
 

 

Republic of Iraq 

Ministry of Higher Education  

& Scientific Research  

University of Diyala 

College of Science  
Department of Physics 

 

 
 

 

PREPARATION OF  Co١-XZnXFe٢O٤  

NANO FERRITE AND STUDY OF ITS 

ELECTRICAL AND STRUCTURAL 

PROPERTIES 

 

                                   A Thesis 

Submitted to the council of the College of Science- 

University of Diyala in partial fulfillment of the 

requirements for the degree of Master of science in 

physics  

 

By 
Laith Shaker Mahmood 

                                       

                                     Supervised By 

 Assistant Professor 

Tahseen H.Mubarak,Ph.D. 

 

 Assistant Professor   

Sabah M. Ali,Ph.D.  

 

                                ١٤٣٣                 ٢٠١٢ 



 

������ �	��� 
� ���  

  

 

  قَاُلوا سُْبحَاَنكَ ال ِعلْمَ َلنَا
  ِإالَّ مَا َعلَّْمَتنَا ِإنَّكَ َأنَْت  

  اْلعَلِيمُ اْحلَكِيُم  
                                       

������ �� 	
� 


ةـ��رة ا��                                                               �  

                                                     �       ٣٢ا�

 

 

 



 

CERTIFICATION 

 
     

    We certify that this thesis was prepared under our supervision at the 

University of Diyala /College of Science / Department of Physics as a 

partial requirement for the Degree Master of science in Physics.   

 

 

 

 
Signature: 

Name:  Assistant Professor  

Tahseen H. Mubarak, Ph.D.  

Date: 

Signature: 

Name: Assistant Professor               

Sabah M. Ali, Ph.D.   

 Date: 

 
                        

 

 

 

In view of the available recommendation, I forward this thesis for 

debate by the examining committee. 

 
 

 

 

Signature: 

Name: Assistant Professor     

Sabah Anwar Selman, Ph.D.   

Head of the Physics department 

Date: 
 

  

 

 

 

 



 

 

 

 

DEDICATION 

 

 

 

 

I DEDICATE THIS THESIS  

TO THE SOUL OF MY FATHER… 

TO MY MOTHER AND MY 

BROTHERS… 

 

 

 

 

 

 

       Laith S.M 

 
 

 



 

 

 

 

 

 

                               ACKNOWLEDGEMENT   

 
 

First of all I thank his Almighty Allah, whose Grace enabled me to 

continue this work and overcome all difficulties 

I would like to express my sincere gratitude to my supervisors    

Assist Prof. Tahseen Hussein Mubarak, Ph.D.and Assist Prof. Sabah 

Mohamad Ali, Ph.D. who granted me the opportunity to do this research. 

Iam indebted to them for their suggestions and valuable remarks. 

Special thank are extended to the Dean of the College of Science 

and all the staff of the Department of Physics for their assistance. Iam 

also grateful to the Department of Materials at Ttechnology University 

for their kind help during the laboratory work and I would like to express 

my appreciation to Assist Prof. Shihab Ahmad Zaidan, Ph.D. for his 

suggestions and valuable remarks also special thanks to the Ministry of 

Sciences and Technology for their help during the electrical and X-ray 

tests. 

Finally, my deepest gratitude is dedicated to My wife, who shared 

with me many varying stages of studying,  my dearest friends Omar Al-

Jubouri, and My studying Partners Kadhim, Zina, Ossama and noor.   

 

 

                                  Laith S.M 
 

 

 



Abstract 

 

 

        In the present work the Cobalt-zinc ferrite chain (Co١-xZnxFe٢O٤) with 

x= (٠.٥  ,٠.٠,٠.١,٠.٢,٠.٣,٠.٤),were synthesized using sol-gel auto combustion 

as a modern chemical  methods .Nitrates, citric acid and ammonia were used 

 in order to get ferrite nanopowders at temperature ٢٠٠٠C, which 

characterized a higher dispersion  and homogeneity with particle size in the 

range of (٣٥-١٦) nm. The obtained ferrite nano-powder calcined at different 

temperatures; ٢٠٠٠C, ٥٠٠٠C, ٧٠٠٠C and ٩٠٠ 
٠
C for a period three hours and 

samples examined by X-ray diffraction to determine structural properties of 

the ferrite powders  and the crystalline phases ,therefore measurement 

particle size, lattice  constant and theoretical powder density for preparing 

models .  

      The Results showed that the particle size increased from (١٦) nm by 

increasing the  temperature until it reaches (٢٦) nm at a temperature of 

(٩٠٠٠C), and also the particle  size decreasing from (٢٢) to (١٦) nm with 

increasing the concentration of  zinc to the (x= ٠.٥). The lattice constant 

increased from (٨.٤٠٩٤) to (٨.٤٣١٨٦)A
٠
  by increasing of temperature to 

(٩٠٠٠C), and also it increased from (٨.٣٦٦٨٢) to (٨.٤٠٩٤٣)A
٠
 with 

increasing the concentration of zinc to (x = ٠.٥), while the theoretical 

powder  density  decreased from(٥.٢٢٣٧) to (٥.٢٠٠٣)g/cm
٣ 

during increasing 

of the  tempe- rature to the value (٩٠٠٠C),and also decreased from(٥.٣٢٢٥) to 

(٥.٢٢٣٧) g/cm
٣
 by  increasing zinc ion concentration to value at (x=٠.٥).  



       To study the electrical properties of the nano powders as burnt or as its, 

we must convert the powders into circular samples by mixing the ferrite 

powders with polymer as a binder.١٠٪ of ferrite powder weight fraction and 

٩٠٪ of polymer weight fraction (unsaturated polyester) was mixed by using 

 ultrasonic techniques to obtain the distribution of the powder homogenous 

 within the composite by hand lay-up method. 

       The electrical testing of the ferrite-polymer composite was done by LCR 

meter and showed that the real dielectric constant  at the extent of frequency 

decreased from (١٢.٥) to (٧.٨٥) by increasing  frequency at (٢٠٠٠C), and the 

real part of dielectric constant decreased from (١٢.٥) to( ٥.٥)  by increasing 

of temperature ,and increased from (٥.٧٥  to ١٢.٥) by increasing  the zinc ion 

concentration at (٢٠٠٠C) .While the imaginary part of dielectric constant 

decreased from(٢.١١) to (٠.٥٥) by increasing of  frequency at (٢٠٠٠C), and 

decreased from (٢.١١) to (٠.٧٣) with increasing temperature  and decreased 

from (٢.١١) to (٠.٩٢) with increasing the zinc ion concentration at   (٢٠٠٠C) . 

the dispersion factor decreased from (٠.٢٢) to (٠.١١) with increase 

 frequency at (٢٠٠٠C), and decreased from ٠.٢٢ to ٠.١٤٢ by increase the 

 temperature and decreased from (٠.٢٢) to (٠.١٥) with increasing 

concentration of zinc  at (٢٠٠)
 ٠
C .    

      The electrical conductivity increased from (٦-١٠*٨
) to (٦-١٠ *٥١

S/m) 

with increasing frequency at a temperature (٢٠٠)
٠
C at concentration of zinc 

at    (x = ٠.٥),  and the decrease from (٦-١٠* ٥١
) to (٦-١٠*٣٥

S/m) with 

increasing temperature at the concentration of zinc (x = ٠.٥) at high 

frequencies, and also increased from   (٦-١٠*٥١
) to (٦-١٠*٢٢٥

 S/m) with 

increasing concentra-tion of zinc  at (٢٠٠)
 ٠

C at high  frequencies.  



                                                   CONTENT 

 

Subject Page 

Chapter One: Introduction & Applications ١ 

١-١ Introduction ١ 

٢-١  Nanotechnology ٢ 

٣-١ Literature Review ٣ 

٤-١ Applications of Ferrite Nanoparticles ١١ 

١.٤.١. Biomedical Applications. ١١ 

١.٤.٢. Artificial Blood Vessel. ١٢ 

٣ ١.٤. Magnetic Recording Media. ١٢ 

١.٤.٤. Exchange-Coupled Nanocomposites Magnets ١٣ 

١.٤.٥. Ferrofluids. ١٤ 

١.٤.٦. Radar Absorption Material. ١٤ 

١.٥. Objective of the Research. ١٥ 

Chapter Two: Structural & Electrical properties of ferrites   

١-٢ Introduction ١٧ 

٢-٢ Atomic Origins of Magnetism ١٧ 

٢.٣. Behavior of Magnetic  Materials  ١٨ 

٢.٣.١. Diamagnetism ١٩ 

٢.٣.٢ Paramagnetism  ٢٠ 

٢.٣.٣ Ferromagnetism ٢١ 

٢.٣.٤. Antiferromagnetism ٢٣ 

٢.٣.٥. Ferrimagnetisms  ٢٣ 

٢.٣.٦. Superparamagnetism ٢٤ 

٢.٤. Type of Ferrite Materials ٢٥ 

٢.٥.   Spinel Ferrites Structure  ٢٦ 



٢.٥.١. Crystal Structure of Spinel Ferrite  ٢٧ 

٢.٥.٢. Types of Spinel Ferrites  ٢٨ 

٢.٥.٢.١. Normal Spinel ٢٨ 

٢.٥.٢.٢. Inverse Spinel ٢٩ 

٢.٥.٢.٣. Random Spinel ٢٩ 

٦-٢. Electrical Properties of Ferrites ٣٠ 

٢.٦.١. Dielectric Properties ٣٠ 

٢.٦.٢. Electrical Conductivity ٣١ 

٢.٦.٣. Temperature Dependent Dielectrics   ٣٢ 

٢.٦.٤. Frequency dependent     ٣٣ 

٢.٦.٥. Calculations of Dielectric Parameters ٣٤ 

٢.٧. Structural Properties by X-Rays Diffraction ٣٦ 

٢.٧.١. Crystalline Size Calculation ٣٧ 

٢.٧.٢. Lattice Constant. ٣٧ 

٢.٧.٣. X-ray Density ٣٨ 

٢.٨. Preparation Methods ٣٩ 

٢.٨.١. Sol-Gel Auto Combustion Synthesis. ٤٠ 

٢.٨.٢. Micro-Emulsion Method  ٤١ 

 ٢.٨.٣. Co-Precipitation ٤٢ 

٢.٨.٤. Thermal Decomposition  ٤٢ 

٢.٨.٥. Flame Spray Synthesis ٤٢ 

Chapter Three: Experimental Work    

٣.١ Introduction    ٤٣ 

aterialsMaw RSelection of  ٤٣  ٣.٢ 

٣ .٣. Calculating  of Molecular Weights to the ferrite ٤٤ 

٣.٤ Co-Zn Ferrite Nano Particle  Preparion ٤٤ 

٣.٥. Calcinations Process ٤٨ 



 Polymer Composite –Ferrite . ٤٨   ٣-٦ 

٣.٦.١. Unsaturated Polyester (UP)                                         ٤٨ 

٣.٦.٢. Ferrite (Reinforcement or filler) ٤٩  

٣.٦.٣. Samples Preparation ٤٩  

٣.٦.٤. Preparation of Specimens ٤٩ 

٣.٧. instruments used ٥١ 

٣.٧.١. Weight Measurement Instrument  ٥١  

٣.٧.٢. Ultra-sonic  Instrument ٥١ 

٣.٧.٣. X-Ray Diffractometer (XRD) ٥١ 

٣.٧.٤ Dielectric Measurements ٥٢ 

٣.٧.٥  Magnetic Stirrer ٥٢ 

Chapter Four: Result & Discussion   

٤.١ Introduction   ٥٣ 

٤.٢ Structural Properties ٥٣ 

٤.٢.١. Chemical Compositions ٥٣ 

٤.٢.٢ Thermal Analysis(TG) ٥٣ 

٤.٢.٣ XRD Analysis ٥٥ 

٤.٢.٤. Crystalline Size ٥٨ 

٤.٢.٥. Lattice Constant ٦٠ 

٤.٢.٦. X-Ray Density ٦١ 

٤.٣ Electrical Properties of The Ferrite-Polymer Composite ٦٣ 

٤.٣.١ Dielectric Constant ٦٣ 

٤.٣.١.١. Calcination of Reinforcement Dependence ٦٤ 

٤.٣.١.٢. Nanopowder Compositional Dependence  ٦٧ 

٤.٣.٢. Dielectric Losses ٦٩ 

٤.٣.٢.١.Temperature Dependence ٧١ 

٤.٣.٢.٢. Nanopowder Compositional Dependence ٧٥ 



٤.٣.٢.٣. Temperature Dependence ٧٦ 

٤.٣.٢.٤. Compositional Dependence ٧٨ 

٤.٣.٣. Electrical Conductivity  ٨٠ 

٤.٣.٣.١. Compositional Dependence ٨٢ 

٤.٣.٣.٢. Temperature Dependence ٨٣ 

Chapter Five: Conclusions & Future Recommendations                   

٥.١. Conclusions ٨٦ 

٥.٢. Future Suggestions ٨٧ 

References ٨٨ 

 

 

 

 

LIST OF FIGURES 

 

No. Title Page 

(١-٢)   The orbit of a spinning electron about the nucleus of an atom      ١٨ 

(٢-٢)   Diamagnetic materials ١٩ 

(٣-٢)   Paramagnetic materials ٢١ 

(٤-٢)   Ferromagnetic materials ٢٢ 

(٥-٢)   Antiferromagnetic ordering ٢٣ 

(٦-٢)   Ordering of magnetic ions in a ferrimagnetic lattice ٢٤ 

(٧-٢) 
  Two octants of the spinel unit cell. A  and B represent 

tetrahedral and octahedral coordinated sites respectively 
٢٧  

(٨-٢)   Phase diagram between current and voltage    ٣٦ 

 (١-٣) 

  Photograph of (a) nitrate-citrate solution, (b) The 

solution after the addition of ammonia,  (c) dry gel, (d) 

Dry bulk temperature of ١٢٠ , (e) ) Dry bulk 

temperature of ٢٠٠  and (f)auto combustion and 

become powder ferrite 

٤٦ 

(٢-٣) 
  Flow diagram for auto combustion synthesis of Co-Zn ferrite 

nanopowders ٤٧ 

(١-٤) 
  TG plots for the nitrate-citrate gel with a heating rate in air 

atmosphere  ٥٤ 



(٢-٤) 
  XRD pattern of the C١, C٢, C٤, C٥, And C٦ ferrite powders 

calcined at temperature ٢٠٠ 
٠
C  

٥٦ 

(٣-٤) 
  XRD pattern of the C١, C٢, C٤, C٥, And C٦ ferrite powders 

calcined at temperature ٥٠٠ 
٠
C  

٥٦ 

(٤-٤) 
  XRD pattern of the C١, C٢, C٤, C٥, And C٦ ferrite powders 

calcined at temperature ٧٠٠ 
٠
C  

٥٧ 

(٥-٤) 
  XRD pattern of the C١, C٢, C٤, C٥, And C٦ ferrite powders 

calcined at temperature ٩٠٠ 
٠
C  

٥٧ 

(٦-٤) 
 change in the particle size with the zinc substitution in Co-Zn 

ferrites  
٦٠ 

(٧-٤) 
  change in the particle size with temperature 

٦٠ 

 (٨-٤) 
 change in the lattice constant with zinc substitution in Co-Zn 

ferrites  

٦١ 

(٩-٤) 
  change in the lattice constant with temperatures for Co-Zn 

ferrites. ٦١ 

(١٠-٤) 
  change the x-ray density with temperature 

٦٢ 

(١١-٤) 
 change in x-ray density with the Zinc substitution in Co-Zn 

ferrites.     ٦٢ 

(١٢-٤) 
  frequency dependent dielectric constant for polyester 

٦٣ 

(١٣-٤) 
  the variation of dielectric constant with frequency at different 

temperature (x = ٠.٠ for ferrite nanopowder) ٦٤ 

(١٤-٤) 
  the variation of dielectric constant with frequency at different 

temperature (x = ٠.١ for ferrite nanopowder) 
٦٥ 

(١٥-٤) 
  the variation of dielectric constant with frequency at different 

temperature (x = ٠.٢ for ferrite nanopowder) 
٦٥ 

(١٦-٤) 
  the variation of dielectric constant with frequency at different 

temperature (x = ٠.٣ for ferrite nanopowder) 
٦٦ 

(١٧-٤) 
  the variation of dielectric constant with frequency at different 

temperature (x = ٠.٤ for ferrite nanopowder)  ٦٦ 

(١٨-٤) 
  the variation of dielectric constant with frequency at different 

temperature (x = ٠.٥ for ferrite nanopowder) ٦٧ 

(١٩-٤) 
  the variation of dielectric constant with frequency at (٢٠٠ 

٠
C 

for ferrite nanopowder) 
٦٨ 

(٢٠-٤) 
  the variation of dielectric constant with frequency at (٧٠٠ 

٠
C 

for ferrite nanopowder) ٦٨ 



(٢١-٤) 
  the variation of dielectric constant with frequency at (٩٠٠ 

٠
C 

for ferrite nanopowder) ٦٩ 

(٢٢-٤) 
  the variation of tangent loses with frequency 

 (Polyester with out reinforced) 
٧١ 

(٢٣-٤) 
  the variation of tangent losses with frequency at different 

temperature (for x = ٠.٠ ferrite nanopowder) 
٧١ 

(٢٤-٤) 
  the variation of tangent losses with frequency at different 

temperature (for x = ٠.١ ferrite nanopowder) ٧٢ 

(٢٥-٤) 
  the variation of tangent losses with frequency at different 

temperature (for x = ٠.٢ ferrite nanopowder) 
٧٢ 

(٢٦-٤) 
 the variation of tangent losses with frequency at different 

temperature (for x = ٠.٣ ferrite nanopowder) 
٧٣ 

(٢٧-٤) 
  the variation of tangent losses with frequency at different 

temperature (for x = ٠.٤ ferrite nanopowder) 
٧٣ 

(٢٨-٤)  
  the variation of tangent losses with frequency at different 

temperature (for x = ٠.٥ ferrite nanopowder) 
٧٤ 

 (٢٩-٤) 
  the variation of dielectric loses with frequency (polymer with 

out reinforced)  
٧٤ 

 (٣٠-٤) 
 variation of tangent loss with frequency for ferrite powder at 

٢٠٠ C
٠
 

٧٥ 

(٣١-٤) 
  variation of tangent loss with frequency for ferrite powder at 

٧٠٠ C
٠
   

٧٥ 

(٣٢-٤) 
 variation of tangent loss with frequency for ferrite powder at 

٩٠٠ C
٧٦  ٠ 

(٣٣-٤) 
  the variation of dielectric loses with frequency at ٢٠٠ C

٠
 for 

ferrite nanopowder 
٧٦ 

(٣٤-٤) 
  the variation of dielectric loses with frequency at ٧٠٠ C

٠
 for 

ferrite nanopowder 
٧٧ 

(٣٥-٤) 
  the variation of dielectric loses with frequency at ٩٠٠ C

٠
 for 

ferrite nanopowder ٧٧ 

(٣٦-٤) 
  the variation of dielectric losses with frequency at different 

temperature (for ferrite nanopowder with  x = ٠.٠) 
٧٨ 

(٣٧-٤) 

 the variation of dielectric losses with frequency at different 

temperature (for ferrite nanopowder with  x = ٠.١) ٧٨ 



(٣٨-٤) 
  the variation of dielectric losses with frequency at different 

temperature (for ferrite nanopowder with  x = ٠.٢) 
٧٩ 

(٣٩-٤) 
  the variation of dielectric losses with frequency at different 

temperature (for ferrite nanopowder with  x = ٠.٣)  ٧٩ 

(٤٠-٤) 
  the variation of dielectric losses with frequency at different 

temperature (for ferrite nanopowder with  x = ٠.٤) ٨٠ 

(٤١-٤) 
  the variation of dielectric losses with frequency at different 

temperature (for ferrite nanopowder with  x = ٠.٥) 
٨٠ 

(٤٢-٤) 
  the variation of electric conductivity with frequency (polymer 

without reinforced ) ٨١ 

(٤٣-٤) 
  the variation of electrical conductivity with frequency at  ٢٠٠ 

C
٠
 (for ferrite nanopowder) 

٨٢ 

(٤٤-٤) 
 the variation of electrical conductivity with frequency at  

٧٠٠C
٠
 (for ferrite nanopowder) 

٨٢ 

(٤٥-٤) 

 the variation of electrical conductivity with frequency at  

٩٠٠C
٠
 (for ferrite nanopowder) ٨٣ 

(٤٦-٤) 
  the variation of electrical conductivity with frequency at 

different temperature (x = ٠.٠ for Zinc powder) 
٨٤ 

(٤٧-٤) 
  the variation of electrical conductivity with frequency at 

different temperature (x = ٠.٣ for Zinc powder) ٨٤ 

(٤٨-٤) 
  the variation of electrical conductivity with frequency at 

different temperature (x = ٠.٥ for Zinc powder) ٨٥ 

 

 

 

 

LIST OF TABLES 
 

No. Title Page 

(١-٣) Chemicals Used with Percentage Purity ٤٣ 

(٢-٣) specifications of Ultrasonic ٥١ 

(١-٤) 
lattice constant, particle size  dx density, cell volume …etc. 

 
٥٨ 

 

 



LIST OF SYMBOLS AND ABBREVIATIONS  

 

Symbol Definition Unit 

f Voltage frequency  Hz 

P Polarization  C/m
٢
 

q Electric charge C 

N Number of dipoles per unit volume  ١/m
٣ 

d Separated distance mm 

E Electric field V/cm 

εo Permittivity of vacuum (٨.٨٥x١٠
-١٢

) F/m 

εr Relative permittivity (dielectric constant) --- 

 Co Vacuum capacitance  F 

C Capacitance of dielectric material  F 

ε Permittivity of the dielectric material  F/m 

Pω Loss power w 

Xc Impedance of capacitor   Ω 

ω Angular frequency (٢πf) Rad.s
-١

 

ϕ Phase angle  degree 

δ Loss angle  degree 

Ia Active current (resistive current) A 

Ir Reactive current (capacitive current)  A 

rε ′  Real dielectric constant  --- 

rε ′′  Imaginary dielectric constant --- 

tanδ Tangent loss angle --- 

Q Quality factor  



α 
Thermal Coefficient to Dielectric Loses 

Factor 

K
-١

 

 T Temperature  
٠
C 

UP Unsaturated polyester  --- 

XRD X-Ray diffraction --- 

β  
Is the broadening of diffraction line measured 

at half its max. 

 

D Crystallite Size nm 

a  Lattice constant A
ͦ
 

dx X-Ray density. g/cm
٣
 

V (a)
٣
 Particle volume A

ͦ ٣ 

 



 
 
 
 
 

Chapter One 
 
 
 
 
 
 

                     
 
 
 
 
 
 
 
 
 
 
 



Chapter One                                                                                              Introduction & Applications 

 

 

1 

 

١.١ Introduction              

In the recent times, iron and its alloys have been  used as magnetic materials for 

the applications in the electrical industry. However, with the discovery of higher 

frequencies, the customary techniques to reducing eddy current losses, using 

lamination or iron powder cores, were no longer efficient or cost effective. This 

realization stimulated a renewed interest in “magnetic insulators” as first reported 

by S. Hilpert in Germany in ١٩٠٩. It was readily understood that if the high 

electrical resistivity of oxides could be combined with desired magnetic 

characteristics, a magnetic material would result that was particularly well suited 

for high frequency operation. These materials are called ferrites which have 

general formula MFe٣O٤ where M is the divalent ion like Zn++, Mn++. This is the 

Ferrite ceramics and heterogeneous materials consist of oxides with of different 

iron oxide as the basic composed and the fall in this category of  soft and hard 

Ferrite.  

Ferrite nanoparticles are a class of nanoparticles which can be manipulated using 

magnetic field. In recent years, a lot of work has been done on nano crystalline 

materials because of their unusual properties compared to the properties of bulk 

materials [٢ ,١] Such particles commonly consist of magnetic elements such as 

iron, nickel, cobalt, metallic alloys (Fe-Cu) and  metallic oxides 

(CoFe٢O٤,MnFe٢O٤ and ZnFe٢O٤) are under current research activity. While metal 

and inter-metallic nanoparticles suffer from stability problems in atmospheric 

conditions, metallic oxides are highly stable under ambient conditions. Various 

factors such as, particle size distribution, inter-particle interactions, grain and grain 

boundary structure and meta-stable structure of the system control the properties of 

nanoparticles [٣].   
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١.٢ Nanotechnology 

Nanoscience and nanotechnology pertain to the synthesis, characterization;               

exploitation and utilization of nanostructure materials which are nanoparticles are 

smaller than ١ micrometer in diameter (typically ٥٠٠–٥ nanometers). Such    

nanostructure systems    constitute   a   bridge     between single    molecules and      

infinite bulk system; individual nanostructures involve clusters, nanoparticles,     

nanocrystals, quantum dots, Nanowires and nanotubes, while collections of 

nanostructures involve arrays, assemblies and super lattices of individual 

nanostructures [٤,٥].  The   dimensional   range of ١ to ١٠٠ nm is referred as the 

nanoscale and materials at this scale are called nanocrystals or nanomaterial. 

The magnetic nanoparticles focus of many research because they possess attractive 

properties which could see potential use in catalysis, biomedicine, magnetic 

resonance imaging, magnetic particle imaging, data storage, environmental 

remediation,, nanofluids, and optical filters.     

 The deviation of properties of the nano sized materials from the bulk material 

properties are due to surface effects which mainly depend upon the ratio of surface 

area to volume and size of the particles along with the chemical composition and 

interaction between particles. The increase in surface to volume ratio, which is a 

gradual progression as the particle gets smaller, leads to an increasing dominance 

of the behavior of atoms on the surface of particles over that of those in the interior 

of  particle as these atoms have lower coordination number than the interior atoms. 

In addition, depending on the geometry, different sites on the surface will be 

different in   local coordination number [٦]. 

     These materials are assembled from nanometer-sized building blocks, mostly 

crystals. The building blocks may differ in their atomic structure, crystallographic 

orientation or chemical composition. In cases where the building blocks are 
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crystals, coherent or incoherent interfaces may be formed between them, 

depending on the atomic structure, the crystallographic orientation, and the 

chemical composition of adjacent crystals. 

١.٣. Literature Review 

Research was conducted in different places of the world for the development of 

magnetic materials began in Japan by researchers V. Kato, T. Takei, and N. Kawai 

in the ١٩٣٠ and by J. Snoek of the Philips Research Laboratories in the period 

٤٥-١٩٣٥ in the Netherlands. By Snoek in ١٩٤٥ had laid down the basic 

fundamentals of the physics and technology of practical ferrite materials. In ١٩٤٨, 

the Neel theory of ferromagnetic provided the theoretical understanding of this 

type of magnetic material.  

In ٢٠٠٢ S. Sindhu and et al. [٧] studied the effect of frequency, composition   and 

temperature on the AC electrical conductivity for the Ni١–xZnxFe٢O٤ as well as the 

filler Ni١–xZnxFe٢O٤ incorporated rubber ferrite composites (RFCs).  Ni١–xZnxFe٢O٤  

(where, x varies from ٠ to ١ in steps of ٠.٢) were prepared by usual ceramic 

techniques.  The AC conductivity values were found to be of the order of ٣–١٠ S/m. 

Analysis of the results shows that AC conductivity increases with increase of 

frequency and the change is same for both Ni١–xZnxFe٢O٤  and RFCs, AC 

conductivity increases initially with the increase of zinc content and then decreases 

with more increase of zinc. Same behaviors are observed for( RFCs) too.  It was 

found that the AC conductivity of( RFCs) increases with increase of volume 

fraction of the magnetic filler. It was observed that the conductivity increases with 

increase of temperature for all nickel zinc ferrites.   

In ٢٠٠٢ T.M. Meaz et al.[٨] A series of polycrystalline spinel ferrites with 

composition Co٠.٤Zn٠.٦+xTixFe٢-٢XO٤, (x = ٠.٣ ,٠.٢ ,٠.١, and ٠.٤) were prepared by 
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the standard ceramic method. It was found that the electrical conductivity 

decreases as Ti ions substitution increases, a dispersion of AC conductivity is 

shown for all samples and at different temperatures. With increasing temperature, 

the dispersion of AC conductivity disappears at relatively lower frequencies. Also 

the dispersion of AC conductivity is shifted to higher frequencies with increasing 

temperature. It is observed that at relatively lower frequencies the values of tanδ 

abnormally high and decreases rapidly with increasing frequency. It is also shown 

that, as the temperature increases the value of tanδ increases.  tanδ is also found to 

be compositionally dependent where its value decreases with increasing Ti and Zn 

ion contents.  

In ٢٠٠٣ A.Y. Lipare and et al.[ ٩ ] Polycrystalline  soft  ferrites  ZnxCu١–x Fe٢O٤   

(x = ٠.٨٠ ,٠.٧٠ ,٥٠ .٠ ,٠.٣٠ and ٠.٩٠) doped with controlled amount of calcium 

chloride (CaCl٢) were prepared using standard ceramic route. The values of lattice 

constant increase as doping percentage of CaCl٢ increased from ٠.٠١٪ to ٠.٠٥٪ 

and after-wards decrease slightly. The variation of AC susceptibility with 

temperature shows the existence of single domain structure for  x = ٠.٣ and 

exhibits transition from single domain to multi-domain structure with  increased 

Ca٢+ contents from ٠.٠١ to ٠.١٪. The composition (x = ٠.٥) shows multi-domain 

structure independent of Ca٢+ content. The samples for x = ٠.٨٠ ,٠.٧٠ and ٠.٩٠ 

show paramagnetic behavior at and above room temperature.   

In ٢٠٠٥ Nutan Gupta et al. [١٠ ] Polycrystalline cobalt-substituted lithium 

ferrites with general formula Li ٠.٥-x/٢ Cox Fe ٢.٥-x/٢ O٤ (x = ٠.٤ ,٠.٢ ,٠.٠ and ٠.٥) 

were prepared by a non-conventional citrate precursor method. The lattice 

parameter (a) increases almost linearly with the increase in Co٢+ content, while 

grain size increase too with increase in sintering temperature. The value of the real 
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part of complex dielectric constant (ϵ׳ ) is found to decrease with increasing 

frequency ١١.٩٦–٨.٦ GHz, whereas the real part of the dielectric constant is found 

to increase with increasing sintering temperature in the range ١٢٠٠–١٠٠٠°C and  

decrease with  increasing cobalt content. The minimum value of ϵ׳ for composition 

x = ٠.٤ is observed at any sintering temperature and at any frequency. The values 

of ϵ″ are found to vary in the range of ٠.٠٤٩٥–٠.٠٢٤٦ with the sintering 

temperature        ١٢٠٠–١٠٠٠  C°, and also found to decrease with frequency. 

In ٢٠٠٦ Dong Limin et al. [١١] Mn-Zn ferrites were synthesized by sol-gel 

method, show that the powder fired at ٩٠٠°C for ٢ h has an average diameter of ٦٠ 

- ٩٠ nm.  The particle size becomes larger with the increasing of calcined 

temperature and the distribution of particle becomes even more homogeneous. 

In ٢٠٠٧ I. H. Gul and A. Maqsood [ ١٢] Cobalt ferrite nanoparticles having the 

chemical formula CoFe٢-٢xZrxZnxO٤ with x ranging from ٠.٠ to ٠.٤ were prepared 

by chemical co-precipitation method. The particle size of the samples was found 

within the range of ٢٣–١٢ nm for all the compositions. The particle size, density 

and lattice constants of the spinel cobalt ferrite nanoparticles are found to  

increases with the increase of Zn٢+ and Zr٤+, while the porosity of the samples are 

found a decrease with the increase of concentration (x).The dielectric constant and 

loss factor decrease with increasing frequency for all cobalt ferrite nanoparticle 

compositions. 

In ٢٠٠٨ by Ibetombi Soibam et.al.[١٣] The dielectric properties of                     

Li ٠:٥ -٠.٤xZn٠:٢CoxFe٠.٥ -٢.٤xO٤ ferrites with x varying from ٠.٠ to ٠.١ in steps of ٠.٠٢ 

synthesized by the citrate precursor method. The grain size of each sample was 

found range varying between ٢٥ nm and ٣٥ nm with the increase in Co+٢ ion 

concentration. The dielectric constant measured at ١ kHz is found to decrease with 
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Co٢+ ions concentration after an initial rise from Co equals  ٠.٠٢-٠.٠ . This may be 

due to the addition of Co٢+ ions which may contribute to conduction during the 

electron exchange process  leading to increase in dielectric constant  .The dielectric 

constant is also observed to increase with increasing temperature, the increase 

being pronounced more at low frequency. The dielectric loss was also observed to 

increase with increasing temperature at different frequencies. 

In ٢٠٠٩ R.C. Kambale et al. [١٤] A series of cobalt-doped nickel ferrite with 

composition of  Ni(١−x)CoxFe٢O٤ with x ranges from ٠.٠ to ٠.٨ (in steps of ٠.٢)was 

prepared by using standard ceramic technique. It is observed that lattice parameter 

varies from ٨.٣٣ to ٨.٣٨ Å with increasing Co٢+ content. This increase of lattice 

parameter with Co٢+ leads to the difference in ionic sizes of the component ions. 

The Co٢+ ions have larger ionic radius (٠.٧٨ A٠) than Ni٢+ (٠.٧٤ A٠), Fe٠.٦٧) +٣ 

A٠) ions [١٣]. it is observed that X-ray density ‘Dx’ decreases with addition of Co٢+ 

ion content, which may be attributed to the ionic radii of constituent ions causing 

increase in lattice parameter and the densities of pure cobalt ferrite (٥.٢٩gm/cm٣) 

and pure nickel ferrite (٥.٣٨gm/cm٣).These measurements show that all the 

samples are high dense (~ ٩٧٪) and also the measured densities decreases with 

Co٢+ substitution which in accordance with the densities of pure Ni and Co ferrites, 

٥.٣٨gm/cm٣ and ٥.٢٩gm/cm٣, respectively. 

In  ٢٠٠٩ A.  T.  Raghavender and K.  M. Jadhav [١٥] A series of polycrystalline 

spinel ferrites with composition CoFe٢–xAlxO٤ ferrites (٠ ≤ x ≤ ١) were prepared by 

the sol–gel method. The particle size (D) of all the samples decreases with increase 

in Al-content. The lattice constant (a) and X-ray density (dx) decreased with 

increase in Al-content. The dielectric constant and loss decreases rapidly with   

increasing frequency, and then reaches a constant value. Hence much lower 

dielectric constants obtained for the ferrites are used in the applications at high 
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frequencies as microwave absorbers. The dielectric constant and loss tangent (tanδ) 

decreases with increasing with Al+٣ ions  substitution for the samples CoFe٢–xAlxO٤ 

with  (٠ ≤ x ≤ ١). 

In ٢٠١٠ M. Mozaffari et al.[١٦] In this work zinc substituted cobalt ferrite 

nanoparticles (Co٠.٥Zn٠.٥Fe٢O٤) have been synthesized by the co-precipitation 

method. The average crystallite size of each sample was found increased from ٦ to 

٨ nm by increasing the solution temperature from room temperature to ٣٦٣ K 

respectively. The crystallite sizes in the range ٨–٦ nm have shown super-

paramagnetism behavior at room temperature.   

In ٢٠١٠ C. Venkataraju [١٧] It is found that the ferrite Nanoparticles of                     

Mn٠.٥-x Nix Zn٠.٥Fe٢-xO٤ (x = ٠.٣ ,٠.٢ ,٠.١ ,٠.٠) have been synthesized by chemical 

co-precipitation method. Lattice constant and particle size is found to be 

decreasing with increasing nickel concentration. The particle size gradually 

decreases as the manganese concentration is decreased. The porosity calculated 

using x-ray density and measured density also shows a decreasing behavior with 

increasing nickel concentration.  

In ٢٠١٠ M.H. Yousefi et al. [١٨] Cobalt–zinc ferrite (Co٠.٨Zn٠.٢Fe٢O٤ ) was 

prepared by combustion method using cobalt, zinc and iron nitrates. The 

crystallinity of the as-burnt powder was developed by annealing at ٧٠٠°C. The 

average crystallite sizes for nanoparticles were determined to be about ٢٧ nm 

before and ٣٧ nm after annealing, and residual stresses for annealed particles were 

omitted, which suggests that grain growth is present and the strain developed in the 

particles reduces on annealing the material.  

In ٢٠١٠ Sonal Singhal et al. [١٩] the Zinc substituted cobalt ferrite nanoparticles 

(CoxZn١-xFe٢O٤ ; with x = ٠.٨ ,٠.٤ ,٠.٠,٠.٢ and ١.٠) were prepared via sol-gel 
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route. The particle sizes of the as obtained powders were found to be ~١٠ nm 

which increases up to ~ ٩٢ nm on annealing at ١٠٠٠C. The x-ray densities (dx) for 

all the annealed samples are increases linearly with increasing zinc concentration, 

which should be due to the heavier weight of zinc atom as compared to that of 

cobalt atom. The diffraction pattern did not show any peaks for the as prepared 

ferrite samples there- by showing the amorphous nature of the samples. However 

for the annealed samples regular peaks were observed, which confirmed that 

particle size increases with increase in temperature and the intensity of the peaks 

grew stronger with the grain size growth. It is observed that the lattice parameter 

‘a’ increases linearly with increase in zinc concentration, the reason for this 

increase of lattice parameter values may be due to the larger ionic radii of Zn٢+  as 

compared to Co٣+. 

In ٢٠١٠ P. B. C. Rao and S. P. Setty [٢٠] Nickel-zinc ferrites of different 

compositions Ni(١-x)ZnxFe٢O٤ (with x = ٠.٦٠ ,٠.٥٠ ,٠.٤٠ and ٠.٧٠) have been 

prepared by a precursor method involving citrate precursors of the concerned 

metals and mixing them in solution stat. It is observed that Ni-Zn ferrites prepared 

by this method have resistivity ( ≥ ١٠٨ Ω.cm) which is higher by at least two orders 

of magnitude than that reported (≤١٠٦ Ω.cm) for ferrites prepared by the 

conventional ceramic method. This is attributed to better purity as well as better 

compositional and microstructural control achievable by the citrate method. High 

resistivity makes these ferrites suitable particularly for high frequency applications 

where eddy current losses are required to be low.  

In ٢٠١٢  A. Hassadeea et al. [ ٢١] Zinc-substituted cobalt ferrites Co١-xZnxFe٢O٤     

(x = ٠.٥ – ٠.٠), were prepared by ceramic processing. The results revealed that    

the spinel structure was also modified by the substitute ions. In Co١-xZnxFe٢O٤ 



Chapter One                                                                                              Introduction & Applications 

 

 

9 

samples Zn٢+ commonly substitute for Co٢+, resulting in an increase in the lattice  

parameter from (٨.٣٨١) to (٨.٤١٢) Å. It is shown that the lattice parameter linearly 

increases with increasing Zn content, confirming that the larger Zn cations 

substituted for smaller Co cations in the Co-ferrite structures. It is shown grain size 

of Co١-xZnxFe٢O٤ samples were about ٧ to ١١ µm with x varying from ٠.٠ to ٠.٥ 

when sintered at ١٣٥٠°C for ٢ hours. 
 

In ٢٠١٢ Ritu Rani et al. [٢٢] Nano cobalt–zinc ferrite Co(١-x)ZnxFe٢O٤ with 

(x=٠.٤ ,٠.٣ ,٠.٢ ,٠.١ ,٠.٠) have been   prepared  by  solution combustion  method. 

Average  crystallite  size  for  all  samples  was found  decreasing  from  ٢٩  to  

٢١nm with the  increase  in  Zn  concentration. The lattice constant  was  found  to  

increase  with  the  increase  in Zn concentration, this is due to the fact that the 

radius of Co ions (٠.٧٨ A°) is smaller than that of Zn ions (٠.٨٢ A°). It shows 

almost linear increase in lattice constant with zinc concentration. The uniform 

increase in lattice constant with Zn substitution indicates that lattice expands 

without disturbing the symmetry of lattice. 

In ٢٠١٢  J. Murbe   and J. Topfer [٢٣] Nano-crystalline Ni-Cu-Zn ferrite powders 

Ni٠.٢٠Cu٠.٢٠Zn٠.٦٢Fe١.٩٨O٣.٩٩ ware prepared by thermal decomposition of an oxalate 

precursor. The particle size increasing with the temperature of the maximum 

shrinkage rate is shifted from TMSR=٠ ٧٠٠C for (d=٦ nm) towards TMSR= ٨٨٠٠C    

for a powder with (d=٣٥٠ nm).  The grain size of the samples sintered at ٩٠٠٠C is 

also shown for both sample series increases with dwell time, but the grain sizes of 

the sintered samples made of nanocrystalline powder are larger. Grain growth 

seems to proceed faster due to the high density of the samples and lower resistance 

to grain boundary motion. The larger grain size of ceramics made from 

nanocrystalline ferrite powders.          
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In ٢٠١٢  R.  Gimenes et al. [٢٤] In  this  work  the  microstructure  and  magnetic  

properties of Mn–Zn ferrites powders were investigated MnxZn١ – xFe٢O٤ powders  

where; x = ٠.٨;٠.٦٥;٠.٥;٠.٣٥;٠.٢ and١.٠ were obtained by citrate precursor 

method.  The particle size was observed rang from ٨٠ to ١٥٠ nm. When the 

powders calcined under N٢ atmosphere the lattice parameter increases linearly with 

increasing Mn content, the increase in lattice parameter can be attributed to 

replacement of smaller cation Zn٢+(٠.٧٤ A°) by larger Mn٢+ (٠.٨٣A°). Usually, in a 

solid solution within of miscibility limit of cubic phases a linear increment in the 

lattice parameter with concentration of cations is observed. There are two weight 

loss processes occurring between temperatures at the ranges ٠ ٣٨٠–١٠٠C and ٣٨٠–

٠ ٥١٠C. The first step of weight loss is between ٦٢٪ (Mn٠.٦٥Zn٠.٣٥Fe٢O٤) and ٧٠٪ 

(Mn٠.٢Zn٠.٨Fe٢O٤) correspondent to volatilization of water and unreacted ethylene 

glycol. In the second step, the weight loss is ~٢٣٪ ascribed to thermal 

decomposition of citrate precursors into oxides.   
 

In ٢٠١٢ Ibrahim Sharifi and H. Shokrollahi [٢٥] This work presents a systematic 

investigation on the structural and magnetic properties of Co١-xZnxFe٢O٤  

(٠.٥˂x˂٠.٧٥) nanoparticles synthesized by the chemical co-precipitation method. 

The average particle size decreases from ١٠ nm to ٦ nm as the concentration of 

zinc is increased from x=٠.٥ to x=٠.٨, and the lattice parameter increases from 

٠.٨٤٢١ to ٠.٨٤٣١nm with Zn٢+ concentration increase. Also grain size decreases 

with increasing the concentration of zinc, with the addition of Zn ions the 

exchange interactions between A and B sub-lattices are always weakened and the 

Curie point decreases. 

In ٢٠١٢ Nalla Somaiah et al.[٢٦] Cobalt ferrite CoFe٢O٤ with nominal 

compositions CoFe٢-xZnxO٤ (x=٠.٢ ,٠.١,and ٠.٣), were synthesized by auto-

combustion technique using Co, Fe, and Zn-nitrate as starting materials. 
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 The as-prepared ferrite powders were comprised of nanostructured cubic-spinel 

phase (grain size ~٤٥nm) and found the nanocrystalline (~٣٠–٢٥ nm) Calcinations     

(٨٠٠ °C for ٣ h) of the precursor followed by sintering (١٣٠٠°C for ١٢ h) of the 

green pellets resulted in a single phase cubic-spinel structure with small average 

grain size. The lattice parameter (a) value ranges between ٨.٣٠٠٠ and ٨.٥٠٠٠ A°. 

The observed increase in crystallite size is likely due to the particle growth as a 

result of solid state diffusion during the calcinations process, as expected. 

١.٤. Applications of Ferrite Nanoparticles  

Depending on type of applications, magnetic nanoparticles are used in varieties of 

forms such as surface functionalized particles in biomedical applications, as 

particles arrays in magnetic storage media, as compacted powders in permanent 

magnets and in solutions as ferrofluids [٢٧,٢٨] 

١.٤.١. Biomedical Applications   

This shows considerable promise for applications in biomedical and diagnostic 

fields such as targeted drug delivery, hypothermic treatment for malignant cell and 

magnetic resonance imaging (MRI) [٣٣-٢٩,]. There are three reasons why the 

magnetic nanoparticles are useful in biomedical applications.              

 First; magnetic nanoparticles can have controllable size ranging from a few 

nanometers up to tens of nanometers, and are smaller than comparable in 

sizes to a cell (١٠٠-١٠ µm), a virus (٤٥٠-٢٠ nm), a protein (٥٠- ٥ nm) or a 

gene (٢nm wide, and  ١٠٠- ١٠ nm long). 

Second; magnetic nanoparticles can be manipulated by an external magnetic field 

gradient. They can be used to deliver a package, such as an anticancer drug 

to a targeted region of the body such as a tumor.  
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Third; magnetic nanoparticles can also be made to resonantly respond to a time-

varying magnetic field, with an associated transfer of energy from the field 

to the nanoparticles. 

As highlighted above for biomedical application, magnetic  nanoparticles must     

(i)  have a good thermal  stability; 

  (ii) have a larger magnetic moment;  

       (iii)be biocompatible; (iv) be able  to form stable dispersion so the particles     

could be transported in living system;  (v) response well to AC magnetic fields. 

١.٤.٢. Artificial Blood Vessel   

By the method   coated the inner walls of tubes made of segmented polyurethane, a 

well-known anti-thrombogenic material now being used for artificial blood vessel. 

This enhances the anti-thrombogenicity significantly, as revealed by measurements 

of the clotting time of blood [٣٤]. 

٣ ١.٤. Magnetic Recording Media           

Synthesis and assembly of magnetic nanoparticles have attracted great attention 

because of their potential application in ultrahigh-density magnetic recording 

[٣٥].Continue increase in the areal density of hard disk drive will be limited by 

thin film media in which each bit of information is stored over hundreds of grains 

in such ultrahigh-density media, because of high recording density, a small 

material grain and narrow size distribution are required. Extensive researches are 

being done on CoFe٢O٤ nanoparticles for high density recording media. CoFe٢O٤ 

nanoparticles are well-known material with very high cubic magneto-crystalline 

anisotropy, good coercivity, and moderate saturation magnetization  [٣٦]            

and we prepared films of CoNi-ferrite (Fe١-x-yCoxNiyO٤) and NiZn-ferrite                     
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(Fe١-x-yNixZnyO٤) for perpendicular magnetic recording media and their under 

layers, respectively [٣٧]. The CoNi-ferrite films have a prominent perpendicular 

magnetic anisotropy, exhibiting coercive force HC┴ ~٣.٢KOe, which is comparable 

to or higher than that of the conventional Co-Cr perpendicular magnetic recording 

media. This large crystalline anisotropy allows for thermally stable grain diameters 

down to ٢.٨ nm. 

١.٤.٤. Exchange-Coupled Nanocomposites Magnets  

Exchange-coupled nanocomposites magnets have been studied worldwide. Our 

theoretical modeling has revealed that the  accepted condition for exchange-

coupling— soft-phase  dimension equal or smaller than twice the domain-wall 

thickness in the hard phase   must be amended: the critical soft-phase dimension 

depends also on the soft phase itself. This type of magnets  are promising for 

advanced permanent magnetic applications as  high energy products (BH)max and 

relatively high coercivity can  be developed in these nanocomposites  magnets. A 

small grain size (less than ٢٠ nm) and a uniform mixture of the hard and soft 

phases are required for effective exchange coupling between the hard and the soft 

phases.[٣٨] 

Recently, the same group prepared an exchange-coupled diamagnetic core/shell 

nanoparticles system with ferromagnetic Fe-Pt core and ferrimagnetic MFe٢O٤ 

(M=Fe, Co) shell . The advantage of this system is that the magnetic properties 

such as magnetization and coercivity can be controlled by tuning the core/shell 

dimensions, by tuning the material parameters of both core and shell and for 

achieving the potential high energy products. However, controlling morphology 

including grain size and grain alignment in nanocomposites magnet remains a great 

challenge.   
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١.٤.٥. Ferrofluids  

A ferrofluids is a special solution of magnetic nanoparticles in a colloidal 

suspension whose flow can be controlled by magnets or magnetic fields [٣٩]. 

Particles are coated with a surfactant that disperse the particles and prevents 

agglomeration by overcoming the van der Waals forces that exists between the 

particles. As a result, when fluid is not in presence of external magnetic field it has 

zero net magnetization. When a strong magnet is brought close to the ferrofluids, 

several spikes will appear, as the fluid arranges itself along the magnetic field lines 

of the magnet. When the field is removed, the particles again disperse randomizing 

their orientation [٢٧,٤٠]. 

The most common application of ferrofluids is the 

cooling of loudspeakers ; The ohmic heat produced in the voice coil can be 

transmitted to the outer structure.  

In sealing technology ; a drop of ferrofluids is put into the gap between a magnet 

and a high permeable rotating shaft. 

pressure differences ; about ١ bar can be sealed without serious difficulties.           

Some of the other technological applications of Ferrofluids include bearing, 

dampers, stepping motors, and sensors [٢٨]. 

١.٤.٦. Radar Absorption material 

Based on the use of Ferrite in the absorption of radar waves to its ability to 

dissipate energy part of the electromagnetic fields of passing except to him and go 

into the mechanism of absorption, and relationships that govern it, and here it is 

important to know that the material absorbing radar waves, the mechanism 

absorbed into two main categories; 
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 Type I: insulating material absorber, which is determine the value of the 

imaginary part of an electric permeability (ε") on the viability of article sucked ace 

of electromagnetic waves, as they determine their ability to these waves dissipate 

energy in the form of heat generated within the foam. 

Type II: magnetic sorbent. Which is determines the value of imaginary part of 

magnetic permeability (µ") susceptibility article sucked ace electromagnetic waves, 

where you specify the amount of energy consumed by recycling of the material in 

the fields, and this gathering mechanisms between compounds.[٤٠,٤١]  

The ability to customize the mechanical and electrical properties of the foam allow 

for a wide range of applications including: 

• Absorptive pucks for spiral antenna cavities 

• Fairings for vehicles and radars 

• Antenna housings 

• Lightweight microwave absorbing barriers  

 

١.٥. Objective of the research 

١- preparation of ceramic materials, substituted with cobalt  with  ferrite series    

(Co١-xZnxFe٢O٤)  where x takes values (٠.٠ to ٠.٥) by modern. 

 (sol - gel) chemical method. 

٢- Obtained  to high-purity  nanosizes powders with best homogeneity to be used 

in industrial applications and advanced precision. 
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٣- Studying the structural properties (particle size, lattice constant and density )of 

powders and the  influenced of the calcination temperature and the concentration 

of zinc at different temperatures. 

٤- Studying the electrical properties (really dielectric constant, imaginary dielectric 

constant, the loss factor (dispersion) of all samples prepared and the effect of the 

frequency from (٥٠Hz) to (٥MHz) at different calcination temperatures. 
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 ٢.١. Introduction  

 Magnetism is a phenomenon by which materials exert an attractive or 

repulsive force on other materials. When a material is placed within a 

magnetic field, the magnetic forces of the material's electrons will be 

affected. This effect is known as Faraday's Law of Magnetic Induction. 

However, materials can react quite differently to the presence of an external 

magnetic field. This reaction is dependent on a number of factors, such as 

the atomic and molecular structure of the material, and the net magnetic field 

associated with the atoms. The magnetic moments associated with atoms 

have three origins. These are the electron motion, the change in motion 

caused by an external magnetic field, and the spin of the electrons.  

Magnetic field is seen whenever electrically charged particles are in motion. 

This can arise either from the movement of electrons in an electric field 

resulting in “electromagnetism”, or from the constant subatomic movement 

of electrons, resulting in what is known as “permanent magnetism” [٤٢,٤٣].   

٢.٢. Atomic Origins of Magnetism 

From the atomic view of matter, there are two kinds of electronic motion: 

the orbital motion, and the spin motion. Except some nucleic magnetic 

effects, which are much smaller, these two types of electronic motions are 

the sources of the macroscopic magnetic phenomena in materials. Each 

electron may also be thought of as spinning around an axis of itself, which 

brings about spin moment. Another magnetic moment originates from this 

electronic spin, which is directed along the orbit around the nucleus of the 

atom as shown in Figure (٢.١). 
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Magnetic materials can be classified based on differences between their 

internal and external flux and the variation of the magnetization M or 

magnetic induction B when a magnetic field is applied [٤٤,٤٥]. There are two 

quantities that relate M and B to H ; the magnetic susceptibility (χ )and the 

permeability (µ) . 

 In SI the permeability (µ) has units of (Henry/m). The susceptibility is a 

measure of the increase in magnetic moment caused by an applied field, 

whereas permeability represents the relative increase in flux caused by the 

presence of the magnetic material . All materials exhibit at least one of these 

types of magnetism, and the behavior depends on the response of electron 

and atomic magnetic dipoles to the application of an externally applied 

magnetic field. 

 

                                              

              Fig. (١-٢): The orbit of a spinning electron about the nucleus of an atom           

٢.٣. behavior of Magnetic Materials  

The origin of magnetism lies in the orbital and spin motions of electrons. 

Electron interactions have also strong effect of magnetism. In some   

materials there is no collective interaction of atomic magnetic moments, 

whereas in other materials there are very strong interactions among atomic 

moments. The way to classify the different types of magnetism depends on   
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how materials respond to magnetic fields. Most materials can be classified 

into diamagnetism, paramagnetism, ferromagnetism in which Antiferro- 

magnetism and ferrimagnetisms, Superpara-magnetism which appears in 

small ferromagnetic or ferrimagnetic nanoparticles are considered to be its 

subclasses [٤٢].  
 

٢.٣.١. Diamagnetism  

Diamagnetism is a fundamental property of all matter, although it is usually          

very weak. is an inherent result of the orbital motion of the electrons in a 

magnetic field. The orbiting electrons either accelerate or decelerate; it is 

present when the atom has zero net magnetic moment. In this case the orbital 

motion generates a field opposite to the applied field. Once the external field 

is removed, the diamagnetic material losses its magnetization, and a negative 

magnetization is produced, and thus, the magnetic susceptibility χm is < ٠ 

(order of -٥-١٠) for a diamagnetic material, resulting in very low moments 

[٤٢]. Diamagnetic substances are composed of atoms which have no net 

magnetic moments (i.e., all the orbital are filled and there are no unpaired 

electrons). 

  

                     

                       

Fig. (٢-٢): Diamagnetic materials 
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This means that each constituent atom has no permanent magnetic moment 

in the absence of applied field. Covalent crystals and many ionic crystals are 

typical diamagnetic materials because the constituent atoms have no unfilled 

sub-shells [٤٦]. Examples of diamagnetic materials are quartz (SiO٢), Calcite 

(CaCO٣) and Silicon, figure (٢-٢) show diamagnetic materials.              

٢.٣.٢ Paramagnetism  

For this class of materials, some of the atoms or ions in the material have a 

net magnetic moment due to unpaired electrons in partially filled orbitals. 

Paramagnetic materials exhibit magnetism when the external magnetic field 

is applied. In the presence of a field, there is a partial alignment of the 

atomic magnetic moments in the direction of the field, resulting in a net 

positive magnetization and susceptibility χm  is > ٠ (order of ٥- ١٠ to ٢- ١٠) for 

paramagnetic materials [٤٦]. Each atom in the paramagnetic materials 

possesses a permanent magnetic moment, but due to the thermal agitation 

there is no average moment (M=٠). In the presence of an applied field the 

magnetic moments take various alignments with the applied field. The 

degree of alignment of the magnetic moments with the applied field and 

hence magnetization (M) increases with the strength of the applied field (H), 

figure (٣-٢) show this type of materials. Magnetization typically decreases 

with increasing temperature because higher temperature there more 

molecular collisions, which destroy the alignments of molecular magnetic 

moments with the applied field [٤٢]. Paramagnetic materials loose 

magnetization in the absence of an externally applied magnetic field. These 

materials are weakly attracted towards magnetic field. Paramagnetic 

materials include magnesium, molybdenum, lithium, and tantalum. 
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                                         Fig. (٣-٢): Paramagnetic materials 

٢.٣.٣ Ferromagnetism  

 Ferromagnetic materials exhibit parallel alignment of permanent magnetic 

moments resulting in a large net magnetization even in the absence of a 

magnetic field. These moments originate from the overall contribution of 

electron spin and orbital magnetic moment[٤٧]. The origin of 

ferromagnetism is the quantum mechanical exchange interaction between 

the constituent atoms that result in regions of the material possessing 

permanent magnetization, figure (٤-٢) show the ferromagnetic materials. The 

magnetic susceptibility χ is typically positive and large (even infinite) and 

further depends on the applied field intensity. The relationship between the 

magnetization (M) and the applied magnetic field (H) is highly nonlinear, at 

sufficiently high fields, the magnetization (M) of the ferromagnetic 

saturates. Two distinct characteristics of ferromagnetic materials are their 

spontaneous magnetization and the existence of magnetic ordering 

temperature. The spontaneous magnetization is the net magnetization that 

exists inside a uniformly magnetized microscopic volume in the absence of a 

field. As the temperature increases, the arrangement of atomic moments is 

disturbed by the thermal agitation, thus resulting in temperature dependence 

of spontaneous magnetization. 
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Fig. (٤-٢): Ferromagnetic materials 

 

Ferromagnetism occurs below a critical temperature called the Curie 

temperature Tc. At temperature above Tc, ferromagnetism is lost and the 

material becomes paramagnetic. Only a few substances are ferromagnetic; 

the common ones are iron, nickel, cobalt, etc. 

In spite of the presence of spontaneous magnetization, a block of 

ferromagnetic or ferromagnetic substance is usually not spontaneously 

magnetized but exits rather demagnetized state. This is because the interior 

of the block is divided into many magnetic domains, each of which is 

spontaneously magnetized. Since the direction of domain magnetization 

varies from domain to domain, the resultant magnetization can be changed 

from zero to the value of spontaneous magnetization [٤٦]. The saturation 

magnetization field (Hsat) is the maximum induced magnetic moment that 

can be obtained in a magnetic field beyond this field no further increase in 

magnetization occurs. Saturation magnetization is an intrinsic property, 

independent of particle size but dependent on temperature.  
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٢.٣.٤. Antiferromagnetism  

In some other types of materials, the magnetic moment coupling between 

adjacent atoms or ions results in antiparallel alignment of the magnetic 

dipoles. This phenomenon of the alignment of spin moments of neighboring 

atoms or ions in exactly opposite directions is termed Antiferromagnetism as 

shown in figure (٥-٢).  

 

Fig. (٥-٢): Antiferromagnetic ordering 

 

Generally, antiferromagnetic order may exist at sufficiently low 

temperatures, vanishing at and above a certain temperature, the Néel 

temperature. Above the Néel temperature, material is typically paramagnetic 

[٤٦]. The opposing magnetic moments cancel one another resulting in zero 

net magnetization of the material [٤٧]. For example in manganese oxide 

(MnO), the A and B sub-lattice moments are exactly equal but opposite, and 

thus the net moment is zero.   

٢.٣.٥. Ferrimagnetisms  

Ferrimagnetisms is another type of magnetic ordering. In ferrimagnets, the 

moments of adjacent atoms or ions are in an antiparallel alignment, but they 

do not   cancel each other. In fact ferrimagnets are also related to 

Antiferromagnetism, in that the exchange coupling between adjacent 

magnetic ions leads to antiparallel alignment of the localized moments. The 
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overall magnetization occurs because the magnetization of one sublattice is 

greater than that of the oppositely oriented sublattice. A schematic of the 

ordering of magnetic moments in a ferrimagnets is shown in figure (٦-٢). In 

fact the localized-moment model applies rather well to ferrimagnetic 

materials, since most are ionic solids with largely localized electrons. 

 

 

Fig.(٦-٢): Ordering of magnetic ions in a ferrimagnetic lattice 

 

 The best example of a ferrimagnetic mineral is magnetite (Fe٣O٤) in which 

two iron ions are trivalent while another is divalent. The two trivalent ions 

align   with opposite moments and cancel one another, so the net moment 

arises from the divalent.  The structural formula for magnetite is [Fe٣+] A 

[Fe٣+, Fe٢+] B O٤ . The fact that ferrimagnets are ionic solids means that they 

are electrically insulating, whereas most ferromagnets are metals. This 

results in a wide range of important applications for ferrimagnets, in 

situations requiring magnetic insulators. Some ferrimagnetics are YIG 

(yttrium iron garnet) and ferrites composed of iron oxides and other 

elements such as aluminum, cobalt, nickel, manganese and zinc [٣٦] 

٢.٣.٦. Superparamagnetism  

Superparamagnetism is a form of magnetism, which appears in small 

ferromagnetic or ferrimagnetic nanoparticles. In small enough nanoparticles, 



Chapter two                                                Structural & Electrical properties of ferrites 

 
25 

magnetization can randomly flip direction under the influence of 

temperature. The typical time between two flips is called the Néel relaxation 

time. In the absence of external magnetic field, when the time used to 

measure the magnetization of the nanoparticles is much longer than the Néel 

relaxation time, their magnetization appears to be in average zero: they are 

said to be in the superparamagnetic state. In this state, an external magnetic 

field is able to magnetize the nanoparticles, similarly to a paramagnet. 

However, their magnetic susceptibility is much larger than the one of 

paramagnets.  

This phenomenon is called “superparamagnetism” because, as a result of this 

competition between anisotropy and thermal energies, assemblies of small 

particles show magnetization behavior that is qualitatively similar to that of 

local moment paramagnetic materials, but with a much larger magnetic 

moment.   

٢.٤. Type of Ferrite Materials  

Commonly used ferrites are primarily classified into three types: spinels, 

hexagonal ferrites and garnets, according to their primary crystal lattice.  

Generally, ferrimagnetism arises from the antiparallel alignment of the 

magnetic moments on transition metal ions, present on different magnetic 

sublattices. The origin of the antiparallel coupling can be explained by 

super-exchange of valence electrons between the filled p-orbitals of O٢- and 

unfilled d-orbitals of the transition metal cations.  In ferrites, the oppositely 

directed magnetic moments do not exactly cancel, thus a net magnetic 

moment result [٤٩].  
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 ٢.٥.   Spinel Ferrites structure  

The most important ferrimagnets are the materials known as ferrite. The 

word spinel is derived from Italian spinella, diminutive of spine, thorn (from 

its sharply pointed crystals). Spinel crystallizes in the cubic system, forming 

octahedral crystals. The spinel ferrites are a large group of oxides which 

possess the structure of the natural spinel AB٢O٤; the ‘A’ represents a 

divalent metal ion such as magnesium, iron, nickel, manganese and zinc. 

The quadrivalent lead ion can also occupy this site. The ‘B’ represents 

trivalent metal ions such as aluminum, iron, chromium and/or manganese. 

However, titanium Ti٤+ and Pb٢+ etc. may also occupy this site [٤٩]. More 

than ١٤٠ oxides and ٨٠ sulphides have been systematically studied. The 

structure of a spinel compound is similar to the highly symmetric structure 

of diamond. The position of the -A- ions is nearly identical to the positions 

occupied by carbon atoms in the diamond structure. This could explain the 

relatively high hardness and high density typical of this group. The 

arrangement of the other ions in the structure conforms to the symmetry of 

the diamond structure. The arrangement of the ions also favors the 

octahedral crystal structure, which is the predominant crystal form and is in 

fact the trademark of the spinels[٥٠]. There are well over a hundred 

compounds with the spinel structure reported to date. The general chemical 

formula of ferrites possessing the structure of the mineral spinel, MgAl٢O٤, 

is MeFe٢O٤, where Me represents a divalent metal ion with an ionic radius 

approximately between ٠.٦ and ١Å. In the case of simple ferrites, Me is one 

of the transition elements Mn, Fe, Co, Ni, Cu, Zn, Mg and Cd.  
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٢.٥.١. Crystal Structure of Spinel Ferrite  

The smallest cell of the spinel lattice that has cubic symmetry contains eight 

“molecules” of MeFe٢O٤.The relatively large oxygen anions form a cubic 

close packing with ½ of the octahedral and ⅛ of the tetrahedral interstitial 

sites . In the above mentioned cubic unit cell, ٦٤ tetrahedral and ٣٢ 

octahedral sites are present, of which only ٨ and ١٦ respectively, are 

occupied by metal ions. Figure (٧-٢) shows a cubic unit cell containing eight 

formula units, in which tetrahedral and octahedral sites are labeled as A and 

B respectively. Consequently, there are Z = ٨ formula units per cubic unit 

cell, each of which consist of ٣٢ anions and ٢٤ cations, for a total of ٥٦ 

atoms. There are ٩٦ interstices between the anions in the cubic unit cell; 

however, in spinel ferrites, only ٢٤ are occupied by cations. Of the ٦٤ 

tetrahedral interstices (٨a, ٨b, ٤٨f) that exist between the anions, only ٨ are 

occupied by cations. The remaining ١٦ cations occupy half of the ٣٢ 

octahedral interstices (١٦c, ١٦d). The unoccupied sites are octahedral (١٦c) 

and tetrahedral (٨a, ٤٨f) [٤٣-٣٦].  

 

Figure (٢.٧): Two octants of the spinel unit cell. A  and B  represent tetrahedral  

and octahedral coordinated sites respectively [٤٠]. 
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The location of tetrahedral and octahedral site is always the same and do not 

depend on the nature of constituent cations. However the distribution of 

cations over A- and B-sites is determined by their ionic radius, electronic 

configurations and electrostatic energy in the spinel lattice .  Cations like 

Zn٢+and Cd٢+, show a marked preference for the A sites, thus their spinels are 

obtained with a formula Me٢+[ Fe٢٣
+]O٤, where the Fe٣+ions between brackets 

are on the B-sites.  When cations have stronger B-site preference than Fe٣+, 

as is the case for Mn٢+, Ni٢+ and Co٢+, Fe٣+ can occupy A-sites to form 

inverse spinels, denoted as Fe٣+[Me٢+Fe٣+]O٤.  

٢.٥.٢. Types of spinel Ferrites 

The spinal structure is derived from the mineral spinal (MgAl٢O٤) whose 

structure was elucidated by Bragg. Analogous to the mineral spinal the 

magnetic spinal have general formula MO.Fe٢O٣, where M is divalent metal. 

The trivalent aluminum is usually replaced by Fe+٣ or by Fe+٣ in combina-

tion with any other trivalent ion. Although the great majority of ferrites 

contain iron oxide as name implies, but there are some “ferrites” based on 

Cr, Mn, and other elements. Spinels are classified into three types [٥٠-٤٩].  

٢.٥.٢.١. Normal Spinel  

In a unit cell of spinal lattice, eight tetrahedral and sixteen octahedral sites 

are occupied by metal ions.  In case of ferrite spinals the divalent ions 

occupy the A site and trivalent ion occupy the B sites.  This can be 

represented by the formula [A]tet [B٢]
oct O٤.  Examples of normal spinel are   

MgO.Al٢O٣ = MgAl٢O٤  ;  ZnO.Fe٢O٣ = ZnFe٢O٤  ;                          

FeO.Al٢O٣     =    FeAl٢O٤      ;        CoO.Al٢O٣  =  CoAl٢O٤       ;                          

MnO.Al٢O٣      =       MnAl٢O٤        ;          NiO.Al٢O٣    =     NiAl٢O٤    
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٢.٥.٢.٢. Inverse Spinel  

The divalent ions occupy only B sites while trivalent ions are located on 

both A and B sites in equal proportion. In other words the inverse spinel, B 

(AB) O٤, has the divalent cations occupying the O-sites and the trivalent 

cations are equally divided among the T- and remaining O-sites. This can be 

represented by formula, [B]tet [A, B]oct O٤.  CoFe٢O٤ is predominantly an 

inverse spinel with a formula; 

 CoxFe١-x (Co١-xFe١+x) O٤ ,  where  x is the cation distribution factor which 

describes the fraction of tetrahedral sites occupied by Co٢+ cations [٣٦].   

 CoO.Fe٢O٣ = FeCoFeO٤     ;   NiO.Fe٢O٣ = FeNiFeO٤  ;                   

MgO.Fe٢O٣ = FeMgFeO٤  

٢.٥.٢.٣. Random Spinel   

Where the metal ions and ferric ions occupy the sites A and B and at 

different rates, where the distribution ratios ions on the sites as follows; 

A -  stites (٠.٨ Mn٠.٢ + +٢ Fe٢٣
+ )      &      B  -  stites  (٠.٢ Mn١.٨ + +٢  Fe٢٣

+) 

And examples of this structure Manganese Ferrite and the distribution of 

ions on the site is a way that makes the crystal less energy as possible. The 

variable γ is the inversion parameter, which specifies the fraction of A-sites 

occupied by majority ions.   

    Normal           [A ]tet[B]oct O٠=     ٤ 

    Invers        [ B ]tet[A,B]oct O١=    ٤ 

       Random        [B٠.٦٧ A٠.٣٣]tet[A٠.٦٧B٠.٣٣]٠.٦٧=     ٠٤ 
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 The inversion parameter is a measure of the degree of inversion and in some 

ferrites depends on the method of preparation [٥٠].  

٦-٢. Electrical Properties of ferrites 

The investigations into electrical properties of ferrites are essential for their 

use in various applications as Dielectric behavior and conductivity 

measurement; i.e.  (Complex dielectric constant, dielectric loss factor and ac 

conductivity) as a function of frequency and temperatures. 

٢.٦.١. Dielectric properties 

Every material has a unique set of electrical characteristics that are 

dependent on its dielectric properties. A material is classified as “dielectric” 

if it has the ability to store energy when an external electric field is applied. 

These properties are not constant; they can change with frequency, 

temperature, orientation, mixture, and pressure and molecule structure of the 

material. 

For most solids, there is no net separation of positive and negative charges; 

that there is no net dipole moment. The molecules of solids are arranged in 

such a way that the unit cell of the crystal has no net dipole moment. If such 

a solid is placed in electric field then the field is induced in the solid which 

opposes the applied electric field. This field arises from the two sources, a 

distortion of the electron cloud of the atoms or molecules and a slight 

movement of the atoms themselves. The average dipole moment per unit 

volume induced in the solid is the electrical polarization and is proportional 

to the applied electric field [٥٠]. The polarizability (α) of the dielectric is 

defined by   

                          P = α E     ………………………………………….  (١-٢)  
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where  p is the dipole moment induced by local electric field, E. 

Polarizability can be divided into four categories, each having a distinct 

mechanism based on the type of dipole moment which is established: 

                         α  = αe + αi + αd + αs         ………………………….   (٢-٢) 

where, αe  is electronic polarizability, αi is an ionic polarizability, αd is 

dipolar polarizability and αs is space charge polarizability. 

The electronic polarizability is caused by a slight displacement of the 

negatively charged nucleus. Electronic polarizability occurs in all solids and 

in some, such as diamond, it is the only contributor to the dielectric constant 

since others are absent. The ionic polarizability arises from a slight relative 

displacement or separation of anions and cations in a solid. It is the principal 

source of polarization in ionic crystals. Both electronic and ionic 

polarization must be induced by an electric field. They disappear when the 

field is removed. Orientation (dipolar) polarization, a molecule is formed 

when atoms combine to share one or more of theirs electrons. This 

rearrangement of electrons may cause an imbalance in charge distribution 

creating a permanent dipole moment. These moments are oriented in a 

random manner in the absence of an electric field, but become preferentially 

oriented by an electric field. Space charge polarizability occurs in materials 

that are not perfect dielectrics but in which some long range charge 

migration may occur. When such effects are appreciable, the material is 

better regarded as a conductor or solid electrolyte than as a dielectric [٦١].  

٢.٦.٢. Electrical Conductivity 

This section deals with response of ceramics to the application of a constant 

electric field and the nature and magnitude of steady-state current that is 
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proportional to a material property known as conductivity. In metal, free 

electrons are solely responsible for conduction. In semiconductors, the 

conducting species are electrons and/ or electron holes.  In ceramics, 

however, because of presence of ions, the application of electric field can 

induce these ions to migrate. Therefore, when dealing with conduction in 

ceramics, one must consider both the ionic and the electronic contributions 

to the overall conductivity. The proportionality constant (σ ) is the 

conductivity of material, which is the conductance of a cube of material of 

unit cross section. The unit of conductivity is Siemens per meter or S/m, 

where S=Ω-[٥٥], ١. The electrical properties of ferrites depend on the charge 

transport among B-site ions.  

٢.٦.٣. dielectrics Temperature Dependent  

Effects of temperature on the dielectric properties of ferrites were carried out 

up to a maximum temperature. It was observed that the dielectric constant of 

ceramic material increases with increase of temperature. In dielectrics, ionic 

polarization increases the dielectric constant with increase in temperature 

[٦٣]. An electron interacts through its electrical charge with the ions or atoms 

of the lattice and creates a local deformation of the lattice. The deformation 

tends to follow the electron as it moves through the lattice. The combination 

of the electron and its strain field is known as polaron. The atoms or 

molecules in the samples cannot in most cases orient themselves at low 

temperature region. When temperature rises the orientation of dipoles is 

facilitated and small polaron motion may result from the absorption of one 

or more phonons and this process is essentially the hopping mechanism. The 

contribution from the conventional band mobility and from hopping 

mechanism are additive. Ferrite materials like semiconductors, their 



Chapter two                                                Structural & Electrical properties of ferrites 

 
33 

resistivity decreases with increase in temperature and show Arrhenius type 

temperature dependence according to the equation:   

ρ =ρ٠ exp (Ea /kT)              ………………………………….  (٣-٢)                         

where, (Ea) in equation(٣-٢), is thus called the activation energy of hopping 

and the graph between  ln p and  ١/T is linear in some cases but usually a 

curve is also observed. Ea values are found to be in the range of ٠.٥-٠.١ eV. 

But at very high temperatures the chaotic thermal oscillations of molecules 

are intensified and the degree of orderliness of their orientation is diminished 

thus the permittivity passes through a maximum value.  

The materials having the higher resistivity at room temperature have 

associated high activation energy. Many workers have established the 

relation between resistivity and the stoichiometry. The presence of excess 

iron leads to the formation of more ferrous ions, so in the preparation of high 

resistivity ferrites, it is necessary to avoid excess iron in the lattice by adding 

cobalt and manganese which inhibit the formation of ferrous ions.   

٢.٦.٤. Frequency dependent    

At low frequencies, e.g. audio frequencies (١٠٣ Hz) May contribute to each 

of the four polarizations (αe is electronic polarizability, αi  ionic 

polarizability, αd  dipolar polarizability and αs  space charge polarizability) in 

the composition of total polarization (α). In this case, when a dielectric 

material is subjected to an alternating field the orientation of dipoles and 

hence the polarization will tend to reverse every time the polarity of the field 

changes. As long as the frequency remains low (< ١٠٦ Hz) the polarization 

follow the alternations of the field without any significant lag, while at radio 

frequencies the dipole will no longer be able to rotate sufficiently rapidly so 



Chapter two                                                Structural & Electrical properties of ferrites 

 
34 

that their oscillation will begin to lag behind those of the field. At 

microwave frequencies ( ١٠٩ Hz) the permanent dipoles, if present in the 

medium, will be completely unable to follow the field and the contribution 

to the orientation polarization would be ceased. The timescale of ionic 

polarizations is such that they do not occur at frequencies higher than 

infrared ( ١٠١٢ Hz). This leaves the electronic polarization which is 

observable into the UV but is relaxed out at X-ray frequencies [٦١]. In good 

dielectric materials, the limiting low frequency permittivity is composed of 

only ionic and electronic polarizability. 

A general relation of the following form explains the variation of dielectric 

constant with frequency. 
 

       ε " = (γ – γ ') /ε ' ω         ………………………………….. (٤-٢) 

where (ε' ) and (ε" ) are the real and imaginary part of  dielectric constant, γ 

and γ ' 

are the d.c and a.c conductivities respectively, and ω is the angular 

frequency which is equal to (٢πf ).The imaginary part of permittivity 

describes the energy loss from an AC signal as it passes through the 

dielectric material. The real part of relative permittivity is also called 

dielectric constant, and which explains the relationship of the AC signal’s 

transmission speed and the dielectric material’s capacitance.  Dissipation 

factor (loss tangent) is the ratio of the energy dissipated to the energy stored 

in the dielectric material. 
 

٢.٦.٥. Calculations of Dielectric Parameters 

The dielectric constant was determined using LCR Meter Bridge. For this 

purpose silver paint was applied on both sides of the pellets to make good 
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ohmic contacts with conducting wires. It is defined as the ratio of the charge 

that would be stored with free space to that stored with the material in 

question as the dielectric. Capacitance of the pellets was determined from 

the LCR meter and then dielectric constant was calculated using the formula: 

         ε ' = C / C(٥-٢)  ……………………………………           ٠   

C is the capacitance of the material and C٠ is the capacitance of free space, 
and 

         C٠= ε٠ A/d        ………………………………………(٦-٢) 

Where ε ٠ is the permittivity of the free space and has a value of (١٢-١٠×٨.٨٥٤ 
Fm-١).  

The equation (٥-٢) becomes;  

         ε ' = C d / ε٠ A            ……………………………….(٧-٢) 

Where d is the thickness of the pellet in meters, A is the cross-sectional area 

of the flat surface of the pellet [٦٤].   

When a dielectric is subjected to the ac voltage, the electrical energy is 

absorbed by the material and is dissipated in the form of heat. The 

dissipation is called dielectric loss. When the applied frequency is in the 

same range as the relaxation time, resonance occurs. Figure (٨-٢) show the 

Phase diagram between current and voltage, So the current lead the voltage 

by (٩٠- δ), where δ is called the loss angle and tan δ is the electrical loss due 

to resonance and called as tangent loss,  and the loss tangent can be 

expressed as;  

         tan δ = ε" /ε '              ……………………………. (٨-٢)  

where, ε ' and ε " are real and imaginary part of relative permittivity 



Chapter two                                                Structural & Electrical properties of ferrites 

 
36 

   

                       Fig. (٨-٢): Phase diagram between current and voltage [٦٤].    

The current can be resolved into two components;  

١. The component in phase with the applied voltage is;  Ix= v ωε"c٠ . It gives 

the    dielectric loss.  

٢. The component leading the applied voltage by ٩٠٠,  is  Iy= v ωε'c٠  .  

The dielectric constant depends strongly on the frequency of the alternating 

electric field and on the chemical structure, imperfection of the material, 

temperature and pressure. The ac conductivity was calculated from the 

values of dielectric constant and dielectric loss factor using the relation[٤٦];  

               σac = ω εo ε' tan δ            ………………………………..(٩-٢)  

Where σac is the ac conductivity, ω is the angular frequency 

٢.٧. Structural Properties by X-Rays Diffraction 

To study the crystalline structure of solids, X-ray diffraction is the most 

widely used and the least ambiguous method for the precise determination of 

the positions of atoms in all kinds of matter ranging from fluids and powders 

to perfect crystals. It is a non-destructive technique that provides detailed 

information about the materials. A crystal lattice is a regularly arranged 

three-dimensional distribution (cubic, rhombic, etc.) of atoms in space. They 

are fashioned in such a way that they form a series of parallel plane 

 V(volt)  
V 

 
 I(Amp )      

δ 

θ 



Chapter two                                                Structural & Electrical properties of ferrites 

 
37 

separated from one another by a distance d (inter-planar or inter-atomic 

distance) which varies according to the nature of the material. X-rays are 

electromagnetic radiation of exactly the same nature as light but of very 

much shorter wavelength lying approximately in the range ٢.٥ – ٠.٥ A٠.    

This wavelength of x-rays is comparable to the inter-atomic spacing in solids 

[٤١]. Radiations of longer wavelength cannot resolve the structure on an 

atomic scale and radiations of much smaller wavelength are diffracted 

incontinently through small angles. Through x-ray diffraction information is 

provided for characterization of crystalline materials represented crystal 

structure, phases, preferred crystal orientation and other structural 

parameters such as lattice parameters, crystallite size, crystallinity, strain and 

crystal defects.To find the crystal structure, we need to determine the lattice 

constant, Particle size and x-ray density. 

٢.٧.١. Crystalline Size Calculation 

The Scherrer formula [٥٢] relates the thickness of the crystallite to the width 

of its diffraction peaks, and is widely used to determine particle size in clays 

and 

polymers. The Scherrer formula is given by; 

            D = k λ / β cosθ          ………………………….  (١٠-٢)  
 

where, D is the crystalline size, β is the broadening of diffraction line 

measured at half its max. intensity, k is the shape factor (k=٠.٩), λ is the 

wavelength of  x–ray. 
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٤.٧.٢. Lattice Constant  

A parameter defining the unit cell of a crystal lattice is the length of one of 

the edges of the cell or an angle between edges. It is also known as lattice 

parameters or lattice constant. Lattice constant refers to the constant distance 

between the lattice points. It is calculated using of relate to the inter-planer 

spacing for the     hkl planes in the cubic structure as: 

                      a = dhkl (h٢ +k٢
 +l٢

 )(١١-٢).………………………    ١/٢ 
 

we have,        n λ =٢d sinθ                ………………………...(١٢-٢) 
 

The value of  a  may be obtained by  the equation: 
 

                      a = λ (h٢ +k٢
 +l٢

 )٢ / ١/٢sinθ   …………………. (١٣-٢) 
 

Bragg’s condition demands that a proper combination of θ and λ is found for 

efficient reflection. Lattice in three dimensions generally has three lattice 

constants, referred as a, b, c. However, in cubic crystal structures, all of the 

constants are equal and we only refer to''a''. Similarly, in hexagonal crystal 

structures, a  and b are equal and we only refer to a and c constants. The 

length of the basis vectors a, b, c must be given in Ε and the angles α, β, γ in 

degrees. Any variation in the dielectric constant with the change in 

composition depends upon the difference in the ionic radii of the constituent 

elements[٤١]. 

٢.٧.٣. X-ray density 

The values of  X-ray density (dx) is calculated from the XRD data using the 

relation given by Smitand Wijn[٤٠];  
  

 dx = ZM / Na a٣      (g/cm٣) 

or              dx = ٨M / Na a٣       (g/cm٣)            ……………………(١٤-٢) 
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Where dx is the x-rays density (g/cm٣) , Z is the number of molecules per 

formula unit (Z = ٨ for spinel system), M is the molecular weight of the 

samples, Na  is the Avogadro’s number, and ''a''  is the lattice constant.       

X-rays density depends upon the molecular weight of the composition as 

well as the lattice constant of the composition. 

Every material has a unique set of electrical characteristics that are 

dependent on its dielectric properties. Accurate measurements of these 

properties will provide scientists and engineers with valuable information. 

This information when properly incorporated and correlated can gave way 

for intended applications or monitor a manufacturing process for improved 

quality control.  
 

٢.٨. Preparation Methods 

The novel properties and the numerous applications of nanophase materials, 

especially ceramic powders, have encouraged many researchers to invent 

and explore the methods, both chemical and physical by which such 

materials can be prepared. Cobalt ferrite is synthesized by a variety methods 

including solid state reaction method, high energy ball milling [٦٥],           

co-precipitation [٦٨-٦٦], sol-gel method [٦٩], RF-sputtering [٧٠] and  micro-

emulsion method [٧١].   

In ceramic method, high temperatures are required for the better atomic 

mobility and solid state reaction to occur. These reactions are diffusion 

limited and repeated grinding and sintering are a common practice. Grinding 

can be done by high energy ball milling of the reactants, but this may lead to 

the contamination of the materials, which is detrimental for the materials 

properties. High temperature sintering will result in materials with low 

surface area and undesirable crystal growth [٧٢].   
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In order to avoid high temperature sintering, different wet chemical methods 

are developed; sol-gel method is one of them. In this method, metal 

alkoxides are dissolved in an organic solvent to get a sol, which is further 

decomposed to get the metal oxides. But many of the metal alkoxides, 

whose valence is less than four, are not soluble in organic solvents [٧٣]. This 

method has been modified by the use of metal nitrates which undergo self 

combustion when the gel is dried, producing the metal oxides.  

٢.٨.١. Sol-Gel Auto Combustion Synthesis  

The sol-gel auto combustion synthesis process has the advantages of 

inexpensive precursors, low external energy consumption, a simple 

preparation method as well as simple equipment requirement that result into 

nano-sized, homogeneous, highly reactive powders [٧٤]. Auto combustion 

synthesis, also called self-propagating synthesis was initially developed in 

Russia by Merzhanov, and had been successfully used to speed up the 

synthesis of complex oxide material such as ferrites and high temperature 

superconductors [٦٩].      

Combustion synthesis offers a unique synthesis route via a highly 

exothermic redox reaction between metal nitrates and an organic fuel to 

produce multi-element oxides. Instead of using a high temperature furnace to 

supply the energy needed to react the component oxides, the auto 

combustion reaction itself supplies the energy.   

Upon ignition, the dried gel burns in a self-propagating combustion manner 

until all gels are completely burnt out. The reaction is self-propagating and is 

able to sustain this from ١ to ٥ seconds typically, to form the desired product. 

This technique produces a homogenous product in a short amount of time 
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without the use of expensive high temperature furnaces. A combustion 

synthesis reaction can be influenced by parameters such as the type of fuel, 

the fuel-to-oxidizer ratio (f/o), the water content of the precursor mixture 

and the ignition temperature.    

The dried gel was placed in a hot plate at ٢٠٠°C. Upon ignition, dried gel 

burnt in a self-propagating combustion manner until all gels were 

completely burnt out to form a fluffy loose structure. The fluffy material was 

ground to get ferrite powder    

٢.٧.٢. Micro-Emulsion Method.   

In this process two chemicals that react to produce the desired material are 

chosen such that one of them is soluble in water only and the other in the 

organic phase only [٧٥]. An emulsion is made by mixing a small volume of 

water in a large volume of the organic phase. In order to make nano 

particles, it is necessary to carry out this reaction on a much smaller scale 

therefore, a surfactant is added. The size of the water droplets are directly 

related to the ratio of water to surfactant. The surfactant molecules collect on 

the surface of the water drop and stabilize the drop. Such a droplet is termed 

a reverse miscille. Since the drop is small, only a small amount of reactants 

can squeeze into it. When this drop reacts with the other reactant, a tiny 

particle is formed.  If more surfactant were to be added smaller drops would 

be produced and therefore, as will become apparent, smaller particles.  Thus 

a nanoparticles has been synthesized and prevented from growing out of the 

nano regime. Micro emulsions are optically transparent and isotropic, 

thermodynamically dispersions stabilized with surfactant molecules [٧٦]. 

The domain size of the dispersed phase in micro emulsions is usually very 

small (a few nanometers) and chemical reactions may occur within the nano 
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droplets or at the oil–water interface in micro emulsions . Micro emulsions 

can be made very stable with respect to the salinity of the aqueous phase, 

time and temperature by choosing suitable components and environmental 

conditions. The special physicochemical properties allow material scientists 

to use micro emulsions for the synthesis of new materials, especially 

nanosized particulates [٦٦]. 

٢.٨.٣. Co-Precipitation  

Co-precipitation is a facile and convenient way to synthesize iron oxides 

(either Fe٣O٤ or γ-Fe٢O٣) from aqueous Fe٢+/Fe٣+ salt solutions by the 

addition of a base under inert atmosphere at room temperature or at elevated 

temperature. The size, shape, and composition of the magnetic nanoparticles 

very much depends on the type of salts used (e.g. chlorides, sulfates, 

nitrates), the Fe٢+/Fe٣+ ratio, the reaction temperature, the pH value and ionic 

strength of the media.[٧٣], In recent years, co-precipitation approach has 

been used extensively to produce ferrite nanoparticles of controlled sizes and 

magnetic properties.  

٢.٨.٤. Thermal Decomposition  

Monodisperse magnetic nanocrystals with smaller size essentially can be 

synthesized through the thermal decomposition of organometallic 

compounds in high-boiling organic solvents containing stabilizing 

surfactants [٦٧].  

 ٢.٨.٥. Flame Spray Synthesis [٧٠].  

Using flame spray pyrolysis and varying the reaction conditions, oxides, 

metal or carbon coated nanoparticles are produced at a rate of > ٣٠ g/h.                                    
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٣.١. Introduction 

    This chapter exposes the practical part for preparing the Co-Zn ferrite with 

chemical composition (Co١-xZnxFe٢O٤) by using sol-gel auto combustion 

chemical method to avoid the use of high temperatures and to obtain powder 

with high purity and nano particles.The prepared was nanoparticles treated 

thermally at different temperatures in the range of ٠ ٩٠٠-٥٠٠C for the purpose 

of use as support with materials for  polymer which represents as a matrix to 

manufacture of samples in the form of tablets for electrical testing. Also this 

chapter provides the definition of the instrument that used in the present work. 

٣.٢. Selection of raw materials 

      Ferrite powders were prepared by sol-gel auto combustion method. In this 

method; Cobalt nitrate, Iron nitrate, Zinc nitrate, Citric Acid and Ammonia 

solution were used as a starting raw materials. Table (٣.١) shows the raw 

materials and their degree of purity and its Supplier. 

 

Table ٣.١ Chemicals Used with Percentage Purity. 

Compounds   Chemical formula % Purity Supplier 

Iron (III) nitrate Fe(NO٣)٣.٩H٢O      ٩٩ Fluka 

Cobalt nitrate Co (NO٣)٢.٦H٢O ٩٧ BDH 

 Zinc nitrate Zn (NO٣)٢.٦H٢O  ٩٩ Hlmedla 

Ammonia solution   NH٣٣      ٣ Riedal 

Citric Acid   C٦H٨O٧.H٢O ٩٩ Fluka 
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٣.٣. Calculating Molecular weight of materials  

        The molecular weight of the materials used over calculated from the 

atomic weight of the base elements as given below: 

Fe (NO٣)٩.. ٣H٢O = ٤٠٣ =     (١٨)٩ + (٤٨+١٤)٣+٥٥.٨. 

Co (NO٣)٦. ٢H٢O = ٢٩١.٧٥ = (١٨) ٦+ (٤٨+١٤)٢+٥٨.٩٣٣  

Zn (NO٣)٦. ٢H٢O = ٢٩٧.٤ =   (١٨) ٦+ (٤٨+١٤)٢+٦٥.٣٨ 

C٦H٨O٧  = (١٢.٠١١ x٦) + ١٩٢.١ = (٧) ١٦ + (١)٨ 

 ٣.٤. Co-Zn ferrite nano particle Preparation 

     After the weight of nitrates, appropriate amount of distilled water was added 

to them, according to the percentage standard stoichiometric weight: two moles 

of iron nitrate, one mole of nitrate (cobalt and zinc) and three moles of citric 

acid (the mole ratio of metal nitrates to citric acid is equal to one) to provide 

increased fuel to the mixture of ferrite series (Co١-xZnxFe٢O٤), where x take the 

values (٠.٠ to ٠.٥).All these are collected in a glass beaker to become a total 

solution and mixed well at room temperature by magnetic stirrer with high 

velocities and after a short period until solution becomes smooth and a slimy 

red-colored as shown in Figure (٣.١a). Ammonia solution was slowly added in 

the form of drops into the mixed solution to control its pH until reach the value 

of (٦.٩ to ٧) with continuous stirring and so the solution become a dark brown 

color as shown in the Figure ( ٣.١b). 

It was subsequently raise the temperature of the solution to ٦٠°C for a period of 

one hour and then increase the temperature to ٨٠°C. After that the size of the 

solution in the beaker glass be less with high viscosity and after ٣٠ minutes, the 

solution viscosity is very high, hence the beginning of gel formation on the 
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surface of the solution, particularly in the middle and then all the solution turn 

to gel, and even at this moment, the solution is still on the magnetic stirrer and 

temperature ٨٠
٠
C as shown in the Figure (٣.١c).                                                                         

After the completion of the solution turned to gel, the temperature drops to   

room temperature and this gel dry and the color turns to dark brown. Where the 

weight of the gel putting in glass beaker by a sensitive balance and then put it 

inside the oven at a temperature ١٢٠
٠
C

 
for three hours to become dry gel and 

decreasing in weight as shown in Figure (٣.١d). Then evaporation of some of 

the material at raise the temperature of the dried gel to ٢٠٠٠C, after ١٥ minutes 

the dry gel began to change shape appear convexity in the center of the glass 

beaker as shown  Figure (٣.١e).After a short period we note a flame at the top of 

convexity where the flame spread in all directions to burn the top layer of  dried 

gel and turn into a grid of columns converging and intersecting at random and 

ascend to the top and then burn another layer of dried gel and ascend to the top 

also, and so until the gel flammable in complete and be the end of the flame  in 

the bottom of the glass beaker and thus becomes all the dried gel after 

combustion to a fine powder with a dark gray color, which marks the beginning 

of formation of high purity ferrite as shown also in the figure (٣.١f). 

Briefly, we can describe the state that our saw in the following; the dried gel 

was placed on a hot plate at ٢٠٠°C. Upon ignition, dried gel burnt in a self-

propagating combustion manner until all gels were completely burnt out to form 

a fluffy loose structure, the fluffy material was ground to get ferrite powder[٧٦].  
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Figure (٣.١): Photograph of (a) nitrates-citrate solution, (b) The solution after the  

Adding of ammonia,  (c) dry gel, (d) Dry bulk temperature of ١٢٠
٠
C, (e) ) Dry bulk 

temperature of ٢٠٠
٠
C and (f) auto combustion and become nanopowder ferrite. 
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The as-burnt ash was calcined at temperatures of ٧٠٠ ,٥٠٠ ,٤٠٠ and ٩٠٠°C for 

three hours to get better crystallization and homogeneous cation distribution in 

the spinel and finally ground to get Co١-xZnxFe٢O٤ ferrite Nanopowders [٧٧]. 

Figure (٣.٢) shows the sol-gel auto combustion synthesis flow diagram that was 

used for the synthesis of the ferrite nanopowders. 

 

 

 

Continuous Stirring 
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Fig. (٣.٢): Flow diagram for auto combustion synthesis of Co-Zn ferrite nanopowders. 
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٣.٥. Calcinations process 

     The prepared Co-Zn ferrite nanopowders were calcined in an electrical 

furnace with size of the chamber ٤٠x٢٠x٢٠ cm. The thermal regime of the 

furnace was controlled through “Eurotherm” programmer-cum-controller. The 

Co-Zn ferrite nanopowders were calcinated at temperatures ٥٠٠,٧٠٠ ,٤٠٠ and 

٩٠٠ °C for three hours as a soaking time, then the powders was cooled to room 

temperature. 

 

٣.٦. Ferrite–polymer composite 

     The materials used in the manufacture of research samples consisting mainly 

of matrix polymeric material UP (unsaturated polyester), and the reinforcement 

material, which is a Co-Zn ferrite nanopowders as a filler.  

٣.٦.١. Unsaturated Polyester (UP) 

The unsaturated polyester resin (UP) used as a matrix in the preparation of 

ferrite - polymer composite, and was made by a company of (SIR) Saudi 

Arabia. This resin in the form of a viscous liquid, transparent pink color at room 

temperature and it is one of the types of thermosetting polymers. the resin 

converts  from a liquid to solid state by adding Hardener  which is manufactured 

by the company itself, is a  Methyl Ethyl Keton Peroxide and is symbolized by 

the (MEKP) and be in the form of a transparent liquid is added to resin 

unsaturated polyester  by  rate of ٢ gm per ١٠٠ gm of resin at room temperature,  

to increase the speed of  hardened was used  accelerating materials  to interact 

as a catalyst called a cobalt Naphthalene accelerators , which was mixed directly 

with the resin, and the advantage of this accelerated is fast sclerosis and gives a 

color violet for resin polyester because it helps to absorb Ultraviolet (UV) from 

the air, which is the major factor in the hardening of the polyester. 
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 ٣.٦.٢. Ferrite (Reinforcement or filler)  

Reinforced material in the present work is the Co-Zn ferrite nanopowder 

materials which prepared using sol-gel auto combustion method. It is, 

industrially important because of their mechanical properties, high thermal 

stability, higher hardness and high resistivity in the limits of ١٠٦ Ω .m. 

٣.٦.٣. Template Preparation 

For the purpose of molding samples and processing the following steps was 

followed:  

١. The samples were circular; to diameter is ٢٠ mm and thickness of to ~ ٥ mm.  

٢. Plating the inner surface and its borders with a thin layer of oily substance to 

prevent adhesion between the plastic material and mold. 

٣. The installation of the template from abroad was used thermal silicone.      

٤. After you install the template and the cleaning is placed on a flat surface to be                     

ready for casting the composite materials. 

  

٣.٦.٤. Preparation of Specimens 

The main method of preparation of samples begin with the weight of the amount 

of unsaturated polyester is according to the size of the template, motivational 

material and hardener were added by (%١٠) and (%٢), respectively, Also weight 

amount of reinforcement materials and according to weight fraction of 

composite material. 

After mixing process of material reinforcement and basic material the mixes 

was using ultrasonic, this because nanomaterial suffer from the problem of 

agglomeration due to mass attraction that seems evident in the small particles 

the addition of material in the basis for glass container and this container place 

in the basin of ultrasonic which contains a certain amount of water and on the 
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way of transmitted ultrasonic waves to the composite solution. And where the 

heater to raise the solution to ٤٥
٠
C for the purpose of reduction the viscosity of 

the material basis for facilitating the distribution of Ferrite nanoparticles, As 

soon as added a small amount of powder into the top the container glass moving 

particles of the powder in the form of a stream of atoms in all parts of the 

container glass Influence of ultrasonic and add again a small amount of powder 

to avoid a conglomerate of added nanoparticles. 

 After the completion of the required leave added glass container for ١٠ 

minutes, where the powder particles are distributed uniformly with a polyester 

molecules at temperature ٤٥
٠
C and is reduced to room temperature so that the 

mixture has a viscosity of a particular process in order to protect molecules from 

sedimentation and to avoid sudden sclerosis after the addition of hardener. Then 

add the hardened material and mix glass container for a period of (١٠-٨) 

minutes until mixture is in harmony with the observation start up temperature of 

the mixture, which is a sign to start the process of interaction. 

Casting of the liquid mixture from the side of template slowly (to avoid occur 

air bubbles in the cast, which caused the failure occurs in) until reaches the 

desired height so that stream to all regions of the template on an continuously 

and regular, and here the template must be evenly completely. After casting 

process a template is placed on an electric vibrator and begins the process of 

shaking the mold to get rid of bubbles in the sample (if any) as well as the 

penetration of the composite material in all corners of the mold. The cast leaves 

in the template for (٢٤) hours to harden completely and it is to get cast, and then 

placed in an oven to curing at temperature (٩٠٠C) for an hour this process is 

important to complete the polymerization, to obtain a better complexity(cross 
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link process) and to remove the stresses generated from the manufacturing 

process. 

٣.٧. Instruments used: 

 We have used in this work a set of devices for the purpose of testing physics 

that were conducted in this research and these devices are:  

٣.٧.١ Mass Measurement Instrument. 

We have used the sensitive balance of a high degree of sensitivity of four 

decimal points. Type DENVER Instrument, American origin. 

٣.٧.٢. Ultra-sonic Instrument. 

         We have used Ultrasonic device for the purpose of mixing liquids  

(Power   ypeT ).(unsaturated polyester and nano reinforcement material

Sonic).With the specifications show in the table (٢-٣).                                                

Table (٢-٣) specifications of Ultrasonic  

Country model frequency Temp. range voltage 

Korea LUC - (٤٠) ٤١٠kHz (٧٠ ــ ٠)
٠
C (٢٤٠ ــ ١٠٠) VAC 

 

٣.٧.٣. X-Ray Diffractometer  

          X-ray diffraction is the most widely used and the least ambiguous method 

for the precise determination of the structure atoms in all kinds of matter 

ranging from fluids and powders to perfect crystals. It is a non-destructive 

technique applied for the characterization of crystalline materials. It provides 

information about the structure, phases, preferred crystal orientation and other 

structural parameters such as lattice parameters, crystallite size, crystalline, and 

strain and crystal defects. Powder type X-ray Diffractometer (XRD-٦٠٠٠, 
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Shimadzu, Japanese origin) which uses Cu Kα (١.٥٤٠٦٠A˚) as a radiation source 

operated at ٤٠ kV and ٣٠ mA was used for verification of crystal structure and 

the average crystallite size of particles. Data were collected in the ٢θ range from 

٢٠˚ to ٦٥˚ with a step of  ٠.٠٤˚ and counting time of ١sec/step.  
  

٣.٧.٤ Dielectric Measurements  

 LCR meter is used to measure the resistance, capacitance, inductance, 

impedance, loss factor etc. of the materials. In an automatic LCR meter bridge 

method, the bridge circuit employs a fixed standard resistor beside the unknown 

impedance, and a multiplying digital-to-analog convertor (MDAC) that works 

as a resistive potentiometer. 

 

٣.٧.٥.   Magnetic Stirrer  

      Is a laboratory device that employs a rotating magnetic field to cause a stir 

bar immersed in a liquid to spin very quickly, thus stirring it. The rotating field 

may be created either by a rotating magnet or a set of stationary electromagnets, 

placed beneath the vessel with the liquid. Magnetic stirrers often include a hot 

plate or some other means for heating the liquid, for obtained homogenous 

mixer between atoms and liquid particles. 
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٤.١. Introduction  

       This chapter includes preparation of nanomaterials of cobalt  zinc 

ferrite system and estimated the results and discussion of the structural 

properties (XRD  analysis, particle size, lattice constant, and material 

density) and electrical  properties (dielectric constant, tangent loss and 

electrical conductivity)  supported by diagrammatic planning and  

illustration of the samples. 

٤.٢. Structural properties 

٤.٢.١. Chemical compositions 
 

      The chemical composition of the Co-Zn ferrite series depends on the 

proportion of starting materials  . Ferrite compositions which have been 

computed showed good agreement with those that have been analyzed by 

X-ray diffraction spectrum. In other words, the nominal molar 

compositions of the prepared powders were as follow; CoFe٢O٤, 

Co٠.٩Zn٠.١Fe٢O٤, Co٠.٨ Zn٠.٢Fe٢O٤, Co٠.٧Zn٠.٣Fe٢O٤, Co٠.٦Zn٠.٤Fe٢O٤, and 

Co٠.٥Zn٠.٥Fe٢O٤ for C١, C٢, C٣, C٤,C٥  and C٦, respectively. 

 

٤.٢.٢. Thermogravimetric analysis (TG) 

Experimental observation showed that the dried gel, formed from metal 

nitrates and citric acid with the molar ratio of ١:١, exhibited self-

propagating combustion behavior. When the dried gel was ignited at any 

point, the combustion rapidly propagated forward until all the gel was 

burnt out completely to form loose powder. This autocatalytic nature of 

the combustion process of nitrate-citrate gel was studied by thermal 

analysis (TG) of the dried gel. Fig.(١-٤) shows the TG plots of the dried 

nitrate-citrate gel powder of the Co-Zn ferrites. The exothermic position, 

at about ٢١٠٠C, was relatively sharp line. The weight loss percentage 

associated with this exothermic reaction was approximately ١٩.٥٪. This 
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indicated that the decomposition of the gel occurs suddenly in a single 

step. Also, in this process heat is released which supply the energy 

needed to react the components to form Co-Zn ferrite through solid-state 

diffusion process. During combustion CO٢, N٢, and H٢O gases are 

released. The decomposition at ٢١٠ C° showed ١٩.٥٪ weight losses in 

TG experiment. This weight loss is attributed to the loss of residual 

nitrate and organic materials. For pure citric acid, the results TG showed 

that the exothermic reaction takes place at about ٥٠٠٠C accompanied 

with weight loss of about ١٪, corresponding to the decomposition 

reaction of the carboxyl group. Another experiment showed that citrate 

gel without NO-
٣ ion, washed out with deionized water before gelation, 

did not exhibit auto-combustion behavior. Therefore, the lowering of the 

decomposition temperature may be attributed to the presence of nitrate 

ion in the gel, [٧٩-٧٨].  
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Fig.(٤.١) TG plots for the nitrate-citrate gel with a heating rate in air atmosphere 
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٤.٢.٣. XRD spectrum analysis 

         The polycrystalline Co١−xZnxFe٢O٤ ferrite have been investigated by 

x-ray diffraction technique in the range of ٢θ between ٢٥٠ and ٦٠٠. The 

XRD patterns of C١, C٢, C٤, C٥ and C٦ Ferrite powders calcined at 

temperatures (٧٠٠ ,٥٠٠ ,٢٠٠ and ٩٠٠٠C) are shown in Figures (٢-٤), (٤-

(٤-٤) ,(٣, and (٥-٤) respectively. All compositions of Co-Zn ferrites could 

be indexed in terms of a single phase cubic spinel structure. It can be seen 

from figures that all ferrite powders consisted of well crystalline phases. 

These figures also that showed all characteristic planes of Co-Zn spinel 

ferrites (٤٢٢ ,٤٠٠ ,٢٢٢ ,٣١١ ,٢٢٠, and ٥١١). The intensity of main 

diffraction peak of spinel ferrite at the (٣١١) plane was considered as a 

measure of its degree of crystallinity. An increase of the concentration of 

zinc in the Co-Zn ferrite resulted in a measurable shift in ٢θ towards the 

smaller angles as results of mechanical stress within the crystal as shown 

in Table (١-٤). Also there exist residual thermal stress inside crystal due 

to the calcination  process, thus it shift  ٢θ towards the smaller angles. The 

٢θ shift towards small angles came from replacement of large Zn ions 

(٨٣A٠ larger radius)  Instead of Cobalt ions (٧٨A٠) within the lattice [٨٠]. 

The maximum increase in the peak height of the (٣١١) plane is due to 

 replacement of Co species by Zn species, especially for samples calcined 

 at high temperatures and attained  about ١٣٥٪. And the samples Contains 

strain that may be due to residual stress through replacement of Zn 

Instead of Cobalt ions, chemical reaction and calcination process. Also   

x-ray diffraction spectrum shows the breadth of spectrum line width of 

each main peak (٣١١) for ferrite powders, and the reason is due to the 

small size of the powder particles. We note that the calcination processes 

conducted on the prepared powders helps re-crystallization of the spinel 

phases and causes increase in particle size of the ferrite powders. 
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Fig. (٢-٤) XRD pattern of the C١, C٢, C٤, C٥, And C٦ ferrites powders calcined 

at a temperature of ٢٠٠ 
٠
C . 

Fig. (٣-٤) XRD pattern of the C١, C٢, C٤, C٥, and C٦ ferrites powders calcined 

at a temperature of ٥٠٠ 
٠
C . 



Chapter Four                                                                                          Resuls& discustions 

 
٥٧ 

 

 

 

 

 

 

Fig. (٤-٤) XRD pattern of the C١, C٢, C٤, C٥, And C٦ ferrites powders calcined 

at a temperature of ٧٠٠ 
٠
C . 

Fig. (٥-٤) XRD pattern of the C١, C٢, C٤, C٥, And C٦ ferrites powders calcined 

at a temperature of ٩٠٠ 
٠
C . 
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Table (١-٤) shows lattice constant, particle size, x-ray density, cell volume, and  

d-space for Co-Zn ferrite with different compositions at different temperatures. 

dxg/cm
٣
  V (a)

٣
  a A°  d  x  Tc°  Dnm  β   ٢θ 

٣٥.٥ ٠.٣٨ ٢١.٨ ٢٠٠ ٠ ٢.٥٢٢٦٩ ٨.٣٦٦٨٢ ٥٨٥.٧٠٧ ٥.٣٢٢٥٢ 

٣٥.٤٣ ٠.٣٦ ٢٤.١ ٥٠٠ ٠ ٢.٥٢٥٣٨ ٨.٣٧٥٧٤ ٥٨٧.٥٨٣ ٥.٣٠٥٥٣ 

٣٥.٤٥ ٠.٣ ٢٩.٨ ٧٠٠ ٠ ٢.٥٢٩٩٥ ٨.٣٩٠٨٩ ٥٩٠.٧٧٩ ٥.٢٧٦٨٣ 

٣٥.٤١ ٠.٢٥ ٣٥.٣ ٩٠٠ ٠ ٢.٥٣٢٦٧ ٨.٣٩٩٩٢ ٥٩٢.٦٨٦ ٥.٢٥٩٨٥ 

٣٥.٥٤ ٠.٤١ ٢٠.٣ ٢٠٠ ٠.١ ٢.٥٢٦٦ ٨.٣٧٩٧٨ ٥٨٨.٤٣٥ ٥.٢٩٧٨٥ 

٣٥.٤٩ ٠.٣٨٥ ٢٢ ٥٠٠ ٠.١ ٢.٥٢٧٠٢ ٨.٣٨١١٨ ٥٨٨.٧٢٩ ٥.٢٩٥٢١ 

٣٥.٤٦ ٠.٣٢١ ٢٦.١ ٧٠٠ ٠.١ ٢.٥٣٠٩٩ ٨.٣٩٤٣٤ ٥٩١.٥٠٨ ٥.٢٧٠٣٣ 

٣٥.٤١ ٠.٢٦٥ ٣٢ ٩٠٠ ٠.١ ٢.٥٣٢٥٦ ٨.٣٩٩٥٥ ٥٩٢.٦٠٩ ٥.٢٦٠٥٣ 

٣٥.٦١ ٠.٤٦ ١٨ ٢٠٠ ٠.٣ ٢.٥٢٩١ ٨.٣٨٨٠٨ ٥٩٠.١٨٣ ٥.٢٨٢١٥ 

٣٥.٣ ٠.٤٦٢ ١٩.٥ ٥٠٠ ٠.٣ ٢.٥٣١٤٩ ٨.٣٩٦ ٥٩١.٨٥٨ ٥.٢٦٧٢١ 

٣٥.٣٣ ٠.٣٦٥ ٢٣.١ ٧٠٠ ٠.٣ ٢.٥٣٧٩٤ ٨.٤١٧٣٩ ٥٩٦.٣٩٤ ٥.٢٢٧١٥ 

٣٥.٣٩ ٠.٢٨٨ ٢٩.٧ ٩٠٠ ٠.٣ ٢.٥٣٨٧ ٨.٤١٩٩٢ ٥٩٦.٩٣ ٥.٢٢٢٤٦ 

٣٥.٣٨ ٠.٤٩٩ ١٧ ٢٠٠ ٠.٤ ٢.٥٣٠٥٩ ٨.٣٩٣٠٢ ٥٩١.٢٢٧ ٥.٢٧٢٨٣ 

٣٥.٤٩ ٠.٤٧ ١٨.٧ ٥٠٠ ٠.٤ ٢.٥٣٣٥٤ ٨.٤٠٢٨ ٥٩٣.٢٩٧ ٥.٢٥٤٤٣ 

٣٥.٤٢ ٠.٣٩٩ ٢١.٣ ٧٠٠ ٠.٤ ٢.٥٣٨٨٧ ٨.٤٢٠٤٨ ٥٩٧.٠٥ ٥.٢٢١٤١ 

٣٥.٣٦ ٠.٢٩٥٧ ٢٨.٧ ٩٠٠ ٠.٤ ٢.٥٤٠٢ ٨.٤٢٤٨٩ ٥٩٧.٩٨٨ ٥.٢١٣٢١ 

٣٥.٤٧ ٠.٥٢ ١٦ ٢٠٠ ٠.٥ ٢.٥٣٥٥٤ ٨.٤٠٩٤٣ ٥٩٤.٧٠٣ ٥.٢٤٢٠١ 

٣٥.٣٣ ٠.٤٩٥ ١٨.١ ٥٠٠ ٠.٥ ٢.٥٣٨٥٢ ٨.٤١٩٣٢ ٥٩٦.٨٠٣ ٥.٢٢٣٥٧ 

٣٥.٢٥ ٠.٤٣ ١٩.٨ ٧٠٠ ٠.٥ ٢.٥٤٠٤٩ ٨.٤٢٥٨٥ ٥٩٨.١٩٣ ٥.٢١١٤٣ 

٣٥.٢٧ ٠.٣٢ ٢٦ ٩٠٠ ٠.٥ ٢.٥٤٢٣ ٨.٤٣١٨٦ ٥٩٩.٤٧٣ ٥.٢٠٠٣ 
 

٤.٢.٤ Crystallite size 

The decreases formation to the nano-sized particle during sol-gel 

preparation method, may be  to the following reasons;- 

(i) Enthalpy of formation:  

     the crystallite size of the ferrite powders was determined using the 

formula (١٠-٢).  Table (١-٤) show that the crystallite size decrease from 

٢١.٨ to ١٦ nm with increasing Zn+٢ ion  concentration as shown in figure 
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(٦-٤), while the figure (٧-٤) shows the particle size increases with 

increasing the  calcination temperatures.  and these figures tells us that the 

presence of zinc ions within the Co-ferrite structure obstructs the  crystal 

growth, but the calcination process will assist to growing.  The entropy of 

formation will reflects any configurational disorder   exist in the spinel,, 

and at high temperature a considerable ‘‘entropy stabilization’’ may 

result from this disorder. The surface temperature affects the molecular 

concentration as an important factor for in growing the tiny crystal at the 

surface of the crystal and hence the crystal growth.  

(ii) Site preferences:  

      The dependence of grain size on zinc concentration may also be 

related to the site preferences of Co, Zn, and Fe in ferrite sub-lattices. It 

is interesting to note that Zn٢+ ions in the spinel structure have a very 

strong preference for tetrahedral sites and Co+٢ ions have a similar strong 

preference for octahedral sites. Also, Fe+٣ ions have a stronger 

preference for the tetrahedral sites as compared to the octahedral sites. 

The grain growth may be obstructed when the cationic preferences are 

not fully satisfied. 

(iii) Electronic configuration and bonding energy:  

     the decrease in the particle size with Zn ion content may be  explained 

by the electronic configuration of Co+٢ (٣d٧), and its more  tendency to 

interact with ligands and oxygen anions, as compared to  Zn+٢ (٣d١٠),  

which has a completed electronic configuration. The lack of d-electrons 

is important because there are very little covalent interaction  and 

tendency toward extension between Zn+٢ and its ligand.  Furthermore, it 

is reported by several researchers, that the smaller  particle sizes of the 

ferrites doped with Zn ions are due to the lower  bond energy of Zn+٢-O-٢ 

(١٥٩ kJ/mol) as compared with that of  Co+٢–O-  ٢(٣٨٤ kJ/mol). 
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Fig (٦-٤) change in the particle size with the zinc substitution in Co-Zn ferrites  

 

Fig (٧-٤) change in the particle size with temperature 

٤.٢.٥. Lattice constant 

       Lattice parameter of the ferrites was calculated using the equation 

  (١٣-٢).Table (١-٤) show that the lattice parameter increase from 

  ٨.٣٦٦٨٢A° to ٨.٤٠٩٤٣A°with Zn+٢ ion increase at  ٠ ٢٠٠C. It is seen in 

Fig.(٨-٤) that the lattice  parameter increase with Zn+٢ ion concentration 

increasing at all temperature and the lattice  parameter increase also with 

increasing in temperature as shown in fig.(٩-٤).The ionic radius of Zn+٢  

can be is responsible for this effect. Zinc ions have a strong tendency to 

be arranged at tetrahedral sites. The  addition of Zn+٢ ions into Co-ferrite 
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structure causes migration Fe+٣ ions from the A- site to the B- site. Zn+٢ 

ions (٠.٨٣A˚) owns a  larger cation, as compared to Fe+٣ions (٠.٦٧A˚) 

and Co+٢ ions (٠.٧٨A˚),  thus the lattice expands.  

 

Fig.(٨-٤) change in the lattice constant with zinc substitution in Co-Zn ferrites. 

 

  Fig.(٩-٤) change in the lattice constant with temperatures for Co-Zn ferrites. 

٤.٢.٦. X-Ray density 

The X-ray density (dx) of the ferrite nanopowders was determined  using 

the relation (١٤-٢) and is given in the table (١-٤), which show a decreased 

in values  from ٥.٣٢٢٥ to ٥.٢٠٠٣ g/cm٣ as their density depend upon the 

 lattice constant. Table (١-٤) show that the lattice constant increase with 
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 increase in Zn ion concentration and with calcined temperature. The        

 x-rays density decreased with the increase in Zn ion concentration and 

 temperature as shown in the figures (١٠-٤) and (١١-٤). It was observed 

 that x-rays density for each nanopowder ferrite compositions is greater 

 than the corresponding sintered density and this may be due to the 

 existence of pores in the samples. 

   

Fig. (١٠-٤) change the x-ray density with temperature. 

 

Fig.(١١-٤) change in x-ray density with the Zinc substitution in Co-Zn ferrites.           
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٤.٣. Electrical properties of the ferrite-polymer composites 

 ٤.٣.١. Dielectric constant 

     The dielectric constant (εr') calculated using equation   (٧-٢), shows a 

change in the dielectric constant as a function of applied . With no ferrite 

in polyester observes a decrease in (εr').  Absence of the ions movement 

and polarization orientation, the decrease in dielectric constant mainly 

cause by the movement of polar groups under the  influence of an electric 

field as shown in figure (١٢-٤) .  

 

Figure (١٢-٤) dielectric dependent on frequency applied for polyester. 

The dielectric constant of the un-doped cobalt ferrite   and Zn ions doped 

one shows a  similar behavior. A high value of εr' is observed at lower 

frequencies  which later falls down rapidly with frequency increase.       

This behavior is typical of ferrites and a similar behavior was observed  by 

several authors. The trend can be explained on the basis that at lower 

 frequencies there exist four different types of polarization (i.e.  electronic, 

ionic, dipolar and space charge) contributions take a part in the dielectric 

 constant, but at higher frequencies some of polarization contributions 

relax out, result in the lowering of dielectric constant   (εr').  The frequency 
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of electron hopping between the Fe+٢ and Fe+٣ ions at octahedral sites is 

higher as compared to the applied AC field and thus can interact with the 

applied field easily, resulting in a higher value of dielectric constant at 

lower frequencies. Contrary to it, at higher frequency the hopping 

electron cannot follow the frequency of the applied electric field, 

resulting in lowering of dielectric constant. Consequently, the electron 

exchange between Fe+٢ and Fe+٣ is perturbed at high frequencies, which 

explains the slower decrease of dielectric constant (ε′) at high frequency. 

٤.٣.١.١. Calcination of reinforcement dependence 

     The effects of temperature of cobalt zinc ferrite nanoparticles as a 

filler on the composite dielectric properties were carried out up at 

temperature. It was observed that the dielectric constant of ceramic 

samples increases with decrease of temperature. This was due to the fact 

that the continue to increase when temperature material reinforced less 

arrangement dipoles due to thermal vibration leads to a decrease in the 

amount of dielectric constant. The behaviors of dielectric constant with 

temperature for different composition at different frequencies are shown 

in Figures (١٣-٤), (١٤-٤), (١٥-٤), (١٦-٤) (١٧-٤), and (١٨-٤). 

 

Figure (١٣-٤) the variation of dielectric constant with frequency at different 

temperature (x = ٠.٠ for ferrite nanopowder). 
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Figure (١٤-٤) the variation of dielectric constant with frequency at different 

temperature (x = ٠.١ for ferrite nanopowder). 

 

Figure (١٥-٤) the variation of dielectric constant with frequency at different 

temperature (x = ٠.٢ for ferrite nanopowder). 
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Figure (١٦-٤) the variation of dielectric constant with frequency at different 

temperature (x = ٠.٣ for ferrite nanopowder). 

 

Figure (١٧-٤) the variation of dielectric constant with frequency at different 

temperature (x = ٠.٤ for ferrite nanopowder). 
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Figure (١٨-٤) the variation of dielectric constant with frequency at different 

temperature (x = ٠.٥ for ferrite nanopowder). 

٤.٣.١.٢. Nanopowder Compositional dependence  

     This set of experiments was conducted for the evaluation of dielectric 

properties, it was observed that the dielectric constant varies with zinc 

concentration. The variation of dielectric constant with frequencies at 

different compositions are shown in figures (١٩-٤), (٢٠-٤) and (٢١-٤). 

This shows that the dielectric constant initially increases with increase of 

composition and reaches a maximum at around x = ٠.٥  In a mixed ferrite 

the conduction mechanism can be thought of as electron hopping between 

Fe ٢+ and  Fe٣+ as (Fe ٢+   Fe٣+ ).  

Dielectric constant increases with increasing the proportion of zinc ions is 

because of  the increased number dipoles per unit volume, that’s mean any 

increase  in the number polarized dipoles which oriented by an electric 

field  effects. 
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Figure (١٩-٤) the variation of dielectric constant with frequency at (٢٠٠ 
٠
C for 

ferrite nanopowder). 

 

Figure (٢٠-٤) the variation of dielectric constant with frequency at (٧٠٠ 
٠
C for 

ferrite nanopowder). 
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Figure (٢١-٤) the variation of dielectric constant with frequency at (٩٠٠ 
٠
C for 

ferrite nanopowder). 

 

٤.٣.٢. Dielectric losses 

       The dielectric loss angle (tan δ) and dielectric loss factor of the 

samples was determined using the equations (٨-٢). The dielectric loss 

tangent (tan δ) and dielectric loss factor of un-doped and doped cobalt 

ferrites by zinc ion are observed to 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 low frequencies, 

the ferrite composite shows high resistivity and the principal effect was 

came from the grain boundaries, therefore the energy required for 

electron hopping between Fe+٢  and Fe+٣ at the grain boundaries is higher 

and hence the energy losses are  larger. At higher frequencies, where the 

resistivity is small and  the grains are more effective in electrical 

conduction, a small amount of  energy is required for the electrons to be 

exchanged between Fe+٣ and  Fe+٣ ions located in the grains and thus the 

energy losses (tan δ or  Ԑ")  are also low. A maximum loss or hump is 

observed when the hopping  frequency of electron between Fe+٢ & Fe+٣ is 
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approximately equal to  that of the external electric field and it results in 

increasing the amplitude  of the applied field. The dielectric tangent loss 

has a very low value for  the un-doped cobalt ferrite as well as doped 

cobalt ferrite samples in the  range ٠.١ to ٠.٥, which indicates a very low 

loss in signal during its  passes through the mediums. The value for 

tangent loss and loss factor are decreased with increase the doping 

content of Zn doped cobalt ferrite  samples, but for the other doped cobalt 

ferrites which prepared in the present  work, both are shows an irregular 

trend.   However, both loss tangent and dielectric loss factor were shows 

 similar trends to that observed for dielectric constant of the same doped 

cobalt  ferrite samples, because these dielectric parameters are correlated 

with  each other. Loss tangent (tan δ) and dielectric loss factor are 

designating the  energy dissipation in the dielectric systems. It is 

considered to be caused  by the so-called domain wall resonance.   At high 

frequencies, the losses are low since domain-wall motion is  repressed and 

the magnetization is forced to change rotation. tan δ is  proportional to the 

imaginary part of  the dielectric constant (i.e. the dielectric  loss factor). 

The lowering the dielectric constant and dielectric losses along  with 

enhancement in resistivity of these materials are promising for use in 

 transformers cores and in motors that work at relatively low frequencies.    

In polyester unreinforced, applying an electric field on any material, 

those suffering 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, (polymer unreinforced do not 

contains any  molecules or polarized permanent polar binaries), and 

therefore the  dielectric loss angle and dielectric loss reduced, as shown in   

figure (٢٢-٤).  
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Figure (٢٢-٤): the variation of tangent loses with frequency 

 (Polyester with out reinforced). 
 

٤.٣.٢.١. Temperature dependence 

 The decreasing in the tangent loss factor at increase temperature with 

frequency in the doping content for Zn doped cobalt ferrite samples 

shown in the figures (٢٣-٤) - (٢٩-٤). 

 

Figure (٢٣-٤): the variation of tangent losses with frequency at different 

temperature (for x = ٠.٠ ferrite nanopowder). 
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Figure (٢٤-٤): the variation of tangent losses with frequency at different 

temperature (for x = ٠.١ ferrite nanopowder). 

 

Figure (٢٥-٤): the variation of tangent losses with frequency at different 

temperature (for x = ٠.٢ ferrite nanopowder). 
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Figure (٢٦-٤): the variation of tangent losses with frequency at different 

temperature (for x = ٠.٣ ferrite nanopowder). 

 

Figure (٢٧-٤): the variation of tangent losses with frequency at different 

temperature (for x = ٠.٤ ferrite nanopowder). 
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Figure (٢٨-٤): the variation of tangent losses with frequency at different 

temperature (for x = ٠.٥ ferrite nanopowder). 

 

Figure (٢٩-٤): the variation of dielectric loses with frequency (polymer with out 

reinforced). 
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٤.٣.٢.٢. Nanopowder compositional dependence 

    The tangent loss decrease with frequency increase for certain zinc 

 concentration of the Co-Zn ferrite chain were obtained due to spread 

some of doping  materials as nitrogen nitrates, humidity, unreacted 

materials, crystalline defects   …etc. as shown in the figures (٣٠-٤), (٤-

٣١) and (٣٢-٤).   

 

Fig. (٣٠-٤) variation of tangent loss with frequency for ferrite powder at ٢٠٠ C
٠
 

 

Fig. (٣١-٤) variation of tangent loss with frequency for ferrite powder at ٧٠٠ C
٠
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Fig. (٣٢-٤) variation of tangent loss with frequency for ferrite powder at ٩٠٠ C
٠  

 

٤.٣.٢.٣. Temperature dependence 

       The decreasing in the dielectric losses  factor with frequency at 

increase temperature for Zn doped cobalt ferrite samples are shown in  

Figures (٣٣-٤), (٣٤-٤) and (٣٥-٤). 

 

Figure (٣٣-٤): the variation of dielectric loses with frequency at ٢٠٠ C
٠
 for 

ferrite nanopowder. 
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Figure (٣٤-٤): the variation of dielectric loses with frequency at ٧٠٠ C
٠
 for 

ferrite nanopowder. 

 

Figure (٣٥-٤): the variation of dielectric loses with frequency at ٩٠٠ C
٠
 for 

ferrite nanopowder. 
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٤.٣.٢.٤. Compositional dependence 

The values of   dielectric loss factor are found to decrease with increase in 

the doping content for Zn doped cobalt ferrite samples with frequency  as 

shown in  the figures (٣٦-٤) – (٤١-٤).    

 

Figure (٣٦-٤) the variation of dielectric losses with frequency at different 

temperature (for ferrite nanopowder with  x = ٠.٠). 

 

Fig. (٣٧-٤) the variation of dielectric losses with frequency at different 

temperature (for ferrite nanopowder with  x = ٠.١). 
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Fig. (٣٨-٤) the variation of dielectric losses with frequency at different 

temperature (for ferrite nanopowder with  x = ٠.٢). 

 

 

Fig. (٣٩-٤) the variation of dielectric losses with frequency at different 

temperature (for ferrite nanopowder with  x = ٠.٣). 
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Fig. (٤٠-٤) the variation of dielectric losses with frequency at different 

temperature (for ferrite nanopowder with  x = ٠.٤). 

 

Fig. (٤١-٤) the variation of dielectric losses with frequency at different 

temperature (for ferrite nanopowder with  x = ٠.٥). 

٤.٣.٣. Electrical conductivity  

The a.c. electrical conductivity σac of the samples was determined using 

the formula (١٣-٢). The a.c. electrical conductivity of ferrites chain and 
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polymer-ferrite composites have been computed for different frequencies 

in the range of (٥٠ Hz to ١٠٦*٥ Hz) at different calcination temperatures. 

It was observed that the a.c. electrical conductivity increases with 

increase in frequency. This variation is the same for all samples with 

different zinc ions concentrations. These result shows that the 

conductivity was behave frequency dependence with for each ferrite 

compositions. The electron hopping between Fe+٢ and Fe+٣ ions on the 

octahedral  sites in addition to the hole hopping between Zn+٢ ions on B 

site will contribute to  electric conduction in ferrites.  

in polyester without reinforced, the electrical conductivity is a measure of 

heat that may be generated by rotation of  dipole or vibration charges 

change the direction of the field  alternators (a measure of the amount of 

heat generated by friction dipole  due to collisions and other molecules in 

the article) as a result do not see  the impact of this dipole is mainly, result 

in the connectivity decrease in  polyester and show in the (Fig.٤٢).  

 

 

Figure(٤٢-٤) the variation of electrical conductivity(S/m) with frequency 

(polymer without reinforced ). 
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٤.٣.٣.١. Compositional dependence 

      Compositional dependence of ac electrical conductivity for both 

ceramic ferrite and composites were studied at different frequencies and 

different temperatures. The variation of conductivity as a function of 

frequency with composition (zinc content) for polyester-ferrite composite 

at different temperature was shown in figures. (٤٣-٤),(٤٤-٤) and (٤٥-٤).  

 

Figure (٤٣-٤) the variation of electrical conductivity with frequency at  ٢٠٠ C
٠
 

(for ferrite nanopowder) 

 
Figure (٤٤-٤) the variation of electrical conductivity with frequency at  ٧٠٠ C

٠
 

(for ferrite nanopowder) 
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Figure (٤٥-٤) the variation of electrical conductivity with frequency at  ٩٠٠ C
٠
 

(for ferrite nanopowder) 

It is found that the ac electrical conductivity increase with increase in the 

doping content for Zn-doped cobalt ferrite samples. the conductivity 

variation with frequency in ferrites is mainly due to the hole hopping in 

metallic ions (Zn and Co ions) and electron hopping in ferrous ions on the 

octahedral sites. 
 

٤.٣.٣.٢. Temperature dependence 

The effect of temperature on the ac electrical conductivity of ceramic 

Cobalt zinc ferrite samples as well as the polymer-ferrite composites were 

also studied in the temperature range ٢٠٠ °C to ٩٠٠ °C. It was observed 

that the conductivity decreases with increase of temperature for all 

samples. At low frequencies the variation is very minimal but at higher 

frequencies the variation is obvious. The variation pattern of conductivity 

with temperature for different compositions are shown in figures.(٤٦-٤), 

(٤٧-٤) and (٤٨-٤).The influence of temperature on conductivity can be 

explained by considering the mobility of charge carriers responsible for 
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hopping. As temperature increases the mobility of hopping ions also 

increases there by increasing conductivity. The electron, which is 

involved in hopping, is responsible for electronic polarization in these 

ferrites. The number of such ion pairs depends upon the calcination 

conditions and the amount of reduction of Fe+٣ to Fe+٢ at elevated 

temperatures.  

  

Fig. (٤٦-٤) the variation of electrical conductivity with frequency at different 

temperature (x = ٠.٠ for Zinc powder). 

Fig. (٤٧-٤) the variation of electrical conductivity with frequency at different 

temperature (x = ٠.٣ for Zinc powder). 
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Fig. (٤٨-٤) the variation of electrical conductivity with frequency at different 

temperature (x = ٠.٥ for Zinc powder). 

 

. 

 

 

 

 

 

 

 

 



 
 
 
 
 

Chapter Five 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



Chapter Five                                                  Conclusions & Future recommendations                                        

 ٨٦
٨٦ 

٥.١. Conclusions 

     The present work was focused on the effect of different substitutions 

and thermal treatment on structural and electrical properties of Co-Zn 

ferrites. Co١−xZnxFe٢O٤ ferrites with ٠≤ x ≤٠.٥ compositions were 

studied to optimize Zn concentration.  

From the work done for the synthesis of Co-Zn nano-ferrite following 

conclusions can be drawn: 

١- Sol-gel auto combustion method is a very good method for the synthesis 

of the Co-Zn ferrite where uniform size of the particle can be achieved 

by suitable control of pH and temperature of the solution. Co١-

xZnxFe٢O٤ with high-purity powders,   best homogeneity and nanosized 

have been successfully synthesized by this method. Auto combustion 

process resulted in the formation of nano-sized (٣١-١٢ nm), highly 

reactive (specific surface area ٧٠-٣٠ m
٢
/gm) and crystalline spinel 

ferrite.  

٢- Nano crystalline Co-Zn ferrites nanopowder was successfully synthesi-

zed by the ignition of gel precursor upon heating at ٢٠٠°C. 

٣-  the particle size increases with an increase in calcination temperature 

and also it  decreases with increasing if the concentration of zinc ions 

added to the Co- ferrite.  

٤- The lattice constant increases with an increase in calcination tempera-

ture and also it increase with increasing in the concentration of zinc 

ions added to the Co ferrite. 

٥- X-ray density decreases with increase in calcination temperature and 

also this density decreases with an increase concentration of zinc added. 
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٦- The real dielectric constant decreases with increases of frequency, also 

 decreases with increase of temperature, while it was increased with 

increasing  concentration of zinc ions.  

٧- The imaginary dielectric constant decreases with increase of (frequency, 

temperature and concentration of zinc. While the dispersion factor 

decrease with increase of frequency, temperature and concentration of 

zinc ions. 

٨- An electrical conductivity increases with increase of frequency, 

temperature and concentration of zinc ions. 

 

٥.٢. Future Suggestions 

         In this work, we have obtained cobalt-zinc ferrite nanoparticles using 

sol-gel auto combustion method at ٢٠٠
٠
C. The scopes of the future 

works are proposed as  

١- The co-precipitation method could be used to synthesize cobalt-zinc 

ferrite nanoparticles at temperatures higher than room temperature  in 

order to determine the influence of temperature on cobalt-zinc  ferrite 

formation and how this affects the   structural and  electrical parameters.  

٢- A comparison between nanoparticles synthesized by co-precipitation 

and sol-gel auto combustion method may be done in order to determine 

if there are changes in the properties of cobalt-zinc ferrite particles.  

٣- Adding other concentrations of zinc to the series Co١−xZnxFe٢O٤ (x 

>٠.٥) of ferrite and replaced with other elements (such as manganese, 

nickel, copper,). 

٤- Studying the magnetic properties of the ferrites prepared in the present 

work (magnetic permeability, the magnetic loss, hysteresis loop). 
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 الخالصة

الفيراتية        السلسلة ذات فيرايت الكوبالت المعوضة بايونات الزنك تحضير في هذا البحث تم       

Co١-xZnxFe٢Oتأخذ ، حيث(٤ X الحديثة ( الكيميائية بالطريقة ٠.٥) الى من الصفر قيمsol-gel 

auto combustion (النترات وحامض الستريك واالمونيا للحصول على مسحوق  وقد اسخدمت

 وبأحجام العالي والتجانس بالتشتت يتميز ٠م ٢٠٠فيرايتي ذات دقائق نانوية عند درجة حرارة قيمتها 

          مختلفة حرارة بدرجات المنتج المسحوق تلبيد تمو  نانومتر(١٦-٣٥) نانوية في المدى 

  .ساعات متواصلة ثالث ولمدة ͦ ) م ٥٠٠-٧٠٠-٩٠٠- (٢٠٠

 تكون ومدى للمسحوق التركيبية الخواص لمعرفة السينية األشعة حيود بواسطة العينات فحصت 

 للمساحيق النظرية وكثافة الشبيكة وثابت الدقائق الحجم قياس تم فيها، حيث الفيرايتية االطوار

 (١٦) منالكلسنة بزيادة درجة حرارة  دقائق المسحوق يتزايد حجم بأن النتائج هرتظوا المحضرة

 ٢١ من حجم الدقائق قلكما وي. ٠م ٩٠٠حرارة  درجة عند نانومتر(٢٦) يصل الى  حتى نانومتر

 من يزداد الشبيكة ثابت إن  ٠.٥=xعند الحالة .الزنك تركيز ايونات مع زيادة نانومتر ١٦الى 

الى  ٨.٣٦٧ من ويزداد ٠م ٩٠٠ إلى ةر الحرا درجة بزيادة انكستروم ٨.٤٣١٨٦الى   ٨.٤٠٩٤

 بالنسبة لكثافة اما) . ٠.٥=x القيمة ( إلى  الزنك تركيز ايونات بزيادة  انكستروم ٨.٤٠٩٤٣

 ٥.٢٠٠٣ الى القيمة تصل حتى ةر الحرا درجة مع زيادة ٣غم/سم ٥.٢٢٣٧ من فانها تقل المسحوق

 الزنك تركيز ايونات بزيادة ٣غم/سم (٥.٣٢٢٥) من تقل وكذالك ٠م ٩٠٠ حرارة درجة عند ٣غم/سم

  ).(٠.٥=x عند ٣غم/سم ٥.٢٢٣٧ القيمة الى وصوال

 الموجات جهاز بوساطة ( مشبع الغير استر البولي بوليمر مع المحضر الفرايتي المسحوق خلط تم 

 المتراكبة المادة داخل متجانسة بصورة المسحوق توزيع على للحصول  (ultrasonic) صوتية الفوق

 الكهربائية الفحوصات اجريت.(tand lay -up)بطريقة يدويا العينات وحضرت% ١٠ وزني كسروب

 المحضرة العينات لكل )التشتت عامل،  الفقد ظل ، الخيالي العزل ثابت, الحقيقي العزل ثابت( 



 ١٢.٥  من يقل الحقيقي العزل ثابت ان وجد وقد ميكا هرتز. ٥  الىهرتز  ٥٠  من ترددي ولمدى

 (٥.٥ ) الى(١٢.٥) من ويقل ٠م ٢٠٠ حرارة درجةب للمساحيق المنتجة التردد بزياده ٧.٨٥ الى

للمسحوق  الزنك ايونات تركيز بزيادة (١٢.٥) الى(٥.٧٥)  من ويزداد الكلسنة حرارة درجة بزيادة

  .٠م ٢٠٠  حرارة درجة عندالمحضر 

للمسحوق المحضر  التردد بزياده (٠.٥٥) الى(٢.١١)  من يقل  الخيالي العزل ثابت ان وجد كما

  من يقلفي حين    الحرارة درجة بزيادة (٠.٧٣) الى(٢.١١)  من ويقل ٠م  ٢٠٠ حرارة درجة عند

 .٠م ٢٠٠  حرارة درجة عندللمسحوق المحضر  الزنك ايونات تركيز بزيادة (٠.٩٢) الى(٢.١١) 

 ٢٠٠ حرارة درجة عند التردد بزياده (٠.١١) الى(٠.٢٢) من يقل )التشتيت عامل( الفقد ظل انتبين 

   الى (٠.٢٢) من في حين يتناقص،  الحرارة درجة بزيادة (٠.١٤٢) الى (٠.٢٢ )من ويقل   ٠م

  .الزنك ايونات تركيز زيادةمع   (٠.١٥)

للمسحوق  التردد بزياده (٦-x١٠ ٥١) الى(٦-x١٠ ٨) من تزدادف  الكهربائية التوصيلية اما نتائج

  (٦-٥١x١٠ ) من يقلفي حين  ٠.٥=x  الزنك عند وبتركيز ٠م ٢٠٠ حرارة درجة عندالمحضر 

  من وتزدادعند الترددات العالية  (٠.٥=x) التركيز عند الحرارة درجة بزيادة  (٦-x١٠ ٣٥) الى

(٥١x٦-١٠)  الى (٢٢٥x٦-١٠)  عند   ٠م  ٢٠٠ الحرارة درجة دعن الزنك ايونات تركيز بزيادة

  . عاليةال تردداتال
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