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PREFACE

The Pak-Tirk conference series is a technical event that focuses on the advances in new
technologies in engineering sciences, nuclear astrophysics, renewable energy resources, optical

engineering, computer science, and electrical engineering.

The purpose of this conference series is to provide a platform for researchers, academicians,
and practitioners to make them familiar with recent advances in various fields of engineering
and sciences. The organization committee accepts a wide range of papers to encourage young
and experienced researchers to present their work and the possibility of initiating mutual
collaboration with internationally renowned researchers and experts in the relevant industries.
The conference format comprises multiple sessions and the selected works in these sessions

are based on substantial and novel research.

The series of events was initiated in 2018 by Ghulam Ishaq Khan Institute of Engineering
Science and Technology (GIKI) which organized the “First International Pak-Turk Workshop
on Emerging Technologies in the Field of Sciences and Engineering” held on 9" May of 2018

at Barber’s Building in their campus.

Later events in the series are listed as:

v' 2" PAK-TURK International Conference (GIKI, Pakistan)
(Face-To-Face) (March 11 — 13, 2019)

v 3" PAK-TURK International Conference (GIKI, Pakistan)

(Online Presentations — COVID restrictions) (June 9 — 10, 2020)
v 4" PAK-TURK International Conference (GIKI, Pakistan)
(Online Presentations — COVID restrictions) (November 3 — 4, 2021)
v 5" PAK-TURK International Conference
(University of Wah, Pakistan) (Online + Face-To-Face) (December 1 — 2, 2022)

We were wishing that 6" PAK-TURK conference would be a face-to-face event in which we
could enjoy international collaborations between our Pakistani and Turkish researchers in a
direct and more accessible way. And for the first time, it would be organized in our home,

Tarkiye. However, on February 6 - 2023, Turkiye hit and affected by a massive earthquake.
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As shattered by the devastating images of the quake and tried to manage the aftermath, it was
now impossible to organize this event in a way that we could manage accommaodations, travel
problems, and other issues related to having some or all participants required to be in the same
physical location. Therefore, we decided to conduct 6™ of the series as an online event starting
on May 4, 2023, and ending on May 6, 2023. Collected fees were directed to AFAD as an

aid for the survivors of the earthquake.

Hosted and organized by the Physics Department of the University of Karabik, the conference
was comprised of a series of online presentations contributed by researchers from different
countries. 5 renowned researchers across Pakistan and Tlrkiye were invited to give talks on
various subjects that can give directions to future scientific studies. 46 speakers from 8 different
countries presented their works (51 speeches in total). The countries represented by their
respective fellow researchers were Turkiye, Pakistan, Philippines, Ukraine, Libya, Morocco,
Iraq, and Azerbaijan. There were also participants from Brazil, Portugal, and France who
had a chance of watching and listening to presentations, asking some important questions on
the possible future directions of presented works and igniting useful discussions. In total, the

number of participants was 127 attending from across 11 different countries.

The event was conducted with the aim of honouring the 100t anniversary of the foundation
of the Turkish Republic, and we believe, we achieved that. The topics of the meeting were
more diverse compared to the previously held ones, but we managed to keep the integrity of
the series intact. The quality of the works presented was evident. Respected researchers around
the world appreciated our sincere efforts and praised useful discussions among peers that made
the event even more delightful. Our hope is that this meeting will have a positive impact on
future collaborations among participants and guide our young Turkish researchers to the right

path in their respective scientific studies.

Thanks to Mustafa Kemal ATATURK and his reforms, we achieved significant advances in
science in the first century of our republic’s history. We wish a brighter future for our beloved

country and its young researchers.

Hoelbogakmak

Prof. Dr. Necla CAKMAK
Chief of PAK-TURK 2023 Conference
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commemoration of their efforts on saving our beloved nation and leading us to create a modern
Turkish state. The following quotation united us in the past and will always guide us to the

future:

“My moral heritage is science and reason. Anyone willing to appropriate my ideas for
themselves after me will be my moral inheritors, provided they would approve the

guidance of science and reason on this axis”.

Mustafa Kemal ATATURK

Heelogakmad

Prof. Dr. Necla CAKMAK
Chief of PAK-TURK 2023 Conference
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09.10 - 09.25 Javeria Amin (University of Wah, Wah Cantt, Pakistan)
Semantic Segmentation of Brain Tumor and Classification based on Quantum Neural Network

09.25-09.40 Javid Shabbir (University of Wah, Wah Cantt, Pakistan)
Estimation of Sensitive Proportion Based on Kuk’s Randomized Response Model Using the Auxiliary
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Techno-Economic Evaluation of Bio-Ethylene Production from Zea-Mays (Biorefinery as a sustainable
solution for the utilization of waste)
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Obtaining the adsorption surfaces of some radioactive materials by DFT calculations
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Abstract— The climate system resulting from the mutual interaction of natural environments exhibits
variations due to natural events, such as changes in orbit and axial inclination, precession movement, and major
volcanic eruptions. The increasing industrial activities and population size over the last century have given rise to
the notion that human factors also influence these changes, leading to a growing body of research in this area. The
Rio Conference, Kyoto Protocol, and Paris Agreement represent significant international efforts in the fight
against climate change. Unfortunately, reports indicate that the Mediterranean basin, including Turkey, is
expected to experience serious impacts from climate change. This research aims to reveal the possible changes in
average temperatures in Turkey in the coming years due to climate change. The analyses were carried out using
the Google Earth Engine operating system based on the socio-economic (stage 1) greenhouse gas emission
scenario of the Coupled Model Intercomparison Project 6 (CMIP6), derived from the General Circulation Model
(GCM). The "NASA Earth Exchange Global Daily Downscaled Climate Projections” forms the data source of the
research. As a result of the analyses, it is predicted that the average temperature of 13.1°C measured for the
Turkish territory in 2022 will be 15°C in 2050 and 17.7°C in 2096. The increase in the amount of temperature
will be 1.9°C during the period 2022-2050 and 2.7°C during the period 2050-2096. This indicates that the trend
of increasing average temperatures will continue to strengthen. When it is considered that the lowest average
temperatures during the 2022-2096 period will rise from approximately 2°C to 6°C and the highest average
temperatures will rise from 21°C to 26°C, the model results predict a strong warming trend that spreads over large
areas in Turkey. When the model outputs are examined regionally, the Southeastern Anatolia Region, the
Mediterranean coasts, and the southwestern Aegean are the areas where the temperature increase will be
experienced the most. The areas where low temperatures are observed in the Eastern Anatolia Region will rapidly
decrease until 2096. The average temperatures seen on the southern coasts today will likely occur on the Aegean
coast in 2050 and even on the Black Sea coast in 2096. The North Anatolian Mountain Range, the Taurus
Mountains, and the rugged terrains in the Eastern Anatolia Region are also among the areas that will be heavily
affected by the warming trend. In the Central Anatolia Region, it is estimated that the annual average temperatures,
which are approximately 11.5-13.5°C in 2022, will rise to the range of 14-16°C in 2050 and 16.5-18.5°C in 2096.
Changes in climate parameters are notable as a consequence of both natural and anthropogenic influences.
Prolonged heat waves and increases in tropical days are indicative of rising temperature averages. Depending on
the drought conditions, agricultural production, drinking water quantity, and human health are likely to be
negatively affected by this increasing trend. In addition, forests will become more susceptible to both natural and
anthropogenic fires. Considering all of these outcomes, combating and adapting to global climate change should
be carefully carried out, and investments in measures should be made in areas that are expected to be more affected
by drought, particularly.

Keywords— Global climate change, Temperature increase, CMIP6, Google Earth Engine, Turkey

INTRODUCTION

The global climate has been in a continuous state of change from geological periods of the past
up to the present day. The climate system resulting from the mutual interaction of natural
environments shows variations due to natural events such as changes in orbit and axial
inclination, precession movement, and major volcanic eruptions. The increasing industrial
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activities and population size over the last century have given rise to the idea that human factors
are also effective in these changes, and research has focused intensively on this issue [1, 2].
The Rio Conference, Kyoto Protocol, and Paris Agreement are important steps taken by the
international community in the fight against climate change [3, 4]. Reports predict that the
Mediterranean basin, including Turkey, will be seriously affected by climate change [5, 6].
This research aims to reveal the possible changes in average temperatures in Turkey in the
coming years due to climate change.

MATERIALS AND METHODS

The analyses were carried out using the Google Earth Engine operating system based on the
socio-economic (stage 1) greenhouse gas emission scenario of the Coupled Model
Intercomparison Project 6 (CMIP6), derived from the General Circulation Model (GCM). The
"NASA Earth Exchange Global Daily Downscaled Climate Projections™ forms the data source
of the research.

RESULTS AND DISCUSSIONS

As a result of the analyses, it is predicted that the average temperature of 13.1°C measured for
the Turkish territory in 2022 (Fig. 1) will be 15°C in 2050 (Fig. 2) and 17.7°C in 2096 (Fig. 3).
The increase in the amount of temperature will be 1.9°C during the period 2022-2050 and 2.7°C
during the period 2050-2096. This indicates that the trend of increasing average temperatures
will continue to strengthen. When it is considered that the lowest average temperatures during
the 2022-2096 period will rise from approximately 2°C to 6°C and the highest average
temperatures will rise from 21°C to 26°C, the model results predict a strong warming trend that
spreads over large areas in Turkey.

When the model outputs are examined regionally, the Southeastern Anatolia Region, the
Mediterranean coasts, and the southwestern Aegean are the areas where the temperature
increase will be experienced the most. The areas where low temperatures are observed in the
Eastern Anatolia Region will rapidly decrease until 2096. The average temperatures seen on
the southern coasts today will likely occur on the Aegean coast in 2050 and even on the Black
Sea coast in 2096. The North Anatolian Mountain Range, the Taurus Mountains, and the
rugged terrains in the Eastern Anatolia Region are also among the areas that will be heavily
affected by the warming trend. In the Central Anatolia Region, it is estimated that the annual
average temperatures, which are approximately 11.5-13.5°C in 2022, will rise to the range of
14-16°C in 2050 and 16.5-18.5°C in 2096.
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Figure 3. 2096 Temperature Averages Model Output

CONCLUSION

Changes in climate parameters, such as temperature, precipitation, and extreme weather events,
have been observed in recent decades as a result of both natural and anthropogenic factors.
Natural factors, such as volcanic activity and solar radiation, have influenced the Earth's climate
throughout history. However, the current rate of change in climate parameters is unprecedented
and is largely attributed to human activities such as the burning of fossil fuels and deforestation.
The increase in temperature averages is a particularly noteworthy climate change trend, as
evidenced by the occurrence of prolonged heat waves and an increase in tropical days. These
trends are expected to continue in the coming years and are likely to have significant impacts
on a variety of sectors, including agriculture, public health, and water resources. For example,
drought conditions associated with rising temperatures can lead to reduced agricultural
productivity, lower water availability, and increased risk of heat-related illness. In addition to
these direct impacts, climate change can also lead to increased risks of wildfires, particularly in
forested areas. Both natural and human-caused fires can result in loss of biodiversity, damage
to infrastructure, and threats to human lives and livelihoods. As such, combating and adapting
to climate change should be a key priority for policymakers, as well as for communities and
individuals. To address the impacts of climate change, measures must be taken to mitigate
greenhouse gas emissions and increase resilience to changing climate conditions. Investments
in areas expected to be most affected by drought, such as water management systems and
agricultural practices, are particularly important in this regard. Additionally, efforts to reduce
deforestation and restore degraded landscapes can help to enhance carbon sequestration, reduce
greenhouse gas emissions, and enhance ecosystem resilience. Overall, a coordinated and
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sustained effort is necessary to address the impacts of climate change and build a more
sustainable future.
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Abstract— The term "soil moisture™ refers to the water held in the soil by the molecular attraction force. The
water accumulated in the soil through the effects of adhesion and cohesion is lost through evaporation,
transpiration, and percolation. Changes in soil moisture are crucial for plant growth and agricultural production.
Monitoring soil moisture is essential in detecting drought conditions, along with other important parameters such
as plant health. The purpose of this study is to evaluate the regional parameters of surface soil moisture, soil
moisture anomaly, and soil moisture profile in the Turkish terrain between 2015 and 2023 and to reveal trends
under drought conditions. The analyses were conducted using the Google Earth Engine cloud computing platform
and mapped using ArcMap 10.4. The data source for the study was the "NASA-USDA Enhanced SMAP Global
Soil Moisture Data" catalog available in the Google Earth Engine data library. Regional mean values were
determined for all three parameters (surface soil moisture, soil moisture anomaly, and soil moisture profile), and
the resulting maps were overlaid to identify the riskiest areas. Furthermore, trends in drought conditions have
been identified by comparing surface soil moisture and soil moisture anomaly analyses from the first and last
years in the data source, which have data integrity, namely the years 2016-2021. As a result of the research, it was
observed that surface soil moisture had the lowest values, especially in the Central Anatolia and Southeastern
Anatolia regions, based on the eight-year average values. The eastern part of the Kiire Mountains in the Black Sea
Region, the Igdir region in Eastern Anatolia, the Ergene and Southern Marmara Regions in the Marmara Region,
the Western Taurus and Hatay regions in the Mediterranean Region, and the southeastern region of the Aegean
region are areas where the values are lowest. The eight-year average anomaly values for soil moisture are strongly
negative in Southeast and Eastern Anatolia regions, indicating maximum drought conditions. Other areas where
negative anomalies are common include the Western Black Sea Region, Western Taurus, Cukurova, and the Hatay
region. The coastal Aegean region, the Sakarya region, the west of the Ergene Plain, and the north and south of
the Central Black Sea region have positive anomaly values. According to the soil moisture profile data expressed
as a percentage, the driest regions in Turkey are the Central Anatolia Region, the southern part of Southeast
Anatolia, the Western Taurus, Southeastern Aegean, Malatya, Elaz1g, Hatay, and the Igdir region. The highest
soil moisture profile values are observed on the Black Sea coast, especially in the Eastern Black Sea. The risk
analysis, which was created by combining the results of all three parameters, reveals that the entire Southeast
Anatolia Region, the lower parts of the Central Anatolia Region, the Western Taurus, Cukurova, and Hatay in the
Mediterranean Region, the southeastern region of the Aegean Region, the eastern part of the Western Black Sea
Region, the south of the Central Black Sea Region, the eastern and southern parts of VVan Lake in Eastern Anatolia
Region, and the Malatya-Elazig-Igdir region are the areas that experience the most severe drought in Turkey.
When the surface soil moisture and soil moisture anomaly values of 2016 and 2021 are compared, it is noteworthy
that there is a transition towards drier conditions throughout the country. Surface soil moisture values are
decreasing throughout Turkey, especially in the Southeast and Eastern Anatolia regions. The Eastern Anatolia
Region, which had the highest positive anomaly values (moist) in 2016, along with the high-altitude regions of
the Eastern Black Sea and the Western Black Sea, now exhibit the highest negative (extremely dry) anomaly
values in 2021. These areas have rapidly become drier over time. Considering that drought is a slowly developing
and highly impactful natural disaster that is difficult to recover from, it needs to be continuously monitored. Soil
moisture properties are the most accurate data sources that reflect drought. According to the analyses based on
the eight-year average values, the severity of drought is increasing and persisting in Turkish lands. The regions
with the driest climates in Turkey are the Central and Southeast Anatolian regions, the Western Taurus Mountains,
the eastern part of the Western Black Sea, the Southeast Aegean, and the areas around Hatay-Igdir-Malatya and
Elazi1g. Planning agricultural policies according to the changing conditions and effective management of water
resources are among the measures that need to be taken now to mitigate the effects of the increasingly inevitable
dry periods in the coming years.
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INTRODUCTION

"Soil moisture™ refers to the water held in the soil through molecular attraction force. The water
retained in soil by the force of molecular attraction, resulting from adhesion and cohesion, is
released through various processes including evaporation, transpiration, and percolation. [1].
Changes in soil moisture play a vital role in facilitating the growth of plants and ensuring
successful agricultural production [2-5]. Monitoring soil moisture is a critical activity for
detecting drought conditions and assessing plant health, among other essential parameters [6].
This study aims to assess the surface soil moisture, soil moisture anomaly, and soil moisture
profile in the Turkish terrain from 2015 to 2023 and identify patterns during drought conditions
at a regional level.

MATERIALS AND METHODS

The study utilized the Google Earth Engine cloud computing platform to conduct analyses and
ArcMap 10.4 to map the results. The "NASA-USDA Enhanced SMAP Global Soil Moisture
Data" catalog available in the Google Earth Engine data library served as the data source.
Regional mean values were calculated for the three parameters of interest (surface soil
moisture, soil moisture anomaly, and soil moisture profile) and the resulting maps were
overlaid to identify areas of highest risk. Trends in drought conditions were identified by
comparing the surface soil moisture and soil moisture anomaly analyses from the years 2016-
2021, which were selected for their data integrity as the first and last years in the data source.

RESULTS AND DISCUSSIONS

Based on the eight-year average values, the study found that surface soil moisture has the
lowest values in the Central Anatolia and Southeast Anatolia regions. The eastern part of the
Kiire Mountains in the Black Sea Region, the Igdir region in Eastern Anatolia, the Ergene and
Southern Marmara Regions in the Marmara Region, the Western Taurus and Hatay regions in
the Mediterranean Region, and the southeastern region of the Aegean region are areas where
the values are lowest (Fig. 1). The Southeast and Eastern Anatolia regions show a strong
negative trend in the eight-year average anomaly values for soil moisture, which suggests that
the areas are experiencing extreme drought conditions. Other areas where negative anomalies
are common include the Western Black Sea Region, Western Taurus, Cukurova, and the Hatay
region. The coastal Aegean region, the Sakarya region, the west of the Ergene Plain, and the
north and south of the Central Black Sea region have positive anomaly values (Fig.1).
According to the soil moisture profile data expressed as a percentage, the driest regions in
Turkey are the Central Anatolia Region, the southern part of Southeast Anatolia, the Western
Taurus, Southeastern Aegean, Malatya, Elaz1g, Hatay, and the Igdir region. The highest soil
moisture profile values are observed on the Black Sea coast, especially in the Eastern Black
Sea (Fig. 1). The risk analysis, which was created by combining the results of all three
parameters, reveals that the entire Southeast Anatolia Region of the lower parts of the Central
Anatolia Region, the Western Taurus, Cukurova, and Hatay in the Mediterranean Region, the
southeastern region of the Aegean Region, the eastern part of the Western Black Sea Region,
the south of the Central Black Sea Region, the eastern and southern parts of Van Lake in
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Eastern Anatolia Region, and the Malatya-Elazig-I1gdir region are the areas that experience the
most severe drought in Turkey (Fig. 1). When the surface soil moisture and soil moisture
anomaly values of 2016 and 2021 are compared, it is noteworthy that there is a transition
towards drier conditions throughout the country.
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Figure 1. Avg. Surface Soil Moisture, Avg. Soil Moisture Anomaly, Avg. Soil Moisture Profile, Drought Risk
Map Created by Combining Maps of Parameters, 2016- 2021 Annual Avg. Surface Soil Moisture, and 2016- 2021
Annual Avg. Soil Moisture Anomaly Maps

Surface soil moisture values are decreasing throughout Turkey, especially in the Southeast and
Eastern Anatolia regions. The Eastern Anatolia Region, which had the highest positive
anomaly values (moist) in 2016, along with the high-altitude regions of the Eastern Black Sea
and the Western Black Sea, now exhibit the highest negative (extremely dry) anomaly values
in 2021. These areas have rapidly become drier over time (Fig. 1-2).
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Figure 2. Surface Soil Moisture and Soil Moisture Anomaly Time-series in Turkey for 2016
and 2021

CONCLUSION

Continuous monitoring is essential for drought as it is a natural disaster that develops slowly
and has significant impacts that are difficult to compensate for during its occurrence. Soil
moisture characteristics are one of the data sources that allow for the most accurate monitoring
of drought. The analysis based on the eight-year average values indicates that the severity of
drought is increasing and continuing in Turkish territory. The Central and Southeastern
Anatolia Regions, Western Taurus, the eastern part of the Western Black Sea, Southeastern
Aegean, Hatay-Igdir-Malatya, and Elazig are the aridest areas in Turkey. Developing
agricultural policies in line with changing conditions, increasing and planning irrigation
facilities, and effectively managing water resources are among the necessary measures that
must be taken now to prepare for the drought periods that are already becoming an undeniable
reality in the future.
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Abstract— Let (L;)x»1 be the Lucas sequence defined by the recurrence relation L, = 1,L, =3 and L, = Ly_, +
Ly, for all k > 3. In this paper, we find all positive integer solutions to the Pillai-type equation 3* —
L,2Y = 1 using the properties of Lucas numbers.

Keywords— Lucas numbers, Pillai equation

INTRODUCTION

Diophantine equations are one of the oldest and essential topics in number theory. One of the
reasons this topic is interesting is that there is no general algorithm for solving equations.
Therefore, it is possible to solve only particular-class Diophantine equations by existing
methods. It is not surprising that some old and important problems on this subject are still not
fully resolved. One of these equations is the following equation proposed by Pillai in 1936 [1,
2].

m*—nY =¢ Q)
Pillai conjectured that equation (1) has a finite number of positive integer solutions (m, n, x, ),
with x > 2 and y > 2. Mihailescu solved this problem in the case of ¢ = 1, called the
Catalan conjecture [3]. In addition, Herschfeld had studied a special case of this problem with
(m,n) = (2,3) before Pillai [4-5]. During this period, various variants of this equation have
been explored by different authors. Recently, Pillai-type problems involving recurrence
number sequences have been investigated [6-12].
PRELIMINARIES
We now give some useful Lemmas that will be our key tools to prove our result.

Lemma 1. [13] Let k > 0. Then

Ly = 2 (mod 5), Lyg1 = 1 (mod 5),
and
Lygsz =3 (mod5),Lyiss =4 (mod5).
Lemma 2. Let t, u, [, k be some positive integers then:

1) 32711 =24, 5) 38t~% _ 1 = 16F,
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2) 3271+ 1=4B, 6) 3876 — 1 = 8R,
3) 3% +1=2¢C 7) 38t —1 =132, forallt = 2k — 1
4) 38t-2 —1 = 8D, 8) 38t —1 =214, forallt = u- 21

where A;, By, C;, Dy, F, Ry, I, L; are odd numbers that change according to the value of t.

Proof.
1) 32671 —1=3-1)(B**2+3%3+...+3+1) =24,

3)3%t+1=3-3%""141=3-24;+1)+1=64A,+4 =234, +2) = 2¢;
4) 384 _ 1 = ( 32t-1_1)(32-1 4 1)(342 + 1) =
= (3T =D+ D) (( 3= 1)(3* 1 + 1) + 2) = 84,B,(8A,B, + 2) = 16F,
8) 327 —1=(3-DE+DE+1)-..- (327 +1)
If we use part 3), we get that
G-1DGE+1DGE2+1) ... (32”2 + 1) = 24212, =215 .
We can prove the other parts of Lemma in the same way.
From Lemma 2 we obtain the following important result.
Result 3. If 3t —1 = 0 (mod 2% and [ > 3 then
tmin =27 2and t = u- 272, u > 1.
Using induction method we can prove that the following lemma.
Lemma4. If [ >4and u > 1. Then:
3w2™% _ 1 = 0 (mod 5)
MAIN RESULT
Theorem 5. The only positive integer solutions of the following equation (2) are
(x,y,n) ={(1,1,1),(2,3,1),(2,1,3)}

3% —[,2Y =1 (2)
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Proof. From Lemmas 1, 4 and Result 3 we get that there are no solutions to equation (2)
when y > 4. Therefore we have to investigate the casesy = 1, y = 2,and y = 3.

1) If wetake y = 1 in equation (2) we obtain following equation

_3%-1

Lp == 3)
2) If wetake y = 2 in equation (2) weget L, = %. Let x = 2k then we have
ok—1
L, = 4 (4)

If x = 2k + 1, then we have 4L, = 32%*1 — 1 which is not possible.

3) If we take y = 3 and in equation (2) we obtain L,, = % Let x = 2k then
we get
9k—1
Ly =— (5)

8

If x = 2k + 1, then we have 8L, = 32k*1 — 1 which is not possible.

Furthermore, from the theorem proved by Erduvan, Keskin, and Siar in [12], we get that
equations (4) has no solution, and the solutions of equation (3) and equation (5) are (x,n) =
{(1,1),(2,3)} and (k,n) = (1,1) respectively. Then we obtain the only solutions to equation
(2)are (x,y,n) ={(1,1,1),(2,3,1),(2,1,3)}.
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Abstract— Accurate and precise segmentation of the left atrial node is crucial in early diagnosing and treating
atrial fibrillation. Segmentation of 3D images obtained by Magnetic Resonance Imaging with the naked eye is
time-consuming and challenging. Therefore, the use of deep learning-based segmentation methods, which are
popular today, comes to the fore. Many deep-learning models have been proposed in the literature for the
segmentation of medical images. Baseline Unet and Depthwise Separable Unet models, among the best
segmentation architectures presented in this study, were analyzed comparatively. The architectures were trained
and tested with the same parameters in the Left Atrium Segmentation Challenge 2013 (LASC’13) Magnetic
Resonance Imaging (MRI) dataset. As a result of the analysis, Depth-wise, Separable Unet obtained a Dice score
of 92.5, while the Baseline Unet architecture obtained a Dice score of 95.5. The obtained scores show that when
a trade-off is made, Depthwise, Separable Unet can achieve good results with three times fewer parameters than
Basic Unet.

Keywords—Baseline Unet, Depthwise Separable Unet, Left Atrium Segmentation

INTRODUCTION

Atrial fibrillation (AF) is one of the most common cardiac arrhythmias that can cause
permanent damage to the heart and body [1]. AF, particularly permanent AF, is driven by
complex substrates widely distributed in both atrial compartments [2]. Recurrent atrial attacks
cause various defacto effects, such as dilatation, myofiber changes, and fibrosis in the atrium
structure [1,3]. For this reason, it is essential to segment the system of the atrium in patients
with AF and to have detailed information [4]. Sensitive and accurate segmentation of left
atrium images obtained from MRI will provide many advantages for precise diagnosis and
treatment of the atrium. Recently, techniques with deep learning architecture have achieved
many successes in segmentation [5]. In this study, Baseline Unet and Depthwise Separable
Unet architectures, which are the most used in segmentation, were analyzed comparatively on
the LASC’13 dataset.

RELATED WORKS

In recent years, deep learning-based architectures based on large datasets have become
increasingly important [6,7, 8,9]. In addition, great strides have been made in deep learning-
based LA segmentation [4,6,7,10,11,12,13]. Yu et al. trained a self-ensembling model of the
uncertainty-aware for semi-supervised learning [14]. Li et al. [15] proposed an Unet with
hierarchical aggregation and attention module to more precisely position the ROl in LA. Liu
et al. [16] and Borra et al. [17] proposed a deep segmentation network using a modified Unet
network to segment the LA. Yang et al. [18] used Fast Repeat CNN(RCNN) for precise and
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accurate segmentation of LA and accurate focus on ROI. Puybareau et al. [19] adopted a
transfer learning model using VGG-Net as the backbone for the segmentation of LA. Bian et
al. [20] used ResNet modified with spatial pyramid pooling for the segmentation of LA.

PREPARING THE DATASET AND THE DEEP LEARNING ARCHITECTURES

For experimental studies, the data set was passed through various preprocessing stages. In
addition, the architectures were cross validated by five times, and the ideal structures were
adopted for experimental studies.

A. LASC’13 Dataset

Random scaling and elastic transformation methods were used to prepare the data set.
Seventeen cases that make up the training dataset are divided into train and 4 cases validation
datasets. Two-dimensional slices of the data sets were obtained and converted to Numpy
matrices. In addition, random rotation was applied to the data at +-45 degrees angles. Datasets
are fed into deep learning architectures in 256x256x1 dimensions.

B. Architectures

Deep learning architectures analyzed comparatively shown in Fig. 1 and Fig. 2. ADAM was
used as the optimizer in the proposed architectures [21]. The Bilinear Upsampling method was
used in the upsampling phase in both architectures. 3x3 convolutional blocks are used in both
architectures’ encoder and decoder stages. In addition, 2x2 Maximum pooling is used to make
feature extraction more efficient. In the Depthwise Sparable Unet architecture, a 3x3 kernel was
used in the Depthwise stage, and a 1x1 kernel was used in the pointwise setting. In addition,
ReLU was used as the activation function.
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C. Loss Function

In the proposed architecture, the Dice Loss loss function, which achieved very successful results
in segmentation, was used to calculate the cost. Dice Loss is obtained by subtracting the Dice
Similarity coefficient (DSC) from 1. The mathematical expression of the DSC and Dice Loss
loss function is shown in Eq. 1. and Eq. 2., respectively. In all mathematical expressions in the

article, TP=True represents positive, TN=True negative, FP=False positive, and FN=False
negative.

_ 24TP
DSC = 2sTP+FP+FN 1)
Dice Loss=1-DSC (2)

D. Performance metric

The Accuracy(ACCUR) precision metric, whose mathematical model is given in Eg. 3., was

used to score the training and testing performances of the analyzed architectures.
ACCUR = TN+TP

TN+TP+FN+FP (3)

EXPERIMENTAL RESULTS AND DISCUSSION

Fig. 3. and Fig. 4. show Baseline Unet’s training accuracy and training loss values for 100

epochs graphically. As can be seen from the figures, Baseline Unet has consistently reduced
its Dice loss in LA segmentation.
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Fig. 3. Baseline Unet Training Loss on LA segmentation
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Fig. 4. Baseline Unet Training Accuracy on LA segmentation
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epochs graphically. As can be seen from the figures, Depthwise Sparable Unet had more
difficulty in reducing Dice loss than Baseline Unet in LA segmentation.
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Fig. 5. Depthwise Separable Unet Training Loss on LA segmentation

Fig. 6. Depthwise Separable Unet Training Accuracy on LA segmentation
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Baseline Unet and Depthwise Sparable Unet architectures were analyzed as 50, 100, and 150
epochs as seen in Table 1. At 100 epochs, both architectures achieved the best performances. At
150 epochs, however, the loss started to rise again. As a result of the experimental studies, Mini
batch-size=8 and learning rate=1e - 4 were selected. As can be seen from the training and
validation scores, Baseline Unet achieved 3 points higher validation sensitivity values. Also,
Depthwise Separable Unet had a hard time reducing Dice loss. But Depthwise Separable Unet
consists of 455 thousand parameters, while Baseline Unet consists of 1.365 million parameters.
The difference of 3 points between the two models is a high figure for a trade-off.

Table 1. Comparative Analyzes of The Two Architectures

Architectures

Methods

Training Accuracy | Validation Accuracy | Epoch
Baseline Unet Slice-based MRI | 0.97 0.936
Depthwise Slice-based MRI | 0.932 0.902 >0
Separable Unet
Baseline Unet Slice-based MRI | 0.99 0.955 100
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Architectures Methods Training Accuracy | Validation Accuracy | Epoch
Depthwise Slice-based MRI | 0.967 0.935

Separable Unet

Baseline Unet Slice-based MRI | 0.965 0.928

Depthwise Slice-based MRI | 0.927 0.90 150
Separable Unet

The segmentation images of the proposed model obtained in the LASC’13 test set are shown
in Fig. 7 and Fig. 8.. As seen from the images, the Baseline Unet architecture has achieved
more successful segmentation results.

0 50 100 150 200 250

Fig. 7. Baseline Unet LA Segmentation Test Result

0 50 100 150 200 250

Fig. 8. Depthwise Separable Unet LA Segmentation Test Result

CONCLUSION

In this study, Baseline Unet and Depthwise Separable Unet architectures were analyzed
comparatively on the LASC’13 dataset. As a result of the analysis, Baseline Unet architecture
achieved higher performance results. Depthwise Separable Unet architecture may be one-third
of the Baseline Unet architecture in terms of parameters used, but there is a difference of 3
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pounds. This situation shows that Baseline Unet architecture has a very practical place
compared to the architectures used in the literature.
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Abstract - Over the last few years, multicomponent reactions (MCRs) have gained great interest and were used to
synthesize complex molecules and are highly functionalized in a single synthetic operation. MCRs are considered
an inventive strategy in organic chemistry. Therefore, multicomponent reactions are part of sustainable chemistry
and constitute a novel way of ideal organic synthesis. Complex structures are rapidly obtained from very simple
substrates involving simple synthetic operations and safe processes in the environment. Many heterocyclic
compounds are distinguished as active products pharmaceutically and are gaining consistent attention in the
development of new active multifunctional drugs derivatives. Heterocyclic molecules have various clinical
applications and play an active role as antitumor, antibacterial, anti-inflammatory, antiviral, and antifungal agents.
Current study deals with the synthesis of Spiro Nitrogen Heterocycles using ninhydrin, o-phenylenediamine, L-
proline and alpha-beta unsaturated derivatives in the presence of ethanol as solvent under reflux for 6 hours to
afford the corresponding spiro indenoquinoxaline derivatives characterized through spectral analysis. High yields,
simple procedure, easy workup, short reaction times are the advantages of this green methodology. The
synthesized compounds were evaluated for biological activity and were found to have very good anti-bacterial
activity.

Key Words: Heterocyclic compounds Multicomponent Reaction, Antibacterial.
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Figure 1. Graphical Representation of 3-Component Reaction via Spiro Indenoquinoxaline
Pyrrolizin Methanone.

INTRODUCTION

Multicomponent reactions (MCRS) are one-pot, convergent chemical processes that use more
than two starting components and retain a substantial amount of each starting element in the
final product. This cutting-edge method has emerged as an effective, affordable, and
environmentally friendly alternative to the traditional sequential multi-step synthesis of a
variety of physiologically active pharmacophores [1]. Due to the production of several non-
hydrogen atom bonds during a single synthetic transformation, MCRs have an extremely high
bond-forming index (BFI), One of the distinguishing characteristics of MCRs is their rapid and
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empirically straightforward chemical reactions, which promote diversity-oriented synthesis
(DOS) and complexity of the desired end products [2]. The production of large libraries of
synthetic molecules for structure-activity relationship (SAR) investigations of drug-like
compounds, a crucial component of research in the domains connected to pharmaceuticals and
agrochemical [3].

Green Chemistry established the multicomponent reaction as viable method for chemists in the
design, synthesis, and future development of genuinely sustainable manufacture of medicines,
catalysts, or innovative materials, and food additives (Figure 2) [4].In order to achieve the
synthesis of medicinally significant heterocyclic pharmacophores, multicomponent reactions
provide a variety of environmentally friendly green reaction conditions, such as solvent and
catalyst free using iodine as a catalyst for MCR using recyclable organo-catalysts synthesising
imidazoles via MCR and using ionic liquids as recyclable organocatalys [5].

Waste ‘
_ Prevention |

[ Reduced P
: Atom
‘ Chemical ‘
. Economy |
\__waste . )
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e ~ Synthesis
Design for ,
Degradation ( )
oY Catalysis

Energy
Efficiency

h J

Figure 2. Different Advantages of Green Synthesis.

Since over 150 years ago, MCRs have been used in a wide range of applications and are mostly
named reactions. With a variety of commercial products available on the market, MCRs have
demonstrated their broad usefulness in the field of chemistry [6]. One atom is shared by two
rings in spiranes or spiro compounds. Spiro-compounds are a significant class of naturally
occurring chemicals with distinct biological characteristics [7]. One of the most crucial
components of many naturally occurring, physiologically active substances, and medicinal
molecules, are spiro molecules [8]. Due to these advantageous characteristics, scientists have
given considerable consideration to developing a variety of effective synthesis techniques for
this family of molecules [9]. Derivatives of indenoquinoxalines are significant families of
heterocycles that include nitrogen and serve as helpful intermediates in the synthesis of organic
compounds [10]. Intermolecular cycloaddition reactions of azomethine ylides have been
extensively explored in recent years, and these reactions go forward with remarkable
regioselectivity [11]. Consequently, with increased interest in these intricate heterocycles and
a commitment to continuing our study on 1,3-dipolar cycloaddition of azomethine ylide
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generated from 1,2-phenylenediamine, ninhydrin and L-proline with alpha-beta unsaturated
dipolarophiles [12].

EXPERIMENT

A mixture containing 11H-indeno [1, 2-b] quinoxaline 11-one (2.5 mmol), 3-(4-bromophenyl)-
1-phenylprop-2-en-1-one (1JC 005) (2.5mmol) and L-proline (2.5mmol) were refluxed in
ethanol for 6 hrs. Filtered, dried and recrystallized to get pure product.

0
‘ ij r}LR1 Ethanol N
N reflux, 6hr© /
N

indeno quinoxalin-11- ~ alpha-beta unsaturated  Proline
one compounds

Figure 3. Schematic representation of Spiro Indenoquinoxaline Pyrrolizin

b]qumoxahne 11 3 pyrrollzm] 1 yI)(phenyI)methanone
Figure 4. Synthesized Compound Via Multicomponent Reaction

RESULT and DISCUSSION

The synthesized compound is Pale Yellow solid with 82% vyield. IR spectra: C- N- 3325 cm-
! C-H aromatic 3060 cm™,C-H bend 757 cm, C=0 1675 cm, C-O 983 cm, C=N 1564 cm"
1.C-N 1247 cm™, C=C aromatic 1510 cm™, C-H stretch of CH3 2965 cm™, C-H bend of 1247
cm™. UV spectral analysis showed that almost all derivatives showed three absorption peaks
in the range of 240nm, 341nm and 360nm. Mostly quinoxalines show absorption in this range.
Synthesized derivatives showed great biologically activity.

Table 1. Biological Activity of Synthesized compound against E.coli.
Escherichia Coli

Compound Img/mi 10mg/ml 20mg/ml
Compound 1 5 8 10
Amoxicilin 8 9 10
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From above results it was proven that the synthesized compound have great antibacterial
potential.

CONCLUSION

Spiro-indenoquinoxaline analogues were synthesized using synthesized derivatives of alpha
beta unsaturated compound. Ethanol has proven to be a suitable solvent for all the reactions
pertaining to better yield and shorter reaction time.
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Abstract—An important reagent in the synthesis of numerous heterocyclic compounds is an O and S-containing
compound that is thiourea is employed as a source of sulphides. The presence of O and S donor atoms open up a
wide range of bonding options, enabling them to function as versatile ligands, and makes it possible for them to
form stable complexes. In order to synthesize effective antibacterial and antifungal compounds, this research
sought to prepare transition metal complexes of acyl derivatives with oxygen and sulphur donor atoms. The
interaction between isothiocyanate and substituted amine produced a S donor ligand. These monodentate ligands'
metal complexes were synthesized through a reaction between the metal salt and the ligands. Silver based
thioureas such as: 1-(3,4-dichlorobenzoyl)-3-(4-fluorophenyl) and 1-(3,4-dibromobenzoyl)-3-(4-nitrophenyl)
thioureas show a wide spectrum of biological applications. Acyl derivatives and its complexes were structurally
analyzed by Fourier transform infrared spectroscopy and elemental analysis. Biological activities were analyzed
by preparing various culture media.

Keywords—Acyl derivative, FT-IR, elemental analysis, antibacterial activity, antifungal activity

INTRODUCTION

Since a very long time [1, 2], thiourea derivatives have been used as organocatalysts and as
starting precursors in numerous chemical compounds with important therapeutic applications
[3]. A survey of the literature finds numerous studies describing the synthesis and
characterization of metal complexes stabilized by thiourea derivatives, particularly Zn, Cd, and
Hg [4-6]. These metals have an abundance of electrons, and their complexes exhibit
exceptional non-linear optical characteristics [7-9]. Unsymmetrical thiourea compounds also
have beneficial biological properties as antifungal and antibacterial agents [10]. Group 12
metals are soft among metal ions, and compounds made from thiourea derivatives should be
thermally stable. Ag and its compounds are known for antibacterial and antifungal properties
[11-16]. The metal is active at low concentrations that is its greatest advantage over other
medicinally relevant metals [17-18]. High concentration of a metal is toxic to the living
organisms as it happens by the displacement of essential metal atoms from their original
binding sites.

To lower the time factor, newer methodologies exploit improved selectivity of metal-organic
complexes (for example, the silver-thiourea approach) as a one-step procedure [19-20]. One
reason some metals, including copper, are necessary components of biological systems is
because of their redox characteristics [21]. Generally speaking, non-essential metals bind to
sulfur-containing groups and oxygen sites more readily than do essential metals. Some of its
compounds showed excellent antibacterial potentials [22]. Here, we have synthesized the 1-
(3,4-dichlorobenzoyl)-3-(4-fluorophenyl) and  1-(3,4-dibromobenzoyl)-3-(4-nitrophenyl)
thioureas and reported their structures. Their complexes with Ag(l) in 1:2 ratios have also been
prepared.
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METHODOLOGY
Specific Temperature conditions were used to conduct experiment. 3,4-dichlorobenzoyl
chloride, 4-nitroaniline, 3,4-dibromobenzoyl chloride, 4-fluoroaniline, Potassium thiocyanate,
Acetone, Methanol and silver acetate was purchased from Sigma-Aldrich / Merck and was
used as purchased. Kofler melting point apparatus for temperature determination, BRUKER
FT-IR Spectrophotometer for FT-IR analysis and for percentage calculations of different
elements in the prepared compounds elemental analysis was done.

A. General protocol to prepare thiourea ligand (L)
(0.010 mol) solution of benzoyl chloride was mixed in the solution of (0.010 mol) KSCN in
dry acetone. Resulted mixture was stirred for 2 hours. After that, (0.010 mol) solution of
aniline was mixed in the above solution and continued stirring for next 48 hours. Formed
product was filtered and dried. General protocol to prepare such ligands has been shown in
figure 1 and substitutions to prepare thiourea ligands has been given in tablel.

Y
X, X X, Xo
K* [0)
Cl Acetone @7?@ + HZN%DfYQ
N= S + X3 P q=c:
) >\:/< P oxa  STOCN
Y;3

o}
Potassium Benzoyl chloride Benzoyl Aniline
thiocyanate Isothiocyanate
S , z

0 >—N Y,

Xy NH

Y3

X5
Y,
X3

Thiourea derivative

Fig. 1.General protocol to prepare thiourea ligands.

TABLE . SUBSTITUTIONS TO PREPARE THIOUREA LIGANDS (L1-L>)

LIGAND Xq Xe Xs Y: Y. Ys z
CODE

(GENERAL)  H H H H H H H
L H Cl Cl H F H H
Lo - H Br Br H NO, H H

B. Synthesis of 1-(3,4-dichlorobenzoyl)-3-(4-fluorophenyl) thiourea (L1)

Quantities used were (0.02 molar, 2 g) dried potassium thiocyanate, (80 mL) anhydrous
acetone, (0.02 mol, 4.18 g) 3,4-dichlorobenzoyl chloride, (0.02 mol, 2.22 g) 4-fluoroaniline,
Yield (%) 71; Color Mustard; m.p 170 °C; FT-IR (powder, cm™): 3166 (N-H), 2822 (C-
Haromatic), 2754 (C-Haiiphatic), 1650 (C=0), 1485 (C=C), 1282 (C=S), Elemental Anal. Calcd (%)
for C14HoCI2FN2OS: C, 48.99; H, 2.64; N, 8.16; S, 9.34. Found (%): C, 49.12; H, 2.51; N, 8.20;
S, 9.43.

C. Synthesis of 1-(3,4-dibromobenzoyl)-3-(4-nitrophenyl) thiourea (L)

Quantities used were (0.02 molar, 2 g) dried potassium thiocyanate, (80 mL) anhydrous
acetone, (0.02 mol, 5.96 g) 3,4-dibromobenzoyl chloride, (0.02 mol, 2.76 g) 4-nitroaniline,
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Yield (%) 74; Color Grape; m.p 104 °C; FT-IR (powder, cm™): 3383 (N-H), 3131 (C-Haromatic),

3016 (C-Haiiphatic), 1652 (C=0), 1494 (C=C), 1284 (C=S), Elemental Anal. Calcd (%) for

C14H9Br2N3OsS: C, 36.62; H, 1.98; N, 9.15; S, 6.98. Found (%): C, 36.51; H, 2.13; N, 9.20; S,

7.06.

D. General protocol to prepare thiourea metal complex

(0.001 mol) metal salt solution in methanol was added dropwise into the solution of

corresponding acyl thiourea (0.002 mol) dissolved in 30 mL methanol in 1:2 ratios at approx

50-60 °C. The resulting solution was stirred for 24 hours. Formed product was filtered, dried

and recrystallized.

E. Synthesis of Bis(1-(3,4-dichlorobenzoyl)-3-(4-fluorophenyl) thioureato) Ag(l) (C1)
Quantities used were (0.002 mol, 0.686 g) 1-(3,4-dichlorobenzoyl)-3-(4-fluorophenyl)
thiourea, (0.0013 mol, 0.167 g) silver acetate, (40 mL) methanol, Yield (%) 75; Color Brown;
m.p 231 °C; FT-IR (powder, cm™): 3143 (N-H), 2801 (C-Haromatic), 2747 (C-Haiiphatic), 1642
(C=0), 1479 (C=C), 1271 (C=S), Elemental Anal. Calcd (%) for C2sH18AgCIlsF2N40,S>: C,
42.34; H, 2.28; Ag, 13.58; N, 7.05; S, 8.07. Found (%): C, 42.15; H, 2.11; Ag, 13.62; N, 7.10;
S, 8.03.

F. Synthesis of Bis(1-(3,4-dibromobenzoyl)-3-(4-nitrophenyl) thioureato) Ag(l) (C>)
Quantities used were (0.002 mol, 0.918 g) 1-(3,4-dibromobenzoyl)-3-(4-nitrophenyl)
thiourea, (0.001 mol, 0.167 g) silver acetate, (40 mL) methanol, Yield (%) 69; Color Orange;
m.p 136 °C; FT-IR (powder, cm™): 3093 (N-H), 3126 (C-Haromatic), 2998 (C-Haiiphatic), 1645
(C=0), 1487 (C=C), 1269 (C=S), Elemental Anal. Calcd (%) for C2sH1s8AgBrsNsOseS>: C,
32.77;H,1.77; Ag, 10.51; N, 8.19; S, 6.25. Found (%): C, 32.80; H, 1.75; Ag, 10.47; N, 8.23;
S, 6.19.

BIOLOGICAL ACTIVITY
A. Antifungal Activity
Prepared thiourea ligands and its metal complexes were applied on different fungicides like
Aspergillus fumigates, and  Aspergillus flavus to check their fungicidal activity. To check
activity test sample (2 mg) of each was dissolved in (CH3)2SO separately. To prepare culture
media sabouraud dextrose agar (6 g) was mixed in distilled H.O (80 mL) with 5.6 pH value.
10 mL of above solution was taken in test tube plugged with cotton kept in autoclave at 121 °C
for 20 minutes. Then tubes were cooled and 70 pL solution of test sample was added in it.
Tubes were placed in oblique position for coagulation. Slants of test tubes were set for each
fungal strain. Tubes containing solidified medium with test sample was injected with 5 mm
width diameter of inoculumns resulted from 7 days old culture media. To test each sample, one
test tube was setup used as a +ve control. Slants having no test sample was used as a —ve
control. Tubes were refluxed at 28 °C for 7 days and linear length was measured for
determining fungus reproduction. With reference to control inhibition of fungal growth was
calculated.
Following formula was used to calculate fungal growth inhibition:

Linear growth in test(cm)

Fungal growth inhibition = — . X 100
ungal growth mnipition Linear growth in control (cm)
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B. Antibacterial Activity

Prepared thiourea ligands and its metal complexes were applied on different bacterial strains
like Enterobacter aerogenes, Salmonella typhimurium, and Micrococcus luteus. Initially
bacterial strains were cultured in nutrient for 18 hours and standardized to 0.5 McFarland
turbidity scale. 2.3 g nutrient agar (MERCK) in 100 mL distilled H>O was dissolved at 7 pH
value to prepare medium, placed in autoclave and down its temperature to 45 °C and then
sowed. 75 mL seeded nutrient medium was used to prepare triplicates and allowed to solidify.
To bore wells into agar sterile cork borer having diameter 6 mm was used. Test sample (100
uL) was injected into wells at room temperature and kept for 2 hours at 37 °C. After plates
incubation zone’s diameter was determined and observed effects was compared with +ve
control (penicillin). % Inhibition of test sample was calculated relative to +ve control by
following formula.

Relative % inhibition of test compound = 100-(x-y) (z-y)

X=total area of inhibition of test sample Z= total area of inhibition of solvent

RESULT AND DISCUSSION

Chloro group of acid halide is substituted by thiocyanate group of KSCN. The thiocyanate
rearranges itself resulting in the formation of isothiocyanates. H* from aniline shifted to N of
isothiocyanates forming respective thiourea.

A. Solubility data of thioureas and Ag complexes

Solubility of each ligand and its complex was checked in different solvents as presented in
table 2. Prepared compounds are soluble in polar solvents but insoluble in non-polar solvents.

TABLE Il. SOLUBILITY DATA OF THIOUREAS AND METAL COMPLEXES IN DIFFERENT SOLVENTS

CODE Metha Benzen Diethyl Dichloro Tetrahyd n-

ne e ether methane rofuran hexane
L \ Soluble Insoluble Insoluble Soluble Soluble Insoluble
L, \ Soluble Insoluble Insoluble Soluble Soluble Insoluble
Ci \ Soluble Insoluble Insoluble Soluble Soluble Insoluble
C \ Soluble Insoluble Insoluble Soluble Soluble Insoluble

B. Physical data of thioureas and Ag complexes

Physical data such as molecular mass, melting point, colour and percentage yield of all the
prepared compounds were calculated and determined as given in table 3.

TABLE IIl. PHYSICAL DATA OF THIOUREAS AND METAL COMPLEXES

CODE Formula Mol.  mass M.P Color Yield
(9/mol) (’C) (%)

L ‘ C14HoCIFN2OS 343 170 Mustard 71

Lo | CuHoBraNsOsS 459 104 Grape 74

C: ‘ C28H18AgCI4F2N4OZSZ 794 231 Brown 75

C2 ‘ ngngAgBMNsOsSz 1026 136 Orange 69

CHARACTERIZATION TECHNIQUES
Synthesized thiourea ligands and silver complexes were characterized by Elemental analysis,
and FT-IR spectroscopy.

29



6™ Pak — Turk International Conference on Emerging Technologies in the field of Sciences and
Engineering, May 4 — 6, 2023, Karabuk University, Karabik, Turkiye

A. Elemental Analysis

Calculated values of C, H, N, S, and Ag were very close to obtained values that confirms the
completion and formation of desired product as shown in table 4 for ligands and table 5 for
metal complexes. Results obtained also verifyl:2 ratios metal ligands coordination in
complexes (C).

TABLE IV. ELEMENTAL ANALYSIS DATA OF LIGANDS (L1-L>)

LIGANDS Calculated Values (%) Observed Values (%0)

(Li-Lo) ‘ C H N S C H N S
C14HoCIFN.OS ‘ 48.99 2.64 8.16 9.34 49.12 251 8.20 9.43
C14HoBraN3zOsS ‘ 36.62 1.98 9.15 6.98 36.51 2.13 9.20 7.06

TABLE V. ELEMENTAL ANALYSIS DATA OF THIOUREA COMPLEXES (C1-C>)
COMPLEXES Calculated Values (%) Observed Values (%0)
(C-Co) C N S Ag H C N S Ag H

C2sH1sAgCIl4F 4234 7.05 807 1358 228 4215 7.10 803 1362 211
2N4O:2S
C2sH1sAQBr, 3277 819 625 1051 177 3280 823 6.19 1047 1.75
NsOsS2
B. FT-IR Spectroscopic Study
FT-IR spectrum was analyzed between 4000-400 cm™. Frequencies (stretching and bending)
of certain bonds observed in prepared thiourea ligands and its silver complexes are presented
in the table 6.
C. FT-IR result of thiourea ligands and Silver complexes
TABLE VI. FT-IR RESULT OF THIOUREA LIGANDS AND SILVER COMPLEXES

CODE N-H C-H C-H C=0 c=C C=S
PEAK (AROMA (ALIPH
TIC) ATIC)
Ly 3166 2822 2754 1650 1485 1282
L, 3383 3131 3016 1652 1494 1284
C: 3143 2801 2747 1642 1479 1271
C 3093 3126 2998 1645 1487 1269

Different peaks such as N-H, C=0 and C=S of thioureas were compared with their silver
complexes. FT-IR spectrum of ligand 1 and 2 show N-H peak appear at 3160 cm™ and 3387
cm respectively. For C=0 peaks appear between 1645-1655 cm™ and for C=S peaks appear
between 1278-1286 cm™. Thiourea is monodentate ligand so coordinates with silver ion via
sulfur atom and because of these complexation of sulfur of thiourea with metal cation certain
peaks will shift that indicates formation of thiourea complex. The C=0 peak in complexes
shifts to lower value due to weak interaction of oxygen with Ag* and results in stability. The
C=S peak in complex also shifts to lower value that indicates complexation of thiourea with
silver ion via sulfur atom. The peak shift confirms the synthesis of complex. For thioureas N-
H peak appears between 3166-3383 cm™, C=0 peaks appear between 1650-1652 cm™ and C=S
appears between 1282-1284 cm™. However, for complexes N-H peaks appear between 3137-
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3085 cm™*, C=0 peaks appear between 1638-1650 cm™ and C=S peaks appear between 1265-
1275 cm™,

BIOLOGICAL SCREENING

Thiourea ligands and their Ag(l) complexes were compared for their biological activity. In order
to do this, penicillin was used as +ve and (CH3).SO as —ve control. Values lies from medium
to good activity for each strains. Comparison shows that presence of metal enhances the
antimicrobial activity of complexes as compared to ligands. Upon complexation polarity of
metal centre decreases and lipophilicity of metal centre increases results the penetration of
complexes into lipid bilayer membrane of microorganisms. The results showed that 1-(3,4-
dibromobenzoyl)-3-(4-nitrophenyl) thiourea Ag(l) complex has efficient antibacterial activity
due to the presence electron donating bromide groups that increases the lipophilicity of metal
centre and hence enhances its antimicrobial activity. Results of antibacterial and antifungal
activity are presented in table 7 and 8 respectively.

TABLE VII. ANTIBACTERIAL DATA OF SYNTHESIZED COMPOUNDS AND STANDARD DRUG

CODE Salmonella Micrococcus Enterobacter
Typhimurium Luteus Aerogenes

L. 12.9+£0.33? 11.5+0.58 08.3 £ 0.60

L. 16.3+£0.33 18.1+0.33 15.2 £ 0.63

Ci 15.1£0.58 13.6 +£0.58 11.8+£0.33

C 18.7£0.33 20.1 £ 0.60 15.8 £ 0.63

PC 26.3+0.33 27.3+0.33 20.3£0.67

PC=Penicillin (Img/mL) Penicillin (Terbinafine) was used as standard drug for +ve control and
DMSO was used for -ve control.
&Zone of inhibition = mm

TABLE VIIl.  ANTIFUNGAL DATA OF SYNTHESIZED COMPOUNDS AND STANDARD DRUG
CODE Aspergillus Fumigates Aspergillus Flavus
L. 5.70 £ 0.03? 38° 5.03 £ 0.09 42
L> 5.32+£0.33 45 4.32+0.33 49
C: 4.31+£0.70 47 4.21+0.09 52
C, 4.49 £ 0.57 53 2.90 £0.07 60
TERBINAFINE 0.89 +0.03 92 0.83+0.01 92

As standard drug Terbinafine was used as +ve and DMSO as -ve control.
8Fungal growth = mm
bZone of inhibition = %

CONCLUSION

Two new 1-(3,4-dichlorobenzoyl)-3-(4-fluorophenyl) and 1-(3,4-dibromobenzoyl)-3-(4-
nitrophenyl) thiourea ligands and their Ag(l) complexes have been prepared during this
research. The ligand and its complexes were then characterized by FT-IR. The ligands and
complexes are in good yield and stable in air. In these complexes benzoyl thiourea acts as
monodentate ligand coordinating with silver metal via S atom and exhibit linear geometry of
silver. Biocidal activities were investigated which indicate complexes show greater activity
than that of their organic ligands.
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Abstract— Nowadays, CyberKnife® radiosurgery systems are commonly used in treatment plan.
Herein, we have investigated this application by comparing the irradiation of all metastases at once and
the protocols of irradiation of metastases separately in multiple brain metastases. We have used new
the three-dimensional (3d) head phantom; multiple brain metastases were determined over the spaces
where the luminescence (OSL) dosimeters with BeO were placed. Computed tomography (CT) images
of the head phantom were taken, tumors and 3 critical organs were drawn (contouring) on the image. In
the treatment planning system, the dose was written, and irradiation plans were created to be done
separately with a single irradiation. As a conclusion, a single plan was more reliable in terms of duration.

Keywords— Cyberknife System, Multiple brain metastases, Treatment time

INTRODUCTION

Treating brain cancer, including primary and metastatic brain tumours, is one of the most
challenging areas in oncology. One of the difficulties encountered is the anatomical localization
of the tumour, and the other is the presence of multidrug resistance. Brain metastases, due to
differences in drug sensitivity between primary and metastatic tumours, often exhibit a weak
response to chemotherapy [1]. Therefore, whole-brain radiation therapy (WBRT) has been
commonly used as the primary treatment for brain metastases, which involve the spread of
cancer from other parts of the body to the brain. With advancements in surgical techniques,
radiosurgical treatments, and systemic therapies, multidisciplinary and multimodality
approaches are increasingly being utilized in the management of brain metastases [2]. In recent
years, stereotactic radiosurgery (SRS) has become a standard treatment option for patients with
a limited number of brain metastases and has shown effectiveness in cases with four or more
brain metastases [3]. Ongoing research aims to determine the most effective approach for using
CyberKnife® in the treatment of multiple brain metastases. The purpose of this study is to
compare the outcomes of individually fractionated and single-session treatment radiation plans
for multiple brain metastases using the CyberKnife® device in terms of duration of care.

MATERIAL METHODS

The CyberKnife® system (Accuray Inc., Sunnyvale, Calif., USA), developed at Stanford in
the 1990s, consists of a 6 MV linear accelerator mounted on an industrial robot (Kuka,
Augsburg, Germany), without a flattening filter. The patient bed can be either conventional or
robotic. In the treatment room, there is a ceiling-mounted X-ray imaging system with two
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cameras directed obliquely towards amorphous silicon detectors integrated into the floor. This
imaging system allows for near real-time determination of the patient's position using live
images and is used to correct patient motion during treatment. Thus, active image guidance is
performed during the delivery of treatment. Typically, the system performs imaging every 3-5
beams or every 20-60 seconds depending on the patient's condition [4, 5].

In this study, the comparison of treatment durations for individually fractionated and single-
session radiation of multiple brain metastases is conducted using the CyberKnife® treatment
device (Figure 1). A 128-slice GE Revolution Evo Model CT scanner located at Medicana
International Ankara Hospital was used to obtain computed tomography (CT) scans with a
newly produced thermoplastic mask placed on a phantom (Figure 2a and 2b). The acquired CT
data was then transferred to the multi-plan treatment planning system. Contouring of each
metastasis and critical organ was performed. Treatment plans were created using 6 MV photon
beams with a 10 mm collimator, delivering a dose of 100 cGy to the target. The tumor locations
in the phantom consisting of 20 slices are as follows: Tumor 1 at the 4th slice, Tumor 2 at the
6th slice, Tumor 3 and Tumor 4 at the 7th slice, Tumor 5 at the 8th slice, and Tumor 6 at the
15th slice. Dose Volume Histogram (DVH) graph of the 2™ metastasis tumor in a single
treatment plan is demonstrated in Figure 3.

3

N -

S
e =

Figure 1. CyberKnife® Device
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Figure 2. a) Phantom produced by a 3D printer b) Placing a thermoplastic mask on the phantom
produced by a 3D printer.
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Figure 3. DVH graph of the 2rd metastasis tumor in a single treatment plan (obtained from the
Multiplan treatment planning system).
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Table 1. Total duration comparisons of single and separately made plans.

Plan Name Approximate Treatment Time (min.)
Tumor-1 18 minute

Tumor-2 20 minute

Tumor-3 19 minute

Tumor-4 16 minute

Tumor-5 18 minute

Tumor-6 19 minute

One Plan 70 minute

Individual plan total | 110 minute

In our study, the durations for planning 6 brain metastases in the head phantom were calculated
by the Multiplan treatment planning system and presented in Table 1. While separate treatment
plans were created for each tumor, the irradiation time ranged from 16 to 20 minutes. The
average total irradiation time was 110 minutes. In contrast, when a single treatment plan was
used, the average irradiation time was 70 minutes. The comparison of average durations
revealed that separate planning required an additional 40 minutes of irradiation time compared
to a single plan.

RESULTS

The choice of treatment approach depends on various factors such as tumor characteristics,
patient preferences (condition), and the overall clinical context. In our study, the use of a single
plan for irradiating multiple brain metastases was considered more advantageous in terms of
treatment duration compared to separate planning. The ability to complete the treatment in a
shorter time allows the patient to return to normal life more quickly. However, it should be
taken into consideration that separate irradiation may result in less exposure of healthy tissues.
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Abstract—Nuclear beta decay includes properties of the weak, strong, and electromagnetic forces and
has provided more information about these fundamental building blocks of the nucleus than any other
nuclear process [1]. Due to the L orbital angular momentum carried by the beta (f) particle and the
neutrino, S decay is classified as allowed (L=0), first forbidden (L=1). The selection rules for allowable
beta decay are total angular momentum change, £1 and no parity change between initial (decaying) and
final (populated) states [2]. The Gamow-Teller (GT) transition is one of the nuclear weak processes of
the spin-isospin (o7) type. Spin-isospin excitations in nuclei, especially Gamow-Teller (GT) excitations,
are important for the investigation of nuclear structure [3]. Gamow—Teller transitions are important in
many astrophysical processes: they govern, for example, electron capture during the core collapse of
supernovae [4]. The 8 logft value of 1%Tc to the ground state of Ru-100 is known from the half-life and
decay branch to the ground state [5]. In this study, Gamow-Teller transition properties of Tc-100 nuclei
were investigated by Pyatov method within the scope of proton-neutron Quasiparticle Random Phase
Approximation (pn-QRPA) formalism. Our calculations were based on the Woods-Saxon (WS)
potential. The obtained logft value was compared with the data in the literature and discussed.

Keywords— Beta decay, Gamow-Teller transition, pn-QRPA, Pyatov Method, Woods-Saxon potential

INTRODUCTION

The weak interaction is one of the four fundamental forces found in nature. It plays an
important role in many astrophysical processes such as strong, electromagnetic, and
gravitational forces. During the final evolution of a massive star, electron capture, and beta
decay occur as Fermi and Gamow-Teller (GT) transition [6]. Beta decay can be defined as a
nuclear decay process in which the mass number (A) of the nucleus remains the same and the
atomic number (Z) changes. Beta decay studies provided insight into the fundamental
properties of nuclear structure and helped researchers better understand the interactions
between nucleons and the structure of the nucleus [7]. The Gamow-Teller (GT) transition is
one of the most prominent nuclear weak transitions of the spin isospin (et) type. Transitions
of GT with AJ™ = 1% are mediated by a single operator o7, so it has no orbital angular
momentum transfer (AL = 0) and spin-isospin flip type (AS = 0 and AT = 0). Therefore,
GT + transitions are of T, = +1 type, where T, is the third component of isospin T given by T
= (N-2)/2 [8]. This state is a pure Gamow-Teller type transition that takes place and is allowed
between nuclear states characterized by spin and parity (1*) — (0%). In this article, we
investigate the properties of beta decay of %®Tc by considering new theoretical and
experimental results.
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THEORETICAL FORMALISM

In this study, the supersymmetry property of the terms is restored using the Pyatov method by
including the coupling interaction in the nuclear part of the total Hamiltonian. Restoration is
done in quasi-particle space. The schematic model Hamiltonian does not include the term ho
for GT excitations in quasi-particle notation, considered in the following form:

HSM = Hqu + hph + hpp (1)

where Hsqp IS the single quasi-particle (sqp) Hamiltonian, hpn and hpp are GT-acting interactions
in particle-hole (ph) and particle-particle (pp) channels, respectively. The effective interaction
constants in the ph and pp channels are fixed from the experimental value of the GTR energy
and the B-decay log ft values between the low energy states of the parent and daughter nuclei.
The supersymmetry property of the matching part in the total Hamiltonian was restored
according to the Pyatov method. Certain terms invariant with the GT operator were subtracted
from the total Hamiltonian, and the commutativity of the remainder, which was disrupted by
the shell model mean-area approximation, was restored by adding an effective interaction term
ho as follows [9-10]:

[Hom — (hpn + hpp) = (V1 + Ve + Vig + ho, GE)] = 0 )
or
[qup —V; = Ve — Vg + hy, Gliu)] =0 (3)

where V1, V¢, and Vs are the isovector, Coulomb, and spin-orbit terms of the shell model
potential, respectively. According to the quasiboson approximation, the GT operator in
quasiparticle space is given as:

G = ) [BupClp (i) + (—1)"*Hby,Cop (-0, )
np
GI,, = [Gr,]* (5)

where Ggp(u) and Cnp(p) are the quasiboson creation and annihilation operators. The total
Hamiltonian of the system with respect to PM is given as:

HPM = Hqu + hph + hpp + ho. (6)
The f* reduced matrix elements are given by

- 2
B (wy) = Z|M;3i(o+ 19| (7)
w
The p* transition strengths (S*) must fulfill the Ikeda sum rule (ISR).

St = 2 B (wy) (8)

1
ISR = SO) — S =~ 3(N - 2). (9)
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The ft values for Gamow-Teller transitions are as follows:

(ft)[ﬁ = D

ga\’ T
(g—ﬁ) AnBer(I; > Ir, BF)

(10)

RESULTS AND DISCUSSION

The GT strength distribution for the Tc-100 nucleus was calculated beta-decay direction. The
B-decay logft value was also estimated using the pn-QRPA theory. Our calculation is done
without the quenching factor. For open-shell nuclei, the pair correlation function was chosen
as Cp, = C, =12 /VA. Restoration of the supersymmetry property of the pairing interaction is
physically important [11]. The energies were calculated from the ground state of the daughter
nuclei in the calculations. The basis used in the calculations included all neutron-proton
transitions that change the radial quantum number n by An =0, 1, 2, 3. The reliability of our
foundation was tested by calculating the lkeda sum rule (ISR). Table 1 and Table 2 show a
comparison of our calculated values of ISR with the theoretically predicted values. Figure 1
shows the decay of Tc-100. The 1* excited states in the low-energy region are composed of
proton—neutron quasiparticle transitions with Ay = 0, and these transitions are weakly
collectivized. The 1" excited state with the biggest Bsr value in the spectrum is accepted as the
GTR state. The obtained results in both methods were compared with each other and with the
corresponding experimental data. The £ transition logft values calculated by Pyatov and
schematic methods were found close to the experimental values.

109Tc > P%Ru+ e +v

1+ 0.0

193Tcsy Logft (PM) = 4.523

Q(gs) = 3206.4 keV Logft (SM) = 4.511

Logft (exp)=4.598 | (%) =93.29

B~ =99.9982 (%)

0+ 0.0

100
24RU5¢

Figure 1. The Tc-100 decay scheme from taken NUDAT [12].

Table 1. Logft values for Tc-100 nucleus.

Nucleus | Logft (exp.) Logft (PM) Logft (SM)
Tc-100 4.598 4.523 4.511

Table 2. ISR values for Tc-100 nucleus.
Nucleus | ISR (theoretical) ISR (PM) | ISR (SM)
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Te-100 42 41.891 41.788
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Abstract — The aim of this work is to present an analysis of the 2~ — 0% B-transition from K-44 by
Pyatov Method (PM) within the formalism of proton-neutron Quasiparticle Random Phase
Approximation (pn-QRPA). The ground states of K-44 (J* = 27) populate the ground states of Ca-44
with J® = 07, through unique first forbidden -decay with logft =9.474 + 0.005 and 9.61 + 0.68,
respectively [1]. The theoretical basis consists of the proton-neutron half-particle random phase
approximation (pn-QRPA) in the particle-hole (ph) channel. Transition probabilities based on Woods-
Saxon potential were calculated. As a result of the calculations, the unique first forbidden B-decay logft
values were found to be in better agreement with the experimental data.

Keywords — Beta decay, ULF transition, pn-QRPA, Pyatov Method, Woods-Saxon potential

INTRODUCTION
Beta decay can be further categorized based on the J (angular momentum) and S (total spin)

of the emitted radiation. The conservation of momentum, including total angular momentum,
orbital angular momentum, and spin angular momentum, is a crucial requirement for 3-decay.
This process involves quantum-level transitions to distinct states of nuclear angular momentum
(J) or spin (S), which are commonly referred to as Fermi and Gamow-Teller transitions. The
forthcoming section will cover the topic at hand. The decay classification of a particle is
determined as either allowed or forbidden based on whether its constituent element particles
possess zero angular momentum (J=0) or not. The fewer common modes of decay are
commonly known as double beta decay and bound-state decay.

Particles emitted through B-decay with a spin (S) value of S=0 and anti-parallel orientation are
referred to as Fermi decay [8]. The decay process characterized by zero units of orbital angular
momentum and parallel spin is commonly referred to as allowed Fermi decay. In the context
of Fermi decay, it can be observed that there is an absence of nuclear spin when the difference
in angular momentum quantum numbers, denoted as AJ and calculated as the absolute value of
the difference between Ji and Jj, is equal to zero. The operator for the nuclear art in the non-
relativistic limit of Fermi transitions is expressed as follows [2]:

Ur=GA X OqTes 1)
The Gamow-Teller transitions involve a weak axial vector coupling constant denoted as Ga,
where o represents the Pauli spin matrices, and the remaining terms carry their conventional
meanings. -decay transitions are a commonly observed form of decay among various other
types. Another potential scenario to consider when examining [ transitions involving
conditions such as AJ>1 or opposite parities between initial and final states is the classification
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of such transitions as forbidden. In order to achieve parity transition, it is necessary for the
¢ and v be emitted with an odd orbital angular momentum of the nucleus. Decays that are
forbidden with a limit of J=1 are commonly referred to as First-Forbidden (FF) decays. Fermi-
type decays exhibit the characteristic of having electrons and neutrinos with spin orientations
that are anti-parallel to each other (S=0), similar to allowed transitions. The selection rules for
the First Forbidden decays are limited to AJ values of 0, 1, and 2 [2]. While the mechanism
underlying B-decay is well comprehended, generating a reasonable quantitative depiction of -
decay remains a formidable challenge. The resolution of the quantum many-body problem
poses a persistent challenge across various fields of physics. The utilization of the proton-
neutron quasiparticle random phase approximation (pn-QRPA) model, which was initially
proposed by Halbleib and Sorensen [3], has yielded noteworthy advancements.

The pn-QRPA model can be utilized to facilitate the introduction of charge-changing
transitions, such as (A,Z)—(N+1,Z+1). The B-decay of nuclei, known as the unique first
forbidden (U1F), is a topic of significant interest due to its reliance on a sole matrix element,
namely (o, t3). The U1F decay strength in light nuclei exhibits an approximate theoretical
strength of 102, as reported in reference [4]. Insufficient precision in measuring a limited
number of cases has hindered the determination of a comprehensive pattern in heavier nuclei.
The study conducted by [5,6] presents findings on two distorted nuclides that exhibit
unexpectedly rapid U1F transitions. A recent analysis by Bosch et al. [7] examined the B-decay
of 144pr. The investigation of the unique 0'—2" and non-unique 0"—0" p-transitions through
experimental and theoretical means has revealed that the recent empirical findings can be
accounted for without the inclusion of induced pseudo tensor terms. Nevertheless, the precision
of these measurements has been insufficient to verify any conjectured value for the induced
pseudoscalar constant. The study conducted by Homma and colleagues [10] on the B-decay
properties of unique first-forbidden (U1F) and the microscopic calculations of allowed weak
interaction rates using the pn-QRPA model [8,9], were carried out under terrestrial conditions,
and have contributed significantly to the advancement of knowledge on the r-process. As
demonstrated in reference [10], U1F transitions were found to make a greater contribution to
the overall transition probability of nuclei that are near-stable and near-magic. As per Borzov's
B-decay investigations [11], the exclusive utilization of the "allowed" [3-decay approximation
is insufficient in explaining the isotopic variation of the B-decay properties, particularly for the
nuclei that traverse the closed N and Z shells.

The "forbidden transitions” play a significant role in determining the overall "half-life" for the
nuclei that cross the closed shells, particularly for N < 50 in the 78Ni area. A recent study
conducted a large-scale shell-model calculation of the half-lives of r-process waiting-point
nuclei, which included first-forbidden contributions. This was documented in reference [12].
The purpose of this paper is to provide a detailed study of the 22—0" B-transition in K-44
nucleus. Through unique first forbidden -decay, with logft = 9.474 + 0.005 and 9.61 + 0.68,
the ground states of K-44 J"=2", populate the ground states of Ca-44 J*=0", [1]. The theoretical
foundation is the particle-hole (ph) channel implementation of the proton-neutron half-particle
random phase approximation (pn-QRPA). The Woods-Saxon potential was used to determine
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the probability of each transition. Compared to the experimental data, the calculated "unique
first forbidden™ -decay logft values are more in line with.

Formalism

The Hamiltonian responsible for providing the vibrational modes (U1F - rank 2) that are
dependent on spin and isospin in odd-odd nuclei within the pn-QRPA(WS) model has been
specified as follows:

ﬁ:ﬁsqp+ﬁph (2)
the single quasi particle (sqp) Hamiltonian of the system is given as follows

Hygp= i i, Jmt o jom, 3)

The symbols ejrand ocj*mrocjtmt denote the nucleon single quantum particle energy and the

operators for creating or annihilating quasi-particles, respectively. The Eph represents the

effective interaction of spin-isospin for ULF transition in the particle-hole (ph) channel. It is

typically expressed as:
2x,

fepn = pr{ i jp prn(’”‘”( DA by, Ay (A= 1)} ¢
{5, g, o1 By A (o)} 4)

The symbol x, represents the effective interaction constant. The quasi-boson creation and
annihilation operators, denoted Aj+ pjn(xu)and A lA}jﬁ(ku), respectively, are defined as follows.

A;rpjn()\'u): 2]1 Zm m, (- l)J n <_]nmn;\‘ul_]pmp> (ijmp(ljtlmn (5)
. i
(A} =5 o (6)

The reduced matrix elements of the non-relativistic multipole operators, denoted as bjpjnand

ij]-n, can be defined as follows:

bJpl - <jp(lpsp) In {Y (rk)c(k)}Zp”jn(ln Sn)> Vijjp @)
= {5, (130 Y1 (10009, G V3 U, ®)

The standard BCS occupation amplitudes are denoted by U (jp) (U(jn) and V(jp ) V(jn).

Y, denoted by Spherical Harmonic operator. In the pn-QRPA(WS) model, it is possible to
linearize the Hamiltonian equation (1). Therefore, the process of charge exchange involving
the transfer of two electrons can be represented as 2”+.The excitation of vibration modes in
odd-odd nuclei is commonly attributed to phonon excitations and can be characterized by a
specific set of parameters.

D=QI (0105 ; {ut; (WAL (0! A (a0} 0) ©)
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- + - -

The expression Q, (w) represents the creation operator for pn-QRPA phonons, while |0)

denotes the phonon vacuum that corresponds to the even-even nucleus’ ground state and

executes the given operation. For all i, Q,(w)|0)=0. The quasi-boson amplitudes W} j, (W and
p

q)J? j, (), correspond to the forward and backward directions, respectively. The commutation
p
relations are satisfied by the phonon operator.

(0][i09.9 @] 0) =33, and {0 [[Qw.u6m]] 0} =0

The quasi-boson amplitudes \y}pj (n) and (p;pj () satisfy the orthonormalization condition

>,

o (P 0 G001 (0L (0} =038 (10)

Solving equation of motion

[H,Q (w]10)=0;Q; (w)|0) (11)

The variable o; denotes the 2-excitation energy in the ith odd-odd nucleus, measured from
the ground state of the corresponding parent even-even nucleus. The equations for pn-
QRPA(WS) are expressed in the following forms:

szjnjpvjnvu {pjpjnjp-jn-"’}pjn(”)'”j pjnjp,jn,@j pjn(u)} =0y, (1) (12)
szjnjp'jn'u {njpjnjp'jn'\Vjpjn(u)-pjpjnjp'jn'(p}pjn(u)} :(Di(Pjpjn(H) (13)

Consequently, the matrices P andn. .. . correspond to the pn-QRPA(WS).

phndpiy iy

Ppindpdn=Ei i, 10, 8 2% {bjpjnbjpvjnv +'5jpinjn5j'jn,} (14)
_ r - -

My~ 222D {03,815, b15,51,) (15)

The expression E;yi,=¢j,+¢;, represents the energy of a single particle. The excitation energies
o; and amplitudes \Il;pj (“)’(p}pi () can be obtained from equations (10), (11), and (12).

B-DECAY OPERATOR AND TRANSITIONS PROBABILITY IN THE PN-QRPA
(WS) MODEL

The first forbidden B-Decay transitions can be defined in terms of multipole operator. For the
transitions 2"—0 " these are

Mg =MT (I K=10=2,10) = g, 330 (Y1 (r) o)y (16)
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ME%FZMWJA,KZI,X:Z,M) is the non-relativistic unique first forbidden B-Decay multipole

operator. All symbols have their usual meanings. The transitions probability B(I,—1; [f) IS
described by the reduced matrix element of the multipole operator equation. (16). Thus, we
may write

- 2
B(I,—I,p7)= ey (IIM* (G, k=12=2)] L) (17)

The reduce matrix elements <2; HMBx I 0*>within the framework of the pn-QRPA(WS) method

are given as
(2ilMy-(i0]0")=(0" [Q oMy 2= {b5, v G0+ By 0! o} (18)
(2iIM]0" 0" [QoMpoll2) =5 ; 8 f by, vty (b0l ) (@19)

Transitions with A=n+1 are referred to as unique first forbidden transitions [21], and the ft

values are expressed as
D (2n+1)!!

ft) 5= _ 20
(D (2a/gy) 4mB(1— 1™ ) [+ D! Tn! (20)
T[3 3
D=2 _ 6250sec, A= 1254
gymeC gy

RESULTS AND CONCLUSION

The unique first forbidden U1F (]A]| = 2) transition by using the pn-QRPA model with the
Woods-Saxon (WS) potential basis was considered in this work. In numerical calculation done
by the FTN77 programme.

K > 3Ca+ e +v

2- — 0.0
19K25

B~ = 100 (%) Logft (SM) =9.27

(%) 1= 34% Logft (exp)=9.64

Q(gs) = 5687.38 keV

0+ 0.0
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Figure 1. The &K decay scheme from taken NUDAT [13].
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Abstract— The popularity of solar energy has increased recently due to its clean and renewable nature
and increasing energy demand. The solar module, which converts solar energy into electricity, is one
of the main elements of the solar energy system. Micro cracking, one of the problems of solar modules
regardless of cutting technologies, is a phenomenon that develops on the surface of solar modules when
the solar module is exposed to mechanical stress or temperature fluctuations. Micro cracks can have a
major negative impact on the conversion efficiency, power efficiency, and lifetime of solar modules. In
this study, the effects of micro-cracks on solar module efficiency are described.

Keywords — Micro crack, solar module, effect of micro crack, type of micro crack

INTRODUCTION

The impact of a micro crack on a solar module's power production might differ based on several
variables, including the crack'’s size and location, the solar cell technology employed, and the
surrounding environment. In general, a solar module's power output may be reduced by a
micro-crack on it. The severity of the crack and the electrical connection of the injured solar
cell or cells determine how much power is lost 0. Micro cracks have the potential to produce
concentrated regions of high resistance, which would restrict the passage of electrical current
and limit the module's power output. Depending on the crack's severity, the power loss can be
anything from a few percent to 50% or more. Micro cracks may not always have a substantial
impact on a module's power production, especially if they are small and do not interfere with
the electrical connections between the cells. It is crucial to keep in mind that micro-cracks may
potentially result in long-term reliability problems, including heightened susceptibility to more
cracking, degradation, and potential module failure.

MICRO-CRACK EFFECTS
Micro cracks on a solar module's surface can have several detrimental impacts 0, including:

A. Decrease in efficiency

Micro cracks can also reduce the efficiency of the solar module by causing the affected solar
cells to operate at a lower level than the rest of the cells in the module. A solar module's capacity
to convert sunlight into energy may be hampered by a crack, which can also result in a reduction
in efficiency. The size and location of the crack will determine how much the efficiency is
reduced. A break could let moisture enter the module, leading to short circuits and corrosion.
Additionally, it may result in the module's cells becoming out of alignment, which can lower
energy output. In addition, if the cracked cell is in the module's front glass, it might allow dirt,
dust, and other particles to get inside and build up, which would further cut down on the
quantity of sunlight that reaches the cells.
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= T
Fig. 1 Standard Module EL Fig. 2 |\/|ICI’O crack Module EL

The efficiency of a solar module is defined as the ratio of the output power to the input power
(from the sun). If the power output of a module is reduced due to micro cracks [3], the
efficiency of the module will also decrease. The amount of efficiency loss depends on the
severity of the crack and the electrical connectivity of the affected solar cell(s). Any standard
module given in Fig. 1 can supply nearly theory power, but some modules can have power lost
with some problems. That power and efficiency loss generally depends on the micro cracked
module in Fig. 1 we can see how can become a micro effect visual defect in module design [4].

Table 1. Power difference between cracked and standard module EL table

Module | Cellgta| " | TheOrY Iy,oenn lise(a) |vm(v) [Im(A) |PMax | LossEff
Power | Power

Fig.4 23,2 7,69 553,68 49,7969 13,6928 40,412 |13,701 |553,683|0,0012%
Fig.5 23,2 7,69 553,68 |48,4046|13,8782|37,6118]13,8442 520,705 |-6,33%

In general, the efficiency loss due to micro-cracks can range from a few percent to as much as
50% or more. The loss of efficiency in micro-cracked modules is given in Table 1. Standard
modules can supply nearly theory power, but micro-cracked modules have nearly %6,33
efficiency loss.

B. Increased degradation

Micro cracks can lead to increased degradation of the solar module's performance over time,
which can shorten its lifespan. Although micro-cracks are not noticed at the time of production,
they may cause greater deterioration and power losses in the future. It is possible that some
micro that are invisible and point-shaped in EL analyses during the production phase may
progress with the effect of pressure and temperature, leading to larger fractures. The products
assembled during the production phase may progress with the effect of pressure and
temperature, as well as cause some problems. Fig. shows the increment of the micro-crack
after a certain time, which should have a worse effect on yield.

FETENAY. ¥ Y 4.E

Fig. 3 In production time small micro-cracks and after production mounting micro-cracks

C. Reduction in output power

Micro cracks can cause a decrease in the output power of the solar module by reducing the
amount of light that can be absorbed by the solar cells. Another effect of micro-crack is
observed as excessive decreases in Pmax value. In Table 1, it is shown that the micro-cracked
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cell has less power generation than the normal cell. The reason for this is that as a result of the
division of the resistance of the broken cell and the beam absorption surface, it cannot produce
the desired voltage value and lower output power emerges [5].
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Fig. 4 Output power efficiency effect number of micro-cracks

In Figure 4, we can see that the series-connected micro-crack loses its output power effect, and
also that the series-connected cell prevents a large amount of power output with conduction
loss and increased resistance [9].

TYPE OF MICRO CRACK

Micro cracks caused by external forces, such as handling, installation, and shipping, can appear
on the surface of a solar cell. Thermal strains brought on by temperature changes, hailstorms,
and other meteorological conditions can also result in external micro-cracks [6]. These kinds
of micro-cracks given in Figure 5 often develop on the solar cell's front surface, and they can
reduce the quantity of sunlight that can be absorbed and converted into power, which can lower
the efficiency of the module.

e

(a) (b) (©
Fig 5. (a) Line Type Micro crack (b) Point Type Micro crack (c) Tree Type Micro crack,

Micro cracks that form internally in a solar cell are a result of manufacturing flaws such as
imperfections in the crystal structure or stress from the growing process. Thermal pressures
can also cause internal micro-cracks, which can develop over time and spread in Figure 5 (a).
These kinds of micro-cracks might result in decreased efficiency by obstructing the flow of
electrons through the solar cell; they are often found in the solar cell's bulk. In solar factory
systems, we can see some type of micro crack with an electroluminescence machine [7]. In
Figure 5 (b). An electric current running through a substance causes it to create light, a process
known as electroluminescence. An electroluminescence machine, commonly referred to as an
EL tester or an EL measurement system, is a tool used to gauge and analyse a material's
electroluminescent characteristics [8]. An EL device typically includes a power source, a
voltage/current source, and a detector or camera that can record the light the material emits. A
voltage is applied to the sample material, which is sandwiched between two electrodes, creating
an electric field. Light is produced as a result of the recombination of electrons with positively
charged "holes" in materials as they go through them.
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CONCLUSION

It is clearly seen that the use of high temperatures, which is a side effect of solving the problem
of insufficient resources with high temperatures in the solar power generation process, causes
micro-breaks. In this study, power and efficiency losses caused by microfractures and small
micro-fractures may progress during assembly and cause larger power losses.

FUTURE WORKS

In our future studies, the methods created for these micro-fractures and the improvement of
microfractures with these methods can be examined as well as different results can be
compared.
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Abstract—Solar energy has gained popularity in recent years due to its clean and renewable nature, as
well as the increasing demand for energy. The solar module, which converts the sun's energy into
electricity, is a crucial component of a solar energy system. However, micro-cracking is a common
problem with solar modules, regardless of cutting technologies. Micro-cracking occurs on the surface
of solar modules when they are exposed to mechanical stress or temperature fluctuations. These micro-
cracks can significantly reduce the conversion efficiency, power output, and lifespan of the solar
modules. This article aims to describe the effects of micro-cracks on solar module efficiency and
propose methods to mitigate their consequences.

Keywords — Micro-crack, solar module, prevention methods

INTRODUCTION

Micro-cracks on a solar module can significantly reduce its power output. The severity of the
crack and how the damaged solar cell or batteries are electrically connected can determine the
amount of power lost [1]. Micro-cracks can create areas of high resistance that concentrate and
restrict the flow of electric current, ultimately limiting the module's power output. Depending
on the severity of the crack, power loss can range from a few percent to 50% or more.
Moreover, micro-cracks can lead to long-term reliability issues, including increased
susceptibility to further cracking, deterioration, and potential module failure. Therefore,
detecting any micro-cracks is crucial to maintaining the optimal performance and longevity of
a solar module.

PREVENTING EXPERIMENTS

Effect of Different Temperatures on Micro-crack

Avoiding rapid temperature changes can prevent the solar modules from expanding and
contracting, which can produce micro-cracks [2]. Micro-cracks may arise as a result of
mechanical stress brought on by thermal stress within the solar cell. These tiny flaws can cause
the solar cell's power output to drop and the layers of the cell to separate. Thermal stress can
also alter a solar cell's electrical characteristics, which can lower the efficiency of the cell. For
instance, high temperatures can cause charge carriers inside the solar cell to recombine more
frequently, lowering the cell's total efficiency. Now we will use some different temperature
effects on how many micro-cracks on the module. In solar production it is known in the solar
module industry that soldering is done with infrared lamps. We can see that these heater lamps
give temperature according to their percentage power and the effect of this temperature on the
products produced. The temperature we determined in the production norms in our experiment
operating procedures is 225+5 degrees Celsius showed in Fig.2. In Fig. 1 also we can see that
high temperature soldering temperature.
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Fig. 1 High temperature of soldering process Fig. 2 Normal temperature of soldering
process

Each experiment done with 10 modules with different rate micro-crack and results are given in
Table 1. It has been seen in Table 2 that sudden temperature changes can cause micro cracks
in soldering.

Table 1. Optimum Soldering temperatures and micro-crack rate

Appling Temp | Number | Soldering | Power Of
Test Number 22545 of micro| Time Lamp
1 223,2 0 2400 ms 52%
2 2249 0 2400 ms 52%
3 229,7 1 2400 ms 55%
4 226,3 0 2400 ms 53%
5 227,3 0 2400 ms 53%
6 229,2 0 2400 ms 54%
7 2246 0 2400 ms 52%
8 230,0 1 2400 ms 55%
9 225,3 0 2400 ms 52%
10 226,2 0 2400 ms 53%

Table 2. High Soldering temperatures and micro-crack rate

Test | Appling Temp | Number | Soldering | Power Of
Number 245 +5 Of Micro Time Lamp
1 243,6 1 2400 ms 58%
2 244.8 2 2400 ms 58%
3 249,8 3 2400 ms 61%
4 246,5 2 2400 ms 59%
5 245,9 1 2400 ms 59%
6 249,9 2 2400 ms 60%
7 2445 1 2400 ms 58%
8 248,8 2 2400 ms 61%
9 243,9 1 2400 ms 58%
10 245,9 2 2400 ms 59%

In order to obtain more precise results, experiment was also made at high temperatures which
results are given in Table 2. It was observed that high temperatures greatly increase the micro
ratio and causes deterioration in the cell structure, point and line type fractures. It has been
understood that high temperature has a great effect on the crack rate as well as disrupting the
cell structure. In soldering process applying temperature must be 225+5 for a smoother and
cleaner production. A solar module's efficiency can be greatly impacted by micro-cracks,
which can reduce output power, efficiency, and speed up degradation over time [3]Hata!
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Basvuru kaynagi bulunamadi.. These steps can be taken to minimize the occurrence of
micro-cracks and increase the lifespan and efficiency of solar modules.

Using Thinner Cell

Using thinner solar cells will reduce the risk of micro-cracks because they are more flexible
and resistant to mechanical stress. Since thinner solar cells have a more flexible structure, it is
seen that they can be more resistant to mechanical stresses such as bending. However, it can
be observed that micro-crack formed on the surface can spread more easily, and that they are
less resistant after micro-crack than thicker cells. Thinner cells may be advantageous in
preventing the development and spread of micro-crack in materials. This is because materials
with thinner cells may have a more uniform distribution of stress, which may lessen the
possibility of stress concentrations that could cause micro-cracking. Furthermore, thinner cells
can offer a greater surface area for stress transfer, which can aid in more efficient stress
dissipation and lessen the possibility of stress concentrations that could lead to micro-crack
[4].Hata! Basvuru kaynag bulunamadi. Additionally, by encouraging the development of
smaller and more uniform grain structures, which can aid in preventing the formation and
spread of micro-crack, thinner cells may increase the strength and durability of the material. It
is crucial to remember that the benefits of thinner cells on micro-crack might vary depending
on a number of variables, including the kind of material, the type of micro-crack, and the
amount of stress or pressure placed on the material. Therefore, when maximizing for micro-
crack resistance, it is crucial to carefully consider the design and material properties. We can
check result of produced different thickness cell module.

Table 3. 0,175+5 cell thickness micro-crack

Test Number | Thickness | Number of micro Soldering Time Power Of Lamp
1 0,177 0 2400 ms 58%
2 0,176 0 2400 ms 58%
3 0,175 0 2400 ms 61%
4 0,178 0 2400 ms 59%
5 0,176 0 2400 ms 59%
6 0,175 0 2400 ms 60%
7 0,176 0 2400 ms 58%
8 0,177 0 2400 ms 61%
9 0,178 0 2400 ms 58%
10 0,179 1 2400 ms 59%

Table 4. 0,190+5 cell thickness micro-crack ratio

Test Number | Thickness | Number of micro Soldering Time Power Of Lamp
1 0,189 1 2400 ms 58%
2 0,188 0 2400 ms 58%
3 0,190 1 2400 ms 61%
4 0,191 1 2400 ms 59%
5 0,189 0 2400 ms 59%
6 0,190 1 2400 ms 60%
7 0,192 3 2400 ms 58%
8 0,190 0 2400 ms 61%
9 0,193 3 2400 ms 58%
10 0,191 2 2400 ms 59%
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Thinner cell measurement Results are given in [3] where micro-crack ratio is less then %1, It
is seen that thinner cells can potentially have an advantage in reducing the occurrence and
propagation of micro-crack in materials. This is because thinner cells can provide a more
uniform distribution of stress within the material, which can reduce the likelihood of stress
concentrations that can lead to micro-cracking. Thick cell measurement Results are given in
[4]. where micro-crack ratio is more then %8, 3, Thick cell micro crack is more than the thinner
one. In thicker cells, we can see that the formation and propagation of micro-cracks in the
materials is potentially increased. This is because thicker cells cannot withstand greater stress
distribution within the material, increasing the likelihood of stress concentrations that can lead
to micro-cracking [5]. Materials micro-cracks can be examined using a variety of mathematical
models and methods. The Griffith criterion is one such model that offers a theoretical
framework for comprehending how micro-cracks behave under stress.

G = Gc (1)
G is given by, where

E x gamma * a
G = > * (1 —nu2)) (2)

According to the Griffith criterion given in equation (1), a crack will spread if its associated
energy release rate (G) is greater than the critical value (Gc) needed for it to do so: where an is
the crack length, In EQ2 is the Poisson's ratio, gamma is the surface energy per unit area, and
E is the material's Young's modulus. Where an is the crack length, nu is the Poisson's ratio,
gamma is the surface energy per unit area, and E is the material's Young's modulus. For a given
material and micro-crack geometry, the critical energy release rate (Gc) necessary for crack
propagation can be calculated experimentally. Depending on the unique properties of the
material and the micro-crack, additional models and formulas may also be employed to study
micro-cracks. The impact of micro-cracks on the performance of solar cells can be modelled
using a variety of formulas. The Shockley- Queisser limit, a theoretical calculation of the
maximum efficiency of a solar cell based on its material characteristics, is one widely used
method. The modified Shockley-Queasier limit reduces the effective surface area of the cell
that is available for absorbing sunlight in order to account for the influence of micro-cracks on
the performance of the cell. The modified Shockley-Queisser limit can be calculated using the
following formula:

n=nsqx(1 —axf) (3)

In Eg. 3 where the solar cell’s modified efficiency is, sq is the efficiency anticipated by the
Shockley-Queisser limit (without micro-cracks) [6], is the percentage of the surface area of the
cell that is covered by micro-cracks, and f is the decrease factor for the cell's efficiency brought
on by the existence of micro-cracks. The specific model and assumptions made, the
characteristics of the cell, and the micro-cracks may all affect the exact calculation for f. The
modified Shockley-Queisser limit is a theoretical calculation [7].

CONCLUSION

It has been observed that the use of high temperatures during the solar production process,
which is often employed to address insufficient resource problems, can lead to micro-crack in
the cells. However, by reducing the temperature and optimizing the printing time, the rate of
micro-cracks can be significantly reduced. Furthermore, the study also investigated the effect
of cell thicknesses, which can vary from place to place during production. The results showed
that thin cells are more resistant to thermal stress than thick cells, leading to reduced soldering
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resistance and a lower micro-crack rate. Using these optimized methods, a 15% decrease in
cell breakage rates was achieved, resulting in minimized micro-crack rates during production.
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Abstract— This study focuses on the simulation of air pollutant dispersion around Afsin Elbistan-A Thermal
Power Plant (AEATPP), one of the largest power plants in Turkey. The dispersion of air pollutants was simulated
in Freemat software using the Gaussian Plume Model. The model input data included effective stack height, mass
rate of emission of the pollutant, wind speed and direction, and atmospheric stability. The simulations were
performed for different meteorological conditions. The results showed that the highest concentration of pollutants
occurred in the direction of prevailing winds. The study also examined the impact of the power plant on the
surrounding environment and evaluated the effectiveness of potential mitigation strategies. Overall, the study
provides valuable insights into the air quality impact of the AEATPP and can inform future policy decisions aimed
at reducing emissions and improving air quality in the region.

Keywords— Air Pollutants, Thermal Power Plant, Simulation, Gaussian Plume Model, Freemat

INTRODUCTION

Air pollution is a pressing environmental issue that affects the health and well-being of millions
of people around the world. One of the primary sources of air pollution is the combustion of
fossil fuels, particularly in the production of electricity. Thermal power plants are among such
kind of power plants that generates electricity by burning coal. They are known to emit
pollutants such as carbon dioxide (COz), sulfur dioxide (SOz), nitrogen oxides, and particulate
matter into the atmosphere [1-3]. To assess the potential impact of these emissions, state
agencies and local governments use dispersion models to predict the concentration of pollutants
from plumes. There are several commercial software options available for dispersion modeling,
such as AERMOD VIEW [4] and CALPUFF VIEW [5]. However, these software packages
can be expensive and may not be accessible to all users. To address this issue, researchers have
explored open-source alternatives such as FreeMat, which is a software package that enables
rapid engineering and scientific prototyping and data processing, similar to Matlab. FreeMat
can handle matrix operations and has relatively low hardware requirements. One commonly
used model for the dispersion of gas is the Gaussian Plume Model, which is a simple and
effective approach for simulating the spread of pollutants in the atmosphere. This model is
based on the concept of turbulence and can be easily manipulated mathematically. This study
aims to use the Gaussian Plume Model in FreeMat to simulate the dispersion of SO pollutants
from the plumes of the Afsin Elbistan-A Thermal Power Plant (AEATPP), which is one of the
largest thermal power plants in Turkey. It is located in Kahramanmaras province with a total
power of 1360 MW [6], as shown in Figure 1. By utilizing open-source software and a
commonly used dispersion model, this study provides a cost-effective and accessible approach
to evaluating the potential impact of thermal power plant emissions on air quality.
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Fig.1. Map of (a) Turkey and (b) Kahramanmarag province showing the location of (c) Afsin
Elbistan-A Thermal Power Plant

METHODOLOGY
E. Gaussian Plume Model
The following are the assumptions in Gaussian Plume Model:

. The pollutant emissions are continuous.

. The pollutants are not reacting chemically in the atmosphere.

. At the wind direction the transport process is dominant to the turbulent dispersion.

. The aerosol diameter to be smaller than 20 pm for their residence time in the
atmosphere to be larger than the time intervals which are studied.

. The atmosphere is a stationary condition concerning the meteorological parameters for
the time interval of transport from the pollution source to the receptors.

. Crosswinds are minimal/negligible.

Terrain is flat near the source.

Plumes from different sources do not interact.

Statistically normal distribution patterns are followed.

F. Main Parameters

The concentrations of pollutants occurring downwind is a function of effective stack height
(H), mass rate of emission of the pollutant, wind speed and direction, and atmospheric stability.
The equation for Ground Level Concentration of Air Pollutants in the Gaussian Plume Model
is:
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c=—= H(2) | em [ 22 (1)

_nsyszu exp 2 \sy exp 2 \s,
where E is emission rate pollutant (g/sec), u is wind speed (m/sec), sy and s, are standard
deviations, y is the coordinate of a position perpendicular to the wind direction and H is

effective stack height which is calculated using the following equation:
H=h+AH (2)
vgd - Ts—Tq
AH =215 + (2.68 x 1072(P) (T—) d)| 3)
where h is the physical height (m), Ts is stack temperature (K), d is stack diameter (m), Tais air
temperature (K), u is wind speed (m/sec), and P is pressure (kPa). The specific input parameters

in the present study are listed in Table 1. The values of wind velocity at AEATPP are based on
EIA Report [6].

TABLE 1. SITE-SPECIFIC INPUT PARAMETERS [6]

Main Stack Bruden stack

Main stack height 145 m Stack height 120 m
Main stack diameter 6.8 m Stack diameter 3m

Gas velocity 24 m/s Gas velocity 15.8 m/s
SO 11000 kg/h SO, 500 kg/h
Stack temperature 483 K Stack temperature | 378 K

G. FreeMat algorithm

Since there are four stacks of AEATPP, all of these contribute to the ground concentration
calculation. Stacks stand in a line with about 75 m distance apart. This line deviates by 14°
from-West-to-East axis. For scenarios where the wind is coming from W, WNW, NW, NNW,
N, NNE, NE, and ENE, the origin of the x-axis is placed at the main stack, at the west end of
the line. Otherwise, the x-axis is placed at the fourth stack, at the east end of the line.
FreeMat code is written such that each scenario uses the appropriate values of the variables,
i.e. employing the if loops. These appropriate values are based on the Table of Stability Classes
mentioned in [7]. Then the ground concentration is calculated at each point in the region -5 km
<y <+5km,0 <x<+2.06 km, where the x-axis is parallel to the wind direction. This is done
by employing for loops. All these values are saved into a matrix and a color map is then
generated.

RESULTS AND DISCUSSIONS

The profile of ground concentration around AEATPP is shown in Figure 2. Wind velocity u is
in m/s, maximum ground concentration Cmax is in g/cm?® and its location x is in km. The x-axis
is oriented in the same direction as the wind velocity. Results show that the SO pollutants are
more dispersed in scenarios of greater wind speed. In these scenarios, the locations of
maximum concentrations are farther from AEATPP. The farthest location of maximum
concentration is at x = 2.06 km in the SW scenario with maximum concentrations 2.5 x107
g/cm?. Conversely, the nearest is at x = 0.7 km in the NNE and S scenarios, with value 7.7 x10°
3 glem?,

CONCLUSION

The ground concentration profile of SO, pollutants around AEATPP has been successfully
simulated in Freemat. SO, pollutants are more dispersed in scenarios of greater wind speed.
Hence, the SW scenario has the smallest maximum concentration located farthest.
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Abstract— The total dose rate of the contaminated Seyitémer Thermal Power Plant (TPP) site has been
assessed using the RESRAD-onsite 7.2 code. The risk analysis simulation span over 1.0 x 10° years
considering three cover scenarios of the contaminated site. The maximum total dose at Seyitomer TPP
due to the ?%Ra, 232Th, and “°K radionuclides and their progenies is 1.436, 1.435, and 0.566 mSv y! at
t =1000 y for 0.5-m, 1.0-m and 2.0-m cover scenarios, respectively. Results also revealed that the total
doses are less in thicker cover scenarios. Cancer risk data revealed that 22Th is the major contributor to
the risk in the scenarios considered.

Keywords— RESRAD code, radiation dose, activity concentration, excess cancer risk

INTRODUCTION

The energy demand has been increasing due to population growth and modernization. This has
resulted in a rise in energy consumption from electricity generation, which is expected to
continue based on projected scenarios [1]. Most countries currently rely more on nonrenewable
sources despite environmental concerns than renewable sources [2]. Middle Eastern countries
are major suppliers of fossil fuels, while Russia and Ukraine are known for nuclear energy [3].
Turkey has large domestic coal reserves, which are used to generate electricity and reduce
dependence on imported energy sources [4]. There are 55 thermal power plants (TPP) in
Turkey, including the Seyitomer Thermal Power Plant in Kitahya province [5]. The Seyitémer
TPP is situated in the Tavsanh region of Kutahya and is owned by the Celikler Energy
company. This power plant is the 32nd largest in Turkey and has an installed power of 600
MW, making it the biggest power plant in Kitahya. Additionally, it is the fifth-largest coal
thermal power plant in Turkey [6]. Fly ash is a by-product of energy production at thermal
power plants. Studies have shown that fly ashes from thermal power plants, as well as other
significant industries, may contain naturally occurring radionuclides [7-10]. There are various
tools [11-12] available for evaluating radiation levels at site contaminated with radionuclides,
including a suite of programs called the RESRAD (RESidual RADioactivity) family of
computer codes. These programs are suitable for assessing the level of radiation exposure in
contaminated sites and buildings [13], both radiologically and chemically. RESRAD-ONSITE
is a part of this family and is used to assess radiation exposure for individuals situated directly
on contaminated soil [14]. In this study, the activity concentration of naturally occurring
radionuclides at the Seyitdmer TPP contaminated site for 1000 years has been simulated using
RESRAD-onsite 7.2 code. Moreover, the total dose rate and excess cancer risk at the plant sites
have been assessed as well.
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Fig. 1. Map of (a) Turkey (b) Kiitahya province and (c) Seyitdmer TPP

METHODOLOGY

H. Collection and Measurement of samples

A collection of thirty-seven fly ash samples were collected from Seyitdmer TPP. The samples
were dried in a temperature-controlled furnace at 110 °C for 4 h to remove moisture. After
moisture removal, these samples were cooled in a moisture-free atmosphere. The samples were
transferred to containers and weighed. Each container was hermetically sealed to prevent the
escape of radon gas. Before counting each sample was stored for more than 4 weeks to allow
226Ra and its short-lived decay products to reach the secular equilibrium.

Two high-resolution gamma-ray spectrometers with p-type coaxial HPGe detectors were used
to determine the radiological characteristics of the samples. One of the HPGe detectors has a
relative efficiency of 50% and an energy resolution of 1.8 keV at 1332.5 keV of °Co while the
other detector has a relative efficiency of 110% and an energy resolution of 2.1 keV. These
detectors were shielded to reduce background radiation. The absolute efficiency calibration of
the gamma spectrometers was determined using a solid nuclide mixture of gamma reference
materials sealed in standard Marinelli beakers with an active volume of 1000 ml, and average
density of 1 g cm, and IAEA reference materials RGU-1 (U-ore), RGTh-1 (Th-ore) and RGK-
1 (K2SOg4). Each sample was measured for an accumulating time between 10 and 24 h.
Background measurements were taken under the same conditions as sample measurements and
subtracted to get net counts for the sample.

I Input Parameters

Table 1 shows the input parameters used in the simulation in RESRAD-ONSITE.

TABLE 1. INPUT PARAMETERS

Parameters Site-Specific Data Activity Concentrations

Area of the | 82,130 m? Radionuclide Average value
contaminated zone
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The thickness of the | 2m 226Ra 150.43 Bg/kg
contaminated zone

0.5m 22Th 96.34 Bg/kg
Cover depth | 1.00 m
(scenarios) 2.00 m YK 615.32 Bq/kg

The density of the | 1.50 g/cm?
contaminated zone

Wind speed 3.48 ms!
Precipitation rate 1 myr!
Well-pump  intake | 10 m
depth

Indoor time factor 0.5

Outdoor time factor 0.25

RESULTS AND DISCUSSION

(a) 16 (b) 16 (c) o6
14 14
05
12 12
10 10 04 1
2 S 2 | ]
5 0.8 0.8 3 0.3
z » . £ \
06 06
0.4 | 0.4 * f |
. - . @\ | |
T g /]
0.2 A A ] 0.2 Bl o4
0.0 1 4 || 0.0 b EN b ] V> 0.0 b Py b r/ b
1 10 100 1000 1 10 100 1000 1 10 100
Years Years Years
- K40 —5- Re228 - Th222 L Total

Fig.2. Summed total dose on contaminated site of Seyitémer Thermal Power Plant due to all nuclides
and all pathways. (a) 0.5-m (b) 1.0-m (c) 2.0-m cover scenario.

Figure 2 shows the variation of dose due to ?°Ra, 2%’Th, and “°K for 1000 years at the
contaminated site of Seyitdmer TPP. The figure shows that the maximum total dose due to the
above-mentioned radionuclides and their progenies is 1.436, 1.435, and 0.566 mSv y-1 att =
1000 y for 0.5-m, 1.0-m and 2.0-m cover scenarios, respectively. The total dose contributions
calculated with RESRAD-ONSITE for each radionuclide in 0.5-m cover scenario at t = 1000
y for the ground pathway were 0.62 mSv y-1 for 2Ra, 0.812 mSv y-1 for #2Th and 2.87 x 10-
12 mSv y-1 for “°K. In the 1.0-m cover scenario, the total dose contributions at t = 1000 y for
the ground pathway were 0.62 mSv y-1 for ?2Ra, 0.81 mSv y-1 for 22Th and 3.57 x10'?2 mSv
y-1 for “°K. In the 2.0-m cover scenario, the total dose contributions at t = 1000 y for the ground
pathway were 0.57 mSv y-1 for 2®Ra, 1.21x10° mSv y-1 for 22Th and 3.48 x10'? mSv y-1
for 4°K. Figure 3 shows the dose contributions from all nuclides summed and for all exposure
pathways, in 0.5-m cover, 1.0-m, and 2.0-m cover scenarios at Seyitémer TPP. It can be seen
that plant (water-independent) pathway is one major contributor to the dose with a peak of 0.66
mSv y-1 att =450y in a 0.5-m cover scenario. The plant pathway has a peak of 0.44 mSv y-1
in 1.0-m cover scenarios at t = 766 y, while as in the 2.0-m cover scenario, there was none in
the entire 1000 y time.
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Figure 4 shows the cancer risk of Seyitdmer TPP assessed with RESRAD-ONSITE. These
curves show that the risk following exposure to the various radionuclides increases from the
first to the hundredth year. The risk tends to decrease until it reaches a minimum value. Cancer
risk data revealed that 2%2Th is the major contributor to the risk in the scenarios considered.
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Fig. 3.Cancer risk at Seyitdbmer TPP and contributions from all nuclides. (a) 0.5-m (b) 1.0-m (c)
2.0-m cover scenario.

CONCLUSION

We evaluated the reduction of the total effective dose rate due to the exposure of radioactivity
for long-term working workers at the Seyitomer TPP by considering the different thicknesses
of cover scenarios. The maximum total dose at Seyitdmer TPP due to the 2°Ra, 232Th, and °K
radionuclides and their progenies is 1.436, 1.435, and 0.566 mSv y-1 at t = 1000 y for 0.5-m,
1.0-m and 2.0-m cover scenario, respectively. Results also revealed that the total doses are less
in thicker cover scenarios. Cancer risk data revealed that 232Th is the major contributor to the
risk in the scenarios considered.
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Abstract— In this article, SACBI-xAl new quinary lead-free solder alloy was produced by adding Al
at certain ratios (x=0.05, 0.1, 0.3, 0.5, and 0.6% wt.) to the previously produced SAC-1Bi quaternary
lead-free solder alloy. The spreading properties and melting temperatures of SACBIi-xAl solder alloy
on Cu substrate in Ar gas atmosphere at 275, 300, and 325°C temperatures were investigated. It has
been reported that the lowest melting temperature (212.5°C) and spreading angle (38.44°) belong to
SACBI-0.1Al solder alloy. It has been reported that adding Al in microalloying improves the spreading
by up to 0.1% and reduces the melting temperature. 0.1% wt. It has been observed that adding larger
amounts of Al deteriorates the spreading properties and increases the melting temperatures.

Keywords—— Al-added Lead-free Solder Alloy, wetting angle, SACBI-Al, sessile drop

INTRODUCTION

Solder alloys are used in mechanical solder joints in the electrical and electronics industry [1].
Soldering alloy containing tin-lead (Sn-Pb) used in soldering and solder works is a widely used
solder alloy because it is an ergonomic material regarding melting temperature and wetting
properties [2]. However, its use has been restricted after Pb became a toxic substance for human
and environmental health [3]. As an alternative to the Sn-Pb solder alloy, Pb-free solder alloys
have been produced and developed [4]. Binary lead-free alloys Sn—Zn [5], Sn—Cu [6], Sn—Ag
[7], and Sn-Bi [8]. Made on alloys such as ternary lead-free alloy Sn-Ag-Cu (SAC) [9], Sn-
Zn-Ag [10], and Sn-Ag-Bi [11]. Among these lead-free solder alloys, environmentally friendly,
eutectic, or near-eutectic SAC solders are preferred as an alternative [12]. The silver (Ag)
content of the Sn-3Ag-0.5Cu (SAC305) alloy, which is currently widely used in soldering
works, is reduced by 0.5%, by 1 and 2 weight, and by replacing it with bismuth (Bi) element,
both cost and wetting properties are improved. The Sn-2Ag-0.5Cu-1Bi (SAC-1Bi) alloy gives
the best results [13]. It has been reported that adding aluminum (Al) nanoparticles to Sn-based
solder alloys improves the interfacial microspheres and melting temperatures [14]. To improve
the wetting and mechanical properties of this alloy, the addition of aluminum (Al) is envisaged.
This study produced a new quinary Sn-2Ag-0.5Cu-1Bi-xAl (SACBIi-xAl) solder alloy by
adding Al by weight (x=0.05, 0.1, 0.3, 0.5, and 0.6%) to the SAC-1Bi soldering alloy. Wetting
properties and melting temperatures of these quinary lead-free solder alloys on copper (Cu)
backing in argon (Ar) atmosphere at 275, 300, and 325°C temperatures were investigated. The
behavior of Al-doped Sn-based solder alloys was investigated.

MATERIALS AND METHOD

SACBI-AIl Pb-free solder alloy wettability was analyzed by the sessile drop method on a
99.85% pure electrolytic copper substrate. Lead-free solder alloys were dropped onto the
copper substrate at predetermined temperatures (275, 300, and 325°C). The experiment was
recorded for about 10 minutes at 5, 10, 15, 30, 60, 90, 120, 150, 300, and 600 seconds and by
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the "300 FPS" model video camera as soon as the drops fell on the Cu substrate. The contact

angle between the solder/Cu substrate was measured with the "Corel Draw X5 software™ with

the help of the screenshots of the video in the specified seconds. The graphs of the wetting
angle values measured at the end of the experiment were plotted using the "Sigma Plot 12"
program. The chemical components and intermetallic layers (IMCs) that may occur on the
interface between the solder alloy and the Cu substrate were investigated with the help of XRD

analysis. The IMCs formed on the interface between the solder and the Cu substrate were

examined with the help of SEM analysis. They observed one by one for three experimentally
determined temperature values [15].

RESULTS AND DISCUSSIONS
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When the graph of the wetting angle changes over time, it is seen that the angle values decrease
parabolic and stabilize after the 60th second (Figure 1). When comparing temperatures of 275,
300, and 325°C, the contact angles corresponding to the temperature values decrease as the
temperature rises. In addition, the tendency of the solder alloy to spread on the Cu substrate
increases in proportion to the wetting angle value. The smaller the wetting angle values, the
faster the spreading rate of the alloy. The contact angle measurement results of newly produced
quintuple lead-free solder alloys at 275°C, 300°C, and 325°C temperatures are graphed (Figure
1). It is degrees at 275°C, 82.05° for SACBi-0.05Al, 54.26° for SACBI-0.1Al, 91.21° for
SACBI-0.3Al, 63.90° for SACBI-0.5Al and 53.46° for SACBI-0.6Al, respectively. It is degrees
at 300°C, 74.45° for SACBI-0.05Al, 53.39° for SACBI-0.1Al, 89.37° for SACBI-0.3Al, 59.86°
for SACBI-0.5Al and 47.11° for SACBI-0.6Al, respectively. It is degrees at 325°C, 53.98° for
SACBI-0.05Al, 38.44° for SACBI-0.1Al, 76.12° for SACBI-0.3Al, 51.24° for SACBI-0.5Al
and 44.46° for SACBI-0.6Al, respectively. It has been reported that the wetting angle value
decreases as the temperature value increases for SACBI-xAl solder alloys. The lowest contact
angle was reported as 38.44° for SACBI-0.1Al solder alloy.
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Fig. 2. DSC analysis of the quintuple lead-free solder alloys SACBi-xAl (x=0.05, 0.1, 0.3, 0.5

and 0.6).

The melting temperature of the SAC-1Bi solder alloy has been reported as 219°C [13]. With
the addition of 0.05, 0.1, 0.3, 0.5, and 0.6% Al to the SAC-1Bi solder alloy, it is seen that the
melting temperature decreases until the addition of 0.5% for micro alloyed solder alloys. The
alloy’s melting temperature containing 0.5Al increases compared to the SAC-1Bi solder alloy.
A decrease was achieved again with the 0.6Al solder alloy (Figure 2).
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CONCLUSION

(96.5-x)Sn-2Ag-0.5Cu-1Bi-xAl (x = 0.05%, 0.1 0.3, 0.5 and 0.6) lead-free solder alloys in
Argon (Ar) gas atmosphere The effects of Cu on wetting on the litter were investigated. In
lead-free solder alloys with 0.05% and 0.1% addition, it is seen that the contact angle values
decrease as the Al addition increases. It is seen that the solder alloy with the addition of 3%Al
adversely affects the wetting. In 0.5% and 0.6% Al added alloys, a decrease was observed in
the contact angle values again in terms of wetting properties. The lowest contact angle value
was measured as 38.44° in SACBI-0.1Al alloy at a temperature of 325°C. The lowest melting
temperature value was 212.5°C for SACBi-0.1Al solder alloy. For the solder alloy containing
0.5 and 0.1Al, the melting temperature decreased as the Al addition increased. The melting
temperature of the 0.3Al added solder alloy increased. The melting temperature has been
reported to decrease as the Al content increases for 0.5 and 0.6 Al solder alloys. The lower the
melting temperature, the lower the contact angle. At the same time, as the melting temperature
increases, the wetting angle also increases. It is clearly seen that there is a correlation between
the melting temperature and the contact angle.
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Abstract - This study explored at how adding aluminum affected the melting point and wettability of (96.5-X)Sn-
2Ag-0.5Cu-1In-(x)AL quinary lead-free solder alloys with (x =0.3,0.5,0.7,0.8,0.9 in wt%). Sessile drop technique
was used to determine the contact angles of solder alloys on Cu substrate at specific temperatures (275°C,300°C,
325°C). By using a differential scanning calorimeter (DSC), it was revealed that SAC205-11n-0.3Al Pb-free solder
alloy exhibits lower melting temperatures than SAC205-11n-0.5Al, SAC205-1In-0.7Al, SAC205-1In-0.8Al, and
SAC205-11n-0.9Al alloys. The wettability of SAC205-1In-0.3Al was found to be the best. At 325 °C on a Cu
substrate, the SAC205-11In-0.3Al contact angle was lowest at 37.61°. The production cost of (96.5-x)Sn-2Ag-
0.5Cu-1In-(x)Al produced solder alloys will be reduced by Sn-Al optimization (x = 0.3%,0.5%,0.7%,0.8%, and
0.9 wt. %). The results of wetting tests show that the addition of 0.3,0.5,0.7, 0.8, and 0.9 in Wt.% Al improves the
wetting properties of the Sn-2Ag-0.5Cu-1In. The lowest wetting angle (°9) was obtained as 34,66° for Sn-2Ag-
0.5Cu-1In-0.8 Al alloy at a temperature of 325 °C.

Keywords — Contact angle, Wettability, Melting temperature, sessile drop technique

INTRODUCTION

In the recent period, many lead-free alloys have appeared, such as Sn-Ag, Sn-Cu, Sn-Zn, and
others. Research has advanced to propose Sn-Ag-Cu alloy to replace the traditional solder Sn-
Pb, as this alloy has good properties such as good reliability, excellent creep resistance, and
thermal fatigue [1,2]. The characteristics of lead-free solder alloys are enhanced using two
alternative methods. The first is the addition of elements to the SAC alloy, such as Ga, which
improves the wetting properties and improves the performance of the alloy as a whole. The
second method is the addition of metal, ceramic, and polymer nanoparticles or particles to
obtain different SAC solder properties. Depending on the type and size of the added particles
[3]. The researchers are also adding a fourth element to the SAC alloy to reduce the SAC
melting temperature. According to the results, adding a little quantity of Ti can successfully
refine the microstructure while also slightly lowering the melting temperature and melting
range of the SAC solder alloy [4]. Wetness is defined by the ability of the molten solder to
spread on its substrate during the reflow process [5]. Moser et al. [6] verified that the addition
of In to SAC alloy affected the wettability, giving good wet diffusion connections on the
surface of the substrate. There is an imperfection in the usage of SAC since its melting point,
which ranges between 217 °C and 219 °C, is higher than that of the Sn-Pb alloy, which is 183
OC [7], as well as the high silver content causing an increase in the cost [8]. Therefore, several
studies were conducted to try to reduce silver from lead-free alloys (SAC) in order to improve
the properties [9], and make sure that the mechanical properties improved as a result of
reducing silver [10]. Accordingly, a fourth element was added to obtain desirable properties
for SAC in order to reduce the melting point and welding cost and increase reliability thermal
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mechanical properties [3]. This addition has attracted researchers, especially the addition of
aluminum as nanoparticles or minor alloying element [11-17]. Amagai [11] noticed that adding
0.05% of aluminum as nanoparticles that had no effect on the interfacial IMC, and a small
number of works were conducted to know the effect of adding aluminum on the mechanical
and interfacial properties. Also, some studies confirmed that the addition of aluminum to Sn-
Ag (SA) solder had an effect on Al,Cu IMC and ambiguous Al-Cu IMC of bulk aluminum
copper with a copper substrate [13, 14, 16]. The contact angle values indicate the degree of
wettability, if the contact angle (©) is between 0° and 30° , then it means there is a very good
wetting and if the contact angle is between 40° and 55° then wetting is good.[17]. This study
investigates the impacts of Aluminum addition on the wettability of the Pb-free solder alloy
Sn- 2Ag- 0.5Cu-1In, to produce quinary lead-free solder alloy (96.5-x)Sn—2Ag-0.5Cu-1In-
(x)AI, where x = 0.3, 0.5, 0.7, 0.8, and 0.9 wt%. Then studying the performance of the new
alloy and its’s physical properties microstructure, melting temperature, and intermetallic
regions of alloy using X-ray diffraction (XRD), X-ray fluorescence (XRF), scanning electron
microscope, energy-dispersive X-ray spectroscopy (SEM + EDX), and differential scanning
calorimeter (DSC).

MATERIALS AND METHOD

In this study, Lead-free solder alloys SAC205-1In-xAl, as well as the oxygen-free environment
were selected for the solder and Cu substrate, respectively. The produced quinary lead-free
solder alloys ((96.5-x)Sn-Ag-Cu-1In-(x)Al) where (x=0.3%, 0.5%,0.7%,0.8%,0.9%) was
subjected to X-RAY fluorescence( XRF) analysis with the help of the “RIGAKU ZSX Primus
11" device in the KBU MARGEM Laboratory. The accuracy of the metal ratios in the alloy in
% by weight has been obtained. Table 1 provides a list of the chemical combinations of the
investigated lead-free solder alloys. A Casio-Pro Ex-F1,600 FPS model camera was used to
capture images of the drops at intervals of 5, 10, 15, 30, 60, 90, 120, 150, 300, and 600 seconds.
Currently, 99.85% pure electrolytic copper substrate was utilized to test the quinary lead-free
solder alloy’s wetting characteristics SAC205-1In-0.3Al, SAC205-1In-0.5Al, SAC205-1In-
0.7Al, SAC205-1In-0.8Al, and SAC205-1In-0.9Al. The Sessile drop method was utilized to
conduct wetting experiments. This method involved dropping SAC205-1In-xAl, quinary lead-
free solder alloys onto a Cu substrate at different temperatures of 275, 300, and 325°C as shown
in table 2. In order to quantify the contact angles for each drops from the right and left sides,
images were imported into the CoreIDRAW Graphics Suite 2022 x-64 software. These
procedures were repeated for each temperature, and as a result, average angle values were
computed and replacement diagrams were created using the EXCEL.EXE program. The DSC.
analysis was performed on specimens with a maximum weight of 30 mg and at a temperature
range of 40-300 °C to determine the melting temperatures of alloys (5 min.).

Table 1. XRF analysis results of Sn-Ag-Cu-In-xAl a quinary lead-free solder alloy that shows
chemical composition of Pb-free solder alloys (wt. %).

Pb-free alloys Sn Ag Cu In Al
96,2S5n-2Ag-0,5Cu-11n-0,3Al 96,2668 1,9713 10,4528 10,9993 [0,3
96Sn-2Ag-0,5Cu-1In-0,5Al 95,4494 2,1554 10,49 0,997 0,4843
95,8Sn-2Ag-0,5Cu-11n-0,7Al 95,7915 1,9395 10,4872 | 1,024 0,7289
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95,7Sn-2Ag-0,5Cu-11ni-0,8Al 95,6977 2,0048 |0,4195 |1,0928 | 0,8078
95,6Sn-2Ag-0,5Cu-11In-0,9Al 95,6414 2,0532 10,4835 | 1,0632 | 0,9112

Table 2. List of The Sessile drop technique experiments that are conducted at different
temperature for each quinary lead-free solder alloys formed by the addition of Al to SAC205-
lin.

Lead-free solder alloys Number  of
(x) Al (Wt%) Temperature (°C) (96.5-x)Sn-2Ag-0.5Cu-11In- ]
experiments
(x)Al
275 3
0.3 300 96.2Sn-2Ag-0.5Cu-1In-0.3A1 | 3
325 3
275 3
0.5 300 96Sn-2Ag-0.5Cu-1In-0.5Al 3
325 3
275 3
0.7 300 95.8Sn-2Ag-0.5Cu-1In-0.7A1 | 3
325 3
275 3
0.8 300 95.7Sn-2Ag-0.5Cu-1In-0.8A1 | 3
325 3
275 3
0.9 300 95.6Sn-2Ag-0.5Cu-11n-0.9A1 |3
325 3
Total number of experiments 45

RESULTS AND DISCUSSION

The relationship between the contact angle, temperature, and time is depicted in Fig. 1. Lead-
free solder alloys SAC205-11n-0.3Al, SAC205-11n-0.5Al, SAC205-1In-0.7Al, SAC205-1In-
0.8Al, and SAC205-1In-0.9Al have contact angles that fluctuate over time rather than
decreasing abruptly with temperature. For about the first thirty seconds at each temperature,
the lead-free solder alloys displayed a significant reduction in contact angle. The degree of
wettability is shown by the contact angle measurements. [18]. The lowest average contact
angles for SAC-In-0.3Al solder alloy was 47.84° at temperature 275 °C, 42.10° at temperature
300 °C, and 39.88° at temperature 325 °C, for SAC-In-0.5Al solder alloy was 47.48° at
temperature 275 °C, 46.27° at temperature 300 °C, and 40.12° at temperature 325 °C, for SAC-
In-0.7Al solder alloy was 61.54° at temperature 275 °C, 50.78° at temperature 300 °C, and
48.32° at temperature 325 °C, for SAC-In-0.8Al solder alloy was 50.26° at temperature 275 °C,
47.17° at temperature 300 °C, and 37.95° at temperature 325 °C, and for SAC-In-0.9Al solder
alloy was 50.02° at temperature 275 °C, 45.71° at temperature 300 °C, and 41.82° at temperature
325 °C.
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Fig.1 The average contact angle of (a) SAC205-1In-0.3Al, (b) SAC205-1In-0.5Al, (c)
SAC205-1In-0.7Al, (d) SAC205-1In-0.8Al, and (e) SAC205-1In-0.9Al alloys on Cu substrate
at different temperatures 275°C, 300°C, and 325°C.

The melting points of the solder alloys SAC205-1In-xAl where (x=0.3,0.5,0.7,0.8, and 0.9)
were determined by DSC analysis to be 214.3, 219.7, 219.3, 219.1, and 220.5, respectively as
shown in fig.2. DSC testing for solder alloys ((96.5-x)Sn-2Ag-0.5Cu-1In-xAl) were conducted
in MARGEM laboratories at Karabuk University. SAC-1In solder alloy was reported to have
a 217.7°C melting point [19]. As compared to SAC-1In and SAC305 (217.7 and 219.1°C,
respectively), the melting temperature of a quinary lead-free solder alloy (SAC-1In-0.3Al) is
lower, and the melting temperatures of other quinary lead-free solder alloys are near to those
of SAC-1In. As a result, the wettability of the lead-free solder alloy SAC205-1In-0.3Al is
higher to that of the solder alloys SAC205-11n-0.5Al, SAC205-1In-0.7Al, SAC205-1In-0.8Al,
and SAC205-11In-0.9All.

CONCLUSION

Using the sessile drop method in an atmosphere of argon, the influence of melting temperature
on contact angle of lead-free solder alloys SAC205-1In-0.3Al, SAC205-1In-0.5Al, SAC205-
1In-0.7Al, SAC205-1In-0.8Al, and SAC205-1In-0.9Al was studied. According to the
experimental findings, equilibrium contact angles (©) dropped proportionately as temperature
increased. The lead-free solder alloy SAC205-1In-0.3Al had the lowest contact angle and
melting temperatures, which were measured as 37.61° and 214.3°C, respectively.
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Figure 2 depicts the results of the DSC test of the alloys (a) SAC 205-1In-0.3Al, (b) SAC 205-
1In-0.5Al, (c) SAC 205-1In-0.7Al, (d) SAC 205-1In-0.8Al, and () SAC 205-1In-0.9Al.

ACKNOWLEDGEMENT
This project has been supported by KBUBAP-21-KP-091.

REFERENCES

[1]S. Xu, A. H. Habib, A. D. Pickel, and M. E. McHenry, (2015), “Magnetic nanoparticle-based solder
composites for electronic packaging applications,” Progress in Materials Science, vol. 67, pp. 95—
160.

[2] A. A. El-Daly and A. M. El-Taher, (2013), “Evolution of thermal property and creep resistance of
Ni and Zn-doped Sn-2.0Ag- 0.5Cu lead-free solders,” Materials & Design, vol. 51, pp. 789-796.

[3] Sun, L. and Zhang, L. (2014), “Properties and microstructure of Sn-Ag-Cu-X lead-free solder joints
in electronic packing”, Advances in Materials Science and Engineering, Vol. 2015, Article ID
639028 , pp. 1-16.

[4] Chuang, C. L., Tsao, L. C., Lin, H. K., & Feng, L. P. (2012). Effects of small amount of active Ti
element additions on microstructure and property of Sn3. 5Ag0. 5Cu solder. Materials Science and
Engineering: A, 558, 478-484.

76



6™ Pak — Turk International Conference on Emerging Technologies in the field of Sciences and
Engineering, May 4 — 6, 2023, Karabuk University, Karabik, Turkiye

[5] S. K. Ghosh, A. S. M. A. Haseeb, and A. Afifi, (2013), “Effects of metallic nanoparticle doped flux
on interfacial intermetallic compounds between Sn-3.0Ag-0.5Cu and copper substrate,” in
Proceedings of the IEEE 15th Electronics Packaging Technology Conference (EPTC ’13), pp. 21—
26, Singapore.

[6] Z. Moser, P. Sebo, W. Gasior, P. Svec, and J. Pstru’s, (2009), “Effect of indium on wettability of
Sn—Ag—Cu solders. Experiment vs. modeling, Part I,” Calphad, vol. 33, no. 1, pp. 63-68.

[7] Myefalvi-Vitéz, Z., Pinkola, J., Harsanyi, G., Dominkovics, C., lllés, B. and Tersztyanszky, L.
(2005), “Present status of transition to Pb-free soldering”, 28" International Spring Seminar on
Electronics Technology: Meeting the Challenges of Electronics Technology Progress,
2005, pp. 88-93.

[8] Cheng, S., Huang, C.-M. and Pecht, M. (2017), “A review of lead-free solders for electronics
applications”, Microelectronics Reliability, Vol. 75, pp. 77-95.

[9] Amagai, M., Toyoda, Y. and Tajima, T. (2003), “High solder joint reliability with lead free solders”,
Presented at Proceedings of the 53rd Electronic Components and Technology Conference, 2003,
pp. 317-322.

[10] Terashima, S., Kariya, Y., Hosoi, T. and Tanaka, M. (2003), “Effect of silver content on thermal
fatigue life of Sn-xAg-0.5Cu flip-chip interconnects”, Journal of Electronic Materials, Vol. 32 No.
12, pp. 1527-1533.

[11] Amagai, M.A. (2008), study of nanoparticles in Sn—Ag based lead free solders. Microelectron.
Reliab., 48, 1-16.

[12] Gain, A.K.; Chan, Y.C. (2012),The influence of a small amount of Al and Ni nano-particles on the
microstructure, kinetics and hardness of Sn-Ag-Cu solder on OSP-Cu pads. Intermetallics, 29, 48—
55.

[13] Xia, Y.H.; Jee, J.K.; Yu, J.; Lee, T.Y. (2008), Effect of aluminum concentration on the interfacial
reactions of Sn-3.0Ag-xAl solders with copper and ENIG metallizations. J. Electron. Mater. 37,
1858-1862.

[14] Li, J.F.; Agyakwa, P.A.; Johnson, C.M. (2012), Effect of trace Al on growth rates of intermetallic
compound layers between Sn-based solders and Cu substrate. J. Alloys Compd. 545, 70-79.

[15] Kantarcio“glu, A.; Kalay, Y.E. (2014), Effects of Al and Fe additions on microstructure and
mechanical properties of SnAgCu eutectic lead-free solders. Mat. Sci. Eng. A 593, 79-84.

[16] Kotadia, H.R.; Panneerselvam, A.; Mokhtari, O.; Green, M.A.; Mannan, S.H. (2012), Massive
spalling of Cu-Zn and Cu-Al intermetallic compounds at the interface between solders and Cu
substrate during liquid state reaction. J. Appl. Phys. 111, 074902-074906.

[17] Moser, Z., Gasior, W., Pstrus, J., & Debski, A. (2008). Wettability studies of Pb-free soldering
materials. International Journal of Thermophysics, 29(6), 1974-1986.

[18] Erer, A. M., Candan, E., Giiven, M. H., Turen, Y., “Measurement and prediction of contact angles
of Pb-free SnAg solder alloys on Cu substrate”, Eur. Phys. J. Appl. Phys., 54(1), 1-4, (2011).

[19] Uyanik, O., Erer, A. M., & Tiren, Y. Effect of Indium on Wettability of Sn-2Ag-0, 5Cu-1In
Quaternary Solder Alloy on Cu Substrate. EI-Cezeri, 6(1), 1-7.

77



6™ Pak — Turk International Conference on Emerging Technologies in the field of Sciences and
Engineering, May 4 — 6, 2023, Karabuk University, Karabik, Turkiye

Optimizing Photovoltaic Model Parameters with an Improved Artificial
Jellyfish Search Algorithm

Ramadan Ahmed Ali Agoub®”, Aybaba Hancerliogullari?

!Department of Computer Engineering, Kastamonu University, Kastamonu, Tiirkiye,
Department of Physics, Faculty of Science, Kastamonu University, Kastamonu, Tiirkiye

* Corresponding author: ramadan_agoub@yahoo.com

ORCID Numbers: 0000-0001-9125-330X (**Ramadan Ahmed Ali agoub), 0000-0000-1700-8480
(2Aybaba Hangerliogullart)

Abstract - Photovoltaic (PV) systems are used to convert solar energy into electrical energy. The
optimization of photovoltaic (PV) systems relies on the development of an accurate model of the
parameter values for the solar/PV generating units. This work proposes a modified artificial jellyfish
search optimizer (MJSO) with a novel premature convergence strategy (PCS) to define effectively the
unknown parameters of PV systems. The PCS works on preserving the diversity among the members
of the population while accelerating the convergence toward the best solution based on two motions:
(i) moving the current solution between two particles selected randomly from the population, and (ii)
searching for better solutions between the best-so-far one and a random one from the population. To
confirm its efficacy, the proposed method is validated on three different PV technologies and is being
compared with some of the latest competitive computational frameworks. in this study, develops a novel
meta-heuristic algorithm that is inspired by the behavior of jellyfish in the ocean and is called artificial
Jellyfish Search (JS) optimizer. Applying new optimization methods such as the mermaid algorithm to
increase the efficiency of photovoltaic (PV) systems

Keywords - Optimizer, PV sytems, Machine Learning, Artifical Jellyfish Algorithm, Solar Energy

INTRODUCTION

The numerical simulations and results confirm the dominance of the proposed algorithm in
terms of the accuracy of the final results and convergence rate. In addition, to assess the
performance of the proposed approach under different operation conditions for the solar cells,
two additional PV modules (multi-crystalline and thin-film) are investigated, and the
demonstrated scenarios highlight the utility of the proposed MJSO-based methodology.
Photovoltaic (PV) systems are used to convert solar energy into electrical energy. The
importance of PV systems is considered as a main driving issue by scientists and companies
for the advancement of energy compatibility and price reduction. In addition, manufacturing
companies need to ensure maximum electricity production from PV power plants. Energy
production from PV power systems strongly depends on weather conditions, solar radiation
and temperature. In addition, these systems will inevitably suffer destruction along with the
possible occurrence of electrical errors. Effective modeling of PV cells is necessary and
important for controlling and predicting the performance of solar systems in different working
conditions. However, modeling and parameter evaluation of PV cells is a very challenging task.
The non-linear and scattered dimensions of meteorological statics etc. make it difficult to
identify cell limits. Until now, several models were developed based on the physical process
and related variables of PV cells.
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ARTIFICIAL JELLYFISH SEARCH ALGORITHM

The simulation of the search behavior of jellyfish involves their following the ocean current,
their motions inside a jellyfish swarm active and passive motion, a time control mechanism for
switching among these movements, and their convergences into jellyfish bloom [1]. The new
algorithm is successfully tested on benchmark functions and optimization problems. In a
swarm, there are two types of motions: type A (passive motion) and type B (active motion). In
the beginning, when the jellyfish swarm has just been shaped, most of jellyfish show passive
motion. As time passes on, they increasingly show active motion. In passive motion, jellyfish
move around their original locations. Consequently, each jellyfish updates its location by [1-
5].

Xi(t+ 1) = Xi(t) +ys * rand(0, 1) * (UB — LB)

where X; is a vector that contains the logistic chaotic values of the ith jellyfish, Xo is an initial
vector of jellyfish 0, generated randomly between 0 and 1. This vector is the start point that is
relied on for generating the logistic chaotic values for the remainder of the jellyfish, UB and
LB represent the upper and lower bounds of the search space, respectively. ys > 0 represents
the motion coefficient, associated with the motion length around locations of jellyfish. In this
paper, ys =0.1.

To simulate the active motion (type B), we will randomly select a jellyfish (Jfj) different to the
jellyfish of interest (Jfi). Consequently, to determine the direction of motion, a vector from Jfi
to the Jfj is utilized to define the direction of motion. When the amount of food founded at the
position of Jfj is greater than the amount at the position of Jfi , Jfi moves in the direction of Jfj
. In contrast, if the available amount of food to Jfj is lesser than the available amount to Jfi , Jfi
moves directly in opposite direction of Jfj . Thus, each jellyfish in a swarm moves directly to
the better trend to find food. The motion direction and the updated location of a jellyfish are
simulated by (55) and (56), respectively. This movement represents an effective way to exploit
the search space. In Figure-1 show that of Jellyfish artificial intelligence algorithm [1-5].
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Figure.1 Jellyfish artificial intelligence algorithm [1]

OPTIMIZING PV/T SOLAR CELL SYTEMS

Solar Photovoltaic (PV) systems are one of the most promising renewable energy sources that
convert solar energy into electrical energy in an environmentally friendly way. However, these
systems have low efficiency and high relative costs. To overcome these disadvantages, a grid-
connected PV system is needed to meet the load requirement. Solar cells cannot convert most
of the solar radiation coming to their surface into efficient energy, and the temperature in the
cells increases and a decrease in electrical efficiency is observed. Therefore, the PV cell
temperature can be lowered naturally or by cooling with a forced refrigerant. Creating a hybrid
system by using photovoltaic panels together with thermal systems is a solution for increasing
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efficiency. It is also well known that using a hybrid system reduces the need to use an external
source of electrical energy. As a result of the literature review, many studies have been carried
out to remove excess heat from the system by using gas and liquid fluids. Photovoltaic cells
experience a decrease in efficiency with an increase in temperature due to increased resistance.
PV/T systems can be designed to remove heat from the PV cells, thereby cooling the cells and
increasing their efficiency by lowering the resistance. The result is a cold-running PV panel
with higher efficiency and longer lifespan, and the production of hot fluids that can be used for
residential, commercial or industrial applications. For monocrystalline (c-Si) and
polycrystalline (pc-Si) silicon solar cells, the efficiency decreases by about 0.45% for every
degree increase in temperature. For amorphous-silicone (a-Si) cells, the effect is less, with an
increase in temperature of about 0.25% depending on the module design. This undesirable
effect can be partially avoided by proper heat extraction with fluid circulation [6-7].

MATERIAL AND METHODS

An efficient optimization approach is needed to obtain the best value of unknown parameters
in photovoltaic systems. In this work, the parameters of the single diode model (SDM) such as
(IP, ISD, a, Rs, Rsh) are considered as a decision variable or a member of the mermaid
algorithm Figure-2 shown that.
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Figure 2. Equivalent circit of the single diode model (SDM)
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CONCLUSION

Photovoltaic/Thermal (PV/T) systems provide hot fluid (usually water) production as well as
electrical energy production. In addition, since overheating of PV systems is prevented,
electricity generation performance is increased. In this study, a new aggregation model based
on the efficiency and energy performance of PV/T systems was developed using the developed
artificial Jellyfish Search Algorithm, and all simulation calculations were calculated with
MatLap programming. The proposed system is a system based on modern group intelligence
methods, and it is certain that algorithms such as jellyfish are more accurate than methods such
as genetic and particle algorithms. The disadvantage of the proposed method is the high
uncertainty of meta-heuristic algorithms and pseudo-random process to find optimal solutions
[8-10]. As result, Our research which is all the simulation show that optimizing solar panels to
increase power generation, presenting an optimization method in solar cells with mermaid
algorithm and single diode model parameters with mermaid algorithm,
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Abstract—Todays, many radioisotopes are used for diagnosis and treatment in nuclear medicine. In
line with the development of technology and the increasing need, studies on radioisotopes that are
used and have the potential to be used in this field are still up-to-date. In this study, possible production
mechanisms of "*Se radio isotope, which can be used in positron emission tomography (PET), were
investigated. Within the framework of the TALYS nuclear reaction calculation code, generation cross
sections, reaction efficiencies and total activation values up to 60 MeV beam energy values were
calculated and their compatibility with the data in the literature was examined.

Keywords— Selenium-73, proton induced reactions, cross-section, reaction yield.

INTRODUCTION

Many radioisotopes are used for diagnosis and treatment of diseases in the field of medicine
[1]. Radioisotopes are used in nuclear medicine in various imaging devices such as Positron
Emission Tomography (PET) and Single Photon Emission Tomography (SPECT). *Se is a
radioisotope suitable for use in Positron Emission Tomography (PET), one of the nuclear
medicine applications, due to its positron decay and 7.15 h half-life.

Radioisotopes are produced in three different ways: from nuclear reactor, linear accelerator
(cyclotron) and nuclear generators. In nuclear reactors, radioisotopes produced by fission have
a relatively long half-life and high purity rates. Since some of the nuclei obtained are rich in
neutrons,they are used for more therapeutic purposes in nuclear medicine by beta decay, and
some are used for imaging purposes by gamma decay [2]. In cyclotron, radioisotope
production occurs as a result ofthe charged particles being accelerated in a magnetic field and
sent to the target nucleus. Radioisotopes from the cyclotron are deficient in neutrons, so they
decay by electron capture (EC) orbeta ("B) decay [3]. Generators allow a short half-life
radionuclide to be immediately separated froma longer half-life one for immediate use. It is
very advantageous in terms of providing fast, regular use and low cost [4]. In 2004, Amjad et
al. examined "®As(p,3n)"3Se and ">As(d,4n)"*Se reaction channels in the 0-70 MeV energy
range and compared with ALICE, EMPIRE, and TALYS nuclear reaction codes for the
consistency of experimental data. By normalizing the data they obtained, they determined the
best cross-section values as 295 mb at 36 MeV and 203 mb at 41 MeV, respectively [5]. In
another study,Fabbender et al. employed 1 pA beam current for the "™Br(p,x)"3Se reaction
channel, and they obtained the optimal values in the 42-62 MeV range by comparing with
ALICE nuclear code calculations [6]. In 2004, Rowshanfarzad et al. compered the measured
3As(p,3n)"Se reaction channel in 30 IBA accelerators with the nuclear calculation codes of
ALICE and SRIM, which took measurements up to 30 MeV energy at 5 pA beam current.
They determined the best efficiency value as 5.3 mCi/pA [7]. In this study, we have
investigated the possible production mechanisms of "3Se, which can be used in nuclear
medicine applications. This study aims to determine the appropriate reaction channels for the
use of "*Se radioisotope in nuclear medicine and to provide preliminary informationin
experimental studies for radioisotope production by calculating the relevant optimal values. In
thiscontext ">As(p,3n)"3Se and "Se(p,d)"Se reaction channels have been investigated within
the framework of the TALYS 1.9 nuclear reaction code. Production cross-sections, reaction
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yield, and total activation values calculated up to 60 MeV energies for these reaction channels
were compared with the available data in the literature.

MATERIALS AND METHODS

In this study, we investigated some possible production mechanisms of "3Se using the nuclear
reaction code TALYS. TALYS nuclear reaction calculation code allows us to evaluate the
interaction between particles and nuclei such as protons and neutrons in the energy range of
1 keV- 200 MeV, and to evaluate between experimental and theoretical data [8]. TALYS
nuclear reaction calculation code includes several different nuclear reaction models that
provide a better understanding of nuclear reactions mechanisms. In the Constant Temperature
Fermi Gas Model (CTFGM), the excitation energy is divided into two different parts where
the constant temperature law is applied in the low energy region from 0 MeV to the matching
energy EM, and fermi gas law is applied in the high energy region above EM [9]. Back Shifted
Fermi Gas Model (BSFGM) was developed to evaluate the coupling energy as a modifiable
parameter in the low energy region [10]. Generalised Superfluid Model (GSM) is a model
developed to characterize the phase transitions from low energy region to the high energy
region, where it behaves superfluid [11]. "*As(p,3n)"3Se and "“Se(p,d)"3Se reaction channels
have been investigated using CTFGM, BSFG and GSM models of Level Density Model up
to 60 MeV energy level within the framework of TALY'S nuclear reaction calculation code.

RESULTS AND DISCUSSION

In this study, we have calculated the production cross-sections, reaction yield, and total
activation values up to 60 MeV beam energy value for "*As(p,3n)"3Se and "“Se(p,d)"3Se
reaction channels via TALYS 1.95 nuclear reaction calculation code. The calculated
production cross-sections for the reaction channels are shown in Figures 1 and 2, respectively.
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Fig. 1. Cross-section for the As(p,3n)"3Se nuclear reaction.
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Fig. 2. Cross-section for the "*Se(p,d)’Se nuclear reaction.

In Fig 1, the calculated data peaked in the lower energy range, and considering this situation, it seen
that it is generally in agreement with the experimental data [5, 12, 13]. The best model for "Se
production by "As(p,3n)’*Se reaction channel has been determined as CTFGM. The maximum
cross-section value obtained according to the best model has been calculated as 251.19 mb at 31
MeV. In Fig. 2, the calculated cross-section values for the 7“Se(p,d)”*Se reaction are given. In
Fig.2, it seen that the obtained values peak in the range 20-30 MeV, and the best production
cross-section value is also obtained from CTFGM. The maximum cross-section value obtained
according to the best model has been calculated as 719.382 mb at 24 MeV. Fig. 3 and 4 show the
reaction yield values for the As(p,3n)"Se and "“Se(p,d)”*Se reaction channels. In this study, a
current value of 1 mA has been used for the existing reaction channels. The reaction yield values
obtained were calculated as 1.39 and 155.92 GBg/mANh, respectively. In Addition, total activation
values have been calculated as seen in Fig. 5 and 6. Maximum total activity values for existing
reaction channels are 129.7 and 14523.2 GBq, respectively.
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Fig. 3. Reaction yields of "*As(p,3n)"Se reactions.
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CONCLUSION

The aim of this study is to examine the reaction mechanism of the "3Se radioisotope, which
has the potential to be used in nuclear medicine, at low energy levels. In this context, some
possible reaction channels of As(p,3n)"3Se and "“Se(p,d)”®Se for Se production were
investigated within the framework of the TALYS 1.95 nuclear reaction code. It has been seen
that GSM calculations were lower than other model calculations, and CTFGM and BSFGM
were more compatible with experimental data. Maximum production cross-section values
were obtained from CTFGM. In addition, reaction yield and total activation values during the
irradiation time for 1 mA beam currentare also calculated and presented.
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Abstract—aPiston is an integral part of the engine as it receives and transfer power produced from
combustion. Stresses produced in piston when subjected to pressure and temperature may lead to
permanent deformation of piston. Therefore, lightweight and restraining stress Aluminium (Al) Alloys
were preferred for piston. In this study the comparative analysis of 3x materials namely: Al-A4032, Al-
GHY-1250 and AI-A390-T5 were carried out using Finite Element Analysis (FEA) technique. Static
structural and steady-state thermal analysis were carried out to analyze stress distribution, total
deformation, total heat flux and temperature distribution in different sections of the piston owing to
pressure and thermal fluctuations. Al-GHY-1250 was superior in terms of total deformation with a
percentage of 1.58% as well as in terms of stress distribution while it succeeds Al-A390-T5 in terms of
total heat flux with 1.56x10-%%.

Keywords—Engine-Piston, Aluminium Alloys, FEA, ANSYS

INTRODUCTION

Piston, a most critical part of an internal combustion engine as it transfers the combustion power to the
crankshaft of the engine. Piston has to sustain tremendous pressure and heat. This emphasizes the need
of giving careful thought to the expected behaviour of the material under extreme circumstances
throughout the design process. Piston materials are selected based on their durability, density, thermal
expansion and wear characteristics. P.Carvalheira and P.Goncalves [1] compared AI-A390-T5 and
Ductile Iron 65-45-12 for XC20i’s engine using Finite Element Analysis (FEA). The design
requirements, thermal expansion, thermal conductivity and mechanical strength played a significant
role in determining the most suitable material. AlI-A390-T5 was selected as of low inertial forces and
increased volumetric efficiency. A.R. Bhagat et al. [2] investigated the thermal stress distribution using
FEA to predict critical regions and higher stress of Al Alloy, Steel Alloy pistons. Moreover, stress
distribution on the top of piston was reduced as a result of optimization. Cheekoti Benkata Rajam et al.
[3] analyzed stress distribution and gas pressure at various piston locations using FEA. VVon-Misses
stress and deflection were increased up to 16 percent as a result of optimized design. Vivek Zolekar and
Dr. L.N.Wankhade [4] used CATIA-V5, HyperMesh, RADIOSS for designing, topology optimization
and FEA to study mechanical and thermal stress distributions of the piston’s top surface.

S.Srikanth Reddy and Dr. B.Sudheer Prem Kumar [5] investigated thermal characteristics of uncoated
diesel piston of Aluminium Silicon Alloy. Zirconium coated AlSi Alloy was compared using FEA in
order to predict and enhance thermal stress distribution. Deepthi Kaza and T.Suresh Prakash [6]
examined the pros and cons of Ductile Iron 65-45-12 and Al-A390-T5 for engine pistons using FEA.
Al-A390-T5 was selected as of higher thermal expansion and conductivity with lower mechanical
strength and 66% reduced weight as compared to Ductile Iron 65-45-12. Isam Jasim Jaber and Ajeet
Kumar Rai [7] analyzed Al-A4032, AlSi4340 Alloy Steel, Ti-6Al-4V were taken as piston material.
Silicon Nitride crown piston is better to tolerate high structural and thermal analysis than the other using
FEA. Kashyap Vyas and Milan Pandya [8] used Finite Element Method (FEM) to analyze and predict
thermal and stress distribution of AIGHS1300 for design optimization within permissible temperature
and stress range. B.A.Devan, and G.Ravindra Reddy [9] compared AISi, Al-MgSi, AISiC-10 and
AISiC-12 using FEA for thermal distribution. AISiC was selected as of reduced total heat flux. The
maximum heat flux reduces by increase in composition of carbides in AISiC Alloy. Sheikh Naim Sheikh
Yusuf et al. [10] investigated Al-A2618 and Al-GHY-1250 using FEA for thermal distribution that
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indicates greater stress on the top of piston and a prominent reason of fatigue failure. Mr. Jadhav Vishal
et al. [11] analyzed Al-A4032 and Al-GHY-1250 using FEM for thermal analysis for single cylinder
petrol engine. Lower total deformation was observed in Al-GHY-1250 at various pressure conditions
as compared to Al-A4032. Mr. Jadhav Vishal et al. [12] observed same results for Al-A4032 and G7Al-
A2618 using FEA structural and thermal analysis. K. Sathish Kumar [13] used FEA to comparatively
study Al Alloy and SiC Reinforced ZrB2 material for pistons. It was evident that stress for all materials
was within the permissible limits of the respectable materials. From modal analysis it was observed that
piston with Al Alloy was having less geometric stiffness while the piston with SiC Reinforced ZrB2
material had more geometric stiffness. So, SiC Reinforced ZrB2 was best choice for piston
manufacturing. Bhavani Shankar Kalluri and SK Hidayatulla Sharief [14] used FEA to analyze
structural and thermal distributions of Al-A2024, Al-A8090 and Ti Alloy pistons. Max. total heat flux
were observed in rings and pistons of Al Alloy while Ti Alloy piston shows lowest heat flux along the
edges whereas stress intensity was equivalent. P.Viswabharathy et al. [15] investigated Al Alloy and
Stainless Steel using HyperMesh, RADIOSS for designing, topology optimization and FEA to study
thermal stress distributions of the pistons. Pathipati Vasu et al. [16] studied Al-SiC Graphite, Al-A7075,
Al-A4032, Al-A6082 and Al-GHY-1250 using FEM. It was analyzed that Al-SiC Graphite piston had
least equivalent stress as compared to other materials. From strain analysis, it was evident that near
piston pin area maximum strain was observed for all materials. Yao et al. [17] analyzed thermal
properties using FEA for PYSZ(ZrO2-8%Y?203), NiCoCrAlY and Al-Alloy. At the piston crown, the
highest temperature was observed, and maximum temperature of Thermal Barrier Coatings (TBCS)
occurred at the throat of the piston combustion chamber which was same as of conventional pistons and
its better. Akhil Reddy Anugu et al. [18] used FEA to analyze Steel, Cast Iron and Al Alloy for
automobile piston. Stress, deformation and strain values were low for Steel as compared to the others.
Arka Roychoudhury et al. [19] analyzed mechanical properties of Al-7Si and TiSiCN coating using
FEA. It was observed that thin coated layer of TiSICN Alloy had a noticeable impact on improving the
lifetime of engine piston as compared to uncoated flat head engine piston. From the literature it was
evident that to investigate and identify the best suitable piston based on its mechanical properties for
internal combustion engine under mechanical and thermal loads was a primary concern. Al-A390-T5
was dominantly used till 2014 later on Al-A4032 and Al-GHY-1250 were dominantly used before
shifting to coated materials. Therefore, Finite Element Model of Al Alloy piston for internal combustion
engine was developed to compare Al Alloys pistons based on mechanical properties using FEA. Al-
A390-T5, Al-A4032 and Al-GHY-1250 were considered for comparative study.

TABLE 1. LITERATURE MATRIX

FEA
Year | Author Name Material/s
Structural | Thermal
. Al-A390-T5, Ductile Iron
v v >
2006 | P. Carvalheira, P. gongalves [1] 65-45-12
2012 | A.R. Bhagat et al. [2] v v Al Alloy, Steel Alloy
2013 | Cheekoti Venkata Rajam et al. [3] v X _
2013 Vivek Zolekar, Dr. L.N. Wankhade [4] v K Al Alloy
S. Srikanth Reddy, Dr. B. Sudheer . .
> v
2013 Prem Kumar [5] X Al Alloy, Zirconium (Zr)
2014 | Deepthi Kaza, T.Suresh Prakash [6] 4 4 Al-A390-T5, Ductile Iron
65-45-12
. . . Al-A4032, AISI4340 Alloy
v v i
2014 | Isam Jasim Jaber, Ajeet Kumar Rai [7] Steel, Ti-6A1-4V
2014 | Kashyap Vyas, Milan Pandya [8] v AIGHS1300
. AlSi, Al-MgSi, AlSiC-10
‘/ s s >
2015 | B.A.Devan, G.Ravindra Reddy [9] K AISiC-12
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2015 Sheikh Naim Sheikh Yusufet al. [10] X 4 Al-A2618, AI-GHY-1250
2016 | Mr. Jadhav Vishal et al. [11] K v Al-A4032, AI-GHY-1250
2016 | Mr. Jadhav Vishal et al. [12] 4 Al-A4032, G7TAI A2618
2016 | K. Sathish Kumar [13] v Al Alloy, SiC Reinforced
ZrB2
2017 Bhavani  Shankar Kalluri, SK v Al Alloy 2024, Al-A8090,
Hidayatulla Sharief [14] Ti Alloy
2017 | P.Viswabharathy et al. [15] K v Al Alloy, Stainless Steel
Al-SiC Graphite, A1-A7075,
2018 | Pathipati Vasu et al. [16] v Al-A4032,
Al-A6082, AI-GHY-1250
PYSZ(Zr02-8%Y203),
2018 | Yaoetal.[17] X 4 NiCoCrAlY,
Al Alloy
2021 | Akhil Reddy Anugu et al. [18] v Steel, Cast Iron, Al Alloy
PistonAl-7S1, TiSiCN
2021 | Arka Roychoudhury et al. [19] Coating

CONSIDERATIONS FOR PISTON

Certain factors must be considered while designing engine pistons. Ideally, a piston would have:
Extreme durability to bear the intense stress.

Large enough bearing surface to forestall premature failure.
Minimum weight to withstand the inertial forces.

Effective oil sealing in the cylinder.
High speed reciprocation without noise.

To resist deformation due to heat or mechanical force.

The piston pin has enough support.

METHODOLOGY
Geometric modelling of engine piston was done using CAD software named as SOLIDWORKS.
Afterwards, step file was exported for ANSYS software for material allocation and FEM in order to
carry out structural and thermal analysis of Al Alloys pistons for comparative study as shown in fig.1.

Geometric Modeling using
CAD Software

Material Allocation

Finite Element Modeling

Thermal Analysis

Comparison of Pistons

Figure 1. Methodology
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J. Geometric Modelling
Design specification for Al Alloy piston was given in table Il whereas its 2D drawing and 3D model
was given in fig.2 in which comprehensive details of piston are prominent for visualization.

TABLE 2. DESIGN SPECIFICATIONS OF PISTON

Sr. Parameters Dimension
No.

1 Length of Piston (L) 57 mm

2 Bore Dia. (D) 90 mm

3 Thickness of Piston Head (tn) 8 mm

4 Radial Thickness of Ring () 1 mm

5 Axial Thickness of Ring (t2) 2 mm

6 Width of Top Land (b:) 10 mm

7 Width of Other Ring Bands (b>) 3 mm

8 Mass of Piston (m) 166.36 grams

030

R205

35.01

a7
24

‘ 40.29

Figure 2. Geometric Modelling
K. Meshing

Step file was imported in ANSYS for tetrahedral mesh generation considering aspect ratio as given in
table I11. A detailed view of engine piston under study was given in fig.3.
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Figure 3. Finite Element Modeling of Piston (Meshing)

TABLE 3. MESH DETAILS

Element Type Tetrahedral
No. of Elements 137054
Aspect Ratio 1.3

L. Material and Boundary Conditions

In table 1V a comprehensive detail regarding structural and thermal properties of Al Alloy piston

materials is given as used in FEA.

TABLE 4. PROPERTIES OF AL-A390-T5, AL-A4032 AND AL-GHY-1250

Material Al-A390-T5 | Al-A4032 AFGHY-
1250
Structural Properties
Poisson’s Ratio 0.33 0.33 0.3
Young’s Modulus (GPa) 81.2 79 83
Density (kg/m ) 2730 2680 2880
Bulk Modulus (GPa) 79.61 77.45 69.17
Shear Modulus (GPa) 30.53 29.7 31.92
Yield Strength (MPa) 240 315 1190
Ultimate Strength (MPa) 280 380 1250
Thermal Properties
Co-efficient of Thermal Expansion (1/°C) 1.80 x 10"-5 1.94 x 10"-5 2.00 x 10"-5
Thermal Conductivity (W/mK) 134 155 135
Reference Temperature (°C) 22 22 22

Moreover, engine piston was subjected to a gas pressure of 9MPa to analyze the Equivalent (Von-
Misses) Stress, Total Heat Flux and Total Deformation of pistons comparatively. The region around the
piston was considered frictionless. Force was applied on the top of piston surface wheras fixed pin
support was considered where gudgeon pin was fixed as given in fig.4.
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Figure 4. Boundary Conditions

RESULTS AND DISCUSSIONS
Results using FEA of Al Alloy pistons were given for comparative visualization in fig.5,6 and 7.
Whereas, result comparison was given in table V.

000 5000 (mm) ‘/L‘
—— z %

25.00 25.00

0.00 50.00(mm)

z‘/L‘x
25.00

Figure 5. Equivalent (Von-Misses) Stress of Piston (a) Al-A390-T5 (b) Al-A4032 (c) AI-GHY-1250
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Figure 6. Total Deformation of Piston (a) Al-A390-T5 (b) Al-A4032 (c) AI-GHY-1250
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Figure 7. Total Heat Flux of Piston (a) AI-A390-T5 (b) Al-A4032 (c) AI-GHY-1250
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TABLE 5. RESULTS COMPARISON OF (A) AL-A390-T5 (B) AL-A4032 () AL-GHY-1250

;l;; Parameters Al-A390-T5 Al-A4032 Al-GHY-1250

1 Equivalent (Von-Mises) Stress 157.44 MPa 139.36 MPa 147.73 MPa

2 Total Deformation 0.034963 mm 0.03594 mm 0.03442 mm

3 Total Heat Flux 0.091042 W/mm? 0.091192 W/mm? 0.09105 W/mm?
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Minimum Equivalent (Von-Misses) Stress was observed far from the centre, fixed pin support and fixed
pin support axis as shown in fig.5. Moreover, minimum deformation was observed at the centre of the
piston top surface whereas maximum deformation far from the centre in all analysis as given in fig.6
that is justifiable considering the boundary and load condition used in current study as given fig.4.
From the comparative study, it was observed that maximum Equivalent (Von-Misses) Stress was
produced in Al-A390-T5 whereas minimum was observed in the case of Al-A4032. Minimum Total
Deformation was observed for AI-GHY-1250 while maximum was observed for Al-A4032. Maximum
Total Heat Flux was noticed for Al-A4032 whereas minimum for Al-A390-T5. AI-A390-T5 will be
more prone to failure at high pressure because of its lower yield and ultimate strength as compared to
the other two as it reached 65.6% of its yield strength owing to load conditions used in current study
whereas Al-A4032 and Al-GHY-1250 reached 44.24% and 12.41% respectively. AlI-GHY-1250 lead
because of higher yield strength as compared to the other two Al Alloys to sustain higher pressure and
load conditions. Al-GHY-1250 leads in terms of Lowest Total Deformation with a percentage of 1.58%
whereas Al-A390-T5 succeeds and Al-4032 lags. Al-A4032 leads in terms of highest Total Heat Flux
wit a percentage of 1.56x10"-3% whereas AI-GHY-1250 succeeds and Al-A390-T5 lags. It was evident
that AI-GHY-1250 will be more sustainable as compared to Al-A390-T5 and Al-A4032 considering
structural and thermal properties for higher pressure and load conditions for pistons. Thereby more
practical material for developing an engine piston and its use pave the way for the creation,
improvement and optimization of high-power engine/s.
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Abstract - Colon cancer detection is a great significant task in medical diagnosis. the detection of
colorectal cancer in an early stage can significantly facilitate clinicians' decision-making and reduce
mortality. The accurate detection results help to explore symptomatic treatment promptly; this can be
achieved by using automatic systems with histopathological images. The combination of convolutional
neural networks and supervised machine learning methods are used to achieve better classification
results than using individual pre-trained deep networks. Therefore, this study is aimed to get a high
performance and accuracy of CNN combined them with supervised machine learning methods. Support
Vector Machine (SVM), decision tree (DT) and k-nearest neighbour (KNN) as the classification of
colon cancer to get the best accuracy.

Keywords: Colon Disease Diagnose, CNN, Machine Learning, SVM, Decision Tree, K-Nearest
Neighbour.

INTRODUCTION

Colon disease diagnosis is usually done by image processing methods, and careful learning is
needed to analyze these images. The image denoising in the image pre-processing steps can
reduce the features effectiveness and the classifier methods can make a mistake and the results
will not be good. Also in image processing some filters cannot give us the optimum results
because of losing the features. In this work, an attempt has been made to combine machine
learning skills such as learning in the neural network with learning and training in humans to
reveal the areas of colon disease. In the first, the convolutional neural network with SqueezeNet
is used to extract the features from the colon disease images. Finally, the machine learning,
support vector machine (SVM), decision tree (DT), and k-nearest neighbor (KNN) methods
are used to the classification step [1-10].

ARTIFICIAL NEURAL NETWORK

A subset of artificial intelligence known as an artificial neural network (ANN) is capable of
learning intricate nonlinear patterns from a set of data. Parallel computing units called ANNs
have recently emerged as effective classification tools. They were first inspired by the concept
of modeling mathematics and engineering to simulate the decision-making and parallel
processing capabilities of the human brain. Even though ANNSs still share many of the same
fundamental traits as the human brain, they function much differently than biological neural
networks today in terms of how they make decisions. Two primary criteria can be used to
classify various ANN types [11]. The network's encoding—or, more specifically, how it stores
knowledge gleaned from the data—is the first requirement. ANNs are divided into supervised
and unsupervised categories using this metric. The second criterion is how the networks are
decoded, or how the network handles new data after learning something from the previous
input. Using this criterion, feedforward and feedback ANNSs are distinguished.
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Import the colon disease images from the dataset

Use squeezenet for feature extraction

Use the machine learning methods (SVM, DT, KNN) for classification

'

Evaluate the results for confusion matrix, accuracy

A4

Figure 4. Flowchart of the proposed method for colon disease classification

RESULTS AND DISCUSSION
a) Dataset
In this paper, the famous dataset entitled “Lung and Colon Cancer Histopathological Images”,

obtained from the open-access dataset library will be used. The dataset was obtained from:
(https://www.kaggle.com/datasets/andrewmvd/lung-and-colon-cancer-histopathological-images)

This dataset contains 25,000 histopathological images with 5 classes. All images are 768 x 768
pixels in size and are in JPEG file format. In this paper, the last two datasets will use, Colon
adenocarcinoma and the Colon benign tissue. These datasets depend on the colon
histopathological images. In this paper, a total of 10,000 images will be used. 5000 images for
cancer and 5000 images for non-cancer images. Visual examples of six histopathological
images from the used dataset (where colon_n_refers to normal image and colon_ca_refers to
an image with colon cancer).

coloncal colonca2 colonca3 coloncad

Figure 5. Some samples images from the dataset
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To evaluate our results, we will use the most used measurements like Accuracy which based
on confusion matrix is shown in Table 1.

Table 2: Confusion matrix
Actual Values

Positive (1) | Negative (0)

Positive (1) TP FP

Negative (0) FN TN

Predicted Values

Support vector machines, decision trees and k-nearest neighbour have been utilized in this
study to categorize colon illnesses. The suggested approach has been applied to squeezenet
combined with these supervised machine learning methods as the classification of colon cancer
to get the best accuracy.

120.00%

98.80%

100.00%
’ 90.60%

79.30%
80.00%

60.00%
40.00%
20.00%

0.00% —
SVM decision tree KNN

B The accuracy 98.80% 79.30% 90.60%

Figure 6. Mean of the accuracy index of SVM, decision tree and KNN methods based on
squeezenet

The Analysis and evaluation reveal that the SqueezeNet combined by SVM approach performs
quite well in terms of classification of image accuracy as it has been shown in the figure 3. In
this experiment, the SVM based on SqueezeNet’s accuracy is 98.80%. When the Decision-
tree’ experiment resulted average is 79.30% while the KNN method achieve 90.60% accuracy
based on our CNN method.

CONCLUSION

In this study, a free-access database set was used for our necessary data. Using Matlab-2022a
program for simulation, using different methods to reach a good accuracy in this work, we have
combined machine learning based on the neural network. The machine learning algorithms
SV M, decision tree and KNN have been applied to detect a colon cancer with a high accuracy.
The best performance is obtained from SVM machine learning method based on the
SqueezeNet pertaining neural network for colon cancer classification.
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Abstract - The nonrenewable nature of fossil fuels and their connection to the buildup of greenhouse
gases in the atmosphere have been recognized for a long time. As a result, renewable methods have
been developed that utilize both non-biomass sources like wind, solar, geothermal, and hydroelectric
power, and biomass sources that can be directly combusted or converted into value-added products
using various thermochemical processes or using microorganisms. This combination of microorganisms
and biomass has paved the way for the creation of a bioeconomy, enabling the commercial production
of biofuels, biochemicals, and other miscellaneous materials. This study focuses on the production of
bio-ethylene from Zea Mays (a waste biomass of corn). Ethylene is a key feedstock for various
downstream chemical products like PET, ethylene oxide etc. It is responsible for the production of about
half of all plastics produced globally (a fast-growing industry all over the world). Annually, over 140
million tons of ethylene are produced, and demand for it is expected to rise, particularly in developing
economies. With its resemblance to ethylene in terms of chemical makeup, bio-ethylene can also be
used to make plastics and other downstream products with the current machinery and production
capacity. This study provides techno-economic analysis for the production of bio-ethylene from Zea
Mays (corn stover). The production of bio-ethylene from biomass-based pathways involves two primary
steps: fermentation to produce bioethanol from biomass, followed by the catalytic dehydration of
bioethanol to bio-ethylene. This research work discusses all the technical aspects with the economic
evaluation of the production process. All indicators of economic analysis (Net Present Worth, IRR etc.)
shows the Bio-Ethylene from Zea Mays is economically viable (27.8% rate of return) to produce value
added product (bio-ethylene) with least environmental implications.

Keywords: Biorefinery, Zea Mays, Green house gases (GHG), bio-ethylene, fermentation, Economic
evaluation, Profitability analysis, Discounted cash flow, Net present worth Rate of Return,
Depreciation.

INTRODUCTION

The first of the alkenes is ethylene, often known as ethene (CH,=CHy). It is a colorless gas that normally
boils around -103.7 °C and is only moderately soluble in alcohol and water. Due to its high activity,
this substance reacts readily when combined with various chemical reagents [1]. Ethylene due to its
simple molecular formula and composition serves as the basic raw material for Plastic and Polymer
industry [2]. Ethylene is the important feed stock used in the production of various valuable products
like plastics, PET bottles, PVC pipes, ethylene glycol etc. Almost 60% of Ethylene is used in
Polyethylene manufacturing [3]. Currently, Ethylene is being produced from the cracking of fossil fuel
based raw materials like Naphtha, Natural gas, shale gas etc. As we know, fossil fuels are depleting day
by day and their prices are on the rise which is causing ethylene to get more expensive and eventually
effecting the polymer industry. The production of plastics from non-renewable feedstock is of great
interest nowadays. The use of biomass for production of useful products contribute to greenhouse gas
depletion [4]. In this project, we have designed a complete process for the sustainable production of
Ethylene (also known as Bio-Ethylene due to its production from biomass) from a cheap waste material,
i.e., Corn stover (Zea Mays) which is the remaining of the corn crop. Farmer used to get rid of this
waste (corn stover) by land filling or by burning it. This action involves the serious environmental
impacts (emission of GHG from its burning is major impact). Our project is a value addition project
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(converting waste into valuable product) which contains following Commercial advantages over the
existing process:

i Reducing Environmental Hazards

ii Raw material is inexpensive which will obviously drastically affect the selling.

iii Price of Ethylene. The low-price Ethylene will give the boost to the polymer industry of
Pakistan (as ethylene is feed stock for polymer industry)

iv This process is sustainable in term Ethylene production because the conventional production
involves the fossil fuel based raw material which depleting day by day.
\Y This process is the first step towards bio-refinery in Pakistan.

a. Process Description:
The process comprises of four sections:

. Pretreatment of Corn Stover

. Saccharification and Fermentation

. Purification of Ethanol

. Catalytic dehydration of Ethanol to Ethylene

The physical and chemical processing of raw materials is the first phase. Corn stover is then ground to
a thickness of 0.2 mm. To release hemicellulose sugars and break down biomass, maize stover is first
processed with diluted sulfuric acid in the pretreatment and conditioning unit. Ammonia is then added
to the pretreated slurry to alter its acidity to be acceptable for enzymatic hydrolysis [2]. The subsequent
step involves sending the hydrolysate to an enzymatic hydrolysis and fermentation unit, where a
cellulase enzyme is utilized for the enzymatic hydrolysis process. The cellulose and xylose in the
hydrolyzed slurry are then fermented to create bioethanol [5]. Using glucose as the main carbon source,
an enzyme manufacturing unit on-site produces the necessary cellulase enzyme. The produced beer is
then divided into bioethanol, water, and residual solids in a production recovery section using
distillation and solid-liquid separation [1]. A wastewater treatment unit collects and treats wastewater
streams produced during the synthesis of bioethanol using anaerobic and aerobic digestion. To form HP
steam, which is utilized to produce electricity and meet the demand for process heat, solids and biogas
from the product recovery unit and wastewater treatment unit are burned. Bioethanol made from maize
stover is first dehydrated to produce ethylene, water, and other byproducts in the ethylene
manufacturing process. The dehydration reactor effluent is then pressurized and quenched. In an
ethylene purification unit, the effluent is finally divided into ethylene, water, and other components [6].

WHB-101

Figure 1. Process Flow Diagram for Production of Bio-Ethylene from Zea-Mays

2. Economic Analysis

Economic analysis is the crucial step in any design. Comparable to other industrial or financial
initiatives, a good project should ensure a quick return on the investment and strong profitability over
the anticipated lifetime. Cost estimation is a specified subject and a profession [7]. The design engineer,
however, needs to be able to make quick, rough, cost estimates to decide between alternative designs
and for project evaluation. Chemical plants are built to make a profit, and an estimate of the investment
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required, and the cost of production are needed before the profitability of a project can be assessed. In
this project numerous components that frame the capital cost of a plant and the components of the
operating costs are considered, and the methods used for cost estimation are evaluated.

a. Assumptions:

. 3000 tons/day of Bio-Ethylene

. Plant is 100% equity financed

. Plant initiates operation in 5-8 years
. Plant life is 20 years

. Plant availability is 330 days/year

. Zero salvage value for general plant
. MACRS depreciation method is used

b. Total Capital Investment:

Total Capital investment comprises of fixed and working capital investment. Fixed capital is the total
cost of the plant ready for start-up. It is the cost paid to the contractors.

It includes the cost of:

. Design, and other engineering and construction supervision.
. All items of equipment and their installation.
. All piping, instrumentation, and control systems. Buildings and structures. Auxiliary facilities,

such as utilities, land and civil engineering work.
Working capital is the additional investment needed, over and above the fixed capital, to start the plant
up and operate it to the point when income is earned. It includes the cost of:

. Start-up.
. Initial catalyst charges.
. Raw materials and intermediates in the process.
. Finished product inventories.
I Purchased Equipment Cost

Table 1. Purchased Equipment Cost

Purchased Equipment Cost
Reactors

No. Required 06

Purchased Cost $ 4359040
Heat Exchangers

No. Required 06

Purchased Cost $ 1480130
Distillation Column

No. Required 02

Purchased Cost $ 2819862
Mixers

No. Required 02

Purchased Cost $ 93338
Flash Vessel

No. Required 02

Purchased Cost $ 391640
Pumps

No. Required 06

Purchased Cost $ 599148
Crushers

No. Required 03

Purchased Cost $1124
Conveyors

No. Required 03

Purchased Cost $114
Mechanical Separator

No. Required 01

Purchased Cost $20765
Total Purchased Equipment Cost $ 10069592
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ii. Direct Cost
Table 2. Direct Cost of Plant
Direct Cost
Item % (Purchased Equipment) Cost $
Purchased equipment 100% 10069592
Installation 47% 4732708
Instrument and Control 18% 1812527
Piping 66% 6645931
Electricity 11% 1107655
Building 18% 1812527
land 6% 604175.5
Service facility 70% 7048714
Yard Improvement 10% 1006959
Total 34840788

iii. Indirect Cost
Table 3. Indirect Cost of Plant

Indirect Cost
Items % (Direct Cost) Cost §
Engg. & Supervision 33% 332296536
Contractor fee 19% 191322248
Construction Expenses 41% 4128532.72
Contingences 37% 3725749.04
Total 13090469.6

Fixed capital = direct cost + indirect Cost

Fixed capital = $47931258

Working capital investment = 15% of fixed capital investment

Working capital investment = $7189688

Total capital investment = Fixed capital investment + Working capital investment
Total capital investment = $ 55120946

An estimate of the operating costs, the cost of producing the product, is needed to judge the viability of
a project, and to make choices between possible alternative processing schemes. These costs can be
estimated from the flow-sheet, which gives the raw material and service requirements, and the capital
cost estimate.

The cost of producing a chemical product will include the items listed below. They are divided into two
groups.

c. Operating Cost

1. Variable operating costs: costs that are dependent on the amount of product produced.

2. Fixed operating costs: costs that do not vary with production rate. These are the bills that have to be
paid whatever the quantity produced.

d. Total Production Cost
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i. Variable Cost

Raw Material Cost

Flow rate of corn stover = 562120 kg/hr

For 330 days = 4451990400 kg/year

Price of corn stover per kg = $0.0585/kg

Total price of corn stover = $260441438/year
Catalyst Cost

Price of catalyst (Al203) = $1.2/kg

Weight of catalyst = 1760 kg

Price of catalyst = $2112/year

Miscellaneous Material

Maintenance cost = 7% of FCI Maintenance cost = $ 335518
Miscellaneous Material = 10% of maintenance cost
Miscellaneous Material = $ 33551

Steam Cost

Price of steam in 2022 = $0.014/kg

Total steam required = 432000 kg/hr

For 330 days = 3421440000 kg/year

Total price of steam per year = $ 47900160/year
Cooling water

Cooling Water price = $0.00001/kg

Cooling Water Required = 6538000 kg/hr

Cooling water required = 51780960000 kg/year
Total price of cooling water = $517809/year
Variable cost = raw material cost + miscellaneous cost + utilities cost
Variable cost = $ 305502483/year

ii. Fixed Cost:
Table 4. Fixed Operating Cost for Processing Plant
Fixed Operating Cost
Item % (FCI) Cost S
Maintenance 7% 3355188
Operating cost of labor 10% 4793126
Laboratory Cost 20% 9586252
Supervision Cost 15% 7189689
Plant Overheads 50% 23965629
Capital Charges 10% 4793126
Insurance 1% 47931.26
Local Taxes 2% 95862.52
Royalties 1% 47931.26
Total 34840788

iii. Direct Production Cost

Direct Production Cost = variable cost + fixed cost
Direct Production Cost = $ 305502483 + $ 34840788
Direct Production Cost = $ 340343271

iv. Overhead Charges:
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30% of direct production cost

Overhead charges = (0.3)(340343271)=

$ 102102981

Total production cost = Direct Production Cost + Overhead Charges
Total production cost = $442446252/year

Total production rate = 990000000kg/year

Production cost ($/kg) = Total production cost / Total production rate
Production cost ($/kg) = $ 0.47/kg

e. Profitability Analysis:

Total Income

Selling Price = $600/ton

Total Production per year = 990000 ton/year
Total Income = $594000000/year

Gross Profit

Gross Profit = Total Income - Total Production Cost
= $ 594000000 /year — $442446252/year

= $151553748/year

Depreciation:

Machinery and equipment = 20% of FCI

= $ 9586251

Building = 4% of Building cost

= $ 1812527

Total Depreciation = Machinery and equipment + Building
=$11398778

Profit before Taxation:

Net Profit before Taxation = Gross profit — Depreciation
= $ 151553748 /year - $ 11398778/year

= $ 140154970/year

Net Profit after Taxation:

Net Profit after Taxation = (1-0.40)* Profit before taxation
= $ 15335449/year

Rate of Return

Rate of Return

= Net ProfitTotal Capital Investment x 100

=278%

Pay Back Period

= 1Rate of Return

= 3.5 years

f. Economic Feasibility Analysis:

i. Discounted Cash Flow:

Total Capital Cost = CFC + CL +CWC

CFC = Fixed Capital

CL = Land Cost

CWC = Working Capital

Annual Expense = Cost of manufacturing

COM=0.304FCI+2.73COL+1.23(CUT+CRM)

COL = Cost of Labor

CUT = Utilities Cost

CRM = Raw Material Cost

ii. Net Present Worth:

The The future profitability of an investment, project, or business is assessed using net present value.
The NPV of an investment is essentially the total discounted to present value of all future cash flows
during the investment's lifetime[8].

iii. Cash Flow:
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Cash flows include all money produced or spent for the benefit of the investment, such as interest and
loan repayments as well as capital outlays. The cash flow for each period comprises both inflows for
profits, revenues, and dividends as well as outflows for costs[9].
iv. Internal Rate of Return:
An internal rate of return computation is used in capital planning to determine whether projects or
investments are worthy of funding and to rank them. The discount rate at which the net present value
(NPV) is zero is known as the IRR. (when time-adjusted future cash flows equal the initial investment).
An indicator of actual investment performance is the annual rate of return, or IRR[6].

Table 5. Cumulative Cash Flow Analysis

Years Gross _-\-llllllﬂl Csll;:fc]n;:: " Depreciation Taxable Tax Fluc\:t:llf]ter Cpmulati\'-e
Income Expense Depreciation Income Tax Cash Flow
§ § § $ $ $ $ b
-1 -47931258 -47931258
-1 -1917250 -49848508
-1 -7189689 -57038197
1 594000000 | 562529739 31470261 1195870 30274391 | 13623476 | 16650915 | -40387282
2 594000000 | 562529739 31470261 2265859 20204402 | 13141981 | 16062421 -24324861
3 594000000 | 562529739 31470261 2108507 20361754 | 13212789 | 16143964 -8175896
4 594000000 | 562529739 31470261 1951156 29519105 [ 13283597 | 16235508 8059611.5
5 594000000 | 562529739 31470261 1793805 29676456 | 13354405 | 16322051 24381662
6 594000000 | 562529739 31470261 1667924 29802337 [ 13411052 | 16391285 40772948
7 594000000 | 562529739 31470261 1416162 30054099 | 13524345 | 16529735 57302703
8 594000000 | 562529739 31470261 1416162 30054099 | 13524345 | 16529755 73832457
9 594000000 | 562529739 31470261 1416162 30054099 | 13524345 | 16529735 90362212
10 594000000 | 562529739 31470261 1416162 30054099 | 13524345 | 16529755 | 106891966
11 594000000 | 562529739 31470261 1416162 30054099 | 13524345 | 16529755 | 123421721
12 594000000 | 562529739 31470261 1416162 30054099 | 13524345 | 16529755 | 139951476
13 594000000 | 562529739 31470261 1416162 30054099 | 13524345 | 16529755 | 156481230
14 594000000 | 562529739 31470261 1416162 30054099 | 13524345 | 16529755 | 173010985
15 594000000 | 562529739 31470261 1416162 30054099 | 13524345 | 16529755 | 189540740
16 594000000 | 562529739 31470261 1416162 30054099 | 13524345 | 16529755 | 206070494
17 594000000 | 562529739 31470261 1416162 30054099 | 13524345 | 16529755 | 222600249
18 594000000 | 562529739 31470261 1416162 30054099 | 13524345 | 16529755 | 239130004
19 594000000 | 562529739 31470261 1416162 30054099 | 13524345 | 16529755 | 255659758
20 594000000 | 562529739 31470261 1416162 30054099 | 13524345 | 16529755 | 272189513

v. Cumulative Cash Flow Diagram:
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Cumulative Cash Flow Diagram
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Figure 2: Cumulative Cash Flow Diagram for Breakeven Analysis

Minimum Acceptable Rate of Return (MAAR ) = 15%
Internal Rate of Return =i %

NPW=net profit(1+i)ni(1+i)n—TCI=0

By hit and trial method

IRR =31%

NPW = $11984107

IRR > MAAR

31% > 15%

CONCLUSION

It is concluded from this research work that Bio-ethylene production from Zea Mays is a technically
feasible and sustainable project as it produces ethylene from the waste biomass (Zea Mays, i.e., Corn
Stover) and this waste biomass is being disposed-off in Pakistan as land fillings, by burning of this
waste to get energy (this is causing severe environmental fall outs in Pakistan). The process conditions
(like suitable temperature, pressure etc.) are developed during this work to make it a technically viable
process. Zea Mays being a waste biomass is inexpensive and due to its large-scale cultivation in
Pakistan, it is abundantly available. Biorefinery projects are much needed for the developing economies
like Pakistan to produce expensive products from inexpensive raw material (waste biomass). The
economic analysis of this project also confirmed the technical & economic feasibility of this biorefinery
project. All indicators of economic sustainability are positive and endorse the viability of this project.
27% Rate of return makes this project is financially attractive for the investors and the IRR is 31%
which quite higher than other minimum acceptable rate of return, actually this much IRR makes this
project to stand out as compared to any alternative investment options. Moreover, there are very few
environmental hazards associated with this project, which can be controlled by proper waste
management. Another aspect of this research work is that we can also produce bioethanol from the same
biomass waste (Zea Mays) which is a biofuel.
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Abstract - This study aimed to investigate the electronic and structural characteristics of m-
fluoroaniline (MFA) and m-iodoaniline (MIA). Density functional theory (DFT) and CAM-
B3LYP/LanL2DZ methods were employed to determine various properties such as the highest occupied
molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) energy levels, chemical
reactivity descriptors, nonlinear optical properties, Mulliken population analysis, molecular
electrostatic potential map, thermodynamic properties, and UV-Vis spectral analysis. In addition, the
research explored the vertical and adiabatic ionization energy parameters of these molecules by
constructing singly charged cation radicals using the same level theory. The obtained results were
compared with experimental data from the literature.

Keywords — DFT, Molecular properties, HOMO, LUMO, NLO, UV-Vis, Adiabatic lonization,
Vertical lonization

I.  INTRODUCTION

Aromatic amines, especially aniline, are crucial in biology and materials science due to their
numerous technological uses [1, 2]. Aniline serves as a precursor for creating dye and sensitizer
molecules, enabling the production of non-linear optical molecules [3-5]. Aniline represents
the molecular model for aromatic amines, with its structure known in the gas phase by
microwave spectroscopy and in the solid state by X-ray crystallography [6-9]. The structural
and electronic properties of aniline were analyzed through semiempirical and ab initio
calculations [10-14]. The presence of a substituent atom in aniline changes the charge
distribution in the molecule, thereby altering its structural and electronic characteristics [15].
Aniline can form three isomeric configurations: ortho, meta, and para isomers. Ortho and para
isomers have been studied theoretically and experimentally as a substitute for different atoms
in the literature [16-21]. However, information on the structural and electrical properties of
substitute anilines, specifically MFA (MFA) and MIA (MIA) compounds, is scarce. Therefore,
future experimental research will greatly benefit from these findings. In this study, we use
theoretical calculations to demonstrate the differences in the structural and electrical properties
of substituted anilines.
Il.  MATERIAL AND METHODS
The conformer analysis of MFA and MIA was carried out by the Spartan 08 package program
[22] using Merck molecular force field (MMFF) in the molecular mechanic method. then, the
ground state geometries of each isomer were optimized in the gas phase using the Coulomb-
attenuating method-functional hybrid Becke three-parameter Lee—Yang—Parr exchange-
correlation functional (CAM-B3LYP) and the LanL2DZ basis set with the Gaussian09
program. Also, adiabatic ionization parameters were calculated by optimizing the most stable
molecular conformational geometry and the same molecular geometry as the neutrals were
used to calculate the vertical ionization parameters.
IIl.  RESULTS AND DISCUSSION
A. Geometrical Structure Analysis
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The optimized structure along with numbering of the atoms of MFA and MIA compounds
obtained from the B3LYP/LANL2DZ method is show in Fig 1. The optimized structural
selected bond lengths, bond angles and dihedral angles of these compounds are presented in
Table Il. The energy and dipole moments values of these compounds are also displayed in
Table I. As indicated in table I, MFA has the lowest energy value of the compounds, hence it
is the most stable of these compounds. In the aniline ring, our calculations of C1-C3, C1-C4,
and C6-C3 bond lengths are calculated at 1.41082 1.41412, and 1.38906 A for MFA. In
additionally these bond lengths for MIA have calculated 1.41247, 1.41164, and 1.39669
respectively. each two compounds have approximately the same values among C-C bond
lengths. But, C-X (X=F, I) bond lengths for fluorine and iodine atoms attached to the aniline
ring were obtained as 1.39681, and 2.12926 A respectively. As shown in Table |1, the computed
bond angles and dihedral angles values for both compounds are almost the same.

MFA
Fig. 1. Lowest energy structure of MFA and MIA compounds

Table I. Energy and dipole moment values of MFA and MIA compounds

Compounds Energy (Hartree) Dipole Moment (Debye) Point Group
MFA -386.625110 3.706085 C1
MIA -298.151130 3.244160 C1

Table 11. The Bond Lenghts (A), Bond Angles (°) and Dihedral Angles (°) of MFA and MIA
compounds

Parameters Compounds

MFA MIA
Bond Lenghts (A)
N10-Cl 1.38881 1.39006
C1-C3 1.41082 1.41247
Cl1-C4 1.41412 1.41164
C6-F14 1.39681 -
Co6-114 - 2.12926
C6-C3 1.38906 1.39669
C6-C2 1.39160 1.40004
Bond Angles (°)
N10-C1-C3 120.38226 120.29603
N10-C1-C4 120.65442 120.71257
C1-C3-C6 118.44227 119.72753
C3-C6-F14 117.4919 -
C3-Co6-114 - 118.99267
F14-C6-C2 118.39351 -
114-C6-C2 - 119.24641
C6-C2-C5 116.74355 118.09567
Dihedral Angles ()
N10-C1-C3-C6 179.99892 -179.99905
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N10-C1-C4-C5 179.99113 -179.99961
F14-C6-C3-Cl1 -179.98357 -
114-C6-C3-Cl -179.99814
F14-C6-C2-C5 179.97602 -
114-C6-C2-C5 - 179.99713

B. FMO and Chemical Reactivity Descriptors

The highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital
(LUMO) play important roles in determining the electronic, electric, and optical characteristics
of molecules [23]. The LUMO functions as an electron acceptor and so describes the
compounds' susceptibility to attack by nucleophiles [24]. The HOMO functions as an electron
donor and so characterizes the compounds' susceptibility to assault by electrophiles. The
HOMO-LUMO gap energy is the energy difference between HOMO and LUMO energies. The
compositions' chemical reactivity and kinematic stability can be investigated with the help of
the HOMO-LUMO gap energy. The softer the compound, the smaller the HOMO-LUMO gap
energy value, and the harder, less reactive, and less stable the compound, the greater the
HOMO-LUMO gap energy value [25, 26]. As seen in Fig. 2, the colors red and green are
represented in positive and negative phases, respectively. According to the HOMO-LUMO
energy gap values, the most soft, reactive, and stable chemical is MIA.
MFA MIA

9 ‘ ‘
ELUMO = —4' 60 eV ELUMO = —4 57 eV

Eqomo = —8.71 eV Eqomo = —5.35 eV

Fig. 2. HOMO-LUMO Plot of MFA and MIA compounds

The global chemical reactivity descriptors are defined by the Koopman’s theorem [27]. the
ionization potential (1) and electron affinity (A) values can be calculated through HOMO and
LUMO orbitals energies using the equations I = —Egomoe and A = —Epymo- In additionally,
chemical potential (u), global hardness (1), global softness (S), electrophilicity index (®) and
the electronegativity () are expressed by the following equations. . These quantum chemical
parameters were calculated using equation 1-5 [28]. The hardness corresponds to the gap
between Egomo and Exomo Erumo€nergies and is indicator the stability and reactivity of
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compounds. The softness describes the capacity of an atom or a group of atoms to accept
electrons. The obtainde values of global reactivity descriptors were presented in table I11.

n= —UJ;—A) Equation 1
= (1;—A) Equation 2
S = % Equation 3
2
w= = Equation 4
2
= U;—A) Equation 5
Table I11. Chemical reactivity descriptors of MFA and MIA compounds
Compounds Egap (EV) 1(eV) A(eV) pEvV) nEv) S(EV) o(EV) 1 (eV)
MFA 4.11 8.71 4.60 -6.65  2.05 0.24 10.78 6.65
MIA 0.78 5.35 4.57 -4.96  0.39 1.28 31.54 4.96

C. Nonlinear Optical (NLO) Properties

Nonlinear Optical (NLO) Properties is most important properties for optical modulation,
optical switching, optical logic, and optical memory in the areas of telecommunications, optical
interconnections, and signal processing [29-31]. The dipole moments (u), the polarizabilities
(), and the first-order hyperpolarizabilities () of compounds have calculated using the finite-
field approach. The obtained values were presented in table IV. The p, (o), and B values using
the X, y, z components are calculated using follows equations.

1

Heor = (i + ity + 1) 2 Equation 6
Atot = % (axx + ayy + azz) Equation 7
Beot = (BZ + B3 + ﬁzz)l/z Equation 8
were By, B, and 3, are defined to be

ﬁx = (.Bxxx + ﬂxyy + ,szz) Equation 9
By = (ﬁyyy + Byzz + ﬁyxx) Equation 10
Bz = (,Bzzz + Boxx t+ ﬁzyy) Equation 11

Total first hyper polarizability from Gaussian 09 output is given in Equation 12.

1

Btot = [(Bxxx + ﬂxyy + ﬁxzz)2 + (ﬁyyy + ﬁyzz + ﬁyxx)z + (ﬁzzz + Bzxx + ﬁzyy)z] /2 Equation 12

The dipole moment is one of the most important results for electronic properties due to the
distribution of charges on atoms in a compound and used to study the intermolecular
interactions. The intermolecular interactions are stronger when the dipole moment is higher.
A molecule’s reaction to an applied electric field is characterized by its polarizability and first
hyper polarizability. The calculated B, and o, values in table IV were converted into
electrostatic units (esu) (1 a.u. = 8.6393x 10 esu) and (1 a.u. = 0.1482x107% esu),
respectively [27, 28]. For MFA and MIA molecules, the computed dipole moment is 3.7061 D
and 3.2442 D, respectively. As a result, MFA has a greater estimated dipole moment than MIA.
Polarizability values for MFA and MIA compounds were determined to be 9.584 x10724 esu
and 12.505 x 1072* esu respectively. Also, both the MFA and MIA compounds' first-order
hyperpolarizabilities were calculated to be 2369.14 x 10733 esu and 2465.26 x 10733 esu
respectively. Urea is one of the model molecules used to investigate the NLO properties of
compounds {Dixon, 1994 #42}. It is frequently used as a benchmark for comparison.
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Polarizability and first-order hyperpolarizabilities values for urea are found to be 3.8312
x10~%*esu and 0.1947 x x 10739 esu, respectively. Polarizability values for MFA and MIA
molecules are roughly 2.5 and 3 times larger than urea, respectively. Furthermore, the first-
order hyperpolarizabilities found for MFA and MIA compounds are roughly 12 and 12, 5 times
larger than the magnitude of urea, respectively.

Table IV. NLO values of MFA and MIA compounds

Parameters MFA MIA
Dipole moment (Debye)
Ly 3.6862 3.0614
Uy 0.3834 -1.0735
Uy 0.0003 0.0000
Utor 3.7061 3.2442
Polarizability (a.u)
ey 88.08 134.61
ayy 76.82 87.98
ay, 29.10 30.54
Ator (a.1) 64.673 84.380
L () 9.584 x10~2* 12.505 x 1024
Hyperpolarizability (a.u)
Baxx -153.81 45.21
Brxy 196.46 139.04
Byy -24.19 -139.23
Byyy 1.34 127.60
Baxz -0.041 0.0002
Bryz 0.024 -0.0009
Byyz -0.0051 -0.0011
Biyzz -6.032 32.24
Byzz 5.490 11.93
B2z -0.012 -0.0027
Bio: (a.0) 274.229 285.354
Btor (esu) 2369.14x 10733 2465.26 10733

D. Mulliken Populations

The Mulliken atomic charges calculations were carried out the determination of electron
population of each atom in compounds. Atomic charges have an impact on a variety of
molecular characteristics, including the dipole moment, electrical parameters, polarizability,
and refraction [32]. It is essential to comprehend these charges. All hydrogen atoms have
positive charges, as seen in figure 3. In general, the carbon atoms in the ring have positive
charges, however the C6 MIA has a negative charge and the MFA has a positive charge. Each
of the two compounds' nitrogen atoms carries a negative charge. lodine and fluorine substituted
atoms have positive and negative charges, respectively.
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=EMIA ®MFA

11H 12H 13H 141 1
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Fig. 3. Mulliken populations of MFA and MIA compounds
E. Molecular Electrostatic Potential Map

The molecular electrostatic potential maps are one of the key computation techniques used to
examine the distribution of electron densities over the compounds. It is very beneficial for
predicting a compound's reactivity to nucleophilic and electrophilic assaults. Intermolecular
interaction types can be inferred thanks to MEPs [28, 33]. The MEP maps of the substances
produced on the density surface are shown in Figure 4. These maps' red and yellow colors
indicate areas that are more electron-rich (electrophilic reactivity), while their blue color
indicate areas that are more electron-poor (nucleophilic reactivity). For MFA, the electrophilic
and nucleophilic regions are primarily located on the fluorine atom and close to the nitrogen
atom, respectively. The electrophilic region for MIA is localized on all compounds.
Additionally, the color codes of these MEP maps are in the range between -5.465xx102a.u —
5.465 xx10 a.u and -4.736xx10 a.u — 4.736 xx10 a.u MFA and MIA respectively.

-5.465xx102 a.u — 5.465 xx102 a.u -4.736xx10 a.u — 4.736 xx10 a.u
MFA MIA
Fig. 4. Molecular electrostatic potential of MFA and MIA compounds

F. Thermodynamic Properties

Table V shows the thermodynamic properties of MFA and MIA compounds in the gas phase,
including thermal, heat capacity, entropy, zero-point vibrational energy, sum of electronic and
zero-point energies, sum of electronic and thermal free energies, and rotational constants. We
discovered that the heat capacity, entropy, and zero-point vibrational energy were acquired in
the sequence MIA > MFA. The thermal, sum of electronic and zero-point energies, and sum of
electronic and thermal free energies have been calculated in the following order: MFA > MIA.
These findings can be used to conduct experiments on the chemical reactions of MFA and MIA
[34].
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Table V. Thermodynamic properties for MFA and MIA compounds

Parameters MFA MIA
Total energy (thermal), E total (kcal. Mol")

TOTAL 73.758 72.841
Electronic 0.000 0.000
Translational 0.889 0.889
Rotational 0.889 0.889
Vibrational 71.980 71.064

Heat capacity at const. volume, C v (cal. Mol"! K1)

TOTAL 25.886 27.346
Electronic 0.000 0.000
Translational 2.981 2.981
Rotational 2.981 2.981
Vibrational 19.925 21.384

Entropy, S (cal. Mol' K1)

TOTAL 79.837 87.365
Electronic 0.000 0.000
Translational 40.030 42.054
Rotational 28.126 30.281
Vibrational 11.680 15.030
Zero-point vibrational energy, E 0 (kcal mol™) 69.65156 68.27284
Sum of electronic and zero-point energies -386.514113 -298.042330
(Hartree/Particle)

Sum of electronic and thermal free energies -386.507570 -298.035050
(Hartree/Particle)

Rotational constants (GHz)

A 3.30655 3.23079
B 1.75968 0.56568

C 1.18983 0.48139

G. TD-DFT Results: UV-Vis Spectra and lonization Energies

Figure 5 depicts the calculated UV-Vis spectra of the neutral m-fluoroaniline and m-
iodoaniline isomers using time-dependent density functional theory (TD-DFT). The spectra
demonstrate strong absorption bands at around 190 nm and weaker absorption bands at around
210 nm. The major contributions to the electronic transitions of the m-fluoroaniline and m-
iodoaniline isomers are presented in Tables 6 and 7, respectively. Specifically, the first excited
state of the m-fluoroaniline isomer arises from the transition of the highest occupied molecular
orbital (HOMO) to the lowest unoccupied molecular orbital (LUMO), while the most intense
transition in the m-iodoaniline isomer results from the combined transitions of H-1 to LUMO
and H-1 to L+1. These findings offer valuable insights into the electronic structure and bonding
of the isomers and can facilitate the interpretation of their spectroscopic properties.
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Fig. 5. Calculated UV-Vis spectra of the titled molecules (GaussSum program was used to plot
spectra)

The Table VI. shows the energy values and dipole moments for different isomers of m-
fluoroaniline and m-iodoaniline. For m-fluoroaniline, there are slight differences in the relative
energy values between the Adiabatic lonization (Al) and Vertical lonization (V1) processes,
indicating that the VI process requires more energy to ionize the molecule. For m-iodoaniline,
there is only an Al process, and the relative energy values are consistent across different units.
The dipole moment values for the isomers indicate that m-iodoaniline is more polar than m-
fluoroaniline. These numerical values can provide valuable information about the properties
and behavior of these molecules.

Table VI. Molecular energies (relative to its neutrals) and dipole moments of the molecules
(Al: Adiabatic lonization, VI: Vertical lonization)

Energy Relative Relative Relative Relative Dipole
Isomers (Hartree) Energy Energy Energy Energy Moment
(Hartree) (kcal/mol) (cm™) (eV) (D)
m-fluoroaniline (Al)  -386,337 0,288 756,115 180,716 7,837 6,370
m-fluoroaniline (V1)  -386,332 0,293 184,066 64376,696 7,982 6,555
m-iodoaniline (Al) -297,866 0,286 179,217 62680,632 7,772 10,953
m-iodoaniline (V1) -297,866 0,286 179,217 62680,632 7,772 10,953

The Table VII. shows that the first excited state (State 1) corresponds to a transition from
HOMO to LUMO, which accounts for 79% of the transition. State 2 corresponds to a transition
from HOMO to L+1, which accounts for 86% of the transition. The contributions of HOMO
to L+2 and L+3 are the major contributors to State 3, with a total percentage of 97%. State 4
involves a combination of transitions from H-1 to LUMO and HOMO to L+2, accounting for
79% of the transition. State 5 corresponds to a transition from HOMO to L+4, which accounts
for 87% of the transition.

States 6, 8, and 7 correspond to transitions from H-1 to LUMO and H-1to L+1, HOMO to L+5
and L+6, and HOMO to L+5 and L+6, respectively, with different percentages of contribution.
State 9 involves transitions from H-1 to L+2 and L+3, accounting for 83% of the transition,
while State 10 involves transitions from H-1 to L, H-1 to L+2, and H to L+2 with different
contributions. Overall, the table provides valuable information on the excited states and
electronic transitions of the m-fluoroaniline isomer.

Table VII. TD-DFT results for the excited states of the neutral m-fluoroaniline isomer (f is the
oscillator strength)
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Excited

State AE (nm) f Major Contributions to the Transitions (percentage)
1 261.603141774  0.0003 HOMO->LUMO (79%)
2 255.737697267  0.0671 HOMO->L+1 (86%)
3 243.421276578  0.0001 HOMO~->L+2 (11%), HOMO->L+3 (86%)
4 228.138580599  0.0005 H-1->LUMO (18%), HOMO—>L+2 (61%)
5 214903355714  0.0871 HOMO->L+4 (87%)
6 193.664781337 0.538 H-1->LUMO (14%), H-1>L+1 (75%)
7 187.658649309  0.0003 HOMO->L+5 (69%), HOMO->L+6 (21%)
8 186.532155341  0.2944 HOMO->L+5 (24%), HOMO->L+6 (71%)
9 184.272688513  0.0001 H-1>L+2 (10%), H-1>L+3 (83%)
10 168.761747468 0.0 H-1>L (31%), H-12>L+2 (22%), H>L+2 (12%)

The major contributions to the transitions are identified by the orbitals involved in the
transitions. H-1 and L+1 represent the highest occupied molecular orbital (HOMO) and lowest
unoccupied molecular orbital (LUMO), respectively, while L+2, L+3, and L+4 represent the
second, third, and fourth lowest unoccupied molecular orbitals, respectively.

The Table VIII. shows that the most intense transition occurs at a wavelength of 179.46 nm
with an oscillator strength of 0.3649 and is dominated by the H-1 to LUMO transition (45%)
and H-1 to L+1 transition (31%). Additionally, the table shows that the contributions of higher
energy transitions (such as those involving L+2, L+3, and L+4) are relatively small.

Table VIII. TD-DFT results for the excited states of the neutral m-iodoaniline isomer (f is the
oscillator strength)

Excited AE (nm) f
State Major Contributions to the Transitions (percentage)

1 247.211917557  0.048 H-1->L+1 (14%), HOMO->LUMO (83%)
2 209.397387286  0.1709 H-1->LUMO (16%), HOMO->L+1 (80%)
3 179.458361817  0.3649 H-1->LUMO (45%), H-1->L+1 (31%), HOMO->L+1 (12%)
4 174.21095282 0.57 H-1->LUMO (35%), H-1->L+1 (48%)
5 167.993432533 0.0 HOMO->L+2 (95%)
6 156.965859387  0.0014 HOMO->L+3 (94%)
7 147.7920075 0.2448 H-2->LUMO (91%)
8 145.709475863  0.0028 HOMO->L+4 (71%)
9 144.97683935 0.0014 H-3->LUMO (86%)
10 141.761025626  0.0031 H-1->L+3 (78%), HOMO->L+4 (11%)

These results provide valuable information about the electronic properties and behavior of the
m-iodoaniline isomer, which can be useful for understanding its reactivity and potential
applications in various fields.

IV. CONCLUSION

In this study, we performed detailed investigations on MFA and MIA molecules using quantum
chemical calculations. The structural, electronic, and UV-Vis analyses of the title compounds
were calculated by the DFT/CAMB3LYP/LanL2DZ method. Our results show that
substituents attached to the benzene ring of aniline produce both structural and electronic
distortions, with the HOMO-LUMO gap values being one of the most significant effects.
Additionally, the polarizability values for MFA and MIA molecules are roughly 2.5 and 3 times
larger than urea, respectively. The first order hyperpolarizabilities found for MFA and MIA
compounds are roughly 12 and 12.5 times larger than the magnitude of urea, respectively.
According to Mulliken population analysis, all hydrogen atoms have positive charges, while
the carbon atoms in the ring generally have positive charges. However, C6 MIA has a negative
charge, and MFA has a positive charge. In summary, the UV-Vis spectra of the m-fluoroaniline
and m-iodoaniline isomers were calculated using TD-DFT, with strong absorption bands
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observed at around 190 nm and weaker absorption bands at around 210 nm. The major
electronic transitions and excited states of the isomers were identified, providing insights into
their electronic structure and bonding. Additionally, energy values and dipole moments were
determined for the isomers, offering further information about their properties and behavior.
These findings can be useful for interpreting the spectroscopic properties of the isomers and
understanding their potential applications in various fields.
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Abstract— Fractional calculus has gained a considerable amount of interest and attraction by authors
and researchers in field of physics and engineering as it is useful in fabricating various physical
phenomenon of massive significance. Relaxation oscillation is one of the most fundamentals and notice
worthy phenomenon in physics and engineering that can be dealt mathematically by a differential
equation of fractional order. Generating solution and explicating the results of associated FDE is crucial.
This article unfolds the mathematical approach to this physical phenomenon and figure out the different
analytical techniques for finding its solution. Homotopy Analysis Method and Adomian Decomposition
Method are implemented, and the solution is compared with the exact one. Moreover, the results are
plotted by utilizing maple software to perceive the performance of the solutions developed by the
aforementioned techniques. The plots are helpful in investigating the effectiveness and reliability of
methods.

Keywords — Relaxation Oscillation, Fractional Differential Equation, Adomian Decomposition
Method, Homotopy Analysis Method, Laplace Transform method

INTRODUCTION

Fractional differential equations are of great use in mathematical modelling of various physical
[1], engineering phenomena [2] and various phenomena in psychology, rheology,
viscoelasticity, and fluid dynamics. Most of the physical phenomena are simply governed by
differential equations of first and second order. When the fractional differential of order a is
introduced where either a lies in (0, 1) or in the interval (1, 2), the phenomenon is referred as
fractional phenomenon. For instance, slow relaxation and oscillations of an oscillator can be
efficiently modelled by Fractional Differential equation known as Fractional Relaxation
Oscillation Equation (FROE). The investigation of FROE provides us the relation between
stress and strain of viscoelastic material. As the applications for FROE continue to expand,
finding a solution to FROE is becoming into a hot topic. As it involves special functions such
as Mittag-Leffler functions, which are rather challenging to calculate, its analytical solution is
tough to calculate explicitly. In the collected works, innumerable powerful and efficient
approaches are suggested to obtain the analytical solution to FDEs. Recently, Zhang Man, Xiao
Zhong Yang and Yanhua Cao applied block by block method for numerical investigation of
FROE [3]. M-lzadi [4] studied the simulating FROE Using a computational algorithm.
Chanchlani Lata [5] dealt the FROE with Elzaki Transform method. This article helps to analyse
the effectiveness and accuracy of various analytical techniques for finding the solution of FROE.
FROE is of remarkable significance in mathematical approach to viscoelastic phenomenon
known as relaxation oscillation phenomenon. The relaxation oscillation equation is an initial
value problem related to relaxation and oscillation phenomenon. Relaxation oscillation
comprises of two alternating processes taking place on different time scales. It comprises of
long period relaxation alternating with short period oscillation. This process is modelled
mathematically by fractional differential equation[6-7] and is investigated by different methods
such as Homotopic technique[8], G. Adomian decomposition method (ADM)[9] and Laplace
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transform method [10]. This article provides an analytical solution for the FROE in the form of
Mittage-Leffler function. Homotopy analysis method is an analytic method for finding solutions
to fractional differential equation in the form of series while Adomian decomposition method is
semi analytic method for finding solution to FDEs in the form of infinite convergent series. The
Laplace transform method (LTM) utilizes the Laplace transform operator and is mainly
dependent upon Laplace transform of the Mittage Leffler function of two parameters
represented as E, g(z). Article is organized in the four sections. Section 1 includes introduction,
Section 2 includes some preliminaries, Section 3 involves implementation of different
techniques for finding the solution and Section 4 includes results and discussion. A relaxation
oscillator is built on the principle of working of structure which comes back to its equilibrium
spot after disturbance. The relaxation equation in standard form is written as

frt)+ Bf(t)=g(t), BeER

|
|

s
—

|

/

|
AN

1 32

"I- 1 —
Flg 1. Maxwell Viscoelastic Model

B = Enis a constant. “E” is Modulus of Elasticity while n is coefficient of viscosity. For an
oscillatory system, that is oscillating against the external force

() + Af(t) = g(t)
A = w?, with w, denotes the frequency of oscillating system and coefficient of damping is
supposed to be zero. When deliberate relaxation and damped oscillation occurs, derivative of
fractional order appears in the relaxation and oscillation models. Fractional relaxation-
oscillation equation can be written as

Df(H) + Af(D = g(B),t > 0, € (0,2)\ {1}

Df(0) + Af(t) = g(b) (1
Together with the initial condjtion
F(0) = b; ()

Equations (6-7) constitute the fractional relaxation oscillation equation.
RESULTS AND DISCUSSION

Solution of FROE by ADM
f(v) = j t(t-T)°"1Ea.ot(-A(t-T)"‘) g(t)dt + beD** (1) Eq o (-A(T)*)dt

By HAM, solution (())f FROE is
f(t) = Eqo(-At*) + J.

& DgDdT-(A1) f & (eDgOd + -
While, by LTM ’ ’
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Solution of FROE obtained by the ADM, HAM and LT method IS presented below graphically.

104 104
0.9 0.9 0.9
0.8 0.8 0.8

LN RO £ 45 |

0.6 0.6 0.6

Fig.2. Solution of FROE by Fig.3. Solution of FROE by Fig.4. Solution of FROE by
ADM HAM LTM

Fig.5. Solution of FROE for different values of alpha

The above figure shows the solution of relaxation oscillation equation for different values of
alpha. For relaxation oscillation equation FDE all impulsive-response solutions exhibit the
algebraic decay as n approaches infinity. HAM is useful for solving linear and nonlinear FDESs
in the sense that this method provides solution in the form of convergent series. Also, it
provides great freedom to make choice about initial guesstimate and linear operator. By
changing the convergence control parameter in HAM, we are able to regulate the region and
rate of convergence. While, ADM provides great freedom of selecting linear operators and this
technique is valuable in computing solution of FDEs in the form of series that is rapidly
convergent. Adomian Decomposition technique can be directly applied to linear, nonlinear,
homogeneous, non-homogeneous differential equations as well as integral equations whose
coefficients are either variables or constants. ADM starts with a computational work and there
is no need to assume additionally.

CONCLUSION

The objective of this article was to analyze the effectiveness of different mathematical
techniques for solving Relaxation oscillation equation. This objective is achieved by applying
the three useful and effective methods that are ADM, HAM and Laplace method. All the three
methods successfully solved both types of equations and accurate results are obtained. The
solutions evaluated by ADM and HAM are in the form of series of infinite terms. Although all
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methods generate solutions close to each other, but the advantage of Laplace transform method
over other two methods is that it is relatively easy and gives exact solution.
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Abstract - Physically challenged persons those who are suffering from different physical disabilities
face many challenging problems in their day-to-day life for commutating from one place to another and
even sometimes they need other person to change their place. There are 144 million disable people who
use a wheelchair in 32 developed countries, accounting for 1.82 percent of the global population. A
sector of physically challenged people finds it very difficult to use traditional wheelchairs. There have
been many significant efforts over the past few years to develop smart wheelchair platforms that could
enable the person for its ease of operation without any difficulty. Researchers have been working on
computer-controlled chairs which utilize sensors and quick control algorithms to minimize the level of
human intervention. This research is based on a design that aids the voice activation system for
physically disabled people by incorporating manual operation. Arduino microcontroller and voice
recognition have been used to support the movement of the wheelchair. The wheelchair does not
respond to an incorrect speech command. Depending on the direction given through voice and gesture
wheelchair will be able to move in four different directions i.e., forward, backward, left, right. The
Arduino controls the wheelchair directions The prototype is designed in such a way that it can be used
independently and efficiently with less effort. It saves time, reduces cost and energy of the users.

Keywords — Especially Able, Smart, Wheelchair, Voice Control, Gesture Control

INTRODUCTION

Whether it be a physical constraint, a specific development, or social collaboration, insufficiency
includes at least one of these elements. The various types of disabilities include hearing loss, vision
loss, physical impairment, speech impairment, and mental incapacity. These persons with disabilities
deal with a variety of problems on a daily basis. Since they are unable to move like other individuals,
people view them as being heavy. 15% of the global population is hampered by physical failure,
according to those obstacles. Many years ago, individuals began to think about wheelchairs as a way to
simplify their lives. Nevertheless, as everything is changing in a controlled manner, the evolution of
wheelchairs is also changing. People used a self-moving wheelchair right away [1]. The electric
wheelchair had already been invented by then, in 1890, but there have since been several problems with
them. Alterations to increase adaptability and comfort for vulnerable groups of people. Our main goal
is to provide those who are physically unable with the chance to develop. This is a sobering reality for
them, and occasionally they must deal with this calumnious situation in their daily lives. Aside from
the 15% of people who are debilitated, 3% of people are disabled in some way. People with disabilities
in their hands as well as their spinal cord cannot use standard wheelchairs. In this way, the voice control
system will assist them and eliminate any problems they may have with wheelchair control. Between
10% and 16% of the country's population in Bangladesh is thought to be disabled. 2011 is the evaluation
year that there are more than millions of people with disabilities in Asia, including about 101,585 in
Bangladesh, who usually go without the benefits of social improvement From an Asian perspective, it
will also make various disabilities possible for people and work to reduce costs. Two basic types of
wheelchairs are available for the disabled; one is operated physically using our bodies, and the other is
operated in a similar manner using an engine. However, when using these wheelchairs, several people
groups have difficulties. The risk of client weakness and upper-extremity injury is increased when
manual wheelchairs are taken into account because of their severe mechanical decline. Due to their
disability, people frequently face a variety of problems that they do not need to deal with [2].
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RELEVANT WORK

In 2020, AKM Bahalul Haque et. Al proposed a voice and gesture Controlled Wheel Chair with
Obstacle Detection power by solar. The majority of the time, people with disabilities are ignored. To
continue, they now require human assistance 24 hours a day. To travel from one location to another as
needed, they require a wheelchair. In contrast to another ongoing human interaction, it would be
considerably simpler if the wheelchair they need for their job was automated and under their direct
control. In this study, a design that takes into account these factors were suggested. Voice commands
and hand gestures operated the wheelchair. Solar power was utilized in the system to increase its energy
efficiency. Accordingly, the battery successfully rejuvenated while moving across the entire area.
Additionally suitable for obstacle recognition is this smart wheelchair. [3]

In 2017, S.H.Shete et.al cooperated on design of Solar Powered Touch Screen Wheel chair. Our daily
lives depend heavily on the sun. This essay examined how solar energy can be utilized to power a
wheelchair, reducing the effort required from the disabled individual. For people with physical
disabilities, a wheelchair is a basic necessity. There must be an outside person or somebody who is
willing to exert significant effort in order to maneuver the wheelchair. Their study focused on using an
Android mobile application on a smart Android phone to control a wheelchair system. It is advised to
use the wheelchair control system in conjunction with an Android application on a mobile device. This
project makes use of a microcontroller circuit, sensors Arduino kit and DC motors to make the
wheelchair move and identify obstacles in its path [4]. Neela Madheswari et.al worked on solar powered
wheelchair for physically challenged persons with VVoice Controller in 2017. A smart system controlled
by any smartphone for automatic motion made possible by this paper and can be economically
assembled into any existing wheelchair. The primary idea at play is a smartphone with an Android
operating system, Bluetooth wireless technology and a 3-axis accelerometer. By disseminating the
application, they created, the goal of this method can be expanded to additional smartphone devices
operating on Android. System's microprocessor, the PIC16F877, controls the DC motor that powers
the wheelchair's linear motion as well as the wheelchair's multiple dc motor directions in the major
second section of our system architecture. The wheelchair's front wheels are turned by the DC motor,
which is controlled by a pair of dc rear wheels [5]. In 2019, Varsha Pathaklworked on Android based
Automated Smart Wheel Chair, - Their idea focuses primarily on using an application on a smart
Android phone to handle a wheelchair system. It is advised to use the wheelchair system using an
android application on a smart mobile device and system. A wheelchair may be operated using the
technology by utilizing an Android device. The goal of this initiative is to make it easier for elderly
persons who have trouble moving about and disabled or handicapped people to move around. As a
result of this design, the exceptional people will be able to live a life with less reliance on other people.
A new method of interacting between people and tools or machines may be possible with the help of
Android technology. Thus, using Android technology, their issue can be resolved.to control the
movement of a wheelchair [4]. Sasikala in 2020 worked on Wi-Fi Communication based Human
Machine Interface (HMI) Wheelchair for Disabled Person The people who are really put to the test have
difficulty walking because of a sickness, injury, or disability. With a wheelchair, you can go around
without relying on your abilities to be outgoing and make money. Through the Android mobile device,
the person speaks, and the voice command is then translated into material. This product is finally
delivered to the small controller. A Bluetooth module controls the development of this structure with
the assistance of servo engines, The suggested agenda includes servo-powered wheelchairs that are
battery-operated. Additionally, the current framework should be extended to include the existing
joystick-based framework [6]. Dr. Emna Baklouti presented work on Self-directed wheelchair guidance
with Real time Hindrance Detection Using 3D Sensor in 2017 In order to avoid collisions and safeguard
the rider, autonomous wheelchairs working in dynamic environments must assess their surroundings
and real time alteration of the control signal. In this study, paper offer a reliable, straightforward, and
real-time self-governing navigation module that moves a wheelchair in the direction of a predetermined
objective while also having the ability to avoid hindrances in a 3D dynamic environment. They employ
a fuzzy logic controller to instruct the mobile robot to go toward the objective (FLC). They used the
Xbox 360 Kinect to give an accurate map of the area for obstacle avoidance. The obstacle evasion
control Deformable Virtual Zone receives the created map as input (DVZ). Results from simulations
and actual experiments are provided to demonstrate the viability and effectiveness of the suggested
control system [7]. In 2020, Tan Kian Hou et.al presented work on Arduino Based Voice Controlled
Wheelchair prototype to help those with both limb limitations, utilizing a manual wheelchair that is
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easily available on the market everywhere. The speech recognition module's voice commands are
processed by an Arduino controller, which also manages motorized mobility of wheelchair. The
prototype design also included an optional joystick command and a Bluetooth module to do away with
unsightly wires. The wheelchair proved quite successful at understanding voice instructions in Chinese,
English and Malay. The prototype's overall price was kept low to make it accessible [8]. Aayushi B
Thakur, Dr. Shubhangi D C worked on Design and Development of Smart Solar Based Wheelchair
Using Voice Recognition and Head Gesture Control System in 2020 System introduce a solar-powered
wheelchair in this paper, together with a 3-axis accelerometer (ADXL335) controlled gesture, a
Bluetooth module setup for voice recognition, and an ATmega microcontroller. The entire device was
set up using an Arduino board and a few mathematical techniques. The movements can be distinguished
from any type of physical movement picked up by an individual's accelerometer, and the voice
recognition worked using an Android application and a Bluetooth module. prototype only need to issue
a few commands to Android device in order for the voice to be recognized and the necessary action to
be taken as a result. Voice and gesture recognition can be explained as a process or method that
describes how computers can read body language and builds a connection between the human and
computer worlds [9]. Jigmee et.al worked on Wheelchair based on Head Gesture movement for
Quadriplegic Patients in 2018. For the purpose of assisting paraplegic patients with movement, paper
presents a Robotic Wheelchair that can be controlled using a head motion. A DC stepper motor,
Raspberry Pi, a relay, gyroscope, ultrasonic sensors, accelerometer are all part of the Robotic
Wheelchair. Head's movement are picked up by MPU 6050 sensor and a signal is sent to the Pi
controller. After analyzing the signal controller allows the movement of wheelchair for navigation.
Navigational data is used by ultrasonic sensors to assist in avoiding hindrances. The wheelchair is
created in a way that is economical, but still guarantees the users' security, adaptability, and mobility
[10]. Gaurav Kumar Sonil, Vidhata Poddar2, Yogita Sahu3, Pratima Suryawanshi4 in 2017 proposed
work on AVR Microcontroller Based Wheel Chair Direction Control using Hand Gesture Recognition.
The proposed task involves designing and creating a wheelchair that uses hand gestures and a gesture
control system. People who are unable to walk due to a physical condition, an injury, or another
impairment use wheelchairs. The potential for developing hand gesture-based wheelchairs or smart
wheelchairs is vast, according to recent developments. The wheelchair in the current article is gesture-
based and uses an accelerometer sensor to control the wheelchair's direction. This study proposes a
hand-gesture controlled user interface model and highlights usability, application, and technological
developments. We describe a highly helpful integrated solution to actual detection. The glove hand
gesture-based data technology, which uses an accelerometer sensor to track hand movements to control
a wheelchair, is widely utilized. This study suggested control mechanism for wheelchair by a small 3-
axis wireless system, low voltage supply and low-cost system using AVR microcontroller [11]. Dr. V.
Balambica., Alex Anto., Dr M Achudhan., Vishwa Deepak, Mohammed Juzer, Tamil Selvan in 2021
presented work on Automatic Wheelchair for Physically Disabled People controlled by PID Sensor.
Proposed wheelchair operates on the straightforward idea of SENSOR. The wheelchair is controlled
using hand obstruction by using a PID SENSOR, resulting in reflected infrared light falling on the
sensor which will give the received information to Arduino board in order to give a signal to the motor
in order to move the wheelchair in the desired direction as per the person's wishes. Additionally, we
have PID sensors fitted for left, right, and reverse directions. As a result, the wheelchair begins to move
when the infrared sensor module receives a signal from an object (in this case, a hand or finger) that is
blocking the infrared beam from reaching the IR receiver. Moreover, for halting the wheelchair Simply
place an object, such as a hand, above the PID sensor to prevent infrared rays from being detected by
the IR receiver. This will prevent the IR receiver from signaling the wheelchair's motors to advance any
further and will cause the wheelchair to come to a stop. Therefore, this proposed wheelchair's design
enables auto-control by applying infrared sensors and circuitry based on an Arduino Uno
microcontroller. This concept aims to assist those who are physically challenged and live in poverty
and cannot afford to purchase an expensive, fully motorized wheelchair. A standard wheelchair with
DC motors powers the entire setup, which also includes an Arduino Uno, beeper, switch, motor driver
modules, and batteries [12]. In 2022 Shwetha V., Gayathri P. presented work on voice-controlled
wheelchair to assist people with physical limitations, a voice-controlled wheelchair built on the ANFIS
platform was developed and put into use. The sufferer can operate the electrical wheelchair by speaking
commands. Using a variety of test commands and perturbations, the implemented wheelchair prototype
system's functionality and overall performance were evaluated. The simulator and prototype model
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findings show that the ANFIS-based controller used in conjunction with online sensor signals can
increase wheelchair performance and improve quality of life for people with physical incapacities. The
implemented prototype offers a number of advantages, including affordability, position tracking, and
safety. It features sensors that can identify both static and moving objects, as well as any slick roads. a
feed-forward neural network having multiple layer structure of (7-25-10-5) was implemented for
classification to identify the voice of each speaker using appropriate training and testing datasets [13].
Susan Shore in 2017 presented work on the long-term influence of wheelchair delivery on the lives of
people with incapacities to have a favorable continuous impact on income and employment in less
resourced parts of the world, despite fluctuations in distance travelled into the community and overall
health status over time. These findings should be confirmed by additional research, which should also
look at the causes of varied fluctuation. This study supports the value of long-term monitoring of
wheelchair distribution-related outcomes in low-resource settings [14]. In 2017 Sadaphal Avinash et.al
proposed Self-control Solar Operated Wheelchair To provide an economical motion vehicle for the
physically disabled, a wheelchair powered on solar is invented with the inherent materials like casters,
PMDC motor, steel bars. The wheelchair is driven by the 12V rechargeable battery. The speed is
restricted to 3km/hr for safety and to avoid shuddering of the solar frame. And by using the toggle jack
which has the capacity of lifting load of 100kg, the seat adjustment is done [15].

General Idea

The concept behind this research is the creation of five voice and gesture commands that can be utilized
to control the wheelchair. The goal of this work is to create an accurate, intelligent system that can
recognize when words are spoken in English and respond to voice commands with the greatest
performance possible.

The following commands will be used:

e Forward

e Backward
e Stop

° Left

Voice controlled mode:

We have vocal control over the wheelchair. Forward, Stop, Left, Right, and Back are the five vocal
commands that can be recognized by the speech recognition software operating on a Module as being
issued by a specific user. Following speech processing, the mobile platform receives the required
motion commands over an RF link. Additionally, it offers a wide range of other facilities for using the
wheelchair. The micro controller takes input from the RF receiver, checks its database, and executes
operations like move forward, which causes the motors to go forward, and move backward,

Gesture controlled mode:

Instead of using the old buttons, we can control our wheelchairs with hand gestures. You simply need
to carry a little transmitting gadget with an acceleration meter in your palm. This will give the
Wheelchair the proper instructions so that it can carry out our requests. The transmitting device includes
an Arduino Nano, an mpu6050 and RF transmitter module. The encoded data is received by a slave RF
module at the receiving end. Our relays will subsequently be operated in accordance with the
instructions after this data has been evaluated by a micro controller.

Hardware Components

The hardware components of proposed system are 12v Battery (80-100amp), Arduino Nano, Arduino
Uno, Relays, PCB, Voltage Regulators, Mpu6050 Sensor, Bluetooth Module HC 05, Resistors, Jumper
Wires, RF module

Block Diagram:

block diagram of hardware is displayed in the following figure 1.1.
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Through the figure, we can see that at very beginning it will check if hand gesture is on or not. If yes,
then accelerometer will create a numerical value according to movement of hand and send it to Arduino
Nano. Arduino Nano will create a command and transfer it to master Bluetooth module. Master
Bluetooth module will send the received data to slave Bluetooth module and then to Arduino Uno.
Arduino Uno will send signal to motor drivers and motor drivers will move the wheel. If hand gesture
is not on then it will wait for a voice command. VVoice command is transferred through an android app
and received by Bluetooth module and signal will be sent to Arduino Uno and it will control motor
drivers.

FIGURE 1.1 : BLOCK DIAGRAM OF HARDWARE

Working Principle:

This wheelchair has two special features for different types of abled people who can use gesture control
and the voice recognition method for the movement of the wheelchair. In addition to the movement in
case of emergency or any obstacle found in front of the wheelchair, the wheelchair can immediately
stop moving. Moreover, the methods of the individual features are split into several parts in detail.
Gesture mode:

Gesture control uses an accelerometer, it is an electromechanical gadget used to quantify speeding up
powers. An accelerator resembles a primary circuit for some bigger electronic gadgets. The capacitance
accelerometer detects changes in capacitance between microstructures situated in the gadget. If an
accelerative power moves one of these structures, the capacitance will change, and the accelerometer
will interpret that capacitance to voltage for elucidation. After the conversion analog to digital converter
over the Arduino, the signals are passed to the DC motor. DC motors themselves are extremely basic;
any fundamental DC Motor will have two leads that can be legitimately joined to a battery or power
supply of adequate limit. The side of the engine that is associated with the positive of the power source
will figure out what direction the engine rotates.

Voice Control:

Voice controller is fundamental point to control the wheelchair through the human voice. This venture
is for the most part utilized for physically tested individuals who are subject to a wheelchair and
particularly those people who control utilize their hands to drag their wheelchair because of some
incapacity. In this framework, we have utilized the voice acknowledgment module to perceive the voice
of the client for controlling the bearing of the wheelchair. The progression of utilized in this venture is
to utilize voice in order to this task can likewise fill in android application. The accepting circuit is
available at the switchboard. The direction was set in the Arduino board. The android app can be
constrained by giving voice directions.

METHODOLOGY
» At very beginning it will check if hand gesture is on or not.
» If yes, then accelerometer will create a numerical value according to movement of hand and
send it to Arduino nano.
* Arduino nano will create a command and transfer it to RF transmitter module.
» RF transmitter module will send the received data to RF receiver and then to Arduino uno.
» Arduino uno will send signal to relays and relays will operate the wheel.
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» If hand gesture is not on then it will wait for a voice command.
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FIGURE 1.2: FLOW CHART

The flow chart explains the working of wheelchair as first of all system will check if gesture mode is
on or not if not then it will move towards voice mode and accept the respective commands and execute
them and it will also check obstacle if obstacle is detected then wheel chair will stop moving and wait
for command if obstacle is not detected it will accept the command from android phone and move in
that direction if gesture mode is on system will move towards the gesture mode and receive commands
from hand gesture module it will again check for the distance and then move in required direction

Hardware implementation:

S ees—

) —
FIGUFEE 1.3: back view of wheei chair
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FIGURE 1.4: side view of wheelchair

RESULTS

The independence of those who are physically handicapped is a social requirement. The usage of
wheelchairs enables the mobility of those with physical disabilities. Physically challenged individuals
utilized manual wheelchairs at first. However, electrically powered wheelchairs are becoming more and
more common in society. The project's objective was to create a voice- and gesture-controlled
wheelchair for people with disabilities. The technology was tested for the motion of the wheel chair
utilizing voice and gesture after the design and construction of the wheelchair with the corresponding
interface circuits. Modern concepts were used to implement the suggested design. Following the
development of the wheelchair's smoothly equipped design, this would be adopted for individuals with
disabilities. The prototype will initially wait for the turning on gesture mode in the absence of a gesture,
speech mode will automatically switch on.

Discussion about Cases

Voice Mode:

The speech recognition module will accept a voice command from an Android phone and respond with
the desired signal, which is represented as a voice command, while also recognizing the user's input.
Forward, left, right, left forward, right forward, and stop are the six user instructions. The motor control
direction for each command will vary and be adjusted separately.

Left:

if the voice command is left, the left wheel will be set to reverse, and right wheel will be set as forward.
Right:

if the voice command is right, the left wheel will set to forward, and right wheel will set as backward.
Forward:

if the voice command is forward, both left and right wheel will set to forward.

Left Forward:

if the voice command is left forward then the left wheel will be set to reverse, and right wheel will be
set as forward and after some delay both wheels will stop and then both left and right wheel will set to
forward.

Right Forward:

if the voice command is the left wheel will set to forward, and right wheel will set as backward. after
some delay both wheels will stop and then both left and right wheel will set to forward.

Stop:

if the voice command is stop then both wheels will stop.

Gesture Mode:

In gesture mode the system will accept command from gesture module and detect what is user input
there are five-user commands forward, backward, left, right and stop.

Forward:

if the voice command is forward, both left and right wheel will set to forward.

Left:

if the voice command is left, the left wheel will be set to reverse, and right wheel will be set as forward.
Right:
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if the voice command is right, the left wheel will set to forward, and right wheel will set as Backward.
Stop:

if the voice command is stop then both wheels will stop.

Applications

Used in Hospital’s

Health care centers

Old age homes

Physically handicapped individuals in industries.

CONCLUSION

The wheelchair will be a unique combination of several features at a time. These features will help in
making the physically disabled person more independent It will be powered with 12v DC battery and
will operate in dual modes.
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Abstract— This study aimed to investigate the impact of multiple ions and the reflector parameters on
the mass resolution of a reflectron time-of-flight mass spectrometry (ReTOF-MS) system. The charged
particle optics simulation software, SIMION, was utilized to simulate ion behavior within the reflectron
and electro-optics sections of the system, while optimizing the system design by altering the geometrical
parameters of the electrodes and reflectron. Specifically, the effect of ion parameters, such as ion energy
(IE), birth position (BP), statistical distribution (SD), and mass (m), on the mass resolution (R) of the
system was evaluated. In addition, the influence of various reflectron parameters, including reflectron
geometry, electrode position and shape, and applied voltages, was investigated. The simulations
encompassed a broad range of ion and reflectron parameters, offering insights into the effects of these
parameters on the system's mass resolution. The findings emphasize the necessity of optimizing the
reflectron and electro-optics design of a time-of-flight mass spectrometry system.

Keywords — mass spectrometry, reflectron, charged particle optics, simulation, ion properties,
resolution, ion trajectories.

INTRODUCTION

Reflectron time-of-flight mass spectrometry (ReTOF-MS) is a widely used analytical tool for
identifying and characterizing complex molecules [1]. ReTOF-MS has numerous applications
in fields such as materials science, chemistry, and biology, where it is used to identify and
quantify analytes with high sensitivity and accuracy. The performance of ReTOF-MS systems
is highly dependent on various ion and reflectron parameters, including ion energy, birth
position, statistical distribution, and mass, as well as reflectron geometry, electrode position
and shape, and applied voltages [2]. To achieve optimal performance, it is essential to carefully
consider and optimize these parameters. The charged particle optics simulation software,
SIMION, provides a powerful tool for simulating ion behavior and optimizing the design of
ReTOF-MS systems. Through simulations, it is possible to evaluate the impact of various ion
and reflectron parameters on the mass resolution of the system, and to identify the optimal
parameter values for a given application. In this study, we use SIMION to investigate the
impact of multiple ion and reflectron parameters on the mass resolution of a ReTOF-MS
system. Our goal is to provide insights into the optimization of ReTOF-MS systems for various
applications, with a focus on improving the mass resolution of the system. Specifically, we
evaluate the effect of ion energy, birth position, statistical distribution, and mass, as well as
reflectron geometry, electrode position and shape, and applied voltages on the mass resolution
of the system. Our simulations encompass a broad range of ion and reflectron parameters,
providing insights into the effects of these parameters on the system's mass resolution.
Ultimately, our study aims to contribute to the development of optimized ReTOF-MS systems
for a range of practical applications.
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RESULTS AND DISCUSSION

In this part a mass spectrometer consists of a single stage ion acceleration region, a reflectron
and a detector is designed to investigate the effects of the various parameters on the resolution
of the mass spectrometer. A TOF-MS system and subsystems can be seen in Fig. 1.

Layout of the TOF-MS System
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Fig. 1. Sub systems of a mass spectrometer (a) SIMION Example of a reflectron system and
the variables defined in the inset (b).

SIMION TOF v.s. ion number V1 (V) V2(V) V3(V) MeanTOF(us) FWHM  Resolution

5000 0 5000 7,394599 0,001681 2198,869

4500 0 5000 7,384808 0,00075 4921,21

’ 4500 0 5000 7,385675 0,000584 6326,97

R - 4250 0 5000 7,388101 0,000293 12589,35
. 4000 0 5000 7,398148 0,00022 16847,97
3875 0 5000 7,406132 0,000483 7664,031

' 3750 0 5000 7,416304 0,000783 4733,779
’’’’’ 3500 0 5000 7,444333 0,001439 2587,265
- . 3000 0 5000 7,538719 0,002706 1392,829

Fig. 2. Pusher plate (V1) potential dependent time-of-flight (TOF) (left) and corresponding

calculated spectrometer resolution (right).

SIMION TOF v.s. ion number

a2 (\;I) :(1’2) (‘c; Blrﬂ;:o;)lhon Met;:s')l'OF FWHM Resolution
han 4000 0 5000 -192,-12 7,402000782 0,001921291 1926,309431
4000 0 5000 4192.1,-12  7,400455823 0,001483241 2494,690136

e 4000 (o] 5000 -192.2,-12  7,399092542 0,001081548 3420,602091
én 4000 0 5000 1192.3,12  7,39839955] 0,000690762 53552414
wm . 4000 0 5000 -192.4,-12  7,397870048 0,000346222 10683,71385
4000 0 5000  -192.45-12  7,39774642 0,000233041 15872,17695

T 4000 0 5000  -192.475-12  7,397703304 0,000122999 30072,31742

4000

0

5000

-192.55,-12

7,39771329 0,000160043 23111,68053
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Fig. 3. lon birth position dependent time-of-flight (TOF) distribution (left) and corresponding
calculated spectrometer resolution (right) for the fixed electrode potential.

SIMION TOF v.s, ion number :",l) Xf) (\:":; Kineiti::)nergy Mean TOF (us) FWHM Resolution

4000 0 5000 0 7,398484579  7,20592E-05 51336,1198
4000 0 5000 0.01 7,398230072  6,27699E-05 58931,33993
4000 0 5000 01 7,397684079  7,88803E-05 44891,85797

- 4000 ] 5000 0.5 7,396695737  8,05205E-05 45930,5275
4000 0 5000 1 7,397689437  9,06955E-05 40783,09316
4000 ] 5000 5 7,392828294  7,38709E-05 50038,86406
))))) 4000 ] 5000 10 7,390489122  8,90218E-05 41509,44728
4000 ) 5000 50 7,380738214 0,000299679 12314,41699
ot ” . . 4000 0 5000 100 7,37373513  0,000574023 6422,857058

Fig. 4. lon kinetic energy dependent time-of-flight (TOF) distribution (left) and corresponding
calculated spectrometer resolution (right) for the fixed electrode potential and ion birth position
(-192.5,-12).

SIMION TOF v.s. ion number vi V2 V3

) ) v) Statistic Mean TOF (us) FWHM Resolution
4000 0 5000 Gaussinan3Ddist 5 ag0000  790539E-06 4678868
0.01 Stdev
4000 0 5000  0.02Stdev 7,397664  2,73456E-05  135262,4
4000 0 5000  0.03Stdev 7,397672  5,69326E-05 6496874
N ' 4000 o 5000 0.04 Stdev 7,397685 8,52626E-05 43381,78
K 4000 o] 5000 0.05 Stdev 7,397688 0,0001071 34536,22
4000 0 5000 0.1 Stdev 7,397776  0,000352235  10501,19
4000 0 5000 Speherefilled 7,397684079  7,88803E-05 46891,85797
Radius 0.01
S A AU SRR I 4000 0 5000 Radius 0.05 7,3977 0,000142384  25978,05
. " 4000 0 5000 Radius 0.1 7,389011  0,002135412  1730,114

Fig. 5. lon statistics dependent time-of-flight (TOF) distribution (left) and corresponding
calculated spectrometer resolution (right) for the fixed electrode potential, ion birth position (-
192.5,-12) and ion kinetic energy (0.1eV).

The investigation was conducted by simulating the behavior of ions in the mass spectrometer
system using SIMION version 8.2.0.11. We first examined the pusher plate potential dependent
resolution of the system (Fig. 1) and found that the resolution was strongly dependent on the
potential applied to the pusher plate electrode. In Fig. 2, we present the pusher plate potential
dependent time-of-flight (TOF) and corresponding calculated spectrometer resolution. The
highest resolution value was obtained for a pusher plate potential of 4000V.

Next, we investigated the ion birth position dependent resolution of the system for a fixed
electrode potential (V1=4000V, V2=0V, and VV3=5000V) (Fig. 3). We found that the resolution
was highly dependent on the ion birth position, with the highest resolution obtained for an ion
birth position of (x=-192.5mm, y=-12mm, and z=0), with a value of around 47000. After
identifying the optimal ion birth position, we investigated the ion kinetic energy dependent
resolution of the system (Fig. 4). We found that the resolution was highly dependent on the ion
kinetic energy, with the highest resolution obtained at an ion kinetic energy of 0.1eV for the
fixed electrode potential and ion birth position (-192.5,-12).

Finally, we investigated the ion statistics dependent resolution of the system (Fig. 5). We found
that the resolution was strongly dependent on the ion statistics, with the highest resolution
obtained at a statistical weight of 1 for the fixed electrode potential, ion birth position (-192.5,-
12), and ion kinetic energy (0.1eV). Overall, our investigation demonstrates the importance of
carefully controlling the pusher plate potential and ion parameters, such as birth position,
kinetic energy, and statistics, in achieving high resolution in a mass spectrometer system. Our
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findings provide important insights for the design and optimization of mass spectrometer
systems for various applications in materials science, chemistry, and biology.

CONCLUSION

The simulations in this study have highlighted the importance of optimizing ion and reflectron
parameters for achieving high mass resolution in a ReTOF-MS system. Our results suggest that
the mass resolution of the system is highly dependent on ion energy, statistical distribution, ion
birth position, reflectron geometry, and applied voltages. Furthermore, we found that a specific
ion birth position can significantly affect the system's mass resolution. These findings
underscore the importance of careful consideration of system design and parameter
optimization for achieving high mass resolution in ReTOF-MS. Future studies may focus on
further optimization of the system design for specific applications in fields such as materials
science, chemistry, and biology.
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Abstract— Since the performance of the gamma camera is significantly influenced by the geometrical
design of collimators, geometrical collimator optimization is crucial for creating high-quality images.
In this study, optimizations for the parallel hole collimator have been considered by regarding Low
Energy General Purpose (LEGP) collimator for the *3Xe isotope and the Medium Energy General
Purpose (MEGP) collimator for the 2' T isotope. The Monte Carlo simulation platform (GATE) was
used for researching the effect of hole lengths for the two types of hexagonal parallel hole collimators
(LEGP and MEGP) on the spatial resolution and the sensitivity of the Single-Photon Emission
Computed Tomography (SPECT). The optimal hole lengths for the considered collimators were
predicted by the trade-off between the spatial resolution and the sensitivity. The results of this work are
found to be consistent with previous studies’ results.

Keywords— SPECT, Collimator, Monte Carlo Simulation, GATE.

INTRODUCTION

In nuclear imaging applications, radionuclides with half-lives of a couple of hours to several days, and
gamma energies of 30 keV to 300 keV are commonly used. Both the **Xe and 2°!T1 isotopes have
physical properties that make them good for use in SPECT imaging systems [1]. The **Xe isotope,
which has a half-life of 2 h and a gamma energy of 81 keV, is used in lungs image and pulmonary
function scanning, while the 21T isotope, which has a half-life of 73 h and a gamma energy of 167
keV, is used in the diagnosis of several heart diseases and tumor diagnosis [2]. In SPECT, the images
of the organs are produced through the detection of the emitting gamma rays from the patient’s body at
different angles [3]. Generally, the nuclear imaging device’s performance is limited by many
parameters, some of which regard components of the imaging instruments, and others related to the
observer’s performance. The collimator is an essential part of the SPECT, placed in front of the detector
to orient gamma radiation toward the crystal and restrict the passage of undesired gamma rays.
According to the radioactive energy utilized in a SPECT scan, the parallel hole collimator categories
are generally low-energy collimator, medium-energy collimator, and high-energy collimator [4]. Some
performance parameter such as sensitivity and spatial resolution effectively limited by the collimator
design and geometry of collimator holes (hole shape, hole diameter, and hole length). Consequently,
the balance between sensitivity and spatial resolution in the collimator selection plays a curial role in
image quality [5,6]. Usually, Monte Carlo simulation platforms are employed to modify and improve
the image quality of gamma cameras. One of these platforms that are widely used in gamma camera
modelling is the GATE [7]. It is built on the versatile simulation toolkit Geant4, and as a result, it
encompasses all of the features of Geant4. It comprised of several hundred C++ classes. The Geant4’s
application for tomography emission (GATE) provides high accuracy in nuclear imaging applications
[8,9]. In this study, the GATE platform is used to optimize the Low Energy General Purpose (LEGP)
collimator for the **Xe isotope and the Medium Energy General Purpose (MEGP) collimator for the
2017 isotope for the SPECT simulation model.

MATERIALS AND METHODS

In this work, the standard SPECT simulation model is utilized, for finding the optimal collimators 1*3Xe
and 2°'T1 isotopes. The spatial resolution and sensitivity of the simulation model are estimated, using
the LEGP collimator for 1*¥Xe isotope and the MEGP collimator for 2°!T1 isotope. Fig. 1 shows the
hexagonal parallel hole-collimator modelled with GATE simulation platform. Collimators with various
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hole-lengths are used to evaluate the two imaging protocols at multiple distances from a point source
positioned in the centre of a cylinder phantom with a diameter and length of 10 cm and 20 cm,

respectively. The characteristics of the simulation detector model are presented in (Table 1).
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Fig. 1. Schematic diagram of hexagonal parallel hole-collimator.

TABLE 1. Detector Properties Of Standard Spect Simulation
Detector
FOV 500 (mm) x 395 (mm)
Crystal
Dimensions 497 (mm) x 388 (mm)
Thickness 9.5 (mm)
Type Nal
Photo-Multitube
Dimensions 497 (mm) x 388 (mm)
Thickness 25 (mm)
Collimator LEGP | MEGP
Dimensions 497 (mm) x 388 (mm)
Hole shape Hexagonal Hexagonal
Hole length 31 (mm) - 40 (mm) 55 (mm) - 64 (mm)
Hole diameter 1.9 (mm) 3 (mm)
Septa thickness 0.2 (mm) 10.5 (mm)
Material lead lead

Point Spread Function (PSF) method was used to estimate the spatial resolution of the simulation
SPECT model [10, 11] , using LEGP and MEGP collimators at various hole lengths (31 mm to 40 mm)
and (55 mm to 64 mm), respectively. The full-width half maximum (FWHM) of both point sources are
evaluated by (PSF) method via the following:
FWHM = ,/2log2 X o (D

where o is the standard deviation for the Gaussian distribution [12]. The ratio of the number of gamma-
ray photons detected by the SPECT system to the total activity of the used source is defined as
sensitivity [13]. The acquisition of point sources (***Xe and 2°*TI) with an activity of 0.02 mCi placed
in the air-filled phantom for 20 seconds was used to determine the spatial resolution and sensitivity of
the simulation system.

RESULTS AND DISCUSSION

The imaging performance of the SPECT standard simulation model was evaluated, by simulating the
LEGP collimator for the 13Xe isotope and MEGP collimator for the 2°!T1 isotope. Collimators with
various hole lengths (31 mm to 40 mm) of LEGP and (55 mm to 64 mm) of MEGP were utilized to
estimate the imaging protocols (FWHM and sensitivity). Each hole-length was used at 8 different
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distances, which are 10 cm, 12 cm, 14 cm, 16 cm, 18 cm, 20 cm, 22 cm, and 24 cm. The spatial
resolution (FWHM) and sensitivity to the simulation model at different distances from the 1**Xe a point
source based on various hole-lengths with the LEGP-collimator is shown in Fig. 2. Furthermore, the
same performance parameter (FWHM and sensitivity) to the simulation model with MEGP collimator
based on various hole-lengths at different distances from 2°'T1 is shown in Fig. 3. As indicated in these
two figures; the FWHM deteriorates as source-to-collimator distance increases, while the sensitivity is
almost unaffected by the variation of these distances. At source-to-collimator distance increases,
FWHM degradation results from increasing the spread angle of gamma rays that spread the radiation
profile. Due to the influences of the ratio of the number of collimator holes to the source distance from
the collimator surface, the sensitivity rate is unaffected [14]. In other words, the detector’s capacity to
distinguish between two points on the imaging object is not the same in all movement regions depending
on the object-to-detector distance. This means the acquisition time for object imaging at short distances
is decreasing [12].
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Fig. 2. The (A) FWHM and (B) Sensitivity of standard SPECT simulation model using LEGP-
collimator for ¥Xe isotope as a function of hole-lengths at various source-to-collimator distances.
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Fig. 3. The (A) FWHM and (B) Sensitivity of standard SPECT simulation model using MEGP-
collimator for 2°2T1 isotope as a function of hole-lengths at various source-to-collimator distances.

Fig. 4 and Fig. 5 illustrated both the sensitivity and FWHM to the SPECT simulation model at different
hole-lengths based on various distances from the point sources **Xe with LEGP, and 2*TI with MEGP
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sequentially. The linear variation in the FWHM values utilizing the LEGP-collimator for the ***Xe
isotope and the MEGP-collimator for the 2Tl isotope is 8.20-18.06 mm and 9.04-18.34 mm,
respectively. The fluctuations in the values of FWHM using the MEGP-collimator for the 2°'T1 isotope
were noted; these fluctuations result from multi scattering events in medium-energy photons. In
contrast, the degradation of the sensitivity values with increasing hole-lengths of collimators (LEGP
and MEGP) was noted. As a result, the FWHM enhancement and sensitivity degradation caused by
increasing the hole-lengths of the LEGP and MEGP collimators are shown in Fig. 4 and Fig. 5. This
enhancement at FWHM and degradation in sensitivity return to increase absorption of scattering gamma
rays by the collimator as hole-lengths increase [15, 14].

(A) (B)
0.40 20
L —e— 10cm F —-e— 10cm
%\ ——— 12cm [ ——— 12cm
AN 14cm r . 14 cm
+ § 16cm 18 C 3 . | 16 cm
0.35 - AN —-A— 18cm F X - et et
7= F BN —9— 20cm r —®— 20cm
m & 22¢m 16 - 22 cm
X E\\ 24¢em | = r : v 24 cm
E_ \‘\ = L .-
S 030 PN £ Lk i
> \&\ = r A >
= N ok DEETEL
2 A N < | S Dt
N [ -A
= NN g = e I ~o-
7 F Nl L 12+ - o __ e -
o 025 T_LQSQ F v —_ ) - -,
@ i e % By
\3\\»\\\% 10 i L
r ~ g
0.20 r "*—0—_.__;::;_;
L v g es vl e pn Bw o en v ey g gy g B & s oo 5o p) P a8 pess my pw pu g Te
30 32 34 36 38 40 30 32 34 36 38 40
Hole length (mm) Hole length (mm)

Fig. 4. The (A) Sensitivity and (B) FWHM of standard SPECT simulation model using LEGP-
collimator for ¥Xe isotope as a function of hole-lengths at various source-to-collimator distances.
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Fig. 5. The (A) Sensitivity and (B) FWHM of standard SPECT simulation model using MEGP-
collimator for 2°'TI isotope as a function of hole-lengths at various source-to-collimator distances.

Fig. 6 and Fig. 7 show the trade-off between FWHM and sensitivity for the simulation model based on
the optimal hole lengths for the LEGP and MEGP collimators at all source-to-collimator distances. The
collapse in the values of FWHM and the improvement in sensitivity values with an increase in the
collimator’s hole-lengths are observed in the mentioned figures.
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Fig. 6. The trad-off between FWHM and Sensitivity of Standard SPECT simulation model using LEGP-
collimator for ¥Xe isotope.
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Fig. 7. The trad-off between FWHM and Sensitivity of Standard SPECT simulation model using
MEGP-collimator for 2TI isotope.

CONCLUSION

The geometry design of parallel hole collimators has a considerable influence on the quality of the
image on the standard SPECT simulated model. A comparison is done for the performance of parallel-
hole collimators with different hole lengths at various distances from point isotope source based on
sensitivity and spatial resolution. As the collimator hole lengths increase, spatial-resolution improves
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while sensitivity decreases. Based on the results that have been found in previous nucle ar imaging
device simulation studies, the trade-offs between spatial resolution and sensitivity are the same as our
study results. It is possible to fabricate a collimator with excellent characteristics and
enhance manufacturing precision by simulating a collimator of the desired dimension.
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Abstract - In this study, a quartz crystal microbalance (QCM) sensor surface was coated with biotin
and/or streptavidin using the electrospinning method. The coated surfaces were analyzed using the
Raman spectroscopy method. QCM measurements were carried out using the OpenQCM platform. The
results indicate that the electrospinning method can be used to coat QCM surfaces with biotin and/or
streptavidin and that the coated surfaces exhibit distinct morphological and spectroscopic properties.
The QCM measurements showed that the coated surfaces are highly sensitive to changes in mass,
indicating their potential for use in biosensing applications. Overall, this study provides new insights
into the use of QCM sensors coated with biotin and/or streptavidin for biological sensing and detection
applications.

Keywords — Quartz crystal microbalance (QCM), Biotin, Streptavidin, Electrospinning, Surface
coating, Raman spectroscopy, Biosensing

INTRODUCTION

Streptavidin, a protein capable of binding to biotin, exhibits a homotetrameric structure
consisting of 126 amino acid residues in each identical monomer. Its secondary structure is
characterized by the formation of an anti-parallel eight-stranded B-barrel tertiary structure [1].
The Trp120 residue in each monomer is responsible for connecting the monomer to its adjacent
subunits, resulting in the formation of functional dimers within the tetramer. While the precise
function of streptavidin remains unclear, previous research suggests its involvement in
microbial defence mechanisms. The strong non-covalent bond between biotin and streptavidin
has attracted significant attention in various scientific fields, owing to its exceptional specificity
and high affinity, estimated to be in the femtomolar range (K4 =102 - 10-'3 M). This affinity
is approximately an order of magnitude greater than that observed in well-known antigen-
antibody interactions. The unique binding affinity displayed by the streptavidin-biotin complex
possesses remarkable characteristics. Regions of the protein involved in interactions with other
proteins or targets typically exhibit high flexibility and plasticity. Moreover, these regions tend
to be located on the exposed surface of the protein. An essential segment of streptavidin, known
as the apo-state streptavidin loop (L3/4; residues 45-52), plays a crucial role in biotin
interaction and governs the binding process [2]. Streptavidin, biotin and Streptavidin-Biotin
complex structures are presented in Fig. 1. Quartz crystal microbalance (QCM) sensors offer
precise analysis of environmental changes, achieving high resolution at levels around ng/cm?.
They are particularly useful for accurately monitoring humidity [3], as well as detecting and
analyzing atmospheric pollutants or organic chemicals [4].
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BIOTIN STREPTAVIDIN STREPTAVIDIN-BIOTIN

Fig. 1. Biotin and Streptavidin molecules with Streptavidin-Biotin complex [2]

MATERIALS AND METHODS

QCM measurements were conducted utilizing a custom-designed OpenQCM setup (Fig. 2.,
lower panel). Quartz crystal frequency measurements were performed using a PC. The
measurements were carried out at the fundamental frequency, and a simultaneous collection of
dissipation data was accomplished. Data acquisition was facilitated through the utilization of
open-source OpenQCM software and Teensy firmware. The lab-made system was augmented
with the integration of the Teensy microcontroller as the hardware component. Fig. 2 illustrates
phase and amplitude data obtained from the fundamental mode of a 10 MHz QCM (Quartz
Crystal Microbalance) driven in an open-loop configuration. The quartz crystals utilized in the
experiments were 5 mm in size (Raltron 18pf-HC49U) and incorporated electronic circuit
elements with silver electrodes of a specific diameter. Q-values were measured at a temperature
of approximately 20K employing the available system, yielding resonance frequencies of
9996348.043 Hz (stdev = 54.319).

Frequency
Synthesizer
AD9851

Phase
Detector

Gain and A i
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Microcontroller - Teensy

Computer

Fig. 2. Electrospinning setup, OpenQCM measurement setup and electrosprayed sample (up) and
block diagram of the QCM setup and real-time measurement (down)

Samples of biotin at concentrations of 5 mg/mL, 0.5 mg/mL, and 0.05 mg/mL were prepared,
along with streptavidin samples at concentrations of 1.5 mg/mL, 0.5 mg/mL, and 0.05 mg/mL.
The prepared biotin and streptavidin samples were loaded into a 500 pL Hamilton syringe
(Model No. 80830; Hamilton Company, NV). Fluid flow was controlled using a syringe pump
(Harvard PHD ULTRA, Syringe Pump Infuse/Withdraw Programmable), while a positive high
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voltage (SRS PS350, Sunnyvale, CA) was applied to the syringe tip. The QCM sensor, acting
as a collector, was grounded to initiate the electrospraying process.

RESULTS AND DISCUSSIONS

We have conducted an investigation into the correlation between the distance from the syringe
tip to the collector (measured using a QCM sensor) and the electrospraying current. The
purpose was to ascertain the impact of distance on the stability of the electrospraying process,
which exhibited an inverse proportional relationship (Fig. 3.). Biotin samples were
meticulously dispensed using a flow rate of 2 uL/min, employing an accelerating potential of
5 kV, and maintaining a syringe tip-to-ground electrode distance of 5-8 cm. The samples were
subjected to QCM measurements, which were carried out for a duration of 10 seconds (Fig.
4.). The experimental results clearly demonstrate that the deposition of biotin samples induces
a frequency decrease of approximately 10 Hz on the resonance frequency. Remarkably, the
anticipated frequency pattern identified in the biotin samples did not manifest in the case of
streptavidin. Rather, a substantial decline in frequency within the 150 to 200 Hz range was
recorded, alongside an anomalous value in one sample and a frequency reduction of
approximately 10 Hz in another sample, diverging from the results of the remaining three
measurements. These inconsistencies may potentially arise from experimental inaccuracies.
Nevertheless, when the process was conducted utilizing an equivalent sample flow rate, a more
pronounced decrease in frequency was observed, which can be attributed to the molecular
weight of streptavidin.

Distance vs Current Distance vs Current

0 - 20 2 20 a5 40 " ope B 15 25 35 45

Distance (mm) Distance (mm)

Fig. 3. Syringe tip and collector electrode distance dependant current plots
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Fig. 4. Resonance frequency shifts of the streptavidin and biotin electrospfayed QCM Sensors

Additionally, we have performed Raman microscopy measurements to evaluate the surfaces of
the QCM sensors coated with biosamples and gain a deeper understanding of the observed
variations. We utilized a 532 nm laser excitation with a power of 0.56 mW and a Leica 20x
objective to capture Raman spectra of the QCM sensors. The spectra were acquired from two
sides: the (black) quartz side and the (red) silver-coated side, as shown in Fig. 5. Furthermore,
we presented Raman spectra of biotin-coated QCM sensors (with black representing the pure
biotin sample) in Fig. 6, and streptavidin-coated QCM sensors (with black representing the
quartz part) in Fig. 7.
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Fig. 5. Raman spectra of the QCM (black) quartz side, (red) silver-coated side
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Fig. 7. Raman spectra of the Streptavidin-coated QCM sensors (black is the quartz part)
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Abstract—Over the last few decades industry was shifting towards composite material applications in
aerospace industry. Light weight materials were preferred as of good strength to weight ratio thereby
enhancing system efficiency. This study presents a numerical modelling procedure and stress analysis
of single lap joint between metal (AA 6061-T6) and composite (carbon/epoxy laminate) whereas
stainless steel 304 was used as a rivet material. Joint was modelled with three different joining
techniques namely: adhesive, hybrid and riveted joining. ABAQUS/Standard cohesive zone model
(CZM) tool was used for simulating adhesive and hybrid joints while simple finite element analysis
(FEA) tool was used for simulating riveted joint under tensile loading. Fracture toughness (GIIC) was
determined using analytical expression, with the help of tensile load. The results were evaluated in
terms of VVon Mises stress, shear stress, and normal stress in X, Y & Z directions. It was observed that
adhesive joint shows much lower stresses as compared to hybrid and riveted joint because of equal
distribution of the load along the whole surface.

Keywords — Lap Joint, Composite, FEA, ABAQUS

INTRODUCTION

Because of their strength and light weight, fiber metal laminated materials (FMLSs) are frequently
utilized in the automotive, civil infrastructure, and aerospace industries. Depending on the applications,
many fiber kinds are included into FMLs. For instance, carbon fiber is employed in applications that
demand high tensile and compressive stiffness and good fatigue strength. However, glass fiber is
utilized because of its excellent tensile strength, water and fire resistance, and ability to withstand
adverse conditions. Since Kevlar absorbs impact energy, it is utilized as a shock absorber [1]. In place
of traditional connecting methods (bolts and rivets), novel joining techniques (adhesive or hybrid) are
now being developed for FMLs [2]. To simulate the aforementioned innovative joining procedures, a
special tool called the cohesive zone model (CZM) (triangular, exponential, or trapezoidal method) is
used [3-6]. In the current work, we compare traditional and contemporary joining methods, such as
riveting, adhesive, and hybrid joints that use single lap joints to withstand Von-Misses, shear, and
normal loads. We also evaluated the stress concentration area.

LITERATURE REVIEW

The adhesively bonded single lap joints (SLJs) in Sheet Molding Compounds (SMC) were investigated
by Mazumdar and Mallick [1] under static and fatigue response. The performance of the joint was
examined in relation to overlap length, adhesive its thickness, preparation of the surface, test speed, and
water exposure. The findings led to the conclusion that the overlap length and adhesive thickness are
the only factors that affect the ratio of stress to static strength. Additionally, it was discovered that the
static and fatigue failure loads were unaffected by the 214-hour submersion in water, and that fatigue
strength is roughly 50-54% of static strength.

Composite material joints can be divided into three categories: mechanically fastened joints, adhesively
bonded joints, and hybrid joints (which combine both mechanical and rivet fastening). Hybrid joints
are typically used in the automotive and aerospace industries to link sheet metal and composite
materials. Hybrid joints have enhanced tensile and fatigue strength compared to basic adhesives or
simple bolted joints [2].

In recent years, numerous industry sectors, including the automotive, aerospace, and transportation
industries, have become more interested in hybridization joints, which combine an adhesive layer with
a typical mechanical joint. This is because they outperformed mechanical joints or bonded joints in
terms of preferred achievement. In this study, the researcher looked at how adhesive strength and rivet
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strength responded when combined. The exclusive facial properties of hybrid joints—the adhesive
compares to the stress distribution, regardless of bolts discovering intermittent stress distribution—lead
to the refined characteristics of hybrid joints. The author came at the conclusion that loads may be
shared between glue and bolts if the adhesive modulus was too low. The author further determined that
while bolts would carry the maximum stress in the event that the adhesive failed, this would still
contribute to a secure procedure [3].

Experimental fatigue testing on composite adhesively bonded step joints were performed by Tenchev
and Falzon [4]. They demonstrated how the static strength and fatigue life of the composite were
dramatically lowered by this sort of adhesive junction, which is often used in repairs.

Under various environmental circumstances, Zhang et al. [5] investigated the fatigue behaviour of an
adhesively bonded pultruded glass fiber reinforced plastic (GFRP) DLJ. A fiber tear in the GFRP
laminates was the predominant mode of failure in this instance. In the presence of excessive humidity,
the mechanism of failure changed from cohesive to interfacial (adhesive/composite interface). Test
temperature and humidity both had an impact on the joints' fatigue lifetime and fracture behaviour.
The author explored double-lap joints under tensile loading for unidirectional and quasi-isotropic
composite adherends utilizing moiré interferometry in an experimental setting, a finite element
approach numerically, and an analytical one-dimensional closed-form solution. Other than the fringe
waviness caused by the three-dimensional free-edge phenomenon in the quasi-isotropic composite joint,
the displacement fields for adhesive and hybrid joints were obtained in an improved concession from
both analysis, such as after experimentation as well as finite element analysis appropriately [6].

There aren't many studies of double lap hybrid joints in the literature, and there aren't many full-field
experimental results. In the current study, the failure loads and failure modes of composite to aluminum
dual lap hybrid joints were examined. Adhesive-only and adhesive and rivet combinations are the
joining possibilities. Finite Element Analysis is used to examine these two types of joints and compare
the results to experimental data. Another experimental comparison between this strategy and Wen-Yen
Chuang et al. was also conducted [7]. F. Moroni et al. [8] investigated traditional joining methods and
adhesive bonding. In comparing the advantages of using hybrid welded/bonded, riveted/bonded, or
clinch-bonded joints to simple adhesive, spot-welded, riveted, or clinched joints, the author discovered
that the contribution of adhesive bonding is more apparent in hybrid-fastener joints than in weld bonded
joints, with a significant improvement of the mechanical performances relative to simple fastened joints.
In this study, A. Graner Solana et al. [9] a series for load levels in continuous amplitude fatigue testing
of single lap joints (SLJs) to gather experimental data suggested by the author and the related fatigue
damage model. The creation of an elastoplastic damage model is able to forecast the patterns of rear
face strain observed in experiments as well as the fatigue life under various fatigue loads. It was being
run in the FEA code of ABAQUS and used for user-defined subletting to locate the failure, which
resulted in a reduction in adhesive young's modulus and yield stress.
The titanium flanges on the Turbine Exhaust Duct (TED) of the Vinci-engine for the Ariane five rocket
were adhered to a carbon fiber composite material. The findings of equivalent experimental tensile tests
were compared to the analysis of FE-models of the tensile test specimens (SLJ and DLJ) in this study.
According to the study, if an appropriate joint design is adopted, the local stress concentrations caused
by the applied thermal and structural loads on the adhesive surface are not high enough to harm the
joint [10]. Jen and Ko [11] discussed their research about the impact of adhesive dimensions on the
fatigue strength of adhesively bonded Al SLJs. Their experimental findings showed that, with the
exception of specimens with an adhesive thickness of 0.5 mm, the fatigue resistance dropped as the
overlap length rose. They came to the conclusion that the interfacial peeling stress was the primary
cause of the fatigue failure of the SLJs through finite element analysis (FEA). Using FEA, Ngoc and
Paroissien [12] investigated adhesively and hybrid ally bolted/bonded SLJs. Geometrical and material
nonlinearities were taken into account when conducting two- and three-dimensional investigations. It
was determined that hybrid bolted/bonded joints outlast bolted joints in terms of fatigue life. Press-
fitted or drive-fitted joints perform better in terms of fatigue when combined with adhesive. A few
academics have looked into the outcome of this combination. The static and endurance performance of
steel/Al component mixed hybrid joints was examined by Croccolo et al. [13]. In terms of its release
force, the press-fitted joint's performance improved with the introduction of glue. Similar to cantilever
beams, the researcher looked into the mechanical characteristics of SLJs in this work. Through the use
of finite element analysis, stress distributions for a number of typical attributes have been produced in
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the adhesive layer. The author came to the conclusion that the Poisson's ratios and Young's modulus
had a significant impact on the distribution of stress in the beams [14].

In this study [15], the investigation into the modal characteristics of single lap joints and cyclic vibration
peel loading was carried out. Steel-aluminum SLJ specimens were used for vibration fatigue tests,
followed by measurements of the modal response. The author developed a Finite Element model to
analyse the impact of Young's modulus and adhesive layer contact area on the modal frequencies of
SLJ structures. By conducting experiments, the author came to the conclusion that a decrease in modal
frequency was seen when the adhesive contact area and Youngs modulus were both decreased.

Three different joining methods for SLJs—adhesive joining, mechanical fastening, and hybrid
joining—were compared by Yogesh and Arunkumar [16]. The hybrid joint performs better than other
types of joints when compared using tensile testing to assess joint strength and failure modes. Adhesive
bonding was shown to be appropriate for acrylic type adhesive and for rubber type adhesive.

Due to their reduced weight, greater stiffness, and improved fatigue qualities, composite materials have
seen a sharp growth in application over the past couple of decades, particularly in the aerospace
industry. The design of fiber metal laminated materials (FML) assemblies typically involves the
interaction of metallic elements (AA 6061 T6) and composite materials (carbon fiber), and these
interfaces frequently turn out to be the weakest parts of the constructions. Due to the tensile and fatigue
properties of double lap joint design, this research has concentrated on comparing various joining
strategies of composites with metals. Simple adhesive joints, hybrid joints (adhesive + rivets), and joints
with adhesive pins embedded in metal plates were created and tested for this purpose. Additionally,
these joints' finite element modelling and subsequent experimental validation are part of the research.
The hybrid joint, which combines glue and fasteners, demonstrated greater strength in the results;
nevertheless, the unique notion of using sticky pins was unsuccessful [17].

TABLE IX. LITERATURE MATRIX

LITERATURE MATRIX

Type of Joints Type of loading Adhesive /
Reference No. Single Double Static Fatigue Loading I briejl;]cfint
Lap Joint | lap Joint | Loading | Experimentally FEA Y
[1] S.K.
Mazumdar and 4 4 4 Adhesive Joint
P. K. Mallick
[2] Makqto v v v s
Imanaka et al. Hybrid Joint
[3] G. Kelly v v Hybrid Joint
[4] R. T. Tenchev
and B. G. v v Adhesive Joint
Falzon
[5] Y. Zhang et al. v Investigated Stlffness Adhesive Joint
degradation
[6] M.Y. Tsai and v Investigated Stress . .
J. Morton distribution Adhesive Joint
[7] Wen-Yen
Chuang,Jia- 4 v v Adhesive Joint
LinTsai
[8] F Moroniet v v FEA | Hybrid Joint
[T A. Graner v v FEA | Adhesive Joint
Solana et al.
[10]  Fredrik Fors v v v FEA Adhesive Joint
[11]  Y.M.Jenand v v . .
CW Ko FEA Adhesive Joint
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[12]  C.-T. Hoang-
Ngoc and E. v FEA Adhesive Joint
Paroissien
[13] ]aDI- Croccolo et v v Adhesive Joint
[14] Xiaocong He v FEA Adhesive Joint
[15] ;{; Duand Lu 4 FEA Adhesive Joint
[16] T.L. Yogesh Adhesive/
and N. Y Hybrid joint
Arunkumar Y J
[17] Khawaja et al. v v v FEA Hybrid joint

MATERIALS AND METHODS

In the present day, fiber metal laminates (FMLs) are replacing conventional materials in the construction
of large, heavy structures like bridges, aircraft, wind turbine blades, etc. Their excellent strength to
weight ratio has significantly expanded their uses, for example in the case of the Boeing 767, which is
also made utilizing FMLs. Its main metal body is built of alloys, and its composite-material wings are
linked to it utilizing a variety of joints (adhesive, rivets, and hybrid).

In this study, we used a computer simulation to test the performance of a carbon fiber-reinforced
aluminum alloy (CARALL) under normal, shear, and VVon Misses stresses. Models for the specimens
were created using published data [2]. In figure 1, geometry with dimensions displayed.

Stainless Steel 304 Carbon fiber laminates

“ MI/

o AL alloy 6061-Té

AN =&

6 Adhesive layer
25 .r’k /
s~~~ —Y 1
L ~
| ) . ) )
‘ All dimensions are in mm
. 100

Fig. 1. Joints design with dimensions

The basis metal for this model was aluminum alloy 6061-T6. It is common to utilize this alloy in
construction. Carbon fiber laminates are used to simulate the other overlapped part. It is frequently
employed in the structure of aircraft wings. Three different types of joints were used: epoxy araldite LY
5052 as resin for adhesive joints, Aradur 5052 [7] as a hardener for rivet joints, and hybrid joints that
combine rivet and adhesive joints. Table 1 provides the material qualities.

TABLE X. MATERIAL PROPERTIES

Material g{;ﬂg Young((s}lg/: ;) dulus Poisson’s ratio
Aluminum 6061-T6 2700 68.9 0.33
CFRP 1800 230 0.35
Stainless steel 304 8000 197 0.29
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ANALYTICAL CALCULATIONS

Calculating Gyic:
The Giic value is calculated using the following formulation [8].

GIIC . Fmaxz[:Esrs + Bgﬂtﬂ:)
~ 3Eytqw2(E.t, + Eqty) )

Where;

Giic = Fracture energy

Fmax = Maximum bearing force in Newton

Eo = Young’s Modulus of overlap part (Carbon/epoxy)

Es = Young’s Modulus of base metal (Aluminum)

W= width of the specimen

to = Thickness of overlap part

ts = Thickness of base metal

According to published data; we know the maximum bearing force is 5000 N, width of specimen is 25
mm, toand tsare 2.5 mm, Esis 68.9x10° Pa and E, is 230x10° Pa. Substituting these values in equationl
gives energy release rate as

Guc=72 J/m2

Designing criterion for rivet joints [2]:

Diameter of the rivet hole d = 2t

D =2x2.5=5mm

Pitch of rivets = 2d

P =2x5=10mm

Marginm = 1.5d = 1.5x5 = 7.5mm

Transverse pitch= P; = 2d = 10mm

generation, and boundary condition definition. Then, ANSYS was used to solve the problem. The
post-processor in ANSYS was used to generate the plots of the solution's results.

FINITE ELEMENT ANALYSIS

Utilizing the cohesive zone model, joints (riveted, adhesive, and hybrid) were modelled and simulated
using the commercial software ABAQUS. While the opposite end of the carbon fiber was loaded with
5000 N of force in the positive "X" direction, the free end of the base metal was restricted in terms of
translation and rotation. Figure 2 below displays boundary conditions and force.

I,,/i‘
'_t/
~

L~

Fig. 2. Joints design with boundary and loading conditions

r Force

Description of each module with respect to joint type is briefly described in these lines.
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M. Part Module

Geometry of all type of joints were modeled according to dimensions using 3D deformable solid. All
dimensions are given in figurel. While the designing criterion of rivet is shown in analytical calculation
which was taken from published data[2].

N. Property Module

Material properties were assigned in each part in property module. Aluminum alloy, CFRP and Stainless
Steel were modeled as an isotropic material. Densities, Poisson ratio and Elastic values of these
materials are given in tablel. Each part of the property module received a set of material properties. As
isotropic materials, aluminum alloy, CFRP, and stainless steel were modelled. Tablel lists the densities,
Poisson ratio, and elastic values of these materials.

The stiffness in the normal (E/Knn), first (G1/Kss), and second directions (G2/Ktt) was assumed to
represent the adhesive layer. Figure 3 depicts the graphic representation of adhesive behaviour, while
Table 2 provides its values. Maximum stress damage was used to assign damage attributes, which were
then converted into damage for traction separation law. Sub-options were used to assign the GIIC value
during damage evolution. Equation 1 of the analytical computation used to derive this number is a
numerical formula. Utilizing damage stabilization cohesive, the viscosity coefficient value was also
assigned in the sub-option. Its value was 1x107 for traction separation law.

-~

Damage Initiation

T max ]
i Cohesive material law
Traction i Traction, damage evolution
| GiKy
o Go/Ktt
E/Kan Grc Fracture
' Energy
Gini Seperation Ginal

Fig. 3. Traction-separation phenomenon used in adhesives.

TABLE XI. MATERIAL PROPERTIES

E/Kun (GPa) G1/K (GPa) G./K« (GPa)
3.44 127 1.27

0. Assembly Module

Each part was assembled according to its geometry as shown in figure-1. After assembly each geometry
was shifted from local to global coordinate system and independent mesh was assigned to each part of
all joint geometries.

P. Step Module:

Step was created for assigning load condition as recommended in figure2. According to these joint
configurations, static general type load was assigned to the part with nonlinear geometry and in
incremental fashion as per requirement of joint.

Q. Interaction Module:

Interaction module plays a vital role in these types of joints. In adhesive joint, tie constraints are applied
between the surfaces of Aluminum, Carbon fiber and adhesive for simulating adhesion effect between
them. Hard contact interaction was also defined between Aluminum and Carbon fiber to restrict them
into their boundaries. Riveted joint surfaces were physically separated with each other so tie constrained
were not assigned to them. Penalty friction formation was assigned on the surfaces of rivet, Aluminum
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and Carbon fiber using coefficient of friction. In hybrid joint combination of adhesive and rivet joint
interactions was introduced for simulating this joint.

R. Mesh Module:

Regarding pieces, each sort of joint model was independently meshed. Aluminum and carbon fiber were
meshes in riveted joints using Sweep Hex, a 3D stress element known as C3D8R in ABAQUS, and
rivets were meshes in Free Tet, a 3D stress element known as C3D10 with component deletion.

Fig. 4. Meshed assembly of riveted joint.
Aluminum and carbon fiber were meshes in the adhesive joint using Structured Hex elements of the
same type as those described above, while the adhesive was meshes using Sweep Hex (where the sweep
path was in the direction of the force), and the cohesive element was referred to in ABAQUS as
COH3D8 through component deletion. After part meshing, edit mesh was carried out, and cohesive
elements were given zero thickness, as seen in figure 5.

Fig. 5. Meshed assembly of adhesive joint with zero thickness of adhesive.
Sweep Hex was used to mesh the aluminum, carbon fiber, and glue in the hybrid junction. While Free
Tet and rivet were mated. The remaining variables were identical to those mentioned previously. After
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part meshing, the mesh was edited, and cohesive elements were given a zero thickness, as seen in figure
6.

Y

Fig. 6. Meshed assembly of hybrid joint with zero thickness of adhesive

S. Load Module:

First boundary condition was applied on left side of base metal (aluminum alloy) using initial step. This
side was restricted for any type of displacement and rotation in X, Y and Z directions. Second condition
was applied using first step on right side of carbon fiber and allowed its motion in only positive X-axis
with 5000 N force. These boundary conditions are shown in figure2.

T. Job Module:

Job was created and submitted after setting field outputs. ABAQUS determined the concentration of
Von Misses, shear and normal stresses in X, y and z directions within the bond in the form of analytical
values and color combination. Results were evaluated for comparing different joint results as shown
below in figure7,8,9,10 & 11 (a, b, ¢).

U. Visualization Module

The ratio of maximum to minimum stress and area of stress concentration was examined in this module.

RESULTS AND DISCUSSION

The normal and shear stress fields were evaluated along three different planes in adhesive and hybrid
joints (P1-P3), and two different planes in riveted joint (P1&P3). These stresses were distributed across
the joint thickness as shown in figure (12). A force of approximately 5kN was applied to all joints. The
evolution of Von Mises, shear and normal stresses for the adhesive, hybrid and riveted joint is presented
in figure no. 7, 8, 9, 10 & 11 and stress values are given in Table3. As per expectation, antisymmetric
effects are related to the midplane (adhesive). Adhesive and Hybrid joints show Von Mises, shear and
normal stress concentration at the interfaces adherend—adhesive (plane P2) was observed while on the
other hand riveted joint shows maximum concentration on rivets.

Von Mises yielding criterion is widely used to analyze the withstanding capability of an engineering
design for a given load and the critical points under certain loading condition. Shearing stress and
normal stresses in the direction of tensile loading play a vital role in these types of joints because force
is parallel to the surface and most of the joints fail in this mode. Stresses in Y and Z axis are not so
significant because there is a little twisting which affects at the ends of the joints.

Joint efficiencies are same in all cases, The mode of failure in adhesive is in fact cohesive because a
thin adhesive layer can be observed between the adherend’s surfaces. Adhesive joint shows minimum
stress because the force is equally distributed along the surface. In Hybrid joints, adhesive fails
cohesively and rivets experience shearing failure because it shows higher stress as compared to adhesive
joint but lower as compared to rivet joint. Hybrid joint distribute the stresses along the surface due to
adhesive. Existence of hole/holes in the structure causes some stress concentration on rivet. Riveted
joint shows maximum value of stress on a rivet because stress is mainly concentrated on it and it fails
by shearing.

The probability of failure in the Riveted joints is higher than in Hybrid and Adhesive joints respectively,
as can be concluded from table 3.
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Figure 7 (o) Von Mises stresses in adhesive joint

Figure 7 (b) Von Mises stresses in hybrid joint Figure 7 (c) Von Mises stresses in riveted joint

Figure 8 (@) Shear stresses in aghesive joint

Figure 8 (b) Shear stresses in hybrid joint Figure 8 (c) Shear stresses in riveted joint
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Figure 9 (a) X-axis stresses in adhesive joint

Figure 9 (b) X-axis stresses in hybrid joint Figure 9 (c) X-axis stresses in riveted joint

Figure 10 (b) Y-axis stresses in hybrid joint Figure 10 (c) Y-axis stresses in riveted joint

157



6" Pak — Turk International Conference on Emerging Technologies in the field of Sciences and

Engineering, May 4 — 6, 2023, Karabuk University, Karabik, Turkiye

Figure 11 (c) Z-axis stresses in riveted joint

Fig. 12. Schematic Representation of planes

TABLE XII. MATERIAL PROPERTIES

Von Mises Shear Normal Normal Normal
Types of Stress Stress stress in x stressin y | stressin  z

Joints direction direction direction
(N/m?) (N/m?) (N/m?) (N/m?) (N/m?)
Bonded 1.9x10° 6.2x10? 5x10° 3.3x10? 6.0x10?
Hybrid 2.53x10° 3.43x10* 8.1x10* 6.8 x10* 2.6x10*
Riveted 7.4x10° 1.2x10° 3.52x10° 1.2x10° 9.3x10°

CONCLUSION:

In this study, a three-dimensional finite element model that takes into account interface elements in
adhesive and hybrid joint joints was used to assess the stress distribution in single-lap joints. Adhesive,
hybrid, and riveted joints were the three types of joints that were examined. At the interface (adhesive-
adherend), in relation to the adhesive's midplane, and at the end of the overlap region, two of them
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(Adhesive and Hybrid) showed noticeable stress concentration effects. Because a rivet is the only link
between two adherents, a riveted joint demonstrates stress concentration on rivets.

In order to determine Von Mises stress, stress from shear, and normal stress in the X, Y, and Z
directions, the tensile test was conducted. As a result of joining procedures, antisymmetric effects
between adherends vanished and a worldwide trend of stresses was seen. When joining two dissimilar
materials, it is crucial to take these effects into consideration because they are so significant.

The computational model (CZM) showed promising ability to identify the impacts of stress
concentration in bonded lap joints. It enables the estimation of stresses at interfaces between various
joints and disparate materials. Finite element analysis does not frequently experience this. The method
can be used to identify the failure type (Adhesive, Cohesive, and Adherent) of bonded joints if an
acceptable damage model is given.

Because the loads are evenly distributed across the joint's whole surface, bonded joints exhibit the
fewest strains. Because there is a hole in the hybrid joint, there are somewhat larger stresses there than
on the rivet. Due to a high stress concentration on the rivets, a riveted joint exhibits the largest
magnitude of stresses.
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