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Abstract 

Highly controlled magnetoelectric, ferroelectric, and nano-engineering composites are promising materials for achieving 

the requirements of high-performance electronic devices with minimal cost. Thus, multifunctional materials are talented in 

different applications. In this scope, the properties of nano-engineering materials are mainly related to their macroscopic 

morphology and microscopic structure. During recent years, there has been a processing interest in synthesis methods and 

morphology control to give traditional materials innovative functions through the design of the shape, size, porosity, surface, 

and interface. 

Most of the promising concepts of the electrical and magnetic controlling for nanomaterials were based on theoretical 

assumptions, such as Debye models, which consider the material in the ideal state. The Debye relaxation model was used to 

explain the relaxation of the dielectric. This model was insufficient in explaining the experimental results, so some 

modifications were made to explain the experimental results. Cole-Cole model is a modified model to explain the dielectric 

relaxation with a symmetric broadening in the loss peak. A Cole-Davidson model is a new modification to explain the 

asymmetric broadening of the loss peak. Havriliak/Negami model is a more comprehensive model and is made to describe 

both the symmetric and the asymmetric broadening of the loss peak. The dielectric relaxation models are used to describe the 

dielectric relaxation in the ferroelectric, ferromagnetic, and multiferroic material. The magnetic hysteresis loop is employed to 

investigate the magnetic order in the composite materials.  

Keywords: Dielectric constant; Ferroelectric; Ferromagnetic; magnetoelectric. 

1.Introduction 

Recently, the miniaturization of devices acquiring 

great attention to satisfy the requirements of cost 

reduction and saving space with high performance 

[1,2]. So, continuous efforts are running on 

developing information and technology necessary for 

developing multifunctional materials to fulfil these 

requirements. The multifunctional materials are 

widely used in different applications according to 

their properties; they can be used in the fabrication of 

various electronic devices and can be used in medical 

applications depending on the properties of their 

constituents [3–12]. 

Multifunctional composites belong to advanced 

nano-engineering materials. The multifunction 

composites are fabricated from different constituents 

with different functions, and they can be fabricated in 

various forms such as ceramic, powder, thin-film, and 

membrane according to the desired applications. The 

fabricated multifunction composites gain the 

properties of the constituents but with less strength 

than the individual constituents [13–18] 

Polymer-based nanocomposites based on 

improving the features of the polymer through 

nanosized filler are a modern class of advanced nano-

engineering materials that can be employed in a wide 

industrial application such as packing, electronics, 
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automobile, water treatment, and architecture [19–

21]. Nanosized fillers are employed to enhance the 

different properties of the polymer, such as dielectric 

strength, processability, durability, rigidness, and 

flexibility [13,20–25]. Mohd Sadiq et al. 2020 

investigated the effect of nanofiller BaTiO3 on the 

blend PEO-PVC polymer electrolyte with LiClO4. 

They found that ionic conductivity and dielectric 

constant were increased with the insertion of the 

nanofiller BaTiO3 into the polymer matrix. They 

attributed the enhancement in ionic conductivity and 

dielectric constant to disrupting the crystalline 

arrangement by the incorporation of the nanofiller 

into the polymer chain. Therefore, they referred to the 

possibility to use this polymer matrix as a solid 

polymer electrolyte in the energy storage devices 

[26]. 

The different materials are classified into 

diamagnetic materials, paramagnetic materials, and 

ferromagnetic materials according to their response to 

the external magnetic field. The magnetic properties 

depend on the spin motion of single electrons in the 

d-orbital. The first class is the diamagnetic material 

where it shows a negative response to the applied 

magnetic field [27–29]. The second class is the 

paramagnetic material, where it shows a positive 

response to the applied magnetic field and doesn’t 

maintain the magnetism after removing the applied 

magnetic field [27–29]. The third class is the 

ferromagnetic material, which shows a positive 

response to the applied magnetic field and maintains 

the magnetization after removing the applied 

magnetic field, Fig.1 Therefore, a demagnetizing 

field is applied in the reverse direction to remove the 

remanent magnetization [9,14,30]. 

Ferrites nanoparticles (MFe2O4; M= Fe, Co, Ni, 

Mn, & Zn) with the spinel structure AB2O4 belong to 

the ferromagnetic class and they gain great attention 

due to their enormous applications in various fields 

such as biomedical and industrial applications 

[15,31–34]. Ferrites NPs can be used for drug 

delivery, tumor treatment [35,36], controlled drug 

release, tissue repair [37] and magnetic resonance 

imaging [38]. Also, Ferrites NPs can be used as 

adsorbents, catalysts [39,40], wastewater treatment 

[15], sensors, and biosensors [41]. 

On the other hand, the response of the materials to 

the surrounded external electric field determines the 

type of the materials, where the different materials 

can be classified as ferroelectric and non-

ferroelectric. The external electric field induces 

electric polarization in the non-ferroelectric materials, 

which will be vanished with removing the external 

electric field. On the contrary, the ferroelectric 

material maintains the polarization (spontaneous 

polarization) after removing the external electric 

field. Ferroelectric NPs behave like ferromagnetic 

NPs and they need a depolarizing field in the reverse 

direction to remove the remanent polarization 

[42,43]. 

Ferroelectric material with a perovskite structure 

(ABO3: A is Ba, Sr, Pb, Mn, Mg…. and B is Zr, Ti, 

Fe, Sn …) is the most interesting ferroelectric 

material [8,17,44]. The ferroelectric material is 

characterized by an offset between the different 

charge centers, and it undergoes a transition from 

centrosymmetric to noncentrosymmetric at the Curie 

temperature [45,46]. 

Another interesting multifunctional material is the 

advanced nano-engineering magneto-electric 

composite. Researchers are making strenuous 

attempts to produce advanced multifunctional nano-

engineering materials with high permeability and 

permittivity [47]. Advanced magneto-electric 

compounds belong to the advanced nano-engineering 

composites that are characterized by their magneto-

electric effect, where they are polarized when 

exposed to a magnetic field (H) and magnetized when 

exposed to an electric field (E) [48]. Therefore, such 

compounds should contain both electric and magnetic 

dipoles. They are founded in composites that contain 

both ferroelectric and ferromagnetic constituents. 

These materials were first suggested by Van 

Suchetelene [48,49]. This new class of materials is 

characterized by its advanced properties and the co-

existence of ferromagnetic and ferroelectric orders, 

Fig.1. The magneto-electric effect can exist in single-

phase (BiFeO3) or multi phases composite 

(BaTiO3/CoFe2O4). 
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Fig.1, Schematic representations of Ferromagnetic, Ferroelectric, 

and Multiferroic. 

2. Dielectrics  

Studying the dielectric relaxation in solid is a 

highly interesting topic in modern physics. Dielectric 

Relaxation is related to the motion of the dipoles 

inside materials. Moreover, the dielectric response of 

materials is affected by the drift motion of the mobile 

charge carriers such as vacancies, ions, electrons, and 

charged defects because they increase the 

conductivity contributions to the dielectric response 

[50,51]. 

2.1. Dielectric polarization  

The dielectric polarization occurs when a 

dielectric material is introduced between two parallel 

electrodes connected to an external electric field, 

where the charge carriers undergo a motion towards 

the oppositely charged electrode under the effect of 

the external field. There are different types of 

polarization that occur inside materials. The type of 

polarization depends on the nature of the materials. 

The first type of polarization is known as 

orientational polarization. The orientational 

polarization occurs inside materials that have 

permanent dipoles but are randomly oriented in 

absence of external fields [13,25]. The second type of 

polarization is induced polarization; it occurs inside 

materials that haven’t permanent dipoles and a 

displacement occur between opposite charges under 

the influence of an external field. The other types of 

polarization are electrode polarization, interfacial 

polarization, ionic polarization, and electronic 

polarization [13,23,25]. Fig.2 shows the effect of the 

applied electric field on the different dipoles inside 

the material between the parallel plates capacitor.  

 

Fig.2 parallel plates capacitor. 

2.2. Dielectric constant (Permittivity)  

2.2.1. Dielectric constant in static electric field  

Fig.2b shows the alignment of the different 

dipoles inside the substance under the effect of static 

external electric field. The polarization of substance 

(P) is given by the number of dipoles per unit volume 

of the substance. The polarization of substance is 

proportional to the external electric field (E); it given 

by  

       ……………..  (1) 

where χ is the electric susceptibility and  0 is the free 

space permittivity ( 0 = 8.854 * 10-12 F/m). The 

electrical displacement D is correlated with the 

polarization P through the following equation:  

        ……………..  (2) 

From equation no 1 and 2  

               (   ) ……………..  (3) 

            ……………..  (4) 

       ……………..  (5) 

  is the permittivity of the material and  r the 

relative permittivity of substance, it given by     

   
 

  
    ……………..  (6) 

The relative permittivity of material is known as 

the dielectric constant of the material [51,52]. 

2.2.2. Dielectric constant in alternating electric 

field. 

Applying an alternating electric field on the 

parallel plate’s capacitor leads to frequent changes in 

the polarity of the electrode capacitor. Therefore, the 

direction of the dipoles of the material will follow the 

polarity change of the electrodes.   

The field is given by  

 ( )      
    ……………..  (7) 
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where E(t) is time dependent field,  is the 

angular frequency (2 ) and  is the field frequency. 

Thus, the polarization of the substance in an 

alternating field will be lag behind the external field 

and can’t keep in change with the field, and so the 

electrical susceptibility is given by  

 ( )     ( )       ( ) ……………..  (8) 

χ' and χ are the real and the imaginary part of the 

electrical susceptibility. Therefore, according to 

equation no.5, the relative permittivity of the 

substance will be a complex quantity and it becomes; 

  ( )     ( )       ( ) ……………..  (9) 

The real part of the relative permittivity  () 

gives the dielectric constant of the substance as a 

function of the frequency of the applied field, while 

the imaginary part  () defines the dielectric loss of 

the substance as a function of frequency. The 

dielectric constant and the dielectric loss have a long-

range spectrum over a wide range of frequencies 

from 1Hz to 1015 Hz. The behaviour of the 

dielectric constant and the dielectric loss over this 

wide range of frequencies depends on the different 

polarization mechanisms that occur inside the 

dielectric material [53]. 

The spectrum of the dielectric constant and the 

dielectric loss with the different polarization 

mechanisms that occur inside the different materials 

over the frequency of the applied field is presented in 

Fig.3. 

 
Fig.3. the different polarization mechanisms versus the 

frequency of the applied field. 

 

The permittivity ( ) of the material between the 

two parallel electrodes is related to the capacitance 

(C) through the following relation  

     
 

 
……………..  (10) 

where t is the thickness of the material and A is 

the area of the electrode.   

From equations no. (6 and 10) the relative 

permittivity (dielectric constant) of the material is 

given by  

   
 

  
  

   

    
 ……………..  (11) 

Equation number 11 is used to calculate the 

dielectric constant experimentally.  

2.3. Dielectric relaxation 

  Applying an alternating electric field on the 

parallel plate’s capacitor leads to frequent changes in 

the polarity of the electrode capacitor. Thus, the 

permittivity of the material between the parallel 

plates is frequency dependent eq.9;  

  ( )     ( )        ( )  

where ε*(ω) is a complex permittivity function, ε 

′(ω) represents the dielectric constant and it 

proportional to the energy stored in the material, and 

the imaginary part ε ′′(ω) represents the dielectric loss 

and it proportional to the dissipated energy. The 

experimental dielectric measurements are usually 

analysed though different relaxation models. Several 

models are suggested to interpreting the experimental 

dielectric spectrum starting from the theoretical 

Debye model. These models gave information about 

the mechanism of the molecular dynamics inside the 

materials under the effect of the external electric 

field.  

Neagu et al [54]studied the dielectric relaxation of 

chitosan film loaded with BaTiO3 nanoparticles at 

room temperature. They attributed the high dielectric 

constant at low frequency to the interfacial 

polarization and electrode polarization. While the 

dielectric constant that released from the intrinsic 

properties of the materials appeared at the frequency 

above 1kHz. The loss peak of the composite samples 

was appeared also around 1 kHz which is associated 

to -relaxation in chitosan matrix [54]. 

2.3.1. Debye Relaxation 

The Debye relaxation neglects the inertia effects 

and considers the ideal conditions in interpretation 

the complex permittivity  *() behaviour with the 

sweeping frequency of the applied external field E() 

[55,56]. 

The complex permittivity of the material is given 

by  



 DEVELOPMENT OF PILOT SCALE SYSTEM FOR PRODUCTION... 
__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 65, No. 11 (2022) 

 

145 

  ( )      
  

      
 ……………..  (12) 

   is the dielectric strength and it given by 

         ……………..  (13) 

Therefore, the real and imaginary parts of the 

complex permittivity are given by  

   ( )      
     

  (   ) 
 ……………..  (14) 

    ( )   
(     )   

  (   ) 
 ……………..  (15) 

 S is the dielectric permittivity at the low frequency 

nearly zero frequency, while   is the dielectric 

permittivity at the high frequency. D is the Debye 

relaxation time  [55,56]. Figure 4 shows the behavior 

of the real and imaginary parts of the dielectric 

permittivity according to the theoretical Debye 

model. The real dielectric permittivity ε′(ω) shows a 

step-like decrease which is used to calculate the 

dielectric strength   as indicated in the figure, Fig.4. 

While the imaginary dielectric permittivity ε′′(ω) 

shows a peak with symmetric broadening. The peak 

frequency (νp) is used to calculate the relaxation time 

(p), where p=1/p =1/(2πνp)[56]. 

 
Fig.4 Real ε′ and imaginary part ε′′ of the complex dielectric 

function vs normalized frequency for a Debye relaxation process. 

2.3.2. Non-Debye relaxation  

The Debye relaxation behaviour is rarely 

observed, while the dielectric measurements in many 

cases are much broader and in other cases are 

asymmetric. This behaviour is known as a non-Debye 

relaxation. In such cases, the spectrum of the 

dielectric measurements arises from the distribution 

of different environments (defects, free charge 

carriers, space charge….etc). Therefore, several 

empirical models, which are generalized of the Debye 

model, have been improved to be able to interpret the 

asymmetric and/or broadened in the loss peaks [57]. 

Cole K. and Cole R. (1941) suggested a 

modification on the Debye model to describe the 

broadening in the loss peak [58]. 

    ( )      
  

  (     )
  ……………..  (16) 

This model is known as Cole/Cole model in 

which 0    1which describes the broadening of the 

loss peaks. This model reduced to Debye model when 

 =1.    

Davidson D. and Cole R. (1950) suggested 

another modification to the Debye model to describe 

the asymmetric broadening of the loss peaks, this 

model is known as Cole/Davidson [59,60]. 

    ( )      
  

(       ) 
 ……………..  (17) 

Where 0    1 and it describes the asymmetric 

broadening of the loss peaks.   

Havriliak and Negami (1966) introduced a more 

general formula that combines these three models 

[57]; 

    
       

  

(  (     ) ) 
 ……………..  (18) 

 β and γ (0 < β;βγ ≤ 1) are the fractional 

shape parameters and they describe the broadening, 

the symmetric, and the asymmetric broadening of the 

complex dielectric measurements [61].  

Deka et al [62] studied the dielectric properties of 

Bi1–xSmxFeO3 (with x = 0, 0.1, 0.2 and 0.3). They 

attributed the sharp fall of the relative permittivity 

after the observed plateau at low frequency to the 

relaxation mechanism of the internal dipoles and this 

relaxation was confirmed by the peaks in the 

dielectric loss. They used the modified 

Havriliak/Negami equation to interpret their data; 

     
       

  

(  (     ) ) 
    

  

   
  ………..  

(19) 

where ζ* represents the conductivity contribution 

to the permittivity and it given by ζ*= ζ+ jζ. Here 

ζ is assigned to the conductivity released from the 

free charge carriers, while ζ is assigned to space 

charges (localized charges).  

2.3.3. Electric modulus  

The complex electric modulus M*() is used for 

the interpretation of experimental data instead of the 

complex dielectric permittivity. The Electric Modulus 

spectroscopy was suggested for the first time in 1967 

[63,64]. The electric modulus is meaningful when the 

capacitance of the substance is composed of different 

capacitive elements Which results in a difference in 

relaxation times [65]. Thus, it is a useful method for 
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defining the teeny contribution of the capacitance in 

the substances [66]. Also, it is a powerful method to 

define the mechanism of the charge transport, 

conduction process, and the dielectric relaxation 

[64,67,68].  

  ( )     ( )       ( ) ……………..  (20) 

  ( )   
 

  ( )
  

  ( )      ( )

  
 
( )    

 
( )

 ……………..  

(21) 

Therefore,  

  ( )   
  ( )

  
 
( )    

 
( )

 ……………..  (22) 

  ( )   
 

  ( )
  

     ( )

  
 
( )    

 
( )

 ……………..  

(23) 

Mumtaz et al [64] used the complex electric 

modulus to define and analyse the different 

dynamical mechanism of electric transport in 

MnFe2O4/Cu0.5Tl0.5Ba2Ca2Cu3O10−δ(CuTl-1223). 

Also, they used the complex electric modulus to 

differentiate between the effects of grain and grain-

boundaries on the electrical properties of the 

composite. They attributed the very tiny value of the 

real electric modulus M() of the composite at the 

low frequency to the effect of the electrode 

polarization is neglected. Also, they attributed the 

saturation at the high frequency to the short-range 

hopping of the charge carriers. They investigated that 

the frequency of the peak of the imaginary electric 

modulus separates between the long-range hopping at 

low frequency and the short-range hopping at high 

frequency.  

2.4. Ferroelectricity and ferroelectric materials  

 Ferroelectric materials belong to the most 

important dielectric materials. Ferroelectricity and 

Ferroelectric materials describe the materials that 

have permanent dipoles which are spontaneously 

polarized and adjust their position through orientation 

with the external electric field. Thus, a ferroelectric 

hysteresis loop describes the relation between the 

external electric field (E) and the polarization (P) of 

the material [69,70] Fig.5. 

  

 
Fig. 5 the relation between the electric polarization (P) and the 

driving electric field (E). Ps describes the spontaneous polarization, 

Pr, describes the remanent polarization at zero electric field, and 

the Ec describes the coercive field which is required to reduce the 

polarization to zero.   

 

 Ferroelectric materials are widely used due 

their amazing properties. It can be used in fabrication 

of multilayer ceramic capacitors, supercapacitors, 

resistors, transducers, actuators….etc [71]. 

Ferroelectric ceramic such as Barium Titanate 

(BaTiO3) is characterized by its high dielectric 

constant. The ferroelectric materials are characterized 

by the phase transition at a Curie temperature TC, 

where the ferroelectric materials are transformed 

from the polar state under the Curie temperature to 

the unpolar state above the Curie temperature. The 

dielectric constant of the ferroelectric materials 

reaches a high value at the Curie temperature and 

fastly decreases above the transition temperature. 

Thus, the dielectric constant of the ferroelectric 

materials obeys the Curie Weiss low above the 

transition point (TC) [71];  

  ( )   
 

    
 ……………..  (24) 

C is the Curie constant [72].  

  Yuan et al [73] fabricated a ferroelectric 

(Ba1−xCdx)TiO3 (0  x  0.25) ceramics by a 

conventional solid-state method and investigated the 

effect of Cd2+ concentration on the dielectric  

properties and the phase transition of the ferroelectric 

BaTiO3. They investigated that the electrical and the 

ferroelectric properties were optimized for 

Ba0.95Cd0.05TiO3. 

Wei et al [74] synthesized a free lead ferroelectric 

ceramic [(Ba0.85Ca0.15)1-3x/2Bix](Zr0.1Ti0.9)O3 (BCZT-

Bi). They investigated that addition of Bi3+
 ions into 

BCZT decreases the maximum of the dielectric 

constant at the transition temperature and increase the 
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broadening of the peaks. They demonstrated that the 

dielectric constant of their materials obeys the 

modified Curie Weiss low;  
 

  
 

 

  
   

(    ) 

 
……………..  (25) 

where  m is the maximum dielectric constant at 

the transition temperature, while  describes the 

diffused phase transition, (1    2). When  equal to 

unity it describes the classical ferroelectric materials, 

while  = 2 it describes the relaxor ferroelectric 

materials. They found that the transition temperature 

decreased from 94 oC to 5 oC as the Bi3+ increased 

and the defused coefficient  increased. They 

attributed this behavior to the replacement of 

(Ba,Ca)2+ ions by the Bi3+ destroy the long rang 

ferroelectric order at the A-site. They concluded that 

ceramics contain Bi3+ ions show a strong relaxor 

ferroelectric behavior [74]. 

Zhang et al [71] studied the effect of Sc2O3 on the 

ferroelectric properties of Ba(Zr0.1Ti0.9)O3, (BZT). 

They investigated that BZT doped scandium oxide 

had a perovskite structure with a tetragonal phase and 

the grain size reduced from 40 m to nearly 5 m. 

They investigated that all samples have a ferroelectric 

- paraelectric transition temperature TC and the 

transition temperature moved to a low temperature 

with increasing the scandium concentration.    

 They attributed this behaviour to a 

presence of a diffused phase transition that resulted 

from the disorder arrangement in the A and B site 

cations. Also, this disorder results in a decrease in the 

spontaneous polarization of the samples. 

3. Magnetism 

Magnets have a definitive role in modern life, 

where a huge number of devices are utilized in the 

industry based on the electromagnetic. The magnetic 

phenomena were discovered in ancient times where 

humans discovered the magnetization in natural 

minerals such as iron and magnetite. The magnetic 

phenomena were not appreciated based on the 

electromagnetic theory until Faraday and Oersted 

introduced their theory. Materials are categorized 

based on their response to the external magnetic field 

into three groups, ferromagnetic, paramagnetic, and 

diamagnetic. The response of the materials to the 

external magnetic field is determined from the 

relation between the magnetization (M) and the 

applied magnetic field (H) [75]. 

        ……………..  (26) 

χm is the magnetic susceptibility. 

Figure 6 shows the relations between the 

magnetization (M) and the driving magnetic field (H) 

for the three main groups of the material [76]. The 

ferromagnetic materials are known as magnetic 

materials and they are singular due to their ability to 
transfer force and energy through intervening 

substances without contacts or wires [76]. 

 
a- Negative response of 

diamagnetic material to the 

driving magnetic field.  

 

 
b- Positive response of 

paramagnetic material to the 

driving magnetic field. 

 

c- A positive response 

with hysteresis loop of the 

ferromagnetic material to the 

driving magnetic field. 

 

Fig.6 the magnetic response of the different materials to the 

driving magnetic field. 

3.1. Spinel Magnetic materials  

Ferrite nanoparticles with spinel structure are a 

class of the most amazing magnetic nanoparticles. 

The spinel ferrites gained intensive research in the 

last years because of their interesting physical 

properties, which candidate them in various 

applications such as magnetic recording, electric 

motors, sensors, transformers, biomedicine, and 

water treatment [77].  The conceivable applications 

of the spinel magnetic nanoparticle depend on the 

magnetic properties of the materials such as 

saturation magnetization, coercivity, remanent 

magnetization, and the blocking temperature. The 

spinel ferrite has a cation distribution between the 

octahedral site and the tetrahedral sites that affect the 

magnetic properties of the ferrite [77,78]. The spinel 

ferrite has the general formula MFe2O4 (where M 
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represents a divalent ion such as Fe, Co, Mg, Zn, Mn, 

Ni).  Spinel ferrites belong to the magnetic ceramic 

materials in which the oxygen ions occupy the close-

packed face-centred cubic structure. While the M2+ 

ions occupy the tetrahedral sites and the Fe3+ ions 

occupy the octahedral sites in the normal spinel 

ferrite. In the inverse spinel structure, the Fe3+ ions 

occupy both the octahedral and the tetrahedral sites 

while the M2+ ions occupy part of the octahedral 

sites, Fig.7. Also, there is a partial inverse spinel 

structure in which the cations M2+ and Fe3+ occupy 

both the octahedral and the tetrahedral sites. ZnFe2O4 

is an example of the normal spinel structure where 

Zn2+ occupies the tetrahedral while Fe3+ occupies the 

octahedral sites. While, CoFe2O4 and NiFe2O4 are 

examples of the inverse spinel structure, in which the 

divalent ions Co2+ and Ni2+ occupy half of the 

octahedral sites with half of the Fe3+ ions while the 

other half of the Fe3+ ions occupy the tetrahedral sites 

[78–80].      

 
Fig.7 the crystal structure of the spinel ferrite 

 

The magnetic properties of the spinel ferrite are 

affected by the preparation methods, the starting 

precursors, the heat treatment, and the particle size.  

Sepelak et al [81] investigated the effect of 

annealing temperature on the magnetic properties of 

the milled NiFe2O4. They attributed the 

enhancements of the properties to the re-equilibration 

distribution of the cations and the disappearance of 

the canted spin. 

Reddy and Yun [82] reported that spinel ferrites 

with the general formula MFe2O4 possess unique 

physicochemical properties such as high chemical 

stability, active sites, high specific surface area, 

tunability, and excellent magnetic properties. They 

reported that such magnetic materials are good 

adsorbents for water purification especially for waters 

that require adsorbents with rapid kinetics and high 

adsorption efficiency and it can be easily removed 

from the aqueous solution through magnets.  

Magnetic materials are widely spread in industrial 

applications. The magnetic nanoparticles can be used 

in the fabrication of different motors, the aviation 

industry, motors for household equipment, 

transformers, inductors, and telecommunications 

equipment. Also, it can be used in the medicine 

application such as separation of cancer cell, drug 

delivery, and fabrication of magnetic resonance 

devices [83].  

3.2. Magnetic measurement technique 

The most important technique that is used to 

record the magnetic moment and magnetization of 

the materials is the Vibrating Sample Magnetometry 

(VSM).  EZ9-HF High Field vector vibrating sample 

magnetometer (VSM) is used for measuring the 

magnetic anisotropy and magnetization over a wide 

range of temperature. Also, the VSM device is used 

to determine the magnetic hysteresis loop and the 

magnetic properties of the samples with a different 

forms, thin films, powders, and bulk. 

The VSM works by inserting the sample in a 

perpendicular way to the magnetizing field. This 

technique can detect the small change in the magnetic 

moment and magnetization in the range 10-5 to 10-6 

emu. This technique based on the magnetic sample is 

attached to the sample holder which is inserted 

between two working electromagnetic poles. The 

sample is placed in a position known as saddle point, 

which is obtained through calibration before 

measurements. A constant vibration with a fixed 

frequency () is exerted on the sample during 

measurement [84]. 

4. Multiferroic  

 Multiferroic materials are an interesting 

multifunctional material. Multiferroic nanoarticles 

refer to the materials that combine between at least 

two of the ferroic properties such as ferroelectric, 

ferromagnetic, ferrofluid, antiferromagnetic, etc. 

Multiferroic nanoparticles that combine between the 

ferroelectric and ferromagnetic materials exhibit 

coupling between electric and magnetic fields. They 

become magnetized when placed in electric field and 

get polarized when placed in magnetic field [85].  

Yang et al [86] prepared multiferroic BNT-CFO 

(Bi3.15Nd0.85Ti3O12–CoFe2O4) thin film by spin-
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coating on Pt/Ti/SiO2/Si substrate. Where they 

prepared the first layer BNT on the substrate then 

they added the second layer CFO to the first layer. 

They investigated the ferroelectric hysteresis loop of 

the BNT-Film which proves the presence of the 

ferroelectricity in the composite film. Also, they 

prove the presence of the ferromagnetic order in the 

composites. Thus, the composite film combines 

between the ferroelectric and the ferromagnetic order, 

therefore the composite film is a multiferroic film 

[86]. 

Multiferroic materials are highly interdisciplinary 

and cover a wide range of objects and technologies 

including energy harvesting, data storage, random 

access memories, recording technologies, microwave 

devices, sensors, photovoltaic technologies, and 

solid-state refrigeration. it is expected that 

multiferroic materials could reach up to multibillion 

US dollars in market value [87]. 

5. Conclusion  

The rapid development of industrial technology in 

different fields requires understanding the motion 

mechanism of the charging carriers inside materials. 

Therefore, it stimulated the scientists to develop their 

dielectric and magnetic theories to fulfil the required 

technology and understand the material's behaviour 

under the external effects. The dielectric models such 

as Cole-Cole, Cole-Davidson, and Havriliak-Negami 

identify the relaxation mechanism of the dielectric 

materials, where Cole-Cole and Cole-Davidson are 

used for the interpretation of the symmetric and the 

asymmetric broadening of the peak of the dielectric 

loss  (), respectively, while the Havriliak-Negami 

model is useful for the interpretation of the mixed 

relaxation process. Also, the magnetic properties of 

nanoparticle and composite materials play a 

significant role in identifying the application of the 

materials. The dielectric and magnetic materials are 

extensively used in the fabrication of devices in 

different fields including the electronic and medical 

industry. Therefore, scientists are working on 

developing electrical and magnetic materials and 

developing their electromagnetic properties to expand 

their various applications. Ferroelectric, 

ferromagnetic, and multiferroic materials belong to 

the most important materials that have been 

developed recently due to the wide scope of their 

application in electronic, medical, industrial, and 

communication applications. Multiferroic materials 

gain special attention from scientists due to their 

multi-functionality and their possibility to perform 

many tasks simultaneously. Recently, scientists 

seeking advanced multiferroic materials with 

comparable properties to the properties of the 

ferroelectric and ferromagnetic. Furthermore, 

developing new models to understand the dynamical 

motion of the charge carriers and spin motion of the 

electrons to expand their applications. 
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