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Abstract: Magnetic materials are necessary
for many aspects of our daily life. Therefore
the demand of advance magnetic materials
progresses in the industrial and medical
purposes.Cadmium ferrite nanoparticles
(CdFe,04) are well known for some unique
characteristics such as good saturation
magnetization, excellent physical and
chemical stability, which make them so
attractive for various biomedical and
industrial applications.In this study, nickel
doped cadmium ferrite nanoparticles (Ni;.
xCdxFe,04) (x=0, 0.1, 0.2, 0.3, 0.4, 0.5) were
synthesized by sol-gel auto combustion
method. Then, using X-ray diffraction
(XRD), scanning electron  microscopy
(FESEM), and structural properties were
investigated. XRD analyses show a single-
phase spinel structure for annealed samples
at 800°C. The crystallite sizes
increasesslightly by decreasing concentration
of Ni doping from 20 to 40 nm, in agreement
with FESEM micrographs. The lattice
parameter value was between 8.4 and 8.7 A.
The Rietveld analysis showed that Nij.
«CdyFe,O4 nanoparticles have a mixed
spinel structure. Then, by using the vibrating
sample magnetometer (VSM), we obtained
the magnetic parameters of the samples.
Key words:Spinel ferrite, Sol-gel

combustion method, XRD, SEM, VSM.

auto

Introduction:

In recent years, spinel ferrite nanomaterials
have emerged as a prominent class of functional
materials with vast potential across diverse
scientific and technological domains[1]. These
nanomaterials, composed of transition metal
ferrites with a spinel crystal structure, exhibit a
rich array of magnetic, electrical, optical, and
catalytic properties, making them highly sought
after for a wide range of applications[2]. As a
result, significant research efforts have been
dedicated to the synthesis, characterization, and
exploration of the multifaceted properties of
spinel ferrite nanomaterials.

Spinel ferrites are a family of compounds with
the general formula AB,O4, where A and B
represent divalent and trivalent metal ions,
respectively, occupying tetrahedral and
octahedral sites within the spinel crystal lattice
[3-4]. Common examples include magnetite
(FesO4), maghemite (y-Fe,O3), and various
mixed metal ferrites such as cadmium ferrite
(CdFe,04), nickel ferrite (NiFe,04), and
manganese ferrite (MnFe;O4). The unique
arrangement of metal ions in the spinel structure
gives rise to fascinating magnetic properties,
including high saturation magnetization, tunable
magnetic anisotropy, and excellent chemical
stability, which are highly desirable for
applications in magnetic recording, data
storage, magnetic resonance imaging (MRI),
and magnetic hyperthermia [5-7].

ISSN (PRINT): 2393-8374, (ONLINE): 2394-0697, VOLUME-11, ISSUE-9, 2024

DOI: 10.21276/ijcesr.2024.11.9.26

160


about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank

INTERNATIONAL JOURNAL OF CURRENT ENGINEERING AND SCIENTIFIC RESEARCH (1JCESR)

The advent of nanotechnology  has
revolutionized the field of spinel ferrite research
by enabling the synthesis of nanoscale particles,
thin films, and composite structures with
tailored size, shape, composition, and surface
properties. These advances have not only
enhanced our fundamental understanding of
spinel ferrite nanomaterials but also opened up
new avenues for their utilization in cutting-edge
technologies. Nanosized spinel ferrite particles
exhibit enhanced magnetic properties compared
to their bulk counterparts due to size-dependent
phenomena such as superparamagnetism,
exchange bias, and quantum confinement
effects, which are instrumental in various
applications including high-density magnetic
recording, biomedical imaging, and targeted
drug delivery [8].

Furthermore, the versatile nature of spinel
ferrite nanomaterials allows for the integration
of additional functionalities through surface
modifications, doping, or composite formation,
thereby expanding their applicability in fields
such as catalysis, sensors, energy storage, and
environmental remediation. Functionalization of
spinel ferrite nanoparticles with organic ligands,
polymers, or noble metal nanoparticles can
impart improved dispersibility,
biocompatibility, and selectivity, enabling their
deployment in biomedical applications such as
magnetic resonance imaging contrast agents,

magnetic hyperthermia therapy, and drug
delivery carriers [9-10].
In this research paper, we present a

comprehensive overview of the synthesis
strategies, structural characterization
techniques, magnetic properties, and emerging
applications of spinel ferrite nanomaterials. By
elucidating the  fundamental  principles
underlying their behavior and highlighting
recent advancements in the field, we aim to
contribute to the collective understanding of
spinel ferrite nanomaterials and inspire further
exploration of their potential in addressing
current technological challenges and societal
needs.

Synthesis Method:

The sol-gel microwave auto-combustion
synthesis method offers a rapid and efficient
route for the preparation of ferrite nanoparticles
with controlled properties. By optimizing the
synthesis parameters, such as precursor
concentration, pH, calcination temperature, and

microwave power, it is possible to tailor the
characteristics of the synthesized nanoparticles
for specific applications in fields such as
electronics, catalysis, and biomedicine. Here,
we present a detailed protocol for the synthesis
of ferrite nanoparticles using the sol-gel
microwave auto-combustion method [11].

Step |- Dissolve the appropriate amount of
metal nitrates in a suitable solvent 30 ml
distilled water to achieve the desired metal ion
concentration. Add a 5 ml chelating agent (e.g.,
citric acid or ethylene glycol) to the solution to

complex metal ions and prevent their
precipitation.
Step Il -Now slowly add ammonia solution

dropwise to the metal precursor solution under
continuous stirring until the pH reaches about 7-
8. Continue stirring the solution on hot plate
magnetic stirrer for a few hours until a
homogeneous gel forms.

Step 111 - Transfer the crystalline gel beaker into
a scientific microwave oven (400 to 800 W)for
few minutes until self-sustaining combustion
occurs. The exothermic combustion reaction
will lead to the formation of ferrite
nanoparticles with a high degree of crystallinity.
Step IV —=Ground and Calcine the dried gel in a
furnace at elevated temperatures (typically 400-
800°C) for four hours to initiate the reaction and
convert the grounded ash into a crystalline
ferrite phase. Allow the obtained nanoparticles
to cool to room temperature naturally.

Step V - Characterize the synthesized
nanoparticles using various techniques such as
X-ray diffraction (XRD), transmission electron
microscopy  (TEM), scanning  electron
microscopy (SEM), and vibrating sample
magnetometry (VSM) to assess their crystalline
structure, morphology, size distribution, and
magnetic properties.
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Result and Discussion:
1. XRD Analysis
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Figure 1 XRD Patterns of Ni;.xCdxFe,04

Comparative study of XRD phases of a
synthesized Cadmium substituted Nickel (Cd-
Ni) ferrites were elucidated by X-ray diffraction
pattern (Fig). The formation of cubic phase
spinel ferrite with space group Fd3m (227) is
confirmed from the XRD, revealing the highly
crystalline character of the sample. The peaks
could be indexed as (111), (220), (311), (222),
(400), (422), (511), (440), (620) and (533) are
major lattice planes, which are characteristics of
single-phase cubic spinel structure. To analyse
the X-ray diffraction (XRD) data of Nil-
xCdxFe204 (x= 0.0, 0.1, 0.2, 0.3, 0.4, 0.5),
we'll focus on several key parameters. The
lattice parameter refers to the constant distance
between unit cells in a crystal lattice. It can be
determined from the XRD data by analysing the
peaks and their positions. The lattice parameter
for given compound has been found between
from 8.35 to 8.64. It has observed that the
lattice parameter varies with the concentration
of cadmium. Itincreases in the lattice constants
SEM Analysis:

‘a’ is due to the larger ionic radii of the doped
ions Cd?* (0.97 A) as compared to that of the
Ni?* (0.69 A). The volume of the unit cell can
be calculated from the lattice parameter [12]. It
gives insight into the spatial arrangement of
atoms within the crystal structure. The bulk
density is the mass of the material per unit
volume. It can be calculated using the volume
and the mass of the sample.X-ray density is the
theoretical density calculated based on the
crystal structure and atomic composition [13]. It
can be derived from the lattice parameter and
the atomic weights of the elements. Particle size
can be estimated from the broadening of the
XRD peaks using techniques like the
Schererequation [14-15]. The Strain refers to
the distortion or deformation within the crystal
lattice. It can be determined from the peak
broadening in the XRD pattern. It has observed
from table that all the various parameters are
depends on doping concentration [16-17].

Lattice Bulk | X-Ra .| Particle .
Formula Parameter Volume Density densit{/ Porosity Size Strain
A 10°m® | g/em® | g/em® % nm
NiFe,O4 8.35 582 3.44 5.35 35.00 12.81 | 0.145
Cdo.1NiggFe,04 8.38 588 3.28 5.33 33.40 1410 | 0.147
Cdo2NiggFe;04 8.42 596 5.50 55 32.10 14.47 | 0.158
CdosNig7Fe, 04 8.51 616 3.45 5.55 31.80 19.48 | 0.187
Cdo4NigsFe, 0Oy 8.56 627 3.37 5.67 30.45 21.66 | 0.198
Cd0.5'
NiosFe,0, 8.64 644 3.59 5.73 27.34 23.19 | 0.215
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Typical FE-SEM image of the sample Cd-Ni
synthesis via chemical route annealed at 800°C
is shown in Fig.2. The image reveals that the
particles have an almost regular shape and
homogeneous distribution in the range of 12 to
40 nm shown. The FESEM micrographs show
that the particle size microstructures were
affected by theCadmium concentration with
increasing particle size listed in Table 1 [16].
Interactions between magnetic nanoparticles
showed agglomeration area in images explain
by M. G. Naseri (2013) [17]. It is clear from
the images that the microwave induces sol-gel
combustion technique has yielded; less

agglomerated, steady grain growth, uniformly
distributed and homogenous spherical particles.
The porosity of given Cd-Ni and Cd-Zn nano
ferrites samples has been calculated from XRD
data which clearly shown by SEM images.

As reported by Ahamadet al. (2017) [21], grain
morphologies of Cd-Ni  doped spinel
Nanoparticles indicate improvement in inter-
grain connectivity with Cu®* ions substitution.
The electrical and magnetic properties of
ferrites are found to be largely influenced by the
homogeneity of shape and grain size of the
particles [22].

Figure 2Scanning Electron Microscope Images of Cd-Ni Ferrites

VSM Magnetic Analysis

The magnetic properties of the synthesized
nanoparticles are analyzed using a Vibrational
Sample Magnetometer (VSM) at room
temperature (300 K) in the range of
approximately —15000 to +15000 Gauss. Figure
show the M-H curves of the prepared Cd-Ni
nanocrystals. The coercivity (Hc) and saturation
magnetization (Ms) values have been directly
extracted from these curves and have been
listed for various concentrations of Ni** contain
in table. These tables indicate that Ms
decreasing while increasing the Cd*
concentration of both series, i.e. the minimum
value of Ms is found in the
NiFe,O4nanocrystals [23-25].

The relation between magnetization and applied
field (M-H loops) can be attributed to the

competition  of
ferromagnetic ions such as Fe*, Ni*and
nonmagnetic ions such as Cd** ions in the
occupancy of the tetrahedral and octahedral
sites [26]. The variation in the value of the Hc
with Ni?* is depends on the concentration and
particle size. It can be explained on the basis of
domain structure, cation distribution and the
anisotropy of the crystal [27]. The narrow loop
area of the magnetization curve shows the soft
magnetic nature of the sample [28].Thus, the
decrease of the saturation magnetization with
the increase of particle sizes can be attributed to
surface effects that are the result of finite-size
scaling of nanocrystallites, which in turn leads
to a non-colinearity of magnetic moments on
their surface [29] and can also be explained by
core-shell morphology of the nanoparticles
consisting of ferrimagnetically aligned spins
core and spin-glass-like surface [30-31]. Due to
the above mentioned effects, when the
calcination temperature is below 900°C, the
coercivity shows lower values than that of bulk
nickel ferrite.
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Figure 3Hysterisis Curves of Cd-Ni Ferrites
with Different Concentration

15.
Reference:
N. krishnamurthy, vallinayagam, and D.
madhavan, Engineering  Chemistry. PHI
Learning Pvt. Ltd., 2014.

Guo KW. Green nanotechnology of trends in
future energy: a review. International journal of
energy research. 2012 Jan 1; 36(1):1-7.

Davis SS. Biomedical applications 6.
nanotechnology—implications for drug
targeting and gene therapy. Trends in

biotechnology. 1997 Jun 1; 15(6):217-24.

Bergmann CP. Nanostructured materials fon7.

engineering applications. Andrade MJ, editor.
Berlin: Springer; 2011 Aug 28.

R. N. Wijesena, et al, A method for top down
preparation of chitosan nanoparticles and

nanofibers, Carbohydr. Polym., 117, 731-73818.

2015.

Bimberg D, Grundmann M, Ledentsov NN.
Quantum dot heterostructures. John Wiley &
Sons; 1999 Mar 17.
I. S. Oliveira and A. Guides, A model for
domain and domain wall NMR signals in
magnetic materials, J. Magn. Magn. Mater, 170,
3,277-284, 1997.

N. Singh, et al, Effect
substitution on dielectric and magnetic
properties of Ni—Zn ferrite, Phys. B Condens.
Matter, 406, 3, 687-692, 2011.

Blundell S. Magnetism in condensed matter.

. Stanley J K. Electrical and magnetic properties
21.

of metals. American Society of Metals; 1963.
M.  Raghasudha, D. Ravinder, and
Veerasomaiah, Magnetic properties of Cr-
substituted Co-ferrite nanoparticles synthesized
by citrate-gel auto combustion method, J.
Nanostructure Chem., 3, 1, 63, 2013.

13.

14.

19.

of magnesiunpQ.

12. Pankhurst Q A, et al, Progress in applications of

magnetic nanoparticles in biomedicine. Journal
of Physics D: Applied Physics. 2009 Nov 6;
42(22):224001.

Bonnemain B. Superparamagnetic agents in
magnetic resonance imaging: physicochemical
characteristics and clinical applications a
review. Journal of drug targeting. 1998 Jan 1;
6(3):167-74.

S. Ahmad, U. Riaz, A. Kaushik, and J. Alam,
Soft Template Synthesis of Super Paramagnetic
FesO, Nanoparticles Technique, J. Inorg.
Organomet. Polym. Mater., 19, 3, 355-360,
20009.

Suryawanshi, S. M., Chandekar, K. V.,
Badwaik, D. S., Warhate, V. V., Gahane, N. M.,
&Daf, S. R. (2023). Structural, surface,
magnetic, and dielectric properties of NiO.
3Cu0. 3Zn0. 4Fel. 4Cr0. 604 spinel ferrite
nanocrystals  prepared by sol-gel auto
combustion route. Inorganic Chemistry
Communications, 156, 111204,

Bindu, K., Ajith, K. M., &Nagaraja, H. S.
(2019). Influence of cations on the dielectric
properties of spinel structured
nanoferrites. Materials Research Express, 6(4),
045011.

Vigneswari T, Raji P. Structural and magnetic
properties of calcium doped nickel ferrite
nanoparticles by co-precipitation method.
Journal of Molecular Structure. 2017 Jan 5;
1127:515-21.

Patil MR, Rendale MK, Mathad SN, Pujar RB.
Electrical and magnetic properties of Cd*?
doped Ni-Zn ferrites. Inorganic and Nano-Metal
Chemistry. 2017 Aug 3; 47(8):1145-9.
Nandanwar, A. K. et al. "Effect of
Ni*?substitution on structural and electrical
behaviour of nano-size cadmium
ferrites.” Materials Today: Proceedings 5.10
(2018): 22669-22674.

Ateia EE, EI-Bassuony AA, Abdelatif G,
Soliman FS. Novelty characterization and
enhancement of magnetic properties of Co and
Cu nanoferrites. Journal of Materials Science:
Materials in Electronics. 2017 Jan 1; 28(1):241-
9.

Dhiman P, Naushad M, Batoo KM, Kumar A,
Sharma G, Ghfar AA, Kumar G, Singh M.
Nano FexZn;O,4 as a tuneable and efficient
photocatalyst for solar powered degradation of
bisphenol A from aqueous environment.

ISSN (PRINT): 2393-8374, (ONLINE): 2394-0697, VOLUME-11, ISSUE-9, 2024

DOI: 10.21276/ijcesr.2024.11.9.26

164



22,

23.

24,

25.

26.

INTERNATIONAL JOURNAL OF CURRENT ENGINEERING AND SCIENTIFIC RESEARCH (1JCESR)

Journal of Cleaner Production. 2017 Nov 127. Mantilla J, Félix LL, Rodriguez MA, Aragon

165:1542-56.

Bhongale SR, Ingawale HR, Shinde TJ, Pubby
K, Narang SB, Vasambekar PN. Nano-
crystalline Magnesium Substituted Cadmium
Ferrites as X-band Microwave Absorbers.
Journal of Magnetism and Magnetic Materials.
2017 Nov 1; 441:475-81.

Nandanwar, A. K., et al. "Effects of Ni**28.

substitution on structural, magnetic and
electrical properties of cadmium spinel ferrite
nanoparticles via chemical route.” Integrated
Ferroelectrics 203.1 (2019): 12-18.

Chaudhari, D. L., Shahare, A. M., Nandanwar,

A. K., Choudhary, D. S., &Rewatkar, K. G29.

Study of optical properties of Gadolinium
doped Ni-Zn spinel ferrites.
Galagali SL, Patil RA, Adaki RB, Hiremath CS,

Mathad SN, Pujar AS, Pujar RB. Electrical an@0.

Magnetic Properties of Mg:1xCdxFe,O4 Ferrites
(x = 0.2, 0.4, 0.6, 0.8). International Journal of
Self-Propagating High-Temperature Synthesis.
2018 Apr 1; 27(2):107-13.

Su M, Liao C, Chan T, Shih K, Xiao T, Chen D,

Kong L, Song G. Incorporation of cadmium and1.

nickel into ferrite spinel solid solution: X-ray
diffraction and X-ray absorption fine structure
analyses. Environmental science & technology.
2018 Jan 5; 52(2):775-82.

FH, Morais PC, Coaquira JA, Kuzmann E, de
Oliveira AC, Gonzalez I, Macedo WA, Garg
VK. Washing effect on the structural and
magnetic properties of NiFe,O, nanoparticles
synthesized by chemical sol-gel method.
Materials Chemistry and Physics. 2018 Jul 1,
213:295-304.

Antic B, Kremenovi¢c A, Nikolic AS,
Stoiljkovic M. Cation distribution and size-
strain  microstructure analysis in ultrafine
Zn—Mn ferrites obtained from acetylacetonato
complexes. The Journal of Physical Chemistry
B. 2004 Aug 26; 108(34):12646-51.

Desai R, Mehta RV, Upadhyay RV, Gupta A,
Praneet A, Rao KV. Bulk magnetic properties
of CdFe;O, in nano-regime. Bulletin of
Materials Science. 2007 Jun 1; 30(3):197-203.
M. G. Naseri , E. B. Saion, H. A. Ahangar, A.
H. Shaari, Fabrication, characterization, and
magnetic  properties of copper ferrite
nanoparticles prepared by a simple, thermal-
treatment method, Materials Research Bulletin
48 (2013) 1439-1446.

Ahamad HS, Meshram NS, Bankar SB, Dhoble
SJ, Rewatkar KG. Structural properties of
CuxNiyxFe,O4nano ferrites prepared by urea-
gel microwave auto combustion method.
Ferroelectrics. 2017 Aug 18; 516(1):67-73

ISSN (PRINT): 2393-8374, (ONLINE): 2394-0697, VOLUME-11, ISSUE-9, 2024

165

DOI: 10.21276/ijcesr.2024.11.9.26



