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ABSTRACT

In the present study, BaTiOs;+CuFe,O, composite materials were
synthesized using sol-gel auto combustion chemical method, in which pre-
synthesized Barium Titanate was combined with the copper ferrite, using
Titanium oxide, Barium nitrate, Ferric nitrate , Citric acid, Copper nitrate
Tri hydrate and ammonium solution. BaTiOz was burn on (800°C) for
3hour then it out the oven and mixing in strung again, put in crucible and
burned at 1200°C and cooled at room temperature. CuFe,O4 was burned in
(200-220°C) and cooled at room temperature, then Calcine at (400°C) for
three hours. This process was repeated to obtain ferrimagnetic and
ferroelectric composites [xBaTiOs;+(1-x)CuFe,O4] with different weight
fractions (x=0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1) .Then composite
powders with different weight, burn each mix at 800°C for three hours.
Then composite powder with different weight percent were milled and
pressed into pellets 1.2cm, and then darken at 950°C for three hours.

The Structural, electrical and dielectric properties of BaTiOs;+CuFe,Q,
composite materials nanopowders have been studied using FTIR, XRD,
AFM, SEM and LCR-meter analysis.

FTIR-spectra of BaTiOs+CuFe,O, composite materials powders calcined
at deferent temperatures (950°C) where shown Fourier transform infrared

model barium titanate nanoparticles prepared having packets within the

scope of the (522 cm 1) to (547 cm 1) belonging to the association of

Aoxgen- metal (titanium), it featured packages within the scope of the (459
cm 1) to (584 cm 1) belonging to the association of oxygen - a

metal (copper), as well as packages have emerged within the range (550-




600 and 400-450cm™) belonging to the association of oxygen - a metal

(titanium - copper)..

The chemical phase analysis that has been used X-ray diffraction
measurement device XRD confirms be copper ferrite (CuFe;O, spinel
powder), Barium Titanate (Barovskait) and materials overlapped between
them. Where the study of X-ray diffraction showed that the crystal size
increases with increasing temperature calcination powder (copper ferrite).
While finding that the crystal size increases with the concentration of
Barium Titanate decrease concentration (copper ferrite) and also found that
the lattice constant decreases (at least) with the increase concentration
Barium Titanate. The theoretical ferrite powder density decreases with
increase Barium Titanate content.
From SEM micrographs, cobalt ferrite showed particle size is less than
100nm, also noted an increase in the particle shapes with increasing
calcination temperatures. AFM figures proved that the particle size is very
small, homogeneous and in the range of nano size.
Electric and dielectric properties were studied in all pelletized and sintered
samples at temperature 950°C, and the frequency range of (50 Hz — 5MHz).
AC Resistivity of all samples (sintered at 950°C) have been measured as
a function of frequency and found it decreases with increase in frequency.
Dielectric constant (g;), the loss tangent ( tand ) and the loss factor (g,) are
calculated from capacitance data, and showed that the dielectric
parameters decreases with increasing frequency. This behavior is typical of
ferrites as explained by Koop’s model, conductivity increased with increase
Barium Titanate content in BaTiOs;+CuFe,O, composite  materials,
dielectric loss were change between increase and decrease with increase

Barium Titanate, while conductivity increases with frequency increase.
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Chapter One Introduction

1.1 Introduction

The science of nanotechnology is the study of the phenomena and
processed materials in terms of the balance of atomic, molecular and
molecules, these characteristics an significantly different from those on a
large scale in the advantages [1]. The reason that makes sense to regulate
nanotechnology as a separate category is that materials, nanotechnology
work differently from bulk materials [2], as the basis of nanotechnology
depended on the rearrangement of atoms to make new molecules with new
specifications and planned. Nano-scale material appears properties that
differ from the properties in micron-sized bulky due to the large surface
area [3]. When the specific surface area increases, rates of interaction of
particles increase. This means that the inverse proportionality between
particle size and specific surface area. Nano-size materials particle be few
compensation atoms compared to bulk particles and this leads easily to link
the materials. Nano-sized materials possess little surface stability and
average highest binding energy per atom because of low consistency [4, 5].
The goal of knowing the nanotechnology and how to be entered in the field
of manufacturing including devices and systems with accurate sizes and
compositions for generating important functions and characteristics of new
and better results shows us this technical feature [6]. There are many
applications for nanotechnology and we can set then at figure (1-1).
Recently, many applications depended on magnetism and magnetic
materials, [7] and one of the materials has electrical and magnetic
properties are ferrites. Ferrites are polycrystalline magnetic oxides that can
be described by the general chemical formula "XO ¢ Fe,O3" in which X is
a divalent ion such as Co?* or Mn?* [8]. In new fields, many applications

found for ferrites in nanocrystalline form like magnetically guided drug
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delivery, magnetic resonance imaging (MRI), catalyst, humidity and gas

sensors. [9-11]

Optical
Engineering &
-~ Communicatio

Metallurgy
& Materials
Defense &
Security
Energy
storage

Biomedical &
Drug delivery
Agriculture
& Food
Cosmetlics
and Paints

Biotechnology

Fig (1-1): Applications of nanotechnology
One of the important categories of types of ferrite is copper ferrite which
Is a good magnetization, coercive force is high contrast and high magnetic
field (HA) as well as premium chemical constancy and also corrosion
resistance [12] .copper ferrite powder with a tight particle size distribution
Is to be a benefit of the media as the registration of high density and lack
of size because it is usually desirable to dramatically increase the
absorption of information storage and limit the issuance of the medium fuss
[13, 14]. The copper ferrite is an inverse spinel with the general formula
CuFe,O4, where the Cu*2commute some of the iron cations in the structure
[15, 16] . Its structure is like the magnetite, so far with partly various of
chemical and physical properties due to the existence of copper. The metal
was found in an uncovered ore dump, on the monarchy of Consolidated
Rambler Mines confined near Baie Verte, New found land[17, 18]. It can
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be used in a large number of applications like gas sensing ,catalytic,Li-ion
batteries,high density magnetoelectric register devices, colour imaging,
bioprocessing, magnetic refrigeration and ferrofluids[19-24]. Moreover,
CuFe,O4 conduct it isa major significance dueto high thermal stability,
high electric conductivity and high catalytic efficiency for O, progression
from alumina—cryolite system used for aluminum fabrication [25]. Barium
titanate is a ferroelectric oxide is subject a transition from a ferroelectric
tetragonal phase to a paraelectric cubic phase when heating above 120 °C
due to its low loss and high dielectric constant characteristics. It has been
used in applications, like capacitors, multilayer capacitors doped
barium titanate has been found a wide application in PTC theorist and
piezoelectric devices semiconductors, semiconductors, and has become
one used of the most important ferroelectric ceramics[26,27]. There is a
new class of physical properties of composite materials called "product
Properties”. After the notion of productive property as submited from
before Van Suchtelen, a proper combination of magnetostrictive material ,
piezoelectric material can allow altitude to the magneto-electric effect.
The composites exhibiting a magneto-electric impact are described as
magneto-electric composite. Its impact in such composites leads to
the strain induced at the ferrite juncture being mechanical
connected to a stress induce in  the  ferroelectric
juncture. Conjugation results in an electrified voltage [28,29].Ferrites are
mixed metal oxides with iron(lll) oxide as main component. Ferrites
crystal in three crystal types: spinel (cubic crystal structure where MeYaFe,
Mn, Mg, Ni, Zn. Cd, Co, Cu, Al or a mixture of these), garnet (cubic crystal
structure where Me%sY, Sm, EU, Gd, Th, Dy, Ho, Er, Tm.or Lu) and
magnetoplumbite type (hexagonal crystal structure where MeY.Be or Sr)
[30]. Preparations and properties of a bulk composite such as BaTiOs—
NigsZngsFe204, PLZT— NigsZngsFe;04, BaTiO3—CoFe;04, XNiFe,04—(1-

4
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x)BaTiOz have been recently reported [30,31]. The main problem in
preparing of these composite materials is possible reaction at the interfaces
between the ferroelectric and magnetic phases during sintering. Therefore,
the optimization of sintering process should be performed in order to obtain
di-phase composite material of desired composition. The preparation
method and properties of composite materials containing barium titanate
(BT) as a ferroelectric phase and Copper ferrite (CF) as a magnetic phase
Is presented in this work.

As a matter of fact, there have been a few attempts made to overcome this
obstacle, such as spark plasma sintering technique,[32]. FM/FE core-shell
precursors and powder in-soil wet chemistry method. [32,33]. They are
either expensive or relatively complicate. More importantly, for Pb-free
FE/FM composites (e.g., BaTiO3z based composites) those often require
high calcination temperature and thus possess high inter-phase reactive
activity, their effects are so far not as good as those observed in Pb(ZrTi)Os

based composites[32-35]

1.2 Literature review

A composite made from two or more constituent materials with a
difference of chemical properties or physical when collecting articles and
so material it produces different properties of individual components as the
individual substances shall be separate and distinct within the final
composition and be a favorite for many reasons, and advantage materials
are stronger and lighter and also less expensive compared to traditional
point of view[36]. Many of the earlier researchers may have collected

articles for various compounds as the following :
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In 2000, MAHAJAN et al [37], studied dielectric behavior,
conductivity and magneto-electric effect in copper ferrite—barium titanate
composites. Composites of CuFe,O, and BaTiO3; were prepared using a
conventional ceramic double sintering process. The presence of both
phases was confirmed by X-ray diffraction. The variations of resistivity
and ( thermo emf) with temperature in these samples were studied. All the
composites showed ( n-type) behavior. The variation of dielectric constant
(el)) in the frequency range was between 100 Hz to 1 MHz and with the
temperature at constant frequency were studied. The conduction
phenomenon was explained on the basis of a small Polaron mobility model.
Also confirmation of this phenomenon was made with the help of A.C
conductivity measurements. The static value of the magneto-electric
conversion factor, i.e. d.c. (ME) ywas studied as a function of intensity of
the magnetic field. The maximum value of the ME coefficient has been

observed in 75% phase Ferroelectric compound.

In 2002, MAHAJAN et al [38], studied dielectric behavior and
magnetoelectric effect in cobalt ferrite CoFe,O,— BaTiO3; composites and
their electrical properties. Cobalt Ferrite(CF) combining with Barium
Titanate(BT) composites were prepared using( conventional ceramic
double sintering methods) with various compositions by using
measurements (XRD,L.C.R meter). It was confirmed that presence of two
phases in composite materials using( X-ray diffraction). The D.C
resistivity, A.C conductivity, dielectric constant (¢[]) and loss tangent tan
(6)and thermo emf as a function of temperature in the temperature range
300 K to 600 K were measured. Where the frequencywas between ranged
100 Hz to 1 MHz and also with the temperature at a constant frequency of

1 KHZ has been studied. It was discussed the nature of conductivity on the
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basis of a small Polaron mobility model. The study has a fixed value of the

magneto-electric conversion factor as a function of magnetic field.

In 2003, Arya et al. [39], studied dielectric behavior properties of
nanometer sized( Barium Strontium Titanates(BST)) prepared by( the
polymerization citrate precursor method). Since these oxides were found
with a cubic structure, which is retained until after heating at 800 °C.
Particle size is almost nanoscale reasonably stable. They found that the
dielectric constant of sintered of these oxides decreases from 510 for
BaTiO3( BT) to 190 for SrTiO3(ST) at 100 KHz.

In 2004, Xiwei Qi et al [40], studied dielectric behavior, magnetic and
electric properties of ceramic ferroelectric—ferromagnetic
composite(xPMZNT:(1 —x) NiCuZn), in which x varies as (0, 0.1, 0.2, 0.4,

0.6, 0.9, and 1.0) using a standard ceramic technique.

In 2005, J. G. Wan et al [41], studied structure,magnetic and electric
properties of Magneto-electric CoFe,O4,—Pb(Zr,Ti)O3 composite thin films
.The Magnetoelectric (ME) CoFe,O,—Pb(Ti, Zr)Oz; composite thin films
have been prepared by a spin-coating technique and sol-gel motheds and
spin-coating technique . The use of X-ray diffraction and scanning electron
microscopy was noted that there is a gathering of atoms and the separation
of the phases of the Pb(Zr, Ti)Os; and CoFe,O,4 phases in the thin films.
Ferroelectric test unit, Vibrating sample magnetometer , and
magnetoelectric measuring device were used to describe the ferroelectric
and magnetic properties, likewise the ME effect of the films. It turns out
that each of the films exhibit magnetic properties of ferroelectric good, as
well as the impact of ME. It is noted the initial presence of magnetoelectric

high voltage coefficient of the film.
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In (2007) , Cui et al [42], prepared Nb-doped BaTiOs; nanocrystalline
powders and ceramics by a simple sol—gel process, using H3[Nb(O,)4] as a
precursor. The powders and ceramics were characterized by XRD, SEM
and TEM, while dielectric properties of the ceramics were also determined.
The results indicated that the powders synthesized by sol—-gel process were
In nanometer scale, which were mainly composed of cubic BaTiO3; with
small amount of BaCO:s.

In 2007, A. KUMAR RAY [43],studied the synthesis and
characterization of BaTiO3; powder prepared by combustion synthesis
process. This study described a simple low temperature combustion
synthesis method of barium titanate powders. XRD diffraction pattern of
BaTiO; calcined in air at (600,700,800,900°C),the peaks become sharped
and the phase pure BaTiO3 is found at 900°c through citrate precursor
method. Further, the oxidation of citrate precursor by HNO; was
accompanied by the evolution of CO,, NO, and water vapour and the gas
evolution helped the product to result in a fine-grained structure. Citric acid
and HNOs presented in the solution play the key role for the synthesis of
shaped barium titanate at a low temperature. The average particle size of
BaTiO; at different temperatures was calculated using Scherrer's formula
and it was found to be around 24nm. Scanning electron micrograph of this

powder considerable amount of a nanorod formed.

In (2008),Ramajo et al. [44], synthesized and studied BaTiO3; powder
from the Pechini method. The synthesis of BaTiOg starts at 150°C by the
thermal dehydration of organic precursors. The usual inevitable formation
of barium carbonate during the thermal decomposition of the precursor
could be retarded at lower calcination temperatures and optimized heating
rates. The organic precursors were treated at temperatures between 200 and
400-C. Samples were then calcined at 700 and 800 -C for 4 and 2 h,
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respectively. The resulted ceramic powders were characterized by
gravimetric and differential thermal analyses, X-ray powder diffraction
and infrared spectroscopy. It was found that depending on the heating rate
and final temperature of the thermal treatment, high amounts of BaCO; and
TiO, could be present due to the higher concentration of organics in the
final calcination step.

In 2008 Habib et al. [45], synthesized and studied barium titanate
(BaTiO3) nanopowder using two TiO, powder precursors with different
particle sizes and barium hydroxide via hydrothermal route. They studied
the effect of temperature, time and particle size on barium titanate using
transmission electron microscopy (TEM), scanning electron microscopy
(SEM) and X-ray diffraction (XRD) techniques. TEM observation of low
reaction temperature samples (60°C) supports in situ transformation or
short range dissolution precipitation reaction mechanism. The fine grained
TiO, (~25 nm) precursor reacted faster than coarse grained TiO, (~110-
125 nm) precursor. The phase of the obtained BaTiOs in all samples was
found to be cubic.

In 2008, K. Kamishima et al [46], studied the simple process
synthesis of BaTiOs—(Ni,Zn,Cu)Fe,O, Ceramic Composite. Ceramic
composites (2Ni 0.41 Zn 0.41 Cu 0.18 Fe, O, —BaTiO3 ) were successfully
prepared by a direct solid-state reaction of raw materials (BaCOs , CuO, a-
Fe,03, NiO, TiO; , and ZnO). The X-ray diffraction (XRD) and electron
probe micro analysis (EPMA) measurements were performed on these
samples and it is confirmed that the composites consist of spinel ferrite and
BaTiO3; phases. The composites are so homogeneous that the ferrite and
BaTiOj3 grains do not react with each other and have radius in the range of
1-5 pm. Hexagonal BaTiO3 ( h -BaTiO3 ) can be made in this composite
form with a sintering temperature of 1200 °C, although h -BaTiO3 can be
usually synthesized above 1460 °C. The freezing-point depression of

9
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BaTiO; takes place due to the mixing with the spinel ferrite, which may

result in the formation of h -BaTiOj3 at a low temperature of 1200 °C,

In 2010, Ramana et al [47],studied and prepared the ferromagnetic-
dielectric NigsZnosFe; 904—0/PbZros2Tio4sO3 particulate composites
electric, magnetic, mechanical, and electromagnetic properties.Novel
ferromagnetic-dielectric particulate composites of NigsZnosFe; 9504
(NZF) and PbZr0.52TiO.4803(PZT) were by using the conventional
ceramic method. The presence of two phases in composites was confirmed
by XRD technique. The variations of dielectric constant with frequency in
the range of 100 kHz-1 MHz at room temperature and also with
temperature at three different frequencies (50 kHz, 100 kHz, and
500 kHz) were studied. Detailed studies on the dielectric properties were
done to confirm the magnetoelectric interaction between the constituent
phases may that be resulted in various anomalies in the dielectric behaviour
of the composites. It is proposed that interfaces play an important role in
the dielectric properties, causing space charge effects and Maxwell-

Wagner relaxation, particularly at low frequencies and high temperatures.

In 2011, Khamkongkaeo et at [48], studied frequency-dependent
magnetoelectricity of CoFe,O,—BaTiO3 particulate composites. CoFe,0;-
BaTiO; particulate composites were prepared by wet ball milling
method,and their magnetoelectric (ME) effect was studied as a function of
their constituents and modulation frequency. The results show that the ME
coefficient increases as a function of modulation frequency from 400 to
1000 Hz and the ME characteristics of ME curves are also modified
because the electrical conductivity of the CoFe,O, phase is sensitive to the
increase in frequency between 400 and 1000 Hz. The third phase BazFe,Os
formed during the sintering tends to reduce the ME effect.
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In 2012, Bhuiyan et al [49],the Synthesis and Characterization of
Barium Titanate (BaTiO3;) Nano particle. Barium titanate (BaTiO3)
nanoparticles were synthesized via an electrochemical route from Ti metal
plate at room temperature. Structural, compositional and optical
properties were characterized by XRD, SEM, EDX, FTIR, UV- Vis and
photoluminescence (PL) spectroscopy. TheX-ray diffraction (XRD)
confirmed the preferential growth of BaTiO3; nano particles that width is
~15 nm in the (110) orientation. The SEM image shows the synthesized
BaTiO3 were nanowires in shape. The EDX measurements confirm that
the composition of the samples was Ba, Ti and O elements. UV — V is
Spectroscopy shows absorption peak at ~330 nm. PL measurements reveal

an intense and broad band at around the green colour emission region.

In 2012, Joshi et al [50], studied the synthesis and dielectric behavior
of nano-scale Barium Titanate. In this study, an effort has been made to
synthesize nano-scale barium titanate powder by sol-gel and hydrothermal
methods. Characterization of the synthesized Barium Titanate is conducted
by using X-ray diffraction for crystallite size, Transmission Electron
Microscopy for particle size and scanning electron microscopy for surface
morphology. It is observed that the powders prepared by Sol-gel and
hydrothermal routes have almost similar average crystallite size of 34 + 2
nm. Electrical properties such as dielectric constant, dielectric dissipation
factor and electrical resistivity have also been measured. Hydrothermal
process has enabled the synthesis of material with higher dielectric
constant of 4000 compared to the Sol-gel route value of 1600. The
dielectric dissipation factor is measured and found to be less 0.3 than a

wide range of frequencies for powders generated using both processes.

In 2013, Bochenek et al [51],studied the Ferroelectric—Ferromagnetic

composites based on PZT type powder and ferrite Powder. A ferroelectric-
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ferromagnetic composites based on PZT powder have been obtained in
presented work. The main aim of combination of ferroelectric and
magnetic powders was to obtain material showing both electric and
magnetic properties. Ferroelectric ceramic powder (in amount of 90%) was
based on the doped PZT type solid solution while magnetic component of
the composite was nickel-zinc ferrite Nis.x ZniFe,O4 (in amount of 10%).
The synthesis of components of ferroelectric-ferromagnetic composite was
performed using the solid phase sintering. Final densification of
synthesized powder has been done using free sintering. For obtained of
ferroelectric-ferromagnetic composites the XRD, the microstructure, EDS,
dielectric, magnetic, internal friction and electrical hysteresis loop
investigations were performed. Obtained results showed the correlations
between the magnetic subsystem and the electrical subsystem of the
ferroelectric-ferromagnetic composites. Such properties of obtained

composites give the possibility to use them in memory applications of new

type.

In 2014, Haffer et al [52],studied the synthesis notion of a
nanostructured of BaTiOs/ CoFe,O, composite across multiferroics. The
mixture of a periodically ordered, nanostructured composite consisting of
BaTiO3(BT) and CoFe,O4(CF) was presented. In a first step, mesoporous
CoFe,O4(CF)was prepared by the structure, replication method
(Nanocasting) using [Mesoporous KIT-6 silica as a structural fungus].
Subsequently, BT was created inside the pores of CF by the citrate route,
give rise to in a well - ordered composite material of jointly phases. The
two components are known for their distinct Ferroic properties, namely
Ferrimagnetism (CF) and Ferroelectricity (BF), on the ranking. Therefore,
this proof of synthesis concept offers new Point of views in the invention

of composite materials with Multiferroic properties.
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In 2015, Alexander et al[53],studied magnetic and crystal
properties of multiferroic composites [(X)MFe,O4 + (1-x)BaTiOs],where
(M = Ni, Co). Multiferroic composites of [(BaTiO3) 1.x + (CoFe,0y) x] with
x = 0.2, and 0.4[(1-x)BaTiO3 + (X)NiFe,O4 Jwith x = 0.2, 0.3 and 0.4
and[(CoFe,0y) x + (BaTiO3)1«] with x = 0.2, and 0.4 [(X)NiFe,O4 + (1-
x)BaTiOs] with x = 0.2, 0.3 and 0.4 have been synthesized by mixing
CoFe;04 (NiFe;04) spinel and BaTiOjs piezoelectric. Distribution of Co
(Ni) ions on 8a and 16d positions of the spinel lattice (space group F d-3m)
Is determined by (neutron powder diffraction). The Magnetic structure of
wave vector of the spinal structure is (k = 0). The dielectric permittivity of
the composites was measured in the frequency range (102 — 105 Hz).Where
the dielectric permittivity decreased with low frequencies from( ~940 for
x = 0.2 to ~360 for 0.4).

1.3 Applications of ME composites

The device, the electric composite is classified into three types based on
the magneto:

1) The device using ferroelectric and magnetic properties separately.
2) The device that employingthe magnetic and ferroelectric properties, but
without any ME interaction.

3) The device whose action is based on ME effect The Faraday phase
invertors operating in the microwave region, Also the reversing optical
modulators and the optical processors came under the devices of the
second type and the first type, which is not considered significant in the
present text. The third type of devices is based on the ME effect. It is the
tool for the conversion of energy from magnetic to the electric form. The
gyrator was proposed by Tellegen [54] using the ME materials, as well as
Austin suggested some species of an applications of ME material,

Respectively, Optical diodes, Amplification, ME data storage and
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switching, Spin wave generation, Modulation of amplitudes, polarizations

and phases of optical waves and Frequency conversion [54 ].

1.4 Objective of the reseach

1- Preparing BaTiOs, CuFe,O4 nanoparticle and composite [(BaTiO3z)x+
(CuFe;0,) 1x] with different composition where, x takes a value (0.1 to
0.9) by using sol-gel auto-combustion method.

2- Studying the structural properties using XRD, AFM, SEM and FTIR
for some powder that calcined at the different temperatures.

3- Studying the dielectric properties as a function of frequency in the

range 50 Hz-5MHz for all samples.
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2-1 Introduction

This chapter demonstrates the theoretical part which includes the
explanation of Multiferioc Materials it is defined as two or more of the
main ferroic orders like ferroelasticity,ferromagnetism and ferroelectricity
, the two previous being the most important. Although present technologies
incorporate both ferro-magnetic and -electric materials and have been for
a long time, no known materials presentation these properties at room
temperature . Hence BaTiO; and CuFe,O, were considered as suitable
constituents in terms of ferroelectric and ferrimagnetic properties. In spite
of no reports on BaTiOs;+CuFe,O, composite synthesized using sol-gel
auto combustion chemical method, we tried to synthesize and study
structural, and dielectric characteristics of this material system.This
BaTiOj3 is combined with CuFe,O, during its synthesis using sol-gel auto

combustion chemical method .

2-2 Ferroelectrics

It is a state of certain non-conducting crystals or dielectrics that when
an external electric field, cause reverse electrical polarity that shows the
crystal. Rochelle salt (KNaC4H4O¢*4H,0) is the first ferroelectric material
that was prepared more than 400 years ago. Firstly, because of easy
preparation of Rochelle salt made it interesting for the study, but its
solubility made it technologically barren [55] . Discovery of barium during
World War 1l was the first jump technology in ferroelectricity. Steatite,
mica, TiO2, MgTiO3 and CaTiO3 were used materials for capacitors before
the discovery of barium titanate, barium titanate was widely used for
capacitors due to the dielectric constant is more than 1100 and compared
to the previously reported materials is very high [56]. On the basis of

symmetry operations, the ferroelectricity of crystals were explained. 32
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different ways can be joined in symmetry operations, resulting in 32
different crystal classes.

The 32 point groups were categorized into: (a) Crystals with identical
center and contains 11 point groups that were assorted as centrosymmetric
and don't show polarity, (b) crystals without center of symmetry and
contains 21 point groups that were assorted as non-centrosymmetric, these
classes can be divided into two classes: piezoelectric and pyroelectric.
Ferroelectrics are subclass of piezoelectric and pyroelectric [57], have the
polarization identical to the polarization of pyroelectric but the variance
between them that the polarization of ferroelectrics is reversed through the
use of external electric field [58] . Four subcategories in the group of
ferroelectric materials: tungston Bronze, pyrchlore, layer structure and
pervskite group.

The mineral name of calcium titanate is perovskite, it has cubic
structure. Ferroelectricity is characteristics of compound with distorted
perovskite structure [59] .The ferroelectrics materials were had important
characteristic called ferroelectric Curie point (Tc). At a temperature above
Tc, the crystal does not exhibit ferroelectricity; on the other hand, when the
temperature is below Tc, the crystal exhibits ferroelectricity. If the
temperature decreases to Curie point, transition phase structural of
ferroelectric materials from a paraelectric to a ferroelectric and this
temperature of the phase transition called the Curie temperature Fig.2-1
[60,61]. Ferroelectric materials have many applications such as:

1- radio and communication filters.

2- ultrasonic transducers.

3- communication filters and radio.

4- medical diagnostic transducers and piezoelectric sonar.

5- ferroelectric thin film memories etc.[62,63].
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2-2-1 BaTiOs

Chemical formula: BaTiO;

. -0 Oxygen ‘ - A (Ba™ Barium) O - B (Ti™ Titanium)

Fig.2-1 Perovskite Structure[64]

2-2-1 -1 The prototypical Ferroelectric of BaTiO3
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The observation of ferroelectric behavior in BaTiOs; made it first and
probably the most extensively investigated of all ferroelectrics and is
basically due to the properties of its polymorphs. The discovery led to the
availability of dielectric constant (k) up to 2 orders of magnitude, greater
than that had been known before. Reasons that made BaTiO3, a curious
field of study:

e Relatively simple crystal structure

e Ferroelectric at room temperature (6c=120°C)

e Durable

e FEasily prepared in the form of thin film, single crystal, or

polycrystalline ceramic [65] .

2-2-1-2 Crystal Structure

The Ba?* and O* forms a face centered cubic arrangement with Ti**
occupying the octahedral interstices. BaTiO3 exhibits para-electricity and
an isotropic di-electricity due to the high symmetry of its cubic phase.
When cooled below Oc¢ , there is a change in structure from cubic phase to
distorted tetragonal with the displacement of positive and negative charge
centers within the sub-lattice as show in Fig.2. 2 [66]. Due to this, a dipole
moment parallel to one of the cubic axes of original phase arises and this
spontaneous polarization generated in the tetragonal structure leads to
piezoelectric and ferroelectric behavior.

Transformations:
Rhombohedral(<-90°C), Orthorhombic(<0°C), Tetragonal(<120°C),
Cubic(>120°C)
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Fig. 2.2: BaTiO3; Polymorphs showing direction of polarization [66]

However BaTiOj is rarely used in its pure form, solid-solution with
an iso-structural compound is used to broaden the Oc as well as shifting it
to the lower temperatures.

(Ex: solid solution of BaTiO3 and SrTiO3) [66].
The firing of BaTiO3 ceramics in an inert atmosphere (argon) , without
sacrificing densification can lead to a dramatic increase of both the

dielectric constant and dissipation factor of the samples[67].

2-2-1-3 Properties of BaTiO3

It is Ferroelectric,by inclusion ,piezoelectric and also para-electric
material as well as hysteresis loop for polycrystalline BaTiO3; ceramic has
a lower Pr and higher Ec than the single crystal. Fusion degree amounting
Is 1625°C and density is 6.02 g/cc. demeanor as tand and dielectric
changes with frequency. Proving that the high values of the dielectric
constant is in perfect stability to room temperature in the extent of high-
grading [66].

e Solid solution can be formed

e Grain size can be reduced
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e Induction of mechanical stresses in thin films
So study of all these aspects are of great importance to enhance the

applicability.

2-2-1-4 Applications of BaTiOs

BaTiO; being a dielectric ceramic is used for capacitors (Disk
capacitors, MLCC etc.). Also as a piezoelectric material it is used for
transducers and microphones. The Curie point of BaTiOgz is 120 °C and its
spontaneous polarization is about 0.15 C/m? at room temperature [68].
Polycrystalline BaTiO3 exhibits positive temperature co-efficient, making

it useful for thermistors and self-regulating electric heating systems.

2-2-1-5 Major Research on BaTiOs

The recent advances relating to electronic devices modeled from
BaTiO; show the trend of improved performance with continuous
miniaturization. For MLCCs, this means enhanced capacitance per unit
volume of the component. This can be achieved by increasing the number
of active layers to 200400 and by lowering the dielectric layer thickness
below 2-3um [69]. For capacitors, important properties such as break
down voltage and DC leakage are dependent on the pore defects, layer
thickness and grain size. The effective thickness of dielectric layer is
expected to be several, e.g. at least 3-5, grains. Therefore BaTiO3; powders
with particle size in nanometer- range, a large surface area with high
homogeneity are required to achieve good sinterability as well as fine

grained microstructure in sintered ceramics.
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2.3 Ferrimagnetic materials

In physics, a ferrimagnetic material is one that has populations of
atoms with opposing magnetic moments, as in antiferromagnetism;
however, in ferrimagnetic materials, the opposing moments are unequal
and a spontaneous magnetization remains[70]. This happens when the
populations consist of different materials or ions (such as Fe?* and Fe®").
Ferrimagnetism is exhibited by ferrites and magnetic garnets. The oldest
known magnetic substance, magnetite (iron (II, 111) oxide; Fez0,), is a
ferrimagnet; it was originally classified as a ferromagnet before Néel's

discovery of ferrimagnetism and antiferromagnetism in 1948 [71].

Some ferrimagnetic materials are YIG (yttrium iron garnet), cubic
ferrites composed of iron oxides and other elements such as aluminum,
cobalt, nickel, manganese and zinc, hexagonal ferrites such as PbFe;,019
and BaFe1,019, and pyrrhotite, Fe; S [72].

2.3.1 Effects of temperature

Ferrimagnetic materials are like ferromagnets in that they hold a
spontaneous magnetization below the Curie temperature, and show no
magnetic order (are paramagnetic) above this temperature. However, there
IS sometimes a temperature below the Curie temperature at which the two
opposing moments are equal, resulting in a net magnetic moment of zero;
this is called the magnetization compensation point. This compensation
point is observed easily in garnets and rare earth-transition metal alloys
(RE-TM). Furthermore, ferrimagnets may also have an angular
momentum compensation point at which the net angular momentum
vanishes. This compensation point is a crucial point for achieving high

speed magnetization reversal in magnetic memory devices [73].

2.3.2 Properties

22



Chapter two theoretical background

Ferrimagnetic materials have high resistivity and have anisotropic
properties. The anisotropy is actually induced by an external applied field.
When this applied field aligns with the magnetic dipoles, it causes a net
magnetic dipole moment and causes the magnetic dipoles to precess at a
frequency controlled by the applied field, called Larmor or precession
frequency. As a particular example, a microwave signal circularly
polarized in the same direction as this precession strongly interacts with
the magnetic dipole moments; when it is polarized in the opposite direction
the interaction is very low. When the interaction is strong, the microwave
signal can pass through the material. This directional property is used in
the construction of microwave devices like isolators, circulators and
gyrators. Ferromagnetic materials are also used to produce optical isolators
and circulators. Ferrimagnetic minerals in various rock types are used to
study ancient geomagnetic properties of Earth and other planets. That field

of study is known as paleomagnetism [73].

2.3.3 Molecular ferrimagnets

Ferrimagnetism can also occur in molecular magnets. A classic
example is a dodecanuclear manganese molecule with an effective spin of
S = 10 derived from antiferromagnetic interaction on Mn (IV) metal
centers with Mn (111) and Mn (I1) metal centers [74].

2.3.4 Copper ferrite

The Cu-Fe-O system is of long-standing interest in solid-state physics,
mineralogy, ceramics and metallurgy. By virtue of its magnetic and
semiconducting properties, copper ferrite (CuFe,O,) and its solid solutions
with other ferrites are widely used in the electronic industry [75]. Copper

ferrite is one of the important spinel ferrites MFe,O, because it exhibits
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phase transitions, changes semiconducting properties, shows electric
switching and tetragonality variation when treated under different
conditions in addition to interesting magnetic and electrical properties
with chemical and thermal stabilities [76]. It is used in a wide range of
applications in gas sensing [77], catalytic applications [79], Li-ion
batteries [80] high density magneto-optic recording devices, color
Imaging, bioprocessing, magnetic refrigeration and Ferro's fluids[81].
Moreover, CuFe204 assumes great significance because of its high
electric conductivity, high thermal stability and high catalytic activity for
O, evolution from alumina—cryolite system used for aluminum production
[82]. CuFe,O4 is known to exist in tetragonal and cubic structures. Under
slow cooling Cu-ferrite crystallizes in a tetragonal structure with lattice
parameter ratio c/a of about 1.06. Tetragonal phase of Cu-ferrite has an
inverse spinel structure with almost all Cu?* ions occupying octahedral
sublattice, whereas Fe®* ions divide equally between the tetrahedral and
octahedral sub lattices [83]. The tetragonal structure is stable at room
temperature and transforms to cubic phase only at a temperature of 360°C
and above due to Jahn—Teller distortion. The distortion is directly related
to the magnetic properties. The cubic structure possesses a larger magnetic
moment than that of the tetragonal one, because there are more cupric ions
(Cu?") at tetrahedral sites in a cubic structure as compared to that in the

case of tetragonal structure [84].

2-4 Multiferroism

The expression multiferroism has been described materials that two or
all three of ferroelectricity, ferromagnetism and ferroelasticity happen in
the same phase [85]. This means that the materials have a spontaneous
magnetization, polarization and deformation which can be reoriented by

an applied magnetic field, electric field and applied stress respectively.

24



Chapter two theoretical background

The simultaneous presence of these three or even two in the selfsame step
are rarein nature. In spite of magnetism and ferroelectricity resort to
preclude one another, there are several methods in which these properties
reside and such systems are known as magnetoelectric [86,87]. A
magnetoelectric materials has a casual magnetization that can be converted
by using magnetic field, a casual polarization that can be converted by
using electric field and often conjugation amidst the two. This has unlock
a modern usherette route in technology where we have extra degree of
freedom for manipulating the job [88,89] .Mostly in store materials
ferroelectric polarization and magnetization are exercised to encode duple
input of FeERAMs and MRAMSs. Hence these amalgamations of FeERAMSs
and MRAMs offers a non-volatile magnetic stock pilling arrangement
because it exercises alow-power electrical write procedure and non-
destructive magnetic read procedure. Relationship between multiferroic
and magnetoelectric materials obtained .The nickel iodine boracite was
chiefied magnetoelectric material reported [90].

Later on, many multiferroic boracite composie have been prepared [91,92].
However all of them have complex structures with many atoms and more
than one formula unit per unit cell.

Generally, the multiferroics are categorized in two groups: (1) type |
multiferroics[86]. This group of Multiferroics contains those perovskite in
which ferroelectricity and ferromagnetism have different sources (cations
at A-site and B-site respectively). Type | Multiferroics are further
classified in many subclasses on the basis of origin of ferroelectricity,
ferroelectricity due to shifting of B-cation [86]. ferroelectricity due to lone
pairs [87],ferroelectricity due to charge ordering[89],and geometric
ferroelectricity [90]. (2) Type Il Multiferroics (Magnetic Multiferroics) the

materials in which the ferroelectricity is originated from magnetism and
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implies strong magnetoelectric coupling [86], this type divide in two

categories. spiral type [87] and collinear magnetic structures [92].

2-5 Ferri-ferro composites

Ferroelectric/ferrimagnetic (FE/FM) composite ceramics are of much
interest due to their outstanding and tailorable multiferroic properties in
comparison with rare single-phase multiferroics[93-96].They may be
utilized to develop various multifunctional devices such as magnetoelectric
and inductance-capacitance (LC) integrated devices[93-96]. However, in
these co-fired systems, detrimental interfacial interaction between the two
phases usually takes place, rendering the intrinsic properties of both phases
significantly deteriorated[96]. For example, impurities are easily formed in
FE/FM ceramics due to inter-diffusion of atoms and interfacial
reaction[96-99]. Such interaction would induce high concentrations of
defects in both phases, which contributes considerably to the high
conductivity and dielectric loss (tand) of FE/FM composite ceramics
prepared by traditional ceramic method[99]. Besides, it is also considered
as one of the most important causes those are responsible for the much
lower experimental magnetoelectric property of FE/FM composite
ceramics than that predicted[96]. Obviously, it is critical to improve the
chemical compatibility of the constituent phases at high temperatures and
depress effectively the unfavorable interfacial interaction in order to
obtain highquality FE/FM composite ceramics[99-103].

As a matter of fact, there have been a few attempts made to overcome
this obstacle, such as spark plasma sintering technique,[103]. FM/FE core-
shell precursors and powderin-sol wet chemistry method.[104-106].
They are either expensive or relatively complicate.

More importantly,for Pb-free FE/FM composites (e.g., BaTiO3 based

composites) those often require high calcination temperature and thus
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possess high inter-phase reactive activity, their effects are so far not as
good as those observed in Pb(ZrTi)Osbasedcomposites[103-106].
For instance, BaTiO3s/NigsZnosFe,04 (BTO/NZFQO) ceramic composites
prepared by these methods exhibit low permittivity (100-500 at 1 kHz)
and/or high tangent loss (0.2 at 1 kHz) when NZFO content is around
0.3[105,106].Therefore, their dielectric/electric properties need to be
further improved or recovered.In this paper, a simple method that takes
advantage of nano ferrite precursors synthesized by combustion method is
demonstrated to be substantially valid to recover the outstanding intrinsic
dielectric/electric properties of BaTiOs/NigsZnosFe,0, composites
through introducing interfacial barrier for conduction as well as for ionic
inter-diffusion. As a matter of fact, it has been reported the dielectric loss
and conductivity of single NZFO ceramics can be significantly reduced by
taking such NZFO fine powders as precurcors.[107].It was attributed to
fine grain size and interfacial amorphous phase formed which acts as
barrier for hopping conduction between NZFO grains. Thereafter, we
considered it would be also contributable most probably to recover the
electric properties of BTO/NZFO ceramic composites, which are typical
FE/FM composite ceramics needing calcination at relatively high

temperature.

2-5-1 Electrical properties of spinel ferrites

Spinel ferrites materials have low electrical conductivities when
compared to other magnetic materials and hence they find wide use at
microwave frequencies. Spinel ferrites, in general are semiconductors with

their conductivity lying in between 10> and 10 Ohm? cm™. The
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conductivity is due to the presence of Fe?* and the metal ions (Me®**). The
presence of Fe?" results in n-type behaviour and of Me* in p —type
behaviour. The conductivity arises due to the mobility of the extra electron
orther positive hole through the crystal lattice. The movement is described
by a hopping mechanism, in which the charge carriers jump from one ionic
site to the other. In such a process the mobility of the jumping electrons or
holes are found to be proportional to KT where E- the activation energy,

k-Boltzmann’s constant, T- the temperature in degree absolute.

2-5-2 Dielectric properties of spinel ferrite

The dielectric property of ferrite is important to physicists. These
properties are not constant; they can change with frequency, orientation,
mixture, and pressure and molecule structure of the material. A material is
said to be dielectric if it has the ability to store energy when an external
electric field is applied. If an ac sinusoidal voltage source is placed across
the same capacitor, the resulting current will be made up of a charging
current and a loss current that is related to the dielectric constant. Here we
are interested only in the dielectric constant (£€) of the material and the loss
(tand) . Dielectric constant (¢) describes the interaction of a material with
an electric field. The relative dielectric constant is given by equation &=

€ / g0 .The complex relative dielectric constant is given by equation (2-1).

Where & is the dielectric constant of free space, which is equal to
8.854 x 1012 f/m .The real part of dielectric constant (&) is a measure of
how much energy from an external electric field is stored in a material.
The imaginary part of the dielectric constant (&) is called the loss factor
[108].
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2-5-3 Composition and structure of ferroelectrics
2-5-3-1 Chemical composition

The group of compounds which can be described by the general formula
ABO; has the type designation E2; where the B ions of smaller radius are
surrounded by the anions in a octahedral form and A ions of larger radius

have 12 —fold co-ordination with anions. Unit cell is as shown Fig 2.3.

2-5-3-2 Crystal structure of ferroelectrics

Structure of ferroelectrics is Perovskite. It structures consist of 12
coordinated A*2 atoms on the corner, octahedral (O~) ions on the faces and
the tetrahedral B** in the center. The simple cubic perovskite structure of
ABOs; and its unit cell is as shown in fig 2.3(a). Depending on ionic radii
and polarizibilites, pervoskite family may belong to the cubic, tetragonal,
rhombic and monoclinic crystal system. According to the geometric

requirement of Goldsmith (1927), pervoskite structure can only be formed

when correlation, t= exist between the ionic radius. Here, the

rd+r
V2(rA+10)
tolerance factor has value 0.85<t<1.05,for cubic structure,but 0.8>t<1.3 for
orthorombic the ratio of ionic radius is 0.41< % <0.73 and % >0.73

where ra ,rg and ro are radius of A ,B and O atoms respectively.
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. - 0" Oxygen . - A(Ba" Bartum) - B0 Tutanwam )

Fig 2-3: The simple cubic perovskite structure of ABO; and its unit cell

Tertragonal BaTiOs; ,Tc= 1200  Ti-displacement=0.125A Ti-O short
=1.83A,Ti-O long= 2.21A , Ba** displacement=0.067A. BaTiOs is one of
the first simple structures to exhibit compounds with ferroelectric
properties and is still probably the most important ferroelectric prototype.
Perovskite structure has the curious property that the central tetrahedral
B** atoms do not touch its coordination neighbors in violation of Pauling
rule. This allows small displacement of the distortion of the structure and
the reduction of symmetry giving rise to ferroelectricity. The perovskite
cubic structure and ferroelectric tetragonal of barium titanate is as shown
in fig2.3. In perovskite structure BaTiO3,barium are located at corners, the
titanium ion is located at the center and oxygen ions are located at the face
center of the cubic lattice cell .Each barium ion is surrounded by 6 oxygen
ions and each oxygen is surrounded by 4 barium and 2 titanium ions.
Barium titanate is in its tetragonal (ferroelectric) phase at room

temperature and will transform into cubic (paraelectric) phase above its
Curie temperature (Tc =1200°C). In tetragonal ferroelectric two types of

domain in boundaries exist at 90° and 180° [109].
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2-5-3-3 Electrical properties

Ferroelectric semiconductors display a number of properties not
inherent in common semiconductors owing to the spontaneous polarization
and to the phase transition at Curie temperature [110]. One of these
properties is the posistor effect (PTC effect) that shows up a growth in
resistivity of a ferroelectric material with temperature when it passes from
the ferroelectric phase into paraelectric phase. Ferroelectric materials are
bad conductor but when temperature increases conductivity increases

according to relation which is characteristics of semiconductor.

Where, 6 = the conductivity K= a material constant, T=the

temperature in deg K, E= the activation energy. It is interest to note that
the activity in energy of conductivity of the non-polar paraelectric state
(1.75eVV=40cal/mole) substantially exceeds that of a crystal in the
ferroelectric state (1.15eV=26cal/mole) [111].

2-5-3-4 Dielectric properties of ferroelectrics

ferroelectric has been defined as a dielectric having spontaneous
polarization which can be reversed in sign. It must have polar structure
with no center of symmetry. In changing the direction of polar axis the
structure must pass through an intermediate polar stage and the polar
structure is a distortion of this more symmetrical form. The structure of
ferroelectric material becomes less distorted as the temperature increases
and undistorted at and above a temperature called the Curie point. The
dielectric susceptibility (x €) of a dielectric material is a measure of how
easily it polarizes in response to an electric field. The dielectric constant

(¢') of the material is defined as the constant of proportionality relating an

electric field E to the induced dielectric polarization P such that P=¢g.X <E
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where &, is the dielectric constant of free space The susceptibility of a
medium is related to its relative permittivity (&) by relation, x e= g-1. Foe
vaccum x .= 0 and electric displacement D is related to the polarization
density P [112].

Dielectric constant (g) IS a combined contribution of four

polarization:atomic polarization (e;), ionic polarization (g;), dipolar
polarization (g4) and space charge (&s)[113]. Thus e=est+eitestes All

of the useful properties of ferroelectric ceramics are related in some
manner to their response with an electric field, the electrical behavior of
these materials is important to their successful application in dielectric,
piezoelectric, pyroelectric, or electro optic devices. Ferroelectrics are, in
general, characterized by (1) higher dielectric constants (200-10000) than
ordinary insulating substances. (2) Relatively low dielectric loss (0.1%—
7%) (3) High specific electrical resistivity (>102Q-cm) [114].
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3-1 Introduction

This chapter includes practical steps for the preparation three series of
spinel ferrites samples with general formula [xBaTiO3;+(1-xX)CuFe,O4] by
(using sol-gel auto combustion chemical method), also this chapter
includes the explanation method of measurements for the study of the
physical properties, and the explanation of the laws relating to the
measurement of structural properties, bulk density, method of X-ray
diffraction and Scanning Electron Microscopy (SEM) to determine

structures of samples.

3-2 Raw materials

In this study, many chemicals were used. Some of them were used for
synthesis CuFe,O4 and others were used for synthesis BaTiOs. The table
(3-1) illustrated all these chemicals.
Table (3-1) Chemicals Used

Chemical material Formula %Purity
Copper nitrate trinydrate Cu(NO3)3.3H,0 98%
Citric acid CeHs07.H,0 98%
Iron (1) nitrate Fe(NOs)3.9H,0 97%
Barium nitrate Ba(NOs), 98%
Titanium oxide TiO, 97%

3-3 Tools and equipment
The laboratory testing needs to tools and devices for the purpose of

preparation of solutions and standard reagents and other solutions
necessary for conducting experiments, for example (Sensitive balance,
Spatula, Beakers, Hot plate with magnetic stirrer, pH meter, Pipette, Oven

for drying, Electric furnace to calcine and distille water device) .
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3.3.1 Balance
We have used sensitive balance with high degree of sensitivity of four
digits, type "GOTTINGEN ", Max. 210 gm, Germany origin .

3.3.2 Magnetic Stirrer

This heater is used to the material heat that cannot be heated on
flames such flammable material is also used in experiments that
need to control the temperature of any that determine the degree

of heat required to heat, Type " Wisestir " work at 20 A and 50/60 Hz,
made by "DAIHAN" Scientific Co. Ltd., Korea's origin as shown in

figure.

Figure (3-1) Magnetic Stirrer

3-4 Finding the molecular weight of the used substances in
the preparation

The molecular weight of the involved materials in the installation is
calculated in terms of the atomic weight of materials and explain below:

Fe(NOs)3.9H,0 = 55.84+3(14+48) + 9(18) = 403.84g/Mol
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CsHgO7H,0 = (12.011 x6) + 8(1) + 16 (7) +2(1)+16=210.14g/Mol
Ba(NOs), = (137.32) + 2(14+48) = 261.32 g/Mol

Cu(NO,)3.3H,0 = (63.54) + 3(14+48) + 3(18) = 303.54g/Mol

TiO, = (47.86) + (2x16) = 79.86g/Mol.

3-5 Preparation of copper ferrite powders CuFe204

CuFe204 was prepared by[ sol-gel auto combustion methods] using
Cu(NO3)2.3H,0, CgHgO7.H,O and Fe(NO3)3.9H,O. Two solutions
prepared, one a solution prepared for mixed (29.99g) of Cu(NO3),.3H,0 and
(100g) of Fe(NOs3)3.9H,0 with 80ml deionized water (sol) and the other
contains a solution of citric acid prepared by dissolving (78g) in 50ml
deionized water (sol 2). (Sol 2) was added drop wise into the (soll). Add
drops of ammonium solution to the mixed solution under stirring until pH
of mixed solution =7. Then the mixed solution was stirred by stirring at
60°C for 30min then heating solution at 80°C until getting gel. Dried gel at
120°C in oven and burned at 200-220°C and cooled at room

temperature.

3-6 Preparation of Barium titanite powders BaTiO3

BaTiO; was prepared by [sol-gel auto combustion methods] using
Ba(NOs), and TiOs. One solution prepared, this solution prepared for
mixed (36.8g) of Ba(NOs3), and (11.25g) of TiO3 with 50ml deionized and
kept under stirring for aboutlhours. The resultant was heated at 50°C under
stirring, then increasing the temperature to 90°C until getting gel. The gel
of BaTiO3; was obtained and washed with deionized water and dried in
oven at 120°C. Out of the oven and put on strung and well milled and then
placed in the clean crucible and burn at 800°C for 3hour then it out the oven
and mixing in strung again, put in crucible and burned at 1200°C and cooled

at room temperature.
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3-7 Preparation of Ferri-ferro composite ceramics
[xBaTiO3+(1-x)CuFe204]

BaTiO3; nanopawder with different weight mixed with different weight of
CuFe,O4 nanopawder, blended well with ground them together to get
composite [xBaTiO3+(1-x)CuFe,O,4] with different weight, burn each mix
at 800°C for three hours. Then composite powder with different weight
percent were milled and pressed into pellets 1.2cm, and then darken at
950°C for three hours. Fig (3-2) shows the sol-gel auto combustion We
have used the scheme to illustrate the way in which is obtained powders
with nanoscale structure as set out

below.

Bas itrzs Copper nimmbe [rom nitrate Citriz azid | | Titaum cxide
ﬂﬁj F sofution sotucion sobytion gohxian

| Mibiing = diztill warer i
2

pH maimbained ar 7 by amenonis addidon

Contmeens stiming

| Nilrare-citrate solution

Heatmg at 60 and 500

drying at 12064 | Liry

Al Combiasian

Humit Ash

Calcimalians at e
different

e

:
£

e

Femric nanopaader
| |

Fig (3-2) flow chart representation all steps of preparation methods
composite [xBaTiO3+ (1-x) CuFe204]
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3-8 Measurements and testing

3-8-1 X-ray diffraction technique

This technique is used to determine the crystalline phase of all

synthesized materials. This technique used to examine the crystal structure

of synthesized CuFe204, BaTiO3 and [xBaTiO3+(1-x)CuFe204] by using

the X-ray diffraction (A Shimadzu-XRD-6000 with Nickel- cooper filter
(Cu Ka, A2=1.5406 A").

Fig (3-3) XRD microscopy
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3.8.1.1Calculation of Crystallite Size From X-ray Diffraction

Shearer equation used to calculate the crystal size after the completion
of the preparation of materials technology, X-ray diffraction as described
below [125]:

D=09MpPcos®  --------mmmmmmmm- (3-1)

Where

D = crystallite size .

A = wavelength of the radiation (1.54 A°) .

0 = Bragg’s angle .

B = full width of the peak at half maximum.

3-8-2 Atomic Force microscopy
Atomic force microscopy was used to image the surface to topography

of nanoCuFe,0,4, BaTiO3 and [xBaTiO3+ (1-x) CuFe204] that calcinated
at different temperature. AFM was performed using advanced angstrom
(AA3000) model made USA. In DR: Abdul-Kareem al Samaraii lab.

Fig (3-4) AFM microscopy
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3-8-3 Scanning Electron Microscopy (SEM)

In this study, we used SEM model inspect S50 from FEI company (Field
Emission Inc. company) at technology university-Nanotechnology center
of our samples. SEM was used to study the morphology and topography of
nanoCuFe,04, BaTiO; and [xBaTiO3+(1-x)CuFe204] samples that
calcinated at different

temperature.

Fig (3-5) SEM microscopy

3-8-4 Fourier transform from Infrared spectroscopy

Fourier transform infrared spectroscopy (SHIMADZU-8400S FTIR
spectrophotometer (Japan) was used to confirm the synthesized the nano
nanoCuFe,O4, BaTiO3; and composite [xBaTiO3+(1-x)CuFe204]
samples.
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Fig (3-6) FTIR spectroscopy

3.8.5 LCR meter
The type of LCR meter is an Agilent impedance analyzer an American

origin; its range of frequency is (50Hz-5MHz), as shown in the figure
(3-7).

Figure (3-7) : LCR meter used in electrical measurement
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3.9 Electric Tests
3.9.1 Dielectric Constant

The dielectric constant which is measured by an LCR meter connected to
a computer that the sample which puts between the poles and makes sure
that the poles touch the sample surface [126].

LCR system is used for o the purpose of measuring the capacity of the
disc samples at different frequencies. Dielectric constant data have
recorded on the computer's screen via mathematic formulas that studied

previously..

3.9. 2 Dispersion Factor (Tangent Loss)

The Tangent Loss was measured by LCR meter, which connected to a
computer the sample puts between the poles and makes sure that the poles
touch the sample surface. Dispersion factor data have recorded on the

computer's screen via mathematic formulas that studied previously..
3.9.3 Electrical resistivity

This is the electrical resistance of a ferrite core, having a constant cross-
sectional area and its unit is the ohm-cm. In the present work, the surface
of the pellets is cleaned by grinding with SiC paper in order to remove any
contamination and then used to study the room-temperature resistivity;
the silver paste is used to coat the polished pellets to provide electrical
contacts. AC -resistivity is measured by a two-probe method using an LCR

meter.
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3.10 Samples Preparation

Samples can be composed of 11 sample processing, where the samples
with thickness of 1-3 mm in diameter ring is 1.2 cm, the inner surface
boundaries coated with oily and with a thin layer and the reason for this is
to prevent the adhesion between the mold and the article prepared, after the
completion of the installation of the mold and cleaning in well it is placed
on a flat surface to be ready to cast the prepared materials (composites) and
composite materials as its general formula [xBaTiOs;+(1-X)CuFe;O4],

shown in figure (3-8).

repacking —» deformation —»-

Increasing pressure  —»

Figure (3-8) Mechanism of powder consolidation [126].

3.10.1 Bulk samples

In the current study,a special( mold ) with mechanical machine called
(Torna) has been made by the reseacher himself as it shown in figure (3-
5).This mold used to press the powder or to prepared the bulk where the
nanoparticle (nano powders) positioned inside the mold and placed under
the press device for pressuring  and pressing of each samples shown in
Table (3-2 ).by 500 - 700 psi with holding time of 30 seconds for pressing

of each sample with daimater (1.2cm) and thikness (1-3mm).A
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hollow mold disk and pressed strongly and led us out suitable disk,shown
in figure(3-9).

1 )

Figure(3-9) Transformation of powder to compact sample

3.10.2 Proportions of the Composition

The prepared samples and take the required formula which are given in
table (3-2).
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Table (3-2) Symbols of [(BaTiOs)x+(CuFe204)1x] prepared

Sample Chemical formula

Bo CuFe204

Bl (BaTiO3)o1 + (CuFe204)o0.9
B2 (BaTiO3)o2 + (CuFe204)os
B3 (BaTiO3)o3 + (CuFe204)o.r
B4 (BaTiO3)o4 + (CuFe204)0s
B5 (BaTiO3)os + (CuFe204)o5
B6 (BaTiO3)os + (CuFe204)0.4
B7 (BaTiO3) 07 + (CuFe204)o03
B8 (BaTiO3) 08 + (CuFe204)o.2
B9 (BaTiO3)o9 + (CuFe204)o.1
B10 BaTiO3

3.11 Equipment (mold)

here are many types of equipments used in powder compacting. Such
as the molds. A mold is designed for the manufacture of samples in the
form of pellet in diameter (12mm) and thickness(1-3mm) and the weight
of the sample is (1-1.3)g . It uses hydraulic press with a pressure of 500-
700 psi,
3.12 Sintering

The (brown) cores are loaded on refractory plates (copper ferrite) and
sintered at temperature of (200 °C) depending on the ferrite grade for three
hours.The samples will be shrinkage in a linear and volume. The sintering
can be done in tunnel kilns having a fixed temperature in box kilns. Ferrites

are usually made by sintering them at the sintering temperature so that the

45



Chapter three Experimental Part

reactions take place between the carefully mixed raw materials, mostly
oxides or carbonates, which lead to ferrite formation where O, exchange
between ferrite and the furnace atmosphere affects its magnetic, electrical
and mechanical properties. figure (3-7) shows the ceramic method of

ferrite preparation

Raw material

\ 4
Weiahtina

\ 4
Mixing
v

Combaction of samnle
v

Sintering at (200°C)
v

Complementary processes (smoothing and polishing)

Figure (3-10) Method for ceramic composite preparation
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4.1 Introduction

In this chapter will be presented the result and discussion of the
preparation of BaTiOs, CuFe,O,4 and composite [BaTiO3) x + (CuFez04) 1-
«], where (x= 0 - 1] were prepared by( sol-gel auto combustion processes)
as nano sized of their particles. Structural properties and electric properties
were studied by using LCR meter, SEM, AFM, FTIR and XRD.

4.2 Cu-ferrite and Barium titanite powders results

The BaTiO3 and CuFe,O,4 was prepared using( sol-gel auto combustion
method). The synthesized samples were characterized by FTIR, XRD,
SEM and AFM, for their structure and morphology characterized.

4.2.1 X-ray diffraction

The crystalline phase of the auto-combustion synthesized nanoBaTiO3
was analyzed by XRD. Figure (4.1) shows pure phase of BaTiO3formation
when calcined at 1200°C. Sharp peaks appear at (100), (110), (111), (200),
(211) and (220) [117]. The size of the BT crystals was calculated through
the well-known Scherreris equation and the average crystal size

was found to be (27.5nm).
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Figure (4-1) XRD of the pure phase of BaTiOz calcined at
1200°C

Fig (4-2) and (4-3) obtain XRD patterns of nano CuFe,O, calcined at
200°C and 400°C respectively. The calcined samples show the reflection
peaks at (220), (222), (311), (400), (420), (511), (440) planes which
indicates the presence of single phase CuFe,O, with spinel cubic structure
impure phase of a-Fe,O3 is occurs naturally as hematite at (220) [118] .The
result is obtained that the diffraction peaks become sharper and increase in
intensity as when increase temperature. This increase in intensities of all
the peaks may be back to the increase in grain growth with the increase in
the temperature. The size of the CuFe,QO, crystals was calculated through
the well-known Scherreris equation and the average crystal size was found
to be (29.35nm) at 200°C and (30.16nm) at 400°C. [119] .
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Fig (4-2) XRD patterns of nano CuFe,QO4 calcined at 200°C
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Fig (4-3) XRD patterns of nano CuFe,QO4 calcined at 400°C
4.2.2 Crystallite size, lattice constant and theoretical densities

The broadening peak in the XRD patterns obtains fine crystalline size

of the BaTiO3 and CuFe,Q, particles using Sherer equation (4-1):

D = KA/BCos0 .............. (4-1)

Where K is Scherrer's constant, A is wavelength 3 is the FWHM in radians
and 0 is peak position [120]. In fig (4-1), (4-2) and (4-3) shows the highest
peak is (311) and found that the particle size of the samples in the nano
sized and agree with the result and found increase crystalline size of
CuFe,O, when increase temperature. The lattice constant (a) was
calculated by indexing the XRD patterns using equation (4-2).

a=d n(h?+k?+ L 2)Y2 . .......... 4-2)
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The X-ray patterns were used to calculate the density for cubic structure

dx =ZM/Na®

e, (4-3)

The x-ray density for the prepared specimen was calculated from Where

(2) is the number of molecules per unit cell (Z= 8) for cubic spinel ferrites,
(M) is the molecular weight and (N= 6.022x 102 /mol) is Avagadro’s

number, all these show in table (4-1).

Table (4-1) crystalline size crystalline size, lattice constant, volume of unit cell,
densities of of BaTiOs and CuFe204

Sample 20

(deg)
BaTiO3(1200°C) 31.675
CuFe;04(200°C) | 36.923

CuFe204(400°C)  36.050

(hkl) | FWHM
(deg)
110 0.287
311 0.285
311 0.277

d

(A)
2.822
2.432

2.489

Lattice

constant
a (A)
3.990

8.064

8.253

4.2.3 Fourier Transforms Infrared (FTIR)

V (a)3 | Crystalline

63.535

524.3866

562.1284

size(nm)

27.59942
29.35901

30.16419

FTIR-spectra of BaTiOs;, CuFe,O, and composite (BaTiO; ) x +

(CuFe;0Q4) 1 are recorded at different temperature in the range of (400-

4000) cm™, the obtained results are shown in figure (4-4 to 4-6).

Figure (4-4) shows FTIR spectrum of BaTiOs. FTIR spectrum showed
several types of vibration at (3028, 2360, 2341 and 2331) cm™, was
assigned to stretching and in-plane deformation vibration mode of OH

group. The absorption bands showed near 1653 cm™ are due to organic

impurities. Bands showed near 1419 cm™ and 1134 cm™ are due to C-O

bonded to the Ti ions while the two bands showed at 547 and 522 cm™* was
assigned to the Ti-O. [121]
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Figure (4-4) FTIR spectrum of BaTiO3

Fig (4-5) obtained FTIR of CuFe,O, prepared at 200°C. Two main metal
oxygen shows of all spinals of CuFe,O, at approximately 400 — 600 cm*,
which identify to the octahedral and tetrahedral sites of positive ions of
CuFe,O, respectively. Recorded that the higher absorption band ~584 cm~
! corresponds to the actual vibrations of tetrahedral complexes and the
lower absorption band at ~459 cm™ is back to the vibrations of octahedral
complexes. The different values of absorption peaks for octahedral and
tetrahedral complexes of CuFe,0O,4 because the different values of Fe3* — O
2 space for octahedral and tetrahedral sites [122]. Two broad bands appear
at 3429 and 3211 cm™ was assigned to OH group. A lot of bands of
unwanted materials appear at this temperature back to carbon chain that

appear during burn.
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Fig (4-5) FTIR of CuFe204 prepared at 200°C

Fig (4-6) obtained FTIR of CuFe204 prepared at 400°C. It has been
when increase the temperature cause shift of Fe3* — O towards lower
frequency because to occupy of Cu*? at B-site. Also appear band
at 3076cm-1 back to OH group[123].

54



Chapter Four Results and Discussion

T
-1-'3*;?_': 3500 3000 2500 2000 170 1500 1250 1000 750 500

L e ement 1/cm

Fig (4-6) FTIR of CuFe204 prepared at 400-C

4.2.4 Scanning Electron Microscope (SEM)

The morphological studies of the nano BaTiO3 and CuFe,O4 powder
were carried out using a scanning electron microscope (SEM). The SEM
images of the BaTiO3z and CuFe,O, samples prepared using sol gel auto
combustion method are shown in figures respectively. Fig (4-7) shows the
morphology of barium titanate powder. It can be observed that barium
titanate powder particles are nearly spherical and many agglomerations due

to lack of good crushing after drying gel.
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Fig (4-7) SEM of BaTiOs

Fig (4-8) shows SEM of nanoparticles of CuFe;O,. It can be

observed particles are spherical and found many agglomerations.
Fig (4-8) SEM of CuFe204

4.2.5 Atomic Force Microscope (AFM)

Atomic force microscopy (AFM) is a good technique to study the
morphology, size, distribution and surface roughness of samples prepared.
Fig (4-9) which obtains image AFM of BaTiO3 calcined at 200°C, with an
area (size = 2063x2017nm) and ability analytical (pixels = 448.438).
Where fig (4-9-a) obtains to AFM image in (3D), it obtains structure, shape
of grains while fig (4-9-b) obtain to AFM image in (2D) and it found the
average roughness is (1.44 nm) and RMS (Root mean square) is 1.69 nm
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and fig (4-9-c) obtains distribution chart and it found that the average

diameter of particle size of BaTiOsz is 97.68 nm.
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Fig (4-9) AFM of BaTiO3 calcined at 200°C
Fig (4-10) which obtains image AFM of CuFe,O, calcined at 400°C, the
area (size = 2045x2054nm) and ability analytical (pixels = 444.446).
Where fig (4-10-a) obtains to AFM image in (3D), it obtains structure,
shape of grains while fig (4-10-b) obtain to AFM image in (2D) and it

found the average roughness is (1.17 nm) and RMS (Root mean square) is
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1.36 nm and fig (4-10-c) obtains distribution chart and it found that the

average diameter of particle size of CuFe;O, is 91.88 nm.
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Fig (4-10) AFM of CuFe,Os calcined at 400°C
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4.3 CuFe204/ BaTiO3z composite samples results

4.3.1 X-ray diffraction patterns

The crystalline phase of the auto-combustion synthesized nano (BaTiO3
) x + (CuFe,04) 1x was analyzed by XRD. The XRD spectrum related to
the calcined (BaTiO3) x + (CuFe;04) 1« ferrite powder, where x = 0.2, 0.4,
0.6,0.8 as shown in fig (4-11 to 4-14). As the barium content is increased,
the diffraction peaks show considerable broadening which illustrates that
crystalite size becomes smaller with the increment of barium content. The
wider peak of (BaTiO3) x + (CuFe;0,) 1« for x=0.8 proved the smallest
crystallite size among all the compositions. The average crystallite was
found (37.72, 35.42, 32.99, 32.78nm) as (0.8, 0.6, 0.4, 0.2) displays the
formation of spinel cubic — perovskite mixed structure. It is also observed
that the peak intensity of the higher intensity peak of ferrite (311) plane
decreases as the ferrite composition decreases and the peak intensity of
higher intensity peak of ferroelectric (101) plane increases with increase in

ferroelectric composition in the composites.
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Fig (4-11) The XRD spectrum related to the calcined (BaTiOs) x + (CuFe;0:) 1«
ferrite powder, where x = 0.2
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Fig (4-12) The XRD spectrum related to the calcined (BaTiO3) x + (CuFe;O4) 1«
ferrite powder, where x = 0.4
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Fig (4-13) The XRD spectrum related to the calcined (BaTiOs) x + (CuFe;0Ou) 1x
ferrite powder, where x = 0.6
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Fig (4-14) The XRD spectrum related to the calcined (BaTiOs) x + (CuFe;0:) 1«

ferrite powder, where x = 0.8
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4.3.2 Crystallite size, lattice constant

As the barium content is increased, the diffraction peaks show
considerable broadening which illustrates that crystalite size becomes
smaller with the increment of barium content. The wider peak of (BaTiO3
) x + (CuFe;04) 1« for x=0.8 proved the smallest crystallite size among all
the compositions. The average crystallite was found (37.72, 35.42, 32.99,
32.78nm) as (0.8, 0.6, 0.4, 0.2) respectively. Where table (4-2) show
crystalline size, lattice constant, volume of unit cell, densities of (BaTiO3)
x T (CuFez04) 1x.

Table (4-2) crystalline size of show crystalline size, lattice constant, volume of

unit cell of [(BaTiO3)y+(CuFe,04)14].

(BaTiOs3)x+(CuFe20a4)1-x 20 FWHM d Lattice V (a)3 Crystallir
(hkl (A) size(nm
) constant a
(deg) (deg) A

X=0.2 36.127 311 0.2215  2.484 8.236 558.6618 37.72

X=0.4 36.127 @ 311 0.294 2.484 8.236 558.6618 35.42

X=0.6 31.593 110 0.2503  2.829 4.000 64.0098 32.99

X=0.8 31.645 110 | 0.2519 | 2.825 3.994 63.7387 32.78

4.3.3 X-ray density and Porosity

The values of X-ray density (dx) of the ferrite Nano powders show in
table (4-3) and their density depend upon the lattice constant, also these
table show Green density, Bulk density and porosity of ferrite nanoparticles
. The bulk density of the present samples is calculated by using simple mass
— volume relation and the obtained values are listed in Table (4-3) . The
calculated values of X-ray density show increase in the value of ‘dx’ with

an increase in the percentage of ferroelectric phase in composite up to
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x=0.4 after that for x=0.6 decreases and again from x=0.8 increases. The

values of calculated bulk density are shown in Table (4-2). The values of

porosity are also listed in Table (4-3) .

Table (4-3) X-ray density (dx), Green density, Bulk density and porosity of
[(BaTiOsz)x+(CuFez04)1-4

(BaTiOs)x+(CuFe204)1x x-ray density

(gm/cm?)
X=0.2 5.659
X=0.4 5.631
X=0.6 48.903
X=0.8 48.851

434 FTIR

Green density | Bulk density

(gm/cm?)

3.631
3.278
3.454

3.712

Porosity

0.358

0.417

0.929

0.924

FTIR-spectra of composite [x BaTiOz+ (1-x) CuFe,O4] is recorded at

different value of (X= 0.4 and 0.8) at temperature 1200°C in the range of

(400-4000) cm™, the obtained results are shown in figure (4-15), (4-16).
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Fig (4-15) FTIR-spectra of composite [x BaTiOs+ (1-x) CuFe204] at X=0.4
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Fig (4-16) FTIR-spectra of composite [x BaTiOsz+ (1-x) CuFe204] at X=0.8
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Fig (4-15) shows FTIR spectrum of (X=0.4) composite
BaTiO3+CuFe,O,4. Spectrum showed several types of vibration at 408,
580, 1421, 1680, 2333 and 3414 cm*. The spectrum gives stretching in the
range 550-600 and 400-450cm™ due to sensitivity to changes in the
interaction between oxygen and cations (M-O) in octahedral and
tetrahedral positions in composite and spectrum at 3414 and 2333cm-?, was
assigned to stretching and in-plane deformation vibration mode of OH
group while in fig ( 4- 16) shows FTIR spectrum of (X=0.8) composite
BaTiO3+CuFe,O4 when increase the temperature cause shift of Fe3* — 02

towards lower frequency.

4.3.5 SEM

The morphological studies of the nano composite (BaTiOs) x + (CuFe204)
1x powder were carried out using a scanning electron microscope (SEM).
The SEM images of the composite (BaTiOs) x + (CuFe204) 1.« Sample prepared

using sol gel auto combustion method at temperature 1200°C are shown in

figure (4-17). It is spherical particles with agglomeration.
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Fig (4-17) The SEM images of the composite (BaTiO3) x + (CuFe;0x4) 1«

4.3.6 AFM

Fig (4-18) which obtains image AFM of (BaTiO3) x + (CuFe;04) 1«
when x= 0.4 calcined at 1200°C, the area (size = 2045x2036nm) and ability
analytical (pixels = 444.442). Where fig (4-18-a) obtains to AFM image in
(3D), it obtains structure, shape of grains while fig (4-18-b) obtain to AFM
image in (2D) and it found the average roughness is (0.117 nm) and RMS
(Root mean square) is 0.898 nm and fig (4-18-c) obtains distribution chart
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and it found that the average diameter of particle size is 95.28

nm.
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Fig (4-18) AFM of (BaTiO3) x + (CuFe204) 1.« When x= 0.4

Fig (4-19) which obtains image AFM of (BaTiOz) x + (CuFe204) 1.x When
x= 0.8 calcined at 1200C, the area (size = 2026x2054nm) and ability
analytical (pixels = 440.446). Where fig (4-19-a) obtains to AFM image in
(3D), it obtains structure, shape of grains while fig (4-19-b) obtain to AFM
image in (2D) and it found the average roughness is (1.08 nm) and RMS
(Root mean square) is 1.24 nm and fig (4-19-c) obtains distribution chart
and it found that the average diameter of particle size is 87.80

nm.
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Fig (4-19) AFM of (BaTiOs) x + (CuFe204) 1-x when x= 0.8
4.3.7 Electric properties as a function of frequency

4.3.7.1 Dielectric constant

In figures (4-20 and 4-21) explain real dielectric constant for (BaTiOs) x +
(CuFe204) 1.« When (x=0 to 1.0).
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Fig (4-20) Real dielectric constant of (BaTiOs) x + (CuFe204) 1-x when (x=0 to
0.5)
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Fig (4-21) Real dielectric constant of (BaTiOs) x + (CuFe204) 1-x when (x=0.6
to 1.0)

In figures (4-22) and (4-23) explain imaginary dielectric constant

for (BaTiOs) x + (CuFe204) 1.x When (x=0 to 1.0) .
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Fig (4-22) Imaginary dielectric constant of (BaTiO3) x + (CuFe204) 1x when
(x=01t0 0.5)
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Fig (4-23) Imaginary dielectric constant of (BaTiOs) x + (CuFe204) 1x when
(x=0.6 to 1.0)

The dielectric properties of ferrite nanoparticles are influenced mainly
by sol-gel. Figures (4-20 to 4-23) displays the variation of dielectric

constant (g) function of frequency at room temperature.Frequency
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dependence of the dielectric constant for (BaTiO3) x + (CuFe,04) 1.« ferrite
samples (x=0 to 1.0) sintered at temperature 1200 C. Dielectric constant
(¢) decreases with increasing frequency. Because attributed to the fact that
the electron exchange between Fe?* and Fe3* ions cannot follow the change
of the external applied field beyond certain Frequency, The value of the
dielectric constant is very high at lower frequencies and decreases with
increasing frequency. At lower frequencies the grain boundaries are more
effective than grain electrical conduction. The existence of inertia to the
charge movement would cause relaxation of the

polarization.

4.3.7.2 Dielectric loss factor

The dielectric properties of ferrite nanoparticles are influenced mainly by
sol-gel .Figures (4-24) and (4-25) display the variation of dielectric loss
(tan 0) function of frequency at room temperature. Frequency dependence
of the dielectric loss for (BaTiO3) x + (CuFe,O4) 1« ferrite samples (x=0
to 1.0) sintered at temperature 1200°C.tangent (tan &) decrease with
increase in the frequency of the applied AC field. The values of tangent
loss (tan 0) are high at low frequencies and low at high frequencies, at high
frequencies this hopping frequency does not follow up the field variation
thereby making the relative permittivity a constant. Dielectric polarization
in ferrites is due to electron exchange Fe?* <>Fe®*, Resistivity electrical
properties of ferrites depend upon the conduction phenomenon. Hopping
of electron between Fe?* and Fe®* is responsible for this conduction. This
hopping is responsible for polarization at grain boundaries due to local
charge displacement, where the resistivity is small and the grains are more
effective in electrical conduction, a small amount of energy is required for
the electrons to be exchanged between Fe3" and Fe®* ions located in the

grains .applying an electric field on any material, those suffering
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from Article dissipate a certain amount of electrical energy that
transformed into heat energy during certain period of time dissipated power
resulting because the work done overcome the force of friction
dipoles during rotation under the influence of the electric field applied.
Called this phenomenon of loss the obtained for the present amples
attributed to be more homogeneous. The decrease in dielectric loss tangent
with change in the composition and frequency is in accordance with Koops

phenomenological.
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Fig (4-24) Tangent loss factor of(BaTiOs) x + (CuFe204) 1.x when (x=0 to 0.5)
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Fig (4-25) Tangent loss factor of (BaTiO3) x + (CuFe204) 1-x when (x=0.6 to
1.0)

4.3.7.3 A.C. Conductivity

Figures (4-26) and (4-27) show variation of A.C conductivity cac for
all (BaTiO3) x + (CuFe04) 1« Territe samples (x=0 to 1.0), It was observed
that the a.c. electrical conductivity increases with increase in frequency. At
lower frequency, the grain boundaries are more active, hence the hopping
frequency of electrons between Fe3* and Fe?* ions is less. At higher
frequencies, the conductive grains boundaries become more active by
promoting the mobility of electrons between Fe3* and Fe?* ions therefore
increasing the mobility frequency applied filed increases the conductive
grains became more active by promoting the mobility between Fe?* and
Fe3* ions, so we observe the increase in conductivity with the increase in

frequency.
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Fig (4-26) A.C. conductivity of (BaTiO3) x + (CuFe204) 1x when (x=0to 0.5)
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Fig (4-27) A.C. conductivity of (BaTiO3) x + (CuFe204) 1.x when (x=0.6to 1.0)
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4.3.7.4 A.C.Resistivity

The variation of AC resistivity as a function of applied field frequency
in the range 50Hz to 5MHz for all samples shown in figures (4-28 ) and
(4-29) for for all (BaTiOs) x + (CuFe204) 1« ferrite samples (x=0 to 1.0). The
AC resistivity with frequency is found to increase with the decrease in
applied frequency. The dispersion in the dielectric constant and AC
resistivity is observed in the low frequency region, which is analogues to
the results predicted by Koop. According to Koop’s, at lower frequencies
the resistivity is high and the principal effect is of the grain boundaries,
therefore the energy required for electron hopping between Fe?* and Fe®*
at the grain boundaries is higher and hence the energy losses, And a higher
applied frequencies, where the resistivity is small and the grains are more
effective in electrical conduction, a small amount of energy is required for

the electrons to be exchanged between Fe?* and Fe®* ions located in the

grains .
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Fig (4-28) A.C. Resistivity of (BaTiOs) x + (CuFe204) 1-x when (x=0 to 0.5)
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Fig (4-29) A.C. Resistivity of (BaTiOs) x + (CuFe204) 1-x when (x=0.6to 1.0)
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5.1 Conclusions:

The following derivations are drawn in the current research:
1- The sol-gel auto combustion chemical method was very good to
preparation of compositie compounds compared with ceramic bulk
methods because of its saving the energy and producing material be in the
nano scale.
2- The best sample of powder was obtained at x=0.8 and the worst sample
was obtained at x=0.2
3- Debye-Scherrer equations were used to determine of the crystallite size
and results were obtained the crystallite size increases with the increase in
temperature.
4- The FTIR analysis was obtained the fuctional group that resides in the

compounds.
5- SEM images for samples calcined at (1200,400,950 "C) were showed

the BaTiO3, CuFe,O4 and composite between them powder and obtained
the size and shape particles in nano range, also difficulty in the formation
of single phase samples, because of few impurities phases which appear.
6- AFM test was proved that the sample calcined at (400,1200 and 950

“C) in nano range, where in the case of homogeneity.

7- Where we note the dielectric constant , loss factor and a.c.resistivity of
samples were increased with decrease frequencies and a.c. conductivity.
8- When increase frequency, electrical resistivity of samples and electrical
conductivity are decrease.

9- Phase analysis from XRD patterns displays the formation of spinel cubic
— perovskite mixed structure.

10-The calculated particle size decreases as the ferroelectric content
increases in the composites due to lower particle size of ferroelectric.
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5-2 Future Works:

A set of proposals that can be done in the future and can be summarized
in the following:
1- Preparing the same samples by another methods and comparing the
results with the results of the sitting work.
2- Calculate the average size of powders by using transmission electron
microscope (TEM).
3- Studying the dielectric properties as a function of frequency at different
temperatures.
4- Preparing the same sample by the same method but differnet conditions
to obtaine that it effect on particle size .
5- Studying other properties of the samples such as structural, electrical,
thermal and other mechanical properties.
6- Studying the magnetic properties (hysteresis loop) in order to get a new

feature and advantage of it in the modern scientific applications.
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