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Abstract

The objective of this thesis is to synthesize and study the
structural, magnetic and electrical properties of nanoparticles
made of ferrite zinc manganese using the stoichiometric formula
ZnyMnixFe 04 (X= 0, 0.15, 0.25, 0.35, and 0.45) respectively,
were prepared using the sol-gel auto-combustion process. After
combustion, the as-burnt powders were calcined at 650, 750, and
850 °C for 2 hrs to increase homogeneity and remove organic
waste, where the as-burnt specimens and the specimens that
calcined at 650, 750, and 850 °C added with a five-drop PVA as
a binder to press it into circular pellets of diameter 1cm with
thickness about 3 mm. The prepared pellets were sintered at 400,
600, and 800 °C for 2 hrs to intensify of the specimens and, slowly
allowed to be cooled naturally to examine the dielectric
properties. Another purpose of this work is to blend and study the
structural, magnetic and electrical properties of zinc manganese
nitrate ferrite and titanium nanocomposites at 500 using the
formula ZnMnFe,O4/TiO; in different proportions (20%, 30%,
40%, 50% and 60%) respectively. prepared using the traditional
ceramic method. The best results were the crystal size in this paper
with a size of 15 to 38 nm with a cubic structure which was
determined by XRD, while the crystal size of Mn-Zn-
ferrites/TiO2 was from 10 to 30 nm with a cubic structure
determined by X-ray diffraction (XRD) analyses. FE-SEM

reveled Nano ferrites (ZnMnFe;04) having a particle size of 25 to

XIX



66 nm were found. While the particle size of ZnxMn1-xFe;O4
ITiO; the range from 37 to 72 nm. It observed the result is less

than the Zn-Mn-Fe;04 nano composite.

Prominent FT- IR absorption peaks at 400 and 500 cm™
indicated the presence of Fe-O, Mn-O, and Zn-O vibrational
bands. Results from the VSM demonstrated that the magnetic
nature of materials changed dramatically from pristine as
magnetization rose and coercively decreased with Mn-Zn-ferrites
nanoparticles. Finally, an optimal magnetic parameter value (Ms
=0.80 emu/g and Hc =75 Oe) at (850) °C was obtained from the
data. The dielectric properties are measured using a (LCR) meter
in the frequency range of (200Hz-1MHz) at room temperature.
The dielectric constant (g'), dielectric loss angle (tand) and
dielectric loss factor (&") are for Mn-Zn-Fe,O4 nanoferrites at 400,
600, and 800 °C and Mn-Zn-Fe,O4/TiO, nanocomposites in
different proportions (20%, 30%, 40%, 50% and 60%)
respectively are found to decrease with increasing temperatures.
The prepared pellets were sintered at 500 °C for 2 hrs to intensify
of the specimens and slowly allowed to be cooled naturally to

examine the dielectric properties.

XX
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Chapter One Introduction and Literature Review

1.1 Introduction

Researchers are continuous work on new materials that could be applied to a
range of industries. fabric, glass, wood, metals, ceramics, alloys, petroleum fuels,
radioactive materials, polymers, coal, stone, semiconductors, and other materials
have ushered in significant advances in humanity's history. The investigation of
innovative materials with superior properties, on the other hand, stretches back to
the stone age. The study of material synthesis and properties has only recently
emerged as a distinct field of science with technical and practical ramifications. In
the domains of physics and other sciences, nanotechnology is one of the most
important and intriguing technologies. It has made a significant contribution to the
events of great scientific revolutions that are hoped to change the course of
technologies and applied sciences, as it provides a high ability to settings and
control in the composition of matter at the level of atomic dimensions, as well as a
high potential in nanofabrication, resulting in amazing physical qualities and
properties. because of this nanotechnology has been used to create systems and
devices with unique features by manipulating the form and size of the nanosphere
[1]. Due to the enormous ratio of the surface of the grains to their size, magnetic
materials in general, and nanoferrite in particular, have a significant impact on
physical, electrical, and magnetic properties. Due to its magnetic properties and a
wide range of uses, nanoferrite has sparked interest in the sphere of science and
technology in recent years [2]. High frequency transformer cores, antenna bars,
and choke coils are all made of ferrites [3,4]. nanoelectronic devices, integrated
circuits, and magnetic resonance imaging (MRI) are all examples of this [5-8]. The
typical formula for ferrites is (MFe,O,), where M represents , one of the divalent
metallic elements (Zn*2,Cu*?,Fe*?,Mg*?). The ferrites are divided into three groups
based on their chemical composition: Garnet, Hexagonal and Spinal ferrite [9].
Because of its strong electrical and magnetic properties and wide range of uses, we
will concentrate our research on this last type. Spinal ferrites are materials with
good magnetic and electrical properties that are highly influenced by the
distribution pattern of positive ions (cations) between the tetrahedral and
octahedral sites [10]. One of the most important methods of preparing nanoferrite
is the sol-gel method auto-combustion since it is simple to prepare, takes little
time, and does not require high temperatures [11]. Ferrite is made from a powder
that is compressed and sintered to take the desired shape. It is one of the simplest
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and cheapest materials to make, and its properties are determined by a number of
factors, including the shape and size of the grains, the method of preparation, the
sintering temperature, the type of materials that make up ferrites, and their quantity
[12]. In this study, the synthesis of Zn-Mn-Fe,O4, and ZnyMnl-xFe,O, /TiO;
nanocomposite by Sol-Gel method at different temperatures (650, 750, and 850) °C
Nano-size Mn—Zn particles were synthesized by the sol-gel combustion
method. These particles were prepared from metal nitrates and citric acid.
Also, the Zn-Mn-Fe;O,, and ZnMnl-xFe,O4/TiO, nanocomposite were
characterized by (XRD) (XRD-6000/Japan) and the results compare with the
JCPDS card (Joint Committee on Powder Diffraction Standards), (FE-SEM) by
"(Tescan Mira3 SEM-Czechia)" in Iran-Mashhad, (VSM), (LCR) for study
structure, magnetic, and electrical properties.

1.2 Literature Review

The study of nanospinel ferrite has piqued the interest of researchers in recent
years due to its unique properties and wide variety of applications. The following
Is a list of some works on the properties of nanospinel ferrites that have been
stndied, including structural, electrical, and magnetic properties:

In 2010 Bhalla et al., manufactured Mn-Zn soft ferrites by powder metallurgy
and overall output yield of it’s plant. The efforts have been made to synthesize the
crucial parameters which are responsible for better material preparation, pressing
and sintering. By adopting these recommendations, the rejection rate is
substantially reduced and the variation in magnetic properties is less. Data which
give more uniformity in bigger lots and are responsible for more uniform magnetic
properties, have been discussed. Simple, quality-control instruments and their
measurement methods which can be incorporated for stage inspection have been
explained. The additives for better ferrite powder preparation, granules making and
to obtain better magnetic have been discussed. Improved pressing, sintering,
porosity, density and permeability relationship have been drawn. A sintering
method to obtain better sintered density and high permeability in ferrites is also
explained [13].

In 2012 Deraz and Aarifi, prepared Co;x ZnsFe,O, used sol-gel auto
combustion to make nanocrystalline Zn-substituted cobalt ferrite powders, (x = 0,
0.25, 0.5, 0.75, and 1). The specimens had a cubic spinel structure, and the X-ray
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diffraction investigation revealed that the crystallite size decreased from 70 to
51nm as the zinc content was increased to (x=1).The lattice constant increased
from (0.8370 to 0.8400 nm) with increasing the concentration of zinc to (x=1),
while the X-ray density increased from (5.293 to 5.381 g/cm?) as the concentration
of zinc increased to (x=1). The saturation magnetization of Co-Zn nanoferrites was
examined using a vibrating sample magnetometer (VSM) at room temperature, and
the results showed that the saturation magnetization increased as zinc substitution
increased. Increased Zn concentrations resulted in a drop in coercivity (Hc) from
807.7 to 46.0 Oe [14].

In 2011 Varshney et al.,The prepared Zn,Mn; - \Fe,O4 (x = 0.0, 0.25, 0.50,
0.75, 1.0) mixed ferrites, by chemical co-precipitation method. and studied crystal
structure, average crystallite size, Raman spectra and magnetic properties, The X-
ray diffraction pattern confirms that the mixed ferrite samples are in cubic inverse
spinel structure. The variation of lattice parameter with increased Zn doping
concentration illustrates a decreasing trend. The mixed ferrite crystallite size
gradually increases with enhanced Zn doping concentration. Porosity shows
decreasing trend with increased Zn doping concentration and confirms that the
synthesized samples have dense random packing. The absorption band at about
500-600 cm™ in the IR spectra corresponds to the vibration of Fe?*~O* bond
related to tetrahedral (A) site without any traces of impurity (NO3) peak. [15].

In 2012 Arana et al., The Studied structural and magnetic properties after
different thermal treatments, Spinel ferrites of composition ZnysMng4Fe,O, and
Lio2 ZnooMng4Fe,s04 were prepared by the self-combustion sol-gel method. The
samples were heat-treated in different atmospheres and temperatures, producing
different effects on their morphological and structural properties. The resulting
products of each treatment were structurally and magnetically characterized.
Incorporating Li to the crystalline lattice increases saturation magnetization and
promotes a decrease in secondary phases segregation. This result is explained
assuming that Li incorporation produces a cationic redistribution in the spinel
structure [16].

In 2013 M. Zhang et al., The Studied and prepared NiysZnosFe;O4 by the sol-
gel method to (9) specimens of the chemical. After completing an X-ray diffraction
investigation, it was discovered that all specimens of the produced ferrite
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compound formed the spinel phase, with average crystallite sizes ranging from 9 to
96 nm, if the average crystallite size increasing with the increase in the annealing
temperature. When the annealing temperature is raised, the lattice constant
decreases. The results of the magnetic measurements performed on the specimens
of the synthesized chemical revealed that all of the specimens were paramagnetic.
It was also discovered that when particle size rises, saturation magnetization
increases, which can be explained by action redistribution on tetrahedral A and
octahedral B sites, as well as domain wall motion [17].

In 2014 Veverka et al., The prepared Coo4ZnosFe,O4 by the co-precipitation
method to make magnetic cores of two different sizes, which were annealed at
temperatures of 500 °C and 650 °C. The nanoparticles were encapsulated in silica,
which resulted in colloid ally stable water suspensions. The increase of annealing
temperatures had caused a significant rise in Curie temperatures (Tc) and blocking
temperature (Tg), additionally the heating efficiency of sample had been enhanced
[18].

In 2014 Rajendra et al., The studied the structural and electric properties of
Titanium Substituted Ni-Cu-Zn Ferrite by solid state reaction. In work, the impact
of Ti*" substituted Tix(Nio35CUo0sZNoeoFe10804+5)1.x ferrite is investigated by
varying the concentration of the Ti*" with x = 0.003, 0.0765, 0.15. The compound
is synthesized by solid state method. Structural and electrical properties have been
explored using XRD, FTIR, and dielectric spectroscopy technique. X-ray
diffraction (XRD) patterns reveal the formation of the cubic spinel phase in the
samples after sintering the compound at 10000C The mean crystallite size DXRD
of the samples determined from XRD line broadening is 35.18-44.68 nm. The
dielectric constant vary as a function of frequency and composition at room
temperature. It is observed that with the increase in the concentration of Ti4+ ions
dielectric constant increases [19].

In 2015 Joseyphus et al., The studied and prepared Mngg7ZNg33F€204
nanoparticles with size ranging from 20 to 80 nm using the modified oxidation
method. The Curie temperatures for all the samples are found to be within 630 + 5
K suggesting that there is no size-dependent cation distribution. The critical
particle size limit for super paramagnetism is found to be 25 nm at 293 K. The
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modified oxidation method can be used to synthesise ferrite nanoparticles of the
required size range with specific magnetic properties suitable for applications [20].

In 2016, C. Stergiou, The studied microstructure and electromagnetic
properties of Ni-Zn-Co Ferrite up to 20 GHz, The present paper examines the
relation between different developed microstructures and the microwave
electromagnetic properties in Ni-Zn-Co ferrite. To this end, the Nig2s Zno2s Cogs
Fe, O, composition has been prepared with the conventional ceramic process with
varied prefiring Tp (750°C, 1000°C) and sintering T's top temperatures (1200 °C,
1250 °C). When lower temperatures are applied in these production stages,
incomplete microstructures with low density, higher porosity, or finer grains are
achieved. On account of these features, the contributions of domain wall motion
and spin rotation to the complex permeability u* move to higher frequencies,
whereas microwave dielectric permittivity &+ is decreased. In particular in
conjunction with the high Co content, the wall relaxation and spin resonance are
interestingly forced to occur at 850 MHz and 8.05 GHz, respectively. [21].

In 2016 Singh et al., The studied and prepared MgxZn;—<Fe,O, (x=0.5, 0.6,
0.7) by co-precipitation technique and then subsequently heated to 800 °C in order
to investigate structural, thermal and magnetic properties. The samples are
characterized by using XRD, FTIR, TGA-DSC, SQUID and Madssbauer
spectroscopy techniques. The synergic effect of heat treatment with substitution of
Mg?*, results in random variation of lattice parameter (a) and crystallite size (D).
FTIR studies revealed the formation of cubic spinel structure. The broadening at
octahedral bands for compositions x=0.6 and 0.7 attributes to distribution of ferrite
particles of different sizes in these samples. The characteristic feature of hysteresis
loops reflects the nature of ferrite particles in the state of super para magnetism.
The saturation magnetization at room temperature has been reported for
composition x=0.7 is 44.03 emu/g. [22].

In 2017 Angadi et al., The studied and prepared MngsZnosScyFe,,O4 (y=0.00,
0.01, 0.03 and 0.05) nanoparticles by solution combustion method using mixture of
fuels were reported for the first time. The mixture of fuels plays an important role
in obtaining nano crystalline, single phase present without any heat treatment. X-
ray diffraction (XRD) results confirm the formation of the single-phase ferrites
which crystallize in cubic spinel structure. The Fourier transform infrared spectra
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(FTIR) exhibit two prominent bands around 360 cm™ and 540 cm™ which are
characteristic feature of spinel ferrite. The transmission electron microscope
(TEM) micrographs revealed the nanoparticles to be nearly spherical in shape and
of fairly uniform size. The room temperature impedance spectra (I1S) and vibrating
sample magnetometry (VSM) measurements were carried out in order to study the
effect of doping (Sc®") on the characteristic properties of Mn-Zn ferrites. Further,
the frequency dependent dielectric constant and dielectric loss were found to
decrease with increasing multiple Sc®** concentration. Magnetic measurements
reveals that saturation magnetization (Ms), remnant magnetization (M;), magnetic
moment (ng) and magnetic particle size (Dy) increase with Sc* ion concentration
up to x=0.03 and then decrease. The values of spin canting angle (ay-x) and the
magnetic particle size (D) are found to be in the range of 68-75° and 10-19 nm
respectively with Sc®* concentration. [23].

In 2019 Petrescu et. al, The studied the morphological, structural, and
chemical composition of the MnxZn(;-x)Fe,O4 ferrites are produced by using a
mixture of finely-powdered nitrogen-based salt precursors pressed into a mold, and
subsequently sintering the resulting powder. The bulk samples are cut into smaller
prismatic shapes (rectangular prisms) of various volumes, by using a diamond
coated steel wire. The magnetic characterization of the MnZn type ferrite provides
one with valuable information, as the open sample results have been corrected with
demagnetization factors, which consider the punctual susceptibility of the material.
The novelty of this work consists of the estimation of these factors by an iterative
procedure, i.e., by using an exponential fitting procedure. The corrected values are
presented and discussed and fit manufacturers’ data, which are provided as a range
of values. The last part of the study focuses on estimating the magnetic losses in
high frequencies for this ferrite by using the Steinmetz approach, i.e., the hysteresis
losses are determined for the MnZn ferrite. All these properties make MnZn-type
ferrites ideal for applications in a variety of high frequency transformers,
adjustable inductors, wide band transformers, and high frequency circuits from 10
kHz to 50 MHz [24].

In 2020 Vahdati and Sedghi, studied the properties of zinc-manganese
nanoferrite to compare organic fuels that were produced in conditions created by
the auto gel combustion method, using citric acid, glycine, and urea with different
pH. The samples were prepared in stoichiometric ratios to gain MngsZnosFe;0y4,
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and all the samples were calcined in the same condition (500 °C and 30 minutes).
It should be noted that the entire process of synthesis was photographed to analyze
the effect of fuels during the combustion process. Combustion reactions were
studied by simultaneous thermal analysis (STA), FT-IR spectroscopy, and X-ray
diffraction (XRD), also the rietveld method was used to determine the type and
amount of crystalline phases. Magnetic properties of the samples were measured
by vibration sample magnetometer (VSM), and their morphology and powder
agglomeration was observed by field emission scanning electron microscopy (FE-
SEM) and transmission electron microscopy (TEM). Superior magnetic properties
of the sample synthesized with glycine were achieved. Urea gave the smallest
particle size, while citric acid produced intermediate properties [25].

In 2021 Jahan et al., In the studyd, AI** substituted Ni—Zn—Co
nanocompositions were successfully synthesized through the sol—gel technique.
Rietveld refinement X-ray diffraction data evidenced the formation of the
nanospinel structure with phase group Fd3m for all of the compositions. The cation
distributions were established through the Rietveld refinement technique. Average
particle sizes were in the regime of 25-29 nm, as demonstrated by TEM
examinations. Thin areas of Al-O—Al structures were formed around the grain
boundaries that hindered particle growth. The vibrational modes’ characteristic
peaks are red-shifted and blue-shifted, as exhibited in the samples’ Raman spectra.
Enhanced Ms with low values of Hc and Mr was found for the compositions.
Magnetic outcomes revealed that the prepared nanocompositions are soft
ferromagnetic materials and suitable for numerous technological applications.
Frequency-dependent dielectric constants and ac resistivity indicated that the
ferrites were highly resistive. Introducing AI®* in Ni—Zn—Co ferrites makes the
nanosamples highly resistive while maintaining the high magnetizations 86.39
emu/qg for the x = 0.12 compositions. [26].

In 2021 Akhter et. al, prepared and studied Cu;.x ZnFe,O4 (where x = 0.0-1.0
with step of 0.1) ferrites by double sintering solid state reaction method to explore
disorder magnetic behavior. The room temperature (300 K) and low temperature (5
K) magnetic behavior has been analyzed using M-H curve, B-H loop, ui-T curve
and M-T curve. The saturation magnetization for sample x = 0.0 to 0.6 and non-
saturation magnetization for sample x = 0.7 to 1.0 designate the existence of long-
range and short-range ferromagnetic order respectively. The Curie temperature has




Chapter One Introduction and Literature Review

been derived from the sharp fall of permeability for sample x = 0.0-0.6 which is
declining with raising Zn content due to redistribution of cations and weakening of
A-B exchange interaction. The shrinking of coercivity affirms softer nature which
can be used as high frequency soft magnetic materials. For M-T curve, when
temperature is lowered from 300 K to 5 K, different disorder magnetic transition
such as paramagnetic- ferromagnetic-reentrant spin glass-spin glass has been
remarked for sample x > 0.6. All these feature of mag- netic behavior of Cu—Zn
ferrites has been studied in details in this paper [27].

1.3 Aim of the Study

1-

2-

Synthesis of ZnyMn;.xFe,O, nanoferrites by a sol-gel auto-combustion
method and ZnyMn;.xFe,O, /TiO, by the conventional ceramic method.
Studying the effect of increasing the content (x) and calcination, temperature
of ZnyMn,.xFe,04, and studying the influence of (TiO,) concentration on
the structural, magnetic, and dielectric properties (XRD, FT-IR, FE-SEM
and EDS).

Testing the magnetic parameters such as (saturation magnetization (Ms),
remanence magnetization (Mr), and coercivity (Hc)) of synthesized ferrite
nanoparticles in applied field +15 kOe through vibrating sample
magnetometer (VSM) at room temperature.

Measurments of the electrical properties (dielectric constant (&), dielectric
loss angle (tan ), dielectric loss factor (¢"), and ac conductivity (oac)) of
synthesized nanoferrite with the frequency from (50 Hz) to (2MHz) by using
LCR meter at room temperature.

Magnetically flexible ferrites are used in cores for transformer windings,
electric motors, and transceiver antennas, In HF technology, in the
construction of antennas and in parts for moderators, In headphones for
electronic recording equipment, video equipment, and hard disks,and Stealth
and camouflage technology (ferrites absorb radar waves).
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(2-1) Introduction

The need for modern technology at a faster rate than ever before with
the development of society. As a result, information technology, which has
grown at an exponential rate over the last half-century, is one of the
cornerstones of this advancement. In recent years, the demand for smaller
transistors and other important components has shifted emphasis to various
approaches to boost computer performance without drastically reducing
structural dimensions. One solution to this problem has been to use multi-
ferric instead of single-ferric materials in the process. Multi-ferric materials
contain two or more of the major ferric orders, Nano-sized due to a special
property known as super-paramagnetic, magnetic materials have unique
magnetic properties. Magnetic nanoparticles are important for biological
applications because of their small size in comparison to biological entities,
as well as their unigue magnetic properties. Magnetic nanoparticles have
been used in a variety of biological applications, including MRI,
hyperthermia treatment, medication delivery, tissue engineering, and
bioanalysis [28-29].

(2.2) Origin of Magnetism

A magnetic field is a force field similar to gravitational and
electrical fields that is surrounding a source of potential; there is a
contoured sphere of influence or field. The origin of the magnetic
potential is known as magnetic dipoles. Magnetism basically results from
two electronic motions accompanying with the atom; the orbital motion
of the electron and the spin motion of the electron. For macroscopic
purposes these small currents due to these motions can be consider as
magnetic dipoles, as a rule they cancel each other out due to the random
orientation of the atoms. But when a magnetic field is applied, a net
alignment of these magnetic dipoles implement and the medium becomes
magnetically polarized [30,31] Magnetic field H (Amperes per meter) is
the intensity of the magnetic field that magnetizes the substance; B is the
magnetic field. The magnetic flux density inside a magnetized substance
that is subjected to a H field is called induction. B is measured in teslas
(or webers per square meter). The strength of the magnetic field and the
flux density are proportional to:

B=pH oo e, (2.1)
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The permeability parameter is a property of the specific medium
through which the H field passes and in which B is measured. Webers per
ampere-meter (Wb/A-m) or henries per meter (H/m) are the units of
permeability [30]. Magnetization M is the total of the magnetic moments
mj per unit volume and is used to calculate the magnetic moment per unit
volume of the magnetized material. [30].

M = Zvolume m] ................................. (22)

The magnitude and sign of M, as well as the way M fluctuates with H, are
used to explain the magnetic properties of magnetic materials. Magnetic
susceptibility is the ratio of these two quantities. [30].

n=wo (I+4) .. (2.4)
The value of and pr characterizes the magnetic properties of a material

[30].
B=po(H+M)=ppH=pH (2.5)

Where p, = 4 x10-7 Hm? is the permeability of free space and B
and H are measured in Tesla (T) and Am-?* respectively. pr is termed as
the relative permeability of the material, subsequently from the relations
(2.3) and (2.4) [31].

(2.3) Magnetic properties

Ferromagnetism is defined as the presence of a spontaneous
magnetization that can be reversed by an opposing magnetic field, similar
to how electric polarization may be reversed by an electric field. A
diamagnetic response to an applied magnetic field exists in all materials
in nature [32]. Other magnetic phenomena generated by unpaired
electrons can be found in some inorganic materials. Typically found on
metal cations. Figure (2-1) [33] depicts the various effects for a
hypothetical 1D crystal. Paramagnetic (a) is a magnetic polarization state
with a positive magnetic susceptibility that is arbitrarily oriented, The
material is attracted to the magnetic field, which means it is in a state of
attraction. In contrast to ferromagnetism (b), where the induced magnetic

10
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moment is preserved in the absence of an externally applied magnetic
field, thermal motion causes the spins to become randomly orientated,
lowering total magnetization to zero when the field is removed. Because
neighboring spins point in opposing directions in antiferromagnetism (c),
the overall magnetic moment is zero, whereas ferrimagnetism (d) arises
when neighboring spins point in opposite directions but are of unequal
size,
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Figure(2-1) Schematic magnetic phenomena in a 1D crystal: (a) paramagnetic;
(b)ferromagnetism; (c) antiferromagnetism; (d) ferrimagnetism [33].

(2.4) Types of Magnetic Materials

The magnetic forces of a material's electrons will be changed
when it is placed in a magnetic field. Faraday's Law of Magnetic
Induction describes this phenomenon. Materials, on the other hand, can
respond to an external magnetic field in a variety of ways. The atomic
and molecular structure of the material, as well as the net magnetic field
associated with the atoms, all influence this reaction. The electron orbital
motion, the change in orbital motion generated by an external magnetic
field, and the spin motion of the electron are all magnetic moments
associated with atoms. Some materials develop a magnetization that is
parallel to B (paramagnets), whereas others acquire a magnetization that
Is opposed to B (antimagnets) (Diamagnetism) [34]. Electrons are found
In pairs in most atoms. A pair of electrons spins in opposing directions.
When electrons are coupled together, their magnetic fields cancel each
other out due to their opposing spins. As a result, there is no net magnetic
field.

11
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Materials having some unpaired electrons, on the other hand, will have a
net magnetic field and react more to an external field.

1 [ 2 |
H D Ferromagnetic D Antiferromagnetic He
3 4 Paramagnetic i i 5 6 7 8 9 10
G [Ee]| B e B Dizmagneil: Blc|n|o|F|Ne
11 12 13 14 15 16 17 18
Na (Mg AllSi| P | s |CI|Ar
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K|Ca| Sc |Ti| v |Cr|Mn|Fe|Co|Ni |Cu|Zn |Ga|Ge | As|Se |Br |Kr
37 38 39 40 M 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb|Sr| ¥ |Zr |INb|Mo|Tc |Ru|Rh|Pd|Ag|Cd|In |Sn|Sb|Te| | |Xe
55 56 57 72 73 74 75 76 7 78 79 80 81 82 83 84 85 86
Cs|Ba|La@ Hf |[Ta | W |Re|Os| Ir | Pt |]Au|Hg| Tl |Pb|Bi |Po| At |R
87 88 89
Fr |Ra|Ac

58 59 60 61 62 63 64 65 66 67 68 69 70 71

Ce|Pr |[Nd|Pm|Sm|Eu|Gd|Tb |Dy|Ho| Er | Tm| Yb |Lu

Figure (2.2): Periodic table showing different kinds of magnetic materials [34].

As indicated in table 2.1, the most prevalent magnetic material classes are
diamagnetism, paramagnetic, ferromagnetism, antiferromagnetism, and
ferrimagnetism [35]

Table (2.1): Types of Magnetism [36].
Type of Susceptibility Example
Magnetism
Diamagnetism Small & negative Au, Cu
Paramagnetic Small & positive Pt, Mn
Ferromagnetism Large & positive, function of applied field, Fe, Co
microstructure dependent
Antiferromagnetism Small & positive Cr, MnO
Ferrimagnetism Large & positive, function of applied field, | BaFe12O1g,
microstructure dependent FesO4

(2.4.1) Diamagnetism

Diamagnetism, or a weak, negative magnetic susceptibility, is present
to some amount in all materials. A magnetic field produces a magnetic
moment in a diamagnetic material that opposes the magnetic field that
creates it [37]. When there is no applied field, the atoms of a diamagnetic

12




Chapter Two Theoretical Part

material have no magnetic moment. Under the influence of an applied
field (H), electrons spin, producing a magnetization (M) in the opposite
direction of the applied field. The diamagnetism effect is present in all
materials, although it is usually eclipsed by the larger paramagnetic or
ferromagnetic terms. Temperature has no effect on the value of
susceptibility. In September 1845, Michael Faraday discovered and
termed diamagnetism [36].

Figures (2.3) (a) and (b) show how diamagnetism works. The atoms have
zero magnetic moment in the absence of an external magnetic field, as
seen in Fig (2.8a).

When an external magnetic field Ho is applied in the direction depicted in
Figure (2.3) (b), however, the atoms acquire an induced magnetic
moment in the opposite direction as the field.

H=H,
H=0 =
N N N N J | N N N N
( N N N N L N N N N
( N N N N J | N N N N
M=0 M=-M,
(a) (b)

Figure (2.3): (a) Diamagnetic material: When H=0, the atoms have no magnetic
moment, hence M=0. (b) When a magnetic field Ho is applied to the atoms, the
atoms acquire an induced magnetic moment in the opposite direction of the
applied field, resulting in negative susceptibility [35].

(2.4.2) Paramagnetic materials

Atoms, molecules, and matter ions with unsaturated exterior orbits
produce magnetic barrages, which act as a form of guidance, and so have
a persistent magnetic impulse caused by the directed aggregation of the
electron's spinel. The intensity of the external magnetic field and the
temperature affect the direction of magnetism in magnetic materials. This
behavior depicts the material at the Curie Temperature's greatest
temperatures (Tc). Is the temperature degree at which the energy of
thermal irritation triumphs over the quantum interaction forces that guide

13



Chapter Two Theoretical Part

and filter magnetic moments between the atoms of the material, and the
Korean degree varies from one substance to the next. When the
baramagnetic materials' total gamma is not zero, and their magnetic
susceptibility is positive and smaller than one lot ( y «< 1), However, its
effectiveness is larger than one, and this behavior vanishes when the field
vanishes. Chlorides, sulfates, chromium carbonate, iron, cobalt, salts, and
trace elements like deserosium are all examples of these elements [39,38].

The material's net magnetic moment and magnetization both reach zero.
When an external magnetic field is introduced, however, the individual
atomic magnetic moments tend to align themselves in the direction of the
external magnetic field, resulting in a nonzero weak magnetization, as
illustrated in figures (2.4) (a) and (b). These materials are paramagnetic,
and the phenomena is referred to as paramagnetism [40].

H=0 H=H,

M=0 M=+M,

Figur (2.4): Each atom in a paramagnetic substance has a permanent magnetic
moment. All magnetic moments are randomly orientated when H=0, hence M=0.
(b) When a magnetic field of Ho is applied, the atomic magnetic moments prefer
to align themselves with the field's direction. As a result, the [35] has a net
magnetization M=Mo and a positive susceptibility.

(2.4.3) Ferromagnetic materials

The interactions between atomic magnetic moments of identical size
in ferromagnetic materials align them in a common direction, resulting in
a significant net magnetization even in the absence of a magnetic field
[41, 42]. Ferromagnetism in Fe, Co, and Ni (magnetic susceptibilities
nearing 10*%) is owing mostly to the self-alignment of groups of atoms
bearing permanent magnetic moments in the same direction. As a result,
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they have a significant and positive magnetic susceptibility to an external
field, demonstrating a strong attraction to magnetic fields while retaining
their magnetic characteristics after the external field has been removed
[43]. When ferromagnetic materials are heated, the thermal agitation of
the atoms results in a drop in the alignment degree of the atomic magnetic
moments, and hence a decrease in saturation magnetization. Eventually,
the material becomes paramagnetic due to the high thermal agitation. In
the case of a ferromagnetic substance, Only below a particular
temperature (6r) known as the ferromagnetic Curie temperature may
spontaneous magnetization occur. Such materials act like paramagnetic
materials far above the Curie temperature and have a well-defined
susceptibility as specified by the Curie-Weiss equation [44].

o
(T —6;

X ) (2.2)

A ferromagnetic material becomes paramagnetic above the transition
temperature because the parallel spin alignment energy is inadequate to
counteract the randomizing effect, which causes the spin direction to
rotate [45]. Furthermore, even in the absence of an external field,
coupling interactions lead neighboring atoms' net spin magnetic moments
to align with one another in a ferromagnetic material (Figure 2.5)

parallel alignment
. L A
I ‘
i . Y
I ‘
Figure (2.5): Ferromagnetism [35].
(2.4.4.) Antiferromagnetism

Magnetic moment coupling between nearby atoms or ions causes
anti-parallel alignment of magnetic dipoles in several other types of
materials.Antiferromagnetism is defined as the alignment of spin
moments of nearby atoms or ions in exactly opposite orientations [46,47].
At all temperatures, they exhibit a weak positive magnetic susceptibility
on the order of paramagnetic material, but their susceptibilities fluctuate
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in an unusual way. MnO, NiO, and CoO are examples of
antiferromagnetic materials [48].

Antiparallel alignment

XX
oooo

Figure (2.6): Antiferromagnetism [35].

(2.4.5) Ferrimagnetism

Ferrimagnetic materials have spin structure of both spin-up and spin-
down components but have a net non-zero magnetic moment in one of
these directions [49]. In antiferromagnetism, the magnetic moments of
atoms on neighboring sub lattices are opposite each other; nevertheless,
in ferrimagnetic materials, the opposing values are uneven (Fig. 2.7). This
magnetic moment might potentially be attributable to more than two sub
lattices, as well as triangular or spiral sub lattice structures [50]. Only
compounds with more complicated crystal structures than pure elements
exhibit ferrimagnetism. Ferrimagnetism is only found in compounds with
more complex crystal structures than pure elements. Magnetic
susceptibility is identical in magnitude for ferromagnetic and
ferrimagnetic materials, but the alignment of magnetic dipole moments is
vastly different.

cooe
cooe

Figure (2.7): Ferrimagnetism [51].
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(2.5) Titanium Dioxide

Titanium dioxide is one of the most common minerals on the Earth's
crust and ranks ninth in the list of abundant minerals. It is a lustrous,
silver-colored transition metal, obtained primarily from the ore of
limonite which constitutes the world's most widely distributed.

Titanium dioxide is an inorganic chemical compound with the
formula TiO,, composed of barium caption and the sulfate anion.
Titanium dioxide is a sulphate salt of bariums and is found abundantly as
mineral barite; here the sculpture is attached to four oxygen atoms. It is
an alkaline, divalent metals, which is used in a wide range of medical use
due to its non-toxic nature [52].

N
‘@ O—Ti—O
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Titanium Dioxide
A detailed Overview

Figure (2.8): The structure of titanium dioxide [52].
(2.6) Ferrite Materials

Ferrites are a wide family of metal oxides with exceptional magnetic
characteristics. It is a common type of ceramic ferrimagnetic material
with a modified iron structure. which investigated and applied in the
various field during the last 50 years [53,54]. Ferrites are dark brown or
grey in appearance and very hard and brittle in physical character. The
super-exchange interaction between metal electrons and oxygen ions
causes ferrimagnetism in ferrite The opposite e spins in ferrite cause a
decrease in magnetism when compared to ferromagnetic metals with
parallel spins. moderate resistivity electrical qualities with low eddy
current losses and low dielectric and magnetic losses [55,56]. Ferrites
have three different structural: spinal, garnet and hexagonal ferrite are
determined by the size and charge of the metal ions that balance the
charge of the oxygen ions, and their relative amounts [57].
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(2.6.1) Spinel Ferrite

The spinel ferrite structure was found separately by Bragg [60] and
Nishikawa [58] in 1915. Spinels have the formula Mn-Fe,O3, where M is
a divalent metal ion like Mn?*, Ni%*, Fe?*, Co?*, Zn?*, Cu?*. The spinel
lattice is made up of a tightly packed oxygen arrangement in which the
unit cell is made up of 32 oxygen ions. Face-centered cubic (FCC)
configuration is used to pack these anions. There are two sorts of gaps
between anions: tetrahedral coordinated sites (A), which are surrounded
by four oxygen atoms, and octahedral coordinated sites (B), which are
surrounded by eight oxygen atoms (B), which are encircled by six oxygen
atoms from their nearest neighbors There are 32 oxygen ions in the unit
cell, 64 tetrahedral sites, and 32 octahedral sites. Metal ions occupy just 8
tetrahedral and 16 octahedral sites, resulting in a structure that is
electrically unbiased. Spinel ferrites have a ferrimagnetic ordering
magnetically. The magnetic moments of the cations at the A and B-sites
are aligned parallel to one another. Because there are twice as many B-
sites as A-sites, the crystal has a net moment of spins yielding, resultingin
the ferrimagnetic order The metal cation utilized, as well as the ion
distribution between sites A and B, exhibit a magnetic system that can be
adjusted [59]. Normal, inverse, and random spinel ferrites are the three
types of spinel ferrites based on their cation distribution. The structure of
spinel ferrite (Figure 2-9) may be described as a cubic arrangement of
densely packed oxygen atoms.

Figure (2.9): Schematic representation of spinel structure [60].
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(2.6.1.1) Normal spinel

The divalent ions are all on A sites in typical spinel, whereas the
trivalent ions are on B sites. Metal ions occupy eight tetrahedral and
sixteen octahedral positions in the spinel structure's fundamental unit cell.
[61].

(2.6.1.2) Inverse spinel

All Me?* ions reside in B-sites in inversed spinel structure, and Fe®*
ions are evenly distributed across A and B-sites: structural formula of
these ferrites is Me?*[Fe,**]042". The spinel structure of magnetite FesO4
and NiFe,O, ferrites is inversed [62, 63].

(2.6.1.3) Random (mixed) spinel

The cations Me?* and Fe3* occupy both A and B-sites in mixed spinel
structure;  the  structural  formula  of  this  ferrite is
Me-s*"Fes* [Mes?> Fe 53710427, where § is the degree of inversion. This
sort of structure is represented by MnFe,O4, which has an inversion

degree of 0=0.2 and a structural formula of
Mno g2t Feo23 [Mng 2% Feg3]04*". Mn—-Zn ferrites also exhibit a mixed
spinel structure (Zn?* favours A-sites)

Zn,2*Mny? Fer x> [MNny <2 Fe1x4y,**]04*", where §=1-x—y [64, 65].
(2.6.2 ) Garnet Ferrite

Garnets are a form of ferrimagnetic material utilized in a variety of
high-frequency applications. Whereas, yttrium iron garnet (Y3FesOap) Is
an iron garnet known for its technical value in a variety of applications,
including phase shifters and lasers.The electromagnetic, mechanical,
thermal, and magneto-optical characteristics of garnet ferrites (AzBs012)
are fascinating and unusual [66]. There are three sorts of sites in this
structure: (a), (b), and (c) It was discovered that 24Fe®" ions occupy
tetrahedral sites, 16Fe®" ions occupy octahedral sites, and 24R3* ions
occupy dodecahedral sites, whilst oxygen ions are distributed to
interstitial sites[67].
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(2.6.3) Hexagonal Ferrite

Hexagonal ferrites are commonly employed as permanent magnets
and are known for their strong coercivity [68]. Based on the chemical
formula and crystal structure, hexagonal ferrites are divided into six
categories. MO -6Fe;03 is their general formula, where M might be Ba,
Sr, or Pb. Barium ferrite, BaO6Fe,0s, is the most significant hexagonal
ferrit. The hexagonal magneto-plumbite structure of barium ferrite has ten
oxygen layers in its fundamental unit cell and is made up of four building
blocks. Permanent magnets made on hexagonal ferrites are frequently
employed. The hexagonal ferrite lattice is comparable to the spinel
structure and is magnetically hard because to the tight packing of oxygen
ions (unlike the cubic ferrites which are magnetically soft), They, like
cubic ferrites, are inexpensive to make using ceramic manufacturing
processes and may be powdered and shaped into any shape necessary.

(2.7) Characterization of Mn-Zn-Ferrite

The current state of biophysics verifies the necessity for magnetic
nanoparticles to treat malignant tumors so that thermal ablation may be
performed without causing harm to normal cells. MnZnFe,O,'s Curie
temperature may be regulated by modifying the zinc concentration in the
structure, making it ideal for thermal treatments [69]. The Curie
temperature in Mny..Zny Fe,O4 nanoparticles is controlled by changes in
zinc concentration. It was discovered that increasing the zinc
concentration for x = 0.5, 0.6, 0.8, and 1 decreased the Curie temperature
from 320K to 240K for x=1 [70]. As a result, heat dispersion in
hyperthermia therapy may be controlled [71].

(2.8) Magnetic materials types.

Soft and hard magnetic materials are the two types of magnetic
materials. Hard magnetic materials are those that are difficult to
magnetize and demagnetize, whereas soft magnetic materials are those
that are readily magnetized and demagnetized. Because high coercivity
resists the magnetization action, hard magnetic materials have a high
coercivity. The hysteresis loop was used to describe the fundamental
difference between two types of permanent magnets. The hysteresis loop
in soft magnetic materials is small, but the hysteresis loop in hard
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magnetic materials is large. Magnetization follows the fluctuation of the
applied field without considerable loss in the tiny hysteresis loop. The
magnetic energy that may be stored in materials is shown by the large
hysteresis loop [72].

(2.8.1) Soft magnetic materials

Magnetization and demagnetization of soft magnetic materials is
simple. Soft magnetic materials have a low coercive field and a high
magnetization, making them useful in a variety of applications. The
magnetization virtually follows the applied field disparition without
hysteresis loss because they have a tight hysteresis loop (Figure 2.9-b).
Inductors, transformer cores, microwave devices, recording heads, and
medical equipment, for example, employ Ni, Fe, Mn, Co, and other
metals [73]. Soft ferrites have a cubic structure and magnetic features
such as saturation, megahertz resonance frequency, superior oxidation
resistance, low coercivity, and high magnetic permeability. Soft ferrites
are superior to all other magnetic materials because of these benefits [74].

(2.8.2) Hard magnetic materials

Permanent magnets, often known as hard magnetic materials, are
used to generate a strong field without using a coil. Permanent magnets
must have a high coercivity, which means they must have a strong net
magnetization and be stable in the presence of external fields. Uniaxial
magnetic anisotropy is essential in hard magnetic materials, as are the
following magnetic characteristics [75]. Figure (2-10) depicts the
hysteresis loop of a hard magnetic material. The following are some of
the most important features of hard magnetic materials:

High coercivity: A ferromagnetic material's coercivity, also known as the
coercive field, is the strength of the applied magnetic field necessary to
reduce the magnetization of that material to zero once it has been driven
to saturation. Hc is the abbreviation for coercivity, which is commonly
measured in Oersted or ampere/meter units. Hard ferromagnetic
materials, which have a high coercivity, are utilized to manufacture
permanent magnets [76].

Large magnetization: is the process of temporarily or permanently
making a substance magnetic, such as by putting it in a magnetic field.
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Rectangular hysteresis loop: A hysteresis loop depicts the connection
between the magnetizing force (M) and the induced magnetic flux density
(B) (H). The hysteresis loop in hard magnetic materials is rectangular
[77].
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Figure (2.10): Comparison of hysteresis loops for: (a) soft ferrites; (b) hard
ferrites [78].

(2.9) Dielectric properties

If a substance has the potential to retain energy when an external
electric field is applied, it is classed as "dielectric. These qualities alter
with frequency, temperature, orientation, mixing, and pressure, as well as
the material's molecular structure. There is no net dipole moment in most
solids because there is no net separation of positive and negative charges.
Solids' molecules are organized in such a way that the crystal's unit cell
has no net dipole moment. The molecules of solids are structured in such
a way that the unit cell of the crystal has no net dipole moment. A
distortion of the electron cloud of the atoms or molecules, as well as a
tiny movement of the atoms themselves, produce this field. The electrical
polarization is the average dipole moment per unit volume induced in the
material and is proportional to the applied electric field. [79] defines the
dielectric's polarizability as follows:

P = L E oot (2-2)

where p is the dipole moment caused by the local electric field, and E is
the electric field. [80].

Polarizability is classified into four types, each with its own process
based on the sort of dipole moment that is created[81]:
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R P o i v P e ol ¢ P PPN .. (2-3)

where e represents electronic polarizability, | represents ionic
polarizability, d represents dipolar polarizability, and s represents space
charge polarizability. [80]:

A small movement of the negatively charged nucleus causes
electronic polarizability. Electronic polarizability is present in all
materials, and in some, such as diamond, it is the sole contributor to the
dielectric constant due to the absence of other factors. lonic polarizability
Is caused by a little separation or displacement of ions and cations in a
solid. In ionic crystals, it is the primary source of polarization An electric
field must produce both electronic and ionic polarization. When the field
Is eliminated, they vanish. When atoms join to share one or more of their
electrons, they produce a molecule known as orientation (dipolar)
polarization This redistribution of electrons may result in a charge
imbalance, resulting in a persistent dipole moment. When there is no
electric field, these moments are orientated at random, but when there is
one, they are oriented preferentially. Space charge polarizability arises in
materials that are not ideal dielectrics yet have the potential for long-
range charge movement. When these effects are noticeable, the material is
best classified as a conductor or solid electrolyte [82].

(2.10) Structural Properties of ferrites

The atomic scale structure of materials has long been determined
using X-ray diffraction. The method is based on the fact that X-ray
wavelengths are equivalent to the spacing between atoms in condensed
materials. When a bulk material with long-range, periodic atomic order,
such as a crystal, is bombarded with X-rays, it behaves as an extended,
almost perfect grating, producing a diffraction pattern with several sharp
areas known as Bragg diffraction peaks. It is feasible to identify the
spatial features of the grating by measuring and evaluating the locations
and intensities of Bragg peaks. to figure out the atomic arrangement in
bulk crystals in three dimensions (3D). This is what the so-called “crystal
structure” is all about [83]. The basic features of an X-ray diffractometer
are shown in figure 2.11, where diffraction angle 20 is the angle between
the incident and diffracted X-rays [84].
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Figure (2.11): Schematic representation of x-ray diffraction [84].

(2.10.1) Lattice Constant (a)

1. The lattice constant The constant of the cubic crystal structure can be
calculated using the following formula: [85].

a: The crystalline cube structure's lattice constant(hkl): Miller indices.
d: The distance between crystalline surface levels.

2. Lattice constant The following relationship may be used to derive the
constant for the tetrahedral crystalline structure: [85].

1 _ h%+k?% | 12

c: constant in the crystalline tetrahedral structure
(2.10.2) Spacing of Lattice Planes

The symbol d stands for the perpendicular distance between each
lattice plane in a stack. The connection between d spacing and the
specific lattice plane is dhkl (i.e., d001, d101, d103), with the Miller
indices for that plane provided in the subscript. In crystallography and X-
ray diffraction, this is the most frequent nomenclature. The values of d
spacing in terms of hexagonal systems are shown in equations (2-3),
monoclinic systems in equations(2-4), and cubic systems in equations (2-
4). (2-5) [86].
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d = [zt 5] L (2-6)

The following equation shows the values of d spacing for monoclinic:
[86].

h% 12 2hlcosp
—t+—— 2
d= [L o ] e (2-7)

sinZ b2

In the equation, the value of d spacing for cubic is shown: [86].

a
d= W e eeeeeteeteteeeeteeeeeettnnnenaananaaaaaattttetettetetteteeteetatnnnnnnnnnnnn (2-8)

(2.10.3) Awverage crystallite Size
Using Debye-Scherrer equation

The Scherrerr equation [87] can be used to compute the crystal size.

p=—f*_ (2-9)

ﬁhkl cos @

D: average crystallite Size (nm)

K: A constant with a value that is roughly equivalent to (0.9).
A: wave length (nm).
(Bhkl): the highest width at the mid-thigh (rod).
o: angle of X-ray fall.

(2.11) Applications of the hard ferrites

Ferrite magnets are employed in a variety of applications, from
magnetic holding tools to motors and generators, due to their inexpensive
cost. In existing systems, ferrites have replaced other magnet materials,
either with or without system change. This is particularly true in static
situations with tiny demagnetizing forces. In loudspeaker systems, for
example, flat ring magnets are used instead of high metallic center core
magnets. The high Hc has aided the development of the new system,
particularly in dynamic applications where significant demagnetizing
forces are present on a regular basis. The electric motor, with its high
armature electric field, is a good example.
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Other than permanent magnets, hard ferrite has applications in
microwave, magnetic bubble memory, magnetic tape recording, and
magneto-optics. M-type ferrites are of interest in microwave resonance
devices such as isolators, filters, and circulators. Such devices often use a
garnet or spinel ferrite in conjunction with the bias magnets below 20
GHz. The needed bias field (>570 kA/m) gets impractically high at high
frequencies. M-type ferrites are favored because they have a significant
anisotropic field that functions as a built-in bias field and provides a
resonance frequency of around 50 GHz in a tiny tuning field.

Various substitutes can be used by the alter of HA for larger frequency
coverage. Other applications of magnets include magnetotherapy,
purification, magnetic bearings, and automated cameras, to name a few
[88].

(2.12) Fourier Transform Infrared (FTIR) Spectroscopy

By providing an infrared absorption spectrum as a molecular
“fingerprint,” Fourier transform infrared spectroscopy (FTIR) is a strong
method for recognizing different types of chemical bonds present in a
molecule. The chemical bond's absorbed wavelength is one of its
characteristics. The frequency of molecular bonding varies depending on
the kind of bond and the components present [89,90]. The cation masses,
cation oxygen bonding, and lattice parameter all affect vibration
frequencies in IR spectra. The absorption bands v1 and 2 in the IR spectra
of spinel ferrites correspond to tetrahedral (A-O) and octahedral (B-O)
sites, respectively [91]. The equation[90] was used to calculate the force
constants at tetrahedral and octahedral sites. FTIR spectra of zinc-
manganese ferrite samples were obtained by FTIR spectrophotometer
(Japan) [92].
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Figure (2.12): Block diagram of FTIR[92].
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(2.13) Vibrating sample magnetometer

Sinon Foner designed the vibrating sample magnetometer (VSM),
which is a device for measuring the magnetic behavior of materials. The
(VSM) is based on Faraday's Law of Induction, which states that a
change in the magnetic field causes an electric field to be generated. His
electric field may be monitored, and this information can be used to
deduce specifics about the changing magnetic field [93]. The instrument
system is based on the idea that vibrating a magnetic sample can cause a
magnetic field to oscillate. The sample is subjected to a homogeneous
magnetic field. A search coil detects the generated variations in the
magnetic field, which are caused by magnetization. The schematic
diagram of a typical VSM is shown in Figure 2.13. A powerful
electromagnet with a field of 0 to 2.5 T is employed in most conventional
configurations [94].
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Figure (2.13): Schematic diagram of vibrating sample magnetometer system [95].
(2.14) Hysteresis loop and magnetic parameters

It is possible to learn a lot about magnetic materials by evaluating the
hysteresis loop. The strength and direction of the magnetizing field
determine the magnetization state of a material. If we take a material with
numerous tiny magnetic domains but no net magnetization, we may
investigate what happens to the domains when the field strength is raised
[96]. A hysteresis loop is seen graphically in Figure 2.16. (magnetization
M as a function of an applied magnetic field H). As a result, a hysteresis
loop is created by measuring a sample's magnetic moment while cycling
the applied field between the vast range of positive and negative values
[98].
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Figure (2.14): Hysteresis loop for ferromagnetic materials [97].

As a result, a hysteresis loop is created by measuring a sample's
magnetic moment while cycling the applied field between the vast range
of positive and negative values [98]. The domain growth region is the
name given to this area. The magnetization approaches saturation point
with sufficiently high applied fields, when all magnetic dipoles are
aligned with the external field. The saturation magnetization (MS) is the
greatest value of magnetization reached in this condition; at this point, the
magnetization becomes constant [97,99]. Spins cease to be aligned with
the magnetic field when the magnetic field is reduced to zero, resulting in
a drop in total magnetization. Curve (b) shows how the magnetization
does not follow the direction of the original curve but instead lags behind,
resulting in a permanent induction. Even when the applied field is zero,
the material is magnetized, which is known as remnant induction
(remanent magnetization Mr) [96,100].

The spin orientations inside domains have readily rotated back to their
advantageous crystallographic locations at this time, but the original
random domain layout is not attained because domain wall motion is
constrained and the domain development process is not totally reversible
[97].

To return the magnetic induction to zero, an antiparallel field of
magnitude (Hc), known as the coercivity, must be supplied to the initial
magnetic field, as illustrated in curve (c). Magnetic saturation (Ms) in the
reverse direction is caused by a rise in magnetic field intensity in the
opposite direction, resulting in saturation and remanence values (Mr). The
field can be reversed once again, and the loop's field induction closed.
The energy loss per unit volume of material for one cycle is represented
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by the area within the hysteresis loop [97]. The hysteresis loop is
followed when the applied field is cycled from one direction to the other.
The work or energy required to cause changes in the magnetic domain
structure is represented by the hysteresis loop area, while the product M-
H, also known as the energy product, indicates the net loss in the system,
which is normally in the form of heat [96].

Anisotropy constant may be calculated using the law of approach to
saturation (LAS) (K). It is obtained by the relation for isotropic cubic:
[101]

The M-H curve at high magnetic field strength (H>>Hc) is used to
calculate it. The magnetization near the saturation (Ms) may be
represented as [101, 102]:

b
M=Ms (1=2) s e (2-19)

The magneto-crystalline anisotropy gives rise to the parameter b. The
intercept of the straight line indicates the value of Ms, and the slope =Ms
b, as obtained by plotting M vs 1/H2 at a high field range.

Remnance ratio = (%) ................................................... (2-20)

The magnetic moment (ng) per unit at the magnetic moment can
calculated with the assistance of the saturation magnetization value from
the following relationship [101].

_Mwyt x Mg )
Np=t e (2-21)

Where, Mwt is the molecular weight.

Further, the anisotropy constant is evaluated using following relation
[102].

Where, K is magnetic anisotropy, Hc is the coercively.
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(2.15) Dielectric Parameters

LCR Meter Bridge was used to calculate the dielectric constant.
Silver paint was sprayed on both sides of the pellets for this purpose in
order to produce effective ohmic contacts with the conducting wires. It is
defined as the ratio of the charge that would be stored in empty space to
the charge that would be stored in the dielectric substance in question.
The LCR meter was used to determine the pellets' capacitance, and the
dielectric constant was computed using the formula [95]:

e€=C/Co  ......... e (2-12)
C the material's capacitance, Cy is the capacitance of empty space, and
Com €0AId (2-13)

Where ¢ is the free space permittivity, which has a value of (8.85410-12
Fm-1).

The equation (2-5) becomes.
€ Tl A/ E0 A (2-14)

Where d is the pellet thickness in meters and A is the cross-sectional
area of the particle's flat surface [95].

tand = € [€ ' (2-15)
where, €' and ¢" are real and imaginary part of relative permittivity

Where d is the pellet thickness in meters and A is the cross-sectional area
of the particle's flat surface [95].

When an ac voltage is applied to a dielectric, the electrical energy is
absorbed by the substance and released as heat. Dielectric loss is the term
for the dissipation. Resonance happens when the applied frequency is in
the same range as the relaxation duration. The phase connection between
current and voltage is seen in Figure (2-15). As a result, the current is
(90- 5) ahead of the voltage. where 6 is the loss angle and tan is the
electrical loss due to resonance, which is referred to as tangent loss, and
the loss tangent can be written as [96]:
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Figure (2.15): Phase diagram between voltage and current [96].

Using the relation, the ac conductivity was derived from the dielectric
constant and dielectric loss factor measurements. [97] :

Oac = MEE' tANG oottt ot i (2-16)
oac is the ac conductivity, o is the angular frequency.
E = QA EAW. ... (4-2)

Where (o =2xf) is the angular frequency and G is conductance, which is
the reciprocal of resistance R. The standard unit of G is Siemens (S) [95].

(2.16) Electrical Conductivity

Ferrites are valuable in a range of technological applications due to
their high electrical resistance. Spinel ferrites' electrical conductivity is
significant because it offers essential information about the conduction
process. The nearest-neighbor hopping process is thought to be
responsible for electrical conductivity. Due to the existence of iron with a
different valence state at crystallographically equivalent lattice sites,
these systems have a lot of conductivity. The distribution of cations in
sites via magnetic and non-magnetic replacements, chemical
composition, particle size, sintering conditions, technique of manufacture
in general, and their structure in particular, all have an influence on
ferrites' electrical properties. According to Phillips et al. [98], the
establishment of a Coulomb gap is generated by electron interactions
caused by the huge number of excess charges in Fe2+ ions at the B site.
Electrical conductivity has been explained as being dependent on nearest-
neighbor hopping at high temperatures and variable range hopping at low
temperatures when Fe?* concentrations are low. Due to their lower
electrical conductivity than metals, ferrites are well-known as ideal basis
materials for magnetic devices that run at high frequencies, such as
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inductor/transformers used in power electronics and magnetic heads of
video tape recorders [99]. According to the general exponential
relationship, the variation of conductivity becomes temperature
dependant and increases with the rise in temperature.

o = o,el Fa/KT] et e e een e et et et et en e e e e ee (2.17)

Where a,is the pre-exponential constant and E is the activation energy ,K
Is Boltzmann constant [100] :

(2.17) Preparation Methods

Nano phase materials, particularly ceramic powders, have a wide
range of features and uses, which has prompted many researchers to
develop and test new technologies. Such materials can be created in a
variety of ways, both chemical and physical. Different wet chemical
approaches have been developed to prevent high temperature sintering;
one of them is the sol-gel method [103]. Metal lakesides are dissolved in
an organic solvent to produce a sol, which is then degraded to yield metal
oxides [104]. Because the current study focuses on the sol-gel process, it
will be described in greater depth here.

(2.17.1) Sol-Gel Auto Combustion

The sol-gel method is a wet-chemical technology that has become
more popular in the disciplines of materials science and ceramic
engineering in recent years. These techniques are mostly used to make
materials (usually metal oxides) from a chemical solution that serves as a
precursor to an integrated network (or gel) of discrete particles or
network polymers. Metal alkoxides and metal chlorides are common
precursors, which go through a variety of hydrolysis and poly
condensation processes. Connecting the metal centers with either Oxo
(M—O-M) or hydroxo (M—OH-M) bridges, and creating metal-Oxo or
metal-hydroxo polymers in solution are all steps in the production of a
metal oxide [105].

As a result, the sol develops into a gel-like diphasic system with both
liquid and solid phases ranging in morphology from discrete particles to
continuous polymer networks. The volume fraction of particles (or
particle density) in the colloid may be so low that a large amount of fluid
must be removed before the gel-like features can be detected. This can be

32



Chapter Two Theoretical Part

achieved in a variety of ways. Allowing time for sedimentation and then
pouring out the leftover liquid is the easiest way. Centrifugation can also
be utilized to speed up the phase separation process. Drying is required to
remove the residual liquid (solvent) phase, which is usually accompanied
by substantial shrinkage and densification [105].

The distribution of porosity in the gel ultimately determines the pace at
which the solvent may be extracted. Changes placed on the structural
template during this processing phase will have a significant impact on
the final component's microstructure. Then by final sintering,
densification, and grain formation, a thermal treatment, or fire procedure,
Is required to favor additional poly- condensation and to improve
mechanical characteristics and structural stability. One of the major
advantages of this procedure over more typical processing methods is that
densification can frequently be accomplished at considerably lower
temperatures.

The sol-gel method is a low-cost, low-temperature method for carefully
controlling the chemical composition of a product. Even tiny amounts of
dopants, such as organic dyes and rare earth elements, can be
incorporated into the sol and spread evenly in the final product. It can be
utilized as an investment casting material in ceramics processing and
manufacturing, or as a method of generating very thin metal oxide films
for different uses. Materials generated from sol-gel offer a wide range of
applications in optics, electronics, energy bio-sensors, and medicine
[105].

(2.18) Polarization

In normal electrical conductivity, electrical insulators have extremely
few free electrons. Because an electric field may polarize a material to
generate an electrical dipole, it has intriguing electrical characteristics
[106,107]. Insulating material moleculars are termed (Non polar
molecules). Dipoles can appear dipole in a material when a field is
present, but they can also be present as a permanent part of the molecular
structure. Such dipoles are known as (permanent dipoles) because the
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positive charge's center does not correspond with the negative charge's
center. Insulating materials molecular are known as (polar molecules).
Electric polarization [108] is the induction of dipoles.

The polarization phenomenon (P) is described as the change in the
arrangement of electrically charged particles of a dielectric in space, or
the surface charge density in a dielectric, equal to the dipole moment per
unit volume of material as follows:

P=Nm ...(2-20)
where:

The number of dipoles per unit volume is denoted by N.
The average dipole moment is denoted by the letter m.

The electric dipole moment is defined as the separation of two electric
charges of opposing polarity q by a distance (d) [109]:

m=qd ..(2-21)
(2.19) Types of Polarization:

(2.19.1) Electronic or Induced Polarization

The polarization created by the displacement of electrons is known as
electronic polarization. A dielectric is made up of a lot of atoms. When a
dielectric substance is made up of only one atom, the nucleus is in the
center, and the electrons revolve around it. When an external electric field
is applied, the nucleus travels away from the field, while the electrons
move towards it. As a result, a distance between the nucleus and the
electrons is created. Induced dipole moment and polarization result from
this displacement [110]. Electrons and positively charged nuclei will be
displaced in such a way that electrons move in the positive field direction
and nuclei in the opposite direction, as shown in figure 2.16-a. [111].

(2.19.2) Atomic or lonic Polarization

When an electric field is applied to an ionic crystal, the negative ions
are displaced towards the field, while the positive ions are displaced away
from the field, resulting in polarization. Atomic or ionic polarization is
the name for this type of polarization [112]. Figure 2.16-b depicts the
situation [111].
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(2.19.3) Dipolar or Orientation Polarization

Polar substances such as H,O, HCI, nitrobenzene, and others cause
dipolar polarization. When an electric field is supplied to a polar
molecule, the dipoles experience torque and attempt to align parallel to
the applied field, resulting in dipole rotation and polarization [112]. The
total result, as shown in figure 2.16-c, will be to produce a dipole moment
within the solid [111].

(2.19.4) Interfacial or Space Charge Polarization

If two electrodes are separated by a dielectric medium. The positive
and negative charges are not separated in the absence of an electric field,
and there is a constant number of charges. The charges are separated
when an external electric field is applied. As a result, positive charges
condense towards the negative electrode. As a result of the ions'
displacement, a dipole moment is generated. Interfacial polarization [112]
describes the induced dipole moment per unit volume. Charge builds at
the electrodes at the interface in a multiphase material, resulting in space
charge, as seen in figure 2.16-d. [111].
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Figure (2.16): Schematic diagram of (a) Electronic polarization, (b) lonic
polarization, (c) Orientation polarization, (d) Space-charge polarization [111].
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(3.1) Introduction

This chapter describes synthesis pathways using the Sol-gel auto
combustion process, as well as numerous approaches for characterisation
and analysis of nano materials. Techniques for characterisation of nano
materials include X-ray diffraction (XRD), Fourier transforms infrared
(FTIR) spectroscopy, field emission scanning electron microscopy (FE-
SEM), LCR meter, and vibrating sample magnetometer (VSM).This
chapter discusses the practical steps involved in preparing the ferrite
models Zn,Mn;.«Fe,04(x=0, 0.15, 0.25, 0.35, and 0.45) and (20%, 30%,
40%, 50% and 60% ) of Zng4sMngssFe204/TiO, as well as the materials
used in specimens the preparation methods, Calcination and compression,
sintering, and electrical and magnetic tests and the devices are also
presented here. Experimental work shows in figure (3.1).

Iron nitrate Zinc nitrate Manganese(ll) Citric acid

h Mixing + deionized water

Continuous stirring ===

pH maintained at 7 by ammonia addition

Nitrate-Citrate Solution

Heating at 90 °C _=

Heating at 250 °C for ZnyMny.xFe,04 ==p 1

calcinations temperatures at 650, 750 and 850 "C
for 2 hour

Zn 0.45sMnossFe204 mixed TiO2 at l
(20%, 30%, 40%, 50% and 60%) using

the conventional ceramic method 36

Ferrite nanoparticles




Chapter Three Experimental Part

Added four drops of PVA

+ compress (pellets)
Added four drops ] )
of PVA + zinc-manganese ferrite-

titanium dioxide Nano ) ]
composites XRD, FE-SEM, FT-IR and Sintering at 400, 600, and
VSM test 800 . for 2 hour

(compress (pellets

Sintering at 500 °C
for 2 hour XRD, FE-SEM, FT-IR and VSM

Dielectric properties
test

using (LCR) &',&", tan

0,AC test
Dielectric properties

using LCR test

Figure (3.1): The diagram of sol-gel auto combustion synthesis of ZnMn ;.
xFe204 Nano ferrites and Zng 4sMng ssFe,04/TiO2nanocomposites.

We have used a set of devices for the purpose of testing the prepared
samples.

(3.2.1) Mass Measurement Instrument

In this investigation, it was utilized. The balance of four decimal points
with a high degree of sensitivity. Is illustrated in with type DENVER
instrument is of American origin. as shown in figure (3.2).

Figure (3.2): Electric Balance used
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(3.2.2) Magnetic Stirrer

It's a laboratory apparatus that uses a rotating magnetic field to make a
stir bar immersed in a liquid to spin rapidly, churning it. A rotating magnet
or a group of fixed electromagnets positioned beneath the liquid-filled
vessel can produce the spinning field. for obtaining a homogeneous mixer
between atoms and liquid particles, magnetic stirrers sometimes contain a
heated plate or some other method of heating the liquid, Type " "DAIHAN"
Korea origin. as shown in figure (3.3).

Figure (3.3): Magnetic stirrer

(3.2.3) Electrical furnace

The prepared Zn-Mn ferrite nano powders were calcined in an electric
oven (Korean from Labtech) at 1200°C As show in figure (3.3). The room
size is 40x20x20 cm. The thermal system of the furnace was controlled by
a programmed control unit "Eurotherm™. Zn-Mn ferrite nanopowders were
calcined at temperatures (650, 750 and 850 °C) for 2 h, and then the
powders were cooled to room temperature.As show in figure (3.4).
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Figure (3.4): Electrical furnace
(3.2.4) Hydraulic press

Hydraulic piston (8000 Pascale, Italy), mold in 1cm diameter. is
shown in figure (3.5).

Figure (3.5): Hydraulic press.
(3.3) The materials used

The materials used in the preparation of the ferrite compound by sol-gel
auto combustion method are listed in table (3.1) with their full descriptions.
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Table (3.1): The chemical materials and their properties

Materials | Compounds Chemical Mol. Purity% | Origin
formula mass
(g mol?)

Titanium tin TiO, 79.87 99.00 USA
oxide

Iron (I11) nitrate | Fe(NO3)3.9H,0 404.00 97.00 India

Citric acid CsHs07.H:0 210.14 99.00 USA

Ammonia NH,OH 35.05 25 India
solution

Zinc nitrate | Zn(NO3),.6H,0 297.37 98.0 India

€ | Manganese(ll) | Mn(NOs)..4H,0 250.93 98.0 USA
g2 | nitrate

(3.4) Preparation of ferrite materials

1- All metal nitrate and citric acid were dissolved in 15 ml of distilled
water.

2- All of them are combined in a glass beaker to form a complete solution,
which is thoroughly mixed at room temperature with a magnetic stirrer at
high speeds for a short time (30 minutes), until the solution becomes
smooth and slimy red-colored, as shown in figure (3.6 a). Ammonia
solution was steadily added into the mixed solution in the form of drops
with continual stirring to regulate its pH until it reached the value of (7),
resulting in a dark brown as seen in the figure (3.6 b). To achieve
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homogeneity, stir the components together for half an hour at room
temperature. Gradually raise the temperature until it reaches 90 °C, stirring
constantly until the gel form.

3- The size of the solution in the glass beaker is reduced and viscosity
increased, and after (30 minutes), the solution viscosity is very high,
resulting in the beginning of gel formation on the surface of the solution,
particularly in the middle, and then all of the solution turns to gel, and even
at this point, the solution is still on the magnetic stirrer and temperature
(90°C), as shown in figure (3.6 c).

4- The temperature decreases to room temperature after the solution turns
to dark brown gel, where the gel is placed in a glass beaker using a sensitive
balance, and then placed in the oven at 150°C for three hours to dry as
shown in figure (3.6 d). After evaporating the material and raising the
temperature of the dried gel to (250°C), the dry gel began to change shape
and become convex in the middle of the glass beaker after 15 minutes, as
illustrated in figure (3.6 e).

5- After combustion, the dried gel turns into a fine powder with a dark gray
hue, signaling the start of the creation of high purity ferrite, as illustrated
in the figure (3.6 f).

6- The ferrite powder was then calcined for two hours at temperatures of
(650,750, and 850°C) to improve crystallization and homogenous action
distribution, and then ground to produce ZnyMniFe,O, ferrite Nano
powders.

(3.4.2) Preparation of (Zn Mn Fe204/TiO2) nano composites

Using the traditional ceramic method, titanium dioxide (TiO;) is mixed
with zinc-manganese ferrite in (20%,30%,40%, 50%, and 60%) and
sintered at 500°C.
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Figure (3.6): Photograph of (a) nitrates-citrate solution, (b) The solution after the
Adding of ammonia, (c) dry gel, (d) Dry bulk temperature of 150C, (e) Dry bulk
temperature of 250C and (f) auto combustion and become Nano powder ferrite.

(3.5) Calcinations and Pellet Formation

The resulting powder is placed in a ceramic pot and then calcined at
650, 750, 850 °C for two hours to remove reaction residues such as water
or carbon dioxide molecules form in combustion, resulting necessary
ferrite powder. Then 0.5 g of burnt powder were taken and five drops of
PVA were added as a binder to be pressed into round pellets 1 cm in
diameter and 3mm thick. This is achieved by pressing 2000 Pa for five
minutes with a hydraulic press, then sintering at 400, 600 and 800°C for
two hours and allow them to cool slowly naturally to study their electrical
properties, as shown in figure (3.7).

- ) )

Figure (3.7): Transformation of powder to compact sample
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(3.6) Structural characterization and testing
(3.6.1) X-ray Diffraction (XRD)

The phase composition and crystal structure of the samples are
examined using an X-ray diffractometer. Model XRD 6000 (Shimadzu-
Japan) shown in figure (3.8). with high-intensity Cu K radiation (
1.540mm), scan range: (10- 90 deg), and scan speed 6 (deg/min) was used
for the measurement. By comparing the X-ray diffraction patterns of
samples to (JCPDS) standard data, crystalline substances and phases may
be identified. the crystal structure test was carried out of the synthesized
ZnMn,.sFe,O, ferrite nanoparticle specimens (x= 0, 0.15, 0.25, 0.35, and
0.45) and calcined powders at various temperatures 650,750, and 850 °C
and ZnMnFe,04/TiO, nano composites (20%, 30%, 40%,50% and 60%) at
500 °C.

l..-vhx

Figure (3.8): X-ray diffraction instrument.
(3.6.2). Fourier Transform Infrared (FTIR)

Fourier transform infrared analysis aids in the comprehension of
materials and products by providing quantitative and qualitative analysis
for both organic and inorganic samples. Fourier Transform Infrared (FT-
IR) is the preferred method of infrared spectroscopy. Infrared spectroscopy
involves passing IR photons through a sample. The sample absorbs part of
the infrared light and passes some of it through transmitted. No two distinct
molecule configurations create the same infrared spectrum, much like
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fingerprints. FTIR may also help with things like: identifying unknown
materials determining the quality or uniformity of a sample determining
the number of components in a combination The SHIMADZU-8400S
FTIR spectrophotometer was used to obtain FTIR spectra of zinc
manganese nitrate ferrite samples (Japan). Figure (3.9) displays an FTIR
spectrophotometer. As test was carried out in research Lab., physics
department, college of science at diyala University.

Figure (3.9): FTIR spectrophotometer.

(3.6.3) Field emission scanning electron microscopy (FE-
SEM)

We get a three-dimensional image of the model's surface using this
technology, which works on the idea of electronic scanning of electrons that
bounce off the model's surface. This implies the device doesn't just take a
single image of the model's surface. Rather, it captures photos of each point
in a cascade and then compiles them into a single black and white image of
the model's surface. an picture of as-burnt and calcined specimens of ZnMn;.-
«Fe204 nanoferrites and ZnxMn.xFe,04/TiO, was taken at the center of Day
Petronic Co., Tehran, Iran, using a FE-SEM model (Mira3-XMU, TESCAN,
Japan). Shown in Figure 3.10.
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Figure (3.10): Photograph of field emission scanning electron microscopy
instrument.

(3.6.4) Energy - Dispersive X - ray Spectroscopy (EDS)

The X-ray principle, which is based on the mutual impact of charged
particles, is also used. The model's substance, such as a bundle of electrons,
Is bombarded with X-rays that are characteristic of the model's constituent
elements, allowing the chemical composition of the model to be
determined. Each chemical element has a peak in its X-ray spectrum, and
the atoms must first be stimulated to produce the model's unique X-ray.
This is accomplished by blasting the model with a bundle of electrons,
causing an electron to be liberated from the atom's inner orbits. In order to
fill the emptiness caused by the released electron, another electron made
the move from a higher orbit to inhabit this vacuum. This team is unique
for each element, emitting X-rays with an energy equal to the energy
differential between the planes of the orbits.

(3.7) Magnetic properties measurement

One of the magnetic properties is the assessment of the magnetization
curve (Hysteresis loops) of the manufactured materials using a vibrating
sample magnetometer measuring (VSM) equipment.

(3.7.1) Vibrating Sample Magnetometer (VSM)

The vibrating sample magnetometer is a simple but effective method
for determining magnetic material properties. The VSM is a method for
estimating the magnetic moment in magnetic specimens, which is the most
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fundamental quantity of magnetism. When a specimen is placed in a
uniform magnetic field, it creates a dipole moment proportional to the
product of the specimen susceptibility and the applied field. Using a
Vibration Sample Magnetometer (VSM), the magnetic characteristics of
burnt and calcined ZnxMn;.xFe,O4/Tio, nano composites samples, are
computed (LBKFB model Meghnatis Daghigh Kavirhigh Company). In
the center of Day Patronal Co. Tehran, Iran, testing were carried out in the
applied field at room temperature in the range of 15 kOe. The vibrating
sample magnetometer setup used in this work is shown in Figure 3.11. In
the present studied. Hysteresis loops are used for the measurement of
saturation magnetization (Ms), coercivity (Hc ) and remanent
magnetization (Mr). To obtain the squareness, magnetic moment _(ng) and
the magnetic anisotropy (K).

Figure (3.11): Vibrating sample magnetometer (VSM) instrument.
(3.8) The Electrical Properties Measurement

The study of the dielectric characteristics of ferrite nanoparticles
provides information on the electrical conduction mechanism in terms of
dielectric response in an applied AC electric field. In the research lab.,
physics department, college of science at diyala University, the electrical
properties of synthesized samples were measured using a home-made cell
and an LCR meter (GW Instek LCR-8105G) on a frequency range of (200
Hz-1MHz). In the present study, the dielectric parameters such as
capacitance of the pellet, dielectric loss angle (tan 6) and capacitance of air
with the same thickness as the pellet were measured by computerized LCR
meter which is shown in figure( 3.12). Before beginning the test, the
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surface of the samples in this study was smoothed, and they were placed
between the poles after ensuring that the poles touched the sample surface.
The data was recorded on a computer screen after the dielectric
constant(e") , dielectric loss factor(e'") , and a.c. conductivity (o,.).

Figure (3.12): LCR meter instrument.
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4.1 Introduction

This chapter shows the results and discussions of structural, magnetic and
electrical measurements of MnFe;04, ZnyMn;_xFe204, and ZnyMny. xFe;04 /TIO;
prepared by Sol-Gel method at different temperatures (650, 750, and 850 °C). Also,
this chapter discusses the characterization of the MnFe;O4, ZnyMn;«xFe,O4, and
ZnyMny4Fe;0O,4 /TiO, nanocomposite by XRD patterns, FE-SEM analysis, EDX

analysis, VSM analysis, and electrical properties.
4.2 Structural Characterization

4.2.1 X-ray Diffraction (XRD) of MnFe2Os, ZnxMnixFe:O4 , and ZnxMns.
xFe204 ITiO2 prepared by Sol-Gel method:

The x-ray diffraction (XRD) exam carried out to investigate the crystal
structure type and the crystalline size of prepared ZnyMn.xFe;O4 ferrite (x = 0,
0.15, 0.25, 0.35 and 0.45) at different calcination temperatures (650, 750 and 850
°C). Figures (4-1, 4-2, 4-3, 4-4 and 4-5) present the XRD patterns of pure MnFe;O4
ferrite those doped with different concentrations of zinc metal ZnyMni.xFe;O4 (X=
0.15, 0.25, 0.35 and 0.45) respectively, synthesized by sol-gel method. Figure 4-1
the result show that pure cubic MnFe;O4 crystal structure with space group (la-3
no. 206), crystal dimensions (a = b = ¢ = 9.4 "A) and crystal angles (0o =B =7y =
90°), corresponding with the cubic structure (JCPDS 98-003-0237). The XRD
results revealed that the cubic phase of MnFe,O, formed at calcination temperature
650°C, and then the peaks became more sharp and intense with increasing the
calcination temperature at 750 and 850 °C, this is a common behavior for all
synthesized samples by sol-gel method with the calcination temperature. The XRD
patterns referred that the crystalline growth of MnFe,O, ferrite was in the same

cubic crystal structure at the different temperatures.
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From figure 4-5 on can observed that at the concentration of zinc metal (x=0.45), a
pure single-phase cubic spinel ZnMn;.xFe;O4 structure was obtained with space
group (Fd-3m no. 277), crystal dimensions (a = b = ¢ = 8.438 “A) and crystal
angles (o = B =y = 90°), agreed with the standard data (JCPDS 98-017-0912) as
shown in figure 4-5. The XRD patterns at high calcination temperatures 750 and
850 °C demonstrated that the distinct structural stability of obtained ZnyMn;.xFe2O4
during the calcination process leads to crystalline growth in the same cubic
ZnyMn.«Fe,O, structure with a high purity phase, no other impurities peaks were
detected, this is an indication that all the reactant metal ions entered into the cubic
ZnxMnixFeoQ4 structure at the concentration of zinc metal (x=0.45) [113]. The
lattice constant value as of pure cubic ZnyMni.xFe,O4 ferrite nanocomposite is
reduced when Zn metal added which can be explained on the basis of cations
distribution, as a result of replacing larger ionic radii of Mn*2 cations (0.082 nm) by
smaller ionic radii of Zn*2 cations (0.074 nm) [114,151].

Zn, Mn, Fe O, at 850 °C
Zn, Mn Fe O, at 750 °C
Zn, Mn  Fe O, at 650 °C

MnFe,0, at 850 °C
MnFe,0, at 750 °C
MnFe,0, at 650 °C
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Figure (4.1): XRD patterns of MnFe;O4 ferrites  Figure (4.2): XRD patterns of
calcined at different temperatures (650, 750,  Zno.1sMno.gsFe204 ferrites prepared at different
850 C). calcination temperatures (650, 750, 850 C).
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Figure (4.3): XRD patterns of Figure (4.4): XRD patterns of
Zno.2sMno.7sFe204 ferrites calcined at different  Zno3sMngessFe2O4 ferrites prepared at different
temperatures (650, 750, 850 ‘C). calcination temperatures (650, 750, 850 “C).

In order to investigate the synthesized Zno.4sMngssFe204 ferrite mixed with
different content of TiO, nanoparticles and calcined at 500 °C, figure 4-6 presents
the XRD patterns of pure TiO2 nanoparticles and Zno.4sMnossFe204 mixed with
different ratios (20%, 30%, 40%, 50% and 60%) of TiO, nanoparticles. All the
obtained peaks of Zng.4sMng ssFe,04/Ti0, (40:60%) nano composite are assigned to
the characteristic peaks of two main phases which are cubic spinel
Zno.4sMno s5Fe204 phase (marked with red stars) (98-017-0912) and tetragonal TiO,
phase (Anatase) (marked with blue stars) with space group (141/amd no.141) (98-
015-4609), in addition to little cubic MnFe,O,4 phase (marked with black stars) (98-
003-0237). The peak intensity proportion of tetragonal TiO, (011) to
Zno.4sMng s5Fe204 (113) obviously increased with increase the mixed TiO, content

In the structure of Zng.4sMng s5Fe204/TiO2 nano composites.
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Figure (4.5): XRD patterns of Zng4sMnossFe-Os  Figure (4.6): XRD patterns of (a) pure TiO,

ferrites calcined at different calcination (b), (c), (d), (e) and (f) are Zng.4sMngssFe204

temperatures (650, 750,and 850 ‘C). mixed with different ratios of TiO2 (20, 30,
40, 50 and 60%) respectively.

The crystalline size of synthesized Zno.4sMno ssFe204 at different calcination
temperature was calculated using the Debye—Scherrer’s equation, to be (27.99,
29.07 and 30.77 nm) at the temperature (650, 750 and 850 °C) respectively, as
shown in table (4-1) and (4-2), which presents the XRD calculations of synthesized
ZnxMnixFe204. the crystalline size slightly increased with raising the calcination
temperature and the zinc content which is the common behavior of all synthesized
material, attributed to the crystal growth with increase the calcination temperature
and the zinc content, and this is corresponded with the measured XRD patterns
where the intensity of the most intense peak (113) of pure ZngssMnossFe204 is
significantly increases and the pattern appears narrower with the increasing of Zn
content [116]. On other side, the crystalline size of TiO, nanoparticles is (10.76

nm).
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Table (4.1): XRD calculations of ZnxMn1.xFe>O4 with different content of zinc metal (x=0,
0.15, 0.25, 0.35 and 0.45) at different calcination temperatures.

Material Temp. 20 (deg) 20 (deg) FWHM Crystalline dha (°A) dha (°A) (hkl)

Practical Standard (deg) size (nm) Practical Standard

°C

650 33.05 32.98 0.1968 38.69 2.7101 2.7135 (222)
MnFe204 750 33.04 32.98 0.1968 38.71 2.7091 2.7135 (222)

850 33.07 32.98 0.1968 38.69 2.7083 2.7135 (222)

650 35.40 35.24 0.4904 15.43 2.5354 2.5441 (113)
Zno.isMno. 750 35.40 35.24 0.4436 17.06 2.5352 2.5441 (113)
8sFe204

850 35.29 35.24 0.4152 18.23 2.5387 2.5441 (113)

650 35.28 35.24 0.3992 18.96 2.5276 2.5441 (113)
Zno.2sMno. 750 35.27 35.24 0.39804 19.02 2.5372 2.5441 (113)
75Fe204

850 35.25 35.24 0.3936 19.23 2.5313 2.5441 (113)

650 35.33 35.24 0.3936 19.23 2.5151 2.5441 (113)
ZnossMn, 750 35.31 35.24 0.3741 20.24 2.5283 2.5441 (113)
65F€204

850 35.35 35.24 0.3444 21.97 2.5386 2.5441 (113)

650 35.27 35.24 0.2704 27.99 2.5443 2.5441 (113)
Zno.ssMn, 750 35.27 35.24 0.2604 29.07 2.5443 2.5441 (113)
s5Fe204

850 35.27 35.24 0.2462 30.77 2.5376 2.5441 (113)

Table (4.2): XRD calculations of Zno.ssMnossFe204 mixed with different content of TiO..

Material TiO; 20 (deg) 20 (deg) FWHM Crystalline  dna (°A)  dna (CA)  (hkl)
cor;/toent Practical Standard  (deg) size (hnm)  Practical Standard

Zno.4sMnossFe204/TiO2 20 35.27 35.24  0.2462 30.93 2.5376 25441  (113)
Zno.4sMnossFe204/TiO2 30 35.26 35.24  0.2954 28.87 25347 25441  (113)
Zno.4sMnossFe204/TiO2 40 35.28 35.24  0.2952 30.07 25401 25441  (113)
Zno.4sMno.ssFe204/TiO2 50 25.45 25.42  0.3936 20.75 3.4992  3.5001  (011)
Zno.4sMno.ssFe204/TiO2 60 25.35 25.42  0.2952 27.66 3.5129 3.5001  (011)
TiO2 100 25.39 25.42  0.7200 10.76 3.5107  3.5001  (011)
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4.2.2Field Emission Scanning Electron Microscopy (FE-SEM)of (ZnxMny-
xFe204)

The results of FE-SEM tests on the combination ZnyMn;.xFe;O4 revealed
that the particles had a spherical shape with a limited distribution of nanoparticle
sizes, suggesting that the particles were created and have porosity. We also see the
fine spherical particles forming a homogenous agglomeration, since particles of
smaller size have persistent magnetism, hence each particle has permanent
magnetization as a result of particle agglomeration and grouping. Figures (4-7, 4-8,
4-9, 4-10, and 4-11) show the results of FE-SEM tests for values (x= 0, 0.15, 0.25,
0.35, and 0.45) at temperatures (650, 750, and 850 °C), respectively, and show that
particle size increases with increasing temperature across the forms. Table 4.3
shows the estimated diameters of ZnxMn;xFe;,O4 nanoparticles (x=0, 0.15, 0.25,
0.35, and 0.45) for calcined specimens at 650,750, and 850 °C with relatively well-
crystallized grains and a mean particle size lower than range from 25 to 66 nm
respectively, measured by Image J Software (version 1.51j8; National Institutes of
Health, Bethesda, USA).

The particle size determined by FE-SEM micrographs is found to be bigger than
that determined using XRD data. The molecule structural disruption and lattice
strain caused by variable ionic radii and/or nanoparticle collection might be
attributed to the XRD technique. As a result, the requirements are more severe,

resulting in smaller sizes [117].

The particle size got larger when the calcination temperature was raised, as
shown in the FE-SEM image. FE-SEM images of manganese ferrite nanoparticles
after calcination at 650, 750, and 850 °C, are shown in figures (4-7, 4-8, 4-9, 4-10,
and 4-11). At 650 °C, spherical ferrite particles agglomerated and separated
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significantly. At greater calcination temperatures, larger spherical and elongated

particles were observed.

The particle size of calcined specimens rises as the concentration of (X)
increases at 650, 750 °C, and 850 °C as shown in table (4-3). Each particle is
magnetized all of the time due to its permanent magnetic moment and wants to
cluster together. The magnetic moment of co-substituted nanoparticles is higher,
resulting in increased clustering, the coalescence of adjacent grains is also

observed due to its influence on temperature [118, 119].
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Figure (4.7): FE-SEM micrographs of MnFe;O4 nano ferrites calcined (a)at 650 °C
(b) at 750 °C and (c) at 850 °C.
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Figure (4.8): FE-SEM micrographs of Zn ¢.15 Mn g5 Fe;O4 nanoferrites calcined
(@) at 650 °C (b) at 750 °C and (c) at 850 °C.
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Figure (4.9): FE-SEM micrographs of Zn ¢25 Mn 75 Fe2O4 nanoferrites calcined
(a) at 650 °C (b) at 750 °C and (c) at 850 °C.
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Figure (4.10): FE-SEM micrographs of Zng3sMng esFe204 nanoferrites calcined (a)
at 650 °C (b) at 750 °C and (c) at 850 °C.
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Figure (4.11): FE-SEM micrographs of Zn ¢.45 Mn 55 Fe204 nanoferrites calcinedn
(@) at 650 °C (b) at 750 °C and (c) at 850 °C.

Table (4.3): Average crystallite size and particle size of ZnxMn;.xFe>O4 nanoferrites (x = 0, 0.15,
0.25, 0.35, and 0.45) at diferent calcined temperatures which determined from XRD and FE-
SEM data.

X Composition Temp.”C Crystallite size Particle size
(nm) (nm)
XRD FE-SEM
650 38.69 48.22
0 MnFe204 750 38.71 52.21
850 38.69 4411
650 15.43 63.86
0.15 Zno.15Mng gsFe204 750 17.06 59.22
850 18.23 66.54
650 18.96 30.89
0.25 Zno.25Mng 7sFe204 750 19.02 33.65
850 19.23 45.92
650 19.23 25.31
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0.35 Zno.35Mng esFe204 750 20.24 34.83
850 21.97 27.76
650 27.99 35.00
0.45 ZN0.45Mno s5F€204 750 29.07 36.01
850 30.77 51.21

4.2.3 Field Emission Scanning Electron Microscopy (FE-SEM) of
Zno.4sMnos5Fe204/TiO2

As shown in figures 4-12 (a-e), FE-SEM images were utilized to examine
the surface morphology and the particle size of ZngssMngssFe.04/TiO;
nanocomposites calcined at 500 °C. All of the specimens contain a compact order
of homogenous nanoparticles with a spherical form and polyhedral particles. The
estimated diameters of Zny4sMngssFe204/TiO2 nanocomposites for calcined
samples at 500 with relatively well-crystallized grains and average particle size
less than (37.77, 43.60, 61.51, 47.29 and 72.04) nm, respectively calculated by
Image J Software. It’s also note the coalescence of adjacent grains with each other
due to the increase in the concentration of TiO,. The particle size measured using
FE-SEM micrographs is larger than the XRD data estimates. The XRD method is
responsible for the molecular structural disruption and lattice strain generated by
differing ionic radii and/or nanoparticle collection. As a result, it has a more

stringent requirement, which leads to lower sizes [120-121].
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Figure (4.12): FE-SEM of (a), (b), (c), (d), and (e) for Zng.4sMng ssFe204 mixed
with different ratios of TiO2 (20%, 30%, 40%, 50% and 60%) respectively.

4.2.4 Energy Dispersive Spectroscopy (EDS) of (ZnxMn1.xFe204)

Figures (4-13 to 4-17) illustrate the EDS pattern of nanocrystalline ZnMnFe;0,
ferrites (x= 0, 0.15, 0.25, 0.35, and 0.45) ferrites. The relative atomic abundance of
Zn, Mn, Fe, and O species present in the upper surface layers of specimens in the
absence of any contaminants. According to EDS analysis, as the content of (x)
increases, the iron element increases from 328.20 percent to 341.27 at 650 °C,
reduces from 348.24 percent to 320.28 at 750 °C, and increases from 321.29
percent to 354.24 at 850 °C. As the concentration of (x) increases, the manganese
element drops from 336.27 percent to 169.42 percent at 650 °C, climbs from
326.32 to 339.37 at 750 °C, and drops from 329.39 percent to 187.37 at 850 °C
[122].
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Figure (4.13): EDS spectra of MnFe,O4 nanoferrites for samples (a) calcined
at 650 °C (b) at 750 °C and (c) at 850°C.
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Figure (4.14): EDS spectra of Zng 1sMno gsFe,O4 nanoferrites for samples (a)
calcined at 650 °C (b) at 750 °C and (c) at 850 °C.
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Figure (4.15): EDS spectra of Zng25Mng 75sFe204 nano ferrites for samples ()
calcined at 650 °C (b) at 750 °C and (c) at 850 °C.
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Figure (4.16): EDS spectra of Zng 3sMno ssFe2O4 nanoferrites for samples (a)
calcined at 650 °C (b) at 750 °C and (c) at 850°C.
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Figure (4.17): EDS spectra of Zng.4sMnossFe204 nanoferrites for samples ()
calcined at 650 °C (b) at 750 °C and (c) at 850°C.

4.2.5 Energy Dispersive Spectroscopy (EDS) of
Zno.4sMnos5Fe204/TiO2

Figures (4-18) show the EDS pattern of nanocrystalline Zny Mni.x Fe;O4
ferrites (x= 0.45) ferrites with mixed the TiO, NPs at different concentration (20%,
30%, 40%, 50%, and 60%). The relative atomic abundance of Zn, Mn, Fe, Ti and
O species present in the upper surface layers of specimens in the absence of any
contaminants. As shown in figure 4.18, the elemental compositions of
nanoparticles were studied using an energy dispersive spectroscopy (EDS) method
Initiated by an electron beam (10 keV). EDS analysis confirms the presence of Zn,
Mn, Fe, O, and Ti as major elements in the produced specimens. As the Ti mixing
concentration rises, the peak of Ti appears to rise. The weight ratios of Zn, Mn, Fe,
O, and Ti, as determined by EDS, as shown in figure 4.18 [123].
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Figure (4.18): EDS spectra of Zn.4sMno ssFe204 nanoferrites mixed with different
ratios of TiO, (a) 20%, (b) 30%, (c) 40%, (d) 50%, (e) 60%.

4.2.6 Fourier Transform Infrared (FT-IR) spectrum of (ZnxMng-
xFe204)/and ZnxMn1xFe204 /TiO:

The Functional Group Analysis, the absorpption peak strong, and the
compounds were determining by fourier transform infrared (FT-IR) spectrum of
prepared ZnxMni.xFe;O4 ferrite (x = 0, 0.15, 0.25, 0.35 and 0.45) at different
calcination temperatures (650, 750 and 850 °C). Figures (4-18, 4-19, 4-20, 4-21
and 4-22) present the FT-IR spectrum of pure MnFe,O, ferrite and doped with
different concentrations of zinc metal ZnyMni«Fe,O4 (x= 0.15, 0.25, 0.35 and
0.45) respectively, synthesized by sol-gel method.
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MnFe,O,4 ferrite sample shown in figure (4-18) has a regular spinel
MnFe,O4 structure, which is supported by the FT-IR spectrum. An absorption
broad band at 3480 cm? (bending mode of H,O) showed that MnFe;O4
nanoparticles have water molecules on their surfaces. It was found that stretching
vibrations of C=C were the cause of the very weak band at 2334 cm™, the existence
of energy absorbance on the MnFe,O4 nanoparticles' surfaces. At (465, 565), (444,
565) and (366, 478) cm™ of MnFe,Q,, the strong peaks represent the Fe—O and
Mn-O vibrations, respectively, of MnFe,O, structure at 650, 750, and 850 °C. It
gets the peaks became more strong and pure with increasing the calcination
temperature at 750 and 850 °C of MnFe,04 nanocomposite [124 - 125].

The FT-IR spectrum of ZnyMniFe;O4 ferrite nanocomposites at the
concentrations (x= 0.15, 0.25 and 0.35), as shown in figures (4-19, 4-20 and 4-21),
respectively. Analyses of 465-567-667, 1640 and 3420 cm-1 show that there are
multiple distinct peaks. Mn-O, Fe-O, and Zn-O bonds' vibrations in octahedral and
tetrahedral sites are also characterized by peaks in the 465-567-667 cm™ frequency
range. The FTIR data of the ferrite systems, which have a general spectrum at a
frequency of roughly 400-600 cm™, agrees well with these findings [126]. Another
study found that the C=C bending was a significant contributor to the vibration at
2338, and 2934 cm™ [127].

Figure (4-22) shows the FT-IR spectra of Zng2sMng7sFe204 ferrite
nanocomposites. The asymmetric and symmetric C=0O stretching modes are
responsible for the bands at 1,516 and 1,600 cm™, respectively, because metal ions
coordinate the citric acid's carboxylate groups. The absorption peak at roughly 444,
567, and 665 cm™ was clearly proven to be caused by the stretching of Fe—O, and
Mn-O, ZnO bonds [128 - 129].
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Figure (4.19): FT-IR spectrum of MnFe;O, ferrites prepared at different
calcination temperatures (650, 750, and 850 "C) using sol-gel method.
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Figure (4.20): FT-IR spectrum of Zng15sMnggsFe204 ferrites prepared at different
calcination temperatures (650, 750, and 850 ‘C) using sol-gel method.

65




Chapter Four Result and Discussions

—2Zny,sMn, ,.Fe,0, at 750 °C

X M \“ / TNy

] | / T

o ( J C = C

& | /Zn-0

‘..: A\ n

E “'"Mn-O

e I Fe-O _

s |l T TT——

= . -
N A //

248 613 978 1343 1709 2074 2439 2804 3170 3535 3900
Wavenumber (cm-?)

Figure (4.21): FT-IR of ZngsMng7sFe20s ferrite at different calcination
temperatures (650, 750, and 850 "C) by sol-gel method.
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Figure (4.22): FT-IR spectrum of Zng3sMngesFe204 ferrites prepared at different
calcination temperatures (650, 750, and 850 ‘C) using sol-gel method.
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Analysis of the adsorbent's functional groups was carried out using the
Fourier-transform infrared spectroscopy developed by BRUKER and the ALPHA
model at a range of 400 to 3800 cm™. Because each band belongs to a distinct
group, the functional groups and the numbers assigned to them can be determined,
as illustrated in figure (4-23) [130]. Figure (4-23) shows the FT-IR spectrum of
pure TiO, nanoparticles and Zng4sMngssFe2O4 mixed with different ratios (20%,
30, 40, 50, and 60 %) of TiO, nanoparticles, which was calcined at 500 °C to study
the produced Zno4sMnossFe,O, ferrite nanocomposite. The peak at 1641 cm™,
2344 cm™ is indicative of the bands in the TiO, substance, whereas the peak at 500
cmt to 600 cm™ is indicative of metal Fe-O, Mn-O and Zn-O bonds [131].

Zng 4sMn, ..Fe,0, at 850 °C
Zng 4sMn, ..Fe,0, at 750 °C
Zng 4sMn, ..Fe,0, at 650 °C
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Figure (4.23): FT-IR spectrum of Zn4sMngssFe;O4 ferrites prepared at different
calcination temperatures (650, 750, and 850 ‘C) using sol-gel method.
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Figure (4.24): FTIR spectrum of Zng4sMngssFe,O4 mixed with different ratios of
TiO, (20%, 30%, 40%, 50% and 60%) respectively.

The absorption peaks strong of prepared ZngssMngssFe 04 at different
calcination temperature was determined by the FT-IR spectrum peaks, to be (500
to 600 cm™) at the temperature (650, 750 and 850 °C) respectively, as shown in
table (4-4), and (4-5), which shows the FT-IR calculations of created ZnyMn;.
«Fe204. It gets that the crystalline size slightly increased with raising the
calcination temperature and the zinc content which is the common behavior of all
synthesized material, attributed to the appearance of the peak with increase the
calcination temperature and the zinc content, and this is corresponded with the
measured FT-IR spectrum [132-133].
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Table (4.4): FT-IR measurements of ZnyMn1.xFe>O4 with different content of zinc metal
(x=0, 0.15, 0.25, 0.35 and 0.45) at different calcination temperatures.

Material Temp. The strong band Compounds Absorption
°C (cm) types regions
650 444 Fe-O fingerprint region
MnFe204 750 565 Mn-O fingerprint region
850 478 Mn-O fingerprint region
650 465 Fe-O fingerprint region
Zno.asMno. 750 567 Mn-O fingerprint region
8sFe204
850 667 Zn-0O fingerprint region
650 465 Fe-O fingerprint region
Zno2sMn. 750 567 Mn-O fingerprint region
75Fe204
850 667 Zn-0 fingerprint region
650 465 Fe-O fingerprint region
Zno.ssMno. 750 567 Mn-O fingerprint region
65F€204
850 667 Zn-0 fingerprint region
650 444 Fe-O fingerprint region
Zno.ssMno. 750 567 Mn-O fingerprint region
s5Fe204
850 665 Zn-0 fingerprint region
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Table (4.5): FT-IR measurements of Zno4sMnossFe2O4 mixed with different content of TiO:

Material The strong band Compounds Absorption
(cm) types regions

500 Fe-O fingerprint region
Zno.4sMnossFe204/TiO2 550 Mn-O fingerprint region
(20%) 600 Mn-O fingerprint region
Zno.4sMnossFe204/TiO2 500 Fe-O fingerprint region
(30%) 550 Mn-O fingerprint region
600 Zn-0O fingerprint region
500 Fe-O fingerprint region
Zno.4sMnossFe204/TiO2 550 Mn-O fingerprint region
(40%) 600 Zn-0 fingerprint region
Zno.4sMnossFe204/TiO2 500 Fe-O fingerprint region
(50%) 550 Mn-O fingerprint region
600 Zn-0 fingerprint region
1641 Ti-O bending rocking
Zno.4sMnossFe204/TiO2 1641 Ti-O bending rocking
(60%0) 1641 Ti-O bending rocking

4.3 Magnetic Characterization

4.3.1 Vibrating Sample Magnetometer (VSM) analysis 0f (ZnxMni-xFe204)
and ZnxMnixFe204 /TiO2

ZnyMny4Fe,O4 ferrite (x = 0, 0.15, 0.25, 0.35, and 0.45) were analyzed by
VSM to determine the magnetization versus field M (H) at (650, 750, and 850 °C).

70




Chapter Four Result and Discussions

Figures (4-25, 4-26, 4-27, 4-28 and 4-29) show VSM analysis of pure MnFe;O4
ferrite and doped with different concentrations of zinc metal ZnyMn;xFe 04 (X=
0.15, 0.25, 0.35, and 0.45) prepared by using sol-gel method. It was also possible
to produce the hysteresis loop of the (MnFe,O,) ferrite using VSM at 300 K by
applying magnetic field from -15 to + 15 KOe to the material figure (4-25) (a-b).
Using three different temperatures (650, 750, and 850 °C), it was observed that the
saturation magnetization (Ms) values were (0.81 emu/g, 9.39 emu/g, and 0.80
emu/qg), respectively. This information is useful for recurrent magnetic separation.
These results indicate that the prepared material exhibits diamagnetic (DM)
behavior, as shown in figure 4-25 (a-b) and table (4-6). The values of remanence
magnetization (Ms) and coercivity (Hc) were (17 Oe, 27 QOe, and 75 Qe),
respectively, indicating that the prepared material exhibits diamagnetic behavior
[134 - 135].

It has been observed that the magnetization is opposed to the applied
magnetic field in the MnFe,O, ferrite indicating that these samples possess
paramagnetic behavior [136]. The magnetic behavior of the MnFe;O. ferrite
indicates that there is a mixture of diamagnetic (DM) and ferromagnetic (FM)
phases, where the diamagnetic phase dominates. It is obvious that the saturation
magnetization decrease rapidly with increasing the temperatures (750, and 850 °C)
of samples, as shown in figure (4-25), indicating that the ferromagnetism arises
rapidly [137].

In addition, the hysteresis loop of the (ZnxMni.xFe;04) ferrite (x= 0.15, 0.25,
0.35, and 0.45) was obtained using VSM at 29, 26, and 81 K by applying a
magnetic field of between -15 and +15 KOe to it (Figure 4-25, 4-26, 4-27 and 4-
28) and table (4-7, 4-8, 4-9 and 4-10). The saturation magnetization (Ms) values
were found to be (0.86 ,12.57, 3.1, and 8.159 emu/g) at (650 °C), (1.52, 3.3, and
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0.789 emu/qg) at (750 °C), and (1.37, 5.9, and 0.8 emu/g) at (850 °C), respectively,
which is suitable for the repetitive magnetic separation of materials at high
temperatures. This material exhibits super-paramagnetic behavior, as evidenced by
its remanence magnetization (Ms) and coercivity (Hc) measurements of (17.5, 10,
and 2.5 Oe) at (650 °C), (16.3, 17.5, and 80 Oe) at (750 °C), and (57, 31, and 95
Oe) at (850 °C) [138].

The magnetic characteristics of the produced samples have been evaluated at
room temperature using a vibrating sample magnetometer (VSM) in the applied
filed ranging of —15 to +15 kOe. Hysteresis plots illustrating the variation of
magnetization (Ms, emu/g) as a function of applied magnetic field (H, Oe) were
plotted for produced nanocrystalline MnyZn; «Fe;O4 (x = 0.15, 0.25, 0.35, and
0.45) powders are shown in figure (Figure 4-26, 4-27, 4-28 and 4-29) and table (4-
7, 4-8, 4-9 and 4-10). Zn-Fe,O, is a soft magnetic material, and when Zn?*in Zn-
Fe,O4 is substituted by Mn?* ions, there is a severe change in the magnetic
properties such saturation magnetization (Ms), remanent magnetization (Mr) and
coercivity (Hc) as illustrated in figure 4-27 (a—b). Until x = 0.15, the Ms of the
MnyZn;xFe,O,4 nanoparticles grew steadily with a rise in Mn?* content; however,
as the concentration of Mn?* climbed above 0.15, the Ms decreased fast (as shown
in 4-25, 4-26, 4-27, and 4-28). Because both Mn?* and Zn?* ions are non-magnetic,
the Ms of MnxZn,<Fe,O, ferrite depends on the distribution of Fe3* ions among

the tetrahedral and octahedral lattice locations.
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Figure (4.25) (a-b): VSM analysis of MnFe,O, ferrites calcined at different
temperatures (650, 750, and 850 “C).
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Figure (4.26): VSM analysis of ZngisMnggsFe.O4 ferrites calcined at different
temperatures (650, 750, and 850 “C).
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Figure (4.27): VSM analysis of ZngzsMng7sFe O, ferrites calcined at different
temperatures (650, 750, and 850 “C).
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Figure (4.28): VSM analysis of Zno3sMngesFe 04 ferrites calcined at different
temperatures (650, 750, and 850 “C).

Because the Zng 45 MnossFe204 ferrite was made, you need to look at it to see

how it works. If you want to do this, you can look at Figure 4-28. It shows the
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VSM analysis of Zng4sMnossFe,04 mixed with different amounts of TiO,. All of
the samples had hard magnetic properties, which can be seen. Figure 4-30 also
shows that the saturation magnetization (MS) and remanent magnetization (Mr) of
the ternary nano-hybrid increases with rarer earth ions (Ti) in it. The sample with
the highest remanent and coercivity magnetizations was the one with the rarest
earth ions in it. People who make zinc ferrites think that the terbium ions (Ti) will
go into the octahedral spots because they are so big. Table 4-7 shows the
coercivity, remanence, and saturation magnetization values of the samples that
were used [139].

Using VSM at 28, 27, 23, 4 and 6 (emu.Oe.g?) K, a hysteresis loop of the
(ZnyMn;. Fe,04 ferrite) (x=0, 0.15, 0.25, 0.35, 0.45) TiO, mixed with different
ratios (20%, 30%, 40%, 50% and 60%) of TiO, nanoparticles was achieved by
applying a magnetic field of between -15 and +15 KOe to it figure (4-30). Using
these saturation magnetization (Ms) values, it was possible to repeatedly separate
materials at high temperatures of (650 °C), (750 °C), and (850 °C), with Ms values
of (4.7), (4.05), (3.7), (0.84), and (0.73) emu/g. Measurements of its remanence
magnetization (Ms) and coercivity (Hc) is (5.75), (6.5), (6), (95), and (8) show that

this material is super-paramagnetic [139].
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Figure (4.30): VSM analysis of (a) Zng 4sMng ssFe204 mixed with different ratios of
TiO; (20, 30, 40, 50 and 60%) respectively.

Table (4.6): VSM measurements of MnFe>O4 calcined at different temperatures (650, 750, and
860) °C.

Temp Hc Mr (emu/g) Ms (emu/g) Mr/Ms nB K (emu.Oe.g?)
(Oe) (Ms)
650 17 0.01 0.81 0.0218 0.029 60
750 27 0.95 9.39 0.1012 0.334 26
850 75 0.02 0.80 0.0286 0.029 63
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Table (4.7): VSM measurements of Zno.1sMno gsFe204 mixed with different content of zinc metal
and calcined at different temperatures (650, 750, and 860) °C.

Temp Hc Mr (emu/g) Ms (emu/g)  Mr/Ms nB K (emu.Oe.g?l)
(Oe) (Hs)
650 100 0.03 0.86 0.0350 0.0310 89
750 75 0.02 1.02 0.0196 0.0365 80
850 70 0.02 1.06 0.0190 0.0379 77

Table (4.8): VSM measurements of Zno.2sMng.gsFe204 mixed with different content of zinc metal
and calcined at different temperatures (650, 750, and 860) °C.

Temp Hc (Oe) Mr(emu/g)  Ms(emu/g) Mr/Ms nB K (emu.Oe.g?)
(Us)
650 17.5 0.022 12.57 0.0018 0.057 29
750 16.3 0.015 1.52 0.0095 0.055 26
850 57 0.030 1.37 0.0220 0.049 81

Table (4.9): VSM measurements of Zng.3sMno7sFe204 mixed with different content of zinc metal and
calcined at different temperatures (650, 750, and 860) °C.

Temp Hc Mr (emu/g) Ms (emu/g)  Mr/Ms nB K (emu.Oe.g?l)
(Oe) (Ms)
650 10 0.034 3.1 0.0109 0.1123 32
750 17.5 0.103 3.3 0.0311 0.12 61
850 31 0.600 5.9 0.1020 0.213 190

Table (4.10): VSM measurements of ZngssMngssFe;O4 mixed with different content of zinc metal and
calcined at different temperatures (650, 750, and 860) °C.

Temp Hc Mr (emu/g) Ms (emu/g) Mr/Ms nB K (emu.Oe.g1)
(Oe) (18)
650 2.5 0.073 8.159 0.0090 0.297 21
750 80 0.017 0.789 0.0215 0.0287 66
850 95 0.019 0.8 0.0238 0.029 79
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Table (4.11): VSM measurements of Zno.4sMnossFe204 mixed with different content of TiOa.

Sample Hc Mr Ms Mr/Ms nB K
(Oe) (emu/g) (emu/g) (emu.Oe.g

(1B) 1)

20% 5.75 0.07 4.7 0.015 0.15 28
30% 6.5 0.086 4.05 0.020 0.12 27
40% 6 0.06 3.7 0.016 0.10 23
50% 5 0.004 0.84 0.005 0.02 4
60% 8 0.01 0.73 0.013 0.017 6

4.4 Electrical Characterization

4.4.1 Electrical Properties of (ZnxMn1xFe204) and ZnxMn1-xFe204 /TiO:
4.4.1.1 Dielectric constant

The LCR meter carried out to investigate the values of different dielectric
parameters such as the dielectric constant (¢'), the loss factor (&), the dielectric
loss tangent tan 6 and cac of prepared ZnxMn;xFe.O, ferrite (x = 0, 0.15, 0.25,
0.35 and 0.45) at different calcination temperatures at (400, 600 and 800 °C).

The frequency dependent dielectric characteristics of (MnFe20.) ferrite were
examined at varied operating temperatures at (400, 600 and 800 °C) in frequency
range from 200 KHz to 2 MHz. The change in the values of different dielectric
characteristics such as €, €”, tan 6 and cac by increasing the temperatures Of
MnFe,O4 nanoparticles at (400, 600 and 800 °C), were determined, compared and
explained. When the sample is subjected to the external applied electric AC-field,
the energy stored in the sample is represented by the real part of the dielectric
constant (&"). Koop’s theory and Maxwell-Wagner model were utilized to describe
the dielectric phenomenon in ferrites as well as in ferrites at various applied
frequencies, as shown in figure (4-31) and table (4-12). For various applied
frequencies, Koop's theory and the Maxwell-Wagner model were utilized to
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explain the dielectric phenomena in ferrites [140]. In accordance with Koop's idea,
a dielectric material is made up of conducting grains and non-conducting grain-
boundary regions. Electrons can hop over grain boundaries in the presence of an
external applied field. There are fewer electrons that can travel from the grains to

the grain borders as the frequency increases [141].

ZnyMny.4Fe,O, ferrite at concentrations (x= 0.15, 0.25, 0.35, and 0.45) are
shown in figures (4-32, 4-33, 4-34 and 4-35) and Table (4-13, 4-14, 4-15 and 4-16)
accordingly. Figures (4-32, 4-33, 4-34 and 4-35) show the temperature dependence
of the dielectric constant (¢') for ZnyMn;.xFe>O4 ferrite at four fixed frequencies
(200 KHz, 500 kHz, 1 MHz, 1.5 MHz and 2 MHz). The (¢') increases with
temperature at all frequencies, as can be seen in the figure (4-33, and 4-34). A rise
in dielectric constant and loss as a function of rising temperature [142]. There are
four distinct ways in which the dielectric constant of ferrite material can be
attributed: interfacial, dipolar, electronic and ionic. Low-frequency polarizations,
such as interfacial and dipolar, are very temperature dependent. The buildup of
charge carriers at the grain boundary causes interfacial polarization. Charge
carriers (electrons and holes) become more thermally activated and wander faster
when the temperature rises. A rise in dielectric constant with rising temperature is
a result of the increased electron hopping caused by this [143]. For the purpose of
studying the Zno.4sMng ssFe204 ferrite nanocomposite calcined at 500 °C, Figure 4-
35 shows the electric properties of pure TiO2 nanoparticles and Zng.ssMng ssFe2O4
combined with different TiO, nanoparticle ratios (20%, 30%, 40%, 50%, and 60
%). Figure 4-36 depicts the variation of dielectric constant (¢") at room temperature
for all samples. Low frequency (&) measurements showed larger values due to the
existence of space charge, dipolar and ionic as well as electronic polarizations.

When TiO, was doped with Zng 4sMno ssFe204, the dielectric constant dropped due
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to interfacial charge transfer at room temperature in the low-frequency zone. With
Zn substitution, a rapid drop in dielectric constant (¢’) was seen in the low-
frequency zone because of a smaller grain size and an entirely different
polarization process. There are three factors that contribute to the polarization of
nanomaterials: charge transfer between localized states, dipole displacement in
response to applied fields, and space charge polarization. According to Koops,
grain boundaries have a greater impact at lower frequencies. Thickness of TiO;
grain boundaries decreases the polarization and dielectric constant (¢') of
Zno.4sMng s5Fe204 loaded onto TiO,, as demonstrated in figure (4-36) and table (4-
17) [144].
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Figure (4.31): Frequency dependence of real part (¢) of MnFe,O, ferrite at
different calcination temperatures (400, 600, and 800 C).
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Figure (4.32): Frequency dependence of real part (¢") of Zno1sMngssFe204 ferrite
calcined at different temperatures (400, 600,and 800 "C).
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Figure (4.33): Frequency dependence of real part (¢") of Zno2sMno 75Fe204 ferrite
calcined at different temperatures (400, 600,and 800 “C).
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Figure (4.34): Frequency dependence of real part (¢") of ZnossMngesFe 04 ferrite
calcined at different temperatures (400, 600, and 800 C).
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Figure (4.36): Frequency dependence of real part (¢") of TiO2 Zno4sMnossFe204
mixed with different ratios of TiO, (20, 30, 40, 50 and 60%) respectively.

4.4.1.2 Dielectric loss

It is the imaginary component of the dielectric constant (g"), which is
obtained from conductance (G) measured experimentally, that represents the

energy absorbed by the sample when subjected to an external applied field.

The variation in €” with frequency from 200 KHz to 2 MHz at different
temperatures from 400, 600, and 800 °C for (MnFe,O4) samples is shown in Figure
(4-37) and table (4-12) [145].

Figures (4-38, 4-39, 4-40 and 4-41) and table (4-13, 4-14, 4-15 and 4-16)
presents the electric properties of ZnyMn;.xFe.O4 ferrite at the concentrations (x =
0.15, 0.25, 0.35 and 0.45) correspondingly. The significant energy dissipation in

the material can be blamed for the rise in (¢") with increasing temperature for all of
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these samples. There were greater values of (¢") at lower frequencies, which fell as

the frequency increased and became linear at higher frequencies.

Figure (4-42) and table (4-17) shows the LCR meter readings of pure TiO;
nanoparticles and Zno 4sMng ssFe204 with varying TiO, nanoparticle ratios calcined
at 500 °C for the research of the ZngssMngssFe;O4 ferrite nanocomposite (20%,
30%, 40%, 50%, and 60 %).

The greater values of (") at relatively low frequency may be attributable to
the contribution originating from both the conduction and relaxation losses[146].
At higher frequencies, the relaxation losses are the only causes of dielectric loss. It

is also found that (&") grows with greater conducting [146].
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Figure (4.37): variation of (¢”) with f (Hz) of MnFe,O, ferrite calcined at different
temperatures (400, 600, and 800 “C).
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Figure(4.38):variation of (¢”) with f (Hz) of Zno15sMnossFe2O4 ferrite calcined at
different temperatures (400, 600,and 800 ‘C).
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Figure(4.39):variation of (¢”) with f (Hz) of Zno2sMno 75Fe2O4 ferrite calcined at
different temperatures (400, 600,and 800 °C).
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Figure(4.40):variation of (¢”) with f (Hz) of Zno3sMnoesFe2O4 ferrite calcined at
different temperatures (400, 600,and 800 °C).
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Figure (4.41):variation of (¢”) with f (Hz) of Zng.4sMngssFe.O4 ferrite calcined at
different temperatures (400, 600,and 800 °C).
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Figure (4.42): variation of (¢") with f (Hz) of TiO, with Zng4sMng ssFe204 mixed
with different ratios of TiO; (20%, 30%, 40%, 50% and 60%) respectively.

4.4.1.3 Dielectric loss (tan J)

Figure (4-43) and table (4-12) depicts the frequency dependence of the loss
tangent (tano) for each sample. The aggregate contribution of charge carriers in the
material led to a tiny all aberrant behavior for all samples at lower frequencies.
There were distinct peaks in the loss spectra, which indicated the presence of
relaxing dipoles in each sample. However, the Mn-Fe,O, samples had a
significantly greater tangent loss peak frequency than the pure sample. In order to
calculate the dielectric loss factor (the amount of energy dissipated in the material),
the equation (4-2) is used [147].

Figures (4-44, 4-45, 4-46, and 4-47) and tables (4-13, 4-14, 4-15 and 4-16)
shows the change in tand for (Zn\Mn;xFe2O4) samples at the concentrations (X =
0.15, 0.25, 0.35 and 0.45), correspondingly with applied frequencies ranging from
(200 to 2) MHz and temperatures ranging from 400, 600, and 800 °C. At 200 Hz,
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the plots in the inset revealed the change in (tand). T, which suggested a drop in
tand with the increase in T (tand) began to drop with rising frequency and became
linear at its lowest values for all samples at higher frequencies. Since the
polarizability of (Zn«Mni«xFe,O4) ferrite increased with temperature, the value of
tand decreased, indicating that the energy retained was greater than the energy lost
[148].

To investigate the Zng 4sMng ssFe204, the Dielectric loss or dissipation factor
(tan 8) with frequency measurements of pure TiO2 nanoparticles, as well as
Zno.4sMno s5Fe204 with various TiO, nanoparticle ratios, are shown in figure (4-48)
and table (4-17), (20%, 30%, 40%, 50%, and 60 %).

The movement of free charge carriers causes dielectric loss, which is the
dissipation of electrical energy. Figure 4-48 shows the fluctuation of dielectric loss
or dissipation factor (tan 6) with frequency as a function of Zng 45Mng s5Fe204/TiO-
nanocomposite loading. The dielectric loss increases in direct proportion to the
drop in frequency. It's because there is longer time for the free charge carriers to
pass across the network. As a result, more energy is available for dissipation factor
(tan 9) in this scenario. Nanocomposite ZngssMngssFe,04/TiO, loaded increases

the (tan 6) values in general [148]
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Figure (4.43): variation of tand with f (Hz) of MnFe,O4 ferrite calcined at different
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Figure (4.45):variation of tand with f (Hz) of Zng2sMng 7sFe204 ferrite calcined at
different temperatures (400, 600, and 800 “C).
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Figure (4.46):variation of tand with f (Hz) of Zng3sMngesFe2O4 ferrite calcined at
different temperatures (400, 600, 800 °C).




Chapter Four Result and Discussions

0.09 ——T=400"°C
—— T=600 °C
0.08 4 ——T=2800°C
0.07
0 0.06
o
@
'_
0.05
0.04
0.03
0.02 ; ; ; )
0.0 500.0k 1.0M 1.5M 2.0M
Frequency (Hz)

Figure (4.47):variation of tand with f (Hz) of Zng4sMngssFe2O4 ferrite calcined at
different temperatures (400, 600, 800 ‘C).
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Figure (4.48): variation of tand with f (Hz) of TiO2, with Zng4sMngssFe204 mixed
with different ratios of TiO2 (20%, 30%, 40%, 50% and 60%) respectively.
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4.4.1.4 AC conductivity

The electrical conductivity (o) was calculated from the experimental data of
the imaginary part (¢") of dielectric permittivity according to (cac = 2nfeo & ),
where gy IS the permittivity of vacuum, eqo the dielectric permittivity and v is the
measurement frequency. At low frequencies (below 1 MHz), the dielectric
permittivity and the electrical conductivity of composites are strongly dependent

on Mn-Fe,Q4 concentration.

Figure (4-49) and table (4-12) displays the AC conductivity as a function of
frequency of MnFe;O, nanocomposite. The AC conductivity of MnFe,O,4 showed
an upward trend in the complete frequency range tested. Generally, the electrical
conductivity of mix nanocomposites depends on the synergistic effect of the filler

dispersion and blend morphology [149-152].

Figure (4-50, 4-51, 4-52, and 4-53) and tables (4-13, 4-14, 4-15 and 4-16)
shows the variation of the AC conductivity as a function of frequency for the
samples at different temperature (400, 600, and 800) °C. It was observed that, in all
the samples, the AC conductivity was constant up to 100 kHz but increased steeply
thereafter, as in disordered materials such as the change in the AC conductivity for
(ZnxMny.<Fe,O4) composite samples at the concentrations (x = 0.15, 0.25, 0.35 and
0.45), correspondingly with applied frequencies ranging from (200 to 2) MHz and
temperatures ranging from (400, 600, and 800) °C [153].

Figure (4-54) and table (4-17) shows the AC conductivity readings of pure
and Zno.4sMng ssFe204 with varying TiO, nanoparticle ratios calcined at 500 °C for
the research of the Zng.4sMng ssFe2O4/ TiO; ferrite nanocomposite (20%, 30%, 40%,
50%, and 60 %) [154-155].
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The AC conductivity of the ZngssMnossFe,O4/ TiO, ferrite was further
lowered by TiO, addition at higher frequencies. As the particle size fell, the
surface-to-volume ratio increased and substantial surface scattering occurred,
which resulted in a reduction in the electronic conductivity [156-157]. The
increased conductivity at higher frequencies confirms the short-range intrawell
hopping of charge carriers between localized states. As a result of TiO, loading,
conductivity was found to be reduced because the effective number of charge
carriers dropped [158-160].
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Figure (4.49): The AC conductivity of MnFe,O4 ferrite calcined at different
temperatures (400, 600, and 800 “C).
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Figure (4.50): The AC conductivity of ZngisMnggsFe O, ferrite calcined at
different temperatures (400, 600, and 800 “C).
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Figure (4.51): The AC conductivity of Zng2sMng7sFe2O4 ferrite calcined at
different temperatures (400, 600, and 800 “C).
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Figure (4.52): The AC conductivity of ZngssMngesFe,O, ferrite calcined at
different temperatures (400, 600, and 800 “C).
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Figure (4.53): The AC conductivity of ZngssMngssFe2O4 ferrite calcined at
different temperatures (400, 600, and 800 “C).
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Figure (4.54): The AC conductivity of ZngssMngssFe,Os mixed with different
ratios of TiO, (20, 30, 40, 50 and 60%) respectively.

Table (4.12): LCR dielectric parameters ("), (¢'), (tan 8) and (oa) of MnFe,O4 for
samples calcined at different calcination temperatures (400, 600, and 800) °C.

Frequency Dielectric Parameters 400 °C 600 °C 800 °C
200 KHz é 48.96 84 51.22
g 4.27 2.93 4.28
tan ¢ 0.09 0.06 0.08
Gac X107 5.82 3.81 5.72
500 KHz é 46.87 46.6 49.68
g 2.74 1.79 2.46
tan ¢ 0.06 0.04 0.05
Gac X107 8.7 5.7 7.82
1 MHz é 45.8 45.8 49.26
g 2.34 2.05 2.25
tan ¢ 0.05 0.04 0.05
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6acxX10° 1.38 0.121 0.133

1.5 MHz é 45.78 45.6 48.99
g 1.93 1.49 1.76

tan ¢ 0.04 0.03 0.04

6a X10° 1.67 0.129 0.152

2 MHz é 46.53 46.3 49.67
g 1.64 1.15 1.52

tan ¢ 0.03 0.02 0.03

Gacx10® 1.83 0.138 0.17

Table (4.13): LCR dielectric parameters (¢"), (¢), (tan o) and (cac) of
Zno.15sMno gsFe204 nanocomposite for samples calcined at different temperatures
(400, 600,and 800) °C.

Frequency Dielectric 400 °C 600 °C 800 °C
Parameters
é 50.94 47.9 4951
g 4.16 3.33 2.68
200 KHz tan ¢ 0.08 0.07 0.05
GacX10° 5.66 4.45 3.53
é 48.89 46.7 48.25
g 2.90 2.14 1.60
500 KHz tan ¢ 0.06 0.05 0.03
Gac X107 9.25 6.82 5.11
é 47.71 46.2 47.71
g 2.81 1.96 1.79
1 MHz tan ¢ 0.06 0.04 0.037
Gac X107 1.66 0.115 0.106
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é 47.57 46.2 47.68

g 2.01 1.50 1.43

1.5 MHz tan ¢ 0.04 0.03 0.03
6acx10° 1.73 0.13 0.12

é 48.19 46.8 48.36

g 1.76 1.29 1.15

2 MHz tan ¢ 0.036 0.027 0.02
Gacx10® 1.96 0.144 0.128

Table (4.14): LCR dielectric parameters (¢"), (¢), (tan o) and (cac) of
Zno.2sMno 75Fe204 nanocomposite for samples calcined at different temperatures

(400, 600, and 800) °C.

Frequency Dielectric 400 °C 600 °C 800 °C
Parameters

é 48.90 52.2 47.07

g 7.87 3.41 2.99

200 KHz tan ¢ 0.16 0.07 0.06
GacX10° 1.07 5.03 4.09

é 45.80 50.4 45.77

g 4.67 2.45 2.04

500 KHz tan ¢ 0.10 0.05 0.04
Gac X107 1.49 7.80 6.49

é 44,59 49.5 45.27
g 3.67 2.37 2.07

1 MHz tan ¢ 0.08 0.05 0.04
Gac X107 2.17 0.14 0.12
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é 44.45 49.6 45.33
£ 3.05 1.78 1.35

1.5 MHz tan o 0.07 0.04 0.03
Gac X105 26.4 0.154 0.117

é 44.2 49.9 45.93

£ 2.72 1.65 1.07

2 MHz tan 2 0.06 0.03 0.02
Gac X105 30.3 0.18 0.12

Table (4.15): LCR dielectric parameters (¢"), (¢), (tan o) and (cac) of
Zno.35sMnoesFe204 nanocomposite for samples calcined at different temperatures
(400, 600, and 800) °C.

Frequency Dielectric 400 °C 600 °C 800 °C
Parameters

é 47.95 50.4 46.68

g 2.99 3.67 1.85

200 KHz tan ¢ 0.06 0.07 0.04
6acXx10”® 4.08 6.38 2.52

é 46.55 48.6 45.63

g 2.33 2.59 1.21

500 KHz tan ¢ 0.05 0.05 0.03
6acXx10® 7.41 8.81 3.86

é 45.71 47.3 45.16
g 2.27 2.60 1.12
1 MHz tan ¢ 0.05 0.05 0.02
6acX10® 1.34 0.16 6.59

é 45.57 47.1 45.08
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g 1.77 1.69 1.17

1.5 MHz tan ¢ 0.04 0.04 0.025
6acx10° 15.3 0.17 0.10

é 45.15 48.2 45.63

g 1.44 1.59 0.95

2 MHz tan ¢ 0.03 0.03 0.02
Gacx10® 1.61 0.18 0.11

Table (4.16): LCR dielectric parameters (g”), (¢), (tan 6) and (cac) of
Zno.4sMnossFe204 nanocomposite for samples calcined at different temperatures
(400, 600, and 800) °C.

Frequency Dielectric 400 °C 600 °C 800 °C
Parameters

200 KHz é 48.69 48. 6 47.03
g 2.47 3.74 2.97

tan ¢ 0.05 0.08 0.06

Gacx10° 3.36 6.06 4.04

é 47.39 47.7 46.16

g 1.93 2.65 1.69

500 KHz tan ¢ 0.04 0.06 0.04
Gac X107 5.18 8.42 5.36

é 46.89 46.6 45.63

g 1.54 2.37 2.15

1 MHz tan ¢ 0.03 0.05 0.047
Gac X107 1.15 0.14 0.13

é 46.70 47.2 45.63

g 1.35 1.70 1.29
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1.5 MHz tan ¢ 0.03 0.04 0.03
6acx10° 1.17 0.15 0.11

é 47.46 47.5 46.34

g 1.18 1.45 1.12

2 MHz tan ¢ 0.02 0.03 0.02
Gac X10° 1.31 0.161 0.124

Table (4.17): LCR dielectric parameters (¢”), (¢), (tan 6) and (cac) of
Zno.4sMng s5Fe2,04 nanocomposite mixed with different content of TiO,.

Frequency Dielectric 20 % 30 % 40 % 50% 60%
Parameters

é 41.76 46.13 48.89 53.17 53.31

200 KHz g 6.61 8.97 9.82 8.07 9.70

tan ¢ 0.16 0.19 0.2 0.15 0.18

Gacx10° 1.50 2.04 2.23 1.83 2.21

é 36.30 39.04 41.28 47.82 46.80

500 KHz g 2.00 2.19 2.09 1.95 2.06

tan ¢ 0.06 0.06 0.05 0.04 0.04

GacX10° 6.37 6.99 6.67 6.19 6.55

é 35.57 38.25 40.55 46.97 45.98

1 MHz g 1.89 2.19 1.92 1.98 191

tan ¢ 0.05 0.06 0.05 0.04 0.04

6acXx10® 11 13 11 12 11.3

é 35.41 38.47 40.68 47.16 46.15

1.5 MHz g 1.32 1.45 1.42 1.46 1.58

tan ¢ 0.04 0.04 0.03 0.03 0.03

Gac X107 11.4 12.5 12.2 12.6 13.7
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é 36.17 39.13 41.29 47.98 46.45
2 MHz g 1.18 1.27 1.42 1.36 1.43
tan ¢ 0.03 0.03 0.03 0.028 0.03

6acx10° 13 14 16 15 16

4.5 Conclusions:

ZnxMny.xFe,;0, ferrite and ZnyMn;«xFe,O4/TiO, nanocomposites (x = 0, 0.15,
0.25, 0.35 and 0.45) sccessfully synthesized at different calcination temperatures
(650, 750 and 850 oC) using Sol-Gel method. These nanostructure used to study
the structure, magnetic, and electrical properties. This method having
characterisitic like, very simple, cost low, eco-friendly with which the method can
be scaled up economic viability with high-quality products of different
nanostructures.

According to the presented results in this work, it can be concluded the following
points:

1-The XRD patterns referred that the crystalline growth of MnFe,O, ferrite was in
the same cubic crystal structure at the different temperatures.

From figure 4-5 on can observed that at the concentration of zinc metal (x=0.45), a
pure single-phase cubic spinel ZnyMn;.xFe,O4 structure was obtained with space
group (Fd-3m no. 277), crystal dimensions (a = b = ¢ = 8.438 °A) and crystal
angles (o= =7y =90°).

2- It’s also note the coalescence of adjacent grains with each other due to the
increase in the concentration of TiO,. The particle size measured using FE-SEM
micrographs is larger than the XRD data estimates.

3-The FT-IR calculations of created ZnyMni.«Fe,O,. It gets that the crystalline size
slightly increased with raising the calcination temperature and the zinc content
which is the common behavior of all synthesized material, attributed to the
appearance of the peak with increase the calcination temperature and the zinc
content, and this is corresponded with the measured FT-IR spectrum.
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4- With Ms values of (4.7), (4.05), (3.7), (0.84), and (0.73) emu/g. Measurements
of its remanence magnetization (Ms) and coercivity (Hc) is (5.75), (6.5), (6), (95),
and (8) show that this material is super-paramagnetic.

5-The change in the values of different dielectric characteristics such as €', €”, tan 6
and o, by increasing the temperatures of ZnyMn;.xFe,O4 nanoparticles at (400, 600
and 800 oC), were determined, compared and explained.

6-This method having characterisitic like, very simple, cost low, eco-friendly with
which the method can be scaled up economic viability with high-quality products
of different nanostructures. Magnetically flexible ferrites are used in cores for
transformer windings, electric motors, and transceiver antennas, In HF technology,
in the construction of antennas and in parts for moderators, In headphones for
electronic recording equipment, video equipment, and hard disks,and Stealth and
camouflage technology (ferrites absorb radar waves).

4.6 Future works:

The excellent results obtained in this work impel us to offer some suggestions
for the development of future studies such as:

1. Synthesis of ZnyMni.xFe,O4 ferrite nano composite NPs in vacuum and using
microorganisms to get a clean sample. Preparing of ZnyMni.«Fe;O4 ferrite
nanocomposite NPs by hydrothermal and microwave irradiation method with
comparing results. Synthesis of metal oxide using chemical methods and study
applications in removal heavy metals.

2. Discovery could be targeted for the promising potential applications including
metal alloys industry, drug delivery, transistors, and treatment of cancer tissue .

3. Studying of optoelectronic applications such as solar cell and photodetector for
ZnyMny4Fe,O4 ferrite nanocomposite NPs/PS samples that prepared in this
research.

4. ZnyMnixFe,04/TiO, NPs using as doping copper materials by electrolyte
solution during prepare porous silicon and their results are compared with current
work.
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5.Viral novel green approaches methods for synthesizing NPs using different

natural sources such as algae, bacteria, and fungi extracts and evaluation of their
catalytic activity.
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