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ABSTRACT 

In the present era many researcher are focusing on Nano ferrites due to their exponentially diverse applications in 

catalysts, magnetic shielding, organic transformation, magnetic recording devices, electronic devices, medical devices, 

transformers care, information storage, microwave absorption and many more. This chapter focused on present state of 

Nano ferrites with different substitution along with their synthesis methodology, characterization and application. 

Synthesis of Nano ferrites by co-precipitation, solid state and sol-gel method and characterization to investigate 

structural, electrical, and magnetic and microwave absorption is also covered in the present chapter. 
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1. Introduction 

Nano ferrite investigations is considered to be the most important area for researchers as it has lot of technological 

application. Since past few decades lot of research work is carried on the synthesis of novel magnetic materials in ferrites 

with new characterization such as structural, electrical, magnetic and microwave absorption. Basically, ferrites are 

materials composed of iron oxide and bivalent elements like Zn, Ni, Mn, Cu, Mg, Cd, etc. Ferromagnetic materials have 

an uneven magnitude of magnetic moment and opposite direction alignment when exposed to a magnetic field [1,2]. The 

advantage of ferrites include high permeability, high electrical resistivity, high temperature stability, wide frequency 

range, high saturation magnetization, low coactivity, low eddy current loss and low cast [2,4]. The ferrites are classified 

as a hard ferrites and soft ferrite. The soft ferrite is the ferromagnetic materials that are not able to hold their magnetism 

after magnetized. These materials are easily demagnetized and magnetized with a tiny hysteresis loop. They can be 

created by heating and slowly cooling them. The soft ferrites has high value of permeability and susceptibility and low 

value of eddy current losses retentinity  coercivity. They are used in electro magnets, cores of transformer etc. [2,3]. 

After being magnetized, the hard ferrites are unique in that they can retain magnetism. These materials have a large 

hysteresis loop and are difficult to magnetize and demagnetize. They are created by heating and abruptly cooling. The 

hard ferrites have high value of retentivity, eddy current losses, coercitivity and low value of susceptibility and 

permeability. They are used in permanent magnet, loud speakers etc [2]. The spinel ferrites are the combination of 

oxides, silicates and germinate. The chemical composition of spinel ferrites is M2+Fe2
3+O4 where M2+ represent divalent 

metal ions such as Mg, Mn, Ni, Zn, Co, etc., Fe2
3+ represent trivalent metal ions and O is oxygen. With two types of 

interstitial gaps for the metal ions—tetrahedral (A) sides and octahedral (B) sides—the oxygen ions in the spinel 

structure are securely bonded in a face-centered cubic lattice (FCC). Normal and inverse spinel structures make up the 

grouping of spinel ferrites. Trivalent ions fully fill the octahedral (B) sides of regular spinel, while the divalent metal ion 
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(M2+) fully occupies the tetrahedral (A) sites. The octahedral (B) side of an inverse spinel is entirely occupied by the 

divalent metal ion (M2+), whereas the trivalent ions (fe2
3+) are equally distributed between the tetrahedral (A) and 

octahedral (B) sites. In these materials 8A sides and 16B sites are occupied by metallic ions [4,5,6,7,8,9,10]. The spinel 

ferrite have high electrical resistivity, moderate coercivity, low eddy current losses, [11,12], low melting point [13], 

chemical stability [14] and can be easily magnetized or demagnetized. The spinel ferrites finds application in medical 

devices, drug delivery [2], electronic device, catalyst, transformer core, digital tape, sensor and radio frequency 

application [11,12,13,14,15,16].  

Three series, namely the iron-spinel, chromium-spinel, and aluminum-spinel series, can be used to divide the spinel 

gathering (Figure 1). The four types of aluminum spinel are galaxite (MnAl2O4), hercynite (FeAl2O4), gahnite (ZnAl2O4), 

and spinel (MgAl2O4). Aluminum spinel is utilized in the gem business because it is translucent, stronger, and less dense 

than other spinel. The mineral chromium spinel is a hard, metallic black oxide. The basic member of chromium spinel 

series is chromite (FeCr2O4) and another member is magnesiochromite (MgCr2O4). The iron-spinel (spinel ferrite) are 

hard, having low coercivity and black to brownish. The iron spinel is found as Trevorite (NiFe2O4), Cuprospinel 

(CuFe2O4), Magnesioferrite (MgFe2O4), Jacobsite (MnFe2O4), Magnetite (Fe3O4), [2]. 

 

 

 

 

 

 

 

 

 

Figure 1. Types of spinel structure 

2. SYNTHESIS OF NANO FERRITES 

 

2.1 Sol Gel Method 

The multi-step route known as "sol gel" includes chemical and physical steps related to polymerization, densification, 

gelation, condensation, drying, and hydrolysis. Figure 2 illustrates the ferrite manufacturing process using the sol gel 

method. Materials are extracted from chemical solutions by gelation in the sol gel process. There are two primary 

pathways: the inorganic pathway using metal salts in an aqueous solution (chloride, nitrate, oxychloride) and the metal-

organic pathway using metal alkoxides in an organic solvent. Compared to metal alkoxides, the inorganic method is far 

less expensive and simpler to manage, but controlling the reactions is more challenging. More precise control over the 

phase formation, particle size homogeneity and intended stoichiometry are possible using the Sol Gel technique [17, 19].  

Because it is less expensive, doesn't require specialized equipment, and can work at temperatures between 25 to 200°C—

much lower than those of conventional solid-state reactions—the sol-gel technique is frequently used. Ferrites with exact 

morphologies, such as fibers, microspheres, and flower-like structures with a restricted size distribution, can be created 

using the sol-gel technique. The sol gel method has some drawbacks as well, including the need for expensive raw 

materials compared to high carbon content in the products, mineral-based metal ion sources, multiple steps, the need for 

close process monitoring, a lengthy processing time, and challenges with phase separation [18]. 
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Figure 2. Synthesis process by Sol-Gel Method 
 

2.2 Solid State Method 

 

A wide range of materials, such as nitrides, sulfides, aluminosilicates and mixed metal oxides, can be 

manufactured using the traditional ceramic process. This synthesis method requires several steps, starting with the 

homogenization of two or more solid compounds, which is followed by grinding in a wet medium to control particle size 

and create a homogenous blend, compaction, and heating the mixture at a high temperature, as illustrated in Figure 3 

[20,21]. 

Polycrystalline solids are frequently created from a mixture of solid reactants via solid-state processes. High 

temperatures are needed to start a reaction because mixtures of solids do not react at room temperature for very long 

(chemical breakdown of reactants). Surface area, reactivity, free energy change, and other chemical characteristics and 

morphological of the reactants all have an impact on these processes [22]. In addition to producing complicated oxides, 

these processes are used to make advanced materials such as piezoelectrics. To create a new solid alignment with gas 

development, physical mixing of simple oxides, nitrates, hydroxide, carbonate, alkoxides, oxalates, sulphate, or other 

metal salts is followed by high temperature treatment, typically between 1000°C and 1500°C [23].  Large-scale 

production of ferrite materials with a high yield and minimal pollution is possible through solid-state processes [24]. 
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Figure 3. Synthesis process by solid state Method 

 
2.3 co-precipitation method 

The easiest and most practical way to create magnetic particles is by chemical co-precipitation. Using this method, two or 

more cations precipitate to produce a uniform composition [25]. Four steps make up this method: nucleation, growth, 

coarsening, and agglomeration all occur simultaneously [26]. The co-precipitation method involves introducing a mixture 

solution containing cation chloride (Fe, Sr, etc.) dropwise into a solution of NaOH/Na2CO3. This process produces 

precipitation. To create HFs, cations with carbonate or nitrate can be substituted for chloride cations. In contrast, 

hydrochloric acid transforms cations of carbonate, like SrCO3, into cations of chloride in the latter scenario.  After 

filtering and ethyl alcohol washing the precipitates until no NaCl is visible, the pH is maintained below 8. As illustrated 

in Figure 4, the cleaned precipitates are dried and calcined for three hours at 950 °C. 

Some benefits of this approach include its simplicity, ease of controlling particle size, uniformity of small-sized 

nanomaterials, energy-efficient bulk production of magnetic nanoparticles, etc. The method's drawbacks include trace 

impurity, time consumption, and nanoparticle instability [26]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 4. Synthesis process by co-precipitation Method 

 

 

 

 
Palletization 

Heating 

 

Grinding 

Raw 

Material 
  

Grinding 

Pellets Sintering of 

Pellets 
Ferrites 

 
 

 

 
 

 
 

NaOH 

Chloride 

Precursor 
Continuous Stirring at 800 C 

for 60 Min. 

Precipitates after washing Sintering at 1100o C in oven 



Chapter 4   
 
 

ISBN: 978-81-965128-9-7 /Progressive Techniques in Science &Technology Page 24 
Corresponding Author - *Dhiraj Meghe 

3. CHARACTERIZATION NANO FERRITES 

 
To look into structural, electrical, magnetic, and microwave absorption, characterization is done. 

3.1 Structural Property 

According to the XRD principle, constructive interference happens for a fixed set of incidence angle (θ) and interplanar 

spacing (d) for a given wavelength (λ). Bragg's has provided a mathematical equation that relates the incident X-ray wave 

length, the layer's distance, and the angle of diffraction [27]. 

                            2 𝑑 sin 𝜃 = 𝑛 𝜆                                     (1) 

where n = (1, 2, 3, 4, …etc.)   

The crystallite size can be calculated by Debye-Scherrer equation as follows [28]. 

       𝐷 =
0.9 𝜆

𝛽 cos 𝜃
 

Where, D = Size of crystallite (in nm), β = full width at half maximum of the peak (in radians), λ = X ray wavelength (λ 

= 1.5406 Å), θ = Bragg’s angle (in radians),  

 

The lattice dimension (a) is calculated by following formula [29] 

                                                𝑑 =  
𝑎

√ℎ2+ 𝑘2+ 𝑙2
 

Where, d = interplanar spacing and h, k and l are the miller indices. 

The true density (X-ray density) is calculated by the relation which is given bellow [37] 

𝐷𝑥 =  
𝑍 𝑀

𝑁𝑎  𝑎3
 

Where, M = Molecular weight of the sample, a=lattice constant, N=Avagadro number. 

Now, the porosity (p) of the ferrite is can be calculated as follows [29] 

                                                   𝑝 = 1 −  
𝐷

𝐷𝑥
 

 Where, D = apparent density of the prepared sample 

The real crystal structure, crystallite size and strain, long range order, porosity, phase identification, unit cell volume, etc. 

of ferrites are all ascertained by X-ray diffraction (XRD) [30, 31].   

 
3.2 Scanning Electron Microscopy 

 

SEM is used to examine the morphological properties of the resultant nano-ferrite. High-energy electrons are scanned 

across a ferrite surface to produce images [32]. These concentrated electrons interact with the different atoms in the 

ferrite to produce heat, visible light, secondary electrons, diffracted backscattered electrons, a characteristic X-ray, and 

other signals when they collide with the ferrite surface. It alludes to the investigation of ferrites' size, shape, and 

structure.   

 

3.3 FTIR Spectroscopy 

It is the technique that is most frequently used to identify the functional groups in Cd ferrites that are produced. In order 

to do this, the sample is exposed to an infrared radiation between 400 and 4000 cm-1, and the molecular structure is 

ascertained by measuring the absorbance of these radiations by ferrite. Rather than often producing electrical excitation, 

infrared radiation produces vibration excitation, which causes the bond connecting atoms or groups of atoms to vibrate 

more quickly. Plotting the substance's absorbance of infrared light in contradiction of its wavelength, the FT-IR 
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spectrometer creates an IR spectrum [33]. Table 4 reports some of the ferrites tetrahedral bond and octahedral bond from 

FTIR Analysis 

 

3.4 Vibrating sample magnetometer 

Utilizing Faraday's principle of induction, a vibrating sample magnetometer (VSM) examines the magnetic properties of 

magnetic materials [34, 35]. In vector signal modulation (VSM), a fluctuating magnetic field generates an electric field, 

which provides information about the fluctuating magnetic field. Saturation magnetization, Hysteresis loop, remanence, 

coercivity, and magnetic moment can all be analyzed using VSM data [34, 35, 36]. Table 5 reports some of the ferrites 

magnetic properties from VSM Analysis 

 

4. Conclusion 

Ferrites' basic characteristics, research trend, properties, and classification were all covered.   For the preparation of Nano 

ferrites, the most popular techniques— chemical co-precipitation, sol gel, and solid state methods—were contrasted. The 

XRD is used to calculate the structure, crystallite size, and properties of ferrites. The SEM micrographs demonstrated 

that substitutions and their doping percentage level have a significant impact on the microstructure development, 

morphology, and grain size. The formation of the nano ferrites  with different dopant elements was confirmed by the 

FTIR study.  The position of both bonds changed from their initial positions with distinct substitutions, can be calculated 

by the FTIR analysis.  The impact of substitutions, grain size, doping percentage level, and temperature on the magnetic 

properties of ferrites was revealed by an insight into a vibrating sample magnetometer. 
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