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Synthesis of Ni-Zn Ferrites Using Low
Temperature Sol-Gel Process
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Abstract— Quality of ferrite materials have dominant role in the performance of ferrite devices. Properties of ferrites are found
to be dependent on their chemical composition and microstructure, which in turn are governed by the preparation process. In
our work we prepared five different compositions of nickel-zinc ferrites by using low temperature sol-gel technique Structural
analysis of prepared samples were done by using X-ray differaction, Field emission scanning electron microscopy and

Transmission electron microscopy.
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1 INTRODUCTION

Nanomaterials with an average grain size in the range

of 10 to 20 nm have attracted research interest for
more than a decade since their physical properties are
greatly influenced by cotrolling the material at atomic
scale. Nickel-zinc ferrites are magnetic materials of im-
mense technological importance with diverse applications
such as low and high frequency transformer cores, anten-
na rods and microwave devices [1]. Quality of ferrite ma-
terials have dominant role in the performance of ferrite
materials besed devices. Properties of ferrites are found to
be highly sensitive to their chemical composition and mi-
crostructure, which in turn are governed by the prepara-
tion process.

In our work we achieved enhancement in the struc-
tural, magnetic and transport properties of the Ni-Zn fer-
rite. In this paper we are reporting the simple route for
synthesis of Ni-Zn ferrites and structural analysis of the
prepared samples.We studied change in properties with
respect to composition of Zn*? ion in nickel ferrite, fre-
quency and temperature. High resistivity of prepared
sample using the sol-gel process established in our study
which is a pre-requisite for ferrites operating at high fre-
quencies to curb the eddy current losses. Detailed analy-
sis of magnetic and electrical properties will be published
in next manuscript.

2 SAMPLE PREPARATION

The properties of ferrites are affected by the microstruc-
tural problems which have become the most serious ob-
stacles in obtaining high quality reproducible ferrites [2].
So in this way there are so many processes to synthesize
the nano magnetic materials but some of them have some
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inherent drawbacks such as poor compositional control,
chemical inhomogeneity and introduction of various im-
purities. From the literature survey on various synthesis
methods it can be said that chemical methods have over-
come these problems [3].
The chemical methods such as co-precipitation

[4], citrate precursor method [5], hydrothermal synthesis
[6] as well as the sol-gel [7] process have been selected to
overcome the problem in improving the performance of
the ferrites. Among these methods, the sol-gel prepara-
tion is more preferable due to its numerous advantages.
Some advantages which were evident in this study were
its high purity, chemical homogeneity, small and un-
iformed particle sizes, energy saving, no reaction with
containers which increase purity.

Ni-Zn ferrites of composition NiyZn,Fe,0, with x =
0.0, 0.25, 0.35, 0.50, 0.65, 0.75, 1.0 have been prepared. For
this Zinc acetate dihydrate Zn (COO), .2H,O and Nickel
nitrate hexahydrate Ni(NO3),.6H>O were mixed with the
expected molar ratio (doping concentration). In our expe-
riments, we took 0.05 mol zinc acetate dihydrate. The
mixture of the two salts was then dissolved by 4 ml ethy-
lenglycol (liquid) and five to seven drops of glycerol (to
stablize and increase the solubility of the solution) under
magnetically stirring at 175°C for 10 minutes. Then we
obtain a transparent homogenous sol. Then we cool
down the above solution and dilluted it by adding 10 ml
isopropanol (2-propanol). We used triethylamine (TEA)
as the catalyst for the sol-gel process. We then increase
the stirring rate and gradually 5ml triethylamine is
dropped in the solution at room temperature. Once fi-
nishing the triethylamine dropping, we again stir the so-
lution for 15 minutes further. From this solution we can
obtain nanoparticles by heating the sol at 150°C in air for
3 hrs and until completely smaller gel particles are
formed. These dry gel particles were calcined at 350°C for
4h to obtain the phase. The powder samples were studied
using XRD to determine the structural phase of the pre-
pared materials.
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Fig.1. Flow chart for synthesis the powder
Ferrite via sol-gel method

3 RESULTS AND DISCUSSION

X-ray powder diffraction technique has been used to car-
ry out phase analysis of prepared ferrite samples (Nii
«ZnFe:Oy where x= 0.0, 0.25, 0.35, 0.5, 0.625, 0.75, 1) in
polycrystalline form by sol-gel method. Initially the sam-
ple were sintered for 4 hours at 350°C for making a ho-
mogenous product and XRD patterns were taken by Ri-
gaku XRD miniflex, diffractometer equipped with Co Ka
(A= 1.67A9) radiation source. The samples were through
an angle of 20-70° at a constant scanning speed to identify
the phases formed. The diffraction patterns were taken
out and plotted with the help of origin software, which
are analyzed to calculate d (inter-atomic spacing) and to
index (h, k, 1) using JCPDF (joint committee on powder
diffraction standards) data [8]. The XRD data for all the
ferrite samples are shown in fig.3.1. We notice that the
positions of the peaks are similar to the reported values
earlier [9]. The XRD patterns of both compositions agree
well with the standard JCPDS data, clearly indicate their
single phase and formation of spinel structure. The XRD
data for all the ferrite samples are shown in fig.3.1. We
notice that the positions of the peaks are similar to the
reported values earlier [9]. The XRD patterns of both
compositions agree well with the standard JCPDS data,

clearly indicate their single phase and formation of spinel
structure.
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Fig.2. The X-ray diffraction patterns for
the samples NiixZnxFe>O4 for x, (a) 0.0,
(b) 0.25, (c) 0.35, (d) 0.50, (e) 0.75, (f) 1
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Fig.3. Compositional variation of the
lattice constant for Nij«Zn.Fe;O4
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Fig.4.Field emission micrograph and histogram of (a) Nio.5ZnosFe2O4
(b) Nig75Zng5Fex04.
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Fig.5. TEM micrograph of Nio75Zno25FexOs
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The lattice parameter for different composition of this
series have been calculated using the value of d-spacing,
which were calculated by using Bragg law for each peak
and each sample, was calculated using the formula

a=d, Vh?+k*+1?

Where h, k, | are the miller indices of the crystal
planes. The values of lattice parameter as a function zinc
concentration are plotted in fig.2 for wvarious Nii.
ZnFeOy ferrites.From the fig.2, we can see as we are
increasing the Zn*? ion i.e. x value increasing peaks are
shifting towards left from (a) to (e) i.e. 0 is decreasing or
may be say d increasing and from the above formula a
will also increase. The value of the calculated lattice con-
stant for different Zn concentrations are given in fig.3, the
lattice constant is seen to increase linearly with Zn con-

tent for the composition NiixZnxFe204. From the XRD
data it is clear that, Ni-Zn ferrite system has a cubic spinel
configuration with unit cell consisting of eight formula
units of the form [ZnxFeix]A[NiixFei+ x|POs, where A
and B represent tetrahedral and octahedral sites respec-
tively. The Ni?* ions have a marked preference for octa-
hedral sites because of their favorable fit of charge distri-
bution of this ion in the crystal field of the octahedral site
whereas Zn?* ions have preference for the tetrahedral site
due to their readiness to form covalent bonds involving
sp® hybrid orbitals. The observed linear increasing of lat-
tice constant with Zn content can be attributed to the
large ionic radius of Zn?* (0.84A") as compared to the io-
nic radius of Ni?* (0.74 A) [10-11]. The variation of the
lattice parameter as a function of Zn ions in the Ni;.
«ZnFe;O, matrix follows the Vegard’s law [12].

The microstructure and compositional analysis of
all the Ni-Zn ferrite sample’s pallets were investigated
with a high resolution Carl Zeiss SMT Ltd SUPRA 40
Field emission scanning electron microscope (FESEM).
Here, before taking the pattern for morphology, gold
coating is necessary because ferrite is high resistive ma-
terial. By gold coating we can avoid the charging effect.
The morphology of grain structure as seen by field emis-
sion scanning electron microscopy is uniform and nearly
spherical as shown in fig.4. With the help of software we
plotted the histograms between number of particles and
diameter of the particles. Histogram shows that the par-
ticle size is in the nanometric (11-15nm) region, good
agreement with values obtained from the XRD data. As
can be seen the, microstructure consists of relatively small
size grains. It is noted that small grains are preferred in
ferrites, as oxidation advances faster in smaller grains
thus leading to the acceleration of the Fe?* to Fe3* trans-
formation.

The particle size and morphology of all NI-Zn
ferrite samples were investigated by transmission elec-

tronic microscopy (TEM, model: H-800, HITACHI, Ja-
pan). For the TEM observations, powders were sup-
ported on carbon-coated copper grids which was ultra-
sonically dispersed in ethanol

The TEM photographs of Nig75Zno2sFe;O, particles
obtained by the sol-gel method are shown in fig.5. The
ferrite particles had nanosize spherical morphology and
uniform size. The particle sizes were determined from the
TEM to be 12-14 nm. These values are in agreement with
those calculated from XRD peaks.

4 CONCLUSION

The use of ferrites has become established in many of tel-
ecommunication and electronic  engineering and they
now embrace a very wide diversity of compositions,
properties and applications. Therefore, the effects of the
process variables on the magnetic and electrical proper-
ties of the finished ferrite pieces have been a subject of
great importance. Most important factors in any manufac-
turing process are the economy of the process and quality
of the product. This generally means that properties are
enhancing but the manufacturing cost reducing, than it
will be acceptable. Ni-Zn ferrite samples of nanometer
size with different composition have been prepared using
low temperature sol-gel method. X-ray diffraction indi-
cates the formation of Ni-Zn ferrite, as single phase, on
350°C sintered and for x variation found the shifting
among the peaks due to variation of the d value by Zn*?
ion concentration. The structural properties of ferrites
show that the lattice constant increasing linearly with
Zn*? jon concentration due to difference in ionic radius.
Results from the FESEM and TEM are in well agreement
with XRD data.
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