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Abstract

Substituted lithium ferrite having the chemical formula Ligss Nigy Mng1 Zng, Feo 35 O4 have been synthesized by the citrate
precursor method. The sample was given pre-sintering at 650°C in a conventional furnace. Final sintering was carried out at
900°C in a conventional surface and another in a microwave furnace. The spinel phase structure of the conventional (CS) and
microwave sintered (MS) samples was confirmed by the XRD patterns. From the analysis of XRD data, the crystallite size of
the samples was estimated and smaller crystallite size was observed in the microwave sintered sample. Scanning Electron

Microscopy (SEM) was also carried out. The dielectric studies were investigated. Room temperature dielectric constant (&')

and dielectric loss (tan ) were studied as a function of frequency. Experimental results show dispersion for variation of
dielectric constant and dielectric loss tangent with frequency for both CS and MS sample. However, microwave sintered
sample show lower dielectric constant and losses. Possible mechanism is being discussed. Copyright © 2016 VBRI Press.
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Introduction

Spinel ferrite is one of the important ferrimagnetic
materials having the chemical formula MFe,O, where M is
the divalent ion. They have been found to be used in
various  technological applications ranging from
microwave to radio frequencies [1-5]. A low dielectric
constant and low dielectric loss etc. makes the material
demanding for certain application. The dielectric
properties can be tailored by the synthesis method,
substitution and sintering technique [6-9]. As far as
synthesis method is concern, low temperature synthesis
technique is preferred to avoid the volatilization of lithium
and oxygen ion. There are several methods to synthesize
lithium and substituted lithium ferrites material such as
solid state reaction, sol-gel, chemical co precipitation,
citrate precursor etc. [10-16]. A very simple and economic
method is citrate precursor method. Considering the
substituent, there are various substituent ions such as Cu®,
Cd**, zn?*, Mn?* etc. as reported by several workers.
However, addition of Ni ion reduces power loss which
makes them useful for power application [3]. Besides
these, addition of Ni and Zn ion in the basic lithium ferrite
improved densification [16, 17]. Further the overall
properties may also be affected by sintering technique
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used. A technique which is microwave sintering in which
heat is generated internally within the sample and taking
less time instead of transferring thermal energy from
external sources and took longer time which happens in a
conventional sintering is becoming an area of
investigations [18-21].

Therefore, in the present work, a comparative study of
the structural and dielectric properties of Lithium Nickel
Manganese Zinc ferrite sintered using the conventional
and microwave sintering techniques is being discussed.

Experimental
Materials

The chemicals used were Lithium nitrate (LiINO3, purity-
98%, Merck, Germany), Nickel (I1) nitrate hexahydrates,
(Ni (NOs),.6H,0, purity-98%, Merck, India), Manganese
(1) acetate tetra hydrates cryst. Pure (Mn CH (COO)s,.
4H,0, purity-99%, Merck, India), Zinc nitrate
hexahydrate Purified, (Zn NO3.10 H,O, purity- 96%,
Merck India), Iron(Il) nitrate nonahydrates Purified (Fe
(NO3)3.9H,0, purity — 98%, Merck, India) and Citric acid
(CgHgO7. H,O purity-99%, Merck, India). In all the
synthesis, distilled water (EMPLURA) is used as a
solvent.
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Material synthesis

Nickel substituted lithium ferrite with chemical formula
Ligss Ni ¢1Mng1Zng,.Fe,35 O was synthesized by the
citrate precursor method. Stoichiometric amount of
lithium nitrate, zinc nitrate, manganese acetate, iron
nitrate and citric acid were mixed together for making a
solution. Metal ion and citric acid are taken in the ratio of
1:1. The resulting solution was refluxed at 40°C till it
appears transparent clear solution. Then ammonia
solution is added drop by drop to maintain the pH value at
7 and stir continuously for half an hour. The pH
controlled solution was then put in an oven at 100°C.
Finally, auto combustion takes places giving the required
ferrite material. The following chemical reaction takes
places during combustion as

L|N03 + Nl(NO3)2 .6H20 + (CH3COO)2Mn .4H20 +

oven

+ some other products

The final product so obtained is the typical spinel
structured LNMZ powder with nano crystallite size.
Polyvinyl alcohol was added as binder for the synthesized
powder and pressed into pellets. It was then given pre-
sintering at 600°C with a heating rate of 5°C/min for 3hrs
in a conventional furnace. The final sintering was carried
out at 900° C for 3hrs at a heating rate of 5°C/min by
conventional sintering technique and at the same
temperature for 30 minutes at a heating rate of 10°C/min
by microwave sintering technique.

Characterizations

Spinel phase structure of the CS and MS sample was
identified by X Pert Pro X-Ray Diffractometer with
scanning range from 20° - 80° using Cu-Ka radiation of
incident wavelength A=1.5405 A°. From XRD data lattice
parameter was calculated using the relation

a= dhkl(hz + kZ + lZ) (1)

where, a is the lattice parameter, d is the interplanar
spacing and h,k,l are miller indices.

The Crystallite size was calculated using Debye
Scherrer’s relation

0.891
Dcryst = Bcos6 (2

Scanning Electron microscopy (SEM) micrograph
of the fractured surface was recorded using Scanning
Electron Microscope FEI Quanta 250.The dielectric
studies such as dielectric constant and dielectric loss were
carried out by using Agilent LCR Meter Precession
E4980.
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Results and discussion
Structural studies

Fig. 1. shows the X-ray diffraction patterns of the
synthesized sample confirmed the formation of single
phase spinel structure of the synthesized sample. The
observation  patterns  show  diffraction  peaks
corresponding to the lattice planes of (220), (311), (400),
(422) (333), (440) etc. All the peaks could be indexed to
the standard pattern reported by the Joint Committee on
Powder Diffraction Standards (JCPDS card no. 88-0671).
No extra peak is found indicating that no impurities are
present. The estimated value of the lattice parameter and
crystallite size calculated from the analysis of XRD data
are 0.829 nm(CS) and 0.830nm, (MS) and
65nm(CS) ,59nm (MS) respectively.
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Fig. 1. XRD patterns of the CS and MS Lioss Ni ¢:Mng1Zno2Fezss O
samples.

The photo micrograph images of the CS and MS
samples is shown in Fig. 2 and it was observed that MS
samples show smaller grain size distribution compared to
CS sintered sample. Several workers reported that MS
sample show larger grain size compared to CS sample
which was explained on the basis of the dependence of
several transport phenomena, permittivity etc. In our case
the observed lower value may be due the fact that the
sintering is still in the initial stage. [6, 7, 21].

Fig. 2. SEM micrograph of the CS and MS Ligss Ni ¢1Mng1Zng2Fez .35 O4
sample.
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Dielectric studies

Fig. 3(a) shows the variation of dielectric constant with
frequency of the applied field for conventionally and
microwave sintered LNMZ ferrite.
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Fig. 3. (a) Variation of dielectric constant with frequency for CS and MS
LNMZ ferrite sample. (b) Variation of dielectric loss tangent with
frequency for CS and MS LNMZ ferrite sample.

The observed dispersion in variation of dielectric
constant with frequency for CS and MS sample can be
explained in term of space charge polarization and Koop’s
two-layer model [22, 23]. According to the model, ferrite
is assumed to be made up of well conducting grains
separated by poor conducting grain boundaries. The
electrical conduction in ferrite is explained by Verwey
mechanism in terms of the hopping of electrons between
Fe?* and Fe®* ions at B sites. The electrons reach the grain
boundary by hopping and pile up due to its poor
conductivity. This produces the space charge polarization.
In the present study, at low frequency of the applied field,
the grain boundary having poor conductivity hinders the
hopping motion of electrons creating space charge
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polarization, leading to a high dielectric constant. As the
frequency of the applied field increased, the resistivity of
grain boundary decreases and the electronic exchange is
not able to follow the alternating field and the electron
reverse the direction of motion thereby decreasing the
probability of electron reaching the grain boundary.
Consequently, the dielectric constant decreases. At still
higher frequency, the probability of creating space charge
polarization is small and become almost independent of
frequency. MS samples show lower dielectric constant
compared to conventional sintered sample. This may be
due to the less formation of Fe ** jon because of less
heating time and rapid heating rate [7, 25]. However, a
detail investigation is required.

Fig. 3(b) shows the variation of room temperature
dielectric loss tangent with the frequency for conventional
and microwave sintered samples.

Both shows dispersion which was the normal behavior
of ferrite as was reported earlier by others workers [6, 14,
21, 24]. However, MS sample show lower loss value as
compared to CS sample [7, 25]. This may be attributed to
the low loss of energy and the samples take short
pocessing time therby saving the expenditure of energy.

Conclusion

Lithium Nickel Manganese zinc ferrite was successfully
synthesized by the citrate precursor method. Experimental
results indicate that the microwave sintered sample show
lower particle size, low dielectric constant and low
dielectric losses as compared to conventionally sintered
samples. Less heating time and rapid heating rate may be
responsible for the formation of less Fe?* ion in MS
samples decreasing the value of dielectric constant.
However, a detail investigation is needed so as to make
possible application
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