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ARTICLE INFO ABSTRACT
Avrticle history: The objective of this work is to synthesize Mn,O3 nanoparticles (NPs) using
Received January 21, 2025 green method based on olive leaf extract (OLE). These nanoparticles are
Accepted January 29, 2025 intended for photocatalytic applications, specifically the degradation of
Keywords: pollutants and dyes using methylene blue (MB) as a test substance. The
synthesized material, initially described as manganese oxide (Mn,Os), was
Mnz0s, characterized using various techniques: thermogravimetric analysis (TGA),
Nanoparticles, scanning electron microscopy (SEM), X-ray diffraction (XRD), FT-IR, Raman
Green method, and UV-visible spectroscopies. Additionally, the photocatalytic tests were
Olive leaf extract, performed. XRD analysis revealed the formation of Bixbyite (Mn2O3) phases.
Photocatalysis application. Raman and FT-IR spectroscopy confirmed the presence of Mn-O bonds within

the synthesized material. The TGA results supported the decomposition of
organic compounds and the formation of the Mn,Os. The photocatalytic
degradation tests with methylene blue yielded promising results. The addition
of the synthesized material (Mn.03) significantly enhanced the degradation of
methylene blue, achieving an efficiency of 87.8%.

1. INTRODUCTION

Green chemistry goals is to reduce the risk reagents used in solid-state chemistry, encompassing the
synthesis of nanoparticles (Zikalala et al., 2018; Clark, 1999; Duan et al., 2015). It substitutes organic
solvents with solutions derived from water and replaces chemical components with natural extracts (Tuli
et al., 2015). For instance, olive leaf aqueous extract (OLE) serves as a natural binder, while manganese
acetate salt is employed as a source of metal ions. Olive leaf aqueous extract possesses antioxidant
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properties and can function as a chelating agent. This approach presents a cost-effective and sustainable
alternative to traditional methods (Zikalala et al., 2018). The controlled synthesis of inorganic
nanostructures, characterized by their size and shape, has been driven by the unique properties that
depend on these dimensions, with the aim of realizing their practical applications (Gnanam et al., 2013;
Vaseem et al., 2008). In recent years, there has been a significant focus on nanostructured manganese
oxides due to their distinct electronic, magnetic, and catalytic properties (Banis et al.,2011; Ghosh et al.,
2006; Lei et al., 2006), which differ markedly from those observed in their bulk counterparts, attributed
to their anisotropic morphology, size, and shape (Nayak et al., 1999; Shanmugam et al., 2006). The most
well-known inorganic manganese oxides, MnO, Mn;Os, and Mns0O4, find extensive applications in
catalysis and battery technologies, highlighting their versatility and importance in these fields (Davar et
al., 2009; Ahmad et al., 2004). Furthermore, the surfactant-assisted synthetic methods offer a convenient
and powerful approach for the reproducible, controlled synthesis of nanocrystals. This is because these
methods enable precise adjustment of the size, shape, composition, and phase structure of metal oxide
nanocrystals at the nanometer scale (Zhang et al., 2005; Tang et al.,2002; Hou et al. 2005). In practically,
Manganese (I11) oxide (Mn,03) represents an attractive transition metal oxide with a wide range of
applications, including catalysis, energy storage, sensors, biomedical and environmental remediation
(Thuille et al., 2003; Dey et al., 2020; Munir et al., 2024). Its remarkable stability, redox properties, and
high surface area make it an ideal candidate for photocatalytic processes. Photocatalysis is the process
that uses light energy to facilitate the acceleration of chemical reactions. Mn,O3 stands out among
catalysts for the degradation of organic pollutants, such as methylene blue (MB), owing to its capacity
to produce reactive oxygen species upon exposure to light. These reactive oxygen species subsequently
oxidize the dye molecules, thereby decomposing them into more compounds that are benign. In this
study, our objective was to synthesize manganese oxide nanoparticles (Mn,O3 NPs) employing a green
chemistry approach. We focused on characterizing the resulting nanoparticles through various physical
and chemical techniques, including X-ray Diffraction (XRD), Raman spectroscopy, Scanning Electron
Microscopy (SEM), Fourier Transform Infrared Spectroscopy (FTIR), and thermogravimetric analysis
(ATG). Additionally, we assessed the photocatalytic activity of these nanoparticles by measuring their
ability to degrade an organic model substrate, methylene blue, dissolved in water, in the presence of
Mn,O3 nanoparticles.

2. EXPERIMENTAL

OLE was obtained according to the following protocol. 5 g of fresh olive leaves were washed to remove
impurities, dried, and then introduced in 100 ml of ultra-pure water. The mixture was then heated in a
bottle of Rota Vap settled at 70° C for 3h. The color of the aqueous solution changes from watery to
light yellow. Afterward, the extract solution was cooled down to room temperature and filtered in air
(Sobti et al., 2021). Manganese oxide NPs were prepared then as follows. 20 ml of OLE yellow solution
were added to 20 ml of a fresh aqueous manganese acetate (> 99.0%, from Sigma-Aldrich) solution (0.5
M). The mixture was introduced in a bottle of Rota Vap and heated at 70 °C for 3h. Then, the resulting
solution was dried in a domestic microwave oven at 800 Hz for a period of 100 minutes, resulting in the
formation of powder. The resultant product was washed with Milli-Q water and ethanol for five times
and then dried at 60°C for 12h. This powder was then subjected to annealing at 500 °C for 1 hour to
facilitate the crystallization of the desired Mn,O; phase.

2.1 Characterization of Manganese Oxide NPs

Crystallographic structure of the produced powders was analyzed using a PANALYTICAL
EMPYREAN X-ray diffractometer equipped with a Cu-K, X-ray source. Raman spectroscopy was also
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achieved on a HORIBA Lab RAM HR spectrophotometer equipped with a 473 nm laser source. Fourier
Transform Infrared (FTIR) spectra were obtained using a SHIMADZU IRAffinity-1S Fourier Transform
Infrared Spectrophotometer. The morphology of the samples was investigated by using a JEOL JSM-
7100F scanning electron microscope (FEG-SEM) operating at 200 kV and Transmission electron
microscopy (TEM) carried out on a JEM 2100 Plus microscope operating at 200 KV. The thermal
decomposition behavior of powder was analyzed by thermogravimetric analysis (TGA Instruments,
mark Mettler Toledo) from 25 to 500 °C at a scan rate of 10 °C/min in air atmosphere. Yield is a crucial
guantitative characteristic for active materials.

2.2 Photocatalysis assays

The photocatalytic activity of the powder was assessed by measuring the degradation of a standard
organic dye, methylene blue (MB), in an agueous solution under ultraviolet (UV) light irradiation for
various exposure times. The UV light source was a UV lamp (UV-VDL-15 UVB) with a power of 15
W, acquired from VILBER-Germany. Before starting the photocatalytic reaction, 20 mg of the powder
catalyst, Mn20O;, was added to 100 mL of a methylene blue solution, which was already at a
concentration of 15.6 10 mol/L. To ensure an adsorption-desorption equilibrium was reached before
each irradiation, the solution was magnetically stirred in the dark for 30 minutes. The decomposition of
methylene blue was evaluated using a UV-Vis spectrophotometer, with the maximum absorption
wavelength of methylene blue being 660 nm (Chaguetmi et al., 2013). It represents the mass loss during
pyrolysis. Commonly referred to as burn-off (Fernandez-1bafiez et al., 2003), the mass yield can be
expressed using the following formula:

Yield = £2aLMass . 100 (1)

Initial Mass

3. RESULTS AND DISCUSSION

The morphology of the produced Mn,Os particles was analyzed using SEM and TEM microscopy.

Fig 1. (@) SEM and (b) TEM images of Mn,O3z NPs.

Fig. 1(a) shows the distribution of manganese oxide nanoparticles and a number of aggregates, the
particle shape was spherical. The mean size and distribution of nanoparticles were calculated using
ImageJ software from FESEM micrographs. The approximate mean size of the nanoparticles was
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determined to be between 23 and 80 nm in the FESEM image. Fig.1(b) shows the typical low-
magnification TEM image of the Mn;Os. It confirmed the result obtained by the SEM analysis that the
Mn,O3 exists in the spherical nanoparticles.

X-ray diffraction (XRD) analysis allows us to know the chemical composition of the products and the
crystalline structure. The results are processed using High Score Plus software and PDF2 database.
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Fig 2. (a) XRD patterns and (b) Raman spectrum of Mn,Os NPs

Fig. 2(a) shows the recorded XRD patterns on the annealed powder at 500°C. Interestingly, the pattern
of the powder obtained after annealing appears to be cubic Bixbyite Mn.O; phases (ICDD No. 98-007-
6087). The peaks observed at 20: 23.2°, 32.9°, 36.1°, 38.2°, 45.2°, 49.3°, 55.2°, 59.9°, 64°, 65.9° and
68.9°, which can be attributed to the (211), (222), (321), (400), (332), (431), (440), (611), (622), 5411)
and (413) plans for Mn;Os; NPs (Chandiran et al., 2020). There are no other diffraction peaks
corresponding to impurities, indicating the high purity of the Mn,Os NPs. This result is confirmed by
Raman spectroscopy (Fig. 2(b)) since the spectrum collected on the powders annealed at 500 °C exhibits
the exact signature of the cubic phases. The Raman spectrum of the powder exhibits both four bands
centered at 282, 338, 640.5, and 811.5 cm™, which are usually attributed to the vibration mode of Mn-
O-Mn in Mn;O3 (Gnanam et al., 2013; Han et al., 2006), as well a band at 640 cm, characteristic of the
Mn (111)-O vibration mode in Mn,O3 (Han et al., 2006; Davar et al., 2009; Gnanam et al., 2013). Another
band appearing at 1046.8 cm™ is due to the organic groups linked to Mn (Gnanam et al., 2013).
Additionally, the Raman spectra of the sample display two broad peaks at 1325.8 and 1532.8 cm™*. These
peaks may be due to vibrations C—C, possibly from carbon contamination from a previous OLE
adsorption process (Sobti et al., 2021).

Fig. 3(a) shows the FTIR spectrum of the resulting Mn,Os nanoparticles. The weak bands observed
around 2452 and 1638 cm™ correspond to the stretching and bending vibration modes of O-H.
Additionally, Mn,Oj3 exhibits two strong characteristic bands at 523 and 575 cm™, which are attributed
to the stretching vibration modes of Mn-O (Davar et al., 2009; Gnanam et al., 2013). Moreover, the peak
centered at 870 cm™ may be related to the oxygen-containing functional groups of some additives
present in OLE extrait. The peak at 1175 cm™! is attributed to the C-OH stretching vibrations, while the
band at 1531 cm™ is due to C-O stretching (Sevilla et al., 2009; Zheng et al., 2010; Zheng et al., 2013).
These findings suggest that organic residues, are present on the surface of the as-prepared Mn,O3
nanoparticles.

Thermogravimetric analysis (TGA) is used to measure changes in mass of a sample as a function of
temperature and Differential Thermogravimetry (DTG) is the derivative of a TGA curve, which shows
the rate of mass changes. Therefore, this method allows for the evaluation of thermal stability and the
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determination of kinetic parameters during thermal decomposition, such as activation energy. Fig. 3(b)
shows the comparison of TGA/DTG measurements recorded on powder during the heating of samples
at 500°C under an oxygen flow. The first mass loss (1 mg, 9.90%) occurs in the temperature range
between 30°C and 149°C, corresponding to the loss of water (release of residual water as vapor). The
most significant loss, according to the derivative (DTG) curve, of 4.16 mg (41.37%), corresponds to the
decomposition of the organic surfactant (OLE) at temperatures between 243°C and 340°C; the
remaining mass (4.94 mg, 48.73%) corresponds to manganese trioxide (Mn,Os) (Gnhanam et al., 2013).
In addition, the yield calculation results for Mn,Oz under air conditions show a value of 48.9%.
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Fig 3. () FTIR spectrum of Mn,O3 NPs, (b) TGA and the derivative TDG curves recorded on the as-
produced white powder at 500 °C.
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Fig 4. (a) Uv-vis absorption spectrum and (b) determination of the band gap of Mn;Os.

Fig. 4(a) shows an absorption peak at 306 nm of the Mn,Os with an absorbance of 0.8%. The band gap
energy calculated using the Kubelka—Munk method on the obtained powder of the Mn,O3, as depicted
in Fig.4(b), is about 3.5 eV (Naeem et al., 2020).

The photocatalytic degradation of MB as a pollutant model by Mn,Os NPs was evaluated by the
absorbance of its characteristic band, centered at about 660 nm, in the optical spectra of a series of MB
aqueous solutions irradiated by UV light for different times. Figure 5 gives these spectra for an exposure
time of 1 h in the presence of Mn;Os photocatalyst. The maximum intensity of the characteristic
absorption peak of methylene blue at 660 nm decreased significantly after 20 min of irradiation
compared to the absorption intensity at 10 min (as seen in Fig. 5). The decrease in the absorption peak
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indicates that the double bond of the chromophore in the dye structure had been destroyed after
irradiation with the Mn.,O; photocatalyst. The peak became progressively less intense with increasing

irradiation time, signifying that sufficient photocatalytic reaction had occurred to destroy the dye
chromophore (Davar et al.,2009; Gnanam et al., 2013).
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Fig 5. Photodegradation of MB in an aqueous medium using Mn,O3 NPs

Fig. 6(a) illustrates the plot of the relative concentration of MB (C(t)/C(t = 0)) as a function of radiation
exposition time for the Mn,O; catalyst. The photocatalytic capability of Mn,Os; nanoparticles was
assessed through the degradation of MB solutions multiple times, thereby supporting the conclusion
regarding the efficiency of Mn,Os powder. The obtained results were found reproducible.
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Fig 6. (a) Quantitative of the degradation of MB by Mn,0O3 photocatalysts as a function of time, (b)
Temporal evolution of the MB conversion during photodegradation by Mn,O3 NPs.

Using the provided data, the photodegradation conversion rate, T, was calculated for the Mn,Os catalyst:

r=2"%100 2)
Co

where Co represents the initial MB concentration (at t=0s) and C. its concentration after a t irradiation
time.

74



Journal of Renewable Energies AMET 24 Oum EIl-Bouaghi (2024) 69 — 77

The variation of the calculated conversion rate as a function of UV exposure time was then plotted for
the produced catalyst in Fig. 6(b). The final value after 60 minutes of irradiation time can give 87.8%
as the photodegradation conversion rate.

For instance, a recent study that compared various synthesis methods found that the photodegradation
efficiency of methylene blue was 85% for chemically synthesized Mn,O3 nanoparticles and 88% for
those synthesized using green methods (used 100 mg of Mn;O3z catalyst for 120 min) (Amsaveni et al.,
2020). Similarly, Gnanam and Rajendran explored the photocatalytic degradation of Remazol Red B
using Mn;Oz nanodumbbells synthesized through hydrothermal methods with different ionic
surfactants. They observed a maximum degradation efficiency of 71% (using 0.25 g of Mn,Oj3 catalyst
for 4h) for the sample prepared with sodium dodecyl sulfate (Gnanam et al., 2013). Moreover, Chandiran
et al. synthesized a-Mn,O3 nanorods through the hydrothermal method and assessed their effectiveness
in decolorizing methylene blue and rhodamine B dyes. The degradation percentages of methylene blue
(used 4.5 mg of Mn,0Os3 catalyst) at 120 minutes and rhodamine B at 70 minutes were recorded at 95%
and 80%, respectively, underscoring the wide range of applications and potential efficiency of Mn,Os-
based photocatalysts (Chandiran et al., 2020). Therefore, this study demonstrates superior degradation
performance compared to previous research (Gnanam et al., 2013; Naeem et al., 2016; Chandiran et al.,
2020).

4. CONCLUSION

The green chemical synthesis method was successfully employed to prepare manganese oxide
nanoparticles. The SEM and TEM analysis revealed that the surface morphology of the powder consists
of spherical nanoparticles, which are slightly agglomerated. Furthermore, XRD and Raman analysis
show the cubic crystal structure of the Bixbyite Mn,Os. The TGA curves displayed a significant mass
loss, signifying the decomposition of organic compounds in addition to the oxidation of Mn,Os. The
photodegradation efficiency of methylene blue was found at about 87.8% by using the green chemical
synthesized Mn,O3 nanoparticles as photocatalysts.
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