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Abstract

The electrical transport properties of ZnyLig4s.x2F€255-x204 (Where,
x=0.0, 0.3, 0.5) synthesized by conventional ceramic method have been
investigated as a function of Zn content. The X-ray analysis confirms the
formation of single phase cubic spinel structure. The ac resistivity and
dielectric constant show opposite trend with increase in Zn content. The ac
resistivity and dielectric constant of the samples are found to decreases with
increase in frequency, exhibiting normal ferromagnetic behaviour. Dielectric
constant of the samples decreases rapidly at lower frequencies and slower at
higher frequencies which may be due to the Maxwell-Wagner interfacial
polarization. The electrical properties can be explained on the basis of
Fe?*/Fe®* ionic concentration.
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Introduction

The polycrystalline ferrites have good dielectric properties that are
dependent upon several factors such as the method of preparation,
substitution of different cations, etc. The crystal structure, microstructure and
cation distribution have a remarkable effect on ferrite properties and its
applied aspect (Mazen et al., 1996; Liu et al., 1990). Several studies have
been reported (Slama et al., 2010) on the effect of addition of divalent,
trivalent and tetravalent ions on the magnetic properties of the lithium
ferrites. Lithium and substituted lithium ferrites have been found to be very
good substitutes for garnets in microwave devices due to their low cost, high
resistivity and low eddy current loses. In the present investigation a
systematic study of the structural, microstructure and electrical transport
properties of Zn substituted Li ferrite is undertaken.
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Experimental Method:

Various composition of ZnyLigssx2Fe255x204 Was prepared by
conventional ceramic method. High purity powders of Li,CO3 (99%), ZnO
(99.5%) and Fe,03 (99.5%) were used as raw materials. Stoichiometric
amount of required powders were mixed thoroughly and then calcined at
675°C for 5 hin air.

The calcined powder were then pressed (8.5KPa) uniaxially into disc
shaped (about 10 mm diameter, 2-3 mm thickness) and toroid shaped (about
10 mm outer diameter, 5mm inner diameter and 3 mm thickness) samples.
The samples were sintered at 1000°C for 5h in air. The temperature ramps
were 10°C/min for heating and 5°C/min for cooling. X-ray diffraction (XRD)
measurements were performed [PHILIPS-PW-3040] with CuK, radiation
(A =1.5418 A). The morphology and microstructural behavior of the samples
were investigated with a Scanning Electron Microscope (SEM) [Inspect F50,
EFI Company, Netherlands] from the mirror polished samples. Average
grain sizes (grain diameter) of the samples were determined from SEM
micrographs by linear intercept technique (Mendelson, 1969). The frequency
characteristics of ZnyLig4s-x2F€255x204 ferrite sample i.e. ac resistivity and
ac dielectric constant were investigated using a impedance analyzer [Wayne
Kerr precision impedance analyzer, model no. 6500B] at room temperature
in the frequency range 1 KHz to 120 MHz.

Results and Discussion:

The XRD patterns for the various samples of ZnyLio4s-x2F€2.55x204
are presented in Figure 1. The XRD patterns for these compositions confirm
the formation of single phase spinel ferrite with trace of impurity phase
probably hematite in sample x=0, as depicted in Figure 1 between the peak
(111) and (220). Analyzing the XRD patterns, we notice that the position of
the peaks comply with those of the reported values (Brockman 1950). The
observed peaks (111), (220), (311), (222), (400), (422), (511) and (440)
which is either odd or even confirmed the spinel structure of the sample and
also in agreement with other workers (Akther and Hakim, 2010; Maria et al.,
2010).
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Figure 1. The X-ray diffraction pattern of Zn,Lig 45420, ferrites.

The electrical properties of soft ferrite are strongly influenced by its
microstructures. The SEM  micrograph  for  ZnyLig4sx2F€255-x204
compositions is shown in Figure 2 From analysis of micrographs it is found
that the average grain size of the various samples of Zn-Li ferrite increases
with increase in Zn** content up to x = 0.3. A sudden decrease in average
grain is observed beyond x = 0.3, which may be due to the fact that ions like
Zn**, Cd** and Ti*" do not favour grain growth when present in excess
quantities (Patil et al., 1991; Bellad et al., 2000).

@ (b
Figure 2. The SEM micrographs of various ZnyLig 45.x2F€2 554204 Sample (a) x=0.3
(b) x=0.5.
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Figure 3 shows the variation of dielectric constant ¢ with frequency
at room temperature for different compositions of ZnyLig4s-x2F€2.55-x204
ferrites. It can be seen from the figure that the dielectric constant is found to
decrease continuously with increasing frequency up to 1 MHz exhibiting the
normal dielectric behavior of ferrites. The dielectric dispersion is rapid in the
lower frequency region and remains almost independent at high frequency
(1 MHz to 10 MHz). With further increase of frequency, it is observed that
the value of & increases with an increase of frequency and shows a
resonance above 10 MHz. This behavior can be understood with the help of
Maxwell-Wagner type interfacial polarization in accordance with Koop’s
phenomological theory (Hankare et al., 2010), which is similar to that of the
conduction mechanism. According to this theory, the conductivity of grain
boundaries contributes more to the dielectric value at lower frequencies.
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Figure 3. Variation of dielectric constant of various Zn,L iy 45.x2F€2 554204 With frequency.
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In this model, the dielectric structure is assumed to consist of well
conducting grain, which are separated by poorly conducting grain
boundaries. The grains have higher values of conductivity and permittivity
while the grain boundaries have lower values of these. At lower frequencies
the grain boundaries are more effective than the grain controlling the electric
conduction. Therefore, the permittivity is higher at lower frequencies and
decreases with frequency. The electronic conduction in ferrites is mainly due
to hopping of electron between ions of the same element existing in more
than one valence state and distributed randomly over crystallographically
equivalent lattice sites. A number of such ions formed during the sintering of
ferrites. Fe** ions concentration depends upon several factors such as
sintering temperature/time, environment and the grain structure. Creation of
Fe?* gives rise to electron hopping between Fe ions in +2 and +3 valance
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states. The electronic exchange between Fe?* and Fe** results in local
displacement of charges in the direction of applied electric field, which is
responsible for polarization in ferrites. The dielectric constant decreases with
increasing frequency and then reaches a constant value due to the fact that
beyond a certain frequency of external AC field, the electron exchange
between Fe?* and Fe** cannot follow the alternating field. The dispersion is
large for x=0.0, 0.3 while sample x=0.5 showed a least frequency
dependence. The presence of Fe?* ions in excess amount favors the more
dispersion. Similarly the weak dependence of dielectric constant on the
frequency can be due to lack of Fe**/ Fe** ions concentration (Maria et al.,
2010).

The variation of dielectric loss tangent (tand) with frequency is
shown in Figure 4. The loss tangent remains almost constant at low
frequency and a maximum loss tangent is observed at high frequency. A
maximum can be observed when the jumping or hopping frequency of
electrons between Fe?* and Fe** becomes approximately equal to the
frequency of the applied AC field and the phenomena is termed as
ferromagnetic resonance (Rabinkin and Novikova, 1960). Similar results
have been reported by others (Kumer et al., 1988) in case of Li-Ti ferrites
and (Mahmud et al., 1991) in case of Ni-ferrites.
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Figure 4. Variation of dielectric loss of various ZnyL g 45.x2F€2 554204 ferrites with

frequency.

Figure 5 shows the variation of ac resistivity with log frequency at
room temperature. All the samples show a decrease in p with increase in
frequency, which is also a normal behavior of ferrites. With increasing Zn**
content, the frequency dispersion is enlarged significantly. The conduction
mechanism in ferrites is explained on the basis of hopping of charge carriers
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between the Fe? and Fe*" ions on the octahedral site. The increase in
frequency enhances the hopping frequency of charge carriers, resulting in an
increase in the conduction process thereby decreasing the resistivity.
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Figure 5. Variation of resistivity various of Zn,Lig 45 x»F€, 554204 ferrites with frequency.

Ferrites are low mobility materials and the increase in conductivity
does not mean that the number of charge carriers increases, but only the
mobility of charge carriers increases (Hauge et al., 2008). From the Figure 3
and Figure 5, it is also observed that the dielectric constant and resistivity
behaves in an opposite manner.

Conclusion:

The Zn substituted polycrystalline Li ferrite samples were
synthesized by conventional ceramic method. The XRD analysis confirms
the formation of single phase spinel ferrite except x = 0. The ac resistivity
and dielectric constant of the samples are found to decrease with increase in
frequency, exhibiting normal ferromagnetic behavior. The ac dielectric
constant and resistivity dispersion with frequency has been explained on the
basis of hopping of charge carriers between the Fe®* and Fe** ions on the
octahedral site.
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