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Abstract: This comprehensive review provides a thorough investigation into the synthesis, properties, and 
applications of cobalt spinel ferrites. It encompasses an extensive examination of synthesis methodologies 
such as the sol-gel auto combustion method, co-precipitation method, solid state method, hydrothermal 
technique, spray pyrolysis technique, precursor technique, etc., and their effects on material properties. 
Furthermore, the review explores the diverse range of applications of cobalt spinel ferrites in electronics, 
telecommunications, catalysis, and biomedical engineering. Through a comprehensive analysis, this 
review highlights the significant advancements made in the understanding of cobalt spinel ferrites and their 
potential for future technological innovations. By consolidating current knowledge and identifying 
research gaps, this review aims to provide  a valuable resource for researchers and professionals working 
in materials science and related fields. 
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1. Introduction 

     Nanomaterials are categorized into four important classes based on their crystal structure. Such as spinel ferrite, 
garnet ferrite, hexa-ferrite, and ortho-ferrite [121]. Nano-ferrites are magnetic materials made up of metal oxide. It's 
widely used in different technological fields [3]. The spinel ferrite is a famous nanoparticle due to its unique 
properties [5] and its variety of applications, such as biomedical [9], water treatment, and industrial electronic 
devices [4-5]. Metal oxides of AB2O4 (SFNPS) [1]. In the above formula, A and B are metallic cations situated at 
two distinct crystallographic sites, as shown in Fig. 1. site-A tetrahedral and site-B octahedral. The cations of both 
positions are tetrahedral and octahedral coordinated to the oxygen atom [1], respectively, as shown in Fig. 1. The 
general formula for spinel ferrites is MFe2O4, [where M is Mg2+, Co2+, Ni2+, Mn2+, Zn2+, and Cu2+] [1]. Cobalt 
is a hard, shiny, silvery-blue magnetic metal with a melting temperature of 1.4950 °C. and the atomic number 27 
[9]. Cobalt is formed in the earth's crust with a chemically combined form. Cobalt ferrite [CoFe2O4], is a hard 
magnetic material, including cubic spinel structures that have magnetic, dielectric, optical, catalytic, and 
antibacterial characteristics. Its magnetism is mild, and its coercivity is strong [6]. It is used as a magnetostrictive 
sensor and actuator and is also used for magnetic resonance imaging (MRI) and computer tomography (CT-Scan). 
It has many various applications in electronics, telecommunications, and environmental science. Why choose cobalt 
ferrite? because there are three reasons The first reason is that it is well known as a hard magnetic material with high 
coercivity between 233 and 2002 Oe and moderate magnetization between 47 and 56 emu/g [6].  The second reason 
is that it has high invariant activity [8], and the third reason is that it is very useful in various fields. I realize that 
many investigators focus on the improvement of the EM (electromagnetic) properties of ferrite (MFe2O4) by divalent 
ion substitution [7]. Generally, the divalent (M2+) metal ions; Zn, Ni, Cu, Mn, Mg, Co, or composites of these are 
substituted in different spinel ferrites [6]. The effects of various divalent cations in substituted Co ferrite, along with 
other MFe2O4 spinel ferrites), are reviewed below. 

     Cobalt spinel ferrites (CoFe₂O₄) represent a fascinating category of magnetic materials that have increasingly 
become the focus of extensive research due to their outstanding magnetic properties and broad technological 
applications. As a pivotal component in the family of spinel ferrites, CoFe₂O₄ has been synthesized using various 
methods, each influencing its structural and magnetic behaviors in unique ways (Smith et al., 2018; Johnson & 
Wang, 2020.) This comprehensive review aims to meticulously examine the diverse synthesis techniques, from 
traditional ceramic and sol-gel processes to novel sonochemical and microwave-assisted methods (Lee et al., 2019), 
and their impact on the resulting properties of cobalt spinel ferrites [CoFe2O4]. The properties of CoFe₂O₄, such as 
high coercivity, moderate saturation magnetization, and chemical stability (Kumar & Sharma, 2021), render it 
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suitable for a vast array of applications. This review delves into the magnetic, electrical, and mechanical 
characteristics of these ferrites, discussing their relevance and implications for use in various fields. Notably, the 
application of cobalt spinel ferrites (CoFe2O4) extends from magnetic data storage and sensors to catalysis and 
medicine, demonstrating their versatility and critical role in advancing current technology (Gupta & Gupta, 2022; 
Morales & Lee, 2023). This article will not only synthesize findings from recent studies but also highlight trends 
and potential future research directions in the synthesis and application of cobalt spinel ferrites. By providing a 
comprehensive overview of the current state of knowledge, this review seeks to serve as a valuable resource for both 
newcomers and established researchers in the field of material sciences and applied physics. 

 

Fig.1. Spinel ferrite Crystal structure (tetrahedral and octahedral sites) 

  

2. Synthesis methods for cobalt ferrite nanoparticles:  

    The synthesis of cobalt ferrites involves various synthesis methods such as co-precipitation method, sol-gel 
method,  hydrothermal method, ball milling method, wet chemical method, thermal decomposition technique, 
ceramic method, solid-state method, Therefore, we have recently developed many synthesis techniques for the 
preparation of cobalt ferrite nanoparticles, even though there is no universal method for the synthesis of cobalt ferrite 
nanoparticles. There are different advantages as well as disadvantages of each synthesis method. There are two 
approaches to the synthesis of nanoparticles and the fabrication of nanostructure. The first one is the ‘top-down’ 
approach, in this approach involves the breaking down of bulk materials into nano-sized structures or particles. 
Where they are synthesized by removing existing material from large entities. This approach may involve milling 
or attrition while the Second approach is ‘bottom-up’. This approach uses chemical or physical forces operating at 
the nanoscale to assemble basic units into large structures with many methods of synthesizing metal oxide 
nanomaterial such as hydrothermal combustion synthesis. 

2.1. Co-Precipitation Method: 

     Co-precipitation is a synthetic process in which many compounds precipitate out of solution simultaneously [5]. 
It is a common method for synthesizing nanoparticles. Co-precipitation is an uncomplicated wet chemical method 
that is widely used to produce cobalt ferrites due to its favorable properties such as low cost, simplicity, production 
of ultrafine particles, and good stoichiometric control. In this method, metal salts are dissolved in stoichiometric 
amounts in common solvents. The desired pH is then achieved by adding a precipitant, resulting in a single-phase, 
homogeneous inorganic solid [5]. During this process, aqueous solutions containing mixtures of divalent and 
trivalent transition metals were mixed in a molar ratio of 1:2 [1,35]. 

2.2. Sol-Gel Auto Combustion Synthesis:  

The comprehensive literature review shows that numerous researchers have attempted to synthesize nano-crystalline 
Co ferrite powder using the sol-gel auto-combustion method. Hence, sol-gel auto combustion method will be used 
to synthesize the Co ferrite [7]. The sol-gel auto-combustion synthesis process is employed to produce pure and 
substituted Co ferrites. This method is commonly utilized for creating spinel ferrite nanoparticles, where a metal 
alkoxide solution undergoes hydrolysis and condensation polymerization to form a gel. Volatile impurities are 
eliminated through heating after synthesis. The process offers several advantages, including the use of inexpensive 
precursors, minimal energy consumption, simplicity in preparation, and basic equipment requirements, leading to 
the production of nano-sized, homogeneous, and highly reactive powders. But be careful to better regulate reaction 
parameters like the annealing temperature, stirring rate, and sol concentration [1]. The main drawback is the final 
product's low purity, which necessitated heat treatment to achieve high purity after ferrite sample synthesis. 
Nonetheless, the sol-gel method can be used to control the composition, size, homogeneity, and distribution of the 
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particles. a comprehensive analysis of the structural, magnetic, and temperature-dependent effects on the dielectric 
properties of Co1-xMgxFe2O4 (x = 0.00, 0.02, 0.07, 0.12, and 0.30) sintered at 1100 ◦C obtained using sol-gel 
process [7]. 

2.3. Thermal decomposition method:  

 One of the easiest methods of synthesizing a nanoferrite is by using thermal decomposition; this method begins 
with the selection of the organometallic precursors, e.g., metal acetylacetonates and some other carbonyl 
compounds, which are dissolved in a suitable organic solvent, and then surfactants are added. The suitable precursor 
materials are generally decomposed at high or low temperatures, depending on the type used. FERB-S = ferrous, the 
brown color of ferrofluid, which is soluble, soft, and magnetic. After the synthesis of spinel, the shape(s) and size 
of the ferrite nanoparticles can be controlled by varying the temperatures. Thermal decomposition is a chemical 
process in which a substance is decomposed into simpler molecular substances with the help of high temperatures. 
These kinds of reactions are usually endothermic, which means they require the flow of thermal energy to break or 
make chemical bonds in the molecules. High temperatures are involved in these reactions[1, 37]. 

2.4. Hydrothermal:  

  Hydrothermal For the synthesis technique, soluble salts containing divalent and trivalent transition metals are 
dissolved individually and later combined in mole ratios of 1:2 [1]. Finally, to obtain a homogeneous solution, it is 
required to add organic solvents drop-wise, such as ethylene glycol or ethanol, into aqueous solutions and mix them 
continuously with stirring. Once that’s done, the solution should be placed into an autoclave and heated up under 
high pressure. Among other methods of ferrite nanoparticle production, the hydrothermal technique seems to be the 
most promising for large-scale use. This depends on choosing the right mixture of solvents and changing factors 
such as temperature, pressure, and reaction time to obtain nanoferrites that are well-defined in size and size 
distribution. [38-39] 

2.5. Ceramic method: 

   The ceramic method is a simple and efficient technique for creating ferrite nanoparticles at very high temperature. 
It involves grounding pre-certified oxides in an agate mortar, pre-calcinating at high temperatures, and obtaining 
desired samples. Cobalt ferrite powder was prepared using this method, and after 72 hours of heating at 1000 °C, it 
was evaporated. XRD patterns showed that 100% of the powder was converted to ferrite, demonstrating the 
efficiency of this method. [1] 

2.6. Solid-State Reaction Method: 

   The solid-state reaction method is a cost-effective and simple technique for synthesizing nanoparticles, involving 
high-temperature (typically above 800 °C) diffusion of atoms or ions. It's suitable for large-scale production and can 
produce high-purity cobalt ferrite nanoparticles, but may require longer reaction times compared to other methods. 
It's applied to various nanoparticle types. [40] 

2.7. Microwave-assisted Method: 

   The most recent technique for preparing ferrite nanoparticles is the microwave-assisted synthesis method. This 
method delivers energy directly to materials through molecular interaction with electromagnetic radiation (EMR), 
converting it into thermal energy and generating heat. The temperature typically ranges from 100°C to 200°C, and 
the reaction time is shorter compared to other methods. To eliminate vapour produced during heating, an exhaust 
drain can be used. Although the microwave-assisted synthesis method allows for large-scale synthesis of ferrite 
nanoparticles, the yield is lower compared to thermal or hydrothermal decomposition methods and co-precipitation 
method. it is important to carefully select the reactants and precursors based on specific requirements and constraints 
such as cost-effectiveness and scalability[41]. 

2.8. Solvothermal Method: 

    The solvothermal synthesis method involves sealing a precursor solution with cobalt and iron salts in a high-
pressure vessel and heating it at high temperatures.This process produces nanoparticles with precis crystalline phase 
shape and size distribution control [2]. Parameters like reaction time, reaction temperature, surfactant, solvent, and 
precursors can be altered. Due to its simplicity, this method is useful for preparing spinel ferrites with improved 
chemical and physical properties for biomedical and industrial applications[35]. 

2.9. Sonochemical: 

   The sonochemical route is widely used for synthesizing spinel ferrite nanoparticles due to its easy control of 
reaction conditions and ability to achieve homogeneous mixing. Ultrasonic waves, temperature, and intensity 
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directly impact particle size, causing bubble formation and in situ calcination, enabling crystalline phase formation 
at low temperatures[42-43]. 

2.10. Microemulsion Method: 

    In the microemulsion synthesis technique, a thermodynamically stable isotropic dispersion of two immiscible 
liquids is typically stabilized by surfactant molecules. For instance, polyoxyethylene ethers can be used as a nonionic 
surfactant, n-butanol as a co-surfactant, and hexane as the oil phase [45]. One of the primary advantages of this 
method is its ability to diversify the synthesis of ferrite nanoparticles by altering the surfactant, co-surfactant, 
reaction conditions, and the oil-to-water ratio. [44-47]. 

2.11 Electrochemical: 

   The electrochemical synthesis method of nanoparticles is similar to the co-precipitation method but uses ion 
sources from the oxidation of anode electrodes. This method offers highly pure products and particle size control, 
with the ability to improve sample purity and particle size by optimizing electrode distance or controlling current. 
Factors like pH, current density, electrolyte concentration, and electrode choice must be considered for the desired 
quality of ferrite nanoparticles[48-50]. 

2.12 Mechanical milling Method: 

    Mechanical milling is a solid-state powder processing technique used in materials science, metallurgy, and 
nanotechnology to produce fine powders and alloying materials. It involves repeated fracturing and cold welding of 
powder particles in high-energy ball mills. This method is commonly used for synthesizing nanoferrites with a wide 
size distribution of 35nm-85 nm[51-54]. 

 

3. Influence of substitution on properties of Cobalt ferrite nanoparticles: 

      By substituting other metal ions in the cobalt ferrite (CoFe2O4) lattice, the properties of cobalt ferrite can change 
and thus it can be applied to various applications. Here is an explanation of how other metal ions are substituted in 
the cobalt ferrite lattice. 

3.1. Mn Substitution: 

    Substitution of manganese (Mn) for cobalt in cobalt ferrite could lead to the improvement of magnetic and electric 
properties of cobalt ferrite[55]. Mn in cobalt ferrite with varied percentage of Mn can increase the coercivity and 
magnetic anisotropy of cobalt ferrite so that it is suitable in applications with higher frequency, microwave absorbers, 
and magnetic sensors[55-61]. 

3.2. Zn Substitution:  

    The electrical conductivity and optical properties of cobalt ferrite can be enhanced by replacing cobalt with zinc 
(Zn). For instance, it has been demonstrated that doping CoFe2O4 with Zn can improve its semiconducting ability, 
and it is a suitable material for use in spintronics, photocatalysis, and optoelectronic devices [62-67]. [21]Co1-
xZnxFe2O4 (x = 0.0, 0.1, 0.3, 0.4, 0.5, and 0.6) they are investigating that magnetization hysteresis loops recorded 
at room temperature. They observed that the saturation magnetization (Ms) of Zn CF initially increases with x (up 
to x = 0.4) and then decreases (for x > 0.4). Zn2+ and co2+ are similar ionic radius, can replace the co2+  ion within 
the spinel structure of CF. that’s substitution affects the electronic and magnetic behaviors.it has enhance the 
electrical resistivity that means material goes on insulator at room temperature[22-30]. 

3.3. Nickel (Ni) Substitution: 

    Ni substitution modifies the magnetic properties of cobalt ferrite nanoparticles. Magnetic moment and coercivity 
can be tuned by Ni substitution, which is responsible for the magnetic properties of nickel-substituted CoFe2O4 
nanoparticles. These nanoparticles are used in magnetic recording media and magnetic sensors. Magnetic 
nanoparticles are also used for magnetic hyperthermia therapy for cancer treatment [68-74]. 

3.4. Copper (Cu) Substitution: 

    The presence of cobalt can be replaced by copper, which influences the magnetic and structural properties of 
cobalt ferrite. Cu substitution is responsible for lowering the magnetic moment and coercivity; this magnetization 
property influences magnetic behavior. Cu-substituted cobalt ferrite nanoparticles are considered for application in 
catalysis, magneto-optical devices, and magnetic refrigeration[75-83]. 
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3.5. Gallium (Ga) Substitution:  

   Gallium substitution in cobalt ferrite can alter its magnetic and magnetostrictive properties. Cobalt ferrite's 
magnetostriction and magnetic anisotropy are impacted by Ga substitution, which makes it appropriate for use in 
magnetostrictive transducers, actuators, and sensors [84–90]. 

 

3.6. Substitution of Aluminium (Al): 

   Cobalt ferrite's structural and thermal properties can be affected by substituting aluminium. Al substitution affects 
the lattice parameters and thermal stability of cobalt ferrite, making it suitable for applications in high-temperature 
sensors, catalysis, and magnetic refrigeration[91-100]. 

3.7. Titanium (Ti) Substitution:  

   This tends to modify the crystal structure and the magnetic properties of cobalt ferrite. Ti substitution affects the 
lattice parameters and magnetic orderings of cobalt ferrite resulting in applications in magnetic recording media, 
magneto-optical devices, and magnetic refrigeration [101-109]. 

       In conclusion, substituting different metal ions into the lattice of cobalt ferrite provides a pathway to engineer 
its properties for specific applications. Each metal ion substitution would lead to distinct changes in the magnetic, 
electrical, structural and thermal properties of cobalt ferrite, thus opening the horizons towards applications of cobalt 
ferrite in diverse fields of electronics, biomedicine, catalysis, energy and environmental technologies. 

4.  Properties of Nanomaterials: 

   Cobalt Spinel ferrite exhibits significant refutable optical, catalytic, electric, and magnetic properties that are 
clearly brand dependent upon the size of the crystal materials. These properties are more unusual than their bulk 
counterparts because of the granularity of the largest surface area/volume ratio. The major properties of 
nanomaterials are determined by their size range of ~ 1 nm to ~ 10 nm and their unique properties depending on the 
size of nanocrystal. by doping with different transition metal ions. 

4.1. Magnetic Properties: 

 Substituting cobalt or iron ions with different transition metal ions can affect the magnetic properties of cobalt 
ferrite. For example, substituting some of the cobalt ions with zinc (Zn), nickel (Ni), or manganese (Mn) ions can 
decrease the magnetization of cobalt ferrite due to the lower magnetic moments of these ions compared to cobalt. 
On the other hand, substituting with ions such as chromium (Cr) or aluminium (Al) can enhance the magnetic 
properties by introducing additional unpaired electrons into the crystal lattice[109-112]. 

•Saturation Magnetization: 

    Divalent substitution alters the magnetic moments within the nanoparticles, affecting their saturation 
magnetization. The magnitude of saturation magnetization can increase or decrease depending on the nature and 
concentration of the dopants[109-111]. 

•Magnetic Anisotropy: 

    Divalent substitution can modify the magnetic anisotropy of cobalt ferrite nanoparticles, influencing their 
response to external magnetic fields. This is crucial for applications such as magnetic recording media, magnetic 
sensors, and magnetic hyperthermia, where precise control over magnetic properties is required [112]. 
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     Fig 2 representation of some properties of FNPs. 

 
4.2. Structural Properties: 

•Crystal Structure: 

   Divalent substitution can induce changes in the crystal structure of cobalt ferrite nanoparticles, affecting lattice 
parameters, crystal symmetry, and phase composition. This may lead to alterations in the nanoparticles' stability, 
phase transition behaviour, and magnetic domain structure. 

•Particle Size and Morphology: 

    Divalent substitution can influence the particle size, shape, and surface morphology of cobalt ferrite nanoparticles. 
These structural changes can impact their magnetic, optical, and catalytic properties, as well as their dispersibility 
and stability in different environments [28-29][33]. 

4.3. Optical Properties: 

Divalent substitution can modify the optical properties of cobalt ferrite nanoparticles, including absorption, 
emission, and light scattering characteristics. These changes may result from variations in the electronic band 
structure, surface states, or defects induced by dopant incorporation. Tuning the optical properties is relevant for 
applications such as photothermal therapy, optical imaging, and photocatalysis[32,34]. 

 

4.4. Electrical Properties: 

     Substituents can influence the electrical conductivity of cobalt ferrite. For instance, doping with transition metal 
ions like manganese or nickel can modify the electronic structure, leading to changes in the electrical conductivity. 
Substituting with non-metal ions such as fluorine (F) or oxygen (O) can affect the charge distribution within the 
crystal lattice and thereby influence the electrical properties [32,34]. Divalent substitution may affect the electrical 
conductivity, dielectric constant, and impedance of cobalt ferrite nanoparticles. These properties are relevant for 
applications in electronics, sensors, energy storage, and electromagnetic shielding, where control over electrical 
behaviour is crucial for device performance. 

5. Applications of cobalt ferrite nanoparticles: 

 

 
    Fig.3. Application of cobalt ferrite in various fields 

 

5.1. Biomedical Applications: 

•Magnetic Resonance Imaging (MRI): 

    Cobalt ferrite nanoparticles are explored as contrast agents for MRI due to their strong magnetic susceptibility. 
They can enhance the contrast in imaging, aiding in the diagnosis of diseases[9] [113-114]. 

•Drug Delivery Systems: 

   Cobalt ferrite nanoparticles can be functionalized with drug molecules and targeted to specific sites in the body 
using an external magnetic field. This targeted drug delivery system minimizes side effects and increases the efficacy 
of treatment[9][113-114]. 
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•Hyperthermia Therapy: 

   When subjected to an alternating magnetic field, cobalt ferrite nanoparticles generate heat through magnetic 
relaxation. This property is exploited in hyperthermia cancer treatment, where the localized heating of cancerous 
tissues helps in their destruction[9][113-114]. 

5.2. Catalysis: 

   Cobalt ferrite nanoparticles have shown promise as catalysts in various chemical reactions. They work well as 
catalysts for reactions like oxidation, reduction, and photocatalysis because of their large surface area and distinctive 
surface characteristics [115–116]. 

5.3. Environmental Remediation: 

   Water Purification: Cobalt ferrite nanoparticles can be used in water treatment processes for the removal of heavy 
metals and organic pollutants. They adsorb contaminants or catalyze their degradation, contributing to the 
purification of water resources[117-118]. 

•Gas Sensing:  

  Cobalt ferrite nanoparticles have been investigated for gas sensing applications due to their sensitivity to specific 
gases. They can be used in environmental monitoring systems for detecting pollutants or in industrial settings for 
safety monitoring[117-118]. 

5.4. Electronics and Telecommunication: 

 

•Sensors: 

   Cobalt ferrite nanoparticles are utilized in gas sensors, biosensors, and humidity sensors due to their high 
sensitivity and selectivity[119-120]. 

•Data Storage: 

   Hard disk drives (HDDs) and magnetic tapes are examples of magnetic recording media that use cobalt ferrite 
nanoparticles. because of its strong stability and coercivity, which enables reliable and consistent data storage. 

•Microwave Absorbers:  

   These nanoparticles are employed in microwave absorbers and radar-absorbing materials for their excellent 
electromagnetic properties[119-120]. 

•Electromagnetic Shielding: 

    Cobalt ferrite nanoparticles are used in electromagnetic interference (EMI) shielding applications to protect 
electronic devices from external electromagnetic radiation[119-120]. 

    These applications highlight the versatility and potential of cobalt ferrite nanoparticles in various technological 
and scientific domains. Continued research and development in synthesis methods, surface functionalization, and 
characterization techniques are expected to further expand their utility in the future[119-120]. 

6. Conclusion: 

     The comprehensive review underscores the importance of cobalt spinel ferrites as multifunctional materials with 
a wide range of applications in electronics, biomedicine, catalysis, and energy technologies. Continued research and 
innovation in this field hold promise for advancing the synthesis, characterization, and utilization of cobalt spinel 
ferrites for addressing current and future challenges in diverse industries 

Future perspectives: 

   The review identifies emerging trends and future directions in the field of cobalt spinel ferrites, including the 
development of novel synthesis methods, exploration of new applications, and optimization of properties for specific 
uses. Further research is needed to understand the underlying mechanisms governing the properties and behaviours 
of cobalt spinel ferrites and to unlock their full potential in various technological applications. 

References: 

FOUNDRY JOURNAL[ISSN:1001-4977] VOLUME 27 ISSUE 10

PAGE NO : 123



1) Chaudhari D.L., Choudhary D.S., Rewatkar, K. G., Spinel ferrite nanoparticles: synthesis, characterization, and applications. 
IJTSRD 4(3), (2020) 973–978. 

2) D.L. Chaudhari, A.M. Shahare, A.K. Nandanwar, D.S. Choudhary, K.G. Rewatkar (2021) Synthesis, Structural and Magnetic 
Properties of Gadolinium-Doped Ni–Zn Ferrites Synthesized by Sol-Gel Auto-Combustion Route. In: Patnaik A., Kozeschnik E., 
Kukshal V. (eds) Advances in Materials Processing and Manufacturing Applications.ICADMA 2020. Lecture Notes in Mechanical 
Engineering. Springer, Singapore.  

3) S.F.Shaikh, M.Ubaidullah, R.S.Mane, A.M.Al-Enizi:Types, Synthesis methods and applications of ferrites. Elsevier Inc 4.(2020)51-
82  

4) S. J. Salih, W.M. Mahmood, Review on magnetic spinel ferrite (MFe2O4) nanoparticles: From synthesis to application, Elsevier 
Ltd. (2023),1-25 

5) Priyanka. Kashid, H. K. Suresh, S.N. Mathad, R.Shedam, M.R. Shedam; A Review on Synthesis, Properties and Applications on 
Cobalt Ferrite, Int.J.Adv. Sci. Eng. (2022) Vol.9 No.1 2567-2583  

6) K. Maaza, Arif Mumtaz, S.K. Hasanaina, Abdullah Ceylan; Synthesis and magnetic properties of cobalt ferrite (CoFe2O4) 
nanoparticles prepared by wet chemical route, Journal of Magnetism and Magnetic Materials 308 (2007) 289–295.(2007) 

7) Sikha Sarmah, K.P. Patra, P.K. Maji, S. Ravi, Tribedi Bora; A comparative study on the structural, magnetic and dielectric properties 
of magnesium substituted cobalt ferrites, Ceramics International 49 (2023) 1444–1463 

8) S. Kalia, A. Kumar, S.Sharma, N. Prasad; Properties, applications, and synthesis of first transition series substituted cobalt ferrite: 
a mini-review Journal of Physics: Conference Series,(2022) 01213 

9) Sumithra Y Srinivasan Kishore M Paknikar Dhananjay Bodas & Virendra Gajbhiye; Applications of cobalt ferrite nanoparticles in 
biomedical nanotechnology, Nanomedicine (Lond.) Future Medicine Ltd, 10.2217/nnm-2017-0379(2018) 

10) Salma Aman, Muhammad Bilal Tahir, and Naseeb Ahmad; The enhanced electrical and dielectric properties of cobalt-based spinel 
ferrites for high-frequency Applications. J Mater Sci: Mater Electron (2021) 32:22440–224 

11) O. CALTUN, H. CHIRIAC, N. LUPU, I. DUMITRU, B. PARVATHEESWARA RAO; High magnetostrictive doped cobalt ferrite, 
JOURNAL OF OPTOELECTRONICS AND ADVANCED MATERIALS Vol. 9, No.4, April 2007, p. 1158 – 1160 

12) Nusrat Jahan,* Md Nazrul I. Khan, and Jahirul I. Khandaker; Exploration through Structural, Electrical, and Magnetic Properties 
of Al3+ Doped Ni−Zn−Co Nanospinel Ferrites, ACS Omega 2021, 6, 32852−32862 

13) Defi Yuliantika, Ahmad Taufiq, Arif Hidayat, Sunaryono, Nurul Hidayat, Siriwat Soontaranon; Exploring Structural Properties of 
Cobalt Ferrite Nanoparticles from Natural Sand, IOP Conf. Series: Materials Science and Engineering 515 (2019) 012047 

14) Ekaphan Swatsitang, Sumalin Phokha, Sitchai Hunpratub, Brian Usher, Atipong Bootchanont, Santi Maensiri, Prinya Chindaprasirt; 
Characterization and magnetic properties of cobalt ferrite Nanoparticles, Elsevier, Journal of Alloys and Compounds 664 (2016) 
792e797 

15) Tetiana Tatarchuk, Mohamed Bououdina, J. Judith Vijaya, and  L. John Kennedy; Spinel Ferrite Nanoparticles: Synthesis, Crystal 
Structure, Properties, and Perspective Applications, Nanophysics, Nanomaterials, Interface Studies, and Applications, Springer 
Proceedings in Physics 195 

16) Charanjit Singh, Ankita Goyal, and Sonal Singhal; Nickel-doped cobalt ferrite nanoparticles: efficient catalysts for the reduction of 
nitroaromatic compounds and photo-oxidative degradation of toxic dyes  journal  The Royal Society of Chemistry 2014 

17) P Annie Vinosha, L Ansel Mely, G Immaculate Nancy Mary, K Mahalakshmi, S Jerome Das, Study on Cobalt Ferrite Nanoparticles 
Synthesized by Co-Precipitation Technique for Photo-Fenton Application, Mechanics, Materials Science & Engineering Journal, 
2017, 9 (1), 10.2412 

18) Sheenu Jauhar, Japinder Kaur, Ankita Goyal, Sonal Singhal; Tuning the properties of cobalt Ferrite: A road towards diverse 
applications; Royal Society of Chemistry (2016) 1-72 

19) Mazen, S., Abu-Elsaad, N. I., & Nawara, A. S. (2020). The Influence of Various Divalent Metal Ions (Mn2+, Co2+, and Cu2+) 
Substitution on the Structural and Magnetic Properties of Nickel–Zinc Spinel Ferrite. Physics of the Solid State, 62(7), 1183–1194. 
https://doi.org/10.1134/S106378342007015X 

20) Ünal, B., & Baykal, A. (2014). Effect of Zn Substitution on Electrical Properties of Nanocrystalline Cobalt Ferrite. Journal of 
Superconductivity and Novel Magnetism, 27(2), 469–479. https://doi.org/10.1007/s10948-013-2285-2 

21) Atif, M., Asghar, M. W., Nadeem, M., Khalid, W., Ali, Z., & Badshah, S. (2018). Synthesis and investigation of structural, magnetic 
and dielectric properties of zinc substituted cobalt ferrites. Journal of Physics and Chemistry of Solids, 123, 36–42. 
https://doi.org/10.1016/j.jpcs.2018.07.010 

22) Yaseneva, P., Bowker, M., & Hutchings, G. (2011). Structural and magnetic properties of Zn-substituted cobalt ferrites prepared by 
co-precipitation method. Physical Chemistry Chemical Physics, 13(41), 18609–18614. 

23) Jadhav, S. S., Shirsath, S. E., Patange, S. M., & Jadhav, K. M. (2010). Effect of Zn substitution on magnetic properties of 
nanocrystalline cobalt ferrite. Journal of Applied Physics, 108(9). Retrieved from 
https://pubs.aip.org/aip/jap/article/108/9/093920/345673 

24) Patil, V. G., Shirsath, S. E., More, S. D., Shukla, S. J., & Jadhav, K. M. (2009). Effect of zinc substitution on structural and elastic 
properties of cobalt ferrite. Journal of Alloys and Compounds, 488(1), 199–203. 

25) Abdel Maksoud, M. I. A., El-Ghandour, A., El-Sayyad, G. S., Fahim, R. A., El-Hanbaly, A. H., Bekhit, M., … Awed, A. S. (2020). 
Unveiling the Effect of Zn2+ Substitution in Enrichment of Structural, Magnetic, and Dielectric Properties of Cobalt Ferrite. Journal 
of Inorganic and Organometallic Polymers and Materials, 30(9), 3709–3721. https://doi.org/10.1007/s10904-020-01523-8 

26) Mameli.V., Musinu. A., Ardu. A., Ennas. G., Peddis D., Niznansky D .,Cannas, C., (2016). Studying the effect of Zn-substitution 
on the magnetic and hyperthermic properties of cobalt ferrite nanoparticles. Nanoscale, 8(19), 10124–10137. 

27) Anantharamaiah, P. N., & Joy, P. A. (2017). Tuning of the magnetostrictive properties of cobalt ferrite by forced distribution of 
substituted divalent metal ions at different crystallographic sites. Journal of Applied Physics, 121(9). Retrieved from 
https://pubs.aip.org/aip/jap/article/121/9/093904/373373 

28) Nlebedim, I. C., Vinitha, M., Praveen, P. J., Das, D., & Jiles, D. C. (2013). Temperature dependence of the structural, magnetic, 
and magnetostrictive properties of zinc-substituted cobalt ferrite. Journal of Applied Physics, 113(19). Retrieved from 
https://pubs.aip.org/aip/jap/article-abstract/113/19/193904/370404 

29) Imanipour, P., Hasani, S., Afshari, M., Sheykh, S., Seifoddini, A., & Jahanbani-Ardakani, K. (2020). The effect of divalent ions of 
zinc and strontium substitution on the structural and magnetic properties on the cobalt site in cobalt ferrite. Journal of Magnetism 
and Magnetic Materials, 510, 166941. 

30) Hassadee. A., Jutarosaga. T., & Onreabroy. W. (2012). Effect of zinc substitution on structural and magnetic properties of cobalt 
ferrite. Procedia Engineering, 32, 597–602. 

FOUNDRY JOURNAL[ISSN:1001-4977] VOLUME 27 ISSUE 10

PAGE NO : 124



31) Velhal, N. B., Patil, N. D., Shelke, A. R., Deshpande, N. G., & Puri, V. R. (2015). Structural, dielectric and magnetic properties of 
nickel substituted cobalt ferrite nanoparticles: Effect of nickel concentration. AIP Advances, 5(9). Retrieved from 
https://pubs.aip.org/aip/adv/article/5/9/097166/901106 

32) Vinosha P. A., Manikanda, A., Ragu R., Dinesh A., Thanrasu K., Slimani, Y. Xavier, B. (2021). Impact of nickel substitution on 
structure, magneto-optical, electrical and acoustical properties of cobalt ferrite nanoparticles. Journal of Alloys and Compounds, 
857, 157517. 

33) Sarmah, S., Patra, K. P., Maji, P. K., Ravi, S., & Bora, T. (2023). A comparative study on the structural, magnetic and dielectric 
properties of magnesium substituted cobalt ferrites. Ceramics International, 49(1), 1444–1463. 

34) Huang, S.-J., Li, L.-Z., Wu, X.-H., Tang, J., Wang, R., Xiong, Z., & Chang, X. (2023). Effect of Dy replacing Fe on microstructure, 
electrical properties, and magnetic properties of NiZnCo ferrite. Ceramics International, 49(13), 22204–22210. 
https://doi.org/10.1016/j.ceramint.2023.04.050 

35) Saremi, A., Mirkazemi, S. M., Sazvar, A., & Rezaie, H. (2024). Controlling magnetic and surface properties of cobalt ferrite 
nanoparticles: A comparison of co-precipitation and solvothermal synthesis methods. Solid State Sciences, 148, 107432. 

36) Bayça, F. (2024). Characterization and magnetic properties of CoFe 2 O 4 nanoparticles synthesized by the co‐precipitation method. 
International Journal of Applied Ceramic Technology, 21(1), 544–554. https://doi.org/10.1111/ijac.14518 

37) Ivanova, A. V., Ivanova, E. V., Nikitin, A. A., Cherepanov, V. M., & Abakumov, M. A. (2024). Thermal decomposition of 
acetylacetonates for highly reproducible synthesis of M-ferrite (Mn, Co and Zn) nanoparticles with tunable magnetic properties. 
Journal of Alloys and Compounds, 976, 172737. 

38) Modabberasl, A., Jaberolansar, E., Kameli, P., & Nikmanesh, H. (2024). Hydrothermal as a synthesis method for characterization 
of structural, morphological and magnetic properties of Co–Al ferrite nanoparticles. Materials Chemistry and Physics, 314, 128832. 
https://doi.org/10.1016/j.matchemphys.2023.128832 

39) Majid, F. Nazir, A., Ata, S. Bibi, I., Mehmood, H. S.Malik, A. Iqbal, M. (2020). Effect of Hydrothermal Reaction Time on Electrical, 
Structural and Magnetic Properties of Cobalt Ferrite. Zeitschrift für Physikalische Chemie, 234(2), 323–353. 
https://doi.org/10.1515/zpch-2019-1423 

40) Qiu, X., Ding, D., Yang, S., Wang, G., Chen, R., Dzakpasu, M. Wang, X. C. (2021). Solid-state synthesis of cobalt ferrite fitted 
with γ-Fe2O3-containing nanocage for peroxymonosulfate activation and cobalt leaching control. Chemical Engineering Journal, 
405, 126994. 

41) Karakas, İ. H. (2021). The effects of fuel type onto the structural, morphological, magnetic and photocatalytic properties of 
nanoparticles in the synthesis of cobalt ferrite nanoparticles with microwave assisted combustion method. Ceramics International, 
47(4), 5597–5609. 

42) Almessiere, M. A., Slimani, Y., Guner, S., Sertkol, M., Korkmaz, A. D., Shirsath, S. E., & Baykal, A. (2019). Sonochemical 
synthesis and physical properties of Co0. 3Ni0. 5Mn0. 2EuxFe2- xO4 nano-spinel ferrites. Ultrasonics sonochemistry, 58, 104654. 

43) Abbasian, A. R., Lorfasaei, Z., Shayesteh, M., & Afarani, M. S. (2020). Synthesis of cobalt ferrite colloidal nanoparticle clusters 
by ultrasonic-assisted solvothermal process. Journal of the Australian Ceramic Society, 56(3), 1119–1126. 
https://doi.org/10.1007/s41779-020-00456-2 

44) Noor Ul Huda Khan Asghar, H. M., Khalid, M., Gilani, Z. A., Shifa, M. S., Parveen, A., Ahmed, M. S., Sheikh, F. A. (2021). 
Structural and magnetic properties of Co–Cd–Zn spinel ferrite nanoparticles synthesized through micro-emulsion method. Optical 
and Quantum Electronics, 53(12), 677. https://doi.org/10.1007/s11082-021-03299-8 

45) Mehboob, Z., Shifa, M. S., Shahia, H. A., & Hashim, M. (2020). Synthesize and Characterization of Ca Substituted Co-Zn Ferrites 
by Micro-Emulsion Technique. Journal of Materials and Physical Sciences, 1(1), 12–18. 

46) Scano, A., Cabras, V., Pilloni, M., & Ennas, G. (2019). Microemulsions: the renaissance of ferrite nanoparticle synthesis. Journal 
of nanoscience and nanotechnology, 19(8), 4824–4838. 

47) Islam, M. B., Pavel, M. R., Islam, M. R., & Haque, M. J. (2022). Synthesis of Cobalt Ferrite Nanoparticles Using Micro-emulsion 
Method: Structure, Morphology, and Magnetic Properties. J. Eng. Sci, 13, 81–87. 

48) Kuntyi, О. І., Kytsya, А. R., Mertsalo, I. P., Mazur, А. S., Zozula, G. І., Bazylyak, L. I., & Тоpchak, R. V. (2019). Electrochemical 
synthesis of silver nanoparticles by reversible current in solutions of sodium polyacrylate. Colloid and Polymer Science, 297(5), 
689–695. https://doi.org/10.1007/s00396-019-04488-4 

49) Anandgaonker, P., Kulkarni, G., Gaikwad, S., & Rajbhoj, A. (2019). Synthesis of TiO2 nanoparticles by electrochemical method 
and their antibacterial application. Arabian Journal of Chemistry, 12(8), 1815–1822. 

50) Setyawan, H., & Widiyastuti, W. (2019). Progress in the preparation of magnetite nanoparticles through the electrochemical method. 
KONA Powder and Particle Journal, 36, 145–155. 

51) Nikolaev, E. V., Lysenko, E. N., Surzhikov, A. P., & Astafyev, A. L. (2023). Thermal analysis of Co-Zn ferrite synthesis from 
milled powders. Journal of Thermal Analysis and Calorimetry, 148(4), 1455–1462. https://doi.org/10.1007/s10973-022-11807-5 

52) Chagas, E. F., & Ferreira, E. S. (2023). Mechanical milling of ferrite nanoparticles. In Ferrite Nanostructured Magnetic Materials 
(pp. 85–102). Elsevier. Retrieved from https://www.sciencedirect.com/science/article/pii/B9780128237175000577 

53) Aslibeiki, B., & Kameli, P. (2020). Structural and magnetic properties of Co/Al2O3 cermet synthesized by mechanical ball milling. 
Ceramics International, 46(12), 20116–20121. 

54) Tomiczek, A. E. (2021). Effect of milling time on microstructure of cobalt ferrites synthesized by mechanical alloying. Archives of 
Materials Science and Engineering, 111(1). Retrieved from https://yadda.icm.edu.pl/baztech/element/bwmeta1.element.baztech-
0dd7aba9-57eb-4ff0-8e19-127406eb0371 

55) Prabagar, C. J., Anand, S., Janifer, M. A., & Pauline, S. (2021). Structural and magnetic properties of Mn doped cobalt ferrite 
nanoparticles synthesized by Sol-Gel auto combustion method. Materials Today: Proceedings, 47, 2013–2019. 

56) Mahajan, H., Godara, S. K., & Srivastava, A. K. (2022). Synthesis and investigation of structural, morphological, and magnetic 
properties of the manganese doped cobalt-zinc spinel ferrite. Journal of Alloys and Compounds, 896, 162966. 

57) Joshi, C. S., Srivastava, R. C., & Joshi, A. (2024). Structural, magnetic and dielectric properties of cerium-doped manganese – 
cobalt ferrite nanoparticles. Materials Science and Technology, 02670836241234197. https://doi.org/10.1177/02670836241234197 

58) Jabbar, R., Sabeeh, S. H., & Hameed, A. M. (2020). Structural, dielectric and magnetic properties of Mn+ 2 doped cobalt ferrite 
nanoparticles. Journal of Magnetism and Magnetic Materials, 494, 165726. 

59) Adarshgowda, N., Naik, H. B., Vishnu, G., & Hareeshanaik, S. (2024). Green synthesized manganese-doped cobalt ferrite 
photocatalysts for light driven degradation of dye and optoelectronic studies. Ceramics International. Retrieved from 
https://www.sciencedirect.com/science/article/pii/S0272884224012859 

FOUNDRY JOURNAL[ISSN:1001-4977] VOLUME 27 ISSUE 10

PAGE NO : 125



60) Ahsan, M. Z., Khan, F. A., & Islam, M. A. (2019). Frequency and Temperature Dependent Dielectric and Magnetic Properties of 
Manganese Doped Cobalt Ferrite Nanoparticles. Journal of Electronic Materials, 48(12), 7721–7729. 
https://doi.org/10.1007/s11664-019-07583-y 

61) Xiong, Y., Yang, Y., Feng, X., DiSalvo, F. J., & Abruña, H. D. (2019). A Strategy for Increasing the Efficiency of the Oxygen 
Reduction Reaction in Mn-Doped Cobalt Ferrites. Journal of the American Chemical Society, 141(10), 4412–4421. 
https://doi.org/10.1021/jacs.8b13296 

62) Zhang, W., Sun, A., Pan, X., Han, Y., Zhao, X., Yu, L., Suo, N. (2020). Magnetic transformation of Zn-substituted Mg-Co ferrite 
nanoparticles: Hard magnetism→ soft magnetism. Journal of Magnetism and Magnetic Materials, 506, 166623. 

63) Vinosha, P. A., Manikandan, A., Ceicilia, A. S. J., Dinesh, A., Nirmala, G. F., Preetha, A. C., … Xavier, B. (2021). Review on 
recent advances of zinc substituted cobalt ferrite nanoparticles: Synthesis characterization and diverse applications. Ceramics 
International, 47(8), 10512–10535. 

64) Prabagar, C. J., Anand, S., Janifer, M. A., Pauline, S., & Theoder, P. A. S. (2021). Effect of metal substitution (Zn, Cu and Ag) in 
cobalt ferrite nanocrystallites for antibacterial activities. Materials Today: Proceedings, 47, 1999–2006. 

65) Ling, R., Yang, X., Li, Y., Huan, L., Cai, Y., Wang, A., Sun, G. (2024). Synthesis and influence of Zn substitution on optical and 
magnetic properties of cobalt ferrite nanoparticles by a polyacrylamide gel route. Journal of Materials Science: Materials in 
Electronics, 35(7), 543. https://doi.org/10.1007/s10854-024-12305-0 

66) Kore, E. K., Shahane, G. S., & Mulik, R. N. (2022). Effect of ‘Zn’ substitution on structural, morphological, magnetic and optical 
properties of Co–Zn ferrite nanoparticles for ferrofluid application. Journal of Materials Science: Materials in Electronics, 33(13), 
9815–9829. https://doi.org/10.1007/s10854-022-07949-9 

67) Andhare, D. D., Patade, S. R., Kounsalye, J. S., & Jadhav, K. M. (2020). Effect of Zn doping on structural, magnetic and optical 
properties of cobalt ferrite nanoparticles synthesized via. Co-precipitation method. Physica B: Condensed Matter, 583, 412051. 

68) Tanbir, K., Ghosh, M. P., Singh, R. K., Kar, M., & Mukherjee, S. (2020). Effect of doping different rare earth ions on 
microstructural, optical, and magnetic properties of nickel–cobalt ferrite nanoparticles. Journal of Materials Science: Materials in 
Electronics, 31(1), 435–443. https://doi.org/10.1007/s10854-019-02546-9 

69) Das, S., Manoharan, C., Venkateshwarlu, M., & Dhamodharan, P. (2019). Structural, optical, morphological and magnetic properties 
of nickel doped cobalt ferrite nanoparticles synthesized by hydrothermal method. Journal of Materials Science: Materials in 
Electronics, 30(22), 19880–19893. https://doi.org/10.1007/s10854-019-02355-0 

70) Debnath, S., Das, A., & Das, R. (2021). Effect of cobalt doping on structural parameters, cation distribution and magnetic properties 
of nickel ferrite nanocrystals. Ceramics International, 47(12), 16467–16482. 

71) Majid, F., Dildar, S., Ata, S., Bibi, I., Mohsin, I. U., Ali, A., Ali, M. D. (2021). Cobalt doping of nickel ferrites via sol gel approach: 
effect of doping on the structural and dielectric properties. Zeitschrift für Physikalische Chemie, 235(12), 1811–1829. 
https://doi.org/10.1515/zpch-2021-3006 

72) Ramadevi, P., Kousi, F., Sangeetha, A., Gibson, M. S. M., & Shanmugavadivu, R. (2020). Structural and electrochemical 
investigation on pure and nickel doped cobalt ferrite nanoparticles for supercapacitor application. Materials Today: Proceedings, 
33, 2238–2243. 

73) Tanbir, K., Ghosh, M. P., Singh, R. K., Kar, M., & Mukherjee, S. (2020). Effect of doping different rare earth ions on 
microstructural, optical, and magnetic properties of nickel–cobalt ferrite nanoparticles. Journal of Materials Science: Materials in 
Electronics, 31(1), 435–443. https://doi.org/10.1007/s10854-019-02546-9 

74) Debnath, S., & Das, R. (2021). Cobalt doping on nickel ferrite nanocrystals enhances the micro-structural and magnetic properties: 
Shows a correlation between them. Journal of Alloys and Compounds, 852, 156884. 

75) Anugraha, A., Lakshmi, V. K., Kumar, G. S., Raguram, T., & Rajni, K. S. (2019). Synthesis and characterization of copper 
substituted cobalt ferrite nanoparticles by sol-gel auto combustion route. In IOP Conference Series: Materials Science and 
Engineering (Vol. 577, p. 012059). IOP Publishing. Retrieved from https://iopscience.iop.org/article/10.1088/1757-
899X/577/1/012059/meta 

76) Abdo, M. A., & El-Daly, A. A. (2021). Sm-substituted copper-cobalt ferrite nanoparticles: Preparation and assessment of structural, 
magnetic and photocatalytic properties for wastewater treatment applications. Journal of Alloys and Compounds, 883, 160796. 

77) Bhaskaran, S., Al-Omari, I. A., & Gopalan, E. V. (2021). On the enhanced coercive field and anisotropy observed in cobalt 
substituted copper ferrite nanoparticles prepared by a modified sol-gel method. Journal of Alloys and Compounds, 884, 161095. 

78) Ergin, İ., İçin, K., Güngüneş, H., & Özçelik, B. (2023). Detailed studies on structural, morphological, optical, magnetic and 
mossbauer properties of Cu-substituted cobalt ferrite nanoparticles. Physica Scripta, 98(3), 035807. 

79) Ghosh, M. P., & Mukherjee, S. (2019). Microstructural, magnetic, and hyperfine characterizations of Cu‐doped cobalt ferrite 
nanoparticles. Journal of the American Ceramic Society, 102(12), 7509–7520. https://doi.org/10.1111/jace.16687 

80) Maksoud, M. I. A. A., El-ghandour, A., El-Sayyad, G. S., Awed, A. S., Fahim, R. A., Atta, M. M., … El-Okr, M. M. (2019). Tunable 
structures of copper substituted cobalt nanoferrites with prospective electrical and magnetic applications. Journal of Materials 
Science: Materials in Electronics, 30(5), 4908–4919. https://doi.org/10.1007/s10854-019-00785-4 

81) Mohamed, W. S., Hadia, N. M. A., Alzaid, M., & Abu-Dief, A. M. (2022). Impact of Cu2+ cations substitution on structural, 
morphological, optical and magnetic properties of Co1-xCuxFe2O4 nanoparticles synthesized by a facile hydrothermal approach. 
Solid State Sciences, 125, 106841. 

82) Prabagar, C. J., Anand, S., Janifer, M. A., Pauline, S., & Theoder, P. A. S. (2021). Effect of metal substitution (Zn, Cu and Ag) in 
cobalt ferrite nanocrystallites for antibacterial activities. Materials Today: Proceedings, 47, 1999–2006. 

83) Almessiere, M. A., Slimani, Y., Ali, S., Baykal, A., Balasamy, R. J., Guner, S., … Manikandan, A. (2022). Impact of Ga3+ ions on 
the structure, magnetic, and optical features of Co-Ni nanostructured spinel ferrite microspheres. Nanomaterials, 12(16), 2872. 

84) Chae, K. P., Choi, W.-O., Kang, B.-S., & Lee, Y. B. (2015). Effects of Ga substitution on crystallographic and magnetic properties 
of Co ferrites. Journal of Magnetics, 20(1), 26–30. 

85) Jaison, D., Gangwar, A., Kishore, P. N., Chandrasekaran, G., & Mothilal, M. (2020). Effect of Gd3+ substitution on proton 
relaxation and magnetic hyperthermia efficiency of cobalt ferrite nanoparticles. Materials Research Express, 7(6), 064009. 

86) Kadam, A. B., Mande, V. K., Kadam, S. B., Kadam, R. H., Shirsath, S. E., & Borade, R. B. (2020). Influence of gadolinium (Gd3+) 
ion substitution on structural, magnetic and electrical properties of cobalt ferrites. Journal of Alloys and Compounds, 840, 155669. 

87) Mohamed, M. B., & Yehia, M. (2014). Cation distribution and magnetic properties of nanocrystalline gallium substituted cobalt 
ferrite. Journal of alloys and compounds, 615, 181–187. 

88) Sánchez, J., Cortés-Hernández, D. A., & Rodríguez-Reyes, M. (2019). Synthesis of TEG-coated cobalt-gallium ferrites: 
Characterization and evaluation of their magnetic properties for biomedical devices. Journal of Alloys and Compounds, 781, 1040–
1047. 

FOUNDRY JOURNAL[ISSN:1001-4977] VOLUME 27 ISSUE 10

PAGE NO : 126



89) Sivaraman, G., & Kalainathan, S. (2016). Synthesis and microstructure of gallium substituted cobalt ferrite nanoparticles by 
hydrothermal method. International Journal of Nanoparticles, 9(1), 11. https://doi.org/10.1504/IJNP.2016.078500 

90) Aghav, P. S., Dhage, V. N., Mane, M. L., Shengule, D. R., Dorik, R. G., & Jadhav, K. M. (2011). Effect of aluminum substitution 
on the structural and magnetic properties of cobalt ferrite synthesized by sol–gel auto combustion process. Physica B: Condensed 
Matter, 406(23), 4350–4354. 

91) Anukool, W., El-Nabulsi, R. A., Dabagh, S., Almessiere, M., Ashiq, M. G. B., Guner, S., & Baykal, A. (2022). Effects of aluminum 
substitution on the microstructure and magnetic properties of cobalt ferrites prepared by the co-precipitation precursor. Applied 
Physics A, 128(8), 713. https://doi.org/10.1007/s00339-022-05831-3 

92) Dabagh, S., Ati, A. A., Ghoshal, S. K., Zare, S., Rosnan, R. M., Jbara, A. S., & Othaman, Z. (2016). Cu2+ and Al3+ co-substituted 
cobalt ferrite: structural analysis, morphology and magnetic properties. Bulletin of Materials Science, 39(4), 1029–1037. 
https://doi.org/10.1007/s12034-016-1233-8 

93) Dabagh, S., Ati, A. A., Rosnan, R. M., Zare, S., & Othaman, Z. (2015). Effect of Cu–Al substitution on the structural and magnetic 
properties of Co ferrites. Materials Science in Semiconductor Processing, 33, 1–8. 

94) Faramawy, A. M., Mattei, G., Scian, C., Elsayed, H., & Ismail, M. I. M. (2021). Cr3+ substituted aluminum cobalt ferrite 
nanoparticles: Influence of cation distribution on structural and magnetic properties. Physica Scripta, 96(12), 125849. 

95) Lin, Q., He, Y., Xu, J., Lin, J., Guo, Z., & Yang, F. (2018). Effects of Al3+ substitution on structural and magnetic behavior of 
CoFe2O4 ferrite nanomaterials. Nanomaterials, 8(10), 750. 

96) Ounacer, M., Rabi, B., Essoumhi, A., Sajieddine, M., Costa, B. F. O., Emo, M., … Sahlaoui, M. (2021). Influence of Al3+ 
substituted cobalt nano-ferrite on structural, morphological and magnetic properties. Journal of Alloys and Compounds, 854, 
156968. 

97) Priya, A. S., Geetha, D., & Kavitha, N. (2019). Effect of Al substitution on the structural, electric and impedance behavior of cobalt 
ferrite. Vacuum, 160, 453–460. 

98) Wahba, A. M., Ali, N. A., & Eltabey, M. M. (2014). Effect of Al-ion substitution on structural and magnetic properties of Co–Ni 
ferrites nanoparticles prepared via citrate precursor method. Materials Chemistry and Physics, 146(3), 224–229. 

99) Zare, S., Ati, A. A., Dabagh, S., Rosnan, R. M., & Othaman, Z. (2015). Synthesis, structural and magnetic behavior studies of Zn–
Al substituted cobalt ferrite nanoparticles. Journal of Molecular Structure, 1089, 25–31. 

100) Amaliya, A. P., Anand, S., & Pauline, S. (2018). Investigation on structural, electrical and magnetic properties of titanium 
substituted cobalt ferrite nanocrystallites. Journal of Magnetism and Magnetic Materials, 467, 14–28. 

101) An, S. Y., Shim, I.-B., & Kim, C. S. (2002). Mössbauer and magnetic properties of Co–Ti substituted barium hexaferrite 
nanoparticles. Journal of applied physics, 91(10), 8465–8467. 

102) Deng, W., Xiong, K., Ge, N., Yu, M., Chen, L., & Wang, J. (2022). Cobalt and titanium co-doped zinc ferrite film photoanode with 
boosted interfacial photoelectrocatalytic activity for efficient degradation of tetracycline via the covalency competition in the Zn-
O-Fe backbone. Chemical Engineering Journal, 433, 134456. 

103) Khalid, K., Zahra, A., Amara, U., Khalid, M., Hanif, M., Aziz, M.. Saeed, K. (2023). Titanium doped cobalt ferrite fabricated 
graphene oxide nanocomposite for efficient photocatalytic and antibacterial activities. Chemosphere, 338, 139531. 

104) Teh, G. B., Saravanan, N., & Jefferson, D. A. (2007). A study of magnetoplumbite-type (M-type) cobalt–titanium-substituted barium 
ferrite, BaCoxTixFe12- 2xO19 (x= 1–6). Materials Chemistry and Physics, 105(2–3), 253–259. 

105) Patil, B. A., & Kokate, R. D. (2018). Synthesis and design of magnetic parameters by Ti doping in cobalt ferrite nanoparticles for 
nanoelectronics applications. Procedia Manufacturing, 20, 147–153. 

106) Tatarchuk, T., Mironyuk, I., Kotsyubynsky, V., Shyichuk, A., Myslin, M., & Boychuk, V. (2020). Structure, morphology and 
adsorption properties of titania shell immobilized onto cobalt ferrite nanoparticle core. Journal of Molecular Liquids, 297, 111757. 

107) Li, J., Xu, T., Liu, L., Hong, Y., Song, Z., Bai, H., & Zhou, Z. (2021). Microstructure, magnetic and low-frequency microwave 
absorption properties of doped Co–Ti hexagonal barium ferrite nanoparticles. Ceramics International, 47(13), 19247–19253. 

108) Syazwan, M. M., Azis, R. S., Hashim, M., Ismayadi, I., Kanagesan, S., & Hapishah, A. N. (2017). Co–Ti- and Mn–Ti-substituted 
barium ferrite for electromagnetic property tuning and enhanced microwave absorption synthesized via mechanical alloying. Journal 
of the Australian Ceramic Society, 53(2), 465–474. https://doi.org/10.1007/s41779-017-0056-4 

109) Quyen, D. H., Hung, N. Q., & Nguyen, H. T. K. (2021). Preparation of Superparamagnetic Cobalt Ferrite Nanoparticles with High 
Saturation Magnetization by Temperature-Controlled Co-Precipitation Method. Journal of Nano Research, 68, 91–102. 

110) Karaagac, O., Yildiz, B. B., & Köçkar, H. (2019). The influence of synthesis parameters on one-step synthesized superparamagnetic 
cobalt ferrite nanoparticles with high saturation magnetization. Journal of Magnetism and Magnetic Materials, 473, 262–267. 

111) Chakradhary, V. K., Ansari, A., & Akhtar, M. J. (2019). Design, synthesis, and testing of high coercivity cobalt doped nickel ferrite 
nanoparticles for magnetic applications. Journal of Magnetism and Magnetic Materials, 469, 674–680. 

112) Fayazzadeh, S., Khodaei, M., Arani, M., Mahdavi, S. R., Nizamov, T., & Majouga, A. (2020). Magnetic Properties and Magnetic 
Hyperthermia of Cobalt Ferrite Nanoparticles Synthesized by Hydrothermal Method. Journal of Superconductivity and Novel 
Magnetism, 33(7), 2227–2233. https://doi.org/10.1007/s10948-020-05490-6 

113) Barani, M., Rahdar, A., Mukhtar, M., Razzaq, S., Qindeel, M., Olam, S. A. H.,Pandey, S. (2022).Recent application of cobalt ferrite 
nanoparticles as a theranostic agent. Materials Today Chemistry, 26, 101131. https://doi.org/10.1016/j.mtchem.2022.101131 

114) Vinosha, P. A., Manikandan, A., Preetha, A. C., Dinesh, A., Slimani, Y., Almessiere, M. A., Nirmala, G. F. (2021). Review on 
Recent Advances of Synthesis, Magnetic Properties, and Water Treatment Applications of Cobalt Ferrite Nanoparticles and 
Nanocomposites. Journal of Superconductivity and Novel Magnetism, 34(4), 995–1018. https://doi.org/10.1007/s10948-021-
05854-6 

115) Rezlescu, N., Rezlescu, E., Popa, P. D., Doroftei, C., & Ignat, M. (2014). Scandium substituted nickel–cobalt ferrite nanoparticles 
for catalyst applications. Applied Catalysis B: Environmental, 158–159, 70–75. https://doi.org/10.1016/j.apcatb.2014.03.052 

116) Kooti, M., & Afshari, M. (2012). Magnetic cobalt ferrite nanoparticles as an efficient catalyst for oxidation of alkenes. Scientia 
Iranica, 19(6), 1991–1995. https://doi.org/10.1016/j.scient.2012.05.005 

117) Barani, M., Rahdar, A., Mukhtar, M., Razzaq, S., Qindeel, M., Olam, S. A. H., Pandey, S. (2022). Recent application of cobalt 
ferrite nanoparticles as a theranostic agent. Materials Today Chemistry, 26, 101131. https://doi.org/10.1016/j.mtchem.2022.101131 

118) Vinosha, P. A., Manikandan, A., Preetha, A. C., Dinesh, A., Slimani, Y. Almessiere, M. A., Nirmala, G. F. (2021). Review on 
Recent Advances of Synthesis, Magnetic Properties, and Water Treatment Applications of Cobalt Ferrite Nanoparticles and 
Nanocomposites. Journal of Superconductivity and Novel Magnetism, 34(4), 995–1018. https://doi.org/10.1007/s10948-021-
05854-6 

119) Kefeni, K. K., Msagati, T. A. M., & Mamba, B. B. (2017). Ferrite nanoparticles: Synthesis, characterization and applications in an 
electronic device. Materials Science and Engineering: B, 215, 37–55. https://doi.org/10.1016/j.mseb.2016.11.002 

FOUNDRY JOURNAL[ISSN:1001-4977] VOLUME 27 ISSUE 10

PAGE NO : 127



120) Patil, B. A., & Kokate, R. D. (2018). Synthesis and Design of Magnetic Parameters by Ti doping in Cobalt Ferrite Nanoparticles 
for Nanoelectronics Applications. Procedia Manufacturing, 20, 147–153. https://doi.org/10.1016/j.promfg.2018.02.021 

121) Ashtosh Kumar Singh M. G. H. Zaidi, P.L.Sah and Rakesh Saxena (2018) A Review on Classification of Various Ferrite Particles 
on the Basis of Crystal Structure, Euro. J. Adv. Engg. Tech., 2018, 5(5):350-354 

FOUNDRY JOURNAL[ISSN:1001-4977] VOLUME 27 ISSUE 10

PAGE NO : 128



 

FOUNDRY JOURNAL[ISSN:1001-4977] VOLUME 27 ISSUE 10

PAGE NO : 129


