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The structural and dielectric properties of cerium-chromium substitution in magnesium ferrite (x = 0,
0.1, 0.3, 0.5) prepared by spontaneous combustion of citric acid and calcined at a temperature of (1000 °C)
were studied. The compositional characterization of the samples was carried out using XRD, FTIR, TEM,
and the dielectric properties were measured using LCR. X-ray diffraction revealed the composition of the
cubic spinel. The crystal size of magnesium ferrite was within (18-31 nm) and the lattice constant
(8.327-8.393 A). It was observed that the FTIR spectra of the compound MgCros-.CesFe1504 remained in
the spinel phase with a change in the concentration of Ce3*.Electron microscopy measurements showed
that there are different lattice tips with potential d-spacing for Cr:0s, CeO: and a-Fe20s phases. The
d-spacing value of the most prominent ring in the (311) crystal planes of MgFe204 was close to its value in
X-ray diffraction. It was found that the dielectric constant and the dielectric loss coefficient decreased with
the increment in the frequency of the applied electric field and the alternating conductivity.
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1. INTRODUCTION

Recently, technological development required ob-
taining high-performance devices through synthesis
processes in spinel-type Nano ferrites for ease of prepa-
ration and distinctive properties. And multi-field appli-
cations, including high-frequency operating devices,
switching, wastewater treatment, drug delivery, and
magnetic hyperthermia applications. The method of
preparation and the additives affect the distribution of
the cation and this is reflected on the properties of
ferrite [1, 2]. The sol-gel spontaneous combustion
method used in this study is characterized by produc-
ing a highly homogeneous crystalline material with low
temperature, low cost and short time [3].

In a face-centered cubic structure, the spinel type
ferrite crystallizes. This type is classified into normal,
inverted and mixed based on how the divalent and
trivalent metal ions are distributed throughout the
octahedral and tetrahedral cations locations [4-6].
Magnesium ferrite MgFe204 is a natural spinel type
and can be described as an n-type semiconductor hav-
ing a small bandgap of 1.9 eV [7]. Trivalent iron cations
can be replaced by a small amount of other cations of
slightly larger size than the ferrous cations, but become
undesirable when rare earth (RE) cations of larger size
such as Ce3* (1.143 A) are added. This certainly affects
the crystal structure of spinel and causes several
changes in the electrical and structural characteristic
due to the distortion caused by rare earth cations in the
crystal structure and the occurrence of a RE-Fe super
exchange reaction [8-10]. Such studies found im-
portance in the applications of antibacterial properties,
improve catalysis, memory storage, magnetic fluids,
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and apoptosis [8, 11].

During this study, it was found that the replace-
ment of cerium cations (Ce3") with chromium cations
(Cr3*) in the compound MgCro.5-xCexFe1504 (x =0, 0.1,
0.3, 0.5) It caused a change in the structural and elec-
trical properties during cations exchange and exchange
reactions.

2. EXPERIMENTAL WORK

The composite MgCro.s-+CexFe1504 (x=0, 0.1, 0.3,
0.5) was made by the citrate-gel spontaneous combus-
tion technique, from magnesium nitrate, chromium
nitrate, cerium nitrate and citric acid as raw materials.

By dissolving the required quantities of citric acid
and metal nitrate in a ratio of 3:1 separately in a prop-
er amount of distilled water. By combining the solu-
tions with a magnetic stirrer, a homogeneous solution
was obtained. Then by adding ammonia, the pH of the
combined solution is raised to 7. The temperature is
raised to 100 °C with continuous stirring a dense gel
was produced after evaporating the solution. The gel is
dried and self-fired inside an oven at 250 °C subse-
quently ferrite powder was acquired. The resulting
powder was grounded and sintered at 1000 °C for
4 hours.

3. RESULTS AND DISCUSSION
3.1 Structural Characterization

XRD- analysis was performed at 30 °C. Fig. 1 show
formation of the cubic spinel structure for synthesis
MgCro.s-xCexFe1504 (x =0, 0.1, 0.3, 0.5) which belong
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to the space group Fdsm. The compound has been iden-
tified by JCPDS Card No. 36-0398) in addition to pres-
ence of other secondary phases like Cr20s, CeOz and
Fe20s. It was found that the peak (311) in the structure
of spinel decreases by adding of Cerium against the
decrease of chromium. The crystal size of (D)
MgCros-xCexFe1504 Nano ferrites was calculated using
the maximum peak intensity (311) of the Scherer formula.
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It is shown in Table 1. that the lattice parameter of
the ferrite compound MgCros-xCesFe1504 increases
with the increase in Cerium content due to the differ-
ent ionic radii, the ionic radius of cerium (1.143 A) is
larger than that of chromium (0.63 A), which causes
Lattice dimensionality expansion in spinel assembly
structure [9].

Table 1 — Shows experimental lattice constant (a), crystallite size (D)] for MgCros-CexFe1504

Composition Content (X) Lattice parameter a (A) Crystallite size D (nm)
MgCrosFe1.504 0.0 8.327 18
MgCro.4 Ceo.1Fe1.504 0.1 8.341 23
MgCro.3 Ceo2Fe1.504 0.3 8.375 26
MgCeo.s5Fe1.504 0.5 8.393 31
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Fig. 1 — XRD patterns MgCros-.Ce:Fe1504 (x=0, 0.1, 0.3, 0.5)

3.2  FT-IR Analysis

Infrared spectroscopy is a technique that relies on
the absorption of electromagnetic radiation to determine
the sites of bonds and to identify the structure and redis-
tribution of cations between sites. The FTIR spectrosco-
py within the range (400-4000 cm 1) of the samples
prepared for the calcined compound MgCros.x Cex Feis
04 (x=0, 0.1, 0.3, 0.5) at a temperature (1000 °C) pos-
sess expansion vibrations in two locations of the metal
atom with oxygen according to the geometry of the near-
est neighbors are shown in Fig. 2. The vibration of the
metal atom with the oxygen in the tetrahedral sites
within the range (5636.2—519.34 cm -!) while in the
octahedral sites (431.78 —414.48 cm -1). The normal
state of bond vibration in tetrahedral sites (Th) is higher
than in octahedral sites (On) because the bond length in
tetrahedral sites (d (MA-O) < 2 A) is less than in octahe-
dral sites (d (MB-O) > 2 A). Fig. 2 shows the FTIR spec-
tra of the complex (MgCrosx Cex Fe1s Os) it remains in
the spinel phase with a change in the concentration of
Ce3*, that the change in the vibrations of the two sites is
due to the redistribution of the cations of the metal ions,
additionally to the metals' varying ionic radii [12—14].

3.3 TEM Morphological Observations

The HR-TEM images of the samples (x=0.0, 0.5) are
inset with the corresponding area electron diffraction
(SAED) patterns in Fig. 2. The rings' ordering of SAED
spots showed the crystal structure of magnesium ferrite.
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Fig. 2 — FTIR- spectra of MgCrosx Cex Fe1504 (x=0, 0.1, 0.3, 0.5).

The interplanetary spacing d can be calculated from
the (311)'s most noticeable ring crystal planes of
MgFe204. Diffraction ring sizes for samples with
x=0.0, 0.5 were used to compute the d-spacing and the
values of (0.242, 0.251) respectively The d-spacing
value of the most prominent ring in the (311) crystal
planes of MgFe204 was close to its value in X-ray dif-
fraction. The most widespread rings of the samples
(x=0.0, 0.5) showed poor crystallinity and it was diffi-
cult to incorporate the Cr and Ce atoms into the struc-
ture of MgFe204, and this results in the growth of sec-
ondary phases that correspond to the other phases.
There were different lattice fringes with possible d-
spacing for the Cr20s, CeOz and o-Fe203 phases. This
coincides with the results of the XRD examination [15].

Fig. 3 — HRTEM images of MgCros-<Ce.Fe1504 (x =0, 0.1, 0.3,
0.5) (a-c) x=0.0, (d-f) x = 0.05.

3.4 Dielectric Properties

The alternating conductivity, dielectric loss factor,
and dielectric constant of nano-ferrite compound sam-
ples MgCros-xCerFe1504 were investigated at room
temperature with the LCR meter in the frequency
ranging from 50 Hz to 4 MHz. The changes of the die-
lectric constant as a function of frequency is depicted in
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Fig. 4 for nano-ferrite MgCro.5-xCexFe1504 with con-
centrations (x = 0.0, 0.1, 0.3 and 0.5). It was noted that
all samples possess a higher dielectric constant at low
frequencies, which it quickly decreased with increasing
frequency, and in ferrite materials, this is a normal
tendency. The decrease in the dielectric constant was
slow with increasing frequency and more stable at high
frequency. This behavior in ferrites is due to the delay
in the transfers of iron ions present in sites (A, B).

The phenomenon of the polarization of the space
charge depends on a variation in values of the dielectric
constant with frequency. It is known that the insulating
material contains well-conductive particles surrounded
by high-resistance grain boundaries. This space charge
accumulates at the particle's edges when the electric
field is applied, which has a significant impact on the
value of the dielectric constant at low frequencies, and
thus the voltage decreases significantly.

The electron exchange decreases as frequency in-
creases due to the difficulty of tracking the applied
electric field, so at high frequencies, the dielectric con-
stant value approaches stability. The dielectric is de-
pendent on electronic transitions between iron ions,
granular boundaries, and oxygen empty sites [16-18].

Fe3* ions shift from the A site to the B site because
cerium ions prefer octahedral sites, which lowers the
concentration of Fe3* ions in the B site. This is why the
transmission of electrons between Fe3™ and Fe?* ions
are slower, and this results in a reduction of the dielec-
tric constant and polarization [19].

In the range of 50 Hz to 4 MHz, all samples' varia-
tions in the dielectric loss factor with respect to fre-
quency are shown in Fig. 5 at ambient temperature. It
noticed that the loss coefficient has been decreased
with increasing frequency, and it is clear from the fig-
ure that the insulation loss dropped quickly in the low
frequency range, but diminished progressively in the
high frequency zone. The behavior can be explained
through the fact that at low frequencies the resistance
is high and is related to the borders of the grains,
which need more energy for electron exchange (Accord-
ing to Koop’s theory), on the contrary, the high-
frequency region, which has low resistance and re-
quires less energy to transfer electrons between iron
ions in the octahedral site [19, 20].

From the Fig. 6 it noted that, the behavior of the
peak called Debye relaxation when the applied electric
field's frequency and the hopping frequency of the Fe2*
and Fe?' ions match, wr=1. (where @ is angular fre-
quency and ris relaxation time of hopping process) [21].

All samples' AC conductivities increased when the
frequency increased, which is expected of ferrite. Fe2*
and Fe3* ions are responsible for this through their elec-
tron exchange. The conductive grains are more active
with increasing frequency which caused by electrons
hopping between Fe?* and Fe3*. The more the ions, the
conductivity increases and the resistance decreases. It is
clear that as Mg nano ferrites and Ce contents in-
creased, AC conductivity decreased as well. [22].

4. CONCLUSIONS

Chromium was replaced by cerium in magnesium
ferrite where stepwise variation of x from 0 to 0.5.
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Fig. 4 — Variation of dielectric constant for MgCros-<Ce:Fe1504
(x=0,0.1, 0.3, 0.5) with frequency
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Fig. 5 — Variation of dielectric loss factor for MgCros-.CeFe1504
(x=0,0.1, 0.3, 0.5) with frequency
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Fig. 6 — Variation of conductivity of MgCros-.Ce:Fe1504
(x=0, 0.1, 0.3, 0.5) with frequency

The sol-gel self-combustion process was used to prepare
it. The formation of spinel ferrites with the presence of
other phases (Cr203, CeOz and Fe20s) is due to the
large ionic radii of cerium and chromium compared
with iron. Increasing Cerium concentration was found
to increase the lattice constant and crystal size based
on the analysis of X-ray diffraction data. FTIR analysis
confirmed ferrite formation and redistribution of cati-
ons between A and B sites. TEM analysis showed that
the size of the crystals is within the nanoscale, the
crystallinity is poor, and there are different lattice
fringes with possible d-spacing for the Cr203, CeO2 and
Fe203 phases. This is consistent with the XRD analysis.

The dielectric constant, dielectric loss coefficient,
and alternating conductivity decreased with increasing
cerium concentration in magnesium ferrite. Debye
relaxation was observed after the frequency of 1M be-
cause the frequency of the ions corresponds to the fre-
quency of the applied electric field.
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Hocnig:xenna edpexry samMinu Xpomy nepieMm y pepurax MartHiio Ha Jie/IEKTPUYHI Ta CTPYKTY-
pHi BIIacTurocTi

Hamed A. Younis!, Wissam A. Hussian!, Omar A. Ahmed!, Mustafa H. Omar?

1 The General Directorate for Education in Diyala, Diyala, Iraq
2 Department of Materials Engineering, College of Engineering, University of Diyala, Diyala, Iraq

JlocmaimxeHo CTPYKTYPHI Ta AieJIEKTPUYHI BJIACTHBOCTI IIEPi-XPOMOBOIO 3aMINIEHHA y (PePUTI MATHI0
(x=0, 0.1, 0.3, 0.5), oTpEMaHOMy CAMO3aUMAaHHAM JIMMOHHOI KHMCJIOTH Ta IIPOKAPEHOMY IIPH TeMIIepaTypi
(1000 °C). XapaKkTepHCTHKY CKJIAmy 3paskis mposommiu 3a gomomororo XRD, FTIR, TEM, a miemexrpuymi
BJIaCcTUBOCTI BuMiproBasu 3a monomoroo LCR. PenrreniBebka qudpakinia BUABUIA CKJIAT KyOIYHOI IITiHEI.
Poamip kpucrana maraieBoro depury 0yB y mesxax (18-31 mm) i mocriitHol penriteu (8,327-8,393 A). Byio mo-
wmiveHo, 1o crektpu FTIR cmomyxu MgCros - CerFe1504 samumalorses y mimiHesbHil dasl 31 3MIHOI0 KOHIIEH-
Tparrii Ce3*. EjleKTpOHHO-MIKPOCKOITIYHI BUMIPIOBAHHS TIOKA3AJIH, IO ICHYOTH PIi3HI BEPIIMHU PEINTKH 3 II0-
renriiauM d-posrarmyBauusam it Cre0s, CeOzta a-Fez:03 dasu. 3uavents d-posrainryBaHHs HAHOLIBII TOMI-
THOTO KLIbIA B KpucTamyunx wiommHax (311) MgFe204 Oyso 6mmabkuM 110 #1010 3HAYEHHST B PEHTTEHIBCHKINA
nudparii. Byso BcraHOBIIEHO, 110 Ti€JIEKTPUYHA IIPOHUKHICTD 1 KOE(IINEHT JleJIeKTPUYHIX BTPAT 3MEHIITY-
FOTBCS 31 30LIIBIIEHHAM YaCTOTH IIPUKJIAIEHOT0 eJIEKTPIIHOTO II0JIST 1 3MIHHOI ITPOBLIHOCTI.

Kmouori ciosa: MgFe204, Jliemexrpuuni Biactusocti, 3osb-resb, TEM, FTIR.
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