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In this work, Zinc ferrite nanoparticles have been prepared by various methods, conventional (ZC), mechano-
chemical processing (ZM) and Sol-Gel (ZS) method, to compare their structural and magnetic properties. The
cation distribution obtained from XRD shows the degrees of inversions are 4%, 14.8%, and 16.4% from the
normal ZnFe,O, structure. Fourier transform infrared spectroscopy (FT-IR) confirms changes in cation
distribution of ZnFe,0, fabricated by sol-gel and mechanochemical processing. The ¥’Fe Mossbauer spectra of
the samples were recorded at room temperature. The spectra exhibit a line broadening. The magnetic
properties of the samples were studied by vibration sample magnetometer (VSM) at room temperature and the
results show that the sample ZM has ferrimagnetic behaviour.
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1. Introduction

Investigation of nanoparticle systems has been a subject
of continues works in recent years. Recently, progress in
synthesis techniques has initiated new surge of concern in
ferrites to improve their physical properties and develop
their applications [1-3]. Zinc ferrite has long attracted
researcher's interests because of its intriguing magnetic
properties compared with other spinel ferrites. The bulk
ZnFe,O4 belongs to the normal spinel type with anti-
ferromagnetic properties below the Néel temperature of
about 10.5 K and behaves paramagnetic at room temper-
ature. All the Zn** ions reside in the tetrahedral sites (A
sites) and the Fe’" ions are totally in the octahedral sites
(B sites). Recently, ZnFe,O4 nanoparticles prepared by
various methods, such as traditional ceramic synthesis,
aerogel procedure, low-temperature hydroxide co-preci-
pitation and hydrothermal synthesis, have been studied
and observed to be ferrimagnetic or superparamagnetic.
The origin of the ferrimagnetic properties of ZnFe,O, and
other spinel ferrite nanoparticles was studied using low-
temperature Mossbauer spectrometry with applied mag-
netic field parallel to the direction of gamma rays [4-9].
Large inversion parameters were obtained when the
particle size is decreased, and there are spin cantings in
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both A and B sites. The main purpose of this study is to
compare the obtained experimental information of the
zinc ferrite nanoparticles prepared by different methods.
Battle et al. [10] compared the ceramic, co-precipitation
and hydrothermal methods used to prepare zinc ferrite
nanoparticles. In the present work we compare conven-
tional method, sol-gel combustion and mechanochemical
methods.

2. Experimental
2.1. Preparation

2.1.1. Standard ceramic technique (ZC)

7ZnO and Fe,0s, were mixed stoichiometrically, ground
to a very fine powder using an agate mortar and then
pressed into pellets using an uniaxial press under a pre-
ssure of 1.9 x 108 Nm™. The samples were pre-sintered
at 900 °C with a heating rate of 2 °C min™' for 8 h and
then ground again and pressed into pellets and finally
sintered at 1100 °C in air for 2 h at the same rate as
above.

2.1.2. Sol-gel auto-combustion (ZS)

Analytical grade zinc nitrate, iron nitrate and citric acid
were used as raw materials to prepare zinc ferrite nano-
particles. The preparation process is described as follows:
the molar ratio of Zn to Fe was 1:2. First, a certain
amount of citric acid was weighed and dissolved in
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diluted water, then Zn(NO;),:6H,O and Fe(NO;);-9H,0
were dissolved in it with a molar ratio of total nitrates to
citric acid of 1:1. A small amount of ammonia was added
into the solution to adjust the pH value to about 7 and
stabilized the nitrate-citrate sol. During this procedure, the
solution was continuously stirred and kept at a temper-
ature of 60°C. Then, the stabilized nitrate-citrate sol was
poured into a tray and heated slowly to 120°C. The
viscosity and color changed as the sol turned into a brown,
puffy, porous dry gel. When the temperature was increased
to 250°C, the dried gel simultaneously burnt in a self-
propagating combustion manner until it was completely
transformed into loose powder.

2.1.3. Mechanochemical processing - MCP (ZM)

The starting materials were AR-grade ZnO and o-
Fe,0;. The powders should be dried at 150 °C in air for
12 h prior to use. Dried ZnO and a-Fe,O; were mixed
with a molar ratio of 1:1 to form the mixture. 30 g of the
mixture, nine stainless steel balls of 2.5 mm in diameter
and forty stainless steel balls of 0.4 mm in diameter were
sealed in a 300 ml stainless steel vial. Mechanochemical
milling was performed with a Fritsch P6 type planetary
mill for 0-8 h at 600 rpm using a ball-to-powder mass
ratio of 10:1. The as milled powder was dried at 100 °C in
air to obtain the nanoparticle precursor. The precursor
was subsequently calcined at 600 °C in air in a porcelain
crucible for 1 h to obtain ZnFe,O, nanocrystallites.

2.2. Characterization

The crystal structure and average crystallite sizes of the
samples were determined by XRD technique on a Seifert
diffractometer, using CuK,, radiation in the 20 angle range
between 20-75. The average crystallite sizes of the samples
were determined from the full-width at half-maximum
(FWMH) of the strongest reflection, the (311) peak using
the Scherrer’s formula. Lattice constants and inversion
parameters were determined in the standard way based on
Rietveld refinements [11]. Room temperature Mossbauer
analysis was recorded on a conventional gamma-resonance
spectrometer (SM1101) operating in constant-acceleration
mode with >’Co (Rh) as the source. Isomer shifts (IS) are
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Fig. 1. X-ray diffraction of zinc ferrite samples.

reported relative to a-Fe at room temperature. The spectra
were computer analyzed using the standard program.
Magnetic characterizations were carried out using a
vibrating sample magnetometer at a maximum field 8
kOe at 300 K.

3. Results and Discussion

3.1. Structural analysis

Fig. 1 shows the XRD patterns of the samples prepared
in this work. All diffraction peaks can be indexed in a
face centered cubic lattice and the position along with
relative intensity of the peaks match with standard zinc
ferrite phase (JCPDS 22-1012). As it is clear from inspec-
tion of diffraction patterns, the peaks of ZM sample are
broader than ZS and ZC samples. We used Scherrer’s
formula to obtain average crystallite sizes that are shown
in Table 1. The structural analysis, cation distribution and
lattice parameter calculations of the samples are carried
out by Rietveld refinements. The cation occupancies
together with the lattice constants of the samples are given
in Table 1. The dots in Fig. 1 represent the experimental
spectrum and the continuous curves are related to the

Table 1. Lattice constant, particle size and Mdssbauer parameters for zinc ferrite samples.

Cation Distribution Mossbauer parameters
Methods of The Inversion a
> GOF D (nm) QS IS
preparation parameter (X) (ZnFe ) [Zn Fe 5yJoc O4 (nm)
(mm/s) (mm/s)
ZC 0.040 (Zn0_96Fe0,04)le‘[Zn0_04Fe],96]001 1.21 110 0.8452 0.38 0.32
zS 0.148 (Zno'gsteo_]43)@[21’10_|43Fe|_852]0a 1.08 20 0.8445 041 0.32
/M 0.164 (Zno'gy,Feo_]M)[e([zl'l()_|64Fe|_g35]0a 1.07 15 0.8441 0.44 0.32
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Fig. 2. FT-IR of zinc ferrite samples.

fitting of the experimental data. The cation distribution of
samples ZS and ZM show a transition from normal spinel
to mixed spinel as the particle size of samples are decreas-
ed. This cation redistribution could be due to correlation
between particle size and ligand field. The decrease in
particle size causes a reduction in ligand field strength
which leads to cation redistribution. The lattice constant
for samples ZM and ZS has been decreased compare to
that of the sample ZC. It is known that the redistribution
of cations between (A) and [B] sites drastically affects
lattice constant of the spinel structure. Also changes of
unit cell dimensions lead to alteration in the Fe*'—O*—
Fe** bond angle [12]. These phenomena may be the cause
of the cation redistribution of samples ZM and ZS
compare to that of sample ZC.

Fig. 2 shows the FT-IR spectra of the samples. With
respect to ferrite structure the most prominent part of IR
is in the 800-250 cm™" range [13]. This range is assigned
to vibration of metal-oxygen bands in octahedral and
tetrahedral sites. However, in our spectra only stretching
vibration in tetrahedral site can be observed. A slight shift
for the tetrahedral absorption peak towards the higher
wavenumber for samples ZS and ZM compare to that of
sample ZC can be seen. These shifts indicate the changes
of the metal-oxygen bonds and the effect of atomic
weight due to the transition from normal to mixed spinel
structure [14]. This has happened by the decrease of the
zinc ion (and, in turn, by the increase of the iron ion) in
tetrahedral site and is in agreement with the XRD refine-
ment results.

3.2. Mossbauer analysis

The 3’Fe Mossbauer spectra of the samples were record-
ed at room temperature (Fig. 3). The dots in this figure
present the experimental spectrum and the continuous
curves are related to the least squares fitting of the experi-
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Fig. 3. Mossbauer spectra of zinc ferrite samples at room tem-
perature.

mental data. Table 1 summarizes the various Mdssbauer
refined parameters. The Mossbauer spectrums of all the
samples are fitted with one doublet. This is due to either
paramagnetic or superparamagnetic characters of zinc
ferrite system which discussed in previous works [15, 16].
It is obvious from Table 1 that the isomer shift values are
the same for all the samples. The isomer shift is charac-
teristic of Fe™ charge state and this shows that the s-
electron density at the Mdssbauer active nuclear site is
not so much affected by the methods of fabrication. The
quadrupole splitting values of ZM and ZS are slightly
more than that of ZC. The increase in quadrupole splitting
of ZM and ZS can be due to two sources; the crystalline
bonds in surface atoms are not complete i.e. reduction of
particle size causes an increase in the iron ions sitting at
or near the surface. Therefore, iron ions will find them-
selves in a more asymmetric environment and hence will
show larger QS. In another hand, as shown by XRD
refinement, the cation distribution has changed so distri-
bution of iron ions in octahedral and tetrahedral sites
could change charge distribution around the iron ions and
causes an increase in QS.

In agreement with previous studies [17, 18] we observed
that the absorption area increases for ZM and ZS compare
to that of ZC. It is well known that area of the curve is a
measure of recoil free fraction. This is expected as the
particles size decreases the Mdssbauer nuclides sitting at
the surface are not bounded so strongly and hence causing
a decrease in recoil free fraction [19-21]. Therefore the
area under curve is small for ZM and ZS compare to that
of ZC. The observed line broadening in the samples ZM
and ZS is attributed to an increase in fraction of dis-
ordered interfacial regions as grain size decreases and the
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Fig. 4. Magnetization curves of zinc ferrite samples at room
temperature.

site distributions of zinc and iron ions are changed.

3.3. Magnetic Properties

Fig. 4, shows the M-H curves of all prepared zinc
ferrite samples at room temperature. The magnetization
curve for the sample ZC is a straight line with a positive
slope passing through the origin. So the paramagnetic
behavior of the sample confirms the formation of a normal
spinel structure. The magnetization curves for the samples
ZM and ZS exhibit a typical S type shape, and their
coercivities are very small. The hysteresis loops of the
samples could not be saturated with the available maximum
field (8 kOe). The shapes of the M-B curves show that
the ZM and ZS samples have some amount of inversion
which is confirmed by XRD refinements. Hence, some
percentage of Fe™ ions occupies the tetrahedral site which
switches on A-B superexchange interaction and causes an
increase in magnetization. The large value of the magneti-
zation observed for the ZM sample compare to that of the
sample ZS is attributed to larger degree of inversion
factor.

4. Conclusions

Single-phase zinc ferrite nanoparticles have been pre-
pared by different methods. The degree of inversion of
ZnFe,0, prepared by ceramic route was determined to be
96% normal. However, this value was reduced to 85.2%
for ZnFe,O, prepared by sol-gel method and 83.6% for
that prepared via mechanochemical. The shifts in FT-IR
spectra indicating the changes of the metal-oxygen bonds
and the effect of atomic weight due to the transition from
normal to mixed spinel structure. The observed line broad-
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ening in Mossbauer spectra is attributed to presence of
Fe’" at both octahedral and tetrahedral sites, and also
increment of interfacial disordered regions in nanoparticles
samples due to size reduction. From VSM results, the
samples show completely different hysteresis behaviours
and therefore different strengths of exchange interactions
which the main cause is from different fabrication method.
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