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CHAPTER I

Modern Dental Materials: The Use of Fiber-
Reinforced Composites And Its Applications

Halil Burak KAYBAL!
Hasan ULUS?

1. Introduction

Human organs are unique in their characteristics and functions,
making them irreplaceable. Therefore, the use of potential solutions
capable of replacing them brings many challenges. The materials
chosen to replace body parts and organs are referred to as
biomaterials (Krishnakumar & Senthilvelan, 2021). The use of
biomaterials has been traced back thousands of years through
archaeological studies (Malekani, Schmutz, Gu, Schuetz, &
Yarlagadda, 2011). With the invention of stainless steel, metals
began to be widely used in body implants (Ramakrishna, Mayer,
Wintermantel, & Leong, 2001). Although metals are an important
choice for body implants due to their strength and fatigue resistance,
their tendency to corrode easily in the human body and cause toxicity

1 Assoc. Prof. Dr, Amasya University, Engineering Faculty, Department of Mechanical
Engineering, Amasya/Tiirkiye, Orcid: 0000-0002-2312-7106, hburak@amasya.edu.tr
2 Assoc. Prof. Dr, Selcuk University, Huglu Vocational School, Konya/Tiirkiye, Orcid:
0000-0001-8591-8993, hasanulus@selcuk.edu.tr
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has led de-signers and researchers to search for alternative materials
to metals. As a result, much research has focused on polymers that
could potentially replace metals. Initially, it seemed difficult to
achieve the performance of a metal material from polymers, but with
deeper studies, the properties of polymers began to improve. To
enhance the mechanical performance of polymers, fiber
reinforcements, nano/micro-sized particles, ceramic, and metal-
based products have been added to polymer matrices, creating
polymer matrix composites. Each component that reinforces the
polymer matrix highlights different properties in the final composite,
leading to sharp differences between the properties and making it
difficult to obtain the optimal material combination for specific
applications. For biomedical applications, the goal for polymer
matrix composites is to develop products that are non-allergenic,
non-toxic, compatible with the human body, and provide high
mechanical performance and corrosion resistance. Especially,
achieving the desired mechanical properties is directly related to the
interaction between the matrix and the reinforcement.

Dental composites are the cornerstone of modern restorative
dentistry and have made significant advancements in reshaping the
field of dental materials. These composite resins, which contain a
matrix and inorganic fillers, have evolved from primitive
formulations into sophisticated materials offering an impressive
balance of aesthetic, mechanical properties, and clinical durability
(Alla, 2013; Navyasri, Alla, Vineeth, & Suresh Sajjan, 2019; Ravi,
Alla, Sham-mas, & Devarhubli, 2013). As the demand for minimally
invasive and aesthetically satisfying dental treatments continues to
rise, re-searchers and manufacturers have embarked on an
innovation journey to develop dental composites that not only mimic
natural tooth structure but also surpass the mechanical limitations of
previous materials. Moreover, dental composites have entered a new
era of innovation, with one of the most exciting developments being
the evolution of fiber-reinforced composites (FRC). These advanced
materials are redefining restorative dentistry by harnessing the
potential of fibers to improve both aesthetic and mechanical
properties. As the demand for minimally invasive and aesthetically
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pleasing dental treatments continues, researchers and manufacturers
have embarked on an innovation journey to develop FRCs that
combine the advantages of traditional dental composites with the
unique benefits of fiber reinforcement (Harsha et al., 2020).

In general, these advanced materials with engineering potential
provide a unique combination of mechanical properties, aesthetics,
and biocompatibility, making a valuable contribution to the field of
dentistry (Aldabib, 2020). In recent years, the use of fiber-reinforced
composites has gained significant momentum, enabling dentists to
offer more advanced restorative solutions to patients (P. K. Vallittu,
1997). This review delves into the impressive world of fiber-
reinforced composites in dentistry, exploring their types, properties,
and various clinical applications.

2. Fiber Reinforced Composites in Dental Applications

When at least two components with different properties are
combined, the new structures formed possess distinct and unique
characteristics, which are referred to as "composites" (Aftab Ahmed
Khan, AlKhureif, Mohamed, & Bautista, 2020; Aftab Ahmed Khan
et al., 2023; Tripathi & Jones, 1998). Fiber-reinforced composites
(FRCs) produced by human efforts show similarities to natural fiber
composite materials like bone, wood, and dentin (Fuqua, Huo, &
Ulven, 2012). Since their introduction in dentistry nearly sixty years
ago, significant progress has been made in dental resin composites.
However, the cracking of resin composites and bulk fracture of
composite restorations have prevented their use in clinical situations
that require higher load-bearing capacities (Aftab Ahmed Khan et
al., 2023). Additionally, high polymerization shrinkage has led to
clinical outcomes such as secondary caries (Aftab Ahmed Khan et
al., 2020; Aftab A Khan et al., 2022). The introduction of FRC
materials and material production technology has accelerated the
emergence of dental resin composites with specialized mechanical
properties. FRC materials contain fibers as a dispersed or regular
phase within a matrix as a continuous phase. When fibers with a high
aspect ratio are carefully designed in the structure, oriented in precise
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directions, and well-integrated into the polymer matrix, the resulting
material meets the needs of areas requiring high mechanical
performance and can offer enhanced properties compared to
currently used systems.

The use of FRCs in dental applications dates back to the 1960s.
Initially, glass fiber reinforcements were predominantly used, but by
the early 1970s, they were gradually replaced by car-bon/graphite
fibers. Moreover, the first reinforced applications were made with
polymethyl methacrylate (PMMA), the base polymer for denture
prostheses (Schreiber, 1974; Smith, 1962). Research efforts were
insufficient to develop a clinically applicable method to rein-force
denture bases, and the denture base polymer was later tested with
ultra-high-modulus polyethylene fibers, glass fibers, and aramid
fibers (Ladizesky, 1990; Ladizesky, Chow, & Ward, 1990;
Ladizesky, Ho, & Chow, 1992; P. Vallittu & Lassila, 1992). Using
FRC material technology, the reinforcement of denture base
polymers reached a technically feasible stage after the incorporation
of PMMA reinforced with pre-impregnated glass fibers (P. K.
Vallittu, 1997). Subsequent studies introduced FRC material
technology for clinical use (DeBoer, Vermilyea, & Brady, 1984;
Grave, Chandler, & Wolfaardt, 1985; Lassila, Tanner, Le Bell,
Narva, & Vallittu, 2004). In implant-supported dental prostheses
designed with FRCs, the frameworks mechanically met
expectations, but early clinical experiences revealed significant
adhesion issues between FRCs and dental prostheses. In other
commercial ventures, designs failed to provide sufficient mechanical
support. The introduction of short fiber-reinforced composites for
direct techniques overcame some limitations of particle-modified
fillings, making these materials suitable for load-bearing
applications (Tsujimoto, Barkmeier, Takamizawa, Latta, &
Miyazaki, 2016).

Today, FRCs are used in restorative and prosthetic dental
applications, but the production of types with complex structures is
still limited in dental laboratories. Furthermore, FRCs are used for
the repair of metal-based dental implants, porcelain crown repairs
(Ozcan, Van Der Sleen, Kurunmiki, & Vallittu, 2006; P. Vallittu,
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2002), partial and complete dentures, and implant-supported over-
denture prostheses (Gibreel, Lassila, Nirhi, Perea-Lowery, &
Vallittu, 2018, 2019; Aftab A Khan et al., 2019). Strengthening
removable dentures with FRCs has overcome issues arising from the
low fatigue resistance of denture base polymers and recurrent
denture fractures (Aftab Ahmed Khan et al., 2022; Narva, Lassila, &
Vallittu, 2005; Narva, Vallittu, Helenius, & Yli Urpo, 2001).
However, the clinical use of FRC reinforcement in removable
dentures remains limited due to insufficient infrastructure among
dental laboratory technicians.

FRCs have also been investigated as oral and maxillofacial
implant materials (Rendenbach et al., 2019). A cranial implant made
from FRC and bioactive glass, designed for cranioplasty, is already
clinically used (Rendenbach et al., 2019; P. K. Vallittu, 2017, 2018).
Glass fibers with a length-to-diameter ratio greater than 20 can
effectively increase the fracture toughness of the composite, making
it suitable for applications requiring high load-bearing capacity. In
recent years, innovative glass fiber-reinforced composite implants
have demonstrated increased bone and tissue volume values,
followed by bone-implant contact values similar to metal
counterparts. These implants have a biofiber structure and glass
particles embedded in an epoxy resin matrix (A. Ballo, Lassila,
Narhi, & Vallittu, 2008; A. M. Ballo et al., 2008; A. M. Ballo,
Lassila, Vallit-tu, & Narhi, 2007; Chan et al., 2018). With the
advancement of  computer-aided design/computer-aided
manufacturing (CAD/CAM) technology, the production of FRC-
based prostheses has been transformed, improving their clinical
performance and expanding their range of applications. Industrial
FRC disks, produced under controlled temperature and pressure,
exhibit reduced voids, defects, and internal stresses in the
microstructure. As a result, the material’s structural reliability has
increased, and the inter-locking and alignment of fibers in various
directions have been promoted (Bergamo et al., 2021). Moreover,
suitable CAD designs and precise milling, considering fiber
orientation, can enhance the biomechanical performance of the
framework, improve the reliability of the frame/veneering material,
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and reduce fractures (Bonfante et al., 2015). With CAD/CAM FRC
technology, post and core systems in various angles, diameters, and
forms can be produced with high precision and efficiency (E.
Mangoush, L. Lassila, P. Vallittu, & S. Garoushi, 2021; E.
Mangoush, L. Lassila, P. K. Vallittu, & S. Garoushi, 2021; Suzaki et
al., 2021).

3. The Polymer for Dental Composites

The ability to modify the physical structures of polymers
through changes in their additives, their ease of manipulation, better
reproducibility, the increased connection of connective tissues, the
easier microscopic evaluation compared to metals, as well as their
superior aesthetic properties and advantages, make them widely used
in dental applications (Chandra, 2020; Jockusch & Ozcan, 2020;
Krishnakumar & Senthilvelan, 2021). The earliest studies on dental
applications of polymers began with polymethyl methacrylate
(PMMA) resin. The development of polymethyl methacrylate as a
biologically tolerable material for dental implants paved the way for
further advancements in polymer use in dental applications (Hodosh,
Povar, & Shklar, 1969). These polymers have been used in
applications such as replacing a natural tooth with a replica, and they
have been successful in restoring basic needs (function and
appearance) (Hodosh, Povar, & Shklar, 1973).

3.1. Biopolymers

Biopolymers are products derived from fundamental biological
systems such as living organisms, plants, and cultured microbial
systems through chemical synthesis (Verma, Kumar, Jeslin, &
Dubey, 2020). Compared to synthetic polymers, biopolymers offer
significant advantages; they are particularly characterized by well-
defined and more complex structures, renewability, and
biodegradability (Rebelo, Fernandes, & Fangueiro, 2017).
Biopolymers are commonly used as organic coatings, primarily with
hydroxyapatite and ceramic composites, to alter the surface
properties of dental implants. This helps enhance biodegradability
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and biocompatibility due to the natural properties of these materials.
The most well-known biopolymers in literature are PLA and
chitosan.

PLA, derived from biodegradable sources such as potatoes,
corn, rice, and starch, can be considered one of the most easily
accessible polymers (Castro-Aguirre, Iniguez-Franco, Samsudin,
Fang, & Auras, 2016). For dental implants, PLA offers advantages
in terms of biocompatibility and easy curing. Although the
biomechanical nature of PLA is similar to that of human-made
poly(lactic-co-glycolic acid) polymers, PLA provides an additional
benefit due to its easy availability at a lower cost. Moreover, im-
plant structures made from copolymers produced by compression
molding for bone development applications in dentistry are preferred
due to their inertness, compatibility, and the flexibility to manipulate
degradation rates (Song, Winkeljann, & Lieleg, 2020). These
properties can be used in the production of dental implant skeletons
to improve the mechanical properties of native polymer materials.

Chitosan is a cationic polymer obtained through high-
temperature alkalization processes from crustaceans such as lobsters
and crayfish (Rebelo et al., 2017). It is a biocompatible, biode-
gradable material that offers flexibility for shaping into porous
structures. For this purpose, chitosan (CS) is used in combination
with calcium phosphate-based composites. CS creates a 3D macro-
porous bio-ceramic structure embedded with a chitosan polymer that
improves the biomechanical properties of the ceramic phase through
matrix strengthening without hindering osteoblast tissue structure
(Di Martino, Sittinger, & Risbud, 2005). The material made from
hydroxyapatite-chitosan (with osteoconductive proper-ties) has
exhibited rapid degradation and neovascularization over a 3-month
period in in vivo tests (Buranapanitkit et al., 2004; Ge, Baguenard,
Lim, Wee, & Khor, 2004). Chitosan’s intramolecular hydrogen
bonds, which provide good heat resistance, have given advantages
to its composites with polymethyl methacrylate (PMMA), resulting
in lower exothermic curing temperatures and reduced energy
consumption. Furthermore, it demonstrated high interconnected
porosity, enhanced osteoconduction, and better attachment to
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surrounding bone. However, long-term use has been observed to
increase the pore size of this composite material due to the biological
degradation of CS (Kadambi, Luniya, & Dhatrak, 2021; Kim et al.,
2004).

3.2. Synthetic Polymers

It is possible to produce synthetic polymers with repeatable,
predictable, and adjustable properties by appropriately designing
polymer functional groups and altering their chemical structures
according to specific applications (Bhatia, 2016; Simionescu &
Ivanov, 2016). A comparative study between natural and synthetic
polymers observed that in dental applications, synthetic polymers
exhibit lower biological activity, osteoconductivity, and cellular
recognition regions compared to natural polymers. Additionally, the
degradation rate of synthetic polymers can be altered depending on
changes in crystallinity, chemical composition, and molecular
weight (Kadambi et al., 2021). Based on these observations, various
ceramic and polymer particle coatings have been tested to enhance
surface performance for bone tissue regeneration. However,
aliphatic polyesters have been the most used in the synthetic polymer
family: Poly(ether ether ketone) (PEEK), Poly(ether ketone ketone)
(PEKK), Bis-GMA, and TEGDMA.

PEEK (a semi-crystalline thermoplastic polymer) possesses
high strength and excellent rigidity, along with resistance to thermal
and chemical changes caused by oils and acids (Zhou, Goel, &
Bhaduri, 2014). PEEK, colorless and with a low elastic modulus
value, is a viable option for dental device production. It has a proven
elastic modulus value of 3—4 GPa and often reduces concerns related
to osteoporosis and bone resorption due to stress protection effects
(Najeeb et al., 2015). However, PEEK is not suitable for cell
adhesion due to its natural biological inactivity. Biocompatibility,
chemical resistance, and natural radiolucency are some of the key
reasons for the use of PEEK and its composites.

Bis-GMA and TEGDMA are a continuous polymer matrix that
can be polymerized by visible light. Bisphenol-A-glycidyl
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methacrylate, diluted with triethylene glycol dimethacrylate, forms
the polymeric matrix, which is reinforced with dispersing mediums
such as barium, silicon, quartz, and zirconia. Resin composites are
widely used in dentistry as aesthetic enhancement materials due to
their superior properties, sufficient strength, and relatively low cost
compared to ceramics. They also have excellent bonding ability with
tooth structures (Hosseinalipour, Javadpour, Rezaie, Dadras, &
Hayati, 2010). These thermosets are especially suitable for load-
bearing dental implants when mixed with E-glass fibers. Bis-GMA,
with its 3D polymerized structure, forms natural tight physical
bonds. Additionally, an extra silane treatment on the filling surface
leads to chemical bonding with the filling and base resin. Bis-GMA
resin is a less volatile liquid that easily penetrates through 3D printed
samples and turns into a solid after polymerization, making it a
suitable candidate for use as a matrix in composites used in resin-
impregnated and dental implants (Suwanprateeb, San-ngam, &
Suwanpreuk, 2008).

PEKK (Polyetherketoneketone) is an important rising polymer
material that can be widely used in dental implants due to its
mechanical and biological properties. PEKK (a non-methylated
thermoplastic) was first introduced as a high-performance polymer
material by Bonner in 1962 (Huang, Qian, Wang, & Cai, 2014). Both
PEKK and PEEK belong to the main PAEK (polyarylether-ketone)
family. This main polymer can be represented as a linear aromatic
polyether ketone containing ultra-high molecular weight
polyethylene. Both PEKK and PEEK’s chemical structures contain
aromatic rings, with the only difference being the ratio of ether-
ketone groups. PEKK, with its higher polarity and skeletal rigidity,
contains a second ketone group, leading to a higher glass transition
temperature and melting point (Yuan et al., 2018). Furthermore, in
terms of behavior, PEKK has both crystalline and amorphous
characteristics, which allows for the production of different
products. Comparisons of physical properties, such as melting
points, show that PEKK, with 56% linear segments, has a melting
point of 305°C, whereas PEEK, with 88% linear segments, has a
melting point of 360°C (Alqurashi et al., 2021). Studies have also
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shown that PEKK offers similar pressure resistance and elastic
modulus to dentin, which may reduce stress shielding effects in
dental implants (Yuan et al., 2018).

4. Fibers in FRCs

A fiber is typically defined as an elongated, homogeneous
material with a diameter or thickness usually smaller than 250 pum,
possessing a more co-axial and homogeneous cross-sectional
diameter or thickness. Although the aspect ratio (length-to-diameter
or length-to-thickness ratio) is generally greater than 100, in certain
cases such as chopped fibers, whiskers, or staple fibers, this ratio
may be less than 100 (Sakai, 2001). The orientation, content,
distribution, and ability to maintain these parameters are crucial
factors for reinforcement and, thus, clinical success. The type,
length, orientation, and volume fraction of fibers influence the
tensile-compressive strength, modulus, fatigue resistance, density,
electrical and thermal properties, and cost of fiber-reinforced
composites (FRCs) (Soares, Soares, & Freitas, 2013; Zhang &
Matinlinna, 2012).

In FRCs, different fibers enhance the structural integrity of
restorative resins by providing additional reinforcement and
improving mechanical properties. The addition of fibers to the resin
matrix increases durability, fracture resistance, and toughness.
Various fiber types, such as glass fibers, carbon fibers, and aramid
fibers, offer unique advantages in enhancing the structural integrity
of FRCs.

4.1. Glass Fiber

Glass fibers are widely used in dental applications such as
reinforcing denture bases, repairing broken dentures, creating fixed
partial dentures, endodontic posts, restorative materials, orthodon-
tic retainers, and periodontal splints (Lastumaiki, Lassila, & Vallittu,
2003). Glass fibers in denture bases increase mechanical strength,
provide flexural modulus, impact resistance, and longevity (Dyer,
Lassila, Jokinen, & Vallittu, 2004). In endodontic posts, they
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enhance light transmission and strengthen the cement-dentin bond,
while in restorative applications, they reduce polymerization shrink-
age stresses and prevent marginal leakage. Furthermore, glass fibers
offer durability, aesthetics, and ease of application in orthodontic
retainers and periodontal splints. These features make glass fibers a
durable, aesthetic, and versatile dental material (Safwat, Khater,
Abd-Elsatar, & Khater, 2021).

4.2. Carbon Fibers

Carbon fibers are suitable for applications where superior
mechanical properties, such as high tensile strength and stiffness, are
required (Mount, 2007). When used in dental FRCs, carbon fibers
significantly improve the composite’s tensile strength and fracture
toughness (Lastumiki et al., 2003). They are particularly prevalent
in dental implants. The high elastic modulus of carbon fibers
contributes to reducing bending deformation in the composite under
load.

4.3. Polyethylene Fibers

Polyethylene fibers impart high flexibility and toughness to
composites (Aftab Ahmed Khan et al., 2023). Adding polyethylene
fibers increases the impact resistance of FRCs and reduces the risk
of brittle failure. These fibers also facilitate excellent stress transfer
between the resin matrix and fibers, enhancing load-bearing capacity
(Dyer et al., 2004). PMMA fibers provide good compatibility with
resin matrices and improve toughness and resistance to crack
propagation (Sebold, André, Sahadi, Breschi, & Giannini, 2021).
The addition of PMMA fibers increases the composite's bending
strength and prevents early failures under mechanical loading (Alla
et al., 2023). Combining different fibers in FRCs results in a
synergistic effect, improving the overall structural integrity by
contributing the unique mechanical properties of each fiber type.
This helps overcome the limitations of traditional dental resins and
provides durable, reliable materials for various restorative
applications (Alla et al., 2023).

--14--



4.4. Aramid Fibers

Aramid fibers, such as Kevlar, exhibit exceptional toughness
and impact resistance (Fennis et al., 2002). When incorporated into
restorative resins, aramid fibers enhance resistance to crack
propagation and prevent sudden failures (Kumbuloglu, OZCAN, &
User, 2008). The unique combination of durability and toughness in
aramid fibers helps with energy absorption and distribution under
functional loading, thereby increasing the durability and reliability
of FRCs.

5. Conclusion

The impact of fiber-reinforced composites (FRCs) on dental
applications has revolutionized modern dentistry by providing
innovative solutions that meet the demands of the field. Considering
the complexity of the human body and the challenges of biomaterial
needs, FRCs offer significant advantages in both biocompatibility
and mechanical durability. FRC materials have become
indispensable for restorative and prosthetic applications due to their
minimal invasiveness, aesthetic solutions, and high load-bearing
capacities. However, the complex structures and manufacturing
challenges of FRCs, particularly due to limitations in dental
laboratories, restrict their broader clinical use. The application of
FRCs in im-plant-supported prostheses, porcelain veneer repairs,
and cranial implants demonstrates the versatility and effectiveness
of these materials. Nonetheless, issues such as the lack of technical
knowledge and inadequate production infrastructure remain critical
concerns in the clinical adaptation process. In conclusion, FRC
materials continue to offer significant opportunities for both
researchers and clinicians in dentistry. In the future, further
optimization of material properties and the resolution of technical
challenges in manufacturing processes will allow for more
widespread adoption of FRCs. These materials will continue to be a
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turning point in dentistry with solutions that improve both patient
comfort and clinical outcomes.
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CHAPTER 11

Harnessing Nanomaterials in Wearable Technologies:
From Smart Fabrics To Health Monitoring Systems

Hasan ULUS!
Halil Burak KAYBAL?

1. Introduction

Wearable  technologies  have  undergone  significant
advancements over recent decades, fundamentally reshaping how
individuals engage with digital systems and seamlessly integrating
technology into daily routines. Initially emerging as simple devices
like digital watches and fitness trackers, wearable technologies have
evolved into advanced systems capable of monitoring health,
enhancing productivity, and facilitating real-time data interaction.
These developments highlight the transformative potential of
wearable devices in modern society. The rapid evolution of this field
is primarily driven by advancements in miniaturized sensors,
wireless communication technologies, and material science. Today,
wearable devices play critical roles in diverse sectors, including
healthcare, where they enable remote monitoring and diagnostics;
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fitness, where they track physical activities; and other industries like
entertainment, defense, and smart clothing. This transformation
reflects the growing societal demand for personalized, on-the-go
solutions that combine functionality with user comfort. Moreover,
wearable technologies have become increasingly embedded in our
fast-paced digital landscape, driven by their ability to continuously
collect and analyze data. These devices are essential for monitoring
health and performance metrics, benefiting from breakthroughs in
microelectronic miniaturization and nanomaterial development. By
reducing sensor sizes and enhancing flexibility, wearable devices are
now seamlessly integrated with the human body for prolonged use.
The biocompatibility of nanomaterials further ensures comfort and
precise biometric data collection, adapting to users' movements with
ease. Nanomaterials, especially carbon-based ones, have been
instrumental in improving wearable technology performance. They
contribute exceptional electrical conductivity, mechanical and
chemical durability, making sensors more reliable and efficient.
These advancements underscore the pivotal role of materials science
in shaping the future of wearable technologies. These properties
render them highly suitable for incorporation into flexible,
biocompatible sensors utilized in wearable devices, facilitating
effective and sustained data collection for health monitoring systems
(Yao et al., 2018). The distinct characteristics of nanomaterials also
support the development of miniaturized, flexible electronics, which
are crucial for the seamless operation of wearable devices. Materials
such as carbon nanotubes (CNTs) and graphene (GNP), are
frequently utilized in wearable technologies because of their
outstanding mechanical, electrical, and thermal characteristics.
These materials allow for the creation of more sensitive, flexible, and
user-friendly devices. For instance, CNTs and GNPs offer excellent
conductivity and flexibility, making them ideal for wearable sensors
that must conform to the body’s movements. The integration of
nanomaterials into wearable technologies not only enhances the
accuracy and efficiency of data tracking, particularly in health
monitoring and sports applications, but also improves overall quality
of life by enabling continuous, real-time data collection and analysis.
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These advancements provide more reliable health metrics, including
heart rate, glucose levels, and body temperature, thereby
contributing to personalized healthcare and performance
optimization (Kazanskiy et al., 2024; Luo et al., 2024).

2. Nanomaterials Contribution to Wearable Technologies

Nanomaterials exhibit unique quantum effects at this scale,
where classical physical laws give way to quantum mechanical
principles. The tiny dimensions of nanomaterials result in a notable
enhancement in surface area, which directly influences their
reactivity, mechanical strength, and electrical and thermal
conductivity (Asha & Narain, 2020). These characteristics render
nanomaterials especially suitable for use in wearable technologies.

One of the key advantages offered by nanomaterials is their
enhanced chemical reactivity, driven by their high surface area
relative to bulk materials. This enhanced surface area improves the
performance of wearable devices by optimizing processes like data
collection in biosensors, allowing for greater precision and
sensitivity in detecting biological signals (Raza et al., 2021; Wujcik
& Lu, 2018). For instance, nanomaterial-based biosensors can detect
biomarkers such as glucose, lactate, or cortisol at ultra-low
concentrations, which is critical for applications in non-invasive
medical diagnostics.

Additionally, nanomaterials, including GNP and CNT, are
extremely thin and lightweight while exhibiting high elastic moduli.
This adaptability is an essential characteristic for wearable
technologies, as these devices need to fit the changing contours of
the human body. By integrating flexible, lightweight materials,
wearable devices can offer maximum user comfort while
maintaining durability and functionality. Moreover, the ability of
nanomaterials to withstand repeated mechanical deformation
ensures their long-term usability, even under strenuous conditions,
such as athletic or industrial settings.
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For example, carbon-based nanomaterials combined with
elastomeric polymers enable the creation of sensors that adhere to
the skin, allowing them to adapt seamlessly to movement. Such
innovations are revolutionizing health monitoring and athletic
performance tracking (Palumbo et al., 2022). Nanomaterials also
excel in terms of electrical conductivity, a crucial factor for wearable
electronics. Materials like graphene and silver nanowires provide
excellent conductivity, enhancing the performance of sensors and
ensuring reliable, long-lasting data transmission. This characteristic
not only ensures the reliable functioning of wearable devices but also
aids in protecting against electromagnetic interference, which is
crucial for preserving signal integrity in intricate environments
(Nguyen et al., 2024; Yan et al., 2024). In addition, their superior
thermal management properties help dissipate heat generated by
electronic components, which is essential for maintaining user
comfort and device efficiency during prolonged use.

Finally, the integration of nanomaterials enables
multifunctional capabilities in wearable devices. For instance,
nanostructured coatings can render fabrics water-repellent while
maintaining breathability or incorporate antimicrobial properties to
ensure hygiene in wearable systems. These attributes work together
to create more responsive, accurate, and efficient wearable systems,
improving the quality of real-time health data acquisition and other
essential applications.

3. Use of Nanomaterials in Smart Fabrics

Nanomaterials offer significant advantages in textile
technologies by imparting new functional properties to fabrics.
These materials can be coated onto fabric surfaces or integrated
directly into the textile structure, enhancing performance in various
ways. This provides the development of enhanced wearable
technologies that provide practical solutions for everyday use (Kiran
et al,, 2022). Key features that nanomaterials bring to fabrics
include:
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Nanomaterials have revolutionized water-repellent fabrics by
creating hydrophobic surfaces. Through specialized coatings, they
prevent water from adhering to fabric surfaces, allowing droplets to
roll off and keep the fabric dry (Mehrizi & Shahi, 2021; Sfameni et
al., 2022). This is particularly beneficial for outdoor apparel, where
comfort in wet environments is crucial. Drawing inspiration from the
water-repellent characteristics of lotus leaves, textiles enhanced with
nanomaterials provide superior durability and performance (Ge et
al., 2023). For example, (Gonzalez et al.) developed a waterproofing
technique for military uniforms by treating fabrics with a
combination of silicon dioxide nanoparticles (SiO:) and other
chemical compounds. The treated camouflage denim fabric showed
significant water-repellent improvement after laboratory testing.

Joung & Buie, 2015 created durable anti-wetting polyester fabrics
using electrophoretic deposition (EPD). They enhanced adhesion
and prevented cracking by first applying polymer layers, followed
by a uniform dispersion of nano-silica particles, which retained
flexibility and air permeability. Chirila et al., 2020 developed
hydrophobic and oleophobic textile materials with hybrid coatings
using ZnO and SiO: nanoparticles, applied to 100% cotton fabrics.
The textiles exhibited reduced wetting and increased water and oil
repulsion without altering the fibers' surface morphology. In
addition, Chirila et al.,, 2020 introduced multifunctional cotton
fabrics with UV protection, self-cleaning properties, water
repellency, and antibacterial characteristics, using TiO:
nanoparticles and cross-linking techniques.

Nanomaterials also provide antibacterial properties to
fabrics, crucial for hygiene in sectors like healthcare and sportswear.
Silver nanoparticles, known for their antibacterial effects, can
prevent bacterial growth and eliminate unpleasant odors in fabrics,
benefiting athletic wear (Vrinceanu et al., 2022). Salat et al., 2018
developed an antibacterial coating for cotton medical textiles by
incorporating nano-ZnO particles and gallic acid, achieving long-
lasting antibacterial properties after 60 wash cycles at 75°C.

Petkova et al., 2014 used sonochemical deposition to create ZnO
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and chitosan hybrid antimicrobial coatings on cotton, significantly
enhancing the fabric's antibacterial efficacy and durability after
multiple washings. Abdul-Reda Hussein et al., 2023 investigated
the use of copper and silver nanoparticles for antimicrobial
modifications, offering safer, non-toxic alternatives to traditional
chemicals. Kowal et al., 2014 explored the use of titanium dioxide
nanoparticles to create antimicrobial textiles with the potential to
reduce hospital-acquired infections. After washing the treated
fabrics for 30 cycles at various temperatures, they demonstrated
strong antibacterial performance and minimal environmental impact,
making them ideal for healthcare settings.

Flexibility is another essential feature of smart textiles.
Nanomaterials such as CNTs impart elasticity and durability,
allowing fabrics to accommodate movement without compromising
strength (Zhang et al., 2023). When combined with elastomeric
polymers, these materials enhance the flexibility of smart textiles,
ensuring comfort during daily activities. (Doshi et al., 2019)
developed stretch sensors by coating nylon-polyester-spandex
fabrics with CNTs. These sensors, incorporated into knee sleeves,
demonstrated significant resistance changes during movement,
suitable for human motion analysis. Di et al., 2016 reviewed CNT
fibers in wearable devices, noting their high strength and flexibility,
making them promising for advanced smart textiles.

In addition to structural benefits, nanomaterials contribute to
energy generation within fabrics. Piezoelectric nanomaterials have
the ability to convert mechanical energy into electrical energy,
enabling the development of smart fabrics that generate power from
movement. These textiles harness energy from walking or running
to power small electronic devices (Shah et al., 2022; Sowbhagyam,
2024). The use of nanomaterials with piezoelectric and triboelectric
properties allows smart textiles to harness movement energy for
practical applications. Ponnamma et al., 2019 designed a
piezoelectric nanogenerator using PVDF-HFP nanofibers with
cellulose nanocrystals and Fe-doped ZnO, which generated
significant energy during human movement, such as finger tapping
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and elbow flexion. Wuetal., 2021 created piezoelectric films using
cellulose nanofibrils and molybdenum disulfide nanosheets,
achieving high mechanical properties and piezoelectric performance
suitable for energy harvesting. Shim et al., 2022 explored boron
nitride nanotubes (BNNTs) combined with ZnO quantum dots to
enhance piezoelectric performance in composite materials. Their
nanogenerator  exhibited  substantial ~ improvements  in
piezoelectricity, highlighting the potential for wearable energy-
harvesting technologies.

4. Sensor Technology in Wearable Health Devices

Nanomaterials greatly enhance the performance and
sensitivity of sensors in wearable health devices, serving as key
enablers of real-time health monitoring. These devices, which collect
data directly from the human body, are gaining popularity for their
precision and ease of use. Nanomaterials offer key advantages like
flexibility, lightweight properties, and high sensitivity, making
wearable health devices more comfortable for prolonged use (Miozzi
et al., 2018).

Body temperature monitoring is one area where
nanomaterials excel. Precise body temperature measurement is
essential for remote tracking health conditions, and nanomaterial-
based sensors provide rapid and accurate detection. Graphene-based
sensors, known for their high thermal conductivity, are especially
effective, enabling fast response times for monitoring fluctuations in
body temperature (Nag et al., 2022). This is crucial for early
warnings of health irregularities.

In blood glucose monitoring, particularly for diabetic
patients, traditional methods can be invasive and uncomfortable.
Nanomaterial-based sensors, however, allow for non-invasive
continuous monitoring. For example, sensors incorporating gold
nanoparticles have significantly enhanced the accuracy of glucose
measurement in wearable devices (Zhang et al., 2020). CNTs and
other nanomaterials are being employed to create biosensors capable
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of monitoring glucose levels through sweat, providing a less invasive
alternative to traditional blood tests (Taguchi et al., 2014).

Heart rate monitoring has also benefitted from nanomaterial
advancements (Shen et al., 2021). Nanomaterials such as CNTs and
GNPs, known for their high electrical conductivity, are utilized in
wearable devices to assess heart rate and rhythm (Huang et al.,
2019). These materials enhance the ability of sensors to detect
electrical signals from the body, providing more accurate and
continuous monitoring of cardiac activity. This is especially
beneficial for individuals with heart conditions requiring real-time
monitoring.

Nanomaterials are also used in wearable devices to monitor
various biological indicators in body fluids such as sweat (Erdem et
al., 2022). For instance, CNT-based electrochemical biosensors can
measure pH levels, glucose, and lactate in real time (Besteman et al.,
2003). These sensors provide valuable feedback for athletes,
tracking electrolyte losses during exercise, and for diabetic patients,
enabling glucose monitoring through non-invasive means. The
flexibility of nanomaterials further enhances the comfort of these
devices, making them appropriate for extended wear without
discomfort.

5. Nanomaterial-Based Energy Storage Units for Wearable
Devices

Nanomaterials are essential for the energy storage systems in
wearable devices, which require compact, efficient, and long-lasting
power solutions to maintain functionality (Pomerantseva et al.,
2019). Recent developments in nanotechnology have enabled the
creation of more advanced energy storage systems, including
batteries and supercapacitors, that utilize nanomaterial properties to
improve performance. Incorporating nanomaterials into lithium-ion
batteries has gained significant importance, with materials like
graphene and silicon nanoparticles greatly enhancing energy density
and improving the charge-discharge cycle (Liu et al., 2006). These

--34--



innovations allow for faster charging times and extended battery
lifespans, a crucial aspect for wearable devices that require
continuous operation with minimal downtime. Graphene's high
conductivity and large surface area, for example, allow for the
development of more efficient electrodes, resulting in enhanced
overall battery performance.

In addition to batteries, supercapacitors represent a
promising alternative for energy storage in wearable devices. Unlike
traditional batteries, supercapacitors can store and release energy at
much faster rates, thanks to the wunique characteristics of
nanostructures like CNTs and metal oxide nanoparticles (Liu et al.,
2014). These materials enable supercapacitors to attain higher
energy density, which is crucial for applications demanding rapid
energy bursts. Moreover, the flexibility and lightweight properties of
nanomaterials make them especially well-suited for incorporation
into the compact, portable designs typical of wearable technology.
Nanomaterial-based supercapacitors not only enhance energy
storage capabilities but also contribute to the overall comfort and
usability of wearable devices by reducing weight and increasing
durability.

Sevilla et al., 2016 addressed the mechanical limitations of
free-standing graphene films in flexible energy storage applications
by developing robust graphene-cellulose composites. These
composites integrate graphene layers onto porous cellulose tissue,
forming interconnected 3D architectures that enhance mechanical
strength and ion transport efficiency. The unique structure facilitates
high ionic mobility, making the materials suitable for flexible
supercapacitors. The study highlights the potential of combining
nanomaterials with flexible substrates to achieve both mechanical
robustness and efficient energy storage, paving the way for
advancements in portable and wearable electronic devices. Kim et
al., 2022 addressed the challenges of powering smart wearable
devices by exploring nanomaterial-based energy harvesting and
storage systems. They highlighted technologies such as
biomechanical, solar, and thermoelectric energy harvesters, as well
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as batteries, supercapacitors, and hybrid devices, focusing on
advanced 1D, 2D, and 3D structures. Their findings emphasize the
importance of engineered nanomaterials and optimized device
configurations for reliable, lightweight, and flexible power systems
in applications like health monitoring and personal electronics.
While progress has been made, challenges remain in achieving high
performance, scalability, and compatibility, underscoring the need
for further research on nanoscale interfaces and integration strategies
to enable sustainable wearable technologies. He et al., 2021

developed novel dandelion-like hollow microspheres of gamma-
MnO:2 mesocrystals through a one-pot biomineralization process.
They found that even a low concentration of collagen could
transform the nanostructure of gamma-MnO: from nanorods to
microspheres. The resulting gamma-MnO: microspheres, composed
of nanoneedle-like units, demonstrated exceptional electrochemical
performance, maintaining high discharge capacities over 100+
cycles. This unique hierarchical structure contributed to their
superior electrochemical behavior. This biomineralization approach
presents an environmentally friendly method for producing
advanced nanostructured metal oxides with potential applications in
wearable and implantable healthcare devices. Su et al., 2024

developed a flexible silicon-based anode material for batteries,
combining 1D silicon nanowire arrays with carbon nanomaterials
(CNFs and CNTs) to enhance structural integrity and
electrochemical performance. This approach resulted in a robust and
flexible configuration with excellent electrochemical performance,
maintaining 60% of its initial capacity after 1000 cycles. The anode
also demonstrated minimal capacity loss (less than 1%) after 100
bending cycles, making it a promising candidate for flexible, high-
loading energy-storage devices, particularly for wearable
electronics. Tian et al., 2023 developed a fiber-based
supercapacitor (FSC) using MnO: nanowires with a tunable
crystalline structure to improve the electrochemical performance of
wearable energy storage devices. The MnO2 nanowires, synthesized
via a one-step hydrothermal method, demonstrated excellent
capacitance (43.8 F g'), high-rate performance, and strong cyclic
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stability. The MnO2 nanowires were then combined with reduced
graphene oxide (rGO) to form hybrid fibers with up to 50 wt% MnO-
content. These hybrid fibers exhibited improved strength (11.73
MPa) and superior electrochemical properties, including a high
volumetric capacitance and energy density. When assembled into
all-solid-state FSCs, these fibers demonstrated excellent flexibility,
showing great potential for use in wearable energy storage
applications.

The application of nanomaterials in these energy storage
systems has revolutionized the field of wearable technology, leading
to more efficient, longer-lasting, and user-friendly devices. As
research into nanomaterial properties progresses, the potential for
further advancements in energy storage is expected to increase,
enhancing the capabilities and convenience of wearable technology
in the future.

6. The Future of Wearable Technologies and Challenges

Wearable technologies are advancing rapidly with the
integration of nanomaterials, enabling innovative applications in
health monitoring, energy generation, and smart textiles. These
advancements, while groundbreaking, face critical challenges,
including manufacturing complexities, safety concerns, and ethical
considerations. Wu et al., 2019 reviewed flexible batteries for
wearable electronics, highlighting the transformative role of carbon
nanomaterials such as carbon nanotubes (CNTs) and graphene.
These materials provide lightweight, flexible, and conductive
frameworks that endure mechanical deformation while maintaining
electrochemical performance. Advances in fabricating fiber-shaped,
paper-like, and foam-structured carbon nanomaterials have
significantly improved flexibility and surface area, facilitating
efficient electron transport and active material adhesion. However,
challenges such as scaling up production, enhancing electrical
conductivity, and optimizing surface morphologies persist.
Additional issues include structural degradation, electrolyte safety
concerns, and limitations in packaging materials.
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Solid electrolytes have emerged as a promising solution to
address safety and energy density limitations. Wu et al. concluded
that while flexible batteries show substantial potential for wearable
devices, interdisciplinary research is essential to overcome technical
barriers, paving the way for transformative applications in healthcare
and daily convenience through wearable power systems. Jiang et
al., 2020 investigated metal oxide nanomaterials for flexible
electronics and energy storage. Although metal oxides exhibit high
electrochemical energy storage potential, their low mechanical
strength limits their use as freestanding electrodes. To address this,
Jiang et al. developed two-dimensional metal oxide nanosheets, akin
to graphene, offering low thickness and high flexibility. By
optimizing chemical composition, size, and surface properties, they
enhanced the mechanical strength and electrochemical performance
of these nanosheets. Their methods for aligning and assembling
these sheets into macroscopic forms represent a significant
advancement in wearable energy storage devices.

Recent developments in two-dimensional metal oxide
nanosheets have further addressed mechanical and electrochemical
limitations. Doping with functional elements and creating hybrid
materials have improved charge storage capacity and conductivity.
Controlling the size of the nanosheets has balanced flexibility and
structural stability, crucial for wearable devices that endure frequent
mechanical stress. Moreover, optimizing surface structures has
enhanced interaction with active materials and electrolytes,
improving ion transport efficiency and reducing energy losses.
Techniques like layer-by-layer assembly or magnetic alignment
ensure uniform distribution of properties, enhancing the structural
integrity of films, membranes, or composites. These aligned
structures maximize active surface area, crucial for energy storage
applications.

Innovations in assembling nanosheets into macroscopic
forms, such as flexible films or hierarchical architectures, have
expanded their usability. These structures combine flexibility with
mechanical strength, making them suitable for wearable integration.
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Interface engineering has been pivotal, addressing material
compatibility and adhesion challenges. Modified surface chemistries
ensure robust interactions between nanosheets and other
components, preventing delamination and performance degradation
under mechanical deformation. These advancements collectively
overcome traditional mechanical limitations and significantly
enhance the electrochemical performance of wearable energy
storage devices. By ensuring long-term reliability, these innovations
position two-dimensional nanosheets as foundational for the future
of self-powered, multifunctional wearable technologies.

The future of wearable technologies depends on continuous
advancements in functionality, performance, and user-friendliness.
Research indicates that wearable devices will evolve into
multifunctional, self-powered, and highly integrated systems. For
instance, Kwak et al., 2019 emonstrated that triboelectric
nanogenerators can harvest energy from users' movements,
eliminating the need for conventional charging. Furthermore, health
monitoring systems integrated with artificial intelligence and big
data will play a vital role in personal health management (Secara &
Hordiiuk, 2024).

Despite these advancements, integrating nanomaterials into
wearable technologies poses significant manufacturing challenges.
Large-scale production of nanomaterials remains complex and
costly. For example, the commercial-scale production of graphene
has yet to achieve cost-effective scalability (Dong et al., 2020).
Streamlining supply chains and reducing production costs are crucial
for broader adoption. Additionally, integrating nanomaterials into
textiles presents technological limitations. Maintaining the stability
of nanomaterials while ensuring the flexibility of textiles demands
precision in manufacturing (Pereira et al., 2020; Yetisen et al., 2016).

The proliferation of nanotechnology-based wearables also
raises safety and ethical concerns. These devices continuously
collect and process personal health data, making data security a
critical issue. Misuse of health data could compromise users’
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privacy. Furthermore, the long-term health impacts of
nanomaterials, including potential toxicity of materials such as silver
nanoparticles and CNTs, remain unclear. Research suggests that
prolonged exposure to these materials may pose biological risks,
necessitating careful consideration (Li et al., 2012; Stern & McNeil,
2008). Ethically, wearable technologies enabling constant
surveillance raise concerns. Collecting health data without informed
consent violates privacy, underscoring the need for robust ethical
guidelines (Lee, 2014; Norval & Henderson, 2017).

In summary, wearable technologies hold immense potential
to revolutionize health care, energy generation, and daily
convenience. However, addressing manufacturing, safety, and
ethical challenges is imperative to realize their full potential.
Continued interdisciplinary research and innovation will be essential
to overcome these barriers and establish wearable technologies as a
cornerstone of modern life.
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CHAPTER 111

Polipropilen Malzemelerin Siirtiinme Karistirma
Kaynag ve Siirtiinme Karistirma Nokta Kaynagi ile
Birlestirilmesi

Ibrahim ASLAN!

Giris

Polimerler, monomer adi verilen bir¢ok atomun birbirine
baglanarak olusturdugu biiyiik molekiillerdir. Bu molekiiller, iiretim
maliyetlerinin diisiik olmasi, sekil alma kolaylig1 ve cesitli amaclara
uygun bir sekilde iretilebilme ozellikleri sayesinde giliniimiizde
genis bir kullanim alanina sahiptir (Cevik, 2014). Polimer bazli
malzemeler glinimiiz toplumunun vazgecilmez bir unsuru olmustur.
Isleme kolayliklari, diisiik maliyetleri ve kolay bulunabilmeleri
nedeniyle bir¢ok uygulamada geleneksel metallerin ve cam bazl
malzemelerin  yerini almistir.  Polimerler, 1s1 varligindaki

davraniglarina gore termoplastikler ve termosetler olmak tizere iki
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Yiiksekokulu, Motorlu Araglar ve Ulastirma Teknolojileri Boliimii, Amasya/Tiirkiye, Orcid:
0000-0002-9157-9286, ibrahim.aslan@amasya.edu.tr
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ana sinifa ayrilir. Termosetler, kiirleme iglemi sirasinda geri doniisii
olmayan kimyasal ¢apraz baglanmaya ugrayan ve bunlarn
coziinmeyen ve erimeyen {li¢ boyutlu bir yapiya doniistiiren
polimerik zincirler icerir. Termoplastikler ise 1sitilarak akict bir sivi
haline getirilebilen ve sogutuldugunda katilasabilen polimerik
malzemelerdir. Uygulama iizerine tekrar tekrar yumusatilabilir ve
yeniden sekillendirilebilirler. Termoplastik polimerlerin umut verici
ozelliklerinden bazilar1 arasinda yiiksek darbe direnci, kimyasal
direng, yliksek reformasyon yetenegi ve geri doniistiiriilebilme
kolaylig1 yer alir. Bu farkli 6zelliklerinden dolay1 termoplastik
polimerlerin giinliilk yasamimizda ¢ok yaygin uygulamalar1 vardir.
Bu polimerlerin kullanimi, tiiketim mallar1, paketleme ve depolama
malzemeleri, tibbi ekipman, makine ve otomotiv parcalarini igeren
diisiik diizeyden iist diizey uygulamalara kadar de§ismektedir (Parit
& Jiang, 2020). Giinlimiizde tiiketici ve ticari mallarin biiyiik bir
kism1 termoplastik malzemeler kullanilarak iiretilmektedir (Das vd.,
2020).

Cesitli arastirma ve endiistri uygulamalarinda yaygin olarak
kullanilan termoplastik polimerlerin ilgili 6zellikleri arasinda;
gelismis mukavemet degerleri, yliksek tokluk, sertlik, tartisilmaz
kimyasal stabilite, optik seffaflik, dayaniklilik, termal ve elektriksel
davranig, kendi kendine yaglama yetenegi ve hidrofobik veya su
gecirmezlik potansiyeli yer alir. Isiyla sertlegsen bir polimerin erime
sicakliginin iizerinde 1sitilip sogutulmasi, geri doniisii olmayan bir
katilagma siireci olan s1vi1 kat1 hal gegisine yol acar. Kiirleme iglemi,
kiicik molekiillerin kimyasal baglar kurarak karmagik aglar
olusturdugu bir siirectir. Sonug olarak, kalici ve sert bir {iriin elde
edilir. Termosetlerin agir1 1sitilmasi, kimyasal ayrisma ve onemli

yapisal degisikliklere yol agar. Termoset polimerlerin mekanik
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ozellikleri, termoplastiklere  gore  sicakliktan  etkilenmez.
Termoplastik polimerlerin en biiyiik avantajlarindan biri, isleme
sirasinda ve sonrasinda minimum kimyasal degisimlerinin yani sira
stineklik ve geri donilisim potansiyelleriyle ilgilidir (Birca,
Gherasim, Grumezescu, & Grumezescu, 2019).

Popiiler termoplastikler malzemeler, polipropilen (PP),
polietilen (PE), polivinil kloriir (PVC) ve poliliretandir (PU).
Polipropilen (PP) termoplastik malzemelerin dogal o6zellikleri
nedeniyle yeniden bi¢imlendirilmek ve yeniden kullanilmak {izere
uygun sekilde 1sitilabilen malzemedir (Lin, Lin, & Bao, 2021).

Polipropilen, petrol rafinasyonunun nispeten ucuz bir yan
iirlinii olan propenden tiiretilen bir termoplastiktir (Spoerk, Holzer,
& Gonzalez-Gutierrez, 2020). PP; yangina dayaniklilik, basitlik,
yiiksek 1s1l bozulma sicakligi ve boyutsal saglamlik gibi olaganiistii
ozelliklere sahip, ucuz bir termoplastik polimerdir. PP, miisteriler
icin plastik ambalaj gibi son iirlinlerin yapiminda yaygin olarak
kullanilan bir plastiktir ve diinya capindaki plastik sektoriiniin
%16'stn1  olusturur. PP'nin dogal ve yapay elyaflarla g¢esitli
kombinasyonlari, termal ve mekanik 6zellikleri ve PP ile islenen
yeni Uriinler {iretme yetenekleri nedeniyle 6nem kazanmaktadir. PP
ilk olarak 1954 yilinda tanimlandi ve en diisiik yogunluga sahip
plastiklerden biri olmast ve erime noktasina ulastiginda siviya
dontismesi nedeniyle termoplastik olarak bilinmesi nedeniyle hizla
kullanildi. Dogas1 geregi termoplastik olan PP, baz bilesiminde
onemli bir bozulmaya neden olmadan 1sitilabilmesi, sogutulabilmesi
ve yeniden 1sitilabilmesi nedeniyle bir¢ok endiistride oldukga faydali
kabul edilmektedir. Termoplastik bir polimer olarak PP; fiziksel
ozellikleri, uyarlanabilirligi ve ¢evre dostu ge¢misi nedeniyle en
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umut verici Urlinlerden biri olarak goriiliiyor. Ek olarak PP, iyi
termal stabiliteye, kimyasal dirence, mekanik dayanikliliga ve diisiik
maliyete sahip oldugundan mikro go6zenekli membranlarin
imalatinda en ¢ok kullanilan polimerlerden biridir (Alsabri, Tahir, &
Al-Ghamdi, 2022).

Bircok aragtirmaciya gore polipropilen, milkemmel kimyasal
stabilitesi nedeniyle ¢esitli uygulama alanlarinda kullanilmaktadir.
Diisiik yogunlugu, diisiik islem sicaklig1 ve yliksek sertligi nedeniyle
ileri teknolojilerde yaygin olarak kullanilmaktadir (Bendaoued,
Messaoud, Harzallah, Bistac, & Salhi, 2022). Polipropilen,
paketleme, tekstil, kirtasiye, otomotiv parcalar1 ve ev esyalar1 gibi
bir¢ok alanda kullanilan bir termoplastik polimerdir (Somashekhar,
Shanthakumar, & Nagamadhu, 2020); Kumar & Satish, 2020).

Siirtiinme Karistirma Kaynagi (SKK) ve Siirtiinme Karistirma
Nokta Kaynagi (SKNK)

Kaynak ile birlestirme, otomobil, petrokimya, havacilik,
enerji ve denizcilik endiistrilerinde kullanilan, boyutlar1 ve
geometrileri ne olursa olsun farkli bilesenlerin birlestirilmesinde ve
tiretilmesinde onemli bir rol oynamaktadir. Geleneksel ergitme
kaynag1 teknikleri, kaba mikro yapiya ve gozeneklilik, kalinti,
catlak, fiizyon eksikligi, penetrasyon eksikligi vb. gibi kusurlara
sahip diisiik kaliteli kaynakli baglantilar {iretir. Geleneksel kaynak
teknolojileriyle ilgili sorunlar, bilim adamlarmi titresim kaynagi,
lazer kaynagi, ultrasonik kaynak, siirtiinme karistirma kaynagi gibi
yeni verimli kaynak teknolojileri gelistirmeye motive etmistir
(Elsheikh, 2023).

Stirtlinme karigtirma kaynagi, farkli erime noktalarina sahip

iki veya daha fazla benzer veya farkli malzemeyi, siirtiinme ve
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baglant1 yerindeki malzemelerin mekanik olarak karistirilmasiyla
olusturulan bir 1s1 karistimi yoluyla kaynaklayan bir kati hal
birlestirme islemidir. Aliiminyum, magnezyum vb. elementler iceren
farkli alasimlar ve celik gibi sert malzemeler genellikle bu yontemle
kaynak yapilir. Siirtinme karistirma kaynaginda, kaynak yalnizca
dovme etkisi nedeniyle ger¢eklestiginden ve malzemelerde herhangi
bir erime meydana gelmediginden, birlestirilecek malzemelerin
mekanik 6zellikleri azalmaz. SKK, 1991 yilinda Ulusal Havacilik ve
Uzay Dairesi'nin (NASA) mali destegiyle Wayne Thomas tarafindan
gelistirilen nispeten yeni bir birlestirme yontemidir. Baslangigta bu
islemin amaci ydriingesel uzay aracinin agirligini azaltmakti ve is
aliminyum alagimlariyla simirliydi, ancak zamanla siirtiinme
karistirma kaynak isleminin alani artti1 ve takim malzemeleri de
degisti. Siirtiinme karistirma kaynagi da oldukca verimlidir, gaz
yaymaz ve bu islemi ¢evre dostu hale getirmek i¢in dolgu malzemesi
kullanmaz. Bu yontem, arayiiz kirilgan bilesiklerin olusumunu en
aza indirdiginden baglantinin mukavemet gibi mekanik 6zelliklerini
gelistirebilir. Farkli malzemeler ve kaynak yapilmasi zor malzemeler
de bu yontemle kaynak yapilabilir. Kaynak hizi, omuz ¢api, egim
acis1, eksenel yiik, takimlarin donme hizi, takim profili ve eksenel
basing, kaynagin olusmasi icin gerekli 1s1 ve basinci saglamak tizere
kontrol edilmesi gereken temel degiskenlerdir. Siirtiinme karistirma,
maliyet tasarrufu saglayan bir islem olarak degerlendirilmektedir.
Bu, sarf malzemesi maliyetlerinin ortadan kaldirilmasiyla
miimkiindiir. Enerji tiikketimi de daha azdir, bu da onu bir enerji
tilketimi agisindan olduk¢a verimli bir siire¢; dnemli bir maliyet
tasarrufu siireci olacaktir. Siire¢, gemi yapimi ve acik deniz,

havacilik, otomotiv, demiryollari, imalat, robotik ve kisisel
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bilgisayarlar vb. gibi ¢esitli endiistrilerde verimli bir sekilde
kullanilmaktadir (Singh, Dubey, Singh, & Kumar, 2021).

SKK islemi, ardisik dort asamadan meydana gelmektedir. i1k
olarak takim donmeye baslar ve kaynak yapilacak iki plakanin igine
daldirilir. Dalma, omuzun kaynak plakalar1 ile temas etmesiyle sona
erer. Takim birkag¢ saniye boyunca donerek ve siirtiinme yoluyla 1s1
ireterek pozisyonunda kalir, ardindan donerken kaynak hatti
boyunca ileri dogru hareket eder. Kaynagin sonunda takim donerken
geri ¢ekilir. SKK'nin geleneksel eritme bazli teknolojilere gore
avantajlar1 daha diisiik enerji tliketimi, tehlikeli dumanlarin
olmamasi ve otomatiklestirme kolayligidir. 2050'deki sifir emisyon
hedefinin temsil ettigi yeni kiiresel zorluk, onlimiizdeki yillarda
onemli bir rol oynayabilecek ¢evre dostu kati hal kaynak
teknolojileri icin bir firsattir. Bu nedenle, ulastirma sektoriinii kasip
kavuran biiyilik doniisiimiin getirdigi yeni beklentilere yanit vermek
icin SKK'ye iliskin temel ve uygulamali arastirma faaliyetleri tesvik
edilmelidir (Ambrosio, Morisada, Ushioda, & Fujii, 2023).

SKK birlestirme igleminde; takim tutma siiresi, takim egim
acist, takim omuz geometrisi, takim ilerleme hizi ve doniis hiz1 gibi
parca imalatinin kalitesini ve verimliligini artirabilecek proses
parametreleri vardir. Birlestirme isleminde iki 6nemli parametre
takim doniis hiz1 ve ilerleme hizidir. SKK siirecinde verimliligi
artirmak i¢in slire¢ parametrelerinin  etkileri farkli aragtirma
calismalarinda analiz edilmektedir (Soori, Asmael, & Solyali, 2020).
Asagida SKK birlestirme iglem parametreleri verilmistir.

1.Takim donme hizi: SKK sirasinda takimin donmesi,
malzemeyi donen pim etrafinda karigtirarak, malzemeyi pimin

onilinden arkasina dogru hareket ettirir ve boylece kaynak islemi
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tamamlanir. Daha yiiksek takim doniis hizlar, artan siirtiinmeli
1sinma nedeniyle daha fazla sicaklik iiretir ve bu da malzemenin
daha yogun bir sekilde karistirilmasina yol agar. Takim yiizeyinin is
pargast ile olan siirtlinmeli baglantisi, 1sinmay1 kontrol etmede
onemli bir rol oynamaktadir. Takim doniis hizinin artmasi,
arayiizdeki siirtinme katsayisinin de§ismesine yol acacagindan,
1sinmanin monoton bir sekilde artmas1 beklenmemektedir (Mishra &
Ma, 2005).

2.Kaynak hiz1 (ilerleme hiz1): Baglant1 hatt1 yonii boyunca
calistirilan SKK takim doniisiiniin kaynak hizi, sonug olarak kaynak
ozelliklerini etkileyen gesitli kaynak parametrelerini belirler. Diisiik
kaynak hizinin sicakligi etkiledigi gézlemlenmistir (Rajak, Pagar,
Menezes, & Eyvazian, 2020). Daha yiiksek ilerleme hizlarinda
kaynak yapilan baglantilarin daha yiiksek sertligi ve nihai ¢ekme
mukavemeti, tane smiri, c¢cokelme ve altyapr giliclendirme
mekanizmalariyla ilgilidir. lerleme hizin azalmasyla birlikte, SKK
sirasinda eklemlerin tepe sicakligi ve 1s1 girdisi artar. Ayrica, daha
diistik ilerleme hizlarinda kaynak yapilan baglantilar, daha yiiksek
ilerleme hizlarinda tiretilen baglantilara kiyasla daha siinek kirilma
modunu ortaya ¢ikarir (Barenji, 2016).

3.Eksensel kuvvet: Eksenel kuvvet, kaynak bolgesindeki
tane boyutunu, kaynak kusurlarinin olusumunu ve karistirma
bolgesindeki kaynagin sertligini dnemli 6l¢iide etkiler; bu durum da
kaynak ozelliklerini etkiler. Yiiksek eksenel kuvvet, artan
plastiklestirilmis malzeme akigiyla birlikte karigma bolgesinde
sicakliklarin yiikselmesine neden olurken, diisiik eksenel kuvvet,
yetersiz siirtlinme 1sisinin ve dévme basincinin olugmasina neden
olur (Rajak vd., 2020).
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4.Takim tasarimi: Takim geometrisi, stireg
optimizasyonunun en baskin 6zelliklerinden biridir. Takim, lokal 1s1
iretimi, diizglin malzeme akis1, karistirmanin tesvik edilmesi, plastik
deformasyon, dovme kuvvetinin olusumu gibi temel amaglar1 yerine
getirmek iizere tasarlanmustir. Is1, takim dalmasinin erken safthasinda
esas olarak takim probu ve taban malzemesi arasindaki siirtiinme
nedeniyle olusur (Gite, Loharkar, & Shimpi, 2019). SKK isleminin
basaris1 kaynak takiminin tasarimina baghdir. Kaynak takimi iki
parcadan olusur; bir pim ve bir omuz. Takim geometrisi, SKK
baglantilarinin enerji  girdisini, deformasyon modelini, dalma
kuvvetini, mikro yapilarinit ve mekanik 6zelliklerini 6nemli dlciide
etkiler (He, Gu, & Ball, 2014). Kaynak kalitesi ve takim aginmasi,
takim malzemesi se¢erken dikkate alinan iki onemli husustur. Takim
malzemesinin 6zellikleri, yani takim mukavemeti, kirilma toklugu,
sertlik numarasi, termal genlesme katsayisi ve termal iletkenlik,
takim performansi i¢in ana diizenleyici parametrelerdir (Rajak vd.,
2020).

4.1.0muz geometrisi: SKK iglemi i¢in bir takim
tasarlanirken takim geometrisi, baglantilarin mekanik 6zelliklerini
etkilediginden O6nemli 6l¢iide dikkate alinmalidir. Ayrica kaynak
kusurlarinin olugumu, takim geometrisinden 6nemli 6lgiide etkilenir.
Takim omuz ¢api, 1simin ¢ogunu iretir ve plastiklestirilmis
malzemelerle temas halinde oldugundan, kaynagin kalitesini daha da
belirleyen malzeme akis alanin1 kontrol eder. Takimin omuz ¢ap1
icin tasarim kriterleri, malzemenin 1s1 transfer hizlar1 ve akis hizi
tarafindan hesaplanan tork kullanimina dayanmaktadir. Daha biiyiik
cap, yiizeydeki 1s1 liretim miktarin1 6nemli dlgiide artirarak stresleri
azaltir (Rajak vd., 2020).
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4.2.Pim geometrisi: Takim geometrisi, 151 olusumunu
lokalize eden ve karistirma etkisi ile malzeme akigin1 yoneten
bilesen oldugundan SKK prosesinde dnemli bir etkiye sahiptir.
SKK’de konik, disli, silindirik ve tiggen gibi farkli takim pimi
geometrileri kullanilmaktadir (Rajak vd., 2020).

5.Takim egim acis1 ve dalma derinligi: Takim egim agisi,
sirtinme karistirma kaynak baglantilarinin - mikro  yapisim
belirleyen etkili bir faktordiir. Takim omuzu ile is parcasi arasindaki
takim egim acismin neden oldugu temassiz alan, farkli proses
parametreleri setleri altinda belirlenir ve sayisal simiilasyonlar
gerceklestirilir (Zhai, Wu, & Su, 2020). Milin arka yoniindeki uygun
egim, takimin omzunun karistirilan malzemeyi disli pimle tutmasini
ve malzemeyi pimin Oniinden arkasina etkili bir sekilde hareket
ettirmesini saglar (Mishra & Ma, 2005).

Ayrica, takim omuzlariyla kaliteli kaynaklar {iretmek ig¢in
pimin is pargalarina dalma derinligi Onemlidir. Takim, is
parcalarinin arasina derin bir sekilde yerlestirildiginde, takim omzu
is pargast iizerinde bir etki yapar ve daldigi bu derinlige dalma
derinligi denir (Sharma, Khan, & Siddiquee, 2022). Daldirma
derinligi ¢ok si1g oldugunda takimin omuzu orijinal is parcasi
ylizeyine temas etmez. Bu nedenle, donen omuz, karistirilan
malzemeyi etkin bir sekilde pimin 6niinden arkasina dogru hareket
ettiremez, bu da i¢ kanalli veya yilizey oyuklu kaynaklarin
olugsmasina neden olur. Daldirma derinligi ¢ok derin oldugunda,
takimin omuzu is parcasina dalar ve asirt ¢apak olusumuna neden
olur. Bu durumda, i¢biikkey bir kaynak {retilmesi, kaynakl
plakalarin yerel olarak incelmesine neden olur (Mishra & Ma, 2005).
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6. Baglant1 tasarimi: Siirtiinme karistirma kaynaklart farkli
yapisal konfigiirasyonlarda uygulanabilir. Yapisal uygulamalar igin
ekstriizyonlarin  birlestirilmesinde kullanilan en yaygin SKK
konfigiirasyonlar1 alin, alin bindirme ve bindirme baglantilaridir
(Trimech, Annan, Walbridge, & Maljaars, 2023). Yaygin kullanilan
SKK baglant1 tiplerinin yani1 sira miihendislik uygulamalarindaki
karmasik yapisal ihtiyaglar nedeniyle kare alin, kenar alin, T alin
baglantisi, ¢oklu bindirme baglantisi, T bindirme baglantisi ve kose
baglantisi seklinde ¢esitli SKK baglanti tipleri de bulunmaktadir (He
vd., 2014).

Stirtlinme karigtirma nokta kaynagi ise, siirtlinme karigtirma
kaynagimin bir g¢esididir. SKNK, kisa ¢evrim siiresinden dolay1
gecici bir siire¢ olarak disiiniilebilir (Hirasawa, Badarinarayan,
Okamoto, Tomimura, & Kawanami, 2010). Siirtlinme karigtirma
nokta kaynagi, 2001 yilinda otomotiv endiistrisinde aliiminyum
levhalarin direngli nokta kaynagina alternatif olarak gelistirilmistir.
SKNK siireci li¢ asamadan meydana gelir: daldirma, karistirma ve
geri ¢ekilme. Islem, takimin yiiksek bir dénme hizinda donmesiyle
baglar. Daha sonra takim, takimin omuzu {iist i§ parcasina dalincaya
kadar is parcasina dogru zorlanir. Takimin dalma hareketi
malzemenin disar1 ¢ikmasina neden olur. Takim 6nceden belirlenen
derinlige ulastiginda dalma hareketi sona erer ve karigtirma asamasi
baglar. Bu asamada takim, is parcalarinin i¢inde dalmadan doner.
Daldirma ve karistirma agamalarinda siirtlinme 1sis1 {iretilir ve
boylece takima bitisik malzeme 1sitilir ve yumusatilir. Yumusatilmis
ist ve alt i parcast malzemeleri karistirma asamasinda birbirine
karigir. Takimmm omuzu yumusatilmis malzeme {izerinde bir
sikistirma gerilimi olusturur. Karigtirma asamasinda kati halli bir

baglant: olusur. Onceden belirlenmis bir baglanma elde edildiginde
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islem durdurulur ve takim is pargalarindan geri ¢ekilir. Ortaya ¢ikan
kaynagin, baglantinin ortasinda karakteristik bir anahtar deligi vardir
(M. K. Bilici, 2012).

SKNK sirasinda, takimin niifuz etmesi ve kalma siiresi, 1s1
olusumu, malzemenin plastiklesmesi, kaynak geometrisi ve kaynakli
baglantinin mekanik 6zelliklerini belirleyen temel faktorlerdir.
Takim, omuz ve pim olmak iizere iki par¢adan olusur. Omuz,
sirtiinme veya deformasyon nedeniyle olusan isinin biiylik bir
kismini {iretir. Pim, i parcalar1 arasinda malzeme akisina yardimci
olur. Bu islevlere daha fazla yardimci olmak i¢in omuz ve pim
ylizeylerine Ozellikler eklenmistir. Kaynaklar i¢in proses kosullari
optimize edilmezse ortaya ¢ikan baglant1 kaynak kusurlar1 igerebilir
(Hirasawa vd., 2010). Kaynak parametreleri ve takim geometrisi
SKK ve SKNK karistirma bélgesi olusumunu ve kaynak
mukavemetini etkiler. SKNK'de kaynak parametreleri (takim donme
hiz1, bekleme ve gecikme siiresi, dalma hizi ve derinligi) ve takim
geometrisi (pim ¢ap1, pim uzunlugu, pim agisi, pim profili, omuz
capt ve omuz igbiikey agis1) en uygun sekilde se¢ilmelidir (M. K.
Bilici, 2012).

SKNK isleminde; dalma derinligi, takim doénme hizi ve
takim geometrisi parametreleri de SKK isleminde agiklandig lizere
birlestirmede etki eden parametrelerdir. Bunlara ek olarak SKNK
isleminde etki eden parametreler asagida aciklanmistir.

1.Bekleme siiresi: Bekleme siiresi arttikga ¢evrim siiresi de
artar. Yiksek bekleme siiresi, yiiksek sicaklik ve artan 1s1 girdisi
nedeniyle karigma bolgesinde asir1 plastiklesmeye ve daha kaba
tanelere neden olur. Uzun bekleme siireleri sirasinda yiiksek 1s1

girisinin bir sonucu olarak dévme kuvveti azalir, bu da levhalar
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arasinda zayif metalurjik baglanmaya ve karigsma bolgesinde diisiik
sertlige neden olur. Bekleme siiresinin sertlik tizerinde kayda deger
bir etkisi bulunmaktadir. Tiim bekleme siirelerinde asir1 sertlik

anahtar deliginin yakininda 6l¢iiliir (Sathyaseelan vd., 2022).

2.Gecikme siiresi: Karigma bolgesi kalinligr i¢in gecikme
stiresi ¢ok onemlidir. Daha uzun gecikme siireleriyle daha biiyiik
kaynak karisma bolgeleri elde edilir ve bu da baglantt mukavemetini
artirtr.  SKNK'deki kaynak-bag alaninin sekli yiiksek Onem
tasimaktadir. Bir kaynak karigsma bolgesinin kesit alani, kaynagin
mukavemetini belirler. Kii¢iik bir bag alanina sahip bir kaynak, sifir
gecikme siiresinde diisiik bir ¢ekme kuvveti altinda kirilir (Mustafa
Kemal Bilici, 2014).

3.Dalma hizi: Dalma hizinin arttirilmasi 1s1 girdisini azaltir.
Dalma hizi1 daha belirgin oldugunda dongii siiresi kisalir, dalma hizi
daha diisiik oldugunda dongii siiresi daha uzundur. Daha uzun dongii
uzunlugunun iirettigi artan karigtirma kuvveti, karigsma bolgesinde
daha iri taneli bir yapiya yol acgar. Daha diisiik dalma hizlarinda
yiikksek maksimum sicakliklar gozlenir ve bu da daha fazla 1s1
girdisine neden olur. Ayrica dalma hizi, baglantinin performansinin
yani sira kaynagin sertligini de etkiler. En miikemmel sertlik,
kullanilan dalma hizlarina bakilmaksizin (karistirma bolgesi iginde)
anahtar deligi ¢cevresinde belirlenir (Ramya vd., 2022).

Polipropilen ile Polipropilen ve Diger Malzemelerin Siirtiinme
Kanistirma Nokta Kaynag

Bu kisimda, polipropilen ile polipropilen ve diger
malzemelerin SKNK ile ilgili vaka caligsmalari ele alinmis ve Tablo

1’de verilmistir.
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Vaka 1: Bilici 2012 yilinda yaptig1 ¢alismada, polipropilenin
stirtlinme karistirma nokta kaynagi parametrelerini optimize etmek
icin Taguchi yaklasimi uygulanmistir. Deneysel testler, takim
donme hizi, dalma derinligi ve kaynagin baslangicindaki bekleme
stiresi gibi proses faktorlerinin kombinasyonlarina gore, Taguchi
ortogonal tablosu L9'a dayanarak rastgele yapilmistir. Baslangic
kaynak parametrelerinden optimum kaynak parametrelerine kadar
kaynak mukavemetindeki iyilesme yaklasik %47,7°dir (Mustafa
Kemal Bilici, 2012).

Vaka 2: Kurtulmus 2012 yilinda yaptig1 ¢alismada, SKNK
yonteminde kaynak takiminin donme ve takim dalma hizi, bekleme
stiresi, takim dalma derinligi ve takimin geri ¢ekilme gecikmesi
parametrelerinin  polipropilen  siirtinme karistirma  noktasi
kaynaklarinda baglant1 olusumu ve kaynak mukavemeti lizerindeki
etkileri arastirilmistir. Test sonuclarindan takim dalma hizinin
polipropilen levhalarin SKNK'si tizerinde higbir etkisinin olmadigi
bulunmustur. Bekleme siiresi, takimin doniis hiz1 ve dalma derinligi
SKNK karigma bolge olusumunu ve baglantinin giiciinii etkiledigi
bulunmustur (Kurtulmus, 2012).

Vaka 3: Nugroho vd. 2021 yilinda yaptiklar1 c¢alismada,
polipropilen levha siirtiinme karistirma nokta kaynakli baglantinin
karakterizasyonu arastirilmistir. Takim donme hizinin ve geometrik
seklinin polipropilen baglantinin mekanik o6zelliklerine etkisi,
SKNK teknigi kullanilarak belirlenmistir. Omuz agilar1 0° ve 5° olan
iki tip cihaz hazirlanmig, diger parametrik geometriler ayni
alimmustir. Stirtiinme karistirma nokta kaynagi (SKNK) islemi 985,
1660 ve 2350 rpm'lik donme hizlarindaki degisikliklerle
gerceklestirilirken, takim dalma hizi, bekleme siiresi ve gecikme
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stiresi gibi diger kaynak igslemi parametreleri sabit kabul edilmistir.
Takim donme hizinin artmasiyla yiik kapasitesi artmigtir (Nugroho,
Dadang Dika, Budiyantoro, & Himarosa, 2021).

Vaka 4: Aric1 ve Mert 2008 yilinda yaptiklari ¢aligmada,
polipropilen serit numuneleri {izerinde bindirme baglantilar
olusturmak i¢in SKNK kullanilmistir. Polipropilenin siirtiinme
karistirma nokta kaynaginda takim dalma derinligi ve bekleme siiresi
parametrelerinin ~ baglanti  mukavemeti iizerindeki etkileri
arastirilmistir. Bu parametrelerin, ortaya ¢ikan baglantilarin ¢ekme
kopma yiikii izerindeki etkisi belirlenmistir. Baglanti kopma yiikiinii
maksimuma ¢ikaran optimum bir parametre kombinasyonu
belirlenmistir (Arici & Mert, 2008).

Vaka 5: Bilici vd. 2014 yilinda yaptig1 c¢alismada, takim
geometrisi ve kaynak parametrelerinin siirtlinme karistirma nokta
kaynakli polipropilen levhalarin makro yapisi, kirilma modu ve
kaynak mukavemeti lizerindeki etkileri arastirilmistir. Bindirme
kesme ¢ekme yiikii ve karisma bolgesi kalinligi, artan takim donme
hiz1 ve bekleme siiresiyle birlikte arttigi bulunmustur. Makro yapz,
kaynak parametrelerinin kaynak mukavemeti iizerindeki etkisini
vurgulamaktadir. Farkli kaynak parametreleri kullanildiginda,
polipropilen levhalarin siirtinme karistirma nokta kaynaginda
baglantilarin farkli kirilma modlar1 elde edilmistir. 4 mm'lik levhalar
icin en uygun takimin konik silindirik pim oldugu bulunmustur
(Mustafa Kemal Bilici, 2014).

Vaka 6: Sidhom vd. 2022 yilinda yaptiklar1 ¢alismada,
polipropilen malzemelerin siirtiinme karistirma nokta kaynagi islemi
deneysel olarak incelenmistir. Takim geometrisi, dalma hiz1 ve

derinligi tiim testler boyunca sabit tutulmustur. Bekleme siiresinin
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ve takim donme hizinin bindirme kesme mukavemeti iizerindeki
etkisi aragtirllmigtir. Polipropilen malzemelerin siirtiinme karistirma
nokta kaynagi incelenmis ve optimum kaynak kosullari, 40 s
bekleme siiresiyle 3500 rpm donme hizi olarak belirlenmistir. Farkli
polimerlerin (PP'den HDPE'ye ve HDPE'den PP'ye) SKNK ile
birlestirilmesi, 80 saniye bekleme siiresinde 2300 rpm dénme hizinin
optimum kaynak kosuluyla basariyla gergeklestirilmistir (Sidhom,
Naga, & Kamal, 2022).

Vaka 7: Paidar vd. 2019 yilinda yaptiklari ¢alismada,
AA2219/PP-C30S polipropilen polimerinin siirtiinme karigtirma
nokta kaynakli hibrit baglantilarinin mukavemetini arttirmak igin
parametre kombinasyonu degistirilerek Onceden imal edilmis
kilitleme kollarinin/dislerinin kullanimi incelenmistir. Sonuclar,
takim donme hizindaki bir artisin reaksiyon tabakasinin kalinligini
(Al ve polimer alt tabakalar arasinda), kesme-¢ekme yiikiinii (268-
540 N) ve hibrit AA2219/PPC30S baglantisinin ¢apraz ¢ekme
yikiini  (171-321 N) artirdigim1  gostermigtir  (Paidar, Ojo,
Moghanian, Pabandi, & Elsa, 2019).

Vaka 8: Bilici 2021 yilinda yaptig1 ¢alismada, SKNK ile
yapilan birlestirmelerde Oncelikle PP/PP ve HDPE/HDPE daha
sonra farklt malzemelerin PP/HDPE, HDPE/PP birlestirme islemleri
gerceklestirilerek incelenmistir. Karistirma siiresinin  ve takim
donme hizinin baglanti olusumu ve kaynak mukavemeti lizerindeki
etkisi belirlenmistir. Benzer plastik levhalarin siirtlinme karistirma
nokta kaynaginda yiiksek kaynak dayanimlari elde edilmistir. En
yiiksek kaynak dayanimlari PP-PP kaynaklarinda ve en diisiik
kaynak dayanimlar1 ise PP-HDPE kaynaklarinda elde edilmigtir
(Mustafa Kemal Bilici, 2021).
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Tablo 1: PP/PP ve PP/Diger Malzemelerin Siirtiinme Karistirma
Nokta Kaynagi

Referans Vaka Malzemeler Baglanti Calisma icin secilen  Optimum sartlar
tiiril parametreler
(Mustafa 1 PP-PP Bindirme Bekleme siiresi Optimum kaynak
Kemal kaynak Takim dalma parametreleri; 100 saniyelik
Bilici, nokta derinligi bekleme siiresi, 5,7 mm takim
2012) baglantist Takim dénme hizi dalma derinligi ve 900 rpm
takim donme hizidir.
(Kurtulmus, 2 PP-PP Bindirme Takim dénme hizi Calismada optimum kaynak
2012) kaynak Takim dalma parametreleri olarak 900 rpm
nokta derinligi takim doénme hizi, 120 s
baglantisi Takim dalma hizt bekleme siiresi ve 5,7 mm
Bekleme siiresi ve dalma derinligi belirlenmistir.
takim geri ¢ekilme
gecikmesi
(Nugroho 3 PP-PP Bindirme Takim omuz agist SKNK baglantisinin 2253 N
vd., 2021) kaynak Takim dénme hizi maksimum ¢ekme kesme yiikii
nokta kapasitesi, takim tipi 2 (5°'lik
baglantist omuz agisina sahip konik
silindir) igin 2350 rpm donme
hizina ulagmustir.
(Arici & 4 PP-PP Bindirme Takim dalma 80 saniyelik bekleme siiresi, 8
Mert, 2008) kaynak derinligi ve 8,5 mm takim dalma
nokta Bekleme siiresi derinligi optimum degerlerdir.
baglantisi
(Mustafa 5 PP-PP Bindirme Takim dénme hizi Optimum kaynak
Kemal kaynak Bekleme siiresi parametreleri, 900 dev/dak
Bilici, nokta Takim gecikme siiresi  takim donme hizi, 120 s
2014) baglantist Takim geometrisi bekleme siiresi ve 45 s gecikme
stiresi olarak bulunmustur.
(Sidhom 6 PP-PP Bindirme Takim dénme hizi PP-PP i¢in optimum kaynak
vd., 2022) PP-HDPE kaynak Bekleme siiresi kosullari, polipropilen igin 40 s
nokta bekleme siiresiyle 3500 rpm
baglantisi donme hizidir.
PP-HDPE igin 80 sn bekleme
stiresinde 2300 rpm donme
hizinda  optimum  kaynak
kosullar1 elde edilmistir.
(Paidar vd., 7 PP-Al Bindirme Takim dénme hizi Maksimum  ¢ekme  kesme
2019) alagimi kaynak yiikii; 1800 rpm takim dénme
nokta hizi, 5 sn bekleme siiresi ve 0,1
baglantist mm dalma derinliginde elde
edilmistir.
(Mustafa 8 PP-PP Bindirme Takimin dénme hizt 900 rpm takim donme hizi ve
Kemal PP-HDPE kaynak Karigtirma siiresi 120 saniyelik karigtirma siiresi,
Bilici, nokta PP-PP kaynaklar1 igin en iyi
2021) baglantist parametre bulunmustur.

PP-HDPE kaynaklari i¢in en iyi
kaynak parametreleri ise 120
saniye karigtirma siiresi ve
1600 rpm takim donme hizidir.
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Polipropilen ile Diger Malzemelerin Siirtiinme Karistirma
Kaynag

Bu kisimda, polipropilen ile diger malzemelerin SKK ile

ilgili vaka ¢alismalar1 ele alinmis ve Tablo 2’de verilmistir.

Vaka 1: Sahu vd. 2017 yilinda yaptiklar1 c¢alismada,
alliminyum alasimi Al 6063 ile polipropilen arasinda siirtiinme
karistirma kaynaginin uygulanabilirligi arastirilmistir. Alin kaynagi
icin takim donme hizi, takim egim agis1 ve ¢apraz kaynak hizi gibi
lic degisken dikkate alinmistir. Bununla birlikte, aliiminyumun
termoplastige yeterli sekilde karigsmasi nedeniyle, 2° takim egim
acisinda yeterli ilerleme hiziyla (25 mm/dak) orta diizeyde takim
doniisiinde (750 rpm) maksimum baglanti verimliliginin %10'un
altinda oldugu bulunmustur (Sahu vd., 2017).

Vaka 2: Sahu vd. 2019 yilinda yaptiklar1 ¢alismada, sensor
sinyalleri kullanilarak polipropilene ile Al 6063 alasimi icin
stirtiinme karistirma kaynagi gerceklestirilmistir. Calismada, kaynak
kalitesini artirmak i¢in koprii baglantis1 olarak takim ofsetleme ve
oluklu kenar tabanli taban plakas1 tasarimi gibi farkli takim
konumlarinda silindirik ve disli takim pimi profili i¢in Al6063 ile
polipropilen siirtiinme karistirma alin kaynagimin fizibilitesini ele
alinmastir. Digli takim pimi profili kullanan yeni oluklu kenar tabanli
tasarimin oldukca verimli oldugu goriilmiistiir (Sahu, Pal, Mahto, &
Dash, 2019).

Vaka 3: Moghanian vd. 2019 yilinda yaptiklar1 ¢alismada,
Saf magnezyum ve polipropilenin  bindirmeli  baglanti
konfigiirasyonunda siirtlinme karigtirma kayna@i incelenmistir.
Calismada kullanilan takim donme ve ilerleme hizlar sirastyla 500-

700 dev/dak ve 50-100 mm/dak’dir. Sonuglar, mekanik kilitlemenin
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optimum yiizdesi (%48) ve magnezyum oksitin varlig1 nedeniyle
baglantinin 22,5 MPa’lik maksimum ¢ekme kesme mukavemetine,
700 dev/dak ve 75 mm/dak'da ulasildigin1 gostermistir (Moghanian,
Paidar, Seyedafghahi, & Ojo, 2019).

Vaka 4: Payganeh vd., 2011 yilinda yaptiklar1 ¢alismada,
sirtiinme karigtirma kaynak islemi parametrelerinin agirlik¢a %30
cam elyaf iceren polipropilen kompozit kaynaklarin goriiniimii ve
mukavemeti lizerine etkileri incelenmistir. Takim pimi geometrisi,
takim donme hizi, is dogrusal hizi ve takim egim agis1 gibi 6nemli
proses parametrelerinin ¢ekme mukavemeti ve kaynak goriiniimii
tizerindeki etkileri deneysel olarak arastirilmistir. Sonuglar, takim
pimi geometrisinin kaynak kalitesini onemli 6lglide etkiledigini ve
donme hizi ile e§im agisinin kaynak goriinimii ve mukavemeti
iizerindeki etkilerinin is dogrusal hizindan daha fazla oldugunu
gostermistir (Payganeh, Arab, Asl, Ghasemi, & Boroujeni, 2011).

Vaka 5: Hajideh vd., 2018 yilinda yaptiklar1 ¢alismada,
polipropilen ve akrilonitril biitadien stiren malzemelerinin SKK
baglantilarin ~ kaynak  bolgesine bakir tozu  ekleyerek
giiclendirilmesini incelemislerdir. Proses parametreleri, 6zellikle
déonme ve ilerleme hizlar ile 1sitict sicakliginin baglantilarin
mekanik 6zellikleri ve makro yapisi iizerindeki etkileri detayli bir
sekilde arastirilmistir. Baglantiya bakir tozu eklenmesi, optimum
kaynak kosullarinda ¢cekme mukavemetini yaklasik %36 ve sertligi
%30 artirmigtir (Hajideh, Farahani, & Molla Ramezani, 2018).

Vaka 6: Miranda vd., 2023 yilinda yaptiklar1 ¢alismada, iki
farkli polimer UHMWPE (ultra yiiksek molekiiler agirlikli
polietilen) ve PP (polipropilen) malzemeleri siirtiinme karistirma

kaynagi kullanilarak birlestirilmis ve mekanik 6zellikleri
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degerlendirilmistir. Calismada tasarlanan ve {retilen sabit
aliminyum omuzun, ilerleme hizi, donme hizi, yaklasma hizi, 6n
1s1tma veya on 1sitmanin olmamasi gibi uygun SKK parametreleriyle
birlikte kullanilmasi belirgin sekilde iyilestirilmis sonuglar elde
edilmesini saglamistir. Mekanik 6zellikler, farkli baglant1 noktalari
icin ¢cekme mukavemetinin ana malzemelerin kaynak verimliligine
gore %80'e kadar ulastigim1 gosterecek sekilde iyilestirilmistir
(Mario A. Sanchez Miranda vd., 2023).

Vaka 7: Hajideh vd., 2017 yilinda yaptiklar1 ¢aligmada,
takim geometrisinin SKK’l1 polietilen ve polipropilen levhalarin
mekanik 6zellikleri ve mikroyapist lizerindeki etkileri aragtirilmigtir.
Disli silindirik, kare, iggen ve diiz silindirik olmak tizere 4 farkli pim
profili dikkate alinmistir. Donme hizi ve ilerleme hizi dahil kaynak
degiskenlerinin etkilesim etkileri de incelenmistir. Disli silindirik
pim profilinin her kaynak islemi kosulu i¢in en i1yi performansi
gosterdigi gozlemlenmistir (Hajideh, Farahani, Alavi, & Molla
Ramezani, 2017).

Vaka 8: Eslami vd., 2015 yilinda yaptiklar1 ¢aligmada,
polipropilen ve polietilen polimerlerin bindirme baglantilarinin
kaynak mukavemeti tizerindeki etkisini degerlendirmek i¢in yeni bir
kaynak takimi kullanilarak aragtirmalar yapilmistir. Bu takimla
iretilen kaynaklar, kaynaklarin yiizey kalitesini ve mukavemetini
onemli Ol¢lide artirmistir. Donme ve ilerleme hizinin, numunenin
cekme mukavemeti lizerinde en belirleyici etkiye sahip oldugu
sonucuna ulasilmigtir (Eslami, Ramos, Tavares, & Moreira, 2015).

Vaka 9: Miranda vd., 2022 yilinda yaptiklar1 galigmada, SKK
kullanilarak ABS ve PP malzemeleri birlestirilmis ve mekanik

ozellikleri degerlendirilmistir. Proses parametrelerinin, 6zellikle
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donme hizinin, ilerleme hizinin  ve yaklasim  hizinin
degistirilmesinde, ortaya c¢ikan mekanik Ozelliklerden yeterli
diizeyde bir uzlagma elde edilmistir. Benzer olmayan ABS-PP
numunelerinin birlestirilmesi lizerine yapilan ¢ekme testleri, ana
malzemelerle karsilagtinnldiginda  %90'a  kadar yiiksek bir
mukavemet gostermistir (M.A. Sanchez Miranda, Almaraz, Lopez,
& Vilchez, 2022).

Vaka 10: Eslami vd., 2018 yilinda yaptiklar1 ¢alismada,
strtlinme karistirma kaynakli polimer baglantilarinin parametre
optimizasyonunu arastirtlmistir. Calismada, ince polipropilen ve
polietilen levhalarin harici 1sitma olmadan bindirmeli baglanti
konfigiirasyonunda birbirine kaynaklanmasi i¢in teflondan yapilmis
sabit bir omuz kullanmilmistir. Baglantilarin bindirme-kesme
mukavemeti agisindan takim tasariminin en belirleyici etkiye sahip
oldugu sonucuna varilmistir. Optimize edilmis kaynak
parametreleriyle liretilen kaynaklar, iyi ylizey kalitesi ve mukavemet
sunmustur (Eslami, De Figueiredo, Tavares, & Moreira, 2018).
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Tablo 2: PP/Diger Malzemelerin Siirtinme Karigtirma Kaynagi

Referans Vaka Malzemeler Baglanti Calisma icin Optimum sartlar
tiirii secilen
parametreler
(Sahu vd., 1 PP-Al Alin Takim donme hizt 750 rpm donme hizi, 25 mm/dak
2017) alagimi baglanti Takim ilerleme kaynak hizi, 0,1 mm dalma
kaynak hizi derinligi ve 2° egim agist igin
maksimum 120,79 N ¢ekme
yikii elde edilmistir.
(Sahu vd., 2 PP-Al Alin Takim donme hizi  Oluklu kenar tabanli tasarimda
2019) alagimi baglanti Takim ilerleme digli pim kullanilarak 700 rpm
kaynak hiz takim dénme hizinda ve 30
Takim geometrisi ~ mm/dak ilerleme hizinda
maksimum birlestirme
verimliligi ~ %23,33 olarak
bulunmustur.
(Moghanian 3 PP-Mg Bindirme Takim donme hizi 22,5 MPa maksimum ¢ekme
vd., 2019) baglanti Takim ilerleme kesme mukavemetine 700 rpm
kaynak hiz1 ve 75 mm/dak'da ulagilmistir.
(Payganeh 4 PP Alin Takim geometrisi ~ Maksimum ¢ekme dayanimu,
vd., 2011) Kompozit-  baglanti Takim donme izt~ 630 devir/dakikalik takim donme
PP kaynak Dogrusal is hizi hizi, 8 mm/dak dogrusal is iz,
Kompozit Takim egim agist 2° egim agisinda elde edildi.
(Hajideh 5 PP-ABS- Alin Takim donme hizi 1600 rpm donme hizi, 16
vd., 2018) Bakir tozu baglanti Takim ilerleme mm/dak ilerleme hizi ve 80
kaynak hiz °C'lik 1s1tict sicakligi,
Isitict Sicaklig baglantimin en iyi mekanik
ozelliklerini sunmustur.
(Mario A. 6 PP- Alin Takim ilerleme Maksimum ¢ekme mukavemeti,
Sanchez UHMWPE  baglanti hiz 1100 rpm takim donme hizi, 12
Miranda kaynak Takim donme hiz1  mm/dak takim ilerleme hizi ve
vd., 2023) On 1s1tma on 1sitmasiz  olarak  elde
edilmistir.
(Hajideh 7 PP-PE Alm Takim ilerleme 1860 rpm'lik optimum takim
vd., 2017) baglant: hiz1 donme hizi ve 12,5 mm/dak'lik
kaynak Takim donme izt en yiiksek takim ilerleme hiz1 ile
Takim geometrisi ~ her takim gekli igin en iyi kaynak
mekanik ozellikleri elde
edilmistir.
(Eslami vd., 8 PP-PE Bindirme Takim ilerleme Maksimum ¢ekme mukavemeti,
2015) baglant: hizi tggen pim sekli, 2500 rpm
kaynak Takim donme hizi  dénme hizi ve 100 mm/dak
Takim geometrisi ilerleme hizi  ile iretilen
numunede meydana gelmistir.
(M.A. 9 PP-ABS Alin Takim ilerleme Maksimum mekanik Ozellikler,
Sanchez baglanti hizi 2000 rpm dénme hizi, 1,5-3
Miranda kaynak Takim donme hizi  mm/dakika ilerleme hizi, 2,5
vd., 2022) Takim yaklasim mm/dakika penetrasyon hizi,
hiz1 silindirik pim ile elde edilmistir.
(Eslami vd., 10 PP-PE Bindirme Takim ilerleme Kaynak mukavemeti igin
2018) baglanti hiz optimum kaynak parametreleri;
kaynak Takim donme hizi  diiz yiizeyli pim sekli, 2500 rpm

Takim geometrisi

donme hizi, 20 mm/dak hareket
hizi, 3 mm pim ¢ap1 ve 2,8 mm
pim uzunlugudur.
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Polipropilen ile Polipropilen Malzemelerin Siirtiinme
Karistirma Kaynag

Bu kisimda, polipropilen ile polipropilen malzemelerin SKK

ile ilgili vaka galigmalari ele alinmis ve Tablo 3’te verilmistir.

Vaka 1: Jaiganesh vd., 2014 yilinda yaptiklar1 ¢alismada,
polipropilen levhanin siirtiinme karistirma kaynaginda proses
parametrelerinin optimizasyonu arastirilmistir. Calismada, plakalar
yart otomatik SKK makinesinde uygun kelepce ile sabitlenerek
kaynak yapilmis ve fener milinin hizt 900-1200 rpm arasinda,
ilerleme araligr 5-15 mm/dak ve egim agis1 0°-1° olacak sekilde
degistirilmigtir. 5 mm kalinligindaki polipropilen levha, kare,
silindirik ve ticgen disli pim profilleri ile birlestirilmistir.
Baglantinin kalitesi, ¢ekme mukavemeti ve mikro yapisal analiz
yoluyla degerlendirilmistir (Jaiganesh, Maruthu, & Gopinath, 2014).

Vaka 2: Sahu vd., 2018 yilinda yaptiklar1 calismada,
termoplastiklerin birlestirilmesi i¢in SKK isleminin uygulanmasi
arastirilmistir. Kaynak kalitesini arastirmak amaciyla silindirik, kare
ve konik pim geometrisine sahip ii¢ farkli takim kullanilmistir.
Proseslerin gerceklestirilmesi i¢in ii¢ farkli takim doniis hiz1 ve
ilerleme hiz1 secilmistir. Elde edilen sonuglar, yiiksek kaliteli
kaynaklarin elde edilmesinde kare pimin potansiyelini kanitlamistir.
Islem parametrelerinin, kaynaklarm ¢ekme mukavemeti iizerinde
belirgin bir etkisi oldugu tespit edilmistir (Sahu vd., 2018).

Vaka 3: Stadler vd., 2023 yilinda yaptiklar1 ¢alismada,
stirtlinme karistirma kaynakli polipropilen malzemenin dayanimi ve
kaynak kuvvetleri incelenmistir. Caligmada, yontemin polimerik
malzemelerin kaynaklanmasi i¢in uygulanabilirligi arastirilmig ve

SKK parametrelerinin etkisini analiz edilmistir. 4 mm kalinligindaki
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polipropilen levhalar, iki kaynak parametresi olarak takim donme ve
ilerleme hizi dort seviyede degistirilerek kaynaklanmistir.
Baglantinin gekme mukavemeti ve dolayisiyla baglanma verimliligi,
donme hizi arttikga artmis, ilerleme hizi arttikgca ise azalmistir
(Stadler, Szebényi, & Horvath, 2023).

Vaka 4: Panneerselvam ve Lenin 2013 yilinda yaptiklari
calismada, siirtlinme karigtirma kaynak isleminde polipropilen
levhanin farkli parametreler i¢in etkileri ve kusurlart incelenmistir.
Calismada, baglantilarin kalitesine gore SKK takim pimi profilinin,
donme hizinin ve kaynak hizinin rolii analiz edilmistir. Prosesler
1500, 1750, 2000 ve 2250 devir/dakika doniis hizlarinda, 30, 40, 50
ve 60 mm/dak ilerleme hizlarinda ve takim pimi profilleri olan
iicgen, kare, disli ve konik pim profillerinde gergeklestirilmistir
(Panneerselvam & Lenin, 2013).

Vaka 5: Lenin vd., 2014 yilinda yaptiklar1 caligmada,
Taguchi yaklasimi kullanilarak polipropilen malzemenin siirtiinme
karistirma kaynagi icin proses parametrelerinin optimizasyonu
aragtirtlmistir. Takim pimi profili, takim donme ve ilerleme hiz1 gibi
kaynak parametreleri, maksimum mukavemet ve minimum kusurla
iyi bir kaynak baglantis1 iiretmek amaciyla se¢ilmistir. Proses
parametrelerinin se¢giminde maksimum dayanim dikkate alinmuistir.
Calismada, kaynak parametrelerinin maksimum dayanim tizerindeki
etkilerinin takim pimi profili, ilerleme hizi ve takim doniis hizi
seklinde oldugu bulunmustur (Lenin, Shabeer, Kumar, &
Panneerselvam, 2014).

Vaka 6: Mirabzadeh vd., 2021 yilinda yaptiklar1 ¢aligmada,
strtinme karistirma yontemiyle kaynak yapilan polipropilen
levhalarin egilme mukavemetinin optimize edilmesi arastirilmistir.
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Bu yontemde iiretilen bilesenlerin yiizey kalitesi ve mekanik
ozellikleri biiyiik 6l¢iide donme hizi, dogrusal hiz, geometri ve takim
egimi parametrelerine bagli oldugu ifade edilmistir. Calismada,
kaynak egilme mukavemetini arastirmak i¢in bu parametrelerin
etkisi Ui¢ farkli seviyede hem deneysel hem de istatistiksel olarak
degerlendirilmistir (Mirabzadeh, Parvaneh, & Ehsani, 2021).

Vaka 7: Nik vd., 2017 yilinda yaptiklari1 ¢alismada, siirtiinme
karistirma kaynagimin takim pimi seklinin polipropilene etkisi
incelenmistir. Proses parametreleri, 1500 rpm dénme hizi, 45
mm/dak. ilerleme hiz1 ve 1° egim acis1 belirlenerek sabitlenmistir.
Takim geometri sekilleri dikkate alinan ana parametrelerdir. Takim
geometri seklinin  optimum tasarimlari, baglantinin ¢ekme
dayanimina gore belirlenmistir. Calisma sonuglar1 ayni donme hizi,
ilerleme hiz1 ve egim agisi ile optimum tasarimin elde edilebilecegini
gostermistir (Nik, Ishak, & Othman, 2017).

Vaka 8: Nath vd., 2021 yilinda yaptiklar1 ¢alismada,
polipropilen levhanin siirtiinme karistirma kaynagi i¢in yeni bir ¢ift
tarafli kaynak yaklasimi arastirilmistir. Takimin donme hizinin
kaynakli baglantilarin yapis1 ve oOzellikleri {izerindeki etkileri
arastirilmistir. Cift tarafli kaynak sirasinda takima uygulanan tork ve
kuvvetler, tek tarafli kaynakla karsilastirilmistir. Cift tarafli kaynak
teknigi, tek tarafli kaynakla elde edilen birlestirmelere gore ¢gekme
ve egilme mukavemeti agisindan daha iistiin birlestirmeler sagladigi
belirlenmistir (Nath, Jha, Maji, & Barma, 2021).

Vaka 9: Moochani vd., 2019 yilinda yaptiklar1 ¢alismada,
termoplastiklerin yeni bir 1s1 destekli takim tasarimi ile siirtiinme
karistirma kaynagi ile birlestirilmistir. Takim sicakligi, donme hiz1

ve ilerleme hiz1 dahil proses parametrelerinin polipropilen levhalarin
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mekanik 6zellikleri ve mikro yapist tizerindeki etkisi, Taguchi
yontemi kullanilarak arastirilmistir. Kaynakli baglantilar, ana
malzemenin %96'simna kadar ¢ekme mukavemeti ve %99'a kadar
kopma uzamasi gostermistir (Moochani, Omidvar, Ghaffarian, &
Goushegir, 2019).

Vaka 10: Nath vd., 2019 yilinda yaptiklar1 calismada,
polipropilen levhalarin kaynag: icin kendinden isitmali siirtiinme
karistirma kaynagi takimi gelistirilmistir. Kaynak sirasinda takim
pimine uygulanan mil torku ve ¢esitli kuvvetler incelenmistir. Her
iki takimdan elde edilen kaynaklar, kaynak morfolojisini ve ¢ekme
mukavemetini analiz etmek amaciyla test edilmistir. Kendinden
isitmali SKK  takimi, geleneksel SKK takimina kiyasla ¢ekme
mukavemeti ag¢isindan iistiin mekanik 6zellige sahip dayanikli
kaynak tiretebildigi bulunmustur (Nath, Maji, & Barma, 2019).
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Tablo 3: PP/PP Malzemelerin Siirtinme Karistirma Kaynagi

Referans Vaka Malzemeler Baglanti Calisma icin Optimum sartlar
tiirii secilen
parametreler
(Jaiganesh vd., 1 PP-PP Alin Takim ilerleme izt~ 950 ila 1000 rpm dénme hizi,
2014) baglanti  Takim dénme hizi 9 ila 12 mm/dak ilerleme hiz1
kaynak  Takim geometrisi ve 1° egim agist ile iistiin bir
Takim egim agis1 kaynak elde edilmistir.
(Sahu vd., 2 PP-PP Alin Takim ilerleme hizi  Maksimum ¢ekme dayanimi,
2018) baglanti  Takim donme hizi 750 rpm takim dénme hizinda,
kaynak  Takim geometrisi 15 mm/dak. takim ilerleme
hizinda kare pim geometrik
seklinde elde edilmistir.
(Stadler vd., 3 PP-PP Alin Takim ilerleme izt Testlerde en iyi baglanti
2023) baglanti  Takim donme hizi verimi, 1500 rpm dénme hizi
kaynak ve 50 mm/dak. ilerleme
hizinda elde edilmis olup,
baglant1 verimi %34 olarak
bulunmustur.
(Panneerselvam 4 PP-PP Alin Takim ilerleme izt En uygun numuneler, 40 ve 50
& Lenin, 2013) baglanti  Takim dénme hizi mm/dk ilerleme hizi ve 2250
kaynak  Takim geometrisi ve 1500 rpm dénme hizina
sahip disli pim profili ile
olusturulmustur.
(Lenin vd., 5 PP-PP Alin Takim ilerleme hizt  SKK parametrelerinin
2014) baglanti  Takim donme hizi optimum kombinasyonu disli
kaynak  Takim geometrisi pim profili, 60 mm/dak
ilerleme hizi ve 1500 rpm
takim donme hizidir.
(Mirabzadeh 6 PP-PP Alin Takim dénme hizi Istatistiksel modelin optimal
vd., 2021) baglanti  Takim ilerleme hizi  yanitina dayanarak, dénme
kaynak  Takim egim agist hizi 997 dev/dak, takim cap1
Takim ¢ap1 orani orani 2, takim egim agis1 2° ve
takim ilerleme hizi 30
mm/dak kullanilarak
maksimum egilme
mukavemeti elde edilmistir.
(Nik vd., 2017) 7 PP-PP Alm Takim geometrisi En yiiksek ¢ekme
baglanti mukavemeti, silindirik konik
kaynak pim sekilli takimla elde
edilmistir.
(Nath vd., 8 PP-PP Alin Takim dénme hiz1 Cift tarafli kaynak
2021) baglanti  Kaynak teknigi durumunda, 750 rpm'lik takim
kaynak donme hizi 15,4 MPa'lik en
yiiksek ¢ekme mukavemeti
saglanmustir.
(Moochani vd., 9 PP-PP Alm Takim ilerleme iz1  Maksimum ¢ekme dayanimi,
2019) baglanti  Takim donme hizi 565 rpm takim donme hizinda,
kaynak  Takim sicaklig 24 mm/dak. takim ilerleme
hizinda 150 °C  takim
sicakliginda elde edilmistir.
(Nath vd., 10 PP-PP Alin Takim ilerleme izt Kendinden 1sitmali takim ile
2019) baglanti  Takim tipi 0,3 mm/sn ilerleme hizinda
kaynak kaynak yapilan numune igin

16,13 MPa'lik en yiksek
cekme  mukavemeti elde
edilmistir.




Sonuc¢

SKK ve SKNK yontemleri metal ve metal olmayan
malzemelerin ekonomik, c¢evre dostu ve verimli bir sekilde
birlestirilebilmesi i¢in kullanilan kati hal birlestirme teknikleridir.
SKK isleminde, 6zel konturlara sahip pim ve omuzlardan olusan bir
takimin, birlestirilecek malzemelerin ylizeyleri izerinde donmesi ve
ileri dogru hareket etmesi nedeniyle meydana gelir. Takimin ylizeye
uyguladigi basing ve donme hareketi, yiizeyde siirtiinme ve 1s1 liretir.
Bu, kaynak yapilacak malzemeyi yumusatir ve 6zel sekillendirilmis
pimler ile kaynakta karisima neden olur. Boylece takimin ilerleme
hareketi, kaynagi belirtilen hat boyunca olusturur. SKNK
yonteminde ise, SKK isleminden farkli olarak kaynak takimi dikey
dogrultudaki hareket disinda herhangi bir yonde hareket
etmemektedir. SKK ve SKNK birlestirme yontemlerinin ¢esitli
metal ve polimer malzemelere uygulandig1 goriilmektedir.

Son yillarda SKK ve SKNK birlestirme yontemlerinde
polimer malzemelerin kullanimmin arttigi goriilmektedir. Bu
polimer malzemelerden biri de polipropilen termoplastigidir.
Polipropilen malzemenin fiziksel ve kimyasal avantajlarindan dolay1
endiistride otomotiv, ingaat, tekstil kimya ve gida gibi bir¢cok alanda

kullanilmaktadir.

Bu c¢alismada, bircok sektorde siklikla kullanilan
polipropilen malzemeler hakkinda, SKK ve SKNK birlestirme
yontemleri, iliretim parametreleri hakkinda bilgiler verilmistir.
Ayrica PP/PP ve PP/diger malzemelerin SKK ve SKNK
birlestirilmesi ile 1ilgili yapilan c¢aligmalarla ilgili proses
parametreleri, uygulamalar1 ve optimum sartlar1 aragtirmacilar i¢in

ele alinmistir. Ayrica, incelenen makalelerden elde edilen veriler
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tablolar halinde verilerek, ilgi duyan arastirmacilarin, konu hakkinda
daha detayli bilgi edinmesine olanak saglanmistir. Calisma
sonucunda, SKK ve SKNK yontemlerinde kaynak kalitesi icin
proses parametrelerinin optimizasyonunun ve takim tasariminin ¢ok

onemli oldugu goriilmiistiir.
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