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FORWORD
Dear Colleagues,

The International Polymeric Composites Symposium and Workshops (IPC 2025) was held for
the sixth time between October 2—4, 2025, at the Izmir Tepekule Convention and Exhibition
Center. We are proud that this IPC edition was organized for the first time in collaboration with
the Chamber of Chemical Engineers and the Composites Manufacturers Association.

We are delighted that you attended and made valuable contributions to the event to explore
innovations in the production, development, and industrial applications of composite materials.

We are pleased to receive a significant number of abstracts and participants from numerous national
and international universities, research centers, and public and private institutions at the IPC 2025,
one of the largest organizations in its field in our country.

This year, IPC 2025, with its main theme of "The Future of Composite Materials: Sustainable,
High-Performance, and Digitally Driven Applications," offered a unique platform for the
scientific and technological developments in the field of polymeric composites, strengthening the
connection between academia and industry, exchanging ideas with experts in the field, showcasing
composite products, and developing collaboration opportunities.

Bringing together researchers, engineers, academics, manufacturers, and industry stakeholders at
IPC 2025 to shape the future of polymeric composites has also made a valuable contribution to our
country and to the international composite society.

In addition to the IPC 2025 Abstract Book, we provided a distinct value to the IPC 2025 through
our efforts to publish selected papers in a book titled " Future in Composite Materials: Sustainable,
High-Performance, Digitally-Driven Applications" in the Springer Proceedings in Materials
series.

We hope that IPC 2025 was a beneficial symposium in scientific, technical, and social terms. We
extend our gratitude to you for strengthening and honoring us with your participation.

We sincerely thank all members of the Symposium Committees, including the Executive and
Organizing Committees, as well as our supporting institutions, sponsors, and working teams.

Sincerely, on behalf of the IPC 2025 Executive Committee. ..

Symposium Chairs and Book Editors

Prof. Dr. Metin Tanoglu Prof. Dr. Ozgiir Seydibeyoglu
I[zmir Institute of Technology [zmir Katip Celebi University
Dr. Yahya Kara (Book Editor) ibrahim Kése

Luxembourg Institute of Science and Technology Symposium Coordinator
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ONSOZ
Degerli Meslektaslarimiz,

Uluslararast Polimerik Kompozitler Sempozyumu ve Calistaylart (IPC 2025), 2 — 4 Ekim 2025
tarihleri arasinda Izmir Tepekule Kongre ve Sergi Merkezi’nde altinci kez gerceklesiyor. Bu
yul ise ilk kez Kimya Miihendisleri Odas ile Kompozit Sanayicileri Dernegi’nin iy birligiyle
diizenleniyor olmasindan ayrica biiyiik bir gurur duyuyoruz.

Kompozit malzemelerin iiretimi, gelistirilmesi ve endiistriyel uygulamalarindaki yenilikleri
kesfetmek {iizere etkinlige sizlerin de katiliyor ve degerli katkilar veriyor olmanizdan biiyiik
mutluluk duyuyoruz.

Ulkemizde alanindaki en biiyiik organizasyonlardan biri olan sempozyumda ulusal ve uluslararasi
bircok finiversite, arastirma merkezi, resmi ve 6zel kuruluslardan 6nemli sayida Bildiri Ozeti ve
Katilim Bagvurusu almis olmaktan da olduk¢a memnunuz.

Bu y1il “Kompozit Malzemelerde Gelecek: Siirdiiriilebilir, Yiiksek Performansh ve Dijital Odakl
Uygulamalar” ana temasi ile gerceklesmekte olan IPC 2025; kompozit alaninda bilimsel ve
teknolojik gelismeleri takip edebilmek, akademi ve sanayi arasindaki bagi giliclendirmek, alaninda
uzmanlar ile fikir aligverisinde bulunmak, kompozit alaninda {irlinleri sergilemek ve is birligi
firsatlarini gelistirmek igin essiz bir platform sundugunu diisiiniiyoruz.

Polimerik  kompozitlerin  gelecegini  sekillendirmek i¢in arastirmacilar, —miihendisler,
akademisyenler, imalatgilar ve sektdr paydaslarini IPC 2025 de bulusturmus olmak igin iilkemiz
adina da degerli bir katki olusturmustur.

Bildiri Ozetleri Kitabi, Bildiriler Kitabia ilave olarak segilmis bildirilerin Springer Proceedings
in Materials serisinde 'Future in Composite Materials: Sustainable, High-Performance,
Digitally-Driven Applications™ baslikli bir kitap olarak da yaymlanmasi gayret sarf etmemiz
neticesinde ayri bir deger olusturabildigimizi diisiiniiyoruz.

IPC 2025’in bilimsel, teknik ve sosyal anlamda etkin ve yararli bir sempozyum olmasini arzu eder,
katiliminizla bizi gii¢lendirdiginiz ve onurlandirdiginiz i¢in tesekkiirlerimizi sunariz.

Bu etkinligin hayata gegirilmesi i¢in emegini esirgemeyen, dzveri ve gayretle destegini her zaman
sunan basta Yiiriitme ve Diizenleme Kurulu olmak iizere tiim Sempozyum Kurul Uyelerine,
Destekleyen Kurum ve Sponsorlarimiz ile ¢alisma ekiplerine goniilden tesekkiir ederiz.
Saygilarimizla

IPC 2025 Diizenleme Kurulu adma...

Sempozyum Baskanlar1 ve Kitap Editorleri

Prof. Dr. Metin Tanoglu Prof. Dr. Ozgiir Seydibeyoglu
izmir Yiiksek Teknoloji Enstitiisii [zmir Katip Celebi Universitesi
Dr. Yahya Kara (Kitap Editorii) ibrahim Kése

Liiksemburg Bilim ve Teknoloji Enstitiisii Sempozyum Koordinatorii
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AN INNOVATIVE STRATEGY TO DESIGN AND MONITOR SAFE,
RELIABLE AND LIGTHWEIGHT COMPOSITE STRUCTURES
UNDER IN-SERVICE LOADING
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Abstract

Fatigue failure and in-service loss of stiffness of composite parts are due to a
multi- mechanisms damage evolution which mainly includes cracks,
delamination and fibre failures [1-3]. The talk presents an innovative,
comprehensive framework for the fatigue design of composite parts, based on the
actual physics of damage evolution. The initiation and growth of each
mechanism, its interaction with the others and the effects on the strength and
stiffness of the parts are described by suitable models and experimentally
validated [4-6]. The combination of all these models into a single design
framework already represents a significant step forward with respect to the design
tools available on the market, resulting in an enormous increase in the safeness
and reliability of the structural applications made with these materials. The in-
service reliability and safety of the composite parts can be further improved by
using a new structural health monitoring methodology [7]. This methodology,
based on the exploitation of the self-sensing capabilities of conductive laminates,
allows the continuous assessment of the damage state and the correlation of its
evolution with the residual elastic and strength properties of the composite parts.
Damage induced by unexpected events can be also monitored. The basis behind
the approach will be briefly outlined leaving space to the discussion of the
application procedure, with examples of implementation on parts of industrial
interest.

Keywords: [Composite, Damage Mechanics, Fatigue, Stiffness loss, Health
monitoring]
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Abstract

Finite element structural analysis of composites is relatively mature and widely
used in industry. Simulations are able to represent overall structural behaviour
well, and high-fidelity models can capture detailed failure mechanisms.
Simulation of manufacturing processes is much less mature and has not yet been
taken up as widely by industry, but substantial advances have been made in recent
years. This paper presents state of the art simulations and shows that they are able
to represent important processes in composites manufacturing, offering great
potential to reduce costly and time-consuming physical trials and demonstrators.

Defects which occur during composites’ manufacturing can have a profound
effect on mechanical performance, and so have to be taken account of in design.
Process simulation can be applied to many different aspects of composites
manufacturing, with scope to reduce defects by better understanding the
behaviour, leading to more manufacturable parts. There are still challenges due
to the complexity and inherent variability, together with the significant
computational requirements for carrying out large scale simulations. However,
current tools can already be used to troubleshoot problematic cases, and the
continuing improvements in computer hardware and growing capabilities of
artificial intelligence mean simulation is likely to become more and more
important in the future.

This paper presents examples of successful simulations of prepreg and textile
manufacturing processes. Through-thickness consolidation can lead to variability
and defects such as wrinkles. The process has been effectively simulated in lab
coupons [1-3] and scaled up to more realistic parts [4]. Simulation of Automated
Fibre Placement (AFP) has also demonstrated the ability to predict and reduce
wrinkles [5-7].
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Residual stresses and distortion during cure can be modelled [8,9] and the
workflows automated to make application to components easier [10].
Manufacturing simulations can be linked to structural analysis to improve
strength predictions by accounting for the differences between as-manufactured
and as-designed parts [11]. These approaches can be applied at the structural scale
to reduce the size of the pyramid of testing required for certification [12].

The as-manufactured yarn geometry is important in analysis of 3D textile parts,
and simulations can capture the deformations during consolidation, leading to
better predictions of stiffness and strength [13-16]. Forming simulations can also
be used to reduce defects such as wrinkles [17-20]. Simulations of resin infusion
processes can reduce the risk of problems such as race-tracking or dry spots and
help in tooling design [21-24].

A range of examples of state-of-the-art composites manufacturing simulation
techniques are presented, addressing some of the many challenges and proposing
solutions which can be used to help produce better parts.

Keywords: [Manufacturing, Simulation, Defects]
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Abstract

As global industries seek to minimize environmental impact while maintaining
high production efficiency at the same time, there is a growing demand for
advanced plastic-forming technologies capable of producing recyclable,
lightweight, and structurally optimized polymer composites. Our research
addresses this demand by developing hybrid manufacturing processes, advanced
simulation tools, and tailored material systems, which enable more sustainable
and energy-efficient production [1].

The foundation of our work lies in integrating injection molding, thermoplastic
resin transfer molding (T-RTM), 3D printing, and now injection-compression
molding into unified hybrid manufacturing platforms. When used individually or
in combination, these technologies allow the design and production of warp-free,
high-performance components, even with recycled, highly filled, or fiber-
reinforced materials. Recognizing the limited geometric versatility of traditional
T-RTM, our research group pioneered the combination of flat T-RTM plates with
overmolded reinforcements and 3D-printed fiber preforms to create structurally
efficient and geometrically complex parts. We developed a custom continuous
fiber 3D printer capable of placing fiber bundles with controlled orientation,
enabling the fabrication of directed reinforcement elements compatible with
injection molding and T-RTM [2].

Our team established computational models to support these processes, which
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couple filling simulation including preform infiltration, and crystallization

kinetics. We also introduced a novel method to predict interfacial bonding
strength in overmolded polymers. This calculation model has been partially
integrated into Moldex3D simulation software [3-5].

A critical bottleneck in sustainable manufacturing is the limited understanding
and predictability of the behavior of recycled materials. Our research investigates
how fiber fragmentation affects mechanical and rheological properties during
recycling. We have developed material models that capture the deviation from
the ideal mixing laws when recycled content is blended with virgin material,
which is essential for accurate simulation and robust design. We demonstrate that
fiber degradation reduces mechanical properties and impacts the environmental
footprint, emphasizing the trade-offs involved in designing for recyclability [1].

The transition toward Industry 4.0 has increased attention to real-time data
acquisition and closed-loop control in injection molding. In this context,
integrating in-mold sensors is a key to enhancing process transparency and
ensuring product quality. Our earlier studies have demonstrated how pressure and
temperature sensors embedded directly in the mold cavity can provide high-
resolution data for monitoring critical stages such as filling, packing, and cooling
[6]. Recent advancements extended this approach to multi-sensor systems
capable of correlating locally measured information process phenomena with part
quality and material behavior [7]. Beyond monitoring, machine learning
techniques have also been applied to these sensor datasets, enabling predictive
quality control and adaptive process optimization, thus fulfilling key principles
of smart manufacturing [8]. These sensor-driven developments are essential to
bridge the gap between material science, processing, and digitalization in
producing fiber-reinforced polymer composites.

To demonstrate our hybrid technology, we designed and produced lightweight
bipolar plates for open-cathode proton exchange membrane fuel cells (PEMFCs).
This application set demanding requirements regarding dimensional precision,
gas flow management, and electrical conductivity. We produced bipolar plates
from heat-conducting material and optimized them using computational fluid
dynamics and injection molding simulations. The result is a fully polymeric
bipolar plate geometry suited for portable fuel cell applications such as drones
and small electric vehicles, offering substantial weight reduction and recyclability
compared to metal-based counterparts.

Our work bridges materials science, process engineering, simulation, and
sustainability, and addresses the systemic challenge of transitioning to a circular
polymer economy. By integrating Al, real-time monitoring, and LCA into
manufacturing development, we aim to establish robust, scalable methods that
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empower the use of recycled materials without compromising product

performance or design freedom. Our long-term vision is to enable the
autonomous optimization of polymer processing, turning recycling from a
liability into a reliable engineering asset.

Keywords: [injection molding, hybrid composites, thermoplastic resin transfer
molding, recycling, simulation]
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Abstract

The shift from a linear to a circular economy has elevated Digital Product Pass-
ports (DPPs) as vital instruments for transparency, traceability, and sustainability
across product lifecycles [1]. This is particularly relevant for composite materials
and structures, which pose specific challenges in recycling, material recovery,
and regulatory compliance [2, 3]. By consolidating essential product information
such as composition, origin, environmental footprint, and compliance
requirements. DPPs support material tracking, facilitate reuse and recycling, and
enhance data governance across supply chains. Despite their potential, several
challenges hinder the widespread adoption of DPPs, including interoperability
issues, the lack of standardised frameworks, and fragmented regulatory
landscapes [4]. This study, conducted by the DigiPass CSA consortium, examines
the primary barriers to implementation and proposes actionable strategies to
foster adoption within the composite materials sector.

DPPs are built around two essential pillars: (1) Data and Information
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Management, and (2) Data Analytics. The data management component
encompasses the secure collection, storage, retrieval, and distribution of product
data throughout the lifecycle. This includes key details such as fibre composition,
resin types, manufacturing processes, and certification records. Metadata plays a
key role in enabling quick and reliable access to this information, embedding
attributes such as product identifiers, batch numbers, sustainability labels, and
end-of-life instructions [5]. The second pillar, Data Analytics, focuses on
extracting value from the accumulated data. Techniques such as predictive
modelling, machine learning, and lifecycle assessment help identify trends in
product performance, durability, and environmental impact [6]. These insights
empower manufacturers, policymakers, and recyclers to make informed
decisions, enhance resource efficiency, and minimise waste—particularly in
high-impact sectors like aerospace, automotive, and construction [7]. A
significant recent advancement is the emergence of Collaborative Digital
Ecosystems (CDEs), which act as platforms for cross-sector collaboration. These
ecosystems connect manufacturers, suppliers, regulators, and consumers,
enabling real-time data exchange and collective decision-making [8].

This keynote presentation will explore the role of DPPs in enabling circular
business models, with a focus on composite materials and complex products. It
will highlight the need for standardised frameworks, the integration of emerging
digital technologies to ensure data integrity, and the policy instruments necessary
to scale adoption.

Keywords: [Digital Product Passports, Circular Economy, Supply Chain
Transparency, Composite Materials.]
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Abstract

When we see an aircraft flying high in the sky, we often admire its size, its speed,
or its beauty. But inside that aircraft, there is another story—a story about the
materials that make it possible. Every wing, every fuselage, every joint is the
result of years of research, testing, and innovation in materials science.

I am Dr. Mete Bakir, Materials Engineering Manager at Turkish Aerospace and
Associate Professor at Ankara Yildirnm Beyazit University. For more than ten
years, my work has focused on one goal: taking new material technologies from
the laboratory and putting them into real aircraft.

Today, the aerospace industry is at a turning point. Demand: Air traffic is
expected to double in the next 20 years. Responsibility: We must meet strict
environmental regulations and reduce our carbon footprint. To meet both goals,
we cannot rely only on small improvements. We need a new generation of
materials.

This is why high-performance polymer composites are so important. They are not
only lighter than metals; they can be designed at the molecular level for the exact
performance we need. Lower weight means lower fuel use, fewer emissions, and
better aircraft performance.
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In my research, including thermoplastic composite processing, environmentally
friendly coating solutions, and studies on how materials behave under extreme
conditions, I have seen how changes in resin chemistry, fiber structure, and hybrid
material design can transform the capabilities of acrospace components.

At Turkish Aerospace, we have put this into practice. We replaced several
metallic parts with thermoplastic composite and fast-curing parts. The results are
weight reduction, faster manufacturing through thermoforming, no need for
heavy fasteners through thermoplastic welding, and on-site repairs without
removing the part from the aircraft. These are not small steps—they are big
changes in how we design, build, and maintain aircraft.

The road to net-zero aviation will not be reached only through new fuels or
engines. Materials will play a key role. We must focus on: 1. Circular materials
where components that can be recycled and used again. 2. Energy-efficient
manufacturing to reduce the autoclave use and apply additive manufacturing. 3.
Multifunctional materials to combine structure with heat management,
electromagnetic shielding, and damage monitoring. These are not just research
ideas. They are urgent needs for the aerospace industry in the next decade.

The challenge is big, but the opportunity is bigger. The journey from research to
certified flight parts is long, but by working together as scientists, engineers, and

industry, we can create aircraft that are safer, lighter, and more sustainable.

I invite you all to collaborate across fields and countries. The composites we
design today will carry the aircraft of tomorrow.
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Abstract

Ethylene-propylene-diene monomer (EPDM) rubber is produced by the
copolymerization of ethylene and propylene in the presence of non-conjugated
diene and is highly saturated. The saturated backbone of EPDM results in high
mechanical, dynamic and electrical properties, good resistance to aging, heat and
oxidation and low temperature flexibility, with high chemical and swelling
resistance. These inherent properties make EPDM the preferred elastomer for
outdoor applications such as automotive sealing systems, wire and cable
insulation, building profiles, roofing sheets and under-the-bonnet applications.
However, it is needed to use mineral fillers, such as calcium carbonate, basalt,
talc, mica and montmorillonite to improve the mechanical properties, dynamic
characteristics, wear resistance and processability of rubber composites [1,2].
Calcium carbonate is an inorganic mineral filler with a wide range of sources; it
can be filled in large quantities in rubber to reduce cost, and improve the hardness,
rigidity or dimensional stability of the material. CaCO; is treated as a non-
petrochemicals-based filler with a low CO» footprint. It can also improve the
mechanical properties of the material and provide some special properties, such
as corrosion resistance, weather resistance, flame retardancy and insulation to the
material. But it is not possible to obtain the desired properties with CaCOs[3,4].
For such situations, talc has been intensively studied by many researchers in
recent years due to the high degree of anisotropy of its crystal structure. As fillers,
talc is used in composite materials to improve the strength, hardness and abrasive
resistance of rubber composites [5].

The aim of this work was to study and compare the effect of CaCO; and talc as
fillers in EPDM composites on curing, tensile properties, morphological and
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dynamic mechanical properties. In addition, aging and tear tests were performed

for both composites. For this purpose, EPDM compounds were mixed in
laboratory type 4 L internal mixer banbury. EPDM rubber types, silica, kaolin,
talc, CaCOs, antioxidant and accelerator packages mixed step by step.
Vulcanization characteristics were determined using a Moving Die Rheometer
MDR2000 at 180 oC for 2,5 minutes and 180 °C for 10 minutes according to
ASTM D 2084-95. The tensile test was carried out according to the ISO-37
standard with dumb-bell type 2 test piece using a universal testing machine from
Instron Co. at a speed of 500 mm/min. The tear sample was tested using a
universal testing machine at room temperature with a crosshead speed of 50
mm/min in accordance with ISO 34 type B. The resistance of rubbers to abrasion
by means of a rotating cylindrical drum device was measured by the Gibitre
abrasion test machine according to ISO 4649. For the determination of the
compression set characteristics of rubbers cylindrical test specimens (diameter 16
mm, thickness 6 mm) were prepared according to ISO 815 type B and with %75
compression set value; specimens are conditioned for 72 hours at 100 °C. With
ASTM D2240 standard by using shore A durometer, hardness values are
measured with 6 mm hardness specimens. Dynamic material properties of
vulcanized rubber compounds were carried out using a DMA dynamic mechanic
analyzer instrument with Payne effect studies. In conclusion, rubber with the
white filler package including talc has more effective tensile and tear values than
the other rubber prepared with white filler package including CaCO3. There are
huge value gaps in the dynamic functions and mechanical values (abrasion and
comp. set) between these two filler packages. The comparative physical and
mechanical results were given in Table 1.

‘ ml 0,88 0,73
\mh 5,86 5,41
| ts2 078 | 089
| t90 1,63 1,78
| Hardness —JO,'IO 3;‘:7,_5 7
ir Tensile 9,5 10,02
1, Elongation 923,73 973,85
|Tear 17.76 | 21,81
| Abrasion 232,81 | 259,96
| Comp Set. (<50%) 36,5 22,4
|Density. 110 | 11

Table 1. The physical and mechanical results of rubber composite.
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Abstract

The Chemistry Technology Center was established to serve the sub-sectors of the
chemical industry, providing comprehensive support for companies operating in
plastics, rubber, and composites in their research, product development, and
innovation processes. Located in Kocaeli’s Technology Development Zone,
Bilisim Vadisi, the Center offers the sector a modern infrastructure and an
interdisciplinary approach.

The primary objective of our Center is to help industrial companies make their
products more reliable, more value-added, and in compliance with international
standards. In this context, we provide advanced testing and analysis services in
many fields such as material characterization, mechanical and environmental
durability testing, chemical analyses, and aging studies. Our service portfolio
includes thermal analyses (TGA, DSC), mechanical tests (tensile, impact,
bending), spectroscopic methods for surface and structural analysis (FTIR, UV-
Vis), and chromatographic techniques such as GC-MS and HPLC. This
infrastructure provides the critical data needed by sector companies both in
quality assurance and in new product development processes.
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In addition to technical services, our Center also adds value to the sector with
training programs and consultancy activities. We organize training programs in a
wide range of areas, from composite production processes to recycling
applications in polymeric materials, from sustainability to digitalization, while
also providing project-based consultancy tailored to company needs. In this way,
the collaboration between industry and academia is strengthened, bringing
together theoretical knowledge and practical requirements.

This ecosystem approach offered by the Chemistry Technology Center serves
Tiirkiye’s goal of increasing the international competitiveness of its plastics,
rubber, and composites industries. With our testing and analysis infrastructure
supporting value-added production, our qualified training activities, and our
project-based consultancy services, we aim to help companies turn to export
markets and position themselves strongly in global arenas.

The presentation will highlight the rationale behind the establishment of our
Center, the services provided, the collaboration models developed with the sector,
and our vision for the future. In particular, our roadmap focusing on regulatory
compliance, sustainability, high performance, and digitalization will be presented
as a strategic step to enhance international competitiveness in the plastics, rubber,
and composites industries.

Ozet

Kimya Teknoloji Merkezi, kimya sanayiinin alt sektorlerine hizmet vermek {izere
kurulmus, plastik, kauguk ve kompozit alanlarinda faaliyet gosteren firmalarin
arastirma—gelistirme, Uriin gelistirme ve inovasyon siireglerine destek saglayan
biitiinlesik bir yapidir. Kocaeli’de bulunan Teknoloji Gelistirme Bolgesi olan
Bilisim Vadisi’'nde yer alan Kimya Teknoloji Merkezi sektére modern altyap1 ve
disiplinler aras1 bir yaklagim sunmaktadir.

Merkezimizin temel amaci, sanayicilerimizin {irlinlerini daha giivenilir, daha
katma degerli ve uluslararasi standartlara uygun hale getirmelerine katkida
bulunmaktir. Bu dogrultuda, malzeme karakterizasyonu, mekanik ve ¢evresel
dayanim testleri, kimyasal analizler ve yaslandirma ¢aligmalar1 gibi pek c¢ok
alanda ileri test ve analiz hizmetleri sunuyoruz. Termal analiz (TGA, DSC),
mekanik testler (¢ekme, darbe, egilme), yiizey ve yap1 tayininde FTIR, UV-Vis
gibi spektroskopik yontemler, GC-MS ve HPLC gibi kromatografik teknikler
merkezimizin hizmet yelpazesi iginde yer almaktadir. Bu alt yapt hem kalite
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giivencesi hem de yeni {irlin gelistirme siireglerinde sektor firmalarinin ihtiyag
duydugu kritik verileri saglamaktadir.

Teknik hizmetlerin yani sira, merkezimiz egitim programlari ve danismanlik
faaliyetleri ile de sektdre deger katmaktadir. Kompozit iiretim siireglerinden
polimer malzemelerde geri donilisim uygulamalarina, siirdiriilebilirlikten
dijitallesmeye kadar genis bir yelpazede egitimler diizenlenmekte, ayrica
firmalara 6zel proje danigmanligi saglanmaktadir. Bu sayede sanayi—akademi ig
birligi giiclendirilmekte, teorik bilgi ile pratik ihtiyag¢ bir araya getirilmektedir.

Kimya Teknoloji Merkezi’nin sundugu bu ekosistem yaklagimi, Tiirkiye’nin
plastik, kauguk ve kompozit sektorlerinin uluslararasi rekabet giiciinii artirma
hedefine hizmet etmektedir. Katma degerli iiretimi destekleyen test ve analiz
altyapimiz, nitelikli egitim faaliyetlerimiz ve proje odakli danigmanlik
hizmetlerimiz sayesinde firmalarimizin ihracata yonelmeleri ve global pazarlarda
giiclii bir sekilde konumlanmalar1 hedeflenmektedir.

Sunumda, merkezimizin kurulus gerekcesi, sagladigi hizmetler, sektorle
bulusturdugu is birligi modelleri ve gelecege yonelik vizyonu paylasilacaktir.
Ozellikle gelecegin regiilasyonlarma uyumluluk, siirdiiriilebilirlik, yiiksek
performans ve dijitallesme odakli yol haritamiz, plastik, kauguk ve kompozit
sektorlerinde uluslararasi rekabet giiciinii artirmak icin stratejik bir adim olarak
ele almacaktir.
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Abstract

DowAksa, Tiirkiye’s only carbon fiber manufacturer formed in 2012 between
Dow Europe and Aksa Akrilik (a subsidiary of Akkok Holding) will continue
carbon fiber operations under new name, Aksa Carbon as of Aug 2025 through
the completed acquisition of Dow Europe Holding B.V.’s 50% stake. Bringing
the benefits of carbon fiber to the industrial marketplace, Aksa Carbon offers this
enabling technology for transportation, energy, defense, aerospace and
infrastructure markets with a product portfolio covering a wide range of solutions.
Aksa Carbon is among the few fully integrated solution providers in the industry
with a product range extending from precursor to carbon fiber, and from carbon
fiber to prepreg, laminated plates, and fabrics, along with engineering solutions,
technology, and know-how. The company’s state-of-the-art production facility,
equipped with advanced technology, is located in Yalova. Very strong and
lightweight, carbon-fiber-based materials are used in a variety of applications
where weight savings, emissions reduction, durability, and energy efficiency are
key performance factors. The composite industry is poised for growth driven and
is driven by sustainability initiatives, technological developments and new
material innovations. The future of composites is focussing towards sustainability
including bio-based composites, recycling and repurposing the existing
composite parts. Innovations in composite manufacturing technologies and
materials developments through nanotechnology and advanced matrix systems
are expanding the application of composites in many fields.
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Abstract

Additive manufacturing technologies, which enable the precise and efficient
production of complex geometric structures, are becoming increasingly
widespread in aerospace, automotive, biomedical, and other engineering fields.
Among these technologies, resin-based 3D printing methods such as digital light
processing (DLP) and stereolithography (SLA), which are based on the layered
curing of photopolymer resins with ultraviolet (UV) light, stand out. Various
inorganic or organic fillers are used to enhance the mechanical, thermal, and
physical properties of these resins [1, 2]. In this context, the use of tea waste, an
organic biowaste, as a reinforcement material for epoxy matrix composites offers
a low-cost and environmentally friendly approach that enhances sustainability
[3]. This type of biowaste has the potential to increase the mechanical strength
and thermal stability of composites, while enabling the recycling of waste
materials, enabling the development of more economical and durable materials
for industrial applications [4]. In this research, the effect of the reinforcement on
the viscoelastic and mechanical properties of ground tea waste powder-reinforced
epoxy composites produced through additive manufacturing was investigated. To
determine this effect, composite samples were subjected to dynamic mechanical
analysis (DMA), three-point bending, tensile, and hardness tests to analyze their
viscoelastic and mechanical behavior. The findings revealed that the addition of
tea waste powder demonstrated successful compatibility with the epoxy matrix,
resulting in increased storage modulus, flexural modulus, and elastic modulus.
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This study demonstrates that the addition of organic tea waste powder can offer
significant improvements in the material engineering properties of 3D-printed
composites.

Keywords: [Additive Manufacturing, Composite Materials, Tea Waste,
Mechanical Properties, Dynamic Mechanical Analysis]

Ozet

Karmagik geometrili yapilarin hassas ve verimli iiretimine olanak tantyan
eklemeli iiretim teknolojileri; havacilik, otomotiv, biyomedikal ve miihendisligin
diger alanlarinda giderek yayginlagsmaktadir. Bu teknolojiler arasinda,
fotopolimer reginelerin ultraviyole (UV) 1sikla katmanli olarak sertlestirilmesi
prensibine dayanan dijital 151k igleme (DLP) ve stereolitografi (SLA) gibi recgine
esasli 3B baski yoOntemleri oOne c¢ikmaktadir. S6z konusu reginelerin
performansini artirmak amaciyla mekanik, termal ve fiziksel ozelliklerini
gelistiren cesitli inorganik veya organik dolgu maddeleri kullanilmaktadir 1, 2].
Bu baglamda, organik bir biyo-atik olan ¢ay atiginin epoksi matrisli kompozitler
icin bir takviye malzemesi olarak kullanilmasi, siirdiiriilebilirligi artiran diigiik
maliyetli ve ¢evre dostu bir yaklasim sunmaktadir [3]. Bu tiir biyo-atiklar,
kompozitlerin mekanik dayanimimi ve termal kararliligini artirma potansiyeli
tagirken, atiklarin geri kazanimini saglayarak endiistriyel uygulamalar i¢in daha
ekonomik ve dayanikli malzemelerin gelistirilmesine imkan tanir [4]. Bu
arastirma kapsaminda ise, eklemeli imalat yontemiyle iiretilen 6giitiilmiis ¢ay
atig1 tozu takviyeli epoksi kompozitlerde, takviye malzemesinin viskoelastik ve
mekanik 6zellikler iizerindeki etkisi incelenmistir. Bu etkinin tespiti amactyla
kompozit numunelere sirasiyla dinamik mekanik analiz (DMA), {i¢ noktali egme,
¢ekme ve sertlik testleri uygulanarak viskoelastik ve mekanik davraniglar analiz
edilmistir. Ulasilan bulgular, ¢ay atig1 tozu katkisinin epoksi matris ile basarili
bir uyum sergiledigini ve sonucunda depolama modiiliinii, egme modiiliini ve
elastiklik modiiliinii artirdigini ortaya koymustur. Bu ¢alisma, organik ¢ay atigi
tozu ilavesinin, 3B baski ile iiretilen kompozitlerin malzeme miihendisligi
bakimindan kayda deger iyilestirmeler sunabilecegini gdstermektedir.

Anahtar Kelimeler: [Eklemeli Imalat, Kompozit Malzemeler, Cay Atigi,
Mekanik Ozellikler, Dinamik Mekanik Analiz]
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Abstract

Safety and protection from ionising radiation are paramount in today’s world,
particularly in sectors such as nuclear power, healthcare, and acrospace. Neutron
radiation, in particular, poses significant challenges in nuclear environments due
to its high penetration ability and potential to activate materials, thereby
necessitating advanced shielding strategies to safeguard both human life and
equipment [1]. Traditionally, concrete and metallic substances like aluminum
have been employed for neutron attenuation because of their affordability and
ease of use. However, their high density and bulk limit their applicability in
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aerospace environments and wearable protective equipment. This has driven the
demand for novel, efficient neutron shielding materials characterized by
flexibility and low density. [2]

Polymer composite materials, which integrate a polymer matrix with lightweight
elements, offer a promising alternative. Neutron shielding relies on attenuation—
the reduction of radiation impact by obstructing or reflecting it—primarily
through absorption and scattering. In this context, hydrogen’s high electron
density renders it particularly effective for neutron shielding. [3] Polymers
composed of low-atomic-number elements, such as carbon, hydrogen, nitrogen,
and oxygen, produce minimal secondary particles upon neutron impact.
Polyethylene (PE), with its high concentration of hydrogen atoms, has been
demonstrated both theoretically and experimentally to effectively slow down and
absorb neutrons, making it a widely adopted material in nuclear radiation
protection due to its efficient neutron moderation, light weight, chemical stability,
and compact size. Furthermore, neutron absorbers that incorporate small atomic
number elements—such as hydrogen, lithium, carbon, boron—are particularly
effective. [4,5,6] The addition of inorganic functional fillers with radiation
shielding properties, such as boron carbide (B4C), boron nanopowder, and
hexagonal boron nitride (h-BN), to the PE matrix further enhances both the
shielding effectiveness and the mechanical properties of the composite, with
boron exhibiting a large absorption cross section of approximately 760 b—
significantly surpassing that of conventional materials. [7]

In this study, high-density polyethylene (HDPE) composites containing 10 wt%
of B4C, h-BN, and a mixture of both were prepared, characterized, and evaluated
for their ability to shield against fast and thermal neutrons. The composites were
homogenized using a twin-screw extruder operating at 145°C and 80 rpm, and
their neutron radiation shielding properties were investigated via theoretical
modeling using MCNP6.2 software and experimental testing with an Am-Be
neutron source. The bonding network and crystalline microstructure of boron-
doped HDPE polymer composites were analysed before and after irradiation
using X-ray diffraction (XRD) and Fourier-transform infrared spectroscopy (FT-
IR). Thermal properties were assessed through thermal conductivity
measurements, differential thermal analysis (DTA), thermogravimetric analysis
(TGA), and flammability tests (LOI and UL94), while mechanical properties
were determined by tensile tests, shore hardness measurements and bending tests.
This multifaceted approach provides valuable insights into the effectiveness of
these novel shielding materials, contributing to the optimization of radiation
shielding strategies across diverse applications.

Keywords: [Neutron Shielding, Boron Carbide, Boron Nitride, HDPE]
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Ozet

Iyonize radyasyondan korunma ve giivenlik, giiniimiiz diinyasinda; niikleer
enerji, saglik ve uzay sanayii gibi sektorlerde biiyiik dnem arz etmektedir.
Ozellikle ndtron radyasyonu, yiiksek niifuz yetenegi ve malzemeleri aktive etme
potansiyeli nedeniyle niikleer ortamlarda zorluklar ortaya koyarak, insan hayatini
ve ekipmani korumak icin gelismis kalkanlama o6zelliklerinin uygulanmasini
gerekli hale getirmektedir [1].

Geleneksel olarak, ekonomik olmalar1 ve kullanim kolayliklar1 sebebiyle beton
ve aliminyum gibi metalik malzemelerden ndtron zayiflatmada yararlanilmagtir.
Ancak bu malzemelerin yiiksek yogunluk ve hacimleri, uzay ortamlar1 ve
giyilebilir koruyucu ekipmanlarda uygulanabilirliklerini sinirlandirmaktadir. Bu
durum, esneklik ve diisiik yogunluk gibi &zelliklere sahip yenilik¢i ve etkili
noétron kalkanlama malzemelerine duyulan ihtiyact artirmistir [2].

Polimer matrise diisiik atom numarasina sahip elementlerin katkilandig1 polimer
kompozit malzemeler, bu alanda umut vaat eden bir alternatif sunmaktadir.
Notron kalkanlamasi, radyasyon etkisini engelleme veya yansitma yoluyla
azaltmaya dayali soniimleme prensibine dayanmakta olup, bu etki temel olarak
absorpsiyon ve sagilim mekanizmalariyla saglanmaktadir. Bu baglamda,
hidrojenin yiiksek elektron yogunlugu, nétron kalkanlamasinda 6zellikle etkili
olmasin1 saglamaktadir [3].

Diisiik atom numarali elementlerden olusan (6rnegin; karbon, hidrojen, azot ve
oksijen) polimerler, nétron etkisi altinda ikincil parcacik tiretmektedir. Yiiksek
hidrojen atom yogunluguna sahip olan polietilen (PE), nétronlar1 yavaslatip
absorplamada etkinligi hem teorik hem de deneysel caligmalarda kanitlanmistir.
Etkili nétron moderasyonu, hafifligi, kimyasal stabilitesi ve yogun yapisi
nedeniyle niikleer radyasyon korumasinda genis capta tercih edilmektedir.
Ayrica, hidrojen, lityum, karbon ve bor gibi diisilk atom numarali elementleri
igeren notron absorbanlari da oldukea etkilidir [4,5,6].

PE matrisine, bor karbiir (B4C), bor nanotozu ve bor nitriir (h-BN) gibi radyasyon
kalkan1 ozelliklerine sahip inorganik fonksiyonel dolgu maddelerinin
katkilanmasiyla, malzemenin hem kalkan etkinligini hem de mekanik 6zellikleri
gelismektedir. Ayrica borun yaklagik 760 b’lik yiiksek absorpsiyon kesiti,
geleneksel malzemelerin performansini 6nemli dl¢iide asmaktadir [7].

Bu ¢alismada, agirlikca %10 B4C, h-BN ve her iki dolgu maddesinin karigimini
iceren yliksek yogunluklu polietilen (YYPE) kompozit malzemeler hazirlanmas,
karakterize edilmis, hizli ve termal nétronlara kars1 koruma saglama 6zellikleri

27



incelenmistir. Kompozitler, 145 °C ve 80 rpm’de galisan ¢ift vidali ekstriider
kullanilarak homojenlestirilmistir. Notron radyasyonu kalkanlama o6zellikleri
MCNP6.2 yazilimi ile gerceklestirilen teorik modelleme ve Am-Be nétron
kaynagi kullanilarak yapilan deneysel testler yoluyla incelenmistir. Bor katkili
YYPE polimer kompozitlerinin bag yapilar ve kristalin mikro yapisi, 1sinlanma
oncesi ve sonrast X-igin1 kirinimi (XRD) ile Fourier doniisiimlii kizilotesi
spektroskopi (FT-IR) teknikleri kullanilarak analiz edilmistir. Termal 6zellikler;
termal iletkenlik Olciimleri, diferansiyel termal analiz (DTA), termogravimetrik
analiz (TGA) ve yanmazlik testleri (LOI ve UL94) aracilifiyla, mekanik
ozellikler ise c¢ekme testleri, Shore sertlik olgiimleri ve egme testleri ile
Olciilmiistiir.

Bu c¢ok yonlii yaklagim, yeni zirh malzemelerinin etkinligi hakkinda bilgiler
sunmakta ve ¢esitli uygulamalarda radyasyon zirhlama stratejilerinin optimize
edilmesine 6nemli katkilar saglamaktadir.

Anahtar Kelimeler: Notron Zirhlama, Bor Karbiir, Bor Nitriir, YYPE
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Abstract

The performance of electronic devices drops off by 10% with every increase in
temperature by 2 °C due to the miniaturization, integration, and performance
enhancement of electronic devices [1]. These actions cause significant heat
accumulation through electronics and require improvements in thermal
management. In light of this, advanced thermal management materials with a
high thermal conductivity, low weight, ease of fabrication and also compatible
with the more compact devices are increasingly being sought after. Efficient
electronic packaging capable of successfully removing generated heat is a key
factor for a reliable and long-lived operation and the high-level functioning of
upcoming electronic systems. Composite systems incorporating a polymer based
matrix fulfill these needs, particularly for military and aerospace applications [2].
These composites combine the high adhesion capability, processability and low
weight of the polymer with the unique properties of the chosen filler incorporated
[3]. On the context of designing a composite system, the selections of polymer
matrix, additive, method are ought to be regarded for enhancing
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performance of the composite. Behind these manners, the major aim is to improve
phonon movement through the polymer matrix since the heat is conducted by the
phonons in polymers due to the lack of free electrons. Regarding all these points,
polysulfone (PSU) was selected as the polymer matrix in this study due to its
exceptional mechanical strength, chemical resistance, flame retardancy, thermal
stability, and radiation resistance—all of which are critical attributes for defense
applications. With its broad bandgap (~ 5.97 eV) and high intrinsic thermal
conductivity (~400 W/mK), PSU matrix doped with the filler of hexagonal boron
nitride (h-BN) which provides hBN optically transparent and electrically
insulating. Using a Dr. Blade applicator, the PSU-hBN composite films have been
produced utilizing the solution mixing process. Four hBN concentrations (5wt%,
10wt%, 15wt%, and 25wt%) and three distinct PSU concentrations (15wt%,
20wt%, and 25wt%) were examined for each PSU concentration. Among these
samples, the highest thermal conductivity belongs to the 10wt% hBN doped
25wt% PSU film which is 0.66 W/mK with 230% enhancement compared to
pristine PSU whose thermal conductivity is 0.21 W/mK.

Keywords: [thermal management, polysulfone (PSU), hexagonal boron nitride
(hBN), solution mixing, electronics]

Ozet

Elektronik cihazlarin performansi, elektronik cihazlarin minyatiirlestirilmesi,
entegrasyonu ve performans artisi nedeniyle sicakliktaki her 2°C artigla %10
diismektedir [1]. Bu faaliyetler elektronik cihazlarda énemli lgiide 1s1 birikimine
neden olmakta ve termal yoOnetimde iyilestirmeler gerektirmektedir. Bunun
dogrultusunda, yliksek termal iletkenlige, hafiflige, tiretim kolayligina sahip ve
aynt zamanda daha kompakt cihazlarla uyumlu gelismis termal yonetim
malzemelere giderek daha fazla ihtiyag duyulmaktadir. Uretilen 1s1y1 bagarili bir
sekilde uzaklastirabilen verimli elektronik paketleme, gilivenilir ve uzun omiirlii
bir ¢alisma ve gelecekteki elektronik sistemlerin iist diizey isleyisi igin kilit bir
faktordiir. Polimer bazli bir matris iceren kompozit sistemler, 6zellikle askeri ve
havacilik uygulamalari i¢in bu ihtiyaglarn karsilamaktadir [2]. Bu kompozitler,
polimerin yiiksek yapisma kabiliyetini, iglenebilirligini ve diisik agirligini,
secilen dolgu maddesinin 6zgiin 6zellikleriyle birlestirmektedir [3]. Bir kompozit
sistemin tasarlanmas1 kapsaminda, kompozitin performansinin artirilmasi igin
polimer matris, katki maddesi ve ydntem secgimlerinin dikkate alinmasi
gerekmektedir. Bu yontemlerin ardindaki temel amag, polimer matrisi boyunca
fonon hareketini iyilestirmektir, ¢iinkii serbest elektron eksikligi nedeniyle
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polimerlerde 1s1 fononlar tarafindan iletilir. Tim bu noktalarla ilgili olarak,
polisiilfon (PSU), iistliin mekanik mukavemeti, kimyasal direnci, alev
geciktiriciligi, termal stabilitesi ve radyasyon direnci nedeniyle bu calismada
polimer matrisi olarak segilmistir - bunlarin timii savunma uygulamalar igin
kritik ozelliklerdir. Genis bant araligi (~ 5,97 eV) ve yiiksek igsel termal
iletkenligi (~ 400 W/mK) ile PSU matrisi, hBN'ye optik olarak seffaf ve
elektriksel olarak yalitkanlik saglayan hegzagonal bor nitriir (h-BN) dolgu
maddesi ile katkilanmistir. Dr. Blade aplikatorii kullanilarak, PSU-hBN kompozit
filmler ¢ozelti karistirma islemi uygulanarak {retilmistir. Her PSU
konsantrasyonu i¢in dort hBN konsantrasyonu (%5wt, %10wt, %15wt ve %25wt)
ve U¢ farkli PSU konsantrasyonu (%15wt, %20wt ve %25wt) incelenmistir. Bu
numuneler arasinda en yiiksek termal iletkenlik, termal iletkenligi 0,21 W/mK
olan bozulmamis PSU'ya kiyasla %230 artisla 0,66 W/mK olan %10 agirlik¢a
hBN katkil1 %25 agirlikga PSU filmine ait olarak gozlenlenmistir.

Anahtar Kelimeler: termal yonetim, polisiilfon (PSU), hegzagonal bor nitriir
(hBN), ¢ozelti karistirma, elektronik cihaz
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CAM ELYAF TAKVIYELI POLIMER (GFRP) YAPRAK
YAYLARDA INTRA-KATMAN SUREKSIZLIKLERININ
MEKANIK PERFORMANSA ETKiSi UZERINE DENEYSEL-
ANALITIK BiR YAKLASIM

AN EXPERIMENTAL-ANALYTICAL APPROACH FOR THE EFFECT
OF INTRA-PLY DISCONTINUITIES ON THE MECHANICAL
PERFORMANCE OF GLASS FIBER REINFORCED POLYMER (GFRP)
LEAF SPRINGS
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Abstract

Glass-fibre-reinforced polymer (GFRP) leaf springs are being progressively
utilised in automotive suspension systems, attributed to their exceptional specific
strength, lightweight properties, and resistance to corrosion [1-3]. Nonetheless,
intra-ply discontinuities—specifically, resin-rich pockets and localised fibre
dislocations and discontinuities within individual plies—represent a significant
challenge to structural integrity and service life [4-7].

Defects may arise during manual and automated layup processes and throughout
the exothermic curing cycle, leading to localised areas with irregular resin
concentrations and insufficient fibre reinforcement 8. Although previous studies
have underscored the harmful impacts of interlaminar voids and delaminations, a
significant gap persists in characterising and mitigating intra-ply flaws at both
coupon and full-scale levels [6,9,10].
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This research introduces a comprehensive experimental-analytical framework to
clarify the mechanisms through which intraply discontinuities affect the bending
performance, fatigue endurance, and ultimate load capacity of GFRP leaf springs
[11,12]. Baseline material properties were initially established through a thorough
series of coupon-level tests, which included uniaxial tensile, three-point flexural,
and interlaminar shear assessments, conducted in accordance with ASTM
D3039[13], D790 [14], and D2344 [15] standards, respectively. Prepreg tapes
derived from a commercial epoxy-based glass fibre reinforced polymer (GFRP)
system were processed under regulated temperature and pressure conditions to
guarantee uniformity. Test data were utilised to calibrate a finite- element (FE)
constitutive model that incorporates sectional fibre volume fraction, resin
viscoelasticity, and cure-induced residual stresses. The validation of the model
against coupon tests resulted in discrepancies of less than 5% for both stiffness
and strength metrics.

Leveraging coupon-level insights, full-scale composite beams replicating OEM
leaf spring geometries were constructed with intentionally designed intra-ply
defects [16]. Controlled fibre drops were incorporated into specific prepreg layers
using high-precision computer numerical control (CNC) cutting. The intrusions,
measuring up to 20 mm in length, produced resin-rich zones that accurately
replicate realistic manufacturing anomalies. Specimens were subjected to quasi-
static three-point bending under displacement utilising a servo-hydraulic testing
frame.

Experimental results indicated that intra-ply discontinuities lead to significant
reductions in local fibre volume fraction, resulting in a decrease in flexural
stiffness and a reduction in bending strength compared to pristine beams. The
heat-affected zones served as preferential locations for initiating microcracks
under bending loads, as evidenced by the evolution of the strain field.

Complementary finite element analyses integrating cure kinetics and thermal-
mechanical coupling effectively predicted stiffness degradation and stress
concentration factors. The findings underscore the significance of in-process cure
control in conjunction with rigorous quality assurance during layup to reduce
resin-rich intrusions.

This study highlights the necessity of proactive management of intra-ply defects
in the design of composite suspensions. The validated multi-scale modelling
framework provides an effective instrument for virtual process optimisation and
tolerance analysis. By integrating disciplined layup protocols, thermal control
strategies, and advanced nondestructive evaluation, manufacturers can improve
the structural reliability, fatigue performance, and overall service life of glass
fibre reinforced polymer leaf springs. Ultimately, the effective management of
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intra-ply discontinuities is a crucial facilitator for the broader implementation of
composite suspension components in high-performance and mass-market
vehicles.

Keywords: [GFRC, Leaf Springs, Full Scale Model, CAE]

Ozet

Cam elyaf takviyeli polimer (GFRP) yaprak yaylar, olaganiisti 0zgiil
mukavemetleri, hafif yapilar1 ve korozyon direnci gibi avantajlar1 sayesinde
otomotiv siispansiyon sistemlerinde giderek daha fazla kullanilmaktadir [1-3].
Bununla birlikte, 6zellikle recine agisindan zengin bolgeler ile tekil katmanlar
icinde yerel elyaf kaymalan ve siireksizlikleri seklinde goriilen intra-katman
stireksizlikler, yapisal biitiinliik ve hizmet 6mrii agisindan 6nemli bir zorluk teskil
etmektedir [4—7]. Bu tiir kusurlar, hem manuel hem de otomatik serme islemleri
sirasinda ve ekzotermik kiirlenme dongiisii siiresince olusabilmekte; bu da yerel
recine yogunluklarinda diizensizliklere ve yetersiz elyaf takviyesine yol
agmaktadir ®. Onceki ¢alismalar interlaminer bosluklarin ve delaminasyonlarin
zararli etkilerini vurgulamis olsa da, intra-katman kusurlarin hem kupon
seviyesinde hem de tam 6l¢ekli yapilar diizeyinde karakterizasyonu ve azaltilmasi
konusunda 6nemli bir bosluk bulunmaktadir [6,9,10].

Bu c¢alisma, intra-katman siireksizliklerin GFRP yaprak yaylarin egilme
performansi, yorulma dayanimi ve nihai yiikk tasima kapasitesi {izerindeki
etkilerini aydinlatmaya yonelik kapsamli bir deneysel-analitik ¢erceve
sunmaktadir [11,12]. Malzemenin baslangi¢c 6zellikleri, ASTM D3039 [13],
D790 [14], ve D2344 [15] standartlarina uygun olarak gergeklestirilen tek eksenli
cekme, ili¢ nokta egilme ve interlaminer kayma testlerini igeren kapsamli bir
kupon seviyesi test dizisi ile belirlenmistir. Ticari bir epoksi esasli cam elyaf
takviyeli polimer (GFRP) sisteminden elde edilen prepreg seritler, homojenligi
saglamak amaciyla kontrolli sicaklik ve basing altinda islenmistir. Elde edilen
test verileri, kesit elyaf hacim orani, regine viskoelastisitesi ve kiirlenme kaynakli
artik gerilmeleri iceren bir sonlu eleman (FE) yap1 modeli kalibrasyonunda
kullanilmistir. Modelin kupon testleriyle dogrulanmasi sonucunda, hem rijitlik
hem de mukavemet agisindan %5’ten diisiik sapmalar elde edilmistir.

Kupon seviyesindeki bulgular temel alinarak, orijinal ekipman iireticisi (OEM)
yaprak yay geometrilerini taklit eden tam 6l¢ekli kompozit kirigler, tasarlanmis
intra-katman kusurlar1 igerecek sekilde imal edilmistir [16]. Belirli prepreg
katmanlarina kontrollii elyaf bosluklari, yiiksek hassasiyetli bilgisayar sayisal
kontrol (CNC) kesimiyle yerlestirilmistir. Uzunlugu 20 mm’ye kadar ¢ikan bu

35



kusurlar, gergek tretim hatalarin1 dogru sekilde temsil eden regine agisindan
zengin bolgeler olusturmustur. Numuneler, yer degistirme kontrollii servo-
hidrolik test diizenegi kullanilarak yari-statik ii¢ nokta egilme testine tabi
tutulmustur.

Deneysel sonuglar, intra-katman stireksizliklerin yerel elyaf hacim oraninda
mukavemet kaybina neden oldugunu ortaya koymustur. Isidan etkilenen bolgeler,
egilme yikleri altinda mikro g¢atlaklarin baglama noktalar1 olarak iglev goérmiis;
bu durum, gerinim alaninin evrimiyle dogrulanmistir.

Tamamlayict sonlu eleman analizleri, kiirlenme kinetigi ve termal-mekanik
etkilesimi entegre ederek rijitlik bozulmalarim ve gerilme yigilma faktorlerini
etkin bir sekilde tahmin etmistir. Bulgular, regine agisindan zengin
stireksizliklerin azaltilmasi i¢in, serme siireci sirasinda kiir kontroliiniin ve siki
kalite glivencesinin 6nemini vurgulamaktadir.

Bu c¢alisma, kompozit siispansiyon tasarimlarinda intra-katman kusurlarin
proaktif sekilde yonetilmesinin gerekliligini ortaya koymaktadir. Dogrulanmis
cok 0Ol¢ekli modelleme cergevesi, sanal proses optimizasyonu ve tolerans
analizine yonelik etkili bir arag sunmaktadir. Disiplinli serme protokolleri, termal
kontrol stratejileri ve gelismis tahribatsiz degerlendirme tekniklerinin
entegrasyonu sayesinde, iireticiler cam elyaf takviyeli polimer yaprak yaylarin
yapisal giivenilirligini, yorulma performansim1i ve genel hizmet Omriini
artirabilirler. Nihayetinde, intra-katman siireksizliklerin etkin yonetimi, yiiksek
performanshi ve kitlesel pazara yonelik araclarda kompozit siispansiyon
bilegenlerinin daha genis ¢apta uygulanmasinin 6niinii agan kritik bir etkendir.

Anahtar Kelimeler: [CFDK, Yaprak Yay, Tam Boyutlu Model, Bilgisayar
Destekli Miihendislik]
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Abstract

The production of chitosan-based microspheres can be carried out by various
methods such as spray drying, sieving, precipitation, emulsion crosslinking and
ionic gelation [1]. In this study, microspheres containing thyme oil in a chitosan-
gelatin based matrix were synthesised using emulsification and chemical cross-
linking methods and characterised by different analysis techniques. The emulsion
crosslinking technique is based on the interaction between the reactive amino
groups of chitosan and the reactive groups of crosslinking agents. In this method,
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a ‘water-in-oil (W/O)’ type system is prepared by emulsifying the chitosan
solution dispersed in water in an oil phase [2]. The developed microsphere
systems provide advantages in terms of biocompatibility and controlled release
by using a combination of natural polymers, and the use of thyme oil also
provides antibacterial properties in microspheres.

Microspheres were obtained by emulsifying the chitosan and gelatin solution
added by syringe in thyme oil and then cross-linked with glutaraldehyde. The
microspheres obtained at the end of the production process were immobilised on
titanium plates silanised with APTES (3-Triethoxysilylpropylamine) using the
free amino groups of chitosan for the formation of amino groups (-NH2) required
for cross-linking on the surfaces. As a result of this process, it was observed that
the microspheres formed a strong and stable bond with the surface.

Optical microscopy and scanning electron microscopy (SEM) analyses revealed
that the microspheres had spherical shape, smooth surface and homogeneous
distribution. EDS analyses confirmed the elements of chitosan, gelatin and thyme
oil in the system also showed that the microspheres were successfully bonded to
the surface.

In conclusion, in the antibacterial tests performed, it was determined that the
microspheres attached to the surface showed high efficiency in inhibiting
bacterial proliferation, especially with the effect of thyme oil. Biocompatibility
analyses with cell culture revealed that the system was compatible with living
cells. In conclusion, the application of this natural polymer-based microsphere
system to APTES-functionalized titanium surfaces offers an environmentally
friendly and effective approach for biomedical surface modifications.
Keywords: [Microsphere, Antibacterial Activity, Thyme Oil, Biopolymers]

Ozet

Kitosan bazli mikrokiirelerin iiretimi; piiskiirterek kurutma, eleme, ¢oktiirme,
emiilsiyon yoluyla ¢apraz baglama ve iyonik jellestirme gibi ¢esitli yontemlerle
gergeklestirilebilmektedir [1]. Bu calismada, kitosan-jelatin esasli bir matriste
kekik yagi igeren mikrokiireler, emiilsifikasyon ve kimyasal ¢apraz baglama
yontemleri kullanilarak sentezlenmis ve farkli analiz teknikleriyle karakterize
edilmistir. Emiilsiyon ¢apraz baglama teknigi, kitosanin reaktif amino gruplar1 ile
capraz baglayici ajanlarin reaktif gruplar1 arasindaki etkilesime dayanir. Bu
yontemde, su icinde dagilmis kitosan ¢ozeltisinin bir yag fazinda emiilsiyon
olusturmasiyla “su-iginde-yag (W/O)” tipi bir sistem hazirlanir [2]. Gelistirilen
mikrokiire sistemleri, dogal polimerlerin bir arada kullanilmasiyla
biyouyumluluk ve kontrollii salim agisindan avantaj saglamakla beraber kekik
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yagimin kullanimi ile mikrokiirelerde ayn1 zamanda antibakteriyel 6zellik de
kazandirilmistir.

Mikrokiireler, kekik yagi icerisinde siringa ile eklenen kitosan ve jelatin
cozeltisinin emiilsifiye edilmesi ve ardindan glutaraldehit ile ¢apraz
baglanmasiyla elde edilmistir. Uretim siireci sonunda elde edilen mikrokiireler,
ylizeylerde capraz baglanma i¢in gerekli olan amino gruplarinin (-NH2) olusmasi
icin APTES (3-Trietoksisililpropilamin) ile silanize edilen titanyum plakalar
iizerine, kitosanin serbest amino gruplar1 kullanilarak immobilize edilmistir. Bu
islem sonucunda, mikrokiirelerin yiizeyle giiglii ve dengeli bir bag kurdugu
gbzlemlenmistir.

Optik mikroskopi ve taramali elektron mikroskobu (SEM) analizleri,
mikrokiirelerin kiiresel sekilli, diizgiin ylizeyli ve homojen dagilim gosteren
yapilar oldugunu ortaya koymustur. EDS analizleriyle sistemde yer alan kitosan,
jelatin ve kekik yagina ait elementler dogrulanmis; ayrica mikrokiirelerin yilizeye
basarili sekilde baglandigina dair bulgular elde edilmistir.

Sonu¢ olarak gergeklestirilen antibakteriyel testlerde, yiizeye tutturulmus
mikrokiirelerin 6zellikle kekik yaginin etkisiyle bakteriyel cogalmay1 engelleme
konusunda yiiksek etkinlik gosterdigi belirlenmistir. Hiicre kiiltiirii ile yapilan
biyouyumluluk analizleri ise sistemin canli hiicrelerle uyumlu oldugunu ortaya
koymustur. Sonug olarak, dogal polimer bazli bu mikrokiire sisteminin APTES
ile islevlendirilmis titanyum yiizeylere uygulanmasi, biyomedikal yiizey
modifikasyonlari i¢in ¢evreci ve etkili bir yaklagim sunmaktadir.

Anahtar  Kelimeler: [Mikrokiire, Antibakteriyel FEtki, Kekik Yagi,
Biyopolimerler]
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Abstract

The environmental impacts of fossil fuels have increased interest in sustainable
bio-based chemicals. In particular, the use of renewable resources in thermoset
resins is of significant importance in line with circular economy and
environmentally friendly production goals (European Parliament, 2020; IEA,
2023). The Circular Economy Action Plan, supported by the European
Parliament, aims to promote more efficient use of resources, increase recycling
rates, and reduce environmental impacts (European Parliament, 2020). In the
context of sustainable chemistry practices, the widespread adoption of bio-based
resins is an important step towards achieving these goals.

Thermoset resins play a vital role in the production of fiber-reinforced polymers
used in automotive, construction, aerospace, maritime, and energy sectors.
However, toxic components such as styrene used in these resins and petroleum-
based raw materials pose environmental and health risks. Therefore, various
formulation studies are being conducted to use bio-based or less harmful reactive
diluents or bio-based glycol acids instead of styrene in unsaturated polyester
resins (UPR) (Pilla et al., 2020). Dicarboxylic acids, dihydroxy alcohols, and
vinyl group-containing bio-based monomers derived from renewable resources
have been successfully used in UPR production (Zhao et al., 2018). Raw materials
obtained from plant and industrial waste not only provide environmental benefits
but also possess attributes such as biocompatibility, recyclability, and economic
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sustainability (Alonso et al., 2021). Ece Boya Kimya aims to reduce
environmental impacts with its new resin formulations, which have 75% bio-
content, in line with its sustainable production vision.

Keywords: [Sustainability, Bio-based resins, Circular economy, Thermoset
polymers, Environmentally friendly materials]

Ozet

Fosil yakitlarin g¢evresel etkileri, siirdiiriilebilir biyo-bazli kimyasallara ilgiyi
artirmistir.  Ozellikle termoset recinelerde yenilenebilir kaynak kullanimy,
dongiisel ekonomi ve c¢evre dostu iiretim hedefleri dogrultusunda Snem
tasimaktadir (European Parliament, 2020; IEA, 2023). Avrupa Parlamentosu
tarafindan desteklenen Dongiisel Ekonomi Eylem Plani, kaynaklarin daha verimli
kullanilmasi, geri doniisim oranlarinin artirilmasi ve g¢evresel etkilerin
azaltilmas1 hedeflerini igermektedir (European Parliament, 2020). Siirdiiriilebilir
kimya uygulamalar1 gercevesinde biyo-bazli reginelerin yayginlastirilmasi, bu
hedeflerin gergeklestirilmesine katki saglayacak énemli bir adimdir.

Termoset recineler, otomotiv, insaat, havacilik, denizcilik ve enerji sektorlerinde
kullanilan fiber takviyeli polimerlerin iiretiminde 6nemli bir rol oynamaktadir.
Ancak, bu reginelerde kullanilan stiren gibi toksik bilesenler, petrol tiirevli ham
maddeler cevresel ve saglik acisindan risk teskil etmektedir. Bu sebeple,
doymamis polyester recinelerde (UPR), stiren yerine biyobazli veya daha az
zararll reaktif seyrelticilerin veya bio kaynaktan elde edilen glikol-asitlerin
kullanilmasi i¢in ¢esitli formiilasyon ¢aligsmalar1 yapilmaktadir (Pilla et al., 2020).
Yenilenebilir kaynaklardan tiiretilen dikarboksilik asitler, dihidroksil alkoller ve
vinil grubu igeren biyo-bazli monomerler UPR diretiminde bagariyla
kullanilmaktadir (Zhao et al., 2018). Bitkisel ve endiistriyel atiklardan elde edilen
hammaddeler, c¢evresel avantajlar saglamakla kalmayip aymi zamanda
biyouyumluluk, geri doniistiiriilebilirlik ve ekonomik siirdiiriilebilirlik gibi
ozellikler tagimaktadir (Alonso et al., 2021).

Ece Boya Kimya, siirdiiriilebilir {iretim anlayisiyla, %75 biyo-igerige sahip yeni
recine formiilasyonlari ile ¢evresel etkileri azaltmay1 amaglamaktadir.
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Abstract

Cellulose nanocrystals are low-density, strong, and stiff natural nanoparticles that
are abundant in nature and have significantly lower density compared to synthetic
alternatives such as nanosilica or nanoclay. However, the highly hydrophilic
nature of nanocellulose limits its incorporation in the development of fully green
biocomposites, as it cannot be properly dispersed in most thermoplastic
bioplastics, which are predominantly hydrophobic. In this presentation, the
efforts to disperse and develop biocomposites of cellulose nanocrystals within
bioplastics such as polylactide (PLA), polybutylene adipate terephthalate
(PBAT), and poly(3-hydroxybutyrate-co-3-hydroxyhexanoate) (PHBH) will be
discussed. Methods such as solution casting and melt mixing have been employed
to disperse various types of unmodified and chemically modified cellulose
nanocrystals. These approaches have led to significant performance
improvements—particularly in melt rheology—which will be presented.

Keywords: [Cellulose nanocrystals, Biocomposites, Nanocomposites]
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Abstract

Mineral additive composites have found a wide range of use in both scientific
research and industrial applications in recent years due to the insufficiency of
traditional materials in terms of performance and increasing production costs.
Mineral additives, which offer properties such as, good wear resistance, high
thermal resistance and dimensional stability, provide significant advantages
especially in polymer matrix composites. In addition to improving the mechanical
and thermal properties of polymers, these additives also increase the economy of
production processes. Common mineral additives such as silica, calcium
carbonate, talc, glass fiber and kaolin provide extra strength and durability to
composite materials, enabling these materials to be used more efficiently in
various industrial areas.

In this study, 40% talc filled polypropylene blend (TF40) and 40% glass fiber filled
polypropylene (GF40) blend were supplied by TISAN Engineering Plastics.
Firstly, hybrid composite samples containing TF40 and GF40 blend were
prepared at four different ratios (25%, 50%, 75% and 100%) using a high speed
thermokinetic mixer (Giilnar Makine, Tiirkiye). The mechanical performances of
the produced samples were carried out in a Universal testing machine (Schimadzu
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AGS-X 5kN, Japan) in accordance with ASTM D638 standards. As a result of
the comparative analysis, the hybrid composite sample containing 50% GF40 and
50% TF40 (50GF40-50TF40) showed the highest tensile strength with a value of
39.1 MPa, and this value increased the tensile strength by up to 65% compared to
the TF40 sample and by up to 40% compared to the GF40 sample. This increase
can be associated with the homogeneous distribution of the matrix components.
In conclusion, it was determined that the combination of GF40 and TF40
positively affected the mechanical properties of the composite material.

Keywords: [Hybrid composites, Talc, Glass fiber, Thermoplastic, Mechanical
properties]
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Ozet

Mineral katkili kompozit malzemeler, geleneksel malzemelerin performans
agisindan yetersiz kalmasi ve artan iiretim maliyetleri nedeniyle, son yillarda hem
bilimsel aragtirmalarda hem de endiistriyel uygulamalarda genis bir kullanim
alan1 bulmustur. Iyi asinma direnci, yiiksek 1s1l dayanim ve boyutsal kararlilik gibi
ozellikler sunan mineral katkilar, 6zellikle polimer matrisli kompozitlerde 6nemli
avantajlar saglamaktadir. Bu katkilar, polimerlerin mekanik ve termal
Ozelliklerini iyilestirmenin yami sira iiretim siireclerinin ekonomikligini de
artirmaktadir. Silika, kalsiyum karbonat, talk, cam elyaf ve kaolin gibi yaygin
mineral katkilar, kompozit malzemelere ekstra mukavemet ve dayaniklilik
kazandirarak, bu malzemelerin c¢esitli endistriyel alanlarda daha verimli
kullanilmasini saglamaktadir.

Bu calismada, %40 talk dolgulu polipropilen karigimi (TF40) ve %40 cam elyaf
dolgulu polipropilen (GF40) karnisimi TISAN Miihendislik Plastikleri
firmasindan temin edilmistir. Ik olarak TF40 ve GF40 karisgtmi iceren hibrit
kompozit numuneler, yiiksek hizli termokinetik mikser (Giilnar Makine, Tiirkiye)
kullanilarak dért farkli oranlarda (%25, %50, %75 ve %100) hazirlanmistir.
Uretilen numunelerin mekanik performanslari, Universal bir test cihazinda
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(Schimadzu  AGS-X  5kN, Japan), ASTM D638  standartlarinda
gergeklestirilmistir. Karsilagtirmali analiz sonucunda, %50 oraninda GF40 ve

%50 oraninda TF40 igeren hibrit kompozit numune (50GF40-50TF40) 39.1 MPa
degerle en yiiksek ¢ekme dayanimini gostermis ve bu deger TF40 numunesine
kiyasla %65’e varan, GF40 numunesine kiyasla %40’a varan bir ¢ekme dayanimi
artist gozlemlenmistir. Bu artig, matris bilesenlerinin homojen dagilimiyla
iligskilendirilebilir. Sonug olarak, GF40 ve TF40 kombinasyonunun, kompozit
malzemenin mekanik 6zelliklerini olumlu yonde etkiledigi belirlenmistir.

Anahtar Kelimeler: [Hibrit kompozitler, Talk, Cam elyaf, Termoplastik, Mekanik
ozellikler]
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Abstract

Metalpowders dispersed in a thermoplastic material with a high degree of loading
can be regarded as feedstocks to facilitate the production of metal parts. The
technology is called “metal injection molding (MIM)” and has been serving many
industry segments as reliable tool for over three decades [1]. MIM feedstocks are
in fact multicomponent composite materials comprising metal powder(s), the
thermoplastic binder material (polyoxy methylene, POM), additives, processing
agents and many more. It is not unusual the MIM feedstock consist of >6 single
components. Metal parts are produced via classic injection molding into any
complex mold geometry and subsequent post processing steps. In order to achieve
constant feedstock quality to provide for a reliable part production process it is
crucial to maintain ultimate control over raw material analytics, feedstock
production process parameters and stringent QC data crunching. Abnormal
quality deviations for one of the raw materials may result in unwanted quality
variations. The understanding of structure-property-relations of the complex
system “feedstock” is decisive to constantly improve the product quality.
Recently, BASF has accomplished a major milestone to incorporate big data
analysis and artificial intelligence tools to better maintain the feedstock quality
and reveal unknow structure-property-relations which were unknown before. The
presented publication gives an overview on recent advances in MIM feedstock
production and its applications.
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Abstract

Packaging materials that protect food from external factors must be non-toxic,
resistant to micro-organisms, chemically inert and mechanically durable to ensure
product safety and quality [1]. In antimicrobial packaging applications, metal-
based nanoparticles are widely preferred due to their superior barrier properties,
enhanced mechanical strength, high biocompatibility and effective antimicrobial
activity, attracting considerable interest in the field of food technology. Metal-
based nanoparticles such as gold (Au), silver (Ag), zinc oxide (ZnO), copper
oxide (CuO) and titanium dioxide (TiO.) are characterised by strong
antimicrobial and antioxidant properties [2].

Zinc oxide (ZnO) nanoparticles in particular have emerged as prominent
materials in food packaging technologies due to their antimicrobial efficacy, high
resistance to ultraviolet (UV) radiation, low toxicity and cost effectiveness.
Thanks to these advantageous properties, ZnO nanoparticles offer a safer and
more economical alternative to other metal oxides in antimicrobial packaging
systems and processed food components, especially for the prevention of
pathogenic contamination. In addition, ZnO-based nanocomposite films are used
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in active packaging applications to prevent photo-oxidative degradation, reduce
microbial contamination and thereby extend product shelf-life while improving
food safety [3, 4]. In addition, the approval of ZnO nanoparticles by the US Food
and Drug Administration (FDA) further enhances their reliability and potential
for use in food packaging applications [5].

In this study, masterbatches were prepared by incorporating different
concentrations of ZnO into linear low-density polyethylene (LLDPE) by
extrusion, and these masterbatches were blended with low density polyethylene
(LDPE) to produce composite films containing both virgin and recycled polymer
matrices (with 0.5%, 1%, 1.5% and 2% ZnO content). The resulting films were
subjected to XRD analysis and antibacterial tests. The antibacterial tests showed
that in recycled film samples, ZnO concentrations of 1% and above provided
more than 99.77% inhibition against Staphylococcus aureus, with complete
elimination achieved at 2% ZnO content. In contrast, antibacterial activity against
Escherichia coli remained more limited in both sample types, although the
presence of ZnO was found to enhance the antibacterial effect in recycled
samples.

Keywords: [Antibacterial film, Nanocomposite film, ZnO doping, Extrusion]

Ozet

Gidalart  dis  etkenlere karsi koruyan ambalajlar, toksik olmayan,
mikroorganizmalara dayanikli, kimyasal olarak inert ve mekanik acidan direngli
olmali, boylece iirliniin giivenligini ve kalitesini saglamalidir [1]. Antimikrobiyal
ambalajlama uygulamalarinda yaygin olarak tercih edilen metal bazl
nanopartikiiller, iistiin bariyer 6zellikleri, gelismis mekanik dayanimlari, yiiksek
biyouyumluluklar1 ve etkili antimikrobiyal aktiviteleri sayesinde gida teknolojisi
alaninda biiylik ilgi gérmektedir. Altin (Au), giimiis (Ag), ¢inko oksit (ZnO),
bakir oksit (CuO) ve titanyum dioksit (TiO2) gibi metal esasli nanopartikiiller,
giiclii antimikrobiyal ve antioksidan 6zellikleriyle dikkat ¢ekmektedir [2]. Cinko
oksit (ZnO) nanopartikiilleri, antimikrobiyal etkinliklerinin yam sira ultraviyole
(UV) 1smlarma kars1 yiiksek direng, diisiik toksisite ve ekonomik avantajlar
sunmalar1 nedeniyle gida ambalaj teknolojilerinde 6ne ¢ikan malzemeler arasinda
yer almaktadir. Sahip olduklar1 bu istiin  ozellikler sayesinde, ZnO
nanopartikiilleri patojen kontaminasyonunu 6nlemeye yonelik ambalaj sistemleri
ve islenmis gida bilesenleri i¢in diger metal oksitlere kiyasla daha giivenli ve
maliyet acisindan daha avantajli bir alternatif olusturmaktadir. Ayrica, ZnO bazl
nanokompozit filmler, aktif ambalaj uygulamalarinda fotooksidatif bozulmay1
onlemek, mikrobiyal kontaminasyonu azaltmak ve bdylece iiriinlerin raf dmriinii
uzatarak gida giivenligini artirmak amaciyla kullanilabilmektedir [3, 4]. Bununla
birlikte, ZnO nanopartikiillerinin ABD Gida ve Ilag Dairesi (FDA) tarafindan



onaylanmig olmasi, bu materyallerin giivenilirligini artirmakta ve gida ambalaji
uygulamalarinda kullanim potansiyellerini daha da giiclendirmektedir [5].

Bu ¢alismada, Lineer diisiik yogunluklu polietilene farkli oranlarda ZnO katkis1
yapilarak ekstriizyon yontemiyle masterbatchler hazirlanmis ve bu
masterbatchler diisiik yogunluklu polietilene katkilanarak hem orijinal hem de
geri doniistiiriilmiis polimer matrisli kompozit filmler (%0,5, 1, 1,5 ve 2 ZnO
katkili filmler) elde edilmistir. Elde edilen bu filmlere XRD analizleri ve
antibakteriyellik testleri uygulanmistir. Antibakteriyellik testlerinde, geri
dontstiiriilmiis  film numunelerde o6zellikle %1 ZnO oranindan itibaren
Staphylococcus aureus karsisinda %99,77 ve tizeri etkinlik elde edilirken, %2
katki oraninda tam eliminasyon saglanmistir. Ote yandan, her iki numune tiiriinde
de Escherichia coli'ye kars1 antibakteriyel etkinlik daha sinirli kalmis olup, ZnO
katkisinin geri doniistiiriilmiis numunelerde etkinligi artirdigi bulunmustur.

Anahtar Kelimeler: [Antibakteriyel film, Nanokompozit film, ZnO katkisi,
Ekstriizyon]
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Abstract

In recent years, the use of composite panels and innovative manufacturing
techniques for their production has been rapidly increasing in the aerospace,
defense, and automotive sectors, where requirements such as high specific
strength, light weight, energy efficiency, and design flexibility have come to the
forefront. Composite structures offer solutions that enhance structural efficiency
through their low weight and high load-bearing capacity, and for this reason, they
are widely preferred in lightweight and functional systems such as UAVs (1,2).
Traditional manufacturing methods in composite production face certain
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geometric and quality limitations; therefore, additive manufacturing methods
based on the philosophy of layered production have come to the forefront,
enabling the fabrication of complex geometries (3,4).

In this context, the vat photopolymerization (VAT) method, which is based on
UV light curing of photopolymer-based resins, and its sub-method Digital Light
Processing (DLP), have become notable alternatives in the production of
functional composites such as glass fiber-reinforced structures, thanks to their
high resolution and reproducible manufacturing capabilities (5,6).

In this study, the mechanical performance of 0/90-oriented glass fiber-reinforced
composite surface plates produced by the Digital Light Processing (DLP) method
will be comparatively evaluated under the influence of varying layer numbers (5,
10, and 15 layers). The composite plates will be prepared based on lamination
sequences formed by stacking woven glass fiber fabrics in specific orientations
and will be manufactured layer-by-layer using an acrylic resin with a
photopolymer base in a DLP-type 3D printer, followed by UV light curing. Each
laminate structure will be cured under a fixed UV light wavelength (405 nm) and
controlled load-temperature conditions during the manufacturing process to
ensure homogeneous and repeatable production parameters. Owing to their
advantages such as high specific strength, light weight, and design flexibility,
such composite structures are suitable for use in fields like aerospace, defense
industry, automotive, and UAV technologies.

Standard mechanical tests will be applied to the obtained specimens, and the
effect of the number of layers on the mechanical behavior of the composite
structures will be analyzed. In this context, the role of increasing layer count on
the load-bearing capacity, ductility, stiffness, and energy absorption
characteristics of the plates will be evaluated, and the findings will be compared
in terms of structural performance. In addition, the capability of DLP technology
to precisely and reproducibly manufacture multilayered and fiber-oriented
structures based on an additive manufacturing approach will be demonstrated as
an alternative to conventional composite production methods.

The findings of this study are expected to make significant contributions both to
the advancement of DLP-based composite manufacturing technologies and to the
optimization of mechanical properties in relation to the number of layers for
advanced material design purposes.

Keywords: Digital Light Processing (DLP), Additive Manufacturing, Glass
Fiber-Reinforced Composite Plate, Mechanical Tests, Mechanical Properties



Ozet

Son yillarda, yiiksek 6zgiil mukavemet, hafiflik, enerji verimliligi ve tasarim
esnekligi gibi gereksinimlerin 6n plana ¢iktig1 havacilik, savunma sanayi ve
otomotiv sektorlerinde, kompozit panellerin ve bunlarin iiretiminde kullanilan
yenilik¢i yontemlerin kullanimi hizla artmaktadir. Kompozit yapilar diisiik
agirliklar1 ve yiiksek tasima kapasiteleri ile yapisal verimliligi artiran ¢éztimler
sunmakta, bu yoniiyle IHAlar gibi hafif ve fonksiyonel sistemlerde yaygin olarak
tercih edilmektedir (1,2). Kompozitlerin iretiminde geleneksel yontemler bazi
geometrik ve kalite sinirlamalariyla karsilagmakta, bu nedenle karmasik sekillerin
iiretimine olanak taniyan ve katmanl tiretim felsefesine dayanan eklemeli imalat
yontemleri on plana ¢ikmaktadir (3,4).

Bu baglamda, fotopolimer esash reginelerin UV 1g1k ile kiirlenmesine dayanan
vat fotopolimerizasyon (VAT) ydntemi ve onun alt grubu olan Dijital Isik Isleme
(DLP), yiiksek ¢oziiniirliiklii ve tekrarlanabilir tiretim imkani sunmasi nedeniyle
cam elyaf takviyeli yapilar gibi fonksiyonel kompozitlerin tiretiminde dikkate
deger bir alternatif haline gelmistir (5,6).

Bu c¢aligma kapsaminda, dijital 151k isleme (Digital Light Processing, DLP)
yontemi kullanilarak iiretilen 0/90 yonelimli cam elyaf takviyeli kompozit yiizey
plakalarinin mekanik performanslari, katman sayisinin (5, 10 ve 15 katman) etkisi
altinda karsilastirmali olarak degerlendirilecektir. Kompozit plakalar, drgiilii cam
elyaf kumaglarin belirli yonelimlerde istiflenmesiyle olusturulmus laminasyon
diizenlerine gore hazirlanacak ve fotopolimer esasli akrilik recine ile DLP tipi 3
boyutlu yazicida katman katman tiretilerek UV 1g1k altinda kiirlenecektir. Her bir
laminat yaps, iiretim siirecinde sabit UV 151k dalga boyu (405 nm) ve kontrollii
yiik-sicaklik kosullar altinda sertlestirilerek, homojen ve tekrarlanabilir {iretim
parametreleri saglanacaktir. Yiiksek 0zgiil mukavemet, hafiflik ve tasarim
esnekligi gibi avantajlan sayesinde bu tiir kompozit yapilar; havacilik, savunma
sanayi, otomotiv ve IHA teknolojileri gibi alanlarda kullanilmaya uygundur.

Elde edilen numunelere temel mekanik testler uygulanarak, katman sayisinin
kompozit yapilarin mekanik davranislarina olan etkisi analiz edilecektir. Bu
kapsamda, katman sayisinin artmasinin plakalarin tasima kapasitesi, stineklik,
rijitlik ve enerji soniimleme &zellikleri iizerindeki rolii degerlendirilecek; elde
edilen bulgular yapisal performans agisindan karsilastirilacaktir. Ayrica, DLP
teknolojisinin katmanh iiretime dayali yaklasimi ile geleneksel kompozit tiretim
yontemlerine alternatif olarak ¢ok katmanli ve yoOnlendirilmis lifli yapilarin
hassas ve tekrarlanabilir sekilde iiretilebilirligi ortaya konulacaktir.



Bu c¢alismanin bulgulari, hem DLP tabanli kompozit iiretim teknolojilerinin
gelistirilmesine hem de katman sayisina bagli mekanik 6zellik optimizasyonuna
yonelik ileri malzeme tasariminda 6nemli katkilar sunmay1 hedeflemektedir.

Anahtar Kelimeler: Dijital 151k isleme (DLP), Eklemeli imalat, Cam elyaf
takviyeli kompozit plaka, Mekanik testler, Mekanik 6zellikler
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Abstract

One of the most prevalent minerals, calcium carbonate (CaCQO3) makes up around
4% of the earth's crust and comes in three different forms: aragonite, vaterite, and
calcite [1]. Calcite is one of the main raw materials for paint production and is
used for purposes such as adding viscosity to paint and optimizing costs. Calcite
is a rhombic-structured limestone that is ground to create this mineral powder,
which is a common filler in the paint industry (Tunggeng, 2004). It is known that
calcite morphology may have an effect on the desired crushing fineness in paint
production processes, on the non-homogeneous "dispersibility" in the paint due
to water absorption (formation of agglomeration structures) and on unwanted
particle problems in the paint. Several properties, including dispersion,
morphology, structure, and particle size, are related to the use of calcite particles

[2].

In this study, the effects of calcites with different morphologies and particle size
distributions on the rheological properties and overall performance of a solvent-
based primer paint were investigated. Paint formulation was prepared using resin,
fillers (calcite and other fillers), pigment, solvent and additives.

Paint production was conducted under laboratory conditions using nine different
calcite samples obtained from six calcite types and three different sources. The
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experimental study was conducted through three main approaches and plans were
established. Firstly, the effect of different calcites on the performance and
behavior of the paint was investigated. In the second test plan, different wetting
agent was incorporated into the paint formulation to examine their influence on
the dispersion quality and overall performance of the paint. Lastly, the amount of
wetting agent chosen was increased to assess the impact of the amount of wetting
agent on the overall paint system. Two different types of wetting agents were
employed in the paint formulations. The first type acts as a bridge between the
pigment and the binder by absorbing onto the pigment surface thereby preventing
the pigments settling. Its mechanism of action resembles that of a rheological
modifier although its steric effect is lower compared to polymeric dispersing
agents. The second wetting agent provides uniform equal electrical charge to
pigment particles preventing the co-flocculation of pigments that are differently
charged.

A series of tests were conducted on prepared paint samples including solid matter
determination, viscosity measurement, glass surface control, hardness control,
gloss measurements and wood surface spray application tests. In the first test
plan, it was observed that calcite samples with different morphologies led to
significant differences in the paint properties such as hardness, viscosity and the
rate of increase in viscosity depending on time. In contrast parameters such as
grinding fineness and density were found to be relatively similar across all
formulations. The second and third test plans also revealed internal variations
consisting with the first test plan. In summary, differences in calcites particle sizes
and morphology can considerably influence the hardness of the paint, viscosity
and the rate of viscosity increase.
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Abstract

Digital Product Passports (DPPs) are often perceived as an administrative burden,
particularly for Small and Medium Enterprises (SMEs), due to limited human and
IT resources required for implementation. However, this perspective overlooks
the significant strategic opportunities that DPPs offer for enhancing
competitiveness in the transition toward a circular and sustainable economy.

A DPP provides a comprehensive digital record of a product’s lifecycle, including
origin, materials, manufacturing processes, and environmental impact. It fosters
supply chain transparency and builds trust among consumers, business partners,
and regulatory bodies, an increasingly critical factor as sustainability becomes a
market differentiator [1]. By adopting DPPs, SMEs can demonstrate compliance
with emerging regulatory frameworks, such as the Ecodesign for Sustainable
Products Regulation (ESPR), while reducing risks associated with non-
compliance and reputational damage. Additionally, DPPs enable streamlined and
data-driven supply chain operations by offering real-time tracking capabilities
that improve efficiency and inform decision-making. The structured data
environment established through DPPs facilitates better coordination across the
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value chain, improving resilience and adaptability to market and regulatory
changes [2]. Participation in the circular economy is another critical benefit. By
documenting product composition, repairability, and recycling instructions, DPPs
enable effective product reuse, refurbishment, and recycling. This not only
minimizes waste but also creates new value streams through circular business
models. Enhanced transparency and sustainability credentials can also boost
customer satisfaction and brand loyalty. Furthermore, DPPs catalyze sustainable
product innovation by offering data-driven insights that support the development
of safer, more environmentally conscious products. This innovation is further
reinforced through collaborative digital platforms, such as the DigiPass initiative,
which fosters partnerships and digital ecosystems that benefit SMEs by enhancing
their market reach and technological capabilities.

In this presentation, we will demonstrate how the DigiPass EU project and plat-
form [3] supports SMEs in leveraging DPPs not only for compliance, but also as
a strategic tool for product innovation, market differentiation, and long-term
competitive advantage in a digital and circular economy.

Keywords: [Digital Product Passports, SMEs, Sustainable Product Innovation,
Circular Economy, Supply Chain Transparency, Competitive Advantage.]
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Abstract

In the present research, the short carbon fiber (CF) surface was coated with
polyamide (PA), polyetheramine-jeffamine (JA), polymeric MDI (MD), and
cured-polymeric MDI (CM). Short carbon fibers had been used before (unsized)
and after sizing procedures such as versamide, jeffamine, isocyanate, and cured-
isocyanate for comparison. Surface characteristics of CF samples 2 were
evaluated using Fourier transform infrared (FTIR), atomic force microscopy
(AFM), and energy dispersive X-ray spectroscopy (EDX) approaches. Tensile,
shore hardness, dynamic mechanical analysis (DMA) and melt flow index (MFI)
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test were applied to CF reinforced TPU composites which were prepared with 5,
10, 15, and 20 wt % loading ratios by using lab-scale micro-compounder
Scanning electron microscopy (SEM) micro-images of selected composites were
used to investigate CF dispersions into TPU matrix. Sizing routes applied to the
CF surface resulted in a considerable improvement in tensile strength and
modulus of composites compared to unsized CF. On the contrary, substantial
declines in elongation of TPU were reported. The sized CF inclusions increased
the shore hardness and storage modulus of unfilled TPU. The glass transition
temperature (Tg) of TPU elevated according to the Tan J curves generated by
DMA investigation. SEM micro-images show that sized CFs dispersed
homogeneously in the TPU matrix and possessed their surfaces fully coated via
polymer; debonding was detected in unsized CF-containing composites. Among
the surface modification methods used, isocyanate-sized CF composites yielded
the best results and were identified as the most appropriate for the TPU/CF
composite system.

Keywords: [Carbon fiber reinforced composites, Fiber sizing, Thermoplastic
polyurethane, Interface adhesion]

Ozet

Bu arastirmada, kisa karbon elyaf (CF) vylizeyi poliamid (PA),
polieteraminjeffamin (JA), polimerik MDI (MD) ve kiirlenmis polimerik MDI
(CM) ile kaplanmistir. Kisa karbon elyaflar, karsilagtirma amaciyla versamid,
jeffamin, izosiyanat ve kiirlenmis izosiyanat gibi kaplama prosediirlerinden dnce
(kaplanmamig) ve sonra kullanilmigtir. CF numunelerinin yiizey o6zellikleri,
Fourier doniistimlii kizilotesi (FTIR), atomik kuvvet mikroskopisi (AFM) ve
enerji dagitict  X-1ismm1  spektroskopisi  (EDX) yaklasimlari  kullanilarak
degerlendirilmistir. Laboratuvar 6l¢ekli mikro-karistirict kullanilarak %5, 10, 15
ve 20 agirlikca yiikleme oranlarinda hazirlanan CF takviyeli TPU kompozitlere
cekme, shore sertlik, dinamik mekanik analiz (DMA) ve eriyik akis indeksi (MFI)
testleri uygulanmistir. Secilen kompozitlerin taramali elektron mikroskobu
(SEM) mikro goriintiileri, TPU matrisindeki CF dagilimini incelemek igin
kullanilmistir. CF yiizeyine uygulanan kaplama iglemleri, kaplanmamis CF'ye
kiyasla kompozitlerin ¢ekme dayanimi ve modiiliinde 6nemli bir iyilestirme
saglamistir. Bunun 4 aksine, CF takviyesi TPU'nun uzamasinda énemli diistislere
sebebiyet vermistir. Kaplanmig CF eklemeleri, TPU'nun shore sertligini ve
depolama modiiliinii artirmistir. DMA datasi ile olusturulan Tan & egrisine gore
TPU'nun camsi gecis sicakligt (Tg) yiikselmistir. SEM mikro-goriintiileri,
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kaplanmig CF liflerin TPU matrisinde homojen bir sekilde dagildigimi ve
yiizeylerinin tamamen polimerle kaplandigini gostermektedir. Kaplanmanmis CF
iceren kompozitlerde bag ayrigmasi tespit edilmistir. Kullanilan yiizey
modifikasyonu teknikleri arasinda, izosiyanat kaplanmis CF iceren kompozitler
en iyi sonuglart vermistir ve TPU/CF kompozit sistemi i¢in en uygun numune
olarak belirlenmistir.

Anahtar Kelimeler: [Karbon elyaf takviyeli kompozitler, Elyaf kaplama,
Termoplastik poliiiretan, Arayiiz yapismasi]
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Abstract

Carbon fiber reinforced polymer (CFRP) composite structures are increasingly
being adopted across various industries, gradually replacing their counterpart
traditional metallic structures. Their superior mechanical properties compared to
metallic parts, along with high strength-to-weight ratios and excellent energy
absorption capabilities, make CFRP composites highly suitable to be used as
crashworthy structures in vehicles. A high-performance CFRP composite
crashworthy structure is characterized by a high specific energy absorption (SEA)
capacity. SEA, can be described as the energy absorption of a crashworthy
structures unit weight. Additionally, crashworthy structures must exhibit stable
and progressive crushing behavior during a collision to provide an efficient
damage absorption process. The performance of a composite crashworthy
structure is influenced by various design parameters, including the microstructure
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of the composite, crash conditions, structural geometry, and trigger mechanisms
[1, 2]. Thus it is crucial to understand the effects of these parameters to design an
efficient crashworthy structure. Trigger mechanisms play a critical role on
crushing characteristics of crashworthy structures as they influence both the
energy absorption rate and progressive damage behavior directly. They can be
classified as conventional trigger mechanisms and external trigger mechanisms.
Conventional trigger mechanisms refer to the trigger mechanisms applied to
composite structures by shaping their tip end generally to form a chamfer or
steeple. They provide damage initiation at the tip and promote progressive failure,
thereby preventing catastrophic collapse and avoiding low energy absorption that
may result from sudden failure.

External trigger mechanisms involve an external structure that guides the
composite during crushing, facilitating progressive crushing behavior. Typically
applied to tubular composite structures, their geometry affects the crushing
behavior and can enhance energy absorption characteristics. There are several
studies in the literature about the effects of the crush plugs [3-5]. In authors
previous researches, the effects of outwards and inwards crush plugs and novel
crush plugs with channels are examined numerically and it is found out that novel
crush plugs with channels could enhance the crash performance of the structure
significantly [6, 7].

This study aims to optimize the dimensions of novel crush plugs suggested in the
previous study [7] to achieve maximum efficiency for their application on
crushing of composite tubes. The composite tubes are manufactured from woven
fabric (WF) prepregs with roll wrapping method [6, 7]. The optimization study
will be carried out by simulating the quasi-static crushing of the tubes on
Abaqus/Explicit software by modelling the tubes with stacked shell modelling
approach. The dimensions set as optimization parameters are the radiuses in two
curve sections and the channel length. The effects of novel crush plugs on load-
displacement and SEA curves compared with the basic crush plugs are illustrated
in Figure 1 along with the dimensions [7]. A genetic algorithm is planned to be
developed to optimize the curve radii and channel lengths of the 2-curved
channeled crush plugs, aiming to achieve the best crushing performance of the
composite tubes.
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Keywords: [CFRP composites, Woven fabric structures, Crush plug
optimization, Finite element analysis, Genetic algorithm]

Ozet

Karbon elyaf takviyeli polimer (CFRP) kompozit yapilar, cesitli endiistrilerde
giderek daha fazla benimsenmekte ve geleneksel metal yapilarinin yerini almaya
baslamaktadir. Metal parcalara kiyasla listiin mekanik o6zellikleri, yiliksek
dayamim/agirlik oranlari ve miikemmel enerji sogurma kapasiteleri, CFRP
kompozitleri araglarda ¢arpigma yapilari olarak kullanilmasi agisindan son derece
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uygun kilmaktadir. Yiiksek performansli bir CFRP kompozit ¢arpisma yapisi,
yiiksek 0zgiil enerji sogurma (SEA) kapasitesi ile tamimlanir. SEA, carpisma
yapisinin birim agirliginin sogurdugu enerji olarak tanimlanabilir. Ayrica,
carpisma yapilarimin bir kaza sirasinda kararli ve ilerleyici bir ezilme davranisi
sergilemesi, etkin bir hasar sogurma siireci igin gereklidir. Bir kompozit carpisma
yapisinin performansi; kompozitin mikro yapisi, ¢arpisma kosullari, yapinin
geometrisi ve hasar baglatict mekanizmalar gibi ¢esitli tasarim parametrelerinden
etkilenmektedir [1, 2]. Bunedenle, verimli bir carpma giivenlik yapisi tasarlamak
icin bu parametrelerin etkilerinin iyi anlasilmasi biiyiik 6nem tasimaktadir.

Hasar baglatict mekanizmalar, enerji sogurma oranim1 ve ilerleyici hasar
davranigint dogrudan etkiledikleri i¢in ¢arpisma yapilarmin ezilme o6zellikleri
tizerinde kritik bir rol oynar. Bu mekanizmalar, geleneksel hasar baslatici
mekanizmalar ve harici hasar baslatici mekanizmalar olarak siniflandirilabilir.
Geleneksel hasar baslatici mekanizmalar, kompozit yapilarin u¢ kisimlarinin
genellikle pah (chamfer) ya da sivri ug (steeple) sekilde bicimlendirilmesiyle
uygulanan mekanizmalardir. Bu mekanizmalar, hasarin u¢ noktada baslamasini
saglar ve ilerleyici bir hasar siirecini tesvik eder; bdylece ani kirilmadan
kaynaklanabilecek diisiik enerji sogurmasini dnleyerek yapimin ani ve yikici
sekilde ¢cokmesini engeller.

Harici hasar baglatici mekanizmalar, ezilme sirasinda kompozit yapiy1
yonlendiren harici bir yapi icerir ve bu sayede dengeli ezilme davranisi saglanir.
Genellikle tiibiiler (boru seklindeki) kompozit yapilar i¢in uygulanan bu
mekanizmalarin geometrisi, ezilme davranigi iizerinde 6nemli etkiye sahiptir ve
enerji sogurma kapasitesini artirabilir. Literatiirde ezilme kapaklarinin etkilerine
dair gesitli ¢aligmalar mevcuttur [3—5]. Yazarlarin onceki ¢alismalarinda, disa
dogru ve ige dogru yerlestirilen ezilme kapaklarinin yani sira kanalli ezilme
kapaklarinin etkileri niimerik olarak incelenmis ve kanalli yeni tasarim ezilme
kapaklarinin yapinin c¢arpma performansini Onemli Olglide artirabilecegi
bulunmustur [6, 7].

Bu calisma, onceki c¢alismada oOnerilen yenilik¢i ezilme kapaklarinin [7]
boyutlarinin optimize ederek, kompozit tiiplerin ezilmesi sirasinda maksimum
verimliligi saglamay1 amaclamaktadir. Calismada incelenen kompozit tiipler,
dokuma kumas (WF) prepreglerden roll wrapping yontemiyle iiretilmistir [6, 7].
Bu ¢aligmada planlanan optimizasyon galismasi, tliplerin yari-statik ezilmesinin
Abaqus/Explicit  yaziliminda simiile edilmesiyle  gerceklestirilecektir.
Calismadaki tiipler yigilmig kabuk (stacked shell) modelleme yaklagimi ile
modellenecektir. Optimizasyon parametreleri olarak belirlenen  6l¢ii
parametreleri, iki egrisel boliimdeki yarigaplar ve kanal uzunlugudur.
Incelenecek yenilikgi ezilme kapaklarmin yiik-deplasman ve &zgiil enerji
sogurma (SEA) egrileri {izerindeki etkileri, basit ezilme kapaklariyla
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karsilagtirmali olarak Sekil 1°de kapak olgiileriyle birlikte gosterilmistir [7].
Kompozit tiiplerin ezilme performansini en iist diizeye ¢ikarmak amaciyla, ¢ift
egrili ve kanalli ezilme kapaklarmin kivrilan bdlgelerdeki yarigaplart ve kanal
uzunluklarin1  optimize edecek bir genetik algoritma  gelistirilmesi
planlanmaktadir.
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Figiir 1. Disadogru basit kapaklardaki kirilma davranisi ve Disadogru iki kanalli
kapaklardaki kirilma davraniginin yiik-deplasman ve 6zgiil enerji absorpsiyonu
(SEA) egrileri ve kapak geometrileri [7].

Anahtar Kelimeler: Karbon elyaf takviyeli polimer (CFRP) kompozitler,
Dokuma kumas kompozit yapilar, Ezilme kapaklari, Optimizasyon, Sonlu
Elemanlar Yontemi, Genetik Algoritma
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Abstract

With the increasing momentum toward renewable energy, hydrogen has emerged
as a promising alternative energy carrier. Its use, especially as fuel in
transportation vehicles, has attracted significant attention. This rising interest is
largely due to hydrogen's environmental friendliness, high energy efficiency, and
abundance. However, to effectively utilize hydrogen in transportation systems, it
must be stored in pressure vessels that are not only capable of withstanding high
internal pressures but also lightweight.

In this context, a Type-IV composite overwrapped pressure vessel (COPV) was
designed to meet these requirements using ANSYS software. The epoxy resin
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used in the manufacturing process was reinforced with graphene nanoplatelets to
enhance its mechanical performance.

The dome geometry of the vessel was developed in accordance with netting
theory, and two COPV models were created with internal capacities of 3 and 8
liters. For obtaining accurate results from simulations, mechanical testing was
performed on both the liner and composite shell materials. The test data enabled
a realistic representation of material behavior in the analysis. High-density
polyethylene (HDPE) was chosen for the liner due to its low hydrogen
permeability. For the composite structure produced by filament winding, carbon
fiber-reinforced resin enhanced with graphene nanoplatelets was used.

In the ANSYS finite element model, the liner and the composite shell were
modeled separately and later integrated to better reflect actual physical behavior.
Simulations were based on a working pressure of 700 bar, using a safety factor
of 2.25 in accordance with relevant standards.

Based on the results of the analyses, optimization was performed by adjusting
parameters such as the number of layers, fiber winding angles, and the ratio of
helical to hoop windings. A prototype of 3-liter vessel was then produced and
subjected to burst testing. The comparison between simulation and experimental
results showed a satisfactory correlation for the current phase of the study.

This study is still in progress. Further mechanical testing and structural evaluation
of both the material constituents and the full-scale tank will be conducted. These
results will be used to improve the accuracy and reliability of the simulation. Final
outcomes to be presented in the completed publication.

This research has been funded by TUBITAK (Project No: 123N146) as part of
the HYMOCA project within the European Union’s M-ERA.NET initiative and
aims to contribute to the development of reliable and efficient domestic hydrogen
storage technologies.

Keywords: [Pressure vessel, COPV, Hydrogen, ANSYS, Nanofiller]

Ozet

Yenilenebilir enerjiye gecis calismalarimin diinya c¢apinda hiz kazanmasiyla
birlikte hidrojen de alternatif bir enerji kaynagi olarak oldukga ilgi gérmeye
baslamstir. Ozellikle ulasim araglarinda yakit kaynag: olarak kullamimu gittikge
yayginlagsmistir. Cevre dostu olmasi, yiiksek enerji verimligi ve bol miktarda
bulunmasi bunun en biiyiik sebeplerinden bazilaridir. Ancak hidrojeni ulagim
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araclarinda verimli bir sekilde kullanabilmek i¢in yiiksek basingta depolama
kabiliyetine ve hafif yapiya sahip basingli kaplar kullanilmas1 gerekmektedir.

Bu ¢alismada bu kriterleri saglamak amacryla tiretimde kullanilan epoksi reginesi
grafen nanoplalet eklenerek giliglendirilmis bir Tip-IV kompozit ile sarili basingl
kap (COPV) tasarimi1 ve optimizasyonu ANSYS sonlu elemanlar yazilimi
kullanilarak gerceklestirilmistir.

Tankin kubbe tasarimi netting teorisi kullanilarak olusturulmus ve bu dogrultuda
3 litrelik ve 8 litrelik olmak {izere iki farkli hacime sahip COPV tasarimi
hazirlanmigtir. Kullanilacak malzemenin 6zelliklerini ve belirlemek amaciyla
liner ve kompozit kabuk malzemelerine mekanik testler uygulanmistir. Bu
testlerden elde edilen bilgiler sayesinde analizde malzemelerin gergekei sekilde
davranmasi saglanmistir. Liner malzemesi olarak diisiik hidrojen gegirgenlik
ozelliginden dolayi yiiksek yogunluklu polietilen (HDPE) se¢ilmistir. Filament
sarimi ile dretilen kompozit katman iginse grafen nanoplatelet katkili
recine/karbonfiber kullanilmgtir.

ANSYS sonlu elemanlar analizi kullanilarak basingli kabin i¢ astar1 ve kompozit
kabugu ayr1 ayr1 modellenerek gercekei sekilde birlestirilmistir. Calisma basinci
olarak 700 bar ve giivenlik katsayisi olarak ilgili standart geregi 2.25 secilmis ve
analizler bu sartlar1 saglayacak sekilde gerceklestirilmistir.

Analizlerden elde edilen veriler 1s18inda katman sayisi, katman agist ve
helisel/radyal katman oraninda optimizasyon g¢aligmalari yapilarak en uygun
konfigiirasyon belirlenmistir. Analiz verileri baz alinarak 3 litrelik tankin gercek
Olcekli bir modeli liretilmis ve patlama testine tabi tutulmustur. Gergek test ve
sonlu elemanlar analizlerinden alinan sonuglar karsilagtirildiginda simiilasyonun
gercekteki test sonucuna ilk etap icin basarili sayilabilecek sekilde yakinsadigi
goriilmiistiir.

Bu ¢alisma heniiz tamamlanmamis olup, malzemelere ve gergek olgekli tanka
daha fazla mekanik test ve yapisal analiz uygulanarak ve elde edilen veriler
kullanilarak analizin giivenilirligi ve tahmin kabiliyeti arttirilacak ve sonuglar
nihai yayimda sunulacaktir.

Bu aragtirma, M-ERA.NET girisimi kapsaminda yiiriitilen HYMOCA projesinin
bir parcasi olarak TUBITAK (Proje No: 123N416) tarafindan desteklenmekte
olup, amaci hidrojen depolama yontemleri konusunda giivenilir ve verimliligi
yiiksek yerli ¢oziimler tiretmektir.

Anahtar Kelimeler: [Basingli kap, COPV, Hidrojen, ANSY'S, Nano Doldurucu]
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Abstract

Gelatin methacryloyl (GelMA) is a photocrosslinkable hydrogel synthesized
from gelatin, known for its favorable biocompatibility, biodegradability, and
ability to mimic the extracellular matrix. Owing to these properties, GelMA has
been extensively utilized in tissue engineering and drug delivery systems [1]. In
the context of solid tumors, hypoxia—characterized by insufficient oxygen
supply—has emerged as a major contributor to malignant progression,
angiogenesis, immune evasion, and therapeutic resistance [2]. This oxygen-
deprived microenvironment often renders conventional chemotherapy less
effective, highlighting the need for innovative strategies to modulate hypoxia and
enhance drug efficacy. In this study, we engineered a multifunctional therapeutic
platform to address tumor hypoxia and deliver anti-cancer agents more
effectively. GelMA was chemically functionalized with fluorine to create
GelMAF, aiming to deliver oxygen and counteract hypoxic stress.
Simultaneously, a perfluorocarbon functionalized periodic mesoporous
organosilica (PMOF) was synthesized and loaded with the chemotherapeutic
agent doxorubicin (DOX). These DOX-loaded nanoparticles (PMOFDOX) were
subsequently embedded within the GeIMAF hydrogel matrix, forming a hybrid
system capable of both oxygen modulation and localized, sustained drug release.
The resulting biomaterial was evaluated in vitro using both cancerous and healthy
cell lines. When the effects of GeIMAF-PMOFDOX under hypoxic conditions
were examined on healthy fibroblast and malignant Malme 3M cells, an increase
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in fibroblast viability was observed after 1 day, whereas a 70% decrease in Malme
3M cell viability was recorded after 7 days. This dual-functional system presents
a promising approach for improving therapeutic outcomes in solid tumor
treatment.

Keywords: [Doxorubicin, hydrogel, GelMA]

Ozet

Gelatin metakriloyl (GelMA), jelatinden sentezlenen, 1sikla ¢capraz baglanabilen
bir hidrojel olup; biyouyumlulugu, biyobozunabilirligi ve hiicre dis1 matriksi
(ECM) taklit edebilme yetenegi ile bilinmektedir. Bu ozelliklerinden dolay1
GelMA, doku mihendisligi ve ilag salim sistemlerinde yaygin olarak
kullanilmaktadir [1]. Kati tiimdrler baglaminda, yetersiz oksijen temini ile
karakterize edilen hipoksi, kotii huylu ilerleme, anjiyogenez, bagisiklik
sisteminden kagis ve tedaviye direng agisindan énemli bir rol oynamaktadir [2].
Oksijen eksikligiyle karakterize bu mikrogevre, konvansiyonel kemoterapilerin
etkinligini genellikle azaltmakta ve hipoksiyi modiile edebilecek, ilag etkinligini
artirabilecek yenilik¢i stratejilere olan ihtiyaci ortaya koymaktadir. Bu ¢aligmada,
tiimor hipoksisini hedef almak ve anti-kanser ajanlarin daha etkili bir sekilde
iletimini saglamak amaciyla ¢ok islevli bir terapotik platform gelistirilmistir.
GelMA, oksijen tasima ve hipoksik stresi azaltma amaciyla flor ile kimyasal
olarak fonksiyonellestirilmis ve bu sekilde GelMAF sentezlenmistir. Ayni
zamanda, perflorokarbon ile fonksiyonellestirilmis periyodik mezogdzenekli
organosilika (PMOF) sentezlenmis ve kemoterapotik ajan doksorubisin (DOX)
ile yiiklenmistir. DOX yiikli bu nanopartikiiller (PMOFDOX), daha sonra
GelMAF hidrojel matrisi igerisine entegre edilerek hem oksijen modiilasyonu
hem de lokalize, kontrollii ilag salim1 yapabilen hibrit bir sistem olusturulmustur.
Elde edilen biyomalzeme hem kanserli hem de saglikli hiicre hatlar1 kullanilarak
in vitro olarak degerlendirilmistir. Hipoksik kosullar altinda GelMAF-
PMOFDOX’un etkileri incelendiginde, 1. giin sonunda fibroblast canliliginda
artis gbzlenmis, buna karsilik 7. giin sonunda malign Malme 3M hiicrelerinin
canliliginda %70 oraninda azalma kaydedilmistir. Bu ¢ift islevli sistem, kati
timor tedavisinde terapdtik etkinligi artirmaya yonelik umut vadeden bir
yaklagim sunmaktadir.

Anahtar Kelimeler: [Doksorubisin, hidrojel, GelMA]
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Abstract

The increasing security needs in public buildings, military facilities, and
communal living spaces necessitate the use of materials resistant to fragment
impact that may occur as a result of potential explosions. The weight and cost of
metallic and ceramic-based materials make it essential to develop lightweight,
durable, and low-cost alternatives.

The long-term presence of plastic waste in nature significantly harms ecosystems
by degrading soil, water, and air quality; low recycling rates make the reuse of
this waste a critical priority. In Tiirkiye, the recovery of recycled materials is still
at a low level and their use in the field of composites remains limited.

This study aims to develop innovative new technologies that will convert recycled
plastic-based composites into low-cost, environmentally friendly structural
elements by subjecting them to dynamic load testing. With the methods

77


mailto:Cihangir.Cebeci@fiberr.com.tr

developed, the project will produce lightweight and portable ballistic-resistant
composites that offer environmental benefits and serve as an important model in
this field.

The components of the composite material, reinforcement ratios, and process
parameters are optimized to maximize ballistic performance, and material
prototypes are tested by customizing them according to various needs. Within the
scope of the project, composite mixtures are created by blending recycled
thermoplastic-based materials (PP and HDPE) containing varying ratios of short
glass fibers and quartz sand in a screw extruder. Extruder parameters
(temperature, time, etc.) are analyzed and optimized through systematic R&D
approaches.

The resulting mixtures are placed into cold press molds and shaped into structural
block (brick) forms under pressure. The developed composite panels and
structural blocks will be subjected to 1.1 g fragment (V50, FSP) tests in
accordance with the NIJ 0101.06 standard. In addition, the samples will be
examined through mechanical tests, thermomechanical tests, fracture surface
analyses, and microstructural imaging.

The developed materials will be applicable in the production of protective
systems for military and civilian buildings, police stations, and trenches.
Furthermore, the production of domestic structural systems aimed at increasing
safety in high-risk facilities such as explosive or hazardous chemical
manufacturing plants will also become possible.

Keywords: [Composite material, thermoplastic, fragment impact, protective
shield, recycling, sustainability]

Ozet

Kamu binalari, askeri tesisler ve toplu yasam alanlarinda artan giivenlik
ihtiyaglari, olasi patlamalar sonucunda ortaya g¢ikabilecek parcacik (fragment)
etkisine dayanikli malzemelerin kullanimini zorunlu kilmaktadir. Metalik ve
seramik esasli malzemelerin agirlig1 ve maliyeti, hafif, dayanikli, diisiik maliyetli
alternatifleri gerekli kilmaktadir. Plastik atiklarin uzun siire dogada kalmasi
toprak, su ve hava kalitesini bozarak ekosistemlere ciddi zarar verir; diisiik geri
doniistim oranlar1 ise bu atiklarin yeniden kullanimini hayati bir oncelik kilar.
Tiirkiye’de geri doniistliriilmils malzemenin kazanimi hala diisiik orandadir,
kompozit alaninda heniliz smirli kullanima sahiptir. Bu ¢alismada, geri
dontistiiriilmiis plastik esasli kompozitleri dinamik yiik testlerine tabi tutarak
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disiik maliyetli, ¢evre dostu yapi elemanlarina doniistiirecek inovatif yeni
teknolojilerin gelistirilmesi amaglamaktadir. Gelistirilen yontemler ile; ¢evresel
fayda saglayan, hafif ve taginabilir balistik dayanimli kompozitler elde ederek bu
alanda Onemli bir model olusturacaktir. Kompozit malzemenin bilesenleri,
matris-takviye oranlari, proses parametreleri ile balistik performansi en iist
diizeye ¢ikarmak i¢in optimize edilmekte, malzeme prototipleri, farkli ihtiyaglara
gore Ozellestirilerek test edilmektedir. Proje kapsaminda; degisik oranda kisa cam
elyaf/ kuvars kum igeren geri doniistiiriilmiis termoplastik esasli malzemeler (PP
ve HDPE) bir vidali ekstriider igerisinde harmanlanarak kompozit karisimlari
elde edilmektedir. Ekstriider parametreleri (sicaklik, siire vb.) sistematik Ar-Ge
yaklagimlan ile incelenip proses kosullar1 optimize edilmektedir. Elde edilen
karisimlar soguk pres kaliplarina yerlestirilerek ve basing altinda kaliplanarak
yap1 blogu (tugla) formunda sekillendirilmektedir. Gelistirilen kompozit levhalar
ve yapi bloklart (NIJ 0101.06) standardina uygun 1.1 g pargacik (V50, FSP)
testlerine tabi tutulacaktir. Ayrica mekanik testler ile incelenecek olan numuneler,
termomekanik testler, kirllma ylizey analizleri ve mikroyap: goriintiileme ile
incelenmektedir. Gelistirilecek malzemeler, askeri ve sivil yapilar, karakollar,
siperler gibi koruyucu sistemlerin iiretiminde kullanilabilecektir. Bunlara ek
olarak, patlayici iiretimi, tehlikeli kimyasal tiretimi gibi riskli tesislerde giivenligi
artirmak amaciyla yerli yap1 sistemleri iiretmek miimkiin hale gelecektir.

Anahtar Kelimeler: [Kompozit malzeme, termoplastik, parcacik etkisi, koruyucu
kalkan, geri doniisiim, stirdiiriilebilirlik]

References
[1] Wang, J. (2017) Blast response of polymer-retrofitted masonry unit walls.
Composites Part B: Engineering, 128, 174-171.

[2] Ustiin, H. S., Toksoy, A. K., & Tanoglu, M. (2022). Investigation of
hybridization effect on ballistic performance of multi-layered fiber reinforced
composite structures. Journal of Composite Materials, 56(15), 2411-2431.

[3] Gonzalez, L., & Martinez, R. (2023). Sustainable Applications of Recycled
Plastics in Construction and Automotive Industries. Journal of Sustainable
Materials, 47(1), 89-112.

[4] Tanoglu, M., & Seyhan, A. T. (2003). Investigating the effects of a polyester
preforming binder on the mechanical and ballistic performance of E-glass fiber
reinforced polyester composites. International Journal of Adhesion and

Adhesives, 23(1), 1-8.

79


https://www.sciencedirect.com/journal/composites-part-b-engineering

CAM ELYAF TAKVIYELI

BiO-PET MATRIS KOMPOZITLERIN GELIiSTIRILMESI
VE MEKANIK PERFORMANSININ
DEGERLENDIRILMESI

DEVELOPMENT OF GLASS FIBRE REINFORCED BIO-PET
MATRIX COMPOSITES AND EVALUATION OF THEIR
MECHANICAL PERFORMANCE

Ayca Aydin', Deniz Saveil!, Mehmet Karahan?, Ayse Kurt®, Elif Gamze Tagkin®,

Polyteks Textile Company, Research and Development Center, Tiirkiye Bursa
16110,

“Department of Textile Engineering,Vocational School of Technical Sciences,
Bursa Uludag University, Ozliice Goriikle Campus, Bursa 16059, Tiirkiye

SBUTEKOM Bursa Technology Coordination and R&D Center, Ozliice Goriikle
Campus, Bursa 16245, Tiirkiye

aysekurt@butekom.org

Abstract

In recent years, extensive research has been conducted to address the growing
environmental concerns associated with synthetic fiber-reinforced polymer
composites. In this context, the use of biodegradable materials is considered one
of the most acceptable and sustainable solutions for mitigating environmental
problems. Current studies focus on eco-friendly composite material technologies
developed based on the principles of sustainability. In the literature, commingling
techniques have been highlighted for their suitability in thermoplastic composite
engineering and the superior mechanical properties they offer. However, studies
on the use of biodegradable fibers with this method remain quite limited.

The aim of this study is to develop a thermoplastic biopolymer, Bio-PET yarn, as
an environmentally friendly alternative to conventional polyester, which degrades
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very slowly in nature, and to evaluate its performance in glass fiber-reinforced
composites. Within this scope, Bio-PET yarns were produced using the melt
spinning method and combined with glass fibers through the commingling
process. The resulting prepregs in the form of mixed yarns were converted into
fabric using weaving technology and then molded into composite plates by hot
pressing. The static and dynamic mechanical performance of the produced
composite samples was analyzed through tensile testing, drop-weight impact
testing, and [zod impact testing. The findings were compared with data from the
literature on composites based on recycled PET (R-PET) and virgin PET produced
using commingling techniques. It was determined that the tensile strength of Bio-
PET matrix glass fiber-reinforced composites was 41.5% lower than that of virgin
PET and 100.6% lower than R-PET. According to the drop- weight impact test,
Bio-PET composites exhibited 23.5% lower impact strength compared to virgin
PET and 108% lower than R-PET. Similarly, in the Izod impact test, Bio-PET
showed 24% lower impact resistance than virgin PET and 52.2% lower than R-
PET.

Although Bio-PET matrix glass fiber-reinforced composites exhibited lower
values in terms of static and dynamic mechanical performance compared to R-
PET and virgin PET, they present a significant alternative in terms of
environmental sustainability. This indicates that the use of Bio-PET offers
promising potential in the development of eco-friendly composite materials.

Keywords: [thermoplastic yarn, weaving technique, impact resistance]

Ozet

Sentetik lif takviyeli polimerik kompozitlerle ilgili artan cevresel kaygilar
gidermek amaciyla son yillarda yogun arastirmalar yiiriitiilmektedir. Bu
baglamda biyolojik olarak parcalanabilir malzemelerin kullanimi, c¢evresel
sorunlarin  azaltilmasinda en kabul edilebilir ve siirdiiriilebilir ¢6ziim
yontemlerinden biri olarak degerlendirilmektedir. Giincel arastirmalar,
stirdiiriilebilirlik ilkeleri temelinde gelistirilen ¢evre dostu kompozit malzeme
teknolojilerine odaklanmaktadir. Literatiirde, commingling (karisik iplik tiretimi)
tekniklerinin termoplastik kompozit miihendisligi a¢isindan uygunlugu ve
sagladigi istiin mekanik ozellikler dikkat ¢ekmektedir. Ancak, biyobozunur
liflerin bu yontemle kullanimi {izerine yapilan ¢aligmalar oldukca simirh
kalmaktadir.
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Bu ¢alismanin amaci, dogada uzun siirede bozunan geleneksel polyesterin yerine
kullanilabilecek, ¢evresel etkileri azaltma potansiyeline sahip termoplastik bir
biyopolimer olan Bio-PET ipligin gelistirilmesi ve cam elyaf takviyeli
kompozitlerdeki performansinin degerlendirilmesidir. Bu kapsamda Bio-PET
iplikler, eriyikten ¢ekim ydntemiyle iretilmis ve commingling yontemi
kullanilarak cam elyafla bir araya getirilmistir. Karisik iplik formunda elde edilen
prepregler, dokuma teknolojisi ile kumag formuna doniistiiriilmiis; sonrasinda ise
sicak presleme yontemiyle kaliplanarak kompozit plaka haline getirilmistir. Elde
edilen kompozit numunelerin statik ve dinamik mekanik performanslari, gekme
testi, diisen agirlik (drop-weight) darbe testi ve Izod darbe testi ile analiz
edilmistir. Elde edilen bulgular, literatiirde yer alan geri doniistiiriilmiis PET (R-
PET) ve islenmemis PET bazli kompozitlerin verileriyle karsilastirilmistir. Bio-
PET matrisli cam elyaf takviyeli kompozitlerin ¢ekme dayanimi, islenmemis
PET’e gore %41.5, R-PET’e gore ise %100.6 oraninda daha diisiik olarak
belirlenmistir. Drop-weight darbe testine gore Bio-PET kompozitler, islenmemis
PET’e gore %23.5; R-PET’e gore ise %108 daha diisiik darbe dayanimi
gostermistir. Benzer sekilde, Izod darbe testinde Bio-PET’in darbe dayanimi,
islenmemis PET e gore %24, R-PET e gore ise %52.2 daha diisiik bulunmustur.

Bio-PET matrisli cam elyaf takviyeli kompozitlerin, statik ve dinamik mekanik
performans agisindan R-PET ve islenmemis PET e kiyasla daha diisiik degerlere
sahip oldugu tespit edilse de cevresel siirdiiriilebilirlik agisindan 6nemli bir
alternatif olusturmaktadir. Bu durum, Bio-PET kullanimimin ¢evre dostu
kompozit malzeme gelistirme c¢abalarinda dikkate deger bir potansiyel
sundugunu gostermektedir.

Anahtar Kelimeler: [termoplastik iplik, dokuma teknigi, darbe dayanimi]
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Abstract

Thermoplastics play a crucial role in modern life, with their use in industries such
as automotive, construction, electrical systems, sports equipment, medicine and
textiles. Compared to other thermoplastics, polyvinyl chloride (PVC) is one of
the most widely used one due to its unique properties which makes it suitable for
various sectors. In spi te of its widespread use and various advantages, PVC usage
results in significant environmental challenges due to its waste generation [1].
UV exposure and high temperatures can cause degradation and discoloration
problems on PVC in long term exposure [2].

The objective of this study is to find a sustainable and simple to implement
surface coating alternative with easily accessible materials. As a solution, a
natural zeolite clinoptilolite that has high thermal stability, high ion exchange
capacity, abundant natural existence, low cost is being used as an additive to PVC
paint. Clinoptilolite as the natural zeolite have been selected due to its high Si/Al
ratio, the largeness of this ratio indicates higher ion exchange capacity and higher
stability [3]. While heulandite, a type of natural zeolite, degrades when heated
up to 450°C, clinoptilolite shows a stable structure until 700°C [4]. Modification
processes of the zeolites improve their physical and chemical properties such as
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stability, zeolite’s surface area, pore structure, chemical selectivity and
adsorption capacity [5]. In this study, to enhance zeolite’s structural properties
and increase its stability, various modification methods have been used. To
determine the most effective one in terms of protectiveness against high
temperature and UV-light exposure, zeolite with different particle sizes and
different modification techniques will be tested. Three different modifications are
applied to clinoptilolite-type natural zeolites of various particle sizes (10, 50, and
100 um) using lanthanum (III) nitrate, zinc acetate, and magnesium chloride. To
apply as a surface coating to PVC, modified zeolites will be added into a selected
water-based PVC paint formulation. In order to evaluate the physical and
chemical resistance of the surface coating, tests such as UV-aging, alkaline and
acid etching, impact resistance, Machu test and Cupping test will be conducted.
To determine the structural properties of the each modified zeolite, FTIR, XRD
and SEM-EDS analysis will be conducted.

Compared to traditional UV-stabilizers with limited thermal stability, modified
zeolites may be a better option in terms of higher protectiveness and
environmental friendliness. Consequently, lifespan of PVC can be increased by
improving its durability with the implementation of modified zeolite added PVC
surface paint. The coating developed in this study will provide a solution for the
challenges faced in the PVC industry and potentially reduce the waste generation
hence the need for excessive maintenance and replacement costs.

Keywords: [PVC, natural zeolite, clinoptilolite, surface paint, UV-protection]

Ozet

Termoplastikler otomotiv, ingaat, elektrik sistemleri, spor ekipmanlari, medikal
ve tekstil sektorlerinde kullanimlariyla modern yasamda énemli bir rol oynarlar.
Diger termoplastikler ile karsilastirildiginda polivinil kloriir (PVC) &zgiin
Ozellikleri sayesinde cesitli sektorlere uygun, en yaygin kullanilan
termoplastiklerden biridir. Cesitli avantajlara sahip olmasi ve yaygin
kullaniminin yani sira atik iiretimi ile PVC kullanim1 6nemli ¢evresel sorunlara
sebep olur [1]. UV 1sinlarma ve yiiksek sicakliklara maruz kalmasi uzun siireli
kullanimda PVC’nin yapisinin bozulmasina ve sararmasina sebep olur [2].

Bu c¢alismanin amaci ulasilabilir malzemelerle kolay uygulanabilir ve
stirdiiriilebilir bir alternatif yilizey kaplamas1 gelistirilmesidir. Coziim olarak
yiiksek termal stabiliteye, yiliksek iyon degistirme kapasitesine sahip olmasi,
dogada fazla miktarda bulunmasi ve diisiik maliyeti gibi nedenlerden dolay1 dogal
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zeolit klinoptilolit PVC boyasina katki malzemesi olarak kullanilmistir. Bu
calismada yiiksek stabilitenin bir gostergesi olarak yiiksek Si/Al oranina sahip
olmasi sebebiyle klinoptilolit secilmistir [3]. Bir diger dogal zeolit olan
hoylanditin yapisinda 450°C’de bozulma goézlemlenirken klinoptilolitin yapisi
700°C’ye kadar stabil kalir [4]. Bu nedenden otiirii dogal zeolit tiirii olarak
klinoptilolitin secilmesi projenin amacina yonelik daha uygun bir tercih olacaktir.
Dogal zeolitin modifikasyon siirecleri zeolitin yiizey alani, gdzenek yapisi,
kimyasal seciciligi ve adsorpsiyon kapasitesi gibi fiziksel ve kimyasal
ozelliklerini gelistirir [5]. Bu ¢alismada zeolitin yapisal 6zelliklerini gelistirmek
ve stabilitesini arttirmak i¢in ¢esitli modifikasyon methodlari uygulanmistir.
Yiiksek sicaklik ve UV 1smlarina karst korumada en etkili olan modifikasyon
methodunu belirlemek amaciyla farkli parcacik boyutlar1 ve farkli modifikasyon
teknikleri test edilecektir. Par¢acik boyutunun etkisinin gézlemlenebilmesi icin 3
farkli pargacik boyutunda (10, 50 ve 100 um) klinoptilolit tiirii dogal zeolit
kullanilmistir. Farkli parcacik boyutlarindaki bu zeolitlere lantan (III) nitrat,
cinko asetat ve magnezyum kloriir kimyasallar1 kullanilarak 3 farklh
modifikasyon islemi uygulanmistir. PVC’ye yiizey kaplamasi olarak
uygulanabilmesi i¢in secilen su bazli PVC boyasina modifiye edilmis dogal
zeolitler katki maddesi olarak eklenecektir. UV-yaslandirma, alkali ve asit
asindirma, darbe dayanim, machu testi, ve cupping testleri ile yiizey kaplamasinin
fiziksel ve kimyasal dayamikliligr test edilecektir. FTIR, SEM-EDS ve XRD
testleri ile ise modifiye edilen dogal zeolitlerin yapisal 6zellikleri tayin edilecek
ve modifikasyonun ne derecede basarili oldugu gozlemlenebilecektir.

Smirh termal stabiliteye sahip geleneksel UV stabilizatorlerle kiyaslandiginda
modifiye edilmis zeolitler yiiksek koruyuculuga sahip olmasi ve c¢evre dostu
olmasi sebebiyle daha iyi bir alternatif olacaktir. Sonug olarak modifiye edilmis
zeolitlerin eklendigi PVC boyasinin yiizeye uygulanmasi ile UV isinlarina ve
yiiksek sicakliklara karst PVC’nin dayanikliliginin arttirilmast hedeflenmektedir.
Istenilen etkinin elde edilmesi halinde PVC’nin kullanim 6mrii uzatilabilir. Bu
calismada gelistirilen kaplama PVC endiistrisinde karsilagilan bircok soruna
¢Ozlim sunacak ve potansiyel olarak atik olusumunu azaltacak bdylece ekstra
bakim masraflar1 ve degisim licretleri i¢in olan gerekliligi azaltacaktir.
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Abstract

Gelatin methacryloyl (GeIMA) hydrogels are widely used in tissue engineering
due to their biocompatibility, photocrosslinking capability, and tunable
mechanical properties. In addition, their ECM-mimetic structure provides a cell-
friendly environment with minimal inflammatory response[1]. However, GeIMA
hydrogels present several limitations in their physical properties, weak
mechanical strength, uncontrollable porosity, and adhesive capabilities, along
with limited support for cell viability [2]. To overcome these limitations, we
developed a multifunctional composite hydrogel system by incorporating
ethylenediaminetetraacetic acid (EDTA) and citric acid-coated, vitamin E-loaded
perfluorocarbon  (PFC)-functionalized periodic mesoporous organosilica
(““PMOF-E) nanoparticles into a GeIMA matrix. EDTA was covalently bonded
to GelMA via EDC/NHS chemistry to enhance ionic chelation and provide anti-
inflammatory functionality [3]. ““PMOF-E nanoparticles were embedded in the
GelMA-EDTA (GE) hydrogel before photopolymerization to add antioxidant and
oxygen-carrying capacity. Cell viability studies with fibroblasts revealed
enhanced cytocompatibility in both GE and GE-““PMOF-E groups. This
improvement is likely related to EDTA’s ability to modulate matrix
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metalloproteinase (MMP) activity [4] and vitamin E’s well-established
antioxidant properties[5], both of which are known to support fibroblast survival
under stress conditions. Rheological analysis confirmed that the composite
hydrogel-maintained shear-thinning and viscoelastic properties suitable for
extrusion-based 3D bioprinting. Moreover, ““PMOF-E enhanced printability and
structural fidelity. In conclusion, the GE-““PMOF-E hydrogel combines
mechanical strength, antioxidant protection, and anti-inflammatory potential in a
single platform. It offers a promising solution for 3D bioprinting and regenerative
therapies, especially for tissues exposed to oxidative stress and inflammation.

Keywords: [GeIMA-EDTA, Anti-inflammatory, Hydrogel]

Ozet

Jelatin metakriloil (GelMA) hidrojelleri, biyouyumluluklari, 1sikla capraz
baglanabilme ozellikleri ve ayarlanabilir mekanik ozellikleri sayesinde doku
mithendisliginde yaygin olarak kullanilmaktadir. Ayrica, ECM’yi taklit eden
yapilari, hiicre dostu bir ortam saglayarak minimum inflamatuar yanit olusturur
[1]. Bununla birlikte, GeIMA hidrojelleri; zayif mekanik dayanim, kontrol
edilemeyen gozeneklilik ve yetersiz adezyon 6zellikleri gibi fiziksel sinirlamalara
sahiptir ve hiicre canlilig1 destegi de sinirlidir [2]. Bu sinirlamalarin {istesinden
gelmek i¢in, GeIMA matrisi igerisine etilendiamintetraasetik asit (EDTA) ve
sitrik asit kapli, E vitamini yiikli, perflorokarbon (PFC) ile fonksiyonellestirilmis
periyodik mezogdzenekli organosilika (““PMOF-E) nanopartikiillerinin dahil
edildigi ¢ok islevli bir kompozit hidrojel sistemi gelistirdik. EDTA, iyon
selasyonunu artirmak ve anti-inflamatuar Ozellik kazandirmak amaciyla
EDC/NHS kimyas1 aracilifiyla GelMA’ya kovalent olarak baglandi [3].
CitPMOF-E nanopartikiilleri, antioksidan ve oksijen tasima kapasitesi
kazandirmak amaciyla fotopolimerizasyon oOncesinde GelMA-EDTA (GE)
hidrojeline yiiklendi. Fibroblastlarla yapilan hiicre canlilig1 ¢alismalari hem GE
hem de GE-CitPMOF-E gruplarinda biyouyumlulugun arttigini ortaya koydu. Bu
iyilesmenin, EDTA’nin matriks metalloproteinaz (MMP) aktivitesini diizenleme
yetenegi [4] ve E vitamininin iyi bilinen antioksidan 6zellikleri [5] ile iligkili
oldugu diislinlilmektedir; her iki mekanizma da stres kosullar1 altinda
fibroblastlarin hayatta kalmasini desteklemektedir. Reolojik analiz, kompozit
hidrojelin kesme incelmesi ve viskoelastik 6zelliklerini korudugunu ve bu
yoniiyle ekstriizyon tabanli 3B biyobaskiya uygun oldugunu dogrulamistir.
Ayrica, ““PMOF-E varlig1 baski hassasiyetini ve yapisal biitiinliigii artirmustir.
Sonug olarak, GE- ““PMOF-E hidrojel sistemi; mekanik dayanim, antioksidan
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koruma ve anti-inflamatuar potansiyeli tek bir platformda birlestirmektedir. Bu
yapi, Ozellikle oksidatif stres ve inflamasyona maruz kalan dokular i¢in 3B
biyobask1 ve rejeneratif tedavi uygulamalari agisindan umut vadeden bir ¢6ziim
sunmaktadir.

Anahtar Kelimeler: [GeIMA-EDTA, Anti-inflamatuar, hidrojel]
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Abstract

Thermoset-based composite materials are widely preferred today due to their
lightweight nature, resistance to chemical environments, wide strength range, and
long service life. Glass fiber-reinforced polyester (GRP) composites have a larger
market share in the composites industry compared to other composite types,
mainly due to their lower cost. GRP composites are formed by combining a resin
mixture, which acts as the matrix, with glass fibers. The matrix plays a crucial
role in ensuring the structural integrity of the material and transferring external
loads to the fibers. The fibers, on the other hand, are responsible for absorbing
loads and stopping crack propagation. Among the GRP manufacturing methods,
SMC (Sheet Molding Compound) and BMC (Bulk Molding Compound) are
widely used in various sectors such as automotive, construction, communication
components, and infrastructure. The SMC method is particularly preferred in
applications like the automotive industry where high strength and surface quality
are required. In contrast, the BMC method is used for producing relatively low-
strength and cost-effective products [1]. Using the BMC method, parts such as
electrical insulators, box supports, pipe supports, pipe elbows, and connectors are
commonly manufactured. Natural fibers such as flax, banana, hemp, and cotton
have begun to be explored in composite materials, and research in this area is
ongoing. These fibers have densities ranging between 1.23—1.50 g/cm?, which
allows for the production of lighter materials compared to glass fiber, which has a
density of 2.54 g/cm?[2].
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In this study, it is aimed to produce composite materials using natural fibers
instead of glass fibers through the BMC (Bulk Molding Compound) method. In
the first stage, polyester-based composites reinforced with flax fibers and glass
fibers were produced using the hand lay-up method. Then, mechanical and
thermal tests were carried out. The results obtained were interpreted using SEM
(Scanning Electron Microscopy) images. To improve the wettability of the
polyester resin, different additives were tested. Based on the results of these trials,
a BMC formulation was developed. Two different BMCs, one reinforced with
glass fiber and the other with flax fiber, were prepared and composite parts were
produced using the hot-pressing molding method. Mechanical and thermal tests
were performed on the obtained parts. Additionally, the materials were examined
using an electron microscope.

Keywords: [Composite, Natural, Fiber, SMC, BMC]

Ozet

Termoset esasli kompozit malzemeler; hafifligi, kimyasal ortamlara dayanikl
olmasi, genis mukavemet aralig1r ve uzun Omiirlii olmasi sebebiyle glinlimiizde
birgok alanda tercih edilmektedir. Cam elyaf takviyeli polyester (CTP) kompozit
malzemelerin diger kompozit gruplarina nazaran daha az maliyetli olmas1 ise
kompozit sektoriinde daha biiyiikk bir pazar payina sahip olmasina olanak
saglamaktadir. CTP’ler, anafazi olusturan regine karigimi ve cam elyafin
birlesmesiyle olugsmaktadir. Anafaz, malzemenin yapisal biitiinliigiinii saglamak
ve digsardan gelen yiikleri elyaflara iletmek gibi temel bazi gorevleri
iistlenmektedir. Elyaflar ise gelen yiikleri soniimleme veya c¢atlaklari durdurma
gorevlerini listlenmektedir. CTP iiretim yontemlerinden SMC (Sheet molding
compund) ve BMC (Bulk molding compund); otomotiv, ingaat, iletisim ve
haberlesme elemanlari, altyapr gibi bircok alanda tercih edilmektedir. SMC
yontemi, mukavemetin ve yiizey kalitesinin yiiksek olmasi beklenen otomotiv gibi
alanlarda oldukg¢a tercih edilmektedir. BMC ise SMC’ye goére nispeten
mukavemetin diisilk oldugu ve ucuz iiriinlerde tercih edilmektedir [1]. BMC
yontemiyle, elektrik izolatorleri, kutu ayagi, boru ayagi, boru dirsekleri ve
baglant1 elemanlar1 siklikla iretilmektedir.

Son zamanlarda kompozit malzemelerde, keten, muz, kenevir ve pamuk gibi
dogal elyaf tiirlerinin kullanimi igin yapilan g¢alismalar 6nem kazanmis ve
hizlanarak devam etmektedir. Bahsedilen elyaflarin yogunluklarinin 1,23-1,50
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gr/cm’® olmas1; 2,54 gr/cm® yogunluga sahip cam elyafa gore daha hafif
malzemelerin iiretilmesine olanak saglamaktadir [2].

Bu calismada BMC yontemiyle cam elyaf yerine, dogal elyaf kullanilarak
kompozit malzeme iiretimi hedeflenmektedir. Ilk asamada el yatirmasi
yontemiyle polyester esasli keten elyaf takviyeli kompozit ve polyester esasli cam
elyaf takviyeli kompozit malzemeler {iiretildi. Daha sonra mekanik ve termal
testler yapildi. Elde edilen sonuglar SEM goriintiileriyle yorumlandi. Polyester
recinenin 1slaticiligini arttirmak amaciyla farkli katki malzemeleri eklenerek
denemeler yapildi. Denemeler sonucunda BMC formiilasyonu gelistirildi. Cam
elyaf ve keten elyaf takviyeli iki farkli BMC hamuru yapild1 ve sicak presleme
yontemiyle kompozit pargalar iiretildi. Elde edilen pargalara mekanik ve termal
testler yapildi. Aym1 zamanda Elektron mikroskobu kullanarak malzeme
incelenmistir.

Anahtar Kelimeler: [Kompozit, Dogal, Elyaf, SMC, BMC]
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Abstract

Today, three-dimensional (3D) printing technologies enable the rapid and precise
production of customized designs, making them widely applicable in various
fields, particularly in biomedical applications [1]. Among these technologies,
stereolithography (SLA) stands out for its high resolution and ability to produce
detailed structures. Processing bio-based polymers through this method offers
sustainable and environmentally friendly solutions [2]. Polylactic acid (PLA), due
to its biodegradable and biocompatible properties, which is commonly used in
such systems. However, its lack of inherent antibacterial properties poses a
limitation in some medical applications [3].

This study aims to develop antibacterial composite structures by incorporating
silver nitrate (AgNOs) into biodegradable PLA photopolymer resin and
fabricating them in 3D via the SLA method. AgNOs solution were added to
improve the PLA matrix’s resistance to microbes, to aim at potential applications
in healthcare.
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In this study, AgNOs was added to the PLA resin at weight ratios of 1%, 3%, and
5%. Magnetic stirring and ultrasonic dispersion techniques were used to achieve
homogeneous mixtures. The prepared resins were then printed using the SLA
technique into tensile specimens according to ISO 527-2 standard and three-point
bending specimens according to ISO 178 Standard. The mechanical properties of
the printed samples were evaluated using tensile and flexural tests. Further,
optical microscopy was used to examine the dispersion of silver particles. A
relatively uniform distribution was observed in the 1% and 3% doped samples,
highlighting the importance of maintaining optimal additive levels for structural
integrity. Antibacterial activity was assessed using the disk diffusion method
against Gram-positive (Staphylococcus aureus) and Gram-negative (Escherichia
coli).

In conclusion, this study shows that AgNOs-loaded PLA composites can be
successfully produced via the SLA method. These materials hold potential for
medical applications where infection prevention is critical, such as surgical tools,
orthopedic supports, and personal protective equipment.

Keywords: Antibacterial activity, Mechanical properties, Polylactic acid (PLA)
composites, Stereolithography (SLA), Silver nitrate (AgNO3).

Ozet

Gunimiizde ti¢ boyutlu (3B) baski teknolojileri, d6zellestirilmis tasarimlarin hizl
ve hassas bir sekilde iiretilmesine olanak tanmiyarak oOzellikle biyomedikal
uygulamalar basta olmak iizere c¢esitli alanlarda genis bir kullanim alani
bulmustur [1]. Bu teknolojiler arasinda, yiiksek ¢oziiniirliigii ve detayli yapilar
iretme kabiliyetiyle stereolitografi (SLA) One ¢ikmaktadir. Bu yontemle
biyobazli polimerlerin islenmesi, siirdiiriilebilir ve cevre dostu ¢oziimler
sunmaktadir [2]. Polilaktik asit (PLA), biyobozunur ve biyouyumlu 6zellikleri
sayesinde bu tiir sistemlerde yaygin olarak kullanilan bir polimerdir. Ancak,
dogal olarak antibakteriyel ozellik tasimamasi, bazi medikal uygulamalarda
sinirlayict bir faktor olusturmaktadir [3].

Bu calismada, biyobozunur PLA fotopolimer reginesine giimiis nitrat (AgNO3)
ilave edilerek antibakteriyel kompozit yapilar gelistirilmesi ve bu yapilarin SLA
yontemiyle 3B olarak tretilmesi amag¢lanmigtir. PLA matrisinin mikrobiyal
direncini artirmak ve potansiyel saglik uygulamalarma uygun hale getirmek
amaciyla AgNO:s ¢ozeltisi sisteme eklenmistir.

94



Calismada, PLA reginesine agirlikca %1, %3 ve %S5 oranlarinda AgNOs
eklenmistir. Homojen karigimlar elde edebilmek igin manyetik karigtirma ve
ultrasonik dagitim teknikleri kullanilmistir. Hazirlanan regineler, SLA
yontemiyle ISO 527-2 standardina uygun c¢ekme numuneleri ve ISO 178
standardina uygun ii¢ nokta egme numuneleri seklinde basilmistir. Baskisi
yapilan numunelerin mekanik o6zellikleri, ¢ekme ve egme testleri ile
degerlendirilmistir. Ayrica, glimiis partikiillerinin dagilimini incelemek amaciyla
optik mikroskop kullanilmistir. %1 ve %3 katki oranina sahip 6rneklerde nispeten
homojen bir dagilim gézlemlenmis; bu durum, yapisal biitiinliigiin korunmasi igin
optimum katk1 seviyesinin 6nemini ortaya koymustur. Antibakteriyel aktivite ise,
Gram pozitif (Staphylococcus aureus) ve Gram negatif (Escherichia coli)
bakterilere kars1 disk difiizyon yontemi ile degerlendirilmistir.

Sonug olarak, bu ¢alisma, AgNOs yiiklii PLA kompozitlerinin SLA yontemiyle
basariyla iiretilebilecegini gdstermektedir. Bu malzemeler, enfeksiyon 6nlemenin
kritik oldugu cerrahi aletler, ortopedik destekler ve kisisel koruyucu ekipmanlar
gibi medikal uygulamalarda kullanilmak {izere potansiyel tasimaktadir.

Anahtar Kelimeler: [Antibakteriyel aktivite, Mekanik Ozellikler, Polilaktik asit
(PLA) Ozellikler, Stereolitografi (SLA), Giimiis nitrat(AgNOs]]
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Abstract

Our energy requirements in refrigeration mostly come from heat transfer or heat
loss. Enhancing energy efficiency is crucial to reducing greenhouse gas
emissions. It is possible to reduce the heat loss by developing effective thermal
insulation materials. In the present work, we prepared silicone-fly ash-calcite
polymeric composite materials at different fly ash and calcite contents and
determined their thermal conductivities. Coal fly ash particles were obtained from
Soma Coal Plant, izmir-Tiirkiye. Hollow nano-calcite particles were synthesized
in our laboratory. Both coal fly ash and nano-calcite particles were mixed at
different ratios in falcon tubes with a custom-made mixer. The resultant
composite mixture was poured into cylindrical molds and held there for about 48
hours until it cured. The structure and distribution of the filling particles in the
composite material were analyzed using SEM images. The thermal conductivities
were measured with PA Hilton H110 and FOX 50 thermal conductivity
measurement devices. We present the color and thermal conductivity of the
polymeric composite materials composed of coal fly ash and nano-calcite as the
filling materials, and silicone as the polymeric matrix. We show that different
scale of gray colors could be obtained with the composite materials. Thermal
conductivity of the composite materials would still need to be improved since
little improvement was seen for the coal fly ash composite materials.
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Ozet

Sogutma sistemlerindeki enerji ihtiyacimiz cogunlukla 1s1 transferi veya 1s1
kaybindan kaynaklanmaktadir. Enerji verimliliginin artirilmasi, sera gazi
emisyonlarinin azaltilmasi agisindan biiyiik onem tagimaktadir. Etkili 1s1 yalitm
malzemeleri gelistirilerek 1s1 kaybi azaltilabilir. Bu ¢alismada, farkli ugucu kiil ve
kalsit oranlarinda silikon-ugucu kiil-kalsit polimerik kompozit malzemeler
hazirlanmig ve bu malzemelerin 1s1 iletkenlikleri belirlenmistir. Kémiir ugucu kiil
partikiilleri, izmir-Tiirkiye'deki Soma Termik Santrali’nden temin edilmistir.
Delikli nano-kalsit partikiilleri ise laboratuvarimizda sentezlenmistir. Hem komiir
ucucu kiilii hem de nano-kalsit partikiilleri, laboratuvarimizda 6zel olarak
uretilmis bir karistirict  kullanilarak farkli  oranlarda falcon tiiplerinde
karistinlmigtir. Elde edilen kompozit karisim, silindirik kaliplara dokiilmiis ve
yaklasik 48 saat kiirlesmesi i¢in bekletilmistir. Kompozit malzeme i¢indeki dolgu
partikiillerinin yapisi ve dagilimi SEM goriintiileri kullanilarak analiz edilmistir.
Is1 iletkenlikleri PA Hilton H110 ve FOX 50 1s1 iletkenlik 6l¢lim cihazlar ile
Olciilmiistiir. Bu c¢aligmada, komiir ugucu kiili ve nano-kalsit gibi dolgu
malzemeleri ile silikon polimer matrisinden olusan polimerik kompozit
malzemelerin renkleri ve 1s1 iletkenlikleri sunulmustur. Kompozit malzemelerle
farkli gri tonlarinda renkler elde edilebilecegi gosterilmistir. Ancak kémiir ugucu
kiilii igeren kompozit malzemeler i¢in 1s1 iletkenligi agisindan sadece sinirli bir
iyilesme gozlendiginden, bu o6zelligin daha da gelistirilmesine ihtiyag
duyulmaktadir.

Anahtar Kelimeler: [CO: sorunu, polimerik kompozit malzeme, 1s1 yalitimi,
ucucu kiil, nano-kalsit. ]
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Abstract

The growing accumulation of plastics, rubbers, composite wastes, and biomass
presents critical challenges for global waste management and environmental
sustainability. This work demonstrates how laboratory-scale innovations have
been successfully translated into real-world applications, leading to tangible
societal and industrial impact. A novel thermo-chemical process in the presence
of natural substrates and catalysts has been developed to convert thermoplastic,
thermoset, and biomass-derived waste streams into high-value carbon
nanomaterials, such as graphene and its derivatives by mimicking Chemical
Vapor Deposition (CVD) process. Utilizing these patented technologies, the
carbon structure is precisely engineered by harnessing the hydrocarbon content
of waste materials. This approach represents a sustainable alternative to
conventional recycling, advancing circular economy principles through green
synthesis and upcycling by addressing global wastes of tires, mixed
thermoplastics and carbon fiber reinforced polymer composites (CFRP). The
morphology of the resulting graphene—ranging from 2D sheets to 3D spheres—
is influenced by the aromaticity and aliphaticity of the input waste. These
nanomaterials are integrated into lightweight thermoplastic composites for
applications in the automotive and plastics industries, enabling energy-efficient
manufacturing and reducing environmental impact. Recycled polymers (e.g.,
polypropylene, polyamides), natural fibers (such as hemp and flax), and
reclaimed carbon fibers derived from pultrusion panels of wind turbines are
combined with waste-derived graphene to replace conventional glass fiber-
reinforced plastics and even metal components. This enables lightweighting in
targeted components, reducing CO: emissions and supporting broader
sustainability goals. In addition, Life Cycle Assessment (LCA) methodologies
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are integrated to evaluate the environmental footprint of materials and parts,

validating their role in reducing reliance on virgin resources and lowering
greenhouse gas emissions. Furthermore, the reduction of carbon emissions
achieved through these materials offers measurable economic benefits under
emerging carbon tax regulations, providing a competitive advantage for
industries aiming to lower their environmental costs while meeting global climate
targets.
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KOBALT iCERMEYEN HIZLANDIRICILARIN CAM
ELYAF TAKVIYELIi POLYESTER KOMPOZITLERININ
SERTLESME SURECINDEKI VE MEKANIK
OZELLIKLERI UZERINDEKI ETKIiSI

EFFECT OF COBALT-FREE ACCELERATORS ON THE
CURING PROCESS AND MECHANICAL PROPERTIES OF
GLASS FIBER REINFORCED POLYESTER COMPOSITES

Deniz Durkut!, Aybiike Polat', Ataol Alper!, Elif Alyamag Seydibeyoglu'
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Abstract

This study explores cobalt-free accelerator systems (manganese, potassium, and
calcium octoates) for unsaturated polyester (UP) resins, focusing on their curing
behavior and mechanical properties compared to conventional cobalt octoate.
Due to the carcinogenic and environmental concerns associated with cobalt-
based systems, there is growing interest in safer alternatives. Glass fiber
reinforced polyester (GFRP) composites were fabricated using the hand lay-up
method with accelerator loadings of 1 wt% and 2.5 wt%. The composites were
characterized by Differential Scanning Calorimetry (DSC), Fourier Transform
Infrared Spectroscopy (FTIR), and mechanical testing to evaluate curing
behavior and structural performance. Among the alternatives, 1 wt%
manganese octoate provided a flexural modulus of 8.71 GPa, which is
approximately 32% higher than that of the cobalt-containing system, while
exhibiting improved curing efficiency, as indicated by a lower residual heat of
reaction (44.38 J/g vs. 109.20 J/g). Potassium octoate yielded the highest tensile
modulus (3.90 GPa), surpassing the cobalt-based system in stiffness. Calcium
octoate resulted in reduced mechanical performance but remains attractive for
non-structural, eco-friendly applications due to its non-toxic and biodegradable
nature. Increasing accelerator content to 2.5 wt% caused a 15-25% decrease in
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mechanical properties across all systems, underlining the importance of
formulation optimization. Overall, manganese octoate emerges as the most
balanced and promising replacement for cobalt, combining mechanical
performance, curing efficiency, and improved environmental and health
profiles, and thus supporting the development of safer, more sustainable GFRP
composites.

Keywords: [Cobalt-free Accelerators, Glass Fiber Reinforced
Polyester Composites, Curing Behavior]

Ozet

Bu calisma, doymamis polyester (UP) recineleri igin kobalt icermeyen
hizlandiric1 sistemleri (mangan, potasyum ve kalsiyum oktoatlar) inceleyerek
kiirlenme davranislarini ve mekanik 6zelliklerini geleneksel kobalt oktoat ile
karsilastirmaktadir. Kobalt bazli sistemlerle iligkili kanserojen ve c¢evresel
riskler nedeniyle daha giivenli alternatiflere yonelik ilgi giderek artmaktadir. Bu
kapsamda, hizlandirict yiliklemeleri agirlikca %1 ve %2,5 olacak sekilde el
yatirmas1 yontemiyle cam elyaf takviyeli polyester (GFRP) kompozitler
iretilmistir. Kompozitlerin kiirlenme davranisi ve yapisal performansi
Diferansiyel Taramali Kalorimetri (DSC), Fourier Doniisiimlii Kizilotesi
Spektroskopisi (FTIR) ve mekanik testler ile karakterize edilmistir. Alternatif
sistemler arasinda, %1 mangan oktoat 8,71 GPa egilme modiilii saglayarak
kobalt iceren sisteme gore yaklasik %32 daha yiiksek deger gdstermis ve daha
diisiik artik reaksiyon 1sis1 (44,38 J/g karsi1 109,20 J/g) ile daha verimli bir
kiirlenme davranigi sergilemistir. Potasyum oktoat ise en yiiksek ¢ekme
modilini (3,90 GPa) vermis ve kobalt bazli sistemin sertligini asmistir.
Kalsiyum oktoat daha diisiik mekanik performans gostermesine ragmen toksik
olmamas1 ve biyolojik olarak parcalanabilir yapisi nedeniyle yapisal olmayan,
cevre dostu uygulamalar i¢in hala cazip bir segenektir. Hizlandirici miktarinin
%2,5’e cikartlmasi tiim sistemlerde mekanik ozelliklerde %15-25 arasinda
diisiise neden olmus, bu da formiilasyon optimizasyonunun Onemini ortaya
koymustur. Genel olarak mangan oktoat, mekanik performans, kiirlenme
karakteri ve cevresel/saglik agisindan iyilestirilmis profil sunarak kobalta en
dengeli ve en umut verici alternatif olarak 6ne ¢ikmakta ve daha giivenli,
stirdiiriilebilir GFRP kompozitlerinin gelistirilmesini desteklemektedir.

Anahtar Kelimeler: [Kobaltsiz Hizlandiricilar, Cam Elyaf Takviyeli Polyester
Kompozitler, Kiirlenme Davranisi|
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ETKIiSi

EFFECT OF DIFFERENT SIZING TYPES IN PPS COMPOSITES ON
THE INTERFACIAL STRENGTH OF GLASS FIBER
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Abstract

Polyphenylene sulfide (PPS) is an advanced engineering polymer preferred in
many industries such as electronics, automotive, medical, and aerospace due to
its high-temperature resistance, chemical resistance, and dimensional stability
[1]. PPS, which has a linear and semi-crystalline structure, possesses a thermal
deformation temperature of up to 260 °C and a long-term service temperature of
approximately 200 °C [2].

However, the brittle nature of pure PPS limits its impact toughness, thereby
restricting its application areas. To overcome this limitation, the PPS matrix is
reinforced with high-strength fibers such as glass, carbon, aramid, and basalt to
form composites [3]. These reinforcements significantly enhance the mechanical,
thermal, and fatigue performance of PPS composites. Among them, glass fiber is
one of the most commonly used reinforcement materials due to its low cost and
high strength.

The mechanical performance of polymer matrix composites is directly dependent
on the quality of the interfacial interaction between the reinforcing fiber and the
matrix. “Sizing” (glass fiber surface coatings) ensures integrity by forming
chemical and physical bonds at the fiber-matrix interface [4]. In this study, the
compatibility of different organic coatings applied to the glass fiber surface with
the PPS (polyphenylene sulfide) matrix was evaluated using the pull-out test
method.
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Glass fibers were produced by applying silane and film-forming coatings
containing different functional groups to the glass fiber surface in different
proportions using a fiber drawing system. The produced glass fibers were cured
using both radio frequency and conventional drying methods. The compatibility
of the obtained glass fibers with PPS was examined using the Fimabond pull-out
test method. In the pull-out test process conducted to evaluate the interfacial
interaction between the glass fiber and the PPS matrix, the PPS matrix is first
heated in a controlled manner to 320°C to reach a molten state. This temperature
range allows the viscosity of PPS to reach a level that can spread over the glass
fiber surface. After heating, a single glass fiber is carefully centered and
embedded into the molten PPS at a fixed length. Following the embedding
process, the system is held at a constant temperature for a specific duration to
allow curing. During this period, chemical and physical bonds form at the
interface, resulting in a micro-scale composite structure. The resulting structure
is placed in a tensile testing device, and the glass fiber is pulled out from the
embedded PPS matrix. Using the load-displacement data obtained during this
pulling process, the interfacial force is calculated according to Equation 1 [5]:

— Fraks
Tapp = )1 Eq.1.

According to the results, the sizing structure applied to the glass fiber surface was
found to be a determining factor in the interaction with the PPS matrix. This
improved the fiber’s ability to withstand higher tensile forces within the matrix
and increased interfacial strength. In PPS samples prepared with glass fibers
coated only with amine-based and epoxy-based silanes, the interfacial force was
measured as 39.7 MPa and 34.2 MPa, respectively. When film-forming materials
were used in combination with silane, the interfacial force increased to 67.7 MPa.
Additionally, parameters such as coating thickness, drying characteristics, and
curing temperature were observed to have significant effects on interfacial
performance.

This study is significant in terms of contributing to the development of PPS-
compatible glass fiber products and establishing a method for evaluating their
performance.

Keywords: [Polyphenylene Sulfide (PPS), Glass Fiber, Sizing, Interfacial
Strength, Pull-Out Test]
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Ozet

Polifenilen siilfiir (PPS), yiiksek sicaklik dayanimi, kimyasal direnc¢ ve boyutsal
kararlilig1 sayesinde elektronik, otomotiv, tip ve havacilik gibi bircok endiistride
tercih edilen ileri diizey bir miihendislik polimeridir [1]. Lineer ve yari kristalin
yapiya sahip olan PPS, 260 °C’ye kadar termal deformasyon sicakligina ve
yaklasik 200 °C uzun siireli kullanim sicakligina sahiptir [2].

Ancak, saf PPS’in kirillgan yapis1 darbe toklugunu sinirlandirmakta ve bu durum
uygulama alanlarin kisitlamaktadir. Bu eksikligi gidermek amaciyla PPS matrisi,
cam, karbon, aramid ve bazalt gibi yiiksek dayanimli liflerle takviye edilerek
kompozit hale getirilmektedir [3]. Bu tiir takviyeler, PPS kompozitlerinin
mekanik, termal ve yorulma performanslarini 6nemli olgiide artirmaktadir.
Ozellikle cam lifi, diisiik maliyeti ve yiiksek dayanimi sayesinde PPS ile birlikte
en yaygin kullanilan takviye malzemelerinden biridir.

Polimer matrisli kompozitlerin mekanik performansi, takviye elyafi ile matris
arasindaki arayiizey etkilesiminin kalitesine dogrudan baghdir. “Sizing” (cam
elyaf ylizey kaplamalari), lif-matris arayiizeyinde kimyasal ve fiziksel bag
olusturarak biitiinliik saglar [4]. Bu ¢alismada cam elyaf yiizeyine uygulanan
farkli organik baglayici kaplamalarin PPS (polifenilen siilfiir) matrisi ile uyumu,
pull-out testi yontemiyle degerlendirilmistir.

Farkli fonksiyonel gruplar iceren silan ve film yapici kaplamalar elyaf ¢ekme
sisteminde cam elyaf yiizeyine farkli oranlarda uygulanarak elyaflar iiretilmistir.
Uretilen cam elyaflari radyo frekans ve konvensiyonel ydntemler ile kiirlenmistir.
Elde edilen cam elyaflarin PPS ile uyumu Fimabond pull-out test yontemi ile
incelenmistir. Cam elyaf ile PPS matrisi arasindaki arayiizey etkilesimini
degerlendirmek amaciyla gerceklestirilen pull-out test siirecinde, ilk olarak, PPS
matrisi 320°C’de kontrollii bir sekilde 1sitilarak eriyik hale getirilir. Bu sicaklik
araligi, PPS’in viskozitesinin cam elyaf yiizeyine yayilabilecek seviyeye
ulagmasini saglar. Isitma islemi tamamlandiktan sonra, tek bir cam elyaf lifi,
eriyik PPS igerisine merkezlenmis ve sabit bir uzunlukta dikkatlice daldirilir.
GOomme isleminin ardindan, sistem sabit sicaklikta belirli bir siire tutularak
kiirlenir. Bu siirede arayiizeyde kimyasal ve fiziksel bag olusumu gerceklesir ve
mikro dlgekte kompozit yapi elde edilmistir. Elde edilen yap1 gekme test cihazina
yerlestirilir ve cam elyaf, gomiilii oldugu PPS matrisinden ¢ekilerek ayrilir. Bu
¢cekme islemi sirasinda elde edilen yiik-yer degistirme verileri kullanilarak,
arayiizey kuvveti Denklem 1’e gore hesaplanir [5].

_ Fmaks
Tapp = ol Eq.1.
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Sonuglara gore, cam elyaf yiizeyine uygulanan baglayici yapisinin, PPS matrisi
ile olan etkilesimde belirleyici oldugu tespit edilmistir. Bu durum, lifin matris
icinde daha yiiksek cekme kuvvetlerine dayanmasini saglamis ve araylizey
dayanimini artirmistir. Sadece amin bazli ve epoksi bazli silan kapl cam elyaflar
ile hazirlanan PPS numunelerinde araylizey kuvveti sirasiyla 39,7 ve 34,2 MPa
olarak Sl¢lilmiistiir. Silan ile birlikte film yapict malzemelerin kullanilmasi ile
araylizey kuvveti artarak 67,7 MPa elde edilmistir. Ayrica, kaplama kalinligi,
kurutma ozellikleri ve kiirleme sicakligi gibi parametrelerin de araylizey
performanst iizerinde dnemli etkileri oldugu gozlemlenmistir.

Bu calisma PPS uyumlu cam elyaf iirin gelistirilmesine ve performansinin
degerlendirilmesi i¢in bir yontem olusturmasi agisindan 6nem tasimaktadir.

Anahtar Kelimeler: [Polifenilen Siilfiir (PPS), Cam Elyaf- Baglayici, Arayiizey
Dayanimi, Pull-Out Testi]
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Abstract

High-density polyethylene (HDPE) is a thermoplastic material widely preferred
in various engineering applications due to its chemical resistance and low cost.
However, in applications where enhanced mechanical and thermal performance
is required, the properties of neat HDPE must be improved. In this study, the
changes in mechanical and thermal properties of neat HDPE, 10 wt% glass fiber
(GF)-reinforced HDPE composite, and 10 wt% carbon fiber (CF)-reinforced
HDPE composite—produced via material extrusion-based additive
manufacturing (AM)—were comparatively investigated after being aged under
conditioned atmospheric environments (including humidity, temperature, and salt
spray exposure) for different durations (2 weeks, 4 weeks, and 8 weeks).

Glass fiber reinforcement increased the stiffness of HDPE while relatively
preserving its impact resistance; carbon fiber reinforcement significantly
improved the modulus but slightly increased brittleness. During the aging period,
a decrease in thermal stability was observed in all materials, with neat HDPE
exhibiting the most pronounced deterioration in mechanical properties. In
contrast, fiber-reinforced composites showed greater resistance to degradation
under the same conditions. Additive manufacturing offers advantages such as low
production cost, geometric flexibility, and freedom in material design, making it
a suitable technique for the fabrication of such polymer matrix composites. This
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study highlights the importance of fiber reinforcement and manufacturing method
in enhancing the suitability of HDPE-based composites for outdoor applications.

Keywords: [Thermoplastic composites, Additive manufacturing, Environmental
aging]

Ozet

Yiiksek yogunluklu polietilen (HDPE), kimyasal dayanimi ve diisiikk maliyeti
sebebiyle birgok miihendislik uygulamasinda tercih edilen bir termoplastiktir.
Ancak, mekanik ve termal performans gereksinimlerinin artti§1 uygulamalarda
saf HDPE’nin o6zelliklerinin gelistirilmesi gerekmektedir. Bu c¢alismada,
malzeme ekstriizyonu temelli eklemeli imalat (El) yontemiyle iiretilen saf HDPE,
agirlikga %10 cam elyaf takviyeli HDPE kompozit ve agirlik¢a %10 karbon elyaf
takviyeli HDPE kompozitlerin farkli siirelerde (2 hafta, 4 hafta ve 8 hafta)
kosullandirilmis atmosfer sartlarinda (nem, sicaklik ve tuz sisi etkisi)
yaslandirilmas1 sonrasi mekanik ve termal Ozelliklerindeki degisimler
karsilagtirmali olarak incelenmistir.

Cam elyaf takviyesi, HDPE'nin rijitligini artirirken darbe dayanimini nispeten
korumus; karbon elyaf takviyesi ise yliksek modiil artig1 saglarken kirillganlig bir
miktar artirmistir. Yaslandirma siiresi boyunca tiim malzemelerde termal
kararlilikta azalma gozlenmis, ozellikle saf HDPE'de mekanik 6zelliklerde
belirgin diisiigler tespit edilmistir. Buna karsin, fiber takviyeli kompozitlerde
yapinin bozulmaya kars1 daha direngli oldugu goriilmiistiir.

Eklemeli imalat yontemi, diisiik tiretim maliyeti, geometrik esneklik ve malzeme
tasarimindaki 6zgiirliik nedeniyle bu tiir polimer matrisli kompozitlerin {iretimi
icin avantajli bir teknolojidir. Bu ¢alisma, HDPE esasl kompozitlerin dis ortam
uygulamalarina uygunlugunun artirilmasi amaciyla elyaf takviyesinin ve tiretim
yonteminin Onemini ortaya koymaktadir.

Anahtar Kelimeler: [Termoplastik kompozitler, Eklemeli imalat, Cevresel
yaslanma]
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Abstract

Composite materials are basically classified as polymer, ceramic and metal
matrix composites according to their matrix material. Due to their many superior
properties such as low density and high mechanical strength, polymer matrix
composite materials are widely used in defense, aviation, automotive, marine,
biomedical, energy, construction, furniture, sports etc. sectors [1-4]. In the field
of aerospace and aviation, carbon and other fiber reinforced composite materials
are used to provide desired properties such as high specific strength, fuel
economy, corrosion, fatigue resistance, and radar absorption [5-8]. Inadequate
flow of the resin during the molding process or improper curing conditions can
cause porosity. For this reason, curing in the appropriate temperature range is
recommended [3]. However, it is thought that the heating rate during curing is
also important as the curing temperature and time are effective in the product
quality [4]. On the other hand, it is understood that a high heating rate during
curing causes significant warpage in the produced composite part [9]. There are
few studies in the literature where the heating rate is specifically evaluated as an
independent parameter during the curing process [10-11]. It is understood that the
optimum heating rate provides some important gains in production and product
properties. Such studies should be carried out specifically for different
reinforcement-matrix systems and composite parts. In this study, it is aimed at
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evaluating the effect of the heating rate during the curing process on the properties
of the polymer matrix composite material in the light of the literature.

Keywords: [Polymer matrix composite materials, Epoxy, Curing process,
Heating rate]

Ozet

Kompozit malzemeler temel olarak sahip oldugu matris malzemeye gore polimer,
seramik ve metal matris kompozitler olarak siniflandirilmaktadir. Diisiik
yogunluk, yiiksek mekanik dayanim gibi bir¢ok lstlin 6zellikleri nedeniyle,
savunma, havacilik, otomotiv, denizcilik, biyomedikal, enerji, insaat, mobilya,
spor vb. sektorlerde polimer matris kompozit malzemeler yaygin olarak
kullanilmaktadir [1-4]. Uzay ve havacilik alaninda karbon ve diger fiber takviyeli
kompozit malzemeler kullanilarak yiiksek 6zgiil mukavemet, yakit ekonomisi,
korozyon, yorulma dayanimi, radar sogurumu gibi arzu edilen 6zellikler temin
edilmektedir [5-8]. Reginenin kaliplama siirecinde uygun sekilde akmamasi veya
uygun olmayan kiirleme sartlar1 poroziteye neden olabilmektedir. Bunun i¢in
uygun sicaklik araliginda kiirleme Onerilmektedir [3]. Ancak olusan iiriin
kalitesinde kiirleme sicaklik ve siiresi etkili oldugu kadar [4], kiirleme sirasindaki
1sitma hizmin da énemli oldugu diisiiniilmektedir. Ote yandan kiirlemede sicaklik
artis hizinin yiikksek olmasi diretilen kompozit par¢ada Onemli derecede
carpilmaya neden oldugu anlasilmaktadir [9]. Literatiirde, kiirleme islemi
sirasinda 1sitma hizinin bagimsiz bir degisken olarak incelendigi sinirli sayida
calisma bulunmaktadir [10-11]. Optimum 1sitma hizinin, {iretimde ve iirlin
ozelliklerinde bazi Onemli kazanimlar sagladigi anlagilmaktadir. Bu tiir
incelemelerin farkli takviye-matris sistemleri ve kompozit pargalar &zelinde
gergeklestirilmesi  gerekmektedir. Bu ¢alismada literatiir 1s1gmnda kiirleme
stirecinde 1s1tma hizinin polimer matris kompozit malzeme 6zelliklerine etkisinin
degerlendirilmesi amaglanmaktadir.

Anahtar Kelimeler: [Polimer matris kompozit malzemeler, Epoksi, Kiirleme
islemi, Isitma hizi]
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MIKRODALGAYLA KURLEMENIN

CAM ELYAF TAKVIYELI ELIUM TERMOPLASTIK
KOMPOZIT MALZEMELERIN URETIMINE ETKISi

EFFECT OF MICROWAVE CURING ON GLASS FIBER
REINFORCED ELIUM THERMOPLASTIC COMPOSITE
PRODUCTION

Mete Kayihan!, Pelin Beyza Saglam!, Buse Giileg!, Mustafa Bakkal'

Istanbul Technical University, Mechanical Engineering Faculty, Giimiissuyu,
Inénii Cd. No:65, Beyoglu, Istanbul 34437, Tiirkiye

kayihanm@itu.edu.tr

Abstract

Microwave curing technology offers a faster and more efficient alternative in
polymer composite material production compared to traditional methods. It also
increases the mechanical properties of the material. This study aims to provide an
optimized production to meet the requirements of the automotive sector in terms
of light weighting, durability, environmental sustainability and production
efficiency with an innovative method. In this context, the materials will first be
produced with the classical resin transfer molding method and the mechanical
properties of these samples will be characterized by tensile, three-point bending
and impact tests. On the other hand, the polymer composite material was cured
with microwaves in different temperature and different duration scenarios.
Mechanical characterization tests were completed similar to the first produced
samples. As a result of these tests, it was observed that the samples preheated to
40 °C with microwaves had the highest tensile strength and elongation at break.
The samples without microwave curing method remained at the lowest strength
and elongation at break.

Keywords: [glass fiber, Elium, thermoplastic, microwave curing, mechanical
properties]
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Ozet

Mikrodalga kiirleme teknolojisi, geleneksel yontemlere kiyasla polimer kompozit
malzeme tretiminde daha hizli ve verimli bir alternatif sunmaktadir. Aym
zamanda malzemenin mekanik o6zelliklerinin de artisin1 saglamaktadir. Bu
calisma, ozellikle otomotiv sektoriiniin hafiflik, dayaniklilik, inovatif bir metotla
cevresel siirdiiriilebilirlik ve tiretim verimliligi gereksinimlerini karsilamak i¢in
optimize bir {iretim sunmay:r hedeflemektedir. Bu kapsamda ilk olarak
malzemeler klasik regine transfer kaliplama yoOntemiyle iiretilecek ve bu
numunelerin mekanik 6zellikleri ¢ekme, li¢ nokta egme ve darbe testleriyle
karakterize edildi. Diger yandan, polimer kompozit malzeme farkli sicaklik ve
farkl1 siirelerdeki senaryolarda mikrodalga ile kiirleme islemi uygulandi. ilk
iretilen numunelere benzer sekilde mekanik karakterizasyon testleri tamamlandi.
Bu testler sonucunda mikrodalgayla 40 °C'ye 6n 1sitilan numunelerin en yiiksek
cekme mukavemeti ve kopma uzamasi degerine sahip oldugu goézlemlendi.
Mikrodalga kiirleme yontemi uygulanmayan numuneler ise en diisiik mukavemet
ve kopma uzamasi degerinde kaldi.

Anahtar Kelimeler: [cam elyaf, Elium, termoplastik, mikrodalgayla kiirleme,
mekanik 6zellikler]
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CAM ELYAF TAKVIYELI ELIUM TERMOPLASTIK
KOMPOZIT MALZEMELERIN GERi DONUSUMUNUN

MEKANIK OZELLIiKLERE ETKIiSI

EFFECT OF RECYCLING GLASS FIBER REINFORCED ELIUM
THERMOPLASTIC COMPOSITE MATERIALS ON MECHANICAL
PROPERTIES

Mete Kayihan!, Berfin Cevlani', Mustafa Bakkal'
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Inénii Cd. No:65, Beyoglu, Istanbul 34437, Tiirkiye

kayihanm@itu.edu.tr

Abstract

Thermoplastic materials are of vital importance for sustainable manufacturing
because they are recyclable. In this study, the effect of mechanical and/or
chemical recycling on the mechanical properties of glass fiber reinforced Elium
thermoplastic composites that have been previously damaged in various ways is
discussed. In mechanical recycling, materials are ground into powder or granules
to produce new products, while polymer matrices are separated by chemical
processes to recover the reinforcement fibers. After all recycling processes, the
materials are remanufactured using resin transfer molding. Then, samples are
prepared and subjected to tensile, three-point bending and impact tests. As a result
of the tests, it was revealed that although a large decrease in the tensile strength
of the material was observed in the first recycling, these mechanical properties
improved to a certain point as the recycling process continued, and then no further
increase was observed.

Keywords: [glass fiber, Elium, thermoplastic, recycling, mechanical properties]
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Ozet

Termoplastik malzemeler geri doniistiiriilebilir oldugu i¢in siirdiiriilebilir imalat
icin hayati bir 6neme sahiptir. Bu ¢alismada, daha o6nce gesitli sekilde hasar almig
cam elyaf takviyeli Elium termoplastik kompozitlerin mekanik ve/veya kimyasal
geri doniistiiriilmesinin mekanik o6zelliklerine etkisinden bahsedilmektedir.
Mekanik geri doniistirmede malzemeler Ggiitiilerek toz veya graniil haline
getirilip tekrardan yeni {iriinler {iretilirken polimer matrisler kimyasal siireclerle
ayrigtirilarak takviye elemani elyaflarin da kurtarilmasi saglandi. Tiim geri
doniislim slireglerinin ardindan malzemeler recine transfer kaliplamayla
tekrardan {iretildi. Ardindan numuneler hazirlanarak ¢ekme, iic nokta egme ve
darbe testine tabi tutuldu. Testler sonucunda ilk geri doniisiimde malzemenin
¢ekme mukavemetinde biiyiik bir diisiis gézlemlense de geri doniisiim islemine
devam edildikge bu mekanik 6zelliklerin bir noktaya kadar iyilestigi ardindan ise
artik bir artis gézlemlenmedigi ortaya koyuldu.

Anahtar Kelimeler: [cam elyaf, Elium, termoplastik, geri doniisiim, mekanik
ozellikler]
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Abstract

Wearable energy harvesting technologies necessitate the development of
lightweight, flexible, and mechanically responsive materials.! In this study,
triboelectric nanogenerators (TENGs) were fabricated using spacer fabrics
functionalized with nanomaterial-enhanced polymer coatings. Triboelectric
layers based on polydimethylsiloxane (PDMS) and polyvinylidene fluoride
(PVDF) were reinforced with conductive nanomaterials and deposited onto the
spacer fabric via spin coating. The porous and flexible structure of the spacer
fabric enhanced the efficiency of contact-separation cycles, while the
incorporation of nanomaterials significantly improved surface charge density and
output performance.> The TENG devices were characterized under periodic
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mechanical excitation using a digital oscilloscope, yielding stable voltage signals
suitable for powering low-power wearable electronic systems. This work offers a
scalable approach toward self-powered wearable platforms by integrating
nanostructured functional films with textile-based systems.>

Keywords: [Triboelectric nanogenerator, energy harvesting, nanomaterials]

Ozet

Giyilebilir enerji hasadi teknolojileri, hafif, esnek ve mekanik harekete duyarh
malzemelere duyulan ihtiyaci beraberinde getirmektedir.! Bu ¢alismada,
nanomalzeme katkili polimer kaplamalarla fonksiyonellestirilmis spacer
kumaglar kullanilarak triboelektrik nanojeneratorlerin  (TENG) {iretimi
gerceklestirilmistir. Polidimetilsiloksan (PDMS) ve poliviniliden floriir (PVDF)
esasl triboelektrik tabakalar, iletken nanomalzemelerle gii¢lendirilerek spacer
kumas iizerine spin coating yontemiyle kaplanmistir. Spacer kumasin gézenekli
ve esnek yapisi, temas-ayrilma dongilerinin verimliligini artirirken,
nanomalzeme katkis1 yiizey ylik yogunlugunu ve c¢ikti performansini énemli
olgiide iyilestirmistir.? TENG yapilari, periyodik mekanik uyarim altinda dijital
osiloskop araciligiyla karakterize edilmis ve diisiik giiclii giyilebilir elektronik
sistemleri beslemeye uygun kararli voltaj sinyalleri elde edilmistir. Bu ¢alisma,
tekstil tabanli sistemlerle entegre edilebilen nanoyapili fonksiyonel filmler
araciligryla 6lgeklenebilir, kendi kendine enerji tliretebilen giyilebilir platformlara
yonelik yeni bir yaklasim sunmaktadir.’

Anahtar  Kelimeler:  [Triboelektrik =~ Nanojeneratér,  Enerji ~ Hasadi,
Nanomalzemeler]
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CVD POLIMER KAPSULLEME YOLUYLA QD TABANLI
SENSORLERIN ISIL DIRENCININ
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Abstract

Quantum dots (QDs) are semiconductor nanomaterials that emit
photoluminescence (PL) with tunable wavelengths [1]. Due to their good
conductivity and luminescence, high resistance to deterioration of fluorescence,
narrow emission bands and broadband optical absorption, they have great
promise for use in sensor fabrication and have been attracting increasing attention
in sensing [2]. Some environmental conditions, particularly temperature, pose
critical problems for polymer sensor nanoprobes, reducing the lifetime of sensor
structures. Several approaches were pursued to overcome the challenges
encountered in developing sensor structures using QDs. The encapsulation of
QDs is one of the most promising solutions to ensure the successful preservation
of the functional properties of the QDs, as well as to impart mechanical strength
and durability to the surface. When examined the recent studies in the literature,
few efforts are focused on the increasing mechanical strength of QD-bonded
surfaces using encapsulation. Ideally, a protective coating for encapsulation
should provide acceptable chemical and/or physical protection. In this context,
polymer coatings are of great interest, as they can protect sensor surfaces from
physical and chemical damage. Compared to wet methods, which suffer from
long fabrication times and substrate degradation due to solvents and impurities,
chemical vapor deposition (CVD) is a highly advantageous, solvent-free coating

120


mailto:merveozpirin@iyte.edu.tr

method that provides the smoothest and most uniform cross-linked polymer
coatings [3-5].

Here we present studies on how the encapsulation of a polymer-based quantum
dot (QD) sensor nanoprobe preserves its fluorescence properties, particularly with
regard to the effect of temperature. A highly mechanically resistant copolymer
thin film containing glycidyl methacrylate (GMA) and ethylene glycol
dimethylacrylate (EGDMA) was fabricated via CVD to encapsulate the sensor
nanoprobe. Thermal resistance and fluorescence properties of polymer
encapsulation films were evaluated. Fluorescence analysis revealed that the
sensor nanoprobe retained its fluorescence after encapsulation with cross-linked
copolymer and also when exposed to high temperature environments in its
encapsulated form. Comparing sensor nanoprobes before and after annealing
proved that the encapsulated sensor nanoprobes could be used in a high-
temperature environment without degrading the QD fluorescence performance.

Keywords: [Protective coating, quantum dots (QDs), sensor nanoprobe, cross-
linked copolymer thin film, chemical vapor deposition (CVD).]

Ozet

Kuantum noktalar1 (QD'ler), ayarlanabilir dalga boylarinda fotoliiminesans (PL)
yayan yar1 iletken nanomalzemelerdir [1]. Iyi iletkenlikleri ve liiminesanslari,
floresansin bozulmasina karsi yiiksek direngleri, dar emisyon bantlar1 ve genis
bant optik absorpsiyonlari nedeniyle, sensor iiretiminde kullanim igin biiyiik
umut vaat etmekte ve algilamada artan bir sekilde ilgi géormektedirler [2]. Bazi
cevresel kosullar, 6zellikle sicaklik, sensdr nanoproblari igin kritik sorunlar
olugturmakta ve sensOr yapilarmin kullanim Omriinii azaltmaktadir. QD'ler
kullanilarak sensor yapilarinin  gelistirilmesinde karsilasilan  zorluklarin
istesinden gelmek icin g¢esitli yaklagimlar uygulanmistir. QD'lerin
kapsiillenmesi, QD'lerin fonksiyonel 0&zelliklerinin basarili  bir sekilde
korunmasini saglamanin yami sira yiizeye mekanik glic ve dayamiklilik
kazandirmak igin en umut verici ¢Oziimlerden biridir. Literatiirdeki son
calismalar incelendiginde, kapsiilleme kullanilarak QD baglh yiizeylerin mekanik
dayaniminin artirilmasina odaklanan ¢ok az calisma oldugu gériilmektedir. Ideal
olarak, kapsiilleme icin koruyucu bir kaplama kabul edilebilir kimyasal ve/veya
fiziksel koruma saglamalidir. Bu baglamda, sensor yiizeylerini fiziksel ve
kimyasal hasarlardan koruyabildikleri i¢in polimer kaplamalar biiylik ilgi
gormektedir. Coziciiler ve safsizliklar nedeniyle uzun iiretim siireleri ve alttag
bozulmasindan muzdarip olan 1slak yontemlerle karsilastirildiginda, kimyasal
buhar biriktirme (CVD), en piiriizsiiz ve en diizgiin ¢apraz bagli polimer
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kaplamalar1 saglayan olduk¢a avantajli, ¢oziicii kullanilmayan bir kaplama
yontemidir [3-5].

Burada, polimer bazli bir kuantum nokta (QD) sensér nanoprobunun
kapsiillenmesinin, 6zellikle sicakligin etkisiyle ilgili olarak QD’in floresan
Ozelliklerini nasil korudugu iizerine yapilan calismalari sunuyoruz. Sensor
nanoprobunu kapsiillemek i¢cin CVD yoluyla glisidil metakrilat (GMA) ve etilen
glikol dimetilakrilat (EGDMA) iceren mekanik olarak oldukca direngli bir
kopolimer ince film iiretilmistir. Polimer kapsiilleme filmlerinin termal direng ve
floresan ozellikleri degerlendirilmistir. Floresan analizi, sensér nanoprobunun
capraz bagli kopolimer ile kapsiillenme sonrasinda ve ayrica kapsiillii hali ile
yiiksek sicaklik ortamlarina maruz kaldiginda sensoér nanoprobun floresan
ozelligini korudugunu ortaya koymustur. Sensér nanoproblarin tavlama 6ncesi ve
sonrast karsilagtirilmasi, kapstillenmis sensér nanoproblarin QD'lerin floresan
performansini  diisiirmeden yiiksek sicaklik ortaminda kullanilabilecegini
kanitlanmustir.

Anahtar Kelimeler: [Koruyucu kaplama, kuantum noktalar1 (QD'ler), sensor
nanoprobu, ¢apraz bagli kopolimer ince film, kimyasal buhar biriktirme (CVD).]
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Abstract

An innovative epoxy system consisting of a single component was created by
combining Araldite LY 1564—a bisphenol A-based epoxy resin—with two
curing agents: triethylenetetramine (TETA), which reacts at low temperatures,
and dicyandiamide (DICY), a latent hardener activated by heat. This resin
mixture was applied to twill carbon fiber fabric and partially cured at a low
temperature, resulting in a prepreg material with slight crosslinking that remains
stable under room temperature conditions. By varying the amount of TETA, the
team was able to precisely adjust key processing and performance traits of the
prepreg, including its viscosity, flow characteristics, glass transition temperature
(Tg), drapeability, and tackiness. A strong connection was observed between the
prepreg’s viscosity and Tg and its ease of draping and surface tack. To evaluate
how easily the material could be handled during manufacturing, ASTM D 1388
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for drapeability measurement was conducted. Final curing was successfully
carried out at 140 °C using the TLC-5 system, significantly reducing the required
cure temperature by around 40 °C compared to using DICY alone. The prepreg’s
drapeability was found to influence the interlaminar shear strength and void
content of the finished composites. These findings underscore the potential of
tailoring epoxy prepregs for better handling and customizable curing to meet the
needs of advanced composite applications.

Keywords: [One component epoxy resin, Dual cure prepreg, Tackiness, ILSS,
Drapeability]

Ozet

Is1 ile aktive olan gizli bir sertlestirici olan disiyandiamid (DICY) ve diisiik
sicakliklarda tepkimeye giren tri(etilen)tetramin (TETA) ile bisfenol A bazli bir
epoksi reginesi olan Araldite LY 1564’iin birlestirilmesiyle, tek bilesenli yenilikei
bir epoksi sistemi gelistirilmistir. Bu regine karisimi dimi dokuma karbon fiber
kumasa emdirilmis ve disiik sicaklikta kismi kiirleme uygulanarak, ortam
sicakliginda kararliligin1 koruyan hafif ¢apraz baglh bir prepreg malzeme elde
edilmistir. TETA miktarinin degistirilmesiyle, prepregin viskozite, akis
ozellikleri, cam gecis sicakligl (Tg), sekil verilebilirlik (drapeability) ve ylizey
yapigkanlig1 gibi 6nemli isleme ve performans Ozellikleri hassas bir sekilde
ayarlanabilmistir. Prepregin viskozitesi ve Tg degeri ile sekil verilebilirlik ve
ylizey yapiskanlig1 arasinda giiclii bir iliski gdzlemlenmistir. Malzemenin iiretim
siirecinde ne kadar kolay islenebilecegini degerlendirmek icin sekil verilebilirlik
Olciimii ASTM D 1388 standardina gore gergeklestirilmistir. Nihai kiirleme,
sadece DICY kullanmldiginda gerekenden yaklasik 40 °C daha diisiik bir
sicaklikta, TLC-5 sistemi kullanilarak 140 °C’de basariyla tamamlanmistir.
Prepregin sekil verilebilirliginin, elde edilen kompozitlerin ara katman kayma
dayanimi (ILSS) ve bosluk igerigi tizerinde etkili oldugu goriilmiistiir. Bu
sonuglar, gelismis kompozit uygulamalari i¢in islenebilirligi yiiksek ve kiirlenme
davranisi ayarlanabilir epoksi prepreglerin tasarlanabilecegini gostermektedir.

Anahtar Kelimeler: [Tek bilesenli epoksi recine, Cift ¢evrim kiirlemeli prepreg,
Yapiskanlik, ILSS, Form verilebilirlik]
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EPOKSI iLE KURLENMIS LIGNIN TAKVIYELI
SURDURULEBILIR KAUCUK KOMPOZITLER

EPOXY-CURED SUSTAINABLE RUBBER COMPOSITES
REINFORCED WITH LIGNIN
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Abstract

Rubbers are typically known for their mechanical robustness, chemical
resistance, and long-term durability, which originate from the covalently
crosslinked polymer networks formed during vulcanization; however, the
traditional sulphur curing system is not environmentally friendly due to toxic
compounds such as accelerator tetramethyl thiuram disulfide (TMTD) and zinc
oxide (ZnO) and toxic volatile organic compounds can be formed, such as SO,
and NOy, during the curing [1,2]. Additionally, the replacement of traditional
fillers like carbon black (CB) is considered another critical step toward
environmentally friendly rubber composites. At this point, lignin can be good
alternative [3]. Although lignin shows remarkable properties such as low density
and affordability, renewable nature and high antioxidant capacity attributed to its
phenolic nature, only around 2% of technical lignin can be used as value added
product due to its complex and heterogeneous structure. Furthermore, lignin
exhibits poor compatibility with rubber matrix. To overcome these drawbacks,
different methods were performed in literature such as fractionation, nanoparticle
preparation and modification [3-7].

In this study, to obtain better dispersion in rubber matrix, trimethylolpropane
triglycidyl ether (TMPTE) was introduced with lignin to obtain synergetic effect
in carboxylated nitrile rubber (XNBR). The reaction between XNBR and TMPTE
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was confirmed by FT-IR analysis. With lignin contents up to 20 phr,
improvements were observed in both mechanical and rheological properties.
Also, epoxy curing system was compared with dicumyl peroxide (DCP) curing
system.

Keywords: [Lignin, Epoxy crosslinking, XNBR, Sustainable rubber composites]

Ozet

Kauguklar, genellikle mekanik dayanikliliklari, kimyasal direngleri ve uzun
Omiirlii yapilari ile bilinir. Bu 6zellikler, vulkanizasyon sirasinda olusan kovalent
capraz bagl polimer aglarindan kaynaklanmaktadir. Ancak geleneksel siilfiir
kiirleme sistemi, tetrametil tiuram disiilfir (TMTD) ve ¢inko oksit (ZnO) gibi
toksik bilesikler igermesi ve kiirleme sirasinda SO2 ve NOx gibi yine toksik ugucu
organik bilesiklerin olusabilmesi nedeniyle ¢evre dostu degildir [1,2]. Ayrica,
karbon siyah1 (CB) gibi geleneksel dolgu maddelerinin degistirilmesi, ¢evre dostu
kauguk kompozitlere gegiste 6nemli bir adimdir. Bu noktada lignin, iyi bir
alternatif olabilir [3]. Diisiikk yogunluk, uygun maliyet, yenilenebilir yap1 ve
fenolik yapisindan kaynaklanan yiiksek antioksidan kapasite gibi dikkat cekici
Ozelliklerine ragmen, teknik ligninin yalnizca yaklasik %2’si katma degerli
iiriinlerde kullanilabilmektedir. Bunun baslica nedeni ligninin karmasik ve
heterojen yapisidir. Ayrica lignin, kauguk matrisi ile zayif bir uyumluluk
sergilemektedir. Bu dezavantajlarin {istesinden gelmek icin literatiirde
fraksiyonlama, nanoparcacik iiretimi ve modifikasyon gibi cesitli yontemler
uygulanmgtir [3-7].

Bu ¢alismada, kauguk matris i¢inde daha iyi dagilma saglamak amaciyla,
karboksilli nitril kauguk (XNBR) sisteminde lignin ile birlikte trimetilolpropan
triglisidil eter (TMPTE) kullanilmis ve sinerjik bir etki elde edilmesi
hedeflenmistir. XNBR ile TMPTE arasindaki reaksiyon, FT-IR analizi ile
dogrulanmistir. Lignin miktar1 20 phr seviyesine kadar artirildiginda hem
mekanik hem de reolojik 6zelliklerde iyilesmeler gdzlemlenmistir. Ayrica epoksi
kiirlenme sistemi, dikumil peroksit (DCP) kiirlenme sistemi ile karsilastirilmustir.

Anahtar Kelimeler: [Lignin, Epoksi bazli kiirleme, XNBR, Siirdiirtilebilir kauguk
kompozitler]
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PARAMETRELERININ TAHMINIi
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Abstract

This study focused on estimating the cure kinetics of carbon/epoxy prepregs
enhanced with functionalized single-wall carbon nanotubes (F-SWCNTs) using
dynamic differential scanning calorimetry (DSC) data with an optimization
technique. The epoxy resin systems were modified with 0.05, 0.1, and 0.2 wt%
F-SWCNTs, which were impregnated onto carbon fibers (CFs). The curing
behavior and thermal properties of the modified systems were investigated, and
kinetic parameters were identified. DSC data obtained from CF/epoxy prepregs
containing F-SWCNTs were utilized to validate the proposed methodology. To
determine the kinetic parameters—namely, the pre-exponential factor (A) and

activation energy (E)—in the reaction rate expression 4« =" exp (—i) f(a)
ar B RT

an optimization approach was implemented. The derivative values were

approximated from the DSC data using the finite difference method, and the

127


mailto:neslisah.karabas@ieu.edu.tr

kinetic parameters A and E were extracted using the nonlinear least squares
method. The results were then compared with those obtained from the KAS,
Kissinger, and GMN methods. All numerical computations were performed using
R Studio software.

Keywords: [Cure Kinetics, DSC, Optimization]

Ozet

Bu ¢alisma, fonksiyonellestirilmis tek duvarli karbon nanotiipler (F-SWCNT’ler)
ile giiclendirilmis karbon/epoksi prepreglerin kiir kinetiginin, dinamik
diferansiyel taramali kalorimetri (DSC) verileri kullanilarak ve bir optimizasyon
teknigi araciligiyla tahmin edilmesine odaklanmistir, %0.05, %0.1 ve %0.2
agirlik oranlarinda F-SWCNT’ler ile modifiye edilmis epoksi recine sistemleri
karbon liflerine (CF) emdirilmistir. Modifiye sistemlerin kiir davranisi ve termal
ozellikleri incelenmis ve kinetik parametreler belirlenmistir. F-SWCNT igeren
CF/epoksi prepreglere ait DSC wverileri, Onerilen yontemin dogrulanmasi

amaciyla kullanilmistir. Reaksiyon hizi ifadesinde _d« =4 exp (—i) f(a)
ar B RT

yer alan kinetik parametreleri— 6n iistel faktor (4) ve aktivasyon enerjisi (£) —
belirlemek igin bir optimizasyon yontemi uygulanmigtir. DSC verilerinden tiirev
degerleri sonlu farklar yontemi ile yaklasik olarak hesaplanmis, 4 ve E
parametreleri ise dogrusal olmayan en kiiciik kareler yontemiyle elde edilmistir.
Elde edilen sonuclar KAS, Kissinger ve GMN yontemleri ile karsilastirilmigtir.
Ti{im sayisal hesaplamalar R Studio yazilimi kullanilarak gerceklestirilmistir.

Anahtar Kelimeler: [Cure Kinetics, DSC, Optimization]
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STATIK VE DARBE YUKLERI ALTINDA

TERMOPLASTIK KOMPOZIT BAZLI SANDVIC
PANELLERIN DENEYSEL INCELENMESI

EXPERIMENTAL INVESTIGATION OF THERMOPLASTIC
COMPOSITE BASED SANDWICH PANELS UNDER STATIC AND
IMPACT LOADING
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Abstract

Thermoplastic composites provide elevated specific strength and modules, in
addition to benefits like recyclability and ease of fabrication. This study examines
sandwich panels made of woven unidirectional (UD) glass/polypropylene
(GF/PP) tape face sheets and circular cell polypropylene (PP) cores. The
mechanical performance of these sandwich panels was assessed using
experimental and computational methods under static and impact loading
conditions.

Face sheets were produced from plain woven GF/PP UD tapes compressed at
185°C in a mold, resulting in a final thickness of 0.25 mm and a fiber volume
fraction of around 65%. The sandwich core was fabricated by PP using an
extrusion mold. In this study, the primary aim was to design an optimum electric
vehicle battery box with increased resistance to static and impact loads.
Three-point bending and penetration tests were performed to assess performance
under static and dynamic impact loading. The findings indicated that thin woven
composite sheets reduced the penetration depth of steel tips by more than 50%
and increased the bending resistance of the circular cell polypropylene core by
more than 40%.
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Keywords: [Thermoplastic composites, Glass fiber/Polypropylene, 2D woven
continuous tape, circular cell PP core]
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Ozet

Termoplastik kompozitler, geri doniistiiriilebilirlik ve iretim kolayligi gibi
faydalarin yani sira ylikseltilmis 6zgil mukavemet ve modiiller saglar. Bu
calisma, dokunmus tek yonlii (UD) cam/polipropilen (GF/PP) bant ylizey
levhalarindan ve dairesel hiicre polipropilen (PP) cekirdeklerden yapilmis
sandvi¢ panelleri inceler. Bu sandvig¢ panellerin mekanik performansi, statik ve
darbe yiikleme kosullar1 altinda deneysel ve hesaplamali yontemler kullanilarak
degerlendirildi.

Yiizey levhalari, bir kalipta 185°C'de sikistirilmis, diiz dokunmus GF/PP UD
bantlardan tiretildi ve 0,25 mm'lik bir son kalinlik ve yaklasik %65'lik bir elyaf
hacim orani elde edildi. Sandvig¢ ¢ekirdek, bir ekstriizyon kalib1 kullanilarak PP
ile dretildi. Bu calismada oncelikli olarak statik ve darbe yiiklerine karst
dayanikliligi artirilmis optimum bir elektrikli arag batarya kutusu tasarimi
amagclandi.

Statik ve dinamik darbe yiiklemesi altinda performans: degerlendirmek igin g
noktali biikme ve penetrasyon testleri yapildi. Bulgular, ince dokunmug kompozit
levhalarin ¢elik uglarin penetrasyon derinligini %50'den fazla azalttigimi ve
dairesel hiicreli polipropilen ¢ekirdegin egilme direncini %40'tan fazla artirdigini
gosterdi.

Anahtar Kelimeler: [Termoplastik kompozitler, Cam elyaf/Polipropilen, 2D
dokuma siirekli bant, dairesel hiicre PP ¢ekirdek]
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CAM ELYAF TAKVIiYELi TERMOPLASTIK KOMPOZIT
MALZEMELERIN YORULMA HASAR ANALIZi

FATIGUE DAMAGE ANALYSIS OF GLASS FIBER REINFORCED
ELIUM THERMOPLASTIC COMPOSITE MATERIALS
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Abstract

In this study, the damage analyses of glass fiber reinforced Elium thermoplastic
composite materials, which have an increasing usage trend, were examined in
detail macroscopically and microscopically as a result of fatigue tests. The tests
were observed in tensile-tensile stress conditions in three different fiber
orientations (0°/90°, 0°/90°/45°, +45°) at room temperature at a constant
frequency and 5 different stress conditions. As a result of the tests, the samples
were first examined with an optical microscope and then the changes in the
matrix-fiber interface were followed with a scanning electron microscope. While
it was observed that the fractures occurred with fiber breakage in the sample with
0°/90° fiber orientation, there was a combined damage model such as both fiber
breakage and fiber pullout in the 0°/90°/45° fiber orientation. Since the samples
with £45° fiber orientation have a matrix-dominant fracture method, they reach
high displacement values before fracture.

Keywords: [glass fiber, Elium, thermoplastic, fatigue, damage analysis]
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Ozet

Bu calismada, artan bir kullanim trendine sahip olan cam elyaf takviyeli Elium
termoplastik kompozit malzemelerin yorulma testi sonucundaki hasar analizleri
makroskobik ve mikroskobik olarak detayli incelenmistir. Testler cekme-¢ekme
gerilme kosullarinda ¢ farkli elyaf yonlenmesinde (0°/90°, 0°/90°/45°, +45°) oda
sicakliginda sabit bir frekansta ve 5 farkli gerilme sartinda gozlemlenmistir.
Testler sonucunda numuneler 6nce optik mikroskopta incelenmis ardindan
taramali elektron mikroskobuyla matris elyaf arayliziindeki degisimler takip
edilmigtir. 0°/90° elyaf yonlenmesine sahip numunede kirilmalarin elyaf
kopmasiyla olustugu gézlemlenirken, 0°/90°/45° elyaf yonlenmesinde hem elyaf
kirilmasi hem de elyaf ¢ekmesi gibi bilesik bir hasar modeli bulunmaktadir. +45°
elyaf yonlenmesine sahip numuneler ise matris hakim bir kirtlma metoduna sahip
oldugu i¢in kirilmadan 6nce yliksek deplasman degerlerine ulasmaktadir.

Anahtar Kelimeler: [cam elyaf, Elium, termoplastik, yorulma, hasar analizi]
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Abstract

Fungal biomass derived from Rhizopus oryzae (RB) presents a promising
resource for the development of biocomposites compatible with the bio-based
circular economy model. In this study, Rhizopus oryzae EGE-F75 biomass was
produced via solid-state fermentation (SSF) under optimized conditions (initial
moisture: 79.84%, inoculum ratio: 28.01%, incubation time: 9.74 days) in
aluminum trays, and subsequently utilized as a reinforcement material in
polylactic acid (PLA)-based biocomposites. The biocomposites were fabricated
using a twin-screw extruder with RB incorporated at 5 wt% and 10 wt% into the
PLA matrix. The resulting materials were characterized in terms of their physical,
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thermal, mechanical, and morphological properties. The incorporation of RB led
to a reduction in mechanical strength; the tensile strength of the 10% RB/PLA
composite decreased by 23%, while the flexural modulus increased by 6%
compared to neat PLA. Thermally, the addition of RB delayed the thermal
decomposition of PLA and significantly reduced its thermal conductivity.
Notably, the addition of 5 wt% RB resulted in a 79% reduction in the thermal
conductivity of the PLA matrix. While RB may not be ideal for enhancing
mechanical performance or thermal stability, it demonstrates substantial potential
as a sustainable and effective thermal insulation material in biocomposite
applications.

Keywords: [Rhizopus oryzae, Solid State Fermentation, Biocomposite, Heat
Insulation]

Ozet

Rhizopus oryzae (RB) kokenli fungal biyokiitle, biyotabanli dongiisel ekonomi
modeline uyumlu biyokompozitlerin gelistirilmesi i¢cin umut vadeden bir kaynak
sunmaktadir. Bu ¢alismada, Rhizopus oryzae EGE-F75 susu, optimize edilmis
kosullarda (baslangi¢ nemi: %79,84, inokulum oran1: %28,01, inkiibasyon siiresi:
9,74 giin) aliminyum tepsilerde kati kiiltiir fermantasyonu (KFF) ile iiretilmis ve
polilaktik asit (PLA) esasli biyokompozitlerde takviye malzemesi olarak
kullanilmistir. RB, PLA matrisine %5 ve %10 oranlarinda ¢ift vidali ekstriider
kullanilarak eklenmis ve elde edilen biyokompozitler fiziksel, termal, mekanik
ve morfolojik Ozellikleri agisindan karakterize edilmistir. RB'nin PLA'ya
katilmasi, mekanik 6zelliklerde azalmaya yol agmistir; %10 RB igeren PLA
kompozitinin ¢ekme dayanimi %23 oraninda azalirken, egilme modiili %6
oraninda artmistir. Termal olarak, RB'nin eklenmesi PLA'nin termal bozunmasini
geciktirmis ve 1s1l iletkenligini nemli dlgiide diisiirmiistiir. Ozellikle, %5 RB
ilavesi PLA matrisinin 1s1l iletkenligini %79 oraninda azaltmistir. Sonug olarak,
RB mekanik performans veya termal kararliligi artirmak i¢in ideal bir dolgu
maddesi olmasa da siirdiiriilebilir ve etkili bir 1s1 yalitim malzemesi olarak 6nemli
bir potansiyel sunmaktadir.

Anahtar  Kelimeler: [Rhizopus oryzae, Kati Kiiltir Fermantasyonu,
Biyokompozit, Is1 Yalitimi]
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KIMYASAL BUHAR BIiRIKTIiRME YONTEMIYLE CINKO
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Abstract

Zinc has historically been used as an electroplating material to improve the low
corrosion resistance of common and inexpensive metals such as steel. Due to its
low cost, widespread availability, and effective corrosion resistance, zinc is
preferred as an alternative to critical and more expensive metals such as nickel
and copper in many fields, ranging from electronic applications such as radios,
telephones, and signal systems to marine construction and the automotive
industry [1,2]. Traditionally, chromate and phosphate-based treatments have been
applied to extend the lifespan of zinc surfaces. However, the environmental
harmfulness of these methods has necessitated the development of more
sustainable and environmentally friendly coating techniques [3]. In recent years,
the application of polymer coatings to metal surfaces using the chemical vapor
deposition (CVD) method, which is solvent-free and can be applied at low
temperatures, has attracted attention in the literature [4,5]. The CVD method
allows for the synthesis of homogeneous and pinhole-free films with controllable
thicknesses. This protects metal surfaces from the external environment. In this
study, a homogeneous and pinhole-free polymer coating was applied to a zinc
surface via CVD method as an anti-corrosive polymer. While there are studies on
CVD-based polymer coatings in the literature, the unique aspect of this study is
the high adhesion and long-term protective performance of the coating obtained
through the combination of the selected polymer's chemical structure, aromatic
crosslinker, and methacrylate monomer. To evaluate the corrosion resistance of
the coated zinc surfaces, samples were immersed in acidic, neutral and alkaline
media.

Keywords: [Anti-corrosive polymers, CVD method, thin film coating]
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Ozet

Cinko, tarihsel olarak c¢elik gibi yaygin ve diisiik maliyetli metallerin diisiik
korozyon direncini artirmak amaciyla elektrokaplama malzemesi olarak
kullanilmistir. Diislik maliyeti, yaygin bulunabilirligi ve etkili korozyon direnci
sayesinde ¢inko; radyo, telefon ve sinyal sistemleri gibi elektronik
uygulamalardan deniz yapilar1 ve otomotiv sanayisine kadar birgok alanda nikel
ve bakir gibi kritik ve daha pahali metallere alternatif olarak tercih edilmektedir
[1,2]. Geleneksel olarak, ¢inko ylizeylerin dmriinii uzatmak amaciyla kromat ve
fosfat bazli igslemler uygulanmistir. Ancak bu yontemlerin ¢evresel agidan zararl
olmasi, daha siirdiiriilebilir ve ¢cevre dostu kaplama tekniklerinin gelistirilmesini
zorunlu kilmistir [3]. Son yillarda, ¢oziicii icermeyen ve diisiik sicakliklarda
uygulanabilen kimyasal buhar biriktirme (CVD) ydntemiyle metal yiizeylere
polimer kaplama yapilmasi literatiirde ilgi gormektedir [4,5]. CVD yontemi,
homojen ve mikrogdzeneksiz filmlerin kontrollii kalinliklarda sentezlenmesine
olanak tanir ve bu da metal yiizeyleri dis ortamdan etkili sekilde korur. Bu
calismada, ¢inko yiizeyine CVD yontemiyle homojen ve mikrogozeneksiz bir
polimer kaplama uygulanarak korozyona karsi koruyucu bir yapi elde edilmistir.
Literatiirde CVD tabanli polimer kaplamalarla ilgili ¢alismalar bulunsa da, bu
calismanin ayirt edici yonii; secilen polimerin kimyasal yapisi, aromatik ¢capraz
baglayici ve metakrilat monomer kombinasyonu sayesinde elde edilen yiiksek
yapigma giicii ve uzun vadeli koruyucu performanstir. Kaplanan ¢inko yiizeylerin
korozyon direncini degerlendirmek amaciyla numuneler asidik, notr ve bazik
ortamlarda daldirma testine tabi tutulmustur.

Anahtar Kelimeler: [Korozyon 6nleyici polimerler, CVD yontemi, ince film
kaplamalar]
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Abstract

Digital Product Passports (DPPs) have emerged as a key enabler of transparency
and circularity across product lifecycles, providing structured access to essential
product, process, and environmental data [1]. For DPPs to fulfil their purpose,
interoperability, the seamless exchange and interpretation of data among diverse
systems and stakeholders must be ensured across entire value chains. This
requirement becomes increasingly complex in networked industrial systems
where multiple actors and heterogeneous digital infrastructures coexist [2, 3].

At the core of interoperability lies semantic coherence: common terminologies,
agreed syntax, and structured metadata. These elements ensure that data captured
at one stage of production can be reused, interpreted, and processed reliably
downstream. Our approach leverages semantic networks and ontology-based
terminology frameworks to facilitate interoperability between domains, systems,
and languages. A shared semantic layer ensures consistency in defining inputs,
processes, and outputs, especially in industries like composites, where product
histories are technically rich and data intensive [4]. The challenge, however, is
twofold. First, most industrial data systems are vertically siloed and designed with
domain-specific assumptions, leading to interoperability gaps when information
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must traverse organizational or sectoral boundaries [5, 6]. Second, as products
and processes form nonlinear networks rather than simple hierarchies a scalable and
flexible syntax must support complex interrelations. Our work explores the use
of graph-based representations and interoperable vocabularies that support
modular data de- scription, enabling efficient mapping between systems without
excessive translation overhead. Moreover, multilingual interoperability is
essential, especially in global supply chains. Our methodology incorporates
language-agnostic terminology structures to reduce ambiguity in cross-lingual
contexts while maintaining high fidelity of information exchange.

This presentation outlines the conceptual and technical architecture developed
within the European DigiPass and MEDIATE projects to overcome these
challenges. We present an integrated framework combining: 1) Terminology
standardization for production chains; 2) semantic network modelling for system-
wide understanding, 3) Scalable data syntax for non-linear product process
networks and, 4) Multilingual integration for global deployment. Case examples
from composite material chains demonstrate how this framework enhances
circularity by supporting traceability, compliance reporting, and end-of-life
decision-making. The proposed approach aligns with the FEuropean
Commission’s policy drive towards sustainable product regulation and data-
driven green innovation [7].

Keywords: [Digital Product Passport, Data Interoperability, Terminology
Standardization, Semantic Networks, Circular Economy.]
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Abstract

This study investigates the effectiveness of boric acid (BA), disodium octaborate
(DOB), and their combinations as flame retardants in glass fiber reinforced
polyester (GFRP) composites. The composites were fabricated using the hand
lay-up method with varying concentrations of BA and DOB, followed by curing
at 60 °C for 8 hours. Flame retardancy was evaluated using the ECE R 118 Annex
8 vertical flame test, and resin viscosity was measured to assess processability.
The results show that BA significantly reduced burnt speed, with B20DO0
achieving complete flame suppression. DOB also improved flame performance,
though less effectively; BOD10 failed the test. Hybrid formulations such as
B10D5 and B12D3 achieved full flame suppression while maintaining
intermediate viscosity values. BA increased resin viscosity more than DOB,
potentially affecting manufacturability. The results demonstrate that BA has
superior flame retardancy due to efficient char formation [1], a glassy protective
layer [2], and water release during combustion [3], making it a promising flame
retardant, although higher viscosity may require adjustments in manufacturing.

Ozet

Bu c¢alisma, borik asit (BA), disodyum oktaborat (DOB) ve bunlarin
kombinasyonlarinin cam elyaf takviyeli polyester (GFRP) kompozitlerde alev
geciktirici olarak etkinligini arastirmaktadir. Kompozitler, farkli BA ve DOB
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oranlar1 kullanilarak el yatirmasi yOntemiyle iretilmis ve 60 °C'de 8 saat

kiirlenmistir. Alev geciktiricilik performansi, ECE R 118 Ek 8 dikey alev testi ile
degerlendirilmis; iiretim siirecini etkileyen regine viskozitesi de Sl¢tilmiistiir.
Sonuglar, BA’nin yanma hizin1t 6nemli o6l¢iide diislirdiigiinic ve B20DO0
numunesinin tamamen alev yayilimini engelledigini gostermektedir. DOB da
alev dayanimini artirmis olsa da, etkisi daha sinirli kalmig; BOD10 numunesi testi
gecememigtir. BI0ODS ve B12D3 gibi hibrit formiilasyonlar ise hem tam alev
bastirmasi saglamis hem de orta diizeyde viskozite degerleri sunmustur. BA,
DOB’a gore recine viskozitesini daha fazla artirmis ve bu durum {iretilebilirligi
etkileyebilecek bir faktor olmustur. BA’nin verimli komiirlesme [1], camsi
koruyucu tabaka olusumu [2] ve yanma sirasinda su buhari salimi1 [3] gibi etkileri
sayesinde iistiin alev geciktirici dzellikler sergiledigi, ancak iiretim siirecinde
viskozite artisinin dikkate alinmasi gerektigi sonucuna varilmaistir.

Anahtar Kelimeler: [bor, kompozit, alev geciktirici, yanmazlik, borik asit]
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Abstract

In alignment with environmental sustainability objectives, lightweighting has
become increasingly vital in the automotive sector. Advances in material
technologies have facilitated a reduction in fuel consumption and carbon
footprint. Among automotive plastics, polypropylene (PP) stands out as the most
commonly used material due to its low density, impact resistance, chemical
durability, and recyclability. PP is extensively used in the manufacturing of
interior and exterior trim parts such as door panels, dashboards, bumpers, and
fender liners, constituting 30-35% of the total plastic used in vehicles, equivalent
to an average of 60—70 kg of PP per vehicle [1-2].

Initially manufactured through the injection molding process, trim components
made from PP have evolved towards thinner-walled and more rigid parts. To
achieve this transition, additives like talc, calcium carbonate, silica, and glass
fiber have been incorporated into PP to enhance mechanical properties while
reducing material thickness for improved lightweighting. However, in today's
use, environmental impact has become a crucial consideration in the design
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phase, leading to significant efforts to decrease carbon emissions through the
adoption of recycled materials and innovative manufacturing techniques. [6-7]

This study explores the potential benefits of weight reduction and carbon
footprint reduction through the foaming of rigid polymer composites. Both
physical and chemical foaming methods were assessed, evaluating their effects
on material strength, surface aesthetics, production cost, and CO: emissions.
Samples exhibiting approximately 7-8% volumetric expansion via chemical
blowing agents showcased a decrease in part weight due to reduced density. [3-
5] However, slight reductions in mechanical properties like rigidity and tensile
strength were also observed.

The study involved the preparation of four distinct PP-based samples. The impact
of talc content and foaming processes was examined through three-point bending,
tensile, and impact tests. Results indicated that talc additives enhanced rigidity
and maximum stress values, whereas chemical foaming lightened the parts but
compromised their strength. Furthermore, a negative correlation between
thickness increase and stiffness was identified.

In conclusion, the utilization of recycled PP in conjunction with foaming
processes presents significant advantages in terms of lightweighting and
environmentally conscious manufacturing. However, it is essential to carefully
optimize the balance between talc content and the foaming process while
considering the mechanical strength and stiffness requirements based on the
application area. This study contributes significantly to the advancement of next-
generation PP compounds and sustainable production strategies for automotive
interior trim part design.

Keywords: [Polypropylene (PP), Chemical Foaming, Lightening, Automotive
Interior Trim, Sustainable Material]

Ozet

Cevresel sirdiirtilebilirlik hedefleriyle uyumlu olarak, hafifletme otomotiv
sektoriinde giderek daha o©Onemli hale geldi. Malzeme teknolojilerindeki
gelismeler, yakit tiiketiminde ve karbon ayak izinde bir azalmay:
kolaylastirmistir. Otomotiv plastikleri arasinda polipropilen (PP), diisiik
yogunlugu, darbe direnci, kimyasal dayaniklilifi ve geri doniistiiriile bilirligi
nedeniyle en yaygin kullanilan malzeme olarak 6ne ¢ikiyor. PP, kap1 panelleri,
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gosterge panelleri, tamponlar ve ¢amurluk kaplamalar1 gibi i¢ ve dis kaplama
pargalarinin imalatinda yaygin olarak kullanilmaktadir ve araglarda kullanilan
toplam plastigin %30-35'ini olusturur ve ara¢ basina ortalama 60-70 kg PP'ye
esdegerdir [1-2].

Baglangicta enjeksiyon kaliplama islemiyle {iretilen PP'den yapilan trim
bilesenleri, daha ince duvarli ve daha sert parcalara dogru gelismistir. Bu gecisi
saglamak igin, talk, kalsiyum karbonat, silika ve cam elyafi gibi katki maddeleri,
daha iyi hafiflik i¢in malzeme kalinligin1 azaltirken mekanik o6zellikleri
gelistirmek i¢in PP'ye dahil edilmistir. Bununla birlikte, giiniimiizde kullanilan
cevresel etki, tasarim asamasinda ¢ok onemli bir husus haline geldi ve geri
donistiiriilmiis malzemelerin ve yenilik¢i Uretim tekniklerinin benimsenmesi
yoluyla karbon emisyonlarini azaltmak i¢in 6nemli ¢abalara yol act1. [6-7]

Bu ¢aligma, sert polimer kompozitlerin koplirtiilmesi yoluyla agirlik azaltma ve
karbon ayak izini azaltmanin potansiyel faydalarini arastiriyor. Hem fiziksel hem
de kimyasal kopiirtme yontemleri, malzeme mukavemeti, ylizey estetigi, tiretim
maliyeti ve CO2 emisyonlar {izerindeki etkileri degerlendirilerek degerlendirildi.
Kimyasal sisirme maddeleri yoluyla yaklagik% 7-8 hacimsel genlesme sergileyen
numuneler, azalan yogunluk nedeniyle par¢a agirliginda bir azalma gosterdi. [3-
4-5] Bununla birlikte, sertlik ve cekme mukavemeti gibi mekanik 6zelliklerde de
hafif azalmalar gozlendi.

Calisma, dort farkli PP bazli numunenin hazirlanmasini igeriyordu. Talk igerigi
ve kopilirme islemlerinin etkisi, ii¢c noktali egilme, ¢ekme ve darbe testleri ile
incelenmistir. Sonuglar, talk katki maddelerinin sertligi ve maksimum gerilme
degerlerini artirdigini, kimyasal kopilirmenin ise parcalar1 hafiflettigini ancak
mukavemetlerini tehlikeye attigin1 gosterdi. Ayrica, kalinlik artisi ile sertlik
arasinda negatif bir iligki tespit edilmistir.

Sonu¢ olarak, geri doniistiiriilmiis PP'nin kopiirtme islemleriyle birlikte
kullanilmasi, hafifletme ve ¢evreye duyarli liretim agisindan 6nemli avantajlar
sunmaktadir. Bununla birlikte, uygulama alanina bagli olarak mekanik
mukavemet ve sertlik gereksinimlerini géz oniinde bulundurarak talk igerigi ile
kopiirme islemi arasindaki dengeyi dikkatli bir sekilde optimize etmek 6nemlidir.
Bu ¢alisma, otomotiv i¢ trim pargasi tasarimi i¢in yeni nesil PP bilesiklerinin
gelistirilmesine ve siirdiiriilebilir iiretim stratejilerine 6nemli Ol¢iide katkida
bulunmaktadir.

Anahtar Kelimeler: [Polipropilen (PP), Kimyasal Kopiirtme, Hafifletme,
Otomotiv I¢ Trim, Siirdiiriilebilir Malzeme]
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Abstract

In recent years, the increasing use of wireless controlled electronic devices, 5G
networks, communication and GPS satellite signals and internet systems cause
electromagnetic (EM) field strengthening and therefore unwanted
electromagnetic radiation (EMR) interference [1]. It has been proven by scientific
studies that EMRs damage the DNA and cell structures of living organisms such
as humans or animals and have many negative effects such as blocking electronic
devices, wireless telephone and TV signals [2, 3]. For this reason, protecting
living organisms and electronic devices from electromagnetic waves or reducing
their effects has become an important research topic [4].

Electromagnetic shielding effectiveness (EMSE) is known as the stopping or
limiting of electromagnetic radiation by conductive or magnetic barriers and
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depends on the charge, current and polarization ability of the materials [5-7]. To
protect against EMR, the shielding material used must have electrical
conductivity, even at a low level [8]. Therefore, metals are effective shielding
materials due to the high electrical conductivity properties. However, weight
disadvantage due to the high density, corrosion weaknesses, production and cost
difficulties limit their use in areas such as aerospace or satellites [9].

Nowadays, electrically conductive fiber reinforced polymer composites have
become an alternative to metals in terms of EM shielding [10, 11]. They are
preferred as EMR shielding materials, especially in areas where lightness is very
important, such as aerospace or electric vehicles. In addition, long service life and
low maintenance requirements are other important factors for the use of
composite materials as shielding elements [12-14].

Although the use of fiber-reinforced composites is becoming widespread, like any
material, deformation and possible damage may occur depending on the usage
conditions. For example, the EMR shield used in an electric vehicle may be
damaged by an object bouncing off the road surface, or heavy hail may deform the
composite shield material on the surface of an unmanned aerial vehicle. These
damages, which seem simple in essence, may cause major mechanical problems,
electrical failures, chemical and thermal leakage, or the end of EM protection.
Such situations require continuous monitoring of performance losses that may
occur as a result of damage to the FTK shield. Many studies in the literature reveal
that even under light deformation conditions that materials are subjected to,
changes occur in their shielding properties [15-24].

In this study, 3D glass fiber composites were produced as hybrids with carbon
fiber to provide electrical conductivity and the changes in EMSE performance
after structural damage created in a low velocity impact test setup were
investigated. Accordingly, the total shielding effectiveness, while it was
measured above 60 dB before the impact, significantly decreased after the
damage occurred. According to the analysis, when the area of the damage
decreased, the loss rate in shielding effectiveness decreased. In addition, even in
the damaged state at improved materials, a shielding effectiveness above 30 dB,
which is the minimum commercial requirement, could be achieved [4, 25, 26].
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Ozet

Son yillarda kullanim1 giderek artan kablosuz kontrollii elektronik cihazlar, 5G
sebekesi, iletisim ve GPS uydu sinyalleri ile internet sistemleri, elektromanyetik
(EM) alan gii¢clenmesine ve dolayisiyla istenmeyen elektromanyetik radyasyon
(EMR) girisimine neden olmaktadir [1]. EMR’lerin, elektronik cihazlari,
kablosuz telefon, radyo veya TV sinyallerini engelleyerek bozdugu, insan ve
hayvan gibi canli organizmalar i¢cin DNA ve hiicre yapisina zarar vermek gibi
bir¢ok olumsuz etkiye sahip oldugu bilimsel ¢alismalarla kanitlanmistir [2, 3]. Bu
nedenle bagta canli organizmalar olmak iizere elektromanyetik dalgalardan
korunmak veya etkilerini azaltmak 6nemli bir aragtirma konusu haline gelmistir

[4].

Elektromanyetik kalkanlama etkinligi (EMKE), iletken veya manyetik
bariyerlerle elektromanyetik radyasyonun durdurulmasi veya sinirlandirilmasi
olarak bilinir ve malzemelerin dis ve i¢ yapisinin yiik, akim ve polarizasyon
kabiliyetine baghdir [5-7]. EMR’den korunmak i¢in kullanilan kalkan
malzemesinin diisiik seviyede de olsa elektriksel olarak iletken olmas1 gereklidir
[8]. Bu yiizden, elektriksel iletkenlikleri sayesinde metaller etkili kalkan
malzemeleridir. Fakat metallerin agirlik dezavantaji yaratan yiiksek yogunluklari,
korozyon zafiyetleri iiretim ve maliyet zorluklari, uzay-havacilik, uydular ya da
elektrikli araglar gibi uygulamalarda kalkan olarak kullanimlarini kisitlamaktadir

[9].

Glinimiizde elektriksel iletkenlik kazandinlmis fiber takviyeli polimer
kompozitler, EM kalkanlama agisindan metallere alternatif olabilmislerdir [10,
11]. Ozellikle havacilik, uzay, demiryolu tasrmacihi1 veya elektrikli araglar gibi
hafifligin ¢ok onemli oldugu alanlarda EMR kalkan malzemesi olarak tercih
edilmektedirler. Ayrica, uzun hizmet omrii ve diisiik bakim gereksinimleri,
kompozit malzemelerin kalkanlama elemani olarak kullanilmasi igin diger
onemli faktorlerdir [12-14].

Her ne kadar fiber takviyeli kompozitlerin kullanimi yayginlagsa da her malzeme
gibi kullanim kosullarina bagli olarak deformasyonlar ve olas1 hasarlar meydana
gelebilir. Ornegin elektrikli aragta kullanilan EMR kalkani yol yiizeyinden seken
bir cisimle hasar alabilir, ya da yogun dolu yagisi, bir insansiz hava aracinin
ylizeyindeki kompozit kalkan malzemesini deforme edebilir. Temelde basit
gorlinen bu hasarlar, malzemede biiyilk mekanik sorunlara, elektrik arizalari,
kimyasal ve termal kagak ya da EM korumasmin bitmesine neden olabilir. Bu
gibi durumlar, FTK kalkanin hasara ugramasi sonucu olusacak performans
kayiplarinin siirekli olarak izlenmesini gerekli kilmaktadir. Literatiirdeki pek ¢cok
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¢alisma, malzemelerin maruz kaldigi hafif deformasyon kosullar1 altinda bile
kalkanlama 6zelliklerinde degisiklikler meydana geldigini ortaya koymaktadir
[15-24].

Bu ¢alismada 3D cam elyaf kompozitler, elektriksel iletkenlik kazandirilmak igin
karbon elyafla hibrit olarak {iiretilmis ve diisiik hiz darbe deney diizeneginde
olusturulan yapisal hasar sonrast EMKE performansindaki degisimler
arastirilmigtir. Buna gére ham numune i¢in darbe hasar1 6ncesi 60 dB iizerinde
Olciilen toplam kalkanlama etkinligi degeri 6nemli dlclide azalmistir. Yapilan
analizlere gore olugan hasarin alani kiigiildiikkce kalkanlamadaki kayip orani
azalmistir. ilaveten gelistirilen malzemede hasarli halde dahi asgari ticari
gereklilik olan 30 dB’in {izerinde bir kalkanlama etkinligi elde edilebilmistir [4,
25, 26].

Anahtar Kelimeler: [3B Kompozit, Elektromanyetik Kalkanlama, Darbe Hasar1]
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Abstract

In this study, the effect of ceramic fiber on the performance of brake pads was
investigated. Ceramic fiber is generally a low-toxicity material and does not cause
serious environmental harm if released into the environment [1]. Moreover, since
most of the materials used in brake pad production are derived from natural
sources, the newly developed formulation offers an environmentally friendly
alternative.

In today’s automotive industry, it is of great importance that brake pads meet
critical requirements such as high-temperature resistance, wear resistance,
environmental compliance, and friction performance [2, 3]. In this context, the
aim of the present study was to evaluate the effects of a new hot-press formulation
developed with ceramic fiber addition on both chemical and physical properties
of the brake pad.

In the initial phase of the study, a formulation was developed to provide optimal
performance. Various chemical tests were conducted on this formulation,
including ash content determination, acetone extraction, and moisture analysis.
The results were compared with relevant standards to confirm the formulation’s
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compliance. Subsequently, two different brake pad compositions were prepared:
one incorporating ceramic fiber and the other serving as a reference without
ceramic fiber [4]. Both formulations were used in the production of brake pads
for passenger vehicles using the hot-press method. The pads were pressed at
150°C for a total of 180 seconds and then cured in an oven to obtain the final
product. After curing, additional samples were taken and further chemical
analyses, including swelling tests, were performed.

As part of the performance evaluation, various physical tests were conducted,
such as dynamometer testing, coefficient of friction measurement, shear strength,
and compressibility tests. The findings indicated that the addition of ceramic fiber
significantly improved the friction performance of the brake pads. Furthermore,
chemical test results showed that the ceramic fiber-added formulation had similar
or superior values in parameters such as density, ash content, and acetone
extraction when compared to the reference formulation. It was concluded that
brake pads containing ceramic fiber are reliable in terms of both chemical stability
and mechanical strength. Additionally, the high thermal conductivity and heat
resistance of ceramic fiber enhanced the brake pads’ resistance to temperature
variations. This property contributed to the more rapid and effective dissipation
of heat generated during braking, helping to prevent heat-induced deformation.
The study also found that brake pads with ceramic fiber exhibited a higher and
more stable coefficient of friction under elevated temperatures. Notably, at
100°C, the ceramic fiber formulation provided greater braking force compared to
the original formulation without additives.

In conclusion, the addition of ceramic-based fiber to brake pad formulations
enhanced friction performance, with a measured coefficient of friction of 0.5p.
This study contributes to the development of high-performance, safe, and
environmentally friendly brake pads.

Keywords: [Brake pad, Friction, Tribology, Ceramic fiber]

Ozet

Yapilan ¢alismada, seramik elyafin fren balatasi performansi iizerindeki etkisi
arastirilmigtir. Seramik elyaf, genellikle diisiik toksisiteye sahip bir malzeme olup
cevreye yayilmast durumunda ciddi zararlara neden olmamaktadir [1]. Ayrica,
fren balatas1 iiretiminde kullanilan diger malzemelerin ¢ogu da dogal kaynakl
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oldugundan, gelistirilen bu yeni formiilasyon c¢evre dostu bir alternatif
sunmaktadir.

Gilinlimiizde otomotiv sektoriinde kullanilan fren balatalarinin yiiksek sicaklik
dayanmimi, asinma direnci, gevresel uygunluk ve siirtiinme performansi gibi
kriterleri saglamasi biiyiik onem tasimaktadir [2,3]. Bu baglamda gergeklestirilen
calismada, seramik elyaf katkisiyla gelistirilen yeni bir sicak basim
formiilasyonunun fren balatasimin kimyasal ve fiziksel oOzelliklerine etkisini
degerlendirmeyi amaglamaktadir.

Caligmanin ilk asamasinda optimum performansi saglayacak bir formiilasyon
gelistirilmistir. Gelistirilen bu formiilasyon {izerine kiil miktar1 tayini, aseton
ekstraksiyonu ve nem tayini gibi kimyasal testler uygulanmis; elde edilen
sonuclar ilgili standartlarla karsilastirilarak  formiilasyonun uygunlugu
dogrulanmistir. Ardindan, biri seramik elyaf iceren yeni formiilasyon, digeri ise
referans niteliginde olup seramik elyaf icermeyen olmak iizere iki farkli fren
balatast kompozisyonu hazirlanmistir [4]. Her iki formiilasyon, binek araglara
uygun olacak sekilde sicak basim yoOntemiyle fren balatasi iiretiminde
kullanilmistir. Balatalar 150°C” de toplamda 180 saniye preslendi ve firinlanarak
son {iriin haline getirildi. Firin sonras1 yeniden numune alinarak kimyasal testlerin
yani sira sisme testi gibi kimyasal analizler gergeklestirilmistir. Performans
degerlendirmesi kapsaminda ise dynamometer, siirtiinme katsayisi, kopma
dayanimi ve sikistirilabilirlik testleri gibi gesitli fiziksel testler uygulanmaistir.

Elde edilen bulgular, seramik elyaf katkisinin fren balatalarinin siirtiinme
performansint 6nemli Ol¢iide artirdigin1 gdstermektedir. Ayrica kimyasal test
sonuglari, katkili formiilasyonun yogunluk, kiil oran1 ve aseton ekstraksiyonu gibi
parametrelerde referans formiilasyona benzer veya daha iistiin degerlere sahip
oldugunu ortaya koymustur. Seramik elyaf katkili fren balatalarinin hem
kimyasal kararlilik hem de mekanik dayanim agisindan giivenilir oldugu
sonucuna varilmistir. Ayrica, bu elyafin yiiksek termal iletkenligi ve 1siya
dayanikliligi sayesinde fren balatalarmin sicaklik degisimlerine karsi daha
direncli hale geldigi gézlemlenmistir. Bu 6zellik, frenleme sirasinda olusan 1sinin
daha hizli ve etkili sekilde dagilmasim saglayarak balatalarda isinmaya bagh
deformasyonlarin Onlenmesine katkida bulunmaktadir. Yapilan c¢alismada,
seramik elyaf katkili fren balatalarinin sicaklik altinda daha yiiksek ve kararli bir
siirtiinme  katsayis1 gosterdigi tespit edilmistir. Ozellikle sicaklik 100 °C’ye
ulastiginda, katkisiz orijinal formiilasyona kiyasla daha fazla fren kuvveti
sagladig goriilmektedir.

Sonug olarak, seramik yapili elyaf fren balatas1 formiilasyonlarina katilmasiyla
stirtlinme performansini arttirmig ve siirtiinme katsayist 0,5u olarak tespit
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edilmigtir. Bu caligma, yiiksek performansli, giivenli ve ¢evre dostu fren
balatalarinin gelistirilmesine katki sunmaktadir.

Anahtar Kelimeler: [Fren Balatasi, Siirtlinme, Triboloji, Seramik elyaf]
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Abstract

The use of composite materials has been increasing in many industries due to
their lightweight and high mechanical performance characteristics. Since
structural weight reduction is crucial for the aerospace industry, the use of
composite materials in aircraft manufacturing has significantly increased over the
years [1]. Among these materials, carbon fiber—epoxy composites are widely used
in aerospace applications due to their unique advantages such as high strength
and stiffness at low weight, good corrosion resistance, and excellent fatigue
performance. Despite these advantages, carbon fiber—epoxy composite structures
are susceptible to barely visible impact damages caused by foreign object debris,
hail, bird strikes, and maintenance-related incidents (e.g., dropped tools), which
can negatively affect their load-bearing performance. One of the most common
damage modes in these composites is delamination, defined as the separation
between adjacent plies. Delamination damage can result from low-velocity
impacts, manufacturing defects, or stress concentrations triggered by sudden
changes in structural details. This damage mode leads to significant reductions in
in-plane stiffness and strength, which may accelerate damage propagation and
cause sudden structural failure [2,3]. Epoxy resins provide composite materials
with excellent thermal stability, chemical resistance, mechanical properties, and
versatility for various manufacturing techniques. However, the inherently brittle
nature of epoxy resins leads to low damage tolerance and a crack-prone structure
[4]. To overcome this issue, several strategies have been developed, with one of
the most popular being the interleaving method, which involves placing an
additional interlayer between adjacent plies. Interleaved layers facilitate the
formation of mechanical links between crack interfaces and tortuous crack paths,
thereby enhancing the delamination resistance of composite laminates [5].
Nanofiber interlayers produced by electrospinning have emerged as a promising
toughening material [6]. In this study, the effects of electrospun polyvinyl alcohol
(PVA) nanofiber interlayers on the low-velocity impact resistance of carbon
fiber—epoxy composites will be investigated. For this purpose, PVA nanofibers
will be produced directly onto carbon fiber fabrics using electrospinning. The
main reasons for selecting PVA in this process include its low cost, easy
availability, water solubility, environmentally friendly nature, and non-toxicity
[7]. Since PV A-based nanofibers exhibit poor stability in aqueous environments,
a crosslinking process will be carried out in an oven to improve their mechanical
strength and prevent dissolution upon contact with water. After the crosslinking
process, the composite material reinforced with the nanofiber interlayer will be
fabricated using the vacuum infusion method with epoxy resin. In order to
evaluate the contribution of the nanofibers to the composite material, low-
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velocity impact tests will be performed on both nanofiber-reinforced and non-
reinforced composites prior to bonding. A graphical summary of the study is
presented in the figure below.

Keywords: [aeronautics, electrospinning, PV A nanofibers, polymer composite]

Ozet

Kompozit malzemelerin kullanimi, hafif kiitleleri ve yliksek mekanik performans
ozellikleri sayesinde bircok sektorde artmaktadir. Yapisal kiitlenin hafifligi
havacilik endiistrisi i¢in ¢ok Onemli oldugundan, kompozit malzemelerin
kullanimi ugak iiretiminde de yillar i¢inde artmistir [1]. Bu malzemeler arasinda
ozellikle karbon fiber — epoksi kompozitler diisiik agirlikta yiiksek mukavemet
ve sertlik, iyi korozyon direnci ve yorulma 6zellikleri gibi benzersiz avantajlari
nedeniyle havacilik uygulamalarinda yaygin olarak kullanilmaktadir. Bu
avantajlara ragmen karbon fiber epoksi kompozit yapilar, pist kalintilari, dolu,
kus carpmalari, bakim hasarlar1 (6rnegin, diisen aletler) gibi darbelerden
kaynaklanan, yiik kapasitesi performansini etkileyebilecek, neredeyse fark
edilmeyen hasarlara maruz kalmaya egilimlidir. Ozellikle iki bitisik katmanin
ayrilmasi olan delaminasyon hasar1 bu kompozit malzemelerde olduk¢a yaygin
karsilasilan hasarlardan biridir. Delaminasyon hasar1 diigiik hizli darbe olaylari,
iretim kusurlar1 ve yapisal detaylardaki ani degisikliklerle tetiklenen gerilim
yigilmalar1 nedeniyle meydana gelebilir. Bu hasar modu, diizlem ig¢i sertlik ve
mukavemet degerlerinde ciddi azalmalara neden olur ve bu da hasarin hizlica
biiylimesine ve aniden yapisal hasar olugsmasina neden olur [2,3]. Epoksi regineler
kompozit malzemelere iyi sicaklik kararliligi, kimyasal direng, mekanik
ozellikler ve farkli iiretim yontemlerine yonelik ¢ok yonliiliikk saglarlar. Ancak
epoksi reginenin kirilgan dogasi hasar direnci diisiik ve ¢atlak yayilimina karsi
kirilgan bir yapinin olusmasina sebep olmaktadir [4]. Bu sorunun iistesinden
gelmek i¢in birgok strateji gelistirilmistir ve en popliler ydontemlerden biri, bitisik
katmanlar arasia ayri bir ara katmanin yerlestirildigi i¢ ice gegirme yontemidir.
I¢ ice gegirme katmanlari, gatlak arayiizleri ve kivrimli gatlak yollar1 arasinda
mekanik baglantilarmn olusumunu kolaylagtirmakta ve kompozit laminatlarin
delaminasyon dayanimim artirmaktadir [5]. Elektroegirme yontemi ile {iretilen
nanofiber ara katmanlar potansiyel bir tokluk malzemesidir [6]. Bu g¢alisma
kapsaminda elektroegrilmis polivinil alkol (PVA) nanofiber ara tabakalarin
karbonfiber epoksi kompozitlerin diisiik hizl1 darbe dayanimi tizerindeki etkileri
incelenecektir. Bu amag¢ dogrultusunda karbon fiber yapilarin iizerine
elektroegirme ile PVA nanofiber iiretimi uygulanacaktir. PVA'nin bu siirecte
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tercih edilmesinin baslica sebepleri, ekonomik olmasi, kolay temin edilebilmesi,
suda ¢oziinebilme 6zelligi, ¢evre dostu yapist ve toksik olmamasidir [7]. PVA
bazli nanofiberlerin su ortaminda stabilitesi diisiik oldugu icin iiretilen PVA
nanofiberlerin mekanik dayanimlarini artirmak ve su temasi ile ¢ézlinmesinin
oniine gegmek amaciyla etliiv ortaminda capraz baglama islemi
gerceklestirilecektir. Capraz baglama islemi sonrasinda ise vakum infiizyon
yontemi ile epoksi regine kullanilarak nanofiber ara tabaka ile giiclendirilen
kompozit malzemenin iiretimi gergeklestirilecektir. Nanofiberlerin kompozit
malzemeye katkisin1 degerlendirebilmek amaciyla birlesim Oncesi nanofiber
katkili ve nanofiber bulundurmayan kompozitler mekanik olarak diisiik hizli
darbe testi uygulanacaktir. Asagidaki sekilde calismaya ait grafiksel 6zet yer
almaktadir.

Anahtar Kelimeler: [havacilik, elektroegirme, PVA nanofiberler, polimer
kompozit]
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References

[1] Bouvet, C. Mechanics of Aeronautical Composite Materials. John Wiley &
Sons, USA, 2017. https://doi.org/10.1002/9781119459057

[2] Beylergil, B., Tanoglu, M., & Aktas, E. (2018). Effect of polyamide-6, 6 (PA
66) nonwoven veils on the mechanical performance of carbon fiber/epoxy
composites. Composite Structures, 194, 21-35.

162



[3] Goodarz, M., Bahrami, S. H., Sadighi, M., & Saber-Samandari, S. (2019).
Low-velocity impact performance of nanofiber-interlayered aramid/epoxy
nanocomposites. Composites Part B: Engineering, 173, 106975.

[4] Ekrem, M., & Avci, A. (2018). Effects of polyvinyl alcohol nanofiber mats
on the adhesion strength and fracture toughness of epoxy adhesive joints.
Composites Part B: Engineering, 138, 256-264.

[5] Zheng, N., Huang, Y., Liu, H. Y., Gao, J., & Mai, Y. W. (2017). Improvement
of interlaminar fracture toughness in carbon fiber/epoxy composites with carbon
nanotubes/polysulfone interleaves. Composites Science and Technology, 140, 8-
15.

[6] Daelemans, L., Van Paepegem, W., & De Clerck, K. (2020). Effect of
interleaved polymer nanofibers on the properties of glass and carbon fiber
composites. In Fiber-reinforced nanocomposites: fundamentals and applications
(pp. 235-260). Elsevier.

[7] Beylergil, B., Tanoglu, M., & Aktas, E. (2016). Modification of carbon
fibre/epoxy composites by polyvinyl alcohol (PVA) based electrospun
nanofibres. Advanced Composites Letters, 25(3), 096369351602500303.

163



FAZ DONUSUM MALZEMESI (FDM) DOLGULU 3B
KOMPOZITLERIN PASiF TERMAL YONETIM iCIN
KULLANILABILIRLIGININ ARASTIRILMASI

INVESTIGATION OF THE USABILITY OF PHASE CHANGE
MATERIAL (PCM) FILLED 3D COMPOSITES FOR PASSIVE
THERMAL MANAGEMENT

Ferhat Yildiim', Volkan Eskizeybek?, Zikriye Ozbek?

"Department of Machinery and Metal Technologies, Biga Vocational School,
Canakkale Onsekiz Mart University, Prof. Dr. Ramazan AYDIN Campus,
Canakkale 17202, Tirkiye

’Department of Materials Science and Engineering, Faculty of Engineering,
Canakkale Onsekiz Mart University, Terzioglu Campus, Canakkale 17100,
Tiirkiye

3Department of Bio-Engineering, Faculty of Engineering, Canakkale Onsekiz
Mart University, Terzioglu Campus, Canakkale, 17100 Tiirkiye

ferhatyildirim@comu.edu.tr

Abstract

The use of electric vehicles (EV) is becoming more widespread [1]. Basically,
vehicles get the electrical energy that they need for movement and other
requirements from battery packs (BP) [2]. Battery pack enclosures (BPE) are the
main component that EV is built on it, and which protect the batteries against
impact, moisture, dust, electromagnetic interference and thermal runaway [2-4].

Manufacturers have developed different battery thermal management systems
(BTMS) to make battery packs thermally efficient. Accordingly, BTMS are
basically classified as active and passive systems [5]. In active methods, the
cooling / heating rate is actively controlled by equipment such as a power-
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consuming radiator [6]. On the other hand, passive systems do not have any
power-consuming equipment and consist of cooling / heating systems such as
natural air convection, phase change materials (PCM) and heat pipes [7]. In recent
years, the use of PCMs as a new passive solution for battery thermal management
has attracted the attention of researchers. PCMs are divided into three groups as
organic compounds (such as paraffin, fatty acids), inorganic compounds (such as
hydrated salts) and eutectic mixtures [8]. The operation of PCMs is based on the
principle that when the temperature increases, the excess heat on the battery is
absorbed and spent on phase transformation, and when the temperature decreases,
it returns the absorbed heat to the battery and in the meantime, the battery's
operating temperature is kept at the ideal level.

BPEs are often made of metal and are quite heavy, which leads to a decrease in
the range of the EVs’ [9]. Ongoing studies to reduce the total weight of structural
components of EA's, focus on the use of low-density composite materials instead
of metallic materials [10, 11]. Accordingly, fiber reinforced polymer composites
have proven to be important alternatives with properties such as high specific
strength, low weight, thermal and chemical resistance [12-19].

Three-dimensional (3D) spacer textiles, consisting of two layers of woven fabrics
connected to each other by perpendicular weaves called plies have gained a place
in the literature as a composite reinforcement material with unique geometry due
to the inherent channels between the top and bottom surfaces [20-26]. Moreover,
this spacer geometry offers the option of filling the gaps between the top and
bottom layers with various materials to gain additional properties including
thermal and acoustic insulation [20, 21, 25]. Considering the passive systems
used in the thermal management of BPs', the internal gaps of 3Ds indicate
significant potential for filling them with FDM.

In this study, 3D glass fiber fabrics were produced as composites with epoxy
matrix, and the inner gaps were filled with paraffin PCM, and the thermal
shielding performance was investigated with time-dependent temperature
changes. 3D composites were produced as neat, hybrid with carbon fiber and
PCM filled and evaluated in terms of their contributions to thermal management
in BPE. Accordingly, while the thermal difference between the surfaces of neat
sample is 2 °C, this difference is increased to 10 °C for hybrid 3D composites. In
addition, the fact that the maximum surface temperature measured during the
same period is higher approximately 11 °C, reveals that the amount of heat
absorbed by the hybrid composite from the source and radiated on the surface is
greater than the neat. In PCM filled samples, the relatively low ceiling
temperature obtained on the front surface, the linearity of the heating curve and
the delay in the start of cooling are associated with the result that paraffin absorbs
the heat on the surface of the composite. Studies have shown that PCM filled 3D
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hybrid composites are promising in terms of their usability as an auxiliary passive
system in the thermal management of BPs.
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Ozet

Elektrikli araclarim (EA) kullanimi giderek yayginlagsmaktadir [1]. Temelde
araclar, hareket etmek ve diger gereksinimler i¢in ihtiyag duydugu elektrik
enerjisini, pil paketlerinden (PP) karsilar [2]. Pil paketi muhafazalari ise (PPM),
pilleri darbe, nem, toz, elektromanyetik girisim ve termal kacaga kars1 koruyan
yapisal tasiyici elemandir [2-4].

Ureticiler, PP’lerinin termal agidan verimli olabilmesi igin farkli pil termal
yonetim sistemleri (PTYS) gelistirmiglerdir. Buna gore, PTYS'ler temelde aktif
ve pasif sistemler olarak ikiye ayrilir [5]. Aktif yontemlerde, sogutma / 1sitma
hiz1, gii¢ tliketen radyator gibi ekipmanlar tarafindan aktif olarak kontrol
edilmektedir [6]. Ote yandan, pasif sistemlerde gii¢ tiiketen ekipman yoktur ve
dogal hava konveksiyonu, faz doniisiim malzemeleri (FDM) ve 1s1 borular1 gibi
sogutma / 1sitma sistemlerinden ibarettirler [7]. Son yillarda, FDM'lerin batarya
termal yOnetimi i¢in yeni bir pasif ¢dziim olarak kullanilmasi, aragtirmacilarin
ilgisini ¢cekmektedir. FDM'ler organik bilesikler (parafin, yag asitleri gibi),
inorganik bilesikler (hidratli tuzlar gibi) ve Gtektik karisimlar olmak iizere ii¢
gruba ayrilmistir [8]. FDM’lerin ¢alismasi, sicaklik arttiginda pil lizerindeki fazla
1s1nin emilerek faz doniisiimiine harcanmasi, sicaklik distiigiinde ise emdigi 1s1y1
pile geri vermesi ve bu esnada pilin ¢aligma sicakligiin ideal seviyede tutulmasi
esasina dayanir.

PPM’ler siklikla metal malzemeden yapildiklarindan olduk¢a agirdirlar ve bu
agirlik EA’nin menzilinin diismesine yol agmaktadir [9]. Yapisal bilesenlerin
toplam agirligimi azaltmak i¢in siirdiiriilen ¢aligmalar ise, metalik malzemeler
yerine diisiikk yogunluklu kompozit malzemelerin kullanimina odaklanmaktadir
[10,11]. Buna gore, fiber takviyeli kompozitler sundugu ytiksek 6zgiil dayanim,
diisiik agirlik, termal ve kimyasal direng gibi ozellikleri ile 6nemli alternatif
olduklarini ispatlamiglardir [12-19].
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Birbirine pile ismi verilen dik 6rgiilerle bagl 2 katman dokuma kumastan olusan
3 boyutlu (3B) bosluklu tekstiller, {ist ve alt yiizeyler arasinda kendiliginde var
olan kanallar1 sayesinde 6zgilin geometriye sahip kompozit takviye malzemesi
olarak literatiirde yer edinmistir [20-26]. Dahasi, bu bosluklu geometri, termal ve
akustik izolasyon dahil olmak iizere ek ozellikler kazanmak igin ist ve alt
katmanlar arasindaki bosluklari ¢esitli malzemelerle doldurma secenegi sunar
[20, 21, 25]. PP’lerin termal yonetiminde kullanilan pasif sistemler géz oniine
alindiginda, 3B kompozitlerin i¢ bosluklari, bunlart FDM ile doldurmak igin
onemli bir potansiyele sahip oldugunu gosterir.

Bu calismada 3B cam elyaf kumaslar epoksi matris ile kompozit olarak iiretilmis,
i¢ bosluklari parafin FDM ile doldurularak 1sil kalkanlama performansi zamana
baglh sicaklik degisimleri ile arastirilmistir. 3B kompozitler ham, karbon elyafla
hibrit ve i¢ci FDM dolgulu olarak iiretilmis, PPM’lerde termal yonetime
yapabilecegi katkilar agisindan degerlendirilmistir. Buna gore, ham numunede
ylizeyler arasinda sicaklik farki 2 °C iken hibrit 3B kompozitlerde bu fark 10
°C’ye kadar ¢ikmaktadir. flaveten aymi siire zarfinda 6lgiilen maksimum yiizey
sicakliginin yaklasik 11 °C daha fazla olusu hibrit kompozitin kaynaktan emdigi
ve yiizeyde yaydigi 1s1 miktarinin ham numuneden daha biiyiik oldugunu ortaya
koymaktadir. FDM dolgulu numunelerde, 6n yiizeyde nispeten diisiik tavan
sicaklig1 elde edilmesi, 1sinma egrisinin dogrusalligi ve soguma baglangicindaki
gecikmenin parafinin kompozitin ylizeyindeki 1sty1 emdigini sonucu ile
iligkilendirilir. Calismalar ortaya koymustur ki FDM dolgulu 3B hibrit
kompozitler, PP’lerin termal yoOnetiminde yardimci pasif sistem olarak
kullanabilirligi agisindan umut vadetmektedir.
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Abstract

Wear is defined as material loss from a surface due to mechanical actions. This
phenomenon is typically categorized into various types, including abrasive,
adhesive, erosive, corrosive, and fatigue wear [1]. The material degradation
occurring on component surfaces leads to functional failure and, ultimately, the
decommissioning of mechanical systems, resulting in substantial economic losses
in industrial operations. For instance, the cost of abrasive wear alone is estimated
to account for 1% to 4% of the gross domestic product in industrialized countries
[1]. The wear process is influenced by several factors, such as the properties of
the base material, the nature of the counter surface, environmental conditions, and
service parameters.

Epoxy resins are widely utilized in wear-resistant composites and anti-wear
coatings due to their favorable mechanical properties, excellent adhesion to steel
and concrete substrates, resistance to chemicals and solvents, low cost, and low
toxicity [3]. However, in their unmodified form, epoxy resins generally exhibit
limited wear resistance. To enhance the tribological performance of epoxy-based
polymers, a variety of metallic, ceramic, and fiber-based reinforcement materials
are commonly employed. Among them, silica (SiO2), graphene oxide (GO), and
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hexagonal boron nitride (hBN) nanoparticles are known to improve the wear
resistance of nanocomposites by reducing the coefficient of friction and
simultaneously enhancing surface and mechanical properties [4—6].

In this study, the effects of Si02, GO, and hBN nanoparticles on the tribological
behavior, surface morphology, and hardness of epoxy-based composites were
investigated. In addition to neat epoxy samples, epoxy nanocomposites
incorporating 0.5 wt% of each nanoparticle type were prepared. The tribological
performance against abrasive wear was evaluated using the pin-on-disk test,
following the ASTM G99 standard. The coefficient of friction and wear loss
were measured and compared. Furthermore, the surface hardness of the
nanocomposites was assessed using a Shore D durometer, and the influence of
nanoparticle incorporation on hardness was examined. Surface morphologies
were characterized by optical microscopy, and post-wear surface changes were
visually assessed.

Keywords: [Nanocomposite, tribological properties, epoxy]
Ozet

Asinma, bir malzemenin yilizeyinden mekanik sebeplerle maddesel kaybin
gergeklesmesiyle tanimlanir. Bu olgu; abrasif, adhezif, erozyon, korozyon ve
yorulma olmak tizere farkli tiirlerde siniflandirilmaktadir [1]. Malzeme yiizeyinde
meydana gelen bu kayiplar, makine bilesenlerinin islevini yitirmesine ve
dolayisiyla kullanim dis1 kalmasina neden olur. Bu da, endiistriyel siireclerde
ciddi ekonomik kayiplara yol agmaktadir. Ornegin, yalnizca abrasif asinmanin
maliyeti, sanayilesmis iilkelerin gayri safi yurti¢i hasilasinin %1-4’li arasinda
degismektedir [1]. Asinma siireci; ana malzemenin ozellikleri, kars1 yiizeyin
yapisi, ¢evresel kosullar ve servis sartlart gibi bircok etkene bagl olarak geligir.

Epoksi regineler; iyi mekanik ozellikleri, ¢elik ve beton yiizeylere miikemmel
yapigma kabiliyetleri, kimyasal ve ¢oziiciilere karsi direncleri, diisiik maliyetleri
ve diislik toksisiteleri nedeniyle asinmaya direngli kompozit ve asinma 6nleyici
kaplama uygulamalarinda yaygin olarak tercih edilmektedir [3]. Ancak, katkisiz
kullanildiklarinda asinma direngleri genellikle diisiik olarak degerlendirilir.
Epoksi esasli polimerlerin tribolojik 6zelliklerini iyilestirmek amaciyla farkli
metal, seramik ve lif bazli takviye malzemeleri siklikla kullanilmaktadir. Silika
(Si02), grafen oksit (GO) ve hekzagonal bor nitriir (hBN) nanotanecikleri,
katildiklar1 nanokompozitlerin siirtiinme katsayisini diisiirerek aginma direncini
artirirken, ylizey ve mekanik 6zelliklerini de iyilestirebilir [4-6].
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Bu ¢alismada, SiO2, GO ve hBN nanotaneciklerinin, epoksi esasli kompozitlerin
tribolojik  ozellikleri, ylizey morfolojisi ve sertligi Tlzerindeki etkileri
incelenmistir. Saf epoksi numunelere ek olarak, %0,5 oraninda SiO2, GO ve hBN
nanotanecikleri iceren epoksi nanokompozit numuneler hazirlanmistir.
Nanokompozitlerin abrasif asinmaya kars1 tribolojik performanslari, ASTM G99
standardina uygun olarak gerceklestirilen pin-on- disk testi ile degerlendirilmis ve
siirtiinme katsayis1 ile asinma miktar1 Olgiilerek karsilastirilmistir. Ayrica,
nanokompozit numunelerin yiizey sertlikleri, Shore D sertlik 6lglim cihaz ile
belirlenmis ve nanotanecik katkisinin sertlik iizerindeki etkisi incelenmistir.
Yiizey morfolojileri, optik mikroskop kullanilarak analiz edilmis ve asinma
sonrasl yiizeylerde meydana gelen degisiklikler gorsel olarak degerlendirilmistir.

Anahtar Kelimeler: [Nanokompozit, tribolojik dzellikler, epoksi]
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Abstract

Composite materials are increasingly used in the aerospace industry due to their
superior mechanical properties and advantages such as lightweight. However, due
to the nature of their manufacturing processes, producing specimens with
consistent mechanical properties remains a significant challenge [1-3]. In
industrial applications, achieving consistent part performance requires the ability
to repeatedly produce components with identical properties.

In this study, the effects of different cutting methods on the mechanical properties
of composite materials were investigated. Using unidirectional (UD) carbon fiber
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fabrics with a surface density of 300 g/m?, material coefficients related to tensile
and compressive strength were determined in accordance with ASTM standards.

Initially, composite plates with a fiber volume fraction of 55%, a thickness of 1.5
mm, and dimensions of 500x500 mmx>xmm were manufactured using the vacuum
infusion method. From these plates, a total of 10 specimens for each orientation
(0°,90°, and +45°) were cut according to ASTM D3039/D3039M for tensile tests
and ASTM D3410/3410M for compression tests.

Depending on the cutting method, micro-damages such as interlaminar
delamination, fiber breakage, and matrix cracks, often not easily visible to the
naked eye, can occur on the cut surfaces of the specimens [4]. Therefore, two
different plates produced under the same conditions were compared using two
cutting methods commonly employed in industry: manual cutting (Dremel) and
water jet cutting. The Dremel is an electronic tool in which a motor rotates at
variable speeds, and various attachments can be used for different purposes such
as engraving/milling, grinding/sharpening, cleaning/polishing, cutting, and
sanding [5,6]. Water jet cutting, on the other hand, is another method that uses
high-pressure water to obtain composite parts in specific geometries [7]. Since
the process takes place in water, thermal effects such as burning can be reduced.
However, contact between the composite materials and water may lead to other
issues such as moisture absorption.

Compression test specimens were prepared in dimensions of 140%20 mm>mm,
while tensile test specimens were 250x20 mmxmm. For both cutting methods,
five repeated tests were performed for each case. During the tests, force-
displacement data were recorded, and stress values were calculated using strain
gauges attached to the specimens. Based on these data, material properties such
as longitudinal and transverse strain, Poisson’s ratio, tensile strength, and elastic
modulus were calculated using the relevant equations.

Initially, the material properties obtained from equivalent specimens were
compared, and the variation between the values was observed to be within a 10%
error margin. Subsequently, the mechanical data of specimens cut by Dremel and
waterjet were compared. In addition to numerical data, the comparison also
included an evaluation of the damage types occurring during and after the cutting
process.

In this context, a stereo optical microscope was used to visually examine the
cross-sectional surfaces of the specimens and the damage patterns observed after
testing. The effects of surface defects caused by the manufacturing process on the
types of damage observed after testing were also evaluated.
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Ozet

Kompozit malzemeler, sagladiklar1 iistlin mekanik ozellikler ve hafiflik gibi
avantajlar sayesinde havacilik endistrisinde kullanimi  giderek artan
malzemelerdir [1-3]. Ancak bu malzemelerin iiretim yontemlerinden kaynakli
olarak, ayni mekanik 6zelliklere sahip numunelerin tekrarli sekilde iiretilebilmesi
cesitli zorluklar barindirmaktadir. Oysaki endiistriyel uygulamalarda beklenen
performansin saglanabilmesi i¢in, tekrarlayan iiretimlerde ayni 6zelliklere sahip
parcalarin elde edilmesi gerekmektedir.
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Bu ¢alismada, kompozit malzemelerin mekanik 6zellikleri tizerinde farkli kesim
yontemlerinin etkisi arastirilmistir. 300 g/m? yiizey yogunluguna sahip UD
(unidirectional) karbon fiber kumaslar kullanilarak, ASTM standartlarina uygun
sekilde cekme ve basma mukavemeti ile ilgili malzeme katsayilar1 belirlenmistir.

[lk asamada, %55 lif hacim oranina sahip, 1.5 mm kalinhiginda ve 500%x500
mmxmm boyutlarinda kompozit plakalar vakum infiizyon yontemi ile
uretilmistir. Bu plakalardan, ASTM D3039/D3039M ¢ekme ve ASTM
D3410/3410M basma test standartlarina uygun olarak, 0°, 90° ve +45° lif
yonlerine sahip olacak sekilde, her bir yonden toplam 10 adet numune kesilmistir.

Kesim yontemine bagli olarak, numunelerin kesit yiizeylerinde gozle tespit
edilmesi zor olan; kompozit katmanlar arasi ayrilmalar, fiber kirtlmalari ve matris
catlaklar1 gibi mikro hasarlar meydana gelebilmektedir [4]. Bu nedenle, ayni
kosullarda {iretilmis iki farkli plaka iizerinden, endiistride yaygin olarak
kullanilan manuel (Dremel) kesim yontemi ile su jeti kesim yontemi
karsilagtirilmigtir.  Dremel, igerisinde bulunan motorun farkli devirlerde
donmesiyle ucuna takilan pargcaya bagli olarak bircok farkli amaglarla
kullanilabilen bir elektronik alettir ve oyma/freze olarak kullanilan uglar,
taglama/bileme amaciyla kullanilan uglar, temizleme/parlatma amaciyla
kullanilan uglar, kesme amaciyla kullanilan uglar, zimparalama iglemi igin
kullanilan uglar kullanilmaktadir [5,6]. Su jeti ise yiiksek basingli su kullanilarak
belirli geometrilerde kompozit parcalarin elde edilmesini saglayan bir bagka
kesme yontemdir [7]. Islem su iginde gerceklesmesi sebebiyle yanma vb. 1s1l
etkiler azaltilabilmektedir. Ancak kompozit malzemelerin suyla temas etmesi
nem alma vb. baska sorunlara neden olabilmektedir.

Basma testi numuneleri 14020 mmxmm, ¢ekme testi numuneleri ise 250x20
mmxmm ebatlarinda hazirlanmistir. Her iki kesim yontemi i¢in, her bir durumda
beser adet tekrar testi gerceklestirilmistir. Testler sirasinda kuvvet-yer degistirme
verileri kaydedilmis ve numunelere yerlestirilen gerinim 6lgerler (strain gauge)
aracilifiyla gerilme degerleri hesaplanmistir. Bu veriler kullanilarak boyuna ve
enine gerinim, Poisson orani, ¢gekme dayanimi ve elastisite modiilii gibi malzeme
ozellikleri agagidaki ilgili denklemler yardimiyla hesaplanmisgtir.

Oncelikle, es numuneler arasinda elde edilen malzeme &zellikleri karsilastiriimas
ve bu degerler arasindaki farklarin %10 hata oraninin altinda oldugu
gbzlemlenmistir. Daha sonra, Dremel ve su jeti ile kesilmis numunelerin mekanik
verileri karsilagtirilmigtir. Karsilagtirma, sayisal verilerin yani sira, kesim iglemi
sirasinda ve sonrasinda olusan hasarlarin sekillerinin degerlendirilmesini de
icermektedir.
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Bu kapsamda, stereo 6zellikli optik bir mikroskop kullanilarak numunelerin kesit
ylizey gorintiileri ve deney sonrast olusan hasar sekilleri gorsel olarak
incelenmistir. Uretim siirecinde olusan yiizey kusurlarimin, test sonrasi
gbzlemlenen hasar tiirleri lizerindeki etkileri degerlendirilmistir.

Anahtar Kelimeler: [Karbon fiber kompozit malzemeler, Dremel ile manuel
kesme, Su jeti ile kesme, Mekanik 6zellikler]

Test Numuneleri

Elle kesim
(Dremel)

Su jeti ile
kesim

Tesekkiir

124M876 numarah proje kapsaminda Tirkiye Bilimsel ve Teknolojik Arastirma
Kurumu (TUBITAK) tarafindan bu ¢aligsmaya verilen destek saglanmistir.
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Abstract

Europe’s twin transition strategy combining green and digital innovation—is
rapidly reshaping the regulatory and industrial landscape. A key pillar of this
strategy is the implementation of Digital Product Passports (DPPs) to support
circular, sustainable, and net-zero-emission business models across sectors [1, 2].
DPPs are set to become a regulatory requirement under the Ecodesign for
Sustainable Products Regulation (ESPR), with mandates emerging for a wide
range of products including electronics, batteries, textiles, and composite
materials.

As companies, both large enterprises and SMEs prepare for mandatory DPP
deployment, data harmonization becomes a key challenge. Materials-related data
is highly distributed, heterogeneous, and context-dependent. DigiPass works
toward establishing common semantic frameworks, metadata structures, and data
quality indicators to support interoperability across the material value chain. The
project fosters “innovation-by-design” methodologies, where digital product data
can be reused for design, durability prediction, lifecycle management, and
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sustainability assessment [3]. A particular focus is placed on enabling stakeholder
alignment through: 1) Mapping existing information sources used by the materials
and composites communities; 2) Identifying accreditation and certification
practices across industries, 3) Engaging stakeholders in participatory
standardization processes and 4) Bridging data gaps between upstream producers
and downstream users. The DigiPass Coordination and Support Action (CSA)
project addresses a critical need in this transition: ensuring interoperability, trust,
and digital maturity across diverse European stakeholders, particularly in
advanced materials and composites manufacturing [4].

This talk presents DigiPass’s strategic approach, focusing on the inventory and
harmonization of information sources, accreditation schemes, and community
practices relevant to DPP implementation. DigiPass promotes collaborative digital
ecosystems that integrate manufacturers, suppliers, regulatory bodies, and end-
users, ensuring that DPPs become instruments of empowerment and traceability,
rather than administrative burdens. By creating a harmonized data infrastructure
and promoting best practices, the project aims to make circularity practical and
economically viable. The presentation will provide key insights into the DigiPass
roadmap, industry engagement strategies, and alignment with ongoing policy
initiatives under ESPR and the European Green Deal [5]. Case studies from
advanced materials will illustrate how harmonized digital frameworks can
enhance both product stewardship and innovation capacity.

Keywords: DigiPass CSA, Digital Product Passports, Circular Economy, Quality
of Life, Composite Materials, Innovative Advanced Materials.
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Abstract

Composite materials are widely preferred in many industries such as automotive,
aerospace, and marine because they enable the production of lighter and higher
strength products. Composite structures basically consist of two components:
reinforcement and matrix. Mechanical strength is derived from the reinforcement
group, while the integrity of the structure is ensured by the matrix, which holds
the reinforcements together. The most commonly used reinforcement materials
in traditional composites are glass fiber and carbon fiber. However, in recent
years, natural fibers have begun to gain prominence due to increasing
environmental concerns and the search for alternative materials. Basalt fiber is
also among the prominent fibers. Basalt fiber is obtained from natural volcanic
basalt rock and is an environmentally friendly material as it does not emit toxic
substances during the production process. Thanks to this feature, it is considered
a sustainable option that contributes to the “Green World” movement. It also has
higher mechanical strength compared to glass fiber [1,2]. Thanks to
advancements in composite technology, hybrid composite structures have also
become widespread today. In hybrid composites, multiple reinforcement
materials are used together to combine different properties into a single structure.
In these structures, reinforcements can be placed between layers or within layers
[3]. In this study, an interlayer hybrid structure was preferred. Although
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composites have advantages over metallic materials, in some applications, the use
of composites and metals (e.g., stainless steel/SST) together may be necessary.

The bonding of such structures can be achieved through mechanical connections
or adhesive methods [4]. In this study, the strengths of both composite-composite
and composite-metal bonds were compared using lap- shear tests [5]. Composite
plates were prepared using the vacuum infusion method, employing glass fiber,
basalt fiber, and a hybrid combination of these two fibers. The samples produced
were then subjected to lap-shear testing in accordance with the EN 1465 standard.
According to the test results, among the composite-composite bonding groups,
the basalt-basalt samples achieved the highest bonding strength at 21.97 MPa. The
lowest value was observed in the glass-glass group at 15.43 MPa. Among the
glass-sst, basalt-sst, and hybrid-sst groups, the highest strength was obtained in
the basalt-sst group, while the values of the glass-sst and hybrid-sst groups were
found to be quite close to each other. Unlike composite-composite adhesion, the
fact that the results for glass and hybrid fibers were similar in composite-metal
adhesion may be due to surface preparation and cleaning during the bonding
process. Finally, when the results are evaluated, it is understood that basalt fiber
can perform well both within the composite and in bonding with metal surfaces.

Keywords: [Glass, Basalt, Hybrid, Metals, lap-shear]

Ozet

Kompozit malzemeler, daha hafif ve yiiksek mukavemete sahip {irlinler elde
edilmesini sagladiklar1 i¢in otomotiv, havacilik, denizcilik (marin) gibi bir¢ok
sektorde yaygin sekilde tercih edilmektedir. Kompozit yapilar temel olarak
takviye ve matris olmak lizere iki bilesenden olusur. Mekanik dayanim takviye
grubundan, takviyelerin bir arada tutularak yapinin biitiinliigiiniin saglanmasi ise
matristen elde edilir. Geleneksel kompozitlerde en ¢ok tercih edilen takviye
malzemeleri cam elyaf ve karbon elyaftir. Ancak son yillarda ¢evresel kaygilarin
artmas1 ve alternatif malzeme arayislar1 dogrultusunda dogal elyaflar 6n plana
cikmaya baglamistir. Bazalt elyaf da one ¢ikan elyaflar arasinda yer almaktadir.
Bazalt elyaf, dogal volkanik bazalt tagindan elde edilir ve iiretim siirecinde toksik
madde yaymadigi i¢in ¢evre dostu bir malzemedir. Bu 6zelligi sayesinde “Yesil
Diinya” hareketine katki saglayan siirdiiriilebilir bir secenek olarak
degerlendirilmektedir. Ayrica cam elyafa kiyasla daha yiiksek mekanik
mukavemete sahiptir [1,2]. Kompozit teknolojisindeki gelismeler sayesinde
giiniimiizde hibrit kompozit yapilar da yayginlagsmistir. Hibrit kompozitlerde
birden fazla takviye malzemesi bir arada kullanilarak, farkli 6zelliklerin tek bir
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yapida birlestirilmesi hedeflenir. Bu yapilarda takviyeler, katlar aras1 ya da kat igi
sekilde yerlestirilebilir [3]. Bu calismada katlar aras1 hibrit yap1 tercih edilmistir.
Kompozitlerin metalik malzemelere gore iistiinliikleri olsa da bazi uygulamalarda
kompozit ile metalin (6rnegin paslanmaz g¢elik/sst) birlikte kullanimi gerekebilir.
Bu tir yapilarin birlestirilmesi mekanik baglantilarla veya yapistirma
yontemleriyle saglanabilir [4]. Bu calismada, hem kompozit-kompozit hem de
kompozit- metal yapigmalarinin lap-shear (bindirme c¢ekme) testleri ile
mukavemetleri karsilagtirilmistir [5]. Vakum infiizyon yontemi kullanilarak, cam
elyaf, bazalt elyaf ve bu iki elyafin hibrit kombinasyonu kullanilarak kompozit
plakalar hazirlanmistir. Uretilen numuneler daha sonra EN 1465 standardina
uygun olarak lap-shear testine tabi tutulmustur. Test sonuglarina gére kompozit-
kompozit yapisma gruplari arasinda bazalt-bazalt numuneleri 21,97 MPa ile en
yiiksek yapisma mukavemetine ulasmistir. En diisiik deger ise 15,43 MPa ile cam-
cam grubunda gézlemlenmistir. Cam-sst, bazalt-sst ve hibrit-sst gruplar arasinda
ise en yiiksek mukavemet bazalt-sst grubunda elde edilirken; cam-sst ve hibrit-sst
gruplarimin degerleri birbirine olduk¢a yakin bulunmustur. Kompozit-kompozit
yapismasindakinden farkli olarak kompozit-metal yapigmasinda cam ve hibrit
elyafin sonuglarinin birbirine yakin ¢ikmis olmasi yapistirma uygulamasi
esnasinda yiizey hazirlama ve temizleme isleminden kaynaklanmis olabilir. Son
olarak sonuglar degerlendirildiginde, bazalt elyafin hem kompozit iginde hem de
metal ylizeyle birlestirmede iyi bir performans sergileyebilecegi anlagilmaktadir.

Anahtar Kelimeler: [Cam, Bazalt, Hibrit, Metal, Lap-Shear]
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Abstract

Thin-ply composites are characterized by uniform fiber distribution and low
energy release rates for transverse cracks as this rate is scaled with ply thickness.
These unique characteristics delay damage onset, suppress delamination and
enable higher strengths in thermoset composites compared to their standard or
thick-ply counterparts [1]. However, the research on thin-ply thermoplastic
composites is limited [1]. Given the growing interest in clean energy and
sustainability, thermoplastic composites are promising for hydrogen storage.
Linerless Type V tanks, which eliminate the need for a liner, represent the lightest
configuration for hydrogen storage. However, they require materials with
excellent gas barrier properties and mechanical integrity to ensure safety under
high-pressure conditions. In this context, the ability of thin plies can become
highly advantageous.

A comprehensive comparison of various thermoplastics [2] showed that carbon
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fiber (CF) reinforcement reduces polymer permeability, attributed to low

hydrogen solubility in CFs and enhanced matrix crystallinity. Among many, CF
reinforced polyamide 6 (CF/PA6) exhibited the lowest permeability, likely due
to its highest crystallinity [2]. This finding was further supported by Oz et al. [3]
for thin-ply CF/PA6 composites, where thick-layer laminates exhibited lower
hydrogen permeability than thin-layer counterparts due to higher crystallinity.
Both configurations showed promising potential for application in Type V
hydrogen storage tanks. While microstructure seems to be an essential component
on permeability, the effect of damage modes remains unexplored. Damage within
the plies can deteriorate impermeable paths by forming continuous percolation
paths, a critical design concern for Type V tanks.

This study investigates the effect of layer thickness on hydrogen permeability of
thin-ply CF/PA6 composites, having laminate thickness of 672 pm. Two
configurations are compared: [0/90]s and [04904]s, having individual ply
thicknesses of 42 um (thin) and 168 um (thick) respectively. Percolation paths
were introduced via interrupted tensile loading to 60% and 80% of the ultimate
strength, followed by hydrogen permeation tests under 5, 10, and 15 bar.

After loading to 60% of ultimate strength, the thin-layer laminates, with
inherently lower crystallinity, exhibited early fiber/matrix debonding and formed
percolation paths, leading to significant increase in permeability. Upon loading
to 80% of ultimate strength, permeability increased slightly, as the damage had
not propagated through the laminate thickness. In contrast, thick-layer laminates
demonstrated greater initial resistance to damage due to their higher crystallinity,
showing minor increase in permeability at 60% of ultimate strength.
Nevertheless, at 80% of ultimate strength, interconnected debonding through the
laminate thickness formed continuous percolation paths, leading to fourfold
increase in permeability.

Overall, hydrogen permeability increased with pre-applied loading in all
configurations. Although thick-layer laminates performed better in pristine
conditions, they exhibited rapid degradation in permeability when loaded, due to
the formation of extensive percolation networks. In general, permeability
decreased with increasing pressure, except in the thick-layer laminates pre-loaded
to 80% of ultimate strength, where through-thickness percolation dominated the
leakage mechanism. Thin plies, by surpassing damage propagation, demonstrated
improved resistance to hydrogen leakage and thus offer enhanced safety margins
for Type V hydrogen storage applications under high-pressure conditions.

Keywords: [Hydrogen, Permeation, Thin-ply, Thermoplastic composites]

188



References

[1] Galos Joel. Thin-ply composite laminates: a review. Composite
Structures. 236 (2020).

[2] Condé-Wolter Jan, Ruf Michael G., Liebsch Alexander, Lebelt Tobias,
Koch Ilja, Drechsler Klaus, ef al. Hydrogen permeability of thermoplastic
composites and liner systems for future mobility applications. Composites Part
A: Applied Science and Manufacturing. 167 (2023).

[3] Oz F E, Wagih A, Datta S J, Joarder B, Eddaoudi M, Lubineau G. On
hydrogen permeability of thin-ply thermoplastic composites. In 21st European
Conference on Composite Materials. Nantes (2024).

189



POLIMER MATRISLi KOMPOZIT MALZEMELERDE
ELYAF VE MATRIS SECIMININ YASAM DONGUSU
TEMELLI KARBON AYAK iZi ANALIZI

LIFE CYCLE-BASED CARBON FOOTPRINT ANALYSIS OF FIBER
AND MATRIX SELECTION IN POLYMER MATRIX COMPOSITE
MATERIALS

Nilsu Ataman', M. Ozgiir Seydibeyoglu', Kaan Vatansever?, irem Cansu Tosun?

'fzmir Katip Celebi Universitesi, Department of Metallurgical and Materials
Engineering, Balatcik, Airport Road No:33/2, Izmir 35620, Tiirkiye

2Sustainabilios, Mistral Tower, Cinarli, Kat:39, 35170 Konak, Izmir, Tiirkiye

nilsu-ataman@hotmail.com

Abstract

In contemporary engineering approaches, not only mechanical strength and
performance but also minimizing environmental impacts, efficient use of
resources, and designing in accordance with sustainability principles throughout
the product life cycle have gained significant importance. In this context,
composite materials have emerged as a prominent class of materials in modern
technological solutions due to their high specific strength, light weight, long
service life, and low maintenance requirements.

The aim of this study is to analyze the environmental performance of polymer
matrix composite materials using the Life Cycle Assessment (LCA) method and
to compare different fiber and matrix combinations in terms of their carbon
footprint. Within this scope, composite structures composed of fibers of various
origins, such as flax, hemp, glass, and carbon, along with matrix systems based
on thermoset (epoxy) and thermoplastic (polyamide 6) resins were evaluated. A
holistic approach was adopted to assess the environmental impacts of fiber and
matrix components by considering their production processes, energy
consumption, greenhouse gas emissions, recyclability potential, and disposal
methods. The findings aim to provide a scientific basis for sustainable material
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selection and to contribute at a technical level to policy instruments such as the

Carbon Border Adjustment Mechanism (CBAM) and Environmental Product
Declarations (EPDs) under the framework of the European Green Deal.

The environmental impacts of polymer matrix composite materials were analyzed
using the Life Cycle Assessment (LCA) approach in accordance with ISO 14040
and ISO 14044 standards. The life cycle was evaluated from a “cradle-to-grave”
perspective, covering all stages from raw material acquisition to production, use,
and final disposal. Environmental impacts were calculated using sustainability
metrics such as carbon footprint (ISO 14064), water footprint (ISO 14046),
energy management (ISO 50001), and waste disposal.

In the study, the environmental impacts of various natural and synthetic fiber
types, such as flax, hemp, glass fiber, and carbon fiber, were compared using a
common polymer matrix. Multi-dimensional analyses were conducted by
considering the production processes, energy consumption, emission profiles, and
end-of-life disposal options. These fiber-based comparisons particularly
evaluated the environmental advantages of biocomposites, and their sustainability
potential compared to traditional petrochemical-based composites was supported
by data obtained from literature.

Additionally, by keeping a selected fiber type constant, the environmental
performances of two different polymer matrix systems—thermoset-based epoxy
resin and thermoplastic-based polyamide 6, were compared. The decisive role of
matrix type in environmental impact was analyzed based on criteria such as
recyclability, reprocessability, energy intensity of manufacturing processes, and
compatibility with circular economy principles. Advantages of thermoplastic
systems, including their ability to be reprocessed and shaped at lower
temperatures, create notable environmental distinctions.

Moreover, the applicability of energy management systems in accordance with
ISO 50001 was evaluated in terms of the energy efficiency of production
processes. The environmental impacts of energy-intensive processes were
compared with alternative methods requiring lower energy input. As part of the
carbon footprint calculations, methods for traceability, data collection, and
reporting related to carbon-intensive raw materials were integrated into the study
in line with the European Green Deal and the Carbon Border Adjustment
Mechanism (CBAM).

Finally, Environmental Product Declarations (EPDs) published under systems
valid in Europe were reviewed to evaluate practices aimed at transparently
presenting the carbon footprint and overall environmental performance of
composite materials. EPDs were considered a significant tool for supporting
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sustainability-oriented decision-making in material selection.

The environmental sustainability of composite materials is shaped not only by the
final product’s performance but also by the sources of the fiber and matrix
components used, their production processes, and the environmental impacts
generated throughout their life cycles. In this context, both the fiber type and
matrix type play a decisive role in determining the total carbon footprint of the
composite system.

Natural fibers (such as flax and hemp) are generally obtained from renewable
sources, require low energy for processing, and emit limited greenhouse gases
during production. Their biodegradable nature and the possibility of sourcing
them locally also offer advantages in terms of transportation and waste
management. In contrast, synthetic fibers such as glass and carbon are
manufactured through high-temperature, energy-intensive processes, with carbon
fiber in particular producing high emissions during its production phase.
However, synthetic fibers can offer significant indirect environmental benefits
due to their higher mechanical strength and extended service life. Therefore,
comparisons between natural and synthetic fibers should take into account the
entire life cycle, not just the production stage.

Similarly, the type of matrix used is another critical factor influencing the carbon
footprint. Thermoset resins (e.g., epoxy) typically provide high mechanical
properties, but due to their crosslinked chemical structure, they are not recyclable
and require fixed curing temperatures during processing. Thermoplastic matrices
(e.g., polyamide 6), on the other hand, can be processed at lower temperatures,
are reprocessable, and can be mechanically recycled, offering notable
environmental advantages. However, their environmental performance may vary
depending on the type of energy used in production and the petrochemical origin
of the raw materials.

In this context, evaluating the impact of fiber and matrix selection on the carbon
footprint through a holistic life cycle approach is of critical importance for the
development of sustainable composite designs.

Keywords: [Life Cycle Assessment (LCA), carbon footprint, sustainability,
composite materials]

Ozet

Giiniimiizde  kullanllan  miihendislik  yaklagimlarinda sadece mekanik
dayaniklilik ve performans degil; c¢evresel etkilerin minimuma indirilmesi,
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kaynaklarin verimli kullanimi ve yasam dongiisii siiresince stirdiiriilebilirlik
ilkelerine uyumlu tasarim da 6nem kazanmaktadir. Bu baglamda, kompozit
malzemeler, yiiksek 0zgiil dayanim, hafiflik, uzun Omir ve diisiik bakim
ozellikleri ile modern teknolojik ¢oziimler arasinda 6ne ¢ikan bir malzeme tiirii
haline gelmistir.

Bu c¢alismanin amaci, polimer matrisli kompozit malzemelerin ¢evresel
performansini yagam dongiisii degerlendirmesi (LCA) yontemiyle analiz ederek,
farkli elyaf ve matris kombinasyonlarinin karbon ayak izi acgisindan
karsilastirilmasini saglamaktir. Bu kapsamda, keten, kenevir, cam ve karbon gibi
farkli kokenlere sahip elyaf tiirleri ile termoset (epoksi) ve termoplastik
(polyamide 6) matris sistemlerinin  olusturdugu kompozit yapilar
degerlendirilmistir. Elyaf ve matris bilesenlerinin iiretim siiregleri, enerji
tiikketimi, sera gazi emisyonlari, geri doniistiiriilebilirlik potansiyeli ve bertaraf
yontemleri dikkate alinarak ¢evresel etkiler biitiinciil bir yaklasimla ele alinmistir.
Elde edilen bulgularin, siirdiiriilebilir malzeme segimlerine bilimsel dayanak
olusturmasi ve Avrupa Yesil Mutabakati ¢er¢evesindeki SKDM (Sinirda Karbon
Diizenleme Mekanizmasi) ile ¢evresel iiriin beyani (EPD) gibi politika araglarina
teknik diizeyde katki saglamasi hedeflenmektedir.

Polimer matrisli kompozit malzemelerin ¢evresel etkileri, ISO 14040 ve ISO
14044 standartlarina uygun olarak yasam dongiisii degerlendirmesi (LCA)
yaklagimi ile analiz edilmistir. Yasam dongiisii, hammadde temininden
baslayarak iiretim, kullanim ve nihai bertaraf agamalarii kapsayacak sekilde
“besikten mezara” (cradle-to-grave) kadar olan tiim siireci igerecek bigcimde
degerlendirilmistir. Cevresel etkiler; karbon ayak izi (ISO 14064), su ayak izi
(ISO 14046), enerji yonetimi (ISO 50001) ve atik bertarafi gibi siirdiiriilebilirlik
araglar1 kullanilarak hesaplanmistir.

Calismada, keten, kenevir, cam elyaf ve karbon elyaf gibi dogal ve sentetik elyaf
tirlerinin c¢evresel etkileri; ortak bir polimer matris ile birlikte kullanilarak
karsilagtirlmigtir. Elyaflarin tiretim siiregleri, enerji tiiketimleri, emisyon
profilleri ve kullanim sonrasi bertaraf segenekleri dikkate almarak ¢ok boyutlu
analizler yapilmistir. Elyaf bazli bu karsilastirmalarda, 6zellikle
biyokompozitlerin ¢evresel avantajlar1 degerlendirilmis; bu sistemlerin
geleneksel petrokimyasal bazli kompozitlere kiyasla sundugu siirdiriilebilirlik
potansiyeli literatiirden elde edilen verilerle desteklenmistir.

Buna ek olarak, segilen bir elyaf tiirii sabit tutularak, iki farkli polimer matris
sisteminin termoset esasli epoksi recine ve termoplastik esasli polyamide 6
cevresel performanslart karsilagtirilmistir. Bu karsilagtirmada, matris tipinin
cevresel etkileri iizerindeki belirleyici rolii; geri doniistiiriilebilirlik, yeniden
islenebilirlik, {iretim siireglerinin enerji yogunlugu ve dongiisel ekonomiyle
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uyumluluk gibi kriterler iizerinden analiz edilmistir. Termoplastik sistemlerin
yeniden iglenebilir yapisi ve diisiik sicaklikta sekillendirilebilirligi gibi avantajlar,
cevresel acidan onemli farkliliklar yaratmaktadir.

Ayrica, iiretim proseslerinin enerji verimliligi bakimindan ISO 50001 standardina
uygun enerji yonetim sistemlerinin uygulanabilirligi degerlendirilmis; enerji
yogun proseslerle daha diisiik enerji gerektiren alternatif yontemlerin ¢evresel
etkileri karsilastirilmistir. Karbon ayak izi hesaplamalar1 kapsaminda, Avrupa
Yesil Mutabakati ve Sinirda Karbon Diizenleme Mekanizmas1t (SKDM)
dogrultusunda karbon yogun hammaddelere iliskin izlenebilirlik, veri toplama ve
raporlama yontemleri calismaya entegre edilmistir.

Son olarak, Avrupa’da gegerli olan ¢evresel iiriin beyanm (EPD) sistemleri
kapsaminda yayimlanmis belgeler incelenerek, kompozit malzemelerin karbon
ayak izi ve genel ¢evresel performanslarinin seffaf sekilde sunulmasina yonelik
uygulamalar  degerlendirilmistir. EPD  belgeleri, malzeme se¢iminde
stirdiirtilebilirlik odakli karar alma siireclerine katki saglayacak 6nemli bir arag
olarak ele alinmistir.

Kompozit malzemelerin ¢evresel siirdiiriilebilirligi, yalnizca nihai {iriin
performansina degil, kullanilan elyaf (lif) ve matris bilesenlerinin kaynaklarina,
iiretim siireclerine ve yasam dongiisli boyunca olusturdugu cevresel etkilere baglh
olarak sekillenmektedir. Bu baglamda, elyaf tiiri ve matris tipi, kompozit
sistemin toplam karbon ayak izi {izerinde belirleyici rol oynamaktadir.

Dogal kokenli elyaflar (keten, kenevir gibi) genellikle diisiik enerjiyle islenebilen,
yenilenebilir kaynaklardan elde edilen ve iiretim asamasinda sinirli sera gazi
salimi yapan bilesenlerdir. Ayrica biyobozunur yapilar1 ve yerel kaynaklardan
temin edilebilmeleri, tagima ve atik yonetimi agisindan da avantaj saglamaktadir.
Buna karsin, cam ve karbon gibi sentetik elyaflar yiiksek sicakliklarda enerji
yogun proseslerle iiretilmekte olup, 6zellikle karbon elyafin iiretim agsamasinda
olusan emisyonlar oldukga yiiksektir. Ancak sentetik elyaflar, kullanim siiresince
daha yiiksek mekanik dayanim ve uzun omiir sunarak dolayli ¢evresel kazanimlar
saglayabilmektedir. Bu nedenle dogal ve sentetik elyaflar arasinda yapilacak
karsilagtirmada, yalnizca {iiretim degil, tiim yasam dongiisii g6z Oniinde
bulundurulmalidir.

Benzer sekilde, matris bileseninin tiirii de karbon ayak izini etkileyen 6nemli bir
faktordiir. Termoset recineler (6rnegin epoksi), genellikle yliksek mekanik
ozellikler sunmasina ragmen kimyasal olarak ¢apraz bagl yapilari nedeniyle geri
dondstiiriilemez ve {iretimleri sirasinda sabit kiirleme sicakliklar1 gerektirir.
Termoplastik matrisler (6rnegin polyamide 6) ise daha diisiik sicakliklarda
islenebilir, yeniden sekillendirilebilir ve mekanik olarak geri doniistirtilebilir
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olmalan sayesinde cevresel agidan Onemli avantajlar sunar. Ancak {iretim
stirecinde kullanilan enerji kaynaklar1 ve hammaddenin petrokimyasal kékeni,
cevresel performanslarinin baglama gore degiskenlik gostermesine neden
olmaktadir.

Bu cergevede, elyaf ve matris seciminin karbon ayak izi {izerindeki etkilerinin
biitiinciil bir yagam dongiisii yaklagimi ile degerlendirilmesi, siirdiiriilebilir
kompozit tasarimlarinin gelistirilmesi agisindan biiyiik 6nem tagimaktadir.

Anahtar Kelimeler: [Yasam dongii degerlendirmesi (YDD), karbon ayak izi,
stirdiiriilebilirlik, kompozit malzemeler]
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Abstract

This project investigates the anti-cancer effects of Colchicum micranthum (CM)
bulb extract on MCF-7 breast cancer cells using 3D-printed scaffolds composed
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of PCL and PEG polymers. The CM extract, rich in colchicine alkaloids, is
incorporated into biocompatible and biodegradable scaffolds via extrusion-based
3D printing. In parallel, Oxaliplatin (OX), a commonly used chemotherapeutic
agent, is included for comparison. Three different scaffold groups were prepared
for evaluation. Group 1 served as the control and contained no drug or extract,
comprising a polymer composition of PCL/PEG in a 9.5:0.5 ml/ml ratio. Group
2 contained Colchicum micranthum extract in doses of 0.1 mg, 0.3 mg, and 0.4
mg, loaded into scaffolds made from a PCL/PEG mixture of 4.75:0.25 ml/ml.
Group 3 was loaded with Oxaliplatin at the same doses (0.1 mg, 0.3 mg, and 0.4
mg), using a PCL/PEG ratio of 1.9:0.1 ml/ml. These groups enable the assessment
of both individual and synergistic effects of different drugs and polymer types.
Scaffold characterization includes SEM (to observe morphology), FTIR (for
chemical structure analysis), DSC (to assess thermal behavior), and HPLC (to
analyze bioactive compounds). Drug release profiles are tested in media with
pH 7.4 and 4.0 to simulate physiological and tumor environments, respectively.
The cytotoxicity and anti- cancer efficacy of the scaffolds are evaluated using
MCEF-7 cell assays. This approach provides valuable insights into localized cancer
therapy with potentially reduced systemic toxicity. Additionally, the inclusion of
Colchicum micranthum, a plant endemic to Tiirkiye, enhances the biomedical and
national relevance of the project.

Keywords: [Colchicum micranthum, 3D Printing, Breast Cancer, Localized
Therapy, Drug Delivery]

Ozet

Bu proje, Colchicum micranthum (CM) sogan ekstresinin PCL ve PEG
polimerlerinden olusan 3D baskili doku yapilar1 {izerine yiiklenerek MCF-7
meme kanseri hiicreleri {izerindeki antikanser etkilerini incelemektedir. Kolgisin
alkaloidleri agisindan zengin olan CM ekstresi, ekstriizyon bazli 3D baski
yontemi ile biyouyumlu ve biyobozunur doku yapilarina entegre edilmistir.
Karsilagtirma amaciyla yaygin bir kemoterapdtik ajan olan Oksaliplatin (OX) da
calismaya dahil edilmistir. Ug¢ farkli iskelet grubu degerlendirme igin
hazirlanmistir. Grup 1 kontrol grubudur, ilag ya da ekstre igermemekte olup %9.5
PCL / %0.5 PEG (ml/ml) oraninda polimer kompozisyonuna sahiptir. Grup 2,
%4.75 PCL / %0.25 PEG (ml/ml) oraninda hazirlanan doku yapilarina sirastyla
0.1 mg, 0.3 mg ve 0.4 mg dozlarinda Colchicum micranthum ekstresi
yuklenmistir. Grup 3’e ise ayn1 dozlarda (0.1 mg, 0.3 mg ve 0.4 mg) Oksaliplatin
yiiklenmis ve polimer orani %1.9 PCL / %0.1 PEG (ml/ml) olacak sekilde

197



hazirlanmistir. Bu gruplar sayesinde farkli ilaglarin ve polimer tiirlerinin bireysel
ve sinerjik etkileri degerlendirilebilmistir. Doku yapis1 karakterizasyonu; SEM
(morfoloji gézlemi), FTIR (kimyasal yap1 analizi), DSC (termal davranis analizi)
ve HPLC (biyoaktif bilesen analizi) ydntemleriyle yapilmustir. lag salim
profilleri fizyolojik ortam1 simiile eden pH 7.4 ve tiimor ortamini simiile eden pH
4.0’ta test edilmistir. Doku yapilarin sitotoksisite ve antikanser etkinlikleri
MCEF-7 hiicre testleriyle degerlendirilmistir. Bu yaklasim, sistemik toksisiteyi
azaltabilecek lokalize kanser tedavisine dair 6onemli bilgiler sunmaktadir. Ayrica
Tiirkiye'ye endemik olan Colchicum micranthum’un kullanilmasi, projenin
biyomedikal ve ulusal degerini artirmaktadir.

Anahtar Kelimeler: [ Colchicum micranthum, 3B Baski, Meme Kanseri, Lokal
Tedavi, Ila¢ Tasima]
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Abstract

In recent years, the interest in clean energy sources has grown rapidly. In this
context, hydrogen is becoming an important candidate as a future energy carrier.
However, storing hydrogen safely and efficiently remains a major challenge.
Especially for high-pressure applications, different types of storage vessels are
being developed. One of the most promising solutions is the Type IV COPV
(Composite Overwrapped Pressure Vessel), known for its lightweight structure
and ability to withstand high pressures. These tanks are made of polymer liner
inside and carbon fiber-reinforced composite layers on the outside.

In this study, graphene nanoplatelets were added to the epoxy resin used in COPV
production to improve its mechanical performance. The graphene was mixed into
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the resin at rates between 1% and 3%. Ultrasonic bath and probe sonication
methods were used during this process. It was observed that using a solvent
helped achieve a more even distribution. The mechanical properties of the
graphene-modified resins were tested using tensile strength and DMA methods.
Microstructure was also examined through SEM imaging. The initial results
showed that adding graphene can improve both the stiffness and strength of the
resin.

The filament winding process was planned by using CADWIND software. The
winding angles were selected based on netting theory and used to wrap the carbon
fibers around the liner. After winding, the tanks were cured at 80 °C and made
ready for testing. In the following phase, hydrostatic tests will be conducted to
examine the burst pressure and damage modes. A connection between the amount
of graphene and the mechanical behavior of the tank is expected.

This research is still ongoing. The final results, including burst pressures and
failure modes, will be presented in the full paper. This research has been funded
by TUBITAK (Project No: 123N416), as part of the HYMOCA project within
the European Union’s M-ERA.NET initiative. It aims to contribute to the
development of safer and lighter hydrogen storage solutions in Tiirkiye.

Keywords: [Graphene, COPV, Filament Winding, Hydrogen Storage, Composite
Materials]

Ozet

Son yillarda temiz enerji kaynaklarina olan ilgi oldukg¢a artti. Bu dogrultuda
hidrojen, gelecekte Onemli bir enerji tasiyicisi olarak one c¢ikiyor. Ancak
hidrojenin giivenli ve etkili bir sekilde depolanmasi hala biiylik bir zorluk.
Ozellikle yiiksek basingli uygulamalarda bu sorunu ¢dzmek icin farkli tank
sistemleri gelistiriliyor. Bunlardan biri olan Tip IV COPV (Kompozit Sargili
Basinghi Kap), hafifligi ve yiiksek basinca dayanimiyla dikkat ¢ekiyor. Bu
tanklar, i¢ kisminda polimer bir liner ve dis kisminda karbon fiberle
giiclendirilmis kompozit katmanlardan olusuyor.

Bu calismada, bu tip tanklarin {iretiminde kullanilan regine sistemine grafen
nanoparcaciklar1 eklenerek mekanik 6zelliklerin iyilestirilmesi hedeflenmistir.
Grafen, %1 ile %3 oranlarinda epoksi regineye karistirildi. Bu karigim
hazirlanirken ultrasonik banyo ve prob sonikasyon yontemleri kullanildi.
Ozellikle ¢bziicii ile yapilan karisimlar daha homojen bir dagilim sagladi.
Hazirlanan grafen katkili reginelerin mekanik 6zellikleri ¢ekme testi ve DMA
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gibi testlerle incelendi. Ayrica SEM goriintiileriyle mikroyap: gézlemlendi. Elde
edilen ilk sonuglar, grafen katkisinin reginenin rijitlik ve dayanim gibi mekanik
ozelliklerini iyilestirebildigini gostermistir.

Tank iiretiminde CADWIND yazilim1 kullanilarak sarim acilar1 planlandi. Sarim
isleminde netting teorisine uygun olarak belirlenen agilarla karbon fiber sarimi
yapildi. Uretilen tanklar, 80 °C’de kiirlenerek testlere hazir hale getirildi. Devam
eden siiregte hidrostatik testler ile tanklarin patlama basinglar1 ve hasar tiirleri
incelenecek. Bu sayede grafen orani ile tank dayanimi arasinda bir iliski
kurulmasi bekleniyor.

Calisma heniliz tamamlanmadi. Sonuglar, nihai bildiride detayli sekilde
sunulacak. Bu arastirma, M-ERA.NET girisimi kapsaminda yiiriitiilen
HYMOCA projesinin bir pargast olarak TUBITAK (Proje No: 123N416)
tarafindan desteklenmekte. olup, Tiirkiye’de daha giivenli ve hafif hidrojen
depolama sistemlerinin gelistirilmesine katki saglamay1 amacglamaktadir.

Anahtar Kelimeler: [Grafen, COPV, Filament Sarma, Hidrojen Depolama,
Kompozit Malzemeler]
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Abstract

As Europe transitions toward a sustainable and circular economy, new regulatory
frameworks are driving digital transformation across industrial value chains.
Among these, the upcoming Ecodesign for Sustainable Products Regulation
(ESPR) and its Delegated Acts represent landmark legislation aimed at promoting
product durability, traceability, and recyclability [1]. Central to this framework
is the Digital Product Passport (DPP), a tool to digitally store and share key product
information throughout its lifecycle, from production to end-of-life.

The introduction of DPPs poses both a technical and organizational challenge,
particularly for complex materials like composites. However, rather than viewing
compliance as a burden, the EU DigiPass CSA Project promotes a paradigm shift:
positioning regulatory compliance as a catalyst for “innovation-by-design”. This
mindset reimagines regulations as enablers of digitalization, encouraging the
integration of “Safe and Sustainable by Design (SSbD)” principles into early-
stage material development [2].
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This presentation outlines how digital platforms can be leveraged to support
collaborative innovation processes, enabling seamless transitions from R&D to
industrial deployment. Within DigiPass, we demonstrate that digital ecosystems
can federate upstream and downstream stakeholders—including materials
developers, designers, recyclers, and regulators through shared, interoperable
data spaces [3]. The resulting infrastructure lays the foundation for dynamic and
decentralized DPPs embedded directly into production workflows. As a proof of
concept, we showcase a case study on “accelerated composite innovation”, tracing
the material from concept through design, production, and circular use phases.
Using a federated digital framework, we simulate how a DPP evolves throughout
the value chain, aggregating inputs such as material composition, sustainability
credentials, repair/reuse instructions, and regulatory conformity. This approach
not only strengthens supply chain transparency and compliance but also
empowers SMEs to engage in high-value in- novation and align with the
European Green Deal’s digital and circular economy goals. Ultimately, mastering
the “regulatory jungle” through digital platforms opens new pathways for agile,
compliant, and resource-efficient product development.

Keywords: [Digital Product Passports, Circular Economy, Composite Materials,
Regulatory Compliance, Safe and Sustainable by Design, Collaborative
Innovation]
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Abstract

A polymeric composite consists of more than two polymers with different
features [1]. In wound dressing applications, there is an increasing demand to
develop hybrid materials that combine the properties of both polymers to increase
the effectiveness of wound dressings [2,3]. At this point, hydrogels have gained
great attention due to their effective wound healing support, high moisture, and
water retention properties. Also, the functionality of hydrogels can be enhanced
by adding antioxidants in their formulations [4]. Among natural antioxidant
sources, microalgae stand out with their bioactive compounds that show high
antioxidant capacities [5—8]. Phorphrydium cruentum, a microalgae culture, has
been stated with its phycoerythrin pigment, which has polymeric structure with
high antioxidant effects [9]. However, the number of studies focused on its
production conditions is quite low. Therefore, the production conditions for P.
cruentum should be evaluated before developing a wound dressing by adding
phycoerythrin to the hydrogel-based wound dressing. In this study, the effects of
the media ingredients and pH values on P. cruentum cultivation for biomass and
phycoerythrin production were evaluated.
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In this study, P. cruentum was produced in different media at different pH values.
Firstly, P. cruentum was cultivated at 8.70 pH in the standard medium (BG-11
medium containing 15 g L' sea salt) (X) and in the standard media containing an
additional 0.5 g L' NaNOs (Y) and 0.75 g L' NaNOs (Z). Secondly, the culture
was produced in the standard medium at different pH values (5.72 (A), 7.25 (B),

8.70 (C)). All cultures have %10 inoculation ratio and the productions were
carried out at 120 rpm and at 21£1°C with 28.2 £ 3.6 pmol m? s™! illumination in
three repetitions [10,11]. Finally, the results were compared to find the most
suitable conditions for biomass and phycoerythrin production.

Considering different media ingredients, P. cruentum produced 286.0 + 6.2 mg
L1,282.7+21.1mgL", and 243.0+31.6 mg L"! biomass in X, Y, Z media, while
their phycoerythrin production capacities were 5.1 = 0.9 pg mL", 3.7 £ 0.2 pug
mL', and 3.1 + 0.4 pg mL" in the same media. In the next step, the highest
biomass production was attained at 485.2 + 61.1 mg L' (C), which was followed
by 369.3 + 65.6 mg L' (B), and 343.7 + 30.7 mg L' (A). The phycoerythrin
concentrations were 5.1 £ 0.9 ug mL", 2.9+ 0.7 pgmL", and 2.0 + 0.4 pg mL",
respectively.

Regarding different media at 8.70 pH, the addition of 0.5 g L' NaNO; to the
standard medium (Y) increased biomass production, whereas the standard
medium (X) was more suitable for phycoerythrin synthesis from P. cruentum. In
comparison of the effects of pH on P. cruentum, 8.70 pH provided more suitable
conditions for both biomass and phycoerythrin production. All in all, the standard
medium at 8.70 pH provided the most suitable conditions for biomass and
phycoerythrin production from P. cruentum. The results showed that the medium
ingredients and pH values have important effects on culture production.

Keywords: [Microalgae, Hydrogels, Sustainable composites, Natural composites,
Sustainable pharmaceutics]
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X: 15 g L' deniz tuzu igeren BG-11 besin ortami (8,70 pH), Y: 15 g L deniz tuzu ve 0,5 g L' NaNO, igeren BG-11 besin
ortami (8,70 pH), Z: 15 g L' deniz tuzu ve 0,75 g L' NaNOyigeren BG-11 besin ortamu (8,70 pH), A: 15 g L' deniz tuzu
igeren BG-11 besin ortami (5.72 pH), B: 15 g L' deniz tuzu igeren BG-11 besin ortami (7.25 pH), C: 15 g L deniz tuzu
igeren BG-11 besin ortami (8.70 pH)

Ozet

Polimerik bir kompozit, farkli o6zelliklere sahip ikiden fazla polimerden
olusmaktadir [1]. Yara Ortilisii uygulamalarinda, yara Ortiilerinin etkinligini
artirmak icin her iki polimerin Ozelliklerini birlestiren hibrit malzemeler
gelistirmeye yonelik c¢alismalara olan talep artis gostermektedir [2,3]. Bu
noktada, hidrojeller etkili yara iyilestirme destegi, yliksek nem ve su tutma
ozellikleri nedeniyle biiyiik ilgi gormektedir. Ote yandan, hidrojellerin
islevselligi, formiilasyonlarina antioksidanlar eklenerek de artirilabilmektedir [4].
Dogal antioksidan kaynaklar1 arasinda yer alan mikroalgler, yiiksek antioksidan
etki gosteren biyoaktif bilesikleriyle dne ¢ikmaktadir [5—8]. Bir mikroalg tiirii
olan Porphyridium cruentum, yiiksek antioksidan etkiye sahip polimerik yapili
fikoeritrin isimli pigmenti ile dikkat cekmektedir [9]. Ancak, bu pigmentin liretim
kosullarina odaklanan ¢aligma sayist olduk¢a sinirlidir. Bu nedenle, fikoeritrin
ekleyerek hidrojel bazli bir yara ortiisii gelistirmeden oncesinde, P. cruentum igin
iretim kosullarinin incelenmesi gerekmektedir. Bu
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calismada, P. cruentum'un biyokiitle ve fikoeritrin tretimi sirasinda ortam
bilesenlerinin ve pH degerlerinin etkileri degerlendirilmistir.

Bu c¢alismada, P. cruentum, farkli besin ortami igeriklerinde farkli pH
degerlerinde iiretilmistir. Oncelikle mikroalg kiiltiirii pH 8,70'lik standart besin
ortaminda (15 g L' deniz tuzu igeren BG-11 ortami) (X) ve bu besin ortamina ek
olarak 0,5 g L' NaNO; (Y) ve 0,75 g L'! NaNO; (Z) igeren besin ortamlarinda
iretilmistir. Daha sonra kiiltiir, farkli pH degerlerinde (5,72 (A), 7,25 (B), 8,70
(C)) belirtilen standart besin ortaminda iiretilmistir. Biitiin kiiltiirler %10
inokiilasyon hacmine sahiptir ve iiretimler ii¢ tekrarli olarak 120 rpm'de ve
21£1°C'de 28,2 + 3,6 umol m™ s! aydinlatmada gergeklestirilmistir [10,11]. Son
olarak, sonuglar karsilastirilarak biyokiitle ve fikoeritrin {iretimi i¢in en uygun
kosullar belirlenmistir.

Farkli ortam bilesenleri dikkate alindiginda, P. cruentum X, Y ve Z ortamlarinda
strastyla286,0+6,2mg L™',282,7+21,1 mg L' ve 243,0 + 31,6 mg L™! biyokiitle
iiretmis; ayni ortamlarda fikoeritrin {iretim kapasiteleri ise sirasiyla 5,1

+0,9 ugmL™, 3,7+ 0,2 uygmL™" ve 3,1 + 0,4 ug mL" olarak belirlenmistir. Bir
sonraki asamada, en yliksek biyokiitle tiretimi 485,2 + 61,1 mg L (C) ile elde
edilmisg; bunu 369,3 + 65,6 mg L' (B) ve 343,7 = 30,7 mg L' (A) takip etmistir.
Fikoeritrin konsantrasyonlar1 ise sirasiyla 5,1 = 0,9 pg mL™, 2,9 + 0,7 pg mL™
ve 2,0 £ 0,4 ug mL™" olarak ol¢ililmiistiir.

Asitligi 8,70 pH'daki farkli besin ortamlar1 dikkate alindiginda, standart besin
ortamina 0,5 g L' NaNOs ilavesi (Y) biyokiitle liretimini artirirken, standart besin
ortaminin (X) P. cruentum’den fikoeritrin sentezi agisindan daha uygun
bulunmustur. pH  degerlerinin P.  cruentum  lizerinde etkilerinin
karsilastirilmasinda ise 8,70 pH, hem biyokiitle hem de fikoeritrin {iretimi igin
daha elverisli kosullar saglamistir. Genel olarak, 8,70 pH'daki standart besin
ortami, P. cruentum'dan biyokiitle eldesi ve fikoeritrin {iretimi i¢in en uygun
kosullar1 sunmustur. Elde edilen sonuglar, ortam bilesenlerinin ve pH
degerlerinin kiiltiir iiretimi {izerinde dnemli etkileri oldugunu gostermektedir.

Anahtar Kelimeler: [Mikroalgler, Hidrojeller, Siirdiiriilebilir kompozitler, Dogal
kompozitler, Siirdiiriilebilir farmasotikler]
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Abstract

The outstanding properties of polymer composites have caused a gradual increase
in the global demand and production in recent decades. However, the recycling
of man-made fiber reinforced composites has been rising as a significant risk to
nature. Accordingly, hybridization has seen a practical way to make composites
more sustainable. The natural/man-made fiber laminated composites can be
hybridized thanks to the inter-ply [1,2] or intra-ply [3,4] methods. It has been
proven in previous studies that the intra-ply hybridization gains better mechanical
properties for the laminated composites [5,6]. The use of natural fibers within the
composites brings difficulties as well as advantages. The mechanical properties
of natural fibers depend on several factors such as the type of fiber, harvesting
quality, climate conditions, etc. This phenomenon makes it more complex to
predict their mechanical properties. Moreover, intra-ply hybridization brings
further challenges to developing numerical models. All determined reasons led to
the carrying out of a few research studies [7,8] on the modeling of natural/ man-
made fiber reinforced intra-ply hybrid composites, and need to be elucidated.

First, the geometrical model of intra-ply hybrid flax/ e-glass woven fabric was
developed in the study. Afterward, the representative volume element of the
composite was modelled thanks to the finite element method. The extension
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behavior of fiber reinforced intra-ply hybrid flax/ e-glass woven composites was
modelled and validated with the test results. As a result, good compatibility could
be obtained between the model and the test results.

Keywords: [Intra-ply hybridization, finite element method, flax fiber, e-glass
fiber, extension behavior]

Ozet

Polimer kompozitlerin {iistiin 6zellikleri kiiresel anlamda talep ve iiretimlerinin
yillar igerisinde artmasina neden olmustur. Bu duruma karsin kimyasal lif
takviyeli polimer kompozitlerin geri doniisiimii doga agisindan énemli bir risk
olarak ortaya ¢ikmaktadir. Hibritlestirme bu noktada kompozitleri daha
stirdiiriilebilir bir hale getirme agisindan pratik bir yol olarak goriilmektedir.
Dogal/ kimyasal lif takviyeli lamine kompozitler katmanigi [1,2] veya
katmanlararasi [3,4] yontemler ile hibritlestirilebilmektedir. Onceki donemlerde
yapilan c¢alismalarda [5,6] katmanigi hibritlestirme yOnteminin lamine
kompozitlere daha iyi mekanik ozellikler kazandirdigi belirlenmistir. Dogal
liflerin kompozit iiretiminde kullanilmasi avantajlarinin yani sira birtakim
zorluklar da getirmektedir. Dogal liflerin mekanik 6zellikleri lif tipi, hasat
kalitesi, iklim sartlari1 gibi bir¢ok faktdre bagli olarak degismektedir. Bu durum
mekanik Ozelliklerinin tahmin edilmesini daha da zorlastirmaktadir. Ayrica
katmanigi hibritlestirme yontemi niimerik modellerin gelistirilmesi agisindan
birtakim zorluklar da barindirmaktadir. Tim bu belirlenen sebepler dogal/
kimyasal lif takviyeli katmanigi hibritlestirilmis kompozitler ilizerine az sayida
calismanin [7,8] yiriitiilmesine neden olmus ve aydinlatilmasi ihtiyaci
duyulmaktadir.

Calisma kapsaminda ilk olarak keten/ e-cam hibrit dokuma kumasin geometrik
modeli gelistirilmistir. Sonrasinda hibrit kompozitin sonlu elemanlar yontemi
kullanilarak temsili hacimsel elementi modellenmistir. Katmanigi hibrit keten/ e-
cam dokuma kompozitin uzama davranisi analiz edilmis ve test sonuglari ile
kiyaslanmistir. Sonug olarak test ve model sonuglar1 arasinda iyi derecede uyum
elde edilmistir.

Anahtar Kelimeler: [Katmanigi hibritlestirme, sonlu elemanlar yontemi, keten
lifi, e-cam lifi, uzama davranisi]
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Abstract

Spinal cord injury (SCI) presents a significant clinical challenge due to the limited
regenerative capacity of central nervous system tissues and the complex
microenvironment following trauma [1]. Recent advances in biomaterials and
tissue engineering have introduced electrospun fibrous scaffolds as promising
platforms for promoting neural repair. Integrating nanoparticles into these
scaffolds offers additional functionality, such as controlled drug release, anti-
inflammatory effects, and enhanced mechanical or electrical properties, further
supporting tissue regeneration [2]. This study focuses on the development and
characterization of nanoparticle-infused electrospun fibrous scaffolds aimed at
improving therapeutic outcomes for SCI.

For environmentally friendly production of Zn(CHsCO:): nanoparticles
(ZnONP), green tea leaves were heated with pure water. Zinc acetate was added
to the green tea extract, and ZnONP were produced by precipitation [3].

For electrospinning solutions, gelatin and polycaprolactone (PCL) were dissolved
in acetic acid at a concentration of 10% (w/v%) and then 0.1% ZnONP was added.
The solutions were spun at 8-15 cm distance and 10-20 kV range with different
parameters.

The properties of the fibers and ZnONP were characterized using Fourier
Transform Infrared Spectroscopy (FTIR), Scanning Electron Microscopy (SEM),
and Zeta Sizer. The antioxidant activities of ZnONP were measured by the Trolox
Equivalent Antioxidant Capacity (TEAC) (ABTS) test. The biodegradability and
nanoparticle release profiles of the scaffolds were assessed through UV-Visible
Spectroscopy. To evaluate the biological response, in vitro biocompatibility was
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tested using L929 fibroblast cells, and a scratch assay with NSC-34 motor

neuron-like cells was performed to investigate the scaffold’s potential in
supporting neuronal migration and wound closure processes in spinal cord
regeneration.

The average diameter of ZnONPs is 357 nm and the zeta potential is -21.7kV.
Antioxidant capacity of ZnONP showed high TEAC (mmol Trolox/g) results
compared to green tea. There was no significant difference in cell viability except
for the highest nanoparticle concentration. The nanofibers were examined by
SEM micrographs. And scratch assay showed a significant increase in healing
time for the nanoparticle-infused fibers compared to the control groups.

The results obtained show that the developed tissue engineering scaffolds have
promising properties for neural regeneration applications. The formed fibers can
protect the damaged tissue from oxidative damage due to their antioxidant effect,
while they can be replaced by new tissue over time thanks to their biodegradation
feature. It is thought that the produced fibers can offer new treatment options in
the field of tissue engineering and regenerative medicine.
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Ozet

Omurilik hasar1 (OH), merkezi sinir sistemi dokularmin smirli rejeneratif
kapasitesi ve travma sonrasi karmasik mikro ¢evre nedeniyle dnemli bir klinik
zorluk tegkil etmektedir'. Biyomalzemeler ve doku miihendisligindeki son
gelismeler, noral onarimi tesvik etmek icin umut verici platformlar olarak
elektroegrilmis fibroz iskeleleri ortaya c¢ikarmistir. Nanopartikiillerin bu
iskelelere entegre edilmesi, kontrollii ilag salinimi, anti-inflamatuar etkiler ve
gelismis mekanik veya elektriksel Ozellikler gibi ek islevler sunarak doku
rejenerasyonunu daha da desteklemektedir’>. Bu calisgma, OH igin terapotik
sonuglari iyilestirmeyi amaglayan nanopartikiil asilanmis elektroegrilmis fibroz
iskelelerin gelistirilmesi ve karakterizasyonuna odaklanmaktadir.

Zn(CH3COz). nanopartikiillerinin (ZnONP) ¢evre dostu iiretimi igin yesil cay
yapraklar1 saf su ile 1sitilmistir. Yesil cay Oziitiine ¢inko asetat eklenmis ve
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¢okeltme yoluyla ZnONP iiretilmistir’. Elektroegirme ¢ozeltileri igin jelatin ve
polikaprolakton (PCL) asetik asit icinde %10 (w/v%) konsantrasyonda ¢oziilmiis
ve ardindan %0,1 ZnONP eklenmistir. Cozeltiler 8-15 cm mesafede ve 10-20 kV
araliginda farkli parametrelerle dondiiriilmiistiir.

Liflerin ve ZnONP'nin 6zellikleri Fourier Doniistimlii Kizilotesi Spektroskopisi
(FTIR), Taramali Elektron Mikroskopisi (SEM) ve Zetasizer kullanilarak
karakterize edilmistir. ZnONP'min antioksidan aktiviteleri trolox esdegeri
antioksidan kapasite (TEAC) (ABTS) testi ile ol¢iilmiistiir. Iskelelerin
biyobozunurluk ve nanopartikiil salinim profilleri UV-Goriiniir Bolge
Spektroskopisi ile degerlendirilmistir. Biyolojik yanit1 degerlendirmek igin, in
vitro biyouyumluluk 1.929 fibroblast hiicreleri kullanilarak test edilmis ve
iskelenin omurilik rejenerasyonunda noronal gogii ve yara kapanma siireclerini
destekleme potansiyelini aragtirmak i¢in NSC-34 motor néron benzeri hiicrelerle
bir ¢izik deneyi gerceklestirilmistir.

ZnONP'lerin ortalama ¢ap1 357 nm ve zeta potansiyeli -21,7 kV'dir. ZnONP'nin
antioksidan kapasitesi yesil ¢aya kiyasla yiiksek TEAC (mmol Trolox/g)
sonuclar1 gostermistir. En yiliksek nanopartikiil konsantrasyonu disinda hiicre
canliliginda 6nemli bir fark goriilmemistir. Nanolifler SEM mikrograflar ile
incelenmistir. Ve ¢izik testi, nanopartikiil agilanmig lifler igin kontrol gruplarina
kiyasla iyilesme siiresinde anlamli bir artis oldugunu gostermistir.

Elde edilen sonuglar, gelistirilen doku miihendisligi iskelelerinin ndral
rejenerasyon uygulamalari i¢in umut verici Ozelliklere sahip oldugunu
gostermektedir. Olusturulan lifler antioksidan etkisi sayesinde hasarli dokuyu
oksidatif hasardan koruyabilirken, biyobozunma o6zelligi sayesinde zamanla
yerini yeni dokuya birakabilmektedir. Uretilen liflerin doku miihendisligi ve
rejeneratif tip alaninda yeni tedavi secenekleri sunabilecegi diistiniilmektedir.
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Abstract

Nowadays, it is known that the large portion of bacterial infections are caused by
food-borne and water-borne pathogens. Therefore, there is a constant trend
towards the development of materials and surfaces that can repel or damage
pathogenic microorganisms, especially those found on various surfaces in our
daily lives (mobile phones, hospital equipment, food packages, kitchen and
bathroom surfaces, etc.). Hydrophobic surfaces have emerged as a crucial
approach to preventing biofilm formation by inhibiting bacterial adhesion [1]. In
addition to their water-repellent property that restricts bacterial access to surfaces,
their inherent nano-/micro-scale structures also endow them with antibacterial
adhesion characteristics [2]. To mimic this feature, the incorporation of
antibacterial nanoparticles into resin matrices for the production of hydrophobic
coatings has been shown to play a significant role in regulating contact angles
and synergistically inhibiting bacterial adhesion [22]. In this study, the effects of
process parameters on the particle size and polydispersity index (PDI) of chitosan
(CS) nanoparticles—synthesized via the ionic gelation method and intended for
use in bioresin composite coatings to inhibit bacterial adhesion through

216


mailto:burcak.ay@std.yildiz.edu.tr

hydrophobicity—were investigated. The process parameters, including chitosan
concentration, chitosan-to-sodium tripolyphosphate (TPP) ratio, solution pH, and
mixing duration, were systematically evaluated. It was observed that increasing
both the chitosan concentration and magnetic stirring time had a direct effect on
particle size, and that aggregation occurred in solutions with pH values of 5 and
above. This study highlights the necessity of precise adjustment of process
parameters for the reproducible and controlled synthesis of CS nanoparticles with
target properties, and presents an optimized formulation with potential
applications in the development of antibacterial, hydrophobic surface coatings.

Keywords: [Chitosan, Nanoparticle, lonic gelation]
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Ozet

Gliniimiizde bakteriyel enfeksiyonlarin oldukg¢a biiyiik bir kismin1 gida ve su
kaynakli patojenlerin olusturdugu enfeksiyonlar olusturmaktadir. Bu nedenlerle
ozellikle giinliikk hayatimizdaki c¢esitli dis yiizeylerde (cep telefonlari, hastane
aletleri, gida paketleri, mutfak ve banyo yiizeyleri vb. gibi) bulunan patojen
mikroorganizmalar1 itebilen veya bu mikroorganizmalara zarar veren
malzemelerin ve yiizeylerin gelistirilmesine yonelik teknolojilere siirekli bir
yonelim vardir. Hidrofobik yiizeyler, yiizeye bakteri adhezyonunu inhibe
etmeleriyle, biyofilm olusumunu engellemede 6nemli bir yol haline gelmistir [1].
Ayrica bakterilerin ylizeye erisimini simirlayan su itme 6zelligine ek olarak, dogal
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olarak nano/mikro 6lgekli yapilara sahip olduklarindan antibakteriyel yapisma
ozelliklerine de sahiptirler [2]. Bahsi gecen 6zelligi simiile edecek sekilde,
hidrofobik yiizey olusturulmasi i¢in recineler igerisine antibakteriyel 6zellikli
nanopartikiil ilavelerinin ilgili kullanim alani i¢in iiretilecek kaplamalarda kayma
acilarinin  diizenlenmesinde Onemli rol oynadigi ve bakteri adhezyonunu
sinerjistik olarak inhibe ettigi bilinmektedir [3]. Bu calismada, bakteriyel
adhezyonu hidrofobiklik 6zelligi ile inhibe edecek organik nanopartikiil katkili
biyorecine kompozit kaplamalar i¢in iyonik jelasyon teknigi ile sentezlenen
Kitosan (KT) nanopartikiillerde proses parametrelerinin, partikiil boyutuna ve
polidispersite indeksine (PDI) etkisi iizerine calisilmistir. Iyonik jelasyon
yontemi ile sentezlenen KT nanopartikiillerde, kitosan konsantrasyonu,
kitosan:sodyum tripolifosfat (TPP) orani, ¢dzelti pH" ve karigtirma siiresi gibi
proses parametreleri sistematik olarak incelenmis olup, KT konsantrasyonu ve
karistirma siiresinin artmasinin partikiil boyutunu dogrudan etkiledigi, ek olarak
5 wve lzerindeki pH’larda c¢ozeltide agregat olusumu goézlemlendigi
kaydedilmistir. Bu ¢alisma, belirli hedef 6zelliklere sahip KT nanopartikiillerinin
tekrarlanabilir ve kontrollii bir sekilde sentezlenmesi i¢in proses parametrelerinin
dikkatli bir sekilde ayarlanmasimin gerekliligini vurgulamakta ve bahsi gegen
uygulamalar igin potansiyel tasiyan optimize edilmis bir formiilasyon
sunmaktadir.

Anahtar Kelimeler: [Kitosan, Nanopartikiil, [yonik Jelasyon]
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Abstract

There is a growing demand for recyclable materials, especially composite
materials and structures that are extremely difficult to recycle. Therefore, there is
a clear need for a more forward-thinking approach that addresses a new
generation of composite materials designed with repair, reuse and recycling
(rather than downcycling) in mind. While recycling addresses the end-of-life
challenges of the materials, it is equally crucial to improve the lifetime of
composites through repairability, by enabling damage healing and maintaining
structural integrity. Self-healing composites have garnered increasing attention
for their ability to extend the lifetime of the composite materials. Recently, the
shift from thermosets-based composites to thermoplastic matrices for more
sustainable and recyclable composites has significantly increased interest in
thermoplastic polymers [1]. In this context, ARKEMA produces Elium®, a
thermoplastic resin with unique properties that offers comparable performance to
traditional resins while enabling recyclability of the final products and systems.
Although much research has focused on healing effects within polymer matrices
in fiber-reinforced composites, the critical role of the fiber-matrix interface in the
self-healing process cannot be overlooked. Most failures originate from micro-
cracks at the interface, emphasizing the importance of strong adhesion for
effective load transfer [2]. Functional coatings, designed to enhance interfacial
adhesion, play a key role in achieving this and contribute to the overall durability
of the composites. Infusible thermoplastics based on acrylic resins have gained
increasing interest in fibre-reinforced composite manufacturing, primarily due to
their low viscosity (100 mPa), enabling efficient fibre impregnation and
facilitating processing at low temperatures (<100 °C). Their compatibility with
UV and thermal curing system offers further manufacturing flexibility. To
enhance damage tolerance, a UV-curable self-healing acrylic coating
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incorporating Zn(Il)-acetate complex as reversible cross-links was developed.

Self-healing performance at the fibre—matrix interface was quantitatively
evaluated using a novel single-fibre pull-out test methodology employing, real-
time optical crack monitoring and paused healing cycles combined with p-CT
tomography for 3D interfacial validation. This approach demonstrated up to 95%
recovery of interfacial shear strength (IFSS), representing the highest reported
healing efficiency for interfacial repair in comparable systems. Functionalizing
glass fibres with Zn(OAc): significantly improved baseline interfacial adhesion
(35% IFSS increase) while maintaining self-healing capability, outperforming
conventional epoxy/acrylic sizings [3]. This work establishes a scalable strategy
to concurrently integrate self-healing functionality and interfacial toughness in
acrylic-based composites for durable structural applications.

Keywords: [Functional interfaces, self-healing composites, fiber-matrix
interfaces, |
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Abstract

The importance of biocompatible materials in environmental sustainability and
healthcare technologies is increasingly growing. The negative impacts of
synthetic materials on nature and biological systems have led to a growing
interest in materials derived from eco-friendly and renewable sources. In this
context, hydrogels have become prominent materials in various biomedical fields
such as wound healing, drug delivery, tissue engineering, and biosensor systems
due to their high-water retention capacities, softness, and structural similarity to
living tissues. However, the biological activity of commonly used synthetic
hydrogels is often limited, and to overcome these limitations, composite
structures with natural and functional additives need to be created.

In this study, a new generation hydrogel composite system with enhanced
biological activity and environmental compatibility has been developed.
Polyacrylamide (PAAm) was chosen as the base hydrogel matrix, and N,N'-
methylenebis(acrylamide) (MBAA) was used as the crosslinking agent for gel
formation. The polymerization process was carried out in an aqueous, acidic
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environment using a mercaptosuccinic acid-Ce(IV) redox initiator system, which
minimized toxic waste formation and provided biocompatible synthesis
conditions. The obtained gel formed rapidly and exhibited the desired mechanical
properties [1].

To enhance the biological performance of the composite system, Aloe Vera gel,
known for its wound-healing and anti-inflammatory properties in traditional
medicine, was incorporated into the polyacrylamide structure in varying amounts.
It was observed that the addition of Aloe Vera increased the swelling capacity of
the hydrogel by approximately 70%. Furthermore, Aloe Vera not only improved
physical parameters but also provided significant advantages for biomedical
applications due to its antibacterial potential [2]. As a second additive, silver
nanoparticles (AgNPs) were synthesized from the leaves and branches of the
Ficus carica (fig) tree using a green synthesis method. UV-vis spectroscopy and
scanning electron microscopy (SEM) analysis revealed that the nanoparticles had
an average size of approximately 20—-50 nm. AgNPs interacted physically with
the hydrogel matrix, enhancing the mechanical strength of the composite and
providing long-lasting antibacterial activity [3]. Moreover, the AgNP addition
exhibited a synergistic effect with Aloe Vera, significantly improving the overall
biocompatibility and functionality of the system.

The swelling behavior, water retention capacity, mechanical stability, and
morphological structure of the obtained composite hydrogels were analyzed using
detailed characterization techniques (swelling tests, tensile testing, SEM, FTIR).
Additionally, in vitro cytotoxicity tests were conducted to assess the effects of
these structures on live cells. In addition, the admittance (Y = 1/Z) of the
hydrogels were modeled as a parallel resistor and capacitor network. A
comparison of the conductivity was also performed. Four-probe AC impedance
spectroscopy was performed using a LCR meter (GWINSTEK LCR 8110G) in
the frequency range of 20Hz—100 kHz [4]. From the AC impedance spectroscopy,
the real and imaginary parts of the impedance (Z) were obtained as a function of
the frequency. In conclusion, the polyacrylamide-based hydrogel system
modified with Aloe Vera and biologically sourced silver nanoparticles
demonstrated superior performance in both physicochemical and biological
properties. In this regard, it offers an innovative and sustainable alternative for
various applications such as wound dressings, controlled drug delivery systems,
and infection-preventive biomaterials. The study presents an important example
of how the integration of synthetic and natural components can lead to the design
of multifunctional materials.

Keywords: [Hydrogel Composite, Polymerization, Aloe Vera, Silver
Nanoparticles]
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Ozet

Gilinimiizde g¢evresel siirdiiriilebilirlik ve saglik teknolojilerinde biyouyumlu
materyallerin 6nemi giderek artmaktadir. Sentetik materyallerin dogaya ve
biyolojik sistemlere olan olumsuz etkileri, ¢evre dostu ve yenilenebilir
kaynaklardan tiiretilmis malzemelere olan ilgiyi artirmistir. Bu baglamda
hidrojeller, yiiksek su tutma kapasiteleri, yamusakliklar1 ve canli dokulara yapisal
benzerlikleri nedeniyle yara iyilestirme, ilag salimi, doku miihendisligi ve
biyosensor sistemleri gibi pek ¢cok biyomedikal alanda dikkat ¢ceken malzemeler
arasinda yer almaktadir. Ancak yaygin kullanilan klasik sentetik hidrojellerin
biyolojik aktivitesi cogunlukla sinirli olup, bu eksiklikleri gidermek i¢in dogal ve
islevsel katki maddeleri ile kompozit yapilar olusturmak gerekmektedir.

Bu calismada, biyolojik etkinligi artirilmis ve ¢evreyle uyumlu yeni nesil bir
hidrojel kompozit sistemi gelistirilmistir. Temel hidrojel matrisi olarak
poliakrilamid (PAAm) tercih edilmis; jel yapinin olusumu igin ¢apraz baglayici
olarak N,N'-metilen bis(akrilamid) (MBAA) kullanilmistir. Polimerizasyon
islemi, sulu ve asidik bir ortamda, toksik artik olusturmayan merkaptosiiksinik
asit-Ce(IV) redoks baslatict sistemi ile gergeklestirilmis ve biyouyumlu sentez
kosullar1 saglanmistir. Elde edilen jel, kisa siirede olusmus ve istenen mekanik
ozellikleri gostermistir [1].

Kompozit sistemin biyolojik performansini artirmak amaciyla, geleneksel tipta
yara iyilestirici ve anti-enflamatuar 6zellikleri ile bilinen Aloe Vera jeli, farkli
oranlarda poliakrilamid yapisina dahil edilmistir. Aloe Vera katkisinin, hidrojelin
sigsme kapasitesini yaklasik %70 oraninda artirdig1 gézlemlenmistir. Ayrica Aloe
Vera, sadece fiziksel parametreleri iyilestirmekle kalmamis, aymi zamanda
antibakteriyel potansiyeliyle de biyomedikal kullanim agisindan 6nemli
avantajlar saglamistir [2].

Ikinci katki maddesi olarak Ficus carica (incir) agacinin yaprak ve dallarindan
yesil sentez yontemiyle elde edilen giimiis nanopartikiiller (AgNP) kullanilmugtir.
UV-Vis spektroskopisi ve taramali elektron mikroskobu (SEM) analizleri
sonucunda bu nanopartikiillerin yaklagitk 20-50 nm c¢apinda oldugu
belirlenmistir. AgNP’ler, hidrojel matrisi ile fiziksel olarak etkilesime girerek
kompozitin mekanik dayanikliligini artirmis ve uzun siireli antibakteriyel aktivite
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saglamistir [3]. Ayrica AgNP katkisi, Aloe Vera ile sinerjik etki gostererek,
sistemin genel biyouyumlulugunu ve islevselligini 6nemli dlgiide iyilestirmistir.

Elde edilen kompozit hidrojellerin sisme davranislari, su tutma kapasiteleri,
mekanik kararliliklar1 ve morfolojik yapilar detayli karakterizasyon yontemleri
(sisme testleri, basma-cekme, SEM, FTIR) ile analiz edilmistir. Ayrica, in vitro
sitotoksisite testleri gerceklestirilerek, bu yapilarin canli hiicreler iizerindeki
etkileri degerlendirilmistir. Ayrica, Hidrojellerin iletkenligi (Y = 1/Z), paralel
bagh bir direng¢ ve kapasitdor agi olarak modellenmistir. Ayrica iletkenlik
karsilastirmasi da yapilmistir. Dort problu AC empedans spektroskopisi, 20 Hz—-
100 kHz frekans araliginda bir LCR metre (GWINSTEK LCR 8110G)
kullanilarak gergeklestirilmistir [4]. AC empedans spektroskopisinden,
empedansin (Z) gercek ve sanal (imajiner) bilesenleri frekansa bagli olarak elde
edilmistir.

Sonug olarak, Aloe Vera ve biyolojik kaynakli glimiis nanopartikiillerle modifiye
edilmis poliakrilamid bazli bu ¢ift katkili hidrojel sistemi hem fizikokimyasal
hem de biyolojik 6zellikleri agisindan iistiin performans gostermistir. Bu yoniiyle,
yara Ortiisii, kontrollii ilag tagima sistemleri ve enfeksiyon Onleyici
biyomalzemeler gibi pek ¢ok alanda yenilik¢i ve siirdiiriilebilir bir alternatif
sunmaktadir. Calisma, sentetik ve dogal bilesenlerin entegre edilerek ¢ok islevli
malzemelerin tasarlanabilecegine dair 6nemli bir 6rnek teskil etmektedir.

Anahtar Kelimeler: [Hidrojel Kompozit, Polimerizasyon, Aloe Vera, Giimiis
Nanopartikiiller
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Abstract

This study aims to fabrication and characterization of electrorheological (ER)
thermoplastic elastomer (TPE) matrix compounds. For preparation of the
compounds, granulated thermoplastic polyurethane (TPU) were mixed with
powdered boron carbide (B4C) (average powder size distribution of 25 pm) by
mechanical mixing method at three different ratios of 1, 2, and 3 wt.%. The
mixtures were extruded and granulated by twin screw extruder. The disk-shaped
samples were produced by compression moulding to examine the ER properties
under E = 0-2.0 kV mm™' by using a torque rheometer. Thermal analysis and
electrical conductivity of the compounds were investigated by DSC/TGA and
dielectric analysis methods.
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Microstructure examinations of samples were carried out by stereo microscope.
Results obtained showed that the fabricated TPU/B4C compounds are
electrorheologically active smart materials having an industrial vibration
damping capability.

Keywords: [B4C, thermoplastic polyurethane, compound, ER]

Ozet

Bu c¢alisma, elektroreolojik (ER) termoplastik elastomer (TPE) matrisli
bilesiklerin iiretimi ve karakterizasyonunu amaglamaktadir. Bilesiklerin
hazirlanmasinda graniil formdaki termoplastik poliiiretan (TPU), ortalama 25 pm
toz boyutuna sahip bor karbiir (B4C) tozu ile mekanik karistirma yontemi
kullanilarak %1, %2 ve %3 agirlik oranlarinda karigtirilmustir.

Karnigimlar c¢ift vidali ekstruder ile ekstriide edilip graniil hale getirilmistir.
Elektroreolojik ozellikleri incelemek amaciyla disk seklindeki numuneler,
sikistirma kaliplama yontemiyle iiretilmis ve E = 0-2.0 kV mm™ araliginda tork
reometresi kullanilarak test edilmistir. Bilesiklerin termal analizleri ve elektriksel
iletkenlikleri DSC/TGA ve dielektrik analiz yontemleriyle arastirilmistir.
Numunelerin mikroyapi incelemeleri stereo mikroskop ile gergeklestirilmistir.
Elde edilen sonuglar, iiretilen TPU/B4C bilesiklerinin endiistriyel titresim
soniimleme kapasitesine sahip elektroreolojik olarak aktif akilli malzemeler
oldugunu gostermistir.

Anahtar Kelimeler:[ B4C, termoplastik poliiiretan, kompaund, ER]
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Abstract

This study aims to combine the useful biomaterial properties of both polylactide
and diatomite as a natural silica source as biodegradable composite for bone tissue
engineering applications and to investigate the effect of diatomite type (calcinated
and raw diatom) and loading on the mechanical, morphological, chemical,
rheological, water sorption and surface wettability of composites. In addition,
since our motivation is to use these findings later for 3D printing applications of
PLA composites for bone replacement materials, processability of the PLA based
materials is  important.  Therefore, effects of two  different
plasticizer/compatibilizers, PEG and PEG/POSS, on the properties of PLA-
diatom composites were also investigated.

A Design of Experiments (DoE) approach was employed to determine optimal
melt- compounding parameters using a Haake Rheomix 600 batch mixer.
Diatomite was added at various loadings (3—10 wt%) to evaluate the effect of
filler type and concentration. Morphological features were analysed via scanning
electron microscopy (SEM), mechanical properties were evaluated by tensile
testing, and surface characteristics were assessed through contact angle
measurements. Rheological behaviour was studied to determine printability by
using advanced rheometer.

Morphological analysis revealed that CD particles dispersed uniformly within the

PLA matrix, establishing strong interfacial adhesion and better stability at higher

loadings. In contrast, RD tended to form aggregates during processing. CD-based

composites demonstrated more stable mechanical performance, whereas RD

composites, particularly at 3 wt%, exhibited the highest tensile strength (58.50

+1.46 MPa), representing a 79% increase over neat PLA (32.72
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+ 0.27 MPa). The use of PEG improved strain and energy absorption at low
concentrations, although higher PEG content led to a decrease in ductility. Both
RD and CD enhanced strain up to an optimal filler level, with the PLA- SPEG-
SRD system offering a favourable balance between strength (41.99+2.03
MPa) and elongation at break (6.66 + 1.59%). The PEG-POSS hybrid system
nearly doubled the tensile strength and increased Young’s modulus; however, a
reduction in elongation was obtained.

Overall, the findings demonstrate that both the type and amount of diatomite, as
well as the selected plasticizer system, critically affect the mechanical and
morphological performance of PLA composites. Calcined diatomite offers
superior dispersion and interfacial bonding, while RD has higher strength
potential when optimized. PEG enhances ductility, whereas PEG-POSS is more
effective for strength-focused applications. Future research should focus on
surface functionalization of diatomite to reduce agglomeration and fine-tuning
PEG- POSS ratios to achieve a favourable balance between toughness and
stiffness. These results pave the way for the development of biodegradable, 3D-
printable PLA-based materials with tailored properties for bone scaffold
applications.

Keywords: [Polylactide composites, Diatomite reinforcement, Melt-processing
optimization, Structure-property relationships]
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Ozet

Bu c¢alismanin amaci, kemik doku miihendisligi uygulamalari i¢in biyolojik
olarak parcalanabilir bir kompozit malzeme gelistirmektir. Bu kapsamda,
polilaktid (PLA) ve dogal bir silika kaynagi olan diyatomitin (kalsine ve ham
formda) birlikte kullanimi arastirllmistir. Diyatomit tiirii ve miktarinin;
kompozitlerin mekanik, morfolojik, kimyasal, reolojik, su emme ve ylizey
wslanabilirligi tizerindeki etkileri incelenmistir. Ayrica, elde edilen bulgularin
gelecekte 3B yazici ile iiretilecek kemik ikame malzemelerine uygulanabilmesi
hedeflenmistir. Bu nedenle, PLA tabanli malzemelerin islenebilirligi de
degerlendirilmis; iki farkli katk: sistemi olan PEG ve PEG/POSS'un kompozit
ozelliklerine etkisi arastirilmigtir.

Deneyler, Haake Rheomix 600 cihazinda yapilan eriyik-yogurma islemleriyle
yiriitiilmiis; diyatomit %3—10 oranlarinda eklenmistir. Morfolojik yapt SEM ile,
mekanik oOzellikler c¢ekme testiyle, ylizey 1slanabilirligi ise temas agis1
Ol¢iimleriyle analiz edilmistir. Reolojik analizler, 3B baskiya uygunluk agisindan
yapilmigtir. Sonuglara gore, kalsine diyatomit (CD) PLA ig¢inde homojen
dagilmis ve giiglii ara yiizey etkilesimi saglamistir. Ham diyatomit (RD) ise
aglomeralar olusturmustur. CD ile hazirlanan kompozitler daha kararli mekanik
ozellikler sergilerken, RD 6zellikle %3 oraninda en yiiksek ¢ekme dayanimini
gostermistir (58.50 MPa). PEG katkisi, diisiik miktarda siinekligi artirmig ancak
yiiksek miktarda gevreklige yol a¢mistir. En iyi denge, PLA-5PEG-5RD
sisteminde elde edilmistir. PEG-POSS sistemi ise mukavemeti ve elastik modiilii
artirmis, fakat uzamayi azaltmisgtir.

Sonug¢ olarak, diyatomit tiirii ve miktart ile kullanilan katki sistemi, PLA
kompozitlerinin performansinda belirleyici rol oynamaktadir. Kalsine diyatomit
iyi dagilirken, ham diyatomit uygun kosullarda daha yiiksek dayanim
saglamaktadir. PEG siinekligi artirirken, PEG-POSS daha yiiksek dayanim igin
uygundur. Gelecekte, diyatomitin yiizey Ozellikleri gelistirilerek topaklanma
azaltilabilir ve PEG-POSS oranlar optimize edilerek hem tokluk hem de rijitlik
dengesi saglanabilir. Bu sonuglar, 3B baskiya uygun, kemik dokuya yonelik
biyobozunur malzemelerin gelistirilmesine katki sunmaktadir.
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Abstract

Soilless agriculture, or hydroponics, is a plant growing method that provides
sufficient mineral and nutrient resources to the plant in water without using soil.
The importance and need for soilless agriculture, seedling farming and
personalized home-type smart soilless farming systems will increase in the future
agriculture with the increasing population [1,2]. However, plant grow plugs, the
substrates that house the seeds, are currently imported, driving up costs and
expanding their carbon footprint. Moreover, their exact composition is often
undisclosed, meaning they may contain toxic additives and most probably exhibit
non-biodegradability. For truly sustainable cultivation, locally manufactured
plant grow plugs made from fully known and eco-friendly ingredients is required.
This study aims to develop two types of plant grow plugs that are dimensionally
stable, and composed of non-toxic, eco-friendly, and fully biodegradable
materials, designed to support healthy plant growth in soilless agriculture and
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seedling applications. In this way, an agricultural residue, cocopeat, is also
valorized and thus contributes to increasing sustainable agricultural production
through effective waste management.

The first plant grow plug consists of materials fungal mycelium and cocopeat
fiber. Cocopeat fiber is ground coconut shell, an agricultural residue with high
hydrophilicity. Mushroom mycelium is the root system of fungi in fiber-like form
which develops with appropriate nutrients and moisture [3]. As mycelium grows,
it forms a binding network with cocopeat within a mold, forming the plug’s
intended size and shape. Mycelium is mixed with sterilized and sufficiently
moistened cocopeat in in molds and incubated under controlled conditions for a
defined period. After the desired degree of binding network between the
mycelium and cocopeat is obtained, the mycelium is deactivated, and its growth
is stopped. Deactivated products are ready for use. This plant grow plug is entirely
natural, organically recyclable, and eco-friendly with properties that promote
healthy plant growth.

The second plant grow plug contains poly(butylene adipate-co-terephthalate)
(PBAT), a biodegradable polymer [4], and cocopeat fiber. PBAT granules,
dissolved in a suitable solvent, are precipitated in a non-solvent to form fibers
that physically bind within the cocopeat and hold it together. This semi-finished
product is then molded into final plug form using suitable molds under controlled
temperature and pressure. This grow plug, is organically recyclable, also home
compostable therefore, eco-friendly.

Scanning Electron Microscopy (SEM), Energy Dispersive Spectroscopy
(EDS/EDX), Fourier Transform Infrared Spectroscopy (FTIR) and compression
tests were performed on both capsule samples, and plant growth and development
tests were carried out on home smart garden plant growers. These locally
produced materials show high potential to be used as non-toxic and sustainable
plant grow plugs.
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Ozet

Topraksiz tarim yani hidroponik, toprak kullanmadan su icinde bitkiye yeterli
mineral ve besin kaynaklarini saglayan bir bitki yetistirme yontemidir. Artan
niifus ile beraber gelecegin tariminda topraksiz tarimin, fideciligin ve
kisisellestirilmis ev tipi akilli topraksiz tarim sistemlerinin Oneminin ve
ihtiyacinin artacagi asikardir [1,2]. Ancak, tohumlara yatak vazifesi goren
substratlar olan bitki biiylitme kapsiilleri su anda ithal edilmekte, bu da iiriiniin
maliyetini ve karbon ayak izini artirmaktadir. Ayrica, tam bilesimleri genellikle
bilinmediginden toksik katki maddeleri icerme olasiligina sahip olmakta ve
biliylik olasilikla biyobozunur ozellik sergilememektedir. Gergek bir
stirdiirtilebilir tiretim igin, igerigi tamamen bilinen ve ¢evre dostu bilesenlerden
yapilmis, yerel olarak iiretilen bitki biiylitme kapsiilleri gereklidir. Bu ¢aligmada,
topraksiz tarim ve fidecilik sektoriine yonelik boyutsal kararliliga sahip, toksik
olmayan, ¢cevre dostu ve tamamen biyolojik olarak pargalanabilen malzemelerden
olusan, iki adet bitki biiylitme kapsiilii prototipi gelistirilmesi hedeflenmistir. Bu
calismada, tarimsal bir atik olan kokopit malzemesi katma degerli bir iiriin haline
getirilerek etkili atik yonetimi ile siirdiiriilebilir tarimsal {iretim artirilacaktir.

[lk bitki biiyiitme kapsiilii kokopit malzemesi ve mantar miselyumundan olusur.
Kokopit malzemesi hindistan cevizi kabugunun o6giitiilmiis hali olup yiiksek
hidrofilik 6zellik sergileyen bir tarim atigidir. Mantar miselyumlar1 mantarlarin
kok sistemleridir. Miselyumlar uygun besin ve nem iceren her ortamda sarma,
biiylime ve gelisme egilimdedir [3]. Miselyum biiytidiikce, istenen boyut ve sekle
sahip bir kalip i¢inde kokopitle bir baglayici ag yani sarim olusturarak kapstiliin
son seklini almasim saglar. Miselyum, kaliplarda sterilize edilmis ve yeterince
nemlendirilmis kokopitle karistirilir ve belirli bir siire boyunca kontrollii kosullar
altinda inkiibe edilir. Miselyum ve kokopit arasinda istenen sarim derecesi elde
edildikten sonra miselyum deaktive edilir ve biiyiimesi durdurulur. Deaktive
edilmis driinler kullanima hazirdir. Bu bitki biiylitme kapsiilleri tamamen dogal,
organik olarak geri dondistiiriilebilir ve saglikli bitki biiylimesini destekleyen
ozelliklere sahip ¢evre dostu kapsiillerdir.

Ikinci bitki biiyiitme kapsiilii, biyolojik olarak pargalanabilir bir polimer olan
poli(biitilen adipat-ko-tereftalat) (PBAT) ve kokopit icerir. Uygun bir ¢oziiclide
coziilen PBAT graniilleri, kokopit ile fiziksel olarak baglanan ve onu bir arada
tutan lifler olusturmak igin ¢6ziicii olmayan bir maddede ¢okeltilir. Bu yari
mamul iiriin daha sonra kontrollii sicaklik ve basing altinda uygun kaliplar
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kullanilarak son kapsiil formuna getirilir. Bu bitki biiyiitme kapsiilii, organik
olarak geri doniistiiriilebilir, ayrica kompostlanabilir, dolayisiyla ¢cevre dostudur.

Uretilen her iki kapsiil dmeklerine Taramali Elektron Mikroskopisi (SEM),
Enerji Dagilimhi X-Isim1 Spektroskopisi (EDS/EDX), Fourier Doniistimlii
Kizilotesi Spektroskopisi (FTIR), Termogravimetrik Analiz (TGA) ve basma
testleri ile malzeme karakterizasyon iglemleri yapilms, ev tipi akilli bahge bitki
biiyiitme cihazlarinda ise bitki biiyiime ve gelisme testleri yapilmistir. Yerel
olarak iiretilen bu iriinler, toksik olmayan ve siirdiiriilebilir bitki biiyiitme
kapsiilleri olarak kullanilma konusunda yiiksek potansiyel gostermektedir.
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Abstract

In today's world, the rapidly increasing population and parallel modernization
have led to a growing demand for composite materials [1]. Rising awareness of
environmental issues and the concept of sustainability have directed researchers
toward the development of recyclable polymer matrix composites [2]. Polymer
matrix composites stand out for their high corrosion resistance, light weight, high
strength, low cost, recycling efficiency, and suitability for mass production [3],
[4]. Thermoplastic composites have become more competitive than thermoset
composites in industries such as aerospace, defense, energy, electronics, and
automotive due to their easy formability, short production times, and recyclability
[5]. Thanks to advanced manufacturing technologies and polymer matrix
systems, thermoplastic composites not only meet performance criteria but also
offer solutions to reduce environmental impacts.

In this study, polypropylene-reinforced glass fiber composite materials prepared
in tape form were used. Thermoplastic tapes were produced in a plain weave
structure using a Dornier-brand tape weaving machine. A recycling-based
production approach was adopted by utilizing the waste generated during warp
and weft changes in the weaving process and resulting from defective production.
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Composite plates were produced using plain-woven fabric, unidirectionally (UD)
placed waste tapes, and chopped pieces with an average size of 6.57 + 1.31 mm
through the thermal press method. Thus, the aim was to both increase production
efficiency and contribute to environmental sustainability by reusing waste
materials.

Various tests were conducted to determine the mechanical and thermal properties
of the three different plates prepared. In this context, tensile tests, hardness tests,
three-point bending tests, and Izod impact tests were performed; in addition,
Thermogravimetric Analysis (TGA) and Differential Scanning Calorimetry
(DSC) analyses were conducted to examine thermal properties. Microstructural
evaluations were carried out using a Scanning Electron Microscope (SEM) for a
detailed assessment of the material's internal structure.

Keywords: [Thermoplastic composites, Recycling, Polymer matrix, Hot press]

Ozet

Giliniimiizde niifusun hizla artmasi ve modernlesmeye paralel olarak kompozit
malzemelere olan talep artmaktadir [1]. Cevre problemlerine yonelik artan
farkindalik ve siirdiiriilebilirlik anlayisi, arastirmacilart geri donistiiriilebilir
polimer matrisli kompozitlerin gelistirilmesine yonlendirmistir [2]. Polimer
matrisli kompozitler, yiiksek korozyon direnci, hafiflik, yiiksek mukavemet,
diisiilk maliyet, geri donilisiim verimliligi ve seri liretime uygunluk olarak 6ne
cikmaktadir [3], [4]. Termoplastik kompozitler, kolay sekillendirilebilirlikleri,
kisa iiretim siireleri ve geri dondistiriilebilirlikleri nedeniyle termoset
kompozitlere kiyasla havacilik, savunma, enerji, elektronik ve otomotiv
endiistrileri alanlarinda daha rekabetgi hale gelmistir [5]. Gelisen {iretim
teknolojileri ve polimer matriks sistemleri sayesinde, termoplastik kompozitler
yalnizca performans kriterlerini karsilamakla kalmayip, ayn1 zamanda g¢evresel
etkileri azaltmaya yonelik ¢éztimler de sunmaktadir.

Bu calismada, bant formunda hazirlanmis polipropilen takviyeli cam elyaf
kompozit malzemeler kullanilmigtir. Termoplastik bantlar, Dornier marka bant
dokuma makinesinde plain dokuma yapisinda iiretilmistir. Dokuma siirecinde
coOzgii ve atki degisimleri sirasinda meydana gelen ve hatali iiretim neticesinde
cikan atiklar degerlendirilerek, geri donilisim temelli bir iiretim yaklasimi
benimsenmistir. Kompozit plakalar plain dokunan kumas, tek yonli (UD)
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yerlestirilmis atik bant ve ortalama 6,57 + 1,31 mm boyutlarindaki kirpiklar
kullanilarak 1s1l pres yontemiyle iiretilmistir. Boylece hem {iretim verimliligini
arttirmak hem de atiklarin yeniden kullanimiyla ¢evresel siirdiiriilebilirlige katki
saglamak hedeflenmistir.

Hazirlanan {i¢ farkli plaka {izerinde mekanik ve termal 6zelliklerin belirlenmesine
yonelik cesitli testler uygulanmistir. Bu kapsamda, ¢cekme testi, sertlik testi, ti¢
nokta egme testi ve Izod darbe testi gerceklestirilmis; ayrica termal 6zelliklerin
incelenmesi amaciyla Termogravimetrik Analiz (TGA) ve Diferansiyel Taramali
Kalorimetri (DSC) analizleri yapilmistir. Malzeme igyapisinin detayli olarak
degerlendirilmesi igin ise Taramal1 Elektron Mikroskobu (SEM) ile mikroyap1
gozlemleri gergeklestirilmistir.

Anahtar Kelimeler: [Termoplastik kompozitler, Geri doniisiim, Polimer matris,
Isil Pres]
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OTOMOTIV iC DOSEME PANELLERI iCIN KENEVIR VE
BAZALT/KARBON KUMASLARLA TAKVIYELI HIBRIT
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VE TERMAL OZELLIKLERININ BELIRLENMESI
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Abstract

In the automotive industry today, the trend towards using natural and eco-friendly
materials is rapidly increasing in line with goals of sustainability, recyclability,
and reducing environmental impact (1,5). Particularly in interior trim panels,
which are non-structural but critical for the aesthetic, acoustic, and functional
performance of the vehicle interior, there is a growing demand for
environmentally friendly, lightweight, and high-performance alternative
materials. In this context, natural fiber-reinforced polymer composites emerge as
a strong alternative to conventional materials by offering both environmental and
structural advantages (2,3)
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Within the scope of this study, hybrid PVC matrix composite materials were
produced by combining one of the natural fibers, hemp fiber, with basalt fiber—
known for its high-temperature resistance—and carbon fiber, recognized for its
superior mechanical properties. The potential of these structures for automotive
interior trim applications was comprehensively evaluated. Polyvinyl chloride
(PVC) film was selected as the matrix material due to its thermoplastic nature,
good processability, recyclability, and low cost, making it a suitable material
alternative for the automotive sector (2)

The natural hemp fabric used as a reinforcement material carries eco-friendly
properties thanks to its sustainable structure and light weight, whereas synthetic
and mineral fibers such as carbon and basalt aim to enhance the mechanical and
thermal performance of the composites (1,4). To improve fiber-matrix interaction
and strengthen interfacial adhesion, silane-based surface modification was
applied to the fiber surfaces. The composite production was carried out using a
film stacking method based on layered structure formation, and final plates were
fabricated via hot pressing. This technique ensured homogeneous material
distribution and strong bonding between layers.

Prior to production, optimization studies were conducted on parameters including
temperature, pressure, number of layers, fiber type, and fiber arrangement; the
optimal process conditions were determined to enable reproducible and consistent
manufacturing. The produced composite samples underwent comprehensive
characterization tests not only for mechanical and physical performance but also
for microstructural and thermal properties. These analyses provided detailed
insights into the effects of different fiber combinations and production parameters
on the final material.

This research aims to offer significant contributions both academically and
practically to the automotive sector seeking sustainable materials. The PVC
matrix thermoplastic composites developed by hybridizing natural fibers with
synthetic and mineral fibers have the potential to serve as environmentally
friendly and high-performance alternatives for critical applications such as
interior trim panels. Characterization results indicated that hybrid structures
containing basalt fiber yielded the closest performance to the requirements for
automotive interior trim panels in terms of mechanical strength, thermal stability,
and surface integrity.

Keywords: [Natural Fiber Composites, Hemp, PVC Matrix, Automotive Interior
Trim Panels]
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Ozet

Gilinlimiizde otomotiv endiistrisinde siirdiiriilebilirlik, geri dontstiirtilebilirlik ve
cevresel etkiyi azaltma hedefleri dogrultusunda dogal ve ¢evre dostu malzeme
kullanimina olan egilim hizla artmaktadir (1,5). Ozellikle, tastyict olmayan ancak
ara¢ i¢c mekaninin estetik, akustik ve fonksiyonel performansi agisindan kritik
oneme sahip i¢ trim panellerinde, ¢cevreci, hafif ve yliksek performansh alternatif
malzemelere olan ihtiya¢ dikkat ¢gekmektedir. Bu baglamda dogal lif takviyeli
polimer kompozitler, hem ¢evresel hem de yapisal avantajlar sunarak geleneksel
malzemelere giiclii bir alternatif olarak 6ne ¢ikmaktadir (2,3).

Bu c¢alisma kapsaminda, dogal elyaflardan biri olan kenevir lifinin, yiiksek
sicaklik dayanimina sahip bazalt elyaf ve {istiin mekanik 6zellikleriyle bilinen
karbon elyaf ile hibritlenmesiyle elde edilen PVC matrisli hibrit kompozit
malzemelerin tiretimi gerceklestirilmis ve bu yapilarin otomotiv i¢ trim
uygulamalarindaki potansiyelleri ¢ok yonlii olarak degerlendirilmistir. Matris
malzemesi olarak segilen polivinil kloriir (PVC) filmi, termoplastik yapisi, iyi
islenebilirligi, geri doniistiiriilebilirligi ve diisiik maliyeti ile otomotiv sektorii i¢in
uygun bir malzeme alternatifi sunmaktadir (2).

Takviye malzemesi olarak kullanilan dogal kenevir kumas, stirdiiriilebilir yapisi
ve hafifligi ile gevreci Ozellikler tasirken, karbon ve bazalt gibi sentetik ve
mineral elyaflar ise kompozitlerin mekanik ve termal performanslarini
iyilestirmeyi hedeflemektedir (1,4). Elyaf-matris etkilesimini artirmak ve
arayiizey yapismasini giiclendirmek amaciyla, elyaf yiizeylerine silan bazl yiizey
modifikasyonu uygulanmistir. Kompozit iiretimi, katmanli yapi olusturma
esasina dayanan film stacking yontemi ile gerceklestirilmis ve sicak presleme
teknigi kullanilarak nihai plakalar tiretilmistir. Bu yontem sayesinde katmanlar
arasinda homojen bir malzeme dagilimi ve gii¢lii baglanma elde edilmistir.

Uretim siirecinden &nce sicaklik, basing, katman sayisi, elyaf tipi ve yerlesimi
gibi parametreler lizerinde optimizasyon ¢aligmalar1 gergeklestirilmis; en uygun
proses kosullar1 belirlenerek tekrarlanabilir ve tutarli tretim saglanmistir.
Uretilen kompozit numuneler, yalnizca mekanik ve fiziksel performans agisindan
degil, ayn1 zamanda mikroyapisal ve termal 6zellikler yoniinden de kapsamli
karakterizasyon testlerine tabi tutulmustur. Bu analizlerle farkli elyaf
kombinasyonlarinin ve iiretim parametrelerinin nihai malzeme {lizerindeki etkileri
detayl1 bigimde incelenmistir.
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Bu arastirma, siirdiiriilebilir malzeme arayisinda olan otomotiv sektorii icin hem
akademik hem de uygulamaya doniik 6nemli katkilar sunmayi amaglamaktadir.
Dogal elyaflarin sentetik ve mineral elyaflarla hibritlenmesi yoluyla gelistirilen
bu PVC matrisli termoplastik kompozitler, i¢ trim panelleri gibi kritik
uygulamalarda ¢evreci ve yliksek performansli bir alternatif olusturabilecek
niteliktedir. Gergeklestirilen karakterizasyon calismalar1 sonucunda, bazalt elyaf
iceren hibrit yapilarin; mekanik dayanim, termal kararlilik ve yiizey biitiinligii
bakimindan otomotiv i¢ trim panelleri ig¢in gerekli performans kriterlerine en
yakin sonuglar1 verdigi belirlenmistir.

Anahtar Kelimeler: [Dogal Elyaf Kompozitler, Kenevir, PVC Matris, Otomotiv
I¢ Trim Panelleri]
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Abstract

Polyvinyl chloride (PVC) is most used thermoplastic in various applications, such
as piping systems, window frames, insulation materials etc. [1]. One of the main
environmental concerns related to polymers is their dependence on limited fossil
fuel resources, along with their contribution to greenhouse gas emissions and low
biodegradability [2]. Blending PVC with natural fibers could reduce the
environmental issues and health effects caused by the usage of PVC [3]. Also
improves their mechanical properties.

In recent years, the use of natural fibers instead of synthetic ones in PVC
composites has been increasing due to environmental issues, as they cause little
ecological damage during production and processing and create less waste. When
it comes to thermoplastic polymers, temperature is one of the main parameters
limiting the production of biodegradable composites. Natural fibers cannot be
fabricated at high temperatures, limiting the thermoplastics that can be used
without degrading fiber properties [3]. Because of its low micro-fibrillar angle,
hemp fiber has a relatively high Young's modulus and tensile strength when
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compared to other natural fibers. Hemp fibers start degrading above 200°C due
to hemicellulose and pectin breakdown, so only thermoplastics with lower
processing temperatures can be used for their composites [2]. PVC is one of the
thermoplastics suitable for such applications as its processing temperature is
below 200°C.

The primary disadvantage of hemp fibres is their hydrophilic nature, which
reduces their compatibility and ultimately restricts their use as reinforcement in
hydrophobic polymer matrices. This problem can be addressed by modification
of fibre surface with suitable treatments. For chemical modification of hemp
fiber, reagents with functional groups that bond with free hydroxyl groups are
used to reduce hydrophilicity and improve fiber—polymer compatibility [3].
Alkaline treatment is one of the most used chemical treatments in different
applications [4]. Within the scope of the alkaline treatment method, NaOH-pure
water solutions of different concentrations (0%, 2%, 4%, 6%, 8%, 10% and 12%
by mass) were prepared. The fibers were then immersed in the prepared solution
at a 40:1 liquor ratio. The soaked fibers were kept in a water bath set at 30°C for
4 hours. To neutralize the excess sodium hydroxide, they were washed with a 1%
acetic acid-distilled water solution and then rinsed with pure water [5]. The fibers
were dried at room temperature for 48 hours and then in an oven at 100°C for 6
hours, completing the modification process [6].

After alkali treatment, FTIR analysis was performed twice to determine the
optimum concentration at which the most OH groups were reduced. Then,
untreated hemp fiber and treated hemp fiber with optimum concentration were
subjected to SEM EDS analysis. Thus, a clear reduction in hydroxyl groups and
noticeable changes in surface morphology were observed in the fibers treated
with an 8.5% concentration. To determine the optimal fiber fraction and
processing temperature that yield the best improvement in mechanical properties,
hemp fibers will be incorporated into PVC at varying fractions, and the blend will
be prepared using the plastograph method.

Keywords: [Hemp fiber, Alkaline treatment, Fiber- polymer compatibility,
Mechanical properties]
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Ozet

Polivinil kloriir (PVC), boru sistemleri, pencere ¢ergeveleri, yalittm malzemeleri
gibi ¢esitli uygulamalarda en yaygin kullanilan termoplastiktir [1]. Polimerlerle
ilgili temel c¢evresel sorunlardan biri, smirli fosil yakit kaynaklarina olan
bagimliliklarinin yanm1 sira sera gazi emisyonlarma katkilar1 ve disiik
biyobozunurluklaridir [2]. PVC’nin dogal liflerle harmanlanmasi, PVC
kullaniminin neden oldugu gevresel sorunlar1 ve saglik etkilerini azaltabilir [3].
Ayrica mekanik 6zelliklerini de iyilestirir.

Son yillarda ¢evresel sorunlar nedeniyle, liretim ve isleme siireclerinde ekolojik
zararin diisik olmast ve daha az atik olusturmalar1 sebebiyle PVC
kompozitlerinde sentetik lifler yerine dogal liflerin kullanimi artmaktadir.
Termoplastik polimerler s6z konusu oldugunda, biyobozunur kompozitlerin
iiretimini siirlayan temel parametrelerden biri sicakliktir. Dogal lifler yiiksek
sicakliklarda islenemez, bu da lif ozelliklerini bozmadan kullanilabilecek
termoplastiklerin sayisini simirlar [3]. Kenevir lifi, diisiik mikrofibril agisi
nedeniyle diger dogal liflerle karsilagtirildiginda nispeten yiiksek Young
modiiliine ve cekme dayanimina sahiptir. Kenevir lifleri, hemiseliiloz ve pektin
bilesenlerinin pargalanmas1 nedeniyle 200 °C’nin {izerindeki sicakliklarda
bozulmaya baslar; bu nedenle, bu liflerin kompozitlerinde yalmzca daha diisiik
isleme sicakliklarma sahip termoplastikler kullanilabilir [2]. PVC, isleme
sicakligt 200°C’nin altinda oldugundan bu tiir uygulamalar i¢in uygun bir
termoplastiktir.

Kenevir liflerinin temel dezavantaji, hidrofilik yapilaridir. Bu 6zellik, liflerin
hidrofobik polimer matrislerle uyumlulugunu azaltir ve takviye malzemesi olarak
kullanimint sinirlar. Bu sorun, lif yiizeyine uygun islemler uygulanarak
giderilebilir. Kenevir lifinin kimyasal modifikasyonu igin, serbest hidroksil
gruplariyla bag yapabilen fonksiyonel gruplara sahip reaktifler kullanilarak lifin
hidrofilitesi azaltilir ve lif—polimer uyumu iyilestirilir [3]. Alkalin islem, farkli
uygulamalarda en sik kullanilan kimyasal islemlerden biridir [4]. Bu yontem
kapsaminda, kiitlece %0, %2, %4, %6, %8, %10 ve %12 oranlarinda NaOH—saf
su ¢ozeltileri hazirlandi. Lifler, 40:1'lik bir likér oraninda hazirlanan ¢ozeltiye
daldirildi. Suda bekletilen lifler 30°C’ye ayarlanmis bir su banyosunda 4 saat
tutuldu. Fazla sodyum hidroksiti nétralize etmek icin lifler %1 asetik asit—distile
su ¢ozeltisiyle yikandi ve ardindan saf suyla durulandi [5]. Durulama islemi
sonrasinda lifler 48 saat oda sicakliginda, ardindan 100°C’deki etiivde 6 saat
kurutularak modifikasyon iglemi tamamlandi [6].
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Alkalin islemden sonra, en fazla OH grubunun uzaklastirildigi optimum
konsantrasyonu belirlemek amaciyla iki kez FTIR analizi yapildi. Ardindan,
islem gérmemis kenevir lifi ile optimum konsantrasyonda islem gérmiis lif, SEM
EDS analizine tabi tutuldu. Béylece %8.5 konsantrasyonla iglem gérmiis liflerde
hidroksil gruplarinin azaldigi ve yiizey morfolojisinde farkliliklar oldugu net bir
sekilde gozlemlenmistir. Kenevir liflerinin PVC'ye farkli fraksiyonlarla takviyesi
sonucunda mekanik oOzellikleri en iyi gelistirecek optimum fraksiyonun ve
sicakligin belirlenebilmesi i¢in “Plastograf” yontemi ile {irlin elde edilecektir.

Anahtar Kelimeler: [Kenevir Lifi, Alkali islemi, Lif-polimer uyumlulugu,
Mekanik 6zellikler]
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Abstract

Carbon fiber reinforced polymer composites are utilized in various industrial
applications due to their promising characteristics such as high strength, low
density, chemical and thermal resistance, and so on [1,2]. The carbon fiber market
is expected to surpass an 8% growth rate by 2031 [3]. However, the increased
number of composites’ utilization and their limited lifetime result in a significant
amount of end-of-life composites and leftovers. These situations, together with
increased social awareness, are a driving force for composites’ recycling. In the
current study, carbon fiber reinforced thermoset epoxy composites with an
additional debonding on demand property were produced, and carbon fibers were
recycled from their composites by activating this debonding property. The epoxy
matrix was modified with different particles called “debonding agent” in various
concentration levels. In the usage conditions, these particles will be inert and even
contribute to the mechanical performance of the structural composites. However,
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when thermal stimulus was applied to the composites, the debonding agents were
activated, thereby releasing inert gases and creating crack and void formation in
the composite structures. These physical and chemical formations in the matrix
provide easy separation and recycling of carbon fibers. Carbon fiber debonding
tests of the produced composites were evaluated in different temperature
windows, which are higher than the processing temperature of the composites.
Also, the effect of debonding agent modifications on composites’ mechanical
properties and their thermal application range was evaluated by various
characterization tests such as flexural test (3-point bending), dynamic mechanical
analysis (DMA), thermogravimetric analysis (TGA), and so on. The
characterization test results proved that the debonding agent modifications
contributed to the structural integrity of composites without affecting the thermal
application range in the usage conditions, whereas carbon fibers in the modified
composites were able to be separated at significantly lower temperatures
compared to fibers in reference composites produced without any modification.
Moreover, separated carbon fiber layers were exposed to a mild chemical
cleaning step to remove the epoxy residues from the surfaces of the separated
carbon fiber layers. The chemical cleaning is conducted at moderate temperatures
and atmospheric pressure without using concentrated hazardous chemicals, and
then the residue-free carbon fibers, which are ready to be reutilized to produce
recycled composites, were obtained. The thermal and chemical characteristics of
the recycled fibers were determined to elaborate on the effect of the recycling
procedure on carbon fibers’ properties. At the final stage of the study, the recycled
carbon fibers were reused to produce recycled composites by applying new
epoxy resin, and the closed-loop recycling process was completed. The thermal
and mechanical properties of the recycled composite were characterized and
compared to those of the reference composite. The performance of the reference
composite showed that the recycling process did not adversely affect the
properties of the carbon fibers, as well as recovered fibers and their composites
can be used for the primary load-bearing applications. As a result of this novel
study, a quick, easy-to-conduct, and unscalable carbon fiber recycling technique
based on a debonding-on- demand approach was developed without requiring any
additional complex instruments.

Keywords: [carbon fiber recycling, debonding-on-demand, epoxy composites]
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Ozet

Karbon fiber takviyeli polimer kompozitler, yiiksek mukavemet, diisiik yogunluk,
kimyasal ve termal diren¢ gibi gelecek vadeden ozellikleri nedeniyle gesitli
endiistriyel uygulamalarda kullanilmaktadir [1,2]. Karbon fiber pazarinin 2031
yilina kadar %S8'lik bir biiylime oranimm1 asmasi bekleniyor [3]. Ancak,
kompozitlerin kullanim sayisinin artmast ve sinirlt dmiirleri, dnemli miktarda
kullanim Omriiniin sonuna kadar ulasmig kompozit ve artiklarinin ortaya
¢ikmasina neden olmaktadir. Bu durumlar, artan toplumsal farkindalikla birlikte
kompozitlerin geri doniisiimii i¢in bir itici glictiir. Mevcut calismada, talep
tizerine ek bag ayirma 6zelligine sahip karbon fiber takviyeli termoset epoksi
kompozitler tiretilmis ve bu bag ayirma 6zelligi aktive edilerek karbon fiberler
kompozitlerinden geri doniistiiriilmiistiir. Kompozitlerin epoksi matrisi, ¢esitli
konsantrasyon seviyelerinde "bag ayirma maddesi" adi verilen farkh
parcaciklarla modifiye edilmistir. Kullanim kosullarinda, bu pargaciklar inert
olacak ve hatta yapisal kompozitlerin mekanik performansina katkida
bulunacaktir. Ancak kompozitlere termal uyari uygulandiinda, bag coziicii
maddeler aktive olarak, inert gazlar agiga ¢ikmis ve kompozit yapilarda ¢atlak ve
bosluk olusumu meydana gelmistir. Matristeki bu fiziksel ve kimyasal olusumlar
karbon fiberlerin kolay ayrilmasini ve geri doniisiimiinii saglar. Uretilen
kompozitlerin karbon fiber bag aymrma testleri, kompozitlerin proses
sicakligindan daha yiiksek olan farkli sicaklik pencerelerinde gergeklestirilmistir.
Ayrica, bag ayirma madde modifikasyonlarinin kompozitlerin mekanik
ozellikleri ve termal uygulama aralig1 iizerindeki etkisi, egilme testi (3 nokta
egme), dinamik mekanik analiz (DMA), termogravimetrik analiz (TGA) vb. gibi
cesitli karakterizasyon testleri ile degerlendirilmistir. Karakterizasyon testi
sonuglari, bag ¢oziicii madde modifikasyonlarinin kullanim kosullarinda termal
uygulama araligimmi etkilemeden kompozitlerin yapisal biitiinliigiine katkida
bulundugunu, bununla birlikte modifiye edilmis kompozitlerdeki karbon
fiberlerin  herhangi bir modifikasyon yapilmadan {retilen referans
kompozitlerdekilere kiyasla oOnemli Olgiide daha diisiik sicakliklarda
ayrilabildigini kanitlamistir. Ayrica, ayrilmigs karbon fiber katmanlari,
ylizeylerinden epoksi kalintilarin1 gidermek ic¢in hafif bir kimyasal temizleme
adimina tabi tutulmustur. Kimyasal temizlik, konsantre tehlikeli kimyasallar
kullanilmadan orta sicakliklarda ve atmosferik basingta gergeklestirildi ve daha
sonra geri doniistiiriilmiis kompozitler tiretmek i¢in yeniden kullanilmaya hazir,
kalint1 igermeyen karbon fiberler elde edildi. Geri doniistiiriilmiis fiberlerin termal
ve kimyasal 6zellikleri, geri doniisiim prosediiriiniin karbon fiberlerin 6zellikleri
lizerindeki etkisini ac¢iklamak i¢in ele alindi. Calismanin son
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asamasinda, geri doniistiiriilmiis karbon fiberler yeni epoksi re¢inesi uygulanarak
geri doniistiiriilmiis kompozitler iretmek i¢in yeniden kullanildi ve kapali dongii
geri doniisiim siireci tamamlandi. Geri doniistiiriilmiis kompozitin termal ve
mekanik Ozellikleri karakterize edildi ve referans kompozitin &zellikleriyle
karsilastirildi. Referans kompozitin performansi, geri doniisiim siirecinin karbon
fiberlerin 6zelliklerini olumsuz yénde etkilemedigini ve geri kazanilan fiberlerin
ve kompozitlerinin birincil yiik tasima uygulamalar1 i¢in kullanilabilecegini
gosterdi. Bu yenilik¢i ¢alisma sonucunda, herhangi bir ek kompleks ekipmanlar
gerektirmeden, talep ilizerine ayirma yaklagimina dayanan hizli, yiiriitiilmesi
kolay ve dlgeklenebilir bir karbon fiber geri doniisiim teknigi gelistirildi.

Anahtar Kelimeler: [karbon fiber geri doniisiimii, talep iizerine bag ayirma,
epoksi kompozitler]
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The increasing industrial waste due to the growth of industry leads to very serious
environmental risks. Recycling waste used in industry reduces environmental
risks and contributes to the circular economy. This study focuses on the
development of an innovative core material from glass fiber waste and
thermoplastic PET foam sheet waste generated during manufacturing.

PET blocks used as core material of sandwich structures in manufacturing are
processed by machining, and processes such as sizing, drilling, channel opening,
and angling are applied. A significant amount of PET foam waste is generated
during this process. PET wastes were mixed with unsaturated polyester resin at
different ratios of 50/50, 60/40, and 78/22 and produced under heat and pressure.

The results show that as the powder ratio in the mixture increases, the flexural
strength and density decrease. By adding short glass fiber waste from production
into the mixture, it has been revealed that a more durable core material can also
be obtained according to the requirements.

In addition, compared to sandwich structures produced with virgin foam,
sandwich structures produced with recycled core materials were also examined
in terms of shear and flexural strength and were found to show better
performance. While contributing to the environment by reusing the generated
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waste, producing in the desired mold and a complex form also provides an
advantage.

Ozet

Sanayinin biiylimesiyle artan endiistriyel atiklar ¢ok ciddi ¢evresel risklere yol
agmaktadir. Endiistride kullanilan atiklarin geri doniistiiriilmesi, ¢cevresel riskleri
azaltmakta ve dongiisel ekonomiye katki saglamaktadir. Bu caligma, iiretim
sirasinda ortaya ¢ikan cam elyaf atiklar1 ve termoplastik PET kopilik levha
atiklarindan yenilikgi bir ¢ekirdek malzeme gelistirilmesine odaklanmaktadir.

Sandvi¢ yapilarin ¢ekirdek malzemesi olarak kullanilan PET bloklar iiretim
sirasinda islenmekte; boyutlandirma, delik agma, kanal agma ve agili kesim gibi
islemlerden gecirilmektedir. Bu siirecte 6nemli miktarda PET kopiik atig1 ortaya
cikmaktadir. PET atiklari, farkli oranlarda (%50/50, %60/40 ve %78/22)
doymamis poliester recinesiyle karistirilmis ve 1s1 ve basing altinda iiretilmistir.

Sonuglar, karisimdaki toz orami arttikga egilme mukavemeti ve yogunlugun
azaldigini gostermektedir. Karigima {iretimden gelen kisa cam elyaf atiklarinin
eklenmesiyle, ihtiyaclara gore daha dayanikli bir ¢ekirdek malzemenin de elde
edilebildigi ortaya konmustur.

Ayrica, geri doniistiiriilmiis ¢cekirdek malzemelerle iiretilen sandvi¢ yapilar, ilk
uretim (ham) kopiikle iiretilen yapilarla karsilastirildiginda kesme ve egilme
mukavemeti agisindan daha iyi performans gostermistir. Olusan atiklarin yeniden
kullanilmasiyla c¢evreye katki saglanirken, istenilen kalipta ve karmagsik
formlarda tiretim yapilabilmesi de ek bir avantaj sunmaktadir.
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Abstract

Bio-derived polymers have gained significant attention to replace petroleum-
based polymers of which vast majority are non-biodegradable and create global
plastic pollution influencing habitat and human life. Polylactic acid (PLA), which
is the most utilized bio-derived polymer, has attracted increasing interest due to
its biodegradability, biocompatibility, good physical properties and easy process
ability [1]. Its reinforcing with natural fibres has been widely researched to
improve its mechanical and thermal properties. Cellulose nanofibrils (CNF) is a
bio-based material isolated from wood or natural fibres sources using various
mechanical treatment techniques. CNF has a high potential for nanocomposite,
biomedical and pharmacological applications due to its high mechanical
performance, low cost, biodegradability, biocompatibility, sustainability,
recyclability, and non-toxicity [2]. Here, we successfully isolated CNF from
bleached chemical pulp using three steps mechanical processes, namely refining,
homogenization and high-intensity sonication. The surface of CNF was modified
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using a transesterification method to decrease its polarity and improve

compatibility with PLA for the fabrication of biocomposites using solvent casting
method. The changes of morphological and chemical structures of CNF after
modification were determined using Scanning Electron Microscope (SEM) and
X-Ray Photoelectron Spectroscopy (XPS), respectively. Moreover, we
determined the mechanical and thermal properties of modified CNF (Es-CNF)
reinforced biocomposite films. Results showed that the mechanical properties of
PLA significantly improved with the addition of Es-CNF. The theoretical
modulus of biocomposites exhibited similar trends with our experimental data.
Further, biocomposite films exhibited better thermal properties compared to neat
PLA, since surface modification of CNF increased both dispersibility of
microfibrils into PLA matrix and interfacial adhesion between microfibrils and
PLA. This reveals that Es-CNF can be effectively used for preparation of
(bio)composite materials using non-polar polymer matrix.

Keywords: [Cellulose Nanofibrils, Polylactic Acid, Biocomposites]

Ozet

Biyo-tiirevli polimerler, biiyilk cogunlugu biyolojik olarak pargalanamayan ve
habitat1 ve insan yagsamini etkileyen kiiresel plastik kirliligi yaratan petrol bazl
polimerlerin yerini almak igin biiyiik ilgi gérmektedir. En ¢ok kullanilan biyo-
tiirevli polimer olan polilaktik asit (PLA), biyolojik olarak pargalanabilirligi,
biyouyumlulugu, iyi fiziksel 6zellikleri ve kolay islenebilirligi nedeniyle artan bir
ilgiye sahiptir [1]. Mekanik ve termal 6zelliklerini iyilestirmek icin dogal liflerle
takviye edilmesi yaygin olarak aragtirilmaktadir. Seliiloz nanofibriller (SNF),
cesitli mekanik islem teknikleri kullanilarak odun veya dogal lif kaynaklarindan
izole edilen biyo-bazli bir malzemedir. SNF, yiiksek mekanik performansi, diisiik
maliyeti, biyolojik olarak parcalanabilirligi, biyouyumlulugu, siirdiiriilebilirligi,
geri  doniistiiriilebilirligi ve toksik olmamasi nedeniyle nanokompozit,
biyomedikal ve farmakolojik uygulamalar i¢in yiiksek bir potansiyele sahiptir [2].
Burada, rafinasyon, homojenizasyon ve yiiksek yogunluklu sonikasyon olmak
izere li¢c agsamali mekanik islem kullanarak agartilmis kimyasal hamurdan SNF
basartyla izole edilmistir. SNF'nin ylizeyi, polaritesini azaltmak ve ¢dziicii
dokiim yontemi kullanilarak biyokompozitlerin {iretimi i¢in PLA ile
uyumlulugunu artirmak amaciyla bir transesterifikasyon yontemi ile modifiye
edilmistir. Modifikasyondan sonra SNF'nin morfolojik ve kimyasal yapilarindaki
degisiklikler sirasiyla Taramali Elektron Mikroskobu (SEM) ve X-Isini
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Fotoelektron Spektroskopisi (XPS) kullanilarak belirlenmistir. Ayrica, modifiye

SNF (Es-SNF) takviyeli biyokompozit filmlerin mekanik ve termal 6zellikleri
belirlenmistir. Sonuclar, PLA'nin mekanik o6zelliklerinin Es-SNF ilavesiyle
onemli Olciide iyilestigini gostermistir. Biyokompozitlerin teorik modiilii
deneysel verilerimizle benzer egilimler sergilemistir. Ayrica, SNF'nin yiizey
modifikasyonu hem mikrofibrillerin PLA matrisinde dagilabilirligini hem de
mikrofibriller ve PLA arasindaki arayiiz yapismasini artirdigindan, biyokompozit
filmler saf PLA'ya kiyasla daha iyi termal 6zellikler sergilemistir. Bu durum, Es-
SNF'nin polar olmayan polimer matris kullanilarak (biyo)kompozit malzemelerin
hazirlanmasinda etkin bir sekilde kullanilabilecegini ortaya koymaktadir.

Anahtar Kelimeler: [Seliiloz Nanofibril, Polilaktik Asit, Biyokompozit]
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KOMPOZIT BORU EKLERININ DEPREM TASARIMI VE
HASAR DEGERLENDIRMESI
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Abstract

The structural integrity of composite pipelines under seismic loading is crucial
for developing resilient infrastructure. This study investigates the mechanical
performance and failure mechanisms of glass fiber-reinforced polymer (GFRP)
pipe joints subjected to seismic deformations through a comprehensive approach
integrating experimental characterization, finite element analysis (FEA), and
static and dynamic testing. Mechanical characterization of filament-wound GFRP
pipes is conducted using tensile, compression, interlaminar shear, and
circumferential tensile tests to obtain accurate material properties, which are
essential for modeling the structural behavior of composite joints. FEA optimizes
joint geometry, stress distribution, and wall thickness, enhancing mechanical
efficiency and durability under seismic loading. The equivalent boundary spring
methodology is utilized to model soil-pipe interactions, providing a realistic
representation of ground deformations induced by earthquake motion.
Experimental validation is performed through axial push-in and pull-out tests, as
shown in Figure 1, where strain gauges are strategically positioned based on
critical stress regions identified in FEA. This allows for a detailed comparison
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between numerical and experimental results, offering insights into progressive
damage mechanisms, stress redistribution, and failure initiation. Additionally,
Shake-table tests are conducted to assess the dynamic response of buried
composite pipelines, examining the influence of soil friction coefficients,
boundary conditions, and varying seismic intensities on structural behavior. The
results highlight key factors affecting the integrity and longevity of GFRP pipe
joints in seismic environments. This study proposes a novel GFRP pipe joint
system that eliminates bolted connections, improving seismic flexibility,
simplifying assembly, and maintaining mechanical integrity. The research
findings contribute to the advancement of earthquake-resistant pipeline systems
by providing a scientific framework for optimizing composite pipe joints and
mitigating seismic risks in critical infrastructure applications.

Keywords: [Structural Integrity, Glass Fiber-Reinforced Polymer (GFRP),
Composite Pipe Joints, Seismic Deformations, Mechanical Characterization]

Figure 1. Full scale pipe joint test rig.

Ozet

Kompozit boru hatlarinin sismik yiiklemeler altindaki yapisal biitiinligi,
dayanikli altyapr sistemlerinin  gelistirilmesi agisindan kritik bir rol
oynamaktadir. Bu ¢alisma, cam elyaf takviyeli polimer (GFRP) boru eklerinin
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sismik deformasyonlara maruz kaldiginda gdsterdigi mekanik performansi ve
hasar mekanizmalarini, deneysel karakterizasyon, sonlu elemanlar analizi (FEA)
ve statik ile dinamik testleri biitiinlestiren kapsamli bir yaklasimla
aragtirmaktadir. Filament sargi yontemiyle iiretilmis GFRP borularin mekanik
karakterizasyonu, ¢ekme, basma, tabakalar aras1 kayma ve cevresel ¢cekme testleri
araciligryla gerceklestirilmis olup; bu sayede kompozit eklerin yapisal
davranisinin modellenmesinde temel teskil eden dogru malzeme 6zellikleri elde
edilmigstir. Sonlu elemanlar analizi, ek geometrisi, gerilme dagilimi ve duvar
kalinlig1 gibi parametrelerin optimize edilmesini saglayarak, sismik yiiklemeler
altindaki mekanik verimlilik ve dayanikliligi artirmaktadir. Toprak-boru
etkilesimlerinin modellenmesinde, deprem hareketinden kaynaklanan zemin
deformasyonlarini gercekei bir sekilde temsil eden esdeger sinir yayr yontemi
kullanilmaktadir. Sayisal analizlerde belirlenen kritik gerilme bolgelerine
gerinim Olgerlerin stratejik olarak yerlestirildigi eksenel itme ve ¢ekme testleri
yoluyla Sekil 1’deki test diizenegini kullanarak deneysel dogrulama saglanmis;
bu sayede sayisal ve deneysel sonuclar arasinda ayrintili karsilastirmalar
yapilabilmis, ilerleyici hasar mekanizmalari, gerilme yeniden dagilimi ve hasar
baslangicina iligkin 6dnemli bulgular elde edilmistir. Ayrica, gémiilii kompozit
boru hatlarinin dinamik tepkisini incelemek amaciyla gergeklestirilen sarsma
tablasi testleriyle; toprak siirtlinme katsayisi, sinir kosullart ve degisen sismik
siddetlerin yapisal davranis tizerindeki etkileri degerlendirilmistir. Elde edilen
sonuglar, GFRP boru eklerinin sismik ortamlarindaki biitlinliigiinii ve uzun vadeli
performansini etkileyen temel faktorleri ortaya koymaktadir. Bu ¢alisma, civatal
baglantilar ortadan kaldirarak sismik esnekligi artiran, montaji kolaylastiran ve
mekanik biitlinliigii koruyan yenilik¢i bir GFRP boru ek sistemi 6nermekte; bu
dogrultuda, kompozit boru eklerinin optimize edilmesi ve kritik altyap:
uygulamalarinda sismik risklerin azaltilmasi igin bilimsel bir temel sunarak,
depreme dayanikli boru hattt sistemlerinin  gelistirilmesine katkida
bulunmaktadir.

Anahtar Kelimeler: Yapisal Biitiinliik, Cam Elyaf Takviyeli Polimer (GFRP),
Kompozit Boru Ekleri, Sismik Deformasyonlar, Mekanik Karakterizasyon
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Sekil 1. Tam 6l¢ekli boru baglanti test diizenegi.
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Abstract

Composite materials are extensively utilized across various sectors of industry
due to their advantageous mechanical and physical properties [1]. Among the
available joining methods, adhesive bonding stands out as the most effective
technique for assembling composite components [2]. Nevertheless, the integrity
and performance of adhesively bonded joints can be adversely affected by several
factors, such as surface contamination, inadequate surface preparation, and
improper adhesive selection [3]. These

issues may significantly compromise the bond quality and, consequently, the
overall mechanical performance of the joint. The present study employs a
multivariate approach to investigate the effects of dust—a common surface
contaminant encountered during composite bonding—on the adhesive strength,
evaluated alongside different surface preparation levels and two distinct adhesive
types as film adhesive and paste adhesive. Experimental results demonstrate that
dust significantly reduces the interlaminar shear strength (ILSS) of the bonded
interface; however, a coarse surface preparation partially mitigates this
detrimental effect. Furthermore, the tolerance to contamination varies depending
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on the adhesive type, highlighting its critical role in adhesive selection and
surface preparation strategies. One-way and multifactorial analysis of variance
(ANOVA) and regression analyses were conducted on the collected data to
statistically elucidate the interactions between factors and their impact on ILSS.
Consequently, this study reveals the critical role of the interplay among surface
contamination, roughness, and adhesive type on bonding quality, providing
valuable insights for industrial applications.

Keywords: [CFRP, contamination, ILSS, adhesive bonds, surface preparation]

Ozet

Kompozit malzemeler, sahip olduklari iistiin mekanik ve fiziksel 6zellikler
nedeniyle endiistrinin cesitli sektorlerinde yaygin olarak kullanilmaktadir.
Kompozit bilesenlerin birlestirilmesinde mevcut yontemler arasinda yapistirma
teknigi, en etkili yontem olarak dne ¢ikmaktadir. Bununla birlikte, yapistirma ile
birlestirilen baglantilarin biitiinliigli ve performansi; ylizey kontaminasyonu,
yetersiz yiizey hazirligi ve uygunsuz yapistirict segimi gibi cesitli etkenlerden
olumsuz sekilde etkilenebilmektedir. Bu tiir sorunlar, yapisma kalitesini ve
dolayisiyla baglantinin genel mekanik performansini dnemli 6l¢giide diisiirebilir.
Bu calisma, kompozit malzemelerin yapistirilmasi

sirasinda yaygin olarak karsilasilan bir ylizey kirleticisi olan tozun yapisma
dayanimi tizerindeki etkilerini, ¢ok degiskenli bir yaklasimla incelemektedir.
Inceleme, farkl yiizey hazirhik seviyeleri ile film ve macun tipi olmak iizere iki
farkli yapistirict tiirii dikkate alinarak gergeklestirilmistir. Deneysel sonuglar,
tozun bag arayiizeyinin ara katman kayma dayanimini (ILSS) 6nemli 6lciide
azalttigin1 ortaya koymaktadir; ancak kaba yiizey hazirligimin bu olumsuz etkiyi
kismen telafi edebildigi gdzlemlenmistir. Ayrica, kontaminasyona karsi
toleransin yapistirict tiiriine bagl olarak degistigi ve bu durumun yapistirict segimi
ile ylizey hazirhigr stratejilerinde kritik bir parametre oldugu belirlenmistir.
Toplanan verilere tek yonli ve ¢ok yonlii varyans analizleri (ANOVA) ile
regresyon analizleri uygulanarak, etkenler arasindaki etkilesimler ve bunlarin
ILSS tzerindeki etkileri istatistiksel olarak ortaya konmustur. Sonug olarak, bu
calisma; yiizey kirliligi, piiriizliilik ve yapistirict tipi arasindaki etkilesimin
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yapigsma Kkalitesi tizerindeki belirleyici roliinii ortaya koymakta ve endistriyel
uygulamalara yonelik degerli bilgiler sunmaktadir.

Anahtar Kelimeler: [CFRP, kontaminasyon, ILSS, yapigma bagi, yiizey hazirlig]
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Abstract

This study presents the fabrication of composite thin films with superhydrophobic
and oleophobic properties, aimed at developing multifunctional surface coatings.
Glass substrates were coated with polyglycidyl methacrylate (PGMA) mixed with
colemanite microparticles at varying concentrations (1, 5, 10, 20, 40 and 80 wt%)
in tetrahydrofuran (THF). The resulting PGMA/colemanite (PGMA/Col)
composite films were subsequently functionalized with a non-toxic
perfluoropolyether acid (PFPE-COOH) using a chemical vapor deposition (CVD)
process. Surface morphology and wettability of the PGMA/Col/PFPE- COOH
films were characterized using atomic force microscopy (AFM) and static contact
angle measurements, respectively. The findings indicate that increasing the
concentration of colemanite particles enhances the surface roughness of the films,
which significantly influences their wetting behavior. While the untreated
PGMA/Col films displayed moderate hydrophobicity and complete wetting by
hexadecane, PFPE-COOH-treated films containing colemanite at concentrations
above 20 wt% achieved superhydrophobicity (water contact angle >150°) and
oleophobicity (hexadecane contact angle >75°).The developed coatings hold
potential for applications in self-cleaning surfaces, anti-corrosion systems, anti-
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smudge coatings, and protective barriers for electronics and optical devices,
particularly in oil-rich or moisture-sensitive environments.

Keywords: [PGMA, colemanite, perfluoro polyether acid, superhydrophobicity,
oleophobicity]

Ozet

Bu c¢alisma, ¢ok islevli yilizey kaplamalarinin gelistirilmesi amaciyla
stiperhidrofobik ve oleofobik 6zelliklere sahip kompozit ince filmlerin iiretimini
sunmaktadir. Caligmada, cam yiizeyler, tetrahidrofuran (THF) ¢oziiciisii i¢inde
farkli oranlarda (1, 5, 10, 20, 40 ve 80 agirlik%) kolemanit mikropartikiilleri
iceren poliglisedil metakrilat (PGMA) polimeri ile kaplanmistir. Elde edilen
PGMA/kolemanit (PGMA/Col) kompozit filmler, toksik olmayan perfloro
polieter asit (PFPE-COOH) ile kimyasal buhar biriktirme (CVD) yontemi
kullanilarak fonksiyonlandirilmistir.

PGMA/Col/PFPE-COOH filmlerinin ylizey morfolojisi ve 1slanabilirlik
ozellikleri sirasiyla atomik kuvvet mikroskobu (AFM) ve statik temas agisi
Olgiimleri ile karakterize edilmistir. Bulgular, kolemanit partikiil
konsantrasyonunun artmasiyla birlikte film yiizeyinde piiriizliliigiin belirgin
sekilde arttigin1 ve bunun da islanma davranisii onemli Slciide etkiledigini
gostermistir. PFPE-COOH uygulanmamis PGMA/Col filmler yalnizca orta
diizeyde hidrofobik ozellik gosterirken ve hekzadekan tarafindan tamamen
slatilirken, PFPE-COOH ile islem gormiis ve 9%20’den fazla kolemanit iceren
filmler, siiperhidrofobik (su temas agis1 >150°) ve oleofobik (hekzadekan temas
agis1 >75°) ozellik kazanmistir.

Gelistirilen bu kaplamalar, 6zellikle yagli ya da neme duyarl ortamlarda kendi
kendini temizleyen yiizeyler, korozyon Onleyici sistemler, leke tutmayan
kaplamalar ve elektronik/optik cihazlar i¢in koruyucu bariyerler gibi uygulamalar
acisindan yliksek potansiyele sahiptir.

Anahtar Kelimeler: [PGMA, kolemanit, perfloro polieter asit, siiperhidrofobiklik,
oleofobiklik]
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Abstract

The use of biopolymers derived from sustainable resources in microencapsulation
systems not only reduces environmental impacts but also offers functional
advantages in biomedical applications [1, 2]. In this study, thyme oil
microcapsules were developed and comprehensively characterized within an
alginate-gelatin matrix reinforced with nanocrystalline cellulose (CNC) derived
from textile waste. The inclusion of CNC not only enhanced the sustainability of
the system but also improved the morphology, stability, and controlled release
potential of the microcapsules.

The microencapsulation process was carried out through emulsification, wherein
thyme oil droplets were encapsulated within a gelatin-alginate mixture.
Crosslinking of the microcapsules was achieved using glutaraldehyde, followed
by washing and centrifugation to purify the capsules. CNC was incorporated at
concentrations of 0.2—0.5% to stabilize the physical structure and enhance the
biocompatibility potential.

Optical microscopy and SEM images revealed that CNC-containing
microcapsules exhibited a smooth, spherical morphology with homogeneous
dispersion and low surface roughness. FTIR analysis confirmed the successful
integration of gelatin, alginate, thyme oil, and CNC, validating the encapsulation
process. CNC-modified systems exhibited high biocompatibility in cytotoxicity
assays, while in vitro wound healing studies demonstrated their potential to
promote cellular migration and support tissue regeneration.

In conclusion, the system developed and stabilized with waste-based CNC offers
an eco-friendly and functional alternative for biocompatible microencapsulation
systems. This work presents significant contributions to sustainable materials
science and biomedical applications.

Keywords: [Microencapsulation, Nanocrystalline Cellulose, Thyme Oil,
Biopolymers]
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Ozet

Stirdiiriilebilir kaynaklardan elde edilen biyopolimerlerin mikrokapsiilasyon
sistemlerinde kullanimi, hem c¢evresel etkileri azaltmakta hem de biyomedikal
uygulamalarda iglevsel avantajlar sunmaktadir [1, 2]. Bu ¢alismada, atik tekstil
kaynakli nanokristalin seliiloz (CNC) ile gii¢lendirilmis aljinat-jelatin matrisinde
kekik yagi mikrokapsiilleri gelistirilmis ve kapsamli bicimde karakterize
edilmigtir. CNC katkisi, sistemin siirdiiriilebilirligini artirmakla kalmamis, ayni
zamanda mikrokapsiil morfolojisi, stabilitesi ve kontrollii salim potansiyelinde
iyilesme saglamstir.

Emiilsifikasyon yoluyla gerceklestirilen mikrokapsiilasyon siirecinde kekik yagi
damlaciklari, jelatin ve aljinat karisimi ig¢inde kapsiillenmistir. Glutaraldehit
kullanilarak ¢apraz baglanan mikrokapsiiller, yikama ve santrifiijleme islemleri
sonrasi saflastirilmistir. CNC, siiregte %0,2—0,5 oraninda eklenerek hem fiziksel
yapiyi stabilize etmis hem de biyouyumluluk potansiyelini artirmistir.

Optik mikroskopi ve SEM goriintiileri, CNC katkili mikrokapsiillerin diizgiin
kiiresel yapida, homojen dagilmis ve yiizey puriizliligi diisik partikiiller
oldugunu gostermistir. FTIR analizinde, jelatin, aljinat, kekik yag1 ve CNC’ye ait
karakteristik pikler dogrulanmig, boylece basarili kapsiil entegrasyonu ortaya
konmustur., CNC ile modifiye edilmis sistemler, sitotoksisite analizlerinde
yiiksek diizeyde biyouyumluluk gostermis, ayrica in vitro yara iyilestirme testleri,
bu sistemlerin hiicresel migrasyon ve doku rejenerasyonunu destekleyici
potansiyelini ortaya koymustur.

Sonug olarak, atik bazli CNC ile gelistirilen ve stabilize edilen bu sistem
biyouyumlu mikrokapsiilasyon sistemleri i¢in ¢evre dostu ve fonksiyonel bir
alternatif sunmaktadir. Bu yoniiyle ¢alisma, siirdiiriilebilir malzeme bilimi ve
biyomedikal uygulamalar agisindan dikkat ¢ekici katkilar sunmaktadir.

Anahtar Kelimeler: [Mikrokapsiilasyon, Nanokristalin Seliiloz, Kekik Yagi,
Biyopolimerler]
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Abstract

In recent years, the depletion of fossil resources and the increasing plastic
pollution have made the development of eco-friendly, bio-based, and sustainable
materials a necessity. In this context, the use of naturally derived, biodegradable,
and biocompatible polymers in biomedical applications has been growing
steadily. This study aims to develop sustainable, biocompatible, and functionally
enhanced copolymeric hydrogel systems for biological applications.

In the study, polyvinyl alcohol (PVA) - a water-compatible, non-toxic, and widely
used synthetic polymer - was modified with methacrylic anhydride to obtain
PVA-MA, which contains reactive double bonds. This structure was rendered
suitable for photopolymerization and was polymerized via a free-radical
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mechanism under UV light in the presence of citronellol, a bio-based
monoterpene, and ethylene glycol dimethacrylate (EGDMA) as a crosslinking
agent [1]. The resulting hydrogel structures were reinforced with varying ratios
of dried and ground pumpkin seed coat to create functional composite systems

[2].

In this study, building upon previous group work on the UV crosslinking of
citronellol, the photopolymerization of methacrylated PVA and citronellol
together was achieved for the first time. Furthermore, the integration of the
pumpkin seed Shell, a natural agricultural waste, into these systems was also
attempted for the first time in the literature (Yang & Liu, 2018). These original
and innovative hydrogels are anticipated to offer advantages in terms of
sustainability, biocompatibility, and functional performance.

The characterization of the resulting composite hydrogels included
morphological analysis using Scanning Electron Microscopy (SEM), chemical
structure analysis using Fourier Transform Infrared Spectroscopy (FT-IR), and
antibacterial activity tests against both Gram-positive and Gram-negative bacteria
using the disk diffusion method.

As a result of this study, the development of a new generation of bio-based
hydrogels is targeted - hydrogels that are environmentally friendly, enriched
through the valorization of agricultural waste, cost-effective, rapidly producible,
and suitable for biological applications such as wound dressings, drug delivery
systems, or tissue engineering scaffolds.

Keywords: [PVA-MA, citronellol, pumpkin seed shell, sustainable hydrogel,
antibacterial activity]

Ozet

Giliniimiizde sinirh fosil kaynaklar ve plastik kirliliginin artmasi, ¢evre dostu,
biyo-bazli ve siirdiiriilebilir malzemelerin gelistirilmesini zorunlu hale
getirmistir. Bu kapsamda, dogadan tiiretilmis, biyolojik olarak pargalanabilir ve
biyouyumlu polimerlerin biyomedikal alanlarda kullanimi giderek artmaktadir.
Bu caligmada, biyolojik uygulamalara yonelik siirdiiriilebilir, biyouyumlu ve
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fonksiyonel Ozelliklere sahip kopolimerik hidrojel sistemlerinin gelistirilmesi
amaglanmistr.

Calismada, suyla uyumlu, toksik olmayan ve yaygin sekilde kullanilan bir
sentetik polimer olan polivinil alkol (PVA), metakrilik anhidrit ile modifiye
edilerek aktif ¢ift baglara sahip PVA-MA formuna doniistiirilmiistiir. Bu yapi,
fotopolimerizasyona uygun hale getirilerek, biyobazli bir monoterpen olan
sitronellol ve ¢apraz baglayici ajan olarak poli(etilen glikol diakrilat) (PEGDA)
esliginde, UV 151k altinda serbest radikal mekanizmayla polimerlestirilmistir [1].
Elde edilen hidrojel yapilar, farkli oranlarda kurutulmus ve 6giitiilmiis balkabagi
cekirdegi zar ile takviye edilerek fonksiyonel kompozit yapilar olusturulmustur.

Bu c¢alismada, sitronelloliin UV ile ¢apraz baglanmasina yonelik onceki grup
caligmalarina ek olarak, metakrillenmis PVA ile sitronelloliin ilk kez birlikte
fotopolimerizasyonu gergeklestirilmis; bununla birlikte, dogal bir tarimsal atik
olan balkabagi ¢ekirdegi zarinin bu sistemlere entegrasyonu da literatiirde ilk defa
denenmistir. Sentezlenen bu 6zgiin ve yenilik¢i hidrojellerin siirdiiriilebilirlik,
biyouyumluluk ve fonksiyonel performans agisindan avantaj saglayacagi
Ongoriilmektedir.

Elde edilen kompozit hidrojellerin karakterizasyonu; morfolojik yap1 igin
Taramal1 Elektron Mikroskobu (SEM), kimyasal yapi i¢in Fourier Doniigiimlii
Kizilotesi Spektroskopisi (FT-IR) ve antibakteriyel aktivite (disk difiizyon
yontemi ile Gram pozitif ve Gram negatif bakterilere karsi) testleri ile
gerceklestirilmistir.

Bu c¢alismanin sonucunda, biyolojik uygulamalarda - 6zellikle yara ortiileri, ilag
salim sistemleri ya da doku mihendisligi iskeleleri gibi alanlarda
kullanilabilecek, ¢cevre dostu, tarimsal atik degerlendirmesi ile zenginlestirilmis,
ekonomik ve hizli iiretilebilen yeni nesil biyoesasl hidrojellerin gelistirilmesi
hedeflenmektedir.

Anahtar Kelimeler: [PVA-MA, sitronellol, balkabagi c¢ekirdegi zari,
stirdiiriilebilir hidrojel, antibakteriyel aktivite]
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Abstract

The recycling of thermoplastic waste, particularly materials such as
polypropylene (PP) and low-density polyethylene (LDPE), has gained increasing
attention due to its significant environmental and economic benefits. According
to Hopewell et al., recycling plastics reduces the consumption of fossil resources
and mitigates the environmental impacts associated with plastic production and
disposal [1]. PP and LDPE, being highly versatile and widely used polymers, are
among the most commonly recycled materials. Life cycle assessments have
shown that recycling LDPE into film products can result in a climate change
impact of 0.44 kg CO:-equivalent per kilogram of LDPE, highlighting the
environmental advantages of recycling over producing virgin materials [2].
Research by Al-Salem et al. highlights that mechanical recycling of these
thermoplastics not only lowers greenhouse gas emissions but also provides a
sustainable feedstock for manufacturing industries [3]. Furthermore, Singh and
Sharma emphasize that incorporating recycled polymers into new products can
substantially reduce production costs while supporting the development of a
circular economy [4]. Despite the positive sides of recycled thermoplastics
mentioned above, they often suffer from degraded mechanical properties
compared to virgin materials. To improve their performance and broaden their
applications, innovative processing techniques, such as micro fibrillation, have
been employed to enhance the mechanical performance of recycled LDPE/PP
blends, making them more suitable for various applications [5]. These findings
underscore the importance of recycling PP and LDPE in promoting a circular
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economy and reducing the environmental footprint of plastic materials. In this
study, it was aimed to obtain compounds having mechanical properties similar to
or even better than the original ones in this study. For this purpose, recycled
thermoplastics including recycled fabric such as jute fiber and baby diapers
reinforced with mineral fibers. For the compatibility between fibers and
thermoplastic matrix some additives were used. The microfibrillar PE/PP
composites obtained by extrusion process via Coperion ZSK26 in our R&D
laboratory. At the end of the experiments, it was achieved to obtain a compound
having a high content of recycled and natural materials with improved mechanical
and physical properties to meet customer demands as shown in Table 1. This
compound has potential to be used in many areas, from daily life materials to white
goods industry. You can even buy it as a clothes hanger in the markets.

BIRIM TEST SARTLARI DEGER TEST METODU
UNIT TEST CONDITIONS VALUE TEST METHOD
1. FIZIKSEL OZELLIKLER / PHYSICAL PROPERTIES:
YOGUNLUK ;
(DENSITY) gr fom? - min. 1,239 max.1,281 150 1183
ARIBRANLIE (1Y) % 230°C/ 2,16 kg min. 16 150 1133

{MELT FLOW INDEX)

1. MEKANIK OZELLIKLER / MECHANICAL PROPERTIES:

E-MODUL

[YOUNG MODULUS) MpPa 1 mm/min - (+23°C) min, 2500 150 527-2
ﬁ'ﬁ';‘?.ﬂf‘!ﬂﬁ‘:‘!;m ) MPa 50 mmy/mip - (+23°C) min. 20 150 527-2
AKMA UZAMASI : 3 .
[TENSILE ELONGATION) % 50 mm/min -~ (+23'C) min. 3,4 150 527-2
EGME MODULU 2 =
[FLEXURAL MODULUS) MPa 5 mm/min - (+23°C) min. 2100 150178
ﬁ?xi:r::g:: ;F;H; MPa 5 mm/min - (+23°C) min. 35 150 178
IZOD DARBE MUKAVEMETI,

ENTIKLI . .
ﬁzon IMPACT STRENGTH, kifm2 +23°C min. 3,2 150 180/1A

NOTCHED}

Table 1. Physical and Mechanical Properties of Obtained Compound.

Keywords: [recycled thermoplastic, fabric, mineral filler, mechanical properties]
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Abstract

With the rapid expansion of renewable energy technologies, the materials used in
Solar Energy Systems (SES) must be re-evaluated in terms of environmental
sustainability, cost-effectiveness, and performance. Solar cables, which ensure
the safe and efficient transmission of electrical energy in SES, are among the
critical components that directly affect the system’s overall performance and
safety. Currently, copper conductor solar cables are widely used; however, they
present several limitations such as high cost, considerable weight, and elevated
energy consumption. In this context, the development of aluminum conductor
cables, which offer a lighter and more economical alternative, has become
increasingly important. Nonetheless, aluminum has certain drawbacks in terms of
mechanical strength, susceptibility to oxidation, and thermal stability. This study
aims to overcome these disadvantages and enhance cable performance by
incorporating boron compounds into the insulation and outer sheath materials of
aluminum conductor solar cables. Within the scope of the research, boron
compounds were added at specific ratios to polymer matrix materials. The
resulting composite materials were prepared in granule form and used to produce
prototype solar cables via a laboratory-scale extrusion process. The produced
cables were subjected to comprehensive characterization in terms of thermal
stability, flame retardancy, mechanical strength, and dielectric properties. The
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findings revealed that the addition of boron compounds significantly improves
flame retardant performance, reduces smoke density, and enhances the thermal
resistance of the insulation materials. Moreover, the use of aluminum contributes
to increased energy efficiency and reduced overall costs during cable production.
Therefore, the outcomes of this study offer substantial added value both in terms
of environmental sustainability and in supporting domestic and cost-effective
manufacturing goals.

The developed cable is expected to become the first domestically produced
aluminum solar cable enhanced with boron compounds at an international level.
Furthermore, this innovative approach is anticipated to contribute to
strengthening Tiirkiye’s energy infrastructure, reducing dependency on imports,
and supporting the cable industry’s capacity to develop high value-added
products.

Keywords: [Flame Retardant, Aluminum Solar Cable, Boron, Polymeric
Composite, Domestic Production]

Ozet

Yenilenebilir enerji teknolojilerinin hizla yayginlasmasi, Glines Enerjisi
Sistemlerinde (GES) kullanilan malzemelerin ¢evresel siirdiiriilebilirlik, maliyet
etkinlik ve performans agisindan yeniden degerlendirilmesini zorunlu
kilmaktadir. GES’lerde elektrik enerjisinin giivenli ve verimli bir sekilde iletimini
saglayan solar kablolar, sistemin performansimi ve giivenligini dogrudan
etkileyen kritik bilesenler arasinda yer almaktadir. Giiniimiizde yaygin olarak
kullanilan bakir iletkenli solar kablolar, yiiksek maliyet, agir agirlik ve yiiksek
enerji tiiketimi gibi cesitli sinirlamalara sahiptir. Bu baglamda, daha hafif ve
ekonomik bir alternatif olan aliminyum iletkenli kablolarin gelistirilmesi dnem
arz etmektedir. Ancak alliminyumun mekanik dayanim, oksidasyon egilimi ve
termal kararlilik acisindan bazi dezavantajlart bulunmaktadir. Bu c¢alisma,
alliminyum iletkenli solar kablolarin izolasyon ve dis kilif malzemelerinde bor
bilesiklerinin katkilanmasi yoluyla, bu dezavantajlarin giderilmesini ve kablo
performansinin iyilestirilmesini amaglamaktadir. Caligma kapsaminda, polimer
matrisli malzemelere belirli oranlarda bor bilesikleri eklenmis, gelistirilen
kompozit malzemeler graniil formda hazirlanarak laboratuvar 6lgekli ekstriizyon
yéntemiyle prototip solar kablolar iiretilmistir. Uretilen kablolar iizerinde termal
kararlilik, alev geciktiricilik, mekanik dayanim ve dielektrik 6zellikler
bakimindan kapsamli karakterizasyon c¢alismalar1 gergeklestirilmistir. Elde
edilen veriler, bor bilesigi katkisinin 6zellikle alev geciktirici performans
izerinde belirgin bir iyilesme sagladigini, duman yogunlugunu azalttigim ve
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yalitim malzemesinin 1s1l dayanimini artirdigini ortaya koymustur. Ayrica,
aliminyum kullanimi1 sayesinde kablo {iiretim siirecinde enerji verimliligi
artmakta ve toplam maliyet diismektedir. Bu nedenle ¢alisma ¢iktilari, hem
cevresel siirdiirtilebilirlik hem de yerli ve ekonomik {iretim hedefleri agisindan
onemli bir katma deger sunmaktadir.

Bu calisma sonucunda gelistirilen kablonun, uluslararas1 diizeyde ilk yerli bor
bilesigi katkili aliiminyum solar kablo olarak yer almasi beklenmektedir. Ayni
zamanda bu yenilik¢i yaklasimin, Tirkiye’nin enerji altyapismin
giiclendirilmesine, disa bagimliligin azaltilmasina ve kablo sektoriiniin yiliksek
katma degerli iiriinler gelistirmesine katki sunacagi 6ngoriilmektedir.

Anahtar Kelimelgr: [Alev Geciktirici, Aliiminyum Solar Kablo, Bor, Polimer
Kompozit, Yerli Uretim]
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Abstract

The packaging industry is the primary consumer of petroleum-based materials,
with the majority of plastics due to low cost, preferred mechanical properties, and
durability to biological processes [1]. However, plastic packaging materials,
especially used in food technology, increase non-biodegradable waste in landfills
because a small amount of plastic waste is reusable. Especially, uncontrolled use
of single-use plastic food packaging materials constitutes the majority of waste
generated in daily life and increases the damage to the water supplies and sea
life[2]. Moreover, in a long period, these plastic disposals turn into microplastics
that easily enter the human body, such as kidneys, skin, liver, lungs, and even the
placenta, and cause so many health problems [3, 4]. Because of these
environmental issues, the packaging industry is adopting bio-based materials
instead of petroleum-based packaging materials. Bio-based materials can be
composed of plants or animal disposals. Natural fibers take the lead among these
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materials due to abundance, availability, and low cost, making them applicable
to many industrial demands i.e., energy production, medical applications,
aerospace industry, automobile industries, and food technology [5].

In this study, Luffa cylindrica (LC), a kind of cellulose-based natural fiber, is
blended with polyvinylpyrrolidone (PVP) to fabricate a non-toxic bio-composite.
Luffa cellulose is extracted from Luffa cylindrica via alkali treatment. By varying
weight fractions of Luffa cellulose, the mechanical and morphological properties
of specimens are investigated. All characterization results will be presented and
discussed.

Keywords: [Luffa, bio-composite, packaging]

Ozet

Ambalaj endiistrisi, diisiik maliyeti, tercih edilen mekanik 6zellikleri ve biyolojik
islemlere dayanikliligi nedeniyle ¢ogunlugu plastik olan petrol bazh
malzemelerin birincil tiiketicisidir [1]. Ancak, Ozellikle gida teknolojisinde
kullanilan plastik ambalaj malzemeleri, az miktarda plastik atigin yeniden
kullanilabilir olmasi nedeniyle ¢opliiklerde biyolojik olarak par¢alanmayan
atiklar1 artirir. Ozellikle, tek kullammlik plastik gida ambalaj malzemelerinin
kontrolsiiz kullanimi, giinliik yasamda {iretilen atigin ¢ogunlugunu olusturur ve
su kaynaklarina ve deniz yasamina verilen zarar1 artirir [2]. Dahasi, uzun bir siire
iginde bu plastik atiklar, bobrekler, cilt, karaciger, akcigerler ve hatta plasenta
gibi insan viicuduna kolayca giren ve birgok saglik sorununa neden olan
mikroplastiklere doniislir [3, 4]. Bu cevresel sorunlar nedeniyle, ambalaj
endiistrisi petrol bazli ambalaj malzemeleri yerine biyo-bazli malzemeleri
benimsiyor. Biyo-bazli malzemeler bitkilerden veya hayvan atiklarimdan
olugabilir. Dogal lifler, bolluk, bulunabilirlik ve diisiik maliyet nedeniyle bu
malzemeler arasinda basi ¢eker ve bunlari enerji tretimi, tibbi uygulamalar,
havacilik endiistrisi, otomobil endiistrileri ve gida teknolojisi gibi bir¢ok
endiistriyel talebe uygulanabilir hale getirir [5].

Bu caligmada, bir tiir seliiloz bazli dogal lif olan Luffa cylindrica (LC), toksik
olmayan bir biyo-kompozit iiretmek icin polivinilpirolidon (PVP) ile
harmanlanmigtir. Luffa seliilozu, alkali islem yoluyla Luffa cylindrica'dan
¢ikarilir. Luffa selillozunun agirlik fraksiyonlarmi degistirerek numunelerin
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mekanik ve morfolojik 6zellikleri arastirilir. Tiim karakterizasyon sonuglari
sunulacak ve tartigilacaktir.

Anahtar Kelimeler: [Luffa, biyokompozit, ambalajlama]
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Abstract

Lignin is an attractive source of aromatic and renewable raw materials and is
considered as one of the most promising organic resources of the future, as it is
the second most abundant biopolymer in nature after cellulose. However, only a
very limited amount of lignin is currently recovered for chemical and material
applications. Functional groups of lignin such as aromatic and aliphatic hydroxyl,
carbonyl and methoxyl groups provide adequate reactivity with various
compounds. Several studies have shown that incorporating lignin into epoxies,
phenolic resins, adhesives, and various polyolefins can reduce costs, increase
renewable content, and also enhance performance. Therefore, the chemical
modification of lignin derivatives is a critical step in the development of next-
generation functional, sustainable materials.

282


mailto:gamze.berkem@yalova.edu.tr

In recent years, self-healing polymer structures have attracted considerable
attention due to their ability to maintain structural integrity throughout their
service life and their recyclability. These systems involve the formation of
networks with dynamic chemical bonds that allow the material to reconfigure and
recover upon damage, either spontancously or with external effects.

In this study, commercial sodium lignosulfonate (NSL) and desulfonated
lignosulfonate (DSL) were chemically modified and their applicability for such
systems was investigated. Both lignin derivatives, NSL and DSL, were subjected
to epoxidation (NSL-E, DSL-E) process, respectively and at the same time,
modified to increase the content of carboxylic groups (NSL-C, DSL-C). The
resulting intermediate products were characterized using Fourier-transform
infrared spectroscopy (FT-IR), thermogravimetric analysis (TGA), and
differential scanning calorimetry (DSC). FT-IR analysis confirmed the effective
removal of sulfate groups in DSL. It also indicated the formation of epoxy groups
and a reduction in hydroxyl (OH) groups. It was observed that carbonyl and
carboxyl groups increased as a result of the modifications. According to TGA
results, DSL begins to degrade at higher temperatures (~130°C) compared to
NSL. This suggests that the removal of sulfate groups makes lignin thermally
more stable and increases its decomposition temperature. In the final stage, NSL-
E and DSL-E, along with NSL-C and DSL-C (with increased carboxylic group
content), were combined with polyethylene glycol (PEG) of varying molecular
weights, and polymeric systems exhibiting self-healing properties were
successfully synthesized under appropriate curing conditions.

Keywords: [Lignin, Recycling, Sustainability]

Ozet

Lignin aromatik yenilenebilir hammaddeler i¢in ¢ekici bir kaynaktir ve
seliilozdan sonra dogada en ¢ok bulunan biyopolimerler arasinda ikinci sirada
olmasindan dolay1 gelecegin en umut verici organik kaynaklarindan biri olarak
kabul edilir. Kimyasal ve malzeme uygulamalar i¢in sadece ¢ok sinirli miktarda
lignin geri kazanilir. Lignin, cesitli bilesiklerle yeterli reaktivite saglayan
aromatik ve alifatik hidroksil, karbonil ve metoksil gruplart gibi bir dizi
fonksiyonel grup igerir. Farkli ¢aligmalar, ligninin epoksilere, fenolik recinelere,
yapigtiricilara  ve  ¢esitli  poliolefinlere dahil edilmesinin  maliyetleri
azaltabilecegini, yenilenebilir igerigi artirabilecegini ve ayrica daha iyi
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performans elde edebilecegini goéstermistir. Bu nedenle, lignin tiirevlerinin
kimyasal olarak modifiye edilmesi yeni nesil islevsel, siirdiiriilebilir
malzemelerin gelistirilmesinde kritik bir adimdir.

Son yillarda, kendi kendini yenileyebilen polimer yapilar, hem servis omri
boyunca yapisal biitiinliigii koruyabilmeleri hem de geri doniistiiriilebilirdik
ozellikleri sayesinde dikkat ¢ekmektedir. Bu sistemlerde, dinamik kimyasal
baglara sahip yapilar olusturulmakta ve malzeme hasar gordiigiinde
kendiliginden veya dis etkiyle yeniden biitlinlesebilmektedirler.

Bu calismada, ticari sodyum lignosiilfonatin (NSL) ve desiilfonizasyon islemi
uygulanmus ticari lignosiilfonatin (DSL) kimyasal olarak modifiye edilerek bu tiir
sistemlere uygunlugu arastirilmistir. Her iki lignin tiirevi NSL ve DSL sirast ile
epoksidasyon (NSL-E, DSL-E) islemine tabi tutulmus ve ayni zamanda
yapilarindaki karboksilik grup igerigi arttirilmistir (NSL-C, DSL-C). Elde edilen
ara Uriinler (FT-IR), (TGA) ve (DSC) analizleri ile karakterize edilmistir. FT-IR
analizi DSL’de siilfat gruplarmin etkin bir bicim de uzaklastirildigini
dogrulamigtir. Ayrica, epoksit gruplarmin olustugunu ve hidroksil (OH)
gruplarinda azalma meydana geldiginin gdstermistir. Yapilan modifikasyonlar
sonucunda karbonil ve karboksil gruplarinin da arttigr gozlemlenmistir. TGA
sonuclarina gére DSL, NSL’ye kiyasla daha yiiksek sicakliklarda bozunmaya
baslamaktadir (~130°C’den itibaren). Bu, siilfat gruplarinin uzaklastirilmasinin
lignini daha kararli hale getirdigini ve termal bozunma sicakligini artirdigini
gostermektedir. Son asamada elde edilen NSL-E, DSL-E siras1 ile karboksilik
gruplari arttirilmig NSL-C, DSL-C ve farkli molekiil agirliklarina sahip Polietilen
Glikol (PEG) tiirleri ile karistirilmis, uygun kiirlenme kosullar1 altinda kendini
yenileyebilen yap1 Ozellikleri gosteren polimerik sistemler basariyla
sentezlenmistir.

Anahtar Kelimeler: [Lignin, Geri Doniisiim, Stirdiiriilebilirlik]
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Abstract

Vinyl ester resins are thermosetting polymers synthesized through the
esterification of epoxy resins with unsaturated monocarboxylic acids, typically
methacrylic or acrylic acid. This reaction is conducted at temperatures ranging
from 80 to 150 °C. The resulting vinyl ester oligomers are dissolved in styrene at
concentrations of 35-45% to control viscosity and enhance processability. Upon
curing via free radical polymerization, these resins form highly cross-linked
networks, imparting superior mechanical properties. Compared to polyester
resins, vinyl ester resins exhibit lower ester group content, leading to enhanced
hydrolytic stability and chemical resistance. While polyester resins are known for
their rapid curing rates and cost-effectiveness, vinyl ester resins provide superior
mechanical strength, corrosion resistance, and flexibility. Additionally, the higher
ester content in polyester resins makes them more susceptible to hydrolysis,
whereas vinyl ester resins significantly minimize this disadvantage. These
distinctions make vinyl esters preferable for harsh chemical environments and
applications demanding higher durability.

The purpose of this study is to investigate the effects of vinyl ester resin
production parameters on the final mechanical and chemical resistance
properties, and to evaluate its potential for enhanced performance compared to
polyester resins.

Keywords: [Vinyl ester, composite, resin]
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Ozet

Vinilester recineler, epoksi reginelerin doymamis monokarboksilik asitlerle
(genellikle metakrilik veya akrilik asit) esterlestirilmesiyle elde edilen termoset
polimerlerdir. Bu reaksiyon, genellikle 80—150 °C sicaklik araliginda, tercihen
imidazol veya krom kompleksleri gibi katalizorler esliginde gerceklestirilir.
Reaksiyon sonucunda olusan vinilester oligomerleri, viskozite kontrolii ve
islenebilirlik amaciyla %3545 oraninda stiren ile ¢oziilir. Elde edilen recine,
serbest radikal polimerizasyonu ile kiirlenerek yiiksek capraz bag yogunluguna
sahip kompozit malzemelere doniistiriiliir. Vinilester regineler, polyester
recinelere kiyasla daha diisiik ester grubu igerigine sahip olduklarindan, hidroliz
direnci ve kimyasal dayanimi daha yiiksektir. Polyester recineler, yiiksek
sertlesme hizlar1 ve uygun maliyetleri ile bilinirken, vinilester regineler mekanik
dayanim, korozyon direnci ve esneklik agisindan iistiin performans gosterirler.
Ayrica, polyester recinelerdeki yiiksek ester igerigi hidrolize karsi daha
duyarliyken, vinilester recineler bu dezavantaji minimize eder. Bu farkliliklar,
vinilesterin daha zorlu kimyasal ortamlarda ve yiiksek dayanim gerektiren
uygulamalarda tercih edilmesini saglar.

Bu calismanin amaci, vinilester recinelerin iiretim parametrelerinin nihai
mekanik ve kimyasal dayanim iizerindeki etkilerini incelemek ve polyester
recinelerle kiyaslandiginda gelismis performans saglama potansiyelini
degerlendirmektir.

Anahtar Kelimeler: [Vinilester, kompozit, recine]
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Abstract

Within the scope of this study, the fluff, fly, waste yarn and waste fabrics that
occur during weaving were turned into felts with appropriate methods and these
felts were consolidated with appropriate resins and turned into sound, vibration
and heat insulators. Three different fluff/yarn-fabric waste mixtures were used
from the wastes and these mixtures were again produced in three different
thicknesses. The felts were turned into composite materials with polyurethane-
based resin, and the sound insulation and tensile strength values of the composite
materials were determined and mechanical properties-Thickness-Content
optimization was performed.

The fiber reinforced composites (FRC) are used for a wide range of applications
from water storage tanks to high tech aircraft parts. The mechanical performance
of FRC is mainly a function of the reinforcing material, i.e. natural or manmade
fibers [1]. Glass fibers are the most commonly used reinforcement material,
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occupying 87% market share of the FRC [2]. However, the production, usage and
disposal of these composite structures (reinforced with glass fibers) is declining
due to increased environmental concerns. It motivated the researchers to look for
alternative materials, and natural fibers appeared as a potential substitute [3]. The
advantages offered by natural fibers over glass fiber include sustainability, low
cost, ease of availability, low density, biodegradation and low health hazards [4-
5]. Animal-based fibers e.g. wool and silk are also used as reinforcements for
FRC [6].

One of the potential waste fiber sources include animal-derived protein wastes,
such as by-products from the wool textile industry (poor quality raw wools not
suitable for spinning), hair, and feather. The hollow structure of keratin fibers
leads to an extremely low fiber density that can be used to obtain light-weight
materials for automotive applications [7]. Overall, the use of fibers from waste
(either agricultural or animal) as reinforcement in bio-composites offers a low
cost and environmentally friendly solution to waste disposal [8].

The aim of this study is to optimize the production parameters required to turn
the fluff, fly, waste yarn and waste fabrics that occur during the weaving of
woolen fabric into felts using appropriate methods and to consolidate these felts
with appropriate resins and turn them into sound, vibration and heat insulators.

Keywords: [Textile waste, felt, composite material, sound insulation, mechanical
properties. |

Ozet

Bu ¢alisma kapsaminda dokuma sirasinda olusan hav, uguntu, atik iplik ve atik
kumasglar uygun yontemlerle kece haline getirilmis ve bu kegeler uygun
recinelerle konsolide edilerek ses, titresim ve 1s1 yalitkanlar1 haline getirilmistir.
Atiklardan ti¢ farkli hav/iplik-kumas atik karigimi kullanilmig ve bu karigimlar
yine li¢ farkli kalinlikta iiretilmistir. Kegeler poliiiretan esasli regine ile kompozit
malzeme haline getirilmis ve kompozit malzemelerin ses yalitimi ve ¢ekme
mukavemeti  degerleri  belirlenerek mekanik  dzellikler-Kalinlik-Igerik
optimizasyonu yapilmistir.
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Elyaf takviyeli kompozitler (FRC), su depolama tanklarindan yiiksek teknoloji
ucak parcalarina kadar ¢ok cesitli uygulamalarda kullanilir. FRC'nin mekanik
performansi esas olarak takviye malzemesinin, yani dogal veya yapay elyaflarin
bir fonksiyonudur [1]. Cam elyaflar, FRC'nin %87 pazar payina sahip en yaygin
kullanilan takviye malzemesidir [2]. Ancak, bu kompozit yapilarin (cam
elyaflarla takviyeli) tiretimi, kullanimi ve bertarafi artan cevresel endiseler
nedeniyle azalmaktadir. Bu, arastirmacilari alternatif malzemeler aramaya
yoneltti ve dogal elyaflar potansiyel bir ikame olarak ortaya ¢ikt1 [3]. Dogal
elyaflarin cam elyafina gore sundugu avantajlar arasinda siirdiirtilebilirlik, diigiik
maliyet, kolay bulunabilme, diisiik yogunluk, biyolojik olarak parcalanma ve
diistik saglik tehlikeleri yer alir [4-5]. Yiin ve ipek gibi hayvansal elyaflar da FRC
i¢in takviye olarak kullanilir [6].

Potansiyel atik elyaf kaynaklarindan biri, yiin tekstil endiistrisinden elde edilen
yan tirlinler (egirme i¢in uygun olmayan diisiik kaliteli ham yiinler), sa¢ ve tily
gibi hayvansal protein atiklarini igerir. Keratin elyaflarinin i¢i bos yapisi,
otomotiv uygulamalari i¢in hafif malzemeler elde etmek i¢in kullanilabilen son
derece diisiik bir elyaf yogunluguna yol acar [7]. Genel olarak, biyo-
kompozitlerde takviye olarak atiklardan (tarimsal veya hayvansal) elyaf
kullanimu, atik bertarafina diisiik maliyetli ve ¢evre dostu bir ¢oziim sunar [§].

Bu ¢aligmanin amaci, yiinlii kumaslarin dokunmasi sirasinda olusan tily, ugusan
elyaf, atik iplik ve atik kumaslarin uygun yontemlerle kece haline getirilmesi i¢in
gerekli {iretim parametrelerinin optimize edilmesi ve bu kecelerin uygun
recinelerle saglamlastirilarak ses, titresim ve 1s1 yaliticisi haline getirilmesidir.

Anahtar Kelimeler: [ Tekstil atig1, kece, kompozit malzeme, ses yalitimi, mekanik
ozellikler. |
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Abstract

Nanocomposites represent a class of advanced hybrid material systems wherein
nanoscale reinforcing phases (e.g., nanoparticles, nanotubes, or nanoplates) are
uniformly dispersed within a continuous polymer matrix. This nanoscale
dispersion facilitates advanced characteristics and improved interfacial
interactions at the matrix-filler boundary, leading to significant improvements in
key material properties such as electrical, mechanical, thermal and dielectric [1].
Additive manufacturing (AM) is an innovative manufacturing method that allows
the creation of three-dimensional (3D) objects by adding the materials layer by
layer. This technology has revolutionized industrial production by offering many
advantages such as flexibility in product design, rapid prototyping and low-cost
production [2,3]. The commonly used Fused Deposition Modeling (FDM) is a
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well-known method in the field of 3D printing [4,5]. The present study aims to
produce graphene nanoplatelet (GNP) reinforced polylactic acid (PLA) matrix
composites via FDM technique to evaluate both mechanical and thermal
properties. For this purpose, the concentrations of commercial GNP filler (135
g/m? surface area with 5 nm size and 30 pm diameter) in composite samples were
chosen as 0.5%, 1% and 2% wt. by considering related literature. After
homogeneous dispersion of the filler material within the mixture using a
mechanical mixer, the composite was processed through a single-screw extruder
at the granule feed zone to produce a 1.75 mm diameter filament. However, only
0.5% and 1% wt. GNP introduced composites were fabricated with 3D printer,
whose operation principle is based on FDM method. Due to the excessive amount
of filler (the 2% wt. GNP), the brittle characteristics of composite filament
enhanced and did not achieve the formation of composite layers in AM process.
Tensile test was applied to both composite filaments and dog bone shaped
specimens to reveal the primary mechanical properties such as elastic modulus,
tensile strength and ductility. Additionally, the decomposition temperature values
of composites were determined via thermal gravimetric analysis (TGA) while the
microstructural variations were observed via scanning electron microscope
(SEM) to evaluate the effect of GNP amount in the composites. Based on the test
results, it can be concluded that the GNP addition improved the mechanical
characteristics. However more GNP presence decreased the ductility and
increased the stiffness in a certain level. The morphologic images verified that
situation as well.

Keywords: [Graphene nanoplatelet/PLA composite, fused deposition modeling,
tensile properties. |

Ozet

Nanokompozitler, nanodlgekli takviye fazlarmin (6rnegin nanopartikiiller,
nanotiipler veya nanoplakalar) siirekli bir polimer matris iginde diizglin bir
sekilde dagildig1 gelismis hibrit tiir bir malzeme sistemini temsil eder. Bu nano
boyutlu faz, matris-partikiil sinirinda gelismis 6zellikleri ve iyilestirilmis arayiiz
etkilesimlerini kolaylastirarak elektriksel, mekanik, termal ve dielektrik gibi
temel malzeme Gzelliklerinde 6nemli iyilestirmelere yol acar [1]. Eklemeli imalat
(El), malzemeleri katman katman ekleyerek iic boyutlu (3B) nesnelerin
olusturulmasina olanak tanityan yenilik¢i bir liretim yontemidir. Bu teknoloji,
iriin tasariminda esneklik, hizli prototipleme ve diisiik maliyetli {iretim gibi
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bir¢ok avantaj sunarak endiistriyel tiretimi devrim niteliginde degistirmistir [2,3].
Yaygin olarak kullanilan Eriyik Yigma Modelleme (EYM) metodu, 3B baski
alaninda 1iyi bilinen bir yontemdir [4,5]. Mevcut ¢alisma, hem mekanik hem de
termal 6zellikleri degerlendirmek i¢in EYM teknigi ile grafen nanoplaka (GNP)
takviye fazim polilaktik asit (PLA) matris ile entegre ederek kompozit tiretimini
hedeflemektedir. Bu amagla, kompozit numunelerdeki ticari GNP dolgu bilesen
(5 nm boyutunda ve 30 um ¢apinda, 135 g/m? yiizey alanina sahip)
konsantrasyonlari, ilgili literatiir dikkate alinarak agirlikca %0,5, %1 ve %2
olarak secilmistir. Dolgu maddesinin karigim icerisinde mekanik bir karistirici
kullanilarak homojen sekilde dispersiyonu sonras1 kompozit graniiller besleme
bolgesinde tek vidali bir ekstruderden gegirilerek 1.75 mm ¢apinda bir filament
halinde iiretilmistir. Ancak, ¢alisma prensibi EYM yontemine dayanan 3B yazici
ile yalnizca agirlikga %0,5 ve %1 GNP igeren kompozitler iiretilebilmistir. Asir
miktarda dolgu maddesi (agirlikga %2 GNP) nedeniyle, kompozit filamentin
kirlgan ozellikleri artmis ve El isleminde kompozit katmanlarin olusumu
gergeklestirilememistir. Elastisite modiilii, ¢cekme dayanimi ve siineklik gibi
temel mekanik 6zellikleri ortaya ¢ikarmak i¢in hem kompozit filamentlere hem
de standardize geometrili numunelere cekme testi uygulanmustir. ilaveten,
kompozitlerin bozunma sicakligi degerleri termal gravimetrik analiz (TGA) ile
belirlenirken, mikro yapisal degisimler kompozitlerdeki GNP miktariin etkisini
degerlendirmek i¢in taramali elektron mikroskobu (SEM) ile g6zlenmistir. Test
sonuglarina dayanarak, GNP ilavesinin mekanik 6zellikleri iyilestirdigi sonucuna
bir diizeyde arttirdigi sdylenebilir. Morfolojik goriintiiller de bu durumu
dogrulamaktadir.

Anahtar Kelimeler: [Grafen nanoplaka/PLA kompozit, eriyik yigma modelleme
metodu, ¢ekme 6zellikleri.]
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Abstract

Composite materials, which are obtained by combining different materials using
various techniques, have replaced traditional materials in many industrial
applications due to their superior mechanical, thermal, and structural properties.
In recent years, especially with advancements in engineering, there has been a
growing focus on the production of composite materials with high
strength/density and elastic modulus/density ratios and on improving their
performance characteristics. Enhancing the internal structure of existing
composites stands out as an efficient method in terms of both material and time,
helping to overcome potential challenges in the development of new materials

[1].

Fillers are inert additives that, when added to the primary polymer matrix,
contribute to improving mechanical, electrical, thermal, chemical, and flame-
retardant properties, enhancing surface quality and reducing production costs.
Particularly in thermoset polymer systems, these materials can be used in high
proportions -up to 60%- and play a critical role in the final performance of the
composite material. The selection of fillers should not be based solely on
technical performance criteria but also evaluated in terms of process optimization,
product functionality, and aesthetic quality [2].
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In this study, the effects of commonly used fillers such as micronized calcite,
silica, talc, barite, dolomite, kaolin, aluminum trihydrate and glass powder in
standard decorative composite panels were investigated in combination with
polyester-based resin systems. The data obtained from tensile, flexural, flame and
chemical resistance, density, water absorption and surface roughness tests
revealed variations in material performance depending on the type of filler used.
In this context, it was concluded that fillers play a decisive role in balancing
performance and cost in the development of low-cost yet high-performance
decorative composite panels. The findings are intended to provide scientific
insight into the design and manufacturing processes of composite panels.

Keywords: [Composite Material, Filler, Thermoset Resin, Mechanical Properties,
Panel Performance, Glass Fiber]

Ozet

Farkli malzemelerin cesitli tekniklerle bir araya getirilmesiyle elde edilen
kompozit malzemeler, sahip olduklari {istiin mekanik, termal ve yapisal 6zellikler
sayesinde birgok endistriyel uygulamada geleneksel malzemelerin yerini
almigtir. Son yillarda o6zellikle miihendislik alanindaki gelismeler, yiiksek
dayamim/yogunluk ve elastik modiil/yogunluk oranlarina sahip kompozit
malzemelerin iiretimi ve performans o&zelliklerinin gelistirilmesine yonelik
calismalar1 artirmistir. Mevcut kompozitlerin i¢ yapilarinin iyilestirilmesi, yeni
malzeme gelistirme siirecinde karsilasilabilecek zorluklarin 6niine gecerek hem
malzeme hem de zaman agisindan verimli bir yontem olarak 6ne ¢ikmaktadir [1].

Dolgu maddeleri, temel polimer matrisine eklendiginde mekanik, elektriksel
termal, kimyasal ve alev ilertmeme 6zelliklerin gelistirilmesine, yiizey kalitesinin
iyilestirilmesine ve iretim maliyetlerinin disiiriilmesine katki saglayan inert
katki malzemeleridir. Ozellikle termoset polimer sistemlerinde %60’a kadar
yiiksek oranlarda kullanilabilen bu maddeler, kompozit malzemenin nihai
performansinda kritik rol oynamaktadir. Dolgu maddesi se¢imi, yalnizca teknik
performans kriterlerine gore degil, ayn1 zamanda iiretim siirecinin optimizasyonu,
iiriiniin islevselligi ve estetik kalitesi acisindan da degerlendirilmelidir [2].

Bu ¢aligmada, standart dekoratif kompozit panellerde yaygin olarak kullanilan
mikronize kalsit, silika, talk, barit, dolomit, kaolin, aliiminyum trihidrat ve cam
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tozu gibi dolgu maddelerinin, poliester esasli regine sistemleriyle birlikte
kompozit panel iizerindeki etkileri incelenmistir. Cekme, egilme, alev ve
kimyasal direng, yogunluk, su emme ve yiizey piiriizliiliigii testleriyle elde edilen
veriler, dolgu maddesinin tiiriine bagli olarak malzeme performansinda meydana
gelen farkliliklan ortaya koymustur. Bu kapsamda, diisiik maliyetli ancak yiiksek
performansli dekoratif kompozit panellerin gelistirilmesinde performans ve
maliyet dengesinde dolgu maddelerinin belirleyici rol oynadigi sonucuna
ulagilmistir. Elde edilen bulgularin, kompozit panel tasarimi ve iiretim siireclerine
bilimsel katki saglamas1 hedeflenmektedir.

Anahtar Kelimeler: [Kompozit Malzeme, Dolgu Maddesi, Termoset Recine,
Mekanik Ozellikler, Panel Performansi, Cam Elyaf]
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CAM ELYAF TOZU TAKVIYESININ ERiYiK BiRiKTiRME
YONTEMIYLE URETILEN POLIiPROPILENLERIN
ARAYUZEY BAG MUKAVEMETI OZELLIKLERINE ETKISi

THE EFFECT OF GLASS FIBRE POWDER REINFORCEMENT ON THE
INTERFACIAL BOND STRENGTH PROPERTIES OF
POLYPROPYLENES PRODUCED BY FUSED FILAMENT DEPOSITION
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Abstract

Fused filament fabrication (FFF) has recently become a widely used polymer-
based additive manufacturing method due to its simplicity, high flexibility, and
cost-effectiveness. While initially employed primarily for rapid prototyping, FFF
has evolved into a versatile and advanced manufacturing technique capable of
producing high-quality, complex components for advanced applications.
However, the mechanical properties of polymer components produced via FFF
are limited by inherent defects (e.g. air gaps, porosity, and layered deposition),
which result in lower mechanical properties compared to those made through
conventional methods such as injection moulding [1,2]. Consequently,
understanding the behaviour of polymer components made by FFF is crucial for
expanding their application areas and enhancing their overall performance.
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The local contact interfacial regions, also known as weld regions, between bead
layers are responsible for stress transfer. Manufacturing parameters, such as
thermal history and printing speed, influence the overall mechanical properties of
parts produced with FFF [3-5]. The incorporation of fibre reinforcement in
filaments is a common approach to improving the mechanical properties of
polymer components produced by FFF [6]. In this context, this study focuses on
the influence of glass fibre powder on the interfacial strength of polypropylene
(PP) manufactured with FFF. Both PP filaments and 15 wt% glass fibre powder-
reinforced PP filaments (PP-GF15) were supplied by Filameon (Kayseri,
Tiirkiye). A thin beam with a length of 200 mm, a height of 8 mm, and a width of
0.8 mm was modelled in SolidWorks and sliced using OrcaSlicer. The model was
printed on a Creality K1 Max printer with a 0.8 mm diameter nozzle. The nozzle
temperatures were set to 260 °C, 280 °C, and 300 °C, with a printing speed of 40
mm/sec and a bed temperature of 60 °C. The layer width and height were set to
0.8 mm and 0.4 mm, respectively. Mechanical tests were conducted with a strain
rate of 1 mm/sec as explained in ASTM D1938 [7], and the tear forces were
determined from the linear segment of force-displacement curves. The tear

strength of the specimens was calculated with: o, = Ft/ a, where F; is the
average force during stable tearing, and 2a, is the nominal thickness of the
specimens. Preliminary results show that the tear strength of PP specimens
decreases from 11.51 N/mm to 9.51 N/mm as the temperature increases, while
the tear strength of PP-GF15 specimens increases from 8.98 N/mm to 12.39
N/mm with higher temperatures. These findings can be attributed to the thermal
degradation of PP polymer chains as the temperature increases. Conversely, the
inclusion of glass fibre powder improves the thermal stability of the PP, thereby
enhancing the tear strength of PP-GF15 specimens at elevated temperatures.
Further detailed analysis will be provided in the full paper, including a more in-
depth discussion of the material behaviour at varying temperatures.

Keywords: [Fused filament deposition, composite filaments, interfacial bonding,
tear strength]

Ozet

Eriyik biriktirme yontemi (EBY), basitligi, yiiksek esnekligi ve maliyet etkinligi
nedeniyle son zamanlarda yaygin olarak kullanilan bir polimer bazli eklemeli
iretim yontemidir. Baglangigta ¢ogunlukla hizli prototipleme icin kullanilan
EBY, zamanla gelismis uygulamalar i¢in yiiksek kaliteli, karmasik bilesenler
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iiretebilen ¢ok yonlii ve ileri diizey bir iiretim teknigine doniigsmiistiir. Ancak,
EBY ile iiretilen polimer bilesenlerin mekanik 6zellikleri, dogasinda var olan
kusurlar (6rnegin hava bosluklari, gbzeneklilik ve katmanli birikim) nedeniyle
stnirlidir ve bu durum, enjeksiyon kaliplama gibi geleneksel yontemlerle tiretilen
bilesenlere kiyasla daha diisiik mekanik 6zelliklere yol agar [1,2]. Bu nedenle,
FFF ile iiretilen polimer bilesenlerin davranisini anlamak, uygulama alanlarini
genisletmek ve genel performanslarini artirmak icin kritik Sneme sahiptir.

Tabaka katmanlar1 arasindaki yerel temas arayiiz bolgeleri, diger bir deyisle
kaynak bolgeleri, gerilme transferinden sorumludur. Sicaklik ve baski hiz1 gibi
iretim parametreleri, EBY ile iiretilen parcalarin genel mekanik 6zelliklerini
etkilemektedir [3-5]. Filamentlere elyaf takviyesi eklenmesi, EBY ile iiretilen
polimer bilesenlerin mekanik 6zelliklerini iyilestirmek igin yaygin bir
yaklagimdir [6]. Bu baglamda, bu ¢aligma, EBY ile iiretilen polipropilenin (PP)
arayliz kuvveti lizerindeki cam elyafi tozunun etkisini incelemektedir. Hem PP
filamentleri hem de %15 agirlik oraniyla cam elyafi tozu takviyeli PP filamentleri
(PP-GF15) Filameon (Kayseri, Tiirkiye) tarafindan temin edilmistir. 200 mm
uzunlugunda, 8 mm yiiksekliginde ve 0.8 mm genisliginde ince bir Kkiris,
SolidWorks'te modellenmis ve OrcaSlicer kullanilarak dilimlenmistir. Model,
Creality K1 Max yazicisinda 0.8 mm ¢apinda bir nozul ucuyla ile basilmistir. Ug
sicakliklari sirasiyla 260 °C, 280 °C ve 300 °C'ye ayarlanmistir. Ayrica, baski
hiz1 40 mm/saniye ve tabla sicaklig1 60 °C olarak belirlenmistir. Katman genisligi
ve yiiksekligi sirasiyla 0.8 mm ve 0.4 mm olarak ayarlanmistir. Mekanik testler,
ASTM D1938 [7] standardina goére 1 mm/saniye gerilme hizinda yapilmis ve
yirtilma  kuvvetleri, kuvvet-deplasman egrisinin dogrusal segmentinden
belirlenmistir. Numunelerin yirtilma kuvveti su sekilde hesaplanmistir:

or = Ft/ a. burada F,, stabil yirtilma sirasinda ortalama kuvveti ve 2a,

numunelerin nominal kalinhigini temsil eder. On sonuglar, PP numunelerinin
yirtilma kuvvetinin sicaklik arttikca 11.51 N/mm'den 9.51 N/mm'ye diistiigiini,
PP-GF15 numunelerinin yirtilma kuvvetinin ise sicaklik arttikca 8.98 N/mm'den
12.39 N/mm'ye yiikseldigini gostermektedir. Bu bulgular, sicaklik arttik¢a PP
polimer zincirlerinin termal bozulmasina baglanabilir. Diger taraftan, cam elyafi
tozunun eklenmesi, PP'nin termal stabilitesini artirarak, yiliksek sicakliklarda PP-
GF15 numunelerinin yirtilma kuvvetini iyilestirmistir. Tam metin bildiri
sunumunda, farkli sicakliklarin malzeme davranigina etkisine dair daha ayrintili
bir analiz ve tartigma sunulacaktir.

Anahtar Kelimeler: [Eriyik biriktirme yontemi, kompozit filamentler, arayiizey
baglanma, yirtilma kuvveti]
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DOGAL ELYAF TAKVIYELi KOMPOZITLERDE
MAGNEZYUM HIDROKSIT VE SODYUM HIDROKSIT
UYGULAMALARININ MEKANIK OZELLIiKLERE ETKIiSI

THE EFFECT OF MAGNESIUM HYDROXIDE AND SODIUM
HYDROXIDE APPLICATIONS ON THE MECHANICAL PROPERTIES
OF NATURAL FIBER-REINFORCED COMPOSITES
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Abstract

In response to the growing demand for environmentally friendly and sustainable
materials, this study investigates the potential applications of natural fiber-
reinforced composites. Hybrid flax-glass fabrics were used to form the
reinforcement structure. To enhance fiber-matrix interfacial adhesion, alkaline
treatment was applied using sodium hydroxide (NaOH) solutions at different
concentrations. In addition, magnesium hydroxide (Mg(OH)2) was incorporated
into the matrix to improve flame retardancy. Approximately 100 composite plates
were produced via the hand lay-up method using three different types of resins:
epoxy, vinylester, and polyester. Two key experimental groups were evaluated:

[1] the effect of varying NaOH and Mg(OH): ratios with constant vinylester resin,
and [2] the effect of different resin types with fixed additive ratios. Mechanical
tests including tensile, flexural, and impact strength, as well as density
measurements, were carried out on the samples. The findings revealed that the
optimal mechanical performance was achieved with 10% Mg(OH). and 5%
NaOH. Among the resin types, vinylester-based composites exhibited the highest
mechanical strength overall. Results also indicated that NaOH treatment
effectively improved adhesion by removing surface impurities such as lignin,
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hemicellulose, and wax layers from the natural fibers. However, high
concentrations of NaOH led to fiber degradation and reduced tensile and
elongation values. Likewise, while Mg(OH). improved flexural resistance at
moderate levels, its excessive use negatively affected tensile and impact strength
due to increased brittleness in the matrix. Epoxy resin showed relatively high
tensile strength but limited impact performance due to its rigid structure, whereas
polyester resin exhibited the lowest mechanical performance but offered a cost
advantage.

This study demonstrates that additives used for surface modification and flame
retardancy should not be evaluated only in terms of their intended functionalities,
but also carefully optimized considering their impact on overall mechanical
performance. The results support the industrial potential of natural fiber-
reinforced composites in structural applications where a balance between fire
resistance and mechanical reliability is critical.

Keywords: [Natural Fiber, Composite, Magnesium Hydroxide, Sodium
Hydroxide, Mechanical Testing]

Ozet

Bu c¢alisma, cevre dostu ve siirdiiriilebilir malzeme arayiglarinin arttigi
glinimiizde, dogal elyaf takviyeli kompozitlerin kullanim potansiyelini
arastirmak amaciyla gerceklestirilmistir. Cam ve keten elyaflarin birlikte
kullanildig1 hibrit bir yapida, lif-matris ara yiizey etkilesimini iyilestirmek
amaciyla farkli oranlarda sodyum hidroksit (NaOH) c¢ozeltisiyle alkali islem
uygulanmig; ayrica kompozit matrisine yangin geciktirici 6zellik kazandirmak
amaciyla farkli oranlarda magnezyum hidroksit (Mg(OH).) katkis1 ilave
edilmistir. Matris sistemi olarak epoksi, vinilester ve polyester regineleri
kullanilarak yaklasik 100 kompozit plaka el ile tabakalama (hand lay-up)
yontemiyle iretilmistir. Deneysel c¢alismada iki temel parametre seti
degerlendirilmistir: (1) vinilester reginesi sabit tutularak degisen Mg(OH). ve
NaOH oranlarinin etkisi, (2) katki oranlari sabit tutularak farkli recine tiirlerinin
karsilastiriimasi. Uretilen numunelere cekme, egme, darbe dayanimi ve yogunluk
testleri uygulanmistir. Elde edilen veriler 1s18inda, %10 Mg(OH)2 ve %5 NaOH
oranina sahip numuneler optimum mekanik performansi sergilemis; 6zellikle
vinilester bazli kompozitlerin, tiim regine tiirleri arasinda en yiiksek dayanimi
sundugu gortilmiistiir. Sonuglar, NaOH ile yapilan alkali islemin lif yiizeyinden
lignin, hemiseliilloz ve mumsu bilesenleri uzaklastirarak lif-matris baglanmasini
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artirdi@ini; ancak yiiksek konsantrasyonlarda lif yapisini zayiflatabilecegini
ortaya koymustur. Benzer sekilde, Mg(OH)- katkisi belirli oranlarda kompozitin
egilme direncini artirsa da oran yiikseldikce ¢ekme dayanimi ve darbe
performansinda diislis gozlenmistir. Epoksi reginesi, 0Ozellikle rijit yapist
nedeniyle darbe dayaniminda zayif kalirken; polyester reginesi diisilk maliyet
avantaji sunmasina ragmen mekanik olarak en diisiik degerlere sahiptir. Bu
calisma, dogal elyaf kompozitlerinde kullanilan kimyasal katkilarin yalnizca
hedeflenen islevsel kazanmimlar (6rnegin yanmazlik veya yiizey temizligi)
acisindan degil, ayn1 zamanda genel mekanik performans iizerindeki etkilerinin
de dikkatle optimize edilmesi gerektigini gostermektedir. Uygun katki oranlarinin
belirlenmesi, dogal elyafli kompozitlerin yapi, otomotiv ve havacilik gibi
sektorlerde daha giivenli ve dayanikl sekilde kullanilmasinin 6niinii agacaktir.

Anahtar Kelimeler: [Dogal Elyaf, Kompozit, Magnezyum Hidroksit, Sodyum
Hidroksit, Mekanik Test]
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Abstract

Composite materials are extremely sensitive to notches, and the presence of
cracks in structural components greatly reduces their load carrying capacity.
However, structural elements such as wing panels, fuselage panels, helicopter
rotor blades, satellite structural panels, engine fan blades and spacecraft fuel tanks
made of carbon fiber reinforced polymer composite material, which is the
preferred material especially in the aviation and space industry, may experience
crack damage around the hole in the material due to reasons such as overloading,
stress concentration, vibration, centrifugal forces, thermal expansion mismatch in
metal-composite joints and shock thermal stresses in mechanical (rivet, bolt) and
hybrid connections (adhesion and rivet). Therefore, increasing the fracture
toughness of carbon/epoxy composite laminates with circular holes is an
important research topic for critical structural applications. In this regard, the
present study aims to maximize the tensile strength of carbon/epoxy composite
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laminates with central circular holes considering stacking sequence optimization
of the laminates. For this purpose, a finite fracture mechanics model from the
literature [1] proposed for the prediction of the open-hole tensile strength of
carbon/epoxy composite laminates was verified to be convenient for design and
optimization purposes and used to constitute the objective function for
optimization study. Various optimization problems for four different laminate
stacking sequence types were solved by a hybrid algorithm composed of particle
swarm optimization (PSO) algorithm and generalized pattern search algorithm
(GPSA) via MATLAB Global Optimization Toolbox [2] to obtain the optimum
fiber angle orientations that provide maximum tensile stress at failure. Traditional
fiber angles commonly preferred by industry were considered. Results show that
tensile load carrying capacity of the carbon/epoxy composite laminates with
circular holes can be increased significantly by stacking sequence optimization
and preferring different laminate stacking sequence types.

Keywords: [Fracture, Open-Hole Tensile Strength, Carbon/Epoxy Composite
Laminates, Optimization, PSO-GPSA Hybrid Algorithm]

Ozet

Kompozit malzemeler ¢entiklere karsti son derece hassastir ve yapisal
bilegenlerdeki catlaklarin varligi yiik tasima kapasitelerini biiyiikk Olciide
azaltmaktadir. Ancak, 6zellikle havacilik ve uzay endiistrisinde tercih edilen
malzeme olan karbon fiber takviyeli polimer kompozit malzemeden yapilan kanat
panelleri, ugak govdesi panelleri, helikopter rotor kanatlari, uydu yapisal
panelleri, motor fan kanatlar1 ve uzay araglarinin yakit tanklar1 gibi yapisal
elemanlarin mekanik (per¢in, civata) ve hibrit baglantilarinda (yapistirma ve
pergin) asirt yikkleme, gerilme yigilmasi, titresim, santrifiij kuvvetleri, metal-
kompozit baglantilarindaki termal genlesme uyumsuzlugu, sok termal gerilmeler
gibi sebeplerle malzemede delik etrafinda ¢atlak hasarlar1 olusabilir. Bu nedenle,
dairesel delikli karbon/epoksi kompozit laminatlarin kirilma toklugunun
artirtlmasi, kritik yapisal uygulamalar i¢in 6nemli bir arastirma konusudur. Bu
baglamda, mevcut ¢aligma, laminatlarin istifleme sirasi optimizasyonunu dikkate
alarak, merkezi dairesel delikli karbon/epoksi kompozit laminatlarin ¢ekme
mukavemetini en st diizeye ¢ikarmay1r amaglamaktadir. Bu amagla,
karbon/epoksi kompozit laminatlarin agik delikli gekme dayaniminin tahmini i¢in
literatiirden [1] Onerilen sonlu kirtlma mekanigi modelinin tasarim ve
optimizasyon amaglari i¢in uygun oldugu dogrulanmis ve optimizasyon c¢alismasi
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icin amag¢ fonksiyonunu olusturmak tizere kullanilmistir. MATLAB Global
Optimization Toolbox [2] araciligiyla Parcacik siirli optimizasyonu (PSO)
algoritmasi ve genellestirilmis sablon arama algoritmasindan (GPSA) olusturulan
bir hibrit algoritma ile dort farkli laminat istifleme dizisi tipi i¢in ¢esitli
optimizasyon problemleri ¢oziilerek maksimum c¢ekme gerilmesi saglayan
optimum elyaf acis1 yonelimleri elde edilmistir. Endiistri tarafindan yaygin olarak
tercih edilen geleneksel elyaf acilar dikkate alinmistir. Sonuglar, dairesel delikli
karbon/epoksi kompozit laminatlarin ¢gekme yiik tagima kapasitesinin istifleme
dizisi optimizasyonu ve farkli laminat istifleme dizisi tiplerinin tercih edilmesiyle
onemli Olciide artirilabilecegini gostermektedir.

Anahtar Kelimeler: [Kirilma, Ag¢ik Delik Cekme Dayanimi, Karbon/Epoksi
Kompozit Laminatlar, Optimizasyon, PSO-GPSA Hibrit Algoritma]
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Abstract

Wood-plastic composites (WPCs) have attracted a great deal of attention due to
its unique properties such as lightweight, low maintenance requirements, wide
availability and biodegradability. WPCs are principally produced from a mixture
of wood flour as fillers, which is used as a source of cellulose, and thermoplastic-
based polymers. In this study, recycled polypropylene (rPP) was used as a matrix
material, and wood flour and luffa fiber as fillers, and Maleic anhydride grafted
polypropylene (MAPP) were used as reinforcements to produce the WPCs. The
main goal of this study is to determine the effects of wood and luffa fiber as fillers,
and MAPP coupling agent on WPCs. The luffa fiber was incorporated with wood
flour at different fractions, and the Iuffa and wood flour were used at weight
fractions of 10-20% and 30-50%, respectively. The effects of various parameters
such as luffa fiber/wood filler content on the composite properties, such as
mechanical, thermal and water absorption properties, were investigated.
Mechanical ultimate tensile strength test results showed that highest strength
values were obtained for the composites consisting of 20 wt. % Iuffa fiber, and
30 wt % wood flour, and 3 wt% MAPP. Thermogravimetric analysis results
showed that luffa fiber addition improved the thermal stability of WPC.
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Ozet

Ahsap-plastik kompozitler (WPC), hafif, bakim gerektirmeyen, yaygin olarak
bir¢ok alanda kullanilabilen ve biyolojik olarak parcalanabilirlik gibi benzersiz
ozellikleri nedeniyle biiylik ilgi gormektedir. WPC'ler esas olarak, seliiloz
kaynag1 olarak kullanilan bir dolgu maddesi olarak talas tozu ve termoplastik
bazli polimerlerin karigimindan firetilir. Bu ¢alismada, WPC'leri {liretmek i¢in
matris malzemesi olarak geri doniistiiriilmiis polipropilen (rPP), dolgu maddesi
olarak talas ve lif kabagi lifi, takviye maddesi olarak ise maleik anhidrit ile graft
edilmis polipropilen (MAPP) kullanilmistir. Bu c¢alismanin temel amaci,
WPC’ler iizerinde dolgu maddesi olarak talas ve luffa lifi ile MAPP baglayici
maddesinin etkilerini belirlemektir. Luffa lifleri farkli oranlarda talas tozu ile
birlestirilmis, luffa lifleri ve talas tozu ise sirastyla %10-20 ve %30-50 agirlik
oranlarinda kullanilmigtir. Luffa lifi/odun dolgu maddesi igerigi gibi gesitli
parametrelerin  kompozitin mekanik, termal ve su emme O&zellikleri gibi
ozellikleri iizerindeki etkileri arastirilmigtir. Mekanik ¢ekme dayanimi test
sonuglari, en yiiksek dayanim degerlerinin %20 agirlik oraninda luffa lif, %30
agirlik oraninda talas tozu ve %3 agirlik oraninda MAPP igeren kompozitlerde
elde edildigini gostermistir. Termogravimetrik analiz sonuglari, luffa lifi
ilavesinin WPC'nin termal kararliligini iyilestirdigini gdstermistir.
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DENIZCILIK UYGULAMALARI iCIN TERMOPLASTIK
MALZEMELER: PA KOMPOZITLER

THERMOPLASTIC MATERIALS FOR MARINE APPLICATIONS: PA
COMPOSITES

Ayberk Sozen!

nstitute of Marine Sciences and Technology, Dokuz Eylul University, Bakii
Blvd., 32 Inciralti, Balgova, Izmir 35340, Tiirkiye

ayberk.sozen@deu.edu.tr

Abstract

Polyamide (PA) and 10% carbon fiber-reinforced PA (PA-CF) plates were
produced using material extrusion-based additive manufacturing and conditioned
under various atmospheric environmental conditions for different durations (2
weeks, one month and 2 months). This study aims to investigate the structural
effects of carbon fiber reinforcement on the PA matrix and to evaluate the
resistance of PA-CF composites to environmental exposure. The stability of the
fiber—matrix interface is consistent with previous literature reporting that carbon
fiber-reinforced PA composites exhibit greater resistance to external factors such
as humidity and temperature [1]. Moreover, several studies have shown that
polyamide interlayers improve the fracture toughness and delamination resistance
of carbon fiber-reinforced laminates [2].

This assessment aligns with the ongoing material transition observed in the “small
craft” segment (<24 m). Thermoset composites, due to their crosslinked chemical
structure, cannot be reshaped or easily recycled, which presents a significant
environmental challenge in the context of the European Union’s circular economy
principles. As a result, there is growing interest in the maritime industry toward
thermoplastic composites that are reprocessable, heat-formable, and repairable
through welding [3]. Several studies have confirmed that thermoplastic-based
composite systems maintain their mechanical stability in
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marine environments [4]. Furthermore, PA-based additive manufacturing
products have been shown to be suitable for small craft applications in terms of
both structural durability and production flexibility [5]. Recent literature on
polymer composite recycling also demonstrates that such materials can be
mechanically and thermally processed into granules and reused in second-life
applications [6]. In this context, PA-CF composites offer a strong alternative to
thermoset materials in small craft applications, both in terms of technical
performance and environmental sustainability.

Keywords: [PA matrix composites, carbon fiber reinforced polymers (CFRPs),
additive manufacturing, atmospheric conditioning, moisture effect.

Ozet

Poliamid (PA) ve %10 karbon elyaf takviyeli PA (PA-CF) plakalar, malzeme
ekstriizyonu temelli eklemeli imalat yontemiyle {retilmis ve farkli siirelerde
cesitli atmosferik ¢evresel kosullar altinda iklimlendirilmistir (2 hafta, bir ay ve
2 ay). Bu calisma, karbon elyaf takviyesinin PA matris iizerindeki yapisal
etkilerini incelemekte ve PA-CF kompozitlerin ¢evresel kosullara karsi direncini
degerlendirmeyi amaglamaktadir. Lif—matris arayiiziiniin stabilitesi, karbon elyaf
takviyeli PA kompozitlerin nem ve sicaklik gibi dis etkenlere kars1 daha direngli
oldugunu bildiren literatiirle uyumludur [1]. Ayrica, poliamid ara tabakalarinin
karbon elyaf takviyeli laminatlarda ¢atlak toklugunu ve delaminasyon direncini
artirdig1 da gesitli galigmalarla gosterilmistir [2].

Bu degerlendirme, “kii¢iik tekne (small craft)” (<24 m) segmentinde yasanan
malzeme doniisiim siireciyle oOrtiismektedir. Termoset kompozitler, kimyasal
yapilar1 geregi yeniden sekillendirilemez ve geri doniistiiriilmeleri zordur; bu da
Avrupa Birligi’nin dongiisel ekonomi ilkeleri baglaminda ¢evresel sorunlara yol
agmaktadir. Bu nedenle, denizcilik sektoriinde yeniden islenebilir, 1s1 ile
sekillendirilebilen ve kaynakla onarilabilir termoplastik kompozitlere olan ilgi
giderek artmaktadir [3]. Termoplastik bazli kompozit sistemlerin deniz ortaminda
mekanik kararliligmi siirdiirebildigi ¢esitli caligsmalarla belgelenmistir [4].
Ayrica, PA bazli eklemeli imalat {iriinlerinin hem yapisal dayaniklilik hem de
tretim esnekligi acisindan kiigiik tekne uygulamalarina uygun oldugu ortaya
konmustur [5]. Polimer kompozitlerin geri doniisiimiine yonelik giincel literatiir
de, bu tiir malzemelerin mekanik ve termal iglemlerle yeniden graniil forma
getirilerek ikinci 6miir uygulamalarina kazandirilabildigini gostermektedir [6].
Bu baglamda, PA-CF kompozitler hem teknik performans hem de cevresel
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siirdiirtilebilirlik agisindan kiigiik teknelerde termoset malzemelere giiglii bir
alternatif sunmaktadir.

Anahtar Kelimeler: [PA matrisli kompozitler, Karbon fiber takviyeli polimerler,
eklemeli imalat, atmosferik kosullandirma, Nem etkisi.]
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GUNES ENERJIiSI SISTEMLERINDE LiF TAKVIYELI
POLIMER KOMPOZITLERIN KULLANIMI VE FOTOVOLTAIK
HUCRELERIN MOBIL PLATFORMLARA ENTEGRASYONU

USE OF FIBER-REINFORCED POLYMERIC COMPOSITES IN SOLAR
ENERGY SYSTEMS AND INTEGRATION OF PHOTOVOLTAIC CELLS
INTO MOBILE PLATFORMS
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Manisa 45030, Tiirkiye
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As global energy demand continues to increase, the need for environmentally
friendly, accessible, and sustainable energy sources has become more critical than
ever. Solar energy stands out as one of the most promising renewable energy
alternatives due to its carbon-free generation process, low installation and
operational costs, and applicability across a wide range of geographic conditions.
This study presents innovative material and design approaches using fiber-
reinforced polymeric composites to improve the performance of solar panels in
both stationary and mobile applications.

In the first stage of the study, conventional aluminum profiles used in solar panel
supporting frames were replaced with high-modulus glass fiber-reinforced
pultruded composite profiles. These composite profiles offer several advantages,
including significantly reduced weight, superior mechanical performance, and
low thermal expansion coefficients, which help minimize structural deformation
and cracking under varying temperature conditions. Additionally, their corrosion
resistance allows for long-term use even in highly corrosive environments such
as coastal or offshore installations. Importantly, the non-conductive nature of the
composites eliminates the need for grounding, simplifying the installation
process. Beyond these material advantages, the use of composite profiles
provides enhanced design flexibility, enabling the development of smart joining
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and modular assembly methods that improve manufacturability and system
integration.

In the second stage, integration methods for photovoltaic (PV) cells into mobile
platforms such as vehicles were explored, using composite manufacturing
techniques. A multilayer composite structure was developed to allow for seamless
and flexible integration of solar cells onto various curved or customized surfaces
without compromising energy efficiency. The front surface of the PV cell consists
of a highly transparent glass fiber/epoxy composite, ensuring optimal light
transmission. The rear surface features a carbon fiber-reinforced sandwich
structure designed to absorb mechanical impacts and protect the cell during
operation. Furthermore, phase change materials (PCM) were incorporated into the
carbon fiber rear layer to regulate operating temperature and reduce efficiency
losses under high thermal loads. This configuration enables PV modules to
maintain structural integrity and high performance even under external physical
stress.

The developed composite structures were tested under free-fall impact conditions
to evaluate mechanical durability and optical performance. Electroluminescence
(EL) imaging conducted after impact tests confirmed that the PV cells sustained
no internal microcracks or functional damage, while the optical transmittance of
the top composite surface remained constant.

In conclusion, fiber-reinforced polymeric composites offer significant advantages
in terms of weight reduction, mechanical resilience, corrosion resistance, optical
transparency, and design adaptability. These properties not only enhance the
efficiency and durability of stationary solar energy systems but also enable the
integration of PV technologies into mobile platforms. The findings of this study
highlight the transformative potential of advanced composites in the development
of next-generation, multifunctional, and sustainable solar energy solutions.

Ozet

Kiiresel enerji talebinin artmaya devam etmesiyle birlikte, cevre dostu, erisilebilir
ve stirdiriilebilir enerji kaynaklarina duyulan ihtiyag her zamankinden daha kritik
hale gelmistir. Karbon salinim1 olmayan iiretim siireci, diisiik kurulum ve igletme
maliyetleri ile genis cografi kosullarda uygulanabilirligi sayesinde giines enerjisi,
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en umut verici yenilenebilir enerji alternatiflerinden biri olarak 6ne ¢ikmaktadir.
Bu calisma, hem sabit hem de mobil uygulamalarda giines panellerinin
performansin1 artirmak amaciyla elyaf takviyeli polimer kompozitlerin
kullanildig1 yenilik¢i malzeme ve tasarim yaklagimlarini sunmaktadir.

Calismanin ilk asamasinda, glines panellerinin tasiyici gergevelerinde geleneksel
olarak kullanilan aliiminyum profiller, yliksek modiilli cam elyaf takviyeli
pultruzyon kompozit profillerle degistirilmistir. Bu kompozit profiller; énemli
Olciide hafiflik, iistiin mekanik performans ve diisiik termal genlesme katsayilari
gibi bircok avantaj sunmaktadir. Bu o6zellikler, degisken sicaklik kosullarinda
yapisal deformasyon ve catlama riskini azaltmaktadir. Ayrica, kompozitlerin
korozyona karsi direncli olmasi, onlar1 kiy1 bolgeleri veya acik deniz kurulumlart
gibi yiiksek oranda asindirici ortamlarda uzun vadeli kullanim i¢in uygun hale
getirmektedir.  Elektriksel iletkenliklerinin  olmamasi1 ise topraklama
gereksinimini ortadan kaldirarak kurulum siirecini kolaylastirmaktadir. Tiim bu
malzeme avantajlarinin 6tesinde, kompozit profillerin sagladigi tasarim esnekligi,
iretilebilirligi ve sistem entegrasyonunu iyilestiren akilli baglanti ve modiiler
montaj yontemlerinin gelistirilmesine olanak tanimaktadir.

Calismanin ikinci asamasinda ise, fotovoltaik (PV) hiicrelerin araclar gibi mobil
platformlara  entegrasyon yoOntemleri kompozit iretim teknikleriyle
aragtirtlmistir. Glines hiicrelerinin cesitli egimli ya da 6zel yiizeylere enerji
verimliliginden 6diin vermeden entegre edilebilmesini saglayan ¢ok katmanli bir
kompozit yapi1 gelistirilmistir. PV hiicresinin 6n yiizeyinde, optimum 151k
gecirgenligi saglamak amaciyla yiiksek seffafliga sahip cam elyaf/epoksi
kompozit yap1 yer almaktadir. Arka yiizeyde ise mekanik darbelere kars1 koruma
saglamak i¢in karbon elyaf takviyeli sandvig¢ yap1 tasarlanmistir. Ayrica, yliksek
1s1l yiikler altinda verim kaybini azaltmak ve calisma sicakligini dengelemek
amaciyla karbon elyaf arka katmana faz degistiren malzemeler (PCM) entegre
edilmistir. Bu yap1 sayesinde PV modiilleri, dis fiziksel gerilim altinda dahi
yapisal biitiinliiklerini ve yliksek performanslarini koruyabilmektedir.

Gelistirilen kompozit yapilar, mekanik dayanim ve optik performansi
degerlendirmek amaciyla serbest diisme darbe testlerine tabi tutulmustur. Darbe
testleri sonrasinda yapilan elektroliiminesans (EL) goriintiileme, PV hiicrelerinde
i¢ mikro c¢atlak ya da islevsel bir hasar olusmadigini ortaya koymus; {ist ylizey
kompozit tabakanin optik gecirgenliginde ise herhangi bir degisiklik
gozlenmemistir.

Sonug olarak, elyaf takviyeli polimer kompozitler; agirlik azaltma, mekanik
dayaniklilik, korozyon direnci, optik seffaflik ve tasarim uyarlanabilirligi
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agisindan 6nemli avantajlar sunmaktadir. Bu o6zellikler, sabit giines enerjisi
sistemlerinin verimliligini ve dayamkhiligini artirmanin yam sira, PV
teknolojilerinin mobil platformlara entegrasyonunu da miimkiin kilmaktadir. Bu
calismanin bulgulari, ileri kompozit malzemelerin yeni nesil, ¢ok islevli ve
siirdiirilebilir gilines enerjisi ¢Oziimlerinin gelistirilmesindeki  doniistiiriicii
potansiyelini ortaya koymaktadir.
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POLIETILEN KOMPOZITLERDE FONKSIYONEL KATKI
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Abstract

The environmental impact of industrial waste continues to be a major global
concern, prompting the search for sustainable strategies that integrate waste
materials into value-added applications. This study focused on the utilization of
two significant industrial by-products—oxide scale from the iron and steel
industry and zinc oxide (ZnO) recovered from electroplating sludge—as
precursors for the synthesis of zinc ferrite (ZnFe,O4). The synthesized ZnFe>O4
powder, obtained through a solid-state process, was used as a functional additive
in recycled polyethylene (rPE) composites. Composite pellets were prepared by
incorporating the filler at varying weight fractions (0%, 5%, 10%, 15%, and
20%). All raw materials used in this study were derived from industrial waste or
surplus, in line with circular economy principles.

This approach aims to contribute to the development of environmentally
responsible composite materials. It was specifically intended to enhance the
technical properties of rPE composites—primarily mechanical performance—
and to impart electromagnetic interference (EMI) shielding capability through the
inclusion of the ZnFe,O; filler.
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Polymer Composite]

Ozet

Endiistriyel atiklarin cevresel etkisi, atik malzemeleri katma degerli uygulamalara
entegre edilen siirdiiriilebilir stratejiler arayigini tesvik eden 6nemli bir kiiresel
endise olmaya devam etmektedir. Bu galigsma, iki 6nemli endiistriyel yan iiriiniin
(demir gelik endiistrisinden elde edilen tufal ve elektrokaplama ¢amurundan geri
kazanilan ¢inko oksit (ZnO) ¢inko ferrit (ZnFe,O4) sentezi i¢in onciil olarak
kullanilmasina odaklanilmistir. Kati hal prosesi ile elde edilen sentezlenmis
ZnFe;O4 tozu, geri dontstiirtilmiis polietilen (rPE) kompozitlerinde fonksiyonel
bir katki maddesi olarak kullanilmistir. Kompozit peletler, dolgu maddesinin
degisen agirlik fraksiyonlarinda (%0, %S5, %10, %15 ve %20) dahil edilmesiyle
hazirlanmistir. Bu ¢alismada kullanilan tiim hammaddeler, dongiisel ekonomi
ilkeleri dogrultusunda endiistriyel atik veya artiklardan elde edilmistir.

Bu yaklagim, ¢evreye duyarli kompozit malzemelerin gelistirilmesine katkida
bulunmay1 amaglamaktadir. Ozellikle rPE kompozitlerinin teknik 6zelliklerini
(6zellikle mekanik performans) gelistirmek ve ZnFe,O4 dolgu maddesinin dahil
edilmesiyle elektromanyetik girisim (EMI) kalkanlama 6zelligi kazandirilmasi
amaglanmigtir.

Anahtar Kelimeler: [leri doniisiim, Geri Goniistiiriilmiis Polietilen, Cinko Ferrit,
EMI Kalkanlama, Polimer Kompozit]
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Abstract

The growing demand for high-performance, sustainable composite materials in
transportation, wind energy, and aerospace sectors has accelerated the search for
advanced matrix systems that can overcome the inherent limitations of traditional
thermoset resins [1]. Conventional thermosets offer excellent mechanical
strength, fatigue, and creep resistance, but their permanently crosslinked structure
makes them impossible to reshape. As a result, recycling and reshaping are highly
challenging, leading to increased waste and environmental concerns, especially
as the consumption of composite materials continues to rise in high-value
industries [2].

In response, vitrimers have emerged as a promising class of covalent adaptable
networks (CANs) that bridge the gap between thermosets and thermoplastics
[3,4]. Unlike conventional thermosets, vitrimers feature dynamic covalent bond
exchange reactions that enable reshaping, repairing, and recycling of crosslinked
polymer networks without significant loss in mechanical integrity or thermal
stability [5]. This innovative chemistry combines the desirable robustness of
thermosets with the processability and recyclability previously exclusive to
thermoplastics, paving the way for more sustainable composite solutions.

To determine the fundamental resin properties of the vitrimer system, a two-stage
thermal curing process was applied to the uncured resin in a metal mold: 30
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minutes at 150 °C followed by 1 hour at 180 °C. The vitrimer resin exhibited a
gelation time of 1.73 minutes at 180 °C, with a corresponding viscosity of
509 Pa s. Rheological measurements further indicated a viscosity of 197 Pa s at

130.42 °C after 40.4 minutes. Thermal behavior was analyzed using differential
scanning calorimetry (DSC), showing an exothermic onset at 118.37 °C and an
endset at 240.93 °C, with a normalized enthalpy of reaction of 77.06 J/g. The glass
transition temperature (Tg) was observed at —9.54 °C, and the cured vitrimer resin
exhibited a Tg of 83.74 °C as determined by dynamic mechanical analysis
(DMA). Following this characterization, the vitrimer system was used to produce
carbon and glass fiber reinforced prepregs through a hot melt process.

Both carbon and glass fiber prepregs underwent comprehensive mechanical and
thermal characterization, including viscosity, DSC, DMA, and mechanical
property evaluation (tensile, flexural, and interlaminar shear strength). Following
the mechanical assessment, flame retardant vitrimer formulations were developed
by incorporating ammonium polyphosphate (APP) or zinc borate additives. These
fire-retardant modified vitrimers were used to produce glass fiber reinforced
prepregs, and the resulting laminates were subjected to detailed flame, smoke,
and toxicity (FST) performance analysis. The choice to focus on glass fiber
systems for FST evaluation was guided by industry relevance and safety
requirements in markets such as acrospace and transportation.

Results indicate that vitrimer matrices, when combined with carbon and glass
fibers, yield composites with excellent mechanical strength and thermal stability,
comparable to conventional epoxy-based systems. The unique dynamic chemistry
of vitrimers further enables the reprocessing and repair of damaged or end-of-life
laminates through simple thermal treatment, promoting sustainability and waste
reduction. Moreover, the addition of APP or zinc borate significantly enhanced
the FST properties of glass fiber reinforced vitrimer composites, expanding their
applicability to safety-critical applications.

In summary, this work demonstrates the transformative potential of vitrimer-
based matrices for next-generation fiber-reinforced prepregs, offering both high
performance and advanced sustainability. The results indicate the broader
adoption of vitrimers in composite manufacturing and point toward new
opportunities for closed-loop production and end-of-life management in
advanced industries, especially where flame retardancy is essential.

Keywords: [Vitrimer, Composites, Aerospace]
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Ozet

Ulasim, riizgar enerjisi ve havacilik gibi sektorlerde yiiksek performansh ve
stirdiiriilebilir kompozit malzemelere yonelik artan talep, geleneksel termoset
recinelerin yapisal sinirlamalarini asabilecek gelismis matris sistemlerine olan
ilgiyi 6nemli 6l¢iide artirmistir [1]. Geleneksel termoset yapilar, yliksek mekanik
dayanim, yorulma ve siiriinme direnci gibi stiin 6zellikler sunmasina ragmen,
kalic1 capraz bag yapilari nedeniyle yeniden sekillendirilememektedir. Bu durum,
geri doniisim ve yeniden isleme siireglerini olduk¢a zorlastirmakta; ozellikle
yiiksek katma degerli endiistrilerde kompozit kullanimmin hizla artmasiyla
birlikte ¢cevresel etkilerin biiyiimesine neden olmaktadir [2].

Bu soruna ¢oziim olarak, vitrimer adi verilen ve termoset ile termoplastikler
arasindaki boslugu dolduran kovalent uyarlanabilir aglar son yillarda dikkat
cekici bir malzeme sinifi olarak ortaya cikmistir [3,4]. Vitrimerler, dinamik
kovalent bag degisim reaksiyonlar1 sayesinde ¢apraz bagli polimer aglarinin
yeniden sekillendirilmesine, onarilmasina ve geri donistiiriilmesine olanak tanir
[5]. Bu yenilik¢i kimyasal yapi, termosetlerin mekanik saglamligini, yalnizca
termoplastiklerde goriilen islenebilirlik ve geri doniistiiriilebilirlik 6zellikleriyle
birlestirerek siirdiiriilebilir kompozit ¢o6ziimleri i¢in yeni firsatlar yaratmaktadir.

Bu ¢alismada, vitrimer sisteminin temel regine 6zelliklerini belirlemek amaciyla,
metal bir kalipta iki asamali bir 1s1l kiirleme prosesi uygulanmistir: énce 150
°C’de 30 dakika, ardindan 180 °C’de 1 saat siireyle kiirleme gerceklestirilmistir.
Regine, 180 °C’de 1,73 dakikada jellesme gostermis ve bu sicaklikta 509 Pa-s
viskozite degerine ulasmigtir. Reolojik analizler sonucu, ayrica 130,42 °C’de 40,4
dakika sonunda 197 Pa-s viskozite degeri vermistir. DSC (Diferansiyel Taramali
Kalorimetri) analizleri, ekzotermik reaksiyonun 118,37 °C’de basladigim ve
240,93 °C’de sonlandigini géstermistir; normalize entalpi degeri ise 77,06 J/g
olarak oOl¢iilmiistiir. Cams1 gegis sicakligi (Tg) baslangici —9,54 °C olarak
belirlenmis, kiirlenmis reginenin nihai Tg degeri ise DMA (Dinamik Mekanik
Analiz) testine gore 83,74 °C olarak Olciilmistiir. Bu karakterizasyon
calismalarini takiben, vitrimer sistemi sicak eriyik yontemiyle karbon ve cam
elyaf takviyeli prepreg iiretiminde kullanilmustir.

Uretilen karbon ve cam elyaf takviyeli prepregler, viskozite, DSC, DMA ve
mekanik testler (¢cekme, egilme ve ara tabaka kesme dayanimi) dahil olmak {izere
kapsamli mekanik ve termal karakterizasyonlara tabi tutulmustur. Mekanik
degerlendirmelerin ardindan, vitrimer formiilasyonlarina amonyum polifosfat
(APP) ya da ¢inko borat katki maddeleri eklenerek alev geciktirici 6zellik
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kazandirilmistir. Bu katkilarla modifiye edilen reginelerle cam elyaf takviyeli
prepregler iiretilmis ve bu yapilar alev, duman ve toksisite (FST) performansi
acisindan detayl sekilde analiz edilmistir. Cam elyaf sistemlerinin se¢ilmesinin
nedeni, endiistrideki yaygin kullanim1 ve giivenlik gereklilikleridir.

Sonuglar, vitrimer matrislerin karbon ve cam elyaflarla birlikte kullanildiginda,
geleneksel epoksi sistemlerle karsilagtirilabilir seviyede mekanik ve termal
performans sundugunu ortaya koymaktadir. Ayrica, vitrimerlerin dinamik
kimyasi, hasar gormiis veya kullanim Omriinii tamamlamis yapilarin 1siyla
kolayca yeniden sekillendirilmesine ve onarilmasina olanak tanimakta; bu da
siirdiirilebilirligi ve atik azaltimimi desteklemektedir. APP veya ¢inko borat
ilavesi, cam elyaf takviyeli vitrimer kompozitlerin yangin, duman liretme ve
toksisite (FST) ozelliklerini belirgin sekilde iyilestirerek, bu malzemelerin
giivenlik agisindan kritik uygulamalarda kullanim alanini1 genigletmistir.

Ozetle, bu galisma vitrimer bazli matris sistemlerinin, yeni nesil elyaf takviyeli
prepreglerde yiiksek performans ve siirdiiriilebilirligi birlikte sunan doniistiiriicii
bir potansiyele sahip oldugunu gostermektedir. Elde edilen bulgular, vitrimerlerin
ileri diizey kompozit iretiminde daha genis Olcekte benimsenmesini
desteklemekte ve ozellikle alev geciktirici 6zelliklerin kritik oldugu sektorlerde
kapali dongii iiretim ve geri doniisliim i¢in yeni firsatlarin 6niinii agmaktadir.

Anahtar Kelimeler: [Vitrimer, Kompozitler, Havacilik]
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PRACTICAL WORKSHOP / UYGULAMALI CALISTAY

FUTURE IN COMPOSITE MATERIALS: SUSTAINABLE, HIGH-
PERFORMANCE, DIGITALLY-DRIVEN APPLICATIONS

KOMPOZIT MALZEMELERDE GELECEK: SURDURULEBILIR, YUKSEK
PERFORMANSLI VE DIJITAL ODAKLI UYGULAMALAR

The objective of the workshop is to provide participants with fundamental
knowledge and hands-on experience in polymer composites and related
manufacturing technologies. Through current topics such as 3D scanning,
additive manufacturing, structural strengthening, mold repair, infusion, and RTM
processes, the workshop aims to enhance the technical competence of
participants. In this context, the workshops also aim to strengthen academia-
industry collaboration, support knowledge transfer, and facilitate participants'
adaptation to sectoral innovations.

Calistayin amaci; katilimcilara polimer kompozitler ve ilgili iiretim teknolojileri
konusunda temel bilgi ve uygulama deneyimi kazandirmay1 amaglamaktadir. 3D
tarama, eklemeli imalat, yapisal giiclendirme, kalip onarimi, infiizyon ve RTM
yontemleri gibi giincel konular iizerinden katilimcilarin teknik donanimi
artirlmas1 hedeflenmektedir. Bu kapsamda calistaylar, akademi-sanayi is
birligini giiglendirmeyi, bilgi transferini desteklemeyi ve katilimcilarin sektorel
yeniliklere adapte olmasini1 amaglamaktadir.
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PRACTICAL WORKSHOP SCHEDULE / UYGULAMALI CALISTAY
PROGRAMI

2 OCTOBER 2025 THURSDAY - 2 EKIM 2025 PERSEMBE
COORDINATORS / KOORDINATORLER

Serhat KARABAG (Enercon Aero Riizgar Endiistrisi A.s.)

Ibrahim KOSE (Kosse Kompozit Pazarlama ve Miihendislik Ltd. Sti.)

SUBJECT/KONU: Next-Generation Digital Technologies in Composite
Manufacturing/ Kompozit Uretiminde Yeni Nesil Dijital Teknolojiler

TIME / SAAT SUBJECT / KONU

13:30-13:50 Opening / Acilis - Hasan OMER (Herkim Polimer Kimya San. Tic.
Ltd. Sti.)

13:50-14:50 3D Scanning of Manufactured Parts and Comparison with CAD
Models/ 3D Tarayicilar ile Uretilmis Pargalarin Taranmasi ve Bunlarin CAD
Verileri ile Karsilagtirmasinin Yapilmast

Koordinatér - Dr. Alperen DOGRU (Ege Universitesi) Abdullah ATA (Hexagon)
14:50-15:05  Coffee Break / Kahve Arasi

15:05-16:05  Additive Manufacturing of Composite Structures / Kompozit
Yapilarin Eklemeli imalati

Koordinatdr - Dr. Alperen DOGRU (Ege Universitesi)
Alper TOKKUS (Basaran Teknoloji San. Tic. Ltd. Sti)
Oktay TURAN (Omniform A.S)

SUBJECT/KONU: Strengthening of Structures with Polymer Composites/
Yapilarin Polimer Kompozitler ile Giiglendirilmesi
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16:05-17:40  Strengthening of Structures with Polymer Composites/ Yapilarin
Polimer Kompozitler ile Gii¢lendirilmesi

Koordinatér — Dr. Volkan ACAR (Atatiirk Universitesi)

Prof. Dr. Ferit CAKIR (Gebze Teknik Universitesi)

Dog. Dr. M. Selim OKTEN (Mimar Sinan Giizel Sanatlar Universitesi)
Yalin AYDIN (Spinteks Tekstil Ingaat San ve Tic A.S.)

Koray AYDIN (Tetraglobe Yap1 Malzemeleri Pazarlama A.S.)

Tolga KUTLUG (Omnis Kompozit Ltd.)

Yavuzhan Hezer (Omnis Kompozit Ltd.)

PRACTICAL WORKSHOP PROGRAMME/ UYGULAMALI CALISTAY
PROGRAMI

3 OCTOBER 2025- FRIDAY /3 EKIM 2025-CUMA
COORDINATORS / KOORDINATORLER

Serhat KARABAG (Enercon Aero Riizgar Endiistrisi A.S.)

Ibrahim KOSE (Kosse Kompozit Pazarlama ve Miihendislik Ltd. Sti.)

SUBJECT / KONU: Mold Repair and Maintenance/ Kaliplarin Tamiri ve
Korunmasi

TIME / SAAT SUBJECT / KONU
09:20-10:50  Mold Repair and Maintenance/ Kaliplarin Tamiri ve Korunmast
Koordinatdr - Hasan OMER (Herkim Polimer Kimya San. Tic. Ltd. Sti.)

Ibrahim KOSE (Kosse Kompozit Pazarlama ve Miihendislik Ltd. Sti)
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Ali KARAMAN (Herkim Polimer Kimya San. Tic. Ltd. Sti.)
10:50-11:05 Coffee Break / Kahve Arasi

SUBJECT / KONU: Technology of Polymeric Composite Materials Production/
Polimerik Kompozit Malzemelerden Uretim Teknolojisi

11:05-12:35  Composite Production Using RTM and Resin Infusion
Technologies/ RTM ve Infiizyon Teknolojilleri ile Kompozit Uretimi

Koordinatér - Sadik ASLITURK (Polkima Polyester Kimya Ve Makina
San.Tic.A.S)

Mertcan ASLITURK (Polkima Polyester Kimya Ve Makina San.Tic.A.S)
12:35-13:35  Lunch Break/Ogle Yemegi

13:35-15:05  SMC/BMC/CF-SMC Composite Manufacturing/SMC/BMC/CF
- SMC Kompozit iiretimi

Koordinatér — Ozgiir SONMEZ(Literatur Kimya Elek. Ins.Taah. Turz. Ve Oto
Ith. Thr. San. Tic. Ltd. Sti.)

Ozlem URAL (Literatur Kimya Elek. Ins.Taah. Turz. Ve Oto Ith. Thr. San. Tic.
Ltd. Sti.)

SUBJECT / KONU: Technology of Polymeric Composite Materials Production/
Polimerik Kompozit Malzemelerden Uretim Teknolojisi

15:05-16:35  Silicone Bagging Process/ Silikon Kalip ile Re¢ine Transferi

Koordinator — Burak DARCAN (Tila Composite Representation Domestic and
Foreign Trade. Ltd. $ti.)

Ibrahim KOSE (Kosse Kompozit Pazarlama ve Miihendislik Ltd. Sti)
Prof.Dr. Abdullah Tugrul SEYHAN (Eskisehir Teknik Universitesi)

Murat KAYA (Northstar A.s.)
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16:05 —16:35 Critical Failures and Their Consequences on Wind Power Plants
/ Riizgar Enerji Santrallerinde

Kritik Hasarlar ve Yarattigi Sonuglar

Nur KARASAHIN - (Nova Power & Kompotek Kompozit)
16:35-16:50  Coffee Break / Kahve Arasi

16:50-18:00  Workshop panel/ Calistay Paneli

Hasan OMER (Herkim Polimer Kimya San. Tic. Ltd. Sti.)

Ibrahim KOSE (Kosse Kompozit Pazarlama ve Miihendislik Ltd. Sti)
Serhat KARABAG (Enercon Aero Riizgar Endiistrisi A.S.)

Burak DARCAN (Tila Composite Representation Domestic and Foreign Trade.
Ltd. Sti.)

Ozgiir SONMEZ(Literatur Kimya Elek. Ins.Taah. Turz. Ve Oto Ith. Ihr. San. Tic.
Ltd. Sti.)

Sadik ASLITURK (Polkima Polyester Kimya Ve Makina San.Tic.A.S)
Dr. Volkan ACAR (Atatiirk Universitesi)

Dr. Alperen DOGRU (Ege Universitesi)
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Avrupa'nin en hizh biyiyen
Tirk kompozit markasi.
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otomotiv pargalarina kadar, hayatin her alaninda kullanilan
Urinlerde katkimiz var.

40 yili askin stredir; Ar-Ge odakli is modelimiz, sundugumuz
yUksek performans Urinler ve musteriye dzel ¢ozimlerle kompozit
sektorine yon veriyoruz. Biylyen is hacmimizle bu yil Torkiye'nin
ilk 500 biyik sanayi kurulusu arasinda yer aldik.

Doymamis poliester recineleri basta olmak iizere; yiiksek

performans jelkotlar, vinilester recineler, pigment pastalar, masif

ylizey sistemler, yapistinia pastalar, kalip ayine ve vakslara kadar
kapsamli Grin portfoyimiz ve A'dan Z'ye kompozit ¢ozimlerimiz
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