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Abstract
In this study, Mn, O3 /[PVC, Polyvinyl chloride polymer doped with various Mn,O; nanoparticles,

is prepared, and characterized. Solution casting was used to create Mn,0O3;/PVC polymeric
nanocomposite films. The X-ray diffraction method verified that the Mn, O3;NPswere effectively
disseminated in PVC matrix with a single—phase structure. The casting process is expected to
cause Mn,; O3 nanoparticlesinthe PVC matrix toaggregate. According to UV/Vis/IR analysis, the
optical energy gap values decrease as Mn,O3; NPs concentration increases. This indicates that
complexes of charge transfer between the polymer and Mn**—ions are developing. Mn,O;/PVC
nanocomposite can function as a photocatalyst to enhance the efficiency of Carmine dye
photodegradation. The most effective Mn,03;/PVC nanocomposite film for the visible
photocatalysis of Carmine dye is 2.5 wt% Mn,O3;/PVC. Mn,O3/PVC has been shown to be a

promising material for use in photocatalytic, and optoelectronic.
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1. Introduction: Water pollution caused
by harmful pollutants like industrial
dyes and pesticides is a significant
cause of environmental deterioration
worldwide. Discharging industrial
waste and synthetic dyes into the
environment has led to widespread
contamination in various regions. In
textile manufacturing, a significant
portion of dye production is lost as
effluent, contributing to the pollution
of water bodies (Menazea, 2020). These
dyes can have detrimental effects on
both the environment and human
health. Many dyes are non-
biodegradable, meaning they remain
in ecosystems for long periods.
Moreover, harmful byproducts can be
produced when these dyes undergo
certain reactions in

wastewater(Fayek,2023).

The accumulation of these compounds
poses a serious threat to the environment
and public health. It is crucial to
implement innovative technologies for
removing dyes from industrial
wastewater. By doing so, we can reduce
freshwater contamination and safeguard
the health of ecosystems and communities
that rely on clean water sources
(Houas,2001). The need for recycling and
reusing wastewater is growing due to the
world's finite freshwater supply. Less than

1% of the Earth's surface comprises easily

accessible freshwater sources that are fit

Basic Sciences Sector, The Department of Physics 2

for human use, even though over 70% of
the planet is covered in water (UN Water,
2022). Global freshwater use has been
increasing at a rate that is more than twice
as fast as population growth, and by 2050,
it is predicted that overall water demand
will have increased by 20-30% over
current levels (WWAP, 2021). In many
regions of the world, this increasing
demand for freshwater and pervasive
pollution from industrial, sewage, and
agricultural sources is causing acute water
stress (UNESCO,  2022). Efficient
wastewater  treatment and reuse
techniques are crucial to increasing
freshwater availability and decreasing
harmful discharges (Takeuchi, 2020; Tsade
Kara, 2021). United Nations, Water "UN
World Water Development Report 2020."
United States of America: New York, NY
(2020).

Due to their growing interest,
numerous studies have been conducted on
nanocomposites embedded in polymer
matrices (Rouabah, 2021). Owing to its
interesting features and potential uses,
single polymer matrix materials are
among the most attractive material
classes. Polymer nanocomposites are an
advanced new technology with many
applications and no negative
environmental impacts. Furthermore, the
composition, form, size, orientation,
concentration, volume fraction, degree of

dispersion of the mnanoparticles, and

interfacial bonding in the polymer matrix
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all affect the effective properties of
polymer nanocomposites (Roy S, 2016). In
general, inorganic particles in polymer
matrix enhance nanocomposites'
mechanical, thermal, electrical, magnetic,
and redox characteristics (Meti S, 2020).
Transition metal oxides are a wide class of
oxides with significant characteristics that
are being studied in various categories
(Julien C, 2017; Guo W, 2019; Shi X, 2018;
Li X, 2017; Le Q, 2017; Zhao J, 2017;
Shalini A, 2019). As an n-type non-
stoichiometric semiconductor,
manganese oxide (MnO, MnO;, Mn,0Oj3,
Mn;0O,4, and Mn;sOg) can exist in a variety
of polymorphic and crystallographic
forms and oxidation states, with 1D, 2D,
and 3D morphologies such as rods, wires,
cubes, spheres, urchins, sheets, flowers,
and many more. Some preparation
techniques, such as the sol-gel method,
electrospinning, solid state,ion exchange,
precipitation and co-precipitation
techniques, and thermal decomposition,
could synthesize manganese oxide based
on previous reports (Zhang L, 2018; Zhang
S, 2016; Kumar N, 2017; Wang Y, 2016;

ZhangY,2018;Qi S, 2008; Paulraj P, 2021).

Polymers are the most extensively
utilized materials because of their low cost
and simplicity of processing. They are,
therefore, regarded as adaptable,
advantageous, and cost—effective due to
their wide range of functions (Rouabah,
2021; Gulati U, 2012). PVC and other

polymers have garnered much interest in
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many facets of life. PVC has attracted
interest due to its favorable characteristics,
superior mechanical qualities, and rigidity
compared to other common
thermoplastic polymers. PVC has the
benefit of being easily bio undegradable
and non-toxic in the environment. PVC
has also been found to have useful uses in
the antimicrobial and industrial sectors

(Yildirnm OA, 2013; Hosseini SM, 2015).

The process of photocatalysis in
Mn,0;3/PVC
involves the absorption of light by

nanocomposite films

manganese oxide (Mn,Oj3) nanoparticles
embedded within the film. When these
nanoparticles are exposed to light, they
create electron-hole pairs, which then
interact with molecules in the
environment through redox reactions.
Previous research utilizing various
scavengers has identified *O,~ and ‘OH
radicals as the primary species responsible
for breaking down Carmine dye. The
generated electrons and holes are
transferred to the surface of the
photocatalyst. The electrons reduce
oxygen (O;) to form superoxide radical
anions ("O;"), while the holes either oxidize
water (H,O) to form hydroxyl radicals
(OH) or directly oxidize Carmine dye.
These reactive species ("O,~, *OH, and h*)
initiate the redox reactions that break
down Carmine dye into carbon dioxide
(CO,), and water (H,O). Consequently, the
solution of Carmine dye loses its color as

the aromatic rings degrade. Furthermore,
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research has indicated that the significance
of different species in the photocatalysis
process decreases in the following order:
electrons (e”) > superoxide radical anions
("O27)> hydroxyl radicals "OH) > holes (h*)
(Jagodi’'c, 2023).

The effect of Mn,O; nanofillers on
the PVC matrix is investigated in this
article. X-ray diffraction (XRD) was
investigated. The influence of the amount
of Mn, O3 nanoparticles, optical bandgap
analysis, transmittance, and absorption in
the investigated nanocomposite films was
tightly regulated. Mn,O3/PVC has much
greater photocatalytic activity than pure
PVC. This could be because Mn,O3 and
PVC work so well together. A visible
photocatalytic mechanism for

Mn,;O;/PVC nanocomposite films was also

suggested and researched.

2. The Theoretical Framework
The literature on the photocatalytic
performance of PVC and the polymeric
Mn;O;3;/PVC nanocomposite highlights the
potential of these materials for environmental
remediation and other applications. Studies
have shown that PVC itself has limited
photocatalytic activity, but when combined
with Mn,O; nanoparticlesin ananocomposite
structure, the photocatalytic performance can
be significantly enhanced. The presence of
Mn;O; nanoparticles in the PVC matrix
allows for the generation of reactive oxygen
species under light irradiation, leading to

improved degradation of organic pollutants.
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Changjun (Yang,2011)Enhanced Solid-
Phase Photocatalytic Degradation Activity of
a Poly(vinyl chloride)-TiO; Nanocomposite”.
Film with Bismuth Oxyiodide Film of PVC-
BiOI/TiO;, photodegradable nanocomposite
film was synthesized. UV-Vis spectroscopy
was used to study the solid-phase
photocatalytic degradation behavior under
uv light

Concerning photocatalytic

irradiation.
degradation
activity, the PVC-BiOI/TiO; nanocomposite
film showed more activity. It was discovered
that 0.75% was the ideal mass ratio for BiOI to
TiO,. After 336 hours of radiation, the weight
PVC-BiOI/TiO;,
nanocomposite film was 30.8%, 15 times
PVC-TiO,

under the

loss rate of  the
higher than that of the
nanocomposite film same

conditions.

(Rouabah. N,2020)Structural, Optical and
of PVC/CdS
Nanocomposites Prepared by Soft Chemistry
Method” The study explores the use of (CdS)

Photocatalytic Properties

embedded in a polymeric polyvinylchloride
(PVC) matrix for the degradation of MB
under UV light irradiation. A direct energy
bandgap between 4.07 eV and 3.85 eV is
revealed by the UV-vis spectroscopy, which
also shows that the transmission is between 80
and 95% in the
photocatalytic

visible region. The
study demonstrated the
potential of PVC/CdS nanocomposites for

MB degradation under UV light irradiation.

(Rouabah .N, 2021) “Nanocomposite synthesis

of silver doped oxide

magnesium
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PVC

applications”

matrix for
This

describes the spin coating procedure used to

incorporated  in
photocatalytic study
prepare the Ag:MgO/PVC nanocomposite.
PVC and pure MgO/PVC have direct band
gap energies. As the concentration of
Ag:MgO increases, the band gap energy value
decreases. Under UV light irradiation, the
photocatalytic activity of this nanocomposite
film was assessed for the methylene blue (MB)
dye. The outcome showed that Ag:-MgO/PVC

nanocomposite films have good potential for

MB degradation.

(Nouhad Rouabah ,2023) “Synthesis of a thin
film of CuO/MgO/PVC nanocomposites for
applications”. This study
examines the of 5% and 15%

CuO/MgO mixed in a (PVC) matrix on

Photocatalytic
impact
photocatalytic activity. In 15%
CuO/MgO/PVC NCs, the bandgap energy of
MgO/PVC decreased dramatically from 4.00
eV to 3.77 eV. This work also shows the great
capacity of CuO/MgO/PVC
towards the photodegradation of methylene

thin films

blue (MB) dye. MB dye photodegradation was
compared, and the results showed that the
photocatalysis was superior by 15%, with an
efficiency of approximately 44% at a rate
constant of 5.20 x 103 min~1.

(Jagodi¢, I ,2023) “The photodegradation of
(MB)

sunlight was studied”. In this work various

methylene blue under simulated
iron(Ill) oxide/titanium(IV) oxide/polyvinyl
chloride (Fe203/TiO2/PVC)nanocomposites
in tablet form. The maximum photocatalytic

efficiency was attained when 70.6% of the MB
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was eliminated in the presence of

Fe,O3/TiO,/PVC. Furthermore, the indicated
photocatalyst's potential for photo-cleaning
and reuse was also investigated. It is evident
from the data that after five iterations, the

activity did not decline.

3 Methods of Research and the tools

used.

3.1. Preparation of Mn,O3 nanoparticles

The sol-gel process was used to create MnyOs.
After thoroughly mixing, a specific amount of Mn
(NO3)3 was mixed with the appropriate citric acid
amount in a volume of distilled water of 30 ml. The
solution was then held at 110 °C until the weight

was constant. Finally, the temperature was raised to

550 °C for two hours (see Scheme 1a).
O i

-t

IPreparaﬁon of Mn,0O;

Scheme .la: Preparation of Mn,0O3;
nanoparticles.

3.2. Preparation of Mn,O3;/PVC polymeric
nanocomposites films

of Mn,O;/PVC

To create films made

polymeric nanocomposite, the solution
casting procedure was used. 20 g of PVC
powder is dissolved in 200 ml of high-grade
Tetrahydrofuran THF using magneticstirring
at a speed of 700 rpm for 48 hours at room
temperature. By means of an ultrasonic

homogenizer used for 5 minutes at 100 W,
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different weight percents of Mn,O3 (0, 0.05,
025, 0.5,

disseminatedinthe PVC solution. The casting

and 25 wt %) were equally

of pure and Mn,O;/PVC solutions was done in
a flat-bottomed Petri dish, which was then
kept in a dark place until it dried completely.
After five days, all Mn,0;3;/PVC films were

removed from the Petri dish (see Scheme 1b).
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3.3. Measurement techniques
The XRD patterns of Mn,O3;/PVC films were
collected by employing a Shimadzu LabX-
XRD-6000 with CuKy (CuKq = 1.5406A°). By
using the JASCO V-570 spectrometerat room
temperature and 200 to 2500 nm in
wavelength, linear optical characteristics were
achieved.
3.4. Photocatalytic activity studies

Using a wood photoreactor, the
photocatalytic validity of each produced
sample has been evaluated. I.S. Yahia and his
group created the photoreactor at NLEBA,
Ain Shams University (ASU) ( Hussien, 2020).
Mn,O;/PVC membranes were mixed with 200
ml of an aqueous mixture containing 0.01g/L
of carmine dye and 1 mL of H,O; at room

temperature. The generated solution was
combined with Mn,O3;/PVC and held for 30
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minutes in complete darkness to attain the
adsorption-desorption equilibrium. UV,
light was used to irradiate the fluid during the
experiment. After irradiation, 3 ml of the
suspension was removed from the mixture
every 10 minutes. The measurement of the
absorbance

change in dye during

photodegradation was done using the
absorbance at a maximum wavelength of 665
nm. A UV-Vis spectrophotometer was used
to measure absorbance data/plots to evaluate
carmine dye's degradation rate (see Fig.

1&Table 1).

H H
_‘lf_‘%_
H ClI _n
(@ PVvC (b) carmine dye
polymer

Table 1: The structure of (a) PVC polymer,

and (b) carmine dye

Fig. 1. Photoreactor design and operation in

NLEBA, Ain Shams University, Cairo, Egypt.
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4. Results of Research

41. Mn,O3/PVC nanocomposites films

structural analysis.

The XRD spectra for pure PVC and Mn2O3 /PVC
nanocomposite films have been evaluated, as
shown in Fig. 2, for investigating the influence of
Mn203 NPs content on the amorphous PVC
polymer chain. The diffraction pattern observed
for pure PVC exhibits two broad humps at 20
values of 15° and 25° with their intensity
decreasing systematically, which confirms the
amorphous nature of the PVC polymer (Guedri,
2020; Abouhaswa AS, 2020). The XRD patterns

of Mn203 /PVC nanocomposite films studied here
show that there are no peaks corresponding to
crystalline peaks of Mn20s, which infers that the
Mn20O3 NPs are completely dissociated in their
solutions prepared for the preparation of films.
The formation of strong complexes between C-Cl
of PVC and the cation Mn*3 of Mn20s3 results in
complete dissociation of the Mn2QO3, which agrees
with earlier studies (Khorsand Zaka A, 2010). In
the polymeric host, adding NPs changes the
intensity and width of the initial humps. The rise
in width or intensity reduction shows that the
crystallinity of the PVC polymer changes

(decrease). It could indicate that certain

interactions can take place between the polymer
chains and the NPs (Augustin M, 2015).

Table 2: The indirect and direct band gap, and the band tails energy of Urbach’s

for pure PVC film and its Mn,O; nanofiller doped PVC polymeric

nanocomposite films.

samples Fo (V) E, (V) Direct E,, (MeV)

Pure PVC 3.91 2.98 4.08 8.81
0.05 wt% Mn,O3 3.74 2.82 4.03 2.33 11.98
0.25 wt% Mn,03 357 2.76 3.85 3.23 22.49
0.5wt% Mn,0O3 3.35 2.66 4.72 3.17 86.58
2.5wt% Mn,O3 3.1 1.95 3.51 2.88 102.14

Basic Sciences Sector, The Department of Physics 7
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Fig. 2: XRD spectra for PVC/Mn,03
nanocomposites.

4.2. UV-Vis-IR analysis of Mn,03 /PVC

nanocomposite membranes.

The UVNis absorption spectra of the produced
pure PVC and the Mn203/PVC nanocomposites at
wavelengths between 190 and 1500 nm are shown
in Fig.3a. Pure PVC film's measured spectra show
two absorption bands at 235 and 347 nm. The n—
n* electronic transition, often known as the 234—
362 nm absorption band, is responsible (Mudassir
Hasana, 2015). The increase in absorbance could
be detected using the C-ClI bond (Al-Muntaser
A.A, 2020) . PVC has the least amount of
absorption in the UV, Vis, and NIR spectrums.
Additionally, the absorption of manganese oxide-
free electrons to the radiation causes the
absorption peak's intensity to increase with a

greater Mn203 %.
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Fig.3. optical UV-Vis-NIR (a) Transmittance
curves and (b) Absorbance of Mn,O3 /PVC
nanocomposite films.

Additionally, the peak positions have somewhat
adding  Mn20s3 PVC,

demonstrating the interaction between the PVC

changed after to
matrix and Mn20O3 nanoparticles as demonstrated

by XRD at various concentrations.

Fig. 3b displays the transmission of PVC/ Mn203
nanocomposites in the UV-Vis-IR light spectrum.
Approximately 88% of pure PVC transmits data;
however, transmittance decreases when Mn203 NP
The
spectrum decreases as the ratio of Mn203

concentration  increases. transmittance

nanoparticles increases inside the matrix (Ismail
A.M, 2020). The spectrum intensity of PVC is
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continuously reduced with nanoparticle levels
from 88 % to roughly 5% due to complex
interaction between the nanoparticles and matrix
via the C-Cl connection The absorption coefficient
(a), Urbach energy (E), band gap (Eg), and the
kind of the material's electronic transitions have all
been identified from the spectra of polymer films'
optical absorption. The following equation may be
used to determine the polymer films' absorption
coefficient (Hussien, 2020);

2.3Abs
a= 2 &)

where d is the film thickness, and Abs is the film
absorbance. Tauc's equation (Tauc J, 1974 ) may

be used to figure out the optical band gap.

ahv =B(hv— E)™ 2)

where hv is the energy of the incident photon, B is
constant, and Eg is the optical band gap dependent
on the value of the variable parameter m for both
potential transitions, direct and indirect (m = 1/2
and 2 for allowed direct and allowed indirect
transitions, respectively). The direct (Egd) and
indirect (Egind) optical band gap are figured out at
the hv-axis from the point at which the straight
component of the curves extrapolates to zero
absorption [(ahv) 2 or (ahv) 12 =0] as displayed in
Fig. 4a (direct state) and Fig. 4b (indirect state).
Table 2 gives an overview of the determined

values. As the Mn203 concentration in the PVC

matrix rises, it is shown that the direct and indirect
band gaps fall from 5.8 to 4.8 eV and from 4.8 to
4.05 eV, respectively. The increase in localized
states that resulted from Mn20Os injection into the
PVC matrix can be credited to this. For every
sample examined, it is discovered that the Egq
values are higher than the Egind values. Two zones
corresponding to the absorption edges show the
linear portion dependency for pure PVC. The
transitions between the HOMO and LUMO bands
were responsible for the multi-band gaps that were
characterized in terms of optical absorption
spectra. Table 2 demonstrates that the optical band

gap's values drop with increasing Mn2Os3 content.
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8.0x10° -
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350
(b) = FumFvc i
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300 J 4 025 Wk MnD,
¥ 05 whemno, |
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N
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N
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Fig. 4: Plots of (a) (« hv )2versus photons energy hv, and (b)
(@ hwv )2 versus hv for Mn203 /PVC nanocomposite films.
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Fig. 5: Plots of In « versus hw
nanocomposite films.

The relationship between the absorption
coefficient and photon energy at the lower photon
energy of the optical band gap is seen in the
following equation (tail absorption). (Hussien,

2020);:
a=a,exp () ®3)

where  a, is a constant

3.90 3.95 4.00 405 410 415 4.20

hu,(eV)

for the Mn20Os /PVC

The relationship between the rise in Eu and the
concentration of Mn20Os is described in Table 2
using the estimated slope values from Fig. 5,
which supports the rise in the amorphous nature of
the films. The Eu increase may be caused by
creating Mn203/PVC nanocomposite polymeric
films with a highly structured Mn2O3 aggregation.
Because the particles get bigger, the rise in Eu
values is related to the growth in Mn20O3 clusters.
The findings of this spectroscopic investigation

demonstrated that the decrease in crystalline size
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may be linked with the XRD patterns and a

lowering in the energy gap.

4.3. Efficiency and Kkinetics of photocatalysis
The degradation of Carmine dye in an aqueous
solution under UVA light irradiation was used to
evaluate the
Mn203/PVC
photocatalytic performance of PVC and the

photocatalytic  efficiency of

polymeric ~ composites.  The
polymeric Mn203/PVC composite was also

evaluated for comparison. The UV-visible
absorption spectra of Carmine dye over the
recently prepared photocatalyst are shown to
exposure time in (Fig. 6). In the absorption
spectrum, the pure Carmine dye's absorption peak
can be seen at 520 nm (r to «*). The colour of the
dye solution shifted from dark red powder to
colorless when exposed to sunlight; however, the
dye solution in complete darkness displayed
essentially no colour change (Hussien M.S.A,
2020).. It is clear from (Fig. 6) that all samples'
intensities decrease over time, indicating that the
effectiveness of dye photodegradation increased

over time.
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Mn,0O3/PVC polymeric nanocomposites.

Volume 1, July 2024



The absorbance data were then used to calculate
the degradation rate, as shown in Fig. 6. The
pseudo-first-order kinetics for Carmine dye
degradation was calculated as follows (Hussien
M.S.A, 2020):

In(A/A0) = -kt, 4)

Where the constant rate is k (min~!'), Where: Ao &
A (mg L) are absorption at 0 min illumination
and at irradiation time, respectively , and at time t
(min). The reaction rate has reached the maximum
while using 2.5 wt% Mn203/ PVC photocatalyst,
indicating Mn20s is an effective photocatalyst.
This performance is significantly increased after
increasing Mn203 concentration in the PV C sheet.
According to (Fig. 7a), the Mn203 content had the
following effects on the photodegradation rate:
Pure PVC (0.00496 min!), 0.05wt% Mn.Os3
(0.00903 min~!), 0.25wt% Mn203 (0.01106 min~
1), 0. 5wt% Mn203 (0.01538 min™!), and 2.5wt%
Mn203 (0.02003 min~!), respectively.

The collective of morphological and optical
effects is primarily responsible for the increased
rate constant of the reaction using Mn203/PVC
sheets. Adding Mn203 NPs into PVC polymer
changed their electronic structure, resulting in a
decrease in the bandgap value. The presence of
Mn203 also increases the rate of adsorbed O2
molecules and OH ions on the surface of the
membrane. The majority of the photoexcited
electrons and holes have been formed and
reacted to form activated radicals. The obtained

radicals are powerful oxidizers that can break up
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Carmine’s chemical bonds and produce the

degraded
molecules (Hussien, 2020). Fig. 7b depicts the

colorless solution, leading to
change in % degradation as a function of
irradiation time. The following relationship was
used to determine % degradation (Hammani S,
2018):

% of degradation = (Ao-A/A0) x100%, (5)

It depicts the photocatalytic degradation of
Carmine dye on Mn203/PVC with various Mn20s
contents using an in-situ UV-lamp as a function of
irradiation times. The percentage of Carmine dye
degraded by Mn203/PVC varies depending on the
Mn203 content. It also showed how the Mn203
concentration affects the photodegradation
reaction after 70 min of exposure. The addition of
Mn203 to the photocatalytic process of Carmine
dye degradation can significantly improve
photocatalytic efficiency. The degradation rate
increases with increasing Mn203 content, with 2.5
wt% Mn203/PVC

degradation. When a photon with an energy equal

achieving the optimum
to or higher than the energy band gap of Mn2Os is
absorbed, electron hold pairs (ecb-/hvo+) are
formed. Superoxide (*O27) and hydroxyl radicals
(‘'OH). are created during the photochemical
reaction of holes and electrons with oxygen.
Reactive radicals do the same thing: they are
responsible for the photodegradation process
(Yang, 2011; Rouabah, N, 2021). Due to the
photogenerated recombination taking place
between the e~ -h* conduction band of Mn203 and

the valence band of Mn20s being reduced
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(Rouabah, N, 2021), Mn203/PV C nanocomposites
were applied for Carmine dye degradation. At a
522 nm of Carmine dye solution was used to
determine the time-dependent variation of
Carmine dye concentration, we found that it

became proportional to the absorbance.

B pure PVC
15] © 005wt%Mn203
A 0.25wt % Mn203

v 0.5wt % Mn203
2.5wt % Mn203

time, (min)

100

(b) —=—purePVC
—&— 0.05 wt % Mn203
—&— 0.25 Wt % Mn203
80 - —¥— 0.5 Wt % Mn203
2.5t % Mn203

60 |
40

204

Degrdation%
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Fig.7: (a) kinetic study of carmine dye
photodegradation, and(b) % Degradation of carmine
dye.

The photocatalytic activity of Mn2O3/PVC sheets
is shown in Fig. 8. It was shown that the Carmine
dye concentration degradation was attributed to
Mn20Os/ PVC photocatalytic activity. Mn20s3
predominantly influences it; without Mn2QOs,
Adsorption didn’t take place. Even though Mn203
nanoparticles have been agglomerated and
embedded in the polymer, with a part of their

surface is exposed to water, the samples show
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significant activity. The entire dye degradation
was demonstrated within 70 minutes of UV A light
irradiation, showecasing the excellent catalytic
activity of 2.5wt% Mn203s. The optical studies are
consistent with the photocatalytic output. Due to
the superior heterostructure formed between the
Mn203

matrix(Mohammed, M.1., 2024), the reaction rate

nanoparticles and the PVC

is increased for 2.5wt% Mn203 more than it was
for the 0.05wt% Mn203 sample.

0.025

0.020

=
=
=
=

Rate (min™)

0.010

0.005 I—I
0.000
Pure 0.05wt% 0.25wt% 05wt

PVC 2.5
Mn203 Mn203 Mn203 Mn203

Fig.8: kinetic rate of Carmine dye with

Mn203/PVC polymeric nanocomposites.

Trapping agents and Proposed
photodegradation mechanism of Carmine dye
using Mn,O3/PVC nanocomposites.

As the photons of visible light, Carmine dye with
the catalyst photoelectrons and photo holes
produced (e~ and h*). Also, Oz can be produced
due to the reaction between photoelectron and Oz
in air. Also,O2H can be formed through the
reaction between ~O2-and H*.- OH obtained from

~OH of water or catalyst surface with h* (Rouabah,

Volume 1, July 2024



N., 2021). From the previous work, it was
confirmed that the photodegradation mechanism
occurs through radicals and holes (h*and ~O2). As
demonstrated above, the possible mechanisms of
(Mohammed, M.l.,, 2024)
photodegradation using Mn203/PVC in the

Carmine  dye

presence of UV A light irradiation were as follows:

Mn,03/PVC + hv — Mn,03/PVC (h* +e7)  (6)

Carminedye+hv  — Carminedye ™" +e-  (7)

O,+te~ — 0y (8)
_02'+2H++2€— —>H202 (9)
H202 +e- — OH +OH (10)

(OH / -0, ) + Carmine dye — products (11)
(h* / H,0,) + Carmine dye — CO,+ H,0 (12)

5. Conclusion

A simple combustion and casting approach
successfully produces Mn203 nanoparticles and
nanocomposites made of PVVC. Through XRD, the
strong interface interactions and collaborations
between the various levels of Mn203 and the PVC
matrix are verified. When additional Mn2Os
nanoparticles are added to the matrix, the
absorbance measurements show a high absorption
of UV-Vis light. Shifting the absorption edges to
lower photon energies predicts how nanoparticles
would affect a host polymer's bandgap. With
increasing Mn2O3 concentration, it was discovered
that the direct and indirect optical band gaps
dropped. The Mn203 nanoparticle addition may
have caused localized states to form in the band

gap, explaining the decrease in Egy behaviour.

Basic Sciences Sector, The Department of Physics 14

Because of the disorder of PVC caused by Mn203
doping, Urbach energy Eu behaves inversely to Eg.
Evaluation and consideration are given to the use
of PVC/ Mn203 nanocomposites and their
photocatalysis efficiency. These films are also
superb

photocatalysts for regulating

environmentally friendly  photodegradable

polymer materials. In conclusion, the findings
show that the nanometric Mn2O3 may significantly
enhance PVC and improve its optical, structural,

and photocatalytic capabilities.
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	Abstract:
	Unclean energy has become undesirable, as it pollutes the environment such as coal and petroleum so the whole world turned to using clean, renewable and sustainable energy. Therefore, this project was done to design a solar cell through thermal evapor...
	Through smelting, copper indium diselenide duo were prepared from their basic elements with a high degree of purity.
	Then CuInSe2 thin film was deposited using thermal evaporation procedure. Indexing the CuInSe2/n-Si heterojunction’s dark and illumination I-V characteristics curve was done at room temperature. The photovoltaic (PV) properties and several parameters ...
	The future belongs to the CuInSe2 solar cell.
	أصبحت الطاقة غير النظيفة ،تلوث البيئة، وغير مرغوب فيها مثل الفحم والبترول لذلك أتجه العالم كله إلى استخدام طاقة نظيفة متجددة مستدامة  لذلك تم عمل هذا المشروع لتصميم خلية شمسية عن طريق التبخير الحراري تعمل كمصدر للطاقة.
	تم تحضير السيلينيوم والانديوم والنحاس من خلال عملية الصهر من عناصرها الأولية بدرجة عالية من النقاء .
	ثم ترسيب اغشيه رقيقه من ثنائي السيلينيوم والانديوم والنحاس على حامله من السيلكون الإحادى من النوع السالب بطريقه التبخير الحرارى . تم قياس منحنيات الجهد والتيار في الظلام والاضاءة ومن خلال هذا الجهد
	والتيار لهذه الخلية (                                         (Au / CuInSe2/ n–Si / Al
	تم تعيين كفاءة الخلية ،وجد إنها تساوي ٥,٧٪ .
	Key Words: CuInSe2, Solar cell, thin films, photovoltaic.
	1. Introduction:
	A p-n junction that made of silicon (Si), gallium arsenide, or another material is the solar cell. Electrons in the valence band of a solar cell gain sufficient energy to move to the conduction band upon exposure to solar radiation, resulting in the f...
	After circling the external circuit and returning to the p-side of the junction,    the electrons from the n-side of the junction merge with the holes to close the current path [1].
	The increase in voltage causes electrons to move from the junction's n-side to the p-side. The movement of holes from the junction's p-side to n-side also occurs alongside with an increase in voltage. The concentration gradient between the two sides o...
	3.1 Preparation of Copper indium selenium as a bulk:
	The first ingot of the CuInSe2 material was made using stoichiometric proportions of 99.999 present pure copper (Cu), indium (In), and selenium (Se). Under vacuum, the mixture was enclosed inside a quartz tube.
	The quartz tube was gradually heated to 20  C every hour. It takes 48 h to achieve full homogeneity when the melt is kept at 750  C.
	After that, the tube cooled at a rate of 7 C/h to prevent cracking from the melt's thermal expansion during solidification.
	3.2 Preparation of Copper indium selenium as a thin film:
	Using a heat resistant filament coil around a quartz crucible or a metal boat, thermal evaporation can create thin films from pure elements, alloys, and compounds based on their melting or sublimation points. The material qualities and substrate condi...
	Under a high vacuum(2×10⁴ pa ) coating unit model was used to coat CuInSe2 thin films on the substrate surface. (Edwards E306 A) [10].
	Nippon Mining Co provides the n-type Si (100) single crystal wafers with a carrier concentration of 10²²m-³ . Area is 2cm ² , thickness is 450 micro meters and The degree of vaporization is 2 Angstroms per second were etched and cleaned using the CP4 ...
	Silicon wafers were etched, then they were washed with distilled water and ethyl alcohol. After being cleaned and etched, CuInSe2 thin films were coated on silicon wafers from the front side using the traditional thermal evaporation method.
	Gold mesh coated the over layer of CuInSe2 to serve as an ohmic electrode and Aluminium layer coated in front of layer of cell.
	4.Results and Discussion of Research:
	4.1Dark current-voltage characteristics:
	To investigate the junction qualities were constructed current–voltage characteristics I–V. Measurements of electric characteristics I–V usually become the valuable source of information about Junction properties, rectification ratio RR, diode quality...
	The analysis of I–V characteristics is also valuable for identifying the transport mechanisms, which is conduction control. The current–voltage properties of the deposited onto n-Si at the temperature of 300K in CuInSe2 Films with thickness 55 nm are ...
	The curves demonstrate a diode-like behaviour in a forward  and reverse direction with positive potential on cell .
	Fig.4.a Study I-V characteristics of Solar cell in dark with forward and reverse direction.
	4.2 Illumination current–voltage characteristics:
	The behavior of diode under illumination with forward and reverse direction is shown in Fig.4.b
	Fig.4.b I–V characteristics of solar cell under illumination with forward and reverse.
	Fig.5 Illustrates ln(I) against the voltage of solar cell, at 1.5V and RR =9.29
	Fig.5 study I–V characteristics for the junction at low voltage with forward and reverse direction.
	Fig.6 shows the I–V curves with higher current through the voltage range because direction. of the light generated carriers.
	The open-Circuit Voltage (Voc ) is higher under illumination because of the presence of light generated current.
	Short-Circuit Current (Isc) is the maximum current  at zero voltage.it’s only achievable under illumination.
	From Fig.6 we calculate the solar cell parameters such as:
	Fig.6 study I–V characteristics for the junction under illumination.
	5. Conclusion:
	I-V characteristics of solar cell
	(Au /CuInSe2/n–Si/Al) in dark have diode like behaviour.
	Gold , Copper Indium diselenide,
	n-Silicon and Aluminium photovoltaic device was prepared and determine the parameters of photovoltaic. The goal of the cell is producing clean, renewable and sustainable energy from sunlight.
	The values of Voltage open circuit (Voc) , Short circuit current density (Isc) , fill factor (ff) and efficiency (η) were calculated:  Voc = 0.567 v,    Isc=2.349×10^(-7)A,   ff= 0.85 and
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