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ABSTRACT
Ferrite samples with chemical formula MgxCu0.5-xZn0.5Fe2O4 (x = 0.0, 0.2 and 0.4) was prepared by the
conventional ceramic method. The enhanced changes in the dc/ac resistivity and the dielectric constant due
to γ-rays irradiation by 60Co source were measured using the two probes technique. The samples showed
decreasing of their resistivity at room temperature after irradiation for both dc and ac applied electric
fields. Temperature dependence curves of the dc resistivity, before and after irradiation, showed three
regions with different activation energies. It was also observed that the activation energy decreased
after irradiation at every region. The frequency dependence of ac resistivity and dielectric constant
parameters were investigated before and after irradiation process. Both real part (ε') and imaginary part
(ε'') of the dielectric constant were decreased due to irradiation. These results were discussed in the
view of gamma rays interaction with ferrite lattice.
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advantage that they are economical and easy to
synthesize (Zhou et al., 2012). Therefore, Mg-Cu-Zn
ferrites are considered a promising material for Multilayer
Current Inductors (MLCI) with high-performance and low
cost. In addition, they are useful in the fabrication of cores
of Intermediate Frequency Transformers (IFT) for
amplitude modulation (Sujatha et al., 2011).
Radiation interaction with materials is under
consideration in the past few years due to broad
development of electronic industry in nuclear facilities,
accelerators, spacecrafts and satellites. Gamma ray can
generate defects of various types such as point, cluster,
beside excitation and ionization of the atoms. The
effect of γ irradiation on microstructure, diffusion
coefficient of oxygen ions, dielectric properties,
thermoelectric power and thermal conductivity of CoZn ferrites was investigated (Ateia, 2006; Tashtoush,

1. INTRODUCTION
Ferrites have many important applications in
industry, modern telecommunication and electronic
devices and they are still of interest as promising
materials for miniature electro-optic modulators,
pyroelectric detectors, piezoelectric sensors, high quality
filters, transformer cores, ferrite isolators, memory core
industry, multilayer chip inductor, rod antennas,
radiofrequency circuits, wave guides and electronic
memory elements as well as a recording media
(Muralidharan et al., 2010; Wu et al., 2011; Kramer et al.,
2006; Ahmed et al., 2007). The Mg-Cu-Zn ferrites have
become important to industry because of their
applications in intermediate frequency transformer and
antenna cores. Also, these ferrites have magnetic
properties similar to those of Ni-Cu-Zn ferrites with the
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radioactive source in the gamma irradiation cell at
Cyclotron Facility, Nuclear Research Center, Atomic
Energy Authority, Cairo, Egypt. They were irradiated with
1.9 MGy dose at dose rate of 5kGy/h.

2005; Hemeda and El-Saadawy, 2003). Okasha (2010)
found that, the γ-irradiation improved the magnetic
properties of Mg-Mnand Mn-Ni ferrites nano-particles
(Okasha, 2010; Hassan et al., 2013). On the other hand,
in previous work (Eltabey et al., 2011), the authors
reported the influence of γ-irradiation on structure and
magnetic properties of Mg-Cu-Zn ferrites samples. It
was found that, there was disimprovement in the
magnetic properties. Where, the values of
magnetization, initial permeability and Curie
temperature in addition to the homogeneity were
decreased due to irradiation. The present work reported
the effect of irradiation on the electrical parameters as
dc/ac resistivity, conduction activation energy and
dielectric constant for the same samples.

3. RESULTS
3.1. X-Ray Analysis
The x-ray spectra of the investigated samples were
presented in our previous paper (Eltabey et al., 2011). It
was shown that all the investigated ferrite samples have
single spinel phase of the structure before and after
irradiation. It was also observed that some peaks
intensities changed after irradiation.

3.2. Dc Resistivity At Room Temperature
Figure 1 shows the variation of the dc resistivity (ρdc)
at room temperature with Mg-concentration (x) for
MgxCu0.5-xZn0.5Fe2O4 (x = 0.0, 0.2 and 0.4) before and
after irradiation.

2. MATERIALS AND METHODS
Samples of MgxCu0.5-xZn0.5Fe2O4 ferrite system with
x = 0.0, 0.2 and 0.4 were synthesized using conventional
ceramic method which previously described elsewhere
(Eltabey et al., 2011). The XRD was performed using a
diffractometer of type X’Pert Graphics and identified
with Cu Ka radiation and morphological structure of the
samples are discussed (Eltabey et al., 2011). For
measuring the electrical resistivity, the samples were
inserted between two silver electrodes where the silver
paste was used as a contact material. The resistivity of
the sample (ρ) is calculated using the relation ρ = RA/d
where, A and d are the cross-section area and the
thickness of the sample, respectively. The current
passing through the sample is obtained by measuring the
voltage drop across a standard resistance connected to
the circuit. The temperature of the sample was measured
using thermocouple type K coupled with digital
thermometer type BK-710. Parallel plate Capacitance
(Cp) and dielectric parameters were measured for the
tablet samples using LCR bridge meter model HIOKI
3532-50-LCR HiTESTER. The real part of the dielectric
constant (ε') was calculated using the formula ε' =
Cpd/ε0A (Lipare et al., 2004) where Cp is the capacitance
of the parallel plate, d is the thickness of the tablet, A is
the cross-sectional area of the flat surfaces of the sample
and ε0 is the permeability of free space (ε0 = 8.85×10-12
F/m). The ac resistivity (ρac) was obtained from the values
of (ε') and the loss tangent by using the relation ρac = 1 / (ε'
ε0 ω tan δ) (Lipare et al., 2004) where ω is the angular
frequency. The parameters ε′, tan δ and ρac were measured
as a function of frequency within the range 45 Hz-5 MHz
at room temperature. The samples were exposed to 60Co
Science Publications
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Figure 2-4 show the temperature dependence of the
DC resistivity, before and after irradiation, expressed as
log (ρdc) versus 1000/T for MgxCu0.5-xZn0.5Fe2O4 with x =
0.0, 0.2 and 0.4 respectively. Table 1 gives the
determined values of the activation energy in the
paramagnetic region, Ep (region III) and of ferrimagnetic
one, Ef (region II). For all samples, the first region
ranged from room temperature up to nearly 335 K.

3.4. Frequency Dependence of ac Resistivity
The variation of the ac resistivity (ρac) as a function
of frequency at room temperature, before and after γirradiation for the sample with x = 0, as an example, is
shown in Fig. 5. It is observed that, ρac decreases with
increasing frequency and its value for irradiated samples
are lower than that of unirradiated ones.

3.5. Frequency Dependence of Real Part of
Dielectric Constant (ε')
Figure 6 shows the plotting of έ as a function of
frequency at room temperature for the sample with x =
0.2, as an example, in MgxCu0.5-xZn0.5Fe2O4 ferrite
system before and after γ-irradiation. It could be seen
that, ε' initially decreases rapidly with increasing the
frequency then it becomes almost frequency independent
at high frequencies i.e., the dispersion is high in the low
frequency region.
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AJAS

Mohamed Eltabey et al. / American Journal of Applied Sciences 11 (1): 109-118, 2014

Fig. 1. Dc resistivity at room temperature, after and before irradiation, as a function of Mg-concentration

Fig. 2. Temperature dependence of ρdc for sample with x = 0.0 before and after irradiation

Fig. 3. Temperature dependence of ρdc for sample with x = 0.2 before and after irradiation
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Fig. 4. Temperature dependence of ρdc for sample with x = 0.4 before and after irradiation

Fig. 5. Variation of the AC resistivity (ρAC) with frequency for MgxCu0.5-x Zn0.5 Fe2 O4 sample with x = 0.0 of Mg content before and
after γ-irradiation

3.6. Frequency Dependence of Imaginary Part of
Dielectric Constant (ε'')

3.7. Composition Dependence of the Dielectric
Properties

The frequency dependence for the imaginary part of
the dielectric constant ε'' for the investigated sample with
x = 0.4 as an example, before and after γ-irradiation, at
room temperature is shown in Fig. 7. It is observed that,
ε'' decreases continuously with increasing the frequency
up to a value of 10 kHz and then becomes frequency
independent. The value of ε'' increased after γ-irradiation
for all the investigated samples.

Figure 8 represents the composition dependence of
ρac, ε' and ε'' (at frequency = 300 Hz) for the samples of
MgxCu0.5-xZn0.5Fe2O4 ferrite system, with x = 0.0, 0.2
and 0.4. This figure shows that ρac increase with
increasing Mg content for all investigated samples. This
behavior is similar to that for ρdc (sec. 3.2). On the other
hand, ε' and ε'', before irradiation, have almost a reverse
trend to ρac.
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Fig. 6. Frequency dependence of the ε' for MgxCu0.5-x Zn0.5 Fe2 O4 sample with x = 0.2 of Mg content before and after γ-irradiation

Fig. 7. Frequency dependence of the ε'' for MgxCu0.5-x Zn0.5 Fe2 O4 sample with x = 0.4 of Mg content before and after γ-irradiation.

the main factors affecting the ferrites resistivity (ρdc), are
the Fe2+ ions concentration and porosity of the samples
(Sattar et al., 2007). The decrease in the Fe2+ ions
concentration limits the hopping probability of the
conduction electrons between Fe2+and Fe3+ ions in Bsites. On the other hand, the increasing in the sample
porosity hinders the motion of the charge carriers.
According to (Yue et al., 2001; Murthy, 2001; Maria et al.,
2013), in the case of Mg-Zn-Cu ferrite, the B-sites are
occupied by both stable Mg2+ ions and Fe3+ and Cu2+
ions. The following equilibrium may exist during the
sintering process Equation (1):

4. DISCUSSION
4.1. Morphological structure
The morphological structure and changes in the
values of lattice parameter and porosity due to irradiation
of the studied samples were discussed elsewhere
(Eltabey et al., 2011).

4.2. DC Resistivity
From Fig. 1 it is obvious that, the resistivity increases
as Mg-concentration increases and their values for
irradiated samples are lower than that of unirradiated
ones. According to previous studies, it was reported that
Science Publications
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Fig. 8. Composition dependence of the ρac, ε' and ε'' for MgxCu0.5-xZn0.5Fe2O4ferrite system x = 0.0, 0.2 and 0.4 Mg content
respectively, before and after γ-irradiation
Table 1. Numerical values of ferri and para magnetic activation energies (Ef and Ep) before and after irradiation
Ef (eV) region (II)
Ep (eV) region (III)
------------------------------------------------------------------------------------------------------------------------Mg content
Before irradiation
After irradiation
Before irradiation
After irradiation
0.0
0.165
0.163
0.230
0.212
0.2
0.165
0.122
0.232
0.195
0.4
0.169
0.168
0.208
0.192

Under oxidizing conditions, the tendency is towards
the right side of the process. Thus, some of the Fe2+ ions
can be formed in ferrite which increase the probability of
electron hopping. Therefore, in MgxCu0.5-xZn0.5Fe2O4
system, with increasing Mg content, i.e., decreasing the
Cu ions content, the probability of Fe2+ ion formation
Science Publications

decreases. Consequently, the probability of electron
hopping decreases leading to increase the resistivity. The
decreasing of ρdc values by irradiation could be attributed
to the increase in the ratio of Fe2+/Fe3+ on B-sites
(Goldman, 2006). Thus, the decrease of ρdc after
irradiation indicates that the effect of increasing the
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Fe2+/Fe3+ ratio on B-sites dominate that of porosity.
Similar results were reported by several authors for
different types of ferrites (Hemeda and El-Saadawy,
2003; Hemeda, 2005; Hamada, 2004).
It is obvious from the graphs of temperature
depandance of resistivity (Fig. 2-4) that, the electrical
resistivity of all samples decreases with increasing
temperature, i.e., the resistivity exhibits a normal
semiconductor behavior. This behavior could be described
by Arrhenius relation (Sattar et al., 2007) Equation (2):
ρ = ρоexp ( E ρ / kT )

could be attributed to generation of some vacancies at
different depths, which acts as trapping centers cause a
depressing of the jumping length of electrons leading to
decrease the activation energy (Ahmed et al., 2003; 2007).

4.3. Ac Resistivity
The results of frequency dependance of ac resistivity
shown in Fig. 5 could be explained as mentioned above
for the dc resistivity; the conduction mechanism in this
system is due to the electron hopping between Fe2+ and
Fe3+ ions which have exchangeable ionization states.
Increasing of frequency enhances the electron hopping
rate and hence increases the conductivity i.e., decreases
the resistivity. At high frequencies, the decreasing rate of
ac resistivity with frequency is lower than that at low
frequency. This is due to the fact that the electron
hopping frequency cannot follow the external electric
field and thus lags behind it (Mousa et al., 1989; Bellad
and Chougule, 2000; Lipare et al., 2004). The frequency
dependence of the resistivity could be explained
theoretically using Koops’s model (Koops, 1951).
According to this model, the polycrystallite ferrite is
considered to be composed of two layers: Grains and
grains boundaries. The grains are wide and of low
resistivity (ρ1), while the grain boundaries are thin and of
high resistivity (ρ2). According to Koops’s assumption
that ρ2>> ρ1, y << 1 (where y is the ratio of the grain
boundaries thickness to that of the grain), one can write
the total impedance as Equation (3):

(2)

where, Eρ is the activation energy, k is Boltzmann’s
constant and ρо is a temperature independent constant.
The activation energy is determined by the slope of the
fitting lines shown in Fig. (2-4). Moreover, one can
notice that there are three linear regions of different
activation energies (Eρ).
The values of the determined activation energy given in
Table 1 refere to three conduction mechanisms of the
ferrites samples. The electrical conduction in region (I) is
attributed to the presence of impurities i.e., extrinsic
conduction mechanism (Ravinder, 2000; Sattar et al.,
2005). The formation of such impurities is due to the
oxygen loss during the sintering process. The loss of
oxygen leads to the formation of Fe2+ ions on the account
of Fe3+ ions for charge compensation. These Fe2+ ions act as
donor centers (Bhise et al., 1996; Patil et al., 1994; 1996).
It was observed that, for all Mg concentrations, the
transition temperature values before and after irradiation
(Tρ) are close to our previously reported data of the Curie
temperature (Tc) that were determined from the magnetic
permeability curves (Eltabey et al., 2011). Thus, Tρ
could be considered the transition temperature between
the ferri and para magnetic regions indicating that ρdc is
sensitive to the magnetic transition.
From Table (1) it is clear that, the activation energy
in the paramagnetic region Ep (region (III)) are greater
than that of ferrimagnetic one Ef (region (II)) for all the
investigated samples. This increase in activation energy
due to magnetic transition is explained as follows:
According to (Goodgenough, 1973), the magnetic
transition can be considered as second order one, which
is characterized by a large temperature range. This
second order transition may be accompanied by volume
expansively (Zemansky, 1952), i.e., an increase in the
jumping length between the ions and hence an increase
in activation energy.
It is also noticed that the values of activation energy
decreased after irradiation in every region. This result
Science Publications
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where, b is constant (Rahman et al., 2012). Thus at very
high frequency, the second term can be neglected and the
impedance ρ∞ is given by Equation (4):
ρ∞ = ρ1

(4)

i.e., the resistivity at high frequency originates mainly
from grain, which have low resistivity. On the other
hand, at very low frequency the impedance ρ0 is given
by Equation (5):
ρ0 = ρ1 + yρ2

(5)

According to the assumption that yρ2>ρ1, the
impedance at low frequency results mainly from the
115
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Furthermore, it was reported that the hysteresis loss is
directly proportional to the frequency (Otsuki et al.,
1999). It can be concluded that the decrease in the
dielectric parameter ε” is the resultant loss due to these
factors. The increase of ε” after γ-irradiation could be
attributed to the decrease of the resistivity due to
irradiation process. This increases the eddy current loss
and then ε” increases which is in a good agreement with
the following relation (Lipare et al., 2004):

resistivity of the grain boundaries, which have high
resistivity. The decrease of ρac for the investigated samples
after γ-irradiation could be attributed, as mentioned above
also with dc resistivity, to the increase of Fe2+/ Fe3+ ratio
(3.2 sec). The decrease of ferrite ac resistivity due to
irradiation by γ-rays was reported by different authors
(Ahmed et al., 2003; 2007).

4.4. ε’ and ε”
The behavior of ε’ values as a function of frequency
shown in Fig. 6 is similar to that reported by (Rezlescu
and Rezlescu, 1974; Reddy et al., 1999). This behavior
of έ could be explained on the basis of the dielectric
properties and space charge polarization, which are
mainly governed by the conduction mechanism in
ferrites (Lipare et al., 2004), wherein the electron
hopping takes place. The electron hopping is favorable at
low applied field frequency. Therefore, at low frequencies
the dielectric constant is higher. The electron exchange
between Fe3+ and Fe2+ gives local displacement of electron
in the direction of the applied electric field and
consequently induces electric polarization. Beyond a
certain frequency, the electron exchange does not follow
the alternating field and so the dielectric constant reaches
a constant and small value (Wagner, 1913; Murthy and
Sobhanadri, 1976; Kharabe et al., 2006; Ajmal and
Maqsood, 2008). In addition, from Fig. 6, it is noticed
that there is a slightly increase in the έ after γ-irradiation.
This could be explained in a view of interaction of γ-rays
with the matter, which is summarized as follows, gamma
irradiation interacts with ferric ions as Equation (6):
Fe3 + + γ → Fe 2 + + e

ρAC =

(7)

4.5. Composition Depandance of ρac, ε' and ε''
The inverse relation between ρac and ε' has been
reported by (Reddy et al., 1999; Bellad et al., 1999). The
inverse proportionality with Mg concentration of ρAC
with ε' could be explained on the basis of the relation
between the mobility of the electron hopping and
resistivity Equation (8):
σ=

1
= neµ
ρ

(8)

where, n and µ are concentration and the mobility the of
charge carriers, respectively and e is the electron charge. If
the electron exchange between Fe2+ and Fe3+ ions is easy,
i.e., the mobility is large and then it leads the resistivity to
decrease. Meanwhile, such exchange causes the
polarization to increase i.e., ε' increases. Moreover, the
reverse behavior of the ρac and ε'' is expected as the
increase of resistivity decreases the loss ε'' and vice versa
which is in a good agreement with Equation (7).

(6)

5. CONCLUSION

This interaction creates ferrous ions at the
octahedral sites and increases the ratio Fe2+/Fe3+ at
these sites (Ahmed et al., 2007; Hemeda and ElSaadawy, 2003; Mousa et al., 1989). The jumping
electrons are oriented in the field direction and
consequently contribute the rising of έ.
The decrease in ε” could be discussed as follows. The
parameter ε’” represents the dielectric loss in the ferrites
core which is attributed to three main factors; these are
eddy current, electric dipole loss and hysteresis loss. The
eddy current loss is inversely proportional to the
resistivity of ferrite. The resistivity of the ferrite samples
is inversely proportional to the frequency which
consequently increases the eddy current loss. On the
other hand, the dipole loss decreases as the frequency
increases, especially at high frequencies, as the dipole
orientation cannot follow up the applied field.
Science Publications
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The dc resistivity of the MgxCu0.5-xZn0.5Fe2O4
system increased as the Mg-concentration increases.
After γ-irradiation, the all investigated samples
showed lower value of which is attributed to the
increase in the ratio of Fe2+/Fe3+ on B-sites as
consequence of hopping reaction
The temperature dependence of ρdc showed three
conduction regions with different activation energies.
Also, it is noticed that the values of activation energy
decreased after γ-irradiation in every region
Dispersion curves of the dielectric constant έ,
dielectric loss ε” and ρac with frequency were found
to be decreased with frequency for each
composition. The values of έ and ε” decreased also
AJAS

Mohamed Eltabey et al. / American Journal of Applied Sciences 11 (1): 109-118, 2014

•
•

Hamada, I.M., 2004. X-ray diffraction and IR absorption
in the system Co0.6Zn0.4MnxFe2−xO4 before and after
γ-irradiation. J. Magn. Magn. Mater., 271: 318-325.
DOI: 10.1016/j.jmmm.2003.09.049
Hassan, H.E., T. Sharshar, M.M. Hssien and O.M.
Hemeda, 2013. Effect of γ-rays irradiation on Mn-Ni
ferrites: Structure, magnetic properties and positron
annihilation studies. Nucl. Instr. Meth. B, 304: 7279. DOI: 10.1016/j.nimb.2013.03.053
Hemeda, D.M., 2005. Effect of gamma irradiation on the
structure diffusion coefficient of Co-Zn doped
ferrite. J. Applied Sci., 2: 989-992. DOI:
10.3844/ajassp.2005.989.992
Hemeda, O.M. and M. El-Saadawy, 2003. Effect of
gamma irradiation on the structural properties and
diffusion coefficient in Co-Zn ferrite. J. Magn.
Magn. Mater, 256: 63-68. DOI: 10.1016/S03048853(02)00373-6
Kharabe, R.G., R.S. Devan, C.M. Kanamadi and B.K.
Chougule, 2006. Dielectric properties of mixed Li–
Ni-Cd ferrites. Smart Mater. Struct., 15: N36-N39.
DOI: 10.1088/0964-1726/15/2/N02
Koops, C.G., 1951. On the dispersion of resistivity and
dielectric constant of some semiconductors at
audiofrequencies. Phys. Rev., 83: 121-124. DOI:
10.1103/PhysRev.83.121
Kramer, B.A., S. Koulouridis, C.C. Chen and J.L.
Volakis, 2006. A novel reflective surface for an
UHF Spiral antenna, antennas wireless propag.
Letter, 5: 32-34. DOI: 10.1109/LAWP.2005.863613
Lipare, A.Y., P.N. Vasambekar and A.S. Vasambekar,
2004. Effect of LiCl doping on dielectric behavior of
copper-zinc ferrite system. J. Magn. Magn. Mater,
279: 160-172. DOI: 10.1016/j.jmmm.2003.12.1396
Maria, K.H., S. Choudhury and M.A. Hakim, 2013.
Structural phase transformation and hysteresis
behavior of Cu-Zn ferrites. Int. Nano Lett., 3: 42-52.
DOI: 10.1186/2228-5326-3-42
Mousa, M.A., A.M. Summan, M.A. Ahmed and A.M.
Badawy, 1989. Electrical conduction in γ irradiated
and unirradiated Fe3O4, CdFe2O4 and CoxZn1−xFe2O4
(0 ≤ x ≤ 1). Thermochim Acta, 144: 45-52. DOI:
10.1016/0040-6031(89)85083-X
Muralidharan, S., V. Saraswathy, L.J. Berchmans, K.
Thangavel and K.Y. Ann, 2010. Nickel ferrite
(NiFe2O4): A possible candidate material as
reference electrode for corrosion monitoring of steel
in concrete environments. Sensors Actuators, B:
Chemical,
145:
225-231.
DOI:
10.1016/j.snb.2009.11.071

after γ-irradiation and that results were explained in
the light of two layers model (Koops’s model)
The increases of the conductivity, dielectric constant
and dielectric loss after γ-irradiation is related to the
increase of the ratio Fe2+/ Fe3+
These results reveal that the structure, the magnetic
and the electrical properties of Mg-Cu-Zn ferrites
are highly affected by gamma rays irradiation

6. REFERENCES
Ahmed, M.A., A.A.I. Khalil and S. Solyman, 2007.
Laser induced structural and transport properties
change in Cu-Zn ferrites J. Mater. Sci., 42: 40984109. DOI: 10.1007/s10853-006-1151-z
Ahmed, M.A., E. Ateia, G. Abdelatif and F.M. Salem,
2003. Charge transfer behavior of erbium substituted
Mg-Ti ferrites. Mater. Chem. Phys., 81: 63-77. DOI:
10.1016/S0254-0584(03)00143-3
Ajmal, M. and A. Maqsood, 2008. Structural, electrical
and magnetic properties of Cu1−xZnxFe2O4 ferrites
(0 ≤ x ≤ 1). J. Alloys Compd., 460: 54-59. DOI:
10.1016/j.jallcom.2007.06.019
Ateia, E., 2006. Effect of gamma irradiation on the
structural
and
electrical
properties
of
Co0.5Zn0.5CeyFe2-yO4. Egypt J. Solids, 29: 317-328.
Bellad S.S., S.C. Watawe and B.K. Chougule, 1999.
Some ac electrical properties of Li-Mg ferrites.
Mater. Res. Bull., 34: 1099-1106. DOI:
10.1016/S0025-5408(99)00107-5
Bellad, S.S. and B.K. Chougule, 2000. Composition and
frequency dependent dielectric properties of Li-MgTi ferrites. Mater. Chem. Phys., 66: 58-63. DOI:
10.1016/S0254-0584(00)00273-X
Bhise, B.V., S.D. Lotke and S.A. Patil, 1996. Role of
MnTi and MnSn substitutions on the electrical
properties of Ni-Zn ferrites. Phys. Stat. Sol., 157:
411-419. DOI: 10.1002/pssa.2211570225
Eltabey, M.M., I.A. Ali, H.E. Hassan and M.N.H.
Comsan, 2011. Effect of γ-rays irradiation on the
structure and magneticproperties of Mg-Cu-Zn
ferrites. J. Mater. Sci., 46: 2294-2299. DOI:
10.1007/s10853-010-5071-6
Goldman, A., 2006. Modern Ferrite Technology. 1st
Edn., Springer, ISBN-10: 0387294139, pp: 453.
Goodgenough, J.B., 1973. Interpretation of the transport
properties of Ln2NiO4 and Ln2CuO4 compounds.
Mater. Res. Bull., 8: 423-431. DOI: 10.1016/00255408(73)90046-9
Science Publications

117

AJAS

Mohamed Eltabey et al. / American Journal of Applied Sciences 11 (1): 109-118, 2014

Murthy, S.R., 2001. Low temperature sintering of
MgCuZn ferrite and its electrical and magnetic
properties. Bull. Mater. Sci., 24: 379-383. DOI:
10.1007/BF02708634
Murthy, V.R.K. and J. Sobhanadri, 1976. Dielectric
properties of some nickel-zinc ferrites at radio
frequency. Phys. Stat. Sol., 36: 133-135. DOI:
10.1002/pssa.2210360247
Okasha, N., 2010. Enhancement of magnetization of
Mg-Mnnanoferrite by γ-irradiation. J. Alloys
Compd.,
490:
307-310.
DOI:
10.1016/j.jallcom.2009.10.001
Otsuki, E., S. Yamada, T. Otsuki, K. Shoji and T. Sato,
1999. Microstructure and physical properties of MnZn ferrites for high-frequency power supplies. J.
Applied
Phys.,
69:
5942-5944.
DOI:
10.1063/1.347822
Patil, M.G., V.C. Mahajan, B.V. Bhise, S.M. Chendke
and S.A. Patil, 1994. Conduction phenomenon in
Mn-substituted Ni-Cd ferrites. Phys. Stat. Sol., 144:
415-420. DOI: 10.1002/pssa.2211440221
Patil, S.A., M.G. Patil, V.C. Mahajan and A.K. Ghatage,
1996. Electrical conduction in Mn-substituted Ni-Cd
ferrites. Phase Trans., 56: 21-27. DOI:
10.1080/01411599608207836
Rahman, S.A., W.R. Agami and M.M. Eltabey, 2012.
Requency, temperature and composition dependence
of dielectric properties of nd3+ substituted Cu-Zn
Ferrites. Life Sci. J., 9: 1630-1634.
Ravinder, D., 2000. Elastic behaviour of zinc substituted
lithium ferrites. Mat. Lett., 45: 68-70. DOI:
10.1016/S0167-577X(00)00078-1
Reddy, A.V.R., G.R. Mohan, D. Ravinder and B.S.
Boyanov, 1999. High-frequency dielectric behaviour
of polycrystalline zinc substituted cobalt ferrites. J.
Mater.
Sci.,
34:
3169-3176.
DOI:
10.1023/A:1004625721864
Rezlescu, N. and E. Rezlescu, 1974. Dielectric properties
of copper containing ferrites. Phys. Stat. Sol., 23:
575-582. DOI: 10.1002/pssa.2210230229
Sattar, A.A., H.M. El-Sayed and M.M. Eltabey, 2005.
The effect of Al-substitution on structure and
electrical properties of Mn-Ni-Zn ferrites. J. Mater.
Sci., 40: 4873-4873. DOI: 10.1007/s10853-0053884-5

Science Publications

Sattar, A.A., H.M. El-Sayed, K.M. El-Shokrofy and
M.M. Eltabey, 2007. Study of the dc resistivity and
thermoelectric power in Mn-substituted Ni-Zn
ferrites. J. Mater. Sci., 42: 149-155. DOI
10.1007/s10853-006-1087-3
Sujatha, C., K.V. Reddy, K.S. Babu, A.R. Reddy and
K.H. Rao, 2011. Structural and magnetic
properties of Ni0.5−xMgxCu0.05Zn0.45Fe2O4 ferrites
for multilayer chip inductor applications.
Proceedings of the International Conference on
Nanoscience, Engineering and Technology
(ICONSET), Nov. 28-30, IEEE Xplore Press,
Chennai,
pp:
19-22.
DOI:
10.1109/ICONSET.2011.6167901
Tashtoush, N.M., 2005. Effect of laser irradiation on the
structural and electrical properties of Co-Zn ferrite
thin film. Am. J. Applied Sci., 2: 887-891. DOI :
10.3844/ajassp.2005.887.891
Wagner, K.W., 1913. Zur Theorie der unvollkommenen
Dielektrika. Ann. Phys., 345: 817-855. DOI:
10.1002/andp.19133450502
Wu H., G. Liu, X. Wang, J. Zhang and Y. Chen et al.,
2011. Solvothermal synthesis of cobalt ferrite
nanoparticles loaded on multiwalled carbon
nanotubes for magnetic resonance imaging and drug
delivery. Acta Biomaterialia, 7: 3496-3504. DOI:
10.1016/j.actbio.2011.05.031
Yue, Z., J. Zhou, L. Li, X. Wang and Z. Gui, 2001.
Effect of copper on the electromagnetic properties of
Mg-Zn-Cu ferrites prepared by sol-gel autocombustion method. Mater. Sci. Eng., B, 86: 64-69.
DOI: 10.1016/S0921-5107(01)00660-2
Zemansky, C., 1952. Interaction between the d-shells in
the transition metals. II. Ferromagnetic compounds
of manganese with perovskite structure. Phys. Rev.,
82: 403-405. DOI: 10.1103/PhysRev.82.403
Zhou, H., Z. Wang, F. Huang, L. Ni and J. He, 2012. A
Study on structure and magnetic properties of MgCu-Zn ferrite synthesized by co-precipitation
method. IEEE Trans. Mag., 48: 3626-3629. DOI:
10.1109/TMAG.2012.2201454

118

AJAS

