International Journal of Materials Science and Engineering

A Study of Microwave Sintered Ni Substituted Lithium Zinc
Ferrite Synthesized by Citrate Precursor Method

Ibetombi Soibam*
Department of BS&H (Physics), NIT Manipur, Langol, Imphal, Manipur, India

* Corresponding author. Tel.: 08730028280; email: ibetombi96@gmail.com
Manuscript submitted January 10, 2016; accepted March 28, 2016.
doi: 10.17706/ijmse.2016.4.1.54-59

Abstract: Li-Zn-Ni ferrite having the compositional formula Lio4-0.5xZno.2NixFe2.4-05x04 where x=0.02<x<0.1
in steps of 0.02 was synthesized by the citrate precursor method and pre fired at 650°C in a conventional
furnace. It was finally given microwave sintering (MS) at 1040°C. X- ray diffraction pattern confirmed the
spinel phase structure. The theoretical and experimental density was calculated. Microstructure of the
samples was examined using SEM. Room temperature dc resistivity was measured. Dielectric constant
studies was carried out as a function of composition and frequency. Experimental results show resonance in
the variation of dielectric loss with frequency. Possible mechanisms contributing to all the above behavior is
being discussed.
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1. Introduction

Lithium and substituted lithium ferrite are important both fundamentally and technologically. Due to
their high resistivity and low dielectric loss they are found to be used in several applications like microwave
devices, multilayer chip inductor etc. The properties can be tailored by changing different factors like
substitution, preparation method, sintering technique etc [1]-[6]. Among various method of preparation,
the chemical method such as citrate precursor synthesis of ferrites has attracted the attention of material
scientist due to the fact that product with high homogeneity can be obtain. There are many reports dealing
with the substitution. The divalent Ni ion is found to increase resistivity and hence lowers the dielectric
constant. Also several workers have reported on sintering behavior including grain growth, densification
which in turns increase resistivity and their modified forms using microwave heat treatment [7]-[10]. The
fast heating rate reducing the processing time in microwave-sintering technique is advantageous to
improve various properties like stoichiometry, electrical resistivity etc. Currently an extensive investigation
on these microwave properties is being carried out because of their potential applications in microwave
devices [11-13]

In view of the importance of microwave sintering, in this work an attempt has been made to synthesize
Li-Zn-Ni ferrite by citrate precursor method and sintered using the microwave sintering technique. Further
studies are carried out on the dc resistivity and dielectric properties of the microwave sintered samples.

2. Experiment

Nickel substituted lithium zinc ferrites with compositional formula Lio4-05xZno2Nix Fez4-05<04 where
x=0.02 < x < 0.1 in steps of 0.02 was prepared by the citrate precursor method. The starting chemicals used
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were lithium nitrate, zinc nitrate, iron nitrate, nickel nitrate and citric acid. Stoichiometric amount of
lithium nitrate, zinc nitrate, iron nitrate, nickel nitrate and citric acid were mixed to make a solution. The
ratio of metal cations to citric acid is 1:1. The solution was mixed homogenously with the help of a magnetic
stirrer using a magnetic agitator controlling the pH value at 7. After controlling pH at 7 it was refluxed at
40°C with continuous stirring for about half an hour. The solution was then put in an oven at 100°C forming
a dried gel. It get ignited, undergoing a strong auto combustion process with evolution of large amount of
gases, giving rise to the ash-synthesized product. The product so obtained is the typical spinel structured
lithium zinc nickel ferrite powder. These synthesized powder was mixed with polyvinyl alcohol as binder
and pressed into pellets with 50 kilo Newton pressure. It was given a pre firing at 650°C in a programmable
conventional furnace for 3 hours with a heating rate of 5°C/min. Finally microwave sintering (MS) at
1040°C was given. The microwave furnace used a single magnetron at 2.45 Ghz frequency at a power output
of 1.1 kW. The furnace consists of a Eurotherm temperature controller, a Pt-Rh thermocouple assembly and
a susceptor. Spinel phase was confirmed by XRD analysis using X-ray powder diffractometer (Phillips) with
CuKy (A=1.5405 A?) target and a Ni filter. The lattice parameter and X-Ray density were calculated from the
XRD data and their variation with composition studied. Experimental density of the samples was measured
using Archimedes’ Principle. The particle size was calculated from SEM. Using a precession E4980 LCR
meter the capacitance was measured and the value of dielectric constant was calculated using the formula
€'=Cd/ g0A where C is the measured capacitance, d the thickness, A the cross sectional area of the sample
and go the permittivity of free space. The dielectric constant of the synthesized samples as a function of
concentration and frequency (20Hz to 2MHz) were studied. Frequency variation of dielectric loss was also
carried out.

3. Results and Discussion

Fig. 1 shows the typical XRD pattern of LiZnNi ferrite(x=0.08). All the XRD peaks identified, confirm the
spinel phase structure. No extra peak due to impurities is present.
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Fig. 1. XRD pattern for Lio.4-0.5xZno.2NixFe2.4-0.5x(x=0.08)

The lattice constant was calculated from the XRD data of the (311) diffraction peak using the formula

1 _h?+k’+1” It showed a decrease with increasing Ni concentration (Table 1). In Lio4-0.5:Zn02Nix Fe24.05:04,

d? a’

since Ni2* ions with ionic radius 0.78 nm substitute Fe3+ ions and Li!*ions with radii 0.067nm and 0.078 nm
respectively ,the lattice constant is expected to increase. However the decreasing trend is suggestive of the
fact that lattice constant does not depend solely on ionic radii and the cationic distribution but may also be
influenced by the force acting between the ions like the long range attractive coulomb force, bond length etc.
which require further investigation of the existence of surface charge. This is in agreement with the report
of other workers [14]-[16]. The densities measured by the Archimedes principle and those calculated from
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XRD data are tabulated in Table 1, and an increased is observed with increasing Ni* concentration. Similar
results have been reported by previous workers. The particle size calculated from SEM micrograph show an
increasing trend with increasing NiZ* concentration (Table 1). Typical micrograph for x=0.08 is shown in Fig.
2.
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Fig. 2. SEM micrograph for microwave sintered Lig.4-0.5xZno.2NixFez4-05x(x=0.08)

Table 1. Lattice Constant, Density-theoretical and Experimental for Microwave Sintered Lio.4-0.5xZn0.2Nix

Fez.4-05x04

Lattice Theo. Density Expt. Density Particle

Conc. constant (A9) (g/cm3) (g/cm3) size(nm)
0.02 8.437 4924 4.184 980
0.04 8.416 4931 4306 1090
0.06 8.414 4936 4.386 1200
0.08 8.402 4961 4.419 1310
0.1 8.403 5.021 4.491 1500

Fig. 3 shows the dependence of d.c. resistivity with Ni2* concentration. It can be understood from the
cationic formula which can be written as, (Zno2Feo.s)[Lio.4-0.5xNixFe1.6.0.5x] 04,

According to the cationic formula, the number of Fe3* ions at B site decreases with the increase in Niz* ion
content. As the dominant conduction mechanism in ferrites is the hopping of electrons between Fe2+ and
Fe3+ions on the B sites, the observed increase in resistivity is expected.
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Fig. 3. Variation of dc resistivity and dielectric constant with concentration for Lio.4-0.5xZno2NixFe2 4-0.5x

The compositional variation of room temperature dielectric constant of the ferrite samples at 10 KHz
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depicted in Fig. 3 shows a decrease. The variation can be explained on the basis of space charge polarization
and 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 electrical conduction in ferrite can be
explained by the Verwey mechanism of electron hopping, where conduction takes place through hopping of
electrons between FeZ* and Fe3+ ions at B sites[17]-[18]. The electrons, by hopping, reach the grain
boundary and due to the high resistivity of the grain boundary get piled up, thereby producing space charge
polarization. The substitution of Ni2+ ions decreases the Fe3+ ion at the B sites according to the cationic
formula, (Zno2Feog)[Lio.4-05xNixFe16-05x]04, produces a change in the polarization thereby decreasing the
hopping motion of electrons. This in turn impedes the build up of space charge. The value of dielectric
constant therefore decreases.
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Fig. 4. Variation of dielectric constant with frequency for Lio.4-0.5xZno.2NixFe2.4-0.5x

Fig. 4 shows the frequency dependence of dielectric constant for all the samples. The dielectric constant
is observed to show dispersion in the frequency range under investigation, its value being high at low
frequencies, and then decreases rapidly with increase in frequency. At a much higher frequency the
dielectric constant is low and remains almost constant. Similar observation has been reported by other
workers. The observed dispersion can be explained in terms of the space charge polarization and Koop’s
two layer model as has been mentioned before. As the frequency of applied field is increased the electronic
exchange is not able to follow the alternating field as the electrons reverse the direction of motion. The
polarization therefore decreases and hence the observed decrease in dielectric constant. At still higher
frequency, the polarisability is very small and becomes frequency independent.

Dielectric loss
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Fig. 5. Variation of dielectric loss with frequency for Lig.4-0.5xZ1no.2NixFe2.4-0.5x

The plot of loss tangent as a function of frequency is depicted in Fig. 5. The appearance of a resonance
peak at higher frequency can be explained in terms of the matching of the hopping frequency with
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externally applied field. Since the dielectric behaviour of ferrites is attributed to the electron hopping
between Fe3+* ion and Fe?*ion, the probability of jumping of ions from Fe3+ ion to Fe2+ ion and Fe2*ion to Fe3+
ion are same. Depending upon this probability, the ion exchange position between the two states at
frequency called natural frequency of jump for the two positions. If the frequency of applied field is the
same as the natural frequency, the maximum electrical energy is transferred to the oscillating ions and
power loss shoots up resulting in a resonance [18-20]. It was reported that higher heat treatment lowers
the resonance peak and also higher heat treatment gives more densification [19]. In the present study the
substitution of Ni2+ gives more densification which may be related in lowering the resonance peak. However
a detail investigation needs to be carried out.

4. Conclusions

Ni substituted lithium ferrite was prepared by citrate precursor method. The increase in the substitution
of Ni2+ gives more densification, increases room temperature dc resistivity while it decreases the dielectric
constant. Dispersion behavior is observed for the variation of dielectric constant with frequency where high
dielectric constant is observed at low frequency and decreases with the increase in the frequency.
Resonance phenomena is observed for dielectric loss variation with frequency for all samples. However the
change in the resonance peak may be effect of Ni2+ substitution such that with increase in NiZ* substitution
there is a lowering of resonance peak. Further investigation needs to be explored such that the observed
properties can be used for specific application.
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