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Abstract

One of the most pressing challenges in the field of photocatalysis is the
development of efficient photodegradation systems that utilize different ultraviolet
light spectra and nanoparticles as photocatalysts to effectively remove pollutants
from the environment. This study investigates the photodegradation efficiency of
methylene blue dye under three different types of UV light sources using a new
homemade instrument. The photodegradation activity of this system comprises
various conditions, the first one is for MB dye only, the second one is when
irradiation of MB dye with UV-A, UV-B, UV-C light sources with circulation,
finally, the effect of adding 0.05 gm of green synthesis of TiO,NPs by using date
seed powder in sol-gel method. Different percentages of MB dye removal were
reported. The prepared catalysts were characterized using Ultraviolet-visible
spectroscopy, Fourier transform infrared spectroscopy, Scanning electron
microscope, Energy dispersive analysis, X-ray spectroscopy, and atomic force
microscopy. The photodegradation performance under UV-C irradiation was the
highest, showing 98% photodegradation of MB dye in 90 minutes. UV-B irradiation
showed 86% photodegradation of MB dye in 90 minutes, while UV-A irradiation
showed 36% photodegradation of MB dye in 90 minutes.

Keywords: Green synthesis; TiO,NPs; Date seed; Photodegradation; Sol-gel
method.
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1-Introduction

Nanotechnology has garnered significant attention in recent times. This field encompasses
substances, materials, and devices that fall within the size range of 1 to 100 nanometers, a
scale that has opened up new avenues for research and innovation [1]. Particles which have at
least one dimension less than approximately 100 nanometers are known nanomaterials[2-3].
Although the particle size is what defines it as a nanomaterial, its geometry and morphology
have a big effect on how it behaves[4]. With different sectors, the application of nanoparticles
includes electronics, agriculture, biomedical, medicines, and environment[5-6].

Traditionally methods for synthesized nanoparticles, such as wet chemistry, frequently
rely on the use of organic solvents, which are exceedingly used in these methods which
involve nanomaterial synthesis[7-8]; additionally, the production of carbon dioxide in these
methods which has a big concern with environment [9]. Overall, these techniques pose
irreversible to the environment and scientists conducting synthesis, traditional nanomaterial
methods have the potential to outweigh harms on synthesis benefits [10-11].

Natural sources such as plant extract, including leaves, seeds, and flowers [12-13] as well as
microorganisms like yeasts[14], bacteria [15], and fungi [16]), contain bioactive agents,
which are used in green synthesis of metal nanoparticles[17-18].

Plants in nature contain bioactive compounds, such as flavonoid[19], alkaloid[20], sugar[21],
polyphenol[22], organic acid[23], terpenoid[24], antioxidant[23], and quinone, together with
proteins which has low molecular weight[25]. These bioactive compounds act as reduction
agents in the synthesis of nanomaterials procedures as electron donors or capping agents [26].
Through electrostatic interaction, these coating agents prevent intermediate products during
the green synthesis process[27-28].

The seeds of the Iraqi date palm variety (Ashrasy) have been selected in this study; date

fruit is commonly recognized. Date seeds contain bioactive compounds[30], such as fibre
[31], carbohydrates[29], phenols[32], protein[33], and minerals (magnesium, potassium,
phosphorus, iron, sodium, and calcium[34]).
These substances play biological roles, such as antibacterial, and antioxidant[35]. Date seeds
are also a good source of oil (5 to 13%)[29], which makes date seeds promising candidates
for deriving extracts in the synthesis of nanoparticles [32, 36]. It is suggested that during the
synthesis process of nanoparticles, date seed extract played a role as a stabilizing and
reducing agent [30, 37].

Photocatalysis using semiconductors for the degradation of organic pollutants does not
require additional chemicals[38]. TiO2NPs or titania known as semiconducting substances
become a promising material with unique chemical, optical, and electronic properties[39],
TiO,NPs are known for non-toxicity, high chemical stability, high photocatalytic activity,
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low cost, and environmental friendliness[40], exists commonly in three crystalline phases,
rutile, brookite, anatase[41], the anatase phase has an effective photocatalytic activity of
degrading organic pollutants of water[42]. One limitation of TiO>NPs is their large band gap,
which restricts their absorption to UV radiation, resulting in limited visible light absorption.
To address this, TiONPs can be doped with metals like gold, or coupled with
semiconductors such as graphene[43]. In this work, photocatalytic activity was carried out
using a new instrument design to irradiate the methylene blue by using UV irradiation UV-A,
UV-B, and UV-C, by using TiO:NPs which is obtained from green synthesis by the sol-gel
method from the aqueous extract of date seed that improves the photocatalytic processes.

2.Materials and Methods
2.1 Chemicals and materials

Titanium tetrachloride (TiCls) (99.99%) with CAS, 7550-45-0, was supplied from Sigma
Aldrich, America. Methylene blue dye (C16H18CIN3S-xH20), (>95%), CAS, 61-73-4, was
sourced from Merck, America. Ammonia (>10%) CAS, 1336-21-6, bought from Prolabo,
Canada. All experiments utilized deionized water.

2.2 Preparation of Date palm seed Aqueous:

Date palm seeds were purchased from the market, and the seeds were collected and
washed with distilled water to remove any residual palm material. The seeds were then dried
in an oven for 8 hours, after 24 hours, the seeds were ground to powder using a grinder from
Al saif-elec, model HM-917, 220-240 V, 50/60Hz, 1200W, China. Ten grams of date seed
powder (DSE) was added to 100ml DW, and then the mixture was heated using a stirrer hot
plate type cimarec model MA-187, China, the temperature kept under 60 °C, mixture stirring
at 180 rpm for 30 min, a brown solution was obtained, the mixture cooled down at room
temperature, filtered, stored in a dark place for later used in green synthesis of TiO2NPs.

2.3 Preparation of green TiO2 NPs by the Sol-Gel:

To synthesize TiO>NPs using the sol-gel method, 50 ml of 0.5M TiCls was mixed with 50
ml of date seed juice. The mixture was heated to 60 °C with stirring, then, ammonia solution
of 10 ml was added dropwise, and a yellow milky solution was obtained which was
centrifuged to precipitate the sold. The next step was filtering and drying it in an oven with
hot air for 24 hours, then using crystal mortar to grind the TiO2NPs to powder. Finally, the
yellowish TiO>NPs were purified by calcination at a high temperature of 450 °C for 3-4 hours
in a furnace to remove any absorbed moisture, resulting in a clear white powder, as shown in
Figure 1. The TiO2NPs was characterized by AFM, SEM, FTIR, UV-Vis spectrum, XRD,
and EDAX.

Figure 1: TiO>-NPs green synthesis steps by the Sol-Gel method.
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2.4 Photoreactor and UV light sources:

A homemade photoreactor system was designed for this procedure, as shown in Figure 2.
The system utilized a frame bought from the market, and a water diaphragm pump with 650-
750mt rated flow 0.3A was attached to the frame. A UV lamp chamber, also acquired from
the market and connected to the frame, to close the circle of flowing, a water cartridge with
10 inches where used, plastic tubes connected to a water purifier were used, the UV-light
source used (TS5 8W) UV-A (365 nm), (TS 8W) UV-B (311 nm), (TS5 8W), UV-C (254 nm),
all sourced from coospider Quartz Ultraviolet Lamp, 220v, China.

|

plastic

UV lamp ’7 < N

chamber X
Power P cartridge Water
supply c——— _ pump

Figure 2: Homemade photoreactor system.

2.5 Photodegradation procedure:

The volume of solution required for the homemade photoreactor system has been

measured (320ml) of MB dye with a concentration of (6x10°M, pH = 6.4). The first set of
experiments was done to study the circulation effect on MB dye in the system without any
irradiation or loading TiO2NPs, second set of experiments was done to study the irradiation
effect with UV-A, UV-B, and UV-C on MB dye without loading TiO2NPs. The final set of
experiments involved adding 0.05 g of TiO2 NPs to the system to study the effect of TiO2NPs
with the irradiation of UV-A, UV-B, and UV-C on MB dye.
To achieve the adsorption-desorption equilibrium of MB dye on the surface of the
photocatalyst, the solution was kept in a dark place for 15 minutes. Each experiment lasted 90
minutes, with a 2.5 mL sample collected from the system before the irradiation started, when
irradiation started, the sample was collected every (15) minutes by using (Iml) pipette. All
samples were centrifuged at 4000 rpm, prior to analysis with UV-VIS double beam
spectrophotometer.

2.6. Photodegradation kinetic study:
The photocatalytic study of TiO>2NPs was examined, and the photodegradation rate of MB
dye was calculated by using the following Eq. (1)[44], [45]:

MB Degradation (%) = 2—2£ x 100 (1)

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 constant k (min') was
determined by using the following relation Eq. (2)[46-47]:

In (%) = —kt )
where CO and Ct are concentrations at the beginning and at a certain time, t is the irradiation

time.
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2.7. Characterization of Titanium oxide nanoparticles:

An X-ray diffractometer (XRD) from persee China model XD3, was utilized to identify the
composition and structure of TiO>NPs, operating conditions 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 measure the absorbances MB dye. A BOYN double-beam BNUV-D8000
UV—Vis spectrophotometer (China) was used. To identify the compounds' functional groups,
FTIR analysis was performed using a Vertex-80v FTIR spectrometer connected to a
Hyperion 3000 IR microscope (Bruker Optics GmbH, Germany), frequency range 4000—400
cm . The mean diameters of TiO.NPs and surface roughness 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 conducted using a Tescan Mira 3 (French) with resolution 1.2 nm at 30 kV; 2.3
nm at 3 kV.

3. Results and discussion
3.1. Morphological analysis
3.1.1 Scanning Electron Microscope and Energy Dispersive Analysis of X-ray:

Figure 3: SEM images of TiO>NPs view field (a) 2um (b) 1pm.

The SEM analysis of green TiO>NPs was conducted to examine the surface morphology,
as shown in Figure 3. b. The synthesized TiO.NPs exhibited a spherical shape with an
average size of 30 nm, which indicates a high surface area of the prepared TiO2NPs. Figure 3.
a shows slight agglomerations, which is attributed to the high calcination temperature used to
accelerate the crystal growth of TiO2NPs.
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Figure 4: EDAX spectrum (Energy dispersive analysis of X-ray) of green TiO2NPs
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Figure 4 presents the energy dispersive analysis of X-ray (EDAX) spectra for synthesized
green TiO2NPs, chemical composition and different elements in terms of weight percentage
(Wt.%) and atomic percentage (At%) as shown in Table 1. The spectra reveal a prominent
peak of titanium with high KeV, with high weight and atomic percentage, other elements are
shown because of the effect of using date seed compounds in the syntheses of TiO2NPs.

Table 1: Chemical composition of green TiO>2NPs in terms of weight and atomic percentage
from (EDAX) measurement

Elements Weight percentage (Wt. %) Atomic percentage (At %)
C 3.10 5.79
(0] 51.14 71.79
Si 2.22 1.77
P 0.85 0.61
Ti 42.70 20.02
Total 100.00 100.00

3.1.2 X-ray diffraction (XRD):
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Figure -5: XRD pattern of green synthesis TiO2NPs

The crystalline phase and structure of TiO>NPs were analyzed using X-ray diffraction
with a Cu-Ka diffractometer X-rays, (A) 1.5406 A, 20 range of 0° to 80° step size of
0.00025°. The spectrum shows well defined, sharp peaks, indicating the crystalline of
TiO2NPs as it shown in Figure 5, the results identical with anatase phase patterns of TiO2NPs
from (JCPDS file 73-1764)[48], The diffraction peaks indeed appeared at 20 = 25.5°, 37.11°,
47.5°,54.2°, 55.13°, and 63.5°, confirming that the crystal planes are tetragonal. The average
crystallite size for the anatase TiO>NPs (101), (004), (200), (105), (211), and (204),

respectively, which estimated according to the Debye—Scherrer’s equation[49]:
K*A
b= B *Cos 6 (3)
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Where D is NPs crystalline size, K represents the Scherrer constant (0.94), A is the X-ray
wavelength,  is the peak width at half maximum and 0 is the Bragg’s diffraction angle. The
average particle size has been calculated to be (31.7 nm) as shown in Table 2.

Table 2: Average particle size calculation according to Debye—Scherrer’s equation

k A 2 6° Cos 0° pe D Average NPs
0.94 1.54 25.5 0.22252948 0.182142857 35.71485385 31.70354348
37.11 0.323845843 0.142730769 31.31790063
47.5 0.414515697 0.11875 29.40857455
54.2 0.472984227 0.090333333 33.88081743
55.13 0.481100008 0.091883333 32.7473731
63.5 0.554142038 0.096212121 27.15174133

3.1.3 FTIR spectroscopy study:

To identify the main functional groups, present in TiO2NPs synthesised with date seed
powder, an FTIR spectroscopy was employed for both date seed and green synthesized
TiO2NPs powder as shown in Figure 6 a, b. The absorption spectra, spanning the range of
4000-400 cm™!, reveal several peaks indicative of high-purity product formation of TiO2NPs.
Peaks observed around 3425.34 cm™' are attributed to O—H symmetric and asymmetric
stretching vibrations of the hydroxyl groups (Ti-OH)[50].

Peaks around 1639.38 cm™! are attributed to (C=0) stretching vibrations groups, peaks at
1564.16 cm™' may represent C=N vibrations. The peaks observed at 1413.72 cm™! can be
attributed to the C-H bending [28-29]. For the pure TiO», it was reported 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 TiO2NPs[51-52].

3.1.4 Atomic force microscopy (AFM):

The topography of the TiO2NPs phases was analyzed using AFM, which offer a large
microstructural arrays surface inspection. Figure 7, show the (3D) image with for TiO>NPs.
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Figure 6: FTIR pattern of (a) Date seed (b) green synthesis TiO2NPs
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Figure 7: Atomic force microscopy analysis of TiO2NPs
Table 3 presents the surface average roughness (surface area: 5.41456 um?2), and root
mean square (RMS). It is noted that the anatase TiO>NPs exhibit a small average median (35

nm), which can be observed anatase TiO>NPs phase as one significant parameter.

Table 3: Average roughness, root mean square, average median for TiO2NPs

Average value Minimum Maximum Median Rms (grain-wise)

35.50 nm 0.00 nm 76.39 nm 35.27 nm 5.92 nm

3.1.5 UV-Vis Spectroscopy of TiO2-NPs:
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Figure 8: UV-Vis absorbance spectra (a) TiO>NPs (b) Date seed

The absorbance edge spectra of TiO>NPs are observed in the UV region at 300nm, while
the DS spectra appear in the visible range at 662 nm, as shown in Figure 8, while the band
gap obtained from the calculations made from TiO2NPs UV absorbance spectra is 3.3 e.V as
shown in Figure 9, which confirms the anatase TiO,NPs[53-55].
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Figure 9: The band gap of green synthesis anatase TiO>NPs

3.2. Photodegradation Studies
3.2.1 Absorption of TiO:2NPs:

The concentration selected for the experimental part was 20ppm (6x10°M) at 665nm
wave length, with an absorbance of 0.680, as shown in Figure 10. According to Beer's law,
this concentration of 20ppm lies between (0.2-0.7) absorbances with the least errors and best
range for measurements[56].

The Absorption effect of MB dye on TiO,NPs.
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Figure 10: The adsorption effect on MB dye

3.2.2 Flow rate effect on degradation of MB dye:

The effect of flow rate on MB dye was investigated at a system flow rate of 750mIPM,
MB absorbance and the relationship between the concentration and time which indicate a
decrease in absorbance in (90) minute. The results showed degradation of MB in this
experiment, the percentage was (14%) as illustrated in Figure 11.
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Figure 11: Degradation of MB dye in 90 minutes ((MB] = 20 ppm; TiO>NPs loading = none)

3.2.3 Irradiation of MB dye with different UV-light sources:

The irradiation of MB with different lamps (UV-A, UV-B, UV-C) was conducted without
the addition of a photocatalyst. All three experiments demonstrated a decrease in the MB
concentration with time in different percentages, which indicates the photodegradation
process with different percentages as shown in Figure. 12, The results show that
photodegradation for UV-C = 34%, and both UV-B and UV-A results are 29% as shown in
Figure 13.
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Figure 12: MB irradiation with different UV-light sources ([MB] = 20 ppm; TiO>NPs
loading = none)
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Figure 13: D% for MB irradiation with different UV lamps, ([MB] = 20 ppm; TiO>NPs
loading = none)

3.2.4 Methylene blue photodegradation with photocatalyst loading:

Figure 12 illustrates the photodegradation of MB with the addition of 0.05 g TiO>NPs for
90 minute using different irradiation lamps in a new photoreactor system, lamps used are
(UV-A (365 nm), UVB (311nm), UV-C (254 nm)). Figure 14 (a) shows MB decrease in
concentration with time which indicates the photodegradation process with different
percentages. Figures 14 (¢) and (d) show the degradation percentage, with UV-C achieving
98% degradation, UV-B achieving 86% degradation, last UV-A achieving (36%)
degradation. UV-C shows faster photodegradation of MB dye compared to UVB and UV-A,
which indicates its capability roles in photolysis, as it has a shorter penetration wave length
and high energy level.

MB irradation with adding TiO,NPs =
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Figure 14: Photodegradation of MB (a) irradiation lamps effect UV-A, UV-B, UV-C on
concentration, (b) Regression correlation values R?, all experiments ((MB] = 20 ppm; TiO>
NPs loading = 0.05g)
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The photodegradation study follows first order reaction kinetic [57-58]. A graph of
In(CO0/Ct) against time was plotted as shown in Figure 14 (b), with high regression correlation
value, all experiments fulfilled first order kinetics as shown in Table 4, UV-C showed the
best regression correlation.

Table 4: Rate constant and regression correlation of different UV light sources

Experiment Rate constant k(min™) Regression correlation R?
UV-C 0.0644 0.9860
UV-B 0.0523 0.9671
UV-A 0.0064 0.9371

From Table 4, UV-C has the highest rate constant which indicates the high speed of reaction
value (0.0644 min'), followed by UV-B (0.0523 min'), and UV-A (0.0064 min™'), this
parameter explains that the highest rate constant requires the least irradiation time to achieve
complete degradation.

Conclusion

In this study, anatase TiO2NPs were synthesized using a green synthesized method using
date seed extract, the prepared nanoparticles are characterized to conform its morphology and
surfaces. The new photoreactor which was designed and implemented for the
photodegradation process achieved excellent results using different UV light sources UV-A,
UV-B, and UV-C lamps, loading very small amount of TiO:NPs can achieve 98%
photodegradation of MB dye using-C lamp, 86% with UV-B lamp, last UV-A achieved 36%.
The kinetics of photodegradation have been investigated, revealing that the reaction adheres
to first-order kinetics. To illustrate this, a graph of In(CO0/Ct) versus time was constructed,
which demonstrated a strong regression correlation (R?) and enabled the determination of the
rate constant for various UV light sources.
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