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Abstract

Recently several resources of sustainable and clean energy have been developed, such as solar panels, wind
turbines, and others. The Solar Chimney Power Plant (SCPP), which is among those harnessing solar power
where a stream of air is induced by adding heat through solar irradiation using the greenhouse effect, is
rarely utilized for generating power. The hot air flows through the chimney under the effect of buoyancy
force which in turn drives a vertical axis wind turbine. Although this technique is investigated by many
reports, unfortunately, it is still in the laboratory phase. However, it might be an optimal solution for zones
where operating other techniques is not efficient for various reasons. In this project, an SCPP prototype was
built and tested in Anbar, a central province in Irag. The impact of various design parameters on power
generation was assessed. The experimental results prove the feasibility of SCPPs for generating electricity
at low costs and the suitability of building SCPPs in countries technologically less developed with specific
weather conditions and scarcity in water resources that are normally needed for cleaning solar panels, for

example.

Keywords: Clean Energy, Renewable, Solar Chimney, Sustainability, Solar Collector.

1. Introduction

The working principle of Solar Chimney (SC) relies on
heating up the air inside a vertical tower, due to the rising
temperature, the air becomes lighter generating a
buoyancy force which, in turn, induces airflow through
the tower and fresh air is drawn from a room causing
passive ventilation [1-4]. The history of SC for natural
ventilation dates back to several centuries ago [5].

Researchers found an additional application for this
machine which is producing electricity by installing a
turbine at the base of the chimney. This application was
exploited when the Germany Ministry of Research and
Technology built the first prototype of a Solar Chimney
Power Plant (SCPP) in Spain in 1982 [6]. Since then, the
SCPP has not been commercialized and is still at the
investigation stage. Even in diverse regions, the
acceptance and transition to solar energy practices reveal
socio-spatial inequalities, as observed in the Hague, The
Netherlands [7]. Similarly, studies have highlighted the
key role of developers in advancing solar energy
acceptance in areas like the Golestan province in Iran [8].
The heat in SCPPs is added to the system through a
collector which has a conical shape and is made of a
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transparent material allowing the solar irradiation to heat
up the air using the greenhouse effect. The top of the
collector is connected to a tower where the hot air flows
under the effect of buoyancy force due to the fact that hot
air has lower density compared to the ambient density.

At the base of the tower, a vertical axis turbine is installed
which is driven by the airflow, which in turn drives an
electrical power generator [1,9-11].

A great deal of research has focused on SCs for natural
ventilation such as [12-15] while other reports were
focused on it being a subsystem of SCPPs such as [9—
11,16-21].

Other studies investigated the dual purposes of the SC
such as generating power and ventilating at the same time
such as [22], generating power in addition to cooling
solar panels [3], power generation and water desalination
[23], or a solar updraft tower combined with solar panels
[24]. Most researchers relied on a numerical simulation
to analyse the flow inside the chimney using
sophisticated finite element packages such as [3,9-
13,22,23,25].
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Furthermore, novel techniques have been introduced to
improve the efficiency of solar energy systems. For
instance, a three-dimensional model was developed to
study solar energy reflection from mirrors in circular
orbits, presenting a unique perspective on optimizing
solar energy capture [26]. Another significant stride is the
utilization of machine learning algorithms to forecast
solar energy production, emphasizing the intersection of
technology and renewable energy [27].

A smaller number of studies relied on analytical
modelling in order to analyse the performance of the SC
and seek major designing parameters such as [18-20,28].
Other research adopted mixed-approach, for example, a
numerical and analytical method was used in [16], and
[11], while analytical results were compared with
experimental ones in [29]. The analytical iterative
procedure with field measurements was found in [17].
While others relied only on an experimental analysis such
as [14,15,24]. In spite of the large number of
experimental evaluations of SCPP, the investigations
were not enough to convince firms or institutions to
invest in the commercialization of this machine.

However, in those studies, the investigations were
focused partially on the effect of some parameters on the
overall performance. For example, static pressure,
driving force, power output, efficiency, airflow velocity,
height, chimney radius, and the ratio of collector radius
to gap height, were among those parameters studied
separately using analytical and/or numerical approaches,
with very few using experimental measurements.

For example, geometric parameters and
ambient conditions on the performance were studied
by [28], while geometrical parameters and thermal
boundary condition using 3D CFD simulation were
conducted by [9].

While, solar radiation and ambient temperature on
pressure drop were investigated by [11]. Some studies
focused on evaluating the performance of the SC in
certain countries, such as in Algeria [19,30], Nigeria [2],
and Spain [31]. Nevertheless, this literature review
reveals that experimental investigations on the effect of
major parameters such as structural dimension, solar
irradiation, and atmospheric conditions on the
performance of an SCPP at the middle of Anbar, Iraq,
have not been conducted yet. This zone of the world was
selected due to the lack of electricity in spite of abundant
sunlight and meeting many other conditions outlined by
[6]. This choice of using SCPP in Iraq, and in particular
in Al-Anbar, is highly recommended since Iraq suffers
from water scarcity and, unlike other mechanisms, water
is not necessary for SCPP. Additionally, this selection is
beneficial due to the availability of cheap building
material for the chimneys [6].
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To assess the performance of SCPPs in this region and
the effect of major parameters on the overall
performance, a small-scale SCPP prototype was built
using locally available materials and devices, and then
measured using a customized configuration of an
Arduino circuit. Additionally, the effect of using a
thermal isolator at the bottom of the collector was
evaluated. The results of the investigation, as shown later
in this report, demonstrate SCPPs can contribute to
solving the present power problem in Iraq by relying on
this sustainable, clean, and economical source of energy.
2. Theoretical Background

The power generated through a turbine is proportional to
the pressure drop of the flow stream. The experiment and
the analytical analysis shows that the value of the
pressure drop functions to the densities difference, which
can be approximated by the following integration [16]:
AP =g fOH(po,z - pi,z) dz , 1

where, p,, andp;, are the ambient and internal air
density, respectively, H, is the chimney height, g is the
acceleration of gravity.

Assuming constant density for small chimney, the
integration can be approximated as follows:

AP = g(p, — p;)-H )

The density difference is created by the effect of heat
difference, therefore, it can be approximated [16] as

(po — pi) = B.p AT, 3

where, AT is the air temperature difference due to the
added heat can be approximated by heat balance
equation:

AT = ”-%L_m(R?ou —-r?), (4)

where, ¢ is the added heat to the air flow, C, Specific
Heat for air as an ideal gas at constant pressure, and m

is mass flow rate of air. The added heat is proportional to
the solar irradiation.

Part of the total pressure drop is subject to pressure loss
due to friction inside the chimney which can be evaluated
as [16]

H i
(SPloss:ng-%vz ) 5)
where, D is the chimney radius, v is flow velocity, f is
friction factor which depends on the Reynold’s number

of the flow and the material nature internal surface of the
chimney.
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The amount of absorbed power by turbine can be
evaluated using

Power = §Piyrpine-Q (6)

where, 8 Py,,pine 1S pressure drop over the turbine [N/m?],
and Q is the flow rate in [kg/s].

Clearly, the equations show that the power increases as
the cross-section, and the driving pressure drop increase.
Equation [2] shows that the driving force increases as the
density difference increases. The density difference
increases as the radius of the collector, the heat flux, and
the temperature difference increase. Thus, increasing the
power output of SCPP requires bigger volume of
chimney and larger area of collector and higher intensity
of solar irradiation.

3. Methodology

To evaluate the performance of the SCPP, several
prototypes with different sizes and configurations were
designed, fabricated, and experimented at the same
ambient conditions in Anbar, the largest province in Iraq,
which is located in western Irag, with longitude 44,39 E
and latitude 35,36N, during the month of May 2020. This
zone was selected because it suffers from a lack of
electricity in spite of the abundance of solar irradiance.
The SCPP was built using affordable locally available
materials. The machine was built for investigation
purposes only, and was pictured as shown in Figure 1.

F

Figure 1. In-house- built a prototype of a SCPP.

The bottom part was made of a transparent film from
Nylon of 1mm thick with an open periphery. The height
of the inlet was 30 [cm] above the ground. The chimney
part was made from a Polyvinyl Chloride (PVC) tube of
4-inch diameter and a wall thickness of 1.5 mm. in order
to study the effect of structural geometry, the height of
the chimney, and the diameter of the collector were
changed several times as it will be detailed in the
experiment section. A simple turbine was installed inside
the tower at the base section, the turbine was also
connected to DC-generator. The load was a simple
Ohm’s resistance allowing to measure the applied
voltage and the consumed ampere.

The used instruments and rigs:

The following devices and tools were used to perform
various measurements

1- To measure the intensity of solar irradiation at the
location of experiments, Lutron SPM-1116SD Solar
Energy Meter with data logger capabilities had been
used. The recorded data could be logged to a SD-cart or
to a pc through RS232 or USB PC computer interface;
the measurement resolution of the meter was 0.1 mwW/m?
for intensities less than 1000 W/m? and 1 mW/m? for
intensities bigger than or equal to 1000 W/m? [32].

2- To log the temperature at various locations, a
dedicated Arduino circuit was configured and connected
to five thermal sensors. All thermal sensors were LM35
which has an accuracy of 0.5°C and suitable for remote
application and has a linearity of +10.0 mV/°C scale
factor [33]. The Arduino circuit was connected to a PC
through a USB cable which was sending the readings of
temperatures in real-time.

3- The speed of the air flow through the tower was
measured using an anemometer device, the handheld
anemometer was HP-817A Digital Anemometer 30m/s
LCD from HoldPeak; wind speed ranges from 0.3 to
30m/s with an accuracy of +5% and Resolution of
0.1m/s.

4- In order to measure the output electrical power, a
simple device capable of measuring the voltage and
ampere simultaneously was used. The volts and amperes
were recorded manually.

Four different experiments were conducted as follows.

4.  The Experimetnal Results
4.1. The First Experiment

This experiment investigated the effect of ambient
temperature and the intensity of solar irradiation on the
amount of electricity produced. The collector diameter
was 2m, while the tower height was 3m.
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The measured parameters were solar irradiation, ambient
temperature, and the produced electricity. Figure 3 shows
the power in milliwatt plotted against the ambient
temperature in Celsius for three different cases of solar
irradiance (800, 100, and 1200 W/m?). The chart shows
that the amount of produced electricity depends on two
factors; solar irradiation and ambient temperature.

At a solar irradiance of 1200 w/m?, the generated power
is at its highest, and it increases as the temperature
increases and reaches the highest value of 142 mw at a
temperature of 32°C.

Conversely, the generated power at solar irradiance of
800 and 1000 w/m? reduces as the temperature increases.
Furthermore, regardless of the ambient temperature, the
amount of produced electricity increases as the solar
irradiance increases.

4.2.  The Second Experiments

This experiment aimed to investigate the effect of adding
thermal insulation to the collector of the SCPP on the
productivity of the machine. Therefore, two experiments
were carried out.

In the first experiment, the measurements were made
without installing any insulator, while in the second
experiment, a layer of thermal insulation of polystyrene
of the thickness of 15mm and heat load coefficient of
0.03 W/(m.K) was installed on the ground beneath the
collector in order to prevent any heat loss through the
ground.

— 1

T4
T1

Figure 2. Schematic diagram of the machine and thermal
sensors distribution.

In both experiments, the collector diameter was 2m. the
tower height was 3m. the temperatures were measured
at four different locations on the SCPP as shown in
Figure 2. The first location, T1, was at the inlet of the
collector while the second location, T3, was at the
central point of the collector. The last two locations, T4
and T2 were at the bottom and the top ends of the tower,
respectively.
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The temperature was measured every hour by the
Arduino circuit using the thermal sensors LM35, over
24 hours for several days.

The average values of the temperatures over seven days
were calculated. The results of the first case, non-
isolated, were plotted as shown in Figure 4; while the
results for the insulated case were plotted as shown in
Figure 5.

In the both cases, the trendline of the temperature is
changing according to the time period of the day. In the
period from 05:00 to 10:00 O’clock, there was a sharp
increase in temperature at the four locations. Almost all
locations reached maximum values in the period from
10:00 to 15:00 O’clock. The highest value was recorded
at the centre of the chimney as high as 44 C° at 13:00
O’clock for the non-isolated case while it recorded 67 C°
at the same period of time. Noticeably, all-temperature
degrees of the isolated case are higher than those for the
non-isolated case indicating the feasibility of using the
thermal insulator. Furthermore, to quantify the impact of
using a thermal isolator on power productivity one more
experiment was conducted by measuring the resulting
power for the isolated and non-isolated cases.

4.3. The Third Experiments

This experiment investigated the effect of thermal
insulation on electricity production by comparing the
produced power for two cases, in the first case, the
isolator was not installed while in the second case the
insulator was installed. The experiment conditions were
the same, the solar irradiation was 1200 w/m?. The used
insulator was made from polystyrene with a heat load of
0.03W/(m.K). In this experiment the measured produced
power, and ambient temperatures were recorded. The
results were plotted as shown in

Figure 6.

The chart in Figure 6 shows that the produced power
decreases as the ambient temperature increases this is
due to the fact that the SCPP relies on temperature
differences between inner and ambient air. Furthermore,
it shows that the thermal insulation increases the
produced electricity. The highest power’s increment
was reached to 3.5% when the ambient temperature was
7°C. All in all, clearly the insulation improves the
power productivity and increases the temperature
differences between inside and outside of the chimney.

44.

This experiment investigates the effect of the dimension
of the SCPP on power production. Therefore, the tower’s
height was altered regularly six times from 0.5 m to 3.0
m by a step of 0.5m; the diameter of the collector was
also changed three times 0.5, 1.0, and 2.0 m allowing to
test 18 different cases. Under the same ambient
conditions and the same solar irradiation of 1200 w/m2,
all measurements were recorded and plotted as shown in
Figure 7.

The Fourth Experiment
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The chart in Figure 7 shows that the power productivity
increases as the tower’s height and the collector diameter
increase. This is in agreement with the analytical
equation in the theoretical background section and the
results of many researchers [2,6,34,35]. At a very small
collector, the produced power is almost zero and the
height of the tower has no impact. The impact of the
height becomes more significant as the collector diameter
increases. These results agree with the fact that the
received energy is proportional to the area of the
collector, and the pressure difference between the
internal and the external of the tower is directly
proportional to the elevation according to the hydrostatic
pressure principle.

5.  Conclusion

This project aimed to investigate the feasibility of SCPPs
in producing electricity power in Al-Anbar, Irag. For this
purpose, an SCPP was built from locally available
materials, the tower was made of a PVC tube of 4inch
diameter and multiple heights from 0.5 to 3.0 meters. The
base is connected to the collector which is made from
transparent Nylon film, which is responsible for
collecting the solar irradiation using the greenhouse
effect, which was formed conically at multiple diameters
1.0, 1.5, and 2.0 meters. In some experiments, a thermal
insulator of polystyrene was also installed at the bottom
of the collector. In order to measure the generated power,
a small system of a turbine-DC-generator, which was
connected to an Ohm’s resistance, was installed inside
the tower allowing to measure the output power. By
inspecting the experimental results, the following
conclusion can be drawn:

The investigated zone of Iraq shows high intensity of
solar irradiance ensuring that renewable solar energy is
an appropriate choice, and harnessing solar irradiance by
SCPPs is a feasible project and due to other factors, it is
also low costs and low complexity.
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The amount of produced electricity is directly
proportional to the size of the SCPP, the chimney height,
chimney and collector radius, the intensity of solar
irradiance. The larger size the higher amount of produced
electricity agrees others researches.

Producing energy using SCPP allows avoiding the
drawback of other technologies. Specifically, it requires
no water for cleaning, unlike the solar panel technology;
besides, it does not affect the perspective and does not
kill flying birds as the wind turbine does. In the SCPP
technique, the power is collected at a low cost for a long
period of the day even at night in addition to its relatively
long lifespan.
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Abstract

In recent years, it has been essential to discover safe and effective antibacterial drugs because of rising
antibiotic-resistant bacteria. In traditional medicine, plant extracts including biological active components
have been used for therapeutic purposes. We aimed to evaluate the antimicrobial properties of the aqueous
seed extract of Momordica charantia (M. charantia) on 9 pathogenic bacteria. The antibacterial activity of
the extract was assessed against strains using disc diffusion and broth microdilution tests. A total of 21
constituents were identified from M.charantia seeds. Alcohols, esters, aldehydes, monoterpenes, and
monoterpenoids were found as the prevalent groups. The seed extract showed the greatest antimicrobial
activity on Bacillus subtilis (B. subtilis) and Staphylococcus aureus (S. aureus) with an inhibition zone
diameter (IZD) value of 15.75+0.50 mm and 15.254+0.957 mm, respectively. The minimum inhibitory
concentration (MIC) and the minimum bactericidal concentration (MBC) test results ranged from 12.5 to
100 (mg/mL). The seed extract of M.charantia could be used for the cure of bacterial infections as a new

natural drug.

Keywords: Antibacterial activity, Momordica charantia, Phytochemical components

1. Introduction

Several classes of antibiotics are used for the treatment
of bacterial diseases and reduced morbidity and mortality
[1]. Bacteria have acquired resistance to antibiotics via
biochemical and genetic mechanisms [2]. According to
the World Health Organization (WHO), the failure of
antibiotic treatment is due to multi-drug-resistant bacteria
and their toxic effects [3]. Researchers have been focused
to discover new plant-derived antimicrobials against
resistant bacteria [4,5].

Since ancient times, botanical drugs have been used for
the cure of bacterial diseases [6]. Any plant that has
therapeutic properties or can be used as a precursor of
drugs is named a medicinal plant by the WHO [7]. Plant
extracts containing various phytochemicals (tannins,
alkaloids, flavonoids, and phenolic compounds) are
responsible for their therapeutic properties such as
antimicrobial, antioxidant, and anticancer [8]. M.
charantia (Cucurbitaceae family) is considered a
medicinal plant [9] and has been used for the cure of
toothache, diarrhea, cancer, pneumonia, and bacterial
infections in traditional medicine [10-12] due to
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containing  bioactive components like phenolic
compounds, triterpenes, and carotenoids [13,14]. The
purpose of our study was to determine the phytochemical
components and antibacterial properties of an aqueous
extract of M. charantia against human pathogens.

2. Materials and Methods
2.1. Preparation of Seed Extracts

Seeds of M. charantia were purchased from the local
market in Turkey and identified by a taxonomist in
Canakkale Onsekiz Mart University, Herbarium of the
Department of Biology, and the voucher specimen was
003081.

Seeds were washed, dried, and finally powdered. Seed
extracts were obtained using the maceration method.
Briefly, 10 gr M. charantia seeds were milled into
powder and dissolved in distilled water (100 mL) in a
sterile Erlenmeyer flask using a magnetic stirrer at 70°C
for 1 hour. The solution was filtered (Whatman-No 1)
and evaporated in an incubator at 50 °C for 3 days. Then,
the extract was stored at 4 °C in the dark until
antibacterial assays. Aqueous extract was sterilized using
a syringe filter (0.45 pm).
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2.2. GCMS

The sample was prepared by SPME technique. The
components of the seed of M. charantia were isolated
using divinylbenzene/carboxen on polydimethylsiloxane
(DVB/CAR on PDMS) 50-/30-mm fibers. After each
fiber was exposed for 45 min at 50 °C, they were injected
to the port of the GC-MS. Shimadzu GCMS QP 2010
ULTRA (USA) ) equipped with an RXI-5MS capillary
column (30 m; 0.25 mm; 0.25 um) was used with helium
as the carrier gas (flow rate: 1.0 ml/min). The inlet
temperature was set at 250°C. The split ratio was 1:30.
Column oven temperature was 50C. The oven
temperature was programmed from 50 to 270 °C at 5
°C/min. All components were identified by comparison
of their retention indices with Wiley 9 (Wiley, New
York, NY, USA) and NIST 11 (National Institute of
Standards and Technology) (Gaithersburg, MD, USA)
libraries.

2.3. In Vitro Antibacterial Activity Assays
2.3.1. Microorganisms and Cultures

Escherichia coli ATCC 25922, Streptococcus agalactiae
ATCC 12386, Proteus vulgaris ATCC 13315, Bacillus
subtilis ATCC 6633, Pseudomonas aeruginosa ATCC
10145, Streptococcus epidermidis ATCC 12228,
Enterococcus faecalis ATCC 29212, Streptococcus
pyogenes ATCC 19615, and Staphylococcus aureus
ATCC 25923 bacterial strains were used as test
microorganisms and obtained from American Type
Culture Collection (ATCC). All strains were stored at -
20 °C in brain heart infusion broth (BHI) with 20 %
glycerol. The turbidity of the bacterial suspensions was
equalized to 0.5 Mc Farland standard.

2.3.2. Agar Disc Diffusion Method

The method was used to detect the antibacterial
properties of M. charantia seed extracts against 9 human
pathogens according to the Clinical & Laboratory
Standards Institute (CLSI). 100 pL of each inoculum was
spread on brain heart agar (BHA) (Biokar, France) plates.
25 pL of 100 mg/mL concentration of the seed extract
were pipetted onto steril blank paper discs (Oxoid,
Bioanalyse) under aseptic conditions. After incubation at
37 °C for 18-24 h, the 1ZDs were recorded. The negative
control was distilled water; positive controls were
gentamicin (10 pg/disc, Bioanalyse), ampicillin (10
pug/disc, Bioanalyse), and vancomycin (30 pg/disc,
Bioanalyse). Experiments were repeated three times.

2.3.3. Determination of MIC and MBC

The microdilution broth method was used to detect MIC
using sterile 96 well plates. Firstly, 100 pl of BHI was
pipetted into each well. Two-fold serial dilutions (200-
12.5 mg/mL) of seed extract were prepared in BHI. Then,
20 pl of inoculum was put into each well except for
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sterility control. Growth control was put into 12th wells.
After incubation, 10 uL of suspension from four negative
wells was transferred to BHA plates. After the same
incubation as MIC, the lowest extract concentration at
which bacterial strains did not grow, was determined
MBC.

2.3.4. Statistical Analysis

IZD results of seed extract were compared with
antibiotics using one-way ANOVA and post-hoc-Turkey
tests (SPSS 19 version).

3. Results

SPME-GC/MS identified 21 compounds in M. charantia
seed as presented in Table 1 and the GC chromatogram
is seen in Figure 1. The seed extract exhibited an
antimicrobial effect on 9 pathogens. The 1ZD and MIC
results are displayed in Table 2. The extract exhibited the
greatest antibacterial effect on B. subtilis and S. aureus
with the 1ZDs being 15.7540.50 mm and 15.25+0.957
mm, respectively. No significant antibacterial activity
was detected against S. pyogenes (I1ZD: 9.00 mm)
compared to the antibiotics (p<0.05). The MIC/MBC
values of the seed extract were between 12.5-100
(mg/mL).

Table 1. Compounds of M. charantia seeds using
SPME/GC/MS

Peak# Retention Area Name
Time %
1 1.942 1.35 Acetic acid
2 2.333 1.40 1-Butanol
3 2.728 14.49 Pentanal (CAS)
4 4.194 36.28 1-Pentanol
5 4.915 0.94 Hexanal (CAS)
6 6.553 1.30 Hex-2(E)-enal
7 7.094 2.66 p-Xylene
8 7.181 2.26 Hexanol <n->
9 7.926 1.35 0-Xylene
10 9.017 7.06 Oxime-, methoxy-
phenyl-_
11 10.403 4.63 Hept-2(E)-enal
12 10.969 3.34 2-Hepten-1-ol, (E)-
13 11.894 1.34 2-Furanmethanol,
tetrahydro- (CAS)
14 13.072 1.54 0-Cymene
15 13.238 4.47 D-Limonene
16 13.332 3.11 Eucalyptol (1,8-
CINEOLE)
17 15.066 2.75 3-Heptanol, 2-
methyl- (CAS)
18 19.993 2.48 Dodecane
19 20.456 4.67 Acetic acid, octyl
ester
20 23.645 1.47 Tridecane (CAS)
21 32.354 111 Nerolidol
100.00
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Figure 1. GC chromatograph for the M. charantia seeds

Table 2. 1ZD and MIC values of M. charantia seed extract on 9 standard strains

1ZD (mm)
Bacterial strains MIC MBC
Extract G A Vv (mg/mL)  (mg/mL)
(100 mg/mL)
E. faecalis 13.00+0.816 14.75+0.50 11.75+0.50 11.50+0.577 25 50
ATCC 29212 (p:0.008) (p:0.058) (p<0.05)
E. coli 11.50+0.577 16.75£0.957  16.00+0.816 - 50 100
ATCC 25922 (p<0.05) (p<0.05)
P. vulgaris 13.00+0.816 12.25+0.957 9.75+0.50 - 25 50
ATCC 13315 (p:0.432) (p<0.05)
B. subtilis 15.75+0.50 15.25+0.50 8.75+0.50 8.25+0.50 12.5 25
ATCC 6633 (p:0.515) (p<0.05) (p<0.05)
S. agalactiae 9.75+0.50 21.75+0.50 15.50+0.577 14.25+0.50 100 100
ATCC 12386 (p<0.05) (p<0.05) (p<0.05)
P. aeruginosa 12.00+0.816 14.25+0.50 9.75+0.50 - 50 50
ATCC 10145 (p<0.05) (p<0.05)
S. epidermidis 9.75+0.50 25.50+£0.577 19.25+0.957 13.75+0.50 100 100
ATCC 12228 (p<0.05) (p<0.05) (p<0.05)
S. pyogenes 9.00+0.816 20.25+0.50 25.50+1.290 15.75+0.50 100 100
ATCC 19615 (p<0.05) (p<0.05) (p<0.05)
S. aureus 15.25+0.957 - - - 125 12.5
ATCC 25923

IZD in mm (Mean+SD: Standard Deviation) G: Gentamicin, A: Ampicillin, V: Vancomycin, -:
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<6 (disc zone diameter 6mm)
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4, Discussion

M. charantia has been used in medicine as an herbal drug
for the cure of disorders like hemorrhoids,
gastrointestinal systems, skin, bones, and blood cancer
[15]. Pharmacologically active components such as
flavonoids, phenols, terpenes, and triterpenoids of M.
charantia extracts are responsible for their antibacterial
activity [16,17].

Salinas-Sanchez et al. (2021) reported that linalool oxide
and limonene oxide were found the major components of
the hexane extract of M. charantia seeds [18]. In this
study, GC-MS revealed five main compounds: alcohols,
aldehydes, esters, monoterpenes, and monoterpenoids.
The antibacterial properties of M. charantia is related to
its bioactive components like seed oil, tannins, proteins,
terpenoids, alkaloids, and steroids [19-27]. Furthermore,
research suggests that polysaccharides are the primary
bioactive agents in M. charantia responsible for its
antimicrobial effects [28]. Polysaccharides extracted
from M. charantia have demonstrated significant
bactericidal activity against various bacterial strains,
including B. subtilis, S. aureus, S. typhimurium, and E.
coli [29].

Previous studies have reported that M. charantia had
antibacterial potential. In a study, 1ZD values of aqueous
seed extract of M. charantia on S. aureus, E. coli, and P.
aeruginosa were 20 mm=+0.51, 13 mm=0.51, and
16+0.51 mm, respectively [30]. A study by Ibisanmi et
al. (2022) demonstrated that the 1ZD of water extracts of
M. charantia was 16+0.29 mm against E. coli, 20+0.29
mm against B. cereus; 18+0.29 mm against S. aureus,
14+0.17 mm against P. aeruginosa at a concentration of
100 mg/mL [31]. In another study reported by Top et al.
(2018), the antibacterial activity of M. charantia plant
extract on E. coli, S. aureus, E. faecalis, K. pneumoniae,
and P. aeruginosa was investigated and the highest 1ZD
at 100 mg/mL concentration was E. faecalis (8.00 mm)
[32]. In our study, the antibacterial activities of the
aqueous seed extract of M. charantia were assessed with
I1ZD. The significant antibacterial effect was detected
against S. aureus (1ZD: 15.25+0.957 mm), and B. subtilis
(15.75£0.50mm).

A study conducted by Khalid et al. in 2021 found that the
aqueous methanolic extract obtained from the leaves
exhibited the highest effectiveness with a 30 mm
diameter of the 1ZD against P. multocida. In contrast, the
absolute alcoholic leaf extracts showed no discernible
impact on S. aureus. The aqueous methanolic seed
extract demonstrated significant antibacterial activity,
displaying a 1ZD of 22 mm against E. coli [9].

The ethanolic leaf extract of M. charantia exhibited low
antimicrobial activity against Proteus mirabilis and
Klebsiella pneumoniae with MIC values of 312.5 and
625 pg/mL, respectively [33]. The MIC/MBC value of
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the acetone extract of M. charantia was 0.31/0.62 mg/mL
against Acinetobacter baumannii [34]. In our experiment
data, the seed extract was the most effective on the S.
aureus strain (MIC/MBC:12.5 mg/mL).

According to the studies, the chemical composition of the
M. charantia seed, 1ZD, and MIC/MBC results of its
extract against bacteria are varied. The differences
between the results are related to the type of solvent,
extraction method, and harvest season [35].

5. Conclusion

Alcohols, aldehydes, esters, monoterpenes, and
monoterpenoids have found as the principal components
of M. charantia seeds. Based on our results, the aqueous
seed extract of M. charantia has antibacterial activity
against human pathogens. After toxicity assays, the seed
extracts of M. charantia alone or combined with
antibiotics could be utilized to cure bacterial infections in
the pharmacological industry.
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Abstract

This numerical and statistical study deals with the evaluate the effects of forces and material types on safety
factor and equivalent alternating stress of beams made of metal materials. Numerical calculations were
performed by using ANSYS Workbench software. Design of analyzes based on different determining
factors was determined utilizing Taguchi L9 orthogonal array design consisting of two determining factors
consisting of three levels. The first and second determining factors were chosen as applied force and
material type, respectively. In the finite element modeling, beams with clamped-free boundary conditions
were considered. Determination of optimal levels of all factors was found using signal-to-noise ratio
analysis. The contribution rate and significance level of all determining factors on the safety factor and
equivalent alternating stress were calculated utilizing analysis of variance. According to the results
calculated from this study, the optimum results for safety factor and equivalent alternating stress of beams
were obtained by using the first levels of all determining factors. While the increase in the applied force

values causes a decrease in the safety factor, it leads to an increase in the equivalent alternating stress.

Keywords: Safety factor, Material, Beam, ANSYS, Taguchi method.

1. Introduction

Fatigue may occur in the material under continuous
loads. Depending on the number of applied loads, small
cracks in the material may grow and then the small cracks
can cause major damage. Metal materials can exhibit
different fatigue life depending on their geometric
structures and the magnitude of the applied force.
Therefore, it is significant to determine the fatigue life of
metal materials used in many sectors, especially in the
field of mechanical engineering. Fatigue analysis, which
has a very important in the field of engineering, has been
examined in many studies [1-7] depending on different
sectors. Many theories and models were offered to
estimate the fatigue life and damage [8-18]. In this
literature review, a lot of studies have been carried out on
fatigue analysis. The effects of the methods used in the
production of the bellows used in air suspension systems
on the product quality were evaluated and their
mechanical properties were examined [19]. A review
study on the fatigue life of crankshafts under different
loads is presented and the application areas of finite
elements and experimental methods are discussed [20].
The fatigue analysis of the wheels designed according to
aluminum material was evaluated and they benefited
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from ANSYS software in their studies. They also used
different radial loads [21]. The fatigue analysis of the rail
connecting rods was investigated using ANSYS
software, which includes the finite element method [22].
Fatigue analysis of spur gears under different loadings
was performed and finite element method was used. In
addition, different analyzes were examined using the
finite element method [23]. In another study, the fatigue
life analysis for steam turbine blades was investigated
using linear and elastic finite element methods [24]. In
this study, unlike the existing studies in the literature,
finite element and Taguchi methods were used to safety
factor and equivalent alternating stress of beams made of
metal materials. This study focuses on evaluating the
impact of forces and material types on the safety factor
and equivalent alternating stress of metal beams. The
numerical approaches were determined by the ANSYS
Workbench software. The analysis design was
determined using the Taguchi L9 orthogonal array
design, which involved two determining factors with
three levels each. The first determining factor represents
the applied force, while the second determining factor
represents the material type. The finite element modeling
was considered for beams with clamped-free boundary
conditions.
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2. Materials and Methods

In the study, three different metal materials were used.
These materials were chosen as Structural Steel,
Aluminum Alloy, and Magnesium (AMZ100A, cast, T6),
respectively. Each metal material has various mechanical
properties and density. The general properties of the
metal materials were demonstrated in Table 2.

Table 1. Common Material Properties [25]

. Structural Aluminum Magnesium,
Properties

Steel Alloy AMI100A, T6

Density 7850 kg/m* 2770 kg/m® 1802 kg/m?
Young's - ,00Gpa 71GPa  46.14 GPa
Modulus

Tensile

Yield 250 MPa 280 MPa  118.4 MPa
Strength

Tensile

Ultimate 460 MPa 310 MPa  175.1 MPa
Strength

Finite element calculations were performed using the L9
orthogonal array. This array was used based on the
Taguchi method. In this design, there are two
determining factors and each determining factor consists
of three different levels. The first determining factor
selected was the force applied at the free end of the
beams, followed by the material type, which was chosen
as the second factor. The determining factors used in the
analyzes and levels of these factors are given in Table 2.

Table 2. Determining factors and levels

Factor Code Levels

Level 1 Level 2 Level 3
Force A IN 2N 3N
Material Structural  Aluminum  Magnesium,
Type Steel Alloy AM100A, T6

In this study, safety factor and equivalent alternating
stress were preferred as the responses. The optimum
value for the safety factor and equivalent alternating
stress was considered as the maximum and minimum

result, respectively. In this context, “the smaller is better”
and “the larger is better” quality characteristics in the
Taguchi method were utilized. These quality
characteristics for “the smaller is better” and “the larger
is better” were given in Equation 1 and Equation 2 [26],
respectively.

(S/N)sg for 6 = —10.log (n-l Z(yi)2> )

n ()
(S/N)up for p = —10.log (n_1 Z(yﬁ)*)

In these equations, n signifies the number of numerical
calculations for a trial and y; is i'" result identified. Signal
to Noise (S/N) ratios based on numerical repossess were
calculated using Equation 1 and Equation 2. Statistical
analysis, graphics and figures based on this analysis were
obtained using Minitab R15 program. Besides of that,
analysis of variance was performed at 95 % confidence
level.

3. Finite Element Analysis

Finite element examines were completed utilizing
ANSYS Workbench software. The cross-sectional
dimensions of beams were chosen as 2 mm x 20 mm. In
addition, the beam length was determined as 200 mm.
Each beam was examined under the clamped-free (C-F)
boundary conditions. In mesh operation, element order
was determined as quadratic. Element size was
determined as 0.5. Thus, 64000 elements and 310169
nodes were used in the numerical analyses. Equivalent
(von-Mises) was utilized as stress component. The forces
were applied to the free end of the beams. Stress life was
determined as analysis type. Design life was used as 10°
and all bodies of beams were assumed as geometry. Also,
scale factor was utilized as 1. Mean stress correction
theory for safety factor and equivalent alternating stress
of beams were performed in accordance with Soderberg.
Constant amplitude load fully reversed and means stress
correction theory were illustrated in Figure 1.

Constant Amplitude Load
Fully Reversed

i e o a

Mean Stress Correction Theory

Soderberg

ASME Elliptical

Vield Ultimate

Figure 1. Constant amplitude load fully reversed and means stress correction theory [25]
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Figure 2. Numerical results for L9 orthogonal array
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4. Results and Discussions

This numerical and statistical research paper deals with
the evaluate the effect of forces and material types on
safety factor (i) and equivalent alternating stress (o) of
beams under clamped-free boundary conditions utilizing
finite element and Taguchi approaches. Finite element
and S/N ratio results were indicated in Table 3. It shows
that overall means for safety factor and equivalent
alternating stress in accordance with Taguchi L9
orthogonal array were found as T, = 2.8905 and T, =
33.3798 MPa, respectively.

Table 3. Finite element and S/N results

As seen in Figure 2, while the red regions are the most
affected parts, the least affected parts are the blue
regions.

To select the significance of force and material type
towards on safety factor and equivalent alternating stress,
analysis of variance (ANOVA) was implemented in
accordance with 95 % confidence level. The results were
tabled in Table 4.

Variables Results
Equivalent
No
A B Safety ('f; ctor S(ﬂ\llg) Alternating Stress S(g\]lg)
M N 6 (MPa) N
1 As B, 5.2871 14.4644 16.3040 -24.2459
2 Aq B> 2.6436 8.4439 32.6070 -30.2662
3 Aq Bs; 1.7624 4,9221 48.9110 -33.7881
4 A; B 4.9598 13.9093 16.6820 -24.4450
5 Az B 2.4799 7.8887 33.3650 -30.4658
6 A; Bs 1.6533 4.3670 50.0470 -33.9876
7 As B, 3.9429 11.9163 17.0840 -24.6518
8 Az B> 1.9715 5.8959 34.1670 -30.6721
9 As Bs 1.3143 2.3739 51.2510 -34.1940
Overall Means 2.8905 - 33.3798 -
4.1. Determination of Optimal Levels
Table 4. ANOVA outcomes
Source DE Safety Factor Equivalent Alternating Stress
SeqSS AdjMS F P % Effect SeqSS AdjMS F P % Effect
A 2 1.101  0.551 931 0.03 629 3.65 1.83 12 0.02 0.22
B 2 16.158 8.079 1366 O 92.35 1671.30 835.65 5492.63 O 99.75
Error 4 0.237 0.059 1.35 0.61 0.15 0.04
Total 8 17.495 100 1675.56 100

R-Sq = 98.65% and R-Sq(adj) = 97.30%

R-Sq = 99.96% and R-Sq(adj) = 99.93%

It was found that force and material type are significant
determining parameters for responses since p values are
less than 0.05 value. The best effective determining
factors on safety factor were determined to be material
type with 92.35% effect and force with 6.29 % effect,
respectively. Error data was found as 1.35 for safety
factor. In addition, the most meaningful determining
parameters on equivalent alternating stress of beam were
detected as material type with 99.75 % effect and force
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with 0.22 % effect, respectively. Error data for equivalent
alternating stress was calculated as 0.04. To decide the
determining factors consisting of optimal levels on safety
factor and equivalent alternating stress of beams, the
overall of each response characteristic (S/N ratios and
numerical data) for all determining factors at each level
were calculated. The response table was presented in
Table 5.
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Table 5. Response table for S/N ratios and means
Safety Factor Equivalent Alternating Stress
Level S/N data (dB) Means (-) S/N data (dB) Means (MPa)
A B A B A B A B

1 9.277 13.430 3.231 4.730 -29.43 -24.45 32.61 16.69

2 8.722 7.410 3.031 2.365 -29.63 -30.47 33.36 33.38

3 6.729 3.888 2.410 1577 -29.84 -33.99 34.17 50.07
Delta 2.548 9.542 0.821 3.153 0.41 9.54 1.56 33.38
Rank 2 1 2 1 2 1 2 1

From Table 5, the determining factors with the optimal Control Factors

levels for safety factor were selected as force and material Force Material Type
type at the first levels. Also, the optimal levels of the -25.0

determining factors for equivalent alternating stress were g

determined as the first levels of force and material type. g
Thus, designations for safety factor and equivalent Z sool—— S

alternating stress were calculated as A:B; and AiBj, 2

respectively. 2 s
4.2. Effects of Determining Factors /O - - Ty m———————

Signal-to-noise: Smaller is better e

To evaluate the impact of force and material type on
safety factor and equivalent alternating stress of beams,
the numerical calculations were executed utilizing L9
orthogonal array. The average data of safety factor and
equivalent alternating stress in accordance with all
variable determining factor at level 1, 2, and 3 depending
on finite element data and S/N ratio values were plotted
in Figure 3a and Figure 3b, respectively.

Control Factors

Force Material Type

i N

T T T T
iN 2N 3N Steel
Levels

Mean of SN ratios, n (dB)

T T
Aluminum  Magnesium

Signal-to-noise: Larger is better

Figure 3. Influence of force and material type on
safety factor

Figure 3 indications that safety factor decreases with the
increase of levels of force values and material types. As
can be understood from Figure 4, the increase of levels
of force values and material types causes the increase of
equivalent alternating stress.
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Figure 4. Influence of force and material type on
equivalent alternating stress

These findings are due to the increase in the mechanical
properties of the materials and the increase in the applied
force value. The increase in the mechanical properties of
the material can cause a decrease in the stress value. In
this context, the mechanical properties of structural steel
are higher than other materials. In addition, the increased
force value can cause a decrease in the fatigue of the
material. Increased fatigue can affect the safety factor of
materials. Therefore, beams made of materials with high
mechanical properties for high safety factor can be used
under low force applications. This determination can be
used in fatigue analysis.

4.3. Estimation of Optimum Responses

The optimum data of safety factor and equivalent
alternating stress for the optimal levels of important
variables which have already been chosen as force and
material type at the first levels. The estimated numerical
data of the responses may be considered using Equation
3[26].

m=A+B, -T ©)
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In Equation 3, the overall means of responses in
agreement with Taguhi L9 orthogonal array were
expressed as T, and the overall means for safety factor
and equivalent alternating stress were calculated as
T, = 2.8905 and T, = 33.3798, respectively. A; and B;
show average data of responses at the first levels of force
and material type. A; = 3.231 and B; = 4.730 was
calculated for safety factor and A; = 32.61 and B; =
16.69 were determined for equivalent alternating stress.
Substituting the data calculated for different terms, y, =
5.0705 for safety factor and p, = 15.9202 MPa for
equivalent alternating stress were obtained. Numerical
and estimated results were demonstrated in Table 6.

Type: Damage.
30.11.2022 1843

l 1000 Max
1000 Min

30.11.2022 1843

0.97094 Max
075195

25.00

2250

a) Biaxiality indication b) Damage

Biaxiality indication, damage, and life for optimal
designation were illustrated in Figure 4. From Figure 4,
beam life and damage were calculated as 108 cycles and
1000, respectively. Also, the most affected part of beam
for biaxiality indication was monitored as clamped end
of beam.

Table 6. Numerical and estimated results

Test  Response Numerical Estimated %
P Result Result Diff.
Safety  5og71 50705 4.007
Factor
ABL  giress
(MPa) 16.3040 15.9202 2.354

45.00

c) Life

Figure 4. Fatigue result of beams with optimal levels: a) biaxiality indication , b) damage, and c) life

5. Conclusions

In this study, effect of force and material type on safety
factor and equivalent alternating stress of beams with
clamped-free boundary conditions was investigated
utilizing numerical and Taguchi approaches. ANSYS
Workbench software was implemented as numerical
approach. Numerical solutions were achieved utilizing
Taguchi L9 orthogonal array consisting of two
determining factors, which have three levels. Force and
material type were assumed as determining factors.
Determining factors with optimum levels and their
effects were selected utilizing analysis of signal-to-noise
ratio. In addition, % effect and significant level of each
determining factor on safety factor and equivalent
alternating stress were obtained by ANOVA.

The conclusions of the mathematical paper may be
presented as follows:

e Increase of forces applied at the free end of beams
causes a decreasing in safety factor and an increase
in equivalent alternating stress.

The optimum material for safety factor and
equivalent alternating stress was chosen as structure
steel compared to aluminum and magnesium
materials.

The most meaningful determining parameters on
safety factor were found as material type with
92.35% impact and force with 6.29 % impact,
respectively.
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The most efficient determining parameters on
equivalent alternating stress were noticed as material
type with 99.75 % impact and force with 0.22 %
impact, respectively.

Differences between numerical and estimated results
obtained using determining factors with optimum
levels were calculated as 4.097 % for safety factor
and 2.354 % for equivalent alternating stress.
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Abstract

Nanomaterials have been used in catalytic degradation of organic pollutants also act as catalysts in for many
years. Due to excellent catalytic performances of metal-based nanoparticles, these materials have been used
extensively in various hybrid catalyst synthesis. The main subject of this study, heterogeneous catalysis is
a low cost and multi-purpose process for many pollutants. Catalytic degradation of organic pollutants such
as; 2-nitrophenol, quinolin yellow and rhodamine B was investigated by using Ni, Co, Pd nanoparticles
modified SiO, based nanomaterials. The co-doping effect on the prepared nanomaterials has been
investigated with different characterization methods in terms of structural and morphological features:
scanning electron microscopy, UV/vis absorption spectroscopy, energy-dispersive X-ray spectroscopy and
foruier-transform infrared spectroscopy. The highest catalytic reduction efficiencies (97.6% and 97.5%) for
2-nitrophenol and rhodamine B was obtained by Pd-PEG-AP@SiO; respectively. The synthesized Co-PEG-
AP@SIO; illustrated higher catalytic reduction efficiency for quinolin yellow (70.1%) at the end of 60s.
The prepared M-PEG-AP@SiO; nanomaterial (M: Pd,Co,Ni) can be able to utilized degradation of organic

contaminants effectively.

Keywords: Catalysts, Catalytic degradation, Nanoparticles, SiO, nanomaterials

1. Introduction

Degradation of organic contaminants such as dyes and
nitro-aromatic compounds by chemical methods can
be performed quickly, simply and with high
efficiency. However, removing them with new
generation nanomaterials is more environmentally
friendly and feasible. It is essential to combine these
methods with today's nanomaterials in order to both
increase the efficiency and reduce the removal costs,
especially in the methods in which reducing agents
such as NaBHi, which is one of the chemical
degradation methods, are used [1,2]. Catalytic
degradation is an environmentally friendly technique
that has emerged as a promising alternative for the
remedation of various organic pollutants [3].
Heterogeneous catalyst applications are the basis of
many chemical technologies used today.

323

The application fields of heterogeneous catalysis
include  chemical  production, environmental
technologies, energy storage and conversion [4]. Over
the last decades, nanotechnology and nanomaterials
have been of great interest, as it is foreseen that it will
be an important step for a sustainable future. [5]. These
nanoscale composites take part in numerous
applications in most heterogeneous catalysis. [6-9].
Due to their high activity noble metals such as Pd, Pt,
Rh [10] are often used as co-catalysts in catalytic
reactions. However, because noble metals are
expensive and scarce, low-cost and high-yield
alternatives such as non-noble metals such as Ni and
Co are highly preferred [11-16]. In recent years, the
release of many toxic and harmful pollutants into the
environment has increased gradually due to the rapid
progress of modern industry and agriculture.
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Organic pollutants in air and water, which are widely
noticed among these pollutants, are potentially toxic
and carcinogenic [17]. Organic dyes used in textile and
food industries are an important source of
environmental ~ pollution. Dyes often have
carcinogenic effects on humans and are also toxic to
aquatic life [18].

Rhodamine B (Rh B) is an important xanthene dye that
has many applications in textile, paper, dye and leather
production [19,20]. Quinolin yellow (QY), an organic
pollutant, is also a food coloring. Adsorption,
oxidation, reduction, electrochemical and membrane
filtration methods are widely applied to remove these
pollutants in domestic and industrial wastewaters
[21,22]. 2-Nitrophenol (2-NP), 3-nitrophenal (3-NP),
4-nitrophenol (4-NP) are among the most persistant
organic pollutants found in wastewaters by virtue of
their high stability and solubility [23]. The degradation
of these contaminants have been studied for last years.
In order to enhance the photocatalytic degradation
performance of metal based nanoparticles (Co, Ag.0,
Pd, Cu, Ni) they should been well-decorated on
templates graphene, SiO; etc. [24-27].

The objective of this investigation is synthesis and
characterization of Pd/SiO,, Co/SiO; and Ni/SiO;
nanomaterials and using for catalytic degradation of
ageous solutions of 2-NP, QY and Rh B dyes.

2. Material and Methods

All reagents and solvents were purchased from
commercial suppliers and used without further
purification. The molecular interactions among the
SiO; and metallic nanoparticles were affirmed by FT-
IR (Fourier-transform infrared spectroscopy) analysis
using Perkin Elmer 400 FT-IR/FT-FIR Spectrometer
Spotlight 400 Imaging System. The surface
morphological characterization was performed by FE-
SEM (Field emission scanning electron microscopy),
EDX (Energy-dispersive X-ray spectroscopy), and
mapping analysis using Zeiss GeminiSEM 500. The
immobilization of nanoparticles on SiO, was
examined by X-ray diffraction (Malvern panalytical
XRD). The concentration of nitrophenol and dyes
were determined by The UV-vis spectrophotometer
(Shimadzu UV-2700).

2.1. Synthesis of Compounds
2.1.1. General Procedure for the Synthesis of
Pd/SiOz, Co/SiO2 and, Ni/SiO2 Nanomaterials

In order to synthesis Pd/SiO; nanomaterial, the
previous method in literature was modified [28]. 0.5 ¢
3-amino functionalized silica gel, 0.025 g PEG P123
and 0.0886 g PdCI, were weighted and dissolved in 20
ml ultrapure water. After that this mixture was
transferred into 25 ml Teflon-lined stainless steel
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hydrothermal unit. The hydrothermal unit was heated
in microwave oven at 600 W for 10 minute and then
cooled to room temperature. 0.0378 g NaBH, was
added to this mixture and was heated in microwave
oven at 600 W for 10 minutes again. The precipitates
were filtered and washed with ultrapure water,
ethanol, respectively. The obtained nanomaterial was
dried at 60 °C at for 3 hours.

For synthesis of Co/SiO, and Ni/SiO, nanomaterials,
CO(NO3)2.6H20 (0.1455 g) and Ni(N03)2.6H20
(0.1454 g) was weighted and the similar procedure that
described above was performed.

2.2. Model Reduction Reaction with Fabricated
Catalysts

The catalytic efficiencies of Pd-PEG-AP@SIO,, Co-
PEG-AP@SIO,, and Ni-PEG-AP@SiO; nanoparticles
were investigated about reduction reaction process and
the 2-NP, QY, and Rh B were selected as reduced
organic pollutants with BH4 ion (in the optimum
concentration) at ambient temperature in water. In
brief, firstly, the Pd-PEG-AP@SiO,;, Co-PEG-
AP@SIiO;, and Ni-PEG-AP@SiO, nanoparticles (5
mg) prepared and added to the reaction tube with the
organic pollutants solution and NaBH,4 (0.03 M) as a
hydrogen source in water (10 ml) at ambient
temperature and different times. End of the desired
time, the measurement example (approximately 2.5
ml) from the catalytic reaction were filtered through
the micro-column with cotton for UV-vis
spectrophotometer measurements in different nm

range. The catalytic performances of Pd-PEG-
AP@SiO;, Co-PEG-AP@SiO,, and Ni-PEG-
AP@SiO, nanoparticles were monitored the

absorption bands relating organic pollutants and the
corresponding peaks were seen appeared and
disappeared after reduction process on the UV-vis
spectrum.

3. Results and Discussion
3.1. Synthesis and Characterization

FT-IR

The molecular interaction that occurred in the Pd-
PEG-AP@SiO;, Co-PEG-AP@SIiO,, and Ni-PEG-
AP@SiO; nanoparticles were verified by infrared
spectroscopy (FT-IR). The spectra of Pd-PEG-
AP@SiO;, Co-PEG-AP@SiO,, and Ni-PEG-
AP@SiO; nanoparticles are given in Figure 1 and the
data of spectrums of nanoparticles are listed as
follows;

For Pd-PEG-AP@SiO,, FT-IR (cm™): 3292, 2980,
2941, 2878, 1709, 1620, 1565, 1549, 1515, 1403,
1338, 1048, 795, 784, 712, 704, 693, 682, 674, 660,
650, 619, 607, 602, 589, 574, 561, 547, 536, 520, 513,
451, 444, 435, 426, 418, 407, 402.
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For Co-PEG-AP@SIO,, FT-IR (cm?): 3683, 3675,
3664, 2988, 2972, 2901, 1451, 1406, 1394, 1383,
1249, 1241, 1229, 1225, 1074, 1066, 1056, 1050,
1028, 893, 880, 788, 745, 720, 709, 704, 685, 674,
666, 648, 638, 633, 626, 601, 590, 578, 570, 559, 554,
542,530, 518, 513, 493, 471, 463, 454, 441, 433, 424,
417, 408.

For Ni-PEG-AP@SiO,, FT-IR (cm™): 3684, 3675,
3661, 2988, 2972, 2901, 1626, 1451, 1406, 1394,
1382, 1249, 1241, 1226, 1066, 1054, 1028, 893, 880,
799, 789, 753, 744, 675, 668, 626, 602, 578, 570, 554,
539, 532, 526, 520, 471, 464, 449, 441, 430, 419, 412.
According to the FT-IR data, the N-H/O-H, C-H
(aliphatic) stretching bands were obtained between =~
3650-3200 cm'%, = 3100-2800 cm'L, respectively. Also,
the Si-O-Si and Si-O bands were assigned as 1150-
1000 cm and 600-450 cm?, respectively. Thus, the
molecular structure of the fabricated nanomaterials is
compatible with the FT-IR data (Figure 1).

—— Ni-PEG-AP@SIO,

N-H/O-H
€-H (Aliphatic)

|— Co-PEG-AP@SIO, si-0

N-H/O-H
i C-H (Aliphatic)

5i-0
—— Pd-PEG-AP@SiO,

T ]
Rana B _wl..ww\"“-‘#'w-‘
R A -
AN
A Si-0

T T T — T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavelength (em™)

Figure 1. FT-IR spectra of the fabricated Pd-PEG-
AP@SiO;, Co-PEG-AP@SiO;, and Ni-PEG-
AP@SIiO; nanoparticles.

XRD

The X-ray diffraction pattern of the Pd-PEG-
AP@SiO;, Co-PEG-AP@SiO,, and Ni-PEG-
AP@SIO; are given in Figure 2.

— Ni-PEG-AP@SiO,

Co-PEG-AP@SiO,

Pd(111)

—— Pd-PEG-AP@SiO,

Pd(220) Pd(311)

T T T T T T T 1
10 20 30 40 50 60 70 80 90

2-Theta (Degree)
Figure 2. XRD pattern of the fabricated Pd-PEG-
AP@SiO;, Co-PEG-AP@SiO;, and Ni-PEG-
AP@SIiO; nanoparticles.
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The pattern of Pd-PEG-AP@SiO; was matched with
JCPDS card: 87-064, but for other materials, the
amorphous SiO; structure was recorded as the
dominant pattern (Figure 2).

SEM-EDX

The field emission scanning electron microscopy (FE-
SEM), EDX, and Pd, Co, and Ni mapping analyses of
Pd-PEG-AP@SiO,, Co-PEG-AP@SIiO,, and Ni-PEG-
AP@SiO, were carried out, and the surface
morphologies, EDX, and elemental images are given
in Figure 3-5. When the surface morphologies were
examined, it was noted that the material containing Pd
had a granular structure compared to other materials.
It was observed that the materials containing Co and
Ni formed a sheet-like morphology as shown in Figure
3. Considering the EDX images, the Si, C, O, N, Pd,
Co, and Ni elements were registered as conforming to
the structure. The presence of palladium, cobalt, nickel
metals (Pd weight: ~3.7%, Co weight: =2.7%, and Ni
weight: =2.5% with EDX analysis) dispersed on Pd-
PEG-AP@SIiO;, Co-PEG-AP@SIiO;, and Ni-PEG-
AP@SiO; were confirmed by the EDX and elemental
mapping method (Figure 4-5).

3.2. Catalytic Studies

We examined the catalytic performances of Pd-PEG-
AP@SiO;, Co-PEG-AP@SiO;, and Ni-PEG-
AP@SiO; nanoparticles by using the reduction of 2-
NP, QY and Rh B in the presence of sodium
borohydride (NaBHs) and deionized water at the
ambient temperature. The performances of catalysts
were monitored by UV-vis spectrophotometer due to
the 2-nitrophenolate molecule (Amax= 414 nm). In the
reduction of 2-NP, the solution of 2-NP (5.00E-%“M)
has a yellow colour of the absorption band from the 2-
nitrophenolate molecule, and the colour gradually
vanished due to the reaction product (2-aminophenol).

The catalytic performances were obtained as time-
depended between 10-180 s. The catalytic efficiencies
of nanoparticles were achieved as 22.4%, 48.3%, and
97.6% for Pd-PEG-AP@SIO,, 11.1%, 22.4%, and
73.1% for Co-PEG-AP@SIiO;, 11.0%, 11.1%, and
13.5% for Ni-PEG-AP@SIiO; at the end of 10, 60, and
180 s, respectively (Figure 6).

Similarly, we were worked the reduction of QY
(6.60E-05 M) and Rh B (2.09E-05 M) dyes by Pd-
PEG-AP@SiO;, Co-PEG-AP@SIiO,, and Ni-PEG-
AP@SiO; nanoparticles under the same conditions.

For the reduction of QY, the absorption band at 414
nm disappeared as time-dependent between 10-60 s
with the catalysts. The catalytic conversions were
recorded as 29.2%, 36.0%, and 62.9% for Pd-PEG-
AP@SIiO,, 66.9%, 67.1%, and 70.1% for Co-PEG-
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AP@SIiO,, 58.6%, 59.8%, and 64.7% for Ni-PEG-
AP@SIO; at the end of 10, 30, and 60 s, respectively
(Figure 7).

We have also worked on the reduction of Rh B, the
absorption band at 550 nm disappeared during the
catalytic reaction. The conversions were founded as
95.1%, 96.6%, and 97.5% for Pd-PEG-AP@SIO,,
36.0%, 39.7%, and 40.8% for Co-PEG-AP@SIO,,
28.1%, 28.9%, and 34.4% for Ni-PEG-AP@SIO; at
the end of 10, 30, and 60 s, respectively (Figure 8).

In addition, the Kinetic equation for the catalytic
reaction of organic pollutants can be represented as

In(C/Co) = —kt, where t is time for the catalytic
reaction and, k is the apparent first-order rate constant

(s™7) in Table 1. Also, the k' = k/M parameter (M: the

amount of the catalyst) is introduced for quantitative
comparison and the parameter is defined as the ratio of
the rate constant k to the weight of the catalyst added
[29].

The reaction rate constant parameters were compared
for the fabricated Pd-PEG-AP@SiO;, Co-PEG-
AP@SIiO,, and Ni-PEG-AP@SIiO; nanoparticles and
as time-depended. Our  palladium-containing
nanomaterial (Pd-PEG-AP@SiO;) was found to be
highly effective when compared with catalysts made
from similar substrates in the literature (Table-1).

According to the obtained data, the Pd-PEG-
AP@SIiO; nanoparticle was recorded as the most
effective catalyst overall. However, it was noted that
the Co-PEG-AP@SiO; nanoparticle performed better
in the QY reduction reaction. The development of
hybrid materials and their performance in catalytic
reactions have gained importance in recent years.
Also, the development of low-cost and one-pot
materials is attracting more attention. Although the
catalytic performance of rare elements (Pd, Ru, Ptetc.)
is high, the catalytic performance of other metals is
also frequently investigated. In particular, the
development of materials containing other metals is
supported by researchers.
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Figure 3. SEM images (50.00 KX) of the fabricated
Pd-PEG-AP@SiO, (a), Co-PEG-AP@SiO- (b), and
Ni-PEG-AP@SIO; (c) nanoparticles, respectively.
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Herein, the good performance with the fabricated
nanoparticles were achieved in the reduction of some
organic pollutants such as 2-NP, QY and Rh B which
it is known that the dyes are serious environmental
pollutants. The reduction or removal of these type
molecules is very important. The hybrid materials can
be easily produced to reduce these harmful compounds
with high activity.

(@)

©

-3
bz
d

Figure 4. EDX images of the fabricated Pd-PEG-
AP@SIO; (a), Co-PEG-AP@SIO; (b), and Ni-PEG-
AP@SIO; (c) nanoparticles, respectively.

327

Figure 5. EDX-mapping images of the fabricated Pd-
PEG-AP@SIO; (a) (Pd mapping), Co-PEG-AP@SIO;
(b) (Co mapping), and Ni-PEG-AP@SiO; (c) (Ni
mapping) nanoparticles, respectively



Celal Bayar University Journal of Science
Volume 19, Issue 4, 2023, p 323-332

Doi: 10.18466/chayarfbe.1327271 S. C. Yavuz
—— —— (O
a) 2 = 2-Nitrophenolate (0s) 1,8 (A) (%) 100
—10s 1,6 ~ - 90
< ——60s g 14 \ / - 80
3 —_— S, \ / S
3 180s g 1,2 - 700
g % 1 N/ =
S 14 p D¢ - 50'%
s S 08 £
n H < / \ - 40 >
el i c
2 | £ 06 \ - 306
05 i S 04 / 3
: 20 \ - 20
i <o,2 \ - 10
\i/
0 - T T T T N B | 0 / 0
300 350 400 450 500 550 600 0 10 60 180
Wavelength (nm) Time (s)
b) 2 —— 2-Nitrophenolate (0 s) 18 ——(A) —— (%) 100
— 10 1,6 \ - 90
<15 ——60s € 14 \ " 80 _
< S X A8
P ——180s 12 F 0
g ; ,1 \ / %8
81 P Y - 50'%
5 g o9 -
E N
<0,5 o \ O
804 - 20
<oz - 10
O 1 T T T T T | 0 0
300 350 400 450 500 550 600 0 10 60 180
Wavelength (nm) Time (s)
——(A) —— (%
C) 2 —— 2-Nitrophenolate (0s) 1,75 (A) (%0) 100
——10s E 1,7 A\ 920
N 80 —~
<15 60s S 165 S
~— < 700
—180s o \ <
Y < 16 60 &
c b= \ o
31 @ 1,55 50
Q [
S S s \o—k 40 2
3 2 T~ %3
<05 g 145 zoo
o)
< 14 ‘/l A—A—
0 - ; 1,35 ; 0

300 350 400 450 500 550 600
Wavelength (nm)

Figure 6. Time-dependent UV-vis absorption spectra of the 2-NP (5.00E-04 M) reduced by NaBH, catalyzed by Pd-

10_.. 1
OTlme (s)60 80

PEG-AP@SIO; (a), Co-PEG-AP@SIO; (b), and Ni-PEG-AP@SIiO; (c) nanoparticles, respectively.

328




) Celal Bayar University Journal of Science

Volume 19, Issue 4, 2023, p 323-332
Doi: 10.18466/chayarfbe.1327271 S. C. Yavuz

+ —— (O,
a.) 1,2 —QY (0 S) 1,20 (A) (A)) 100
—10s - 90
£ *
. 1 30 S c 100 80
< <t o
=08 —60s g0 0
8 2 \0\\ / 60 =
c 2
Z06 80,60 50'%
e = )
o 8 - 40 >
804 « 0,40 - " 30 g
< 2 O
o - 20
0,2 < 0,20
- 10
0 - ‘ 0,00 / 0

300 350 400 450 500 550 600 0 Orime (s)3° 60
Wavelength (nm) ©)

—o—(A) —— (%)

b) 1.2 ——QY (0s) 120 100
—10s -9
, L
_ 1 305 E100 \ 80
< (=}
51:/0,8 1 —60s  SFogo —A—A 0
8 % \ 60 S
0,6 - 8 0,60 50'%
o] c —
= @ -4 8
2 2040 )\ g
5047 5 | — 3=
< 38 - 2°
0,2 - < 0,20
- 10
0 > 0,00 0
300 400 500 600 0 0rime (5% 60
Wavelength (nm) ©)
%12 ——(A) ——(%)
12 —QY (0s) 129 100
——10s - 90
! ——30s 1,00 *\ 50
08 —60s 0.80 - 70

ey

S © & S
Conversion (%)

/&—%
o 4 |

10_.. 30 60
Time ()

o
>
o

Absorbance at 414 nm
o

Absorbance (A)
o

o
N
o
T
N
o

=
o

o

400 500 600
Wavelength (nm)
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Table 1. The catalytic efficiency rate constant of Pd-PEG-AP@SIiO,, Co-PEG-AP@SIiO,, and Ni-PEG-AP@SIO;

catalysts.

Catalyst Substrate k (s%)? k/IM (st g?h)P
Pd-PEG-AP@SIO; 2-NP 2.53E-02° 1.10E-02° 2.08E-02f 5.07E+00° 2.20E+00° 4.16E+00"
Co-PEG-AP@SIO, 2-NP 1.18E-02° 4.22E-03° 7.29E-03f 2.36E+00° 8.44E-01° 1.46E+00°
Ni-PEG-AP@SIiO, 2-NP 1.16E-02 1.97E-03 8.05E-04 2.32E+00 3.93E-01 1.61E-01
Pd-PEG-AP@SIO; QY 3.45E-02° 1.48E-02¢ 1.65E-02° 6.91E+00° 2.97E+00°  3.31E+00°
Co-PEG-AP@SIO, QY 1.10E-01° 3.71E-02¢ 2.01E-02° 2.21E+01° 7.42E+00¢ 4.03E+00°
Ni-PEG-AP@SIiO, QY 8.82E-02° 3.04E-02¢ 1.74E-02° 1.76E+01° 6.08E+00 3.48E+00°
Pd-PEG-AP@SIiO, Rh B 3.01E-01° 1.13E-01¢ 6.13E-02° 6.03E+01° 2.26E+01¢ 1.23E+01°
Co-PEG-AP@SIO, Rh B 4.46E-02° 1.69E-02¢ 8.73E-03° 8.91E+00° 3.38E+00¢ 1.75E+00¢
Ni-PEG-AP@SiO, Rh B 3.30E-02° 1.14E-02¢ 7.04E-03° 6.61E+00° 2.28E+00¢ 1.41E+00°
Cu/Ligand@Fullerene RhB 9.31E-03 7.52E-03 6.58E-03 3.72E+00 3.01E+00 2.63E+00
[30] (120 s) (240s) (360 s) (120 s) (240s) (360 s)
Cu/Ligand@Fullerene 2-NP 1.39E-02 1.46E-02 6.78E-03 5.57E+00 5.83E+00 2.71E+00
[30] (305) (905) (300 s) (305) (905) (300 s)
Co;0,@nHAP [31] RhB 2.74E-03 1.94E-03 2.24E-03 9.13E-01 6.45E-01 7.47E-01

(90 s) (240s) (900 s) (90 s) (240 s) (900 s)
Co30,@nHAP [31] 2-NP 4.03E-03 7.31E-03 5.27E-03 1.34E+00 2.44E+00 1.76E+00
(180 s) (360 s) (540s) (180s) (360 s) (5405)

2 The reaction rate constant. ° The reaction rate constant per total weight of tested catalyst (5 mg). 10s,930s,°60s, F180s.

4, Conclusion

The M-PEG-AP@SIiO, nanomaterial (M: Pd, Co, Ni)
was prepared by a facile hydrothermal route in order to
degradation of organic contaminants effectively. The
obtained nanocatalysts were characterized by XRD,
SEM, EDX, FT-IR techniques. The synthesized Pd-
PEG@SiO; nanomaterial have illustrated outstanding
catalytic performance for 2-NP (97.6% conversion) and
Rh B (97.5% conversion) degradation. In addition, the
Co-PEG-AP@SIO, catalysts also showed the best
catalytic performance for QY after 60 seconds (70.1%
conversion). Owing to the obtained results, the proposed
nano catalyst can be able utilized for remediation of
contaminated environmental water samples by organic
contaminants such as dyes and toxic aromatic
compounds.
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Abstract

At the core of gene therapy lies the use of viral vectors, engineered viruses serving as delivery vehicles to
transport restorative genes into target cells. Therefore, the effect of 7 different rAAV serotypes and their
different quantites was analysis here on human prostate cancer cell lines PC-3 and DU-145, which are hard
to be transfected. PC-3 and DU-145 cell lines were infected with different multiplicity of infection (MOI)
ratios of 7 rAAV serotypes, which were expressing the green fluorescent protein (GFP) transgene driven by
the CMV promoter. The transduction efficiency was analyzed by fluorescent microscopy and flow
cytometry. In addition, the cell viability of the infected cells was measured by Muse Cell Analyzer at the
MOI of 10.000. rAAYV 2/2 and rAAV 2/6 have the most significant ability to transduce PC-3 cells. Although
rAAV 2/2 and rAAV 2/6 were also the most transducing serotypes in the DU-145 cell line, the transduction
rates did not exceed 20% in this cell line. On the other hand, after viral infection, no difference in cell
viability was observed in PC-3 cells compared to the mock group, while a significant decrease in viability
was observed in DU-145 cells. This study determined the transduction efficiency of 7 different rAAV
serotypes on human cancer cell lines. While rAAV 2/2 and rAAV 2/6 serotypes achieved more than 60%
transduction efficiency in PC-3 cells, the transduction efficiency could not exceed 20% in DU-145 cells.
Overall, this study demonstrated that rAAV 2/2 and rAAV 2/6 could mediate the expression of a transgene

with a high transduction efficiency.

Keywords: Cancer, Gene therapy, rAAV, Recombinant adeno-associated virus, Transduction

1. Introduction

Gene therapy in cancer treatment is a favorable
approach that aims to target and modify the genetic
features of tumor cells to halt their growth or induce
cell death [1]. The direct goal of gene therapy in cancer
treatment is to correct or exploit the genetic
aberrations that contribute to tumor formation and
progression. However, challenges remain, including
optimizing delivery methods, minimizing off-target
effects, and addressing potential immune responses.
Also, as research and technology advance, gene
therapy can revolutionize cancer treatment and
improve patient outcomes [2,3]. Cancer stays one of
the most difficult challenges in modern medicine, with
its intricacy and heterogeneity posing noteworthy
limitations to efficacious treatment [4].

On the other hand, prostate cancer is a common types
of cancer in men worldwide [5]. For this reason, a
personalized approach to prostate cancer treatment,
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which is resistant to therapy, can be needed. For this
reason, gene therapy is a promising outcome for
patients resistant to chemotherapy and radiotherapy
[6.7].

One of the most significant characteristics directly
connected with gene therapy is the effectiveness of the
gene transfer method [8,9]. This challenge can be
overcome by using AAV (adeno-associated virus) for
gene therapy in cancer treatment [10]. AAVs have a
broad tissue tropism, indicating they can infect
different tissues [11]. The specific tissues infected by
AAV rely on the serotype of the AAV used in
treatment. Different AAV serotypes have further
preferences for targeting distinct tissues, including the
neuron, liver, skeletal muscle, heart, and lung [12-16].
Today, there are 11 defined serotypes for human
tissues [16-18]. 80-90% of adult individuals are
seropositive for AAV2; and no immune response,
symptom, or disease associated with AAV has been
identified [19,20]. In recent studies, the rep gene and
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ITR (inverted terminal repeat) belong to the AAV2
serotype (2/). Still, the capsid morphologies (AAV -/1,
-12, -13, -I5, -16, -I7, -8, -19, -I11, -/12, -/13) AAV
recombinant/hybrid serotypes with different AAV
serotypes were found to have higher transduction
efficiency [21-23]. However, the optimal amount of
virus (multiplicity of infection/MOI) for transduction
can vary depending on factors such as the AAV
serotype used, the specific target cell type, the
therapeutic gene being delivered, and the experimental
objectives. Achieving an appropriate MOI is critical to
obtaining reliable and consistent results in AAV-
mediated gene therapy experiments [24-27].

AAV-mediated gene therapy has great potential to
revolutionize cancer therapy by offering personalized,
targeted, and potentially remedial approaches. For this
reason, this study try to qualify the usability of
different recombinant AAV (rAAV) serotypes in gene
transfer in different human prostate cancer cell lines.
Hence, we compared the transduction efficiency of
rAAV 2/1, 2/2, 2/3, 2/5, 2/6, and 2/9 serotypes and
MOI rates, by employing green fluorescent protein
(GFP) reporter transgene in human prostate cancer cell
lines PC-3 and DU-145. The study results provide
valuable information for choosing the most relevant
rAAV serotype for prostate cancer gene therapy.

2. Materials and Methods
2.1. Cell Line and Culture Conditions

The human prostate cancer cell lines PC-3 and DU-
145 for rAAV-mediated transduction evaluation and
HEK?293T cell line for rAAV production were gained
from ATCC (American Type Cell Culture). PC-3 and
DU-145 cells grew as adherent monolayers in a culture
flask, maintained in the complete medium of RPMI
1640. The related cells were incubated with 5% CO2
at 37.0 °C in the humidified incubator (Thermo Fisher
Scientific, USA). 5-12 passage numbered PC-3 and
DU-145 cells were used for this study. HEK293T cells
grew as an adherent monolayer in a culture flask,
maintained in the complete medium of DMEM high
glucose (Gibco, 11995073) medium. The related cells
were incubated with 5% CO2 at 37.0 °C in the
humidified incubator. HEK293T cell with a passage
number of 30 was used for this study.

2.2. Cell Count And Viability Analysis

After incubation of the cells, number and viability of
the cells were defined with Muse Count & Viability
reagent (Merck Millipore, USA) according to the
manufacturer’s instructions using the automated
Muse® Cell Analyzer (Merck Millipore, USA), which
stains viable and dead cells based on their permeability
with the help of the two different dyes.
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2.3. Production of the rAAV Serotypes

Seven different rAAV serotypes were used for this
study. rAAV 2/1, 2/2, 2/4, 2/5, 2/6, 2/8, 2/9
serotypes carried the same GFP transgene driven by
cytomegalovirus (CMV) promoter. rAAV serotypes
were produced with tripartite transfection of the
helper, RepCap and GFP transgene (transfer) plasmids
in the HEK293T cell line. Hence, pAdDeltaF6 helper
plasmid (112867, Addgene), pAAV2/1 (112862,
Addgene), pAAV2/2 (104963, Addgene), pAAV2/4

(VPK-424, Cell Biolabs), pAAV2/5 (104964,
Addgene), pAAV2/6 (VPK-426, Cell Biolabs),
pAAV2/8 (VPK-428, Cell Biolabs), pAAV2/9

(112865, Addgene) RepCap plasmids and AAV-
CMV-GFP plasmid (67634, Addgene) were used to
produce rAAV 2/1, 2/2, 2/4, 2/5, 2/6, 2/8, 2/9
serotypes. All rAAV serotypes were purified using the
iodixanol gradient ultracentrifugation method. The
standard was prepared from a plasmid (Addgene,
#59462) stock of 2x10° molecules/ul to generate a
standard curve, and then six different dilutions were
made between 2x108-2x10° molecules/ul from
plasmid stock. The ITR regions of the plasmid were
used as a proxy. Also, the fwd ITR 5'-
GGAACCCCTAGTGATGGAGTT-3"and rev ITR 5*-
CGGCCTCAGTGAGCGA-3' primer pair was used to
amplify the related AAV2 ITR region of the plasmid
using SYBR Master Mix 2X in gqPCR anaylsis
(GeneMarkBio, Taiwan) [28]. The titers of the rAAV
serotypes were determined by @qPCR analysis
according to the above mentioned standarts. The
helper plasmid pAAV2/2 (104963, Addgene) without
the GFP transgene and the RepCap plasmid were used
to produce Mock AAV viruses.

2.4. rAAV-Mediated Transduction Assays

For transduction evaluation, 10° PC-3 and DU-145
cells were seeded in each well of 24-well plates and
incubated at 37.0 °C for 16 hours. Cells were rinsed
with PBS, and were then 1 ml full RPMI-1640 media
was added to each well of plates. After plating, PC-3
and DU-145 cells were infected with MOI of 10, 102,
103, and 10* rAAV particles/cells for each serotype.
Forty-eight hours post-infection, the rAAV serotypes'
transduction efficiency was evaluated in fluorescence
microscope imaging and flow cytometer analysis. The
cells were analyzed under an 1X73 microscope
(Olympus, Japan) for fluorescence microscope
imaging analysis. The rAAV transduction efficiency
was evaluated by GFP imaging using images from the
different fields of control and infected cells. The
images' GFP intensity (total area of green
fluorescence) was analyzed by Imagel analysis
software (NIH, MD). The cells were examined by BD
Accuri™ C6 (BD Biosciences, USA) for flow
cytometer study.
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2.5. Statistical analysis

The statistical package software (SPSS) was employed
to investigate the differences controlled between the
groups. The received resluts were experimented with
Tukey post hoc test in conjunction with One-way
ANOVA. The p-values less than 0.05 were assumed
significant, and all data defined the duplicate
experiments. Results were given as a mean + standard
deviation (SD).

3. Results

3.1. Fluorescence Microscopy Analysis of Seven
Serotypes rAAV Vectors in PC-3 and DU-145
Prostate Cancer Cell Lines

In our study, to compare the transduction efficiency of
7 different rAAV vectors based on fluorescence
microscopy, PC-3 cells were infected with MOI 10,

MOCK MOI 10

rAAV2/1]

rAAV2/2

rAAV2/4

rAAV2/5

rAAV2/6

rAAV2/8

rAAV2/9

100, 1.000, and 10.000 of rAAV2/1, rAAV2/2,
rAAV2/4, rAAV2/5, rAAV2/6, rAAV2/8,and

rAAV2/9 carrying the GFP transgene driven by
cytomegalovirus (CMV) promoter. The transduction
efficiency was measured at forty-eight hours post-
infection, and the efficiency was increased with the
increasing levels of MOI. As shown in Figure 1, an
AAV MOI of 10.000 was given the highest GFP
transgene expression level for all serotypes.

The transduction rates for MOI 10.000 rAAV2/1,
rAAV2/2, rAAV2/4, rAAV2/5, TAAV2/6, rAAV2/8,
and rAAV2/9 transduction rates were 52%, 76%, 5%,
11%, 64%, 2%, 3% compared to mock, respectively.
Also, the highest transduction efficiency was obtained
from AAV2/2 (p<0.0001), AAV2/6 (p<0.0001), and
AAV2/1 (p<0.0001) in contrasted with the other AAV
serotypes (lower than 50% transduction), respectively.

MOI 1.000

MOI 100

MOI 10.000

Figure 1. Fluorescent microscope image of PC-3 cells transduced with different rAAV serotypes.
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On the other hand, these results revealed that the PC-3
cells are highly resistant to rAAV2/4, rAAV2/5,
rAAV2/8, and rAAV2/9 infection. The GFP transgene
expression could be first detected at forty-eight hours
post-infection with fluorescent microscopy, and the
signal persisted for 21 days.

DU-145 cells were also infected with MOI 10, 100,
1.000, and 10.000 rAAV2/1, rAAV2/2, rAAV2/4,
rAAV2/5,rAAV2/6, rAAV2/8, and rAAV2/9 carrying
the GFP transgene driven by the CMV promoter. The
transduction efficiency was measured at 48 hours post-
infection, and the efficiency was increased with the
increasing levels of MOI, the same as PC-3 cells. As
displayed in Figure 2, an AAV MOI of 10.000 was
given the highest GFP transgene expression level for
all serotypes.

The transduction rates for MOI 10.000 of rAAV2/1,
rAAV2/2, rAAV2/4, rAAV2/5, rAAV2/6, rAAV2/8,
and rAAV2/ were 9%, 11%, 3%, 1%, 19%, 2%, 1%

MOCK

MOIT 10

rAAV2/1

rAAV2/2

rAAV2/4

rAAV2/5

rAAV2/6

rAAV2/8

rAAV2/9

(when the dead cells were rinsed away with PBS and
the only live adherent cells were counted) compared to
mock, respectively (Figure 2). The highest
transduction efficiency was obtained from rAAV2/6
(p<0.0001), rAAV2/2 (p=0.01), and rAAV2/1
(p=0.001) serotypes in contrast with the other rAAV
serotypes. An increase in dead cell ratios in DU-145
cells was observed with the increasing levels of MOI
in contrast to PC-3 cells. Also, the rAAV2/2 infection-
related DU-145 cell death ratio was higher than the
other rAAV serotypes, which could be noticeable by
the microscopic analysis (Figure 2). This situation can
be explained by the highest infection rate of rAAV2/2
on DU-145 cells, the same as PC-3 cells, as mentioned
above. On the other hand, these results reveal that the
DU-145 cells were highly resistant to rAAV2/4,
rAAV2/5, rAAV2/8, and rAAV2/9 infection. The GFP
transgene expression could be first detected at forty-
eight hours post-infection with fluorescent microscopy
and the signal persisted for 13 days.

MOI 100 MOI 1.000 MOI 10.000

Figure 2. Fluorescent microscope image of DU-145 cells transduced with different rAAV serotype.
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3.2. FACS Analysis of Seven Serotypes rAAV
Vectors in PC-3 and DU-145 Prostate Cancer Cell
Lines

Fluorescent microscope images showed the highest
GFP transgene expression was at 10000 MOI in both
PC-3 and DU-145 cell lines (Figure 3 and 4).
Therefore, flow cytometry analyzes were performed at
10000 MOI forty-eight hours post-infection in both
PC-3 and DU-145 cell lines. From the results
displayed in Figure 3, the number of GFP-positive
detected cells in the PC-3 cell line was significantly
the highest in cells infected with rAAV2/1, rAAV2/2,
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and rAAV2/6 serotypes. In particular, the transduction
efficiency in cells infected with the AAV2/2 serotype
was maximal at 67.1%, while the transduction
efficiency in cells infected with rAAV2/1 and
rAAV2/6 was 52.3% and 65.1%, according to FACS
analysis. As in fluorescent microscope analysis, PC-3
cells were found resistant to rAAV2/4, rAAV2/5,
rAAV2/8, and rAAV2/9 infection, and the number of
infection-related GFP-positive cells was found to be
3.5%, 8.1%, 0.2%, and 0.2%, respectively. Also, no
GFP-expressed cells are detected in mock-infected
cells, according to FACS analysis.
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Figure 3. FACS analysis of GFP positive PC-3 cells infected with different serotypes of rAAV.

From the results shown in Figure 4, the DU-145 cell
groups infected with rAAV2/1, rAAV2/2, and
rAAV2/6 serotypes had a significantly higher
transduction efficiency compared to all other rAAV
serotypes. In particular, the transduction efficiency
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in cells infected with the rAAV2/2 serotype was
maximal at 11.5%, while the transduction efficiency in
cells infected with rAAV2/1 and rAAV2/6 was 7.6%
and 17.6%, according to FACS analysis.
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Figure 4. FACS analysis of GFP positive DU-145 cells infected wit different serotypes of rAAV.
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As in fluorescent microscope analysis, DU-145 cells
were found resistant to rAAV2/4, rAAV2/5, rAAV2/8,
and rAAV2/9 infection, and the number of infection-
related GFP-positive cells was found to be 2.0%,
0.2%, 0.2%, and 0.0%, respectively (Figure 4).

Also, no GFP-expressing cells were detected in mock-
infected cells, according to FACS analysis. In
particular, according to the results obtained from the
FACS analysis, it was observed that the transduction
efficiency does not exceed 20% in DU-145 cells in
contrast with the PC-3 cells. However, the number of
viable cells passing through the device for analysis
was less than that of PC-3 cells.

MOCK
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VIABILITY PROFILE

3.3. Cell Viability Assay of PC-3 and DU-145
Prostate Cancer Cell Lines Infected with Seven
Serotypes rAAV Vectors

Cell viability was measured by flow cytometry after
transduction of the GFP gene in PC-3 and DU-145 cell
lines with rAAV vectors (Figure 5 and 6). Our results
showed that infection of PC-3 cells with rAAV2/1,
rAAV2/2, rAAV2/4, rAAV2/5, rAAV2/6, and
rAAV2/8 at MOI of 10000 did not create a significant
difference (p>0.05) between the groups. The cell
viability rate exceeded 95% in all groups infected with
different rAAV serotypes (Figure 5). Mean value of
the cell viability rate for mock, rAAV2/1, rAAV2/2,
rAAV2/4, TAAV2/5, rAAV2/6, rAAV2/8, and
rAAV2/9 serotype infected cells were, 97.4%, 97.0%,
97.6%, 98.4%, 97.8%, 98.0%, 98.0% and 98.6%,
respectively.
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Figure 5. Cell viability of PC-3 cells infected with different serotypes of rAAV.
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Figure 6. Cell viability assay of DU-145 cells infected with different serotypes of rAAV.
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Unlike PC-3 cells, DU-145 cells infected with
rAAV2/1, rAAV2/2, rAAV2/4, rAAV2/5, rAAV2/6,
and rAAV2/8 serotypes at MOI of 10000 showed
decreases in cell viability for some groups. These
decreases in cell viability were determined for
rAAV2/1, rAAV2/2, and rAAV2/6 serotypes, where
the infection rates were the highest. Mean value of the
cell viability rate for mock, rAAV2/1, rAAV2/2,
rAAV2/4, TAAV2/5, rAAV2/6, rAAV2/8, and
rAAV2/9 serotype infected cells were, 55.2%, 76,6%,
57.4%, 84.6%, 97.2, 68.0%, 94.2% and 99.0%,
respectively.

4. Discussion

Gene therapy is a recent and alternative remedy for
cancer types that cannot be quickly cleared by surgery
and are invulnerable to radiotherapy and
chemotherapy. For this reason, researchers take
advantage of the viral vector-mediated gene transfer
for cancer therapy. Hence, the increased transduction
efficiency of the preferred viral vector recreates a
crucial function in the maximum success rate of gene
therapy [29]. Adeno-associated viruses are now vastly
investigated and utilized for gene therapy. Also, AAV
vectors are fast evolving as one of the prevailing gene
delivery approaches due to their prolonged-expression
and numerous serotypes qualified for transducing
different cell classes. Considerable AAV serotypes
have been defined, and individual serotypes have
specific cell tropisms based on distinct capsid proteins
[30,31].

Another possible use of transduction with AAV
vectors is in ex vivo investigations. Here, via rAAV
vectors, the genome of mutant cells of the patient can
be corrected by homologous recombination to be
altered. This modification directly induces a site-
specific DNA double-strand break [32-34]. These site-
specific double-strand breaks can be produced by
nucleases found in the rAAV genome, such as a zinc
finger nuclease, transcription activator-like effector
nuclease (TALEN), or clustered Regularly Interspaced
Short Palindromic Repeats/Cas9 (CRISPR/Cas9) [35-
38]. Hence, a wild-type gene can be added instead of
the mutant gene in the patient's cell. The most crucial
point in using rAAV vectors in this way is to determine
the tissue type-specific serotype.

In this study, we revealed the transduction efficiency
of seven different rAAV serotypes (rAAV2/1,
rAAV2/2, rAAV2/4, rAAV2/5, rTAAV2/6, TAAV2/8,
rAAV2/9) which induce cell expression of the
fluorescent gene GFP in PC-3 and DU-145 prostate
cancer cells. In other studies, it has been shown that
the rAAV2/2 and rAAV2/5 serotypes' transduction
efficiency is higher in respiratory epithelial cells and
lung cancer cell lines [40]. In addition, the serotype of
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rAAV2/4 in muscle tissue, rAAV2/5 serotype in brain
tissue, rAAV2/2 serotype in kidney tissue, rAAV2/8
serotype in pancreatic tissue, and rAAV2/1, rAAV2/8
and rAAV2/9 serotypes in heart tissue were reported
to have higher transduction efficiencies [40-44]. Our
study revealed that the transduction efficiency of
especially rAAV2/2 and rAAV2/6 viruses was
superior to other virus serotypes tested. Transduction
efficiency in cell line PC-3 was found as
rAAV2/2>rAAV2/6>TAAV2/1>TAAV2/5>TAAV2/4
>rAAV2/9>rAAV2/8 and in cell line DU-145 was
found as rAAV2/6>
rAAV2/2>rAAV2/1>TAAV2/4>TAAV2/5=rAAV2/8
=rAAV2/9. In particular, the increased MOI rates were
effective in the transduction of rAAV serotypes; the
increase in the number of GFP-positive cells with the
increase in the number of viruses entering the cell
medium is evident in fluorescence microscopy
analyses. For this reason, starting with a high MOI rate
in future studies will increase the effectiveness of gene
therapy.

Differences in cell viability were found after infection
in PC-3 cells and DU-145 cells infected with rAAV
serotypes. Cell viability below 95% was not observed
in any group of PC-3 cells after infection with seven
different rAAV serotypes, whereas cell viability
decreased below 80% in cell groups infected with
rAAV2/2, rAAV2/6, and TrAAV2/1 serotypes.
Furthermore, it was observed that the viability
decreased below 60%, especially in DU-145 cells
infected with rAAV2/2. Indeed, this result indicates
that the serotypes with the highest tropism towards
DU-145 cells are rAAV2/2, rAAV2/6, and rAAV2/1.
Several reasons can explain this situation. Differently
from PC-3 cells, a different receptor mediating the
binding of viruses on the membrane surface of DU-
145 cells may cause the cells to enter the apoptotic
process, or there may be differences in the expression
of genes associated with the DNA repair mechanism
or apoptosis pathway in the cells. Our knowledge of
the cellular receptors utilized by different serotypes of
rAAV for cell attachment is limited [40]. In order to
understand the difference in cell viability, we may
reveal the gene expression levels by performing
transcriptome analyses of PC-3 and DU-145 cells after
rAAYV infections and thus elucidate the mechanism of
action of AAV-triggered differential cell death.

All taken together, these results indicate helpful
knowledge on selecting the most relevant rAAV
serotype for forthcoming viral vector-mediated
analyses, which target human prostate cancer cells.
rAAV2/2 and rAAV2/6 can readily infect a human
prostate cancer cell. Therefore, using serotypes
rAAV2/2 and rAAV2/6 equipped with a restorative
gene would be the most appropriate option for
administering different kinds of human prostate cancer
as an alternative therapy choice.
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Abstract

Leibniz algebras are nonanticommutative versions of Lie algebras. Lie algebras have many applications in
many scientific areas as well as mathematical areas. Scientists from different disciplines have used specific
examples of Lie algebras according to their needs. However, we mathematicians are more interested in
generality than in obtaining a few examples. The classification problem for Leibniz algebras has an
intrinsically wild nature as in Lie algebras. In this article, the approach of congruence classes of bilinear
forms is extended to classify certain subclasses of seven-dimensional nilpotent Leibniz algebras over
complex numbers. Certain cases of seven-dimensional complex nilpotent Leibniz algebras of those with
one-dimensional Leib ideal and derived algebra of codimension two are classified.

Keywords: Bilinear forms, Classification, Leibniz algebra, Nilpotency.

1. Introduction
Although first considered by Bloh in 1965 [1], Leibniz
algebras as nonantisymmetric (nonanticommutative)
generalization of Lie algebras were presented by Loday
[2]. A vector space L over C with a bilinear product
[,]1:LxL — L satisfying the Leibniz identity
la,[b,c]] = [[a,b],c] +[b,[a,c]]
for all a,b,c € L is said to be a Leibniz algebra. The
lower central series of a Leibniz algebra L can be defined
as L2 1?2132 where L' =L and L*F =
[L, L¥~1] for integers k > 2. If L°** = 0 whenever LS #
0 for some ¢ > 0, then L is a nilpotent Leibniz algebra of
class c. L is called odd-nilpotent if its all nontrivial ideals
of the lower central series are odd-dimensional. Leibniz
algebra L of dimension n is called filiform Leibniz
algebra if dim(l)) =n—jfor 2< j < n. Leib(L)
generated by the squares, [a, a], for all a € L is an ideal
of L, is of the utmost importance while studying structure
theory of Leibniz algebras. The center of a Leibniz
algebra L can be definedby Z(L)={b € L| [a,b]
0 =1[b,a] foralla € L}. Non-split Leibniz algebras
are those that cannot be expressed as the direct sum of
nontrivial ideals. Throughout this paper, we assume
Leibniz algebras are non-split non-Lie vector spaces over
C.

It is an important but nontrivial task to classify any kind
of nonassociative algebras. Because the classification of
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nilpotent Lie algebras is regarded as wild, the
classification of nilpotent Leibniz algebras is also wild.
In fact, the problem is more complicated for Leibniz
algebras due to a lack of anticommutativity. Many
researchers have provided numerous results on the
classification of nilpotent Leibniz algebras over C until
now (see [2-14]); however, the problem has still not been
completed. Seven-dimensional odd-nilpotent Leibniz
algebras have been classified in [14] with the congruence
classes of the bilinear forms approach. The main aim of
this paper is to apply the same technique to give the
classification of some subcases seven dimensional
nilpotent Leibniz algebras with one-dimensional Leib
ideal. The isomorphism test between the classes can be
done by using Algorithm 2.6 proposed in [5].

2. Preliminaries
We include the following useful Lemmas from [12].

Lemma?2.1. L © Z(L) if Lisaclass c nilpotent Leibniz
algebra.

Lemma 2.2. Let L be a non-split Leibniz algebra. Then,
Z(L) c I2.

Lemma 2.3. Any nilpotent Leibniz algebra L satisfies
Leib(L) € Z(L).
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Lemma 2.4. For any n-dimensional nilpotent Leibniz
algebra L; dim(Z(L)) =n—i and dim(Leib(L)) =1

imply dim(L?) < Boivz

Lemma 2.5. For any n-dimensional nilpotent Leibniz
algebra L; dim(L?) = n —i,dim(Leib(L)) =1, and
i%+i+2

dim(L®) =j imply the inequality n< j+ —
Furthermore, if Leib(L) € L3

.
,thennSj+LT“.

Lemma 2.6. For any n-dimensional nilpotent Leibniz
algebra L; dim(l?>) =n—1i and L**0 imply
dim(Z(L)) < n—i—1.

The following matrices are the canonical forms for the
congruence classes of matrices associated with a bilinear
form on a complex vector space. Denoting

0 Y

X\Y = (X o)

Theorem 2.1. [15] Any complex square matrix is
congruent to a direct sum of the following canonical
forms of matrices:

01 0 0 é 0 8
P R N A
0 0 0 1 00 0
00 0 a1y [0 0 0 1
Bu@=1g % ¢ g|\o 2 §le=tt
a 1 0 O 1 a 0 O
000 OO0 0 1
/0 00 00 1 1\|
0 0 O 0O -~ ~ 0
Comy1 =10 0 0 1 1 0 O
0O 0 1 -1 0 o0 o
0 - < 0 0 0 0
1 -1 0 0 0 00
00 0 1770 0 0 1
=00 0 0 L B cnenen
1 -1 0 O 1 1 0 O
000 0O 01
/0 00 0 0 1 1\
0 0 O 0O -~ ~ 0
E,, =10 0 0 1 1 0 0
0 0 -1 1 0 0 O
0 - < 0 0 0 0
-1 1 0 0 0 0 0
0 0 0 -1 0 0 0 1
-1 1 1 1
A NI
-1 1 0 0 11 0 0
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3. Classification

Let L be 7-dimensional nilpotent Leibniz algebra with 1-
dimensional Leib ideal. Some subclasses of 7-
dimensional odd-nilpotent Leibniz algebras have been
classified in [14]. For the sake of simplicity, we will
consider Leibniz algebras with the derived algebra of
codimension two, because employing the congruence
classes of bilinear forms technique is easier in that
situation.

Choose dim(L?) =n—2 and Leib(L) = span{v,}.
Extending it to a basis {vs, v, ..., Vq_q, v} for L? and
take a subspace V in L so that L = L?> @ V. Therefore,
[w,v] = B3 vs+ Py Vs+ Pn-1Vn-q+Pnvy for 3 <
k<np,e C, for each u,ve V. The bilinear
formf(, ):V xV — C provided by f(u,v) = g, for
each u,v € V. Let {v,,v,} be a basis for V, and using
Theorem 2.1, we can easily determine that the possible
matrices of the bilinear form above are the following:

F, =(1_010 o) . @1CI=((1> Og)'l
GOG = (0 1)'E2 = (—1 1)'82 - (a 0)

where a # + 1. We only consider non-Lie Leibniz
algebras so that we can eliminate the matrix F,.In
addition, it is sufficient to focus only the matrices A; @
C, and C; @ C; since the other two matrices yield
algebras that are always isomorphic to algebras obtained
by these two matrices, as proved in Lemma 2.1 in [10].

Denote the following invariant

x(L) = (dim(L), dim(L?), dim(L3), ..., dim(L°))
where cis the class of nilpotency. Then, take a 7-
dimensional nilpotent Leibniz algebra L with
dim(Leib(L)) =1 where dim(L?) =5. Notice that
there is no Leibniz algebra for the cases dim(L3) =
0,1,2, as Lemma 2.5 suggests. Hence, we have
dim(L®) = 3. Odd-nilpotent subclasses of this case are
already classified in [14]. The remaining cases are listed
below:

ioox() =

7,5,3,2)
i.  x(L)=(7532

(
(l 11)

Theorem 3.1. There does not exist any Leibniz algebra
with Leib ideal of dimension one in the case y(L) =
(7,5,3,2).

Proof. Take a nilpotent Leibniz algebra L with y(L) =
(7,5,3,2) and dim(Leib(L)) =1. We see that
Leib(L) < Z(L) by using Lemma 2.3. Besides, from
Lemma 2.5, we obtain Leib(L) ¢ L3. Lemma 2.2
implies L* € Z(L) c L. Then, by using Lemma 2.6, we
deduce 1 < dim(Z(L)) < 4. But dim(Z(L)) cannot be
2, because otherwise L* = Z(L) implies that Leib(L) S
L* c L3 which contradicts with Leib(L) € L3. Hence,
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suppose dim(Z(L)) =3. Taking a complementary
subspace W to L3 in L?. Since L* # 0, we have L3 #
Z(L). Moreover, from L* € Z(L), we can see that the
only possibility is dim(L*n Z(L)) =2. Using
Leib(L) € L3,L* choose Leib(L) = span{w,},L* =
span{ws, wg} and, L? = span{w,, ws, wg}. Then,
Z(L) = span{ws, wg, w,} and L? =
span{ws, w,, ws, Wg, W, }. Later, take A=
span{wy, w,, Wy, Wy, Ws, W, W5 }.  Then, the nonzero
products in L are given as follows:

[wi, w1l = aywy, [wy, wy] = apw,, [wy, wy] = agws +
AW, + AsWs + agWg + a,wy, [wy, wy| = —azw; —
ayWy — AsWs — AW + agWy, [wy, ws] = Biw, +
Baws + Bzwg = —[wz, wi], [wy, w3] = Bywy + Bsws +
Bswe = —[ws, w,], [wy, wy] = y1ws + yowe =

—[wa, wy], [wa, wy] = y3ws + yuwe =

—[wa, W], [Ws, wy] = ysws + yewe = —[wy, ws].

We obtain the following equations using Leibniz
identity:

¥s=0=7Ys
Bsv1 — B1ys =0 (3.1)
Bsy2 — B1va =0 (3.2)

Assume y3; = 0. Then, y; # 0 and from Equation 3.1,
we have S, = 0. But dim(L®) = 3 with Equation 3.2
implies y, = 0 which contradicts with the fact that
dim(L*) = 2. Suppose y; # 0. Later, with the change-
of-basis X1 = VY3Wi — ViWy, Xy = Wy, X3 = W3, X4 =
Wy, X5 = Wg, Xg = W, X7, = W,, We can force y; =0.
Additionally, from Equation 3.1, we get 3, = 0. But
dim(L®) = 3 with Equation 3.2 implies y, = 0 which
contradicts with the fact that dim(L*) = 2. Therefore,
there is no Leibniz algebra in the case y(L) = (7,5, 3,2)
and dim(Leib(L)) = 1. The proof is completed. m

Suppose x(L) =(7,5,3,2,1) and dim(Leib(L)) = 1.
We have Leib(L) € Z(L) due to Lemma 2.3. Besides,
from Lemma 2.5, we obtain Leib(L) € L3.Lemma 2.2
implies L> € Z(L) c L?. Then, by using Lemma 2.6, we
deduce 1 <dim(Z(L)) < 4. If dim(Z(L)) =1, then
Leib(L) = Z(L) = L° c L3, we arrive a contradiction.
Hence, dim(Z(L)) = 2 or dim(Z(L)) = 3. We will first
consider the case dim(Z(L)) = 3.

Theorem 3.2. Let x(L)=(7,53,21),
dim(Leib(L)) =1 and dim(Z(L)) =3. Then, L is
isomorphic to one of the following algebras with
nontrivial multiplications (i? = —1):

L1 [$1,6]=4¢7161,61=75
(s = —[¢3,¢) [{1,65]1 = 6
(o= —[33,02]

=—[{2 61 [61, 4] =
=—[35, 611 [$2, (3] =
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L2 [¢1,4]=0,18.0]= (3= —[¢2, 411, [¢4, {3] =
{o =183, [62, 6] =G5 = —[{5, 41 [{2,0s] =
{6 = —[¢5, 2]

[(1 '(1] = 57! [Zl '62] = 63 = _[62' (1]' [Zl! 53] =
{s = —[83,41), [61, 451 = G6 = =185, Cal, [$2, {21 =
(7,162,851 = Ca = —[{3, 4]

(61,61 =47 [61,82] = G5 = =[5, 11, [0, 5] =
{s =—13,¢) [$1,4s] = ids =

_[55' 1182, 81 =45, [$2, 03] ==

—[¢3,421, 42,451 = {6 = —[{5, {2]

L3

L4

Proof. Take a complementary subspace W to L3 in LA2.

Since L* = 0, we have L3 = Z(L). We have

L3n Z(L) # @,since  L> < Z(L).  Furthermore,

dim(L® n Z(L)) = 1 implies W < Z(L) and since
LP=[LI*]=[LL12® W]=L*

we arrive at a contradiction. Therefore,

dim(I3n Z(L)) =2. Using Leib(L) ¢ L3, L% L5,

choose Leib(L) = span{w,}, L®> = span{wg},L* =
span{ws,we}, and L3 = span{w,, wg,we}. Then,
Z(L) = span{w,, wg, w,} and L? =
span{ws, w,, wg, Wg, W }. Later, take V=

span{w;, w,}.

Case 1. If the bilinear form matrix is A; @ C;, then the
nonzero products in L can be given as:

(Wi, wi] = wy, [wy, wy] = a;ws + aaw, + azws +

aywe = —[wy, wil, [wy, w3] = Bywy + Bows + Bawg =
—[wz, w1, [wz, ws] = Bawy + Bsws + Bews =

—[ws, Wy, [wy, ws] = yiwe = —[ws, wy], [wa, ws] =
Y2We = —[ws, W], [ws, ws] = y3we = —[ws, ws].

From Leibniz identity, we get the following equations:

Y3 =0

Bsyr = B2y2 =0 (3.3)

First, suppose y, = 0. Then, y; # 0 and from Equation
3.3, we have B = 0. Using dim(L3) = 3, we can see that
B2, B, # 0. Then, the change of basis {; =w,,{, =
Wy, (3 = ayWz + aaWy + azWs + auWe, {4 =

a1 (BaWy + BsWe), (5 = a1 (B1wy + Bows + Baws) +
aA3V1We, (¢ = A1 P2V1We, {7 = w5 Shows L is isomorphic
to L1. Next, suppose y, # 0. Applying the change of
basis X1 =YWy — YiWq, Xy = Wy, X3 = W3, X, =
Wy, X5 = Ws, Xg = We, X; = y2w,, We can force y; = 0.
Then, from Equation 3.3, we get B, = 0. Therefore,
B1, Bs # 0 since dim (L) = 3. The change of basis {; =
Wy, { = Wy, {3 = ayW3 + aWy + a3Ws + ayWe, {4 =
ay (Biwy + Bawe), (s = a1 (Baws + Bsws + Bews) +
A3V, We, G = 1 B5Y2We, {7 = W, shows L is isomorphic
to L2.

Case 2. If the bilinear form matrix is C; @ C,, then the
nonzero products in L can be given as:
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[wy, wi] = wy, [wy, w,] = a;ws + a,w, + asws +

aywe = —[wy, wy], [wy, wy] = wy, [wy, ws] = Byw, +
Baws + Bswg = —[ws, wy], [wy, ws] = Baw, + Bsws +
Bewe = —[ws, wy], [wy, ws] = yywg =

Again, Leibniz identity yields same equations as in
Casel.Lety, = 0.Then,y; # 0 sincedim(Z(L)) =
3. From Equation 3.3, we have Bz = 0. Using
dim(L?) = 3, we obtain ,, 8, # 0. Then, the change
of basis §=w;,{=wy, {3 =a,w; +a,w, +
azws + auWe, {4 = a1 (BaWy + BsWs), {5 =

ay (B1wy + Baws + Bawe) + azy1We, (6 =

a1 B,Y1We, {7 = w, shows L is isomorphic to L3.
Further, take y, = 0. If y; =0, then x; = w,,x, =
Wi, X3 = W3, X4 = Wy, X5 = Wg, Xg = Wg, X7 = Wy IS
the change of basis forces y, = 0. Therefore, L is
isomorphic to L3. Lety; # 0. Assume that y2 + y2 #
0. Then x; = y3wy + oWy, X = ¥V2 Wy — Y1Wp, X3 =
W3, Xy = Wy, X5 = W5, Xg = We, X7 = (¥{ +¥3)wy IS
the change of basis that forces y, =0 and
consequently L is isomorphic to L3. Take yZ + y2 =
0. Then, from Equation 3.3, we obtain g2 + 52 = 0.
Notice that f? + B2 # 0 due to dim(L3) = 3. When
B? + B2 # 0, applying the change of basis x; =
Bawy — BiWa, X3 = Piwy + BaWa, X3 = W3, X, =

Wy, Xs = Ws, Xg = We, X; = (BZ + B2)w, forces

B1 = 0. Thus, without loss of generality, we can take
By = 0. Finally, the change of basis {; = w;,{, =
Wy, (3 = ayWz + aaW, + azWs + auWe, {4 =

ay (BaWy + Bsws + BsWe) + a3y, We, (5 =

a1, ws + (@13 + azy1)we, {6 = a1 B2Y2We, {7 =
w shows L is isomorphic to L4. m

We obtain 4 single algebras. Similarly, the
classification of the case x(L) =
(7,5,3,2,1),dim(Leib(L)) = 1 and dim(Z(L)) = 2
can be obtained by applying the aforementioned
technique above.

Theorem 3.3. Let x(L)=(7,53,21),
dim(Leib(L)) =1 and dim(Z(L)) = 2. Then, L is
isomorphic to one of the following algebras with
nontrivial multiplications (here i? = —1):

LY [¢1,6] =47 [6,8] =8 = —[82, 4] [61, G5] =
G="160) 60l = =
—[¢s &1l [¢1,45] = {6 = —[{5,¢a]

L2 [¢1,84] =076, 8] =3 = —[82,4) [6,G5] =
Z4- = _[53! (1]! [61154—] = (5 =
_[54—! Zl]! [51, (5] = (6 = _[(5' 51]' [(2!(3] =
{6 = —[(3'{2]

L3 [¢1,6] =716, 8] =85 = —[82, 4] [61, 651 =
o =—100]) [ =4 =
_[{4—' Zl]' [{1' (5] = (6 = _[(5' {1]' [(2' (3] =
(s = =103, 021,62, {al = {6 = —[{4, (2]

L4 [¢1, 4] =0¢710,8] = (3= —[¢2, 411, [6h, (3] =
G=-184) [Cud]=0=
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—[ws, w1], [wa, ws] = y,we = —[ws, W], [ws, ws] =
YaWe = —[ws, ws].

=44 81 [61,¢s] = C6 = =105, ¢1), [$2, 5] =
{5+ 46 = —[3,021,[$2, Ca]l = {6 = —[{4, 2]

LS [(1,6] =47 [0, 8] =85 = =182, $1) [§1, (5] =
G=-100) GGl ==
—[¢a 441, [(2'(3] ={= _[{3’(2]’ [(2:(5] =
$6 = =105, 021, (33, 8al = =06 = —[44, 5]

L6 [¢1,0]=070¢.0]1=0G=-[00]1[¢,0] =
G=-184) [$1dl ==
=081 (62 3] =45 + 4 =
_[(3’(2]’ [(2'(5] ={ = _[55,(2], [(3’(4] =
—(6 = —[G4 (3]

L7 [¢1,84]=0,1¢,0]1= (3= —[¢2, 411, [(1’(3] =
s+ =—[0 016Gl =4 =
=64 011 [62, 831 = o = =[5, 021, [0, 4al =
(s = =184, 821, [$2, 451 = G6 = —[{5, 0]

L8 [{1,61] =37 [1,8] =85 = =182, 41l [§1, (51 =
{5+ 36 =—1030][{1, 81 =4 =
_[(5:51]: [(2'(3] =0 = _[{3’(2]’ [02,0a] =
(s = —[¢s {2l, [¢3,0a] = {6 = —[{4, (5]

L9 [¢1,0] =070¢,0] =G =~[0041[¢, 4] =
(s +ads =—[03,01],[1,45]1 = {6 =
=45, 611 [62,G3] = Ca = =[5, 021, [, 4al =
(s = _[(4' (2]' [(2»(5] ={s =
—[(5:52]: [¢5,0a] = 6 = —[¢4, (5]

L10[¢1, 6] =47 [61, 8] = {5 = —[2, G4), [61, G3] =
(=180 [6104] =4 =
—[¢a 611, [51:(5] == _[{5’(1], [02,8]1=14¢;

L11[¢1, 8] = 37061, 0] = 5 = =[5, ¢4, [¢1, G3] =
(4 = _[(3'61]' [{11 (4-] = (5 =
=64 811 [61, 45 = C6 = =[5, ¢ul, [S2, (2] =
{7, (62,431 = {6 = —[{3, ]

L12[¢1, 6] =47 (61, 8] = {5 = =[5, G4, [61, G3] =
(=180 [6104] =4 =
—[¢a 611, [51:(5] ={s = _[{5’(1]’ [02,0] =
(7,062,831 = {5 + als = —[{5, 821, [$2,4u] =
{6 = —[¢s {2l

L13[¢1, 6] =47 [0, 8] = 85 = =182, $a) [§1, (51 =
G==180)[61,8] = =
=461, 11,85 = BGe = =185, 611 [2,C2] =
(7,062,831 = {5 + als = —[{5, 821, [62, 451 =
{6 = —[¢s,42], [¢3,Ca] = =6 = —[{4, (5]

L14 [Zl !(1] = (7' [(1 '(2] = (3 = _[(2’61]’ [{11 (3] =
(4 = _[(3'61]' [{11 (4-] = (5 =
=64 811 [61, 451 = C6 = =145, ¢ul, [S2, (o] =
{7, (62,431 = 184 + als + Bls = —[{5, 2],
[$2, 44l = i85 + ¥{6 = —[$4, (2], [(2, Gs] = ids =
_[ZS' (2]

L15(¢;, 8] =37, [¢1,0] = 5 = =[5, 411, [¢1, G3] =
(=001 GlI =4 =
_[54-' (1]' [51165] = 56 = _[ZS'Zl]' [62 152] =
{7,[62,43] = 184 + als + Bls = —[{5, 2],
[$2, 44l = i85 +¥{6 = =144, (2], (2,451 = 06 =
—[(5:(2]: [¢3,Ca]l = 606 = —[$4, (5]
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Proof. By Lemma 2.1 and Lemma 2.3, we see that
Leib(L),L°> € Z(L). Then by using Leib(L) &
L3,1* 1%,  choose  Leib(L) = span{w,},L°
span{wg}, L* = span{ws, wg} and L=
span{w,, ws, we}. Therefore, Z(L) = span{wg, w,}
and L? = span{ws, w,, ws, wg,w;}. Take V =
span{w;, w,}.

Case 1. If the bilinear form matrix is A; @ Cj, then
the nonzero products in L can be given as:

(w1, w1l = wy, [wy, w,] = a;ws + ayw, + azws +

a,we = —[wy, w1, [wy, wz] = Byw, + Bows +
Bswe = —[ws, wy ], [wa, wz] = Byw, + Bsws +
PsWs = —[ws, W], [y, wy] = yiws + y,we =

—[wy, w1, [Wa, wu] = y3ws + yawe =
—[wy, wy], [Ws, ws] = ysws + yews =
—[wy, w3, [wy, ws] = 01w = —[ws, wy], [wp, ws] =

aba,
aba, a’ba,fB,

o]

A

Il
Soooc oonQ
cocoocooc oo

o Ify,=pB,=0,thentakinga=5b=1inB,,
we get the algebra L1.
o Ify,=0and s # 0, then takinga =1,b =

Binbs in g | we obtain L2.
6

o If y,#0 and y,8¢ — Bov. = 0, then taking
a=1b= y;—el in B, we get the algebra L3.
4

o If y, #0 and y,B¢ — B2vs # 0, then taking
_ YBe=Bava o _ (Y1Be—B2va)? in B
B1v$6% BEvi63va L
arrive the algebra L4.

we

aba,

OO OO0 o O

a

(o

| 0

B, =|0
0

\0

0 0 0

o If a;B4+ @30, =0, then taking a =1,b =

% in B,, we get the algebra L5.
5

o If afg+az0,+0, then taking a=

a1Bstazbs a1fstazbsy -
/ b = in B,, we get the
a181v162 a1B562 2 g

algebra L6.

abas a’b(aif, + azy1)
abay  a?b(a;fs + az0,) a*b(a B, + azy1)0;  a*baifiy,6; 0 /
0 0 0 2

aba, a’ba,B,
abas a’b(a,B; + azy:)
aba, a?b(a,f; + as6,)

0,we = —[ws, W], [ws, ws] = 03w = —[ws, ws],
[ws, ws] = O,we = —[ws, w3].

From Leibniz identity, we get the following equations:

0y, =03=y5=0

Bav1i—P1ys =0 (3.4)
Y361 — 110, —a176 =0 (3.5
Bay2 + Bs(81 — 05) — Brya + a2y = 0(3.6)

First, suppose y; = 0. Since y; # 0 and from
Equation 3.4, we have S, = 0. Using dim(L®) = 3,
we can see that §; # 0. Suppose 8, = 0. Then, from
Equations 3.5 and 3.6, we obtain y, =0 = 6, —
B1v4- With the following change of basis x; = y,w; —
YiW2, X3 = Wp, X3 = W3, Xy = Wy, X5 = W5, Xg =

wg, X, = Y2w,, we can force y, = 0. The following is
a transition matrix switching the basis W =

{W1' Wy, ...,W7} to the baSiS { = {Zl’ Zz, ...,(7}

00 00
00 00
00 00
0 0 0

a’ba,fiv: 00

a

Take 6, # 0. The following change of basis x; =
O,w; — 0 Wy, Xy = Wy, X3 = W3, X, = O,W, —
YaWs, Xs = Ws, Xg = W, X; = 82w, forcesy, = 6, =
0. Notice that Equation 3.5 do not allow y, to be zero.
Then, the change of basis x; = ysw; — yoWs, X, =
Wy, X3 = W3, X4 = Wy, X5 = Ws,Xg = W, X7 = YWy
forces y, = 0. Choose the transition matrix switching
the basis W = {w;,w,,...,w,;} to the basis { =
{C1,Gar s G7} S

00 0 0
0000 \
0000 |
0 0 0 |
a®ba,fiv1 00
0 a®b?a,$,v.0, O}
0 0 a?

Later, suppose y5; # 0. With the change of basis x; =
Y3W1 — ViWa, Xy = Wy, X3 = W3, Xy = Wy, X5 =

Ws, Xg = Wg, X; = y2w,, We can force y; = 0. Then,
by Equation 3.4, we have B; =0. Choose the
transition matrix switching the basis W =
{wy,wy, ...,w;} to the basis { = {{3,{, ..., {7} as the
following



/

)

Celal Bayar University Journal of Science
Volume 19, Issue 4, 2023, p 343-349
Doi: 10.18466/cbayarfbe.1339702

i. Demir

aba,
aba,
abas
aba,

0 0

ab%a,f,
ab?(a,Bs + azys3)

By

SO OO OO Q
SO O OC o o

Il
—

If y¢ =0, then Equation 3.5 imply 6, = 0. Then,

. Y30 .
taking a=h>=2 while b=
Y2
\/(a1,83+a2y2) ¥262—(a1B4yata1Bs0r+a2y362)y2Y362 in B
@1B4y2 V5603 3

we arrive the algebra L7. Let y¢ # 0. Then, with the
changes of bases x; = ygw; — yowg, X3 = Wy, x5 =
W3, X, = Wy, X5 = Ws, Xg = We, X; = Yiw, and x; =
W1, Xy = VeW2 — VaW3, X3 = W3, Xy = Wy, X5 =

Ws, Xg = Wg, X; = Yaw, make y, =0 and y, =0,
respectively.

o 1f 6, =0, then letting a = bZ% while b =
2

(@1B3+a3601)B% v5—(a1B4¥a)B2Bayvs
in B;, we
\] “%ﬁf 1’321’5 3
obtain the algebra L8.
; B263 B26;
If 6, # 0, then taking a = b=
° 2 g Bay367 Bay3by
in By, we get the algebra L9.
a 0 0
/0 a 0
0 0 a’my
B, :| 0 0 d?a, ada,f;
0 0 a?az a*(aif, +ayyr)
0 0 a?a,
0 0 0 0

First, let y; = 0. Then, Equation 3.4 imply 8, =
0, 81,71 # 0. Suppose 8, = 0. Then, from the

o If y,=p=0, then plugging a=1 in B,
results with the algebra L10.
o If y,=0and B¢ # 0, then plugging a =

Be
Boyio; " B,, we get the algebra L11.
e Ify, # 0, thenby takinga = yyg in B, we get
1Y1
the algebra L12.

Now suppose 6, # 0. Then, with the change of basis
X1 = W1, Xy = Wa, X3 = W3, Xy = O,Wy — V4Ws, X5 =
Ws, Xg = We, X, =W,, We can make vy, =0.
Consequently, by taking a =1 in B,, we get the
algebra L13.

Finally, consider the case y; # 0. If y; = 0, then the
change of basis x; = wy, X, = Wy, X3 = W3, X, =
Wy, x5 = Ws, x6 = Weg, X7 = w5 fOI’CES ]/3 = 0 and

ab®a;B.y;
ab?(a1Bs + az¥s + a36;)  ab’(a;Bvs + 156, + ayy36,)6,

0

o oo
o oo
[= NN ]
o oo

I
0 0 0 |
00
ab*a, By, (or a’b3a,f,y36,) 0/
0 0

a2

Case 2. If the bilinear form matrix is C; @ C;, then
the nonzero products in L can be given as:

[wi, wi] = wy, [wy, wy] = ayws + aw, + azws +
aywe = —[wy, wil, [wy, wy] = wy, [wy, ws] =

Biws + Bows + Bzwg = —[wz, wy], [y, ws] =

Bawy + Bsws + Bews = —[ws, wy], [wy, wy] =

YiWs + ¥aWe = —[wy, wy], [wa, wy] = y3ws +

YaWe = —[wy, wy], [w3, wy] = ysws + yewe =
—[wa, ws], [wy, ws] = 01w = —[ws, wy], [wy, ws] =
O,we = —[ws, wy], [ws, ws] = Oz3wg = —[ws, ws],
[ws, ws] = O,we = —[ws, ws].

Then, again from the Leibniz identity, we arrive
Equations that obtained in case 1. Take a transition
matrix switching the basis W = {w;, w,, ..., w;} to the

baSiS ( = {(1! ZZ' L 67}

\

00 |

(=Nl
o oo
o oo
o oo

a*a; By
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0

0 0
a(arf; + az0;) a*(aBiy, + aifp0; + ayy16;)  aPa Byy,6,(or a®a;B1y46,) 0)

0 a?

equations 3.4 and 3.5, we get y, = 0 and 850, —
B1va = 0.

therefore L is isomorphic to L10,L11,L12 or L13.
Hence, let y; # 0. Note that when yZ + y2 # 0 with
the following change of basis x; =yw; +
V3W2, Xz = V3W1 — V1W2, X3 = W3, Xy = Wy, X5 =

Ws, Xg = Wg, X; = (Y2 + y2)w,, we can force y; = 0
and again L is isomorphic to L10,L11,L12 or L13.
Thus, y? +y2 = 0. From Equation 3.4 we obtain

Bt +pi =0

o |If y, =0, then from Equation 3.5, we obtain
0% + 6% = 0. Hence, by taking a = 1 in B,,
we get the algebra L14.

e If yo # 0, then by taking a = 1 in the change
of basis matrix B,, we obtain the algebra L15.

This completes the proof. m
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4, Conclusion

We reached the complete classification of nilpotent
Leibniz algebras of dimension seven, whose derived
algebra is of dimension five, while the Leib ideal is
one dimensional with the restriction dim(L®) < 4.
The classifications given in this paper and in [14]
achieve that result. There exist 19 single algebras, 4
one-parameter continuous families, 2 two-parameter
continuous families, 1 three-parameter continuous
family, and 1 one-parameter continuous family. It is
left to look at the case dim(L3) =4 in order to
complete the classification of nilpotent Leibniz
algebra of dimension seven, whose derived algebra is
of dimension five while Leib ideal is one dimensional.
Notice that y(L) = (7,5,4, 3,2,1) is filiform Leibniz
algebra, and the classification of this subclass with
one-dimensional Leib ideal can be obtained by
Theorem 2.2 in [4]. TLb, in that Theorem will
produce desired algebras. In fact, the classification of
the subclass TLb, is given in [6]. According to that
classification, there are 13 single algebras and 9 one-
parameter continuous families of filiform non-Lie
Leibniz algebras of dimension seven. Furthermore,
there is no Leibniz algebra for the case y(L) =
(7,5,4), because here L3 = Z(L) with the Lemma 2.4
give dim(L?) < 4, which contradicts L?> being a 5-
dimensional ideal. Hence, we have the following six
cases to classify:

i x(L)=(7,5432)
i. (L) =(75431)
ii.  x(L)=(7,5,4,3)

V. x(L) =(7,5,4,2,1)
2 x(L) =(7,5,4,2)
Vi. x(L)=(7,541)

Our approach of bilinear forms can also be utilized to
classify these cases. It is known that there are 119
single algebras and six one-parameter continuous
families of Lie algebra of dimension seven over an
algebraically closed field [16]. Even though, we
restrict our attention to seven-dimensional nilpotent
Leibniz algebras whose Leib ideal is one dimensional
and derived algebra is of dimension five, we get 32
single algebras, 13 one-parameter continuous families,
two two-parameter continuous families, one three-
parameter continuous family, and one one-parameter
continuous family so far and there are still some cases
to cover. As a future work, classification of higher
dimensional nilpotent Leibniz algebras with one
dimensional Leib ideal and/or classification of
nilpotent Leibniz algebras of higher dimensions with
the derived algebra of codimension two can be
obtained by the congruence classes of bilinear forms
method.
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Abstract

In this study, pomegranate (Punica granatum L.) leaf extract and 2% (w/v) aqueous solutions isolated by
SFE extraction and microwave extraction were used to create silver nanoparticles (AgNPs). The
pomegranate was grown in Turkey's Eastern Black Sea region. AgNO; solution (0.25, 0.5, and 1 mM)
received separate additions of 0.1 and 0.2 mL extract before being microwave-irradiated. Ag nanoparticles
made using green chemical techniques were characterized by UV-Visible, XRD, TEM, Zetasizer and FT-
IR. By analyzing the plasmon resonance absorption (SPR) spectra by the UV-Visible technique, the ideal
circumstances were identified. The face-centered cubic crystalline silver nanostructures' lattice planes
(111), (200), (220), and (311) show that the different Bragg reflection peaks occurred at 2 values of 38.1°,
44.3°,64.6°, and 77.6°. The average particle size of Ag nanoparticles produced by microwave extraction in
an aqueous medium was 86.02 + 0.579 nm, the zeta potential was -14 + 0.777 mV, and the polydispersity
index was 0.257 + 0.004, according to the results of zeta-Sizer study. The UV-vis absorption spectra of the
AgNP solutions, which were kept in a refrigerator, barely altered and remained constant for roughly 4-5
months.

Keywords: AgNPs, FTIR, Pomegranate (Punica granatum L.) leaf, Supercritical Fluid Extraction (SFE),

TEM, XRD

1. Introduction

Nanotechnology is primarily concerned with materials
with diameters ranging from 1 to 100 nm and possessing
properties distinct from bulk materials. This update
expands the possibilities for nanomaterials in healthcare
and environmental remediation [1-3]. Nanotechnology is
a combination of technology with science that involves
the production or production, design, which is and
analysis of nanometer-scale materials [4,5] The ability to
manipulate the atoms or molecules in a structure of
substances at the nanoscale level allows us to modify
their properties various materials for specialized uses [6].
That is why nanotechnology has piqued the interest of
numerous scientists and researchers throughout the world
and has grown in popularity in both scientific studies and
industry [4,7,8]. Currently, nanotechnology involving the
environmentally friendly production of nanoparticles that
has become an attractive idea that has gained much
significance and importance in the past few years because
of its excellent facility, clean processing, use of non-toxic
chemicals, cost-effectiveness, and environmental and
sustainability [4].
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Nanomaterials are increasingly being used in
combination with anticancer medications, and these
molecules have numerous medical applications [9-12].
One of the practical applications of nanomaterials is
combining them with anticancer medications so that the
medicinal product can be administered to the cell more
efficiently while reducing toxicity and adverse effects on
healthy cells [9,13-15]. Because of the rising cancer
death rate and flaws in radiotherapy and chemotherapy
procedures in advanced stages of cancer, it is critical to
develop modern cancer control and treatment strategies
[16-19]. Nanoparticles with a measurement of 100 nm or
less are often used in cancer medical research to target
cancer cells when used with anticancer medications [20-
22]. The nanomaterials were created using a variety of
organisms, for example bacteria, fungi, yeast, and
various others, resulting in an environmentally benign
and clean process of synthesis [1].

In the biosynthesis process, various plants and
components of plants are employed to produce
nanoparticles that act as reducing and capping agents.
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The synthesis of particles using plant extracts is a type of
"green chemistry" that is safe, harmless, and
environmentally friendly. Nanoparticles are produced
biologically by employing extract-based production and
chemicals with reductive action to transform metal ions
into the element metal[1]. Punica granatum L. has been
utilized for treating a variety of ailments for thousands of
years throughout various cultures and civilizations [23].
Pomegranate is a well-known fruit in Asian culture. In
folkloric medicine, pomegranate has numerous
medicinal purposes [9]. Pomegranate is a well-known
medicinal plant with many uses in traditional medicine.
Punica granatum leaves are used to treat stomach
ailments, diarrhea, dysentery, hemorrhages, and
conjunctivitis. etc. The production of nanoparticles
through plant leaf extracts for therapeutic reasons has
recently gained traction [23]. According to prior
research, the most significant secondary metabolites in
Pomegranate are phenolic compounds such as
glycosides, the sterols steroids, resins, flavonoids,
alkaloids, lipids, coumarins that and vitamins. Indeed, the
variety of chemicals found in Pomegranate are
accountable for the plant's extensive range of
pharmacological  applications  [9,24-27].  Silver
nanoparticles are one of the most prevalent nanoparticles
in this field, and they are thought to be potential
anticancer agents. Plants provide a variety of components
and biochemicals that can act as stabilizing and reducing
agents in the synthesis of green nanoparticles. When
compared to alternative biological, physical, and
chemical approaches, green synthesis technologies are
more environmentally friendly, non-toxic, cost-effective,
and stable [28,29]. The production of nanoparticles from
plant extract is a low-cost procedure that produces higher
yields because to the large amount of phytochemical
components in the extract, which can also act as reducing
and stabilizing agents, transforming metal ions into metal
nanoparticles [28]. Silver nanoparticles (AgNPs) are a
type of substance with diameters ranging from 1 to 100
nm and is widely studied [4,28]. Because of their
distinctive and appealing chemical, physical, and
biological features, there has recently been an increase in
devotion to the study of AgNPs and their diverse
behaviors [4,30-32].The silver nanoparticle is primarily
used for enhancing biomedical applications such as
medication administration, wound healing, tissue
scafolding, and protective covering. Furthermore,
nanosilver has a large accessible surface area, which
permits any ligand to connect to it. Silver nitrate is often
used as an antibacterial agent. A silver nanoparticle is a
novel and emerging antibacterial agent [28]. The
physical, chemical, and biological features of such a
nanoparticle are significant. Silver nanoparticles have
significantly more favorable effects, such as broad-
spectrum antibacterial response, non-toxicity, anticancer
characteristics, and other therapeutic reasons, as well as
the ability to generate distinct, diversified nanostructures
and low-cost manufacture [28]. Alternative and
sustainable extraction processes have been developed in
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recent years. These environmentally friendly and
efficient approaches yield high-yielding oils, resolving
the issues that existing technologies present [33,34].
Some of these technologies include supercritical fluid
extraction, aqueous extraction, enzymatic pre-treatment,
and extraction aided by ultrasound, microwaves, or
electrical pulses [33,35]. Microwave-assisted synthesis is
seen as an option to the aforementioned issues due to its
multiple advantages over the other synthesis methods,
such as low cost, shorter time for processing, increased
yield, high purity, and tiny particle size distribution,
among others. It also has a high degree of influence over
the end product shape and particle size [36]. In this
respect, pomegranate leaves extract-mediated synthesis
supported by microwave irradiation may serve as a quick
and easy way to produce Ag nanoparticles because NP
formation and development take place within just a short
amount period in the reaction medium, leaves extracts
raise NP capping rate, stabilization process is sped up,
and AgNP aggregates increase. A supercritical fluid is
used as a solvent in supercritical fluid extraction. Carbon
dioxide is the most commonly used because of its apolar
characteristics. Because the solvent is environmentally
friendly, inert, and safe, and it is quickly eliminated after
extraction with decompression, it is gaining appeal as a
green technology. In comparison to other approaches,
SFE solvent has a modulable dissolved potential that can
be adjusted by varying the pressure and temperature.
Furthermore, supercritical fluids have a larger diffusion
coefficient as well as less viscosity and surface tension
than liquid solvents, which favors mass transfer [37].
Accordingly, in this study, pomegranate leaves were
extracted using the SFE method, which is one of the
modern extraction techniques. The method was
optimized by performing biosynthesis of silver
nanoparticles using microwave method in different
volumes of the extract obtained with different
concentrations of AgNO; solution. The current study
aimed to produce a low-cost green synthesis of AgNPs
utilizing P. granatum leaf extract (PGE). With this study,
silver nanoparticles were produced from pomegranate
leaves collected in the province of Turkey-Trabzon,
which can be used as a basic source for the science and
medicine industries, including pharmacology, food, and
medicine. The goal of this study was to produce Ag
nanoparticles, which has become the focus, according
with the fundamentals of green chemistry. The synthesis
and characterisation of Ag nanoparticles from
pomegranate (Punica granatum L.) leaves extracted with
SFE by microwave techniques have not been investigated
in the literature. Therefore, the objective of this study was
to produce and characterize Ag nanoparticles for the first
time from pomegranate (Punica granatum L.) leaf extract
obtained by the supercritical extraction method and from
Turkey's Trabzon province using microwave-assisted
technology. Uv-Vis, FTIR, TEM, XRD, and DLS
techniques were then utilized to characterize the silver
nanoparticles produced in accordance with green
chemistry principles.
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2. Materials and Methods
2.1. Chemicals

Silver nitrate (AgNO;3 purity 99% Sigma Aldrich) salt
was employed as the starting material in this study. The
solvent used was deionized water. All compounds used
were of analytical quality and were utilized without
purification.

2.2. Preparation of Pomegranate Leaf Extract

Pomegranate (Punica granatum L.) leaves were gathered
in the Eastern Black Sea region (Trabzon, Turkey), dried
in an air-conditioned space, and then transported in little
pieces under suitable conditions. 20 g of the sample was
placed in a high pressure steel container fitted with an
Applied Separation supercritical extractor (Spe-ed SFE,
USA), a modifier (with co-solvent) pump (Applied
Seperation Series 1500), a chiller (Applied Seperation
Polyscience), and a pressure pump (Atlas Copco GX-
4FF). The sample is enclosed between the glass wool's
bottom and the container's top. The extraction was
carried out at a pressure of 200 bar and a temperature of
50°C for 2.5 hours, with an ethanol modifier flow rate of
0.5 mL/min.

2.3. The green fabrication of Ag nanoparticles

In this synthesis, 0.1, 0.2 mL of pomegranate leaf extract
solution, 20 mL, 0.25 mM, 0.5 mM and 1 Mm aqueous
AgNO; were added, and with a power of 90 W, 1-31
minutes, combined in a microwave extraction equipment
(Figure 1). The color of the combination changed rapidly
from colorless to light brown. The stability of the
produced AgNPs was measured for up to 4-5 months.
UV-vis measurements revealed a shift in the SPR of
AgNPs. Centrifugation is at 10,000 rpm for 15 minutes
(Hermle Z326K ) separated the produced AgNPs. The
pellets acquired were re-distributed and three times in
sterile deionized water to remove any free biomass
residue. The cleaned pellets were oven-dried at 50 C for
14 hours before being cleaned off for further character
analysis.

2.4. Characterization of AgNPs

UV-visible spectrum analysis, Zeta-sizer, FT-
IR ,TEM, XRDanalysis were used to analyze silver nan

oparticles.UV-Vis absorption spectroscopy is used to
identify nanoparticles with wavelengths that extend from
300 to 800 nm. Metallic nanoparticles produced under
specific salt conditions have significant absorption,
resulting in a point spectrum in the visible range [38].
UV-visible spectrum analysis was carried out using a
Perkin EImer Lambda 25 UV-visible spectrophotometer.
The UV spectral peaks of nanoparticles of silver were
reported to be between 400 and 480 nm in the literature
[39-41]. The spectrum characterizes the sample
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substances by providing absorption or transmittance as a
function of wavelength [42]. FTIR analysis is a viable,
cost-effective, easy, and non-invasive method for
identifying the role of biomolecules in the reduction of
nanoparticles (silver nitrate to silver) [43]. The produced
nanoparticles were analyzed using the FTIR
SHIMADZU instrument in the wavelength range of 4000
to 550 cmL. At the nanoscale level, transmission electron
microscopy (TEM) classified and confirmed the crystal
structure of material [44,45]. The crystalline AgNPs were
studied using a TEM (Hitachi HT -7700). XRD can be
used to examine the atomic structures of materials. This
technique is useful for determining the both qualitative
and quantitative levels of materials. XRD (XRD,
Panalytical X'Pert3 Powder) experiments was used to
identify and are able to from the size and structure of
crystalline nanoparticles [44,45]. XRD charts were
measured using Cu-K radiation (=1.54059) at 45 kV and
40 mA in the 10°-80° range. The Debye-Scherrer formula
was used to estimate the particle dimension of
nanomaterials from XRD data. By using dynamic light
scattering (DLS) (Malvern Zetasizer Nano ZSP
Analyzer, Malvern, UK), it was possible to determine the
size distribution and zeta potential of AgNPs in aqueous
suspension.

3. Results and Discussion

The UV-visible absorption spectrophotometer is the most
widely used instrument for studying the SPR. The
UV-visible spectroscopy analysis was utilized to observe
the sharp and intense SPR peaks, and the aqueous
pomegranate extract was employed to synthesis AgNPs.
The absorption band's intensity was found to be
promising as the consequence of the formation of highly
distributed nanoparticles. A correlation between the
generation of silver nanoparticles and the manipulation
of their size and distribution, as well as their production,
was demonstrated to be dependent on the solvent
employed for extract synthesis [46]. The biological
metabolites included in the extract have a big impact on
the size, shape, and optical properties of silver
nanoparticles [46]. The reaction solution's color changed
from yellowish-brown to reddish-brown in less than 31
minutes, clearly demonstrating the biological reduction
of AgNO; into AgNPs. (Fig. 1a). The color of
pomogranate leaf extract went dark once the aqueous
AgNO; solution was added, indicating the reaction had
begun. The characterisation of silver nanoparticles based
on the SPR (surface plasmon resonance) peak found at
430 nm provided proof that AgNPs had been successfully
synthesized. Furthermore, the biosynthesised PLE-
AgNPs showed stability for a longer time (4-5 months).
It is well known that the silver metal nanoparticle SPR
phenomenon makes AgNPs appear dark brown in water
[47].
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Figure 1. UV-vis spectra of Ag nanoparticles produced by microwave extraction with 0.25 mM AgNOsand in
different amounts of Pomegranate leaves extract [a) 0.1 mL,b)0.2 mL]
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Figure 2. UV-vis spectra of Ag nanoparticles produced by microwave extraction with 0.5 mM AgNOszand in
different amounts of Pomegranate leaves extract [a) 0.1 mL,b)0.2 mL]
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It demonstrates that reducing Ag* to Ag® by adding PLE
to an AgNOs; solution results in the production of silver
nanoparticles. A particularly noticeable deepening of
color which indicates the reaction's saturation within 31
min, is consistent with little agglomeration and good
particle dispersion in the media synthesis process [48].
Size, shape of the metal nanoparticles as well as those of
the surrounding medium affect the breadth and frequency
of the surface plasmon absorption. The stable position of
the absorbance peak at the appropriate wavelength
revealed that the generated PLE-AgNPs were not
aggregates, which is in line with earlier reports of
[47,49,50]. The PLE contains a variety of biological
organic molecules that are responsible for the reduction
and stabilization of AgNPs.

100 nm

Figure 4. TEM images of Ag nanoparticles synthesized
by microwave extraction method with 0.25 mM AgNO;
and 0.1 mL Pomegranate leaves extract (100 nm)

The sample TEM image of the Figure 4 shows a
representative TEM picture of the silver nanoparticles
that have been found. The monodisperse character of the
PLE-AgNPs was shown by the TEM Picture(Fig. 4).

% Transmittance
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‘Wavenumbers (cm-1)

Figure 5. FT-IR spectrum of PLE-AgNPs.
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The functional groups involved in the Pomegranate
leaves extract reduction of silver into the different AgNPs
were identified using FTIR analysis. Strong absorption
peaks were visible in the FTIR spectra of the produced
AgNPs and the aqueous Pomegranate leaves extract,
respectively, at 3210 cm™ 2935 cm™, 1552 ecm™, 1299
cmand 1041cm™. Different functional groups of the
Pomegranate leaves extract were likely involved in the
formation of the AgNPs, and they play a crucial role in
the process of capping and stabilization, which allows for
the AgNPs from agglomerating (Figure 5).

111
100001

Intencity (counts)

30 10 50 60 80

2 Theta (degree)

Figure 6. XRD analysis result of Ag nanoparticles
synthesized by microwave extraction method with
0.25 mM AgNOs and 0.1 mL Pomegranate leaves extract
(difraction peaks 20=38.1°, 44.3°, 64.6°, 77.6°
respectively)

Figure 6 displays the XRD pattern of the produced
AgNPs. The diffraction peaks at 2 theta were assigned to
the corresponding diffraction signals at 38.1, 44.3, 64.6,
77.6 were provided to the corresponding diffraction
signals at 111, 200, 220 and 311 respectively, which
show the face-centered cubic crystalline AgNPs (Joint
Committee on Powder Diffraction Standards; JCPDS no.
04-0783). Since these peaks are primarily oriented along
the (111) plane, the reflection (111) in Figure 6 has a high
intensity compared to the other reflections, which shows
the presence of silver nanocrystals [51]. Silver's
crystalline nature was established by X-ray diffraction
(XRD). The findings agree with earlier research
revealing comparable AgNP diffraction peaks [51,52].

Over a period of 4-5 months, the stability of the produced
PLE-AgNPs revealed no aggregation or significant SPR
change. Additionally, in order to determine the charge
and stability of the produced PLE-AgNPs, examined the
DLS and zeta potential. The zeta potential, which depicts
the surface charge of NPs and predicts interactions
between NPs, is a significant characteristic that can be
used to estimate the long-term stability of NPs in
suspension [51]. The zeta potential of dispersion
produced PLE-AgNPs in deionized water was -14+0.777
mV and the polydispersity index for gold nanoparticles is
0,257+0.004 (Figure 7(b)). Figure 7(b) shows that PLE-
AgNPs have a negative charge.
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Figure 7. Stability of synthesized PLE-AgNPs up to 3.5-
4 months and their (a) zeta potential and (b) particle size
distribution determined by DLS.

The repulsion between the particles, which is confirmed
by the negative charge on PLE-AgNPs, prevents
coalescence and agglomeration, supporting the long-term
stability of synthesized AgNPs.

Figure 7(b) shows the DLS size distribution image of
PLE-AgNPs. The produced AgNPs are poly-dispersed in
nature, as shown by the particle size distribution curve.
AgNPs have an estimated 86.02+0.5788 nm average
particle size distribution (Figure 7(b)).

4. Conclusion

Silver nitrate (AgNO3) was used as a source of Ag* ion
for the synthesis of Ag nanoparticles. The color change
of the solution from yellow to dark brown showed the
formation of Ag nanoparticles. Optimum conditions were
determined by measuring plasmon resonance (SPR)
absorption  spectra.  Silver  nanoparticles  were
successfully produced with 0.1 mL (0.25 mM) extract
volume. After 7 minutes of microwave application, in the
specific resonance band range of 90 W and around 400-
460 nm, 0.1 ml pomegranate leaf extract and silver
nanoparticles were successfully produced in Figure 1.
Pomegranate leaves extract under typical conditions
allowed for the quick, simple, economical and successful
synthesis of AgNPs in under seven minutes. The
pomegranate leaves extract polyphenol molecules
worked as stabilizing and reducing agents, respectively.
The potential use of synthesized PLE-AgNPs was
increased because they were discovered to be stable and
showed no symptoms of aggregation during storage for
up to 4-5 months. By acting and demonstrating a
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combined function as a reducing and capping agent for
the PLE-AgNPs, the organic phytochemicals present in
the leaf extract prevented the use of any hazardous
chemicals.
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Abstract

A large amount of sunflower production is carried out in our country. The 2,500,000 tons of sunflower
stalks that appeared after production pose a problem for our farmer. In order to clean up this environmental
problem from the field, sunflower stalks are destroyed by burning to warm up in winter, broken down and
mixed into the soil, or burned after harvesting. It is thought that by obtaining qualified, ecological and
naturally decomposing sunflower fiber from the stem of the sunflower plant, which is an agricultural waste,
it can increase the added value of agricultural products and contribute to the protection of the environment.
In this study, the anatomical characteristics of the stem of the sunflower plant were determined, and natural
lignocellulosic fibers were obtained from the sunflower stem by retting and decortication methods (fresh
stem, dried stem). Various physical, chemical and mechanical properties of these fibers have been measured.
For this purpose, FTIR (Fourier Transform Infrared Spectroscopy) analysis, XRD (X-Ray Diffractometer)
analysis and SEM (Scanning Electron Microscope) analysis were applied to the fibers obtained by different
methods. Thermal analyses were performed by TG-DTA (Thermogravimetric) analysis. In addition, fiber
strength, fiber fineness, fiber length and color measurements were made. The chemical content of the
obtained fibers (pectin, lignin, cellulose, hemicellulose) was determined. The properties of the fibers were
compared using the obtained data. As a result of the study, it has been seen that the characteristic properties
of the sunflower fibers obtained by the retting method are better. It has been determined that the elemental,
thermal and crystal structures of the fibers obtained by different methods are similar. It was concluded that
sunflower fiber will not be spun as a yarn, but can be used as a natural polymeric composite reinforcement
material.

Keywords: Helianthus annuus L., Sunflower stem, Bast fibers, Retting, Decortication, Fiber qualities

1. Introduction

The sunflower plant (H. annuus L.), which belongs to the

A large amount of waste is generated in the post-harvest
production area of most cultivated plants. The wastes of
plants such as flax, hemp, ramie and jute contained in
cellulosic bast fibers are an important source of raw
materials for the textile, composite and paper sector. By
evaluating these wastes, it is thought that by obtaining
qualified, ecological and naturally decomposing
sunflower fiber from the stem of the sunflower plant,
which is an agricultural waste, it can increase the added
value of agricultural products and contribute to the
protection of the environment. With the increase in
population in our world, natural cellulosic raw material
resources are gradually decreasing due to the fact that
agricultural areas are used more for the food sector [1].
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Asteraceae family, is an annual plant belonging to the
Helianthus genus in the Asterales order [2]. 136 genera
and 1345 species from the Asteraceae family grow in our
country. The largest number of endemic species are in the
Asteraceae family. It is one of the richest families in
terms of species and genera [3]. The sunflower plant,
which belongs to the Asteraceae family, is an annual
plant belonging to the Asterales order, Helianthus genus
and annuus species. The genus Helianthus has 51 species
and 19 subspecies in the world. 14 of these species are
annual and 37 are perennial [2]. There are two important
species of the Helianthus genus (Helianthus tuberosus L.,
Helianthus anuus L.) in our country. In our country, it is
known as giindondii, giinebakan and giingigegi [4].
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Sunflower grows in subtropical and temperate climate
conditions in July-August. It is a plant species that loves
light and sun. It grows in moist, organic matter-rich, well-
drained, neutral pH (6.5-7.5) soils with high water
holding capacity and mostly in arid and semi-arid
climates [2,5]. Sunflower, which has single and large-
headed capitula, contains a large number of achene.
Sunflower does not consist of a single flower, but
consists of 1,000 to 2,000 individual flowers connected
to the table base. It has a strong tap root structure that
spreads deep and wide. It can use water from 3 meters
deep with its root structure [2,6]. Although the sunflower
plant has many uses, it is an important raw material
source especially for animal feed, fertilizer, soap,
chemistry, cosmetics, paint, biodiesel, plastic and food
industries. Large amounts of oil sunflower are produced
in our country [6]. Sunflower stalks left in the field after
the sunflower plants produced in our country are
collected cause problems. The stems are collected from
the field and destroyed by burning to warm up in the
winter months, they are mixed into the soil by breaking
up or they are burned after harvesting [7].

In the current study, it is aimed to determine the
morphological properties of the sunflower stem and to
obtain natural lignocellulosic fiber from the sunflower
stem. In addition, examining the chemical, physical and
mechanical properties of the obtained fibers and the
details obtained has become another target. Two different
methods were used to obtain sunflower fiber: retting and
decortication of fresh and dried stems. The usability of
previously broken sunflower fiber as a polymeric
composite reinforcement material, its rights were
obtained, and the usability of these fibers in textiles was
emphasized. In addition, we will attach great importance
to increasing the recognition of fibers and disseminating
plant fibers obtained from management waste for the
future of many industries, especially textile. It is believed
that the research outputs will contribute to the literature
on reducing environmental pollution produced by plant
waste and producing soluble fiber that meets the need for
natural cellulose from the stems of the sunflower plant,
which are agricultural residues.

2. Materials and Methods

To obtain fiber from the stem of the sunflower plant, 75
kg of sunflower plants were collected from the Altinova
district of Balikesir province in August 2022. Since the
sunflower is harvested in August, this month was chosen
as the harvest time. 75 kg of plants were collected in 1
hour. Samples to be used in anatomical studies were
stored in 70% ethanol during fieldwork.

2.1. Anatomical Properties
The stem of the sunflower plant examined in the study

was kept in glycerin for 15 days to soften. Transverse and
longitudinal sections were taken as thin layers from the
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stored sunflower stem with the help of a razor blade. The
obtained sections were examined and photographed
using a LEICA DM 750 camera microscope.

2.2. Obtaining Fibers

In order for the fibers to be used for different purposes
after the harvest of the sunflower plant, first of all, the
fibers must be separated from the stems. The process of
separating the fibers from the stems was done by retting,
decortication (fresh stem, dried stem) methods. The
purpose of retting and decortication (dried stem, fresh
stem) methods is to easily separate the woody parts of the
stems and to expose the fibers [8].

2.3. Combing of Fibers

The resulting sunflower stems were combed to separate
the woody parts. Three different combs were used in the
study. First, the stems were passed through an 8 cm wide,
2-row, 36-tooth comb. Thus, the fiber was separated from
the woody regions (lignin). Afterwards, the fibers were
cleaned by combing again with two different combs with
finer and denser teeth (79 teeth and 124 teeth), thus
achieving a homogeneous and parallel appearance.

2.4. Characterization Analyzes

Various measurements were made to determine the
physical, chemical and mechanical properties of the fiber
obtained by different methods. The breaking strength,
breaking elongation, color properties, fiber fineness and
fiber length of the obtained fibers were examined.
Fourier transform infrared spectroscopy (FTIR), X-ray
diffraction (XRD) and Scanning Electron Microscope
(SEM) analyzes were applied for structural
characterization. Thermal analyzes were carried out with
TG-DTA (Thermogravimetric) analysis. The breaking
strength, elongation at break, color properties, fiber
fineness and fiber length of the fibers kept for at least 24
hours in the laboratory under standard atmospheric
conditions (20 °C + 2 °C temperature and 65% + 4%
relative humidity) were examined.

2.4.1. Chemical Content of Fiber

The determination of the chemical structure of sunflower
fibers was based on the "Chinese Textile Industry
Standard" in the study of Zhang et al. (2013) [9].
Sunflower fibers were dried in an oven at 100 °C for 4
hours to reach constant weight (WO0), then washed with
70% ethanol solution and dried. To determine the pectin
content, it was mixed with 0.5% EDTA (ethylene
diamine tetra acetic acid) solution in a magnetic heater
for 30 minutes. After being rinsed with pure water and
filtered, it was brought to a constant weight in the oven
at 100 °C for 4 hours and measured (W1). Pectin content
(%) was calculated using the formula below.
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To determine the hemicellulose content of the fibers, in
the next step, the pectin-free samples were washed with
acetone, rinsed with pure water, dried and mixed with 0.5
M HCI at boiling point with a magnetic heater for 60
minutes. After being rinsed with pure water and filtered,
it was dried in an oven at 100 °C for 4 hours and its
weight was measured (W2). Hemicellulose content (%)
was calculated using the formula below.

W W,

(2.2)

% Hemiseliiloz = * 100

0

The fibers, which were kept in 72% sulfuric acid solution
for 24 hours at room temperature to determine their
cellulose content, were then vacuum filtered and rinsed
using a sintered glass filter funnel (por 3). The fibers were
dried in the oven and their weight was measured (W3).
The amount of Klason lignin was also calculated by
sulfuric acid treatment. Calculations (% Cellulose, %
Lignin) were made using the formulas below.

— W-

% Selilloz = T3 «100 (2.3)
0
Ws
% Lignin = T 100 (2.4)
0

2.4.2. Fiber Length

Sunflower fibers were combed and cleaned, and after
making them homogeneous and parallel, the length of the
resulting fibers was measured with the help of a ruler.

2.4.3. Fiber Fineness

The Metric System (Nm) was used to determine the fiber
fineness. It was calculated by finding the length value in
meters of a textile material weighing 1 gram. Since the
thickness of the upper and lower parts of the plant's stem
are different, the weight of 5 fibers, 8 cm long, was
measured from both the lower and upper parts. This
measurement was made twice and the weight average
was taken.

2.4.4. Color Measurement

“Hunter Lab UltraScan PRO" brand color measurement
device was used to determine the color changes in the
fiber. L*, a* and b* color values of sunflower fibers
obtained by three different methods were obtained. The
L* value is in the range of 0-100 and 0 indicates black
and 100 indicates white. In addition, a* and b* color
values are used for the determination of darkness [10].
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2.4.5. Fiber Strength

Strength measurement was carried out with testXpert I
software on the “Zwick Roell Z010” device. Jaw gap was
100 mm/min, head speed was 100 mm/min and no pre-
tension was applied. By making 10 measurements from
each production method, the breaking strength (cN/dtex)
of sunflower fiber and the standard deviation and
coefficients of variation (%CV) of these values were
obtained.

2.4.6. XRD (X-Ray Diffractometer) Analysis

XRD analysis was performed to determine the crystal
structure of fibers obtained from sunflower stalks by
different methods. The fibers are ground and ground into
powder. Approximately 2 g of sample was performed on
a Panalytical/ Empyrean model (Ni filtered CuKa beam
source) X-ray diffraction device that can operate at 40 k\V
and 40 mA. Scanning was performed between angles of
10°-80° at a speed of 2°/sec.

24.7. FTIR (Fourier Transform Infrared

Spectroscopy) Analysis

FTIR analysis was performed to determine the molecular
structure of sunflower fibers. It was carried out with a
Perkin Elmer Spectrum1400 brand spectrometer in the
scanning range of 4000-650 cm-1 and at room
temperature. The test was performed at 4 cm™ resolution.

2.4.8. TG-DTA (Thermogravimetric) Analysis

TGA analysis was performed to determine thermal and
gravimetric changes of sunflower fibers. It was carried
out on EXSTAR TG/DTA7300 brand thermo
gravimetric analyzer in nitrogen environment between
25-600°C temperatures at a heating rate of 10°C/min. The
analysis result was calculated by taking as reference the
curve of change of mass against time and temperature.

2.4.9. SEM (Scanning Electron Microscope) Analysis

In the SEM analysis, the fibers obtained by different
methods and the transverse and longitudinal sections of
the sunflower plant stem were placed appropriately on
double-sided adhesive carbon tapes.

3. Results and Discussion
3.1. Anatomical Properties

The fibers in dicotyledonous sunflower plant stems,
which have a secondary structure, are divided into three
groups: primary and secondary bast fibers and xylem
fibers [11]. The development of these three structures is
independent of each other. Primary fibers are longer and
of higher quality than secondary fibers and xylem fibers
[12]. When viewed in cross section, it consists of
protective tissue, cortex and central cylinder parts. The
cortex is divided into two: primary cortex and secondary
cortex. The primary cortex consists of primary phloem.
There are sclerenchyma fibers in this part and these fibers
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are also called primary bast fibers. Secondary cortex
consists of secondary phloem. There are phloem
scleranchyma cells in the secondary phloem. The fibers
formed in the phloem sclerenchyma are called secondary
bast fibers. These fibers provide support to the phloem
[13].

It consists of the central cylinder, secondary xylem and
soft core. The soft core consists of spongy parenchymatic
cells. There are sclerenchyma cells in the secondary
xylem and therefore they are called xylem fibers [13].

Anatomical findings of the sunflower fibers examined in
this study are given in Figures 1. and Figure 2. Transverse
and longitudinal microscopic images of the sunflower
stem.

Figure 1. Helianthus annuus L. 10x magnified
longitudinal sections of the stem of the plant (ep:
epidermis, xy: xylem, ph: phloem, par: parenchyma, pt:
pith)

Figure 2. Helianthus annuus L. 10x magnified cross-
section of the stem of the plant (ep: epidermis, xy: xylem,
xyf: xylem fibers, ph: phloem, phf: phloem fibers, pf:
primary fibers, par: parenchyma, pt: pith)

3.2. Obtaining Fibers

Since the fibers are very fragile, few and short fibers were
obtained during the scans performed in the decortication
(dried stem) method. In the retting method, less brittle
and longer fibers were obtained compared to the
decortication method (fresh stem, dried stem).
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In this study, since the retting method produces less
brittle and longer fibers than other methods, fiber was
obtained by the retting method twice to calculate the fiber
yield. As a result, 92 grams of fiber was obtained from
832 grams of sunflower stalks, vyielding 11.6%
efficiency.

3.3. Chemical Content of Fiber

In experimental studies conducted to determine the
chemical content of sunflower fiber;

In the fibers obtained by the retting method, the cellulose
rate was found to be 47.7%, the hemicellulose rate was
13.1%, the lignin rate was 31.1%, and the pectin rate was
12%. In the fibers obtained by the decortication (fresh
stem) method, the cellulose rate was found to be 48.8%,
the hemicellulose rate was 16.4%, the lignin rate was
21.7%, and the pectin rate was 13.7%. With the method
obtained by decortication (dried stem), the cellulose rate
in the fibers was found to be 55.5%, the hemicellulose
rate was 19%, the lignin rate was 19.8%, and the pectin
rate was 10.5%.

Fibers obtained from sun-dried stems were found to have
a higher cellulose content than fibers obtained by other
methods. Fibers obtained by retting method were found
to have higher lignin content than fibers obtained by
other methods. In addition, the cellulose ratio was low
because the lignin was not removed sufficiently in the
retting method. Chemical structure; Harvest time may
vary depending on the climatic conditions in which the
plant is grown, soil structure and the methods in which
the fibers are obtained.

3.4. Fiber Length

The longest fibers were obtained by the retting method
(16-37 cm). During scanning, it was determined that the
shortest fibers were obtained by the decortication (dried
stem) method (6-15 cm) since the fibers were fragile.

3.5. Fiber Fineness

According to the findings, the thickest fibers were
obtained by the retting method and the thinnest fibers
were obtained by the decortication (dried stem) method
(Table 1.). It has been determined that it consists of
thinner fibers than the upper part of the stem and thicker
fibers than the lower part of the stem.

Table 1. Fiber fineness results according to the fiber
obtaining method

Lower part
Method Upp(ter pa:\lt of the of the stem
stem (Nm) (Nm)
Retting ~4,2 ~3,7
Decortication ~10,5 ~45
(fresh stem)
Decortication ~14,8 ~5,9

(dried stem)
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3.6. Color Measurement

In this study, the a * value in the color system is between
4 and 7; It was determined that the b * value varied
between 19 and 30 and all a * and b * values obtained as
a result of the measurement were positive (Table 2).
Accordingly, the fibers obtained by decortication (dried
stem) method are closer to red tones than the fibers
obtained by retting and decortication (fresh stem); It is
concluded that the fibers obtained by decortication (fresh
stem) are closer to yellow tones than the fibers obtained
by retting and decortication (dried stem). It is seen that
the illuminance value (L*), which varies between 0 and
100, varies between 56 and 67 according to this study.
According to the L* values determined as a result of the
measurements of the fibers obtained by all three methods,
the fibers obtained by the retting method were lighter in
color than the fibers obtained by the decortication (fresh
stem) and decortication (dried stem) methods. It was
observed that it was darker in color than the fibers
obtained by decortication (fresh stem) methods.

Table 2. Color measurement results of sunflower fibers
according to the method of obtaining the fiber

Method L* a* b*
Retting 67,11 4,15 19,18

Decortication 64,55 7,07 30,24

(fresh stem)

Decortication 56,88 7,95 23,08

(dried stem)

3.7. Strength Property

It is observed that the variation of the values obtained for
the breaking strength is high. The reason for its high
variation is that the thickness of the upper and lower parts
of the sunflower plant's stem is different and the fibers
are not uniform and homogeneous along their length.
Fibers obtained by retting method have higher breaking
strength values. Fibers obtained by decortication (dried
stem) method were found to have the lowest breaking
strength.

Table 3. Strength results of sunflower fibers

Method Breaking strength (cN/tex)
Average Standard % CV
deviation
Retting 6048 1715,68 28,37
Decortication ~ 2699,90 814,81 30,18
(fresh stem)
Decortication 811,70 339,98 41,88

(dried stem)
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3.8. XRD (X-ray diffractometer) Analysis

XRD analysis curves applied to examine and compare the
effect of the internal structure of fibers obtained from
sunflower stems by 3 different methods are shown in
Figure 3. The intensities of the peaks showing (110) and
(002) crystal structures varied between methods. When
the peak intensities of sunflower fibers were examined, it
was determined that the highest intensity was in the fibers
obtained by the retting method, and the lowest intensity
was in the fibers obtained by the decortication (dried
stem) method. XRD measurements showed that
sunflower fibers have similar crystal structures between
the production methods.

Figure 3. XRD curves according to the methods of
obtaining sunflower fibers (Red- Retting, Blue-
Decortication (fresh stem), Green- Decortication (dried
stem)

39. FTIR  (Fourier
Spectroscopy) Analysis

Transform Infrared

FTIR spectra of sunflower fibers obtained by 3 different
methods are seen in Figure 4. The peaks in the FTIR
spectrum show the functional groups of the basic
components of cellulosic fibers such as cellulose,
hemicellulose, lignin and pectin [14].

The peaks formed in the absorption bands between
3287.3-3319.5 cm? in the FTIR spectra show O-H
voltage Decibels and alcohol groups. The presence of C-
H group tension or CH, and CHs; vibrations [15]. in
cellulose and hemicellulose components was observed to
occur in the absorption band of 2898.8; 2876.6-2953.1;
2852.5-2912.9. There has been a change in the fibers
obtained by decortication (dried stem) method in these
bonds. This is because weight loss occurs due to the
removal of water. The absorption between 1729 and
1733.1 cm! belongs to the ester group in hemicellulose
or the carbonyl (C=0) group of the bond vibration of
carboxyl acid (R-COOH) in lignin [16]. This bond was
broken down by the effect of microorganisms during the
retting method. The peaks seen in the other absorption
band showed that they had similar elemental properties
according to different production methods.
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Figure 4. FTIR spectra according to the methods of
obtaining sunflower fibers (a-Retting b- Decortication
(fresh stem) c-Decortication (dried stem))

3.10. TG-DTA Analysis

The graphs obtained as a result of TG-DTG analyzes
performed to determine the temperature resistance of
fibers are given in Figure 5. The weight loss of fibers
obtained by 3 different methods occurs as a result of
multi-step reactions. Differences in the number of
deteriorations are due to dehydration, decomposition
events and material removal in the fibers. It is understood
that this weight loss continues continuously with
increasing heating rate and this process continues until
the final temperature of 600°C.

When the basic decomposition temperature was
compared, it was seen that it started and ended at
approximately the same temperatures for all fibers.

The greatest weight loss is very slow up to 200°C, the
slope between 250°C and 350°C indicates very rapid
weight loss. However, as a result of the analysis, it is seen
that the weight losses in the fibers are approximately the
same. As a result, it was found that the thermal behavior
and stability of fibers obtained by 3 different methods
were similar.
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Figure 5. TG graphs according to the methods of
obtaining sunflower fibers (a- Retting b- Decortication
(fresh stem) ¢ -Decortication (dried stem))
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3.11. SEM (Scanning Electron Microscope) Analysis

SEM microscopic images of transverse and longitudinal
sections of the fibers are shown in Figure 6-7-8-9.
Accordingly, the fiber thickness of sunflower fibers
varies along the fiber. It contains many fibrils in the fiber
and it is seen that the fibers are arranged in a parallel way
and there is no space between them. The fiber is in the
shape of a polygonal cavity (lumen) in the cell center. It
was determined that there are many spherical pits on the
surface of the fibers. Looking at the sunflower fiber, it is
seen that the rough fiber surface and its surface are
covered with impurities. Since the surface of the
sunflower fibers obtained by retting method is covered
with more substances compared to the fibers obtained by
decortication (dried stem) and decortication (fresh stem)
methods, the visibility of the pores has decreased.

Figure 6. Longitudinal section SEM images of the fiber
obtained by retting method from the stem of Helianthus
annuus L. plant

Figure 7. Longitudinal section SEM images of the fiber
obtained by decortication (fresh stem) method from the
stem of the Helianthus annuus L. plant
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Figure 8. Longitudinal section SEM images of the Tiper
obtained by the decortication (dried stem) method from
the stem of Helianthus annuus L.

Figure 9. Cross-sectional SEM images of the fiber
obtained from the stem of the Helianthus annuus L. plant

4. Conclusion

As a result of the study, when the properties of natural
lignocellulosic sunflower fiber were compared, it was
seen that the characteristic properties of the fibers
obtained by the retting method were better. It has been
determined that the elemental, thermal and crystalline
structures of the fibers obtained by different methods are
similar.

The purpose of cultivation of plants such as flax, hemp
and jute is important. Farmers cultivate for their intended
use. Sunflower is not used as a fiber plant, it is generally
cultivated for oil production. The primary aim of farmers
is to ensure oil yield. If fiber production is targeted, the
added value of the fiber must be revealed and its
economic study must be carried out. Additionally,
farmers should be informed about the main and
secondary uses of the fibre.
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Planting and harvesting times should be planned
according to the intended use. At harvest time, the fibers
obtained from the stems of the sunflower plant are thick
and hard due to the high amount of lignin. It is thought
that when sunflower stalks are collected earlier than the
harvest time, thinner, spinnable fibers can be obtained
and these fibers can be used in the textile industry. Since
the sunflower fiber obtained at harvest time will not be
spun into yarn, it can be used as a natural polymeric
composite reinforcement material. Nowadays, the use of
natural fibers of plant origin in composite materials is
increasing. The use and superior properties of composite
materials in many areas come to the fore. The qualified,
ecological and biodegradable properties of sunflower
fiber will contribute to increasing the added value of
agricultural products and protecting the environment.
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Abstract

Parastigmaeus urmiaensis Mohammad Doustaresharaf and Bagheri, 2019 is founded for the first time from
Tiirkiye and new report to genus Parastigmaeus the mite fauna of Tiirkiye. One female specimen of the
species is collected from soil and litter under Spartium junceum (Fabaceae) in Manisa province, Tiirkiye.
P. urmiaensis is redescribed and illustrated based on the adult female.

Keywords: Acari, New report, Parastigmaeus, Raphignathoidea, Tiirkiye.

1. Introduction

Members of the family Stigmaeidae are known predators
and found in all biogeographical regions though most of
them were discovered in the Palearctic, Nearctic,
Afrotropical, Australian, Oriental regions [1].

The family Stigmaeidae is known has got in large
quantities genus and species in the superfamily
Raphignathoidea and includes about 636 species in 34
valid genera [2-5], of which 11 genera and 131 species
are recorded from Tiirkiye, namely Agistemus Summers,
1960 (3 species), Cheylostigmaus Willmann, 1951 (9
species), Eryngiopus Summers, 1964 (4 species),
Eustigmaeus Berlese, 1910 (28 species),
Ledermuelleriopsis  Willmann, 1953 (14 species),
Mediolata Canestrini, 1889 (9 species), Prostigmaeus
Kuznetsov, 1984 (3 species), Stigmaeus Koch, 1836 (50
species), Storchia Oudemans, 1923 (5 species), Villersia
Oudemans, 1927 (1 species) and Zetzellia Oudemans,
1927 (5 species) [3-13].

Parastigmaeus is a small genus, in family Stigmaeida,
with three described species in the world [14-17], namely
Parastigmaeus capensis Meyer, 1969 (South Africa), P.
andreae Khanjani and Ueckermann, 2002 (Iran) and P.
urmiaensis Mohammad Doustaresharaf and Bagheri,
2019 (Iran). In this study, new report to genus
Parastigmaeus Kuznetzov, 1984 the mite fauna of
Tiirkiye.
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A new record of Turkish fauna Parastigmaeus
urmiaensis Mohammad Doustaresharaf and Bagheri is
illustrated and redescribed based on the adult female.
Similarities and differences were discussed by comparing
them with the type locality (Iran) of the species.

2. Materials and Methods

The specimens were collected from soil and litter under
Spartium junceum, Manisa province, Tirkiye, and taken
to the laboratory in plastic bags and extracted by Berlese-
Tullgren funnels for 7 days. Mites were collected in 70%
ethanol and mounted on slides in modified Hoyer’s
medium. The mite specimens were measured and drawn
by means of a research microscope (Nikon Eclipse E
400). The setal nomenclature follows those of Kethley
(1990) and Grandjean (1944) [18, 19]. All measurements
were given in micrometers (um). Measurements of legs
were taken from base of coxa to tips of tarsal claws. The
specimens are deposited as slide mounted in the
(CBZM), Manisa,Tirkiye. See Zhang (2018) for
abbreviations [20].

3. Results and Discussion
Genus Parastigmaeus Kuznetzov, 1984

Parastigmaeus Kuznetzov, 1984: 1105; Ueckermann and
Meyer, 1987: 50; Fan, Flechtmann and De Moraes,
2016: 106 [15, 21].

Type species: Pseudostigmaeus capensis Meyer, 1969
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Parastigmaeus urmiaensis Mohammad
Doustaresharaf and Bagheri, 2019

Diagnosis: Subcapitular setae nvery long, prodorsal
shield divided, with three pairs of aggenital setae, tarsus
111 with 7 setae, tarsus IV with a small solenidion [17].

Description: Female (n = 1) (Figs 1, 2).
Length of body (excluding gnathosoma) 414, width 216.

Gnathosoma (Figs 1A, B, 2E). Chelicerae 99, fixed digit
78, moveable digit 83. Ventral subcapitulum smooth,
with two pairs of subcapitular setae, m 26 and n 65 and
two pairs of adoral setae, orl 10 and or2 10. Palp 104,
trochanter without seta, femur with three setae, genu with
one seta, palp tibia with well-developed claw + one seta-
like accessory claw and two setae, palp tarsus with one
terminal tridentate eupathidium + one subterminal simple
eupathidium + one solenidion + four simple setae.

Dorsum of idiosoma (Fig. 1A). Prodorsum with three
pairs of setae (vi, ve and sci); prodorsal shield divided to
two large shields, each shield with an eye; setae vi and ve
located on prodorsal shields but setae sci on small shield
contiguous prodorsal shield; hysterosoma without shields
except suranal shield of which is smooth, entire and
bearing two pairs of setae (h1 and h2), seta h2 the longest
of dorsal setae. Rest of hysterosomal setae on very small
platelets. Lengths and distances of dorsal idiosomal setae
as follows: vi 23, ve 42, sci 34, c1 23, c2 36, d1 18, d2
17, e1 18, e2 17, f 26, h1 36, h2 44, vi-vi 47, vi-ve 21,
ve-ve 81, ve-sci 65, sci-sci 161, sci—c1 47, c1-c1 55, c1-
c2 70, c2—c2 169, c2-d1 78, d1-d1 91, d1-el 65, el—el
44, el-e2 62, e2-e2 138, e1-f 29, ff 75, f~h1 42, h1-hl
36, h1-h2 23, h2-h2 83.

Venter of idiosoma (Fig. 1B). Endopodal shield absent;
ventral setae includes 1a 13, 3a 16 and 4a 16; one pair of
long genital setae g1 21 present; anogenital area striated,
with three pairs of aggenital setae agl 13, ag2 13, ag3 31
and pseudanal setae psl 26, ps2 26, ps3 29.

Legs (Figs 2 A-D). Length of legs (from base of coxa to
tip of tarsal claw) leg 1 195, leg 11 169, leg 111 156, leg IV
164. Chaetotaxy of leg segments: coxae 2-1-2-2,
trochanters 1-1-1-1, femora 4-4-2-2, genua 3(+1x)-1-0-0,
tibiae 5(+1pp)-5(+1pp)-5(+1pp)-5(+1pp), tarsi 13(+1w)-
9(+1w)-7(+1w)-7(+1w). Length of solenidia: wl 8, wll 7,
olll 4, w IV 2.

Male: Unknown.
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Material examined. One female collected from litter

and soil under the Spartium junceum, 94 ma.s.l., 38° 54’
09"N 27° 48" 23"E, Akhisar district, Manisa province, 09
November 2020, Tiirkiye, coll. M. Akyol.

Discussion

Parastigmaeus urmiaensis Mohammad Doustaresharaf
and Bagheri, 2019 was described for the first time from
Iran and collected from soil, (altitude 1775 m as.l.)
Urmia, West Azerbaijan province, Iran [17]. In this
study, the samples collected from soil and litter under
Spartium junceum (altitude 94 m as.l.) in Akhisar
district, Manisa province, Tiirkiye.

The body size of 385 (356-370) long and 195 (164-172)
wide in the Iranian specimens; 414 long and 216 wide in
the Turkish specimens. Body size of the Turkish
specimen is bigger than the Iranian specimens.

The Turkish specimen resembles the Iranian specimens,
but some measurements of body setae (ve 42, sci 34, cl
23,c2 36, 217,126, 1a 13, 3a 16, 4a 16, g1 21, agl 13,
ag2 13, ag3 31, ps3 29 in the Turkish specimens) are
different from the type specimens (ve 38 (32-34), sci 25
(21-22), c1 19 (16-20), c2 26 (25-28), e2 12 (12-13), f
20 (18-20), 1a 23 (21-25), 3a 25 (22-23), 4a 19 (17-20),
gl 38 (37-40), agl 15 (16-18), ag2 17 (15-18), ag3 25
(22-23), ps3 23 (24-25) in the Iranian specimens). Also,
setae sci on small shield contiguous prodorsal shield in
the Turkish specimen whereas setae sci on integument in
the Iranian specimens.

P. urmiaensis was found from the type locality (Iran)
[17]. This is the second report of this species and a new
record for the Turkish fauna.
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Figure 1. Parastigmaeus urmiaensis Mohammad Doustaresharaf and Bagheri (female): A. Dorsal view of idiosoma;

B. Ventral view of idiosoma.

369



y

J

Celal Bayar University Journal of Science
Volume 19, Issue 4, 2023, p 367-371
Doi: 10.18466/chayarfbe.1367147

M. Akyol

Figure 2. Parastigmaeus urmiaensis Mohammad Doustaresharaf and Bagheri (female): A. Leg I; B. Leg II; C. Leg
I1I; D. Leg IV; E. Palp.
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Abstract

This study was performed on the masks which started to have vital importance after the Covid-19 which
were first seen in China at the end of 2019 and spread all over the world in a short time and became a global
epidemic. By examining the structural and morphological properties (number of layers, fabric properties
used in different layers, average fiber diameter, fiber distribution, average porosity diameter, etc.) of
different masks procured from local producers, air permeability, water drop and particle permeability were
investigated. Structural and morphological properties of different layers of masks were observed through
SEM analysis. The air permeability analysis of the masks was performed at 100 pascals pressure, in an area
of 5 cm? in 4 repetitions using Textest-Fx 3300 Air Permeability Device. The water drop permeability
analysis was carried out with 0.3 pM NaCl solution under standard atmospheric conditions in a non-
pressurized environment. A crocmeter was used for particle permeability analysis. And it was tested
whether the fine particulate dust passed to the back of the mask. It has been determined that the air
permeability, water drop and particle permeability behavior of the masks with different structural and

morphological properties are very different.

Keywords: Areal density, Air permeability, Fiber diameter, Mask, Meltblown nonwoven, Spunbond

nonwoven, Water drop permeability

1. Introduction

Surgical masks have been used since the early 1900s to
minimize the risk of infection and to keep the current
epidemic under control [1-3]. Health scientist Carl
Friedrich Fligge (1847-1923) and his team who were
working on tuberculosis and droplet infection in Breslau
first suggested in 1897 the use of mouth bandages to
prevent droplets scattered around [2]. This mouth
bandage recommended had a single layer and is made of
cotton gauze [2].

The first use of surgical masks started in the operating
rooms in Germany and America in the 1920s. Following
World War, research were carried out on face masks.
These studies generally focused on the thickness of face
masks made of gauze and fabric. In the 1940s, washable
and sterilizable masks consisting of different number of
layers were accepted and widespread in Germany. In the
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mid-1960s, disposable paper masks were first produced
in America and spread all over the world [2,4]. Again in
the 1960s, disposable synthetic nonwoven masks were
produced in America and their use became widespread
[5, 6].

As is known, Covid-19, which was first seen in China,
and spread and turned into a global epidemic in a short
time, affected all humanity and caused the death of nearly
7 million people [7-9]. Due to the Covid-19 pandemic
surgical masks came into our life and became one of our
most effective weapons in order to protect against the
virus and keep its spread under control [10]. It is reported
in the studies performed that virus protection can reach
over 90% if all people in the society wear masks properly.
When an infected person does not wear a mask and a
normal person wears a mask, the transmission rate
reaches 70 percent, and in cases where only the infected
person wears a mask, the transmission rate reaches 5
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percent [11]. However, since it is not known who is
infected and who is not, everyone needs to wear a mask.
The mask prevents getting sick by preventing the virus
from entering the body. Or, it causes the person to
encounter less virus and thus overcome the disease more
mildly [12, 13].

The rapid spread of the Covid-19 pandemic all over the
world and the fact that the world was caught unprepared
caused in the first instance the need for masks to be not
met all over the world. Later, after mask manufacturers
and even local apparel manufacturers had started to
manufacture, the need for masks was able to be met [14,
15]. The need for a large amount of masks in a short time
due to the pandemic has caused a large amount of
uncertified masks to be produced and put on the market
[16, 17].

Masks are produced with different certifications in
different countries. These certificates guarantee and
standardize the filtration efficiency at certain levels.
These masks are divided into different mask classes
according to their filtering efficiency. [16-18]. One of the
certificates widely used in certified mask production is
the European Union standards [18]. Certified face masks
are subject to the European Union EN 14683 Standard.
And according to filtration efficiency, there are classes
such as Type I, Type Il (Medical face masks) and Type
IR (Fluid resistant surgical face masks). Type | and Type
Il are suitable for medical use, but are not suitable and
sufficient for clinical environments. For clinical settings,
Type IR is the appropriate class [18, 19].

Masks with higher filtration efficiency are masks that fall
into the Personal Protective Equipment class (FFP) and
are subject to the European Union EN 149-Al Standard.
These masks have three classes according to their
filtration efficiency: FFP1, FFP2 and FFP3 [18, 19].
These masks provide protection against biological
aerosols (including bacteria and viruses) suspended in the
air. FFP3 mask has fluid resistant feature like Type IIR
mask. Masks, which are classified as Personal Protective
Equipment (FFP), are produced mostly for healthcare
professionals [18, 19].

Spunbond and meltblown nonwoven surfaces are used in
the production of disposable multilayer nonwoven
masks. Techniques for obtaining spunbond nonwoven
surface and meltblown nonwoven surface are different
techniques. The most obvious differences between these
two processes are:

* Temperature and speed of air used in thinning the
filaments

» It is where the filaments are pulled and the thinning
force is applied.
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Due to these technical differences; meltblown nonwoven
production technique is more ideal for microfiber
production. However, it does not provide the necessary
polymer orientation to create good physical properties.
Spunbond nonwoven production technique is not ideal
for microfiber production. However, it provides the
necessary conditions for improving polymer orientation
and physical properties. Although the initial investment
cost of the meltblown nonwoven production technique is
much lower than the spunbond nonwoven production
technique, the meltblown nonwoven production cost
increases several times the spunbond nonwoven
production cost due to the effect of the energy cost used
during production [20, 21].

The middle layer of the three-layer mask must have a
filtering feature. The outer and inner layers should be
made of spunbond nonwoven surface, and the middle
layer should be made of meltblown nonwoven surface,
which performs the main filtering function [22-25].
Masks that use a spunbond nonwoven surface in all
layers without a meltblown nonwoven layer provide less
protection against the virus. Again, fabric masks provide
limited protection [26, 27]. The filtration performance of
masks is closely related to parameters such as areal
densities of the meltblown and spunbond layers used,
fiber diameter, fiber distribution, and porosity size [28].

2. Materials and Methods
2.1.Materials

1 unit single-layer fabric mask produced from 100 %
cotton (Mask 10) and 9 different surgical face masks
were purchased from local vendors.

2.2.Methods

The areal density is to determine the mass per unit area.
The areal density of nonwoven was calculated according
to the following Equation (1),
Da=m/A (@)
where Da is areal density (g/m?), m is mass (g) measured
by an electronic balance, and A is area (m? ). Five
measurements were taken and the average value was
calculated [29].

Surface morphologies of spunbond nonwoven,
meltblown nonwoven and cotton fabrics in the layers
forming surgical masks were observed with SEM
(scanning electron microscope). In addition, the average
fiber diameter was calculated by taking 4 different
measurements. While examining the different layers of
the surgical masks, 4 different measurements were taken
from the maximum porous areas and the average porosity
diameter was calculated.
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The air permeability analysis of the masks was performed
at 100 pascals pressure, in an area of 5 cm? in 4
repetitions using Textest-Fx 3300 Air Permeability
Device.

The water drop permeability analysis was carried out
with 0.3 uM NaCl solution under standard atmospheric
conditions in a non-pressurized environment. The
movement of the water droplet on the mask surface was
observed for 4 hours in nonwoven surgical masks and
until it is absorbed from the surface and disappears
completely in the cotton single layer mask.

A fine powder was used as the particle in the particle
permeability analysis. The analysis was carried out using
an equal amount of powder for each mask using a
crocmeter (Figure 1). The purpose of using the
crockmeter device is to provide a pressurized

environment in particle permeability analysis.

Figure 1. Crocmeter

3. Results and Discussion

3.1. Surface  Analysis with  SEM  (The
Relationship Between Average Fiber Diameter, Fiber
Diversity, Fabric Feature and Porosity)

9 of the 10 masks examined are made of nonwoven
fabric, each of which is 3-layer surgical face masks. And
the layers of each mask (outer / middle / inner layers)
show different properties (in terms of weight, average
fiber thickness and fiber distribution, porosity). In some
masks, spunbond polypropylene nonwoven fabric is used
in all three layers, while in others, meltblown
polypropylene nonwoven fabric is used, which performs
the main filtration function, in the middle layer.
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One of the masks is a single layer mask made of 100%
cotton fabric (166 g/m?) fabric. In the SEM analysis
performed, it was found out that two different fiber
groups (with different average fiber diameters) had been
used in different layers of some masks (mask no 1,2,3,4,5
and 9) in which spunbond polypropylene nonwoven
fabric had been used. In some masks, nonwoven surfaces
were obtained by using a single fiber group (masks no
6,7,8,10). When the relationship between the pore size
and the properties of the fiber used (such as fiber
diameter, using more than one fiber group with different
diameters together in fabric production) is examined, it
has been observed that the spunbond nonwoven fabrics
manufactured using coarser fibers (with higher fiber
diameters) have higher porosity size.

Again, much smaller porosity was observed in spunbond
nonwoven fabrics where two different fiber groups with
different fiber diameters were used. In these fabrics
where two different fiber groups are used, the porosity
decreases to much more lower degree, as the pores
formed at the intersection points of the fibers with higher
fiber diameter are covered with other fibers with much
smaller fiber diameter. This can clearly be seen in Figure
2 and Figure 3.

The critical factor here is the amount of difference
between the fiber diameters of the two different fiber
groups. The smaller the diameter of the fiber (hano size
or 1-2 pum size) used in the production of spunbond
nonwoven fabric, the lower the porosity is.

It is observed in SEM analysis that in the masks where
meltblown nonwoven fabric is used in the middle layer,
fibers with much smaller fiber diameter (between 0.6 nm
and 1-2 um) are used, so the porosity is much lower. Such
that, it is seen that the porosity level of some meltblown
layers is so low that cannot be detected or measured
(Figure 4). This confirms that masks with a meltblown
nonwoven middle layer are more protective.

According to the results of SEM analysis, the average
fiber diameter in a single layer mask made of 100%
cotton fabric is 14.12 um. And the average porosity
diameter is 119.7 pm (Figure 5).
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Figure 5. Image of 100% cotton fabric mask surface
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3.2. Air Permeability Analysis

The air permeability analysis of the masks was performed
at 100 pascals pressure, in an area of 5 cm? in 4
repetitions using Textest-Fx 3300 Air Permeability
Device.

According to results of air permeability analysis, the
permeability of the surgical face mask with meltblown
nonwoven layer (85.5-189.25 I/m?/sec) are much lower
that of the masks without metlblown layer and all three
layers of which are made of spunbond nonwoven fabric
(360.25-950.25 I/m?/sec). Considering their air
permeability, it can be said that surgical masks with
meltblown nonwoven layers are more protective than
surgical masks without meltblown nonwoven layers and
3 layers of which are made of spunbond nonwoven
fabrics.

—f— Average Pore Dia (um)
—&— Air Permeability (I/m2/sn)

200
150
100

1000
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600
400
50 200

Mask 1
Mask 2
Mask 4
Mask 5
Mask 6
Mask 7
Mask 8
Mask 9
Mask 10

Average pore dia (um)
o
Mask 3
o
Air permeability (I/m2/sn)

Mask samples

Figure 6. Relationship between mean pore diameter and
air permeability

According to the results of the air permeability analysis,
air permeability of single layer mask made of 100%
cotton is 201 I/m2/sec. Its air permeability is much lower
compared to surgical masks 3 layers of which are made
of spunbond nonwoven fabric. This fact can be seen in
Figure 6.

3.2.1. The Relationship Between Areal Density and
Air Permeability

The field densities of spunbond and meltblown
nonwoven layers are not related to air permeability alone,
but parameters such as field density, fiber diameter, fiber
group number, fiber density have a combined effect on
air permeability. This fact can be seen in Figure 7.
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Figure 7. Relationship between field density and air
permeability

3.3. Water Drop Permeability

The Water Drop Permeability Test is based on the
principle of leaving water drops containing 0.3 pM NacCl
on the masks and checking the amount of drops passed to
the other side. The test was carried out in an
unpressurised environment. And it was calculated with
the formulation below.

P =CO0-C1/CO0 x 100 2

Where, P is the filtration efficiency (%), CO is the mass
concentration of NaCl in the upstream, and C1 is the
mass concentration of NaCl in the downstream [29].

According to the results of the water drop permeability
test performed in a non-pressurized environment, the
duration during which water drop stays on the surface is
more than 4 hours in all surgical face masks and no
transition to the back surface of the fabric has been
detected. The single layer mask made of 100% cotton
fabric absorbs the water drop in less than 120 seconds.
During this time, 58.032 % of the water drop passes to
the second layer. Structural properties and air, water drop
permeability of masks were given in Table 1 below.

3.4. Particulate Permeability

A crocmeter was used for particle permeability analysis.
An equal amount of fine particulate powder was used for
each mask. And as a result of tidal movements of the
crocmeter, it was tested whether the fine particulate dust
passed to the back of the mask.



J Celal Bayar University Journal of Science

Volume 19, Issue 4, 2023, p 373-380
Doi: 10.18466/cbayarfbe.1371598 C. Akca

Table 1. Number of Layers, Layer Properties, Area Density, Average Fiber Diameter, Average Porosity Diameter,
Air Permeability, Water Drop Permeability Values of Different Masks available in the Market

Masks ~ Number  Layer Origin Areal Average Fiber Dia. AveragePore Water Air
of Outer/middle/inner  Density(g/m?) (um) Dia. (um) Permeability ~ Permeability
Layers Outer/middle/  Outer/middle/inner (I/m?/sn)
inner

1 3 SB/SB/SB 29/18/19 20.55-19.03 106.5 > 4 hours 891.25
16.76-15.70 195.3
16.76-15.70 195.3

2 3 SB/SB/SB 32/19/26 22.38-18.86 116.5 > 4 hours 760.5
19.78-18.96 216.2
22.38-18.86 116.5

3 3 SB/SB/SB 32/34/30 33.02-28.25 195.6 > 4 hours 950.25
28.96-23.84 176.5
33.02-28.25 195.6

4 3 MB+SB 26/25/27 15.02-1.44 NA > 4 hours 189.25
16.32-1.86 39.38
16.32-1.86 39.38

5 3 SB/MB/SB 34/23/24 22.34-20.36 145.8 > 4 hours 102
1.915 7.603
22.40 233.8

6 3 SB/MB/SB 19/27/25 15.86 83.92 > 4 hours 262.25
2.02 NA
18.75 167.6

7 3 SB/SB/SB 30/15/20 15.53 108.1 > 4 hours 780.5
25.95 291.9
25.60 108.9

8 3 SB/MB/SB 30/21/23 30.22 80.55 > 4 hours 85.5
2.39 8.845
22.57 123

9 3 SB/SB/SB 30/18/20 19.67-1.235 NA > 4 hours 360.25
23.69 221.4
23.69 221.4

10 1 Cotton 100% 166 14.12 119.7 <120 201

seconds/%
58.032

SB: Spunbond polipropilen nonwoven, MB: Meltblown polipropilen nonwoven, NA: Not available

The particle size analysis of the fine particulate powder  Dispersant Name: Water
used in the analysis was performed on the Mastersizer  Dispersant Refractive Index: 1,330

3000 device. Analysis parameters were here: Particle Refractive Index: 1,550
5 o 100
47 g
€ 3] 5
g w 50 3
§ 2 % Eﬂ
g
- 3
o | IR | [ | T T | | FTTTT | T T TTTT I I T TTTTT 0
0,01 0,1 1.0 10,0 100,0 1.000,0 10.000,0

Size Classes (um)
Figure 8. Particulate Size Histogram of the Fine Particulate Powder

Volume In Range (0,1;10) um 12,78 %
Volume In Range (10;100) pm 70,58 %
Volume Below (2) um 0,23 %

Volume Below (45) um 59,18 %
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According to the results of the particle size analysis of
the powder used in the particle permeability analysis, the
volumetric ratio of the particles in the range of 0.1-10 um
is 12.78%. The volume fraction of particles in the 10-100
pm range is 70.58%. The volume fraction of particles
below 2 um is 0.23%. The volume fraction of particles
below 45 pm is 59.18% (Figure 8).

Particle permeability analysis was applied to all masks.
None of the multi-layered nonwoven disposable masks
had any back-to-face particle transfer. However, a small
amount of particle migration was observed on the back
side of the 100% cotton single-ply fabric mask. However,
it could not be analyzed due to the small amount passed.

4. Conclusion

When the relationship between number of layers, fiber
diameter, field density and porosity size of masks and
their air permeability, water droplet permeability and
particle permeability performance is examined; the
following results have been reached:

*An increase in air permeability was observed in the
masks in which spunbond nonwoven fabric was used in
all three layers compared to the mask the middle layer of
which was made of meltblown nonwoven fabric. The air
permeability of single layer mask made of 100% cotton
fabric is higher than that of the masks with middle layer
made of meltblown nonwoven, but it is quite better than
masks 3 layers spunbond nonwoven.

*In the layers using spunbond nonwoven fabrics, an
increase in the porosity size was observed on the surfaces
where single fiber group was used compared to the
surfaces where two separate fiber groups were used.
Since much thinner fibers are used on the surfaces where
meltblown nonwoven fabric is used, the porosity is quite
less than the surfaces where spunbond nonwoven fabric
is used, and even the porosity size cannot be determined
in some layers.

*According to the results of the water drop permeability
test performed in a non-pressurized environment, the
duration during which water drop stays on the surface is
more than 4 hours in all surgical masks and no transition
to the back surface of the fabric has been detected. The
single layer mask made of 100% cotton fabric absorbs the
water drop in less than 120 seconds. And during this time,
58,032 % of the water drop passes to the second layer.

*According to particle permeability analysis none of the
multi-layered nonwoven disposable masks had any back-
to-face particle transfer. However, a small amount of
particle migration was observed on the back side of the
100% cotton single-ply fabric mask. However, it could
not be analyzed due to the small amount passed.
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Abstract

Quartz, which is one of the most abundant minerals in nature, can be found in magmatic and metamorphic
forms, as well as the usual components of granite and sedimentary formations. Quartz minerals, which are
also known as the main component of quartzites, are also known as gangue minerals in many
mineralizations. Quartz samples from two different sampling levels, namely the Kaletepe lower and the
Kaletepe upper region, used in the study were prepared. Thermoluminescence (TL) glow curves of the
samples exposed to radiation with a 90Sr/90Y P source were recorded with a TLD reader. While peaks were
obtained at approximately 270 °C from the glow curves of the Kaletepe lower samples irradiated with 8
source, peaks were obtained at approximately 270 °C and 350 °C from the Kaletepe upper samples. When
the annual average dose and age values of the lower and upper Kaletepe samples are examined, it can be
said that it was formed in a time period of ~8000 years between two areas with a height difference of 130m.

Keywords: Equivalent Dose, Fluvial Sediments, Thermoluminescence dating, Quartz.

1. Introduction

The increasing importance of radiation research due to
technological advancements and the need to determine
radiation exposure levels in various fields, including
physics and medicine. Luminescence is the emission of
light because of the energy absorption of some
semiconductor and insulator materials. When a material
is exposed to radiation, according to Stoke’s law, some
of the energy of the incident radiation is absorbed in the
material and is released as a longer wavelength light is
emitted [1] which describes the relationship between the
energy of the absorbed radiation and the wavelength of
the emitted light. Luminescence can be used to determine
the dose of radiation exposure, as the intensity of the
emitted light is proportional to the amount of energy
absorbed by the material. Therefore, by measuring the
luminescence intensity of a material exposed to radiation,
it is possible to determine the amount of radiation to
which it was exposed.

The luminescence technique is useful in detecting
radiation exposure to humans, using it as a radiation
dosimeter, and dating geological artifacts. Some
materials having luminescent properties glow when
heated after exposure to radiation; this physical
phenomenon is called thermoluminescence (TL) [2].
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The history of TL research is described, beginning with
Robert Boyle's observations in the 17th century on
minerals like diamond and feldspar, which exhibit TL
properties. The 18th and 19th centuries saw further
studies on TL, including the first systematic studies by
Wiedemann and Schmidt on materials exposed to
cathode rays, and the discovery of the relationship
between TL signals and radioactivity, which opened the
door to dosimetric studies. The usability of phosphor
materials in dose measurement and the TL properties of
these materials are among the subjects that have been
studied with interest [3]. The band structure of a solid, as
well as impurities and lattice irregularities, are factors
that affect TL. The wavelength of the emitted photon is a
property of the radiating material, rather than the incident
radiation [4-6].

Quartz, which is one of the most common minerals in
nature, is the wusual component of magmatic,
metamorphic, especially granite, and sedimentary
formations. Quartz minerals, which are also known as the
main component of quartzites, are also known as gangue
minerals. Many natural materials, such as quartz
minerals, have been examined as TL materials, and many
materials have been studied in the literature.
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The main components of sediments are quartz and
feldspar minerals, and these minerals are constantly
exposed to ionizing radiation. The luminescence
obtained from quartz is widely used in dosimetry [7, 8]
especially in dating geological materials and rocks [9].
Thermoluminescence dose measurements has been used
to date various geological materials such as sediments,
soils, and archaeological [9].

Thermoluminescence dose measurements of sediments is
useful in determining the depositional age and history of
sedimentary basins, which can provide important
information about the evolution of landscapes and
climate [10]. These measurements have also been used to
determine the age of archaeological artifacts, such as
pottery and burnt stones, providing important insights
into the history of human civilization [11].

Quartz grains, which are highly resilient and widely
available minerals found on the Earth's surface, have
been extensively employed in the process of optically
stimulated luminescence (OSL) dating. This dating
method is commonly applied to Quaternary sediments
spanning various types of depositional environments
[11,12]. Recent studies have shown that the
luminescence characteristics of quartz can serve as a
valuable tool for analyzing the origin and source of
sediments. This innovative application of quartz
luminescence properties enables researchers to gain
insights into sediment provenance, allowing them to
determine the geographical origin and transport history
of sediments [13, 14].

Thermoluminescence (TL) is also used in archeology and
geology to determine the age of sediments and materials.
TL dating is based on the principle that some minerals,
such as quartz or feldspar, accumulate electrons trapped
in their crystal lattice when exposed to ionizing radiation
in the medium. Over time, these trapped electrons are
released when the mineral is heated, resulting in a
measurable thermoluminescence signal. The amount of
light released is proportional to the amount of radiation
the mineral has been exposed to since the last warming
event. They can estimate the age of the sample by
measuring the intensity of the emitted light. TL signals
from quartz saturate more slowly than signals from other
techniques, allowing older sediments to be dated.
However, the saturation behavior depends on several
factors, such as the specific mineral, the type and
intensity of radiation exposure, and the date of burial of
the sample. TL dating is typically appropriate for
specimens several thousand to several hundred thousand
years old. TL dating is often employed for dating older
sediments due to the slower saturation of its signal
compared to OSL dating. However, the specific age
range that can be accurately determined depends on
several factors and the limitations of each dating method
[15, 16].
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In this study, the thermoluminescence (TL) properties of
quartz samples obtained from sedimentary formations in
the Kaletepe region of the Salihli district of Manisa
province were investigated. The quartz samples obtained
in the study were prepared from two different elevation
levels, namely the lower Kaletepe region and the upper
Kaletepe region, with four of each. TL glow curves of the
samples exposed to radiation at different times with a
903r/*°Y B source were recorded with the Harshaw 3500
TLD reader - analyzer system. While peaks were
obtained at approximately 270 °C from the glow curves
of the lower Kaletepe samples irradiated with 8 source,
peaks were obtained at approximately 270 °C and 350 °C
from the upper Kaletepe samples. The equivalent dose
measurements of the lower and upper Kaletepe region
fluvial sediment samples are examined and found as
278.409 + 13.762 and 182.320 =+ 25.293 mGy,
respectively. If the ages of the lower and upper Kaletepe
region fluvial sediment samples are examined, it can be
said that they were formed in a time period of ~8000
years between two areas with a height difference of
130m. The study area is located in the eastern part of the
Aegean extensional zone, which is widely known as the
active continental expansion zone. For example, there are
various studies on the fault system in this field [17, 18,
19, 20]. For this reason, the dose measurement of fluvial
sediments in the region is very important in dating
previous earthquakes.

2. Material and Method

In this study, it was aimed to investigate the TL
properties of sedimentary samples obtained from the
Kaletepe area of the Salihli district of Manisa province.
Kaletepe locality (Fig.1), which is 10 km away from
Salihli district of Manisa province, is located at 38'29'
north latitude and 28°01" east longitude.
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Figure 1. Geological map of the study area showing the
Neogene and Quaternary basins of Western Tiirkiye [17].
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The reason why these samples are preferred is that they
are close to the last geological age (the Quaternary) and
yield efficient results in radiation techniques and dating.
This indicates that the samples that were chosen
extremely  rich  minerals like quartz and
feldspar. Sedimentary quartz samples suitable for the
study were determined in terms of both mineral contents
and luminescence techniques in the field studies carried
out in the Kaletepe area of Salihli district. Two separate
areas were determined in the sampling area at two
different heights, the lower (292nm) and upper (434 m)
of the Kaletepe area [17].

When collecting and transporting the samples, care was
taken to avoid exposing the sediments to light. As a result
of an X-ray diffraction analysis (XRD) of the sediment
samples, the quartz minerals were used for dose
measurements since the sample contains quartz and is
suitable for the system's quartz analysis measurement.
The X-ray diffraction analysis (XRD) of sediment
samples was performed. As a result of these analyses, the
coarse grain method was used to determine the equivalent
dose in sediments because the minerals are rich in quartz.
Quartz samples with a grain size of 100 um and above
were preferred. Certain chemical procedures have been
applied to separate the minerals of the desired grain size
from the sediment. In the coarse grain method, sediment
samples were first sifted. The samples were then kept in
%10 HCI and %30 H,O- solutions, then washed with
distilled water until they were completely cleaned. After
these processes, the samples were dried in an oven at
60°C. Following these procedures, the samples were
washed with distilled water again and checked with a pH
meter to see if they had become completely neutral. The
neutralized samples were passed through a 140p sieve
with wet sieving and left to dry in the oven again. Quartz
was separated from these elements by using a sodium
polytungstate (3Na;W04,9WO3.H,0O) solution with a
density of 2.82 g/cm in order not to encounter any metal
in the samples that were subjected to chemical processes.
Quartz minerals of the desired coarse grain size were
obtained by passing the samples through distilled water
again. A single sample of 4-10 mg is sufficient to
determine the equivalent dose, but the measurements
were repeated with four samples to reduce statistical
error. Experimental Studies were carried out at Manisa
Celal Bayar University and Ege University Nuclear
Sciences Institute.

Four discs of sedimentary samples exposed to radiation
at different times with a %°Sr/*°Y B source were prepared,
and TL glow curves of these samples were obtained.
Harshaw 3500 TLD reader - analyzer system was used
for all TL measurements during the study. This system is
a computer-connected hand-operated reader that allows
manual reading of TL chips, sticks, and powders in a
wide variety of sizes.
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This reader system is suitable for all applications that
require TLD detectors. The Harshaw TLD Model 3500
reader-analyzer system includes a sample drawer for the
single-element TL detector, a linear, programmable
heating system, and a cooled photomultiplier tube with
associated electronics for measuring TL light output.
Planchet heating includes a welded thermocouple for the
best temperature repeatability. Operating software,
WInREMS, running on a separate computer, provides the
user interface, reader control, and application software.
With this system, samples can be heated up to 600 °C.
Owing to the PM tube, the incoming signals are
amplified, and the data is processed and recorded by the
computer to which the WinREMS program is connected.

3. Results and Discussion

In this study, the luminescence curves of the samples
obtained from the lower and upper Kaletepe areas were
irradiated at different times using the °Sr/*°Y B source
with a half-life of 28 years and an activity of 650 MBq
and having dose rate 5.30£0.60 mGy/s were recorded
with a TLD reader.

In the study, after measuring the natural signal of the
samples, the glow curves were recorded by applying
preheat temperatures of 230, 240, 250, and 260 °C for the
lower Kaletepe region (Fig. 2) and 220, 230, 240, and 250
°C for the upper Kaletepe region (Fig. 2), respectively.
After the preheating temperature was determined, the
dose response curve of the sample was determined. When
the glow curves obtained are examined, it is seen that
they were obtained with preheating of 250 °C for the
Kaletepe lower sample and 230 °C for the Kaletepe upper
sample. Therefore, at the stage of determining the
equivalent dose, it was decided to apply these determined
preheats to the TL measurements.

First, the natural signal of the prepared samples was
taken, and then the doses of 19, 57, 114, and 280 Gy were
given to the samples of the Sr-*8 source and the Kaletepe
lower region, and doses of 19, 57, 114, 153, and 280 Gy
to the samples of the Kaletepe upper region (Fig. 3). After
each irradiation, glow curves from 50 °C to 450 °C and
background measurements were obtained with a
Harshaw TLD reader at a heating rate of 2°C.s. Using
these measurements, clear glow curves were recorded.
When TL luminescence curves of the Kaletepe upper
quartz sample were examined, TL luminescence signals
were observed at approximately 270 “C and 370 'C (Fig.
3.). As a result of the exposure of the Kaletepe upper
quartz sample to the beta source for a long time, it was
observed that the TL intensity increased with increasing
dose (Fig. 3).
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Peaks were obtained at approximately 270°C from the
glow curves of the Kaletepe lower samples irradiated
with a dose of 296 Gy. It can be said that the TL intensity
of the samples exposed to the *°Sr/*°Y beta source for a
longer time is higher. As can be seen from the TL glow
curves of sediment samples obtained from two different
altitudes, Kaletepe lower and Kaletepe upper, the
samples taken were found to be suitable for
thermoluminescence studies. When planning such
studies, supplying materials from different locations of

the sedimentary areas will be very productive for the
study. In addition, with the results of these studies,
studies related to the age determination of sedimental
samples in this region were carried out, and useful results
were obtained [21]. From the ratio of the glow curves to
each other, it was observed that there was a plateau
between 300 and 316 °C for the lower samples of
Kaletepe (Fig. 4) and between 250 and 265 °C for the
upper samples of Kaletepe (Fig. 4).
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FigUre 4. Plateau test results of Kaletepe lower and upper region samples (lnawrai: Natural signal intensity, Ix: x dose-

related intensity).

Growth curves were drawn for both areas using the
integrations in this temperature range. The dose value
corresponding to the natural signal on these curves gives
the equivalent dose of the samples. The ages of the
samples were determined from the ratio of the equivalent
dose values to the annual dose values calculated for the
selected areas. The annual dose rates of the samples were
taken as stated in the study [21].

The line equation obtained from the growth curves was
used to determine the point where the natural signal
intersects the x-axis. Equivalent dose values were
calculated from these quartz samples. According to these

results, the Kaletepe lower sample equivalent dose was
calculated 278 + 14 Gy (Fig. 5), and the Kaletepe upper
sample was calculated 182 + 25 Gy (Fig. 6).

By determining the annual dose rate and equivalent dose
values in both areas, the date on which the quartz
particles obtained chemically from the sediment samples
transported by the river saw the last light was determined.
Considering the average annual dose values, the age of
the sediment sample belonging to the lower area of
Kaletepe was 91.282 + 24.649 and the age of the
sediment sample belonging to the upper area of Kaletepe
was calculated as 83.062 + 28.253 (Table 1).
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Table 1. The equivalent dose calculated for the lower and upper Kaletepe samples, the annual dose and age values

[21].

Age =[Equivalent Dose (mGy)] / [Annual Dose (mGyly)]

Kaletepe (lower)

Kaletepe (upper)

Equivalent Dose 278.409+13.762 182.320425.293
(mGy)
Annual Dose 3.05+0.82 2.20+0.69
(mGy.y?)
Age (y) 91.282+24.649 83.062+28.253
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According to the annual mean dose values, the age of the
Kaletepe lower area was calculated 91,282 + 24.649
years and the age of the Kaletepe upper area was
calculated 83.062 + 28.253 years. Considering the
average annual dose and age values obtained, it can be
said that it was formed in a time period of ~8000 years
between the upper and lower areas of Kaletepe with a
height difference of ~130 m. According to these results,
it can be thought that the events that enabled the transport
of fluvial sediments occurred in the Salihli - Kaletepe
region of Manisa Province about 90 thousand years ago
[22].

4, Conclusion

In this study, Salihli-Kaletepe region fluvial sediment
samples were dated by thermoluminescence (TL)
techniques. A coarse-grained technique was used for
dating studies. Annual dose rate and equivalent dose
values for both regions (lower and upper Kaletepe) were
determined from sediment samples carried by the river.
Thus, the ages of the fluvial sediments obtained by
chemical means were determined.
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Abstract

In radiotherapy, tissue equivalent boluses are frequently used in the treatment of superficially located
tumors. The air gap between the patient's skin and the bolus may cause dosimetric uncertainties. This study
aims to dosimetrically investigate the effect of the air gap between the surface and the bolus on dose
distribution. Computed tomography (CT) images of the phantom were obtained and transferred to the
treatment planning system (TPS). In the TPS, a bolus was placed on the phantom surface and then air gaps
were created between the bolus and the surface. The effect of the air gaps between the surface and the 5 mm
thick bolus on the dose distribution was analyzed with the point doses obtained from the TPS. For the 6 MV
X-ray, it was observed that the air gap negatively affected the surface doses calculated by TPS. Accordingly,
an inverse correlation was found between air gap and surface dose. It is recommended that bolus use,
especially in curved anatomical regions, should be applied before CT scanning as much as possible. When
using bolus material in radiotherapy, it is recommended to be careful not to leave an air gap between the

surface and the bolus.

Keywords: Air-gap effect, Bolus, Radiotherapy, Skin dose

1. Introduction

The main goal of radiotherapy is to deliver the necessary
dose to the target volume while ensuring that the
surrounding critical organs are protected in the best
possible way [1, 2]. In this way, the tumor is destroyed
and the patient's quality of life is improved. Treatment
planning systems (TPS) are used for dose calculation in
radiotherapy. Dosimetric measurement data obtained for
each treatment device are uploaded to the TPS. Using this
data, TPSs provide dose calculation to the user through
different algorithms. High-energy photon energy is used
in radiotherapy and the lowest X-ray energy used is
usually 6 MV [3, 4]. The maximum dose values of these
rays occur at different depths depending on the energy.
For 6 MV X-rays, the maximum dose depth is
approximately 1.5 cm [5]. As the size of the energy used
increases, the depth of the maximum point also increases.

The dose accumulated at the point where the beam of
radiation comes into contact with the patient's surface is
not the maximum dose and this is called the skin-sparing
effect in radiotherapy. Therefore, the skin is protected by
the nature of high-energy photon beams
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[6]. While this is an advantage in radiotherapy of deep-
seated tumors, it can be a disadvantage in superficial
tumors. In the radiotherapy of superficially located
tumors, a tissue-equivalent material called bolus is used
to overcome the skin-protective properties of high-
energy photon beams [7, 8].

Bolus is a tissue-equivalent material in contact with the
skin in the area to be irradiated and is used to increase the
surface dose in photon and electron treatments [9]. The
bolus must have an electron density, physical density and
atomic number equivalent to that of tissue or water, as
well as being flexible and malleable to easily take the
shape of the skin contour. It is also important for clinical
use that it is transparent to facilitate the adjustment of the
irradiated area, is not affected by high dose levels, is
durable, non-toxic, non-flammable, does not allow the
growth of bacteria and fungi and has an acceptable cost
[10]. Boluses made from tissue equivalent materials are
divided into two groups, Super-Flab or Super Stuff.
Super-Flab boluses are specific thicknesses and are
prepared in advance and irradiated in gel layers in the
irradiation area. they can land on it. Super-stuff boluses
form in the transporter field are boluses that can solidify.
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Usually, the most commonly used bolus type is Super-
flab are boluses. Super-flab boluses have a mass of
1.02g/cm® and the raw material is vinyl. The thickness of
the bolus material to be used varies depending on the
distance, thickness and location of the tumor to the skin.
Contact of the bolus material with the skin surface is
extremely important. There is usually no problem with
bolus use in anatomically flat areas. However, in
anatomically irregular areas, the air gap between the
patient's skin and the bolus may cause dosimetric
uncertainties [11, 12].

This study aims to dosimetrically investigate the effect of
the air gap between the surface and the bolus on dose
distribution.

2. Materials and Methods
2.1. Phantom design

Since the current study was not performed on patients,
solid water phantoms consisting of water-equivalent
plates were used to provide the required depth. Solid
phantoms are a water-equivalent material used for
dosimetry procedures in calibration and quality control
protocols of high-energy X-ray and electron beams in
radiotherapy. In this study, PTW FREIBURG brand
RW3 model 30x30x1 cm solid water phantoms (PTW,
Freiburg, Germany) were used. For irradiation of RW3
solid phantoms in treatment planning system (TPS),
images of the phantom were obtained on a Toshiba
Aquilion S4 Computed tomography (CT) device
(Toshiba Medical Systems, Japan). The obtained CT
images were TPS.

2.2. Bolus material

The high-energy photons used in radiotherapy have skin
protective properties. In this study, a tissue equivalent
bolus material was used to ensure that the phantom
surface received enough dose. The bolus was created
virtually in TPS. The phantom created in the TPS was
tissue equivalent and had a density of 1 g/cm?. Air gaps
were created to examine the effect of the air gap between
the bolus and the surface on dose distribution. The air
gaps between the bolus and phantom surface were 0, 1,
3, 5and 10 mm, respectively. The bolus thickness created
via TPS was 5 mm.

2.3. Dose calculation

In Eclipse TPS, dose calculations were performed using
the AAA algorithm. An area of 10x10 cm? was
determined for the beam area. To evaluate the effect of
source surface distance (SSD) on dose distribution, plans
were created at 3 different SSDs. These SSDs were 95,

97.5 and 100 cm, respectively. For all plans, the gantry
angle was 0 degrees and the prescription dose was 200
cGy. X-ray energy for all plans was 6 MV. For each SSD,
beam plans were created for 0, 1, 3, 5 and 10 mm air gaps
between the bolus and phantom surface. The plan created
for a5 mm air gap and SSD= 97.5 cm is shown in Fig 1.
Surface doses for each plan were obtained by point dose
reading with the same standards.
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Figure 1. Beam field without air gap (blue) and with 5
mm air gap (orange) for SSD=97.5

3. Results and Discussion

A change in surface doses was expected according to the
change in SSD'. As a result of the calculations made in
TPS, the surface doses were 199.6, 175.2 and 199.7 cGy
for SSD= 95 c¢cm, SSD= 97.5 cm and SSD= 100 cm,
respectively, when there was no air gap between the
bolus and the surface. When there was a 10 mm air gap
between the bolus and the surface, the surface doses were
106.2, 70.6 and 193 cGy, respectively. The dose
distributions on the phantom due to three different SSD
variations are shown in Fig 2.

For SSD=95, the surface doses for air gap 0, 1, 3, 5 and
10 mm were 199.6, 156.9, 108.4, 106.2 and 104.4 cGy,
respectively. For SSD=97.5, the surface doses for air gap
0, 1, 3, 5 and 10 mm were 175.2, 135.2, 96.7, 85.4 and
70.6 cGy, respectively. Point dose measurements showed
that surface doses decreased significantly as the gap
between the phantom surface and the bolus increased.
The effects of the air gap between the phantom surface
and the bolus on the dose distribution at different depths
are shown in Fig 3, Fig 4 and Fig 5 for SSD= 95, SSD=
97.5 and SSD= 100 cm, respectively.
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Figure 2. Dose distributions for different SSDs with 5mm air gap between bolus and phantom surface. A:
SSD=95cm, B: SSD= 97.5cm and C: SSD= 100cm
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Figure 3. The effect of the air gap on the dose distribution at different depths for SSD= 95 cm as a result of calculations
made on TPS.
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Figure 4. The effect of the air gap on the dose distribution at different depths for SSD=97.5 cm as a result of
calculations made on TPS.

391



y

)

Celal Bayar University Journal of Science
Volume 19, Issue 4, 2023, p 389-393
Doi: 10.18466/chayarfbe.1391876

0. V. Giil

10 mm

5mm
3mm

depth

1 mm
0mm

10 mm

5mm

depth

3mm
1mm

Dose at 10 mm Dose at 15 mm

0mm

10 mm

5mm

3mm
1mm

depth

Dose at 5 mm

0mm

Gap between surface and bolus

10 mm
5mm
3mm
1mm
0mm

Surface dose

50 100 150 200

250
Dose (cGy)

300 350 400 450 500

Figure 5. The effect of the air gap on the dose distribution at different depths for SSD=100 cm as a result of

calculations made on TPS.

Khan et al. using a 1.0 cm super-flab bolus, investigated
the effects of various scenarios of air gaps between the
surface and the bolus on dose distribution. They showed
that as the distance between the bolus and the surface
increases, the relative dose decreases [13].

In the current study, dose distributions were investigated
at different depths and different SSDs. For SSD= 95 and
SSD= 97.5 cm, it was observed that the surface dose
decreased as the distance of the gap between the bolus
and the surface increased. There was no significant
difference between the dose distributions for build-up
depth. For SSD=100 cm, the surface dose decreased as
the air gap increased, but fluctuations were observed in
the calculations by TPS at other depths. Srinivas et al.
evaluated dosimetric parameters such as depth dose
along the central axis using a 6 MV clinical photon beam
in the presence of air gaps between the gel bolus and the
treatment surface. They reported that the surface dose
decreased as the air gap increased in the presence of a 0.5
cm bolus and a 10x10 cm? beam field [14].

In this TPS study, it was found that especially the surface
dose decreased with increasing air gap in parallel with
Srinivas et al. In a study by Butson et al. using a parallel
plate ionization chamber and radiochromic film with
6MV photon beams and 1cm bolus, it was observed that
small air spaces between the bolus and the skin reduced
the skin dose [15].

In the current study, it was observed that increasing the
gap between the surface and bolus decreased the surface
dose for different SSDs.
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4, Conclusion

In dosimetric literature studies and current research, it
has been observed that the air gap between the surface
and the bolus reduces the surface dose. The limitation of
the study is that it is a TPS-based study. It is
recommended that bolus use, especially in curved
anatomical regions, should be applied before CT
scanning as much as possible. When using bolus material
in radiotherapy, it is recommended to be careful not to
leave an air gap between the surface and the bolus.
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