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Development and Performance Evaluation of a Variable-Pitch Tapered-Shaft
Screw Press for Palm Oil Extraction

Kehinde Peter ALABI™' Rasheed Amao BUSARIYE Olawale Joel OLADIMEJIY

1Department of Food and Agricultural Engineering, Kwara State University, Malete, P.M.B. 1530, llorin, Kwara State, Nigeria

Keywords Abstract

Extraction Palm fruit oil extraction is a difficult task to undertake. Screw press technology offers a solution to its

palm Eruit Oil extraction. However, most screw press available requires high power input for effective operation, thus
affecting cost. Therefore, there is a need for improvement in order to limit cost and increase extraction

Screw Press efficiency. This work focuses on development of a variable-pitch tapered-shaft (VATS) screw pressfor

o enhancing palm fruit oil extraction efficiency. The VATS screw press machine consists of three main

Efficiency components including the hopper, the steamer, and the pressing unit, and was operated at temperature

Oil Industry of 90, 110 and 130°C, shaft speed of 30, 45, and 60 rpm and heating time of 10, 15, 20 minutes. The
performance evaluation carried on the machine includes oil yield, extraction efficiency and extraction
loss. The results showed that the average oil yield, extraction efficiency and extraction loss were
83.72, 97.73 and 2.37% respectively. Whereas, a higher machine efficiency of 94.45% was obtained at
a temperature of 130°C, shaft speed of 60 rpm, and heating time of 15 minutes. It is hoped that the
information on the design concept for VATS screw press for palm fruit oil extraction will be useful for
the vegetable oil industry.
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1. INTRODUCTION

Production of vegetable oil is generally determined by the extraction methods that are based on the four main
principles visa: traditional wet rendering process, hydraulic press, solvent extraction, and screw press
(Savoire et al., 2013; Amiolemhen & Eseigbe, 2019; Alam et al., 2020; Chukwunwike& Ojimelukwe, 2021).
Among all, a screw press is mostly used due to its simplicity and conveniency. One major limitation of a
screw press is pressure build up during operation, causing shaft rolling and operational failure. In the past
decades, efforts have been made to improve the efficiency of a screw press. Typically, pressure modulation,
and adjustable choke mechanism that allows the adjustment of back pressure have been developed and
optimized (Adetola et al., 2014). However, factors such as applied pressure, rotational speed, temperature
and moisture content considered in optimization process requires significant power input for effective
operation (Tagoe et al., 2012; Aremu & Ogunlade, 2016; Atoyan et al., 2000, Amiolemhen & Eseigbe,
2019). The most two important parameters viz; input power and throughput (efficiency) capacity, mostly
considered in the design of a screw press for oil seeds, depend on the rate of energy consumption within the
pressing zones. To obtain high efficiency, higher power is needed where the highest pressures arise in the
material to be pressed (Okafor, 2015; Atoyan et al., 2000). For instance, a powered driven small-sized palm
oil expeller with a uniform pitch shaft has extraction efficiency of 79.5%, with maximum extraction capacity
of 532 kg/h, requires up to 5 hp electric motor (Adetola et al., 2014). Generally speaking, the available screw
press requires higher power to operate. On the other hand, a screw press with uniform pitch shaft uses high
speed/high power motor to effectively extract oil from oil-based seed materials, thus affecting cost (Olayanju

*Corresponding Author, e-mail: kehinde.alabi@kwasu.edu.ng or kennyp4all@yahoo.com
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et al., 2016). In the performance evaluation of some screw press, Firdaus et al. (2017) and Muhammad et al.
(2021) reported ineffective press (in terms of high oil loss and nut breakage), and shaft failure, respectively.

Hence, there is a need to further improve extraction efficiency of a screw press for palm oil extraction.
However, this work aim at development of a low torque and high efficiency palm fruit oil extraction machine
using variable-pitch tampered-shaft (VATS) method that reduces time of cycle requires for screw press to
complete a revolution.

2. MATERIALS AND METHOD
2.1. The Concept of the Machine and Working Principle

The VATS mechanism was proposed to achieve a higher extraction capacity and lower extraction loss than
that of the uniform shaft. Figure 1 shows the typical diagram for the proposed concept and the prototype
VATS, whereas Figure 2 shows the machine. The high-pitched shaft is extreme (up to 50 mm) in the
extraction unit and began at 18 mm. When the oil seeds are fed through the hopper, the rotating shaft picks
the materials at low pitch level and pushes them along the pitch until it reaches the extreme. Moreover, the
whole extracting unit does not have to be oversized in other to cope with infrequent intensive extraction
requirements, because the pressure required for extraction reaches its peak value in fewer revolutions and
shorter time when compared with the same sized uniform pitch screw (Ndirika & Onwualu, 2016), thus
making VATS screw press machine a novel extraction method.

Figure 1. Typical diagram for the proposed concept and the prototype VATS screw press

2.2. Design Calculation

The exploded view showing the component parts and the pictorial view of the palm oil extraction machine
were presented in Figure 2 and Figure 3 respectively. Themachine designed with Autodesk Inventor software
2018 based on calculations. The design consists of five (5) different sections which are the steamer chamber,
the hopper, the VATS pressing unit, capacity and power requirement of the machine (Figure 2). In addition,
the functional parameters like motor speed, and machine torque were adequately considered.

2.2.1. Design of the Steamer Chamber

The steamer is made up of a pulverized hole of 10 mm diameter and it is placed on top of a boiler with a
controlled temperature in order to steam the palm fruit at a specified temperature. It has a gate of distance 98
mm. However, the steam chamber was designed according to Adetola et al. (2014).
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Volume of the steamer (%)
V. =nr2h @
V; =mx0.122 x 0.05 = 0.00226 m3

The palm fruit has a configuration of length (0.025m), breath (0.015m) and width (0.015m). Therefore, the
volume was determined using the Equation 2.

Volume of one palm fruit, (V,5)

V,; = lbh )
V,r = 0.025 x .015 x 0.015 = 5.6 X 10~°m?

The amount of palm fruit contained in one volume of steamer container ranges from 8 to 10 kg

Parts Last

Pan Descnption
number
1 Cover
Hopper
3 Pulvenzed drain
4 Sieve punde
3 Shaft
6 Blower
Blower cover
b Lagpng turbo
charger
° Palkm odl outlet
10 Frame
11 Electnc motor
12 13" bok
13 Control curcust
14 Vobel
15 Groove pulley |
16 Groove pulley 2

Figure 2. The machine showing components part; a) exploded view, b) 3D view
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Figure 3. Pictorial view of the machine

2.2.2. Design of the Hopper

The hopper, as shown in Figure 4, has its volume (V},) designed to accommaodate less volume of palm fruit as
produced from steamer container in order to avoid bottle neck operation by using Equation 3.

300.00

~—150.00—

I
Figure 4. The hopper

m=%w+mm @)

1
v, = E(' 3+0.05)0.15%x.3=3.3x10""m3

2.2.3. Design of the VATS Pressing Unit

By considering the most critical point of the palm fruit loading the hopper at full load, the volume of the
pressing chamber V;,. is given as,

Voo = mr?l 4)
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Density of steamed and bulk density of digested palm fruit is 373.47 and 1060 kg/m®respectively. The mass
of steamed palm fruit (M) at full load = Density x Volume.

Mgy = psp X Vs ®)
Voe =T X 0.032%2 x 0.537 = 0.001727 m3

Msf = Psg X st

M,; = 1060 x 0.001727 = 1.83 kg
Weight, W = mg
W =1.83 x9.81 =1796 N

Figure 5 shows VATS pressing screw wounded around a shaft capable to withstand the torsional and
bending stress. However, ASME code equation of shaft was used to compute the shaft diameter Amiolemhen
and Eseigbe (2019).

Figure 5. The VATS pressing screw

16
d® = V(KpMy)? + (K M,)? (6)
TTan
0.50
Tall = Ty =60 MN/m2

oy, is the yield strength for shaft material = 60 MN/m? (taking factor of safety to be 2)

where K; is the combination of shock and fatigue factor applied under torsion moment, K is the combination
of shock and fatigue factor applied under bending moment, M; is the torque on shaft, M;, is the bending
moment on shaft. The values for K;, K;,, M, and M, are 1.0, 1.5 98.01 Nm and 50.3 Nm respectively.
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Circular rotational motion of the shaft,

v =owr @)
or
nNr
__ 8
V=730 (8)

Base on the shaft analysis, the machine is considered to operate at low speed (i.e. 90 rpm)

_ mx90x0.0275
B 30

v = 0,259 m/s

Centrifugal force F,. pressing the palm fruit,
E, = Ma = Mw?r 9)

And angular velocity is

2N
= 10

“ =760 (10)
Mass of shaft,
ms =pxV (11)
mg = 7850 X 0.001449 = 11.37 kg
Total mass at the compression chamber M,
M, = Mass of shaft + mass of palm fruit
M, =11.37 +5=16.37 kg
E =M (271N)2

c="{60) "

27 X 902

F. = 16.37( ) X 0.0275
Torque developed,
T =FEr (12)

T =40x0.0275=11Nm
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2.2.4. Belt Design

The belt design is a crucial part that determines the operation of an entire drive system of the machine. Open
belt, as shown in Figure 6, was considered because of its flexibility. Typically, the length of belt, power
transmitted, angle of contact or lap, and load carried by the screw were designed according to Firdaus et al.
(2017) and Muhammad et al. (2021) reported ineffective press (in terms of high oil loss and nut breakage),
and shaft failure during testing of constant pitch screw press machine.

2.2.4.1. Length of Belt
The length of the belt is given as thus:

In terms of pulley radii

2
r -
L=mn(r+r)+ 2x+% (13)

In terms of pulley diameter
d, —d,)?
L =mn(d, +d,) +2x+% (14)

where r; and r, is the radii of the larger and smaller pulleys, respectively, x is the distance between the
centers of the two pulleys,and L is total length of belt.

Figure 6. Schematic diagram of an open belt drive
2.2.4.2. Power Transmitted by the Belt

Figure 7 illustrates the power transmitted through the belt driven by the two pulleys. Considering T1 and T»
(in Newton), and r1 and r2 (in metres) and v (m/s). The effective force to drive the pulleys is Tes.

TEff = T1 - TZ (15)
The work done per second on the belt is given as:

Power transmitted is
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However, torque exerted on the driving pulley is given as

Tgrfm (18)

and the torque exerted on the driven pulley is

Tgpsmy (19)
] )
o TS Slacksige T,
/ \\ ______"-—-_ g
/ | R
/ ‘ \ —

-'Il .I"‘ / \\
_|'___J___L ____________ :_B_ll'_
| A '
"\_\ ! ‘ / \\\ _L//

| / -
\ / _— Driven pulle
; ___JL__._»:f_ — Tight side I putley

Driving pulley
Figure 7. Power transmitted through the belt
2.2.4.3. Angle of Contact or Lap

For open belt, angle of contact is given as:

T, He
T = esinp (20)
2
. n—n
sina =
X

where x is distance between the center of two pulleys, « is angle of wrap, u is coefficient of friction between
the belt and pulley, 6 is angle of contact between the belt and pulley, g is Half the wedge angle.

2.2.5. Design of the Load to be Carried by the Screw

The load on the screw () was determined according to Adetola et al. (2014) as thus:

D., ,tanf + u/cosa
m/2 ﬂ/ ) (21)

1 — utanfcosa

We) = T(
a = tan~1(tanf,cosa)

where T is the torque transmitted by the screw shaft, D,,, is mean thread diameter, u is coefficient of friction,
0,, is thread (lift) angle, « = Helix angle.

a = tan~1(tan(45) cos (20) = 17.24°

0_(;13 tan(45) + 0.3/cos(20)

(W) = 1.11 1 — 0.3tan(45)cos(20) = 1.0340kg
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2.2.6. Design of the Worm Shaft

The design of the worm shaft was according to Adetola et al. (2014) with slight modifications, as given
below:

Py = mtan(@)dym (22)

where ¢ is lead angle, d,,,, is mean shaft diameter and P; value is P; = mtan (0.7) X 0.018 = 0.0476 m

2.2.7. Design of the Capacity of the Machine

The theoretical capacity of the expeller was determined using the modified form of the equation given by
Adetola et al. (2014),

0 = 60 x % x (D2 — d2)P,pN® (23)

where Q is theoretical capacity, D is shaft diameter, d is screw diameter, p is density of palm kernel,P; is
screw pitch, N is shaft speed and @ is filling factor.

s
Q =60x z x (0.052 — 0.018%) 0.0476 x 373.47 x 90 X 1 = 164.0609m3/min

Theoretically, Q = 2.73 m¥h

2.2.8. Design of the Pressure to be Developed by the Screw Thread

Pressure developed by the screw thread in oil expeller can be determined using the given equation;

W,

B.=-= (24)
AP

Ap = Dypnh

where A,, is the pressing area, n is the number of threaded turns subject to load, h is thread depth

A, =m%x0.018x 11X 0.001 =6.210 X 10~*m3

p

2.2.9. Design of the Power Requirement of the Machine

The power required for oil extraction can be given as:

P = QLspgF 29

where P is the power required for extraction, Q is the volumetric capacity, L is the length of screw shaft, p
is the density of palm kernel, g is the acceleration due to gravity and F is material factor.

Substituting Q = 2.73 m¥/h, Ls = 0.61m, p = 373.47 kg/m?, g = 9.81 m/s?, F = 0.3 into Equation 25, Hence
P =15kw
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The power of the electric motor was determined according to (Adetola et al., 2014) as given below:

Pn=— (26)

where P, is the power of the electric motor, and n is the drive efficiency

Given the n = 75% or 0.75, B,, = 2.0hp. Therefore, a 2hp three-phase electric motor was used to drive the
machine.

2.3. Material Selection and Fabrication of Machine Components

The orthoganal view of the machine components are presented in Figure 8 in the appendix. The machine
hopper was formed using 4 pieces of standard mild steel of dimension 300x150x200 mm. The shaft (of 18
mm base diameter) was fabricated from the mild steel rod of diameter 25 mm and length 210 mm. The screw
thread was machined at a variable pitch from 50 mm to 18 mm to form a tapered screw conveyor of ten
screw turns. A mild metal plate of 10 mm, 2 x 2 feet was cut, machined and used to form the barrel.
However, small openings were made on the lower side of the barrel to allow the passage of the extracted oil.
The frame was fabricated by using angle iron of dimension 40x40x30 mm. All the fabrication processes
including marking out, machining, cutting, joining, drilling and fitting were performed at the farm power and
machinery laboratory, Department of Food and Agricultural Engineering, Kwara State University, Malete,
Nigeria. The workshop machines and equipments including grinding machine, lathe machine, welding
machine, scriber, steel rule, and compass, centre punch, oxy-acetylene gas, saw frame and cutting blade were
used. The specification of the materials used is presented in Table 1.

8

1500+

Sieve guide Pressing shaft

Figure 8. Orthogonal view of some component parts
2.4. Machine Operation and Testing

Palm fruit bunches were obtained from local farmers at Kwara State University Malete (KWASU), Nigeria
(51° 27" 49.144" N 19° 13' 4.303" E). The fresh palm fruits were taken to the Farm power and machinery
laboratory, Department of Food and Agricultural Engineering, KWASU, while dirt were removed and the
fruits were weighed and prepared for oil extraction. The prepared palm fruits were charged into the machine
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that was operated at temperatures of 90, 110, 130°C, heating time of 10, 15, 20 minutes, and shaft speed of
30, 45, and 60 rpm. The shaft of the machine was designed with two segments, with counter motion
orientation to delay the palm fruit in the steaming chamber. In order to extract the oil, the steamed palm
fruits were conveyed, squeezed and pressed by the variable-pitch tapered-shaft, while the collecting turbo
impeller collect the oil from the pressed seeds and pushes it to the outlet chute. The variable-pitch tapered
shaft rotates counter clockwise, pushing out the drained chaff and the kernel seed out of the outlet chute of
the pressing chamber. The fresh palm fruits, the oil extracted, and the residual cake (kernel and fibre
mixture) were collected and evaluated. The values evaluated are oil yield, machine extraction efficiency and
extraction losses based on Aremu and Ogunlade (2016), as given below:

WoE

Oil yield (%) = Wos x 100 (27)
. - _ Wog
Extractionefficiency = x 100 (28)
TS
Wrs — (Wop + W,
ExtractionLoss(%) = rs ~ Wog cx) x 100 (29)
Wrs
where;
a : Oil content of the palm fruit

Wrs  : Total weight of sample (g)
Woe : Weight of oil extracted (g)
Wek  : Weight of cake (Q)

Table 1. Specification of construction material

s/n Material Description Quantity
1 Metal plate 2 mm (0.08") mild steel 1 full sheet
2 Fly bar 3 mm (0.1") mild steel 1 full length
3 Motor 2 hp 1
4 Metal plate 8 mm (0.3") 2 x 2 feet
5 Ball bearing Angular contact bearing 2
6 Fastener Bolt 13" 16 pieces
7 Motor speedcontroller E’F\’/L\J/:;/(!.‘ Width Modulation) 1

Temperatureregulator 1
9 Shaft 2.5 m (98") mild steel 2

10 Oil pump Centrifugal pump 1
11 Pipes 1",0.5" and 0.25"

12 Pulleys 2

13 Belt 1
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3. RESULTS AND DISCUSSION

Table 2 shows the average oil yield (%), extraction efficiency (%) and extraction loss (%) for different
processing conditions. The average oil yield, extraction efficiency and extraction loss were 83.72, 97.73, and
2.37% respectively. The extraction efficiency (97.73%) is high when compared to the findings of Adetola et
al. (2014) that has extraction efficiency value of 79.5%. The highest oil yield (84.90%) was obtained when
the machine was operated at a temperature of 110°C, shaft speed of 45 rpm and 15 minutes heating time. The
results obtained show that the machine operates smoothly without jamming and effectively extract the crude
oil from the palm fruits.

Table 2. Average” oil yield (%), extraction efficiency (%) and extraction loss (%)
for different processing conditions

Temperature Speed Heating Time Oil Yield ExtractionEfficiency  ExtractionLoss

Q) (rpm)  (minutes) (%) (%) (%)
90 30 10 82.51 97.23 2.48

15 84.35 98.08 2.01

20 84.01 98.01 2.82

110 45 10 83.45 97.54 2.23
15 84.90 98.21 1.98

20 83.52 98.00 2.53

130 60 10 83.06 97.25 2.45
15 84.52 98.45 2.02

20 83.19 96.78 2.78

“Standard error = 0.21

4. CONCLUSION

In an attempt to improve the efficiency of a screw press extraction machine, a variable-pitch tampered-shaft
(VATS) screw press was designed, constructed and evaluated for palm fruit oil extraction. The machine was
simple in term of the design and easy to operate and maintained. Powered by 2hp three phase electric motor,
the VATS screw press machine has average oil yield, extraction efficiency and extraction loss of 83.72,
97.73, and 2.37% respectively from the palm fruits. In conclusion, theVATS screw press machine allows
higher efficiency with low extraction loss and can be applied for small and medium scale palm fruit oil
extraction operation. Though, the technology can be further optimized to increase production rate of palm
screw press extraction machine and providemore employment opportunitiesin the vegetable oil industry,
future work should focus on the effect of extraction variables (such as time and temperature) on the quality
of the extract oil.
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Renewable Energy Increasing energy demand brings in technical, environmental and economic problems as the production
processes evolve. In this parallel, many countries are trying to satisfy the increasing energy demand
using renewable energy sources. The scope of this study is to develope a mathematical model and data
Wwind monitoring-evaluation software for wind and solar renewable energy sources, which can dynamically

. evaluate meteorological data measurements and make more precise energy harvest estimation with the
Dynamic Map data obtained. It is aimed to create a web based “Dynamic Wind-Sun Map of Turkey”. Through the
developed software; instant data can be analyzed and instantaneous electrical energy values produced
from wind and solar energy sources can be calculated. Thus, it can help create a system that allows
regional management in energy production and is compatible. Within the scope of the study, a
mathematical model expressing the problem was created by using some mathematical optimization
methods. The created model was converted into a web-based software. PHP software development
platform and MySQL database language were used during the software creation. The software developed
within the scope of the study has analogues in the world literature. However, no study has been found
in this context in Turkey. Especially since it can use real-time data and includes wind-photovoltaic
calculations together, this software distinguishes it from its peers.
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1. INTRODUCTION

With the technological change, the increase in energy demand shows itself day by day and this change naturally
brings in technical, environmental and economic problems. According to International Energy Agency (IEA)
data, global electrical energy demand decreased by about 1% in 2020 due to the effects of the Covid-19
pandemic. However, with the effect of the global economic recovery, the world electricity demand is expected
to increase by 5% until the end of 2021 and by 4% in 2022. It is thought that almost half of this increase will
come from fossil fuels, especially coal. This increase indicates that CO, emissions from the energy sector will
reach record levels in 2022. 85% of this energy need in the world is expected to be met from fossil resources,
also called limited resources (coal, oil, natural gas, etc.) (IEA, 2021).

Although the annual average growth in global energy consumption has slowed since 2020, it is predicted that
the average annual growth in global energy consumption from 2010 to 2030 will be 1.7% (BP, 2011).

The Kyoto Protocol, which currently has 192 parties, was accepted on 11 December 1997, but entered into
force on 16 February 2005 due to a complex ratification process. The Kyoto Protocol sets binding emission
reduction targets for 37 industrialized countries and the European Union. Overall, the Protocol aims to
contribute to an average of 5% emissions reductions compared to 1990 levels over the five-year period

*Corresponding Author, e-mail: firatsalmanoglu@gmail.com
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covering the first commitment period 2008-2012 (UNFCCC, 2021). Although this target has not been achieved
yet, alternative ways of energy production are gaining more and more important in order to respond to the
increasing energy demand on the one hand and to reduce greenhouse gas emissions on the other. Renewable
energy sources lead the way in these alternatives, and the most used energy sources in the world after fossil
fuels are the Sun and Wind.

Within the scope of this study, a dynamic data source has been created to ensure reliable calculations and
supply continuity, especially for wind and solar energy. The mathematical model and data monitoring and
evaluation software developed here can dynamically process meteorological data measurements. The software
analyzes instant data and optimizes the electrical energy values that can be produced instantly from wind and
solar energy sources.

The increasing use of fossil fuels worldwide, especially after the industrial revolution, has caused many
negative environmental effects and problems. Accordingly, research and development studies on the use of
renewable energy sources have accelerated. One of the notable indicators of this is the recent increase in the
funds allocated by developed countries for R&D studies for the use and expansion of clean energy resources.

Renewable energy sources do not emit greenhouse gases, which affect global climate conditions, within their
energy conversion processes. Moreover, these resources are generally endless, inexhaustible and free, do not
produce noise, allow electricity use in areas far from electricity networks and do not require much maintenance.
The payback period for the initial investment costs is short and it is getting even shorter with the technological
developments which both decreasing the initial costs and increasing the process efficiencies. Systems based
on the Sun and wind, which are the most widely used renewable energy sources in the world today, also have
an important role in creating regional employment.

As a result of the combustion of fossile fuels such as coal, petroleum derivatives and natural gas, various
amounts of carbon dioxide (CO) are emitted into the atmosphere depending on the amount of energy
produced.

According to the International Energy Agency (IEA) data, although global CO; emissions decreased in 2020
due to the pandemic, they increased by about 5% in 2021, reaching the level of 3.3 x 10 tons and approaching
the 2018-2019 peak (IEA, 2020). Half of these greenhouse gas is released into the atmosphere, while the other
half dissolves in the oceans and seas. This process introduces the concept of “Global warming” in parallel with
the increase in the amount of greenhouse gases in the atmosphere. Accordingly, producing a decelerating
solution to the global warming problem will only be possible using renewable energy sources.

Renewable energy sources are growing rapidly in the global market and are at the focus of attention for
researchers and the industry. It is vital for investment and investor to determine the field to be invested in, and
examine the field’s characteristics in a multi-faceted manner, especially for wind and solar energy investments,
since they are time dependent and intermittent. The largest obstacle in front of investments in renewable energy
sources is the high initial investment costs. In this case, the first question that comes to the mind of the investor
is how many years the system will pay itself back. For this reason, potential determination in the region where
the implementation will be made is very important in terms of the payback period of the system. As a result of
the literature review conducted within the scope of this study, it is seen that the studies on data monitoring and
evaluation started in the 90s. However, it was seen that the studies on monitoring and potential determination
in renewable energy systems intensified at the end of the 90s (NREL, 2021). In this study, a software has been
developed that dynamically evaluates high-resolution data coming from data measurement stations located at
specific measurement points and presents the outputs obtained as a dynamic evaluation map, unlike the
theoretical studies we usually encounter.

In Turkey, there are static wind and solar energy maps, which are studied by the Renewable Energy Resources
Branch Directorate of the Ministry of Energy and Natural Resources, and there is no study that includes
dynamic and comprehensive calculations (EIGM, 2022a, 2022b).
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When we take a look at the international literature, dynamic data for Wind, Solar, Biomass, Hydrogen and
Geothermal energy sources developed by the Geographic Information System (GIS) team of “National
Renewable Energy Laboratory — NREL”, one of the world's largest renewable energy laboratories in the United
States. maps were created and these studies were seen to be a structure that has been started since 1986. NREL's
Geographic Information Systems team presents high-resolution wind and solar data and analyzes for the
evaluation of wind and solar resources in the United States, with the dynamic map developed similar to the
software we developed in this study. The national wind and solar resource assessment studies initiated by
NREL for the US Department of Energy in 1986 were published as the US Wind and Solar Energy Atlas in
October of the same year (NREL, 2021).

The resulting software package aims to create a resource that can be a reference for scientific research and
researchers, as well as institutions and organizations working in this field. The lack of a reliable database and
source in this sector and the static nature of the available maps for Turkey, would underline the value of
successful development of such dynamic wind-solar maps to be presented to the sector. The software
developed within the scope of the study has analogues in the world literature. However, no study has been
found in this context in Turkey. Especially since it can use real-time data and includes wind-photovoltaic
calculations together, this software distinguishes it from its peers.

2. MATERIAL AND METHOD
Within the scope of the study, the following calculation methods were used.
2.1. Calculations for Photovoltaics

Sun Angles

Some of the sun angles taken into account in the calculations are given in (Honsberg & Bowden, 2019). (Figure
1)

solar

5hi:)riznntal

5mn::n:iule

horizontal

Figure 1. Sun angles (Honsberg & Bowden, 2019)

Declination Angle, 8: It is the angle that the sun's rays make with the earth's equatorial plane. It can also be
defined as the angle between the direction connecting the centers of Sun and Earth and its projection on the
equatorial plane (Stanciu & Stanciu, 2014). (Figure 2)

The declination angle takes the extreme values of -23.45° at the winter solstice on December 21° and +23.45°
at the summer solstice of June 21%. On March 21% at the spring equinox and September 21% at the autumn
equinox, the declination angle becomes zero (Stanciu & Stanciu, 2014). (Figure 3)
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Figure 3. Variation of declination angle according to months

Declination Angle, with n number of days starting from January 1%, which is the first day of the year, with
Equation 1;

& = 23,45 x sin (360 x (284 + n)/365) (1)

is calculated as (Stanciu & Stanciu, 2014).
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Optimum Tilt Angle, fop : It is the angle that the PV panel must make with the horizontal plane in order for
the sun rays to fall vertically on the PV panel. It is calculated with Equation 2 (Sharma et al., 2021).

Bopt =¢-96 2
Calculation of Incoming Radiation Value to a Sloped and South Deflected Surface

In order to achieve maximum energy conversion in PV systems, the sun's rays must come to the PV panel at a
right angle and the PV panels must be placed facing south. However, in some cases, it may not be possible to
capture this environment. Therefore, if the standing angle (/3) of the PV panel on the plane and the angle of
deviation from the south (o) are known, the solar radiation value (Smodue) On the PV panel at that moment can
be calculated by the model expressed in Equation 3 (Honsberg & Bowden, 2019; Takilalte et al., 2020; Amiri
etal., 2021).

Smodute = Sincident- (Cosa .Sin B .Cosa + Sina .Cos ) 3)
Sincident = Shorizontat/Sina (4)
System Efficiency

No system works with 100% efficiency. Every component, and therefore every system containing these
components, has a conversion efficiency calculated accordingly. In PV systems, the system efficiency is
calculated with Equation 5 (Salmanoglu & Cetin, 2013).

Nsys = Npv X Niny X Npat X 0,9 (5)
Nsys - System efficiency,
npy - PV panel efficiency,

Niny - Invertor efficiency,

NMpae - battery efficiency.

In this model, PV panel efficiency is an effective element when calculating system efficiency 1_sist. The effect of
temperature on n_PV, which is expressed as PV panel efficiency, is calculated with the model expressed in
Equation 6 (Sultan et al., 2020).

ney = Nr[1 = Br(Te — T;)] (6)
Ny : module efficiency expressed by the module manufacturer,
Br > string efficiency temperature coefficient,
T, : average monthly cell temperature,
T. : reference temperature given for cell efficiency.

Calculation of the Annual Expected Energy Harvest Against the Determined PV Panel Installed Power

The model in Equation 7 is used when calculating the annual electrical energy production for the electrical
energy produced by the photovoltaic method from solar energy (Salmanoglu & Cetin, 2013).
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8760
Gpy = Z Nsys - Ik (7)
k=1
Ik - total solar radiation on 1 m? area at the k hour of the year, kWh/m?,

Gev  :annual energy harvest of 1 m? photovoltaic panel.

The mathematical model on which the software developed within the scope of this study was built, accepts
readily available data provided by meteorological measurement stations as input and transform them into an
adjusted and utilizable form. These data and derived results of the calculations are then presented dynamically
to the user. The outputs are also rendered and shown on a map which is a powerful and comprehensive user
interface choice.

2.2. The Calculation for Wind Power System

The primary parameter in calculating the electrical power obtained from the turbine is the wind speed and it is
directly related to the height at which the measurement was made. For this reason, the measured wind speed
values must be converted to the height at which the turbine is installed. Based on this conversion, it is possible
to calculate the energy and power of the system or the site to be installed more reliably.

In the literature, the “Hellman Equation” expressed in Equation 8 is used in order to calculate the wind speed
according to altitude mathematically (Salmanoglu & Cetin, 2013). Wind speed data are obtained from the wind
measurement station at a height of 30m, located within the Ege University Solar Energy Institute. The Hellman

elevation equation is used to calculate the wind speed at tower height according to the wind turbine selected
from the database.

Vo = Vyeg. (H/Hyep)" ®)
V. : wind speed (m/s) to be obtained as a result of the calculation (wind speed value increased to tower height),
V.er - reference wind speed (m/s) used in the calculation,
H : hub height (m),
H,..; : reference height (m),

U - friction coefficient (Table 1).

Table 1. Friction coefficient for a variety of landscapes (Suvire, 2011)

Landscape type Friction coefficient
Lakes, ocean and smooth hard ground 0.10
Grasslands (ground level) 0.15
Tall crops, hedges and shrubs 0.20
Heavily forested land 0.25
Small town with some trees and shrubs 0.30
City areas with high rise buildings 0.40
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The mathematical expression that can be used to obtain the power output characteristic of the wind turbine for
the wind speed values derived for the desired heights with the Hellman equation is given in Equation 9. Wind
speed measurements should be taken at two different heights at each measurement tower. Thus, the actual
values of the roughness coefficient in the environment will be computable (Fotso et al., 2021).

0, Ve<Vgi

1
Cp(5:0.(mr2)V3), Vei<Ve<Vyated
P, (V) = P (2 cisSVr<Vra (9)
W( T) Py, Vrated<Vr<Vco
0, Vir>Veo

Pw (V) : power generation of wind turbine at V, wind speed (W),

Pr : rated power of wind turbine (W),
Vi : wind speed at hub height (m/s),
Vi : cut-inn wind speed (m/s),

Viated - Wind speed at the rated power of the wind turbine (m/s),
Veo > cut-out wind speed (m/s).

Wind speed exhibits a fluctuating structure during the day. For this reason, wind blowing times should be
known in the calculation of electrical energy obtained from wind energy. When this data is not present, it is
essential to drive it using a proper mathematical approach. to synthetically derive it using a proper
mathematical approach. Wind blowing times for the locations where no measurements are taken can be
calculated from the meteorological data obtained from surrounding locations. For this calculation, “Rayleigh
Distribution Function” and “Weibull Function”, which are continuous probability distributions, are frequently
used in probability theory and statistical sciences. The hourly blowing times of the wind speed are calculated
with the help of the “Rayleigh Distribution Function” as in Equation 10 (Serban et al., 2020).

VA T, 2
he = 1. (Vy/Vidye). €44/ Vove) (10)
Here;
Vi > wind speed to be calculated (m/s),
Vae  :average wind speed (m/s),
hy - daily blowing time (h).

As a result of these calculations, the hourly electrical energy value obtained from the wind turbine planned to
be used in a wind power system can be calculated with the model in Equation 11.

8760 25 1
Gy = Z Zhr’i_j.Cp.(E.p(nrz).V3>/1000 (11)
i=1 j=1
Here,
hrij : wind blowing time at i m/s wind speed at j hour of the year,

Co > wind turbine power coefficient.
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2.3. Database Design

The software developed here was designed in a modular structure. The modules of the software are;

» Dynamic Data Monitoring Module,

»  System Design Module

+ Calculation Module,

» Carbon Footprint and Depreciation Calculation Module
* Reporting Module

System design and carbon footprint modules are hosted on the local server and the relevant data is stored in its
own database. The Calculation and Reporting modules requires a valid password provided by the user. Access
control is performed with a password to be determined and controlled via an application programming interface
(AP1) running on the user side. The developer server hosts the password and license validity information in its
database and answers the requests within license coverage. The general structure of the system can be seen in
Figure 4.

Developer WEB Server User WEB Server

Dynamic Database Modules Database
Data System Design and Calculation
Meonitoring User's info Carbon Footprint . .
Module ]||||| ﬁ APl Key Reporting User’s Project
. R Data
Licence info
Solar Data

Wind Data

Google Maps
Location Info

—
L1

Mobile Phone

[0
il

LAPTOP

Figure 4. Working of the software over the internet

The software is developed with PHP programming language and user information is stored in MySQL
database. The reasons for choosing this duo are that they provide all software needs, are open source and have
low licensing costs.

Calculation and Reporting modules are hosted on the developer server and users with software licenses can
benefit from these modules via WEB Service. The user requests account results, reports and analyzes from the
WEB Service software on the developer servers. If the password (API password) transmitted with the request
is valid, the modules fulfill the requests and send the results in JSON format to the user server. The flow
diagram, which algorithmically expresses the working stages required to create a dynamic wind-solar map, is
given in Figure 5.

The database developed in the MySQL environment generally contains user and project information, dynamic
meteorological information and tables containing the definitions of the components used in the system and the
relationship between these tables. Some examples of tables in the database are shown in Figures 6-9.
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|

!

!

|

Dynamic Data Monitoring
Module

System Design and
Calculation Module

Carbon Footprint Module

Reporting Module

Developer WEB Server

User's WEB Server

Solar and Wind Data

GOOGLE Maps Data

User's Project Data

Visual User Qutputs

Figure 5. General working principle of the designed system

LT Sunucu: localhost » [ Veritabani: ralenpro » [ Tablo]

F Gozat It Yap L] sQL 4 Ara

i Tablo yapisi

L=« < T N R & I < I 1 B T ™

Tt

Adi Tiird
id > int(11})

g5 iligki gérinimi

#c Ekl

Karsilastirma Oznitelik

textld 0> varchar(100) utf8_turkish_ci

username varchar(100) utf8_turkish_ci

email varchar{100) utf8_turkish_ci

(
(
uname varchar(100) utf8_turkish_ci
(
(

password varchar(64)
status int(1}
created timestamp

level int(1}

Tdmind igaretle

_‘_’.‘g Merkezi situnlardan kaldir

utf8_turkish_ci

Segilileri: = Gozat

Figure 6. Table containing user information in the designed database
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i  Gézat v Yapr | f SQL  « Ara | ¥t Ekle &} Diga aktar
|

4 Tablo yapist 45 ingki goranima

‘ # Adi Tard Kargilagtirma Ozniteliklier
\ 1 d > int(11)
| 1 2 project_name varchar{100) uti8_turkish_ci
3 description  varchar(255) uti8_turkish_ci
| 4 project_type ini(1)
5 pid > in(11)
6 uid o varchar(64) uti8_turkish_o
7 created timestamp o s CURRENT_TIMESTAMP
" 8 status int(1)

1t — Tomdnd igaretie Segilileri; [=]Gozat P Deigtic ) Kaldh

{a Merkezi sUtunlardan kaldir

& Yazdr i Tabloyapisi dner ¢ % Tabloyuizle 5 Situnlantasi

Fe |1 I sltun ekle | status sonrasina H ' Git

Figure 7. Table for project information in the designed database

LT Sunucu: localhest = @ Veritabani: ralenpro » @ Tab

|=| Gozat 34 vapm L sQL 4 Ara ¥ E
4 Tablo yapisi g2 iligki gériinimi

# Adi Tiird Kargilagtirma Oznitelikle
1 > int(11)

[ 2 type varchar(50) utf8_turkish_ci

[ 3 power int{11}

[ 4 eff double

[ 5 height int{11)

1 B width int(11)

[ 7 created timestamp

[ B status int{11)

+ [ Tuminiigaretle  Segilileri: =] Gozat

:'g Merkezi situnlardan kaldir

Figure 8. Table for PV panel information in the designed database
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C7 Sunucu: localhost = @ Veritabani: ralenpro » g Table

=| Gézat It Yam L[ saL L Ara ¥c Ekl

=

4 Tablo yapisi gy iligki g&rianimi

£

Adi Tiird Kargilagtirma Oznite
id > int{11}

—k

brand varchar{100} utf8_turkish_ci
description varchar(250} utf8_turkish_ci
type varchar{100} utf8_turkish_ci
power int{11}
int{11}
vin int{11}
vout int(11}

created timestamp

o o o ~ O ot A& W M

.

status int{11}

t Tlmini igaretle Segilileri: |Z] Gozat g

Figure 9. Table for inverter information in the designed database

3. RESULTS AND DISCUSSION

Since the number of data providing stations was limited during the tests of the study, a data generator was
developed to generate random data to be used in the software. The random data produced in certain ranges and
properties, were used to input dynamic evaluation and modeling software. It has been proven that the
mathematical model and the developed software structure work smoothly with virtual data.

Software is able to read and process the parametric values like wind speed and direction, temperature, pressure,
humidity, and solar irradiation within one-minute resolution.

The software and the mathematical model it contains can calculate and report;

e Optimum angle for PV panel placement,

Hourly, daily, monthly, annual energy harvest according to the selected PV panel and wind
turbine characteristics,

Avoided carbon emissions,

Southward deviation energy losses in PV systems,

Energy losses in PV systems deviating from the optimum angle,

Optimum system design according to the energy consumption specified by the user.

Screenshots of the developed software and the function of each software module are explained below.
Developed Software

When the user accesses the system website over the internet, the “User Login Screen” appears in Figure 10,
which requests user information and queries whether the user has permission to access the system.
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SYSTEM DESIGN
Main Page

Projects

4t

PV Module

Inverters
Welcome
Please Login

User Name...

Password...

Don't have an account? Register Now

Forgot password? m

Copyright ©@ Ralen Enerji Mhendislik Ltd 2019

Figure 10. User login

The user can sign in to the system with the valid “User Name” and “Password” pair assigned to him/her, and
if he/she does not have a User Name and Password, they can sign up to the system via this screen.

Once the user provides this information and the connection to the system is established, the “Module Selection
Screen” shown in Figure 11 is shown.

SYSTEM DESIGN

Main Menu
Main Page
Please select the module you want to run
Projects
PV Module
Inveriers SELECT MODULE
System Design Module Carbon Footprint

Calculation Module

IR =

Dynamic Data Monitoring Reporting Module
Medule

Figure 11. Module selection

The user can choose among the four main modules on this screen.

When the “System Design” module is clicked, firstly, basic information like the “Project Name” and “Project
Type” of the project is requested to be entered in the screen shown in Figure 12.
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SYSTEM DESIGN
System Design

Main Page
Create Project

Projects
PV Module

Inverters
PROJECT FEATURES

Project Name

Test

Project Description

Test

Project Type

) Roof
© Open Area
) Other

oo L

Figure 12. System design module project description screen

After entering the required data on the screen shown in Figure 12, the project information is saved with the
Save button and the “Next Step” button is clicked.

Afterwards, the software directs the user to the Location Screen in order to select the location in Figure 13.

SYSTEM DESIGN

SELECT REGION FROM THE MAP

Main Page
Projects
PV Module

Inverters

Figure 13. System design module location screen

When the location where the project design will be made is selected on the screen and the next step is taken,
certain options regarding the system design are presented to the user, as seen in Figure 14.

The user must first define the physical size of the area where the system will be designed, via the screen in
Figure 14. For the system area whose size is determined, there are options such as placing the maximum PV
panel that will fit in the area, entering the number of panels and determining the installed power. In each of
these options, the fixed angle of the PV panel and the deviation of the installation area from the south can be
defined to the system by the user. After selection, design continues.
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Main Page

Projects

PV Module

Inverters

When the “Dynamic Data Monitoring Module” is clicked by the user via the Module Selection Screen, the
change of wind-sun and other meteorological data for the previously selected location is dynamically presented
to the user on this screen. When the “Data Reporting™ button in this module is clicked, the data is reported
according to the selected date range and the data is presented to the user graphically, as shown in Figure 15.
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v\ NumBER oF Pv ) ((INSTALLED F

Width of Roof 16 m

Length of Roof 9 m

Slope 27 ©

Azimuth 180 °©

Figure 14. System design module system properties determination screen

Information regarding the energy harvest and electricity savings of the designed system for the selected location is presented below.

Location

Irradiation

- lzmir/Bornova

25524 Wh/m?® - day

Optimum Angle :32°

Temperature :25°C
Shading :There is no shadowing in the area
Monthly Energy Harvest
Months AUE (kwh) Monthly Average Electricity Production
Jan 22.62
Feb 23.84 50 W ~UE
March 32.62 (KWh)
April 36.07
May 40.41
June 42.43
July 44,46
August 43.64
Sept 38.77
Oct 34.70
Nov 25.06 Jan March May July Sept Nov
Dec 21.03 Feb April June August Qct Dec

Total

405.65

Saving on Monthly Bill

Manths AFT (TL)

lan 7.9
Feb 8.3
March 11.4
April 12.6
May 14.1
June 14.9
July 15.6
August 15.3
Sept 13.6
Oct 12.1
Nov 8.8
Dec 7.4

Total

142.0

Saving on Monthly Bill

7 W AFT(TL)

lan March May July Sept Nov
Feb April June August Oct Dec

Figure 15. Dynamic data monitoring module data tracking and display screen

When the user clicks on “Reporting Module” via the Module Selection Screen, periodic reports on wind-sun
and other meteorological data for the location previously selected by the user are presented to the user on this
screen. When the location is selected by the user and the “Report” button is clicked on this module screen, the

software asks the user for which date range, how often and what quality data they need.
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The reporting of the following data, including annual, monthly, daily and hourly, can be done through this
module.

» Average Radiation

» Average Wind Speed

» Average Wind Direction

»  Average Temperature, Humidity, Pressure

In addition, for a wind-PV system designed and recorded with the “System Design Module” previously, the
expected potential energy harvest in annual, monthly, daily and hourly periods can also be reported to the user
via the “Reporting Module” as in Figure 16.

The monthly production - consumption balance for the system designed in the selected location is presented below.

Location Izmir/Bornova
Irradiation 5524 Wh/m? —day
Optimum Angle :32°

Temperature 25°C -
P Print
Azimuth o

Shading There is no shadowing in the area

Menthly Prod.-Consump. Balance KWh
Manths MP MC | EGGM . .
Monthly Production - Consumption Balance kWh
Jan so| 120 0
Feb 95| 130 0 200 B VP kWh
March 130] 100 30
April 144| 120 24 170 M mckwh
May 162] 100 62
lune 170] 150 20 140
July 178 120 58
August 175|130 45 110
Sept 155 140 15
Oct 138|150 0 80
Nov 100] 100 0 Jan WMarch May uly Sept Nov
Dec 34| 150 0 Feb April June August Oct Dec
Total 1622] 1510] 254
Manthly Prod -Consump. Balanca 5
Months MP MC EGGM
o 52 a2 00 Monthly Production - Consumption Balance $
Feb 33 46 0,0 8 W e s)
March 46| 35 1,1 M mc(s)
April 5,0 4,2 0,3 6 EGGM ($)
May 57| 35 2,2
June 6,0 5,3 0,7 4
July 62| 42 2,0
August 61| 46 15 2
Sept 54 a9 0,5
Oct 49| 53 0,0 5
Nov 35| 35 0,0/ Jan March May uly Sept Nov
Dec 2,9 5,3 0,0 Feb April June August Oct Dec
Total 56,8 | 33,1 3,8
MP : Monthly Production

MC :Monthly Consumption
EGGM :Energy Given to the Grid Monthly

Figure 16. Reporting module report screen

4. CONCLUSION

As an example of the output provided by the software, the static wind and solar maps produced by the General
Directorate of Renewable Energy Resources in Turkey can be shown. Among these examples, only long-term
data obtained from 60 wind measurement stations and meteorology stations throughout Turkey (for weather
forecasting) were used for REPA. This small number of samples is insufficient to make reliable investments
and precise predictions. Moreover, these existing maps are static in nature and do not rely on real-time data
analysis and thus, do not have a dynamic continuity. The software developed with this study is important in
that it can make calculations based on real measurement data in high resolution and that the obtained data can
be observed dynamically.

The web-based software that emerged as a result of this study has a very high potential for being commercially
utilized both as a finished product and an embedded tool. More than personal use, it is planned to seek a
corporate membership/subscription required for access to the software. In this context, it is planned to generate
user-based income from the software by converting the software into a commercial product in the future. As
the target group; Large-scale system investors, Universities, System installation companies, Electricity
Distribution Companies and related public institutions/organizations can be mentioned.
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NOMENCLATURE
0 : declination angle
Sopt > optimum tilt angle
o > azimuth angle
Smoaule  © the solar radiation value on the PV panel at the tilt angle
Nsys - System efficiency
npy - PV panel efficiency
Niny - INvertor efficiency
Npae - battery efficiency
N, : module efficiency expressed by the module manufacturer
Br : string efficiency temperature coefficient
T, : average monthly cell temperature
T, : reference temperature given for cell efficiency
Ix  total solar radiation on 1 m? area at the k hour of the year, kWh/m?
Gry  :annual energy harvest of 1 m? photovoltaic panel
|78 > wind speed (m/s) to be obtained as a result of the calculation
Vrer  : reference wind speed (m/s) used in the calculation
H > hub height (m)
H,.s : reference height (m)
u : friction coefficient
Pw (V) : power generation of wind turbine at V, wind speed (W)
Pr - rated power of wind turbine, (W)
Vi > wind speed at hub height (m/s)
Vei > cut-inn wind speed, (m/s)
Viated - Wind speed at the rated power of the wind turbine, (m/s)
Veo : cut-out wind speed, (m/s)
Vi : wind speed to be calculated (m/s)
Vae  :average wind speed (m/s)
hy : daily blowing time (h)
hrij : wind blowing time at i m/s wind speed at j hour of the year

Cp

: wind turbine power coefficient
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Radiochemical An analytical procedure for the alpha-source preparation is investigated in the study to determine
Separation uranium radioisotopes specific activities in the bioleaching liquor leach from asphaltite samples taken

from the Silopi region in Tiirkiye. The purpose is to develop a new radiochemical method that can
provide the alpha-particle spectrometry requirements. The proposed analytical procedure includes
Uranium Measurement  sample preparation, radiochemical purification of uranium from bioleaching liquor, alpha-source

) preparation on a substrate and alpha-particle spectrometric analysis of isolated uranium. The method is
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Spectrometry that the proposed analytical procedure is successfully implemented for measuring the activity
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1. INTRODUCTION

The rapid increase of nuclear power plants leads to the progressive depletion of high-grade reserves of uranium
ores and also increases tailing generation produced by uranium mining activities (Abhilash & Pandey, 2013;
Sarkar, 2019). The sustained depletion of high-grade uranium reserves and raised awareness about
environmental degradation due to the conventionally extracted methods give rise to the development of a new
extraction technique that is efficient, less polluting, and economic to recover uranium from low-grade deposits
and secondary sources. Biological leaching is simple, efficient, less polluting, and relatively less expensive
including low energy consumption. Therefore this technique is a suitable alternative procedure and rapidly
expanding worldwide to leach uranium from low-grade sources (Pal et al., 2010; Abhilash et al., 2013). The
micro-organisms used in the bioleaching process catalyze the oxidizing and reducing reaction of uranium along
with related metals and hence the uranium solubility. Most uranium deposits consist of a mixture of uranium-
bearing minerals in either U(1V) or U(VI) state. The solubility of uranium varies depending on the oxidation
state. The oxidation state being U(VI) is the most soluble form of uranium. The bioleaching mechanism of
uranium is mainly controlled by the common action of iron (I11) and protons produced by the micro-organisms.
They use either iron or sulfur as an energy source for their growth. U(IV) is oxidized to the soluble form of
uranium by ferric ions, and the rate of oxidation increases when micro-organisms like Acidithiobacillus
ferrooxidans. Kinetics of uranium leaching occurs much more rapidly when the redox potential (Fe(l11)/Fe(ll)
ratio) of the leaching solution is high (Eisapour et al., 2013).

Asphaltite is a petroleum-derived substance that is classified as a solid aromatic asphaltic oil containing
mineral matter primarily sulfates, carbonates, silicates, and sulfides. Variations in oil deposits during migration

*Corresponding Author, e-mail: mseferinoglu@sinop.edu.tr
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and solidification result in the formation of asphaltic substances (Ballice, 2002; Hicyilmaz & Altun, 2006;
Saydut et al., 2008). Apart from compositions originating from petroleum, these substances are associated with
mineral matter consisting of valuable metals like molybdenum, nickel, vanadium, and radioactive elements
such as uranium and thorium. Although the abundance of uranium and thorium is in the low range, a cost-
effective method of extraction can make asphaltite a viable alternative source. Biological leaching can play a
crucial role as a cost-effective method. Hence, the measurement of radionuclide activities in the bioleaching
liquor is very important in determining uranium recovery.

The uranium activity of the leaching liquor is measured by alpha-particle spectrometry which is among the
most accurate and precise methods for alpha-emitting radionuclides (Aggarwal, 2016). Nevertheless, the
spectrometric measurement requires very pure, uniform, and thin alpha sources. Because of competing
significant salt contributions, known as "matrix effects,” determining the specific activity of uranium in
bioleaching liquor is usually exceedingly difficult. These effects are especially troublesome since they strongly
depend on the composition of bioleaching solution and mineralogical components in asphaltite.

The study is aimed to develop a radio-analytical technique for evaluating the activity concentration of uranium
radioisotopes in the leaching liquor obtained by bioleaching of asphaltite with a mixed culture containing iron
oxidizers, sulfur oxidizers, and a few archacel species. The radiochemical separation of the radionuclide of
interest from all other interfering elements, radioactive or non-radioactive in the leaching liquor, is essential
before the measurement of alpha sources since the interfering elements create a lower spectral resolution and
higher detection limit (Reis et al., 2011; Zhu et al., 2015; Reis & Monterio, 2020).

2. MATERIAL AND METHOD

The radio-analytical method is conducted by four main steps; i) source preparation, ii) radiochemical
separation, iii) alpha-source preparation, and iv) counting of alpha-source. Every step may and can contribute
to the error propagation in the measurement of the specific activity. To overcome the propagation, the study
presents improvements in source preparation and radiochemical separation methods to avoid the interfering
elements in the alpha spectrum of the bioleaching liquor.

2.1. Instrumentation and Calibration

Alpha-particle spectrometry was performed for the measurement of the specific activity of uranium
radioisotopes. Uranium sources were counted by a Passivated Implemented Planar Silicon (PIPS) detector with
450 mm? of active surface area. An electroplated mixed standard alpha source consisting of 1.67 Bq (5.2%)
for 238U; 1.63Bq (4.9%) for 24U, 1.91 Bq (5.5%) for 2°Pu, and 1.81 Bq (5.5%) for **!Am provide by Eckert &
Ziegler Isotopes Products was used for the energy calibration of spectrometry.

2.2. Reagents and Tracer

The analytical grade reagents taken from Merck were used in this study. The UTEVA chromatographic resin
with 100-150 pm was supplied by Eichrom Technologies, Inc. (Darien, Illinois, USA). The yield of the
radiochemical separation technique was determined by using 22U standard reference solution as a tracer. The
National Institute of Standards and Technology (NIST) traceable radionuclide, 22U (SRM 4324B) with 38.22
Bq g was purchased in the form of UOClI, dissolved in 2M HCI solution. The specific activity of 22U was
reduced to 0.1090 Bq g™+ 0.0085% (k=1) by diluting with 2M HCI.

2.3. Sample Description

A mixed culture of acidophilic mesophiles consisting of iron and sulfur oxidizers with a few archaeal species
was used to leach uranium from asphaltite. 9K nutrient medium [(NH4)2SO4, 15.0 g; KCI, 0.5 g; K:HPO4, 2.5
g; MgSOs 7 H,0, 2.5g; Ca(NOs). 4 H,0, 0.05 g for 5L solution] supplemented with 4.5 g/L of Fe** and
tetrathionate (K2S40s) solution is used for the cultivation of micro-organisms and bioleaching of asphaltite
samples. The bioleaching process was conducted in the leaching medium containing an iron-free 9K mineral
salt medium with mixed microbial culture at 1.0 and 1.5 pH values.
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Analyzing two spiked tap water samples provided by the IAEA-Cu-2010-04 ALMERA Proficiency Test
Exercise was used to validate the proposed analytical approach. The pH values of water samples were
determined by using Opaus ST300-G Model portable pH meter. If needed, the pH of water samples was
adjusted to 2.00 by adding concentrated HNO3 to ensure that the trace elements and radionuclides were kept
in the sample.

2.4. Analytical Procedures
2.4.1. Sample Preparation

The Eichrom ACWO02 (Eichrom, 2014a) analytical process, which is used to separate and analyze uranium in
water, was improved to include uranium isotope analysis in the bioleaching liquor. This method was chosen
because of its efficiency and reliability for the measurement of actinides in the water. The sample preparation
approach and radiochemical separation procedures were previously reported and used in various alpha-particle
spectrometry tests (Seferinoglu et al., 2014). A sub-sample of 50 mL of bioleaching liquor was taken with a
volumetric flask. The quantification of radiochemical recoveries and correction of results to improve precision
and accuracy was performed with 22U isotopes as a tracer. A weighed aliquot of 232U standard solution with
an analytical balance calibrated with Sl traceable weights was added to the sample at the beginning of the
procedure; 0.1045 Bg was put in total. A calcium phosphate precipitation was performed to concentrate the
actinides that exist in bioleaching liquor. 0.5 mL of 1.25M Ca(NO3), was added to the liquor and heated with
stirring at the medium setting for 60 min. After adding 2 drops of phenolphthalein indicator and 1 mL of 3.2M
(NH4)2HPO, solution, enough concentrated NH4sOH was added and heated for another 30 min to co-precipitate
uranium with calcium phosphate (Cas(PQOa)2). The precipitate was cooled to room temperature and allowed to
settle until the solvent would be separated by decantation or centrifugation. After discarding the supernatant,
the precipitate was washed with an amount of deionized water approximately twice the volume of precipitate
and centrifuged again for about 5 or 10 min at 2500 rpm. The residue was dissolved with 5 mL of concentrated
HNOs and evaporated to incipient dryness. The residue was re-dissolved with 10 mL of the solution of 3M
HNOs-1.0M AI(NOs)s. The effect of phosphate on the separation of uranium isotopes from other interfering
radioisotopes like neptunium and thorium is very important. The phosphate anion readily complexes with
tetravalent actinides such as Th (IV) and Np (IV) ions. The phosphate complexes are not extracted from the
UTEVA resin used for isolating uranium isotopes. 1.0 M AI(NOs); is added to the leaching solution for
counteracting the phosphate effects. Aluminum effectively ties up the phosphate, so this step prevents
phosphate interference with neptunium/thorium uptake by the resin. The radiochemical separation step of Th
(1V) and Np (V) ions from the UTEVA resin was improved by the addition of Al. Another important problem
is the iron deposition on the substrate material of alpha-source. The iron present in the liquor is coming from
the 9K nutrient medium supplemented with Fe* for the cultivation of micro-organisms and from the pyrite
content of asphaltite. The iron deposition should be prevented in the analysis of uranium isotopes because the
iron easily contributes to the deposition of uranium on the substrate materials during the electrodeposition
process. This increases the thickness of the deposit and inhibits the uranium deposition on the substrate
materials. For the counteracting of iron effects, 2 mL of freshly prepared 0.6M ferrous sulphonate solution,
1M ammonium thiocyanate indicator, and ascorbic acid should be added to the liquor prior to the radiochemical
purification steps of uranium. Hence, three-valent of Fe ions and also tetra-valent of Pu ions are reduced to
iron (11) and to plutonium (111) to avoid the retaining of iron and plutonium isotopes on UTEVA resin. The
uranium in the solution was then purified by the chromatographic resin.

2.4.2. Radiochemical Purification of Uranium

The radiochemical separation step must be performed to isolate the uranium isotopes from other radionuclides
with unresolvable alpha energies such as 2*!Am and #8Pu, Z’Np, and **U exist in the liquor with UTEVA
resin prior to the measurement. UTEVA resin selectively absorbs the uranium isotopes from interfering
elements. The UTEVA resin column placed on a vacuum box has been pre-conditioned by adding 5 mL of 3M
HNO;s before transferring the sample to the column. The bioleaching liquor was poured into the resin reservoir,
and the solution was allowed to drain before being washed with 5 mL of 3M HNOj3 solution. A 5 mL solution
of 8M HNO;z was also run through the column. Uranium isotopes with tetravalent ions like Np and Th isotopes
were absorbed by the resin, while other interfering elements passed through the column. The resin should be
converted from nitrate to the chloride system by adding 5 mL of 9M HCI solution for the elution of plutonium,
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thorium, and neptunium from the resin. 20 mL of 5M HCI-0.05M oxalic acid solution was added into the
column and allowed to drain. This rinse removed any plutonium, thorium, and neptunium retained in the resin.
Uranium was finally stripped with 15 mL of 1.00 M HCI solution. The purified uranium fraction was
evaporated to dryness.

2.4.3. Alpha-Source Preparation and Measurement

Alpha-particle spectrometry requires a uniform and thin source to ensure that the alpha particles are not
absorbed by radioactive materials deposited on the substrate and counted with high-resolution spectra.
Electrodeposition is one of the most common source preparation methods for radiometric measurement
routinely (Crespo, 2012). The Eichrom SPAOQ2 analytical procedure was performed to prepare thin and uniform
alpha sources (Eichrom, 2014b). The electrodeposition method with a sulfate system on a stainless steel disc
was used in this study. The polished stainless steel disc was used as a substrate for uranium deposits along
with a cathode in the electrolytic cell. The evaporated uranium solution was dissolved in the mix solution
including 2.5 mL of 5.0 wt% NaHSO., 2.0 mL of deionized water, 5.0 mL of 15 wt% of Na,SO,, and then
added 1.0 mL of ammonium oxalate to the electrolysis cell. After electrodeposition at 0.75 A for 90 min, the
reaction was ended by adding 2.0 mL of 25 wt% KOH. The disc was rinsed with NH4OH, ethanol, and acetone
sequentially. After drying the alpha source at 200°C for 5 min, the count rate of uranium radioisotopes was
measured by a PIPS detector.

3. RESULTS AND DISCUSSION

The proposed analytical procedure in the study comprises one of the evaluation parameters for determining
the uranium recovery from asphaltite by the bioleaching process. The contribution of the leaching liquor is not
easily determined by alpha-particle spectrometry due to its matrix effects. The proposed analytical procedure
is comprised of four steps: i) sample preparation to get rid of some elements and salt interfering properties
during the radiochemical separation including electrodeposition, ii) radiochemical separation to isolate the
uranium from other interfering radionuclides such as 2’Np, 28Pu, and 22Th on the alpha spectrum, iii) alpha-
source preparation on the substrate disc, and finally iv) measurement of alpha-source. Sample preparation and
radiochemical steps allow obtaining a pure uranium fraction via chemical and radiochemical ways. One of the
main troubles is the formation of the phosphate ions and tetravalent actinides (especially Np and Th
radionuclides) complexes. The complexes are easily up taken by UTEVA resin and are not extracted from the
column. This can be counteracted via adding Al in the sample separation step because Al is selectively
bounding with phosphate anion. Another difficulty is the iron deposition during the electrodeposition process.
Iron ions contribute to uranium deposition on the substrate materials and cause the inhibition of uranium
deposition. Therefore, the reduction of Fe®" ions must be reduced to Fe?* by ferrous sulphonate before the
radiochemical separation. Consequently, the proposed procedure separates radionuclides that can interfere
with the measurement of uranium by alpha-particle spectrometry.

3.1. Validation of Analytical Procedure

The proposed analytical procedure was inspected by testing two spiked tap water supplied by IAEA-Cu-2010-
04 ALMERA Proficiency Test Exercises. The main aim was to elucidate the applicability of the proposed
method to the measurement of activity concentration of uranium radioisotopes in the bioleaching liquor
obtained from asphaltite. The evaluation of the results was made in terms of the relative bias, z-score, u-test,
trueness, and precision. The results for uranium isotopes concentration compared to recommended values
given by the proficiency test were shown in Table 1. The relative bias for spike tap waterl (the so-called
STW1) and spike tap water2 (the so-called STW?2) are found as 0.00%, -6.38% for 24U, and 2.86%, -6.45%
for 238U, respectively. The value of the u-test parameter was assigned to 2.58 for the 99% confidence level.
The u-score values for STW1 and STW2 samples are found as 0.00, -1.29 for 2**U, and 0.19, -1.25 for 2*U,
respectively. Overall, the results of relative bias, z-score, and u-score showed that measured specific activities
and their uncertainties were within the recommended reference interval. In this study, the measured results
were also evaluated according to the acceptance criteria for trueness and precisions.
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Table 1. The measured results of 2*U and **®U radioisotopes compared to the recommended values of the
activity concentration in the spike tap water samples taken from the proficiency test organized by the IAEA

o Ms/a;slldged Relative Reco\r}"larlrllinded Relative Rele_itive 7 U . p* .
Institution | Sample | Analyte (Unc. kil) Llir;i (Unc. kil) Llir:“i I(3°|/21)s Score Test Al A2 (%) FS
(Bg kgt (Bg kg™)
4y 1.30 (8) 6.15% 1.30 (3) 2.31% | 0.00% | 0.00 | 0.00 | 000 | 022 | 657 | A
STW1
IAEA-CU 8y 0.72 (6) 8.33% 0.70 (2) 2.86% | 2.86% | 006 | 019 | 002 | 016 | 881 | A
2010-04
Almera 2y | 044@3) | 7.14% 0.47 (1) 213% | -6.38% | -0.13 | -1.29 | 003 | 008 | 714 | A
STW2
=8y 0.29 (2) 7.41% 0.31(1) 323% | -6.45% | -0.13 | -1.25 | 002 | 0.06 | 761 | A

The final score is assigned “Acceptable” status if it passed both trueness and precision criteria. The criteria for
trueness is passed if the Al value is smaller than the A2 value. For precision criteria (P), the limited value was
determined as 15% for uranium radionuclides. If the P value < 15%, the precision criteria value passes. The
trueness and precision criteria were met, as shown in Table 1. Consequently, the measured specific activities
of 234U and 238U were found in agreement with recommended values assigned by IAEA.

3.2. Determination of Activity Concentration of Uranium in the Bioleaching Liquor

The validated analytical procedure was implemented to determine the specific activity of uranium isotopes in
the bioleaching liquor collected from bioleaching of asphaltite at pH values of 1.00 and 1.50. The uranium
isotopes spectrum of bioleaching liquor at pH=1.00 was presented in Figure 1. The regions of interest were
adjusted between 3.95-4.46 MeV for 2%8U, 4.37-4.60 MeV for 2%U, 4.69-4.86 for 2**U, and 5.13-5.39 MeV for
2321, The spectrum shows that the peak resolution is sufficient (no overlapping peaks) to skip spectral
deconvolution calculations. Therefore, the peak area for each radionuclide was straightforwardly determined.

Alpha Spectrum of Uranium Isotopes at pH=1

250 1 j
234U

238 232
200 u - &

160

Counts

100 [ '*

235U
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3.5 4 4.5 5 5.5 6
Energy [MeV]

Figure 1. The alpha spectrum of the bioleaching liquor collected from the leaching of asphaltite at pH=1
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The experiments were done with three replicates. The specific activities and the uncertainties of 23423238
isotopes were presented in Table 2. The specific activities at pH=1.00 range between 21.80 (2.80) BgL™ and
23.21 (2.59) BgL*for 24U, 0.71 (0.25) BgL* and 0.86 (0.25) BqgL* for 25U, and 20.50 (2.82) BgL* and 22.07
(2.27) BgL* for 28U. The specific activities at pH=1.50 were found less than those at pH=1.00.

Table 2. The specific activities of uranium isotopes in the bioleaching liquors collected from
the asphaltite bioleaching process at pH values are 1.00 and 1.50

Bioleaching S vale Specific Activity of ‘U Specific Activity of 23U Specific Activity of 28U
liquor 1 Unc. 1 unc. N unc.
ABILY | (g ke2) ABILD | @atkea) | ACIYD | (Bl k=)

ABL1 1.00 21.80 2.80 0.71 0.22 20.50 2.82
ABL1 1.00 22.05 2.20 0.85 0.23 21.41 2.45
ABL1 1.00 23.21 2.59 0.86 0.25 22.07 2.27

Mean 22.35 2.53 0.81 0.23 21.33 251
ABL2 1.50 14.34 1.39 0.53 0.11 14.50 1.43
ABL2 1.50 14.50 1.45 0.55 0.09 15.10 1.48
ABL2 1.50 15.40 1.48 0.57 0.10 15.70 151

Mean 14.75 1.44 0.55 0.10 15.10 147

*ABL1 and ABL2 mean that asphaltite bioleaching liquor at pH=1 and pH=1.50, respectively.

The specific activities were observed in good agreement with each other. No outlier values were found in any
of the measurements. The results indicated that the proposed analytical method is applicable to measure a
reliable and accurate specific activity of uranium isotopes in the bioleaching liquor by alpha-particle
spectrometry.

Radiochemical recovery of the proposed method for 28U and 23*U isotopes was calculated by the count rate of
the tracer (**2U). The detector efficiency (g) was determined as 0.150 by the relative solid angle method. The
radiochemical recoveries for two isotopes (***U and 2*U) were found in approximately the same range from
60% to 68%.

4. CONCLUSION

The results obtained for two IAEA-Cu-2010-04 ALMERA proficiency test samples indicated that the proposed
analytical method is applicable to determine the specific activities of uranium isotopes in the bioleaching liquor
matrix with high accuracy and precision. The evaluated results in terms of the relative bias, z-score, and u-
score showed the measured activities and uncertainties were in good agreement with reference values assigned
by IAEA.

The procedure was tested on bioleaching liquors obtained from the asphaltite bioleaching process at various
pH levels. The results of uranium isotopes were in keeping with each other and resulted in no outlier. In the
alpha-particle spectrometric measurements, the sample preparation and radiochemical separation stages
removed all interfering components, whether radioactive or not. The mean specific activities and their
uncertainties for 234U. 23U and 2%8U radioisotopes at pH=1.00 were found as 22.35 (2.53) Bq L, 0.81 (0.23)
Bqg L?, and 21.33 (2.51) Bq L, respectively. When the pH value was increased to 1.50, the specific activities
were changed to 14.75 (1.44) Bq L* for 24U, 0.55 (0.10) Bq L* for 2°U, and 15.10 (1.47) Bq L™ for 2%8U.

Consequently, for samples acquired by bioleaching processes, alpha spectrometry produces a distinctive
spectrum. Thus the uranium recovery in the bioleaching processes for low-level uranium resources can be
evaluated by the proposed analytical procedure.
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Keywords Abstract

Larvicide Mosquitoes cause life threatening diseases such as yellow fever, malaria, filariasis, encephalitis

Fumigant infection etc. The focus of this research is to evaluate the larvicidal and fumigant properties of
Moringa oleifera and Momordica charantia extracts on the larvae and adult mosquitoes. The leaves of

Moringa both plants were dried and pulverized into fine powder. Rotary evaporator was used to extract the plant

. oils. The results showed that Momordica charantia was more effective as larvicide than Moringa

Momordica oleifera as its evoked 100% larval mortality at 20% concentration for 3 hours with LC50 and LC90 of

Culex 0.5% and 8.5% respectively. Moringa oleifera produced 100% larval mortality and LC50 (0.75%) and
LC90 (10%) at 25% concentration for 4 hours. Similarly, the leaf extract of Momordica charantia is a
better fumigant than Moringa oleifera, the former produced LC50 of 0.5% and LC90 of 3.75%, while
the latter produced LC50 and LC90 of 1.05% and 4.25% respectively. The significantly higher
larvicidal and fumigant activities observed in Momordica charantia is due to the presence of cardiac
glycosides only in the plant in addition to saponins, tannins, flavonoids and alkaloids which are
common to both plants. Therefore botanicals are advocated to be included in vector control programs.
This is because botanicals are relatively safe, cheap and easy to obtain in many parts of the world.
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1. INTRODUCTION

Mosquitoes are vectors of important parasites such as protozoans and nematodes which are responsible for
fatal infections such as malaria, yellow fever and filariasis (Dahmana & Mediannikov, 2020; Bamou et al.,
2021). The vectorial capacity of mosquitoes is as a result of their hematophagous attitude, during blood meal,
mosquitoes acquire the pathogen from one vertebrate host and transmit to another (Powell, 2019). Highly
efficient vectors must live in close association with the hosts and have a relatively long lifespan (Powell,
2019).

Plants are globally useful in protecting people from hematophagous insects and several researches have
reported the repellent efficacy of plant oils. These plant oils are easily decomposed, ecologically friendly,
popular and generally have low mammalian toxicity. Moreover, the plants are easily obtainable at cheaper
cost in most endemic areas. In addition, plant oils contain several important properties. First, they easily
penetrate insect cuticles, which increases their bioavailability. These properties could be of useful in
reducing insect longevity on treated surface. Secondly, active ingredients in the plant oils may have specific
mode of action, which make them good alternative to pyrethroids. Among plants that are useful as
protectants are Moringa and bitter gourd. Moringa, which is the only genus in the family Moringaceae and
common called drumstick tree (Milla et al., 2021). Moringa is a fast growing plant which is resistant to
drought and originated from the southern foothill of Himalayas in northern India, and widely cultivated in
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tropical and subtropical area. It is used in water purification, and herbal medicine. M. oleifera leaf powder is
also effective as soap for hand washing (Fidrianny et al., 2022). M. oleifera could be used as functional food
and other industrial food applications (Oyeyinka & Oyeyinka, 2018). Therefore, M. oleifera provides
nutrients that benefit health, making it a key food for food security in areas with fewer economic resources
(Sagona et al., 2020), According to Kumar et al. (2010), the introduction of Moringa oleifera seed flour
improves the organoleptic properties of different breads and biscuits; In addition, almost all parts of the
plant: root, bark, gum, leaf, fruit (pods), flowers, seeds and seed oil, have been used to treat various disease
such as skin infections, swelling, anemia, asthma, bronchitis, diarrhea, headache, joint pain, rheumatism,
gout, diarrhea, heart problems, fevers, digestive disorders, wounds, diabetes, conjunctivitis, haemorrhoids,
goitre, earache, measles and smallpox in the indigenous system of medicine (Thakur & Sharma, 2016).
Momordica charantia or bitter gourd, is widely grown in Africa, Asia, and the Carribbean as edible fruit,
which is extremely bitter. It originated in India subcontinent and introduce into China in the 14" century.
Bitter gourd is important in Chinese cooking because of its bitter flavour (Abu-Odeh & Talib, 2021).
Especially in soup and herbal teas. M. charantia on the other hand is useful as cancer prevention, diabetes
treatment, fever, and in reducing blood glucose level (Afolabi et al., 2018). This study explored the larvicidal
and fumigant properties of the Moringa oleifera and Momordica charantia leaf extracts on Culex
mosquitoes.

2. MATERIALS AND METHOD
2.1. Preparation of the Plant Extracts

The leaves of Moringa oleifera and Momordica charantia used for this research were obtained from
Apatapiti environment of Federal University of Technology Akure. The leaves were mildly washed in a bowl
of clean water and subsequently air dried at room temperature (28 + 2°C) for 25days, at the undergraduate
research laboratory of the biology department. The dried leaves were pulverized into powder and blended
with the electric blender. The powders were kept separately in labeled containers until when use.

2.2. Insect Culture

Larvae of mosquitoes used for this research were obtained from Sabo environment in Akure, the larvae were
harvested and brought to the laboratory. The larvae were transfered to another plastic container containing
water, where they were fed with yeast. Ten larvae were used for the larvicidal experiment and the rest were
allowed to develop or emerge as adult in the experimental cage. The pupae transformed to adult in 4 days at
temperature of 27+2°C, relative humidity of 70+10% and a cycle 14h of light and 10h darkness (Chiroma et
al., 2018).

2.3. Preparation of Plant Extracts

The leaf powders of the plants were soaked in absolute ethanol for 72hrs to obtain the extracts. The soaked
powders were mixed for 30 minutes every 24hrs to enhance more concentration of the extract. The mixture
was filtered using muslin cloth. The filtrates were transfered into rotary evaporator to evaporate solvent at its
boiling temperature 70°C. After this stage, the standard extract obtained was stored in a bottle till usage
(Fidrianny et al., 2022).

2.4. Phytochemicals Screening

Moringa oleifera and Momordica charantia extracts were screened for the presence of tannin, phlobatannin,
cardiac glycosides, saponins, steroids, terpenoids and flavonoids. For tannin, 5 g of each portion of the plant
extracts was stirred with 10 ml of distilled water and filtered as described by Gul et al. (2017). Blue black,
green, or blue-green precipitates formed following the addition of few drops of 5% ferric chloride were taken
as evidence for the presence of tannins. Deposition of a red precipitate when aqueous solutions of leaf extract
was boiled with 1% (v/v) HCI was taken as evidence for the presence of phlobatannin (Gul et al., 2017).
Salkowski’s test, as described by Akinneye and Afolabi (2014), was used to test for cardiac glycosides. Leaf
extract (0.5 g) was dissolved in 2 ml of chloroform prior to the careful addition of 1% (v/v) H2SO, to form a
lower layer. A reddish-brown colour at the interface was taken as evidence for the cardiac glycoside.
Concentration of saponin, steroids and terpernoids were measured adopting the methods of Akinneye and
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Afolabi (2014). Plant materials (0.5 g) were mixed with acetic anhydride (2 ml) in the presence of
concentrated H.SO. (2 ml) to measure the concentration of steroids. For terpenoids, plant materials (0.5 g)
re-suspended in distilled water were mixed with chloroform (2 ml) in the presence of concentrated H.SO. (3
ml). Colour change in the presence of re-suspended plant materials and diluted ammonium solution (5 ml)
was used to estimate the concentration of flavonoids.

2.5. Larvicidal Experiment

The stock solutions for the larvicidal experiment was prepared following the standard procedure of Pam et al.
(2021). Crude extract of each plants was added to ethanol to achieve the desired concentrations (5%, 10%,
15%, 20%, and 25%). The extracts were mixed with water in a plastic container at the desired concentration
in the presence of small amount of sucrose to serve as food source for the larvae. Then 10 mosquito larvae
were tranferred into the plastic containers including the control. There were 5 replicates including one
control for every concentration. Insect death was recoeded every 1hour for 4hrs, after which the larvae were
introduced into distilled water to notice recovery. A recovery time of 5 minutes was allowed (Pam et al.,
2021). The larval death in treatments was corrected for the controls (Kalimuthu et al., 2020). Larvae
considered to be dead when insensitive to probe (Adedire et al., 2011).

2.6. Fumigant Test

The fumigant test was evaluted by placing ten mosquito adults in a test-tube covered with cotton wool
suspended with a muslin cloth. 1ml of 5%, 10%, 15%, 20%, and 25% concentrations of the plant extracts
was then injected in the cotton wool on the test-tube. Death rate was determined every 5minutes for 20
minutes.

2.7. Data Analysis

Research data were subjected to one-way analysis of variance and means were separated using Tukey’s test
at p<0.05. All data generated were processed using SPSS version 22.

3. RESULTS

The results presented in Table 1 showed the phytochemical analysis results of Moringa oleifera and
Momordica charantia leaf extracts. The results revealed the presence of terpenold, saponins, steroid, tannins,
flavonoids, alkaloids in both plant extracts. Meanwhile, phlebotannins and cardiac glycosides were absent in
the leaf extract of Moringa oleifera while only phlebotannins were absent in Momordica charantia. In
addition, only the leaf extract of Momordica charantia was noted to contain cardiac glycosides.

Table 1. Phytochemical analysis of the Moringa oleifera and Momordica charantia

Phytochemicals Moringa oleifera Leaves Momordica charantia Leaves
Terpenoids + +
Saponins + +

Phlebotannins - -

Steroids + +
Tannins + +
Cardiac glycosides - +
Flavonoids + +

Alkaloids + +




90

The larvicidal effect of the two plant extracts was presented in Table 2 and 3. The results showed that
Moringa oleifera achieved 73.33% larval mortality at 25% concentration for 1 hour of exposure, the
mortality increased to 96.67% at the same concentration for 2 hours of exposure. Meanwhile, the plant
recorded 100% larval mortality at 25% concentration for 3 hours of exposure (Table 2). The highest larval
mortality evoked by the Moringa oleifera was 100% at 3 hours of exposure while the lowest mortality (30%)
was recorded at 1 hour of exposure. The larvicidal result of the leaf extract of Momordica charantia as
presented in Table 3 showed that the plant extract evoked 100% larval mortality at 20% concentration for 3
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hours of exposure while the lowest larval mortality (53.33%) was recorded at 5% concentration for 1 hour.

Generally it was observed that the larvicidal effects of both plant extracts were concentration and time
dependent. This shows that the larval mortality increased as the concentration and time of exposure

increased.

Table 2. Larvicidal effect of Moringa oleifera leaf extract on Culex mosquitoes

Mortality (%)
Concentration (%)
1 hour 2 hours 3 hours 4 hours
Control 0.00* + 0.00 0.00% + 0.00 0.00% + 0.00 0.00* + 0.00
5 30.00% + 10.00 60.00° + 11.67 73.00° + 3.33 83.33°+ 0.00
10 50.00% + 10.00 80.00° + 5.80 86.67°+ 3.33 90.00° + 5.80
15 4577 + 3.33 76.67° + 8.88 83.33"+0.33 86.67° + 5.80
20 70.00% + 10.00 86.67% + 6.67 90.00%* + 0.58 90.00% + 5.80
25 73.33* + 3.33 96.67° + 3.33 100.00° + 0.00 100.00° + 0.00

Table 3. Larvicidal effect of Momordica charantia leaf extract on Culex mosquitoes

Mortality (%)
Concentration (%)
1 hour 2 hours 3 hours 4 hours
Control 0.00* + 0.00 0.00% + 0.00 0.00% + 0.00 0.00% + 0.00
5 53.00% + 3.33 83.33"+3.33 83.33" +3.33 83.33" + 5.80
10 73.33* + 6.67 93.33" +3.33 93.33+ 3.33 96.67° + 5.80
15 86.67% + 3.33 93.33" +3.33 93.33° +3.33 93.33° +3.33
20 90.00% + 5.80 96.67% + 3.33 100.00% + 0.00 100.00% + 0.00
25 73.33* + 3.33 86.67% + 6.67 100.00% + 0.00 100.00% + 0.00
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The results as presented in Table 4 and 5 showed that Moringa oleifera produced mortalities of 46.67%,
93.33%, 100% and 100% adult mortalities at 25% concentration for 5, 10, 15 and 20 minutes respectively.
However, the least adult mortality (10%) of the plant extract was observed at 5% concentration for 5 minutes
while the highest mortality (100%) was recorded at 25% concentration for 15 minutes. The fumigant effect
of Momordica charantia showed that the leaf extract evoked 63.33%, 96.67%, 100% and 100% at 25%

concentration for 5, 10, 15 and 20 minutes respectively.

Table 4. Fumigant effect of Moringa oleifera leaf extract on Culex mosquitoes

Mortality (%)
Concentration (%)
1 hour 2 hours 3 hours 4 hours
Control 0.00% + 0.00 0.00% + 0.00 0.00% + 0.00 0.00% + 0.00
5 10.00% + 0.00 23.332+5.80 90.00° + 5.80 100.00° + 0.00
10 13.33* + 3.33 53.33° +5.80 93.33°+ 6.67 100.00¢ + 0.00
15 33.33*+ 3.33 66.67° + 5.80 96.67° + 3.33 100.00° + 0.00
20 40.00% + 10.00 86.67° + 5.80 96.67° + 3.33 100.00° + 0.00
25 46.67 + 5.80 93.33" + 6.67 100.00° + 0.00 100.00° + 0.00

Table 5. Fumigant effect of Momordica charantia leaf extract on Culex mosquitoes

Mortality (%)
Concentration (%)
1 hour 2 hours 3 hours 4 hours
Control 0.00% + 0.00 0.00% + 0.00 0.00% + 0.00 0.00* + 0.00
5 13.33* + 3.33 46.67° + 8.80 86.67° + 3.33 96.67° + 3.33
10 16.67% + 3.33 53.33"+5.80 96.67°+ 3.33 100.00° + 0.00
15 50.00% + 3.33 73.33"+3.33 100.00¢ + 0.00 100.00° + 0.00
20 50.00% + 5.67 80.00° + 5.67 100.00¢ + 0.00 100.00° + 0.00
25 63.33* + 3.33 96.67° + 3.33 100.00° + 0.00 100.00° + 0.00

The toxicities of the two plant extracts were compared using LC50 and LC90 as shown in Table 6. The
results showed that leaf extract of Momordica charantia was more toxic as larvicide than that of Moringa
oleifera. This is because 50% and 90% population of the test animals (Culex mosquitoes) died when 0.5%
and 8.5% concentrations of Momordica charantia were applied to the mosquitoes respectively. Meanwhile
50% and 90% population of Culex mosquitoes died when 0.75% and 10% concentrations were applied to the
Culex mosquitoes. Similarly, leaf extract of Momordica charantia was more toxic to the mosquitoes than the
leaf extract of Moringa oleifera. This implies that at 0.5% and 3.75% concentrations, 50% and 90% Culex
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mosquito populations were killed by Moringa oleifera while the same mortalities were achieved by
Momordica charantia at 1.05% and 4.25% concentrations respectively (Table 6).

Table 6. Lethal toxicity of the plant extracts on Culex mosquitoes

Plant extracts Concentration (%) LC50 LC90

Larvicides

Moringa oleifera 5
10
15
20 0.75 10.0
25

Momordica charantia 5
10
15 05 8.5
20
25

Fumigant

Moringa oleifera 5

10 1.05 4.25
15
20
25

Momordica charantia 5
10 0.5 3.75
15
20
25

4. DISCUSSION

The result revealed that Moringa oleifera and Mormodica charantia extracts tested as larvicide and fumigant
had significant effects on larvae and adult Culex mosquitoes and were all effective at different concentrations
and time intervals. All these plants are relatively safe, cheap and easy to obtain in many parts of the world
and their activities is traceable to their active ingredients. This finding agrees with the report of Pam et al.
(2021) who elucidated that the toxicity of phytochemicals on target species depends on the plant’s parts used.
Other factors are the species response and the life stages exxposed to the specific extract, extraction solvent,
plant origin, phyto-sensitivity of phytochemicals, species growth and reproduction (Kalimuthu et al., 2020).
The plant oils are effective as larvicides, because the oils could block the spiracles, resulting in asphyxiation
and death of the larvae. This antioxidant activity of oil has been reported by other authors (Bukar et al.,
2010; Adedire et al., 2011). The results also showed Momordica charantia leaf to be the most potent of the
two plants as there was 100% larval mortality at 20% concentration for 3hours with LC50 and LC90 of 0.5%
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and 8.5% respectively, this is followed by Moringa oleifera leaf extract with a total mortality of 25% for
3hour and LC50 and LC90 of 0.75% and 10% respectively. This maybe due to the presence of flavonoid
present in both plant extracts (Anwari et al., 2007). The research work of Aina et al. (2009) supports the
findings. The authors affirmed that Moringa oleifera leaf is highly potent antidiabetic plant, due to the
presence of flavonoids which inhibit a-amylase activity to regulate the blood glucose which results in
mosquito death. The significant higher larvicidal property observed in Momordica charantia might be as a
result of the presence of cardiac glycosides which are only present in Momordica charantia and absent in
Moringa oleifera leaf extract. It was observed in the experiment that zero mortality was recorded in all the
control experiments. This suggests that mosquito death was caused by the plant extracts. M. oleifera toxicity
has been confirmed, as many studies have found variou phytochemicals to be toxic against insects and lower
mammals (Asare et al., 2012). The leaf has a high concentration of saponins, which can be potentially
harmful for vegetarians, as their consumption reduces the bioavailability of divalent and trivalent metals such
as Zn and Mg (Canett-Romero et al., 2014). Moringin alkaloids, spirochin and the phytochemical
benzothiocyanate have been found in the root and bark, toxic substances that predominate in the root and
bark; The spirochin has been found to block the insect spiracles and asphyxiate the insects (Chiroma et al.,
2018).

In the fumigant experiment, significant death was reported for all experimental concentrations but at
different time interval. Adult death (100%) was recorded at 5%, 10%, 15%, 20% and 25% concentrations for
20minutes for Moringa oleifera extract. However, the lethal concentration (LC50: 0.5% and LC90: 3.75%)
showed that Momordica charantia was more effective as fumigant on the adult Culex mosquitoes than the
Moringa oleifera with LC50 of 1.05% and LC90 of 4.25%. The high toxicity of Momordica charantia
against mosquito adults could be due to its strong pungent smell which blocked insect trachea and killed the
insect by asphyxiation. Plants with high pungent smell have been reported to have fumigant effect against
insect pests (Aina et al., 2009). It was generally observed for all the experiments that mortality increases as
the concentration and time interval increase.

5. CONCLUSION

The two botanicals (Moringa oleifera and Momordica charantia) used in this research had showed strong
larvicidal and adulticidal efficacies and hence can be used in controlling the mosquito larvae and adults in
order to reduce the prevalence of malaria in endemic areas. The phytochemical screening of the plants has
also shown that the plants are relatively safe, inexpensive and readily available in many parts of the world.
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Keywords Abstract

Fields Pesticides In this study, Arsenic, which is found in the structure of field medicines, was determined by ICP-OES.

Arsenic For arsenic analysis, Turkey was elected four different commonly used pesticides. These pesticides were
commercially named A, B, C, and D samples. These samples were solubilized using the appropriate

Microwave Digestion procedure by microwave digestion method. For arsenic determination, 188.980 nm wavelength
measurements were made. The determination of the known acid first with ICP-OES was measured at

ICP-OES high sensitivity. Arsenic amounts were measured as approximately 0.46 to 0.81 pg/g as the 95%

DPP confidence level in the samples and the average of 5 measurements. The validation process of this
method was done according to the reference article. The results of the experiment were made with the
electrochemical method, differential pulse polarography (DPP), and the results were found to be in
agreement.
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1. INTRODUCTION

Field pesticides are used to kill harmful insects in the field. Field pesticides affect our health through direct
nutrition of drug residues in fruits, vegetables and cereals. It is also known to pollute soil, water and air. Arsenic
contained in field pesticides has a toxic effect. Arsenic also has a carcinogenic effect in terms of human health
(IARC, 2004).

Pesticides, such aslnsecticide, herbicide, fungicide, rodenticide, molluscicide etc. pesticides are widely used
in agriculture as well as for non-agricultural purposes, as they provide benefits such as improved product and
yield quality (Baksh et al., 2020; Caetano et al., 2020; Dong et al., 2020). They are easily released into
environmental areas such as soil, water, edible foods, groundwater, and drinking water, making it nearly
impossible to avoid exposure to pesticides in the environment (Baksh et al., 2020; Raju, 2022). With the
increase in their amount, it has caused health problems both for the environment and for living things.

Chromatographic, spectroscopic (Caetano et al., 2020) and electroanalytical methods (Demir & Silah, 2020;
Demir et al., 2021) are used in the analysis of peptides.

Rapid growing industrialization has caused contamination of heavy metals, agricultural chemicals, pesticides
and hydrocarbons. These have significantly damaged the environment and human health. (Maduka, 2006).

Arsenic is an element with high toxicity. The amount of arsenic in natural waters was measured with AAS
(Andreae, 1977). Arsenic in agriculture (Christian & Feldman, 1970), in biological samples (Chu et al., 1972),
the effect on the environment was studied (Clement & Faust, 1973; Fishman & Spencer, 1977). It has been
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determined that the most effective substance in the pollution of water with population growth is arsenic.
(USEPA, 1999; Chauhan & Flora, 2010).

It has been determined that arsenic and pesticides have a possible role in the increase of diabetes. (Bahadar et
al., 2014). A similar study was conducted in Pakistan and the use of different types of pesticides has led to an
extraordinary increase in the amount of diabetes in recent years. It has been revealed that there are different
types of cancer in humans due to the amount of arsenic it contains. In one study, the amount of arsenic in the
well reached 620 pg / L in a certain period of time due to the arsenic-containing pesticides placed on the land
next to the wells of families (Li et al., 2016).

In one study, heavy metal levels were measured in river creatures. It was determined that the Turia River basin
was contaminated with pesticides such as DDT (Bordajandi et al., 2003). In another study, various pesticides
contain harmful elements. Some of these drugs have been found to contain arsenic, mercury, chromium and
lead (Campos, 2003).

The toxic effect of arsenic is known quality Arsenic has a detrimental effect on plants growing in the field,
people and animals eating these foods, irrigation water and groundwater and the environment. It is important
to determine the arsenic content in field pesticides. Therefore, arsenic amounts in four different field pesticides
were determined by ICP-OES. The verification certificate of the method was measured by analyzing the
reference substance. The results of the experiment were made with the electrochemical method, differential
pulse polarography (DPP), and the results were found to be in agreement.

2. MATERIAL AND METHOD
2.1. Reagents and Instruments

Field pesticides, Turkey as well as in the world is available in agricultural areas too. In this study, four different
brand pesticides were selected as examples. These commercial examples were given the names A, B, C, D.
All determinations were performed using an ICP-OES model of Perkin Elmer Optima 5300 Dv. When
performing the analysis, the device was made using the conditions in the previous study (Kalayci, 2020). The
operational conditionals are presented in Table 1.

Table 1. The operational conditionals of ICP-OES

Parameter Across
Aucxiliary gas flow rate (L min) 0.2
Plasma gas flow of rate (L min™) 15
Injector diameter 2.0
View Axial
Interface Shear gas
Applied power (kW) 1.3
Nebulization gaz flow of rate (L min™) 0.6
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2.2. Solubilization of Field Insecticides Samples

Milestone microwave decoding system was used to dissolve the water-insoluble pesticides. Samples were
thawed in a microwave thawing system at specific pressures and temperatures using acid mixtures using the
appropriate procedure (Tarla et al., 2020).

The samples were brought to a fixed scale in the oven. Samples were washed and dried at 100°C for 48 hours.
The cleaned samples were ground in the grinding machine. Before the amount of metal was determined, a
microwave digestion procedure was performed by a Milestone microwave digestion system in order to achieve
a total digestion in a short time, thus avoiding loss of metal by volatilization and minimizing the amount of
added acid. The digestion procedure was as follows: 0.5 g of sample was placed in a polytetrafluoethylene
(PTFE) digestion vessel, 1.5 mL of nitric acid and 2 mL of hydrogen peroxide were added. The samples were
then kept at room temperature for 6 hours for homogenization and slow digestion. Afterwards, the containers
were closed and the digestion process was carried out by applying a temperature program of 170°C for 18
minutes to the samples inside (Kalayci & Muhammet, 2022).

After the digestion procedure, all digestion vessels were left closed overnight for cooling. The next day,
container contents were transferred to vials and the final volume adjusted to 10 mL with ultrapure water.

3. RESULTS AND DISCUSSION
3.1. Determination of the Optimum Conditions of ICP-OES for Arsenic

Prior to arsenic quantification, optimum conditions for analysis were determined. Calibration procedures were
done and samples were prepared. The limits of determination were measured. Wavelength, correlation
coefficient (R?), detection limit (LOD) and quality limit (LOQ) of arsenic in ICP-OES are shown in Table 2.
Calibration standard contained 0.01-5 mg/L As (Kalayci, 2020).

Table 2. Analytical criteria of this method

Element A (nm) R? LOD (mg/L) LOQ (mg/L)

Arsenic (As) 188.980 0.9997 0.007 0.022

3.2. Method Validation and Determination of Arsenic in Field Pesticides Using ICP

Validation of the proposed method was carried out by using a NIST-SRM 1547-Peach Leaves certified
reference material. The amount of arsenic with certified reference substance is shown in Table 3. It has been
observed that the results obtained are very close to the values given in the certified reference material.

Table 3. Comparison of the measured value with the reference value (ug/g),
95% confidence interval and N=5

Element Certified value Microwave digestion RSD (%)

Arsenic (As) 0.068 £0.011 0.071+£0.014 4.56
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Field pesticide samples with different brands brought from four different parts of Turkey were solubilized by
microwave incineration method. The amount of arsenic in the samples was analyzed with high precision and
the results are shown in Table 4.

Table 4. Arsenic contents (ug/g) in four different field pesticides (A, B, C and D) after microwave digestion,
95% confidence interval and N=5

Element A B C D

Arsenic (As) 0.52 £0.06 0.73 £0.11 0.81+£0.13 0.46 £0.04

Field pesticide samples with different brands brought from four different parts of Turkey were solubilized by
microwave incineration method. The amount of arsenic in the samples was analyzed with high precision and
the results are shown in Table 4. While arsenic was at a normal level in samples A and D, it was high in
samples B and C.

The comparison of the results of our study with the arsenic values obtained in other studies is given in Table
5. It is seen that the sensitivity and selectivity of the applied method are high.

Table 5. Comparison of arsenic values measured with ICP-OES

Samples LOD (mg/L) Reference
Spray 2.08 Proch & Niedzielski, 2020
Ketchup 05 Massadeh & Al-Massaedh, 2018
Food samples 0.8 Ahmad et al., 2021
Fuel samples 0.05 Garcia et al., 2017
Spinach 0.85 Gonzalvez et al., 2008
Water 0.38 Idris et al., 2017
Pepticides 0.007 This work
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3.3. Determination of Arsenic Using DPP

The most sensitive result of arsenic determination in polarography was made by using the catalytic hydrogen
peak. 10 ml of 0.25 M HAc buffer (pH = 3.5) electrolyte was placed in our cell and its polarogram was taken.
Approximately 1000 times Mo (V1) was added on it and its polargram was taken. Then, when 0.2 mL of our

pesticide samples were added, it was seen that the peak at -1.1 V grew. The peak in Figure 1 is the catalytic
arsenic peak.

I 200 nAy

a) 10 mL 2.5 M HAc buffer (pH=3.5)

b)a+03mL 1.0 x 10° M Mo (VD)

cib+ 02 mL sample

Peak Heigh

d)c+02mL 1.0x 10° M As (1IT)

e)d+02mL 1.0x 10° M As (IIT)

fle+02mL 1.0x 10°M As (IIT)

07 -08 09 -10 -1.1 E (V)vs. SCE

Figure 1. Determination of arsenic using DPP

When arsenic standard solution was added on it, arsenic concentrations were calculated by using the peak
heights (Somer & Almas, 2006; Somer & Kalayci, 2014). The amounts of arsenic found by this method are

given in table 6. The t test was applied to the results obtained from both methods and it was seen that they
were compatible with each other.

Table 6. Comparison of arsenic amounts with ICP-OES and DPP, 95% confidence interval and N=5

Methods A B C D
ICP-OES 0.52 £0.06 0.73£0.11 0.81 £0.13 0.46 +0.04
DPP 0.52 £0.07 0.74 £0.14 0.80 £0.25 047+0.11

t-test (teritca=3.18) 2.15 2.68 2.72 1.96




Stikrii KALAYCI

101 GU J Sci, Part A, 9(2): 96-103 (2022)

4. CONCLUSION

Field pesticides are used to kill harmful insects in the field. Field pesticides affect our health through direct
nutrition of drug residues in fruits, vegetables and cereals. It is also known to pollute soil, water and air. Arsenic
contained in field pesticides has a toxic effect. Therefore, in this study, we used to define the amount of arsenic
in Turkey in the field of pesticides. We identified four different field pesticides (A, B, C and D) as samples.
We solved these samples with microwave digestion system. Arsenic analyzes were done with ICP-OES. The
validation process for the method used in the measurements was carried out with the reference material. Then,
arsenic amounts in samples were determined. The results of the experiment were made with the
electrochemical method, differential pulse polarography (DPP), and the results were found to be in agreement.
While the amount of arsenic in samples A and D was between normal values, the amount of arsenic in samples
B and C was excessive.
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Keywords Abstract

Covid-19 Viruses are the leading infectious diseases. Viruses spread very fast and has a mortal risk to people with

chronic diseases. Different methods are being sought to protect against the virus. In this study, the effect

Face Mask of face mask used against Covid-19 and other infections were investigated using finite element analysis.

Pandemic The effects of droplets formed because of cough or sneezing on the masked and without masked human

o _ model were analyzed. The human model without mask has a negative effective on the human face. The
Finite Element Analysis  risk of infection is higher on the unmasked human model than on the masked human model.
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1.INTRODUCTION

Viruses such as coronavirus disease (COVID-19), Measles, Flu, Rubella, Mumps, Chickenpox and Parvovirus
B19 threaten respiratory system of health workers, patients, and all people in the human community. COVID-
19 is known as an infectious disease affected by SARS-CoV-2, which is caused severe acute respiratory
syndrome. The first case was encountered in December 2019 in Wuhan, China's Hubei province. It has
continued to spread ever since and caused an ongoing pandemic. As of March 26, 2021, COVID-19 cases are
480,666,827, deaths are 6,145,158 and recovered are 414,844,261 in the worldwide.

Protective equipment is very effective in protecting against viruses. The use of face masks is crucial. The
masks help to protect the social distance with infected people, if you are infected, they prevent you from
passing this virus by respiratory system. However, some controversy has arisen about whether to use face
masks during the pandemic process. Especially, there are simulation studies using finite element analysis
(FEA) or Computational Fluid Dynamics (CFD) in this topic.

Finite element-based computer aided solution methods give very effective results in solving engineering
problems. An accurate and reliable finite element model reduces the costs in solving the problem by
eliminating experimental studies. While finite element analysis (FEA) is used for solid body mechanics,
computational fluid dynamics (CFD) stands out in cases where the dynamic motion of liquids is examined.
The defining the correct load and boundary conditions are very important in terms of good results from the
methods. Else, we may get unwanted results Gok (2015). Today, FEA is used in engineering problems and
simulations of COVID-19 and other infections (Gok et al., 2015; Gok, 2015; 2021; Gok & Inal, 2015; Erdem
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etal., 2017; Gok et al., 2017; 2019; 2021a; Inal et al., 2018; Pirhan et al., 2020; Tiirkes et al., 2020; Ada et al.,
2021).

There are some studies in the literature about the effects of protective masks. Jia et al. (2020) reported the
developments in three-dimensional (3D) mask spoofing and anti-spoofing works in last decade. Swennen et
al. (2020) have shown the concept and prototype of a custom-made face mask, which can be used anywhere
in the world in case of any need, with computer aided design (CAD) data and 3D additive manufacturing
method. Alenezi et al. (2021) were designed a novel face mask which is a reusable respirator, and it has
small and highly efficient disposable fabric filter. Another paper was highlighted how the
combination of current technologies such as 3D scanning, Finite Element simulation, machine
learning, and additive manufacturing offers a seamless workflow to generate a sterilizable, reusable
and validated custom-fit mask by Degueldre et al. (2020). The custom-made mask design has been
used to avoid virus infection by Gok et al. (2021b). Another study is available about human face mask by
Gok (2021). Although there are some studies in the literature that argue that face masks are effective against
the virus, some groups have also mentioned the negative effects of mask use. The effect of face mask use
against Covid- 19 and other infections were investigated using FEA.

2. COMPUTER AIDED SIMULATION

FEA is crucial for the development of optimum designs of mechanics and devices. It is preferable as a
important method for verifying experimental and analytical results. In this study, the effect of face mask use
against Covid- 19 and other infections were investigated using FEA. Computer-aided simulations were carried
out in AnsysWorkbench Explixcit Dynamics.

2.1. 3D Process of Human Face Mask

3D model of a human face was obtained using the Reverse Engineering (RE) method. RE is a widely used
method in many areas of engineering to obtain 2D or 3D CAD data of existing objects. It accelerates the design
process and enables the prototype of the product to be produced in a shorter time. 3D scanners with one or
more cameras are used for this process. The 3D solid model of the classic face mask used for protection from
viruses or in hospitals and clinics is modeled in the SolidWorks CAD program, as shown in Figure 1.

Guide Curve(Sketchsd)

Profile(Sketch18)

Conventional mask

Figure 1. 3D process of human face mask
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2.2. FEA Process

FEA process was given in Figure 2, hex dominant element type, 21698 nodes and 96051 elements. The element
size of the human model was chosen as 5 mm and the element size of the other components was spontaneously
chosen by the program. The fixed parts were seen in Figure 3. A speed of 160 to 800 km/h of the water droplets
(Chhavi et al., 2011). A speed of 69.44 m/s was applied to the water droplet. Table 1 was seen material
properties.
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Figure 2. Mesh process

Table 1. Materials properties (Duck, 1990; Endow & Russell, 2015; AnsysWorkbench, 2020)

Parametreler Human Skin Rubber Band Resin epoxy Droplet
Density (kg/m®) 1000 110 1160 998
Shear Modulus (MPa) 4,79 0.58 1400 1le-06
Young’s Modulus (MPa) 14.30 1.75 3780 3e-06

Poisson’s Ratio 0.49 0.5 0.35 0.5
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oot I LA A A

Fixed

Figure 3. Loading and boundary conditions

3. RESULTS AND DISCUSSION

As seen in Figure 4, the droplets ejected by a person coughing from approximately 20 cm (droplet velocity =
69.44 m/s) hit the mask of the person in front of him. Considering that coronavirus-style viruses pass from
person to person through droplets, it is noticed how effective the use of masks is. In Figure 5, if someone who
does not wear a mask is coughed on the face zone, the droplets contact around the mouth and nose, causing
the virus to spread more easily. However, if the person wore a mask as in Figure 4, the probability of being
protected from viruses is higher.

Protective equipment is very effective in protecting against viruses. Disposable, standard and hygienic
production reveals the importance of protective equipment in protecting against viruses. Experts say that masks
prevent the spread of the disease and that everyone should use them in collective environments. Especially
those coming from abroad will have a high risk of disease, so these people should use a mask. In addition, it
is stated that not every mask is effective against the virus. Experts recommend the use of masks that comply
with the specified standards. As seen in Figure 6, the classic face masks cause problems for human skin such
as itching, redness and irritation itching, redness and irritation when used for a long time, but these masks have
serious protection potential against the viruses Gok (2021).
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Figure 4. Droplet effect on the face of a with mask person

Figure 5. Droplet effect on the face of a without mask person
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Figure 6. Stresses occuring from face mask (Gok, 2021)

4. CONCLUSION

The effect of face mask use against Covid- 19 and other infections were investigated using FEA. The computer
simulations were carried out using AnsysWorkbench. Although, the conventional face masks have a harmful
effective in terms of itching, redness and irritation on the human face skin, these masks have serious protection
potential against the viruses. In the future, authors are planning to research the effects of cough magnitude
(droplet velocity) and distance between the persons.

FEA is very important for solve the of engineering problems. It is used as a reliable technique for verifying
experimental and analytical results. This method, which has been used effectively in the solution of engineering
problems in the field of health in recent years, is especially effective in reducing experimental costs.
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1. INTRODUCTION

In this article all rings are associative with nonzero identity elements. For a ring R, the Jacobson radical, the
set of nilpotent elements and the set of unit elements of R are denoted by J(R), Nil(R) and U(R) with
respectively.

Let 4, B be rings, K be an ideal of B and f: A — B a ring homomorphism. We consider the following subring
of A X B:

AxfK={@f(a)+k) la€eAkeK}
which is called the amalgamation of A with B along K with respect to f (D’Anna et al., 2009).

In Farshad et al. (2021), the authors studied UU-rings (if U(R) = 1 + Nil(R) i.e., rings whose units are
unipotent (Calugareanu, 2015) and clean like features of the amalgamation ring A =/ K as the followings:

(1) If Aand f(A) + K are UU-rings, then A «/ K is UU-ring. (Farshad et al., 2021; Theorem 3.2 (1));

(2) If A =/ K isa UU-ring, then A is a UU-ring (Farshad et al., 2021; Theorem 3.2 (2)).

(3) If A=/ K is a nil-clean ring, then A and f(A) + K are nil-clean rings (Farshad et al., 2021;
Proposition 2.7 (1)) where aring R is clean if each element of R is a sum of a unit and an idempotent

in R (Nicholson, 1977), and R is nil-clean if each element of R is a sum of a nilpotent and an
idempotent in R (Diesl, 2013);
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(4) If Ais nil-clean ring and K < Nil(B), then A =/ K is a nil-clean ring (Farshad et al., 2021; Theorem
2.10 (2)).

(5) If A =/ K isaJ-clean ring, then A and f(A) + K are J-clean rings (Farshad et al., 2021; Proposition
2.16 (1)) where a ring R is J-clean if each element of R is a sum of an idempotent and an element
from J(R) (Chen, 2010).

(6) If AisJ-cleanring and K c Nil(B), then A =/ K is J-clean (Farshad et al., 2021; Theorem 2.18 (1)).

The main propose of the president paper is to examine UJ, n-UJ and J-clean properties of the amalgamation
ring A =/ K. Here,

e RissaidtobeaUJ-ringif U(R) =1+ J(R) (Kosan et al., 2018);

e Risissaidtobeann-UJ-ringifu —u™ € J(R) foreachu € U(R) where n > 1 is a fixed integer and
R is said to be an co-UJ-ring if for each u € U(R) there exist n > 1 such that u — u™ € J(R) (Kosan
et al., 2020)

Notice that every UJ-ring with nil Jacobson radical is UU-rings and R is a UJ-ring if and only if all clean
elements of R are J-clean (Kosan et al., 2018; Proposition 4.1); every UJ-rings are n-UJ-rings and hence co-UJ-
rings.

We denote by Z and Z,, respectively, the ring of integers and the ring of integers modulo n for a positive
integer n.

2. RESULTS

Firstly, we start to with the following useful lemma which is about the general properties of the set of units
and Jacobson radical in an amalgamated ring.

Lemma 2.1. We have the following statements for the amalgamated ring A =/ K of the rings A and B.
(D) U(Aw K)=(uf+k) lueU@),fw +keU(FfA)+K).

(2 J(Ax K)=(a,f(@+k)lacUA),f(a)+ke](f(A)+K).

Axfk Axfk
(3) oxK = A and m:f(A)+K

(4) Nil(A %/ K) = (a,f(a) +k) | aeNil(A),f(a) + k € J(f(A) + K).
Proof: (1), (2) and (4) are Farshad et al. (2021) (Lemma 2.5 and Lemma 2.15).
(3) We have the natural projections m,: A x/ K — A defined by m4(a, f(a) + k) =aand ng: A x/ K - B
defined by gz (a, f(a) + k) = f(a) + k by D’Anna et al. (2009) (Proposition 5.1). Hence desired canonical
isomorphisms hold.m
For n € Z, we consider the following notions adapted by Kosan et al. (2020).

U,(R) ={u"L:ue UR)} S U(R)

V,(R)={ueUR):u"1el+J(R)}
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By using above notation, we have
Un(A >/ K) = (", (F) + )" ):u € U(A), f(u) + k € U(F(A) + K)}
and
Va(A xS K) ={(w f(w) +k) e U(A =/ K): @, (Fw) + k)" ) € (1,1) + (A =/ K)}.
Lemma 2.2. We have the following statements for the amalgamated ring A =/ K of the rings A and B.
(1) Up(AxS K) cU(A =/ K)
(2) If Aand B are commutative rings, then U, (A «/ K) and v, (4 =/ K) are subgroups of U(4 =/ K).

(3) If A/ K is an n-UJ-ring, then V,(A x/ K) = U(A =/ K) and hence U,(4 x/ K) < (1,1) +
J(A xS K).

(4) Anamalgamated ring 4 </ K is co-UjJ-ring if and only if U,eny Vy (4 ®/ K) = U(A =/ K).

(5) If the amalgamated ring A e/ K is n-Uj-ring such that (n—1,n—1) e U(A =/ K) then
Nil(A =/ K) € J(A «/ K).

Proof: They are obvious.m

Proposition 2.3. We have the following statements for the amalgamated ring A =/ K of the rings A and B,
andn,me N, n,m > 1.

(1) If the amalgamated ring A </ K is n-UJ-ring, then (2,2) € J(A =/ K) if n is an even number.
(2) If the amalgamated ring A =/ K isn-Uj-ring and n — 1 dividesm — 1, then A =/ K is an m-UJ-ring.
Proof: (1) We assume that n is an even number and A x/ K is an n-UJ-ring. Then
(-1,-1) = (D™, (-1D® V) e (1,1) + /(A xS K)
which implies that (2,2) € /(4 x/ K).

(2) Since n — 1 divides m — 1, we get V,, € V,,, which implies that A =/ K is an m-UJ-ring by Lemma 2.2
(3). m

Theorem 2.4. We have the following statements for the amalgamated ring A =/ K of the rings A and B.

(1) If A and f(A) +K are n-UJ-rings (respectively, oo-UJ-rings), then A x/ K is an n-UJ-ring
(respectively, co-UJ-ring).

(2) Let f: A — B be aring monomorphism and f~1(K) € J(A) an ideal. If A x/ K is an n-UJ-ring, then
Aand f(A) + K are n-UJ-rings.

Proof: (1) Let (u,f(w)+k)eU(Ax/ K). By Lemma 2.1 (1), we have u e U(4) and f(u) +k €
U(f(A) + K). Since A and f(A) + K are n-UJ-rings (respectively, co-UJ-rings), we obtain that 1 — u"™"1 €
J(A) which implies u —u™ € J(4) and f(w™ ) +k—1€J(f(4) +K). Hence (u™ %, fw™ 1) +k)—
(1,1) € J(A =/ K). Therefore A x/ K is an n-UJ-ring.
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(2) Let A =/ K be an n-UJ-ring. By Kosan et al. (2020) (Proposition 2.9 (1)), 4 and f(A) + K are n-UJ-rings

Axfk
= f(A) + Kby Lemma2.1(3). m

Axfk
because W = A and m

Let I € J(R) be an ideal of R. By Kosan et al. (2020) (Proposition 2.9 (1)), R is an n-UJ-ring if and only if
R/I is an n-UJ-ring.

Corollary 2.5. We have the following statements for the amalgamated ring A =/ K of the rings 4 and B.

(1) If B = K or f: A — B isan epimorphism, then A =/ K is an n-UJ-ring if and only if A and B are n-UJ-
rings, since in this case A x/ K = A x B.

(2) If f71(K) = 0, then A =/ K is an n-UJ-ring if and only if f(4) + K is an n-UJ-ring (by Lemma 2.1
(3) and Kosan et al., 2020; Proposition 2.9 (1)).

(3) IfK = 0, then A =/ K is an n-UJ-ring if and only if 4 is an n-UJ-ring (by Lemma 2.1 (3) and Kosan
et al., 2020; Proposition 2.9 (1)).

Theorem 2.6. Let R be aring and let M be an (R, R) bimodule. R is an n-UJ-ring if and only if the trivial
extension T(R, M) is an n-UJ-ring.

Proof: This is proven in Kosan et al. (2020) (Theorem 3.1). m

Since UJ-rings are n-UJ-rings, we have following theorem.

Theorem 2.7. We have the following statements for the amalgamated ring A =/ K of the rings 4 and B.
(1) If Aand f(A) + K are UJ-rings, then A =/ K is a UJ-ring.

(2) Let f: A — B be aring monomorphism and f~*(K) < J(A) an ideal. If A x/ K is a UJ-ring, then A
and f(A) + K are UJ-rings.

In Theorem 2.7, the assumption “f ~1(K) € J(A)” is not superflous because if we can take A = B = Z, X Z,,
K =0x2Z, S J(B) = 2Z4 X 2Z, and a ring homomorphism f: A — B defined by f((a, b)) = (0,a). Then
f_l(K) = ZZ4 X Z4 .¢_](A) = ZZ4 X ZZ4

Corollary 2.7. We have the following statements for the amalgamated ring A =/ K of the rings 4 and B.

(1) If B=K or f:A — B is an epimorphism, then A x/ K is a UJ-ring if and only if A and B are UJ-
rings, since in this case A x/ K = A x B.

(2) If f~1(K) = 0,then A =/ K is a UJ-ring if and only if f(A) + K is a UJ-ring (by Lemma 2.1 (3) and
Kosan et al., 2018; Proposition 2.3 (5)).

If K = 0, then A =/ K is a UJ-ring if and only if 4 is a UJ-ring (by Lemma 2.1 (3) and Kosan et al., 2018;
Proposition 2.3 (5)).
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3. EXAMPLES
Example 3.1. Let A = Z¢, B = Z3 X Z3, K = 0 X Z5 and f: A — B defined by

f(0) =f(3)=(0,0), f(1) = f(4 = (1,1),and f(2) = f(5) = (2,2).

Clearly,
fA) + K ={(0,0),(0,1),(0,2),(1,1),(1,2),(1,0), (2,2),(2,0), (2,1},
Awl K ={(0,(0,0)),(0,(0,1),(0,(0,2)),(1,(1,1)),(1,(1,2)),(1,(1,0)),
(2,(2,2)),(2,(20)),(2,(2,1)),(3,(0,0)),(3,(0,1D),(3,(0,2)),
(4,(1,1),(4(1,2)),(4(1,0)),(5 (2,2), (5 (2,0)), (5 21)}
and

u(A = K) ={(1,1,D0)(1,12)(522) 5 210)
J(A ! k) ={(0,00,0)),(0,(0,1)), (4 (1,1), (4, (1,0))}.

If we compute u — u™ for n = 2,3,4;
u—u?=(1,1,D) - (1,1D) = (0,(0,0) € J(4 =/ K)
u—u?=(1,(1,2)) - (1,1D) = (0,(0,1)) € J(4 =/ K)
u-u?=(5(22) - (1L 1D) = (4 1,D) € J(4 =/ K)
u—u? = (5,(21) - (1,1,D) = (4,(1,0) e J(4 = K)
u—u®=(1,1D)-(1,11)=(0,0,0)ej(4 = K)
u—-u?=(1,(1,2) - (1,(1,2)) = (0,(0,0)) € J(4 =/ K)
u—ud = (522) - (522) = (0,(0,0)) € J(4 = K)
u—u? = (5,21) - (521) = (0,(0,0)) € J(4 = K)
u—ut=(1,1,D) - (1,1D) = (0,0,0) € J(4 =/ K)
u—ut=(1,(1,2)) - (1,@D) = (0,(0,1)) € J(4 =/ K)
u—ut=(522)-(1L,1D) = (4 (1LD) € J(4 = K)
u—ut=(5021)-(1L,0D) = (4 (1,0) € J(4 =/ K)

If we continue in a similar way, we get (u — u™) € (A x/ K).

Example 3.2. Let A = Z¢, B =73 X Z3, K = 0 X Z3 and f: A — B defined as follow,

f(0) =f(3)=(0,0), f(1) = f(4) = (1,1),and f(2) = f(5) = (2,2).
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Clearly, U(4) = {1,5}, Id(4) = {0,1,3,4}. Let K = {(0,0), (0,1), (0,2)}. Then,
R=4Ax/ K ={(0,000)),(0,(0,1)),(0,(0,2)),(1,(1,1)),(1,(1,2)),(1,(1,0)),
(2,(22)),(2,(20)),(2,(21)),(3,(0,0)),(3,(0,1)),(3,(0,2)),
(4,(1,1)),(4(1,2),(4 (1,0)),(5,(2,2), (5 (2,0)), (5 (2.D)}.
So,
U(f() + K ={(1,1),(1,2),(22), (2,1)}
U(Aw=/ K)={(1,11),(1,(12),(522),(5 D)}
1d(A =/ K) = {(0,(0,0)),(0,(0,1)), (1, (1,1),(1,(1,0)),
(3,(0,0)),(3,(0,1)),(4,(1,1)), (4, (1,0))}
fA + K ={(0,0),(0,1),(0,2),(1,1),(1,2), (1,0),(2,2), (2,0), (2,1)}
fUM@) +K = {(1,1),(1,2),(1,0),(2,2),(2,0), (2,1)}
and x(f(A) + K) = y(f(4) + K) then (2,0)(f (4) + K) = (1,0)(f (4) + K). However,
(2,0) # (1,0).(1,2)

(i.e x # yu). By Kosan et al. (2018) (Corollary 2.5), A = Z¢ is a UJ-ring but we can easily see that f(A4) + K
isnot a UJ-ring, and so R = A =/ K is not a UJ-ring.

4. J-CLEANESS
Let M = (M;){~, be a family of R-modules and ¢ = {(pi,j} i+j<n  be a family of bilinear maps such that

1<i,jsn-1
each ¢; ; is written multiplicatively:

@i j: My X Mj — My ;
(mum;) — @i (my, my): = mym
In particular, if all M; are submodules of the same R-algebra L, then the bilinear maps, if they are not specified,

are just the multiplication of L (see examples in Anderson et al. (2017) (Section 2)). The n-¢-trivial extension
of R by M is the set denoted by R x, M; x --- x M, or simply R <, M whose underlying additive group is

R @ M; @ --- @ M, with multiplication given by

(g ), i) = () gy
j¥k=i

for all (m;), (m;") € R <, M.

We could also define the product ¢; j: M; X M; — M, ; as an R-bimodule homomorphism @; ;: M;®M; —
M, j; see Anderson et al. (2017) (Section 2) for details.
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For the sake of simplicity, it is convenient to set My, = R. In what follows, if no ambiguity arises, the n-¢-
trivial extension of R by M will be simply called an n-¢-trivial extension of R by M and denoted by R x,, M; X
.. X My, or simply R x, M. Morever, R x, M is naturally isomorphic to the subring of the generalized
triangular matrix ring

R M1 Mz b Mn
0 R M; - My,
\0 0 0 - M /
0 O 0o - R
consisting of matrices
r om;y my, - my
0O r my - my_4
0 0 0 - m
0 0 o - T

where r € R and m; € M; for every i € {1, ...,n}. Any n-p-trivial extension R <, M; & ... < M, can be seen
as the amalgamation of R with R <, M; X ... X M, along 0 <, M; X ... X M,, with respect to the canonical
injection (Anderson et al., 2017).

Proposition 4.1. If all clean element of A and £(A) + K are J-clean, then A x/ K is a UJ-ring.

Proof: x = (u, f(uw) + k) which implies u e U(A) and f(uw) + ke U(f(A)+K). x = (u,f(u) + k) is a
clean element of A x/ K. Again u is a clean element of A and f(u) + k is a clean element of f(A) + K by
Farshad et al. (2021) (Lemma 2.5 (2)). By hypothesis u and f(u) + k are J-clean of A and f(4) + K
respectively. Hence u = e; + j; where e; € Id(A) and j; € J(A). f(u) + k = e, + j, where e, € Id(f(A) +
K) and j, € J(f(A) + K). Since 1 = e;u™! + j;u~! we obtain that e;u~! = 1 — j;u~! is a unit of A. Hence
e, = 1 which implies that u = e; + j; = 1 + j;. Similarly, we get that (f(u) + k)~1 is a unit of f(4) + K
andhencee, =1.x=(u,f(w)+k)=(e1+j,es+j.) =1 +j;,1+j,). m

Corollary 4.2. If A and f(A) + K are J-clean rings, then A =/ K is a clean UJ-ring.
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Keywords Abstract
Silk Fibroin The presented study aimed to design and characterize bilayer Alginate/Fibroin scaffolds to provide faster
Alginate and hi_gher quality treatment of skir) tissu_e losses W_ith tiss_ue engineering_ approach. Ir_1 this context, _it
was tried to form the dermis and epidermis layers with alginate salts (sodium and calcium) and fibroin
Tissue Scaffold with a biomimetic approach, and it was aimed to determine the most suitable alginate salt-fibroin
. composite scaffold by trying different production methods. The optimum design was determined by
Biomimetic Patch macroscopic measurement and dimensional analysis of the scaffolds produced by four different methods
Lyophilization and their chemical structures were controlled with FTIR. Among the produced scaffolds, calcium

alginate/fibroin (CaAlg/Fb) scaffolds were determined to have the most suitable morphological and
chemical structure. With further characterization, the pore distribution and size were examined by SEM
analysis and it was determined that surface pore diameters vary from 30 um to 300 um which are suitable
for cell settlement. The thermal stability of the structure was determined by thermal gravimetry, and the
degradation rate was calculated from the thermograms. According to the TG analysis, decomposition of
the CaAlg/Fb scaffolds occurs much faster with temperature than homo-biopolymeric (CaAlg and Fb)
structures. As a result, it was found that bilayer CaAlg/Fb scaffolds were capable of forming full-
thickness dermal and/or also osteochondral wound dressings both morphologically and structurally. It is
recommended to perform the tissue forming ability of this scaffold structure by performing advanced
biological analyzes.
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1. INTRODUCTION

The skin consists of epidermis originated from ectoderm which is an epithelial lamina, dermis originated from
mesoderm, which is a connective tissue lamina, and hypodermis. In addition, there are some supplements such
as hair follicles, sweat and sebaceous glands, immune system cells and neural cells in the structure of the skin
(Kanitakis, 2002; Woo, 2019). Damage to the skin occurs as a result of trauma, illness, burns and surgical
procedures, and this can cause serious problems (Cakir & Yegen, 2004). Burn trauma is one of the most
common causes of major skin loss. As a result of thermal, chemical or electrical injuries, burns that are difficult
to repair can occur on the skin (Summer et al., 2007; Toon et al., 2011). This causes contracture of the wound,
scar tissue formation in the skin and loss of functional properties of the skin. All these negativities experienced
in the ongoing routine treatment methods necessitated the search for a new treatment method. For this purpose,
tissue engineering applications for regenerative treatment have gained importance (Priya et al., 2008; Chen &
Liu, 2016). In this direction, various wound closure grafts have been designed, especially with the use of
polymeric biomaterials, and the products that have been shown to be effective in experiments are patented
under the name of therapeutic wound dressing (Reinholz et al., 2004; Yu et al., 2019). Skin conjugates

*Corresponding Author, e-mail: nurayemin@gmail.com



mailto:nurayemin@gmail.com
https://doi.org/10.54287/gujsa.1107158
http://dergipark.org.tr/gujsa
https://orcid.org/0000-0001-5186-0519
https://orcid.org/0000-0002-6210-9920
https://orcid.org/0000-0002-0859-2536

Ozge CELIK, Salma A. Taher MOHAMED, Nuray EMIN

121 GU J Sci, Part A, 9(2): 120-135 (2022)

produced with the skin tissue engineering approach degrade while providing new tissue formation in the
damaged area. Tissue-engineered wound dressings can consist of only three- or two-dimensional scaffolds, as
well as contain isolated autologous cells and bio-signal molecules. Polymeric structures used in tissue
engineering are produced from biocompatible natural or synthetic materials that can perform their functions
by repairing tissues that cannot fulfil their functions or are used to support these tissues (Freed et al., 1994;
Sittinger et al., 1996; Reinholz et al., 2004).

Silkworm silk has two different proteins. The first major protein is fibroin that gives silk its specific properties.
The amino acid sequence of fibroin, which is hydrophobic, consists of 43% glycine, 30% alanine and 12%
serine amino acids. Fibroin has been studied especially as a biomaterial for dermal patches, creating different
designs, as it supports the adhesion and proliferation of the cells such as keratinocytes and fibroblasts (Ju et
al., 2014). Sericin, which is the second major component of silkworm silk and holds fibroin together in the
cocoons and constitutes 25-30% of the silk cocoon (Porter & Vollrath, 2009). Silk has widespread use in
biomaterials applications thanks to its superior properties such as mechanical strength, good substance and gas
permeability, biocompatibility, biodegradability and minimal inflammation (Hardy & Scheibel, 2010; Qi et
al., 2017). It can be produced in the desired morphology (film, fiber, hydrogel and porous sponge) after being
brought into solution (Vepari & Kaplan, 2007).

Alginic acid is a natural biopolymer isolated from red-brown seaweeds. It has a copolymer structure and
consists of L-guluronic acid blocs and D-mannuronic acid blocs (Knill et al., 2004). Alginate has been proven
to be non-toxic and biologically metabolized when taken orally. For this reason, it is used especially in
pharmacological applications such as drug active ingredient, controlled released systems and tissue
engineering. Alginate can be crosslinked with divalent metal cations to form hydrogel structure. For this
purpose, calcium ions are often preferred (Peretz, 2004). Calcium alginate hydrogel is used in cell
immobilization and encapsulation processes. Calcium alginate is used as a wound dressing in burn treatments
because of its high biocompatibility and less pain (Kalia & Avérous, 2011).

The study aims to create a multi-layered wound dressing by using biopolymers with different properties by
simulating the epidermis and dermis layers of the skin with a biomimetic approach. The epidermis is main
lamina that is responsible for protection of the body against the both external influences and loss of substance
from within the body. For this purpose, fibroin was preferred for the epidermis-mimicking surface, considering
its good mechanical strength, more hydrophobic structure, antibacterial and wound healing properties (Clark
et al., 2007; Hunt et al., 2009). The dermis is the main component of type | collagen. However, it is suggested
that the use of collagen in the scaffold structure may be harmful in wound healing when the cells will be start
producing their own collagen. However, animal-derived materials can promote the risk of immune rejection
and disease infection (Clark et al., 2007). Therefore, there is a need for raw materials produced from non-
animal sources for 2-layer dermal dressings. Because of that, alginate was chosen for the dermis-mimicking
surface due to its water absorption ability, biocompatibility, faster biodegradation, and forming higher porose
structure (Park et al., 2007; Hunt et al., 2009). While the alginate scaffold was produced in full thickness as a
design, fibroin was applied in a thinner layer on the alginate scaffold, taking into account the layer thickness
of the epidermis (MacNeil, 2007). The chemical structure of the produced 3D-tissue scaffolds was analyzed
by FTIR, thermal properties were analyzed by Thermogravimetry (TG), the morphological structure was
analyzed by Scanning Electron Microcopy (SEM) and the dimension analysis was analyzed by photographing.
In order to give an idea about its biocompatibility, water holding capacity and biodegradability analyzes were
performed for the scaffold structure, which was determined to be suitable.

2. MATERIAL AND METHOD
2.1. Preparation of Polymer Solutions

Two different natural polymers, silk fibroin and sodium alginate, were used in the preparation of composite
tissue scaffolds. An aqueous solution of silk fibroin 3.64% and sodium alginate 3% (w/v) was used. The
processing steps, which were carried out are described below.
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2.1.1. Isolation and Purification of Fibroin

Silkworm cocoons were obtained from Bursa Koza Birlik (Tirkiye). Fibroin was produced from silkworm
cocoons using the standard alkaline method. Firstly, sericin in the Bombyx mori silkworm cocoons was
removed by treatment in 500 ml of 0.02 M Na,COs (Sigma, USA) aqueous solution at boiling temperature for
30 minutes. Raw fibroin fibers were obtained and washed 2 times. Then, they were dissolved in 20,4 M LiBr
(Sigma, USA) solution by incubation at 60°C for 3 hours. Then, it was taken into the dialysis membrane to
purify it from salt and impurities, and it was dialyzed in distillated water for 3 days. Following the end of the
dialysis process to remove the solid impurities, fibroin mixture was centrifuged at 4500 rpm for 20 minutes.
The average solution concentration was calculated as 3.6% (w/v) by the gravimetric method.

2.1.2. Preparation of Sodium Alginate Solution

The alginate solution at the concentration of 3% (w/v) was prepared in 0.89% NaCl (Sigma, USA) solution.
CacCl; solution was used as the crosslinker of sodium alginate. For this purpose, 0.4 M CacCl;, (Sigma, USA)
solution was prepared in 0.89% NaCl solution. All prepared solutions were stored at +4°C.

2.2. Scaffolds Fabrication

In the formation of tissue scaffolds as wound dressing, 4 different types of composite structures were created
using the methods given in Table 1.

Table 1. Composite structures planned to be formed and biopolymer mixing ratios

Scaffoldin Fibroin Alginate Blend
No. Composi tiogn Concentration Concentration Ratio
P (Wiv %) (Wiv %) (VIV)
1 Na-Alginate/Fibroin 3,6 3 1:1
Na-Alginate/Fibroin-M )
2 (methanol applied) 3.6 3 11
3 Ca-Alginate/Fibroin 3,6 3 1:1
Ca-Alginate/Fibroin-M )
4 (methanol applied) 3.6 3 11

2.2.1. Preparation of the Sodium Alginate Scaffolds

Different methods were tried in the formation of composite scaffolds numbered 1 and 2 (NaAlg/Fb and
NaAlg/Fb-M) which are given in Table 1, and optimum results were obtained by following the procedures
given below.

— The polymer blend was prepared by mixing fibroin and sodium alginate at a 1:1 ratio by volume
given in Table 1.

— After the polymer blend (NaAlg/Fb) was transferred to a 12-well petri dish, it was mixed gently.

— For the NaAlg/Fb-M scaffold, blend was prepared in the same way first. Then, 500 pl of methanol
was added onto it.

— Polymer blends transferred to the mold were frozen at -24°C for 12 hours and at -86°C for 24 hours,
respectively.

— After the first freezing process, the methanol-treated composite structures were washed with distilled
water to remove excess methanol. Then, step 4 was repeated.

— The frozen polymer blends were placed in the lyophilizator and left to dry at -55°C for 24 hours.
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2.2.2. Preparation of Calcium Alginate Scaffolds

Different methods were tried in the formation of composite scaffolds numbered 1 and 2 (CaAlg/Fb and
CaAlg/Fb-M) which are given in Table 1, and optimum results were obtained by following the procedures
given below.

—  While forming the CaAlg/Fb and CaAlg/Fb-M composite scaffolds, firstly, CaAlg hydrogel was
formed and then Fb coating was applied to it.

— For this, a 6-well petri dish was used as a mold and sodium alginate was added to each well.

— 0.4 M CaCl; was added to sodium alginate to form hydrogel by physical cross-linking.

— Fibroin solution was added so that the hydrogel was completely covered.

— CaAlg/Fb-M composite was prepared in the same way and 500 ul of methanol was added to it.

— Hydrogel-polymer composites were frozen at -24°C for 12 hours and at -86°C for 24 hours,
respectively.

—  After the first freezing process, the methanol-treated composite structures were washed with distilled
water to remove excess methanol. Then, step 6 was repeated.

— The frozen polymer composites were placed in the lyophilization device and left to dry at -55°C for
24 hours.

2.3. Characterization of Composite Tissue Scaffolds

Macroscopic measurement and dimensional analysis of scaffolding structures were carried out metrically by
photographing and the data were evaluated comparatively with each other. Bruker Alpha (USA) ATR-FTIR
spectroscopy was used for the structural analysis of composite dressing materials. Measurements were carried
out at a scanning speed of 4 cm™ in the range of 400-4000 cm™*. Further characterization was continued with
the CaAlg/Fb sample, which was determined to have surface properties that could be used as a wound dressing
according to the results of macroscopic size and morphology analysis and FTIR analysis. The FEI Quanta FEG
250 (USA) The surface morphology of the composite wound dressing materials was analyzed using Scanning
Electron Microscopy (SEM). Thermal degradation changes were tested with Hitachi STA7300 (Japan)
Thermal analyzer in a nitrogen atmosphere between 25°C-800°C.

According to the characterization analysis results, the water uptake capacity of the CaAlg/Fb scaffold, which
was determined to have sufficient properties was calculated gravimetrically by keeping it in distilled water at
37°C for 24 hours. In addition, the pH change was monitored for 24 h by taking hourly measurements for first
6 hours.

3. RESULTS AND DISCUSSION
3.1. Macroscopic Measurements

Macroscopic measurement and dimensional analysis were performed by photographing against a metric scale.
First of all, it was tried to determine the most suitable method in macroscopic morphology for the scaffolds
produced with 2 different methods according to Table-1 in the study program. It was determined that the
structural integrity of the NaAlg/Fb scaffolds was more preserved than the NaAlg/Fb-M structure. It was
measured that NaAlg/Fb scaffolds had a diameter of approximately 2.0 cm and a diameter of approximately
2.3 cm for NaAlg/Fb-M scaffolds (Figure 1A-B). Although the samples treated with methanol had a larger
diameter, it was observed that the surface morphology and scaffold thickness did not conform to expectations.
Similar results were obtained for CaAlg/Fb and NaAlg/Fb scaffolds. It was determined that among all scaffold
samples, CaAlg/Fb scaffolds had the most suitable structure in terms of structural integrity and surface
homogeneity and thickness. Dimensionally, CaAlg/Fb scaffolds have a diameter of 2.5 cm, and CaAlg/Fb-M
scaffolds have a diameter of around 2 cm (Figure 1C-D). In addition, in CaAlg/Fb-M samples, it was
determined that the fibroin layer was not sufficiently integrated into the alginate surface and separated from
the surface after methanol treatment.
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Figure 1. Macroscopic dimension evaluation of composite scaffolds;
A) Na-Alg/Fb, B) Na-Alg/Fb-M treated with methanol, C) CaAlg/Fb, D) NaAlg/Fb-M treated with methanol

The use of methanol reduces its degradation in aqueous media by supporting the B-layer structure and
increasing the interaction between the layers (Qi et al., 2017; Zhao et al., 2021). Studies have shown that
organic solvents disrupt the B-layer structure of fibroin, causing irregular pore structure in a mono-alcohol-
treated fibroin scaffolds (Zhang et al., 2021). In this respect, the literature findings are consistent with our
results and support that the shape distortions in all methanol-treated scaffold samples are due to the effect of
methanol on amide bonds.

3.2. Chemical Structure Properties of Composite Tissue Scaffolds

FT-IR spectra for the structural analysis of the obtained scaffolds are given in Figure 2. The stretching
vibrations of the O—H bonds of the alginate were observed in the range of 3000-3600. Aliphatic C—H stretching
vibrations were observed at 2920-2850 cm™. The bands observed at 1597 and 1411 cmin NaAlg, 1604 cm™?
and 1420 cm™in CaAlg show the asymmetric and symmetric stretching vibrations of the carboxylate salt ion,
respectively. These alginate-specific peaks were observed at a higher wavenumber in the calcium salt structure
compared to the sodium salt. Subsequent bands are very important and can be used to characterize the alginate
from the blends and derivatives. The bands at 1107 and 935 cm™ were evaluated as C-O stretching with
contributions from the C—O stretching vibration of the pyranose rings and the C-O-H and C—C—H deformation.
Symmetric and asymmetric tensile bands belonging to the C-O-C group were found at 1087 cm™ and 1028
cm? respectively. In CaAlg, it was observed that the peaks in this range expanded and new peaks of weak
intensity were formed. This is due to the chelate structures formed by Ca and gluronic acid in the pyran ring
structure.
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Figure 2. FTIR spectrum of Na-Alginate and Ca-Alginate

When the FTIR spectra of Na-Alg/Fb and NaAlg/Fb-M scaffolds were compared; Before treatment with
methanol, the characteristic bands of amide | and amide Il in silk-I structure, were observed at 1621 ¢cm™
(amide 1), 1519 cm™ (amide 11), respectively. It has been observed that the -NH stresses are in the region of
3279 cm. After the treatment with methanol, it is seen that these bands shifted to 1620 cm™ and 1518 cm™,
respectively, and the peak intensity increased (Figure 3). This proves that the transition to the -layer structure
has been achieved (Amiraliyan et al., 2010). Furthermore, as it can be seen in (Figure3), there is a small split
doublet between band values 1620 cm™ and 1518 ¢cm, indicating conformation from random coil to B-sheet.
The results showed that the use of methanol has resulted in the conformation to B-sheet structure (Zhang &
Mo, 2011; Shen et al., 2022; Xie et al., 2022).

In the FTIR spectra of silk fibroin and composites stabilized by methanol treatment, amide bands are examined
in the range of 1700 cm™-1500 cm™. Amid I covers the range of 1700 cm™-1600 cm, and amide Il covers the
range of 1600 cm™*-1500cm™* (Jaramillo-Quiceno et al., 2017). The 1610-1630, 1695-1700 and 1510-1520 cm"
! peaks are the characteristic absorption peaks for the secondary structure silk-11 conformation (Bhattacharjee
etal., 2013). Absorption peaks of 1648-1654 cm™ and 1535-1542 cm are characteristic pics of the amorphous
silk-1 conformation (Hu et al., 2006; Lu et al., 2011).

In the FTIR graph of the fibroin scaffold, the stretching vibrations of the -OH bonds were seen at 3279 cm?
and between 3600-3200 cm™ area. Stretching vibrations of aliphatic -C-H were observed between 3065 cm™
and 2935 cm* peaks. Amid | bond shows C=0 stretching at 1621cm™*; Amid 1l bond shows N-H bending at
1519 cm™; Amid Il bond shows C-N stretching at 1233 cm™ were observed (Bhattacharjee et al., 2013). The
beta-layer structure of fibroin, which is composed of antiparallel polypeptide chains, is rich in glycine and
generally contains chains formed by repeating the Gly-Ser-Gly-Ala_Gly_Ala sequence. In addition, small
amounts of amino acids with large side chains such as Tyr, Val, Arg and Asp are also present in the structure.
These cause the structure to deviate from the crystalline order (Nelson & Cox, 2008/2013; Pamuk, 2011). In
our study, peaks of fibroin-specific gly-gly and gly-ala petit motifs were observed in the 1000 and 970 cm™
area. These bonds and functional groups are specific to the protein structure of fibroin. It is seen that the
chemical structure of fibroin is preserved in the experimental stages.
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Figure 3. FTIR spectra of NaAlg, NaAlg/Fb, Silk Fibroin (Fb), and NaAlg/Fb-M
Al: Amide I, A2: Amide I, A3: Amide Il

Bhattacharjee et al. (2013) detected tensile bands at 1622, 1506 and 1227 c¢cm™ for Amid I, Il and III,
respectively, for the 3D silk fibroin sample. It has been reported that shifting of these bands is expected in the
treated samples. In this study, the measured values for amide bonds of fibroin were obtained at 1621, 1519 and
1233 cm™in accordance of the literature (Bhattacharjee et al., 2013; Hofmann et al., 2014; Shen et al., 2022;
Xie et al., 2022). In addition, it was determined that these values showed a shift according to the applied
scaffolding production methods and composite composition (Xie et al., 2022).

The characteristic peaks representing the protein structure of fibroin in the CaAlg/Fb and CaAlg/Fb-M
scaffolds are caused by the stretching of the amide I and amide Il bonds and are 1635 cm?, 1515 cm for
CaAlg/Fb, and 1621 cm™, 1516 cm™ for CaAlg/Fb-M, respectively. These are the peaks at wavenumbers of
1621 cm™ and 1516 cm™. By comparing the spectra of both structures, the presence of fibroin in CaAlg/Fb
was determined qualitatively (Figure 4).

Silkworm silk fibroin can be found in its secondary structure in two basic conformations, silk I and silk II.
Although the structure of the Silk I conformation is not fully understood, it is known to be a mixture of a-helix
and random helical structures. This metastable nature of silk fibroin is not a desirable conformation for many
applications due to its water solubility. Instead, silk Il structured materials containing anti-parallel B-layers are
preferred. Alcohols like that ethanol and methanol can be used for crystallization of the silk fibroin molecules
(Bhattacharjee et al., 2013; Hofmann et al., 2014; Shen et al., 2022). It is thought that the crystallization
mechanism is primarily in the form of the interaction of the polar alcohol, which can form hydrogen bonds,
with the water in the environment, and as a result, hydrophobic amino acids such as alanine and glycine cluster
to form the planar B-layer structure. Amide bond concentration increase was also observed in methanol
treatment samples with increasing physically cross-linking between chains (Um et al., 2001).
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Figure 4. FTIR spectra of CaAlg, CaAlg/Fb, Silk Fibroin (Fb), and CaAlg/Fb-M
3.3. Evaluation of Surface Morphology

SEM images were taken to examine the structure of the composite tissue scaffolds and to determine the pore
diameters (Figure 5). In the SEM image of the scaffold produced by lyophilization using only fibroin (Figure
5C), layered structures are remarkable. On the other hand, it is seen that the scaffold produced under the same
conditions using calcium alginate has a more porous structure. The layered parts seen in the SEM micrographs
of the CaAlg/Fb composite scaffold in Figure 5A-B are fibroin. When the overall SEM image of the composite
scaffold at 100x magnification is examined, it is seen that the scaffold has a porous structure. In addition, there
is no sign of damage or impairment, meaning that the integrity of the whole scaffold remained intact.
Consequently, porous scaffolds, which are three-dimensional polymeric scaffolds with increased porosities
and a homogenous interconnected pore network, are very advantageous in tissue engineering practices (Loh
& Choong, 2013). The porous structure can be seen more clearly in SEM micrographs at 250x magnification
at Figure 5B. It is seen that the pores in the structure are interconnected and have an open pore structure.
Moreover, it is seen that the pore distribution showed homogeneous patterning, and the surface pore diameters
vary from 30-70 um to 300 um. It has been determined that the pore diameters of the composite scaffold are
suitable for the placement of the cells. However, it is seen that the pores with diameters in the range of 35-140
um are more in the structure. In tissue engineering applications for wound dressings, porosity in the range of
20-125 pm is reported to be ideal for growth and regeneration of skin tissue (Xie et al., 2022). In this respect,
it can be said that the pore structure of CaAlg/Fb scaffolds is suitable for skin tissue engineering.

Although direct mixing was not applied to the polymers it was determined that fibroin interacted with Ca-
Alginate and thus its layered structure was disrupted and its porosity increased (Xie et al., 2022). Shen et al.
(2022), in their study in which they examined the effects of sodium alginate nanoparticle uses on silk fibroin-
sodium alginate scaffolds, SEM images of fibroin-alginate scaffolds prepared by lyophilization are similar to
our samples in terms of porosity (Shen et al., 2022). The literature supports that the layered areas in the
CaAlg/Fb composite structure originate from fibroin. This morphological feature is of great significance as
implant location and 3D tissue development are influenced by the scaffold's porous nature and porosity. Pores
are necessary for tissue creation because they allow for cell migration and proliferation, as well as
vascularization and nutrition transport (Griffon et al., 2006; Xie et al., 2022).
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Figure 5. SEM images of scaffolds;
A)100x and B) 250x magnified view of CaAlg/Fb composite scaffold, C) fibroin and D) alginate scaffold

3.4. TGA Analysis

It is conventional knowledge that finding materials with better properties for a specific application requires a
comprehensive understanding of polymer degradation characteristics when heated (Coats & Redfern, 1963).
Thermal Analysis is a method in which the physical and chemical properties of materials are examined
depending on temperature. Temperature change causes several chemical and physical effects such as
evaporation of the structural water, desorption, degradation reactions etc. on the material. TGA analysis was
preferred to determine the relationship between the change in mass of fibroin scaffolds and temperature.
Thermograms of composite scaffolds and homopolymeric structures (CaAlg and Fb) are given in Figure 6. In
these thermograms, it was determined that the chemical structure of calcium alginate underwent thermal
degradation at five points (105.2°C, 151.4°C, 265.8°C, 421.9°C, 505.1°C) in the range of 25-800°C. It was
observed that the chemical structure of pure fibroin underwent thermal degradation at three points (37.2°C,
255.6°C, 609.3°C) in the same temperature range. In the CaAlg/Fb scaffold sample, on the other hand, it was
determined that the chemical structure occurred as thermal decomposition at only four points (230.9°C,
419.5°C, 505.8°C, 631.3°C). In CaAlg/Fb composite scaffolds, the increase in thermal stability of the structure
and the occurring degradation at different temperatures than the pure biopolymeric structures showed that first
hydrogelation of sodium alginate with Ca?* ions and then treatment with fibroin solution provided better
integration amongst biopolymers. This would mean that the thermal stability of the composite scaffolds has
been improved in a clear manner, as a consequence of the decelerated disintegration rate, a higher heating rate
gave greater thermal stability (Coats & Redfern, 1963).

The mass changes of CaAlg/Fb and homopolymeric structures on the decomposition temperatures in the
thermograms were calculated as a percentage of degradation for all samples and are given in Table 2. Although
the thermal degradation stability of CaAlg/Fb scaffolds increased, the rate of degradation by mass decreased
only in the range of 151-266°C compared to biopolymeric structures.
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Figure 6. TG thermograms of the CaAlg, Fb and CaAlg/Fb
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Table 2. Thermal degradation rates of CaAlg, Fb and CaAlg/Fb samples
DEGRADATION RATIO (%)

TEMPERATURE (°C)
CaAlg Fb CaAlg/Fb
37,16 0,13 0,65 2,09
105,18 1,24 7,27 11,25
151,40 15,29 7,48 12,12
230,85 30,51 8,29 13,88
255,57 33,17 10,36 22,11
265,80 34,47 12,28 25,97
419,49 52,69 48,56 53,89
421,90 52,90 48,81 54,70
505,10 64,45 54,18 80,05
505,82 64,70 54,21 80,91
609,83 65,73 57,73 85,62
631,30 66,03 58,67 88,75

The some physical, chemical and mechanical properties of fibroin can be changed in the presence of various
crosslinkers or by the use of thermal processes (Rujiravanit et al., 2003; Mirahmadi et al., 2013; Ghezzi et al.,
2014; Yodmuang et al., 2015). For example, water solubility, durability and porous structure formation can be
changed by changing thermal processes or by using chemical reagents such as methyl alcohol and
glutaraldehyde (Wang et al., 2015). Evaluation of the TG findings, it has been determined that the
decomposition of the structure occurs much faster with temperature than in homo-biopolymeric structures. In
the fibroin molecule, there are many hydrogen bonds within and between the chains. This might be attributed
to the reason that neighboring chains are kept together in an anti-parallel configuration by strong hydrogen
bonds to form (B-sheets) and as a result, the fibroin's strength is substantially reinforced (Cheng et al., 2014).
For this reason, fibroin is resistant to thermal degradation and to acids and bases due to its amphoteric
properties. On the other hand, significant shifts were determined in the thermal degradation of fibroin in the
composite structure. This shows that CaAlg reduces intramolecular secondary interactions in the structure of
fibroin and thus, increases its thermal degradation.

3.5. Water Uptake Capacity and pH Changes

The ability of a biomaterial to retain water is an indicator for its biocompatibility. Materials that can easily
absorb water also facilitate the adhesion of cells to the surface (Hu et al., 2021). The water holding capacity of
CaAlg/Fb scaffolds, which were determined to have sufficient properties as a result of physical and chemical
characterization analyzes, was tested. The treatments were carried out in distilled water under physiological
temperature conditions in 3 repetitions. The results obtained are given in Table 3, and it was determined that
the composite scaffold could absorb water up to 211.07% of its dry weight.

Table 3. Water uptake capacity of the CaAlg/Fb

Sample Average Water Uptake (%0) Standard Derivation
CaAlg/Fb 211,07 22,72

When a scaffold is taken into cell culture, daily or every other day media change is performed considering its
biodegradability and tissue development. Therefore, how the CaAlg/fb scaffold changed the physiological pH
conditions of HANK's balanced medium was followed for 24 hours using a pH-meter. The first 6 hours of the
experiment were measured hourly. The results are given in Figure 7. The pH change in the first 6 hours was
close to linear, and then it remained horizontal. At the end of 24 hours, the pH was measured as 7.83. The pH
change remained within the range where the skin cells could maintain their vital functions.
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Figure 7. pH changes of the culture media with CaAlg/Fb scaffold

4. CONCLUSION

Within the scope of the study, which was carried out using the sodium salt of alginic acid, four different
scaffold structures were obtained that can be used in dermal wounds. The design of the scaffolds was made by
considering the dermis and epidermis for dressing use. Within the scope of the study, which was carried out
using the salts of alginic acid, four different scaffold structures were obtained that can be used in dermal
wounds. The design of the scaffolds was made by considering the dermis and epidermis for dressing use. For
the dermis structure, alginic acid was preferred in accordance with the literature, taking into account its
mechanical and chemical properties (Park et al., 2007; Hunt et al., 2009). Considering the more stable structure
and natural wound healing properties of fibroin and its routine use, it was preferred for the epidermis layer.
Our evaluations were also conducted considering its usability as a two-layer full-thickness dressing. While
sodium alginate-fibroin scaffolds were formed by mixing fibroin and sodium alginate solutions, calcium
alginate-fibroin scaffolds were obtained by coating calcium alginate hydrogel with fibroin solution. It showed
that alginate derivatives and fibroin were integrated to each other at certain rates in all scaffold structures.

FTIR results showed that fibroin chains were rearranged by the interaction of fibroin with methanol. In this
way, it is understood that there is a transformation of the crystalline B-layer structure. However, these
rearrangements of fibroin chains themselves reduced the affinity of fibroin to alginate. As a result, although
an obvious interface was formed at the border between the polymer surfaces, it was determined that fibroin
was separated from the alginate surface and its macroscopic morphology lost its homogeneity. According to
the dimensional and chemical analysis of the produced scaffolds, the best results were obtained in CaAlg/Fb
samples obtained by hydrogelation of calcium alginate and then coating with fibroin solution (Figure 8). For
this reason, further characterization was carried out on this scaffold sample.

With CaAlg/Fb scaffolds, bi-layer and full-thickness scaffolds with morphology which can be used as dermal
wound dressing were obtained. Although these scaffolds were not mixed together in solution, it was clearly
seen in the SEM and TG analysis that the penetration of the fibroin solution into the calcium alginate hydrogel
took place. It has been determined that the chemical structure deterioration of calcium alginate, which starts at
lower temperatures, decreases in the composite structure and occurs at higher temperatures. On the other hand,
it has been determined that the rate of thermal degradation occurs at a near linear rate in scaffold structures
and in a more controlled manner than homo-polymeric structures. As a result, a bi-layer wound dressing like
scaffold, compatible with the anatomical and histological structure of the dermis and epidermis, was obtained
using by alginate and fibroin respectively. In these processes, it has been shown that the use of alginic acid, a
block copolymer with polyanion structure, in hydrogel form increases the stability of the structure and can be
physically cross-linked with amphoteric fibroin using hydrogen bonds and dipole interactions.
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Figure 8. CaAlg/Fb scaffold
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Coal liquefaction process gives very efficient results, especially for value-added chemicals production
from low-quality coal. However, when the literature is examined, notably there is not enough scientific
study for liquefaction mechanisms. Here, in this study, There are five different liquefaction mechanisms
of Beypazari coals. It includes four different UV light power and a catalyst environment using 180 watts
of UV power. Created first-order linear discrete models were proposed and compared with the
experimental results. Additionally, the reaction rate constants for each proposed kinetic model were
calculated using the Kalman filter method. However, to evaluate the compatibility of the experimental
results and the modeling results, the sum of the squared differences of the values calculated from the
experimental data and the models was examined. Because of these studies, it has been observed that the
rate constants of direct oil formation from coal at 120 and 180 watts of UV power are at least three times
greater than the rate constants for the formation of asphaltene and pre-asphaltene from coal.
Simultaneously, The results demonstrate that models with reversible and parallel steps are more
compatible with experimental data. Experimental data and modeling results are much more compatible
with the studies conducted on Beypazari coals in a 180-watt UV-catalyzed environment compared to a
180-watt catalyst-free environment. In the presence of ZnO catalyst, the rate constants occurring in the
conversion reaction from coal to oil were again three times faster than the conversion rate constants from
coal to asphaltene and from coal to preasphaltene. In the modeling and experimental results conducted
in the catalyst environment, the efficiency was higher than the catalyst-free environment. The best fit
was obtained using model that has both reversible (between asphaltene: coal, asphaltene: oil, and
asphaltene: preasphaltene) and irreversible (coal: oil, coal: preasphaltene and preasphaltene: oil) reaction
steps. The model also evidenced that reversible reactions are critical on the liquefaction of Beypazari
coal.
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1. INTRODUCTION

Coal liguefaction is an advantageous process in which coal can be converted into more valuable and cleaner
liquid hydrocarbons that can be used in liquid fuels and petro-chemistry (Cunliffe, 2001; Wang et al., 2009;
Li et al., 2017; Gao et al., 2018; Hao et al., 2017; Liu et al., 2018). The main purpose in coal liquefaction
processes is to obtain products from coal, primarily petroleum, liquid, asphaltene and pre-asphalten. The main
approaches used to convert coal into liquid hydrocarbons revolve around breaking down large, complex
"structures™ by hydrogenation reactions and increasing the solubility of the organic fraction (Speight, 2008; Li
etal., 2017; Gao et al., 2018; Hao et al., 2018). For this purpose, there are two basic liquefaction processes in
liquefaction processes. One of them is indirect liquefaction and the other is direct liquefaction. The conversion
of the syngas (CO+Hy>) obtained because of the gasification process of coal into liquid products using special
catalysts is known as the indirect liquefaction process of coal (Karacan, 2004). The basis of the direct coal
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liquefaction process is due to the thermal decomposition of coal in an H-donating solvent using a heat source
and hydrogenation of its decomposition products. The solvent used in the process to directly obtain hydrogen
gives hydrogen directly in the stabilization of free radicals and provides hydrogen transfer from the hydrogen-
rich parts of the coal to other reactive regions that need hydrogen. The resulting reactions provide coal, gas,
liquid and solid products (Allen & Gavalas, 1984; Hsiang-Hui & Stock, 1984).

The coal liguefaction process, which occurs in a hydrogen donor environment, depends on many independent
chemical reactions. These reactions support the formation of many active and inactive substances as they
progress. Stabilization of active species and free radicals is of great importance in terms of ensuring reaction
efficiency (Cronauer at al., 1979; Mohan & Silla, 1981; Huang et al., 1998; Li et al., 2008; Simsek et al., 2017).
For this reason, to understand these reactions and mechanisms, the direction of studies recently has been
directed to this area (Farcasiu et al., 1977; Cronauer et al., 1978; Han et al., 1978; Shah et al., 1978; Shalabi et
al., 1979; Angelova et al., 1989; Ceylan & Olcay, 1998; Simsek et al., 2017). Liebenberg & Potgieter (1973)
proposed liquefaction mechanism includes following steps asphaltene from coal and heavy oil formation from
asphaltene, as well as two parallel reactions; coal — asphaltenes and coal — heavy oil reactions. Cronauer et
al. (1978) conducted a study on the lower bituminous coal conducting in a continuous stirred reactor (CSTR)
with the help of anthracene oil and phenanthrene solvents, and a first-order irreversible kinetic analysis of coal
— oil, oil — asphaltene, coal — preasphaltene, preasphaltene — asphaltene, coal — asphaltene and coal —
gas. model has been proposed. The kinetic mechanisms of dissolution in the presence of tetralin in a bituminous
coal with high volatility were investigated and three model mechanisms were proposed by Ayappa et al.
(1991). Two models were predicted for the liquefaction kinetics of the coals dissolving in the presence of
tetralin. A model is the same as the one proposed by Shalabi et al. (1979).

Significant liquefaction reactions occur when coals are exposed to direct heat with the use of a thermal source
in pressurized furnaces due to long heating and cooling periods. However, it does not show realistic
liquefaction reaction mechanisms under these reaction conditions with the use of a pressure furnace and
thermal source. Therefore, in the direct liquefaction process of coal, the use of microwave or UV light sources,
which increases efficiency due to short startup and internal heating periods, becomes more effective as a heat
source (Ayappa et al., 1991).

In both two studies, the liquefaction mechanisms of coal in the presence of tetralin and the formation rate
constants of preasphalten, asphaltene and oil were investigated using microwave source (Simsek et al., 2001;
Shui et al., 2010).

The rate of formation of preasphaltene, asphaltene and oil was investigated during the liquefaction of six
different reactive coals in tetralin as a hydrogen donor solvent using microwave heating in the literature
(Simsek et al., 2001; Shui et al., 2010). Within the scope of the studies, five different liquefaction models were
determined and it was assumed that the reactions occurring here were irreversible and pseudo-first order. It
has been observed that the reactions proceed in parallel in the conversion mechanism from coal to asphaltene,
pre-asphaltene and oils. It is noteworthy that coal has much higher carbon content in parallel reactions. Five
different liguefaction models, defined as irreversible and pseudo-first order, were proposed and studied.
Models consisting of parallel liquefaction from coal to preasphaltenes, asphaltenes and oils show that coal with
higher carbon is most appropriate, while models involving serial and parallel liquefaction reactions show that
lower carbon coals are more suitable.

Two of the studies conducted with the use of UV rays in the liquefaction of coal is the studies by Yiiriim and
Yiginsu (1982) and Sogiit and Olcay (1998). In these studies, photochemical reactions of coal were
investigated without the need for high pressure and temperature. It has been determined that oil formation in
liquid products formed because of photochemical reactions has much higher formation rates than asphaltene
and preasphalten formations. Therefore, the use of UV rays in coal liquefaction processes has made it more
effective (Yirim & Yiginsu, 1982; Sogiit & Olcay, 1998). In a study by Doetschman et al. (1992) the
liquefaction of coal in a tetrahydrofuran solvent with the effect of UV rays was investigated in the coal
liquefaction process. In this study, different coal samples were irradiated at different powers and showed that
the effect of UV irradiation power was directly proportional to the liquefaction efficiency. The study proved
that liquefaction is five times more efficient in coal exposed to continuous irradiation compared to the
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liquefaction process performed in the dark without the use of UV irradiation power. Studies have shown that
the stimulation of molecules in the solvent/coal extract using UV causes the fragmentation of coal particles.
When the extract structures were examined, it was seen that the fragmentation caused by the UV rays in the
coal macromolecular structure chain provided the return to the aromatic structure (Doetschman et al., 1992).

2. EXPERIMENTAL STUDIES

This study constitutes the kinetic modeling of the coal liquefaction prosses. In order to determine the Kinetic
mechanism, the MatLab programme was performed with experimental results. For a highly efficient
determination of kinetic model study, it is necessary to find out the kinetic approach that is compatible with
the experimental results.

2.1. Experimental Data

The experimental data used in the discrete-time models of coal liquefaction models in this study were obtained
from the study by Karacan (2004). Coal samples were supplied from Beypazari-Cayirhan and were crushed
and then ground in size using a mill-ball. The grinded samples were sieved with a particle size of sub-300
microns using standard lab scale sieves. The coal samples were then dried under atmospheric conditions until
they reached a constant weight and then stored in plastic bottles with lids to be used in the experiments.
Experiments were conducted with different UV light powers of 0, 60, 120, and 180 Watt using a
tetralin/charcoal mixture of 5/1 by weight for 1, 2, 3, 5, and 10 days.

To investigate the effect of UV power in liquefaction experiments, a UV chamber whose energy power changes
approximately 30 to 210W was used. In this chamber, a round bottomed flask with a volume of 500 ml and a
magnetic stirrer with adjustable stirring speed was used. For the non-catalytic study, 15 g coal and 75 g of
tetralin were weighed into the quartz flask, and for catalytic tests, 0.75 g catalyst was added to the quartz flask
at a ratio of 5% catalyst/lignite by weight. However, in the catalyst addition stage, TiO, and ZnO were added
to the medium by physical mixing, while ZnO was added by being absorbed into the coal particles. The addition
of tetralin was added after the homogenization of the charcoal catalyst mixture had taken place before the
experiment under catalytic conditions.

Before UV experiments to be conducted in both catalytic and non-catalytic conditions, the mixtures were
mixed for 2-3 minutes in order to increase the interaction of the particles with each other during the reaction.
After the experimental conditions were established, the desired UV rays were exposed to the
tetralin/catalyst/coal and tetralin/coal mixtures in the round bottomed flask and the reactions were conducted.
However, experiments with a power of 0 watts were conducted in a dark environment. All experiments were
conducted at atmospheric pressure and room temperature, at the end of the determined test times, the system
was turned off and the reaction temperatures were physically measured. After it was defined that the measured
reaction temperatures did not exceed 33 °C, the round bottomed flask in the UV chamber was removed and the
mixture was filtered and the solid/liquid phases were separated from each other. The remaining fractions in
the flask were obtained by washing with tetrahydrofuran and the solid phase was first washed with this mixture
and then washed again with tetrahydrofuran. The filtrate obtained from the washed solid phase was mixed with
the liquid phase. Before mixing, rotay evaporator removed THF under atmospheric pressure. As a result, the
liquid phase contains tetralin and charcoal dissolved in tetralin.

To keep the tetralin in a certain amount, it was ensured that the tetralin was removed from the mixture under
vacuum and the concentration was increased in the rotary evaporator. To allow the liquid product to be
separated into fractions as oil, asphaltene and preasphalten, the concentrated mixture was kept overnight by
adding 200 ml hexane. An overnight waiting period facilitated the separation of the oils from the asphaltene
and pre-asphaltene, as it caused the oils to dissolve in hexane. The removal of hexane from the filtrate was
achieved using a rotary evaporator and oils were obtained. Due to the dissolution of asphaltenes in toluene,
200 ml toluene was used to separate the remaining mixture from the preasphalten, and toluene was also
removed in the rotary evaporator. Products insoluble in toluene were taken from the mixture as preasphalten.
In this way, oil, asphaltene and preasphaltene formations obtained from coal liquefaction process were
determined. Experimental studies are given in Table 1 by calculating the percentage of products (oil, asphaltene
and preasphalten) obtained at each UV exposure for different time periods and the weight percentage of
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liquefied products (preasphaltenes, asphaltenes and oils) per weight of lignite (daf) used. Additionally, the
physical properties of coal are given in Table 2.

Table 1. Beypazar: coal experimental study (Karacan, 2004)

UV Power 82;3 Oil % Asphaltene % Preasphaltene % | Liquid product %
0 W (in dark) 1 4.81 0.46 1.03 6.30
2 4.34 0.75 0.97 6.06
3 4.10 0.88 0.87 5.85
5 4.48 0.91 0.54 5.93
10 5.04 1.20 0.57 6.81
60 W 1 13.53 1.88 0.38 15.79
15.98 2.77 1.10 19.85
3 15.36 291 0.61 18.88
5 15.47 2.80 0.48 18.75
10 13.60 6.26 1.26 21.12
120 W 1 13.58 2.33 0.40 16.31
15.75 3.82 0.80 20.37
3 14.41 3.25 1.16 18.82
5 17.03 2.05 1.87 20.95
10 20.91 3.82 2.01 26.74
180 W 1 13.49 3.10 0.80 17.39
2 18.36 1.81 0.40 20.57
3 17.72 2.38 1.14 21.24
5 19.23 2.09 0.42 21.74
10 27.53 2.70 2.76 32.99
180 W TiO; 1 17.36 2.38 0.64 20.38
2 15.16 2.66 0.68 18.50
3 19.92 2.20 1.01 23.13
5 15.78 1.11 0.52 17.41
10 24.17 3.15 2.67 29.99
180 W ZnCl, 1 13.37 1.76 0.86 15.99
15.92 3.52 1.08 20.52
3 14.65 2.31 131 18.27
5 28.99 2.84 1.42 33.25
10 16.67 2.71 0.96 20.34
180 W ZnO 1 12.15 1.46 0.26 13.87
14.52 2.83 0.37 17.72
3 16.71 2.91 2.01 21.63
5 23.78 1.27 0.26 25.31
10 26.12 1.50 0.36 27.98
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Table 2. Analysis of Beypazar: coal samples (Karacan, 2004)
Ultimate Analysis (w/w %)
Moisture 13.00
Ash 25.55
Volatile Matter 29.19
Fix Carbon 32.26
Sulfur Distribution Hit (w/w %)
Stotal 459
Soxy 3.52
Elemental Analysis (w/w %)
C 69.56
H 4.50
N 1.25
Soxy 4.72
o) 19.97
Maseral Composition (vol %)
Huminite 94.3
Liptinit 2.60
Inertinite 3.10
| Lower Calorific Value (kcal/kg) | 3978

2.2. Recommended Coal Liquefaction Models

In the model suggested for five different coal liquefaction depending on three parameters; (A) represents the
reactive coal, (B) the asphaltene liquefied from the reactive coal, (C) the preasphaltenes and (D) the oils. In
the literature, many reaction models have been investigated for the liquefaction mechanism in coals of different
structures. In this study, five different models proposed for Beypazari coals are given in Figure 1. The models
consist of parallel and series as well as reversible and irreversible steps. The gaseous products were not
obtained due to the low reaction (at 25°C) temperatures, and in this case, possible reaction steps were removed
from the proposed models. The reaction rate equations of the proposed models are given in Equations 1-20. In
this study, the comparison of experimental data with modeling data is also evaluated. The mechanisms given
in Model 1 and Model 2 were explained as suggested by Shalabi et al. (1978). In Model 1, there is a
transformation from coal to preasphalten, from preasphalten to both asphaltene and oils due to serial reactions,
while oil is formed from asphaltene at the same time. All reactions are assumed to occur first-order and
irreversibly. In Model 2, while direct oil conversion occurs from coal, there are also direct asphaltene and pre-
asphaltene formations from coal, and asphaltene and oil formations from pre-asphaltene formed from coal. In
this model, the reactions are considered parallel, first-order and irreversible. In a study proposed by Simsek et
al. (2021) Model 3 includes reversible, irreversible parallel and serial first-order reactions. This model, which
includes reversible and irreversible mechanisms, which is one of the remarkable details in the explanation of
the coal liquefaction mechanism, is discussed again in this study. Model 3, in addition to Model 2, consists of
reversible reaction steps between coal <> asphaltenes, asphaltenes <> preasphaltenes and asphaltenes < oils.
Model 4 and Model 5 are the models recommended within the scope of this study, and Simsek (1997) and
Sogiit (1997) in both models are the models recommended after a decrease in oil yield after a maximum when
their studies are examined. Therefore, Models 4 and 5 are assumed to have steps in which oil gives reversible
reactions. Model 4 assumes the reversible formation of oils and preasphaltenes, preasphaltenes, oils from coal,
as well as the formation of asphaltenes, asphaltenes, preasphalthenes and oils from coal. In Model 5, reversible
formation of asphaltenes and oils from coal and reversible formations of oils from preasphaltenes and
asphaltenes are predicted.
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Figure 1. Suggested coal liquefaction models; A) Reactive coal, B) Asphaltene, C) Preasphaltene, D) Oil

2.3. Comparison of Models with Experimental Data

The compatibility of the proposed liguefaction reactions with the experimental results regarding the
liquefaction mechanisms of coal belonging to the Beypazari region has been revealed by creating first-order
discrete-time models. The Kalman Filtering method was used for each reaction rate constant in the models and
was determined using the MatLab program (version 7.11). If given as an example; The discrete-time model

used for Model 2
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Additionally, the reaction rate constants for each reaction in the models are determined using a MatLab
program (written in ver 7.11, The MathWorks Inc. Natick, MA, USA) using the Kalman filter. For example,
discrete-time model equations used for Model-1 in this study are given in Equations 21-24.

Ca (i+1) = CA (1 — (ks + ko + ks) At) (21)
Cs (i+1) = CB; (1 — ksAt) + (kiCA + keCCi) At (22)
Ce (i+1) = CCi (L — (ks + k) At) + koCAAL (23)
Cb (i+1) = CDi + ksCAAt + kiCBiAt +ksCCiAt (24)

Where, Ca is unreacted coal (daf) and Cg, Cc, Cp are percentages of asphaltene, preasphaltene and oil yield,
respectively.

In the literature, the Kalman filter method is an algorithm in which a set of measurements observed over time
can be used, including statistical noise and other errors. It can predict unknown variables more precisely than
those based on a single measure (Wei et al., 2013). To control a dynamic system, it is necessary to know what
is happening in the system. However, it is impossible to identify every variable in an impossible process,
especially for measuring liquefaction such as coal processes. Therefore, the Kalman filter can predict state
variables from available known data with minimal change to unknown current data. The rate constants of the
proposed liguefaction mechanisms can be estimated using the Kalman filter, and there are many studies in the
literature with the use of MatLab (Grewal & Andrews, 2001; Welch & Bishop, 2006; Simsek et al., 2017;
2019).

3. CONCLUSIONS AND DISCUSSIONS

The use of first-order linear discrete-time models for the compatibility of experimental data and data obtained
from models is a study in the literature. Simultaneously, a program was created in the MatLab application to
calculate the rate constants of the reactions occurring, and predictions were made with the Kalman Filtering
Method (Kalman, 1960). Within the scope of this study, the experimental data and the most compatible model
of the proposed model are given in Model 3 and Equation 25. The compatibility of this model with the
experimental data was decided by looking at the square of the difference between the data calculated from the
model and the experimental data (Kavustu, 2012).

Zi(ymi —yei)2 = (4S,, — AS.)? + (PAS,, — PAS,)* + (YA, — YA,)? (25)
Here;

Ym; and Ye, = Values calculated from the model and experimental data

AS,, and AS, = Asphaltene yields calculated from the model and experimental data

PAS,, and PAS, = Preasphaltene yields calculated from the model and experimental data

YA, and YA, = QOil yields calculated from the model and experimental data

When examining the compositional properties of coal to examine their behavior in direct liquefaction, it is
impossible to say that a single property sufficiently predicts the transformations for all coal. Therefore, to
understand the liquefaction behavior of coal, correlations with sulfur, reactive maceral and volatile matter
contents, vitrinite reflection and H/C ratios were established for coals from certain geological regions. Based
on this study, bituminous coals provide higher conversions than low-grade coals at short residence times, but
under typical hydro-liquefaction processing conditions, distillate yields are generally higher than low-grade
coals. The lack of information about aromatic, aliphatic and heteroatomic groups and the concentrations of
low molecular weight components in coals preclude more precise structural correlations with liquefaction
behavior. Analytical results from studies on how organic coal structure affects liquefaction are still being
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evaluated. (Snape, 1987). It is assumed that coals provide the formation of coal liquefaction patterns due to
their amorphous, cross-linked polymeric structure. Aromatic structures with high molecular weight in coal
containing heteroatomic structure form the macromolecular structure of these coals and this structure supports
the formation of many free radicals due to its easy exposure to photochemical decomposition. Free radicals
can easily react with hydrogen or polymerize with other molecules. Here, the hydrogen donor source is tetralin,
the hydrogen donor solvent. Low molecular weight and hydrogen-rich products, namely, oils, which are
formed because of the stabilization of free radicals with hydrogen, can be produced very easily. In contrast,
the formation of high molecular weight H/Cs can be observed due to the polymerization of free radicals without
reversible and irreversible reactions. In Table 3, the squares of the difference between Model 1 and
experimental data and the rate constants formed at different UV light powers are given.

Table 3. The squares of the difference between Model 1 and the experimental data and
the rate constants (h™) and the percent liquid yields at different UV powers

uv Rate constant (h?) x 10° . .
Power z(ym' —¥,.)? oil conversion %
W) - ' ' " " " " experimental

0 83.8723 55 12.3 13.2 10.2 Day 10

5.04

Day 2

60 655.9149 14.1 14.1 15.9 10.4 1598
Day 10

120 740.3083 16.2 13.9 16.9 10.7 2091
Day 10

180 965.5916 18.0 14.1 18.1 10.8 2753
180/TiO; 963.1773 16.8 13.9 17.4 10.7 Day 10
24.17

Day 5

180/ZnCl; 1033 16.8 14.1 17.5 10.7 28.99
180/Zn0O 926.6212 16.8 13.9 18.0 10.8 Dz%yllzo

In Figure 2, the comparison of the data obtained from Model 1 with the experimental studies conducted at four
different powers, 0, 60, 120, and 180 Watt UV power, is given graphically.

In Model 1, it is assumed that there are first-order irreversible reactions from reactive coal to preasphalten,
from preasphalten to asphaltene and oils in parallel and from asphaltene to oils. At Figure 2, although the
experiments conducted in the dark are more compatible with Model 1, Model 1 is completely incompatible
with the experimental data. The assumed approach in this model is that the bonds will break during the coal
liquefaction process (Simsek et al., 2017). In the experiments conducted for the decomposition of coal using
UV energy, it is seen that as the UV light power increases, the oil formations and generally increased around
the 10th day, but these increases in the model are not at the same rate as the experimental data. In the
evaluations for the decomposition of coal under UV light, firstly, polar groups are formed due to decomposition
by UV effect, and then pre-cracking products due to liquefaction reaction, which can be considered as pre-
asphalten. Preasphaltenes are H/Cs insoluble in toluene. In fact, Arrhenius cracking and coal chemistry do not
support such possibilities. Generally, in liquefaction processes, it can be deduced that the weakest bonds on
the structure are the bonds that dissociate in liquefaction processes. The weakest bonds can form two products,
both of which have the property of dissolving in toluene, and only preasphaltene formations can be seen from
the breaking of the less weak bonds. Another assumption considered while creating the model is that H/Cs
insoluble in toluene can turn into soluble products in toluene or hexane. Additionally, coal liquefaction
processes in the hydrogen donor solvent environment support the formation of free radicals. Hydrogens from
solvent (Simsek et al., 2017) can stabilize free radicals because solvent donates hydrogen under the influence
of UV light to the free radicals (Simsek et al., 2017). Due to this stabilization, products with smaller molecular
weights are directly produced (Simsek et al., 2017).



144

Yelda ALTINSOY, H. Emir SIMSEK
GU J Sci, Part A, 9(2): 136-155 (2022)

30 Asphalten % (Model)
-~ Preasphalten 5 (Model)
——= 0il %(Model)
*  Asphalten %
v Preasphalten %
= = 0il%
= 20 4
=
I}
>
=
S
O
10 4
L — e . b
0 "“---7__#:' £ .
2 4 6 8 10
Time, min
30 4 Asphalten % (Model)
Preasphalten 5 (Model)
===0il %(Model)
®  Asphalten %
v Preasphalten %
2 m Oil%
5 20
2 .
9 .
[]
38 - e
I e
T T s
r’ﬁ ’
,,’.
e -
22t e
0 T T
0 2 4 6 8 10
Time, min
Asphalten % (Model)
30 Preasphalten 5 (Model)
——— 0il %(Model)
*  Asphalten %
v Preasphalten %
m  Oil%
B
5 ]
2 ]
o
2
<] ——
8 [ ] [ ] ____———'_
10 =TT
e A SN
T e
g
P
e
P . . ry 3
0 - T
0 2 4 6 8 10
Time, min
e) TiO,/180 W UV Power Model 1
Asphalten % (Model)
20 Preasphalten 5 (Model)
1| === Oil %(Model)
®  Asphalten %
v Preasphalten %
= Oil% n
B
.g 20 +
2
o []
z
3 n o
(6] - S
10 4 e
-
R e e oo
P
s
./’
./’
LsT . *
R B — ?
0 2 4 6 8 10
Time, min

g) Zn0O/180 W UV Power Model 1

Conversion %

Conversion %

30 4 Asphalten % (Model)
Preasphalten 5 (Model)
=== 0il %(Model)
#  Asphalten %
v Preasphalten %
) = 0Oil%
5
®
o
=
£
S
o
10 4
L St =
-
0 LT, . [] ;
0 2 4 6 8 10
Time, min
Asphalten % (Model)
304 |- Preasphalten 5 (Model)
=== 0il %(Model)
®  Asphalten % b
v Preasphalten %
m  Oil%
20 A -
[]
[ ] L] T
10 e R
BT o L e A A SR s ¥ B o P AR A TR
-
-
L
Lo
Srd
-
.).-,’ . - . 4
0 7 T e
0 2 4 6 8 10
Time min
Asphalten % (Model)
30 | --+ Preasphalten 5 (Model)
==~ 0il %(Model) n
#  Asphalten %
v Preasphalten %
= Oil%
20 4
]
]
= e
10 -
g P PP
.,v/’
/"’
v -
Z .
TS 3 v
0 T T
0 2 4 6 8

Time, min

f) ZnCl,/180 W UV Power Model 1

Figure 2. Comparison of the liquefaction mechanism obtained using Model 1
with experimental data at different UV powers
a) 0 W, b) 60 W, c) 120 W, d) 180 W e) TiO>/180 W f) ZnCl./180 W g) ZnO/180 W
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The reason for the inconsistency with the experimental data in Model 1 is the properties of coal, other than
pre-asphalten, which is formed as insoluble in toluene. Because pre-asphaltene formations are very few both
experimentally and modelally under the effect of each UV power. The data obtained from Model 2 and the
squares of the experimental data differences and the rate constants formed at different UV light powers are
given in Table 4.

In Model 2, asphaltenes (B), preasphaltenes (C) and oils (D) and additionally preasphaltenes (C) oils (D) are
formed from coal (A) by parallel reactions, as well as preasphaltenes (C) asphaltenes (B) and oils from
asphaltenes (D) formation is assumed. In this model, there are no reversible reactions and all reactions are
deemed first order. The square of the differences between the experimental data and the data obtained from
the model was the lowest, as in Model 1, in the studies conducted in the dark environment. However, when
Model 2 is compared with Model 1, the square of the differences is more consistent than Model 1, but when
the graphs given in Figure 3 are examined, the consistency with the experimental data is not better. Notably,
asphaltene formations are quite parallel in the data obtained from the model with the experiments conducted
in the dark in Model 2, but it is not very consistent for the hexane-soluble oil yields. However, asphaltene and
pre-asphaltene formations generally follow a flat course after the 2nd day. In the presence of 180 Watt UV
light, oil formations are in full agreement with the experimental data. As a result, it shows that the Model-2
model cannot provide a good definition of the liquefaction of Beypazari coal for four different UV powers.
The inconsistency between Model-2 and experimental data indicates that hexane-soluble H/Cs are more
common in the formation of oils, as observed in Model-1.

Table 4. The data obtained from Model 2 and the squares of the experimental data and
the rate constants and the oil formation percentages at different UV light powers

uv Rate constant (h) x 10° _ .
Power Z(Ymi —Ye)? oil conversion %

(W) i ky K Ks Ke Ke Ke experimental

Day 10

0 50.7958 15 12 | 55 | 101 - ] oy

60 252.4420 6.1 30 | 175 | 99 | 102 | 100 Day 2

15.98

120 188.4263 57 | 41 | 206 | 103 | 1202 | 100 DZ%ygllo

180 192.3157 54 | 45 | 246 | 107 | 104 | 100 2""73’5130

180/ TiO; 316.0903 50 | 41 | 229 | 104 | 1202 | 100 '32?1170

180/ZnCl, 369.4902 54 | 38 | 229 | 104 | 103 | 100 2&%;

180/Zn0O 139.3742 4.6 34 | 248 | 107 | 104 | 100 [;%yllzo

For this reason, it is important to make assumptions on models with reversible reactions to achieve a more
realistic model fit. Model 3 assumes reversible and irreversible reactions. The sum of the squares of the
difference of the experimental data obtained from model 3, the rate constants and experimental oil conversion
rates are given in Table 5.

In Model 3, in addition to the reversible formation of both oil (D) and preasphaltene (C) from coal (A),
asphaltene (B) from coal (A), oils (D) from coal (A), pre-asphaltenes (C) and oils (D) from pre-asphaltenes
(D) is assumed to be irreversible and first-order formation.



146

Yelda ALTINSOY, H. Emir SIMSEK
GU J Sci, Part A, 9(2): 136-155 (2022)

Conversion %

Conversion %

Conversion %

30 Asphalten % (Model)
Preasphalten 5 (Model)
——~— 0l %(Model)
#  Asphalten %
v Preasphalten %
2 = 0i%
5 204
B
kol
H4
c
S
o
10 o
L St [
-
0 v 2 ] :
0 2 4 6 8 10
Time, min

a) 0 W UV Power Model 2

Asphalten % (Model)
304 |- Preasphalten 5 (Model)
=== 0il %(Model)
- Asphalten %
v Preasphalten %
= Oil%
20 4 e ———=="
[] /,”
(]
L] Pid
7
1 s
10 Y
s
Y
’
// . TP - 2. 1
&
0 y 7 -
0 2 4 6 8 10
Time, min
Asphalten % (Model)
30 <o Preasphalten 5 (Model)
=== 0il %(Model)
#  Asphalten % b
v Preasphalten % =
= 0Oil% S
20 ‘_-,..»—
L P
-
-
e
L] s
s
s
10 s
s
7/
’
7 L 3 e OO SRS E PP PP TR TR
7 e ; (3 ¥
0 Y5 T
0 2 4 6 8 10
Time, min
e) TiO,/180 W UV Power Model 2
Asphalten % (Model)
55 -+ Preasphalten 5 (Model)
7| === 0il %(Model)
- Asphalten %
v Preasphalten % L
m Oil% " o e R
20 T
-
-
-
~
LIV
s
L] s
2 ’
10 #
z
’
7
7 -
7 e D p
0 7 T
0 2 4 6 8 10
Time, min

g) Zn0O/180 W UV Power Model 2

30 4 Asphalten % (Model)
......... Preasphalten 5 (Model)
=== 0il %(Model)

*  Asphalten %
v Preasphalten %
= = Oil%
o P R sy
P el
5 -
= e -
8 ] g [
7
10 4 /
’
Ve
/ L
vl
4 * L SR L TR % - o
/e o o
0 T T T
0 2 4 6 8 10
Time, min
Asphalten % (Model)
30 . Preasphalten 5 (Model)
——~ 0il %(Model)
®  Asphalten % b
v Preasphalten % _
= Oil% e

I ) S —— L

g 20 ‘_.,—'

o L

g /’

3 ] n /s

¥
1 s
10 y;
7
’
e v oo
S AT e U —— &
0 a4 il L 2
¥ T
0 2 4 6 8 10
Time, min
Asphalten % (Model)
a0 Preasphalten 5 (Model)
1| =—— oil %(Model) n
#  Asphalten %
v Preasphalten %
m oi% |
2 Pt
-
5 204 e
o 7z
2 ] 4
E -
8 . /,’
1 e
10 J
s
s
/
7/
¥ s S oo
0 = T
0 2 4 6 8 10
Time, min

f) ZnCl,/180 W UV Power Model 2

Figure 3. Comparison of the liquefaction mechanism obtained using Model 2
with experimental data at different UV powers
a) 0 W, b) 60 W, c) 120 W, d) 180 W e) TiO>/180 W f) ZnCl./180 W g) ZnO/180 W
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Table 5. The data obtained from Model 3 and the squares of the experimental data and
the rate constants and the oil formation percentages at different UV light powers
uv Rate constant (h) x 10° ) o
Power Z(ym, —¥,)? oil conversion %
. ' ' experimental
(W) l ki | ke | ke | ke | ks | ke | ki | ks | ko P
0 8.6056 39 [107] 09 [ 99 |101]60 | - | - | - Day 10
5.04
60 67.8816 10.7 | 10.8 | 48 | 105|100 | 25 | 10.1 | 10,0 | 9.9 ?E%g
120 62.2039 153 | 109 | 4.7 9.2 | 103 | 4.2 | 10.2 | 10.0 | 10.0 I32'c(1)y9110
180 73.4293 19.9 | 10.7 | 5.2 81 | 104 | 54 | 10.2 | 10.0 | 10.0 ch’;y5130
180/Ti0, | 1132106 | 17.0 | 109 | 45 | 91 | 102 | 46 | 10.2 | 10.0 | 100 Oy 1D
180/ZnCl, 140.0404 151 | 109 | 3.7 98 | 102 | 3.1 |10.2 | 10.0 | 10.0 gg)ég
180/Zn0O 49.6152 19.3 | 10.8 | 4.0 8.0 | 105 | 3.7 | 10.3 | 10.0 | 10.0 I32a6y1120

In Model-3, the liquefaction of coal is therefore improved by three reversible reactions; In addition to Model-
2, assuming that there are three reversible reactions between coal < asphaltenes, asphaltenes <> oils and
asphaltenes < preasphaltenes, the experimental results given in Figure 4 and the modeling results are
compatible. Compared to other models, Model-3 fits best with experimental data for UV power of 90, 120,
150, and 180W. Furthermore, the sum of the squared differences shown in Table 5 also proves that Model-3
has a better explanation for liquefaction of coal compared to the other two models. It also shows that the models
fit better with experimental results at higher UV powers of 180 W compared to 90 W with lower UV powers.
Thanks to these three reversible reactions, which are the only difference from Model-2, Model-3 fits much
better with the experimental data. Thus, the main free radicals are formed from reactive coal, as mentioned
above, and many competitive and simultaneous chemical reactions can occur during the liquefaction of reactive
coals (Simsek et al., 2017).

The reaction rate constants of Model-3 at four different UV powers, 90, 120, 150, and 180 W, were determined
using multiple regression analysis and the results are presented in Table 5. The calculated rate constants for
Model 4 at four different UV powers are given in Table 6 and the comparison of the liquefaction mechanism
data obtained by modeling with the experimental data is given in Figure 5.

Comparison of the liquefaction mechanism obtained using model 5 with experimental data at different UV
power is given in Figure 6 and the data obtained from Model 5 and the squares of the experimental data and
the rate constants and oil formation percentages at different UV light powers are given in Table 7 respectively.
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Figure 4. Comparison of the liquefaction mechanism obtained using Model 3
with experimental data at different UV powers
a) 0 W, b) 60 W, c) 120 W, d) 180 W e) TiO>/180 W f) ZnCl./180 W g) ZnO/180 W
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Figure 5. Comparison of the liquefaction mechanism obtained using Model 4
with experimental data at different UV powers
a) 0 W, b) 60 W, c) 120 W, d) 180 W e) TiO>/180 W f) ZnCl./180 W g) ZnO/180 W
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Table 6. The data obtained from Model 4 and the squares of the experimental data and
the rate constants and the oil formation percentages at different UV light powers
uv Rate constant (h) x 10° ) :
Power Z(ymi —Ye,)? oil conversion %
(W) - ke ks ks ke ks Ke K ke ke experimental
0 8.3350 8.0 4.8 03 (106 | 100 | 101 | 98 | 11.1| 9.8 Dsa}(/)leO
60 650700 | 47 | 126 | 19.0 | 106 | 9.9 | 101 | 97 | 120 | 10.1 ooy
120 61.9166 45 (172 | 3.6 | 106 | 10.0 | 10.2 | 9.0 | 10.8 | 8.9 Dz%)_lgllo
180 75.5692 51 | 21.7 | 49 | 10.6 | 10.0 | 10.3 | 8.0 9.4 7.8 2?5130
180/TiO, | 1125464 | 44 | 101 | 41 | 106 | 100 | 102 | 89 | 11.0 | 8.7 Oy 1D
180/ZnCl; 137.4485 36 | 173 | 25 | 10.7 | 10.0 | 10.2 | 93 | 126 | 9.3 lzjg)ég
180/Zn0O 51.9861 39 | 211 32 | 106 | 10.0 { 103 | 7.7 9.5 7.6 Dza63.11120
Table 7. The data obtained from Model 5 and the squares of the experimental data and
the rate constants and the oil formation percentages at different UV light powers
uv Rate constant (h™?) x 10° . .
Power Z(Vmi —3e,)? oil conversion %
(W) - ke Ky ks ke ks Ke K ke ke experimental
0 83025 | 10.0 | 107 | 25 | 101 [ 101 | 98 | 46 | 111 | 98 Py
60 652008 | 50 | 108 | 2.1 | 100|104 | 9.7 | 124 | 120 | 10.1 ooy 2
120 61.8398 48 (109 | 3.7 | 103|102 | 9.0 | 170 | 108 | 8.9 DZ%).lgllo
180 755004 | 54 | 10.7 | 49 | 105|104 | 80 | 215 | 9.4 | 7.8 P
180/TiO, | 1126105 | 47 | 109 | 41 | 103|102 | 89 | 189 | 11.0 | 87 Oy 1D
180/ZnCl, 137.4365 39 | 109 | 26 | 103|102 | 93 |171 | 126 | 94 ggég
180/zn0 | 519647 | 42 | 10.7 | 33 | 105|103 | 7.7 | 209 | 9.5 | 7.6 Day 10

26.12
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The reaction rate from reactive charcoal to oils is four times more compared to other reaction rate constants
shown in 3rd Model. The reaction rate constant for the liquefaction reaction from reactive coal to oils is about
10.0x1072 h%, while the reaction rate constants for the other reactions in the model are about 2.5.0x1072 h.
Additionally, UV forces affect the reaction rate constants of Beypazari coal liquefaction reaction are
insignificantly. Model 4 and Model 5 liquefaction mechanism rate constants are very close to each other.
Simultaneously, the square of the difference between the experimental data and the data obtained from the
model, in other words, the compatibility of the experimental data with the experimental data is very close to
each other and the data obtained from Model 3. When these results are evaluated together, it has been shown
that models with reversible reactions are quite successful in explaining the liquefaction mechanism of
Beypazari coals. Therefore, Model 3, Model 4 and Model 5 include model mechanisms suitable for Beypazari
liquefaction process.

The general liquefaction steps of a reactive coal consist of four steps;
(1 bond cleavage between structural species and then
(i) stabilization of free radicals by breaking bonds by hydrogen transfer, and then either
(iii)  formation of liquefied molecules of smaller molecular weight or

(iv) repolymerization of free radicals due to hydrogen deficiency. The formation of high molecular
weight of poly-aromatic species similar to Char can cause depolymerization.

The increase in oil yield during the liquefaction process can be attributed to the stabilization of free radicals
by hydrogen transfer from hydrogen-rich hydrocarbons instead of hydrogen donor solvent (Simsek et al.,
2017). The presence of reversible reactions in the liquefaction model prove that the hydrogen donor solvent
can not be able to transfer sufficient hydrogen to free radicals (Simsek et al., 2020) This study shows that
reversible reaction steps are the decisive steps in the liquefaction of Beypazar1 lignite under UV power.
Additionally, reversible models show the best agreement with experimental data regardless of reaction steps,
coal types, and power sources such as UV (Simsek et al., 2017; 2019). However, with the use of catalyst in the
experimental data, an increase in the yield of the liquid product stands out. In particular, the use of ZnCl, led
to a more effective yield in a shorter time. However, the data obtained from the experimental data and the
model show the compatibility of the most compatible model with the use of catalyst and the studies conducted
without UV power. In other words, in the experimental and modeling studies conducted with 0 Watt UV power
in a catalyst-free environment, the harmony gives the best results between Model 3-4 and Model 5.

Experimental data show that oil yields increase with increasing UV use. The modeling work performed in
Model 4, which includes reversible reactions in parallel with the experimental studies, draw attention as the
model most compatible with the experimental data. It was also found that the liquefaction step from coal to
oils had the highest reaction rate constant compared to the reactions given in other models proposed in Model-
4. Also, the reaction rate constants are independent of the liquefaction power in the liquefaction process using
UV as the liquefaction power source. Apart from this study, another study on the liquefaction of Beypazari
coals under UV power is the study of Simsek et al. (2019). They showed that reversible steps play a major role
in the liquefaction mechanism in his study. Additionally, the aforementioned study also showed that the
Kalman filter is one of the useful methods to estimate the model parameter for liquefaction of coals using
minimal experimental results (Simsek, 1997). Simsek et al. (2020) did not suggest any mechanism in the
catalyst environment for Beypazari coal based on experimental data with modeling of the mechanism. In this
publication, in addition to the work of Simsek (1997), it is focused on the liquefaction mechanism modeling
of the experimental studies conducted in the catalyst environment. The efficiency of TiO2, ZnCl,, and ZnO
catalysts under 180 Watt UV power, where the experimental data gave the best results, was examined both
experimentally and model. While the experimental data revealed that the oil yields were much higher in the
environments with ZnO catalysts, it was concluded that Model 4 gave the appropriate values in the presence
of ZnO catalyst in the modeling studies.
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Additionally, when the elemental analysis of the coal used in the experiments is considered, especially in terms
of O content, it is striking that the sample is a very young lignite. Also, Both ash and maceral content of the
coal used in the experiments show a diluting effect during the liquefaction process. Maseral density increases
in the order of liptinite <vitrinite <inertinite. Due to the different vegetative tissues that make up the macerals,
the molecular structures of the macerals are also different. The different properties and behavior of the macerals
are the result of their different molecular structures. In the amount of combustible volatile matter and easily
volatile fixed carbon, approximately 40% of the mass, carbon has the feature of formation change due to bond
breaking easily according to the structural features. Due to the mentioned structural feature, the potential of
obtaining liquid products is high thanks to the hydrogenation provided by tetralin in liquefaction for the sample
of Beypazar1 lignite.

4. CONCLUSION

Model 2, Model 3, Model 4 and Model 5, where parallel reactions form products, is more compatible with the
experimental results of liquefaction using 5/1 tetralin/coal ratio from reactive charcoal than Model 1, which
includes serial reactions. Although the experimental oil yields are low in the experimental studies based on the
use of UV, when the modeling studies are compared with the experimental data, the most compatible data is
seen to be quite compatible in the experiments conducted in the dark, especially in Model 4, without using the
UV power. Notably, the conversion rate constants from asphaltene to oil, from asphaltene to preasphalten, and
from preasphalten to oil in Model 4 in the dark environment are higher than the other formations. Model 3,
Model 4 and Model 5 consist of reversible reaction steps in addition to parallel liquefaction steps. Here, it
makes the liquefaction kinetics of Beypazari coal much better understood. In the experiments conducted with
the catalyst, 180 Watt UV power, which is the UV power with the highest efficiency, was used. However,
there is not much difference in terms of oil yield between the use of catalyst and the studies conducted in a
catalyst-free environment, and the closeness of the experimental data with the data obtained from the model
was found to be more compatible with Model 4.

Although the applicability of UV power for coal liquefaction in mass production is very difficult due to the
long reaction time, it is thought that this study can be a guide for the design of UV Lamp Photochemical
Reactor in the presence of catalysts of pilot scale liquefaction processes. Additionally, this work can lead to
the formation of higher quality (low molecular weight) liquid products in thermal coal liquefaction process
supported by UV irradiation energy. Additionally, in future studies, it will be more meaningful to explain the
reaction rate steps more clearly and to establish mechanisms that can interfere with the reaction in terms of the
efficiency of the coal liquefaction process.
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Keywords Abstract
Thermoluminescent Accurate estimation of the surface dose in radiotherapy of patients with head and neck cancer is very
Dosimeter important in terms of treatment. The aim of this study is to evaluate the surface dose for intensity-

modulated radiotherapy (IMRT) of head and neck cancer using thermoluminescent dosimeters (TLDs).

Head and Neck Cancer In addition, it is aimed to examine the surface dose estimates of the treatment planning system (TPS) for

Surface Dose different grid sizes. Before the computed tomography (CT) images were taken for 15 head and neck

] cancer patients, 5 different points determined in the neck region were marked in a way that would not
Dosimetry cause artifacts. IMRT plans are created for 1.5 and 2.5 mm grid sizes. Surface doses were obtained for
Radiotherapy TPS calculations and TLD measurements at 5 different points in the neck region. Surface doses obtained

from TLD measurements and TPS calculations with different grid sizes were compared. All patients
received 3-stage adaptive radiotherapy (ART) and the surface dose comparison was repeated for each
plan. According to plan 0, the height of TLD measurements for the 1.5 and 2.5 mm grid size were 4.06%
and 7.87%, respectively. In Plan 1, the difference between TPS and TLD doses was 4.00% and 8.15%
for grid size 1.5mm and 2.5mm, respectively (p=0.00 and p=0.00). For dose measurements from Plan 2,
the difference between TPS and TLD doses was 4.07% and 9.96% for grid size 1.5mm and 2.5mm,
respectively (p=0.00 and p=0.00). Surface doses obtained in TLD measurements for all treatment plans
were higher than in TPS dose calculations. Accurate estimation of the surface dose in head and neck
cancer radiotherapy is very important for treatment. Surface doses calculated with TPS are usually lower
than the prescribed dose. Therefore, during the evaluation of radiotherapy plans, it should be considered
that TPS underestimates the surface dose. This ratio can be determined by dosimetric measurements.
Thermoluminescent dosimeters are suitable equipment for this process.
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1. INTRODUCTION

The existence of developments in technology from the past to the present has led to great advances in the field
of medicine. These technological developments have been an important reform in the treatment of cancer with
radiation. With the technological developments, the treatment techniques used in radiotherapy have also
developed. As a result of these developments, the intensity-modulated radiotherapy (IMRT) technique is
widely used today. The desired dose distribution with the IMRT technique is defined in the treatment planning
system (TPS) (McLaughlin et al., 2017; Wang et al., 2022). Radiotherapy planning in head and neck cancers
is a very complex procedure due to the complex anatomical structure and the presence of many sensitive tissues
adjacent to the target volume (Lo Nigro et al., 2017). Accurately knowing the surface dose in IMRT is
important for estimating side effects during the evaluation of the treatment plan. Acute skin reactions can be
prevented by accurately knowing the surface dose (Lee et al., 2012). During radiotherapy, skin reactions occur
depending on the dose rate, technique used, surface dose and total dose (\Wei et al., 2019). Radiation is absorbed
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in all tissues it comes into contact with. Therefore, accurate calculation of these tissue doses by TPS is very
important. Grid size affects especially surface dose calculations of complex treatments such as IMRT.
However, the calculation grid size is usually left at a default value to minimize the time it takes for the TPS to
perform dose calculations. Although TPSs calculate very similar dose distributions to actual doses in critical
organs and tumor volume, they fail at surface doses. However, skin dose toxicity has a major impact on a
patient's ability to tolerate treatment well (Sarkar et al., 2020). Since the radiation dose given by the IMRT
technique is not homogeneous, it is difficult to calculate the surface dose accurately by TPS (Tai et al., 2019).
Therefore, actual surface doses should be verified by more reliable methods. For this purpose, in vivo
measurement for accurate surface doses may be a solution. In vivo measurement methods are used in the
evaluation of radiation in the body. Knowing the correct surface dose will help in estimating the skin reactions
that may occur during the treatment process. Thermoluminescent dosimeters (TLD) are widely used today to
accurately measure surface doses. The effective atomic number of TLDs is very close to that of human tissue.
Therefore, it is widely used in surface entrance dose measurements in radiotherapy (Moghaddam et al., 2013).

The aim of this study is to evaluate the surface dose for intensity modulated radiotherapy of head and neck
cancer using thermoluminescent dosimeters. In addition, it is aimed to examine the surface dose estimates of
the treatment planning system for different grid sizes.

2. MATERIAL AND METHOD
Patient selection and Contouring

15 patients with head and neck cancer were included in this study and permission was obtained from the ethics
committee of Selcuk University Faculty of Medicine with the decision numbered 2022/182. Since skin toxicity
is generally seen around the neck of the patient in head and neck cancer patients, patients whose both necks
were irradiated were selected. Other information about the patients is given in Table 1.

Table 1. Patient characteristics

Characteristics Patients, n (%)
Sex
Male 13 (86.7)
Female 2 (13.3)
Age, years
Range 33-78
Median 57
KPS score
100 2 (13.3)
90 7 (46.7)
80 6 (40.0)
BMI
Range 21.1-38.8
Median 27
AJCC stage grouping
I 1(6.7)
Il 5(33.3)
I 8 (53.3)
IVA 1(6.7)

KPS; Karnofsky Performance Score, BMI; Body Mass Index

Before the Computed tomography (CT) image of each patient was taken, 5 different points determined in the
neck region were marked so as not to cause artifacts. CT scan of all patients was obtained with a slice thickness
of 3mm. All CT images were acquired with the Toshiba Aquilion S4 device. Plan0 was generated from initial
CT images. Adaptive radiotherapy (ART) technique is the method that minimizes the dosimetric differences
that may occur between the planned and applied treatment, taking into account the changes in the field where
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the radiotherapy is applied. During the treatment, CT was taken for control purposes. The target volume and
critical organs were recontoured on the control CT. The patient's plan was made over the new CT. Planl was
generated from the control CT obtained in the 14th fraction and Plan2 was generated from the control CT
obtained in fraction 24. When the volume and doses were compared and a significant difference was found,
the patient continued his treatment with the new adaptive plan. ART was applied to all 15 patients included in
the study. Target volume and critical organs for all patients are contoured by a single radiation oncologist.

Treatment planning and analysis

Treatment plans were calculated with the AAA algorithm in the Eclipse 15.1 planning system. All plans were
made in IMRT technique using 6 MV energy. For all treatment plans, 98% of target volumes were considered
to cover 100% of the defined dose. Each IMRT plan was coplanar and had gantry angles of 0°, 52°, 104°, 156°,
204°, 256°, and 308°. A dose rate of 300 MU/min was used for all IMRT plans. 70 Gy in 33 fractions was
planned for the primary target volume. Due to weight loss and decreased tumor volume in the patients included
in the study, two adaptive radiotherapy was applied for each patient, except for the initial plan. IMRT plans
with grid sizes of 1.5 and 2.5 mm were created using the AAA algorithm for each patient included in the study.
TPS dose calculation results were obtained from 5 different points determined during CT for each IMRT plan.
All patients received 3-phase adaptive radiotherapy due to weight loss and reduction of tumor volume. All
patients received 3-stage ART. Accordingly, Plan0, planl and plan2 were applied between 0-14, 15-24 and
25-33 fractions, respectively.

In vivo surface dose measurements

TLDs are among the most preferred in vivo dosimeters for measuring dose exposure in radiotherapy due to
their small size and high sensitivity. TLDs used in this study were lithium fluoride (LiF:Mg,Ti ( TLD - 100))
doped with magnesium (Mg) and titanium (Ti). The effective atomic number of these dosimeters is 8.2 and
are considered tissue equivalent dosimeters (Olaciregui-Ruiz et al., 2020). Surface dose measurements were
made on the Varian DHX device in the Radiation Oncology Clinic of Selcuk University Medical Faculty
Hospital. Necessary dosimetric measurements were made before the treatment. The difference between the
measurements obtained and the acceptance tests of the linear accelerator was found to be within 1%. Each
TLD was irradiated to receive 1Gy in a 10 cm x 10 cm field at SSD=100 cm and 1.5 cm from the surface.
TLD-100 chips were calibrated and TLDs with dose reproducibility within £1% were used for dose
measurements. Annealing conditions of TLDs used in dose measurement; It was 1 hour at 100 °C and 2 hours
at 100 °C. The Harshaw 3500 TLD reader, TLD furnace and aluminum tray separated by special partitions are
shown in Figure 1, Figure 2 and Figure 3, respectively. TLDs were placed at 5 different marked points in the
neck region in the 1st fraction for in vivo dose measurement. 5 different TLD locations on the patient's neck
for TPS calculation and in vivo dose measurement are shown in the Figure 4. Three TLDs were placed in each
region to minimize the deviation in the measured dose value. The dose value was calculated by averaging the
dose value obtained from the three TLDs. TLDs were placed on the patient's skin before the treatment and
removed at the end of the treatment. Afterwards, the TLDs were read and the surface dose was calculated.
These dose measurements were repeated for each patient as adaptive radiotherapy was administered.

Statistical analysis

For statistical analysis and calculations in the study, Paired Sample t-test was used in the Statistical Package
for Social Sciences (SPSS 25.1) program. In statistical decisions, p<0.01 was accepted as an indicator of
significant difference.
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Figure 2. TLD furnace
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Figure 3. Aluminum tray
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Figure 4. 5 different TLD locations on the patient's neck for TPS calculation and in vivo dose measurement,
A) Placement of TLDs at 5 different points on the neck before treatment,
B) Dose distribution for 5 different points determined in TPS calculation

3. RESULTS AND DISCUSSION

5 different TLD placement plans on the neck of each patient are shown in Figure 1.The results of Eclipse TPS
calculations for surface dose at different grid sizes in the IMRT technique and TLD measurements are shown
in Table 2. Surface doses obtained in TLD measurements for all treatment plans were higher than in TPS dose
calculations. The mean surface dose calculated for grid size 1.5 mm and 2.5 mm for Plan 0 was 160.94 cGy
and 155.25 cGy, respectively. However, the mean surface dose with TLD was measured as 167.48 cGy.
Accordingly, the height of TLD measurements was 4.06% and 7.87% for grid size 1.5 mm and 2.5 mm,
respectively. The average surface dose calculated for the grid size 1.5 mm and 2.5 mm for Plan 1 was 162.91
and 156.97, respectively. The mean surface dose of the same plan with TLD was measured as 169.77 cGy.
Accordingly, the difference for grid size 1.5mm and 2.5mm was 4.00% and 8.15%, respectively (p=0.00 and
p=0.00). For the mean of Plan 2 administered to patients in the 25 and 33 fraction range, the mean surface dose
with TLD was measured as 170.47 cGy. For the grid size of this IMRT plan 1.5 mm and 2.5 mm, the difference
was 4.07% and 7.96%, respectively (p=0.00 and p=0.00). The highest difference between TLD measurements
and TPS calculations for 5 different points marked in the neck region was the 3rd point. The difference between
TLD measurements and TPS calculations in this region was 8.28% and 13.61% for grid size 1.5 mm and 2.5
mm, respectively. The comparison of TPS calculations for surface dose and statistical significance for TLD
measurements in the IMRT technique is shown in Table 3.

Radiation therapy for head and neck cancer is generally at a daily dose of 200-250 cGy and a total of 6000-
7000 cGy with 30-33 treatment sessions over 6 weeks. Due to various factors, patients with head and neck
cancer may undergo significant anatomical changes during radiation therapy. The reasons for these changes
may be due to many factors. These factors are; reduction in tumor and nodal volumes, weight loss, changes in
muscle mass and fat distribution. It is of great importance to apply the determined dose correctly in order to
increase regional control and reduce complications in the patient during irradiation treatment of head and neck
cancers. Surface dose measurement in the head and neck region is difficult. Accurate knowledge of the surface
dose in the neck region helps clinical decisions. Accurate estimation of neck surface dose is important to
minimize acute skin reactions and toxicities. In the study, the mean daily dose calculated by TPS at 135
different points for a 1.5 mm grid size was 162.55 cGy, and the mean dose measured by TLD was 169.24. In
addition, the mean difference between TPS calculations and TLD measurements was 4.11%. For all points on
the skin surface, the doses measured by TLDs were higher than the doses calculated by TPS.
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Table 2. Results of TPS calculations and TLD measurements for surface doses
TPS
Plans Location TLD Mean + SD (cGy)
Mean+SD Grid size Deviation Grid size Deviation
(cGy) (1.5mm) (%) (2.5mm) (%)

0 1 175.15+15.88  168.02+17.16  -4.07 161.33+£18.38  -7.89
0 2 175.54+13.54 169.02+11.02 -3.71 164.74+11.67 -6.15
0 3 163.27+£26.91 149.784+29.66  -8.26 141.97£29.53  -13.04
0 4 162.45+17.63 160.29+13.07 -1,32 153.59+12.89  -5.45
0 5 160.99+14.65 157.59+14.83 -2.11 154.65+16.06  -3.93
1 1 175.60+£14.81 170.05+12.73  -3.16 165.42+12.38  -5.79
1 2 175.96+14.54 170.79+12.60  -2.93 165.43+10.33  -5.98
1 3 165.93+24.91 152.19£27.42  -8.28 143.34+£29.06  -13.61
1 4 167.80+£12.58 161.86+12.47 -3.53 155.46+14.58 -7.35
1 5 163.55+15.24 159.65+£13.90  -2.38 155.22+14.81 -5.09
2 1 176.93+£15.85 171.91£14.64  -2.83 166.64+15.21 -5.81
2 2 178.15£15.49 171.53£15.50 -3.71 166.05+13.52  -6.79
2 3 163.71£24.09 151.43+24.27 -7.50 141.44426.77 -13,6
2 4 168.04+14.84 162.69 £15.09 -3.18 158.97£15.35 -5.39
2 5 165.55+£15.45 161.38+14.75 -2.51 156.40+15.09 -5.52

Table 3. Comparison of statistical significance of surface doses for TPS calculations and TLD measurements

TLD vs TPS(Grid size;1,5mm) TLD vs TPS(Grid size;2,5mm)

Location

Plan 0 Plan 1 Plan 2 Plan 0 Plan 1 Plan 2
1 0.002* 0.000* 0.000* 0.000* 0.000* 0.000*
2 0.000* 0.001* 0.000* 0.000* 0.000* 0.000*
3 0.000* 0.000* 0.000* 0.000* 0.000* 0.000*
4 0.510 0.000* 0.000* 0.000* 0.000* 0.000*
5 0.004* 0.001* 0.000* 0.000* 0.000* 0.000*

p<0.01

Price et al. (2014) investigated the TPS skin dose for different grid sizes in the IMRT treatment of head and
neck cancer. According to this study, they found 21% and 9.5% difference between TPS and TLD
measurements for 5 and 3 mm grid sizes, respectively. The research of Price et al. (2014) was found in parallel
with our current study. Accordingly, 8.00% and 4.11% differences were found between TPS calculations and
TLD measurements for 2.5 and 1.5 mm grid sizes, respectively.

Akbas et al. (2018) investigated the surface dose accuracy of TPS on a random phantom using radiochromic
film for the treatment of laryngeal cancer with IMRT technique. They found that the surface doses calculated
by TPS were lower than the radiochromic film measurements. In our study, the mean difference for TPS
calculations and TLD measurements for IMRT plans was 8.00%.
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Akino et al. (2013) compared the surface doses measured using EBT2 film in IMRT and field-in-field (FiF)
treatment techniques for different grid sizes. He reported that the AAA algorithm failed to calculate the surface
dose according to in-vivo measurements. They also suggested using the smaller computational grid size to
accurately visualize the TPS dose. Our current research yielded similar results to the study of Akino et al.
(2013). Accordingly, with the reduction of the grid size from 2.5mm to 1.5mm, the difference between TPS
calculation and TLD measurements decreased from 8.00% to 4.11%, respectively.

Gopalakrishnan et al. (2021) measured in vivo surface doses uptake by the left breast and contralateral breast
(CB). They compared the measured surface doses using OSLD with TPS calculations for five different
treatment techniques. They found a 6.91% difference in surface dose between the TPS calculation and OSLD
measurements for the IMRT technique. In our study, it was found that the surface dose calculated by TPS was
lower than TLD measurements. This difference was 4.11% and 8% for grid size 1.5 and 2.5 mm, respectively.

4. CONCLUSION

Patients with head and neck cancer may undergo significant anatomical changes during radiation therapy for
various reasons, and side effects for the skin are expected during the long treatment period. Therefore, accurate
estimation of the dose on the skin surface of the patient is very important in terms of treatment. In our study,
the surface doses calculated by Eclipse TPS are generally lower than the prescribed dose. Therefore, during
the evaluation of radiotherapy plans, it should be considered that TPS underestimates the surface dose. This
ratio can be determined by dosimetric measurements. It is very important to take in vivo dose measurements
to minimize side effects in the treatment process. Thermoluminescent dosimeters are suitable equipments for
this process. We recommend further use of in vivo dose measurements with TLD.
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Photonic Crystal The effective use of photonic-based integrated systems, whose optical properties can be tuned through

CdTe Solar Cell light management engineering in optoelectronic devices, constitutes the backbone of today's technology.
Especially in systems such as CdTe-based solar cells with well-known and high efficiency, one-

Light Management dimensional photonic crystal designs emerge as an effective way to provide an electronic or optical

Engineering improvement. With this intention, in this study, the optical spectra of the MgF2/MoO3 one-dimensional

. photonic crystal integrated into the CdTe solar cell to improve photon harvesting were investigated
Transfer Matrix Method  theoretically under both bottom and top illumination according to the incidence angle of the
electromagnetic wave. The transfer matrix method was used to calculate the angle dependent optical
spectra. Since the electromagnetic wave interacts directly with the photonic crystal, it has been observed
that the optical properties are more dependent on the angle under the top illumination compared to the
bottom one. For top illumination, up to 30°, there is no significant change in reflection in the photonic
band gap, but reflection drops significantly at incidence angles greater than 30°. Also, increasing the
angle indicates that the low wavelength tail of the photonic band gap shifts to shorter wavelengths and
enters the visible region. In the photonic band gap, for angles greater than 45°, the probability of
absorption increases significantly as more electromagnetic waves enter the structure. For the bottom
illumination, there is no serious dependence on the angle of incidence. For 75°, there is an increase in
reflection for all wavelengths and, therefore, a decrease in absorption.
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1. INTRODUCTION

Photonic crystals (PC) are structures in which structures with different dielectric constants are spatially
arranged in any direction (Liu et al., 2019). These structures are a hot topic of research in the field of photonics
for optical fibers, light emitting diode (LED), sensors, photovoltaic devices, lasers, discrete and integrated
optical components, illumination, and quantum computing (Lova et al., 2018). The propagation of the
electromagnetic wave is modified by the periodic regulation of the dielectric constant and hence the index of
refraction in a PC. During the propagation of the electromagnetic wave in a particular direction, Bragg
scattering occurs, and thus the propagation of the electromagnetic wave in a particular frequency or wavelength
range can be prohibited by the PC (Liu et al., 2019). This gap where the electromagnetic wave is not allowed
to pass is called the photonic band gap (PBG) (Yablonovitch et al., 1991; Liu et al., 2019).

PCs are classified into 1-dimensional (1D), 2-dimensional (2D), and 3-dimensional (3D) depending on the
number of spatial orientations in which the periodic dielectric constant changes. 1D-PCs are structures in which
the dielectric constant changes periodically in only one direction, and they consist of structures with two or
more dielectric constants that are superimposed or deposited in a single direction (Liu et al., 2019). Therefore,
1D-PCs have a PBG for the propagation of photons in only one direction. By integrating PBG created with
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PCs into solar cell (SC), the optical properties of SC can be changed significantly. These changes can be made
to increase photovoltaic performance, improve semi-transparent (ST) properties, provide selective
transmittance or color modification. Especially with the integration of 1D-PCs into ST organic SC (ST-OSC),
structures showing improvement in cell performance have been designed (Hu et al., 2018). Although initial
studies were aimed at improving cell performance, more recently 1D-PCs have also focused on modifying the
optical properties of ST-OSCs (Hu et al., 2018; Zhang et al., 2019).

The integration of PCs into structures such as CdTe-based SCs with high efficiency of 22.1% (Green et al.,
2020) and whose electrical properties are well known is very important in terms of improving optical
properties. CdTe-based SCs are notable for their high absorption and direct optical band gap very close to
1.45eV. The absorber layer CdTe forms a heterojunction with a thin n-type CdS. The production of CdS/CdTe-
based SCs for technological applications is highly advantageous in terms of their mechanical functionality,
long-term thermal and mechanical stability, high efficiency and light weight. While the CdTe absorption
coefficient is quite high for the visible region, it is quite low for wavelengths of 800 nm and longer. Therefore,
SC structures in which CdTe is used as the absorber layer do not absorb photons efficiently in the near-infrared
region (NIR). Therefore, in order to increase the photovoltaic performance in CdTe-based SCs, it is very
important to carry out light management applications that will improve re-harvesting in the NIR region and to
design functionally designed photonic crystals for this purpose. It is important to examine the optical
characteristics and photon absorption properties depending on the angle of incidence of the light in SC
structures with photonic crystal integration, especially for practical applications other than the ideal situation
where the sun rays are perpendicular to the SC structure.

In this study, the optical spectra and photocurrent densities (/) of the CdTe-based SC, in which a 4-period
magnesium fluoride/molybdenum trioxide (MgF2/Mo0Os) photonic crystal with a PBG in the NIR region are
integrated, are theoretically investigated. MgFis transparent over a wide range of wavelengths and is therefore
used in windows, lenses and prisms. MoQs is transparent in the visible region and is used as an electron
transport layer in many optoelectronic devices. Optical spectra such as transmittance, reflection and absorption
were calculated using the Transfer Matrix Method (TMM). Calculations were made depending on the angle of
incidence of the electromagnetic wave according to the state of CdTe base SCs under upper and lower
illumination, and bi-surface operating conditions were discussed optically.

2. MATERIAL AND METHOD

The structure of the CdTe-based SC in which the 4 period MgF./MoOs photonic crystal examined in the study
is integrated is given in Table 1. Fluorine Tin Oxide (FTO), which is very transparent in the visible region and
offers excellent conductivity, is used as the bottom contact in SC structures (Cetinkaya et al., 2021a; 2021b).
SnO; is located on the bottom contact as the electron transport layer (ETL), which provides selective electron
transmission in the structure. SnO; also has a wide band gap value, so that most of the photons from the bottom
side can be transferred to the active site (Xiong et al., 2018). In the SC structure, CdS is included as the window
layer. Here, CdS is n-type and has a relatively thick p-type CdTe with an absorber layer on it. The free carriers
formed as a result of photoproduction are collected by the internal electric field formed at the CdS/CdTe
heterojunction. Finally, the MoO3z BSF layer was added to limit the movement of minority carriers around the
pn junction, to collect more efficiently under the effect of the internal electric field and to reduce
recombination. Thanks to the convenient work function of MoOs, the electrons released as a result of photo-
generation in the SC are prevented from reaching the top contact, and selective transport for the cavities can
be achieved (Lin et al., 2010; He et al., 2020). Therefore, MoOs acts as a hole transport layer (HTL) in the SC
structure. Au metal may be present on the BSF for direct ohmic contact. However, in the SC structure presented
in the study, only a SC structure that allows the modification of optical characteristics with photonic crystal
has been investigated. For experimental studies, thin and strip metal contact can be made right next to the
photonic crystal with appropriate masking in the CdTe-based SC to be produced. By designing the PBG in the
NIR region in CdTe-based SC, MgF, and MoO; with different refractive indices were used to improve the
absorption by re-harvesting.
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Table 1. Structure of a CdTe-based SC with a 4 period MgF2/MoO; photonic crystal

One-dimension Photonic Crystal (MgF2/Mo03)* 155/100 nm
BSF-Hole transport layer MoQ3 30 nm
Absorber layer CdTe 600 nm
Window layer Cds 50 nm
Electron transport layer Sno; 100 nm
Transparent bottom contact FTO --

Optical spectra such as absorption, reflection and transmittance of the CdTe-based SC in which the 4 period
MgF2/MoOs photonic crystals examined in the study were integrated were calculated using the Transfer Matrix
Method. TMM is a very effective method that examines the propagation of electromagnetic waves in
multilayer material systems and is used to calculate the optical properties of the structure (Nguyen et al., 2012;
Li et al., 2014; Wang et al., 2014; Cetinkaya et al., 2022). The application of TMM to the SC structure is
achieved by connecting the electric and magnetic field components of the electromagnetic wave to each other
with a transfer matrix in each layer. In addition, optical calculations of the structures formed as a result of the
integration of conductive contacts in the SC structure with different dielectric materials can be made. The
calculation method used in the study and the equation sets included in TMM is given in our previous study
(Cetinkaya et al., 2021b).

3. RESULTS AND DISCUSSION

Currently, studies focused on material modification are not preferred for more efficient cell designs in systems
with high efficiency such as CdTe/CdS SCs. In particular, approaches such as effective photonic crystal
designs that will increase photon harvest by making more use of electromagnetic radiation, and the use of
bifacial configuration by modifying the orientation of the light have been preferred. In this direction, with a
suitable optical engineering method, increasing the absorption in this region may be an effective approach
since the absorption of CdTe, which acts as the absorber layer in CdTe/CdS SC as the first target, is very weak
in the long wavelength region of AM1.5G. The variation of the absorption coefficient of CdTe depending on
the wavelength is given in Figure 1.
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Figure 1. Variation of CdTe absorption coefficient with wavelength
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When Figure 1 is examined, it is seen that the absorption characteristic of the absorber layer CdTe has
decreased considerably in the NIR region. It is quite possible that photons in this region will pass through the
CdTe-based SC without being absorbed. Therefore, in order to increase the absorption probability in this
region, the photons can be reflected back into the structure and converted into efficient harvesting, which can
positively affect the photovoltaic performance of the cell. Therefore, within the scope of the study, we started
to analyze the angle dependence by first integrating it into the CdTe/CdS SC system of a 4 period MgF2/MoOs
1D-PC with a PBG center at 153=850 nm. Theoretical analysis was made over optical spectra calculated
according to the incidence angle of the electromagnetic wave on CdTe/CdS SC with MgF»/MoO3; 1D-PC under
top and bottom illumination. Firstly, optical spectra of SC under top illumination were studied. Because with
the top illumination, the electromagnetic wave will first interact with the MgF2/MoOs 1D-PC system and the
PBG characteristic can be observed directly in the optical spectra. The reflection, transmittance and absorption
spectra calculated by TMM of CdTe/CdS SC with MgF»/MoO3; 1D-PC under top illumination are given in
Figure 2a, b and c, respectively.

In the reflection spectrum of the CdTe-based SC, the direct effect of PBG at 153=850 nm formed with
MgF2/Mo0O; 1D-PC is seen. In the case of perpendicularity of the electromagnetic wave (6=0°), the reflection
characteristic of PBG, which has a center at 850 nm and a width of about 300 nm, shows itself. For 6=0° top
illumination, wavelengths longer than 700 nm are directly reflected from the surface and electromagnetic
waves cannot enter the SC. Therefore, a decrease in reflection and absorption spectra is observed in this region.
This causes a serious decrease in photovoltaic performance by preventing sufficient foton harvesting in the
SC's top illumination condition. Therefore, the integration of MgF./MoQO; 1D-PC with PBG at A3=850 nm to
the CdTe/CdS SC system may not be an effective approach for top illumination.

For top illumination, when the optical spectra are examined according to the incidence angle of the
electromagnetic wave, there is no serious change in the reflection intensity in the region where the PBG is
formed, up to 6=30°, but the reflection intensity drops significantly at incidence angles greater than 6=30°.
Also, the increase in @ indicates that the low wavelength tail of the PBG shifts to shorter wavelengths and
enters the visible region. This situation can be explained by the shift of the central wavelength at which Az is
adjusted in the PBG design, to short wavelengths, as seen in Equation 1, together with the angle of incidence.
Therefore, it is seen that the wavelength range for which the PBG is designed and the intensity of reflection
are directly dependent on the incidence angle of the electromagnetic wave.

Ag _
4cosh

nidl- (1)

where, A5 is the Bragg wavelength which is the central wavelength corresponding to the resonance wavelength
of the PBG formed by the PC, n; is the real part of the refractive index, and d; is the layer thickness of each
layer.

As a remarkable feature, the increase in the angle of incidence of the electromagnetic wave decreases the
reflection intensity but increases the transmittance and especially the absorption intensity of the SC in the
designed PBG. Especially in PBG, with incidence angles greater than 6=45°, the probability of absorption
increases significantly as more electromagnetic waves enter the SC. At the same time, the shift of the PBG
center to shorter wavelengths with increasing incidence angle reduces the absorption characteristic in the
visible region.

As a general comment for top illumination, it is undesirable that the electromagnetic wave cannot penetrate
the SC, especially for wavelengths longer than 700 nm. However, this disadvantage can be encountered as an
effective way to increase photon harvest in the case of under-illumination. The reflection, transmittance and
absorption spectra calculated by TMM of CdTe/CdS SC with MgF2/MoO; 1D-PC under bottom illumination
are given in Figure 3a, b and c, respectively.
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Figure 2. a) The reflection, b) transmittance and c) absorption spectra of a CdTe/CdS SC with MgF2/MoOs
photonic crystal under top illumination are calculated depending on the angle of incidence of the
electromagnetic wave
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Figure 3. a) The reflection, b) transmittance, and c) absorption spectra of a CdTe/CdS SC with MgF2/MoO3
photonic crystal under bottom illumination, calculated depending on the angle of incidence of the
electromagnetic wave
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When the reflection spectrum is examined under bottom-illumination in Figure 3a, it shows the effect of PBG
designed at Az=850 nm. However, this effect is not as effective and dominant as in top illumination. Also,
there is no serious dependence on the angle of incidence of the electromagnetic wave. This is due to the fact
that the MgF2/MoOs PC is the last system to interact with the electromagnetic wave under the bottom
illumination, as opposed to the top illumination. In the bottom illumination, when the electromagnetic wave
enters the SC, especially the interaction with the absorber CdTe layer first ensures that the effect of
MgF>/MoOs PC on the angle-dependent optical spectra is not much. However, for =75°, there is an increase
in reflection for all wavelengths and, therefore a decrease in absorption. This shows that a critical angle is
formed, especially for angles greater than 60°. As the most important feature, the PBG effect is designed at
A5=850 nm is effective in the absorption spectrum for all angles and the weak absorption property of the CdTe
absorber layer can be improved with MgF,/MoOs. Because most of the electromagnetic waves in the PBG
could be reflected back into the SC.

For the evaluation of effective photovoltaic properties according to the angle of incidence of the
electromagnetic wave in a CdTe-based SC, we calculated the absorption characteristic of SC and J,, over

Sam1.s¢ using Equation 2. Because for this examination, the AM1.5G spectral irradiance distribution must also
be taken into account.

A
Jon = [ 5 S 5o @) AGD di @

where e is the electron charge, h is the Planck constant, c is the speed of light, S, s¢ iS the photon flux, and
A(2) is the absorption coefficient. When calculating J,,, it is assumed that each photon creates an electron and
a hole in the structure (Cetinkaya et al., 2021b). This situation provides a relative evaluation and allows us to
understand how the flow mechanisms in the structure change relatively. The variation of J,, values in
CdTe/CdS SC with MgF,/MoO3; 1D-PC according to the angle of incidence of the electromagnetic wave under
the top and bottom illumination are given in Figure 4.
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Figure 4. The variation of ], values in a CdTe/CdS SC with MgF./MoOs photonic crystal according to the
angle of incidence of the electromagnetic wave under the top and bottom illumination
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In cases where the electromagnetic wave comes to the SC from the top and from the bottom, since the first
interaction of the electromagnetic wave in the top interaction is PC, the electromagnetic wave in the PBG is
directly reflected from the surface, so sufficient photon harvesting cannot be achieved in the SC and J,,
decreases significantly compared to the bottom illumination situation. For top illumination, as previously
discussed, the absorption characteristic increased in the NIR region, especially at angles greater than 6=30°,
as the reflection decreased. However, since the increase in incidence angle shifts the center of PBG to shorter
wavelengths, a reflection characteristic occurs in the visible region, and the absorption weakens in the region
of the CdTe absorber layer with high absorption. This results in a deterioration in J,;, for angles greater than
6=30°. For bottom illumination, no significant change in J,, is observed directly due to a specific angle.
Because in the bottom illumination, since the electromagnetic wave MgF2/MoQOs interacts with the PC system
last, the dependence on the angle disappears. In addition, after 8=60° for the bottom illumination and 6=80°
for the top illumination, there was a serious increase in the reflection spectrum of the SC, especially in the
visible region, and there was a deterioration in J,,p,.

4. CONCLUSION

In this paper, we examined the interaction of the structure formed by the integration of the MgF2/MoOs; 1D-
PC system with PBG, which is designed with a central wavelength at 850 nm to improve photon harvesting in
the CdTe/CdS heterojunction SC system, which can already be achieved with high efficiency, with the
electromagnetic wave depending on the angle. We evaluated the optical properties by calculating the reflection,
transmittance and absorption spectra theoretically with TMM. We presented and discussed all optical spectra
for bifacial working conditions depending on the angle under both top and bottom illumination.

It was aimed to increase photon harvesting in the region where the absorption of CdTe, which is the absorber
layer, is weak with PBG with a central wavelength at 850 nm, and we determined that the characteristic of
PBG significantly changes the optical spectrum of the entire SC structure, especially under top illumination,
depending on the angle. For 6=0°, under top illumination, wavelengths longer than 700 nm are directly
reflected from the surface, thus preventing sufficient photon harvesting of the SC, causing a serious decrease
in photovoltaic performance. For top illumination, the reflection intensity drops drastically at incidence angles
greater than 6=30°. As the most important feature, as a typical PC feature, the increase of @ shifts the center
wavelength of PBG to shorter wavelengths. Increasing the incidence angle of the electromagnetic wave
increases the transmittance and especially the absorption intensity of the SC in the designed PBG. In PBG, for
6>45°, the probability of absorption increases significantly with the introduction of more electromagnetic
waves into the SC.

For bottom illumination, the PBG effect is not as effective as for top illumination and there is no serious
dependence on the angle of incidence of the electromagnetic wave. For §=75°, an increase in reflection for all
wavelengths and thus a decrease in absorption is observed. In addition, a critical angle occurs, especially for
angles greater than 60°. The PBG effect designed at A3=850 nm is effective in the absorption spectrum for all
angles and the weak absorption property of the CdTe absorber layer can be improved with MgF,/MoO:s.

For ], sufficient photon harvesting can not be achieved in the SC, since the electromagnetic wave is directly
reflected from the surface in the top interaction, and J,, is significantly less than in the case of bottom
illumination. In top illumination, there is a deterioration in J,,, for angles greater than #=30° and there is no
drastic change in J,, directly due to a specific angle. In addition, after 6=60° for bottom illumination and
6=80° for top illumination, a significant increase occurred in the reflection spectrum of SC, especially in the
visible region, and weakening of J,,," values was observed.
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1. INTRODUCTION

Linear positive operators take an important place in approximation theory. These operators are monotonous
operators since they convert positive functions to positive functions. This property allows to proving
inequalities for positive operators (Hacisalihoglu & Haciyev, 1995).

Forn e N = {1,2,..}and f € C(0, ), Widder (1941) examined the Post-Widder operators is defined by

R0 =2(2)" [ e o, .

X

where x € (0, ), and these operators protect only fixed functions. After Widder (1941), Rathore and Sing
(1980) defined the operators in the following way

1 n+p+1 _nt
R0 =m=(2) [ e fodt, @)
where p be a fixed integer. They created the simultaneous approximation property of the operators (2) and
obtained an asymptotic formula. In the case of p = 0, the operators (2) reduce to the operators (1). In addition
for the p = —1 case, the operators (2) was handled by May (1976).

Rempulska and Skorupka (2009) introduced the Post-Widder and Stancu operators preserving test function x?

in polynomial weighted space. They showed that these operators had better approximation properties than
classical Post-Widder and Stancu operators.

*Corresponding Author, e-mail: gtorun@kastamonu.edu.tr
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In recent years, the Post-Widder operators preserving test functions x” for r € N have been appropriately
modified to get a better approximation. The approximation properties of the modified form of the Post-Widder
operators have been studied by Gupta and Agrawal (2019), Gupta and Tachev (2022). In addition, the several
linear operators preserving the functions constantly and e?®* for fixed a > 0, such as Szasz-Mirakyan,
Baskakov, Baskakov-Schurer-Szasz, Baskakov-Szasz-Stancu, Baskakov-Schurer-Szasz-Stancu, Post-Widder
and Stancu type Szasz-Mirakyan-Durrmeyer operators were studied by Acar et al. (2017), Giirel-Yilmaz et al.
(2017; 2018), Bodur et al. (2018), Aral et al. (2019), Sofyalioglu and Kanat (2019; 2020), Gupta and
Maheshwari (2019), Kanat & Sofyalioglu (2021), and they examined the approximation properties of these
operators. Gupta and Maheshwari (2019) considered a modification of Post-Widder operators preserving the
exponential functions. They made a direct estimate and proved the quantitative asymptotic formula for these
modified operators. The case p = —1 of Post-Widder operators (2) preserving constant and e ~2%* for fixed
a > 0 has been handled by Sofyalioglu and Kanat (2020). They investigated the convergence behavior of
modified Post-Widder operators and the convergence ratio using different module types. Finally, they
compared their newly established operators with the Post-Widder operators which preserve x” for r € N.

In this article, the approximation properties of the Stancu type Post-Widder operators that preserve the
functions constant and e2%* for fixed a > 0 are examined and the Voronovskaja type approximation theorem
is given for the asymptotic behavior of these operators.

Several studies were conducted on Voronovskaja type approximation for some operators by Dinlemez Kantar
and Ergelen (2019), Cai et al. (2020; 2021a, 2021b), Sofyalioglu et al. (2021), Dinlemez Kantar and Yiiksel
(2022), Torun et al. (2022).

Let be defined the Stancu type Post-Widder operators for n € N and x € [0, ) as

aB roon_ 1 n \"PH o n+p % nt+a
Pne(i0) = s (Gh) ot ™o f () dt, ©

where the real-valued function f is a bounded function over the interval [0, ), a and 8 positive real numbers
satisfying 0 < a < 8, and p is a constant integer such that p <n . For a > 0, assume that operators (3)
preserve the function e?%*. It can be easily seen that the conditions

Prféfw(eZat;x) = p20ax

are satisfied. In this case, it would be

+p+1 __nt nt+a
ap 2at. _ y2ax _ _ 1 n \" ®  n+ a
Fupw(€™i2) =™ =00 (Wn(x)) Jy P e Ynenrdt
2aa
B n+p+1 _ (+p)—2a¥n(x)
=€ n [Z P T Rl T dt
(n+p)! \Wy(x) 0

= erzz?r_o[i’ ( n+p )Tl+p+1
- n+p-2a¥,(x)

where ‘;”(i) > 2a. With a simple calculation, the function ¥,, (x) is obtained as follows:
G+ B\ mip,
2a(x(n+p)—a)\ n+p+1
v, () =L 1 - <e nif ) . (4)

And it can be easily shown that lim ¥,,(x) = x.
n—-oo

If the function W,,(x) given in (4) is replaced in (3), the Stancu type Post-Widder operators take the form
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PEE(f; %)= Pl (f: %)

—2ant

n+p+1 —2a(x(n+,8)—a)>

(n+p)

1 2an © a4 (

- (n+p)! —2a(x(n+p)-a) fO t"*Pe
(n+ﬁ)(1—e n+p)(n+p+1) )

1—e M+B)(n+p+1)

(nt+a) dt. (5)

n+p

2. SOME PRELIMINARY RESULTS

In this section, several lemmas and their results necessary to prove the main theorem are given.

Lemma 2.1 Let ¥,,(x) be function given in (4). The Stancu type Post-Widder operators (3) give the following
equations:

—(n+p+1)

fpa
nP‘P(e x):e”’rﬁ(l— n+p

Proof: Let f (t) = e®t, ¢ € R. From the operators (3), the following equation is given by

t t
( n )n+p+1 __n nt+a

© n+ ¢
np‘y(e x) = (n+p)' W (x) fo t""Pe YnWe n+bdt

1 n \ntprl e o n+p , = (—1 —L)nt
= n n@) n
(n+p)! (‘{—’n(x)) enth fO t e 7 dt.
By substituting the variable ( — i) nt = u in the above integral and then using the gamma function,
Wn(x) n+p
fa n+p+1
enB [ n (mf-¢Wa(x) \7! © nip ,-u
P (€?5%) =y (wnm ( W, (O(+B) ) ) Jo wttP e du
da
_ e (map-gpw )\ (MHPED _ e W) (PHD
- (n+p)!( n+p ) r (n tp+ 1) =enh (1 n+p )
is obtained.

Lemma 2.2 Let e;(t) = t/, j =0,1,2,3,4. The moments of the Stancu type Post-Widder operators (3) are
obtained as follows:

) Pfule®sx) =1,

@) Pypw(er(®);x) = S22 W, 00 + 255

(n+p+2)(n+p+1) (1,2 2a(n+p+1)
(iid) Py (e(0); %) = EZEETIDWE (o) + TR, (x) +

(n+B)2 ’

. a,f (n+p+3)(n+p+2)(n+p+1) \(,3 3a(n+p+2)(n+p+1) 2
(lv) Pnp‘}’(e3 (t) X) - (n+p)3 llJn (X) + (n+p)3 b (X)

3a?(n+p+1)

+ (n+p)3

Pn(x) + (n+ﬁ)3'

(n+p+4)(n+p+3)(n+p+2)(n+p+1) 4a(n+p+3)(n+p+2)(n+p+1)
(17) Pnapﬁlp(ezl.(t);x) _ (ntp n P(n+37;4p n+p ‘P{f(x) + a(n+p (rzl-l_ﬁp)4 n+p q_;3(x)
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6a?(n+p+2)(n+p+1) ;52
+ B Wi(x) +

4a3(n+p+1)

(n+p)* Fn(x) +

(n +B)4

Proof: (i) Taking e;(t) = t/, j = 0 in operators npq,(e](t) x) , the following equation can be obtained by

n n+p+1 n4 __nt
Piw(@®n = s (g)  f e o
Substitutin
n Tl+p+1 l["n(x) Tl+p+1 0 n+p —u _ 1
nply(eO(t) x) (n+p)' (LPn(x)) ( n ) fO u € du = (n+p)!
(ii) The operators npq,(e] (£); x) for j = 1 are yielded as follows:
ap T T2 T 1 T . o
Pabe(er:0) = —=(355) L tre @ (R de
n n \MPH o it gt @ n_ \MPHL e - Tt
= e n+p e
(n+p)!(n+p) (L}’n(x)) fO t e ¥n®dt+ (n+p)!(n+p) (‘I—'n(x)) fo t e ¥n®dt.

From (i), the value of the second sum on the right side of the above equation is % . In the first integral on

the right side of the above equation, the variable t = u is changed. And then using the gamma function,

n
Wi (x)
the following equation is obtained:

P (e1(D;20) = =22 W 00 + 155

(iii) For j = 2, the operators P,f‘pﬁq,(ej (£); x) are written as follows:

n )Tl+p+1

nt 2
© nip , Twoo (M
PP (es () %) = —(nw (Wn(x) NG sunu( ) dt

n+f

n? n \"PHl o . L 2na n \"PH1 o -
= p+2 v, (x) ( ) n+p+1 W, ()
(n+p)!(n+p)? (‘Pn(x)) fO t e dt+(n+p)!(n+,8)2 W, (x) fo t e ¥ndt

nt

a? n APl o ntp -
n(x)
(n+p)!(n+p)>? (‘Pn(x)) fo t" e ¥ dt).

In the first integral on the right side of the above equation, the variable t = u is changed and then the

n
Wi(x)
gamma function is used. From (i) and (ii),

(n+p+2)(n+p+1) (1,2 2a(n+p+1)
g )+ g (n+p)? Fn(3) +

npq:(ez (t);x) = (n+ﬁ)2 ’
Similarly, the equations (iv) and (v) are proved.

Corollary 2.3 Let (p,{ (t) = (t —x)’,j = 0,1,2,4. The central moments of Stancu type Post-Widder operators
(3) are bellowed

np\p((px(t) x)=1,
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8 (n+p+1)¥, () +a
Pno,[p,\p@% () x) = T aip©
(n+p+2)(n+p+1) W2 () +2a(n+p+1) W, (x)+a? m+p+1D)¥, () +a 2
P (@2 (0); %) = i B2 maT—— T
(n+p+4)(n+p+3)(n+p+2) (n+p+1) Wi () +4a(n+p+3)(n+p+2) (n+p+1) W3 (x)
nply((px (t) ) (n+ﬁ)4

6a?(n+p+2)(n+p+1)W3(x)+4a3(n+p+1) W, (x)+a*

+ (n+p)*

_4 ((n+p+3)(n+p+2)(n+p+1)'-l’% (x)+3a(n+p+2)(n+p+1)W3(x)+3a? (n+p+1)‘~I-’n(x)+oc3)
g e p)?

2 2
m+p+2)(n+p+1)¥; () +2a(n+p+1D)¥ () +a ) _ 4x3 ((n+p+1)‘l’n(x)+a) n x4.

2
+6x ( (n+p)? n+pg

In addition, considering the equation W¥,,(x) defined in (4), the following limits are obtained:

) 11m nPnp w (t —x;x) = —ax? (7)
(i) llm nP pq, ((t —x)?%x) = x? €))
(@) lim n?Pry (¢ —0)%x) = 3x* 9)

3. THE UNIFORM CONVERGENCE OF THE OPERATORS P::gq,

Boyanov and Veselinov (1970) showed uniform convergence of the sequence of linear positive operators. In
the following theorem, the uniform convergence of the Stancu type Post-Widder operators (3) for the function
f on [0, ) is investigated. Let the subspace of all continuous and real-valued functions on [0, ) be denoted
by C*[0, o) with the property that 9}1};} f (x) exists and finite, given with the uniform norm.

Theorem 3.1 If the sequence of the Stancu type Post-Widder operators (3) satisfy

lim Pnpw (eVEx)=eV*, v=10,1,2 (10)

n—oo

uniformly in [0, ), then for each f € C*[0, )

hm Pnpﬁq, (f;x) = f(x) (11)

uniformly in [0, ).

Proof: For v = 0, it becomes that hm P (1 x) = 1from (i) of Lemma 2.2. Now the equation (6), and
Y, (x) defined with (4) will be used to prove the images of f(t) = e~V for v = 1,2 respectively,

(12)

—(n+p+1)
—2a(x(n+p)—-a)
npw(e_t x)=e n+/3 1+— (1 — e +p)(n+p+1) )

and



Giilten TORUN

178 GU J Sci, Part A, 9(2): 173-186 (2022)

2a —2a(x(n+p)—-a) (nt+p+1)
np\p(e‘Zt x)=e ™B(1+= (1 —e (n+ﬁ)(n+p+1)) . (13)

Using the software Maple to calculate the right side of the equation (12), the following equation is obtained:

—t. —x , a+1)e”*x?

2n
(2a+1)(3(2a+1)e"‘x -8(a+1)e” *x3-12(p+1)e” *x2-24ae™ *x) 1
e +0(%). s
Similarly, again using Maple to calculate the right side of the equation (13),
—2X,.2
nply(e_Zt ) _ e_2x + 2(a+1): X
—2 X4 _ —2X..3_ —2X..2_ —2x
n (a+1)(6(a+1)e 2 *x 4(a+2)e3n2x 6(p+1)e” 2*x2—-12ae~ #¥x) 10 (i) (15)

is found. Thus, hm Pn pﬁq, (e™Vt;x) = e V¥, v = 0,1,2 in the interval [0; o). That is,

hm Pnpq,(f x)=f

for any f € C*[0; o). This indicates that the sequence {P,fffwf} uniformly converges in the interval [0, o)
forany f € C*[0, ).

After Boyanov and Veselinov (1970), Holhos (2010) studied the uniform convergence of a sequence of linear
positive operators and obtained the following theorem.

Theorem 3.2 If {B,} is a sequence of linear positive operators from C*[0, ©), to C*[0, =), then for each
f € C*[0, ), the following inequality is satisfied:
1Pa(f3 %) = FOfo.0) < Nfllfoeoyn + (2 + an)ew* (f,y/an + 2bn + c3),
where a,, b,, and c,, are defined as follows:
1P (1; %) = 1l jo,00) = @n,
IP.(e™ %) — e |l [0,00) = bn,
1P (6725 x) — e™**Il[0,e0) = Cn
and they approach zero as n goes to infinity. In addition, the modulus of continuity is expressed by
0" (f,¥) = SUPjo-t_er|zy; xez0 1F (D) = F(O)] (16)

and this modulus has to property:
FO-f@I< (145" —e™?)w’(f,y), ¥>0 (17)

The main result of the uniform convergence of a sequence of linear positive operators is given by the following
theorem.
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Theorem 3.3 Let{ npq,f} be a sequence of linear positive operators P%",: C*[0,00) — C*[0, o). For every

np‘l—'
function f € C*[0; o0), the following inequality is satisfied:
[P i = F| < 20 (7200 + ), (18)

where the modulus of continuity w* which is defined in (16) and

—-X

Q, —t. —
”Pn'p'q,(e (X)) —e o)

[P0 e || =

Here o,, and u,, tend to zero as n goes to infinity and the sequence { o, l{,f} uniformly converges to f.
Proof: From (i) of Lemma 2.2,

n = ”Prf{pﬁw(lix)—l =0

lioer

is obtained. To calculate a,, and u,,, the equalities (14) and (15) are taken respectively

Op = ||P (e—t x)—e x”[o'oo) = SUPxe[0;00) |Pn0f1f\p(€_t;x) — e—x|

(2a+1)e™ *x (2a+1) 3(2a+1)e”*x*-8(a+1)e” *x3-12(p+1)e” *x%—24ae~ *x 1
= SUPxe[0;00) hieia ( ) +0 ( )

2n 24n?

< 2(a+1) | 2a+1 (32(2a+1) _9(a+l)  p+1 g) 40 (i)
- 3

ne? n2 e* e3 e?

n = [[Pime 50 e = subsepoen [Prpwle 5 x) — e

[0,00)

2(a+1)e 2 %x2 n (a+1)(6(a+1)e 2 *x*—4(a+2)e” 2*x3-6(p+1)e” **x?—12ae~ **x) 10 ( 1 )
n 3n2

= SUPxe[0;00) |

— ne? n2 et e3 e? e n3

L 2@ | ait <32(a+1) B 2(a+2) 2+ 2_a> +0 (L)
As a consequence, g, and p,, tend to zero as n goes to infinity. Thus, the Theorem is proved.
4. APPROXIMATION PROPERTIES OF THE OPERATORS Pzgq,
In this section, firstly, the convergence rate is examined with the help of the continuity module.
Let C[0, o) be the class of all bounded and uniform continuous functions f on [0, ) with the norm
Ifllcy = Subxefo;) | f (x)|. For e > 0, the Peetre K-functional is defined as
K (f,8):= infgeczioo [II f = gll + €llg”ll ],
where CZ[0,00): = { g € Cp[0,): g, 9" € C5[0,0)}.

The first-order modulus of continuity of f € Cg[0, o) is defined as follows:
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(U( f: 5): = SUPp<h=e Supx,x+he[0,oo)| f (x + h) - f (x)l
The second-order modulus of continuity of f € Cg[0, ) is given by
Wz ( fiVe): = supgpeys SUPxx+hx+zhefom)] £ (X +2h) = 2f (x + h) + f ().

In Theorem 2.4 given by DeVore and Lorentz (1993) is proved that there exists an absolute constant C > 0
such that

Ky (f,€) < Cwy(f,Ve). (19)
Lemma 4.1 For f € Cg[0, ), the following inequality is obtained:

P& C(f 50| < 1. (20)
Proof:

[Pl (fim)] = Pl f i)

—-2ant
—2a(x(n+p)-a)
1—e M+B)(n+p+1)

n+p+1

(n+pB)
1 2an J-oo (D o <
—2a(x(n+p)—a) 0

— (n+p)! (n+B)<1—e (n+3)(n+p+1)>

2

n+p

<l £ I PSPy (120) = Il £1I.

Theorem 4.2 For f € Cg[0, ), there exists a positive constant L, such that

gxb

Pt (Fi0) = F@)| < Lan | £, 222 )+ a(f,

8

—-2a(x(n+p)-a)
&*1 (1 — e m+P)(n+p+1) ) + e _ X |)
2a

where
af _ (m+p+1)(2n+2p+3) (42 a(n+p+1)  x(n+p+1) _ 4xa
fn'p"*' B (n+p)? W () + 4( (n+p)? n+p )lp () + (n+[f)2 n+p +2x
Proof: Let the auxiliary operators P npq, from Cz[0,0) to Cg[0, ) be defined as
< +p+1 —2a(x(ntf)-a)
Prf‘pﬁw(g,x) = npq,(g x)+glx)—g (n P (1 — e A M+p+D ) + %) (21)

Using the equalities (i) and (ii) of Lemma 2.2 and the linearity of the operators P ", LI,(g, X),
npq,(t xx)=0 (22)
is obtained. Using Taylor expansion for g € C3[0, o), it can be written as

g = g(0) +g' )t —x) + [t —wg" Wdu. (23)

Applying the auxiliary operators (21) to both sides of equation (23) and using (22), it is obtained
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Bit(g:) = g() + By ([ (6 —wg" wdu; x).

Brfu(gix) — g)| < [Pby (fi(t —wg" du;x)| +

S, P @ x)( nptp(e1:x) — u) g"(u)du‘

—2a(x(n+p)-a) 2
|| ”|| a, ||g I n+p+1 —2alxntf)-a) a
— n+p)(n+p+1) -
P lI,((t x)%;x) + = 7a 1—e +n+/3’ X

n 2 "
< ng " (( npxp((t—x)z x)) ( nptp(t_x x)) ): el E np¥’ (24)

where

2
f(x,ﬁ _ (n+p+1)(2n+2p+3) ,%(x) _|_4(a(n+p+1)_x(n+70+1))lp (x) + 4xa

np¥ ~ (n+p)? (n+p)? n+p (n+ﬁ)2 Trp T2

Taking the norm of the auxiliary operators (21) and using Lemma (4.1), the following inequality is obtained:
|Bbu (Fi) || < 31 £IL £ € Calo,00). (25)
Using the operators (21) and the inequalities (24) and (25), for every g € C3[0, ), it can be written as

[Pl (30 = F@)| < [P (F = 9320 = (f = 9) ()|

ot —2a(x(n+p)-a)
+|f(%(1_eim+mw) M) f(x)| |Bt(g; ) — 9()|

—2a(x(n+B)—a))

+p+1
<4|f- g”+||g ||€nplp_|_|f(%<1_e(n+6)(n+p+1) +%B>—f(X)|- (26)

If the infimum on the right side of (26) over all the function g € C3[0, ) is taken, then

—2a(x(n+p)-a)
ntptl (1 — e A +p+D) ) + & xD
2a n+p

[P (f:2) = f(x)|<4Kz< f’055‘")+w(f,

apB

$n
< Lw,| f, %’w +w<f,

—2a(x(n+p)—a)

ntp+il (1 — ¢ A m+p+D) ) + -2 x|)
2a

n+p
where L is a positive constant. Thus, the Theorem is proved.

—2a(x(n+p)—a)
Remark 4.3 Since lim g’ =0 and lim (%’:1(1 — e P m+p+D) ) +-2 x) =0, these limits

n—oco n—co n+p

guarantees a rate of pothlse convergence of the operators P, ", l},(f x) to f (x).

Finally, the Voronovskaja-type theorem is given to examine the asymptotic behavior of the Stancu type Post-
Widder operators (3).

Theorem 4.4 For each f € C*[0,0) and x € [0, ), the following inequality holds:

n(PEfu(F0) = £ @) +a® £/00) =% £ @) < lunGOI £/ GOl + 5 lwa@] £ G0
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1
+2(1, () + %2 + wy (x) ) ( " n” E) ,
where f ', f "' exists in C*[0, ), and
u,(x) =n nplp(t x;x) + ax?,

V() = nPelL (6 — 0% %) — 2,

1
wn(0) = (W2 By (e — e, x)) (B =040
Proof: By Taylor's formula for a function f, the following equation can be written:

F@© =@+ @& -0+ T2 -2 + 0@ - 02, @7)
where Peano form of the remainder (¢, x) is defined by

" @-f" )

, x <1<t
2

r(t,x): =

and the limit value of the remainder term r(t,x) is 0 as t approaches x. By applying the operators
Py L},(f x) on both sides of the equation in (27), the following equality is obtained:

(x)

PEPL(f:0) = F(0) = f1OPEE (¢ — xx) + L2 BEPL((E = 0% 20) + ol (r(£, ) (t — )% %),

Taking into account the Corollary (2.3), the following inequality can be written:
n(BEu(F0) = F @) +ax® £/00) - % 7| < |nBffy € — 120 + ax?| | /()]
+ %|nP“B ((t—x)%x) — x2| | £ ()| + |nP“B (r(t, x)(t — x)z;x)|.

np,¥ np,¥

Let u,(x) = nprBq,(t —x;x) + ax?, and v, (x) = nP,f‘pBlp((t —x)?;x) — x2. Then

0 (BELu(Fi0) = £ @) +ax® £/ =% £ (o)

< [un GO £ /GOl + 2w | f 7]+ nPEE (6, 01 = 0% ). (28)

From (7) and (8), u, (x) and v,,(x) approach zero, as n goes to infinity at any point x € [0, o). To calculate
the term |r(t, x)| in the inequality (28), from (17),

re 0l < (1+ D) wr ), v >0
can be written and here the modulus of continuity w*(f,y) is defined in (16). Moreover,

Za)*(f” y) , |e—t_e—x| S)/
2T (), Jet—e X >y

|r(t,x)| <
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and thus | (6, )| < 2 (1 + %) w0 (F",7).

The Cauchy Schwartz inequality is applied to the last term of the sum on the right side of (28) and

y%2 = n~1is chosen.

np\]J(IT(t x)|(t —x)% %)

< 2nar (773) (B (e = 3070 + B (et — Y2~ 0% )

1

<2w* ( n z) <nP,f‘pr((t —x)%x) + ( (G e"‘)‘*;x)) ( 2PEb (¢ = )% x)f)
< 2(vp (X)) + x% + wy (%) )0 ( "n" %)

1
where w, () = (n?Btfe (7 — e™)*; x)) (B = %0
Thus, the Voronovskaja type asymptotic formula is obtained.
Remark 4.5 Using the software Maple, the following equation is obtained:
lim n? P (6™t —e™)% x) = 3e ™Mt
A result of Theorem 4.4, from the equation (9) and Remark 4.5 can be given as follows :

Corollary 4.6 Let f,f " € C*[0, o). Thus
B . _ — 2 ! x_z "
llm n(Pnpq,(f,x) f(x)) =—ax"f')+5 f7(%)
holds for any x € [0, ).

5. SOME GRAPHICAL ANALYSIS

In this section, the graphs below show the convergence of the Stancu type Post-Widder operators to the
considered function f(x) = x3 e~3* for different values of n, p, a, « and B (Figure 1).
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---------- function

Figure 1. Convergence of Pn"f;fq, (f; x) for different values of n, p, a, @ and B

The graph below shows the convergence of the Post-Widder Operators Py 4(f; x) and the Stancu type Post-
Widder Operators peF (f; x) to the function f(x) = x3 e™3* for n = 50, a = 4, and different values of p,

n,p,¥
a and B (Figure 2).
1% n=50, p=9, a=4, 0 n=50, p=9, a=4, (1 n=50, p=24, a=4,
alpha=11, beta=12 alpha=99, beta=100 alpha=99, beta=100
1" o |
i
" / 0. |
| i
| m
) ot _“
0 8 1 i 3 8 fl aERErEEan
Piolfix) ————— Pilue(fi%)
Figure 2. Convergence of P, o (f; x) and Pn"ffq,(f; x)to f(x)forn=50anda = 4
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