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Abstract 

With their distinct characteristics and wide range of uses in numerous industries, 

nanomaterials have become a cutting-edge class of materials. This review article offers a 

thorough introduction to nanomaterials, including information on their fundamental 

characteristics, classification, and wide range of uses. Ferrite nanoparticles are given 

particular attention, with an emphasis on their various forms and extensive uses in industries 

like electronics, energy, environmental remediation, and medicine. The paper also explores 

the prospective applications and developments of ferrite nanoparticles in the future. This 

review tries to clarify the relevance of nanomaterials, especially ferrite nanoparticles, and 

their promising role in influencing future scientific and industrial landscapes by looking at 

the state of research and technical advancements. 

 

Keywords: Ferrite nanoparticles; Nanomaterials; metal doping; composite; industrial, 

biomedical applications.   

 

1. INTRODUCTION 

Nanoscale materials are defined as a set of substances where at least one dimension is less 

than approximately 100 nanometers. A nanometer is one millionth of a millimeter-

approximately 100,000 times smaller than the diameter of a human hair in fig .1. On the other 

hand, new studies on hair samples from Egyptian tombs have revealed that hair was colored 

using a paste made of lime, lead oxide, and water(4). Galenite, or lead sulfide, PbS, 

nanoparticles, are created during this dyeing procedure. The dyeing paste was able to react 

with sulfur, a component of hair keratin, and the ancient Egyptians were able to create tiny 

PbS nanoparticles that allowed for even and consistent coloring.  
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Nowadays, a variety of fields, including catalysis, water treatment, energy storage, medicine, 

agriculture, and more, use nanomaterials because of their special qualities. Surface effects 

and quantum effects are the two fundamental causes of nanomaterials' noticeably altered 

behavior at bigger dimensions. Because of these elements, nanomaterials have improved or 

unique optical, mechanical, thermal, magnetic, electrical, and catalytic properties. 

 
Fig. 1 : Shows the different materials in nanometers(4) 

 

Particular size-dependent characteristics of nanomaterials are observed in the 1–100 nm 

region where quantum phenomena are present. Quantum confinement becomes evident when 

the material radius approaches the asymptotic exciton Bohr radius, which is the distance 

between the electron and hole. Put another way, when a material gets smaller, quantum 

effects become more noticeable and nanomaterials become quantal. All of the charge carriers, 

which are electrons and holes, are contained inside the physical dimensions of those quantum 

structures (7). Certain non-magnetic bulk materials, like palladium, platinum, and gold, 

become magnetic at the nanoscale due to quantum confinement processes, for example 

significant alterations in electron affinity or the material's capacity to receive or give 

electrical charges can also be brought about by quantum confinement, and these effects will 

have an immediate impact on the material's catalytic qualities.The scientific domains of 

nanoscience and nanotechnology are by their very nature transdisciplinary. Biologists must 

comprehend not only the fundamentals of nanoscience but also the tools and techniques used 

in the past to characterize nanomaterials in order to effectively use new bio-based 

approaches. By assisting biologists in identifying the most effective technologies and 

collaborators—to characterize their nanomaterials, we anticipate that this study will serve as 

a catalyst for new partnerships and collaborations among other scientific fields(10). However, 

we advise carefully considering any potential biological risks associated with these novel 

materials even in the design stages of such investigations. 

 

1.1.  Classification of Nanomaterials 

Nanomaterials are incredibly small, with a minimum of one dimension of 100 nm or less. 

One dimension (such as surface coatings), two dimensions (such as strands or fibers), or three 

dimensions (such as particles) can all be considered nanoscale for nanomaterials (13) as 

shown in the fig. 2. 
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In the above image, nanomaterials are categorized into four groups according to their 

dimensionalities.  

(a) Zero-dimensional nanomaterials (0-D): All three of the dimensions of these nanomaterials 

are contained inside the nanoscale range. Ex : Nanoparticles, fullerenes, and quantum dots are 

a few examples.  

 

(b) One-dimensional nanomaterials (1-D) materials possess a single dimension that extends 

beyond the nanoscale. Ex : Nanotubes, nanofibers, nanorods, nanowires, and nanohorns are a 

few examples.  

 

(c) Two-dimensional nanomaterials (2-D): This class of nanomaterials includes two 

dimensions that are not part of the nanoscale. Ex : Nanofilms, nanosheets, and nanolayers are 

a few examples.  

 

(d) Three-dimensional (3-D) or bulk nanomaterials: materials in this class are not restricted to 

any dimension of the nanoscale. Ex : Bulk powders, nanoparticle dispersions, arrays of 

nanowires and nanotubes, etc. are all included in this class. 

 

1.2.  Classifications of  Nanoparticles 

Organic NPs , Carbon NPs , Inorganic NPs 

 

1.2.1.  Organic NPs 

NPs composed of proteins, carbohydrates, lipids, polymers, or any other organic component 

fall under this class. 

 Utilized in the biomedical industry for cancer treatment and targeted medication(Drug) 

administration 

1.2.2.  Carbon NPs 

NPs that are composed entirely of carbon atoms fall under this class. 

 Utilized in tissue engineering and medication(Drug) delivery applications 

 

 

Fig 2 : Classification of Nanomaterials (a) 0D spheres and clusters; (b) 1D 

nanofibers, nanowires, and nanorods; (c) 2D Nanofilms, nanoplates, and networks; 

(d) 3D nanomaterials 

( ( ( (
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1.2.3.  Inorganic NPs 

NPs that are not composed of carbon or organic elements fall under this class. This class 

often includes semiconductor, ceramic, and metal nanoparticles. Metal NPs can be 

monometallic, bimetallic, or polymetallic and they are entirely composed of metal 

precursors(17). Bimetallic nanoparticles (NPs) can be generated in distinct layers (core–shell) 

or from alloys. 

 Utilized in additional applications, including photonics, optoelectronics, degradation of dyes, 

and catalysis 

 

2.  Properties of Nanomaterials 

Nanomaterials are of interest because at this scale unique 

 Optical, Magnetic, Electrical, Mechanical and Chemical properties emerge. These emergent 

properties have the potential for great impacts in electronics, medicine, and other fields   

 

2.1. Common features of Nanomaterials 

 Size 1 – 100nm 

 Chemically active 

 Show different color upon their size 

 Strong , hard and ductile, Phase identity, Solubility 

3. Synthesis methods of nanomaterials 

 

3.1. Bottom up method (Atoms Clusters Nanoparticles) 

Bottom-up methods involve building nanostructures from atomic or molecular components, 

allowing precise control over composition and structure.  

 

3.2. Top bottom method (Bulk Powders Nanoparticles)  

Top-down techniques start with larger materials and carve them down to the desired size, 

often limiting control over atomic arrangements. 

 

 
 

Fig. 3 : Shows the synthesis methods of Nanomaterials(11) 
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4. Applications of Nanomaterials 

 
Fig. 4 : Shows the applications of NPs and Nanomaterials(16) 

 

 
Fig. 5 : Shows the applications of bi-Metal doped NPs(19) 

 

5. Aim and Future scope of Nanotechnology 

The development of the ‘safe-by-design’ concept for nanomaterials is currently under 

investigation by scientists. As a young field of study, nanotechnology is predicted to grow 

significantly in the next years.Scientists estimate that there will be four separate generations 

of advancements in nanotechnology (28).  

 First—or possibly , passive nanostructures. Ex: carbon nanotubes to strengthen plastics 

 Second— active nanostructures. Ex: Bioactive to provide a drug at a specific target cell or 

organ 

 Third —advance Nano systems.  Ex: Nano robotics 

 Fourth — molecular Nano systems. Ex: control growth of artificial organs. 

 

7. INTRODUCTION TO FERRITES 

7.1. Ferrite’s History, Present, and Future 

Modern technology has been greatly aided by the invention of magnetic materials. For almost 

fifty years, ferrites, which are ceramic ferromagnetic materials, have been regarded as 

extremely significant electronic materials."Ferrites" refers to the majority constituents of 

magneto ceramics, ferric oxide (oc-Fe203) and some divalent metal oxides. 

 

Fe304 was first prepared by Hilpert1. A true ferrite, magnetite (Fe304) is a naturally 

occurring mineral that is thought to have been utilized as a mariner's compass in China over 

2,000 years ago due to its magnetic properties. However, it wasn't until the turn of the century 

that ferrites were prepared in any way.  
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About 60 years ago, ferrites were first put on the market. Nonetheless, due to their 

significantly worse magnetic characteristics than ferromagnetic alloys, commercial ferrites 

received little attention. Around the same time, the unique magnetism and increased high 

frequency applications offered by semiconductors piqued the curiosity of physicists and 

electronics engineers worldwide (36).Lately, metallurgy, ceramics, and chemistry experts 

have been working to improve ferrite manufacturing techniques, produce new ferrites, and 

enhance already-existing ferrite features. The manufacturing of ferrite has skyrocketed in the 

last few years. The solid solutions of magnetite and cobalt ferrite were found to be strongly 

magnetic at 300 cC in 1932 by Japanese scientists Kato and Takei8. These solid solutions 

were also shown to have practical uses. Most of the early ferrites' accomplishments occurred 

between 1935 and 1970. 

 

8. THE SPINEL FERRITES STRUCTURE 

Bragg and Nishikawa determined the structure of spinel ferrite. The general formula 

compounds AB204 crystallize with a structure similar to that of the mineral spinel (MgAl204) 

(Fig. a). The oxygen parameter u, the cation inversion parameter 'i', and the lattice parameter 

'a' are the three crucial parameters related to the atomic organization of the spine(39). To 

investigate the link between these parameters, oxide spinels are utilized as examples. 

 

M Fe2 O4' is the typical chemical formula for spinel ferrite, where M and Fe are the divalent 

and trivalent (ferric) iron ions, respectively. A and B stand for the tetrahedral and octahedral 

cation sites, respectively, in the formula AB204. The oxygen anions are grouped in a cubic 

lattice with the face at the middle. Eight formula units make up each unit cell, with Fe3+ and 

M2+ cations occupying the 16(d) and 8(a) sites and O2' anions in the 32(b) sites. Ferrites have 

a space group of Fd3m Oh with lattice parameters that are typically in the range of 8.3 

A0.Strong super exchange depends on the relative locations of the A and B cations with 

regard to nearby oxygen anions. This is influenced by the inter atomic distance between the 

cations and anions as well as the cation-anion-cation bond angle. 

 

The interstitial sites of four fold (a) and six fold (d) oxygen coordination are occupied by the 

metal ions. In one (Fig. b), the magnetic ion is designated the tetrahedral or A site because 

four oxygen ions surround it at the vertices of the tetrahedron; in the other, the magnetic ion 

is surrounded by six oxygen ions at the vertices of the octahedron and is named the 

octahedral site or B site (Fig. c). 

 

 
Fig.6: a) Spinel structure b) Tetrahedral sites c) Octahedral sites(40) 
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8.1 Classifications of ferrites 

It is based on the magnetic materials and structure 

 
 

Fig.7: Classification of ferrites (43) 

 

8.2 From magnetic materials 

 Soft Ferrite's(M O.Fe2O3) 

Due to their low coercivity, "soft" ferrites are easily magnetized and demagnetized can 

conduct magnetic fields its also ferromagnetic material with cubic crystal structure. They are 

utilized in the electronics sector to create ferrite cores, which are effective magnetic cores 

employed in high-frequency inductors, transformers, and antennas as well as in different 

microwave components.Ex: NiZn 

 Hard Ferrite's  

Since "hard" ferrites have a high coercivity, demagnetization is challenging. Permanent 

magnets are made with them for use in loudspeakers, refrigerator magnets, and tiny electric 

motors, among other things. It's also composed of  iron and barium oxides .Ex: Barium 

ferrite(BaFe12O19) 

Table .1 : Comparative properties of soft and hard magnetic materials. 

Soft ferrite Hard ferrite 

High saturation magnetization (1e2T) High saturation magnetization (0.3e6T) 

Low coercivity (Hc) High coercivity 

High permeability  Not important, but low 

Classification 
according to

Classification 
according to
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Low anisotropy  High anisotropy 

Low magnetostriction  Not important 

High curie temperature  High curie temperature 

Low losses  High-energy product 

High electrical  resistivity Not important 

8.3 From structures 

1. Spinel ferrites   2. Garnet ferrites   3. Ortho ferrites   4. Hexagonal ferrites 

1. Spinel ferrites(M2Fe3+
2O4) 

 General formula spinel ferrites Due to their unique composition and structure, mixed metal 

oxides (M)A(Fe2)
BO4 have inherent magnetic, electrical, optical, adsorption, and catalytic 

characteristics. 

 Inverse spinel ferrite formula [(Fe)A(M Fe)B
2O4] 

 Mixed spinel ferrite (M1-x Fe)[Fe2-x Mx]O4 

  

 
Fig.8: Spinel  ferrites(51) 

 

2. Garnet ferrites (M3(Fe5O12)) 

Garnet ferrites have the chemical formula M3(Fe5O12), where M is yttrium, or a rare-earth 

ion, and the structure of the silicate stone garnet. Garnets have dodecahedral (12-coordinated) 

sites in addition to tetrahedral and octahedral ones, like those found in spinels. 

 
Fig.9: Garnet  ferrites(53) 

 

3. Ortho ferrites(MeFeO3) 

The typical formula for ortho ferrites is MeFeO3, where Me is a massive trivalent metal ion, 

like Y or a rare-earth ion. With an orthorhombic unit cell, they crystallize in a deformed 

pervoskite structure. 

 
Fig.10: Ortho  ferrites(59) 
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4. Hexagonal ferrites(BaFe12O19) 

A family of ferrites with a hexagonal crystal structure is known as hexagonal ferrites or 

hexaferrites. BaFe12O19, sometimes known as barium ferrite, BaM, etc., is the most prevalent 

component. With substantial anisotropy along the c axis, BaM is a ferrimagnetic material that 

is strong at room temperature. A few building components are stacked in a specific 

arrangement to create each hexaferrite member. 

 

 
Fig.11: Hexa  ferrites(61) 

 

9. Properties of ferrites 

 High electrical resistance and high magnetic permeability are two of ferrites' most significant 

characteristics. 

 For equipment like antennas, high permeability to magnetic fields is especially desirable. 

  To lessen eddy currents, transformer cores should have a high resistance to electricity.  

 An electric current can magnetize ferrites of the square-loop ferrite type in one of two 

directions.  

 Because of this characteristic, they can be used in the memory cores of digital computers, 

where a little ferrite ring can hold binary data.  

 Certain single-crystal ferrites, in which microscopic magnetic domains known as bubbles 

may be individually, controlled, can be used to create a different kind of computer memory. 

  Because certain ferrites only absorb microwave energy in one orientation or direction, they 

are utilized in microwave wave guides. 

 

10.Applications of Ferrites: 

 
 

Fig.12: Applications of ferrites (68) 
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11. Future Scope of Ferrites 

Lastly, I'd want to provide my opinions about ferrites' prospects for the future. Nobody 

questions that the production of amount ferrite will continue to rise annually, as previously 

mentioned, and that this trend will continue as electronic technologies progress. Future 

ferrites will enjoy a stable and more advanced prosperity in science and technology if ferrites-

related researchers and engineers focus more on the future features of ferrites and dedicate 

their efforts to highly valuable themes. 

 

12. Conclusion 

Trivalent iron oxide combined with one or more bivalent oxides is known as a ferrite. While 

some of them are deviant in nature, the majority are stoichiometrically balanced, containing 

bivalent and ferric oxides in a 1:1 ratio. The key characteristics of ferrite materials are their 

strong magnetic property, comparatively low conductivity, low eddy current and dielectric 

losses, and high permeability. The various forms of ferrites exhibit distinct chemical 

compositions and configurations, which lead to differences in their characteristics that make 

them viable options for industrial, biomedical, and electrical use. 
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