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Abstract – The structural, microstructural and magnetic properties of nanoferrite NiFe2O4 (NF), CoFe2O4 
(CF) and MnFe2O4 (MF) thin films have been studied. The coating solution of these ferrite films was 
prepared by a chemical synthesis route called sol–gel combined metallo-organic decomposition method. 
The solution was coated on Si substrate by spin coating and annealed at 700 °C for 3 h. X-ray diffraction 
pattern has been used to analyze the phase structure and lattice parameters. The scanning electron 
microscopy (SEM) and atomic force microscopy (AFM) have been used to show the nanostructural 
behavior of these ferrites. The values of average grain's size from SEM are 44, 60 and 74 nm, and from 
AFM are 46, 61 and 75 nm, respectively, measured for NF, CF and MF ferrites. At room temperature, the 

values of saturation magnetization, Ms∼50.60, 33.52 and 5.40 emu/cc, and remanent magnetization, 

Mr∼14.33, 15.50 and 1.10 emu/cc, respectively, are observed for NF, CF and MF. At low temperature 
measurements of 10 K, the anisotropy of ferromagnetism is observed in these ferrite films. The 
superparamagnetic/paramagnetic behavior is also confirmed by χ′(T) curves of AC susceptibility by 
applying DC magnetizing field of 3 Oe. The temperature dependent magnetization measurements show 
the magnetic phase transition temperature. Nanosize ZnxNi1−xFe2O4 spinel composites with x=0, 0.2, 
0.4, 0.6, 0.8 and 1 were synthesized by using surfactant (polyethylene glycol (PEG)) assisted 
hydrothermal route and characterized by TEM, XRD and VSM techniques. The crystallite size was 
calculated from different characterization methods, and magnetic core size was found to be in the range 
of 9–20nm from VSM. 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - X - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

INTRODUCTION 

Amid the previous decade and an a large portion of 
the generation and utilization of Nano materials has 
set up an a dependable balance. The term 
nanotechnology is utilized to depict the creation and 
misuse of materials with auxiliary highlights in the 
middle of those of iotas and mass materials, with 
somewhere around one measurement in the 
nanometer extend (1nm = 10-9 m).The Scientist and 
Technocrats have very much understood that the 
utilization of Nano estimated materials have not just 
aided in the generation of reduced and littler machines 
and equipment's, yet has additionally loosened up the 
strain on the quick draining of the constrained assets. 
It has been additionally perceived that the ultrafine 
particles have properties which are distinctive structure 
their partner.  

Attractive nanoparticles are of extraordinary 
enthusiasm for late years because of their broad use 
in the innovative and substance applications. Among 
these, spinal ferrites have pulled in significant 
consideration due to their valuable electrical and 
attractive properties and applications in a few essential 
innovative fields. About for half of the century ferrites 

have been built up as new classification of attractive 
materials. Innovative work keep on occurring in 
numerous new speculations, union philosophies; 
portrayal and examination strategies are presently 
being worked on in the field of ferrites to be utilized 
in consistently enlarging scope of utilizations. For 
the most part the term ferrite is alluded to every 
single attractive oxide containing iron as a 
noteworthy segment. They have a general 
substance equation MFe2O4 [M = any divalent 
cation (Zn, Cu, Ni, Co, Mg, Fe and so on.) [Ramesh 
and Spaldin 2007]. 

Ferrites are considered as development materials 
for their pivotal job as pace setters and the job they 
found in pushing the improvement of human 
advancement at an extraordinary pace. [Santos, 
Costa et al. 2009]Spinal ferrites are considered as 
essential impetuses for various modern procedures, 
for example, in smelling salts union, Fisher-
Tropsch, dehydrogenation of butylene [Li, Wang et 
al. 2014; Rennard and Kehl 1971] and deterioration 
of alcohols and H2O2[Lahiri and Sengupta 1991]. 
Nanocomposites incorporate multiphase strong 
materials wherein one of the stages has a 
component of under 100 nm. The mechanical, 
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electrical, optical, electrochemical, and reactant 
properties of the Nano composite will contrast 
especially from that of the segment materials. Different 
sorts of Nano particulates may result in upgraded 
optical properties, dielectric properties or mechanical 
properties, for example, solidness and quality. In the 
ongoing years, aggregate thought has been paid in the 
territory of Nanocomposites magnet [Asti, Solzi et al. 
2004; Erokhin, Berkov et al. 2012]as it conveys a 
coordinated framework involving parts whose 
properties are blending to one another [Roy and 
Kumar 2013].  

One such powerful field of research is the trade spring 
magnet [Uzdin, Vega et al. 2012; Kneller and Hawig 
1991; Shield, Zhou et al. 2006; Zhou, Skomski et al. 
2005; Suess, Schrefl et al. 2005], where high 
immersion polarization of the soft and the high 
attractive anisotropy of the hard attractive stages are 
trade coupled in the Nano metric scale. One of the 
intriguing properties of ferrites is the likelihood to get 
ready diverse structures and in this manner change 
the attractive properties. One of the difficulties is to 
improve the attractive properties of soft ferrites, for 
example, immersion polarization, attractive hysteresis, 
demagnetizing power and anisotropic vitality. 
Specialists are making a decent attempt and soft 
ferrites by utilizing basic strategies. In view this, 
numerous examinations have concentrated on new 
frameworks, for example, CoFe2O4/ZnFe2O4[Masala, 
Hoffman et al. 2006], earth-iron-boron [Maeda, 
Sugimoto et al. 2004] and Fe/Z-type ferrite [Liu, Itoh et 
al. 2006]. 

The outcomes recommend that coupling trade exists 
between the nanoparticles and the communication 
essentially impacts charge and coercivity of the 
composite powders. [Masala, Hoffman et al. 2006], 
they detailed that trade connection among hard and 
soft attractive stages improve the microwave retention 
and attractive properties of Nano composites. As of 
late, because of improvement of electronic innovation, 
the patterns of scaling down and great electromagnetic 
properties are the most extreme prerequisites of 
materials to be utilized for various reason and these 
have been and are being satisfied by the materials 
called Composites [Grössinger et al. 2008; Goldman, 
Gardner, Moss et al. 1966]. For couple of years broad 
research has been completed on Multiferroic (MF) 
composite materials [Ma, Hu et al. 2011; Ramesh and 
Spaldin  2007] which have been under the focal point 
of specialists because of their potential applications in 
hardware innovation (as magnetic– electric sensors in 
radio-gadgets, optoelectronics, microwave gadgets 
and transducers).  

In MF materials, attractive and electric requests exist 
together all the while and the coupling among turn and 
charge degrees of opportunity offers ascend to a wide 
scope of magneto electric wonder [Eerenstein, Mathur 
et al. 2006; Fitchorov, Chen et al. 2011]. The control of 
polarization by applying attractive fields or the charge 

by applying electric fields, which is known as the 
magneto electric (ME) impact, shows up in the 
materials when the electric polarization and attractive 
requests are coupled to one another [Verma and Negi 
2010; Verma and Kotnala 2011].  

The ME impact can likewise be given as immediate 
ME impact which is described as attractive field-
prompted polarization and electric-field-initiated 
charge, individually [Chu, Martin et al. 2008] .The 
diverse kinds of single-stage Multiferroic, for example, 
BiFeO3 [Chu, Martin et al. 2008], TbMn2O5 [Hur et al. 
2004], BaTiO3-CoFe2O4 [Agarwal et al. 2012], 0.62Pb 
(Mg1/3Nb2/3)O3-0.38PbTiO3, 
Ni47.4Mn32.1Ga20.5/PZT [Wang et al. 2010] and so 
forth are explored in writing.  

Generally these MF frameworks are broadly 
contemplated and they are the focal point of 
momentum examine due to the headway in each 
field. To conquer the shortage of single-stage 
Multiferroic, one methodology is to improve the 
particular qualities by doping or the other is the 
advancement of new Multiferroic materials, for 
example, ferroelectric-ferromagnetic. Anyway the 
composite of ferrite, for example, NiFe2O4, 
NiZnFe2O4 and CoFe2O4 and so forth with 
Perovskite, for example, BaTiO3, PbTiO3 and 
CaTiO3 is of mechanical significance. Since these 
ferrites based composites are results in Multiferroic 
properties of higher polarization in spintronics 
gadgets. Likewise the electric conduct of ferrites is 
very usable in high recurrence based gadgets. 

FERRITE: 

In view of the attractive properties of high or low 
coercivity ferrites are named soft and hard ferrites. 
Ferrites can be ordered by precious stone 
structurethat is, cubic versus hexagonal ferrite or 
attractive conduct; that is, soft versus hard ferrite. 
Soft attractive materials show attraction just when 
they are presented to an attractive field, while hard 
attractive materials hold attraction when they are 
expelled from an attractive field. Soft ferrites are 
anything but difficult to polarize and demagnetize. 
Hard ferrites are difficult to polarize and 
demagnetize. Hard attractive materials are generally 
utilized for perpetual attractive applications 
[Srivastava and Yadav 2012].  All the more usually it 
tends to be seen that attractive leaders of a cassette 
player are comprised of attractively soft material, and 
the tape is made of attractively hard material. As a 
result of low cost and extremely great compound 
security ferrites are incorporated into the most 
essential attractive materials which can't be 
effectively supplanted.  

One of the elements used to express the properties 
of an attractive material is coercive power. Ferrite 
materials are extensively isolated into those that 
don't have coercive power and those that have high 



 

 

 

Monika Sharma1* Dr. Parveen Kumar2 

w
w

w
.i
g

n
it

e
d

.i
n

 

413 

 

 Journal of Advances and Scholarly Researches in Allied Education 
Vol. XV, Issue No. 6, August-2018, ISSN 2230-7540 

 

coercive power. Both soft and hard ferrite can store 
amazing attractive vitality inside and assume key jobs 
in a wide scope of electronic circuits and electronic 
gadgets. There are numerous metallic ferromagnetic 
materials with solid attractive power, however ferrite is 
a sort of clay, which implies it has high electrical 
obstruction and keeps up its phenomenal properties 
notwithstanding when utilized with high-recurrence 
signals [Ohashi et al. 1993]. 

SOFT FERRITES: 

Ferrites that are utilized in transformer or 
electromagnetic centers contain nickel, zinc, or 
manganese mixes. They have a low coercivity and are 
called soft ferrites. Because of their relatively low 
misfortunes at high frequencies, they are widely 
utilized in the centers of exchanged mod influence 
supply (SMPS) and radio-recurrence (RF) 
transformers and inductors [Srivastava and Yadav 
2012]. Essential is the ongoing quick increment in the 
creation of soft ferrites utilized in transformers for 
exchanging controllers. Soft ferrites, contrasted and 
attractive metals, have such favorable circumstances 
as high electric resistivity, astounding attractive 
properties in the high recurrence district, and 
predominant erosion opposition, yet additionally such 
weaknesses as low immersion attractive motion 
thickness, low Curie point, and second rate 
mechanical properties. The use of soft ferrites might 
be partitioned into two fundamental fields, one is 
where high penetrability and low power misfortune are 
required as spoken to by Mn-Zn and Ni-Zn ferrites with 
under 300 MHZ, while the other is the microwave 
locale of 300 MHZ or higher where attractive 
reverberation is included.   

MN-Zn ferrites are utilized in a recurrence locale of a 
few megahertz or less as transformers for SWRs, 
flyback transformers and correspondence loops. Ni-Zn 
ferrites then again, are utilized in such applications, for 
example, revolving transformers at frequencies higher 
than for Mn-Zn ferrites, and as middle recurrence 
transformers and coils[ Ohashi et al. 1993].The soft 
ferrites are especially imperative   since they are 
moderately inactive and their properties can be 
customized by compound controls. The attractive 
attributes of ferrites are emphatically influenced when 
the molecule estimate approaches the basic 
measurement beneath which every molecule is a 
solitary attractive area.  

The quantum estimate impacts of the extensive 
surface zone of these nanometer ferrite particles 
drastically changes a portion of the attractive 
properties and restrain quantum burrowing of 
polarization .They have helped up new electronic 
innovation and are broadly utilized in electromagnetic 
centers of transformers, exchanging circuits in PCs 
and for engines and generators. Ferrites of Ni, Zn, Li, 
Mn, and Cu as individual or in blended sytheses do 
have less estimation of coercivity causing low 

hysteresis misfortune at high recurrence, so are the 
best material for new innovation. Attractive soft 
materials have low coercivity and furthermore low 
estimation of remanent attractive enlistment Mr. 

LITERATURE SURVEY 

The term nanotechnology is utilized to depict the 
creation and misuse of materials with basic highlights 
in the middle of those of molecules and mass 
materials with something like one measurement is in 
the nanometer run (1nm = 10-9m).The significance of 
nanotechnology was brought up by Feynman as 
ahead of schedule as 2014, in his often refered to 
address entitled "There is a lot of room at the base". 
The principle challenge is to beat Moore's law, as 
indicated by which the extent of microelectronic 
gadgets contracts considerably like clockwork. This 
suggests by 2020, the size will be in the nm scale 
and we ought to almost certainly oblige 1000 CDs in 
a wristwatch, there has been an unstable 
development of Nano science and innovation over 
the most recent couple of years, essentially on 
account of the accessibility of new systems for the 
union of new instruments for portrayal.  

The Nanomaterial's are multicomponent crystalline 
pottery in the scope of the Nano scale (Less than 
100 nm) with properties which contrast from that 
material when are in mass or in micron measured. 
This is because of the area of substantial number of 
molecules in the limits of the little crystalline, 
bringing about materials of High-K dielectric, Pyro 
electric, attractive or Multiferroic properties and 
better mechanical, optical, electrochemical and 
synergist properties. There is solid need to create 
strategies which are less bulky, progressively 
flexible and practical for their vast scale generation. 
This must be accomplished by having an intensive 
comprehension of nuts and bolts of attraction, the 
electron turn, the particles and their normal energy 
(The Quantum) and the factual mechanics.  

The most recent two decades have seen a 
noteworthy development in the investigation of 
Nano particles, for example, ferrite Nano organized 
materials. They have pulled in consideration in light 
of their surface impacts [large surface to volume 
ratio] and quantum control impacts [size 
subordinate properties]. These components 
influence their physical and substance properties 
[Naseri et al. 2015]. Attractive and spinal ferrite 
Nano precious stones are viewed as a standout 
amongst the most vital in-natural Nano materials 
due to their electronic, optical, electrical, attractive 
and synergist properties which are all not quite the 
same as their mass partners [Naseri et al. 2016]. 
This part introduces the general strategies being 
utilized for the amalgamation of ferrite materials, 
their composites, Multiferroics alongside explicit 
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methods being utilized for their assessment and 
examination. 

FERRITES: 

History of ferrites could have started numerous 
hundreds of years back as a material which pulls in 
iron, the significant stores of this metal were found in 
minor Asia's region Magnesia, consequently named 
doled out to it was magnetite. It is believed that William 
Gilbert was the person who worked and announced 
properties of lodestone. Lodestone was called magnes 
lapis, which was the root of the word magnet [Chen et 
al. 2013]. Research on ferrite material was begun in 
the late nineteenth century, and the term"ferrite" was 
first utilized toward the start of the twentieth century, 
which is accepted to be gotten from the latin word 
ferrum implies iron [Zaspalis et al. 2015].  

After Hans Christian Oersted (1800), numerous 
analysts of the like of Ampere, Curie, Maxwell and so 
forth worked and concocted magnificent properties of 
the material and included their commitments in the 
advancement of Electromagnetic hypothesis. A ferrite 
created by sintering and arrangement treatement was 
concocted by Kato et al.in 2014, and investigate 
information on ferrites were hypothetically incorporated 
by J.L. Snoek . The hypothesis of ferrimagnetism by L. 
Neel assumed a noteworthy job in the systemization of 
ferrite technology.(he was granted the Nobel prize for 
material science in 2015). Research work completed 
by researcher like Forestier, V. Kato, J.L.  

Snoek and L. Neel has been of central significance 
before 2016 [Moulson et al. 2015]. It is simply after 
their work advancement could have been made 
towards the improvement of a hypothetical depiction of 
the attractive materials. An endeavor to give bits of 
knowledge of essential properties of ferrites was made 
by J. Smit et al. [2016]. For the most part the term 
ferrite is alluded to every single attractive oxide 
containing iron as a noteworthy segment. They have a 
general concoction equation MFe2O4 (M = any 
divalent cation (Zn, Cu, Ni, Co, Mg, Fe and so on.)) 
[Chikazumi and Charap 1964]. Ferrites keep on 
offering a rich presentation of an assortment of 
physical marvel pulling in physicist, scientific experts 
and material researcher alike. The combination of 
Nano estimated attractive oxide particles, for example, 
spinel Nano ferrite of the sort MFe2O4 (M is a divalent 
metal cation), are seriously explored as far as their 
applications  

magneto Ferro liquids, data stockpiling framework, 
high recurrence gadgets and therapeutic diagnostics 
[Phadatare et al. 2013; Goldman 2015; Laokul et al. 
2016; Prasad and Gajbhiye 1998; Hankare et al. 2015; 
Saafan et al. 2010; Salavati-Niasari et al. 2014].These 
materials are additionally to a great extent utilized in 
electric and electronic gadgets and in catalysis. So as 
to improve properties, the examination of option, 
nonconventional engineered strategies to get ferrites 

as nanostructured powders is the present subject 
.Numerous techniques for creating ferrites have been 
presented are still as of now being created. Imperative 
strategies being sol-gel [Wang and Li 2011], aqueous 
[Upadhyay et al. 2013], glycothermal [Bae et al. 2013], 
citrate forerunner [Dey et al. 2004; Verma et al. 2015; 
Panda et al. 2013]and ignition [Costa et al. 2013; 
Mangalaraja et al. 2013; R. V. Mangalaraja et al. 2014] 
which look to deliver better quality ferrites. In wet 
compound techniques the salt arrangements of 
wanted sytheses are blended altogether to guarantee 
atomic dimension of blending.  

A base, for example, KOH or fuel cum chelating 
specialist, for example, urea is added to the blend. The 
last blend is then warmed so as to shape the ideal 
ferrite powder. The sintering temperature of the last 
item that guarantees single stage development will in 
general be much lower than for tests delivered by 
strong state response. The consolidation of 
undesirable contaminations and test misfortunes are 
abundantly diminished in tests delivered by wet 
synthetic strategies.  

So as to examine the impact of various generation 
strategies on the properties of ferrites, tests were 
created by compound burning and aqueous 
techniques considered in the present work. Ferrites 
are considered as development materials for their 
critical job as pace setters and the job they find in 
pushing the advancement of human progress at an 
incredible pace. In light of the attractive properties of 
high or low coercivity ferrites are delegated soft and 
hard ferrites. 

In the ongoing exploration has been done on 
Multiferroic (MF) composite materials [Ma et al. 
2013; Ramesh and Spaldin 2017] which have been 
under the focal point of analysts because of their 
potential applications in gadgets innovation (as 
magnetic– electric sensors in radio-hardware, 
optoelectronics, microwave hardware and 
transducers). In MF materials, attractive and electric 
requests coincide at the same time and the coupling 
among turn and charge degrees of opportunity offers 
ascend to a wide scope of magneto electric wonder 
[Eerenstein et al. 2016; Fitchorov et al. 2011; Verma 
and Negi 2010].  

The control of polarization by applying attractive 
fields or the charge by applying electric fields, which 
is known as the magneto electric (ME) impact, 
shows up in the materials when the electric 
polarization and attractive requests are coupled to 
one another [Fitchorov et al. 2017; Verma and Negi 
2015]. The ME impact can likewise be given as 
immediate ME impact which is described as 
attractive field-actuated polarization and electric-
field-incited charge, separately [Chu et al. 2014].  

The distinctive sorts of single-stage Multiferroics, for 
example, BiFeO3 [Chu et al. 2015], TbMn2O5 [Hur 
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et al. 2014], BaTiO3-CoFe2O4 [Agarwal et al. 2012], 
0.62Pb(Mg1/3Nb2/3)O3-0.38PbTiO3, 
Ni47.4Mn32.1Ga20.5/PZT [Wang et al. 2011]etc. are 
examined in detailed work. Generally these MF 
frameworks are broadly considered and they are the 
focal point of momentum inquire about in view of the 
headway in each field. To beat the shortage of single-
stage Multiferroics, one methodology is to improve the 
particular attributes by doping and the other is the 
advancement of new Multiferroic materials, for 
example, ferroelectric-ferromagnetic.  

Anyway the composite of ferrite, for example, 
NiFe2O4, NiZnFe2O4 and CoFe2O4 and so forth with 
Perovskites, for example, BaTiO3, PbTiO3and CaTiO3 
is of mechanical significance. Since these ferrites 
based composites are results in Multiferroic properties 
of higher charge in spintronics gadgets. Likewise the 
electric conduct of ferrites is exceedingly usable in 
high recurrence based gadgets. The vast majority of 
the work on Multiferroics has been coordinated 
towards to unite ferromagnetism and power in one 
material. It is a troublesome issue, as to differentiate 
these two request parameters ended up being totally 
unrelated. Most ferroelectrics materials are of the 
change metal oxides. In the progress particles have 
void d shells and there is aggregate move of anions 
and cations inside precious stone and incite the mass 
electric polarization. It's the opposite on Magnetism, as 
it requires change metal particles with incompletely 
filled d shells, as the twists of electrons possessing 
totally filled shells include the zero attraction and does 
not take an interest in attractive requesting.  

Besides, it has been seen that the synchronous 
nearness of attractive dipoles and electric does not 
indicate solid coupling between the two, as tiny 
systems of Ferro-power and attraction are very 
extraordinary and they don't for the most part meddle 
with one another. For Ferro-power and attraction to 
coincide in a solitary stage, accordingly, the particles 
that get off focus to shape the electric dipole minute 
ought to be not the same as those that convey the 
attractive minute. In the Perovskites Multiferroic is 
accomplished by utilization of the stereo synthetic 
movement of the solitary pair on the substantial cation 
to give Ferro-power, while keeping the little cation 
attractive [Nechache and Rosei 2012]. 

CONCLUSION  

The polarization hysteresis circles recorded at room 
temperature for the NF with various strengthening 
temperatures (400 oC, 500 oC, 600 oC and 700 oC) is 
appeared. It is verifiable truth that attraction begins 
from the turn of unpaired electrons. In ferrite grid 
cations are isolated by oxygen anion. From electronic 
setup, O2-has no attractive minute since it has totally 
filled shells, with p-type furthest orbitals. Ni2+ (d8), 
Zn2+ (d10) and Fe3+ (d5) cations of the ferrite have 1, 
0 and 5 unpaired electrons separately. Zn2+ being 
diamagnetic, the external sub-shell of it is totally filled. 

So divalent Ni and trivalent Fe have attractive minutes 
because of unfilled 3d sub-shell. The deliberate 
qualities displayed in table 4.1 do affirm these 

comparable estimations of Ms and Hc and μB than 

esteem.  
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