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Abstract

In this paper, mixed spinel Coy4ZngeFe,O, ferrite was synthesized by
microwave-assisted combustion method. Photocatalytic activity of the as-
synthesized sample was investigated against methylene blue dye at room
temperature at different exposure times (60-360 min.) under visible light. Phase
impurity and surface morphology which are investigated with XRD analysis and
field emission- scanning electron microscopy, indicate that a cubic spinel unit cell
structure with a crystilite size and lattice constant are 22.5048nm and 8.37A,
respectively. The saturation magnetization exhibited directly from the hysteresis
loop is (70.20emu/g). Optical properties for the investigated ferrites exhibited photo
absorption from UV to visible region with an energy gap of (1.6 eV). Mainly two
broad metal-oxygen bands for spinel Cog4Zng¢Fe,0, ferrite photocatalyst are seen
in FT-IR spectra. The degradation ratio of dye increased as exposure time was
increased .

Keywords: Ferrites, glycine, combustion route, photocatalyst, magnetic properties

M‘ QL&\M@CO&42”0_6F9204 M‘:M&A uﬁyb JAMS %ﬂm‘ hﬁi.d\ &;\.Jbé

PRIALY
Gl seaalal) | Gansdlal) daels A il IS, oiudl) ol

dLadal)

abiaY) Gub sl Liddl cubd dise Cog4ZngFe0y  poiai 2 Gl 138 3
b aadlall sball e 283 il Bva Pa Jgual) Spiaill ALE A SChige Saall Baelas
skl 8ol Cglil L pal) spnll asas diy (360-60) dbde Gmian olob 4l Bha dsys
Ly J< ) @bl muld) 551 jeaally XRD sy lgeand o Al dad) DI
dhaire ad Gang L il e (a953088,37) 5 (asili22,5048) aSud cully sysh pann duan)
il Lpad) Galall ciglil . ssingll dila (o Bl sl [ Luphalines oS 3ang (70,20) gadll
(1,6) 38l synd ae ddipall dilaiall ) Linwsdidl (58 4adY) (o Ligen Lialiaial lgeand & )
@l Sl Sl = Sl e gliane gl dua o) FT-IR il g ocdsd 05
coanl) (sa) Balsy die sl draall Plas) o) LS. (s i< el

* Email: weam.sami@qu.edu.iq

1180


mailto:weam.sami@qu.edu.iq

Sami Iragi Journal of Science, 2023, Vol. 64, No. 3, pp: 1180-1189

1. Introduction

Photocatalysis for water treatments is a modern technology used to purify water. Many
processes, including extraction, polymerization, and photocatalytic degradation, have been
developed to reduce organic toxicity in water. Photocatalysis can be described as an
acceleration of a photo-induced reaction using catalysts [1]. Magnetic catalysts’ properties
have opened a new area in separation applications. Iron-based nanoparticles have been
extensively studied[2]. Ferrites are compounds of mixed oxides of iron and one or more other
materials with ferromagnetic properties. Based on their crystal structures, ferrites can be
categorized into three groups: spinel, garnet and hexagonal, each having its own importance
[3,4]. When a photocatalyst is selected, The material's band gap determines the wavelength of
light that it absorbs. Ferrites offer the advantage of having a band gap capable of absorbing
visible light[5]. The adsorption and degradation processes using spinel ferrite based
nanomaterials play an important role in the removal of harmful dyes, phenols and traces of
toxic metals from the water [6]. Ferrite catalysts’capability is possible because of the effective
utilization of light energy, which enables the formation of e /h* pairs on the photocatalytic
surface. e /h* pairs, due to their resistance to oxidation and reduction, play an important role
in the formation of reactive oxygen compounds, such as ‘OH and 02", thereby facilitating
pollutant decomposition[7]. Earlier studies have shown that the magnetic properties could be
changed by adding other metal atoms[8]. Various techniques, such as co-precipitation[9],
ceramic processing[8] and sol-gel method [10], were used to synthesize these kinds of
ferrites. The solution combustion route is widely used to prepare single or mixed metal oxides.
To increase the efficiency of the nitrate combustion synthesis route, organic compounds such
as urea, glycine, carbohydrazide, or citric acid have been added with metal. Metal nitrates act
as oxidants and as sources of cations, and the organic compound acts as fuel [11].
In the present work, mixed spinel Cog4ZnggFe,O4 ferrite powder was synthesized with a
microwave-assisted combustion route, using glycine as a fuel; their physical and magnetic
properties were examined.

2. Materials and Methods
2.1. Synthesis of Mixed Spinel Cog4ZngsFe,O4 Ferrite Photocatalyst

High purity nitrate salts of (Cobalt- Zinc: Iron) [99% from HIMEDIA Co., India] were
the raw materials with a molar ratio 1:2 for Co-Zn: Fe. Each material was weighed separately
in stoichiometric ratio and dissolved in a suitable quantity of distilled water. The solution was
mixed and stirred for 20 minutes. Stoichiometrically amount of fuel (glycine) with the
chemical formula (C,HsNO,) [Glycine to nitrate ratio 0.33] was added into the mixturehe
mixture after 20 minutes was transferred to a microwave oven with microwave irradiation
power of 800 Watt. The solution boiled and started releasing many gases such as CO,, NO»,
and N, after dehydration accompanied by decomposition. As the solution reached the point of
spontaneous combustion, it started to burn and release heat, causing the solution to vaporize
and become solid. The product powder was washed with ethanol and distilled water three
times and dried at (70 °C) for 2 hours. The resulting powder was ground for 2 minutes with a
mortar to obtain fine powder.These preparation steps are shown in Figure 1.
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Figure 1: A schematic representation of microwave-assisted combustion route used
for mixed spinel Cog 4Zng¢Fe204 ferrite photocatalyst.

The XRD patterns of the as-synthesized powdered mixed spinel Cog4ZngsFe204
ferrite photocatalyst were recorded with an X-ray diffractometer (Shimadzu, model
XRD 6000), the FE-SEM images and EDS analysis were obtained with a scanning
electron microscope (FEI Nova Nano SEM 450), and the optical properties were
studied with a UV-Visible scanning spectrophotometer ((Shimadzu-8400S
spectrometer, Shimadzu-UV1800).

2.2. Photocatalytic Activity

The photocatalytic activity was carried out via methylene blue (MB) dye with a
concentration of (5gm/l). The pH value was controlled using NaOH. Source light was placed
horizontally on the beaker containing a mixture of 40 ml of MB dye and water solution and
(0.109) of catalyst with stirring. After the adsorption process was completed, the catalyst was
separated from the solution using a magnet bar. At this stage, (3ml) of the sample was taken
and was analyzed to determine the absorbance with a UV-Vis spectrophotometer. The
photocatalytic activity was determined at various exposure times (60-360min.). The
degradation efficiency (D) can be calculated by the following equation[1]:

A"A‘ 100 1)

D% =

Where absorbance at zero exposure time (tp) and absorbance at (t) exposure time are (Ao)
and (A), respectively. It is possible to explain the degradation kinetics (k) of the MB dye
using the first-order Langmuir equation represented by [12]:

1
okt )
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Where (Cy) and (Ct) are the initial concentration and concentration after light exposure,
respectively.

3. Results and Discussion
3.1. Structure and Impurity Phases Characterization

XRD pattern for the as-synthesized powdered mixed spinel CogaZnosFe,O, ferrite
photocatalyst is displayed in Figure 2. The peaks could be easily indexed as
(220),(311),(222), (400),(422),(511), and (440). All the planes are allowed planes, which
indicate the formation of cubic spinel structure with the lattice constant (8.37 A) following the
standard (JCPDS card No. 00.22-1012) for Zn-ferrite and (JCPDS card no.00- 22-1086 ) for
Co-ferrite. Peaks of the impurity phase (CoO) (indicated by ») were observed in the XRD
pattern. The diffraction peaks were broad, sharp and narrow; this indicates a decrease in the
particle size.
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Figure 2: XRD pattern for as-synthesized powdered mixed spinel Cog4ZnogsFe;O4
ferrite photocatalyst

From the highest intensity peak in the XRD spectrum, the (311) plane, and depending on
the Scherrer's equation[12] and Bragge's law[13], the structure parameters such as crystallite
size (D) and lattice constant were determined as shown in Table 1.

Table 1: Structure parameters for as-synthesized powdered mixed spinel Cog4ZnggFe204
ferrite photocatalyst

35.5255 0.34960 . 22.5048

From Table 1, it is clear that the crystallite size (DXRD) confirms that the mixed spinel
Cop.4Zng sFe, 0, ferrite is in the nanoscale.
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3.2. Morphological and Chemical Composition Analysis
In Figure 2, the FE-SEM images and EDS analysis for as-synthesized powdered mixed
spinel Cog4ZngsFe,0, ferrite photocatalyst are given.
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Figure 3: FE-SEM images and EDS analysis for as-synthesized powdered mixed
spinel Cog4ZnosFe,04 ferrite photocatalyst.

FE-SEM images showed agglomerated, uniformly distributed particles with porosity.
Compared between this investigation and other reported [14-16], agglomeration may be due
to van der Waals forces between the nanoparticles or by organic compounds exhibited in the
samples. Furthermore, particles in the nanoscale have a large surface area-to-volume ratio and
very high surface energy. To reduce this high surface energy, the particles in the nanoscale
tend to agglomerate. EDS analysis for the as-synthesized powdered mixed spinel
Cop.4Zng sFe,0, ferrite photocatalyst indicated that the basic compositions of regular samples
are Co, Zn, Fe and O. The presence of C was from the black carbon tape used.

3.3. Fourier Transforms - Infrared (FT-IR) Spectroscopy Characterization
The FTIR spectrum for the as-synthesized powdered mixed spinel Cog4ZngsFe,0, ferrite

photocatalyst was recorded at the range of (4000 — 450 cm ™) (as pellets in KBr) and as
depicted in Figure 4.
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Figure 4: FT-IR spectra for as-synthesized powdered mixed spinel Cog4ZngsFe,0, ferrite
photocatalyst .
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Broad metal-oxygen bands are seen in the spectrum, and ferrites, in particular, are typically
observed in the range 600-500cm *. The peaks at (~1374 cm™) are referred to H-O-H
bending vibration in H,O or OH deformation vibration because of surface hydroxyls; those
imply excellent hydrophobicity suitable to the photocatalytic activity of ferrites. However, in
the present search peaks at 559.63 indicating the formation of spinel ferrite structure are
present in the spectrum. The aforementioned peak also confirmed the formation of tetrahedral
structures. Similar results were observed in other studies [17 - 19 ].

3.4. Optical properties
The absorption spectrum for the as-synthesized powdered mixed spinel Cog 4ZngsFe,0, ferrite
photocatalyst as a function of wavelength is shown in Figure 5.
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Figure 5: Absorption as a function of wavelength for as-synthesized powdered mixed spinel
Cop.4ZngsFe,0, ferrite photocatalyst (insert shows energy gap plot).

In this spectrum, mixed spinel Cog4ZnosFe,O4 ferrite photocatalyst demonstrated
extended photo absorption from UV to the visible region. This is compatible with the
previous work suggested by Tatarchuket et al. [20]. To estimate the optical band gap for
samples, the Tauc-relation is commonly used. The estimation of the band gap energy from
(ahv)? as a function of the incident energy (hv) plot is inserted in Figure 5. The optical gap is
the intercept of the linear part extrapolation to the Y-axis. Mixed spinel Cog4ZngeFe204
ferrite band gap energy was recorded at 1.6 eV . This energy gap value was in very good
agreement with that reported by Tatarchuk of 1.59 eV [20].

3.5. Magnetic Measurements

The magnetic measurements for the as-synthesized powdered mixed spinel
Cop.4ZngsFe,0, ferrite photocatalyst were carried out with an applied field of (15KCQe). In
Figure 6, the hysteresis loop for the as-synthesized powdered mixed spinel Cog.4ZnogsFe;04
ferrite photocatalyst has a high value of coercivity with values of saturation magnetization of
(70.20 emu/qg).
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Figure 6: Magnetic hysteresis loop for as-synthesized powdered mixed spinelCog 4Zng sFe204
ferrite photocatalyst [coercivity plot insert]

The values of the magnetic parameters such as remanence magnetization (Mr), saturation
magnetization (Ms), coercivity (Hc) and squareness ratio (Mr/Ms) of the as-synthesized
powdered mixed spinel Cog4ZnosFe,O4 ferrite were directly extracted from this curve and are
listed in Table 2.

Table 2 :Magnetic measurements extracted from hysteresis loops for as-synthesized
powdered mixed spinel Cog4Zng¢Fe,0, ferrite photocatalyst .

70.20 25 500 0.35

From Table 2, the coercivity for these samples was found to be (500) Oe. To explain the
effect of reducing domain, the squareness ratio (Mr/Ms) was calculated for each sample. A
squareness ratio of about 0.5 means that a single magnetic domain sample has been
produced[21]. From Table 2, it is clear that as- synthesized powdered mixed spinel
Cop.4Zng sFe, 0, ferrite photocatalyst has single domain structures.

4. Dye Degradation

Figure 7 shows the absorbance spectra of MB dye measured with various exposure times
(60—360 min). The absorbance of MB dye decreases with the increase of irradiation time. This
result indicates increase in the degradation efficiency of the photocatalysts. Figure 8 shows
the calibration plot of MB dye at a wavelength of 664 nm. Degradation rate (%) and k value
with irradiation time are shown in Figures 9 and 10, the obtained values are listed in Table 3.
Figure 9 shows the relationship between the degradation rate of MB dye and irradiation time.
Notably, degradation efficiency increases with irradiation time in the MB dyes. Figure 10
shows C/Co plot versus the irradiation time for the as-synthesized powdered mixed spinel
Cop.4ZnosFe,04 ferrite photocatalyst for MB dyes with various exposure times; the
concentration of the MB dye decreases with the increase of irradiation time.
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Figure 7: UV-Vis spectra of MB dye photocatalytic at different visible light exposure
times.

Table 3: The obtained values of the degradation rate (%) and reaction rate constant (K) with
different irradiation times for as-synthesized powdered mixed spinel Cog4ZngeFe,04 ferrite
photocatalyst

60 120 min 180 min 240 min 300 min 360
min min
11 10.16 21.73 22.69 46.49 63.37 81.94 0.0046
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Figure 8: standard calibration curve of (MB) at Figure 9: Kinetics of photocatalytic
664 nm[1]. degradation with various exposure times
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Figure 10:Variation of —In (C/Co) with different

5. Conclusion

In summary, mixed spinel Cog4ZnogsFe,0, ferrite photocatalyst was successfully
synthesized using a microwave-assisted combustion route. It is a facile, short-time and
environmentally friendly method that provides high-yield nanosized ferrite via well
crystalline structure, uniform particle sizes, and good magnetic properties. The results show
that the degradation rate of MB increased from [10.16-81.94]when irradiation time increased
from [60-360min.].
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