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Abstract :

A polycrystalline Mgo25xNixCuo.25ZnosFe;O4 with X= 0.15, and 0.20 system have been synthesized by molten salt method and
studied by using x-ray diffraction (XRD) technique and transports characteristics. The XRD data confirms the formation of single
phase cubic spinal structure. The temperature dependent of d.c. electrical resistivity of two samples were studied by two-probe
method. The increases in resistivity increases as Ni content X increases. The result in reduction of Fe >* ions that may be formed

during preparation, therefore, the electron exchange between the iron —iron ions at B-site is reduced and hence the resistivity
increases was reported in the present study.

Keywords : Mg-Cu-Zn ferrite, XRD, Resistivity etc.

I. INTRODUCTION

The interest in ferrite emerges from their versatile applicability in radio to microwave frequency region. Ferrites have low
conductivity greatly influences the dielectric and magnetic behavior [1]. The polycrystalline ferrites which have many application
at microwave frequencies are very good dielectric materials. The electrical and dielectric properties of ferrites are dependent on
various factors like method of preparation, sintering temperature, sintering atmosphere, sintering time and chemical composition
[2]. The reduction of Fe*" to Fe?" takes place without disturbing the lattice configuration. The electrical transport properties of
ferrites provide information suitable for the specific application of ferrite in electrical and electronic device. High electrical
resistivity and low eddy current losses at high frequencies make them widely usable for the cores of high frequency electromagnetic
devices [3, 4]. Electrical switching in ferrites was reported by Yamashiro [S] in polycrystalline thermally treated bulk copper ferrite.
Similar reports are presented for copper ferrite by Vaingankar [6]. The purpose of the present work is to study the electrical
properties of Ni substituted Mg-Cu-Zn ferrite as a function of temperature.

II. EXPERIMENTAL

The samples of Ni substituted ferrite having the generic formula Mg0.25.NixCuo.25Zno sFe;O4 with X= 0.15 and 0.20 have been
synthesized by molten salt method. Both samples were characterized by x-ray diffraction technique (XRD) to confirm the phase
purity of the prepared samples.

The temperature dependence of d.c.electrical resistivity of all the samples of the series Mgo25.xNixCuo25Zno sFe2O4 under
investigation was studied by two-probe method. The sample was held in specially electrodes. Silver paste was applied on the two
surfaces of the circular pellet for good ohmic contact. The whole assembly is placed in a furnace. The temperature of the sample
was measured by chromel-alumel thermocouple with an accuracy of +5k. The temperature of the furnace was controlled by digital
temperature controller. A slow rate of change in temperature was maintained throughout the experiment. The measurement was

carried out from room temperature to beyond Curie temperature, in the step of 10k.

The resistivity pac of all the samples was calculated from dimension and resistance of the pellet
mr?R
t Q.cm

Pac =
Where, r is radius of pallet, t is thickness of pallet and R is resistance of the pallet. The con
samples were measured by the following formula;

Where, p is resistivity calculated by previous equation
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~ All the samples under investigation were characterized by x-ray diffraction technique at room temperature. The XRD pattern

shows the presence of all the reflection belonging to cubic spinal structure. The analysis of XRD pattern revealed the formation of
single phase cubic structure. Figure 1 shows the XRD spectra of 0.15 composite and figure 2 shows the XRD spectra of 0.20
composite respectively. Both spectrum shows cubic behavior with nanocrystalline materials and 0.15 composite particle size is

45nm and 0.20 composite particle size is 49nm respectively.

28000
I ——— X=0.15

)

&

:
311)

S
220)
“00)
11
(440)

(422)

20 30 40 50 60 70 80
20°(deg)

Figure 1:- XRD spectra of 0.15 composite.
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The d.c. electrical resistivity was studied as a function of temperature from room temperature to beyond curie temperature using

two probe method. The resistivity and conductivity values measured at room temperature for Mg »5sxNixCug 25Zno sFe;O 4system are

given in table 1.

X RQ (Pac) o
6
— Qe Q.(cmy'x10°
0.15 1.96 3.61 2.78
0.20 2.068 3.85 2.54

Tablel:- Variation of resistance (R) and specific resistance (pdc ) at room temperature of Mgo.s.
xNixCuo.25Zno.sFe20system
It can be seen from Tablel. That the values of electrical resistivity are 3.61x10° Q and 3.85 x10° Q increases continuously with
increases in Ni content. The increases in resistivity may be due to the presence of number ofFe*" ions at octahedral B-site. In the
present case according to cation distribution data Ni >* ions are occupied at tetrahedral A-site leading to more Fe ** ions at octahedral

B- site. The dependence of resistivity of 0.15 and 0.20 compositions is show in figure 3 and figure 4 respectively.

Log(pdc)(Q-cm)

T T T T — T T T
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Figure 4:-The dependence of resistivity of 0.20 compositions.

The resistivity as a function of temperature is also studied. Fig.3 shows the variation of log p versus 1000\T for typical composition
x=0.15 It can be seen from figure that d.c. resistivity decreases with the increases of temperature, indicating the semi-conducting
nature of the ferrite system. Each sample shows a break near the Curie temperature which is attributed to the from ferromagnetic

region to paramagnetic region.

Using the resistivity plots the activation energy in ferromagnetic and paramagnetic region was calculated and the values of activation
energies are tabulated in Table2.

X Activation AE Tc
energy (eV) (V) (°GQ)

Ferro Para
0.15 0.46 0.70 0.24 184
0.20 0.49 0.73 024 | 201

Table.2. Variation of activation energy in Ferromagnetic and paramagnetic region of Mgo.2sxNixCuo.25ZnosFe:O system.

It is well known that the electron and polaron hoping between Fe 2"/ Fe’"- Cu 2*/Cu '* ions, with the activation energy 0.2ev is

responsible for conduction in mixed ferrite [7]. The lower activation energy in ferrimagnetic region is attributed etic

ordering due to the due to the decrease in concentration of current carriers [8].

The electrical conductivity in ferrites can be explained on the basis of the verway de Bore Mechanis
electrons between ions of the same element that are present in more than one valance state distribution ran

crystallography lattice states i.e. Fe **<Fe 2*.

tetrahedral A-site by ( 1-x) and increases Ni?" ions by x. the presence of Cu 2" ions at octahedral B-site reduces concentration of Fe
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exchange between the iron-iron ions at B-site is reduced and hence the resistivity increases . The present values of activation energy
suggest that the hopping of smaller polaron is responsible for the conduction in the present samples.
CONCLUSION

The electrical resistivity measurement shows that the resistivity increases with composition for Nickel substituted Mg-CuZn
ferrite. The electrical logarithm of resistivity versus temperature plots of Nickel substituted Mg-Cu-Zn ferrite. The conduction
mechanism can be explained on the basis of polaron as activation energy values are found to be less than 0.2ev. The particle size of
0.15 and 0.20 compositions are 45nm and 49nm respectively. It has confirmed that both nanomaterials are cubic spinal structure.
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ARTICLE INFO ABSTRACT

Keywords: We report a facile molten salt route to synthesize Ni’* substituted Mg-Cu-Zn spinel ferrites with their electro-

Ferrites magnetic properties. The ferrite nanoparticles (Mg o5 Ni,Cug 25200 sFe,0,4 with x = 0.0-0.25 in step 0.05)

Molten salt synthesized at 800 °C using sodium chloride as a growth inhibitor, revealed an excellent tuning in electro-

Magnetic materials magnetic properties due to addition of Ni. Single-phase formation of spinel ferrite having crystallite size in the

:;;{‘ ditfraction range of 45-49 nm was observed by XRD and confirmed by TEM/SAED spot pattern. The obtained dielectric and
magnetic  properties  (high  initial  permeability = 592,  saturation = magnetization = 325 emu,
coercivity = 36.86 G) of nanostructured spinel ferrite suggest the possibility of utilization of the developed
material for MLCI application. The molten salt chemistry, and thereby its effect on structural, morphological and
electromagnetic properties of Mg-Cu-Zn ferrites are discussed.

1. Introduction resistivity at high frequencies. In state-of-the-art, Shan and co-workers

reported the magnetic properties of NiFe,0O4with different morpholo-
gies. NiFe;04 nano-spheres, rods, and octahedrons were developed
using a facile hydrothermal method without any surfactant [8].

Currently, spinel ferrites have attracted wide attention due to their
diverse applications in varieties of electromagnetic devices [1-7].

Specially, Mg-Cu-Zn ferrites are the potential material for multilayer
chip inductor (MLCI) components and surface mount devices (SMD)
due to their moderate soft magnetic nature with high electrical

* Corresponding author.
E-mail address: sssuryavanshi

rediffmail.com (8.S. Suryavanshi).

hitps://doi.org 10,1016/ inoche. 2018.11.003

Received 4 October 2018; Received in revised form 25 October 2018; Accepted 1 November 2018

Available online 02 November 2018
1387-7003/ © 2018 Elsevier B.V. All rights reserved.

Monodisperse NiFe,O; nanoparticles and their magnetic properties
were developed investigated by Lasheras et al. using thermal decom-
position route [¢]. Likewise, Xu et al. reported the preparation of Co(II),
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Ni(ID), Zn(1I) spinel ferrites by surfactant-free solvothermal process for
gas-sensing applications [10]. These synthetic strategies are certainly
very appropriate for low volume production/applications of ferrites. To
overcome the narrow production volume, numerous complementary
techniques are available, viz. glycine/citrate combustion, pyrolysis, and
molten salt technique (MSS) [11-17]. M. Salavati-Niasari et al. reported
the various metal oxides and ferrites using aforementioned synthesis
strategies. The work encompasses manganese(Il), cobalt(II), nickel(1I),
copper(Il), and zinc(II) complexes, and their ferrites [12~16]. Among
the different synthesis techniques, the MSS (uses simple metal salts) is a
traditional and well developed synthetic process.

Therefore here, the traditional route is readily extended to develop
the (Mgo.25.--xNixCug 25Zn0 5Fes04 (0 < x < 0.25)) ferrites by MSS, and
investigated the structural and electromagnetic properties. Further, the
motivation behind incorporation of Ni** in place of Mg?* is its higher
magnetic moment (2.83py) compared to Mg?* (2.00pg), which will
certainly improve the properties of targeted application, where low
eddy currents losses, high electrical resistivity, high y;, and Ms, are
important requisites.

2. Experimental details

In a typical synthesis, divalent metal precursors in sulphates form
for Mg/Ni/Cu/Zn, Fe(NO3)3:9H,0, NaOH and NaCl were dry mixed in
the molar ratio of 1:2:8:10, and grounded together in an agate mortar
for ~30 min. During the mixing, the reaction started voluntarily, ac-
companied by the release of heat. As an exothermic reaction advanced,
the synthetic mixture became mushy and underwent to gradual change
of colorless-to-black. The mixture was then heated at 800°C for 2h
(melting point of NaCl as a growth inhibitor) and subsequently cooled
down to room temperature. Finally, the samples were thoroughly wa-
shed with distilled water, and dried under IR lamp. This powder was
then made into pellets and toroids, followed by sintering at 950 °C (4 h)
in air, to get the proper phase formation of Mg/Ni/Cu/Zn ferrite.

3. Results and discussion

Fig. 1 depicts the X-ray diffraction (XRD) patterns of synthesized
Ni** substituted Mg-Cu-Zn ferrites. XRD signatures confirm the cubic
spinel structure in accordance with JCPDS card: 08-0234. The broad
and well resolved peaks in XRD reveal the crystalline nature having
well-defined fine grains. The lattice constant (Tabie 1) was found to be
increasing with Ni*" content, which may be attributed to the larger
ionic radii of Ni** (0.69A) than Mg?* (0.65A). However, the crys-

tallite size seems to be independent of Ni content, and averaged to
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Fig. 1. X-ray diffraction patterns of the sintered Mgo.25 - xNixCug 25Zng sFe;04
ferrites.
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Table 1
Lattice parameter (a), crystallite size (t), bulk density (py), X-ray density (p,)
and relative density (pg) of sintered Mgo.25.4NixCug »5Zng sFex04 ferrites.

X a(A)

t (nm) pm (gm/em®)  p, (gm/em®  pp (%)
0 8381 = 0.002 45+ 0.2 456 + 02 519 + 008 88 + 1
0.05 8389 + 0.001 48 0.2 501 + 0.1 522 + 0.06 96 + 1
0.10 8394 + 0.002 46 = 0.1 497 + 02 524 + 0.06 95 + 0.5
0.15 8396 + 0.002 49 = 0.2 496 + 0.2 528 + 0.04 94 + 05
0.20 8409 + 0.003 46 £ 0.1 476 + 0.1 529 = 0.07 90 + 0.8
0.25 8.411 + 0.003 47 + 0.3 4.74 + 0.1 5.33 £ 0.05 89 * 0.4

45-49nm. The synthesized materials possesses the relative density
of > 88%, due to Cu (by promoting the lattice diffusion of cations)
[18-20]. In addition, X-ray density of each sintered sample was ob-
served to be higher than the corresponding bulk density due to the
existence of pores and lower sintering temperature [21]. Fig, 2 illus-
trates the typical porous morphology of ferrites with some voids and
empty spaces. The average grain size (line intercept method, Table 2)
revalidated the XRD results. The presence of Cu affects the micro-
structure due to liquid phase sintering, which facilitates the grain
growth [22]. The nonhomogeneous driving force on the grains resulted
into nonuniform grain size distribution (TEM, Fig. 3) [23-25]. Further,
the SAED patterns (insets Fig. 3) reflected polycrystalline nature of the
ferrites, revalidating XRD results. Elemental analysis (EDS) of shows the
presence all desired constituent elements (Table S1, Fig. 4). The ele-
mental composition was found to be in good agreement with the initial
concentration.

In the following, electrical properties of developed ferrites are re-
presented (Fig. 5). The room temperature DC resistivity of ferrites was
found above 10° Q-cm. With increasing temperature up to 350 °C, the
resistivity of the material got decreased (Fig. 5.a). The resistivity was
found to increase with Ni content up to x = 0.15, and then decreased
with further increase in Ni. The activation energies for different regions
i.e. ferro and para and Curie temperature (Tc) are tabulated in Table 2.
Fig. 5.b—e shows the dielectric properties, the dielectric constants (g’
and &”) were found to decrease rapidly with an increase in initial fre-
quency, and remained constant at higher frequencies (Fig. 5.b,c). Due
to electronic exchange of Fe?* «»Fe*, the local displacement of
electrons in the direction of applied electric field, induced the polar-
ization in ferrites [26]. Beyond a fixed frequency of electric field, the
electron exchange does not follow the fast alternating field, and thereby
remained constant at higher frequency. The dielectric losses in ferrites
are generally gets reflected in the resistivity i.e. materials with low
resistivity exhibit high dielectric loss and vice versa, which has been
observed in the present case (Fig. 5.d) [27]. The ac resistivity of de-
veloped ferrites is depicted in Fig. 5.e. The room temperature ac re-
sistivity was found to be influenced by addition of Ni. The sample with
x = 0.05 exhibited highest ac resistivity.

Fig. 6 illustrates the magnetic properties of the developed ferrites.
The normalized AC susceptibility of ferrites remained invariant, and
displayed sudden drop near the Curie-temperature (Fig. 6.a). The de-
creasing trend in susceptibility with temperature confirmed the ferri-
magnetic nature of the material. Up to Curie-temperature the available
thermal energy was not quite sufficient to disturb the aligned moments
of the spins. However, near the transition-temperature, the thermal
energy is high enough to disturb all the aligned spins, where the sus-
ceptibility decreased drastically, and transforms into the paramagnetic
region. The Curie-temperature was found to increase with increasing Ni
content (Table 2), due to enhancement in ferrimagnetic region (ordered
state) at the expense of the paramagnetic region. Further, the room
temperature susceptibility was found to increase with Ni addition, due
to higher magnetic moment of Ni**, The material exhibited a typical
magnetic hysteresis loop (Fig. 6.b), indicating ordered soft ferromag-
netic nature. The saturation magnetization and coercivity were found to
increase with Ni content (Table 3), due to replacement of nonmagnetic




L.M. Thordt et al.

Inorganic Chemistry Communications 99 (2019) 20-25

Fig. 2. SEM images of sintered Mgo.25 - xNixClig 25Zng sFe,0, ferrites.

Table 2
Grain size, particle size from TEM, activation energy, Curie temperature (T¢) of
sintered Mgo.25 - [Ni,Cug 25Zng sFe,0, ferrites.

X Grain size (um)  Particle size Activation energy (eV) Tc Q)
(nm)
Ferro Para
0 0.91 * 0.1 314 = 3 0.28 + 0.03 058 + 0.03 143 + 1
0.05 1.48 + 0.1 129 + 2 0.35 £ 0.03 057 + 0.03 151 * 2
0.10 0.98 * 0.2 203-% 2 0.40 £ 0.02 0.66 + 0.02 185 + 4
0.15 2.68 + 0.2 205 + 1 0.46 + 0.02 0.65 * 0.02 205 + 3
0.20 1.11 £.0.1 128 %3 0.49 + 0.03 0.70 + 0.03 222 + 2
0.25 1.03 = 0.2 90 * 2 0.61 + 0.04 0.89 * 0.04 232 + 1

Mg?* ions with magnetic Ni>* ions. Also, Mg preferably occupies B-
site, and due to Ni substitution in place of Mg, an increase in the
magnetization on octahedral sublattice takes place, leading to increase
in saturation magnetization of the ferrite [28]. The probable cation
distribution and experimental magnetic moments are given in Table S2.
Initial permeability is known to be one of the most sensitive magnetic
properties of ferrites. In the present investigations, initial permeability
(1) value remained almost constant up to a particular frequency, be-
yond which it started to increase (Fig. 6.c). The room temperature

22

values of y; at 1 KHz are given Table S3. The samples with Ni con-
tent > 0.05, y; got decreased due to an increase in the magnetostriction
constant by substitution of Mg by Ni [29]. Further, Ni is a traditional
magnetostrictive material with high magnetostrictive coefficient at low
magnetic bias. Due to soft magnetic nature, it enhances the magne-
tostrictive properties of Mg, Cu, and Zn. Fig. 6.d shows the temperature
dependence of initial permeability of developed ferrites. Unlike fre-
quency dependency, y; value remained almost constant up to a parti-
cular temperature, beyond which it started to decrease. The tempera-
ture at which this abrupt fall tool place is the magnetic Curie transition
temperature (T.). It is usually ascribed as the magnetic transition (fer-
romagnetic-to-paramagnetic). The magnitude of T, increased with in-
crease in Ni content and is attributed to the replacement of non-mag-
netic Mg?* ion by Ni* ions [30]. The values of rotational permeability
(Table S4) and wall permeability have been calculated using formula:

Mo = 1 + 27M3%s/ky 1)

My B (#rk 3 1) (2)

where, Ms: saturation magnetization, K;: anisotropy constant, jiu: ro-
tational permeability, and p,,: wall permeability. Fig. 6.e shows varia-
tion of loss factor as function of temperature. The loss factor got in-
creased at higher temperature range. It is well known that higher the y;
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X=0.05

[X=0.20]

Fig. 3. TEM and SAED patterns (inset) of sintered Mgo.25 —xNixClg 25Zn, sFe,04 ferrites.

value, lower is the loss factor, which is in the fitness of obtained results. 4. Conclusions
As there are no direct reports available on Ni®* substituted Mg-Cu-
Zri ferrite for comparing the obtained results, it is rather cumbersome to We have developed a simple route for the synthesis of Ni substituted
make the spreadsheet of all the investigated properties. Therefore, au- Mg-Cu-Zn ferrite. The doping level of Ni is varied in the range of
thors are restricted themselves to compare the results on magnetic 0=x=<025 in step 0.05 where the system is Mgo.25-x
properties, which is the core of the present investigation (Table 4). NiCuog 25Zng sFe,04. MSS method yielded into a cubic spinel structure
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Fig. 4. EDS spectrum of sintered Mgo.25 - xNiyxCug 25719 sFe,0, ferrites.
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Fig. 5. Electrical properties of the developed ferrites. a) DC resistivity, b,c) dielectric constants (¢’ and ¢”), d) dielectric loss tangent, and e) ac resisﬁﬁty.

along with expansion of the unit cell of Mg-Cu-Zn ferries due to Ni%*
addition. Microstructure revealed the formation of dense micro-
structures with vivid grains. The electric transport, dielectric and
magnetic properties were strongly found to be dependent on Ni content.
The investigated dielectric and magnetic properties showed that the

Mgo.25 - xNixCug 25Zng sFe,04 ferrite with X = 0.05 can be the potential
candidate for MLCI application with low sintering temperature in view
of high density, high initial permeability and saturation magnetization

possessed by that composition.
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Table 3 5 R

Data on magnetic parameters like M, Mr/Ms, ng, He and relative density (pg)
and Curie temperature (T¢) for different compositions of sintered
Mg 25 «Ni,Clig 25Zng sFe,0, ferrites.

X M, M;/M:  np Expt. pr (%) He Te (°C)
(emu) G Xae.
0.00 220 +2 00076 176 + 0.05 88 + 1 6.97 *1 145 = 2
0.05 240 = 1.5 0.0090 1.91 + 0.02 9 + 2 892 + 15 151 = 2
0.10 248 + 2 0.0100 197 + 002 95 * 0.5 10.37 + 1.3 174 = 3
0.15 270 = 3 0.0170 2.15 + 0.03 94 + 1 1718 =1 194 + 4
0.20 288 + 7 0.0180 228 + 0.05 90 + 1.4 18.89 + 0.5 220 = 2
0.25 325 % 5 0.0330 2.58 + 0.04 89 % 2 36.86 = 5 231 £ 6
Table 4

Comparative data on magnetic properties of Ni2* substituted Mg-Cu-Zn ferrite
synthesized using molten salt and citrate-gel combustion routes.

# Adopted synthesis method Magnetic properties
M, H. K, x 10
(emu) G (erg/cc)
1 Molten salt 220 6.97 -2.50
2 Citrate gel combustion 239 3.41 -2.50
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; Mgoasx Coy Cugzs Zno s Fes04 System has been synthesized by molten salt method and studied by using X~
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Nfirms the format i ec}'"fkque’ Scanning electron microscopy and chemical composition characterization techniques. The XRD data
Tmation of single phase cubic structure with Jattice constant ranging from 8.39 to 8.41 A%  The porous morphology of
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nfirmed by scanning electron microscopy images in the range of 50-100nm.
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. SRR &, MRS AR TR electronic devices are the indispembld Ms of the modern agc Therefore the designing and optimizifig the
i ‘erformance of these devices with high efficiency is really impecative, In view of this, researchers in different parts of the world havo
§ TTe¥dy been working in these directions, encountering problemsidiscrepancies, seeking solutions to these impediments. Among the
@5 problems, the cleciromagnetic interforence (EMI) is a specific type of cavironmental pollution, due to the rapid growth in
tilization of electrical and electronic devices in industrial, commercial and military applications. In the past decades, the spinel ferrites
M 1ave been utilized as the most frequent absorbing materials in various forms [1]. These are good microwave absorbing materials because
Wi T"Weir high specific resistance, remarkable flexibility in tailoring the magnetic properties and ease of preparation [2].
w’ Recently, multilayer chip filters have been developed as a promising electromagnetic interference (EMI) device [3-5]. They are
Wc with a co-fired multilayer structure of ferrite, dielectric and internal conductors. The rapid development in this research field
" esuited into the new trend of miniaturization of electronic devices. Better electrical and magnetic properties, especially high initial

mi lity are required for reducing the number of layers which makes miniaturization of the component feasible.

”””” Many researchers have extensively studied the Ni-Cu-Zn ferritesto fabricate multilayer chip inductors and EMI filters, because
L. of their  relatively low sintering temperature, good performances in the high frequency range, high permeability in the RF frequency
 region, high electrical resistivity and environmental stability [6-10]. However, in case of Ni-Cu-Zn ferrites creation of residual stress due

gwuid phase diffusion which occurs during sintering results in a decrease in the permeability and magnetic properties [25, 26]. In
: tion the nickel and its compounds present in Ni-Cu-Zn ferrites produce carcinogenic effects and environmental toxicity, despite of

"3, precursors used were analytical reagent grade magnesium sulphate, cobalt sulphate, copper sulphate, zinc sulphate and -ferric
IM“" The divalent metal precusors, ferric nitrate, NaOH and NaCl were mixed in the molar ratio (1 22:8:10) and then grounded together

; agate mortar for about 30 min. The reaction was exothermic and started Spontaneously. As the reaction proceeded, the mixture
became mushy and a gradual change in colour was observed. The 8s prepared powders were collected and washed several times with
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5 resent study were T
es in the p 2

grounded in agate mortar. Pellets were formed using a die haviog 1.5 cm diameter
of 1.5 ton/em?. The toroids of samples were fabricated using a die having outer diameter 2 cm, 1
of 0.3 cm by employing a hydraulic press machine and applying a pressure of 1.5 ton/em’, All the samp -
sintered at 950°C for 4 hrs in air atmosphere. diffractometer using Cu-%{[
The X-ray diffraction (XRD) pattern of the samples were obtained on BRUKER D8 advanced X-ray di TR w&
(h=1,54056 A) radiation. By making use of Bragg's law theinterplanar distance d (A) was calculated. Further the lattice parameter ‘2 Wag
calculated using the relation for cubic structure. Surface microstructure and chemical composition 0

| s j i sample for composition study. -
using ing electron microscope (Model SEM-JEOL). operating at 5 kV and gold coated on samp = l

11, RESULT AND DISCUSSION : e mructui?
In order to know the phase formation of the material study of crystal structure IS essential factor. The cry le

determination of different compositions was done from the XRD studies. The typical XRD pattern for composition X=0.05 of sintercw .
Mgo 25:C0oxCuio 2sZna sFe204 ferrites is shown in Fig. 1. The XRD pattern revealed the presence of highest intensity peak correspondix:mm

to (3 1 1) plane and peaks corresponding to other planes like (22 0), (22 2), (4 00), (422), (5 1 1) (44 0) and (5 3 ) which confirmed .
the formation of cubic spinel structure. No second phasc was detected in the XRD patterns of all the samples. The broad and .
resolved peaks in the XRD patiems, clearly demonstrated fine particles of polycrystalline Co doped Mg-Cu-Zn ferrite. The standal™
ICPDS File No. 08-0234 was used to index the different peaks observed in the XRD pattern by comparing the observed inter pia;@\wﬁ.
distances (d) with standard value. - .
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nesurface morphology of ferrite nanoparticles are essential for applications such as magnetic, sensor and electronics. Among the
“'!3 Jarameters of microstructure, like grain size and porosity, former is more important parameter which affects the magnetic
.,%t?e_s of ferrites strongly. The grain growth, being a result of inter particle mass transport, appears (o be dominated by the bimodal
i$on mechanism {12]. lattice and grain boundary diffusion. Scanning electron microscopy (SEM) was used to determine the
Me!gt’w:tm'e of the sintered Co substituted Mg-Cu-Zn ferrites. The SEM images of different compositions of sintered Mgozs.
"*@n,nﬁlno sFe;04 ferrites are shown in Fig. 2. Highly dense microstructure was observed for all Co added sample 0.05 composition.
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Figure 2: The SEM image of compositions of sintered Mgo2sx Co:CuozsZnasFerOs ferrites nanoparticles.

wdcr to confirm the chemical composition, EDS analysis was carried out for all the samples and a typical EDS spectra Mgpas.

CoxCis 25700 sFex04 ferrites with x=0.05 is given in Fig. 2.

/ CONCLUSION
v:'['é‘w structural, morphological, and compositional properties of molten salt synthesized spectra MGo25.«COxCUp 25ZNo sFE204  ferrites

¥ particles of composition X= 0.05was investigated. The structural study confirmed formation of fine spinel type material and proved
%vcmﬁmy af the molten salt method. Mitro structursl smoy vahidaied the dense microstniciure with high relative density, The

tural and morphological studies confirmed that above material is in the range of 50-100 nm showing nanoparticles.
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Abstract:
0, 0.05, 0.1, 0.15, 0.2 and 0.25). are investigated. X-ray

Mixed Ferrites with general formulaMg0.25 \NixCuoasZnosFer0s (x= : X R
diffraction study of these compositions revealed the formation of single phase spinels.Study of initial permeability wi

temperature revealed that the long range ferromagnetic ordering in the compounds having x=0.4 . The sample wa:h x<0.4 apd
y=0.05 and 0.10 show peaking behavior near curie temperature .temperature dependence normalized AC susceptibility and curie
temperature of spinel ferrites study reveals that MgFe;04 exhibits multi domain {MD) oceurs.

Keywords : Mg-Cu-Zn ferrite, curie temperature etc.

L INTRODUCTION

Magnetic properties like permeability and susceptibility depends on grain size, grain boundary and domain structure [1]. Domsin
wall motion and spin rotation contributes to permeability.. The MD particles have domain walls [2] and magnetic changes takes
place due to domain wall (DW) motion. SP particle nature reduces magnetic character of the material.Ni*" substitution is
interesting substitution in the spinels Addition of Ni?* inMg0.25.«NixCuin2sZno sFexO¢The domain structure changes from MD to

SD [3].
In the present invesﬁgaﬁmdxecﬁ‘ortsmm&dawmﬂmdﬂ»em

susceptibility of Mg-Cu-Zn ferrite.

of Ni**Substitution on permeability and

I EXPERIMENTAL
A molten salt synthesis method was used for preparing ferrite powder with composition MgozsaNixCug2sZno sFe Oy (3= 0,

0.05, 0.1, 0.15, 0.2 and 0.25). A molten-salt synthesis (MSS) method is one of the simplest, most versatile, and cost-effective
method used for obtaining crystalline, chemically purified, single phase powxders at lower temperature and obtained in a short
reaction time with little residual impurities as compared to conventional solid-state reactions [4}.

Analytical reagent grade magnesium sulphate, nickel sulphate, copper sulphate, zinc sulphate and ferric nitrate were used
as starting precursors. The divalent metal precusors (sulphates), ferric nitrate, NaOH and NaCl were mixed in the molar ratio
(1:2:8:10) and then grounded together in an agate mortar for about 30 min. The reaction was exothermic and started
spontaneously. As the reaction proceeded, the mixture became mushy and underwent gradual changes in color. The as prepared
samples were collected and washed several times with distilled water to remove unwanted reaction by-products. The as prepared
powders were calcinated at 700 °C for 2 h.

Further the calcinated powder was used to form the pellets. Initially the calcinated powder was mixed with PVA (organic
binder) and grounded in agate mortar. Pellets were formed using a die having 1.5 cm diameter and a hydraulic press machine by
applying a pressure of 1.5 ton/em?®. The toroids of samples were fabricated using a die having outer diameter 2.5 cm, inner
dinmeter 1.5 cm with average height of 0.3 cm with hydraulic press machine by applying a pressure of | S-tore ” the

20%nd 80°.Low field AC susceptibility measurements were carried out in the temperature range 300k-¥
set up operating at 323 Hz and 100 Oeof applied field.
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The Curic temperature values (T.) were determined from the temperature variations of suseeptibility and initial permeability
curves.

HI. RESULYS AND DISCUSSION

The presence of the highest intensity peak corresponding to (3 1 1) plane and peaks corresponding to other planes like (2
20),(222),(400),(422), (51 1)(440)and (53 1) confirmed the formation of cubic spinel structure. No second phase was
detected in the XRD patterns of the samples studied in the present work. The broad and well resolved peaks i{\ the XRD patterns,
clearly demonstrated fine particles of polycrystalline Ni doped Mg-Cu-Zn ferrite.  Fig 1 shows the 0.28 composite of XRD

spectrum.

v 4

Figure 1:- XRD spectra of 0.25 composite.
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Figure 2: Variation of normalized AC susceptibility (xv/yre) as 8 function of temperature for sintered Mgo2s.

NisCusasZnesFesO ferrites.
ure variation of normalized AC susceptibility of the sintered Mgo 25 NixCuo2
shown in Fig.2. The normalized susceptibility for ull the samples remains invaciant and exhibited
temperature. The decreasing trend in susceptibility with lemperature confirmed the ferrimagnetic nature of the material. Upto
Curie temperature the available thermal energy was not quite sufficient to disturb the aligned moments of the spins. However,
near the transition temperature, the thermal onergy is high enough to disturb all the aligned spins where the susceptibility
decreases drastically, reaching the pfamgndic region afler the transition temperature i.e, Curie temperature,

ZngsFex0q ferrites samples is

The femperat ‘
sudden drop near the Curie

M, | MJM, |nebxpt | pr He D Te(°C)
0.00 220 0.0076 1.76 88 6.97 0.91 145
0.05 240 0.0090 | 191 96 8.92 1.48 181
0.10 248 0.0100 1.97 95 1037 (.98 174
0.15 270 0.0170 2.15 94 17.13 2.68 194
0.20 288 0.0__{__30 2.28 99 18.89 1.11 220
0.25 325 0.0330 2.58 89 36.86 1.03 231

Table 1: Data on magnetic parameters like My, Mr/Ms, ny, He and relative density (pr) and Curie temperature (T¢) for
different compaositions of sintered MgozsaNkCuioasZaosFer04 ferrites,

Also the Curie temperature is the measure of relative weighted magnetic interactions per formula unit. The Curie
temperature for all sumples is given in Table 1. From the table it is clear that, the Curie temperature increased with increase in
nickel content. This increase in Curie temperature is attributed to the enhancement in ferrimagnetic region (ordered state) at the
expense of the paramagnetic region which increases the exchange interaction. In gencral for fervites the magnetic properties are

decided by AB interaction. In the mixed compositions, this exchange interaction increases due to the replacement of
Mg?* jons by Ni®* ions in B sites. The occupation of Ni** jons in the B sites will increase the number of Fe'* A ~Fe*' B exchange
which results in increase in the Curic temperature [5]. The room temperature susceptibility was found to increase with addition of
Ni content which may be due to the replacement of Mg by Ni*" having high magnetic moment. The magneti
is mainly from the parallel-uncompensaied electron spin of the individual fons, and the spin alignments in U
arranged antiparaliel. Also, the A~B exchange interaction is predominant over the A~A and B-B inte:

ent of the lattice is given by the sum of the magnetic moments of A and B sublattices, i.e. M=

magnetic mom:

P
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As mentioned above, the variation of initial permeability of Mg-Cu-Zn ferrite was influenced not only by
" microstructures, but also by magnetostriction, inner stress and other factors. Within a Jimited Ni substitution, the improvement of
oy magnetic properties of Mg-Cu-Zn ferrites is mainly attributed to the low magnetocrysialline constant, comparatively high
saturation magnetization and grain size. The Mgo.2¢NixCiig 25Zna sFe;Osferrite with low Ni content (x=0.05) exhibited high initial
7 permeability as compared to Mg 25.NixCuig 2570 sF&;04 with high Ni content and similar type of observations were reported

9 earlier [7).

]
b

ol ol ool

ol il el

X B T o D Kix 10 Curie
(um) (erg/ec) temperature
: Te(®°C) pi
0.00 154 12 143 0.91 ~2.50 150
0.05 592 14 3579 1.48 “2.63 160
0.10 565 14 552 0.98 «2.77 180
0.15 197 16 182 2.68 =2.90 210
(.20 181 17 165 1.11 -3.04 220
0.25 gl 21 157 1.03 -3.17 230

Table 2: Data on initial permeability (ju), rotational permesbility (Jiro), wall permeability () grain size (D) and magneto

crystalline anisotropy constant K.
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Figure 3: Temperature dependency of permeability for different compositions of sintered Mgo2s NixCuozsZnosFe:O4
ferrites.
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Fig. 3. shows the temperature dependence of initial permeability of sintered Mgoas.xNixCueasZng sFeOy  ferrites. It
® can be noted from the figure that as the temperature increases the initial permeability remains constant up to a certain temperature
) and increases to a peak value and then falls abruptly to a minimum value. The temperature at which this abrupt fall takes place is

® . .
from ferrimagnetic state to the paramagnetic state. As mentioned earlier, Mgo s NixCua3Zno sFesOq
® exhibited maximum initial permeability and with further increase in Ni content the permeability decreased

5

P ‘temperature for all samples is given in Table 2.
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the ;ac;s observed that the magnitude of Curie transition temperature increased with increase in Ni content and is attributed (©
i ent of non-magnetic Mg™* ion by Ni** ions [8]. The values of rotational permeability and wall permeability have
been calculated using formula 9

= 1+ 2xM%s 7 Tky
o = = (e~ 1)

Where, Ms ~ Saturation magnetization, K, — anisotropy constant, jia - folational permeability and pu- Wl
permeability.
X L Bi A
0.00 278 289 i
0.05 | 790 803 13
0.10 720 734 14
(.15 237 259 22
020 | 317 342 25
0,28 167 198 31
Table 3.: Thermal hysteresis of initial permeability for MgazssNixCmoasZnosFex04 ferrites
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Figured.: Temperature dependency of loss factor for different compositions of sintered Mgo.2s:NixCuo.2sZn0sFe204
ferrites.

Form table 3.it is clearly seen that the magnitude of wall permeability p. is very large in comparison with rotational
permeability p for all compositions of Mgo 2s.«NiCuo2sZno sFez04 ferrite. Thus, it is concluded that the main contribution to the
initial permeability is due to domain wall motion. Hence Globus miodel is applicable and according to Globus model [10]

M:D

L ”I}:‘
where j is the initial permeability, Ms is the saturation magnetization, D is the a T
magnetocrystalline anisotropy constant. Even though the initial permeability is directly proportio o
the higher value of initial permeability for x=0.05 is mainly due to the higher sintered density Ll
anisotropy constant of that sample. The initial permeability values during heating and cooling cycl e s

All the samples have exhibited the thermal hysteresis of initial permeability and Ay, increases with i

Fig. 3.shows the variation of loss factor as function of temperature. The loss factor for all samples aimos : ot i

up to & certain temperature and then it increases, [t is well known that higher the value of initial permeability lower is the value of
~JETIR1907482 | Joumal of Emerging Technologies and Innovative Research (JETIR) waw elrora | 177
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loss factor. The higher value of initial permeability values observed in case of our samples is attributed to the contribution of
domain wall motion, which becomes more significant us the sintered density and grain size of the ferrite increases. Generally, a

higher initial permeability is achieved through the control of both the density and microstructure, which depends on the sintering
conditions [11].

CONCLUSION

The MgoasNixCuo 25Zno sFe204 with X= 0, 0.05, 0.10, 0.15, 0.20, 0.25 have been successfully synthesized by molten
salt method. The method has proved its usefiliness for the synthesis of fine ferrite particles. The structural study revealed the
formation of spinel type material From the dielectric and magnetic studies it is concluded that the Mgp as.:NixCug 25Zn0 sF¢:04
ferrite with X=0.05 can be the potential candidate for MLCI application with low sintering temperature in view of high density,
high initial permeability and saturation magnetization possessed by that composition.
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Abstract: We report on the electromagnetic properties of Co?* substituted spinel MgCuZn ferrites
developed via a facile molten salt synthesis (MSS) route. The choice of synthesis route in combination
with cobalt substitution led to strong electromagnetic properties such as high saturation magnetization
(i.e., 63 emu/g), high coercivity (17.86 gauss), and high initial permeability (2730), which are beneficial
for the multilayer chip inductor (MLCI) application. In a typical process, the planned ferrites were
synthesized at 800 °C using sodium chloride as a growth inhibitor, with dense morphology and
irregularity in the monolithicity of the grains. The compositional analysis of as-prepared ferrite
confirms the presence of desired elements with their proportion. The crystallite size (using X-ray
diffraction (XRD) analysis) for different samples varies in the range of 49-51 nm. The scanning
electron microscopy (SEM) and transmission electron microscopy (TEM) analysis showcases the
compact morphology of the developed samples, which is typical in the ferrite system. The dielectric
properties (dielectric-loss and dielectric-constant) in the frequency range of 100Hz~1MHz suggest
normal dielectric distribution according to interfacial polarization from Maxwell-Wagner. From the
developed ferrites, upon comparison with a low dielectric loss with high permeability value,
Mg-Cu-Zn ferrite with Co = 0.05 substitution proved to be a stronger material for MLCIs with
high-performance applications.

Keywords: MgCoCuZn ferrites; molten salt route; magnetic properties; initial permeability;
electric properties

1. Introduction

Nariomaterials 2020, 10, 2333; doi:10.3390/nano10122333
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play an important role as illustrated in Figure 1. In the state-of-the-art, various synthetic protocols are
being developed to materialize the versatile ferrites for diverse applications. The comparative chart of most
exploited synthesis routes along with their merits and demerits are tabulated in Table 1 [4].

‘(>
+ Ceramic
route
* Molten sait
route

Conhventional

Ferrite Synthesis routes

routes

_Noh»
conventiona
routes

n

)

* Precursor

Figure 1. Various routes of ferrite synthesis.

Table 1. Comparative chart of most exploited synthesis routes along with their merits and demerits.

# Methods Merits Demerits
1 Solvothermal Cost-effective Long process time
2 Hydrothermal Scalable, Cost-effective, High yield WNegd oFautdstave fut high pressure
3 Sonochemical Time effective, Fine size distribution ~ Less yield, uncontrolled particle shape
S Fac.lle rRiAes saule; almost_ SN Broad size distribution of particle,

4 Co-precipitation medium, good control on particle size Bk

weak crystallinity

and morphology, scalable
Great crystallinity, scalable, Longer reaction time,
Thermal ; : ; ; :
5 ie good control on particle size, high temperature, organic media,
decomposition : TR -
narrow size distribution need of ligand exchange
6 Sol-gel Facile synthes.xs route, great control on Ricohalitmadia
size, scalable
3 ; 3 - : Control of nozzle, flow of liquid,
i Spray pyrolysis Variety of material deposition with ease high temperature
8 Microwave Very versatile, quick process time, Low yield, need of microwave
assisted narrow size distribution of particle transparent reacting media
9 Molten Salt Simple synthesis Low ylgld
Low temperature Longer time

10 Ceramic Size control Medlum Fieid

High temperature

Maite Insausti and co-workers reported the analytical chemistry route to develop the ferrite

nanoparticles for magnetic hyperthermia treatments. The synthesis strategy has helped to achieve
larger-sized particles, which have the highest defined rate and thus are most suitable for applications
of magnet hyperthermia [5]. Hui Xia et al. developed the multifunctional hetero-architectural
copper ferrite/graphene composite via a hydrothermal route for photocatalysis and energy storage
applications. The adopted route has provided a high surface area needed for the aforementioned
applications [6]. Klaus Becker and coworkers disseminated the results of nickel ferrite, fabricated using
the mechanochemical synthesis method. The work shows that the magnetic characteristics of NiFe,O,
particles can be adjusted by properly regulating their size [7]. Likewise, M. Bououdina, et al. show
the fabrication of the varieties of spinel ferrites using a microwave combustion method for discrimi
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and elimination of lead and cadmium ions [8]. Furthermore, research has been conducted through
hydrothermal pathways in relation to the ferromagnetic resonance properties of Mg/Zn nanoparticles,
by the group of Chien [9]. To address the constricted yield after synthesis, various complementary
techniques are available, such as molten salt, sol-gel auto-combustion, and the pyrolysis route [10~12].
The molten salt route is a conventional and well-developed synthetic method among the numerous
synthesis techniques. It is known for being one of the easiest, most flexible and inexpensive ways of
obtaining a high degree of quality ferrite in a shorter reaction cycle relative to the standard solid-state
reactions. By considering its adequacies, we have developed the nickel-substituted MgCuZn ferrite using
the molten salt route and investigated their electromagnetic properties useful for multilayer chip inductor
(MLCI) application along with their structural and morphological analyses [13]. Meticulously, Mg-Cu-Zn
ferrites are economically viable and need comparatively low sintering temperatures (<1000 °C).

Herein, the conventional pathway is, therefore, readily extended for fabricating cobalt-substituted
MgCuZn ferrite using a molten salt route and its ferrite-related properties are investigated. The prime
motivation for integrating Co®* is due to its quick relaxing characteristic, which helps to improve
the magnetic response time and microwave properties. Furthermore, Co?* has a higher magnetic
moment (3.87 pg) compared to Mg?* (1.1 ug). Therefore, low eddy current losses, high electrical
resistivity, high i, and Ms can be achieved in the pristine ferrite [13]. The synthesized material has been
characterized by means of XRD, SEM, TEM, electrical and magnetic (VSM) analysis in order to get about
the phase, morphology, electrical resistivity and magnetic behavior of the material. The procedures
used in the characterizations process have been detailed in supporting (SI) information.

2. Experimental Details

The divalent metal precursors (Mg, Co, Cu, Zn) were taken in the form of sulfates, whereas Fe
source was taken as nitrate (Fe(NO3)3-9H,0). The reaction was carried out in the presence of NaOH and
NaCl. The molar ratio of synthetic reagents was taken as: sulphates: Fe-nitrate: NaOH:NaCl:1:2:8:10.
The mixture of the reaction was ground in an agate mortar for 1 h. The reaction began voluntarily with
the heat release. The mixture turned mushy and eventually changed from colorless to black, with the
exothermic reaction progressing. The schematic of the synthesis is highlighted in Figure 2.

Precursor & sait Rearrangement & diffusion Nucleation & growth

P

4 P

Figure 2. Schematic of ferrite development via molten salt route.

The mixture obtained was collected in a crucible and sintered at 800 °C for 2 h. To ovexforne.
the characteristic property of NaCl as a particle growth suppressor, the chosen sintering te
corresponded to NaCl melting point (801 °C). Subsequently, the material was allowed to cq
to ambient atmospheric conditions, and rinsed thoroughly with deionized water, followed {
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under the infrared (IR) lamp. This powder was made into pellets as well as toroids, and sintered at
900 °C (4 h) in air, to obtain proper phase formation of the desired ferrite. The characterizations of the
developed material can be found in our earlier reports, published elsewhere [13].

3. Results and Discussion
3.1. Crystallographic Identification

The X-ray diffraction (XRD) spectra in Figure 3 show the Bragg reflections of Co?* substituted
MgCuZn ferrite, a typical cubic spinel structure. The peaks (220), (311), (222), (400), (422), (511),
(440) and (531) correspond to the standard data with JCPDS files no. 08-0234. Fine particulates of
developed polycrystalline ferrite can be visualized with the wide and well-resolved peaks in the XRD
patterns. The lattice constant (Table 2) was found to be influenced by the addition of Co with invariant
behavior and is comparable with earlier reported values [14,15]. The range of average crystallite size
was calculated to 48-52 nm, with no particular dependency on the amount of Co added. This confirms
the adopted synthesis technique is favorable to develop the nanosized Mg-Cu-Zn ferrite powders with
ease. As tabulated in Table 2, the samples displayed a relatively high density of nearly >90% which
was due to the substitution of Cu ions in the ferrite system. Owing to its high mobility in terms of
atomic scale, its presence facilitates the densification of the ferrite, which enhances the diffusion of
cations in the lattice [16,17]. It can also be noticed from Table 2 that the density values of the samples,

employing X-rays, are higher than the bulk measurements. This is due to the presence of pores in the
bulk measurements [18].
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Figure 3. X-ray diffraction (XRD) graphs of the sintered Mg 25-xNixCug25Zng 5Fe, Oy ferrites.

Table 2. Properties of the developed ferrites on account of XRD measurements.

X Lattice Constant A Crystallite Size D Bulk Density p, ~ X-Ray Density px ~ Relative Density p,

(A) (nm) (g/em®) (g/cm®) (%)
0 8.411 48 4.62 5.14
0.05 8.406 48 497 5.18
0.10 8.417 49 4.88 5.20
0.15 8.394 52 4.96 5.28
0.20 8.411 49 4.86 5.29

0.25 8.414 49 4.94 5.32
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3.2. Morphological and Elemental Analyses

The microstructure of the ferrite has a profound influence on its electrical and magnetic properties.
Figure 4 shows the micrographs of all the developed ferrites from x = 0 to 0.25. The effect of Co?*
substitution has no specific trend in grain growth. Nonetheless, a uniform grain structure can be seen
in the individual ferrite. Cu plays a key role in achieving a particular microstructure because of the
creation of a liquid phase. This makes the grain growth much easier due to its separation at the grain
boundaries. The reason behind the segregation is the increased rate of cation inter diffusion due to
Cu®* ion [19]. The thermal energy creates a force during the sintering process that causes the grain
borders to expand over pores, thereby reducing the pores” volume and making the product dense.
The presence of Co substitution was confirmed using energy-dispersive X-ray spectroscopy (EDX)

analysis (Figure 5, Table 3). The relative substitution of Co in Mg 25-xCoxCup 25Zng 5Fe, O, ferrite was
found to be optimal.

}

0w o

Figure 4. Morphological analysis of sintered Mg

«CoxCuga5Zng 5Fep Oy ferrites.
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Figure 5. EDX analysis of sintered Mgy 25 CoxCug 25Zng 5Fe; Oy ferrite sample at x = 0.05.

Table 3. The EDAX statistics for different compositions of sintered Mg 25-xCoxCug 25Zng 5Fe, Oy ferrites.

Mg .25-xCoxCug 25Zng sFe; O4 (Atomic %)

Element
X=0 X = 0.05 X =0.10 X =015 X =0.20 X = 0.25
Mg 3.96 3.16 240 1.76 0.87 5
O d W 161 2.48 3.10 427

(1 A1 11 10 10 150 1y
In RY 818 4 78 8 883

Fe 31.97 32.67 32.10 33.19 34.83 34.99
O 51.56 51.05 51.21 50.45 48.43 47.75

Figure 6 shows the typical TEM images of the developed ferrites. The TEM images show
well-dispersed aggregates of particles. However, it is quite difficult to predict the particular shape
of the particle, however, the average particle size for various compositions was found to be in the
range of 118-314 nm (see Table 4). The particle size was found to be influenced by the addition of
Co and the observed maximum for x = 0.25. Here as well, it is revalidated that there is no certain
trend of increase/decrease in the particle size with increasing Co addition in the native ferrite structure.
The TEM images (Philips CM 200 FEG) showed a kind of agglomeration, that may occur from the
interface tension resulting from the magnetic surfaces or the exchange between the magnetic particle
interactions. Also, some degree of agglomeration during sintering is unavoidable [20]. The selected
area electron diffraction (SAED) pattern of the developed ferrites shows the presence of bright spot
rings corresponding to various crystal planes of polycrystalline ferrite as seen in the XRD analysis.

Table 4. Avg. particle size from transmission electron microscopy (TEM), activation energy in Ferro
and Para regions, and Curie temperature (T¢) of sintered Mg 25—, CoxCug 25Zng 5Fe, Oy ferrites.

Activation Energy (eV)

X TEM-Avg. Particle Size Curie Temperature
{(nm) Ferro Para Q)
0 314 0.35 0.55 131
0.05 118 0.39 0.60 160
0.10 226 0.36 0.60
0.15 255 0.39 0.64
0.20 195 0.41 0.68

0.25 299 0.24 0.51
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e

Figure 6. Micrographs (TEM and SAED) of sintered Mg 55, CoxCug 25 Zny sFepy Oy ferrites.

3.3. Electrical Properties

3.3.1. Direct Current (DC) Resistivity Studies

Electrical DC resistivity is a major aspect of low-temperature sintered materials for high-frequency
MLCI applications. The ferrite resistivity was known to depend on its composition and sintering
temperature. The temperature shift of the DC electrical resistivity from room temperature to 350 °C
for the developed ferrites is shown in Figure 7. The plot shows that with a rise in temperature,
resistivity for all samples was reduced. Furthermore, the plot revealed the existence of many regions
with various slopes due to changes in the mechanism of conduction. The mechanism of conductivi
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Co. The measured activation energies for various regions (Ferro, Para) and Curie are given in Table 4.
It was verified that in the paramagnetic region, the observed activation energy values are higher than
in a ferromagnetic region that corresponds to Irkhin and Turov’s theory [21].

84 M,@%wﬁwﬁw.&wﬁ;é
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4- g X=0.25
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1.4: 16182022724 2628 3.0 3.2 34

1000/T (K

Figure 7. The log function of direct current (DC) electrical resistivity with respect to reciprocal of
temperature for sintered Mgp 25-xCoxCug 25Zng 5Fe, Oy ferrites.

3.3.2. Dielectric Properties

Dielectric characteristics of ferrite provide important knowledge on the behavior of the localized
electric carriers contributing to a better understanding of dielectric polarization mechanisms.
The dielectric characteristics were analyzed in the frequency spectrum from 100 Hz to 1 MHz using
an LCR meter (Hioki model 3532-50 LCR HiTester, Japan). Polarization of space charge and hopping
process lead the dielectric reaction. Fe3* and Fe?* ions at octahedral B-sites contribute to dielectric
polarization, with electric dipole rotation resulting in the polarization direction. When electrons are
exchanged between the ions Fe?* and Fe*, and vice versa, interaction between the Fe?* and Fe3* takes
place. The dipole then orients itself and the alignment slows. The sample material has a dielectric
composition composed of two layers: first a ferrite grain layer, which is an extremely conducive
medium, divided from an affected material layer of grain borders by a second thin layer. The dielectric
constant (¢') in all the ferrite specimens at 300 K is shown in Figure 8a. The initial frequency field,
which remained constant in the higher frequency (over 100 kHz), showed a rapid decrease of the
dielectric constant. For the sample with x = 0.10, the minimum dielectric constant was observed.
All the samples exhibited the frequency dispersion behavior of dielectric in the lower frequency region.
However, at a higher frequency, the dielectric remains unchanged. With the Co addition, the resistivity
improved and the maximum value for a ferrite sample was reached with x = 0.10. It then declines with
additional Co content.

The complex dielectric constant (¢”) is a physical quantity that shows the capacity of materials to
cope with external fields which are highly dependent on frequency. For all sintered ferrite samples,
Figure 8b indicates a dielectric constant (¢”) behavior. The dielectric constant decreases with an
increase in frequency and at a higher frequency approach a constant value. All the samples she®3
frequency-independent behavior after a certain increase in frequency [22,23].

Figure &c shows the frequency dependence in dielectric loss tangent. The dielectric losg/
reduced to a certain frequency with an increase in frequency. At higher frequencies, it re
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constant. For high-frequency magnetic applications, low tan 8 is required. On the role of Co substitution,
the dielectric loss tangent got decreased with an addition of Co in Mgg 25-xCoxCug25Zng sFe, O, ferrites
except for sample with x = 0.05. The Mg-Cu-Zn ferrite with x = 0.05 possessed comparatively low
dielectric loss with a high value of permeability which proves its candidature as a better material for
MLCIs with high-performance applications.

The variation of alternating current (AC) resistivity for all the ferrite (Mg 25-xCoxCuyg 25Zng 5Fe,O4)
samples are shown in Figure 8d. The ac resistivity in the cases decreased with an increase in the
frequency. The ac resistivity at room temperature was found to vary with the addition of Co in

Mg 25-xCoxCuyg 257200 5Fe, Oy ferrites. It increased with Co content and achieved a maximum for a
sample with x = 0.25.
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Figure 8. (a,b) Variation of dielectric constant, (c) dielectric loss tangent, and (d) alternating current
(AC) resistivity with frequency for sintered Mgg 25« CoxCug 25Zng 5Fe, Oy ferrites.

3.4. Magnetic Properties

The magnetic characteristics of soft ferrites are determined by the materials’ composition,

morphology/microstructure, and the presence of additives in them. In the following, the magnetic
properties are discussed in detail.

3.4.1. Alternating Current (AC) Susceptibility

The AC susceptibility with temperature for the sintered Mg 25-xCoxCug25Zng5Fe;O; ferrites
samples is shown in Figure 9. The normalized susceptibility of the developed ferrites found to be
invariant to the temperature up to some definite limit and then exhibited a sudden decrease near the
Curie temperature. The deep fall at Curie temperature indicated the formation of pure ferrite without
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single peak behavior indicating that the substance does not contain impurity phases. The thermal
energy was not sufficiently up to the Curie temperature to disrupt the synchronized spin moments.
However, the thermal energy is high enough at the transition temperature to disrupt all the aligned spins,
which are significantly less probable after the transition temperature. The obtained Curie temperatures
from AC and DC susceptibility analyses match well. The Curie temperature increased as the cobalt
content increased (Table 5). This is attributable to a rise in the ferrimagnetic region at the expense of the
paramagnetic region, which contributes to an improvement of the contact between exchanges. If the
magnetic interaction is stronger, the resultant Curie temperature will be larger. Furthermore, with the

substitution of a high magnetic moment element (i.e., Co), the susceptibility at room temperature was
found to increase with Co content.
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Figure 9. Normalized AC susceptibility (xT/xRT) associated to temperature for sintered
Mg 25-xCoxCuq 25Zng sFe, Oy ferrites.

Table 5. Details of magnetic properties of the developed ferrites.

M, - H. D Tc €°C)
® (emu/g) e - glipt. PR (%) (G) (um) Xa.c,
0.00 42 0.0076 1.76 90 6.97 0.9 138
0.05 43 0.010 1.98 96 10.01 1.40 168
0.10 45 0.011 191 94 11.30 0.97 171
0.15 50 0.012 211 94 14.13 0.95 175
0.20 63 0.013 2.77 92 13.16 0.80 181
0.25 Lo | 0.016 297 93 17.86 1521 187

3.4.2. Magnetization

The magnetic hysteresis in the case of all samples exhibited a typical shape and confirmed that the
samples are magnetically ordered. The maximum value of saturation magnetization was exhibited by

x = 0.25 ferrite samples. The enhancement in saturation magnetization is achieved by highly magnetic
Co?* in place of non-magnetic Mg?* ions.

Figure 10 shows magnetic hysteresis curves of different samples of sintered

Mgo.25-xCoxCug 25Zng sFe, Oy ferrites at room temperature. All the samples exhibited a typical magnetic
hysteresis loop, indicating that the samples are magnetically ordered. The nature of the h
loops indicated the soft ferromagnetic nature in all the samples. The values of saturation ma




Nanomaterials 2020, 10, 2333 11 of 14

are given in Table 5. The saturation magnetization increased with the incorporation of Co with a
maximum value of magnetization for a sample with x = 0.20.
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Figure 10. Magnetic hysteresis loops of sintered Mgg 25-xCoxCuyg 25Zng 5Fe, Oy ferrites.

3.4.3. Initial Permeability

The initial permeability (1;) was measured for all the ferrite samples in the frequency range of
100 Hz-5 MHz (Figure 11a). The initial permeability of all samples was almost steady up to a certain
frequency and, thereafter, started to increase. The room temperature values of initial permeability (p;)
at 1 kHz are given in Table 6. An increase in the initial permeability may primarily have originated
from the substitution of Co** ions for non-magnetic Mg?* ions in the magnetic ferrite lattice. The high
initial permeability for the sample with x = 0.05 is mainly due to the high relative density and grain
size possessed by that sample (x = 0.05).

Table 6. Results of all permeability values along with magnetocrystalline anisotropy constant (K;).

< : Permeability Mo gl Ky x 104

Initial y; Rotational ot Wall pw (erg/mL)
0.00 1398 12 1257 42 =2.50
0.05 2730 30 2437 43 12.63
0.10 466 13 935 45 27.83
0.15 565 11 738 50 43.03
0.20 563 13 562 63 58.23
0.25 464 11 355 51 73.43

Figure 11b shows the initial permeability variation associated to. temperature of all the developed
ferrites. As a function of temperature, the permeability value increased up to Curie temperature and
reached a peak value, which thereafter dropped abruptly to a minimum value. An initial increment in
permeability with the temperature is attributed to a quick reduction in the anisotropy field, instead of
a decrement in the saturation moment [25]. The temperature at which a magnetic transition from
ferrimagnetic to paramagnetic state occurs is the Curie transition temperature. As mentioned earlier,
Mg 25-xCoxCug 25Zng 5Fe; Oy ferrite with x = 0.05 exhibited maximum initial permeability and, with a




Nanomaterials 2020, 10, 2333 12 of 14

substance and thus the gradual substitution of Mg?* ions by Co?* raises the temperature of the Curie
transition. Since the initial permeability is directly proportional to saturation magnetization, the higher
initial permeability value at x = 0.05 could be due to higher sintered density, higher grain size and
positive magnetocrystalline.

From Table 6, it is seen that the wall permeability w, is very higher than rotational permeability
Wrot for all compositions of Mg 25-xCoxCug25Zng 5Fe; Oy ferrite. Thus, it is concluded that the main
contribution to the initial permeability is due to domain wall motion and hence the Globus model is
applicable. Table 7 tabulated the heating and cooling cycle values of the initial permeability. All the
ferrite samples demonstrated initial permeability thermal hysteresis and Aui improved with rising
Co content.

Table 7. Thermal hysteresis of initial permeability for developed ferrites.

X Hih Hic. Ay
0.00 1678 1689 11
0.05 2589 2601 12
0.10 1087 1099 12
0.15 1300 1334 34
0.20 834 892 58
0.25 800 890 90

The sample loss factor stays nearly stable at a certain temperature and increases afterward

“] gure ! | c}. rer Hgker }nmal permeaul{ty Values are oLservecl {n tl\e present case og samples. Ti\js is
because the domain wall motion contributes more, as the sintered density and grain dimensions of the
ferrite increase. The regulation of both the density and the grain size, which depends on the sintering
conditions, will generally achieve higher initial permeability [27].
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4. Conclusions

[n conclusion, for the synthesis of Co-substituted MgCuZn ferrite, we have established a simple
path, i.e., molten salt route. The Co substitution level in the parent ferrite was studied in between 0 and
0.25 (step 0.05), with Mg 25_xCoxCug 25Zng sFe; Oy being a system. The adopted molten salt route
resulted in the cubic spinel structure of the ferrite system, as confirmed by XRD analysis. The lattice
constant was found to be influenced by the addition of Co with invariant behavior. The uniform
grain structure in the individual ferrites was shown by morphological analysis. Indeed, the creation
of a liquid phase played a major role in the achievement of the specific microstructure. In an EDX
study, the relative replacement for Co in ferrite Mg 25-xCoxCuq25Zng sFe,O4 was optimal. The SAED
pattern of the ferrites reconfirmed the different crystalline planes of the developed ferrite. It was found
that electric transport, dielectric and magnetic properties depend heavily on Co content. Dielectric
and magnetic properties revealed that, given its high density, high initial permeability and saturation
magnetization, Mg »5.,Cox Cug 25 Zng 5 Fe, Oy ferrite with x = 0.20 will serve as the possible candidacy
for MLCI application.

Supplementary Materials: The following are available online at http://www.mdpi.com/2079-4991/10/12/2333/s1
SI 1: Characterization of the material.
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ABSTRACT

This research study was based on this topic and focused on the perceived impact of utilizing social networking websites on adjustment, study habits, and academic

achievement of teenage students. This was an effort to quantify and examine the reality and gap between the good and negative impacts of the usage of Social
Networking Sites for the overall development of pupils using the three factors mentioned.
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Introduction

With the advancement of technology, the meaning of sociability and communication has shifted dramatically. The internet is one of technology's most
important accomplishments. The widespread usage of the Internet has reduced the globe, and the exponential growth of knowledge and information is
beyond our wildest dreams. The internet's presence is now so obvious that phrases like virtual communities and information superhighway have been
added to the Oxford lexicon (Balcazar et.al, 2009). People utilize the internet for a variety of purposes, including gathering information, learning facts,
personal fulfillment, and simple amusement, thanks to the fast increase of knowledge and information. With a few mouse clicks, we have access to a vast
amount of information. This ever-evolving interface has gone through many phases of transformation. People could simply read the material in Web 1.0,
and there was no possibility for participation or input. The Online 2.0 era, on the other hand, allows users to create content and connect with other web
users. In a short period of time, this has drastically altered the online environment. The concept of engaging and sharing in the new world of social media,
where Internet users are both content creators and consumers. Messages move in all ways, from companies to users, among users, and back to corporations,
through an ostensibly limitless number of possible routes (Moreno & Kota, 2013).

The term "true interaction” comes to mind. Blogs, Really Simple Syndication (RSS), wikis, mashups, tagging, Folksonomy, tag clouds, and social
networking sites were among the primary technologies and services of Web 2.0. The Web 2.0 version of the internet represents a significant paradigm
change in the realm of information and communication technology. One of the aspects of the Web 2.0 version of the internet is social networking sites
(SNSs). Adolescents are inextricably drawn to Social Networking Sites (SNSs) due to their omnipresent nature.

Today's youngsters are more empowered to engage with one another throughout the globe via social media sites. They also have more opportunities to
explore and experiment as a result of SNSs, which enhances their likelihood of being impacted by them. Adolescents are affected by social media in a
variety of ways. In this context, it's critical to learn more about how teenagers adapt to their surroundings and how social networking sites impact their
study habits and academic achievement. Significant research has been done in the past to determine the link between students' study habits and their
academic performance, but how they are influenced by social networking sites is an issue that needs to be explored more.

OBJECTIVES OF THE STUDY

The researcher's aims are as follows, keeping in mind the study questions:
. To look at the demographics of students who use social media sites.
. To investigate why students use and don't use social media sites.
: Determme the ideal circumstances and the amount of time spent on social networking sites by user puplls

. To compare and contrast the study habits of SNSs users and non-users in senior secondary school.
. To compare the study habits of social networking site users and non-users at the senior secondary level based on gender.
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8. To compare the academic achievement of pupils who use social media sites to those who do not.

9. To compare the academic performance of social networking site users and non-users at the senior secondary level based on gender.
10. To investigate the impact of social networking sites on students' adjustment, study habits, and academic achievement.

11. To investigate how users view the benefits and drawbacks of utilizing social networking sites.

HYPOTHESES

In light of the goals, the following null hypotheses were developed for objectives 4 through 9:
1. Social media is creating mental problems like loneliness, depression etc.
Social media is creating optical problems like low eye sight, blurred vision
Social media is creating health problems like obesity
Social media is damaging the relations as physical interactions are more important
Social media is increasing violence as in case of the suicides or murders 6. Social media is disturbing youth future
Social media is wasting money.

S e 00D

LIMITATIONS OF THE STUDY

The present research work is delimited the selected group from the Beed district Maharashtra.A survey is made of the various students, their parents, and

teachers. Questionnaire has been prepared to find the concerned answers. Same as these survey also includes some child specialist, educationist and social
workers

Review of Literature

Helen et al (2014) did this study to look at the use of social media by Nigerian students seeking graduation. SNSs have affected people in numerous ways
in the current internet and digitalization era. The study's goals were to identify distinct kinds of SNSs and investigate the breadth of SNS use by students.
Additional goals include determining why they use SNSs, comprehending the benefits of utilizing SNSs, recognizing the drawbacks of social networking,
and expanding techniques to mitigate drawbacks. The data was collected from a sample of 150 University of Nigeria students using a descriptive survey
study technique. A questionnaire was utilized to obtain data using random sampling procedures. The study's results revealed that, on the whole, students
were utilizing SNSs to communicate with their friends, join online with their classmates for studying, discussing different national issues, and viewing
movies, among other things. Furthermore, there are a variety of benefits and drawbacks linked with social networking, and these risks may be reduced by
implementing the ways described in this study. The current study's findings are presented in the form of suggestions that university specialists conduct
sessions to teach students about the negative aspects of social media. In addition, beneficial suggestions for further study were offered.

Sponcil and Gitimu (2013) looked at how university students use social media and how it affects their interactions with others as well as their selfconcept.
In this study, students were given a questionnaire to determine their personal use of'social media,' their ability to interact with family and friends, and the
impact on their'self-concept.' One type of SNS was used by 100 percent of the students, according to the findings. The Pearson correlation between social
networking site usage and interaction with 'family' and 'friends' was.586. The use of social networking sites and self-concept had a Pearson correlation
of.658. The current findings suggest that more research be done to learn why SNSs have become so popular.

Junco (2012) used a large sample size in his survey research to try to bridge the gap between previous studies on social networking sites. Educators and
others are concerned about the impact of social media sites on university students, with a particular focus on the most popular SNS, Facebook. Previous
studies looked into the relationship between "Facebook use" and "student engagement," a concept linked to positive college outcomes. However, these
studies were limited by how they measured 'Facebook use' and how they measured 'engagement.' The current research used a large sample size (2368) of
university students to look at the relationship between 'Facebook use,' 'involvement in Facebook occurrences,' and'student engagement.' 'Student
engagement' was measured using three methods: a 19-item item scale based on the 'National Survey of Student Engagement.' These include time spent
on class preparation and time spent on extracurricular activities. The researchers discovered that usage of 'Facebook' was 'negatively predictive of
engagement scale score' and 'positively predictive of time spent in co-curricular activities.' Furthermore, just a handful of the 'Facebook activities' were
found to be 'positively predictive of the dependent variables,' while others were found to be 'negatively predictive.'

Ankur Lal (2012) investigated the psychological effects of social media sites on Indian teens, particularly in light of the fact that internet usage has
impacted individuals of all ages. Physical face-to-face engagement was turned into virtual interaction, according to the research. Children and teenagers,
in particular, have been the primary consumers of this technology. This article discusses the different challenges that teens confront when it comes to this
topic, as well as some lesser-known data gleaned from recent surveys. In his research, he determined that there are gaps in parental support and supervision
as well as social media education. On these problems, it is critical that parents provide consistent direction and support. Given the prevalence and 'no-
boundary' nature of the Internet, it is critical for parents and teachers to understand and implement safe, responsible technology usage among children,
therefore preparing them to become responsible digital citizens. An open and free exchange of ideas between parents and teenagers may lead to honest
talks about the teen's life and its many facets. In India, social networking sites are a relatively new phenomenon. It, like any other new phenomenon, is
nearing its apex, and numerous predictions about its future trajectory are being made.

RESEARCH METHODOLOGY

The current study project is a descriptive one. According to Best and Kahn (2011), descriptive research aims to identify answers,
analyzing 'variable relationships.' It's also known as survey research (Gay &Airasian, 2003), and it's particularly interested i
attitudes,' 'opinions,' 'preferences,' demographics, practices, and processes.' When a study goes beyond 'controlled inquiry' and 'e
descriptive research comes into play (Best and Kahn, 2011).
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According to Gay &Airasian (2003), descriptive data is often gathered by questionnaires, interviews, phone calls, or observation. The data was analyzed
using both qualitative and quantitative methodologies by the investigator.

Number of people

For the purpose of finding of this the selected group is from the Beed district Maharashtra. A survey is made of the various students, their parents,

and teachers. Questionnaire has been prepared to find the concerned answers. Same as these survey also includes some child specialist, educationist
and social workers

Sample

"Sampling is the statistical process of choosing a subset (referred to as a sample) of a population of interest in order to make observations and
statistical conclusions about that population,” Bhattacharjee explains (2012, p. 65). The study of "social science" is primarily concerned with
determining behavioral patterns within certain communities. Due to 'feasibility and expense limits," it is difficult to investigate whole populations;
consequently, the investigator picks a representative sample from the community of interest for observation and inquiry.Firstly, questionnaire will
be prepared for evaluating the use of social media by student in the beed district. one separate questionnaire or opinion will be taken from the
experts like doctors, teachers and parents. after collecting this data, analysis will be done for finding the result.

Result and Findings

Objective 1 The first goal is to look at the demographics of students who use social media sites.

* The vast majority of students (79.40 percent) utilize social networking sites.

* Boys are more likely than females (65.23 percent) to utilize social media sites (34.76 percent).

* Girls outnumber males in the non-user student population (62.93 percent) (37.06 percent ).

* The majority of users (74 percent) visit social networking sites using their mobile phones.

* The majority of students (84.30 percent) said they use social media for both educational and entertaining purposes.
* Facebook is the most popular social networking site among students, with 96.14 percent reporting it.

Objective 2: To investigate why students use and don't use social media sites.

* More than half of the user students (56.90%) admit that they spend their free time on social media sites.

* They utilize social media for pleasure and enjoyment (62.76 percent )

* On social media, more than two-thirds of respondents (70.92 percent) love revisiting previous experiences.

* Almost two-thirds of students (63.59 percent) use social media sites when they are bored, almost half (44.56 percent) when they are joyful, and 38.7%
when they are lonely.

* Only a small percentage of people (11.09 percent) said they use social media to vent their frustrations with their siblings and friends.

* More than two-thirds of users (83.67 percent) said they use social networking sites to interact with friends and family.

* Almost two-thirds (63.3 percent) believe they are an excellent place to find old and new friends.

* Half of them (53.5%) said they like making their presence known on social media sites to all of their friends. Chatting is the most popular pastime
among students (80.32 percent ).

* In addition to chatting, many individuals (52.5 percent) like submitting their photos and hoping that others would like and remark on them.
* A sizable proportion of user students (73.8 percent) said they prefer to portray a positive picture of themselves on social media sites.
* More than half of them said they monitor the amount of likes and comments on their posted photos and updates on social media sites on a regular basis.

* The majority of people (62.5 percent) feel that social media sites have expanded their circle of friends. They also said they use social media to wish
friends and family on birthdays and anniversaries (67.78 percent).

* More than two-thirds of users (82.3 percent) of students said they use social media sites to find all kinds of information.

* More over two-thirds of them (64.9 percent) said that social media sites assist them with homework, projects, and tasks.

* Nearly half of the users (48.1%) said they use social media to join educational groups, and more than a third (35%) said they play instructional games.
* On social media, half of them (54.39 percent) contribute educational content, projects, resources, or ideas.

* Half of them (52.5%) said they use social media to keep up with current events, general knowledge, and foreign news.

* More over half of non-user students (55.64%) believe that using social media sites is a waste of time. One-fourth (25%) claimed their parents don't allow
them to use the internet, while the remainder (8.87%) indicated they don't have access at home. 11.29 percent said they don't use social media because
their academic burden prevents them.

Objective 3: Determine the circumstances that users desire and the amount of time they spend on social networking sites.
* When parents and elders are not around, the majority of students (72.3 percent) choose to utilize social networking sites
* More than half of pupils (58.79 percent) do not prefer SNSs over other outdoor activities.

* More than half of students (53.39 percent) do not feel that SNSs should take precedence over assignments.
* More than two-thirds (68.83%) of students said they don't use social media during exams; » More than half (58.78%) said

than an hour on exam days; * More than half (53.25%) of students said they've been using social media for more than
(64.1%) of students said they log in to their favorite SNSs on a daily basis.
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Objective 4: At the senior secondary level, investigate the general adjustment of social networking site users and non-users.

* The Chi square test of independence was used to examine the overall adjustment of SNS users and non-users. There was no significant correlation
between the two groups, according to the findings. p =0.074, X 2 (4, n=582)=8.51.

* Objective 4.1: To investigate the emotional adjustment of senior secondary pupils who use social networking sites against those who do not. Findings:
The findings of the Chi square test of independence revealed that there was a significant connection between users and non-users of social networking
sites, X 2 (4, n=582) = 19.21, p =.001.

Objective 4.2: To investigate the social adjustment of pupils in senior secondary school who use social networking sites against those who do not.
Findings: The Chi square test of independence, which was used to measure the social adjustment of SNS users and non-users, revealed that there was no
significant difference between the two groups, X 2 (4, n =582) = 6.440, p =.168.

Studying the educational adjustment of social networking site users and non-users at the senior secondary level is goal 4.3.

* Chi square test of independence was used to compare the educational adjustment of SNS users and non-users. There was no significant relationship
between the two groups, with X 2(4, n =582) = 6.74, p =.14.

Objective 5: To investigate the overall adjustment of SNSs and non-user pupils at the senior secondary level based on gender. Findings:

» Utilizing the chi square test of independence, the overall adjustment of boys and girls using SNSs was analyzed, and it was discovered that there was a
significant correlation between the two groups. p =.000, X2(4, n =466) = 32.50, X2(4, n =466) = 32.50, X2(4, n=466) = 32.

* A Chi square test of independence was used to measure the overall (total) adjustment of boys and girls who did not use SNSs. X 2(4,n=116)=8.37,p
=.079, showing that there was no significant connection between the two groups.

Goal 5.1: Investigate the emotional adjustment of social networking users and non-users, including boys and girls.

* A Chi square test of independence was used to examine the emotional adjustment of boys and girls utilizing SNSs. There was a significant relationship
between the two groups, with X 2(4, n = 466) =32.43, p =.000.

* The findings of the chi square test of independence to access emotional adjustment in non-user boys and girls indicated that there was no significant
relationship between the two groups. p =.19, X 2 (4, n=166) = 6.05, X 2 (4, n =166) = 6.05, X 2 (4, n =166) = 6.05 Objective 5.2: To investigate the
social adjustment of social networking site users and non-users at the senior secondary level on a gender basis.

* A chi square test of independence was conducted comparing Boys and Girls who used SNSs to gauge their social adjustment and found no significant
differences between the two groups. 6.05, p =.19, X 2 (4. n=466)

* The chi square test of independence was used to measure the social adjustment of non-user boys and girls, and there was a significant relationship
between the two groups. p =.002 for X 2 (4, n =1 16) = 16.036,

At the senior secondary level, investigate the gender differences in educational adjustment of social networking site users and non-users.

* The chi square test of independence revealed a significant difference in educational adjustment between boys and girls who used SNSs. p =.0.003 for X
2 (4, n=466) = 15.93.

* There was no substantial relationship between non-user boys and girls' educational adjustment. The chi square findings were X 2(4, n =116) = 6.84, p
=144,

CONCLUSION

The data revealed that SNSs are an integral part of today's teenage culture; pupils who used SNSs were four times more likely than those who did not.
Boys outnumbered females about two to one among user students, while girls outnumbered boys among non-user students. SNSs occupy a significant
piece of user students' everyday lives, and they utilize them in a variety of ways. The current research found that students use SNSs for more than just
amusement, and that they also spend a significant amount of time on academic-related tasks. Facebook is the most popular social networking site.
Twothirds of them check their preferred social media site on a daily basis. More than half of students use social networking sites for less than an hour
during exams, and more than half of them have been using them for more than two years. Social networking sites have the ability to link individuals on
amassive scale. People use social media for a variety of reasons: they use it when they are bored, joyful, lonely, or want to relive old memories, find new
and old acquaintances, or wish friends and family on their birthdays. They exchange educational information, projects, resources, or ideas, join educational
groups, and follow elders, instructors, and successful individuals for educational purposes. To keep current, watch a variety of informative videos. Despite
the widespread usage of social networking sites by kids, many are hesitant to inform their parents about them.

REFERENCES

1. Al-tarawneh, H. A. (2014). The Influence of Social Networks on Students*® Performance, 5(3), 200-205. Vol. 5, No. 3
2. Berglas, N., Brindis, C., Ralph, L., & Schwartz, S. (2011). Finding Teens in Their Space: Using Social Networkifg
Sexual Health Services, Sex Res Social Policy, 8, 38-49.
3. Helen, N. E., Charles, O. O., & Jemnifer, N. O. (2014). The Use of Social Networking Sites among the Undergrad
Nigeria. Library Philosophy and Practice (e-journal).

& Education, 58(1), 162—171. https://doi.org/10.1016/j.compedu.2011.08.004




International Journal of Research Publication and Reviews, Vol 3, no 2, pp 708-712, February 2022 712

5. Sponcil, M., &Gitimu, P. (2013). Use of social media by college students : Relationship to communication and self-concept. Journal of
Technology Research, 4, 1-14. Retrieved from
http://ehis.ebscohost.com/eds/detail ?vid=7&sid=8495b59afe d-473c-
be7b3d7edbOb78b1@sessionmer 1 13&hid=4102&bdata=#db=a9h& AN=90440151
6.  Srivastava, P. (2012). Social Networking & Its Impact on Education-System in Contemporary Era, International Journal of Information
Technology Infrastructure, vol 1no.2.

7. Strickland, A. C. (2014). Exploring The Effects Of Social Media Use on The Mental Health Of Young Adults A thesis submitted in partial
fulfillment of the requirements

8. Subramani, R.(2015). The Academic Usage of Social Networking Sites by the University Students of Tamil Nadu Periyar University, India,
Online Journal of Communication and Media Technologies Volume: 5 — Issue: 3 July — 2015

9. Judilla, A., Gemora, R. (2015). Influence of Social Networking on the Study Habits and Performance of Students in a State University. Journal
of Social Sciences & Humanities Research, 1(2).1-12

10.  Eyo, M. (2016). Counselling implications of teachers® digital competencies in the use of Social Networking Sites (SNSs) in the teachinglearning
process in Calabar,Nigeria. CogentEducation,3(1). doi:10.1080/2331186x.2015.1128134

11. Fernald, L. D. & Fernald, P.S. (2010). Munn'S Introduction to Psychology, fifth edition, A.L.T.B.S. Publishers & Dlstnlz/(ot-r tra .
Vs \r\
/&
S~
i1 N £ E o
[ \C a9
(£l 0*‘»%-@
\ (A'&“\Z /)



International Journal of Research

Publication and Reviews
(Open Access, Peer Reviewved, International Journal)

(A+ Grade, Impact Factor 5.536)

ISSN 2582-7421 Sr. No: IJRPR 6083

Certificate of Acceptance & Publication

This certificate is awarded to Landge Yog ita Vasantrao, and certifies the
acceptance for publication of research paper entitled “An Empirical Study of
Social Networking Sites & Its Impact on School Students” in “International
Journal of Research Publication and Reviews”, Volume 3, Issue 2, 2022,

&)\x\.\)\h &m“f:\t&\ Date : m_ ) .‘_m )22

Editor-in-Chief
International Journal of Research Publication arad Reviews

Signed



International Journal of Research Publication and Reviews, Vol 3, no 2, pp 805-807, February 2022

International Journal of Research Publication and Reviews
Journal homepage: www.ijrpr.com ISSN 2582-7421

WWW.LIRPR.COM

Social Networking Sites: Effects on School Children

!Landge Yogita Vasantrao, °Dr. Vijay Pal Singh
! Research Scholar of OPJS University, Churu, Rajasthan

?Associate Professor, OPJS University, Churu, Rajasthan

ABSTRACT

Pupils' major attention should be on education, but today's students, sadly, emphasize various internet sites that may be a complete waste of time. Although social
networks are simply electronic connections between users, they have become addictive to students. The impact of social networks on students' academic
achievement is discussed in this paper. The findings of this study revealed a knowledge of how students utilize online social networking sites and for what purpose,

as well as the amount of time they spend and the information they require, as well as their overall performance. The report also offers advice on how to use online
networks to achieve academic goals.

Keywords: School Education Quality Index, Academic Development, Education, Social Networking Sites

Introduction:

To improve the quality of education in state schools, the Maharashtra state education department launched initiatives such as digital learning. In the
academic year 2016-17, it dropped three points in the School Education Quality Index (SEQI). Internet socializing has become an increasingly significant
component of young adult life. Adolescents and young adults are the most compact Internet users in comparison to the broader population. SNSs (Social
Networking Sites) are the most recent communication tool for interacting with others in their networks. (SNS) is an online platform that facilitates and
reflects people's networking and relationship-building activities. People use these sites to share their interests and activities with one another. Instead of
concentrating on their homework or studying, kids spend hours looking through images, responding to comments on their pages, and chatting with pals
on the site's instant messenger, as well as watching Facebook and YouTube movies. Many websites have sucked up good scores, putting students' face-
to-face connection in peril. When we're online, there's always something to talk about, but when we're in person, it's as if there's nothing to talk about.
Making conversations with one other on social media has almost become awkward. Social media is putting a barrier between us and our true pals. Without
social media, we have forgotten what it is to have a normal conversation.

REVIEW OF THE LITERATURE

The term "social media” refers to a type of computer-mediated communication that uses Web technology [1]. In a digital context, the web makes it easier
to create and update online social networking sites. "A series of Internet-based apps that allow the creation and exchange of user-generated content, built
on the ideological and technological roots of the Web." It is based on web-based applications that provide the utility to create and transmit content in the
form of text, pictures, videos, and audios. Social Media refers to activities, practices, and behaviors among communities who gather online information,
knowledge, and feedback to share, and it is based on web-based applications that provide the utility to create and transmit content in the form of text,
pictures, videos, and audios.

STATEMENT AND JUSTIFICATION OF THE PROBLEM

Because of its widespread use by school and university students, Social Networking Sites have experienced a rapid surge in popularity in the last ten
years. Students frequently engage in such internet activities while doing their homework, which may have a negative impact on their academic
performance by dlvcmng their attention away from thclr studies. As aresult, it's dlfﬁcult to disregard the possibility that F acebook Whatsapp Instagram

bellevcs that many attempts to address the question will be undertaken. Furthermore, there has been little research done on the
far, and research conducted in industrialized countries in this area contains systematic gaps. As a result, the researcher owes it £
fill these gaps [3].
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THE STUDY'S OBJECTIVES

How might digital education help with these issues? What do students do with their time on the digital platform? What about face-to-face communication,
learner satisfaction, attention, and other factors? What are the criteria for grading their extracurricular activities, as well as their behavioral skills?
Motivation, accuracy, academic success, and creativity are all factors to consider. On the basis of personal and social attributes, individual style, listening
skills, thinking styles, cognitive ability, learners prior knowledge, diversity, multiple intelligence, habits, anger, jealousy, curiosity, visual, autonomous,

confidence, and personality, there are many learners' characteristics. The subject of how to quantify the influence of social networking sites on pupils is
on everyone's mind.

QUESTIONS FOR RESEARCH

Four research questions are generated to steer this investigation based on the mentioned objectives:

a. Does the use of social networking sites affect students' academic performance?

a. Does the use of social networking sites affect students' extracurricular activities (sports, games, art, dance, music, and television, for example)?
b. What are the specific reasons why students use social networking sites?

d. How much time do students spend on this site on a daily basis on average?

THEORY OF HYPOTHESIS

These empirical research involved 100 students who were chosen at random rather than in groups. The adoptability of the same by learners is debatable;
so, taking into account the available research on, the following hypothesis is formulated.

a. There is no link between social networking sites and academic achievement among pupils.

b. There is a link between social networking sites and extracurricular activity among students.

THE STUDY'S IMPORTANCE

Because it is an emerging and advanced emerging technology, the findings are likely to add to the abundance of information now available on the use of
social networking sites and its impact on students' academic achievement.

Policymakers and development practitioners, service providers, present and potential users all find it invaluable. As a result, the findings of this study can
help with these efforts by raising awareness at the grassroots level. It will benefit anyone who is interested in being a provider who is responsible for a
student's academic performance. In addition to the foregoing, everyone in the academic community regards social media as a distraction that causes
students to neglect their studies [4]. Some students, on the other hand, believe that using social networking sites during class time helps them cope with
the boredom. This research will look into the influence of social networking sites on students and how they will be used in the classroom [5]. Furthermore,
the findings of the study are intended to help close a vacuum in the literature about the challenges and potential for social networking [6] in the academic
setting.

LIMITATIONS

This study focuses on students' self-reports on their use of social networking sites and how it affects their academic performance, but it also depends on
the students' true or erroneous beliefs. As a result, others will benefit from the execution of a real experimental design

DATA ANALYSIS, RESULTS AND DISCUSSIONS
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Measurement of Variables: The following variables are used to develop and test cases;

Time spend analysis Purposes of usage
1 Extremely often 37 1 entertainment 31
2 Very often 3 2 Sccaahzn.ng _ 0
3 Often 18 3 academic/education 26
el 4 Sports 11
oo 10 5 sexuality 8
5 Not At All 3

6 current affairs

Ordinary andAdvance Level examination results are on average.
i. Achievements in Sports, drama, dance, poem, speech competition and other extra curricula activities are very poor.
ii. The relationship between the use of social site and academic activities of student’s performance are in inverse relationship. iii.

There are 74% mobile app found for SNS as very low education purpose is 26% iv. Students waste their time; their purpose
is totally different other than education.

\2 Loss of face to face communication, diminish understanding, important factor is laziness

CONCLUSION AND RECOMMENATIONS:

The study found the relationship between the use of social networking site and academic performance. Most students got low grades due to use of social
networking sites. By examining the test cases, there is a big difference in the rate of score points among those who are considered heavy or repetitive
users of social media who are considered light or casual users. Because we are spending more time on social networking site, there has to be a significant
drop in performance. The results of our study indicate that the time and frequency of using social networking site are predictors of academic performance.
In addition, quality of life can be expected as well. Social networking sites are becoming necessary today, but they should not have a

motive at all. Could destroy the future of adolescents and children, and has a very bad impact on education as discussed above. No third party or community
can verify the actions of any student, so it is strongly recommended that children's activities to be reviewed on social networks. These changes involve
shifts in attitudes. It will not happen overnight. It also requires cooperation between law enforcement authorities, Internet service providers, public
information, education and mental health professionals. The purpose of the pilot study is to provide clear results to understand the actual use of social

media among students. The aim of this study is to raise awareness among students regarding the use of social networks over the Internet in their social
life within the educational environment.

REFERENCES

[1]. A.Kaplan,& M. Haenlein, (2010). Users of the world, unite! The challenges and opportunities of Social Media. Journal of Business Horizons, 53(1),
Page.5968.

[2]. Constantine’s, Efthymios and Fountain, J. Stefan, Web 2.0: Conceptual foundation and marketing issues. Journa
Marketing Practice, 9 (3). Page.231-244. 2008.

[3]. D.M. Boyd, & Ellison, N. B. “Social network sites: Definition, history, and scholarship”. Journal of Compfjfest ion, 13,
Page.210-230. 2008.

[4]. Facebook facts (2013). News room Facebook key facts. Fromhttp://newsroom.fb.com/Key-Facts. (

[5] International Journal of Research and Innovation in Social Science (IJRISS) [Volume I1I, Issue I, J anuary 2019|IS§| 4 il ineshyRafichanan,

Department of Business and Management Studies, Eastern University, Sri Lanka [6]. Internet world stats. Internet ushei
Available at: http://www.internetworldstats.com/stats3.htm



International Journal of Research
) Publication and Reviews
- (Open Access, Peer Reviewed, International Journal)

(A+ Grade, Impact Factor 5.536)
ISSN 2582-7421 Sr. No: IJRPR 6126

Certificate of Acceptance & Publication

This certificate is awarded to Landge Yogita Vasantrao, and certifies the
acceptance for publication of research paper entitled “Social Networking
Sites: Effects on School Children” in “International Journal of Research

Publication and Reviews”, Volume 3, Issue 2, 2022.

Atk Qogorsinl @

Editor-in-Chief
International Journal of Research Publication and Reviews




ISSN 2229-4406

_ International .Regi,stered' & Recognized
Research Journal Related To Higher Education for all Subjects

,.';‘«‘.r Sl i_pm

EDITOR IN CHIEE
Dr. BALAJI KAMBLE




ERCNE Issue : XXHi, Vol. li IMPACT FACTOR ISSN 2229-4406
1-4406 %3 UNIVERSAL RESEARCH ANALYSIS 6.10 Sept. 2021 To Feb. 2022
ﬁe

thjects ; ' INDEX

Title for Research Paper

/Y
Q"i

g
Z
RS

Performance of Restructured Weather Based Cro? | \
1| Insurance in India 1

' Ms. S. M. Shegokar, Dr. A. M. Raut

' Opportunities &Challenges A Dgital Payment In
et > India 14
Dr. Balasaheb V. Maind

| ; : ~ Image of Women in Post- Independence Enghsh
% il ' = Novel : A Study of Selected Women Novelist 23
i _ : Vedant Prakash Deshmukh

|
|
| Leveraging Artificial Intelligence for Sustamable ‘
= - evelopment in Rural Areas 28 |
i ~Ankush P. SWurve x

Digital Marketing in the Current Era @ A Shift from
v :  Trzditional to Modern Strategies 34 \

A Dir. Vikas M. Waghmare oo o

Suminesis and gas Sensing Propemes of Substituted '1
. Luhium Ferrites 40

; S. 4. Masti. V. S. Sawant

| i iberalization. PrivVatatization and Gtobalization : . 'l
Oroporunities and Challenges 4t !
Dr. Maroti T. Ghantewad |
o TR TUE T - Uh ARITH
2 3. 3. TaHdars i

=T Ec =T SeelE "I SdEd g S




o Issue : XXIII, Vol . 1i IMPACT FACTOR | ISSN 2229-440¢
“URs UNIVERSALRESEARCHANALYSIS 6.10 Sept: 2021 To Fels. 2021

©
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ABSTRACT

This paper examines the transformation of marketing from tradition:
methods to modern digital marketing strategies. Traditional marketingsiic
as print ads, TV commercials, and billboardswas long the standar
However, digital marketing, including social media marketing, conte
marketing, and search engine optimization (SEO), has rapidly taken over. .
the current era, businesses are increasingly relying on digital platforms
reach their target audience, engage customers, and measure their marketiy
success. This paper compares traditional marketing strategies with digit
strategies, highlighting the differences, pros, cons, and the rise of socl.
media ;r'zarketing. The paper also presents a critical review of the:

strategies in today's marketplace.

Keywords: DigitAl Marketing, Traditiottal Marketing, Social MedigMarketing,
Content Marketing, Online Advertising, Customer Engagement, Sear:
Engine Optimization, Brand Awareness

Introduction

Marketing is the process of connecting a business with potential custor

Traditionally, this was achieved through offline methods such as newspaper ad:
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decades. However, with the rise of the internet, the way businesses reach their customers

has changed drastically (Chaffey & Ellis-Chadwick, 2019).Digital marketing has emerged

as the primary tool for businesses to promote products and services online. It allows

companies to reach specific audiences through various platforms such as search engines,

social media, email, and websites. Social media marketing, in particular, has become one

of the most powerful forms of marketing today, as billions of people use platforms like

Facebook, Instagram, Twitter, and Linkedn daily (Tuten& Solomon, 2017). This paper

explores the shift from traditional to digital marketing, outlines the key differences

between these strategies, and discusses the benefits and challenges associated with each.

A special focus is given to social media marketing, which is currently booming and

reshaping the way businesses interact with their customers.

1. Traditional Marketing vs. Digital Marketing

Traditional marketing refers to advertising methods that do not rely on the internet,

such as:

Print advertisements (e.g., newspapers and magazines).

Broadcast media (e.g., TV and radio commercials).

Outdoor advertising (e.g., billboards, posters).

Direct mail (e.g., flyers, brochures sent viapostal service).

Traditional marketing allows businesses to reach a broad audience, and it can be

particularly effective for brand recognition and mass marketing (Kotler etal., 2019).

However, it lacks the precision targeting of digjtal marketing and is often more éxpensiv €.

In contrast, digital marketing uses internet-based tools to promote businesses and

includes: :

s Social media marketing, where businesses create content for platforms like
Facebook and Instagfath. o

g

S 4

SEO (Search Engine Optimization), which helps businesses improve their
visibility on search engines like Goo gle.

e Email marketing, where companies send targeted messages to specific customer
groups.
* Content marketing, where businesses create valuab

R T T i, IR T T T
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videos, and infographics to attract and engage audiences.

Digital marketing is more cost-effective, allows for more precise targeting, and
provides immediate feedback through data analytics. Companies can track customer
behavior and tailor their strategies in real time, making digital marketing hi ghly adaptive
and efficient (Ryan, 2016).

2. The Rise of Social Media Marketing

Social media marketing has become one of the most important tools in digital
marketing today. Platforms like Facebook, Instagram, Twitter, and LinkedIn have
millions of daily users, giving businesses direct access to their customers. Social media
allows businesses to engage with customers inreal time, respond to their feedback, and
create a community around their brand.

Social media marketing offers many benefits:

* Wide reach: Billions of users are active on social media, providing businesses

with access to a vast audience.
Customer engagement: Through likes, shares, and comments, businesses can
interact directly with their customers.
Viral potential: Social media allows content to be shared easily, increasing the
likelihood of it going viral.
Targeted ads: Social media platforms allow businesses to target specific
demographics, such as age, location, interests, and behaviors, making their
advertising more efficient (Zarrella&Zarrella, 2010).
However, social media marketing also comes with challenges. It requires
constant attention, as businesses need to post frequently to stay relevant. Moreover,
“negative feedback can spread quickly on social media, which may harm a company's
reputation if not handled properly.
3. Pros and Cons of Traditional Marketing,;...
Pros of Traditional Marketing:
* Wide exposure: Traditional marketing methods like TV and radio canreach a
large audience at once, making them ideal for brand awareness.

* Tangible media: Physical advertisements (e.g., magazines, billboards) provide a
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lasting impression that digital ads may not.
* Established trust: Many people still trust traditional forms of advertising, such as
TV and radio, because they are seen as credible.
Cons of Traditional Marketing:
* High cost: Producing and distributing TV commercials, radio ads, or print ads
can be very expensive, especially for small businesses.
* Limited targeting;: Traditional marketing methods target broad audiences rather
than specific groups, leading to inefficiencies.
Hard to measure: It is difficult to track how many people have seen or responded
to traditional advertisements, making it less measurable compared to digital
marketing (Kotler etal., 2019).
4. Pros and Cons of Digital Marketing
Pros of Digital Marketing:
* Cost-effective: Digital marketing allows businesses to reach a large audience for
less money compared to traditional methods.
Precise targeting: Digital tools allow businesses to target specific audiences based
on demographics, behaviors, and interests.
* Real-time analytics: With digital marketing, businesses can track the performance
 oftheir campaigns in real time and adjust them as needed.
Global reach: The internet allows businesses to reach a global audience,
expanding their market potential. S e
Cons of Digital Marketing:
. High competition: The digital space is crowded and businesses need to stand
out among countless cgmpetitors. o
Constant updates: The digital landscape is always changing, requiring bumv S
to stay updated with the latest trends and algorithms.
¥ Privacy concerns: Digital marketing relies heavily on data collection, and

companies must be careful about how they handle personal information to avoid

e oo o T m————
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5. Critical Review of Marketing Strategies in Tod ay's Era

Digital marketing is quickly overtaking traditional methods, and for good reason.

The flexibility, precision, and cost-effectiveness of digital marketing make it more
‘appealing to businesses, particularly small and medium enterprises. Moreover, social
media platforms provide a level of customer engagement that traditional marketing
cannot match. Customers today expect real-time interactions with brands, and di gital
marketing provides the tools to meet these expectations ( ‘Tuten& Solomon, 2017).
However, traditional marketing is far from obsolete. Large corporations with big
advertlsmg budgets still rely on TV commercials and billboards for mass marketing. These
methods are particularly effective for building brand awareness and reaching audiences

that may not be as active online, such as older generations.

In the current era, the most effective marketing strategies often involve a
combination of both traditional and digital approaches. Businesses can use traditional
marketing for brand recognition and combine it with di gital marketing for more targeted,
measurable, and interactive campaigns (Ryan, 2016). The rise of social media marketing
is particularly noteworthy, as it offers businesses unp‘recedemcd access to their
customers and the ability to build strong, lasting relationships.

Conclusion
- Digital marketing has transformed the way businesses reach and engage
with their customers. While traditional marketing methods such as print ads and TV
‘commercials are still in use, they are becoming less effective in a world dominated by the
internet. Digital marketing, with its ability to target specific audiences, provide real-time
feedback, and engage customers on a personal level, has become the preferred choice
for many businesses. Social media marketing, in particular, has boomed, allowing
businesses to connect with millfons of users around tH¢ globe. However, both traditional
and digital marketing have their pros and cons, and the best strategies often combine

elements of both to achieve the greatest success.
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Leveraging Artificial Intelligence for Sustainable
Development in Rural Areas

AnRush ®. SWurve
Beed, Dist. Beed

" Research Paper- mter Science

ABSTRACT

This paper explores the integraticn of artificial intelligence (Al)
technologies in promoting sustainable development in rural areas. As
rural communities face unique chal[enges such as limited access 1o
resources, healthcare, education, and economic opportunities, Al presents
transformative solutions that can enhance livelihoods and foster resilience.
Key applications discussed include precision agriculture, which optimizes
resource use and increases crop yields; Al-driven health diagnostics that
improve access to medical services; and smart energy solutions that promote
renewable energy adoption. The study also highlights the importance of local
stakeholder engagement and capacity building to ensure that Al initiatives
are contextually relevant and sustainable. By examining successful case studies
and identifying best practices, this paper aims to provide a framework for
leveraging Al to drive sustainable development in rural settings, ultimately

contributing to broade? global sustainability goals. e

Introduction

* Background: Introduce the significance of rural areas in the broader economic
and social context. Highlight the unique challenges they face, such as limi ted
access to resources, healthcare, eﬂucation, and market nities.
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Purpose of the Paper: State the aim of the research, which is to explore how Al
can address these challenges and enhance the quality of life in rural communities.
Literature Review

Overview of Al Technology:

"Machine Learning (ML): A subset of Al where algorithms learn from data to
make predictions or decisions. Common types include supervised, unsupervised, and
reinforcement leaming,

"Deep Learning: A specialized branch of ML that uses neural networks with
many layers (deep neural networks) to analyze complex data patterns. It's particularly
etfective in image and speech recognition.

"Natural Language Processing (NLP): Techniques that allow machines to
understand, interpret, and generate human language. Applications include chatbots,
ranslation services, and sentiment analysis.

"Computer Vision: Al's capability to interpret and make decisions based on
visual data. It's used in facial recognition, autonomous vehicles, and medical imaging.
Current Research:

" Agriculture Optimization: Al is increasingly used in precision agriculture, helping
rarmers analyze soil health, predict crop yields, and optimize resource use (e.g., water
and fertilizers). Techniques such as remote sensing and machine learning models enhance
Jecision-making. .

_ "Healthcare Delivery: Al applications in telemedicine are improving access to
healthcare in rural areas. Predictive analytics help identify health trends and allocate
resources effectively, while Al-powered diagnostic tools enhance remote consultations.

_ "Education Enhancement: Al-driven platforms are being used. to deliver
nersonalized learning experiences and bridge educational gaps in rural schools. These
:echnologies support teachers and provide resources to students who might lack access
0 traditional educational materials.

"Economic Development: Al is contributing to rural economic growth through
smart business solutions, such as supply chain optimization and market analysis tools,
~¢lping local businesses to better compete and innovate.
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"Disaster Management: Al technologies are utilized for early warning systems

and disaster response strategies in rural areas prone to natural disasters, improving

community resilience.
Challenges Identified:
Infrastructure Limitations

%

Connectivity: Many rural areas suffer from inadequate internet access, making it
difficult to utilize cloud-based Al services and data-driven applications
effectively.

Technology Unavailability: There may be a lack of access to the necessary

hardware and software, such as sensors for precision agriculture or diagnostic

tools for healthcare.

Power Supply: Unreliable electricity supply can disrupt the operation of Al
systems and related technologies.

Skills Gap

*

Technical Expertise: There is often a shortage of skilled professionals who can
develop, implement, and maintain Al technologies. This includes a lack of data

scientists, engineers, and technicians familiar with Al applications.

_Digital Literacy: Many rural residents may have limited experience with digital

tools, which can lead to difficulties in adopting and utilizing Al solutions
effectively. .

Training Opportunities: Insufficient access to training programs focused on Al
and related technologies can further exacerbate the skills gap.

Cultural Resistance

*

Skepticism and Trust Issues: There can be a general skepticism about the .
reliability and effectiveness of Al technologies, particularly if communities are not
well-informed about their benefits.

Change Aversion: Some individuals and organizations may resist adopting new
technoloéies dueto a preference for traditional methods, fearing potential job
displacement or changes to established practices.

Perceived Complexity: Al systems can seem complex and daunting. leading to

s
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reluctance in adoption, especially among those unfamiliar with advanced
technologies.
Economic Barriers
- Cost of Implementation: The initial investment for Al technologies can be high,
and many rural enterprises may lack the financial resources to adopt these
solutions.
Return on Investment (ROI): Uncertainty regarding the ROI of Al investments
can deter stakeholders from pursuing these technologies, particularly in

resource-constrained environments.

Policy and Regulatory Challenges
g Lack of Supportive Policies: There may be insufticient government policies
or incentives to promote Al adoptioh in rural areas, making it ditficult for
communities to access funding or support.

Data Privacy Concemns: Issues related to data security and privacy can create
hesitance around the adoption of Al solutions, especially in sectors like healthcare
and agriculture.

\pplications of Al in Rural Areas

Agriculture:
Precision Agriculture: Use of Al for crop monitoring, yield prediction, and pest
management. _
Case Study: Example of a rural cdrir.lmunity successfully using Al tools for
farming,

Healthcare:
Telemedicine and Al Diagnostics: Improved access to healthcare services through
remote consultations and Al-based diagnostic tools.
Impact Analysis: SEatfstics on health Qut;br;}es before and after Al
implementation.

= ducation:

E-Learning Platforms: Al-driven personalized learning experignges and resources

for remote education.
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0 Success Stories: Specific examples of educational improvements in rural schools,
Infrastructure Management:

0 Smart Infrastructure: Al for predicting maintenance needs and optimizing
resource allocation (water, energy).
Market Access:

0 E-Commerce Platforms: Al solutions that connect local producers to broader
markets, improving income opportunities. '

Financial Inclusion:

0 Alin Microfinance: Credit scoring models that assess the creditworthiness of
rural entrepreneurs usin g alternative data.

Case Studies

X Detailed Examples: Provide in-depth case studies of successful Al projects in

various rural settings, analyzing the methodology, outcomes, and scalability.

Comparative Analysis: Contrast di ferent approaches and their etfectiveness across

. regions.

Recommendations

* Policy Suggestions: Advocate for policies that support Al development in rural
areas, such as funding for technology infrastructure and education.

& Community Engagement: Emphasize the importance of involving local stakeholders

in the design and implementation of AT solutions. 5

Partnerships: Encouxage collaborations between governments, NGOs, and tech

companies to facilitate Al projects.

Conélusion

bi Summary of Findings: Recap the potential of Al to transform rural areas and

improve livelihoods,

Future Research Directitns: Suggest areas for &itther investigation, such’ds

longitudinal studies on the long-term impact of Al in rural communities,
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