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Synthesis, Characterization and Photodegradation
Study of Titanium Dioxide Nanoparticles Mediated
Using Melon Peel Extract

Mohamed Abdelkalik Hussain® *, Wadhah Naiji Al Sieadi

Department of Chemistry, College of Science, University of Baghdad, Baghdad, Iraq

ABSTRACT

The importance of nanotechnology in protecting the environment is represented in multiple applications, including,
for example, the green synthesis of nanoparticles (NPs), using the remains of plant parts, as well as photolysis application
that used semiconductors NPs which showed a clear effect in treating water from organic pollutants, this study combines
these two applications, in terms of green synthesis of titanium dioxide nanoparticles (TiO,NPs) using melon peel (Cucumis
melo L.) in sol-gel method, as well as, the photodegradation of methylene blue dye (MB) by using a new irradiation
photoreactor device which has designed and implemented for this purpose. This device used to irradiate MB dye with
three different types of ultraviolet—visible (UV) light sources to study the photodegradation with different cases, first
on circulation of MB dye only, second when irradiation MB dye with UV-A, UV-B, UV-C light sources with circulation,
finally, the effect of adding (0.05 g) of green synthesized of TiO,NPs by using melon peel extract in sol-gel method with
irradiation and circulation MB dye in the system. Different percentage of MB dye removal where reported. The prepared
of TiO,NPs catalysts were characterized using, Energy dispersive analysis (EDX), Ultraviolet—visible spectroscopy (UV-
Vis), Scanning electron microscope (SEM), Fourier transform infrared spectroscopy (FTIR), X-ray spectroscopy (XRD),
Atomic force microscopy (AFM). High performance of photodegradation was absorbed under UV-C, UV-B irradiation of
MB dye in 90 min.

Keywords: Green synthesis, Melon peel, Methylene blue dye, Photodegradation, Titanium dioxide nanoparticle

Introduction

Nanotechnology field refers to special branch
which get great hope to scientific career, molecular
manufacturing, applications, devices at nanoscale. '
Nanomaterials are materials or molecules which have
at least one dimensional between 1 and 100 nanome-
ters with unique and interesting properties. %>

Metal nanoparticles have large surface area and
small particle size compared with their counterparts
in non-nano compounds, these particles are charac-
terized by different characteristics depending on their
geometry and morphology and therefore have differ-

ent physical and chemical properties from bulk, and
thus, they had wide applications in several fields in
electronics, agriculture, biomedical, medicines, envi-
ronment. *°

The production of nanomaterials traditionally in-
volves two approaches, physical and chemical meth-
ods, physical methods such as pulsed laser ablation,
mechanical milling fabrication method, and sputter-
ing fabrication method,® these methods are superior
to chemical approaches in terms of solvent contami-
nation, yield consistent monodisperse nanoparticles.”
Chemical approaches such as sol-gel method, molec-
ular condensation, chemical vapor deposition and
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chemical reduction,® used organic solvents exceed-
ingly which has a big concern to environment due to
the production of carbon dioxide. %'°

In the current development of nanomaterials, green
synthesis methods are gaining great attention with
its application of minimization of waste,'"'? envi-
ronment friendliness,'>'* avoiding the production
of unwanted products,'>” eco-friendly synthesis
procedures with using natural resources such as
(leaves, seeds, and flowers)'®!° or microorganisms
(yeasts,?° bacteria,?! and fungi??), containing bioac-
tive agents, responsibility of the green synthesis of
metal nanoparticles. 2324

Plants in nature contain bioactive compounds,
such as flavonoid,?° alkaloid,?® sugar,?” polyphe-
nol,?® organic acid,?’ terpenoid,*’ antioxidant.?’
These bioactive compound role as reduction agents in
the synthesis of nanomaterials procedure as electron
donors or capping agent. !

Scientific community had interest in natural an-
tioxidants, Melon (Cucumis melo L.) belongs to the
Cucurbitaceae family that is inclusive of several fruit
species, which is considered one of the most ex-
ported fruits worldwide, peel and seeds. *? In last ten
years, there was 30 million tons of melon’s annual
production, which consumed traditionally.*? Also,
melons are known for their medicinal features, it
has been found that extracts of the Cucurbitaceae
family have antibacterial, antifungal, wound-healing,
antiviral, antidiabetic (type 2), antidiarrheal, and
anti-inflammatory activities, >>** with industrial pro-
cessing of melon, large waste products from seeds
and peel are produced which threaten the environ-
ment. It’s vital to re-used these residues which are
rich sources of active compounds such as vitamins,
dietary fibers, polyphenols, enzymes. Hence, it is of
great interest as there is an increased demand for
natural compounds.*®> There are several reports that
have studied the green synthesis of metal nanoparti-
cles using melon peel. %7

Photocatalytic technology is considered one of the
most environmentally-friendly water treatment from
organic pollutants, using semiconductors that does
not require additional chemicals, with renewable
energy (solar energy) to degrading organic pollu-
tants. >®3° TiO,NPs are known as best semiconducting
substance with unique chemical, optical, and elec-
tronic properties,“’ TiO,-NPs are known with high
chemical stability, low cost, non-toxicity, high photo-
catalytic activity, and environmental friendliness. !

The present work reports the photocatalytic degra-
dation of MB dye by green synthesized TiO,NPs as a
photocatalyst using melon peel extract under irradi-
ation of different UV light source which are, UV-A,
UV-B, and UV-C in new designed photoreactor. A

comparative photocatalytic activity of TiO;NPs was
investigated, along with their reaction kinetics.

Materials and methods

Chemicals and materials

Methylene blue (C;64H18CIN3S.xH,0) was bought
from Merck (>95%). Titanium tetrachloride (TiCl4)
(99.99%) was supplied from Sigma-Aldrich, while
ammonia solution was obtained from Prolabo
(>98%), deionized water had been used through the
study.

Preparation of melon peel aqueous

Melon peel bought from market, the peels are col-
lected and washed by distilled water to remove all
remaining parts, the peels has been dried in oven
for several days, the dried peels have been ground
to powder using grinder model HM-917, 220-240 V,
from Al saif-electric, China. 5 g of melon powder was
added to 100 ml DW, then the mixture was heated
using stirrer hot plate type cimarec model MA-187,
China, the temperature kept under 60 °C, with stirring
for 25 min, a yellow solution was obtained, this mix-
ture was cooled down at room temperature, filtered,
stored in dark place for later use in green synthesis of
TiO2NPs.

Preparation of green TiO, NPs by the sol-gel

To synthesize TiO;NPs with sol-gel method as
showed in Fig. 1, 50 ml of 0.5 M TiCl, was mixed
with 50 ml of melon peel yellow juice, the mixture
was boiled to 60 °C with stirring, then, ammonia
solution10 ml was added dropwise, a white solution
was obtained which was centrifuged to precipitate
the sold. Then it was filtered and dried in an oven
with hot air for 24 hours, then using crystal mortar
to grind the TiO,NPs to powder. Finally, a purifi-
cation was carried out to gain TiO,NPs powder, at
high temperature (400 °C) using calcination furnace
to remove water as absorbed moisture for a period
of 3-4 hours to oxidize the entire substance, a clear
white powder was obtained, Fig. 1. The TiO,NPs are
characterized by AFM, SEM, FTIR, UV-Vis spectrum,
XRD, and EDAX. *?

Photoreactor and UV light sources

A homemade photoreactor system was designed to
this procedure Fig. 2, with using inset killer frame
bought from market, and instead of using common
stirrer hot plate, a water diaphragm pump with 650-
750 mt rated flow 0.3 A was attached to the frame. An
ultraviolet visible UV lamp chamber was bought from
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Fig. 1. TIOoNPs green synthesis steps by the Sol-Gel method.
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Fig. 2. Homemade photoreactor system.

market and connected to the frame, to close the circle
of flowing, a water cartridge with 10 inches was used,
plastic tubes connecter from water purifier were used,
the UV-light source used are, (T5 8W) UV-A (365 nm),
(T5 8W) UV-B (311 nm), (T5 8W), UV-C (254 nm), all
UV-light sources were bought from coospider Quartz
UV-Lamp, 220 v, China.

Photodegradation procedure

The amount of solution needed for the new pho-
toreactor system has been measured, 320 ml of MB
dye with concentration of 6x10° M and pH = 6.4
was chosen. First set of experiments was conducted to
study the circulation effect on MB dye in the system
without any irradiation or loading TiO,NPs, second
set of experiments was conducted to study the ir-
radiation effect with UV-A, UV-B, and UV-C on MB
dye without loading TiO,;NPs. Last set of experiments
were carried out with loading TiO, NPs powder, A

0.05 g was added to the system to study the effect of
adding TiO,NPs with irradiation using lamps UV-A,
UV-B, and UV-C on MB dye degradation. To ensure
the adsorption—desorption equilibrium of MB dye on
the surface of the photocatalyst, the solution was kept
in a dark place for 15 min, all experiments were
conducted in 90 min. The first sample 2.5 ml was
collected from the system before the irradiation start,
when irradiation started, the sample was collected
every 15 min by using 1ml pipette, all samples were
centrifuged at 4000 rpm, before using UV-Vis double
beam spectrophotometer. *3

Photodegradation kinetic study

The photocatalytic study of TiO,NPs was tested, the
photodegradation rate of MB dye was calculated by
using the following Eq. (1)%%%:

A0 — At

MBDegradation (%) = x 100 @D)
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Where AO is the absorbance of initial MB; At is the
absorbance of the solution after irradiation at time
t. According to first order kinetics reaction, rate con-
stant k (min!) was determined by using the following
relation Eq. (2)4%%7:

G\

Where CO and Ct are concentration at the beginning
and at a certain time, t is the irradiation time.

Characterization of titanium oxide nanoparticles

The mean diameters of TiO,NPs and surface rough-
ness are measured by atomic force microscopy
(NaioAFM 2022 model, Nanosurf AG, Switzerland).
Environmental scanning electron microscopy (ESEM)
and Energy-dispersive, X-ray spectroscopy (EDX) for
elemental analysis were carried out using a Tescan
Mira 3 (French) with resolution 1.2 nm at 30 kV;
2.3 nm at 3 kV. An X-ray diffractometer (XRD)was
used for identifying the composition and structure
of TiO;NPs from persee China, XD3, operating con-
ditions of 60 kV and 50 mA from range -40-90°
at a scanning speed 0.125°-120°/ min, step size of
0.00025° with scanning radius 180mm. To mea-
sure the absorbances MB dye, a BOYN double-beam
BNUV-D8000 UV-—Vis spectrophotometer (China)
was used. To identify the compounds functional
groups, a Fourier transform infrared spectroscopy
(FTIR) analysis was performed using a Vertex-80v
FTIR spectrometer connected to a Hyperion 3000
IR microscope (Bruker Optics GmbH, Germany), fre-

quency range 4000-400 cm !,

Results and discussion
Morphological analysis

Scanning electron microscope and energy dispersive
analysis X-ray

The green synthesis TiO,NPs was characterized
by Scanning Electron Microscope (SEM) analysis to
study the surface morphology, the results showed
TiO;NPs with an average size of 39 nm with high
surface area, Fig. 3a, also the prepared TiO;NPs
showed slight agglomerations due to high calcina-
tions temperature 400 °C to accelerate crystal growth
of TiO,NPs Fig. 3b, as calcination aim to eliminate
water content, and change the structure of TiO;NPs
from amorphous to crystalline which was accompa-
nied by phase transformation from anatase to rutile
phase. 4%4°

Energy dispersive X-ray analysis (EDAX) for pre-
pared TiO,NPs as in Fig. 4, shows high peak of

Table 1. Chemical composition of green TiOoNPs in terms of weight
and atomic percentage from (EDAX) measurement.

Elements Weight percentage (Wt. %) Atomic percentage (At %)
C 5.47 10.30

(0) 45.24 63.97

Mg 2.27 2.11

Si 1.83 1.47

P 2.49 1.82

Ca 1.60 0.90

Ti 41.1 19.41

Total 100.00 100.00

titanium with high KeV. Table 1. describes the com-
position and different elements in terms of weight
percentage (Wt. %) and atomic percentage (At%),
different elements appeared from the composition
compounds of melon peel role in green syntheses
procedure of TiO;NPs.

X-ray diffraction (XRD)

The structure and crystalline of prepared TiO,NPs
were done by X-ray diffraction using Cu-Ka diffrac-
tometer X-rays, (1) 1.5406 A, 20 range of 10° to 80°
step size of 0.00025°.

Fig. 5, shows sharp spectrum with diffraction
peaks appeared at 20 = 27.73°, 36.25°, 41.45°,
44.23°, 54.55°, 56.42°,63.0°, and 69.60°, these re-
sults are identical with rutile phase patterns of
TiO,NPs from (JCPDS file 96-900-9084),°%°1 with
tetragonal crystal planes with average crystallite size
for the rutile TiO;NPs estimated according to the
Debye—Scherrer’s Eq. (3)°%:

Kx A

D= B %Cos 6’ 3)

Where D is NPs crystalline size, K e represents the
Scherrer constant (0.94), A is the X-ray wavelength,
B is the peak width at half maximum, and 6 is the
Bragg’s diffraction angle. The average particle size
has been calculated to be (12.7 nm) as shown in
Table 2.

FTIR spectroscopy study

To determine the main functional groups of
TiO;NPs with Melon peel powder, an FTIR spec-
troscopy was used for both, melon peel and green
synthesis TiO,NPs powder as shown in Fig. 6a and
Fig. 6b. The spectra absorption from the range of
4000-400 cm~!, with several spectrum peaks, in-
dicates high purity product formation of TiO;NPs.
Peaks were observed around 3442.70 cm~!, and
3423.41 cm™! are attributed to O-H symmetric and
asymmetric stretching vibrations of the hydroxyl
groups (Ti-OH).>3
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Fig. 3. SEM images of TiOoNPs view field (a) 200 nm, (b) 1 um, (c) 5 um.

15000 TiKa

keV

10

Fig. 4. EDAX spectrum (Energy dispersive analysis of X-ray) of green TiO2NPs.

Table 2. TiO,NPs Crystallite size calculation.

FWHM FWHM FWHM Correlated  Crystallite

2theta (deg)  d[A] 1/10 counts total instr. sample phase(s) size
27.73 3.2150 1000.0 325 1.4436 0.2050 1.2385 Rutile 69.1
36.25 2.4761 478.4 120 1.1154 0.7210 0.3944 Rutile 221.6
36.28 2.4745 145.5 37 1.1388 0.7222 0.4168 Rutile 209.7
41.45 2.1767 327.6 88 1.1970 0.7413 0.4557 Rutile 194.8
44.23 2.0463 89.8 28 1.3670 0.7006 0.6665 Rutile 134.5
54.55 1.6809 614.5 207 1.4968 0.8543 0.6425 Rutile 145.4
56.42 1.6294 140.0 57 1.8169 1.0553 0.7616 Rutile 123.7
63.00 1.4743 135.4 68 2.2409 0.8444 1.3965 Rutile 69.7
69.60 1.3497 232.6 123 2.3429 0.6385 1.7044 59.3

Average crystallite size calculated from peaks/lines = 127.3 A
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Fig. 5. XRD pattern of green synthesis TiO,NPs.
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Fig. 6. FTIR pattern (a) green synthesis TiOoNPs (b) melon peel.

The observed peaks at 1575 cm™! are attributed
to (C=0) stretching vibrations groups. The peaks
observed at 1413.72 cm~! can be attributed to the
C-H bending. For the pure TiO,, it was reported that
the peaks at the broad band from 800 to 400 cm!
region is attributed to the Ti-O stretching and Ti-O-Ti
vibration absorption from the anatase TiO,NPs. °%5°

Atomic force microscopy (AFM)
The TiO,NPs phase’s topography was analyzed by
AFM, which offers a large microstructural arrays sur-

face inspection. Fig. 7 shows the (3D) image with for
TiO,NPs.

Table 3. shows surface average roughness (surface
area: 6.830 nm), root mean square (RMS), with small
average median (10.21 nm), which can be can ob-
served as one significant parameter.

Photodegradation studies

Absorption of MB dye
The concentration of experimental part chosen was
20ppm (6x10° M) at 662 nm wave length and
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Number of values

Fig. 7. Atomic force microscopy analysis of TiOoNPs.

Table 3. Average mean diameter, root mean square.

Parameters Projected area nm?  Mean diameter nm  Z-maxima nm
Particle 1 672.7 14.76 6.830
Particle 2 672.7 14.76 6.831
Particle 3 672.7 14.76 6.836
Particle 4 672.7 14.76 6.853
Particle 5 672.7 14.76 6.858

Global statistics

Mean 5595 45.97 10.21

Min 189.2 9.611 6.830

Max 263570 522.2 47.66

0.680 absorbance, by reference to Beer’s law, this
concentration of 20ppm which lies between 0.2-0.7
absorbances is with least errors and the best range
for measurements. °°

To study the absorption of MB dye by TiO,NPs
surface in the visible light region, (0.05 g) of TiO2NPs
was added to 20 ppm (320 ml) of MB dye and ex-
posed to sun light. From results in Fig. 8, it is clear
that TiO,NPs suffers from low light absorption in the

visible region, because of large bandgap of TiO,NPs
with 3.0 eV.>”

Although TiO;NPs has potential as most effi-
cient semiconductor in photocatalysis due to optical
and electronic properties for removing organic sub-
stances from contaminated water, but it suffers from
low quantum yield and low light absorption region
because of its wide bandgap, to overcome those is-
sues, several modification of TiO;NPs were required

Absorbticn

Wave length (nm)

W e 24 mmen g

concentration (6 X10%)

The Absorption effect of MB dye on TiO,NPs.

¥ * - . . .

0

Time(min)

Fig. 8. Absorbance of MB dye with TiOoNPs in the visible light region, (a) Absorbance vs wave length (nm), (b) concentration vs time.
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Fig. 10. Flow rate effect on MB dye in 90 min ([MB] =

to improve the photocatalyst performances, dop-
ing TiO2NPs with heteroatoms to reduce the wide
bandgap, or irradiate the TiO;NPs with UV pho-
tons which have sufficient energy to overcome this
bandgap. °®

TiO,NPs has a valence band (VB) filled with elec-
trons and a conduction band (CB) with higher energy
and absence of electrons, as irradiation of TiO,NPs
by UV light sources, this process induces the ex-
citation and transition of electrons from valence
band to the conduction band, this generates positive
holes with the TiO,NPs VB, these holes reduce water
molecules producing free hydroxyl radicals, while the
electrons in conduction band are caught by oxygen
molecules, this leads to produce superoxide radicals
anion, which is responsible for mineralize organic
pollutants to water and carbon dioxide, as shown in
Fig. 9.%°

Flow rate effect on degradation of MB dye
The effect of flow rate on MB dye has been inves-
tigated, A 20 ppm (320 ml) of MB dye was added to

20 ppm; TiO,NPs loading = none).

the photoreactor without any irradiation, with flow
rate speed = 750 mIPM, the results show decrease in
concentration in 90 min, with percentage (14%) as
shown in Fig. 10.

Irradiation of MB dye with different UV-light sources

Irradiation of MB dye has been investigated with
different UV lamps (UV-A, UV-B, UV-C) as shown in
Fig. 11. A 20 ppm (320 ml) of MB dye was added to
the photoreactor, irradiation of all experiments shows
that the MB dye decreases in concentration in 90 min.

The calculation of MB dye with irradiation by three
types of UV light sources shows increase of photolysis
in 90 min. Fig. 12 shows D% for UV-C = 34%, both
UV-B and UV-A results are 29%.

Methylene blue photodegradation with photocatalyst
loading

Irradiation of MB dye with loading (0.05 g) of
TiO,NPs for 90 minutes has been invistegated, °° with
different UV lamps, UV-A (365 nm), UV-B (311 nm),
and UV-C (254 nm). Fig. 13a, Fig. 13b and Fig. 13c
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Fig. 11. MB dye irradiation with different UV lamps, (a) lamp UV-A, (b) lamp UV-B, (c) lamp UV-C, (d) shows comparing of three UV lamps
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Fig. 12. D% for MB dye irradiation with different UV lamps, ([MB] = 20 ppm; TiOoNPs loading = none).

show decrease in concentration of MB dye with time,
which indicates the photodegradation process with
different percentage.

This process of MB dye irradiation with loading
TiO,NPs as a catalyst is called photocatalytic, the
mechanism of this process, due to the energy transfer
from source of photons (UV light sources), illumi-

nated the catalyst (TiO,NPs). These photons excite
the electrons in VB (valence band) to CB (conduction
band) leaving a positive hole in VB, the energy of
these photons higher than the bandgap of TiO;NPs,
these excited electrons and positive hole are re-
sponsible for producing free hydroxyl radicals, and
superoxide radicals anion, which lead to breaking the



456 BAGHDAD SCIENCE JOURNAL 2026;23(2):447-461

o
¥ | Absorbance

MB irmdation with adding (0.05g ) TiO:NPs by lamp
UV-A

a

—before imadation
lamp A

— 15 min
30 min
45 min

— 60 ki

—7% min

wave length nm
1 (]

an

Absorbance  MB irdation with adding (0.05g ) TiO:NPs by

lamp UV-B

as / \
II lamp B

~—before Iradation
== 15 pun

f I'| -
A o

75 man

/ 20 min
LX) F \
__/ : /""“‘\\ \
— - \
| ———— =
o B N o
pe————8G 800 as0 Sor————— @ Wave length nm

oz MB irradation with adding (0.05g ) TiQ:NPs by
Absorbance lamp UV-C

A

‘ore
C  idution
ip C
— 15 min
30 min
=45 min
— 60 min

78 min

90 mun

P—C

wave length mm

MB irradation with add (0.05g) TiO,NPs

Concentration x 10+

10 » 0 0 = ® " ® ] 109
Tame min

Fig. 13. MB dye irradiation with different UV lamps, (a) lamp UV-A, (b) lamp UV-B, (c) lamp UV-C, (d) shows comparing of three UV lamps
in concentration decreases, ([MB] = 20 ppm; TiO, NPs loading = 0.05 g, Time = 90 min).
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Fig. 14. (a) Graph of kinetic rate degradation showing regression correlation values R?, (b) D% for MB irradiation with different UV lamps,
all experiments ([MB] = 20 ppm; TiO, NPs loading = 0.05 g, Time =90 min).

chemical chains of organic pollutant, in this study
MB. 6!

The degradation process follows pseudo first order
kinetic reaction, °>%® as a graph of In (C0/C) against
time was plotted as shown in Fig. 14a, a linear line

shows the regression correlation value for each UV
lamp which fulfilled first order kinetics.

Rate constant has been calculated, as it shows
Fig. 14a, with all reactions followed a pseudo first
order which is described by Eq. (2). Table 4. shows
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Table 4. Rate constant and regression correlation of different UV light sources.

Regression Regression Regression K (min!) K (@min!) K (minl)
correlation UV-A correlation UV-B correlation UV-C UV-A UV-B Uv-C Time (min)
0.9945 0.951 0.9558 0 0 0 0

0.0136 0.0549 0.0313 15

0.0085 0.0479 0.0468 30

0.0078 0.0494 0.0400 45

0.0068 0.0397 0.0448 60

0.0062 0.0356 0.0364 75

0.0059 0.0344 0.0457 90

the rate constant and regression correlation (R?) for
different UV light sources.

From Table 4, UV-C has the highest rate constant
after (90 min) of irradiation, (0.0457 min'!), compar-
ing with UV-B (0.0344 min~!), UV-A (0.0059 min!),
which indicate the high speed of reaction, this param-
eter explains the high photodegradation percentage
results for UV-C comparing to UV-B, and UV-A.

Fig. 14b, shows the highest degradation obtained
with UV-C with 98.37% of MB dye being removed,
the next best degradation is 94.9% with UV-B, while
UV-A achieved 51.78% removable of MB dye.

Conclusion

In this study, rutileTiO;NPs have been prepared
using green synthesized methods using melon peel
extract, the prepared nanoparticles are characterized
to conform its morphology and surfaces. The new
photoreactor which is designed and implemented
for photodegradation process achieved excellent re-
sults, with using different UV light source UV-A,
UV-B, and UV-C, and loading very small amount
of TiO,NPs powder (0.05 g) which achieved with
UV-C (98.37%) photodegradation of MB dye, while
UV-B achieved (94.9%) photodegradation, and UV-A
achieved (51.78%) photodegradation. All experi-
ments were carried out in 90 min. UV-C irradiation
shows faster photodegradation process, which indi-
cates its capability roles in photolysis, as it has a
shorter penetration wave length and high energy
level. Degradation study of MB dye shows that the
reaction follows first order kinetic reaction, a graph
of In (CO/Ct) against time was plotted to show the re-
gression correlation R?, and rate constant for different
UV light sources.
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