescence spectroscopy (PL). The behavior, the size
distribution of nanoparticles, which might arise from many
sources, influence the PL spectrum greatly. Fig. 6 shows
CoZnFe,O, fluorescent spectra with a maximum wave-
length of 623 nm to measure the emission energy gap. The
PL spectra have a single peak in this case, with a nearly wide
full width at half maximum. According to the equation,
E, (eV)=1,240\2 [13], the energy gap was 1.99 eV.

3.5. Adsorption isotherms

The main stage in the adsorption analysis is to adjust
the adsorption isotherm to the adsorption results to estab-
lish the interaction between the adsorption and the dye.
The Freundlich and Langmuir models were considered in
this work. In the following formula is shown the linear pro-
cess of Freundlich adsorption [15]:

Iog(QB)=log(kf)+%log(C£) 3)

where k, and n are called Freundlich constants, rep-
resenting adsorption capacity and adsorption intensity,
respectively. As shown in Fig. 7, the kf is recorded from the
intercept, and n is recorded from the slope (0.936). This
result is consistent with the proven physical adsorption.
The adsorption is more fitted with Freundlich isotherm
model (R?=0.9544).
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Fig. 5. X-ray mapping of CoZnFe, O, nanoparticles.

3.6. Effect of contact time

In a series of experiments, 0.01 g of CoZnFe O, nanopar-
ticles with 10 mL dye (25 ppm) was used to measure con-
tact to reach equilibrium time. At 100 rpm, the mixture was
shaken at 298 K. At the beginning of 10-90 min, adsorption
is very rapid. The rapid adsorption comes from the strong
bond between the active CoZnFe O, nanoparticles and the
dye. Due to the surface of the nanoparticles, the absorp-
tion rate of the dye becomes a constant value after 60 min,
as shown in Fig. 8.
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Fig. 6. PL analysis of CoZnFe,O, nanoparticles.
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3.7. Effect of adsorbent mass

The adsorbent efficiency was found by adding vari-
ous CoZnFe,0O, nanoparticles (0.01, 0.05, 0.1 and 0.2 g) to
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Fig. 7. Freundlich isotherm model plot at 298 K.
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25 ppm of dye. Then, at 100 rpm, the mixture was shaken
at 298 K. The relationship between adsorption amount and
mass is shown in the graph. First, due to the increase of
active sites in nanocomposites, the adsorption speed is very
fast. Second, the rise in dye adsorption is shown in Fig. 9 by
increasing the quantity mass of CoZnFe,O, nanoparticles.

3.8. Effect of temperature

The temperature impact of dye adsorption on the
CoZnFe,0O, nanoparticle surface was studied at selected
temperatures at 288, 298, 308, 318, and 328 K [16]. With the
rising temperature, the amount of dye adsorption solution
increases. This results in the endothermic process, and the
average value of AH° is positive. This demonstrates the
mechanism of absorption and adsorption. As tempera-
ture increases, the diffusion molecules are absorbed in the
holes, the rate of diffusion increases, and the strong bond is
associated with the adsorbent. Therefore, thermodynamic
parameters provide accurate data on adsorption-related
changes in the inherent energy and should be evaluated
appropriately. In this analysis, the following equations
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Fig. 8. Effect of time on adsorption of dye onto the CoZnFe,O, nanoparticles.
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Fig. 9. Effect of adsorbent mass on adsorption of dye onto the CoZnFe,O, nanoparticles.
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were used to measure the following adjustments to predict
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the mechanism of adsorption by using the free energy of K, :% ®)
adsorption (AG®), entropy (AS°) and enthalpy (AH®) [17]: e
ln(K):ﬂ+Aj 4) AG=AH-TAS )
“ RT R
where R is 8.314 J/mol K (gas constant), K, is an equilib-
O%g y =-981.52x+3.3715 rium constant, and T is the temperature in K. As a van't
'04 2 R2=0.9192 Hoff plot between InK and 1/T in Fig. 10, the AH was
0235 equal to 8.2 k]/mol determent by slope, which showed the
o 03 endothermic interaction. The AS from the intercept were
< 0.25 28 J/mol, which showed that the adsorbed particles were as
= 02 yet in steady movement on a superficial level. Thus, they
0.15 * were absorption and adsorption. The positive AG value
0.1 equals -144 kJ/mol at 298 K, which implies spontaneous
0'08 P adsorption.
0.003 0.0031 0.0032 0.0033 0.0034 0.0035 .
3.9. Dynamics
1/T (K)
The adsorption dynamics of dye on the surface adsor-
Fig. 10. The van’t Hoff plot between InK and 1/T. bents of CoZnFe,O, nanoparticles are crucial in adsorbent
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Fig. 11. Dynamic of adsorption of dye pseudo-first-order.
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Fig. 12. Dynamic of adsorption of dye pseudo-second-order.
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applications. The dye study found the adsorption equi-
librium time was around 50 min for 0.01 g of the nano-
composite adsorbents. Furthermore, classical and kinetic
models in this study were used to portray the information of
adsorption mentioned above as follows:

Pseudo-first-order model [18]:

ln(qe —q[):lnqg —kt )

where g, (mg/g) is the adsorption capacity at equilibrium,
g, (mg/g) is the adsorbed amount of dye after time ¢ (min),
and k, is the pseudo-first-order rate constant (min™) and as
shown in Fig. 11.

The pseudo-second-order kinetic model can be expressed
as [19]:

1 1 t
—_— =+ —

®)
9 kg, 4.

where k, is the pseudo-second-order rate constant, the
pseudo-second-order model with a high association factor
(R* > 0.95) can properly describe the kinetic information,
Fig. 12.

4. Conclusion

In conclusion, high-quality CoZnFe,O, nanoparticles
were made by photochemical technique following XRD,
SEM/EDX, PL, and transmission electron microscopy (TEM)
imaging. The range particulate size of CoZnFe,O, nanopar-
ticles was 6-16 nm, estimated by TEM. The adsorption
properties shown are excellent for eliminating dye from
watery solutions. Both kinetic and thermodynamic stud-
ies demonstrated the efficiency of CoZnFe,O, nanoparticles
adsorption. Freundlich was well suited for the results. The
thermodynamic indicate that the adsorption is endother-
mic and nonspontaneous. The enthalpy value (8.2 kJ/mol)
was calculated by the slope of the van't Hoff plot, which
indicates the physical properties of adsorption. The pseudo-
second-order with R?=0.95 conformity to this adsorption.
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