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Abstract Ni substituted Li-Zn ferrites with compositional formula Li0.4-0.5xZn0.2NixFe2.4-0.5xO4 where 0.02 ≤ x ≤ 0.1
in steps of 0.02 was fabricated by using citrate precursor method. X-ray diffraction was used to confirm the spinel
phase. The dielectric constant was investigated as a function of composition, frequency and temperature. Room
temperature dielectric constant showed a decrease with addition of Ni2+ ions. It was explained in terms of space
charge polarization and koops two layer model. The variation in dielectric constant with frequency showed
dispersion. Variation of dielectric constant with temperature was studied at different frequencies and an increase was
observed as temperature rises. The possible mechanisms responsible for the above behavior are explained.
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1. Introduction
Lithium ferrites form an interesting material in the field
of research. They have been found to be used in certain
applications like biomedical drug delivery, magnetic
resonance imaging (MRI), military devices, power
transformers in electronics, read/write heads for high
speed digital tape etc [1,2,3]. This is because of their
properties like high resistivity, low loss, high Curie
temperature, better temperature stability of saturation
magnetization, square hysteresis loop etc. The properties
of ferrites are tailored by changing the synthesis method,
type of substitution, sintering conditions etc [4,5]. Among
the synthesis method citrate precursor method is preferred
as it is economic and convenient [7,8,9]. The role of
substituent in modifying the properties of ferrites has been
widely studied and Ni substitution has been found to
decrease the conductivity and not much work reported.
Moreover the study of effects of frequency and
temperature on dielectric constant gives a greater
understanding of dielectric behaviour of ferrites.
Thus, in the present work an investigation on the
dielectric constant as a function of composition, frequency
and temperature on Ni substituted Li-Zn ferrite is carried out.

2. Experimental Details
Nickel substituted lithium zinc ferrites with
compositional formula Li0.4-0.5xZn0.2NixFe2.4-0.5xO4 where
x=0.02 ≤ x ≤ 0.1 in steps of 0.02 were prepared by the

citrate precursor method. The precursor used was AR
grade lithium nitrate, zinc nitrate, iron nitrate, nickel
nitrate and citric acid. The preparation method have been
reported elsewhere [10,11]. The sample was given presintering at 600oC followed by final sintering at 900°C for
8 hours in air at a slow heating rate of 5°C/min. and then
furnace cooled. X-ray diffractometer (Phillips) with CuKα
(λ=1.5405 Aº) radiation was used to identify the spinel
phase. The lattice constant and theoretical density was
calculated from XRD data and their variation with
composition studied. Agilent HP 4284A LCR meter was
used for measuring capacitance and the value of dielectric
constant was calculated using the formula ε=׳Cd/ ε0A
where C is the measured capacitance, d the thickness, A
the cross sectional area of the sample and ε0 the
permittivity of free space. Dielectric behaviour of the
synthesized samples was studied as a function of Ni2+
concentration and also the investigation of the dependence
of dielectric constant with frequency (100Hz-1MHz) and
temperature (20°C - 150°C) was carried out.

3. Results and Discussion
3.1. X-ray Diffraction Patterns
Spinel phase structure of the prepared ferrite samples
was confirmed using XRD pattern. Figure 1 shows the
XRD pattern for all the samples. All peaks could be
indexed to the standard pattern reported by the Joint
Committee on Powder Diffraction Standards (JCPDS) for
single phase spinel LiZnNi ferrite. No characteristic peak
due to impurities is detected in the XRD pattern of all the
samples.
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The lattice parameter calculated from the X-ray data
showed a decrease with increase in Ni2+ concentration
[Table 1]. In the formula Li0.4-0.5xZn0.2Nix Fe2.4-0.5xO4, Ni2+
ions with radius 0.078 nm substitute Fe3+ ions and Li1+
ions with radius 0.067 nm and 0.078 nm respectively [12].
A linear increase in lattice parameter is therefore expected,
but it was not observed. This may be due to dependence
on factors like long range attractive coulomb forces, bond
length etc. in spite of the dependence on ionic radius
[12,13,14]. The theoretical density is calculated from the
XRD data and is shown in Table 1. The results are in
agreement with observations by previous workers.
Table 1. Lattice parameter, density (theoretical and experimental)
for Li0.4-0.5xZn0.2NixFe2.4-0.5xO4 where x=0.02 ≤ x ≤ 0.1 in steps of 0.02
Concentration.
0.02
0.04
0.06
0.08
0.1
Lattice constant (oA)

8.3635 8.3485 8.3483 8.3389 8.3339

Theoretical density (gm/cc)

4.904

4.919

4.920

4.923

4.944

3.2. SEM Analysis

Figure 1. XRD pattern for Li0.4-0.5xZn0.2NixFe2.4-0.5xO4

Typical SEM micrograph for concentration of Ni=0.02
and 0.08 is shown in Figure 2. The particle sizes measured
from SEM analysis was found to be in the nanometer
range varying between 630 nm and 950 nm.

Figure 2. SEM micrograph for (a) Ni=0.02, (b) Ni=0.08

3.3. Dielectric Properties
The dielectric properties of the samples have been
studied as a function of concentration, frequencies and
temperature. The room temperature dielectric constant
measured at 10 KHz is found to decrease with Ni ion
concentration and is shown in Figure 3.

Figure 3. Variation of rt dielectric constant with concentration for Li0.40.5xZn0.2NixFe2.4-0.5xO4

The variation in the dielectric constant can be
explained on the basis of space charge polarization and
the Koop’s two layer model where the ferrite is assumed
to be made up of well- conducting grains separated by
poor conducting layers or grain boundaries. The
transport of charge carrier creates the space charge
polarizations which are stopped at the grain boundary.
This can also be understood by a mechanism similar to
conduction mechanism. The electrical conduction in
ferrite is explained by the Verwey mechanism of
electron hopping [15,16], where conduction takes place
by hopping of electrons between Fe2+ and Fe3+ ions at B
sites. The electrons, by hopping, reach the grain
boundary and due to its higher resistivity, the electrons
get piled up, thereby producing space charge
polarization. In the present study, there is a change in the
polarization with the substitution of Ni2+ ions. This can
be understood by considering the cationic formula,
(Zn0.2Fe0.8)[Li0.4-0.5xNixFe1.6-0.5x]O4. As Ni concentration
is increased there is a decrease in Fe3+ ions at B sites and
increase in Ni2+ ions at the B site. However, the
exchange process of Ni 2 + ↔ Ni 3+ is weak compared to

Fe 3+ ↔ Fe 2 + , hence Fe 3+ ↔ Fe 2 + is assumed to be the
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dominant mechanism [12]. This in turn decreases the
piling up of electrons at the grain boundary, hence
impeding the build up of space charge polarization. The
value of dielectric constant therefore decreases. The
sample with composition x = 0.06 behave anomalously
showing a slight increase in dielectric constant. The x =
0.06 sample needs to be further investigated. Moreover
the value of dielectric constant decreases with double
sintering as compared to single sintering and the
sintering effect needs to be studied.
Figure 4 shows the dependence of dielectric constant
with frequency for all the samples. The dielectric
constant shows dispersion in the frequency range under
investigation. The value of dielectric constant is high at
low frequencies, and decreases rapidly with increase in
frequency and at a much higher frequency the dielectric
constant is low and remains almost constant.

Debye-type of dispersion and can be explained using
Debye equation expressed as [17]

ε  ׳− ε ∞ = ( ε 0 − ε ∞ ) / 1 + ω 2τ 2 
where ε0 and ε∞ are the low and high frequency dielectric
constant respectively, ω the angular frequency of the
applied field and τ, the relaxation time. Accordingly, there
exist a high relaxation time at low temperature and hence
we get a low dielectric constant as has been observed. At a
higher temperature the thermal energy provided to the
sample increases, thereby decreasing the relaxation time.
Hence the dielectric constant increases.

Figure 5. Variation of dielectric constant with temperature for Ni=0.04

4. Conclusion
Figure 4. Variation of dielectric constant with frequency for Li0.40.5xZn0.2NixFe2.4-0.5xO4

The observed dispersion can be explained in terms of
the space charge polarization and Koop’s two layer
model as has been mentioned before. Accordingly the
number of available ferrous ions decreases with the
increases in Ni concentration and thereby decreases the
polarization of the ion. The dielectric constant is
observed to reduce as the frequency of the externally
applied ﬁeld increases gradually,. This reduction occurs,
because, beyond a certain frequency of the externally
applied ﬁeld the electronic exchange between
Fe 3+ ↔ Fe 2 + cannot follow the frequency of the
alternating ﬁeld. Hence a decrease in dielectric constant
is observed. The variation in dielectric constant with
frequency is different for different compositions which
may be due to the fact that there are contributions arising
from Fe2+ ions, Ni2+ ions, interfacial dislocation pile ups,
oxygen vacancies, grain boundary defects, etc. But it is
impossible to predict how each factor contributes.
Similar observation has been reported by several
workers [17,18,19,20].
The temperature dependence of dielectric constant for
all samples at different frequency was investigated.
Typical curve showing the temperature dependence of
dielectric constant for Ni=0.04 is shown in Figure 5. The
observed temperature dependence is consistent with

Li–Zn–Ni ferrite was successfully prepared by citrate
precursor method. XRD confirm the spinel phase of the
prepared ferrite samples. The lattices constant show a
decrease while the theoretical densities show an increase
with increasing Ni substitution. SEM analysis reveals
that the particle size of the samples under investigation
is in nanometer range. The values of dielectric constant
at 10 KHz show a decrease with increasing Ni ion
concentration. It is also found that dielectric constant
show dispersion with frequency whereas it is observed
to increased with increasing temperature.
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