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Low temperature chemical synthesis of Ni-Zn ferrite
nanoparticles
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Ferrite nanoparticles of the composition Niges Zno.ss Fe» O4 were prepared by low temperature sol-gel synthesis method
using metal nitrates in poly vinyl alcohol (PVA) and in citric acid (CA) matrixes independently to estimate the influence of
synthesis matrix on the structural and magnetic parameters of this high saturation magnetization Ni-Zn ferrite composition.
Appropriate amounts of metal nitrates were dissolved first in minimum amounts of deionized water to produce clear cationic
solutions and then either PVA or CA was added in 1:1 ratio while stirring to form a highly viscous gel. The dried gels were
then heat treated at 350 °C for 1h to find them burnt out in a self propagating combustion manner to form loose powders.
The resulting powders were characterized by X-ray diffraction, transmission electron microscopy and vibrating sample
magnetometer techniques. The sol-gel in PVA sample resulted in fine particle size while the sol-gel in citric acid sample
displayed higher magnetization close to that of its bulk value. The lattice constant, magnetization and corecivity of these
samples have a direct bearing with the corresponding average crystallite size. The results are analyzed in terms of the core-

shell behaviour of the nanoparticles.
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1. Introduction

Ferrites with useful electromagnetic properties offer
inexpensive solutions to many applications over a wide
frequency range [1]. Since there have been increasing
demands for miniaturized yet high performance cores,
development of ferrite materials at nanoscales would be
expected to deliver fruitful results as they can function at
high frequencies by avoiding domain wall resonance [2].
When the particle becomes sufficiently smaller, it exists
in a single domain state and domain wall resonance can
be avoided, and the resulting core can thus work at
higher frequencies. Therefore, investigations of ferrite
particles at nanoscales need to be carried out not only to
meet the technological requirements but also to
understand the physics behind the evolution of such
magnetic transformations.

In the literature, soft chemical methods were mostly
preferred for synthesis of nanoparticles as they provide
better homogeneity and greater uniformity in particle
size and size distribution. Among various methods of
synthesis, sol-gel auto combustion methods with
different matrixes, such as poly vinyl alcohol [3], citric
acid [4], etc. are largely pursued due to their ease in
execution and ability to prepare powders relatively in
large quantities. However, a comparison of the structural
and magnetic performance between these methods for a
given system has not been reported so far. Therefore, in
the present work, we focused on the preparation of Ni-Zn
ferrite nanoparticles by two soft chemical methods, and
the results of their structural and magnetic
characterizations are closely examined, analyzed and
reported here.

2. Experimental

The Ni-Zn ferrite system, Niggs Zngss Fe, Oy, has
been chosen for the present study as this composition
exhibits high saturation magnetizations in the entire Ni-
Zn series and is a good candidate for power applications
beyond 1 MHz. Synthesis of this system was carried out
by sol-gel methods in poly vinyl alcohol, and in citric
acid matrixes, separately. In both the methods, metal
nitrates were taken as starting materials for making up
cationic solutions. Appropriate amounts of metal nitrates
were dissolved first in minimum amounts of deionized
water to produce clear cationic solutions and then either
poly vinyl alcohol (PVA) or citric acid (CA) was added
in 1:1 ratio while stirring to form a highly viscous gel.
These gels were then heated gradually up to 90 °C to
evolve reddish brown gases and to become dried gels,
which were finally heat treated at 350 °C for 1h to find
out the dried gel burnt out in a self propagating
combustion manner to form loose powders. The samples
were subjected to X-ray diffraction, vibration sample
magnetometry and transmission electron microscopy
characterizations.

3. Results

The XRD patterns of both the ferrite nanoparticle
systems are shown in fig. 1. All the peaks indicate single
phase spinel crystal structure. However, it can be seen
that the sol-gel in citric acid matrix shows better
crystallinety with high intensities for all the peaks
compared to sol-gel in PVA matrix for which the peaks
appeared broader. Average crystallite size (D) of the
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samples in each case was calculated from the broadening

of the respective high intensity 311 peak using the
Scherrer equation, D=0.9 A / (B cos0) [5], where A is the
x-ray wavelength (1.5406 A) and P is the broadening of
the peak at angle 6. The 3 is measured using the equation,
B = (B?—b,’) *, where B is the measured FWHM of the
experimental profile and b, is the instrumental
broadening. For the estimations, the peaks have been
considered as voigt in shape and the data were best fitted
to voigt. Though the composition is the same for both the
samples, the average crystallite size is found to be larger
for sol-gel CA method with 10.5 nm compared to 7.7 nm
for sol-gel PVA method.
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Fig. 1. XRD patterns of sol-gel synthesized Ni-Zn ferrite

Room temperature magnetic hysteresis loops of
both the samples are shown in fig. 2. The samples have
shown a clear hysteresis in each case. The observed
magnetization values of these samples being 35.8 emu/g
and 66.8 emu/g for sol-gel PVA and sol-gel CA methods,
respectively are less than the magnetization value of the
bulk sample (73 emu/g) of this composition [6]. The
magnetization value of sol-gel CA sample with 10.5 nm
has, however, come close to that of the bulk value. Apart
from the magnetization, the coercivity values of these
samples, being 61 and 71 Oe for sol-gel PVA and sol-gel
CA samples, respectively have, however, shown a direct
bearing with the average crystallite size.
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Fig. 2. Hysteresis loops of sol-gel synthesized Ni-Zn ferrite
nanoparticles
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Fig. 3. TEM images of Niges Zngss Fe, O4 ferrite

nanoparticles prepared under sol-gel CVA and sol-gel

CA methods., and the selected area electron diffraction
pattern of sol-gel PVA method.

The TEM images of both the samples and the
corresponding selected area electron diffraction pattern
for sol-gel PVA are shown in fig.3. It is evident from
the images that the synthesized particles are uniform and
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well dispersed for both the sol-gel methods without any
aggregates. Unfortunately, the particle sizes could not be
deduced from the electron microscope used. However,
visual examination of the particles based on the 20 nm
scales in each case indirectly supports the estimations
made by using Scherrer methods. Also, the faint intensity
levels in the corresponding electron diffraction pattern
for the sol-gel PVA sample may have connected to the
lesser degree of crystalline nature as observed in X-ray
diffraction patterns.

4. Discussion

Based on the peak central positions obtained from
the best fits of high intensity low angle 311 and high
angle 440 peaks, the lattice constant was estimated in
each case and averaged out to represent the lattice
constant of the sample. The corresponding values for sol-
gel PVA and sol-gel CA are observed to be 8.3811 A and
8.3873 A, respectively. The lattice constant of the bulk
Niges Zng3s Fe, O4 prepared by conventional ceramic
technique was reported to be =~ 8.395 A [7]. As can be
observed, the estimated lattice constants in the present
study are less than the value of their bulk counterpart.
This deviation is found to be more if the average
crystallite size is smaller. Deviations in lattice constant
of the nanoparticles from their bulk were reported earlier
too as due to enhanced lattices and interface structure
with a large volume fraction in case of nanoparticles [8].
In another work, it was suggested that the decrease in
lattice constant could be due to increased degree of
inversion [9]. As the inversion degree increases, the
relatively larger Zn*" ions in nanoparticle systems would
migrate to B-sites from their conventionally preferred A-
sites and comfortably occupy the larger octahedral

interstices compared to the smaller tetrahedral interstices.

Obviously, due to larger accommodation size in
octahedral sites, the Zn*" ions need not have to push the
oxygen ions around it to expand the lattice. If the Zn*"
ions were in A-sites, they were normally assumed to
push the oxygen ions around them and contribute to
expand the lattice. Another probable reason for decrease
in lattice constant in nanoparticles could be the high
surface energy and surface tension. This results in a
tendency to shrink the lattice which causes reduced
lattice constants [9]. The observed deviations in lattice
constant in the present study resulting in lower values as
the particle size becomes smaller are attributed to the
increased degree of inversion, more surface energy and
tension related shrinking of the lattice.

In spinel ferrites, there were some attempts using the
integrated intensity ratios of X-ray diffraction peaks on
extracting the information related to cation distribution.
The integrated intensity of (220) reflection is known to
depend exclusively on the cations occupying A-sites, and
the intensity of (222) reflection is to depend on the
cations occupying B-sites only [10]. Therefore, any
decrease in the intensity ratio of 1(220)/1(222) means a
reduction in the concentration of cations that fill the A-
sites, and as a result equal number of cations, which

could otherwise have filled the B-sites, would now
migrate into A-sites and vice versa. In order to verify the
migration of cations in the present study, the intensity
ratios are estimated for both the samples and are
observed to be 1.29 and 2.82 for sol-gel PVA and sol-gel
CA methods, respectively. It is evident that the
intensity ratio appears smaller for smaller average
crystallite size. This implies increased migration of the
A-site filled cations into B-sites as the size of the
crystallites decreases. Though it could be a different
story when the average crystallite size becomes larger
beyond a threshold value [11], the present observations
carry relevance for the simple reason that the estimated
average crystallite sizes are small enough to lie below
such threshold value for any deviation.

The super exchange interactions between the
magnetic cations in spinel ferrites are antiferromagnetic.
But, the ferrimagnetic order arises since the
intersublattice ~ exchange is stronger than the
intrasublattice exchange. In the bulk regime, the
investigated composition takes the distribution, such as
( ZHZ+OA35 Fe3+0.()5) [ Ni2+0A65 Fe3+1‘35] 02—4, which giVeS
highest room temperature saturation magnetization
among the Ni;, Zn, Fe, O4 system [7]. The cations
figured in parenthesis and square brackets form
tetrahedral and octahedral sublattices, respectively and
the net magnetization in the optimal case is supposed to
be obtained from the Ni*" ions and some Fe'" ions from
the octahedral sublattice after compensating the Fe** ions
in the tetrahedral sublattice. If the same composition in
nanoscale regime enforces a redistribution of the cations
due to structural modifications, it is obvious that the
resultant magnetization would be somewhat lesser from
the highest value of the bulk regime. Literature find
several reports [12-14] on ferrite nanoparticles
demonstrating cation redistributions with higher degree
of inversion due to surface disorder because of which
there may be reduced coordination and broken exchange
bonds between the surface spins. Further, as discussed
earlier, for nanoparticles the surface areas are larger and
thus the surface energy and surface tension are high. This
results in changes in cationic preferences and leads to
increased degree of inversion and thus lesser
magnetizations. The observed smaller magnetizations in
these samples, particularly for the sol-gel PVA sample
with smaller average crystallite size, are in accordance
with the arguments made above.

The coercivity values too in these samples reflect a
typical particle size dependent behaviour [15]. As the
particle size decreases, the coercivity increases to reach a
maximum at a threshold particle size, which could be
characteristically described as transformation from multi
domain nature to single domain nature, and then
decreases. The observed large values of coercivity for
these samples reflect that they are far from
superparamagnetic state and lie somewhere between
single domain state to multi domain state.
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5. Conclusions

X-ray diffraction patterns of the chemically
synthesized Ni-Zn ferrite samples confirm single phase
spinel structure. The average crystallite sizes of the
samples point towards sol-gel PVA method for
preferences of smaller particle sizes. From the integrated
intensity ratio of X-ray diffraction peaks, it was observed
an increase in the inversion degree of cation distribution
as the particle size becomes smaller. The samples exhibit
smaller magnetizations as the average crystallite size
decreases and this was attributed to surface disorder and
increased inversion degree. Among both the synthesis
methods, the sol-gel method in citric acid matrix
provides high degree of crystallinity with uniform
microstructure and better magnetic behaviour.
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