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ARTICLE INFO ABSTRACT

Keywords: Magnetic, optic and microstructural properties of ultrasonically synthesized CoEusFe, O, (x < 0.1) nano-
Spinel ferrites ferrites (NFs) have been examined in this study. After sonochemical synthesis, XRD and FT-IR analyses con-
Structure

firmed the purity, the structure (cubic spinel structure and Fd3m space group) and the spectral properties of the
spinel ferrite samples. The spherical morphology and chemical compositions of the products were observed via
transmission and scanning electron microscopes along with EDX and elemental mapping. Percent diffuse re-
flectance (%DR) was used for optical investigation. Optical band gaps (E;) were estimated utilizing Kubelka-
Munk theory and Tauc equation. E; values are in a narrow band of 1.34 to 1.44 eV. The magnetic parameters like
M; (saturation magnetization), SQR = M,/M; (squareness ratio), nz (magnetic moment), H, (coercivity) and M,
(remanence) have been evaluated by analyzing measurements of magnetization versus magnetic field performed
at room (RT; T=300K) and low (T = 10K) temperatures. It is showed that the different produced
CoEuyFe, 04 (0.00 < x < 0.10) nanospinel ferrites present superparamagnetic (SPM) nature at RT. At low
temperature, the various produced CoEuyxFe;_4O, (x < 0.08) nanospinel ferrites display ferrimagnetic (FM)
nature. With exception, the x = 0.10 sample exhibit SPM behavior at T = 10K. It is noticed that the Eu®*
substitutions alter in a significant way on the magnetic data. A decreasing trend in the M, M, and np values was
noted with Eu®* substitutions.

Electron microscopy
Optical properties
Magnetic properties

traditional methods, ultrasonication offers minimum waste production,
conservation of energy and enhanced rate of reaction. In our work, we

1. Introduction

Spinel ferrites have been widely used materials in technological
applications as well as in numerous other fields owing to their unique
magnetic, optical, and electric properties including low dielectric loss,
high magnetization, and a high band gap, etc. [1,2]. These properties
can be tuned to obtain materials with different features. Although there
are many different types of synthesis approaches for spinel ferrites (co-
precipitation, thermal decomposition, polyol method, hydrothermal
synthesis, sol-gel auto combustion, microwave routes, etc. [3,4]), the
ultrasonication approach has proved to be a timesaving method to
obtain high-purity products in a facile way. When compared with other
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applied ultrasonication to obtain nanomaterials. In sonochemical
synthesis, during ultrasound irradiation, sound waves propagate
through the liquid and at the same time microbubbles are created.
These microbubbles receive energy and undergo rapid inertial over-
growth until they implode inward catastrophically through a series of
stages collectively referred as cavitation [5]. Within a microsecond, the
cavitation bubble collapse occurs and creates local ‘hot spots’ with a
generation of high local temperature and pressure, which fuel the
homolysis of water in the system [6,7].

Rare earth (RE) metals offer opportunity to develop novel magnetic
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nanoparticles with new properties. The doping of ferrites with a rare
earth element offers an increase in the magnetic characteristics as well
as in electrical and structural features [8]. Two classes of rare earth ions
exist: the ones whose radii are greater than that of iron ions and the
ones with radii smaller than the radius of iron ions [9]. When there is a
greater difference in ionic radii, micro-strains will be formed within the
structure. This may cause domain wall motion that in turn causes a
deformation into the spinel lattice. The inclusion of RE ions into the
ferrites structure results in the substitution of iron (III) ions with the
larger rare earth metallic ions to reside in the octahedral sites, which
may induce limited solubility in the spinel lattice structure. As it is
known, there are unpaired electrons in the 4f orbitals of rare earth
metals, which possess strong spin-orbit couplings of the angular mo-
mentum compared to the 3d transition metals [10]. The interaction
between the rare earth ion and ferrite ion occurs through 4f-3d coupling
[11]. This exchange coupling determines the magneto-crystalline ani-
sotropy and hence can result in changes in Curie temperature, magnetic
properties, electric characteristics as well as catalytic properties of
ferrites [12].

The substitution of iron with rare earth elements was investigated
by several different researchers. Various groups investigated the mag-
netic characteristics of ferrites substituted with rare earth ions. Co-Zn
ferrite nanoparticles were substituted by dysprosium in a study by Kulal
[13]. Kabbur et al. investigated the effect of Tb3" introduction to Ni-
CuZn ferrites. They found the incorporation of Terbium (III) ions in
Nig 25Cug 30Zng 45TbFe, _ Oy, ferrites caused a decrease in Ms as well as
Curie temperature [14]. Another group also synthesized Erbium (III)
substituted CoFe,O4 NPs and investigated their magnetic properties.
The Ms decreased, and the particle size slightly decreased as the
amount of Er®* content increased [15]. Zubair et al. [16] examined the
magnetic, structural and morphological properties of Eu doping
CoFe,04 nano-ferrites and they found out that magnetic behavior is
strongly dependent on Eu addition.

Ferrite nanoparticles incorporated with rare earth ions also display
potential optical applications. Several research groups have focused on
the optical investigation of rare earth metal substituted nano-sized
ferrites. Nasrabadi et al. [17] prepared copper ferrite nanoparticles
doped with Ge>* with sol-gel auto combustion and studied the optical
characteristics of obtained CuFe,_,Ce,O4 nanoparticles. When they
calculated the band gap with Tauc equation, they determined the band
gap (Eg) value 2.8eV and applied the doped-ferrite NPs as photo-
catalysts for the degradation of methyl orange. Lanthanum (III) was
employed as a dopant for ZnFe,0,4 nanoparticles in another study [18].
The optical band gap (Eg) increased from 1.87 eV for x = 0.0 (zinc
ferrite) to 1.97 eV for x = 0.06 in ZnFe,_,La, 04 (x = 0.00, 0.02, 0.04,
0.06) NPs. The excellent absorption band of Gd®*-doped zinc ferrites in
visible spectrum showed potential applications for ZnFe,_,La,O, na-
noparticles (NPs). The same group also examined the impact of Er®™*
substitutions on magnetic, structure and optical characteristics of
magnesium ferrite NPs with a formula MgFe,_,Er,O4 (x = 0, 0.02,
0.04, and 0.06) [19]. As the amount of Erbium (III) increased, the
synthesized products displayed higher E,; (ranging from 1.91 to 1.96 eV
compared to 1.81 in undoped NPs). They concluded that this is owing
to the greater ionic radii (1.004 10\) of Er** ions in comparison to Fed+
ions (0.645 A). Recently, our group has evaluated the substitution of
iron (III) with three different rare earth ions (Ce, Dy, and Y) in Co-Zn
ferrites Cog sZng sFe, —xREO4 (0.00 < x < 0.05) [20].

In this study, we synthesized Eu®* substituted copper ferrite na-
noparticles, CoEu,Fe, 04 (x < 0.1) NPs, with a sonochemical-assisted
approach. The structure, magnetic, and optical properties of prepared
NPs were examined by XRD, FT-IR, FE-SEM/EDX, VSM, and diffuse
reflectance spectroscopy methods. The goal is to investigate the effect
of Eu®* substitution on structural, optical and magnetic properties
cobalt ferrite NPs.
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2. Experimental procedure

Sonochemical technique was utilized to fabricate CoEuyFe,_,O4
(0.0 = x = 0.1) NFs. A precise ratios of Co(NO3),6H,0 (cobalt nitrate
hexahydrate), Fe(NO3)39H,O (Iron (III) nitrate nonahydrate) are
thawed with 80 ml of deionized water (DI H,O) under vigorous stirring
and the stoichiometric amounts Europium (III) oxide (Eu,03) in 15 ml
of concentration HCl. Subsequently, both solutions are mixed together
and adjusted the pH at 11 by using NH;3 solution. Lastly, the solution
will setted up under the ultrasonic irradiation with high-intensity
(20kHz frequency and 70 W power, (UZ SONOPULS HD 2070) for
30 min. As a result, the mixture temperature reached out 90 °C when
the ultrasonication process ended. The resultant powder washed with
the mixture of DI H,O and ethanol (50% v/v) and then the solid product
was divided from the liquid with centrifuged and dried at 100 °C for 3 h.

Phase identification has been proceeded through Rigaku Benchtop
Miniflex XRD with CuKa radiation. The surface analysis was performed
by SEM (FEI Titan ST) coupled with EDX system and TEM (FEI
Morgagni 268). FT-IR (Bruker) spectra were registered via a spectro-
meter over the wavelength range 4000-400 cm ™. UV-visible diffuse
reflectance (DR%) spectra were obtained in the 200-800 nm wave-
length range using a DR spectrophotometer. The magnetization mea-
surements have been executed by a Quantum Design PPMS with vi-
brating sample magnetometer (VSM) head.

3. Results and discussion

3.1. Crystal structure and cation distribution

Fig. 1 represented XRD patterns of CoEusFe,_,O4 (x < 0.1) NFs. All

x=0.10

. (311)

Intensity (a. u.)

20 30 40 50 60 70
260 (°)

Fig. 1. XRD powder patterns of CoEu,Fe,_,O4 (x < 0.1) NFs.
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Table 1
Refined structural parameters, crystallites size and magnetic particles size of
CoEuyFe, 04 (x < 0.1) NFs.

X aA) VA?® )2 (chD Rpag Dxrp (am) = 0.05 Dy (nm)
0.00 83563 58350 2.23 17.70 111 10.5
0.01 83469 58153 2.28 10.60  15.1 14.0
0.03 83420 58050 2.65 18.37  23.9 20.4
0.05 83396 580.01 1.93 184  16.3 14.8
0.07 8.3266 577.29 2.27 15.62 15.5 13.9
0.09 83228 57651  0.90 910 248 20.7
0.10 83115 57416 0.77 9.49  19.7 15.3

ratios of Eu substituted Co-ferrite showed the characteristic peaks of
spinel ferrite without any impurity. This is an evident that the Eu well-
cooperated into the spinel crystal and does not change the cubic
structure by only using sonication as preparation methods without
calcination. The lattice constants and average crystallite size are esti-
mated through Rietveld refinement by full proof for all XRD experi-
mental data as given in Table 1. The lattice constant “a” was found to
decrease with increasing the Eu content, which is due to the iron va-
cancies through the crystallization by Eu lead to shrink the lattice. Si-
milar results have been reported in the literature [21,22]. Moreover,
the average crystallites size (Dxgrp) is calculated by Debye-Scherrer
formula of (31 1) peak and it found in the range from 11 to 24 nm as
tableted in Table 1 [23-25].

Since the magnetic and structural properties of ferrites are greatly
cation distribution dependent, Bertaut method based on XRD pattern
analysis was employed to estimate the cation distribution in
CoEuyFe, 04 ferrite system [26]. It is known that the divalent and
trivalent cations distribution among the Oy, and Ty crystallographic sites
was determined from the ratio of the intensity of Ioo0/I440 and Isz2/I400
planes [27]. The cations exhibit nearly linear composition and sub-
stitution dependencies (Table 2). Fe®™ and Co?" ions occupied Oy, and
T4 crystallographic sites. According to the single-ion model, the fully
inverse spinel structure Co?™ are expected to occupy octahedral B site
[28,29], however in the present case the prepared samples are con-
sidered as random spinel since Co>* ions occupied both the sites.
Percentage of Fe>* ions at the Oy, site decreased with increasing Eu®*
substitution.

3.2. Infrared investigation

FT-IR spectra of CoEu,Fe, _,O4 (x < 0.1) NFs are displayed in Fig. 2.
Samples exhibited the two prominent vibration bands of spinel ferrite at
588.14 and 398.08 cm ! that denoted metal-oxygen bond vibration of
the tetrahedral and octahedral lattices [30-32]. The vibration bands are
shifted to higher wavenumber because of the reduction in bond length,
strength and broadening with increasing the Eu content of the tetra-
hedral and octahedral sites [20,33,34].

3.3. Morphological investigation
FE-SEM images of CoEuyFe,_ O, (x < 0.1) NFs are presented in

Table 2
Cation distribution of CoEu,Fe;_,O4 (x < 0.1) NFs based on the Rietveld
method.

X Tetrahedral A-site Octahedral B-site
0.00 Coo.15Fen.s5 Coo.gsFer.15

0.01 Coo.oFeo g Coo.gEug.01Fey .10
0.03 CogoFep s Coo sEug.osFer .17
0.05 Coo.oFeo g Coo.gEup.0sFe1.15
0.07 Coo.oFeo g Coo.gEup.07Fes.13
0.09 Coo.21Fe0.79 Coo.79Eug ooFe1 12
0.10 Coo.22Fe0.78 Coo.78Eug 1Feq 12
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Fig. 2. FT-IR spectra of CoEu,Fe,_,O,4 (x < 0.1) NFs.

Fig. 3. FE-SEM images revealed an agglomeration of grains due to the
magnetic interactions. The grains size is less than 20 nm for various
compositions, which is in agreement with XRD results. EDX and ele-
mental mapping were carried out the selected x = 0.03 and 0.07
compositions (Fig. 4). They showed the existence of the different con-
stituent elements Co, Eu, Fe and O. The chemical compositions (Insets
of Fig. 4) proved the formation of the desired compositions. Fig. 5 de-
picted the TEM images of the x = 0.05 composition. TEM image in-
dicated a high aggregation of nanoparticles with average size smaller
than 20 nm. Moreover, the selected area electron diffraction (SAED)
pattern shows continuous spots and separated rings, indicating that the
nanoparticles are well crystallized. The observed rings are associated to
the crystalline structure of Co spinel ferrite.

3.4. Optical study

Magneto optical properties of CoEusFe,_xO4 (x < 0.1) NFs were
specified via UV-Visible DRS studies. DR% measurements were per-
formed in a wavelength region of 200-800 nm (Fig. 6). Photon energies
of 1.55 eV and 6.2 eV correspond to 800 nm and 200 nm wavelengths of
applied radiation, respectively. Recorded spectra have reflectance in-
tensities in a narrow band of 12-20% in the near UV and visible regions
of electromagnetic radiation.

The analyses of recorded spectra are based on Kubelka-Munk
function, F(Ry) [35-37]:

(1 - R _ 2303C _

FRe) = =" 5 o)

where R, is reflectance of infinitely thick sample, ¢ is absorptivity, S is
effective scattering coefficient, C is analyte concentration and a is
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Fig. 3. FE-SEM images of CoEuFe,_4O4 (x < 0.1) NFs.

absorption coefficient. Optical band gap (E,) of samples are evaluated
applying Tauc equation that correlates the absorption coefficient and E,
[35-37] as below:

(ahv)* = A(hv — Ey) ()

where A is a proportionality constant, (hv) is the incident photon en-
ergy, and the power n denotes the type of electronic transition. For
instance, power n = 1/2 denotes an indirect-allowed electronic transi-
tion. A straight line from the upper part of (ahv)" versus (hv) graph
intercepts the energy axis at («hv)" = 0, then the corresponding value
energy axis is assigned as optical energy band gap. Fig. 7 includes the
Tauc plots and estimated band gaps for all samples. All Tauc plots have
y-axis of (a¢hv)?> which means that the power equals to 2 and assign
direct-allowed transitions for all pristine and doped samples. Pristine
CoFe,0,4 has 1.34eV band gap magnitude. When this magnitude is
compared with doped samples, one can easily say that Eu>" ion causes
slight increments at direct E; magnitudes within the x = 0.03 or higher
ion dope ratios. CoEug gsFej 9504 has maximum band gap of 1.44 eV.
All estimated data can be accepted to lie in the semiconductor band gap
range. In the literature, there are reported direct or indirect E; data for
pristine and doped CoFe,O4 NPs with the ions of different elements Zn,
Ni, Y, Nb except Eu [38-45]. Those report the direct or indirect allowed

transition values in a wide range of 0.48-4.3 eV. Our data and reported
direct optical E; values by Quinonez and co-workers [44] accord very
well.

3.5. Magnetization analyses

M-H loops for all CoEu,Fe;_,O4 (x < 0.10) NFs performed at RT
and 10K are presented in Figs. 8 and 9, respectively. It is obvious that
the Eu®* substitutions in the Fe>* sites affect significantly the magnetic
properties of Co spinel ferrite. Stoner-Wohlfarth (S-W) approach was
utilized to extract Mg values as reported in the references [46-48]. The
deduced magnetic parameters M, M, and H. are plotted in the Fig. 10.
At RT (T = 300 K), the magnitudes of M are ranging between 20.8 and
49.2 emu/g. The considered M, and H, values of various products are
negligible at RT. Accordingly, one can establish that the CoEu,Fe,_,04
(x = 0.10) NFs present superparamagnetic (SPM) nature at RT. The M-
H behavior in the superparamagnetic state can be correlated with the
Langevin function that takes into account a Boltzman distribution of the
energy level corresponding to all of the possible orientations of the
particle magnetization moment [49,50]:

M(H) = M(c0)L(x) 3)
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x=0.03
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28.29

;
[Etements | weight?s | atomic % |
Co 23.81 15.52

44.95 30.98
Eu 4.93 2.51
0 26.31 50.99

Fig. 4. EDX spectra and elemental mapping images of CoEu,Fe,_,04 (x = 0.03
and 0.07) NFs.

where M (H) is the magnetization versus field, M (c0) is the magneti-
zation at saturation, and L(x) is the Langevin function [49,50]:

M,VH

L(x) = [coth(x) — 1/x]withx = P @
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Fig. 6. DR% spectra of CoEuyFe;_4O4 (x < 0.1) NFs.

D3
The volume of spherical particles V = %. The fitting of the ex-

perimental magnetization curves (Fig. 8) by Egs. (3) and (4) allows the
determination of the size of magnetic nanoparticles Dy,. The deduced
values of Dy, are listed in Table 1. It can be seen (Table 1) that the Dy,
values were smaller than the Dxgp ones. This is mostly due to magnetic
dead layer on the top of crystalline core. The non-magnetic surface
layer of the nanoparticles usually results in a smaller magnetic size than
the physical size [50]. At low temperatures (T = 10K), various na-
nospinel ferrites showed M values ranging between 26.6 and
62.9 emu/g. Fig. 9(b) shows detailed hysteresis loops at T = 10K to
make the coercivity visible. Except the composition x = 0.10, an hys-
teresis was clearly noticed for the other various products at 10K.
Therefore, the various produced CoEu,Fe,_,04 (0.00 < x < 0.08) na-
nospinel ferrites present hard ferrimagnetic (FM) nature at 10K.
Nevertheless, the composition x = 0.10 exhibit SPM behavior. It is
obvious in Fig. 9(b) that the hysteresis loops at T = 10K showed a
“wasp-waisted” or “kink” behavior, which is not noticed at RT. For such
kind of loops, numerous explanations have been described such as the
magnetic coupling among the various magnetic phases having dissim-
ilar coercivities and/or the re-ordering of the magnetic spins at lower
temperatures under the effect of the applied field [51,52]. The re-or-
ientation of spins is responsible for controlled on M(H) loops that could
be described by taking into account the motion of domain walls and the
pinning of the potential wells produced by the directional order
[51,53]. This modifies the magnetic properties of the products. The

Fig. 5. TEM and SEAD images of CoEuFe,_,O4 (x = 0.05) NF.
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Fig. 7. Tauc plots of CoEu,Fe,_,0,4 (x < 0.1) NFs. Extrapolating the straight portion of the plot to the photon energy axis at the (ahv)? = 0 determines the value of
optical band gap.
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Fig. 8. Magnetization versus applied magnetic field, M(H), measured at RT for
CoEuyFe,_,O4 (x < 0.10) NFs. The solid lines represent the Langevin fit.

80

H (kOe)

Fig. 9. (@) M(H) hysteresis loops carried out at 10K for CoEuyFe,_,O4
(x = 0.10) NFs. (b) An enlarged view of M(H) loops for H ranging between — 25
and +25kOe.

oxidation of soft magnetic layers in the occurrence of atmospheric
oxygen could be another plausible cause [51,54]. Such kind of com-
portment results from the combination of grain boundaries and mixture
of magnetic composites exhibiting dissimilar magnetic characteristics
[51,55]. In the current study, it is assumed that the “kink” behavior in
M-H loops could be caused by the occurrence of Co (hard) and Eu (soft)

Ultrasonics - Sonochemistry 58 (2019) 104621
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substitution content at both RT and 10 K.

phases in the products. On the other hand, one should note that the M-H
results showed an increment in Mg, M, and H, of various samples when
the temperature decreased down from 300 to 10 K. The increasing trend
of these magnetic parameters could be explained by taking into account
that at lower temperatures the magnetic anisotropy rises and the scatter
of particles in the direction of the anisotropic field owing to which the
magnetic parameters increase [51,56,57]. In nanoparticles, the influ-
ence of thermal fluctuations of blocked moments within the anisotropy
barriers is responsible for the improvement in various magnetic para-
meters at lower temperatures [51,58]. Hence, the reduced thermal
fluctuations with reducing the temperature have the capability to
render the magnetic moments isotropic, which cause an enhancement
in various magnetic parameters of the product [51,59].

Fig. 10 reports the impacts of Eu®™ substitution on the M, M, and
H,. of various prepared CoEu,Fe,_,04 NFs. Among various products,
the pristine x = 0.00 NF exhibits the maximum M values of 49.2 and
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62.9 emu/g at RT and 10K, respectively. The obtained magnitudes are
smaller than that for various bulk inverse spinel Co ferrites [60]. The
lower M; compared to that of bulk material is largely accredited to the
smaller crystallites size. This leads to structural disorder on the surface
for the reason that the spins disorder will be significant when the vo-
lume and surface ratio is important [24,25]. The spins canting as a
result of antiferromagnetic interactions competition and the disordered
cations distribution on the surface could explain the lowering of Mg
magnitude [20,25]. On the other hand, the My values exhibited a de-
creasing tendency with increasing the Eu®* substitution content in
nanospinel Co ferrite at both measured temperatures. M is lowest for
product with x = 0.10. Analogous tendency is surveyed in M, evolution.
Compared to x = 0.00 product, M, showed a decreasing behavior with
increasing Eu®>* content. Indeed, the evolutions in remanence track
principally the evolutions in M [61]. In the literature, it is reported that
several parameters could alter the magnetic properties of magnetic
nanoparticles such as strains, variations in grains size, strength of super-
exchange interactions, variations in magnetic moments (ng), etc
[45,62]. Besides, it is known that the Eu®* ions (1.07 10\) have larger
radius than that of Fe®>* jons (0.645 A) [63]. The dissimilarity in ionic
radii possibly will produce strains and disorder that vary the electronic
states and disturb the ferrite systems [25]. On the other hand, the re-
lation between ng and M is given by the following expression [63]:

_ Moleculor Weight x M
- 5585 )

ng

The evolution in np values for all concentrations is presented in
Fig. 10(c). Frequently, the diminution in np values is originating from
the weakening in the super-exchange interactions between different
sites. Here, the x = 0.00 sample present the extreme nz and M. With
the increase in Eu®" concentration, nz showed a decreasing tendency
like that in M and M, cases. These results imply a weakening of super-
exchange interactions with Eu®* substitutions in nanospinel Co ferrites.
The variation of H, values versus Eu®>* content at RT and 10K is re-
ported in Fig. 10(d). At RT, the H, values are negligible, however they
are very large at 10 K. At low temperature (T = 10K), H. is highest
for x = 0.01 product and lowest for x = 0.10 one. Generally, the
coercivity is controlled by numerous parameters including the magne-
tocrystalline anisotropy, morphology, shape and grains size [25,64].
The SQR values at RT and 10 K are also determined and presented in the
Fig. 10(e). Generally, it is known that the NPs are in single magnetic
domain (SD) when SQR = 0.5 [65]. Nevertheless, they are in multi-
magnetic domain (MD) when SQR < 0.5 [66]. According to the ob-
tained SQR values ranging between 0.008 and 0.081 at RT, the various
produced nanospinel ferrites could be considered to be in MD nature at
RT. On the other hand, the various samples, with exception the com-
position x = 0.10, exhibit SQR values around greater than 0.5 at 10K
indicating SD nature. The x = 0.10 product display SQR = 0.03 at
T = 10K, reflecting the MD nature in this sample.

4. Conclusion

The impact of Eu®* substitutions on the structure, morphology,
optic and magnetic properties of CoFe,O4 NFs have been presented in
this study. No secondary phase wad observed. Both SEM and TEM
analyses exposed the formation of nano-crystalline grains with sphe-
rical morphology. DR% studies revealed that all estimated direct Eg
data varying from 1.34 eV belonging to pristine sample and 1.44 eV
belonging to CoEug gsFe; 9504 lie in the semiconductor bandgap range
for all samples. E, values slightly increased due to Eu** ion doping
starting from x = 0.03 ratio. M(H) data were deeply investigated and
revealed that the different produced CoEu,Fe,_O4 (x < 0.10) NFs
present superparamagnetic (SPM) nature at RT. At 10K, the various
produced CoEuyFe,_,O4 NFs with x up to 0.08 present hard ferrimag-
netic (FM) nature, however the x = 0.10 one exhibit SPM behavior. The
deduced M;, M, and ng magnitudes are found to decrease with
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increasing Eu®>* concentration. The obtained magnetic results are a
result of the creation of local strains, the weakening of super-exchange
interactions and the decreasing in the magnetic moments (). The
obtained SQR values at RT suggest a multi-magnetic domain nature for
all products. However, single magnetic domain was noticed at T = 10K
for various samples excepting the composition x = 0.10 that reflects a
multi-magnetic domain nature at 10 K.
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