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ARTICLE INFO ABSTRACT
Keywords This study explores the preparation of Co-nano ferrites using the
Spinel ferrite; glycine-nitrate auto-combustion method at different synthesis
nanoparticles; temperatures. The crystal structure, magnetic properties, and
magnetic properties; morphological traits were investigated using X-rays in
combustion; . (. :
diffractometry, a vibrating sample magnetometer, and scanning
temperature.

electron microscopy. Based on the X-ray diffraction (XRD) data, it
can be observed that the products produced possess a cubic spinel
structure. As the temperature for synthesis is elevated from 100°C
to 250°C, there is an observed increase in the size of the crystallites
from 21nm to 25nm. Furthermore, an increase in the synthesizing
temperature led to a reduction in the lattice constant, which
decreased from 8.4155 A to 8.3565 A. Scanning electron
microscopy (SEM) images, accompanied by histograms, revealed
that the ferrite nanoparticles exhibited a tendency to aggregate, as
indicated by a variance of around 100 and a standard deviation of
10. The VSM data indicate that an increase in synthesis temperature

leads to a corresponding increase in magnetic saturation.
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1. Introduction

In recent years, there has been a notable increase in the academic interest in synthesizing
nanosized ferrites that exhibit magnetic properties significantly differing those observed in
macroparticles of identical composition. This assertion is particularly applicable to the attributes
exhibited by cobalt ferrite particles measuring around 10 nm in size [1]. These nanoparticles
commonly exhibit unique characteristics that facilitate the exploration of novel applications. The
physical and chemical properties of particles are greatly influenced by their composition,
morphology, size, and shape. The enormous surface area of nanoparticles, which is a result of their
small particle size, is an interesting feature [2]. Nanomaterials consist of atomic and molecular
constituents with dimensions less than 0.2 nanometers. Nevertheless, block crystals that possess
lattice spacing on the nanoscale scale yet exhibit macroscopic dimensions are typically excluded.
The behavior of nanomaterials differs significantly from that of bulk materials primarily due to
two factors: surface effects, which result in smooth scaling of properties due to the presence of
atoms at the surface, and quantum effects, which manifest as discontinuous behavior resulting
from the quantum confinement effect in materials with delocalized electrons. The mechanical,
optical, electric, and magnetic properties of materials, as well as their chemical reactivity, are
influenced by these variables [3]. Ferrite's magnetic properties can be largely determined by
different elements, including crystal size, density, exchange interactions and anisotropy. Different
magnetic properties, such as coercivity (Hc), remanence magnetization (Mr) and saturation
magnetization (Ms) were recorded. It was found that the crystallite size and the value of Ms
showed a positive association, which indicates that increasing the crystallite size can lead to an
improvement in magnetization[4]. CoFe>Os has a high coercivity, a medium saturation
magnetization, and the highest magnetic crystallographic anisotropy. Additionally, it has high
chemical and thermal stability, strong mechanical characteristics, and is also easy to manufacture
using a variety of techniques [5, 4]. Cobalt ferrite nanoparticles have been prepared recently using
a variety of methods, including ceramic processing [6], thermal decomposition method [7],
Solvothermal method [8], One-pot hydrothermal and hydrothermal synthesis [9], micro-emulsion
method [10], electrochemical method [11], sol-gel method [12]. The present investigation focuses
on effect of the synthesizing temperature on the structure and magnetic properties of the Co-ferrite
nanopowder by glycine-nitrate auto-combustion method at various temperatures and to analyze

their structure, morphological and magnetic properties.
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2. Materials and Method

The compounds Co(NOs3)..6H20 and Fe(NOz3)3.9H-0, obtained from Thomas Baker-India,
were separately measured in terms of weight and subsequently dissolved in a predetermined
quantity of water, maintaining a molar ratio of 1:2 for Co(ll)/Fe(lI1l). Glycine was introduced
as a fuel into a nitrate solution at a mole ratio of 0.33. The mixture was agitated without the
aid of a heat exchanger for a duration of 20 minutes, while maintaining an auto-combustion
temperature of 100°C. Following the complete evaporation of the water, the gadget initiated
the self-sustaining combustion process. The product underwent a triple cleaning process using
ethanol and distilled water, followed by drying at a temperature of 75°C for one hour. In order
to enhance the uniformity of the CoFe2O4 ferrites ash, the resulting products were subjected
to grinding in a mortar for a duration of four minutes. The Co-ferrite was synthesized using
the same techniques at preparation temperatures of 175°C and 250°C [24,25].

3- Characterization Techniques

A variety of characterization techniques, such as X-ray diffraction, vibrating sample
magnetometer (VSM), and scanning electron microscopy (SEM), were employed to analyze
the generated powders. The X-ray diffraction investigations were conducted using the
Dx2700BH Multifunction x-ray diffract meter, which was produced in Japan. The device
utilized a Cu target with a wavelength of 1.50 nm and covered a 26 range from 10° to 80°. The
morphology and elemental analyses of the sample were investigated using a scanning electron
microscope, specifically the TESCN MIRA3 FRENCH. The experiments were conducted
using an accelerated voltage of 10 kiloelectron volts (KeV). The experimental setup utilized
in this study was a vibrating sample magnetometer (VSM) provided by MDK in Iran. The
VSM was fitted with a magnet capable of generating a magnetic field strength of 1 Tesla. The

measurements were conducted at room temperature.

4. Results and Discussion

4.1 Structural Analysis
Figure 1 illustrates the X-ray diffraction (XRD) patterns of CoFe.O4 samples synthesized at
various temperature ranges. The Co-ferrite samples in their as-synthesized state revealed a cubic
spinel structure, as evidenced by the diffraction peaks observed at (111), (220), (311), (222), (400),
(422), (511), (440), and (620) planes. These diffraction peaks are consistent with the space group
Fd3m. The X-ray diffraction (XRD) patterns were analyzed and verified using the Joint Committee
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on Powder Diffraction Standards (JCPDS) database, with reference numbers 98-016-6204, 89-
1010, and 22-1086, for the compound CoFe204 [23, 13]. The impurity phase of Fe>O3 (20=36.35
and 42.19) was seen in a sample synthesized at the synthesizing temperature of 100°C. As the
synthesizing temperature rises, this impurity phase reduces.
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Figurel: XRD analyses of as-synthesized spinel CoFe>O4 powders at various synthesizing
temperatures. (S1): 100°C, (S2): 175°C, and (S3): 250°C.

Also, the increase in synthesizing temperature leads to an increase in crystallite size, which
produces narrow, sharp peaks that indicate the crystallinity of samples has been enhanced.The size

of the crystallite and the lattice constant was calculated for CoFe,O4 samples depending on the
equations below [14].
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In Debye Scherrer's equation (equ.1) K represents a constant equal to 0.89 is the dimensionless
form parameter, the wavelength of X-rays is (\=1.5405 A), B is a representation of the diffraction
line at half the maximum intensity of the high plane (311) and equ.2 represents Bragg's formula
while equ.3 represents for finding the interplanetary spacing, where "h k I"" are the Miller indices,
"0" is the Bragg diffraction angle , as well as "n = 1" for the cubic form's order of reflection and

"a" for the lattice's constant.

Table 1: Crystallite size and lattice constant for Co-ferrite samples at various synthesizing

temperatures.
Synthesized T 20 Lattice Spacing | Lattice Constant a Crystallite Size
Ferrites | (°C) | (deg) d (A) (A) D (nm)
S1 100 35.34 2.5374 8.4155 21
S2 175 35.36 2.5361 8.4112 22
S3 250 35.60 2.5196 8.3565 25

According to the data presented in Table 1, it is clear that as the synthesis's temperature increases
from 100°C to 250°C, the crystallite size rises from 21nm to 25nm. Furthermore, increasing the
synthesis temperature caused the lattice constant to decrease from 8.4155A to 8.3565A. According
to the research, the lattice constant and crystallite size are directly connected. As crystallite size
decreases, the lattice constant either rises or decrease [15]. In this work, as the size of the crystals
increases, the lattice constant decreases. During synthesis, the fusion process, which takes place at
high temperatures, may accelerate the rate of crystal size increase of the final product. D. Gingasu

et al. observe the same observation [13].
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4.2 Surface Morphology

The crystallite size of all synthesized Co-ferrite samples were calculated using the corresponding
size distribution histograms. Figure 2(a—b) depicts SEM images and corresponding normal size
distribution histograms by Origin 2021 software, and Figure 3 depicts EDAX spectra of CoFe204

spinel powders synthesized at different fabrication temperatures. (S1): 100°C, (S2): 175°C, and
(S3): 250°C.
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Fig.2 : SEM images (left, a) and (right, b) mean diameter histogram obtained from the SEM images
of spinal CoFe,O4 ferrites powders produced by the glycine-nitrate auto-combustion method
at various temperatures. (S1): 100°C, (S2): 175°C, and (S3): 250°C.
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Fig.3: EDAX of spinal CoFe;O4 ferrites powders produced by the glycine-nitrate
auto-combustion method at various temperatures (S1): 100°C, (S2): 175°C, and
(S3): 250°C.
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SEM images with histogram showed that all ferrite nanoparticles passes aggregated with variance
and standard about 100 and 10 respectively. The structure of the aggregated nanopowder is shown
in the adjacent SEM images and histograms. The results of the XRD examination were also
supported by the observation that the crystalline size of the samples grew correspondingly with
the synthesis temperature. When the nanoparticles' surface energy and surface area to the volume
are ratio both very high, they clump together and expand into bigger assemblies as a treatment.
The nanoscale particles have a tendency to aggregate in order to decrease the overall surface
energy. The interaction of the magnetic nanoparticles may also contribute to agglomeration [16].
The impacts of the released gases from the combustion phase might cause a void in the powdered
samples [17]. Co, Fe, and O are the fundamental compositional components of ferrites, according
to an EDAX study of every Co-ferrite produced at various synthesis temperatures.

4.3 Magnetic Measurements

The magnetic behavior of CoFe2O4 powders with a spinel structure was investigated using the
pulsed field hysteresis loop approach. The magnetization as a function of the applied field was
determined for the ferrites under investigation at room temperature. This measurement was
conducted at different synthesizing temperatures, and the applied field strength was set at 10 kilo-
Oersteds (kOe). The obtained results are presented in Figure 4.
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Fig.4: Magnetization versus applied field for as-synthesized spinel CoFe,O4 powders at various
synthesizing temperatures. (S1): 100°C, (S2): 175°C, and (S3): 250°C.
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The M-H plot displays a typical hysteresis curve, indicating that all spinel CoFe.O4 powders have
ferromagnetic behavior. This M-H plot can be used to determine the saturation magnetization,
remanence magnetization and coercivity of the present spinel CoFe.O4 powders. Table 2 lists the

values of various magnetic properties.

Table 2: Magnetic measurements extracted of CoFe,Os ferrite at different synthesizing
temperatures.

Synthesizing Saturation Remanence .
- . Coercivity
Sample | Temperatures | Magnetization | Magnetization He (Og) Mr/Ms
T (°C) Ms (emu/g) Mr (emu/qg)
s1 100 27.06 5 125 01
S2 175 35.56 15 1000 0.4
S3 250 37.91 20 1125 0.5

From Table (2) It is clear that a rise in the synthesizing temperature gives an increase in saturation
magnetization. The reason for this is attributed to this behavior for the saturation magnetization
can be correlated to the presence of uncompensated spins at the surface of smaller particles. The
high coercivity values account for the slower crystallite size growth rate that occurs during the
heating phase. The increased coercivity value may be due to the direction of the magnetic spin
along the axis that eases magnetization. The coercivity increases with the increase in saturation
magnetization. Dedi et al. observe the same observation [18]. The squareness ratio (SQR) (Mr/Ms)
for each sample has been calculated at RT which was less than 0.5 which means that one magnetic
field sample was produced [19]. The magnetic properties of ferrite depend on the type of synthesis

technique [20]. Different saturation magnetization values were reported and lasted in Table 3.
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Table 3: Saturation magnetization of the as-synthesized spinel Co-ferrite powder with different

methods.
Samples Method Appl(ice)g)ﬁeld Ms Ref.
CoFe204 ceramic processing 7000 120 [6]
CoFe204 glycine-nitrate process 15000 70 [21]
CoFe204 Co-precipitation 15000 30 [22]
CoFe;0s g'yCi”e’”itra;f Oiuets‘;'comb““io” 10000 | 35.56 | Present work

5. Conclusions
In the current study, Co-ferrite has been successfully prepared by the glycine nitrate auto-
composition process. This process is simple and easy and suitable for synthesized spinel ferrite
with small crystallite size. In the present work, Co-ferrite nanoparticles with crystallite size
from 21nm to 25nm were produced. SEM images with histogram showed that all ferrite
nanoparticles pass aggregated with variance and standard about 100 and 10 respectively.
Magnetic measurements depended on the synthesizing temperature, as rising synthesizing
temperature gives an increase in magnetic saturation.
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