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Abstract: The Zn doped Fe;Os thin films are sprayed on the glass plate by the method of Spray analysis. Thin film
was characterized by X-Ray diffractometer to study the crystal structure of the thin film. The average size of the
calculated crystal size by using Scherer equation is 59 nm. Mixed metal oxides having spinel structure shows
interesting structural properties. The completions of formation of spinel phase were identified using X-ray
diffraction technique. All the compounds exhibit Rhombohedral spinel symmetry and lattice constant shows an
irregular trend with substitution of Zn. Infra-red spectral studies shows an two strong bands, one around 600 cm!
which is attributed to the intrinsic vibrations of Rhombohedral complexes and the other at 400 cm™ is due to
octahedral one. The morphology and size of the particles was found out by scanning electron microscopy while the
elemental compositions by elemental EDAX analysis. The various compounds of the present system Fe-OsZn were

also investigated for their electronic studies.
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Introduction

In past years, to eradicate organic pollutants from
water which is waste conservative physical
treatment and biological methods have been the
main-stream techniques with varying degrees of
success. So far, conventional methods such as
adsorption on activated carbon, coagulation,
microbial degradation, incineration, sedimentation
and filtration have been used to treat wastewater
[1]. Each process has some shortcomings. Different
physical methods such as the membrane filtration
processes (reverse osmosis, nanofiltration and
electrodialysis etc.) are widely used. The major
difficulty of the membrane method is that they
have a limited lifetime before membrane fouling
occurs and the periodic replacement of the
membrane makes this method economically not
viable. The most frequently and generally used
disinfection method is Chlorination. However,
chlorination-based water disinfection process may
form potentially toxic disinfection by products,
such as trihalomethanes and these are carcinogenic
and mutagenic to the health of human [2-4].
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Ozonaton is considered as a better water treatment
process over chlorination since it avoids the
formation of disinfection byproducts associated
with chlorinated organic compounds. However,
recently it has been discovered that ozone can
generate cancer causing agent [5]. Conventional
chemical oxidation processes [6-9] involve wet
chemical oxidizing agents, including persulfate
and Fenton reagents (Fe2*/H>O»). These methods
have been proven effective in the remediation of a
wide array of organics, but have several
disadvantages. These include potential safety
hazards and toxicity of the strongly oxidizing
agents (like H>O; or permanganate). Also their high
reactivity can lead to a short lifetime and thus
incomplete oxidation of organics, producing
intermediates that may be more toxic than the
original pollutant [10]. These conventional
methods prove to be uneconomic and insufficient
for handling of effluents because, either they fail to
achieve complete removal of pollutant [11] or of
high operating costs. Moreover, they have further
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drawbacks since they simply transfer the
pollutants to another phase and produce large
volume of sludge which itself requires treatment
[12].

The development of chemical solution deposition
processes for iron oxide thin films dates to the mid
1980s. H. Yang et al, on the sol - gel processing of
thin films of FexO;, a widely used Ferro electric
material, were some of the first examples that
demonstrated it was possible to obtain the
desirable properties of FexOs materials in thin film
form. The early work by these investigators and
others led to rapid expansion of the research. At
about this same time, a number of small companies
interested in the development of nonvolatile
memories based on Fe;Osnthin films were started.
For some of the companies did not commercialize
any thin film products at the time, the work they
carried out encouraged the participation of the
researchers in the filed. This led to the evolution of
these materials to the point that today they are
appearing in a number of devices and continue o be
developed for other applications [13].

Depending on the crystal structure, the centers of
the positive and negative charges may not coincide
without the applications of external field. Such
crystals are said to possess a spontaneous
polarization. When spontaneous polarization of the
dielectric can be reversed by an Electric field it is
called ferroelectrics [14]. Crystals can be classified
into 32-point groups according to their
crystallographic symmetry, and these groups can
be divided into two classes, one with center of
symmetry and the other without center of
symmetry. There are 21 groups, which do not have
a center of symmetry. In crystals belonging to 20 of
these point groups, negative and positive charges
are generated on the crystal surfaces when
appropriate stresses are applied. These materials
are known as piezoelectric. Pyroelectricity is the
phenomenon whereby, due to temperature
dependence of the spontaneous polarization, as the
temperature of the crystal is changed; electric
charges corresponding to the change of the
spontaneous polarization appear on the surface of
the crystal. Among the pyroelectric crystals whose
spontaneous polarization can be reversed by an
electric field (not exceeding the break down limit of
the crystal) are called ferroelectrics [15].

The definitions of a ferroelectric are a material that
exhibits one or more ferroelectric phases in a
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realizable range of temperature and pressure. In
the ferroelectric phase, the crystal is spontaneously
electrically polarized and the polarization has more
than one possible equilibrium orientation. To
establish ferroelectricity, it must be demonstrated
that the polarize can be reoriented between
orientation states by a realizable electric field.
Ferroelectric materials are a sub-group of the
pyroelectric class of materials, which in turn a sub-
group of the piezoelectric class of materials.
Ferroeelctrics, therefore, possess both piezoelectric
and pyroelectric properties, in addition of their
unique ferroelectric properties, in addition of their
unique ferroelectric  properties. In  these
ferroelectric materials, the direction of the
spontaneous dipoles is parallel to each other in a
crystal (polar crystals). There are cases in which
antiparallel orientation lowers the dipole-dipole
interaction energy. Such crystals are anti-polar
crystals [16].

In an anti-polar crystal, where the free energy of an
anti-polar state does not differ appreciably from
that of a polar state, the application of an external
electric field or mechanical stress may cuase a
transition of the dipole orientation to the parallel
state. Such crystals are called antiferroelectrics. In
some cases, the free energies are so similar that it is
possible to switch the antiferrolectric to a polar
state by an external field or by a mechanical stress
may cause a transition of the dipole orientation to a
parallel  state. Such crystals are called
antiferroelctrics. In some cases, the free energies are
so similar that it is possible to switch the
antiferroelectric to a polar state by an external field
or by a mechanical stress. Thus an antiferroelectric
is characterized by the rows of dipoles, with the
dipole moment of adjacent rows equal but anti
parallel. This arrangement can be regarded as two
inter penetrating sub lattices of equal and opposite
polarization with no net spontaneous polarization
[17].

The relationship between E (applied field) and P
(induced polarization) in paraelectric, ferroelectric
and antiferroelctric phases along with stress vs
applied field in different material compositions. In
paraelectric phase the P-E relation is linear; in a
ferroelectric phase there appears a hysteresis
caused by the transaction of the spontaneous
polarization between the positive and negative
directions; in an antiferroelctric phase, at low
electric field, the induced polarization is
proportional to E, and when E exceeds a certain
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value Ecrit, the crystal becomes ferroelectric (electric
field induced phase transition), an d the
polarization shows hysteresis with respect to E.
After removal of the electric field, the crystal
returns to its anti-polar state, and hence, no
spontaneous polarization can be observed as
whole. This is called double hysteresis curve.

Ferroelectric thin film devices have been studied
for well over the thirty years since Wu et al,
demonstrated thin films could be integrated with
other semiconductor devices. The continuing
interest in this type of research is a consequence of
the potentially numerous. Applications with these
thin film compositions in microelectronic devices.
Such as memories microelecro mechanical systems
and electro optical applications. Antiferroelectric
compositions also have potential applications in
the areas of microelectronic and micro electro
mechanical systems. In some of these cases
antiferroelctric compositions offer an alternative to
ferroelectric capacitors and transducers. U.I. Gaya
et al., [17] coined the term “soft” to describe those
antiferroelctrics in which an attainable applied
field can switch the direction polarization of sub
lattice in opposes. Thin films of these materials are
interesting because the breakdown strength of thin
film typically surpasses by an order of magnitude
bulk ceramics of the same composition. As a result
devices based on phase switching may well be
more robust and reliable in thin film form than in
the bulk [18].

Since the capillary force causes the aforementioned
stress concentration and the variation of pore sizes,
the stress concentration should be reduced by the
limiting the interaction between the liquid and the
pore walls, and by methods that reduce the
variation of pore sizes. Several methods have been
proposed for this purpose including the use of
surfactants, drying controlled chemical additives
(DCCA), and hypercritical drying. A surfactant acts
to reduce the capillary force so that it will reduce
the stress concentration. In hypercritical drying, the
film is dried by heating the gel under pressure to a
point above the critical temperature and pressure
to a point above the critical temperature and
pressure of the solvent. In this process there is no
capillary force. The hypercritical dried Gel has the
same volume as the Sol from which it is made.
Several kinds of chemicals have been used as
DCCA including formamide and oxalic acid. Both
formamide and oxalic acid produce larger and
more uniform pores, which help to increase the
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permeability of the Gel. On the other hand, if the
condensation reaction is retarded in the films, the
evolved stress can be relieved by structural
relaxation, allowing crack-free films to be formed

[19].

Materials and Methods

The working solution of 0.1 M FeCls.6H,O was
obtained by dissolving 0.15 gm of Zn (CH5COO)..
2H>0 diluted in 50 ml of methanol and deionized
water in 50 ml of deionized water. The starting
solution was prayed on the glass plate which was
placed on a substrate temperature of temperature
100° C. The distance between the nozzle and
substrate was set to 10 cm. During the spraying
process, the substrate was heated by electrically
heating the glass plate. The dried powder was
collected and then characterized by X-Ray
diffractometer. The spinel phase formation of the
oxides was confirmed by X-ray diffraction
(PW1710 Philips diffractometer) with CuKa
radiation (k = 1.54056 A°). The morphologies of the
samples were characterized with a field emission
scanning electron microscope (FE-SEM, JSM-6701F,
JEOL Inc, Japan). Transmission electron
microscopy (TEM, JEM-1230) operating at 200 kV
was applied to characterize the morphology of
Fe,OsZn.
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Figure 1: XRD analysis of Fe2O3/Zn

Results and Discussion

The X-Ray diffractometer is well matched with
JCPDS file number of 89-8104, MW= 159.69, and its
cell parameters a = 5.023 C = 13.708, the system is
Rhombohedral, the calculated values of lattice
parameters were well matched with JCPDS values,
the values are a = 5.112 and ¢ = 13.234. The
structural calculations of observed and standard
values were well matched one another is shown in
Table 1 and Table 2. Its lattice parameter, crystal
size and porosity were listed in Table 3.
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Table 1: Structural studies of Fe;O3/Zn

Qeyr —d
. der  Stam 20 [ Je@ TONK ) e Ha
do Al
3.66883 3.6727 0.00105 28.04 012
2.69312 2.6919 -4.53006E-4 100.00 104
251229 25115 -3.14454E-4 58.46 110
2.20183 2.2009 -4.22376E-4 11.53 113
1.83886 1.8363 -0.00139 35.78 024
1.69322 16900 9979.98298 28.69 116
1.60000 1.5988 -7.5E-4 7.71 122
1.48508 1.4823 -0.00187 24.69 214
1.45222 1.4500 -0.00153 34.63 300

Table 2: Structural parameters and crystal size values of FexO3;/Zn

Dislocation density

Position FWHM  Beta  Crystal size (nm) . Hkl
(lines/m?)
24.24(1) 1.83441 0.00183 79.103 1.59814E-4 012
33.240(4) 1.34656 0.00194 74..09 1.822E-4 104
35.710(6) 1.25615 0.0023  62.905 2.52714E-4 110
40.96(2) 1.10092 0.00399 36.258 7.60663E-4 113
49.530(8) 0.91943 0.00195 74.130 1.81975E-4 024
5412(1)  0.84661 0.00392 36.899 7.34464E-4 116
57.56(4) 0.8 0.00558 25.945 0.00149 122
62.49(1)  0.74254 0.00249 58.057 2.96682E-4 214
64.069(7) 0.72611 0.00178 81.394 1.50944E-4 300
Table 3: Structural parameters and crystal size values of Fe.O3/Zn
Porosity
Composition Molecular Lattice parameter Ave. Crystal X-Ra?y Blflk P (%)
Fe;05:Zn Weight (gm) (A°) Size (nm) density — Density dB { dB }
: dx gm/cm3 gm/cm3 1-|— |x100
dX
a= c=
99:1 159.69 5112 13.234. 59 5.312 5.04 5.12
TEM Analysis transport through the underlying layers to Fe>Os

The morphologies of the as-prepared Fe>Os;/Zn
composite was characterized by Transmission
Electron Microscopy and Selective Area Electron
Diffraction pattern as shown in Figure 2a and 2b,
the as-prepared Fe;Os are uniform cube-shaped
structures with the edge length of 200-400 nm.
Figure 2a, demonstrates that most FexOs
nanoparticles tend to aggregate and a few of them
are grown on the surface of Zn. Figure 2b indicates
that the Fe>Os nanoparticles are about 30 nm in
diameter. It should be emphasized that, the
presence of Zn and destroys the perfect cubic
morphology of FexOs, but effectively decreases
their particle size. Furthermore, Zn absolutely
prevents Fe>Os nanoparticles from agglomeration
and enables a good dispersion of these oxide
particles over the surface. It is believed that the
doping and strong anchoring of FexO;
nanoparticles with Zn enable fast electron
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nanoparticles to improve the electrochemical
performance [20]. Fe3* ions tend to occupy the
spinel on A-site, which force Zn?* ions on A-site to
enter B-site. But the ionic radius of Zn?* (0.083 nm)
is larger than that of Fe3* (0.067 nm), so the four
oxygen atoms constituting tetrahedral site have to
move outward along the diagonal of lattice to
provide more space for Zn2* ion.

The lattice parameter ‘a’” and ‘¢’ was calculated
using the relation, the results show that, the lattice
parameter ‘a” and ‘c’ shows the irregular trend with
substitution of Zn. Since each primitive unit cell of
the spinel contains 8 molecules, the value of X-ray
density (dx) was determined according to the
relation,
_ 8M
Na®
where, N is the Avogadro’s number (= 6.026 x 102
atoms/mole) and M is the molecular weight of the sample.

dx

(1),
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Figure 2(a-B) TEM and SAED Pattern of Fe>Os: Zn analysis

The bulk density was determined from mass and
bulk volume of sample. The irregularity in both dx
and dB with Zn content can be attributed to the
atomic weight and the radii of constituent ions. The
porosity (P) in % of the samples were calculated
from dx and dB values using the

expression,
P%=1- |:d—B} X 100 =mmmmmmmmmemma==(2)
dX
Dias = 0.944 3)
" pCoso ‘

The crystallite size (D) of the particle of the powder
was determined from XRD peak broadening of the
(1 0 4) peak using Scherer formula equation (3),
where, Dy is the mean dimension of the crystallite
perpendicular to the plane (hkl), b is full width at
half maximum in radians, h is the Braggs angle for
the actual peak. The data on lattice constant (a), X-
ray density (dx), bulk density (dB), porosity (P) and
crystallite size is summarized in Table 3 [21].

25kV  X15,000 0000 1246 SEI

1pm

SEM has been used most for the characterization of
nanocomposites structure, these microscopes have
a resolution nearly 1 pm. The backscattered
electrons are elastically scattered electrons and give
compositional contrast depending on the atomic
number of the specimen. These electrons have high
energy and they come from the depth of the
specimen (1 pum or more). SEM image of the
topography of fractured surface nanoparticles
shows; pattern of fractured surface just like the
pattern appeared in fig. (3a) but the separation
between the boundaries was lesser.

Element Net Counts ZAF Weight% Atom % Formula
(0] 3921 3.750 26.60 50.64 (@)
Fe 18965 2.554 2451 26.58 Fe
Zn 18532 1.122 48.89 22.78 Zn
Total 100.00 100.00
ol http:/ /dx.doi.org/10.21746/ijbpr.2019.8.5.4 Page | 2579
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Figure 3(a-b): SEM with EDAX analysis of Fe;OsZn

Magnetic Studies

Room  temperature magnetization  field
dependence is shown in Figure 4 with the curve
calculated according to the Langevin law taking
into account the mean particle size from XRD.
There is hysteresis in the experimental curve, the
discrepancy between of the curves is observed that
can be due to a wide distribution of particles size.
At low temperatures, hysteresis loops occur,
coercive field does not exceed 0.03 T at 3.8 K [22].
Spins pinned at the interface between
ferromagnetic and anti-ferromagnetic components.
Analogous vertical shifts of the hysteresis loops at
low temperatures for core-shell FexOsZn
nanocomposites and ascribed it to the spin- like
phase of an oxide shell at low temperatures.
Vertical hysteresis loop shift was observed in the
ensemble of Fe;O3Zn nanocomposite, and the shift
value depended on the nanocomposite dimension
[23].

M (emu/g)
o

-5000 0 5000 10000

H Oe

10000

Figure 4: Ferroelectric behaviour of Fe>Os3Zn
nanocomposite
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Conclusion

Magnetic nanoparticles formation in the glasses of
the composite was shown to be responsible for
their magnetic properties. Only one magnetic
phase, Fe;OsZn, has been detected independently
of the large radius ions nature. At the same time,
doping elements enhances the nanoparticle
characteristics, including mean size, magnetization
and magneto-optical effects. In particular, the
nanocmposite size was found to depend on the
doping element Zn concentration ratio, Zn, in such
a way that there is an optimum concentration of
these elements affording with larger magnetic
particles.
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