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Abstract

The research focuses on the study of the ferromagnetic behaviour of a-Fe,O; NPs. Iron nanoparticles show prominent
ferromagnetic behaviour compared with other metal oxide nanoparticles. Regarding technical applications, doping can
be employed to increase the ferromagnetic properties of a-Fe,O; NPs. The effect of Mn at various weight percentages on
a-Fe,O5 produced by the sol—gel technique was investigated. The XRD data of pure and Mn-doped a-Fe,O; results corrobo-
rated the rhombohedral crystal structure. The FT-IR results were in agreement with the XRD data. From the SEM images,
the synthesized nanoparticles show spherical symmetry. From the UV-visible studies, an optical band gap of the synthe-
sized sample is approximately 1.93—1.83 eV. The bandgap varies with the value varying depending on the amount of doped
material in the sample. The VSM tests revealed that a-Fe,O, with 3 wt% of Mn doping exhibits a slight hard-ferromagnetic

behaviour than others.
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Introduction

The a-Fe, 05 synthesis finds numerous applications, includ-
ing magnetic materials, data storage devices, biomedicine,
catalysts, and toxic waste remediation [1, 2]. However, its
magnetic behaviour is very high on comparing with other
applications. We are currently developing new nanopowder
fabrication methods and optimizing existing ones. It can be
used to control the size and morphology of nanoparticles
using a low-cost one-pot synthesis. In comparison, sol-gel
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fabrication is the most versatile, requiring only a small
amount of a low-cost precursor and a simple synthesis pro-
cedure. Hematite is the most common of the four phases.
a-Fe,05 has weak ferromagnetism below 950K. An a-Fe,04
has a cubic spinel structure when heated below 49K and
below the temperature 49 °C, which it becomes to be an
orthorhombic crystalline structure. Magnetic nanoparticles
developed in magnetic structures are one of the most effec-
tive methods with the added benefit of controlling particle
size, shape, and morphology. The superparamagnetic transi-
tion in magnetic nanocomposite devices limits their stability
in electrical and high-density data storage systems [3—6].
Because nanoparticle interactions can increase media noise,
high-density recording requires grain isolation to reduce
dipolar contacts. Hematite nanoparticles made by various
chemical processes have strong dipolar interactions [7-9].
The chemical coating of nanoparticles by nonmagnetic
particles reduced their interactions [10]. Mn-doped iron
oxide nanoparticles, hematite, and a sol-gel method were
used to investigate the magnetic characteristics of a-Fe,O;
nanoparticles. Nanoparticle interactions were investigated
using the system's dynamic properties. To determine the
degree of interaction between magnetic moments of par-
ticles, we employed the Arrhenius and Vogel-Fulcher
equations, as well as the frequency-sensitive parameter.
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Researchers are continually looking for new materials with
superior qualities in order to meet future societal demands
and improve technological innovation. The possibility of
combining these oxides in composite structures to produce
multifunctional materials has recently rekindled interest in
perovskites (Fe,05) and spinels (Fe,0,). Composite pow-
ders made of perovskites and spinels are commonly used
[11-13]. Nanoscale composites are gaining popularity as a
way to create materials with unique or better features. Solar
cells with high efficiency, fuel cells with high efficiency,
catalysis, capacitors with high efficiency, superconductors
with high efficiency, electrochemical sensing, underwater
devices, spintronics device design, and other technologies
have all been shown [14—16]. They retain multiferroic, ther-
moelectric, dielectric, optical, and other properties [17].
Many properties of Mn-doped iron oxide (Mn-Fe,0;) have
piqued the interest of engineers and technologists. Both the
sol-gel and hydrothermal techniques [18, 19] use the widely
available manganese chloride sputtering targets. Microwave
and wireless communication applications utilize the Mn-
doped a-Fe,O; material because of their exceptional and
promising dielectric properties. Ferrites are electrically,
magnetically, and dielectrically distinct magnetic ceramics.
Due to their remarkable electromagnetic capabilities, spi-
nel ferrites, with the chemical formula Mn-doped a-Fe,0;,
are the most extensively utilised magnetic materials in the
industry [20, 21]. Spinel ferrites have the chemical formula
Mn-Fe,0;. Spinel ferrites have high electrical resistivity,
low eddy current and dielectric loss, high saturation mag-
netization, high permeability, good chemical stability, ease
of preparation, and low fabrication cost [22]. These proper-
ties make manganese ferrite (MnFe,O,) nanoparticles ideal
for high-density information storage devices, biomedical
nanotechnology, and medicine applications [23]. The unu-
sual mechanical, electrical, optical, and magnetic properties
of submicron and nanoscale materials and composites have
attracted recent research [24—-26]. The mechanical and elec-
trical properties of nanoceramic materials with nano-size
crystallites are superior to those of bulk-grained materials.
Multiferroic composite materials are made by combining
ferrite and ferroelectric ceramics. Many scientific and tech-
nological applications rely on magnetoelectric materials.
Most synthesis procedures used to make nanoparticles face
considerable challenges due to the coarseness and aggrega-
tion of nanocrystals at higher temperatures. To solve these
challenges, nanoparticles have been dispersed in matrix-like
materials such as silica, glass, resin, and polymers [27-31].
There are several promising physical methods, including
electron beam evaporation, sputtering techniques, pulsed
laser deposition, and several chemical ways of synthesizing
methods, such as hydrothermal, co-precipitation, electro-
chemical, sol-gel technique, and so forth, which are deemed
to be experiencing quite an inconvenience. Sol-gel-based
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nanoparticle synthesis is a well-established method for
producing high-quality a-Fe,O; hematite nanomaterials.
This allows it more flexibility to modify its shape, size, and
morphology depending on the application. Using a sol-gel
method has several advantages. It is of low cost as it has pre-
cise composition, purity, and molecular homogeneity con-
trol. This study describes the cost-effective sol-gel synthesis
of a-Fe,0; nanoparticles. The nanoparticles are then charac-
terized for their structural, optical, and magnetic properties
using X-ray diffraction, scanning electron microscopy with
EDAX, ultraviolet spectroscopy, Fourier transforms infrared
(FT-IR), and vibrating sample magnetometer (VSM).

Experimental procedure

The a-Fe,0; nanoparticles were synthesized by using iron
chloride dihydrate as the precursor and ammonia solution
as the reducing agent. The reaction was performed in an
100 mL of aqueous medium at a room temperature. The
99.98% purity of iron chloride di-hydrate (FeCl;-2H,0)
and 1 wt% manganese chloride dehydrate (MnCl,-2H,0)
solution was made up in a beaker with constant magnetic
stirring. 20 mL ammonia solution was added drop wisely
into the mixture solution. The solution mixture was con-
sistently stirred at 80 °C, and a gelatinous formation of
brown colour precipitation appeared suddenly, which is
schematically represented in Fig. 1. The final precipitate
was filtered and washed thoroughly for many turns in dem-
ineralized water before even being dried in a drying hot
air oven at 100 °C for 20 h and calcinated at 500 °C for
5 h. a-Fe,05 nanoparticles have been synthesized using
a similar approach for 3 wt% and 5 wt.%, accordingly.
Figure 2 depicts the step-by-step experimental procedure
flow chart.

Characterization techniques

The crystal structure and phase of synthesized a-Fe,0;
nanoparticles were characterized by X-ray diffraction
analysis via the (SHIMADZU-XRD 6000) characteriza-
tion instrument. The morphology of the a-Fe,0O; nano-
particles was analysed by scanning electron microscopy
(Hitachi S-4500 SEM instrument). The absorption spec-
tra were measured using a UV-Vis spectrophotometer
(SHIMADZU-UV 1800). PL study was carried out at
room temperature using a VARIAN spectrophotometer
equipped with a 450 W Xenon lamp as the excitation
source. Fourier transform infrared (FT-IR) spectra were
recorded in the range 4000-500 cm~! using a BRUKER:
RFS 27. The magnetic measurement was carried out in a
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Fig.2 Flowchart of the experimental procedure

vibrating sample magnetometer (lakeshore VSM 7140) at
room temperature.

Results and discussion
Structural analysis

In order to analyse the crystalline property and its dopant
effects on crystal, symmetry causes adequate examination
through the XRD characterization at different doping weight
percentages. Figure 3a—d depicts the structure of pure and
1 wt%, 3 wt% and 5 wt% of Mn-doped a-Fe,O, NPs, having
a good agreement with rhombohedral structure matched with
JCPDS card No. 89-1165. The diffraction planes (012), (104),
(110), (113), (024), (116), (122), (214) and (300) correspond-
ing to diffraction angles 24.1°, 33.1°, 40.8°, 84°, 64.9° and
64°, respectively. No other impurity peak was noticed in the
XRD spectra. The diffraction peak intensity has significantly
increased with increasing dopant percentage at 1 wt%, 3 wt%,
and 5 wt%, which attributes to the crystallinity of nanoparticles
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Table 1 Structural parameters of pure and 1 wt%, 3 wt% and 5 wt%
of Mn-doped Fe,04
NPs sample names Crystal- Dislocation Microstrain (g)

lite size density x 1013
(nm)—D (I/m?)
_ Pure a-Fe,04 25 1.567 0.00143
3 1 wt% a-Fe,0; 29 1.128 0.00121
> 3 wi% a-Fe,0, 22 1.982 0.00161
g 5 wt% a-Fe,0; 15 4.014 0.00229
S
JCPDS - 89-1165 are less than the standard value, which strongly indicates
stress in the nanoparticles. The lattice defects like 6 and €
l | | | | 11 have shown a decreasing trend with increasing Mn-doped

20 25 30 35 40 45 50 55 60 65 70
20 (degree)

Fig.3 a—d XRD spectra for pure and 1 wt%, 3 wt% and 5 wt% of Mn
doped a-Fe, 05 nanoparticles

[32—41]. Moreover, the crystal size is evaluated using the fol-
lowing Scherrer equation;

D=kA/p cos 6 (1

where D is the crystallite size, k is the Scherrer coefficient
(0.89), 4 is the wavelength of the X-ray (0.15418 nm, Cu-ka,
p is the full width at half maximum (FWHM), and 0 is the
diffraction angle [42]. The estimated crystallite sizes of
pure and Mn-doped iron oxide having the average crystal-
lite sizes were decreased subsequently. The broadness of
the diffraction peak influences crystal size and the internal
lattice strain. Different concentrations 5 wt% increasing the
wt% concentration above 5 wt% results in similar Mn-doped
a-Fe,0; rhombohedral phase with a reduction in the size
of the Mn-doped a-Fe,O; NPs, because the heat treatment
500 °C to involves changes in crystallite size and stabilizes
a more face centred rhombohedral structure according to
the size effect. The grain size increases at 1 wt% of Mn and
then decreases with an increase in the dopant concentration
3 wt% and 5 wt%). This behaviour was expected because
the heating facilitates the diffusion and agglomeration of
the particles. The diffraction peaks become more intense,
and it can be attributed to the thermally promoted crystal-
lite growth. Calcinated temperature clearly promotes grain
growth with a further increase in wt% of concentration
(5 wt%). The surface-to-volume ratio, and thus the fraction
of surface atoms in nanoparticles, increases as the particle
size is reduced. This can improve the surface reaction of
the nanoparticles [43]. During annealing under an oxygen
atmosphere, grain size increase will cause crystallite size
effects and promotes. The calculated lattice constant values
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percentages, which may be due to the improvement of crys-
tallinity and the high orientation along (104) plane orienta-
tion. In comparison with pure, crystallite size and structural
parameters were increased for the doped. The decrement
of crystallite size of a-Fe,O; nanoparticles 29-22 nm is
reported when weight percentage increases from 1 to 3 wt%
[44]. Similarly, a decrease in crystallite size of a-Fe,O;,
nanoparticles from 22 to 15 nm is reported when weight
percentage increases to 5 wt% [45, 46]. The dislocation den-
sity and microstrain were evaluated by using the following
relation [47, 48].

6 =1/D° )

€ = fcosf/4 3)

The dislocation density and microstrain for nanoparticles
have increased from 1.128 to 4.014 lines/m? and 0.001216
to 0.002293 with a decrease of crystal size [49-51]. The
structural parameters such as dislocation density (&) and
microstrain (¢) of pure and a-Fe,O5 nanoparticles are listed
in Table 1.

Functional group analysis

The confirmative examination of different molecular enti-
ties integrated with synthesizing of metal-oxide NPs and,
importantly, the vibrational characterization has supported
the existence of a-Fe,O; metal oxide bonding complexes
were effectively identified by Fourier-Transform Infrared
spectroscopy in an exploration range around 4000 cm™~! and
400 cm™! at room temperature. The found FT-IR spectra
of pure and various proportions of Mn ion-doped a-Fe,0;,
treated at a similar calcination temperature, are depicted in
Fig. 4a—d. From the absorption spectra, three prominent
absorption bands can be found in the reported spectra, in
the ranges of 3465-434 cm™'. Initially, the broad absorp-
tion bands centred at 3465 and 3160 cm™! correspond to the
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Fig.4 a—-d FT-IR spectra of pure and 1 wt%, 3 wt% and 5 wt% of
Mn-doped a-Fe,O; NPs

stretching vibrational mode O-H (hydroxyl groups and water
molecules) incorporated iron oxide NPs [52]. Secondly, the
band reported at 1645 and 1402 cm™! has been assigned
as O—H bending modes [53]. Despite the oven drying at
100 °C for several hours, the detection of —OH molecular
vibration and bending modes of H-O-H molecules indicate
that residues of moisture are still stable. The sharp notice-
able band obtained at 517 cm™' and 434 cm™! was strongly
corresponding to the Fe—OH stretching mode of vibration
[54]. A peak of 2368 cm~! has been linked to the attribu-
tion of carbon-di-oxide molecules from the environmental
surroundings [55]. The 5 wt% of Mn-doped iron oxide NPs,
in particular, showed sharper and stronger peaks, and their
peak positions were displaced towards the higher wave-
length range than the other samples, indicating that doped
Mn ions effectively disrupt the host metal oxide symmetry.
The observed functional vibrations are presented in Table 2.

SEM with EDAX

The modifications to the microstructural ambiance of dif-
ferent proportions of Mn ion dopant infused on a-Fe,0;
NPs have a similar method of preparation, and the tem-
perature of calcination was appropriately characterized
through the scanning electron microscope (SEM) and
the microstructural status of the surface of a sample. Fig-
ure Sa—c demonstrates the different surface conditions
of 1 wt%, 3 wt%, and 5 wt% of Mn-doped a-Fe,O; NPs,
respectively. We can see the micrographs; all the synthe-
sized NPs were clearly exhibiting a greater number of par-
ticles having spherical and few had bulbous shaped surface
morphology. Moreover, all possess homogeneous-sized
particle arrangements, which is noteworthy to mention.
While increasing the dopant ions percentage, the particle
size was reduced exponentially with increasing agglom-
eration between the Nano-sized particles [56, 57]. And
one thing, we related that the pure, 1 wt%, 3 wt%, and
5 wt% of Mn-doped a-Fe,0; show more voids and empti-
ness as intermediate the nanoparticles. On the other hand,
the 5wt% of NPs shows next to each other. The spherical-
shaped particles are coherently oriented as a cluster of
microstructures encompassing the studied surface. Nota-
bly, the a-Fe,O5 has doped with a 5 wt% Mn ion to con-
firm a strong crystallinity behaviour and a good boundary
surface. Furthermore, the existence of incorporated atomic
species in all the pure and Mn-doped NPs was character-
ized by the energy-dispersive X-ray analysis. Figure 6a—d,
which is included inside that representative SEM image,
shows the observed EDAX spectra and as it could only
have Fe—iron atoms, Mn—manganese atoms, and O—
oxygen atoms in the synthesized nanoparticles. Other-
wise, no other unknown atoms were to be found in the
elemental analysis, which directly attributes to the purity
of the synthesized NPs. We additionally plot the histogram
using Image] software for the particle size distribution
over the synthesized scanned samples surface to express
the influence of dopant ions in particles of pure a-Fe,0;
as depicted in SEM images. Figure 7a—d has been plotted

Table 2 Assigned functional molecular vibrations of pure and 1 wt%, 3 wt% and 5 wt% of Mn-doped a-Fe,O; nanoparticles

Assigned functional
molecular groups

Pure a-Fe,05 1 wt% Mn-a-Fe, 05

3 wt% Mn-a-Fe,0, 5 wt% Mn-a-Fe,0, Band strength

Stretching vibrational 3465 cm™! and 3467 cm™! and 3469 cm™! and 3471 cm™! and Strong
mode 3160 cm™! 3162 cm™! 3165 cm™! 3166 cm™!

O-H

Carbon-di-oxide mol- 2368 cm™! 2370 cm™! 23,670 cm™! 2373 cm™! Medium
ecules

O-H bending modes 1645 and 1402 cm™ 1648 and 1410 cm™! 1651 and 1413 cm™! 1652 and 1414 cm™! Strong

Fe—OH stretching mode 517 cm™' and 434 cm™' 519 cm™! and 437 cm™! 522 cm™'and 438 cm™' 525 cm™! and 439 cm™!  Strong

of vibration
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Fig.5 a—d SEM micrographs of pure and 1 wt%, 3 wt% and 5 wt% of Mn doped a-Fe,0; NPs

in a consistent way between particle size and the number
of particles was distributed over the illuminated area. A
significant number of particles sizes in pure a-Fe,0; was
accumulated at 31 nm, 38 nm, 27 nm, and 21 nm for all
the following 1 wt%, 3 wt%, and 5 wt% Mn-doped NPs,
respectively. Appropriately, all the estimated results have a
good agreement with our earlier X-ray diffraction studies.

Optical analysis

In pure a-Fe,0; semiconducting NPs, significant impacts
of Mn ions inclusion coordinators were affecting optical
phenomena as well as bandgap predominantly. As a result,
the most suited UV—Visible spectroscopy analysis method
can be used to study it. In addition, UV-Vis studies were
characterized out over the range between 200 and 800 nm
wavenumber ranges for the mentioned NPs. The absorption
will arise between 200 and 400 nm, attributed to the nano-
materials having some vital absorbance zones, according
to the reported spectra. The observed absorption spectra of
a-Fe,O; NPs, which exhibit strong absorption bands there in
wave number area at 239 nm, can be seen in Fig. 8a—d. The
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stated absorption zone arises due to a continuous charge
transport transition from O~ in the 2p electronic state to
Fe3* in the 3d electronic transitions [58-61]. It is commonly
recognized that quantum confinement processes cause a
blue shift to occur in an absorption spectrum of the syn-
thesized samples. Their Absorption spectra strength might
increase at 5 wt% of Mn ion-doped a-Fe,O; NPs and vary
with respect to the dopant inclusion percentages, which
would be an intriguing insight into the impact of different
doping incorporation levels and crystallite size reduction.
Additionally, with a reduction in 1-3 wt% of ultraviolet,
optical intensity was decreased, which indicated a unique
characteristic of the defect in the interrupted space, and the
order—disorder effects of a-Fe,O;NPs are closely related
[62]. Employing the Tauc relation, the bandgap energy—
eV quantities of the synthesized NPs are true and accurate
as from Spectral data in the ongoing work. The below-men-
tioned optical parameters are (a) for the absorption coef-
ficient and (hv) for the photon energy, which are provided
hereunder [63].
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"= 2.3?3A @
and
ahv = A(hv - Eg)n (%)

Energy bandgap of synthesized semiconductor nanopar-
ticles; the eV is denoting (Electron Volt), n =2 is the allow-
able direct transition, and (v) is the frequency of radiant
energy. Graphically bandgap energy is plotted as the values
of (h)? versus hv plotted with the linear region via interpo-
lation, allowing the optical energy band gap of pure and
Mn-doped a-Fe,O; NPs to be estimated. Extrapolating the
plot by using the linear portion of the graph to intersect the
hv axis got the bandgap estimates as shown in Fig. 9a—d.
Energy band gaps of Mn-doped hematite nanoparticles have
been computed and determined to be 1.90, 1.85, 1.86, and
1.83 eV for (1 wt%, 3 wt% to 5 wt%) of Mn-doped a-Fe,0,
NPs, respectively. With increasing Mn dopant concentra-
tions, the bandgap energy of a-Fe,O; NPs tends to decrease.
The above results are related to the establishment of vacant
positions within-host lattice and also the introduction of

new energy levels in the iron oxide. It is possible because
the interfaced dopant will release holes along the a-Fe,0O;
top of the valence band, which will undoubtedly reduce the
bandgap energy [64, 65]. Table 3 lists the bandgap values of
pure and different Mn-doped a-Fe,O;NPs.

Magnetic properties

Through the most versatile approach of Vibrating Sample
Magnetometer examination -VSM, the magnetic behaviours
of the synthesized pure and different percentages of Mn ions
doped a-Fe,0; NPs could be studied. A consistent external
applied magnetic field measuring between the (— 15,000 Oe
to 15,000 Oe) was used for the essential magnetic study, in
addition to the overall characterizations carried out in ambi-
ent temperature measurements, respectively. Figure 10a—d
depicts the observed hysteresis curve, which was plotted by
the magnetization as a factor of different external magnetic
fields to different Mn concentrations 1 wt%, 3 wt%, and
5 wt%) of a-Fe,0; NPs. As a result, the synthesized mate-
rial magnetism outcomes were fully reliant on the degree
of particle organization, morphology, and dopant influence
in the host network, accordingly. Because of the sequential
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Table 3 Calculated bandgap energies of pure and 1 wt%, 3 wt% and
5 wt% of Mn-doped a-Fe,0; nanoparticles

NPs sample (wt%) Bandgap (eV)

Pure 1.930
1 wt% 1.850
3 wt% 1.865
5 wt% 1.837
0.015
¢+ (@
+ (b) Msp---------- .

00104 * (o) 3
(d) 0';,:-"‘"'

00054 e 83340

0005, e00?

Magnetization (emu/g)
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Fig. 10 a—d Hysteresis curves of undoped and 1 wt%, 3 wt% and
5 wt% of Mn-doped a-Fe,0; NPs

confluences of manganese ions dopant, we investigated cer-
tain changes and implications in essential magnetic proper-
ties, including such saturation field (Ms), magnetic remanent
(Mr), and magnetic coercive (Hc) that will occur in a-Fe,O4
NPs. The 1 and 3 wt% of Mn ion-doped a-Fe,O; NPs show
the maximum coercive values He -1092 Oe and 1879.5 Oe
from 535.37 Oe of pure a-Fe,O;NPs. It's important to note
that the pure a-Fe,O;NPs nanoparticles, with such a coerciv-
ity of 535.370e, also exhibit ferromagnetism over ambient
temperature [66]. As the dopant levels of Manganese rise
at 5 wt%, proportionally, the coercive field values increase
to 1860.5 Oe, as shown in the figure. As a result, the higher
dopant content is linked to the dopant ions preferring to site
upon that iron and oxide linked matrix in a random fashion.
The host transitional geometry of a-Fe,05; NPs is easily dis-
rupted by repeated dopant interfacing. Moreover, the mate-
rial net dipole value of the a-Fe,O; was frequently affected
by this process. In conclusion, the Mn-doped a-Fe,0,
NPs offered interesting facts and relationships. The results
that clearly mentioned factor that the magnetic coercivity
depends on crystallite size. In addition, the M—H hysteresis
loops of all the synthesized nanoparticles indicate ferromag-
netic characteristics in terms of symmetric hysteresis and
saturation magnetization. This is mostly due to the effects

of a smaller average crystal size of Mn-doped nanoparticles.
Several changes in the magnetic saturation of Mn-doped
samples such as 5.54 emg™!, 4.62 emg™!, 4.57 emg™!, and
7.44 emg ! are clearly lower than that of pure nanoparticles
that are 74 emg'1 [67]. This occurrence could be accounted
for by the impact of smaller crystallite size, which occurs
when a non-collinear magnetic spin orientation at the sur-
face decreases the magnetic moment of a-Fe,0; NPs [68,
69]. A comparative statement here as the earlier research has
expressed that coercivity and retentivity completely based
on the nanostructured material size, structure, several struc-
tural influenced from the dopant and nature of the material
morphology. The prior author Alex Rufus et al. has stated
the Hc values with the size of nano-crystallites at 50.5 nm
for coercivity at 972 Oe, 43.4 nm for coercivity at 906 Oe,
and 29.6 nm for coercivity at 799 Oe, respectively [70].
Moreover, Zohra Nazir Kayani et al. the prior researcher
reports that the hematite material shows coercivity at 100
Oe, and 1000 Oe at relative calcination temperatures 400 °C
and 1000 °C with the same sol-gel technique only varied
precursor materials. It has worth mentioning here that the
present report should show the higher coercivity at 1331.2
Oe value just attained at 500 °C calcination temperature.
The overall magnetization was decreased, while the Mn ions
interrupts in the hematite domain locations. It may be asso-
ciated with a significant number of defect sites, resulting
in a magnetic moment deficiency due to a lower magnetic
saturation response. The magnetization strength of the par-
ticles is proportional to the number of typical molecules
per magnetic domains region, which is crucial [71]. In this
study, hematite with different percentages of Mn-doped
a-Fe,0; results in enhanced magnetic behaviour for all the
nanoparticles to be in weak ferromagnetic nature [72, 73].
Because of the high coercivity strength, the nanoparticle’s
waves formed as single domains. An increase in magneto-
crystalline anisotropy conferred by Mn to the oxide results
in an increase in coercivity up to 5 wt% for Mn ion doping
[74-77]. The Mn-doped a-Fe,05; NPs have been determined
the optimal level trustworthy of hard magnetic applications
wave based on such validated observations. Table 4 lists the
determined sample magnetization, coercive field, and rema-
nent magnetization strength measurements for all of the NPs.

Table 4 Magnetic parameters of pure and 1 wt%, 3 wt% and 5 wt% of
Mn-doped a-Fe,O5 nanoparticles

Mn doping Ms Mr Hc (Oe)
(Wt%) (emu/g) X 1073 (emu/g) X 10°°

Pure 5.54 332.88 535.37
1 wt% 4.62 898.08 1092

3 wt% 4.57 692.74 1879.5
5 wt% 7.44 511.19 1860.5
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Conclusion

Mn-doped a-Fe,O5 hematite nanoparticles were produced
using sol—gel synthesis. Iron oxide diffraction patterns con-
firm hematite's crystallinity. The average crystallite size fell
from 29 to 15 nm as doping increased. As the weight per-
centage grew, the direct bandgap energy of a-Fe,0; nano-
particles decreased. SEM pictures of Mn-doped a-Fe,0;
NPs showed aggregation and non-homogeneous clusters
dispersion. However, 5 wt% of Mn-doped NPs were highly
crystalline and well scattered over the surface area. Pure
a-Fe,05; NPs exhibit problematic ferromagnetic behaviour,
but 5 wt% Mn ions doped a-Fe,0; NPs considerably impact
the parent hematite material. Dopant collapse causes host
lattice homogeneity, coercivity, and retentivity. The 5 wt%
Mn is an excellent doping material for a-Fe,O; NPs, we
found. From the results, we aimed to conduct comparable
investigations with different precursor molarities and co-
dopant Mn-percentages.
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