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This study presents the synthesis of a novel ovonic nanomaterial by the chemical route
approach, involving the combination of three distinct materials: polyvinyl alcohol (PVA),
iron oxide (Fe203), and selenium (Se) nanoparticles. The produced material underwent
evaluation using various analytical techniques, including Xray diffraction (XRD), energy-
dispersive Xray spectroscopy (EDS), scaning electron microscope (SEM), and UV-Visible
spectrophotometer. The focus of the work revolved around a unique hybrid structure
consisting of selenium nanoparticles that were embedded within a polyvinyl alcohol and
iron(Ill) oxide. The examination of micro structure information yielded findings that
support the notion that Se nanoparticles have an impact on the structural properties of
PVA/Fe;03. (XRD) and (EDS) examines provided confirmation of the formation of a
novel composite structure. The produced composites had notable absorption peaks at a
wavelength of 530 nm for PVA-Fe,03;-CdZnS. These composites exhibited a progressive
transition towards absorption in higher wavelength areas. The composite material that has
been suggested for potential utilization in forthcoming energy storage applications.
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1. Introduction

Magnetic nanoparticles (MNPs), which are materials at the nanoscale, possess distinctive
magnetic characteristics and have found extensive utilization across several domains including
healthcare, energy, engineering, and environmental applications. In current years, there had been a
important increasing in research focused on MNPs due to their exceptional and distinctive
features. These qualities have led to the exploration of their possible application in several arenas
for example medicine, catalysis, agricultures, and energy storages [1-5]. Transition metals ions
such as iron, cobalt, nickel, and their corresponding complexes are commonly employed in the
synthesis of magnetic nanoparticles (NPs) [6-8]. Iron is an element that can exist in several forms
with valences ranging from zero to three. Furthermore, many iron compounds exhibit distinct
properties, ranging from magnetism to ferromagnetism [9]. The magnetic nanoparticles (NPs)
encompass several iron oxides , namely Magnetite (Fe;04), Maghemite (y-Fe,O3), Hematite (o-
Fe,03), and Goethite (FeO(OH)) [10,11]. Hematite demonstrates a higher thermodynamic stability
compared to other iron oxides when exposed to oxygen. It also displays pronounced electron-
electron interactions and electron-photon resonances, which are followed by intricate electronic
structures that possess intriguing optoelectronic properties [12-14].
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Iron oxide nanoparticles (IONPs) are commonly manufactured by several processes, with
physical and chemical approaches being the most prevalent. The manufacture of (IONPs)
necessitates the use of potent chemical reducing agents, which can have a significant
environmental impact. Therefore, it is imperative to seek a dependable, operative, and ecologically
friendly approach for the fabrication of nanoparticles. The selected approach should adhere to
principles of economic viability, environmental sustainability, and cost-effectiveness. Moreover,
the consideration of raw material availability and natural resource accessibility is of paramount
significance while selecting a methodology [15]. The compound o-Fe,Os, which possesses an in
direct energy gap of 2.20 eV, had been recognized as a semi conductor of the n-type and finds
extensive utility in several fields including catalysis, gas sensing, and photovoltaics. An optimal
semiconductor possesses a substantial bandgap that can be stimulated by visible light, rendering it
both environmentally and economically viable for the efficient production of large-scale field
applications [16].

The growing interest in generation of energy from nonfossil energy bases, such as wind,
water and solar, can be attributed to the adverse environmental impacts associated with energy
derived from fossil fuels, which include global pollution and climate change. Rechargeable
batteries are often regarded as the optimal energy storing technology for the purpose of stowage
energy derived from renewable bases, owing to their substantial storage capacity and exceptional
conversion efficiency. [17] Iron oxide-based anodes are very promising options for energy storage
systems such as lithium-ion batteries due to their advantageous properties, including abundance,
low cost, and non-toxicity [18]. Se, an element that belongs to the similar group as sulfur in the
periodic table and demonstrates a comparable redox process, has been suggested as a prospective
cathode material for rechargeables lithium based batteries. This phenomenon can be attributed to
the several advantages it presents in comparison to widely researched sulfur systems [19].

Selenium (Se), a semiconductor of interest in the field of chalcogenides, has historically
been employed for the purpose of harnessing solar energy. The advancement of nanoscience and
nanotechnology has facilitated the creation of a wide range of selenium (Se) nanoparticles that
possess intricate architectures and distinctive characteristics. Upon comparison with other
chalcogens, it becomes evident that selenium nanoparticles possess an anisotropic crystalline
structure, intrinsic chirality, and exhibit a notable level of reactivity. Moreover, these materials
exhibit exceptional physicochemical properties. The incorporation of selenium (Se) nanoparticles
into materials of technical importance, such as conductors and semiconductors, on substrate that is
plastic, bendy, stretchable, and extremely curved, represents a significant and advanced
development in the realm of flexible and wearable electronics utilizing Se nanomaterials [20].
Recent research has also indicated the significant potential of selenium nanoparticles in serving as
great performances electrode for energy storing device. Lithium-sulfur battery commonly exhibit
notable theoretic definite capacity for energy. Nevertheless, the implementation of these methods
has been impeded by two significant challenges. Sulfur is not considered an optimal choice for an
electrode material due to its inherent limitations in terms of both electronic and ionic conductivity.
Furthermore, during battery operation, electrolyte-soluble poly sulfide inter mediate products
exhibit solubility in fluid electrolyte, resulting in the notable shuttle effect and subsequent capacity
degradation. Selenium (Se) has emerged as a viable substitute for sulfur in the context of
electrodes material for lithium-selenium (Li-Se) battery [21-25].

In this work, a simple and one-step chemical method was applied to prepare PVA/
Fe,03/Se nanocomposite. The PVA/ Fe,03/Se nanocomposites were tested by some instruments to
study their optical and structural properties.

2. Materials Used and methods

2.1. Synthesis of PVA/ Fe,O3/Se nanocomposite materials

For purpose of facilitate the synthesis of PVA/ Fe,Os/Se, a colloid comprising the iron
precursor had been made by mixing 50 milliliters (ml) of de ionized water with one gram of ferric
chloride (FeCls). A complex agent, consisting of a solvent comprising 1% polyvinyl alcohol, had
been utilized in the experiment. A composite was created by blending 10 mL of (PVA) with 10
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mL of (FeClI3) containing 0.1 g of selenium (Se) nanoparticles. Following that, a minute volume of
1 milliliter of a 1 molar solution of sodium hydroxide (NaOH) was introduced into the resultant
combination. Following that, the solutions underwent a thermal treatment at a temp. equal to 70 C°
and were stirred for a period of one hour utilizing a hot plate. The examination and publication of
the PVA/ Fe>O3 nanoparticles without Se were conducted and documented in this scholarly work
[26]. Table 1 shows the prepared samples.

Table 1. displays the information of prepared samples.

sample Information
Se 0 PVA/ Fe;03
Se 1l PVA/ Fe;0s/Se

3. Results and discussion

Fig. 1 presentations the FESEM pictures of the PVA/ Fe;Os3/Se nanocomposite prepared
by the chemical route. In figure 1 two magnification zones of PVA/ Fe,033/Se were presented,
they contain agglomeration area from polymer surrounding the particles. There is no ability to
identify the different particles where all type of particles mixed well together.

SEM MAG: 70.0 kx WD: 13.99 mm MIRA3 TESCAN[l SEM MAG: 135 kx WD: 13.99 mm

MIRA3 TESCAN
Det: SE SEM HV: 15.0 kV 500 nm

Det: SE SEM HV: 150 kV | 200 nm

Date(midry): 11/13122 Date(m/dly): 11/13/22

Fig. 1. Represents the morphology of (Se 1) composite material by SEM.

The presence of elemental selenium (Se), carbon (C), iron (Fe), and oxygen (O) in the
synthesized nanocomposite had been scanned by (EDS). Fig. 5 displays the spectra of the PVA/
Fe,03/Se nanocomposite. The presence of prominent peaks at around 1.8 keV and 6.2 keV
indicates that the principal constituents of the sample are the elements selenium (Se) and iron (Fe).
The weight percent composition of carbon and iron was determined to be 48% and 45%,

respectively, while oxygen accounted for the remaining percentage. The remaining proportion is
attributed to the elements Fe and Se.
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Fig. 2. EDS spectrum of Se I composite.

XRD data collected had been ready for identifying the nanocomposite construction. Figure
3 shows the peak of composite and the inset figure represent the Fe,O3; peak . As was cleared in
inset Figure 1, for Fe,Os; the recognized strong peak at 32° and 58.5° were given to the
crystallographics information of the a- Fe,Os; phases [16]. Peak at 18,28 belonging to FeSe
combination according to ref. [27] peak at 21, 26, 35, 43 belonging to Se according to ref. [28].
Table 2. Shows the information about structural properties of Se 1 sample.
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Fig. 3. XRD peaks position of Se 1 sample.

Table 2. Shows the information about structural properties of Se 1 sample.

Position Intensity[a. | FWHM d-space [A] | Rael. Tip Width
[°6] u.] [°26.] Intensity [%]

17.5000 3393(52) 0.123(2) 5.06365 100.00 0.1475
214 83(11) 0.18(5) 4.13359 243 0.2142
22.42 58(9) 0.19(5) 3.96308 1.70 0.2281
25.644 166(14) 0.17(3) 3.47096 4.90 0.2096
26.515 193(17) 0.14(2) 3.35889 5.68 0.1725
27.856 652(22) 0.182(9) 3.20025 19.22 0.2189
29.924 1041(27) 0.168(5) 2.98362 30.67 0.2019
35.476 737(21) 0.174(6) 2.52833 21.71 0.2086
41.37 12(6) 0.2(1) 2.18077 0.35 0.2368
43.813 315(12) 0.26(1) 2.06462 9.29 0.3060
47.98 42(6) 0.244) 1.89443 1.25 0.2871
52.3 10(3) 1.03) 1.74697 0.30 1.1759
62.21 53(5) 0.44(5) 1.49100 1.56 0.5302
74.02 21(3) 0.6(1) 1.27970 0.61 0.7503
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The transmission of prepared composite was displayed in figure 4. From the figure and
comparing the inset spectrum which is belong to PVA/ Fe,0O3 the transmission range of PVA/
Fe,O3 approximate to the PVA/ Fe,Os both martials have high transmission for visible
wavelengths above 550 nm and small transmission in the region 550 nm and less

T T T T T
500 600 700 800 900
A (nm)

Fig. 4. Spectra of transmission of prepared samples.

In Figure 5, the absorbance spectrum of the Se 0 and spectrum Sel materials are
displayed, revealing peak absorptions at wavelengths of 500 nm and 530 nm for the Se 0 and Se 1
samples, respectivly. It is worth noting that the absorption min. of the Se 1 composite exhibits a
gradual shift towards higher wavelengths. It could be prominent that the absorption of the Se 1
progressively shifted toward higher wavelengths. Absorption coefficient of prepared samples are
presented in figure 6.
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T T T T T
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Fig. 5. Spectra of absorbance for prepared samples.
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Fig. 6. Absorption coefficients of prepared samples.

The calculated values for the indirect gap energy between the conduction and valence
bands in samples Se 0 and Se 1 are 2.3 eV and 1.94 eV, respectively, as determined from the Tauc
plot shown in Figure 7. While fig. 8 displays the direct band gaps of Se 0 and Se 1 are 2.2 eV and
2 eV respectively [29,30].
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Fig. 7. Indirect band gap of Se 0 and Se 1 composites.
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Fig. 8. Direct band gap of Se 0 and Se 1 composites.

4. Conclusions

In this study, a novel PVA/Fe,03/Se nanocomposites were successfully synthesized by
chemical synthesis method. The synthesis of PVA/ Fe,Os3/Se composites were confirmed by
various characterizing techniques. The examination of microstructure data yielded findings that
support the notion that Se nanoparticles have an impact on the structural properties of PVA/Fe,0Os.

The (XRD) and (EDS) analyses provided confirmation of the formation of a novel
composite structure. The produced composites had notable absorption peaks at a wavelength of
530 nm for PVA-Fe,0;-CdZnS. These composites exhibited a progressive transition towards
absorption in higher wavelength areas. The composite material that has been suggested for
potential utilization in forthcoming energy storage applications.
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