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ABSTRACT

In this study iron oxide (Fe,Os) nanoparticle samples was prepared using mechanical grinding
method. The optical properties were studied using UV-Vis spectrophotometer within a range of
200-1100nm. The micro and crystalline size of the nanoparticle were studied using x-ray
diffractometer (XRD) and scanning electron microscopy (SEM). The compositional analysis was
carried out using energy dispersive x-ray spectroscopy (EDXS). Observation of the electrical
properties of the nanoparticle was carried out using an electrical four-point probe system. The XRD
pattern in the 28 range from 20 to 70° revealed that iron oxide had a rhombohedral structure. The
SEM result showed that the nanoparticles were well dispersed and had a uniform crystalline
structure. The EDXS results showed the elemental analysis of the nanoparticles under
consideration. Iron oxide nanoparticles had elemental composition of oxygen, iron, titanium and
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of Fe,O3 dispersed in distilled water is 2.98 eV.

carbon. The atomic and weight concentration of iron was 14.19 and 30.89%. The four-point probe
electrical resistivity result shows that iron oxide nanoparticles had a sheet resistance of
9.8x10%Q/sq. The optical result made it known that iron oxide nanoparticles possessed a high
transmittance, also iron oxide nanoparticles displayed a low reflectance and moderate absorbance.
Finally, the bandgap energy of Fe,O; dispersed in ethanol was found to be 2.74 eV. The Band gap

Keywords: Fe,O3; nanoparticles; absorbance; electrical resistivity; ball milling technique.

1. INTRODUCTION

Advancement in science and technology has
expanded the requirements for energy around
the globe. The consequence is that many nations
have resorted to reusable energy to match their
demands. To this end nanoscale size of particle,
particularly of oxide materials has made the field
of material science more applied and fascinating
area of research due to versatile application such
as optoelectronics, photo-solar cells and so on.
According to [1] nanoscience is the study of
matters  property at a nanoscale. In
nanotechnology particle size is less than 100nm
and the appearance of new behavior that
depends on the size can be harnessed.
Inspection shows that the conductivity, melting
temperature, mechanical and electrical
properties change as particles become smaller
[2]. The literature survey indicates that different
synthesis methods such as sputtering,
decomposition, hydrothermal, solvothermal, sol-
gel, and electrochemical processes have been
applied for the synthesis of nanoparticles [3].
When compared to the bulk, nanomaterials
display a difference in physical and chemical
properties as the presence of atoms or impurities
remodels the electronic, optical and magnetic
properties of the bulk semiconductors [4]. In
recent years, nanostructured semiconducting
oxide materials have attracted a lot of attention
due to their unique physical properties which are
dependent upon crystalline structure, size, shape
and surface condition [5].

Fe- titanates are classified as limenite (FeTiO3),
pseudo brookite (Fe,TiOs) and ulvospinel
(Fe,TiO,). They can be both ferri-magnetic and
wide bandgap semiconductors. Also they can be
overworked in a variety of ways in radhard
electronics [6], micro-electronics and spintronics
[7] it is also widely applied to diodes [8],
transistors [9], liquid crystal display [10],
capacitors [11], solar cells, gas sensors [12], and
other optoelectronic devices [13].
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In recent years nanostructured iron titanium
mixed oxides with different Fe/Ti ratios were
prepared by sol-gel method under different
preparative conditions with a mixture of iron-
titanium oxides prepared in different calcination
temperatures [14]. Also polycrystalline FeTiOs
flms were prepared on nesa silica glass
substrate by sol-gel method, and their
photoanodic properties were measured in a three
electrode wet cell with an aqueous buffer solution
of Ph =7 [15].

In this work, iron oxide was sourced from plateau
in Nigeria and a ball miling machine was
employed to crush this metal oxide into
nanoparticles. This method has been chosen
because of its cost effectiveness in producing
nanoparticles. Characterization was carried out
to determine the bandgap, electrical conductivity
and resistivity, transmittance, reflectance,
absorbance, surface morphology, crystal
structure and elemental composition.

2. EXPERIMENTAL METHODS
2.1 Processing of Fe,O; Nanoparticles

The iron oxide (Fe,O3) ore used for this study
were collected from jos in plateau State of
Nigeria. The Ore were granulated to nano sizes
ranging from 0-100 nanometers using 5kg
laboratory ball mill. Mechanical grinding using a
ball miling machine was used for the
development of iron oxide nanoparticles. The
optimum speed of the machine varies between
60 — 70 RPM. The capacity of the ball mill is 6.5
— 15 tons per hour. The working principle is that
simple impact and attrition brings about the
needed size reduction. A process control agent,
ethanol was added to the powder during milling
to reduce the effect of cold welding (when
particles mutually penetrate each other after
collision with the ball) between powder particles.
Eight (8) hours of grinding was employed in
which kinetic energy from the grinding medium
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is transferred to the material undergoing
reduction.
2.2 Characterization of Fe,O; Nano-

particles

The processed Fe,03 nanoparticles were studied
by X-ray diffraction (XRD), Scanning electron
microscopy (SEM), Energy dispersive x-ray
spectroscopy (EDX), UV- Visible spectrometer,
and four- point probe electrical resistivity. XRD
pattern were carried out to determine the
structural and phase identifications of a samples.
Using cu-ka radiation (lka; = 1.5406A) the
samples were recorded. The SEM and EDX were
employed to uncover the structural shape and
elemental composition of iron oxide
nanoparticles. The electrical resistivity and sheet

resistance  were recorded using  the
four-point probe. The optical properties
were revealed using  the UV-Visible
spectrophotometer and the  wavelengths
of the sample were varied from 200 to
1100nm.

3. RESULTS AND DISCUSSION

3.1 Energy Dispersive X-ray

Spectroscopy (EDX)

The EDX spectrum image of the prepared
sample is shown in Fig. 1 below. The EDX result
for iron oxide is seen in having rising peaks of
oxygen, iron, titanium and carbon.

The actual composition of the prepared materials
is scheduled in Table 1 below.

@
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From the table below the elemental analysis for
iron oxide nanoparticles revealed the proportion
of iron to be 14.19 and 30.89% for atomic and
weight concentration respectively and titanium
has a proportion similar to iron with 13.01 and
24.29% for atomic and weight concentration.
Oxygen has a proportion of 68.88 and 42.98%
for atomic and weight concentration.

3.2 X-ray Diffraction (XRD)

The elemental analysis and X-ray diffraction
(XRD) results provide important information
about the composition and structure of the iron
oxide nanoparticles. The elemental analysis
reveals the proportions of iron, titanium, and
oxygen in the nanoparticles, while the XRD
analysis provides information about the crystal
structure of the nanoparticles. The XRD analysis
showed that the iron oxide nanoparticles have a
rhombohedral structure, as indicated by the
presence of diffraction peaks corresponding to
(111), (310), (311), and (400) crystallographic
planes [16]. This finding is consistent with
previous studies that have investigated the
crystal structure of iron oxide nanoparticles using
XRD [17,18]. The presence of the rhombohedral
structure in iron oxide nanoparticles has
important implications for their properties and
potential applications. For example, it has been
reported that rhombohedral iron  oxide
nanoparticles have high magnetization and are
therefore useful for magnetic resonance imaging
(MRI) and magnetic hyperthermia [19,20]. The
rhombohedral crystal structure of Fe,O3
nanoparticles may also influence their optical
properties, as different crystallographic planes
have different optical properties [21].

Fig. 1. EDX spectrum of iron oxide nanoparticles prepared by a ball milling machine
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Table 1. Actual composition of the prepared materials

Element Number Element Symbol Element Name Atomic Conc. Weight Conc.
8 @) Oxygen 68.88 42.98
26 Fe Iron 14.19 30.89
22 Ti Titanium 13.01 24.29
6 C Carbon 3.92 1.84
‘7 o — Fe203‘
311
_ 310

= 400

<
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Fig. 2. X-ray diffractive analysis for Fe203
3.3 Optical Properties (UV- Visible  The poor absorption of radiation observed in the
Spectrometer) NIR part of the spectrum may limit the use of

3.3.1 Absorbance spectrum of iron oxide
nanoparticles

The absorbance spectrum of iron oxide
nanoparticles provides important information
about their optical properties, which are essential
for various applications such as imaging,
sensing, and therapy. The results presented in
Fig. 3 show that Fe,Os; nanoparticles dispersed
in distilled water exhibit a maximum absorbance
of 10% in the UV part of the spectrum, followed
by a decrease to 1% and then an increase to 5%
in the visible part of the spectrum. The
absorbance then gradually decreases in the NIR
part of the spectrum, indicating poor absorption
of radiation.

The observed absorbance spectrum can be
attributed to the optical properties of Fe,O;
nanoparticles, which are influenced by their size,
shape, and crystal structure. It has been
reported that small nanoparticles exhibit broad
absorbance spectra with low peak intensity,
while larger nanoparticles exhibit narrow
absorbance spectra with high peak intensity
[22,23].
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Fe,O3 nanopatrticles in certain applications such
as photothermal therapy, which relies on the
absorption of NIR radiation for heating and
destroying cancer cells [24]. However, Fe,O;
nanoparticles may still be useful for other
applications such as contrast agents for MRI,
where their magnetic properties are more
important than their optical properties. Overall,
the absorbance spectrum of iron oxide
nanoparticles provides important information
about their optical properties, which can be
influenced by their size, shape, and crystal
structure.

3.3.2 Optical transmittance

The results of the transmittance of Fe,0O3
nanoparticles dispersed in distilled water and
ethanol are indicative of the nanoparticles optical
properties. The increase in transmittance in the
UV region of the spectrum can be attributed
to the nanoparticles small size and the
phenomenon of Rayleigh scattering. This is
supported by previous studies which have shown
that nanoparticles of smaller sizes exhibit a
higher transmittance in the UV region of the
spectrum [25,26]. The drop in transmittance in
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the visible region can be attributed to the
presence of impurities in the sample, which may
absorb radiation in this region [27]. The gradual
increase in transmittance in the NIR region of the
spectrum can be attributed to the nanoparticles
electronic properties and the phenomenon of Mie
scattering [27].

Furthermore, the high transmittance of Fe,O;
nanoparticles in both distilled water and ethanol
can be attributed to the fact that Fe,O; has a
wide bandgap of about 2.2 eV [28], which means
that it is a poor absorber of radiation. This is in
agreement with the poor absorption of radiation
observed in the absorbance spectrum of Fe,O3
nanopatrticles.

3.3.3 Optical reflectance

The poor reflection and high transmittance of
Fe,O3 nanoparticles can be attributed to their

small size and the presence of surface charges,
which promote the absorption of incident light
and reduce reflection [27,29]. The decrease in
reflection and increase in transmittance observed
in the UV region for both distilled water and
ethanol dispersed Fe,O; nanoparticles can be
attributed to the presence of electronic transitions
from valence to conduction bands [29]. The
decrease in reflection and increase in
transmittance in the NIR region for both samples
can be attributed to the presence of surface
plasmon resonance (SPR) [27,29].

3.3.4 Optical bandgap

The optical band gap of Fe,O; nanoparticles
dispersed in ethanol (2.74 eV) and distilled water
(2.98 eV) was determined from the absorbance
spectra. The optical band gap is an important
parameter that determines the electronic and
optical properties of a material [29].
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Fig. 3. Absorbance spectra of Fe,O3 nanoparticles
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Fig. 4. Transmittance spectra of Fe203 nanoparticles
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Fig. 6. Optical energy bandgap plots of Fe203 nanoparticles

The smaller band gap for ethanol dispersed
Fe,O3; nanoparticles suggests that they are
more suitable for photocatalytic and photo-
electrochemical applications [30].

3.4 Scanning Electron Microscopy (SEM)
Scan Result

The SEM images of the Fe,O; nanoparticles
prepared by mechanical grinding method using a
ball milling machine show that the nanoparticles
are well dispersed and have a relatively uniform
size distribution. The uniform size distribution is
desirable for many applications, including
biomedical imaging and drug delivery [30]. The
mechanical grinding method is a simple and
effective way to prepare Fe,O3; nanopatrticles with
controlled size and morphology [31].

3.5 Results of Electrical Properties

The electrical properties of Fe,O3 nanoparticles

have been studied in several res
earch works.
For instance, in a study, the electrical

conductivity of Fe,O3 thin films was measured
using a four-point probe technique [35]. The
results showed that the films had good electrical
conductivity, which makes them suitable for use
in the production of solar cells with higher
frequency fabrication. Similarly, in another study,
Fe,O3; nanoparticles were incorporated into a
TiO, matrix to form a composite film [33]. The
electrical properties of the composite film were
characterized using impedance spectroscopy

32
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Fig. 8. I-V characteristic of Fe203 nanoparticles

and Hall effect measurements. The results
showed that the incorporation of Fe,O3
nanoparticles into the TiO, matrix improved the
electrical conductivity of the composite film. In a
different study, the electrical conductivity of
Fe,O3; nanoparticles was investigated using a
two-point probe method [34,35]. The results
showed that the electrical conductivity of the
Fe,O; nanoparticles was influenced by the
synthesis method and the particle size. The
study also found that the electrical conductivity of
the Fe,Os; nanoparticles increase with an
increase in temperature.

Regarding the specific results mentioned in the
guestion, this study reported an average current
of 2.9E-05A and an average voltage of 1.2 x 10-
1V for Fe,0O; thin films. The sheet resistance of

33

the films was found to be 0.098X108Q/sq, and
the resistivity was calculated to be 5.8E-5nm.
The conductivity was calculated to be
17241.4(Qm) -1.

In summary, Fe,O; nhanoparticles have been
found to exhibit good electrical conductivity,
which makes them suitable for use in various
applications such as solar cells and
sensors. The electrical properties of Fe,O3
nanoparticles are influenced by several factors,
including synthesis method, particle size, and
temperature

4. CONCLUSION

From the literature discussed above, it can be
concluded that Fe,Oz; nanoparticles exhibit



Nwauzor et al.; Asian J. Phys. Chem. Sci., vol. 11, no. 1, pp. 27-35, 2023; Article n0.AJOPACS.97962

interesting optical and electrical properties. The
absorbance, transmittance, and reflectance
spectra of Fe,O3; nanopatrticles dispersed in both
distilled water and ethanol were investigated. It
was found that the Fe,O3; nanoparticles had poor
absorption of radiation, but high transmittance,
particularly when dispersed in ethanol. The
optical band gap was determined to be 2.74 eV
for Fe,O3; nanoparticles dispersed in ethanol and
2.98 eV for those dispersed in distilled water.
The electrical properties of Fe,O3; nanoparticles
were also investigated using the four-point probe
technique, and it was found that the film has a
higher conductivity, which could assist in the
production of solar cells with higher frequency
fabrication. The sheet resistance for iron oxide
was found to be 0.098X108Q/sq, and its
resistivity was 5.8E-5nm, with a conductivity of
17241.4(Qm) -1.

Overall, the interesting optical and
electrical properties of Fe,O3; nanoparticles
suggest their potential for various applications,
including in solar cells and other electronic
devices.
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