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Abstract: Dielectric properties and magnetic susceptibility were measured for four compositions of Mn Zn ferrites (
Mn,  Zn, Fe;,O4; x = 0.8, 0.6, 0.4 and 0.2).Then composites of these ferrites with SiO, were prepared by mixing 25%
weight of SiO, powder with 75% weight of each composition of the ferrite powders. The dielectric properties and
the magnetic susceptibility were measured again for the composite samples. The results are displayed as functions of
temperature and frequency for the dielectric constant, loss tangent and AC conductivity, whereas for the magnetic
susceptibility only results at room temperature are reported. The results show that adding silicon dioxide has
significantly reduced the conductivity or in other words increased the resistivity while the magnetic susceptibility
still have high values in the same order of magnitude. These findings may be useful in many applications that require
the reduction of eddy currents while keeping the magnetic susceptibility in the same range.
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1. Introduction properties. Such an investigation has not been
Nowadays, ferrites have a primary position of published before in literature as far as the authors
economic and engineering importance within the know. The experimental findings of such a research
family of magnetic materials because of their may be of basic importance for materials designers in
excellent physical properties. Practically all TV sets, different applications.
portable radios, long distance carrier telephone
circuits are employing ferrite cores in filters, antennas 2. Experimental
and transformers [1]. Soft ferrites, in particular, are Four samples of Mn-Zn ferrites (Mn;, Zny
among the most widely used magnetic materials Fe,O4 x = 0.8, 0.6, 0.4 and 0.2) were previously
having low cost, high performance for high-frequency prepared by the conventional ceramic method. The
applications. Mn-Zn ferrites have many important details of preparation and characterization by X-ray
applications in this context [2]. diffraction, IR and Mossbauer spectroscopy had been
Composites of ferrites and polymers may have previously published [9]. Part of the powders of
very promising properties and represent a very different compositions was pressed to disc-shaped
diverse field of research. Silicon dioxide- sometimes pellets. This group of pure ferrites represents the first
known as silica - is one of the most abundant category of the investigated samples. Some other part
compounds in nature as sand or quartz and also it is of the ferrites was mixed with 25% weight of Si O,
manufactured in several forms. Previously published and pressed to pellets also. These composite samples
researches on ferrite/ SiO, composites had included represent the second category. Some dielectric and
investigations of the effect of silica and/or ferrite magnetic properties were investigated for the two
content on their magnetic properties [3-6], or categories of samples.
investigation of some biological aspects such as their The ac conductivity, dielectric constant, and
absorption behavior of bovine serum albumin by loss tangent tan & are studied as functions of
using UV [7]. The effect of varying complexing agent frequency at different temperatures by using the
in the preparation of NigsZngsFe,04/20wt% SiO, circuit shown in reference [10]. The surfaces of each
nano-composites by auto-combustion on the disc-shaped pellet have been coated with silver paste
structural and magnetic properties of the composites to improve the contact with two electrodes inside an
was also studied concluding that the complexing evacuated silica tube cell surrounded by a home-made
agent in the starting solution influenced the magnetic heater. In this circuit, the sample is connected in
interaction between NiZn ferrite and silica, and then series with a resistor R that must be adjusted such that

determined on the particle size [8]

The present work is devoted to investigate the
effect of adding 25% weight of SiO, to four samples
of Mn-Zn ferrites (Mn,_ Zn, Fe,O4; x = 0.8, 0.6, 0.4
and 0.2) on some of their dielectric and magnetic

the value of Vg is small enough (S 1%) compared to
the applied voltage, V, (r.m.s = 1 Volt). The lock in
amplifier (Stanford Research Systems SR 510) reads
the voltage drop, Vg, on the resistance, R, and the
phase angle, ¢, between the applied voltage, V, and
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the current I passing through the resistor R. The
current through the sample can be considered as
formed of two parts, the displacement current, I, and
the conduction current I, which lags behind I¢ by an
angle of 90°. V and ¢ were measured as a function of
temperature and frequency for all samples of the two
categories. AC conductivity o,., dielectric constant &'
and dielectric loss tand were calculated as functions
of frequency and/or temperature and composition
(from the experimental values of V, Vg, ¢, ® = 2xf,
R, d, A; where d is the thickness of the sample (cm)
and A is its surface area (cm”) ) by using the
following equations:

o :i:dVR cos¢
“ rA AVR (1)
g,:£:11-3de sin¢x1012
C, RAw @)
tand = ! = L,
tang [ 3)

Finally, mass susceptibility of all samples was
measured at room temperature by an MS2B magnetic
susceptibility meter (Bartinglon Instrument Ltd.).
These values of the mass susceptibility were
displayed as function of composition represented by
the Zn content (x) in the two investigated categories.

3. Results and discussion
3.1 The dielectric constant behavior

The variation of the dielectric constant, with the
frequency in logarithmic scale at different
temperatures for the samples of the two categories
under investigation is shown in Fig. (1:a-d) for the
ferrites samples and in Fig. (4:a-d) for the composites
samples. In either category, the dielectric constant, €,
is found to decrease as the frequency increases. It can
be seen that this decrease is relatively sharp at lower
frequencies, while it is slower at higher frequencies.
The high values of dielectric constant — especially in
the first category of pure ferrites - are often explained
in literature on the basis of Koops phenomenological
theory [11]. That is, in ferrites the system may be
thought of as consisting of well-conducting grains
separated by highly resistive grain boundaries [12].
The charge carriers upon reaching the grain boundary
by hopping encounter different resistance so that
accumulation of charges at the separating boundaries
occurs causing what is called interfacial polarization
and hence the dielectric constant value is highly
raised [ 13-15]. As we can see a hopping electron in
the direction of the external applied field increases
the dielectric polarization, therefore, there is a strong
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correlation between the conduction mechanism and
the dielectric behavior in ferrites or in other words the
mechanism of the polarization process in ferrites is
similar to that of the conduction process [16]. This
assumption is enhanced by comparing the results of
the first category of pure ferrites to the second one of
composites containing silicon dioxide. Where, it is
obviously seen that the values of the dielectric
constant of the composites are relatively lower than
those of the pure ferrite samples in consistency with
the conductivity measurements displayed in Fig. (3;
a-d) and Fig. (6:a-d) below.

However, as the frequency of the applied field is
increased, the dielectric constant decreases until
reaching a constant value, because beyond a certain
frequency of the applied electric field the polarization
cannot follow its alternations [17].

The variation of the dielectric constant with
temperature for the samples of the two categories
under investigation is also obviously shown in Fig.
(1:a-d) and Fig. (4:a-d). Generally, an increase in the
dielectric constant is observed with increasing
temperature, the increase being quite significant at
lower frequencies. The increase in temperature
thermally activates the charge carriers, increasing the
electron hopping, thereby enhancing the dielectric
constant.

It is worth mentioning that there are four main
contributions to the polarization in ferrites viz.
electronic, atomic, dipolar and interfacial
polarization. Electronic and atomic polarization are
important at high frequencies and are temperature
independent, while the latter two play dominant role
at lower frequencies and they are both temperature
dependent. Also, interfacial polarization is known to

increase  with  temperature = whereas  dipolar
polarization decreases with temperature. The
observed increase in dielectric constant with

temperature at low frequency is supportive of the fact
that interfacial polarization is the main contributor to
the dielectric constant in the present samples.

The composition dependence (Zn concentration
(x) and SiO, addition) of the dielectric constant of the
two categories of samples at room temperature and at
applied frequency of 100 KHz is shown in Fig. (7). It
can be noticed that the variation of &' with Zn content
has the same trend in the pure samples and in the
silicon dioxide containing samples, with a significant
decrease in value in the composites samples as
mentioned above. This similarity in variation with the
Zn content in the two categories reinforces the
validity of the measurements and also it can be
interpreted according to the cationic distribution in
the pure ferrite samples previously published [9].
This cationic distribution had been proposed
according to Mossbauer spectroscopy analysis. At
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first when x = 0.2, Mn had a fraction of 0.12 in the A-
site and 0.68 in the B-site while the fraction of Fe
ions in the A-site had been 0.68 and 1.32 in the B-
site. Hen at x = 04, the fractions had become for Mn
0.132 and 0.468 and for iron 0.468 and 1.532
respectively. Upon further increase of Zn content —
with the well known A-site preference of the Zn ions
at x = 0.6 and x= 0.8, all Mn ions had occupied the
B- sites only, along with an increase in the fraction of
Fe ions in the B- sites. Bearing in mind that the
existence of cations with different valencies of the
same element in the same site is the origin of hopping
conduction mechanism in ferrites, we can obviously
see that the slight increase of the dielectric constant
from the sample of x = 0.2 to the sample of x= 0.4 is
quite logic. The decrease upon changing x = 0.4 to x
= 0.6 may be attributed to the decrease of the fraction
of Mn™ - Mn™ pairs on the B-sites associated with a
very small and the insignificant increase of Mn;, Zny
pairs. At x = 0.8 the decrease in Mn fraction on the B-
site (0.2) had been well compensated by a significant
increase of the Mn_, Zn, pairs causing an increase in
hopping of charge carriers and consequently in the
dielectric constant.

3.2 The dielectric loss behavior

The variation of dielectric loss tangent (tan §) as
a function of frequency (f) at different temperatures
for the two categories of samples is shown in Fig. (2:
a-d) and (4: a-d). The figures show the normal
expected behavior with frequency, i.e., tan o
decreases with increasing frequency. The dielectric
loss decreases rapidly at low frequency region, while
rate of decrease is slow in high frequency region and
then becomes almost frequency independent. Such a
behavior can be explained on the basis that in low
frequency region, which corresponds to high
resistivity (due to the grain boundary), more energy is
required for electron exchange between Fe’* - Fe **
pairs in the octahedral sites, as a result the loss is
high. Moreover this is in consistency with the
mathematical definition of tan & which is equal to €"/
€'; where €" represents a measure of the resistive
current and €' represents a measure of the capacitive
current in the electrical equivalent circuit of the
sample. In high frequency region, which corresponds
to low resistivity (due to grains), a small energy is
required for electron transfer between Fe ion pairs at
the octahedral site. Moreover, the dielectric loss
tangent also depends on number of factors, such as
stoichiometry, Fe*" and Mn®" contents, and structural
homogeneity, which in turn depends upon the
composition of the samples, this may interpret the
slight increase of loss tangent in the second category
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of composite samples than the corresponding pure
ferrite samples of the first category [13] .

Again, it can be seen that the dielectric loss of
all the samples increases with an increase of
temperature at the same frequency, which is expected
as the temperature increases, the resistivity of the
samples decreases [13].

3.3 The ac conductivity behavior

The complex ac conductivity is given by

o (a)) = O-ac + io-ac (4)

Where, the real part of this function consists of
two components:

O-a(! = O-l (T) + 0-2 (T7a)) (5)

The first term, o,(T) is actually the dc electrical
conductivity c64.(T), it is temperature dependent and
frequency independent. It is related to the drift
mobility of electric charge carriers and obeys an
Arrhenius relation [18]. The second term o,(T,®) is
frequency and temperature dependent, it is attributed
to the dielectric relaxation caused by the localized
electric charge carriers and obeys the power law
form:

o,T,0)=Aw’ ©)

Where, A and s are composition and
temperature dependent parameters [19-20]

Fig. (3:a-d) and Fig. (6:a-d) display the
frequency dependence of o', of the samples of both
categories; pure ferrites and composites respectively.
As obviously seen the measurements taken at
different temperatures reveal the semiconducting
nature of all samples. And since it is well established
that the conduction process has a strong correlation
with the interfacial polarization in ferrites , therefore
all the argument above considering the variation of
dielectric constant with frequency and composition is
applicable to the ac conductivity. Fig. (8) enhances
this assumption as well.

3.4 Magnetic susceptibility measurements

The mass susceptibility values of all samples
measured at room temperature by an MS2B magnetic
susceptibility meter are displayed in table 1 and is
graphically presented as function of composition in
Fig. (9) for the two investigated categories. The
behavior with the Zn content (x) is the same in the
two categories enhancing the accuracy of the
measurements and has almost the same order of
magnitude in both categories. His may be useful in
applications that require increasing resistivity while
keeping the magnetic susceptibility in the same order
of magnitude.
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Table (1)
Mass susceptibility at room temperature measured for the composition Mn; . Zn, Fe,0, with and without sio,

Zinc content Am (emu/g)
6 o
x 10 (measured by a susceptibility meter )
X Pure ferrites Composites of ferrites + 25% SiO,
0.2 3.0410 1.4005
0.4 3.6270 2.0259
0.6 2.9465 1.6714
0.8 2.2551 1.4698
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Fig.(1) the relation between £ vs. log F for the samples Mn,.,Zn,Fe,O,. (x= 0.2, 0.4, 0.6, 0.8)
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Fig.(2) the relation between tand vs. log F for the samples Mn,,Zn,Fe,0, . (x=0.2, 0.4, 0.6, 0.8)
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Fig.(4) the relation between £ vs. log F for the samples Mn,.Zn,Fe,0, . (x= 0.2, 0.4, 0.6, 0.8)with 25%w. of

SiO,
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Fig.(8) the relation between o', vs. x values of the
samples Mn,.,Zn,Fe,0, ; (x= 0.2, 0.4, 0.6, 0.8)
without and with 25%w. of SiO,
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Fig.(9) the relation between Mass susceptibility vs. x
values of the samples Mn, ,Zn,Fe,0,, (x= 0.2, 0.4,
0.6, 0.8) at room temperature without and with
25%w. of SiO,

Conclusion

The strong well known correlation between
conduction mechanism and interfacial polarization
mechanism in ferrites is also observed in composites of
ferrites and 25% of SiO,. Therefore, the addition of
SiO, to the investigated samples of ferrites has
decreased both of the conductivity and the dielectric
constant. Whereas, for the magnetic susceptibility, the
pure ferrite samples and the composite samples have
the same trnd of behavior with composition and almost
the same order of magnitude.
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