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Understanding the Sector-Specific
Antecedents of Customer Switching
via Literature Review
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Abstract

The aim of this paper is to review the existing literature
in the field of customer switching behavior and to
identify the antecedents of customer switching that work
in specific sectors and to suggest avenues for future
research. Various online academic databases have been
searched to collect research papers published in different
journals from the year 1990 to the early part of 2020.
The literature on antecedents of customer switching

specifically on the basis of sector is almost nonexistent
in tha auvailahle litaratiire Thic ic an attamnt ta ctiidu the
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The present study is to focus or the two
dimensional problem of microp jlar porous
circular plate with three phase lag model
within the context of two termnperatures
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Abstract= An axisymmetsic problem of o1 icroelongated thermoelaste 3
colved by cmploying the cigenvaluc
=ges and temperature distribution is

circular plate under the influence of themon cchanical sources has been

approach. The solution in the form of the components of displogement, stFC QIS h
obtained in the transformed domain by using the Laplace and the Hankel transforms. A I'I'l.!ITI-n'I'I:E:I:l inversion
technique has been used to get the pesults in the phystcal domain., aumerically, for a pasiicular model. The
results are presented grophicaliy to show the effect of microetongasion on votious field compenents, The
results are discussed graphical®
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Mumerical Inversion.

1 Introduction \his theory is inversely proporional o s
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The. thenrh) A speeial case is thal of microstretch contims,

micromaorphic continusum fichls were mntre uced
by A, C. Enmgen and these differ from cl: sical
{linear and non-lincar! fisld theories by th- fact
that each matcnal particle Is endowed  with
additional degrees of freedom, That means, m
contrast to classical comtanuUm mechanics frational
mechanicsl, where {he motion (tracroniolien) of 4
material panicle 15 fully described by o vector
function called defommistion function,
micromarphic material  particics  underge an
additional micromotion, coresponding 1 ihe
rotation and deformation of the raterial partizle at
the microscale. In 1 R [ ER E,-nh:rul e 2 of
micromorphic contie, ihvee e e ol 1onal
deprees of freedom (thre. o secrerodatis  and
cix  for microdelonmaticn] I pre aple,
micromarphic continua are almosl universs bal,
due 10 s complexity. the practical usclulinuss of

Here, the isofropic expansion of contraction of the
materia] particle is  permitted in addition 10
rolation. Shearing  motigns are not allowed i
microstretch contitun. That means the particles of
microstretch matcrials  have seven  degrees of
feedom, three for  displacemcnts, three  for
mucrozotations  and  one o microsirelch
Microstretch theery adequately mudel the bubbly
liguids. A more special is the theory of micropolur
continua, in which only the microrotations of
material particles, described by ihree degrees al
freedom, we allowed i acropolar contimus 10
sddivion to the moton @ macreseale, The theory
of microstreich ¢lastic hodies or Micropolis theory
ui‘l elasticity with stretel is o generalization ol the
micropolar theory of elasticity for which the
theory was given by Eringen [1]. Eringen [2] also
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Effect of La®>* doping concentration on the structural,
electrical, dielectric, and magnetic properties
of a-Fe,04 nanoparticles
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3 Department of Physics, Malaviya National Institute of Technology Jaipur, J L N Marg, Jaipur 302017, Rajasthan, India

ABSTRACT

Lanthanum (La)-substituted a-Fe,O; (pure, 2%, 5%, 8%, and 10%) nanopowder
with altering concentration was fabricated using the sol-gel technique. The effect
of trivalent La®" ions on the microstructural, electrical, dielectric, and magnetic
properties of the hematite nanopowder was investigated. X-ray diffraction (XRD)
pattern of pure and La-doped samples was indexed as a rhombohedral phase
with the R3¢ space group of hematite having crystallite size ranging from 13.5 to
33.4 nm. The existence of La® ions in the a-Fe,0, matrix was confirmed by the
EDS spectra. Furthermore, XRD findings are in-line with FTIR observation. The
resistivity plots demonstrated two different regions corresponding to two dis-
similar kinds of conduction mechanisms. Investigation of resistivity data indicates
the variable-range hopping and nearest-neighbor hopping conduction mecha-
nisms are present in the 100-300 K and 300—400 K temperature slots, respectively.
The dielectric analysis of undoped & La-substituted a-Fe,O; was carried out in
the temperature range 100-400 K and followed the variation in lattice parameters
and morphology of samples. Magnetic study reveals that magnetic properties
were significantly modified with the addition of La®*ions in the hematite lattice.

Received: 3 April 2023
Accepted: 10 September 2023

© The Author(s), under
exclusive licence to Springer
Science+Business Media, LLC,

part of Springer Nature, 2023

behavior. Among these magnetic oxides, iron oxide
(Fe,O3) nanoparticles gain popularity due to their

1 Introduction

In the last few decades, magnetic materials captured
the researcher’s attention because of their prospective
applications such as magnetic memories, targeted drug
delivery systems, magnetic imaging, and sensing in
different technical aspects [1-5]. Magnetic materials
have become the center of interest because of their
thermal stability, low cost, and their eco-friendly

Address correspondence to E-mail: dahlawat66@gmail.com

https://doi.org/10.1007/s10854-023-11300-1

sl edvalis B Ehnde e 70000

widespread applications such as adsorbents, catalysts,
magnetic fluids, and high resistance to corrosion [6-9].
Fe,0; is generally observed to exist in four crystalline
phases such as a-Fe,O;, 3-Fe,0;, y-Fe,O; and &-Fe,O;.
Out of these phases, the hematite (a-Fe,O;) is the best
stable phase of iron oxide having characteristics of
an n-type semiconductor with a bandgap of ~2.1 eV

@ Springer
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[10-13] and always exhibits a hexagonal structure with
R3c space group. It is always fascinating to modulate
the material properties through the addition of suit-
able impurities and the more exciting rather challeng-
ing is to make these material modifications suitable
for use in desired applications. Like a p-type or n-type
semiconductor is just made by the addition of suitable
trivalent or a pentavalent impurity, respectively. These
semiconductors have revolutionized the world and
present age may be called as age of semiconductors.
So this becomes the main application and motivation
to pursue a material and introduce a suitable impu-
rity and to explore any possibilities of enhancement in
properties for almost any person working on materi-
als. The existing reports reveal that the substitution of
transition metals at the Fe-site in the a-Fe,O; crystal
structure is favored in tunning the structural, electri-
cal, optical, dielectric, and magnetic properties of hem-
atite nanoparticles [14-22]. The incorporation of La**
ion in a-Fe,O; was observed to induce semiconducting
nature along with the increase in dielectric constant (')
and crystallite size while decreasing the dielectric loss
(X =0.10).Furthermore, it has been investigated that
doping of lanthanide (Ln’") ions strongly influences
the structural, electrical, dielectric, and magnetic prop-
erties [23-27]. The increased value of electrical resistiv-
ity was observed with La® ion substitution attributed
to the hopping conduction mechanism. Besides, Ce
doping is also observed to significantly influence the
electrical, structural, dielectric, and magnetic proper-
ties of hematite nanoparticles[28, 29]. The substitution
of Gd*" ions in a-Fe,0; was observed to improve the
magnetic properties [30]. Seham K. Abdel-Aal et al.
synthesized the Perovskite-graphene nanocomposites
of rare-earth LaFeO;-rGO and LaFeO; nanoparticles
by citrate sol-gel method, and the effect of graphene
has been observed where it decreases the particle size
and energy band gap values by = 10 nm and 0.03 eV,
respectively, with increased value of saturation mag-
netization [31]. Cu doping of the NiZnCu-based fer-
rite system assists in the modification of the matrix
owing to the difference in the ionic size of Ni** which
can alter the electrical and magnetic properties. The
substitution of copper was observed to decrease the
firing temperature[32]. Seham K. Abdel-Aal et al. suc-
cessfully prepared Cu hybrid perovskites diammo-
nium series [(NH;),(CH,);]CuCl & [(NH;),(CH,),]
CuCl,Br, by the evaporation method and reported
that Cu-based hybrid perovskites show strong absorp-
tion in UV region according to the optical absorption
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study. The energy gap of C;CuCl and C,CuCIBr are
equal to 2.85 and 3.9 eV, respectively [33].Seham
Kamal Abdel-Aal et al. designed a new series of 2D
hybrid perovskites of the formula NH3(CH,)nNH;MX,
n=3-9, M=Mn, Cu, Co, Bi. X=Cl], Br and obtained a
promising result concerning photovoltaic application
of 2D perovskite hybrid. The primary results of the
band gap energies are (1.75 eV-2.65 eV). Regarding
to its stability and safety, it is highly recommended
to emerge Bi alkyl ammonium as hybrid perovskite
lead-free, low cost, and environmental friendly mate-
rial for solar cells applications [34]. To date, the doping
of only a few elements from the lanthanide series was
reported. The doping of La ions among other lantha-
nides is observed to perfect substitution for the Fe-site
without occupying the interstitial sites and tailored the
structural, electrical, and both the direct and indirect
bandgap in a-Fe,O; [35-37]. To the best of our knowl-
edge, the investigation of microstructural, electrical,
dielectric, and magnetic properties of La®" ions sub-
stituted in a-Fe,O; nanoparticles remains unexplored.
Therefore, the present report describes the tailoring of
structural, electrical(temperature-dependent resistiv-
ity), dielectric, and magnetic properties of La**doped
a-Fe,O; nanoparticles.

2 Experimental details
2.1 Materials and synthesis

Lanthanum-doped hematite samples with differ-
ent compositions were fabricated using the sol-gel
technique with formula Fe, ,yLa,xO; (X =0.00, 0.02,
0.05, 0.08 & 0.10). The iron (III) nitrate nonahydrate,
Fe(NO;);.9H,0 (Sigma-Aldrich, 99.95%), and Lan-
thanum (III) nitrate hexahydrate La (NO;),.6H,O
(Sigma-Aldrich, 99.99%) salts were taken in their
stoichiometric ratio and dissolved in deionized (DI)
water with the formation of a solution. The obtained
solution was heated to 80 °C with continuous stirring
until it converted into gel form. Thus the formed gel
was heated at 120 °C for 2 h to solidify it. Further to
remove any existing moist content, this solidified gel
was heated at 200 °C temperature for 3 h. Now, agate
mortar-pestle is used for hand grinding this solidified
gel with required homogeneity. After 3 h of continu-
ous hand grinding, this homophasic powder was pel-
letized in 10 mm diameter dye using a hand-operated
hydraulic press under 5 tons of pressure. Eventually,



J Mater Sci: Mater Electron (2023) 34:1947

the produced pellets were sintered at 600 °C in the air
for 6 h.

2.2 Characterizations

La-substituteda-Fe,O;samples were characterized
using various techniques such as X-ray diffraction
(XRD), Fourier transform infrared spectroscopy
(FTIR), field emission scanning electron microscopy
(FESEM), energy-dispersive X-ray spectroscopy (EDS),
temperature-dependent resistivity, dielectric constant,
and vibrating sample magnetometer (VSM). The crys-
tal structure of the samples was determined by the
Bruker-AXSDS8 advance diffractometer with wave-
length (A =1.540 A) using Cu K source. The morphol-
ogy study and elemental composition of samples were
carried out using FESEM with EDS instrument model
Nova Nano FE-SEM 450 (FEI). FTIR measurements
were taken by Perkin-Elmer 580B IR spectrophotom-
eter using the KBr pellet technique between 4000 and
500 cm™ for 16 scans at a resolution of 4 cm™ at room
temperature. The resistivity measurements of samples
were carried out by Keithley electrometer-6517B in the
temperature range of 100 to 400 K. Furthermore, the
dielectric and magnetic properties of all samples were
studied by Agilent 4285A precision LCR meter and
Lake Shore-7410 Series VSM, respectively.

3 Results and discussion
3.1 XRD analysis

The XRD patterns of Fe, ,xLa,xO; (X=0.00, 0.02, 0.05,
0.08, and 0.10) nanoparticles are displayed in Fig. 1.
The XRD patterns of pure and La-doped hematite
show rhombohedral phase in the R3¢ space group
and the peaks are assigned to (012), (104), (110), (113),
(024), (116), (018), (214),and (300) planes referring to
JCPDS card No. 84-0311[38-40].

The addition of more La content (after X =0.08)
into a-Fe,O; lattice triggers the reduction of the
intensity of peaks which indicate that crystallin-
ity of samples has been decreased [41, 42]. This
specifies the solubility limit of La ions in a-Fe,O,
lattice where saturation is observed at X =0.08 La
doping concentration. This scenario provides evi-
dence of insolubility at higher La doping concen-
trations, which has already been reported by dif-
ferent research groups [43-46]. The formation of
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Fig.1 XRD patterns of Fe,,xLa,xO; (X=0.00, 0.02, 0.05,
0.08,0.10) nanoparticle samples
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Fig. 2 XRD patterns of Fe, ,xLa,xO; (X=0.00, 0.02, 0.05, 0.08,
0.10) samples indicating peak shifts toward lower angle

a secondary phase of LaFeO; (JCPDS No. 96-154-
2033) at higher concentration along with the pri-
mary a-Fe,O; phase may be due to a greater radius
of La® (1.6061 A) than Fe®* (0.645 A), as La>" well
incorporated between interstitial location in Fe3*
below X =0.08 of La doping. But above a particu-
lar concentration (X =0.10), the hoarding of La ions
begins over the lattice surface. The additional peaks
of the secondary phase are noticed for X=0.10 of La
doping, as evident from Fig. 2 [47]. Interestingly, the
peak intensities of the a-Fe,O; phase get increased
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for the low-concentration doping of La content
(X =0.02), which favored the growth of the parent
crystal. Moreover, the crystallite size (D) of all the
synthesized samples has been estimated with the
help of Debye-Scherer’s formula [48].

_ 0.891 1
pcosd’ (1)

where the wavelength of the X-ray is taken as
A=1.54 A, while g and 0 represent the fullwidth at
half maximum (FWHM) and Bragg angle, respectively
[45, 49]. The crystallite size of the pure a-Fe,O5 sam-
ple is ~ 18.1 nm which is increased drastically when
doping of La content at low concentration. On further
increasing the doping concentration, the crystallite
size decreases significantly. However, it increases
slightly at a high doping La concentration (X =0.10)
at saturation. The calculated value of crystallite size
and lattice parameter is summarized in Table 1, which
indicates an enhancement in the FWHM of the dif-
fraction peaks with increasing La concentration in the
host lattice of a-Fe,O; leads to a reduction in crystal-
lite size [50]. The incorporation of La ions into the Fe-
site of a-Fe,O; results in the enhancement of lattice
parameter values (a="b and c) below X =0.08, after that
(at X=0.10) an indiscriminate variation is inspected.
The structural anomaly indicated by non-uniform
variation in crystallite size and lattice parameters in
Table 1 may be attributed to the occurrence of second-
ary phase [51, 52].

Furthermore, it is also seen that peaks are shifted
toward the lower angle side, as shown in Fig. 2. This
shifting of diffraction peaks toward the lower Bragg
angle indicates the presence of strain produced due
to La doping in the a-Fe,O; lattice (Fig. 3).

Table 1 Crystallites size, lattice parameters, and particle size of
Fe, ,xLa,xO; nanoparticles at different compositions

Compositions  Crystallite Lattice param-  Particle size (nm)
X) size (nm) eters (/DX)
a(=b) ¢

X=0.00 18.1 5.039 13.215 51.42

X=0.02 334 5.037 13.211 73.69

X=0.05 15.3 5.040 13.226 68.92

X=0.08 13.5 5.061 13.232 5493

X=0.10 16.7 5.063 13.250 141.57
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3.2 FESEM and EDS analysis

FESEM micrographs of Fe, ,yLa,xO; (X=0.00, 0.02,
0.05, 0.08, and 0.10) are shown in Fig. 4. The aver-
age particle size of the pure sample and La-doped
hematite samples was analyzed using IMAGE-] soft-
ware. The estimated particle size of the pure sample
is ~51 nm, while it lies between ~ 54 and ~ 141 nm for
a-Fe, ,xLa,xO; samples. It can be observed from the
micro-images (Fig. 4) that undoped hematite micro-
structure is comparatively fine and uniform, as com-
pared to that of higher La doping concentration, which
may be due to an increase in the average value of par-
ticle size on account of larger ionic radii of the La**
than the host Fe>* ions [53-55].

Additionally, EDS analysis is used to confirm the La
incorporation in the synthesized sample, as displayed
in Fig. 5. The EDS spectrum of pure hematite (Fig. 5(a))
shows only the peaks corresponding to the elements
iron (Fe) and oxygen (O) [56]. Conversely, EDS spec-
tra of La-doped hematite samples (Fig. 5(b-e)) show
the additional peaks of La along with Fe and O. The
experimental weight percentage is shown in Table 2.

3.3 FTIR analysis

The Vibrational study using infrared absorption
has been carried out to gain more information on
the crystal structure. FTIR plots of Fe, ,,La,,O; sam-
ples ranging from 400 cm™ to 4000 cm'are shown
in Fig. 3. The O-H bending mode of hydroxyl group
is represented by bands emerging at 3448.8, 2924.2,
and 2850.9 cm™ but asymmetric as well as symmet-
ric vibration of -CHj kind groups are represented
by the bends at 1629.9 cm™ [57-59]. The FTIR bands
emerging at 1109.1 and 1383.0 cm™ are assigned
for —-CH, and outstanding hydroxyl group C-OH,
respectively[60, 61]. However, the bands appear-
ing at 457.7 and 547.8 cm™ are corresponding to E,,
and A, two characteristic modes in a-Fe,O; [62].
The overlapping of A,, and E, vibrations in trans-
verse direction to the c-axis can be correlated with
the band at 547.8 cm'which may attribute to the
elongated Fe—O vibration. The two vibration modes
A,, and E, can be overlapped because they loss the
inversion point simultaneously. Also, both are anti-
symmetric to inversion. The energies of these states
are close due to slight change in polarization change.
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Fig. 3 FE-SEM micrograph
of a-Fe, ,xLa,xO; (X=0.00,
0.02, 0.05, 0.08,0.10) sam-
ples

Furthermore, from Fig. 3, it is also examined that
with the incorporation of La into the hematite lattice
at X=0.02, an increase in peak intensity indicates
an enhancement in crystalline nature at this compo-
sition, but for higher doping concentration[63], the
intensity of E, and A,, modes is observed to reduce
the peaks intensity which reveal that crystallinity of
the a-Fe,O; degrading with a higher doping level of
La. FTIR spectroscopy investigation and XRD predic-
tion are in good agreement to predict the crystalline
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nature of synthesized samples. The assignment of
the observed bands are given in Table 3.

3.4 Temperature-dependent resistivity
analysis

The variation of resistivity for La-doped a-Fe,O; nano-
particles in the temperature range 100400 K is shown
in Fig. 6. There is not much significant variation in the
resistivity of a-Fe, , La, Oz up to 300 K but above 300 K
resistivity is observed to decrease exponentially with
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Fig. 4 continued

increasing temperature that can be explained based on
improved drift velocity charge carriers due to thermal
energy which confirms the semiconducting behavior
of the synthesized materials [64]. These two resistiv-
ity variation regions (100-300 K and 300-400 K) may
be attributed to two kinds of conduction mechanisms
variable-range hopping and nearest-neighbor hopping,
respectively. At lower temperature, the charge carriers
cannot contribute to conduction due to a lack of thermal
energy but at higher temperature charge carriers gain
sufficient thermal to cross-grain boundaries and contrib-
utes to conduction resulting in reduced electrical resis-
tivity. It is observed from Fig. 6, the resistivity plots that
the substitution of La ions in Fe,O; lattice leads to an
increase in resistivity due to a decrease in the Fe>* ions
concentration on La substitution which in turn reduces
the rate of electron transport hopping. The resistivity

values of samples are summarized in Table 3. The ele-
vated resistivity indicates the high insulating behavior,
which can be well linked with our observation regard-
ing the increase in dielectric constant with increasing La
concentration. [65-67].

3.5 Dielectric analysis

Figure 7 illustrates the variation of dielectric con-
stants with temperatures ranging from 100 to 400 K of
Fe, »xLa,, O3 (X=0.00, 0.02, 0.05, 0.08, and 0.10) nanopar-
ticles at selected frequencies range (0.1 to 0.4 MHz). The
value of real dielectric constant of pure and La-doped
hematite nanoparticles was determined with the help of
Eq. (2) given as follows:

€' = Cyd/egA )
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Fig. 5 FTIR-spectra of Fe, ,xLa,xO; (X=0.00, 0.02, 0.05, 0.08 and 0.10) samples

where ¢, is the free space permittivity, d denotes the
distance between the plates, and ‘A’ is used for the
area of plates [68].

The dielectric constant observed to exhibit weak
frequency dispersion along with low temperature
dependence for all samples below ~200 K which
may be attributed to the inability of dipoles to orient
themselves in field direction due to lack of thermal
energy. Contrary to this, the thermal energy triggers
space-charge polarization with increasing tempera-
ture (T >220 K) due to the liberation of more localized
dipoles. All these factors result in the increased value
of ¢’ in the high-temperature region which is a general
behavior in the case of the ionic solids [69, 70]. The
dependence of the dielectric constant on frequency
can be correlated and explained with help of cole—cole
model [71] as well as Maxwell-Wagner type model

@ Springer

[72] of interfacial polarization with the help of Koop’s
theory [73, 74]. The high value of dielectric constant at
lesser frequencies side exhibits grain boundaries con-
tribution. While with the increase of frequency of the
applied field, the involvement of grains predominates
hence resulting in lowering the dielectric constant.
The electrons hopping inside grains causes them to
pile up on grain boundaries leading to space-charge
polarization, and thereby, the dielectric constant gets
elevated at low frequencies. But with increasing fre-
quency, a decrease in orientation polarizability can be
observed, due to the exchange of electrons between
ions Fe?* and Fe" and start lagging behind the applied
field. This reduced the probability of electrons shifting
on grain boundary and hence dielectric constant drop
at a higher frequency. The all-over increased dielec-
tric constant with increasing La concentration may be
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Table 2 Weight % of Fe, O, and La in a-Fe, ,,La, O; (X=0.00,
0.02, 0.05, 0.08, and 0.10) nanoparticles

La doping concentration Elements Experimental
(weight %)

X=0.00 Fe 74.62

(6] 25.38
X=0.02 Fe 58.77

(0] 40.68

La 0.54
X=0.05 Fe 56.76

(6] 38.35

La 04.89
X=0.08 Fe 62.97

(0] 3245

La 04.58
X=0.10 Fe 66.98

(0] 25.45

La 07.57

attributed to doping induced non-Centro symmetric
nature ferrite lattice, resulting in improved atomic
polarizability and formation of LaFeO; secondary
phase distributed on the grain boundaries resulting
in the piling space charges there [65, 75]. Since polari-
zation and unit cell volume is inversely proportional
to each other [70]. The value of dielectric constant first
increases for X =0.02 concentration of La due to the
reduction in lattice cell parameters and then decreases
from X =0.05 to X =0.10 of La doping concentration
due to its increased lattice parameter and unit cell vol-
ume. Dielectric constant values (selected frequencies)
at 100 K are summarized in Table 3.

Dielectric loss (tand of the samples has been
obtained in the frequency range 0.1 MHz to 0.4 MHz
as a function of temperature ranging from 100 to
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400 K. The plots between dielectric loss and tempera-
ture are shown in Fig. 8. Initially, at 400 K, the dielec-
tric loss of Fe,_ La, O; (X=0.00, 0.02, 0.05, 0.08, and
0.10) synthesized samples increases with 0% to 8%
concentration in the host lattice and decreases with
10% concentrations of La at 400 K.

This type of variation can be explained with the
help of the Cole—Cole model [69] and Debye’s relation,
tand =wt/1+w*t* where w denotes angular frequency
of applied field and 7 is used for relaxation time. With
the increase of w, factor tand decreases accordingly.
Further at a particular frequency, the variation in tand
plot can be attributed to the relaxation time [76, 77]. At
low temperature, relaxation time is more and its value
decreases with the increase in temperature which
may be related to Koop’s phenomenological theory.
At higher concentration (X =0.100), the loss has been
decreased due to secondary phase of LaFeO; [65]. The
calculated value of Dielectric loss (tand from graph at

100
—=—X=0.00
X =0.02
80 X =0.05
£ ——X=0.08
9-\ 60 X =0.10
w@
=
2 40
=z
'z 20
-7
0 n n n n n n
100 150 200 250 300 350 400

Temperature (K)

Fig. 6 Electrical resistivity versus temperature of Fe,, [La, O
(X=0.00, 0.02, 0.05, 0.08, and 0.10) samples

Table 3 The assignment of

IR bands in cm™! Assignment References
the observed bands of IR for
of Fe, ,xLa,x0; (X=0.00, 3448.8 O-H Bending (hydroxyl group) [57-59]
0.02, 0.05, 0.08, and 0.10) 2924.2 O-H Bending (hydroxyl group) [57-59]
samples 2850.9 O-H Bending (hydroxyl group) [57-59]
1629.9 —CH;Symmetric & Asymmetric vibrations [57-59]
1109.1 —CH, Mode [60, 61]
1383.0 C-OH (hydroxyl group) [60, 61]
457.7 E, Characteristic modes [62]
547.8 A,, Characteristic modes, [62]
547.8 The overlapping of A, and E, vibrations band (elon- [62]

gated Fe—O vibration)
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selected frequencies (0.1 MHz and 0.4 MHz) and tem-
perature (400 K) are summarized in Table 4.

3.6 VSM analysis

The magnetic behavior of synthesized La-doped hem-
atite nanoparticle samples was understood through
M-H loops at room temperature, as depicted in Fig. 8,
9. The observed different magnetic parameters such
as coercivity (H.), remanence magnetization (Mg),
and maximum magnetization (Mg) are summarized in
Table 4. From all M-H traces at room temperature, we
observed that there is no saturation magnetization up
to a field strength of 20,000 Oe which reveals that there
is a presence of superparamagnetic particles. Further-
more, it has been also revealed that the presence of
these non-saturated hysteresis loops at different con-
centrations means the wide distribution of particle size
in the system [28]. Consequently, it may be concluded
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that the system not only consists of superparamag-
netic particles, but agglomeration also contributes to
the hysteresis behavior [78] (Table 5).

From this hysteresis curve, it is observed for the
coercivity (Hc) that it decreases at X =0.02 due to small
particle size; however, this curve shows the high value
of coercivity (H¢) at higher concentrations, which may
be due to an increase in the particle size [79].

4 Conclusions

Enhanced value of dielectric constant
and magnetic properties for Fe, ,yLa,xOj3
(X=0.00,0.02,0.05,0.08,0.10) in comparison to pure
hematite was observed and accredited to the micro-
structural variation encouraged by the incorporation
of La®" ions for Fe** ions. Increasing La®" concentra-
tion to X =0.10 migration of La®" ion results in the



0.0

-0.04]

J Mater Sci: Mater Electron (2023) 34:1947 Page 11 of 15 1947
0.06 0.20
—&—0.1MHz| X=0.00 | o) |TH 0.1 MHZ X=0.02 —® 01 MHz X =0.05
004 —@— 0.2 MHz J “1|—e—02MHz 05| —@— 0.2 MHz
0024 —gr— 0.4 MHz 4/‘ - —y— 0.4 MHz lr::‘ 010 | 0.4 MHz I
g 0.00 go.(w ..‘,‘ :‘% l
j - / 0.05-] IIJ
20.02 0.00 //f‘ j:f
e J3
0.00 ““f
-0.04 j 0.044 j ;‘
T T T T T T T T T T -0.05 - T T T
100 150 Tz)r?]per;fjre(K;)OO 350 400 100 150 ZOTl_]empleSaﬂture(lg)ﬂﬂ 350 400 100 150 Z?I?emp;f:ture(g‘l(“)o 350 400
05| [—m—0.1 MHz X=0.08 | {|7®0.1MHz X=0.10
—® 0.2 MHz 1 " | -e02MHz i
" | A 0.3 MHz ; | |—4—0.3MHz ;
03] | —¥— 0.4 MHz . v | v 0.4 MHz ]
S
8§ ™ ] .".‘ § 0.00] J
0.1 A..j
0.02)
J

0.1+

. T T T T T
100 150 200 250 300 350 400 100

Temperature(K)

T
150

AAAisAAAALLAL
e

T T
200 250 300 350 400

Temperature(K)

Fig. 8 Dielectric loss versus temperature at different frequencies forFe, ,, Y,,0; (X=0.00, 0.02, 0.05, 0.08, and 0.10) nanoparticles

Table 4 Resistivity and dielectric constants (at selected frequen-
cies) of pure and La-doped hematite nanoparticles at 100 K

Doping Resistiv-  Dielectric constant (100 K)
concen- ity at 0.1MHz 02MHz 0.3MHz 0.4 MHz
tration 100 K
X) (x10°

Qm)
X=0.00 54.06 60.76 59.96 59.30 58.83
X=0.02 66.69 200.32 19795 196.31 195.22
X=0.05 63.64 169.11 167.16  165.76  164.65
X=0.08 60.11 147.51 145.86 144.62  143.80
X=0.10 56.57 14620 14429 142.89 141.74

development of impurity phases of LaFeO;. The
dielectric constant observed increases with increas-
ing La concentration in comparison to pure a-Fe,O3
mainly due to the non-centrosymmetric nature of
the ferrite lattice, improved atomic polarizability,
and formation of LaFeOj; phase at the grain bounda-
ries. But the value of dielectric constant decreases
for higher La concentration (X =0.05 to X =0.10) due
to increased lattice parameter and hence unit cell

0.018 |-

0.012 |-

0.006

0.000

M (emu/g)

-0.006 [

-0.012 |

-0.018
1 1 1 1

-20000 -10000 0 10000 20000
Magnetic Field (Oe)

Fig. 9 M-H curves of Fe, ,,La, O; (X=0.00,0.02,0.05,0.08, and
0.10) samples at room temperature

volume. Investigation of resistivity data indicates
the variable-range hopping and nearest-neighbor
hopping conduction mechanisms that are effective
in the 100 to 300 K and 300 to 400 K temperature
slots, respectively. The frequency dependency of the
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Table S Coercivity (Hg), remanence magnetization (My) &
maximum magnetization (Mg) of pure and La-doped hematite
nanoparticles

Samples doping My (emu/g) Mg (emu/g) H-(0,) (Mg/My)
concentration

(0:9)

X=0.00 0.0037 0.0153 365.54 0.241
X=0.02 0.0033 0.0154 339.20 0.214
X=0.05 0.0044 0.0167 459.03 0.263
X=0.08 0.0036 0.0162 371.46 0.222
X=0.10 0.0039 0.0144 402.04 0.270

dielectric constant may also be understood based on
the space-charge polarization mechanism by using
Koop & Maxwell-Wagner’s models. Furthermore,
it has also been noticed that the average value of
coercivity (H¢) and remanence magnetization (My)
are enhanced for hematite materials doped with
Lanthanum.
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ABSTRACT

Silica coated cobalt ferrite (CoFe,0,4:Si0,) nanocomposites were synthesized by co-
precipitation technique using metal nitrates as precursors. The as-prepared samples were
heat treated at different temperatures of 250, 500 and 750°C for 24 h. Structural, thermal,
and morphological behavior of nanocomposites are investigated by XRD, FTIR, TGA-DTG,
and SEM characterization results, useful in biomedical applications. With increasing calcina-
tions temperature from 250 to 500°C and 750°C an increase in crystallite size of
CoFe,0,4:5i0, nanocomposites has been determined from 20.26 to 28.95nm and 38.76 nm
by Williamson-Hall method, respectively. Furthermore, by increasing the temperature from
250 to 750°C the lattice parameter and strain values have been found to increase
from 8.0321 to 8.0691 A and 1.01 x 1072 to 3.75 x 107>, respectively. Analysis of TGA results
found no weight loss when the sample was heated beyond 700°C and thus complete
decomposition of precursors has led to the formation of stable nanocomposite structures at
high temperatures. SEM analysis of synthesized samples at 750°C revealed well developed
nanoparticles of CoFe,0,: SiO, with inter-granular porosity.
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1. Introduction reducing gases [4,5]. Ferrites multifunctional character
with super-paramagnetic properties makes them an
interesting candidate for magnetic data storage, mag-
netic imaging, drug delivery, and microwave devices

[6-8]. Among spinel ferrites, cobalt ferrite (CoFe,O,)

Ferrite nanoparticles have received significant attention
of researchers in recent years due to their specific
magnetic and electrical properties [1]. More import-

antly, nanoferrites have shown gas sensing capability
[2,3]. Moreover, they may be used in transformer
cores, high speed digital tapes, photocatalytic activity
toward the degradation of organic materials and
oxidative nature of reactions in the presence of

has long been of great importance in fundamental
sciences and technological applications due to its
special magnetic properties such as high coercivity
(Hc), moderate saturation magnetization (Ms), good
chemical stability, and high mechanical hardness [9].
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Cobalt ferrite has an inverse spinel structure repre-
sented by (Co,_xFex) A(CoxFe, x)BO, where X
denotes the degree of inversion, A denotes tetragonal
sites, and B represents octahedral sites. However,
cobalt ferrite usually has a strong tendency to agglom-
erate, which makes them very different and difficult to
reveal their unique physical properties. One way to
overcome this difficulty is to disperse nanoparticles in
a matrix as this method allows stabilization of the
nanoparticles [10]. Research in nanocomposites having
magnetic particles embedded in a silica insulating
matrix widely has grown considerably in recent years
due to the unique magnetic properties of these materi-
als [11]. Silica provides protection to cobalt ferrite par-
ticles from harmful neighboring environment, needed
for many technological applications. A number of
methods have been used to obtain nanoparticles such
as reverse micelle preparation [12], sol-gel method
[13], hydrothermal [14], low temperature auto com-
bustion [15], microemulsion [16], reduction-oxidation
route [17], continuous-flow micro-reactors. etc. [18].
There are many limitations of these methods like: toxic
nature and costly reagents, high temperatures, and
long time consuming processes. However, an efficient
method of preparation to avoid these ambiguities is
the co-precipitation method as compared to other
methods. The advantages of the co-precipitation
method are the high yield, high product purity, the
lack of necessity to use organic solvents, good reprodu-
cibility, and low cost. Silica embedded cobalt ferrites
are promising candidates for biomedical applications
like cell separation, purification, bactericide, and mag-
neto hyperthermia of tumor cells [6-8]. The silica
embedded cobalt ferrites may be proposed as the suit-
able materials for delivery of targeted nanomedicine in
most harmful environments. Magnetic investigations of
silica coated cobalt-ferrite nanocomposites have earlier
been reported [19] and the retentivity, saturation mag-
netization, and coercivity revealed a strong dependence
on their crystallite size. Our results suggest the poten-
tial applications of these silica embedded magnetic
nanoparticles in the biomedical field, especially for
hyperthermia treatment [6-8,19]. This paper reports
novel data on the properties, synthesis and structure
using XRD, FTIR, SEM, and thermal stability by
TGA-DTG of silica embedded cobalt ferrite
(CoFe,04:Si0,) nanocomposites prepared by co-pre-
cipitation method and heat treated at 250, 500, and
750°C for 24 h.

2. Materials and methods
2.1. Sample preparation

Preparation and synthesis of samples were carried out
mainly in three steps by the co-precipitation technique.
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Firstly, synthesis of CoFe,O, was carried out by
using high purity reagents: cobalt nitrate hexahy-
drate (Co(NOs),-6H,0), ferric nitrate nonahydrate
(Fe(NO3)3-9H,0), ammonia hydroxide (NH,OH)
(Sigma-Aldrich), and double distilled water. In this
method, solution mixture of Co(NOs;),-6H,O and
Fe(NO;);-9H,0 with a [Co*"]/[Fe’"] molar ratio
1:2 was dissolved in double distilled water and
stirred vigorously for 3h at 70°C. Double distilled
water was used as a solvent in order to avoid the
production of impurities in the final product. Now
a brown colored clear solution was obtained by
equally blending the mixture. Then ammonia
hydroxide (NH,OH) solution was used as a base so
as to get the precipitates of CoFe,O, solution. After
that the obtained solution was filtered with double
distilled water and ethanol many times to remove
impurities if any. Thus, a suspension solution con-
taining dark brown precipitates was obtained.

In the second step, synthesis of SiO, was carried
out. For this, typical molar ratio of precursors
TEOS:C,H;:OH:HNO;H,O:NH,OH was taken as
1:3:0.01:1:0.016, respectively. Initially, the first three
chemicals were dissolved in double distilled water as
per their given ratios. Then, NH,OH was added drop
wise in the solution mixture of TEOS, C,H;OH, and
HNO;. Addition of NH,OH turned the solution mix-
ture from transparent to milky. Now the obtained sus-
pension was stirred for 2h at 60 °C.

In the third step, synthesis of CoFe,0.SiO, was
carried out. For this, the obtained suspension solution
in the first and second steps was mixed together and
stirred for 6h. Temperature of the system was kept
constant at 70°C during stirring. Then the resultant
precipitates were filtered out and washed many times
with double distilled water. After that the precipitates
so obtained were dried at 80°C in a vacuum oven for
24h. The dried sample was grind to a very fine pow-
der. This fine powder was divided among five parts.
One of these five parts was kept as the as-prepared
sample. The other fine powdered identical samples
were heated at 250, 500, and 750 °C separately using a
programmable furnace.

2.2. Instrumentation

XRD: X-ray diffraction (XRD) patterns of samples
were recorded by an X-ray diffractometer (Philips
PW/1710) with Cu filter using mono-chromatic
CuKuo radiation of wavelength1.548 A at 50kV and
40 mA. The scanning range by 20 angle was kept
10°-80°. XRD pattern gives information regarding
crystallite size, strain, and lattice constant.

FTIR: To investigate the compositional character-
istics like phase transformation and bonding of con-
stituents from optical excitation of vibrational
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Figure 1. XRD patterns of CoFe,04:5i0, samples (a) as-pre-
pared, (b) 250°C, (c) 500°C, and (d) 750°C.

modes, infra-red spectra were recorded in the range
4000-400cm™ ' using Fourier transform infrared
(FTIR) spectrometer (Perkin-Elmer 1600). For FTIR
characterization, pellets were obtained by homoge-
neously mixing the samples with KBr powder and
then pressing.

SEM: Surface morphology was analyzed by scan-
ning electron microscopy (SEM-JSM6610LV) with a
maximum applied voltage of 30kV.

TGA-DTG: Change in mass of sample as a func-
tion of temperature and decomposition of precur-
sors was studied by Thermogravimetric Analysis
(TGA)-Derivative Thermogravimetry (DTG) curve
in temperature range 25-1100 °C (FRS1 R-Type).

3. Results and discussion
3.1. XRD analysis

The XRD patterns of the as-prepared sample and
that annealed at different temperatures varying from
250 to 750°C are shown in Figurel. The presence
of amorphous silica in all the samples was con-
firmed by the broad hump seen in X-ray patterns at
20 ~18°-23°. The presence of weak diffraction
peaks in the as-prepared CoFe,04:SiO, sample sug-
gests agglomeration of the nanocomposites. The
weak peaks that appeared at 250 °C suggest that the
particles of CoFe,O, had been nucleated in the silica
matrix and thus the XRD pattern show poor crystal-
linity. In order to achieve better crystallinity, the as-
prepared sample was further heat treated at 500 and
750°C. On comparing the XRD pattern with the
JCPDS PDF card No. 22-1086, the formation of
cobalt ferrite nanocomposites is confirmed. From
analysis of Figure 1, it could be clearly seen that the
rise in temperature from 250 to 500°C leads to
higher crystallinity of the sample. In the diffracto-
gram of samples thermally treated from 250 to
500°C two significant peaks centered at 20~ 33.20°
and 35.41° are noticed. The peak centered at 26-33°
indicates about the formation of hematite phase
(¢-Fe,03) [20] and the peak noticed at 26-35° could
be indexed as the characteristic peak of
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Figure 2. Williamson-Hall (W-H) plot of as-prepared and
thermally treated CoFe,0,:Si0, nanocomposites at different
temperatures.

CoFe,04:Si0,. By comparing with JCPDS PDF card
no. 22-1086 peaks could be easily indexed to a cubic
spinel structure (Fd3M). Here, the intensity of the
peak indicating hematite phase (26~33.20°) is found
higher than that of the peak of CoFe,O,4 phase (26~
35.41°). This indicates that CoFe,O, phase was not
developed fully and in this case related literature
suggests that ferrite silica phase is mostly calcined in
the temperature range 300-700°C [21]. Further,
heat treatment of sample to 750°C, results in a
sharp increase in the intensities of peaks which sug-
gests that crystallinity of particles has increased.
Moreover, it may also be noticed that the intensity
of the peak corresponding to CoFe,O, phase is
increased while that indicating hematite phase has
decreased. This shows dominance of CoFe,O, phase
over hematite phase indicating that CoFe,O, par-
ticles are now been nucleated in the silica matrix.

The crystallite size, Dpg of the nanostructured
material has been estimated from the broadening of
the XRD peaks using the Scherrer equation [22]
with the size-strain plot shown in Figure 2

Dp_s=KA/fcosl (1)

where 4 is the of X-ray wavelength, K is a structure
constant, 0 denotes diffraction angle, f represents
the full width at half maxima.

The size-strain plot also known as W-H plot
considers about the effect of stress broadening on
the nanostructure size (Dw_g) and is calculated by
using the Williamson-Hall method

f = ki/Dw_ycos + 4¢ Sin0 (2)

where € measures stress coefficient and its value is
measured from the slope of the fitted line. This
stress broadening coefficient leads to an increase in
grain size as compared to that measured by
Debye-Scherrer equation given in Table 1.

The lattice parameter ‘@’ is calculated for most
intense reflection (311) from Bragg’s equation
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Table 1. Crystallite size, strain and lattice parameter with increasing temperature.

Temperature (°C) Crystallite size ‘Dp_s’ (nm)

Average crystallite size ‘Dy_y’ (nm)

Strain ‘¢’ Lattice parameter ‘a’ &)

250 19.80
500 27.15
750 35.34

20.26 1.01 x 1072
28.95 272%x1073
38.76 3.75%x 1073

8.0321
8.0625
8.0691
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Figure 3. FTIR spectra of CoFe,0,4:Si0, nanocomposites cal-
cined at different temperatures: (a) as-prepared, (b) 250°C,
(c) 500°C, and (d) 750°C.

a=dViZ +i+P (3)

Calculated values of crystallite size using the
Debye-Scherrer equation (Dp_s) and
Williamson-Hall method (Dyy_g), strain and lattice
parameter with increasing temperature are listed in
Table 1. In our earlier communication, we have
reported the magnetic properties of these samples
and retentivity, saturation magnetization and coer-
civity revealed a strong dependence on the crystallite
size and showed promise as a material for magnetic
hyperthermia [19].

3.2. FTIR analysis

The FTIR spectra of (a) as-prepared sample and
samples calcined at (b) 250°C, (c) 500°C, and (d)
750°C for 2h in the wave number range of
4000-400 cm ™' is shown in Figure 3. The spectra of
as-prepared sample of CoFe,0,4:Si0, shows bands at
3398.5 and 3404 cm ' which are denoted to stretch-
ing vibration of H-O-H and surface silanol group
(Si-OH), respectively. This spectrum confirms about
the band of water overlaps with surface hydroxyl
group vibrations that results in band broadening.
Furthermore, the strong absorptions at 1095.57,
798.53 and 464.84cm ' indicate the formation of
silica network [23], while the presence of a band
found at 956.69 cm ™' has been assigned to Si-O-Fe.
The presence of Si-O-Fe vibrations indicates some
interaction between the highly isolated Fe’" ions
and the nearest silica matrix. The presence of

Si-O-Fe and Co-O bonds reflects about the chem-
ical nature of the transition metals. As, transition
metal ions do not participate directly into the sol--
gel chemistry even though they have been intro-
duced into the starting solutions [24]. In the spectra
of the as-prepared sample and the sample calcined
at 250°C, the band at 1650 cm ™' could be assigned
to the deformation of molecular water having a
strong presence in these samples. For the samples
thermally treated at temperature of 500°C, the
absorption band at 1095.57cm™ "' for Si-O-S is of
the SiO, tetrahedron has further broadened, while
that for O-Si-O symmetric bond stretching vibra-
tions at 464.84cm 'and vibrational mode of
Si-O-Si bond present at 800cm™' becomes much
weaker. This corresponds to a resettlement process
of the silica network [25]. However, the presence of
a broad hump at 3425cm™" indicates Si-OH vibra-
tions. Correspondingly, the band centered around
956cm ™" shows for the absorption of the Fe-O
stretching in Fe-O-Si bonds which has increased in
intensity. These facts reflect the formation of
CoFe,0, clusters that are accompanied with the
rearrangement of the silica network and the
enhancement of the Si-O-Fe bond between the
CoFe,O4 clusters and the surrounding silica net-
work. Furthermore, for the samples heat treated at
750°C, the IR spectrum changes greatly as com-
pared with that of samples heat treated at lower
temperatures. The absorption at 1095cm™' for
Si-O-Si of the SiO, tetrahedron grows narrower
and stronger, while a band corresponding to
956 cm™ ' appeared [22,26]. The poor development
of ferrite structure in as-prepared sample is evi-
denced by the weakening of the characteristic band
of ferrite (590cm ™). This fact is in agreement with
our XRD results, which has showed poor crystallin-
ity in the as-prepared sample. Moreover, at high
temperature, elimination of water molecules and
Si-OH volatiles from the sample leads to densifica-
tion of CoFe,04:Si0, and hence justifying about the
formation of nanocomposites which is confirmed by
the XRD results.

3.3. SEM analysis

The micrograph of CoFe,0,:5i0, nanocomposites
thermally treated at 250, 500, and 750 °C are shown
in Figure 4. SEM micrograph of the samples ther-
mally treated at 250°C indicates agglomeration of
particles due to the presence of magnetic inter-
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Figure 4. SEM micrograph of CoFe,0,:5i0, nanocomposites heat treated at (a) 250°C, (b) 500°C, and (c) 750°C.

particles and Van der Waal’s interactions as shown
in Figure 4(a).Micrograph of CoFe,04:SiO, ther-
mally treated at 500 °C is shown in Figure 4(b) and
indicates that particles are still agglomerated but
with decreasing agglomerate size at 500°C as com-
pared to that at 250°C [26]. Silica embedded
CoFe204 nanoparticles are well developed having
non-uniform morphology along with agglomeration
of particles which is supported by the SEM results
of grown CoFe,O, nanoparticles reported by Raval
et al. [27]. Although, SEM analysis of the sample at
750°C shown in Figure 4(c) demonstrates about
well-developed nanoparticles of CoFe,04:5i0,.
Inter-granular porosity was also observed at 750 °C.
It can be clearly seen that SiO, is coated on the
CoFe,0, surface. A clear trend of microstructural
change is found with temperature. Our magnetic
findings of these silica coated cobalt-ferrite nano-
composites indicate [19] that retentivity, saturation
magnetization, and coercivity can vary with crystal-
lite size and is strongly depended on temperature.
Hence, our results indicate the individual appear-
ance of silica embedded nanoparticles has been
enhanced in the case of higher temperatures and
they may be suitably designed for maximum heating
efficiency in magnetic hyperthermia for cancer treat-
ment [6-8].

3.4. TGA-DTG analysis

The thermal decomposition behavior of precursors
was investigated by TGA-DTG analysis. TGA-DTG
curves of the as-prepared powdered samples are
shown in Figure 5. Change in mass of sample as a
function of temperature and decomposition of pre-
cursors was studied by TGA-DTG curve in tem-
perature range 25-1100°C. Thermogravametric
analysis of precursors revealed that a total weight
loss of —24% occurred at four different temperature
ranges 50-200, 201-350, 351-600, 601-750°C.
When the powdered sample was heated from 50 to
200°C (first stage), around 7% weight loss occurred
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Figure 5. TGA-DTG curve of as-prepared silica coated cobalt
ferrite nanocomposites.

due to the loss of moisture from the sample. This
loss of moisture is also reflected in the DTG curve
by the presence of a peak at 114°C. In the second
stage (201-350°C) nearly 11% weight loss has been
observed. This weight loss might be due to the oxi-
dative decomposition of precursors. The presence of
a strong peak around 208°C attributes to the
decomposition of precursors in the DTG curve
[28,29]. In the third stage (351-600°C), a constant
weight loss is observed leading to the formation of
an intermediate structure. In the temperature range
601-750°C, the negligible weight loss implies
strengthening of the intermediate structure of
CoFe,04:S5i0, nanocomposites. Analysis of TGA
results found no weight loss when the sample was
heated beyond 700°C. This actually confirmed the
complete decomposition of precursors and existence
of a stable structure of CoFe,0,:Si0, nanocompo-
sites even at high temperatures. Consequently, silica
embedded cobalt ferrite nanoparticles are protected
from harmful environments as needed for many
technological applications such as magnetic data
storage, magnetic imaging, microwave devices.

4. Conclusions

Silica embedded cobalt ferrite nanocomposites were
successfully prepared by co-precipitation method
and heat treated at different temperatures of 250,



500, and 750°C. With increasing calcinations tem-
perature from 250 to 500°C and 750°C an increase
in crystallite size of CoFe,04:Si0, (nanocomposites)
has been determined from 20.26 to 28.95nm and
38.76 nm, respectively by W-H method. By increas-
ing the temperature from 250 to 750°C the lattice
parameter and strain values have been found to
increase from 8.0321 to 8.0691 A and 1.01 x 10 to
3.75x 10 respectively. The XRD and SEM results
indicated that there is an increase in particle size,
crystallinity, surface morphology and microstructure
of the nanocomposites with increasing calcination
temperature. The characterization showed a clear
trend between heat treatment temperature and
resulting microstructures. The presence of Si-O-Fe
vibrations in the FTIR spectra suggests some inter-
actions between highly isolated Fe’™ ions and near-
est silica matrix. TGA-DTG results indicate no
weight loss by heating the samples beyond 700°C
and confirmed the complete decomposition of pre-
cursors and formation of a stable structure of
CoFe,04:5i0, nanocomposites at high temperatures.
Individual appearance of silica embedded nanopar-
ticles has been enhanced for the case of higher tem-
peratures and may be suitably designed to obtain
maximum heating efficiency in magnetic hyperther-
mia for cancer treatment and other techno-
logical use.
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The nanoparticles of Cobalt-ferrite (CoFe;0O,4), CoZnFe,O4 and CoCdFe,O4 have been synthesized by Auto-
combustion method. In this method, nitrates of Co, Fe, Zn and Cd were used as the starting materials, while citric
acid has been used as a fuel for the preparation of the samples of CoFe;04, Cog.9Zng 1Fe;04 and Cog 9Cdg 1Fe204.

COZ‘;Fezo" Further, the effect of Zn?>* and Cd** doping on the structural, thermal and magnetic properties of Cobalt-Ferrite
SECM z?a?"sis (CoFe,0,4) were also investigated as a useful data. Thermal decomposition is confirmed by fast weight loss nearly
TEM v up to 580.0 °C due to removal of hydroxyl group and after that weight loss has been observed almost negligible

up to 1000 °C from the analysis of the TGA plot. In powder XRD results, pure cubic spinel structure of all the
composition has been found. With the help of W-H method using XRD data, the crystallite size has been found to
be lying in the range from 46.20 nm to 53.30 nm and strain values are obtained from —0.0003 to 0.0008. The
FTIR spectra confirmed the presence of M—O bond and ferrite in our prepared samples. It may be mentioned on
the basis of analysis of results for particle size by two XRD and TEM methods which indicate about the formation
of nano materials and doping of cobalt ferrites. Moreover, TEM results have also indicated the presence of nano-
sized spherical shape of prepared particles with agglomeration. From analysis of VSM results, the obtained
values of coercivity (H.) have been found for these ferrites between 263.45 Oe and 1408.93 Oe. By the sub-
stitution of cobalt magnetic ions with Zn?>* and Cd?", it is possible to tune the magnetic properties of cobalt

ferrite as a promising material for various technological applications.

1. Introduction

Research work on nanoparticles has recently become an important
field of investigations since almost two decades because of their unique
properties for various technological applications [1]. The nanoparticles
have many advantages in health care like they can be used to deliver
drugs to the targeted animal cells directly. They have more stability as
compared to bulk form of material with less toxic effects. Further,
magnetic nanoparticles have been used in many others applications like
information technology, storage systems and ferro fluids for magnetic
drug delivery and hyperthermia for cancer treatment [2]. As, these
nano sized magnetic materials are useful due to their high magnetiza-
tion and magneto resistivity. Furthermore, among magnetic nano-
particles metal ferrites have been generally found more useful. Because,
ferrites are relatively more stable against oxidation and belong to non-
toxic category. The properties of magnetic nanoparticles depend upon
their chemical structure and their methods of preparation. Some nano
magnetic materials have the specialty that they change their dimen-
sions when magnetic field is applied. Magnetic nanoparticles are single
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domain having large magnetic moment. Due to high chemical stability,
ferrite materials have many more interesting properties like optical,
electrical, chemical and magnetic properties [3]. Spinel ferrites have
the general formula M?* (Fe®*),04 (M?* = Ni?*,Co**,Cu®*, Mn?*),
where M?* and Fe®* ions can occupy either tetrahedral (A’) or octa-
hedral (B) sites and oxygen has a face centered cubic (fcc) close
packing arrangement. In these materials, 8A sites and 16B sites are
occupied by metallic ions [4-8]. The Fe is equally distributed in both
octahedral and tetrahedral sites. Therefore, magnetic moment of Fe get
cancel out each other, hence magnetization is due to cobalt only. De-
pending on cations distribution on A and B sites, it shows ferrimagnetic,
antiferromagnetic, spin (cluster) and paramagnetic behavior. The
properties of ferrite nanoparticles also depend upon their composition,
microstructure, dopants and various preparation methods [9].

Cobalt ferrite is an important material among all the ferrites, be-
cause it has some special properties. It is a hard-magnetic material
having high coercivity, moderate magnetization, high mechanical
hardness and high chemical stability at nanoscale size of material.
Because of its high coercivity and stability, the sensors and actuators
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made by cobalt ferrite are more durable and of high use. Therefore, it is
also used in high density storage, transformer core, high quality filters
and phase shifters [10]. The CoFe,O,4 has an inverse spinel structure
with Co?*ions mainly placed on B sites and Fe** ions distributed, al-
most equally between A and B sites [11]. The doping of diamagnetic ion
Zn and Cd in CoFe,0, brings about interesting change in the magnetic
properties of cobalt ferrite. As, cobalt ferrite is ferrimagnetic below
790 K, means magnetic interactions in this ferrite are very strong.
However, when Co®" is replaced by Zn*>" in Co,.,Zn,Fe,0,, then Zn**
occupies the tetrahedral site and Fe** ions are displaced to the octa-
hedral sites. Thus, by increasing concentration of x, the Fe,-O-Feg in-
teractions become weak and T, is expected to decrease. ZnFe,0, is a
normal spinel, it is antiferromagnetic due to Feg — Fep interactions
only. However, T, of ZnFe,0, is very small, 9K [12]. In this article, we
have reported the properties of cobalt ferrite (CoFe,O,), cobalt zinc
ferrite (CoZnFe;0O,) and cobalt cadmium ferrite (CoCdFe,O,4) synthe-
sized by auto-combustion method. Cobalt zinc ferrite is one of the
promising soft ferrite used in electronic devices such as transformer
core, electric motors and generators, because Zn has high resistivity,
low losses, high mechanical hardness, high Curie temperature and good
chemical stability [13-15]. In fact, Co-Zn mixed ferrites have been se-
lected under this research due to their high sensitivity of magnetization
needed for above mentioned applications. Further, one more material
like doping of cadmium ion into the spinel lattice (CoCdFe,O4) has
prominent effect on the magnetic properties such as spin canting effect
and hence many researchers have conducted investigations on these
ferrites [16-18].

2. Materials and methods
2.1. Synthesis of Co;_Zn,Fe;04 and Co; ,Cd,Fe,04Ferrites

Among various methods of synthesis, the auto combustion method
is versatile as it is comparatively a time saving, low cost and simple easy
procedure method [19]. It gives pure, ultrafine, nanoparticles of var-
ious shapes and relatively strain free nanoparticles in powder form of
material. This method does not produce any type of waste product.
Sol-gel auto-combustion synthesis is also known as auto-ignition or
self-propagation method for the preparation of spinel type ferrite na-
nomaterials [20]. Nitrates have been chosen as metal precursor because
of their high water solubility and easy combustion by combining the
metal nitrate with suitable fuel. Citric acid provides fuel for ignition
oxidized by nitrates [21]. Ammonium nitrate is used in combustion
reactions to act as an extra oxidant without change in the proportion of
other participants under the chemical reaction. Addition of this extra
oxidant produced an increase in the combustion gas and thereby effect
to expand the micro structures and eventually increase in the surface
area of nanoparticles in final powder form product.

2NH4NO;(s) — 2N,(g) + 4H, O+ 0,(g)

Nanoparticles of cobalt ferrite were prepared in this research work
and general formula of these materials is written as Co;.xZn,CdyFe;O4,
(x =0, 0.1). Raw materials that have been used in this method are
Cobalt nitrate Co(NO3)o6H,O [98%], Ferric nitrate Fe(NO3)39H,O
[98%], Zinc nitrate Zn(NO3),6H,O [98%] and Cadmium nitrate Cd
(NO3)24H50 [99%]. A stoichiometric ratio of Cobalt nitrate and Ferric
nitrate of AR grade were mixed in 50 ml distilled water. Molar ratio of
Cobalt nitrate and Ferric nitrate was taken as 1:3. The citric acid (C)
was added as a fuel in the metal nitrate (N) in the ratio (C: N) as 1:8
under vigorous stirring conditions. The ferrite samples were success-
fully prepared by doping of Zn?" and Cd2?* having different molar
ratios (Co;xZnyFe,04 x = 0.0, 0.1), Co;.xCdyFe,04 (x =0, 0.1) to
CoFe,04. The amount 1.189 gm of Zinc nitrate has been added to the
metal nitrate solution and 1.22gm of cadmium nitrate was added to the
metal nitrate solution. To adjust the pH value equal to 7, the
Ammonium hydroxide equal to 20 ml was also added drop by drop.
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Fig. 1. Schematic representation of auto-combustion method.

After that, the solution was heated at 90 °C for 3-4 h on the magnetic
stirrer. Water present in the solution then slowly started to decrease by
evaporation. During evaporation process solution becomes viscous and
consequently gel was started to form, as shown in Fig. 1. Then, by in-
creasing the temperature up to 250 °C, gel was ignited. This was the
actual noted temperature inside the solution by using a separate ther-
mometer, however automatic temperature by the magnetic stirrer has
been shown at 300 °C. It has been observed that entire heat has not been
transferred from stirrer plate to the solution, in this method. In fact, at
250 °C the combustion process started very rapidly in a violent manner
until the entire gel gets burnt out completely. After that the remaining
iron oxide black-brownish color material was grinded to prepare ash
and then TGA/DTA has been tested only for CoFe,O, sample upto
1000 °C to estimate thermal stability. Finally, ash was processed for
calcinations at 1000 °C for all these three samples. Hence, as the end
product samples of CoFe,04, Cog 9Zng 1Fe>0,4 and Cog 9Cdo ;Fe204 were
prepared successfully for various characterizations.

2.2. Characterization techniques

The structural characterization of prepared samples of pure cobalt
ferrite, zinc doped cobalt ferrite and cadmium doped cobalt ferrite was
performed by recording the X-ray diffraction (XRD). The powder form
samples were characterized by using Panalytical Xpert-Pro X-ray dif-
fractometer with Cu-Ka (A = 1.5406A°) radiation at 45KV and 40 mA
in the range 15° > 20 > 80°.The average crystallite size of nano-
particles of all the ferrite samples Co;Zn,Fe;O, (x = 0.0, 0.1) was
calculated from the Debye-Scherrer’s formula. Further, the functional
groups were also analyzed by using FTIR spectrometer from 4000 to
400 cm ™!, Thermofischer (USA). The particle size of ferrite nano
powders were obtained by Transmission electron microscope
(HITACHI-H-7650(JAPAN). Furthermore, the magnetic properties of
the ferrite particles have been recorded by using Vibrating Sample
Magnetometer (VSM, PAR 155) having Magnetic field —10 to +10
kOe. In addition to that change in mass of the sample as a function of
temperature and decomposition of precursors were also investigated by
TGA-DTG curves in the temperature range 25-1000 C (FRS1 R-Type).
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Fig. 2. DTA and TGA curves of cobalt ferrite (CoFe;0,).

3. Results and discussion
3.1. DTA-TGA analysis

For thermal characterization of sample (CoFe,0,), the curves of
DTA-TGA were recorded as shown in the Fig. 2. The start material for
TGA/DTA analysis was taken iron oxide black-brownish color material
of CoFe,04. The DTA-TGA curves indicate that degradation of dried
ferrite nano powder shows some weight loss. The DTA curve explains
about the heat required to increase the temperature of the sample and
found a negative small value of heat flow approximately between
850 °C to 1000 °C. However, initially the TGA curve indicates weight
loss and its analysis confirms about thermal decomposition of the cobalt
ferrite nanomaterial under investigation. Thermal decomposition oc-
curred in two steps: (i) first step initially nearly up to 580.0 °C there was
high weight loss due to removal of hydroxyl group, moisture, carbon
etc. and (ii) the second step, weight loss has been observed almost
negligible up to 1000 °C from analysis of the TGA plot. Hence, nearly
from 600 °C to 1000 °C there is almost insignificant weight loss by the
critical analysis of highly resolved y-axis of the TGA curve. The TGA
result confirms that thermal decomposition has completed and in the
end, we get thermally stable ferrite powder at 1000 °C [22,23].

3.2. XRD analysis

Fig. 3 shows the XRD patterns of cobalt ferrite nano powder and its
doped samples by Zn®* and Cd?*ions which were annealed at 1000 °C.
In all these XRD figures, we get (111), (220), (311), (400), (422),
(511), (440) as the prominent peaks and the peak indicated by (31 1)
has appeared as the most intense prominent peak. Peaks (22 2) and
(533) are also appearing in the plots as indicated in the figure for
Cog.9Zng 1Fe;04. Moreover from the Fig. 3, the diffraction intensity of
almost all the respective peaks has increased in the XRD patterns of Zn
and Cd ion doped cobalt ferrites as compared to the peaks obtained for
cobalt ferrite sample.

The peaks (422), (511) and (440) indicate face lattice cubic
spinel structure with Fd3m space group and formation of single phase
in all the three samples [24]. All these peaks indicate solubility of ca-
tions in their respective lattice sites. All this reported data of our work
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Fig. 3. XRD pattern of ferrite samples.

agrees well with the powder diffraction file of JCPDS 22-1086. At
1000 °C narrower and sharp peaks have been observed that indicate the
presence of Cogo¢Zng1Fe;04. There has not been found any trace of
extra crystalline phase formation in all these XRD patterns. Particle size
is calculated corresponding to the most intense peak (31 1) by Debye-
Scherrer formula [25].

092
B Bcosb

@

where, A = 0.154 nm. The parameters D and 0 are taken as particle size
and Bragg’s angle respectively. Here [ is the full width at half maxima
(FWHM) of XRD peaks.

The lattice constant (a) is calculated by:

1/d2 = (% + k2 + B)/a? )

where d is the interplaner spacing and h, k and 1 are Miller indices. The
calculated value of lattice constant and crystallite size of the prepared
samples are given in the Table 1. Values of lattice constant varies from
8.37(10\) to 8.40 (10\). Lattice constant increases which indicates about
the strong presence of Zn?*and Cd?*ion in our prepared doped

Table 1
Lattice constant, crystallite size and microstrain of CoFe,O4 and Zn, Cd doped
cobalt ferrite samples.

Sample Lattice constant,a Dp.g (nm) Dw.y Drem Straine
(A) (nm) (nm)

CoFe,04 8.37 40.15 46.20 32.57 0.0008

Cop.9Zno 1Fe;04 8.39 50.05 53.30 49.81 0.0003

Cog.9Cdo 1Fe204 8.40 57.78 47.79 58.83 -0.0003
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Fig. 4. Plot of Bcosd vs 4sind of CoFe,04 nanoparticles.

samples. Increase in lattice parameter is due to the reason that ionic
radii of Zn** (0.74 A°) and Cd** (0.95 A°) are larger than the radius of
Co2%(0.70 A°) [26]. The Williamson-Hall (W-H) relation is given by

Bcosf = % + 4eSind 3)

where, K = 0.9 for uniform small size crystals, lis wavelength of X-ray
used, 0 is the Bragg’s angle, € is strain distribution and D is average
crystallite size. For the case of small strain values ¢ = 0, then W-H re-
lation is reduced to Debye-Scherrer formula. The W-H method is rela-
tively better as compared to the Debye-Scherrer method as it explains
about the strain values in the prepared samples.

From the W-H method, crystallite size and strain values have been
determined from the intercept on y-axis and slope of the line as shown
in the Figs. 4-6 respectively, which are given in the Table 1. The
crystallite size has been found to be lying in the range from 46.20 nm to
53.30 nm and strain values are obtained from -0.0003 to 0.0008. As it
has been noticed from the Table 1 that strain is decreasing gradually,
therefore effect of strain on XRD peak is very-very small. By the doping
of cadmium in cobalt ferrite, the crystallite size decreases than for Zn>*
doped ferrite because of compressive strain, as we get negative slope in
the case of cadmium ion doping. However, we get positive value of
slope in the case of zinc ion doping of cobalt ferrite. The positive value

WH CoZnFe,0,

0.0040 -

0.0035
© .
© 0.0030 .
_: [ ]
=
7]
o .
9
m 0.0025 - [

.
0.0020
T T T T T T T T 1
0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2
4 Sin theta

Fig. 5. Plot of Bcos 6 vs 4sin 8 of Cog 9Zng 1Fe,04 nanoparticles.
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Table 2
Magnetic properties of CoFe,O4 and Zn, Cd doped CoFe,O, nanoparticles.

Sample M; (emu/g) Mg (emu/g) H. (Oe) Squareness ratio Mg/Mg
CoFez04 72.13 33.74 1408.93 0.46

CoZnFe,0,4 80.84 18.41 263.45 0.227

CoCdFe,04 81.60 29.16 620.84 0.357

of slope indicates tensile strain while negative value of slope indicates a
compressive type strain. In fact, compressive strain may be believed due
to the reason that ionic radii of cadmium ion are larger than zinc ion
[27]. Hence, it is may be mentioned from the analysis of results given in
Table 2 for particle size by three methods which indicate about the
formation of ferrite nano materials and doping of cobalt ferrites.

3.3. FTIR analysis

The Fourier transform infrared spectroscopy (FTIR) plots of all the
prepared samples were recorded in the wave number range 4000 cm ™ -
—400 cm ™' as shown in Fig. 7. The FTIR spectroscopy explains about
the distribution of cations between the octahedral and tetrahedral sites
of cobalt ferrite. In these spectra, bands are existed due to interatomic
vibrations. Spectra in the range 400 cm ™~ *-600 cm ™! confirmed about
the spinel structure of cobalt ferrite and its doped samples by Zn>** and
Cd** ions.

In all these figures of FTIR spectra, it can be noticed that some
absorption peaks in finger print region (400 cm ™ *-—600 cm 1) existed
,which indicate about the M-O stretching that confirms the presence of
ferrites in all the prepared samples and indicate spinel structure. Peaks
near about 579 cm™in all samples indicate high frequency band that is
due to stretching vibrations of the tetrahedral groups. Lower frequency
band obtained near about at 415cm ™! that is due to the stretching
mode of the octahedral M-O groups in the ferrites [28-30]. The band
around 1052 cm ™! explains stretching vibration of C-O [31]. One peak
at 1365.1 cm ™! indicates the presence of O-H group [32]. The samples
have band near around 3450 cm ™! and 1630 cm ™" respectively show
the presence of O-H group as well as some impurities on the surface of
ferrite nanoparticles and indicate the existence of O-H group [33-34].

3.4. TEM analysis

Transmission electron microscopy (TEM) images of ferrite samples
of CoFey04 Cog.o9ZngiFe,04 and CogoCdg Fe;04 are shown in
Fig. 8(a—c) respectively. Analysis of the images show high agglomera-
tion of the particles, which may be believed due to nano size effect,
magnetic interaction between magnetic nature of nanoparticles and



H. Kaur et al.

Journal of Magnetism and Magnetic Materials 474 (2019) 505-511

101
EEE_—-\ o S e —————
o8 ,//
; 1086 ey 1L TEoed
EIIE BRED Bl B
“! A5 Ao L 1K Bm s 1
H.I 15T 251 1
- B-'F‘E YT D1 VT M- - hl]
* ___ COBALT CADMILM
Bo- FEREITE
?-Bi COBALT FERBITE
i
74 COBALT ZING AT
T2 FEREITE ET0 13em-1 |
TH |
: 3500 AKE ’ 2K 1500 A S0

2500
wavenumber (cmT)

Fig. 7. FTIR spectra for CoFe,O, and its doped samples.

Fig. 8. TEM image of CoFe,O,. TEM image of CoZnFe,O4. TEM image of
CoCdFe,04 nanoparticles.

high annealing temperature [35]. Due to high temperature, it is not
possible to avoid agglomeration of particles. From the TEM images, it
seems like that particles are spherical in shape with crystalline nature.
The size of particles was also calculated by the software- Image J. The
obtained particle size lies in the range 32.57 nm to 58 nm approxi-
mately of cobalt ferrite and its zinc and cadmium doped samples.
Particle size of cobalt ferrite nano powder is found approximately
32.51 nm. But with zinc doping particle size increased to 49.81 nm.
This could be due to Zn?* ion having zero magnetic moment which has
replaced cobalt ion towards the tetrahedral A-sites. Particle size also
increases with Cd>* doping as Cd>* ion has similar behavior like Zn®*
ion. With cadmium doping particle size increased more from 32.57 nm
to 58.83 nm and it is an interesting fact that approximately same range
of particle size is obtained for all the prepared samples by XRD method
as given in the Table 1 for comparison. Moreover, particles are ap-
pearing roughly like irregularly distributed but may be mentioned to
have spherical in shape from all the three images.
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Fig. 8. (continued)

3.5. VSM analysis

Magnetic properties of the synthesized samples were analyzed by
vibrating sample magnetometer (VSM) at room temperature with a
maximum applied field of + 100000e. The Figs. 9 to 11 shows the
hysteresis loops of cobalt ferrite CoFe;O4, Co0g.9ZngiFe;04and
Co¢.9Cdy 1Fe,04 which reveals ferromagnetic behavior of all the sam-
ples annealed at 1000 °C. On the basis of the analysis of all these hys-
teresis loops, it may be mentioned that the ferromagnetic behavior has
been modified by the doping of non magnetic ions of Zn and Cd to
substitute magnetic cobalt ions in our samples. The magnetic para-
meters of prepared samples like coercivity (Hc), remanence magneti-
zation (Mg) and squareness ratio (My/Ms) have been found to decrease
with doping of Zn and Cd ions, as given in the table 2.While saturation
magnetization (M) is obtained high with doping of Zn and Cd ions in
cobalt ferrite which is in fact needed a high value for high-frequency
inductors in magnetic materials [36].

By analysis of hysteresis loop from Fig. 9, it is observed that cobalt
ferrite has broader loop as compared to other plots in the Figs. 10, 11.
However, cobalt ferrite doped with zinc ion has narrower loop as like a
soft ferrite. From the Table 2, saturation magnetization values of
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Fig. 8. (continued)
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Fig. 9. Magnetic Hysteresis loops of CoFe;04.

prepared samples ranges between 72.13 emu/g to 81.60 emu/g. Fur-
ther, the saturation magnetization (M) for cobalt ferrite is observed
72.13 emu/g, which is in good agreement with earlier reported values
[37]. Furthermore, Mg values increase with the doping of 7Zn?* and
Cd2*, because Zn?"and Cd?* occupies A-site. The dopants has dis-
placed Fe** towards B-site which increases magnetization, now mag-
netic moment of A-site decreases because increase in non-magnetic
Zn?" ion in the A-site. Hence, concentration of Fe?* jons increases in B-
site. Therefore A-B interaction between magnetic ions decreases, which
further increases the total magnetization values M;. An almost similar
behavior has also been shown by Cd** doping in the cobalt ferrite.
Increase in the value of M, by Zn?*and Cd?™* doping is found in good
agreement with the previously reported values by other researchers
[38]. The values of coercivity (H.) found in the range 329.3 Oe to
1408.9 Oe. The H, value is determined lower 263.4 Oe in the case of
cobalt zinc ferrite that is due to the anisotropic nature of spinel cobalt
zinc ferrites and due to non- magnetic moments of Zn®* ions [39-41].
The value of saturation magnetization in case of cobalt cadmium ferrite
has been found to increase from 72.13 emu/g to 81.60 emu/g with the
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Fig. 11. Magnetic hysteresis loops of Cog oCdg 1Fe204.

increase in the temperature due to the gradual increase in crystallinity
and particle size [42]. Remanence (My) values lies between 18.41 emu/
g to 33.74 emu/g, but My value is found very less in case of zinc doping
hence we obtained soft ferrite sample of Cog ¢Zng ;Fe;04 that may be
due to the reason that zinc is non- magnetic in nature.

4. Conclusions

The ferrite samples of CoFey04  Cogo9ZngiFe,04 and
Cop.9Cdp 1Fe>04 nanoparticles have been prepared by auto combustion
method successfully. Occurrence of thermal decomposition was con-
firmed by the fast weight loss nearly up to 580.0 °C due to removal of
hydroxyl group and after that weight loss has been observed almost
negligible up to 1000 °C from the analysis of the TGA plot. From XRD
investigations, it is confirmed that all the samples are single phase cubic
structure having Fd3m space group of cobalt ferrite samples. The FTIR
spectra confirmed the presence of M-O bond that also shows the pre-
sence of ferrite in the prepared samples. The crystallite size has been
found to be lying in the range from 46.20 nm to 53.30 nm and strain
values are obtained from -0.0003 to 0.0008 with the help of W-H
method using XRD data. The average crystallite size and lattice para-
meters of the samples have been found to be larger in the case of Zn and
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Cd ion doping in cobalt ferrite, that may be understood due to larger
ionic radii of Zn?* and Cd** as compared to Co®". The crystallite size
in nano range of our prepared samples calculated by Debye - Scherrer
formula, Williamson-Hall plot and TEM analysis have been found to be
in good agreement with each other. Hence, it is concluded from analysis
of results of particle size which indicate about the formation of nano
materials and doping of cobalt ferrites. Further, TEM analysis reported
spherical shape of ferrite nanoparticles along with the presence of high
agglomeration due to magnetic interactions between ferrites particles
in our prepared samples. Furthermore, hysteresis loop by VSM analysis
confirmed about the ferromagnetic nature along with tuning of mag-
netic parameters by doping with Zn®>* and Cd>* of our prepared cobalt
ferrite samples. The values of coercivity (H.) have been obtained from
263.45 Oe to 1408.93 Oe. The H, value is determined lower 263.4 Oe in
the case of cobalt zinc ferrite that is due to the anisotropic nature of
spinel cobalt zinc ferrites and due to non- magnetic moments of Zn>*
ions. From the results of all characterization techniques in this paper, it
is concluded that magnetic properties of cobalt ferrite nanomaterial can
be suitably modified by doping with Zn*>* and Cd? ions as a promising
material for various technologies useful in many fields like medical,
information and communication etc.
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In this paper, we investigate effects of Ce-doping on the structural, electrical and magnetic properties of Fea.
2xCeax03 samples synthesized by sol-gel method by varying the composition as (x = 0.00, 0.02, 0.05, 0.08, 0.10).
The recorded XRD pattern of synthesized powder samples indicates the formation of hematite phase up to the
dopant concentration x = 0.05, thereafter a further increase in doping concentration leads to the existence of
secondary phase of cerium oxide (CeO,) along with the pure phase of hematite. Moreover, XRD results are well

VSM supported by FTIR and Raman spectroscopy observations. Variation in grain size as well as the grain growth as
revealed from FE-SEM micrographs may be possibly due to Ce ions having different ionic radii than that of the
host Fe3*. DC electrical resistivity variation with temperature in the range 150-400 K, reveals the enhancement
in electrical conductivity due to the increase of Ce-doping content. Magnetic hysteresis measurements carried out
at room temperature (300 K) with a maximum applied field of £100000e reveal that the magnetic parameters i.
e. remnant magnetization (Mg) and coercivity (Hc) of CeayFes 2403 increase up to the doping concentration of x
= 0.02, thereafter a significant random variation is observed.

1. Introduction

The study of iron nanoparticles has become an interesting topic of
research due to their potential applications in various fields of tech-
nology such as memory devices, target drug delivery, magnetic imaging
and sensors [1-5]. Iron oxides are considered to be extremely useful
possessing more stability, being eco-friendly and owing to their low cost.
Among the various iron oxides, nanoparticles of Fe,O3 are of great in-
terest due to their large variety of applications in the area of adsorbents,
catalysis and in storage devices. FepO3 generally exists in four crystalline
phases, a-FeyOs, p-FexOs, y-FepO3 and e-FeyOs. Out of these four, he-
matite(a-FepO3) is the most stable iron oxide that can exhibit interesting
chemical, electrical and magnetic properties [6-9] and can also act as
one of the raw materials for the iron and steel industry. Furthermore,
hematite is environmental-friendly, has a high resistance to corrosion
and is also non-toxic nature which makes it a viable material for ap-
plications in variety of fields such as storage devices, in bio-applications,
catalysis and in magnetic fluids [10-13]. Hematite generally exists in a
hexagonal structure with the space group R-3c. Substitutional effect in
a-FeyOg at Fe-site influences the electrical, magnetic and other physical
properties. In this direction, a large number of reports are available on
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E-mail address: dahlawat66@gmail.com (D.S. Ahlawat).
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the doping of transition metals in hematite and another materials
[14-22]. However the reports on rare-earth metal-doping are not
exhaustive. Furthermore, it has been found that due to a large magnetic
moment, the structural, electrical and magnetic properties have strongly
been affected with incorporations of lanthanide (Ln™3) ions [23-27].
Rugiya et al. [28] reported that there is an increase in saturation mag-
netisation and decrease in coercivity along with simultaneous decrease
in particle size with doping of Ho'> ions in the a-Fe,0s lattice at room
temperature. Freyria et al. [29] reported that ferromagnetism has
enhanced with incorporation of Europium (Eu®h. Goyal et al. [30] re-
ported the modification in magnetism with Neodymium (Nd) doping in
o Fe;03 and correlated the same with reduction in particle size. Wan et
al [31] also reported the enhancement in magnetic properties with the
incorporation of Gd*® ions in o-FeyOs. For the a-Fe,Os, numerous
dopants have been employed to tune the catalytic performance for OER
(Oxygen evolution reaction), including Si [32-36], Sn [37-41], Pt
[42,43], Nb [44,45], Ni [46], Ti [47-49], Al [47], Zn [44], Cr [50,51],
Mo [51], and some have been proved to be effective. For instance, single
Ti or Sn, and Be/Al co-dopants can increase the photocurrent response of
Fe,03 effectively [9]. A defect model was derived to explain this phe-
nomenon. In addition, a temperature independent value for the electron
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mobility of 0.01 cm? V™! s7! for a donor density of 4.0 x 102° cm ™3 (1%
Ti) was derived. Indium substitution in hematite also caused a decrease
in the crystallite size, an increase in the particle size, a shift in the po-
sition of bands in infrared spectra, a decrease in the relative intensity of
absorption bands in UV-Vis, NIR spectra and a disappearance of the
Morin transition. Maximum substitution was estimated at about 8 mol%.
Several chemical and physical methods such as spray pyrolysis, sol-gel,
co-precipitation, combustion technique, high energy milling etc. have
been used for the fabrication of stoichiometric and chemically pure nano
ferrite materials.

However out of these, sol-gel technique is quite robust for the
preparation of hematite nanoparticles because stoichiometry of the
precursors is precisely maintained and all sorts of impurities and con-
taminations can be avoided rather efficiently. This versatile method
producing high yields of a-Fe,O3 nanoparticles useful at the industrial
level and more hands-on in terms of size and morphology control.
Although it takes a long processing time. By adopting this synthesis
method, we have already reported, annealing effect on the structural
and dielectric properties of undoped hematite nanoparticles [52].
Furthermore, it will be interesting to know and understand the role
played by Ce-doping in hematite for various useful properties [53-55].
Structural, electrical and magnetic properties of Cerium doped hematite
have not been reported together for these samples yet, to the best of our
knowledge. Ce substitution in the octahedral Fe (1, 2) site of Fe;O3 has
marked effects on the structural parameters that may strongly enhance
electrical properties [56-62]. The magnetic and structural properties of
hematite are also affected by particle size [61,63], degree of crystallinity
[59], doping [56-60], hence provides new insights and opportunities for
technological applications. Because of its low cost, high resistance to
corrosion and environment friendly properties, a-Fe;O3 nanoparticles
have been prepared. As, there is a significant effect of the synthesis
method on the properties like structural, microstructural, magnetic and
electrical of the hematite («-FepO3) nanoparticles. Among the various
approaches, doping strategy, typically through incorporating of atoms
into the lattice, has been regarded to be an effective approach to
improve the photocatalytic activity of metal oxides. Substitutional
dopants can affect the electronic properties by increasing the charge
carrier density and thus the electrical conductivity. Successful modifi-
cation of the opto-electronic properties of the hematite are affected by
the preparation conditions, chemical composition, temperature and the
method of preparation. Among the available chemical methods, the
sol-gel technique is an excellent method to synthesize rare earth
substituted oxide nanoparticles with maximum purity. As per authors’
knowledge, electrical behaviour of cerium doped a-Fe;O3 nanoparticles
has not yet been understood in correlation with structural, microstruc-
tural and morphology at ours selected concentrations. Our new findings
by deep insights on electrical conductivity at 5% doping of Ce in «
-Fe;O3 indicates potentiality in solar cell, sensors, bio-medical and
related technology. In this paper we investigate the doping effect of Ce in
hematite with varying concentration and also discuss improvement in
the DC electrical conductivity versus temperature, enhancement of
coercivity and modification in remanence magnetization.

2. Experimental details
2.1. Synthesis

Feg.0xCeox03 (x = 0.00, 0.02, 0.05, 0.08, 0.10) samples were syn-
thesized by sol-gel method. Iron nitrate Fe(NO3)3-9H20 and cerium
nitrate Ce(NOg3)3-6Ho0 precursors taken in stoichiometric ratio were
dissolved in deionised water. After that, the prepared sol was put on
heater with rigorous stirring at 80 °C till it got converted into gel and
then the obtained gel was transformed to a solid form by heating at 120
°C for 2 h. This solid form was heated at 200 °C for 3 h to remove any
moist phase that might otherwise have led to fundamental changes in
the structure. Now, in order to attain the homogeneity of mixture the

Materials Science & Engineering B 272 (2021) 115327

powdered form of samples was mixed and ground thoroughly in an
Agatemortar and pestle. After grinding, the powdered samples were
pelletized in a hydraulic press using a die of 10 mm diameter and
applying a pressure of 5 tonne. The obtained pellets were finally sintered
in air at 600 °C for 6 hours to obtain dense samples.

2.2. Characterizations

The prepared samples (pellets) were characterized for various
properties such as X-Ray Diffraction (XRD), Raman spectroscopy, FTIR,
FE-SEM, temperature dependent resistivity (R-T) and magnetic mea-
surements. Crystal structure of the samples was determined, using a
Bruker-AXSD8 advanced diffractometer with Cu K, (A = 1.540 A) source
in the range of 30° to 70°. Raman measurement was carried out by using
an In-via microscope (Renishaw) with Ar" ion laser (A = 514.5 nm) and
50 mW of laser power [64]. Particle size and morphology of the hematite
nanoparticles were obtained by field emission scanning electron mi-
croscope (FE-SEM). Variation of DC electrical resistivity with tempera-
ture in the range, 150 K to 400 K was measured using Keithley
electrometer -6517B interfaced with the lab-view software. Further-
more, the magnetic properties of hematite samples were measured using
a vibrating sample magnetometer (VSM), with a varying field of
—10KOe to +10 KOe. The hysteresis curves of hematite nanoparticles
were obtained for different compositions (x = 0.00, 0.02, 0.05, 0.08,
0.10) at room temperature. The saturation magnetisation (Mgay),
Remnant magnetisation (M;) and Coercivity (H) of all these composi-
tions were determined and hence the influence of varying Ce-doping
concentrations was investigated.

3. Results and discussion
3.1. XRD analysis

The XRD patterns of Feg 24CeaxO3 (x = 0.00, 0.02, 0.05, 0.08, 0.10)
nanoparticles are shown in Fig. 1 From these diffraction patterns, Fe,.
2xCeax03 (x = 0.00) showing most intense peak at 33.15° corresponding
to (104) plane indicates the pure hematite phase. The addition of Ce
ions in the host lattice of a-Fe3O3 reduces the intensity of diffraction
peaks that corresponds to the formation of nanocrystalline samples with
reduced crystallinity [65,66].

The change in the peak intensity is related with the crystallite size
(D) which has been estimated with the help of Debye-Scherer’s formula

£ aion & a-Fely
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W
1

Intensity(arb. unit)

1 |
ELE] 4] ]l ] FLE|
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Fig. 1. X-ray diffraction patterns of Fe, 5,Ce»,O3 (x = 0.00, 0.02, 0.05, 0.08,
0.10) nanoparticles showing the decrease in intensity of diffraction peaks with
Ce-doping.
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where the parameters in equation (1), i.e. A = 1.54 A,  and 0 are the
wavelength, full width at half maximum (FWHM) [68] and Bragg angle
of a particular diffraction peak [69] respectively. From the Table 1, the
crystallite sizes for pure a-Fe;O3 nanoparticles are observed to be ~21.1
nm. Further, it has been noticed that there is an enhancement in the
FWHM of the diffraction peaks with the addition of Ce in host lattice of
a-Fex0O3. The enhancement in FWHM corresponds to the reduction in
crystallite size. The crystallite size reduces to 9.7 nm for 5% Ce-doped
a-FepO3 nanoparticles. The observed decreasing trend for the mean
crystallite size (calculated from the most intense peak in XRD pattern)
with increasing Ce concentration is in well agreement with the earlier
reported work [70]. The Ce ions successfully doped in the hematite may
be available in +3 and +4 oxidation states reported by other workers
[71]. XRD patterns of cerium-doped hematite clearly show shifting of
the centre of the diffraction peaks slightly toward the lower angle on Ce
doping in comparison to that of pure hematite. Moreover, the obtained
reflections are sharp and high in intensity which reveals that the syn-
thesized samples are well crystalline. In addition, the lattice constants of
Cerium doped hematite were found to be slightly larger than those to
pure -refer to Table 1. This is consistent with the fact that the ionic radii
of Ce3* (1.03 A) and Ce*t (1.01 A) are larger than Fe>' (0.64 A). The
shifting of XRD lines with doping simply suggest that Ce ion was suc-
cessfully substituted into the hematite host structure at the Fe site. The
substitution of Ce ions at Fe-site leads to an enhancement in both lattice
parameter values (a and c) for upto 5% doping concentration; however,
a random variation has also been observed at higher concentration
values of Ce. This indicates that the Ce ions are incorporated in the host
lattice of a-Fe 20sup to 5% doping concentration and above it the sol-
ubility limit reaches. The Ce ion fits on the interstitial site of the Fe>* up
to 5% doping. Above this concentration, the Ce ions start accumulating
over the surface instead of occupying substitution sites in the host lattice
resulting in the formation of a secondary phase along with the primary
a-Fe 503 phase. From the XRD patterns of Fig. 1, some additional peaks
have also been noticed for 8% and 10% of Ce ion doping concentration
that indicate the formation of secondary phase [72]. These additional
peaks for 8% and 10% shift slightly towards left side that means towards
lower Bragg angle which indicates some strain is produced due to 8%
and 10% Ce doing in a-FeOs. This type of result directly corresponds to
the insolubility of Ce ions within the a-Fe 503 crystal lattice [72]. The
evidence of insolubility above 5% cerium concentration is in agreement
with the already published research work [73]. As given in Table 1, both
the crystallite-size and lattice-parameters possess non-uniform variation
in their values that may be due to the formation of the secondary phase.

3.2. FTIR analysis

FTIR spectra of Fes.04CeoO3 (x = 0.00, 0.02, 0.05, 0.08, 0.10)

samples in the wave number range from 400 cm™! to 4000 cm™! are

Table 1

Crystallite size, lattice parameters, resistivity and grain size values of Feg-oy
Cez,03 (x = 0.00, 0.02, 0.05, 0.08, 0.10) nanoparticles showing the variation
arising due to Ce-doping.

Doping Crystallite Lattice Resistivity at Grain
Concentration Size (nm) Parameters 100 K Size
x) (;X) (a-axis) (x 108S2m) (nm)
(c-axis)
x = 0.00 21.1 5.03 1322 47.66 427.9
x = 0.02 13.3 5.04 13.25 17.27 402.9
x = 0.05 09.7 5.06 13.26 0.278 103.5
x = 0.08 11.1 5.02 13.21 12.25 365.6
x =0.10 11.1 5.05 13.27 8.560 367.4
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shown in Fig. 2. The bands appearing at 3440 cm ™!, 1632 cm™! and at
2950 cm™}, 2850 cm™! are the characteristic feature of O-H bending
mode of hydroxyl group and asymmetric and symmetric-vibrations of
-CHjs type groups respectively [74,75]. Bands appearing at 1040 em™!
and 1382 cm ™! are assigned to-CH, and residual hydroxyl group C-OH
respectively [76]. Two other bands at 457 cm ! and 539 cm ™! referred
as Eu and Ay, are the characteristic modes of hematite nanoparticles
[77]. The presence of a band at 539 cm ! may be related with over-
lapping of Ay, and Eu vibrations in the parallel and perpendicular di-
rection to c-axis and can be attributed to stretching vibration of the Fe-O
[6].

Furthermore, it is also noticed in the Fig. 2 that with incorporation of
Ce into the pure hematite there is a decrease in the peak intensity of both
Eu and Ay, modes, resulting in reduction of crystallinity of the a-FeoO3
nanoparticles. However, some enhancement in the peak intensity was
recorded for Fey 0xCesx0O3 (x = 0.10) that may be due to segregation of
ions at this high concentration (x = 0.10). Our observed results of FTIR
spectroscopy are found in agreement with the Raman and XRD
measurements.

3.3. Raman spectroscopy

Raman spectra of Fej.0yCesxO3 (x = 0.00, 0.02, 0.05, 0.08, 0.10)
nanoparticles have been recorded in the range of 200 cm ™ to 650 cm ™!
as shown in Fig. 3. From group theory calculations the recorded Raman
spectra showsAjgand E; modes appearing at wave numbers 220cm ™},
490 cm~! and 284cm’1, 402 cm™! & 607 cm™! respectively [77].
Generally, in the Raman spectra we noticed many broad shaped peaks
due to reduced particle size in nanoscale region. Hematite belongs to
DC54 point group and there exist five Raman vibration active modes (two
of Ajg and three of Eg ones) which have also been reported in other
studies [78].

From Fig. 3, by careful examination, it has been observed that Raman
bands are shifted towards the lower wave-number side with incorpo-
ration of Ce ion concentration of up to 8% in the host lattice. This
shifting may be related with the reduction in particle size that occurs due
to incorporation of Ce ions in the host lattice. As the particle size de-
creases, the spectral lines become broader and shift towards lower wave
number side which is a general characteristic of nanoparticles [79]. The
highest value of Full Width at Half Maximum (FWHM) is noticed in A;¢
mode at about 220 cm ™, due to movement of Fe* ions along c-axis.
However, the peaks shifting towards higher wavenumber side have also
been noticed in our results for Fej 0xCeoxO3 (x = 0.10) nanoparticles.
This type of reverse shifting trend in Raman spectra for x = 0.10, the
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Fig. 2. FTIR spectra of Fe;.0,Ces03 (x = 0.00, 0.02, 0.05, 0.08, 0.10)nano-
particles, revealing various characteristic bands pertaining to different modes.
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Fig. 3. Raman spectra of Fe;,,CesO3 (x = 0.00, 0.02, 0.05, 0.08, 0.10)
nanoparticles acquired at room temperature, showing the broadening of char-
acteristic peaks due to Ce-doping.

200

highest concentration, may be due to the segregation of Cerium ions as
observed in our XRD measurements.

3.4. FE-SEM analysis

FE-SEM micrographs of pure and Ce-doped hematite samples i.e. Feq.
2xCeax03 (x = 0.00, 0.02, 0.05, 0.08, 0.10) are shown in Fig. 4. These
images were taken with the FESEM instrument, model FEI Quanta 200 F
SEM, by scanning the surface in raster scan mode which offers resolution
in nanometres as well as yields a very low signal to noise ratio [80]. The
morphology reveals the grains looking like irregular and flattened
spheres having a size variation ranging from 30 to 260 nm in all the
compositions. Grain size for all the sample compositions was calculated
using IMAGE-J software [81]. The grain growth is observed as getting

Fig. 4. FE-SEM images of Fes ,CesO3(x = 0.00,0.02,0.05,0.08,0.10)nano-
particles, showing the variation in grain size due to Ce-doping.
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suppressed by the incorporation of Ce cations substituted for the Fe3*
cations, up to the composition with x = 0.05. Beyond this doping con-
centration, the grains again start to agglomerate and hence the grain
growth is enhanced. The variation in grain size as well as grain growth is
possibly due to the Ce ions having different ionic radii than the host Fe>*
ions [82]. High agglomeration and dispersibility of nanoparticles are
observed in the undoped and Ce ion doped hematite samples respec-
tively, same findings reported by J. Ning et al. [71].

3.5. Resistivity measurements

The variation of DC electrical resistivity with temperature (150 K to
—400 K) for the prepared samples of Fe;.0,CeaxO3 (x = 0.00, 0.02, 0.05,
0.08, 0.10) are shown in Fig. 5. The observed behaviour of electrical
resistivity with the increase of temperature is an exponential decay type,
which has been found in the case of semiconducting materials. The
Arrhenius relation [83], explains the variation of electrical resistivity
with temperature,

(s)
Ppc = Ce (2)

where ppc is DC electrical resistivity, C is exponential factor, E, is the
conduction activation energy, T is absolute temperature and k is the
Boltzmann’s constant. Further the variation of electrical resistivity with
temperature for Fep 5yCesxO3 (x = 0.05) is shown separately in the Fig. 5
(b) and a similar behaviour can also be resolved separately for other
concentrations.

The electrical resistivities of Ce doped hematite samples at 150 K,
with doping concentration, x = 0.00, x = 0.02, x = 0.05, x = 0.08 and x
= 0.10 are found to be 47.66 x 108Qem, 17.27 x 10%Qem, 0.278 x
108Qcm,12.25 x 108Qem and 8.56 x 108Qcm respectively, however it
attains a value of the order of 10’Qcm at 400K.It is important to note
that a decrease in electrical resistivity is noticed up to 5% concentration
of Ce and thereafter its random variation has been observed. The charge
carrier concentration increases as the cerium doping concentration in-
creases, until it reaches a maximum value at 5% Ce doping and then
decreases. However, initially as we increase the Ce concentration,
mobility of charge carriers decreases and becomes minimum for 5% Ce
doped a-Fe;Os. Further increase in doping concentration of Ce beyond
solubility limit leads to increase in mobility of charge carriers with the
reduction in density of charges, may be due to larger size grain boundary
charge segregation as discussed for electrical conductivity of Al doped
a-FepO3 [84]. Atx = 0.05 Ce doping the electrical conductivity is highest
which may be understood due to microstructural changes with
comparatively smallest grain size observed in the FE-SEM of our samples
shown in the Fig. 4. Hence in our results lowest value of electrical re-
sistivity at 5% Ce doping of hematite is related with the difference in
morphology as compared to other Ce doping values, gives new insights
on electrical conductivity may be beneficial in solar cell technology
[53]. High resistivity value, below and above 5% Ce doping may be
interpreted respectively due to lower charge carrier concentration and
Ce ions starting accumulation over the surface rather than substituted at
sites in the host lattice forming a secondary phase existing with the
primary o -Fe;Os phase [84]. Thus maximum Ce ions concentration,
having lowest mobility were substituted in the host lattice sites at 5% Ce
doping for our samples supported by XRD analysis. Mobility variation
may be understood by dominant ion impurity scattering mechanism
[85]. The two oxidation states Ce>* and Ce*" as reported by J. Ning et al.
[71] are created as Ce substituted Fe then 3 out of 4 valence electrons
were taken by the neighbouring O-atoms and only one electron left with
Ce [86]. This extra one electron converts Fe>' ion into Fe?* by creating a
donor level just below the Fermi level and hence enhances electron
carriers leads to increase in electrical conductivity of a-Fe;O3 by Ce
doping as per analysis done by M.V. Nikolic in the case of Ti doped
a-FepO3 [86].Hence the electrical conductivity observations may be
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Fig. 5. (a) Resistivity versus Temperature curves of Fes 2,Ce2O3(x = 0.00, 0.02, 0.05, 0.08, 0.10) nanoparticles for different doping concentrations of Ce. (b)
Resolved curve for Resistivity versus Temperature of Fe; 5,Ces,O3 (x = 0.05) nanoparticles.

believed to strengthen the two oxidation states of doped Ce in hematite
as reported by XPS data [71].

3.6. Magnetic measurements

Magnetic hysteresis measurements for Ce doped hematite a-Fey.
xCex03 (x = 0.00, 0.02, 0.05, 0.08 and 0.10) samples annealed at 600 °C
were carried out by a vibrating sample magnetometer (VSM) with a
varying magnetic field ranging from —10KOe to +10 KOe at room
temperature (300 K). By the analysis of hysteresis loops from Fig. 6, it is
observed that Ce doped hematite a-Fey xCeyO3 (x = 0.00, 0.02, 0.05,
0.08 and 0.10) exhibit hysteretic features with coercivity values deter-
mined as2318.60e, 2885.40e, 2582.20e, 2774.30e and 3379.80e
respectively.

Coercivity is an extrinsic property of matter, depending on the spin
carrier as well as shape and size of the domains inside a magnetic ma-
terial [87,88].The pure a-Fey 4CeyO3 (x = 0.00) shows weak ferromag-
netic behaviour with the remnant magnetization (Mg) 0.128 emu/g and
coercivity (H¢) 2318.6 Oe due to non-availability of magnetic moment
of Ce ions in the host lattice. By increasing the Ce ions doping concen-
tration (x) in the a-Fe,.CexO3, the coercivity and remanence increased
showing ferromagnetic nature up to a limited concentration until the
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Fig. 6. Magnetic hysteresis loops of Fep »,CesO3 (x = 0.00, 0.02, 0.05, 0.08,
0.10) nanoparticles. All doping concentrations show characteristic ferromag-
netic hysteresis loops.

solubility limit is reached, after that a random variation is observed.

Results of some important magnetic parameters are summarized in
the Table 2, as can be seen for high concentration of Ce doping in the
hematite leads to high value of coercivity (H¢), 3379.80e that depicts
ferromagnetic nature. The high value of coercivity (H¢) is due to the
high magnetic moment of Ce ions incorporated as dopants in the he-
matite material.

4. Conclusions

Ce-doped hematite samples (nanoparticles) of different compositions
i.e. Feg 9xCesx0O3 (x = 0.00, 0.02, 0.05, 0.08, 0.10) were prepared suc-
cessfully by sol-gel method. Analysis of XRD and Raman measurements
confirm the hematite phase up to 5% doping concentration of Ce and by
the further increase of Ce doping (x = 0.08 and x = 0.10) in the host
lattice, secondary phase starts arising due to solubility limit attained at
5% Ce-doping. The conditions of solubility limit of Ce with different
compositions were analysed with the help of XRD and Raman spec-
troscopy results. The structural parameter such as crystallite size was
found to decrease with Ce doping upto 5% due to larger ionic radii of Ce
as compared to Fe. From FE-SEM, variation in grain size as well as the
grain growth may be attributed to difference in ionic radii of dopant Ce
ions than the host Fe ions. It has also been observed that there is a
decrease in electrical resistivity up to 5% concentration of Ce and after
that random variations were observed. Our results reveal an enhance-
ment in DC electrical conductivity, coercivity, and remanence of Ce-
doped hematite samples than the pure hematite sample, which can be
attributed to their enhanced shape and magnetic-crystalline anisotropy.
It is concluded that the modifications of electric and magnetic param-
eters by Ce doping are in full agreement with the variation of XRD, FE-
SEM, FTIR and Raman spectroscopy results and these modifications are
suitable for various technological applications.

Table 2

Magnetic parameters for Fe; »,Ce2;03 (x = 0.00, 0.02, 0.05, 0.08, 0.10) obtained
from VSM measurement carried at room temperature, showing the variation in
parameters caused due to varying doping concentration of Ce.

Composition Ms (emu/ Mg (emu/ Hc (Oe) Squareness Ratio (Mg/
x) ) 8) Ms)

x = 0.00 0.341 0.128 2318.6 0.375

x = 0.02 0.471 0.201 2885.4 0.375

x = 0.05 0.231 0.071 2582.2 0.309

x =0.08 0.228 0.062 2774.3 0.273

x=0.10 0.276 0.093 3379.8 0.337
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Abstract

India ranks 3" in the global startup ecosystem and aso in terms of the number of Unicorns. Several
Indian companies which started their initial journey as humble Startups have now been able to make a
significant mark in the global business fraternity. The Government of Haryana firmly believes that
innovation is the backbone of the economy and for that purpose it has developed an inclusive Blueprint of
the growth of the Startups in the State. Government of Haryana has been instrumental in providing
institutional support to the startups. The present study discusses the initiatives taken and benefits provided
by Government for the Startups in the Haryana. Moreover, this study also assesses the various challenges

which are faced by Government in the setting up and promoting the startups.

I ntroduction

Haryana is the home land of various new age entrepreneurs and is birth place of the many successful
business magnets and large industrial houses of India. Gurugram, the IT city of Haryana has evolved as a
technology startup hub of India and has nurtured many successful startups, which now have become big
brands. The Government of Haryana is determined to use the potentia of young entrepreneurs by offering
them the necessary vital policies and maximum convergence by linking the broader Government of India

initiativesincluding Digital India, Make in India, Skill Indiaand Startup India.

With easy access to markets, an educated workforce along with excellent infrastructure, the State of
Haryana has all the right ingredients to devel op a strong ecosystem for both social betterment & sustained

growth. At this point, when Government of Indiais brutally chasing the goal of creating an enterprising
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India, it is very important for the State Governments to place startups at the core of policy making and

launch a committed policy for foster growth of entrepreneurship. Historically an agrarian state, Haryana
today is a well-developed industrial state. Out of 101 Unicorn Startupsin India, 14 Unicorn Startups are
based out in Haryana like Zomato, Urban Company, Policy bazaar, Delhivery, Cars24, Spinny,
OfBusiness etc.

Presently, 3910 Haryana based startups are recognized by the Department for Promotion of Industry and
Internal Trade (DPIIT) under the ministry of Commerce and Industry, Government of India as of 15"
June 2022. Through this policy, the state government aims to promote and nurture the vibrant startup
ecosystem in Haryana. The state has taken a multitude of initiatives to prioritize startup businesses and
position them on an equal platformas established companies, by easing public procurement. The objective
of the present study isto discuss the distinct levels of initiatives taken by government at every stage of

startups in Haryana.

Definition of Startup
An entity shall be considered as a Startup:
a) Up to a period of ten years from the date of incorporation/registration, if it is incorporated as a
private limited company or listed as partnership form or alimited liability partnership in India.
b) Turnover of the entity for any of the financial years since incorporation/ registration has not
exceeded Rs 100 crores.
¢) Entity is working towards innovation, development or improvement of products or processes or
services.
d) Provided that an entity formed by splitting up or reconstruction of an existing business shall not

be considered a ‘Startup’.

I nitiatives taken by Government of Haryanafor the startups

The State Government on June 27, 2022 approved a new Haryana State Startup Policy, 2022 prepared
by the Department of Information Technology, Electronics and Communications, Haryana. Through this
policy, the state government aims to promote and nurture the vibrant startup ecosystem in Haryana. The

following initiatives have been taken by the government to boost up the startups in Haryana:

1. Infrastructure augmentation
Infrastructure will be the key to the growth of the startups in the State. For this purpose, the Haryana
Government aims to develop the world-class physical infrastructure in the state that provides an
encouraging environment for ideas to originate, scale-up and see business fruition.

1.1 Developing Infrastructure

The State Government has set up an innovation hub in Gurugram covering an area of 30,000 square feet
comprising of Startup Warehouse, Mobile Application Centre, United Nation Technology & Innovation lab
and loT (Internet of Things) Centre to enhance the start-up ecosystem in Haryana.

a. Start-up Warehouse in Gurugram:
Haryana State Electronic Development Corporation Limited (HARTRON) introduced a start-up
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warehouse on 10,000 Sg. ft. of land in Gurugram in association with NASSCOM in the year 2018.

The Startup warehouse shall offer shared office space to startups and entrepreneurs.

b. 1oT Centre
An loT center has been setup in Gurugram collaboration with NASSCOM and ERNET in the year
2018 with the aim to provide platform for Design, prototype to realizing product by harnessing
creative capability of Academia, Industry, start-ups and entrepreneur.

c. EntrepreneursCentre
New Entrepreneurs Centre would be developed in the state in addition to already established centre
in Gurugram. The purpose of these centers would be to provide holistic infrastructure support to
startups. These centers would be attracting the best startups and entrepreneur organization from
across the world to various districtsin the state.

d. New Incubation Centers in Government Universities and other Institutions Fnancial
assistance for creating incubation center at government universities and other government
ingtitutions up to the extent of Rs 50 Lakhs per incubator and Rs 20 Lakhfor recurring expenditure
for 5 years.

Financial assistance up to Rs 10 Lakh per incubator for existing incubation center atgovernment
universities and other government ingtitutions for upgrading the facilities.

e. New Mobile Application Centre:

Financial support of Rs 4 crore for capital expenditure to any Government Department for creating
Mobile Apps Development Center in collaboration with Internet & Mobile Association of
India/Central/State Government Universities and yearly support of Rs 1 crore for three years at
Panchkula, Hisar and other locationsin Block ‘C* and ‘D’.

f. Incubation Center
The incubation centers would be created in every district in phased manner based on theresources
which are available in that region. The Government will give space to the startup in their Incubation
centre for one year in the first instance. The period may be extended to a maximum of 3 years. The
Incubation centers would assist the following activities.

1. Play and Plug Infrastructure
2. Mentoring support in business plans, networking of business resources, and entrepreneurial
development through Haryana Startup Ecosystem.
3. Fecilitatein project and product selection
4. Credit facilitation such as seep capital assistance, marketing assistance,professional assistance.
g) Incubation Network in Haryana
a) State Owned I ncubation Networ k
The Government would develop its own incubation network by utilizing the existing
infrastructure in the State. All the Government/Private incubators operating from Haryana
have to mandatorily register with the Startup Haryana, DITECH.
b) Accelerator
The Government will establish at least one world class Accelerator by inviting Global
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Accelerators to set up their program in State.

2. Fiscal Support
The State Government has proposed many incentives for Incubators, startups and other stakeholders.
2.1 Incentivesto Startups/Entrepreneurs
a) Leaserental subsidy:
Reimbursement of 30% of lease rental for general Startups and 45% for startups with only women
founders, operating from incubators/IT parks/Industrial Clusters shall be eligible for a period of 1
year subject to minimum of Rs 5 Lakh.
b) Patent Cost
Reimbursement of 100% of the actual expenses with a maximum of Rs 25 Lakh for domestic and
international registration.
c) Net SGST Reimbur sement
50% Net SGST Reimbursement for 7 years with a cap of 100 FCI.
d) Assistancein Acceleration Program
Support Startups up to Rs 2.5 Lakh to attend national acceleration programs and Rs 5Lakh for
international acceleration programs.
3. Regulatory Easing
3.1 Optimizing Regulatory Framewor k
In its endeavor to create a encouraging environment for companies, the Government of Haryana shall
be implementing some landmark reforms for regulatory simplification. All the regulatory clearances
shall be approved under the Single Roof Clearance System of Haryana Enterprise Promotion Center

in atime bound manner by implementing an online state startup portal.

3.2. Preferential Procurement
The Government shall encourage the participation of startupsin the Government procurements by
the exemption of Tender Fee, Earnest Money Deposit, and concession in security etc.

3.3. CSR Fund Utilization for Development of Startup Ecosystem
The CSR Funds of PSUs/Corporate will be utilized to strengthen the incubators & other

infrastructure.

4. Entrepreneurial Development
The Government would work with universities, educational institutions and the industry to inculcate the
habit of innovation and entrepreneurship in the minds of citizens.
4.1. Academic I ntervention
A special training program will be designed organized by faculty development to be equipped with the
know-how of startupsin order to cultivate entrepreneurship intellect.
4.2 Distribution of Technology Kit
Distribution of microcontroller or microprocessor-based startup boxes to students to promote the

learning of basic computer science and electronics in schools and ignite the imagination of students
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through Do-it-yourself projects.

4.3 Scientific Conferencesfor industry-institute collabor ation
Scientific Conference would be conducted annually by DITECH along with Department of Science and
Technology by inviting scientists and researchers from around the world in association with Research

Institutions with the aim to create collaborations among colleges.

5. Awareness and Outreach
Entrepreneurship Development Programs across 22 districts of Haryana will be organized every six
months for sensitization and awareness among the aspiring innovators/entrepreneurs and school/college
students about their growth opportunities and potential in the Startup Ecosystem. The incubator will be
given assistance of up to Rs 20 Lakh per event for organizing startup competition festival in institutes of

national importance.
6. Way Forward
There are additional steps that the state could take in order to build upon the aready engaged initiatives.

1. Increase number of registered startups

2. Prioritize market outreach to boost Women Entrepreneurship

3. Additional amendmentsin rules and regulations to support startups
4. Real-time query resolution support integration

5. Setting up additional incubators

7. Conclusion

At present day, startups are growing like a grapevine. Haryana's financia development has been praiseworthy and
regardless of being little in size, its contribution to public money is almost 3.5 percent of the GDP. The State firmly
believes that innovation is the backbone of the economy and hence developed an inclusive blueprint for the
development of a Startup Ecosystem in the State. While the State economy is having a strong manufacturing base,
the Startup Sector is moving at a very pace. The Government of Haryana needs to provide the youngsters and new
entrepreneurs with the necessary policy push, robust infrastructure and liberalized regulatory compliances. The
state has a so developed a well-equipped online implementation system along with a mentor network to supportthe
startups. A call center has been setup by the state to respond to the queries raised by startups. Additionaly, the state
is aso taking support from various other departments in order to boost the startup ecosystem. The economy of the
state is developing at a high speed especialy in the area of Services and IT making Haryana ready for the startups.
At this stage when The Government of India is very much committed towards making India an Enterprising
economy, the Government of Haryana is quick to taking major initiatives for creating a good environment for the

Startups. The government needs to reduce the procedural and bureaucratic hurdles which hinder the

functioning of Startups.
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AET TAT IE TGTAT- T FT(CThT o FATT ST T T AR F2AT o7 78 AT gt wwar & g a=hr
AL |

WA E2ThT BT AT (319)- 78 TFAwree I Sevhg (UPI) SToal, STETHT & T aadT | SR &2 gl
g o Fl AIETSA BT A2 T STTRT Hleh qehlel SRIATT < G TUZ T FLA il | STHIT <aT g

HES o AT HIST5A U9- T2 I 07 foraT Srar €, a7 &0 A7 507 97 ST s [FA9raareit ¥ e u% v e
Frar i & T e 3 forw g s T ST 2

$-TEqATH- T ATTATAL o SATATLFR FTAAVTAT ST HATAT o o0 Uah HMIS (T e =T TOITeAT) g

E-Pathshala- F9\ FTSE A USpheae A= U2 T (TAETSAE) 7 fFenfdst & qwfaq a+df
THE AT [Eahl , oo g, e , A F sfafiws s Rfes daraat & Aqarsd Suasd F10 ST
F forw aaTAT 8

TRUwe A TEe T Frarsel UU- 7 T FHASTAT H1 =TT 7 ST F0h A+ wiasy ey i rfor
T ST T ol STHTT &I HLl § , ST ATEq TS qTEH o ST6l gl gl

WIE-AT ERAT Tee A ATATEA UI- T WL TERTE T Uk FTARH g ST SATHIT 7 297 § 77 AFargt
(FeTE-TT) il TR e o =t &7 & fFear #37 & forg srerfea wear gl

R Rarx see

Tg ATIITT TATESH TEHTA 3T ATALAT I AT ATeH TAH FATAT | TIFILNTT AL ol STTAT SHFed il
FARF, 9o FT qUa, SEAIRes  TET AT TT6 T gq AT G0l Sl & 3T =T 95 &f
AT ST aFwar g 2l

Tg ITATTHISA AT TFRNET THE 9L AITdF FH F FH FT gU Fal F A IO FESH FEATS 3T
STHTOTTS SHAATSH STHT e T AT 2dT gl

AT fRforee &9 & 9ud RS uw iqared gearey ¥ 6 2l

Tg ST FIAGRT T 6 ATATIAIT HT ATGEA SNAATSA STHT T, v, AATIT HTA 3T SEATT FHLA 0T
AATT T ATATAT FAT g

FATATATS AT ITHION T F1AH, TT, A THITSAT AR ST ATATSH HATAT % Aga< TTHA 6 T 30
T T AR TFTAST il ST T

Tt T & Ada oF-aq Tfes ads 7 W 0 919 8, 39 T6 I8 FTATISIT & &7 Fed | A7
ST graT 2l
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e IR Mem F aw

efrea o fem ue var wew 8 SEH Tor & gt &t 7 gre-vfie Sede dead § S d AT AT 2

gfecs Tavde U TTH Bfrea =97 & °f w9l # 7 uF g Rfoea freeq st F 9= a7, aea g § o 2 3o &
AT § 3T T =l fRfSree srefaaaer a9 2023 T $1 fefora &t 9% e &t §9ra=T gl

Rtea iR s g aw &

AR H HATIT Torai = e | g g2 gl o 9% g Sy atas wresss R § wer @ & awa §
o T § A & FErady g7 Tet Si¥ @rareTeehi i §edr Sfr 2011 § 35 Fieet off =iv 2014 § 53 e of|
g 2017 ® Tga¥ 80 Fiwar 21 1% 2

AT ¢ HTAFH F q8d 2,74,246 TFArieT F sfiftasdad wreay qea 7 1.15 919 & A& I d=12aqi 1 ST 2|
AT AT 6 AP -Ta4d TRASET F qgd Uk GTH 4T $x (STl 97 AT g ST a1 T 9417
ST (JTSEIET) T Tgd T&H Fdl gl FE AT Te¥de THE & Areqd |, HUadl a4, fer, s,
R, TS 37 ster gt i RSt Sarett 7 gafera aeddeaT arft see w2 2

T ATSIET, TASST Foaet IfHe, GfFedT qufea sewed e v are-wrs sitarer ST qaqiaemgs qEemsi %
a1y RRfSrest et #ir o)

ZaTAE ST T ITINT HATSAT & [Aqor & oIy Ua @ ST & €7 § 3T 7T g 3% Agil Te3Ae & 989 64% Th
TgH T 2

T9T % TRMAIT 80 ATTT ANT I H SAIAT @AT GAAT 96 g | TTHIOT TG G AT AN FIT S 0T &7 & AT e
ERESICEC R

Refreer 2feam it Rt

AL LRI o 397 F YT &A1 &7 gre-vie Taeqe Jaa® F Sied & forw e iftar fom F arerw ¥ s

gt gger i g1 RfSee sfear sftmm & awwr grar o o i want % ol zaw w2 oot &1 amaer of
FIAT I=AT 5

RfSreer frem &t e gt o wiEat = & T 8

AT H o= Fahfaa 290 1 Qa1 # 29 Teeee i T are-wrs gieedie it afd 1T g1

STETIT B T HEAT IR &l T2 ATETAF Tohe 1o I TTAT o (o7 Tgq TG HIAT T2qT 2

TIH Te¥Ae TFH  [o10 EATAT T2 o6 THTCRIT shi 8T &HaT|

RfSrear senfReft 3 o § Forer gt garam i w9

RfSrea sy ¥ Tz wav ft 7= i et % o area grar et £ FRe off uw e g
efSrea forea =7 sraman

HeRta &1 g & 9 v Afagarger o g1y T #i st fEferg aroT, dfa-Rars, @m-ue, #7146
Ty gt g1 Rfres SRar T #3297 ¥ 39 A7 RiSed & § Uhiha FTAT g1 I THRIw0r ST STmireht
S AT FT THIHT g, [T T T80F FATaIT § TIAEAT 7 arel eI IAMddl § F TF gl
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e

e =7 ¥ 2 AT T 329 0 | F9qT i qIEIF 7 s Fufa #71 @ #31 81 T-Fo s
Tiatatert &7 e A qarsh, Taresy i {7 TF% 98 Y& F3 & (o0 UHT ITATST AT ART T HT TGhdT gl AT
SIY HATE SRR 3Tohel Tohell <97 o T [T &l e &9 § AT qgl H% dadl gl AT (e gr=r a3 &
SIS 3 § A T 9dT 2

TTeATaT S A SATaaTE araEeer €T 38 9T FA § 738§ 99 gl T8 U agd of AT9aTda a0 g o F#aith
Tg FRISH FLATS I GHT GF FOd 6 dF F T adT g A AN AT STTAT THT TLRI % AT Tgsh 1 GHT FIA i
AATT T 81 T TS TATT IT FTH FIA FToN TR FHATAT % (70 g7 FO 3T FAHE B
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EDITOR’S NOTE

With the progress of science in the modern era, research has special importance in our life because research is now
being used for the in-depth study of each and every branch of knowledge. Through research efforts are made to answer
those fundamental questions whose answers have not yet been available. But the answer to each question depends on the
efforts of man. This concept can be clarified with this example, until a few years ago man did not reach the moon, in fact he
did not know what the moon actually was? It was a problem that had no solution. Man had only assumptions about the moon,
did not have pure knowledge. But with his efforts, he reached the moon, brought the soil from there, and from its analysis, it
was possible to know what the moon is? Through research works, an attempt is made to find answers to those questions
whose answer is not available in the literature or in the knowledge of man. In fact, the word ‘research’ is a process in which
the activities of ‘research’ and ‘investigation’ are also included, in which a reliable solution to a problem is found on the basis
of gathering and analyzing many types of facts. According to the nature of the word ‘research’, the process of enquiry,
investigation, intensive inspection, extensive testing, planned study, purposeful and prompt general determination, etc. are
important, that is, ‘research’ is a systematic and well-planned process by which human knowledge is increased. Human
tensions are also reduced by research work. It is an effective method of solving scientific problems because research
involves scientific investigation of a problem. The action of investigation is indicative of the fact that the problem should be
looked at very closely. He should be investigated and his knowledge should be obtained.

As part of this process, the journal Anusandhan Vatika is presented to you as a medium of cognitive dialogue
between Scholars, teachers and the academicians. Conceptual and experiential interpretation and analysis have been presented
in this issue along with new factual information on multidisciplinary research related questions. Some of the research papers
included in the research journal does not appear to be fully following the theoretical criteria of the research methodology.
Nevertheless, due to the originality and novelty of the ideas, they have been given a place in the journal so that they can be
combined in the integrated curriculum of the journal. Hope this issue of Anusandhan Vatika will be helpful in communication
of research stream.

— Editor
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g ST 3R AIRd BT U fadwra
fasia Ars

sfo Y99 4y g

aR=rg ( Introduction )

T SH] I8 SPTs © ol Uh STH & fIgR Bl JGERN Rl & 3R AT & Y I h BRI b JAST B Ug ISP
3R JEH BT QT B AR G @ & oY SREH IO BT U8 PR [ddR| Bl IRl H gRakid HRal © | I8 il b
DI UfHAT # AN T AfRawRl § HEdqul AT AT 2 | U IaURIT & ®U H§ ST S9 9R B Fafid Rl & o
e Sl I O[S T T, BT, Ufthar, ggd, ITfafaferdt enfier g € | rgfiar Herer e 7 e € wer ® f6 IR At §
I HRAT B | A AR TS $ J H WA § iR aRafas wRa &1 ufaffe axa € 1w Seel 9 8 S sreferaren &
TAIT &3 H i iR @raariie sHTgal df AT dxa Sereiiadr & Tfafafdsl o i <7 § | SR weal #, AToT e
H aNenfie iR =Maarie SHIsAl B WRATYAT & Ay ITNv STHar 9 8 | Sffdr Idr srefaawen & grivr e o T
Pl IEIH AEAYUT INRTE T Fhell & | Py AT AT JTHIOT FAIST BT A & | 2011 BT SIRTOET & AR WRA & TTHIOT &3] o
68.84 TR &N R&d & | 70 TR A ©ic 3R AWIA fhami & ur & foge gRomRasd iy R o= FRaT &1 o/gurd 98d
I 2| 3 fAudd Y SuS 980 ¥ B | URUTRGRY 91 el § BN Afiwt B e el B IR YSARA EiaT o J&T 2 |
AT 9 IR PN gRT 5™ 2RH BT QT ISR UGTH SR § SRIAAAT - & HROT ATHIV SRIGHTRT SR A& &30 dl 3R g0y
TR &I b & oIy TR e B fAHmRid B BT SMaeIHhar g | ITHI0T srefararer &f faerd <9 & 999 e @ forw
T AP U4 T © | U0 G WER) SAMCIR & d1d DI WIg Bl HH (AT ST A1MRY | AT AR & Siigd wR 7 ghg B
ST AR | UTIT & H ST SIRD A8l & SR UG Bl © |
yriior faer & fav smawas Rigia 28—

1. TTHIOT AR ERT S § W< A0 ST BT Sead ST |

2. BfY IS & decR AR gR1 IO 9qfE H gfg HRr|

3. YTHOT SAHAT BT TTIOT IR IR AT & WSHT DI HH R AR TV TAR—IT - BT JAb- & dbfedd e & w9 |
TN |

4. U1 YTl BT Afsha HRAT S ATHOT B & oIy Aa FemeE |, oF , A, 7R, U6ee 3iR 9ok Sudel &) | Aed
EIE

yrfior SAfar @ geR
ART ¥ YT Il B FEfeiRad geR o aifipa fhar <1 |edr § —
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Py smenfRa e

9 UHR @ TV I PV IR MIRT 8 21 S T H @R, Hall &I 91, o, $I IS, I19dd 9 a7
ITE, A AN, T, feed 9 I, 797el S By ITET BT TEHRYT IR G e & |
99 JrETRa e

g9 IATeT IR IR IO ST 39 A7 & FIdfd 7d & | a9 MR ST 9% I8e 91, dhsl & IdTe, 919 AR
T Sre, ST 991, U1 I W B ATell 997 3nfe I ® |
wfvrer smenlRa SenT

U8 G IR @Sl TRl WR JMETRA U ThR B ATHIOT STHAT & | §79 H Y IH W BT, HHe IS, SR BIFET
UTSS, THERHR 3R J9T8e I 9 Fofiad] A & | 59 UPR & SN 89N < & FHhar  ITHT &5 § I o 8 |
T ST

I8 DRI CHACISd AR Pl Arsded W JRIRT & | 91 S I 118, Hdls R TS AMAA |
g sy darg
SONTIReT Semt # it Suaxel & gol, SRt |, 7efRY & goit nf &1 fmior ik wRera enfiret 2 |
FRIET ST
D I A U WA B |

SR |1 IrIoT SEm I e W U yRg e T § S 39 9RARe T SRl & e o smenid © | o1
e ¢ b wRd # IrT A &1 AR ey R <9 & AT Safial @ it st & faes |9 7
JroT e &1 e sgaR affevor

(THOEUHS) 2006 H QHUIUHS Ao fffM, 2006 & AfAIFTHT & A1 Uah ael URady gail| |ed, oy 3R #ea9 I,
(THUAUHS) fderT AT STIfIH, 2006 @ STTAR FAH AR FLNRI # a1 a1 Iu&ver # a1 & AR fAfHior 3R Har Ses
R IRAIRT faam T B | THOAUHS HATT B SINIR, e, o7 3R HegH Sedt & wu 7 aifid fhy S arel Set @ forg faer
W B B AHG 59 YR ©
g&d, oY 3R wead e B uRHTH, 2018

S URMTYT 7 3e1,2018 ¥ AR & ST UeITH @1 S7ederal diell did-ic BHCT dl d3d H A BY &A1 17 o, 9 gRad=
% 918 3@ "Wic AR AR H e B S8 "THAR” B SR TR MSMEs aTehRoT fhar SR,
&, oY 3R 9euq S &1 ufR¥ST, 2018

fafesfor &=
&1 ST ATATT S AR . 5 PRUS A BA
g ST HTAT S AR . 5 PRUS A 75 BRIS B a9
g el ATAT T 3R . 75 BRIS A 250 BRIS & 41
Jqar aA
HeH ST HIAHT 1 3R B. 5 PRIS o A
oY el HATATT e AR B. 5 BRIS I 75 RIS & a1
L ST ATAT 1 AR B. 75 RIS A 250 PRIS & 41
e, oY 3R ALIH IeH B URHIE, 2020, IRHR ERT G 5 URHNT 39 THR & T 3—
A THIoT & ST EEECEIR A=
GEIR

m Tq | faer 1 oers 9 o & T o oic 9 o9 & | a9 20 ohite @ 99 &

THAET 5 THIE 9 @ THSTET B0 THEIE W @ THHET 100 TS H @H

yrfior SEfar @1 e ik 9e@ 9 geR @ 9$c Bidl o
T SR IO 7 o
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TTHIVT ITRIAT HeTHT I 5 Y 2 AR T ART & oY ¢ YA R AR & AR U&T el 2 | JTHIOT AT # T
& H Traferd aRISHIRY 3R JICURISHIR &1 THRAT Bl HH BT Bl &l ¢ |
faodiepa sitenfre fasra vd g9 &1 v aar faaver-

IRIOT ST S B 37 IR # Aecaqe! YAeT FHm 2 ok s dRvHEsy [adidd iRl e, drt & 9=
MY 3R 9 BT FA fIdRor g 2 |
I SaeE o1 Stua Suai—

YT SERT R AT O e 7Tl IR 519 & STEd S & oIy Yfhad ST H FEANT R & IR 39 YhR
IATEHA Foi & | AT §RT AT I FAEAl & B AR T SUANT F YRI0T &7 BT F9 371fe fdara eIam 2 |
T JETE & UATIT UR Ih—

el B IR dodl 8 | UTHIVT SfHar e 3R ATHIOT &= & e fIemE iR &1 BF BR B e\l &l 2 | ITHI0T SeHedr
ISR & @R Y&l dR Fadl 2 3R Irfior ¥Rd 3 giard) e &R o gfawmsil & e # dnrer < wadl ¢ |
sigfera a3 fasra—

IO AT SR A H AY THISAT B WIUAT IR TR &3 H A B SRR W A A 2 [[Afar e
BIIHH AGferd e AP & Iexd Pl U B H Hedd 8ld © |
HoTcHd Tfafafery & 9erar <9 —

YROT ST & ATIH | Fell AR R BT ARE 3R TR BRAT AV R $1 Al YR TG faRTd Bl wRferd foba
ST AT |
ARSI R Ad—

ST @1 gfg ArIfoTe gRIgAl S AR, Sabdll, RGN, RIS, AHEISd d-1d, agASerd IguoT 37 &1 &F ddl 8 |
Sfied &R A gar-—

T IeMeiierdr AT &3 § Sl WR 3 GuR 3R Gddl © | [P 3R Wi & g6 Jadx THIV FYaRIT BT ST B
Aqad T
ufa aafe g & garR—

T SEERiIeTdT U STaR] BT AT SoThR J0h ITeH, SR IR &9 I~ HRal &, FoTa Iror i &) ufa aafs omy
# gfg &R Sfad wR # goR # wee Ao |
fadeh qa1 WsR A gfg—

e YroT ST & IATGT DI ARIAT &1 STl & 3iR fae=l 41T # gfg @1 Sl & a1 arior S <9 &l faqeh gar 4sr
B gg H Agaqul AET T FHd B |
IrfioT SRR & WRA I dTell HHITg—

T 3referawen & AT e § e 9gd Aeaqut e T <2 € | ITIT WIRT @ STl B o qrmsit ik el
BT AT BRAT TSdT 8 | IR0T IAHIT §RT AHEAT DI S dTell BB TE G Bl FAgaR aified fFar 3 g w.
1. FReRan

HIERAT BT WR g2gd T IeffRl & forg g T9R aem & | S9a oy gt fafaferl &1 e, Thia! araraver
H 9d IR AR & AR &3l B FHIERIT DI FH 98 GRPel © | SHD AAET, TRI0T &= H, YRIoT IAHAT Pl IuaTe
T 379 ¥tk & dra FRERAT &1 FRar | 1 FoesT usdl & | S17e! &1 ARl & WR A0 STHA] BT ATaA1d FHTaisi o
TS R & 3R 3 a8 T8 UH THR FAK ¢ | ARl & 7171 TR & BROT IV SeHl S SaamRadmall & a9s &k
ITHT UTel HR H 9ga Ifsrel 81 A 2 |
2. IJHd DI HHI—

YRIOT IR SATETR Yol UIdl & Sl & | I ST & T8 3g9d & A1ef WIS & HH JU~ 81d & | I8 W< ¢ b I
e AT dTel AR & AT gfeeaet F=A1 8l & |
3. w4 wfw Hifa -

Y TR BT JA|E T ISAHAT & Y gep TR GMMT & | B AYaral Bl Ble <, Al 0T ITHT AR AR AR WRIE
@) AT B T B Hhe BT AFAT BRI § |
4. HigET el SufEl 4@ wdv—

el SEHl AMEN SR IR H UpTer) Refd # € | 99 urd a1 Hreifie), e A9reaT], For e anfe @
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JER UED T | TTHIOT ST B fda: e aHdel & A1l UfoRget Sl Sl ® | 39 YHR T SefEl & e @ 9rae
PHGIR B IR B |
5. 1 B HHI

rfoT el & I ORI GRerr & orra W Al Rermell | B T T R} UK © | 39D AATdl, FOT Al BT w1 A
SBT A BT FSTH & | I R SRS faciir &5 9 SuR oid € &R g1fy S @
6. fa=iferal &1 s

foeiforal & fafd=1 Wi &1 srRdcg amor el & Sl & U Ue TR G9wT 2 | I SeH) srear fa=iferat or Ak g
g 3R =9 ufshar § Sk I9OT BT B |
7. d=d AT @l Eg

wifh gRT H Ao S o s Rerfd Yoo e BNl 8 gAY bl Aol Bl Wie H UTHor Seffdl B TR arensi
BT ATHAT BRAT ST 8 | AR R MYfRiaat arfior Sefiar @ Suer oxd & | ariivr Safial & weRie ok HSRUT &1 aHT
BT AT HIAT USdT & | WX Fed A1l H STANT FRe dlel ST DI I 8451 § Blee RS o GfT Syael T8 2 |
8. AB-Id! HI DY HH

YTV AT DI THATD] G DI HHI DI AR FHRAT BT AFAT BIAT GSdl © | S99 el &I FARIN B | Fa9 ggal, THI00
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