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Abstract— Cobalt ferrite magnetic nanoparticles have been regarded as a significant material in the field of nanotechnology for
their desirable physical, chemical, magnetic, electrical and optical properties. The particles possess rich and unique magnetic
properties such as high magnetocrystalline anisotropy, high coercivity, and moderate saturation magnetization etc. Easy
synthesis of the particles with tunable sizes and different shapes along with chemical stability make them practically important
in various technological applications. Tunable magnetic properties of the nanoparticles open up the possibility of a diverse range
of useful applications such as high-density magnetic storage media, sensors, telecommunications, nano-biotechnology etc. This
review article represents an overview of synthesis techniques, magnetic properties and various applications of cobalt ferrite
nanoparticles including hyperthermia therapy, drug delivery, magnetic resonance imaging etc.
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1. Introduction

In recent years, magnetic nanoparticles (MNPs) have gained
considerable attention among researchers due to their several
useful inherent properties. Among them, spinal cobalt ferrite
MNPs are of special interest. The ferrite nanoparticles (NPs)
are potentially used in data storage devices [1], ferrofluids
[2], magnetic resonance imaging (MRI) [3], drug delivery [4],
hyperthermia therapy [5], magnetic sensors [6], permanent
magnets [7] etc. Spinal ferrites have a face-centered cubic
structure with a stoichiometry of MFe,O, (M=metal such as
Fe?*, Zn*, Co®*, Mn*, Ni**, Mg?). In spinel ferrite structure
the Fe®" atoms occupy the sixteen octahedral positions while
M?" occupy eight tetrahedral positions. In the inverse spinel
ferrite structure, half of the Fe*' ions are located in the
tetrahedral position while another half of the Fe** ions and all
M? ions are located in the octahedral position [8]. Generally,
cobalt ferrite (M*=Co?") has an inverse spinal structure
however depending on the synthesis condition, the tetrahedral
and octahedral positions are occupied in a different way by
Fe** and Co”" cations and a mixed spinal ferrite structure is
formed [9, 10]. Various cation distributions lead to different
oxidation states that greatly influence the magnetic, optical
and electronic properties. Among the spinel ferrite
nanoparticles, spinel cobalt ferrite (CoFe,O4) is most
remarkable for their noble magnetic property such as high
coercivity (Hc), high saturation magnetization (Ms), and large
remanent magnetization (Mr). The large surface area to
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volume ratio of the nanostructures provides the structural
degrees of freedom that induces various unique properties
different from their bulk counterpart [11, 12]. Several
nanostructures such as nanoparticles, nano-wires, nano-
ribbons, thin films, core-shell structures, and nanocomposites
of cobalt ferrite have been developed to enhance/modify the
magnetic properties of the material [13-18]. The size and
shape of the NPs also influence the magnetic properties
drastically which can be controlled by various synthesis
techniques [19, 20]. Sol-gel method [21], coprecipitation
[22], hydrothermal coprecipitation [23], reversed micelles
coprecipitation [24], electrochemical method etc. are most
commonly used to synthesize cobalt ferrite nanoparticles
(CFNPs). Several techniques are available to fabricate cobalt
ferrite thin films such as sputtering deposition [25], pulsed
laser deposition [26], molecular beam epitaxy [27], spray
pyrolysis [28], spin coating [29], etc. Thin films of cobalt
ferrite are practically important for various technological
applications such as magnetic recording media, magnetic/gas
sensors, microwave device applications, supercapacitors,
solar absorbers, resistive switching etc [29-31]. Besides
CFMNPs proved their potential in various biomedical
applications. The useful applications of the nanoparticles can
be found in magnetic resonance imaging, drug delivery,
magnetic fluid hyperthermia therapy, bio-separation etc [32,
33].
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An overview of cobalt ferrite nanoparticles (crystal structure,
synthesis technique, applications) has been presented in the
above section. The rest of the paper is organized as follows;
Section 2 reviews recent works on cobalt ferrite
nanomaterials. In section 3, comparative findings of recent
work in this field have been depicted. Section 4 comprises the
conclusion of this article and the future scope in this field.

2. Comparison

In thin film large perpendicular magnetic anisotropy (PMA)
is required to enhance the density of magnetic recording and
magnetic random access memory storage [34, 35]. The
substrate-induced epitaxial strain produces a magneto-elastic
effect in a uniaxial distortion that gives a large PMA in cobalt
ferrite thin film. For example, cobalt-ferrite thin films grown
on a MgO (001) substrate undergoing 0.5% in-plane tensile
strain results in the introduction of a large PMA energy (K, of
14.7 Merg/cm®) [25, 36]. A similar result was also observed
when thin films of cobalt ferrite were grown on a MgAl,O,
(001) substrate. A large negative K, of 60 Merg/cm® was
observed for 3.6% in-plane compressive strain [37]. It has
been observed that the lattice strain due to the fabrication of
cobalt ferrite thin film on various substrates induced a giant
PMA [38]. High-coercivity cobalt ferrite nanoparticles are
promising materials for their applications in magneto-optical
recording media and permanent magnets. Size-dependent
magnetic properties of the nanocrystalline cobalt ferrite (CF)
particles make them practically important in high-density data
storage devices. The coercivity (Hc) and magnetic saturation
(Mg) of the magnetic nanoparticles strongly depend on
domain size and shape. As the crystallite/particle size
decreases the coercivity of the MNPs increases and reaches at
maximum for single-domain particles at a critical
diameter/size [39]. The critical single domain particle size for
maximum H¢ of cobalt ferrite nanoparticles is about 40 nm
[24, 40, 41]. With the further decrease of particle size, the H¢
decreases and becomes zero at a certain particle size. The
particles show superparamagnetic behaviour. A wide range of
applications can be achieved with these magnetic
nanoparticles by varying Hc through tuning of crystallite size.
Enhancement of H¢ by various techniques such as thermal
annealing [42, 43], capping [44] mechanical milling [45] etc
have been reported in the literature. Small-size
superparamagnetic and ferromagnetic cobalt ferrite particles
have significant applications in biotechnology [46]. In
hyperthermia therapy and drug delivery, ferromagnetic and/or
superparamagnetic CF particles are very useful however
surface modification of the particles is also necessary for
those applications [47]. Recently, cobalt ferrite nanoparticles
have attracted immense attention from the researcher for their
latent application in water treatment. The CFMNPs are used
as adsorbents and photocatalysts in wastewater treatment
[48].

3. Comparative finding

3.1 Synthesis strategies of CFMNPs
Depending on technical applications various synthesis
techniques have been utilized to prepare CFMNPs. Generally,
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for biotechnological purposes particles are prepared by
hydrolytic synthesis. Under hydrolytic synthesis, there are
three  methods, namely coprecipitation, hydrothermal
coprecipitation and reversed micelles coprecipitation. There
are some advantages and disadvantages of all these synthesis
methods. Spherical shape particles with sizes ranging from 10
nm to 100 nm can be prepared by the coprecipitation method.
Low-cost reagents are required in this synthesis process. The
surface modification of the particles prepared in this method
is easy, an important criterion for biomedical use. The
disadvantage of this synthesis method is broad particle size
distribution [49]. Small-sized, disc and spherical shaped
particles (15 nm -30 nm) with narrow size distribution can be
prepared by the hydrolytic coprecipitation method [50]. To
improve the size control and particle size distribution, the
reversed micelles coprecipitation method is very suitable
[51]. Various shapes like cubes, spheres and needles can be
formed with sizes ranging from 2 nm to 80 nm in this
synthesis method. However, the crystallinity of the particles
is not good and the removal of surfactant used in this method
is not easy. Apart from those synthesis methods, non-
hydrolytic method is also significant for narrow size
distribution, high size control and high crystallinity of the
particles. Different shapes of particles like cubes, spheres,
triangles, tetrapodes and rods can be prepared by this method.
The size of the particles can also be varied in a wide range
from 3 nm to 500 nm [52]. Mechanical milling is a process to
enhance magnetic properties in the CFMNPs. The high
density of defects and high level of strain produced by milling
in the CFMNPs induce large coercivity [53]. To induce high
coercivity in the CFMNPs, capping with suitable material
also plays an important role [24]. A high coercivity of 9.47
kOe was observed by Limaye et al. in oleic acid-capped
chemically synthesized CFMNPs of crystallite size ~20 nm
[54]. The core-shell structures of cobalt ferrite nanoparticles
have been studied widely for hyperthermia therapy [55, 56].
Mesoporous  cobalt  ferrite/hydroxyapatite  core-shell
nanocomposites have been prepared by Hassanzadeh-Tabrizi
et al. and they investigated the compatibility of the
nanocomposites for hyperthermia and drug release
applications [57].

3.2 Various applications of CFMNPs

Cobalt ferrite (CoFe,0,) is a significant hard magnetic oxide
owing to its several potential applications such as in high-
density magnetic recording, magnetic random access memory
storage, magneto-optical and magneto-electric devices as well
as in the biotechnological field [58-61]. The nanosized
magnetic materials have unique magnetic properties which
have a striking dependence on their size. Besides, the
interaction among the particles strongly influences the
magnetic properties of the MNPs. In recent years great
attention to MNPs has been focused because of the
opportunity to modify the magnetic properties of the particles
by controlling the size, shape and cation distribution [62].
The large coercivity and magnetic remanence of cobalt ferrite
MNPs have opened a new opportunity to be utilized as
permanent magnets as they duplicate the properties of Alnico
permanent magnet alloys [63]. Recently cobalt ferrite
nanomaterials have been considered as a promising gas-
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sensing element for their temperature-dependent surface
morphology and electronic structure [64]. Recently,
Xiangfeng et al. [65] investigated the gas-sensing properties
of cobalt ferrite nano-crystallites synthesized via
hydrothermal route for the sensing of ethanol. The
biocompatibility and antibacterial property of the cobalt
ferrite NPs makes them a suitable option for antibacterial uses
in the industrial, food, and medical fields [66-68]. Doping
with rare earth elements (La, Ce, Sm, Gd, Dy and Er) in
CFMNPs has opened a new area of research as it modifies the
structural, magnetic and dielectric properties of the material
significantly. A suitable amount of trivalent Gadolinium
substitution in cobalt ferrite nanomaterials enhances its
magnetic and electrical properties which makes it a promising
material to be used in high-density storage devices [69-71].
The rare earth ions have a higher tendency to occupy the
octahedral position (B-site) in the spinel structure owing to
their large size. However, there are some reports in the
literature where a decrease of He and Mgwas observed while
doping with rare earth elements perhaps due to dilution of
magnetic moments [72]. Besides, Ni, Mn, Al, In, etc. other
elements were substituted in cobalt ferrite to explore the
magnetic, optical and electric properties [73-75]. Nowadays,
there is an increasing interest in the application of CFMNPs
in biomedicine. The rapid development of nanotechnology
has made a huge impact in the field of nanoparticle-based
biomedical applications. Utilizing the properties of the
MNPs, various technological applications have been
developed such as magnetic resonance imaging (MRI), bio-
separation, biosensing, bacteria detection and sequestration
by magnetic capture, monitoring stem cell migration,
hyperthermia, drug delivery etc [76, 77]. CFMNPs are
effective in diagnostic and therapeutic applications in the
field of biology as they are biocompatible. In hyperthermia
therapy and drug delivery, the CFMNPs are also promising
material. However, this kind of application requires surface
coating/ functionalization of the particles [78-80].

4. Conclusion and future scope

With the advancement of nanoscience and nanotechnology,
cobalt ferrite MNPs have explored its many facets. Several
new synthesis methods have been developed based on their
applications, which led to the development of cobalt ferrite
with graceful properties. In addition, the application of cobalt
ferrite MNPs have been explored in various growing fields
such as biomedicine, catalysis, permanent magnets, sensors
etc. Recently the implementation of CFMNPs in water
purification utilizing the property of adsorption and
photocatalysis has become a growing field of interest. The
application of cobalt ferrite nanomaterials in the biomedical
field is a growing field of interest. However, for clinical
application of the CFMNPs the properties like cytotoxicity,
biodegradability, adsorption, distribution, metabolism and
elimination are of great concern. A lot of basic and clinical
research needs to be done to make these
applications/technologies a useful tool in the near future.

Conflict of Interest
The author declares no conflict of interest.

© 2023, IJSRPAS All Rights Reserved

Vol.11, Issue.5, Oct 2023

References

[1] M. Kamran, and M. Anis-ur-Rehman, “Enhanced transport
properties in Ce doped cobalt ferrites nanoparticles for resistive
RAM applications,” Journal of Alloys and Compounds, Vol.
822, p. 153583, 2020.

[2] A. Amirabadizadeh, Z. Salighe, R. Sarhaddi, and Z. Lotfollahi,
“Synthesis of ferrofluids based on cobalt ferrite nanoparticles:
Influence of reaction time on structural, morphological and
magnetic properties,” Journal of Magnetism and Magnetic
Materials, Vol. 434, pp. 78-85, 2017.

[3] M. Nidhin, S. S. Nazeer, R. S. Jayasree, M. S. Kiran, B. U.
Nair, and K. J. Sreeram, “Flower shaped assembly of cobalt
ferrite nanoparticles: application as T, contrast agent in MRI,”
RSC Advances, Vol. 3, pp. 6906-6912, 2013.

[4] X. Mou, Z. Ali, S. Li, and N. He, “Applications of Magnetic
Nanoparticles in Targeted Drug Delivery System,” Journal of
Nanoscience and Nanotechnology, Vol. 15, pp. 54-62, 2015.

[5] S. Fayazzadeh, M. Khodaei, M. Arani, S. R. Mahdavi, T.
Nizamov, and A. Majouga, “Magnetic Properties and Magnetic
Hyperthermia of Cobalt Ferrite Nanoparticles Synthesized by
Hydrothermal Method,” Journal of Superconductivity and
Novel Magnetism, Vol. 33, pp. 2227-2233, 2020.

[6] P. Halvaee, S. Dehghani, S. Hoghoghifard, “Low Temperature
Methanol Sensors Based on Cobalt Ferrite Nanoparticles,
Nanorods, and Porous Nanoparticles," IEEE Sensors Journal,
vol. 20, pp. 4056-4062, 2020.

[7] F. J. Pedrosa, J. Rial, K. M. Golasinski, M. N. Guzik, A.
Quesada, J. F. Fernandez, S. Deledda, J. Camarero, and A.
Bollero, “Towards high performance CoFe,O, isotropic
nanocrystalline powder for permanent magnet applications,”
Applied Physics Letter, Vol. 109, p. 223105, 2016.

[8] V. Tsurkan, H.-A. Krug von Nidda, J. Deisenhofer, P.
Lunkenheimer, and A. Loidl, “On the complexity of spinels:
Magnetic, electronic, and polar ground states,” Physics Reports,
Vol. 926, pp. 1-86, 2021.

[9] D. Carta, A. Corrias, A. Falqui, R. Brescia, E. Fantechi, F.
Pineider, and C. Sangregorio, “EDS, HRTEM/STEM, and X-
ray absorption spectroscopy studies of co-substituted
maghemite nanoparticles,” The Journal of Physical Chemistry
C, Vol. 117 (18), pp. 9496-9506, 2013.

[10] M. N. Singh, A. K. Sinha, and H. Ghosh, Determination of
transition metal ion distribution in cubic spinel Col.5Fel.504
using anomalous x-ray diffraction, AIP Adv., Vol. 5, p. 087115,
2015.

[11] S. C. Goh, C. H. Chia, S. Zakaria, M. Yusoff, C. Y. Haw, S.
Ahmadi, N. M. Huang, and H. N. Lim, “Hydrothermal
preparation of high saturation magnetization and coercivity
cobalt ferrite nanocrystals without subsequent calcination,”
Materials Chemistry and Physics, Vol. 120, pp. 31-35, 2010.

[12] G. Baldi, D. Bonacchi, C. Innocenti, G. Lorenzi, C.
Sangregorio, “Cobalt ferrite nanoparticles: The control of the
particle size and surface state and their effects on magnetic
properties,” Journal of Magnetism and Magnetic Materials,
Vol. 311, pp. 10-16, 2007.

[13] W. Kachi, A.  Majeed Al-Shammari, I.  G. Zainal, “Cobalt
Ferrite  Nanoparticles: Preparation, characterization and
salinized with  3-aminopropyl triethoxysilane,” Energy
Procedia, Vol. 157, pp. 1353-1365, 2019.

[14] S. M. El-Sheikh, F. A. Harraz, M. M. Hessien, “Magnetic
behavior of cobalt ferrite nanowires prepared by template-
assisted technique,” Materials Chemistry and Physics, Vol.
123, pp. 254-259, 2010.

[15] P. Jing, J. Du, C. Jin, J. Wang, L. Pan, J. Li and Q. Liu,
“Improved  coercivity and  considerable  saturation
magnetization of cobalt ferrite (CoFe,O4) nanoribbons

27


https://pubs.rsc.org/en/results?searchtext=Author%3AMarimuthu%20Nidhin
https://pubs.rsc.org/en/results?searchtext=Author%3AShaiju%20S%20Nazeer
https://pubs.rsc.org/en/results?searchtext=Author%3ARamapurath%20S%20Jayasree
https://pubs.rsc.org/en/results?searchtext=Author%3AManikantan%20Syamala%20Kiran
https://pubs.rsc.org/en/results?searchtext=Author%3ABalachandran%20Unni%20Nair
https://pubs.rsc.org/en/results?searchtext=Author%3ABalachandran%20Unni%20Nair
https://pubs.rsc.org/en/results?searchtext=Author%3AKalarical%20Janardhanan%20Sreeram
https://link.springer.com/journal/10948
https://link.springer.com/journal/10948
https://ieeexplore.ieee.org/author/37088346803
https://ieeexplore.ieee.org/author/37088343521
https://ieeexplore.ieee.org/author/37088347036
https://www.sciencedirect.com/journal/energy-procedia
https://www.sciencedirect.com/journal/energy-procedia

Int. J. Sci. Res. in Physics and Applied Sciences

synthesized by electrospinning,” Journal of Materials
Science, Vol. 51, pp. 885-892, 2016.

[16] F. Eskandari, S. B. Porter, M. Venkatesan, P. Kameli, K. Rode,
and J. M. D. Coey, “Magnetization and anisotropy of cobalt
ferrite thin films,” Physical Review Materials, Vol. 1, p.
074413, 2017.

[17] J. Wagner, T. Autenrieth, and R. Hempelmann, “Core shell
particles consisting of cobalt ferrite and silica as model
ferrofluids [CoFe,0,-SiO, core shell particles],” Journal of
Magnetism and Magnetic Materials, VVol. 252, pp. 4-6, 2002.

[18] L. A. Garcia-Cerda, M. U. Escarefioastro, M. Salazar-Zertuche,
“Preparation and characterization of polyvinyl alcohol-cobalt
ferrite nanocomposites,” Journal of Non-Crystalline Solids,
Vol. 353, pp. 808-810, 2007.

[19] J. Mohapatra, M. Xing, J. Elkins, J. Beatty, and J. P. Liu, “Size-
dependent magnetic hardening in CoFe,O,4 nanoparticles:
effects of surface spin canting,” Journal of Physics D: Applied
Physics, Vol. 53, p. 504004, 2020.

[20] A. Lopez-Ortega, E. Lottini, C. de Julidn Ferndndez, and C.
Sangregorio, “Exploring the magnetic properties of cobalt-
ferrite nanoparticles for the development of rare-earth-free
permanent magnet,” Chemistry of Materials, Vol. 27, pp. 4048—
4056, 2015.

[21] J. G. Lee, J. Y. Park, and C. S. Kim, “Growth of ultra-fine
cobalt ferrite particles by a sol-gel method and their magnetic
properties,” Journal of Materials Science, Vol. 33, pp. 3965-
3968, 1998.

[22] D. D. Andhare, S. R.Patade, J. S. Kounsalye, K. M. Jadhav,
“Effect of Zn doping on structural, magnetic and optical
properties of cobalt ferrite nanoparticles synthesized via. Co-
precipitation method,” Physica B: Condensed Matter, Vol. 583,
p. 412051, 2020.

[23] G. Allaedini, S. M. Tasirin, and P. Aminayi, “Magnetic
properties of cobalt ferrite synthesized by hydrothermal
method,” International Nano Letters, Vol.5, pp. 183-186,
2015.

[24] D. Pal, M. Mandal, A. Chaudhuri, B. Das, D. Sarkar, and K.
Mandal, “Micelles induced high coercivity in single domain
cobalt-ferrite nanoparticles,” Journal of Applied Physics,” Vol.
108, p. 124317, 2010.

[25] T. Niizeki, Y. Utsumi, R. Aoyama, H. Yanagihara, J. Inoue et
al, “Extraordinarily large perpendicular magnetic anisotropy in
epitaxially strained cobalt-ferrite Co,Fe;_,04(001) (x=0.75,
1.0) thin films,” Applied Physics Letter, Vol. 103, p. 162407,
2013.

[26] A. Raghunathan, I. C. Nlebedim, D. C. Jiles, J. E. Snyder,
“Growth of crystalline cobalt ferrite thin films at lower
temperatures using pulsed-laser deposition technique,” Journal
of Applied Physics, Vol. 107, p. 09A516, 2010.

[27] S. A. Chambers, R. F. C. Farrow, S. Maat, M.
F. Toney, L. Folks, J. G. Catalano, T. P. Trainor, G.
E. Brown Jr, “Molecular beam epitaxial growth and properties
of CoFe,0,0on MgO (001),” Journal of Magnetism and
Magnetic Materials, VVol. 246, pp. 124-139, 2002.

[28] A. A. Bagade, V. V. Ganbavle, S. V. Mohite, T. D. Dongale, B.
B. Sinha, K. Y. Rajpure, “Assessment of structural,
morphological, magnetic and gas sensing properties of CoFe,0,4
thin films,” Journal of Colloid and Interface Science, Vol. 497,
pp. 181-192, 2017.

[29] F. Tudorachea, P. D. Popa, M. Dobromir, F. lacomi, “Studies
on the structure and gas sensing properties of nickel—cobalt
ferrite thin films prepared by spin coating,” Materials Science
and Engineering B, Vol. 178, pp. 1334-1338, 2013.

[30] V. A.Jundale, D. A.Patil, G. Y.Chorage, A. A. Yadav,
“Mesoporous cobalt ferrite thin film for supercapacitor
applications,” Materials Today: Proceedings, Vol. 43, pp.
2711-2715, 2021.

© 2023, IJSRPAS All Rights Reserved

Vol.11, Issue.5, Oct 2023

[31] W. Hu, L. Zou, R. Chen, W. Xie, X. Chen, N. Qin, S. Li, G.
Yang, and D. Bao, “Resistive switching properties and physical
mechanism of cobalt ferrite thin films,” Applied Physics
Letters, Vol. 104, p. 143502, 2014.

[32] A. Das, D. De, A. Ghosh, M. M. Goswami, “DNA engineered
magnetically tuned cobalt ferrite for hyperthermia application,”
Journal of Magnetism and Magnetic Materials, Vol. 475,
pp.787-793, 2019.

[33] D. Pal, “Magnetic Nanoparticles in Various Biomedical
Applications,” Journal of Advanced Scientific Research, Vol.
13, pp. 1-6, 2022.

[34] S. N. Piramanayagam, “Perpendicular recording media for hard
disk drives,” Journal of Applied Physics, Vol. 102, p. 011301,
2007.

[35] R. Sbiaa, H. Meng, and S. N. Piramanayagam, “Materials with
perpendicular magnetic anisotropy for magnetic random access
memory,” Physica Status Solidi, Rapid Research Letters, Vol.
5, pp. 413-419, 2011.

[36] H. Yanagihara, Y. Utsumi, T. Niizeki, J. Inoue, and E. Kita,
“Perpendicular magnetic anisotropy in epitaxially strained
cobalt-ferrite (001) thin films,” Journal of Applied Physics,
Vol. 115, p. 17A719, 2014.

[37] H. Onoda, H. Sukegawa, E. Kita and H. Yanagihara, “Control
of Magnetic Anisotropy by Lattice Distortion in Cobalt Ferrite
Thin Film,” IEEE Transactions on Magnetics, VVol. 54, pp. 1-4,
2018.

[38] Y. Suzuki, G. Hu, R. B.van Dover,R. J.Cava, “Magnetic
anisotropy of epitaxial cobalt ferrite thin films,” Journal of
Magnetism and Magnetic Materials, Vol. 191, pp. 1-8, 1999.

[39] B. D. Cullity, “Introduction to Magnetic Material,” 2nd ed.
London: Addison-Wesley; 1972.

[40] C. N. Chinnasamy, M. Senoue, B. Jeyadevan, Oscar Perales-
Perez, K. Shinoda, and K. Tohji, “Synthesis of size-controlled
cobalt ferrite particles with high coercivity and squareness
ratio,” Journal of Colloid and Interface Science, Vol. 263, pp.
80-83, 2003.

[41] S. Amiri, H. Shokrollahi, “The role of cobalt ferrite magnetic
nanoparticles in medical science,” Materials Science and
Engineering C, VVol. 33, pp. 1-8, 2013.

[42] W. S. Chiua, S. Radiman, R. Abd-Shukor, M. H. Abdullah, P.
S. Khiew, “Tunable coercivity of CoFe204 nanoparticles via
thermal annealing treatment,” Journal of Alloys and
Compounds, Vol. 459, pp. 291-297, 2008.

[43] D. Pal, “Annealing Induced Coercivity in Cobalt-ferrite
Nanoparticles Prepared by Coprecipitation  Method,”
International Journal of Scientific Research in Physics and
Applied Sciences, Vol. 11, pp. 01-05, 2023.

[44] M. V. Limaye, S. B. Singh, S. K. Date, D. Kothari, V. R.
Reddy, A. Gupta, V. Sathe, R. J. Choudhary, S. K. Kulkarni,
“High coercivity of oleic acid capped CoFe,O, nanoparticles at
room temperature,” Journal of Physical Chemistry B, Vol. 113,
pp. 9070-9076, 2009.

[45] B. H. Liu, J. Ding, “Strain-induced high coercivity in CoFe,0,
powders,” Journal of Physical Chemistry B, Vol. 88, p. 042506,
20086.

[46] S. Y. Srinivasan, K. M. Paknikar, D. Bodas, and V. Gajbhiye,
“Applications of cobalt ferrite nanoparticles in biomedical
nanotechnology,” Nanomedicine, Vol. 13, No. 10, 2018.

[47] D. Pal, D. De, A. Das, A. Chaudhuri, and M. M. Goswami,
“Synthesis of Micelles Guided Co-Ferrite Particles and Their
Application for AC Magnetic Field Stimulated Drud Release,”
Journal of Advance Scientific Research, Vol. 11(03), pp. 170-
175, 2020.

[48] P. A. Vinosha, A. Manikandan, A. Christy Preetha, A. Dinesh,
Y. Slimani, M. A. Almessiere, A. Baykal, B. Xavier, and G. F.
Nirmala, “Review on Recent Advances of Synthesis, Magnetic
Properties, and Water Treatment Applications of Cobalt Ferrite

28


https://link.springer.com/journal/10853
https://link.springer.com/journal/10853
https://www.sciencedirect.com/journal/journal-of-non-crystalline-solids
https://iopscience.iop.org/journal/0022-3727
https://iopscience.iop.org/journal/0022-3727
https://www.sciencedirect.com/journal/physica-b-condensed-matter

Int. J. Sci. Res. in Physics and Applied Sciences

Nanoparticles and Nanocomposites,” Journal of
Superconductivity and Novel Magnetism, Vol. 34, PP. 995-
1018, 2021.

[49] A. K. Gupta, and M. Gupta, “Synthesis and surface engineering
of iron oxide nanoparticles for biomedical
applications,” Biomaterials, Vol. 26 (18), pp. 3995-4021, 2005.

[50] S. Ge, X. Shi, K. Sun, C. Li, C. Uher, J. R. Baker Jr., M. M. B.
Holl, and B. G. Orr, “Facile Hydrothermal Synthesis of Iron
Oxide Nanoparticles with Tunable Magnetic Properties,” The
Journal of Physical Chemistry C, Vol. 113(31), pp. 13593-
13599, 2009.

[51] Y. Lee, J. Lee, C.J. Bae, J.-G. Park, H.-J. Noh, J.-H. Park, T.
Hyeon, “Large-Scale Synthesis of Uniform and Crystalline
Magnetite  Nanoparticles Using Reverse Micelles as
Nanoreactors under Reflux Conditions,” Advanced Functional
Materials, Vol. 15, pp. 503-509, 2005.

[52] P. Guardia, A. Labarta and X. Batlle, “Tuning the Size, the
Shape, and the Magnetic Properties of Iron Oxide
Nanoparticles,” The Journal of Physical Chemistry C, Vol. 115,
pp. 390-396, 2011.

[53] B. H. Liu, J. Ding, Z. L. Dong, C. B. Boothroyd, J. H. Yin, and
J. B. Yi, “Microstructural evolution and its influence on the
magnetic properties of CoFe,O, powders during mechanical
milling,” Physical Review B, Vol. 74, p. 184427, 2006.

[54] M. V. Limaye, S. B. Singh, S. K. Date, D. Kothari, V. R.
Reddy, A. Gupta, V. Sathe, R. J. Choudhary, and S. K.
Kulkarni, “High Coercivity of Oleic Acid Capped CoFe,0,
Nanoparticles at Room Temperature,” The Journal of Physical
Chemistry B, Vol. 113, pp. 9070-9076 2009.

[55] T. Yadavalli, H. Jain, G. Chandrasekharan, R. Chennakesavulu,
“Magnetic hyperthermia heating of cobalt ferrite nanoparticles
prepared by low temperature ferrous sulfate based method”,
AIP Advances, Vol. 6, p. 055904, 2016.

[56] A. H. Habib, C. L. Ondeck, P. Chaudhary, M. R. Bockstaller
and M. E. McHenry, “Evaluation of iron-cobalt/ferrite core-
shell nanoparticles for cancer thermotherapy,” Journal of
Applied Physics, Vol. 103, p. 07A307, 2008.

[57] S. A. Hassanzadeh-Tabrizi, H. Norbakhsh, R. Pournajaf, M.
Tayebi, “Synthesis of mesoporous cobalt ferrite/hydroxyapatite
core-shell nanocomposite for magnetic hyperthermia and drug
release applications,” Ceramics International, Vol. 47, pp.
18167-18176, 2021.

[58] J. Ding, Y. J. Chen, Y. Shi, and S. Wang, “High coercivity in
SiO2-doped CoFe204 powders and thin films,” Applied
Physics Letters, Vol. 77, pp. 3621-3623, 2000.

[59]1 H.  Zheng, et al. “Multiferroic  BaTiO3-CoFe,04
Nanostructures.” Science (New York, N.Y.) Vol. 303, p. 5658,
2004.

[60] P. A. Vinosha, A. Manikandan, R. Ragu, A. Dinesh, K.
Thanrasu, Y. Slimani, A. Baykal, B. Xavie, “Impact of nickel
substitution on structure, magneto-optical, electrical and
acoustical properties of cobalt ferrite nanoparticles, “Journal of
Alloys and Compounds,” Vol. 857, p. 157517, 2021.

[61] S. Y. Srinivasan, K. M. Paknikar, D. Bodas, and V. Gajbhiye,
“Applications of cobalt ferrite nanoparticles in biomedical
nanotechnology,” Nanomedicine (Lond.), Vol. 13, No. 10,
2018.

[62] M. A. Khan, M. J. U. Rehman, K. Mahmood, I. Ali, M. N.
Akhtar, G. Murtaza, |. Shakir, M. F. Warsi, “Impacts of Th
substitution at cobalt site on structural, morphological and
magnetic properties of cobalt ferrites synthesized via double
sintering method,” Ceramics International, Vol. 41, pp. 2286-
2293, 2015.

[63] R. B. Falk, G. D. Hooper, Journal of Applied Physics, Vol. 32,
p. 190S, 1961.

[64] S. Singh, A. Singh, B. C. Yadav, P. Tandon, “Synthesis,
characterization, magnetic measurements and liquefied

© 2023, IJSRPAS All Rights Reserved

Vol.11, Issue.5, Oct 2023

petroleum gas sensing properties of nanostructured cobalt
ferrite and ferric oxide,” Materials Science in Semiconductor
Processing, Vol. 23, pp. 122-135, 2014.

[65] C. Xiangfeng, J. Dongli, G. Yu, Z. Chenmou, “Ethanol gas
sensor based on CoFe,0O, nano-crystallines prepared by
hydrothermal method,” Sensors and Actuators B: Chemical,
Vol. 120, pp. 177-181, 2006.

[66] Z. Li and K. A. Kho, “Preparation and Properties of Coatings
and Thin Films on Metal Implants,” Encyclopedia of
Biomedical Engineering, Vol. 13, pp. 203-212, 20109.

[67] P. Kumar, P. Mahajan, R. Kaur, and S. Gautam,
“Nanotechnology and its challenges in the food sector: a
review,” Materials Today Chemistry, Vol. 17, p. 100332, 2020.

[68] D. Gheidari, M. Mehrdad, S. Maleki, and S. Hosseini,
“Synthesis and potent antimicrobial activity of CoFe,O,
nanoparticles under visible light,” Heliyon, Vol. 6, p. 05058,
2020.

[69] S. Amiri and H. Shokrollahi, “Magnetic and structural
properties of RE doped Co-ferrite (REANd, Eu, and Gd) nano-
particles synthesized by co-precipitation,” Journal of
Magnetism and Magnetic Materials, Vol. 345, pp. 18-23, 2013.

[70] G. Dascalu, T. Popescu, M. Feder, O. F. Caltun, “Structural,
electric and magnetic properties of CoFe;gRE,,0, (RE=Dy,
Gd, La) bulk materials,” Journal of Magnetism and Magnetic
Materials, Vol. 333, pp. 69-74, 2013.

[71] Mohd. Hashim, M. Raghasudha, S. S. Meena, J. Shah et al,
“Influence of rare earth ion doping (Ce and Dy) on electrical
and magnetic properties of cobalt ferrites,” Journal of
Magnetism and Magnetic Materials, Vol. 449, pp. 319-327,
2018.

[72] A. K. Nikumbh, R. A. Pawar, D. V. Nighot, G. S. Gugale, M.
D. Sangale, M. B. Khanvilkar, A. V. Nagawade, “Structural,
electrical, magnetic and dielectric properties of rare-earth
substituted cobalt ferrites nanoparticles synthesized by the co-
precipitation method,” Journal of Magnetism and Magnetic
Materials, Vol. 355, pp. 201-209, 2014.

[73] S. Fiaz, M. N. Ahmed, I. U. Haqg, S. W. A. Shah, M. Waseem,
“ Green synthesis of cobalt ferrite and Mn doped cobalt ferrite
nanoparticles: Anticancer, antidiabetic and antibacterial
studies,” Journal of trace elements in medicine and biology:
organ of the Society for Minerals and Trace Elements (GMS),
Vol.80, p. 127292, 2023.

[74] R. Nongjai, S. Khan, K. Asokan, H. Ahmed, I. Khan,
“Magnetic and electrical properties of In doped cobalt ferrite
nanoparticles,” Journal of Applied Physics, Vol. 112, p.
084321, 2012.

[75] A. S. Priya, D. Geetha, N. Kavitha, “Effect of Al substitution
on the structural, electric and impedance behavior of cobalt
ferrite,” Vacuum, Vol. 160, pp. 453-460, 2019.

[76] K. Wu, D. Su, J. Liu, R. Saha, and J. P. Wang, “Magnetic
nanoparticles in nanomedicine: a review of recent advances,”
Nanotechnology, Vol. 30, p. 502003, 2019.

[77] M. A. Medina, G. Oza, A. Angeles-Pascual, M. M. Gonzélez,
R. Antafio-Ldpez, A. Vera, L. Leija, E. Reguera, L. G. Arriaga,
J. M. Hernandez Hernandez et al, “Synthesis, Characterization
and Magnetic Hyperthermia of Monodispersed Cobalt Ferrite
Nanoparticles for Cancer Therapeutics,” Molecules, Vol.
25(19), pp. 4428, 2020.

[78] R. A. Bohara, N. D. Thorat, H. M. Yadav, and S. H. Pawar,
“One-step synthesis of uniform and biocompatible amine
functionalized cobalt ferrite nanoparticles: a potential carrier
for biomedical applications,” New Journal of Chemistry, Vol.
38, pp. 2979-2986, 2014.

[791 S. M. Ansari, B. B.Sinha, K. R.Pai,S. K.Bhat,Y.
R. Ma, D. Sen et al, “Controlled surface/interface structure and
spin enabled superior properties and biocompatibility of cobalt

29


https://onlinelibrary.wiley.com/authored-by/Lee/Y.
https://onlinelibrary.wiley.com/authored-by/Lee/J.
https://onlinelibrary.wiley.com/authored-by/Bae/C.%E2%80%89J.
https://onlinelibrary.wiley.com/authored-by/Park/J.%E2%80%90G.
https://onlinelibrary.wiley.com/authored-by/Noh/H.%E2%80%90J.
https://onlinelibrary.wiley.com/authored-by/Park/J.%E2%80%90H.
https://onlinelibrary.wiley.com/authored-by/Hyeon/T.
https://onlinelibrary.wiley.com/authored-by/Hyeon/T.
https://www.sciencedirect.com/journal/ceramics-international
https://www.sciencedirect.com/journal/journal-of-alloys-and-compounds
https://www.sciencedirect.com/journal/journal-of-alloys-and-compounds
https://www.futuremedicine.com/doi/full/10.2217/nnm-2017-0379
https://www.futuremedicine.com/doi/full/10.2217/nnm-2017-0379
https://www.sciencedirect.com/journal/materials-science-in-semiconductor-processing
https://www.sciencedirect.com/journal/materials-science-in-semiconductor-processing
https://www.sciencedirect.com/journal/sensors-and-actuators-b-chemical
https://www.sciencedirect.com/science/referenceworks/9780128051443
https://www.sciencedirect.com/science/referenceworks/9780128051443
https://www.sciencedirect.com/author/8660383200/mohd-roslan-hashim
https://pubmed.ncbi.nlm.nih.gov/?term=Fiaz+S&cauthor_id=37657265
https://pubmed.ncbi.nlm.nih.gov/?term=Ahmed+MN&cauthor_id=37657265
https://pubmed.ncbi.nlm.nih.gov/?term=Haq+IU&cauthor_id=37657265
https://pubmed.ncbi.nlm.nih.gov/?term=Shah+SWA&cauthor_id=37657265
https://pubmed.ncbi.nlm.nih.gov/?term=Waseem+M&cauthor_id=37657265
https://www.sciencedirect.com/author/56613365800/d-geetha
https://pubs.rsc.org/en/results?searchtext=Author%3ARaghvendra%20A.%20Bohara
https://pubs.rsc.org/en/results?searchtext=Author%3ANanasaheb%20D.%20Thorat
https://pubs.rsc.org/en/results?searchtext=Author%3AHemraj%20M.%20Yadav
https://pubs.rsc.org/en/results?searchtext=Author%3AShivaji%20H.%20Pawar
https://www.sciencedirect.com/author/48261225900/yuan-ron-ma
https://www.sciencedirect.com/author/48261225900/yuan-ron-ma

Int. J. Sci. Res. in Physics and Applied Sciences

ferrite nanoparticles,” Applied Surface Science, Vol. 459, pp.
788-801, 2018.

[80]M. Lickmichand, C.S. Shaji, N. Valarmathi, A. S. Benjamin, R.
A. Kumar, S. Nayak, R. Saraswathy et al, “In vitro
biocompatibility and hyperthermia studies on synthesized
cobalt ferrite nanoparticles encapsulated with polyethylene
glycol for biomedical applications,” Materials Today:
Proceedings, Vol.15, pp.252-261, 2019.

AUTHORS PROFILE

D. Pal is presently working as Assistant
Professor in Physics, Gokhale Memorial
Girls’ College, Kolkata, West Bengal,
India. He obtained B. Sc. (Physics), M.
Sc. (Physics) and Ph. D. (Physics)
degrees from the University of Calcutta.
He has 13 years of teaching experience \
and 10 years of research experience. i ]

He has published many research papers in various national
and international journals. His main research work focuses on
magnetocaloric effect and magnetoresistance in Heusler
alloys and magnetic nanoparticles.

© 2023, IISRPAS All Rights Reserved

Vol.11, Issue.5, Oct 2023

30


https://www.sciencedirect.com/journal/applied-surface-science

Int. J. of Scientific Research in
Biological Sciences

Int J. of Scientific Researchin | Int J. of Scienffic Researchin [ world Academics Journal of

Chemical Sciences Computer Science and Engineering Sciences
ineers ISSN:2348-535X

www.israsetorg www.isroset.org

Int. J. of Scientific Research in
%amzatlon for g, Mathematical and

(b@‘\ "")oo Staistical Sciences
S 2 &
W 1§ Yt t\"
~ NN

& o\ \
www.israsetorg
International Journal of

w It J. of Scierdific Research in
Medical Science Shudie

Research and Practice Submit your manuscripts at

www.isroset.org
email: support@isroset.org

Make a Submission

World Academics Journal of lm. J' u‘f Smgntﬁc Research m
Management

Journal of
Physics and Chemistry of Materials

S
&
&

L

=
2
9
72]
E
<
%
www.isrosetarg 2
%
7

178 (Pring
SSN: 2249 1186 (Onliew

Physics and
ISSN: 2321-505X [ Applied Sciences

4

v X v »

www israsetarg www.isroset.org

www.ijcseonline.org

Call for Papers:
Authors are cordially invited to submit their original research papers, based on theoretical or experimental works for

publication in the journal.

L. Make a Submission
All submissions:

- must be original

- must be previously unpublished research results

- must be experimental or theoretical

- must be in the journal's prescribed Word template

- and will be peer-reviewed

- may not be considered for publication elsewhere at any time during the review period



https://www.isroset.org/
https://www.isroset.org/journals.php
https://www.isroset.org/journal/IJMSRP/index.php
https://www.ijsrnsc.org/
https://www.isroset.org/journals.php
https://www.isroset.org/journal/IJSRBS/index.php
https://www.isroset.org/journal/IJSRCS/index.php
https://www.isroset.org/journal/IJSRCSE/index.php
https://www.isroset.org/journal/WAJES/index.php
https://www.isroset.org/journal/JPCM/index.php
https://www.isroset.org/journal/IJSRMSS/index.php
https://www.isroset.org/journal/IJSRMS/index.php
https://www.isroset.org/journal/WAJM/index.php
https://www.isroset.org/journal/IJSRPAS/index.php
https://www.ijcseonline.org/

	3-ISROSET-IJSRPAS-09167
	Last page of Each Paper

