
Republic of Iraq 

Ministry of Higher Education and Scientific Research 

University of Babylon 

College of Education for 

Pure Sciences 

Department of Physics                                                                                              

 

 

Fabrication and Characterization of (PVP- 

PVA-Ferrite) Nanocomposites and their 

Applications 

 
 

A Thesis 

Submitted to the Council of the College of Education for Pure Sciences , 

University of Babylon in Partial Fulfillment of the Requirements for the 

Degree of Master in Education / Physics  

 

By 

Ali Jasim Mohammed Masarie 

B. Sc. in Physics 

(University of Babylon- 2007) 

 

 

Supervised by 

 

Prof. Dr. Sameer H. Al- Nesrawy 
 
 

2022 A.D.  1443 H.D. 

 



بسبسممم

بي

 

 

 

63  
 صدق الله العلي العظيم

 



ACKNOWLEDGEMENTS 

        

       First of all praise be to “ALLAH” for giving me the strength to 

complete this work.  

        I would like to submit my sincere gratitude to my supervisor 

Prof. Dr. Sameer H. Al- Nesrawy for his helpful advice, valuable 

suggestions, and encouragement throughout this study  

      Special thanks to the Deanery of College of Education for Pure 

Sciences and the Head of the physics department and to all my 

professors gave me everything. 

       Finally,  my  deep  gratitude  and  dedication  go  to  my  wife, 

my family and my friends for their love, support, guidance, and 

endless patience throughout all my endeavors. 

 

 

 

      Ali jasim 

                                                                 2022 



Dedication 

          To ….. 

 

Martyrs of Iraq and the popular 
crowd and security forces 

Soul of my faTher….  
My mother.… 

My wife, 

My children,  
My Brothers and My Sisters, 

My supervisor, 

My heart throb, Iraq,  

With all the love and appreciation 

 

 

Ali Jassim 

   2022



 

 

 

      In the present study, CuxNi1-x FeO3 with x=0.1 and 0.3  at a temperature of 1200  

C° was ware by the Co-Precipitation method because it gives great homogeneity to 

the powder particles.  

The XRD obtained that the formation of the face center cubic spinel phase (FCC) 

at the degree of calcination of powder ferrite Cu x Ni 1-xFeO3 with x=0.1 and 0.3.  

Then added different concentrations of this ferrite (1,3 and 5 )wt% to the Polyvinyl 

pyrrolidone (PVP)/ Poly(vinyl alcohol) (PVA) nanocomposite. 

 From the field emission scanning electron microscope (FESEM) and the optical 

microscope images showed the ferrite Cu x Ni 1-xFeO3 with  x=0.1 and 0.3 form a 

continuous network inside the PVP/PVA  composites shift in certain bonds and 

changes in the intensities of particular bonds seen in the Fourier transformation 

infrared spectroscopy (FTIR) spectrum, demonstrating that there are no 

interactions between the polymer matrix (PVP/PVA) and ferrite.  

From the optical properties, the absorbance increases with increasing the 

concentration of ferrite( Cu x Ni 1-xFeO3 with x=0.1 and 0.3) and it is decrease with 

increasing wavelength for all samples of nanocomposites , while the transmittance 

decrease with the increasing of the ferrite concentration and it is increase with 

increasing wavelength. The energy gap for decrease with the increasing of the 

ferrite Cu x Ni 1-xFeO3 with x=0.1 and 0.3 inside (PVP/PVA) polymer matrix. 

Increasing in absorption coefficient,  extinction  coefficient, refractive index, real 

and imaginary of dielectric constants and optical conductivity with increase ferrite 
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concentration of Cu x Ni 1-xFeO3 with x=0.1 and 0.3  (PVP/PVA) inside of the 

polymer matrix.  

The AC electrical properties such as the dielectric constant and loss increase with 

increasing the concentration of ferrite  Cu x Ni 1-xFeO3 with x=0.1 and 0.3 inside 

(PVP/PVA) polymer matrix and decrease with the increase of frequency of the 

applied electric field, while the A.C electrical conductivity increase with the 

increase of the ferrite concentration Cu x Ni 1-xFeO3 with x=0.1 and 0.3 inside 

(PVP/PVA) polymer and also increase with frequency. Attenuation of microwaves 

within the frequency range (4-7) GHz for different concentration of Cux Ni1-xFeO3 

with x=0.1 and 0.3 inside (PVP/PVA) polymer. The ability of this nanocomposite 

to attenuators of microwaves emitted within the S-band. 
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1.1  Introduction: 

     In general, most polymers were only employed to make low-cost items 

that were only used for a few functions. However, due to fast 

technological advancements, certain industrial materials have had to be 

replaced by newer materials for superior specifications [1,2]. Later on the 

progress increased substantially. Scientists are actively working on low-

cost, flexible, and versatile polymers. They may be utilized in homes, 

autos, and industries. Electrical equipment and components have greatly 

benefited from the use of these materials. When it comes to electrical 

properties, polymers are often more stable than their mechanical 

counterparts because of their chemical structure rather than their 

microstructure. Optically, there are several applications that may benefit 

from optical features. Polymers are excellent insulators because of their 

high electrical resistance. The conductivity of a polymer's surface layer 

may be affected by both humidity and surface contaminants. Surface 

resistivity may be determined by measuring the current flowing between 

two electrodes that are in contact with the polymer's surface [3].  

Each molecule is made up of thousands of atoms joined by covalent 

chemical bonds, and the polymer is made up of enormous organic 

molecules (Large molecules) of repeating tiny structural units 

(monomers) bonded together in a process called polymerization. 

Molecules in a polymer are attracted to one another by forces that vary 

depending on the polymer type [4]. 

1.2 Composite materials 

     Composite materials are those in which a second component with 

quite different qualities is mixed in with the polymer so that both 

contribute to the product's properties. The added component is thought to 

reinforce the product by increasing its strength or hardness[5]. Composite 
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materials originate in a number of shapes and sizes, and they're made in a 

diversity of ways. Carbon and glass fibers are the greatest common, and 

they can be mixed with a diversity of polymer matrices [6]. Their high 

specific strength, low density, stiffness, excellent fatigue endurance, and 

low thermal coefficient make them ideal for aerospace and military 

applications (in the fiber direction), advanced composite materials 

possess seen increased use in the aerospace, marine, and automobile 

industries in recent decades [7]. A composite material system is made up 

of two or more distinct phases that, when combined, provide aggregate 

qualities that are unique from their component properties. Composites 

may be quite useful. [8]. Polymer nanocomposites have a wide range of 

uses, including protective coatings and computer chip packing 

(insulation) their high strength, temperature stability, process ability and 

chemical resistance. Improvements in mechanical characteristics and 

thermal stability [9,10]. 

The following two levels of classification are often used to classify 

composite materials [11]:  

The first level of categorization is usually classified using the matrix 

component. OMCs, MMCs, and CMCs are the three main types of 

composites: (CMCs). Polymer matrix composites (PMCs) and carbon 

matrix composites (also known as carbon-carbon composites) are 

examples of matrix organic composites. composites Fiber reinforced, 

composites laminar and composites are particle included in the level 

second of classification because of their reinforcing properties. 

Discontinuous and continuous fiber composites (FRP). 
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1.3 Nanomaterials   

         Nanomaterials are the foundations of nanoscience; they are defined 

as materials with dimensions less than 100 nm that have at least one 

unique property that distinguishes them from bulk materials. These 

properties can be used in a variety of fields, including pharmaceuticals, 

cosmetics, and nanoelectronics [12] 

       Nanomaterials are recently produced materials in which the 

nanoscale structure under control has a significant impact on the 

material's or device's desired behavior. There are three types of nano-

materials: discrete nano-materials, nano-scale device materials, and bulk 

nano-materials. Discrete nano-materials are those that are individually 

packaged. Nano-scale deivce materails are nano-scale materail elemants 

that are contianed within devicas, usuall as thin films. Bulk nano-

materials are materials with structure controlled at the nano-scale that are 

accessible in bulk quantity (defin here as at least 3 mm volume) [13]. 

Nanostructures of nano-materials can be classified according to their 

primary spatial dimensions (X, Y, and Z) [14]:  

1-zero-dimension (0-D) (represent for quantum dots or nanoparticles).  

2-one-dimension (1-D) (indicate to nanofibres, nanorods, nanobelts, 

nanotubes and nanowires). 

3-two-dimension (2-D) (refer to nanosheets, nanowalls and nanoplates)  

4-three-dimension (3-D) (represent to nanoflowers and other complex 

structures such as nanotetrapods) . 
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Figure(1-1) : Types of nanomaterial[14] 

1.4 Nanocomposite 

Nanocomposites are a key component in the development of innovative 

advanced materials for a wide range of applications, including electrical 

engineering. Nanocomposites have piqued the attention of both academia 

and industry [15]. Since each kind of composite has its own special 

characteristics and those characteristics may shift from one material to 

another, a composite's traits are different from those of its constituent 

parts. The matrix (the fundamental material) and the additives are the two 

main components of the compound. To build a compact system, the 

matrix surrounds other components and makes them more cohesive[16]. 

Material systems made up of two or more different materials are called 

composites; the features of a composite are unique from their elements. 

The matrix (the fundamental ingredient) and the additives are the two 

main components of the compound. Created by the matrix, this tiny 

system is held together by other parts[15,16]. The properties of polymer 

nanocomposites are influenced by the nature of the polymer matrix and 

filler, dispersion state of the particles, filler- matrix interaction, filler size 

and surface modification of the filler [17]. 
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1.5. Polyvinyl pyrrolidone (PVP)  

There are several uses for the hydrophilic Polyvinyl Pyrolidone and 

separation procedures to improve the hydrophilic character of the blended 

polymeric materials [18,19]. Due to its water solubility and exceedingly 

low concentration [20]. PVP has gotten a lot of interest among the 

conjugated polymers because of its outstanding environmental stability, 

ease of processing, and transparency. PVP is a potential material with a 

high charge storage capacity , electrical and optical characteristics that 

are depending on the dopant. PVP has been shown to be chemically inert, 

non-toxic, and intriguing. [21]. It has a great proclivity for forming 

complexes with a broad range of smaller compounds. [22]. In table (1) 

some physical properties of the PVP. Povidone, or Polyvinylpyrrolidone, 

is a synthetic polymer made by radical polymerizing the monomer, N-

vinylpyrrolidone [23]. 

Table (1-1): Some of the physical and chemical characteristics of (PVP) 

[24, 25] 

Properties PVP 

Appearance 
Water soluble amorphous)white to yellow    

(powder 

Molecular formula (C6H9NO)n 

Density 1.2g/cm³ 

Melting point (150-180)°C 

Boiling point 217.6 °C 

Glass Transition 

Temperature (Tg) 
(165-175) °C 

molecular weight 40000 
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1.6 Polyvinyl alcohol (PVA) 

           PVA is a water soluble polymer that comes in a variety of 

molecular weight and viscosity grades. [26].  PVA was elected as a 

polymer matrix due to its water-dispensability and hydrophobicity, which 

give it an excellent compatibility [27] .Poly(vinyl alcohol) is a typical bio 

plastic with good properties such as oil and chemical resistance, as well 

as the ability to withstand practically all organic solvents. PVA is also 

ideal for use as a paper adhesive and in packaging. [28,29]. In the early 

twentieth century, PVA, a man-made polymer, was widely employed for 

a number of uses resins,  Lacquers, threads surgical and food packaging 

materials that come in to direct touch with food have all produced been 

using it in the medical, commercial, industrial and sectors food [30]. Due 

to its structure compatible and hydrophilic capabilities, this polymer is 

often mixed with other polymers such as biopolymers and other polymers 

hydrophilic. It is used in many industrial applications to improve film 

mechanical properties [31]. 

Table (1.2): Some physical and chemical properties of (PVA)[32,33] 

Properties PVA 

Appearance White to cream granular powder 

Molecular formula (CH2CH(HO))n 

Density 1.19–1.31 g/cm3 

Melting point 200°C (392°F-473K) 

Glass Transition Temperature Tg (75-85)C
0
 

molecular weight 00111 
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1.7 Ferrite  

        Ferrite is one of magnetic oxide compounds, which comprise iron 

oxide as a major component[34 ]. For the most part, ferrites are made 

from iron oxides and are ferromagnetic ceramic compounds [35]. They 

have a dark brown or gray hue to them, and their physical properties 

describe them as being very hard and brittle [36]. Ferrites have dielectric 

characteristics, which means that although electromagnetic waves may 

flow through them, they cannot readily carry electricity. Because these 

metals conduct electricity, they offer an advantage over iron, nickel, and 

other transition metals that exhibit magnetic characteristics in many 

applications [37].  

Ferrite is a chemical compounds (ferromagnetic materials) that contains 

oxygen and at least two magnetic ions, (A) and (B) represent various 

metal cations consisting of different combinations of iron oxides. Added 

mineral oxides such as CdO, ZnO, MnO, and NiO. Other oxides 

(manganese, cadmium, zinc, nickel, etc.) are less likely. More than that, 

these low-cost materials are easier to build and more formable than 

metals and amorphous magnetics [38]. 

1.7.1 Types of Ferrites according to Magnetic Properties : 

    Hard and soft ferrites are classified by their magnetism. This 

categorization is based on ferrite's magnetization or demagnetization. Soft 

ferrites are readily magnetized or demagnetized, but hard ferrites are 

not[39]. 

1.7.1.1 Soft Ferrites 

It is a type of ceramic that can be easily magnetized This indicates that 

magnetic materials have a low coercive field and high magnetization is 

required in many applications, and the hysteresis loop is long and 

narrow and therefore the energy loss is very low in these magnetic 
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materials [40]. Soft ferrites have certain advantages over other 

electromagnetic materials including high electrical resistance, eddy 

current losses over a wide range and high and stable transmittance 

temperatures. Many examples of Spinel ferrites like manganese–zinc 

ferrite (Mn,Zn,Fe)O4 system are commercially important soft magnets. 

In addition, lithium ferrite, nickel ferrite, and garnets are other examples 

of soft ferrites [41, 42]. 

 

1.7.1.2 Hard Ferrites  :  

       Hard ferrites have a high coactivity and  restrain  applied field to 

demagnetize, which is why this is the case., which is necessary for a 

permanent magnet. They are also magnetically permeable. Ceramic 

magnets are inexpensive and commonly utilized in household items like 

refrigerator magnets. Hard ferrite magnets include iron oxide and barium 

or strontium carbonate. Common hard ferrites: It is utilized in tiny 

electric motors, microwave devices, magneto-optic media, electronics, 

and telecommunications[43] [44].   

1.8 Literature review  

In 2016, J. M. Al-Issawe et.at. [45] preparation ferrite using precipitation 

method. The X-ray diffraction was used to confirm the spinel phase 

formation of the prepared samples. Ferrite has been added to silicone 

rubber. Microwave attenuation measurements were performed using 

VNA to determine the sensitivity of materials intended for microwave 

attenuation.waves. The results showed that the prepared materials have a 

high microwave absorption capacity .Waves in the frequency range (3-5) 

GHz.  

In 2016, A. K. Thanigai et.al.  [46]  synthesis Polymer co-precipitation 

yields uniform nan sheets. To co-doped ferrites magnetic nanoparticles, 
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pure (0 g), 0.2 g, and 0.5 g polyvinyl alcohol were added. They used 

XRD, SEM, FTIR, and Raman spectroscopy. XRD verified NiCoFe2O4 

spinel structure. FTIR verified NiCoFe2O4 and PVA. Also, PVA was 

verified by Raman modes. 

In 2017 S. Mirzaee et. al. [47] Co-precipitation of Cobalt Ferrite -

Poly(vinyl) Alcohol nanocomposites with and without ultrasonic 

treatment . (XRD), (VSM), (FTIR), and (TEM) were explored. According 

to the findings, ultrasonic irradiation enhances magnetic anisotropy 

energy of(7nm) magnetic nanoparticles (MNPS). The lattice strain caused 

diffraction peak widening and shift to angle lower. These photos 

demonstrate nano crystallite cobalt ferrite totally disseminated and 

embedded in PVA matrix in the ultrasonic irradiated sample.  

In 2018, M. T. Ramesan  et. al. [ 48 ] Sol-gel was mixed by spontaneous 

combustion of ferrite nanoparticles (ZnFe2O4) at different concentrations. 

Infrared (FTIR) and X-ray (FTIR peak shift offsets confirm the chemical 

interactions between the polymer and ZnFe2O4. XRD data show that 

adding ZnFe2O4 nanoparticles to the polymer mixture increases the 

crystalline character of the mixture. SEM images of the nanocomposites 

show the dispersion of nanoparticles in the PIN/PVA mixture, while 

TEM images show spherically formed nanoparticles with an average size 

of 15 nm. 

In 2018 S. Mallesh et. el. [49] The prepared of Mn-Zn-ferrite 

nanoparticles by sol-gel process and for different concentrations (0≤ 

x≤1.0) at 1200 °C. The results showed that it is in the cubic spinel and the 

stability of the spin ferrite phase in the concentration of (Mn) and 

annealing temperature, in air, oxygen and air argon. The magnetic  and  

structural properties of argon and air were compared and it was found that 

the partial pressure of oxygen plays a significant role instability as well as 
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in magnetic properties effect of the depletion of Fe
+3

 ions from the spinel 

structure that affects the action distribution. While the magnetic 

properties are controlled by controlling the conditions of operation.  

In 2019, T. Kaewmanee et .al. [50]  prepared the ferrite compound 

hydrothermal method with oleic acid anti-agglomeration all samples were 

spherical in form, firmly aggregated, and energy-dispersive in nature, as 

shown by XRD. EDS confirms that no element was lost in the produced 

samples. The modified nanoparticles were confirmed super paramagnetic 

using a vibrating sample magnetometer (VSM).  

In 2020, R. Sagayaraj et.al. [51] prepared type hexaferrites Co-

precipitation of nanoparticles samples were examined by XRD, SEM, 

FT-IR, antimicrobial, and magnetometer tested (VSM). XRD shows 

polycrystalline sample with hexagonal crystal structure. It shows 

octahedral and tetrahedral coordination. Pure and doped materials' band 

energy gabs are semiconductors. The SEM micrograph shows the 

hexagonal structure and spongy shape of BHFs. The incorporation of zinc 

(Zn
2+

) in VSM enhances the magnetic characteristics of the samples, 

enhancing their antibacterial activity. While doped ferrite has a band 

energy gap of 2.4 eV. 

In 2020, T.A. Taha et. al. [52 ] prepared  Ni0.5Zn0.5Fe2O4 nanoparticles 

prepared using green sol-gel auto-combustion method. PVA Solution cast 

Ni0.5 Zn0.5 Fe2O4 nano-composites were successfully made for dielectric 

spectroscopy. They observed dielectric characteristics of PVA-Ni0.5 Zn0.5 

Fe2O4nano-composites at )323–403K(.The PVA matrix with Ni0.5 Z n0.5 

Fe2O4  nanoparticles has a higher dielectric constant. The specimen with 

15% nano-Ni0.5 Zn0.5 Fe2O4 had the maximum dielectric loss at all 

temperatures.  
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In 2021, A. H. Alshammari et.al.[53] prepared polymer blend from 

Polyvinyl chloride (PVC)/Polyvinylpyrrolidone (PVP) with nano-zinc 

ferrite by using the solution casting method.  The nanocomposites are 

examined by the XRD, SEM and FTIR analysis, thermal and dielectric 

properties. They found  cubic crystal structure of ZnFe2O4 nanoparticles. 

A uniform dispersion of nanostructured zinc ferrite was confirmed by 

SEM morphology. PVC/PVP with ZnFe2O4 additions FTIR spectra 

indicated distinct absorption bands. All polymer mixes showed three 

phases of heat breakdown. A higher proportion of ZnFe2O4 in the 

polymer results in a lower dielectric constant. All samples AC 

conductivity rises with frequency. 

In 2021, M. S. Toman et.al. [54] prepared (PbO/PVA/PEG) 

nanocomposites by combining lead oxide weight concentrations 

(0,1,3,5,7)% wt. The optical microscopy, FTIR and electrical properties 

of nanocomposites (PVA-CMC/PbO) were studied. The dielectric 

constant dropped with decreasing dielectric loss, whereas the frequency 

increased with introducing an electric field. The dielectric loss and 

constant dielectric of all increased samples with the quantity of lead 

oxide. 

In 2021, A. A. Abid. et.al.[ 55] prepared polymer blend (PVA-PVP) 

Casting carbon black nanocomposites has been studied. Electrical and 

optical qualities have been examined using FTIR. The loss dielectric of 

the sample decreased with increasing frequency, whereas the A.C 

electrical conductivity increased. The concentration of carbon black 

enhanced the electrical conductivity (A.C), loss dielectric, and constant 

dielectric of all samples. 

In 2022, S. Kittipon et.al.[56] The cobalt ferrite nanoparticles (CoxFe1−x 

Fe2O4) were generated by co-precipitation technique employing several 
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surfactants notably sodium dodecyl sulfate (SDS), hexadecyltrimethy 

lammonium bromide (CTAB). This work explored the magnetic and 

electrical properties of cobalt ferrite nanoparticles. CoxFe1-x Fe2O4 

nanoparticles varied in size from 16 to 43 nm. Usage CTAB and SDS, the 

saturation magnetization of CoFe2O4 was decreased. The rise with Fe
2+

 

mole ratio in CoxFe1-xFe2O4 produced using the SDS template at 1.2 

CMC. The Fe3O4 had the highest Ms of 100.4 emu/g employing the SDS 

template. The Fe3O4 nanoparticle could be used in various actuators and 

biological devices. 

1.9 The Aims of Project 

1. Preparation the ferrite Compound( FeO3) using co-precipitation 

technique.    

2. Synthesis of (PVP-PVA-FeO3) nanocomposites that it used in a wide 

variety of  industrial applications. 

3. Study the structural, morphological, optical and A.C electrical 

properties of the nanocomposites prepared. This nanocomposite for 

microwave attenuation was used. 
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 2.1 Introduction 

     This chapter explains the main properties which make (PVP/PVA/ferrite) 

nanocomposite a good candidate for certain application. The study of structural 

and morphological properties were performed with X-ray diffraction (XRD), field 

emission scanning  electron microscope (FESEM), Fourier transform infrared 

(FTIR) spectroscopy, optical properties of nanocomposite (absorbance, 

transmittances, electronic transitions and optical constants), AC electrical 

properties and microwave attenuation. 

2.2  Structural and Morphological Properties: 

2.2.1  X-Ray Diffraction (XRD) 

        It is a well-known technique into analyzing the   structure of  size and thin 

films (XRD) X-ray diffraction [57]. When a solid, such as a single crystal or 

polycrystalline powder, has a long-range (at least m) periodic atomic order, it is 

bombarded by X-rays and acts as an extended periodic grating, producing a pattern 

of diffraction with numerous sharp points known as Bragg diffraction peaks [58] . 

when the X-ray beam is incident at a specific angle on the crystalline material 

Because of the coherent scattering from the atoms, diffraction occurs at the 

intersecting planes. Because the wavelength of an X-ray  is similar to the distance 

between atoms, diffraction from a variety of planes produces a certain diffraction 

pattern. The required condition for diffractions emanating from separate planes is 

provided by Bragg's law below. The diffraction Bragg's law can be stated as [57]:  
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Figure(2.1) diffraction Bragg [59]. 

The wavelength of the incoming, X-ray beam the Bragg's diffraction angle (θ) of 

the XRD peak and the interlinear distance (dhkl) may all be used to calculate the 

distance [57].  

Fig.(2.1) demonstrates that the (XRD) meets Bragg's requirement 

 

 

 

 

 

 

 

2.2.1.1 Average crystallite size (D) 

The average crystallite size (D) can be estimated using Scherrer's method. 

Crystallite size can be calculated from peak broadening using XRD [60]. X-ray 

line broadening method was used to determine the particle size of ferrite by using 

Scherrer's equation. [61][62][63]: 

  
  

      
   …………………….…(2-2) 

where K is 0.9 depend on the structure, (λ) Wavelength of incident X-ray 

radiation( 1.54056Å), (β):Full width at half maximum of the peak (radian ).      

   Bragg diffraction angle of the XRD peak (degree). 



     Chapter  Two                        Theoretical Part 

 

15 
 

2. 2.2 Field emission  scanning electron  microscope (FESEM) 

The (FE-SEM) uses a high-energy beam of electrons to raster scan across a sample 

surface. Surface topography, composition, as well as other qualities such as 

electrical conductivity, may be gleaned from signals generated by electrons 

interacting with atoms in the sample. There are two classes of emission source: 

thermionic emitter and field emitter [64]. The primary distinction between a SEM 

and a Field Emission Scanning Electron Microscope (FESEM) is the kind of 

emitter used (FE-SEM). Tungsten (W) and Lanthanum hexaboride (LaB6) are the 

most often utilized filament materials in Thermionic Emitters (TEs). When the 

filament material's work function is exceeded, electrons are released from the 

filament. Thermionic sources operate with a low level of brightness, cathode 

material evaporation, and thermal drift. By utilizing Field Emission, you may 

avoid these problems. The filament is not heated by a Field Emission Source (FE-

SEM), also known as a cold cathode field emitter. When the filament is placed in a 

massive electrical potential gradient , the emission occurs. Tungsten (W) wire is 

often used to make the FES, which is then shaped into a sharp point. With 

developments in secondary electron detector technology, the FE source is 

compatible with scanning electron microscopes (SEMs)[65,66]. Cathode and 

anode voltages are typically between 0.5 to 30 kV, and the microscope needs an 

extreme vacuum (10–6 Pa) in the column of the  microscope, as seen in figure 

(2.2)[67]. 
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Fig.(2.2): Schematic diagram of the field scanning emission electron microscopy[68]. 

2.2.3 Optical  Microscope 

          The study of optical absorption useful for clarification  of indirect 

transitions, determine direct and the electronic structure. The addendum of 

nanoparticles in improves polymer the electrical, mechanical properties and optical 

of the materials [69]. The microscopy is most widely used for minute light 

diffracting specimens (such as bacterial flagella, bacteria, diatoms, flagella, 

microtubules, and polymers) and isolated organelles (such as cilia, actin filaments, 

gold particle and silver grains in his to chemical labeled cells and tissues). The 

number of scattering objects in the specimen is a significant aspect, as the 
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scattering of light from too many objects can obscure details and over- brighten the 

background [70]. 

2.2.4 Fourier Transforms Infrared (FTIR) Spectroscope  

        The Fourier transformation Infrared (FTIR) Spectroscopy is a non-destructive 

chemical characterization method. This spectral region is classified into three 

regions: far-infrared, mid infrared and near-infrared which are between (4~400cm
‐

1
), between (400~4000cm

‐1
) and lastly, between (4000~14000 cm

‐1
), respectively. 

FTIR spectroscopy is a vibrational spectroscopic method that can be used for the 

optical study of molecular shifts. The allowable existence of this technology relies 

on the identification of vibration in the sample by the chemical functional group. 

Wherever an interaction takes place between infrared light and matter, the 

chemical bonds will stretch. [71]. Thus, a molecule is only absorbed at frequencies 

corresponding to its molecular vibration modes in the region of the electromagnetic 

spectrum between the visible (red) and the short (microwave) waves when exposed 

to radiation emitted by the thermal emission of a hot source (the source of IR 

energy) [72] .  

 2.3 The Optical Properties 

2.3.1 Absorbance (A)  

        Absorbance is defined as the ratio of absorbed light intensity (IA) to incident 

light intensity (Io) by a substance [73].  
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  2.3.2 Transmittance (T) 

It is determined by the proportion of the intensity of the rays (IT) that transmits to 

the of the incident sunlight (Io) intensity as follows through the film [74]: 

T = IT / Io                          (2.4)                     

2.3.3 Fundamental Absorption Edge  

     The fundamental absorption edge can be defined as the rapid increasing in 

absorbance when absorbed energy radiation is almost equal to the band energy 

gap; therefore, the fundamental absorption edge represents the less difference in 

the energy between up point in valance band to bottom point in conduction band 

[75].  

2.3.4 Absorption Regions  

Absorption regions can be classified to three regions [76]:  

A) High  absorption   Region:  

     This region is shown in Figure (2.3). The magnitude of the  absorption 

coefficient (α) is larger or equal to (10
4
 cm

-1
). From this region the magnitude of 

forbidden optical energy gap (Eg opt.) can be introduced.                                                                         

B)  Exponential   Region  

   This region is shown as in Figure (2.3). In (B), the absorption coefficient (α) is 

equal to                       . It refers to transition between the extended 

levels from the Valens band (V.B.) to the local level in the conductive band (C.B.) 

and vice versa, transited from local levels in (V.B.) to the extended levels in the 

bottom of conductive band (C.B.)                          
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 C)   Low  absorption   Region  

   The absorption coefficient (α) in this region is very small, it is about (α<1cm
-1

). 

The transition happens in this region because of state density inside space motion 

resulted from faults structural[88] as shown in Fig.(2.3), the part (C). 

 

Figure ( 2 .3)The variation of absorption edge with absorption regions [77]. 

2.3.5 The  electronic transitions 

The electronics transformations  can essentially  stay divided in to two type  [78]: 

2 .3.5.1   Direct transition 

This transition occurs in semiconductors when the conductive bottom      is 

exactly above the valence band      .This means they have the same wave vector 

value (ΔK=0), the absorption occurs in this state when        .This form of 

transition involves the laws of energy and momentum conservation. There are   

two forms of  direct transformations, [79] these are :   
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A ) Allowed  direct    transition  

Fig. ( 2-4-a) shows that this transition occurs from the top points in the       and 

the bottom point in the      . The equation (2-4) provides the Tauc empirical 

relationship for this type of transition [88]: 

           
 

 ⁄    ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙ (2-5) 

B ) Forbidden direct transitions . 

The transition from  near the top  points of      and the bottom points of       is 

shown    in Fig .(2-4-b) .  The equation (2-5) gives the empirical relationship that 

corresponds to this transition[81]: 

             
 

 ⁄      ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙  (2-6) 

2.3.5.2 Indirect transitions 

       When the bottom  of      is  not above the top of       in the curve(E-K), 

this transformation occurs. Where the value of the electron wave vector before  and 

after transition is not equal (ΔK ╪ 0), the electron transits from (V.B) are not 

perpendicular. This form of transformation happens with the aid of a related 

particle called "Phonon," for energy and momentum law conservation. Hence, a 

phonon 's support is required to maintain the momentum,[81]: 

           ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙ (2-7) 

               ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙ (2-8) 

Where the strength of the absorbed or emitted phonon is Ep. 
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c) Allowed Indirect Transitions 

Fig.(2-4-c) indicates the change between the top of (C.B) and the bottom of (V.B) 

located in the area of(K-space)gap, so that[81]: 

             ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙(2-9) 

D) Forbidden Indirect Transitions 

Fig.(2-4-d) indicates that this transition occurs between close points at the top of 

(C.B) and close points at the bottom of (V.B). The absorption coefficient for the 

phonon-absorption transition is defined by the following equation[82]: 

             ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙(2-10) 

 

Figure.( 2-4) : Electronic transitions [83] 

(A)  allowed direct transition .           (C) allowed indirect transition. 

(B) forbidden direct transition.      (D) forbidden indirect transition. 
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2.4   Optical Constants  :  

     Optical constants are parameters which are very  imperative since they explain 

the materials' optical, behavior. An area of common interest [78] is the extraction 

of optical constants from various methods of optical measurement. The refractive 

index (n), extinction coefficient (k), real (εr) and imaginary (εi) portions of the 

dielectric constant were included in the optical constants [84]. 

 

    ……………….  (2-11) 

 

The reflectance (R) has been determined from values of transmission (T), and 

absorbance (A), using the relationship [53]:  

   A + R  + T =1 …………..(2-12) 

The Extinction Coefficient (k) is defined as the quantity of the energy in thin film 

or the extinction that happen in electromagnetic wave inside the material. It      also 

represents the imaginary part of the complex refractive index.And is connected 

with absorption coefficient by the following relation [85]: 

          
      ⁄                  

Where k0 is the Extinction Coefficient, λ is wavelength of incident photon and (α) 

is absorption coefficient which given by the following equation [86]:  

         ⁄                      

 (A) is absorbance and (t) is thickness of sample 

the following equations were used to calculate the real and imaginary (ε1 and ε2) 

part of dielectric constant [87]: 
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       ε1=n
2
-k

2
   …………………………....... (2-15) 

       ε2=2nk   .…………………………..… (2-16)  

The optical conductivity (σ) can be calculated by using the equation [88]: 

     σ= αnc/4л  …………………………….(2-17) 

In which c denotes the light speed, (n)the refractive index and is the absorption 

coefficient   

2.5 The A.C Electrical Properties 

     Dielectric materials can be used to store electrical energy in the form of charge 

separation when the electron distributions around constituent atoms or molecules 

are polarized by an external electric field. The complex permittivity of a material 

can be expressed as [89]: 

   έ                   

where    and   έ     are the imaginary and real part of the complex permittivity and 

j  √    . 

The real part of the permittivity is by given [89]: 

έ     
                

             

         The magnitudes of    and έ depend on the hesitation ω of the field electric 

applied. The magnitude of  έ (or the dielectric constant 

) indicates the ability of 

the material to store energy from the applied electric field [89]. 

      The capacitance of a capacitor constructed of  two plates parallel is given by 

the equation [90]: 
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Where :, έ is dielectric constant ,t thickness of the sample and 

ε  is vacuum 

permittivity  . The is t dielectric constant by given [91] 

   
  

  
                  

      Where: cp: is parallel capacitance and C0 is vacuum capacitor . As the 

polarization of a material under an electric field varies, some of the applied electric 

field energy is dissipated due to charge migration (i.e., conduction) or conversion 

into thermal energy (e.g., molecular vibration). Ceramic capacitors based on highly 

polarizable inorganic materials have traditionally been used to meet the need for 

pulse power applications [92]. The dielectric loss (ε˝) is given by. The 

                     is by given [93]: 

 

      Where                 fac tor. And this is a measure of the amount of 

electrical energy that is lost in the sample as a result of the applied field. The 

alternating potential, which is a function of the alternating conductivity, represents 

the dissipated power in the insulator. [94]:  
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2.6   Microwave   Attenuation 

       Microwave attenuation is a measure of the reduction in power level 

experienced by a signal as it passes through a circuit across the nanocomposite 

Attenuation plays a vital role in both telecommunications and ultrasonography. 

The attenuation coefficient of the medium in question is used to evaluate 

attenuation in decibels per unit length of medium (dB/cm, dB/km, etc.).In today's 

wireless telecommunications environment, attenuation is a significant factor. Every 

day, it affects people, as they increasingly depend on mobile phones, televisions 

and the internet through satellite. The range of radio waves is reduced by 

attenuation [95].  

2.6.1  Vector  Network  Analyzer  (VNA) 

     The VNA vector network analyzer has become an essential tool for microwave 

measurements. The device's principal function is to measure S-Parameters and 

other non-linear properties of components, and it was developed for laboratory use. 

[96]. 

2.6.2  Scattering parameter 

     Input waves at ports 1 and 2 are referred to as a1 and a2, respectively, in fig. 

(2.5), whereas output waves at port 1 are given the same names as input waves at 

      . Both b1 and b2 refer to the output waves at        and       , 

respectively. In other words, they might be either current or voltage coefficients 

(i.e., the current or voltage coefficients). Both sorts of coefficients are used 

interchangeably in most cases. The s-parameter is often used to represent the 

connection between input and output waves. [97,98]. 
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Fig.(2-5) Two network entries (“a” s, “b” s ) [98] 

                                         

where [a] = [a1, a2] T and [b] = [b1, b2] T can be defined with a coefficient matrix 

S. 

  [
      
      

]       .(2-25) 

   

  

  
                  

    
  

  
                                           

    Whereas, Equation (2-23) states that when         is connected to a source and 

the other port is connected to a corresponding load  , the reflection   coefficient at 
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3.1 Introduction  

         This chapter deals with an explanation of the experimental stages of 

preparing spindle ferrite compounds of the (inverse spin) type with the 

formula Cux Ni_(1-x) FeO3where (x=0.1, 0.3) through the raw materials 

used to prepare the samples and the method of calculating weights, 

method of preparation, measuring some magnetic and structural 

properties, adding them to the polymer mixture in proportions (1, 3, 

5)%wt, measuring some optical properties, electrical properties, and 

microwave attenuation properties. Figure (3-1) shows a diagram of the 

mentioned work stages.  
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Figure(3.1)Schematic diagram of experimental work 
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3.2  Raw materials for ferrite  

                 The raw materials were selected with high purity because this 

leads to the production of pure ferrite materials free of impurities, which 

in turn gives good magnetic and electrical properties. The table(3-1) 

shows a complete description of the materials involved in the reaction. 

Table( 3-1) Information about the raw materials involved in the reaction 

material 

name 

Chemical 

formula 

molar mass 

g/mol 
Purity 

manufacturing 

country 
Company 

Ferric 

chloride 
FeCl3 162.20 99.9% Spain 

RBL 

Sr.No.9066 

Nickel’ 

nitrate” 
Ni(No3)2.6H2O 290.81 98% Korea Gyeonggi-do 

Copper” 

nitrate” 
Cu(NO3)2.3H2O 241.60 98% Spain Barcelona 

 

3.3 Ferrite preparation Cux Ni1-x FeO3 

The following steps were followed to prepare ferrite, according to the 

scheme shown in Figure (3.1). 
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Figure(3.2) is a diagram showing the stages of preparing frites 

 

 

 

 

Copper nitrate Nickel nitrate Ferric chloride 

Add distilled water while stirring and heating at 50 ℃ 

Add NaOH solution until the PH value in the solution 

is greater or equal to 7 with stirring and heating at 50 

℃ 

Filter the solution and then wash it with distilled water 

Drying at 150℃ 

Grinding 

Calcination at 1200℃ for 6 hours 

Nano Ferrite Crystallite Cux Ni1-x FeO3 
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3.3.1 Calculation of masses 

        The mass that is calculated in this paragraph is the initial mass, so 

the proportions of the components are determined for one mole in terms 

of the atomic weights of each element, which calculating from the 

following equation: 

  
 

  
             

where n is the number of moles, w is the weight to be calculated, and 

  is the molecular weight. 

Assuming that n = 1, the equation will be (3-1) 

                  

The molar mass of nickel nitrate Ni(NO3)2.6H2O was calculated as 

follows :- 

58.693+2(14+3×16)+6(2×1+16) = 290.6939 g/mol 

The same way for the rest of the materials whose values are shown in 

Table (3-1) 

3.3.2 Calculating the masses of the reactants  

     To prepare 30 g of the ferrite compound Cux Ni(1-x)FeO3 at the ratio 

x=0.1, the compound becomes as Cu0.1 Ni(0.9)FeO3    . 

We follow the same steps to find other compounds of values (x =0.1) 

1- Amount of  FeCl3   

             

    
                                                         

 

2- Amount Ni(NO3)2 6( H2O)  
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3- Amount Cu(NO3)2.3H2O  

     
              

    
                                     

 We follow the same steps to find other compounds of values (x=0.3). 

3.3.3 Mixing and drying process 

     The prepared quantities were put together in a glass container and 

dissolved by adding 800 ml of distilled water and then placed in the 

magnetic stirrer at a temperature of 50 ℃ and continuously mixing 

resulted in a homogeneous solution, then NaOH was added until the PH 

value reached greater than or equal to 7, where it turns viscose solution. 

The volume is then completed to one liter by adding distilled water. After 

that, the filtration process was carried out using filter paper and put it in a 

Buchner filter and then put the solution inside the filter and then wash the 

product with distilled water several times to get rid of the suspended 

impurities, and thus get metal hydroxides instead of ions, which 

disintegrate easily when the temperature is raised to the metal oxide in the 

spinel phase. This is followed by the drying process, as the product is 

placed in an oven at a temperature of 150   for 24 hours . 

3.3.4 Grinding and calcination process 

     The grinding process is carried out in a ceramic mortar for a period of 

/6/ hours. After the grinding stage, the powder resulting from grinding 

was placed in a ceramic pulp that bears very high heat, and the powder 

was placed in the electric oven. The temperature of the oven was 

gradually raised at a rate of (10) ℃ per minute to That the temperature of 
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the furnace reaches (1200) ℃ and the furnace remains at this temperature 

for (6) hours and then leaves the oven until it cools gradually (this 

process is called calcination) and then the material is taken out to be 

ground again, and to ensure that the spinel ferrite phase is achieved, an 

examination is conducted XRD for output. The following equations 

obtain to get the ferrite. 

                                            

                                                                

   
                                         

                          
     

        

     
                                     
→                                        

                                                    

                               
                        
→                               

3.4 Preparation of (PVP/PVA/Cux Ni1-x FeO3)(with x=0.1 and 0.3)  

       The nanocomposites of (PVP -PVA- Cux Ni1-x FeO3) at x=0.1 and 

x=0.3are  prepared by dissolving 1g (70 wt.% PVP and 30 wt.% PVA ) in 

50 ml of distilled water and  in order to achieve a more uniform solution, 

a magnetic stirrer was used to mix the polymers for 1 hour. Varying 

concentrations of ferrite nanoparticles (1, 3, and 5) wt.% are added to a 

polymer mixture are shown in table (3-2). PVP/PVA/ferrite 

nanocomposites are placed on a petri dish using the casting method. The 

thickness for all samples of (PVP/PVA/ Cu0.1 Ni0.9 FeO3)(with x=0.1 

and0.3) nanocomposite were (120) μm . 
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Table (3.2) Weight Percentages of nanocomposite CuxNi1-x FeO3 

PVP (gm) 

 

PVA(gm) 

 

Cu0.1Ni0.9 FeO3 and 

Cu0.3 Ni0.7 FeO3 

 

Weight of 

Sample 

0.7 0.3 0  

 

1g 

0.7 0.29 0.01 

0.7 0.27 0.03 

0.7 0.25 0.05 

3.5  X-Ray Diffraction (XRD) 

    The main aim of these measurements is to study the form of structure 

of the prepared films. Determining the general structure of bulk solids, 

including lattice constants, identifying unknown materials, orienting 

single crystals, orienting polycrystalles , flaws and stresses. has long been 

used in this experimental technique. “X-ray diffraction” by the X-ray 

diffract meter device (
o
XRD-60000) from SHIMADZU, which records a 

measure of the intensity as a function the angle of Bragg. The system's 

circumstances were: 

CuK emits radiation with a wavelength of 1.5406 nm from a CuK sourc 

Target: Cu current is equal to 30 mA. 

The voltage is equal to 40 kV. 

The scanning speed is 0.25 degrees per minute. 

A total of two “X-ray scans) are” done (between) the two-point values of 

zero and eighty degrees as shown in fig.(3.3). 



 Chapter Three      Experimental   Procedures and Measurements 

03 
 

 

 

 

 

 

 

Figure.(3.3) The system of the XRD. 

3.6  Field Emission Scanning  Electron Microscope (FESEM). 

Via high – resolution photographs and magnification, describe the 

essence and morphology of the prepared films' surface, as well as the 

internal structure of the films' substance. Photons with X-ray wavelengths 

are produced when primary electrons reaction with the sample. The 

atomic ratio in the sample can be measured using energy dispersive 

spectroscopy after this emission is detected by (ΣIGMA, JSM-7610F,Carl 

Zeiss, Germany) image operating at an accelerating voltage of 10 kV . 

The element ratio and surface morphology of the thin film that were 

produced were examined utilizing FE-SEM can be observed Fig.(3.4).  
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Figure (3.4). FESEM System 

3.7  FTIR Spectrometer  

         The FTIR spectra of (PVP/PVA/Cux Ni 1-x FeO3) nanocomposites at 

x=0.1 and x=0.3 were acquired by an FTIR in strument (Bruker company, 

German origin, type vertex -70 ) FTIR was implemented The University 

of Babylon/ College of Education for Pure Sciences / Department of 

Physics. The findings of this investigation show that considered wave 

number range is (400-4500) cm
-.1

as shown in Fig.(3.5) 

 

 

 

 

 

 

Figure(3.5) Image of the FTIR device 
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3.8  Microscopic Examination   

 The (PVP/PVA/ Cux Ni1-x FeO3) at x=0.1and x=0.3nanocomposites  

specimen were examined by an optical microscope by the Olympus name 

(Top View) type (Nikon-73346), and fitted with an automatic camera 

operated by light intensity under magnification (100x) this measurement 

was carried out for Pure Sciences at the University of Babylon-College of 

Education, in Babylon, as seen in Figure (3.6). 

 

 

 

 

 

 

 

Figure(3.6) Optical Microscope 

3.9  Optical Properties  

        The optical properties of (PVP-PVA/ Cux Ni1-x FeO3)at x=0.1and 

x=0.3 double beam spectrophotometer (Shimadzu, UV -18000A) with a 

measure nanocomposites in this study (220-820) nm. The Department of 

Physics at the University of Babylon / College of Education for Pure 

Sciences, as seen in fig. (3.7). At room temperature, the absorption 

spectra has been measured and analyzed. The absorption coefficient, 

optical constants, extinction coefficient, refractive index and energy gaps 
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were calculated with the use of a computer software, which may be found 

here. 

 

Figure(3.7) ) The photographic of UV-VIS.NIR spectrophotometer 

3.01 A.C  Electrical Properties  

        The A.C electrical properties of(PVP/PVA/ Cux Ni1-x FeO3) at 

x=0.1and x=0.3nanocomposites are determined by calculating capacity 

(Cp) and8 dissipation factor (D) with an LCR meter of the type (HIOKI 

3532-50 LCRHI-TESTER) at room temperature with different 

frequencies rangingfrom (100 Hz–5 MHz) as shown in the figure. 

Fig.(3.8). 
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Figure(3-8) Schematic diagram for A.C electrical properties measurement 

3.11  Vector Network Analyzer Application Measurements of 

Nanocomposites  

     The Vector Network Analyzer application of (PVP/PVA/Cux Ni1-x 

FeO3) at x=0.1and x=0.3 nanocomposites to measure microwave 

attenuation with in the S-band with a is frequency range (4-7) GHz, 

Vector Network Analyzer (VNA) model Anritsu-MS4642A (10MHz-

20GHz) of American origin was used, which is located in the Industrial 

Research and Development Center of the Ministry of Science and 

Technology and shown In Fig.( 3-9)  

In this devices, we can measure each of the scattering coefficients of 

electromagnetic waves (S11, S21, S12, and S22), and we can use the 

results to calculate the complex permittivity and complex transmittance at 

various frequencies within the S-Band and K-Band bands, as each band 

has its own waveguide where the guide model differs wave form for each 

dimensional packet. 
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Figure(3.9)Vector network analyzer(VNA) 
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4-1 Introduction 

     This chapter emphases on the results and discussion of the X-ray diffraction 

(XRD) for the ferrite nanocomponent when x (0.1) for the group A and x (0.3) for 

the group B and then study the Fourier transform technique (FT-IR), Scanning 

electron microscopy (FESEM), Optical microscope, UV-Visible spectroscopy and 

AC electrical of the PVP/PVA/ferrite nanocomposites with different content of the 

ferrite by the casting method and then apply to attenuate microwave. 

4.2 Structural and Morphological Properties 

4-2-1 X-ray Diffraction (XRD)  

     The X-ray diffraction of the (PVP/PVA/CuxNi1-xFeO3) at x=0.1 and x=0.3are 

shown in Fig.(4.1) after treatment in the same condition of preparing catalyst that 

calcination at 1200 
0
C for 6 hours. 

From the figure, shows the peaks at 2θ (30.36, 35.73°, 37.19°, 43.22°, 57.53°, 

63.34°, 75.81° and 79.24°) for the group A and  (30.3°, 35.68°, 37.22°, 43.24°, 

57.36°, 63.12°, 75.27°, 79.25°) for the group B identical to the card (JCPDS 00-

047-1049) [99] confirming the face center cubic spinel phase (FCC) and all 

samples prepared without the presence of impurities or secondary phases and this 

proves that the method of preparation includes the incorporation of positive ions 

into the spinel structure [100]. The average crystallite size have been calculated 

from the Debye–Scherer e 

quation (2-2). It is increase from 26.08 nm for group A to 46.92 nm for group B 

due to the crystal size of the particles and since the copper ionic radius Cu
+2  

(0.73 

Å)
 
is greater than the ionic radius of nickel Ni

+2
 (0.69 Å) therefore the copper 

occupies the tetrahedral sites and its presence at this site leads to an increase in the 
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size of the particles [101,102]. The intensity of all the peaks decrease with 

increasing concentration due to the copper ion is replaced with a nickel ion and this 

decrease is due to saturation of the active level[100]. The dspacing are listed in 

Table (4.1).  

 

 

 

 

 

 

 

 

Figure (4.1): XRD pattern of the different concentration of  ferrite nanocomponent  
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Table (4.1): The obtained result of the XRD for of the different concentration of  

nanocomponent ferrite 

FeO3 
2θ 

(degree) 
(hkl) 

FWHM 

(degree) 
d(Å) 

Crystallite    

size (nm) 

Average 

Crystallite 

size 

(nm) 

A 

30.36 
35.73 
37.19 
43.22 
57.53 
63.34 
75.81 
79.24 

(220) 

(311) 

(222) 

(400) 

(511) 

(440) 

(622) 

(444) 

0.37 

0.478 

0.299 

0.434 

0.41 

0.24 

0.28 

0.423 

2.940 

2.510 

2.415 

2.091 

1.600 

1.467 

1.253 

1.207 

22.25 

17.46 

27.95 

19.66 

22.10 

38.89 

35.95 

24.36 

26.08 

B 

30.3 

35.68 

37.22 

43.24 

57.36 

63.12 

75.27 

79.25 

(220) 

(311) 

(222) 

(400) 

(511) 

(440) 

(622) 

(444) 

0.236 

0.256 

0.182 

0.207 

0.373 

0.08 

0.252 

0.256 

2.946 

2.514 

2.413 

2.090 

1.604 

1.471 

1.261 

1.207 

34.88 

32.59 

46.06 

41.20 

24.25 

116.53 

39.74 

40.14 

46.92 

 

4.2.2 Field Emission Scanning Electron Microscope (FESEM). 

     FE-SEM of the (PVP/PVA/CuxNi1-xFeO3) at  x=0.1 and x=0.3 nanocomposite 

with different concentration of the ferrite are shown in figs.(4.2),(4.3). from the 

figures, the symbol Ao,A1,A2 and A3 indicate to blend PVP/PVA, 

PVP/PVA/1%wt./ ferrite, PVP/PVA/3%wt. / ferrite and PVP/PVA /5%wt. /ferrite 

for (0.1) respectively and also Bo, B1, B2 and B3 indicate to blend 

PVP/PVA,PVP/PVA//1%wt./ ferrite, PVP/PVA//3%wt./ferrite and PVP/PVA 

/5%wt./ ferrite for (0.3) respectively. From this figures, it is observed that the pure 

PVP/PVA was homogenous and smooth this indicate a good method for prepared 

films. Also the uniform morphology dispersed of ferrite inside the PVP/PVA blend 

with shaped nanoparticles. The uniform dispersion of nanoparticles in the polymer 
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blend is due to the strong interfacial adhesion between the nanoparticles and blend 

components. From the Table (4-2), it was obtained that the average particle size 

increased with increasing of  concentration of ferrite, it is increased from 32.37 nm 

for A1 to 44.83 nm for A3 and from 40.69 nm for B1 to 64.43 nm for B3 

individually. This result are agreement with previous studied [103-105]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (4.2): FESEM images of (PVP-PVA) blend), Cu0.1Ni0.9FeO3 (A0) 0 wt. % (A1) 1 wt. 

% (A2) 3 wt. % (A3) 5 wt. %  with different ratios of Ferrite  

 

                   

  

A0  A1 

A2 A3 



 Chapter Four                                                                       Results and Discussions 

 

45 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (4.3): FESEM images of Bo ( PVP-PVA) blend, Cu0.3Ni0.7 FeO3 (B0) 0 wt. % (A1) 1 

wt. % (B2) 3 wt. % (B3) 5 wt. %  with different ratios of Ferrite  

 

 

  

    

B1 

B2 
B3 

B0 
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Table (4-2): The average grain size for all the sample prepared 

Composites Sample 
Average grain 

size (nm) 

(PVP/PVA) A0 0 

)PVP/PVA/)1 %wt )ferrite) at x=0.1 A1 32.37 

)PVP/PVA/(3%wt )ferrite) at x=0.1 A2 35.12 

)PVP/PVA/(5% wt) ferrite) at x=0.1 A3 44.83 

)PVP/PVA/(1% wt) ferrite) at x=0.3 B1 40.69 

)PVP/PVA/(3% wt ) ferrite) at x=0.3 B2 44.81 

)PVP/PVA/(5% wt )ferrite) at x=0.3 B3 64.43 

 

4-2-3 Optical microscope 

     The optical microscope of the (PVP/PVA/ Cux Ni1-x FeO3) at x=0.1 and x=0.3) 

nanocomposite at magnification power (100x) with different concentrations (1, 3, 

and 5 wt.%) of ferrite are shown in figs.(4.4)(4.5).from the figures, it is indicated 

good homogeneity and fine incorporation of ferrite na noparticle in the blend 

matrix which was improved with the increasing the proportions level. This 

provided a good preparation process, which shapes the appropriate conditions and 

uses them to prepare them composite films. This result is agreement  with that 

obtained by  [106] about their study on material. 
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A0 A1 

     

   

Figure (4.4) Photomicrographs (100x) for (PVP/PVA/) Cu0.1 Ni0.9 FeO3) (A0) 0 wt. % 

(A1) 1 wt. % (A2) 3 wt. % (A3) 5 wt. % nanocomposites 

 

A0 A1 

A2 A3 
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Figure (4.5) Photomicrographs (100x) for (PVP/PVA/ Cu0.3 Ni0.7 FeO3) (B0) 0 wt. % (B1) 1 wt. 

% (B2) 3 wt. % (B3) 5 wt. %  nanocomposites 

B0 B1 

   

 

 

B2 B3 
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4-2-4 Fourier Transform Infrared Radiation (FTIR) of                                                                                                                                              

Nanocomposites 

     FTIR spectra of /PVP/PVA/ Cux Ni1-x FeO3 / at x=0.1and x=0.3 nanocomposites 

with different concentration (1, 3, and 5 wt.%) of ferrite are shown in figs. (4.6)-

(4.7). The interactions in nanocomposites are revealed by FTIR studies. This 

apparent broad band at 3365 cm
-11

 is produced for all samples generated of 

nanocomposites and is attributable to the presence of )OH) sets in the polymer 

matrix chain. In the CH2 group, the band seen at 2922 cm
-1

 is indicative of an 

asymmetric stretching mode, which is represented by the symbol CH2. The band at 

(2360) cm
-11

 Adopted in C-H group . There are four strong peaks observed for all 

the sample of nanocomposite at (1648, 1422 and 1288,1092) cm
-1

 belong to C=O 

groups, C-O groups, CH2 bending and )C-  (0  bonds  of matrix polymers 

respectively. The presence of ferrite nanoparticles causes modifications in the 

spectral properties of (PVP/PVA), which comprise transformations in bonds some 

and variations the intensities of some wavelengths. Those modifications are due to 

interactions between nanoparticles and polymers. It has been shown by FTIR 

investigations that the (PVP/PVA) polymer matrix and ferrite nanoparticles have 

no contact with one another. The transmittance in the figures reduces significantly 

as the concentration of ferrite nanoparticles increases, which may be ascribed to 

the increased density of nanocomposites in the system. [107]. These result are 

agree with researchers[108,109]. 
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Figure (4.6): FTIR spectra for (PVP-PVA/ Cu0.1 Ni0.9FeO3) nanocomposite 



 Chapter Four                                                                       Results and Discussions 

 

51 
 

 

Figure (4.7): FTIR spectra for (PVP-PVA/ Cu0.3 Ni0.7 FeO3) nanocomposite 
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4-3 The Optical Properties of (PVP/PVA/ Cux Ni1-x FeO3) Nanocomposite 

4.3.1 The Absorbance  

     The absorption of (PVP-PVA/Cux Ni1-x FeO3) at x=0.1 and x=0.3 

nanocomposites  with different concentrations of ferrite has been recorded at 

wavelengths range (220-820) nm at room temperatures.  

Figs.(4.8)-(4.9) show the absorbance of /PVP-PVA/ Cux Ni1-x FeO3 / at  . From the 

figures, it is observe that the absorbance increase with increasing concentration of 

the ferrite, while the absorbance decrease with increasing wavelength for all 

samples of nanocomposites. This is attributed to  the excitations of donor level 

electrons to the conduction band at these energies. Also due to the energy of 

photon enough to interact with atoms;  the  electron excites from a lower to higher 

energy level by absorbing a photon of known energy [110]. This result good 

indicator to apply this nanocomposite for microwave attenuation.  This behavior 

agree with the results of researchers [111-113]. 
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Figure. (4 .7) : The absorbance as a function of wavelength of (PVP/PVA / Cu0.1 Ni0.9 FeO3) 

nanocomposites with different concentrations.  

 

 

 

 

 

 

 

Figure. (4..8) : The absorbance as a function of wavelength of (PVP/PVA/ Cu0.3 Ni0.7FeO3) 

nanocomposites with different concentrations. 
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4.3.2The Transmittance  

     The transmittance of(PVP-PVA/CuxNi1-xFeO3)at(x=0.1and0.3)  nanocomposites 

with wavelength are shown in Figs.(4.10)-(4.11). From this  figures shown, the 

transmittance decreases with the increasing of the concentrations for the ferrite 

nanoparticles and transmittance increasing with increasing wavelength, This is due 

to the conglomerate of nanoparticles with increasing concentration [114].  

 

 

 

 

 

 

 

 

 

Figure (4.01): The transmittance variation of (PVP/PVA/ Cu0.1 Ni0.9FeO3)     

nanocomposites with the wavelengths. 
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Figure(4.00): The transmittance variation of (PVP/PVA/ Cu0.3 Ni0.7 FeO3)    

nanocomposites with the wavelengths. 

4.3.3 Absorption Coefficient (α) 

         The absorption coefficient of nanocomposites has been calculate by equation 

(2-12). The absorption coefficient versus photon energy of the incident light are 

shown in Figs.(4.12)-(4.13) of (PVP-PVA/ Cux Ni1-x FeO3) nanocomposites 

respectively. From the figures, the absorption coefficient of all samples for 

nanocomposites is high at high energies. This means that the electron transition has 

high possibility; i.e. the energy of incident photon is enough to transit the electron 

from the valence band to the conduction band which due to the energy of the 

incident photon is greater than the energy band gap. The absorption coefficient 

assists to know the nature of electron transition [115,116]. When the values of the 

absorption coefficient of material are high (α>10
4
) cm

-1
, it is expected that direct 

transition of electron. While, when the values of the absorption coefficient of 

material are low (α<10
4
) cm

-1
, it is expected that indirect transition of electron. The 

values of absorption coefficient of (PVP-PVA/ Cux Ni1-x FeO3) x=0.1and x=0.3 

nanocomposites are low (α<10
4
) cm

-1
, the  transition of electron is indirect. The 
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absorption coefficient of nanocomposites increases with the increasing of the 

concentrations of ferrite nanoparticles, this is attributed to the increasing of number 

of charge carriers, hence, increase the absorbance and absorption coefficient for 

(PVP-PVA/ Cux Ni1-x FeO3) at x=0.1 and x=0.3 nanocomposites [117]. 

 

 

  

 

  

 

 

 

Figure .( 4.01) :The absorption coefficient variation of (PVP/ PVA/ Cu0.1 Ni0.9 FeO3) 

nanocomposite with the photon energies. 

 

 

 

 

 

 

Figure ( 4.12) : The absorption coefficient variation of (PVP/PVA/ Cu0.3 Ni0.7 FeO3) 

nanocomposite with the photon energies. 
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4.3.4 Energy gaps (Eg) of the (allowed and forbidden) indirect transition 

      The Eg were determined from relation (2-8). The Eg permitted indirect 

transitions of (PVP-PVA0/ Cux Ni1-x FeO3) nanocomposites x=0.1 and x=0.3 are 

shown in figs.(4.14)-(4.15) and the  forbidden indirect transitions of (PVP-PVA-

CuxNi1-x FeO3) nanocomposites x=0.1and x=0.3 are shown in figs.(4.16)-(4.17) 

respectively. By drawing a straight line from the top of the curve to the (x-axis) we 

can find the Eg . The Eg reduce with rise of ferrite nanoparticle content. This 

attributed to formation of local level  in the Eg therefore, the transfer of electron 

from V.B.  to local level and then to C.B. [118,119]. The value of the Eg of ( PVP-

PVA0/ Cux Ni1-x FeO3) at x=0.1and x=0.3 nanocomposites  are listed in Table (4-3) 

and (4-4). 

Figure.(4.13): “The energy gap for the allowed indirect transition (αhv)
1/2

 (cm
-1

.eV)
1/2

 

versus photon energy of (PVP-PVA/ Cu0.1 Ni0.9FeO3) nanocomposite with different 

concentration. 
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Figure(4.14): The energy gap for the allowed indirect transition (αhv)
1/2

 (cm
-1

.ev)
1/2

 versus 

photon energy of (PVP/PVA / Cu0.3 Ni0.7FeO3) nanocomposite with different concentration. 
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Figure(4.15):The energy gap for the forbidden indirect transition (α hv) 
1/3

( cm
-1

. eV) 
1/3

 

versus photon energy of the (PVP /PVA/ Cu0.1 Ni0.9 FeO3(nanocomposite with different 

concentration. 

 

 

 

 

 

 

 

Figure (4.16):The energy gap for the for bidden indirect transition (α hv)
1/3  

(cm
-1

.eV)
1/3

 

versus photon  energy of (PVP/PVA/ Cu0.3 Ni0.7 FeO3)nanocomposite with different 

concentration. 

Table (4.3): The values of optical energy gap for allowed Indirect transitions of (PVP/PVA/ 

Cux Ni1-x FeO3) at x=0.1and x=0.3 nanocomposites. 

Ferrite wt% 

Nanoparticle’s 

concentration 

Allowed indirect 

transition for the 

(PVP/PVA/(0.1)ferrite) 

Allowed indirect 

transition for the 

(PVP/PVA/(0.3)ferrite) 

0 4.8 4.8 

1 4.5 4.4 

3 4.4 4.2 

5 4.2 4 
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Table (4.4): The values of optical energy gap for forbidden Indirect transitions of (PVP/ 

PVA/ Cux Ni1-x FeO3) at x=0.1 and x=0.3 nanocomposites. 

Ferrite wt% 

Nanoparticle’s 

concentration 

Forbidden indirect 

transition for the 

(PVP/PVA/(0.1)ferrite) 

Forbidden Indirect 

Transition for the 

(PVP/PVA/(0.3)ferrite) 

0 4.3 4.4 

1 4.1 3.95 

3 4 3.75 

5 3.9 3.55 

 

4.3.5 The Extinction Coefficient  (k0) of (PVP/PVA/ Cux Ni1-x FeO3 ) 

Nanocomposite 

      The k0 were determined from the formula  (2- 11 ). Figs.(4.18)-(4.19) show the 

k0 for (PVP-PVA/ Cux Ni1-x FeO3)at x=0.1 and x=0.3 nanocomposites as a function 

of wavelength respectively. It is observe that k0 of nanocomposites increases with 

the increasing of the ferrite nanoparticles concentrations and increases for 

increasing wavelength, this is due to the increased in absorption optical and 

photons dispersions in  the (PVP- PVA)  polymer mixture [120].  
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        Figure(4.17): variation of Extinction coefficient for (PVP/PVA/ Cu0.1 Ni0.9 FeO3) 

nanocomposites with the wavelengths. 

 

     Figure(4.18) : variation of  extinction coefficient for (PVP/PVA/Cu0.3 Ni0.3  FeO3) 

nanocomposites with wavelength. 
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4.3.6 Refractive Index (n) 

     The refractive index was calculated using equation (2-10). The refractive index 

of (PVP-PVA/ Cux Ni1-x FeO3)at (x=0.1 and 0.3) nanocomposites as a function of 

wavelength is shown in figures (4.20)-(4.21) respectively. It is obtain that the 

refractive index of nanocomposites increases with the increasing of the ferrite 

nanoparticles concentrations and it is decreased with the increase of the 

wavelength. This behavior attributed to the increase of the density of 

nanocomposites. When the incident light interacts with a sample has high 

refractivity at UV region, hence, the values of refractive index will be increased. 

[121,122]. 

 

Figure (4.11) : variation of  refractive index for (PVP/PVA/ Cu0.1 Ni0.9 FeO3) 

nanocomposites with wavelength 
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Figure.(4.10) : variation of  refractive index for (PVP/PVA/(Cu0.3 Ni0.7FeO3) 

nanocomposites with wavelength 

4.3.7 The Real and Imaginary Parts of Dielectric Constant (ԑ1, ԑ2) . 

      By using the equations (2- 13) and (2-14), the real and imaginary parts of 

dielectric constant can be calculated.  The real part versus wavelength for the(PVP-

PVA/ Cux Ni1-x FeO3)at x=0.1 and x=0.3 nanocomposites are shown in Figs.(4.22)-

(4.23) and imaginary part versus wavelength for the (PVP/PVA/Cux Ni1-x FeO3)at 

x=0.1and x=0.3 nanocomposites are shown in Figs.(4.22)-(4.23) respectively.  

From this figures, it is obtain the real and imaginary parts of the dielectric constant 

of the nanocomposite increase with increasing ferrite nanoparticle concentrations 

and decrease with increasing wavelength, with the increase in electrical 

polarization attributed to, the sharing of nanoparticle concentricity in the sample 

causing this increase, in ԑ1, ԑ2 of the nanocomposite. [123,124]. 
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       Figure(4.21): Real part variation of the dielectric constant of (PVP /PVA / Cu0.1 Ni 0.9 

FeO3) nanocomposites with the wavelength. 

 

 

 

 

 

 

 

 

          Figure(4.22): Real part variation of the dielectric constant of (PVP/ PVA /Cu0.3 Ni 0.7 

FeO3 ) nanocomposites with the wavelength. 
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Figure(4.24): Imaginary part variation of the dielectric constant of (PVP/ PVA /Cu0.1 Ni 0.9 

FeO3 )nanocomposites with the wavelength. 

    

Figure(4.25): Imaginary part variation of the dielectric constant of (PVP/ PVA /Cu0.3 Ni 0.7 

FeO3 ) nanocomposites with the wavelength. 
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4.3.8 Optical Conductivity (σop)  

      The optical conductivity was calculated from the equation (2- 15). The optical 

conductivity of the ((PVP-PVA /Cux Ni 1-x FeO3 )at x=0.1and x=0.3 

nanocomposites with a wavelength are shown in Figs.(4.24)-(4.25) respectively. It 

is note that the optical conductivity for all sample decreased with the increased in 

wavelength, this result due to that the optical conductivity depend on the 

wavelength of the radiation incident on the nanocomposite specimen. Because the 

high absorption at low photon wavelength, the optical conductivity is increase at 

this area, the optical conductivity spectra indicated that the samples are 

transmittance within the infrared regions, the visible and near. The optical 

conductivity for nanocomposites is also increased with an increased concentrations 

of nanocomposites associated with the creation of localized concentrations in the 

energy gap, the increase in concentrations of nanocomposites induced an increase 

in the density of localized phases in the band structure; thus, an increase in the 

absorption coefficient suggests an increase in optical conductivity of the 

nanocomposites. This result is agree with researches [125]. 
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Figure(4.26): Optical conductivity variation for (PVP/PVA /Cu0.1 Ni 0.9 FeO3 ) 

nanocomposites with the wavelengths 

 

Figure(4.27): Optical conductivity variation for (PVP/PVA/ Cu0.3 Ni0.7 FeO3) 

nanocomposites with the wavelengths. 
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4.4 The A.C Electrical Properties  

     The electrical properties of A.C of the (PVP-PVA/ Cux Ni 1-x FeO3) at( 

x=0.1and 0.3) nanocomposites include (dielectric constant, dielectric loss and A.C 

electrical conductivity) with range of the frequency (100Hz-5MHz) at room 

temperature 

4.4.1 The Dielectric Constant (έ) 

     The dielectric constant has been calculated from the equation (2- 19). Fig. 

(4.26) shows the effect of ferrite nanoparticle additive on the dielectric constant. It 

is note that the dielectric constant increase with the increasing of the concentration 

of ferrite nanoparticles. This result due to the creation of a continuous network of 

ferrite nanoparticles within the polymer matrix. This result is agree with the results 

of researchers [126,127]. The variant of dielectric constant of (PVP-PVA/ Cux Ni 1-

x FeO3) at (x=0.1 and 0.3) nanocomposites with frequency are shown in figs. 

(4.27)-(4.28). from this figures, it is observe that the dielectric constant of all 

samples of nanocomposites decreases with the increasing of the frequency of 

applied field, this may be attributed to the tendency of dipoles in nanocomposites 

samples to orient themselves in the direction of the electric applied field and 

decreasing of space charge polarization to the total polarization [128,129].  
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Figure.(4.28): Variation of dielectric constant with concentration of nanoparticles at 100Hz 

of (PVP/PVA / Cux Ni 1-x FeO3 )at x=0.1and x=0.3 nanocomposites        

Figure(4.29):Variation of the dielectric constant of (PVP/PVA /Cu0.1Ni 0.9 FeO3) 

nanocomposites with frequency. 
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Figure ( 4.30): Variation of the dielectric constant of(PVP/PVA/ Cu0.3 Ni0.3 FeO3 ) 

nanocomposites0with (frequency. 

4..4.2  Dielectric Loss (   ) 

     The dielectric loss of the nanocompsite has been calculated using the equation 

(2-20). The dielectric loss of (PVP-PVA/ Cux Ni1-x FeO3)at (x=0.1and 0.3) 

nanocomposites shown in the figure (4 -29). From the figure, it’s observe that the 

   increase with increasing concentration of the ferrite nanoparticle. This result is 

attributable to increased charge on the dipole [130]. This result is similar to 

researches [131,132]. 

Figs.(4-30)-(4-31) show the dielectric loss of (PVP-PVA/ Cux Ni1-x FeO3) at 

(x=0.1and 0.3) nanocomposites with frequency. The dielectric loss of all  samples 

for nanocomposites decreases with the increasing of the frequency. This behavior 

attributed to the decrease of the space charge polarization contribution. From the 

figures, at low frequency, the dielectric loss has high value for (PVP-PVA/ Cux 

Ni1-x FeO3)at( x=0.1 and 0.3)nanocomposites. This is because the electric dipoles 
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have enough time to align with the applied electric field before the electric field 

changes direction; as a result, the dielectric constant of nanocomposites is high. 

Due to the reduced time available for the dipoles to align at high frequencies, the 

dielectric constant value decreases [133]. These are similar with the results of 

researchers [134,135]. 

 

 

 

 

 

 

 

Figure(4.31): Variance of dielectric loss  with concentration of nanoparticles for (PVP-

PVA/ Cux Ni 1-x FeO3 ) at x=0.1and x=0.3 nanocomposites. 
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Figure(4.22): Variance of the dielectric loss of (PVP/PVA /Cu0.1 Ni 0.9 FeO3 ) 

nanocomposites with frequency. 

 

 

 

 

 

 

Figure(4.23): Variance of the dielectric loss of (PVP/PVA /Cu0.3 Ni0.7 FeO3 )  

nanocomposites with frequency. 
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4.4.3 The A.C Electrical Conductivity.  

         The A.C Electrical Conductivity has been calculated from equation (2- 21 ). 

Fig.(4.32) reveal that the conductivity of nanocomposites increase with increasing 

of ferrite nanoparticle concentrations as a consequence of an increase in the ionic 

charge carriers and the formation of a continuous network of ferrite nanoparticles 

inside polymer matrix [136,137].   Figs.(4.33)-(4.34) show the variation of A.C 

electrical conductivity of (PVP-PVA/ Cux Ni1-x FeO3)at (x=0.1and 0.3) 

nanocomposites with frequency respectively at room temperature . The A.C 

electrical conductivity increases with increasing of the frequency of electric field 

for all samples of nanocomposites, this behavior attributed to the mobility of 

charge carriers and the hopping of ions from the cluster. In the low frequency, 

more charge accumulation occurred at the electrode and electrolyte interface, 

leading to a decrease in the number of mobile ions and electrical conductivity 

[138]. The mobility of charge carriers was higher in the high-frequency region; 

hence the electrical conductivity increases with frequency for ((PVP-PVA/ Cux 

Ni1-x FeO3)at x=0.1and x=0.3 nanocomposites [139].  
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Figure(4.34): Variant of the A.C electrical with concentration of nanoparticles for 

(PVP/PVA/ Cu x Ni 1-xFeO3  )at x= 0.1and x= 0.3 nanocomposites. 

 

 

 

 

 

 

       

 

Figure(4.35): Variant of the A.C electrical with frequency for  (PVP/PVA / Cu0.1 Ni0.9 FeO3) 

nanocomposites. 
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     Figure(4.36): Variation of the A.C electric with frequency f0r (PVP/PVA/ Cu0.3 

Ni0.7FeO3) nanocomposites. 

4.5 Microwave Attenuation 

     In order to obtain materials with a attenuation of electromagnetic waves, their 

reflection loss must be reduced to the lowest possible value. Figs.(4.35, 4-36) show 

the relationship between the reflection loss of the prepared materials with 

frequency range (4-7) GHz  for the Cu x Ni 1-xFeO3 with( x=0.1 and 0.3). From this 

figures, it is observed that the reflection loss shows greater while the content of 

5wt % of FeO3 to the nanocomposite. The reflection loss reaches to (-16, -13 and  -

11 dB) at frequency 5.3 GHz respectively for the Cu x Ni 1-xFeO3 with x=0.1 and 

reflection loss reaches to (-13.1,-12 and -10 dB) at frequency 5.3 GHz respectively 

for the Cu x Ni 1-xFeO3 with x=0.3. Thus, have obtained materials with a low 

reflection loss that can be used as attenuators of microwaves emitted by mobile for 

devices within the S-band. This result agree with researcher [140]. 
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Figure(4.37) The variance of reflectivity loss with frequency for (PVP/PVA/Cu0.1 Ni0.9FeO3) 

nanocomposite       

 

 

 

 

 

 

 

Figure(4.38) The variance of reflectivity loss with frequency for (PVP/PVA/Cu0.3 Ni0.7FeO3) 

nanocomposite       
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4.6 Conclusions  

The following points are concluded:  

1- The XRD results showed that all films are polycrystalline in nature with a cubic 

structure of ferrite at the degree of calcination of powder ferrite Cu x Ni 1-xFeO3 

with x=0.1 and 0.3  at a temperature of 1200 ℃. 

2- The ferrite Cu x Ni 1-x FeO3 with x=0.1 and 0.3 forms a continuous network 

within the PVP/PVA composite at concentrations of (1 ,3 and 5) wt %. percent, as 

shown by FESEM and optical microscope photos. 

3- The (PVP/PVA) polymer matrix has no interactions with ferrite Cu x Ni 1-x FeO3 

with x=0.1 and 0.3, as shown by FTIR spectra showing shifts in certain bonds and 

changes in intensities. 

4- The absorbance increases with increasing concentration of ferrite Cu x Ni 1-x 

FeO3 with x=0.1 and 0.3 within (PVP/PVA) polymer matrix. Because of the 

increased density of the films, and this means an increase of atoms and ions in 

the light path and increase the absorbance,  while the transmittance and energy 

gap for CxNi1-x FeO3 nanocomposite decrease with the increasing of the Ferrite 

concentrations nanoparticles. 

5- The absorption coefficient, extinction coefficient, refractive index, real and 

imaginary parts of optical conductivity are increasing with the increase of the 

weight percentages of ferrite nanoparticles. 

6- The dielectric constant and loss increase with increasing the concentration of 

ferrite Cu x Ni 1-xFeO3 with x=0.1 and 0.3 inside (PVP/PVA) polymer matrix and 

decrease through increasing of frequency of the applied electrical field, while the 
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A.C increase through increasing of the ferrite concentration Cu x Ni 1-xFeO3 with 

x=0.1 and 0.3 inside (PVP/PVA) polymer and also increase with frequency. 

7- When conducting examinations for the attenuation of microwaves within the 

frequency range (4-7) GHz for different concentration of Cux Ni1-xFeO3 with x=0.1 

and 0.3 inside (PVP/PVA) polymer. The ability of this nanocomposite to be 

attenuators of microwaves emitted within the S-band. 

8-The energy gap for all concentrations is lower than the ratio 0.3 for all 0.1 

concentrations and for all permitted and prohibited transfers 

.4.7 Future Works  

The following suggests for future work:  

1- Study effect of ferrite materials on the physical properties  for (PVA-CMC- 

ferrite) 

2. Effect of the prepared ferrite nanoparticle material on Structural, optical and 

electrical properties of  (PMMA).  

3. Study the influence of temperature on the optical and electrical properties( Mnx 

Fe1−x Fe2O4)(PS-ferrite) nanocomposites. 

4. Study of microwaves attenuation of (NR/SBR/ferrite) Rubbery  nanocomposites. 

5. preparation and study the thickness effect on attenuation properties for (CMC-

PVP-ferrite) within the frequency range (3-8 GHz). 

https://en.wikipedia.org/wiki/Poly(methyl_methacrylate)
https://en.wikipedia.org/wiki/Poly(methyl_methacrylate)
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عُذ دسجخ دشاسح  x   ٔ3.0 =0.1 يع Cux Ni1-xFeO3 فً ْزِ انذساسخ ، رى رذضٍش     

o
C0033  لأَٓب رعطً رجبَسًب كجٍشًا نجضٌئبد انًسذٕق. انزشسٍت ثٕاسطخ طشٌمخ 

 انكهسُخ عُذ دسجخ (FCC) انًكعت نهٕجّ انًغضنًطٕس ٔضذذ دٍٕد الاشعخ انسٍٍُخ ثزكٌٍٕ  

يٍ  خكٍض يخزهفشارثعذ رنك رى اضبفخ . x ٔ3.0 =0.1 يع   Cux Ni1-x FeO3 ٌذشاًسذٕق انفن

  فٍٍُم انكذٕلثٕنً  (PVP)/  إنى يشكت انجٕنً فٍٍُم ثٍشٔنٍذwtٌٔ%    ( 3ٔ5 , 0ٌذ )شاانف

.(PVA)  

ٔطٕس انًجٓش انضٕئً أظٓشد  (FESEM) يٍ انًجٓش الإنكزشًَٔ انًبسخ نلاَجعبثبد انًٍذاٍَخ

 PVP/PVA رشكم شجكخ يسزًشح داخم يشكجبد x    ٔ3.0 =  0.1 يع CuxNi 1-x  FeO3ذٌشاانف

هزذٕل انطٍفً ن ششٔاثظ يعٍُخ ٔرغٍشاد فً شذح ًٌكٍ سؤٌخ سٔاثظ يعٍُخ فً طٍف فٕسٌان ٔرُضاح 

 / PVP) ، يًب ٌذل عهى عذو ٔجٕد رفبعلاد ثٍٍ يظفٕفخ انجٕنًٍش (FTIR) ءثبلأشعخ رذذ انذًشا

 PVA) ٌذشأانف CuxNi1-xFeO3 يع= x) 3.0  ٔ3.0( .ًعهى انزٕان 

 (x = 0.1يع Cu x Ni 1-xFeO3 ٌذشاثضٌبدح رشكٍض انف ٍخضداد الايزظبطر انجظشٌخ,يٍ انخٕاص  

، ثًٍُب رمم انُفبرٌخ يع  انًزشاكت انُبَٕينجًٍع عٍُبد  ًطٕل انًٕجانيع صٌبدح  ُخفض ر ٔ )  3.0ٔ 

   x)  =3.0  ٔ3.0 يع Cu x Ni 1-xFeO3 صٌبدح انطٕل انًٕجًيع ٔرمم ٌذ شاانف رشكٍضصٌبدح 

 Cu x Ni ٌذاانفشرشكٍض فجٕح انطبلخ رزُبلض يع صٌبدح  . (PVP / PVA) داخم يظفٕفخ ثٕنًٍش)

1-xFeO3 0.1 يع = x ٔ3.0 داخم يظفٕفخ ثٕنًٍش. (PVP / PVA)  يعبيم الايزظبصصٌبدح ،

يع صٌبدح   خانجظشٌ ٍخٔانزٕطٍه انعضل انذمٍمً ٔانخٍبنًثبثذ يعبيم الاَكسبس،  يعبيم انخًٕد, 

 . (PVP / PVA)داخم يظفٕفخ انجٕنًٍش x = 0.1  ٔ3.0 يع Cu x Ni 1-xFeO3 ٌذاانفش رشكٍض

 Cu ٌذايع صٌبدح رشكٍض انفش انعضنً رضداد يثم ثبثذ انعضل ٔانفمذانًزُبٔة انخٕاص انكٓشثبئٍخ نهزٍبس

x Ni 1-xFeO3 0.1  يع= x  ٔ3.0 داخم يظفٕفخ ثٕنًٍش (PVP / PVA)  ٔرُخفض يع صٌبدح

 الخلاصة



 Cu x Ni ٌذارشدد انًجبل انكٓشثبئً انًطجك ثًٍُب رضداد انًٕطهٍخ انكٓشثبئٍخ يع صٌبدح رشكٍض انفش

1-xFeO3 يع x  =3.0  ٔ3.0 داخم ثٕنًٍش (PVP  /   (PVA.ٔرضداد أٌضًب يع انزشدد 

-Cux Ni1 ( جٍجبْشرض نزشكٍض يخزهف ي7ٍ-4داخم َطبق انزشدد ) انًبٌكشٌٔخرٍٍْٕ انًٕجبد  

xFeO3 يع x   =3.0 ٔ3.0 داخم ثٕنًٍش. (PVP / PVA) رٍٍْٕلذسح ْزا انًشكت انُبَٕي عهى 

 .S انذضيخ  انًُجعثخ داخم انُطبق انًبٌكشٌٔخانًٕجبد 
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