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Abstract. Synthetic dyes that escape into the environment haphazardly
endanger both human health and ecosystems. Because of its toxicity and
endurance, methylene blue (MB) stands out amongst these dyes as a
significant contaminant. Conventional dye removal techniques can entail
expensive and energy-intensive procedures. However, there has been a rise
in interest recently in investigating sustainable and environmentally suitable
substitutes for dye degradation. Because of their availability, affordability,
and innate capacity to interact with contaminants, natural materials like
leaves have become increasingly attractive options for restoration of the
environment. Eucalyptus Globulus blended with titanium and magnesium
nanoparticles to yield a novel environmentally friendly composite,
'EuTiMg'. The degradative capacity of the composite against methylene
blue, a prevalent pollutant in water, was assessed by a range of analytical
methods, such as SEM, TGA, FTIR, and BET analysis. To increase the
composite’s photocatalytic activity, we also used Response Surface
Methodology (RSM) to optimize the synthesis process. According to our
research, 'EuTiMg' composite exhibits better pollutant degrading efficiency
and is environmentally benign, making it a viable sustainable option for
water treatment applications.

Keywords. Methylene Blue, Nano composite, Eucalyptus Globulus, SEM, FTIR, XRD,
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1 Introduction

Synthetic dyes that escape into the environment haphazardly endanger both human health
and ecosystems. Because of its toxicity and endurance, methylene blue (MB) stands out
amongst these dyes as a significant contaminant. Conventional dye removal techniques can
entail expensive and energy-intensive procedures. However, there has been a rise in interest
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recently in investigating sustainable and environmentally suitable substitutes for dye
degradation. Because of their availability, affordability, and innate capacity to interact with
contaminants, natural materials like leaves have become increasingly attractive options for
restoration of the environment.

1.1 Methylene Blue

Dyes are used extensively in a variety of industries around the world, including the food,
paper, and cosmetics industries. Because of the ease of synthesis and chemical stability, the
majority of these dyes are utilized in the textile industry [1]. Above 7 x 103 tons of coloring
are produced annually worldwide, with 60—70% of that amount coming from Azo coloration
[2]. But using these artificial dyes has major repercussions on the environment. These
industrial aqueous effluents might contain tinctorial effluents, which have the potential to be
hazardous or carcinogenic to individuals or animals in addition to being poisonous or harmful
to microbial communities [3]. Though it has a wide range of adverse effects, methylene blue
has not been identified to be particularly harmful. Inhaling it can result in brief episodes of
rapid or labored breathing. Oral swallowing results in burning and increases the risk of
gastritis, diarrhea, nausea, and vomiting [4]. This sort of dye can be removed using a variety
of physical, chemical, and biological techniques, including membrane filtering, advanced
oxidation, ozonation, coagulation, irradiation, coagulation, ion exchange, and
electrochemical destruction [5]. However, these technologies' limited ability for adaptation
to a broad spectrum of dye wastes and their expensive cost limit their application [6]. Use of
photocatalysts has been considered as one of the most promising ways of removing organic
compounds from water [7].

1.2 Green Synthesis

Reliable processes including membrane filtration, adsorption on activated carbon,
flocculation, and coagulation cannot easily break down dyes. These chemicals' complicated
structures and greater stability make it harder to convert them into non-toxic molecules. To
get over these challenges, scientists are leaning toward using green synthesized metal oxide
nanoparticles (NPs) as a green catalyst to break down organic pollutants [8]. According to
the studies conducted by Aoumria Ouldmoumna et al . It was found that each gram of
Eucalyptus globulus leaves adsorbed 250mg of Methylene Blue at an optimum pH of 10 [9].

1.2.1 Titanium Di Oxide Nanoparticles

The TiO2 has been most frequently employed as the photocatalyst owing to its cheapness,
nontoxicity, and structural stability [10-13]. Although TiO2 is having versatile applications,
basic TiO2 will absorb only mid to-high UV light (280 nm to 380 nm) with the band gap
energy of 3.2 eV, which is less abundant in sunlight. To increase the photocatalytic efficiency
and light absorption capacity to wide range of sunlight, there is a need of visible light
absorbing organic compounds to graft with TiO2. Recently numerous photocatalytic works
are publishing in research community [14-17].

1.2.3 Magnesium Oxide Nanoparticles

Magnesium oxide (MgO) is a substance that is widely used in many different applications,
including catalysis, refractory material in manufacturing, and antibacterial material. With
many features such as a broad band gap, great thermal stability, low refractive index, and low
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dielectric constant, magnesium oxide (MgO) is a useful metal oxide material [18]. The
surface characteristics of magnesium oxide nanoparticles (MgO-NPs), such as their surface
area, porosity, and surface shape, are critical in determining how effective they are as
photocatalysts [19]. The majority of magnesium compounds are significantly less expensive
and have good water solubility [20] .

2 Materials and Methods
2.1 Materials:

Eucalyptus globulus leaves, Methylene blue dye, Titanium Dioxide and Magnesium Oxide
nano particles

2.2 Apparatus:

UV Light source in a closed chamber along with a mechanically operated stirrer, UV —VIS
Spectrophotometer, pH meter, Centrifuge and Glass materials etc.

2.3 Synthesis of Eucalyptus Globulus — Titanium- Magnesium Nano composite
('EuTiMg’):

The leaves of Eucalyptus globulus were gathered from the trees in the vicinity of Juthada
village, located in the Visakhapatnam district of Andhra Pradesh, India. To begin the process
of preparing the leaf extract, the fresh leaves were cleaned and rinsed with Distilled and tap
water to get rid of any dirt, sand, and contaminants. The cleaned leaves were allowed to air
dry in the sun until they were completely dry. After being dried, the leaves were ground into
a powder and screened to a size of 45 microns. The 45-micron fine leaf powder, TiO2
nanoparticles, and MgO nanoparticles were combined in 5:5:1 ratio respectively by through
mixing to prepare EuTiMg.

Fig. 1. (a) Eucalyptus Globulus Leaves
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Fig. 1. (b) EuTiMg NC nano composite

2.4 Preparation of dye solution:

By carefully weighing and dissolving 10 mg of Methylene blue in distilled water in 1000 ml
(approximately 33.81 oz) volumetric flasks, the dye stock solution at the target concentration
of 10 ppm was created independently. After that, an adequate amount of distilled water was
added to these stock solutions, and they were gradually diluted to the necessary dye
concentration. The sample should be diluted to put the concentration within the measurable
range if it is over this range

Fig. 2. 10ppm methylene blue stock solution
2.5 Characterization of EuTiMg NC:

2.5.1 Scanning Electron Microscope-Energy-Dispersive X-ray Spectroscopy (SEM-
EDX) Analysis:

SEM (Scanning Electron Microscope) image shown in Fig. 2 clearly indicates the small
structures and different sizes of EuTiMg. It provides high resolution and stable probe currents
for optimum imaging. The SEM results of EuTiMg NC Scanning Electron Microscope
(SEM) show the particle size in 100nm and 200nm in Fig 3 (a) & Fig 3 (b) respectively.
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Fig. 3. (b): SEM image of EuTiMg NC in 200nm

2.5.2 Thermogravimetric analysis (TGA) & Differential Thermal Analysis (DTA):

The thermograms were done on the material to study their stability to temperature in order to
assess the degassing range for BET analysis and to have information about the carbonization
behavior for any subsequent treatment. They presented a first weight loss at low temperature
(T < 600°C) attributed to the elimination of adsorbed water. It corresponds to about 10% for
EuTiMg NC and to about 5% for the two other biosorbents. The first mass loss was attributed
to the departure of physisorbed water and the second loss at 600° C, (600 < T < 650°C) to the
emission of chemisorbed water. The first stage of carbonization occurs in the temperature
range of 200-500°C (70% loss) due to the eradication of volatile material rich in functional
groups (lignin, hemicellulose, and cellulose).
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Fig 4. TGA & DTA image of EuTiMg NC

2.5.3 Braunauet-Emmett-Teller (BET) Analysis:

The BET analysis of EuTiMg NC is conducted at the degassing temperature of 343K. It is
observed that EuTiMg NC Has a surface area of 4.964 m?/gm as shown in Fig 4. The BET
Single point dynamic flo method of analysis is used to determine the surface area of EuTiMg
NC , which is found to be 4.96 m2/g. Nitrogen gas is used as adsorbater ith a partial pressure
0f29.98% at a regeeneration temperature and time of of 348k and 120 mins respectively.
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2.5.4 Fourier Transform Infrared (FT-IR) analysis:

The functionalities found in the Eucalyptus globulus leaf extract and the characteristics of
the TiO2&MgO NPs were identified using FTIR spectroscopy; the resulting spectra are
shown in Figure 5. There were notable peaks in the leaf extract spectra at 35003100 cm—1,
2400 cm™!, 1600 cm ™!, 1020 cm ™!, and 600 cm ™! The large peak measured between 3500 and
3100 cm ™! was ascribed to the frequency of OH stretching. Similarly, the C-H, C=C, and C—
O stretching vibrations were responsible for the bands recorded at 2924 cm™!, 1603 cm ™!, and
1021 cm™, respectively [21].The phytochemicals found in the leaf extract, such as
glycosides, flavonoids, polyphenols, terpenoids, tannins, carbohydrates, and reducing sugar,
are responsible for the peaks that the extract displayed[22].
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Fig. 6. FT-IR Spectra of EuTiMg

2.5.5 Response Surface Methodology (RSM):

Visualising the statistical significance of the independent factors on the dependent variables
will be made easier with the help of the surface contour plots that were developed. The effect
of variables including time, temperature, dosage of photo catalyst was observed to determine
the extract yield by using the 3D response plot to the experimental data. In this investigation,
the extraction duration was adjusted to maximise energy savings and extraction efficiency.
An increase in time had a positive impact on the total extraction yield, as shown in Figures 8
and 9. Furthermore, the plots showed that the overall extraction yield stayed mostly constant
when the extraction duration was extended beyond Smins. As seen by Figures 7 and 8,
extraction is significantly impacted by temperature. Solvent concentration is another
important factor that significantly affects extraction efficiency. When dosage of photo
catalyst was examined, a linear effect was observed and proved to be statistically significant.
As seen in Figures 7 and 9, this suggests that raising the dosage of photo catalyst leads to an
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increase in extraction. It was demonstrated that a dosage of photo catalyst of 10mg/100ml
was ideal for photocatalytic degradation of methylene blue
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Fig. 7. RSM of EuTiMg (Dosage vs Time )
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Fig. 8. RSM of EuTiMg NC(Temp vs Time)
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Fig. 9. RSM of EuTiMg NC(Dosage vs Temp)

3 Results and Discussion

3.1. Photocatalytic degradation of Methylene blue:

The degradation of methylene blue has been studied with and without catalyst and UV light,
respectively. No catalyst was used, and the concentration of the dye solution did not change
much in the absence of a UV light source. Batch tests were therefore carried out in the
presence of both photocatalyst and UV light irradiation in order to degrade methylene blue.
Using a 100 ml solution of methylene blue in a glass beaker under UV irradiation, the
photocatalytic activity of the EuTiMg NCnano composite was assessed in batch experiments
at different time intervals, doses, pH levels, starting concentrations, and temperatures. The
photocatalytic process caused the blue colour of the solution to progressively fade over time.
After the batch investigations, the photocatalyst and Methylene blue solution have been
separated from one another using a centrifuge. The centrifuged solutions were analysed with
a UV spectrophotometer that was calibrated to 660 nm.
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Fig. 10. Experimental set up for photo catalyst

3.2. Optimization of process parameters:
3.2.1 Effect of time of the photocatalyst and UV light irradiation:

Using EuTiMg NCas the photocatalyst, photocatalytic degradation tests on synthetic or M.B
dye solutions were conducted for varying durations, i.e., from 0 to 30 min at regular intervals
of 5 min. As the contact time grew from 0 to 5 minutes, the dye solution's hue diminished.
The colour intensity does not vary after five minutes, and even when the contact time is
increased, the solution's optical density stays constant. The photocatalyst dose saturation
capacity and the UV light source may be the cause of the lack of additional degradation

percentage rise. This demonstrates that, as indicated in Fig. 11(a), the ideal contact time was
found to be 5 minutes.

Effect of Contact Time

% Degradarion of M.B

b

o 5 10 15 20 25 30
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[
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Fig. 11. (a) Effect of Contact time (min) for degradation of M.B dye
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(b) Effect of dosage of the photocatalyst:

The degradation process is also significantly influenced by the photocatalyst's dosage. The
photocatalytic performance of various photocatalyst dosages, ranging from 2 to 10 mg/100
ml, was investigated. It was found that the dosage of 10 mg/100 ml produced the highest
degradation of dye, as illustrated in Fig. 11(b). Additional dosage increases reduced the
percentage of degradation because more particles in the dye solution caused it to become
opaque and lose its transparency.

Effect of Photocatalyst Dosage

% Degradation of M. B

[ T T A T

o oo o o0 o OGO
L]

1

1

o 2 4 ] B 10 12
Dosage of Photoeatalyst (mg/ml)

Fig. 11(b) Effect of dosage photocatalyst (mg/100ml) for degradation of M.B dye

(c) Effect of pH of the synthetic M.B dye solution:

The breakdown rate of synthetic M.B dye solution is significantly influenced by its pH.
Because of the hydroxyl radicals, there may be notable variations in the degradation as pH
fluctuates. Using EuTiMg NCas the photocatalyst, the photocatalytic degradation studies of
synthetic M.B dye solution were conducted at various pH values within the range of 7-11,
while maintaining a constant dosage and contact time under ideal conditions. From pH 7 to
pH 10, dye degradation increased and then decreased as pH rose. The dye degradation
reached its maximum (77.12%) at pH 10, as Fig. 11 (c) illustrates.

Effect of pH
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Fig. 11(c) Effect of pH on the degradation of M.B dye
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(d) Effect of initial concentration for the degradation of synthetic M.B dye solution:

Keeping temperature, contact time, dose, and pH constant, experiments were conducted on
the photocatalytic degradation of synthetic M.B dye solution utilising EuTiMg NCas the
photocatalyst, at various starting concentrations. The testes were examined at several starting
concentrations between 7 and 11 ppm, as Figure 11(d) illustrates. The dye degradation

peaked at 7 ppm.
Effect of Concentration
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i
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g
T
B
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Fig. 11(d) Effect of Concentration on the degradation of M.B dye
(e) Effect of temperature for the degradation of synthetic M.B dye solution:

These tests were all carried out between 308 and 353 K at various temperatures. It was
noticed that 79.83% degradation of M.B dye was acquired at the conditions of 7 ppm initial
dye concentration and at the temperature of 323K. Figure 11(e) clearly illustrates how the
percentage of M.B degradation reached its maximum with an increase in temperature and
decrease in initial dye concentration. This is because the dye solution has a lower
concentration and because a catalyst's activity coefficient rises with temperature, increasing
the rate of reaction and ultimately resulting in maximal degradation.The photocatalyst's
catalytic effectiveness is reduced by increasing dye solution concentration, which slows
down the reaction and further reduces the percentage of dye degradation. When EuTiMg
NCparticles were used in the photocatalytic degradation of methylene blue, the maximum
percentage of degradation of 79.82% was achieved under ideal circumstances.

Effect of Temperature

% Degradation of M.B

305 310 315 320 335 330 335 340 345 350 35 340

Temperature, K

Fig. 11(e) Effect of Temperature on the degradation of M.B dye
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3.3 Kinetic study:

The pseudo 1% order and 2" order kinetics are studied from the graph below and it is
observed that reaction fits pseudo second order more promptly. As shown in the Fig.12.

q = Adsorption capacity (milligram of methylene blue dye adsorbed per gram of EuTiMg-
Nc) at some time t in minutes

de = Equilibrium Adsorption capacity in (mg/g)
q= [(C-C)/W] *100 (1)
where Co and Crare the initial and final concentrations in ppm respectively

W is the optimum dosage in milligrams of EuTiMg NC per ml of Methylene blue solution.

t v/s t/qt
pseudo Second Order Kinetics

0.0016

AC

y="0.0121x
RE=0

Wk

Fig. 12. Pseudo second order kinetics

Calculating the value of rate constant from the line equation of the plot time V/s t/q,
The equation obtained was y =0.0121x + 0.0016

From the equation, positive value of slope gives the rate constant of the reaction process.
Therefore, the rate constant for the degradation reaction of MB dye = 0.091 g/mg.min
Equilibrium adsorption capacity, experimentally q. (exp) = 82.510 mg/g

Equilibrium adsorption capacity, theoretically q. = 82.644 mg/g.

3.4. Activation energy and Thermodynamic studies:

Activation energy of the reaction process was determined using Arrehenius equation model,
with the plot drawn between In k and (1/temperature). The plot of In k Vs 1/T was shown in
the figure 13. below.

13
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Fig. 13. Plot for determining activation energy, AH, AS and AG for the degradation process using
EuTiMg

From the graph shown above the figure 13, comparing the line equation with the
Arrhenius law equation, the slope gives the value of activation energy. And when the line
equation was compared with the Vant Hoff’s equation, the values of AH, AS and AG were
determined.

Arrhenius law equation is
InK =/ (-EJ/R) *(1/T)] + In4 2)

A line equation obtained from the plot drawn between In K Vs 1/T for finding the activation
energy. The slope of this line equation gives the value of activation energy.

—" Slope = (-E4/R)
-E. = slope*R
The line equation obtained from the plot was y = -4122.7x + 11.044
Therefore, Ea = -(-4122.7%8.314) =34,276.12 J/mol
From VantHoff equation is
InK = - (4H/ RT) +( AS/R) 3)
The linear equation obtained was y = -4122.7x + 11.044
AH = 34.276 KJ/mol
AS =91.819 J/mol K
AG = AH — TAS = -RTInK = 34.276 — (323*91.819) = -29.623 KJ/mol

4 Conclusion

Compared to other widely used traditional approaches, the photocatalytic degradation of
methylene blue utilizing the Eucalyptus globulus — titanium — magnesium nano composite

14
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('"EuTiMg') offers a straightforward, stable, sustainable, economical, and environmentally
beneficial approach. It is evident that a number of variables and optimal catalytic
performance settings were the only things influencing EuTiMg's photocatalytic activity. Our
research indicates that at an initial concentration of 7ppm and a catalyst dosage of 10 mg/100
mlatapH of 10 and 323 K, it exhibited a higher rate of photocatalytic degradation of 79.82%
during a contact period of 5 minutes. The BET studies show a surface area of 4.964 m?/gm.
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