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ABSTRACT

In this research work, Cerium ferrite (CeFeO3) nanoparticles were synthesized using a sol-gel auto-
combustion method employing cerium nitrate hexahydrate, ferric nitrate nonahydrate and citric acid as
precursor materials. The precursor solutions were mixed and stirred at 80°C and the pH of the solution was
adjusted to ~7 using ammonia to promote hydrolysis and complex formation. Ethylene glycol was added as a
polymerization agent to facilitate the formation of a stable sol-gel network. The obtained gel was dried to
initiate a self-combustion process, producing a precursor powder that was further calcined at 760°C for 12 h
to obtain crystalline cerium ferrite. The structural properties of the synthesized sample were investigated
using X-ray diffraction (XRD) analysis. The XRD pattern exhibited broad diffraction peaks, confirming the
nanocrystalline nature of the material. The major diffraction peaks correspond to the orthorhombic
perovskite structure of CeFeO3; and agree well with the standard JCPDS card No. 00-022-0166. A weak peak
at 20 = 28.75° indicated the presence of a minor CeO, secondary phase. The average crystallite size
calculated using the Scherrer equation was found to be in the range of 13 nm. The calculated lattice
parameters and unit cell volume confirm the formation of orthorhombic cerium ferrite structure.
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1LINTRODUCTION

Multiferroic materials have gained significant attention because they exhibit multiple ferroic order parameters,
such as ferroelectricity, ferromagnetism and ferroelasticity, within a single phase. The coexistence of these
properties leads to magnetoelectric coupling, enabling control of magnetic properties through electric fields.
Due to these characteristics, multiferroic materials are widely investigated for applications in data storage
devices, sensors, actuators, spintronics and photocatalysis [1-3]. Ferrite-based materials are particularly
important among multiferroics because of their chemical stability, moderate magnetic properties, high electrical
resistivity and low production cost, making them suitable for electronic, magnetic and catalytic applications
[4]. Their properties can be further enhanced through doping and optimized

synthesis methods such as sol-gel, hydrothermal and solid-state techniques [5-7]. Recent studies have shown
that rare-earth and transition metal co-doping improves the multifunctional properties of ferrites. In particular,
the incorporation of cerium ions in nickel, chromium and bismuth ferrites enhances magnetic ordering,
dielectric behavior and electrical conductivity. Moreover, cerium-doped ferrites exhibit improved magnetic and
electrical responses under visible light irradiation, highlighting their potential for photocatalytic and
optoelectronic applications [8,9]. Environmental pollution caused by industrial wastewater is a serious global
issue, as it contains toxic organic compounds harmful to ecosystems and human health. Conventional treatment
methods such as biological, chemical and physical processes often suffer from high energy consumption and
may produce secondary pollutants. Therefore, the development of efficient and environmentally friendly
materials for pollutant degradation has become an important research focus [10-11]. Nanostructured ferrites and
iron-based oxides have attracted considerable attention because of their chemical stability, catalytic activity and
magnetic separability, which enable easy recovery and reuse in environmental remediation processes [12-13].
Among these materials, perovskite ferrites with the general formula ABOs exhibit tunable physicochemical
properties and strong photocatalytic activity under visible light irradiation [14].

A notable subgroup is lanthanide orthoferrites (AFeOs), where A represents a rare-earth element. These
materials show promising magnetic, electrical and catalytic properties and are widely investigated for
applications in catalysis, semiconductors, electrochemical systems, biomedical technologies and hydrogen
production [15-16]. Lanthanide orthoferrites can be synthesized through several methods, including solid-state
reactions, hydrothermal processes, and sol-gel techniques, with the sol-gel method offering better control over
stoichiometry, particle size and phase purity [17-19]. However, the synthesis of cerium ferrite (CeFeOs) is
challenging because Ce* ions easily oxidize to Ce*, leading to the formation of a stable CeO, phase [20].
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Nevertheless, controlled calcination can produce CeFeOs nanostructures, sometimes accompanied by a CeO,
phase that enhances photocatalytic performance [21-23]. CeFeO; typically exhibits weak ferromagnetic or
paramagnetic behavior, although doping with elements such as silver can enhance its magnetic properties and
improve catalyst recovery [24-27]. In addition, lanthanide orthoferrites have shown potential in energy storage
applications due to their redox activity and high specific capacitance. For instance, Nd-doped SmFeO;
electrodes exhibit high capacitance and excellent cyclic stability [28], while CeFeQ,/CeO,/Fe,0; composites
display pseudocapacitive behavior with efficient charge transfer characteristics [29-30].

Therefore, the present study focuses on the sol-gel synthesis of CeFeO; and the investigation of its
structural properties for potential multifunctional applications.

2. EXPERIMENT METHOD

All chemicals used in the present work were of analytical grade and were used without any further purification.
Stoichiometric amounts of cerium nitrate hexahydrate (Ce(NOs3)3-6H,0), ferric nitrate nonahydrate
(Fe(NOs)3-9H,0) and citric acid (CsHgO;) were used as starting precursors. (Fig 1) Each chemical was initially
dissolved separately in deionized water to form clear solutions. The prepared precursor solutions were then
mixed together and subjected to continuous magnetic stirring at 80°C for 30 min to ensure complete
dissolution and homogeneity of the reactants. After achieving a uniform solution, ammonia (NH3) solution was
slowly added dropwise in order to adjust the pH to approximately 7, which facilitated the hydrolysis process and
promoted complex formation among the metal ions. Subsequently, ethylene glycol was added to the reaction
mixture to act as a polymerization agent and promote the formation of a stable sol-gel network. The resulting
solution was further heated at 80°C under constant magnetic stirring for about 2 h, leading to the gradual
transformation of the solution into a black-colored viscous gel. The obtained gel was then dried at 140°C, which
initiated a self-propagating combustion process. During this stage, most of the organic components were
decomposed and removed, resulting in the formation of a brown precursor powder of cerium ferrite. The
obtained powder was then ground using a mortar and pestle for approximately 30 min to achieve fine particle
size and improve homogeneity. Finally, the ground powder was calcined (sintered) in a muffle furnace at 760°C
for 12 h to obtain the desired crystalline cerium ferrite material.

3. RESULTS AND DISCUSSION

3.1. Structural analysis
The structural properties of the synthesized cerium ferrite samples were investigated using X-ray diffraction
(XRD) analysis. The obtained XRD pattern shows relatively broad diffraction peaks, indicating the
nanocrystalline nature of the synthesized material.
The diffraction pattern (Fig. 2) exhibits prominent peaks at 20 values of 32.92°, 47.67°, 57.59°, 68.36° and
77.03°, which correspond to the crystallographic planes (112), (221), (024),
(041) and (116) respectively. These peaks are consistent with the standard JCPDS card No. 00-022-0166,
confirming the formation of cerium ferrite with an orthorhombic perovskite crystal structure. The obtained
results indicate that the crystal structure of the prepared samples remains stable without significant structural
changes. The major diffraction peaks corresponding to the planes (110), (112) and (221) were further analyzed
to understand the lattice characteristics of cerium ferrite [31, 32]. A weak diffraction peak observed at 26 =
28.75°, corresponding to the
(110) plane, suggests the presence of a small amount of CeO, secondary phase. Similar observations have been
reported for cerium ferrite synthesized at different calcination temperatures [33, 34].
Apart from this minor peak, no additional impurity peaks were observed, indicating that the synthesized sample
is predominantly phase-pure cerium ferrite. A similar orthorhombic phase of cerium ferrite synthesized
through the co-precipitation method has also been reported
by Manjula et al. [35]. The average crystallite size of the synthesized material was estimated using the
Scherrer equation:

e 1
D —A— (1)
[ cosl
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Fig 1 Experimental procedure of cerium ferrite synthesis

Where k is the Scherrer constant (0.94), A represents the wavelength of the incident X-ray radiation, 8 is the full

width at half maximum expressed in radians and 0 is the Bragg diffraction angle. Using this relation, the
crystallite size of the prepared samples was found to be in the

range of 13-15 nm, confirming the nanoscale nature of the material. These results are in good agreement
with previously reported studies [36].
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Fig 2- XRD of cerium ferrite composite

The structural parameters of cerium ferrite were further calculated from the XRD data and are presented in Table
1. The lattice constants a, b and ¢ were determined using the relation:
1 h k* I

0 0 O 2
@& e @
where h, k and | represent the Miller indices of the corresponding diffraction planes [37]. Using the calculated
lattice constants, the unit cell volume was also determined and listed in Table 1 [38]. The obtained lattice
parameters are consistent with the orthorhombic crystal structure and are in good agreement with previously
reported values by Ananthraman et al [39].
Table 1 - lattice constant and crystallite size of cerium ferrite composite

Sample a(d) b (A) c(4) Cell Volume
(42
CeFeO3 | 5.625 5.499 7.92 245

. CONCLUSION

In conclusion, Cerium ferrite (CeFeOs3) nanoparticles were successfully synthesized using the sol-gel method.
X-ray diffraction analysis confirmed the formation of an orthorhombic perovskite crystal structure consistent
with standard JCPDS data. The broad diffraction peaks

indicated the nanocrystalline nature of the synthesized material. The average crystallite size calculated using the
Scherrer equation was found to be in the range of 13-15 nm with a small amount of CeO, secondary phase.
These results demonstrate that the adopted synthesis method is effective for producing nanostructured cerium
ferrite with stable structural properties.
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