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Conventional double sintering ceramic method has been followed to prepare a series of Eu substituted Nij4Zn, 4sCugsFe.y
Eu,O4 (NZCFEOQO) ferrites with x = 0.00, 0.02, 0.04, 0.07, 0.10, 0.12, 0.15. X-ray diffraction peaks confirm the single phase cubic
spinel structures of all the samples. The lattice parameter is found to be distorted with the addition of Eu into the samples.
X-ray density and bulk density increase with the increase of Eu content. Better crystallization has been obtained with the
decreasing porosity as a result of increasing Eu** concentration. The dielectric constant of the samples shows a decreasing
trend while both AC and DC resistivities are observed to increase with the increase of Eu** concentration. The high resistivity
offers greater value of the activation energy. Permeability is found to decrease with increasing Eu content. Saturation
magnetization changed significantly with Eu** concentration. Noteworthy decrease of the Curie temperature is observed with
the addition of Eu substituent.
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Introduction Cu change the saturation magnetization value of ferrite.
It is because that Ni**, Zn**, and Cu®" ions has the
Ni-Zn-Cu ferrites are one of the well-known spinel different net moments from Fe** ion.

ferrites to be used in various electromagnetic devices Rare earth (RE) elements have multiple applications
due to their high resistivity, high permeability and that connect many aspects of modern life and culture as
comparatively low magnetic losses [1-5]. It has attracted they have unusual physical and chemical properties.
attention for the application in producing multilayer- They are used as important additives to other elements,
type chip inductors because of its better properties at and are seldom used entirely by themselves. REs are
high frequencies. The structure of spinel ferrites consists used individually or in combination to make phosphors,
of a cubic close packed array of anions with one eight many types of ray tubes, flat panel displays, in screens
of the tetrahedral (A) and one half of the octahedral (B) that range in size from smart phone displays to stadium
interstitial sites occupied by cations. In general, a binary scoreboards, in many light bulbs, panels, and televisions.
oxide spinel can be described by A B AB:.]Os, The effect of Fe replacement by rare earth (RE) ions
here x is called degree of inversion which takes value 0 such as Yb, Er, Sm, TB, Gd, Dy and Ce on the properties
and 1 for the normal and inverse spinel respectively. of Nig7Zny;Fe,0, ferrite have already been studied [6].
Elements such as Ni, Zn, and Cu can be substituted at Small replacement of Fe ions by rare earths may
the tetrahedral site and octahedral site in the Fe,O, influence the electrical and magnetic properties of
ferrite [6]. And the magnetic properties of the spinel ferrite. The rare earth ions can be classified into two
ferrite could be changed by substituted elements [6]. categories, one with the radius that is close to Fe ions
The other factors are crystal size and uniformity of while the other with that larger than Fe ions [7]. The
spinel ferrite. Zn and Cu are mainly substituted at the addition of rare earth ions with large ionic radii creates
A-site in the tetrahedral, and Ni is mainly substituted at local distortion and disorder. The rare earth (RE) ions
the B-site in the octahedral. The substituted Ni, Zn, and contain unpaired 4f electrons and can produce more

efficient spin-orbit coupling of angular momentum [8].
Moreover, 5S,5P¢ shield the 4f shell of rare earth ions

?;r?‘fggg_dzi?ogﬁflhggﬁ% and almost unaffected by the potential field of
Fax: +880-2-8615583 surrounding ions. The addition of rare earth ions into
E-mail: kazimaria@du.ac.bd spinel ferrite leads to turn up 4f-3d couplings which
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may have effect on structural, magnetic, electrical
properties of ferrite [7, 9-11].

Recently, among the various rare earths, the influence
of Eu*" ions on structural, electrical, and magnetic
properties of ferrites have been investigated by many
researchers [12-14] due to its reactive nature. Therefore,
replacement of Fe with Eu is expected to have
influential role on the conduction process. Furthermore,
Eu has enchanted the researchers for its fascinating
magnetic behavior as Eu appears magnetic at very low
temperature but reveals its nonmagnetic properties
at room temperature [15]. The added Eu’* ions generate
remarkable congestion magnetization which can
acclimatize the ferrite properties. Besides, Eu** acts as
anisotropic or isotropic as it is accompanying with the
unpaired f-shell electron. The acquaintance of trivalent
rare earth Eu’" ions with the spinel ferrite will produce
the Fe’*-Eu’" interaction. This interaction has developed
the magnetic properties [16].

All these properties of Eu have intensified our
interest to research on Eu though many researchers
have studied Eu substituted ferrite. Sun er al
substituted a little amount of Eu ions in place of Fe**
and found that the electrical resistivity and relative loss
factor increased while the Curie temperature was
observed to decrease [11]. Jacobo et al investigated on
ZnoAsNi0A5R0AozFellggO4 with R:Gd, Eu and Y and
noticed that the coercive field increased with the
substitution of Eu [17]. After that Igbal ef al. found a
small increase in the hyperfine field parameters and a
strong decrease of the total resonant area in
Zny sNig sFeq ogEug 000, ferrites compared to the pure
Ni-Zn ferrite [12]. To the best of our knowledge, no
research work has been shown on the effect of Eu
substitution in Nij4Zng45Cug ;5Fe,04 ferrites. Ni-Zn-Cu
ferrite is preferred as parent material as high coupling
co-efficient was reported for Jahn-Teller ions such as,
Zn**, Cu®" etc [18, 19]. Hence, the present research
work reports the role of Eu in the structural, electrical
and magnetic properties of Ni-Zn-Cu ferrites with
various concentrations.

Experimental Techniques

In order to obtain optimized properties the choice of
suitable fabrication process is very essential. The large
number of sample preparation methods is basically
grouped into two different parts, such as, conventional
ceramic method and non-conventional ceramic method.
The other name of conventional ceramic method is
double sintering ceramic technique. In this method the
compounds are gone under heat treatment for twice.
The first one is called pre-sintering and the other one is
sintering. Two step sintering is a promising approach to
obtain fully dense nanograin ceramics because it

suppresses grain growth in the final stage of sintering.
In successful two-step sintering, grain size should
remain constant while density continues to increase,
unlike in normal sintering in which final stage
densification is always accompanied by rapid grain
growth. Now days, most of the ceramic materials are
made through the sintering technique because of being
the most vital fabrication process of ceramic materials
[20]. As sintering is a process through which powdered
particles are coalesced together by solid-state diffusion
at high temperatures but below the melting point of the
compounds which are being sintered together via solid-
state diffusion, the characteristics of ceramic materials
can extensively be customized through this. While pre-
sintering is important for phase formation, the grain
growth and densification of the samples occurs at the
sintering stage. Consequently, porosity, a dominant
factor to affect the performance of ceramics, largely
depend on sintering temperature and holding time.
Double sintered samples are less porous, more
densified with greater flexural strength and hardness
compared to compounds prepared by non-conventional
techniques [21]. Moreover, this process is cost effective.
Bearing all these in minds, ferrites with chemical
formula Nig 4Zng 45Cug 15FexEu,O,4 where x = 0.00 to
0.15 were synthesized by conventional double sintering
ceramic technique using raw powders of Fe,Oj;, NiO,
Zn0, CuO and Eu,05 (299.5%). After weighing according
to stoichiometric proportions, the reagent powders
were mixed thoroughly using mortar and pestle by
hand milling for 6 hours. These powders were dried
and pressed into disc shapes to calcine at 800 °C for 4
hours for the formation of ferrite by chemical reaction.
Then pre-sintered samples were crushed again for 2
hours and polyvinyl alcohol was added as a binder with
the powders. The obtained powders were finally
pressed into pellets and toroids and sintered at 1200 °C
for 3 hours. The surfaces of the samples were polished
carefully to remove the roughness and any layer of oxide
produced during sintering process. Phase identification
and crystal structure were obtained from X-ray
diffractions using Phillips (PW3040) X’Pert Pro X-ray
diffractometer. By using Scanning Electron Microscope,
the microstructure and surface morphology were obtained.
After coating the two surfaces of the pellets with silver
paste as contact material, frequency dependent dielectric
constant and resistivity have been obtained with the
help of Wayne Kerr Impedance Analyzer (6500B) by
two probe method. The Wayne Kerr Impedance
Analyzer (6500B) was used to measure the frequency
dependent permeability by winding the toroids with
wire of 5 turns. DC resistivity was perceived by the
help of Keithley (6514) System Electrometer. The
Vibrating Sample Magnetometer (VSM) was used to
survey the magnetic hysteresis loops of the samples.
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Results and Discussion

Structural characterization

The XRD patterns for NZCFEO are shown in Fig. 1
and the miller indices are calculated from this figure.
The miller indices of the peaks are (111), (220), (222),
(311), (400), (422), (511), (440) and (533) indicating
cubic spinel ferrite. No diffraction peaks other than
EuFeO; are observed which confirms the single phase
inverse spinel structure of all the samples. The peak of
EuFeQ; also indicates that there may have some chemical
reaction during the sintering process. The samples with
lower Eu concentration show better crystallization with
the enhanced intensity of the highest peak. The highest
intensity peak, (311), is observed to shift slightly toward
smaller angle from x = 0.02 to x = 0.15. The highest
intensity peak may correlated with the lower inter-
planar distance and the tensile stress. The variation of
stress might be due to the different valances and ionic
radii of substituted Eu [22]. Nearly matchable trend in
results were obtained by various researchers while
doping RE elements such as Pr, Sm, Gd, Dy, Eu, Y etc.
with various ferrites prepared by different methods
[17,23-26].

The lattice parameter has been calculated by using
Nelson-Riley function, F () [27]. The variation of
lattice parameter with increasing Eu content is shown
in Fig. 2. It is observed that lattice parameter increases
with the Eu content obeying Vegard’s law [28].

This variation can be explained on the basis of an
ionic size difference of the component ions. The ionic
radius of Eu is larger than that of Fe. As a consequence,
lattice spacing increases for replacing Fe** (0.67 A) [7]
by Eu’* (1.07 A) [16]. A small amount of europium
occupies the octahedral B-sites. Hence the increase in
lattice parameter is attributed to the replacement of
smaller Fe’* ions from B-sites to A-sites by larger Eu’".
The Eu’" ions successfully replace the Fe’" ions in B-

Fig. 1. X-ray diffraction peaks of NZCFEO with x = 0.00, 0.02,
0.04, 0.07, 0.10, 0.12, 0.15 ferrites sintered at 1200 °C for 3 h.

sites. The unit cell expands to accumulate the larger
ions. Thus the addition of Eu®" ion is expected to increase
the lattice parameter. A. Zubair et al. also found quiet
similar results of increased lattice parameter while
working on Eu doped CoFe,0,[16].

Fig. 3 reveals the variation of bulk density, X-ray
density and porosity of NZCFEO with Eu content. As
the atomic mass of Eu (151.96 u) is greater than that of
Fe (55.85 u) [29, 30], the X-ray density may have
increased with the increase of Eu content. The bulk
density pp also shows the increasing trend just like as
X-ray density with the increase in Eu contents. The X-
ray density is found to have higher value than bulk
density which occurs as a result of porosity built during
sintering process [31]. The bulk density variation with
the Eu concentration probably arises for the presence
of cracks, pores or vacancies in the lattice. The
variation of porosity with Eu content behaves exactly
opposite to the bulk density. In the present series, both
the molecular weight of the NZCFEO spinel ferrite and
the volume of the unit cell increase with increasing Eu
substitution. Therefore, the bulk density increases with
Eu substitution, which leads to a decrease in porosity
(P). The decrease in porosity may be due to the increase
in crystallite size, which decreases the grain boundaries

Fig. 2. Variation of lattice parameter of Nig4Zng4sCug 1sFep.x
Eu,O, ferrites as a function Eu concentrations.

Fig. 3. Variation of X-ray, o, and bulk density, pp and porosity with
the variation of Eu concentrations in NZCFEO.
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of the crystallite and accordingly the porosity [32, 33].
Usually, discontinuous grain growth may produce
intra-granular porosities and these pores are left behind
by the rapidly moving grain boundaries. High sintering
temperature or prolonged sintering time enhances the
gain growth rate which in turn trapped the pores within
the grains [33]. This intra-granular porosity is quite
impossible to eliminate, as a result leading to poor
magnetic and mechanical properties [34].

Microstructural study
Admirable crystalline structure can be observed from

the micrographs of Fig. 4 for the Nij4Zng4sCuqsFeqy
Eu,O, samples. The grain size decreases gradually with
the increasing concentration of Eu which supports the
decrease of permeability shown in Fig. 8(a). Moreover
with the decreasing grain size the pores shift towards
the grain boundary [35]. Consequently, the inter-
granular porosity reduces and density increases which
can be observed from Fig. 3 obtained from XRD.

Dielectric measurement:
The variation of dielectric constant (g') with the
frequency ranging from 200 Hz to 0.5 MHz at room

Fig. 4. SEM images NZCFEO ferrites with x = 0.00, 0.02, 0.04, 0.07, 0.10, 0.12, 0.15 with 10000 magnification at 20 kv.



534 LN. Esha, Md. Al-Amin, F.T.Z. Toma, Enayet Hossain, M.N.I. Khan and Kazi Hanium Maria

temperature is shown in Fig. 5(a). It is clearly seen that
the dielectric constant (&") decreases with increasing
frequencies rapidly at lower frequency but slowly at
higher frequencies. After that it shows a stable nature.
Generally this is the normal dielectric behavior of
spinel ferrite [36] which can be explained by dielectric
polarization mechanism [37]. The dielectric polarization
mechanism is analogous to that of the conduction
mechanism. Dielectric dispersion at lower frequency
region can be explained by the Maxwell-Wegner [36]
interfacial type of polarization, which is in agreement
with Koop’s phenomenological theory [38]. According
to K.H. Maria ef al. electron hopping between ions
occurs in divalent ferrite and these electrons are
randomly distributed at crystallographic lattice sites.
This hopping of electron leads the electronic conduction
of ferrites. A large number of Fe**generates at the time
of sintering which accelerates the electron hopping
between +2 and +3 valance states. Generation of Fe*"
depends on sintering time and grain structure, and ferrite
material property are related with the concentration of

Fig. 5. Variation of (a) real dielectric constant, &' and (b) dielectric
loss, tan & with frequency.

Fe** ions present in the metal [39]. The hopping between
Fe?* and Fe** outcomes with the local displacement of
charge carriers in the same direction of the applied
electric field, which is the reason behind the polarization
in ferrites. The exchange magnitude relies on the Fe*"/
Fe** jon pair’s concentration available at B-site [39].
With the increasing frequency, the ability of the exchange
of electrons to follow the applied field decreases [40].
Hence, dielectric constant also decreases. At very high
frequencies, the field reverses before the movement of
space charge carriers and as a result, it does not
contribute to polarization. Consequently, dielectric
constant is almost constant at higher frequencies.

Fig. 5(a) shows that dielectric dispersion decreases
with increasing europium content. As Eu’" ions have
larger ionic radii, it occupies octahedral B-sites [13].
On the contrary, Fe’" concentration gradually decreases
with increasing Eu content. Since, Fe ions play a
dominant role in dielectric polarization, their deficiency
in B-site end, with the decrease of polarization [41]. As
a result, dielectric constant decreases with increasing
Eu contents except at x = 0.15. The decrease in
dielectric constant may also occur due to the decrease
of grain size [42]. It is also evident from Fig. 1 that the
intensity peak of EuFeOj; is maximum for x = 0.15,
which may have contributed to increase the interfacial
polarization resulting in the decrease of dielectric
constant. Fig. 5(b) shows the loss factor variation with
frequency. The relaxation peaks can be easily noticed
at different frequencies for different concentrations of
Eu from the Fig. 5(b). When the applied field frequency
is nearly the same as the charge carriers’ hopping
frequency, resonance occurs. Although the rare earth
substitutions were reported to improve the dielectric
properties [43], in our case, the Eu substituted samples
have smaller relaxation frequency than the parent
material. The variations of structural parameters may
have influenced the relaxation frequency. It is also
observed that loss factor decreased with increasing
frequency for x = 0.10, 0.12, 0.15. At low frequencies,
the grain boundaries are strong whereas well conducting
grains are more operative at high frequencies. Therefore,
dielectric loss decreases with increasing frequency
[44]. A few researchers showed almost the same trend
of variation in dielectric constant and loss factor [24,
45-46]. Among them according to P. C. Sati er al.
although the dielectric constants become lower with the
substitution of Eu, the dielectric losses vary anomalously
with the increased Eu. Relaxation peaks are also
observed at low and high frequencies which supports
the obtained Fig. 5(b) [24].

Resistivity measurement

The AC resistivity of the samples is found to decrease
with the increase of frequency as shown in Fig. 6(a). The
increased frequency of the applied field may enhance the
hopping of charge carriers resulting in an increase in the
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conduction process which in turn decreases the resistivity.
On the other hand, the AC resistivity increases with the
increase of Eu’" concentration. Addition of Eu®" ions
reduces concentration of Fe’" at B-site as Eu takes
place at octahedral (B-site) sites by replacing Fe** ions
[47]. The reduced concentration of Fe** at B-site may
decrease the electron hopping rate. As a result, the
AC resistivity improves with the increase of Eu ion
concentration.

Fig. 6(b) shows that the resistivity decreases
exponentially with the increase of temperature. Generally,
the valance electrons jump to the conduction band at
higher temperature. As a result, conductivity increases
and resistivity decreases. The resistivity is also found
to increase with the addition of Eu. It is conjectured
that the occupation of Eu ions at B-sites might have
lengthened Fe’" and Fe®" ions separation in proportion
to the ionic radius and blocked the electron transfer
between ions. The activation energies of the samples
are also calculated using Arrhenius formula. From Fig.
7, activation energy is found to exhibit an increasing
trend with the increase in Eu contents because of the
enhancement of resistivity. These results are consistent
with the previous work [48, 49].

Fig. 6. Variation of resistivity with increasing (a) frequency and (b)
temperature.

Permeability measurement:

Fig. 8(a) shows the variation of initial permeability
' as a function of frequency for x = 0.00 to x = 0.15
sintered at 1200 °C. It is noticed that samples exhibit
high permeability at low frequency while at high
frequencies the permeability is very low. The initial
permeability decreases gradually with the increasing
frequency from x=0.00 to 0.07. According to K.H.
Maria et al. [31], permeability of polycrystalline ferrites
can be connected to two magnetizing mechanisms such
as, domain wall motion and spin rotation. The reversible
motion of domain walls mainly affects the initial
permeability. Moreover, the permeability, resulted from
the wall motion, is possible to linearly dependent on
the grain size. On the other hand, contribution to
permeability by spin rotation was considered to be
independent of grain size. With the increasing frequency
the domain wall motion predominates over the spin
rotation. Hence, initial permeability decreases gradually
with the increasing frequency. For x = 0.10 to 0.15, the
initial permeability shows flat profile with the variation
of frequencies indicating good low frequency stability.
With the increasing Eu contents, the grain size may
have decreased. The decreases in grain size possibly
have resulted in the reduction of the domain wall from
each grain. Besides, it is observed from Fig. 3 that the
density increases with the decreasing porosity which in
turn decreases the demagnetizing field. It also decreases
the spin rotation. Consequently, the initial permeability
may become independent of frequency upto certain
frequency called as cut-off frequency. After cut-off
frequency, nonmagnetic impurities between intra-granular
pores may significantly reduce spin rotation and domain
wall motion. As a consequence, permeability decreases
at higher frequencies.

From Fig. 8(a) it is noticed that the initial permeability
decreases with the increasing Eu content. Similar result

Fig. 7. Activation energy variation with Eu concentration in
NZCFEO.
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Fig. 8. Variation of (a) initial permeability, £' and (b) loss factor,
tan o with increasing frequency

is reported by M. Soka et al. [50]. The super-exchange
interaction among the cations of tetrahedral, A site and
octahedral, B site dominates the magnetization of
ferrites. Moreover, Neel model of ferrimagnetism [16]
claimed that A-B exchange interactions predominate
over other intra-sublattice A-A and B-B exchange
interactions. When Eu’" ions are added, they prefer to
occupy B site by replacing Fe** ions from B- site to A-
site. As a result, net magnetic moment of B- site reduces
in comparison to that of A- site. Hence, magnetization
decreases with the increasing Eu contents. The
dependence of permeability on molecular magnetism is
such that the force on a domain wall due to a magnetic
field and the resultant change of magnetization are both
proportional to permeability [39]. As a result, permeability
decreases with Eu contents. The loss factor decreased
dramatically for x = 0.02 but increased with further
increasing Eu content as shown in Fig 8(b). The major
contribution to the magnetic losses in ferrites can be
explained by damping phenomenon associated with
irreversible wall displacement and spin rotations.
Domain wall defects are also responsible for the loss
[40]. In the high frequency region the loss factor

indicates very small values, which is one of the criteria
for the materials to be used for high frequency
applications such as microwave devices [51]. At high
frequencies the loss is very low because of the lag of
motion of domain wall corresponding to the applied
alternating magnetic field.

Temperature dependent permeability

Curie temperature (7¢) of a ferrite is the temperature
at which a magnetically ordered (ferromagnetic)
material no longer has the ordered form and becomes
magnetically disordered (paramagnet). The dominance
of the exchange interaction between the magnetic
atoms is also indicated by the Curie temperature [52].
Curie temperature is measured at the sharp fall of the
real part of permeability towards zero, where complete
spin disorder takes place. To determine T¢ accurately,
the maxima of imaginary part and the corresponding
sharp fall of the real part of the permeability towards
zero simultaneously should be determined.

Fig. 9(a) shows the variation of the initial permeability
p' with temperature of the sample where the imaginary
component of the permeability pu" has not been shown
for the clarity of the graph. It is noticed that p' increases
with increasing temperature attaining a maximum value
just below T¢ which is a manifestation of Hopkinson peak
attributed to the minimization of magneto crystalline
anisotropy energy with temperature. Beyond this peak
value of p', permeability sharply falls to very low value
indicating the ferro-paramagnetic phase transition (T¢).
The sharp fall of the permeability at the Curie point
indicates the degree of homogeneity in the sample
composition which has also been confirmed by X-ray
diffraction [52, 40]. After the Curie point, p' does not
change with the increasing temperature, it becomes
smaller and independent of temperature i.e. paramagnetic
behavior. The increasing initial permeability with the
increasing temperature for the NZCFEO ferrites can be
described according to the Globus et al.[53],

MD
pl=—i=

i

Here, D indicates the average grain size, M; stands
for the saturation magnetization and k; denotes the
anisotropy constant. It can be clearly understood that
the permeability decreases with the decrease of grain
size. From Fig. 9(a), the decrease of permeability is
observed with the increase of Eu. It is conjectured
that the increase may be related to the decrease of
grain sizes. According to K.H. Maria et al., [52] the
anisotropy constant generally reduces rapidly with
temperature compared to the saturation magnetization
which leads to the enhancement of p'. Curie
temperature (7¢) is found to decrease with increasing
concentration of Eu as shown in Fig. 9(b). Similar
result has been seen in Sun ef al. [11]. Because of the

()
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Fig. 9. (a) Permeability vs temperature for different compositions
of Nig4Zng45Cug 15Fep.Eu O, ferrites and (b) variation of Curie
temperature, 7¢ as a function of Eu concentration.

larger ionic radii of Eu, the lattice becomes distorted
and this homogeneous distribution of composition
may responsible for the degradation of permeability.
As the rare earth Eu ions have a tendency to occupy
octahedral B-site, the redistribution of Fe ions occur
at both A and B sites. The Fe-Eu interaction after the
substitution of Eu in place of Fe is much weaker than
Fe—Fe interaction before the substitution. The weaker
Fe—Eu interaction results in the decrease of the Curie
temperature. A linear least square fitting of the Curie
temperature with x, gives an empirical relation for the
whole Nig4Zng 45Cug 1sFeqEuO, ferrites system as
follows: Tc(x) = Tc(0) — 98.144x, where Tc(0) is the
Curie temperature of the undoped Ni-Zn-Cu ferrite
and T¢(x) corresponds to the Curie temperature of any
composition having Eu concentration, X. From this empirical
relation Curie temperature of Nig4Zng 4sCug 1sFe@EucO,
is found to be 542.51 K.

Magnetization measurement

Fig. 10 shows the magnetization curves measured at
room temperature with a VSM as a function of field to
reach saturation value. The saturation magnetization
value of a sample has been taken the magnetization at
high field where M is independent of magnetic field. It
is observed that magnetization decreases with Eu
content up to x = 0.7 at room temperature and then

Fig. 10. Magnetization curve measured at 300 K as a function of
field of Nip 4Zng 45Cug 1sFe- EucO, ferrites sintered at 1200 °C for
3h

increase. The initial decrease of magnetization with the
increased Eu content is due to the decrease of resultant
sublattice magnetic moment, which can be explained
on the basis of Neel's two sublattice models.

Neel [32] considered three types of exchange
interactions between unpaired electrons of two ions lying
A-and B-sites. A-B interaction heavily predominates
over A—A and B-B interactions. The A—B interaction
aligns all the magnetic spins at A-sites in one direction
and those at B-site in the opposite direction. The net
moments of B and A sublattices, i.e., M = Mp—M, [54-
56]. Magnetic moment of any composition depends on
the distribution of Fe’" ion between A-and B-sites.
Usually Fe** ion equally distributed between the tetrahedral
(A) and octahedral (B) sites with magnetic moment of
SmB [57]. Zn** occupies the A-site as it has zero
magnetic moment. Ni** prefers to occupy the B-site with
higher magnetic moment of 2 mB compare to Cu®*
ions while Cu*" goes to A site with magnetic moment
of 1 mB. The replacement of x amount of Eu’" ions
prefer to replace Fe** can give rise to (1-x) Fe*" ions on
B-sites and (1+x) Fe’" ions on A-sites and all the
substituted Eu’" expected to occupies B-sites with
magnetic moment of 3.5 mB. In such a situation A-site
becomes stronger and A-—B exchange interaction becomes
weaker which in turn decreases the magnetization.
Trivalent Eu introduce magnetic moments associated
with the uncompensated spin of 4f electrons into the
spinel ferrite which may causes the Fe*"-Eu’" interaction
and magnetization may subsequently decreased [53].

Saturated magnetization (M;) depends on the defects,
strains, non-magnetic atoms in the materials. From the
M-H curve, the saturated magnetization is observed to
decreases with Eu content. This behavior is consistent
with the value of the density. The measured magnetizations
are in good agreement with the above reported
permeability results. The obtained dielectric parameters,
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Table 1. Variation of various parameters of the samples with Eu concentration.

Content Real part Dielectric  Resistivity at room Activation Real part pf Loss factc?r. of Curie Saturation
of Dielectric loss temperat-ure energy Permeability Permeability Temperature Magnetization
(mole) constant €' at tan 6 p at 500 Hz E. W' at tand TC. Mg
500 Hz at 500 Hz (ohm-m) eV 500 Hz at 500 Hz Kelvin emu/gm

x=0.00 10.3884 3.037 0.009 0.1106 298311 2.610 543 44.50
x=0.02 6.3305 4737 0.011 0.4858 281.669 2.941 540.5 43.44
x=0.04 3.5603 4.437 0.0365 0.3479 255.961 3.135 538 38.55
x=0.07 0.5759 3.524 0.1615 0.3778 222.702 3.598 535 32.11
x=0.10 0.0019 1.581 1.372 0.8660 216.445 4363 533 28.73
x=0.12 0.0015 0.744 2.11 0.9355 149.940 5.386 530.5 24.99
x=0.15 0.0010 0.485 5.122 0.9391 119.516 6.629 528 19.05

resistivities, activation energies, permeability and curie
temperatures etc. are summurized in Table 1 with the
variation of Eu concentrations.

Conclusions

The synthesized Nip4Zng45Cug 15Feqo.EuO,4 samples
were single phase spinel structure as confirmed by X-ray
diffraction. The lattice parameter increases with increasing
Eu content due to the larger ionic radii of Eu. The bulk
density increases with increasing concentration of Eu
indicating better crystallization. The increasing bulk
density has influenced the decrease of porosity with
increasing europium. The X-ray density is larger than
bulk density because of the porosity produced during
the sintering process. The frequency dependent dielectric
constant decrease with the increase of Eu. AC resistivity
and DC resistivity shows increasing trend with the
increasing concentration of substituted Eu. Permeability
decreases with the increasing non-magnetic Eu content.
The Curie temperature decreases almost linearly with
europium substitution due to weakening of JAB super
exchange interactions. Progressive decrease of magnetization
with increasing Eu content is observed and is attributed
to the reduction of Fe** ions on the B-sites.
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