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photodegradation efficiency of (20 ppm, pH = 6.4) methylene blue

Keywords: dye (MB) under three different types of ultraviolet (UV) irradiation
G.reen synthesis, light sources, which are UV type A (365 nm), UV type B (311 nm),
TiO,NPs, UV type C (254 nm) by using new home-made photoreactor. The
Watermelon rind, photodegradation activity of this system comprises various conditions,
Methylene blue dye, first on circulation of MB dye in the system without irradiation or

Sol-gel method adding catalytic, when irradiation MB dye with UV-A, UV-B, and

UV-C light sources with circulation, finally, the effect of adding 0.05 g of
green synthesis of titanium dioxide nanoparticles (TiO,NPs) by using
watermelon rind extract with irradiation in the system. Different
percentage of MB dye removal was reported. The prepared catalytic
TiO NPs were characterized using ultraviolet-visible spectroscopy
(UV-Vis), Fourier transform infrared spectroscopy (FTIR), scanning
electron microscope (SEM), energy dispersive analysis (EDX), X-ray
spectroscopy (XRD), and atomic force microscopy (AFM). High
photodegradation performance was reported under UV-C and UV-B
irradiation of MB dye in 90 minutes.

1. Introduction career when applied to industries like sports,

Nanotechnology science refers to any product
or device created by matter manipulated by
controlling atoms and molecules at the nanoscale
[1]. These materials are known as nanomaterials
or nanoparticles (NPs), with no more than 100
nanometers thick in at least one dimension of
materials or molecules at the nanoscale. These
materials promise great promise for a scientific
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healthcare, and electronics [2,3]. The field of
inorganic nanoparticles has been developed in
recent years. Metal nanoparticles differentiate
from bulk with their physical and chemical
properties, including their morphology and
geometry, size and distribution, catalytic activity,
and magnetic properties. This leads to broad
fields of application in biomedical, electronics,
environment, and air pollution [4,5]. Different
and biological methods

chemical, physical,

produce metal nanoparticles. The chemical and
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physical methods have their drawbacks, with
products and poisonous
products [6,7]. Biosynthesis approaches with
low-cost, environmentally friendly methods, with
one step to generate metal NPs, and using plant
parts as a starting point such as (seeds, roots, and
fruits) [8,9], or microorganisms which are used
in green synthesis of metal nanoparticles [10,11]
which contain bioactive agents such as fungi,
yeasts, and bacteria [12-14]. A plant extract is
used to produce NPs on a large scale, which is
cost-effective, simple, and safe. Plant extract
contains bioactive compounds that play different

hazardous creation

roles in green synthesis methods as capping,
stabilizing, and reducing agents [15,16], with
compounds such as saccharides [17], vitamins
[18], antioxidants [19], alkaloids [20], flavonoids
[21], as well as various proteins, amino acids,
and enzymes [22]. Watermelon fruit (Citrullus
lanatus) is one of the most consumed worldwide
[23], but only the red flesh is eaten; the green rind
is always discarded to waste. However, the rinds
contain various bioactive components, proteins,
carotenoids, citrulline, pectin, and cellulose
[24,25]. Also, it contains soluble carbohydrates
up to (45-65%), carotenoids, alkaloids, saponin,
and phytates [26]. WMRs also contain various
proteins (15-50%), including prolamin, glutelin,
albumin, and globulin. Also, it is considered a
good source of vitamin B-complex (B,, B,, B,,
B,, and B ) [27]. Water pollution nowadays
global organic
contaminations [28,29], which cannot be isolated

receives attention due to
with conventional methods. An increase in
pharmaceutical concentration, especially using
amino acid products, which affects plants and
other living organisms [30-32]. Due to the
photocatalytic technology based on the ultraviolet
spectrum and TiO2NP substances [33,34], which
undergo the generation of reactive oxygen species
(ROS), which is considered the key oxidant that
decomposes water pollutants [35]. TiO,NPs are
known for low cost, high stability photocatalytic,
and non-toxicity. Also, TiO,NPs are known for one
drawback, which is a large band gap in the visible
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spectrum [36]. Several chemical and physical
methods are reported to remove dyes and organic
pollutants from water, such as photocatalysis,
coagulation-flocculation, adsorption, membrane
separation, and electrochemical processes.
Among all these methods, photocatalysis has been
reported as cheaper, more effective, and preferred
over other methods due to its simple design,
operation, energy efficiency, eco-friendliness,
Other

focus on changing the pollutants from an aqueous

and cost-effectiveness. methods also
solution to a solid state. In contrast, photocatalysis
focuses on the degradation of contaminants by an
advanced oxidation process on the catalyst’s surface
[37—40]. The present work reports the degradation
of methylene blue dye by photocatalytic method
using TiO NPs as a photocatalyst and irradiation of
different ultra-viable light sources, such as UV-A,
UV-B, and UV-C.

2. Materials and Methods

2.1. Chemicals and Materials

Titanium tetrachloride (TiCl4, 99.99%, CASN.:
7550-45-0) was supplied from Sigma Aldrich,
America. Methylene blue dye (C,H CIN.S,
>95%, CAS N.: 61-73-4) was bought from
Merck, America. Ammonia (>10%, CASN.:
1336-21-6) bought from Prolabo, Canada. All
experiments include using deionized water (DW
Millipore).

2.2. Preparation of Watermelon rinds Aqueous
Several watermelons are bought from the market;
the rinds are separated and washed with water to
remove all remaining parts for several days. The
rinds were kept in a dark place to dry. The next
step was to use a grinder from Al saif-elec., model
HM-917, and the dried rinds ground to powder.
To prepare the aqueous solution of watermelon
rind, 5.0 g of powder was added to 100 mL DW,
the mixture was heated using a stirrer hot plate,
the temperature kept under 80 °C, stirring at 200
rpm for 30 minutes, and a green solution was
obtained, the aqueous cooled and filtered, stored
in a dark brown bottle.
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2.3. Preparation of green TiO, NPs by the Sol-Gel
To prepare TiO2NPs by sol-gel method, (100ml) of
green watermelon rinds were heated and stirred with
a hot plate to 70 0C, then (100 mL) of (0.5M) TiCl4
solution was added. The mixture was kept to reach the
wanted temperature, a dropwise of ammonia solution
was added, and the mixture color changed from white-
green to yellow color after (60) minutes; the mixture
cooled down, centrifuged, dried, and ground with
crystal mortar to obtain the TiO,NPs powder. The last
step, purification, is done by calcinating the powder in
the furnace at (400°C) to remove water moisture for
three hours and oxidize the entire TiO,NPs to powder
(Fig. 1). The TiO,NPs characterized by AFM, SEM,
FTIR, UV-vis spectrum, XRD, and EDAX.

2.4. Photoreactor and UV light sources

A photoreactor instrument designed to bring
photons to reactant is known as a photoreactor;
the device consists of a frame bought from the
market, attached to a diaphragm pump 24V.16L"!
min’!. The frame connected to the ultraviolet
chamber barrel consists of a high-quality tube
of quartz for UV-light sources, which are (T5
8W) UV-A (365 nm), (TS5 8W) UV-B (311 nm),
and (TS5 8W) UV-C (254 nm). A water cartridge
with 10 inches where used, plastic tubes with
connectors used to close the system flow. All UV-
light sources were bought from the Coospider
quartz ultraviolet lamp, 220v, China, as shown
in Figure 2.

e

Fig. 1. Sol-Gel method for green synthesis of TiO NPs
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Fig. 2. Photoreactor system design
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2.5. The procedure of photodegradation

To ensure the solution flow in the photoreactor
(320 mL) of methylene blue with
concentration (20 mg L!,, PH = 6.4) was selected.

device,

An experiment was done to show the impact on
MB circulation in the photoreactor. To study the
effect of irradiation of three UV lamps, which are
UV-A, UV-B, and UV-C, on the circulation of MB
in the photoreactor, a set of experiments was done
to show the effect. The last set of experiments was
done to show the impact of loading (0.05 g) of
TiONPs with irradiation with three UV-lamps for
degradation of MB, with these set of experiments
and to ensure the adsorption-desorption equilibrium
of MB on the surface of TiO,NPs, after adding (0.05
g) of the catalyst, the solution kept for (15) minutes
in a dark place. In all experiments, a sample of (2.5
mL) was first collected from the photoreactor; after
irradiation started, the sample was collected every
(15) minutes using a pipette, and all experiments
were done in (90) minutes.

2.6. Instrument and principle of operation

Ultraviolet(UV)radiationisaformofelectromagnetic
radiation with shorter wavelengths than visible
light; there are three types of UV rays: UV-A, UV-
B, and UV-C. To investigate the photodegradation
of MB dye, a UV-Vis spectrophotometer with a
double beam was used for its capability to analyze
the absorption and transmission of light with the
dye and degradation products, as this technique
provides information about electronics transition
and understand the mechanism of degradation and
efficiency of the photocatalyst. This instrument is
based on the interaction between light and matter; as
light passes through a molecule of MB dye, it causes
vibration to this molecule, and the wavelength of
this absorbed light is called absorption maximum,
which can identify the changes in the reaction,
the instrument consists of light source which
provides illumination at specific wavelength, a
monochromator used to select the wavelength,
a detector to measure the intensity of light passes
through the sample, and a data recorder to record the
absorbance or transmission of the light[41].
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2.7. Photodegradation kinetic study

The photocatalytic study of TiO,NPs was tested,
and the photodegradation rate of MB dye was
calculated by Equation 1 [42,43].

AO0—-At
A0

MB Degradation (%) = x 100

(Eq.1)

Where AO is the absorbance of initial MB; At is the
absorbance of the solution after irradiation at time
t. According to the first-order kinetics reaction,
rate constant k (min') was determined using the
following relation Equation 2[44,45]. C and C, are
concentrations at the beginning, and at a particular
time, t is the irradiation time.

In (%) — —kt

(Eq.2)

2.8. Characterization of Titanium oxide
nanoparticles

A  BOYN D8000 double-beam UV-vis
spectrophotometer (China) was used to identify
the compounds’ functional groups. The Naio AFM
atomic force microscopy model Nano surf AG,
Switzerland, measured the surface roughness and
mean diameters. Environmental scanning electron
microscopy (ESEM) and Energy-dispersive X-ray
spectroscopy (EDX) were used for element analysis
by Tescan Mira with a resolution of 1.2 nm at 30 kV
and 2.3 nm at 3.0 kV. FTIR analysis was performed
to measure the absorbances of methylene blue dye
(Vertex-80v FTIR spectrometer with a frequency range
from 4000400 cm™). An XRD persee, China, XD,
(X-ray diffractometer) was carried out on TiO,NPs
powder to identify the structure and the composition,
the range -40-90° at a scanning speed 0.125°-120°min’
!, step size of 0.00025° with scanning radius 180 mm.

3. Results and discussion
3.1. Morphological analysis
3.1.1.Scanning Electron Microscope and Energy
Dispersive Analysis of X-ray
To characterize the surface morphology of

TiONPs prepared by green synthesis, Figure 3
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(left) and (right) show the SEM images. The results
of these images show the non-uniform distribution of
TiO,NPs, consisting of single particles or clusters with
an average size (21 nm) diameter. Also, it is shown
from a closer view that the rough surface’s slight
agglomerations due to high calcination temperature
accelerate the crystal growth of TiO,NPs.

Figure 4 shows an EDAX analysis used to prepare
TiO2NPs. The results are described in Table 1,
which shows the atomic percentage of oxygen and

titanium-grown nanoparticles. This can conclude
the right ratio of titanium and oxygen with 1:2.
The spectra show different elements from the
watermelon rind compounds, as shown in Table 1.

3.1.2.X-ray diffraction (XRD)

Figure 5 shows the results of analyzing the X-ray
spectra and studying the structure and crystallization
of TiO,NPs, starting with the Match phase analysis
software.

keV
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{TiLa
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H BNeKa PKe = KKa
0
0 5

Fig. 4. TIONPs EDAX spectrum
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Table 1. Chemical composition of green TiO,NPs in terms of weight
and atomic percentage from (EDAX) measurement

Elements Weight percentage (Wt. %) Atomic percentage (%)

C 421 7.39
o 54.22 71.39
Na 3.18 2.92
Si 1.67 1.32
P 1.44 0.98
Cl 2.11 1.25
K 2.00 1.08
Ti 31.08 13.76

Total 100.00 100.00
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Fig. 5. XRD pattern of green synthesis TiO,NPs

The diffraction peaks sharp spectrum appeared
at 20 = 22.20°, 25.45°, 38.00°, 48.15°, 54.13°,
55.13°,62.83°, 69.05°, 70.30°, and 75.25°. The
spectrum matches with anatase phase patterns
of TIO,NPs from (COD card No. 96-901-5930)
[46], with a tetragonal crystal plane and average
crystallite size for the TiO,NPs estimated according
to the Debye—Scherrer’s Equation 3 [47].

KxA
B *Cos O

b= (Eq.3)
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Where K represents the Scherrer constant (0.94),
D is the nanoparticle crystalline size, A is the X-ray
wavelength (1.54 A®), 0 is the Bragg’s diffraction
angle, and B is the peak width at half maximum. The

average particle size has been calculated in Match
software to be (26.69 nm) as shown in Figure 6.
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Fig. 6. TiO,NPs Crystallite size calculation
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3.1.3.FTIR spectroscopy study

The FTIR spectroscopy of both watermelon rind
and prepared TiO,NPs powders was carried out to
determine functional groups as shown in Figure
7. TiO,NPs spectra (a and b) show three spectrum
peaks, the observed peaks at 3452.43 cm! and
3431.13 cm™!, which are stretching vibration
asymmetric and symmetric attributed to the
hydroxyl group in (Ti-OH) [48]. The band observed
peak in 1618.17 cm™ attributed to the binding
vibration of the (OH) group in the water molecule,
which adsorbed on the surface of TiIO,NPs [49,50], the
peaks at the broadband from 800 to 400 cm™! region is
attributed to the Ti-O stretching and Ti-O-Ti vibration
absorption from the anatase TiO,NPs [51,52].

3.1.4.Atomic force microscopy (AFM)
AFM carried out the
phases of TiO,NPs. The results show spherical

topography analysis

nanoparticles. An image topographic roughness
inspection showed an average size of 9nm, as
shown in Figure 8.

3.2. Photodegradation Studies

3.2.1.Absorption of MB dye

The concentration of the experimental part chosen
20ppm (6x10-°M) at 662 nm wavelength and (0.680)
absorbance as shown in Figure 9, by reference to

Beer’s law, this concentration of 20ppm which lies
between (0.2-0.7) absorbances with least errors and
best range for measurements [53].
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Fig. 8. TiO,NPs Atomic force microscopy analysis
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Fig. 10. (a) MB irradiation with different UV-light sources, (b) D% for MB irradiation with different UV
lamps, both experiments ([MB] = 20 ppm; TiO,NPs loading = none)

3.2.2.Irradiation of MB dye with different UV-
light sources

Irradiation of MB dye with different lamps (UV-
A, UV-B, UV-C) without loading photocatalyst:
All these experiments show the MB decreasing in
concentration with time in different percentages.
Also, the photodegradation process increases
with different percentages, as shown in Figures
10 and b. The results show that photodegradation
for UVC = 34%, and both UVB and UVA results
are 29%.

3.2.3. Photocatalyst loading for photodegradation
of methylene blue

The photodegradation of methylene blue with
loading (0.05g) TiO,NPs photocatalyst has been
carried out in (90) minutes with irradiation by three
different UV lumps, which are UV-A (365 nm),
UV-B (311nm), UV-C (254 nm), as in Figurella,
whichindicate the decrease of MB dye concentration
with time. UV-C reaches 99.9% degradation of MB
dye after 75 minutes, while UV-B reaches 96%
degradation, and UV-A reaches 50% degradation
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after 90 minutes. Figure 11b shows Regression
correlation values R2 for each UV tube, UV-A,
UV-B, and UV-C. Figures l1c and 11d show that
the degradation percentage increases (D%), and all
experiments were done in (90) minutes.

The photodegradation of MB dye with UV-C is
faster than that with UV-B and UV-A, indicating
its photolysis capability, as it has a shorter
penetration wavelength and high energy level. The
photodegradation kinetic study follows a first-order
reaction [54,55]. A graph of In(C0/Ct) against time
was plotted, as shown in Figure 11b, with a high
regression correlation value.

4. Conclusion

This study shows the easy procedure to produce
TiO,NPs by the sol-gel method, which was
successfully prepared using watermelon rinds for
the green synthesis method. The critical role of
green synthesis is to prepare metal nanoparticles
with their advantages and acceptances in wastewater
treatment and for the environment. Photodegrading
using semiconductor TiONPs, with a new
photoreactor system design, is highly effective
in degrading methylene blue dye under different
ultraviolet light irradiation. This process can break
down harmful organic compounds into less toxic

MB irradation with adding TiO2NPs 8 Regression correlation values
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Fig. 11. (a) MB Conc. Decrease with time (b) Regression correlation values R?, (¢) and (d) D% for
MB irradiation with different UV lamps. all experiments ([MB] = 20 ppm; TiO, NPs loading = 0.05g)
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or harmless substances. This is particularly useful
for treating industrial wastewater and contaminated
natural water. The results of the photodegradation
process, with loading (0.05g) of TiO,NPs, indicate
the effectiveness of ultraviolet C rays, as they have
higher energy and shorter wavelengths. Compared
to ultraviolet B and ultraviolet A, this makes
them very effective at breaking chemical bonds
in methylene blue dye (20 mg L', pH=6.4). This
indicates their capability in photolysis, as they have
a shorter penetration wavelength and high energy
level.
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