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Dear Readers;

The 8% of ICONST organizations was held in Budapest- HUNGARY between May
28-30, 2025 with the theme of ‘science for sustainable technology' again. In recent
years, weather changes due to climate change have reached a perceptible level for
everyone and have become a major concern. For this reason, scientific studies
that transform technological progress into a sustainable one is seen as the only
solution for humanity's salvation. Here we ask ourselves "which branch of science
is responsible for sustainability?". Sustainability science is an interdisciplinary
field of study that covers all basic sciences with social, economic, ecological
dimensions. If we consider technology as the practical application of scientific
knowledge, the task of scientists under these conditions is to design products that
consume less energy, require less raw materials, and last longer.

ICONST organizations organize congresses on sustainability issues of three main
fields of study at the same time in order to present different perspectives to
scientists. This year, 215 papers from 20 different countries presented by scientists
in ICONST Organizations.

98 papers from 8 countries (Albania, Bosnia and Herzegovina, Crotia, Czech
Republic, Greece, Hungary, India, Iran, Italy, Kosovo, Montengro, Morocco,
Pakistan, Poland, Tiirkiye) presented in our International Conference on
Engineering Science and Technology organized under ICONST organizations.
Turkey is the country with the highest participation with 48%, followed by Poland
and Kosovo with 14.2%, Albania with %8, Hungary with 5.1%, Iran and Czech
Republic with 2%, the other countries with 1%. Outside of Tiirkiye participant
rate is totally 52%.

As ICONST organizations, we will continue to organize organizations with the
value you deserve in order to exchange ideas against the greatest threat facing
humanity, to inspire each other and to contribute to science. See you at your
future events.

ICONST Organizing Committee
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Use of Design Thinking metod in MedTech innovation projects

MARTA PENKALA*!, JOANNA MACHNIK-SLOMKA?, ELZBIETA
PAWLOWSKA?

Abstract: The dynamic development of modern medical technologies and the changing needs of patients and medical
staff present the MedTech industry with new challenges in designing innovative solutions. The aim of this article is to
evaluate the application of the Design Thinking method in the medical technology sector as an approach to support the
innovation creation process. The method is user-centered and based on empathy, interdisciplinary collaboration and
problem solving. Furthermore, its tenets are gaining increasing importance in innovation projects in many sectors such as
information technology, education, finance, the public sector or industry. This confirms its versatility and flexibility in
application in different areas.

The research was conducted using the literature review method and the case study method. The research analyzed selected
examples of the application of the Design Thinking method in MedTech innovation projects worldwide. It presents the
key stages of the design process - empathy, problem definition, idea generation, prototyping and testing - and identifies
the value creation and benefits of their implementation.

The conclusions of the analysis confirm that the Design Thinking method can be a valuable tool to support the
development of innovative products and services in the medical industry. The use of this approach fosters the creation of
solutions better tailored to the real needs of users and increases the chances of successful implementation of an innovative
solution. The article can be helpful for both practitioners and researchers in the healthcare field interested in using the
Design Thinking method in the context of creating modern, user-centered innovative products or services.

Keywords: Design Thinking, innovation, innovation project, MedTech, health.

!Address: Silesian University of Technology, Faculty of Organization and Management, Poland
2Address: Silesian University of Technology, Faculty of Organization and Management, Poland
3Address: Silesian University of Technology, Faculty of Organization and Management, Poland

*Corresponding author: marta.penkala@polsl.pl
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Corrosion Performance of WC-Co Die Inserts Borided at Different Temperatures
for Cold Forming

KUBRA OZTURK GULER*'?3, BAHADIR UYULGAN!?

Abstract: WC-Co cemented carbides are composite materials produced by binding hard WC particles within a metallic
Co matrix via liquid phase sintering. Due to their excellent wear resistance and toughness, they are widely utilized in cold
forming dies; however, the cobalt matrix exhibits low corrosion resistance in aggressive environments. enhance surface
properties, boriding treatments are employed, forming a hard and chemically stable boride layer that improves both wear
and corrosion resistance. Process parameters such as boriding temperature and duration significantly affect the structural
integrity of this layer, thus effecting corrosion performance. In this study, WC-Co material containing 19% Co was
subjected to pack boriding at 900 °C, 950 °C, and 1000 °C for 4 hours to evaluate the effect of boriding temperature on
corrosion behavior. Corrosion resistance was assessed using potentiodynamic polarization tests in a 1 M 3.5% NaCl
solution, and corrosion rates (mm/year) were determined via Tafel extrapolation. XRD analysis confirmed the formation
of CoB, Co:B, and W.CoB: phases in the borided layers. The results demonstrated that boriding temperature critically
impacts corrosion resistance by altering the microstructure and stability of the boride layer. The sample borided at 1000 °C
exhibited the best corrosion resistance, with the lowest corrosion rate of 9.09 x 1072 mm/year, while the untreated sample
showed the highest rate at 3.783 x 107! mm/year. This significant improvement suggests that boriding at elevated
temperatures facilitates the formation of a more compact and chemically stable boride layer, thereby substantially
increasing the material’s resistance to corrosive attack.

Keywords: WC-Co, boriding, corrosion, tafel extrapolation, cold forming

Address: Department of Metallurgical and Materials Engineering, Dokuz Eylul University, izmir, Turkey

2Address: *The Graduate School of Natural and Applied Sciences, Department of Metallurgical and Materials
Engineering, Dokuz Eylul 35390 Izmir, Turkey

3 Address: R&D Center, Norm izmir Civata San. ve Tic. A.S., AOSB, izmir, Turkey

*Corresponding author: kubra.ozturk@normfasteners.com
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The Rise of Cyber Threats in Albania: Challenges and Security Measures

REXHION-QAFA*!, AUTHOR EZMOLDA-BAROLLI*?

Abstract: In recent years, Albania has undergone a profound digital transformation, characterized by the rapid adoption
of e-governance platforms, digital financial systems, and online public services. While these advancements have
improved administrative efficiency and public accessibility, they have concurrently introduced new cybersecurity
vulnerabilities and significantly expanded the national attack surface. This paper critically examines the evolving
landscape of cyber threats confronting Albania, with a particular focus on attack typologies such as ransomware, data
breaches, state-sponsored cyber operations, and disruptions targeting critical infrastructure. Employing a
multidisciplinary methodology that integrates case study analysis, cybersecurity policy evaluation, and comparative
frameworks grounded in European Union and NATO standards, the study investigates both technological deficiencies
and institutional vulnerabilities that impede the development of robust cyber resilience. Findings indicate structural
weaknesses, including the inadequacy of the existing legal framework, limited inter-institutional coordination,
underinvestment in cybersecurity infrastructure, and a shortage of specialized human capital in the cybersecurity sector.
Furthermore, the research assesses the current national strategic response, analyzing the effectiveness of Albania’s
cybersecurity strategy, incident response frameworks, and initiatives aimed at fostering public-private collaboration. The
paper concludes with a set of targeted policy recommendations, advocating for comprehensive legislative reforms,
enhanced institutional coordination, increased financial commitment to cybersecurity, and systematic alignment with
international cybersecurity norms and best practices. Strengthening these areas is critical to safeguarding Albania’s digital
sovereignty, ensuring the resilience of critical infrastructures, and promoting a sustainable, secure digital environment in
an increasingly contested and volatile cyber domain.

Keywords: Albania, cybersecurity, digital infrastructure, cyber-threats, cybersecurity-frameworks, cyber-resilience
'Address: University of Tirana, Faculty of Economics, Tirana/Albania

2Address: University of Tirana, Faculty of Economics, Tirana/Albania

*Corresponding author: rexhion_qafa.festudentdr(@unitir.edu.al , ezmolda.barolli@unitir.edu.al
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Tailoring Materials and Transducer Architectures for SAW-Based Devices in
Environmental Sensing

ONUR ALEV*1?

Abstract: The increasing release of hazardous and toxic gases—such as volatile organic compounds (VOCs), NO,, CO»,
NH3s, and HoS—due to industrial activities poses serious risks to both environmental and public health. Effective and real-
time monitoring of these pollutants is essential. Surface Acoustic Wave (SAW)-based sensors offer a promising solution,
combining high sensitivity, wireless operation, and low power consumption. These devices detect changes in surface
conditions—such as mass loading or conductivity—through variations in acoustic wave propagation, making them highly
effective for gas sensing applications. This work focuses on tailoring advanced sensing materials and optimizing
transducer architectures for SAW-based devices, specifically targeting environmental sensing technologies. Functional
materials—including conductive polymers, semiconductors, and composites—are explored for their ability to enhance
sensor performance in terms of selectivity, sensitivity, and long-term stability. These materials are engineered to respond
selectively to specific target gases, enabling precise detection even in complex environments. Furthermore, the integration
of SAW devices with wireless sensor networks (WSNs) and the Internet of Things (IoT) is discussed, highlighting their
potential for scalable, remote environmental monitoring. This combined approach to material design and transducer
engineering paves the way for next-generation smart, efficient, and application-specific environmental sensors.

Keywords: Surface acoustic wave, Gas sensor, Environmental monitoring, Sensing material.

!Address: Norwegian University of Science and Technology, Faculty of Engineering, Gjavik/Norway
2Address: Gebze Technical University, Faculty of Science, Kocaeli/Turkiye

*Corresponding author: onur.alev@ntnu.no




8th ICONST EST 2025 - Engineering Science and Technology
May 28-30, 2025; Budapest - HUNGARY

Analysis of G-Forces Acting on a Light Aircraft Pilot at Various Stages of
Training, Including Glider Towing Operations

MICHAL SUJKOWSKI*!

Abstract: This article presents an analysis of G-Forces (accelerations) acting on a light aircraft pilot at various stages of
training toward the Commercial Pilot License (CPL(A)), including glider towing operations. The theoretical section
outlines the structure of flight training leading to the commercial license, with particular emphasis on supplemental
training — especially glider towing — as a part of flight time building and gaining additional operational experience.Data
collection was conducted using a custom-designed measurement device developed by the author, based on the MPU9250
sensor and Arduino Mega 2560 microcontroller, allowing for tri-axial acceleration recording. Additional data sources
included a GPS-based flight data logger and video recordings of the instrument panel. Measurements were gathered during
instructional training flights on Aero AT-3 and Cessna C150 aircraft, as well as during glider towing operations using the
Yakovlev Yak-12M within the scope of dedicated training for the “glider towing” qualification.The study analyzed
accelerations occurring in various phases of flight, including non-standard tasks such as simulated emergency scenarios.
For glider towing flights, the analysis also considered atmospheric conditions and the specific nature of thermal-lift-
oriented operations. The results indicate significant differences in acceleration profiles and increased pilot workload
during towing missions. These findings may support the assessment of pilot suitability for subsequent training stages and
contribute to the optimization of flight training programs.

Keywords: pilot training, in-flight accelerations, glider towing, light aircraft, flight dynamics

!Address: Silesian University of Technology, Faculty of Transport and Aviation Engineering, Department of Air
Transport

*Corresponding author: mail@mail.com
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Drop of Life: A Centralized Mobile and Web Platform for Humanitarian and
Blood Donations

TARIK BULJUBASIC, ALI JUSIC, ADEM SINANOVIC, ZEYNEP SAGIR

Abstract: Effective and timely humanitarian aid and blood donations are essential to saving lives in crisis situations, yet
current practices remain fragmented and vulnerable to fraud. Donation appeals are often scattered across social media,
local networks, and isolated organizational channels, resulting in delayed information dissemination, limited visibility of
urgent needs, and an estimated 10—15% of campaigns containing fraudulent elements. In Bosnia and Herzegovina, where
70% of blood supplies rely on family donations and no centralized system exists, these challenges are even more
pronounced.

In order to address these issues, Drop of Life was developed,as a unified platform, featuring a cross-platform mobile-web
system built with modern full-stack technologies, supported by a secure backend and centralized database.Donors can
browse both humanitarian and blood donation campaigns, filter by urgency or blood type, and contribute funds or pledge
blood in real time. Key features include a multi-step campaign verification process, real-time push notifications, instant
fund transfers to organization accounts, and personalized alerts based on user profiles.

The project is currently in the advanced stages of development with a minimum viable product (MVP) nearing
completion. Future performance will be evaluated using key indicators such as platform engagement, donation efficiency,
system reliability, adoption by NGOs, and user satisfaction through surveys and retention metrics.

By consolidating donation workflows and enforcing strict verification, Drop of Life enhances transparency, accelerates
interventions, and builds public trust. The platform directly supports the United Nations Sustainable Development Goals
by promoting efficient resource mobilization and multi-stakeholder collaboration.

Keywords: donation platform; humanitarian aid; blood donation; real-time notifications; secure payments; data analytics

!Address: International University of Sarajevo, Faculty of Engineering and Natural Sciences, Sarajevo/Bosnia and
Herzegovina

*Corresponding author: btarik47@gmail.com
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Assessment of the Impact of Temperature on the Performance of Photovoltaic
Cells for Sustainable Energy Solutions

VEHEBI SOFIU, BESA VESELI, SAMI GASHI, NEXHAT BALAJ,
MUHAXHERIN SOFIU

Abstract: Photovoltaic cells represent a key source of renewable energy; however, their performance is significantly
affected by ambient and operating temperature. This study provides a detailed assessment of the impact of temperature
on the efficiency of photovoltaic (PV) cells by combining experimental analyses—conducted in both controlled laboratory
conditions and open environments—with a theoretical review of current literature. As temperature increases, the open-
circuit voltage of solar cells drops due to higher charge carrier recombination, leading to reduced power output. The
relationship between operating temperature and energy production has been found to be linear, with the PV material
playing a crucial role in temperature sensitivity. The study evaluates temperature coefficients for monocrystalline modules
and examines various mathematical models used to predict cell temperature in different PV system configurations,
including free-standing panels and building-integrated systems. Furthermore, the geographic distribution of photovoltaic
energy potential is explored, with consideration of how altitude and climate affect system performance. High-altitude
regions—such as the Himalayas and Antarctica—typically offer better performance ratios due to lower operating
temperatures, favoring more temperature-sensitive modules. The findings of this work contribute to the optimal selection
of photovoltaic technology based on climate conditions and support the development of sustainable energy production
solutions.

Keywords: Photovoltaic cells, operating temperature, electrical efficiency, temperature coefficient, energy performance,
monocrystalline modules.

Address: UBT- University for Business and Technology, Faculty of Energy, Kalabria, 61, Prishtin, 10000, Kosové

*Corresponding author: besa.veseli@ubt-uni.net
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Different Methods of Speed Control of Switched Reluctance Motors Drives: An
Overview

BLERTA GERMENJI*!, AIDA SPAHIU?

Abstract: Electric Drives with Switched Reluctance Motor (SRM) are driving innovation across industries and they are
used in different applications such as: general purpose industrial drives; domestic drives: washing machines, vacuum
cleaners; electric vehicle; aircraft applications; compressors, fans, pumps, centrifuges etc. Usage in important applications
and the advantages of SRM motor like robust construction, easy maintenance and low cost, flexible controls, and the
ability to operate in harsh environments such as high temperatures and high pressure made the SRM an alternative to both
alternative and direct current machines used in adjustable electric drives. The SRM also comes with a few disadvantages
among which torque ripple and acoustic noise are the most critical. The double saliency construction and the discrete
nature of torque production by the independent phases lead to higher torque ripple compared with other machines. The
aim of this paper is to present a literature review on the electric drives with SRM knowing that these electric drives are
more efficient, reliable, and sustainable drives. In particular, the focus will be on the different methods of speed control
of the electric drives with SRM. Based on the reviewed literature will be discussed the advantages, disadvantages and the
performance of various types of speed control methods in terms of their efficiency, reliability and robust work for the
different applications. The key contribution of the paper is to provide a valuable basis for detailed analyses of the electric
drives with SRM focus on, advanced control, sensing technologies and sustainability.

Keywords: Switched Reluctance Motor, control method, applications, reviewed literature

!Address: Aleksandér Moisiu Durrés University, Faculty of Professional Studies, Durrés/Albania
2Address: Polytechnic University of Tirana, Faculty of Electrical Engineering, Tirana/Albania

*Blerta Gérménji: blertagermenji@uamd.edu.al
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Techno-economic assessment of PHA production scenarios by utilizing
extremophilic microorganisms

ABDULLAH BILAL OZTURK"?, XENIE KOURILOVAZ, IVA
BUCHTIKOVA?, STANISLAV OBRUCA?

Abstract: This study investigates the techno-economic viability of varied polyhydroxyalkanoates (PHA) production
scenarios from lignocellulosic biomass by utilizing extremophilic microorganisms. Microbial platforms characterized by
halophilic and thermophilic properties, specifically Halomonas halophila and Caldimonas thermodepolymerans, were
employed to eliminate issues related to sterility demands, process efficiency, and sustainability. Scenarios incorporating
rice straw and discarded softwood, which are low-cost lignocellulosic feedstocks that do not interfere with the human
food supply, were modeled as resources for PHA production. Additionally, a comparison was conducted between
traditional chloroform extraction methods and environmentally friendly hypotonic lysis to recover PHA from
extremophilic microbial cultures prone to this treatment. Economic indicators such as net present value (NPV), internal
rate of return (IRR), and payback period (PB), were estimated to evaluate the financial viability of the proposed scenarios.
Results clarify that incorporating extremophilic microorganisms alongside waste valorization techniques could make
PHA production economically feasible, thereby decreasing dependence on fossil-derived plastics while simultaneously
addressing environmental issues. This initial research demonstrates the necessity for subsequent scale-up investigations
to authenticate the proposed methodology, which shows potential for the sustainable production of PHA.

Keywords: polyhydroxyalkanoates, process simulation, techno-economic assessment, Halomonas halophila, Caldimonas
thermodepolymerans

!Address: Department of Chemical Engineering, Faculty of Chemical and Metallurgical Engineering, Yildiz Technical
University, Istanbul/Tiirkiye

2Address: *Department of Food Chemistry and Biotechnology, Faculty of Chemistry, Brno University of Technology,
Purkynova 118, 612 00 Brno, Czech Republic

*Corresponding author:
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Bridging Humans and Machines: Determinants of Collaborative Robot
Acceptance

MURAT TAHIR CALDAG*!

Abstract: The emergence of collaborative robots (Cobots) is a modern concept based on human-machine interaction in a
shared workspace. However, the antecedents of the idea behind robots assisting humans can be seen in the mythology
and history of ancient Greece, Egypt, and China. The industrial revolutions and disruptive technological advancements
presented new ways of production, logistics, and development. Cobots are one of the trending technologies providing
ease of use and productivity gains with high-volume tasks. With the widespread of robotics, investments in Cobot
technologies are predicted to rise to 7 billion $ in 2030. Even though the main adopter of Cobot technologies can be seen
as manufacturing, other industries such as tourism, healthcare, logistics, education, and energy are providing innovative
solutions with Cobot integrations. Cobots present opportunities such as increased productivity, enhanced worker safety,
eco-friendly production, and ergonomic designs. However, there can be some drawbacks of Cobots as societal problems
concerning worker unemployment, anxiety, social exclusions in the workplace, and mental health issues of workers. Also,
investment and training costs can create significant burdens for small businesses. The aim of this study is to identify the
determinants of Cobot acceptance and provide insights for further analysis. A systematic literature review (SLR) is
conducted to identify the determinants influencing Cobot acceptance. The findings of the SLR presented the significant
factors assisting the adoption decision of Cobots in various industries. Ease of use, product quality, mobility, flexibility,
perceived safety, performance expectancy, decreased error rates, and innovativeness are some of the significant enablers
of Cobot acceptance in businesses. Even though the benefits can provide increased customer satisfaction and
competitiveness compatibility issues, infrastructural constraints, perceived anxiety, over-dependence, social exclusion,
trust, financial costs, and fear of unemployment are some of the identified barriers to the acceptance of Cobots. Also, SLR
results indicate the majority of the research in Cobot acceptance is conducted from individual perspectives. There is a
research gap in organizational and national perspectives. This study provides significant insights and a comprehensive
analysis of the literature for Cobot acceptance. The results of this study can be used as a foundation in various industries
for individuals and businesses for Cobot acceptance decisions.

Keywords: Collaborative Robot, Technology Acceptance, Industry 4.0, Human-Machine Interaction
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Analysis of the Eutrophication Process Progress in the Dal Lake, India

IRFAN ALI*!, ELENA NEVEROVA-DZIOPAK?* ZBIGNIEW
KOWALEWSKT

Abstract: Dal Lake, an iconic freshwater body is in the Himalayan region of Jammu and Kashmir in India, has been
experiencing a significant ecological change due to the elevated level of eutrophication. The main cause of eutrophication
are different human activities in the lake catchment area, intensive lake resources exploitation, and the lack of integrated
water management strategy. Such stress factors bring to adverse negative changes in the lake ecosystem functioning,
which in turn contributes to problems with drinking water supply, fishing, tourism sector development and general
deterioration of residents' living conditions. The study presents the results of analysis of eutrophication process
development in the Dal Lake and its separate basins for the period 2019 —2023. The methodology used for trophic status
assessment was based on the Index of Tropic State (ITS); the data bank for analysis consisted of five-year lake monitoring
data. The results revealed the steady significant growth of the tropic level in separate basins and lake as a whole during
the period considered. The results highlight a very disturbing trend of ecosystem degradation due to anthropogenic
activities, additionally intensified by climate change. The actual Dal Lake ecosystem status emphasizes the necessity for
elaboration of basin-specific management solutions to alleviate eutrophication and maintain the unique ecosystem of the
Dal Lake. The spatio-temporal approach and applied assessment methodology offers significant insights for policymakers
and environmentalists seeking to repair and maintain the integrity of this essential freshwater resource.

Keywords: Dal lake, Eutrophication, Tropic state assessment, Management strategy
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Cultural eutrophication treatment with innovative clay-based materials

IEROTHEOS ZACHARIAS", BILIANI IRENE!

Abstract: Anthropogenic activities in aquatic ecosystems deteriorate water bodies' quality status through sewage
discharge, deposition of suspended or heavy materials, fertilizers run-offs, and many others, emphasizing the urgent need
for restoration applications. Today, scientists have concluded that marine and inland water bodies' cultural eutrophication
treatment can be achieved by applying innovative natural clay-based materials. Zeolite, Bentonite, Perlite, and Calcite
have been proven to absorb nutrients from aquatic environments for ecosystem restoration applications. The BLUE-
GREENWAY Project tests some of the above materials because they present many advantages: ecologically friendly
materials, low cost, and easily accessible. Their applications for freshwaters restoration consist of both natural and
modified. The primary purpose of this work is to present natural and modified clay materials that have been successfully
applied to laboratories and aquatic environments. This study compares the adsorbance efficiency of nitrogen and
phosphorus loads found within the water column under different environments. The results indicate that successful
application is highly linked with the aquatic environment's initial conditions. Treatment with clay-based materials can be
performed in a time-effective process provided that the sources of eutrophication are also treated.
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Electrochemical Immunosensor for HE-4 Detection: A Practical and Cost-
Effective Approach

BURCAK DEMIRBAKAN *!

Abstract: Human Epididymis Protein 4 (HE-4) is widely utilized in gynecologic oncology and cancer diagnostics,
particularly for the detection and monitoring of ovarian and endometrial cancers. Due to its high specificity, HE-4 serves
as a valuable biomarker for early diagnosis and disease monitoring. The objective of this research is to develop an
immunosensor for the detection of the HE-4 antigen. For this purpose, an indium tin oxide-polyethylene terephthalate
(ITO-PET) working electrode—selected for its practicality, affordability, and high sensitivity—was modified using
Carboxyethylsilanetriol (CESE) 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC), and N-Hydroxysuccinimide
(NHS). All parameters, which are concentrations and incubation times of the proposed immunosensor, were optimized.
Electrochemical impedance spectroscopy and cyclic voltammetry techniques were employed to monitor the
immobilization process and to perform the analytical characterization of the designed immunosensor system. The
analytical characterization studies, including repeatability, reproducibility, and the linear detection range (0.01 fg/mL -
25 fg/mL), demonstrated that the designed biosensor possesses an ultra-wide detection range and exhibits practicality,
stability, and high sensitivity. Additionally, the applicability of the biosensor system was tested in commercial human
serum samples, yielding promising results that support its potential use in clinical applications.This study highlights the
significance of developing advanced biosensing platforms for cancer biomarker detection, contributing to the ongoing
efforts to improve early diagnosis and personalized medicine approaches.

Keywords: Ovarian cancer, indium tin oxide-polyethylene terephthalate, immunosensor, Human Epididymis Protein 4
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Electrochemical Biosensor Platform for CA125 Detection: A Promising Tool for
Ovarian Cancer

BURCU EROGLU*!

Abstract: Ovarian cancer is the leading cause of mortality associated with gynecological cancers. Ovarian cancer is a
malignancy that originates in the ovary and cellular proliferation that occurs in the ovaries. Although ovarian cancer is
not one of the most common gynecological cancers in women, it has the highest mortality rate. The main reason for this
is that the disease is usually silent and does not cause any obvious symptoms in its early stages. Therefore, early diagnosis
is of critical importance for this cancer. For the diagnosis of ovarian cancer, Cancer Antigen 125 (CA125) protein has
recently gained acceptance as biomarkers owing to their excellent specificity. The goal of this research is to create an
immunosensor that can detect CA125 antigen. For this purpose, the indium tin oxide-polyethylene terephthalate (ITO-
PET) working electrode, which is preferred due to its practicality, cheapness and high sensitivity, was modified with 3-
mercaptopropyldimethoxysilane (3-MPDS) agent and N-Hydroxysuccinimide (NHS). Electrochemical impedance
spectroscopy and Cyclic voltammetry techniques were used to follow the immobilization steps and determine analytical
characterization of the designed immunosensor system. To obtain a linear and stable immunosensor system all effective
parameters were optimized. The results obtained from analytical characterization studies such as repeatability,
reproducibility and linear range (0.5 fg/mL- 500 fg/mL) prove that the designed biosensor has an ultra-wide detection
range, is practical, stable and sensitive. The applicability of the designed biosensor system to the commercial human
serum was also tested and obtained promising results.

Keywords: Ovarian cancer, indium tin oxide-polyethylene terephthalate, biosensor, Cancer Antigen 125
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Hydrothermal Carbonization of Cow Manure: A Sustainable Pathway for Waste
Valorization

MEHBOOB IQBAL", ROBERT JUNGA?, MALGORZATA WZOREK'

Abstract: This study investigates and explores the feasibility of hydrothermal carbonization as a sustainable approach for
the valorization of cow manure. Experiments were conducted in a 2-liter batch Parr reactor under varying conditions,
including reaction times of 60 to 120 minutes, solid-to-liquid ratios ranging from 1:5 to 1:9, and a constant reaction
temperature of 200 °C. The results demonstrated an increase in carbon content from 44.60% to 51.35%, along with
enhanced energy densification of the produced char. The higher heating value of the produced chars ranged from 19.11
to 20.50 MJ/kg. The maximum energy yield of 58.46% was achieved at a solid-to-liquid ratio of 1:5 and a 60-minute
reaction time, suggesting that shorter processing times may be more efficient for char production.

Keywords: hydrothermal carbonization, cow manure, char and waste valorization.
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Comparative Assessment and Use Cases of Hyperledger Blockchain
Frameworks

ZEKIYE CEREN ULUDOGAN!, SADETTIN MELENLI', ALi HAKAN ISIK*'

Abstract: Blockchain technology is increasingly used in various sectors such as finance, healthcare, supply chain and
public administration by providing secure, transparent and decentralized data management. In terms of enterprise
solutions, open source projects are of great importance, and Hyperledger is one of the most comprehensive initiatives in
this field. The Hyperledger project, supported by the Linux Foundation, consists of a series of frameworks and tools
developed for enterprise blockchain applications. In this study, the most widely used frameworks in the Hyperledger
ecosystem, Fabric, Sawtooth, Indy, Iroha and Besu, are discussed. The architectural structure, consensus mechanisms,
security features and usage areas of each framework are examined in detail and the main differences between them are
compared. For example, Hyperledger Fabric offers scalable solutions thanks to its modular structure, while Sawtooth
draws attention with its innovative POET (Proof of Elapsed Time) consensus algorithm. While Indy is optimized for
identity management applications, Iroha focuses on integration with mobile devices. Besu addresses financial and
enterprise use cases thanks to its Ethereum compatibility. Hyperledger’s permissioned blockchain structures provide great
advantages in terms of data security and privacy, and are also evaluated in terms of scalability and flexibility. In addition,
use cases of Hyperledger technology in areas such as supply chain management, health records, financial services and
identity verification are discussed. The study discusses the future potential of the Hyperledger ecosystem, current
challenges in this area and its impact on academic research. This study provides a comprehensive resource for researchers
and industry professionals who want to evaluate blockchain technology from an institutional perspective.

Keywords: Blockchain, Hyperledger, Fabric, Sawtooth, Indy, Iroha, Besu, Consensus Mechanisms
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BioPrint Life for Space Exploration

JULIA GODZWON*!, JOANNA SZCZEPANSKA !, OLIWIA PAJAK !

Abstract: 3D bioprinting represents an innovative additive manufacturing technique with proven potential in tissue
engineering and regenerative medicine. As this technology advances, it could enable the development of functional organs
in space, allowing astronauts to print tissues for medical treatments, including organ transplants and wound healing.

The BioPrintLife project addresses key limitations of current bioprinting technology, specifically high costs and limited
bioink availability. We develop eco-friendly bioinks composed of hydrogels containing live bacterial cultures that
maintain functional properties while reducing costs.

We have successfully optimized alginate and gelatine-based hydrogels, enhancing their rapid crosslinking capabilities,
injectability, and viscosity control to ensure structural integrity and cell viability following extrusion. Initial experiments
with E. coli and S. aureus bacteria cultures demonstrate the bioinks' capacity to maintain cell viability. Responses to
relevant stressors have been tested, including UV exposure, methacrylate, photoinitiator, and antibiotics. Subsequent
research will incorporate more complex cellular systems and evaluate performance under microgravity conditions.

Bioprinting technology holds immense potential for long-term space missions, enabling on-demand production of
biomaterials, pharmaceuticals, and tissues for medical treatments. This work paves the way for sustainable and
independent crew healthcare during extended space travel and extraterrestrial colonization, by reducing reliance on Earth-
based supplies.

Keywords: bacteria, bioprinting, hydrogels, tissue engineering

!Address: AGH University of Krakow, Faculty of Materials Science and Ceramics, Cracow/Poland

*Corresponding author: juliagodzwon@student.agh.edu.pl

17


mailto:juliagodzwon@student.agh.edu.pl

8th ICONST EST 2025 - Engineering Science and Technology
May 28-30, 2025; Budapest - HUNGARY

Surface Defect Detection in Steel Manufacturing Industry Using Deep Learning

PORCHELVI N, NAVEENKUMAR S, MELWIN DANIEL R, NEEREJ S

Abstract: Steel surface defect detection is important in maintaining product quality and maximizing production
processes. Being based on human vision or outdated computer vision algorithms, traditional inspection methods are
inefficient, prone to errors, and not scalable. For precise steel surface fault detection and categorization, this project
proposes a mechanized deep learning technique from ResNet-18. The NEU Surface Defects Database of six defects—
scratches, pitted surfaces, rolled-in scale, patches, inclusions, and crazing—is used to train and validate the models.
Flipping, rotation, and contrast data augmentation methods are utilized to boost model generalisation. Grad-CAM has
also been utilized for visualising defect positions to enhance interpretability. The proposed ResNet-18 model in this work
is more robust than common CNN architectures regarding the accuracy of locating defects as well as being cost-effective.
ResNet-18 is a specific and high-resource steel quality check platform for efficient smart manufacturing without defects
against the traditional methods.
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Investigation of the Thermal Performance and Flow Characteristics of a Tall
Building with Facades Positioned at Various Angles

MOHAMMAD SAMI', MOHAMMAD KHATTAB!, MAHDI TABATABAEI
MALAZI

Abstract: This study examined the impact of facades on the flow behavior surrounding a standard tall building model
having facades. The objective of the study is to decrease wind loads while enhancing energy savings and natural
ventilation. The aerodynamics and thermal performance of buildings with facades were analyzed under different wind
speeds, fagade orientations, and ambient temperatures. The drag force, velocity, pressure, and temperature distribution
around the building were calculated using computational fluid dynamics (CFD) approaches. The realizable k-¢ turbulence
model was used to simulate turbulent flow around the building with facades. Research findings indicate that wind velocity
and facade positioning significantly affect drag force and temperature distributions. The building faces a significant
increase in pressure when wind speed increases from 1 to 5 m/s. The building undergoes a notable reduction in temperature
when wind velocity rises from 1 to 5 m/s. The information provided aims to improve wind management by passive flow
control techniques, minimize building weathering, reduce wind load, enhance natural ventilation, save energy, and offer
building designers a comprehensive selection of computational simulations.

Keywords: Computational Fluid Dynamics (CFD), Facade design, Wind load reduction, Natural ventilation
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Metal(loid) immobilization in severely contaminated soils under various
environmental conditions: efficiency of commercial, synthesized, and waste-
derived (in)organic amendments

SZIMONA ZARZSEVSZK1J ! MARTINA VITKOVA!, ANNA KARLOVA!,
BARBORA BOSERLE HUDCOVA!

Abstract: Chemical immobilization is a cost-efficient, sustainable, and environmentally friendly alternative to traditional
soil remediation techniques especially at large and severely polluted areas. It utilizes soil amendments to capture and/or
transform pollutants to reduce/prevent their leachability, mobility, availability, and toxicity. However, the immobilization
efficiency is influenced by a complexity of factors, requiring a comprehensive assessment of amendments prior to their
full-scale application. Therefore, we tested various (in)organic amendments under varying environmental and
geochemical conditions to elucidate on their suitability for soil remediation. The effects of soil moisture, soil properties,
and contamination type and level on metal(loid) immobilization were assessed by laboratory soil incubation experiments.
For sustainability and circularity, waste materials (iron-chips, iron-mud, sludge-char, compost) were tested along with
commercial/synthesized products (nanoscale zerovalent iron (nZVI), biochar (BC), and BC composites (nZVI-BC and
Fe/FeS-BC)). Moreover, a field experiment involving composted sewage sludge application to a degraded brownfield soil
was conducted to assess its overall effects on soil quality. Metal(loid) mobility and availability were assessed by
traditional single and sequential soil extractions/leaching tests and the diffusive gradients in thin films (DGT) technique.
Metal(loid) sorption in the solid phase was analyzed by scanning electron microscopy (SEM), and geochemical modeling
was used to predict solid/liquid speciation and solubility controlling phases of the metal(loid)s. The overall results showed
that soil properties including moisture content, redox potential, pH, organic and mineral contents; metal(loid) type and
concentration; and amendment characteristics have significant effects on amendment efficiency. Generally, iron-based
amendments exhibited close to 100% immobilization efficiency, while organic amendments increased metal(loid)
availability in most cases, which, however, was overcome by combining them with iron-based amendments. SEM
confirmed metal(loid) associations with iron phases, many of which were predicted as solubility-controlling phases.
Metal(loid) mobility in the field experiment showed a seasonal trend over 2.5 years, driven by the interactions between
metal(loid)s and organic matter and influenced by (a)biotic factors. In conclusion, metal(loid) immobilization in severely
polluted soils is feasible, but a complex and challenging task calling for further research, especially in multiple-elements
contaminated soils and under real and long-term conditions.
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Analysis Of The Components Constituting Drill Bit Geometry In Drilling
Ti6Al4V Titanium Alloy By Finite Elements Method

TUNCER DEMIREL*', ABDULLAH KURT?

Abstract: In this study, the effects of the components constituting the drill bit geometry in the drilling operations
performed under the coolant of Ti6Al4V Titanium alloy were investigated by means of finite element assisted simulations.
Different combinations of notch angle, web thickness and splitting angle were used as determinants of drill bit geometry,
while tool models with other geometric properties kept constant were analyzed with outputs such as thrust force, torque
and temperature. The data analyses and simulations obtained as a result of drilling were performed using ThirdWave
Advantedge software. In the simulations performed, split-tip, two-flute, helical and solid carbide drills with a diameter of
6.8 mm were preferred using different parameters such as notch angle (30°,45°,60°), web thickness (0.5;1.0;1.5 mm) and
splitting angle (120°,135°,150°). As a result; while high thrust forces were observed as a result of simulations performed
with tool designs with a notch angle of 30° and 60°, web thickness of 0.5 and 1.5 mm, and splitting angles of 120° and
150°, which are the components constituting the drill bit geometry, lower thrust forces were determined as a result of
simulations performed with tool designs with a notch angle of 45°, web thickness of 1.0 mm and splitting angle of 135°.
When torque values were analyzed; similar results were obtained with thrust forces. When the temperature values are
analyzed, high temperature values are observed as a result of simulations performed with tool designs with notch angles
of 30° and 60° and splitting angles of 120° and 150°, while lower temperature values are obtained as a result of simulations
performed with tool designs with a notch angle of 45° and splitting angle of 135°. However, an increase in temperature
values was observed as the web thickness increased.
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Rocket Design Optimization

SUREYYA SEVINC VAROL*!, BILGE ALBAYRAK CEPER?

Abstract: Studies on rockets are accelerating with the development of new technologies. At the forefront of these
developments are optimization studies that emphasize time saving. By using various optimization methods, rockets with
high performance are produced at low cost. Wings, which are an important component of rockets, are exposed to high
stresses during flight. High stresses cause damage to the wing structure and adversely affect the flight performance. This
study focuses on the optimization of a conical arrow-shaped wing. In the study, a CAD structure was created in accordance
with the wing dimensions. With ANSYS software, the amount of stress on the model was determined and the regions
subjected to maximum stress were determined. With the optimization study, improvements were made on the regions
exposed to maximum stress and a new wing model was created. The maximum stresses of the original wing structure and
the optimized wing structure are given graphically. The outputs of both models are compared and the amount of
improvement on the model is emphasized. The optimization study was carried out with ANSY'S Topology Optimization
and nTop programs. It is aimed to prove the accuracy of the results by utilizing two software programs that use different
algorithms and approaches.
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Electron Transfer In A Periodic Electronic System Containing Two Defects
With High Performance

ABDELOUAHID EZZARFI'**, YASSINE BOUCHAFR!, FATIMA ZAHRA
ELAMRI', YOUSSEF BEN-ALI', DRISS BRIA!

Abstract: This article presents a theoretical analysis of the impact of defect layers on electronic states in CdTe/CdMnTe
multi-quantum wells (MQWs). The approach employed is based on transfer matrices. The incorporation of one or two
defect layers into periodic structures comprising quantum wells (CdTe) and barriers (CdMnTe) is demonstrated to alter
the band structure, resulting in the formation of localized states within the band gaps. The influence of defect thickness
and concentration on the formation of localized states within the band gaps is also demonstrated. The results revealed that
thicker defects tend to shift the energies of localized states towards lower values, while increased concentrations of defects
have the effect of raising these energies. It is evidenced that configurations comprising identical defect types are capable
of producing highly transmissive localized states under specific conditions of thickness and concentration. Furthermore,
structures incorporating different defect types are shown to yield distinctive patterns of localized states, particularly when
the parameters of the defects are optimized. This study highlights the potential for MQWs to be utilized in applications
such as frequency-selective filters, waveguides, and photonic devices, emphasizing the significance of defect engineering
in tailoring electronic properties for advanced technologies.
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The Impact of Artificial Intelligence on High School Students' Education and
Career Choices

METEHAN .KARTALI, ASLIHAN ARSLAN KARTAL? NESLIHAN
BOZDAG CIMEN*!

Abstract: Artificial intelligence is the ability of a computer or computer-controlled robot to perform tasks typically
associated with intelligent beings, and it is a technological model where certain features developed by humans are taught
and then enhanced according to their areas of application to be presented to people. Artificial intelligence (AI) enables
certain tasks that a human can perform to be done more quickly with more data, and it can facilitate individuals' lives with
applications such as updatable and customizable voice assistants, language translations, recommendation systems,
navigation, social security, healthcare, e-commerce, and assistive robots [1-3]. It is believed that artificial intelligence can
enhance both learning and teaching, and help develop the best programs for students and teachers in the field of education.
However, it is also stated that artificial intelligence is controversial in some aspects such as the role of teachers in
education, data privacy, and ethics [2]. This study is a research that evaluates the adoption, use, emotional effects, and
potential impacts on future career choices of artificial intelligence in education by students. The research was conducted
with 10" grade students of Denizli Hasan Tekin Ada Anatolian High School during the 2024-2025 academic year. A total
of 15 questions were administered in the form of a survey, with three being open-ended and twelve multiple-choice, and
157 students participated on a voluntary basis. The students' perspectives on artificial intelligence, its contributions and
drawbacks to education, emotional effects such as fear, happiness, anxiety, and its impact on career choices have been
evaluated and compiled based on the responses given. Students describe artificial intelligence as a sea of information and
a useful technology that makes life easier, while also expressing it as an emotionless, conscious, dependency-increasing,
thought-reducing, and concerning companion. The students' perspectives on artificial intelligence, its contributions and
drawbacks to education, emotional effects such as fear, happiness, and anxiety, and its impact on career choices have
been evaluated and compiled based on the responses given. While students describe artificial intelligence as a sea of
information and a useful technology that makes life easier, they also express it as an emotionless, conscious, addiction-
increasing, thought-reducing, and concerning companion. Out of the 157 students who participated in the survey, 145 use
an Al-supported application in education. The usage rates are 33% every day, 47% a few times a week, 18% once a
month, and 2% never. 15% of the students think that artificial intelligence could negatively affect education, while 49%
are undecided. 54% of students think that artificial intelligence could replace professions, and 60% say it would affect
their own career choices. Teachers are expected to use Al-supported applications while teaching, but the replacement of
teachers by Al technologies is not desired. Students who participated in the survey do not want to give up on their teachers
and the teaching profession, who care about their moods and feelings, equip them with original ideas, and prepare them
for life, no matter how advanced artificial intelligence and technology become.

Keywords: Artificial intelligence, high school student, education, future
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Health Effects of Elevated Fluoride in Municipal Drinking Water: A Risk-Based
Approach to Water Safety Management

IWONA KLOSOK-BAZAN*!, IZABELA ZIMOCH?

Abstract: This study evaluates the health impact of elevated fluoride concentrations in municipal drinking water using a
risk-based approach. The research focuses on hazard identification, exposure assessment, and risk characterization to
determine the potential adverse effects of prolonged fluoride consumption. A review of literature and historical water
quality data analysis was conducted to assess fluoride levels and their health implications, considering geological and
anthropogenic sources. Findings indicate that fluoride concentrations in the studied water supply fluctuate significantly,
with some samples exceeding recommended limits. While moderate fluoride levels (below 2 mg/L) provide dental health
benefits, higher concentrations pose risks, particularly for vulnerable populations such as children. Prolonged exposure
to fluoride levels above regulatory thresholds increases the likelihood of dental and skeletal fluorosis, with the severity
of effects dependent on age, exposure duration, and cumulative intake from other sources like food and dental products.
A quantitative risk assessment was conducted using the hazard quotient (HQ) method, evaluating daily fluoride intake
across different age groups. The analysis revealed that while the general population faces minimal health risks, young
children are more susceptible to mild to moderate dental fluorosis when consuming water with fluoride levels exceeding
2 mg/L. Risk mitigation strategies include implementing water treatment technologies to reduce fluoride levels, public
awareness campaigns on dietary fluoride intake, and promoting alternative drinking water sources for high-risk groups.
The study emphasizes the need for continuous water quality monitoring and regulatory compliance to ensure public health
protection. Recommendations highlight a multi-faceted approach, integrating technological interventions and public
health policies to manage fluoride exposure effectively. These findings provide valuable insights for policymakers and
water management authorities in developing strategies for safe drinking water supply while minimizing potential fluoride-
related health risks.

Keywords: fluoride, drinking water, risk assessment, health effects
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Legionella Bacteria in Drinking Water — A Contemporary Public Health Threat

IZABELA ZIMOCH*!, EWA LOBOS-MOYSA!

Abstract: This paper presents an analysis of public health risks associated with the presence of Legionella bacteria in
drinking water systems. Particular attention is given to the issue of colonization within internal water installations and the
lack of effective procedures for managing microbiological risks. Legionella is a widely distributed waterborne bacterium
that finds favorable conditions for growth in water distribution systems, especially in domestic hot water installations.
The study discusses current national and European legal frameworks, including the requirements of Directive 2020/2184
on the quality of water intended for human consumption, which obligates EU Member States to implement risk assessment
and management systems across the entire water supply chain, including internal building plumbing. The analysis
highlights the insufficient use of epidemiological data in Poland and the lack of detailed guidelines on prevention,
monitoring, and response to contamination by Legionella spp. The article also presents data from selected countries
(including the USA and Germany), where comprehensive monitoring of Legionnaires’ disease has been conducted for
years. It shows that the actual number of cases may be significantly underestimated due to limited diagnostic practices
and the absence of systematic disease reporting procedures. The need to establish a nationwide support system for water
quality management and databases enabling microbiological risk assessment is strongly emphasized. The article
concludes with a call for urgent inclusion of Legionella-related issues in national public health strategies, as well as in
technical, environmental, and health education.

Keywords: Legionella, water quality, public health, risk management, water supply systems, Directive 2020/2184,
Legionnaires’ disease, drinking water

'Address: Silesian University of Technology; Faculty of Energy and Environmental Engineering; Institute of Water and
Wastewater Engineering, Konarskiego 18, Gliwice 44-100, Poland

*Corresponding author: izabela.zimoch@polsl.pl

26


mailto:izabela.zimoch@polsl.pl

8th ICONST EST 2025 - Engineering Science and Technology
May 28-30, 2025; Budapest - HUNGARY

Electrolysis Unit Design to Improve The Combustion Process in a Diesel Engine

TALiP AKBIYIK*!, NAFiZ KAHRAMAN?, TARIK TANER', AHMET
BOGREK3

Abstract: In recent years, the climate change problem that our world has faced and the measures that are being developed
against this problem have attracted the attention of researchers. The most important factor affecting climate change is the
pollutant emissions resulting from combustion. Natural gas is largely used to reduce pollutant emissions resulting from
home heating, and gasoline and diesel used in internal combustion engines are also classified as hydrocarbon fuels. The
carbon atoms found in these fuels react with oxygen and release CO2 gas as a result of complete combustion. This emerges
as the most important cause of the problem called the greenhouse gas effect. Theoretically, just like the CO2 gas resulting
from complete combustion, CO gas is also released as a result of incomplete combustion. This gas also has a negative
effect on the environment. In the studies conducted, there are many studies, especially on engine technologies, in the field
of low-emission combustion. Due to the high flame temperatures that occur in these studies, the amount of NOX gas from
pollutant emissions increases. The study conducted aims to reduce emission values and increase performance by
improving the combustion process in diesel engines. In order to improve the combustion processes in a diesel engine, an
electrolysis unit was designed and the distance between the plates was changed as (2, 4, 6, ...) and KOH and NaCl were
added to the electrolyte liquid as catalysts at different rates per liter (5, 10, 15, 20, 25, 30, 35 and 40) in the experiments.
Constant voltage (3, 6, 9, ... 27, 30 V) and constant current (5, 10, 15, 20, ... 45, 50 A) were applied from the variable
power source. The amount of HHO produced was measured with a gas flow meter and the data was recorded. The ideal
rates were determined.

Keywords: Diesel engine, HHO, Emission, Alternative Fuels, Combustion Efficiency.
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Investigation of a Rocket with Different Nose Cone-Wing Configurations

SUREYYA SEVINC VAROL*!, BILGE ALBAYRAK CEPER!

Abstract: It is well known that the nose cone and wings significantly affect the flight performance of rockets. For this
reason, when designing a rocket, these parts must be selected according to the rocket's intended use. Changes in the nose
cone and control surfaces cause changes in the center of gravity and center of pressure. These changes lead to an increase
or decrease in the static margin. This causes changes in the stability of the rocket. To ensure stable flight, the appropriate
combination must be determined. Various studies have been conducted on the effect of nose cone (conical, ogive,
elliptical, etc.) and wing (rectangular, trapezoidal, arrow-shaped, etc.) structures on rocket performance. In this study, a
rocket model was created using the OpenRocket program. Four different configurations were created using two nose
cones and two wing structures on the model. Separate flight simulations were performed for each configuration using the
OpenRocket program. The simulation results (velocity off rod, agogee, velocity at deployment, optimum delay, maximum
velocity, maximum acceleration time to apogee, and flight time) are presented in a table. The Stability vs. Time graphs
obtained from the program were analyzed, and the stabilities of the configurations were compared. As a result of the
comparison, the optimal configuration was determined.

Keywords: Rocket, Nose-cone, Wings, OpenRocket, Stability
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Essential oil properties of Thymbra spicata var. spicata plant and usage areas of
some taxa

ZEKi SEVEROGLU", OMER KILIC?, TALIP SAHIN®, BAHAR ILKINERY,
ASLI GUL ACAR’, KADYRBAI CHEKIROV®

Abstract: In this study, the essential oil composition of Thymbra spicata var. spicata, a species belonging to the
Lamiaceae family, was investigated. In addition, the biological activities and usage areas of certain taxa belonging to the
genus Thymbra L. were explored. The plant material was collected from the Celikhan district (Adiyaman, Turkey), and
essential oil was obtained via hydrodistillation. The composition of the oil was analyzed using the GC-MS (Gas
Chromatography-Mass Spectrometry) method. From 100 g of plant material, 0.4 ml of essential oil was obtained,
indicating that the plant is rich in essential oils. A total of twenty-two components were identified in the essential oil, with
the main constituents being carvacrol (29.59%), terpinene (18.60%), and p-cymene (9.61%). The findings are consistent
with those of Unlii et al., particularly regarding the high concentration of carvacrol. While both studies share carvacrol
and p-cymene as common major components, differences were observed in the presence of trans-caryophyllene and y-
terpinene as major constituents in our study. The composition and amount of essential oils can vary depending on the
species, the plant part used, the production method, climatic conditions, and the geographical characteristics of the
growing area. The studied Thymbra spicata plant was found to be rich in both the quantity and chemical diversity of
essential oil components, suggesting its high economic value.

Keywords: Thymbra spicata var. spicata, Lamiaceae, Essential oil, Hydrodistillation, GC-MS analysis
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Why fundamental methodologies of sustainability should resemble those of
military logistics

ZOLTAN BODROG*!, CSILLA MILE?, ANDREA TICK?

Abstract: Sustainability, especially climate sustainability is the largest-ever and the most complex management task for
humanity. Moreover, the survival of our society as we know it now is at stake, and according to the scientific consensus,
the task is extremely urgent. The most stringent quality of this urgent task is that it comes with well-defined deadlines
with respect to the global trajectory. This all should give more than enough motivation to take this huge task seriously,
but the most important obstacle on the way is consumerism, that means the society itself we live in and we want to
conserve. The deadlines mentioned above are near, but humanity is so slow to react, that it is not far from the truth to say
that we are in a paralyzed state. What can be the most relevant and efficient answer to this situation at the strategic level?
The overall deadlines must be broken down into subprocesses in all the aspects of sustainability, e.g. to trajectories of
industries, other activities, regions, countries, etc., down to everyday projects, developments and functioning of our
economy and society, regardless of how hard the resulting requirements seem. Ultimately, these subtrajectories have to
be planned in detail, monitored, regularly evaluated, and tightly controlled. The above-outlined deep and sophisticated
control of these processes in every industrial and societal level resembles logistical requirements of military supply,
especially in wartime. All the subsystems of military logistics build upon the idea that products of them contain fulfillment
of deadlines as a definitive property: a product (or a service) in military logistics is flawed, and therefore uncompleted as
a task, if it is not fully finished on time. Fulfillment beyond deadline is not fulfillment. As a consequence, we have to
build the fundamentals of military logistics into every aspect of everyday sustainability management as principles, in
order to be able to include sustainability goals. In our paper, we give a quick overview about how this fundamental
inclusion can be accomplished as for the very basic methodology of military logistics.

Keywords: sustainability, strategic management, military logistics, climate trajectories
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Bartin Basin Rainfall Sensor IoT Data and Integration into Hydrological Model
in Flood Early Warning System

MEHMET SAFA AYDIN', FURKAN AYAZZ., MUHAMMED ZAKIR o
KESKIN?, ERSIN ALAYBEYOGLU*%, EVRIM GULER?, ERCAN GEMICI®

Abstract: In major natural disasters such as floods, early warning systems increase life and property safety as much as
possible. Undoubtedly, measuring the amount of rainfall instantly in floods and evaluating it in the light of meteorological
data has an important role in any flood disaster that may occur in any basin. The amount of rainfall that occurs
predominantly in the entire basin directly affects the amount of water that will flow towards the settlement or agricultural
area that needs to be protected. In this study, the contribution of 16 rainfall sensors installed in the flood early warning
system developed for use in Bartin Center and its surroundings in Bartin Basin, Turkey, to the hydrological model used
is presented. The rainfall sensor is a hydrological, meteorological instrument used to measure the amount of rainfall and
converts the rainfall into a pulse signal output. The unprocessed data obtained with the used rainfall sensor was used to
measure the rainfall intensity and duration in a unique way within the scope of the study. The unprocessed data from the
rainfall sensor was obtained using Raspberry Pi via RS485 communication protocol and transferred to the data center
located in Bartin University Kutlubey Campus as [oT data. Energy harvesting was performed using solar panels at the
sensor ends and the data obtained was obtained dynamically at 5-minute intervals.

Keywords: IoT, climate change, level sensor, early flood warning system
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Radar Range Sensor IoT Data and Using It in Calculating Stream Flow and
Bartin Basin Flood Early Warning System Application

MEHMET SAFA AYDIN', FURKAN AYAZZ., MUHAMMED ZAKIR o
KESKIN?, ERSIN ALAYBEYOGLU*%, EVRIM GULER?, ERCAN GEMICI®

Abstract: In flood disasters, which are among the large-scale natural disasters, the activation of early warning systems is
of critical importance in terms of protecting human life, minimizing loss of life and reducing material damage. The fact
that such systems enable the necessary precautions to be taken before the disaster allows the effects of the disaster to
become more manageable. A certain amount of the precipitation that occurs predominantly in the entire basin is absorbed
by the soil and a certain part of it moves towards the river bed and therefore towards the settlement or agricultural area
that needs to be protected. Especially in sudden and destructive natural events such as floods, the real-time measurement
of the flow rate of water in the rivers and the interpretation of this data with meteorological analyzes make it possible to
predict and intervene in advance the possible floods that may occur in any river basin or settlement area. In this study, the
contribution of 8 radar sensor IoT data installed in the flood early warning system developed for use in Bartin Center and
its surroundings in Bartin Basin, Turkey, to the hydrological model used is presented. The radar sensor was placed on
bridges over streams and used to calculate the stream flow at its current location. The radar sensors were used to perform
measurements up to 20m, especially on high bridges. The flow calculation was obtained by performing different
measurements at the water height at the locations where the radar sensor was located within the framework of the
measurements obtained via Acoustic Doppler Current Profiler (ADCP). The unprocessed data obtained with the radar
sensor used was used to calculate the stream flow in a unique way within the scope of the study. The unprocessed data
from the radar sensor was obtained using Raspberry Pi via RS485 communication protocol and transferred to the data
center located in Kutlubey Campus of Bartin University as [oT data. Energy harvesting was performed by using solar
panels at the sensor ends and the data obtained in this way was obtained dynamically at S-minute intervals.

Keywords: IoT, climate change, level sensor, early flood warning system.
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Enhancing Discharge Measurements in Mid-Sized Rivers Using ADCP: A Case
Study from the Bartin River Basin

MUHAMMED ZAKIR KESKIN/, FURKAN AYAZi, MEHMET SAFA
AYDIN?, ERCAN GEMICI*!, ERSIN ALAYBEYOGLU?, EVRIM GULER?

Abstract: Accurate measurement of river discharge is a crucial step for hydrological modeling, water resources
management, and flood forecasting. In this study, high-resolution flow and velocity measurements were conducted in the
Bartin River Basin, located in northern Tiirkiye, using a StreamPro model Acoustic Doppler Current Profiler (ADCP) by
Teledyne RD Instruments. The basin is characterized by diverse channel geometries and non-wadable sections, posing
technical challenges for conventional gauging methods. ADCP technology offers a non-contact, rapid, and safer
alternative, providing spatially distributed flow data across the cross-section. The aim of this research is to evaluate the
performance of the StreamPro ADCP under typical hydraulic and geomorphological conditions of mid-sized Turkish
rivers and to assess its suitability for long term hydrometric monitoring. Multiple reciprocal transects were measured at
representative sites along the Bartin River under varying flow regimes. Data were processed in accordance with USGS
protocols, and uncertainties were analyzed considering both random and systematic sources of error. In line with recent
literature, this study also observed that ensemble averaging and bidirectional transects significantly reduce measurement
uncertainty in shallow and low velocity flows. Moreover, comparisons with existing rating curves and historical records
indicated that the ADCP measurements fall within a +5% error margin, confirming their reliability. The study highlights
the critical influence of measurement protocols particularly transect duration, bed mobility, and cross-sectional geometry
on data accuracy. Practical recommendations are provided for field implementation, including minimum transect duration,
number of passes, and signal quality thresholds. The findings support the scientific integration of ADCP based
measurements into operational hydrometric networks. Future research will focus on incorporating ADCP data into Al-
assisted rating curve development and early warning systems. This study represents a significant step toward more
resilient and adaptive river monitoring systems in the face of climate induced hydrological variability.

Keywords: Acoustic Doppler Current Profiler (ADCP), Discharge Measurement, Bartin River Basin, Rating Curve,
Hydrometric Monitoring, Smart and Sustainable Environment
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Coupling Soil Moisture Sensing and Guelph Permeametry for Infiltration
Characterization in Climate Adaptive Flood Monitoring
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Abstract: The increasing flood risk driven by climate change and the growing need for groundwater management
necessitate the accurate characterization of soil-water interactions in basins with varying subsurface properties. This study
investigates the relationship between subsurface soil moisture distribution, saturation levels, and saturated hydraulic
conductivity (Kfs) in the Bartin River Basin, located in the Black Sea region of Tiirkiye, with the aim of improving the
hydraulic components of a flood early warning system. High-resolution soil moisture data were collected at depths of 20,
40, and 80 cm using in situ sensors, concurrently with Kfs measurements obtained via the Guelph permeameter. The
Guelph permeameter determines Kfs by analyzing three-dimensional water flow, comprising both vertical and lateral
components, through a saturated soil column under controlled field conditions. This makes it particularly advantageous
for measurements in sloped and heterogeneous terrains where traditional methods are impractical. In this study, the
Guelph method was implemented using two constant-head pressure levels and analyzed based on the formulations
developed by Reynolds and Elrick in 1985. The resulting conductivity values were evaluated in relation to soil texture,
porosity, seasonal moisture fluctuations, and local groundwater dynamics. The findings indicate a strong correlation
between soil moisture and hydraulic conductivity. Notably, conductivity increased during spring and summer, coinciding
with heightened evapotranspiration and root activity. In contrast, clay-rich soils with low permeability yielded relatively
lower Kfs values, a result attributed to both microstructural pore constraints and air entrapment within the field matrix.
Seasonal variability and depth-specific analysis were shown to enhance the accuracy of soil infiltration dynamics in
hydrological models. In this context, the combined use of soil moisture sensors and Guelph permeameter measurements
offers a reliable field-based methodology for permeability assessment and provides critical input data for improving the
performance of infiltration modules in flood early warning systems. The study emphasizes the importance of site-specific
determination of regional hydraulic parameters for effective flood risk management.

Keywords: Saturated Hydraulic Conductivity, Guelph Permeameter, Infiltration Modeling, Soil-Water Interaction,
Smart and Sustainable Environment.
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CO: Emissions of 3D-Printed Geopolymer Composites and Their Sustainable
Use in Climate-Resilient Cities
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Abstract: In the face of intensifying global climate change, radical transformations are increasingly required across
various domains, particularly in urbanization policies. Rising temperatures, extreme weather events, and resource scarcity
necessitate the development of more resilient, sustainable, and low-carbon construction solutions in urban areas. The
construction sector, due to its high carbon emissions and intensive consumption of natural resources, stands out as one of
the most critical domains for such transformation. In this context, 3D-printed geopolymer-based construction materials
have emerged as a promising alternative for the development of climate-resilient cities, owing to their environmentally
friendly characteristics and technical advantages. Geopolymers are eco-friendly materials synthesized through the
activation of industrial wastes (e.g., fly ash, slag, alumina residues) and offer significantly lower carbon emissions
compared to conventional cement-based binders. The application of these materials via 3D printing technology, which
eliminates the need for formwork and generates minimal waste, not only reduces environmental impacts during the
production phase but also facilitates faster, more flexible, and resource-efficient construction processes. Moreover, the
use of waste materials as secondary raw inputs aligns with circular economy principles and contributes to the overall
sustainability of the construction industry. Studies indicate that the incorporation of waste-based materials (especially
industrial by-products and recycled aggregates) into geopolymer composites plays a key role in reducing environmental
impacts and lowering costs. Such additions not only limit carbon emissions but also enhance mechanical performance.
Furthermore, the controlled use of micro-reinforcements and specialty additives improves the shape stability,
extrudability, and workability of geopolymer mixtures, thereby enabling the development of composites more suitable
for 3D printing. This demonstrates that geopolymer-based composites can support sustainable construction objectives not
only from an environmental perspective but also from a technical standpoint. In conclusion, geopolymer composites
produced via 3D printing technology possess the potential to serve as a fundamental building block in the development
of climate-resilient cities, owing to their low carbon emissions, reuse of waste materials, and production efficiency. The
widespread adoption of this technology will contribute to reducing the environmental footprint of the construction sector
and fostering a more sustainable urban future in the context of climate change adaptation.
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Prioritization in Traffic of Electric Vehicles for Sustainable Mobility in Durrés,
Albania

LUIZA LLURI*!, ELI VYSHKA?, FALDI LLURF?

Abstract: This study explores how giving electric vehicles (EVs) priority in Durrés traffic system can support sustainable
urban mobility solutions. As Durrés grows as Albania's second largest city with its major seaport status, it struggles to
handle transportation demands which surge from urbanization and tourism growth while remaining dependent on ICE
vehicles. These patterns create significant problems of air pollution, noise and traffic jams which endanger public health
alongside environmental quality. The study investigates if Durrés can achieve a more sustainable transport system by
prioritizing electric vehicles through dedicated traffic management policies and infrastructure investments as global cities
move towards greener mobility solutions. The research combines multiple methods by analyzing traffic flow data
alongside air quality reports and public survey results as well as conducting stakeholder interviews with city planners,
EV users, and transport authorities. Although the adoption rate of EVs remains low, public support for environmentally
friendly transportation options continues to grow among younger citizens and those with environmental concerns. The
study recommends creating dedicated lanes for electric vehicles as well as traffic light systems that prioritize EVs and
introduce financial benefits like reduced toll fees and complimentary parking spaces. The research report highlights the
critical necessity for extensive growth in EV charging infrastructure which requires combined efforts from government
bodies and private sector investment. Studies indicate that Durrés can lead sustainable mobility in the Western Balkans
using an electric vehicle strategy implemented in stages and effectively shared with the public despite high costs and
public awareness challenges.

Keywords: Electric Vehicles (EVs), sustainable mobility, traffic prioritization, smart traffic management, environmental
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Plastic Recycling and Sustainable Waste Management in Albania
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Abstract: Albania's plastic waste management system faces several challenges because of insufficient recycling
infrastructure and weak public understanding of recycling processes together with inadequate policy implementation.
Albania faces unique challenges in combating plastic pollution because of underdeveloped waste infrastructure and feeble
regulatory systems along with lackluster public engagement. The study examines plastic recycling methods in Albania
using circular economy principles to improve waste management systems and decrease plastic consumption which will
help build a sustainable economic model. This research utilizes a mixed-methods approach that includes stakeholder
interviews and literature reviews together with waste management data analysis to reveal important barriers including
fragmented collection systems and missing Extended Producer Responsibility schemes. The combination of systematic
approaches in legal frameworks with public-private partnerships and community participation holds the potential to
significantly enhance plastic recycling efficiency in Albania. The research advocates for strengthening recycling
infrastructure through regulatory reforms while promoting public educational programs and developing markets for
recycled plastics. Albania intends to increase its recycling rates while decreasing environmental pollution through context-
specific integrated solutions which will also support sustainable economic development within EU environmental
standards.
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AHP-Based Spatial Suitability Model for Solar Power Plant Installation with
Sentinel-2 Derived NDVI, Albedo, and Solar Radiation Data: A Case Study of
Corum Province

FAZLI ENGIN TOMBUS*!

Abstract: It is well known that renewable energy sources present a significant opportunity for today's world in terms of
avoiding the use of fossil fuels and ensuring the sustainability of energy resources. Especially, solar energy stands as one
of the most important options contributing greatly to clean and sustainable energy production worldwide and is becoming
increasingly widespread. Considering that the installation processes of Solar Power Plants (SPP) are quite challenging, it
is evident that the selection of suitable locations is often the most critical issue. The problem of determining suitable
locations is typically solved using Geographic Information Systems (GIS) along with various decision support systems.
The Analytic Hierarchy Process (AHP) method is one of the prominent methods within these decision support systems.
In this study, Sentinel-2 satellite data, integrated with an AHP-based decision support system, has been used to analyze
areas suitable for SPP installation. The solar radiation, albedo, and NDVI (Normalized Difference Vegetation Index)
parameters derived from Sentinel-2 satellite data have been considered the most important criteria for suitability analysis.
Solar radiation data represent the radiation levels directly affecting the efficiency of the plant, while the NDVI value is
used to determine the vegetation density of the area and consequently, potential shading effects. Albedo, on the other
hand, shows the surface's ability to reflect light, which has a significant impact on panel efficiency. The study was
conducted using data from 2023 and 2024 for four different days in July, the month with the highest solar exposure and
lowest cloud cover, focusing on four districts (Bayat, Ugurludag, Sungurlu, and Alaca) in the Corum Province, located in
the Central Anatolia Region. As a result of the suitability analysis, areas characterized by high solar radiation and low
albedo values were identified as the most suitable regions for SPP investment. Additionally, areas with high NDVI values
were excluded to protect agricultural activities and ecosystem integrity.

Keywords: Solar Power Plant (SPP), Analytic Hierarchy Process (AHP), Geographic Information Systems (GIS), Remote
Sensing, Suitability Analysis
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Automated Design of Heuristics for the Electric Vehicle Routing Problem by
Genetic Programming

MARKO DURASEVIC*!

Abstract: The vehicle routing problem (VRP) is an important combinatorial optimisation problem found in various
logistic processes in the real world. The goal in this problem is to determine routes for a number of vehicles in order to
visit all the given customers by optimising various criteria, such as the total travel time, total travel distance, lateness, etc.
VRP is found in various logistics processes in the real world, which resulted in a significant amount of research being
carried out in designing new methods to efficiently solve the problem. large However, in recent years, environmental
concers have become increasingly pronounced and there is a rising need to reduce human impact on the environment.
Since logistics are one of the largest polluters, there is also a growing need to reduce their effect on the environment,
usually in the form of using vehicles running on alternative fuels, usually electric energy. This gave rise to the electric
VRP (EVRP) variant, in which the fleet consists of electric vehicles. This problem variant introduces additional
challenges, such as limited range of the vehicles and the need to reful the vehicles at a limited number of charging stations.
Since VRP, and by extension EVRP, have proven to be NP-hard, it is impossible to solve larger problems exactly, meaning
that it is required to fall back to using heuristics. Although metahueristtics are commonly used to solve EVRP, they have
a limited applicability in dynamic scenarios or for larger problems. Therefore, routing rules (RRs) represent an alternative
to solve EVRP in a short amount of time, but also with the possibility to adapt to changing situations in the problem. RRs
are simple constructive heuristics that construct the solution to the problem incrementally, meaning that each time a
decision needs to be made, i.e., a customer needs to be assigned to a vehicle, the RR determines the most suitable decision.
Although quite simple, designing RRs is complex and requires good domain knowledge. Therefore, in recent years,
genetic programming (GP) has commonly been used to automatically desing new RRs efficiently. Such an approach of
automatically designing new heuristics is usually called a hyper-heuristic. In this way, not only is the user is relieved of
the tedious task of having to design new RRs by hand, but it is also possible to design RRs which achieve a better
performance in comparison to many of the manually designed RRs. The way in which GP is utilised to automatically
design RRs is by constructing a mathematical expression that is used to rank all the decisions in each decision moment,
and then simply select the best ranking one. Such an approach allows us to design an arbitrary number of heuristics for
problems with various optimisation criteria. And although the automated desing or RRs brings many advantages, there
are still certain issues that need to be addressed in future research, such as further improving the performance of generated
heuristics, improving their interpretability, and adapting them for a wider range of problems encountered in the real world.

Keywords: Genetic programming, Electric Vehicle Routing Problem, Routing Rules, Hyper-Heuristics, Metaheuristics
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ICT Innovation at the Hungarian SMEs and its economical effects

ADAM BELA HORVATH!

Abstract: The aim of this research is to examine the state of Information and Communication Technology (ICT)
infrastructure and the adoption of cloud-based services among small and medium-sized enterprises (SMEs) in Hungary.
Based on a questionnaire survey, the study received 498 responses from various SMEs. It investigates the current
condition of traditional on-premise ICT infrastructure and the extent of cloud service utilization. Additionally, the research
explores the impact of Industry 4.0 on the adoption of these technologies, examining how this technological shift
influences infrastructure choices and service usage. Moreover, the study includes a statistical analysis to assess the
contribution of independent technological solutions—those not directly interconnected—to the competitiveness of SMEs.
It also investigates the relationship between these technology adoptions and the information security risks associated with
them. By analyzing the connection between technological innovation, competitiveness, and security exposure, the
research aims to provide insights into the digital transformation challenges faced by Hungarian SMEs. The findings
emphasize the importance of strategic technology investments in enhancing business performance while addressing
potential security vulnerabilities in an increasingly digital environment.

Keywords: ICT, Industry 4.0, Innovation, Cloud, IoT, Security
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Water Resources and Climate Change in the Context of Water Balance in a
Polish Municipality

JADWIGA DZIEDZIC*', MAREK KOPACZ!

Abstract: Climatic water balance (CWB) describes the relationship between precipitation and evaporation in a region. It
is an important hydrological and meteorological indicator that allows for the assessment of water availability in the natural
environment (mainly for crops) and the impact of changing climatic conditions on water resources. Therefore, the Climate
Water Balance during the growing season plays a key role in shaping the conditions for vegetation development,
especially in regions with a large share of agriculture.

The aim of this work was to analyze the Climatic Water Balance in the Radymno commune based on multi-year data
recorded within the Agricultural Drought Monitoring System. This system has been implemented for years by the Institute
of Cultivation, Fertilization and Soil Science - State Research Institute (IUNG).

The analysis included average monthly historical data from 2007 to 2023. To obtain annual values, monthly data were
aggregated at the annual level, which allowed for the extraction of average water balance values in the longer term, as
well as the assessment of the impact of climate change on the level of water deficit or excess.

The research results indicate the systematic occurrence of water deficits during the growing season, especially in the
summer months, which negatively affects the potential of plant production. This applies primarily to crops with high
water requirements. These changes significantly limit the availability of water in key stages of plant development. Data
analysis confirmed that the period under study was characterized mainly by negative CWB values. Positive CWB was
recorded twice, in 2010 (165,31 mm) and 2014 (30,12 mm), while the largest water deficit was recorded in 2015 (-296,46
mm).

The conclusions of the research emphasize the need to implement adaptive measures, such as the development of retention
systems, improved irrigation and the selection of plant species resistant to water stress. The results can form the basis for
planning a water resources management strategy in the commune and supporting the sustainable development of
agriculture in the conditions of ongoing climate change.

Keywords: CWB, evapotranspiration variability, water resources, climate change, growing season
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Impact of Variability of Socio-Structural Factors on Surface Water Quality in
Non-Urbanized Areas

KRZYSZTOF GOLBA™

Abstract: The state of the environment, especially surface water quality, is a key indicator of the condition of ecosystems,
including natural resources used by local communities. The main goal of the research is to identify factors affecting the
environment, such as the intensification of agricultural activities, demographic changes, land ownership and use structure,
and environmental protection strategies in the Matopolska Voivodeship. Each of these elements affects different multi-
criterial aspects of water quality, including nutrient content, chemical contamination and sedimentation, mainly organic
compounds. The study will discuss the results of the research and recommendations for more effective prevention and
management of water resources. Based on the analysis, the state of the water environment in the province was determined
and the need for corrective and preventive measures was assessed. A positive aspect of the research is the observed
changes in the amount of mineral fertilizers applied and the effect of these measures on yields, where crop productivity
is increasing. This is due to the more rational and conscious use of fertilizers by food producers, as well as the development
of technology and improved production of agricultural produce. This phenomenon is particularly beneficial from the point
of view of environmental protection, especially water resources. The obtained results constitute an extension of the
analysis and study of the impact of socio-structural changes on the environment in the Matopolska Voivodeship. Changes
in aspects of human existence, as well as the structure of agricultural production, livestock and crops will allow us to
determine among others NPK balance or the occurrence and concentration of biogenic compounds, and then estimation
of the impact of these factors on eutrophication processes. Research conducted in this area and the results and conclusions
obtained may be particularly helpful for decision-makers and communities participating in the development of non-
urbanized areas.

Keywords: environment, NPK, surface water quality, land use, agriculture, sustainable development, environmental
protection
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A Novel High-Entropy Alloy with Dual Functionality: Optimized Soft Magnetic
and Radiation Shielding Properties

TELEM SIMSEK™, TUNCAY SIMSEK?, ESRA UYAR**, MUHARREM PULS?,
GUL ATALI', GOKCEN ASLAN AYDEMIR®

Abstract: This study explores the structural, magnetic, and radiation shielding characteristics of (FeCoCr)esAls high-
entropy alloys (HEAs) synthesized through mechanical milling. X-ray diffraction (XRD) and scanning electron
microscopy (SEM) confirmed a single-phase bec solid solution formation after 20 hours of milling, with energy-dispersive
X-ray spectroscopy (EDS) validating the alloy's composition and purity. The HEAs displayed soft ferromagnetic
behavior, with the 7-hour milled sample achieving optimal performance—151 emu/g saturation magnetization and 37 Oe
coercivity—making it suitable for soft magnetic applications. Additionally, a high Curie temperature (~800 K) highlights
the alloy's potential in high-temperature environments. Radiation shielding capabilities against gamma and X-rays
demonstrated efficiency, with 93% attenuation for low-energy gamma rays and 91% for X-rays, suggesting its suitability
for nuclear and medical applications. The findings underscore the versatility of (FeCoCr)saAls HEAs in industrial settings
that demand combined magnetic and radiation shielding properties.

Keywords: High-entropy alloys, mechanical milling, magnetic materials, radiation shielding, gamma rays, X-ray
attenuation.
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Trust and Security Issues- Cognitive-based and Emotional Trust

MIZSER CSILLA ILONA*!

Abstract: The basis of all communication is security and trust. This study aims to be a secondary research summarizing
scientific articles and research investigating effective organizational communication. Effective organizational
communication is important, among other relevant factors, in terms of the quality of life of the employees in the
organization, in terms of the organization's partner relationships, and in the issue of adapting to continuous changes.
Effective organizational communication enables people to interpret reality together, summarizing individual
interpretations.

Keywords: Effective Organizational Communication; Trust and Security; Employee Quality of Life; Organizational
Adaptation

!Address: Keleti Karoly Faculty of Business and Management, Department: Institute of Economics, Finance and
Accounting, Budapest, Hungary

*Corresponding author: mizser.csilla@kgk.uni-obuda.hu

44


mailto:mizser.csilla@kgk.uni-obuda.hu

8th ICONST EST 2025 - Engineering Science and Technology
May 28-30, 2025; Budapest - HUNGARY

Artificial Intelligence-Driven Dynamic Pricing Optimization for the Albanian
Electronics Market

ANNA MARIA-KOSOVA*!, MARSIDA KRASNIQI*

Abstract: The pricing options that can be employed in any given situation are of great importance for businesses seeking
competitive advantage and value capture, particularly in the context of Albania’s electronics market, which is
characterized by its rapid development. Most retailers, however, operate on a static pricing model that does not respond
to competitor price changes or market developments. Price optimization strategies for dynamic pricing systems are the
main focus of the research in this paper. Data scraping techniques will be used for the purposes of gathering pricing data
from top Electronics shops in Albania. Such systems will be able to suggest best price changes based on Machine learning
methods like reinforcement learning (Q-learning, Deep Q-Networks) and time series analysis (ARIMA, Prophet). This is
done to make price information possible to be turned into valuable insights and decision-making by businesses
automatically. A prototype in the form of a Telegram bot or web interface will be developed. Initial outcomes should
illustrate how price enabled by Al allows businesses to react more strongly towards competitive pricing and increase
profit with market competitiveness. The study will highlight the impact real-time information has on strategic decision
making and show how traditional pricing models can be disrupted. Ultimately, this is what the study seeks to do: leave
Albanian companies with a working prototype of an Al optimized price control tool.

Keywords: Dynamic pricing optimization, machine learning, real-time pricing, predictive analytics, predictive analytics,
competitive pricing.
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Use Of Mineral Waste for Production of Lightweight Artificial Aggregates

ADAM MASLON*!, MAKSYMILIAN CEiSLA!, RENATA GRUCA-
ROKOSZ', LESEAW BiCHAJLO', ANDRZEJ NOWOTNIK', MACIEJ
PYTEL', MALGORZATA FRANUS?, KATARZYNA KALINOWSKA-
WICHROWSKA?

Abstract: The studies investigate the production of lightweight artificial aggregates from mineral waste, specifically
bottom sediment from water reservoir, concrete dust and fly ash generated from municipal waste incineration.

The technology for creating this new type of lightweight aggregate involves thermal and pressure synthesis, effectively
neutralizing hazardous substances, including heavy metal compounds present in the raw materials. This process
permanently and irreversibly integrates these substances into the crystal structure of the aggregates, resulting in a fully
ecological building material. The aggregates are inert in natural environments and do not release harmful chemical
substances.

Laboratory tests on the lightweight artificial aggregates focused on evaluating their physical, mechanical, and chemical
properties. From a waste processing perspective, the chemical composition of the produced aggregates is crucial, as it can
influence interactions with cement and other building materials, which is vital for achieving the desired quality of
concrete. These properties also determine the potential applications of lightweight artificial aggregates, as well as their
efficiency and durability in construction.

Research has demonstrated the feasibility of processing bottom sediments in conjunction with other mineral waste to
produce synthetic aggregates suitable not only for construction but also for horticulture and agriculture, including
hydroponics, green roofs, and rain gardens.

The research leading to these results has received funding from the commissioned task entitled ,,VIA CARPATIA
Universities of Technology Network named after the President of the Republic of Poland Lech Kaczynski” contract no.
MEiN/2022/DP1/2575 dated 20.10.2022 action entitled ,,ISKRA — building inter-university research teams.

Keywords: Lightweight aggregates, bottom sediment, fly ash, concrete dust
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The Effect of Environmental Factors on the Design of Heat Exchangers Used in
Aircraft

Rahime INYURT!, Talip AKBIYIK*?, Nafiz KAHRAMAN?

Abstract: This study investigates the performance optimization of an air-to-air two-pass cross-flow heat exchanger using
bleed air data extracted from the engine for use in an aircraft's Environmental Control System (ECS). The performance
and efficiency of the heat exchanger were analyzed by considering different flight cases (ground operation, climb) using
ECS data. These data, including mass flow rate (kg/s), temperature (K), and absolute pressure (bar), were integrated into
a CFD analysis to simulate the performance at different altitudes and evaluate the system's behavior under defined
conditions. Additionally, heat exchanger sizing calculations were performed to estimate the required dimensions for
optimal heat transfer and system performance. The following data were used in the study: Ground and cruise conditions
were modeled using temperature and pressure conditions specific to each case. Mass Flow Rate (kg/s): Various values
such as 0,208 and0,322 kg/s were considered to simulate bleed air flow under different altitude conditions. Temperature
(K): Values ranging from 540,75 K to 702,2 K and 373,75 K to 298.86 K were used to simulate environmental conditions
during cruise flight at 300001t altitude. Pressure (bar): Absolute pressures ranging from 3.2 bar to 1 bar were considered
to assess the performance of the ECS at higher altitudes. The heat exchanger’s efficiency was evaluated through
temperature distribution, heat transfer, and pressure drop analyses. In addition to CFD analysis, sizing calculations were
performed using standard heat exchanger design equations to determine the required dimensions, surface area, and
configuration for efficient heat transfer between the bleed air and the environmental control system. The CFD simulation
results, combined with the manual calculations, provide insights into the necessary design improvements and operational
parameters to optimize the heat exchanger’s performance at different flight phases (ground and climb). In conclusion, the
analysis of different flight phases (ground and climb) reveals the need for design optimizations and operational parameter
adjustments to ensure the heat exchanger functions efficiently. This study aims to contribute to the enhancement of heat
exchanger technologies used in aircraft environmental control systems, improving overall performance and efficiency.

Keywords: Keywords: environmental control system, bleed air, climb, ground position, air-to-air heat exchanger, CFD,
performance analysis, efficiency optimization
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Production and Characterization of 1-Tetradecanol/Gelatin-Gum Arabic/ZnO
Microcapsules with Thermal Energy Storage and Photothermal Properties by
Environmentally Friendly Pickering Emulsion-Complex Coacervation Method

CEMIL ALKAN!, MUYESSER SELDA TOZUM??, SENA DEMIRBAG
GENC™*

Abstract: In the study, the production of photothermal and thermal energy-storing microcapsules with gelatin-gum arabic
shells was carried out via ZnO nanoparticles stabilized Pickering emulsion complex coacervation method, and the
resulting microcapsules were coated with ZnO nanoparticles for energy harvesting by photothermal effect. In Pickering
emulsion, stabilization is achieved through solid particles adsorbed at the boundary between the two phases. Using
Pickering stabilizers instead of surfactants, which are detrimental to the environment and hard to eliminate from the final
product, the complex coacervation method becomes more environmentally friendly in the microcapsule production. In
this study, ZnO nanoparticles functioned as the stabilizer in the Pickering emulsion and as a coating material for the
gelatin-gum arabic shell structure. 1-tetradecanol was used as the phase change material (PCM). The microcapsules were
produced using 0.1% Pickering stabilizer (ZnO) and were subsequently coated with ZnO nanoparticles at a concentration
of 4%. According to scanning electron microscope (SEM) and particle size analysis results, the produced microcapsules
exhibited a spherical morphology with an average particle size of 64.13 um. Fourier transform infrared spectroscopy—
attenuated total reflectance (FTIR-ATR) spectroscopy was used to characterize the chemical structure of the
microcapsules. Microcapsules demonstrated effective photothermal performance, in addition to a high thermal storage
capacity of 97.7 J/g.

Keywords: Microcapsule, Pickering emulsion, complex coacervation, thermal energy, photothermal effect, energy
harvesting
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INTRODUCTION

In recent years, the environmental damage caused by fossil fuels and the risk of their depletion have significantly increased
interest in renewable and sustainable energy alternatives (Fan et al., 2022; Zhao et al., 2022). There are many energy
sources available in nature, among which solar energy stands out due to its abundance, universality, and environmentally
friendly nature. With these characteristics, solar energy is considered one of the most promising renewable and sustainable
energy sources (Chen et al., 2020; Chen et al., 2021). Therefore, the development of materials and technologies that
enable more efficient utilization of solar energy has become a highly attractive research area for scientists. In this context,
studies on photothermal conversion technology have increased significantly in recent years, as this technology-capable
of directly converting solar radiation into thermal energy- has drawn considerable attention from researchers due to its
potential to enhance the efficiency of solar energy utilization (Zhang et al., 2019a; Xue et al., 2021).

Conventional phase change materials (PCMs), which are used as energy storage materials, cannot effectively utilize solar
radiation because they are unable to adequately absorb and convert solar energy into heat. In contrast, the integration of
photothermal materials with PCMs enables more efficient utilization of solar energy (Chai et al., 2024; Li et al., 2024).
Unlike traditional PCMs, PCMs with photothermal conversion capabilities can directly absorb sunlight, convert it into
thermal energy, and store this energy, thereby offering significantly higher efficiency. However, PCMs have some
drawbacks, such as low thermal conductivity and leakage during the solid-liquid phase transition (Sun et al., 2024). To
overcome these disadvantages and combine photothermal materials, which convert solar energy into thermal energy, with
phase change materials, microencapsulation technology provides an effective solution (Maithya et al., 2021; Liu et al.,
2022). In the production of photothermal microcapsules, methods such as in-situ polymerization (Wang et al., 2018;
Huang et al., 2020; Wang et al., 2021), sol-gel method (Hou et al., 2022; Li et al., 2022), polycondensation method (Ma
et al., 2018), and emulsion-templated in-situ precipitation technology (Liu et al., 2021a) have been used. On the other
hand, much of the work on the production of photothermal microcapsules has focused on the use of Pickering emulsion
stabilizers, with methods such as Pickering emulsion in-situ polymerization, surface polymerization, suspension
polymerization, and templated precipitation. These studies have shown that photothermal materials are used as Pickering
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stabilizers in these processes (Zhao et al., 2019a; Zhao et al., 2019b; Maithya et al., 2020; Zhao et al., 2020a; Liu et al.,
2021b; Sun et al., 2021; Maithya et al., 2021; Du et al., 2022; Tian et al., 2022; Xu et al., 2023; Chen et al., 2024).

Pickering emulsion is a surfactant-free emulsion stabilized by solid particles with partial wettability with both the oil and
water phases (Bordes et al. 2021). Compared to conventional emulsions stabilized with surfactants, Pickering emulsions
offer several advantages, including enhanced stability, lower toxicity, greater sustainability, and improved
biocompatibility (de Carvalho-Guimaraes et al., 2022 Alkan et al., 2023). In this study, unlike existing studies, the
Pickering emulsion system was integrated into the complex coacervation method, which is known for utilizing natural,
biocompatible, and biodegradable polymeric materials as wall materials, resulting in the development of an
environmentally friendly microencapsulation technique. In this way, a highly sustainable production process was
achieved without the need for environmentally harmful and difficult-to-remove surfactants during the emulsion formation
stage.

In this study, the preparation and characterization of microcapsules with photothermal properties using a newly developed
environmentally friendly method were aimed. For this purpose, microcapsules were synthesized via the Pickering
emulsion complex coacervation method, and their surfaces were subsequently coated with ZnO (zinc oxide) nanoparticles
to impart photothermal functionality. The morphology, chemical structure, and particle size distribution of the prepared
microcapsules were thoroughly investigated. Additionally, their photothermal conversion performance was evaluated and
analyzed in terms of potential application areas.

2. MATERIAL AND METHOD
2.1. Material /Materyal

In the production of microcapsules, a gelatin (Type A, Sigma Aldrich)—gum Arabic (Sigma Aldrich) polymer pair was
used as the wall material, while 1-tetradecanol was selected as the core substance. Zinc oxide nanoparticles (Sigma
Aldrich,ZnO) were incorporated into the capsule wall structure both to act as a Pickering stabilizer and to impart
photothermal properties to the capsules. For the stabilization of the microcapsules, glutaraldehyde (25%, Sigma Aldrich)
was used as a cross-linking agent. During the production process, pH adjustments were performed using acetic acid and
sodium hydroxide solutions.

2.2. Preparation of 1-tetradecanol/gelatin-gum arabic/ZnO microcapsules /1-tetradekanol/jelatin-arap zamky/
ZnO mikrokapsiillerinin hazirlanmasi

In this study, the preparation of 1-tetradecanol/gelatin—gum arabic/ZnO (TD@G/GA/ZnO) microcapsules was carried out
in two stages. First, TD@G/GA/ZnO microcapsules were produced using the Pickering emulsion complex coacervation
method. In the second stage, ZnO nanoparticles were deposited onto the capsule wall structure.

In the first stage of microcapsule production, 2.5 g of 1-tetradecanol, used as the core material, was emulsified in a gelatin—
water polymer solution in the presence of ZnO nanoparticles (0.1 wt % of core material) (serving as the Pickering
stabilizer). Subsequently, a polyanionic gum arabic—water polymer solution was added dropwise into the emulsion. The
pH of the mixture was adjusted to 4 using acetic acid to initiate complex coacervation. After one hour, the complex
formation was halted by adjusting the pH to 9 using sodium hydroxide. The reaction medium was then cooled to 5 °C,
and 0.8 g of glutaraldehyde was added to stabilize the microcapsules. In the final step, the microcapsules were treated
with a 5% tannic acid solution for 10 hours, then filtered and washed. A core/wall ratio of 1:1 was used in the production
process.

In order to impart photothermal properties to the microcapsules, their wall structures were coated with zinc oxide (ZnO)
nanoparticles at a concentration of 4% by weight. In this step, the microcapsules—washed and filtered after production—
and the ZnO nanoparticles (4%) were separately mixed using a mechanical stirrer at 750 rpm for 30 minutes. At the end
of the pre-mixing stage, the ZnO nanoparticle solution was added dropwise into the microcapsule suspension, and the pH
of the mixture was adjusted to 4. The resulting suspension was then subjected to stirring at 750 rpm and a temperature of
70 °C for 4 hours to allow for reaction. After stirring, the samples were left to stand at room temperature overnight.
Finally, the ZnO nanoparticle-coated microcapsules were subjected to a filtration process to obtain the final product.

2.3. Characterization of Microcapsule/Mikrokapsiil karakterizasyonu

The morphology of TD@G/GA/ZnO microcapsules was examined using Scanning Electron Microscopy (SEM). The
particle size of the capsules was determined using Perkin-Elmer Malvern MS2000E model particle size analyzer. The
chemical structure of the capsules was investigated by Fourier Transform Infrared Spectroscopy with Attenuated Total
Reflectance (FTIR-ATR) analysis, and the measurements were performed in the wavenumber range of 4000—400 cm™.
The phase change temperatures and thermal storage/release enthalpies of the microcapsules containing 1-tetradecanol as
the core material were determined by differential scanning calorimetry (DSC). The DSC measurements were conducted

64



8th ICONST EST 2025 - Engineering Science and Technology
May 28-30, 2025; Budapest - HUNGARY

under a nitrogen atmosphere in the temperature range of -20 °C to 50 °C with a heating rate of 5 °C/min. The photothermal
performance of the capsules was evaluated using a setup consisting of a thermal camera, a polyurethane box, a UV lamp,
and a computer system. Prior to the test, 4 g of microcapsule sample was compacted into a polyurethane-based insulated
box with dimensions of 3 x 3 cm and cooled in a refrigerator to temperatures below the melting point of the capsules. The
conditioned sample was then irradiated under a UV lamp (25 W power, 0.17 W/cm? intensity) for 10 minutes at a distance
of 12 cm. After irradiation, the light source was turned off, and the sample was allowed to cool naturally at room
temperature. During the test, the surface temperature of the microcapsule sample was recorded every 15 seconds using a
thermal camera. The data were transferred to a computer and temperature versus time graphs were plotted. Additionally,
the photothermal conversion efficiency of the capsule sample was calculated using the equation given in Equation 1. (In
the equation, m represents the mass of the microcapsule, AH is the melting enthalpy obtained from the DSC analysis of
the composite material, P is the light irradiation intensity, S is the surface area exposed during the measurement, tn, is the
end time of the phase transition, tyc is the onset time of the phase transition, and At is the duration of the phase change
process.

_ - AH _ _m-AH
7} P'S'(fnzc _tum} P'S‘Atf

Equation 1
3. RESULTS

3.1. Morphological characterization and particle size distribution of microcapsules/Mikrokapsiillerin morfolojik
karakterizasyonu ve parcacik boyut dagilimi

SEM images of microcapsules are presented in Figure 1a. The SEM images revealed that the microcapsules exhibited a
spherical morphology with smooth surfaces. Additionally, the microcapsules were smaller than 200 nm and exhibited a
nearly homogeneous size distribution. The PSD curves of microcapsules are given in Figure 1b. It was seen that
microcapsules exhibited a single peak distribution. The mean particle size of the microcapsules was 64.13 um, with a
particle size distribution ranging from 16.63 to 100.68 um. When comparing the results from SEM and PSD analyses, the
microcapsules were smaller in size according to the SEM analysis than those measured by PSD. This observation is
consistent with literature, which suggests that it resulted from the clustering of nano-sized particles, causing them to be
measured as a single particle by the particle size analyzer (Alay-Aksoy et al., 2017).
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Figure 1. SEM images a) and particle size distribution b) of microcapsules
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3.2. Chemical characterization of microcapsules by FTIR-ATR analysis/ FTIR-ATR analizi ile mikrokapsiillerin
kimyasal karakterizasyonu

Figure 2 presents the IR spectra of the microcapsules, 1-tetradecanol, gelatin, gum arabic and ZnO nanoparticles. The
broad peak around 3300 cm™! in the spectrum of microcapsules was the combination of the -OH stretching vibration of
the gum arabic polymer and the N-H stretching vibration of the gelatin polymer. In the spectrum of microcapsules, the
sharp peaks observed at 2918 and 2850 cm™! were C-H stretching vibrations of 1-tetradecanol. The C-N stretching peak
observed at 1084 cm™! in the IR spectrum of gelatin polymer appeared at around 1060 cm™ in the IR spectrum of the
microcapsules. The characteristic Zn-O band observed in the spectra of ZnO between 720 and 575 cm™!, appeared as a
small, broad peak at approximately 680 cm™ in the IR spectra of the microcapsules.

°%T \

4000 3000 2000 1000 400
Wavenumber (cm1)

Figure 2. FTIR spectra of gelatin (a), gum arabic (b), ZnO (c), n-tetradecanol (d), TD@G/GA/ZnO microcapsules (e)

3.3. Thermal characterization of microcapsules by DSC analysis/ DSC analizi ile mikrokapsiillerin termal
karakterizasyonu

The phase change temperatures and latent heat storage capacities of microcapsules were determined by DSC. The DSC
graph of the microcapsules is displayed in Figure 3. According to DSC graph, the microcapsules stored latent heat of 97.7
J/g at a melting temperature of 35.8 °C. The microcapsules had a solidification temperature of 35.8°C, with a heat release
capacity of -81.6 J/g during the solidification process. An examination of the literature indicated that the latent heat storage
capacities of gelatin/ gum arabic -walled microcapsules containing paraffin ranged from 79 to 115 J/g (Demirbag and
Alay Aksoy, 2016; Malekipirbazari et al.,2014; Bayés-Garcia et al., 2010). Compared to the results of the present study,
these findings demonstrated that the high heat storage capacity of the microcapsules, along with their melting point
compatible with body temperature, made them suitable candidates for a wide range of applications, including thermal
energy storage systems and energy-conserving materials.
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Figure 3. DSC graph of microcapsules

3.4. Evaluation of photothermal performance of microcapsules/ Mikrokapsiillerin fototermal performansinin
degerlendirilmesi

The photothermal conversion performance of microcapsules was evaluated by monitoring the temperature change on the
surface of microcapsules during UV light exposure. The surface temperatures of the microcapsules were monitored with
a thermal camera while exposed to a UV lamp acting as a solar simulator, and temperature-time curves were obtained at
the end of the measurement, as shown in Figure 4. According to Figure 4, ZnO metal oxide nanoparticles coated on the
microcapsules walls efficiently absorbed solar radiation and converted it into thermal energy through molecular
vibrations, leading to a rapid increase in microcapsule surface temperature. In the temperature range of approximately
35-36 °C, the rate of surface temperature increase of the microcapsules decreased due to the onset of the solid—liquid
phase transition of 1-tetradecanol, which constitutes the core material. TD@G/GA/ZnO microcapsules completed the
phase transition in 270 seconds and reached a maximum temperature of 47.4°C. The photothermal conversion efficiency
was calculated to be 94.60%. These findings demonstrate that microcapsule samples are capable of effectively absorbing
UV light and converting it into thermal energy.
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Figure 4. Temperature changes observed on the microcapsules surface during UV light exposure

4. DISCUSSION AND CONCLUSIONS

This study focused on the production and characterization of photothermal microcapsules using an environmentally
friendly method. Microcapsules with an 1-tetradecanol core and gelatin/gum arabic shell were fabricated via the Pickering
emulsion complex coacervation method using a ZnO Pickering stabilizer, and then coated with ZnO nanoparticles to
impart photothermal functionality. FTIR analysis confirmed the successful formation of the microcapsules. The spherical
microcapsules were found to store 97.7 J/g of thermal energy at 35.8 °C. In addition, the capsules demonstrated effective
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photothermal conversion performance with a photothermal conversion efficiency of 94.60%. These results suggest that
the developed microcapsules have strong potential for use in energy storage and photothermal applications.
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Experimental examination of the effect of using fusel oil as a fuel additive in diesel
engines on performance and emissions

DERVIS EROL*', HALIL ERDI GULCAN?

Abstract: In this study, the effects of using fusel oil as a fuel additive on the performance and emissions of a single-
cylinder, four-stroke, water-cooled diesel engine were experimentally investigated. Fusel oil was blended with diesel fuel
at volumetric ratios of 10% and 20%, and the results were compared with those obtained using 100% diesel fuel as the
reference. The experiments were conducted at five different engine torque levels (10 Nm, 20 Nm, 30 Nm, 40 Nm, and 50
Nm) at a constant engine speed of 1500 rpm. The results showed that the addition of 10% and 20% fusel oil increased the
brake specific fuel consumption (BSFC) by approximately 1% and 3.1%, respectively. The lower heating value (LHV)
of fusel oil reduces the overall LHV of the blend, requiring more fuel injection to deliver the same power output.
Furthermore, due to the oxygen content in fusel oil, carbon monoxide (CO) emissions were reduced by an average of 32%
with the 10% fusel oil addition and by 6.5% with the 20% fusel oil addition. On the other hand, nitrogen oxides (NOx)
emissions increased by approximately 25% and 39% for the 10% and 20% fusel oil blends, respectively. Considering that
the 10% fusel oil blend provides performance results close to those of pure diesel fuel, it is regarded as a suitable
alternative fuel for diesel engines.
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1. INTRODUCTION

The constant fluctuations in oil prices and the fear that reserves will be depleted in the coming years have increased the
interest in biofuels in diesel engines (Demirbag, 2001). In addition, the direct use of petroleum-based fuels results in the
spread of harmful pollutants into the environment. This poses a significant threat to both living beings and the environment
(Al-Rubaye et. al., 2023; Speight, 2020). For this reason, researchers and scientists have started to search for bio-based
fuels instead of petroleum-based fuels.

The amount of oxygen in the chemical structure of bio-based fuels has significant effects on combustion characteristics
and pollutant formation (Emiroglu and Sen, 2018; Abu-Qudais et. al., 2000; Agbulut et. al., 2019). They are generally
known for reducing carbon emissions due to their low carbon content and improving combustion characteristics,
especially at high-speed conditions (Ma et. al., 2017).

Today, studies on the use of alcohol or waste oil in traditional fuels continue. For instance, Agbulut et al. added 10%,
15% and 20% isoamyl alcohol to diesel fuel. They reported that CO and NOx emissions decreased significantly in
experiments carried out under different load conditions, but HC emissions gave the opposite result (Agbulut et. al., 2020).
Another study, Awad et al. investigated the use of fusel oil in diesel engine operating at different speeds. It was reported
that BSFC increased slightly in the mixture containing 20% fusel oil (F20) by volume, while F20 increased the ignition
delay (Awad et. al., 2017). Similarly, Yilmaz tested diesel-fusel oil mixtures in a diesel engine operating under different
loads. Here, the fusel content in the test fuels is 5% to 10%. When the results were examined, it was observed that as the
amount of fusel oil increased, CO increased, but NOx and soot pollutants decreased. Additionally, some increase in BSFC
has also been reported Yilmaz, 2019). Also, Akgay and Ozer published their study in 2019 reporting that NOx and smoke
pollutants were reduced by adding fusel oil to diesel fuel. In this study conducted at different loads, it was also stated that
the use of fusel oil reduced combustion pressure (Akcay and Ozer, 2024). In another study, Solmaz investigated the use
of fusel oil in an SI engine. While fusel oil was used at rates of 50% to 100% in the study, it was reported that BTE
decreased by 3.3% and 8.6%, respectively. Additionally, it has been reported that combustion pressure decreases with
increasing fusel ratio (Solmaz, 2015). Hassan Pour et al. conducted a study on the ternary blend (diesel-biodiesel-fuel
oil). The author emphasized that the presence of fusel oil in the blend reduced NOx emissions but significantly increased
CO and HC emissions (Hassan Pour et. al., 2018). Ardebili et al. conducted a study on the effect of nano-biochar additive
on a diesel-fueled engine. The results showed that 10% fusel additive and also 100 ppm nanoadditive provided optimum
performance and emission results (Ardebili et. al., 2020).

In this study, the effects of 100% diesel, 10% fusel oil and 20% fusel oil added fuels on the performance and emissions
of a single cylinder water-cooled diesel engine under different loads are investigated.
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2. MATERIAL AND METHOD

2.1 The preparation of test fuel blends

The fusel oil used in the experimental studies was obtained from the Alcohol Production Department of the Eskisehir
Sugar Factory, while the diesel fuel was supplied from the Kirikkale branch of a corporate fuel company operating in
Turkey. The fuel blends were prepared as 100% diesel (D100), 10% fusel oil and 90% diesel (F10), and 20% fusel oil

and 80% diesel (F20).

2.2 Experimental setup and test engine

The experimental studies were conducted on a test setup involving a single-cylinder, water-cooled, four-stroke, direct-
injection diesel engine, as shown in Figure 1. The technical specifications of the diesel engine used in the experimental
studies are given in Table 1.

Figure 1. Experimental setup

Table 1. The technical specifications of test engine

Parameters Specification Parameters Specification

Engine supplier ﬁ]rén Engine  Corporation Ignition Compression-ignition
Brand Erin Engine Cooling system Water-cooled

Model 1.16L Diesel Idle speed 600 rpm

Cylinder number 1 Swept volume 1160 cm?

Engine cycle 4 Cylinder bore 108 mm

Maximum engine power | 18 kW @ 2400 rpm Stroke 127 mm

Maximum engine torque | 80 Nm @ 1800 rpm Compression ratio 14.6:1

Type of fuel injection Direct injection Injector nozzle number 6
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3. EXPERIMENTAL RESULTS
3.1. Engine performance

Figure 2 presents the variations in BSFC curves under different load conditions for the FO, F10, and F20 fuels. As seen,
the highest BSFC values for all three fuels are measured at 10 Nm. As the load increases from 10 Nm to 40 Nm, BSFC
shows a decreasing trend. The main reason for this is that combustion temperatures are relatively lower at low loads,
which negatively affects combustion stability and thus reduces engine performance. With increasing load, combustion
temperatures rise, and unburned fuel particles are burned (increasing combustion efficiency), leading to improved
combustion stability. As a result, BSFC tends to decrease. At 50 Nm, however, a slight increase in BSFC is observed for
all three fuels. This is likely due to excessive enrichment of the mixture caused by higher fuel injection into the combustion
chamber, leading to insufficient oxygen for complete combustion. This situation decreases combustion efficiency and
increases fuel consumption. Overall, the lowest fuel consumption is recorded with FO, while the addition of 10% and 20%
fusel oil increases BSFC. The lower heating value (LHV) of fusel oil reduces the overall LHV of the blend, requiring
more fuel injection to deliver the same power output. Consequently, fuel consumption increases. Within the given load
range, the BSFC values of F10 and F20 show an increasing trend of approximately 1.9% and 4.3%, respectively, compared
to FO.
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Figure 2. Variation of BSFC curves of F0, F10, and F20 fuels versus engine load

Figure 3 presents the variations in exhaust gas temperature (EGT) curves under different load conditions for the FO, F10,
and F20 fuels. As seen, the EGT values of the three fuels are quite similar at 10 and 20 Nm; however, with an increase in
engine load from 20 Nm to 50 Nm, notable differences in the results begin to appear. This can be attributed to the
prolonged combustion duration due to increased fuel injection. The lower LHV and cetane number of the fusel oil blends
cause delayed ignition, which shifts the main combustion phase toward the expansion period, resulting in higher EGT.
Overall, the highest EGT values are measured with FO. The main reason for this is that FO has a higher LHV compared
to the others. For the specified load conditions, F10 and F20 reduce EGT by an average of approximately 2.7% and 3.1%,
respectively, compared to FO.
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Figure 3. Variation of EGT curves of FO, F10, and F20 fuels versus engine load
3.2. Engine emissions

CO emissions occur in rich mixture regions where oxygen is insufficient, causing carbon to be released as CO instead of
being fully oxidized to CO, (Pulkrabek, 2004; Heywood, 2018). Figure 4 presents the variations in CO emission curves
under different load conditions for the FO, F10, and F20 fuels. It is observed that CO emissions remain below 0.2%
between 10 Nm and 40 Nm but increase significantly as the engine load rises from 40 Nm to 50 Nm. This is due to the
substantial increase in fuel injection into the combustion chamber at higher loads. Consequently, the air—fuel ratio
decreases, leading to more rich mixture regions and a reduction in available O.. As a result, carbon is released as CO
instead of being converted into CO-. Additionally, due to the overly rich mixture, combustion efficiency drops, resulting
in unburned fuel particles. The oxygen content of fusel oil helps support combustion in these excessively rich regions,
partially reducing CO emissions. Compared to FO, the F10 and F20 fuels reduce CO emissions by approximately 31%
and 6.1%, respectively, within the specified load range.
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Figure 4. Variation of CO emission curves of FO, F10, and F20 fuels versus engine load
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Figure 5 presents the variations in carbon dioxide (CO,) emission curves under different load conditions for the FO0, F10,
and F20 fuels. With increasing engine load, CO emissions tend to rise for all three fuels. As the load increases, greater
fuel injection leads to higher combustion temperatures, which in turn enhances complete combustion, resulting in
increased CO; emissions. The use of fusel oil in diesel fuel reduces CO; emissions at all load levels. The main reason
fusel oil reduces both CO and CO, emissions compared to diesel fuel is its significantly lower carbon content and higher
oxygen content in its chemical structure. Within the specified load range, CO; emissions of F10 and F20 are reduced by
an average of 4.8% and 6.9%, respectively, compared to FO.

Figure 6 presents the variations in hydrocarbon (HC) emission curves under different load conditions for the FO, F10, and
F20 fuels. The use of fusel oil as a fuel additive in diesel engines significantly increases HC emissions at low loads. This
is probably due to the lower combustion temperatures at low loads. Lower combustion temperatures reduce combustion
efficiency, leading to an increase in unburned HC. In addition, the rich mixture regions increase due to the increased
BSFC resulting from the use of fusel oil at low loads. This causes unburned HC to spread to the environment during the
exhaust stroke. In addition, due to the physicochemical properties of the fusel oil (low cetane, high viscosity), the
combustion efficiency of the fuel decreases. Additionally, the lower LHV of F10 and F20 compared to FO requires more
fuel injection to produce the same power, leading to higher HC emissions. Increasing combustion temperatures with
increasing load contribute to more efficient combustion of fusel mixtures with O2 content. The O2 content of the fusel
contributes to the reduction of HC emissions by accelerating the oxidation process under high temperatures. In general,
the highest HC emissions are observed with the FO fuel at 50 Nm, reaching 47 ppm. Under low-load conditions, lower
combustion temperatures increase combustion instability and reduce combustion efficiency. The lowest HC emissions for
fusel-blended fuels are measured at 29 ppm with F20 fuel under 50 Nm load.
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Figure 5. Variation of CO; emission curves of FO, F10, and F20 fuels versus engine load
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Figure 6. Variation of HC emission curves of FO, F10, and F20 fuels versus engine load

Figure 7 presents the variations in NOx emission curves under different load conditions for the FO, F10, and F20 fuels.
The addition of fusel oil significantly affects NOx emissions, likely due to the high oxygen content in its chemical
structure. NOx emissions increase considerably at high temperatures and elevated O2 concentrations through thermal
formation mechanisms. The highest NOx emissions are recorded at 30 Nm, with the NOx levels of FO, F10, and F20 fuels
being 599 ppm, 564 ppm, and 662 ppm, respectively. The lowest NOx emissions are observed at 10 Nm, with values of
340 ppm, 295 ppm, and 278 ppm for FO, F10, and F20, respectively. This is attributed to the lower combustion
temperatures under low-load conditions. Under full load, combustion deteriorates due to an excessively rich mixture,
which results in reduced NOx emissions. Overall, within the specified load range, NOx emissions for F20 increase by
approximately 0.8%, but for F10 decrease by approximately 8.7% compared to FO.
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Figure 7. Variation of NOx emission curves of FO, F10, and F20 fuels versus engine load
4. DISCUSSION AND CONCLUSIONS
In this study, the performance and emission changes of 10% and 20% volumetric fusel oil addition to diesel fuel under

five different load and constant speed conditions were observed. The main findings of this experimental study are
summarized below:
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. The use of 10% and 20% volumetric fusel oil in diesel fuel increases fuel consumption. This is due to the lower
LHYV of fusel oil compared to diesel. In full load conditions, it was determined that the BSFC values increased due to the
excessively rich mixture created by the fuel injected into the combustion chamber. In addition, although F10 showed a
higher BSFC value compared to FO on average, this value remained below 2%.

. The lowest EGT throughout the study was obtained in mixtures with fusel oil addition. The highest decrease in
EGT was recorded as 7% at 50 Nm with F20.

. The O, content of fusel oil causes a decrease in CO and CO; emissions. The best reduction rate in CO emissions
is shown by F10 fuel with an average of 31%, while the best reduction rate in CO; emissions is shown by F20 fuel with
an average of 6.1%.

. Adding 10% fusel oil to diesel fuel by volume increases it by an average of 5.5%, while providing a 26%
reduction under all load conditions. Adding 20% fusel oil to diesel fuel by volume reduces HC emissions by an average
of 10%. The increase in O, density with the increase in fusel oil contributes significantly to the reduction of HC emissions.

. NOx emissions decrease with the addition of F10, while there is a general increase in F20 fuel. F10 reduces NOx
emissions by an average of 8.7% compared to FO, while F20 fuel increases it by an average of 1%.

. As a result, the use of fusel oil in diesel fuel increases fuel consumption while increasing HC emissions.
However, F10 fuel seems more interesting because it reduces both CO and CO; emissions. In addition, the performance
results of F10 fuel are quite close to diesel performance results. In future studies, the economic and environmental cost
of using F10 fuel can be calculated.

Acknowledgment
This study was supported by the Scientific Research Projects Coordination Unit of Kirikkale University (Project No:
2023/080), and their financial support is gratefully acknowledged.

Ethics Committee Approval
N/A

Author Contributions / Yazar Katkilari

Conceptualization: D.E., H.E.G.; Investigation: D.E., H.E.G.; Material and Methodology: D.E., H.E.G.; Supervision:
D.E., H.E.G.; Visualization: D.E., H.E.G.; Writing-Original Draft: D.E., H.E.G.; Writing-review & Editing: D.E., H.E.G.;
Other: All authors have read and agreed to the published version of manuscript.

Conflict of Interest
The authors have no conflicts of interest to declare.

Funding
This study was financial supported by the Scientific Research Projects Coordination Unit of Kirikkale University.

REFERENCES

Abu-Qudais, M., Haddad, O., Qudaisat, M. (2000). The effect of alcohol fumigation on diesel engine performance and
emissions. Energy Conversion and Management, 41(4), 389-399. https://doi.org/10.1016/S0196-8904(99)00099-0

Agbulut, U., Saridemir, S., Albayrak, S. (2019). Experimental investigation of combustion, performance and emission
characteristics of a diesel engine fuelled with diesel-biodiesel-alcohol blends. Journal of the Brazilian Society of
Mechanical Sciences and Engineering, 41(9), 389. https://doi.org/10.1007/s40430-019-1891-8

Agbulut, U., Saridemir, S., Karagdz, M. (2020). Experimental investigation of fusel oil (isoamyl alcohol) and diesel
blends in a CI engine. Fuel, 267, 117042. https://doi.org/10.1016/j.fuel.2020.117042

Akcay, M., Ozer, S. (2024). Experimental investigation on performance and emission characteristics of a CI diesel engine
fueled with fusel oil/diesel fuel blends. Energy Sources, Part A: Recovery, Utilization, and Environmental Effects, 46(1),
2600-2615. https://doi.org/10.1080/15567036.2019.1689317

Al-Rubaye, A. H., Jasim, D. J., Ameen, H. F. M., Al-Robai, H. A., Al-Assal, J. R. (2023, April). The Impacts of Petroleum

on Environment. InIOP Conference Series: Earth and Environmental Science 1158(3), 032014.
https://doi.org/10.1088/1755-1315/1158/3/032014

77


https://doi.org/10.1016/S0196-8904(99)00099-0

8th ICONST EST 2025 - Engineering Science and Technology
May 28-30, 2025; Budapest - HUNGARY

Ardebili, S. M. S., Taghipoor, A., Solmaz, H., Mostafaei, M. (2020). The effect of nano-biochar on the performance and
emissions of a diesel engine fueled with fusel oil-diesel fuel. Fuel, 268, 117356.
https://doi.org/10.1016/j.fuel.2020.117356

Awad, O. ., Mamat, R., Ali, O. M., Yusri, I. M., Abdullah, A. A., Yusop, A. F., Noor, M. M. (2017). The effect of adding
fusel oil to diesel on the performance and the emissions characteristics in a single cylinder CI engine. Journal of the
Energy Institute, 90(3), 382-396. https://doi.org/10.1016/j.joei.2016.04.004

Demirbag, A. (2001). Energy balance, energy sources, energy policy, future developments and energy investments in
Turkey. Energy Conversion and Management, 42(10), 1239-1258. https://doi.org/10.1016/S0196-8904(00)00109-6

Emiroglu, A. O., Sen, M. (2018). Combustion, performance and emission characteristics of various alcohol blends in a
single cylinder diesel engine. Fuel, 212, 34-40. https://doi.org/10.1016/j.fuel.2017.10.016

Hassan Pour, A., Safieddin Ardebili, S. M., Sheikhdavoodi, M. J. (2018). Multi-objective optimization of diesel engine
performance and emissions fueled with diesel-biodiesel-fusel oil blends using response surface method. Environmental
science and pollution research, 25, 35429-35439. https://doi.org/10.1007/s11356-018-3459-z

Heywood, J. B. (2018). Internal combustion engine Fundamentals. 2nd edition, Published by McGraw-Hill Education,
ISBN: 978-1-26-011611-3

Ma, Y., Huang, S., Huang, R., Zhang, Y., Xu, S. (2017). Ignition and combustion characteristics of n-pentanol—diesel
blends in a constant volume chamber. Applied Energy, 185, 519-530. https://doi.org/10.1016/j.apenergy.2016.11.002

Pulkrabek, W. W. (2004). Engineering fundamentals of the internal combustion engine. 2nd edition, Published by
Pearson, ISBN: 978-0-13-140570-7

Solmaz, H. (2015). Combustion, performance and emission characteristics of fusel oil in a spark ignition engine. Fuel
Processing Technology, 133, 20-28. https://doi.org/10.1016/j.fuproc.2015.01.010

Speight, J. G. Petroleum refining and environmental control and environmental effects. In Fossil Energy (pp. 101-131).
Springer, New York, 2020. https://doi.org/10.1007/978-1-4939-9763-3 70

Yilmaz, E. (2019). Investigation of the effects of diesel-fusel oil fuel blends on combustion, engine performance and
exhaust  emissions in a  single cylinder  compression  ignition  engine. Fuel, 255, 115741.
https://doi.org/10.1016/j.fuel.2019.115741

78


https://doi.org/10.1016/S0196-8904(00)00109-6
https://doi.org/10.1016/j.fuel.2017.10.016
https://doi.org/10.1007/s11356-018-3459-z
https://doi.org/10.1016/j.apenergy.2016.11.002
https://doi.org/10.1007/978-1-4939-9763-3_70

8th ICONST EST 2025 - Engineering Science and Technology
May 28-30, 2025; Budapest - HUNGARY

Taxonomic and Functional Diversity of Coastal Wetland Vegetation Zones in
Minakaleh Peninsula
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Abstract: The Miankaleh Peninsula is an important international wetland located in the southern part of the Caspian Sea.
However, the wetland vegetation in Miankaleh has been rarely investigated. To address this, we evaluated the taxonomic
diversity of three wetland zones, each dominated by a dominant species: Salicornia, Juncus, and Tamarix. These zones
were selected due to their proximity to the wetland and their distinct dominant vegetation types. We sampled five
macroplots in each zone and calculated several commonly used indices of biodiversity and evenness, including the
Shannon, Simpson, and Margalef diversity indices, as well as the McIntosh and Smith-Wilson evenness indices.
Functional diversity was also assessed using multiple indices, including functional richness, evenness, divergence,
dispersion, and Rao’s quadratic entropy to complement the taxonomic analysis. The data revealed significant ecological
differences between these zones, with the Juncus zone exhibiting the highest species richness, while the Salicornia zone
had the lowest. NMDS results also showed differences in vegetation composition. The diversity and evenness indices, as
well as the functional diversity indices, were highest in the Juncus and Tamarix zones and lowest in the Salicornia zone.
These findings suggest that dominant vegetation types can significantly influence species composition and patterns of
community-level diversity even within a geographically limited area. These results highlight that, similar to taxonomic
patterns, functional trait diversity is strongly influenced by the dominant species in each zone, resulting in distinct
ecological structures even in closely situated wetland habitats.
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1. INTRODUCTION

Wetlands are critical ecosystems that provide a multitude of essential environmental services. They play a significant role
in flood control, climate regulation, carbon storage, and aquifer recharge, making them indispensable for maintaining
ecological balance (Costa, Silva, & Evans, 2013; Whigham, 2018). Wetlands are highly diverse, serving as breeding
grounds and habitats for numerous species of plants, invertebrates, fish, and wildlife, thus contributing significantly to
global biodiversity (Costa, Silva & Evans, 2013; Gaiser & Riihland, 2010). Despite the recognized ecological importance
of wetland vegetation, many wetlands, like Miankaleh, remain poorly investigated in terms of diversity patterns (Shokri,
Safaian, Ahmadi, & Amiri, 2004; Sharifnia, Asri, & Gholami-Te, 2007; Amirnezhad, Rafiei, & Atghaei, 2010).

To address this gap, the present study examines the taxonomic and functional diversity of wetland vegetation across three
ecologically distinct zones within the Miankaleh Peninsula, each characterized by a different dominant plant genus:
Salicornia, Juncus, and Tamarix. These zones were selected for their proximity to the wetland and their contrasting
dominant vegetation, which are hypothesized to influence species composition and ecological functioning. This study
seeks to quantify and compare community-level diversity and trait composition across zones by employing a variety of
commonly used taxonomic diversity indices (such as Shannon, Simpson, Margalef) and evenness metrics (like McIntosh,
Smith-Wilson) (Spellerberg & Fedor, 2003), as well as functional diversity indices (including FRic, FEve, FDiv, FDis,
and RaoQ) (Mendes, Evangelista, Thomaz, Agostinho, & Gomes, 2008; Villéger, Mason, & Mouillot, 2008).

2. MATERIAL AND METHOD
Study Area

Miankaleh is a peninsula located in Mazandaran Province, Iran, covering an area of 68,800 hectares. This peninsula,
located in the southeastern part of the Caspian Sea, is renowned for its unique flora, fauna, and high conservation value
(Fig. 1). It is one of Iran's thirteen biosphere reserves under the Man and the Biosphere (MAB) Programme. It is
considered a suitable habitat for terrestrial and aquatic plants, animals, and migratory birds (Ejtehadi et al., 2003). The
region receives an average annual precipitation of 675 mm and has a mean annual temperature of 17.6°C. The area's
climate is classified as semi-humid (Ghahroudi Tali et al., 2012).
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Miankaleh hosts over 261 plant species from 60 families and 177 genera. The most represented families include
Asteraceae, Poaceae, Papilionaceae, Cyperaceae, and Brassicaceae. The most frequent life forms in Miankaleh are
therophytes (annual plants) and hemicryptophytes (perennial plants), accounting for 52.5% and 29% of the species,
respectively (Sharifnia, Asri, & Gholami-Te, 2007).
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Fig 1. Study area location
Sampling Method

Three vegetation zones, including Tamarix, Salicornia, and Juncus, were selected (Fig. 2). Vegetation sampling was
conducted during the appropriate growing season for these plants in late spring 2023. Fifteen 30 m X 30m plots were
established near the Miankaleh wetland, with five plots located in each vegetation zone. Within each plot, the percentage
cover of the dominant species (excluding annuals), ground cover, and the geographical coordinates of the plot were
recorded (Arzani & Abedi, 2015). To assess taxonomic diversity indices, the adiv package and for functional indices FD
package in R software were used (Pavoine, 2020; Laliberté & Legendre, 2010; Laliberté, Legendre, & Shipley, 2014).
Various indices were calculated to analyze biodiversity, species richness, and evenness. GLMM for comparisons, PCA
for diversity indices, and NMDS for vegetation compositions were applied for statistical analysis.

Traits

To assess plant functional diversity across the study zones, a set of key functional traits was measured for the dominant
species in each plot. The selected traits included: chlorophyll content, fresh leaf mass (g), dry leaf mass (g), leaf thickness
(cm), leaf area (cm?), specific leaf area (SLA, cm?/g), leaf dry matter content (LDMC), plant height (m), and leaf length
(cm).

Fresh leaves were collected from representative individuals and processed according to standard protocols for functional
traits (Cornelissen et al., 2003). Chlorophyll content was measured using a portable SPAD 504. Fresh mass was recorded
immediately after collection. Leaves were then scanned to determine leaf area, measured for thickness using a digital
caliper, and dried at 60°C for 48 hours to obtain dry mass. SLA was calculated as the ratio of leaf area to dry mass, while
LDMC was calculated as the ratio of dry mass to fresh mass. Plant height was measured from the base to the apex of each
individual, and leaf length was taken as the longest dimension of the leaf blade. These traits were used to calculate
taxonomic and functional diversity indices to compare vegetation zones.
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Salicornia zone

Tamarix zone

Fig 2. Landscape of study wetland zones

3. RESULTS

According to Table 1, only Margalef diversity and species richness were statistically significant among all taxonomic
indices. The Juncus zone (4) showed higher values compared to both the Tamarix (3) and Salicornia (2.8) zones, with
significant differences observed. In terms of Margalef diversity, the Juncus zone again exhibited the highest value (0.71),
compared to the Tamarix (0.52) and Salicornia (0.49) zones. none of the functional diversity indices showed any
significant differences among the three vegetation zones.

Indices Salicornia  Tamarix Juncus F Value P Value
2.80 + 3.00 + 4.00 +
Richness 0.20b 0.32b 0.00a 8.86 0.00
1.64 + 193 + 1.85 +
Simpson diversity 0.21 0.18 0.23 0.50 0.62
0.61 + 0.76 + 0.74 +
Shannon diversity 0.11 0.10 0.16 0.42 0.67
0.49 + 0.52 + 0.71 +
Margalef diversity 0.06b 0.06b 0.02a 6.31 0.01
0.49 + 0.63 + 0.48 +
Mclntosh evenness 0.11 0.07 0.12 0.72 0.51
0.43 + 047 + 0.30 +
SmithWilson evenness  0.07 0.08 0.08 1.22 0.33
. 4.78 + 3.57 + 198 +
FRic 0.60 146 0.42 2.65 0.12
0.60 + 0.61 + 0.65 +
FEve 0.13 0.14 0.12 0.04 0.96
. 0.74 + 0.86 + 0.87 +
FDiv 0.08 0.05 0.05 1.40 0.29
. 1.57 + 224 + 1.61 +
FDis 0.35 0.30 0.44 1.04 0.38
RaoQ 4.08 + 6.35 + 4.39 +
1.02 0.92 1.32 1.25 0.32

Table 1. Analysis of variance (ANOVA) of Taxonomic indices across vegetation zones

81



8th ICONST EST 2025 - Engineering Science and Technology
May 28-30, 2025; Budapest - HUNGARY

The NMDS (Non-metric Multidimensional Scaling) plot (Fig. 3) illustrates the variation in plant community composition
across the Juncus, Salicornia, and Tamarix zones (Stress=0.1). All three zones showed differences in plant compositions
(F=4.45; P<0.01 according to PERMANOVA results).
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Fig 3. Compositional differentiation of shrub communities based on NMDS analysis

In the principal component analysis (PCA), the indices FRic, FEve, FDiv, Margalef diversity, and Richness clustered
together on the positive side of the first dimension (Diml) and on the negative side of the second dimension (Dim2),
which is associated with the Juncus zone. The indices Smith-Wilson evenness, McIntosh evenness, Functional Dispersion
(FDis), Rao’s Quadratic Entropy (RaoQ), Shannon diversity, and Simpson diversity were positioned on the positive side
of both the first dimension (Dim1) and the second dimension (Dim2) in the PCA, associated with the Tamariz zone. The
Salicornia zone is also mainly located in the negative part of Axis 1, which is negatively associated with most taxonomic
and functional indices. The first axis explains 53.6% of the variation, while the second axis accounts for 22.8% of the
variation. Results of heatmaps also confirm the PCA patterns(Fig.4).
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4. DISCUSSION AND CONCLUSIONS

This study revealed distinct taxonomic and functional diversity patterns among the three wetland zones. The Juncus and
Tamarix zones generally exhibited greater diversity and functional complexity, while the Salicornia zone consistently
showed the lowest values, likely due to stronger environmental filters such as salinity and waterlogging (Dembicz et al.,
2020; Matthews & Endress, 2010).

The Salicornia zone showed the lowest levels of both taxonomic and functional diversity, indicating a limited and
simplified community composition. This pattern arises from extreme salinity, anoxia, and high abiotic stress, leading to
the dominance of one or a few highly stress-tolerant species. Such dominance results in strong environmental filtering,
as the species possess similar traits, such as succulence and salt tolerance, ultimately reflecting minimal ecological
multifunctionality and low niche differentiation (Nathan, Osem, Shachak, & Meron, 2016). This phenomenon may be
attributed to convergence in functional traits due to similar adaptive strategies across all zones or to limitations in trait
variability at the community level (Pakeman, 2011; Ricotta, 2005; Maire et al., 2012). The Tamarix zone, on the other
hand, was associated with several indices such as Shannon, Simpson, RaoQ, FDis, and both evenness indices, indicating
a balanced community structure and trait distribution in a moderately stressful environment. The consistent abundance
along with moderate richness suggests a balance between filtering processes and the coexistence of stress-tolerant
strategies. High functional dispersion indices (FDis) and RaoQ reveal the presence of functionally dissimilar species that
thrive despite taxonomic constraints. This indicates functional divergence in response to stress rather than simply an
increase in species richness. The Juncus zone is characterized by various indices, including Richness, Margalef,
Functional Richness (FRic), Evenness (FEve), and Functional Diversity (FDiv), suggesting a highly functional and niche-
structured community. The high levels of taxonomic and functional richness indicate niche complementarity and minimal
environmental filtering. Elevated FRic and FDiv demonstrate a broad range of traits and their divergence, facilitating
efficient resource use and coexistence among species. As a result, these zones contribute to enhanced multifunctionality,
resilience. The low functional redundancy in Salicornia suggests reduced ecological stability and productivity (da Silva
Camilo et al., 2018), while higher functional diversity in Juncus and Tamarix zones points to more resilient ecosystems.

Despite the lack of statistically significant differences in univariate functional diversity indices among the three vegetation
zones, multivariate analyses (PCA and NMDS) revealed clear patterns in trait and species composition (Legendre &
Legendre, 2012). This highlights the value of ordination techniques in uncovering subtle ecological gradients and
community-level functional structure that may not be evident through univariate statistics alone.

Overall, our findings suggest that wetland ecosystems are vulnerable due to their limited support for a small number of
species, which are threatened by declining water levels in the Caspian Sea. Therefore, enhanced conservation plans are
crucial for protecting these habitats.
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Total phenolic content and antioxidant capacity of Verbascum thapsus L.
variations along the altitude gradient

RAHELEH-BORHANIAN!, GHASEM ALI-DIANATI TILAKI*!, MEHDI
ABEDI!

Abstract: This study aimed to investigate the effects of altitude on the biochemical parameters of Verbascum thapsus L.
leaves in the rangelands of Chahardangeh, Sari. Specifically, we measured the total phenolic content and antioxidant
capacity using DPPH in leaf samples collected from three distinct elevation zones (1300-1400, 1400-1500, 1500-1600).
The results indicated that as altitude increased, the mean total phenolic content rose from 6,801.1 mg GAE/Kg FW at an
altitude of 1,300—1,400 meters to 11759.8 mg GAE/Kg FW at 1,500-1,600 meters. Similarly, the mean DPPH radical
scavenging activity increased from 72.9% at 1,300—1,400 meters to 87.9% at 1,500—1,600 meters. Understanding how
altitude affects the production of secondary metabolites in medicinal plants is crucial, both scientifically and practically,
in the context of climate change scenarios. This research provides valuable insights into the relationship between altitude
and secondary metabolite accumulation in V. thapsus, highlighting the plant’s biochemical response to this crucial
ecological factor.

Keywords: Phytochemistry, Mountain grasslands, Bioactive compounds
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1. INTRODUCTION

Iran's varied climate and geography support a rich array of flora, featuring numerous plant species known for their notable
medicinal properties. Recent scientific advancements have sparked increased interest in substituting synthetic components
in pharmaceuticals with natural, plant-based alternatives. In various nations, these natural compounds have become vital
to contemporary healthcare and therapeutic practices, indicating a worldwide transition towards more sustainable and
biocompatible treatment methods (Ji et al., 2009). Iran boasts a variety of ecological conditions that support the growth
of more than 2,500 species of medicinal plants. Numerous studies have shown that many of these plants harbor valuable
bioactive compounds, offering potential uses in the pharmaceutical, food, and cosmetic sectors. By enhancing research
infrastructure and combining traditional knowledge with modern scientific methods, we can discover and commercialize
new compounds that hold significant value (Azarnivand & Zare Chahooki, 2010). Multiple factors can affect both the
quantity and quality of secondary metabolites in medicinal plants. These factors include the specific plant part utilized,
the species of the plant, ecological conditions, phenological stages, biotic stresses like grazing, harvesting time, post-
harvest management, and the method of extracting active compounds (Feduraev et al., 2019). Verbascum thapsus L., a
biennial member of the Scrophulariaceae family, can reach heights exceeding 2 meters. Its small yellow flowers are
closely grouped along a tall flowering stem that emerges from a substantial rosette of basal leaves. This plant thrives in
diverse habitats but favors sunny locations. It can germinate from long-lived seeds, which remain viable in the soil for
many years. As a herbaceous species, V. thapsus disperses quickly by producing a large number of seeds (Badad et al.,
2023). From a phytochemical standpoint, V. thapsus yields various secondary metabolites, such as phenylethanoid
glycosides, iridoid glycosides, tetraglycosidic triterpenes, saponins, terpenes, flavonoids, carotenoids, and carbohydrates
(Jan et al., 2022). This plant is known for a multitude of biological activities, including antiviral, antioxidant, analgesic,
sedative, anti-inflammatory, hypnotic, antibacterial, antifungal, and anticancer effects (Gupta et al., 2022). Considering
this species is found in mountainous habitats, we aimed to study the variations in phenolic compounds and antioxidants
along an altitude gradient.

2. MATERIAL AND METHOD

Mazandaran Province, with an area of approximately 23,756 square kilometers, is bordered by Golestan Province to the
east, Gilan Province to the west, and Semnan, Tehran, Alborz, and Qazvin to the south. This study was conducted in the
rangelands of the Chahardangeh region, Sari County, Mazandaran Province, located at a longitude of 53°43'36"E and a
latitude of 36°26'55"N. The average annual precipitation in this area is approximately 300 mm, with a yearly mean
temperature of 11°C. Field surveys were carried out to identify the distribution of Verbascum thapsus across different
elevation ranges (1300-1400 m, 1400—-1500 m, and 1500-1600 m above sea level). To investigate the effect of elevation
on the antioxidant activity of the studied species, 12 individual plants were randomly selected from their growing areas
within each elevation range. Sufficient leaf samples were collected from each plant in triplicate during the full flowering
stage. Notably, after harvesting the leaves from the 12 plants, the samples were mixed in three sets of four replicates each,
resulting in 3 samples per elevation range and 9 samples across all three elevation ranges. The collected samples were
then transported to the laboratory under appropriate conditions. Total phenolic content was determined using the Folin-
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Ciocalteu colorimetric method with gallic acid as the standard(Singleton et al., 1999), and antioxidant activity was
assessed via the DPPH radical scavenging assay(Brand-Williams et al., 1995). Principal Component Analysis (PCA)
was employed to examine the relationship between the total phenolic content, antioxidant capacity of the target
plant's leaves, and the specified altitudes. A heatmap was also generated to visualize this relationship better.

3. RESULTS
TPC (mg GAE/Kg FW) DPPH (%)
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Figurel. Mean£SE (n=3) of TPC and DPPH in three altitudes.

In the analysis of variance for the evaluated parameters (Table 1), the lowest F-value was observed for DPPH, while the
highest belonged to TPC. It is noteworthy that both TPC and DPPH parameters were statistically significant. According
to the mean comparison chart (Figure 1), the values of the parameters increased with elevation; therefore, the highest
levels of TPC and DPPH were recorded at the 1500—1600 m elevation range.

Table 1. Analysis of variance (ANOVA) results for TPC and DPPH parameters

Factor ‘ Df F-value ‘ Significance level
TPC (mg GAE/Kg FW) 3 93.33 P <0.001
DPPH (%) 3 30.35 P <0.001

PCA - Biplot
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Figure2. Biplot of Principal Component Analysis (PCA) based on total phenolic content (TPC) and antioxidant capacity

(DPPH) in samples from different altitudes (1400, 1500, and 1600 m).

Principal Component Analysis (PCA) in Figure 2, showed that the first component (Dim1), accounting for 95.6% of the
variance, provided the most significant separation among the samples based on altitude. Samples from the 1600 m
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elevation exhibited the highest total phenolic content (TPC) and antioxidant capacity (DPPH) levels. Higher altitude is at
the positive end of PCA1, while 1400m is at the negative end of PCALI.
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Figure3. The heat map shows TPC and DPPH values at different altitudes.

The heatmap clustering(Figure 3) indicates that both TPC and DPPH levels are substantially higher at 1600 m than at
lower altitudes. Also, parameters at 1400 m are located in separate clusters.

4. DISCUSSION AND CONCLUSIONS

Research indicates that temperature, relative humidity, wind speed, and light intensity variations at higher altitudes can
change how plants respond physiologically, influencing their secondary metabolite composition (Hashim et al., 2020). In
this study, the measured parameters were found to increase with elevation, reaching the highest total phenolic content
(TPC) and DPPH levels at an altitude of 1500—-1600 m. Likewise, a study of Tartary buckwheat seeds and hulls reported
a notable rise in total phenol content and antioxidant potential with increasing altitude (Kishore et al., 2010). A similar
increase in total phenol content and DPPH antioxidant activity with altitude was observed in Paconia emodi, an important
plant found in the Himalayas (Joshi et al., 2022). This trend was also noted in Taxus wallichiana (Adhikari et al., 2022).
The elevation-related rise in TPC and DPPH is thought to result from enhanced biosynthetic pathways for phenolic
compounds in Verbascum thapsus, leading to greater total phenol content and antioxidant activity (Rana et al., 2020).
Higher altitudes correlate with increased oxidative stress due to reduced oxygen pressure and heightened UV radiation.
This stress drives plants to bolster their antioxidant defenses, resulting in increased production of phenolic compounds
and antioxidant enzymes (Cui et al., 2016). Additionally, plants at higher elevations face more extreme temperatures and
elevated UV radiation, which can harm cellular components. To counteract this damage, they produce more phenolic
compounds that serve as UV shields and antioxidants (Agrawal et al., 2024). Furthermore, at elevated altitudes, plants
often increase the synthesis of secondary metabolites like phenols, flavonoids, and tannins. These compounds exhibit
potent antioxidant properties and are crucial for safeguarding the plant from environmental stresses. While further
research is necessary to fully comprehend how altitude affects the total phenol content and antioxidant capacity of
Verbascum thapsus, existing evidence highlights altitude's vital role in regulating secondary metabolite production in this
species. More in-depth studies could provide deeper insights into this phenomenon, aiding in the enhancement of yield
and quality in medicinal plants. Thus, altitude significantly influences both the composition and concentration of
secondary metabolites in plants.
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A Bibliometric Review on Compressed Air Energy Storage System

HAMZA GEREKAN*'3 ASIM SINAN KARAKURT?, IBRAHIM OZSARTI?

Abstract: While the demand for energy is increasing day by day, the environmental impacts of fossil fuels are increasing.
For this reason, the trend towards renewable energy sources has gained momentum. Compressed air energy storage
(CAES) systems have attracted attention as one of the renewable energy source alternatives. In this study, 1592 articles
obtained from Web of Science in BibTeX format in 2000-2024 were analyzed using the Biblioshiny interface in
Bibliometrix in R Studio. “Word Cloud”, ‘Annual Scientific Production’, ‘Most Relevant Sources’, ‘Most Relevant
Authors’, ‘Most Relevant Affiliations’, ‘Co-occurance Network’, ‘Co-citation Network’ and ‘Collaboration Network’
graphical and network outputs were obtained. As a result of these analyzes, it was determined that the annual number of
publications varied between 0-8 in the years 2000-2010; gradually increased between 27-77 in 2012-2017; increased
between 102-209 in 2018-2023; and reached a peak in 2024 and 262 articles were published. The journals that published
the most articles are Journal of Energy with 241 articles, Energy journal with 185 articles and Applied Energy journal
with 125 articles. Chen H. published 96 articles and Xu Y. published 69 articles on CAES. As institutions; Instute of
Engineering Thermophysics and Xi'an Jiaotong University were found to be very active in this subject by publishing 212
and 205 articles, respectively. In the institutional distribution analysis, it is understood that CAES-related studies are
carried out in Chinese-dominated institutions. In the “Co-occurance network™ analysis, it was found that the terms
“Optimization”, “Performance”, “System”, “Simulation”, “Design” and “Thermodynamic Analysis” were used together.
In the “Co-citation Network” map, Budt M. (2016), Luo X. (2015) and Alirahimi SM. (2021) studies formed the main
clusters, and in the “Collaboration Network™ analysis, it was seen that collaborations among Chinese authors were intense
and there were many co-authorship organizations. As a result, it is predicted that the number of publications related to
CAES has increased steadily over the last 25 years; the main focuses are performance optimization and simulation-based
designs, and international collaborations will increase thematic diversity in the future.

Keywords: Compressed air energy storage, energy storage, bibliometric analysis, research trends
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1. INTRODUCTION

The rapid increase in the world's energy use has bolstered economic expansion while intensifying its effects on the
environment. Energy consumption has grown by 2.2% a year due to expansion in industry, transportation, and services;
this has an impact on energy prices and causes adjustments to cost and export balances (Mujtaba et al., 2022).
Consequently, the usage of fossil fuels in energy production has caused CO- emissions, accounting for almost 75% of all
CO: emissions. Measures to lessen the carbon footprint have to be put in place because of the rise in emissions
(Friedlingstein et al., 2022). Because renewable energy sources are intermittent, energy storage has become essential in
response to the growing demand for them (Dominguez et al., 2025). To address this demand, a variety of storage
systems—including thermal, mechanical, chemical, electrochemical, electromagnetic, and hybrid—have been create
(Chen et al., 2009). While Pumped Storage Hydroelectric Power Plants (PDHES) and Compressed Air Energy Storage
(CAES) systems are notable for mechanical storage, Phase Change Materials (PCM) and Thermal Energy Storages (TES)
are utilized for thermal storage (Budt et al., 2016). Batteries and battery technology are employed for electrochemical
storage, although synthetic fuels are favored for chemical storage (Ratz et al., 2020). Although electromagnetic storage
uses supercapacitors and superconducting magnetic materials, hybrid storage combines these technologies. Compressed
air energy storage (CAES) systems employ a compressor to pressurize and store air, which is then later used by a turbine
to produce electricity (Shanmugam et al., 2024; Xie et al., 2020). Power grids, wind and solar power plants, ships,
industrial buildings, and undersea constructions may all include these technologies(Gronman et al., 2025a; Narasimalu &
Chelliah, 2018). Diabatic (D-CAES), adiabatic (A-CAES), isothermal (I-CAES), and liquefied air energy storage (LAES)
are the four categories of CAES technology; in D-CAES, the heat generated during compression is released into the
environment (Zohbi, 2019). This heat is recycled during discharge in A-CAES (Fan et al., 2025). The pressurization and
discharge procedures in [-CAES are conducted at a temperature that is constant or almost constant (Zhao et al., 2024).
Cryogenic tanks are used in LAES to store liquid air (Fang & Zhang, 2022). The quantitative features of scientific
publications are revealed by bibliometric analysis, which makes it possible to examine current research trends, citation
networks, and partnerships (Donthu et al., 2021). Tools like VOSviewer and Biblioshiny may be used to visualize
conceptual maps of research, keyword clusters, and country/author performances (Secinaro et al., 2020; van Eck &
Waltman, 2010). Karakurt et al., 2022 reviewed steam turbine studies from 2000 to 2020, whereas Ozsari, 2023a, the
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bibliometric analysis approach was used to examine the literature produced in the field of exercise between 1992 and
2021, and scientific impact criteria were used to assess the leading nations, authors, journals, and institutions, also Ozsari,
2023b evaluated hydrogen energy research from 1992 to 2021. In the study Karadag et al., 2024, almost 19,000 papers in
the Scopus database between 2000 and 2023 were examined using the bibliometric analysis approach to assess research
trends, notable authors, institutions, and primary research themes on thermal energy storage (TES) systems. Bibliometric
mapping on pumped hydroelectric energy storage by, Odoi-Yorke et al., 2024 bibliometric mapping on energy storage
technologies from 2013-2022 by Grénman et al., 2025, and Borri et al., 2022 A bibliometric analysis of 350 CAES
articles demonstrates how the discipline has evolved. Only the Biblioshiny interface and the Python programming
language were utilized, and this study has more datasets (1592 papers published between 2000 and 2024) than the research
of Borri et al., 2022 (Aria & Cuccurullo, 2017).

2. MATERIAL AND METHOD

All data used in this study were accessed through Web of Science. Data between 2000 and 2024 were used and only
articles that contain the phrase “Compressed Air Energy Storage” in the title, record or keywords and only articles in the
article type were included in the research. As a result of the aforementioned research, 1592 articles were found. The
articles found were exported in BibTeX format. Exporting was done by selecting “Full Record and Cited References”.
As a result, a full-text output of the articles was obtained, including bibliographic information and citations in the
bibliography. Then, using the Biblioshiny interface in the Bibliometrix package running in R Studio, the exported
documents were uploaded to the system for the necessary analysis. A “World Cloud” was created through the
“Documents” section in Biblioshiny and a map diagram of the most used keywords was obtained. With the “Annual
Scientific Production” in the “Overview” section, a graph of how many studies were conducted year by year in 2000-
2024 was obtained. Afterwards, with the help of “Most Relevent Sources” in the “Sources” section, a graph was obtained
about how many publications were made in which journals on the subject. With the “Most Relevant Authors” in the
“Authors” section, a graph was prepared to show which authors conducted the most studies on the subject and how many
of them. Through “Most Relevant Affiliations”, a graph showing the information about the institutions working on the
subject and how many studies they have conducted was prepared. “Co-occurance Network” was selected by selecting
‘Conceptual Structure’ from the menu. Here, the connections of terms with each other are shown as clusters. By selecting
“Co-Citation Network” from the “Intellectual Structure” menu, a network map was created to show which sources are
cited more by those who work on the subject together. Finally, by selecting “Collaboration Network™ from the “Social
Structure” section, their joint publications and collaboration links with other researchers were shown as a network map.
The obtained graphics and network maps were created in PNG format and made ready to be displayed in the “Results”
section by making them dominant with appropriate scale, label size and color codes.

3. RESULTS AND DISCUSSION

The major ideas that are prevalent in the research are shown by the word cloud shown in Figure 1. The phrases
"optimization" and "performance" are used most frequently, which suggests that energy systems analysis and
improvement procedures are centered on efficiency. Thermodynamic-based modeling and simulation studies are also at
the forefront, particularly for the design and integration of compressed air energy storage (CAES) systems, as indicated
by terminology like "system," "simulation," and "thermodynamic analysis."
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Figure 1. Shows the proportionate distribution of the most popular terms in CAES research papers from 2000 to 2024

The yearly production of scientific articles from 2000 to 2024 is depicted in Figure 2. The number of publications fell
from two to zero between 2000 and 2003, showing a near total halt in research production. The annual number of
publications remained low between 2004 and 2010, ranging from 2 to 8. The notable upward trend, which began with 17
publications in 2011, proceeded with 38 publications in 2012, 63 publications in 2014, 102 publications in 2018, 190
publications in 2021, and then peaked in 2024 with 262 publications. This consistent rise indicates that the field's study
agenda is broadening and that scholarly interest is rising quickly.
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Figure 2. Shows the publication and citation timeline for CAES from 2000 to 2024

With 241 articles, the Journal of Energy Storage ranks first in the field's top publishing sources, followed by Energy
(185), Applied Energy (125) and Energy Conversion and Management (120), according to the graph in Figure 3. The
International Journal of Energy Research (28), Journal of Cleaner Production (22) and International Journal of Electrical
Power & Energy Systems (18) have less publications than Energies (79), Renewable Energy (53) and Applied Thermal
Engineering (52), which have moderate contributions. This distribution shows how scholarly activity is concentrated in a
small number of high-impact journals and how important these journals are to the subject.

JOURNAL OF ENERGY STORAGE ‘L41
ENERGY .155
APPLIED ENERGY . 125
ENERGY CONVERSION AND MANAGEMENT . 120

ENERGIES Q7

Sources

RENEWABLE ENERGY o 53
APPLIED THERMAL ENGINEERING o 52
INTERNATIONAL JOURNAL OF ENERGY RESEARCH @ 28
JOURNAL OF CLEANER PRODUCTION © 22

INTERNATIONAL JOURNAL OF ELECTRICAL POWER & ENERGY o 18

0 50 100 150 200 250
Number of Documents

Figure 3. The scientific sources that published the most on CAES between 2000 and 2024

CHEN H is by far the most prolific researcher with 96 documents, followed by XU Y with 69 documents and LI Y with
64 documents, according to the comparative distribution of the number of papers published by the 10 researchers with
the greatest document output shown in Figure 4. With 38 documents, WANG Y contributed the least to the lower section,
suggesting that CHEN H performs noticeably better than other writers in terms of productivity.
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Figure 4. From 2000 to 2024, the authors that contributed the most scientifically to CAES

The comparative distribution of the top ten universities for article creation is displayed in Figure 5. North China Electric
Power University (129), University of Waterloo (102) and Tsinghua University (95) comprise the middle segment, while
the three top-ranked institutions are the Institute of Engineering Thermophysics (212 papers), Xi'an Jiaotong University
(205) and the University of Chinese Academy of Sciences (170). With 55 publications, Islamic Azad University is at the

bottom of the list.
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Figure 5. Organizations and institutions that published the most in CAES between 2000 and 2024

Three separate topic clusters in CAES research are depicted in the keyword co-occurrence network in Figure 6. While the
second cluster (green) points to thermodynamic design and efficiency concerns with the keys "thermodynamic analysis,"
"design," and "exergy analysis," the first cluster (red) is focused on "optimization," "system performance," and "CAES,"
with an emphasis on enhancing system performance. With terms like "temperature,” "pressure variations," and "caverns,"
the smaller third cluster (blue) stands for experimental and field-oriented parametric research.
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Figure 6. Analysis of co-occurrence networks demonstrating concurrent phrase transitions

The author of the co-citation network study Budt m 2016 is situated in the core of the network with high betweenness and
PageRank values, marking a methodological milestone, according to the network graph in Figure 7. The graph's blue-
coded studies concentrate on a methodological approach, whilst the red-coded studies highlight thematic variations in
practice. The second category is well-represented by the writers of Razmi a 2019 and Alirahmi sm 2021, highlighting the
literature's topic richness and the rigor of scholarly exchange.
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Figure 7. Co-citation network analysis illustrating the connections among authors who have been co-cited in the literature

The structure and clustering patterns of academic relationships between authors are displayed in the Collaboration
Network shown in Figure 8. According to the graph, authors like Chen H., Yang Y., Wang H., Wang J., and Chen X.
serve as links between various study groups and are positioned in the network's core with high betweenness centrality
values. This demonstrates how crucial these writers are to preserving scientific engagement and fostering
multidisciplinary partnerships.
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Figure 8. Visualization of the collaboration network among writers working on collaborative projects in the literature
4. CONCLUSIONS

In this study, 1592 articles with the keyword “Compressed Air Energy Storage” between 2000 and 2024 were analyzed
by bibliometric analysis through Web of Science. Necessary analyses were created with the biblioshiny interface of
bibliometrix in the R Studio program. The graphs and network maps obtained as a result of the analyzes allowed a deeper
examination of research trends related to CAES. According to the “Annual Scientific Production” graph, it was observed
that between 27-72 articles related to CAES were published between 2012-2016, with a significant increase after 2016.
102 articles were published in 2018, 190 in 2021 and 262 in 2024. With this increase, it is inferred that the interest in
renewable energy systems and the need for energy storage systems have increased worldwide. With the “Most Relevant
Sources” graph, the journals that published the most articles in the field of CAES were obtained. The most prominent
journals here are: Journal of Energy Storage (241), Energy (185) and Applied Energy (125). These journals are the leading
publications in the fields of energy technologies and engineering. When the “Most Relevant Authors” graph is analyzed,
it is seen that Chen H. published 96 articles, Xu Y. 69 articles and L1 Y. 64 articles on CAES and it is determined that
they are the authors who published the most articles on this subject. Looking at the “Most Relevant Affiliations™ graph,
it was seen that Insitute of Engineering Thermophysics (212 articles) and Xi'an Jiatong University (205 articles) were the
institutions that published the most studies on CAES. As a result, it was found that the majority of the studies on the
subject originated from China. Therefore, it is understood that there are intensive academic and industrial studies on
CAES in China. With the “Co-occurance Network” network map, the frequency of co-occurrence of the most commonly

LEINNT3

used key concepts in the literature was analyzed. Here, it was noticed that the terms “performance”, “optimization”,
“system”, “simulation”, “design” and “thermodynamic analysis” were frequently used together and dense clusters were
formed. It was then realized that CAES-related work is also linked to system efficiency, performance evaluation and
engineering-based modeling processes. Using the “Co-citation Network™ network map, it was concluded that studies such
as Budt M. (2016), Raju M. (2012) and Luo X. (2015) are among the main references related to CAES and cited by the
authors. These studies provided important findings for thermodynamic analysis, system design and economic evaluation
of CAES systems. The “Collaboration Network” network map shows that international collaborations are increasing day
by day and there are clusters around 5 main researcher teams (Chen H., Yang Y., Wang H., Wang J. and Chen X.). As a
result, it is observed that most of the CAES-related studies are conducted in universities and research institutions in China.
It is foreseen that in the future, research on “optimization”, “integrated system analysis”, “renewable energy integration”,
“economic assessment” and “sustainability” will increase in the literature. Bibliometric analyses in this direction will be

very helpful to follow the development process of the field and to find new areas of study.
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Different Methods of Speed Control of Switched Reluctance Motors Drives:
An Overview*
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Abstract: Electric Drives with Switched Reluctance Motor (SRM) are driving innovation across industries and they are
used in different applications such as: general purpose industrial drives; domestic drives: washing machines, vacuum
cleaners; electric vehicle; aircraft applications; compressors, fans, pumps, centrifuges etc. Usage in important applications
and the advantages of SRM motor like robust construction, easy maintenance and low cost, flexible controls, and the
ability to operate in harsh environments such as high temperatures and high pressure made the SRM an alternative to both
alternative and direct current machines used in adjustable electric drives. The SRM also comes with a few disadvantages
among which torque ripple and acoustic noise are the most critical. The double saliency construction and the discrete
nature of torque production by the independent phases lead to higher torque ripple compared with other machines. The
aim of this paper is to present a literature review on the electric drives with SRM knowing that these electric drives are
more efficient, reliable, and sustainable drives. In particular, the focus will be on the different methods of speed control
of the electric drives with SRM. Based on the reviewed literature will be discussed the advantages, disadvantages and the
performance of various types of speed control methods in terms of their efficiency, reliability and robust work for the
different applications. The key contribution of the paper is to provide a valuable basis for detailed analyses of the electric
drives with SRM focus on, advanced control, sensing technologies and sustainability.

Keywords: Switched Reluctance Motor, control method, applications, reviewed literature.
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1. INTRODUCTION

Switched Reluctance Motors (SRMs) are gaining popularity and have emerged as promising candidates for industrial,
automotive, and renewable energy applications due to their fault tolerance, rugged construction, and high-speed
capabilities. However, their highly nonlinear and complex dynamics make speed control challenging. Various control
strategies have been developed to regulate SRM speed effectively. This review discusses the key speed control methods,
their advantages, and limitations, such as double-salient structure, magnetic saturation, and torque ripple, which pose
significant challenges for speed regulation. This section reviews the evolution of SRM speed control strategies,
emphasizing conventional, advanced, and hybrid methods, as well as recent trends in artificial intelligence (Al)-based
approaches.

2. DIFFERENT METHODS OF SPEED CONTROL OF SWITCHED RELUCTANCE MOTORS DRIVES

In this section, are presented some different methods of speed control of Switched Reluctance Motors Drives. They are
classified in three categories: in Conventional Control Methods, Advanced Control Strategies and Hybrid Control
Techniques. Below we will see how it is classified each of them.

2.1. Conventional Control Methods

Conventional Control Methods include three subcategories: (a) Hysteresis (Bang-Bang) Control, (b) Proportional-
Integral (PI) Control and (c¢) Proportional-Integral-Derivative (PID) Control. Each of them has its principle,
advantages and disadvantages.

(a) Hysteresis (Bang-Bang) Control: Hysteresis control, one of the earliest methods, regulates phase currents within
predefined bands to track speed references. While simple, its high torque ripple and acoustic noise due to variable
switching frequencies were critical drawbacks. Husain & Ehsani (1996) demonstrated its viability for low-cost
applications but highlighted the need for supplementary ripple mitigation techniques. The motor speed is controlled by
switching the phase currents between upper and lower hysteresis bands. The controller compares the actual speed with a
reference speed and switches the motor phases ON/OFF when the speed error exceeds a predefined hysteresis band.

The phase current is regulated within upper and lower bounds. This method has a simple implementation and a fast
dynamic response, but it has a high torque ripple and variable switching frequency which causes acoustic noise.
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(b) Proportional-Integral (PI) Control: A PI controller adjusts the duty cycle of the converter to minimize speed error.
This method has two major advantages: Well-established and easy to tune and good steady-state performance, but it has
poor performance under dynamic load changes due to SRM nonlinearities and requires gain scheduling for wide speed
ranges.

(c) Proportional-Integral-Derivative (PID) Control: Enhances PI control by adding a derivative term for better
transient response. A Proportional-Integral (PI) or Proportional-Integral-Derivative (PID) controller adjusts the duty cycle
of the converter to minimize speed error. The integral term eliminates steady-state error, while the derivative term
improves transient response. Linear PI/PID controllers became popular for their steady-state accuracy and ease of tuning.
However, their performance degrades under SRM nonlinearities and dynamic load changes. Lee et al. (2015) proposed
gain-scheduling PID to adapt to varying operating points, but the method required extensive empirical tuning.
Proportional-Integral-Derivative (PID) Control improves dynamic response compared to PI, but it is very sensitive to
noise (derivative action) and still struggles with nonlinearities.

2.2. Advanced Control Strategies

To address nonlinearities, researchers shifted to model-based and intelligent control techniques.

Advanced Control Strategies include five subcategories: (a) Sliding Mode Control (SMC), (b) Fuzzy Logic Control
(FLC), (c) Adaptive Control, (d) Model Predictive Control (MPC) and (e) Neural Network-Based Control. Let’s
see their principle, advantages and disadvantages.

(a) Sliding Mode Control (SMC): It uses a discontinuous control law to drive the system toward a sliding surface,
ensuring robustness. Forces the system trajectory to slide along a predefined surface (sliding surface) using a
discontinuous control law. This control methods are it’s robust against parameter variations and disturbances and good
dynamic response, but it has a chattering effect (high- frequency switching) and a complex tuning.

SMC gained traction for its robustness against parameter variations. By forcing the system trajectory onto a sliding
surface, SMC minimizes sensitivity to disturbances. Sahoo & Panda (2008) reduced torque ripple by 30% using SMC but
noted chattering issues. Recent work by Zhang et al. (2020) integrated boundary layer techniques to suppress chattering
while retaining robustness.

(b) Fuzzy Logic Control (FLC): Uses heuristic rules (IF-THEN) to adjust control inputs without requiring a precise
mathematical model. It handles nonlinearities effectively and it has no need for exact system modeling. The disadvantages
of this method it is that it is very computationally intensive. FLC eliminates dependency on precise mathematical models
by using heuristic rules. Li & Shamsi (2014) achieved 15% lower torque ripple compared to PI in EV applications.
However, designing optimal rule bases remains subjective, as noted by Lee & Ahn (2019).

(c) Adaptive Control: This control method continuously adjusts controller parameters based on real-time system
behavior. Its advantages are self-tuning capability for varying operating conditions and improved performance over fixed-
gain controllers. Despite the advantages, it has a complex implementation and requires accurate system identification.
(d) Model Predictive Control (MPC): Optimizes future control actions based on a predictive model of the SRM. It
handles constraints (e.g., current/voltage limits) effectively and has a good dynamic performance, but this method requires
an accurate motor model and has high computational burden. MPC optimizes future control actions using a predictive
computational complexity. Recent advancements in explicit MPC (Torres et al., 2022) reduced online computation,
making it feasible for real-time applications.

(e) Neural Network-Based Control: This control method uses Al to learn and adapt to SRM dynamics. It can model
highly nonlinear systems and improves with training data, but it requires extensive training and it is very challenging to
be implemented in Real-time. Neural networks (NNs) and reinforcement learning (RL) are emerging to handle SRM
nonlinearities adaptively. Zhang et al. (2022) used deep RL to achieve near-optimal speed tracking without prior
modeling. However, training data requirements and hardware limitations hinder industrial adoption.

2.3. Hybrid Control Techniques

These methods balance robustness and complexity but require careful integration to avoid instability. To overcome
individual limitations, hybrid methods combine two or more strategies, such as:

Fuzzy-PI Control: Fuzzy logic adjusts PI gains dynamically.

SMC with PID: Sliding mode provides robustness while PID improves steady-state performance.

Adaptive Fuzzy-Neural Control: Combines learning capability of neural networks with fuzzy logic’s rule-based
approach.

Below we have presented a comparative analysis of the above-mentioned control methods in tabular form in terms of

Robustness, Complexity, Torque Ripple, Dynamic Response and Implementation Ease and in terms of advantages,
disadvantages and their applications.
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Table 1. Comparative analysis

Control Method Robustness Complexity ]l;(i;([l)lll: RDZ;?OI:;Z Implellzn:sl;tation
Hysteresis (Bang-Bang) Low Low High Fast Easy
PI/PID Medium Low-Medium Medium Moderate Easy
Sliding Mode (SMC) High Medium Low-Medium Fast Moderate
Fuzzy Logic (FLC) High Medium-High Low Good Moderate
l(\l/:/;)l()lél)Predictive High High Very Low Excellent Complex
Neural Networks Very High Very High Very Low Excellent Very Complex

Table 2. Comparative analysis focusing on advantages, disadvantages and type of application

Control Method Advantages Disadvantages Applications

Hysteresis (Bang-Bang) | Simple and easy to High torque ripple due to Low-cost applications
implement. abrupt switching. where torque ripple is not
Fast dynamic response. Variable sw1t.ch1ng frequency crltlpa}. . .

causes acoustic noise. Basic industrial drives.
No need for complex
) Poor performance at very
modeling. low/high speeds.

PI/PID Well-established and Poor performance under Industrial motor drives
easy to tune. nonlinear loads (SRM has with moderate dynamic
Good steady-state nonlinear inductance). requirements.

Requires gain scheduling for Systems where simplicity
accuracy. . . .
. wide speed ranges. is preferred over high
Works well for linear Derivative noise amplification | performance.
systems. (in PID).

Sliding Mode (SMC) Robust against load Chattering problem (high- High-performance drives
disturbances & frequency switching). (e.g., electric vehicles).
parameter variations. Requires careful tuning of Systems requiring
Fast dynamic response. sliding coefficients. robustness against
Works well for uncertainties.
nonlinear systems.

Fuzzy Logic (FLC) No need for precise Rule-base design is heuristic Home appliances, HVAC
mathematical modeling. | (requires expertise). systems.

Handles nonlinearities Computationally heavier than Industrial drives with
effectively. PL varying loads.

Good for uncertain

systems.

Model Predictive (MPC) | Handles constraints High computational load. High-performance servo
(current, voltage limits). | Requires accurate SRM model. | drives.

Excellent dynamic Aerospace & automotive
performance. applications.
Low torque ripple.

Neural Networks Self-learning capability. | Requires large training data. Cutting-edge research
Can model highly Real-time implementation (e.g., autonomous robots).
nonlinear systems. challenges. Future smart motor

drives.

Based on the advantages and disadvantages of each control method, the table below presents the relevant
recommendations regarding the field of application of each method.
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Table 3. Reccomended Control Method

Application Recommended Control Method

Low-cost, simple

. Hysteresis / PI Control
drives

Industrial automation Fuzzy-P1 / Adaptive Control

High-performance
EVs

Cutting-edge research Neural Networks / Deep RL

MPC / Sliding Mode Control

3. RESULTS

Below we have presented a comparative analysis and research gaps. A synthesis of recent studies reveals the following
trends:

Table 4. A synthesis of recent studies focusing on strengths,limitations and industrial adoption

RN Industrial
Method Strengths Limitations Rilontion
. T High ripple, poor .
Hysteresis/PI | Simplicity, low cost dynamics Widely adopted
SMC/FLC Robustness, adaptability Heurlst'lc design, Moderate
chattering
MPC Optimal performance Computational cost Emerging
Self-learning, - . .
Al-Based adaptability Data/training requirements | Experimental
Research Gaps:

Real-Time Implementation: Most Al and MPC methods are simulation-proven but lack hardware validation.
Standardization: No universal framework for hybrid controller design.
Cost-Complexity Trade-off: High-performance methods (e.g., MPC) remain expensive for mass-market applications.

Recent Trends (2020-2024)

Edge Al for SRM Control: Deploying lightweight NNs on microcontrollers (TinyML).
Digital Twin-Assisted Control: Using real-time digital twins for predictive maintenance.
Wide Bandgap (WBG) Converters: SiC/GaN-based drives enabling high-frequency MPC.

4. DISCUSSION AND CONCLUSIONS

While conventional methods dominate industrial applications due to their simplicity, advanced strategies like MPC and
Al-based control are reshaping high-performance domains. Future research should prioritize real-time implementation,
hardware-in-loop validation, and cost reduction to bridge the gap between academia and industry. The SRM drive is a
rapidly evolving technology with significant potential, but several challenges remain unresolved. The future of SRM
drives hinges on solving torque ripple, noise, and control complexity while leveraging AI, WBG devices, and digital
twins. If these challenges are addressed, SRMs could disrupt industries like EVs, aerospace, and industrial automation.
Below are the key future research areas and open discussions in academia and industry:

1. Torque Ripple Mitigation

Current Challenge: SRMs inherently produce high torque ripple (10-25%), causing vibration and acoustic noise.
Future Research Directions:

Advanced Control Algorithms: Hybrid MPC + Al (e.g., reinforcement learning for real-time ripple optimization). Iterative
learning control (ILC) for repetitive load cycles.

Machine Learning-Based Compensation: Neural networks to predict and cancel ripple dynamically.

Novel Motor Designs: Segmented rotor or dual-stator SRMs for smoother torque.

Open Questions: Can torque ripple be reduced to <5% without compromising efficiency? How to implement Al-based
ripple control in real-time embedded systems?

2. Acoustic Noise Reduction

Current Challenge: High-frequency switching and radial magnetic forces generate noise (7090 dB).
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Future Research Directions:

Active Noise Cancellation (ANC): Using anti-phase current injection to cancel vibrations.

Soft Switching Techniques: Resonant converters (e.g., LLC) to reduce dv/dt-induced noise.

Material Science Solutions: Damping materials in motor housings.

Open Questions: Can SRMs achieve noise levels comparable to BLDC/PMSM motors? Is sensorless ANC feasible
without increasing cost?

3. Sensorless Control Advancements

Current Challenge: Most SRM drives rely on encoders, increasing cost and reducing reliability.

Future Research Directions: High-Frequency Injection (HFI) Methods:

Pulsing high-frequency signals to estimate rotor position.

Flux/Current Observer Techniques: Sliding-mode observers, Kalman filters, and Al-based estimators.

Self-Sensing SRMs: Using saliency-tracking algorithms for position estimation.

Open Questions: Can sensorless SRMs achieve <1° position error at zero speed? How to handle magnetic saturation
effects in sensorless schemes?

4. AI and Digital Twin Integration

Current Challenge: Traditional control struggles with SRM nonlinearities under varying loads.

Future Research Directions:

Deep Reinforcement Learning (DRL): Autonomous tuning of controllers under dynamic conditions.

Digital Twin-Assisted Control: Real-time motor emulation for predictive maintenance and fault detection.

Edge Al for SRMs:Deploying lightweight neural networks on microcontrollers (TinyML).

Open Questions:Can Al replace classical control entirely, or will hybrid approaches dominate? How to ensure real-time
inference on low-cost hardware?

5. Wide Bandgap (WBG) Semiconductor Adoption

Current Challenge:Silicon (Si) IGBTSs limit switching frequency, increasing losses.

Future Research Directions:SiC/GaN-Based SRM Drives:

Enabling 100+ kHz switching for higher efficiency.

Integrated Motor-Drives: Co-packaging WBG devices with motor controllers.

Open Questions: Can WBG devices make SRMs more efficient than PM motors?

How to mitigate EMI issues at ultra-high frequencies?

6. Sustainability and Recycling

Current Challenge: Rare-carth-free SRMs are eco-friendly, but end-of-life recycling is understudied.

Future Research Directions: Circular Economy Models:Designing SRMs for easy disassembly and material recovery.
Second-Life Applications: Repurposing SRMs for energy storage or wind turbines.

Open Questions: Can SRMs become the "greenest" motor option when considering full lifecycle impact?

7. Standardization and Commercialization

Current Challenge:Lack of universal standards limits mass adoption.

Future Research Directions: IEEE/IEC Standardization Efforts:

Defining SRM control protocols, testing procedures. Industry-Academia Collaboration: Moving from lab prototypes to
commercial products (e.g., EVs, HVAC).

Open Questions: Will SRMs replace induction/PMSM motors in any major industry?

What are the cost benchmarks for SRMs to compete with BLDC motors?
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Investigation of Quality Characteristics and Colour Fastness Values of
Cotton Yarns Dyed with Bath Containing PCM Microcapsules

SAADET MIHCI*', SENNUR ALAY AKSOY?

Abstract: This study investigates the yarn quality and colour fastness values of microcapsule-treated combed tricot
yarns during the bobbin dyeing process. The study also investigated the effectiveness of bleaching and
cationisation processes prior to microcapsule application. For this aim, a series of quality tests were carried out on
yarns that had undergone pretreatment processes before dyeing and dyed yarns. The results of these tests indicated
a decline in yarn strength and elongation values following the bleaching process. Conversely, the cationisation
process resulted in enhanced yarn strength, though this varied with the process conditions. Similar results were
obtained for elongation at break. The strength of the yarns also increased after dyeing and microcapsule application
process. This increase is thought to be related to the fact that the microcapsules incorporated into the yarn structure
adhere to the fibre surface and increase the fibre-fibre friction in the yarn cross-section. According to the yarn
unevenness test, CVm values generally did not change after pre-treatment and dyeing processes. However, the
number of thin places varied according to the processing conditions and generally decreased after dyeing. Although
the number of thick places and neps (+200) varied according to the process conditions, it increased with the
bleaching process, generally decreased after the cationisation process and increased after the dyeing process. The
yarn hairiness did not show any significant change after the treatments. According to the colour fastness test results
of the yarns, low fastness values were obtained in cotton staining at washing fastness, and wet rubbing fastness
tests, except for two samples. However, the dry rubbing, acid and alkaline perspiration and water fastness test
results of all the yarns showed acceptable fastness values.

Keywords: Cotton yarn, bobbin dyeing, yarn imperfection, evenness, hairiness, color fastness.
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1. INTRODUCTION

Nowadays, research on the production of garment systems which play a role in the active control of heat and
moisture transfer processes in the body-clothing-environment by adapting to changes in environmental conditions
and activity level has become remarkable (Koncar, 2016). One of the materials used to manufacture these textiles
is phase change materials. Phase change materials (PCMs), also known as latent heat storage materials, are
materials that can absorb and release latent heat energy during phase change processes. These materials melt and
solidify at a certain constant temperature and store and release latent heat energy at high capacity (Giro-Paloma,
2016). When the ambient temperature reaches the melting temperature, the PCM starts to melt and absorbs latent
heat from the environment until the melting is complete. When the temperature drops to the solidification
temperature, the PCM gives back the heat energy stored until the solidification process is completed (Mondal,
2008). The PCMs offer thermoregulation (temperature regulation, supporting the temperature to remain constant
within a certain range) function in cases of sudden temperature changes with the ability to store/dissipate latent
energy during solid-liquid phase change.

When the studies on microcapsule applications to textile structures and industrial applications are examined, it is
generally seen that microcapsule applications are carried out by methods such as impregnation, exhaustion and
coating on the fabric material. When the commercially available microcapsules are examined, it is seen that various
active substances such as pleasant odour, PCM, and antimicrobial agent are microencapsulated for application to
textile materials. It is seen that manufacturers generally recommend the impregnation method and rarely the
exhaustion method for textile application of these microcapsules. To produce yarn containing microcapsules,
placing microcapsules on the fiber cross-section in the synthetic yarn production process is also a commercially
used method. Microcapsule added yarns are limited to the synthetic yarns mentioned, and there is no commercial
product example developed by applying microcapsules to staple yarns made of natural fibres in the national and
international market. The most important reason for this situation is that most of the microcapsule structures
developed do not have a wall structure that will allow them to be efficiently taken up by the fibre by the exhaustion
method and the impregnation method is a more efficient method in terms of fabric application. However, the
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application of microcapsules to the fabric by impregnation method also has serious disadvantages such as the
significant weakening of fabric handle, permeability and strength properties due to the excessive amount of binder
used and the inability to transfer all the excessive amount of microcapsule added to the liquor to the fabric. When
all these issues are evaluated, the development of a process for the application of microcapsules to yarns made of
staple natural or man-made fibres without requiring an additional process and without adversely affecting the yarn
attitude will provide an important development in this regard. From this point of view, in this study, microcapsules
with a wall structure (polymethyl methacrylate-co-glycidyl methacrylate), which have the potential to be applied
to textiles by the exhaustion method, were produced and applied to tricot twisted cotton yarns by bobbin dyeing
process was investigated. In this study, yarn quality parameters of these microcapsule-applied yarns were measured
and the effect of dyeing process and microcapsule application on yarn properties were evaluated.

2. MATERIAL AND METHOD
2.1 MATERIAL

In this study, poly(methyl methacrylate-co-glycidyl methacrylate) (PMMA-co-GMA) walled microcapsules
containing phase change agent (1-tetradecanol), which were produced and characterised in our previous study,
were used (Mih¢1 ve Alay Aksoy, 2023). 100% cotton using the following specifications of yarn were spinned:
yarn counts 20/1, twisted 598 t/m. The yarns were used to knitt single jersey fabric in order to investigate dyeing
properties. For pre-treatment, cationized agent (REWIN FSN, CHT) was used which was determined suitable
conditions both acidic and base. For dyeing, reactive dyestaff was used (compatible inditex). Acrylic based binder
was used in the bond (CHT).

2.2 METHOD
2.2.1. Yarn Test and Analysis

The yarns tested in this study were microcapsule applied and dyed simultaneously with the bobbin dyeing process
in our previous study (Mihg1 ve Alay Aksoy, 2023). The process details of pre-dyeing pre-treatments (such as
bleaching, cationisation) and dyeing process are given in the previous study (Tablo 1). In this study, unlike the
previous study, the technical quality parameters of the yarns were measured and the effect of the pre-treatments
(such as bleaching, cationisation) before dyeing, dyeing-microcapsule application method on the properties and
quality of the yarns was investigated. Colour fastness tests of the fabrics knitted from the yarns were also carried
out.

Table 1. Process information for yarns (Mihg1 ve Alay Aksoy, 2023)

Yarn Cationization Conditions Cationiciser

sample Temperature(°C) pH Time (min.) E(f/n;centration
()

CO-1 90 5,5 60' 20

CO-2 90 9,5 60' 20

CO-3 90 5,5 60' 30

CO-4 90 9,5 60' 30

CO-5 70 5,5 60' 20

CO-6 70 9,5 60' 20

CO-7 70 5,5 60' 30

CO-8 70 9,5 60' 30

In the study, tests were carried out to determine the properties of the produced yarns. Before the measurements
were carried out, the prepared samples were conditioned for 24 hours under standard atmospheric conditions
(20£2°C temperature and 65+2% humidity). The yarns were subjected to strength and irregularity tests. In addition,
colour control after dyeing, colour fastness tests and colour measurements with spectrophotometer were
performed.

2.2.1.1. Yarn Quality Tests

Yarn count measurements were performed according to the skein method specified in TS 244 EN ISO 260 standard
using the yarn spinning wheel shown in Figure 3.10. In the tests, 100 metre skeins prepared with the Zweigle T600
MSH yarn spinning wheel were weighed on a precision balance and the count values were calculated as Ne from
the values obtained. The twisting of the yarns was carried out with Zweigle D 314 twist tester using the opening
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and closing method. The strength tests of the yarns were carried out with Uster Tensorapid 5 yarn strength tester.
The speed of the measuring device was used as 5000 mm/min. For each yarn, 10 tests were carried out according
to TS EN ISO 2062 test standard. As a result of the test, breaking strength (cN/tex) and elongation at break (%)
values were obtained. The unevenness tests of the yarns were carried out on a Uster Tester 6 yarn unevenness
tester. The test speed of the device was set to 800 m/min. For each yarn test, 3 tests were performed in accordance
with ASTM 1425 test standards. As a result of the irregularity test, the results of irregularity (% CVm), thin spot
(-40%), thick spot (+50%), neps (+200%) and hairiness (H) of the yarns were obtained. A light booth was used for
colour comparisons of the yarns produced in the study. The samples were examined under D65 artificial daylight.
For the colour evaluation, a stand was placed at an angle of 45°C and in the same colour as the cabinet and the
image direction was perpendicular to the surface plane.

2.2.1.2. Fastness tests

Wash Fastness: was measured according to ISO 105 C01-C02-C03-C04-C05. 10*4 c¢cm fabric was cut from each
yarn skein about 50 gr. A multifiber adjacant fabric was used and same dimension of multifiber was cut and
attached in one end of fabric by sewing at one of the shorter edges. The following recipe was followed 4g/L ECE
DETERGENT, 1 g/L sodium perborate dissolved in 1L of distilled water was used for the liquor. The fabric was
washed in liquor ratio of 1.5 at 60 C for 30 minutes. The fabric was washed in liquor ratio of 1:50 at 60c for 30
minutes with 10 steel balls in each container.After the washing the fabric it was rinsed three times An then it was
dried etuv. The results of wash fastness were assessed in grey scala.

Perspiration Fastness: was measured according to ISO 105 E04 standardina gore yapilmistir. For experiment
was prepared acidic and base solution. 10¥*4 cm was cut from each yarn about 50 gr three sample. A multifiber
adjacant fabric was used and same dimension of multifiber was cut and attached in one end of fabric by sewing at
one of the shorter edges. The sample was prepared both acidic (pH 5,5) and base (pH 8,5) and waited at room
temperature for 4 hour and dried etuve 37¢ for 4 hour.The results of wash fastness were assessed in grey scala.

Water Fastness: was measured according to ISO 105-E01; 2013. 10*4 cm fabric was cut from each yarn skein
about 50 gr. And a multifiber adjacent fabric was placed the sample and added weight on it for 4 hours. And then
dried etuv at 60c. The results of wash fastness were assessed in grey scala.

Rubbing Fastness: was measured according to the (TS 717 EN ISO 105-X12) 2000, ISO 105-A03. 10*¥20 cm
was cut from each fabric for four sample. As rubbing fabric was used friction cloth. The experiment was done the
devices of crocmeter both wet and dry. The results of wash fastness were assessed in grey scala.

3. RESULTS

Table 2 shows the elongation at break and strength test results of raw and bleached combed cotton yarns, Table 2
shows the elongation at break and strength test results of cationised cotton yarns, Table 4 shows the elongation at
break and strength test results of dyed and microcapsule treated cotton yarns. When the results were examined,
after the bleaching process, the strength values of the yarns decreased. However, the strength values of the yarns
increased after the cationisation process. During the cationisation process, the cellulose chains of cotton gain
positive charges caused by ionic cross-links. In the cationisation stage, thanks to the wet process, it provides active
groups by bonding with hydrogen bonds, thus significantly improving the breaking strength due to the positive
changes in the cellulose structure of the cross-links.

Table 2. Strength test results of raw yarn and bleaching yarns

Yarn samples B-Force, gF Extension % Strength
(RKM)
Raw 434.6 5.33 14.73
Bleached 375.1 4,56 12.7
Table 3. Strength test results of cationised yarns
Yarn samples B-Force(gF) Extension (%) Strength
(RKM)
C-CO-1 468 6.35 15.86
C-CO-2 478 6.52 16.23
C-CO-3 450 6.12 15.25
C-CO-4 462 6.5 15.63
C-CO-5 456 6.22 15.47
C-CO-6 468 6.32 15.72
C-CO-7 472 6.36 16.21
C-CO-8 465 6.24 15.89
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Table 4 shows the strength (RKM) values measured after PCM microcapsule application to the same yarns during
dyeing. Figure 1 shows strength and Figure 2 shows the breaking strain test results of all yarns. The graph given
in Figure 1 is the breaking strength values of ring yarns with the same yarn count and twist coefficient and it was
determined that the strength of the yarns after dyeing increased by 11% compared to the raw yarn values. When
compared with the raw yarn strength, a 14% decrease was observed in the strength values after bleaching process,
but a 10% increase occurred after cationising process. According to the findings obtained in the study, while the
strength loss in yarns was higher after conventional dyeing process, the strength loss was determined to be lower
after microcapsule application and dyeing process application in the study. It is concluded that the lower level of
strength loss is related to the strength increase during cationisation. In addition, it is thought that reducing the
amount of salt (NaCl) and soda used during the dyeing process in which microcapsule application is performed is
also effective in the lower strength loss.

Table 4. Strength test results of yarns after bobbin dyeing and FDM microcapsule application process

Yarn samples B-Force(gF) Extension (%) Strength
(RKM)
CO-1 496 5.19 17.81
CO-2 439 6.49 15.89
CO-3 457 6.61 16.51
CO-4 429 6.33 15.54
CO-5 462 5.05 16.67
CO-6 458 6.12 16.28
CO-7 456 6.22 17.12
CO-8 455 6.64 16.41

Yarn strength
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Figure 1. Strength values of cotton yarns
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Figure 2. Extension values of cotton yarn
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The imperfections are grouped as thin place, thick place and neps and they cause high unevenness in the yarn and
adversely affect the overall quality of the yarn. Thin place fault is shown as -40 % and a thin place fault is
considered to be 40 % or less of the average yarn cross-section. The thick place fault is shown as +50 % and 50 %
and more of the average yarn cross-section is considered as thick place. Neps defect is shown as +200 % for ring
yarns and 200 % (2 times) of the average yarn thickness will be considered as thick place defect. The values of
unevenness, thin place, thick place, neps, hairiness of the raw yarn, cationised yarns and dyed and microcapsule
treated-yarns are given in Table 5 and Table 6, respectively. The obtained values are given as graphs in Figure 3-

Figure 6.

Table 5. Irregularity, imperfections and hairiness values of raw cotton and cationised cotton yarns
Yarn % Thin Thick Neps Neps Hairiness

CVm place place +140 +200
(-40) (+50)

Raw 10,4 5 7.5 40 5 6.82
Bleached 10,73 7.5 12 10 10 6.84
C-CO-1 10,64 12.5 10 5 7.5 7.45
C-CO-2 10,79 2.5 5 15 5.8 7.01
C-CO-3 10,77 2.5 5 10 7.5 6.63
C-CO-4 10,84 5 2.5 20 5 6.70
C-CO-5 10,57 0 5 5 0 6.86
C-CO-6 10,47 10 10 16 2.3 6.93
C-CO-7 10,50 7.5 7.5 13 10 6.04
C-CO-8 10,55 5 2.5 10 5 7.92

Table 6. Irregularity, defect and hairiness values of cotton dyed and microcapsule treated-yarns
Yarn % Thin Thick place Neps Hairiness

CVm place (+50) +200
(-40)
Ort Ort Ort Ort Ort

CO-1 10,17 0 7.5 25 7.13
CO-2 10,58 7.5 12.5 32.5 6.61
CO-3 10,41 2.5 5 17.5 6.56
COo-4 10,60 0 10 15 6.78
CO-5 10,12 2.5 10 5 6.84
CO-6 10,76 0 10 12.5 6.87
CO-7 10,57 0 15 27.5 6.93
CO-8 10,16 0 10 25 6.88

When the CVm values of the yarns were analysed, it was determined that they were very close to each other and
the pretreatment and dye-microcapsule application processes did not affect the yarn irregularity significantly.
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Figure 3. Unevenness measurement results of cotton yarns

When the thin place (-40) fault is examined, it is seen that the yarns show a positive decrease in the yarn groups
after dyeing from raw yarn. It is predicted that the thin place value is low and smoother fabric appearances can be
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obtained. It is seen that the thick place (+50) fault value is low at varying rates. However, according to the data
obtained, it is predicted that there is a decrease between the values obtained from raw yarn to post-dyeing
measurements in the thick place fault in cotton-B5 sample and these values are acceptable values. When the results
were analysed, no significant yarn defect values were found in thin place (-40), thick place (+50) and neps (+200)
defects. However, there is an increasing trend in the neps (+200) value in cotton BS yarns.
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Figure 4. Thin places values of the yarns
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Figure 5. Thick places values of the yarns
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Figure 6. Neps values of the yarns

Figure 7 shows the hairiness values of the yarns. When the change in the Uster H hairiness values of the yarns
belonging to the study was examined, it was preliminarily observed that there were no significant differences
between the hairiness values of the yarns used in the study and the results obtained were acceptable values.
However, it is clear that the yarn hairiness values in the cationised yarn B8 study are very high.
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Figure 7. Hairiness values of the yarns

In this study, washing, perspiration and rubbing fastness tests were carried out to investigate the colour fastness
properties of PCM microcapsule treated cotton yarns. As a result of the fastness tests of PCM microcapsules
applied cotton yarns, colour change (fading) and bleaching (staining) after washing, both acidic and basic sweat
fastness tests and water fastness tests were performed. The fastness results are given in Table 7. According to the
washing fastness test results, it was determined that the fastness values were generally at an acceptable level and
no staining and discolouration were observed. When the perspiration fastness results were evaluated, it was
observed that the values obtained in cotton yarns treated with PCM-containing microcapsules were acceptable
values. According to the staining and colour change results determined in the water fastness test, it was determined
that the fastness values were at an acceptable level and no staining and colour change was observed.

Table 7. Washing, water and perspiration color fastness test results

Washing fastness test results Water fastness test results
Staining Staining
Polyest Polyest
Yarn Fading [Acetate|Cotton [Nylon [er acrylic [wool (Yarn Fading |Acetate |Cotton |Nylon [er acrylic [wool
co-1 5 5 2 5 5 5 5 cO-1 5 5 5 5 5 5 5
€0-2 5 5 3 5 5 5 5 c0-2 5 5 5 5 5 5 5
c0-3 5 5 23 |45 |5 5 5 c0-3 5 5 2/3 5 5 5 5
co-4 5 5 34 |5 5 5 5 co-4 5 5 5 5 5 5 5
€05 5 5 4/5 |5 5 5 5 c0-5 5 5 5 5 5 5 5
c0-6 5 5 4 5 5 5 5 c0-6 5 5 5 5 5 5 5
co-7 5 5 2 4 5 5 5 c0-7 5 5 5 4 5 5 5
co-8 5 5 4/5 |5 5 5 5 co-8 5 5 5 5 5 5 5
Perspiration (acidic) Perspiration (basic)
Staining Staining
Polyest Polyest
Yarn Fading [Acetate|Cotton |Nylon |er acrylic (wool |Yarn Fading |Acetate |Cotton |Nylon |er acrylic |wool
co-1 5 5 4/5 |5 5 5 5 c0-1 5 5 4/3 5 5 5 5
€0-2 5 5 4/5 |5 5 5 5 c0-2 5 5 4 5 5 5 5
c0-3 5 5 5 5 5 5 5 c0-3 5 5 4/5 5 5 5 5
c0o-4 5 5 5 5 5 5 5 c0-4 5 5 5 5 5 5 5
€05 5 5 5 5 5 5 5 c0-5 5 5 5 5 5 5 5
c0-6 5 5 5 5 5 5 5 c0-6 5 5 5 5 5 5 5
co-7 5 5 5 4 5 5 5 cO-7 5 5 5 4 5 5 5
co-8 5 5 5 5 5 5 5 c0o-8 5 5 5 5 5 5 5
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In the study, the colour change (fading) and running (staining) values of the microcapsule treated yarns after wet
and dry rubbing test are given in Table 2. It was determined that the rubbing fastness values were at acceptable
level for C-5 and C-8 samples, but the wet fastness values were low for the other samples. It was concluded that
these low colour fastness values were because the dye could not be completely absorbed during the dyeing of the
yarns.

Table 8. Rubbing fastness test results

Yarn Dry Wet
CO-1 5/4 4/3
CO-2 5/4 3
CO-3 5 W)
co-4 5 12
CO-5 5 4
c0-6 5/4 1/2
cO-7 5/4 2
co-8 5/4 4

4. DISCUSSION AND CONCLUSIONS

In this study, FDM microcapsules were applied to tricot twisted 100% cotton yarns by bobbin dyeing process. The
produced microcapsules were exhausted together with the dye bath on cotton yarns cationised under different
conditions. It was observed that the strength values of the cationised cotton yarns increased after cationisation. It
was observed that the cationisation process increased the breaking strength of the cotton cellulose chains by
loading the ionic cross-links with positive charges. An increase was observed in the breaking strength values of
the yarns after dyeing/microcapsule application process. The salt used during normal dyeing enters between the
cotton fibres and weakens the fibres and causes a decrease in strength. In this study, in addition to the strength
increase caused by the cationisation process, it was evaluated that the lower amount of salt and soda used in the
developed microcapsule application/dyeing process compared to normal dyeing was effective in increasing the
strength of the final yarns. When the unevenness test results of cotton yarns were examined, it was determined that
despite the effect of the cationisation process, no significant difference was observed in the quality values (thin
place, thick place, neps and hairiness) of the final dyed/capsule-containing yarns and the values obtained were
found to be acceptable values. When the colour fastness test results of the cotton yarns containing PCM
microcapsules were examined, it was observed that the washing, water, perspiration and dry rubbing fastnesses
were good, while the wet rubbing fastnesses were moderate but commercially acceptable. In conclusion, in this
study, PCM-containing microcapsules were successfully produced by emulsion polymerisation method. In
addition, it was seen that it is possible to apply microcapsules in textile applications at lower concentrations by the
exhaustion method.
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Production of Polymethyl Methacrylate/Capric Acid Nanofibers With Latent
Heat Storage Property

GIZEM OZMEN', SENNUR ALAY AKSOY ™

Abstract: In the present study, phase change material nanofibers (PCM nanofibers) with latent heat energy
storage/dissipation properties were prepared using a unidirectional electrospinning system.The prepared nanofibres
consist of capric acid (CA), a type of fatty acid, as PCM and poly(methyl methacrylate) (PMMA) polymer as support
material. SEM analysis of the nanofibres showed that pure PMMA polymer produced uniform nanofibres with a
homogeneous diameter. However, it was found that the addition of CA to the polymer caused bead formation in the
nanofibre structure and increasing the CA ratio increased the bead formation. As shown by the DSC results, the
incorporation of CA into the polymer solution at a concentration of 30% (w/w) and above resulted in an increase in the
latent heat storage and release capacity in the nanofibres. The TGA results showed that all samples exhibited two-stage
degradation. In general, the first stage of degradation was above 200 °C. The initial degradation of CA-containing
nanofibres at 10% and 30% concentration resulted in mass loss of 35.8% and 51.9%, respectively. However, the mass
loss of nanofibres containing 50% and 100% CA was found to be more than 75%. The leakage test results show that no
leakage was detected in the samples containing 10% CA when exposed to oven temperatures of 60°C for half an hour;
however, wetting of the absorber paper substrate on which the nanofibres were placed was observed in the sample
containing 30% CA. However, in the nanofibres containing more than 50% CA, a high leakage rate was observed to wet
the absorbent surface on which the nanofibres were placed. As a result, PCM nanofibres with 30% CA content were found
to have acceptable thermal stability, in addition to their high heat storage and dissipation properties. However, in order
to increase the thermal stability of these fibres, it was found that research could be carried out into post-spinning cross-
linking or the production of nanofibres by emulsion electrospinning.

Keywords: Phase change material, nanofiber, electrospinning, PCM nanofibers.
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1. INTRODUCTION

Thermal energy storage is the process of temporarily storing heat energy for later use (Mondal, 2008). In the methods
applied in heat storage, physical processes are divided into two as sensible heat and latent heat storage (Alevay Kilig,
2018). Among thermal energy storage techniques, latent heat storage is among the most studied methods due to its high
heat storage capacity (Mondal, 2008). Latent heat is defined as the heat stored or emitted during the phase change of the
substance (Alay, 2010; Toziim, 2013; Alevay Kilig, 2018). Solid-liquid phase change materials are mostly used in the
market because they allow the storage of high amounts of energy in a narrow and fixed temperature range (Siipiiren,
2007). However, the fact that these substances flow away from the structure, especially in the liquid phase, creates
problems in many end-use areas. The most widely used method to solve this problem is encapsulation. Encapsulation is
based on confining the PCM within a wall or sheath structure, and the PCM performs the phase change cycle within this
structure. Different methods are used for encapsulation, and the production of PCM structures in the form of nanofibers
by electrospinning has an important place among these methods. Different approaches are used in PCM nanofiber
production by electrospinning method. These are; production of nanofiber from polymer/PCM mixed solution with single
nozzle system and production of core-sheath structured nanofiber with PCM in the center and polymer in the sheath
structure with intertwined, coaxial spinneret system (Sun et al., 2015; Zdraveva et al., 2015; Dang et al., 2015; Noyan et
al., 2018).

In the single-nozzle electrospinning method, phase change nanofibers can be obtained by directly spinning the
PCM/polymer mixture from the solution (Chen et al., 2007; Chen et al., 2009a; Chen et al., 2009b; Cai et al., 2012;
Golestaneh et al., 2018; Esmaeilzadeh et al., 2018; Darzi et al., 2019) or by spinning the PCM nanofibers from the
emulsified polymer solution (Zdraveva et al., 2015; Chalco-Sandoval et al., 2016). In this study, the focus was on the
production of PCM nanofibers from a polymer solution mixed with PCM by electrospinning. For this purpose, capric
acid, a type of fatty acid, was used as a phase change substance and was mixed into the solution of polymethyl
methacrylate polymer in certain proportions. The possibility of producing PCM nanofibers from the prepared mixtures
was investigated. There are studies in the literature on composite nanofibers produced by the single-nozzle electrospinning
method using fatty acids as FDM (Cai et al., 2012; Golestaneh et al., 2018). However, in this study, unlike literature,
PMMA polymer was used as a supporting polymer matrix for the production of FDM/polymer composite nanofibers.
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2. MATERIAL AND METHOD

2.1. Production of Nanofibers

Polymethyl methacrylate (Aldrich, molecular weight 350,000) polymer was used to form the sheath structure in the
production of PCM nanofibers with latent heat storage. Capric acid (CA; CoHi9COOH, decanoic acid, Alfa Aesar) with
a purity of 98% and above was used as a phase change material with latent heat storage properties. The melting
temperature of the fatty acid is in the temperature range of 29-33 °C and the enthalpies of melting and solidification are
156 and -154 j/g, respectively. Ethanol (Sigma Aldrich) and chloroform (Sigma Aldrich) were used as solvents to dissolve
the PMMA polymer.

PMMA polymer, which will form the sheath structure in nanofiber production, was dissolved in a solvent mixture
containing 40 ml ethanol and 60 ml chloroform and the concentration of the polymer solution was adjusted to 12%
(w/v).CA was added to the prepared solution at ratios ranging from 10% to 100% of the polymer weight. Nanofiber
production was carried out from the prepared CA/PMMA polymer solution in the electrospinning system (Inovenso Ne
100), the schematic representation and photograph of which are given in Figure 1. Table 1 shows the production
conditions of the nanofibers produced in the study. Nanofibers were produced at room temperature and in an open air
environment.

Sirmga

Polimer Cozeltisi Taylor Koni

Nanolifler

Yiiksek Voltaj
Gii¢ Kaynag: “

= - ~~ Toplayicl

Figure 1. Schematic view of electrospinning system (Li et al., 2010) and photograph

Table 1. Nanofiber Production Conditions

Distance Feed rate Power
Sample code Contents between (m/h) (kW)
electrodes
(cm)
Pure PMMA %12 PMMA 16 3.0 1.50
%12 PMMA +
PMMA/CA-10 %10 CA 16 3.0 1.50
%12 PMMA +
PMMA/CA-30 %30 CA 16 4.0 1.50
%12 PMMA +
PMMA/CA-50 %50 CA 16 3.0 1.82
%12 PMMA +
PMMA/CA-100 %100 CA 16 3.0 2.18

2.1. Characterization of Nanofibers

The morphology of the produced nanofibers was examined using scanning electron microscopy (SEM, Quanta FEG 250)
images. Before SEM analysis, the surface of the nanofibers was coated with gold powder to obtain conductive surfaces.
The FT-IR spectra of the samples were recorded by scanning the samples prepared by the KBr pellet technique in the mid
infrared region of 4000-400 cm™' in the range of 2 cm™! on a Perkin Elmer Spectrum BX device. During the analysis, the
number of scans was set to 16 and resolution to 4 cm™’. The latent heat storage and release temperature and enthalpy
(energy storage capacity) values of the nanofibers were measured by differential scanning calorimetry (DSC) analysis.
The analyses were carried out in a nitrogen (N») atmosphere at a heating/cooling rate of 5 °C/d between 0 °C and +80 °C
using a DSC Perkin Elmer Fronter DSC device. According to the results of DSC analysis, the encapsulation rate and
encapsulation efficiency values of the nanofibers produced were calculated using Equation 1 and Equation 2, respectively.
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AHm-nanofibers

Encapsulation rate (%)=
AHM-PCM

x 100 (Equation 1)

AHm-nanofiber+ AHc—nanofiber
AHM—PCM+ AHc—PCM

Encapsulation efficiency (%) = x 100 (Equation 2)

In the equations

AHm- Nanofiber : Melting enthalpy value of nanofibers (j/g),
AHm- PCM : Melting enthalpy of CA fatty acid (j/g),

AHc- Nanofiber : Solidification enthalpy value of nanofibers (j/g),
AHc- PCM : Solidification enthalpy of CA fatty acid (j/g),

TGA (Thermal gravimetric analysis) was performed to determine the thermal stability of nanofibers. The analyses were
carried out using a Perkin Elmer TGA7 device at a heating rate of 10 °C/d in an argon gas atmosphere in the temperature
range of 25-500 °C.

To determine the leakage of PCM from the nanofibers, the nanofiber surfaces were placed on an absorbent surface and
placed in an oven at 60 °C for half an hour. The leaching of the capric acid contained in the nanofibers was investigated
by visually examining whether the nanofibers wet the absorbent surface.

3. RESULTS
3.1. SEM analysis

According to the SEM images (3000 X and 1000X) given in Figure 2.a., it is seen that PMMA nanofibers with uniform
morphology and homogeneous diameter distribution were obtained from PMMA solution at 12% concentration. When
SEM images of nanofibers produced by adding different amounts of CA to the PMMA polymer solution are examined,
bead formation is remarkable (Figure 2.b-2.c). In particular, it is noteworthy that as the amount of capric acid added to
the polymer solution increases (50% and above), fiber spinning becomes more difficult, fiber morphology deteriorates
and dripping PCM structures are present (Figure 2.d-2.e). This is thought to be related to the inhibition of fiber formation
due to the increase in the ratio of fatty acid added into the polymer solution to the amount of fiber-forming polymer.
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Figure 2. SEM Images of PMMA/CA Nanofibers (a: Pure PMMA Nanofibers; b: PMMA/CA-10 Nanofibers; c:
PMMA/CA-30 Nanofibers; d: PMMA/CA-50 Nanofibers e: PMMA/CA-100 Nanofibers)

3.2. FT-IR spectroscopy analysis

In order to prove the presence of fatty acids in the structure of nanofibers obtained from PMMA/CA blend polymer
solutions, chemical structure analysis was performed by FT-IR spectroscopy. analysis was performed. Figure 3 shows the
FT-IR spectrum of pure PMMA nanofiber. In the FT-IR spectrum of nanofibers produced from pure PMMA polymer,
the peaks in the wavelength range 3000-2954 cm! represent C-H stretching peaks in the CH; group. The sharp peak at a
wavelength of approximately 1733 cm™ is the stress peak of the carbonyl (C=0) group in the polymer structure. In
addition, the peaks at wavelengths 1100-1300 cm™! are the characteristic stress peaks of the C-O-C bond (Hong et al.,
2006; Lee and Jan, 1996).

Figure 3 shows the FT-IR spectra of PMMA/CA nanofibres. In the spectrum of PMMA/CA-10 coded nanofibre, it was
determined that the stretching peak belonging to the C=0 group appeared at a wavelength of 1733 cm™.. On the other
hand, as the amount of fatty acid added to the polymer solution increases (PMMA/CA-30, PMMA/CA-50 and
PMMA/CA-100), it is seen that the carbonyl peak of PMMA polymer appears around 1702 cm™-1712 cm'. This is due
to the absorption of the interaction peaks of PMMA polymer by fatty acid peaks due to the presence of high amount of
capric acid in the nanofibre structure (Alkan and Sari, 2008). On the other hand, the reason for the emergence of the C=0
group stretching peak at 1733 cm™! in the PMMA/CA-10 coded nanofiber spectrum is the low mass fractions of fatty acids
contained in the polymer structure. However, when compared with the spectrum of pure PMMA nanofibers, in addition
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to the C-H stretching peaks at 3000 cm™' and 2954 cm’' wavelengths in the spectra of composite nanofibers, new C-H
stretching peaks at 2928 cm™' and 2856 cm™! were revealed. These peaks are characteristic of fatty acids and the presence
or absence of C-H stretching peaks indicates the presence of fatty acids in the structure.
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Figure 3. FT-IR spectra of PMMA/CA Nanofibers (a: Pure PMMA Nanofibers; b: PMMA/CA-10 Nanofibers; c:
PMMA/CA-30 Nanofibers; d: PMMA/CA-50 Nanofibers e:PMMA/CA-100 Nanofibers)

3.3. DSC analysis

The latent heat energy storage and release capacities and temperatures of PMMA/capric acid nanofibers were determined
by DSC analysis. The curves obtained from the DSC analysis are given in Figure 4 and the data obtained from these
curves are given in Table 2. According to the results given in the table, PMMA/CA-10 nanofibers produced by adding
10% capric acid to the polymer solution have a heat storage capacity of 29.82 j/g and a heat release capacity of -32.16
j/g, and the heat storage and release temperatures are 29.4 °C and 27.4 °C, respectively. PMMA/CA-30 nanofibers
produced by adding 30% capric acid to the polymer solution have a heat storage capacity of 91.11 j/g and a heat dissipation
capacity of -93.11 j/g, and the heat storage and dissipation temperatures are 29.5 °C and 27.1 °C, respectively.
PMMA/CA-50 nanofibers produced by adding 50% capric acid to the polymer solution have a heat storage capacity of
136.7 j/g and a heat dissipation capacity of -137.2 j/g, and the heat storage and dissipation temperatures are 29.8 °C and
30.3 °C, respectively. PMMA/CA-100 nanofibers produced by adding 100% capric acid into the polymer solution have
a heat storage capacity of 150.7 j/g and a heat release capacity of -152.1 j/g, and the heat storage and release temperatures
are 30.1 °C and 27.2 °C, respectively. When the measured thermal properties are evaluated, the latent heat storage/release
capacity of the nanofibers increases as the amount of capric acid added to the polymer solution increases. In particular, it
is thought that PMMA/CA-30 nanofiber structures, which can be produced without drops despite the formation of beads,
can be used as thermal energy storage materials with their high latent heat storage capacities. When compared with the
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findings of studies on the production of different types of PCM-containing nanofibers, it has been determined that the
thermal energy storage capacities of the produced nanofibers are significantly high (McCann et al., 2006; Chen et al.,
2013; Wan et al., 2016; Haghighat et al., 2018; Ozmen and Alay Aksoy 2020; Kizildag, 2021). The encapsulation rate
and encapsulation efficiency values of the nanofibers were calculated as 19.11% and 19.99% for PMMA/CA-10
nanofibers, 58.40% and 59.42% for PMMA/CA-30 nanofibers, 87.62% and 88.35% for PMMA/CA-50 nanofibers and
96.15% and 97.51% for PMMA/CA-100 nanofibers, respectively. Considering the encapsulation ratio and encapsulation
efficiency values, it was concluded that the produced nanofibers have high thermal energy storage capacities.

Table 2. DSC analysis results of PMMA/capric acid composite nanofibers.

Nanolif Melting Melting Solidification Solidification Encapsulation Encapsulation
temperature  Enthalpy  temperature = Enthalpy rate (%) efficiency
°C) (/2 0 (/2 (%)

Pure - - - - - -

PMMA

PMMA/CA- 294 29.82 27.4 -32.16 19.11 19.99

10

PMMA/CA- 29.5 91.11 27.1 -93.11 58.40 59.42

30

PMMA/CA- 29.8 136.7 30.3 -137.2 87.62 88.35

50

PMMA/CA- 30.1 150.7 27.2 -152.1 96.15 97.51

100
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Figure 4. DSC curves of the nanofibers (a: PMMA/CA-10 Nanofibers; b: PMMA/CA-30 Nanofibers; c: PMMA/CA-50
Nanofibers d:PMMA/CA-100 Nanofibers)
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3.4. TGA analysis

TG analysis was applied to determine the thermal stability properties of the produced nanofibers. The findings obtained
from the TG analysis are given in Table 3. The TGA curves of the nanofibers are given in Figure 5. According to the
available research in the literature, nanofibers produced from PMMA polymer exhibit single-stage thermal degradation
occurring around 300 °C (Macossay et al., 2007; Carrizales et al., 2008; Pelfrey et al., 2010). The thermal degradation of
pure capric acid occurs as a single-stage in the range of 110-240 °C. According to the TGA curves, all produced fibers
exhibited two-stage thermal degradation behavior. According to the Table 3 and TGA curves, the nanofiber produced by
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adding 10 g of CA coded PMMA/CA-10 started to degrade at 206.8 °C and lost 35.8% mass in the first degradation step.
The second degradation for the nanofiber started at 355 °C and the total mass loss in this step was determined as 58.2%.
The nanofiber produced by adding 30 g of CA coded PMMA/CA-30 started to degrade at 220.8 °C and lost 51.9% mass
in the first degradation step. The second degradation for the nanofiber started at 361.2 °C and the total mass loss in this
step was determined as 43.2%. The nanofiber produced by adding 50 g of CA coded PMMA/CA-50 started to degrade at
222.7 °C and lost 88.3% mass in the first degradation step. The second degradation for the nanofiber started at 363 °C
and the total mass loss in this step was determined as 7.1%. The nanofiber produced by adding 100 g of CA coded
PMMA/CA-100 started to degrade at 208.2 °C and lost 76.4% mass in the first degradation step. The second degradation
for the nanofiber started at 363.6 °C and the total mass loss in this step was measured as 8.8%.

The first degradation step of PMMA/CA composite nanofibers belongs to the CA fatty acid component in the nanofiber
structure. As the amount of capric acid added to the polymer solution used in nanofiber production increased, the first-
stage degradation mass loss values of the fibers increased. The encapsulation of capric acid by the PMMA sheath
increased the thermal resistance for all fibers produced. However, the mass loss rates in the first degradation steps of the
fibers were generally found to be directly proportional to the amounts of capric acid they contained due to the enthalpy
values measured in the DSC analysis. When the TGA curves were examined, it was seen that the first-stage degradation
resulted in very high mass loss, especially in the TGA curves of the nanofibers to which capric acid was added as 50 g
and 100 g. The second-stage degradation of the nanofibers belongs to the PMMA polymer forming the fiber structure.

Table 3. TG analysis results of PMMA/capric acid composite nanofibers

Nanolifler L. Stage 2. Stage
Onset (°C)  End (°C) Weight Onset (°C)  End Weight
loss % (°C) loss %
PMMA/CA-10 206.8 281.2 35.8 355.0 380.3 58.2
PMMA/CA-30 220.8 272.8 51.9 361.2 412.6 43.7
PMMA/CA-50 222.7 255.5 88.3 363.0 414.9 7.1
PMMA/CA-100 208.2 243.2 76.4 363.6 407.9 8,8
(a) £ (b)
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Figure 5. TGA curves of the nanofibers (a: PMMA/CA-10 Nanofibers; b: PMMA/CA-30 Nanofibers; c: PMMA/CA-50
Nanofibers d:PMMA/CA-100 Nanofibers)
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3.5. Leakage test

In the study, the capric acid encapsulated in the structure of the produced PMMA/CA nanofibers is a type of PCM that
performs latent heat exchange during the solid-liquid phase change process. A leakage test was performed to examine the
leakage of the capric acid encapsulated in the nanofiber structure from the nanofiber wall structure when it transitions to
the liquid phase. In this test, the nanofiber structures were placed on an absorbent paper and kept in an oven for half an
hour at a temperature well above the melting temperature of CA. After the test, it was examined whether the absorbent
paper got wet or not. Figure 6 shows images of the nanofibers subjected to testing. Figure 7 shows images of the absorbent
papers on which the nanofibers were placed after the leakage test. As seen in the images, the absorbent paper surface on
which the nanofibers containing 100% and 50% CA were placed was completely wet. A some wetting was also detected
in the sample containing 30% CA. However, no wetting was observed in the sample containing 10% CA. It was
determined that this sample did not leak CA.

T T T RN TN T Y W ?iﬂu‘4‘:.i’_'..'.vflkjﬂ T SR W TF ST TR % S e
¥
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s
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»

Figure 7. Images of nanofibers subjected to leakage test
4. DISCUSSION AND CONCLUSIONS

In this study, it is aimed to produce thermal energy storage nanofibers containing phase change material. For this purpose,
composite nanofiber production was carried out by single needle electrospinning method by adding different amounts of
capric acid to PMMA solution. In the study, nanofiber production trials with capric acid content of 10%, 30%, 50% and
100% were carried out. Electrospinning became more difficult as the amount of CA added to the polymer solution
increased. Despite the formation of beads from the polymer solution containing 30% CA, nanofiber production can be
easily carried out. However, at 50% and above, dripping of polymer liquid and non-spin polymer residues occur and fiber
morphology deteriorates. Considering the leakage and thermal gravimetric analysis results as well as fiber morphology,
it was evaluated that it was not possible to produce nanofibers suitable for the purpose from polymer solutions containing
50% and more CA. It was determined that nanofibers containing 30% CA exhibited acceptable thermal resistance and
leakage properties as well as high thermal energy storage properties and offered suitable morphology. On the other hand,
despite the relatively low but acceptable thermal energy storage properties, it was determined that the most suitable
nanofibers in terms of both morphology, thermal stability and leakage properties were nanofibers with 10% CA content.
As a continuation of this study, it is thought that research can be conducted on the production of nanofibers with CA
content below 30% and higher thermal energy storage properties as well as sufficient thermal stability and sealing
properties. As another suggestion, it is thought that the leakage and thermal stability properties of the nanofiber structure
can be improved by inorganic nanomaterial reinforcement or crosslinking reactions.
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Micro- and Nanostructured Composite Films for Passive Radiative Cooling in
Indoor Environments

NAZIFE KORKMAZ MEMIiS*!, SIBEL KAPLAN?

Abstract: Global warming and energy crises have intensified attention in passive cooling technology materials having
self-cooling effect with zero energy consumption and low carbon emission as a sustainable solution in recent years. In
indoor environment scenarios without sun, developing spectrally selective material with tunable mid-infrared emissivity
within atmospheric windows is crucial for passive radiative cooling performance. Hierarchical porous polymer films
prepared by phase separation having pores with several micrometers size exhibit strong mid-infrared scattering hence
emissivity. Porous structure, pore size, and also mid-infrared emissivity hence cooling performance of the polymer films
could regulate by selecting suitable polymer type, adding micro/nanoparticles, adjusting the ratio of polymer/particles,
and controlling phase separation method parameters. Here, micro-nano porous nanocomposite films with randomly
distributed nanoparticles are fabricated through non-solvent induced phase separation method, employing polyvinylidene
fluoride (PVDF) and zinc oxide (ZnO) nanoparticles (30 nm) at varying content (5-20% compared to polymer content).
Porous structure and cooling performance of the nanocomposite films were evaluated by SEM and self-made hotplate
system, respectively. To understand the role of material and nanoparticle content on infrared radiation emission and
reflection, spectral reflectance and transmittance of the films in the atmospheric window wavelength ranges were
characterized using an FT-IR spectrometer interfaced with integrating spheres in the diffuse reflectance mode.
Nanoparticles embedded in the polymer matrix especially at higher content led to macro and nano-micro heterogeneous
porous structure. The nanocomposite films having 20% nanoparticle content selectively average atmospheric window
emissivity of 86%, enabling an average temperature drop of 1.97°C and 1.65°C hence passive cooling performance in
indoor environment scenario respectively, compared with nonporous and porous PVDF film without ZnO particle. This
cooling performance could result in cooling-energy-consumption savings about approximately 20% in indoor conditions,
indicating high potential as a sustainable material in a wide range of fields, from personal thermal management textiles
to energy-saving elements in a simple, cost-effective, and scalable manner.

Keywords: Passive radiative cooling, indoor cooling, nonsolvent-induced phase separation, ZnO, PVDF, composite
film
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1. INTRODUCTION

Nowadays, with the continuously increasing awareness of energy conservation and the intensifying impacts of global
warming, and population growth, development of energy-efficient and sustainable thermal management
materials/technologies especially cooling ones is critical in the context of reduce energy costs, greenhouse gas emissions,
and associated thermal issues (Chen et al., 2022; Aili et al., 2024; Guo et al., 2024). From cooling aspect, passive radiative
cooling technology is the most promising strategy which facilitates heat dissipation from surfaces into the cold outer
space through thermal radiation, requiring no external energy input without any greenhouse gas release (Liu et al., 2022).
For indoor environment scenario without sun contrast to daytime ones, high mid-infrared emittance which radiates the
heat to surrounding space, lead to energy-free cooling performance. Spectral selective emittance within atmospheric
windows hence cooling performance of the materials for indoor environment scenario, can be regulate by intrinsic
material properties and structural formations (Liu et al., 2025). Recently, many researchers have realized passive radiative
cooling materials for indoor environment by selecting polymers such as PVDF (Song et al., 2020a,b), polyvinylidene
fluoride-co-hexafluoropropylene (Mandal et al., 2018), polyethylene oxide (Li et al., 2021), etc. These polymers have
many functional groups/bonds, such as C-F and C-O, overlap with the atmospheric longwave infrared radiation
transmittance window, hence resulted high thermal mid-infrared emittance thereby passive cooling performance. Also,
the thermal mid-infrared emittance in the atmospheric longwave infrared radiation transmittance window can be enhanced
by inorganic particles such as zinc oxide, titanium dioxide, silicon dioxide etc., and porous structure in the material. In
this manner, designing a composite/nanocomposite material by selecting suitable polymer and particles in the porous film
structure may be an alternative for developing cooling material in indoor environment. These porous
composite/nanocomposite materials especially in the film form could be produced by phase separation method especially
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non-solvent induced phase separation (NIPS)by regulating porous structure, pore size, pore number through selecting
polymer matrix, particle type and diameter, polymer content, non-solvent: solvent content with low-cost and large
production scale (Korkmaz Memis and Kaplan, 2024a, b). Although, until now many studies using PVDF polymer (Zhong
et al., 2021; Shi et al., 2023; Huang et al., 2024; Yang et al., 2024a) were realized on porous materials having cooling
performance, these studies have focused on the passive daytime cooling performance depend on solar reflection and
emissivity for outdoor environments rather than indoor environment without sun effect. Also, the effect of adding
inorganic particle in the manner of particle type, particle diameter and also content on the porous structure and thermal
mid-infrared emittance hence cooling performance especially for indoor environment, has not been examined in detail.
Therefore, the strategy determining the relationship between cooling performance and parameters such as porosity,
particle amount, polymer type, is still need to develop energy-free cooling materials for indoor environment.

Herein, hierarchical micro-nano porous nanocomposite films were utilized by using PVDF polymer and ZnO
nanoparticles at varying content through NIPS method. By combining molecular level design and controllable porous
structure by NIPS method and varying nanoparticle content, PVDF-ZnO nanocomposite films have development potential
for passive radiative cooling in indoor environment as a thermal management, building materials, and versatile.

2. MATERIAL AND METHOD

2.1. Materials

Polyvinylidene fluoride (PVDF, Kynar® 721, melting temperature: 168°C, glass transition temperature: -40°C) as matrix
material, was kindly purchased from Arkema, France. ZnO nanoparticles having 30 nm diameter and sunlight reflectivity
(Zhu and Feng, 2021), was provided by Nanografi, Tiirkiye. N, N dimethyl acetamide (Sigma Aldrich, DMAc), acetone
(Acros Organics, ACE), and deionized water, were employed as binary solvent system (solvent, co-solvent) (DMAc,
ACE) and non-solvent, respectively to produce nanocomposite films through NIPS method. Dispersion of ZnO
nanoparticles in the polymer matrix was obtained with using non-ionic surfactant (sorbitan monostearate, Span60, Sigma
Aldrich) in ultrasonic treatment.

2.2. Methods

Nanocomposite film production

Nanocomposite films having heterogeneous porous structure with randomly distributed ZnO particles were prepared by
NIPS method using solvent, co-solvent and, non-solvent system. PVDF solutions were prepared by dissolving polymer
chips at content of 10 wt. % in the binary solvent system consisting of DMAc and ACE (with a volume ratio of 1:1) at
50°C for 6 h using mechanical stirrer. Dispersions of ZnO nanoparticles in the PVDF solution were obtained by adding
non-ionic surfactant (Span60, with a ZnO/Span60 weight ratio of 1:2) and mechanical stirring for another 1 h followed
ultrasonic mixing for 2 h. The mass ratios of PVDF to ZnO nanoparticles were set at 5, 10, and 20%. To create more
heterogeneous porous structure, water as non-solvent was added dropwise into the PVDF-ZnO dispersion by a syringe
pump at a 0.2 mL/min feeding rate, with mass ratio of binary solvent system to water set to 13:1 (Korkmaz Memis and
Kaplan, 2024a;b). These mixtures were stirred mechanically for 3 h to form the casting solution. The prepared
nanocomposite solutions were drop-cast to the petri-dishes at 400 um thickness and dried at 20°C for 24 h. For
comparison, porous and non-porous PVDF films were prepared without ZnO particles. The films produced are
abbreviated as PVDF_nonporous which without water, PVDF_porous with water, PVDF-30ZnO5, PVDF-30Zn0O10,
PVDF-30Zn020 which nanocomposite ones with varying ZnO nanoparticle.

Characterizations

A Fei Quanta FEG 250 scanning electron microscope (SEM) was used to investigate the surface morphology of the films.
To determine chemical composition of the films, Fourier Transform Infrared (FT-IR) spectrum were acquired using an
FT-IR spectrometer (JASCO FT/IR 4700) equipped with a diamond ATR (Attenuated total reflectance) in the 400-4000
cm! range, 2 cm! resolution, and 16 scan at room temperature.

For determining infrared radiation emission and reflection properties, the spectral reflectance (p(A)) and transmittance
(t(A)) of the samples in the atmospheric window wavelength ranges (8-14 um) were obtained using an FT-IR spectrometer
(VERTEX 70v, Bruker) coupled with an MIR integrating sphere in the diffuse reflectance mode. According to Kirchhoff’s
Law, the spectral absorptivity (o (A)) = emissivity (¢ (1)) when an object in thermodynamic equilibrium; thus, a (A) or €
(A) can be calculated as € (A) = 1— p(A) —t (A).

Radiative cooling performance measurement

Indoor cooling performance of the films based on IR reflection and emission without any solar heating/cooling effect,
was tested using a self-made hotplate system simulating skin. This self-made system consists of heating sheet, 8 K-type
sensors and a data acquisition system. The heating sheet was employed to simulate the metabolic heat generation (104
W/m?) and acted as the human skin. The actual temperature of the films was measured at every 5s for 1 min while
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stabilizing and 10 min with environment temperature at 21-24°C and relative humidity at 56-59%. The maximum
temperatures of the samples were recorded by at least three replications.

3. RESULTS

Passive radiative cooling performance of the materials can be tunable by selection polymer type having high mid-infrared
emissivity based on molecular bonds vibrating, porous structure, and also incorporation of micro-nanoparticles. In the
typical indoor scenarios without sun energy, the emissive materials ensure effective dissipation of the heat generated by
the human body’s normal metabolism into the surrounding environment via the atmospheric window (8-13 um).
Therefore, to design a radiative cooling material, it is crucial to precisely tune the optical properties especially emissivity
of the material in the atmospheric window and pore size for Rayleigh scattering. Herein, hierarchical micro-nano porous
nanocomposite films were developed by selecting suitable polymer, nanoparticle, and NIPS production method, enabling
human body cooling in the indoor environment.

Porous structure of the produced films was determined by examining the SEM images of the surfaces, given in Figure 1.
As seen in Figure 1, adding water as non-solvent into the binary solvent system resulted in porous structure by rapid
evaporation of ACE enabling phase separation, slow exchanging of DMAc, and water evaporation (Korkmaz Memis and
Kaplan, 2024a, b). Also, macro and nano-micro heterogenecous pores were enriched (Ma et al., 2024) by adding ZnO
particles into the PVDF matrix due to changing of continuity of the polymer-rich phase with penetration of nanoparticles
into the polymer clusters. As amount of ZnO particles increases the number and distribution of macro and nano-micro
heterogeneous pores formed on the film surface. ZnO particles at higher concentrations inevitably led to the formation of
numerous uneven surfaces and more nano-sized pores. This resulted in a hierarchically porous structure through the
slowing down of solvent evaporation and the delaying of the phase inversion process due to higher viscosity (Qi et al.,
2022). In addition to micro-nano pores, macro voids were clearly formed in the nanocomposite films by surface-driven
phase separation and crystallization induction (Cardoso et al., 2015). This structure especially having higher ZnO content
is conducive to enhancing mid-infrared light absorption by PVDF and ZnO particles resulted in emissivity hence cooling
performance.

_nonporous

Figure 1. Surface SEM images of non-porous PVDF, porous PVDF, and nanocomposite films with varying ZnO
particle content at 500x and 3000x magnification
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According to Kirchhoff’s Law, the materials with selective mid-infrared wavelength emission inside the atmospheric
transparency window (8-13 pum) could enable efficient passive radiative cooling. In order to prove high emissivity of the
selected material, absorbance spectrum measured by FT-IR spectrum overlaps the atmospheric transparency window (8-
13 pum) corresponded exactly to the absorption at 1250-780 cm™!. As shown in Figure 2, the characteristic peak of PVDF
in the FT-IR spectrum of all films are located at 1167, 1074, and 870 cm’!, arising from the stretching vibrations of C-F
and C-H bonds. Also, the characteristic peaks at a wavelength of 831 cm! in all films are the vibrations of -CH,- bonds
and the deforming vibrations of -CF»- bonds. These peaks in the PVDF molecule imply that PVDF has selective emissivity
in the atmospheric window. In addition to the mentioned bonds, -OH and C-H tension vibrations of the water molecule
were detected at wavelengths of 3508, 1634, and 2359 cm™, respectively in the porous PVDF films produced by adding
water to the binary solvent system. The IIR spectrum of the nanocomposite films with varying ZnO particle content,
exhibits the stretching vibration peaks of Zn-O at 400 and 667 cm™', becoming more evident with higher particle content.
All films especially nanocomposite ones with higher nanoparticle content exhibit strong infrared absorption due to the
mentioned molecular vibration peaks which significantly overlap the atmospheric transparency window and also triple
phonon polariton resonance with ZnO, providing superior radiative cooling.
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Figure 2. FT-IR spectra of non-porous PVDF, porous PVDF, and nanocomposite films with varying ZnO particle
content

The corresponding spectral emissivity of the films in the atmospheric window is shown in Figure 3. Films prepared with
addition of water as non-solvent (PVDF_porous) exhibit extremely low average atmospheric window emissivity, (around
10%) contrary to expectations. The mentioned lower emissivity values may be a result of pore volume increase and the
polymer content decrease (Huang et al., 2024). Meanwhile, ZnO particle addition leads to significant increase in infrared
emissivity, reaching a maximum value of 86% at a particle amount of 20%. Although ZnO particles provide a high
increase in emissivity values, the average atmospheric window emissivity of radiative cooling films with 10% and 20%
nanoparticles is the same (86%). Considering the effect of the ZnO particles on the average atmospheric window
emissivity, it was determined that the emissivity values did not change significantly with ZnO concentration. As compared
to nonporous and porous PVDF film, the macro and nano-micro heterogeneous pores and ZnO particles in the
nanocomposite films (seen in SEM images) lead to a decrease in the refractive index, thereby a more gradual refractive
index transition across the polymer-air interface, thus increasing the impedance compatibility between the film and air
and thermal dissipation (emission) (Huang et al., 2024). Also, strong molecular vibration peaks overlapping the
atmospheric transparency window (Figure 2) and triple phonon polariton resonance with ZnO particles (Huang et al.,
2024) in the nanocomposite film structure enhanced the emissivity, thereby improving the radiative cooling performance.
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Figure 3. Spectral emissivity in the atmospheric window of non-porous PVDF, porous PVDF, and nanocomposite films
with varying ZnO particle content

The corresponding spectral reflectivity of the films in the atmospheric window is shown in Figure 4. As expected, all
films showed opposite trend to their emittance performance. As seen in Figure 4, the highest reflectance performance in
the atmospheric window was detected in porous PVDF film while the reflectance performance of the nanocomposite films
is lower than nonporous PVDF films without ZnO particles. However, no clear trend was detected regarding the ZnO
concentration.
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Figure 4. Spectral reflectivity in the atmospheric window of non-porous PVDF, porous PVDF, and nanocomposite
films with varying ZnO particle content

Cooling performance of the films were measured by designed hotplate system for a period of 10 minutes under indoor
condition. The real-time temperature curves and temperature differences relative to each other and the bare hotplate are
given in Figure 5 and Table 1, respectively. The average temperature of the PVDF-30ZnO20 nanocomposite films
including ZnO particles at 20% concentration was lower than non-porous and porous PVDF films. The cooling effects of
both heterogeneous pore structure and ZnO nanoparticles were recorded that while a temperature drop of 0.37°C was
detected as a result of pores, the temperature drop, hence the cooling effect increased to 1.65°C with ZnO nanoparticles
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(Table 1). The mentioned cooling performance is consistent with the temperature difference of 1.97°C between non-
porous film and PVDF30-Zn020. Moreover, PVDF-30Zn020 samples exhibited 0.32°C lower temperature as compared
to the blank hotplate surface simulating the body without clothing. Under indoor conditions without sun light,
hierarchically porous films especially nanocomposite ones allowed for mid-infrared radiation emission from human body
as a result of higher mid-infrared emissivity (Qi et al., 2022), resulted in passive cooling performance (Yang et al., 2024b).
According to literature (Hoyt et al., 2005) a 1-4°C of cooling performance can provide up to an energy savings of 7-45%
in indoor conditions, which may be valid for clothing applications of the nanocomposite films produced in this study.
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Figure 5. Real-time temperature curves of the films and bare hotplate

Table 1. Real-time temperature difference of the films

Sample AT (°C)
PVDF_non-porous-PVDF porous 0.37
PVDF_porous-PVDF_30Zn020 1.65
PVDF _nonporous-PVDF_30Zn020 1.97
Bare hotplate-PVDF_nonporous -1.18
Bare hotplate-PVDF_porous -0.65
Bare hotplate-PVDF-30Zn020 0.32

4. DISCUSSION AND CONCLUSIONS

In this study, hierarchical micro-nano porous PVDF nanocomposite films with ZnO nanoparticles at different
concentrations were prepared using a simple non-solvent induced phase separation method for effective radiative cooling
performance. The resulting nanocomposite films had macro and nano-micro heterogeneous pores and pores were
enhanced by increasing ZnO concentration. The nanocomposite film including 20% ZnO nanoparticle exhibited average
atmospheric window emissivity of 86% while demonstrating indoor cooling performance of around 2°C when compared
to the nonporous film without ZnO. The mentioned cooling performance conducted with the enhanced emissivity of the
nanocomposite structure without the sun light effect, is thought to be promising for further clothing applications of the
developed nanocomposite solution.
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Abstract: Website accessibility is a key aspect of designing and developing web pages and applications. The primary
goal is to ensure that all users, regardless of their abilities or differences, have an equal and easy experience in navigating
and benefiting from online content. This study explores best practices and guidelines for designing and developing
websites that are user-friendly for all users, including those with disabilities, the elderly, and those using assistive
technologies. In examining this topic, I aim to identify the challenges and opportunities offered by a well-organized
website, analyze best practices and existing studies, and provide recommendations for designers and developers to
improve accessibility and user experience on the web. Additionally, the use of various technologies such as animations
and voice technologies will be reviewed, and how they can be implemented on current websites will be discussed. In
conclusion, this abstract provides an overview of the topic and the objectives set out in this thesis. Through the
development of this project, the goal is to contribute to the advancement of knowledge and best practices in the field of
Front-End development and to offer a high level of professionalism in this domain, ensuring that all users have an
enhanced and suitable experience through the aid of advanced technologies.
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INTRODUCTION

1. Literature review

The rapid advancement of technology has not yet allowed for clear studies and analyses on how individuals with
disabilities access websites, nor has it provided accurate information on the factors that help or hinder their ability to
browse the internet. In the book *Handbook of Communication and Aging Research* (2004) [3], there is a summary of
studies conducted over three decades, highlighting the importance of web accessibility and its significant impact on
marketing and business in the section *Marketing to Older Adults* [4].

At the 4th International Conference on Web Accessibility and Human-Computer Interaction, held in 2007 [5], more
information on web accessibility was presented. Eye-tracking analysis by Thomas Tullis revealed differences between
how young and elderly individuals view websites [6]. It was found that older adults take 42% longer to view website
content than younger users. However, this analysis was insufficient to fully understand accessibility, as it only included
reading and not visual effects like images, audio, and other web features.

Kress and Van Leeuwen, in their book *Reading Images: The Grammar of Visual Design*, discuss how tools are used to
analyze images on the web [7]. Meanwhile, Mandeep Singh, in his publication *Standards and Techniques for Developing
User-Friendly Websites*, emphasizes that website design always depends on the target audience [8]. He highlights the
importance of security in social networks and e-commerce sites, including the placement of components such as the
header, main menu, container, footer, and other elements to ensure accessibility for all users.

Shawn Lawton Henry [9], in his publication *Understanding the Impact of Web Accessibility*, explains that web
accessibility means providing services to individuals with disabilities so they can understand, navigate, and interact with
the web, taking into account limitations in vision, hearing, physical abilities, speech, and more. He also offers several
suggestions for website design, including larger navigation options, distinctively colored links, and clear locations.

Another publication by Peter Williams and Christian Henning, titled *Optimizing Website Designs for People with
Learning Disabilities*, analyzed the needs and requirements of individuals with disabilities. In this study, they
recommend that main pages should have simple content and audio interpretations, as suggested by the W3C (World Wide
Web Consortium) convention of 1999. The use of high-resolution images created longer pages, which limited content
comprehension because some users did not realize they needed to scroll. Additionally, many participants preferred larger
text sizes and styles according to British Standards (British Standards Institute, 2006).
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According to Peter Williams and Christian Henning [10], one of the key aspects was the positioning of the menu on a
website, as most pages were connected to it. The analysis showed that the horizontal option was preferred, as it allowed
the entire menu to be visible, although this positioning was opposed by some accessibility experts such as Burzagli,
Emiliani, and Gabbanin, who preferred the 'drop-down' or 'fly-out' options for easier access.

2. Problem statement

The future of many businesses lies in online platforms, focusing on well-maintained, accessible, and secure websites.
Inclusive design is essential, particularly for the elderly and people with disabilities. Adhering to standards and tools
provided by organizations such as the World Wide Web Consortium (W3C) is crucial to address these needs. Many
developers encounter challenges due to a lack of deep knowledge about these specific requirements and the tools that
support these communities.

Today, a user-friendly website is vital for its success, as it enhances user experience and impacts traffic, regardless of
whether it is a news portal, e-commerce, or informational platform. However, designing and developing these platforms
face numerous challenges, including user interface, overall design, colors, fonts, speed, and navigation.

2.1. Navigation

Navigation is one of the most critical aspects of website design. Creating a clear and easy-to-navigate structure is vital to
ensure users do not get lost and leave the site. 'Breadcrumbs,' a type of secondary navigation, is a solution that helps users
understand the site's hierarchy and move easily between its pages. This approach not only improves user experience but
also enhances the website’s retention and efficiency.

2.2. Optimization

With the increase in mobile device usage, it is essential for websites to be optimized for all types of devices. Failing to
optimize for different devices can drive users away, significantly reducing the site's effectiveness. Utilizing techniques
such as media queries to create responsive websites is an effective solution that enhances user experience and SEO by
meeting key standards.

2.3. Content

The organization and presentation of content are critical for readability and usability. To ensure clear and readable content,
it is important to use appropriate text sizes, clear separation between paragraphs and headings, and sufficient color
contrasts. The use of numbered lists and images should be measured to support and illustrate content rather than
overwhelm it.

2.4. Support

For websites offering more than just information, such as social networks or e-commerce, providing user support is
essential. Various forms of support, such as direct contact, live chat, and a FAQ section, help manage user issues and
improve their experience on the website.

2.5. Security

Security is a key aspect of any website. Using HTTPS and SSL certificates is essential to protect user data and increase
their trust in the platform. Implementing security measures such as two-factor authentication and continuous monitoring
for suspicious activities helps create a secure environment for all users.

2.6. Speed
Website speed directly impacts user experience. Using optimized images and videos, as well as implementing appropriate
servers and code optimization techniques, are strategies that help improve website performance.

2.7. Accessibility

Accessibility is crucial to ensure a website is available to everyone, regardless of their physical abilities. Failing to adhere
to WCAG guidelines and not providing proper support for users with disabilities can exclude a large portion of the
audience. Tools such as "WebbIE" and "Stark" help improve accessibility and expand the website's audience.

The use of open standards and advanced technologies, along with regular accessibility testing and user feedback, can
significantly improve user experience and ensure the website is accessible to all.

3. METHODOLOGY

The methodology in this study aims to provide research, structuring, and analysis of the aspects of accessibility and user-
friendly design in websites. A review of the literature and scientific sources provides a solid foundation for understanding
the knowledge and challenges associated with this topic. The primary goal is to identify best practices and standards that
are acceptable to all users, including people with disabilities. This research is based on the exploration and analysis of
existing sources, including scientific articles, books, technical reports, and international guidelines available on platforms
such as EBSCO, Google Scholar, and ResearchGate. A review of key standards like the Web Content Accessibility
Guidelines (WCAGQG) published by the W3C outlines the technical requirements and practical guidelines that should be
followed in web development. Additionally, literature from various professionals, along with insights from community
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forums such as StackOverflow and suggestions from the programming community on social networks like LinkedIn, has
been included to support the research. The synthesis of research gathered from previous surveys and testing has helped
in designing concrete steps that outline specific strategies and recommendations for website design. The inclusion of
performance optimization and accessibility techniques is essential to ensure that websites are accessible and usable for
everyone. Another important aspect is the use of advanced tools for testing accessibility, such as "WebbIE" for visually
impaired users and Stark for designing graphics that are easily perceivable by people with color identification issues.
Implementing these tools in the web development process can significantly enhance the user experience and increase
accessibility.In conclusion, this research aims to provide a comprehensive guide for creating websites that are both
accessible and user friendly, ensuring that all requirements and standards are successfully met.

4. RESULTS

Since the creation of the first website in 1991, there have been many changes in the requirements and services that a
website provides. In addition to these changes, there were also anomalies that required different solutions. If we compare
websites from the 90s, such as Amazon.com, and the same website in 2024, they look nothing alike (see Figure 1)

This shows the great changes that have taken place over the years. The first coding was done with the FORTRAN
programming language, which did not offer many options. Then the PERL scripting language was used, and so on.
Nowadays we have over 300 programming languages, which shows that we have different ways of programming, such
as in the web, software, artificial intelligence and many other fields.

In the coding part of the design, HTML has never been replaced, but over time there has been an addition of elements
within it. The part of adding interactive functions is supported by JavaScript, along with its frameworks like React.js and
Vue.js. SQL, MySQL, etc. are used for data storage.

The design part is the most important part of a website, as it is the user's first interaction with the platform. Always be
careful with the choice of colors, content, speed, and many other elements. The Human Interface Guidelines (HIG) are a
set of design principles and guidelines provided by platforms such as Apple's i0OS and Google's Android, to ensure a
meaningful and usable experience in their ecosystems and needs.
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o e
fode
INCLLIES AL e

f ”e i

i !
unlmited |
el

Figure 1. Amazon

These interface design patterns provide valuable solutions for designers and developers, allowing them to create more
efficient and aesthetically pleasing digital products. By implementing these patterns, they can provide great user
experiences and increase the quality of their front-end design projects. Also, the development of animated graphics and
improved visualizations has helped improve the usability and aesthetics of web pages and applications. The use of
technologies such as CSS animations, SVG and WebGL has allowed developers to create attractive animations and
attractive visual effects, making content more engaging and interactive for users.

4.1. WCAG Guidelines
To ensure that accessibility is one of the key pillars in the design and development part of web pages, it is very necessary
to follow the advice and guidelines of WCAG, which are divided into four main principles:
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4.1.1. Perceptibility
The information and content of the site should be presented in a simple way for everyone to understand. This includes
using alt text for pictures in case the picture is not displayed and captioning for parts that have video or audio content.

4.1.2. Comprehensibility
The information rendered in the browser must be understandable. Operations that receive information from users (filling
in forms, registration, application, etc.) must be designed in such a way as not to cause confusion to users.

4.1.3. Operability
User interfaces and navigation (menu) should be clear. This ensures that the functionalities are more accessible and
simpler for everyone to understand.

4.1.4. Durability
The site must be accessible through all the technologies and devices we use. Content must be readable and functional
across all types of devices and browsers, to ensure a consistent and satisfying user experience.

4.2. Web design for people with disabilities

5.2.1 People with hearing problems

For the hearing impaired, developers should ensure that all video and audio materials have subtitles. Also, animations
should be provided that visually show the meaning of the content.

5.2.2 People with learning difficulties

During various user experiences, we also come across people who have a hard time understanding and quickly learning
the content we offer. In this case, we should develop the division of this content into smaller parts and focus on the
visualization part, such as images and animations, that support and clarify the text. Using illustrations graphically can
help people with this problem more easily understand the content being shown to them. This community also includes
people who are identified with autism and those who have attention disorders, mainly people who have overloads with
their senses. In these cases, it is always preferable that if we have any sliders or animations, the possibility of stopping
(pause) is offered in order not to cause distraction to these people (see Figure 2).

This is a carousel

WO O

O Pause omoO

Figure 2. Interface visualization for people with learning disabilities

Although it does not seem like a big issue for people who do not have this problem, for this sensitive category it is very
important. This issue is also referenced in WCAG standards [12], in the section on interactions with animations and
setting options for pause, stop and hide.

5.2.3 People with Vision Problems

The part of designing as friendly as possible for users who get information only from the visual part should be taken very
seriously by the developers. People with vision problems are the most sensitive and challenging group to treat. But with
the development of technology, we can use screen readers to help these people. The condition for screen readers to be
able to read the content is that our website is compatible with these technologies. For people with color problems, the
right colors should be used, and the images and videos should have the right contrast using some plugins to design in the
right way.

5.3 Best Practices for Web Design

5.3.1 Structuring

Page layout, which is done with HTML, is the main part of website organization. Through it we can divide, merge and
structure the page in the way we want. Correct use of these properties is an essential part of ensuring that content is
accessible to everyone, especially people who use assistive devices. Paragraphs, headings, lists and forms must be
structured correctly so that the information reaches the user. The structuring of the information should be divided into
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several smaller parts, because in this way it is easier to concentrate and the information is much easier to understand,
especially for people who have problems with fast reading.

5.3.2 Color and Text Section

One of the most important parts of the web is the proper use of color. The use of colors that are heavier on the eye, such
as red and blue, should not be used when building pages (except for buttons), but those that are known to be lighter should
be preferred. In reality, we have to think about how a person who is colorblind sees that page. Do these colors provide
enough contrast to understand the content? Contrast in content and colors are key points for these people. Although
WCAG (Web Content Accessibility Guidelines) is always making changes to the rules of how a good website should be
designed, they have had some failures. In Figure 3, we see some of the flaws that most platforms had, especially in color
contrast, empty links, lack of alternative text, lack of buttons, etc.

Home pages with most common WCAG fallures (% of home pages)

100%
80%
60%
40%
20%

0%

Low Missing Empty links Missing Empty Missing
contrast alternative form labels buttons document
text text language
Figure 3. Mistakes

As a solution to the problem, we must consider the ratio between the colors and the contrast used in the text. According
to WCAG 2.0 standards, level AA requires the ratio for normal text to be 4.5:1 and 3:1 for larger text. Figure 4 shows
what a text with a background color should look like to be readable and meet the appropriate standards.

@ This text passes!

Figure 4. Color and text

Also, when presenting graphs, which we usually present with colors or percentages, it is preferable to have a graphic layer
behind them, because this helps differentiate them from people with vision problems. It looks like this in Figure 5.

Normal Colorblind

Figure 5. Color blind
5.3.4 Tools

One of the most useful tools are screen readers, which are already integrated into smartphones. For example, on iOS
systems we have 'Apple i0OS VoiceOver', while on Android systems we have 'Android TalkBack'. On computer systems
there is Microsoft Narrator, JAWS, and many others.

Another useful tool used when designing is Stark, which simulates how people who are color blind see colors. This tool
offers over eight levels of color blindness, helping to determine the right levels for our platform (Figure 6).
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Figure 6. Stark Plugin

MouthStick is a device that facilitates web access for people with mobility disabilities, amputations, paralysis and other
illnesses. The MouthStick is a device that is held in the mouth and through which one can surf the Internet, press buttons,
type and interact with the website.

5.3.5 Buttons
Although earlier red color was preferred for buttons, now in modern designs buttons with a contrast ratio of 10.79:1 as in
Figure 7 are preferred.

[BUTTON|  surion | BuToN,
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Figure 7. Buttons

One of the functions that is most preferred, but still not enough progress, is to create a visualization option similar to
'Dark Mode' and 'Light Mode'. This option would allow the visually impaired to apply a customized visualization,
providing them with an easier and more convenient approach.

According to Accessibility Checker, a platform that checks websites for accessibility, there are some important design
tips to improve user experience:

. Never place text over images that are in the background: This can cause reading difficulties, especially for users
with poor vision.

. Users have the ability to change the text size: This increases flexibility and accessibility for those who need
larger text for easier reading.

. Convey more information using icons rather than text: Icons are easier to understand and help improve website
navigation and usability.

. Always have alt text on images in case they are not displayed: Alt text is critical for users using screen readers
and for those who cannot see images for technical reasons.

. Links should be limited: This helps avoid confusion and information overload, making navigation simpler and
clearer.

. Buttons and links always have a description of what they are for: This is essential to help users understand the
function of each element on the web page, improving accessibility and user experience.

. Ads should be limited: Ads can be annoying and often hinder navigation. Limiting them increases focus on key
content and improves the overall user experience.

In figure 8 below, we have some suggestions from 'Zera Creative' on how to make a user-friendly website, where eight
main suggestions are mentioned [12].
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Figure 8. Zera Creative

5.4 New Website Technologies

The web development part has undergone major changes over time. New frameworks, artificial intelligence, the addition
of various features and animations have made it much easier to create user-friendly designs. One of the biggest effects
has been the animations and visual effects, which have improved the user experience and avoided the possibility of
confusion or difficulties. However, animations and effects should be used with care, as frequent use can cause overload.

In the technology part, we also have the development of virtual assistants, which are part of artificial intelligence, but
which have helped a lot in accessibility. Nor should we forget the ARIA (Accessible Rich Internet Applications)
technology, which helps improve accessibility, mainly in applications that have dynamic content by providing attributes
that are used for screen readers.

If we have a site related to people with special needs, it is necessary that on the first interaction with the site we get
information about how we want to access the site, for example, as in Figure 9, and the user t is allowed to choose one of
the ways offered.

Figure 9. Choice of approach.

However, the challenges of electronic commerce have increased with the expansion of the electronic market, requiring
more advanced business strategies to attract customers and meet their needs. These challenges drive continuous research
in the field of electronic commerce and user behaviors.
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5. RESULTS

Easy accessibility and user-friendly web pages bring several advantages that help improve human-computer interaction.
6.1 Advantages

. Increasing Access: Increasing access means access for everyone, including people with disabilities. This is

ensured by using screen readers, assistive devices and specific software to navigate the website. Designing for all existing
devices also contributes to this increased access.

. Financial Benefits: Increasing the audience through a user-friendly site that ranks higher in search engines
increases the potential for financial income, whether from e-commerce sales or advertising.

. Improvement and User Retention: User-friendly sites have users who stay longer and interact more, indicating a
good experience with the site. Speed and easy navigation are key to creating loyal users.

. Performance: Clear and well-organized designs increase site performance and make it easier to maintain and
update. This helps in adding new options and adapting to new technologies.

. SEO (Search Engine Optimization): Sites well optimized for accessibility rank higher in search engines, bringing

better results and more visitors.

6.2 Disadvantages

. Time: Developing a site that meets accessibility requirements and standards takes a lot of time for planning,
design, and constant updates with new laws and technologies.

. Limitations: Compliance with accessibility guidelines limits design and function choices, limiting aesthetic and
creative options.

. Maintenance: Accessibility is not a one-time task; must be constantly updated to stay compliant with new
standards and technologies, including continuous monitoring and testing.

. Testing: Testing the site with people who have disabilities is difficult and takes a lot of time and energy, but it
is necessary to ensure full accessibility.

. Legal Issues: Many countries have strict laws and regulations on site accessibility. Failure to comply with these
rules can lead to fines and lawsuits, as well as significant reputational damage.

. Ethical Issue: User-friendly and comprehensive design reflects the commitment to social responsibility and helps
to create a good reputation. Failure to comply with this responsibility can damage personal and company reputation.

. Balancing Requirements: The different needs of different user groups create confusion, and it is difficult to

balance between their different requirements, making it challenging to provide a one-size-fits-all solution.

Despite these challenges, websites should always be accessible to everyone. With good planning, all these problems can
be overcome. Accessibility is an ethical and moral responsibility for developers, testers and all web professionals. We
must ensure that no category of users is excluded and alleviate their problems with increased dedication and care.

6. CONCLUSIONS

This topic will hopefully help all developers in the field of web development, providing examples of how to keep in mind
programming standards for all users, regardless of ability or limitation. While researching this topic, I came across aspects
of programming and rules that I didn't know before. We have reviewed several details and various frameworks, tools and
methodologies that form a part that is missing from most companies involved in the development of these technologies.
Exploring how to create a website that meets all the requirements is not easy at all and requires care in many aspects. To
think for a moment that we have in front of a page developed by us and condition a person to interact with our work or
not, is something we have not thought about before.

I hope that exploring new assistive technologies will help everyone in terms of accessibility and user-friendly design. We
analyzed the techniques and gave suggestions for colors, optimization, contrast, buttons. We are familiar with tools and
plugins that help a lot in terms of design. To go deeper, we have taken concrete cases of how solutions should be made
for people with impaired vision, for people with hearing problems and many other cases.

The path to this degree topic has led us to research with new methodologies, with different approaches and keeping control
of the scientific literature and internet research. As we look to the future, we anticipate further innovations and
transformations in Internet technologies and are committed to staying on top of these advances.

This graduation theme is not only a culmination of our journey, but also a testament to the continued evolution of front-
end site development. It serves as a valuable resource for developers, providing insights, best practices, and deep insight
into the trends driving the digital landscape. In a world where user experience is key, continuous exploration and deep
knowledge of new web technologies remain imperative.
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The Transformative Impact of Apple Vision Pro on Healthcare and Medical
Practice

PRANVERA JASHARI', FATON KABASHI> VEHEBI SOFIU?, LAMIR
SHKURTIY, SAMI GASHI®

Abstract: Apple Vision Pro is a device a headset that merges digital and real-world content, offering users an integrated
and advanced experience. The high-level development technology in Apple Vision Pro has the potential to fully transform
every aspect of life, especially in the field of healthcare, including health care, digital therapy, and the education of both
medical staff and patients. Apple Vision Pro aims to provide healthcare professionals and staff with the ability to make
safe and accurate decisions in treating patients. This advanced system, with its sophisticated algorithms, allows for the
creation of complex models so that medical staff can identify potential risks and develop personalized treatment plans for
their patients. Apple Vision Pro can process information to highlight possible diagnoses and treatment options, providing
instant access to all the information medical staff need, thus easing their workload. It helps medical staff secure new
medical information by enabling them to access the latest knowledge and recommendations. Some other benefits include
faster and more accurate diagnosis, automation, and continuous patient monitoring through Apple Vision Pro throughout
its use. It also positively impacts patients, leading to improved quality of life outcomes. Apple Vision Pro enhances patient
engagement and education through its 3D camera, helping patients better understand how a disease functions in their
body, how the therapy works, and the entire healing process through visuals that make it easier for them to grasp. In
particular, it positively impacts patients' mental health, making their lives more dynamic and helping them avoid negative
thoughts or real-life situations that they may wish to avoid experiencing.
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1. INTRODUCTION

Apple Vision Pro is a new device with highly advanced development technology, designed to push the limits of innovation
and merge the real world with the digital. It comes in storage capacities of 256GB, 512GB, or 1TB. The display includes
the highest level of advancement, with 23 million pixels, 3D views, a 7.5-micron pixel pitch, and more. It is also powered
by two chips, the M2 and R1. The M2 consists of a central processing unit with 8 performance cores and 4 efficiency
cores, designed for parallel processing with 10 cores, along with 16 cores from the neural engine, which is a specialized
processor that enhances performance, and 16GB of unified memory. The R1 chip performs extensive image signal
processing, with a memory bandwidth of 256GB/s. The main stereoscopic 3D system, used by the camera, creates an
illusion of depth in images and videos. It also captures spatial photos and videos, enabling moments to be revisited in
time. The sensors include two high-resolution main cameras, six tracking cameras, four units for gaze tracking, four
inertial measurement units, a vibration sensor, and an ambient light sensor. Apple Vision Pro's security system uses Optic
ID, encrypted and accessible only by the Secure Enclave processor, ensuring the protection of personal data within the
application. The device includes Spatial Audio technology, creating an immersive audio experience with both audio and
video playback. The battery provides approximately 2 hours of general use, up to 2.5 hours of video playback, and can
be used while charging. Apple Vision Pro supports wireless and Bluetooth connectivity, with VisionOS as its operating
system. The device weighs about 600-650g. [1]The use of Apple Vision Pro aids individuals with disabilities. It has the
potential to impact the medical field, healthcare, and digital health by focusing on education and training for various
medical procedures, such as assisting surgeons in surgical planning and mental health care. It also encompasses digital
therapy, involving medical interventions for the prevention, management, and treatment of diseases or disorders, patient
monitoring and care, as well as research and development through the analysis of medical data to develop new treatments
and therapies. Its use enhances accuracy, efficiency, and access to medical care. Apple Vision Pro also has an ergonomic
design, making it very comfortable to use.
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2. LITERATURE REVIEW

The advanced technology of Apple Vision Pro promises enhanced ease and accuracy in the medical field. Its application
in healthcare has started in the U.S., where its ability to blend the digital and physical worlds has improved the
management and safety of various medical procedures. With advanced sensors, Apple Vision Pro opens up different
possibilities for medical staff, patients, improvement of mental health therapies, surgical planning, and the transformation
and education of healthcare.

The combination of artificial intelligence and imaging capabilities of Apple Vision Pro provides the best option for
diagnosis and easier monitoring of diseases remotely, reducing the burden on healthcare institutions by saving patients'
time and easing the management workload for staff. According to a study at Cedars-Sinai, in collaboration with artificial
intelligence experts, an application was developed to improve patients' mental health by leveraging Apple Vision Pro’s
unique capabilities, serving Los Angeles and beyond. The application enables patients to engage in Al-powered talk
therapy and experience relaxing, immersive environments that provide a real-life feeling of serenity. It offers users therapy
sessions. [2] "Apple Vision Pro provides a gateway into Xaia’s immersive, interactive behavioral health support — taking
steps I can only describe as a quantum leap beyond previous technologies," said Brennan Spiegel, MD, MSHS, Professor
of Medicine and Director of Health Services Research. A group of researchers is exploring how virtual reality could affect
the treatment and healing of the body, as Apple Vision Pro’s advanced mechanisms train the brain and body to reduce
pain without medication. Studies have shown that users experience a more relaxed mental state and find it easier to reduce
pain while using the device. Dr. Jeffrie is planning a study on how Apple Vision Pro’s virtual reality mechanisms, when
interacting with the immune system, can detect inflammation in joints, bones, and internal organs, subsequently reducing
pain.

A pilot study by national surgeons like [3] M. Orione, G. Rubeqni, R. Tartaro, and G. M. Tosi explored the application
of Apple Vision Pro in ophthalmic surgery, assessing results during its use. Apple Vision Pro was used by 10 surgeons
during an eyelid surgical intervention, where the device was employed throughout the process. The results were positively
evaluated by the surgeons, who expressed high regard for the freedom of movement and workflow integration provided.
Surgeons assessed the improvement in visualization, enhanced accuracy, and easier communication between surgical
teams during the process.

[4]Elsevier, a company supporting the work of healthcare researchers and professionals, offers students a first-time
experience in learning about the heart through 3D images, models, and simulations with Apple Vision Pro. They created
the HeartX application, which combines animations, 3D models, images, and videos, making heart education more
engaging for students. Jan Herzoff, President of Elsevier, stated that this was a significant aid for students by offering a
new learning experience, with real-time, accurate images of how cardiac health functions, the occurrence of heart diseases,
and their prevention. The study focuses on an in-depth exploration of the heart and cardiovascular system and on cardiac
conditions, providing students with a real experience of how they function. Apple Vision Pro is one of the most efficient
devices for tumor detection.

"Three-dimensional visualization of medical images in an immersive space creates exciting opportunities for improving
patient care. Technology that enables sophisticated eye and gesture controls for reviewing 2D and 3D medical images
can potentially assist in effective tumor board reviews and create collaborative spaces in healthcare," said Dr. Paul
Murphy, Clinical Associate Professor at UC San Diego School of Medicine and radiologist at UC San Diego Health [5].
The advanced artificial intelligence in Apple Vision Pro improves client experiences in its products and services, and
based on studies, it is expected to become an essential device for performing medical services.

3. PROBLEM STATEMENT

Apple Vision Pro is a device that has impacted every industry. The purpose of this topic is to explore its influence and
significance, particularly in the field of medicine. This topic will include research on what services Apple Vision Pro can
provide and the improved outcomes resulting from its use in the relevant field. In general, I will address the advanced
technology of this device.

The problems that have brought us to this topic are:

The world's lack of knowledge about the importance of Apple Vision Pro
Absence and improper treatment of patients

Deterioration of results in the industry overall

Concerns about the security and privacy of patient and medical staff data.
Non-application of surgical trials before starting the procedure

Absence of digital therapy.

O O O O O O

4. METHODOLOGY
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This research paper aims to evaluate the impact of Apple Vision Pro on healthcare practices, focusing on how this
technology will diagnose and treat diseases. From this research, we will be able to understand all the advantages and
challenges that the use of this technology will bring for the staff of healthcare centers as well as for patients. To accurately
analyze this research, we have employed several methods, one of which is case studies on how Apple Vision Pro has been
used in hospitals and clinics, where we have understood its effectiveness and benefits in everyday practice. Additionally,
for this research, we have used statistical data from other studies that analyze and show the impact of similar technologies,
which help us gain a clearer understanding of the impact of Apple Vision Pro in healthcare. To ensure we have all the
theories and clear data, we have researched scientific literature from specialized books and articles, which allows us to
gain a broad perspective on what Apple Vision Pro will offer us, what advantages it contains, and the criticisms and
limitations we might face with this advanced technology.

5. THE IMPACT OF APPLE VISION PRO ON MEDICINE

Apple Vision Pro creates new opportunities for digital interaction by combining augmented reality and virtual reality. It
is also focused on the healthcare context and medical education. Its technology is beneficial in specific areas of medicine,
making the staff's work easier and providing higher security for patients. The capabilities of this device are advanced,
allowing for its application in improving clinical procedures, surgical navigation, and patient care. Apple Vision Pro
facilitates the reduction of procedural errors. Augmented reality and virtual reality enable the creation of medical
simulations for staff, which aids in preparing them to develop complex medical procedures, enhancing their skills while
reducing risks for patients and improving medical outcomes overall.

Apple Vision Pro is a device that helps improve the emotional or mental state of its users. This device assists in escaping
reality and immersing the mind in an illusion where the user wishes to be, experiencing the feeling of reality. This can
make it easier to cope with depression, anxiety, and other mental health conditions. Many patients with severe mental
health conditions positively influence their well-being through the use of this device, such as reliving beautiful moments,
like memories of a loved one who has passed away.Medical staff can examine patients in detail using Apple Vision Pro,
offering accurate diagnoses. The greatest advantage of its use is among students in their training. With its use, students
gain a better understanding of anatomy and medical processes, as Apple Vision Pro presents clearer and more detailed
visualizations of the body.

5.1. Surgical Application

With the use of Apple Vision Pro headsets, surgeons can visualize and interact with 3D models of each part of the patient's
body anatomy, assisting in the surgical planning process. The visualization of anatomy feels realistic, and the use of the
headsets is comfortable, without causing eye strain. Apple Vision Pro provides security for the staff when initiating
surgical procedures after virtually analyzing the anatomy. It reduces the time needed for surgical treatment and allows for
the pre-preparation of surgical interventions without directly practicing on human patients. Apple Vision Pro enables
high-resolution viewing of the patient's anatomy, patient examinations, and all 3D models in real time, facilitating more
precise strategies for the operation. The use of Apple Vision Pro helps to minimize accidental injuries. [6]The device also
allows for the identification of potential damages or accidents during surgical procedures, which overall enhances the
accuracy of patient outcomes. Surgeons have begun to adopt this technology in many parts of the world, especially in
India, for performing surgeries on various issues such as stomach cancer and fistulas. With its advanced technology,
Apple Vision Pro is set to become an essential tool in these surgical procedures, as it increases efficiency and accuracy
in patient outcomes.

Figure 1. The Use of Apple Vision Pro in the Surgical Sector of Medicine
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5.2. Improvement of pychological health

Apple Vision Pro plays a significant role in alleviating stress, offering new therapy options, and enhancing psychological
well-being, positively impacting emotional states. With its virtual environments, Apple Vision Pro enables users to relax.
This device allows for the simulation of various scenarios, facilitating an escape from reality and creating an illusion that
provides treatment for phobias, anxiety disorders, and other mental health issues. By putting on the headset, users can
transport themselves to a calming place, experiencing a sense of tranquility while lying on the couch. [7]Apple Vision
Pro can be regarded as a type of at-home therapist that empowers users to take control of their mental health. The advanced
device supports mental health applications such as meditation or those addressing specific disorders. Overall, Apple
Vision Pro is a promising tool in the battle against mental health challenges through virtual technology and the possibility
of time travel.

5.3. Education and medical treatment

Apple Vision Pro significantly impacts the education of both staff and patients. Through its use, medical personnel
enhance their skills, enabling them to make more accurate diagnoses. Healthcare staff utilize 3D models combined with
augmented reality to explain patients' conditions through visual representations, allowing patients to better understand
their health status. These models enable patients to grasp how therapy affects them and how the healing process unfolds.
Apple Vision Pro improves accuracy in patient care plans by providing alerts for medications, monitoring, and treatments.
It facilitates the education of anatomy and anatomical practice, eliminating the need for cadavers. Additionally, Apple
Vision Pro offers medical students valuable insights, helping them understand medical procedures more effectively.

5.4. Discovery of skin cancer
Apple Vision Pro captures high-resolution images of the skin, enabling analysis and diagnosis by dermatologists. [8]The
3D imagery allows dermatologists to enlarge and examine images in detail. Apple Vision Pro detects early signs of skin
cancer, such as irregularities in texture, shape, appearance, and color. Early detection can prevent the progression of this
disease, and successful outcomes are anticipated with the use of Apple Vision Pro in the treatment of skin conditions.
5.5. Application in dental health
Apple Vision Pro can be used for oral health by capturing images of teeth and gums. Dentists can identify dental health
issues in detail, such as tooth diseases, cavities, and oral cancers. By using this technology, dentists can provide their
patients with preventive measures, reduce the risk of complex procedures, and enhance their treatment plans. Patients
using Apple Vision Pro can improve their overall oral health.
6. ADVANTAGES AND DISADVANTAGES

Apple Vision Pro is expected to become an essential device in healthcare due to its comprehensive functionality.

6.1. Advantages of using Apple Vision Pro in Healthcare

. Improvement of various procedures in a realistic environment, as well as the potential to enhance the skill
acquisition of medical staff.

. Information is generated more quickly regarding diagnoses and possible treatment options.

. Accelerating the diagnostic process and increasing accuracy.

. Provides accurate analysis of medical data using artificial intelligence.

. Staff feel more confident in making decisions and improving treatment outcomes for their patients after using
them.

. Facilitates the work of medical staff in identifying potential health risks and creating personalized patient plans.
. Eases the planning of surgical procedures through the visualization of 3D models.

. Medical trainees notice an increase in their knowledge through close examination of complex anatomies and
medical procedures after using Apple Vision Pro.

. Medical staff reduces the time needed to access relevant clinical data, treatment guidelines, or patient
interactions. So, it enables faster access to make accurate and up-to-date decisions in real-time.

. Easier remote collaboration among staff, staff-patient, or student-staff located in different destinations.

. Medical staff improves proactive skills and knowledge through the integration of various systems in Apple

Vision Pro, which provide immediate feedback.
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Advantages Doctors
Faster, Accurate Diagnosis Reduced Image Analysis Time

Improved Patient Monitoring Streamlined Tasks for Staff

Figure 2. Advantages for Medical Staff Using Apple Vision Pro

. Improvement of patient’s quality of life by reducing the likelihood of hospital stays.

. Increased patient engagement and education.

. Patients more easily understand their medical conditions, treatment procedures, and diagnoses.

. Patients can be more accurate with their treatment plans and medication schedules after using Apple Vision Pro.
. Patient safety is enhanced through advanced algorithms of Apple Vision Pro, which alert doctors and pharmacists

to potential medication risks.

Advantages ‘o Patients

Real-Time Monitoring Improved Interactive Learning

Reduced Risk of Medical Errors

Figure 3. Advantages for Patients After Using Apple Vision Pro

Disadvantages of Using Apple Vision Pro in Healthcare

. The high price after purchasing Apple Vision Pro may be a financial burden for healthcare institutions.

. Medical professionals express difficulties in adapting to the virtual technology and augmented reality of Apple
Vision Pro after its use.

. Staff may experience fatigue or discomfort after using Apple Vision Pro, which can negatively impact the
successful performance of medical procedures.

. Patients feel less emotionally connected to the staff after using Apple Vision Pro.

. Patients may be negatively affected in their emotional state when they understand how the disease operates in
their body.

. Excessive use of Apple Vision Pro may lead to addiction in patients and subsequently develop social isolation
for them.

. Patients may develop a dependency on using Apple Vision Pro, making it a tool for managing their emotions

rather than controlling and managing them on their own.
7. CONCLUSION

Apple Vision Pro offers advanced new technology to develop new opportunities in healthcare. Apple Vision Pro provides
a series of applications that serve patient health care. Healthcare institutions find it easier to organize patients with its use.
Medical staff can reduce waiting times through online consultations and more easily manage and systematize patients.

Apple Vision Pro, with the most advanced technology in recent years, is used in every medical clinical field, such as
abdominal, psychiatric, ear treatment or nose treatment, vascular, and others. Its advanced system is capable of alerting
to patients' diseases, offering the possibility of treating them before they develop. Apple Vision Pro provides security for
patient data. Its users can change their emotional state through virtual reality, where they can go back in time, meaning
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reliving moments with loved ones who are no longer alive, experiencing these moments as if they were real. Medical staff
using it achieve more efficient results as it offers complete security with the ability to view 3D images, providing every
possible detail.

In addition to medical staff, its use is also widespread in pharmacies, as they receive quick and accurate information about
whether a diagnosis may lead to side effects for patients. Patients using it can discover more about their illness, how it is
treated, how therapy affects them, how the healing process works, and whether there are any side effects. Medical staff
enhance their knowledge by viewing in detail everything they need in real time. This device provides patients with
services such as security for their data, immediate treatment, disease prevention, accurate digital diagnoses, and many
other services. This technology promises to become mandatory in healthcare institutions.
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Abstract: This project presents the development and implementation of a financial web application, dedicated to budget
and expense management for individuals and companies. The project focuses on creating an innovative and
comprehensive platform that addresses common challenges in financial management using modern technologies and
advanced development methodologies. The application aims to provide a comprehensive solution for users including
functionalities such as budget tracking, expense categorization, product management, profit estimation and generation of
customized financial reports. The application is designed to be accessible from any device with a web browser, thus
providing a smooth and easy user experience. One of the main objectives of this project is to ensure a high level of security
and privacy for user data. For this purpose, advanced encryption technologies and protection mechanisms are used to
guarantee the protection of sensitive financial information. This focus on security is essential to gain users' trust and
ensure that their data is protected from unauthorized access. Another important aspect of this project is the use of data
analytics to provide personalized insights and recommendations to users. These analyzes help users make more informed
financial decisions and optimize the management of their financial resources. Analyzes include estimates on spending,
consumption trends and recommendations for budget optimization. Furthermore, the application is designed to be
scalable, enabling high performance even in cases of large user and transaction loads. This feature makes the platform
suitable for a wide range of users, from individuals managing their personal budget to companies looking for an efficient
tool for managing their corporate finances. In conclusion, this project represents an important step in the development of
digital financial tools, providing a safe, efficient and easy solution for users to improve the management of their finances.
The platform not only fulfills the current needs of users, but also has the potential to serve as a model for future
developments in the field of financial technology.

Keywords: API - Application Programming Interface, BPM - Business Process Management, CRM - Customer
Relationship Management, ERP - Enterprise Resource Planning, FinTech - Financial Technology, IoT - Internet of
Things, KPI - Key Performance Indicator, SaaS - Software as a Service, SDLC - Software Development Life Cycle,
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1. INTRODUCTION

Financial management is an essential component of personal and business life, requiring advanced tools and strategies to
ensure economic stability and success. In the digital age, technology has revolutionized the way we manage our finances,
offering innovative and automated solutions to help individuals and businesses monitor and control their finances. One
of these solutions is the development of financial web applications that facilitate budget and expense management.
Nowadays, individuals face numerous challenges in managing their personal finances. Unforeseen expenses, lack of
budget planning and inability to track income and expenses in real time are some of the main problems that individuals
face. Additionally, many people have difficulty understanding and analyzing their financial data, which makes informed
financial decisions difficult. On the other hand, businesses, especially small and medium-sized ones, face various
challenges in managing their finances. Managing inventory, tracking operational expenses, estimating profits, and
generating accurate and detailed financial reports are some of the challenges these businesses face. Moreover, the lack of
an integrated system for managing these aspects can lead to financial losses and wrong decisions. Security and privacy of
financial data are also major concerns in the digital age. With the increase in cyber security incidents, the protection of
personal and financial information has become critical. Individuals and businesses require tools that not

only provide advanced functionality for financial management, but also ensure that their data is protected from
unauthorized access and cyber-attacks.

This project aims to develop a financial web application that will provide a comprehensive budget and expense
management solution for individuals and businesses. The application will address the problems mentioned above by
providing a user-friendly interface, advanced financial management tools, strong security measures and customized
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reports. This platform will help individuals and businesses make informed decisions and achieve their financial goals
effectively and safely.

The application will include multiple functionalities to meet the needs of different users. Users will be able to create and
manage their own budgets for different categories of expenses, such as food, transportation, entertainment and business
expenses. This process will be simplified with the help of an intuitive and easy-to-use interface that allows setting budget
limits and monitoring expenses in real time. This will help users avoid budget overruns and have a clear overview of their
finances.

2. LITERATURE REVIEW

The development of financial applications for budget and expense management has been an area of great interest to
researchers and professionals. These apps are designed to help individuals and businesses organize their finances, track
expenses and plan budgets more effectively.

A study by Fisher and Lay [1] evaluates the impact of mobile financial applications on improving personal finance
management. The study found that using such apps helps users track their spending, identify spending patterns and make
informed financial decisions.

Another study by Riquelme and Rios [2] examines the role of technology in business financial management. They
evaluate the use of financial applications in small and medium-sized businesses and find that these applications help
automate financial processes, generate financial reports and improve the tracking of operational expenses.

Another important aspect is the design and user interface of these applications. A study by Chen et al. [3] analyzes the
impact of user interface design on the efficiency of financial applications. The study highlights the importance of a simple
and intuitive design that facilitates use and improves the user experience.

Another research by Kapoor and Gunta [4] focuses on data security and privacy in financial applications. They emphasize
the importance of using advanced encryption technologies and safeguards to ensure that users' financial data is protected
from cyber-attacks and unauthorized access.

According to a study done by Brown and Black [5], financial applications can also be used to educate users about financial
management. The study suggests that apps integrate educational features, such as financial advice and budget management
courses, to help users improve their financial knowledge and make better financial choices.

A study by Suryadevara and Babu [6] focuses on using artificial intelligence and machine learning algorithms to
personalize financial recommendations for users. Financial applications that use these technologies can analyze spending
and income patterns to provide specific, personalized advice that helps users optimize the management of their finances.
A research by Kaczorowski et al. [7] studies the impact of financial applications on improving financial control and
reducing finance-related stress. The results show that regular use of financial apps helps users have a better understanding
of their financial situation and helps them feel more confident and less stressed about their finances.

Another study by Johansson and Olsson [8] examines the impact of financial applications on strategic business decision-
making. The study shows that the use of financial applications helps business managers have a clear picture of the
company's financial condition and make better strategic decisions that positively affect the growth and sustainability of
the business.

The development of financial applications for budget and expense management has a positive impact on personal and
business financial management. Financial apps provide powerful tools for tracking and analyzing expenses, budgeting,
and securing data, helping users achieve their financial goals and improve their financial health. The integration of
advanced technologies, intuitive design and strong security measures contribute to the effectiveness and popularity of
these applications.

3. PROBLEM STATEMENT

The development of a financial web application for budget and expense management is the purpose of this research and
the achievement of some results related to this technology. The impact and applications of financial technology in budget
and expenditure management, problems, challenges and others. The result of this work predicts that it will be the gain of
knowledge about the use of financial applications, namely the understanding of how and where this technology can
influence in the future. The overall objective is to explain the development of financial technology and its use. The
problems that have brought us to this research are:

* Lack of knowledge and appropriate tools for effective management of personal and business finances.

« Inability to track income and expenses in real time.

* Difficulty in analyzing and interpreting financial data to make informed decisions.

* Increasing cyber security threats and the need to protect financial data.

» The complexity of integrating different financial tools into a single, easy-to-use platform.

4. METHODOLOGY

The methodology in this thesis describes the methods and techniques that will be used to realize the goals and objectives

of the project. It includes the steps to be followed, the materials to be used, and the sources from which these materials
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will be obtained. The main goal is to provide a structured and sustainable approach to the development and
implementation of the financial web application.

4.1 Research Approach

The project will use a mixed approach, combining qualitative and quantitative research methodologies:

* Secondary Research: Compilation of existing literature, academic articles, and industry reports to create a solid
theoretical foundation and identify best practices in the development of financial applications and financial technology
(FinTech) [9].

* Primary Research: Conducting interviews and surveys with potential users to understand their specific needs and
requirements for a financial web application. This will help create an interface and functionalities that are convenient and
usable.

4.2 Development Process

The web application development process will be followed in structured phases to ensure efficiency and quality:

1. Requirements Analysis:

o Summary of functional and non-functional requirements through interviews and surveys [10].

o Documenting the specifications of development requirements.

2. System Design:

o Designing the application architecture using UML (Unified Modeling Language) models to represent the structure and
interactions of the various system components.

o Developing database schemas to ensure efficient data management.

3. Development and Implementation:

o Using development languages and frameworks such as Angular for the user interface and .NET for the server part [11]
[12].

o Integration of external APIs for additional functionality such as payment and financial data processing.

4. Testing:

o Conduct functional and non-functional testing to ensure the application meets requirements and is stable.

o Security testing to identify and address potential security issues.

5. Implementation and Maintenance:

o Deploying the application to a production environment and providing user support.

0 Monitoring performance and performing regular updates to improve functionality and security.

4.3 Materials and Resources

* Literature and Articles: Academic resources and scientific articles will be used to support development theory and
practices [9].

* Development Tools: Tools and platforms such as Visual Studio Code, GitHub, and cloud environments for application
testing and development.

* Databases: Relational databases such as MySQL for financial data management [13].

* Security Resources: Security protocols and tools to protect data and financial transactions from cyber threats.

5. PROJECT ANALYSIS AND PLANNING
5.1 Scope of the Project

Overview

A financial web application is an online platform that provides users (individuals and companies) with a variety of
financial tools and services to help them manage their finances. The application will be accessible from any web browser
and will have two different login interfaces for individuals and companies.

Individual users will have access to features such as budget tracking and expense tracking to help them manage their
personal finances. In turn, companies can use the platform to manage and showcase their products. They can add
information about their products, manage the quantity sold and remaining inventory, track expenses and estimate the
profits they will make.

The platform will provide users with customized reports and analysis based on their financial activities, and they can
generate financial statements for personal or business use. Additionally, the app will have built-in security features to
ensure the safety and privacy of user data.

Objectives

The objectives of the financial web application are as follows:

* To develop a user-friendly interface for both individuals and companies that provides a seamless experience while
managing their financial activities.

* Enable individuals to track their spending, set budgets and generate reports that help them understand their financial
position and make informed decisions.
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* Allow companies to add, manage and provide tools to track their inventory, expenses and profits.

* To guarantee the security and privacy of user data by implementing strong security measures and respecting the relevant
data protection regulations.

* Provide users with valuable insights and analysis based on their financial data, enabling them to make informed decisions
and take the necessary actions to achieve their financial goals.

* Provide prompt customer support and service to address user questions and concerns regarding platform functionality.
* Continuously improve and update platform features based on user feedback and market trends, providing a reliable and
up-to-date financial management solution.

Application Features

The financial web application will include the following features:

1. Product Management: The platform will enable companies to add their products and manage their inventory, sales and
profits in real time.

2. Profit estimation: Companies can estimate their profits based on their sales and expenses, allowing them to make
informed decisions about pricing and inventory management.

3. Financial reports: The platform will generate customizable financial reports for individuals and companies, including
balance sheets, income statements and cash flow statements.

4. Data Analytics: The Platform will use data analytics to provide users with insights and trends related to their financial
activities, helping them make informed decisions about their finances.

5. Categorizing expenses: The platform will enable individuals to categorize their expenses automatically or manually,
making it easy to identify areas where they can reduce spending.

6. Goal setting: The platform will allow individuals to set financial goals and track their progress towards achieving them,
providing motivation and guidance towards financial success.

7. Secure Data Storage: The Platform will store user data securely, using encryption and other security measures to protect
sensitive information from unauthorized access.

8. Customer Support: The platform will provide customer support through a variety of channels, including email, chat
and phone, ensuring that users can quickly get help with any issues they encounter.

Restrictions

The following limitations will be considered during the development of the online financial application:

* Cross-Browser Compatibility: The application must be designed to be compatible with all major web browsers.

» Data Privacy: The application must comply with data privacy regulations and protect users' financial data from
unauthorized access.

* Scalability: The application must be designed to handle large numbers of users and transactions as it scales.

* Performance: The application should be optimized for performance to ensure that it runs smoothly and efficiently.
Project products

The following products will be provided at the end of the project:

* Fully functional financial web application accessible from any web browser.

* User manuals and documentation.

* Source code and project documentation.

* Quality assurance and test reports.

5.2 Technical and Technological Analysis

Presentation

In today's fast-paced world, managing personal and business finances is becoming increasingly complex. An online
financial application can provide users with an efficient and convenient way to manage their finances. The proposed
financial web application aims to provide individuals and companies with a user-friendly platform to manage their
finances, track expenses, generate reports and make informed decisions.

This analysis will discuss the technology, system architecture, external systems, tools, equipment, and software needed
to develop an online financial application. We will also analyze the technical feasibility of the project and explore potential
challenges and constraints that need to be considered. The purpose of this analysis is to provide a comprehensive overview
of the proposed online financial application and lay the foundations for its successful development and implementation.

Technology Used

When developing a financial web application, it is essential to use technologies that ensure security and reliability. The
programming languages that will be used in the development of this application are: Angular for frontend and .NET for
backend. These programming languages are compatible and have strong community support, which will ensure that the
application is developed and maintained effectively [11] [12].

In addition to programming languages, the database used in the application will also play a decisive role in its success.
For this online financial application, MSSQL will be used as the database management system. MSSQL is known for its
reliability and scalability, which are essential for a financial application [13]. With this stack of technology, the financial
web application will be developed to provide a secure, reliable and efficient platform for users to manage their finances.
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Figure 1. The technology used

User Interface (UI)

The user interface (UI) is the front end of the application that allows users to interact with the tool. It includes the design,
layout and functionality of websites or mobile applications. Angular technology provides a powerful and flexible
environment for creating dynamic and responsive interfaces that improve the user experience [11].

System Architecture

The system architecture of a web application defines how its components interact with each other. A well-designed
architecture ensures that the web application is scalable, secure and reliable.

* Application Server: The application server is the back end of the application that handles the business logic and interacts
with the database. It is responsible for processing user requests, managing user accounts and generating reports.

» Database Server: The database server stores and retrieves data from the application. It is responsible for storing project
information, user data and other related information.

* Collaboration tools: Collaboration tools enable team members to work together and share project-related information.
These tools include messaging systems, document sharing, and file storage.

» Task management: The task management component allows users to create and assign tasks, set deadlines and track
progress. It includes features such as to-do lists, calendars and progress trackers.

* Reporting and analytics: The reporting and analytics component provides users with insights into project performance,
team productivity, and other important metrics. It includes features such as dashboards, dashboards and custom reports.

User Application

Interface Layer Data Layer

User-Portal Authentication / Validitation User-Data

Businesss Logic

Company Portal
pany Company-data

Integration

Admin Portal

Natification Admin-data

Figure 2. System architecture structure

Integrated Systems

Embedded systems are used to improve the functionality and performance of the web application. The following
embedded systems can be used for an online financial application:

1. Authentication and authorization: For user authentication and authorization, external services such as Google API
Login, Facebook Login or OAuth2 [15] can be used. These services allow users to authenticate with your web application
using their existing social media accounts or email accounts.

2. Syncfusion: Syncfusion provides modern and user-friendly graphs and charts for real-time data visualization and
reporting. Syncfusion's suite of more than 1,600 components and frameworks for .NET, JavaScript, Angular, React, Vue,
and Xamarin development helps build these features quickly and easily, saving time and money [14].
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Technical Feasibility Analysis and Project Risk

Technical Feasibility

The project involves the development of a financial web application that requires the integration of several technologies,
including web development frameworks, database systems, and third-party APIs. The technical feasibility of the project
depends on several factors, including:

1. Availability of skilled resources: The development team must have access to skilled resources with expertise in the
required technologies. If qualified resources are not available, the technical feasibility of the project may be at risk.

2. Compatibility of technologies: The technologies used in the project must be compatible with each other. Compatibility
issues can arise during integration, leading to delays and technical issues.

3. Infrastructure: The project requires adequate infrastructure, such as servers, networking and storage, to host the
application. The availability and cost of such infrastructure may affect the feasibility of the project.

4. Third Party API Availability: The project relies on third party APIs for functions such as email notifications and SMS
reminders. The availability and reliability of these APIs can affect the feasibility of the project.

Technical Risks

Web application development for scheduling and booking carries several technical risks that must be managed to ensure
its successful completion. Some of the main risks associated with the project include:

1. Security: The application includes sensitive user data and must be designed with strong security measures to prevent
unauthorized access, data breaches and other security threats.

2. Scalability: The application should be able to handle a large number of users and transactions. Therefore, the
architecture should be designed to scale horizontally or vertically as traffic increases.

3. Reliability: The application should be available 24/7 and should be able to handle failures gracefully. Therefore, the
application should be designed with fault-tolerant architecture and backup systems.

4. Integration Challenges: Integrating the various technologies required for the project can be challenging and the
development team must have the necessary expertise to manage this process.

5. User Experience: The success of the application depends on the user experience and the development team must ensure
that the application is intuitive and easy to use.

In general, the technical feasibility and riskiness of the project depend on several factors, including the availability of
qualified resources, the compatibility of technologies, the availability of infrastructure and the reliability of third-party
APIs. The risks associated with the project must be managed to ensure its successful completion.
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5.3 Definition of Product Backlog & User Stories

Table 1. Product Backlog Table for Cash Control System

Product Backlog Table for Cash Control System
PRIOR | SPR
D LIKE Ac. 1 WANT ... THAT...
. : ITETI INT
EPIC 1 - User Registration
Uso1. USERS to register in the system to hawe access to the system st 1
through the profile. Hawve
uso?. USERS lagin to the system to have access to the system Mlust 1
through the profile. Hawve
Us0n3. USERS a secure identification allows me to access the Must 1
system info. needed safely. Have
Uso4g. USERS change my (if) | forgot them. Must 1
credentials Hamve
EPIC 2 - Management by Administrator
USQ5. | Administrator delete a user's data not be accessible if the Must 1
user no longer uses the Hawve
system.
US06. | administrator change user data manage user regquests as Must 1
desired. Hawve
Usoy. Administrator to give access to the client to be able to MNlust 1
ensure proper access and control Have
over the system.
EPIC 3 — Implementimi i Live Chat
US0s. USERS use a live chat service to communicate with the custamer Should 2
support department. Hawve
UsQo. USERS to have 24/7 access to chat with customenr Should 2
service whenewver Hawve
necessary.
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EPIC 4 - Cost Management

usi10. USERS track my expenses to be able to monitor Must 1
my spending habits snd Have
stay within my
budget.
Us11. USERS to categorize see where my money is Must 1
my expenses going. Have
Us12. USERS create a savings reach my financial goals. Must 1
plan and track my Have
progress toward my
savings goals
EPIC 5 - Product Management
USs13. Company be able to add info. potential customers to Must 1
Owner about my products see and buy them. Have
in the system
Us14. Company be able to track the to be able to effectively Must 1
Owner quantity sold and manage my stock levels Have
remaining
inventory of products
mine
Usl1s. Company estimate the profits | make informed Could 2
Owner will make based on my business decisions. Hawve
sales and expenses
EPIC 6 - Reporting and Analysis
Usl16. USERS create personalized better understand: Must 1
reports for my my financial situation. Have
financial activity
US17. Company create financial be able to keep track of | Should 2
Owner statements for my business my finances for tax and Have
reporting purposes.
EPIC 7 - Interface (UI)
US18. USERS system to have an to be able to easily Must 1
easy-to-use interface navigate to the Have
relevant parls.
Us19. USERS view recent transactions to check the financial Must 1
on the main page situation quickly. Have

of the system
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5.4 3C Analysis

3C analysis focuses on three main components that help develop successful strategies: Company, Competition and
Customers. Using this analysis, we can identify the strengths and weaknesses of our company, the opportunities and
threats from the competition, as well as the needs and desires of our customers. [16]

Company

In this project, the company aims to provide a platform that allows users to manage passwords, request support through
a live chat service, categorize and track expenses, and manage product and transaction data. The use of such a platform
helps the company to improve its service offering and increase efficiency in the management of user data.

Competition

Our competitors also offer similar services, but by analyzing User Stories and our users' requests, we have the opportunity
to differentiate ourselves by offering additional features such as password change confirmation emails, 24/7 live chat, and
detailed expense reports. This allows us to create a competitive advantage by providing an improved user experience.

Customers

To meet the needs of consumers, our platform is built to address their specific requirements, identified through User
Stories. This includes the ability to change passwords, request fast and efficient support, manage expenses and generate
financial reports, as well as inventory tracking for vendors. This helps us ensure that our platform is tailored to the real
needs of our users.

Company

Desired payback period for
R&D costinvestment

Competition
* Market share
* Product features

Customer

Customer value perception

Figure 4. 3C Analysis

User Story

USO04: Change Password

Card: 1, as a user, want to change my password after registering.

Conversation:

* Q: Should we make it possible for you to accept confirmation when changing your password?

* A: Yes, I want to receive a confirmation email when changing my password.

* Q: Is it necessary to have a limit after changing the password?

* A: Yes, after changing the password the old password must not be set again and the new password must not be changed
for 48 hours.

Confirmation: After registration, the user will have the possibility to change the password which will be confirmed by
email, and will not be able to change it after a certain time. Also, he won't be able to use a password he's used before.

USO05: Deletion of User Data

Card: As an administrator [ want to be able to delete a user's data. Conversation:

* Q: What kind of data do you want to delete for a user?

* A: Twant to be able to delete all data associated with a user account, such as their personal information, login credentials,
purchase history, and any other data associated with their account.

* Q: Do you want to be able to delete data for all users or only specific users?

* A: T want to be able to delete data for specific users.

Confirmation: The administrative solution allows the administrator to delete all data associated with a specific user
account, including personal information, login credentials, purchase history and any other data associated with his
account.

USO08 & US09: Support via Live Chat

Card: I, as a user, would like to request support, help or information from a business or organization via a live chat service
platform. Conversation:

* Q: When would you like to have the live chat service available?
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* A: I want it to be accessible 24/7.

* Q: What questions should be available to the customer?

* A: I want to include a list of basic questions and a list of frequently asked questions.

Confirmation: User requests support, help or information from a business or organization via live chat 24/7. The user may
have questions, concerns, or issues they need help with, and the customer service representative provides real-time support
to address their needs.

US12: Expense Tracking and Report Generation

Card: As an individual user, I want to track my expenses and generate reports to understand my financial position and
make informed decisions.

Conversation:

* Q: How often do you want to track your expenses?

* A: I would like to track my expenses on a weekly basis.

* Q: What types of reports would be most useful to you?

* A: I would like to generate reports that show me my spending habits and trends over time.

Confirmation: The platform allows users to track their spending on a weekly basis and generates customizable reports
that show spending habits and trends over time, helping users understand their financial position and make informed
decisions.

US13: Categorization of Expenses

Card: As a user, | want to categorize my expenses to see where my money is going.

Conversation:

* Q: Which categories are most important to you?

» A: The most important are the food category, utilities (water, electricity, etc.), debts, entertainment and the health
category.

* Q: How often do you review your expenses?

* A: I review them every month.

Confirmation: The user can categorize their expenses into different lists and view and analyze expenses by category,
allowing them to see where their money is going. Also, the user can review their expenses on a monthly basis and access
the expenses for the previous month.

US16: Product Information Management

Card: As a product manager, [ want to be able to add information about my products to the system so I can keep track of
their data and manage it efficiently.

Conversation:

* Q: What kind of information should you add about your products?

* A: I need to add the product name, description, SKU, price, weight and any other relevant details.

* Q: Do you need to add different variations of the same product?

* A: Yes, I need to add different variations, such as different sizes, colors and styles for each product.

Confirmation: The product management solution allows the product manager to add information about each product to
the system, including the product name, description, SKU, price, weight and any other relevant details. The product
manager can also add different variations of each product, such as different sizes, colors and styles.

US17: Track Sold Quantity and Inventory

Card: As a seller, I want to track the sold quantity and remaining inventory of my products so that I can manage my
inventory and avoid overselling.

Conversation:

* Q: How do you currently track your inventory?

* A: I currently keep track of my inventory in a spreadsheet and manually update it when a product sells.

* Q: How often do you update your inventory data?

» A: Tupdate my inventory data after every sale.

* Q: How do you know when to refill your products?

* A: T usually restock my products when the remaining inventory reaches a certain threshold.

Confirmation: The inventory tracking solution allows the seller to track the quantity sold and the remaining inventory of
their products. The seller can easily update the sold quantity and remaining inventory of each product after each sale,
allowing them to avoid overselling and replenish their products when necessary.

US19: Viewing Past Transactions

Card: As a user [ want to be able to view past transactions.

Conversation:

* Q: What kind of previous transactions do you want to view?

» A: I want to view all transactions I've made in the past, including purchases, refunds, and cancellations.
* Q: How far back would you like to be able to view your past transactions?
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* A: I want to be able to see all my past transactions, starting with the first one I made on the platform.
Confirmation: The platform will have a "Transaction History" section where users can view all their past transactions,
including purchases, refunds and cancellations.

5.5 Functional and Non-functional Requirements

No Functional Requirements

Non-Functional Requirements

1 Access from Multiple Devices

Identification Security

2 | Custom Reports and Analytics Compatibility with Multiple Devices

3 | Generation of Financial Statements Easy To Use Interface

4 | Data Security Compliance with Data Privacy Regulations
5 |Compliance with Regulations Handling a Large Number of Users

& |Informed Decisions Ava-[labilily 2417

7 |Customer Support and Service Scalability

8 Addressing Questions and Concerns Customizability

9 |Reliable Financial Management Flexibility

10 | Friendly User Interface User Tutorial

11 | Paneli (Dashboard) Ease of Maintenance and Updates

12 | Categorization of Expenses Fulfillment of Technical and Business Specific

Requirements

13 | Budget Management

High Performance

14 |Revenue Tracking

Protection from Hacker Attacks

15 | Investment Tracking

Customizable User Interface

16 | Savings Tracking

| Big Data Processing

17 | Generation of Tax Reports

| -
iUser Experience .

18 |Generating Reports for Lenders and
Investors

Action History -

19 |Generation of Financial Reports

Interoperation with Other Applications

20 | Search function

Technical Support

21 | Importing Financial Data’

Efficiency at Work

22 | Export of Financial Data -

{Endurance

23 | Password Recovery

24 | Two Factor Authentication

25 |Managing Roles and Permissions
Users

26 Account Management

27 |User Analytics

Ay

28 [User Profile Management

29 | Modification of Personal and Financial
Information

30 | Deleting a User Account

31 | Customizing the Dashboard

32 | Tools for the Analysis of Financial Statements

33 Customization of Product and Price Lists

Insurance Recommendations

33 | Integration of Bank Accounts and Credit
Cards

36 | Statement of Expenses and Income

37 | Setting Financial Geals

3§ Management of Payments and Invoices
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39 |Categorization of Transactions
40 | Creation and Managément of

41 | Budgeting for Different Categories

of Expenses

42 |Creating and Pursuing Financial Goals
43 Investment Performance Reports

44 | Signals for Financial Events

45 | Dashboard and Interface Customization

46 | Reminders for Financial Events

47 | General Registry of Transactions

4§ | Tracking of Sources of Income

49 | Creating and Tracking Invoices
Table 2. Functional and non-functional requirements

FUNCTIONAL REQUIREMENTS NON-FUNCTIONAL REQUIREMENTS

THE SYSTEM SHOULD DO THE SYSTEM SHOULD DO IT

@,

PRODUCT FEATURES PRODUCT PROPERTIES

USER REQUIREMENTS USER EXPECTATIONS

Figure 5. Difference between functional and non-functional requirements

6. SYSTEM DESIGN AND ARCHITECTURE
6.1 GUI designs

Defining user interface requirements

Defining user interface requirements is the initial step in the GUI design process and involves gathering and documenting
the functional and non-functional requirements that the interface must meet. These requirements may include:

* Functional requirements: The functionalities that the interface should provide, such as buttons, menus, forms, and user
interactions with the application.

* Non-functional requirements: Quality aspects of the interface, such as speed of response, aesthetic design, and
consistency in use.

Interface sketching and prototyping

Sketching and prototyping are important stages to visualize and test the interface design before full implementation. [17]
« Sketching: Creating simple and quick drawings to present initial design ideas. Sketches can be created by hand or using
digital tools.
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* Prototyping: Creating more detailed and interactive interface models using tools like Figma, Adobe XD, or Sketch.
Prototypes help test usability and identify potential problems before implementation.

User Interface Design Link: Figma Prototype

Usability and Accessibility Guidelines

Usability and accessibility guidelines ensure that the interface is easy to use by all users, including those with disabilities.
« Usability: Ensuring that the interface is intuitive, easy to learn and efficient to perform user tasks. Instructions include:
o Consistency in design and navigation

o Quick response of the interface to user actions

o Providing guidance and assistance to users at every step

* Accessibility: Ensuring that the interface is accessible to users with disabilities. Instructions include:

o Using high-contrast colors for text and visual elements

o Use of alternative texts for images and graphics

o Ensuring that the interface is navigable via keyboard and provides support for screen readers.

6.2 System Architecture Conceptual Design

Description of the Main System Components

The system architecture consists of several main components that cooperate to provide the necessary functionalities of a
financial application. These components are:

1. Client-Side (UI): This component is responsible for handling the user interface, displaying data and interacting with
the user. The technology used to develop this component is Angular. The main modules include:

o User Interface

o Product Management

o Financial Reports

o Dashboard visualization (using Syncfusion) [14]

2. Server-Side (Application Layer): This component handles data processing and business logic. It is developed using
NET technology and consists of modules such as:

o Product Management

o Categorization of Expenses

o Profit Estimation

o Data Analytics

3. Database (Database Layer): This component is responsible for storing and retrieving data, using MySQL for database
management. The preceding tables include:

o User Information

o Product Data

o Financial Reports

o Categorization and Expenditure Data

Relationships between Components

The various components of the system interact in a synchronized manner to ensure the full functionality of the financial
application. Below are some of the main links between them:

* Client-Side and Server-Side: The user interface (UI) on the client-side (client-side) communicates with the business
logic and data processing on the server-side (server-side) through API calls.

* Server-Side and Database: The server-side interacts directly with the database to store and retrieve the necessary data.
« Database and Client-Side: The data obtained from the database (database) is displayed in the user interface (UI) through
the server-side.

Architectural Patterns and Styles Used

For the development of this system, several architectural models and styles have been used to ensure a clear and
manageable structure:

1. MVC (Model-View-Controller) pattern: This pattern helps to divide responsibilities between business logic, user
interface and data processing.

2. RESTful API: For communication between the client side and the server, a RESTful API is used, which provides a
standardized and efficient way to exchange data.

3. Microservices: Some system modules are developed as independent microservices to provide scalability and easier
code maintenance.[12]

To illustrate the conceptual design of the system architecture, a table is attached below that describes the main components
and the relationships between them.
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Table 2. System Architecture Conceptual Design

Component

Responsibility

Tools/Frameworks

Modules/Tables

Client-Side

Handles user
interface, displays
data, and interacts
with user

Angular

UL, Product
Management,
Financial Reports,

Session Management,
Product Management
Product Management,
Expense
Categorization, Profit
Estimation, Data
Analytics, User
Authentication,
Authorization,
Product Inventory,
Sales Tracking,
Expense
Categorization, Profit
Estimation, Data
Analvytics

User Information,
Product Information,
Financial Reports,
Expense
Categorization Data
Product Inventory,
Generated Financial
Reports, Expense
Categorization Data

Handles data

Server-Side processing and logic | NET

Stores and retrieves

Database data MySQL

6.3 Designing Modules

Identification and Description of Main Modules

The main modules of this system include:

» User Management: Related to the Security module to ensure the privacy and security of user data. Uses encryption and
other security measures to protect sensitive user data.

* Product Management: Related to User Management and Security for similar reasons, as well as to provide data
encryption and access control policies.

» Expense Tracking: Linked to user management and revenue monitoring modules to categorize and track expenses. It
relies on user and revenue data.

¢ Income Tracking: Linked to the Expense Tracking and User Management modules to categorize and track income. It
relies on user and spending data.

Interaction between Modules

The modules cooperate in a synchronized manner to ensure the full functionality of the system. Below are some of the
main links between them:

» User Management and Security: Uses encryption and other security measures to protect user data.

* Product Management and User Management: Related to ensure that product data is protected and controlled.

» Expense Tracking and Income Tracking: Linked to ensure that expense and income data are categorized and tracked
accurately.

Implementation and Sharing of Responsibilities

Each module has clear and separate responsibilities to ensure the full functionality of the system. For example:
* User Management: Handles user management and authentication.

* Product Management: Handles product management and inventory tracking.

» Expense Tracking: Handles the categorization and tracking of expenses.

* Income Tracking: Handles income categorization and tracking.
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Figure 6. Diagram of Modules
6.4 Designing Classes
Description of System Classes and Objects

A class diagram represents the structure of the system by showing the main classes and objects, their attributes and
methods, and the relationships between them.
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Relationships and Dependencies Between Classes

The classes are linked together to provide a clear and manageable system structure. Some of the key links include:
» User Management and Security: Ensures the privacy and security of user data.

* Product Management and User Management: Ensures product data protection.

* Expense Tracking and Income Tracking: Provides accurate categorization and tracking of expenses and income.

Main Attributes and Methods for Each Class

« User: name, surname, email, address, methods getUser(), addUser(), deleteUser().

* Product: name, description, quantity, getProduct(), addProduct(), deleteProduct() methods.
* IncomeTracking: amount, date, category, addIncome(), getincome() methods.

» ExpenseTracking: amount, date, category, addExpense(), getExpense() methods.

* Security: encryptData(), decryptData(), checkAccess().

6.5 Database Design

Conceptual and logical models of the database
Database design is an essential component in the development of an information system. Conceptual and logical models
are two different phases of design that help structure data consistently and efficiently.

Conceptual Model

The conceptual model represents the logical structure of the data at a high level of abstraction, without technical concerns
or implementation details. This model focuses on defining large entities (entities) and the relationships between them. An
entity-relationship diagram (ERD) is a common tool for creating conceptual models.

In the attached diagram, the main entities are Products, User, Transaction, Category, Company, and Roles. These entities
are linked in various ways to represent the relationships between them, as can be seen in the ERD diagram.

The Logical Model

The logic model includes the technical details and is an extension of the conceptual model. This model specifies the exact
structure of the data, including fields, data types, and complex database connections.

In the attached diagram, each entity has its own clearly defined fields. For example, the Products entity has the fields
Product ID, Name, Quantity, Remaining, and Description.

Data schema normalization and optimization

Normalization

Normalization is a process for partitioning tables in order to minimize data redundancy and improve data integrity. The
normalization process goes through several normal forms (NF), each eliminating different types of redundancy.

* INF: Each field in a table must contain only a single value (be atomic).

* 2NF: All non-prime attributes must be fully dependent on the primary key.

* 3NF: All non-prime attributes must depend only on the primary key, and not on any other non-prime attributes.

Optimization

Data schema optimization includes techniques to improve query performance and data integrity. This includes creating
indexes, using partial normalization when needed to improve query speed, and designing schemas to reduce unnecessary
joins.

Definition of tables, relationships and data integrity

Tables and Links

Tables are defined for each logical model entity. Each table has specific fields that represent the attributes of the
corresponding entity. For example:

* Products table contains the fields Product ID, Name, Quantity, Remaining, Description.

* User table contains fields User ID, Email, Password, Name, Surname.

Relationships between tables are represented through foreign keys. For example, the User table has a link to Company
through the Company ID.

Data Integrity

Data integrity is ensured through primary keys, foreign keys, and other constraints. Primary keys uniquely identify each
row in a table, while foreign keys link tables and ensure that references between tables are correct.

Referential integrity ensures that each foreign key corresponds to an existing primary key in the linked table. For example,
the Company ID in User must correspond to a valid Company ID in Company.
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Figure 8. Database diagram

7. CONCLUSIONS

In conclusion, the development and implementation of the financial web application for budget and expense management
has shown that modern technology can provide efficient and comprehensive solutions to financial management
challenges. During this project, we managed to create a powerful platform, which not only addresses the current needs of
users, but also creates a solid foundation for future improvements and extensions.

This project has demonstrated the importance of designing a usable and accessible interface for various users, including
individuals and companies. The user interface built with Angular has ensured a smooth and integrated experience for
users, while the server and database layers have provided a scalable and reliable performance for data processing and
business logic.

In addition, the focus on security and data privacy is one of the app's strongest points. The use of advanced encryption
technologies and security measures has ensured that user data remains secure and protected from any type of unauthorized
access. This is a critical feature, given the sensitivity of financial information and the need to gain user trust.

Another important aspect of this project is the integration of data analytics to provide personalized recommendations and
insights to users. These analyzes help users make more informed decisions and optimize the management of their finances,
making the app an indispensable tool in everyday financial life.

In conclusion, this project has achieved its main objectives and has provided a powerful tool for financial management.
It represents a significant advance in the field of financial applications, creating a strong foundation for future innovations.
The application not only fulfills the needs of current users, but also shows the potential to be a leading solution in the
future of financial management. As technologies and user needs evolve, this application will continue to improve and
expand to meet new challenges that will arise.
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Optimization and Characterization of Niaouli/Lavender Essential Oil Loaded
Microcapsules

HULYA KESICI"', FUNDA CENGIZ CALLIOGLU!

Abstract: In this study, it was aimed at the optimization and characterization of lavender essential oil (LEO) and niaouli
essential oil (NEO) loaded microcapsules via the emulsion/solvent evaporation method. For this purpose, optimization
studies were carried out between both the process parameters, such as stirring time and stirring speed, and the structure
of the microcapsules, such as surfactant concentration, solvent ratio, and oil:polymer ratio, in terms of the most uniform
microcapsule morphology obtained. For the production of microcapsules by the emulsion/solvent evaporation method,
polyvinyl alcohol (PVA) and Eudragit RS 100 were used as shell polymers, chloroform and distilled water (DI water) as
solvents, LEO and NEO as core materials, and Span20 as a surfactant. In the characterization studies, images were taken
by scanning electron microscopy (SEM) to observe and determine the morphology of the microcapsules. Fourier
Transform Infrared Spectroscopy (FT-IR) analysis was performed to determine the presence of core materials in the
structure of the microcapsules. According to the results, while sticky structures were observed at low stirring speeds,
fractures and cracks occurred in the microcapsules at high speeds. Similarly, as the stirring time decreased, the solvent
could not evaporate, and uniform microcapsules could not be produced. Moreover, microcapsules were unable to be
produced because the equilibrium in the emulsion was disturbed as the amount of surfactant increased. As the solvent
concentration decreased, microcapsule shape was not possible. The drug-polymer ratio was found to be highly effective
in morphology.

Keywords: Lavender Essential Oil, Niaouli Oil, Microencapsulation, Emulsion/solvent evaporation.
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1. INTRODUCTION

It is widely acknowledged that sleep disturbances are a significant health and public health problem that has an impact on
the physical, mental, and emotional well-being of individuals throughout the world. The inhalation of essential oils may
serve as a safe alternative to pharmaceutical treatments for mild to severe sleep disorders (Lillehei and Halcon, 2014).
Essential oils are fragrant substances derived from various parts of medicinal and aromatic plants (Hammer et al., 1999;
Bakkali et al., 2008; Zhang et al., 2017). The lavender essential oil utilized in this study possesses antiseptic, antibacterial,
sedative, tranquilizing, antioxidant, and relaxing characteristics therefore being applicable in perfumery, pharmacology,
medicine, and particularly aromatherapy (Lis-Balchin et al., 1999; Cavangh et al., 2002; Hui et al., 2010). The efficacy
of NEO in cosmetics and dermatology is well documented and often shows good synergistic effects in skin care
formulations (Rakotondrazafy et al., 2023). In addition to its antibacterial and antiviral effects, it was used in this study
because it increases transdermal penetration and facilitates the transition to sleep (Sang-Yun et al., 2008; Steflitsch and
Steflitsch 2008; Yildirim et al., 2025).

Eudragit RS 100 is a water-insoluble, biocompatible, inexpensive, and highly effective polymer that is frequently used as
a wall material in extended-release microcapsules. It has a low permeability, which makes it useful for drug release.
Moreover, Eudragit RS 100 is a user-friendly and readily processable polymer available in several forms, including
aqueous dispersions, granules, organic solutions, powders, or pre-formulated powders (Bolourchian and Bahjat, 2019).
The emulsion/solvent evaporation technique is the predominant method utilized for the microencapsulation of water-
insoluble components. Moreover, the impermeability and structural integrity of oil-loaded microcapsules post-production
enhance the benefits of this technique. The system does not require an addition, as the solvent can be quickly evaporated
by itself, heat, or mixing during production, thereby simplifying and expediting the production process (Hong et al., 2005;
Heiskanen et al., 2012).

The objective of the present study was to produce and characterize microcapsules that were loaded with LEO and NEO
through the emulsion/solvent evaporation method.
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2. MATERIAL AND METHOD

2.1. Materials

Eudragit ® RS 100 (Evonik R6hm GmbH) and Polyvinyl alcohol (Mn=88,000, 88% hydrolyzed) were used as shell
materials. LEO and NEO (Botalife, Isparta, Turkey) were used as core materials. Chloroform (Sigma-Aldrich Corporation

(St. Louis, MO, USA)) and distilled water were used as solvents.

2.2 Methods

A solvent/evaporation method was used to generate microcapsules. Initially, the oil phase and water phase were prepared
to create an emulsion for microcapsule production. The Eudragit RS 100 polymer was solubilized in chloroform in order
to generate an oil phase. The core ingredient LEO and NEO was then added. Concurrently, the watery phase was obtained
by stirring PVA and the surfactant with distilled water in a high-speed mixer. Finally, washing, filtering, and drying
processes were carried out. Table 1 presents microcapsules produced using different process parameters, compositions,

and sample codes.

Table 1. Microcapsules codes, contents and process parameters

May 28-30, 2025; Budapest - HUNGARY

Sample | Stirring Speed | Stirring Time Surfactant ) . PVA Content
Codes (rpm) (h) () Drug:Polymer Ratio ()
M1 300 1 0.1 1:10 1
M2 300 3 0.1 1:10 1
M3 300 5 0.1 1:10 1
M4 100 3 0.1 1:10 1
M5 500 3 0.1 1:10 1
M6 300 3 0.5 1:10 1
M7 300 3 0.1 1:1 1

M8 300 3 0.1 1:10
3. RESULTS

Microcapsule production was achieved using the emulsion/solvent evaporation method. SEM images of NEO and LEO-
loaded Eudragit RS 100-based microcapsules are shown in Figure 1, in order to understand the effect of process

parameters on morphology. Figure 1 shows SEM images of the effect of production time.

H
LFD | 10.00 kV | 3.0

Figure 1. SEM images of microcapsules with different production times

5 hours
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When Figure 1 is analyzed, it is clearly seen that microcapsule formation did not occur in 1 hour of production. At 5 hours
of production, both the difference in the size of the microcapsules was noticeable and agglomeration occurred. However,
it can be said that the microcapsules were spherical, homogeneous, uniform and smooth at 3 hours of production time.
SEM images illustrating the effect of stirring speed are given in Figure 2.

Figure 2. SEM images of microcapsules with different stirring speeds

As seen in Figure 2, microcapsule formation could not be realized at low stirring speed (100 rpm). At high stirring speed
(500 rpm), it was observed that fractures occurred in the structure of microcapsules. Therefore, the optimum stirring speed
was determined as 300 rpm. Figure 3 shows SEM images illustrating the effect of surfactant amount on microcapsule
morphology.

0.1 gram
Figure 3. SEM images of microcapsules with different surfactant concentrations

One of the most important success criteria in emulsion/solvent evaporation is to prepare stable emulsions. The amount of
surfactant plays an important role in the preparation of stable emulsions. Therefore, in this step of the study, the effect of
the amount of surfactant was investigated. As clearly seen in the SEM images, both circular and granular microcapsule
structure could not be obtained because a stable emulsion could not be formed when 0.5 grams of surfactant was used.
Another success criterion for emulsion/solvent evaporation is the ratio of the amount of core and shell material to each
other. Figure 4 shows SEM images of microcapsules containing different ratios of core and shell material.
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1:1
Figure 4. SEM images of microcapsules with different core:shell ratios

When both SEM images above were analysed, it was determined that the amount of polymer was insufficient for
microcapsule formation at a 1:1 ratio and a stable emulsion could not be formed using this ratio. At last, the effect of the
presence of PVA polymer in the shell structure on morphology was investigated (Figure 5).

5/26/2025

Jes H
% | 5:21:16PM | LFD | S|

v spot | mag O
0Pa_| 10.00kV | 3.0 | 500 x

Without PVA
Figure 5. SEM images of microcapsules with and without PVA

When the images were analysed, it was clearly demonstrated that PVA polymer contributed highly to microcapsule
formation and morphology when used in combination with Eudragit RS 100 polymer.

FT-IR analysis was performed to chemically verify the presence of components in the core and shell structure of the
microcapsules and to demonstrate that no undesired chemical reactions occurred between the components during
emulsion preparation (Figure 6).

Eudragit RS100

*’“"TWY),’VY"VV N PVA
"‘WM V LEO

N\ Y ~"~_ " NEO
YN VYN ~ Microcapsule

Transmittance (%)

500 1000 1500 2000 2500 3000 3500 4000
Wavelength (cm™)

Figure 6. FT-IR spectra of PVA and Eudragit RS 100 polymers, LEO, NEO and microcapsules
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The major peaks associated with PVA and the microcapsule are clearly seen in the PVA FT-IR spectrum. For example,
the PVA polymer and microcapsule spectra showed the characteristic strong hydrogen bonded band at about 3400-3200
cm’! wavelength. Due of the significant hydrophilic forces, intramolecular and intermolecular hydrogen bonding is
anticipated to take place among PVA chains. Another important absorption peak was confirmed at 1141 cm™!. The
microcapsule spectra show that this peak appears at 1243 cm™!. This vibrational band, which is associated with the
carboxyl stretching band (C-0), is mainly caused by the crystallinity of PVA (Mansur et al., 2004; Egri and Erdemir,
2019). The stretching bands of Eudragit RS 100 at 1143 cm™ and 1237 cm™ are caused by the carbonyl stretching vibration
of the ester group. The stretching bands are assigned to 1237 cm™! and 1145 cm™ in the spectra of microcapsules. The
most intense peaks in the spectrum of LEO and NEO are seen clearly for microcapsule spectra (Park and Park, 2010).

4. DISCUSSION AND CONCLUSIONS

This study was achieved to production and characterization of lavender essential oil (LEO) and niaouli essential oil (NEO)
loaded microcapsules by the solvent/emulsion evaporation method successfully. Small, uniform and spherical
microcapsules were produced under the optimum proses parameters such as 3 hours production time, 300 rpm mixing
speed, 0.1 gram surfactant concentration, 1:10 oil:polymer ratio. FT-IR results indicated that there are no undesirable
reactions in the emulsion between components and determined the presence of core materials in the structure of the
microcapsules. As a result of this study, it is considered that the LEO and NEO loaded microcapsules has a high potential
for end use as reduce stress and improve sleep quality in the pillowcase and bedclothes.
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Evaluation of Selected Fabric Properties Based on Yarn Type in Digitally Printed
Knitted Fabrics

AYSEL KARA*!, ENFAL KAYAHAN?, DEMET YILMAZ?

Abstract: In recent years, the adoption of digital printing technology in the textile industry has expanded rapidly across
the globe. This growth is primarily driven by the ability to transfer high-resolution photographic images onto textile
surfaces, the increasing demand for environmentally friendly coloration methods, the rise of fast fashion, shorter lead
times, and decreasing production volumes. These factors have positioned digital printing as a leading alternative to
conventional printing techniques. This study aims to examine how different yarn production technologies influence the
visual and functional properties of knitted fabrics after digital printing. For this purpose, single jersey fabrics were
produced using the same fiber type (viscose) and yarn count (Ne 28/1) but with varying yarn structures: OE-rotor and
vortex. All fabrics were subjected to an identical digital printing procedure under controlled industrial conditions.

Post-printing, the samples were assessed in terms of colorimetric properties such as color strength (K/S) and lightness
(AL), along with various color fastness tests including resistance to washing, dry and wet rubbing, perspiration, water
droplet exposure, and saliva. These measurements were carried out in accordance with standardized testing protocols.
Furthermore, fabric performance such as fabric weight, seam slippage strength, pilling resistance and comfort-related
parameters including water absorbency and drying time were also evaluated to determine the role of yarn structure in
overall fabric behaviour. The results demonstrate that the yarn structure significantly affects not only the color yield and
fastness characteristics but also the comfort and mechanical performance of the fabric. Notably, differences in yarn
morphology influenced dye penetration during printing and contributed to observable variations in surface appearance
and tactile properties. The findings of the study underscore the importance of considering yarn structure in digital printing
processes and provide valuable scientific evidence regarding the relationship between yarn type and ink penetration,
thereby contributing meaningfully to the existing body of literature.

Keywords: Digital textile printing, viscose yarn, yarn technology, fabric comfort, fastness properties.
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1. INTRODUCTION

As in other industrial sectors, the rising cost of energy continues to affect all stages of the supply chain in the textile
industry, including raw materials such as fibers, dyes, and auxiliary chemicals. However, current market dynamics have
also paved the way for new opportunities. The transformation process has accelerated globally across all markets and
continents, particularly fostering the emergence of new business domains and innovation-driven models in the textile
printing sector. Among these innovative approaches, digital printing stands out as a technology that transfers digital
images directly onto fabric surfaces using extremely small ink droplets, without the need for color separation. In response
to increasing consumer expectations, digital printing technology has gained prominence in the textile industry due to its
advantages such as high production speed, cost efficiency, and design versatility (Mahbubur, 2021; Glogar et al., 2025).

When traditional and digital textile printing methods are compared, significant differences emerge in terms of process
steps, customer response time, and cost. Inkjet printing technology eliminates time- and cost-intensive stages such as
screen preparation and colorway development, offering considerable advantages particularly in sample production. While
the number of printable colors is limited in conventional methods, digital printing does not impose such restrictions.
Moreover, the need for screen preparation, associated costs, and storage requirements are eliminated. Patterns can be
easily stored, modified, and transferred in digital environments, making them ready for immediate printing. The need for
physical space to archive films, screens, and patterns is removed, and since screen, squeegee, and dye container cleaning
is no longer necessary, water usage is significantly reduced—resulting in a lower environmental impact. In this respect,
digital printing presents a cleaner, safer, and more environmentally friendly production method compared to traditional
techniques.

In literature, many researches emphasized the advantages of digital textile printing. However, researchers widely focused

on production parameters such as pre-treatment processes (Selguk, 2009; 2010), ink formulation and print paste
preparation techniques (Yuen, 2007; Supaporn Noppakundilograt, 2010; Cetin, 2019), as well as post-print fixation
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conditions (Ozomay Meral & Ozomay, 2021; Ozdemir & Doba Kadem, 2023). These studies also examined performance-
related criteria such as print quality, color fastness, and environmental impact (Glogar et al., 2025).

Studies investigating the widespread adoption of digital textile printing technologies highlight the effects of technological
developments on production processes in detail. Yilmaz and Cavus (2018) analysed the key drivers behind the growing
popularity of digital printing within the textile industry (Y1lmaz and Cavus, 2018). Cetin (2019) evaluated the effects of
digital print pastes prepared with thickeners of varying viscosities on silk fabrics, investigating their influence on color
fastness, wash and rub resistance, and fabric handle (Cetin, 2019). Additionally, the study provided a comparative analysis
of rotary and digital printing techniques in terms of pattern versatility and production costs. In a thesis study conducted
by Riizgar (2019), the environmental impacts of rotary and digital printing methods were examined using the Life Cycle
Assessment (LCA) approach. The study emphasized that, unlike rotary printing—where the environmental burden
increases with the number of colors—digital printing exhibits minimal change in environmental load regardless of color
count (Ali Riizgar, 2019). Yildiz (2018) approached digital printing within the broader context of printing technologies,
detailing its functions in the production line, the parameters affecting print quality, and the reasons behind its growing
preference in the industry (Yilmaz, 2018). In another study, Giilecer (2020), who studied digital transfer printing,
examined the effects of transfer papers with different coating characteristics on the print quality and color yield of 100%
polyester fabrics (Giileger, 2020). The study concluded that the quality differences observed among primary colors were
primarily due to the chemical and rheological properties of the dyes used. Focusing on ecological applications on natural
textiles, Topoyan (2022) tested natural dyeing and eco-printing techniques on biodegradable linen and hemp knitted
fabrics (Topoyan, 2022). Similarly, Toprak (2022) analyzed digital printing outcomes obtained under different
resolutions, print passes, and color spaces (RGB/CMYK), reporting that RGB designs yielded better results in terms of
color quality and that increasing the number of passes enhanced the depth of color (Toprak, 2022).

Distinct from previous studies, the present study aims to investigate the effects of yarn technologies used in the production
of digitally printed fabrics—particularly on color properties, as well as on various other fabric characteristics. It is well
known that yarn production technologies affect not only physical properties such as yarn irregularity, hairiness, strength,
and elongation at break, but also aspects like appearance, luster, and absorbency. These characteristics, in turn, influence
the visual appearance, color performance, and other functional properties of digitally printed fabrics. Based on this
premise, the current study explores the impact of different yarn production technologies on various properties of digitally
printed fabrics. Two commonly used yarn manufacturing technologies—OE-rotor (open-end rotor spinning) and vortex
spinning—were selected, and fabrics made from these yarns were subjected to digital printing under identical conditions.
The color and comfort performance of the samples produced with different yarn types were examined in detail following
the digital printing process. Specifically, the study investigates how yarn structure affects not only color attributes such
as color saturation and fastness, but also comfort-related properties like water absorption, and drying time, as well as
performance metrics including seam strength and pilling resistance.

2. MATERIAL AND METHOD

In this study, OE-rotor and vortex yarn with Ne 28/1 yarn count was obtained from a yarn spinning factory. As known,
OE-rotor and vortex yarn types are one of the widely used yarn production methods in textile practice. Both yarns were
produced from the same fiber type (viscose). After yarn supply, single jersey knitted fabrics were produced from two
different yarn technologies, namely OE-rotor and vortex spinning methods. The fabrics were subjected to the same digital
printing recipe and process conditions to ensure consistency in application. The pre-treatment and digital printing
processes were carried out at Er-Ez Group Texco Dyeing and Finishing Company (Bursa/Turkey), and all processing
parameters were determined in accordance with the company's recommendations. The designs and colors to be printed
on the fabrics were created and evaluated using Adobe Photoshop software. After finalizing the designs, the files were
saved in Tagged Image File Format (TIFF), which is compatible with the digital printing machine.

The design was transferred to the printer using a RIP (Raster Image Processor) software, which was also used to adjust
the repeat layout of the pattern based on the fabric dimensions. Before the printing process, the print head height of the
digital printing machine was set to 3.5 mm, and the fabric height was adjusted to 0.5 mm. The print settings were
configured according to the design to be printed.

The digital printing machine used was the EFI Reggiani Colors model, equipped with 24 heads and 11 color penetration
capability. In the study, the printing process was performed using 12 colors in total, specifically 2 blue, 2 cyan, 2 orange,
2 scarlet, 2 magenta (Galibarda), and 2 yellow ink heads. The printing was conducted at 4-pass, 600 dpi (dots per inch)
resolution. The machine operated with reactive dyes throughout the process.

Following the printing process, the samples were evaluated in terms of colorimetric properties and fastness performance.
These assessments included measurements of color strength (K/S) and lightness (AL), based on the CIELAB color space
standards, wash fastness (according to ISO 105 C06:2010), dry and wet rubbing fastness (ISO 105 X12:2016),
perspiration fastness (acidic and alkaline, ISO 105 E04:2013), water droplet and saliva fastness, and water fastness under
prolonged contact (ISO 105 E01:2013). In addition, to assess the influence of yarn structure on the post-printing fabric
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performance, various fabric performance and comfort parameters were comparatively analyzed. These included pilling
resistance (EN ISO 12945-2:2000), drying time, and water absorbency (AATCC 199).

3. RESULTS
3.1. Colour Properties and CIELAB Color Measurements
3.1.1. Color Properties and CIELAB Color Values Before Washing

Table 1 presents the color properties of fabrics made from Ne 28/1 OE-rotor and vortex yarns following the digital printing
process. Color measurements were taken based on the dominant background color of the fabric.

Table 1. CIELAB Color Measurements

Yarn type AL A b C h K/S
OE-rotor 21,9316 4,1373 -18,2926 18,7547 282,7442 18,39274
Vortex 21,4664 4,4824 -18,039 18,5876 283,9546 18,85387

According to the measurements based on the navy blue reference color in the CIELAB color space, both fabric samples
exhibit similar hue values. The h (Hue angle) values indicate bluish-violet tones, with a negligible difference between
them. The b values confirm that both fabrics display bluish tones, although the fabric made from OE-rotor yarn appears
slightly closer to blue. Examination of the a values reveals that both samples lean towards reddish hues; however, the
fabric produced from vortex yarn shows a slightly higher red component.

The C (Chroma) value, which indicates color saturation, is slightly higher in the fabric made from OE-rotor yarn,
suggesting that the color may be perceived as more vivid to the human eye. However, in terms of color depth and darkness,
the fabric knitted from vortex yarn exhibits a higher K/S value and a lower L (lightness) value. This distinction is attributed
to the smoother, shinier surface and lower hairiness of vortex yarns. Such surface characteristics result in reduced light
scattering during spectrophotometric measurements, thereby reflecting light with less diffusion and contributing to greater
perceived color depth. (Chae, 2022). These physical properties contribute to higher color depth in spectrophotometric
measurements. Moreover, the smoother surface morphology of vortex yarns allows for greater accumulation of dye
molecules on the fabric surface, enhancing both color intensity and uniformity (Ozdemir & Ogulata, 2017).

Conversely, OE-rotor yarns are characterized by a looser structure, higher hairiness, and lower surface uniformity. While
these properties allow dye molecules to penetrate more deeply into the fiber interior, the increased surface roughness
leads to greater light scattering, resulting in lower K/S values and higher L* (lightness) readings in spectrophotometric
evaluations.

3.1.2. Color Properties and CIELAB Color Values After Washing
To assess the color durability of printed fabrics, post-washing color properties were evaluated for knitted fabrics produced
from two different yarn types. The results of color measurements for digitally printed fabrics made from Ne 28/1 OE-

rotor and vortex yarns, after 1 and 5 washing cycles, are presented in Table 2.

Table 2. CIELAB Color Measurements

Yarn type \C’\;acsllel;ng AL a b C AE K/S

OE-rotor 1 0.1602 0.0300 0.1608 -0.1502 0.228956 17.953
5 0.5973 0.0417 0.0145 -0.0049 0.598929 17.396

Vortex 1 0.3411 0.0895 -0.2782 0.2915 0.449171 18.244
5 0.5947 -0.1623 0.4338 -0.4601 0.753785 17.601

Upon examining the repeated washing results of the CIELAB a and b values, it was observed that in the fabric produced
from OE-rotor yarn, the color coordinates shifted toward red (increase in a*) and yellow (increase in b*) compared to the
unwashed fabric. In the fabric made from vortex yarn, the a* value initially shifted toward red after the first wash, but by
the fifth wash, it tended toward the green axis (decrease in a* or shift toward negative values). Similarly, the b* value
initially moved toward blue (decrease in b*) after the first wash but subsequently shifted toward yellow (increase in b*)
with repeated washes.

Overall, in both fabric types, b* values tended toward the yellow axis as the number of washing cycles increased. In
contrast, a* values shifted toward red in OE-rotor fabrics and toward green in vortex fabrics. These findings indicate that
color loss occurred primarily in the blue and green tones for OE-rotor fabrics, and in the red and blue tones for vortex
fabrics.
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In both fabrics, the AE values measured after repeated washing remained below 1, indicating that the color change was
imperceptible to the human eye and that the degree of fading was negligible. However, the AE value was found to be
slightly higher in the fabric produced from vortex yarn compared to that made from OE-rotor yarn. This can be attributed
to the smoother and more uniform surface morphology of vortex yarns, which may result in dye accumulation on the fiber
surface while limiting penetration into the yarn structure (Kiregci et al., 2009.). On the other hand, the looser and hairier
structure of OE-rotor yarns allowed for easier penetration of the print paste into the inner parts of the fibers, leading to
better dye fixation within the fiber. Consequently, less dye was removed from the surface during washing. Although the
observed difference was not statistically significant, it is a relevant finding for optimizing the amount of print paste and
application parameters in the printing process.

3.1.3. Color Fastness Properties

The color fastness values of fabrics produced from Ne 28/1 OE-rotor and vortex yarns are presented in Table 3. Upon
examination of the data, it is observed that there is no significant difference between the fastness values of the samples,
and both fabric types exhibit acceptable fastness to washing, rubbing, and perspiration. However, the fastness results for

both acidic and alkaline artificial saliva conditions were found to be unfavorable in both samples.

Table 3. Fastness Properties

Rubbing Fastness Saliva fastness
Wash . .
Yarn type Wet Dry Fastness Perspiration Ac"!lc Alkal.l ne
solution Solution
Fastness
OE-rotor 4-5 3-4 4-5 4-5 - -
Vortex 4-5 3-4 4-5 4-5 - -

3.2. Fabric Performance Properties
3.2.1. Fabric Weight

The pre- and post-printing fabric weights of the knitted samples produced from Ne 28/1 OE-rotor and vortex yarns are
presented in Table 4.

Table 4. Fabric weight before and after printing (g/m?)

Yarn Type Before Printing After Printing
OE-rotor 235 255
Vortex 234 228

Upon examining the data in the Table 4, it can be observed that fabrics made from OE-rotor yarns have slightly higher
fabric weights compared to those made from vortex yarns. However, the difference between the fabric weights of OE-
rotor samples before and after printing was not found to be statistically significant. In contrast, the change in fabric weight
for vortex yarn fabrics was found to be statistically significant, showing a notable decrease after printing.

The reduction in fabric weight observed in vortex yarn fabrics following the printing process can be attributed to the
distinct structural and physical characteristics of the yarn. This difference is associated with fiber packing within the yarn,
lower hairiness, and differences in moisture retention behavior. According to the literature, fabrics made from vortex
yarns tend to exhibit more shrinkage during thermal processes such as printing and fixation, resulting in a reduction in
surface area and, consequently, a decrease in fabric weight. Additionally, due to the smoother surface and lower hairiness
of vortex yarns, these fabrics tend to retain less moisture during the printing process. The rapid release of this moisture
during drying and fixation stages may further contribute to the reduction in mass. On the other hand, OE-rotor yarn
fabrics, with their looser and hairier structures, allow deeper penetration of the print paste into the fibers and display more
stable dimensional behavior after thermal treatment (Kim & Kim, 2018).

3.2.2. Seam Slippage Strength (in Seamless and Seamed Conditions)

The seam slippage strength results of fabrics produced from Ne 28/1 OE-rotor and vortex yarns before and after digital
printing are presented in Figure 1. In the seamless condition, it was observed that after the printing process, the seam
slippage strength significantly decreased in the warp direction for both yarn types, while the strength significantly
increased in the weft direction.

As expected, the fabrics produced from OE-rotor yarns exhibited higher seam slippage strength values compared to those

produced from vortex yarns before and after printing. However, the differences in seam slippage strength between the
two yarn types were found to be statistically insignificant (Figure 1).
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Figure 1. Seam slippage strength results in the seamless condition before and after printing for different yarn types.

When evaluating both directions, different tendencies were observed in the warp and weft directions. Following the
printing process, OE-rotor yarn fabrics showed no significant change in the warp direction, whereas vortex yarn fabrics
showed a tendency toward decreased seam slippage strength. However, this decrease was also statistically insignificant
(Figure 2). In the weft direction, both yarn types demonstrated a significant increase in seam slippage strength after
printing. While OE-rotor fabrics exhibited higher strength in the warp direction, vortex fabrics yielded higher strength
values in the weft direction before and after printing. Except for the warp direction, differences in seam strength values
were not statistically significant.
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Figure 2. Seam slippage strength results in the seamed condition before and after printing for different yarn types.
The observed directional differences in seam slippage strength, regardless of yarn type, can be attributed to the different
tensions experienced by warp and weft yarns during the production process, as well as their thermal behavior during the
fixation process. Thermal treatments such as heat setting and drying significantly influence the dimensional stability of
textile materials, often leading to greater shrinkage in the warp direction. It has been stated in the literature that the fabrics
made from vortex-spun yarns tend to be more stable in the weft direction but are more susceptible to shrinkage in the
warp, primarily due to their looser loop structure. During wet processing, fiber swelling and loop compression further
contribute to these dimensional changes (Ortlek and Onal, 2008). While the weft yarns are relatively free, residual tension
accumulating in the warp direction may lead to reduced or unchanged seam strength after printing and fixation, whereas
fiber relaxation and rearrangement in the weft direction may cause increased seam strength. Supporting this, a recent
study emphasized that seam strength differences between warp and weft directions are primarily due to the higher tension
in warp yarns, and this difference becomes more pronounced after thermal treatment (Macit, 2024).

3.2.3. Pilling Resistance

The pilling resistance of the fabrics made from OE-rotor and vortex yarns tended to slightly decrease after the digital
printing process. Fabrics produced from OE-rotor yarns were rated as “moderate” (grade 3), whereas those made from
vortex yarns received a slightly higher rating of “moderate/good” (grade 3/4) (Table 5). As expected, vortex yarn fabrics
exhibited better pilling resistance than OE-rotor fabrics by approximately one grade.
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Table 5. Pilling resistance results of different yarn types before and after printing.

Fabric type OE-rotor Yarn Vortex Yarn
Unprinted fabric 3/4 4
Printed fabric 3 3/4

3.2. Fabric Properties Related to Fabric Comfort

3.2.1. Water Absorption

The water absorption results of the fabrics produced from OE-rotor and vortex yarns before and after the digital printing
process are presented in Figures 3. Upon examination of the results, it is clearly observed that the fabrics made from
vortex yarns exhibited higher water absorption values both before and after printing. The difference between the pre- and
post-printing values in vortex yarn fabrics was found to be statistically significant. In contrast, water absorption in OE-
rotor yarn fabrics showed a slight, statistically insignificant decrease after printing, while vortex yarn fabrics demonstrated

a significant increase in water absorption following printing.

Figure 3. Water absorption results of fabrics made from different yarn types before and after digital printing.

3.2.2. Drying Behavior

Following the water absorption test, the fabrics were hung at room temperature and allowed to dry with their weights
recorded at specific intervals. Based on the initially measured wet weights, the amount of water loss was calculated and
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Figure 4. Water loss results of fabrics produced from different yarn types before and after digital printing.
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It was observed that in unprinted fabrics, a high level of water loss occurred within the first 90 minutes, ranging from
15% to 55%. Between 90 and 120 minutes, water loss continued (54—57%), and after 120 minutes, the rate of water loss
stabilized between 56% and 58% until the end of the test.

A similar trend was observed after printing. Depending on the yarn type, OE-rotor fabrics lost between 11% and 59% of
their water content within 150 minutes, while vortex fabrics exhibited similar water loss within 120 minutes. During the
relatively stable phase of water loss, between 120 and 180 minutes, the water loss ranged between 50% and 59%, and
from 180 minutes until the end of the test, between 55% and 60%. It was determined that vortex yarn fabrics experienced
higher water loss both before and after the printing process.

Fabrics made from vortex-spun yarns exhibit a more controlled and predictable drying profile in both printed and
unprinted conditions. In contrast, OE-rotor yarn fabrics tend to dry faster but in a less uniform manner. This difference
can be attributed to the compact and uniform structure of vortex yarns, their lower hairiness, and their ability to promote
more even water distribution across the fabric surface.

4. DISCUSSION AND CONCLUSIONS

Digital printing stands out as one of the most advanced innovations in textile surface coloration, offering significant
advantages such as high-resolution design flexibility, infinite color and pattern reproduction, and reduced environmental
impact due to lower ink and water consumption (Gooby, 2020). However, the final appearance and performance of
digitally printed textiles are closely influenced by the intrinsic characteristics of the substrate, including fiber type, surface
morphology, fabric structure, and pretreatment conditions (Tkalec et al., 2024).

In this study, knitted fabrics produced from two different viscose yarn types (Ne 28/1 Vortex and OE-rotor spun) were
comparatively evaluated in terms of color properties, fabric performance properties and comfort-related parameters
following digital printing. The findings revealed that while the OE-rotor yarn offered slightly higher chroma values,
vortex yarn-based fabrics demonstrated superior color uniformity, higher K/S values, and deeper shades. These results
are attributable to the more compact and low-hairiness structure of vortex yarns, which enhances ink fixation and reduces
light scattering during spectrophotometric analysis. Color fastness tests indicated no significant difference between the
two fabric types.

However, vortex yarn fabrics exhibited superior results in terms of pilling resistance, water absorption and drying rate.
The faster drying behavior of vortex-based fabrics—an outcome of lower moisture retention and tighter structure—may
contribute to improved process efficiency and reduced energy costs during drying.

Overall, the results underscore the importance of yarn structure in determining digital print quality and fabric
performance. The insights gained from this study provide valuable input for yarn selection and process optimization in
digital textile printing. Future research may extend these findings by incorporating diverse knit structures, pre-treatment
formulations, and ink systems to further explore material-performance relationships.
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Landslide Susceptibility Assessment Using Machine Learning Method around
Golbasi (Adiyaman) and Dogansehir (Malatya)

SENEM TEKIN*!, TOLGA CAN?

Abstract: Landslides are complex geomorphic hazards that require localized analysis due to the diverse geological,
geomorphological, and climatic conditions that influence their occurrence. This study presents a landslide susceptibility
assessment in the region between Golbasi (Adiyaman) and Dogansehir (Malatya), Tiirkiye, where numerous landslides
were triggered following the February 6, 2023 Kahramanmaras earthquake sequence. Using a logistic regression model
and incorporating both historical and post-earthquake event-based landslide inventories, the study evaluates the spatial
distribution and predictive capability of susceptibility zoning. The model integrates 14 environmental variables derived
primarily from digital elevation data. The performance of the logistic regression model was assessed using the ROC curve,
yielding an AUC value of 0.803. Results show that 71.53% of post-earthquake landslides were located in areas classified
as high and very high susceptibility, validating the model’s practical applicability. This study contributes to regional-scale
risk assessment and land-use planning efforts in tectonically active and geomorphologically diverse regions of
southeastern Tiirkiye.

Keywords: Landslide inventory, landslide susceptibility, machine learning method, geographic information systems
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1. INTRODUCTION

Despite advances in risk reduction and hazard mapping, landslides remain a significant natural threat in Tirkiye,
particularly in tectonically active and topographically complex regions. Effective landslide risk management requires
comprehensive understanding of both preparatory and triggering factors, especially in the aftermath of major seismic
events. Tiirkiye is situated along the Alpine-Himalayan orogenic belt, making it highly prone to landslides, particularly
in proximity to major fault zones such as the East Anatolian Fault Zone. The February 6, 2023 earthquakes (Mw 7.7 and
7.6) triggered widespread landslides across southeastern Tiirkiye. In this context, landslide susceptibility maps, which
delineate areas at relative risk of future landsliding, are critical tools for pre-disaster land use planning. This study focuses
on (Figure 1) developing a logistic regression-based susceptibility model for the region between Golbasi and Dogansehir,
incorporating both historical landslide data and newly mapped landslides following the 2023 earthquakes.
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Figure 1. Study area
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2. MATERIAL AND METHOD

The landslide inventory was created from both the historical landslide inventory and the landslides observed and mapped
in the field following the Kahramanmarag-centered earthquakes that occurred on February 6, 2023. The landslides that
induced after the earthquake were digitized using satellite images, field observations, and various open source data. Thus,
a comprehensive landslide inventory was obtained both temporally and event-based. According to the historical landslide
inventory map, there are 144 landslides in the study area (Figure 2a). According to the event inventory map obtained
using field observations and orthophoto images taken after the February 6, 2023 earthquakes obtained from the General
Directorate of Mapping, 203 landslides were mapped (Figure 2a,b). 69 of the landslides that occurred after the February
6, 2023 earthquakes occurred in areas where old landslide masses were located. Especially the landslides in the
Dogansehir district and its surroundings, where deep slide type landslides are located, are seen to be active landslides
again.
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Figure 2. Landslide inventory map (a), sliding type landslides (b) of study area
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As the environmental factors that prepare landslides, various parametric data widely used in the literature and known to
affect land stability were used (Figure 3). Digital Elevation Model (DEM) was used as the main source in the calculation
of 100 m resolution raster data (Figure 3a), The slope ranges between 0-57 degrees with an average of 15 degrees (Figure
3b, Tablel). Profile and plan curvatures parameters which mainly control the ongoing erosion and deposition processes
were also considered (Fig 3c,d,e). Positive and negative values in the curvature maps indicates convex (=40%) and
concave (=40%) surfaces and the values close to the zeros (=20%) are linear surfaces. Solar Radiation (Figure 3f) was
included in the model due to fact that it affects the amount of solar energy by the topografy, which in turn affects soil
moisture and drying patterns depending on slope orientation. Apart from these parameters, Compound Topographic Index
(CTI), which represents the soil's potential for water saturation; Site Exposure Index (SITEEX), which calculates the
extent to which a surface is exposed to environmental factors based on slope orientation and degree; Mean Curvature
(MEANCUR), representing the average curvature of the slope; Slope Classification (SLPCLP), which expresses the slope
parameter as a percentage; and Tangential Curvature (TANCUR), used to determine the direction and speed of water
flow, channel formation, and flow path identification.
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Figure 3. DEM (a), slope (b), Curvature (c), plan curvature (d), profile curvatyre (e), solar radiation (f) parameters

The study area between Dogangehir (Malatya) and Go6lbast (Adiyaman) has a rather heterogeneous geological structure
characterized by lithological units belonging to various periods, which developed under a complex tectonic regime (Figure
4). The region is located within a tectonically active zone where sedimentary, volcanic and metamorphic rocks of different
ages are found side by side. Quaternary alluvium and sediments, which are intensively exposed especially around Golbasi
in the study area, consist of loosely structured materials and are generally located in alluvial plains, stream beds and plain
bottoms. Upper Miocene—Pliocene terrestrial units are located southwest of Golbasi and around Tut. Paleocene—Miocene
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terrestrial sediments and Eocene neritic limestones are also widespread throughout the region and present horizontal or
gently sloping layering structures. In the eastern parts (northeast of Adiyaman), Upper Cretaceous, Upper Jurassic and
Triassic carbonate platforms contain more mechanically resistant rocks. Ophiolite units and basalt-andesite lavas observed
in limited areas within the area are more robust and impermeable units. However, slip planes are present along alteration
and fracture zones. Paleozoic schists and gneisses consist of highly metamorphosed rocks.
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Figure 4. Geology of the study area (Aksay et al 2002)
2.1. Logistic regression

In this study, the logical regression method, which is one of the machine learning methods, was preferred. This method
is widely used in modeling the relationships with independent variables when the dependent variable is categorical
(mostly binary: landslide present/absent) (Hosmer et al., 2013). The aim of the model is to statistically evaluate the
contribution of the determined environmental factors to the probability of landslide occurrence in each cell.

P(Y=1)=p, = :

1+e—(Bo+B1X1+f2X2++BnXn) (1)

MR=log[ - ] =2z; = Bo+ PiXy + P Xy + o+ Xy (2)

1-P;

While creating the model, pixels representing landslide areas were evaluated as "1" and landslide-free areas as "0".
Landslide-free pixel areas were selected as many as landslide pixels. Since it is an effective tool in measuring the
classification accuracy and discrimination power of the model, the success of the model was evaluated using the ROC
curve and AUC value (Fawcett, 2006). The obtained susceptibility map was verified using both historical inventory data
and new landslide events that occurred after the February 6, 2023 earthquakes, thus testing the predictive power of the
model for both the past and the future.

3. RESULTS

The grid cell size of 100 m was used for terrain mapping unit where the landslide data set is represented by 5591 grid
cells and the total study area has 107883 pixels. Landslide affected pixels data set considering the entire landslide
polygons according to the sampling method proposed by Tekin and Can (2018). Several logistic regression analyses were
applied, and the final decision was made by two rules proposed by Can et al. (2005) that first, the majority of the landslides
should locate in the high and very high susceptibility classes, and second, the high and very high susceptibility classes
should cover the small percentages of the area. The variables entered in the best fit logistic regression model were
summarized in Table 1. In regression model CLP100 and Meancur were found positively related to the presence of
landslides.
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Table 1. Variables in the Equation

Variables B S.E. Wald df Sig. Exp(B)
Solar +0,000 ,000 350,570 1 ,000 1,000
Slope -0,189 ,011 295,592 1 ,000 ,828
1 +0,500 117 18,242 1 ,000 1,649
2 +1,355 ,348 15,207 1 ,000 3,877
5 -1,159 ,106 119,757 1 ,000 314
6 +0,802 ,199 16,242 1 ,000 2,230
7 +1,325 ,103 165,771 1 ,000 3,764
9 +1,584 ,088 326,779 1 ,000 4,873
16 +0,952 ,084 127,184 1 ,000 2,590
17 +0,830 ,244 11,546 1 ,001 2,294
20 +0,265 ,075 12,298 1 ,000 1,303
402 -0,767 ,395 3,773 1 ,052 ,465
Cti +0,099 ,019 27,980 1 ,000 1,104
Siteex -0,092 ,006 227,765 1 ,000 912
Clp100 +5,090 1,458 12,187 1 ,000 162,379
Meancur -6,809 1,780 10,273 1 ,001 ,000
Slp +0,341 ,012 854,904 1 ,000 1,406
Constant -15,868 ,753 443,592 1 ,000 ,000

*Quaternary sediments (1), upper miocene pliocene: terrestrial elastics (2), Eocene neritic limestones (5), Upper
Paleocene Middle Eocene (6), Upper Cenomanian Eocene clastic carbonates (7), Upper Cenomanian (9), Ophiolite (16),
Paleozoic Oligocene (17), Paleozoic Upper Cretaceous Schist (20), oligocene lower miocene (402).

The landslide susceptibility map was given in figure 5a. According to the success and prediction rate curve the 17.80 %
of the study area is located within the high — very high susceptibility classes comprising the 71.53 % of all landslides
(Figure 5b). The area under Receiver Operating Characteristics (ROC) curve was found 0.803 indicating acceptable
discrimination.
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Figure 5. Landslide susceptibility map (a) and ROC Curve (b).
4. DISCUSSION AND CONCLUSIONS

Landslides that develop in different movement mechanisms such asflowing, sliding, falling and toppling occur under the
control ofregionally specific geological, morphological and physical factors.Factors such as the unit forming the landslide
(soil, debris or rockmass), the areal and volumetric size of the moving mass, the rate of movement, the size of the study
area and the scale of the studied map have mandatory and limiting effects to be considered in the studies to be carried out
against landslides. The areas included in the “high” and “very high susceptibility” classes of the model largely coincide
with the landslides that occurred after the February 6, 2023 earthquakes. The fact that the vast majority of the 203 new
landslides mapped in the field after the earthquake (over 80%) are in these two susceptibility classes strongly supports
the spatial validity and predictive power of the model. This demonstrates not only the model’s statistical robustness but
also its practical applicability following the disaster.
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Emulsion Electrospinning of PV A/Basil Essential Oil Nanofibers
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Abstract: In this study, an oil-in-water emulsion electrospinning method was employed to fabricate nanofibers with
potential applications in the medical field, particularly in wound dressings. Polyvinyl alcohol (PVA) was dissolved in
deionized water to form the aqueous phase of the emulsion. Basil essential oil, renowned for its antimicrobial and
antioxidant properties, was added at varying concentrations (0, 3, 6, 9, 12 wt%) to prepare emulsion solutions. These
emulsions were characterized in terms of their viscosity, electrical conductivity, and surface tension to evaluate their
spinnability and predict fiber formation behavior. Furthermore, the chemical composition of basil essential oil was
analyzed using Gas Chromatography-Mass Spectrometry (GC-MS) in order to identify its major bioactive constituents.
After electrospinning process; the resulting fibers were analyzed using Scanning Electron Microscopy (SEM) to examine
their morphological features, such as fiber diameter, uniformity, and surface structure. The present study was
systematically investigated the influence of basil oil concentration on fiber morphology and structural integrity. The
objective of this study is to integrate the functional characteristics of basil oil with the high surface area and porosity of
electrospun nanofibers. The integration of basil oil into nanofibers is expected to enhance their potential for use in
biomedical applications, particularly as advanced wound dressings with inherent antimicrobial properties. The research
will contribute to the development of novel functional nanofibrous materials for medical applications.

Keywords: Basil essential oil; Emulsion electrospinning; Nanofibers; Polyviny alcohol; Wound dressing.

!Address: Textile Engineering Department, Engineering&Natural Sciences Faculty, Siileyman Demirel University,
Isparta, Tirkiye,

*Corresponding author: mgeysoglu@gmail.com

1. INTRODUCTION

Nanofibers are ultrafine fibers with diameters typically below 100 nanometers, exhibiting unique physicochemical
properties such as high surface area-to-volume ratio, tunable porosity, and superior mechanical flexibility. These
characteristics enable enhanced cell adhesion, efficient drug loading, and selective permeability, making nanofibers
especially valuable in biomedical applications like wound healing, drug delivery, and tissue scaffolding. Electrospinning
remains the most versatile technique for fabricating nanofibers with controlled morphology, composition, and
functionalization. Additionally, nanofibers exhibit high thermal stability, optical tunability, and the ability to incorporate
bioactive molecules, broadening their potential use in sensors, filtration systems, and energy storage devices (Zhang et
al., 2023; Bhardwaj & Kundu, 2010).

Basil (Ocimum basilicum) essential oil contains bioactive components like linalool, methyl cinnamate, estragole, and
eugenol, which contribute to its antioxidant, anti-inflammatory, antimicrobial, and anticancer properties (Kifer et al.,
2023). Its potent free radical scavenging capacity (up to 96%) highlights its potential as a natural antioxidant (Elshafie &
Camele, 2024). Furthermore, basil oil has demonstrated significant antimicrobial activity against pathogens such as
Staphylococcus aureus and Pseudomonas aeruginosa, both commonly found in infected wounds (Abdelwahab et al.,
2021). These bioactivities have led to its integration into medical textiles and wound dressings. Basil oil-loaded nanofibers
and biopolymeric films have been developed for antimicrobial wound care, providing barrier protection and promoting
healing without synthetic antibiotics (Ghosh et al., 2020).

The objective of this study is to fabricate a potential functional medical textile material for wound dressing applications
through the emulsion electrospinning technique. The incorporation of basil (Ocimum basilicum) essential oil, recognized
for its potent bioactive properties, into the nanofibrous matrix enhances its therapeutic functionality. It is anticipated that
the inherent antimicrobial and anti-inflammatory properties of the essential oil will facilitate the wound healing process,
thereby augmenting the biomedical efficacy of the material. The integration of basil essential oil into electrospun
nanofibers has only been explored in a limited number of studies to date, emphasizing the novelty and scientific
significance of the current research within the field of functional wound dressing.

2. MATERIAL AND METHOD
2.1. Materials
PVA, with a molecular weight ranging from 89,000 to 98,000 and a hydrolysis degree exceeding 99%, w