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Four samples of Zn;,LipsFer 9504 (x = 0.25, 0.5, 0.75, and 1) were
prepared by the ceramic method. AC electrical conductivity and the dielectric
constant were determined. High abnormal value of the dielectric constant 10"~
107 was a mean feature of such materials. The dielectric constant exhibits a
sharp peaking behavior for some samples. The conduction mechanism was
investigated and found to be multiple hopping conduction mechanism.

1. Introduction:

As a low-cost material, lithium ferrites are very attractive for microwave
applications instead of garnets and other spinel ferrites [1]. Addition of different
metal ions can control the properties of lithium ferrites for microwave
applications. The crystal structure, microstructure and cation distribution have a
remarkable effect on the ferrite properties and its applied aspects [2—4]. Several
studies [1,5-8] have been reported on the effect of additions of divalent,
trivalent and tetravalent ions on the electrical conductivity and dielectric
properties of lithium ferrites. In this work the conduction mechanism and the
dielectric properties of Zn;LigscFer9s5x04, where x = 0.25, 0.5, 0.75 was
undertaken

2. Experimental Methods

Highly pure chemical oxides were mixed together in a proper ratio to
prepare Zni_LipsxFer+05404, where x = 0.25, 0.5, 0.75, and 1. The oxides were
mixed together and ground to a very fine powder using an electric grounding
machine. The grounding time was 6 hours for each sample. Then the mixture of
each sample was pre-sintered at 900 °C for 6 hours in porcelain crucibles using
an electric muffle furnace, and then left to cool to room temperature. The
mixture was ground again for 6 hours to get a very ultra fine powder. The
powders were, pressed (under pressure 20 bar) in die to get disc-shaped samples
of diameter 1.2 cm. The discs were sintered at 1150 °C for 6 hours and then left
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to cool to room temperature. Finally, the samples were polished to obtain two
smooth uniform parallel disc surfaces. Contacts to the sample surface were
verified by silver paste for electrical measurements. AC electrical conductivity

and the dielectric properties of each sample were determined by using LCR
meter (type- HIOKI 3532-50) in the frequency range 50 Hz —5 MHz and in the
temperature range from room temperature up to around 700K.

3. Results and Dissections:

AC electrical conductivity, 6’, was measured at different temperatures (~
300K to 700K) in the frequency range 50 Hz - SM Hz for Zn;_,LigsxF€5+0.5x04
(x= 0.25, 0.5, 0.75, and 1.0). In (Fig. 1); the results show that ¢’ exhibits a
semiconducting behavior with the temperature, i.e. the measured AC
conductivity ¢’ increases with increasing temperature for all samples. This
increase of o' with temperature can be attributed to the increase of the drift
mobility and/or hopping frequency of charge carriers. The samples of x > 0.75
show two different slopes as temperature increases. This behavior for x=1
increases as frequency increases.
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Fig. (1): The temperature dependence of AC electrical conductivity, ¢', at different
frequencies for Zn;(LijsxFe5:0.5¢04.
Figure (2) shows the wvariation of the measured AC electrical

conductivity, ¢’ (Q 'm™"), with the frequency, f (Hz), as log-log scale. It is also
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shown that ¢’ increases with increasing frequency for all samples. The same
behavior was reported for other ferrites [9,10]. The dispersion in AC electrical
conductivity of polycrystalline ferrites was explained on the basis of interfacial
polarization that formed due to the inhomogeneous structure of ferrite material.
According to Maxwell and Wagner model and Koops phenomenological theory
[11], ferrite is imagined to act as a multilayer capacitor in which the ferrite
samples are characterized by a microstructure consisting of conductive thick
layers, grains (with conductivity oy; dielectric constant g;; and thickness d,)
separated by resistive thin layers, grain boundaries (with o,; €,; and d,). The
impedance of this multilayer capacitor can be represented as [12].
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Fig. (2): AC electrical conductivity as a function of frequency at constant temperature
for the samples of the system Zn;_,Lig sxF€5:9.5xO04.

Z'=R"+]JoC (1)

where ® is the angular frequency (@w=27f"), R and C are the parallel equivalent
resistance and capacitance of the material, respectively. According to Equation
(1), it is shown that above a certain frequency, the inverse impedance of the
multilayer condenser and hence AC conductivity of ferrite material rises with
frequency. The measured electrical conductivity with the frequency ¢’ can be
described by the following relation [13].
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o' =0, Oac ()

where o, represents the conductivity at zero frequency, and cac is the pure AC
electrical conductivity. Equation (2) represents the total conductivity in the
context of the theory of relaxation processes in dielectric materials, which is the
classical way of studying AC conductivity in such material. The general
behavior of cac with the angular frequency ® (=2mf) can be described by the
following relation [14].

Cac=A (3)

i.e. pure AC conductivity is proportional to ©°, where A is a constant having the
dimension of the conductivity and s is exponent constant. Therefore, equation
(2) can be re-written as follows:

' =6, +tA o C))

The results of the wvariation of AC electrical conductivity with the
frequency were fitted according to equation (4) in order to calculate the
frequency exponent s. However, it is difficult to predict the conduction
mechanism in these materials through measurements of AC electrical
conductivity as a function of the frequency only. Most of models of conduction
mechanism can be predicted through the studying the behavior of the exponent
s with temperature T [15]. The classical barrier model for single electron
hopping between two localized states over a potential barrier separating the sites
as well as the correlated barrier hopping (CBH) model suggested that s should
decrease with increasing temperature. The quantum mechanical tunneling
(QMT) model implies that s is temperature independent. In the case of small
polaron (SP) model, s should increase with increasing the temperature. Finally,
the large overlapping polaron (OLP) model suggested that s should decrease
with increasing the temperature up to a certain temperature, after which s
increases with further increase of the temperature [15].

By inspection of Fig (3), and in the light of the above argument, it is
difficult to restrict the conduction mechanism for all samples to one of the
above mentioned models. Multiple hopping conduction mechanism suggested
that as the temperature increases a cluster of three, four, etc. sites could be
formed through which a hopping may occur instead of a simple Fe’~Fe*" pair.
Depending on the size of the cluster, the electron may hop many times during a
half period of the external applied signal. The size of the cluster increases with
increasing the temperature and can be defined by the thermal energy kT:
According to the multiple hopping conduction mechanism, the electric
conductivity can be written as [16, 17],
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c'(®,T) oo ®°T¢

where the temperature parameter d depends on the composition and the
frequency. The logarithmic representation of this equation is shown in Fig. (4),
at certain selected frequencies 100 Hz, 1kHz, 10 kHz, 100kHz, 1 MHz and 5
MHez. It is shown that ¢’ increases with increasing temperature. The temperature
parameter d was determined from the slopes of the lines and given in Table (1).
The values of d are always greater than unity. The multiple hopping weakens
the frequency dependence but simultaneously strengthens the temperature
dependence, so a multiple hopping mechanism becomes more important at
lower frequency and high temperatures. These results are in a good agreement
with  the previously  published results for BaZn, Mg.Fe;0,;
ferrites [9].
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Fig. (3): Variation of the frequency parameter s with the temperature for samples of
the system Zn_Lij sxFe510.5xO04.
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Fig. (4): Logarithmic representation of the temperature dependence of AC conductivity
at different frequencies for Zn;(Lij sxFe510.5¢O4.

Table 1: Variation of the temperature parameter d with the composition at
different selected frequencies.

d
* 100 Hz 1kHz 10kHz 100kHz IMHz 5MHz
0.25 6.36 7.09 7.05 7.01 6.86 6.57
0.5 5.78 6.97 6.76 6.48 6.11 5.96
0.75 5.49 6.2 6.08 6.02 5.84 5.56
1 14.1 14.3 13.4 12.5 10.1 8.36

Figure (5) shows the variation of the dielectric constant &' with the
frequency as log-log scale at different temperatures for Zn;LigsxFey95:Oa.
It is shown that the behavior of the dielectric constant with the frequency is
normal, i.e., €' decreases with increasing frequency. Also the variation of &’ with
the frequency exhibits a peaking features for the samples with x =0.25, 0.5, and
0.75. The peaks are shifted towards lower frequencies with increasing
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temperature. As the temperature increases, the dielectric constant increases. The
values of the dielectric constant are very high and decreases rapidly with
increasing frequency. With increasing Li ion content, the dielectric constant
decreases. It is well known that the complex dielectric constant (¢* = &'+ je")

of the medium vary with the angular frequency ® (=27nf) according to the
following equation [13,18].
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Fig. (5) : The variation of dielectric constant, &', with the frequency at different
temperatures for Zn; 4LijsxFes:0.5:04.

g*: g + (ga .goc) (5)
= (1+ jor)

where 7 is the relaxation time, ¢, is the static field dielectric constant, and ¢, is

the high-frequency (optical) dielectric constant of the material. The real and

imaginary parts of the complex dielectric constant €', €" respectively can be

expressed as [13].

g'=¢ +
1+ o't

. G (6)
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and

N (e ot 7
e"= (g, aw)+(1+0)212) 7

Equation (6) gives an explanation to the decrease of the dielectric
constant with the frequency. From the other hand, the behavior of dielectric
constant with the frequency can be explained on the fact that the hopping of the
charge carriers can not follow the frequency of the external applied electric field
beyond a certain frequency value [19]. €" represents the dielectric loss through
the material.

The variation of the dielectric constant with the temperature at different
selected frequencies (102 10°, 10%, 10°, 10°, 5x10° Hz) is shown in Fig. (6), for
all samples. It is shown that the dielectric constant increases with increasing
temperature as the case of AC electrical conductivity with the temperature. This
behavior may be attributed to the existence of strong correlation between
conduction mechanism and dielectric polarization in ferrite [20- 22].
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A very important quantity is the dielectric loss tangent, tand, which
measures directly the phase difference due to loss of energy within the sample
at a particular frequency [23]. Tand is given by

tand = 8—' (3)
€

The Variation of dielectric loss tangent tand with the frequency at
different temperatures for all prepared samples is shown in Fig. (7). It is shown
that the dielectric loss tangent exhibits a peaking behavior with the frequency.
The peaks are shifted towards higher frequencies with increasing temperature.
The appearance of the peaks in tan & versus the frequency curve can be
explained on the basis of the previous assumption [20-22] that a strong
correlation exists between the conduction mechanism and the dielectric
polarization of ferrite. In this case the peaks in tand curves are observed when
the hopping frequency of charge carriers coincides with that of the external
electric field [19]. The shift of the maximum of tand (f) curves to higher
frequencies with increasing temperature is due to the increase of hopping
frequency of the charge carriers with increasing temperature. In this case
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wt=1 9)

where 7 is the relaxation time of the hopping process and  is the angular
frequency of the external field (@ = 27fnax) [24-26]. The relaxation time 7 can be
written as [27] .

= eV (10)

where 7, is the relaxation time at infinity high temperature, Ep is the activation
energy for dielectric relaxation, and k is Boltzmann constant. Fig. (8), shows the
logarithmic representation of the relaxation time 7 versus 10°/7 for the samples
with x =0.25, 0.5, and 0.75. Each sample exhibits a straight line with slope
equal to Ep/k. Table (2) shows the values of the dielectric activation energy Ep.
The activation energy of the dielectric relaxation £p lies between 0.208 to 0.261
eV.

-10.5

-11.0
-115
I 1:x=0.25
-12.0 - 2:x=0.5
I 3:x=0.75
1125
-13.0
-135
e L
£ 40l
-14.5 3
-15.0
155
L 2
-16.0 [
-16.5 [ " 1 " 1 " 1 "
15 2.0 25 3.0 35

10%T (K
Fig. (8): The variation of Int with the temperature (103 /T) for Zn;_Lig sxFey19.5x04.

Table (2): The dielectric activation energy Ep for Zn_Lig sxF€+0.5x04.

X 0.25 0.5 0.75
Ep (eV) 0.261 0.234 0.208




Egypt. J. Solids, Vol. (32), No. (2), (2009) 139

4. Conclusion:

Four samples of the composition Zn;LigsFesr+05:04 were prepared by
the ceramic method. AC electrical conductivity and the dielectric constant were
measured at different temperature and frequencies. The results show that, the
values of the dielectric constant are abnormally very high (10" — 10'%) at room
temperature. AC electrical conductivity shows semiconducting behavior with
the temperature. Many conduction mechanisms were tested, but the multiple
hopping conduction mechanism seems to be the most favorable conduction
mechanism in these samples.
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