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         In the present study, BaTiO3+CuFe2O4 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. BaTiO3 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.  CuFe2O4 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 [xBaTiO3+(1-x)CuFe2O4] 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 BaTiO3+CuFe2O4 

composite  materials  nanopowders have been studied using FTIR, XRD, 

AFM, SEM and LCR-meter analysis.  

FTIR-spectra of BaTiO3+CuFe2O4 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-
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600 and 400-450cm-1) 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 (CuFe2O4 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 9500C, and the frequency range of (50 Hz – 5MHz). 

     AC Resistivity of all samples (sintered at 9500C) have been measured as 

a function of frequency and found it decreases with increase in frequency. 

Dielectric constant (εr'),  the loss tangent ( tanδ ) and the loss factor (εr′′) 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 BaTiO3+CuFe2O4 composite  materials, 

dielectric loss were change between increase and decrease with increase 

Barium Titanate, while conductivity increases with frequency increase. 
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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 • Fe2O3'' in which X is 

a divalent ion such as Co2+ or Mn2+ [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]  

 

 

 

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 

CuFe2O4, where the Cu+2 commute 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, 

CuFe2O4 conduct it is a  major significance  due to   high   thermal stability, 

high electric conductivity  and high catalytic efficiency for O2 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(III) oxide as main component. Ferrites 

crystal in three crystal types: spinel (cubic crystal structure where Me¼Fe, 

Mn, Mg, Ni, Zn. Cd, Co, Cu, Al or a mixture of these), garnet (cubic crystal 

structure where Me¼Y, Sm, EU, Gd, Th, Dy, Ho, Er, Tm.or Lu) and 

magnetoplumbite type (hexagonal crystal structure where Me¼Be or Sr) 

[30]. Preparations and properties of a bulk composite such as BaTiO3–

Ni0.5Zn0.5Fe2O4, PLZT– Ni0.5Zn0.5Fe2O4, BaTiO3–CoFe2O4, xNiFe2O4–(1-
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x)BaTiO3 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., BaTiO3 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)O3 

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 CuFe2O4 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 

(ε᷃) 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) H was 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 CoFe2O4– 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 (ε᷃) and loss tangent tan 

(δ)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 ºC. 

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 [04], 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 CoFe2O4–Pb(Zr,Ti)O3 composite thin films 

.The  Magnetoelectric (ME) CoFe2O4–Pb(Ti, Zr)O3 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)O3 and CoFe2O4 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 BaTiO3 nanocrystalline 

powders and ceramics by a simple sol–gel process, using H3[Nb(O2)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 BaCO3. 

     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 

BaTiO3 calcined in air at (600,700,800,900℃),the peaks become sharped 

and the phase pure BaTiO3 is found at 900℃ through citrate precursor 

method. Further, the oxidation of citrate precursor by HNO3 was  

accompanied  by the evolution of CO2 , NO2 and water vapour and the gas 

evolution helped the product to result in a fine-grained structure. Citric acid 

and HNO3 presented in the solution play the key role for the synthesis of 

shaped barium titanate at a low temperature. The average particle size of  

BaTiO3 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 BaTiO3 starts at 150ºC 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 BaCO3 and 

TiO2 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 TiO2 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 

TiO2 (∼25 nm) precursor reacted faster than coarse grained TiO2 (∼110–

125 nm) precursor. The phase of the obtained BaTiO3 in all samples was 

found to be cubic. 

      In 2008, K. Kamishima et al [46], studied  the simple process 

synthesis of BaTiO3–(Ni,Zn,Cu)Fe2O4 Ceramic Composite. Ceramic 

composites (2Ni 0.41 Zn 0.41 Cu 0.18 Fe2O4 –BaTiO3 ) were successfully 

prepared by a direct solid-state reaction of raw materials (BaCO3 , CuO, α-

Fe2O3, NiO, TiO2 , 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 

BaTiO3 grains do not react with each other and have radius in the range of 

1–5 µm. 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 
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BaTiO3  takes place due to the mixing with the spinel ferrite, which may 

result in the formation of h -BaTiO3 at a low temperature of 1200 °C.                                                                            

      In 2010, Ramana et al [47],studied and prepared the ferromagnetic-

dielectric Ni0.5Zn0.5Fe1.9O4−δ/PbZr0.52TiO.48O3 particulate composites 

electric, magnetic, mechanical, and electromagnetic properties.Novel 

ferromagnetic-dielectric particulate composites of Ni0.5Zn0.5Fe1.95O4−δ 

(NZF) and PbZr0.52TiO.48O3(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 CoFe2O4−BaTiO3 particulate composites. CoFe2O4- 

BaTiO3 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 CoFe2O4 phase is sensitive to the 

increase in frequency between 400 and 1000 Hz. The third phase Ba2Fe2O5 

formed during the sintering tends to reduce the ME effect.                                                                                               



Introduction                                                    Chapter One        

00 

 

    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 Ni1-x ZnxFe2O4 (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 BaTiO3/ CoFe2O4 composite across multiferroics. The 

mixture of a periodically ordered, nanostructured composite consisting of 

BaTiO3(BT) and CoFe2O4(CF)  was presented. In a first step, mesoporous 

CoFe2O4(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)MFe2O4 + (1-x)BaTiO3],where 

(M = Ni, Co). Multiferroic composites of [(BaTiO3) 1-x + (CoFe2O4) x] with 

x = 0.2, and 0.4[(1-x)BaTiO3 + (x)NiFe2O4 ]with x = 0.2, 0.3 and 0.4  

and[(CoFe2O4) x + (BaTiO3)1-x] with x = 0.2, and 0.4 [(x)NiFe2O4 + (1-

x)BaTiO3] with x = 0.2, 0.3 and 0.4  have been synthesized by mixing 

CoFe2O4 (NiFe2O4) spinel and BaTiO3 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 



Introduction                                                    Chapter One        

04 

 

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 BaTiO3, CuFe2O4 nanoparticle and composite [(BaTiO3)x+ 

(CuFe2O4) 1-x] 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.  

 

 

 
 

 



theoretical background                          pter two                      Cha 

 

61 
 

2-1 Introduction  

 

     This chapter demobnstrates the theoretical part which includes the 

explanation of Multifebrioc Materials it is defbined as two or more of the 

main ferrboic orders like ferroelasticity,ferrombagnetism and ferroelectricity 

, the two prebvious being the most imbportant. Although present technolo bgies 

incorporate both ferro-mabgnetic and -electric materbials and have been for 

a long time, no known ma bterials presentation these properties at room 

uitable bas swere considered  4O2band CuFe 3aTiOb. Hence B temperature

constibtuents in terms of ferroelectric and ferrimagnetic properties. In spite 

gel -using solcomposite synthesized  4O2b+CuFe3iObof no reports on BaT

auto combustion chemical method, we tried to synthes bize and study 

system.This rial bacteristics of this matebarbctural, and dielectric chbstru

gel auto -using solhesis bduring its synt 4O2bined with CuFebmbis co 3BaTiO

combbusbtion chemibcal method .                                                                                  

2-2 Ferroelebctrics

       Ibt is a stabte of certbain non-conducting crystbals or dielectrics that when 

an exterbnal electric field, cause rev berse electrical polarity that shows the 

crystal. Rochelle salt (KNaC4H4O6•4H2O) 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 II was the first jump technology in ferroelectr bicity. Steatite, 

mica, TiO2, MgTiO3 and CaTiO3 were used materials for capacit bors before 

the discovery of b 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 catebgorized into: (a) Crybstals 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  idebntical to the polarization of pyroele bctric but the variance 

between them that the polarization of ferroele bctrics is reversed thro bugh 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 calci bum titanate is pero bvskite, 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, trans bition 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 mat berials have many applibcations such as:  

1- rabdio and communicbation filters. 

2- ultrabsonic tranbsducers. 

3- cobmmunication filtebrs and rabdio. 

4- medical diagbnostic transducers and piezoelbectric sobnar. 

5- ferroeblectric thin film mbemories etc.[62,63]. 
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3aTiOb1 B-2-2 

Chembical fobrmula: BaTiO3  

 

 

Fbig.2-1 Perobvskite Strubcture[64] 

 

                 

 

3iObaTboelectric of Bbtotypical FerrbobThe pr1 -1 -2-2b 
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       The observbation of ferroelebctric bebhavior in BaTbiO3 made it first and 

probbably the most exte bnsively investig bated of all ferro belectrics and is 

basibcally due to the pr boperties of its po blymorphs. The discbovery led to the 

availabbility of diel bectric constant (κ) up to 2 o brders of magbnitude, greater 

than that h bad been known before. Rea bsons that made BaTiO3, a cur bious 

fibeld of study:  

 Relativbely simple crybstal strbucture  

 Ferroeblectric at robom tempberature (θc=120°C)  

 Dubrable  

 Easily prepbared in the form of thi bn film, sinbgle crbystal, or 

polycrystballine cerbabmic [65] . 

 

2-b2b-1-2 Cbrbybsbtal Strubbcture 

    Thbe Ba2+ anbd O2- forms a face centbered cubic arran bgement with Ti4+ 

ocbcupying the octahed bral intebrstices. BaTbiO3 exhibbits para-electricity and 

an isotrobpic di-electricity due to the hi bgh symmetry of its cu bbic phase. 

When coobled bbelow θc , thbebre is a chbabnge in strbubcbture from cubbic phbase to 

distbobrted tetrabbgonal with the dis bplabcebment of posbbitive and nebgabtive charge 

cebnbters within the sub-latbtice as show in Fig.2. 2 [66]. Due to this, a dipbole 

mobment parallel to one of the cub bic axes of original phase arises and this 

spontabneous polaribzation generbated in the tetrago bnal structure le bads tob 

piezboelbectric and ferroeblectric bebbhavior.  

Transformations:  

Rhombbohbedral(<-90b°C), Orthobrhombic(<0 b°C), Tetbragonal(<120 b°C), 

Cubbic(>120b°C) 
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]66rization [btion of polabwing direcbmorphs shobPoly 3aTiOb2: Bb . 2.bFig    

 

       Hobwever BaTiO3 is rarbely used in its p bure form, soli bd-solbution with 

an iso-strucbtural cobmpound is used to broad ben the θc as well as sh bifting it 

to the lobwer tembperatbures.  

(Exb: solid solbution of BaTiO3 and SrTiO3) [66].  

      The firing of BaTibO3 cerbamics in an inbert atmosphere (arg bon) , withobut 

sacrifbicing densifibcation can lead to a drambatic increase of both the 

dieblectric constbant and dissbipation factbor of the sbamples[67]. 

3aTiObrties of BbebopbPr b3-1b-b2-2b 

                            bIt is  Ferroeblectric,by incblusion ,piezoeblectric and also para-electbric  

materbial as well as h bysteresis loop for pol bycrystalline BaTbiO3 cebramic has 

a lowber Pr and hibgher Ec than the sibngle crystal. Fus biobn degbree amounbtibng 

is 1625°C and den bsity is 6.02 g/cc. demebanor as  tanδ  and diele bctric 

chanbges with freqbuebncy.  Provbing that the hi bgh valbubesb of the dielebbctric 

constbant is in pebrbfect stability to roomb tembperature in the ex btent of hi bgh-

grabdbing [66].  

 Solbid solution can be for bmed  

 Grabbin size can be red buced  
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 Inducbtion of mebchanical stresbses in thbin filmsb  

   bSo study of all th bese aspbects are of great impo brtance to enh bance the     

applicabbility. 

 3BaTiObcations of b4 Applib-1-b2-2 

      BaTiOb3 beinbg a diel bectric cerabmic is used for capa bcitors (Di bsk 

capacbitors, MbLCC etc.). Also as a piez boelectric material it is used for 

transducers and microphones. The Curie point of BaTi bO3 is 120 °C anbd its 

spontanbeous polarizbation is about 0.15 C/m2 at room tembperature [68]. 

Polycrystalbline BaTiO3 exhibits positive tembperature co-efficient, mabking 

it usbeful for thermibstors and self-regulatbing electbric heabting systbems. 

 3iObearch on BaTbr ResbMajo b5-1-b2-2 

      Theb rebcebnt advances re blating to electronic d bevices modebled from 

BaTbiO3 shbow the t brend of improved perf bormance with contin buous 

miniatubrization. For MLCCs, this means en bhanced capacitbance per unit 

volumbe of the comp bonent. This can be achievbed by increabsing the nubmber 

of active laybers to 200b–400b and by lowerbing the dielebctric labyer thickness 

below 2–3μm [69]. For capacitors, important properties such as break 

down voltage and DC leakage are dependent on the pore defects, layer 

thibckness and grain size. The effective thickness of dielectric layer is 

expected to be sevberal, e.g. at leabst 3–5, grains. Therefore BaTiO3 powders 

with pbarticle size in nanometer- ranbge, a larbge surfbace areba witbh high 

hombogeneity are rbequired to achibeve good sinterbability as wbell as fi bne 

grainbed microbstrubcture in sintbered ceramicsb. 
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2.3b Ferrimabgnetic materia bls 

        Ibn phbysics, a ferrimbagnetic mabterial is one that has pop bulations of 

atobms with oppobsing magnetic mo bments, as in antbiferromagnetism; 

hobwever, in ferrimbagnetic matebrials, the opbposing momebnts are ubnequal 

and a sponbtaneous magneti bzation remabins[70]. This habppens whben the 

populabtions conbsist of different mat berials or io bns (sucbh as Fbe2+ anbd Fbe3+).          

Ferrimagbnetism is exhibited by ferrites and magnetic garnets. The oldest 

known magnetic substa bnce, magnbetite (irobn (II, IbII) oxidbe; Feb3O4), is a 

ferribmagnet; it was orig binally clasbsified as a ferro bmagnet before Néel's 

discbovery of ferrimbagnetism and antiferromagnetism in 19 b48 [71]. 

        Sobme ferribmagnetic matberials are YbIG (yttribum iron garbnet), cubic 

ferrbites cobmposed of iro bn oxbides and other elebments such as alumbinum, 

cobbalt, nickel, man bganese and zi bnc, hexagbonal ferribtes subch as PbFbe12O19 

abnd BbaFe12O19, andb pybrrhotite, Fe1b-xS [72]. 

2. b3.1 Effbects obf tembperature 

      Ferrbimagnetic mbaterials are like ferrombagnets in that th bey holbd a 

spontanbeous magneti bzation below the Curie temp berature, and sbhow no 

magnbetic ordber (are parabmagnetic) abobve this tempberature. Howbever, there 

is sobmetimes a tembperature beblow the Curie tempebrature at wbhich the two 

opbpbosing momebnts are eq bual, resublting in a net magnetic moment of zero; 

this is called the magnetization compens bation point. This compens bation 

point is obsebrved easily in ga brnets and rare earth-transition metal alloys 

(RE-TM). Furthermore, ferrimagnets mbay albso have an angu blar 

momenbtum compens bation point at wh bich the net an bbgular momentum 

vanbishes. This compensat bion point is a crucial point for achiev bing high 

speed magnebtization revebrsal in magbnetic mebmory devbices [73]. 

2b.3.2b Probperbtiesb 
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       Ferrimbagnetic mat berials have high resisti bvity and have anisotropic 

probperties. The anibsotropy is actubally indubced by an extbernal applibed fiebld. 

When this appl bied field al bigns with the mbagnetic dibpoles, it cabuses a net 

magbnetic dbipole mobment and caubses the mabgnetic dipboles to prebcess at a 

frequebncy contrbolled by the ap bplied fiebld, callbed Larbmor or precessbion 

freqbuency. As a par bticular example, a microwave signal circ bularly 

poblarized in the sa bme direction as this prec bession strobngly interacts with 

the magnetic dipole momen bts; when it is polabrized in the oppobsite direcbtion 

the interabction is very low. When the interaction is strong, the microwave 

signal can pass through the material. This directional property is used in 

the constrbuction of microwbave devices like isola btors, circulabtors and 

gyrabtors. Ferromabgnetic mat berials are also used to produce op btical isolators 

and circulators. Ferrimagnetic mine brals in vari bous rock typebs are us bed to 

stbudy ancibent geombagnetic probperties of Eabrth and othber planbets. That field 

of studby is knbown as paleo bmagnetism [73]. 

 

2.3b.3 Moblecular ferrbimagnets 

       Ferribmagnetism can ablso ocbcur in molecbular magbnets. A cl bassic 

exabmple is a dodecbanuclear manbganese molebcule wbith an effebctive sbpin of 

S = 10 derbibved from antiferro bmagnetic intebraction on Mbn (IVb) mebtal 

cbenters with Mbn (III) anbd Mn (IbI) mbetal cenbters [74]. 

2.3b.4b Cobpper ferbrite 

Thbe Cu-bFe-O sybstem is of long-stabnding interebst in soblid-stbate phbysics, 

minerablogy, cerbamics and mebtallurgy. By virbtue of its mbagnetic and 

semicondbucting propberties, copbper ferribte (CuFbe2O4) and its soblid solubtions 

wibth othber ferrbites are widbely usbed in the elecbtronic indbustry [75]. Cobpper 

ferbrite is oneb of the impbortant spinel febrrites MFe2O4b bebcause it exhibbits 
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phase trabnsitions, chanbges semicobnducting probperties, shows elecbtric 

switchinbg and tetragonbality variabtion when trbeated unbder differebnt 

conditbions in additbion to interebsting magbnetic and elecbtrical propbebrties 

with chebmical and thermal stabiblities [76]. It is ubsed in a wibde rabnge of 

applicbations in gas senbsing [77], catablytic applicatiobns [79], Lbi-ion 

battebries [80] high debnsity mabgneto-optic recobrding devbices, color 

imagbing, bioprobcessing, magbnetic refrigerbation and Ferbro's flubids[81]. 

Morbeover, CuFe2O4b assubmes grbeat signibfibcance bebcause of its hibgh 

elecbbtric condbbuctivity, high thbermbal stabbiblity and hibgh cabtbalytic actbibvity for 

O2 evolbubtion from alubbmina–cryoblibte sybstem used for alubbminum produbction 

[82]. CuFbe2Ob4 is knobwn to exist in tetragbbonal and cubbic structubres. Unbder 

slow coolibng Cu-ferbrite crystalblizes in a tetrbagonal structbure with lattice 

parabmeter ratio c/a of abbout 1.06. Tetrabgonal pbhase of Cu-ferrite has an 

invebrse spbinel strbucture with almbost all Cu2+ ions occupbying octabhedral 

subblattice, whebreas Fe3+ ions divbide equbally betbween the tetrahbedral and 

octabhedral sub latbtices [83]. The tetbragonal structure is stable at room 

temperature and transforms to cubic phase only at a tembperature of 360°C 

and abbove due to Jahn–Teller distbortion. The distortion is directly related 

to the magnetic properties. The cubic strubcture possbesses a larbger mabgnetic 

mobment than that of the tetrbagonal one, becabuse there are mobre cupbric ions 

(Cu2+) at tetrabhedral sibtes in a cubic strbucture as compbared to that in the 

case of tetrabgonal strubcture [84]. 

2-4b Mulbtiferroismb 

     The exprebssion multiferrboism has been de bscribed matberials that two or 

all thrbee of ferroelebctrbicity, ferromabgnetibsm and ferroeblasbbticity happ ben in 

bthe sabbme phbase [85]. This mbeabbns that the mat berials have a spontabneous 

magnebtization, polarbizbation and deforbbmation which can be reor bbiented by 

an applbied magnbbetic field, elebctbric field and appl bied strbess respecbtively. 
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The simubltabneous prebsbence of these thbbree or evben twbo in the sbelfsameb bstep 

are rarein nature. In spi bte of magnbetism and ferrboelectricity resort to 

preclubde one another, there are sev beral methods in which thes be propberties 

breside and such systems are known as magnetoelectric [86,87]. A 

magnetoelectric materials has a casual magn betization 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] .Mosbtly in storeb mbaterials 

ferroeblectric polabrization and magn betization are exbercised to bencode dupleb 

input of FeRbAMs and MRAMs b. Hence these bamalgamations of FeRAMs b 

and MRAMsb offers a non-volatbile magneticb bstock pilling arrangemen bt 

becauseb it exercises b alow-powerb electricalb write procedureb 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.  

  Generbally, the multiferroics b are catebgorized in two grboups: (1) type b I 

multiferroicsb[86]. This group of Multifberroicsb contabins those perovskiteb in 

wbhich ferroelect bricity and ferro bmagnetism have diffebrent sourcesb (catibons 

at A-siteb and B-siteb respectivelyb). Type I Multiferroics b areb further 

classified in many subclasses on the basis of origin of ferroelectricityb, 

ferroelectricityb due to shifting b of B-catiobn [86]. ferroelectricitby due to lonbe 

pairs [87],ferroelectricity due to charge ordering[89],and geometric 

ferroelectricity [90]. (2) Typeb IIb Multifebrroics (Mabgnetic Multiferbroics) the 

matberials in wbhich the ferroelebctricity is origi bnated from magnebtism and 
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imbplies strong b magnetoelebctric coupbling [86], thibs type divbide in two 

catbegoriesb. spbirbal typeb [87] and collinbeabr magbnetibc strucbturebs [92]. 

2-b5 Ferri-ferrbo compbosites 

     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 (tanδ) of FE/FM comp bosite cerambics 

prepabred by traditional ceramic method[99]. Besides, it is also considered 

as one of the most important causes those are respons bible for the much 

lower experbimental magnetoelectric property of FE/FM combbposite 

cerabmics than that pre bdicted[96]. Obvbibously, it is criti bcal to imprbove the 

chebbmical compbatbibility of the cons btituent phases at high temp beratures and 

debpress effecbtively the unfavorbable interfbacial interacbtion in orbder to 

obtain highbquality FE/FM combposite 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)O3basedcomposites[103-106].                                      

For instance, BaTiO3/Ni0.5Zn0.5Fe2O4 (BTO/NZFO) 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 BaTiO3/Ni0.5Zn0.5Fe2O4 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 probperties of spinel ferrites 

         Spinel ferrites matebrials have low elecbtrical condbuctivities wbhen  

compbared to other mbabgnetic materials and he bnbce they find wbibde use at 

micrbowbave freqbuenbcies. Spinel febrrites, in general are semibconductors with 

their conducbtivity lying in betw been 102 and  10-11 Ohm-1 cm-1. The 
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condubctivity is due to the prese bnce of Fe2+
b and bthe mebtal ions (bMe3+). The 

presebnce of Fe2+ resublts in n-type behabviour and of bMe3+ in p –tybpe 

behaviour. The conductivity arises due to the mobility of the extra electr bon 

orther positive hole throbugh the crystal lat btice. The movbement is descrbibed 

by a hopbping mechabnism, in which the ch barge carbriers jubmp from one ionic 

site to the other. In such a pro bcess the mobility of the jumbpibng electrbons or 

hoblbes are founbd to be propbobrtional to e-E/kT whbere E- the activati bon energy, 

k-Boltzbmann’s conbstant, T- the tempebrature in bdegbree absolubte. 

2-5-2 Dielectric properties of spinel ferrite

      The dielebctric property of ferri bte is important to physicists. These 

propebrties are not cons btant; they can change with frequ bency, orient bation, 

mixture, and pressure and mol becule structure of the material. A mbaterbial is 

said to be diel bectbric if it has the abi blity to store ene bbrgy when an ext bernal 

electric field is apbplied. If an ac sinusoidal voltage source is plac bed acbross 

the same cabpacitor, the rebsublting cubrrent will be ma bde up of a ch babrging 

currebnt and a loss curbrent that is relabted to the dielectric bconstant. Here we 

are intberested only in the die blectric constant (έ) of the matebrial and the loss 

(tabnδb) . Dielebctric constant (έb) descbribes the interaction of a material with 

an electric field. The relative dielectric cons btant is bgiven by equ bation  bεr= 

εb / ε0 .The cobmbpblex relabbtive dielebbctric bcobnstant is givben by equbabtion (2-1).  

……………(   2-1 ) 

     bWhere ε0b is the dielectricb constant of frbee space, whibch is eqbualb to 

b8.854 x b10-12
b f/m .The real part of dielectric constant (εr) is a measure of 

how mbuch enebrgy from an ex bterbnal electric field is sto bred in a matebrial. 

The imagbinary part of the diel bectric consbtant  (ε'') is calbled the lobss factbor 

[108]. 
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2-5-3 Combposition and stru bcture of ferroeblectrics 

2-5-3-1 Chemical composition 

     The group of compounds which can be described by the general formula 

ABO3 has the type designation E21 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 struct bures cobnsist of 12 b 

coordbibnated A+2 atoms on the corbner, octahebdral (O--
b) ionsb on theb fbaces and 

the tetrbahedral B+4
b in the cebnbter. Theb simple cubic perovskite structure of 

ABO3 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= 
𝑟𝐴+𝑟𝐵

√2(𝑟𝐴+𝑟0)
   exist between the ionic radius. Here, the 

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< 
𝑟𝑏

𝑟0
 <0.73 and   

𝑟𝑏

𝑟0
 >0.73 

where   rA ,rB and rO are radius of A ,B and O atoms respectively.  
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   Fig 2-3: The simple cubic perov bskite structure of ABO3 and its unit cell 

 

   Tertragonal BaTiO3 ,Tc= 1200 0c,Ti-displacement=0.125Å Ti-O short 

=1.83Å,Ti-O long= 2.21Å , Ba2+ displacement=0.067Å. BaTiO3 is oneb of 

the first sibmbple stru bctures to exhibbit compobunds with ferrobelectric 

bproperties band is stillb probablyb the most important b ferroelectricb probtotype. 

Perobvskite structbure has the cu brious property that the ce bntral tetrahebdral 

B+4 atobms do not toucbh its coordinabtion neighbbors in violabtion of Paulbing 

rule. This allbows small displace bment of the disto brtion of the structure and 

the redubction of symbmetry 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 loca bted at corbners, the 

titanium ion is loca bted at the cenbter and oxybgen ions are located at the face 

center of the cubic lattice cell .Each barium ion is surro bunded by 6 oxybgen 

ions and eabch oxygen is surro bunded by 4 b baribum and 2b titanibum ions b. 

Bariubm titabnate is in its tetragonal (ferroelectric) phase at room 

temperature and will transfo brm into cubbic (paraelebctric) phbase above its 

Curie tempberature (Tc  =1200℃). In tetrabgbonal ferroelebbctric two types bb of 

dobmainb in boubnbdbariesb exbbist at b900 babnd 18b00
b [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. 

δ=Ke-E/RT…………….(  2-2  ) 

Where, δ = 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 

(1.75eV=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 ab bove a tempebrature called the Cu brieb pobint. The 

dielecbtric suscebpbtibility (ӽ  eb) of a dieblbebctric matebbrial is a meabbsure of hobw 

eabbsily it polabbbrbizbes in respo bbbnse to an elecbtbric fielbdb. The dieblecbtric constbant 

(ε') of the mabterial is defined as the cons btant of probpobrtionality relbabting an 

elecbtric field E to the ind buced dielebctric polarizbation P subch thbat P=εoӽ eE 
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where εo is the dielectric constant of free space The susceptibility of a 

medium is related to its relative permittivity (εr) by relation, ӽ e= εr-1. Foe 

vaccum  ӽ e= 0 and electric displacement D is related to the polarization 

density P [112]. 

     Dielebctric constant (εrb) is a combi bned contribution of four 

polarizbation:atomic polari bbzation (εab), ionic polabrbization (εib), dipolarb 

polarizationb (εdb) and space chbargeb (εsb)[113]. Thus  εr=εa+εi+εd+εs. All 

of the usbeful properties of ferrboelectric cerabmics are related in some 

manner to their response with an electric field, the electrical bbehavbior of 

these matebbrials is importa bnt to their sucbcebsbsful applicabtion in dielectric, 

piezoelectric, pyroelectric, or electro optic devices. Ferroe blebctrics are, in 

genberal, characterizbed by (1) hig bher dielebctric conbstabnts (200b–10b000) than 

ordinbbary insbulatingb substbancesb. (2b) Reblatively low dielec btbbric losbs (0b.1b%–

7%b) (3b) High spebcbbibfic elecbtbbrical resistibvity (>1013
b

 Ώ-cmb) [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-x)CuFe2O4] 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      

table  . The3BaTiOand others were used for synthesis  4O2CuFe synthesis

(3-1) illustrated all these chemicals.                                                           

                               Table (3-1) Chemicals Used 

                         

%Purity Formula Chemical material 

98% O2.3H3)3Cu(NO Copper nitrate trihydrate 

98% O2.H7O8H6C Citric acid 

97% O2.9H3)3Fe(NO Iron (III) nitrate 

98% 2)3Ba(NO Barium nitrate 

97% 2TiO Titanium oxide 

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 "GÖTTINGEN ", 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, 

as shown in origin  a'sKore .,Ltd Co. Scientific "DAIHAN" by made

                                                                                                   figure. 

 

 

Magnetic Stirrer1) -Figure (3 

                                 

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: 

O = 55.84+3(14+48) + 9(18) = 403.84g/Mol2.9H3)3Fe(NO 
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g/Mol(7) +2(1)+16=210.14 O  = (12.011 x6) + 8(1) + 162H7.O8H6C 

= (137.32) + 2(14+48) = 261.32 g/Mol 2)3Ba(NO 

= (63.54) + 3(14+48) + 3(18) = 303.54g/Mol O2.3H3)2Cu(NO 

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

3-5 Preparation of copper ferrite powders CuFe2O4               

using  ]methods auto combustion gel-sol [CuFe2O4 was prepared by    

O. Two solutions 2.9H3)3O and Fe(NO2.H7O8H6O, C2.3H2)3Cu(NO

O and 2.3H2)3prepared, one a solution prepared for mixed (29.9g) of Cu(NO

and the other  O with 80ml deionized water (so1)2.9H3)3(100g) of  Fe(NO

contains a solution of citric acid prepared by dissolving (78g) in 50ml 

deionized water (sol 2). (Sol 2) was added drop wise into the (sol1). Add 

drops of ammonium solution to the mixed solution under stirring until pH 

Then the mixed solution was stirred by stirring at of mixed solution =7. 

C until getting gel. Dried gel at ◦C for 30min then heating solution at 80◦60

C and cooled at room ◦220-C in oven and burned at 200◦120

temperature.                                                                                                  

36 Preparation of Barium titanite powders BaTiO-3 

 

    BaTiO3 was prepared by [sol-gel auto combustion methods] using 

Ba(NO3)2 and TiO3. One solution prepared, this solution prepared for 

mixed (36.8g) of Ba(NO3)2 and (11.25g) of TiO3 with 50ml deionized and 

kept under stirring for about1hours. 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)CuFe2O4]

nanopawder with different weight mixed with different weight of  3BaTiO

nanopawder, blended well with ground them together to get  4O2CuFe

] with different weight, burn each mix 4O2x)CuFe-+(13composite [xBaTiO

fferent weight C for three hours. Then composite powder with di◦at 800

percent were milled and pressed into pellets 1.2cm, and then darken at 

We gel auto combustion -) shows the sol2-C for three hours. Fig (3◦950

have used the scheme to illustrate the way in which is obtained powders 

with nanoscale structure as set out 

below.                                                                                                                      

 
Fig (3-2) flow chart representation all steps of preparation methods 

composite [xBaTiO3+ (1-x) CuFe2O4] 
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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 CuFe2O4, BaTiO3 and [xBaTiO3+(1-x)CuFe2O4] by using 

the X-ray diffraction  (A Shimadzu-XRD-6000 with Nickel- cooper filter 

).                                       ◦(Cu Kα, λ=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 = 0.9 λ/ β cosθ      ----------------- (3-1) 

 

Where 

D = crystallite size . 

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

 θ = Bragg’s angle . 

β = 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     

x) CuFe2O4] that calcinated -[xBaTiO3+ (1 and 3, BaTiO4O2of nanoCuFe

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 

x)CuFe2O4] samples that -BaTiO3+(1and  [x 3, BaTiO4O2nanoCuFe

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 

x)CuFe2O4] -composite [xBaTiO3+(1 and 3, BaTiO4O2nanoCuFe

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. 

 

 

 

 



Experimental Part             three                                  Chapter   

 

34 
 

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 [xBaTiO3+(1-x)CuFe2O4], 

shown in   figure (3-8). 

 
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). 

 

               
Figure (3-9) molds 

 

 

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

 

 

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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prepared ]x-1)4O2+(CuFex)3[(BaTiOSymbols of  2)-Table (3 

Chemical formula Sample 

CuFe2O4 0B 

0.9+ (CuFe2O4)  0.1(BaTiO3) B1 

0.8+ (CuFe2O4)  0.2(BaTiO3) B2 

0.7+ (CuFe2O4)  0.3(BaTiO3) B3 

0.6+ (CuFe2O4)  0.4(BaTiO3) B4 

0.5+ (CuFe2O4) 0.5(BaTiO3) B5 

0.4+ (CuFe2O4)  0.6(BaTiO3) B6 

0.3+ (CuFe2O4) 0.7(BaTiO3)  B7 

0.2+ (CuFe2O4) 0.8(BaTiO3)  B8 

0.1+ (CuFe2O4)0.9  (BaTiO3) B9 

BaTiO3 B10 

 

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 
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reactions take place between the carefully mixed raw materials, mostly 

oxides or carbonates, which lead to ferrite formation where O2 exchange 

between ferrite and the furnace atmosphere affects its magnetic, electrical 

and mechanical properties. figure (3-7) shows the ceramic method of 

ferrite preparation 

 

 

 

 

 
 

 

 

 

 

 

 

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 BaTiO3, CuFe2O4 and composite [BaTiO3 ) x + (CuFe2O4 ) 1-

x], 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 CuFe2O4 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  

 3combustion synthesized nanoBaTiO-The crystalline phase of the auto      

formation 3 was analyzed by XRD. Figure (4.1) shows pure phase of BaTiO

C. Sharp peaks appear at (100), (110), (111), (200), ◦when calcined at 1200

(211) and (220) [117]. The size of the BT crystals was calculated through 

the well-known Scherrerís equation                   and the average crystal size 

was found to be (27.5nm).                                                                         
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calcined at 3 pure phase of BaTiO XRD of the 1)-Figure (4

                                                                  C◦1200 

     Fig (4-2) and (4-3) obtain XRD patterns of nano CuFe2O4 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 CuFe2O4 with spinel cubic structure 

impure phase of α-Fe2O3 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 CuFe2O4 crystals was calculated through 

the well-known Scherrerís 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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C◦calcined at 200 4O22) XRD patterns of nano CuFe-Fig (4  
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C◦calcined at 400 4O23) XRD patterns of nano CuFe-Fig (4 

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 CuFe2O4 particles using Sherer equation (4-1):                                 

D = K/Cos 

Where K is Scherrer's constant, λ is wavelength β is the FWHM in radians 

and θ 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 

CuFe2O4 when increase temperature. The lattice constant (a) was 

calculated by indexing the XRD patterns using equation (4-2).                                             

2)-………… (41/2 )2+ L 2+k2(hhkL a=d   
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The X-ray patterns were used to calculate the density for cubic structure  

3)-(4 . ………….   3  dx =ZM/Na 

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

(Z) is the number of molecules per unit cell (Z= 8) for cubic spinel ferrites, 

(M) is the molecular weight and (N= 6.022х 1023 /mol) is Avagadro’s 

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

 constant, volume of unit cell, 1) crystalline size crystalline size, lattice-Table (4

4O2and CuFe 3densities of  of BaTiO 

dx 

)3(gm/cm 

Crystalline 

size(nm) 

V (a)3 Lattice 

constant 

a  (Å) 

d  

(Å) 

FWHM 

(deg) 

(hkl) 2θ 

(deg) 

Sample 

0.012 

 

27.59942 63.535 

 

3.990 2.822 0.287 110 31.675 C)◦(12003BaTiO 

6.060 29.35901 524.3866 

 

8.064 2.432 0.285 311 36.923 C)◦(2004O2CuFe 

5.653 30.16419 562.1284 

 

8.253 2.489 0.277 311 36.050 C)◦(4004O2CuFe 

 

4.2.3 Fourier Transforms Infrared (FTIR) 

    FTIR-spectra of BaTiO3, CuFe2O4 and composite (BaTiO3 ) x + 

(CuFe2O4 ) 1-x are recorded at different temperature in the range of (400-

4000) cm-1, the obtained results are shown in figure (4-4 to 4-6).       

 Figure (4-4) shows FTIR spectrum of BaTiO3. FTIR spectrum showed 

several types of vibration at (3028, 2360, 2341 and 2331) cm-1, was 

assigned to stretching and in-plane deformation vibration mode of OH 

group. The absorption bands showed near 1653 cm-1 are due to organic 

impurities. Bands showed near 1419 cm-1 and 1134 cm-1 are due to C-O 

bonded to the Ti ions while the two bands showed at 547 and 522 cm-1 was 

assigned to the Ti-O. [121]                                                                             
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Figure (4-4) FTIR spectrum of BaTiO3 

 

Fig (4-5) obtained FTIR of CuFe2O4 prepared at 200◦C. Two main metal 

oxygen shows of all spinals of CuFe2O4 at approximately 400 – 600 cm-1, 

which identify to the octahedral and tetrahedral sites of positive ions of 

CuFe2O4 respectively. Recorded that the higher absorption band ~584 cm–

1 corresponds to the actual vibrations of tetrahedral complexes and the 

lower absorption band at ~459 cm–1 is back to the vibrations of octahedral 

complexes. The different values of absorption peaks for octahedral and 

tetrahedral complexes of CuFe2O4 because the different values of Fe3+ – O-

2 space for octahedral and tetrahedral sites [122].Two broad bands appear 

at 3429 and  3211 cm-1 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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C◦5) FTIR of CuFe2O4 prepared at 200-Fig (4 

 

                                                   

C. It has been ◦of CuFe2O4 prepared at 400 TIR) obtained F6-Fig (4     

lower          towards  2-O – 3+when increase the temperature cause shift of Fe

and bappear                site. Also-at B +2frequency because to occupy of Cu

at 3076cm-1 back to OH group[123].                                                                     
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Fig (4-6) FTIR of CuFe2O4 prepared at 400◦C 

 

4.2.4   Scanning Electron Microscope (SEM)                                 

powder  4O2CuFestudies of the nano BaTiO3 and The morphological       

were carried out using a scanning electron microscope (SEM). The SEM 

samples prepared using sol gel auto  4O2CuFe and 3images of the BaTiO

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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3) SEM of BaTiO7-Fig (4 

 

. It can be 4O2nanoparticles of CuFe8) shows SEM of -Fig (4     

observed particles are spherical and found many agglomerations.  

4O28) SEM of CuFe-Fig (4 

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. 

C, with an ◦9) which obtains image AFM of BaTiO3 calcined at 200-Fig (4

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 

is  97.68 nm.               3diameter of particle size of BaTiO 
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(a,b)   

 

(c ) 

C◦9) AFM of BaTiO3 calcined at 200-Fig (4 

Fig (4-10) which obtains image AFM of CuFe2O4 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 CuFe2O4 is 91.88 nm.                                        

   

(a,b) 

 

(c ) 

C
◦

calcined at 400 4O210) AFM of CuFe-Fig (4 
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composite samples results 3/ BaTiO 4O23 CuFe.4 

4.3.1 X-ray diffraction patterns 

3 (BaTiOcombustion synthesized nano -The crystalline phase of the auto     

was analyzed by XRD. The XRD spectrum related to  x-1 )4 O2+ (CuFe x )

ferrite powder, where x = 0.2, 0.4,  x-1 )4 O2+ (CuFe x )3 (BaTiOthe calcined 

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 

for x=0.8 proved the smallest   x-1 )4O2+ (CuFe x )3(BaTiOwider peak of 

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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 x-1) 4 O2+ (CuFe x) 3 (BaTiO11) The XRD spectrum related to the calcined -Fig (4

ferrite powder, where x = 0.2 

 

 

 x-1) 4 O2+ (CuFe x) 3 (BaTiO12) The XRD spectrum related to the calcined -Fig (4

ferrite powder, where x = 0.4 
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 x-1) 4 O2+ (CuFe x) 3 (BaTiO13) The XRD spectrum related to the calcined -Fig (4

ferrite powder, where x = 0.6 

 

 x-1) 4 O2+ (CuFe x) 3 (BaTiO14) The XRD spectrum related to the calcined -Fig (4

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 + (CuFe2O4 ) 1-x 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 + (CuFe2O4 ) 1-x.                                                                                                 

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

].x-1)4O2+(CuFex)3[(BaTiOof unit cell  

Crystalline 

size(nm) 

V (a)3 Lattice 

constant a  

(Å) 

d 

 (Å) 

FWHM 

(deg) 

  

(hkl

)   

2θ 

(deg) 

x-1)4O2+(CuFex)3(BaTiO 

37.72 558.6618 

 

8.236 2.484 0.2215 311 36.127 X=0.2 

35.42 558.6618 

 

8.236 2.484 0.294 311 36.127 X=0.4 

32.99 64.0098 

 
4.000 2.829 0.2503 110 31.593 X=0.6 

32.78 63.7387 

 
3.994 2.825 0.2519 110 31.645 X=0.8 

 

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) .                        

         

porosity of Green density, Bulk density and ray density (dx), -3)   X-Table (4  

 ]x-1)4O2+(CuFex)3[(BaTiO 

 

 

4.3.4  FTIR  

       FTIR-spectra of composite [x BaTiO3+ (1-x) CuFe2O4] is recorded at 

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

(400-4000) cm-1, the obtained results are shown in figure (4-15), (4-16). 

Porosity Bulk density 

)3(gm/cm 

Green density 

)   3(gm/cm 

x-ray density 

)  3(gm/cm 

x-1)4O2+(CuFex)3(BaTiO 

0.358 

 

3.631 2.88668 5.659 X=0.2 

 

0.417 

 

3.278 2.85267 5.631 X=0.4 

 

0.929 3.454 3.23857     48.903 X=0.6 

 

0.924 3.712 3.48143 48.851 X=0.8 
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Fig (4-15) FTIR-spectra of composite [x BaTiO3+ (1-x) CuFe2O4] at X=0.4 

                   

 

Fig (4-16) FTIR-spectra of composite [x BaTiO3+ (1-x) CuFe2O4] at X=0.8 
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        Fig (4-15) shows FTIR spectrum of (X=0.4) composite 

BaTiO3+CuFe2O4. Spectrum showed several types of vibration at 408, 

580, 1421, 1680, 2333 and 3414 cm-1. The spectrum gives stretching in the 

range 550-600 and 400-450cm-1 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-1, 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+CuFe2O4 when increase the temperature cause shift of Fe3+ – O-2 

towards lower frequency.                                                                                                   

 

4.3.5 SEM 

) 4 O2+ (CuFe x) 3 (BaTiOThe morphological studies of the nano composite    

electron microscope (SEM).powder were carried out using a scanning  x-1 

The SEM images of the composite (BaTiO3 ) x + (CuFe2O4 ) 1-x sample prepared 

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

figure (4-17). It is spherical particles with agglomeration.                                                                                              



Results and Discussion        Four                                 Chapter  
 

55 
 

 

           

   

x-1) 4 O2+ (CuFe x) 3 (BaTiO17) The SEM images of the composite -Fig (4 

 

4.3.6 AFM 

 x-1) 4 O2+ (CuFe x) 3 (BaTiO18) which obtains image AFM of -Fig (4      

C, the area (size = 2045x2036nm) and ability ◦x= 0.4 calcined at 1200when 

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.                                                                              

      

(a,b)    

 

(c ) 

when x= 0.4 x-1) 4 O2+ (CuFe x) 3 (BaTiO18) AFM of -Fig (4  

when  x-1) 4 O2+ (CuFe x) 3 (BaTiO19) which obtains image AFM of -Fig (4     

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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(a,b) 

 

(c ) 

when x= 0.8 x-1) 4 O2+ (CuFe x) 3 (BaTiO19) AFM of -Fig (4 

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 (BaTiO3 ) x + 

(CuFe2O4 ) 1-x when (x=0 to 1.0).  
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when (x=0 to  x-1) 4 O2+ (CuFe x) 3 (BaTiO20) Real dielectric constant of -Fig (4      

0.5) 

 

when (x=0.6  x-1) 4 O2+ (CuFe x) 3 (BaTiO21) Real dielectric constant of -Fig (4       

to 1.0) 

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

when (x=0 to 1.0) .                                        x-1) 4 O2+ (CuFe x) 3 (BaTiOfor  
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when  x-1) 4 O2+ (CuFe x) 3 (BaTiO22) Imaginary dielectric constant of -Fig (4     

(x=0 to 0.5) 

 

 

when  x-1) 4 O2+ (CuFe x) 3 (BaTiO23) Imaginary dielectric constant of -Fig (4      

(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 () function of frequency at room temperature.Frequency 
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ferrite  x-1) 4 O2+ (CuFe x) 3 (BaTiO dependence of the dielectric constant for

C. Dielectric constant ˚samples (x=0 to 1.0) sintered at temperature 1200

() decreases with increasing frequency. Because attributed to the fact that 

hange ions cannot follow the c 3+and Fe 2+the electron exchange between Fe

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 δ) function of frequency at room temperature. Frequency dependence 

of the dielectric loss for (BaTiO3 ) x + (CuFe2O4 ) 1-x ferrite samples (x=0 

to 1.0) sintered at temperature 12000C.tangent (tan δ) decrease with 

increase in the frequency of the applied AC field. The values of tangent 

loss (tan δ) 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 Fe2+ ↔Fe3+, Resistivity electrical 

properties of ferrites depend upon the conduction phenomenon. Hopping 

of electron between Fe2+ and Fe3+ 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 Fe3+ 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.  

 

when (x=0 to 0.5) x-1) 4 O2+ (CuFe x) 3 (BaTiO24) Tangent loss factor of-Fig (4       
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when (x=0.6 to  x-1) 4 O2+ (CuFe x) 3 (BaTiO25) Tangent loss factor of -Fig (4       
1.0) 

4.3.7.3 A.C. Conductivity 

     Figures (4-26) and (4-27) show variation of A.C conductivity σac for 

all (BaTiO3 ) x + (CuFe2O4 ) 1-x ferrite 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 Fe2+ ions is less. At higher 

frequencies, the conductive grains boundaries become more active by 

promoting the mobility of electrons between Fe3+ and Fe2+ ions therefore 

increasing the mobility frequency applied filed increases the conductive 

grains became more active by promoting the mobility between Fe2+ and 

Fe3+ ions, so we observe the increase in conductivity with the increase in 

frequency. 
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when (x=0to 0.5) x-1) 4 O2+ (CuFe x) 3 (BaTiO. conductivity of C.A26) -Fig (4        

 

 

when (x=0.6to 1.0) x-1) 4 O2+ (CuFe x) 3 (BaTiO. conductivity of C.A27) -Fig (4    
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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 (BaTiO3 ) x + (CuFe2O4 ) 1-x 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 Fe2+ and Fe3+ 

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 Fe2+ and Fe3+ ions located in the 

grains .  

 

to 0.5) when (x=0 x-1) 4 O2+ (CuFe x) 3 (BaTiO. Resistivity of C.A28) -Fig (4            
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when (x=0.6to 1.0) x-1) 4 O2+ (CuFe x) 3 (BaTiOof C. Resistivity .A29) -Fig (4       
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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, CuFe2O4 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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( باسةةداداا الي ة ت الم م اة ت اليدة ت  4O2+CuFe3BaTiOم كبت ) المواد الفي هذه الدراسةةت  ت  يرةة   

(gel auto combustion-sol( الدي  مونةةم  ق لبةةت   دةةانةةاو البةةارةوا )BaTiO  بةةالعمم  م ف اةةةم )

  3Ba(NO(2( ,وند او البارةوا ) 2TiOكسةة د الد دان وا )و( الدي صةةن م  باسةةداداا   4O2CuFeالنياس )

ند او النيةةةاس (, O2.H7O8H6Cحةةةا ل السةةةةةةةد ةةةة  ) 3Fe(NO,)(O2.9H3) (,وند او اليةةةدةةةةدةةةة 

(O2.3H2)3Cu(NO ( و يلول الا ون ةةا ت   دةةانةةاو البةةارةوا  ح رج  نةةد در ةةت )Co088 )    ثلاث لمةةد

سةةةا او ثت اج ا ما  ق ال  خ وجليما في  و       اج و وواةةة ما في بودلت واح رج  ند در ت ح ار  

(Co0088 ) در ةةت ح ار   د اوم  ةةاب ق و ب د في در ةةت ح ار  الف فةةت ت ف اةةةم النيةةاس اح رج  نةةد  

(Co800-088 )  و ب د في در ت ح ار  الف فت ثت كلسةةنت  ند الدر ت(Co088 )   در ت ح ار   ئوةت لمد

ف  ةمفناط س ت                                  ثلاث سا اوت و م رو هذه ال مل ت للمواد الم كبت ال   وكم باة ت

]x-1)4O2+(CuFex)3[(BaTiO  حةةةةةةةة ةةةةةةةة   خ  جةةةةةةةةدةةةةةةةةلا  الةةةةةةةةدةةةةةةةة اكةةةةةةةة ةةةةةةةة  ةةةةةةةةم ا

x=0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9 and 1))  ثت ةدت ح ر كةةت ةدت   ج   ةةد وطينمةةا   ةةا  و ق

لمد  ثلاث سةةةةةا او و ق ثت ةييق النا ج   دا  وب دها ةمبا ب وال  طاو لي   ( Co088)ج  ند در ت ة  

 لمد  ثلاث سا او ت ( Co058)ست وةلبد  ند در ت ح ار   2.1

لية نحاس وتيتانيات الباريوم والخصائص التركيبية والكهربائية والعزلفرايت ال ةتم دراسه الخصائص التركيبي

 ةشتتتعللاتحويح فورير  .(XRDي  ود الاشتتتعة الةتتتينةع ي  من القياستتتات م حي  يلاباستتتتخ ام للمواد المتراكبة 

جهاز قياس و -(AFMذرية يمجهر القوة ال -(SEMي المجهر الالكتروني الماستتتت  -(FTIRتحت الحمراء ي

شتتتعة تحت الحمراء  يث اظهر تحويح  فورير  للا.( LCR-meterالكهربائية والعزلية باستتتتخ ام يالخواص 

 عائ ة( 0-سم505يالى (  0-سم500ي من وجود الحزم ضمن نطاق محضرةال للنموذج تيتانات الباريوم النانوية 

عائ ة الى  (0-ستتتم500يالى (  0-ستتتم050ي زم ضتتتمن نطاق من  ظهرتفلزيتيتانيوم( ، و -اوكةتتتجينة رابطل

عائ ة  450cm-600 and 400-550-1وكذلك ظهرت  زم ضمن النطاق  فلز يالنحاس( –رابطة اوكةتجين 

 نحاس(. –فلز يتيتانيوم  –الى رابطة اوكةجين 

فيرايت يؤك  تكون   XRDجهاز قياس  يود الاشتتتعة الةتتتينية باستتتتخ امالتي تمت  ان تحليح الطور الكيميائي

 يث اظهرت دراستتتتة  ( والمواد المتراكبة بينهما.يتابيروفةتتتتك، تيتانيات الباريوم ييستتتتبنح فيرايت ( النحاس

بينما .لمةتتتحوق فرايت النحاس الكلةتتتنة  رارةمع زيادة درجات  يود الاشتتعة الةتتتينية ان  جم البلورة يزداد 

 الخلاصــة



لك وج  ان وكذ فيرايت النحاس تيتانيات الباريوم ونقصتتتان تركيز تركيز مع زيادة يزدادوج  ان  جم البلورة 

 تركيز تيتانيات الباريوم.ثابت الشبيكة يتناقص ييقح( مع الزيادة 

  .مترنانو 088ان  جم الجةيمات اقح من تبين ب للمةا يق المحضرة SEM المجهر الالكتروني الماس  صور

  .النانوضمن الم ى   ود  ة ج ابينت ان ال قائق صغير AFM اما اشكال مجهر القوة الذرية

بأستتتتتتتخ ام  8م805 لجميع العينات الملب ة عن  لمةتتتتتتا يق المتراكبةتم دراستتتتتتة الخواص الكهربائيه والعزلية 

LCR-meter  وتم قياس المقاوميه  ك الة للتردد  ولجميع  .هيرتز( ميكا 5-هيرتز 58ضمن الم ى الترددي ي

( وفق  rε'ووج  ان ثابت العزل ي.ازدياد الترددومية تقح مع ا يث وج  ان المق 8م058العينات  المحضتترة عن  

(  من خلال بيانات الةتتتعة  اذ يلا ا بان هذل المعلمات   rε′′( و فق  العازل يثابت العزل الخيالي(يtanδالظحي

  يةوصتتتلية الكهربائتبينما اظهرت النتائج بان ال وهذا الةتتتلوط يطابق ستتتلوط فيرايت..تتناقص مع زيادة التردد

  يقح بزيادة الترداد. اما عامح الفق  ,التردد تتزاي  مع
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