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ABSTRACT 

Recently, iron oxide nanoparticles (NPs) have garnered a lot of attention due to the exceptional qualities that 

they possess. These properties include superparamagnetism, surface-to-volume ratio, larger surface area, and 

an easy separation methodology. For the purpose of synthesising magnetic nanoparticles with appropriate 

surface chemistry, a number of different physical, chemical, and biological approaches have been utilized. In 

this study, the methodologies for the synthesis of iron oxide nanoparticles (NPs), the regulation of size and 

morphology, and the magnetic characteristics of these nanoparticles are summarized, along with contemporary 

uses in bioengineering, commercial, and industrial settings. There is a significant amount of potential for iron 

oxides to be utilized in the domains of life sciences, including agriculture, biomedicine, and environmental 

science. In order to further improve the nontoxic conduct and biocompatible applications of magnetic 

nanoparticles, a specific surface coating containing organic or inorganic molecules can be applied. These 

molecules can include surfactants, medicines, proteins, starches, enzymes, antibodies, nucleotides, nonionic 

detergents, and polyelectrolytes. Hyperthermic treatment of patients can also be accomplished by directing 

magnetic nanoparticles (NPs) to an organ, tissue, or tumor by the utilization of an external magnetic field. The 

purpose of this review is to describe latest knowledge on iron nanoparticles, ranging from their synthesis to 

their characterisation and uses. This study was prepared with the current interest in iron nanoparticles in mind. 
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INTRODUCTION 

Nanotechnology has garnered a significant amount of interest in a variety of study fields over the course of the 

past twenty years. This interest has been directed towards the creation of nanoscale materials, which can be 

acquired through a variety of ways, including chemical and physical approaches. Due to the fact that 

nanoparticles have diameters that range from one to one hundred nanometers, they possess particular and 

controllable qualities that are distinct from those that they exhibit on the macroscopic scale. This enables them 

to be utilized in applications that are not found anywhere else. Both of the following are the primary causes of 

the change in properties: (i) surface effects, also known as the size reduction effect (when the size of a particle 

is decreased, a greater proportion of atoms are located at the surface); (ii) quantum confinement, which is a 

modification in the electronic structure. 
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The ratio of the number of surface atoms to the number of heavy atoms is known to grow dramatically with the 

reduction in particle size. This is a well-known fact. Nanostructured materials display considerably different 

physical, chemical, optical, mechanical, electrical, and magnetic properties. This is due to the fact that the 

surface atoms have less coordination in comparison to the bulk atoms. According to Yetter et al. (2009), the 

tremendous amount of energy that surface atoms possess is a significant contributor to the amazing properties 

that nanoparticles possess. As a result, nanoscale materials have a significant potential for applications in a 

variety of technological fields, including nanoelectronics and computer technology, medicine, aeronautics and 

space exploration, biotechnology, and agriculture, among others. 

In recent years, nanoscale transition of metallic oxides, such as iron oxide, including hematite, magnetite, and 

maghemite, has been attracting growing interest. This is due to the fact that these oxides exhibit distinctive 

electrical, optical, and magnetic properties, which can be utilized in a wide variety of applications. These 

applications include the production of inorganic pigments, magnetic storage media, the development of gas 

sensors as well as electronic and optical devices, information storage, color imaging, magneto caloric 

refrigeration, bioprocessing, ferrofluid technology, and wastewater treatment adsorbents. 

OBJECTIVES 

1. To study iron oxide nanoparticles. 

2. To study synthesis. 

IRON OXIDES 

One of the mineral compounds that can be found in nature in large quantities is iron oxide. Additionally, it 

possesses a variety of structural and magnetic properties, in addition to exhibiting more than one crystal 

structure. 

Hematite, magnetite, and maghemite are the three of these minerals that are most commonly found. The crystal 

structure of the three oxides can be described in terms of closely packed planes of oxygen anions that include 

iron cations at interstitial sites that are either octahedral or tetrahedral. 

Magnetite (Fe3 O4) is one of the most fascinating crystallographic phases of iron oxide, particularly in its 

nanosized forms. This is due to the fact that magnetite may take on a significant number of different shapes. It 

also possesses four distinct crystalline polymorphs, each of which possesses its own set of magnetic 

characteristics. Hematite (α-Fe2 O3) and maghemite (g-Fe2 O3) are the two primary forms that can be found 

in nature. The other oxides, which are in the forms beta (b-Fe2 O3) and epsilon (e-Fe2 O3), are nanometric 

structures that are often created in the laboratory. 

Hematite, symbolized as α-Fe2 O3, is the most well-known of all iron oxides. It is also the most common 

polymorph that can be found in nature as a mineral, and it may be found in a wide variety of rocks and soils. 

This oxide exhibits a weak ferromagnetic or antiferromagnetic activity at ambient temperature. It is classified 

as an oxide. In addition, this material exhibits paramagnetic behavior above 956 K, which is the Curie or Curie 

temperature, the Néel temperature, or the Curie-Weiss equation. A corundum-type and rhombohedral structure 
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is exhibited by α-Fe2 O3. This structure is composed of an ion O–2 reticle, which is arranged in a close-packed 

hexagonal crystallographic system, and Fe+3 ions, which occupy two-thirds of the octahedral interstices in 

alternate layers. The synthesis of hematite is simpler than the synthesis of other forms of oxide since it is the 

final product of the transformation of other forms of iron oxide. Furthermore, hematite is exceptionally stable 

under environmental circumstances. 

In addition to being a typical ferromagnetic mineral, maghemite (g-Fe2 O3) is thermally unstable and undergoes 

a transformation into hematite when subjected to higher temperatures. The spinel crystal structure of this 

material is comparable to that of magnetite, with the exception of the presence of vacancies in the cation 

sublattice. Two thirds of the sites are filled with Fe (III) ions, and they are placed in a regular pattern, with two 

sites that are filled being followed by one site that is empty. When subjected to an external magnetic field, g-

Fe2 O3 and magnetite (Fe3 O4) exhibit a high magnetic response because they are quickly magnetized and so 

exhibit a high magnetic response. Due to the fact that they are metastable oxides in the oxidative atmosphere, 

they undergo oxidation to α-Fe2 O3 when subjected to a temperature that exceeds 673 microkelvin. 

Methods for the preparation of iron nps 

A variety of procedures, including wet chemical processes, dry processes, and microbiological techniques, are 

utilized in the preparation of iron oxide magnetic nanoparticles (Figure 1) that possess the required surface 

chemistry. Iron oxide magnetic nanoparticles (NPs) with adequate surface chemistry can be created using a 

variety of ways (Figure 1), including wet chemical processes, dry processes, or microbiological approaches. A 

comprehensive comparison of synthesis methods is included in Table 1, with the intention of assisting 

researchers, who are currently engaged in this subject, in achieving their goals. Table 1 provides a 

comprehensive comparison of the various methods of synthesis, with the intention of assisting researchers who 

are already undertaking work in this area to 

1. First, there are the physical approaches, which are complex operations that have the drawback of being 

unable to control the size of particles in the nanoscale range.  

2. Chemical preparation methods: these procedures are straightforward, can be easily implemented, and 

are effective. They allow for the management of the size, composition, and even the shape of the 

nanoparticles (NPs). In order to produce iron oxides, it is necessary to add a base to the process of 

coprecipitation, which involves the combination of Fe2+ and Fe3+. The type of salt that is employed, 

the ratio of Fe2+ to Fe3+, the pH, and the ionic strength all play a role in determining the size, shape, 

and composition of iron nanoparticles that are produced using chemical processes. 

3. Techniques based on science. 
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Figure 1 A comparison of the synthesis of SPIONs by three different routes. 

Table 1 Iron NP synthesis techniques and their comparison with respect to their product morphology, 

advantages, and disadvantages 
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Methods that are based on chemical synthesis are the ones that are most commonly used among these 

technologies because of their low production costs and high yields. In general, magnetites are produced by 

adding a base to an aqueous mixture of Fe2+ and Fe3+ chloride at a molar ratio of 1:2, which results in the 

formation of a black hue.In Equations 1 and 2, the chemical reaction that occurs during the precipitation of 

Fe3O4 is described. The following is a textual rendition of the overall reaction: 

     (1) 

When the atmosphere is devoid of oxygen, it is quite probable that a complete precipitation of Fe3O4 will occur 

between pH 9 and 14, while the molar ratio of Fe3+ to Fe2+ remains at 2:1. Moreover, Fe3 O4 could be oxidized 

as follows: 

    (2) 

It is possible for the conditions to have an effect on the physical and chemical properties of nanoparticles (NPs). 

In order to prevent iron nanoparticles from oxidizing and aggregating, Fe3O4 nanoparticles are typically coated 

with molecules that are either organic or inorganic. However, in order to synthesis magnetic nanoparticles, it is 

necessary to do it in an oxygen-free environment, and it is preferable to do so in the presence of nitrogen gas. 

Not only does bubbling nitrogen gas prevent oxidation of NP, but it also lowers the size of the particles. 

The numerous approaches that were discussed before each come with their own set of benefits and drawbacks 

(Table 1). Although it is simple to carry out physical procedures, it is challenging to maintain control over the 

particle size control. The parameters of the wet chemical preparation process allow for some degree of control 

over the particle size of the substance being prepared. The electrochemical method, the sol–gel method, the 

supercritical fluid method, the hydrothermal method, the chemical coprecipitation method, the sonochemical 

decomposition method, the flow injection method, and nanoreactors are all examples of the chemical methods. 

On the other hand, among all of these methods, the most effective way to get iron magnetic nanoparticles is 

through the use of aqueous medium. It has been established that variations in the associated parameters, such 

as the ratio of Fe2+ to Fe3+, the base (NaOH, ammonium hydroxide, and CH3 NH2), and the ionic strength 

(N(CH3 )4+, CH3 NH3+, NH4+, Na+, Li+, and K+), may be used to customize the particle size as well as the 

polydispersity of the nanoparticles (NPs).4. A number of additional parameters, such as an increase in mixing 

rate, temperature, the introduction of nitrogen gas, agitation, pH, and the ratio of reactants, are also known to 

have an effect on the size of the nanoparticles (NPs). However, microbial methods are time-consuming, yet they 

guarantee low costs, reproducibility, high yields, and scalability. Microbial methods also guarantee high yields. 

Characterization of magnetic NPs 

Comprehensive surface characterisation approaches, such as surface morphology, chemical composition, and 

spatial distribution of the functional groups, are utilized in order to achieve a more in-depth comprehension of 

surface attributes. X-ray diffraction analysis, Fourier transform infrared spectroscopy, transmission electron 

microscopy, scanning electron microscopy, atomic force microscopy, X-ray photoelectron spectroscopy, 

mailto:editor@ijermt.org
http://www.ijermt.org/


  International Journal of Engineering Research & Management Technology                         ISSN: 2348-4039 

Email:editor@ijermt.org                   September-October-2014 Volume-1, Issue-5           www.ijermt.org 

 

Copyright@ijermt.org                                                                                                                                Page 319 

vibrating sample magnetometry, and thermal gravimetric analysis are some of the fundamental techniques that 

are utilized in the investigation of magnetic nanoparticles (NPs). Ion–particle probe, thermodynamic, NP 

tracking analysis, tilted laser microscopy, zeta-potential measurements, isopycnic centrifugation, hydrophobic 

interaction chromatography, fieldflow fractionation, electrophoresis, and turbidimetry are some of the other 

techniques that can be used for characterisation. Table 2 provides a summary of the specific characteristics, 

levels of success, and any limitations associated with each technique. 

Table 2 The analytical techniques for the assessment of the physicochemical properties of NMs 
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Applications of iron oxide NPs 

Because of their powerful magnetic capabilities, iron oxide nanoparticles were initially utilized in the field of 

biology, and then later in the field of medicine. These nanoparticles were utilized for the magnetic separation 
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of biological products and cells, as well as for the magnetic guidance of particle systems for site-specific drug 

delivery. The biodistribution of the nanoparticles is affected by external factors such as the surface chemistry, 

size, and charge of magnetic particles.Due to the significance that magnetic carriers and particles play in 

diagnostics and treatment modalities, there has been an increase in the number of activities that have been 

conducted in clinical applications during the past few decades. A significant amount of interest has been shown 

in magnetic nanoparticles (NPs) as a labeling material in the biological sciences as well as in a variety of other 

important areas of the scientific world. A summary of some well-known fields that could potentially benefit 

from the application of magnetic nanomaterials can be seen in Table 3. 

Table 3 The main fields where magnetic NMs have been employed 

 

 

CONCLUSION 

With the purpose of contributing to research in the field of composite solid propellants, the present article 

provides a concise presentation of the features of nanosized metallic iron oxides, as well as their methods of 

synthesis, primary techniques of characterisation, and their application in thermal decomposition of AP. Iron 

oxides, hematite (α-Fe2 O3), and maghemite (γ-Fe2 O3) are examples of transition metal oxides that have been 

extensively utilized in catalytic processes and thermal degradation of ammonium perchlorate. These oxides 
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have been classified as nanoscale transition metal oxides. The size of their particles and the surface area of their 

surfaces have a significant impact on the catalytic activities that they exhibit. Because of the quantum effect, 

which is caused by the reduction in size, and the surface effect, they are more effective than conventional 

catalysts. Both of these factors are related to one another. The reduction in particle size leads to an increase in 

the number of atoms that are placed on the surface, which in turn leads to an increase in the catalytic activity of 

nanoparticles that contain iron oxide, hematite, and maghemite. 
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