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A WARM WELCOME TO 8" ULPAS

First of all, we would like to thank all academicians and researchers who attend and make their
contributions the 8" ULPAS. We also wish to extend a warm welcome to fellow academicians from the
various countries. We realize that you are fully dedicated yourselves to the sessions that will follow up.

We noticed that studies will be presented in the following sessions are principally devoted to enhance
the development and use of the polymers and fibrous materials in different end-use fields besides their
usage in pure textiles and clothing. These symposia enable to build a scientific and productive dialogue
between members, academicians and industry people from different countries.

The sector is aware of the trend in international markets towards increasing demand for healthier and
more environmentally-friendly products and tries to adapt itself to these developments by legal and
technical regulations. Nevertheless, it is hard to keep its competitive position in the world market full of
emerging players. Thus, manufacturers have shifted their operations to value-added products and
creation of brand names.

Turkey, with its adaptability to European standards and regulations concerning environment, health,
quality, and safety, is aiming to move into the production of more and more value-added products, into
an era in which the Turkish industry will gain fame for its distinguished trademarks.

The sectors, related to fiber and polymer, in Turkey are aware that they have to produce high value-
added products in order to overcome cost factors. Also, international markets increasingly demand for
healthier and more environmentally friendly products. Therefore, the sectors must adapt themselves to
these developments by legal and technical regulations. However, it is obvious that it is very difficult to
keep the sectors in competitive position in the world market full of emerging players without a strategic
plan and essential R&D.

In fact, R&D can be declared as the engine of growth in a country. Therefore, we as Fiber and Polymer
Research Institute, established the symposium as a technical platform for fiber and polymer sector
players.

Symposiums organized by Fiber and Polymer Research Institute have the following objectives:

e Raise awareness of R&D among scholars and enterprises in the field of fiber and polymer in order
to meet necessary international competitiveness.

e Provide technical training to staff of the related industry during symposiums and produce high
quality trainees who will be successful in the mills by defining and solving problems in their field.

e (Create a medium to exchange of information among its members and help the companies in the
sector to use their human resources and equipment efficiently.

e Continually improve our educational program by inviting area experts to our expert group and
improve the visibility of Fiber and Polymer Research Institute.

Fiber and Polymer Research Institute will support technical staff of the sector with sufficient breadth in
both fundamental and specialized related topics to ensure them to meet the current and future needs of
sector.

This symposium is focused on “Fiber and Polymer Research in Defense Industry” with associated bio-
defense topics.

PATH FOR A GLOBAL COLLABORATION

Today’s academic studies are multidisciplinary and the world that changes rapidly calls for a close
partnership between countries. Globalization presents many challenges to us and as such we should
cooperate with the aim of achieving mutual benefits. We hope this conference will highlight possible
avenues for cooperation between countries, companies and academicians and also come up with
beneficial, cutting-edge resolutions, which can positively impact the fiber and polymer industries of
related countries.



To sum up, we wish to express my gratitude to all attendees for their full cooperation and contribution
to Fiber and Polymer Research Institute. We take this opportunity to thank the organizing committee
and the Rector of Eskisehir Osmangazi University for organizing the symposium and for providing the
facilities.

Our special and sincere thanks go to the supporting defense industry institutions, Presidency of The
Republic of Turkey, Presidency of Defense Industries (SSB), Turkish Aerospace Industries
(TAI/TUSAS), Aselsan, TEI, Havelsan, Roketsan, Boren, Mechanical and Chemical Industry
Corporation (MKE). This symposium has been a real R&D meeting point for the Turkish Industrial
Research and Development Centers. We are extremely grateful for this and we extend our warm thanks
to all participating R&D Centers. We would also like to express my gratitude to the Fiber and Polymer
Research Institute Secretariat for their diligence.

On behalf of the Fiber and Polymer Research Institute

Prof. Dr. Yusuf ULCAY
Prof. Dr. Ali DEMIR
Assoc. Prof. Dr. Hiiseyin AVCI



8. ULPAS'A HOS GELDINIZ

Oncelikle 8. ULPAS'a katilan ve katkilarini saglayan tiim akademisyen ve arastirmacilara tesekkiir
ederiz. Ayrica gesitli iilkelerden akademisyen dostlarimiza da en igten bir hos geldiniz demek istiyoruz.
Takip eden oturumlara yaptiginiz 6nemli katkilarin farkindayiz.

Izleyen oturumlarda sunulacak calismalarin esas olarak polimerlerin ve lifli malzemelerin tekstil ve
giyimde kullanimlarinin yani sira savunma ve havacilik basta olmak iizere farkli son kullanim
alanlarinda gelisimini ve kullanimini arttirdig1 kugskusuzdur. Bu sempozyum ile farkli iilkelerden iiyeler,
akademisyenler ve endiistri ¢alisanlar1 arasinda bilimsel ve verimli bir diyalog kurulmasi saglanmistir.

Sektor, uluslararasi pazarlarda daha saglikli ve daha g¢evreci iirlinlere olan talebin artmasi yoniindeki
egilimin farkinda olup, yasal ve teknik diizenlemelerle bu gelismelere uyum saglamaya ¢aligmaktadir.
Bununla birlikte, diinya pazarindaki rekabet¢i konumun korunmasindaki zorluk iireticilerin
faaliyetlerini katma degerli ve marka {iirlinleri tiretmeye itmektedir.

Turkiye, cevre, saglik, kalite ve gilivenlik ile ilgili Avrupa standartlarina ve yonetmeliklerine
uyumluluguyla, Tiirk sanayisinin segkin sektorleri ile iin kazanacagi bir doneme giderek daha fazla ticari
marka ve katma degerli tirtinler ile devam etmektedir.

Tiirkiye'de lif ve polimer ile ilgili sektorler, maliyet faktorlerini agmak icin katma degeri ytiksek iiriinler
iretmeleri gerektiginin bilincindedir. Ayrica, uluslararasi pazarlar daha saglikli ve daha g¢evre dostu
iirtiinler i¢in giderek daha fazla talep goriiyor. Bu nedenle sektorlerin yasal ve teknik diizenlemelerle bu
gelismelere uyum saglamasi gerekmektedir. Ancak stratejik bir plan ve gerekli Ar-Ge olmadan diinya
pazarinda sektorleri yeni gelisen oyuncularla dolu rekabet¢i konumda tutmanin ¢ok zor oldugu asikardir.

Aslinda Ar-Ge, bir iilkede biiylimenin lokomotifi olarak bilinmektedir. Bu nedenle Lif ve Polimer
Arastirma Enstitiisii olarak sempozyumu lif ve polimer sektor oyunculari i¢in teknik bir platform olarak
kurduk.

Lif ve Polimer Arastirma Enstitiisii tarafindan diizenlenen sempozyumlarin hedefleri su sekildedir:

* Gerekli uluslararasi rekabet giiciinii karsilamak icin lif ve polimer alaninda akademisyenler ve
isletmeler arasinda Ar-Ge farkindaligini artirmak.

» Sempozyumlarda ilgili sektdr personeline teknik egitim vermek ve kendi alanindaki sorunlari
tanimlayarak ve ¢ozerek isletmelerde basarili olacak kaliteli calisan yetistirmek.

+ Upyelerimiz arasinda bilgi alisverisi icin bir ortam olusturmak ve sektdrdeki firmalarin insan
kaynaklarini ve ekipmanlarini verimli kullanmalarina yardimci olmak.

* Alan uzmanlarim grubumuza davet ederek Lif ve Polimer Arastirma Enstitiisiiniin goriniirligiinii
artirarak egitim programimiz siirekli iyilestirmek.

Lif ve Polimer Arastirma Enstitiisii, sektoriin mevcut ve gelecekteki ihtiyaclarin karsilanmasi i¢in hem
temel hem de spesifik konularda yeterli bilgiye sahip teknik personelleri destekleyecektir.

Bu sempozyum, “Savunma Sanayinde Fiber ve Polimer Arastirmalari” ile birlikte COVID-19 salgini ile
Oonem kazanan biyo-savunma konularina odaklanmustir.

KURESEL iS BiRLiGINE GIiDEN YOL

Glinlimiiziin akademik calismalar1 ¢ok disiplinli olup hizla degisen diinya ile iilkeler arasinda yakin bir
ortakligr gerektirmektedir. Kiiresellesme bizlere pek ¢ok zorluk getirmekte ve bu nedenle karsilikli
fayda saglamak amaciyla ig birligi yapmamizin énemi ortaya ¢ikmaktadir. Bu konferansin iilkeler,
sirketler ve akademisyenler arasindaki olasi is birligi yollarin1 vurgulamasini ve ayn1 zamanda ilgili
iilkelerin lif ve polimer endiistrilerini olumlu yonde etkileyebilecek yararli, son teknoloji ¢oziimler
iiretmesini umuyoruz.

Ozetle, tiim katilimcilara Lif ve Polimer Arastirma Enstitiisii ile tam is birligi ve katkilarmdan dolay1
stikranlarimiz1 sunariz. Bu vesileyle, bu sempozyumu diizenleyen ve gerekli yardimlar1 saglayan
Eskisehir Osmangazi Universitesi Rektorliigline ve organizasyon komitesine tesekkiir ederiz.

Desteklerinden dolay1 savunma sanayi kuruluglar: T.C. Cumhurbagkanligi, Savunma Sanayi Bagkanligi
(SSB), Tiirk Havacilik ve Uzay Sanayi (TAI/TUSAS), Aseclsan, TEI, Havelsan, Roketsan, Boren,



Makina Kimya Endiistrisi Kurumlarma (MKE) icten tesekkiirlerimizi sunariz. Bu sempozyum,
Tiirkiye’deki endiistriyel arastirma ve gelistirme merkezleri i¢in gercek bir Ar-Ge bulusma noktasi
olmustur. Bunun i¢in son derece minnettariz ve katilan tiim Ar-Ge merkezlerine icten tesekkiirlerimizi
sunariz. Ayrica Lif ve Polimer Arastirma Enstitiisii Sekreteryasina da gayretlerinden dolay1
siikkranlarimizi sunmak isteriz.

Lif ve Polimer Arastirma Enstitiisii adina
Prof. Dr. Yusuf ULCAY

Prof. Dr. Ali DEMIR

Dog. Dr. Hiiseyin AVCI
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Materials and Design of Soft Body Armour

Abhijit Majumdar
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Body armours are primarily classified under two heads, namely soft and hard. While the former is used when the
threat level is low, the latter is apt to ensure protection when the threat level is very high. In recent years, there has
been immense developments in materials and designs of body armour. However, to ensure effective protection, at
least 15-20 layers of fabrics are required. Soft body armor technology revolves around fabrics prepared from high
performance polymeric fibres such as p-aramid (Kevlar®, Technora®, Twaron® etc.), ultra-high molecular weight
polyethylene (UHMWPE), poly p-phenylene benzobisoxazole or PBO fibre (Zylon), polyhydroquinone-
diimidazopyridine or PIPD fibres (M5), etc. The essential properties of the above fibres are low density (0.97to 1.6 g
cm?), high tenacity (2.5-5.8 GPa) and high modulus (70-270 GPa). Of late, UHMWPE yarns have gained
predominance over aramid yarns owing to their higher strength to weight ratio.

Another fascinating area of research in this domain is the application of Shear thickening fluid (STF) to improve
the ballistic performance of bullet resistant and stab resistant soft armor. STF is a dense colloidal dispersion having a
solid dispersed phase (silica particles) in a liquid dispersion medium (PEG). This fluid exhibits non-Newtonian flow
behavior. Beyond a critical shear rate, the viscosity rises abruptly and the liquid behaves like a solid. It has been
reported that the STF treated soft body armour panels, evaluated against low velocity projectiles, shows the
improvement in the impact performance.

Majumdar, Abhijit (0000-0002-0353-1849)
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AMACLAR

Bu calismada ucak kompozit yapilarinda kullanilan
Ozel tahribatsiz muayene (NDT) yontemlerinden ter-
mografik (TR) analiz yonteminin arastirilmasi ve plas-
tik matrisli katmanli kompozit malzemelerde karsilasi-
lan hata tiplerinde test pargalari iretilip termografik
olarak kontrol edilebilirliginin arastirilmasi amaglan-
migtir.

GiRiS

Miihendislik malzemelerinin gelisimi havacilik mal-
zemeleriyle beraber biiyiik bir hiz kazanmstir. Havaci-
liktaki yiiksek mukavemet, 1s11 dayanim, elektriksel
iletkenlik ve hafiflik gibi avantajlarindan dolay1 kom-
pozit malzemelerin kullanimi her gegen giin artmakta-
dir. (Das Monalisa, 2020)

Kompozit malzemelerin iiretim kaynakli hatalar1 ve
hizmet dmrii boyunca ¢esitli hasarlar ile karsilagilmak-
tadir. Hasarlanan yapilarin hasarlarin1  karakterize
etmek ve degerlendirmek igin ¢esitli tahribatsiz mua-
yene yontemleri kullanilmaktadir. Her ugak ve yapisal
parca lreticisinin analiz ve testlerine dayanarak ucak
kompozit yapilari i¢in tahribatsiz muayene ve onarim
prosediirleri olusturmustur. (Poudel Anish, 2016)

Kompozit malzemelerin iiretim yonteminin geleneksel
iiretim yontemlerden farkli olmas: ve havacilikta gii-
venlik gereksinimlerinden dolay:r belirli periyodlarda
kontrol edilmesi gerekmektedir. (Ehrhart B., 2013)
Kompozit malzemelerde malzemeler arasi baglantinin
yapisma ile oldugundan dolay1 bu yapisma kalitesinin
ve yapisma kusurlarinin kontrol edilmesi gerekmekte-
dir. Literatiir, kompozitler ve yapismalar i¢gin NDT
teknikleri lizerine ¢ok sayida caligma bildirmektedir
(Adams R.D., 1988). Kompozit ve yapisma kalite
kontrol i¢in Fokker bond tester; akustik emisyon;
Ultrasonik yontemleri; X-ray/ndtron radyografi; shea-
rography; ve kizildtesi termografi: gorsel muayene;
kagak testi ve tap test geleneksel NDT yontemleri
kullanilmaktadir. (Ehrhart B., 2013)Bu kontrol yon-
temleri ¢esitli olmakla beraber hepsinin avantaj ve
dezavantajlar1 bulunmaktadir. Bu yontemlerin kulla-
nim yerleri ve hassasiyetleri agisindan farklilik olmak-
la beraber kontrol edilecek malzeme ve aranan hataya
gore se¢im yapilmaktadir.

Tiirk Hava Kuvvetleri envanterinde olan egitim ve
savasgl ugaklarin tahribatsiz kontrol yontemleri
incelenmis termografik analiz yonteminin kullanil-
madig1 tespit edilmistir. Bu nedenle bu ugak tiplerin-
de termografik analiz yonteminin kullanilabilirligi-
nin arastirilmasi amaciyla ugak yapilarinda kullani-
lan plastik matrisli kompozit malzemeler ve hasar
tiplerinin benzetimleri yapilarak termografik olarak
tespit edilmeye ¢alisilmistir.

Termografik analiz yontemi sivil biiyiik govdeli
ucaklarda ucak fizeri tahribatsiz kontrollerin yapil-
masinda kullanilmakta olup, ugagin servisten cekil-
mesi ve ilgili Ginitenin ugak {izerinden sokiilme ihti-
yact olmadigin pratik, hizli ve ugak servisi durumuna
gore ekonomik bir yontemdir. (Automation
Technology, 2021)

Kompozit malzemelerin gelismesi ile birlikte ucak
yapilarinda kullanilan biiyiik yapisal kompozit mal-
zemeler seri sistemlerde iiretilmektedir. Gerek insan
giicin azaltilmas1 gerekse iretim hizini arttirmak
icin Uretim esnasinda temassiz termografi ¢aligmalari
ucak yapilarinda kullanilmaktadir. (T. Ullmann,
2010)

Havacilikta kullanilan kompozit malzemelerin ku-
surlarinin tespit etmek i¢in termografinin etkinligini
Avdelidis caligmasinda' incelenmistir. Termografi
analiz yontemi ile incelenen tiim orneklerde mii-
kemmel sonuglar vermistir. Teknigin avantajlari,
yiizey veya yakin yiizey kusurlart i¢in hizla genis
alanlar1 aragtirmasi ve kolayca yorumlanabilir sonug-
lar tiretmesidir. Dezavantaji, basarisinin kusur derin-
ligine ve boyutuna bagli olmasidir.

Termografi, NAS410 ve EN4179 gibi uluslararasi
NDT standartlarinda tanimlanmigtir. Havacilik en-
diistrisinde termografi, birincil NDT yontemi olarak
artan sayida uygulamada kullanilmaktadir. Gegmiste
termografi ekipmani ¢ok pahali olmasina ragmen,
yakin zamanda gelistirilen portatif sistemler daha
uygun fiyatlarla temin edilebilmektedir. (Automation
Technology GmbH, 2013)



DENEYSEL

Malzeme

Referans/6rnek malzemelerin {iretilmesi i¢in ham
malzeme olarak Hexcel HT93 6nceden fenolik recine
emdirilmis 7781 stil E cam bezi kullanilmistir. Bu
malzeme 6 kat olarak temiz oda kosullarinda el yatir-
masi ve vakum cantasi yontemi kullanarak, otoklav
firminda kiir edilmistir.

Yontem

Termografik analiz yonteminde sicaklik degerlerindeki
degisim  veya termal  goriintilerde  kusurla-
ri/anomalileri ‘sicak/soguk noktalar’ olarak gostermek
i¢in gelismis sinyal isleme teknikleri kullanilarak ta-
nimlanir. Hata tiplerinde iiretilen malzemelerin kusur-
larin tespit edilebilmesi igin 1s1 plakasi kullanilarak
wsitilarak sicaklik dagilimi Optris PI 400 model termal
kamera ile 6l¢iimlendirilmistir. Olgiim sonuglari Optris
PI Connect yazilimi ile degerlendirilmistir.

DENEYSEL SONUCLAR/TARTISMA

Birinci test parcasinda iiretim sirasinda sarf malzeme-
lerin katmanli kompozit malzemeye yapismis/katman
arasinda kalmig olabilecegi bir kusur senaryosunda
yabanct maddelerin tespit edilmesi amaglanmis olup,
ortasinda yuvarlak sekilli yabanci bir maddenin, kom-
pozit katmanli yapidaki 1s1 gegisini bozdugu, siireksiz-
lige neden oldugu tespit edilmigtir. Malzeme iizerin-
deki yatay ve dikey sicaklik profillerinde lineer bir 1s1
gecis radyan1 beklenirken, sicakliklarin diismiis oldugu
ve bir siireksizlikten oldugu saptanmuistir.

Sekil 1. 1. birinci test par¢asinin termografik kontrolii.

Ikinci test parcasinda Cam elyaf malzemesi igin de 2
farkli bolgede metal malzeme gomiilmiis farkli 2 mal-
zemenin TR olarak tespit edilmesi amacglanmustir,
metal ve cam fiber malzemelerin 1si1l iletkenliklerin
¢ok farkli ve malzemeler arasi kalinlik farkinin olma-
sindan dolay termal goriintii farklilig1 ve sinir tabakasi
hassas bir sekilde tespit edilmistir.

Sekil 2. Ikinci test pargasimin termografik kontorlii.

Kompozit malzemelerin kiir dongiisii sirasinda kiir
sicakligina olusmadan vakum ¢antasinda olugsmus bir
kusurdan dolayr vakum yapilamadiginda katmanlar
arasinda bosluk olusabilmektedir. Bu kusur durumu
test etmek amaciyla vakumsuz olarak iretilen kat-
manlt d¢lincii test pargasinin TR kontroli 1sitict
boyutunda hata bolgesi yatay ve dikey sicaklik pro-
fillerinde de 3 derecelik farklilik ile arada kalan hava
bolgesinde sicakligin diistiigli ve bolgede kusur ol-
dugu tespit edilmistir.

Sekil 3. Ugiincii test par¢asinin termografik kontrolii.

Dordiincii test pargasinda farkli katman kaliklarinda-
ki kompozit malzemelerin tespit edilmesi amaglan-
mis olup, TR kontrolde malzemenin kalin ve ince
yuvarlak kat olan kisminda ¢evre alanlara gore sicak-
lik farki olugsmus oldugu tespit edilmistir.




Sekil 4. Dordiincii test pargasinin termografik kontor-
L.

EROGLU, Ersin (0000-0002-8670-2606)
DILTEMIZ, Seyid Fehmi (0000-0002-3952-4456)
KUSHAN, Melih Cemal (0000-0002-9427-6192)
GURGEN, Selim (0000-0002-3096-0366)

GENEL SONUCLAR

Bu caligmada 6nceden regine emdirilmis cam elyafi
dokumadan katmanli olarak imal edilen ugak malze-
meleri benzetimi yapilmistir. Test icin segilen malze-
me ve katman say1 olarak ugak yapilarinda kullanilan
parcalarda yapildigi i¢in gercek ucak parcalarinda
termografik kontroliin yapilabilecegi saptanmustir.
Katmanli olarak imal edilen test malzemelerin 6 katta
kontrol yonteminin kullamlabilirligi tespit edilmis
olup, kalin malzemelerde kalinlik yoniinde ve eksenel
yonlerde ayn1 anda 1s1l dengeye ulasilacak kalinliklar-
da kontroliin yapilamayacag1 degerlendirilmistir. Fark-
11 malzemeler ve test senaryolara gore kontrol edile-
bilecek malzeme katman sayilar1 farklilik gosterecek-
tir.

SONRAKI DONEM CALISMALARI

Test malzemeleri liretimi igin kullanilan malzemelerde
belirlenmis olan hata tiplerinde dahili hasarlar ince-
lenmis olup, harici olarak goézle goriilen bilen hasar
veya malzeme arkasinda olusan yiizeydeki hasarlarin,
katmanli yapilarin katman sonunun tespiti gibi farkl
hata/kusur ve malzeme tespitinde ¢alismalar yapilabi-
lir.
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PURPOSE

In rockets used to fulfil a specific purpose, avionics
systems are exposed to vibration during flight due to
engine thrust and aerodynamic forces and
Accelerometers used to measure acceleration, which is
an important parameter for the rocket, may be
mistaken due to these vibrations and cannot operate
the target mission or rescue systems properly.
Especially, probe rockets using solid fuel engines are
more exposed to these vibrations. Rocket technologies
are developing in our country and in the world, and
rockets are made that can perform certain tasks at
university and high school levels.

Generally, these rockets have low cost avionic
modules  therefore the possibility of faulty
measurements increases. For the solution of this
problem, in recent years, increasing use of spacer
fabrics that can be used for different purposes will be
used. The most important features of this fabric
structure are lightness and low volume coverage, as
well as the ability to adjust the elasticity performance
[1] in the desired way with the sewing method and
yarn material. These criteria are most important
parameters in rocket design. The analysis of a
vibration damper was carried out using spacer fabric
damping model that minimized the rocket design and
protect the avionic systems.

INTRODUCTION

Nowadays, the efforts to make the systems in rocket
used more secure during flight have also increased
with the increasing number of rocket studies. One of
the most crucial systems is security. It is the
elimination of the factors that prevent the rocket from
performing its mission. Security systems are generally
branched out into two as structural and software.
Software security is taking software protective
measures against scenarios encountered during the
flight of rocket. Structural security is the protections
developed for the loads the rocket encounters in this
scenario conditions [2].

Vibration is one of the main problems facing the
rocket avionic system. Avionic systems and payload
electronic systems that require precise measurement
used in rockets are exposed to vibration during flight

due to the thrust generated by the engine and air
friction. This vibration, which occurs especially in
the avionic parts of the rocket, causes damage to the
electronic parts and causes the sensors to be
mistaken, as a result of which the rocket cannot
perform its function. For vibration reduction in
rockets, additional mechanical systems including
spring vibration damper, rubber-supported shock
absorption systems containing anti-vibration material
are designed to prevent vibration. These systems are
not useful because the weight and footprint of these
systems is too much, especially for low-orbit
rockets. The biggest benefit of using textile materials
to solve this problem[3] is that the designed system
does not create a change in the weight and volume of
the rocket that will endanger flight safety.

EXPERIMENTAL

The creation of spacer fabric model structure of
suitable weight and size for the rocket was carried
out by following the research steps as seen Figure 1.
In the first step, the production material, its
properties and knitting methods was evaluated. In
the second step, the Spacer fabric will be installed
for the rocket electronic system. As the third and last
step, the system will be subjected to vibration testing
and its performance under random loads was
examined.

Figure 1. The process of creating the knitted
structure

Material

The application of the material, which has been
frequently used in textile structures in recent years in
terms of elasticity performance and lightness, such
as Spacer fabric, which has negative stiffness



feature[4], is the biggest advantage of the project in
terms of originality.

The spacer fabric structure consists of two parts, the
intermediate layer and the outer layers. Outer layer is
top and bottom layer and they consist of a polyester
yarn structure with high tensile strength and flexural
properties.  Intermediate  layer  consists  of
monofilaments which can rotatable as shown Figure 2.

Figure 2. Spacer Fabric structure

Polyamide-66 was used as a monofilament due to its
high elasticity and friction resistance properties [4].
The fibres to be used may have different diameters,
but within the scope of this study, a monofilament
with a diameter of 0.185 mm was preferred. The
reasons for this choice,

1. The thickness of the fabric to be created is
approximately 5 mm, thus the rocket volume is
provided more effectively. Therefore, the fabric
diameter should be thin to achieve desired
elasticity performance.

2. As the compression amount increases due to the
diameter thinning in the monofilaments, the
compression resistance of the fabric starts to
decrease [5].

Depending on the selected monofilament diameter, the
weight of the product to be manufactured is
approximately 600 g/m? which is extremely light
compared to its equivalent vibration reduction systems
such as spring, rubber, hydraulic, etc.

Method

Needle configuration directly affects the fabric
performance, and the Spacer fabric structure desired
for this study was obtained by using different types of
needle pattern according to the desired performances.
As the number of needle configuration increases, the
production cost and material weight increase, and if
the number of needle alignments is low, the jamming
performance decreases [5]. As in Figure 3, The 8
needle pattern is suitable for the structure desired to be
produced in the study in terms of jamming
performance and production cost.

Figure 3. The structure of 8 needle pattern

Monofilaments are knitted on the bottom and top
layers of polyester using the warp knitting machine
shown in Figure 4. With this machine technology
with double needle bed, it is possible to produce
Spacer fabric structures ranging from 1.5 mm to 60
mm, and the thickness of these structures can be
adjusted according to the desired fabric thickness of
the distance between two needle rails. In this
machine, the needles in the front part form the upper
layer, while the needles in the back part form the
lower layer. The interconnection thread plan
monofilament structure creates a three-dimensional
structure by making a round-trip movement to the
back surface.

Figure 4. COMEZ brand warp knitting machine

The spacer fabric model structure which had 70 mm
in diameter, was produced using by Siemens NX.
The diameter measurement was selected in
accordance with the plate surfaces in order to be able
to be mounted on the rocket avionic system shown in
Figure 5.

Figure 5. Spacer fabric model for rocket avionic
system



Figure 6. The assembled and unassembled situation of
the spacer fabric

Vibration Analysis

Investigation of Spacer fabric vibration characteristics
using finite element method since the spacer fabric has
a very fibrous structure, the stage of making a solution
with finite elements and determining material
behaviour is very difficult. In order to overcome this
difficulty, it is described as a spring with a hardness of
-300N / mm in the structure analysis environment [6].
The damping coefficients of the fibrous structures was
at low levels and modelling with 1 Ns / mm was
carried out considering the yarn model and knitting
method to be used in this study [6]. Since the
compression and stretching properties of the spacer
fabric model was studied in this study, the single
degree of freedom spring model with ANSYS
Mechanical finite element software can represent these
behaviours.

In this section, random displacement input data were
given to base plate and the displacement output data
on avionic plate were collected.

Figure 7. The vibration model realized in FEM
environment

EXPERIMENTAL RESULTS AND
DISCUSSIONS

The system model with one degree of freedom was
subjected to random displacement depending on time.
Since there was no need to examine material stresses
and deformations, the entire system was modelled in a
rigid structure. This displacement input was applied to
the upper and lower plates in Figure 7. The amount of
displacement in the vertical axis was followed on the
main board surface shown in Figure 7. Analysis time
was 0.006 seconds due to computer performance
(CPU) limitations. As seen in appendix Table 1, 60

different values of displacement were applied in this
time period.

Figure 8. Vibration analysis results: a) Displacement
input; b) Displacement Output; ¢) Input and Output
with together

According to the vibration analysis results, it is seen
in Figure 8 that the system modelled in ANSYS
reduced the vibrations.

CONCLUSIONS

In this study, a spacer fabric model was designed to
obtain that decreasing the vibration at the rocket
avionic system using by FEM. According to the
results, based on weight and occupied volume, the
spacer fabric model has a significant impact on the
displacement comparing the other material using for
vibration damping system.

A: The displacement input in Z direction applied to
Base Plate [mm]

B: The displacement output in Z direction collected
from Avionic Plate [mm]



Table 1. The inputs and outputs of the vibration analysis

Time A B Time A B Time A B Time A B
[s] [s] [s] [s]

0 0 0 0,0016 4 2,244 | 0,0031 5 42,405 | 0,0046 9 7,119
0,0001 4 0,57845 0,0017 -6 15,782 | 0,0032 -6 32,645 | 0,0047 9 7,944
0,0002 -9 -0,25243 0,0018 9 20,153 | 0,0033 4 26,825 | 0,0048 8 84,221
0,0003 8 0,15552 0,0019 9 3,817 | 0,0034 3 30,751 | 0,0049 -8 6,502
0,0004 -4 0,53162 0,002 6 48,879 | 0,0035 5 36,766 | 0,005 -10 31,208
0,0005 -6 -0,53959 0,0021 -8 34,919 | 0,0036 7 46,012 | 0,0051 | -10 0,31603
0,0006 7 0,062935 | 0,0022 2 23,065 | 0,0037 3 49,589 | 0,0052 1 -0,20859
0,0007 -7 -0,027821 | 0,0023 -4 15,571 | 0,0038 -7 34,541 | 0,0053 2 0,72169
0,0008 2 -0,19652 0,0024 2 13,135 | 0,0039 4 27,347 | 0,0054 9 25,731
0,0009 -3 -0,19656 0,0025 10 27,694 | 0,004 -4 22,421 | 0,0055 -4 29,608

0,001 3 0,15492 0,0026 6 42,236 | 0,0041 6 25,192 | 0,0056 10 38,343
0,0011 -2 0,31944 0,0027 -1 39,931 | 0,0042 9 40,857 | 0,0057 | -10 3,113
0,0012 1 0,42916 0,0028 -5 25,036 | 0,0043 -2 41,744 | 0,0058 8 3,044
0,0013 -4 0,10333 0,0029 2 18,856 | 0,0044 9 46,033 | 0,0059 9 48,501
0,0014 2 0,17616 0,003 9 30,769 | 0,0045 9 59,946 | 0,006 3 56,815
0,0015 5 12,213

SUGGESTIONS FOR FURTHER WORK

The vibration analysis results of spacer fabric model
will be compared with the real life vibration test
results using the produced spacer fabric which will be
designed for rocket avionic system. On the other
hand, these kind of fabric systems can be also used
for any aviation system which desired for damping
vibration.

LITERATURE

e Periodicals:

1. Li, M., et al., Effect of Structure on the Mechanical
Behaviors of Three-Dimensional Spacer Fabric
Composites. Applied Composite Materials, 2009.
16(1): p. 1-14.

2. Chattopadhyay, R., B. Kumar, and P. Barik,
Rheological model for compression of spacer fabrics.
Fibers and Polymers, 2015. 16: p. 1554-1561.

3. Gokarneshan, N. and V. K, Some Significant
Advances in Spacer Fabric Technology for Newer
Areas of Applications. Journal of Textile Science &
Engineering, 2018. 08.

4. Chen, F., H. Hu, and Y. Liu, Development of weft-
knitted spacer fabrics with negative stiffness effect in

a special range of compression displacement. Textile
Research Journal, 2015. 85: p. 0040517515569521.

5. Liu, Y. and H. Hu, Compression behavior of warp-
knitted spacer fabrics for cushioning applications.
Textile Research Journal, 2012. 82: p. 2012.

6. Chen, C,, et al., Analysis of the damping property
of warp-knitted spacer fabrics under damped free
vibration. Textile Research Journal, 2017. 88: p.
004051751769062.
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AMACLAR

Termofizyolojik konfor ozellikleri iyilestirilmis ve
termal kameralarda tespit imkan1 azaltilmis katmanl
kamuflaj yapisinin gelistirilmesi hedeflenmistir. Bu
amagla iki farkli 1si-nem Dbariyeri ve glimiis
nanopartikiil ve hidrofil aerojel aktarilmis kumaslar ile
olusturulan katmanli kamuflaj yapilarinin etkisi
incelenmigtir.

GIRIS

Termal kameralar, mutlak sifirin {izerinde bir sicakliga
sahip tiim nesnelerin yaydigi kizildtesi radyasyonu
(veya termal radyasyonu) yakalayan pasif sensorler!
ve bu kizildtesi radyasyona gore renk ve sekiller ile
goriintiiniin genel yapisinin olusturuldugu gériintiileme
sistemleridir?>. Kizilotesi radyasyon, 0,7-1,000 pm
dalga boyu spektrumu igindeki goriiniir 151k ve
mikrodalgalar arasinda yer almaktadir ve birkag
spektral bolgeye ayrilabilmektedir. Farkli bilimsel
alanlar icin farkli kizilotesi alt bolim semalar:
olmasimnin yaninda genel bir sema Tablo 1'de
verilmigtir. Ancak, 5 - 8 um araliginda ve 14 pm
iizerinde bulunan biiyiik atmosferik iletim boslugu
nedeniyle termal kameralar bu Dbantta hassas
degildirler'.

Tablo 1. Kizildtesi alt boliimleri!

Alt boliim adi Kisaltma | P?lgaboyu
(um)

Yakin-kizilotesi NIR 0,7-1,4
Klsa:dalgaboyu SWIR 14-3
kizil6tesi
Orta-dalgaboyu MWIR 3-8
kiz1l6tesi
Uzun-dalgaboyu LWIR 8- 15
kiz1l6tesi
Uzak kizil6tesi FIR 15 -1000

SERGIN, Evren (0000-0002-9954-0394)
KARAKAYA, Serhat (0000-0001-6939-5467)
KARAKAYA SECIM, Pelin (0000-0002-6388-
6991)

Termal kameralar sanayinin g¢esitli sektorlerinde
farkli amaglarla kullanilmalarinin yam sira! savunma
sanayinde Ozellikle simir ve liman giivenligi ve
karargahlarin ve askeri bolgelerin korunmasi i¢in
kullanilmaktadir®. Askeri uygulamalar kapsaminda
literatiirde silah atesinin tespiti, yer belirleme
sistemleri, mayin arastirmalari, keskin nisanc1 tespiti
gibi konularda c¢alismalar bulunmaktadir!. Askeri
amacla kullanilan termal kameralar, ortamda
bulunan cisimlerin IR enerjilerini termal veya uzak
infrared olarak bilinen 3-5 pm ve 8-14 pm
dalgaboylarinda goriintiilenmesi ile ¢aligir*. Termal
kamera sensorlerini goriis sistemlerine yerlestirmek
normal gri tonlamali ve RGB kameralarin
aydinlatma sorunlarini  ortadan kaldirmaktadir!.
Arazi kosullarinda, ortamda bulunan asker ile ¢evresi
arasinda sicaklik ve 1s1 enerjileri farki vardir. Bu
fark, elektro optik termal goriintileme gozle fark
edilememesine ragmen yayilan 1s1 enerjisi yoluyla
goriintiilenmesini saglar.

Dokunsal, termal ve psikolojik olmak iizere ii¢ temel
bilesenden olusan konforun bu ¢alismada termal
bileseni incelenmistir. Termal konfor, Amerikan
Isitma Sogutma ve Iklimlendirme Miihendisleri
Dernegi (ASHRAE) 55-66 Standardi tarafindan
"termal ortamdan memnuniyeti ifade eden ruh hali"
olarak tanimlanmistir. Ayni zamanda '"rahat bir
termal ve 1slaklik durumuna ulasilmasi; 1s1 ve nemin
bir kumastan tasinmasimi igerir" seklinde de
tammlanir. Insanlar sicakliktan memnun olmak igin
kiyafet = giymek  veya  ¢ikarmak  zorunda
kalmadiklarinda bu tiir rahatliga ulagirlar. Konforun
bu yonii askeri giysiler i¢in Ozellikle dnemli hale
gelir ve askeri personel gorevleri sirasinda birkag
farkli termal ortama maruz kaldigi i¢in elde edilmesi
¢ok zordur. Fanger, hava sicakligi, ortalama radyan
(1s1ma) sicakligi, bagil hava hizi, ortam havasindaki
su buhar1 basinci, aktivite seviyesi (1s1 iliretimi) ve
giysilerin 1s1l direnci olmak iizere termal konforun
durumunu etkileyen altt degisken tanimlamistir.
Giysilerin termal konfor {iizerindeki etkisi temel
olarak kumasin fiziksel 6zellikleri, viicut ve kumas
(veya kumaglarin  kendileri) arasindaki hava
bosluklar1 ve hava ortamimin O6zellikleri gibi
faktorlere baghdir’.



DENEYSEL

Malzeme

Kumagslar:

Dis katman kumasi (kara ve deniz): Kamuflaj, dokuma
kumas, %65/%35 CO/PES, 220 g/m>.

Ara katman kumasi (kara): Isi-nem bariyeri, elyaf
dolgu, %100 PES.

Ara katman kumasi (deniz): Isi-nem bariyeri, Mikro-
gbzenekli membran lamine edilmis dokusuz yiizey.

Ic katman kumas1 (kara ve deniz): Astar, dokuma
kumas, %100 PES, 58 g/m>.

Etken maddeler: Giimiis nanopartikiil (Elso Kimya),
hidrofil aerojel (Omer Liitfii Ozgiil).

Yontem

Dis katman kumaslariin zemin renginde boyanmasi
¢ektirme yontemine gére HT boyama makinesinde, dis
katman kumaslarina kamuflaj desenlerinin basilmasi
ve i¢ katman kumasina Sekil 1°de verilen desenlere
gore etken maddelerin aktarilmasi rotasyon baski
makinesinde gerceklestirilmistir.

Dig, ara ve i¢ katman kumaslar1 kapitone islemiyle
birlestirilerek kara ve deniz kamuflaj sistemleri
olusturulmug ve Tablo 2’deki gibi kodlanmistir. Kara
ve deniz kamuflaj elbiseleri elde edilmistir.

a b c
Sekil 1. I¢ katman kumasinin modifiye islemlerinde
kullanmilan kiigik (a) orta (b) ve biiyiik (c) 6lgekli
desenler

DENEYSEL SONUCLAR/TARTISMA

Kamuflaj sistemleri, hava gecirgenligi 6zelliklerinin
belirlenmesi amaciyla TS 391 EN ISO 9237
standardina gore, iletim yoluyla 1sil direng ve su
buhar1 direnci 6zelliklerinin belirlenmesi amaciyla TS
ENISO 11092 standardina gore test edilmistir.

Digs katman kumaglari, yas ve kuru siirtme
hasliklarinin belirlenmesi amaciyla TS EN ISO 105-
X12 standardina gore test edilmistir.

Deniz kamuflaj desenli dis katman kumasi, su iticilik
6zelliginin belirlenmesi amaciyla yikama 6ncesinde ve
20 yikama sonrasinda TS EN ISO 4920 standardina
gore test edilmistir. Yikama islemi TS EN ISO 6330
standardina gore yapilmigtir.

1"

Tablo 2. Kamuflaj sistemlerinin kodlanmasi
Kumas
Kodu

BK

Aciklama

I¢ katman1 modifiye edilmemis kara
kamuflaj sistemi

I¢ katmam modifiye edilmemis deniz
kamuflaj sistemi

I¢ katmam %3 giimiis nanopartikiil ve
kiigiik 6lcekli desen kullanilarak
modifiye edilen kara kamuflaj sistemi
I¢ katmam %3 giimiis nanopartikiil ve
orta 6lgekli desen kullanilarak modifiye
edilen kara kamuflaj sistemi

I¢ katmam %3 giimiis nanopartikiil ve
biiyiik 6l¢ekli desen kullanilarak
modifiye edilen kara kamuflaj sistemi
I¢ katmam %3 giimiis nanopartikiil ve
kiiciik 6lcekli desen kullanilarak
modifiye edilen deniz kamuflaj sistemi
I¢ katmam %3 giimiis nanopartikiil ve
orta Olcekli desen kullanilarak modifiye
edilen deniz kamuflaj sistemi

I¢ katmam %3 giimiis nanopartikiil ve
biiyiik 6lgekli desen kullanilarak
modifiye edilen deniz kamuflaj sistemi
I¢ katmam %S5 hidrofil aerojel ve kiigiik
6lgekli desen kullanilarak modifiye
edilen kara kamuflaj sistemi

I¢ katmani1 %35 hidrofil aerojel ve orta
6lgekli desen kullanilarak modifiye
edilen kara kamuflaj sistemi

I¢ katmani %35 hidrofil aerojel ve biiyiik
6leekli desen kullanilarak modifiye
edilen kara kamuflaj sistemi

I¢ katmam %S5 hidrofil aerojel ve kiigiik
6lgekli desen kullanilarak modifiye
edilen deniz kamuflaj sistemi

I¢ katmam %S5 hidrofil aerojel ve orta
6lgekli desen kullanilarak modifiye
edilen deniz kamuflaj sistemi

I¢ katmam %5 hidrofil aerojel ve biiyiik
o6lgekli desen kullanilarak modifiye
edilen deniz kamuflaj sistemi

BD

3AGKK

3AGKO

3AGKB

3AGDK

3AGDO

3AGDB

SHAKK

SHAKO

SHAKB

SHADK

SHADO

SHADB

Tablo 3’te verilen hava gegcirgenligi test sonuglari
incelendiginde, modifiye islemi  yapilmadigi
durumda BK’nin hava gegirgenliginin BD’den 12
kat daha fazla oldugu ve genel olarak elyaf
dolgunun, membran lamine edilmis dokusuz
yiizeylere gore daha fazla hava gecirgenligine sahip
oldugu gorilmektedir. Desen boyutunun hava
gegirgenligi lizerinde dnemli bir etkisinin olmadig,
giimiis ve hidrofil aerojel ile modifiye edilmis
kumaglarin iglemsiz kumasglara kiyasla bir miktar
hava gecirgenligini azalttigi tespit edilmistir.



Kamuflaj sistemlerinde karsilanmasi istenen hava
gecirgenligi degeri yaklasik 20 mm/s’dir. Calismada
gelistirilen kara kuvvetleri yapilart bu degerin
istiindeyken, deniz kuvvetleri yapilar1 bu istemi
karsilayamamistir.  Su  buhart direnci  sonuglari
incelendiginde, elyaf dolgu ve membran lamine
edilmis dokusuz yiizeylerle olusturulmus kamuflaj
sistemlerin, giimiis ve hidrofil aerojel modifiye edilmis
versiyonlarinda anlamli bir degisiklik gézlenmemistir.

Isil direng test sonuglari incelendiginde, modifiye
islemi yapilmadigi durumda BK’nin 1sil direncinin
BD’den %70 daha fazla oldugu goriilmektedir. Genel
olarak kara kamuflaj yapisinin deniz kamuflaj
yapisindan daha yiiksek 1sil direng degerine sahip
oldugu, giimiis ve hidrofil aerojel modifiyeli
sistemlerin arasinda anlamli bir fark olmadigi tespit
edilmistir. Giysi yalitimi test sonuglar1 incelendiginde,
gelistirilen kara kamuflaj yapilar1 21 °C’lik ortam
sicakligindaki termal dengeyi sagladigi (1 clo),
hidrofil aerojel modifiyeli deniz kamuflaj yapilarinin
yazlik giysiler i¢in uygun oldugu (0,6 clo) ve giimiis
modifiyeli deniz kamuflaj yapilarmin ¢iplak viicut ile
yazlik giysiler i¢in uygunluk araliginda (0 — 0,6 clo)
oldugu®’ bulunmustur.

Tablo 3. Kamuflaj sistemlerinin hava gegirgenligi, su
buhar direnci, 1s1l direng ve giysi yalitimi degerleri

Kumas Hava | Su !Suha.rl .1511 Giysi
Kodu Gec. Direnci Diren¢ | Yalitim
(mm/s) | (m?Pa/W) | (m?’K/W) | (clo)
BK 59,44 14,91 0,1523 0,98
BD 6,05 11,50 0,0894 0,58
3AGKK | 51,18 14,16 0,1549 1,00
3AGKO | 50,13 14,29 0,1501 0,96
3AGKB | 49,91 13,20 0,1480 0,95
3AGDK | 5,87 12,77 0,0847 0,55
3AGDO | 5,40 12,21 0,0800 0,52
3AGDB | 522 13,50 0,0723 0,47
S5HAKK | 56,20 14,90 0,1646 1,06
5HAKO | 54,29 14,35 0,1675 1,08
SHAKB | 53,56 13,88 0,1599 1,03
SHADK | 5,46 11,60 0,1100 0,71
5HADO | 5,21 12,01 0,1054 0,68
SHADB | 5,02 11,15 0,098 0,63
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Tablo 4°te siirtme haslig1 test sonuglar1 ve Tablo 5’te
su iticilik test sonuglar1 verilmistir.

Tablo 4. Dis katman kumasglarmin siirtme haslig
degerleri

Kamuflaj Deseni | Kuru Siirtme | Yas Siirtme
Kara 4/5 4
Deniz 4/5 4
Tablo 5. Deniz kamuflaj desenli dis katman

kumaginin su iticilik degerleri

Kumas Su Iticilik Degeri
Yikama 6ncesi 5
20 yikama sonrasi 3

GENEL SONUCLAR

Kara ve deniz kamuflaj elbiseleri, termal kamuflaj
ozelliginin degerlendirilmesi amaciyla termal silah
diirbiini.  (ASELSAN) ve ekran (Fortinge)
kullanilarak Foga Jandarma Komando Okulu ve
Egitim Merkezi Komutanligi’nda test edilmistir.

Sekil 2. Ayakta (sol) ve ¢dmelme (sag) durumunda
sol. jandarma kamuflaji giymis asker ve sag.
jardarma kamuflaj1 iizerine kara kamuflaj elbisesi
giymis asker

Sekil 3. Ayakta (iist) ve ¢omelme (alt) durumunda
sol. jandarma kamuflaji giymis asker ve sag.
jardarma kamuflaj1 {izerine deniz kamuflaj elbisesi
giymis asker

Sekil 2 ve Sekil 3’te verilen termal kamuflaj
sonuglar1 incelendiginde, kamuflaj ve deniz kamuflaj
elbisesi termal kamerada tespit imkanini azaltarak
termal kamuflaj sagladigi gorilmistiir.

SONRAKIi DONEM CALISMALARI

Termal kameralara karsi koruma saglayan ve iyi
termofizyolojik konfor 6zelliklerine sahip kamuflaj
yapilarinin gelistirilmesi amaciyla farkli
konstriiksiyonlarda ve farkli etken maddeler ile



calismalarimiz devam etmektedir. Personel kiyafetinin
yani sira arag ve ekipman gizleme sistemleri igin de
benzer yapilarin  kullanilarak  {irin =~ gelistirme
calismalarimiz devam etmektedir.
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PURPOSE INTRODUCTION
For the paratrooper elite commandos of the T.S.K air In this scope: Technical internal structure details of
force; Cord yarn samples were designed and produced designed cord yarns for Turkish air force paratrooper
by using various core yarn types and keeping the elite commandos were presented in tables.
sheath yarns with constant. In additional, considered Nowadays; each country (Like Turkey) aims to
technical design parameters of cord yarns were chosen produce various defense industry products by using
such as high specific tensile strength, low density its own resources at the maximum rate against both
(Lightness), optimum elasticity, maximum domestic internal and external forces in line with its national
and national raw material resources and economic goals and it is designed and produced within its
(Performance/cost). They were subjected some basic possibilities, and if successful, it is included in the
mechanical tests. inventory.
First stage (Raw materials): there had some yarns of Technical design criterias with MIL - 5040 standards
braiding structures. They were divided into two as due to yarn type, yarn structure, center yarn number,
core (Center) and sheath yarns for braiding braid yarn number, braiding construction, braiding
manufacturing process. The core (Center) yarns were; diameter (mm), breaking force (kg - 1bs), weight
HT PET, LCP PES (TLCP), UHMWPE and Para (g/m) as ©* Paracord “’ as *” Military “’ class
aramid  structured  high  quality  (Technical) protection levels were specified.
performance yarns were used. As the sheath yarns
were; HT PET conventional yarns were used in Table 1. MIL - 5040 (Paracord) military grade
braiding manufacturing process. protection level standards
Second stage (Production): As the production method,
they are in the form of 3-D cylinder geometry in Prot | Typ | Yar | Nu | Nu | Braidi | Brai | Wei | Bre
braiding (Tres - braided) structures, 45° angle (For ec:o ;:rf st ‘:‘ﬂ: ng Con s 'Ii?ag (ggh ; al;m
maximum axial and radial strength values), with core Leve | n | ctur | core | brai | ructio | met | m) | For
(Center). yarns (x1) feeding (x16) (Fs = to benefit frgm ! ¢ ;f; y:r " (e;l (li;_
the friction force) were produced. Braiding ) n m) Ibs)
construction was made of main braiding construction yar
as " Kernmante " structure and also braid part was PC | %1 | SL 1 16 Kem | 19 | 142 | 45
made in diamond (1x1) - (Plain weave) construction. 100 | 00 mante 100
Third stage (Quality control tests): As various T_ylfe P;A
mechanical tests; thickness, weight and tensile H.Q
strength tests were carried out. g
PC |HQ | DL | 5 16 | Kem | 24 | Unk | 125-
275 .C. mante now 275
Y+ n
PA
PC |HQ | DL | +5 | 16 | Kem | 3 | Unk | 147.
325 .C. mante now | 7-
Y+ no | 325
PA
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P.C T.0 D.L 3 16 Kern 3 Unk 192-
425 mante now 425
Type n
-2
P.C TY D.L 7 32 Kern 4 Unk | 247-
550 mante now 550
Type n
-3
P.C H.Q D.L 4 32 Kern 43 Unk | 295-
650 .C. mante now 650
Y+ n
PA
P.C TY Unk Unk Unk Kern Unk Unk Unk
750 now now now mante now now now
Type n n n n n n
4
P.C TY | Unk | Unk | Unk Kern 6 25 566
1250 now now now mante -
Type n n n 125
5 7.7
pP.C H.Q | Unk | Unk 32 Kern 6 Unk | Unk
Max .C. now now mante now now
Y + n n n n
P+
PP)
*P.C = Paracord, H.Q.C.Y = High quality

conventional yarns, T.Y = Technical yarns, S.L =
Single layer, D.L = Double layer

(https://www.paracord.eu/paracord/paracord-550
Latest Access date: 03 January 2021)'.

In Kasyanov‘s research’; Which yarns are used as
textile raw materials of cord yarns in parachute
systems, their usage areas, their contribution to
technical features as cord yarn in parachute systems
and their fatigue behavior have been mentioned.
According to these; they have been stated that the
packaging times last between 6 and 12 months. They
have been reported that the fatigue behavior of cord
yarns in parachute systems made for military purposes
is especially important and they get tired faster
because they have to withstand hundreds of repeated
jumps. In addition, they were mentioned that the cord
yarns in the produced parachute systems should be
resistant to how many jumps. He has also emphasized
that for example; a cord yarn based on UHMWPE that
it can withstand 200 jumps in a desert environment,
which is considered to be heavy abrasion conditions, it
can withstand 800-1200 jumps in a grassy
environment because the environment is very effective
on fatigue behavior. Morover: moderate abrasion
conditions accepted. They have been emphasized that
they can resist to conventional PES (HT PET) 800
jumps, UHMWPE 600 jumps, and LCP PES 400
jumps. As raw materials have been used in the form of
yarns which have multifilament structures, Especially
high modulus; He has stated that they have been used
UHMWPE, conventional HT PET, LCP PES and Para
aramid structured yarns.
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In Grishanov‘s research’; Polyester (PES), It was
stated that it was a main member in the synthetic
polymer group because it was synthesized from non-
natural polymers. Although the PES polymer group
has many types, it was reported that it basically
contained COO-ester functional groups and was
produced by polycondensation reaction. It was
emphasized that the most common type as PES was
PET. It was stated that ethylene diglycol and
terephthalic acid were produced by polycondensation
under 290 °C and 400 kPa pressure conditions. He
also stated that PET was a thermoplastic polymer
and as a result it can be remelted, reshaped and
recycled. As a result of these; continuous
polymerization, polymers were produced in the form
of granules (Powders) and they were desired to
reduce the moisture content by drying at 170 C and
thus prevent possible hydrolysis, afterwards the
granules were melted in extruders at 265 <C-290 C
intervals and ejected from nozzles with pressure,
they were solidified by cooling in the air
environment in the cooling zone and pulled at a
speed of 4000 m/min with a T, temperature above 69
°C to improve the orientation and mechanical
properties of PET and wrapping into empty bobbins
were reported. It was emphasized that PET consisted
of amorphous and crystalline regions. Tensile
(Breaking) strength values were varied depending on
the production process parameters. Tensile
(Breaking) strength was 85 cN/tex and 7 %
elongation at break for high tensile strength and low
percent elongation values. Unlike tensile (Breaking)
strength was 26 cN/tex and 40 % elongation at break
for low tensile (breaking) strength and high percent
elongation. It was reported that it can be produced in
batch type for blending with cotton and can be
produced in yarn counts of 0.13-0.33 tex and lengths
of 38 - 60 mm. Moreover: in wool blends; it was
also reported that it can be produced in 0.33-0.67 tex
yarn count and 80-100 mm. It also had a tendency to
pilling due to its low moisture content, electricity
storage ability. It was more resistant to acids than
bases and organic solvents but the strength was
negatively affected at high concentrations. They
were reported that its amorphous regions have very
high crystalline and dense structures due to the
presence of benzene rings that they provided rigidity,
and they were dyed with azo and vat based on dyes
with low molecular weight up to 140 ~C at high
pressures.



In Chen‘s research*; It was stated that the efforts to
understand the relationship between its processing,
mechanical properties and structures industrial scale
PET yarns were revealed as a result of studies carried
out over the last 40 years. Industrial scale usage areas
of PET yarns were; automotive safety, engineering
reinforcement material, geotextile and geogrid
materials, rope material in the marine industry,
conveyor belts and rubber materials. Also these
various usage areas varied on tensile (Breaking)
strength, elasticity modulus, percent rupture
elongation and creep (Permanent elongation) values.
They were reported as difference. It was emphasized
that the orientation and crystallinity of the amorphous
and crystalline regions had a serious effect on various
parameters in the tensile strength test according to
various its usage areas. It was also reported that HT
PET had 0.8 times less amorphous orientation than
conventional PET. In addition, it was reported that HT
PET had higher tensile strength values. Moreover, its
orientation of amorphous and crystal regions increased
tensile strength and especially crystal orientation
increasing elasticity modulus. The mechanical
properties of HT PET yarn had 1100 dtex as yarn
count, 320 filament as filament number was reported
that it was 8.23 cN/dtex, elasticity modulus 92.48
cN/dtex, maximum breaking elongation 10.7 %, creep
(Permanent elongation) 6.75 %.

In Zeng's research’; LCP PES (TLCP), Thermotropic
liquid crystalline polymers were mentioned. They
were reported that scientific researchs were increased
in recent years due to its excellent mechanical
properties, good dimensional stability and very good
chemical resistance. It was emphasized that
hydroxybenzoic acid (HBA) and 6-hydroxy-2-
naphthoic acid (HNA) were synthesized by dissolving
in 73/27 molar ratio with transesterification reaction
by the Kuraray and Celanese companies. It was also
been stated that it can be spun with high tensile
breaking strength and high modulus. It was also
emphasized that it had very high moisture, chemical
and abrasion resistance.

In Patil‘s research®, UHMWPE, it was emphasized
like these; extremely highly oriented polymer chains
with an orthorhombic crystal lattice crystal lamella
structure and very long. Therefore it had (3.5-6)x10°
g/mol molecular weight consisting of ethylene
monomer with a very high level of cross-linked
((Crystallinity) + 90%). It had also a high performance
polymer that it which had thermoplastic, aliphatic
structure, straight chain linear, semi-crystalline
structure and melting at 130°C - 136 °C. It was
reported that it can be produced by drawing at very
high exposure rates with the gel extrusion method. It
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was indicated to be a high performance polymer type
due to its high biocompatibility, chemically inert,
low coefficient of friction and a tensile strength
value of 43.2 MPa.

In Jassal‘’s research’; Para aramid, they were
reported on technical detailed informations with
chemical structures, production methods, various
technical features and usage areas of aramid yarns.
They were stated that the aramid structures had long
chain synthetic polymer structures and that they were
attached to benzene with two aromatic rings by
amide bonds at least 85 %. They were reported that
they were consisted of lyotropic liquid crystalline
structures and aramid yarns were getting serious
importance. They were also discovered by Kwolek.
They were produced with dry jet wet spinning
process and the importance of the prepared para
aramid dope solutions due to their concentration, the
type of solvent, the applied temperature and the air
gap distance required for orientation were also
emphasized. They were mentioned that they had 1
cm air gap. They were stated that they weren’t
affected by organic and inorganic solvents. They had
high dimensional stability and begin to degrade
above 500 °C. They were reported that the tensile
strength was 1.5 - 5 GPa, the modulus of elasticity
was 200 - 500 GPa and the percentage (%)
elongation at break was 1.5 — 4 technical datas on
mechanical properties of para aramids.

In Kamiya‘s research®; Braiding textile structures
and composites were reported that they have to be
highly depending on the design of the composite
structural components and the loading conditions in
the end-use area as basic technical parameters in
textile structural composite materials. They were
emphasized that their had continuous mono or multi
filament yarns, matrix properties, volume ratio in all
and specific directions, preform structure, yarn
orientation and shape.

In Bilisik‘s research’; Usage areas of textile
structural composites were mentioned. Classification
of 2D and 3D structured braiding structures were
explained in technical details and formation
mechanisms and advantages and disadvantages
compared to each other. He emphasized that they
had in 3D structured braiding textile structures. The
braid yarns were formed by passing through each
other and forming a 45° angle with the axial yarn fed
from the core (Center). They were stated that the
minimum compression caused the width of the unit
cell structure to decrease. Conversely, the maximum
compression caused the width of the unit cell
structure to increase. It was reported that the



decrease in the width of the unit cell structure was the
highest at 1x1 compared to 2x1, 3x1 and 4x1. It was
also emphasized that minimum compression increased
the density. Conversely, maximum compression
decreased the density.

In Macander ‘s research'’; It was reported that
braiding construction had a significant effect on the
tensile (Breaking) strength. It was reported that change
of the braiding construction from 1x1 to 1x3 decreased
the braiding orientation angle and as a result of these
tensile strength in the axial direction increased. It was
reported that the size of the filament bundle increased
with its increasing. It was stated that the tensile
strength and elasticity modulus of braiding composites
were higher than 0/90° laminated woven fabric
reinforced composite material structures but the
poisson's ratio was higher and this was a disadvantage.

EXPERIMENTAL
Material

HT PET, LCP PES (TLCP), UHMWPE and Para
aramid high performance (Technical) yarns were used
as core (Center) yarn.

HT PET conventional yarn was used as cover (Sheath)
yarn.

Figure 1. Optical microscope image of Kernmante
braiding construction (x35)

This scope of work; the technical design criterias of
designed cord yarn materials for the paratrooper elite
commandos of the Turkish Air Force were as follows;

High specific tensile strength values, high modulus of
elasticity, establishing a general association between
tensile and fatigue strengths (o tensile / 2 = o fatigue
acceptance - (for brittle materials)), high UV
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resistance, high abrasion resistance, high shear
(shear) resistance, capacity to withstand sudden

shocks and number of repeatability, lack or
minimum  water absorption, high chemical
resistance, the absence or minimum level of

permanent elongation (Creep) values, maximum
number of cord yarn, maximum number of layers (F;
= to increase the friction force),

multifilament which had maximum number of
filaments (For high fatigue strength), low density
(Lightness) - (For easy portability), a certain amount
of elasticity, maximum use of domestic and national
raw materials, manufacturability feature in metallic
materials in braiding (Tres - braided) machines like
these based on technical parameters were designed.

Method

Samples; they were produced by using high
performance yarns (Technical yarns) which had an
average yarn count of 1670 dtex and high filament
number in multifilament.

As the production method, the braiding (Tres -
braided) production method was used for the
production in tube form.

Core yarn types, yarn counts (dtex), 3-D cylinder
geometry, single layer structure, 16 braid yarn, core
(Center) yarn, 45° braid angle, kernmante of
braiding main construction for using braiding

structures. Braid construction; diamond (1x1)
braiding (Tres - braided) constructions were
produced.

Afterwards, it was subjected to various mechanical
tests in the Physical Quality Control Laboratory of at
T.C B.U.U. Thickness (TS 7128 EN ISO 5084),
weight (TSE 251, EN ISO 3801) and tensile
(Breaking) strength (ASTM D638-14, ISO 527-2)
tests were applied.

In additional: produced braiding cord yarns;
according to MIL 5040 standards were categorized
according to maximum breaking force (N), thickness
(mm), weight (g/m), yarn type, yarn structure,
number of braids and braiding construction.



EXPERIMENTAL RESULTS AND
DISCUSSIONS

Technical design criterias of cord yarns, according to
MIL - 5040 standards; due to their yarn types, yarn
structures, center and braid yarn numbers, braiding
constructions, braiding diameters (mm), breaking
forces (N/kg-1bs), weights (g/m) as ** Paracord ** as ©’
Military * class protection levels were specified.

e TURSUCULAR, Omer Firat. PhD.
Candidate. (0000-0003-1162-0742)

e TEMESGEN, Alhayat Getu. PhD. Candidate.
(0000-0001-7841-2281)

e ULCAY, Yusuf. Prof. Dr. (0000-0001-6685-
8278)

e TURSUCULAR, Elif Dicle. MSc Student.
(0000-0001-9339-2688)

Table 2. Technical information of cord yarn samples

Samp Type of Type of Structu Numb Yar Twist

le yarn in yarn re of er of n number

codes braidin yarn Braid coun of yarn

g t (Round/
textile (dte m)

structu X)
re

la Core Para Single 16 830 No Twist
Aramid layer -0

2a Core Para Single 16 1670 | No Twist
Aramid layer -0

3a Core Para Single 16 445 No Twist
Aramid layer -0

4a Core Para Single 16 1580 | No Twist
Aramid layer -0

5a Core Meta + Single 16 1670 | No Twist
Para layer -0

Aramid

6a Core UHMW Single 16 445 No Twist
PE layer -0

7a Core UHMW Single 16 890 No Twist
PE layer -0

8a Core HT PET Single 16 1670 | No Twist
layer -0

9a Core LCP Single 16 1670 No Twist
PES layer -0

(TLCP)

a Sheath HT PET Single 16 1670 | No Twist

layer -0

Table 3. Technical information of various mechanical
and nato test results of cord yarn samples

Samples Maximum Percent Breaking | Thickness | Weight
breaking force elongation time (mm) (g/m)
(N/kg-1b) at break (sec)
(%)
1_AM 702.055/71.565- 18.47 44.35 1.342 3.641
157.772
2_AM 689.599/70.333- 15.66 37.57 1.319 3.851
155.056
3_AM 601.968/61.362- 16.27 32.63 1.335 3.588
135.279
4_AM 606.989/61.874- 13.35 32.05 1.351 3.580
136.407
5_AM 578.615/58.982- 12.19 29.25 1.327 3.428
130.031
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According to the results of various mechanical tests
of produced cord yarns samples; they were observed
that all of the samples produced in 9 different
variations comply with the MIL 5040 standard was
suitable for Paracord 100 type - 1, except for the
weight values. (Applies to moderate wear
conditions). Due to their low diameter values up to
the required limit (1.9 mm), they can be thought that
mechanical results can be obtained in much better
categories by feeding technical textile yarns with
thick yarn counts (dtex) which have multifilament
structures and twisted.

They were concluded that types of conventional yarn
(HT PET yarns) which were the raw materials as
used in sheath yarns could also be produced products
for acceptable in the high value-added protective
technical textile category in terms of domestic and
national production machines, their costs were very
low and they were utilized at the maximum rate.

In additional, to get results over mechanical
properties of paracord 100 types - 1, they could be
obtained by using raw materials sourced from
technical yarns mostly produced by foreigners today.
As a result of study; they were also important to
emphasize that the need to establish the
infrastructure for the domestic and national
producibility of higher quality technical yarns as raw
materials.

SUGGESTIONS FOR FURTHER WORK

In order to increase the mechanical performance
values in the future studies about this subject; the
number of core (Central) yarns should be increased,
the (Center) yarn type should be chosen from the
technical yarns, the braiding construction should be
diversified, the domestic and national
manufacturability infrastructure of technical yarns
should be prepared as soon as possible and R&D
studies should be carried out, they can be combined
with certain amounts of twist and angle, for cord
yarns; technical information about creep (permanent
elongation) and fatigue behaviors should be acquired

6_AM 550.371/56.103- 11.44 27.45 1.229 3.421
123.685
7_AM 516.621/52.662- 11.21 26.90 1.274 3.243
116.099
8_AM 453.488/46.227- 9.36 22.47 1.241 3.680
101.912
9_AM 461.065/46.999- 9.99 23.98 1.298 3.600
103.614
MIL 5040 441.45/45-100 Unknown Unknown 1.900 1.420
Standard
Type -
Paracord
100 Type -
1
CONCLUSIONS




through tests in accordance with world standards, and
according to the result of this, it should be learned and
compared theoretically (Predictive) and experimental
with the approach theorems that it can resist to how
many jumps, sheath yarns should be able to be covered
with thin film layer coating materials that they can
withstand high pressures and cold, for HT PET sheath
yarns, higher mechanical results and creep (Permanent
elongation) values should be obtained as a result of
coating based on PVC or acrylic chemicals, various
chemical solutions that they can increase the F;
friction force between layers should be impregnated in
padding, washed, dried and fixed flow processing (Pad
— batch process), coated with carbon black in order to
increase the abrasion, shear (Shear) strength and not to
be damaged in contact with the soldier's hand, and the
abrasion and shear shear strength should be increased,
in order to increase the UV resistance, various
mechanical performance values should be increased by
coating based on aliphatic polyurethane or acrylic
chemicals.
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Savunma Araclarimdaki Di1s Trim Malzemelerinin

Parlakhik (Gloss) Ozellikleri
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AMACLAR

Bu ¢alismanin amaci, savunma ve otomotiv araglarinda
yaygin olarak kullanilan PMMA, ABS ve ASA
polimerlerine standartlara uygun dogal yaslandirma ve
Ksenon ark ve UV-floresan olmak iizere iki farkli
hizlandirilmis  yaslandirma uygulayarak, bunlarin
parlaklik (gloss) ozellikleri {izerindeki etkilerini
karsilagtirmali olarak analiz etmektir. Ayrica bu
malzemelerin  kullanim  ozelliklerini  koruyarak
kullanilabilecegi kullanim omriinii 6ngérebilmek i¢in
hizlandirilmis  yaslandirma ile dogal yaslandirma
arasindaki iliskiyi ortaya koymaktir.

GiRiS

Savunma araglarinin dikiz ayna gdvdesi, on far ve arka
far lensleri plastik malzemelerden iiretilmektedir. Arka
far lenslerinin iiretiminde islemesi kolay ve maliyeti
diigiikk, dis ortam sartlarina dayanikli, yiiksek
transparanlik  6zelligine sahip polimetilmetakrilat
(PMMA)!-, 6n far lenslerinde ise yiiksek sicaklik ve
darbe dayammina sahip polikarbonat (PC)*¢
kullamlmaktadir” 8,

Dikiz ayna govdeleri ise yiiksek darbe dayanimi ve
hava sartlarina kars1 direng Ozelliklerinden dolay1
ABS®, SAN'® "' gibi polimerik malzemelerden
iiretilebilmektedir'>'*. Agir dis ortam kosullarinda
kullanilirken zamanla bu malzemeler deformasyona
ugramaktadir. Fiziksel ve kimyasal bozunmalar sonucu
malzemelerde mukavemet kaybi, goriiniim
farklilagmasi1 vb. gibi etkiler goriilmektedir. Parlaklik
ozelliginin degismesi bu etkilerden biridir. Ozellikle far
lenslerinde, parlaklik 6zelligi gecirgenlik ozelligi ile
dogrudan baglantil oldugundan kritik bir faktordiir!>1°.
Dis trim malzemelerinde parlaklik degeri 6l¢timleri EN
ISO 2813 standart test metoduna gore yapilmaktadir 2%
22, Bu konuda yapilmis birgok ¢alisma bulunmaktadir.
Shi ve arkadaslar1 Cin’in farkli iklim bolgelerinde
polistrene dogal yaslandirma ¢alismasi gergeklestirmis
ve parlaklik kayb1 analizi gerceklestirmistir. Sicak ve
nemli iklimin hakim oldugu boélgede 3,5 ayda %50
parlaklik kayb1 gozlenirken Akdeniz iklimi ve iliman
iklimin hakim oldugu boélgelerde sirasiyla 6 ve 7 ayda
%350 kayip gosterdigi sonucuna varilmistir?.

Luxgrant ve arkadaslar1 ise renklendirilmis graniilden
dretilmis  akrilik, ASA, poliester ve poliamid
polimerlerine Ksenon ark lambasi ile toplam 2500 kJ’

lik hizlandirllmis  yaslandirma  uygulamistir.
Parlaklik kaybi glossmetre ile 60° geometrisi ile
Olciilmiistlir. Diizenli yikama ve parlatma etkisi
incelenmis olup yiizeydeki bozunmalar sonucu olugan
ptriizliliikler yikama ile azalmig ve parlaklik kaybini
azaltmis oldugu sonucuna varilmustir. Ayrica akrilik
ve ASA polimerlerinin poliester ve naylon esash
polimerlere gore yilizey kalitelerini daha uzun siire
koruyarak yiiksek oranda parlaklik gosterdigi
belirtilmistir®. Ayrica dogal ve yapay yaslandirma
metotlar1 karsilastirilabilmektedir. Olga ve
arkadaslar1 UV stabilizator igeren ABS, ASA ve PC
polimerlerinin dis ortama ve Ksenon-Ark lamba
altindaki yaslandirma etkilerini parlaklik 6zelliklerini
inceleyerek karsilagtirmistir. 60° geometri ile yapilan
Ol¢iim sonuglarina gore yapay yaslandirma sonrasi
parlaklik kaybinin, dogal yaslandirmaya gore daha
yiiksek oldugu belirtilmistir. Dogal ortamdaki riizgar
ve yagmur gibi agindirict etkilerin, yapay
yaslandirmada tam olarak simiile edilemedigi ortaya
cikmistir®.  Yapay yaslandirma sartlarinin  dogal
yaglandirma sartlar1 ile uyumlu olabilmesi igin
yaslandirma parametreleri kontrol edilmelidir. Ayrica
malzemenin kullanilacagi ortam sartlarina uygun
sekilde ayarlanmalidir. Pickett ve arkadaslar1 PC,
PBT ve SAN polimerlerinin yapay yaslandirma
sartlarnin parlaklik {izerine etkilerini incelemistir.
Sicaklik arttikga foto-bozunma reaksiyonlarinin
hizlar1 da artmakta oldugundan yapay yaslandirma
sicaklifl, malzemenin kullanilacagi sicakliga gore
secilmesi gerektigi belirtilmistir. Yiiksek bagil nem
iceren ortamda SAN numunesi daha yavas parlaklik
kaybina ugrar iken PBT daha hizli parlaklik kaybina
ugradigi sonucuna varilmigtir?s.

Bu ¢alismada ise PMMA, ABS ve ASA polimerlerine
dis ortam, UV-floresan ve Ksenon ark lamba ile
olmak t{izere 3 farkli metot ile yaslandirma
uygulanmig ve sonrasinda parlaklik 6zellikleri
incelenmistir. Dogal ve hizlandirilmig yaslandirmanin
parlak ve mat yiizeylerdeki etkileri ve farkli polimerik
yapilar tizerindeki etkileri karsilagtirilmigtir.

« YILDIRIM, Fatma Filiz (0000-0002-4650-0428)
« SEZER HICYILMAZ, Ayse (0000-0001-7663-5633)
« YILDIRIM, Kenan (0000-0002-1640-6035)



DENEYSEL

Malzeme

Calismada, ylizeyleri PMMA, ABS ve ASA kapli olan
4 cm x 10 cm boyutlarinda plaka halindeki plastik
malzemeler kullanilmustir.

Yontem
Secilen 3 farkli metoda gore yaslandirma deneylerine
ISO 2813%

maruz birakilan numunelerde EN

standardina gére Rhopoint IQ glossmetre ile 20°, 60° ve
85° geometrilerinde parlaklik Olciimleri
gerceklestirilmistir.

Bu metoda gore, bir glossmetre kullanilarak 20°, 60°
veya 85° geometri ile dl¢lim gerceklestirilebilmektedir.
Olgiim igin kullamlacak geometrinin belirlenmesi, 60°
geometrisi ile yapilan dl¢lim sonucuna gore belirlenir.
60° geometrili yontem, tim kaplamalar igin
kullanilabilir. Cok parlak veya mat yiizeyler igin 20°
veya 85° geometri daha uygun olabilir. 60° geometri ile
Olgiim yapildiginda, elde edilen parlaklik degeri
yaklagik 70 GU'dan (parlaklik birimi) daha yiiksek
olmasi halinde yiizey ¢ok parlak olarak kabul edilir ve
bu nedenle 20° geometri yonteminin daha uygun
olacagi belirtilmigtir. 60° geometri ile dlglim
yapildiginda 10 GU'dan daha diisiik parlaklik degerleri
veren ylizeyler mat yiizey kabul edildiginden 85°
geometri yonteminin uygulamasinin daha uygun
olacagi belirtilmistir. Dig ortam kosullarina maruz
kalan yiizeylerde 6ncesi ve sonrasi karsilastirmalar i¢in
60° geometrisi 6l¢iim yapilmasi temel bir kural olarak
uygulanmaktadir.

Farkli parlaklik degerine sahip yiizeylerdeki &l¢iim
geometrilerine bagl farklarin ortaya konmasi amaciyla
her li¢ geometriye gore 6lglim yapilmugtir.

Yagslandirma deneylerinin ilki, numunelerin dis (dogal)
ortamda 1 yi1l siireyle dogrudan hava kosullarina maruz
birakilmas1 seklinde gergeklestirilmistir. Bu deney
Tiirkiye’de ilk kez gergeklestirilmistir.

Dig ortam yaglandirmasi Bursa ili hava kosullarinda, 11
Kasim 2019 ile 11 Kasim 2020 tarihleri arasinda
yapilmigtir. Dogal yaslandirma diizenegi EN ISO 877-
1:  2010% 6.1.c maddesindeki gereklilikleri
karsilayacak sekilde TUBITAK BUTAL’in catisina
yerlestirilmistir. Toplam  1gima  verilerinin
toplanmasinda Delta Ohm HD31 Multifonksiyonel
kayit cihazi ve toplam 1gtmanin 6lglimil i¢in bu cihaza
bagh Pyranometre Solar Radyasyon Ol¢iim Probu
kullanilmistir. Numunelerin maruz kaldigi toplan 1g1ma
degerleri Tablo 1’°de verilmistir.

Yaklasik 60’sar giinliik siirede numuneler, yaglandirma
diizeneginden alinmig ve sadece distile su ile yiizeyleri
temizlenmis, nazik¢e kurutulduktan sonra 23+2°C
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sicaklik ve %5045 bagil nem ortaminda en az bir giin
siireyle kondiisyonlandiktan sonra parlaklik dlgiimleri
yapilmuistir.

Tablo 1. D1s ortamda yaglandirma kosullari

Siire (giin) Toplam Isima (W/m?)
63 107.681,1
121 294.930,2
182 681.792,6
246 1.181.509,4
305 1.716.304,2
365 1.995.443 .4

Diger yaglandirma deneyleri, laboratuvarda cihazla
yapilan hizlandirilmig yaslandirma deneyleridir.

Caligilan hizlandirilmis yaslandirma metotlarindan
ilki, EN ISO 4892-2: 2013 Plastikler-Laboratuvar 15in
kaynaklarina maruz birakma metotlari-Bolim 2:
Ksenon ark lambasi (Tablo 4, Metot A, Cevrim no: 4)
metodudur?.

Metot A-Giinisig1 filtreleri kullanilarak
gergeklestirilen hizlandirilmis yaslandirma kosullar
ise sOyledir; numuneler 300-400 nm genis bant
araliginda 102 dakika kuru ve 18 dakika on yiizey
spreyleme seklinde yas olarak 2 fazda da saatte 60
W/m?lik siirekli 1g1maya maruz birakilmistir. Kuru
fazda BPT sicaklif1 63+3°C, kabin sicaklig1 38+3°C
ve bagil nem %50+10dir.

Deney cihazi olarak Atlas marka Ci4000 model
Weather-o-meter cihazi kullanilmistir. 330 saatlik
periyotlarla ara numuneler elde edilmis ve nununeler
toplamda 1980 saat deneye tabi tutulmustur.
Numunelerin saat bazinda deneye tabi tutulduklari
siireler (saat) ve numunelerin 300-400 nm’de maruz
kaldig1 1s1ma miktar1 (W/m?) sirasiyla soyledir; 330 -
19.800; 660 — 39.600; 990 — 59.400; 1320 — 79.200;
1650 — 99.000 ve 1980 — 118.800.

Calisilan hizli yaglandirma metotlarindan ikincisi ise,
EN ISO 4892-3: 2016 Plastikler-Laboratuvar 1sin
kaynaklarina maruz birakma metotlar1-Bolim 3:
Floresan UV lambalari (Tablo 4, Metot A, Cevrim no:
4) metodudur?®.

Metot A - UVA-340 lambalar kullanilarak
gerceklestirilen hizlandirilmis yaslandirma kosullar
ise sOyledir; numuneler kuru fazda 340 nm’de BPT
sicakligi 70°C olacak sekilde 5 saat siireyle saatte
0,83 W/m*’lik 1s1maya maruz brrakilmigtir. Yas faz
olarak UV lambalarin kapali oldugu ve BPT
sicakliginin ~ 6lgiilmedigi 1 saatlik 6n yiizeye
spreyleme yapilmugtir.

Deney cihaz1 olarak Atlas marka UV Tester cihazi
kullanilmigtir. 252 saatlik periyotlarla ara numuneler



elde edilmis ve numuneler toplamda 1512 saat deneye
tabi tutulmugtur. Numunelerin saat bazinda deneye tabi
tutulduklar siireler ve numunelerin 340 nm’de maruz
kaldig1 1s1ma miktar1 (W/m?) sirastyla soyledir; 252 —
174,3; 504 — 348,6; 756 — 522,9; 1008 — 697,2; 1260 —
871,5 ve 1512 — 1045,8.

DENEYSEL SONUCLAR/TARTISMA

Dogal ortamda ve laboratuvarda cihazlarda yapilan
hizli  yaglandirmalar  sonrasinda elde  edilen
numunelerde glossmetre cihazi ile 20°, 60° ve 85°
geometride yapilan Olgiimler grafiklerde verilmistir
(Sekil 1-9).

Dis ortamda dogal yaslandirmaya maruz kalan ve genel
olarak parlaklig1 yiiksek olan plastik malzemelerin
(Sekil 1 ve 2) 60° geometrideki parlaklik degerleri
Olgiimlerinin  20° ve 85° geometrideki Olgiimlerin
arasinda kaldigi goriilmiistiir. En diigiik parlaklik degeri
(gloss unit) 20° geometride, en yiiksek ise 85°
geometrideki Gl¢iimlerde elde edilmistir. Bu sonuglar
farkl1 dl¢im geometrilerindeki verilerin birbirleri ile
kiyaslanamayacagini gostermektedir. Daha mat olan
yiizeylerde ise (Sekil 3) standardinda da 6ngordiigii gibi
daha biiyllk acida oOlgiimlerin yapilmas1 parlaklik
degisimindeki anlamliligi kuvvetlendirmektedir. 20°
geometrideki 6lgiimlerde anlamli bir degisim goriilmez
iken, 60° ve oOzellikle 85° geometrideki Olgiimlerde
yaslandirmanin  etkisi daha net bir gekilde
gbzlemlenebilmistir.

PMMA malzemesi parlak bir ylizeye sahip olup dis
ortam yaslandirma deneyinde 60° ve 85°
geometrilerindeki  6lgtimlerde 300. giine kadar
yaslandirmanin etkisi goriilmez iken 20° geometrideki
ol¢timlerde ilk 60 giinliik yaslandirma sonrasi parlaklik
degerinin diistiigii, 180. glinden sonra kismi bir artig
oldugu ancak 300. giinden sonra ise hizli bir diisiise
gectigi gorilmistir. Bu hizli disis 60° ve 85°
geometrilerindeki Olclimlerde de fark edilir diizeyde
olmustur (Sekil 1).

Weather-o-meter test cihazinda yaslandirma sonrasi
60° ve 85° geometrilerindeki 6lgiimlerde 990. Saatten
sonra yaglandirmanin etkisi goériillmez iken, 20°
geometrideki 6l¢limlerde bu etki parlaklik degerinin
diismesi seklinde 1320 saate kadar goriilmiistiir. 1320.
saatten sonra her ii¢ 6l¢iim geometrisinde de parlaklik
diistisii goriilmemistir. Bu ise, bu saatten sonra PMMA
yiizeyinde  parlaklik  degisimine  yonelik  bir
yaslandirmanin gergeklesmedigini gostermektedir. ilk
330. Saate kadar 60° ve 20° geometrilerindeki
Olgiimlerde parlaklikta bir degisim tespit edilmez iken,
85° geometrisinde 330 saate kadar diisme sonra artma
seklinde bir degisim gézlemlenmistir (Sekil 4).
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UV test cihazinda yaslandirma sonrasi 60° ve 85°
geometrilerindeki Olgiimlerde 250. saate kadar
yaslandirmanin  etkisi  goriilmez  iken, 20°
geometrideki ol¢limlerde bu etki parlaklik degerinin
kismi olarak diismesi seklinde goriilmiistiir. 250.
saatten sonra her ii¢ 6l¢lim geometrisinde de parlaklik
diisisii goriilmesine karsin degisim en bariz 20°
geometrideki dl¢limlerde goriilmistiir (Sekil 7). Bu
veriler PMMA ’nin parlaklik degisiminin 60° ve 20°
geometrilerinde  Olgiilmesi  gerektigini, hassas
degisimlerin ise 20° geometrisinde goriilecegini
gostermistir.

PMMA numuneler i¢in, 20° geometrisindeki 6lgiim
sonuglarina gore dis ortam kosullarindaki 180 giinliik
yaglandirma seviyesine Weather-o-meter
yaslandirmada 1300 saatte, UV yaslandirmada ise
1000 saatte ulasildig goriilmiistiir (Sekil 1, 4, 7).

Sekil 1. D1 ortamda yaslandirilnus PMMA
numunelerinin parlaklik degerleri

Sekil 2. D1s ortamda yaglandirilmis ABS
numunelerinin parlaklik degerleri



Sekil 3. Dis ortamda yaslandirilmis ASA
numunelerinin parlaklik degerleri

ABS malzemesi orta parlaklikta bir yiizeye sahip
oldugundan dig ortam yaslandirma sonrasinda 60°
geometrisindeki 6l¢lim sonuglar1 yaglanmanin etkisini
daha belirgin bir sekilde gostermistir.  20°
geometrisindeki Ol¢im sonuglar1 anlamli bir degisim
ifade etmez iken, 85° ve 60° geometrisindeki dlgiim
sonuglar1 yaslandirma prosesinin etkisini daha hassas
bir sekilde gostermistir. 60° geometrideki Ol¢lim
sonuglar1 85° geometrideki 6l¢lim sonuglariin aksine
yaslandirma etkisini daha belirgin bir sekilde ortaya
koymustur. Tiim yaslandirma siire¢lerinde malzemenin
parlakliginda azalma oldugu goriilmiistiir. 85° ve 20°
geometrilerinde parlaklik degisimindeki farklilik diistik
olurken, 60°  geometrisindeki Ol¢limde parlaklik
seviyesindeki degisim daha bariz bir sekilde
gorilmiistiir. (Sekil 2) ABS malzemesinin parlakligi
20° geometrisinde ¢ok diisiik degerde olgiiliirken, 85°
ve 60° geometrisindeki yiiksek ol¢lilmiistiir (Sekil 2, 5,
8).

Weather-o-meter test cihazinda yaslandirma sonrasi
60° ve 20° geometrilerindeki 6lgiimlerde 660. saatten
sonra parlakligin tamamen gitmis oldugu, 85°
geometrisinde ise bu siirenin 990 saat sonrasinda
oldugu gorilmistiir (Sekil 5). Dig ortam yaglandirmaya
gore bu yaslandirma metodu daha yikici olmustur. 60°
geometrisindeki Ol¢iime gore 240 giinlik dis ortam
yaslandirma seviyesine Weather-o-meter metodunda
660 saatte ulagilmistir (Sekil 2, 5).

UV yaslandirma metodundaki parlaklik azalmasi
davranisi dis ortamda yaslandirmaya benzemektedir.
85° ve 20° geometrilerindeki 6l¢iimlerde parlaklik
azalmasi daha az iken 60° geometrisinde daha fazla
olmustur. 60° geometrisindeki 6l¢iime gore 240
giinliik dig ortam yaglandirma seviyesine UV
metodunda 750 saatte ulagilmistir (Sekil 2, 8).
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Sekil 4. Weather-o-meter test cihazinda
yaslandirilmis PMMA numunelerinin parlaklik
degerleri

Sekil 5. Weather-o-meter test cihazinda
yaslandirilmig ABS numunelerinin parlaklik
degerleri

Sekil 6. Weather-o-meter test cihazinda
yaglandirilmis ASA numunelerinin parlaklik
degerleri



Sekil 7. UV test cihazinda yaslandirilmis PMMA
numunelerinin parlaklik degerleri

Sekil 8. UV test cihazinda yaslandirilmis ABS
numunelerinin parlaklik degerleri

Sekil 9. UV test cihazinda yaslandirilmis ASA
numunelerinin parlaklik degerleri

ASA malzemesi mat bir ylizeye sahip olup dis ortam
yaslandirma sonrasi 20° geometrideki yaslandirma
stiresince parlaklikta bir degisim goriilmez iken, 60° ve
85° geometrilerindeki Ol¢limlerde 60. gline kadar
parlakligin arttig1, sonrasinda 120. giine kadar diistiigii
sonrasinda ise 240. (60° geometrideki) ve 300. (85°
geometrideki) giine kadar arttig1 ve bu siireden sonra ise
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hizl1 bir diislis oldugu goriilmiistiir (Sekil 3). Parlaklik
degeri ¢ok diisiik oldugundan bu dalgalanmalarin
malzeme ylizeyindeki degisimlerden kaynaklandigi
distiniilmektedir.  Yaslandirma  siiresi  arttikga
malzeme ylizeyindeki tekstiirelik de degistiginden
151k yansima karakteri degiseceginden Olgliim
sonuglarinin tutarliligini degistirmektedir. Parlaklik
Olgim metodu 151k yansitma prensibine gore
Olciildiigiinden  ylizey  tekstire  degisiminden
etkilenmektedir. Benzer sonu¢ Weather-o-meter ve
UV yaslandirma metotlarinda da goriilmiistiir. Her iki
metot yaslandirma sonrasinda da dig ortam
yaglandirmada oldugu gibi 20° geometrideki
yaglandirma siiresince parlaklikta bir degisim
goriilmez iken, 60° ve 85° geometrilerindeki
Olglimlerde  yaslandirmanin  ilk  periyotunda
parlakligin arttig1 sonrasinda ise diistiigi gorilmiistiir.
bu diisiis 60° geometrisinde daha fazla olurken
geometrisinde daha az olmustur (Sekil 6, 9). 60°
geometrisindeki ~ Olglime  gbére  dis  ortam
yaslandirmadaki 360 giindeki parlaklik diisiisiine
Weather-o-meter metodunda 660 saate UV
metodunda ise 750 saatte ulasilmistir (Sekil 3, 6, 9).

GENEL SONUCLAR

Gloss Olgiim geometrilerinin parlaklik degerleri
iizerine  etkisinin  blyiik  oldugu,  dlgim
geometrilerinin degismesi halinde farkli parlaklik
degerlerinin elde edilmesinden dolay1
karsilagtirmalarin =~ aym1  Ol¢lim  geometrisinde
yapilmasi gerektigi gorilmiistiir.

Hizl yaglandirma metotlarinin dis ortam sartlarindaki
yaglandirmaya gore daha yikici oldugu, kisa siirede
malzeme parlakliginda azalma seklinde
yaglandirmay1 sagladigr goriilmiistiir. Dig ortam
kosullarinda 1 yilda olabilecek yaslandirmanin 27
(Weather-o-meter cihazinda hizlandirilmig
yaglandirma) - 32 (UV test cihazinda hizlandirilmis
yaglandirma) giin arasinda yapilabildigi goriilmiistiir.

SONRAKiI DONEM CALISMALARI

Malzemelerin 1s11 davramiglarindaki ve mekanik
performanslarindaki degisimlerin  incelenmesi
ongoriilmektedir. Dis ortam yaslandirma ile
hizlandirilmig  yaslandirma arasinda  olabilecek
korelasyonlarin belirlenmesi ve formiile edilmesi
¢alismasi amaglanmaktadir.
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ABSTRACT

Technical ceramics such as transition metal borides (e.g. TiB,, AlB1»), carbides (e.g. ZrC) and nitrides (e.g.BN,
AIN) that are used for defence purposes show a number of properties that allow the most common application for
armor systems within the military and defense industry. These properties are: relatively low weight, high ballistic
impact performance, ability to withstand extremely high temperatures, low friction and resistance to wear,
corrosion and hardness.

In this talk we will present the production of some of the above mentioned important ceramic powders at industrial
and pilot scale used for military armor application as performed in Pavezum Kimya facilities. The production is
based on well-known carbo- thermal and magnesiothermal reduction, e.g. TiB»:

Ti02(s)+ B203(1)+ 5C(s) — TiBa(s)+ 5CO(g) (T = 1800-2000 C, induction furnace)
TiOx(s)+ B20s(1)+ SMg(s) — TiBa(s)+ MgO(s) (SHS, T > 2000 C).

Both carbo- and magnesio thermal production techniques will be compared with respect to cost, quality of the
obtaines powders (e.g. purity grade, particles size) and their physical, chemical and mechanical properties.
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Abstract

Aramid is a superior reinforcer especially in composite
materials. Even in materials science, it is still debated
whether aramid itself is a composite. In short, Aramid
is an extremely useful material in the development of
composites. Therefore, military applications, especially
armor applications are quite high. However, the
scientific public knows more about Aramid's body
armor applications. However, Aramid is an important
material used in the protection of all tracked and non-
tracked armored vehicles. In other words, it is used not
only in flexible materials such as ballistic jackets, but
also in non-flexible products such as helmets or plates
that protect the tank by adding them from the outside.
In this paper, too, these inflexible Aramid products
were studied.

Aramid Fibers

In 1948, DuPont company started a large-scale search
for new high-strength and high-temperature fibers after
commercializing nylon. In the studies that lasted from
the 1950s to the 1960s, Paul Morgan et al. Realized that
it is not possible to process these polymers without
using low temperature solution polymerization
techniques. Beste and Stephens, on the other hand,
explained that some salts can be made into solutions
suitable for the purpose from these polymers. As a
result of all these studies, the first high temperature
resistant Nomex meta-aramid fiber with the commercial
name was developed (Lewin, 2007). Aramid is a
synthetic fiber that was created back in the 1960s by
Stephanie Kwolek. The fiber is known especially from
Dupont Kevlar®, which were the first company with a
commercial version for bullet proof vests, followed by
Twaron® from Teijin. Aramid is used in bullet proof
vests and stab proof vests, as the material is very strong
and flexible, and has proven to be stable and safe after
many years of use (Protection Group Danmark, 2021).
Studies for a fiber with properties superior to Nomex®
targeted para-aramids. Stephanie Kwolek concentrated
her first work on a more processable poly (1,4-
benzamide) polymer in the mid-1960s and developed
fiber with a modulus of 400 gpd and a fiber with a
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module of 900 gpd, which they named as "Fiber B" in
later studies. The next work has shifted towards PPTA
(poly-p-phenylene-terephthalamide) polymer. The
first PPTA fibers were produced in 1970 and in 1972
this PPTA fiber took its place in the market by DuPont
under the trade name "Kevlar®®".

The US Federal Trade Commission defines aramid,
which is short for aromatic polyamide, as “fibers in
which at least 85% of the amide (~CO — NH-) bonds
in the chain are directly linked to 2 aromatic rings”
(Hearle, 2001).

The chemical structures of aramids look like rigid
rods. Because of this structure, their glass transition
temperature is very high and their solubility is very
low. For this reason, liquid crystalline polymer
solutions must be formed apart from conventional
methods for processing polymers (Figure 1).

Figure 1. Basic structural difference among
crystalline solid, liquid crystal and isotropic liquid
(Yadav, 2016).

Aromatic polymers are generally homopolymer para-
aramids: poly (1,4-benzamide) (PBA), Poly-p-
phenylene-terephthalamide (PPTA) and poly p-
phenylene benzimidazole terephthalamide (PBIA),
meta-aramid aramids: poly -m-phenylene
isophthalamide (MPIA) and copolymer aramids: co-
poly-p-phenylene / 3,4"-oxyphenylene
terephthalamide (3,4'-POP-T) (Figure 2) (Bunsell and
Schwartz, 2009 ).



The most known commercially PPTA aramids are;
Kevlar® (DuPont, USA), Twaron® (Teijin Aramid,
Japan), Nomex in MPIA structure (DuPont, USA),
Teijinconex Teijin Aramid, Japan) and Technora in
3,4'-POP-T copolymer (Teijin Aramid, Japan) fibers.

Figure 2. Structural formulas of the most important
aromatic polyamides in the market and literature.

The main characteristics of Aramid:

High strength.

Provides good resistance to chemical chemicals.
No conductivity.

No melting point.

Good against hot and cutting elements.

Sensitive to UV and acids.

For bullet proof vests, there are 2 different types
of aramids. UD (unidirectional aramid) and woven
aramid (Protection Group Danmark, 2021)

Para-aramids, according to the dry-jet wet spinning
process developed by Dupont company; meta-aramids
are produced according to the dry or wet fiber spinning
method (Figure 3). The attraction between amide
groups and aromatic rings in PPTA fibers increases the
rigidity as well as the decomposition temperatures
(5500C). LOI (limit oxygen index) values are between
28-32.

Besides being resistant to high temperatures, aramid
fibers also have a very good chemical resistance. PPTA
can only dissolve in strong acids. Due to the hydrophilic
nature of the amide group in aramids, they have water
absorption properties. For example, Kevlar® has 29® ~
7%, Kevlar® 49 ~ 4% and Kevlar® 149 ~ 1% water
absorbency.

Due to their aromatic character, aramids absorb UV
light (300-450 nm wavelength). This causes oxidative
color change. When exposed to UV light for a long

time, they first turn orange and then brown. This color
degradation occurs only in an oxygenated
environment. This situation poses a bigger problem
with para-aramids compared to meta-aramids.

The compression strength of aramids (one eighth of
their strength) is low. While strong covalent bonds are
active under tensile load, weak hydrogen and Van der
Waals bonds are activated under pressure (Chawla,
2005). For this reason, aramids are not recommended
in situations where there are pressure forces. Shear
modules are also lower than their compression
strength due to their anisotropic structure. In addition,
their fatigue strength and vibration damping
properties are very good (Hearle, 2001).

Figure 3. Production of Para-aramid fiber (Twaron®
®) (Teijin Company, 2021)

Unidirectional aramid consists of 2-4 layers of aramid
fiber plied in a 0°/90° configuration or a 0°/90°/0°/90°
configuration. UD aramid is typically a bit more rigid
than woven aramid; however, this material has the
advantage that it is strong and has a low weight.

Woven aramids are aramids that are woven together
in a more traditional manner. Here, there are many
different weaving methods that affect the strength and
overall weight of the material. Woven aramid is often
very flexible and can stop contact shots from a
distance of 0 meters.



UD and Woven aramid are made from Kevlar® thread
from Dupont, Twaron® aramid from Teijin or Artec
from Pro-Systems S.p.A.

Woven aramid is often much more flexible than UD
aramid, and can bend in several directions where UD
aramid is more rigid (Protection Group Danmark,
2021).

Technora fibers, which are in the para-aramid group
among aramid fibers, consist of copolymers and are
produced by following a different process (not using
strong acids) than PPTA (Poly-p-phenylene-
sidelamide). Copolymeric Technora fibers are a fiber
developed by Teijin, formerly known as HM 50
(Bunsell and Schwartz, 2009) and has taken its place in
the market commercially since 1987. It is a fiber with
high strength and high modulus, resistant to high
temperatures, more resistant to bases and acids than
PPTA (Hongu and Phillips, 1997).

Technora fibers; filament (in rubber reinforcement,
rope, cord, knitted and woven fabrics and general
industrial materials), cropped (in rubber, composite and
cement reinforcements, asbestos replacement),
intermittent (in spinning, nonwovens) and spun
(protective clothing, general industrial materials and It
can be supplied in 4 forms as in rubber reinforcements
(Teijin Company, 2012).

Table 1 Physical properties of some aramid fibers
(Clawson, 2013)

The physical properties of Technora fibers and other
aramid fibers are shown in Table 1. Although the
modules of Technora® fibers are lower than PPTA
fibers due to their less linear molecular structure, their
strength is higher thanks to their molecular orientation
and crystallinity properties. Since Technora® consists
of less rigid molecular chains, its fatigue strength is
better than PPTA fibers (Houck, 2009). In addition,
according to the wet spinning method, Technora®
fibers produced from an isotropic solution without
forming a liquid crystal structure (Hearle and Morton,
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2008) have a higher molecular structure than PPTA
fibers thanks to the third component diamine, which
contains ether bonds. they are flexible.

The Use of Para-Aramid Fibers

Para-aramid fibers are mostly used for protection in
the ballistic field. Pistol bullets and knives are
primary threats to law enforcement officials. In the
military, there are larger threats such as rifle bullets,
shrapnel fragments, grenades and mines. The use of
para-aramid fibers is quite common in this field.

Para-aramid yarns are used in protective clothing
where shear resistance, thermal resistance or abrasion
resistance is critical. Examples include gloves used by
automotive, glass, steel and metal workers, trousers
and jackets worn by chainsaw users. The risk of hand
and finger injuries is significantly reduced when
gloves made of para-aramid yarn are used. Gloves are
generally made from staple para-aramid fibers;
however, para-aramid fibers in the form of textured
filaments are preferred in cases where minimum
fluffing is desired. The fineness of a single filament is
between 0.85 and 4.2 denier; However, they are
commonly used filaments with a thickness of 2.25
denier. Generally, the higher the fineness, the higher
the cutting resistance. This type of gloves; It can be
made from 100% para-aramid yarns, or it can be
produced with a mixture of fibers such as nylon and
polyester in order to reduce cost and increase comfort.
Para-aramid yarn; It is a type of yarn that does not
support combustion and does not melt compared to
products made of nylon, polyester or polyethylene.
Gloves are mostly made of knitted fabrics; However,
in some cases, it is known to be produced by cutting
and sewing from woven fabrics. Advantages of gloves
made of para-aramid yarns; They do not shrink in hot
air and water and can be washed and reused many
times.

Para-aramid yarns are very suitable for use in radial
tires and some mechanical rubber materials with their
high strength and high modulus, dimensional
stability, resistance to high temperatures and high
strength compared to its mass. They are used in power
transmission belts, V belts and conveyor belts. The
fact that they have 1/5 of the weight compared to the
same products made of steel makes them preferred in
such applications.

Although para-aramids are commonly used alone as
reinforcing fibers in composites, they are also used in
a hybrid structure with glass or carbon fiber.
Composite structures include a range of applications
such as aviation and aerospace industry components,



auto parts, boats, sports equipment, pressure vessels.
The feature sought in composites; Although it varies
from application to application, it is low cost and high
performance at reduced weights. Although glass fiber
has lower strength and lower modulus than aramid and
carbon, it is more preferred as a reinforcement fiber in
composites due to its low cost. Carbon fibers have high
strength and modulus but low elongation. Aramid
fibers, on the other hand, have very good impact
resistance with a combination of high strength and
modulus (lower than carbon). Canoes produced with
para-aramids are light, but they show higher strength,
abrasion and puncture resistance than glass fiber
composites. In addition, there are hockey and golf
clubs, fishing rods, ski sets and tennis rackets produced
with para-aramid composites.

Especially Kevlar® or Twaron® ® fibers in static
applications or when very high modulus is required,
Technora® based ropes are preferred in applications
requiring resistance to dynamic applications and
fatigue. Para-aramid yarns used in ropes, cables and
static applications can be applied special finishing
processes to increase their lubricity, improve their
fatigue in wet applications and provide better UV
resistance (Figure 4).

Figure 4. Market rates of para-aramid fibers, by
application 2014-2025 (USD Million)

The types of aramid fabrics used in ballistic
applications are para-aramid fibers. The most well-
known types are Kevlar, Twaron and Technora (Figure
5) (Cavallaro, 2011).

The Use of Meta-Aramid Fibers

Para-aramid fibers are mostly used for protection in the
ballistic field. Pistol bullets and knives are primary
threats to law enforcement officials. In the military,
there are larger threats such as rifle bullets, shrapnel
fragments, grenades and mines. The use of para-aramid
fibers is quite common in this field.

Para-aramid yarns are used in protective clothing where
shear resistance, thermal resistance or abrasion
resistance are critical. Examples include gloves used by
automotive, glass, steel and metal workers, trousers and
jackets worn by chainsaw users. The risk of hand and
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finger injuries is significantly reduced when gloves
made of para-aramid yarn are used. Gloves are
generally made from staple para-aramid fibers;
however, para-aramid fibers in the form of texturized
filaments are preferred in cases where minimum
fluffing is desired. The fineness of a single filament is
between 0.85 and 4.2 denier; However, they are
commonly used filaments with a thickness of 2.25
denier. Generally, the higher the fineness, the higher
the cutting resistance. This type of gloves; It can be
made from 100% para-aramid yarns, or it can be
produced with a mixture of fibers such as nylon and
polyester in order to reduce cost and increase comfort.
Para-aramid yarn; It is a type of yarn that does not
support combustion and does not melt compared to
products made of nylon, polyester or polyethylene.
Gloves are mostly made of knitted fabrics; However,
in some cases, it is known to be produced by cutting
and sewing from woven fabrics. Advantages of gloves
made of para-aramid yarns; They do not shrink in hot
air and water and can be washed and reused many
times.

Para-aramid yarns are very suitable for use in radial
tires and some mechanical rubber materials with their
high strength and high modulus, dimensional
stability, resistance to high temperatures and high
strength compared to its mass. They are used in power
transmission belts, V belts and conveyor belts. The
fact that they have 1/5 of the weight compared to the
same products made of steel makes them preferred in
such applications.

Figure 5. Ballistic test applied to Para-Aramid fabric
(Nilakantan, 2013)

Although para-aramids are commonly used as a single
reinforcing fiber in composites, they are also used in
a hybrid structure with glass or carbon fiber.
Composite structures include a range of applications
such as aviation and aerospace industry components,
auto parts, boats, sports equipment, pressure vessels.
The feature sought in composites; Although it varies
from application to application, it is low cost and high
performance at reduced weights. Although glass fiber
has lower strength and lower modulus than aramid
and carbon, it is more preferred as a reinforcement
fiber in composites due to its low cost. Carbon fibers



have high strength and modulus but low elongation.
Aramid fibers, on the other hand, have very good
impact resistance with a combination of high strength
and modulus (lower than carbon). Canoes produced
with para-aramids are light, but they show higher
strength, abrasion and puncture resistance than glass
fiber composites. In addition, there are hockey and golf
clubs, fishing rods, ski sets and tennis rackets produced
with para-aramid composites.

In static applications or when very high modulus is
required, especially Kevlar® or Twaron® fibers;
Technora® based ropes are preferred in applications
requiring resistance to dynamic applications and
fatigue. By applying some special finishing processes
to para-aramid yarns used in ropes, cables and static
applications, their lubricity can be increased, their
fatigue in wet applications can be improved and they
can be made better UV resistance.

Use of Aramid for Military Applications

Armor technology has been continuously improved
like weapon technology. These two terms always keep
up with each other. Ballistic protection has to be actual
to overcome the attacking threats. Therefore, every
kind of material has been considered as armor
materials such as aluminum, steel, leather and silk.
Principally, the method of protection uses a hard rigid
material for resisting the penetration of missiles. But,
after the debut of synthetic textiles, better ballistic
armors have been developed (Kushan, 2014)

The menace to modern armies and law enforcement
forces have grown, procreating the need for protection
from all kinds of bullets and fragments as well as
lancinating with sharp objects. And nowadays it’s not
only soldiers who are facing increased menace; prison
guards, cash carriers and private individuals also need
to be protected. The market is seeking better protection
and better comfort. Many of today’s ballistic vests are
made of Aramid, which provide enhanced protection,
more comfort and advantageous performance to weight
ratios.

It is difficult to image a modern soldier without an
advanced composite multifunctional helmet in which
protection against bullets, shrapnel, grenade fragments,
blast effects and mechanical impacts is combined with
equipment platform functionality. Ensuring key aspects
such as a high degree of ballistic protection, low weight,
durability and a long life make this a truly sophisticated
product. Aramid-based helmets also include low Back
Face Deformation (BFD) (Figure 6).
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Today’s armored vehicles, aircraft and naval vehicles
also face a range of blast and ballistic menace. These
call for new strong armor solutions that are lighter and
stronger. In addition, they need to resist high
temperatures and extreme cold. For example, we
provide this additional protection in armored vehicles
with the application called add-on. Aramid forms an
important layer of the add-on armor plate, which is a
multi-layer composite plate. Aramid is a laminate
hard armor solution designed specifically for armored
vehicles. It can be applied internally as a spall liner,
or or add-on armor. It is light enough for use as an
add-on solution, but its high stiffness and structural
integrity mean it can act as a support for steel or
ceramic plates. Furthermore it is resistant to variations
in temperature. In fact, Aramid offers effective
protection against bullets, fragments and projectiles
within a wide temperature range.

Figure 6. Aramid helmet

Aramid’s approach, combining low-crimp woven
products with low resin content, has resulted in
Twaron® Laminated Fabric Technology (LFT) — a
thin, very flexible laminate comprising two fabric
layers sandwiched with three layers of ultra-thin PE
film. The two fabrics are made from Twaron® para-
aramid microfilament yarn running in one direction,
and very fine PES threads running in a second
direction. Low adhesion between matrix and fiber in
ballistic applications increases the strength for multi-
layer ballistic applications. In the study where the
effect of the number of layers on trauma depth with
Twaron fabric was investigated, the depth of trauma
decreased from 35.4% to 12.7% by increasing the



number of layers from 20 to 32. In tests performed at
high speeds, energy absorption per% area increases
with increasing thickness (Yumak, 2013). This fabric
construction system prevents an intruding bullet from
pushing the yarns apart — a distinct advantage over
typical shield materials. This plate structure is used as a
layer in both add-on (Figure 7) and "spall liner"
applications.

Figure 7. An armored vehicle under add-on armor
protection

Conclusion

All Aramid fabric types, divided into two groups as
Para Aramid and Meta Aramid, are an important
material of the defense industry. Because it is the
indispensable raw material of especially flexible and
soft ballistic armor materials. However, they also form
an important layer of hard and durable armor
composites. Kevlar® Twaron® and Technora® are
Para-Aramid variants used in the production of these
hard plates. It has been observed that the advantages of
Add-On armors developed in recent years are quite
high. Since there is no limit to testing new technologies
in armored vehicle technologies, we will see the rapid
development of new and more effective Add-On armor
materials in the coming years.
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Surface Modification of Silica Aerogel Blankets Using

Trimethylsilyl Chloride (TMCS) as Silanization Agent
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PURPOSE

In this study, ceramic blankets were modified with
silica aerogels, and their hydrophobicity is investigated.
Trimethylchlorosilane (TMCS) is used as a for co-
precursor surface modification while materials were
produced under ambient pressure drying.

INTRODUCTION

Silica aerogel/xerogel, morphologically open cell-
structured solids with low density, high surface, and
high thermal stability is a promising candidate for
conventional insulation materials. Specifically, this
material involves void and pore in structure. Though, it
absorbs moisture from the environment and limits its
application areas, making it fragile.?

Silica aerogel/xerogels monoliths are desired via the
sol-gel method after aging and drying. Various
precursors and solvents can be used for the production
of alcogels. After alcogel is formed, aging enhances
structural integrity of the gel. Finally, acrogel/xerogels
materials are obtained by drying. Drying could be
supercritical drying (SCD) or ambient drying (APD).
APD is cheaper and faster thus more desirable whereas
SCD needs sophisticated equipment and limits the
production.

Many literature studies show that trimethylchlorosilane
(TMCS) has been known as an excellent co-precursor
to increase the hydrophobicity degree modifying
surface and inner pores during the silanization of a silica
aerogel because of its methyl groups. Therefore, silica
aerogel's physical properties, including the contact
angle, modify various ratios with a primary precursor
such as tetracthoxysilane (TEOS).!

Thermal insulation blankets have been used for a long
time to provide heat, sound, vibration insulation, and
above all, increase the equipment's efficiency and
service life. However, due to the developing and
changing conditions, insulation blankets must be
needed thinner, lighter and the performance values
should increase with it. Especially in the last 20 years,
the research area of aerogel blankets receives
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e 0z, Yahya (ORCID No)
e AKYILDIZ, Halil ibrahim (ORCID No)

34

exponentially increasing interest. Aerogel blankets
have been used in many applications. Aerogel-based
blankets are designed to serve thermal insulation
needs in extreme environments, thanks to their
lightweight, hydrophobic, and flexible properties 3.

EXPERIMENTAL

Material

Silica alcogels for blankets were synthesed using
tetracthoxysilane (TEOS,98%), trimethylchlorosilane
(TMCS, 98%), ammonium hydroxide (NH4OH),
hexane, hydrochloric acid (HCl 37% aqueous
solution), and ethanol (EtOH, 99.9 %) all purchased
from Sigma Aldrich.

Method

Weight ratios, TEOS EtOH, water. 32:16:8,
2 mL HCI (0.05M)

+2 Hours hydrolosis and virgously string

( Addition of 6mL NH,OH (0.1M)

*Gellation in 10 minutes

Imersion ceramic blankets with silica dispersion,
afterwards with TMCS with surface modification.

*Soaked in hexane with 10 % TMCS, 20 hours

[ Dried under ambient presure

*90°C for 6 hours

( Characterization

*FTIR and Contact Angle

Figure 1. Aerogel blankets steps and parameters of
synthesis

EXPERIMENTAL RESULTS AND
DISCUSSIONS

Aerogels blankets were detected by Fourier transform
infrared (FTIR) spectroscopy (Perkin Elmer) using a
wavenumber range of 4000 to 400 cm™'. TMCS has
alone modified silanol groups with firstly, peak 2950
cm’!, resulting from C-H and presents surface
modification. The range between 2980-1450 cm'! is
related to C-H groups. The peaks around 1250, 860
cm’! are present by Si-CH; groups, whereas they



contribute hydrophobic properties. Furthermore, Si-O-
C and Si-CH3 groups are also presented in 870-800 cm
!, Si-Cl absorption peak was shown in 650 cm™! being
present by TMCS*>.

Figure 2. (a) Pristine ceramic blanket, (b) Silica aerogel
coated ceramic blanket

The water droplets image measured height and length
to calculate the contact angle using arc-tangent
formulation. The water droplets were dripped by
syringe and photographed by Attension Theta. A water
droplet was placed to determine contact angle and
wettability. The pristine ceramic blanket had no contact
angle, which results in a hydrophilic surface
characteristic. Aerogel coated ceramic blanket confirms
130.7° contact angle, which is related to hydrophobic
characteristic behavior. Surface modified with TMCS
results in excellent hydrophobic properties .

Figure 3. Aerogel ceramic blanket surface tension

CONCLUSIONS

Hydrophobic silica aerogel/xerogel ceramic blankets
were achieved via sol-gel method surface modification
at ambient pressure drying. It surveyed tetra
orthosilicate (TEOS) with co-precursor trimethylsilyl
chloride (TMCS) existing Si-CHj3 groups on the surface
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presence of chemical modification. Water repellent
properties achieved with a remaining degree of
hydrophobicity >130° compared to the pristine
blanket.

SUGGESTIONF FOR FURTHER WORK
Further thermal and microstructure analyzes will be
carried out for these materials.
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Soguk iklim Sartlarina Uygun Cok Katmanh Giysi
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AMACLAR

Bu ¢aligmada; savunma sanayinin ihtiyaglarina yonelik
olarak askeri personelin soguk iklim sartlarinda
kullanmak {tizere viicut fonksiyonlarinmn korunmasini
saglarken aynt zamanda konforlu ve ergonomik
ozelliklere sahip giysi gelistirilmesi amaglanmigtir.
Gelistirilen giysi ile yliksek performansh {iriinlerin
envantere kazandirilmasi hedeflenmistir.

GIRIS

Insan viicudunun soguk ortam kosullarina karsi
korunmasi, sinirli yagsam alani bulunan insan igin hayati
fonksiyonel o&zelliklerden biridir. Bu  koruma
fonksiyonunu yerine getiren en 6énemli malzemelerden
biri de insami ikinci bir deri katmani gibi sararak
koruyan tekstil {iriinleridir!.

Konvansiyonel tekstil iiriinlerinin koruma saglamasina
ragmen izolasyon kapasiteleri kalinliklarma bagl
olarak smirli  kalmaktadir. Farkli  ozelliklerde
katmanlardan olusan teknik tekstil iirtinleri ise, viicut
sisin1 izole ederek pasif koruma yoluyla izolasyon
performansina katki saglamakta ve asir1 soguk ortam
kosullarinda da yeterli koruma seviyesine ulagmaktadir.
Ozellikle ¢ok soguk havalarda disarida bulunmak
zorunda kalan askeri personelin soguk ortamlarda
calisirken kullanmalar1 igin gelistirilen teknik tekstil
iriinlerinden; kisilerin  ihtiyag duydugu hareket
rahatligi, giyim konforu vb. fonksiyonel 6zelliklere de
cevap vermeleri beklenmektedir. Tekstil tirtinleri temel
performans degerlerini karsilasa da, soguk ortama karst
koruma seviyesi; kisinin viicut fonksiyonlari, fiziksel
aktivite derecesi, dis etkenler vb. gibi degisken
parametrelere  bagli  olarak anlik  degiskenlik
gosterebilmektedir. Degisken parametreler goz oniinde
bulunduruldugunda, gelistirilen giysilerin kisinin viicut
1s1s1 korunurken ayni zamanda yiiksek fiziksel aktivite
gosteren personelin etkin termoregiilasyonuna izin
vermesi beklenmektedir?.

Soguk ortama karst koruma saglayan giysilerin koruma
performansini belirleyen bazi ergonomik gereklilikler
meveuttur 4,

e KEMANECI OZTURK, Sinem (0000-0002-
8370-7217)
VAROL, Utku (0000-0002-7118-8210)
BOYACI, Bekir (0000-0003-4557-0990)
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Bu amagla kullanilan malzeme ve katmanlarin
gelistirilmesinde 1s1l izolasyon, su buhari direnci, su
gecirmezlik 6zelligi ve hava gecirgenligi gibi standart
performans ozelliklerinin dikkat edilmesi
gerekmektedir*.

Savunma alaninda kullanilmas: planlanan ve askeri
personelin viicut 1sisin1 hayati degerlerde tutmaya
yardim edecek ayni zamanda hareket serbestligi
saglayacak yenilik¢i, esnek ve seri {iretime uygun
soguk iklim giysisi; ileri seviye performans unsurlari
dogrultusunda bu c¢aligma ile gelistirilmis ve
dretilmigtir. Giysiyi olusturan katmanlar tek tek
belirlenerek yapilar bir araya getirilmis ve uygun test
yontemleriyle performanslart 6l¢iilmiistiir.

DENEYSEL

Malzeme

Bu calismada; PTFE membran lamine edilmis
poliamid dimi kumas dis katman olarak
kullanilmistir. Orta kisim izolasyon katmani igin
farkli termal direng 6zelliklerine sahip poliester esasl
elyaflar denenmistir. I¢ kisimda polipropilenden
olusan kapitone telasi ve poliamid 6.6’dan olusan
bezayagi ripstop i¢ astar kullanilmustir.

Yontem

Soguk  iklim giysisi 3  katmanli  olarak
olusturulmustur. Dis katman; iist kumas ve membran
laminasyonu ile iki katmanl olarak {iretilmistir. Ara
katman izolasyon elyafindan olusmaktadir. En ig¢
katmanda astar kumagi yer almaktadir. Olusturulan
katmanli yapinin atki ve ¢ozgii kopma mukavemeti,
yirtilma mukavemeti, termal direng, su buhari direnci
ve hava gecirgenligi testleri 6l¢lilmiistiir.



DENEYSEL SONUCLAR/TARTISMA

Izolasyon katmanimnda kullanilan farkli elyaflarin 6nce
igerikleri belirlenmis, TS EN ISO 29073-1’e gore
gramajlar1 ve EN ISO 9073-2’ye gore kalinliklari test
edilmigtir. Daha sonra kullanilan elyaflarin TS EN ISO
11092’ye gore 1s1l direngleri dlgiilmiistiir. Elde edilen
test sonuglar1 Tablo 1 ve 2’de verilmistir.

Tablo 1. izolasyon elyaflarmin fiziksel test sonuglar

Uriin fsmi Gramzaj Kalinhk
(g/m’) (mm)
Apex100 (%100 PES) 100 +/-5 19+/-2
G-loft (%100 PES) 100 +/- 10 22 +/-4
Primaloft (%100 PES) 110 +/-5 23 +/-4
Thinsulate (%100 PES) 120 +/-5 24 +/-2
Bimer (%100 PE) 140 +/-5 26 +/-4
Gentug (%100 PES) 140 +/-5 26 +/-4
Doga (%100 PES) 140 +/-5 28 +/-4

Tablo 2. izolasyon elyaflarinin 1sil direng sonuglart

. . Termal Termal Direng Termal Direng

Uriin Ismi Diren¢ (m?’K/W) / (m2K/W) /

(m?’K/W) 5 Yikama 20 Yikama
Apex100 0,380 0,365 0,350
G-loft 0,342 0,352 0,212
Primaloft 0,323 0,320 0,194
Thinsulate 0,315 0,312 0,192
Bimer 0,285 0,282 0,165
Gentug 0,277 0,275 0,161
Doga 0,270 0,267 0,151

Tablo 1 ve 2 incelendiginde; Apex100 elyafinin daha
diisiik gramajda ve kalmlikta, diger elyaflara kiyasla en
iyi 1s1l dirence sahip oldugu goriilmiistiir. Ayni
zamanda izolasyon yetenegini yikama sonrasi bile
muhafaza ettigi tespit edilmisti. Bu nedenle
olusturulan katmanli yapida bu elyafin kullanilmasi
uygun bulunmustur.

e KEMANECI OZTURK, Sinem (0000-0002-
8370-7217)

e VAROL, Utku (0000-0002-7118-8210)

e BOYACI, Bekir (0000-0003-4557-0990)
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Katmanlara ait performans testleri ise asagida
gosterilmistir (Tablo 3).

Tablo 3. Katmanlara ait performans test sonuglart

Kopma Yirtilma
. Mukavemeti Mukavemeti
Numune Gramaj N N
Adi (g/m?) ) )
Atkr | Cozgii | Atki | Cozgii
Di1s
Kumas
(Ust 132 608 653 37 52
Katman)
i¢ Astar 53 340 530 19 20

Elde edilen sonuglar dogrultusunda dis kumas ve i¢
astarmn gerekli performans ozelliklerini gosterdigi,
izolasyon katmaninin da soguk iklim sartlar1 icin
yeterli olacagi ve 1s1l direng degerini sagladig tespit
edilmistir.

Bitmig {irliniin termal 1s1 direnci i¢in TS EN ISO
11092 standardi kullanilmigtir. Gévde kisminda 0,460
m2K/W, kol kisminda 0,400 m?K/W ve pantolonda
0,410 m*K/W 1s1l direng degerleri elde edilmistir.
Katmanli yapimin hava gegirgenligi ise TS 391 EN
ISO 9237’ye goére yapilmis ve 5 L/m?/sn olarak tespit
edilmistir.

GENEL SONUCLAR

Bu calisma ile uzun Omiirlii, riizgar gecirmez ancak
nefes alabilir yiiksek seviyede termal izolasyon
Ozelligine sahip katmanli bir giysi yapisi
gelistirilmistir. Katmanli  yapmm  gelistirilmesi
sirasinda en iyi 1s1l dirence sahip elyaf belirlenmis ve
yapiyl olusturan katmanlarin su buhari transferi ve
termal konfor parametreleri iizerine performanslari
incelenmigtir. Elde edilen giysi yapist ile askeri
personelin soguk iklim sartlarinda daha rahat hareket
etmesi saglanmis olmustur.

SONRAKi DONEM CALISMALARI

Askeri personelin soguk iklim sartlarindaki hareket
kabiliyetini ve termal konforunu artirmak igin
membran ve elyaf ireticileri ile galigmalara devam
edilecektir.  Katmanli  yapmin  olusturulmasi
asamasinda uygulanan laminasyon yonteminin
parametreleri incelenecek ve optimum sartlar tespit
edilecektir.

TESEKKUR/BILGILENDIRME/FON
KAYNAGI

Bu ¢alisma, Sun Tekstil Ar-Ge Merkezi tarafindan
2019-TA-013 no’lu  ozkaynak  projesi ile
desteklenmistir.



KAYNAKLAR

1.

Rossi, R. 2009. “Comfort and Thermoregulatory
Requirements In Cold Weather Clothing”,
Woodhead Publishing Series In Textiles—Textiles
For Cold Weather Apparel, 3-18.

Song, G. 2009. “Thermal Insulation Properties of
Textiles and Clothing”, Woodhead Publishing
Series In Textiles—Textiles For Cold Weather
Apparel, 19-32.

Bougourd, J. ve Mccann, J. 2009. “Factors
Affecting the Design of Cold Weather
Performance Clothing”, Woodhead Publishing
Series In Textiles—Textiles For Cold Weather
Apparel, 152-195.

Havenith, G. 2009. “Laboratory Assessment of
Cold Weather Clothing”, Woodhead Publishing
Series in Textiles—Textiles For Cold Weather
Apparel, 217-243.

Scott, R.A. 2009. “Cold Weather Clothing For
Military Applications”, Woodhead Publishing In
Textiles—Textiles For Cold Weather Apparel, 305-
328.

Kashif, M. 2015. “Extreme Cold Weather
Clothing”,
https://www.researchgate.net/profile/Kashif-
Muhammad-
3/publication/277005461_Extreme_cold_weather
clothings/links/555d60bb08ae86c06b5dabl 7/Ext
reme-cold-weather-clothings.pdf

Shaker, K. 2018. “Clothing for Extreme Cold
Weather”, Material, Properties, Production and
Testing, National Textile University, (1), 1-12.
Kasturiya, N., Subbulakshmi, M.S., Gupta, S.C. ve
Raj, H. 1999. “System Design of Cold Weather
Protective Clothing”, Defence Science Journal, 49
(5), 457-464.

e KEMANECI OZTURK, Sinem (0000-0002-
8370-7217)

e VAROL, Utku (0000-0002-7118-8210)

e BOYACI, Bekir (0000-0003-4557-0990)

38



THERMOFORMING PROCESS PARAMETER
OPTIMIZATION OF THERMOPLASTIC PEKK/CF and
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Abstract

Thermoplastic composite parts in the aerospace industry have recently been increased due to reshaping and reused
potentials of the thermoplastic composite materials. The thermoforming process is an effective manufacturing
methodology to form thermoplastic composite materials. The main benefits of the process are low cost and short
process time. Optimization of the process parameters is essential for correct parts production. In this present study,
effects of plate geometry and connection technique, pre-heating, and pressing parameters are investigated
experimentally for the thermoforming of PEKK / CF and PPS sheets. Results reveal that wrinkle and warping problems
of the formed sheets are minimized by optimization of these parameters.
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Epoksi Recine Sisteminde Amonyumpolifosfat (APP) ve
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AMAC

Amonyum polifosfat (APP) icerisine Aliiminyum trihidroksit (ATH) katkisi ile sinerjist etki saglanarak kolay
tutusabilir epoksi matrisin tutusma siiresinin geciktirilmesi hedeflenmektedir.
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Story of Favicovir Our First Domestic Medicine for the
Treatment of Covid-19
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As the world shaken by pandemic Covid-19, small molecule inhibitors have previously been heavily investigated in
different studies as possible therapeutics in the treatment of SARS-CoV-2. In Turkey we began investigating potential
treatment options and decided to collaborate with a local pharma company named Atabay. Within a short period of
time, we have successfully completed full lab and industrial scale of three molecules that have been vastly used for
Covid-19 treatment such as Favipiravir (Fav), Hydroxychloroquine (HCQ), Remdesivir (Rem). The coronavirus
disease-2019 (COVID-19) outbreak all over the world has led the researchers to strive to develop drugs or vaccines to
prevent or halt the progression of this culprit. As the literature supports, Favipiravir is approved by some countries,
including India, for COVID-19 treatment. Favipiravir has shown rapid viral clearance and faster clinical improvement.
Various treatment recommendations include Favipiravir for COVID-19 treatment we began to investigate and
immediately started synthetic strategy for these medicines. To minimize and reduce the external dependency we as a
group of 12 researchers started local synthesis and isolated our lab and stayed in the hotel during the entire project
term. During our study we have established cost effective route to expedite the process and filed a domestic patent and
currently preparing manuscript for publication. During the seminar, the short time success story and local licensing
adventure will be highlighted.

e GUZEL, Mustafa (https://orcid.org/0000-0002-1423-0435)
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Genetic Code, Bioinformatics and Biosecurity

KARABEKMEZ, Muhammed Erkan'
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Digital revolution reshapes the life sciences and creates novel niches for biosafety and biosecurity concerns.
Biosecurity handles agricultural and medical risks in a strategic manner (International Food Safety Authorities
Network (INFOSAN), 2010). Digitalization of health records, bioinformatics, molecular medicine, wearable
biomedical technologies, biotechnology and synthetic biology transform the direction of life sciences. This
transformation brings new ethical problems regarding privacy, trust, accountability, fairness or justice and also
brings new challenges in plant biosecurity, food biosecurity, veterinary biosecurity, medical biosecurity and
bioterrorism. In the recently emerged data-centric era next generation biopolymer sequencing technologies put
biological data into a central position. In this talk, I will discuss biological data and its ethical, regulatory, and
biosecurity related implications with a future perspective and try to unveil significance of those topics regarding
national security.

o KARABEKMEZ, Muhammed Erkan (0000-0002-0517-5227)
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AMACLAR

Bu calismada  orme pamuklu  kumaslara
antibakteriyellik ve su iticilik apresi uygulanarak
koruyucu bir yiiz maskesi {iretimi amaglanmigstir. Bu
dogrultuda antibakteriyellik, hava gegirgenligi ve su
iticilik testleri uygulanmustir.

GIRIS

Havada bulunan viriis, bakteri ve mikroorganizmalar
onlem alinmadig1 ve uygun sartlar saglandig: takdirde
biiyiik bir hizla sayilarini katlayarak arttirabilmektedir.
Insanlarin viicudu bu mikroorganizmalarin sayilarini
arttirabilmeleri icin gerekli tiim kosullart (sicaklik,
nem, yiizey) saglamaktadir. Cevremizde bulunan
mikroorganizmalardan hijyen aligkanliklarimiza dikkat
ederek korunabilirken havadaki mikroorganizmalardan
korunmak i¢in hijyen aligkanliklarimizin yani sira
maske kullamimi1 gerekmektedir. Burada dikkat
edilmesi gereken husus, hangi mikroorganizmaya kars1
korunma  isteniyorsa  maskeye o  0Ozelligin
kazandirilmas: gerekmektedir.

Tekstil iirtinlerine antibakteriyel 6zellik kazandirmak
icin en ¢ok tercih edilen maddeler; kitin, kitosan,
triklosan ve glimiistiir.

Gilimiis partikiilleri antibakteriyel 0zellik elde
edebilmek icin olduk¢a sik kullanmilmaktadir '. Bir
caligmada kolloidal bir giimiis nanopartikiil ¢dzeltisi
kullanilarak mevcut cerrahi maskelere antibakteriyellik
kazandirilmistir 2.

N-halaminler azot ve bir halojen (genellikle klor (Cl))
arasinda olusturulmus bir veya iki kovalent bag igeren
bilesiklerdir. N-halaminler, mikroorganizmalara karsi
genis spektrumlu bir etkin madde igermektedir ve
antibakteriyel 6zellik kazandirmak i¢in ¢ok kullanilan
diger kimyasallardandir. Huang ve grubu 3
poliakrilonitril ve n-halaminler kullanarak
elektroegirme yontemiyle antibakteriyel nanolif matlar
iretmistir. Fakat elektro egirme yontemiyle iiretim
yapmak oldukca yavas oldugu ve ihtiyag duyulan
maske miktarmin T{retilebilmesi i¢in daha hizh
yontemlere ihtiya¢ duyulmaktadir.

Piyasada en yaygin kullanilan maskeler dokunmamig
kumasglardan  dretilen tek kullanimlik  cerrahi
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maskelerdir. Sentetik elyaflar kullanilarak iiretilen bu
maskeler son zamanlarda c¢evre tizerindeki en biiyiik
mikro plastik kirliligi olusturmaktadir 4. Bu durumun
oniine gegebilmek igin daha ¢evre dostu ve ¢ok
kullanima  olanak sunan maskelere ihtiyag
duyulmaktadir °. Bunun i¢in dokuma ve 6rme
kumaglar tercih edilebilmektedir ve 6rme kumaglar
esnek yapilar ile yiizli iyi kavradigindan daha ¢ok
tercih edilmektedir.

Liu ve arkadaslan ¢ kitosan igerikli mikrokapsiiller
kullanarak %100 pamuklu kumaslara yikamaya
dayanikli antibakteriyel 6zellik kazandirmislardir.
Cevreci ve ekonomik bir yaklagimla {iretilen
maskenin yikanabilmesi ve birden fazla kez
kullanilabilmesi i¢in konvansiyonel yontemler ve
antibakteriyellik/antivirallik verecek yeni kimyasallar
uygulanarak miimkiindiir.

Bu c¢alisgmada konvansiyonel orme teknigi ve
kimyasal apre uygulamasi kullanilarak
mikroorganizmalardan ~ koruyucu  bir  maske

iretiminde kullanilabilecek kumas parametrelerinin
belirlenmesi hedeflenmistir. Bu amagla {iretilen
maske oOrneklerine ¢esitli testler uygulanmis ve
sonuglar1 raporlanmigtir.

DENEYSEL

Malzeme

Calismada 1{i¢ farkli kumas kullamilmistir ve
ozellikleri Tablo 1’de 6zetlenmistir.

Tablo 1. Kullanilan kumaglarin 6zellikleri

Kumas A Yapisi Gramaj
No Igerik (Pus/Fayn) (g/m?)

%93 Pamuk (Ne 40/1 — Siiprem

1 S/Z) (Monarch 155
%7 Elastan (30 dtex) 30/28)

) %94,5 Pamuk (Ne 30/1) &?ggg‘h 10
%S3,5 Elastan (33 dtex) 3028)
Stiprem

%95 Pamuk (Ne 40/1)
3 %S5 Elastan (22 dtex) (1\;[;;1;:)0 h 180




Yontem

Tablo 1’deki ¢ farkli kumasa ramda 30 g/L
antibakteriyellik ve su iticilik apresi ram oncesi fularda
uygulanmigtir. Ardindan Sekil 1°deki gibi maske
formuna getirilen kumaglara antibakteriyellik, su iticilik
ve hava gecirgenligi testleri uygulanmusgtir.

Sekil 1. a. 1 numarali kumagtan {iretilen maske 6rnegi,
b. 2 numarali kumastan iiretilen maske 6rnegi,
c. 3 numarali kumagtan iiretilen maske drnegi

DENEYSEL SONUCLAR/TARTISMA

Koruyucu yiiz maskeleri bizleri mikroorganizmalarin
bulagmasindan korurken ayni zamanda nefes alabilir
iirtinler olmalidir. Bu dzelliklerin tespiti i¢in bakteri
filtrasyon verimlilik testi, mikrobiyal temizlik testi ve
nefes alabilirlik testleri EN 14683:2019 kullanilarak
uygulanmig ve sonuglar1 Tablo 2’de 6zetlenmistir.
Bakteri filtrasyon verimlilik testi i¢in kumas lizerinden
bakteri igeren aerosol gonderilir ve kumasin ardina
gecen bakteri miktar1 sayilir, verimlilik hesab1 yapilir.
Nefes alabilirlik i¢in 2,5 cm ¢apinda 5 numuneye test
yapilarak ortalama degerler raporlanmistir. Test
metodundaki hava akig hizi 8 1/dk’dir. Mikrobiyal

temizlik testi sonunda agarda olusan
mikroorganizmalar sayilir.
Tablo 2. Maskelerin test sonuglari
Bakteri Mlkm.bl.y al
Kumas | Filtrasyon Temizlik Nefes
i rasyo (koloni | Alabilirlik
No Verimlilik 2
. olusturan (Pa /cm?)
Testi . .
birim / gr)
1 85,9 % 10 kob/gr 18,1
2 87,4 % 13 kob/gr 69,8
3 87,4 % 12 kob/gr 71,3

Saglik personeli disindaki kisiler igin kullanilmasi
onerilen maske Tip 1 olarak adlandirilmakta ve
su performans

asagidaki

beklenmektedir;

ozelliklerini

saglamasi

- Bakteri filtrasyon verimliligi > % 95

- Nefes alabilirlik (basing farki) < 40 Pa/cm?

- Mikrobiyal Temizlik (koloni olusturan birim

/ gr) <30 kob

Bu bilgiler dogrultusunda 1 numarali maske
degerlendirildiginde bakteri filtrasyon verimlilik
testinden %95’1n hemen altinda oldugu i¢in kaldig,
mikrobiyal temizlik testinden ve nefes alabilirlik
testinden gectigi gozlenmektedir. 2 ve 3 numaral
maskeler birlikte incelendiginde mikrobiyal temizlik
testi sonucu sirastyla 13 ve 12 oldugu i¢in bu testten
gectigi fakat nefes alabilirlik test sonuglar1 69,8 ve
71,3 ve bakteri filtrasyon verimlilik testi sonucu
95’ten kiiciik oldugu i¢in bu testlerde istenilen sonucu
vermedigi gézlenmistir.
Segilen kumas yapilari igerisinde en iyi test sonuglari
diisiik gramaja, yiiksek elastan oranina ve digerlerine
gore kiyasla daha dengeli yapiya sahip kumasla elde
edilmistir.

GENEL SONUCLAR/ SONRAKi DONEM
CALISMALARI

Havadaki mikroorganizmalardan korunmak igin
iiretimi planlanan kumas esasli ¢ok kullanimlik maske
ornekleri incelendiginde segilen ii¢ farkli kumas
yapist igerisinde mikrobiyal temizlik
performanslarmin yeterli oldugu, bakteri filtrasyon
verimlilik test sonuglarmin istenilen verimlilik
degerlerine ¢ok yakin oldugu, nefes alabilirlik
sonuglarinin ise kumas gramajina bagl olarak
farklilik gosterdigi tespit edilmistir.

Elde edilen sonuglar1 iyilestirmek i¢in mevcut
calismadaki bulgular 15181nda 6rme kumasg esasli ¢ok
kullanimlik maske tasarimina yonelik caligmalarda
asagidakilere dikkat edilecektir;

1- Elastan  miktarinin  yiikksek  olmasi
gerekmektedir.

2- Dengeli yap: elde edilebilmesi igin biikiim
yonii  farkli  olan iplikler beraberce
kullanilmalidir.

3- Segilen iplik tipi ve elastan oranina bagh
olarak istenen nefes alabilirlige
ulagilabilmesi  i¢in  kumas  gramaji
siirlandirilmalidir.

4- Secilen kumasgin  yapisma ve nihai

ozelliklerine bagli olarak fularda beraberce
verilen su itici ve antibakteriyel apre recetesi
optimize edilmelidir.

5- Alternatif olarak birbirinden farkl1 aprelerin
ayn1 kumasa verildigi pek ¢ok uygulamada
aprelerin ayr1 ayrt uygulandigi ¢ift ram
kullanilabilir.

6- Ayn yiizeylere ayn aprelerin uygulanmasi
(diga bakan tarafa su iticilik apresi, ige bakan
tarafa ise antibakteriyellik apresi) ile yiiksek
bakteri filtrasyon verimliligi saglanabilir.



TESEKKUR/BILGILENDIRME/FON KAYNAGI
AP20 kodlu Antiviral ve Antibakteriyel Maske ve
Koruyucu Ekipman Kumaglar1 Gelistirilmesi isimli
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miihendisleri tarafindan gelistirilmistir. Tiim yardimlar1
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mamiil kumas isletmesi olan boyahane isletmelerine
tesekkiir ederiz.
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AMAC

Bu caligmada elektro ¢ekim yontemiyle ballibaba bitki
ekstraktindan yesil sentezlenmis Ag katkili PLGA
nanofiberler kullanilarak doku reaksiyonu ve cerrahi
alan enfeksiyonuna sebep olmayan, gerekli siirtiinme
kuvveti saglayarak diigiim gilivenligini arttiran cerrahi
stitiir tiretimi hedeflenmistir.

GIRiS

Siitlir, cerrahi operasyon veya yaralanmalar sonucu
meydana gelen viicut kesilerini bir arada tutar, dokuya
iyilesme siirecinde mekanik destek saglar!. Siitiir
kullaniminda cerrahi alan enfeksiyonuna neden
olmamasi, cerrah i¢in kullanim kolaylig1 saglamasi ve
diiglim stabilitesi 6nemli kriterlerdir. Yara iyilesmesi
siireci i¢in, kullanilan siitiirun o6zellikleri 6nem
tasimaktadir?.  Siitiir  6zelliklerini  gelistirmek i¢in
antibakteriyel ajan ekleme ve kaplama yontemiyle
caligmalar yapilmistir. Antibakteriyel ajan olarak
distik toksisite ve yiiksek antibakteriyellik etkileriyle
Ag one c¢ikmigtir. Kaplama yonteminde ise
biyouyumlu malzemeler kaplama ajam1 olarak
kullanilir. Yapilan c¢aligmalarda dogal olarak olusan
ajanlar kitosan, zeytin yapragi ekstresi ve aloe vera ile
kaplanan ipek siitiirlarin  mekanik  6zelliklerini
arttirdigi  goriilmiistiir’. Ayrica kullanilan malzeme
ozelliklerine gore yara iyilestirme, antifungal 6zellik
gosterme gibi birgok avantaj da saglamistir. Bu
calismada bitki ekstraktiyla enkapsiile edilmis glimiis
nanopartikiil sentezlenmistir. Elde edilen giimiis
nanopartikiil, Polylactide -co- glycolide asit (PLGA)
ile tretilen elektrospin nanofiberlerin, biyoaktivite ve
antimikrobiyel Ozelliklerini arttirmak i¢in fiberin
igerisine katilmigtir. Sentezlenen giimiis nanopartikiil,
¢oziicii olarak sadece suyun kullanildigi, canli
hiicrelerden nanopartikiil iiretimi esasmna dayanan
biyosentez yontemi ile elde edilmistir®. Yesil sentez
icin Ballibaba bitki 6ziitii kullanilmistir. Ballibaba
adiyla bilinen Lamium galeobdolon (L.) bitkisi,
antispazmodik (spazm giderici), anstrenjan (damar
veya dokular1 biiziicii), stiptik (kanama durdurucu) ve
vazokonstriktor (kan damarlarini daraltici)
dzelliklerinden dolay: tercih edilmisgtir®.
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Bu o6zelliklerinin {iiretilen nanopartikiilii etkilemesi
ve yara iyilesmesine katki saglanmasi
beklenmektedir. Uretilen nanofiber malzeme fourier-
donistiirilmiis kizilotesi spektroskopisi (FTIR), X-
Isin1 kirinimi (XRD), taramali elektron mikroskobu
(FESEM)  kullanilarak  karakterize  edilmistir.
PLGA/Giimiis elektrospin nanofiberin, antibakteriyel
ameliyat ipligi (siitliir) olarak kullanimi {izerinde
durulup, malzeme 6zellikleri incelenmistir.

DENEYSEL

Malzeme

PLGA (Jilin Folialux Bio-Tech Co),
Dimetilformamid (DMF, Sigma-Aldrich),

Diklorometan (DCM, VWR Chemicals), Gilimiis
Nitrat (AgNO3, Nanokar nanoteknoloji) ve Ballibaba
(Lamium Galeobdolon) bitkisi kullanilmigtir

Yontem

Yesil sentez

Yesil sentezde metalik nanopartikiil iiretimi, bitki
Oziitlerinin metal iyonlariyla etkilesime girerek
metalik nanopartikiillere indirgemesiyle saglanir.
Ballibaba ekstraktinda bulunan biyomolekiiller, Ag+
iyonlarinin Ag’ indirgenmesinden sorumludur. Ag+
iyonu kaynagi olarak 0,1 molarhik giimiis nitrat
(AgNO3) kullamilmistir. Gilimiis nanopartikiillerin
sentezi i¢in 75 ml ballibaba bitki 6ziitii ile 150 ml saf
su manyetik karistirict yardimiyla karigtirilmaya
birakildi. Islem gergeklestirilirken 25 ml 0,1 molarlik
AgNO; ¢ozeltisi damla damla olmak iizere ¢ozeltiye
ilave edildi. Karigtirma isleminden sonra ¢ozelti, 24
saat karanlik ortamda bekletildi. Ardindan ¢ozelti
igerisindeki saf su, etiiv kullanilarak buharlastirildi
ve ballibaba bitki 6ziitiiyle enkapsiile olmus giimiis
nanopartikiiller (YS-AgNP) elde edildi.

Elektro ¢ekim Yontemi

Elektro ¢ekim islemi, yiiksek voltajli bir DC gii¢
kaynagi, toplayict olarak donen tambur ve siringa
pompast  yardimiyla  gergeklestirildi. ~PLGA
nanofiberlerin iiretimi igin ¢o6ziicii olarak DMF,
DCM kullanilmistir. ' YS-AgNP/PLGA soliisyonu
icin de DCM ve DMF cozeltilerine YS-AgNP’ler,
PLGA oranin %]1’ine esdeger olacak miktarda ilave
edilir. Ardindan ¢6zelti ultrasonik bir karistirici ile



yarim saat karistirilir. Daha sonra cozeltiye PLGA
eklenir ve homojenlik saglanana kadar manyetik
karistiricr  yardimiyla  karistirilir. Bu  islemler
sonrasinda elektro ¢ekim yontemi kullanilarak YS-
AgNP/PLGA ve PLGA nanofiber elde edilir.

Parametreler PLGA YS-
Nanofiber AgNP/PLGA
Nanofiber
Voltaj (kV) 15-20 kV 23-28 kV
Cozelti akis hizt 0.4 ml/saat 0.2 ml/saat
Igne ucu/kollektor 15 cm 13 cm
arasindaki mesafe

Sekil 1. Elektro ¢ekim ydntemi parametreleri

DENEYSEL SONUCLAR/TARTISMA

Mekanik Ozellik

Uretilen nanofiberler 1x8 cm oélgiilerinde kesilmistir.
Ardindan kesilen fiberlerin bir ucu sabitlenip diger ucu
el ile egrilerek cerrahi siitiir iiretimi tamamlanmustir.
Uretilen PLGA nanofiber siitiir, cekme testine tabi
tutulmustur. Sonug Sekil 2°de gosterilmistir.

Sekil 2. PLGA nanofiber siitiirun gerilme-yiizde
uzama grafigi

Sekil 3. PLGA nanofiber siitiirun ¢ekme testi
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Karakterizasyon

Malzemenin  morfolojik detayr FESEM ile
incelenmistir. AgNP’lerin yalin halde agregasyon
olusturdugu bunun da toksisiteye neden olugu
bilinmektedir. Bu durumu onlemek igin AgNP,
PLGA i¢ine gomiilmiistiir. FESEM goriintiileri YS-
AgNPlerin, liflerin icine rastgele dagildigin
gosterdi.  Boylece  AgNP’lerin  kiimelenmesi
Onlenmis ve stabilizasyonunu daha uzun siire
korumasi saglanmistir. Sekil 4’de goriildiigli gibi
olusan elyaflar siirekli bir yapiya sahiptir. Lif ¢ap1 ve
yapisinda, PLGA nanofibere gore YS-AgNP/PLGA
nanofiberde ¢ap dagilimi daha homojendir. PLGA
nanofiberde ortalama ¢ap yaklasik 700 nm iken YS-
AgNP/PLGA nanofiberde yaklagik 115 nm’dir.
Cozeltiye eklenen AgNP’lerin iletkenligi arttirmasi
YS-AgNP/PLGA nanofiberlerin ¢apini azaltmistir.
Ayrica YS-AgNP/PLGA nanofiber daha piiriizlii bir
yiizey morfolojisine sahiptir.

a) PLGA nanofiber

b) YS-AgNP/PLGA nanofiber
Sekil 4. Nanofiberlerin FESEM goriintiileri

Malzemenin kristal yapisini belirlemek i¢in XRD
kullanildi. Sekil 5°de, sirasiyla YS-AgNPlerin ve
YS-AgNP/PLGA’nin XRD modelini
gosterilmektedir. YS-AgNP'lerin tepe noktalari,
sirastyla (111), (200), (220) ve (311) diizlemlerine
karsilik gelen 20=38,2°, 20=44,4° 20=64.5%
20=77.5° 'de gozlendi. YS-AgNp/PLGA nanofiberde
ise tepe noktasi, (020) diizlemine karsilik gelen
PLGA polimerinin ana zirvesi olan 20=29da
gozlendi. Debye - Scherrer formiilii kullanilarak



ortalama kristallik boyutu YS-AgNP icin yaklagik 22
nm bulunmustur.

Sekil 5. XRD grafigi
a) YS-AgNP b) YS-AgNP/PLGA nanofiber

FTIR spektrumuyla, {retilen PLGA ve YS-
AgNP/PLGA  nanofiberlerin  kimyasal bilesimi
belirlenmistir. Sekil 6’da PLGA ve YS-AgNP/PLGA
nanofiberlerin tepe noktalar1 ve tepe noktasina karsilik
gelen degerleri verilmistir. Nanofiberler 1749 cm! ve
1752 cm! noktalarinda C=O gruplarinin varligina
bagli olarak karakteristik bir tepe noktas: gosterdi.
2942-3000 cm! ve 1455-1449 cm! arasinda C-H
grubuna, 1087-1185 cm! arasinda ise C-0 grubuna
bagli olarak tepe noktalar1 goriilmiistiir.

Sekil 6. PLGA ve YS-AgNP/PLGA nanofiberin FTIR
grafigi
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Antibakteriyel Ozellik

Calismada Escherichia coli 25922, Stapyhlococcus
aureus 29213, bakterileriyle agar disk diflizyon
metodu  kullanilarak, {retilen  nanofiberlerin
antibakteriyel ozellikleri test edilmistir Uretilen 2
¢esit nanofiber incelendiginde, PLGA nanofiberler
ihmal edilebilir seviyede az antibakteriyel o6zellik
gostermistir. YS-AgNP/PLGA nanofiber ise belirgin
bir inhibasyon ¢api vermistir. Calisma sonucunda
(%1) YS-AgNP’iin PLGA nanofibere
antibakteriyellik ozellik kazandirabildigi
goriilmiistiir. Bunun nedeninin ballibaba bitkisinin
malzemeye kazandirdi@i  antibakteriyel 6zellik
oldugu disiiniilmektedir. Farkli  bakterilerdeki
inhibasyon ¢aplar1 Sekil 7'de gosterilmistir.

Escherichia coli Stapyhlococcus aureus

Sekil 7. YS-AgNP/PLGA nanofiberin inhibasyon
bolgeleri

GENEL SONUCLAR

YS-AgNP biyouyumlu olmas: yoniiyle biyomedikal
alanda kullanima elveriglidir. Ayrica enkapsiile
oldugu bitki Ozellikleri, olusan nanopartikiilii
etkileyerek yeni oOzellikler kazandirir. Bu durum
iretilen  nanofiberlerin  malzeme  Ozelliklerini
gelistirir. Elde edilen siitiir, malzeme o&zellikleri
bakimimdan incelendiginde siitiiriin antibakteriyel
6zellik kazandig1 ve daha piiriizlii yapida olmasindan
dolay1r cerrahi diigiim stabilizasyonunu artirdigi
gorillmiistiir.

SONRAKI DONEM CALISMALARI

fleri vadede {iretilen nanofiber siitiiriin in vivo
caligmalar1  gerceklestirilecektir. ~ Ayrica  yara
iyilesme siirecine katki saglamak icin ilag yiiklii
siitiir ¢alismalar1 yapilacaktir.
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PURPOSE
The objective of this study is to assess the
bacteriostatic ~ effect of Dboric acid-containing

polyurethane electrospun mat.

INTRODUCTION

The antibacterial properties of hygienic products are
significant for the protection of public health,
particularly in hospitals, hotels, schools, military
services and other public areas. In the near future,
increasing population, changing consumer attitudes
towards health and hygiene, and the availability of
new medical technologies are expected to have a
positive impact on the demand for antibacterial
medical textile materials. According to
MarketsandMarkets Inc. report, the antimicrobial
textile market is expected to reach USD 12.3 billion by
20241,

Boric acid (BA) is a white powder obtained from
boron and water. It has antibiotic properties against
both fungal and bacterial infections. It is used in some
medical applications, such as mild antiseptics. It may
be effective in treating certain skin conditions such as
acne and mild rashes. It is also effective for fungal
infections and the dilute solution can be used as an
eyewash solution®®. Akbar et al. investigated that the
antibacterial properties of the nanoboron coated textile
material*. Isik et al. reported that PVA electrospun
nanofibers and boric acid complexes of these
nanofibers were produced by electrospinning and their
antibacterial properties were investigated®.
Iyigundogdu et al. reported that cotton fabrics were
immersed with boron compound solution and their
antibacterial properties were investigated®.

Electrospinning is a simple, versatile and cost-
effective technique for the production of ultra-fine
polymer fibers. Electrospun fibrous have unique
characteristics, such as small pore sizes, high porosity
and high specific surface area, and offers a wide range
of applications, including textiles, food, energy and the
environment’. Polyurethane (PU) is an important
polymer, widely used in various fields as well as in
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medicine for medical textiles, including hospital
beddings, surgical drapes, and masks and wound
dressings®. Until this time, no study has been
conducted to investigate the bacteriostatic effect of
BA on PU mat by manufacturing using the
electrospinning method. The bacteriostatic activity
of the electrospun mat was evaluated against gram-
positive (Staphylococcus aureus).

EXPERIMENTAL

Material

The PU polymer was obtained from BASF. The
boric acid (BA) was obtained from Chempur and N,
N dimethylformamide (DMF) which was supplied
from Sigma-Aldrich. Staphylococcus aureus (ATCC
6538) was provided from the Faculty of
Biotechnology and Food Sciences at Lodz
University of Technology.

Method

PU polymer was dissolved in DMF with a
concentration of 13% (w/v). After that, BA was
added to the prepared PU polymer solution with a
concentration of 3 wt. %.

The electrospinning solution was loaded into a 20
mL syringe fitted with a metal needle and mounted
on a syringe pump. A high voltage of 25 kV was
applied. The solution was expelled from the syringe
at a rate of 1 mL/hour. The needle was kept at a
distance of 20 cm from a drum collector at a speed of
180 rpm.

The obtained samples were tested for bacteriostatic
properties against of microorganism using the
inhibition zone process. In this phase, as a gram-
positive bacterium, Staphylococcus aureus was
inoculated into selective agar. The sample was then
placed in the center of the petri dishes and was
incubated for 24 h. The resulting zone of inhibition
around the sample and under the sample was
evaluated at the end of this time.



EXPERIMENTAL RESULTS AND
DISCUSSIONS

Every year, 500,000 people in US hospitals are
infected with Staphylococcus aureus’.

BA has many biological benefits, including weak
antifungal and antimicrobial effects, the ability to heal
wounds, inhibition of cancer cells, and some others>?.

Figure 1. Bacteriostatic activity of the PU/BA
electrospun mat against Staphylococcus aureus

Bacterial growth has been observed both above and
below the PU and it has shown no inhibition zone. The
PU/BA electrospun mat did not show an inhibition
zone in Staphylococcus aureus. However, there was
no growth under the electrospun PU/BA mat against
Staphylococcus aureus (Figure 1) and also limited
bacterial growth was observed on the sample.

Due to the relative hydrophilic nature of the gram-
positive cell wall, Staphylococcus aureus bacteria may
chemically interact with sample BA the PU/BA
electrospun mat. This interaction disrupts the structure
of the cell wall, leading to the death and number of
Staphylococcus aureus bacteria.

CONCLUSIONS

The presence of BA in the electrospun mat inhibited
the growth of Staphylococcus aureus under the sample
and limited the growth of on the sample. The simple
and effective production method of this preliminary
study is expected to contribute to the development of
boron-containing textile products, such as hospital
textile materials and other public areas that need to be
hygienic.

SUGGESTION FOR FURTHER WORK
The bacteriostatic effect can be assessed using
quantitative methods for further investigation.
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OBJECTIVES

Mesenchymal stem cells (MSCs), as multipotent stem cells, can be obtained from many tissues/organs including bone
marrow, adipose tissue, dental pulp, and amniotic or synovial fluids'. MSCs are unique cells that can support functions
of many tissues and organs by releasing soluble factors such as growth factors, anti-apoptotic and anti-inflammation
factors, and they can synthesize extracellular matrix (ECM) mainly composed of collagen fibrils, a key component of
tissues. In damaged tissues, MSCs can help the formation of new blood vessels by secreting angiogenic factors.
Therefore, MSCs are very helpful for reducing the inflammation?, decreasing the progress of autoimmune diseases3
and preventing rejection of transplant4. Our objective in this study is to use MSCs as supportive/feeder cells for the
maintenance of liver cells including cell adhesion, cell growth and proliferation other biological activity in microfluidic
chip by benefitting from such protective and regenerative properties of MSCs for tissues. To accomplish this aim, as
part of a liver-on-a-chip study, we investigate the behavior of MSCs in microfluidic (MF) culture by monitoring cell
viability, proliferation, cell numbers, and the expression of MSC-specific genes. Moreover, we will investigate the effect
of MSCs on the viability and maintenance of liver cells within the MF-chip conducted by co-culture of MSCs with
liver cells.
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AMACLAR
Bu calismada elektro-egrilmis Siprofloksasin (CIP) antibiyotik yiiklii Poli(laktikasit) (PLA) nanofiberlerin hasarli
doku onarimini saglamak ig¢in ila¢ salinim sistemi olarak kullanilmasinin etkinliginin ve gerekli ila¢ salinim miktarinin
belirlenmesi hedeflenmistir.
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AMACLAR

Bu calismada Holzapfel-Gasser-Ogden (HGO)
matematiksel modeli' kullanilarak, 6zellikle uzama
sertlesmesi ilgili parametrelerin yapay bir damarmn
mekanik  Ozellikleri  lizerine etkisini  anlamak
amaglanmaktadir. Bu parametrelerin etkisini anlamak
yapay damarlarin {retilmesinde bir kilavuz olmasi
nedeniyle 6nemlidir. Fiberlerin uzama sertlesmesi
karakteristigini ve damarin mekanik &zelliklerine
iizerindeki giiclii roliinii model vasitasiyla anlamak,
damar {iretimi i¢in gerekli dizayn ¢aligmasina bir veri
sunacaktir.

GiRiS

Kan damarlarinin baypas cerrahisinde kaynak olarak

hastanin kendisinden alman damarlar1 kullanmak
birinci tercihtir. Fakat bu greft mevcut veya
kullanilabilir ~ vaziyette  olmayabilir. Bu  gibi

durumlarda yapay biyo-malzemelerden {iretilen kan
damarlar1 yaygin olarak kullanilmaktadir?.

Yapay kan damarlarinin ¢ok siki kalite standartlariyla
iretilmesi istenmektedir. Dogal damar dokusunun
mekanik 6zelliklerini taklit etmek bu kriterlerden bir
tanesidir. Cesitli katmanlardan olusan damar yapisi
karmasik ve dogrusal olmayan mekanik Ozellikler
gostermektedir. Bu mekanik ozelliklerin anlagilmasi
icin damarin kendi katmanlarinin  olusturdugu
kompozit yapi iyi anlasilmalidir. Saglikli bir elastik
arterin ana bilesenlerinin sematik modeli Sekil 1°de
verilmistir. U¢ katmandan olusan bu yapilara igten
disa:  “Intima”, “Media” ve “Adventitia” adi
verilmektedir. Bu katmanlar yasa, hastaliklara ve
genetik yapiya gore degisim gegirse de genel anlamda
yapisimin ayni kaldig1 sdylenebilir?.

Intima katmam1 en igte ve ince bir yapidan
olusmaktadir. Ince ve yumusak olmasindan dolay1 bu
yapmin mekanik o6zelliklere katkist matematiksel
modellerde ihmal edilir. Bu ihmal 6zellikle geng ve
saglikli damarlar igin gecgerlidir. Unutulmamalidir ki
yaslanma ve ilerleyen hastaliklar bu yapmin
kalinlagsmasina ve sertlesmesine sebep olmaktadir.
Buradaki ¢alismada saglikli  damarlar {izerine
odaklandig1 icin Intima’min mekanik &zelliklere etkisi
ihmal edilecektir!.

Media, arterin orta katmanidir ve diiz kas hiicreleri
ile elastin ve kolajen fibrillerinden olusan {i¢ boyutlu
kompleks bir yap1 gostermektedir. Elastik ve kolajen
fibriller ve elastik laminalar, diiz kas hiicreleri
birlikte siirekli bir lifli sarmal yapi olusturur. Bu
yapidaki fibriller yapimin c¢evresinde c¢ok kiigiik bir
aciyla yayilmistir. Bu nedenle Media damar yapisina
yiiksek giic ve esneklik kabiliyeti verir. Mekanik
ozellikler bakimmdan Media, saglikli bir arterdeki en
etkin tabakadir denilebilir!.

Adventitia damarin en dig katmanini
olusturmaktadir. Buradaki dalgali kolajen fibriller,
sarmal ve acili bir yapida dizilmistir. Bu durum
damarin mekanik zorlanmalarinda bir istikrar ve gii¢
kazandirir. Adventitia, Media’ya gore yiiksiiz ve
diisiik basing konfigiirasyonlarinda ¢ok az bir
sertlife sahiptir. Bununla birlikte, daha yiiksek
basing seviyelerinde, kolajen lifleri yiikk ydniinde
yonlenir ve gii¢lii bir direng gdsterir. Bu arterin asir
gerilmelerde yirtilmasini 6nleyen bir emniyet saglar.
Bu ii¢ katmanin beraber olusturdugu yapi kan
damarlarinin dogrusal olmayan o&zel bir mekanik
davranigi sergilemesini saglar. Burada gerilim-uzama
egrilerinde baglangicta bir "toe-region" denilen
uzamanin fazla ve gerilmenin ¢ok az oldugu bir
baslangi¢ grafigi sergilerler. Uzama arttik¢a kolajen
lifler acilir ve direng gostermeye baglar. Bu
gerilmenin artmasina sebep olur. Deformasyonun
daha da artmasiyla baslangigtaki karakterin zidd1 bir
direng gozlenir. Gerilimin ¢ok siddetli tirmanmasina
karsin az bir uzama elde edilebilir. Ne zaman bask1
azalir, genislemis kan damarlar1 orijinal boyutlarina
geri doner. Elastin lifleri toparlanir ve kolajen lifler
yeniden katlanir. Bu benzersiz mekanik 6zellik, kan
damarlarinda kan basincini korurken tekrarlayan kan
basing darbelerine dayanma yetenegi verir. Ayni
zamanda kalpten insan viicuduna kan verilmesini de
kolaylastirir. Bu nedenle ideal vaskiiler greftler kan
damarlarinin bu 6zel dogrusal olmayan 6zelligi taklit
etmesi istenmektedir®.

Arter duvarlarinda kolajen yumusak dokuyu
modellemek i¢cin ¢ok fazla model ortaya
konulmustur. Bunlar arasinda Holzapfel-Gasser-

Ogden (HGO) malzemesi olarak adlandirilan
hiperelastik malzeme modeli en yaygm bilinenler
arasindadir’. Bu model bir anizotropik hiperelastik
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malzemenin nasil uygulanacagmi gosterir. Bu
calismada ama¢ HGO modelini kullanarak yapay
olarak ftretilecek bir damarin mekanik o6zelliklerini
ayarlamada kullanilmak iizere bir model olugturmaktir.

Sekil 1. Saglikli bir elastik arterin ana bilesenlerinin
sematik modeli. U¢ katmandan olusur: Intima, Media
ve Adventitia

Yontem

Bu calismada Holzapfel-Gasser-Ogden (HGO)
malzemesi olarak adlandirilan hiperelastik malzeme
modeli kullanilmistir. Modelle ilgili tim detaylar ilgili
referansta bulunabilir!. HGO modeli, sikistirilamaz bir
anizotropik hiperelastik bir malzeme modelidir.
Izokorik bir sekil degistirme enerji yogunlugu ile

tammlanir.  Izokorik  gerilim enerji  yogunlugu
asagidaki formiille ifade edilir:
Ws = Wiso + Waniso (D

Denklem 1'in sag tarafindaki Wi, ve Waniso Cauchy-
Green tensoriiniin degismezlerine baglhdir. Buradaki
terimler HGO malzeme parametrelini  igeren
fonksiyonlardir. Media ve Adventitia’nin izotropik
denklemi s6yle yazilabilir:

Wiso (1) = 5 (1 = 3) @

Yiiksek basinglarda her bir katmanda gdzlemlenen
giiclii  sertlesme eksponansiyel bir fonksiyonun
kullanilmasina sebep olmustur. Burada 6zellikle
kolajen liflerinde depolanan gerilim enerjisini temsil
eden bir denklem yazilabilir:

”ar]l{iso(14'16) (3)
1

=—E explk,(I; — 1)%] — 1

2k2 i=4-,6{ p[ 2(1 ) ]

Burada goriildiigii gibi HGO modelinde temelde iig
adet malzeme parametresi kullanmaktadir. ¢

parametresi katmanlardaki metriksin esnekligini
temsil etmektedir. k; ve k, parametreleri ise kolajen
fiberlerinin yiiksek gerilmelerdeki aktif roliinii temsil
eder. Tablo 1’de HGO model ¢aligmasindan alinan
degerler verilmistir'. Media’min Adventitia’ya gore
daha aktif mekanik o6zellikler sergiledigi goriilebilir.
Bu degerleri buradaki c¢aligmada da aynen
kullanilmigtir. ¢ ve k; parametrelerinin birimi birim
alana diisen kuvvet cinsindendir. Fakat k»
parametresi birimizdir. Modelden de anlasilacagi
iizere k, parametresi eksponansiyel fonksiyon i¢inde
uzama sertlesmesinde 6nemli bir rol oynamaktadir.
Bu caligmada o6zellikle k, malzeme parametresinin
fiber ag1 degerleriyle birlikte uzama sertlesmesine
etkisi incelenecektir.

Tablo 1. HGO yaymindan elde edilen malzeme
parametreleri

Malzeme ve geometri | Media Adventitia
parametreleri

c [kPa] 3.00 0.30

ki [kPa] 2.36 0.56

ko [-] 0.84 0.71

f [deg] 29 62

Media ve Adventitia i¢in ilgili ¢aligmadan alinmig
referans degere gore %25 ve %50 artirma ve azaltma
degerleriyle elde edilmis k, ve a1 degerleri Tablo
2’de verilmistir. Adventitia daha pasif bir katman
oldugu i¢in degerler daha genis bir aralikta %50°de
denenmistir. Fakat buna ragmen belirgin bir etki elde
edilememis ve parametre araligi daha da genis bir
arahga cekilmistir. [lgili degerler Tablo3’te
goriilebilir.

Tablo 2. Media ve Adventitia’nin ilgili ¢aligmadan
alinmus referans degere gore %25 ve %50 artirma ve
azaltma yontemiyle elde edilmis k» ve ag1 degerleri.

Media Adventitia
" ] = e
I o Q Q o NS
B EERERE
k> | 063 | 0.84 | 1.05 | 0.35 | 0.71 | 1.06
g 1217 29 | 362 | 31 62 93

Tablo 3. Calismada kullanilan Adventitia igin ks
degerinin ¢ok diisiik ve ¢ok yiiksek degerleri

Parametre Alt Referans Ust
Deger Degeri Deger

k> 0.01 0.71 12.78

Act 31 62 93

Bu c¢alismada kullanilan geometri parametreleri
Tablo 4’te verilmistir. Bu parametreler orta ¢ap diye
smiflandirilan  yapay damarlara uygun olarak
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secilmistir.

Tablo 4. Calisgmada kullanilan geometri degerleri
(Biitiin degerler mm biriminde verilmistir.)

Parametre Deger
I¢ ¢cap 6.0
Media Kalinlik 0.6
Adventitia Kalinlik 0.3
Dus Cap 7.8
Biitin bu  degerler nCOMSOL  Multiphysics

programimdaki HGO modelini baz alarak gelistirilmis
hazir bir modele aktarilmigtir. “Parametric Sweep”
fonksiyonu kullanilarak ¢oklu parametre
kombinasyonlar1 denenmistir. COMSOL i¢in HGO
modeli ve “Parametric Sweep” fonksiyonu hakkinda
daha fazla bilgi referanslarda bulunabilir>®.

SONUCLAR/TARTISMA

Sekil 2°de Media igin %25 bir degisimle denenen
parametrelerin damarin uzama sertlesmesi iizerinde
acik bir etkiye sahip oldugu goriilebilir. Denenen
kombinasyonlardan 7 numarali fu=36.2 ve kom=0.63
degerleri en az sertlesme gosteren secenek olmustur.
Burada ag¢mm artmast ve k; degerinin diigmesi
anlasilacagi lizere sertlesmeyi agikg¢a geciktirmistir.
Bunla beraber Sekil 2’de tam tersi bir senaryo igin 3
numarali ¢izgi i¢in Bm=21.7 ve kom=1.05 degerleriyle
acmin azalmasi ve k, degerinin artmasi uzama
sertlesmesini hizlandirmigtir.

Sekil 2. Media uzama sertlesmesin degisen ac1 ve ks
parametresine  gore grafikleri (%25 parametre
degisimi)

Adventitia i¢in uzama sertlesmesinin degisen ac1 ve ks

parametresine  gore grafikleri (%50 parametre
degisimi) Sekil 3’te goriilebilir. Burada uzama
sertlesmesi  lizerinde daha fazla bir aralikta

parametrelerin  denenmesine ragmen
kiyasla daha az bir etki goriilmektedir.

Media’ya

Sekil 3. Adventitia uzama sertlesmesin degisen ag1
ve ko parametresine gore grafikleri (%50 parametre
degisimi)

Adventitia uzama sertlesmesin degisen ag1 ve k»
parametreleri i¢in daha genis aralikta parametre
degisimi sonuclart Sekil 4’te goriilmektedir. Burada
da genel anlamda Sekil 3’teki gibi belli bir degisim
goriilmemektedir. Fakat 6zellikle 3 numarali grafik
Ba=31 ve ki=12.8 degerleriyle digerlerinden
ayrilmaktadir. Burada anormal derecede diisiiriilen
ac1 ve artirilan k, degeri uzama sertlesmesini agik bir
sekilde artirmistir. Bu iki degerin beraber
olusturdugu etki Adventitia’nin uzama sertlesmesine
etkisi i¢in gerekli parametre ayarlarini gosterebilir.

Sekil 4. Adventitia uzama sertlesmesin degisen ag1
ve k, parametresine gore grafikleri (Genis aralikta
parametre degisimi)

SONRAKi DONEM CALISMALARI
Ozellikle Adventitia’nin a¢1 ve k, degerlerinin

uzama  sertlesmesine  etkisi daha  detayh
calisgtimalidir. Ilerleyen asamalarda iiretim aninda
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liflerin agilarmin  ve yogunlugunun k; ve k;
parametrelerini nasil degistirdigini deneysel olarak
calisilacaktir.
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Yara iyilesmesi siirecini hizlandiran, dayanikli, bakteri olusumunu engelleyerek antibakteriyel, biyobozunur,
biyouyumlu 6zelliklere sahip yesil sentezlenmis giimiis nanopartikiil/PLGA yara ortiisii gelistirilmesi amaglanmstir.
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OBJECTIVES

The currently used approaches in the treatment of wounds and burns have been studied for many years to eliminate
problems related with mechanical strength, elasticity, biocompatibility and cost. In this study, it is aimed the production
of a natural polymer-based dressing that can provide controlled antibiotic release to accelerate wound healing. In
addition to the use of natural polymers, for the most effective method in the treatment of frequently encountered wound
types, it is important to produce a material with low cost and high efficiency. The parameters for the model of an
antibiotic release that can prevent common infections can be manipulated by using a biotextile-based approach to
quantify the amount of antibiotics and its release to satisfy clinical requirements. As a final goal of this study, satin-
woven by using composite living core/shell fibers will be investigated for wound dressing.
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AMACLAR

Yanik ve kronik yaralarin iyilesmesinde gazl bezler, kopiikler, hidrojeller, biyolojik sargilar, hidrokolloidler vb. gibi
bir ¢ok tedavi yontemi bulunmaktadir. Fakat bu yontemlerin bazilari1 sadece ileri derecede olmayan yanik ve kii¢iik
yaralari iyilestirirken ¢ogu tedavi sonrasi basarty garanti etmemektedir. Bu nedenle basaril alternatif tedavilere ihtiyag
duyulmaktadir. Elekrospun nanofiber yara ortiisii bu duruma umut verici ¢oziim sunmaktadir. Bu ¢alismada elektro
egirme yontemi kullanilarak zerdegal ekstrakt ile enkapsiile edilmis giimiis nanopartikiilli PLGA nanofiber yara
ortiileri {iretilmistir. Uretilen bu nanofiberlerin morfolojik,kimyasal, mekanik ve antibakteriyel o6zellikleri
incelenmistir. Bu ¢alisma ile hizli iyilesme saglayan, konforlu ve agrisiz, daha az siklikta pansuman gerektiren,
bakteriyel kontaminasyonlara karsit direngli ve daha iyi estetik sonuca ulastiran yara oOrtiileri elde edilmesi
hedeflenmistir.
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PURPOSE

To aim of this study is to combine cryogel and
nanofiber structures. For this purpose, pHEMA based
cryogel/nanofibers hybrid biomaterial was produced
and characterized morphologically via scanning
electron microscopy (SEM).

INTRODUCTION

Cryogels are supermacroporous gel matrices of
monomeric or polymeric precursors’ The meaning of
cryogels is coming from the Greek word of kryos
(freezing or ice)?. Cryogels were first reported in the
1960s; however, they gained importance in the early
1980s3. The number of cryogel studies are increased in
each day.

Cryogels are produced by polymerization at the
subzero temperature. Unfrozen parts are used for the
polymerization process. Ice crystals are responsible for
the formation of supermacropores. By dissolving ice
crystal, supermacropores are formed in the cryogel % °.
The cryogel formation is shown in the Figure 1.

Figure 1. The cryogel formation
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Cryogels can be prepared in different geometric
shapes such as monoliths, sheet, disk, and beads.
Various monolith and sheet cryogels have been
successfully prepared in researches. To prepare
monolith cryogels, reaction solutions are filled into a
syringe and freezed. Reaction solution is injected
between two glass plates to produce sheet
cryogels®’.

There are parameters such as pore size, thickness and
density of pore walls that affect the properties of
cryogels. Macroscopic mechanical properties are
related to the density and thickness of the pore walls.
Flow resistance is determined by pore size®.

Pore volume is an important property of cryogels. A
cryogel that is completely swollen by water consists
of dry polymer weight (3—4%), polymer bound water
(4-5%), water inside micro pores (15-18%) and
water inside macro pores (72-74%) (Fig. 2a). In
other words, 90% of cryogels consist of water inside
the pores. Dry and swollen cryogels are shown in Fig
2 b- b'. Swollen cryogels are elastic materials, so it
can compress mechanically (Fig. 2 c-c’). As a result
of mechanical compression, most of the water (70%)
in macro pores can be removed. This property
demonstrates that cryogels are composed of
interconnected pores®.

Figure 2. (a) A content of a swollen cryogel by
water; images of cryogels swollen in deionized water
(b) dry state before absorbing water, (b") swollen
state after absorbing water; images of cryogels under
stress (c) swollen state, (") compressed state



Cryogels can be used in various fields such as bio-
separation, bio-layer cell separation, biocatalysis,
chromatography, environmental application,
biomedical therapy and tissue regeneration’.
Especially, the use of cryogels attracts attention in
biomedical application because of their interconnected
macroporous structures'®.

Sahiner et al., has produced poly (tannic acid)
embedded pHEMA cryogels. Produced cryogels have
shown some properties such as longtime water
retention ratio, high moisture content, adhesion ability
to skin, hemocompatibility because of pHEMA
cryogels. These cryogels were translucent, elastic, soft
and hemostatic. In addition, poly (tannic acid) in the
cryogels was supplied as antibacterial and antioxidant.
According to the results, these cryogels have been
suggested for use as a wound dressing!!.

Another type of material that is frequently preferred in
biomedical applications is nanofibers. The nanofibers
are fibers with diameters under 500 nanometers. The
nanofibers have perfect properties such as nano-porous
structure, good tensile strength and stiffness, ultrahigh
surface area to volume ratio and emulable extracellular
matrix'> 13,

There are several methods to produce nanofibers. One
of them is electrospinning. Electrospinning devices
consist of a high voltage power supply, syringe pump,
needle and collector (Fig. 3). The power supply is
responsible for forming the loaded polymer solution
into fiber form. The flow rate of the polymer solution
is controlled by a syringe pump. The needle is used to
distribute the load on the polymer jet. The collector is
picked up electrospun fibers'.

Figure 3. Schematic representation of electrospinning
process
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pHEMA has a wide usage area in the biomedical
applications such as contact lenses', tissue
engineering'®, drug release!” and wound dressing'® in
recent years. pHEMA is similar to natural tissues
and biocompatible.  Although pHEMA-based
cryogels are frequently preferred, pHEMA-based
nanofiber studies have become popular in recent
years. Both cryogel and nanofiber forms of pHEMA
are suitable for biomedical applications.

Ramalingam et al., has produced pHEMA nanofibers
by electrospinning method. pHEMA nanofibers had
mechanical strength, high swelling rate, good cell
viability and thermal stability. Thus, the study
showed that PHEMA nanofibers are good candidates
for tissue engineering applications'®.

In another study, Ramalingam et al., has produced
curcumin-loaded pHEMA nanofibers via
electrospinning. The antibacterial activity and drug
release profile of the produced nanofibers were
investigated. According to the results, PHEMA
nanofibers were good candidate for biomedical
applications. At the same time, it has been shown
that curcumin-loaded PHEMA nanofibers can be
used in wound healing?,

pHEMA nanofibers was manufactured for drug
delivery by Rao et al. The biocompatibility of
nanofibers has been shown in the study. Continuous
release of paclitaxel from scaffolds was observed. It
has been shown that PHEMA scaffolds can be used
as anticancer implants with the continuous release of
paclitaxel?!.

In this study, pHEMA based cryogel/nanofibers
hybrid biomaterial was produced. After pHEMA
cryogel was prepared, pHEMA nanofibers were
produced via electrospinnig method and collected
onto the cryogel. The morphological characterization
was done via SEM.

EXPERIMENTAL

Material

Poly (2-hydroxyethyl methacrylate) (pHEMA) (Mv
1.000.000) and ammonium persulfate (APS) were
purchased from Sigma (St. Louis, USA).
Hydroxyethyl methacrylate (HEMA) was purchased
from Fluka. N, N, N’, N'-tetramethylethylenediamine
(TEMED), N, N'-methylenebis(acrylamide)
(MBAAm) and ethanol were supplied from Merck.



Method

HEMA and N, N’ methylenebis (acrylamide) were
dissolved in deionized water separately. The prepared
solutions were mixed together, and then APS and
TEMED were added to the mixture at 0°C. The
mixture was injected between two cold glass plates to
produce sheet cryogels. Then, it was held at —12 °C for
24h. pHEMA cryogel was thawed to room
temperature. The cryogel was washed with excess
amount of deionized water and dried in the oven at 40
°C for 48h.

In this study, electrospinnig apparatus (Inovenso
Starter Kit) was used at Bursa Uludag University
Textile Engineering Laboratory to produce nanofibers
onto the cryogel. pHEMA (10% w/v) and NaCl (0.1%
v/v) were co-dissolved in ethanol and water in 4:1
ratio by magnetic stirring for 24 h to get a
homogeneous solution. The polymer solution was
loaded into plastic syringes with 21-Guage needle. The
electrospinning was carried out at a distance of 17 cm
from the needle tip to the collector, at an applied
voltage of 20 kV and at a flow rate of 0.5 ml/h at room
condition. The nanofibers were deposited onto the
cryogel wound around a rotary drum at 200 rpm.

SEM device (Carl Zeiss AG-EVO 40 XVP) was used
at Bursa Uludag University Physics Department
Laboratory for morphological characterization.
Samples were coated with gold-palladium and SEM
images were recorded. The nanofiber diameter was
measured as the average nanodiameter using ImagelJ
software from randomly selected nanofibers from 100
different points.

EXPERIMENTAL RESULTS AND
DISCUSSIONS

The SEM images of pHEMA nanofibers, pHEMA
cryogel and pHEMA based cryogel/nanofibers hybrid
biomaterial are shown in Fig 4. In this study, pHEMA
nanofibers  were  successfully  produced by
electrospinning. According to images (Fig. 4a), the
fiber morphology of nanofibers is smooth and without
bead. Diameter distribution of pHEMA nanofibers are
shown in Fig. 4a and average fiber diameter is 110 +
24 nm. Supermacropores formed by the dissolution of
ice crystals are seen in the SEM image of the cryogel
(Fig. 4b). The microscopic architecture (Fig. 4c) of
pHEMA based cryogel/nanofibers hybrid material was
revealed a hierarchical pore system, as displayed in
Fig. 4d. While the dissolution of ice crystals was
responsible for the formation of major pores, tangled
nanofibers were responsible for the formation of minor
pores. The major pores provided high water absorption
capacity while the minor pores provided sufficient
internal surface.
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Figure 4. SEM images of produced biomaterials; (a)
pHEMA nanofibers (1000 X) (b) pHEMA cryogel
(1000 X) (c) pHEMA based cryogel/nanofibers
hybrid biomaterial (100 X) (d) pHEMA based
cryogel/nanofibers hybrid biomaterial (500 X)

CONCLUSIONS

In this study, pHEMA based cryogel/nanofibers
hybrid biomaterial was produced succesfully.
According to SEM images, the fiber morphology of
nanofibers is smooth and without bead. An average
fiber diameter of pHEMA is 110 £ 24 nm. The
microscopic architecture of pHEMA nanofibers
coated pHEMA cryogel revealed a hierarchical pore



system. While the dissolution of ice crystals is
responsible for the formation of major pores, tangled
nanofibers are responsible for the formation of minor
pores. The major pores provided high water absorption
capacity while the minor pores provided sufficient
internal ~ surface. = Therefore, pHEMA  based
cryogel/manofibers hybrid biomaterial is promising in
the biomedical field.

SUGESSTIONS FOR FURTHER WORK

In ongoing studies; pHEMA based cryogel/nanofibers
hybrid biomaterial will be investigated evaluation as a
wound dressing and soft tissue implant in the
biomedical field. The investigation will be supported
by in vivo studies.
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Antibodies (Abs) are important molecules primarily used in biomedical research, treatment of
diseases, diagnosis of diseases such as infections, or the analysis of aflatoxin and similarly
dangerous toxins. Biological agents such as bacteria, viruses and toxins are defined as potential
biological weapons according to their risk groups depending on their spread and lethality. Rapid
and accurate diagnosis is essential for early treatment and prevention. Therefore, antibodies have
a very important role in the development of diagnostic and detection systems in biological
defense. Antibodies are produced naturally by B cells, which are important parts of the immune
system, in response to the introduction of foreign substances such as biological agents into the
body. Antibodies specifically bind to antigens that cause the immune system's response in a “key-
lock pattern” and help to fight infection by marking them for destruction. Here, it is possible to
immortalize the B cells of the animal immunized with the antigen by the hybridoma technique,
which obtains the hybridoma cells producing monoclonal antibodies as a single clone.

In our laboratory, we produce monoclonal and polyclonal antibodies specific to the biological
agents which causes various diseases and develop immuno diagnostic systems such as ELISA
and rapid tests by conjugating antibodies or antigens with various molecules (horseradish
peroxidase, biotin, gold etc.). Having these applications are very critical and strategic capabilities
in biodefence.
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PURPOSE

Respiratory mask supply is one of the most essential
need of the whole countries during COVID-19
pandemic. Personal reusability of the masks can be an
effective solution to decrease the cost of the mask and
to prevent viral contamination of healthcare workers
resulting from long time usage of the same mask. Mask
material is composed of polymer fibers that are quite
talented structures to hold viruses and bacteria between
the fibers and layers. In this study UV-C disinfection is
reported as an effective way due to stable chemical and
fiber structures of polymer fibers after long time
illumination with UV-C. FT-IR, XRD, Raman
spectroscopies are used to observe chemical changes
while SEM analysis is used to determine changes in
fiber structure of the polymer after excitation with UV-
C lamp. Herein, a portable UV-C sterilizer cabinet is
also designed for providing disinfection with the
highest efficiency to use in hospitals.

Keywords: Covid19,
disinfection, sterilizer

respiratory mask, UV-C

INTRODUCTION

UV light is divided into three classifications: UV-A
(320-400 nm), UV-B (280-320 nm), and UV-C (200—
280 nm). UV-C light can cause molecular change in the
structure of materials and also has an important effect
on cells. RNA and DNA bases absorb UV-C, and
photochemical fusion of two adjacent pyrimidines can
cause covalently linked dimers. These newly formed
dimers are non-pairing bases. Another result of UV-C
absorption by the cells is production of reactive oxygen
species (Smith 1977, Darnell, Subbarao et al. 2004).
Tumourigenic transformed fish Poecilia formosa cells
were obtained after fish cells exposed to UV light when
re-injected into living fish (Moan and Peak 1989). UV-
C light exposure can be one of the most effective viral
inactivation methods. Coronavirus termed as SARS-
CoV causing severe acute respiratory syndrome
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(SARS) disease was successfully inactivated in quiet
short times via UV-C light excitation (Darnell,
Subbarao et al. 2004). Since the COVID-19 virus is a
single-stranded, enveloped RNA virus with a brittle
outer membrane, it is less stable in the environment
and is more sensitive to factors such as chlorine and
UV light (Al-Osail and Al-Wazzah 2017).

Extended UV-C light irradiation can change the
structure and component of polymers (Wanasekara,
Chalivendra et al. 2011) or mechanical strength of
fiber structure (Fischbach, Tessmar et al. 2001,
Aslanzadeh and Kish 2010). Polymer chains breaks
via photooxidative degradation after UV excitation.
UV radiation produces radicals and reduces the
molecular weight, resulting in decrease of mechanical
properties (Yousif and Haddad 2013).

Nowadays, decontamination of hospital rooms or
public places is effectively and much more easily
carried out by UV-C light excitation after Covid19
pandemic. Effectiveness and amount of UV light
needed for a hospital room is studied before
(Lindblad, Tano et al. 2019). In these Covidl9
pandemic days N95 mask supply is one of the major
problem of the world. During the pandemic, using the
mask, which is the most important personal protective
equipment, in accordance with the conditions of use,
frequent replacement of the mask increases the need
for the mask, and proper sterilization of the masks
used to reduce the difficulties to be provided for the
mask comes to mind. The biggest difficulty in mask
sterilization is the loss of function of the mask
structure by disrupting it. Therefore, any deterioration
in the structure and functionality of the masks will be
possible with methods such as gamma, electron beam
and x-ray (Rowan and Laffey 2020). Hydrogen
peroxide (H202) vapour disinfection of respiratory
masks is also one of the suggested methods (Kenney,
Chan et al. 2020). Temperature and H202 treatments
for sterilization of polypropylene bulk layers are
studied and minimal surface changes have been



observed (V.E. Caudill and G.W. Halek 1993). Fibers
of the respiratory masks can be pretty different than
bulk layers because of large surface areas of fibers
which are going to contact with skin after disinfection
process. Fibers with higher surface area can react with
H202.

Personal reuse of these masks after UV-C disinfection
can be an effective method to decrease the
consumption. In small UV-C sterilizer cabinets short
distance light excitation will be very effective.

Herein, reusability of multi-layered FFP2 respiratory
mask after UV-C excitation is reported. The material of
mask was determined as polypropylene with XRD
analysis. We proved no change in both fiber and
molecular structure of polypropylene fiber based masks
after UV-C excitation. Here it is reported that there has
not been any chemical change or photo-oxidation,
photo-initiated reactions that may cause skin cancer or
another problems after UV-C excitation of masks.
Structure and mechanical properties of fibers in the
masks are also quite important to be able to hold virus
or bacteria between layers. A fiber decomposition is not
also observed after long time excitation. It is possible to
sterilize N95 masks at least four times. There are
already studies on effective times for inactivation rate
of SARS-CoV under UV-C illumination (Xie and
Dimitrov 2020). However, to study of the inactivation
rate of SARS-CoV2 virus which is contaminated in
different layers of N95 mask in a biosafe laboratory
(BSL3) makes it clear to determine exact reusability
time and efficiency.

It is also important to provide effective UV-C excitation
of fiber layers of the mask in short distance. Here we
also designed an effective sterilizer for hospital’s usage.

EXPERIMENTAL

Materials and Methods

Era 1210 FFP2 V NR model mask and Ligtex 254 nm
UV-C lamp was used for the experiments. The UV-C
lamp and mask were placed at a distance of 5 cm. Mask
samples were taken after 5 min., 10 min., 20 min. and 1
h UV-C light excitation. IR spectra were collected by
Perkin-Elmer Spectrum Two Spectrometer using ATR
technique in the range of 4000 to 400 cm ™! with 2 cm™
resolution. Raman spectra were obtained by a Renishaw
Invia Raman microscope spectrometer with 532 nm
excitation between 4000 and 400 cm™' at a resolution of
2 cm™'. SEM images were captured on a JEOL JSM
5600 at accelerating voltages of 20 kV after coating the
samples with Au-Pd (Leica EM ACE600). X-ray
diffraction (XRD) analysis of samples was performed
with Panalytical Emperian X-ray diffractometer with
Cu Ko radiation and scanned through 260 angles
between 10 and 90 degrees with CuKa irradiation.
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EXPERIMENTAL RESULTS AND
DISCUSSIONS

FT-IR and Raman studies

FT-IR spectra and Raman spectra of the studied
sample which was illuminated under UV-C light with
increasing times (no light, 5 min, 10 min, 20 min and
1 h) were given in Figure 1 and Figure 2, respectively.
In the FT-IR spectra of polypropylene, broad peak
observed at 3288 ¢cm! is due to moisture of air. CH
stretching vibration of CH, and CH stretching
vibration were seen at 2951 and 2917 cm’,
respectively in the FT-IR spectra and these modes
were observed at 2955 and 2928 cm™! in the Raman
spectra. Moreover, the peaks observed at 2867 and
2838 cm! belong to CH vibration of C-CHj; groups in
the FT-IR spectra and these vibrations were seen at
2871 and 2843 cm™ in the Raman spectrum. CC
stretching modes of polypropylene were observed at
1543 and 1652 cm™! in the FT-IR spectra. However,
these vibrational modes were not seen in the Raman
spectra. CH bending vibration of CH, group was
appeared at 1452 cm™! in the FT-IR spectra and at
1461 c¢cm! in the Raman spectra. Intense peaks
appeared at 1375 and 1357 cm™! belong to CH bending
vibrations of CH3 groups in the FT-IR spectra. These
vibrations were observed at 1362 and 1331 cm’,
respectively in the Raman spectra. Unsaturated CH2
vibrations were observed at 1165 cm™ and 839 cm'!
in FT-IR spectra and at 1169 cm’ in the Raman
spectra. CH out of plane vibration of CH-CH, group
was observed at 996 cm™ in the FT-IR spectra and

observed at 999 cm™! in the Raman spectra.

Figure 1. FT-IR spectra of samples illuminated under
UV-C light with increasing times [0 (a); 5 min (b);
10 min (c); 20 min (d); 1 h (e)].



Figure 2. Raman spectra of samples illuminated under
UV-C light with increasing times [0 (a); 5 min (b); 10
min (c); 20 min (d); 1 h (e)].

XRD analysis

XRD is used to determine the interlayer spacing, the
structural strain, impurities, diameters and chirality’s
distribution for materials. The X-ray diffraction
patterns of the polypropylene are given in Figure 3. A
peak observed at 14.52° belongs to [110] plane.
Moreover, [040], [130], [-121] and [111] planes were
observed at 17.12°, 18.82 °, 19.65 ° and 21.48 °,
respectively. Peaks appeared at 22.24°, 25.89°, 28.90°,
43.04 ° belong to [121], [060], [-102] and [023/-123],
respectively. On the other hand, XRD can be used for
both determination and examination of crystallite size
and crystallinity of samples. The crystallite size of
samples was computed using Debye-Scherrer formula.

D=K\/Bcosd (1)

where D is average particle size or crystallite size, K is
Scherrer constant (0.9), A is radiation wavelength, f3 is
full width at half maximum of peak, 0 is diffraction
pattern angle. Moreover, crystallinity of samples was
computed using following formula;

C%=Ac/Aa+tAc 2)

As a result, before applying UV radiation, crystallite
size and crystallinity of sample were obtained as
74.21% and 65.28 A, respectively. After applying UV
radiation, these values were obtained as 74.96% and
66.94 A, respectively. It was observed that the
structures of respiratory masks did not change after UV
light excitation.
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Figure 3. XRD patterns of respiratory mask PP fiber
(a) and 1 h UV-C light illuminated respiratory mask
PP fiber (b).

Figure 4. SEM images of FFP2 respirator inner layer
fibers (a), outer layer fibers (b) before UV-C light
excitation and inner layer fibers (c), outer layer fibers
(d) after 1 h UV-C light excitation.

Original mask material and 1 hour illuminated mask
material was analyzed with SEM studies.
Deformation, breaking off or change in the shape of
fiber structure of the respiratory mask was not
observed from SEM analysis as given Figure 4.

Figure 5. Designed UV-C sterilizer cabinet for
respiratory masks.

It is clear that UV-C method is chemically
safety to reuse of the masks with this pre-
results. An effective disinfection is possible
after guiding the light to pass through all
layers. An appropriate UV-C disinfection
cabinet is designed as given in Figure 5 to
reach an efficient disinfection. In the



designed cabined, respiratory mask is held
between two mask holders illuminated with
UV-C light. Mask holder must be designed
kuvars-like material to pass the all UV-C light
and mask cover part can be designed by
coating with an appropriate reflector to act as
mirror resulting more intense radiation.

CONCLUSIONS

UV-C excitation effects on respiratory mask material
known as polypropylene fiber has been determined. It
is observed that there is no change in both chemical and
fiber structure of the material. As a result, it is
chemically safe to use the respiratory mask after long
time excitation with UV-C light (Aslanzadeh and Kish
2010, Wanasekara, Chalivendra et al. 2011) meaning
lots of times reuse of the mask which is crucial for the
healthcare workers nowadays. A low cost, usefull and
portable UV-C sterilizer cabinet is designed to use in
hospitals for healthcare workers usage.
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AMACLAR

Caligmanin =~ amaci;  anti-glokom  ilacti  olan
bimatoprostun, elektro ¢ekim teknigiyle polivinil alkol
(PVA) polimerinden elde edilen nanolifli yiizeye
basartyla yiliklenmesi ve nanolifli yapida ilacin tespit
edilmesidir.

GIRIS

Glokom, optik sinire zarar veren, kademeli gorme
bozuklugu ve geri dondiiriilemez gérme kaybiyla
sonuglanan oftalmik bir hastalik grubunu kapsar.!? Goz
i¢ci basmcmin azalmasi, ¢ogunlukla anti-glokom
ilagclarmin g6z damlas1 formunda topikal olarak
uygulanmasiyla saglamir.’ Topikal damla tedavi
yonteminin dezavantajlari; korneal bariyer sebebiyle
g6z damlasinin uygulanan miktarmin %5’inin altinda
emilim olmasi, uygulama sikligindan dolay1 tedavi
uyumsuzlugunun getirdigi goérme alant kayiplarmin
ilerlemesi, gérme alan1 kaybi fazla olan olgularda ilag
uygulama zorlugu ve g6z i¢i basincin her zaman istenen
seviyede tutulamamasi, kronik tibbi tedaviye baglh
uygulamada  fazla  miktarda  etken  madde
kullanilmasinin ~ sistemik yan etkilerinin ortaya
¢ikmasiyla ilag kullaniminm smirh kalmasidir.3

Bu nedenle arastirmacilar bu sorunlari ¢6zebilmek i¢in
yeni yontemler aramaktadir. Cesitli okiiler uygulamasi
olan biyomalzemelerden anti-glokom ila¢ salinimi son
donemde  ¢alisilan  konulardandir.  Gelistirilen
biyomalzemeler; ilact uzun bir siire boyunca sabit bir
oranda saliverirken, konjonktival doku ile temas
stiresini uzatarak dogru doz teslimini saglarlar, etken
maddenin sistemik dolasima drenajini en aza indirirler
ve azalan uygulama siklig1 nedeniyle hasta uyumunu
iyilestirirler.!*® Ayrica; ayni etkiyi elde etmek igin
daha az miktarda etken maddeye ihtiyag
duyulabileceginden, bu tiir sistemlerin kullanilmasi géz
damlas1 uygulamasindan daha ekonomik
olabilmektedir.

Nanolifler, c¢apt nano Olgekte olan liflerdir.
Ayarlanabilir gozeneklilige sahip olmasi, yiiksek yiizey
alant/hacim oranma sahip olmast ve biyolojik
molekiillerle kolayca islevsellestirilebilir — olmasi

1. ALTUNTUG CESUR, Merve ilkay (0000-0003-2239-3493)

2. KARACA, Esra (0000-0003-1777-3977)
3. OSMAN, Bilgen (0000-0001-8406-149X)

ozellikle ila¢ salmimi uygulamalarinda nanoliflere
ciddi avantajlar kazandirmaktadir.’

Elektro ¢ekim yontemi yiiksek voltaj altinda
polimerlerin iki elektrik yiik arasinda incelerek nano
boyutta caplara sahip lif olusturmasi prensibine
dayanmaktadir. Nanolif morfolojisini etkileyen voltaj
yiiksekligi, toplayict tipi, besleyici tiniteyle toplayict
arast mesafe, sicaklik, besleme hizi gibi ¢ozelti ve
proses parametreleri mevcuttur.®

Bu calismada, okiiler salinim i¢in anti-glokom ilact
olarak bimatoprost segilmistir. Bimatoprost sulu
mizah ¢ikisim arttirarak goz igi basinci diisiiriir.’
Ayrica bu ilacin goz i¢i basincini diisiirme etkisinden
bagimsiz olarak sinir koruma o6zelliginin olmasi
sayesinde, gelistirilecek olan materyalin sadece goz
icin degil sinir hasari olan farkli olgularin tedavisinde
de kullanilabilirligi miimkiindiir.''°

PVA; yiiksek biyouyumlulugu, toksik olmamasi,
yiiksek hidrofilik yapisi, termal stabiliteye sahip
olmast ve ekonomik olmasi agisindan tibbi
uygulamalarda kullanilmaktadir.!!  Ayrica suda
¢oziinebilmektedir, bu da igeriginde su bulunan goz
damlas1 formundaki bimatoprost ilacinin dahil
edilmesi i¢in avantaj olusturmaktadir.

DENEYSEL

Malzeme

Calismada polivinil alkol (PVA) (Mw: 85,000-
124,000), bimatoprost (Lumigan®®), saf su,
gluteraldehit, aseton, hidroklorik asit, etil alkol, fosfat
tamponu (PBS) kullanilmustir.

Yontem

PVA, saf su ve ilag manyetik kanstiriciyla
karistirtlmistir.  Elektro ¢ekim teknigi kullanilarak
nanolifli yilizey tretilmis ve iiretim parametreleri
degistirilerek optimize edilmistir. Ilacin yiiklenip
yiiklenmediginin kontroli UV-vis spektrofotometre
ile yapilmistir. Ayrica, capraz baglama isleminin
ylizey morfolojisi iizerindeki etkisini gdérmek
amactyla bimatoprost yiiklii nanolifli ylizeye
gluteraldehit ile ¢apraz baglama islemi uygulanmstir.



DENEYSEL SONUCLAR/TARTISMA

Calismada, %9, %10 ve %12’lik konsantrasyonda PVA
¢oOzeltileri hazirlanarak, ¢ozeltilerin karakterizasyonu
yapilmis ve elektro ¢ekim ile iiretilen nanolifli yiizeyler
taramali elektron mikroskobu (SEM) ile analiz
edilmistir. En ideal iretimin yapildigi %12 PVA
¢ozeltisi ile; silindir ve toplayici arast mesafe 12 ve 15
cm, besleme hiz1 1.2 ml/s, 0.7 ml/s ve 0.5 ml/s olacak
sekilde farkll parametrelerle iretimler
gergeklestirilmistir.  SEM  analizi  ile  yapilan
degerlendirmeler sonucunda, 15 cm mesafede 0.5 ml/s
ile yapilan iiretimin boncuksuz, uniform ve siirekli
nanoliflerin elde edilmesi agisindan daha basarih
oldugu tespit edilmistir. Ayn1 kosullarda iiretilen ilag
yiikli PVA nanolifli yiizeyin SEM goriintiisii Sekil
1’de, gluteraldehit ile gapraz baglanmus ilag yiiklii PVA
nanolifli yiizeyin SEM goriintiisii Sekil 2°de verilmistir.
Capraz  baglanmig  nanolifli  yilizeyin  SEM
goriintiisiinden, ¢apraz baglama isleminin ila¢ yiiklii
lifli yapiya olumsuz bir etkisinin olmadig1 ve ileri
calismalar i¢in ¢apraz bagli PVA/Bimatoprost nanolifli
yiizeylerin kullanilabilir oldugu anlasilmistir.

Sekil 1. Bimatoprost yiiklii PVA nanolifli yilizey

Sekil 2. Gluteraldehit ile capraz baglanmis bimatoprost
yiiklii PVA nanolifli yiizey

1. ALTUNTUG CESUR, Merve ilkay (0000-0003-2239-3493)

2. KARACA, Esra (0000-0003-1777-3977)
3. OSMAN, Bilgen (0000-0001-8406-149X)
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flacin nanolifli yiizeydeki varligim belirlemek igin,
ila¢ yiiklenmemis PV A nanolifli ylizey ile ilag yiiklii
PVA nanolifli ylizey su igerisinde ¢ozdiiriilerek UV-
vis spektrofotometresiyle analiz edilmistir. Elde
edilen spektrum Sekil 3’de, absorbans degerleri Tablo
1’de verilmektedir.

Sekil 3. PVA ve PVA/Bimatoprost nanolifli
yiizeylerin spektrumlari

Tablo 1. Nanolifli ylizeylerin absorbans degerleri

Materyal 214 :;1; de
PV A nanolifli yiizey 0.139
(0.0074 g) /8 ml saf su )

PV A/Bimatoprost nanolifli ylizey 0841
(0.0074 g) /8 ml saf su )

Kullanilan bimatoprost ilact 214 nm dalga boyunda
absorbans (Abs) vermektedir. Bu dalga boyunda iki
ylizey arasinda belirgin bir absorbans farki vardir. Bu
sonuglara goére, bimatoprost ilacinin basarryla PVA
nanolifli ylizeye yiiklendigi tespit edilmistir.

GENEL SONUCLAR

Bimatoprost ilact yiikli nanolifli ylizey basarili bir
sekilde tiretilmistir.

Gluteraldehit ile yapilan ¢apraz baglama isleminin,
ilag yiiklii nanolifli yiizeyin morfolojik yapisinda
herhangi degisim meydana getirmedigi tespit
edilmistir.

Bimatoprost ilacinin nanoliflere basarryla yiiklenmesi
acisindan sulu polimer ¢6zeltisi ile ¢alismanin ve ilag
ile polimer arasindaki etkilesimin 6nemli oldugu
sonucuna vartlmustir.

SONRAKI DONEM CALISMALARI

Capraz baglanmuis yiizeyler ile ilag salinim galigmalari
yapilacaktir. Bu siiregte capraz baglama prosediirii
optimize edilecektir. Uygun salinim prosediirii de



belirlendikten sonra elde edilen sonuglardan
matematiksel model olusturulacaktir.

Calismanin ilerletilmesiyle olumlu sonuglar alinirsa,
glokom hastaligina alternatif bir tedavi yontemi
gelistirilmis olacaktir.
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Bor icerikli bilesiklerin %100 PES kumas uzerindeki

antibakteriyel etkisi
TURGUT, Halil ibrahim', GURLER, Hale'
"Harput Tekstil San. ve Tic. A.S. - AR-GE Merkezi
halil.turgut@harputholding.com

AMACLAR
Bu c¢aligmada, borik asit, disodyumtetraborat
pentahidrat ve  disodyumoktaborat  tetrahidrat

bilesikleri emdirme yontemiyle %100 PES kumaslara
uygulanarak antibakteriyel o0zellik kazandirilmasi
amaglanmstir.

GiRiS

Diinyanin en biiyiikk bor rezervlerinin Tiirkiye'de
bulunmasi ve temizlik maddelerinden uzay
teknolojisine kadar ¢ok genis bir kullanim alanina
sahip olmasi stratejik 6nem tagimaktadir. Diinyanin
toplam bor rezervlerinin (B>O; bazinda) 1,2 milyar ton
oldugu tahmin edilmektedir'. Diinyadaki bu bor
rezervlerinin % 72’si Tiirkiye'de bulunmakta olup
diinya {iiretiminin de % 32’sini karsilamaktadir®.
Tiirkiye disindaki bor rezervlerinin dmriiniin sadece 50
yil siirecegi biliniyor. Tiirkiye ise 450-500 yil tiim
diinyanmn ihtiyacini karsilayabilecek bor rezervlerine
sahiptir. Bu rezervlerin tiiketimindeki artiglar dikkate
alimdiginda, 50-80 yil iginde Tiirkiye’nin bor
rezervlerinin diinyadaki tek bor kaynagi haline gelmesi
on goriilmektedir’.

Bor (B) elementi, dogada oksijen ile birlesik halinde
bulunmaktadir. Dogada bor saf halde bulunmayip, bor
tuzlar1 seklinde veya silikatlar halinde bulunur.
Dogada bagta borik asit ve boraks olmak iizere iki
yiize yakin bor bilesigi bulunmaktadir®.

Antibakteriyel oOzellikler kazandirmak icin tekstil
malzemeleri, metaller ve metal tuzlari, kuaterner
amonyum bilesikleri, triklosan, kitosan, peroksiasitler
gibi bazi kimyasal maddelerle islemden gegirilir.
Ancak tahris edici ve ¢evreye zararli olmasi gibi bazi
sinirlamalar nedeniyle bu ajanlarla ilgili endiseler
bulunmaktadir. Bu nedenle daha temiz alternatiflere
ihtiyag vardir®. Antibakteriyel, antifungal,
antiparazitik, antiviral ve antiinflamatuar aktiviteler
dahil olmak {izere benzersiz ve ¢ekici biyolojik
ozelliklere sahip bor igeren bilesikler son zamanlarda
ilgi gérmektedir®.

Borik asit bilesiklerinin, genel tipta antibakteriyel ve

antienflamatuvar etkisi rapor edilmistir*. Ayrica
yapilan bazi c¢aligmalarda  bor  bilesiklerinin
antibakteriyel Ozellikleri kullanilmigtir. Bu amag

dogrultusunda pamuklu kumaglara sodyum pentaborat
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pentahidrat ve triklosan soliisyonu uygulanmustir.
Sonuglara goére, modifiye tekstil iiriinleri ¢ok daha
iyi antimikrobiyal ve antiviral 6zelliklere sahipti. Bu
nedenle, sodyum pentaborat pentahidrat ve triklosan
¢ozeltisi ile iglenen tekstillerin, antimikrobiyal ve
antiviral  tekstil  ylizeylerinin  gelistirilmesinde
diisiiniilebilecegi  6ne  siiriilmiistiir. Bor bazli
bilesiklerin antibakteriyel 6zellikleri iyi bilinmesine
ragmen, saf bor nanopartikiilleri iizerine yapilan
caligmalar smirlidir. Yapilan bir ¢aligmada bor
nanopartikiillerinin, hem gram-negatif hem de gram-
pozitif bakterilerin iiremesini sinirlamada etkili
oldugu bulunmustur?.

DENEYSEL

Malzeme

Calismada %100 PES dokuma kumas kullanilmustir.
Borik asit, disodyumtetraborat pentahidrat ve

disodyumoktaborat tetrahidrat bilesikleri Eti Maden
Isletmeleri'nden temin edilmistir. Sitrik asit ve
capraz baglayict MAITURK Kimya, binderler ise
CHT Turkey Kimya firmalarindan tedarik edilmistir.

Yontem

Bor tlirevlerini iceren 50 g/L ve 75 g/L
konsantrasyonlarda iki ¢ozelti sirasiyla 30-35 °C ve
50-55 °C sicakliklarda emdirme yontemi ile PES
kumaglara uygulanmistir. 140 °C’de 3 dakika fikse
edilmistir. Kantitatif antibakteriyel testler ASTM
E2149 test yontemine gore yapilmigtir.

DENEYSEL SONUCLAR/TARTISMA

Cozelti pH degerlerinin 4-4,5 aralifinda degistigi
belirlenmistir. Kumaglarin aldig1 flotte miktar1 ise
(pick-up degeri) % 55 olarak belirlendi. 30-35 °C ve
50-55 °C sicakliklarda emdirme yapilan %100 PES
kumaglara ve ham kumasa ait antibakteriyel test
sonuglar1 Tablo 1 ve Tablo 2’de verilmistir. Tablo 1
ve 2’de (+) olarak verilen % bakteri degerleri,
bakteri sayisinda artigi, (-) olarak verilen % bakteri
degerleri ise bakteri sayisinda olan azalmay1
gostermektedir.

Binder 1 kodlu PES kumaslarin Staphylococcus
aureus  bakterisine kars1 6 saat siiresince
antibakteriyel (bakterisidal) etkinlige sahip oldugu
test sonuglar1 ile belirlenmistir. 6. saatin sonunda
bakterilerin tiremesi durmustur.



Tablo 1. Staphylococcus aureus (ATCC 6538)’a kars1
antibakteriyel degerleri

Uygulama 3 saat | 6 saat
Sicakhgr / Bakteri artmasi / azalmasi
Konsantrasyon (%) log (%) log
Ham
- PES -81,41 | -0,73 | -89,49 | -0,98
Kumasg
30-35°C .
50 g/L. Binder 1 | -99,96 | -3,41 | -100,00 | -5,85
50-55 °C .
75 g/L. Binder 1 | -99,90 | -2,99 | -100,00 | -5,85
30-35°C .
50 g/L Binder 2 | -8,97 | -0,04 | -15,38 | -0,07
50-55 °C .
75 g/L. Binder 2 | -16,67 | -0,08 | -17,95 | -0,09

Tablo 2. Escherichia coli (ATCC 25922)’ye kars1
antibakteriyel degerleri

Uygulama 6 saat | 24 saat
Sicakhgr / Bakteri artmasi / azalmasi
Konsantrasyon (%) log (%) log
- Ham PES | 1619 | 008 | -17.14 | -0.08
Kumas
30-35°C .
50 g/L Binder 1 | -89,52 | -0,98 | -99,91 | -3,07
50-55 °C .
75 g/l Binder 1 | -99,98 | -3,72 | -99,99 | -4,02
30-35°C .
50 g/L Binder2 | -1,90 |-0,01 | -3,81 |-0,02
50-55 °C .
75 g/L Binder2 | -2,86 | -0,01 | -4,76 | -0,02

Binder 1 kodlu PES kumaglarin Escherichia coli
bakterisine kars1t 24 saat siliresince antibakteriyel
(bakterisidal) etkinlige sahip oldugu test sonuglari ile
belirlenmistir. 24. saatin sonunda bakterilerin liremesi
durmustur.

Ayn1 miktarlarda bor tiirevleri ve capraz baglayici
iceren cozeltilerdeki yine ayni miktarlara sahip farkli
iki binderin antibakteriyel etkinligi degistirdigi
belirlenmistir.

e TURGUT, Halil ibrahim (ORCID No: 0000-
0002-9591-8775)

e GURLER, Hale (ORCID No: 0000-0002-
3928-6849)
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GENEL SONUCLAR

Bu calismada, bor bilesiklerinin %100 PES kumaslar
icin antibakteriyel madde olarak kullanilabilirligi
aragtirllmigtir. Ham PES kumagsin Staphylococcus
aureus bakterisine karst etkin oldugu ve bor
tiirevlerinin bu etkiyi arttirdig1 belirlenmistir. Ayrica
ham PES kumasin Escherichia coli bakterisine karsi
etkin  olmamasina ragmen bor tiirevlerinin
antibakteriyel etkiyi arttirdig1 belirlenmistir.

Bu c¢alismada, borlu bilesiklerin %100 PES
kumaglarin antibakteriyel ozelligini gelistirdigi ve
recete igeriginin ¢ok Onemli oldugu sonucuna
varilmistir.

SONRAKi DONEM CALISMALARI

Caligmada kullanilan bor tiirevlerinin suda ¢oziiniir
yapida olmasi yikama dayanimimi azaltan bir
faktordiir. Bu g¢alismada binder sec¢imi yapilmistir.
Bir sonraki calismada Binder 1 igerikli emdirme
uygulamalarinin  yikama sonrasi  antibakteriyel
etkinlikleri ¢aligilacaktir.
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Kimyasal Yontem ile Farklh Molekiil Agirhklarinda

Kitosan Uretimi ve Hidrojel Sentezinde Kullanim
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AMACLAR

Atik karides kabuklarindan elde edilecek farkli
molekiil agirligi ve deasetilasyon derecesindeki
kitosanin, hidrojel sentezinde kullanilarak giinliik
yasamda karsilasilan travmalar yani sira savaslar ve
afetler sirasinda olusabilecek kanamalarin
onlenmesinde kullanilacak bir yara oOrtii materyali
gelistirilmesi amaglanmigtir.

Ayrica hedeflenen biyomateryalin yagami korumasi ve
saglik hizmetlerini 6nemli Olglide iyilestirmesi yani
sira lilkemizde biiyiik pazar payma sahip olan deniz
driinleri endiistrisinin neden oldugu atiklarin geri
kazanilmasiyla yiiksek katma degerli iiriinler tireterek
hem ekonomiye hem de dogal dongiiye yarar
saglamasi hedeflenmektedir.

GIRIS

Bandaj ve turnike gibi geleneksel teknikler bazi
yaralanmalarda yetersiz kaldigi ve efektif kanama
kontroliinii  yeterince saglayamadigindan, kisinin
kendisine kolaylikla uygulayabilecegi diizeyde basit,
kolay tasmabilir, yan etkisi olmayan ve etkili bir
hemostaz saglayacak malzemelere ihtiyag
duyulmaktadir. Mevcut literatiirde, yara ve yanik
tedavilerinde kullanilan Ortiiler konusunda birgok
yenilik¢i aragtirma bulunmasina karsin her farkli yara
tiirtinde ve tedavi evresinde hastaya yonelik en uygun
ve en ekonomik Ortli materyallerine olan ihtiya¢ halen
devam etmektedir.

Tiim bu sorunlar ve ihtiyaglar goz 6niine alindiginda,
askeri yaralanma ve kanamaya bagli gelisen
mortaliteyi azaltmaya  yonelik  biyouyumlu,
biyobozunur ve antimikrobiyal &zelliklerin yani sira
yara ile temasi1 azaltacak ve yumusak dokusu
sayesinde yaranin infektif olmayan sivisini toplayarak
yara g¢evresine uyum saglayabilecek ozelliklere sahip
kitosan esasli hidrojel yara Ortiisii gelistirilmesi
amagclanmigtir.

'"KACOGLU, Hanife Songiil (0000-0002-4982-5172)
2CELEBI, Mithat (0000-0002-2013-5354)
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Kitosan, kitinin deasetilasyonu sonucu elde edilen
dogal, katyonik bir polisakkarittir ve antibakteriyel
aktivitesi, biyolojik olarak  pargalanabilirligi,
biyolojik uyumlulugu ve toksik olmamasi gibi essiz
ozellikleri nedeniyle yirmi y1li askin siiredir giivenle
biyomedikal, tip ve dis hekimligi, ilag salinimu,
kozmetik, atik su aritimi, tarim, gida bilimi, tekstil
vb. genis bir yelpazede potansiyel uygulamalara
sahiptir 2,

Hidrojel hazirlamada, sahip oldugu istiin avantajlart
nedeniyle en ¢ok tercih edilen dogal polimer olan
kitosanin, kan pihtilagmasini onleyen heparinler ile
kompleks yapi olugturmasi yani sira yara bolgesinde
antimikrobiyal aktivite gostererek iyilesme siirecini
hizlandirma ve aciy1 dindirme 6zelliine sahiptir 3.
Yapilan birgok bilimsel ¢alismada kitosan bazli
hidrojellerin, insiilin, biiylime faktorleri gibi
biyolojik olarak aktif molekiillerin verilmesinde ve
¢ok katmanli sistem yaratma olasilifindan dolay1
hiicre ve dokularin organizasyonunun saglanmasinda
¢ok etkili oldugu kanitlanmustir 5. Dai vd. fareler
lizerinde yaptig1 bir c¢aligmada, kitosanin yara
tedavisinde kullaniminin P. Aeruginosa ve P.
Mirabilis vb. mikroorganizmalara etki ederek tedavi
stirecini hizlandirdig1 ve farelerin yasam siiresini
uzattig goriilmiistiir 6.

Biyomedikal uygulamalarda kullanilan diger dogal
hidrojellerde oldugu gibi kitosan hidrojellerinin de
mekanik dayanimlar1 olduk¢a zayiftir ve mekanik
dayanimin 6nem kazandigi ¢aligmalarda tek basina
kullanimi yeterli degildir. Capraz baglayicinin tiirii
yant sira ¢apraz baglanma yogunlugu da sentezlenen
hidrojellerin mekanik mukavemet, muko
yapiskanlik, gozeneklilik , sigme ve ila¢ salimi gibi
ozelliklerini dogrudan etkiledigi yapilan caligmalarla
dogrulanmstir >7.

Kimyasal (kovalent) ¢apraz baglamada; kararli, iyi
mekanik 6zelliklere sahip ve asir1 pH kosullarinda
bile ¢oziinmeye dayanikli hidrojeller elde etme
avantajina sahipken, c¢apraz baglama islemi igin
kullanilan ajanlarin ¢cogunun nispeten toksik olmasi
ve biyouyumluluklar1 ile ilgili veri eksikliginden
dolay1 canli viicudundaki etkilerinin tam olarak



bilinmemesi bu sistemin ana dezavantajidir. Diger
yandan en biiyiik dezavantajlar1 olas1 mekanik stabilite
eksikligi ve pH'a olduk¢a duyarli bir sismeden dolay1
sistemin ¢oziilme riski olan fiziksel (iyonik) ¢apraz
baglamada ise nihai {rliniin  saflastirilmasini
gerektirmeme ve alerjen etki yaratmama gibi
avantajlar 6ne gikmaktadir 1°, Buradan yola ¢ikarak,
kovalent ¢apraz baglayicilarin  toksik miktarini
azaltmak ve elde edilen hidrojellerin mekanik
stabilitelerini iyilestirmek igin ¢ift c¢apraz bagh
hidrojellerin (kovalent ve ardindan iyonik c¢apraz
baglama) tasarlanmasma yonelik caligmalara ilgi
artmigtir.  Kimyasal, fiziksel ve ¢ift capraz bagh
hidrojellere ait sematik gosterim Sekil 1°de
sunulmustur .

Sekil 1. Kimyasal, fiziksel ve ¢ift capraz bagh
hidrojellerin sematik gésterimi

Jatariu vd. (2011), yaptiklar1 ¢aligmada ¢ift ¢apraz
bagl kitosan/jelatin hidrojellerin hazirlanmasi i¢in bir
yontem sunarak bu yapmn, jellerin reolojik
ozelliklerini iyilestirdigi ve mekanik stabilite {izerinde
dnemli bir etkiye sahip oldugunu rapor ettiler !!. Ko ve
Kim’in ¢alismalarinda (2020), hazirladiklart ¢ift
capraz bagl aerojellerin, diger yontemlere kiyasla
oldukca yiiksek gozenek yapist ve milkemmel sigme
davranist yani sira ihmal edilebilir toksisite ve iyi
antibakteriyel performans degerleri sergiledigini rapor
ettiler '2,

DENEYSEL

Bu c¢aligmada, deasetilasyon derecesi ve molekiil
agirhign kitosanin ozelliklerini belirleyen en 6nemli
parametreler arasinda incelenmistir.

' KACOGLU, Hanife Songiil (0000-0002-4982-5172)
2 CELEBI, Mithat (0000-0002-2013-5354)
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Bu parametreler 15181inda en uygun uygulama araligi
belirlenerek kitosan polimeri iiretilmistir. Kabuklu
deniz canlilarinin ana maddesi olan kitinin deasetile
edilmesi ile elde edilen kitosanin sentezi Sekil 2°de
sunulmaktadir 3.

Sekil 2. Kitinin deasetilasyonu sonucu kitosanin
eldesi

Elde edilen kitosan, yiiksek molekiil agirligi ve
kristal yapist geregi yalnizca belirli seyreltik asit
ortaminda  ¢Oziiniir  durumdadir.  Kullanimini
sinirlandiran  bu dezavantaji ortadan kaldirmak
amactyla kitosan, kimyasal yapisi degistirilmeden,
diisiik molekiiler agirhiga sahip suda ¢oziinen kitosan
(WSC)’a indirgenmistir. Bu sayede hem su ve
organik c¢oziiciilerde ¢ozlinebilir bir polimer elde
edilmis hem de ¢evreye ciddi kirlilik olusturabilecek
asitli kimyasallarin yerine ¢oziicii olarak suyun
kullanimiyla daha g¢evreci bir yaklasim saglanmig
oldu.

Bu asamadan sonra kitosanin sodyum alginat ve
psilyum varhiginda hidrojel sentezi ¢alismalarina
gecilmis, sentezlenen hidrojellerin karakterizasyon
¢aligmalar1 ve yara Ortii materyali olarak etkinlikleri
detayli olarak ¢alisilmaya devam edilmektedir.

GENEL SONUCLAR

Bu ¢alisma kapsaminda farkli deasetilasyon derecesi
ve molekiil agirligindaki kitosanin, elde edilecek
hidrojelin pH’a bagh olarak sisme davranisi, ilag
absorpsiyon ve salinim 6zelliklerine olan etkisi
detayli bir sekilde arastirilmustir. Deneysel
¢aligmalar halen devam etmekte olup, kitosan/alginat
hidrojelleri kitosan polimerinin psilyum varliginda

glutaraldehit c¢apraz baglayicis1 ile baglanma
reaksiyonu sonucunda basariyla sentezlenmesi
ongoriilmektedir.



Tiim bu analizlerin sonunda ilk kez sentezlenecek olan
kitosan/alginat/psilyum hidrojelleri dogal karakterde
olup, literatiirde benzer ¢aligmalara kiyasla etkin bir
yara Ortii materyali olarak kullanilabilecegi, ayrica

iyilesme

stirecindeki inflamasyon evresinde yara

stvisini absorbe etme yetenegi ile daha saglikli, daha
steril ve daha agrisiz bir iyilesme ortami sunacagi
ongoriilmektedir.
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Mikroekstriizyon Yontemi ile Yapay Deri Dokusu
Biyofabrikasyonu ve Kimyasal Toksisite Calismalarinin
Gerc¢eklestirilerek Sonuclarin Dogal Deri Dokusu ile
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AMACLAR
Bu caligmadaki amag yapay deri biyofabrikasyonu
icin gerekli bir biyomateryal gelistirmek.

Gelistirilen bu biyomateryalin deri dokusuna daha
benzer olmasini saglamak.

GiRiS

Deri insan viicudunu dis etkenlere karst koruyan en
genis organdir. Uc katmandan olusur bunlar
sirastyla  epidermis, dermis ve hipodermistir.
Epidermis en dis katmandir ve sadece keratinosit
hiicrelerinden olusur. Dermis tabakasi, epidermisin
hemen altinda bulunur ve bu katmanda kil kokleri ve
damarlar bulunur. Hipodermis en i¢ tabakadir. Bu
tabaka derinin organlara tutunmasini saglar. Deri
homeostatik dengeyi saglamaya yarar. Giinesten
gelen UV isinlarina kargt viicudu korur. Ayni
zamanda viicudu patojenlere karsi korur. Deri insan
viicudunda dengeyi saglamak i¢in O6nemli rollere
sahiptir bu ylizden zarar gérdiiglinde hizli bir sekilde
onarilmast gerekir. Deri dokusu kendini hizl
birsekilde yeniler fakat bazi durumlarda deri dokusu
kendini yenileyemez. Bilyiik bir deri doku kaybinda
bu durum gergeklesir. Doku kaybi s6z konusu
oldugunda ¢ozim kaybedilen dokunun
nakledilmesiyle sonuglanir. Bu baska birinden
alman doku veya hastanin viicudunda farkli bir
bolgeden alinan doku ile onarilir. Bu tedavi seklinin
bazi dezavantajlari vardir. Dokunun alindigi
bolgede meydana gelen enfeksiyonlar ve agrilar bu
yontemin tercih edilmemesini dogurur. Bu durum
ortadan kaldirilmasi i¢in bir alternatif olarak doku
miithendisleri tarafindan yapay deri c¢aligmalar
yapilmaktadir. Fakat suana kadar deriye birebir
benzeyen bir biyomateryal elde edilememistir. Suan
bu alanda yapilan ¢aligmalarda amag deri dokusuna
daha ¢ok benzeyen biyomateryali gelistirmektir.
Bizim bu c¢alismada ki amaglarimizdan biri de
budur. Bu c¢aligmalarin amaci sadece doku kaybi
yasayanlarin tedavisi i¢in degil ayni zamanda
kozmetik ve kimya alaninda yapilan c¢aligmalarin
direk bu yapay deri iizerinde inceleyerek. Insan
derisi lizerindeki etkisinin incelenmesini de
saglayabilir.
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DENEYSEL

Malzeme

Bu calismada biyomateryalin temelini olusturup
hiicrelerin baglanmasini ve hiicrelerin ¢ogalmasini
kolaylagtiran hiicre dig1 matrisin temel 6zelliklerini

yansitan GelMa (Gelatin Metacrylate)
kullamlmistir!.  Olusan  yapinin  viskoelastisini
artirmak icin aljinat eklenerek GelMa-Aljinat

karigimi elde edildi. Axodual mikroekstriizyon
modelli biyoyazic1 ve Repetier yazilimi ile yapay
doku iskeleti modellemesi yapildi.

Elde edilen yapay doku iskelesine Mouse fibroblast
hiicreleri ekildi. Leica DMI 1 inverted florasan
mikroskobu kullanilarak incelendi.

Yontem

Yapilan calismalarda yapay deri dokusu tiretiminde
genel olarak iki ydntemin mevcut oldugu
aciklanmistir. Bunlardan biri Yukaridan asagiya
iiretim metodu, digeri ise Asagidan yukariya iiretim
metodudur. Bu ¢alismada yukaridan agagiya iiretim
metodu kullanilmistir. Bu yontemde ilk once
biyobozunur bir doku iskelesi olugturulur. Daha
sonra bu doku iskelesine hiicre ekimi yapilir.
Zamanla hiicreler birbiri ile yeni baglar kurar ve
doku iskelesi bu siiregte ¢oziinerek kaybolur’. Bu
yontem biyomekanik agidan daha saglam yapilar
olugmasini saglar®. Bu iskelede biyomateryal olarak
GelMa-Aljinat karigimi  kullanilmistir. Bu  doku
iskelesi Axodual mikroekriizyon modelli biyoyazici
ve Repetier yazilimi ile modellenmistir. 2x 10 hiicre
mL! olacak sekilde %80 konfulense sahip kiiltiire
edilen Mouse fibroblast hiicreleri toplandi. Leica
DMI 1 inverted florasan mikroskop yardimiyla
hiicrelerin biyomateyal ve birbiri ile olan baglari
incelendi. Biyomalzemeler iiretildikten sonra bunlar
Imm?lik kiigiik pargalara ayrilarak 96’lik kuyu tipi
petrilere  3’er teknik tekrar olacak sekilde
yerlestirilmistir. GelMa-aljinat hiicre baglanmasini
gozlemlemek amaciyla 9 kuyuya 3’er teknik tekrar
olacak sekilde sadece medya iceren, GelMa-aljinat
ve medya iceren, hiicre ve medya igeren ii¢ farkli
kontrol grubu olusturulmustur. Daha sonra
mikroskop altinda incelenmistir.



Sekil 1. Axodual mikroekstriizyon modelli
biyoyazici ve Repetier yazilimi ile yapay doku
iskeletinin modellenmesi

DENEYSEL SONUCLAR

Yapilan c¢aligmalar sonucunda doku iskelesi
olusturuldu. Doku iskelesine hiicre ekimi yapilarak,
hiicreler arasi olusan yeni baglar ve doku iskelesi ve
hiicreler aras1 baglar incelendi. Bunun sonucunda
hiicreler arasinda yeni baglar olustugu gézlemlendi.

Sekil 2. Hiicre ekimi yapilan yapay doku iskeleti

Sekil 3. Fibroblast hiicre ekimi yapilan yapay doku
iskeletinin ilk 5 giindeki mikroskop goriintiisii
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Sekil 4. Fibroblast hiicre ekimi yapilan yapay doku
iskeletinin 5. giindeki mikroskop goriintiisii

Sekil 5 Yapay doku iskeletine ekim yapilan 96 kuyu
tipi petri.

Sekil 6. 96 kuyu tipi petrilere ekilen hiicrelerin ilk 4
giindeki mikroskop goriintiileri



SONRAKI DONEM CALISMALARI

Doku miihendisligi tarafindan bu alanda birgok
calisma yiiritilmektedir. Bunlarin ortak amaci
deriye en yakin olan biyomateryali gelistirip yapay
deri iiretimini saglamak. Uretilen yapay deri birgok
alanda kullanilabileceginden hem saglik hem de
kozmetik ve kimya alanlarinda biiyiik bir ilerleme
saglayacaktir.
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Objectives
In this study, hydrogels based on 2-(dimethylamino)
ethyl methacrylate (DMA) and acrylic acid (AA) were
prepared by the addition of PDEA microgel and their
characterization were carried out by using various
techniques.

Introduction

For the first time, the combination between the polymer
and fluid hydrogels were begun in 1894 in the act of a
colloidal gel based on inorganic salts. Hydrogels are
three-dimensional hydrophobic polymers that are
connected to create a polymer chain by cross-linker®.
Hydrogels experienced verities of changes and were
used in a plenitude of applications after 1970 for more
than 45 years based on their characteristics*. In recent
years, many researchers concerned about the highly-
absorbent polymer for producing modern utilization,
likely conducting metals, biomaterials, sensors,
discharge elements, and wave-sensing substances®.
Hydrogels are greatly resemble living tissues compared
to other biomaterials sources because of their high
water content, being very soft and elastic material. They
are able to perform deliverance from the living
organisms by responding to pH, temperature, changes
in the organism. Because of their superior properties
such as their targeting, they are designated as
biomaterials of the 21% century as effective and reliable
substances in the transportation of active cores. The
factors that affected polymerization incorporated heat?,
pH'?, ionic strength, light’®!  pressure® and
concentration of monomer in the solution. By utilizing
environment-stimuli factors, properties for instance
drug delivery systems, biodegradability and also gelling
can be managed. P(DMA/AA) was studied in order to
control drug release and other applications by hydrogel
systems3 .

In the present work, P(DMA/AA) hydrogels with
different ratio of monomers were prepared by the free
radical polymerization method. The hydrogels consist
of PDMA chains which have a basic nature originated
from amine groups and PAA chains in acidic structure.
Moreover, the observation of swelling-shrinkage
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behavior of these and PDEA/AuNP-PDEA microgel
containing hydrogels were carried out.

EXPERIMENTAL

Chemical Materials

2-(Dimethylamino)ethyl methacrylate (DMA) and 2-
(diethylamino)ethyl methacrylate (DEA) are used as
monomers were passed through basic alumina
(Merck) colon and cleared of inhibitors and impurities
before use. AA, N,N'-methylene bis(acrylamide),
ammonium persulfate (APS) (Merck), DL- camphor
quinine, ethyl alcohol (Merck) were used in the
synthesis of P(DMA/AA) hydrogel and PDEA
microgel.

Method

P(DMA/AA) hydrogels were prepared separately
with AA and DMA monomers using APS free radical
initiator and MBA cross-linker by free radical
polymerization. PDEA microgel was synthesized by
using DL-camphor quinine initiator, diblock
polymer stabilizer (DMAgs-DEA29, M, =24670 g/mol
and PDI= 1.86) and MBA cross-linker under light by
emulsion polymerization method. PDEA microgel
containing P(DMA/AA) hydrogels were prepared by
using APS radical initiator and MBA cross-linker by
free radical polymerization as well.

P(DMA.7/AA03) hydrogel synthesis: Both DMA
and AA components were used in preparation of
P(DMAy.7/AAo3) hydrogel by wusing different
amounts of cross-linker (MBA). First, 0.95 ml of AA
and 2 ml of DMA monomers were mixed in the
appropriate volume glass bottle, in the second step 1.5
ml of distilled H,O and MBA (for RM81, RM87, and
RMO93 the amount of MBA respectively: 10, 5 and 1
mg) were dissolved and added to the monomers.
Finally, 0.018 g of APS, 1% moles of monomers, was
dissolved in 0.5 ml of distilled water for each of the
experiments and added to the prepared mixture. The
mixtures were left in a water bath at a temperature of
60 °C for 15 minutes. Moreover, 1.5 ml of ethanol
were added after mixing of monomer and other steps
were carried out as the same for synthesis of

P(DMA.7/AAo3) in water environment (see Table 1).



Figure 1. Hydrogel production, swelling, washing, and
drying process

Table 1. Preparation of P(DMA/AA) hydrogels in
water-ethanol environment at 60 °C, 18 mg APS.
MBA Ethano

(mg) | 1(mL)

Experiment Code
RMS85 P(DMA.75/AAo.25)
RM81 P(DMAg7/AAo3) 10
RMS83 P(DMA.25/AAq.75) .
RMS86 P(DMA.75/AAg.2s)
RM82 P(DMA7/AAq3) 10
RM84 P(DMA.25/AAq.75) 1.5
RMO91 P(DMAg.75/AAg.2s)
RMS87 P(DMAg7/AA¢3) 5
RM89 P(DMAy.25/AAo.75) -
RM92 P(DMAy 75/AAo.2s)
RMS88 P(DMAg7/AAo3) 5
RM90 P(DMA.25/AAq.75) L5
RM97 P(DMAy 75/AAo25)
RM93 P(DMA7/AA¢3) 1
RM95 P(DMAg.s5/AAo75) -
RMO98 P(DMA.75/AAg.2s)
RM94 P(DMA7/AA3) 1
RM96 P(DMA.25/AAq.75) 1.5

P(DMAu.75/AAov.25) hydrogel preparation: Different
amounts of cross-linker (MBA) have been used in order
to prepare P(DMAy75/AAo¢2s) hydrogels. First, 2.4 ml
of AA and 2 ml of DMA monomers were mixed, then
MBA (for RMS85, RM91, and RM97 the amount of
MBA respectively: 10 mg, 5 mg and 1 mg) were
dissolved in 1.5 mL water and added to the monomers.
Finally, 0.09 g of APS, based on 1 mol% of monomers,
was dissolved in 2.5ml of distilled water for each of the
experiments 0.5 ml added to start the gelling process.
The mixtures were left in a water bath at a temperature
of 60 °C for 15 minutes. For the synthesis of
P(DMAy.2s/AAo7s) hydrogels by the addition of
ethanol, 1.5 ml of ethanol were added after mixing of
monomer and other steps were done the same with the
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synthesis of P(DMAO.,s/AA¢7s) hydrogel in water
environment.

P(DMAo.2s/AAo.75) hydrogel preparation: In order
to prepare P(DMA75/AAg2s) hydrogels, different
amounts of cross-linker (MBA) have been used as
given in Table 1, as the same method with , 3.4 ml of
AA and 2 ml of DMA.

Synthesis of P(DEA) microgel: Synthesis of
PDEA microgel via emulsion polymerization were
carried out in a 100 ml round bottomed-flask, fitted
with N, gas inlet and a magnetic stirrer operation at
500 rpm. 50 mg of PDMAgs-b-PDEA,9 (M,, = 25000
g/mol and PDI= 1.86) were dissolved in 45 ml of
deionized water and stirred under N, gas for 30
minutes then 1.25 ml of DEA was added to the
solution and stirred approximately for 20 minutes. In
a 10 ml empty bottle, 0.01 g of MBA (1 mol % of
monomer ) were dissolved in 5 ml of deionized water
and added to the round bottomed-flask which were
keep mixing for 10 minutes. 0.01 g of DL-camphor
quinone were dissolved in 5 ml of ethanol and added
to the reaction solution. The reaction started under the
light for 3 hours and polymerization process got
completed.

Figure 2. Photo-initiated emulsion polymerization of
DEA

Preparation of PDEA  microgel loaded
P(DMA/AA) hydrogel: P(DMA.7/AAg3),
P(DMAo,zs/AAojs) and P(DMA0A75/AA0,25)

hydrogels containing PDEA microgels were prepared
using APS initiator and MBA cross-linker by free
radical polymerization in water and water/ethanol
environment. First of all, MBA was dissolved in
ethanol-water, secondly, the DMA and AA were
added to the MBA solution, thirdly the loading of
microgel to hydrogel system, and finally APS was
dissolved in 0.5 ml of water and added to the solution.
The pH of the final mixture was measured around 6.5.
The mixture inside the tubes was left in a hot water
bath at 60 °C for about 15 minutes to complete
gelling. When gelling was observed, the tubes were
taken from the water bath and the gels were removed
from the tubes.



Figure 3. Microgel loaded hydrogel production and
swelling, washing, and drying process

EXPERIMENTAL RESULTS / DISCUSSION

Characterization of Hydrogels: Characterization of
hydrogel was performed based on its physical
properties such as softness/hardness, flexibility, split,
stability, swelling of hydrogels in acid/base, and
distilled water.
By increasing the degree of cross-linking the flexibility
and softness of the P(DMA/AA) decreases, on the
contrary by decreasing the degree of MBA the
hydrogels are getting soft and flexible at room
temperature. Besides that, in the ethanol environment in
contrast to water media, a high percentage of swelling
represented.
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Figure 4. Swelling of P(DMAg3-AAg7) hydrogel
(RM88) in water with different pH
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Figure 5. Swelling of microgel loaded P(DMA;3-
AAy7) hydrogel (RM102) in water with different pH

Characterization of PDEA microgel: According to
the dimensional analysis of PDEA microgel and DLS
for size distribution analysis results, the
hydrodynamic radius of the microgel was recorded as
51 nm in aqueous dispersion and the PDI value with
particle distribution was recorded as 0.07. The
swollen of microgel in acid, based and neutral is acid
> neutral > based respectively.
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Figure 5. Hydrodynamic radius distribution of
PDEA microgel (DLS) 24 °C, pH 7.0

pH studies of microgel: Hydrodynamic radius
changes of PDEA microgels at pH=3, neutral, and
pH=9 were determined by DLS measurements. It was
observed that pH increase causes a decrease on the
size of microgel due to deprotonation of tertiary
amine residues of PDA as expected (see Figure 7).
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Figure 7. pH sensitivity study of PDEA microgel by
DLS
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Figure 8. pH sensitivity study of PDEA microgel
with DLS in AA environment
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Figure 9. TEM images of PDEA microgel (30 kV)

Figure 10. PDEA microgel inside P(DMAg3/AAo7)
hydrogel (RM101): (a) dry state, (b), (c),(d) swollen
hydrogel respectively at pH 3, Neutral and pH 10

Preparation of PDEA microgel doped P(DMA/AA)
Hydrogel: When microgel is added to a hydrogel, it is
expected to cause significant changes in some chemical
and physical properties of the hydrogel, such as
swelling, flexibility, softness-hardness and stability.
For this purpose, the synthesis of PDEA microgel
doped P(DMA/AA) hydrogel was successfully carried
out by simply adding the PDEA microgel to the medium
before gel formation.
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Figure 11. Swelling of PDEA microgel containing
P(DMA.3/AA¢7) hydrogel (RM101) at different pHs
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Figure 12. SEM image of P(DMA3/AAo7)
hydrogel

a)

b)

Figure 13. SEM images a) P(DMA3/AAo7)
hydrogel, b) PDEA microparticles in hydrogel sample

OVERALL RESULTS

We report successful synthesis of both PDE microgel
and PDEA-P(DMA/AA) hybrid hydrogel system
having pH responsive natura. Characterizations of
microgels were carried out with DLS and SEM
techniques. The hydrogel system was also
characterized with SEM studies. The pH and
temperature responses of PDEA microgel were also
studied with DLS. Swelling and deswelling behaviors
of hydrogels were investigated depending on pH
change.



FUTURE PLAN

P(DMA,/AA,) hydrogels and their combined form with
PDEA microgels shows that swelling rates of hydrogels
were higher in the ethanol-water media in contrast to
water media. Additionally, the P(DMA,7/AAo3) was
selected as a great sample for future studies especially
for both locating PDEA microgels hosting metal
nanoparticles with a diameter of around 3-5 nm (e.g.
AuNPs), that can be effective in drug releasing
processes of drug loaded hydrogel system.

REFERENCES
Aybala U, Ramazan A, Hydrogels in Various
Biomedical Applications,1845

Bahram M, Mohseni N, Moghtader. M, 2016, An
Introduction to Hydrogels and Some Recent
Application.

Betiil §, 2012, Controlled Drug Releasing Systems and
Application Studies

Dusek K, 1993, Responsive Gels: Volume Transitions
I (Advances in Polymer Science), Volume 109,
Springer-Verlag, USA, ISBN: 3-540-56791.

Enas MA, 2012 “An innovative method for preparation
of Nano metal hydroxide superabsorbent hydrogel”

Jawaid M, 2017, Nanohydrogel: History, Development,
and application in Drug Delivery,
https://doi.org/10.1002/9783527803835.ch11.

Huang Y, Jin X, Liu H, Hu Y, A molecular
thermodynamic model for the swelling of thermo-
sensitive hydrogels, Fluid Phase Equilibria,Volume
263, Issue 1, 2008, Pages 96-101,ISSN 0378-3812,

Khan S, Ullah A, Ullah K, Rehman N, Rehman N
, 2016, Insight into hydrogels

Rana P, Ganarajan G, Kothiyal P, Review on
Preparation and Properties Hydrogel Formulation.
World J Pharm Pharm Sci. 2015;4(12):1069-1087.

Wei HL, Yang Z, Chen Y, Chu HJ, Zhu J, Li ZJ,
“Characterisation of N-Vinyl-2-Pyrrolidone-Based
Hydrogels Prepared by a Diels-Alder Click Reaction in
Water,” European Polymer Journal 46, no. 5 (2010):
1032-39

91



Physical investigation of polyester hernia mesh with different

construction
AYDIN, Samet!, ONUKTAYV, Ozan?, KADER, Melike Oya?, YOZGATLI, Elif Pinar?,
BOYACI, Bekir?
'TDU Savunma Sistemleri A.S.
2Sun Tekstil San. ve Tic. A.S.
samet.aydin@tdusavunma.com.tr

PURPOSE

This work aims to develop PES synthetic meshes for
hernia repair. Although PP is considered to be a
superior raw material, an optimum structure will be
offered using PES as a cost sensitive, accessible option
under extreme conditions like pandemic.

INTRODUCTION

Hernia; a structural deformation resultant from
abdominal wall deformity or damage; induces tissue
change and causes pain, movement restriction and
significant decrease in life quality. Sanbhal et al.!
stated that supporting damaged or weakened tissue
with surgical meshes is the most common treatment
technique for hernia repair and more than twenty
million meshes are implanted each year globally.
Surgical meshes can have different physical properties
such as weight, pore shape and pore size. Pierrat et
al.?, stated that warp knitted surgical meshes are highly
conformable and porous due to their constructions. It
was emphasized that the mechanical behavior and
strength of these structures depend on the fiber
diameter, material composition, production process,
knitting patterns, shapes, sizes and the forces they are
exposed to.

Baylon et al.’ explained that hernia meshes can be
produced in monofilament or multifilament yarns.
Although, meshes made of monofilaments have high
biocompatibility, their flexibility is limited due to their
stiffness. The ones formed with multifilament yarns
are more flexible and soft but they might cause
bacteria formation due to spaces between filaments.
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According to Sanbhal’s!, Shokrollahi’s* and Lison’s’
researches, most commonly used polymers for hernia
repair were polyester (PES), polypropylene (PP) and
polytetrafluoroethylene (PTFE) and it was
emphasized that the most used polymer is PP as it is
non-toxic, biocompatible and very difficult to
contaminate during procedure.

Koksal® et al. pointed out that PP meshes remain in
the body after surgery or must be surgically removed
if needed since PP is non-absorbable. Patel” declared
that another advantage of them is that they can
deteriorate under very high mechanical stress and
extreme temperatures that is not applicable to human
body. Dubay® and Agarbal® reported that,
lightweight PP meshes are preferred due to their low
inflammatory ~ effect  after  surgery,  high
biocompatibility and high comfort properties but
they sometimes have stiffness problems in-body
applications. This can be solved by using softer
modified polymers or applying different heat
treatments.

PES is a commonly used polymer in hernia mesh
development thanks to its properties such as; low
cohesion with abdominal wall, low shrinkage, low
compressibility and easy placement. However, PES
meshes made of multifilament yarns might increase
postoperative infections. Raptis et al.!* stated that,
they should not directly applied to abdominal wall
without a mid-layer that will prevent sticking.
Yilmaz et al.!! reported that, 100% PES warp knitted
mesh structures are not preferred as much as PP
meshes due to their insufficient biocompatibility and
because of that they are commonly used in
composite structures.

According to literature, PES is the closest alternative
to PP for hernia mesh production. This study aims to
develop an optimum PES mesh structure in terms of
weight and pore in order to eliminate the
disadvantages above.

EXPERIMENTAL

Material

In this study two different (300 denier, 72 filament
and 100 denier, 48 filament) polyester multifilament



yarn was knitted using a Raschel warp-knitting
machine with 20 gauge.

Method

Three different meshes were produced with hexagonal,
diamond and square pores. Square shaped mesh (M21)
fabricated with weft insertion in order to reduce pore
size. Weight, pore size, course density and air
permeability of meshes were evaluated.

EXPERIMENTAL RESULTS AND
DISCUSSIONS

In order to see the effect of yarn count on fabric
properties, M13 and M21 samples were produced with

Goodings'®; Yoon and Buckley'* stated that, the air
permeability of fabrics is directly affected by
thickness and number of pores per unit area so, high
air permeability means high porosity. Figure 1 shows
that there is a relationship between air permeability
and pore area. Produced meshes except M21 can be
classified as very large porous according to their
pore sizes which is crucial to prevent formation of
granuloma according to Lake et al.!’. Since the yarn
used in M13 and M21 samples is thicker, course
densities are lower compared to finer yarn used
fabrics. When fabrics with same yarn count are
compared, it is obvious that there is a relationship
between course density and fabric weights (Figure

300 denier yarn and other samples with 100 denier 2).
yarn. Weight results were indicated that fabrics knitted
with thicker yarn (M13, M21) are heavier (Table 1).
According to Coda et al.'> these meshes can be ) .
classified as heavy weight mesh in terms of their Pore Area - Air Permeability
weights. On the other hand, fabrics knitted with finer
yarn (M31, M34, M35, M38) provided higher air 6 10000
permeability due to their large pores and low weight (’g 5 2000
(Table 1). Also these meshes can be classified as g 4
standard weight mesh. E ; 6000
. < 4000
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Figure 2. Relationship between weight and course
density

It was observed that, M13 and M21 fabrics did not

explode in bursting strength tests while other fabrics
burst at the specified values (Table 1.) Baylon et al.,?
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reported that the pressure exerted by abdominal wall in
an adult human was 180 mmHg (approximately 24
kPa). Bursting strengths of produced meshes showed
that all of them provide enough strength for abdominal
repair. In addition, it has been observed that bursting
strength is strongly affected by the fabric weight
(Figure 3.)

Bursting Strength - Weight

800 300
& 250
< 600

< 200
on

5 400 150
=]

2 200 100
o)

g 50
Z 0 0

MI13 M21 M31 M34 M35 M38
mmmm Bursting Strength e Weight

Figure 3. Relationship between bursting strength and
weight.

CONCLUSIONS
Synthetic meshes with different constructions were
developed and investigated in terms of their weight,
pore shape, pore size and air permeability within the
scope of this research. Considering the results, it can
be concluded that;
e Fabrics produced by finer yarns reached
target weight and pore size
e Change in pore shape does not have a
significant change in mesh pore size if other
parameters such as yarn, weight and course
density is constant
e Course density is directly proportional to
weight

Weight (g/m?)
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e Polyester meshes made of multifilament
yarns ~ might increase  postoperative
infections (Raptis et al.,'’) so they are
commonly used in composite mesh
structures (Yilmaz et al.,'!, Kingsnorth et
al.,'%). It has been concluded that structures
developed in this research have enough
properties for using with biocompatible
materials.

SUGGESTION FOR FURTHER WORK

This work can be multiplexed using PP yarns in
order to achieve better postoperative comfort. Also,
synthetic meshes developed can be used for
composite mesh development as non-absorbable
component. This prospective is studied within
PARITEX Project.
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AMACLAR

Kemik doku miihendisliginde sentetik kemik iiretimin i¢in son zamanlarda yaygin olarak incelenen ve arastirilan
hidroksiapatit (HA) - polilaktik asit (PLA) bilesenlerden olusan kompozit malzemenin morfolojik ve mekanik
ozelliklerinin incelenmesi.
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PURPOSE

The aim of the study was to develop novel wound dressing materials based on non-woven surfaces with electrospraying
(e-spraying) of folic acid (FA), (vitamin B9) and characterize structural properties of surfaces were investigated using
Scanning Electron Microscopy and (SEM) Fourier Transform Infrared (FTIR) spectroscopy. Hydrophilicity of the FA-
loaded surfaces were measured and compared with the contact angle instrument. Porosity values determined by
pycnometer. In-vitro release was carried out by UV-Vis in vitro study within the 8 hour-period phosphate buffer saline
(pH 7.2). Biocompatibility of all resulting NW surfaces was assessed by 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) and neutral red uptake (NRU) cytotoxicity tests in L929 cell lines.
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Textile/Metal-organic frameworks composites for

sustainable energy and environmental applications
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Nowadays environmental pollutions associated with the discharge of effluents containing organic dyes into water is a
worldwide issue which endangering human health seriously. Dyes and dye products are toxic and have carcinogenic,
mutagenic and allergenic effects. Metal-organic frameworks (MOFs) are relatively a new class of three-dimensional
nanoporous crystalline structures with large specific surface area, tunable pore size, and functional surface chemistry.
Many studies have shown that MOFs are viable absorbent for organic dye removal and environmental pollution
control. Surface modifications of MOFs and synthesis of composite particles of MOFs with other nanomaterials to
improve their adsorptive capacity have also found of interest in recent years. Here, we describe recent progress on
hybridization of MOFs with polymers as well as the fabrication of textile/ metal-organic frameworks (MOFs)
composites and the potential application prospect of them including textile wastewater treatment and/or energy
application. Example includes fabrication of piezoelectric nanofibrous membrane containing MOFs for sustainable
energy generation and wearable healthcare monitoring systems. Finally, challenges with the fabrication of
textile/MOF composites, limitations for their use, and trends for future developments are presented.
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AMACLAR

Bu ¢aligmada tekstil tabanli kapasitif yaklagim sensorii
gelistirilmesi hedeflenmistir. 4 farkli iletken iplik ve 7
farkli desen tasarimi ile kapasitif tekstil sensorii
geligtirilmistir. Yapilan analizler sonucunda tekstil
tabanli sensor i¢in basarili sonuglar elde edilmistir.

GIRIS

Insan yagami boyunca tekstil iiriinleri ile % 98'e varan
oranlarda temas halindedir. Son yillarda hizla gelisen
bir sektor haline gelen elektronikler de insana daha
fazla yakin olma egilimi gostermektedir. Bu egilimde
elektronik ve tekstili bir araya getirmis ve yeni
alanlarin  olusumuna olanak saglamistir. Tekstil
teknolojilerinde ve kullanilan hammaddelerde (lifler
ve polimerlerde) yasanan gelismeler ile birlikte
hayatlarimizda giyilebilir teknolojiler ve Elektronik
Tekstiller (e-tekstil) olarak tanimlanan yeni bir alan
ortaya ¢ikmustir. Elektronik tekstil (e-tekstil), elektrigi
iletebilen bir kumas olarak tanimlanabilir (Anwar
2013). Elektronik tekstiller (e-tekstiller), verileri
algilayabilen, 1sitabilen, aydinlatabilen veya iletebilen
sistemler olusturan elektronik bilesenler olan veya
bunlarin bir parcasi olan tekstillerdir (Wilson ve
Teverovsky 2012). Bu konuda birkag farkli tanim
bulunmak ile birlikte hepsinin temel degindigi nokta
elektronik ve tekstilin birlesmesi fikridir. Elektrigi
iletebilen tekstiller, elektronik bilesenlerle
birlestirilirse, ortamindaki degisiklikleri algilayabilir
ve 151k, ses veya radyo dalgalarma tepki verebilir
(Anwar 2013). Son yillarda gelisen teknoloji ve know-
how  birikimi ile liflere iletkenlik  6zelligi
kazandirilmigtir. Bu kazandirilan 6zellikler ile 1sitma,
koruma ve sinyal iletme islemlerine hizmet etmesi
saglanabilmektedir.

Sensér kelimesi hissetmek anlamina gelen Ingilizce to
sense kelimesinden gelmektedir. Tiirk¢e’de ise sensor
kelimesi yerine algilayici veya duyarga
kullanilmaktadir. "Sens6r" terimi, belirli bir hedef
uyarici olan bir seyin algilanmasimi ifade eder. Bir
sinyali (uyarici) algilayan ve bu uyarani elektronik
olarak 6l¢iilebilen bir sinyale doniistiiren cihaza sensor
ad1 verilir (Chun ve digerleri 2018). Kumaglarin her
yerde bulunabilen dogasi, onlart insanlarla dogrudan
temas halinde olan sensdrlerin tasarimi igin ideal bir
ara¢ haline getirmektedir. Algilama 6zelliklerine sahip
kumaslar, akilli kumas sensorleri (Smart Fabric
Sensor-SFS) olarak adlandirilir ve bunlar, digerlerinin
yant sira sicaklik, basing, kuvvet ve elektrik
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akimindaki degisiklikler gibi ¢oklu fiziksel ve
kimyasal uyaranlara kars1 duyarhidir (Castano ve
Flatau 2014). Bir c¢ok tekstil iretim teknigi
(dokuma,orme, nakis vb...) tekstil tabanli sensor
tretimine imkan tammaktadir. Bu dogrultuda
calismada brode nakis teknigi kullanarak kapasitif
yaklasim sensorii  gelistirilmesi  hedeflenmistir.
Kapasitif sensorler, diigiik enerji tiiketimi ve yiiksek
algilama hassasiyeti gibi bircok yoniiyle 6n plana
¢ikmaktadir (Hammock ve arkadaslar1 2013).

DENEYSEL

Bu c¢alismada kapasitif yaklasim sensoriiniin
uygulanabilirligi lizerinde denemeler
gergeklestirilmistir.  Calisma  plamt  Tablo 1

verilmektedir. Sensor icin, uygun iletkenlige sahip
ve/veya veri alimi yapabilen hammadde ve desen

secilecektir.
Tablo 1. Deney Plam

Malzeme

Farkli diren¢ degerlerine sahip ve farkli iplik
numaralar1 olan 4 iletken iplik kullanilmistir. Iplikler
paslanmaz ¢elik ve giimiis/nylon kapl: iletken iplik
olmaz iizere iki farkli iiretim yontemi ile iiretilmis

iplik kullanilmistir (Tablo 2).
Tablo 2. iletken Iplik Ozellikleri

Yontem

Desenler gelistirilirken iletken ve yalitkan alanlara
olusturarak  kapasitif =~ degisimlerin  gdzlenmesi
hedeflenmistir. Brode dikey nakis makinesi Epoca 7
kullanilmustir. Ipliklerin birbiri arasindaki mesafesi,
sekli, siklign  ve uzunlugu  parametrelerini
degistirerek sensor yapisi gozlemlenmistir.



DENEYSEL SONUCLAR/TARTISMA

Kumas iizerinde yaklasim sensor yiizeyi olusturmak
amaciyla 7 farkli Brode desen tasarimi gelistirilmistir.
Gelistirilen desen tasarimlari 4 farkli iletken iplik
kullanilarak brode nakig yontemi ile 28 adet sensor
ylizeyi {Uretilmistir (Sekil 1). Gelistirilen 28 adet
yaklasim sensor yiizeyi Ardunio Devresi kullanilarak
kapasitif degisim ve direng degerleri 6lgiimlenmisgtir.

Sekil 1. 7 Farkli Desen Caligmasi

e SELVI, Habibe Giilben (ORCID NO: 0000-
0001-7317-6179)

Sekil 2. Tekstil Tabanli sensorlerin Kapasitif Degisim
Analizleri

Sekil 2°de 4 farkli iletken ipligin 7 farkli desene bagh
kapasitif degisimler gosterilmistir. Yapilan Sl¢timler
sonucunda 1 ve 2 nolu iletken ipligin 7 farkli desene
bagl kapasitif degerleri 4 mikrofaradin (uF) altinda
deger gostermistir. Bu degerin diisiik olmas1 kapasitif
yaklagim sensoriiniin algilamasimin daha iyi sonug
verdigi gézlemlenmistir. Ayrica kapasitif degisimlerin
degerinin 20 mikrofaradin (pF) altinda olmas:
beklenmektedir. Bu kapsamda 3 ve 4 nolu iletken
iplikler farkli desenlerde 20 mikrofaradin (uF)
iizerinde degere sahip olmustur. Bu iletken 6zelligin
ipliklerin iiretim sartlar1 ve iletkenlik degerleri ile
degiskenlik gostermesi beklenmistir. Bu dogrultuda 1
ve 2 nolu iplik ¢elik iplik olup, 3 ve 4 nolu iplik
nylonu giimiis ile metalize isleme tabi tutarak elde
edilmigtir. Metalize isleminde saglanan iletkenlik
degerlerinin ¢elik iplik {iretime oranla daha az oldugu
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goriilmektedir. Bunun temel sebebi ise kendinden
iletken iplikler ile kaplama islemi ile elde edilen
iplikler arasinda iletkenlik farkinin olmasidir. Desen
bazinda bir degerlendirme ise daha sik ve yogun
desenlerde kapasitif degerler kotii, yogunlugu az ve
mesafeli desenlerde kapasitif degerinin daha 1iyi
oldugu gozlenmistir. Ayrica 6 ve 7 nolu desenlerde
ipligin iletkenlik degerinden bagimsiz olarak
kapasitif degerlerin daha iyi oldugu goriilmiistiir.
Kapastif algilama olarak en verimli desen 6 ve 7
nolu desenlerin oldugu goriilmektedir.

GENEL SONUCLAR

Bu calisma kapsaminda tekstil tabanli yaklagim
sensoriiniin  gelistirilmesi iizerine gerceklestirilen
denemelerde basarili sonuglar elde edilmistir.
Yapilan ¢alisma sonucunda gelistirilen tekstil tabanli
yaklasim sensoriin, brode nakis yontemi ile
iretmenin miimkiin oldugu ortaya konulmustur.
Gelistirilmesi ~ hedeflenen  sensdriin  iyi  bir
performans gostermesi i¢in kullanim hedefi iyi
analiz edilerek dikkat edilmesi gereken unsurlarin
detaylica belirlenmesi gerektigi goriilmiistiir.

SONRAKI DONEM CALISMALARI

Farkli tekstil tabanli sensorlerin bircok yontem ile
gelisgtirilmeye acik oldugu goriilmistiir. Kullanilan
malzemeler ile gelistirilen sensorlerin degiskenlik
gosterdigi, ayn1 zamanda iletken malzemelerin hala
geligime agik bir alan oldugu goriilmiistiir.
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AMACLAR

Bu calismada fotokatalitik olay ile insan sagligina ve
organik malzemelere kesinlikle zarar vermeyecek, 151k
enerjisi kullanarak kimyasal bir reaksiyon olusturan,
nano teknolojik ve fotokimyasal yiizey kaplama {iriini
elde etmek. Aydin Mensucat A.S. olarak diinyada
heniiz yeni yayilmaya baslamig olan fotokatalitik
kavramindan faydalanarak kendi kumas
portfoylimiizde bulunan Corduroy, Burn-out ve
Bronzing gibi iiretimi zor olan kumaslar {izerinde elde
edilecek ylizey kaplama iiriinii ile apre uygulamasin
yaparak bu kumaslara fotokatalitik etki saglayarak
faydali giinliikk kullanim diriinleri elde etmek. Proje
kapsaminda gelistirilecek olan fotokatalitik 6zellige
sahip ¢ozgiilii 6rme kumasa bu 06zelligi yukarida
aciklanan TiO;’ in 151k ile temas ettiginde gerceklesecek
reaksiyonlar: kazandiracaktir. Bunun sonucunda da
kumasa kendi kendini temizleme 6zelliginin ne derece
kazandirilacag: gerekli testlerle dogrulanacaktir [1].

GiRiS

Fotokatalitik kavrami organik malzemelere ve insan
sagligina kesinlikle zarar vermeyecek, bir iki kere
kullanildiginda uzun bir siire etkinligini koruyabilen ve
151k enerjisi kullanarak kimysal bir reaksiyon olusturan,
nano teknolojik ve fotokimyasal yilizey kaplama
iirtintidiir. Fotokatalizm ise 151k ile uyarilan bir katalist
varliginda organik molekiillerin pargalanarak su,
karbondioksit ve mineral tuzlar gibi zararsiz {iriinlere
doniistiiriilmesi islemidir [2]. Fotokatalitik kavrami
diinyada heniiz yeni yayilmaya baslamistir. Aydin
Mensucat A.S. Olarak bu 6zellikten faydalanarak kendi
kumas portfoyiinde bulunan Corduroy, Burn-out ve
Bronzing gibi iiretimi zor olan kumaslar {izerinde
uygulamasini yaparak bu kumaslara fotokatalitik etki
saglanmistir. Fotokatalitik etkinin saglanmast igin
kullamlan kimyasal bilesik TIO, olarak bilinen
titanyadir. Titanya yart iletkendir, toksik degildir, beyaz
renklidir, maliyeti distiktiir, kimyasal karalilig1
yiiksektir. Fotokatalitik o6zellik genel olarak giines
enerjisi ile kendini temizleme olarak bilinmektedir
fakat bu oOzelliginin yaninda kaplandig1 yiizeyde
mantar, bakteri ve kiif olusumunu 6nlemekle birlikte
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kotii kokuyu da engeller. Bu da tekstil materyalleri
icin kullanimin1 daha efektif bir hale getirmistir [3].
Ti02’in fotokatalitik aktivite 6zelliginin, 1970’lerde,
Fujishima ve Honda (1972) tarafindan ortaya
atilmasindan sonra, diinyada ciddi bir problem haline
gelen ¢evre kirliligi sorunlarina ¢6zliim yaratabilecegi
icin bu konu iizerinde yogun olarak ¢alisiimaya
baslanmustir.

DENEYSEL
Malzeme

Fotokatalitik etki elde etmek iizere kullanimi igin
TiO; yaygin olarak kullanilsa da proje kapsaminda
titanium(I'V)tetraisoperoxide ile hazirlanmis bir sol-
jel cozeltisi hazirlanmigstir. Hazirlanan sol-jel ¢ozeltisi
tekstil yiizeyleri iizerine fulard ve nozul aplikasyon
teknikleri ile uygulanmigtir. Uygulama sonrasi
fotokatalitik etkinin bagarili olup olmadigini anlamak
icin kumaglar zerdecal ile kirletildikten sonra
yiizeyleri silinerek QSUN Xenon Test Chamber
Model XE-3 test cihazi ile 24 saat xenon lambasi
altinda birakilmistir daha sonra sonuglar gorsel olarak
degerlendirilmistir. Degerlendirme sonucu
fotokatalitik etkinin 3 tekstil yiizeyi tizerinde basaril
oldugu gozlenmistir.

Yontem

Proje kapsaminda fotokatalitik etki saglamak adina 2
adet sol-jel ¢ozeltisi hazirlanmistir. Bu ¢ozeltiler
asagidaki gibidir.

1. 160ml distile su igine 1,5ml nitrik asit ve 15ml
titanium(I'V)tetraisopropoxide eklenerek iki giin
boyunca karigtirilir.

2. 25ml titanium(IV)tetraisopropoxide ve 5ml asetik
asit 500ml distile suya eklendikten sonra 3,5ml
nitrik asit eklenerek elde edilen karisim 80°C’de
sitilmigtir.  Olusan  ¢ozelti 2 saat siire ile
karigtirilmugtir.

3. 4gr TiO; 1 litre saf suya eklenerek kaynayana
kadar karistirilmigtir. Daha sonra  ¢dzelti
sogumaya birakilmustir.



Fotokatalitik etki gosteren farkli kimyasal ¢ozeltilerin
kumasglara uygulanmistir. Bu uygulamalar kumaglara
fulard ve nozul (sprey) uygulamasi olarak 2 farkli
sekilde yapilmustir.

Fotokatalitik etkinin dl¢iilmesi i¢in QSUN Xenon Test
Chamber Model Xe-3 kullanilmistir. Uygulama su
sekilde gergeklestirilmistir. Fotokatalitik ¢ozelti ile
kaplanmis ve kaplanmamis kumaglar zerdecal ile
kirletilir. Zerdecal kullanilmasinin sebebi kiiciik
molekiil yapisi sayesinde 151k ile pargalanmasi daha
rahat goriilmesine olanak saglamaktadir. Kumas
ylizeyleri silindikten sonra QSUN  makinesine
yerlestirilir. 24 saat xenon lambasi altinda kalan
kumaslar c¢ikarilir ve fotokatalitik etki ile olusan
kendilerini temizleme oOzellikleri gorsel olarak test
edilir.

DENEYSEL SONUCLAR/TARTISMA

Kumaslara vapilan fiziki testler:

Kumaslara yukaridaki yontemler ile foto katalitik etki
kazandirdiktan sonra uygulanan fiziki testler aginma
dayanimi, yirtilma dayanimi, pilling testi, 151k hasligi,
stirtiinme hasligi, yikama hashigi ve dikis styirmadir.

Kumaslara yapilan testler sonucu alinan test degerleri
her kumas i¢in asagidaki gibidir.

Sekil 1. Corduroy Kumas Gorseli

Sekil 2. Corduroy kumaslarin 24 saat sonraki goriiniimii
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Tablo 1. Corduroy kumas fiziki test degerleri

Uygulanan Testler

Tespit Edilen Deger

Asinma Dayanimi 4500
Yirtilma Dayanimi 30N
Pilling Testi 4/5

Isik Haslig1 4/5
Siirtiinme Hasligi Kuru;4, Yas;3/4
Yikama Haslii 4

Dikis Styirma

Atk1 ve Cozgii; 4

Sekil 3. Bronzig Kumag Gorseli

Tablo 2. Bronzing kumas fiziki test degerleri

Uygulanan Testler

Tespit Edilen Deger

Asinma Dayanimi

10000

Yirtilma Dayanimi 25N

Pilling Testi 4

Isik Haslig1 4

Siirtiinme Haslig1 Kuru;4, Yas;3/4
Yikama Haslig1 4

Dikis Styirma

Atk1 ve Cozgii; 4

Sekil 4. Bronzig Kumaglarin Test Sonras1 Goriiniimii

Tablo 3. Brun-out kumas fiziki test degerleri

Uygulanan Testler Tespit Edilen Deger
Asinma Dayanimi 10000

Yirtilma Dayanimi 25N

Pilling Testi 4

Isik Haslig: 4

Siirtiinme Hasligi Kuru;4, Yas;3/4
Yikama Haslif 4

Dikis Styirma

Atki ve Cozgii; 4




Sekil 5. Burn-out Kumaglarin Test Sonrast Goriiniimii

Proje faaliyetleri sonucunda ¢ozelti hazirlama ve
kumasa aplikasyonu konusunda bilgi edinilmis ayrica
fotokatalitik kavrammin baskili kumaglar ve farkl
kumas gesitleri tizerinde etkileri gozlenmistir.

Fular ve sprey ile aplikasyon metodu firmamizda daha
once de kullanilmaktadir. Ayrica fotokatalitik etki
¢Ozgiilii 6rme kumaslar iizerinde kullanilmaktadir fakat
corduroy, bronzig ve burn-out gibi farkli iiretim
teknikleri olan kumaslar iizerinde daha Once
uygulanmamustir.

Sekil 6. Courduroy kumas fular SEM goriintiileri

Sekil 7. Corduroy kumas nozul SEM gériintiileri

Sekil 8. Bronzing kumas fular SEM goriintiileri

Sekil 9. Bronzing kumas nozul SEM goriintiileri
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Sekil 10. Burn Out kumas fular SEM goriintiileri

Sekil 11. Burn out kumas nozul SEM goriintiileri

Uretilen kumaslarin nozul ve sprey uygulama sonrasi
lif yiizey morfolojilerini, incelemek ve yapilan
igsleminlerin etkilerinin aragtirmasi amaciyla SEM
goriintiileri alinmistir. SEM goriintiileri Sekil 6-11°de
verilmistir. SEM goriintiilerinde goriildiigii gibi
kimyasal iglemler sonucu TiO; ¢dzelti uygulamasinin
basarili oldugu, lif yiizeyine ¢6zeltinin tutundugu
bulgular1 not edilmistir.

FT-IR Analiz Sonugclari

Sekil 12. Kumas numunelerinin birlikte FTIR
spektrumu

Kumaslarin spektrumda temsil ettikleri renkler
asagidaki gibidir:

1.



Sekil 13. Numune kumaglarin birlikte FTIR spektrumu

Kumaslarin spektrumda temsil ettikleri renkler
asagidaki gibidir:

Bronzig Kumas Fular
Burn-out Kumas Nozul

Courdory Kumas Fular
Courdroy Kumas Nozul

kLD~

FT-IR testi sonucu elde edilen koaservant spektrumlari,
karakterize edilmistir.

GENEL SONUCLAR

Bronzing, Corduroy, Burnout kumaglara uygulanan
¢ozeltinin; aplike edildigi kumaglarin fotokatalitik
etkileri ol¢iilmiis ve ii¢ kumas c¢esidinde de basarili
oldugu gozlenmistir. 24 saat sonunda ham kumaglar
zerdecali absorblarken fotokatalitik ¢ozelti ile
kaplanmis kumaslar kendilerini temizlemistir. Kontrol
numunesi olarak, lekelendikten sonra karanlikta
birakilan numunelerin {izerindeki lekeler bekleme
stireleri sonunda belirgin bir sekilde
gozlemlenmektedir. Kumaglara sol-jel ¢ozeltileri aplike
edildikten sonra kumas fiziki testleri uygulanmstir ve
bu testler sonucunda hedef degerlere yakin degerler
elde edildigi tespit edilmistir. Yapilan FT-IR analizleri
sonucu kullanilan kimyasalin kumas iizerinde nozul ve
fular islemleri sonucu FT-IR analizi sonucu
aplikasyonun basarili oldugu gorilmiistiir.
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Bu calismada segilmis %100 poliester (PES) kumas ile poli(3,4-etilendioksitiyofen) (PEDOT)farkli oranlar
kullanilarak Drop Casting yontemi ile homojen bir sekilde kaplama yapilmis ve iletken polimerik sensor kumas yapilari
tiretilmistir. Iletken polimerik sensor kumaslarm morfolojik ve dogru akim (DC) iletkenlik 6zellikleri arastirilmstir.
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Caligmanin amaci, kalbin elektriksel sinyallerini metal sensérlerin yerine kendisi direkt sensor 6zelligi gosteren, kumas
elektrot ile algilama fonksiyonuna sahip giyilebilir elektronik tekstillere yonelik akilli giysi gelistirilmesidir.
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Effects of Bleaching, Dyeing, Printing, and Laundering on
Electrical Resistance of Conductive Lines in Electrotextile
Knitting
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PURPOSE

The aim of this study is to investigate the electrical
resistance change of electrically conductive silver-
coated polyamide yarns in cotton knitted fabrics
after bleaching, dyeing and printing processes and
washing with and without detergent.
INTRODUCTION

The textile industry is making great progress in the
field of textile products that can be used for
protection, defense, health, communication,
automation, and  entertainment  with  the
miniaturization of electronic components and their
integration with textile materials'-2. In recent years,
there has been an increasing interest in the use of
textiles as a wearable technology due to advantages
of fabric such as lightness, flexibility, air
permeability and easy fabrication’. The development
of the diversity of these textiles is directly linked to
the creation of textile materials with suitable
electrical conductivity. Conductive yarns are
tremendously used to constitute conductive lines for
information or energy transport in functional textile
structures*. The developed conductive textile
materials play an important role in the formation of
products to be used in areas such as sensors,
electromagnetic shielding, static electric discharge,
providing information transfer and heating?.

In parallel with the developing technology, people's
needs are also diversifying. The expectations of
users from wearable electronics are not limited to
technical and functional features, they also want the
product to be colored and washed. Therefore, it is
important to discover the effect of textile
manufacturing processes and care activities on
electrical resistance of conductive yarns.

Based on the literature review, many studies have
been conducted to the use of conductive yarns in
textiles for electro-textile applications™’. However,
only a few studies address the problems experienced
during the fabric development or the lifetime of the
e-textile. In the study of Varnaité et al., the effect of
washing on the electric charge in polyester/cotton
knitted and woven fabrics containing conductive
yarns which have INOX or silver-plated polyester
yarn was studied®. In a study conducted on different
weave patterns with different conductive yarns, the
effect of textile pretreatment processes on the
transmission lines was discussed’. Bahadir and
colleagues investigate the color and electrical

KOROGLU YATIKCI, Tugge (0000-0002-6834-338X)

KUCUK,Canan (0000-0003-2833-6967)
KARALIRecep (0000-0003-4847-9252)

resistance of woven cotton fabrics which have
stainless steel yarns after dyeing processes!®. Sahin
and Bahadir stated that electrical resistance of
conductive yarns was affected by all chemical
processes, they obtained results after pre-treatment,
dyeing, softening and detergent washing®.

Realizing the effect of textile manufacturing
processes and care activities on electrical resistance
of conductive yarns is essential for daily use of e-
textiles. In this study, changes in electrical resistance
of silver-coated polyamide yarns in cotton knitted
fabrics were investigated. In addition, a special
bleaching process for conductive yarns has been
proposed. Changes in electrical resistances were
measured quantitatively after bleaching, dyeing,
printing, and washing processes, and optical
microscope images of conductive yarns in the fabric
structure were examined.

EXPERIMENTAL

Material

30/1 Ne cotton yarn, 78/18 dtex 99% pure silver-
coated polyamide yarn (Statex Shieldex®), a wetting
agent, emulsifier, oil remover agent, Hydrogen
peroxide, Sodium hydroxide, anti-peroxide enzyme,
reactive dye, vat dyes and auxiliary chemicals.
Method

Pre-treatment process was applied to knitted fabrics.
Fabrics that dyed with vat dyes in the lab-type
machine foulard and was treated with a reactive
printing were washed with and without granular soap
detergent. Electrical resistance were measured after
each process.

EXPERIMENTAL RESULTS AND
DISCUSSIONS

The microscope (Nikon SMZ745T) images taken
after each procedure are shown in Figure 1. The
silver coating on the conductive yarns was almost
completely abolished after common bleaching
process (Fig. 1b). Also, the electrical resistance
measurement could not be taken from it because the
fabric had more resistance than the device can
measure (Fluke 117 multimeter, 40 MQ). For this
reason, it was decided to bleach the fabrics with
chemicals that are considered to cause the least
damage to the silver coating and have a slight erosion



effect. Mild bleaching with wetting agent, oil
remover, and emulsifier (Fig. 1c), also dyeing (Fig.
1d) and printing (Fig. 1e) processes did not visibly
damage the silver coating.

Figure 1 Microscope images of conductive yarn
structures in knitted fabric: (a) Raw fabric, (b) After
common bleaching, (c) after mild bleaching, (d) after
dyeing, (e) after reactive printing

Fig. 2 and Fig. 3 shows the changing electrical
resistance values of processed and washed fabrics.
The gradual increase in electrical resistance indicates
that the conductivity of yarns decreases after wet
chemical and washing treatments.

Figure 2 Average linear electrical resistance values of raw
fabric and after treatments
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Figure 3 Interaction plot for linear resistance of dyed
(above) and printed (below) fabrics with washing cycles.

CONCLUSIONS

The gradual increase in electrical resistance values
indicates that the conductivity of silver coated yarns
generally decreases after wet chemical treatments
and different washing processes. Applied treatments
have both chemical and mechanical effects can cause
deformation of the yarn surface. It is critical to
understand the effects of wet treatments containing
ionic chemicals on electrical resistance, because
conductive yarns are made of metal ions.

SUGGESTIONS FOR FURTHER WORK
Further studies based on exhaust dyeing process will
be conducted to determine in detail relationship
between the wet treatments and effect on the
electrical resistance of silver-plated yarns.
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Polymer Optical Fibers (POFs) are relatively new compared to the Silica Optical Fibers (SOFs). Polymer optical fiber
(POF) characterized by its small size, flexibility, high tensile strain and high fracture toughness, and easy to handle,
these characteristics permit POF be utilized as embedded sensors for structural health monitoring applications. The
nature of the 3D orthogonal woven fabrics provides an excellent opportunity to host the embedded POF, which permit
the utilization of such preform for structural health monitoring (SHM) applications. In order to acquire a robust
composite structure with reliable health monitoring system, there are several requirements that need to be fulfilled.
These requirements are; minimizing the influence of POF turning on signal integrity (optimize the configuration of
POF in the preform, verifying that the resin system does not have a negative impact on the noise level or performance
of POF sensors during composite manufacture process, and structure integrity should not degrade substantially as a
result of embedding POFs. Therefore, an investigation on the signal loss as a result of the bending deflection, bending
radius, and wrap angle of optical fiber around the middle rod of the test bed was carried out. Optical Time Domain
Reflectometer (OTDR) is used to monitor the signal attenuation and backscattering level of the POFs throughout using
different resin types and resin curing cycle. POF performance under several mechanical testing such as tensile, bending,
and impact test was evaluated. Thus, the high performance of the composite structure and reliable structural health

monitoring can be then achieved.
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Grafen/ZnO/AgNW-TPU Tabanh Giyilebilir Esnek
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Enerji, glindelik yasantimizda yer edinerek siirdiiriilebilirligi saglamaktadir. Gegmisten giiniimiize hayatimizin her
yerinde enerjiye ihtiya¢ duyulmustur. Artan enerji tiiketim ihtiyac1 sonucu giin gectikge enerji kaynaklarinin
azalmasima ve cevrenin daha zarar gérmesine sebep olmustur. Insanoglu, hayatimizin her aninda biiyiik éneme sahip
olan enerji i¢in yenilenebilir, ¢cevreci ve verimli enerji kaynaklar1 arayigina girmistir. Giines ve riizgar enerjilerinin
yant sira dogada bulunmasi en kolay atik enerjinin, mekanik enerji oldugu bilinmektedir. Bu arastirmalar sonucunda
nanojeneratdr olarak adlandirilan cihazlar ortaya ¢ikmustir. Bu cihazlar fiziksel etkilesim saglayarak atik formdaki
mekanik enerjiyi, elektrik enerjisine ¢evirmektedir. Son yillarda diinyay1 daha temiz bir hale getirebilmek i¢in kiigiik
miktarlardaki atik enerji doniisiimii ve kullanimin1 daha verimli sekilde saglamak i¢in nanojeneratorler iizerinde
aragtirmalar yapilmis ve yapilmaya devam edilmektedir. Bu c¢aligmada, grafen/ZnO/AgNW-TPU esash giyilebilir
esnek piezoelektrik nanojeneratorlerin gelistirilmesi ve ¢ikis giiciiniin gelistirilmesi amaglanmustir.
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AMACLAR

PVDF piezoelektrik yapilarinin {izerine yapilan giincel
caligmalarin incelendigi bu c¢aligmada gelistirme
stratejileri, malzeme, ve liretim teknikleri seklinde ele
alimmustir.

Calismada en cok tercih edilen lif tiretim ydntemi
elektroegirme ve ¢ozeltiden lifleme yontemiyle elde
edilen PVDF nanolifler ve bunlarin gelecek ¢aligmalar
icin umut vaat eden sonuglarina yer verilmistir.

GIRIS

Mekanik enerjiyi dogrudan elektrik enerjisine ¢eviren
piezoelektrik  enerji  dretecleri, diger adiyla
piezoelektrik nanojeneratorler, 6zellikle giyilebilir
elektronik, nesnelerin interneti, kablosuz haberlesme
teknolojileri tizerine ciddi arastirmalarin yapildigi
giiniimiizde temel problem olan enerji ihtiyacina
¢Oziim saglayabilecegi ongoriilmektedir. Hali hazirda
elde edilen enerji degerleri mW o6lgeginde de olsa
diisiik enerji tiiketimli entegre elektronik devrelerinin
gelistirilmesi ile bu malzemelere olan ilgi daha da
artacagi  beklenmektedir'. Ayrica  nanojenerator
cihazlarin  kullamimi ile kimyasal pillere olan
bagimliligi azalmasi, diizenli degistirme veya sarj
etme ihtiyacinin kalkmasi ve en Onemlisi cevre
iizerinde olumlu etki olusturmasi beklenmektedir.

Piezoelektrik Etki 1880 yilinda Fransiz bilim insanlari
Pierre and Jacques Curie tarafindan kesfedilmistir 2.
Temel olarak kristalin malzemelerdeki iyonlarin
dagilimlarinda simetri eksikliginin sonucu olarak bir
elektriksel dipoliin  varligma dayanmaktadir. Iyi
tanimlanmig bir kutupsal eksene bir stres uygulamasi
piezoelektrik enerji liretimi i¢in temel gereksinimdir.
Yiiksek verimli baryum titanat (BaTiOs3), kursun
zirkonyum titanat (PbZr«Ti;xO3) ve ¢inko oksit (ZnO)
gibi piezoelektrik seramiklerin gelistirilmesine ragmen
esnek uygulamalar i¢in polimer esasl, kolay
iiretilebilir piezoelektrik malzemelerin gerekmektedir.

Piezoelektrik  nanojeneratoérler  iizerine  yapilan
caligmalar 2006 yilinda Zang ve arkadaglarinin
calismasindan  sonra  hizla  gogalmstir’.  Bu
caligmalarda verimin hem intrinsik (kristal yap,
piezoelektrik katsayi, geometri etkisi vb.) ve digsal
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(kutup etkisi, uygulanan basing degeri ve frekansi
vb.) faktorlere baglidir*. Piezoelektrik malzemeler
arasinda, poli(viniliden floriir) (PVDF) ve
kopolimerleri, yiiksek dielektrik sabiti, esnekligi,
kolay islenebilirlii ve wuzun vadeli kararlilig
nedeniyle esnek piezoelektrik nanojeneratorler icin
en umut verici adaylardir>®.

Tablo 1°de gesitli piezoelektrik malzemelere ve
bunlarin piezoelektrik katsayr degerlerine yer
verilmisgtir. Ancak PVDF esasli
nanojeneratorlerden {iretilen enerjiler elektronik
cihazlarin ¢ogunu c¢alistiramayacak kadar diisiik
olup, ¢esitli yontemler ile performans iyilestirmeye
¢aligilmaktadir.

Tablo 1. Cesitli piezoelektrik malzemeler ve piezoelektrik

katsayilar1 47
Material | d33 (pCN)
PZT 304
BaTiO3 100

Zn0O 15-23
PVDF -33
Nylon 11 4
PAN 5

PVDF ve PIEZOELEKTRIK ETKi

5 farkli polimorf yapisina (& , B, y, 8 ve €) sahip bir
yari-kristalin polimer olan PVDF’in sadece p ve y
fazlarinin piezoelektrik ozellik gosterdigi
bilinmektedir. B ve vy fazlarindaki PVDF ve
kopolimerlerinin (6r. PVDF-TrFE) ferroelektrik
ozelligi, flor atomlarinin molekiiler zincirin bir
tarafinda ve hidrojen atomlarinin ise zincirin diger
tarafinda dizilmesi ile (all-trans konformasyonu)
olusan net bir dipol momentinin sonucudur.
Ozellikle B faz durumunda tiim dipol momentleri
ayni yonii gosterir ve yiiksek piezoelektrik verim
elde edilir. Bu nedenle ¢aligmalarda yapi igerisindeki
B faz oranini, piezoelektrik verim  ile paralel
degerlendirilmistir.  Piezoelektrik malzemeler i¢in
bir diger onemli husus Curie sicakligi olup, bu
sicakligin  iizerinde  piezoelektrik  6zelliklerin
kaybedilmesidir. Ancak PVDF i¢in polimorflar arasi



gecis diger piezoelektrik malzemelere gore daha kolay
gerceklesebilmektedir.  Yapt  igerisine  yapilacak
katkilar kararhlign arttirabilmektedir. Ornek olarak
PVDF, yaklasik C = 170 ° C'de erir ve dogrudan polar
olmayan ve daha kararli olan a fazina kristallesir 8.
Ancak yap1 igerisine belirli bir miktar trifloroetilen
(TrFE)  katildiginda  eriyikten p  fazi  elde
edilebilmektedir °.

Sekil 1: PVDF molekiilii tizerinde dipol momenti
olusumunun sematik gésterimi

Bunun haricinde PVDF’in morfolojik kararlilig1
iyilestirme ve piezoelektrik verimini arttirmaya
yonelik cesitli alternatif iiretim yontemleri gelistirme,
veya liretim esnasinda germe'?, yiiksek elektrik alani
altinda polarizasyon!!, ¢esitli dolgu maddeleri ilavesi'?
gibi farkli stratejiler gelistirilmistir.

URETIM YONTEMLERI

PVDF filmlerin iiretiminde yaygin olarak kullanilan
yontemler ¢ozeltiden dokiim ydntemi (solution cast)
ve sicak presleme (hot press) olup iiretilen PVDF
filmler, disiik B faz igerigi ve rastgele kristal yapilar
nedeniyle disiik enerji ¢ikisi  gOsterir.  Ancak
elektroegirme, elektrohidrodinamik ¢ekme, sablon
destekli yontem ve sablon destekli elektrikle biiyiitme
yontemleri hem yiiksek B fazi igerigi ile hem de
geometri (1 boyutlu yapilar) iiretimi ile performansta
iyilestirme saglamistir. Ancak Ozellikle son iki
yontemde bliyik  numune imalatinda  ve
olceklenebilirlikte zorluk yasanir Bu ¢alismada
PVDF bazli nanojenaratdrlerin {iretiminde en c¢ok
tercih edilen elektroegirme ve c¢ozeltiden iifleme
yontemlerinden bahsedilecektir.

4

1- Elektroegirme Yontemi

Basit ve verimli bir yontem olarak, elektroegirme
yonteminde siringa ile metalik toplayict arasina giiglii
bir elektrik alan1 uygulandiginda, siringanin ucunda
Taylor konisi olusacaktir. Polimerin ylizey gerilimi ve
viskoz kuvveti iistesinden gelinir ¢iinkii elektrostatik
kuvvetler ¢ozelti ilizerine etki eder, ardindan ince jet
koniden ekstriide edilir. Jet, toplayiciya dogru hareket
ederken c¢oziicii buharlasir ve polimer lif formunu
kazanur.

Elektroegirme sirasinda, elektrostatik kuvvetler, daha
diiz all-trans (TTTT) konformasyonunda
konformasyonel  degisikliklere = neden  olabilir.
PVDF'de TTTT konformasyonunun varligi, B fazi
kristal igin gereklidir, bu nedenle elektroegirme
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yontemi, B fazi kristalin olugsumunu destekler ve
dolayisiyla piezoelektrik 6zelligi artirir '3,

F. Mokhtari'nin ¢aligmasina gore, LiCl eklenen
cozeltilerle elde edilen PVDF lifleri, farkli partikiil
eklenenlere gore ¢ok daha ince caplarda (504 nm)
elde edilmistir. Daha ince elyaf cap1 ile PVDF
nanolifleri arasinda daha fazla baglanti olusmus ve
bu baglanti, ¢ekme kuvveti altinda daha biiyik
uzamamn da nedeni olarak kabul edilir'4.

Caroline Lee, katki maddesi olarak baryum titanat
(BaTiO;) kullandig1 calismada, PVDF ile az
miktarda  tetrabutilamonyum  kloriirii  (TBAC)
karigtirdilar ve ardindan karisimi ¢6zmek igin DMF
ve aseton kullandilar. PVDF / TBAC ¢ozeltisine,
¢esitli  konsantrasyonlarin  piezoelektrik tepkiler
izerindeki etkilerini ortaya c¢ikarmak igin farkli

miktarlarda BaTiO; eklenmistir. Son olarak,
elektroegirme ile yiiksek diizeyde hizalanmis
BaTiO3-PVDF  nanolifleri  hazirladilar. PVDF
nanoliflerin  piezoelektrik  o6zelligi, = BaTiO3

miktarlarinin artmastyla artirilmistir '3,

2- Cozeltiden Ufleme

Cozeltiden iifleme yontemi nano boyutlu elyaflar
iretmek icin alternatif bir teknik olarak ortaya
cikmistir ve elektroegirme yonteminin getirdigi
sinirlamalart ortadan kaldirabilir. Bu yontem ile
¢Ozelti havanin disar1 atildig1 es merkezli bir dis boru
ile gevrelenmis bir nozuldan enjekte edilir. Cozelti
hava ile etkilesime girer ve bir toplayiciya diisen kisa
lifler olusturur.

Fashandi ve arkadaglan'® seliiloz nanokristaller
iceren PVDF nanolifler {rettiler. Lif ¢apimin
baslangigta agirlikca %1 selilloz nanokristallerin
dahil edilmesiyle 439 nm'den 718 nm'ye
yiikseldigini  bildirdiler. Daha fazla seliiloz
nanokrital yapilarimin eklenmesiyle, lif c¢apinin
azaldigi gozlemlendi. Agirlikca %3'te 552 nm ve
agirlikca %5 seliiloz nanokristallerde 559 nm lif ¢ap1
Olgiildii.  Selilloz  nanokristalleri igeren  tiim
numunelerde fiber ¢apmnin saf PVDF fiberlerden
daha biiyiik oldugu goriilmistiir.

Deng ve arkadaslari'” bériilce yapih PVDF/ZnO
nanolif temelli, esnek, ¢dzeltiden iifleme yontemiyle
elde edilmis sensorlerin etkilesimli insan-makine
arayliziinde hareketlerin uzaktan kontroli i¢in
kullanilabilecegini basariyla gosterdi. Calismada bir
robotik el, elektrik ¢ikisi ile piezoelektrik sensoriin
biikiilme acis1 arasindaki iliskiye dayanarak bir insan
elini taklit ederek calismaktadir.

MALZEME KATKILARI

PVDF igerisine katkilarin ilave edilmesi ile
nanojeneratoriin  verimi yiikseltilebilmektedir. Bu
katkilar piezoelektrik ozellikli katkilar olabilecegi
gibi iletken veya iletken olmayan sekilde de



smiflandirilabilir. Katki tiiriine ve boyutuna bagh
olarak gecerli olan birka¢ mekanizma vardir. Bunlar
kisaca 1) PVDF igindeki piezoelektrik dolgu maddesi
piezoelektrik etkiyi artirabilir; ii) Nanoboyutlu
katkilar, kiirleme islemi sirasinda g¢ekirdeklestirme
ajanlar1 olarak hareket edebilir ve ayrica elektrostatik
etkilesim ile daha yiiksek bir kristal oranina neden
olabilir; iii) Bazi iletken dolgular, cihazin c¢ikis
performansini artiracak sekilde yalitkan piezoelektrik
malzemeyi elektriksel olarak baglayip toplam akimin
artmasini  saglayabilir; 4) Esnek polimer icindeki
nispeten sert dolgular, daha biiyik bir yerel
deformasyon olusturarak yerel gerilim konsantrasyon
noktalarina sebep olup, basing etkisini ve dolayisiyla
piezoelektrik verimi iyilestirebilir.

Sekil 2: Spin kaplama yoluyla agirlik¢a % 40 BaTiOs3
iceren PVDF-TrFE nanokompozit yapisinin SEM
goriintiisli ve degisen miktarin voltaj ve akim iizerine
etkisi '8

Sekil 2°de Zhao ve arkadaslar1'® PVDF film igerisine
dolgu  olarak  koyduklar1  BaTiOs;  katkisnin
piezoelektrik verime etkisi goriilmektedir. SEM
goriintiistine gére BaTiO; NP'ler, PVDF matrisinde
homojen olarak aglomere olmadan dagilmis ve PVDF'
icinde stres konsantrasyonu fonksiyonu gorerek
verimin artmasina neden olmustur.

GENEL SONUCLAR

PVDF, piezoelektrik, piroelektrik, ferroelektrik ve
tstiin dielektrik oOzellikler sergileyen cok islevli bir
polimerdir. PVDF'nin sahip oldugu piezoelektrik
ozelliklerini degisiklik yapmak ig¢in, kopolimerleri
yelde edilir ve yapiya katki maddeleri dahil edilebilir.
PVDF'de bes ortak faz vardir; a, B, v, & ve €. Bu fazlar,
zincir bigimlerine goére birbirinden farklilik gosterir.
Hepsi arasinda, B-fazi, en yiiksek dipolar moment ve
birim hiicre bagina spontan polarizasyon ile en yiiksek
piezoelektrik tepkisine sahiptir. Yar1 kristal yapida
elektriksel polarizasyon elde etmek amorf yapiya gore
daha kolaydir. Bu nedenle, p-faz1 ne kadar yiiksek
olursa, piezoelektrik yanit1 da o kadar biiyiik olur.

SONRAKI DONEM CALISMALARI

PVDF'nin en yaygin kullanilan kopolimerlerinden biri,
yiiksek piezo tepkisi, hafifligi ve isleme kolaylig
nedeniyle PVDF-TrFE olup, onu esnek ve giyilebilir
uygulamalar i¢in potansiyel bir aday haline getirir.
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PVDF tabanli nanolifleri iiretmek igin elektroegirme
ve cozeltiden tlfleme olmak iizere iki potansiyel
yontem vardir. Cozeltiden iifleme  yontemi,
elektroegirmeye gore 30 kata kadar hizli {iretim
imkant sunarken, elektroegirme yontemi ile de
¢ozeltiden iifleme yontemine gore ¢ok daha ince ve
yonlendirilmis lifler elde etmek miimkiindiir.

Gelecek calismalar olarak, PVDEF’in elektro-iifleme
olarak  adlandirilan,  ¢6zeltiden iifleme  ve
elektroegirme yonteminin hibrit olarak kullanildig:
bir iiretim sisteminde bagta PVDF-TrFE kullanilarak,
daha sonra farkli katki maddelerinin eklenmesiyle
iretimler yapilmasi hedeflenmektedir.
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Gerinim, bir malzemenin mekanik etki altinda seklini ne kadar degistirdigini ifade eden kavramdir. Gerinim sensorleri
ise mekanik karakterizasyon, yapisal kalite kontrol ve son zamanlarda giyilebilir elektroniklerde kullanilabilen akilli
malzemelerdir. Literatiirde piezo-rezistif (basinca karsilik elektriksel direncte degisim gosteren) mekanizmay1
kullanarak gerinimi tespit edebilen ¢alismalar mevcuttur. Bu ¢aligmanin amaci, likrali, dokunmus polyester kumasa
farkl: iletkenlerin ayr1 ayr1 veya birlikte kaplanarak gerinime kars1 elektriksel direnglerindeki degisimin gdzlenmesidir.

Gelistirilen kumas gerinim sensorii, akilli tekstillerde ve ileride giyilebilir elektroniklere yonelik uygulamalarda
kullanilabilir.
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Bu ¢aligmanin amaci, otomotiv ve savunma sanayisinde elektromanyetik kalkanlama uygulamalarinda kullanilmak
iizere iletkenligi artirilmis bakir kaplanmig karbon fiber katkilarin gelistirilmesidir.
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AMACLAR

Tekstil yiizeylerinin iletkenligini gelistirme konusunda
yapilacak caligmalar i¢in elektriksel iletken ozellikte
iplikler elde etmek.

GiRiS

Bilim ve teknolojinin giinliik yasama olan yadsinamaz
katkist bir iilkenin kalkinmasi igin kaginilmaz bir
husustur. Tekstil sektdrii igin akilli tekstiller, her gecen
giin ¢ogalan insan niifusu ve ihtiyag¢lari icin en etkili
¢ikar  yoludur. Akilli tekstillerin en O6nemli
alanlarindan biri olan elektriksel olarak iletken
tekstiller, elektronik ve bilgisayar bilimlerinin
gelismesiyle farkli uygulama alanlarina sahiptir ve
cesitli ihtiyaclar1 karsilayabilecek trlinlerin imal
edilmesi amaciyla diinya capinda hizla
geligmektedir.!?

Elektriksel olarak iletken oOzellikteki tekstil yapilari;
endiistri, askeri, uzay, tip gibi Dbircok alanda
kullanilarak, koruma, savunma, saglk, iletisim,
hesaplama, otomasyon amagli tekstil iiriinleri olarak
aktif rol almaya baglamigtir. Bu elektronik tekstiller
giiniimiizde ¢ogalan insan ihtiyaglarma endiistriyel
anlamda yanit verebilecek niteliktedirler. ilk olarak
elektromanyetik koruma ve 1sitma amaglariyla
kullanilmis olan elektriksel olarak iletken iplikler,
daha sonralar1 gii¢ transferi, sensorler, vericiler ve
mikro denetleyicilerle uyar1 kontrolleri saglamada
kullanilarak giliniimiizde c¢ok farkli gereksinimleri
yerine getirmektedir.!

Maddenin temel Ozelliklerinden bir tanesi elektrik
akimini iletebilmesi veya iletememesidir. Bu 6zellige
gore maddeler iletken, yari iletken ve iletken olmayan
(yalitkan  veya dielektrik de denilir) diye
smiflandirilmaktadir.  Elektriksel olayin ilk defa
gozlemlenmesi,  statik  elektrik  caligmalariyla
baglamustir. Bir Yunan filozofu olan Miletli Tales,
M.O. 600’li yillarda, bir amber parcasmin kumasa
sirtiilmesi ile yiizeydeki tiyleri ve diger 151k
pargaciklarini ¢ektigini gozlemlemistir. “’Elektrik”’

SAINAIE IRl

sOzciigili, asil anlami amber olan Yunanca kdkenli
“elektron’’ sozciigiinden gelmektedir. Tales’den
sonra aradan gegcen yaklagik 2300 willik siire
boyunca, insanoglu elektrik olgusuyla pek
ilgilenmemistir. Sonraki ¢aligmalar, Stephen Gray’in
1700’li yillarin basinda bazi maddelerin elektrigi
iletebilirken, bazilarinin iletemedigini
gdzlemlemesiyle baglamistir.®

Tletken lif ve iplikler, kendisi dogal olarak iletken
olabilir veya sonradan iletkenlik kazandirilabilir.
Elektriksel iletkenlik ya da yar iletkenlik 6zelligi,
liflere, farkli yontemler ile kazandirilabilmektedir.
Bu yontemlerden bazilari, metal levha veya
bantlardan liflerin elde edilmesi', farkli iiretim ve
¢ekim yontemleri kullanilarak lif elde edilmesi'®”,
liflerin metaller®, metal oksitleri veya tuzlar,
iletken karbon ve kendiliginden iletken olan
polimerlerle®, kesikli iletken liflerden veya iletken
lif veya tellerin iletken olmayan tekstil lifleri ile
birlikte egrilmesi ile? gesitli yontemler kullanilarak
muamele edilmesi olarak soylenebilir.

Iletken iplikler gerek bir doku ya da vyiizey
olusturmak amaciyla gerekse baglanti yollarinda
kullanilmak iizere ¢okga tercih edilen iletken tekstil
iiriinlerinden biridir. Tletken iplikler kullanilarak
yapilan c¢alismalar incelendiginde, iletken ipliklerle
ilgili en 6nemli kriterlerin metal orani, iletkenlik,
esneklik, biyouyumluluk, mekanik dayanim,
yikanabilirlik, makinede islenebilirlik o6zellikleri
oldugu goriilmektedir.!' Bu kriterlere ilave edilmesi
gereken bir diger kriter de fiyat kriteridir.>

Bu caligmada 6ziinde iletken olmayan ipliklerden,
kolay elde edilebilir, maliyeti diisiik ancak beklenen
ozellikleri karsilayabilecek iletken iplikler iiretilmesi
hedeflenmistir.
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DENEYSEL

Malzeme

Uretilecek  iplikler i¢in  kullamlan  materyaller
asagidaki gibidir.

35 Mikron Inox
50 Mikron Inox

Iplikler

150 Denye PES Tex Ymat Img

10/1 Ne Pes K. Elyaf Katlama

472 Denye Pes 2+1 Brode

1000 Denye 10/2 Pes K. Elyaf Brode
5000 Denye Yumusak Kord

Yontem

Calisma kapsaminda, metal tel olarak farkli ¢aplarda
(0,035 mm ve 0,05 mm) paslanmaz ¢elik (inox) ve
farkli kalinlik ve filamandaki ipliklerle katlama islemi
yapilarak, elektriksel iletken iplikler elde edilmistir.

DENEYSEL SONUCLAR/TARTISMA

Uretilen iplikler elektrik direnci, Fluke 289 C
multimetre cihazi ile olgiilmiistiir. Iletken ipliklerin
dogrusal direnci, santimetre basina ohm cinsinden
ifade edilmistir. 20 cm, 30 cm ve 50 cm iplik
numunesi uzunlugu boyunca 6l¢iimler alinmigtir. Tiim
Olciimler ii¢ kez tekrarlanmig ve ortalama dogrusal
direng degerleri hesaplanmustir.

Tletken Iplik Numaras1 | Ortalama Direng
Iplikler (Denye) (Q/cm)
[PLIK 1 241 8,40
[PLIK 2 585 9,99
IPLIK 3 636 3,99
[PLIK 4 296 4,12
IPLIK 5 615 4,22
[PLIK 6 5631 6,34
[PLIK 7 298 425
[PLIK 8 467 1,97
[PLIK 9 797 2,15
IPLIK 10 1424 2,34
IPLIK 11 5736 2,50
[PLIK 12 374 3,65
IPLIK 13 1573 1,55
IPLIK 14 5730 1,58

Yukaridaki tabloda verilen ipliklerin her birinin farkli
direnclerde olmasi nihai iiriinde istenilen elektriksel
iletkenlige sahip liriinler elde edilmesine olanak saglar.

SAINAIE IRl

Tabloda farkli kombinasyona sahip iplikler
oldugundan farkli iplik numaralari ve dolayisiyla
farkli fiziksel test sonuglart mevcuttur. Bu sonuglarin
yani sira iletken olmayan ipliklerin inox ile katlama
islemi sonucunda iplik kalinlik degerlerinin degisimi
de gozlemlenmistir. Bu ¢esitlilik iiriin  gamini
genisletmek ve savunma sanayi, tip, ulagim gibi kilit
sektorlere yonelik yeni teknik tekstil {iretim
caligmalar1 yapabilme olanag: saglamak i¢in oldukga
elveriglidir.

GENEL SONUCLAR

Calisma sonucunda deneysel verilere bakildiginda
gorilmiistiir ki; inox kullaniminda ¢ap ve kat arttik¢a
iletkenlik artmaktadir. Kullanim alanina gore,
ihtiyaclara uygun kalinlikta ve iletkenlikte iletken
iplik dretimi gergeklestirilebilir. Bu durum, yeni
caligma alanlar1 ve iiretim konular1 agmakla birlikte,
irlin ¢esitliligi anlaminda da kullanim yelpazesini
genisletmektedir.

SONRAKi DONEM CALISMALARI

Cesitli sektorler igin tekstil iriinlerinde elektronik
islevselligin kullanimini1  kolaylagtirmaya yonelik,
uygun olan iletken iplikler iretilip, katma degeri
yiiksek yenilik¢i iirtinler geligtirilmesi
hedeflenecektir.
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Our research group has a good experience on the synthesis and characterizations of different types of surface active
water soluble copolymers [1-5]. Such polymers have been identified as stimuli-responsive or intelligent polymers
having great response to external conditions. They can self-assemble into various nanostructures (micelles, reverse-
micelles, flower micelles, gelation, flocculation, etc.) depending on a change of pH, temperature, ionic strength etc.
Additionally, they have also provided a novel approach in “Layer by Layer” technology via formation of nanofilms
on silica/glass surfaces [2]. It is also worth to mention that we are the first who reported a new class of stimuli-
responsive block copolymers named as “schizophrenic block copolymer” in 1998. These types of block copolymers
have great potential in producing various nano- and macrostructures such as shell cross-liked micelles [4], hydrogels,
microgels [5], latexes, pickerers, flocculants, nanometal dispersions and other hybrid nanostructures. They are
getting more and more attention for various applications such as in biomedical technology (as antibacterial agents,
drug carriers, controlled releasing systems etc), in sensor technology, in cosmetics, in surface coating...

Recently, we have focused on poly(glycidyl methacrylate) based block copolymers and their post modifications [6].
The derivative polymers can also be converted into different structures with further modifications. They can self-
assemble and form core-shell micelles depending on solution conditions. To keep micelle nanostructure stable, cross-
linking chemistry is most commonly preferred pathway which may result with the preparation of core cross-linked,
shell cross-linked or intermediary layer cross-linked micelles [6]. These cross-linked micelles are good host for the
production of nanometal dispersions with a diameter around 5 nm. They may also act as suitable drug delivery
vehicles for the encapsulation and release of hydrophobic drugs. In summary, these copolymers are very useful as (i)
stabilisers in heterogeneous polymerisations for the production of latex, microgel and nanometal dispersions, and (ii)
great source for novel cross-linked micelles, hydrogels, antibacterial materials, LbL nanofilms, etc.

Nanometal Dispersions

Various nanostructures of self-assembled stimuli-responsive and surface active polymers.
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PURPOSE OF THE STUDY

Nowadays most researchers and manufactures have
been focused and interested on the utilization of plant
fibers for the manufacturing of green composite
materials used in different applications such as Agro
textile, Geo textile and Military textile because of their
abundantly available, low cost, light weight, good
mechanical strength and biodegradability. Natural
fibers have the potential to substitute petrochemical
synthetic fibers. These are because of their inherent
properties such as renewability and ecofriendly as
compared with petrochemical fibers. Also, they
consumed lower energy during processing than
synthetic fibers. The developments of natural fiber
reinforced green composites have ben becoming an
attractive topics because of increasing environmental
awareness and regulations. The aim of this research
work was to found out an alternative agro waste fiber
for the fabrication of light weight, sustainable and
biologically degradable composite and to show an
alternative materials for the manufacturing green
armor. This study was focused to show an alternative
agro waste enset fibers (fabrics) reinforced green
composites used in low velocity and cost effective
protective light weight armors were presented. For this
study enset fiber (fabric) as a reinforcement and lab
made acacia bio resin as a matrix elements were used
for the manufacturing of green composite. The test
results revealed that, the overall mechanical strengths
of enset fabric reinforced green composite structures
used armor manufacturing are lower than synthetic
fiber. But, enset fiber (fabric) reinforced green
composite structures would be considered as a good
alternative for their low density, economic production,
environmental friendly armor manufacturing and also
their high strength to weight ratio. Enset fabrics
reinforced composites have relatively lighter weight
with a capacity to provide personal protection and
used in armor vests.

Key words: Armor, Biocompatibility, Economic
production, Enset fiber, Green composite.
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1. INTRODUCTION

Manufacturing industries and researchers have been
turned to increasingly sustainable, ecologically and
economic production with the fast growth of
technology. Apart from large amount of energy
consumptions, environmental protection has been one
of the top problems facing the current generation [1].
Novel approaches are needed now more than ever to
either safeguard the environment or generate products,
which are not damaging the ecosystem [1], [2]. The
applications of natural fibers are growing in many
sectors such as automobiles, furniture, packing and
construction. Natural fibers are one such proficient
material which replaces the synthetic materials and its
related products for the abundantly available, light
weight, low cost and energy conservation applications
[3], [4]. Also, natural fibers have unique features such
as high specific strength and their renewable resources
absorb carbon dioxide, which mitigates environmental
pollution [5]. The major problems of natural fibers as
compared with synthetic fibers are their inherited
hydrophilic properties and highly flammable which
are limiting their successively utilizations in polymer
reinforcement. Researcher and manufacturers have
been applied different Surface treatments to overcome
the limitation of natural fibers [5], [6]. Plant fiber
reinforced biocompatible composite materials are
growing rapidly as the potential substitute to the metal
or ceramic based industrial products in different field
of applications such as automotive, acrospace, marine,
sporting goods, military and electronic industries [7].
Multilayered armor system (MAS) provides a
protection against high impact speed projectile such as
the caliber 7.62 mm. A typical MAS is basically
composed of a front ceramic layer with the main
purpose of absorbing most of the projectiles high
impact energy [8]. The synthetic polymeric materials
traditionally employed as MAS second layer,
especially in vests for personal protection, are the
aramid fabric laminate, commercially available as



Kevlar™ from Dupont [9],[10] or the ultra-high
molecular  weight polyethylene (UHMWPE),
commercially available as Dyneema™ from DSM]
11], [12]. Although the ballistic performance for
individual safety is the major seek requirement in the
development of MAS, cost might also be an important
factor. This study was focused to show an alternative
agro waste enset fibers (fabrics) reinforced green
composites used in cost effective and protective light
weight armors for ballistic was presented. It seeks to
compile the test results and establish enset fiber
(fabrics) or most plant fibers reinforced composites as
an alternative to synthetic reinforced composites.
Enset fabrics reinforced composites have relatively
lighter weight with a capacity to provide personal
ballistic protection and used in soft armor vests.

2. MATERIALS AND METHODS
2.1. MATERIALS

Enset is the name used by the Amharic language for
enset plant, which scientifically called Enset
Ventricousum under Musa family. The fibers have
length up to 5 meters, low cost, abundantly available,
light weight, low density (1.2-1.3 g/cm®) and moisture
content of 10%.[13] Plain woven fabrics were
manufactured from enset fiber. Resin materials are
prepared from acacia gum in laboratory.

2.1. METHODS

Hand layup green composite manufacturing technique
was applied and specially design hand layup device
was waxing and/or spreading the plastic sheet
(polypropylene) on the mold, then the enset woven
fabric as a reinforcing plies were cut into the desired
size (30 cm x 30 cm) and spread on the mold. Lab
prepared bio resins from acacia gums were applied on
the surface of enset woven plies. The bio matrix was
uniformly distributed into the woven fabrics by using
roller (is used to removed excess bio resin and void
space/air between the enset woven mats) and a known
load of 12 Kg was applied (loaded) for 12 hour at room
temperature after the desired layers were achieved as
shown in Figurel. Finally, enset fabric reinforced
green composites were cured at a temperature of 110
OC for 30 minutes by using RAPID-TAYLAN drying
device.
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Figure 1. Enset fabric reinforced composite

Impact strength Test: The Charpy impact strength
test of enset fabric reinforced green composites was
conducted by using ASTM D256 standards having a
specimen dimension of 55mm x 10mm x 10mm. The
impact strength of composite materials is
fundamentally affected by the velocity of the impact
test. Commonly the dynamic impact test is done by
four type of velocity such as:-

v" Low velocity (1-10 m/s)

v High velocity (10-100 m/s)

v Ballistic (50-1000 m/s). Damage caused by

ballistic impact (>500 m/s)

v Hypervelocity (> 2000 m/s) [14].

Morphological Analysis: EVO-40 Scanning

Electron Microscopy (SEM) measurements were

conducted for the examination of enset fabric

reinforced composite structure before and after

mechanical tests.

3. RESULTS AND DISCUSSIONS
3.1. Impact strength

The impact strength variation was observed due to the
difference in impact respond between enset fabric and
bio rein materials. This test result indicated that the
increased content of enset fabrics beyond the desired
quantities during composite manufacturing were an
ineffective to enhance or improve the brittleness of bio
resin materials. The impact strength of enset fabric
reinforced composite structures with bio resin
materials were decreased with the addition of enset
fabric amounts (contents) as indicated in Figure 2.
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Figure 2. Impact strength test results: Effect of
percentage of fabric content on impact absorption
properties

3.2. Morphological analysis of green composite
mechanical test

The morphological SEM view of enset fabric
reinforced composite materials illustrated in Figure 3
revealed that, enset fabric reinforced composite
structures were indicated that, there are a lot of smooth
grooves (porosity) in the green composite structures.
Theses porous and void structures resulted cracks were
stared and would be propagated until the enset fabrics
and bio resins deboning. But the good interaction and
interfacing bond between enset woven fabrics and bio
resins have been limited these crack propagations.
This properties would gave a promising future of enset
fabric (natural fibers reinforced composite) reinforced
composite structure were used for light weight,
ecofriendly and economic production of armor
applications.

Figure 3. SEM view of enset fabric reinforced green
composite structure after impact testing
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3.3. Biodegradability analysis of green composite

Neat green composite samples were left under the soils
for one year as shown in Figure 4a. After one year, the
samples were picked from the soils and their weights
and mechanical strengths were measured as shown in
Figure 4b. After one year enset fiber reinforced
composites were lost their weight by 50% as shown in
Figure 4b.

Figure 4. Biodegradability test of textile materials
reinforced composite in soil for one year a) Neat enset
fiber reinforced green composite b) Green composite
material after one year left in soil.

CONCLUSION

This study was focused to show an alternative agro
waste enset fibers (fabrics) reinforced green
composites used as a cost effective, light weight and
biodegradable protective armors applications. The
partial applications of the enset fabric (Natural fiber)
reinforced green composite materials have lower
ballistic impact absorption as compared with most
commonly used materials such as Kevlar, steel,
ceramic or wood for a similar thickness, but they
would limits their application to small mosaic pieces
and achieved cost and environmental benefits. This
research work was undergoing by using multilayer
fabric, by incorporating nano particles in green
composite structure and hybrid different types of
natural and mineral based fibers reinforced composite
structures.

FURTHER WORK

Future aim of this research work was effetely utilizing
different agro waste fibers as a new alternative
reinforcing  materials in  green  composite
manufacturing. The biodegradability analysis of green
composite were studied in detail. Moreover, our
future work was focused on hybrid plant fibers with
high performance fiber such as Kevlar, Nomex and
UHMWPE and also incorporating nano particles to
fabricate ecofriendly high performance military
textiles by using different layers.
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PURPOSE

The effects of SiC-Fe;O4 nanoparticles doped electrospun Polysulfone (PSF) nanofibers on compressive and
interlaminar shear strength of glass/epoxy composite laminates were investigated in this study. Additionally, the
influence of SiC-Fe3O4 nanoparticles concentration on the mechanical strength of the PSF nanofibers was examined
by performing the tensile tests of nanofiber mat strips.
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PURPOSE

In this study, to investigate the potential use of
nanofibers and glass fiber reinforced epoxy composites
for reducing noise pollution, the sound absorption
coefficients of nanofibers and glass fiber-based
materials were investigated. Considering the enlarged
usage of glass fiber reinforced epoxy composites, they
were used with nanofiber webs of TPU and TPU/PS and
the sound absorption coefficients were measured. As a
result, higher sound absorption coefficient (SAC) was
observed with using nanofiber webs with glass fiber
reinforced epoxy composites. When the effects of TPU
and TPU / PS composite nanofiber webs on the SAC of
reference glass fiber reinforced epoxy composites are
examined, it is observed that the SAC’s of the samples
containing TPU at frequencies below 4000 Hz and TPU
/ PS composite at frequencies higher than 4000 Hz are
high, while very limited sound absorption was
measured for glass fiber epoxy composite.

INTRODUCTION

Nowadays, with the increase of urbanization, noise
pollution, which can cause many symptoms such as
sleep disorders, heart diseases, psychological disorders,
has increased [1]. Accordingly, the use of sound-
absorbing materials is becoming increasingly
important. A diverse number of sound absorbing
materials are in the market including porous materials
containing channels, cracks etc. that allow the passage
of sound waves [1]. Most of the porous structures used
for sound absorption are fiber-based materials. These
fiber-based materials consist of continuous filaments
that trap air inside. Fiberglass, mineral wool, ceramic
are some examples of these materials [2]. Some of the
reasons for the use of porous materials in sound
absorption are lower basis weight compared to metallic
fiber-based materials, cost effectiveness, etc. [1]. Glass
fiber reinforced polymer composites are being applied
in many areas such as aircrafts, remote shuttles,
automotive and electronics industries [3]. Lee et al.

examined the SACs of glass and flax reinforced epoxy
composites and found that the increase in thickness in
glass reinforced composites improved the SAC [4].
Nanofibers are also known to increase the SAC with
their low fiber diameters [1,2,5]. In this study, the
SACs of glass fiber-reinforced epoxy composites
were aimed to be increased by using different
nanofibers. For this purpose, 100% TPU and also
TPU / PS composite nanofiber webs were produced
by electrospinning method, placed on glass fiber
reinforced epoxy composites and the SACs were
measured and analyzed.

EXPERIMENTAL
Materials

The thermoplastic polyurethane (TPU) with
1.19 g / cm?® density used in the production was
supplied from Ravago and polystyrene (density of
1.05g/cm?® ) was derived from Sabic. Tetrahydrofuran
(THF) and N-N dimethylformamide (DMF) were
used as solvents from Merck. Plain weave glass fiber
fabric with 2 weft / cm and 2 warp / cm densities and
500 g/ m? basis weight, epoxy resin (F - 1564) and
the hardener (F - 3487) for the experiments were
purchased from Fibermak Composites.

Methods

Production of nanofiber webs by electrospinning
method: To observe the potential effects of nanofiber

web properties on sound absorption, two different
nanofiber structures, 100% TPU and TPU / PS
nanofibers, were produced within the scope of the
study. Nanofibers were produced in a single needle
laboratory type electrospinning device. TPU
nanofibers were produced with THF / DMF solvent
using 10% TPU by weight with THF:DMF solution
blend. Electrospinning solution for composite TPU /
PS nanofibers was prepared using THF / DMF
solution with TPU and PS. Nanofiber structures were



manufactured by using 15 cm distance, 10 kV voltage
in electrospinning process. 2 ml/h was selected as feed
rate.

Glass fiber reinforced epoxy composite manufacturing
with hand lay-up process: Glass fiber reinforced
composites used in the study were produced with hand
lay-up method. Number of glass fiber fabric layers were
selected as 6 for composite manufacturing. Curing time
was determined as 48 hours. Composites were cut in
CNC to proper dimensions for sound absorption
measurements with impedance tube.

Methods of analysis: To observe nanofiber web
morphologies, samples were first coated with Au”, then
for imaging, microscopy analysis was conducted by
using Tescan Vega-3 scanning electron microscope.
Image J software was used to for measuring the fiber
diameters. BIAS TestSens Impedance Tube (Figure 1)
was used for sound absorption measurements as stated
by ISO 10534-2 standard among 50-6400 Hz.
Nanofibers were placed adjacent to glass fiber
reinforced epoxy composites for the sound absorption
coefficient (SAC) measurements which was performed
with no air gap between sample and impedance tube.

Figure 1. Impedance Tube (BIAS TestSens)

RESULTS and DISCUSSION

As a result of the measurements performed using SEM
analysis and Image J software, the average nanofiber
diameter of TPU nanofibers was less than half of the
average diameter of the TPU / PS composite nanofibers.
The SACs of both nanofiber web incorporated, and
reference composites are represented in Figure 2. As
can be seen in the figure, the SAC of reference
composite (glass fiber reinforced epoxy composite) was
quite low. The assembly of nanofibers into the
composite increased the SAC at almost all frequencies
tested. It is known in the literature that nanofibers
improve the SAC not only at low but also at high
frequencies [6-7]. When the effects of TPU nanofibers
and TPU / PS composite nanofibers on the SAC of glass
fiber reinforced epoxy composites were examined, it
was observed that the SACs of the nanofiber web/glass
fiber reinforced epoxy composites produced with TPU
at frequencies below 4000 Hz. On the other hand, the
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SACs of the nanofiber web/glass fiber reinforced
epoxy composites produced with TPU / PS composite
at frequencies larger than 4000 Hz were high. The
frequency differences where the maximum SAC is
peaked might be caused by the relatively lower
diameter of TPU nanofibers, the differences on
maximum SAC value might be the difference in both
polymers.

Figure 2. The SAC’s of composites

CONCLUSIONS
The overall conclusions of the study are as follows:

- TPU nanofibers and TPU / PS composite nanofibers,
were obtained by a single needle electrospinning
system. It has been seen that diameter of TPU
nanofibers was less than half of the average diameter
of the TPU / PS composite nanofibers.

- 6 layers of glass fiber reinforced epoxy composite
was manufactured and according to sound absorption
coefficient measurements, very limited sound
absorption was observed.

- An enhancement in the SAC has been observed with
the use of nanofibers on glass fiber reinforced
composites. While the SAC was higher
approximately below 4000 Hz frequency in case of
TPU nanofibers, improved SAC was obtained at
frequencies larger than 4000 Hz when TPU / PS
composite nanofibers were used. The frequency
differences where the maximum SAC is peaked might
be because of the change in nanofiber diameters. The
variation of the maximum SAC value between two
nanofiber incorporated composites can be caused by
the difference in polymers.



FUTURE WORK

This study shows the effect of nanofiber webs to
enhance the SAC of glass fiber reinforced composites.
In future studies, altering the nanofiber, examining the
effect of nanofiber thickness, studying the effect of
polymers with similar diameters on the SAC will be
performed.
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PURPOSE
In this work, a nanocomposite made of gold nanoparticle and conducting polymers (polydiallyldimethylammonium
chloride (PDDA) and polystyrene sulfonate (PSS)) functionalized graphene was employed for the detection of Arsenic
which cause serious environmental and heath problems.
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PURPOSE
This study aims to determine the effects of damage
size and compression test speed on compression after
impact behavior of carbon/epoxy composites,
numerically.

INTRODUCTION

Polymer matrix composites are commonly exposed to
impact loadings which caused to damage in composite
structure. This damage reduces to mechanical
properties of composites and makes them vulnerable
against loading after damage. Compression after
impact (CAI) test is a common test method to
determine the strength of composite plates which
subjected to out-of-plane impact loading. Fig.1
presents this methodology. Top plate applies a
compression loading to the sample until the load drop
observes. Then, stress-strain curve is obtained, and
maximum strength can be determined. This strength
value depends on material properties and speed of
loading.

Cartie and Irving' determined that resin toughness is
more effective on the CAI performance of quasi-
isotropic CFRP laminates than fiber strength and
stiffness. Gonzalez et al.® performed a series of
simulation studies about low velocity impact and
compression after behavior of composite plates. They
obtained compatible results with experiments by
means of constitutive damage modelling and denser
mesh in impacted zone. Mendes and Donadon*
numerically investigated compression after impact
behavior of woven composite laminates. They
modelled intralaminar and interlaminar damage by
using two different modelling approaches which
named as single shell model and split shell model.
Delamination effects were neglected in single shell
model while split shell model which uses delamination
contact-logic includes delamination. They verified
numerical results with experiments. Shell elements
were combined to solid elements for considering
delamination effect. Therefore, CAI strength of
composites can be calculated at relatively low
computational cost.

Wang et al’ investigated damage mechanism and
buckling behaviors of carbon fiber composites which
have three different laminate configurations with an
anti-buckling apparatus. It was found that
delamination pattern was affected by stacking
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sequence. They determined that delamination
propagation was not so affected by local buckling of
thin laminates. Yang et al® conducted an
experimental and numerical study about in-plane
compression response of woven CFRP composites.
they determined that tensile and compression
damage variables were similar due to the fabric
structure. Also, CAI strength of composites
increased with the decreasing impactor diameter
because of small diameter caused to less damage
area on the structure.

Carbon-fiber reinforced composite plates which has
dimensions of 100x150x3 mm were defined in this
study. Material properties which are needed for
simulation are obtained from the literature.
SECTION_TSHELL card were used to define
laminated structure of composite plate. Mechanical
behavior of samples was investigated for three
different test speeds and three different damage
sizes.

EXPERIMENTAL

Material

Mat54 material model was used to define mechanical
properties of T700/2510 unidirectional tape carbon
fiber/epoxy composite (Feraboli et al.?). Mat54
material card also includes softening and degrading
parameters to simulate damaged fibers. Material
properties are presented in Table 1.

Table 1. Mat54 material model properties (Feraboli

et al.?)

p (ton/mm?) 1.52e-9
E. (MPa) 1.27e5
Es (MPa) 8410

Vba 0.02049
Ga (MPa) 4210
DFAILM (%) 0.024
DFAILS (%) 0.03
SOFT 0.57
FBRT 0.5
DFAILT (%) 0.0174
DFAILC (%) 20.0116
Xc (MPa) 1470
Xt (MPa) 2200
Yc (MPa) 199
Yt (MPa) 48.9
Sc (MPa) 154
BETA 0.5




Method

Numerical models were prepared in Ls-Prepost v4.8.6
software and solved by using Ls-Dyna solver. Fig.1
shows to definition of damage size in one of the
samples. Hole in the Fig.1 represents to damage which
occurs at the end of impact tests. Table 2 shows
parameters which were used throughout study.

Figure 1. Numerical model and the definition of
damage size in geometry

NUMERICAL RESULTS AND DISCUSSIONS
Fig.2 and Fig.3 present to numerical results of all
simulations. Graph of reaction forces of the nodes at
the top and displacement of top plate was plotted. All
samples showed extreme reaction force against a low
displacement at the 125 mm/min test speed.
Additionally, all samples showed the most rigid
behavior in maximum test speed. This behavior may
be originated from strain rate sensitivity of materials.
Maximum CAI strength values of samples at different
test speed can be shown in Table 2. It can be
concluded from the Table 2 that effect of damage size
decreases with the increasing test speed. Fig.3 can be
shown as a proof for this statement. When 125
mm/min test speed results are investigated in Fig.3, it
can be seen that all samples exhibited the same
behavior against loading. On the other hand, sample
having small damage diameter (D20) performed the
most strength value because of it had the most of
structural integrity.
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Figure 2. Effect of test speed on compression after
impact response of samples



Figure 3. Effect of damage size on compression after
impact response of samples

Table 2. Maximum compression strength values
(MPa) of composite samples at different test speeds
and damage size

1.25 12.5 125
mm/min | mm/min | mm/min
20 mm 7.82 8.72 40.57
40 mm 6.11 8.75 40.75
60 mm 5.74 7.63 36.45
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CONCLUSIONS

Effect of damage size and test speed on CAI

behavior of CFRC were numerically investigated

throughout this study. Obtained results can be
summarized as:

e CAI strength values of sample are directly
proportional with test speed because of higher
test speed causes to higher reaction force.

e  CAI strength of samples decreases with the
increasing damage diameter at standard test
speed 1.25 mm/min. As the test speed increases,
effect of the damage dimension on CAI strength
of samples decreases.

SUGGESTION FOR FURTHER WORK

An experimental study can be thought as a further
study by using same fiber and matrix materials. Then
these results may be compared with numerical one.
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Expert skill of hand lay-up method in processing composites
Shuichi KATO!, Naoki SUGIYAMA!, Mari KIMURA?,
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Hand lay-up molding is primitive Fiber reinforced Plastics processing method. In hand lay-up method a reinforced

base material such as a glass mat is attached to a mold, impregnated with resin by hand using a roller, and laminated

in a desired shape. Hand lay-up molding is widely used for large equipment and complex shaped products.

As the hand lay-up molding method involves all processes manually, therefore, there is a drawback that the physical

properties of the molded product are affected by the skill level of the operator. The work performed by human hands

contains a lot of tacit knowledge such as intuition and tips, and it is not possible to pass on quantitative techniques

from skilled workers to unskilled workers, and it takes a long time to become a skilled worker. Therefore, there is a

shortage of manpower because training for skilled workers is not carried out.

In this study, the aim was to find the tacit knowledge of skilled workers. The physical properties of hand lay-up

molded products molded by workers with different levels of skill were investigated. In addition, the operation of the

molding process of the molded product were analyzed and the relationship between physical properties and operation

was discussed.

Results obtained are described as follows;

1) Mechanical properties in the bending test of the expert was the highest. In particular, the skilled person obtained
an initial fracture stress about 2.4 times higher than that of the unskilled person.

2) From the cross-sectional observation, the expert was able to form the interface sufficiently, and the fiber bundle
was also opened.

3) The expert moved the rollers for a long distance at regular intervals and made an arc-like movement.

145



Otomotiv Uygulamalarinda Termoplastik Semipreglerin

Gelistirilmesi
KEMANECI OZTURK, Sinem', VAROL, Utku', BOYACI, Bekir'
'Sun Tekstil Ar-Ge Merkezi, Izmir
sinem.ozturk@suntekstil.com.tr

AMACLAR
Bu c¢alismada; uzun cam ve karbon Ilif takviye

malzemeleri, termoplastik matris malzemeleri ile
birlestirilerek  semipreg  yapilarin  gelistirilmesi
planlanmistir.  Kompozit malzemelerin  iiretimi,

laminasyon yontemi kullanilarak gergeklestirilmis,
otomotiv sektorii igin hafif ve seri iiretime uygun
malzemelerin elde edilmesi amaglanmustir.

GIRIS

Giiniimiizde otomotiv firmalarinin {izerindeki arag
agirhiginm  hafifletilmesine yonelik baskilar yeni
alternatiflerin aranmasina sebep olmaktadir. Bu yiizden
firmalar daha hafif ve ayn1 dayanima sahip malzemeler
iizerine ¢aligmalar yapmaktadir. Otomotiv sektoriinde
ozellikle araglarin hafifletilmesi amaci ile yiiriitiilen bu
caligmalarda; yapisal dayanim gerektiren arag
parcalarinda, ¢elik yerine polimer kompozitlerin
kullanimi en giincel ¢aligmalar arasindadir. Arag
hafifledikge yakit tiiketimi azalmakta bu da cevre
acgisindan arag bagina diigen yakit tiiketimini azaltarak
CO; salinimimi diistiirmektedir.

Bu amaglara uygun araglarin %15’ hafifletilmis
termoplastik kompozitler kullanilarak iiretilmektedir.
Inovatif plastik ve kompozit malzemeler kullanilarak
100 kg hafifletilen bir arag, dmrii boyunca yaklasik 750
L yakit tasarrufu saglamaktadir. Cok yonli ve esnek
kullanimi sayesinde yenilik ve tasarim 6zgiirliigii sunan
termoplastikler; hafiflik, saglamlik ve geri déniisim
ozelligi ile giiniimiiz araglarmdan beklenen 6zelliklerin
bircogunu karsilamakla beraber araglardaki kullanim
orani da giderek artmaktadir.

Otomotiv sektdriinde kullanilan gévde malzemelerinin
maliyet acisindan karsilagtirildigi bir ¢aligmada, karbon
elyaf kullanilarak %50’ye varan agirlik kazanci elde
edildigi goriilmiigtiir'.

Baydar ve ark.?, termoplastik bir polimer olan
polipropilen ile E-cam lifinin ara ylizey uyumlulugunu
artirmak i¢in maleik anhidrit kullanmuslardir. Elde
edilen sonuglara gore, ara yilizey uyumlulugu artmis
kompozit malzemenin mukavemetinin %65 arttig1
tespit edilmistir.
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Kumar ve ark.® yapmis olduklar1 galigmada, kumas
takviyeli termoset kompozitlerin, yiiksek rijitlik ve
yiiksek mukavemet 6zelliklerinin yani sira, yiiksek
yorulma dayanimindan dolayr havacilik ve savunma
alanlarinda kullanildigini bahsetmislerdir.

Yapilan bagka bir ¢alismada stirekli elyaf takviyeli PP
ve PA 6 matrisli kompozit levhalar kullanilarak
otomotiv pargasit uygulamalari i¢in yapisal bir test
pargast gelistirilmistir. Coklu kaliplama prosesi ile
prototip iiretilmis ve iliretilen numunelere egme testi
yapilarak mekanik deformasyon davranislari tespit
edilmistir®.

Termoset prepreglerde liretim esnasinda yapida hava
akig1 olmadigr i¢in meydana gelen hava kabarciklari
mekanik 6zelliklerin diismesine neden olur. Bogsluk
oranini azaltmak igin, bir tarafi termoset regine film
kapli diger tarafi kuru olan kumaslar (semipreg)
kullanilarak prepreglerde %2-5 arasinda olan bosluk
icerigi % 0.5’in altina indirilmigtir>.

Otomotiv sektoriinde enjeksiyon kaliplamaya uygun
kisa elyaf takviyeli ve mineral termoplastik kompozit
malzemeler kullanilmaktadir. Ancak firmalarmn daha
hafif ve ayni dayanima sahip malzemeler {izerine
arayiglar1 devam etmektedir. Son yillarda kisa elyaf
yerine uzun elyaf kullanimi, cam elyaf ve mineral
yerine karbon elyaf kullanimi biyilk 6nem
kazanmustir. Bu c¢alisma ile ¢ikti olarak pazarda
kullanilacak korozyon dayanimi yiiksek, geri
doniistiriilebilir, seri iiretime uygun, katma degeri
yilksek  bir  kompozit malzeme iretilmesi
planlanmigtir. Bu amag dogrultusunda cam ve karbon
kumas takviye malzemeleri; termoplastik matris
malzemesi (poliliretan) ile laminasyon ydntemi
kullanilarak  birlestirilip ~ semipreg malzemeler
gelistirilmigtir.

DENEYSEL

Malzeme

Laminasyon prosesinde matris malzemesi olarak
PONTACOL termoplastik PU (TPU) film ve
PROCHIMIR  PA  termoadhesive  filmler
kullanilmugtir.  Semipreg fiiriinlerin takviye fazini
olusturan karbon kumas, 160 gr/m? bezayag: dokuma
olarak CARBOMID firmasindan temin edilmistir.
Cam iplikler ise SISECAM firmasindan satm
alinmustir.



Yontem

Cam ipliklerden cam kumasglarin iiretimi, ¢ozgiilii 6rme
makinasinda biaxial (0/90°) yatirnmli olarak TDU
Savunma Sistemleri A.S.’de yapilmistir. Cam ve
karbon kumaglar Reliant Flat-bed tipi laminasyon
makinesinde termoplastik formdaki matris malzemeler
ile birlestirilip semipreg yapilar iiretilmistir.

Sekil 1. Semipreg tiretim siireci

Semipreg yapilarin ¢cekme dayanimlart ASTM D3039
gore test edilmistir. Uretilen tabakali kompozit
malzemelerin ISO 306 standardina goére Vicat
yumusama sicakliklar1 o6l¢lilmiis  ve malzemeler
SAEJ2020 standardma gore 1000, 2000 ve 3000 saat
yaslandirmaya tabi tutulmustur.

DENEYSEL SONUCLAR/TARTISMA

Caligma ile elde edilen iiriinlere ait goriintiiler, sirasiyla,
(a) karbon semipreg, (b) E-cam dokuma semipreg ve (c)
E-cam biaxial semipreg olarak asagida verilmistir.

(@) (b) (©)

Sekil 2. Kumag goriintiileri

Tablo 1. Kompozit iiriinlerin test sonuglari

Cekme Dayanimi
Cekme Vicat (MPa)
Numune Dayanim Degeri
Adi (MPa) ©C) 1000 | 2000 | 3000
sa sa sa
Karbon
fiber
. 291 177 290 288 271
takviyeli
kompozit
Cam fiber
takviyeli 175 169 171 169 164
kompozit

e KEMANECI OZTURK, Sinem (0000-0002-
8370-7217)

e VAROL, Utku (0000-0002-7118-8210)

e BOYACI, Bekir (0000-0003-4557-0990)

147

Karbon fiber ve cam fiber takviyeli TPU matriks
plakali kompozit yapilarn ¢ekme dayanimi, Vicat
testi ve yaslandirma testi sonuglari Tablo 1’de

verilmistir.  Elde edilen kompozit yapilarin
performans testlerinin ~ sonuglarinin bu alanda
kullanim1 igin uygun sonuglara sahip oldugu
gOriilmistiir.

Uretilen ve TDU Savunma Sistemleri biinyesinde
gelistirilmis biaxial cam kumas, laminasyon hattinda
TPU film ile birlestirilerek elde edilen semipreg
yapilara Bursa’da Sardis Otomotiv ve Kocaeli’'nde
Ayrica, calisma kapsaminda Faraero Farform Oto.
San. A.S. otomotiv pargast tireticilerinin ortaklig ile
kalipli soguk pres islemi uygulanmistir. Sekil 3’te
gosterildigi gibi Ford’a ait bagaj kismma ait
kaliplarda denemeler yapilmis ve olumlu sonuglar
elde edilmistir.

Sekil 3. Pres ¢aligmasi goriintiisii

GENEL SONUCLAR

Calisma ile cam ve karbon elyaf takviyeli TPU
matriks plakali kompozitlerin {retimi basarili bir
sekilde gergeklestirilmistir. Mevcut hatlara gore seri
iretim prosesine uygun laminasyon iiretim hatti
semipreg prosesi i¢in yeni bir prosestir. Elde edilen
laminantlarin farkli otomotiv parga iiretimi yapan
firmalarda denenmesi, kompozit iiretim
yontemlerinin arastirilmasi ve gelistirilmesi agisindan
bakildiginda kesintisiz, ¢evreci ve kisa ¢evrim siireli
iretim yontemi olarak laminasyon tekniginin
kullanim: literatiire kazandirilmistir. Bu  {iretim
hattindan ¢ikan termoplastik matris yapilar, 1s1 ile
degisim gosteren formlar1 sayesinde presleme
islemine tabi tutularak otomotiv sektoriinde suan
kullanilan  termoplastik kompozit malzemelere
alternatif olusturacaktir.

SONRAKi DONEM CALISMALARI

Ilerleyen donemlerde bu galismalar poliamid 6,
polipropilen ve termoplastik olefin polimerleri
kullanilarak gerceklestirilecek ve tiretim prosesindeki

bazi parametreler (sicaklik, basmng, ara yiizey
uyumlagtiricilar,  ylizey modifikasyonlar1  vb.)
iyilestirilecektir.
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Polisuilfon Nanoelyaflar ile Giiclendirilmis Polimer

Nanokompozit Levhalarin Mekanik Ozellikleri
COSKUN Omer'"*, EKREM Miirsel
"Necmettin Erbakan Universitesi, Makine Miihenisligi
omercoskun1994@gmail.com

AMACLAR

Bu c¢alismada elektro-egirme metodu kullanilarak
polisiilfon (PSU) nanoelyaflar iiretilmistir. Uretilen bu
PSU nanoelyaflar iist iiste 5, 10 ve 15 tabakali olarak
epoksi nanokompozit olusturulmustur. PSU nanoelyaf
takviyeli epoksi nanokompozit malzemelerine, statik
yiikleme altinda ASTM D 638-10 standardina gore
¢ekme testleri yapilarak ¢ekme dayanimlari, elastiklik
modiilleri, tokluklar1 ve birim sekil degisimleri
incelenmistir.  Uretilen PSU  nanoelyaflar ile
giiclendirilmis polimer nanokompozitler ile saf epoksi
kompozitin mekanik 6zellikleri kiyaslanmistir.

GiRiS
Nanoteknoloji, boyuta bagli &zelliklerinden dolay1
bilim  diinyasinda yeni kapilar aralanmasini

saglamaktadir. Endiistriyel geligmelerin ve yeniliklerin
birbirinden olduk¢a farkli olmasinin sebebi farkli
bilimsel alanlarin farkli 6rnekleri oldugundandir. Fakat
bu alanlar birbiri ile oldukea iligkili olup birbirlerine
stki bir sekilde baghdir. Bu ylizden nano diinyay1
anlayabilmek i¢in nano boyuttaki arastirmalarin ve
calismalarin disiplinler aras1 gergeklestirilmesi gerekir
7. Nanodlgekli fen ve miihendislik arastirmalari, son
zamanlarda teknolojik yeniliklerin ve bilimsel
aragtirmalarin heyecan verici yeni bir alani olarak
ortaya ¢ikmistir. Bu arastirmalar disiplinler arasi alan
olan nanobilim ve nanoteknolojinin  temelini
olusturmustur.

Nano boyutta lif ve elyaf olusturmak igin ¢izme
yontemi, faz ayirma, kendiliginden tutunma, eriyik
puskiirtme, lazer buharlastirma, elektro egirme gibi pek
¢ok yontem gelistirilmistir !. Polimer esasli nanoelyaf
iiretimi i¢in en etkin yontem elektro-egirme yontemidir.
Bu yontemle pek ¢ok polimerden caplart 3 nm ’den 1
pum ve lzerine kadar degisen kalinliklarda stirekli
nanoelyaflar elde edilmektedir. Nanoelyaflarin yapisi
ve morfolojisi, polimer tiirli, ¢ézelti konsantrasyonu,
¢oziicli etkisi, uygulanan voltaj, siringa ile toplayici
arasindaki mesafe, ¢ozelti besleme hizi ve elektrik
iletkenligi gibi bir dizi parametre ile etkili bir sekilde
kontrol edilebilir. Yiiksek 6zgiil ylizey alani, yiiksek en
/ boy oran1 ve yiiksek gozeneklilik gibi 6zelliklerden
dolay1, Poliakrilonitril (PAN), Polivinil alkol (PVA),
Naylon-6,6, elektro-egirme teknolojisinin
gelistirilmesinde ~ bol  miktarda  polimer ve
inorganik/polimer nanoelyaflar arastirilmigtir % 1% 2 3,

EKREM, Miirsel (Orcid No: 0000-0001-5324-7929)
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Bu nanoelyaflar filtrasyonda, nano-elektronikte,
koruyucu giysilerde, kompozit malzemelerde, doku
iskelesi, optik sensor vb. alanlarda dikkat c¢ekici
uygulamalar sergiler 3% % 124 11,

Bu c¢alismada, elektro egirme yontemiyle polisiilfon
(PSU) nanoelyaflarin ~ iiretimi  gerceklestirildi.
Uretilen PSU nanoelyaflar ASTM D 638-10
standardina gore hazirlanan kaliplara st iiste 5, 10 ve
15 tabakali olarak epoksi matrisli nanokompozit
malzemeler iiretildi. 5, 10 ve tabakali PSU nanoelyaf
takviyeli epoksi nanokompozit levhalar, statik
ylikleme altinda sabit ¢ene hizinda ¢ekme testleri
yapilarak ¢ekme dayanimlari, elastik modiilleri,
tokluklar1 ve birim sekil degisimleri epoksi regine ile
karsilastirilmistir.

MALZEME VE METOD
Malzemeler

Calismamizda Polisiilfon, CHs;CON(CHs). kapali
formiilii ve (PSU, Mn = 22 000, graniir), N, N-dimetil
asetamid (DMAC) ve aseton, Sigma-Aldrich’den
satin alinmistir.

PSU Nanoeyaflarin Uretimi

Caligmalarimiza, elektro egirme yontemiyle PSU
nanoelyaflarin {iretimiyle baslanmigtir. Sekil 1°de
goriildiigii gibi ilk 6nce PSU ¢ozeltisi, 80 g Polisiilfon
¢ozeltisi i¢in, agirlik¢a %20’lik Polisiilfon (16 g),
%72 dimetilasetamid (57.6 g), %8 aseton (6.4 g)
40°C’de homojen bir ¢ozelti elde etmek i¢in 300
rpm’de 24 saat boyunca mekanik karistiricida
karigtirtlmagtir.



Sekil 1. Elektro-egirme yontemiyle PSU
nanoelyaflarin iiretim igleminin gematik gosterimi

PSU nanoelyaf ¢ozeltileri hazirlandiktan sonra 20ml
siringaya  almarak elektro egirme diizenegine
yerlestirilmistir. Yerlestirme islemi yapilirken enjektor
ile igne ucuna kadar ¢dzelti hava kalmayacak sekilde
baglandi. Elektro egirme parametreleri uygulanan
voltaj 18-20 kV, siringa ile tambur aras1 mesafe 18 cm,
¢oOzelti besleme hiz1 0,75 ml/h, tambur doniis hiz1 500
rpm ve oda sicakhigi  23-26°C’de  {iretim
gerceklestirilmisgtir.

PSU Nanoeyaf Takviyeli Epoksi Nanokompozitlerin
Uretimi

Deney numunesi {iretilecek kalip, 165x155 mm
ebatlarinda 5 mm kalinliginda tam dolu alt plaka ve
155x125x1 mm ebatlarinda, ortas1 ASTM D 638-10
standartlar1 dogrultusunda belirtilen Olciilerde bos
tutulmus, alt kalip ve ist kalip olarak adlandirilan 2
kalip olmak {iizere toplam 3 pargadan olugmaktadir
(Sekil 2). Kalip her iiretim sonunda 5 deney numunesi
verecek sekilde tasarlanmistir. Hazirlanan bu kaliplara
ilk asamada epoksi recinenin yapigmamasi ve kalibin
alt ve tist kaliplarin birbirinden kolay ayrilabilmesi igin
kalip ayiricr siiriilmiistiir. Elektro-egirme yontemiyle
iiretilmis ve kaliba yerlestirilmeye uygun olarak 8x125
mm ebatlarinda kesilen bu PSU nanoelyaflar
alliminyum folyodan ayristirildi. PSU nanoelyaflarin
kalmliklar1 hem mikrometre ile hem de komparatdr
yardimiyla 0.12 pum olarak olciildi. Kesilmis ve
aliminyum folyodan ayrigmis olan nanoelyaflar kalip
igerine iist iiste konularak 5, 10 ve 15 katman olacak
sekilde kaliba yerlestirildi.
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Sekil 2. PSU Nanoeyaf Takviyeli Epoksi
Nanokompozitlerin Uretimi

Bu calismada epoksi regine olarak MGS-L160
laminasyon reginesi kullanildi. Kiirlestiricisi ise
MGS-LH160 %70-90 sikloalifatik amin ve % 10-30
polioksil alkil amin karigimidir. Regine/kiirlestirici
agirlikga 100:25 oraninda karigtirilmistir. Kaliplara
iist tiste 5/10/15 katman olacak sekilde yerlestirilen
nanoelyaflarin {izerine epoksi regineler enjektor
vasitasiyla Sekil 2’de gosterildigi gibi ilave edilmistir.
PSU Nanoelyaf takviyeli epoksi nanokompozitlerin
icerisinde bulunan hava kabarciginin giderilmesi i¢in
kademeli olarak sirasiyla 0.5, 0.3 ve 0.2 bar vakum
basing altinda 10’ar dk vakum firinindan tutulmustur.
Daha sonra 6n kiirleme yapilmasi i¢in 0.2 bar vakum
altinda ve 24 saat oda sicakliginda vakum firininda
tutulmustur. Ardindan son olarak 15 saat siire ile
80°C’ de son kiirlemesi yapilarak islemler
tamamlanmuastir.

SONUCLAR VE TARTISMALAR

Epoksi malzeme ve PSU nanoelyaf takviyeli
nanokompozit malzemeler, 2 mm/ dk sabit ¢ene
hizinda ve oda sicakliginda ¢ekme testleri
gerceklestirilmis ve bu gekme testi sonucunda kuvvet-
uzama grafikleri elde edilmistir (Sekil 3).
Nanokompozit malzemelerin ¢ekme deneyleri igin
Necmettin Erbakan Universitesi Makine
Laboratuvarindaki Shimadzu AGS-X ¢ekme test
cihazi ile Trapeziumx yazilimi kullanilmistir.
Nanoelyaf takviyesi olmayan epoksi malzemenin
maksimum yiiklemesi 842.88 N iken, bes kat
polisiilfon takvileyi epoksi kompozit (EPSUS) ve on
kat polisiilfon takvileyi epoksi kompozit (EPSU10)
tabakali nanokompozit malzemenin maksimum
yiiklemeleri sirasiyla %12 ve 27 artig ile 946.42 N ve
1070.05 N elde edilmistir. Fakat on bes kat polisiilfon
takvileyi epoksi kompozit (EPSUIL5) tabakali
nanokompozit malzemede ise maksimum yiiklemesi
yaklasik % 3 azalma gdstermistir.



Sekil 3. PSU nanoelyaf epoksi nanokompozitlerin
kuvvet-uzama grafigi

Tablo 1°de epoksi ve PSU nanoelyaf takviyeli epoksi
nanokompozitlerin mekanik 6zellikleri verilmektedir.
Epoksi malzemenin ¢ekme dayanimi 50.65 MPa iken 5
ve 10 katli PSU nanoelyaf takviyeli sirasiyla % 12 ve
26 artig ile 56.91 MPa ve 63.69 MPa elde edilmistir.

Tablo 1. PSU nanoelyaf takviyeli epoksi

nanokompozitlerin mekanik 6zellikleri
Maks Birim

Maks. Cekme dayanimu, . e Elastiklik
Numuneler - Sekil Degisimi, e
Yiikleme, (N) (MPa) (mm/mm) modiild, (GPa)
Epoksi 842,88 50,65 0,0400 2431

PSU 5 kat 946,92 56,91 0,0553 3.537

PSU 10 kat 1070,05 63,69 0,0842 2.821

PSU 15 kat 820,32 53,41 0,0420 3.875
GENEL SONUCLAR
Saf epoksi ve PSU nanoelyaf takviyeli

nanokompozitlerde numunelerin 2 mm/ dk sabit ¢ene
hizinda ve oda sicakliginda ¢ekme testi gerceklestirildi.
Testi sonucunda 842.88 N olan saf numune referans
alindiginda EPSUS, EPSU10, numunelerin maksimum
kopma kuvvetleri sirastyla %12 artisla 946,92 N, %27
artisla 1070.05 N olmustur. EPSU15 numunesinde ise
diger numunelerin aksine %3 azalma ile 820.32N
olusmustur.

Bunun yaninda kopma kuvvetinin yani sira 10 kata
kadar kullanilan elyaflar da numunelerin kopma
uzamalar1 artmistir. Bu numunelerde maksimum kopma
kuvvetinin ve kopma uzamasinin ayni anda artmasi
malzemelerin tokluk degerlerinin arttigin1 gostermistir.

SONRAKI DONEM CALISMALARI

Bu ¢alismanin ileri safthalarin da PSU ¢6zeltisine farkli
oranlarda nanomalzemeler ekleyerek olusturulan PSU
nanoelyaf takviyeli nanakompozit levhalarin c¢ekme
dayanimlari, elastiklik modiilleri, tokluklar1 ve birim
sekil degisimleri gibi parametrelerinde nasil bir degisim
oldugunu belirlemeyi hedeflemekteyiz.
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Bu ¢alismanin amaci1 nanomalzeme takviyesiyle polimerlerin fiziksel ve mekanik 6zlelliklerinin iyilestirilmesidir. En
giiclii malzemelerden biri olma bagligina sahip olan grafen, diizlemsel, iki boyutlu bir bal peteginin kusursuzca
dizilmesiyle olusan iki boyutlu (tek atom kalinliginda) karbon allotropudur ve iistiin 6zelliklere sahip bir nano materyal
olarak tanimlanmaktadir. Grafenin bu iistiin 6zellikleri gbz oniinde bulundurularak, grafen, havacilik standartlarina
uygun ve oldukca yaygin olarak kullanilan termoset bir regine icerisine katkilandiralarak regineyi elektriksel olarak
iletken ve mekanik dayanimi daha yiiksek bir polimer haline getirmektir.
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AMACLAR

Ulkemizde Karadeniz bolgesindeki iller basta olmak
iizere bol miktarda findik yetistirilmektedir. Ulkemiz
ciftgilerinin tirettigi findik {iretim miktari, diinya findik
iretiminin %65-70" ini olusturmaktadir. Bu miktarin
biiyiik bir oran1 ayiklanmig olarak satilmakta ve kabuk
kismi genellikle yakacak olarak kullanilmaktadir.
Findik kabugundan aktif karbon yapilarak atik su
aritiminda kullanilmig, iyi sonuglar elde edilmesine
ragmen aktif karbon {iretiminin maliyetli olmas1 vb.
nedenlerle  beklenen ilgiyi gormemistir.  Atik
kabuklarin ¢ok ©nemsiz bir kismi pudra haline
getirilerek ¢ikolata gibi bazi gida maddelerinde gida
katkist olarak kullanilmaktadir. Geriye biiyiik oranda
yakilarak tiiketilen atik findik kabugu kalmaktadir.
Findik kabugunun seliilozik esasli olmasi, goreceli
olarak sert bir yapida olmasi, karakteristik bir renge
sahip olmas: ve iilkemizde bol miktarda bulunmasi
nedeniyle plastik matrisli  kompozitlerde dolgu
maddesi olarak kullanilabilir. Bu ¢alismada; tarimsal
bir atik olan ve atik halinde iilkemiz ekonomisinde bir
katma deger {iretmeyen findik kabuklariin
polipropilen matrisli polimer kompozitlerin tiretiminde
talk, SEBSve SEBS-g-MA ile birlikte kullanilarak 1s1l
ve mekanik 6zelliklerin gelistirilmesi ve katma degeri
yiiksek olan doga ile uyumlu bir iriine (yesil
kompozitler) doniistiiriilmesi amaglanmustir.

GiRiS

Diinyadaki dogal kaynaklarin hizla azalmasi, ¢evresel
kaygilar vb. nedenlere bagli olarak siirdiiriilebilir ve
geri doniistiiriilebilir iriinlerin {iretilmesi, gliniimiiz
endiistrisinin iizerinde onemle durdugu bir konudur.
Son yillarda, bu kapsamda diisiikk ¢evresel etki, geri
doniistiirtilebilir  olmast ve proses kolayligi gibi
nedenlerle termoplastik kompozitlerin iiretiminde
tarimsal gida endiistrisi atiklarindan veya yan
triinlerinden  elde edilen dogal maddelerin
kullanilmasiyla ilgilicok sayida caligma
yapilmaktadir'.  Kompozit  sektoriinde — “yesil
kompozitler” olarak isimlendirilen bu c¢evreci
caligmalar, daha ¢ok siirdiiriilebilir kaynaklardan gelen
polimer vetakviye malzemelerinin (lif veya dolgu)
kullanimi lizerine yogunlasmaktadir®3.
Yesilkompozitler, dogal elyaftan (ahsap, kenaf,
kenevir, keten, jiit, henequen, ananas yapragi, sisal
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vb.) ve reginelerden olusur. Regineler ya petrol bazl
(epoksi ve ester recine gibi) ya da dogal
(soyafasulyesi ve nisasta gibi) olabilir. Yesil
kompozitlerden daha yiiksek termal ve mekanik
ozellikler elde etmek icin, SEBS*, komiir’, bazalt®,
kalsium karbonat (CaCQs), perlit and potasyum
dikromat’ (K,CrO7), cam elyaf®, mika, kaolin,
vollastonit, silika, grafit’ gibi inorganik ve farkl
organik katkilar'®!! yapiya birlikte katilarak hibrid
kompozitler Tiretilmektedir. Hibrid kompozitlerin
tretiminde karsilagilan en O6nemli problemler;
istenilen mekanik ozellikler igin gerekli bilesimin
dogru ayarlanamamasi, yiiksek maliyetler!>!3, kotii
islenebilirlik, boyutsal kararhilik ve  disiik
siineklik®'# olarak ifade edilmistir.

Findik kabugu karakteristik rengiyle nispeten sert
seliilozik yapiya sahiptir. Tiirkiye’de findik kabugu
yaygin olarak Karadeniz bolgesinde bol miktarda
elde edilir. Ancak genellikle evlerde 1sinma
malzemesi olarak kullanilir ve katma degeri olan bir
¢iktiya doniistiirilmez. Hem iilkemizde bol olmasi
hem isleme kolaylig1 gibi nedenlerle, plastik
kompozitlerde dogal dolgu malzemesi olarak findik
kabugu kullanilabilir.

Hidratli magnezyum silikat olan ve ii¢ tabakali bir
yapiya sahip olan talk, iki silika (SiO,) tabakasi
arasinda kalan bir brusit (MgO.H,O) tabakasindan
olusmaktadir. Ust iiste ii¢ tabaka konumunda
birbirine yapisik olan talk tabakalarini zayif Van der
Waals tipi kuvvetler bir arada tutmaktadir. Minerale
kayma gerilmesi etkidiginde, bu tabakalar birbirleri
tizerin de kolayca kayabilmektedir.

Han ve ark. cam kire ve CaCO; katkil
polipropilenin ~ (PP)  mekanik, reolojik ve
prosesozelliklerini baglayic1 olarak silan ve titan
bazli ajanlar kullanarak incelemislerdir. Baglayici
ajan ilavesi ile mekanik Ozelliklerde iyilesmeler
goriiliirken eriyik vizkositesi azalmigtir. Mitsuichi
veark.'® {i¢ farkli parcacik biiyiikliigiindeki CaCOs
dolgulu PP’ nin mekanik 6zelliklerindeki degisimi
incelemiglerdir. Arastirmacilar, elastik modiil ve
gerilme dayaniminin dolgu maddesi igeriginin
artmastyla arttif1, dolgu maddesinin pargacik
boyutunun artmasiyla ise azaldigini tespit etmistir.
Miilhaupt ve ark.'” cam kiire ve talk dolgusunun
isotaktik ve sindiyotaktik polipropilenin mekanik ve



1s11 Ozelliklerine etkilerini incelemislerdir. En yiiksek
young modiiliive gerilme dayanimi sindiyotaktik
yapidaki PP ile elde edilmistir. Artan dolgu maddesi
miktariile de PP’ nin kristallenme derecesinin diistigii
tespit edilmistir. Pukanszky ve ark.!® ii¢ farkh
baglayici ajan ile kaplanmigs CaCOs dolgulu PP’ nin
yilizey Ozelliklerini incelemis ve amino fonksiyonlu
silanlarin dolgu maddesinin yiizeyine ¢ok giiclii bir
sekilde baglandig1 belirlenmistir. Qiu ve ark.",
karisimda  baglayict  ajan  kullanildiginda  ve
kullanilmadiginda talk dolgulu PP’ nin mekanik ve
kristalenme davranigini incelemislerdir. Baglayici ajan
kullaniminin, mekanik 6zellikleri, kristalenme oranini
ve kristallenme sicakligini arttig1 goriilmiistiir. Ferrage
ve ark.? talkin PP’ nin kristallenme davranigma
etkisini  incelemiglerdir.  Talkin PP  {izerinde
cekirdeklestirici etkisi gosterdigi belirlenmistir. Ishak
ve ark.?! talk, CaCO; ve kaolin dolgulu PP’ nin
mekanik ve yiizeysel oOzelliklerini incelemislerdir.
Dayanim ve sertlik olarak talkin diger dolgulardan
daha etkili oldugunu tespit eden arastirmacilar, ¢
dolgu maddesinin de ¢ekirdeklestirici  etkisi
gosterdigini  belirlemiglerdir. Arastirmacilar farkli
calismalarinda?>? talk ve CaCOs’m hibrit karisimlar
ve tek dolgu maddesi katkilikarigimlart incelenmis ve
hibrit etkisinin olumlu etki gosterdigini
belirlemiglerdir.

Dalvag ve ark.?* PP/ahsap tozu kompozitinden
MAPP’in  birlestirici olarak kullanilmas1 halinde
¢ekme gerilimi, kopmada uzama ve Charpy darbe
ozelliklerinde iyilesmeler oldugunu tespit etmislerdir.
Jang ve ark.?® PP igerisine kauguk partikiilleri
kattiklar1 calismalarinda, kiigiik partikiillerin biiyiik
partikiillere oranla PP’ nin darbe dayaniminda daha
etkili oldugunu gozlemlemislerdir. Scott ve ark.?¢
CaCOs ve silisyum oksit toz dolgulu PE kompozit
sistemlerinin darbe dayanimi iizerinde modifiye
edilmemis EPDM ve maleik anhidritlenmis EPDM
ilavesinin etkisini incelemiglerdir. Oksman®’ SEBS-g-
MA’y1 PE/ahsap tozu kompozit sistemlerinde
kullanmis ve darbe Ozelliklerinde iyilesmeler
saglandigim1  ve aymt zamanda SEBSg-MA’nin
PE/ahsap tozu arasindaki baglanmay: arttirdigini
gostermigtir. Gatenholn ve ark.”® MA’ in PP/scliiloz
dolgu sistemlerinde ¢ekme dayanimi ve darbe
dayanimini etkiledigini tespit etmislerdir. Myers ve
arkadaslar’?? MAPP, kompozitin cekme dayammi ve
esnekliginde pozitif etki gosterirken gentikli darbe
dayaniminda negatif etki yaptiin1 gozlemlediler.
Myers ve ark. kompozit igerisindeki takviye
miktarinin artmasi ve ayni zamanda yiiksek ekstriizyon
sicakliklarinda ahsap tozlu dolgularmin
kirtlganliklarinin artmasinin darbe dayaniminda biraz
almaya neden oldugunu tespit ettiler. Stamhius®® PP’
ne SBS, SEBS, NBR, EVA ve EPDM ilave
edilmesiyle darbe ozelliklerinde bir iyilesme oldugu
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fakat en iyi sonucun dolgu yiizeyinin katkisi ile
kaplanmasi durumunda oldugunu belirtmistir. Dao?!
agac tozu katkili PP matris igerisine 0,1 ile 1 um
boyutlar1 arasinda degisen EPDM  kaugugu
kullanmasinin darbe dayanimini iyilestirdigini tespit
etmistir. Bledzki ve ark.*? sert ve yumusak ahsap
tozu ile takviye edilmis PP’ nin fizikomekanik
ozelliklerini tizerinde MAPP’1n diisiik oranlarda ¢ok
daha etkili oldugu sonucuna varmislardir. Matris
icindeki dolgu partikiillerinin boyutu ve dagilimi
kompozit 6zelliklerinde etkilidir. Kiigiik ¢ok 1iyi
dispers olmus partikiiller genellikle en iyi 6zellikleri
saglarlar. Kiiciik partikiiller darbe dayaniminin
artmasi sonucu olarak catlak ilerlemesini Onlerler.
Bununla birlikte topraklanma egiliminden dolayi ¢ok
iyi partikiil dispersiyonunu saglamakzordur. Darbe
tyilestirici ilavelerin kompozitlerde PP’nin darbe
dayanimin1  ve kopma wuzamasinda iyilesme
saglanmasina ragmen elastiklik modiiliinde diismeye
neden oldugu bilinmektedir. Maleik anhidritlenmis
darbe iyilestiriciler matris dolgu ara ylizeyinde
olusan bagin etkisini arttirirlar. Darbe iyilestiriciler
ve MAPP kombinasyonunun kullanilmasiyla, ahsap
tozu partikiilleri ve PP matrisinin dayanikliginin

arttirilmast yoniinde cok iyi sonuglar
eldeedilmektedir.

DENEYSEL

Malzeme

Deneysel c¢aligmalarda PP/FK (Findik Kabugu)

karisiminin - hazirlanmasinda matris  malzemesi
olarak, Petkim’in PETOPLEN ticari ismi ile bilinen
PP MH418 kodlu polipropilen kullanilacaktir.
Izotaktik yapili olan bu polimere ait mekanik,
fiziksel ve 1s1l 6zellikler Tablo 1°de verilmistir.

Tablo 1.PETOPLEN PP MH418 teknik 6zellikler

Ozellik Tipik Birim Test
Deger Standardi
Yogunluk 0,900 g/cm’ 1SO 1183
MFI 6,015 2/10 min ISO 1133
Sertlik 74 Shore D ISO 868
Izod Centikli 3,37 kJ/m? ISO 1801A
Darbe Dayanimi
Elastiklik Modiilii 870 MPa 1SO 527
Cekme 31 MPa ISO 527
Mukavemeti
HDT 57,2-87,5 °C ISO 75.B
VICAT 155,6 °C ISO 3Q6’A

Bu ¢aligmada kullanilan 6giitiilmiis findik kabugu
yapz itibariyle iki ana tabakadan olusmaktadir. Dista
bulunan tabaka sert bir yapida olup bu tabakanin
icerisi yumusak, gevsek birtabaka ile sarih
durumdadir. Ogiitiilmiis haldeki findik kabugu bu iki
kismi da biinyesinde barindirdigi i¢in yumusak kisim
ayristirillacak ve c¢alisma da yalmizca sert kismi
kullanilacaktir.



Findik kabugu neme ve suya kars1 olduk¢a duyarhdir.
Bu nedenle findik kabugu tozu, ekstriiderde
islenmeden Once etlivde kurutulacaktir. Findik
kabugunun sekline ait dzellikler Sekil 1°de, verilmistir.

Sekil 1. Findik kabugunun sekli*’

Talk, gerek sahip oldugu {istlin fiziksel ozellikleri,
gerekse  kullanildigi  yerlerde sagladigiavantajlar
sebebiyle endiistri yaygm kullanilan bir gesit
magnezyum silikat mineralidir. Yassi, yapraksi yapisi
sayesinde 1s1ya, elektrige ve aside direnci ¢ok yiiksek
olan talk i¢in nihaikullanimlar, kimyasal ve
mineralojik kompozisyon, parcacik boyutu ve sekli,
ozgiil agirhik, sertlikve renk gibi degiskenler tarafindan
belirlenir. Talk, PP bilesiklerinin elastikiyet modiiliini
arttirir ve boylece yapilarin sertligi artar. Mineraldolgu
maddelerinin ilavesi genellikle darbe direncini
arttirmaz. Bununla birlikte, PP’de %5-10 oraninda
ince talk kullanilmasi gibi istisnalar vardir. Pargalarin
boyutsal olarak kararli olmasi vekaliplama sonrasinda
miimkiin oldugunca az biiziilme gostermesi dnemlidir.
Ayni sey termal genlesme icin de gegerli olup, talk
boyutsal stabilite saglar. Saf, yumusak talk, bir

kayganlagtirmamaddesi gorevi gorir ve bdylece
¢izilmenin  mekanik  etkisini  azaltir.  Talk,
polimerlerden dahayiiksek 1s1 iletkenligi saglar.

Bilesiklerin 1sitilmast ve sogutulmasi hizlandirilir,
¢evrim siireleriazaltilir ve iiretkenlik gelistirilir. Talkin
sertliginin diisiik olmasi asinma degerlerinin asir1
diigiikolmasit  ve boylece proses sirasinda takim
omriiniin uzamasma neden olur. Ozellikle saf, ince
lamelli talklar polimerlerin siiriinme direncini 6nemli
Olciide gelistirir.

SEBS: Termoplastik esasli malzemelerin darbe
dayanimlarinin  arttirllmasinda  elastomer  olarak
termoplastik elastomerlerin kullanilmasi yaygindir.
Termoplastik elastomerler kauguk 6zellik gostermekle
birlikte termoplastik malzemeler gibi tekrarli olarak
wsitilarak sekillendirilebilen malzemelerdir. Sekil 2” de
gosterildigi gibi; zincirlerinin belirli kisimlar1 bir araya
gelerek kristallibdlgeleri olustururlarken bu bolgelerin
arasinda kalan zincir segmentleri amorf yapida
bulunur vemalzemeye elastomerik &zellik kazandirir.
Termoplastik malzemeler 1sitildiklarinda  fiziksel
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capraz baglan olusturan kristal bolgeler agilarak
normal bir termoplastik malzeme gibidavranirlar.

Sekil 2. Termoplastik elastomerlere ait zincir
yapisiin sematik gsterimi®?

Blok kopolimer termoplastik elastomerler (TPE)
stirenikler, polyesterler, poliiiretanlar vepoliamidler
olarak siralanabilmektedir. Stirenik TPE’ ler sert
stiren (S) ve yumusak dien (E)gruplarin aniyonik
polimerizasyonu ile iiretilmektedir. Zincir yapilan
kisaca (S-E)nX seklinde gosterilmektedir (X,
genelde 2 fonksiyonlu bag noktasii ifade
etmektedir, n=2). Soguma sirasinda zincir tizerindeki
stiren gruplar bir araya gelerek kristallenmekte ve
fiziksel c¢apraz baglar yapmaktadir. S-E-S
termoplastik elastomerlerinde Sekil 3 *de goriildigi
gibi polidienler(E) olarak biitadien (B), izopren (I)
ve doymus (hidrojene edilmis) etilenbiitilen (EB)
gruplart  bulunmaktadir.  Zincirleri  {izerinde
doymamis gruplara (biitadien ve izoprendeki C=C
baglan)sahip TPE’lerin kimyasal, 1s1l ve U.V.
direncleri zayif olup oksidasyona kars:t hassasiyet
gostermektedir. Bununla birlikte, SEBS  gibi
hidrojene edilmis doymus zincirlerden olusan
TPE’ler daha kararli davranig gostermektedir.

Sekil 3. Stirenik blok kopolimerlerin zincir yapilan
(sirastyla a. SBS; b. SIS; ¢.SEBS) termoplastik
elastomerleri®®

Zincir Uzerindeki stiren oranlarinin degisimi Sekil4
’de goriildiigii gibi TPE’ in morfolojisini ve diger



tim  Ozelliklerini  etkilemektedir.  Yiiksekstiren
oranlarina sahip TPE’ler daha sert ve rijid davrams
gosterirken, stiren oranlarinin  azalmasiyla (EB
oranlarinin artmasiyla) daha tok ve elastomerik
davranig gostermektedir. Katt durum NMR teknigi ile
yapilan  incelemelerde = SEBS  elastomerindeki
kristallenmig stiren bdlgelerin 16 nm boyutunda
silindirik bir morfolojiye sahip olduklar1 ve stirenik
bolgelerden farkli olarak elastomerik EB fazin ara
yiizeylerde oldukg¢a hareketli oldugu belirtilmistir.

Sekil 4.Stirenik TPE’lerde stiren orani artisina gore
morfoloji  degisiminin  sematik  goriinimii(beyaz
bolgeler stiren, koyu bolgeler dien veya EB fazlarim
gostermektedir) **

SEBS-g-MA  Elastomeri:  Cok-fazli  polimer
sistemlerinde fazlar arasinda ara yiizey etkilesimleri
olusturularak sistemlerin mekanik ve diger 6zellikleri
iyilestirilmektedir. Bu amagla nbtr durumdaki
polimerlere genellikle reaktif ekstriizyon yontemi
kullanilarak fonksiyonel gruplar graft edilmekte
(agilanmakta) ve bu polimerlerin diger fazlarla ara
ylizey etkilesimleri meydana getirmesi
saglanmaktadir. Maleik anhidrid (MA) fonksiyonel
grubunun bir polimer zincirine graft edilme reaksiyonu
Sekil 5’ te verilmistir.

Sekil 5. Maleik anhidridin polimer zincirine graft
edilme reaksiyonu??

Yontem
Findik Kabugunun Ogiitiilmesi ve Elenmesi

Tombul cinsi findiklardan (Giresun, Tiirkiye) elde
edilen edilen findik kabuklari, kirici/6giitiicii degirmen
(Akyol GRT-10BL Marka) kullanilarak ogiitiildii.
Kirma ve 6giitme islemi oncesinde findik kabugunda
bir arada bulunan yumusak ve sert kisimlar birbirinden
ayrildi. Kompozit hazirlamada kullanilacak olan dis
kisimdan (sert kabuk) miimkiin oldugu kadar kiigiik
Olgiide tane boyutuna sahip findik kabugu tozu elde
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edilmeye c¢alisgildi. Kirma isleminde kullanilan
ogiitliciiye ait goriintii Sekil 6° da verilmistir.

Sekil 6. Findik kabuklarmin
kullamlan &giitiicii degirmen®*

ogiitiilmesinde

Elde edilen findik kabugu tozlari, olusturulmasi
diisliniilen kompozitin mekanik 6zelliklerini negatif
olarak etkileyebilecek cok genis dagilima sahip
tanelerden meydana geldiginden daha dar dagilimli
toz elde etmek amaciyla maksimum tane boyutu
<100 mikron olacak sekilde elendi. Eleme igleminde
kullanilan titresimli elek makinesi ve findik
kabugunun farkli boylarda smiflandirilmasma ait
goriintil sekil 7’ de, eleme sonrasi findik kabugunun
toz halindeki goriintiisii Sekil 8” de verilmistir.

Sekil 7. Findik kabuklarinin elenmesinde kullanilan
cihaz ve eleme isleminin goriintiisii



Sekil 8. Eleme islemi sonrasi ayni boyutlarda (>100
mikron) siniflandirilmis findik kabugu

Findik Kabugu Karisimlarimin Hazirlanmasi ve
Ekstriiderde Graniil Haline Getirilmesi

FK tozu PP’ ne karigtirilmadan 6nce 100°C’de 2 saat
kurutuldu. Findik kabugu Tablo 1° de verilen agirlikca
karisim oranlarina uygun bir sekilde terazide tartildi.
Ekstriiderin  dozajlama {initesine sahip olmamasi
nedeniyle karisimlar yaklagik 100 er gramlik partiler
halinde hazirlandi ve karigimin igine Tablol’ de
verilen karisim parametrelerine gore Talk, SEBS ve
SEBS-g-MA eklenerek Sekil 9’ da resmi verilen ¢ift
vidali ekstriiderde (Giilnar, L/D=24) graniil hale
getirildi.

Sekil 9. Caligmada kullanilan ekstriider makinesi
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Sekil 10” da ekstriiderin kafa ¢ikisina ait resim, Sekil
11’ de ise kirilmig malzeme karisimlarinin goriintiisii
verilmistir.

Sekil 10. Karigimlarin ekstriide edilmesi

Sekil 10. Karigimlarim graniil halinde hazirlanmasi

Findik Kabugu Kansimlarimin Enjeksiyonla
Kaliplanmasi

Tablo 1’ de verilen oranlara gore, ekstriiderde graniil
haline getirilen PP/FK karisimlari, enjeksiyonla
kaliplama Oncesi, icerisindeki nemin giderilmesi ve
kaliplama esnasinda gaz ve bosluk olusturmamasi
amactyla etiivde 100 °C sicaklikta iki saat kurutuldu.
Kurutulmus malzemeler 80 ton kapama giicline sahip
Engel marka enjeksiyon makinesi kullanilarak ISO
294’e uygun olarak ¢ekme ve darbe numuneleri elde
edildi. PP/FK karigimi graniillerin enjeksiyonla
kaliplanmasi sirasinda kullanilan parametreler Tablo
2’de, enjeksiyon makinesi ve kullanilan kaliplar



Sekil 11° de, Kaliplanmis numunelerin goriintiisii
Sekil 12” de verilmistir.

Sekil 11. Karigimlarin enjeksiyonla kaliplanmasinda
kullanilan makine ve test numunesi kaliplari

Sekil 12. Enjeksiyonla kaliplanmis c¢ekme test

numuneleri

Tablo 1. Calismada kullanilan malzemeler ve karisim
oranlari

) o X o~ &
E. e |28 |4 |25 28
E2 | T |2E| 2 |2 |A<|23
Zy | & |22 |84 |45 =8
PPhtO1 | 100 | - ; ; ; -
PPht02 | 78,7 | 20 | - ; ]
PPht03 | 78,7 | - | 20 ; - 1
PPht04 | 78,7 | 15 | 5 : ; 1
PPht05 | 78,7 | 5 15 ; - 1
PPht06 | 78,7 | 10 | 10 : ; 1
PPht07 | 75,7 | 10 | 10 ; 3 l
PPht08 | 72,2 | 10 | 10 ; 6 1
PPht09 | 69,2 | 10 | 10 ; 9 1
PPht10 | 752 | 10 | 10 | 3 ; 1
PPhtll | 722 | 10 | 10 | 6 ; 1
PPhtl2 | 692 | 10 | 10 | 9 ; 1
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Tablo 2. Enjeksiyon kaliplama parametreleri
g - §s § = | g3 g o
Za25| 5§13 = 2%~
Z. =0 = 2| & o v
m o
PPht0O1 70 60 55 35
PPht02 70 50 55 35
PPht03 70 50 55 35
PPht04 70 50 55 35
PPht05 70 50 55 35
PPht06 80 50 55 35
PPht07 80 50 55 35
PPht08 80 50 55 35
PPht09 80 50 55 35
PPht10 80 50 55 35
PPhtl1 80 50 55 35
PPht12 80 50 55 35

DENEYSEL SONUCLAR/TARTISMA

Findik kabuklar kirilmis, sert ve yumusak kisimlar
birbirinden ayrilarak kirict 6giitiicii  degirmende

ogitiilmiigtir. Findik kabuklarinin  toz haline
getirilmesinde bu ayristrma  islemi oldukga
onemlidir. Ciinkii yumusak olan kisimlar hem

ekstriizyonda hem de enjeksiyon makinesinde iiretim
yaparken topaklanmaya sebep olmakta ve findik
kabugu tozlarinin yap1 igerisinde homojen bir sekilde
dagilimmi engellemektedir. Kirma ve dgiitme islemi
sonrasi findik kabugu tozlar1 sogumaya birakilmig ve
sonrasinda elek sallama makinesinde elenerek farkli
boyutlarda siniflandirilmistir.

Siniflandirma iglemi sonrasi boyutu >100 mikron
olan fundik kabuklar1 Tablo 1’ de wverilen
parametrelere gore ekstriider makinesinde basarili bir
sekilde graniil haline getirilmistir. Toplamda 12
farkli karigtm hazirlanmigtir.  Hazirlanan findik
kabugu tozu katkili karigimlardan enjeksiyon
makinesinde ISO 527-1 standardina uygun g¢ekme
numunesi ve ISO 527-2 standardina uygun egme
numuneleri enjeksiyon kaliplama yontemiyle elde
edilmigtir.

Enjeksiyon kaliplamada en 6nemli parametrelerden
biri, bu tarz hibrit kompozitlerin hazirlanmasi
esnasinda eger ekstiiderin dozajlama finitesi yoksa
parca icerisinde yogunluk farkina sebep olmamak
amaciyla malzemelerin 100 gr’ lik karigimlar
seklinde hazirlanmasidir. Bu sayede malzeme
mekanik ve 1s1l ozelliklerinin degigsmemesi ve ayni
sekilde olmasi saglanacaktir. Diger tiirlii biytik
miktarlarda yapilan karisimlarda, findik kabugu
tozlarinin yap1 igerisinde esit karigmama ihtimali
bulunmaktadir. Bu durum malzeme o6zelliklerini
olumsuz etkileyecek ve karigimlardan beklenen
ozelliklerin elde edilmesini zorlastiracaktir.



GENEL SONUCLAR

Bu c¢alismada; findik kabuklari toz haline getirilmis,
farkli boyutlarda elek sallama makinesinde elenmis,
ekstriider makinesinde karigim oranlarina gore graniil
olarak hazirlanmig ve enjeksiyon makinesinde ¢ekme
ve egme test numunelerinin tiretimi basarilt bir sekilde
gerceklestirilmistir. Bu c¢aligmadan elde edilen genel
sonuglar agagidaki gibi listelenebilir:

1. Tarimsal bir atik olarak siniflandirilan findik
kabuklar1 toz haline getirilerek, polimer
kompozitlerin iretiminde dolgu malzemesi
olarak kullanilabilir. Bu sayede atik olarak
goriilen ve yakilarak tiiketilen findik kabugu
tozlar1 katma degeri yiiksek irtinlere
doniistiiriilebilir.

2. Farkli inorganik ve organik katkilar bir arada
kullanilarak  yiiksek 1s11  ve  mekanik
Ozelliklere sahip hibrit kompozitler elde
edilebilir. PP igerisine eklenen findik kabugu,
talk, SEBS, SEBS-g-MA ekstriiderde uygun
parametre degerleri ayarlanarak graniil haline
getirilebilir. Findik  kabugu  tozlarinin
yanmamasi ve yapi icerisinde olumsuz bir
etki gostermemesi i¢in ekstiider sicaklik
parametreleri ve vida donme hizi dogru bir

sekilde ayarlanmalidir.  Aksi  takdirde
beklenen ozelliklerin elde edilmesi
zorlasacaktir.

3. Hibrid kompozit iiretiminde en dnemli agama
karisimlarin eksriizyon makinesinde dogru bir
sekilde hazirlanmasidir. Eger bu siireg
bagarili bir sekilde tamamlanirsa, graniil
haline getirilmis malzemelerin enjeksiyonla
kaliplanmasinda ¢ok ciddi bir problemle
karsilasilmamaktadir. Enjeksiyon yontemiyle
karisimlardan test numunesi iretilmesinde
karsilagilan en Onemli sorun findik kabugu
tozlarmin iyi karismamasi ve topaklanan bu
tozlarin enjeksiyon memesini ve yollugu
tikayarak malzeme akisina engel olmasidir.
Diger bir problem ise iiretim esnasinda kovan
icerisinde neme ve yanmaya bagl olarak gaz
olusumudur. Bu nedenle enjeksiyon iglemi
oncesinde de malzemelerin kurutulmasi
gerekmektedir.  Bu  sayede  kaliplama
esnasinda neme bagli topaklasma ve gaz
olusumu engellenecektir.

SONRAKI DONEM CALISMALARI

Sonraki dénem igerisinde 1- Enjeksiyonla hazirlanmig
test numunelerinin mekanik ve 1si1l testlerinin
yapilmasi (Cekme testi, egme testi, izod darbe testi,
sertlik 6lgtimii, MFI, DSC, HDT, VICAT, FTIR, TGA
vb.), 2- Mikro yap1 goriintiilemelerinin yapilarak yapi
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icerisindeki dagilimlarin incelenmesi yapilacaktir.
Sonrasinda tiim sonuglar karsilagtirtlarak en uygun
mekanik ve 1sil ozelliklere sahip karsiminin
belirlenmesi ve amaca uygun bir {irlinde endiistriyel
olarak kullanilmasi planlanmaktadir.
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PURPOSE
This study aims to examine and compare the low-velocity impact response and the interlaminar shear strength
(ILSS) of carbon/aramid hybrid composites by drop weight impact (DWI) and short beam shear (SBS) tests.
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AIMS

This study aims to investigate the interlaminar fracture
behaviour of the low-cost carbon/epoxy composite
laminates (i.e. manufactured with vacuum resin
infusion and out-of-autoclave curing) interleaved with
micro-fibre thermoplastic non-woven veils and
toughening mechanisms governing the fracture
resistance under mode-I loading.

INTRODUCTION

Advanced composite laminates (e.g. carbon fibre
reinforced polymers), which can offer high specific
strength and stiffness compared to conventional
structural materials, are widely being used in many
structural  applications, including safety-critical
aerospace structures but the weakness of composite
laminates to interlaminar cracking (e.g. delamination)
constraints the use of composite laminates in wider
areas'?. Delamination failure (i.e. which can be
introduced due to low-velocity impact events, poor
design, ply drop-offs, joints, and cut-outs) is the
fundamental failure mechanism degrading the in-plane
properties of composite laminates®. In this regard,
improving the interlaminar fracture performance of
composite laminates via cost-effective methods is
highly important to address their vulnerability to
delamination for maintaining the structural integrity of
composites during their service life.

Several studies have been conducted on improving
composite laminates by using through-thickness
reinforcement methods (e.g. z-pinning?, stitching>° and
tufting’), bulk resin toughening, and interlaminar
toughening.  Although  such  through-thickness
reinforcements were shown to have improved the
impact damage tolerance of composite laminates, the
in-plane properties were observed to have been
compromised and introduced new issues such as local
rupture, fibre breakage and misalignment as well as
complex and expensive manufacturing processes’.
Also, the bulk resin toughening method was proven to
enhance the fracture resistance of composite laminates
but increased resin viscosity due to bulk resin
toughening  agent  presence  complicates to
manufacturing process 51,

On the other hand, interlaminar thermoplastic veil
toughening (i.e. introduction of tough, ductile
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thermoplastic polymers in the interlaminar region of
composite laminates as an additional layer) can
significantly improve the interlaminar fracture energy
of composite laminates by establishing mechanical
links between crack interfaces via bridged
thermoplastic fibres without requiring complex
manufacturing processes and influencing the resin
properties!>7.

In this regard, the current research work focuses on
enhancing the interlaminar fracture of carbon-fibre
epoxy composite laminates (i.e. consisting of carbon
fibre non-crimp fabric and low-viscous two-part
epoxy resin) with the interlaminar toughening route
using micro fibre thermoplastic non-woven veils.

EXPERIMENTAL DETAILS

Materials and Manufacturing

Baseline laminate comprises of the low viscous two-
part epoxy resin system and the carbon fibre non-
crimp fabric (NCF) in this study. The epoxy resin
system is a blend of Araldite LY 564 (epoxy) and
Aradur 2954 (hardener) with a mix ratio of 100:35 by
weight and they were supplied from Huntsman. The
unidirectional carbon fibre NCF preform was
supplied from Saertex with a total areal weight of 314
g/m?, consisting of 300 g/m? carbon fibre tows, 11
g/m? stabilizing E-glass fibre bundles and 3 g/m?
polyester non-structural stitching thread.
Polyphenylene Sulfide (PPS) veils, provided from
Technical Fibre Products with the areal weight of 5
gsm and 10 gsm, were used to toughen interfaces of
the composite laminates.

Double Cantilever Beam Testing (DCB)

Mode-I DCB test samples (i.e. consisting of 10 plies
of carbon fibre non-crimp fabric) manufactured with
vacuum resin infusion (i.e. with a recommended
cycle: 80 °C for 2 hours followed by 140 °C for 8
hours) were prepared with a length of 180 mm and the
width of 25 mm as shown in Figure 1. A release film
(~10 um thick) is inserted to introduce an initial crack
which is located through 55 mm after piano hinges
when fibres were stacked in the manufacturing phase.
For interleaved laminates, thermoplastic veil with the
desired areal weight (i.e. insertion of 1 ply of PPS veil
with 10 gsm areal weight for PPS interleaved



composite laminates with 10 gsm, insertion of 1 ply of
PPS with 10 gsm and 1 ply of PPS veil with 5 gsm
together for the PPS interleaved composite laminates
with 15 gsm, 2 plies of PPS veil with 10 gsm for the
PPS interleaved composite laminates with 20 gsm)
were stacked at the mid-plane after the release film. The
DCB testing is performed using three specimens for
each case at a crosshead speed of 5 mm/min for loading
and 25 mm/min for unloading according to ASTM D-
552818,

Figure 1. A schematic indicating the DCB test
specimen dimensions, e.g. pre-crack length, specimen
length, width and approximate thickness.

RESULTS & DISCUSSIONS

DCB tests were performed to measure mode-I fracture
energies of the composite laminate at the onset of crack
growth (i.e. calculated based on 5%/max load approach,
Gic) and the crack propagation (i.e. the average of the
fracture energy values calculated from the increment of
crack length between 80 mm and 110 mm, Gg). The
representative R-curves obtained from the DCB tests
for the baseline, PPS interleaved composite laminate
with 10 gsm (PPS10), 15 gsm (PPS15) and 20 gsm
(PPS20) areal weight are presented in Figure 2. The
representative R-curve of the baseline laminate exhibits
a slightly increasing trend, which indicates that fracture
resistance of the baseline laminate is highly dependent
on the intrinsic toughening mechanisms (i.e. ahead of
the crack front) of the composite laminate provided by
the carbon fibre-matrix interface whereas the fracture
resistance provided by extrinsic fracture mechanisms
(i.e. behind of the crack front) such as fibre bridging of
the baseline laminate is limited. R-curves of the PPS
interleaved laminates show a decreasing trend, which
indicates fracture resistance via PPS veils is
predominantly established at the onset of the crack
growth. The interlaminar fracture values of the
composite laminates at the onset of the crack growth
and for the crack propagation with/out PPS veil
interleaving are compared in Figure 3. The DCB test
results clearly demonstrate that the interlaminar fracture
performance of PPS interleaved laminates for the crack
propagation is lower (i.e. enhanced by ~20%, ~67% and
~75% with PPS veil interleaving with 10 gsm, 15 gsm
and 20 gsm compared to the baseline laminate,
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respectively) compared to the achieved interlaminar
fracture performance of the composite laminates at
the onset of crack growth (i.e. enhanced by ~80%,
~160% and ~180% with PPS veil interleaving with 10
gsm, 15 gsm and 20 gsm compared to the baseline
laminate, respectively). As a consequence of the PPS
veil interlaminar toughening with denser areal weight,
a higher number of PPS fibres accommodates at the
interlaminar region. Thus, PPS wveil toughened
laminates with 20 gsm areal weight exhibited the
highest fracture resistance with the fracture
mechanisms achieved by PPS fibres compared to PPS
toughened laminates with 15 gsm and 10 gsm areal
weights. Digital images taken from the fracture
surface of the PPS interleaved composite laminate
with 20 gsm areal density (see Figure 4) indicate that
crack tip initiated from the interlaminar toughened
region (i.e. mid-plane interface toughened with PPS
veils) diverted to untoughened intralaminar carbon
fibre matrix region. Figure 4b exposes the fibre
breakage and pull-out mechanisms as a result of PPS
fibre bridging under mode-I loading. Also, Figure 4c
captured from the propagation region of the PPS
toughened composite laminate with 20 gsm areal
weight indicates the crack growth partly from the
interlaminar ~ toughened region and partly
untoughened intralaminar region (i.e. carbon fibre-
matrix interface). The diversion of the crack path can
be related to the weak adhesion properties of the
carbon fibre-matrix. The experimental mode-I
interlaminar fracture toughness study performed by
Quan!”  demonstrate  that thermoplastic  veil
interleaved aerospace-grade carbon fibre composite
laminates based on different material systems (e.g.
pre-preg, NCF, and 5-harness satin laminates)
experienced crack tip propagation within the
interlaminar region under mode-I loading due to high
bonding properties between carbon fibre and epoxy,
thus interleaving of thermoplastic veils based
undissolvable fibres (e.g. Polyethylene-terephthalate,
PET, and Polyphenylene-sulfide, PPS) significantly
improved the mode-I fracture energies of the
composite laminates at the onset of the crack growth
and for the crack propagation. Oppositely, the study
conducted by Saz-Orozco'> on the mode-I
interlaminar fracture properties of the thermoplastic
veil (e.g. based on PET fibres) interleaved glass
fibre/vinyl ester composite laminates demonstrated
that the relatively weak adhesion properties between
the glass fibre-vinyl ester resin compared to the
adhesion properties between PET fibre-vinyl ester
resin resulted in the crack opening through adjacent
glass fibre/vinyl ester intralaminar region and no
improvement in the fracture properties of the PET
interleaved composite laminates was achieved
compared to the untoughened glass fibre/vinyl ester



composite laminates. Thus, crack growth path, which is
related to adhesion properties of reinforcement fibre-
matrix and thermoplastic fibre-matrix interfaces, is the
significant parameter governing the toughening
performance of thermoplastic veils.

Overall, this study can be concluded that micro-fibre
non-woven thermoplastic veil toughening can
considerably improve the interlaminar fracture
toughness properties of composite laminates by
introducing  additional  toughening mechanisms
provided by thermoplastic fibres (e.g. fibre bridging).
Moreover, the toughening performance of the non-
woven thermoplastic veils is associated with the crack
growth path (i.e. related to adhesion properties of the
reinforcement fibre and the thermoplastic veil fibre
between the matrix) and the areal density of veils.
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Figure 2. A comparison of the R-curves of base and
PPS toughened laminates with 10, 15 and 20 gsm
areal weights, respectively.
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Figure 3. Mode-I fracture energies (i.e. at the onset of
the crack growth, G, and for the crack
propagation, Gr) of the base and PPS toughened
laminates with 10, 15 and 20 gsm areal weights,
respectively.
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Figure 4. The fracture surface investigation of the
PPS interleaved laminate with 20 gsm: a) a pair of
the fracture surfaces indicating crack tip propagation
from interlaminar region to intralaminar region, b)
crack initiation region with fibre breakage and
pulled-out mechanisms, c¢) the crack propagation
region with broken and pulled-out carbon and PPS
fibres.

CONCLUSIONS

In this study, mechanical double cantilever beam tests
were performed to characterise the influence of
micro-fibre based non-woven thermoplastic veils
(e.g. PPS) on mode-I interlaminar fracture toughness
performance of the composite laminates (i.e.
consisting of carbon fibre non-crimp fabric and two-
part low viscous epoxy resin) manufactured with
vacuum resin infusion and out-of-autoclave curing.
The composite laminates were toughened with PPS
veils with 10, 15 and 20 gsm areal weights and test
results demonstrated that increasing the areal weight
of the PPS veils resulted in increasing fracture
resistance, especially at the onset of the crack growth,
see Figure 3. Post-mortem fracture investigations
exposed the crack tip propagation from the
interlaminar PPS veil toughened region to the
untoughened intralaminar region (i.e. see Figure 4)
due to poor adhesion properties between carbon fibre
and matrix. Therefore, PPS veil toughening provided
higher fracture resistance at the onset of the crack
growth compared to the achieved fracture resistance
via PPS wveils for the crack propagation (i.e.
improvement achieved by ~80%, ~160% and ~180%
at the onset of the crack growth, whereas by ~20%,
~67% and ~75% for the crack tip propagation through
PPS wveil interleaving with 10 gsm, 15 gsm and 20
gsm, respectively).

Briefly, thermoplastic veil toughening offers a
significant enhancement in the fracture energy of
composite laminates by introducing additional failure
mechanisms based on thermoplastic fibres in the
interlaminar region. This study also revealed that
areal weight density and the crack tip propagation
path are the significant parameters governing the
performance of thermoplastic veil toughening.
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Continuous Forming and Secondary Processing Technology

for Long Composite Materials
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Replacing metals with fiber reinforced composites is attractive to the field of civil and construction engineering. In
these fields, long composite materials are required. For example, L-shaped angles utilized as skeleton frames and
internal reinforcement of a building require lightweight and high durability to improve workability and safety at the
construction site.

In this study, pultrusion was first selected for the manufacturing method of L-shaped angles because of a continuous
process with high productivity. The development of pultrusion technology for manufacture of composite materials
leads to an increase in production rate, reduction in labor cost, and improvement in processing accuracy. Since
thermoplastic composites are faster in molding speed than thermoset composites, thermoplastic composites are suitable
for pultrusion. However, in the case of a thermoplastic resin composite material, due to problems of melt viscosity and
impregnability, it is the current situation that the molding speed cannot be improved as compared with the pultrusion
molding of the thermosetting resin composite material.

Next, Next, the roll forming process used for processing a metal material was examined. A long molded plate having
been completely impregnated was prepared, reheated locally, and processed into an L-shape using a roll-shaped multi-
stage mold. As a result, they have found the possibility of achieving higher productivity than pultrusion. On the other
hand, the drawback of this processing technique is that it is necessary to prepare a long shaped plate which has been
impregnated. Finally, by combining the above-mentioned pultrusion and roll forming technology, we developed a new
processing technology that compensates for each other's shortcomings.
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Aliminyum Ramat Katkili Polioksimetilen Kompozitlerin
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AMACLAR
Bu caligmadaki temel amag¢ metalik aliiminyum
iretimi sonucunda olugan ve faydali hi¢bir kullanim

alan1  bulunmayan aliiminyum cilirufunun farkl
oranlarda polioksimetilen (POM) icerisine
katilmastyla ciliruf/POM  polimer kompozitlerinin
hazirlanmasi sonucundaaliiminyum clirufunun
kullanilabilirligini artirmaktir.

GIRiS

Aliminyum cevheri paketleme, konstriiksiyon,

otomotiv ve ulagim gibi bir¢ok sektérde yaygin olarak
kullanilmaktadir. Bu malzemenin islenmesindeki
kosullar sebebiyle, yogunluk farki olusmakta yilizeyde
daha hafif aliiminyumlarin oksijen ile temasinin
bulunmasiyla ALOs ilebirlikte Al iceren ciiruf
meydana gelmektedir. Ciiruf igerisinde AlLO; ile
birlikte magnezyum oksit, aliminyum karbid,
aliminyum nitrit ve silisyum oksit gibi farkl1 yapilarda
mevcuttur'.

Polimer malzemelerden polioksimetilen (OCHy)
tekrarlayan birimden meydana gelmis yar1 kristalin
yapilt bir polimerdir. Yiiksek boyutsal kararlilik,
diistik siirtiinme katsayisi, yliksek mukavemet, sertlik
dengesi ve ayni zamanda kimyasallara karsi direnci
oldukga yiiksek bir polimerdir. Bu 6zellikleriyle yakit
depolar1 ve disli sistemlerde kullanilan en temel
polimer olarak bilinmektedir. Tiim bu avantajlarina
ragmen POM’un en temel dezavantaji islenmesi ve
kullanim sirasinda ortaya ¢ikan formaldehit gazi olup
literatiirdeki ¢alismalarda salinan formaldehit gazinin
azaltilmas1 ve aginma 6zelliklerinin gelistirilmesi basta
olmak iizere termal ve mekanik Ozelliklerinin
gelistirilmesi konularinda yogunlasmaktadir?.

Bu calismada polimerler igin isleme kolaylastirict

kaydirict  etkisi  bulunan ALO;, 1s1  dagilimini
iyilestirmesiyle isleme sirasindaki termal kararliligini
artirabilecek metalik Al gibi Dbilesenler igeren
Aliminyum Ramatimin  POM  igerisine  eriyik
yontemlerle katkilanmast gergeklestirilerek temel
morfolojik, reolojik ve mekanik  ozellikleri
incelenmistir.

YURTBAS]I, Ziihal (ORCID No: 0000-00032-2172-
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KURT, Gékge (ORCID No: 0000-0002-8262-4786)
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DENEYSEL

Malzeme

Calismalar sirasinda kullanilan aliiminyum ramat
yerli iireticilerden temin edilmistir. POM ise Kocetal
firmasindan (K300) temin edilmistir.

Yontem

Kompozitlerin Hazirlanmast

Kompozit 6rnekler eriyik harmanlama ydntemine
gore ¢ift vidali ekstriizyon sistemi (Giilnar Makine,
Tiirkiye, vida c¢api, 16 mm, L/D = 40) kullanilarak
hazirlanmigtir. Kompozitlerin hazirlanma siirecinde
sicaklik profili olarak beslemeden c¢ikis kafasina
dogru  120-165-190-210°C  uygulanarak graniil
formunda Ornekler hazirlanmigtir. Daha sonra ise
baski kaliplama yoOntemiyle her test ig¢in uygun
boyutlarda film 6rnekleri hazirlanmistir. Hazirlanan
orneklerin igerikleri ve isimlendirmesi Tablo-1’de
verilmistir.

Tablol. Hazirlanan kompozit drneklerinin igerikleri
ve isimlendirilmesi

KOMPOZIT Ramat POM
ismi (kiitlece %) (kiitlece %)

(R/POM)
RO/POM 0 100
R5/POM 5 95
R10/POM 10 90
R20/POM 20 80
R30/POM 30 70
R40/POM 40 60

Test ve Analizler

Hazirlanan Orneklerin morfolojik 6zellikleri FEI
Quanta FEG 450 marka taramali elektron
mikroskobu (SEM) ile incelenmistir. Orneklerin
reolojik ozellikleri ise 25 mm ¢apa sahip paralel
plaka ile donatilmis dinamik rotasyonel reometre
(Discovery Hybrid Reometer-1, DHR-1, TA, USA)
ile 220°C’de belirlenmistir. Reolojik 6l¢timlerde
frekansa bagli olarak viskoelastik parametrelerin
Olclilmesinden oOnce Orneklerin lineer davranig
gosterdigi lineer viskoelastik alan (LVA) uzunluk
tarama testi ile belirlenmis daha sonrada bu alan
icerisinde frekans tarama testi (frequency sweep
test)gergeklestirilmistir. Uzunluk tarama testi 10



rad/s acisalfrekans degerinde %0,1-%20 arasinda
gerceklestirilirkenfrekans tarama testi %1 sabit uzama
oraninda 100-0,1 rad/sagisal frekans araliginda
gerceklestirilmistir. Dinamik mekanik analiz testleri
katt haldeki filmlerin dinamik mekanik analizine
imkan taniyan Olgiim sistemi TA-DHR1 hibrit
reometresine takilarak 1 Hz frekansta 30-200 °C
arasinda gerceklestirilmistir

DENEYSEL SONUCLAR/TARTISMA

Morfolojik Ozellikler

Elde edilen kompozitlerden R10/POM ve R40/POM
film Orneklerine yapilan SEM analizleri Sekil 1°de
verilmistir. Goriintiiler incelendiginde genel olarak
dolgu tanecikleri ile polimer matris arasindaki
uyumsuzluklarin belirlendigi bosluklara
rastlanilmamistir. Ancak kompozitlere katilan dolgu
bileseninin farkli tiirler icermesi sebebiyle bazi
bolgelerde yapisma iyi durumdayken bazi bdlgelerde
polimer malzeme ile dolgu arasinda kaplanamama
durumu goriilmemektedir. Bunun nedeni ramatin
icerdigi Al,Os3 ile POM arasindaki uyum iyi, metalik
formdaki Al ile POM arasinda uyumun koti
olmasindan kaynaklandig1 diisiiniilmektedir?.

Sekil 1. R/POM kompozitlerine ait SEM goriintiileri
((a-b) R10/POM ve (c-d) R40/POM’a ait goriintiiler)

Reolojik Ozellikler

Elde edilen reoloji sonuglari Sekil2’deki grafikte
sunulmaktadir. Sekill (a)’da verilen G’ (depolama
modiili) grafigi genel olarak incelendiginde POM’a
ramat eklenmesiyle birlikte yiiksek frekanslarda modiil
degeri saf POM polimerinin modiil degerinden daha
digiik deger sergilemekle birlikte diisiik frekans
degerlerinde depolama modiil degeri frekanstan
bagimsiz hale gelmektedir. Bu durum sadece %5
oraninda ramat dolgulu R5/POM kompozit 6rneginde
de polimer akis &zelliklerini degistirerek frekanstan
bagimsiz hale getirip, katimsi1 davranig sergiledigi
goriilmektedir. Diger yandan Sekil 2 (b)ye
bakildiginda G" (kayip modiil) degeri R/POM
kompozitleri i¢in saf POM polimerinin kayip modiil
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degerinden daha diisiik degerler gostermektedir. Bu
durum ramat dolgusunun elastik  Gzelikleri
gelistirirken viskoz ozelliklerde Al,O; kaydirict
etkisi sebebiyle polimer dolgu arasinda zayif
etkilesimin oldugu ifadeleriyle &zetlenebilmektedir®.

Sekil 2. R/POM reolojik 6l¢iim sonuglar

Mekanik Ozellikler

R/POM kompozitlerinin DMA sonuglart Sekil 3’te
verilmigtir.  Sekil 3 (a)’da  verilen grafik
incelendiginde artan sicaklik degerleri ile saf POM
ve R/POM kompozitlerinin E' (elastik modiil)
degerleri azalmaktadir. Bunun nedeni Al,Os dis
kaydiric1 6zelligidir. Sicaklik ile olan iligkinin daha
anagsilir sekildeki gosterimi Sekil3 (b)'de mevcuttur.
Diisiik sicakliklarda ramat katkisinin etkisi yokken
R5/POM ve RI10/POM kompozitlerinin modiil
degerlerinin saf POM'a kiyasla daha diisiik degerde
oldugu da  gorilmektedir.  Ancak  ramat
konsantrasyonunun  artmasiyla  Dbirlikte modiil
degerinde artig goriilmektedir. Bu durumda disiik
ramat konsantrasyonundaki uyumsuzlugun ramat
konsantrasyonunun artmastyla azalmis oldugu
sOylenebilmektedir. Sekil 3(c-d)’de ise kayip modiil
(E’) ve kat1 hal faz acis1 (tan delta) degerlerinin
sicakliga ve ramat konsantrasyonuna bagli olarak
degisimi gosterilmektedir. Sonuglar dolgu polimer
ara yiizeyindeki artan siirtlinmelere bagli olarak
ramat ilavesiyle kompozitlerin enerji soniimleme
kabiliyetlerinin gelistigini gostermistir>.

Sekil 3. R/POM kompozitlerinin DMA sonuglari



GENEL SONUCLAR

Yapilan ¢aligmadan elde edilen sonuglarda ramat ile
POM malzemelerinden kompozitler iiretilmigtir. Elde
edilen kompozitlerin proses edilebilirligi konusunda
basari elde etmekle birlikte mekanik ve reolojik agidan
da  POM’un gelisim gosterdigi bir ¢alisma
olmustur.Caligmada kullanilan ramat dolgusunun
AlLOj3 igermesi sebebiyle hem kaydirict 6zelliginden
faydalanilmis hem de bazi uyumsuzluklar tespit edilse
bile yiiksek ramat konsantrasyonu ile bu durum
¢ozlime kavusabilir nitelikte oldugu goriilmiistiir.
Boylelikle atik merkezlerinde siirekli biriken ve sadece
belirli araliklarla topraga gomme yoluyla bertaraf
edilen aliiminyum ciirufun yeni bir kullanim alaninin
olusturulmasiyla  ¢evreye katkida  bulunulacagi
diigiiniilmektedir.
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AMACLAR

Aljinat  gibi  ¢evreci  biyopolimerler, yiiksek
enkapsiilasyon 6zelligi sayesinde, yenilik¢i, dayanikli
kaplamalarda kullanilabilecek 6nemli malzemelerdir.
Bor gibi yapiya katilan inorganik katkilarla 6zellikleri
artan kompozitler sayesinde mikrobiyal, bocek ve UV
radyasyonuna kars1 koruma miimkiin olabilmektedir.

GIRIS

fleri nano teknolojik kumaslar gerek savunma sanayine
yonelik askeri ve giivenlik alaninda ya da madenci,
giivenlikli is¢i tulumlari gibi ¢cok sayida farkli kullanim
ile son teknoloji firlinleriyle teknik tekstillere ve
onlardan hazirlanan giysilere katki saglayarak
giiniimiiziin fabrikalar, is yerlerinin olmazsa olmazi is
giivenligi  kapsaminda da  6nemli kazanimlar
saglamaktadirlar.

Gii¢ tutusur Ozellige sahip lifler bu kapsamda dikkat
ceken teknik tekstillerin ig¢inde gormekteyiz. Sadece
gii¢ tutusurluk degil, alev ¢carpmasina karsi koyabilme
veya alevden koruma saglamaktadirlar. Alev veya
sicaklikla temas durumunda tutugmayan, tutussa da
kendi kendine sonebilen tekstillere gii¢ tutusur tekstil
ad1 verilmektedir (Altay, 2010; Erkut, 2020). Bu
kapsamda, bor elyaf, cam elyaf gibi ozel lifler
kullanilarak dokunan kumaglar1 gdrmekteyiz. Bunlar
arasinda aramid, yiliksek bag enerjisine sahip
polimerlerden biri olarak askeri alanda, itfaiyeci
kiyafetleri, madenci kiyafetleri, dokiimhane, havacilik
ve uzay vs. de 6ne gikar (Omerogullar1 ve Kut, 2012).
Ayrica, kumasin giic tutusur kimyasallarla islem
gormesi diger uygulanan yontem kumasin yapilan son
koruyucu bir tabaka ile kaplanmasidir. Giig tutusurluk,
cesitli boyalarla elde edilebilecegi gibi amonyum fosfat
(Davulcu vd., 2019), fosfor esasli bilesikler ile
gelistirilmesi, organik fosfor bilesikleri ve antimon
oksit, organik halojen bilesikleri de kullanilabilir (Jin
vd., 2016). Borat, titanat ve antimonit gibi anyon tipi bu
jellestirici ajanlar ayn1 zamanda katki ve polimer matris
arasindaki uyumlulugu da artirirlar (Benli, 2013).
Inorganik gii¢ tutusurluk saglayicilar ise hidrath
aliminyum, magnezyum hidroksit ve borik asittir.
S6zkonusu yapilarla elde edilen kaplamanin sagladigi
fayda sayesinde ise liflere oksijenin gitmesi
engellenmis olur. Tekstiller bu katkilarla, alev almadan
komiirlesir. Bu nedenle, yapiya katilan inorganiklerin
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nihai {irlin kalitesinde yanma yaninda, koku ve nem
tutuculuk, kontrollii ila¢ salimim, antibakteriyellik
gibi 6nemli faydalar1 bulunmaktadir.

Bor mineralleri yapilarinda degisen oranlarda bor
oksit iceren dogal bilesiklerdir. Sekil 1° de bor
sahasindan ve yiiksek kalitede bor mineralinden drnek
verilmektedir. Bilindigi iizere, dogada 230 iizerinde
farkli bor minerali bulunmaktadir. Dogal boratlar,
tinkal, kolemanit, {ileksit gibi konsantre bor
cevherleridir. Ticari bor mineralleri ve bor oksit
icerikleri Tablo 1' de verilmistir. Rafinasyon veya
kimyasal reaksiyon, kristalizasyonla elde edilenler;
boraks pentahidrat, boraks dekahidrat, susuz boraks,
borik asit ve sodyum perborat sayilabilir (Etimaden,
2019). Calismamizda, endiistriyel kalitede saf
olmayan boraks’ dan saflastirilmig boraks pentahidrat
kristalleri kullanilmistir. Tablo 1° den gorildigi
iizere tinkal diger bor minerallerine gore en diigiik bor
icerigine sahip dogal bor mineralidir.

Sekil 1. Bor minerali ve bor sahasi.

Tablo 1. Ticari bor mineralleri ve bor oksit igerikleri.

Mineral Kimyasal yapisi B:0s icerigi
(agirhik %)
Kolemanit Ca;B6011.5H,0 50.8
Uleksit NaCaB;0,.8H,0 43
Tinkal Na2B4O7. 1 0H20 36.5
Kernit Na;B1407.4H,0O 51
Pandermit CayB1009.7H,O 49.8
Hidroborasit CaMgBsO;1.6H,0 50.5

e BENLI, Birgiil (0000-0001-7386-5003)
e GONUL, Ecehan Aygiil (0000-0001-6720-3740)



DENEYSEL
Malzeme

Calismada Tokat, Resadiye bolgesi Bentonit yerel
iiretici madenden temin edilmistir. Metilen mavisi
testlerine gore 98 meq/100g katyon degistirme
kapasitesine  sahiptir. %60 silika igermektedir.
Enkapstilasyon derecesi yiiksek, kahverengi algden
tiretilen, aljinat Sigma- Aldrich’ den aljinik asit sodyum
tuzu olarak satin alinmustir.

Boraks, kimyasal bilesimi Na,B407.10H,O olup,
sodyum tetraborat dekahidrat olarak da bilinen Tinkal
mineralidir. Calismada kullanilan endiistriyel kalitedeki
boraks penta hidrat Etimaden' den temin edilmistir.

Yontem

Endiistriyel smif tinkal iki kademede kristalizasyonla
saflagtirilarak, ¢alisgmamizda kullanacagimiz kristalize
boraks elde edilmistir. Bentonit ilaveli kompozit
matrisin belirli oranlarda katilarak polimer kompozit
kaplamalar hazirlanmigtir.

DENEYSEL SONUCLAR/TARTISMA

Diinya bor rezervlerinin yaklasik %73’ {iniin tilkemizde
olmasi, pek ¢ok alanda kullanilan bor ve bor
bilesiklerini daha onemli bir konuma getirmekte,
Tiirkiye i¢in bor katkili {iriinler biiylik Onem arz
etmektedir. Calisma iki kademeye ayrilmaktadir. Tlk
olarak, diisiik endiistriyel kalitedeki  boraks
saflastirilmis, ardindan hazirlanan nanoyapilarla
kompozit caligmalarina gegilmistir.

1. Boraks pentahidrat kristalizasyonu

Diisiik igerikli, endiistriyel kalitedeki Etimaden’ den
temin edilen ticari degere sahip bor minerali olan,
endiistriyel kalitedeki boraks dekahidrattan, boraks
pentahidrata kristalizasyonla iki kademe saflastirildi
(Benli, 2013). Oncelikle Mullin'in  ¢dziiniirliik
verilerine gore doymus boraks pentahidrat c¢ozeltisi
hazirlandi (Mullin, 1993). Boraks pentahidrat, boraks
dekahidratin saflagtirilmast ve T{iretimi igin siirekli
karistirmali ceketli bir kristallizatorde ¢oziindiiriildii.
Cozelti daha sonra doyma sicakliginin (69 °C) iizerine
wsitildt ve gerekli miktarda Na,CO; ilavesiyle ¢ozeltide
propertit ¢okeltildi. Coken propertit sicak ¢dzeltiden bir
filterpres yardimiyla siiziildi. Aritilmis sicak ¢ozelti,
oda sicakligina kadar sogutuldu. Elde edilen kristaller
oda sicakliginda kurutuldu. Boraks saflastirmanin
ikinci asamasinda, elde edilen kristaller Na,CO;
eklenmeden yeniden kristallestirme ile saflagtirildi.
Boylece ¢alismada kullanilacak yiiksek saflikta boraks
pentahidrat elde edildi.
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2. Nanokompozit kaplama ¢aliymalari

% 3 Aljinat polimerinden hazirlanan kaplamalarin
icine, inorganik katkilar ilave edilmistir. Bentonit ve
boraks ilaveleri sonrasinda kristalografik olarak
mineral yapisinda meydana gelen degisimler
X-1ginlar1 spektroskopisi (XRD) ile tesbit edilmistir.
Sekil 2° de bor katkisinin nanokaplamanin {izerindeki
iyilestirmenin olumlu etkisi goriilmektedir.

Sekil 2. XRD ile yap1 karekterizasyonu.

Bentonit ve boraksin aljinat ile uyumlulugu Atomik
kuvvet  mikroskobu  yardimiyla  arastirilmis,
hazirlanan Kolloidal Aljinat Probu kullanilarak
Dogrudan Kuvvet Olgiimleri sirasinda incelenmistir.
Yiizeyler arasindaki adhezyonun oOnemli oldugu,
boraks ilavesinin uyumlulugu arttirdig1 hesaplanarak
su sirada bulunmustur (Benli vd. 2011):
% 3 alginat > Borax > Na-Bentonit > % 1 alginat

Kaplamalarin yapisal degisimleri ise Sekil 3’ de FTIR
spektralar1  iizerinden  bentonit ve  boraksin
uyumluluklar iizerinden kargilagtirilmistir. 3355 cm’!
'de aljinatin hidroksil gruplarinin karakteristik bandi,
asimetrik ve simetrik COOH germe titresimleri 1625
ve 1432 cm'de gozlendi. OH gerilmesi, yiiksek
bentonit oranlarinda 3368'e kayarken, 1611° den 1626
cm!'de kaymanin olmasi, aljinat ve bentonit arasinda
yeni hidrojen baglarinin olusumuna, bu tiir gruplar ve
kil yapisindaki negatif yiik arasindaki elektrostatik
etkilesime atfedilebilir (Darder vd., 2006). C-C ve
C-O baglar1 1150 ile 1000 cm™! arasindaki bolgedeki
piklerle ifade edilir, ¢apraz baglayici ¢ozeltisinin,
aljinatin oksijen bolgeleri ve bentonitin kalsiyum
iyonlar ile arasindaki etkilesimi, yani, alginatin Ca-
capraz baglanmasi sayesinde boraksin ve bentonitin
enkapsiilasyonuna kanit1 saglar.

Ayrica, boraksin asidik karakteri O-H asimetrik
titresimlere yol agmis ve bentonitin aljinat
biyokompozit icerisine eklenmesi ile yeni hidrojen
baglanma bélgeleri olusturmustur. C-O-C bandindaki
degisime dayali olarak, bentonitin arakatmani igin
hidrojen baglama mekanizmasi 6nerilebilir. Boylece,



XRD modellerinin de onayladigi, boraks ilavesi sinerjik
bir etki saglamustir.

Sekil 3. Saf aljinat (agirlikga %3) ve kompozit
kaplamanin (aljinat: bentonit: boraks//1: 3: 3) FTIR
karsilagtirmast.

Kompozit kaplamalarin, mekanik ve 1s1l 6zellikleri ayni
anda DMA (dinamik mekanik analiz cihazinda) tesbit
edilmistir. Esasen, DMA ile aljinat biyopolimerin ve
kompoziterinin uygulanan mekanik stres altinda,
deforme edilirken uygulanan kuvvete gore yer
degistirmedeki faz kaymasi Olgiilerek enerji kaybi
ozellikleri tayin edilir. Sekil 4’ de aljinat ve
kaplamalarin DMA grafikleri ve tand pik degisimleri
verilmektedir.

Sekil 4. Saf aljinat ve kompozitlerin DMA grafikleri

Saf aljinata gore yapiya goren inorganik katkilar bir
miktar dayanikliligi diisiirse de o&zellikle boraks
ilavesinden sonra termal Ozelliklerde Onemli artiglar
gozlemistir. Heterojen bentonit kilinin matris igindeki
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dagilimi, polimer matrisi icinde dagilmadan
topaklmig aglomera yapilarin olup olmadigit AFM
goriintiileri ile aragtirilmistir. Ayrica, tand pikinin
yiiksekligi, polimerin esnekligi hakkinda bilgi verir.
Aljinat filmlerdeki dolgu igeriginin artmasi, 6rnegin
1:8 bentonit katkisinda oldugu gibi, daha sert kirilgan
hale getirirken, elastikiyetlerini kaybederler ve
esnekligi  kaybolur. Boraks ilavesiyle aljinat
biyokompozitin esnekliginde 6nemli bir iyilesme elde
edildigi kolayca anlasilabilir.

Kompozit kaplamalarin  basarisi ayrica AFM
goriintiilerinden tesbit edilmistir. Temassiz modda
alinan yiizey goriintiilerinde bentonit ilavesinin
getirdigi aglomere olma durumu boraks ilavesinden
sonra homojen bir dagilmaya, dispersiyona
donmiistiir. Boraksin olumlu etkisi gorsel olarak Sekil
5’ de tesbit edilmistir.

Sekil 5. Atomik kuvvet mikroskobundan alinan
polimerik kaplamalarin yiizey goriintiileri.



GENEL SONUCLAR

Boraks ve bentonit birlikte kullanilarak hazirlanan
polimerik kaplamalarla kumaslara ve metalik yiizeylere
mikrobiyal, bécek ve UV radyasyonuna karsi zirh
koruma saglayacak nanoyapilarin 6zellikleri ve
karekterizasyonu ¢alismamizda incelenmistir. Bu
amagla, ince film kaplamalar kontrollii bir sekilde
olusturulmus ve aljinatin enkapsiilasyon 06zelligi ve
boraksin yapiya olan sinerjistik etkileri sistematik
olarak arastirllmistir. Calismamizin birinci kisminda
EtiMaden’ den temin edilen diigiik boroksit igerikli
endiistriyel kalitedeki {irliniin  saflagtirillmasit  ve
kristalizasyonunun ardindan, saf boraks kaplama
¢alismalarinda kullanilmistir. XRD ve FTIR analizleri
ile birlikte aljinat, bentonite biyokompozit kaplamaya
ait jellesme mekanizmalarini ve borat iyonu etkilerini
inceleyen c¢aligmada iki olast model yapist One
¢tkmaktadir. Bunlar; (1) aljinat polimerin, borat
iyonlart ve hidroksil gruplar1 arasindaki karsilikli
monodiol-borat kompleks olusumu ve (2) iki diol birimi
aljinat zinciri ve bir borat iyonu arasinda, didiol-borat
kompleksleri olarak ¢apraz baglanma olusumudur.

Boylece ¢aligmamizla, aljinatin bilinen Ca-egg box
enkapsiilasyon mekanizmas: yaninda borla birlikte
carpraz bagli yeni bir jellesme mekanizmasi
aydmlatilmistir (Benli, 2013).

Ikincil inorganik dolgu maddesi olarak boraksin,
gelistirilmis uyumlu ve esnek polimer filmlerin yam
sira gelismis yapisal ve termal ozellikler igin ¢evre
dostu malzemelerin tercih edildigi tekstil ve
biyokompozit kaplama alaninda, kumasla olusturulan
kompozit malzemelerin bag yapma davranmislar: (Ulcay
vd., 2002) iizerine polimer esash lif takviyeli kompozit
malzemeler gibi potansiyel uygulamalarda 6nemli yere
sahip olacaktir.

SONRAKI DONEM CALISMALARI

Ileri saflastirma islemi olan kristalizasyon kademesi,
ozellikle atiklardan borun yeniden kazanilmasi ve
bdylece bor atiklarmmin yeniden degerlendirilmesine
yonelik ¢alismalara 6nemli katkilar sunacagi ortadadir.
Calismalarin, iilkemiz ekonomisine ve ihracatina
onemli katkilar saglayabilecegi agikca goriilmektedir.
Bu nedenle, atik bordan saflastirilarak hazirlanan
nanoyapilarla teknik tekstillerin ve kumaslarin tiretimi
sonraki donem g¢aligsmalarimizdandir.

TESEKKUR/BILGILENDIRME/FON KAYNAGI
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AMACLAR

Calisma kapsaminda eriyik yoOntemlerle hazirlanan
ABS/COC polimer harmanlarinin morfolojik, reolojik
ve mekanik o&zelliklerinin incelenerek ABS’nin
kullanim sicaklik araligimmin genisletilmesi, mekanik
mukavemet degerlerinin ve iglenebilirliginin artirilmasi
amaclanmustir.

GIRIS

ABS akrilonitril, 1,3-Biitadiyen ve stiren
monomerlerinden elde edilen seffaf bir termoplastik
polimerdir. 1940’lardan beri endiistriyel olarak da
kullanilan ABS igin artan stiren miktar1 ile paralel
sekilde artan mekanik mukavemetleri onu bir¢ok iiriin
icin uygun hale getirmistir. Her ne kadar mekanik
mukavemete klasik poliolefin sinifi polimerlerin
iizerinde olsa da yiiksek mukavemet gerektiren birgok
uygulamada kendi ozellikleri yetersiz gelen ABS
ozellikle darbe dayaniminin ve yiiksek sicaklik
uygulamalarindaki mekanik 6zelliklerinin gelistirilmesi
amaciyla polikarbonat (PC) bagta olmak {izere gesitli
polimerlerle harmanlar1 yapilarak kullanilmaktadir.
Literatiirde ABS ile ilgili yapilan caligmalar
incelendiginde ABS’in  farkli  organik/inorganik
dolgularla kompozitlerinin hazirlanmast ya da
polikarbonat (PC) ya da polimetilmetakrilat (PMMA)
gibi bir polimerle harmanlarinin hazirlanarak darbe
dayaniminin gelistirilmesi, elastik modiil degerlerinin
artirilmasi, kullanim sicaklik araliklarinin artirilmasi ve
parlakliginin artirilmasina  yonelik birgok ¢alisma
bulunabilmektedir'-.

Siklo-olefin kopolimerler (COC), olefinler ile siklik
yapidaki norbornenin kopolimerizasyonu ile olusan
tamamen ya da yiiksek miktarda amorf yapida olan
polimerlerdir (sekil 1).
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Sekil 1. Siklo-olefin kopolimerlerinin kimyasal yapist

Temel ozellikleri yiiksek 151k gecirgenligi, yiiksek
termal dayaniklilik, diisiik su buhar1 ve gaz gecirgenligi
olan COC lerin mekanik dayanimlari da birgok

175

mithendislik plastifine gore iist seviyededir. COC
lerin genel Ozellikleri igerdigi siklik yapidaki
monomerin (norbornen) miktarma gore degisim
gosterebilmektedir. Ornegin polimerdeki norbornen
miktarinin degisimiyle camst gecis sicakligt (7,) 78
ile 180 °C arasinda degisebilmektedir. COC lerin
tarihi 40 y1l Ooncesine dayansa da ticari termoplastik
olarak tiretilmesi son on yilda gergeklesebilmis buna
ragmen kullanim alanimm hizla artirmistir. COC’ler
ozellikle kamera ve fotograf makinelerinin lensleri,
kontak lensler, CD ve DVD lensleri gibi optik
gecirgenlik gerektiren alanlarda, yirtilma
dayaniminin belirli bir diizeyde, gaz ve su buhan
gecirgenligi degerlerinin ¢ok diisiik olmasi istenen
ila¢ ambalajlama gibi sektorlerde, yiiksek mekanik ve
termal dayamim isteyen parcalarda otomotiv
sektoriinde kullanilmaktadir. COC ler termal, optik ve
mekanik 6zellikleri agisindan bir¢ok alanda yaygin
olarak kullanilan polikarbonat (PC) ile benzer 6zellik
gostermektedir. Ancak polikarbonatlarin  saglik
acisindan dnemli tehditler igeren bisfenol-A igermesi
ozellikle gida ve tip alaninda bu malzemelerin tercih
edilmemesine neden olmaktadir. Bu sekilde herhangi
bir saglik acisindan risk olusturacak bir kimyasal
barindirmayan COC ler giiniimiizde yaygin kullanilan
polikarbonatlar  icin en  uygun  alternatifi
olusturmaktadir.
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DENEYSEL

Malzeme

Calismalarda COC  tiirevleri olarak TOPAS
firmasinin irettigi E140, 8007, 6013 ve 6017 kod
numarali farkli norbornen igerigine sahip COC’ler
kullanilirken ABS olarak LG firmasi tarafindan
iiretilen ER400 kodlu {iriin kullanilmigtir. Kullanilan
COC tiirevleri icerinde E140 en diisik norbornen
icerigine sahip elastomerik 6zellikli bir polimerken
(norbornen orami yaklagik agirlikca ~%40) diger
amorf olan 8007, 6013 ve 6017 tiirevlerinin
norbornen igerikleri sirasiyla ~%68, ~%78 ve ~%86
seviyelerindedir.



Yontem

Kompozitlerin Hazirlanmasi

Ornekler eriyik harmanlama yéntemine gére ¢ift vidali
ekstriizyon sistemi (Giilnar Makine, Tiirkiye, vida cap,
16 mm, L/D = 40) kullanilarak hazirlanmistir.
Ekstriizyonda graniil formunda elde edilen ornekler
daha sonra ise baski kaliplama yontemiyle her test igin
uygun boyutlarda film Ornekleri hazirlanmstir.
Hazirlanan o6rneklerin igerikleri ve isimlendirmesi
Tablo-1"de verilmistir.

Tablo 1. Ornek isimlendirmeleri ve icerikleri

N " Types of coc ABS B _ Types of cocC ABS
sample Code R SO0 oty | SampleCode RO SO ety
COC(E140) 100 COC(6013) 100 0
(E140)90-ABS10 90 10 (6013)90-ABS10 90 10
80 20 (6013)80-ABS20 80 20
€oC 65 35 (6013)65-ABS35 coc 65 35
(E140) 50 50 (6013)50. S50 (6013) 50 50
(E140)3. S65 35 65 (6013)35-ABS65 35 65
(E140)20-ABS80 20 80 (6013)20-ABS80 20 80
(E140)10-ABS90 10 90 (6013)10-ABS90 10 90
ABS 0 100
COC(8007) 100 0 COC(6017) 100 0
(8007)90-ABS10 90 10 (6017)90-ABS10 90 10
(8007)8¢ 80 20 (6017)80-ABS2 80 20
(8007)6: cocC 65 35 S cocC 65 35
(80 (8007) 50 50 (6017) 50 50
(8007)35-ABS 35 65 35 65
(8007)2¢ 3S! 0 80 20 80
(8007)10-ABS90 10 90 10 90

Test ve Analizler

Hazirlanan orneklerin  morfolojik 6zellikleri FEI
Quanta FEG 450 marka taramali elektron mikroskobu
(SEM) ile incelenmistir. Orneklerin reolojik 6zellikleri
ise 25 mm c¢apa sahip paralel plaka ile donatilmis
dinamik rotasyonel reometre (Discovery Hybrid
Rheometer-1, DHR-1, TA, USA) ile belirlenmistir.
Reolojik dl¢limlerde frekansa bagl olarak viskoelastik
parametrelerin Olgiilmesinden Once orneklerin lineer
davranis gosterdigi lineer viskoelastik alan (LVA)
uzunluk tarama testi ile belirlenmis daha sonra da bu
alan igerisinde frekans tarama testi (frequency sweep
test) gergeklestirilmistir. Uzunluk tarama testi 10 rad/s
acisal  frekans degerinde  %0,1-%20 arasinda
gerceklestirilirken frekans tarama testi %1 sabit uzama
oraninda 100-0,1 rad/s agisal frekans araliginda
gerceklestirilmistir. Dinamik mekanik analiz testleri
kat1 haldeki filmlerin dinamik mekanik analizine imkéan
tantyan 6l¢im sistemi TA-DHR1 hibrit reometresine
takilarak 1 Hz frekansta 30-200 °C arasinda
gergeklestirilmistir.

DENEYSEL SONUCLAR/TARTISMA

COC(E140), COC(8007), COC(6013) ve COC(6017)
ile ABS iceren ve COC/ABS bilesimi 35/65, 50/50,
65/50 olan Orneklerin farkli biiylitmelerdeki SEM
goriintiileri sirasiyla Sekil 2(a-f)-5(a-f)’de verilmistir.
Oncelikle farkli norbornen igerigine sahip COC
tirevleri kullanilarak hazirlanan biitiin serilerdeki
COC/ABS oran1 35/65 ve 65/35 olan drneklerin damla
matriks morfolojisine sahip oldugu goriiliirken 50/50
olan bilesimlerin hepsinde es-stirekli fazin olustugu
goriilmektedir. Fazlar aras1 yapisma ve uyumlulugun
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ise COC/ABS oran1 ve COC fazin norbornen
igerigine gore farklilastig1 dikkat ¢ekmektedir.

Sekil 2. ABS/COC(E140) serisi harmanlarin SEM
goviintiileri (a-b) (E140)35-ABS65, (c-d) (E140)50-ABS50,
(e-f) (E140)35-ABS65

Sekil 3. ABS/COC(8007) serisi harmanlarin SEM
goriintiileri (a-b) (8007)65-ABS35, (c-d) (8007)50-ABS50,
(e-f) (8007)35-ABS65



Sekil 4. ABS/COC(6013) serisi harmanlarin SEM
goriintiileri (a-b) (6013)65-ABS35, (c-d) (6013)50-ABSS50,
(e-f) (6013)35-ABS65

Sekil 5. ABS/COC(6017) serisi harmanlarin SEM
goriintiileri (a-b) (6017)65-ABS35, (c-d) (6017)50-ABSS50,
(e-f) (6017)35-ABS65

Frekans salinim testi eriyik haldeki 6rneklerin salinimli
bir kuvvet altinda gosterdikleri deformasyonun takip
edilerek depolanan ve kayip modiil degerlerinin
uygulanan acisal frekansa bagli olarak takip edildigi ve
yapisal ve viskoelastik karakterizasyonda kullanilan bir
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testtir. Orneklere uygulanan frekans salimm testi
sonucunda elde edilen G' ve G" degerlerinin agisal
frekansa bagli olarak degisimleri sirastyla Sekil 6 ve
Sekil 7°de sirasiyla verilmistir. Sekil 6(a-d)’de tiim
harmanlarin = G'-0 degerlerinin  degisimi  biitiin
orneklerin yiiksek frekans bolgesinde benzer modiil
degerlerine sahipken diigiik frekans bolgesinde
bilesime bagl olarak farklanmalarin ortaya ciktigi
goriilmektedir. Bu yiizden, literatiirle uyumlu olarak
da, yapisal analizde diigiikk frekans bdlgesindeki
modiil degerleri incelenmistir. Diisiik frekanstaki
modiil degerlerinin degisiminin incelenmesinde G'-®
grafiklerinin terminal bdlgedeki egimlerindeki
degisim ve Ol¢giim alinan en disik frekans
degerindeki sayisal degisim temel incelenen iki
parametre olmustur. Sekil 6(a) iizerinde kirmizi
cizgilerle gosterilen bolgedeki egim degerleri
incelendiginde E140, 8007 ve 6013’iin kullanildig
harmanlarda bilesime bagli olarak dikkate deger bir
degisim  goriilmezken 6017 serisi COC’nin
kullanildigr harmanlarda kompozitlerdekine benzer
sekilde artan COC ile giderek frekanstan bagimsiz bir
modiil degeri elde edilmistir.

Sekil 6. Harmanlarim G’-w grafikleri (a) COC-E140, (b)
COC-8007, (c) COC-6013 ve (d) COC-6017 serisi

Sekil 7. Harmanlarm G’ ’-o grafikleri (a) COC-E140, (b)
COC-8007, (c) COC-6013 ve (d) COC-6017 serisi

ornekler



Sekil 8. (a) Ghel. ve (b) G'"rel. degerlerinin ABS icerigiyle
degisimi

Modiil degerlerindeki degisimin daha kantitatif olarak
degerlendirilmesi amaciyla Sekil 8(a-b)’de odlgliim
yapilan en diisiik frekans degerindeki (0.1 rad/s) G'rl ve
G"e1 degerlerinin yapidaki ABS igerigine bagl olarak
degisimi verilmigtir. G'rel ve G"r ilgili 6rnegin 0.1 rad/s
acisal frekans degerindeki G' ve G" degerlerinin 6rnekte
bulunan COC ¢esidinin yine 0.1 rad/s’deki G' ve G"
degerlerine boliinmesi ile elde edilmistir. Normal
kosullarda polimer fazlar arasi etkilesimler ihmal
edildiginde harman bilesiminin degismesi ile her seri
icin modiil degerlerinin lineer bir degisim gostermesi ve
kesikli ¢izgileri takip etmesi beklenir. Kesikli ¢izgilerin
tizerinde bir egri olusmasit modiil degerlerini pozitif
etkileyen fazlar arasi giicli bir etkilesim olarak
degerlendirilirken kesikli c¢izgilerin altinda bir egri
olugmasi ise modiil degerlerini negatif etkileyen zayif
fazlar ~ arasi  etkilesimin = gostergesi  olarak
degerlendirilmektedir. Bu kapsamda (E140)/ABS,
8007)/ABS  ve  (6017)/ABS  harmanlarindaki
etkilesimlerin (6013)/ABS harmanlarina oranla daha
kuvvetli oldugu degerlendirilebilir.

Sekil 9. E’ degerlerinin sicaklikla degisimi (a) COC-E140),
(b) COC-8007, (c) COC-6013 ve (d) COC-6017 serisi

ornekler

Orneklerin  Sekil 9°da verilen DMA sonuglar
incelendiginde ise camsi gegis sicakligimin altinda
mekanik anlamdaki gelismenin  smirli  oldugu
goriilirken ABS’in camsi gecis sicakligi iizerinde
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ozellikle COC(6013) ve COC(6017) ile hazirlanan
harmanlarda 6nemli bir artis dikkat ¢cekmektedir.

GENEL SONUCLAR

Calismada yapilan test ve analizler ABS yapiya farkli
COC tiirleri katilmasiyla farkli 6zelliklerin ¢ift yonlii
olarak degistirilebilecegini gdstermistir. Burada
belirleyici olan ise harmana eklenen COC’nin
yapisindaki norbornen monomerinin miktarinin
oldugu goriilmiistiir. Ornegin yiiksek norbornen
iceren COC(6017) kullanildiginda mekanik 6zellikler
o6nemli sekilde artarken yapisal uyumsuzluk daha
etkili bir sekilde ortaya ¢ikmistir. Ote yandan diisiik
norbornen igerigine sahip COC(E140)
kullanildiginda daha diisiik modiil degerleri ancak
daha uyumlu bir polimer harman elde edilmistir.
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PURPOSE

The aim of the study is the preparation of silica acrogels using the hydro(solvo)thermal synthesis assisted sol-gel
method, the preparation of SiO2, carbon particle-added silica aerogels, and the investigation of their potential use
in the environment and energy fields.

ORCID NUMBERS

SOMAKILLI, Seyda (0000-0002-8664-7475)
BUTUN SENGEL, Sultan (0000-0001-7036-2224)
BUTUN, Vural (0000-0003-4542-5080)

REFERENCES

1. Tang, Q., Wang, T., 2005, Preparation of silica aerogel from rice hull ash by supercritical carbon dioxide
drying, J. of Supercritical Fluids 35, 91-94.

2. Feng, S. H., Li, G.H., Modern Inorganic Chemistry (Second Edition), 2017, 73-104.

3. Dorcheh, A., Abbasi, M., 2008, Silica aerogel; synthesis, properties and characterization, journal of materials
processing technology 199, 10-26.

4. Mahani, A., Motahari,S., Mohebbi, A.,2018, Sol-gel derived flexible silica aerogel as selective adsorbent for
water decontamination from crude oil, Marine Pollution Bulletin, 129, 438-447.

5. Gu, H., Zhang Q., Gu, J., Li N., Xiong, J., 2018, Facile preparation of super hydrophobic silica nanoparticles
by hydrothermal-assisted sol—gel process and effects of hydrothermal time on surface modification, Journal of
Sol-Gel Science and Technology, 87:478—485.

6. Sheng, C., Liu X., Liu, Y., Shen, X., Lin, B., Han G., Wu, Z., 2010, Adsorption properties of nitrobenzene in
wastewater with silica aerogels, Science China Technological Sciences, 1.53 No.9: 2367-2371.

7. Hrubesh, L., Coronado, P., Jr, J., 2001, Solvent removal from water with hydrophobic aerogels, Journal of
Non-Crystalline Solids 285, 328-332.

179



PAN/TiOz2 Nanocomposite Embedded Poly[(2-
dimethylamino)ethyl Methacrylate] Cryogels for

Separation and Purification Technologies
BUTUN SENGEL, Sultan', GOKKUS, Kutalmis?, KEYIK, Kubra®, BUTUN, Vural®
"Eskisehir Osmangazi University, Faculty of Engineering and Architecture, Department of
Biomedical Engineering, Eskisehir, 26480, Turkey, > Kastamonu University, Department of
Environmental Engineering, Kastamonu, 37150, Turkey, *Eskisehir Osmangazi University,
Faculty of Science and Letters, Department of Chemistry, Eskisehir, 26480, Turkey
sultanbutun.sengel@ogu.edu.tr

PURPOSE

The aim of this study was to prepare high surface area nano-sized polyacrylonitrile (PAN) particles and their
nanocomposite with TiO2 (PAN/TiO2) by using electrospraying method and to use it in super porous composite
cryogel preparation using pH responsive monomer, 2-(dimethylamino)ethyl methacrylate. The cryogel composite
was synthesized via cryogelation method by including the PAN/TiO:2 nanoparticle within polymeric matrices
before cryogelation.
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AMACLAR

Poliftalamid malzemelerin yiiksek cam elyafile takviye
edilmek istendiginde malzemelerin yiiksek ergime
sicakligina sahip olmasi ve ergiyik akisinin diigiik
olmasindan dolay1 iyi karigmama problemleri ve
enjeksiyon ile kaliplama prosesinde zorluklar ile
karsilasilmaktadir.

Yiiksek ergime sicaklifi sebebiyle ekstriizyon ve
enjeksiyonla kaliplama siireglerinde de bu yiiksek
sicakliklara gereksinim duyulmaktadir. Ekstriizyon
tiretiminde yiiksek makine torkuna ihtiyag duyulmakta
ve karmasik tasariml kaliplarda kompozit kaliplanmasi
istendiginde  enjeksiyonla  kaliplamada  zorluk
yasanmaktadir.

Bu sebeple ergiyik akiskanligi yiiksek islene bilirligi ve
kaliplana bilirligi  kolaylastirtlmig bir malzemeye
gereksinim duyulmaktadir.

GiRiS

Poliftalamid malzemeler aromatik poliamidlerin
spesifik tiirleri arasina girmektedir. Sahip olduklar
aromatik bilesenlerinden ve yari kristalin yapilarindan
dolayr yiiksek 1s1 dayanmmmi ve yiiksek mekanik
ozelliklere sahiptirler. Poliftalamidler poliamidlere
gore diisik nem ¢ekme Ozelligine sahiptir ve bu
ozellikleri ile birgok miihendislik uygulamasinda
kullanilmaktadir.

Dolgusuz bir poliftalamid malzemede 2800 MPa elastik
modiilii, 90 — 95 MPa araliginda kopma mukavemeti
gibi  mekanik  Ozellikler — goriilmektedir  [1].
Poliftalamidlerin sahip olduklari bu o&zellikleri cam
elyaf gibi elyaf takviyeleri ile c¢ok daha yiiksek
degerlere ¢ikartilabilmektedir.

Agirlikga %50- %55 gibi yiliksek cam elyaf yiikleme
oranlarinda  erigilebilen = mekanik ve  termal
ozellikleriyle basta otomotiv ve makine sanayi
alanlarinda bu kompozitler dikkat ¢cekmektedir. Yiiksek
mekanik ve termal ozellikleriyle, metal malzemeye
gore diisiik yogunluklariyla birlikte birgok metal yerine
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uygulamada poliftalamid temelli kompozitler tercih
edilmektedir. [1]

Cam elyaf takviyeli poliftalamid kompozitlerin sahip
oldugu yapi, mekanik ve termal 6zellikleri sebebiyle
malzemelerin ekstriizyon ve enjeksiyon prosesleri,
elyaf takviyeli poliamid gibi diger termoplastik
matrisli kompozitlere gore zorlagmaktadir. Yasanan
bu zorluklar sebebiyle ekstriizyon ile karigim
hazirlama siirecinde makine kovan sicakliklarinin
yiikseltilmesi gerekmektedir. Kovan sicakligi 310-
330 °C sicaklarina kadar yiikseltilmesine ragmen
makine zorlanmalari ve yeterli karistiramama
problemleri goriilebilmektedir . Karistiramama
problemleriyle 6zellikle cam elyaf dolgulu kompozit
malzemelerde cam elyaflarin matris malzeme
icinde iyi dagilmamasi durumunda malzemeden
beklenen mekanik 6zelliklerde diismektedir.

Enjeksiyonla kaliplama proseslerinde ise
karmagik(kompleks) tasarimlarda kullanilan kalibin
dolduramama ve diisiik yiizey kalite problemleri ile
karsilasila bilinmektedir. Poliftalamid malzemelerin
yiksek ergime sicaklifi sebebiyle enjeksiyon
prosesinde  kovan  sicakliklarmm  310-330°C
seviyelerinde yiikseltilmesi gerekmektedir. Yiiksek
kovan sicakliklar1 haricinde kalip sicakligi da
artirilmakta, 100°C’nin iizerinde kalip sicakliklarina
ihtiya¢ duyulmaktadir. Kalip 1sisinin 100°C {izerine
yiikseltilmesi i¢in yagli kalip 1siticilarina sahip
sistemlere ihtiya¢ duyulmaktadir. Belirtilen bu
yiiksek  sicakliklarda  dahi  yiiksek  yiikleme
oranlarinda cam elyaf takviyeli kompozit
malzemelerin ~ karmasik  tasarimli  kaliplarla
sekillendirmelerinde akiskanlik problemleri
goriilebilmektedir B1.

DENEYSEL

Malzeme

Yapilan bu caligmada agirlikga %50 ve %60 cam
elyaf yiikleme oranlarinda, iki farkli kompozit
iretilmistir. Bu iki yiikleme oraninda karsilagtirma
yapilabilmesi i¢in oOnce malzemeler akigskanlik
ozellikleri gelistirilmemis standart 6zellikte; sonra



akiskanlik ozellikleri gelistirilmis kompozit
malzemeler olarak siniflandirilarak hazirlanmugtir.

Yontem

Ergiyik  akigskanliklarinin  modifikasyonlar1  ile
ekstriizyon prosesinde (ekstriizyon makinesinde) ayni
iiretim parametreleri segilerek makine zorlanma
yilizdeleri karsilastirilmistir.  Enjeksiyonla kaliplama
prosesinde ise malzeme akiskanligr gelismelerini
gozlemleyebilmek igin spiral tasarimi olan bir kalip
kullanilmigtir. Kullanilan bu kalipta yapilan enjeksiyon
baskilarinin ne kadar uzun oldugu belirlenerek
kiyaslanmigtir.

DENEYSEL SONUCLAR/TARTISMA

Uretimi  gergeklestirilen 2 farkli kompozit deney
grubunda, ekstiiriizyon isleminde ekstriider
parametreleri kendi aralarinda sabit tutulmustur.
Kullanilan  ekstriider parametreleri Tablo 1°de
gosterilmektedir.

Tablo 1 : Ekstriider Uretim Parametreleri

Uretim Hizi: 30kg/saat

Vida Devri: 600 RPM
EPLAMID HTO02 | Kovan Isilari: 305 -
GFR 60 NC 315°C

Uretim Hiz1: 25kg/saat

Vida Devri: 650 RPM
EPLAMID HT00 | Kovan Isilari: 305 -
GFR 50 NC 315°C

Yapilan bu deney gruplarina ait ekstriider zorlanmalar1

% olarak belirlenmis, Sekil 1 ve Sekil 2’de
gosterilmistir. %60 cam elyaf dolgulu standart
malzemenin ekstiizyon siirecinde %75 zorlanma

gozlenirken akiskanligi gelistirilmis malzemede bu
oran %65’e diismiistiir. %50 cam elyaf dolgulu standart
malzemenin ekstiizyon siirecinde ise %72 zorlanma
goriiliirken akigkanligi gelistirilmis malzemede bu oran
%62’e diigmiistiir.
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Ekstriizyon Makine Zorlanmasi (%)
100%
80%
60%
40%
20%
0%

Standart Malzeme Gelistirilmis Yeni Malzeme
EPLAMID HT02 GFR 60 NCEPLAMID HT02 GFR 60 NC

Sekil 1 : EPLAMID HT02 GFR 60 NC Ekstriizyon
Makine Zorlanma Degerleri

Ekstriizyon Makine Zorlanmasi (%)
100%
80%
60%
40%
20%
0%

Standart Malzeme Gelistirilmis Yeni Malzeme
EPLAMID HT00 GFR 50 NCEPLAMID HT00 GFR 50 NC

Sekil 2 : EPLAMID HT00 GFR 50 NC Ekstriizyon
Makine Zorlanma Degerleri

Yapilan spiral akis Testi sonuglar1t Sekil 3 ve
Sekil 4°de gosterilmistir.

Spiral Akis Testi

Gelistirilmis Yeni Malzeme
EPLAMID HT02 GFR 60 NC

20 25 30 35 40

Standart Malzeme
EPLAMID HT02 GFR 60 NC

45 50

Sekil 3 : EPLAMID HT02 GFR 60 NC Spiral Akis Testi
Sonuglari



Spiral Akis Testi

Gelistirilmis Yeni Malzeme

0 25 30 35

NC

Standart Malzeme
EPLAMID HT00 GFR 50
NC

2 40

Sekil 4 : EPLAMID HT00 GFR 50 NC Spiral Akis Testi
Sonuclari

GENEL SONUCLAR

Yapilan bu calismada gelistirilen malzemeler ile
ekstriizyon prosesinde makine zorlanmalarinin
azaltildigi goriilmiistiir. Bu sayede ekstriider kovanlari
icerisinde cam elyafin matris i¢inde daha kolay bir
sekilde karistig1 belirtilebilir.

Calismanin  ikinci asamasinda ise es enjeksiyon
parametreleriyle  spiral  seklindeki  bir  kaliba
malzemelerin doldurulmas: saglanmis ve gelistirilen
malzemenin kalip i¢cinde daha ¢ok yol alarak kalip
icindeki akigkanliginin gelistirildigi gézlemlenmistir.

SONRAKIi DONEM CALISMALARI

Yapilan c¢alismada kompoizt igindeki malzemelerin
akigkanligi arttirilarak  ekstriizyon ve enjeksiyon
prosesindeki gelistirmeleri poliftalamid matrislerde
saglanmistir. Bundan sonraki calismalarda poliester
gruplarindaki malzemelere de benzer uygulama
caligsmalar1 gergeklestirilecektir.

KAYNAKLAR
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Elektro-iifleme Yontemi ile Elde Edilen Nanolifli Filtre

Yapilarinda Cozelti Iletkenl

ow e (]

iginin Filtre Performansi

Uzerine Etkisi
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AMACLAR

Giliniimiizde nanolifli yapilar, yaradrtiileri, kompozit
katmanlari, pil yapimu, filtre tiretimi gibi birgok alanda
kullanilmaktadir. Nanolifli yapilar, son zamanlarda
yasanilan pandemi durumundan 6tiirii  koruyucu
ekipman olan yiliz maskelerinin iiretiminde kullanilan
filtre kumaslarinin iretiminde, kritik bir yere sahiptir.
Bu calismada, yiiksek performansli nanolifli filtre
kumasi tiretimi i¢in yeni bir {iretim yontemi olan
elektrik alanli ¢o6zeltiden iiflemeli nanolif iiretim
(electroblowing, elektro-lifleme, ESB) sistemi
kullanilarak iletken ¢ozeltilerin nanolif tiretim durumu
incelenmigtir. Sistemde bulunan elektrigin daha ince
lif yapisint olusturabilmesi i¢in kullanilan ¢6zeltinin
iletkenliginin artirilmasi ile daha yiiksek filtre
kalitesine sahip filtre kumas yapilarinin elde edilmesi
amaglanmstir.

GiRiS

2019 yilinda Cin’in Wuhan sehrinde ortaya ¢ikan ve
tiim diinyay: etkisi altinda alan koronaviriis pandemisi,
hava temizligi ve yliz maskesi kullaniminin énemini
gbzler Oniine sermistir. Mevcut yiiz maskelerinin
performansini artirmak amaciyla, maske malzemesinin
filtrasyon ozelliklerini iyilestirme iizerine ¢alismalar
yapilmustir.

Istenen performans ozelliklerini saglamasi igin
nanolifli yapilar tercih edilmistir. Tebyetekerwa vd.
tarafindan nanolifli yapilarin sahip olduklari yiiksek
porozite ve yiizey alani sebebiyle yiiz maskelerinin
nefes aldwrabilirlik ve filtrasyon performansi
ozelliklerini artirdigi belirtilmistir. Bu  6zellikleri
saglayacak nanolif iiretim sisteminin ise parametre
degisimi ile lif morfolojisinin kolaylikla kontrol
edilebilen ‘elektro iiretim ydntemi’ nin oldugundan
s6z edilmistir'. Ancak bu sistem, diigiik liretim hizina
sahip olmasindan dolay1r alternatif sistemlerin
tasarlanmasini gerektirmistir.

Lif tiretim hizinin ylikseltilmesi i¢in basingli hava
kullanimina dayanan ¢ozeltiden {ifleme sistemi
gelistirilmis, ancak bu sistemde kullanilan hava liflerin
daginik toplanmasina ve ¢ogu kez de parcalanarak kisa
lifler olmasma yol agmustir. Her iki sistemdeki
dezavantajlarin ortadan kaldirilip, avantajli yonlerinin
kullanilabilmesi igin hibrit bir sistem olan elektro-
iifleme sistemi gelistirilmistir?.

GUNGOR, Melike, (0000-0002-2124-3787)
SAGIRLI, Merve Nur (0000-0001-8050-4732)

IMDAT, Kadir (0000-0002-6829-9438)
KILIC, Ali (0000-0001-5915-8732)
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Elektrik alanli nanolif {iretim sistemlerinde, polimer
¢ozelti jeti lizerinde etkili olan Coulomb kuvvetleri,
jetin incelerek lif haline gelmesini saglamaktadir. Bu
kuvvetin artirtlmasi, jet iizerinde daha fazla yiik
birikmesine, dolayisiyla daha ince liflerin iiretilmesine
yol agmaktadir. S6z konusu artirmanin da, ¢ozelti
iletkenligini artirarak saglandigi belirtilmistir>.
Nanolifli filtre liretimlerinde, diigiikk maliyetli, iistiin
mekanik Ozelliklere sahip ve geri doniistiiriilebilir bir
malzeme olan poliamid 6 (PA6) tercih edilmistir®.
Cozelti ve malzeme iletkenligini artirmak i¢in pek ¢ok
calismada maliyetsiz bir tuz olan ve pek ¢ok ¢oziiciide
¢Oziinebilen lityum kloriir (LiCl) kullanilmistir>7.

Bu calismada, yiiksek performans filtre ozelligine
sahip nanolifli yiiz maskesi kumaginin elde edilmesi
icin, avantajli bir {iretim yontemi olan elektro-iifleme
kullanilmistir. Uretilecek malzemenin 6zelliklerinin
iyilestirilmesi amaciyla, polimer c¢ozeltisine LiCl
eklentisi yapilarak iletkenligi artirtlmustir. Elde edilen
yapilarin filtre performanslari incelenmistir.

DENEYSEL

Malzeme

Bu ¢aligmada polimer olarak Poliamid 6 (PA6, BASF
Ultramid B27), ¢o6ziicii olarak olarak 2:1 oraninda
asetik asit (AA, %99,9, TEKKIM) ve formik asit (FA,
%85, TEKKIM), iletken ajan olarak ise lityum kloriir
(LiCl, Zag) kullanilmigtir.

Yontem

Oncelikle PA6 polimeri ile %10 konsantrasyona sahip
¢Ozelti hazirlanmistir. Daha sonra ¢oOzelti igerisinde
farkli oranlarda (% 0, 0.2, 0.6 and 1) LiCl eklenerek
iletken ¢ozeltiler elde edilmistir. Hazirlanan herbir
¢ozelti ile 4 m/sa sarim hizinda ve ayr1 ayr1 0, 10, 20,
30 kV degerlerinde elektrik alan kullanarak tiretimler
yapitlmigtir. Nanolif {iretimi ESB sistemi (Areka
Advanced LLC) ve endiistriyel tip boya tabancasi
kullanilarak 45 cm nozul-toplayici mesafesinden 50
L/dk toplayici vakum hizi, ve 3 bar hava basinci ile
gerceklestirilmigtir.  Uretim  sitemi  Sekil 1’de
gosterilmistir.



Sekil 1. Endiistriyel elektro-iifleme nanolif iiretim
sisteminin sematik gosterimi.

Hazirlanan ¢ozeltilerin viskozite ve iletkenlik degerleri
olciilmiistiir. Uretilen liflerin 1if morfolojisi igin
taramali elektron mikroskobu (SEM) ve yapisindaki Li
varligimni tespit etmek i¢in ise Enerji Dagilimli X-Ray
(EDX) analizleri yapilmistir. Ayn1 zamanda iiretilen
filtre kumasg yapilarinin filtre performanslarimin tayini
icin her bir iiretime filtrasyon testi yapilmis ve filtre
kalite degerleri  hesaplanmustir. Kumaglarin
gozeneklilikleri hakkinda yorum yapabilmek i¢in hava
gecirgenlik degerleri de ASTM D737 standardina gore
Ol¢lilmiistiir.

DENEYSEL SONUCLAR/TARTISMA

Tablo 1 incelendiginde ¢ozelti igerisindeki LiCl
oraninin artmasi ile ¢dzeltilerin viskozite degerlerinin
ve iletkenlik degerinin arttig1 goriilmektedir.

Tablo 1 Cozeltilere ait viskozite ve iletkenlik degerleri

Viskozite | ; Co%eltl | Cozelti

Numune (mPa.s) Hletkenligi Slc?kllgl
(uS) O
OLi-10PA6 155,4 329,4 23,2
0,2Li-10PA6 183,9 888 26,2
0,6Li-10PA6 203,4 1428 26,4
1Li-10PA6 240,6 2000 25,6

Uretimlere ait SEM  goriintiileri  Sekil 2’de

verilmektedir. SEM  goriintiileri  incelendiginde

kullanilan nozulun tabanca formatinda olmasindan
kaynakli olarak, yapilan iiretimlerde nanolif yapisinin
haricinde damlaciklarin ii¢ boyutlu kiitle seklinde
oldugu goriilmektedir. LiCl oran arttik¢a iletkenligin
artmasina bagli olarak bu damlaciklarin birbirine
yapisarak film yapis1 olusturdugu da SEM goriintiileri
incelendiginde  anlasilmaktadir. Viskozitenin
artmasina bagli olarak Liflerin lif ¢aplarinda artis
meydana gelmistir.
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Sekil 2. Numunelere ait SEM goriintiileri (biliyiik SEM
goriintiileri i¢in 500 X biyilitmede, kiicik SEM
goriintiileri i¢in 5 kX biiyiitmede goriintiiler alinmstir.

Sekil 3’te tiim iiretimlere ait filtre verimi ve QF egrisi
grafigi yer almaktadir. Uretimlerde nanolif yapisinin
haricinde damlaciklarin ii¢ boyutlu kiitleler halinde yer
almasi, gozenekli ve lifli bir film yapisi1 ortaya
getirmistir. Bu sebeple bu OLiPA60kV numunesinden
yiiksek filtre performans: elde edilmistir. Grafige gore
%0,2’nin tizerinde LiCl katkisinin, filtre verimini ¢ok
etkilememesine ragmen basing farkini arttirdigindan
QF degerini diistirdiigii goriilmektedir. Ayn1 zamanda
elektrik alan, lif formuna gegemeyen bu ii¢ boyutlu
yapilarin daha fazla lif olmasindan ziyade elektrik
yiiklenmesinden kaynakli olarak iiretimde elektrik
alanin varlig filtre verimini degistirmemesine ragmen
filtre basing farki degerini arttirmigtir.

Sekil 3. Numunelerin filtre verimliligi ve kalite faktorii
grafigi



LiCl katkisi olmayan PA6 ¢ozeltisi ile yapilan
iiretimlerde elektrik voltajmin artmast ile iiretilen filtre
kumasinin  filtre veriminde o6nemli degisiklik
olmamasina ragmen filtre basing farki degeri artmustir.
SEM goriintiilerinden ¢ok anlagilmasa da bu durumun,
makinenin toprak kablosunun nonwoven kumagin
hemen altindan yapilmasina ve 10 kV elektrik alanda
bile biiyiikk ¢ekim kuvvetlerinin olugmasina bagl
olarak nanoliflerin nonwoven kumasin igerisine kadar
yerlesme davranigi sergilemesinden kaynaklandigt
diigiiniilmektedir. Bu sebeple gozeneklerin daha fazla
kapanmasina neden olmustur.

Sonug olarak elektrik alan ve LiCl oram arttik¢a daha
fazla film yapisi olugsmustur. Bu da daha diisiik kaliteli
kumaslarin olugmasina neden olmustur. 0,2 LiCl
katkili iiretimden 10 kV elektrik alan uygulanarak
yapilan {iretimden verimli sonuglar alinmistir. Bu
sebeple 0,2 LiCl uygun konsantrasyon olarak
secilmistir.

GENEL SONUCLAR

Bu caligmada, elektriksel iletkenligi artirilmig
cozeltilerden elde edilen nanolifli nonwoven yapilarin
filtre performansi incelenmistir. Nanolif iiretiminde,
hibrit bir sistem olan elektro-iifleme yontemi
kullanmilmig, farkli voltaj degerlerinde iiretimler
yapilmigtir. Yapilan tretimlerde, ¢ozelti iletkenligi
arttikga, toplayict iizerinde film yapisinin olustugu
goriilmiistiir. Uretilen yapilarda, iletken ajan olan LiCl
miktar1 arttikga filtre verimi aymi kalirken basing
farkinin yiikseldigi tespit edilmistir. Bunun sebebinin
ise toplayici nonwoven’in hemen altina yerlestirilen
iletken g¢ubugun etkisiyle polimer ¢dzeltisinin
nonwoven’in gbzenekleri arasina niifuz etmesi oldugu
tahmin edilmistir.

SONRAKI DONEM CALISMALARI

Yeni ¢ozelti parametreleri ile elektrik akim
parametrelerinin  de  diizenlendigi bir sistem
kullanilarak iretilecek olan kumasglarin
karakterizasyonunun yapilmasi hedeflenmektedir.

TESEKKUR/BILGILENDIRME/FON KAYNAGI
Bu calisma, TUBITAK tarafindan 118M035 kodlu
proje dahilinde desteklenmistir. Yazarlar ayrica
endiistriyel Olcekli elektro-iifleme sistemi
AeroSpinner E1.0’1n saglayicisi olan Areka Filtrasyon
Teknolojileri Ltd. Sti’ye tesekkiirii bir borg bilir.
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Elektro-egirme Yontemiyle Grafen Takviyeli Polivinil Alkol
Nanoelyaflarin Mekanik Ozellikleri
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AMACLAR

Bu calismada elektro-egirme metodu kullanilarak
agirlikca % 1 oraninda grafen takviyeli/takviyesiz
polivinilalkol (PVA) nanoelyafin iretimi
gergeklestirilmistir.  Takviyeli/takviyesiz ~ iiretilen
nanoelyafin, statik yiikleme altinda ASTM D 882-02
standardina gore c¢ekme deneyleri yapilarak c¢ekme
dayanimu, elastiklik modiilii ve birim sekil degisimleri
incelenmigtir. PVA ve grafen katkih PVA
nanoelyaflarin g¢aplar1 ve boncuklasanin izlenebilmesi

amactyla taramali elektron mikroskobu (SEM)
goriintiileri de incelenmistir.

GiRiS

Polimerler, yasantimizda vazgegilmez bilesenleri

olmalarmin yam sira yeni malzemelerin de temel
unsurlarindan biridir. Polimerler son zamanlardaki
caligmalara bagli olarak farkli plastik, lif, elastomer
tiirlerinin sentetik olarak tiretilmesi ve kullanilmasi ile
insan yasamini kolaylastiran 6nemli malzemeler haline
gelmistir. Polimerler; hafif, ucuz, yeterli mekanik
ozellikleri, kolay islenebilir, yiiksek 1s1l ve elektriksel
ozelliklere, yiiksek kimyasal ve korozyon direncine
sahiptirler?.

Poli(vinil alkol) (PVA), suda c¢oziinebilen bir
polihidroksi polimer olup diinyada en fazla iiretilen
reginedir. Milkkemmel kimyasal direng, fiziksel
ozellikler ve biyolojik bozunabilirlik PVA'nin genis
uygulama alanlarina yonlendirilmesine neden olmustur.
Ayrica su ve biyolojik sivilarda yiiksek oranda sisme
ozelligi gostermesi, elastik yapisi; kontak lensler, deri,
yapay kikirdak ve ilag salimm sistemleri gibi ¢esitli
uygulamalarda biyomateryal olarak kullanimina olanak
saglamaktadir?.

Polimer esasli nanoelyaflarin iiretimi i¢in en etkin
yontem elektro-egirme  yontemidir.  Elektrospin
yontemi nanoelyaf elde etmek i¢in kullanilan kolay ve
ucuz bir teknik olmasinin yaninda ¢aplari nano boyutta
(10 nm- 500 nm) olan fiber yapilar {iretmeyi olanak
saglamaktadir. Bu yodntemle pek c¢ok polimerden
yiikksek 6zgiil/yiizey alani, yiiksek en / boy orani ve
yiiksek gozeneklilik gibi 6zelliklerden dolayi, PAN',
PVA®* Naylon-6,6!, elektro-egirme teknolojisinin
geligtirilmesinde ~ bol  miktarda  polimer  ve
inorganik/polimer nanoelyaflar arastirilmigtir'!. Bu
nanoelyaflar filtrasyonda, nano-elektronikte, koruyucu
giysilerde, kompozit malzemelerde, doku iskelesi, optik

sensor vb. alanlarda dikkat ¢ekici uygulamalar sergiler>
9; 6-8; 13

EKREM, Miirsel (Orcid No: 0000-0001-5324-7929)
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Bu c¢alismamizda polivinilalkol (PVA) ¢ozelti
icerisine agirlikga % loraninda nano grafen ilave
edilmistir. Hazirlanan bu ¢6zeltiden 5 ml ¢ozelti 0.8
mm uglu enjektor ile elektro-egirme yontemiyle PVA
nanoelyaflarin tretimi gerceklestirilmigtir.
Takviyeli/takviyesiz iretilen nanoelyaflar, statik
yiikleme altinda ASTM D 882-02 standardina ¢ekme
deneyleri yapilarak c¢ekme dayanimlari, elastiklik
modiilleri ve birim sekil degisimleri incelenmis ve bu
ozellikler PVA nanoelyaf ile Kkarsilastiriimistir.
Ayrica nanoelyaflarin ag yapili polimerlerin yiizey
gozenekliliginin, ¢apmin  ve  boncuklasmanin
izlenebilmesi amaciyla taramali elektron mikroskobu
(SEM) goriintiileri de incelenmistir.

DENEYSEL

Malzeme

Calismamizda, saflig1 % 99.5, 6zgiil ylizey alan1 150
m?/g ve elastisite modiilii ise 0.5 TPa olan nano grafen

Nanografi firmasindan temin edilmisir. PVA
polimerin oda sicakliginda saf su katilarak ¢ozelti
haline getirilebilmekte ve iyi egirme

yapilabilmektedir. PVA’nin [-CH2CHOH-]n kapali
formiilii ve ortalama molekiiler agirlig1 124 000 g/mol
olup, Sigma Aldrich firmasindan tedarik edilmistir.
Genel bir anyonik yiizey aktif madde olan sodyum
dodesil siilfat (SDS) CH3(CH2)110SO3Na kapali
formiillii, analitik saflikta olup Merck firmasindan
satin alinmis olup, molekiil agirlig1 288.38 g/mol’ diir.

Grafen Katkih PVA Nanoelyaf Uretimi

PVA ¢ozeltisi elde etmek igin dncelikle toz halindeki
10 g PVA’y1 (%10 w/w) 70 °C 1sitilmus 90 g saf su
icerisine yavas yavas ilave edildi. Bu karigim 3 saat
manyetik karigtiricidda karistirilarak PVA’nin tam
olarak ¢oziilmesi saglanmistir. Yiizey aktif madde
olan sodyum dodesil siilfat (SDS) agirlikca 1 g, saf su
ise 99 g ¢ozelti hazirlanarak manyetik karistiricida 10
dakika karistirildi. Yiizey gerilimi azaltmak i¢in her
10 g PVA ¢ozeltisine karsilik % 1°1ik hazirlanan SDS
¢ozeltisinden 1 g ilave edildi. PVA-SDS ¢ozeltisine
10 g PVA’ya karsilik agirlikca % 1 oraninda grafen
ilave edildi. Daha sonra problu homojenizator ile 5’er
dakika 15 dakika aralikli olarak buz banyosunda
karistirild.

Egirme islemine tabi tutulacak numuneler, dikey
dogrultuda donen tamburlu olacak sekilde
hazirlanmig  olan elektro egirme diizenegine



konulmustur. Sirmga pompast 1.30 mL/h siiratle,
siringa— toplag mesafesi 12 cm olarak segilmistir.
Yiiksek gerilim gii¢ kaynagt 25 kV degerine
ayarlanarak deneye baglanmistir. Deney oda
sicakliginin 26 °C oldugu bir laboratuvar ortaminda
yapilmistir. Elde edilen elyaf numuneler 1 saat 60 °C
sicakligindaki etiivde kurutulmustur.

Test Prosediirii

Elektro-egirme yontemiyle iiretilen grafen
katkili/katkisiz PVA nanoelyaflar aliminyum folyo ile
birlikte ASTM D 882-02 standartlarina gore 200x20
mm boyutlarinda hassas olarak kesildi. Kesilme
isleminden sonra aliminyum folyo nanoelyaflardan
soyuldu. Cekme ¢enelerinin  koparmamasi ve
styrilmamasi i¢in her iki tarafina ve karsilikli olarak 1.6
mm kalinliginda ¢ift tarafli poliiiretan kopiik bant ile
yapistirildi. Ayrica her bir numuneden {icer adet deney
numuneleri hazirlanmastir.

Cekme deneyleri oda sicakliginda Shimadzu AGS-X
hidrolik masa {iistii test cihazinda gergeklestirilmistir.
Yiik 6l¢iimleri i¢in 10+0.05 kN hassasiyetli yiik hiicresi
kullanildi. Cekme iglemi sirasinda cihazin hizi 15
mm/dak olarak ayarlanmustir.

DENEYSEL SONUCLAR/TARTISMA

Nanoelyaflarin Cekme Deneyleri

Grafen takviyeli ve takviyesiz PVA nanoelyaflarin
statik ¢ekme deneyleri sonucunda elde edilen tipik
gerilme-birim sekil degistirme grafigi Sekil 1.'de
verilmistir. Sekilde goriildiigii gibi PVA nanoelyafin
¢ekme dayanimi 4.29 MPa’dir. % 1 grafen takviyeli
PVA nanoelyafin ise 6.87 MPa’la % 60’lik bir artig
gostermektedir. Ayrica PVA nanoelyafin birim sekil
degistirmesi 0.21 mm/mm iken % 1 grafen takviyeli
PVA nanoelyafin ise 0.36 mm/mm ile % 71.4 atmustir.
PVA  ¢ozeltisine grafen takviyesiyle cekme
dayaniminda ve siinekligin de artis gézlemlenmistir.

Sekil 1. Nanoelyaflarin gerilme-birim sekil degistirme
grafigi

Nanoelyalarin SEM Gériintiileri
Sekil 2.’de nanoelyaflarin 5 000 X biiyiitmeli SEM
goriintiileri verilmektedir. Ayrica SEM goriintiileri
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Autocad programina yapistirilarak her bir nanoelyaf
kegelerin 10 adet en kiigiik ve en biiyiikk caplari
Olciilerek ortalamasi verilmistir. PVA nanoelyaflari
cap Olgiileri ortalama 340+24 nm, PVA+% 1 grafen
nanoelyaflarin ¢ap Olgiisii ortalama 208+18 nm,
Ol¢lilmiistiir. Ayrica SEM goriintiileri incelendigi
zaman herhangi bir boncuklagsmanin olmadig:

goriilmektedir.
Elektro-egirme isleminde  ¢ozeltinin  elektrik
iletkenligi artirilirsa, ¢ozeltinin tasidigr yiikleri

artiracaktir. Boylece diizgiin elyaflar ve daha kiigiik
caplarda elyaflar elde etmeyi saglar. PVA
nanoelyaflarin ¢ap Olgiisti, PVA+% 1 grafen
nanoelyaflarin ortalama cap Olciisiiyle
karsilagtirildiginda % 39 oraninda  diisiis
gerceklesmistir. Bu goriintiiler incelendigi zaman
PVA ¢ozeltisinin icerisine ilave edilen grafen miktar1
arttikca grafen iletkenliginden dolay1 nanoelyaflarin
caplar1 azalmgtir',

a)

b)

Sekil 2. Nanoelyaflarin SEM goriintiileri; a) PVA ve
b) 1 Grafen+tPVA

GENEL SONUCLAR

Elektro-egirme yontemiyle iiretilen grafen takviyeli
ve takviyesiz PV A nanoelyaflarin statik yiik altindaki
birim sekil degistirme miktarlar1 ve ¢ekme



dayanimlar1 tokluklar1 ¢alisilmistir. Agirlikea % 1
grafen katkili PVA nanoelyafin ¢ekme dayanimi ve
birim gekil degisimi sirastyla 6.87 MPa ve 0.36 mm/mm
elde edilmistir.ayrica 5.00KX biiyiitmeli SEM
goriintiileri incelendiginde 1grafentPVA nanoelyafin
hem ortalama cap1 diistiigii hem de boncuklagma
olugsmamaktadir.

SONRAKI DONEM CALISMALARI

Bu ¢alismanin ileri safhalarin da PVA ¢ozeltisine farkli
oranlarda nanomalzemeler ekleyerek olusturulan PVA
nanoelyaf takviyeli nanokompozitler yara
iyilestirmede, kompozit levhalarin arasina yerlestirerek
tabakalar arasmi iyilestirmede vs. kullanmay1
hedeflemekteyiz.
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PURPOSE

The aim of this study is to synthesize poly(styrene-co-glycidyl methacrylate) (PSGMA) latex and to use as additive
in poly(vinyl alcohol) hybrid nanofiber (PVA-PSGMA). Differences have been revealed by characterizing both
PVA and PVA-PSGMA nanofibers. In addition, its dye adsorption capacity has been determined by using methyl
orange dye.
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PURPOSE

In this study, it is aimed to prepare poly(vinyl alcohol)
(PVA), mono metallic PVA (PVA-Co) and bimetallic
PVA (PVA-Co/Ag) fibers by electrospinning method
and to examine the efficiency of the prepared fibers in
catalyst studies.

INTRODUCTION

Electrospinning method is a method used in the
development of polymeric fibers from microscale to
nanoscale.! This method attracts attention because it is
effective, simple, low cost, short time and has wide
application potential> PVA is commonly used
polymer for the preparation of uniform nanofibers
with electrospinning method. PVA is a synthetic
polymer with many desirable properties, including
good biocompatibility, high water solubility, and
excellent chemical and thermal stability.* It is a natural
polymer with less toxicity. When it is used as additive,
it acts as a copolymer by providing polarity for ion
migration and better dissolution. Hydroxyl groups in
its structure provide opportunity to mix it easily with
various polymer.> PVA is widely used in packaging,
biomedicine, biomedical, adhesives and fiber-
reinforced materials due to its great properties
including excellent gas barrier property, strong
mechanical properties.’

Khanikar et al.® developed an intrinsic optical fiber pH
sensor coated with a polyaniline PAN-PV A composite
layer. It was prepared by the replacement of the sensor
polymer layer with the pH dependent refractive index
as well as the multi-functional pH sensitive PANI-
PVA layer, which has absorption properties. PANI
was synthesized as a stable aqueous dispersion in the
presence of PVA and the coated film showed porous
morphology. Experimental results showed high
sensitivity at 2.79 pW/pH for the pH range of 2-9.
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BUTUN SENGEL, Sultan (0000-0001-7036-2224)
GOKKUS, Kutalmis (0000-0002-4016-4283)
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The effect of environmental temperature and ionic
strength on sensor performance was investigated,
together with the response time and reversibility for
the fabricated sensor. Finally, actual sample analysis
(tap water, baking soda, glucose, human saliva, urea
and ethanol) was performed and compared with the
traditional method to test the reliability and chemical
stability of the sensor. Besides high sensitivity, wide
dynamic range and fast response time, experimental
studies have shown that the designed sensor has
long-term stability and durability in a large number
of measurements. In the study, a sensor has been
designed to have potential applications in gas
detection due to the porous structure of the sensing
layer in water quality monitoring, biomedical and
chemistry laboratories.

Mahmodi et al. 7 synthesized ZIF-8@CS/PVA-ENF
by coating zeolytic imidazolate framework-8 (ZIF-8)
crystals with chitosan (CS)/PVA nanofibers
(CS/PVA-ENF). Characterization was done by
XRD, SEM, TEM, FTIR, TGA and BET and the
adsorption of Malachite Green (MG) dye was
studied. ZIF-8 was coated as in the first step (ZIF-
8@CS/PVA-ENF (1)), in the second step (ZIF-
8@CS/PVA-ENF (2)) and in the third step (ZIF-
8@CS/PVA-ENF (3)). In the optimization studies to
remove dye molecules from water, pH, adsorbent
dose, and initial MG concentration studies were
conducted and modeled using the most well-known
statistical tools such as artificial neural network
(ANN) and response surface methodology (RSM).
As a result of the data obtained by mathematical
calculations, it has been shown that it is in high
agreement with the Langmuir isotherm and the
kinetic data fit the pseudo-second order model. ZIF-
8@CS/PVA-ENF (2) has been shown to have a
higher Langmuir adsorption capacity (1000 mg/g)
and high chemical stability (90%) compared to other
composites.

Kim et al. '° designed a method to cross-link PVA
nanofibers in order to increase the adsorption
capacity against metal ions such as Cu*?> and Pb*2.
PV A nanofibers are cross-linked with glutaraldehyde
vapor and solution method. Morphological features
were examined by SEM and TGA analysis was



performed. The mechanical properties of the cross-
linked PVA nanofibers by solution method are
significantly improved. XRD results showed increased
crystallinity. It was observed that more hydroxyl
groups were cross-linked as a result of cross-linking
by solution method with FTIR analysis. The
adsorption capacities for copper and lead ions were
measured by ICP and it was demonstrated that the
cross-linked fibers by solution method were effective.
Equilibrium time was reduced by 1/4 compared to
uncross-linked PVA fibers, shortening the time for
metal ions removal.

Enhanced Cemented Composite (ECC) technology
mainly focuses on increasing the tensile strength of
concrete and does not significantly increase the
compressive strength of the material according to the
study.!" The reason why the value of PVA fibers
decreases is that an oil coating with 1.2% fiber weight
in PVA is applied to prevent the fiber from breaking
when the load moves. An oil coating was not provided
in this study. Also, in ECC, hand mixing is not
recommended, which may result in lower compressive
strength. The mix design adopted in this study is based
on work done in the USA, which may not be suitable
with local materials. Therefore, the proper mix design
for ECC will be enhanced by our local content
performance. Tensile properties are well demonstrated
in ECC with PVA and PP fibers.

Ruksakulpiwat et al.'?> carried out electrospinning
studies using silk fibroin (SF) and PVA biopolymers,
which can be produced as a nanofiber similar to the
collagen fiber of natural meniscus. Since moisture is
an important factor affecting the electrospinning
process, they investigated the effect of moisture on
nanofiber formation and physical properties. They
prepared a mixture of 1:3 proportioned PVA and silk
fibroin at different moisture ratios and morphology of
the prepared SF/PVA nanofibers was examined by
using field emission scanning electron microscope
(FE-SEM). They also tested their mechanical
properties using a universal testing machine and it was
shown that nanofiber diameters range was between
111429 and 90433 nm, when relative humidity
decreases, fibers have a smooth surface. They
demonstrated that while the elongation% increases
slightly with increasing humidity, the tensile strength
decreases a little.

In recent years, interest in metal nanoparticles has
been increasing in the fields of science and
technology. Metal nanoparticles become more
important because they can be used in various fields
such as sensors, catalysis and imaging. Because of
high surface energy and size impact, aggregation
problems make it difficult for long-term storage,
process and catalysis applications of metal
nanoparticles. Some protective and stabilizing agents
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(surfactants, linear polymers, biomacromolecules,
latexes, colloids, dendrimers, etc.) are used to
enhance the stability of metal nanoparticles.’
Polymer nanocomposites developed by combining
the advantages of polymer and nanoparticles with the
integration of inorganic nanoparticles into the
polymer media can be used for different purposes. In
the development of polymer nanocomposites,
forming in-situ nanoparticles into the polymer matrix
can provide homogeneity and prevent aggregation by
manipulating organic/inorganic interface interactions
at molecular and nanometer distance levels.®

In this study, PVA fiber and PVA-Co, PVA-Co/Ag
composite fibers were synthesized. It has been
shown by the catalysis study that the efficiency of
PVA fibers is increased by synthesizing the mono
metallic and bimetallic fibers of PVA.

EXPERIMENTAL

Material

Poly(vinyl alcohol) (PVA) 99% (Mw: 130000) was
supplied by Aldrich. 1-hexadecyl trimethyl
ammonium bromide (CTAB) 98% was provided by
Alfa Aesar. Sodium hydroxide 98%, 4-nitrophenol,
4-NP, 99 %, ABCR and silver nitrate 99.5% were
supplied by Sigma Aldrich. Cobalt (II) chloride was
provided by Merck. Sodium borohydride 98% was
obtained from Across Organics.

Method

PVA nanofiber synthesis: To prepare nanofiber, 10
mL of PVA solution was prepared at 90 °C and 0.05
g of CTAB was added into it. The prepared solution
was taken into a 10 mL injector and a fiber was
thrown on the aluminum foil at a distance of 12 cm
with the Inovenso Ne200 branded electrospinning
device with a speed of 1.00 mL/h and 17 kV DC
voltage.

PVA-M composite nanofiber synthesis: 10 mL of
PVA solution containing CTAB was prepared.
Different amount of cobalt ion source was added into
the solution. The pink colored polymer solution was
taken into a 10 mL injector and a fiber (PVA-Co)
was thrown on the aluminum foil at a distance of 12
cm with a speed of 0.5 mL/h and 17 kV DC voltage
with the Inovenso Ne200 branded electrospinning
device.

Additionally, bimetallic composite fiber prepared by
using Co?" and Ag" ions in same PVA solution in
dark media. After elektrospinning, fiber collected
plate was cut and immersed NaBH4 solution to
obtain PVA-Co and PVA-Co/Ag composite fiber.
The catalytic activity of PVA-Co composite fiber for
the 4-NP degradation and NaBHs; hydrolysis was
investigated.



RESULTS AND DISCUSSIONS

When the SEM image given in Figure 1 is examined,
it is seen that the PVA nanofibers obtained are in
nano-size and that nanofibers with heterogeneous size
distribution are obtained.

Figure 1. SEM image of PVA fiber.

It is known that PVA and metal nanoparticles have
advantages and many application areas. In this study,
it is aimed to expand the application areas of PVA
fibers with the addition of PVA and cobalt metal.
Synthesized PVA-Co fiber is given in Figure 2a.
When the blue fiber comes into contact with water, it
turns pink as a result of the dissolution of some of the
cobalt. When PVA-Co is immersed in a solution
containing NaBHa4, the fiber becomes black as seen in
Figure 2b as a result of reduction to metallic cobalt.
This reduction process has shown that the produced
fiber might be used for various applications such as
catalysis and hydrogen production.

Figure 2. Digital images of PVA-Co nanofiber, (a)
after spinning, dry form, (b) reduced with NaBH4, wet
form.

When the TGA curves of PVA nanofiber and PVA-Co
nanocomposite fiber were compared (see Figure 3),
the residue difference at 1000 °C between bare PVA
nanofiber and composite fiber (PVA-Co) is
determined to be 27 %.

Catalytic applications: With the rapid increase of
environmental pollution, the importance of removing
pollutants from waste water is also increasing. For this
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reason, the effect of PVA-Co fiber prepared on the
removal of 4-NP, which is one of the organic
pollutants, has been examined and it is shown in
Figure 4 that the yellow color turns colorless with
the realization of the reduction process in a short
time.

Figure 3. TGA curves of PVA nanofiber and PVA-
Co nanocomposite fiber.

Prepared nanocomposite catalyst was used in 4-NP
degradation as catalyst. Reduction reaction and
digital images of this degradation steps are given in
Figure 4.

Figure 4. Reduction of 4-NP with PVA-Co
nanocomposite catalyst.

Yellow colour of 4-NP turned to colourless with the
formation of 4-amino phenol via catalyzing by PVA-
Co. Second test reaction was NaBHs hydrolysis
reaction. The PVA-Co nanocomposite fiber used as
catalyst and the results were given in Figure 5. The



volume of hydrogen gas produced over time was
recorded. Control reaction without catalyst in the
reaction media was realized as well.
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Figure 5. NaBH4 hydrolysis reaction and effect of the
PVA-Co catalyst [5% NaOH, 60 °C, 1000 rpm, 80 mg
Co catalyst]

Results showed that the nanofiber composite was
found to be a good catalyst for the sodium borohydride
hydrolysis. Because there is no catalyst, the reaction
do not continue or do not produce hydrogen gas.

CONCLUSIONS

Electrospinning method Co-doped PVA fiber (PVA-
Co) and bimetallic PVA fiber (PVA-Co/Ag) were
produced successfully. The nanocomposite fibers were
used as catalyst in the model reaction of 4-NP
degradation to 4-aminophenol. At the same time, the
catalyst can be used as a catalyst in energy field, e.g.
hydrogen production with NaBH4 hydrolysis reaction.

SUGGESTIONF FOR FURTHER WORK

In the near future, it is planned to evaluate the reaction
parameters and calculation of the activation
parameters. Beside the catalyst performance, their
reusability and regenerations will be studied as well.
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PURPOSE

In this study, because of its chemical resistance,
thermal stability, low flammability, good mechanical
properties, low cost and easy fiber production,
polyacrylonitrile (PAN) was preferred in addition to
three different paint types (bromophenol blue, BFB,
Congo red, CR and victoria blue B, VBB) and an
organic pollutant (4-nitrophenol, 4-NP). In the light of
this information, with this study, it is aimed to obtain
smooth and beadless nanofibers with PAN polymer,
followed by modification of the membranes and
removal of BFB, CR, VBB and 4-NP with high
efficiency.

INTRODUCTION

As a result of rapid urbanization and industrialization,
people have seriously faced with water pollution
problem. Today, approximately 40% of the world's
population (more than 2.5 billion people) live in the
areas with water stress and approximately 1.2 billion
people cannot directly find clean water. In 2025, it is
estimated that 3.5 billion people will suffer from a
shortage of fresh water’®. The main problem in
experiencing this situation is that the already scarce
freshwater resources are not used and managed
correctly. In addition, the rapid development of the
world has led to both a significant increase in the
amount of known pollutants and the emergence of
many previously unknown types of pollution in terms
of water pollution®*.

Dyes, which have an important place in terms of water
pollution, are one of the most common pollutants in
wastewater due to their use in many industries such as
textile industry, leather, cosmetics, printing, indicator,
food and medicine industry, plastic and soap
production and so on*7-13:17:20,
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According to estimates, the annual paint production
is approximately 700 thousand tons and only 54% of
it reaches the environment from the textile
industry®!2, The dyes both lead to the deterioration
of the aesthetic appearance of the receiving water
environments and the reduction of primary
production by preventing the penetration of sunlight
into the water body, and the presence of nitrogen-
nitrogen double bonds and aromatic rings in the
structure of most of them make them non-
biodegradable and carcinogenic*”!"?6, On the other
hand, nitrophenols (NPs) are one of the pollutants
commonly found in wastewater of plastics,
pharmaceuticals, paper, pesticides, synthetic dyes,
insecticides, herbicides and explosive industries that
reach high concentrations in these wastewater!*!6%,
Considered by the US Environmental Protection
Agency (US EPA) as hazardous waste and priority
toxic pollutants'*!®, the degradation rate of NPs is
rather slow in wastewater treatment plants and
moderate in soil and is both acute and chronic effects
have been reported”®. Therefore, developing a
suitable solution to permanently remove dye and
NPs molecules from wastewater will greatly benefit
the environment.

Nowadays, removing dye and NPs molecules from
water sources has become not only a major
environmental issue but also a challenge. Numerous
research conducted on the removal of these
pollutants and many materials have been developed.
Although various applicable removal techniques
have been developed as a result of these researches,
not all of them are successful and even are not
suitable for application due to their disadvantages®.
In general, various methods such as adsorption,
coagulation, advanced oxidation, membrane
separation, foam flotation, precipitation, ozonation,
ion exchange, filtration, solvent extraction,
electrolysis, chemical oxidation, liquid-liquid
extraction are used in the treatment of such
pollutants'. Among these, the adsorption method
stands out due to its important advantages such as
simplicity of design and easy-to-use'. However, after



this method, a large amount of waste sludge is formed.
Thus, in recent years, research has shifted to
polymeric-based membranes that create more easily
controllable secondary waste and combine both
filtration and adsorption at the same time.

Although membrane filtration is a physical treatment
based on the removal of pollutants from micron to
nanoscale with a filter material®, it also allows
adsorption by synthesis and modification of filter
materials>'*'82! In recent years, the development and
application of nanofiber filters by using electro-
spinning method to effectively remove low-density
pollutants from wastewater has come to the fore.
Because polymer nanofibers provide a suitable
product/platform that combines the functions of both
filtration and adsorption®*. On the other hand, various
problems such as low flux, high energy cost and
clogging occur in porous conventional polymeric
membranes produced by the phase inversion method
for water filtration?®. Unlike these conventional

membranes, nanofiber membranes have many
advantages. These advantages lead to high
permeability and high adsorption efficiency for
nanofiber membranes. This enables nanofiber

membranes to be both more economical and more
efficient than conventional membranes'®?*.
Electro-spinning is the most preferred method for
producing nanofibers. Because, in this method,
continuous polymer fibers from nano size to micron
levels can be produced according to the conditions of
the process. This method is based on the principle that
the polymer jet formed by loading the polymer
solution from a needle tip applied with high electrical
power creates a fiber on the collector plate® (Figure 1).
Today, nanofiber technology has been widely
researched and used in various fields such as tissue
skeletons, textiles, protective clothing, optical
electronics, sensors, drug delivery and filtration??. For
example, Akhgari et al.? as a modern approach to the
preparation of nanofibers in colon drug delivery
systems, and Katti et al.” showed that poly(lactide-co-
glycolide) nanofibers can be used as antibiotic
delivery systems for the treatment of wounds.
Similarly, Ki et al.!! reported that nanofiber
membranes prepared by electro-spinning are very
suitable for the removal of heavy metals in water.

In this study, removal of three different dye types
(bromophenol blue, BFB, Congo red, CR and victoria
blue B, VBB) and an organic pollutant (4-nitrophenol,
4-NP) was investigated with PAN nanofiber
membranes. The basic approach here was to form
amino, thio, carboxyl, hydroxyl and similar functional
groups on the surface of PAN nanofiber structures that
can interact strongly with pollutants. Because the
presence of such functional groups in the polymer
structure can greatly increase the adsorption

198

capabilities of polymer-based membranes. For
example, Yang et al.?’ carried out two-step chemical
modification of the nanofibers they obtained with
chitosan (CS) for the adsorption of Co(Il), Cr(VI)
and Cu(Il) heavy metals. In the first stage, the
surface of the filters was activated with poly
(glycidyl methacrylate) and in the second stage, they
grafted polyethyleneimine with abundant -NH;
groups on the surface. Thus, they tried to increase
the heavy metal adsorption capacity of the filters by
increasing the amount of amine groups on the filter
surface. Martin et al.!® activated firstly the surface of
the nanofiber filters they obtained with PAN with
1.0 M HCI and then applied diethylenetriamine,
ethylenediamine and ethylene glycol to the surface
separately. Thus, they increased the number of —OH
and NH; groups on the surface. They stated with the
FT-IR results that the continuity of the nitrile groups
might be due to the fact that the —CN groups
embedded in the polymer matrix were not activated
and/or sufficient reaction time was not provided.

In the light of the above information, in this study,
PAN polymer, which has good chemical resistance,
thermal stability, low flammability, good mechanical
properties, low cost and easy fiber extraction, was
preferred. Within the scope of the study,
optimization studies were carried out with different
solution concentrations, distance between the
collector plate and tip, and electrical power
applications to obtain smooth and nano-sized fibers.
Modifications of the surfaces of PAN nanofiber
structures prepared under suitable conditions were
made by amidoxymation reaction to form amine and
hydroxyl groups that could interact with BFB, CR,
VBB and 4-NP. Thus, it is aimed to remove BFB,
CR, VBB and 4-NP with high efficiency.

EXPERIMENTAL

Material

PAN Carbosynth (MW: 150000 g/mol), dimethyl-
formamide (DMF) from VWR International LLC,
NaOH Merck, hydroxylamine, AgNOs, NaBHs,,
BFB, CR, VBB and 4-NP from Sigma Aldrich and
methanol (MeOH) from Isolab were thought.

Method

Optimization of PAN Nanofiber Structures:
Solutions with different PAN concentrations (10, 12,
14, 16 and 18%) were prepared with DMF, different
DC voltage (15.5, 20.5 and 25.5 kV), and different
distance between the plate and the tip (5, 10 and 15
cm) was spun by using Inovenso NE200
electrospinning device. The pump flow rate of 0.65
mL/h was kept constant during all process (Figure

1.



Modification of PAN Nanofibers: The modification
was made as stated in Zhao et al.,?” (Figure 2). Briefly,
1 g (18.8 mmol) of PAN membrane was weighed and
added to a solution of 2.62 g (37.7 mmol) of
hydroxylamine and 1.50 g (37.7 mmol) previously
dissolved in 60 mL of distilled water and 40 mL of
MeOH. and reacted at 70 © C for 8 hs. The reaction
was carried out in a shaker with an IKA KS3000i
brand and model incubator at a shaking speed of 70
rpm in order to prevent the membrane structures from
deteriorating and modified nanofiber structures (AO-
PAN) were obtained.

For 4-NP removal, in situ Ag nanoparticle prepared in
AO-PAN. To prepare this, AO-PAN 0.5 g was
weighed and added to the aqueous solution of AgNOs
and was stirred 4 h at room temperature to load Ag*
ion into AO-PAN fiber. After loading, OA-PAN-Ag"
washed access water, then Ag" loaded fiber was
immersed in NaBH4 aqueous solution to obtain Ag®
into fiber. At the end of the reaction, the color of the
light yellow AO-PAN nanofiber structure turned black
because of Ag® (Figure 3). The prepared Ag containing
composit fiber used as catalyst in 4 NP reduction.
After all modifications, the AO-PAN structures were
washed three times with distilled water.

Figure 1. Inovenso NE200 Electro-spinning device

PAN AO-PAN
NH,0H HC!
4 NaOH, 70°C a
& N—OH
HN

Figure 2. Obtaining of AO-PAN nanofibers
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Figure 3. Obtaning of AO-PAN/Ag nanofibers

EXPERIMENTAL
DISCUSSIONS
Optimization of PAN Nanofibers: In order to obtain
smooth nanofibers, studies were carried out on three
different parameters. SEM micrographs of the
structures are summarized in Figure 4 1. PAN
solutions were spun at a flow rate of 0.65 mL/hr.
Studies on the distance between the collector plate
and the tip were completed with DC voltage of 15.5
kV. When the distance between the collector plate
and the tip was 5 cm, it was observed that the phase
transformation was not fully realized and there was
liquefaction on the collector plate (Figure 4A). When
the distance was increased to 10 cm, smooth fibers
were obtained instead of liquefaction (Figure 4B).
This means that a distance of 10 cm was sufficient
for phase shifting for PAN polymers. At a distance
of 15 cm, smooth and beadless fibers were obtained
with all PAN concentrations. However, particle
formation on the fibers was also detected (Figure
4C). Therefore, the next studies were continued from
a distance of 10 cm. The effect of different DC
voltages (15.5, 20.5 and 25.5 kV) on PAN
nanofibers is given in Figure 4 (D, E and F).
Meanwhile, the distance between the collector plate
and the tip was kept constant at 10 cm. When the
applied DC voltage was increased to 20.5 kV (Figure
4E), beaded fibers were obtained. When the DC
voltage was increased to 25.5 kV (Figure 4F), it was
observed that the fibers were beaded at all
concentrations and also the formation of particles on
the fiber surfaces. If the electrical power is high, it
may cause the formation of beads or particles in the
fiber structure to be formed. Therefore, it was
determined that the optimal nanofiber formation
conditions with PAN polymer are 0.65 mL/h pump
flow rate, 10 cm distance between the collector plate
and the tip, 0.6 mm inner diameter needle, and 15.5
kV DC voltage.

RESULTS AND



Figure 4. A, B and C from 5, 10 and 15 cm distances
(15.5kV), D, E and F with 15.5, 20.5 and 25.5 kV (10
cm distances), respectively, were spun.

Removal of Various Pollutants with AO-PAN
Nanofiber Structures: In the study, AO-PAN

nanofiber structures were used to remove an organic
pollutant (4-NP) and three different dyes (BFB, CR
and VBB). The results are summarized in Figures 5
and 6, respectively.

Figure 5. Removal of BFB, Cr, and VBB with AO-
PAN nanofibers

Solutions containing 50 ppm dye were prepared for
dye removal and 0.05 g AO-PAN was weighed and
added to the dye solutions. The solutions were then
shaken in an incubator shaker for 24 hours until
equilibrium time. Meanwhile, the agitation speed was
kept constant at 250 rpm and the temperature at 25 °C.
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As a result, the highest dye removal efficiency was
obtained in BFB with AO-PAN nanofibers. Contrary
to BFB, adequate removal efficiency could not be
achieved with VBB (Figure 5). For 4-NP
removal/degradation, 0.05 g of AO-PAN/Ag was
weighed in the same way and added to 10 mL of 4-
NP solution. It was observed that 4-NP is completely
reduced to 4-aminophenol (4-AP) after 45 minutes at
50 © C (Figure 6).

1

Figure 6. Degradation of 4-NP to 4-AP with AO-
PAN/Ag composite nanofiber.

CONCLUSIONS

Whit this study, to obtain beadles and smooth PAN
nanofibers, optimum conditions were determined as
14% PAN concentration, 0.65 mL/h pump flow rate,
10 cm distance between the collector plate and the
tip, 0.6 mm inner diameter needle, and 15.5 kV DC
voltage. After modification of PAN nanofibers, AO-
PAN nanofibers were used to remove three different
paint types (bromophenol blue, BFB, Congo red, CR
and victoria blue B, VBB) and an organic pollutant
(4-nitrophenol, 4-NP) were preferred. As a result, the
highest dye removal efficiency was obtained in BFB
with AO-PAN nanofiber structures. Contrary to
BFB, adequate removal efficiency could not be
achieved with VBB. In terms of 4-NP, It was
observed that 4-NP was completely removed after 45
minutes at 50 °C.

SUGGESTIONF FOR FURTHER WORK
Application of different modifications on PAN
nanofiber structures and determination of their
efficiency in removing of different pollutants.
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Exploring the high strain rate behaviour of shear thickening

fluids through experimental technique
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The term ‘Shear Thickening’ refers to non-Newtonian flow behavior which is characterized by the increase in
apparent viscosity with the applied shear rate, particularly when the shear rate exceeds a critical value, called the
critical shear rate [1]. Due to this remarkable feature of STF, it has found applications in vibration dampening,
impact mitigation and protection technologies such as in the development of sports protection gear like helmets, knee
pads, composite sandwich structures, surgical gloves, machine mounts, hip protection pads, and in soft body armor
technologies termed as Liquid Body Armors (LBAs) [4-8 from ISME paper]. Although in the past, STFs have been
widely characterized by commercial rheometers at strain rates (0.1-10% "), but in practical scenarios, body armours
encounter much higher strain rates (approx.103-107s""), under a ballistic impact. The main objective of this study is to
explore the dynamics of STFs at such high strain rates by employing Split Hopkinson Pressure Bar (SHPB)
technique. STF sample was synthesized by dispersing 100 nm silica nanoparticles in Poly Propylene Glycol (PPG)
and ethanol, using ultrasonication method. The mechanical response of STF was studied in terms of stress-strain
behavior and variation of the impact toughness with loading rate of the specimen. It was observed that the impact
toughness of STF increased progressively with the specimen loading rate. The peak stress and peak strain rate
attained in the SHPB tests were 147 MPa and 22,100 s, respectively. The characteristic transition time of STF was
found to be in the range of 13-25 ms.
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AMACLAR

Bu caligmada; otomobil koltuklarinda kullanilmak
iizere mevcut iirlinlere alternatif, yiiksek performansl
3-boyutlu  ¢ozgiilii 6rme kumas yapilarinin
gelistirilmesi amaglanmustir. Koltuk komponenti olarak
gelistirilen yapilar, teknik tekstil sektorii igin yeni bir
iirlin ve pazar olusturmustur.

GIRIS

Biiyiiyen diinya niifusu ve gelismekte olan iilkelerde
tekstil tiiketiminin hizla artmasiyla yeni kullanim
alanlarinin ortaya c¢ikmasi ve kullanic1 taleplerinin
devamli artmast; tekstil iretiminde hacim ve deger
acisindan artiglara yol agmaktadir. Bu gelisim
cercevesinde, diinya tekstil sanayisi hizla katma degeri
yiiksek tiriinlere yonelmektedir. Katma degeri yiiksek
irlinler icerisinde teknik tekstiller, son yillarda
kaydettigi hizli biiyiime ile gelecek vadeden iiriinler
olarak goriilmektedir.

Otomobillerde  kullanilan teknik tekstiller ise
dekorasyon, yalitim, filtreleme gibi iglevlerin yan1 sira
araclarda konfor da saglamaktadir. 3-boyutlu ¢ozgiilii
o6rme kumaslarin sahip oldugu yiiksek performans
Ozellikleri, bu alanda bu kumasglarin kullanimini
artirmigtir.

3-boyutlu kumaslar, iki ayr1 tekstil yiizeyinin bir
baglant1 ipligi veya tabakasiyla baglanmasi sonucunda
olusan tekstil yiizeyleridir!. Bu yapilarin en belirgin
ozellikleri yiiksek hava, nem ve 1s1 gegirgenligi, iyi
sikistirilabilme  dayanimi, yiiksek darbe emilimi,
hafiflik, diisiik tretim maliyeti ve fonksiyonel
malzemeler ile birlestirilebilme imkan1 olarak
sayilabilir’*,

3-boyutlu kumaslar, kullanim yerlerine ve istenen
ozelliklere gore dokusuz yiizey, dokuma, ¢ozgiilii ve
atkil 6rme olarak iiretilebilmektedir!.

Cozgiili 6rme 3-boyutlu kumaglarin baglica kullanim
alanlar1; otomotiv ve diger tasima araglari, ev tekstili,
medikal, jeotekstiller, insaat miihendisligi yap1 ve
konstriiksiyon, spor ve giindelik giyim, c¢evresel
koruma, filtreleme ve temizleme, giivenlik ve koruma
olarak smiflandirilabilmektedir® 3.
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Jankowski ve ark.® yapmis olduklar1 ¢alismada, darbe
kargisindaki davranisini belirlemek amaciyla farkli
yogunlukta ve farkli oranlarda igerige sahip
politiretan  siingerlerin  mekanik  o6zelliklerini
incelemislerdir. Yogunluk ve karisim oraninin darbe
etkisini azaltma oraninin belirlenmesinde OSnemli
parametreler oldugu belirlenmistir.

Koshute ve ark.’, farkli yogunluk ve sertlikteki

siingerlerin ~ dayaniklilik, konfor ve fiziksel
ozelliklerini test etmislerdir. Elde edilen sonuglarda,
kullanilan  siingerlerin  beklentileri  tamamiyla

kargilamadig1 goriilmiigtiir.

Bagka bir caligmada ise, mevcut minder yapilari
incelenmis ve poliiiretan siingerin konfor 6zellikleri
tanimlanmaya ¢alisimigtir®,

Liu ve ark.® yapmis olduklari arastirmada, koruyucu
tekstil olarak gelistirilen farkli 6zelliklerdeki ¢ozgiilii
orme kumaslarin sikistirilabilirlik  davranislariin
etkisini  incelemislerdir.  Enerji ~ absorblama
kapasitelerinden dolayr koruyucu tekstil alaninda
kullanimmin uygun olacagi sonucuna varmislardir.
Baglant1 tabakasi uzunlugu 20 mm’den fazla olan
¢ozgiilii 6rme kumaglar High Distance (HD) sandvig
(spacer) kumas olarak adlandirilmaktadir. Sandvig
kumasin hava, 1s1 ve nem gegirgenligi gibi 1s1l
ozelliklerini etkileyen baglica kumas o6zellikleri
kumas kalnligi ve baglanti tabakasinda kullanilan
ipliklerin sayis1 ve 6zellikleridir'®.

Sekil 1. High Distance Sandvig Tekstiller

Bu c¢alismada, HD spacer kumasin koltuklarda
kullanim1 incelenmistir. Spacer kumasti; sahip oldugu
actk gozeneklerden otiirli mevcut kullanilan yapilara
(stinger vb.) alternatif olabilecek, yiiksek hava
gecirgenligi sayesinde termal konforu maksimum
seviveye cikartabilecek ve nihai koltuk yapisinda
hafifligi saglayabilecektir.

DENEYSEL

Malzeme

Bu calismada, spacer kumagin iist ve alt ylizeyinde
(GB1-GB2 ve GB5-GB6 taraklari) 600 denye 36
filament %100  poliester  tekstire (DTY)



multifilament iplik kullanilmistir. GB3 taraginda, yani
ara iplik olarak 390 denye (0,20mm) %100 poliester
monofilament iplik kullanilmistir. HD spacer kumas, 12
fein (12E) Karl Mayer HD-6/20-65-EL ¢6zgiilii 6rme
makinasinda Oriilmiistiir.

Yontem

3-boyutlu ¢ozgiilii 6rme kumasin hava gecirgenligi EN
ISO 9237 standardina gore gergeklestirilmistir. Bagil
nem ve sicaklik icin higrometre ile toplam 45 dk.
boyunca dl¢iim almmustir. Degerler her 5 dk.’da bir I-
button DS1923F# modeli ile kayit altina alinmistir.
Ayrica, HD kumas ile poliiliretan siingerin basing
dagilimlar: karsilastirilmastir.

DENEYSEL SONUCLAR/TARTISMA

HD 3-boyutlu ¢ozgiili éme kumas ile Poliliretan
stingere ait test sonuglari Tablo 1’de verilmistir. Elde
edilen sonuglara gore; HD spacer kumas otomotiv
koltuklarinda kullanilan poliiiretan siingerlere goére
hava gecirgenligi, nem ve sicaklik gibi énemli konfor
ozellikleri agisindan daha iyi 6zellik gostermistir.

Tablo 1. Oriilen HD 3-boyutlu ¢dzgiilii 6rme kumasa ve
poliiiretan siingere ait test sonuglari

Hava Nem Sicakhk
Numune . ene . . . e . .
Ads Gecirgenligi | Degisimi | Degisimi
(1/dm?*/dk.) (%) (%)
HD 2000 12.3 28
Spacer
Poliiiretan | 5, 26.67 5.63
Siinger

Yapilan basing haritalama sistemindeki basig¢ dagilimi
test sonuglari karsilagtirllginda ise, HD spacer kumasin
poliiiretan siingere gore daha iyi basing dagilimi
gosterdigi belirlenmistir. Sekil 2, 3a ve 3b’de 2 boyutlu
ve 3 boyutlu basing dagilim sonuglart verilmistir.

Sekil 2. 2 boyutlu basing dagilimi sonuglarti: a)
poliiiretan siinger, b) HD spacer kumasg
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Calibrated Pressure ]

mmHg

Sekil 3a. Poliiiretan siingere ait 3 boyutlu basing
dagilimi

Calibrated Pressure X

mmHg

Sekil 3b. HD spacer kumasa ait 3 boyutlu basing
dagilim1

Doku basincinm 32 mm Hg’yi gectigi durumlarda kan
akimmin engellenecegi ve idealde viicudun higbir
bolgesinde 32 mm Hg’den daha yiiksek basing
olusmasina izin verilmemesi gerektigi
bilinmektedir!!. HD spacer kumas basing haritalama
sisteminde ortalama 28.82 mm Hg basing verirken,
poliiiretan siinger ortalama 46.18 mm Hg basing
degerindedir. Bu sonuglar dikkate alindiginda, oturma
sirasinda PU siingerin basi yarasi olusturma riskinin
yiksek olmast nedeniyle kullanici konforunu
olumsuz yonde etkiledigi goriilmiistiir. Yapilan
caligmalar  sonucunda otomotiv  koltuklarinda
poliiiretan siinger yerine HD spacer kullaniminin
yiiksek hava gecirgenligi, nem ve sicaklik dagitimi ve
basinci absorbe etmesi 6zellikleri ile siiriicli ve yolcu
konforunu arttirdig1 belirlenmistir.

GENEL SONUCLAR

Gelistirilen 3-boyutlu ¢ozgiili 6rme kumag yapilari
piyasada bulunan mevcut iriinlere kiyasla daha
avantajli 6zellikler sunmaktadir. Calismanin basarilt
bir sekilde yiiriitiilmesiyle elde edilen katma degeri
yiksek ozglin driinler, firmanin hem ihracat



potansiyelini hem rekabet giiciinii 6nemli oranda
artirmigtir.

SONRAKI DONEM CALISMALARI

Caligma kapsaminda iiretilen HD spacer kumaglarin
hava gecirgenligi ve basing dagitim &zelliklerinin
gelistirilmesi i¢in farkli konstriiksiyon yapilarinda
kumaslarmn tretilmesi ve karsilastirilmasi
planlanmaktadir.
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PURPOSE

In this study, we tried to find a method to manufacture
a polyurethane elastomer. For this purpose, Shape
Deposition Manufacturing (SDM) is used that includes
shaping and deposition to manufacture desired models.
We produced a sample via this method for evaluating
further testing and study on polyurethane elastomer
materials.

INTRODUCTION

Planes and spacecraft are subject to extreme
gravitational forces, so they must be able to dampen
during the takeoff and landing [1]. Polyurethane
elastomer is exceptional in this regard, as it is designed
to flex when placed under compressive force and
bounce back to its original shape [2]. But, of course, its
polyurethane’s incredible across-the-board durability
truly makes it a standard material for aerospace
applications. In addition to withstanding impact and
abrasive forces, polyurethane also provides exceptional
thermal and corrosive resistance, able to maintain its
integrity up to temperatures well more than 100 degrees
Centigrade. Polyurethane foam, for example, is still
perfectly functional at 140 degrees Centigrade [3].
Polyurethane elastomers are even sturdier, which is
why they can be trusted in things like engine blocks and
exhaust hoses. Beyond durability and unique physical
properties, polyurethane offers some of the most cost-
effective solutions on the market. Polyurethane can be
built to any specifications, and quickly, keeping lead
times manageable and budgets under control. No other
material not any type of metal or plastic can be
fabricated as quickly and inexpensively as polyurethane
products [4].

In this study, SDM is investigated as one of the methods
of manufacturing this type of material. This
manufacturing method enables us to manufacture
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mechanical four bars’ linkages monolithically
without needing a screw and a bolt. One of the
properties that make SDM interesting is its repetitive
material addition, and material removal that allow
making models layer by layer with desired
thicknesses. This property enables to manufacture 3-
D shapes that conclude making design simpler and
more monolithic. Other feature that makes it more
interesting is embedding mechanical and electrical
components between the materials. It can be anything
like a motor, spring, or a wire etc. Figure 1. presents
the process of SDM:

Figure 1. The manufacturing process of the SDM

To embed components and manufacture different 3-D
shapes, it is required to make repetitive cycle as it is
shown in Figure 2.

Figure 2. The SDM cyclic process involving material
addition and removal and component embedding.



This method needs a mold (made of gypsum or wax),
pour-able materials (for example polyurethane
elastomer), material for making it easy to extract poured
material from mold (for example Vernik or Glycerol)
and if requires, embedding components. The mold and
the part material are machined using the same method,
typically a CNC mill. It should be noticed that some of

the materials are not machine able. The mold uses a

sacrificial material. This means that the mold can be

used again or ejected after being used. The polyurethane
which is known as part material will be pour after the

machining the mold [5, 6].

EXPERIMENTAL

Material

In selecting the part material general considerations are:

* Lowcost

*  Long shelf-lives, long pot-lives, low toxicity

«  Strong layer to layer binding

*  Ability to pour even in low temperatures

*  Material shrinkage should be minimized for the
dimensional accuracy of the SDM process

*  Part materials should exhibit good machinability

*  Good mechanical properties and chemical stability
for part material

e Part materials should
formation of internal voids

* Part and support materials should have physical
properties such as low viscosity and good
machinability that favor the process control of
SDM

*  Part and support materials must be physically and
chemically compatible

*  Part material should be easily taken out of the
support material after the molding process
completed

* Good binding strength between soft and hard
polymeric materials.

»  other considerations specified for biomimetic robot
fabrication.

* Good inter layer shear strength between the
embedded components and the surrounding
polymer material

* Good binding property between polymeric
materials and metals (e.g., embedded components)

+  The temporary material should be easy to remove
to make internal cavities such as pistons

e The embedded sensors, tubes and actuators should
lead to minimum trapped air in the polymer
material after casting.

By considering the notes above, we decided to use

Vytaflex polyurethane with different shore hardness.

The material used in this study is Vytaflex-10 which is

a polyurethane elastomer with a shore hardness of A10,

manufactured by Smooth-On, Inc. Polyurethane which

is used as a part material is shown in Figure 3. It consists

of two materials (resin and hardener) which has a

solidify without the
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mixing ratio of 1:1. Interaction between materials
plays an important role in bonding and embedding of
different component in materials. Understanding the
chemical reaction in combination of two materials,
strength of binding, flexibility of the joints and
considering the feasibility of connections are
important factors which should be considered. For
example, it is difficult to connect soft material to hard
material because they do not machine very well. For
solving this problem, orderly manufacturing
methodology is used. For example, deposit hard
polyurethane first and then machines it for making
cavities to deposit the soft material.

Figure 3. Polyurethane used as a part material [7].
Effective Parameters on Changing Mechanical
Properties of Elastomers:

These parameters could change the mechanical
properties:

Cure time

Mixing time

Annealing

Creep

Degassing

e Stress softening (Mullin’s effect)

Each effect is described below in detail.

Cure time

After molding the polyurethane, it takes one day to
fully cure and ready to take it out from the mold. As
time passes, the gasses in the specimen vaporizes and
it's color gets darker. At the same time, its mechanical
properties such as stiffness (K), damping coefficient
(C), and maximum stress and strain durability change.
Mixing time

Polyurethane elastomers are manufactured by mixing
two liquid in one-by-one ratio for four minutes. In
short mixing time polyurethane chains will not have
enough chance to bond well and this generates a
negative effect on mechanical properties of polymer.
Annealing

To obtain ultimate dynamic properties of a
polyurethane elastomer, the material needs to be
annealed. Most effective temperature for annealing is



generally just below the melting point (T,,) of the
material. Mechanical properties such as resilience and
flexibility in low temperature can be improved by
annealing as well. These improvements occur because
of reduction in the amount of interphase between the
hard and soft block domains. Since the interphase is the
mixture of hard and soft block domains, the material
able to rearrange and/or separate, becoming either part
of an increasingly well-structured hard phase or an
amorphous soft phase as shown in Figure 4. The
annealing is performed using the device shown in
Figure 5.

Figure 4. Effect of annealing on arrangement of
domains [8].

Figure 5. Annealing device

Creep
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Creep in polymers happens in every temperature.
Creep rate (velocity of creep) increases by increasing
temperature and stress.

Figure 6. Creep effect [8].

Stress softening (Mullin’s effect)

Under repeated tensile strain, most of the polymers

exhibit a reduction in stress after the initial extension;

this phenomenon is known as the Mullins Effect [9].

The Mullins effect is “Phenomenon observed in

rubber-like materials where the equilibrium stress-

strain response softens with the strain history”. The

Mullins effect has these features:

e The cycled material has a more compliant
response at strains smaller than the previous
maximum strain

e When the Mullins effect occurs, the
microstructure breaks down with increasing
deformation, and the initial structure cannot
rebuild

1.4

I

Uniaxial Tension I

Nominal Stress (MPa)

0.0 0.1 0.2 0.3 04 0.5
Nominal Strain

Figure 7. Mullins effect [9].
Method
CAD Model Creation
Using CATIA as a CAD would enable us to design
desired models. However, important issue is the
general strategies considered to build order.



Figure 8. An example of SDM manufacturing process:
Designing (A), Embedding process after machining
the mold (B), Depositing the part material (C),
Machining (D), and Releasing from mold (E) [10].
The embedded components are designed, selected, and
prepared for embedding. This process involves the
fixtures, machining the part and sacrificial material and
even pre-assemblies. It is important to notice the
tolerances of mold. Applying proper fixtures for the
embedded components depend on considering

appropriate tolerances in design process.

Materials in SDM

The materials involved in SDM are classified into 5
categories: part material, support material, temporary
material, sacrificial material (dam material) and
embedded components.

Part material

Polyurethane, rubbers, elastomers, ceramics, and
metals can be used as the part material in SDM [11, 12].
In this work, the part material is chosen among
polyurethane elastomers. Selection of the part material
needs some consideration factors such as:

+ Shore hardness

* Shrinkage

* Chemical stability

* Gel time

* Machinability

* Viscosity

* Curing time

In some models like flexible joints, two different
materials are required. In this condition, binding, gel
time and chemical reaction between two materials must
be tested. Table 1. presents some of polyurethane.
Support Material

The support material is typically chosen from different
waxes, but we decided to use gypsum as a support
material. A proper candidate for the support material
should have high chemical stability, good
machinability, low shrinkage, and ease to remove from
the part. All these properties can be found in gypsum.
Gypsum has perfect chemical stability, machinability,
no shrinkage and could be easily removed from the
mold.

Temporary Material

The temporary material is used to make an internal
geometry such as bearing houses or tube connectors.
The typical temporary materials are water solvable or
low melting point waxes. Some chemicals such as
PEG can be very easily dissolved in water. Various
chemical solutions have also been used to be
dissolved in special types of polymers. It should be
easily removed or dissolved after the manufacturing
process to create the internal void in the part
assembly. The temporary material is especially useful
for embedding mobile components where the joint
should have a certain clearance.
Sacrificial Material
Sacrificial material is known as dam material. It is
used as a dam during casting to hold the liquid state
polymer material. It is usual to use modeling clay to
build the dam walls; however, other materials also can
be used. It should be removed before urethane is
machined. The clay and its usage are shown in Figure
9. the yellow material is the temporary material which
is used for making internal voids.

Table 1. elastomers with different mechanical

properties.
Hardness | Cost | Company | Tensile | Cure | Elongation | Specific | Gel
time gravity | time
(shore tl/kg psi hour gr/cm3 min
‘?8) 171 C3 140 24 150% 1.25 20
24 428 C3 140 24 150% 1.25 20
34 130 C3 140 24 150% 1.25 20
40 81 C3 140 24 150% 1.25 20
50 149 C3 140 24 150% 1.25 20
60 73 C3 140 24 150% 1.25 20
87 330 C3 140 24 150% 1.25 20
20 100 vyta flex 200 16 1000% 1 30
40 100 vyta flex 522 16 660% 1.02 30
60 100 vyta flex 880 16 480% 1.04 60
33 30 Era 290 18 435% 1.2 N/A
83 30 Era 551 18 450% 1.08 N/A
95 30 Era 1885 18 375% 1.13 N/A
75 shore 40 Era 6526 22 N/A 1.19 N/A
D
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Embedded Components

As previously mentioned, one of the abilities of SDM

is embedding the components between part materials.

During the designing, it should be noticed that:

* Robust binding: components should have a
robust binding with the part materials.

*  There are some problems like weak bonding of
soft and hard polyurethane because of bubbling
and chemical reaction between two materials.

*  Embedded components should not be damaged in
the machining process.

*  The components should keep required clearance
from the part material where a free motion is
required.

»  Shrinkage must be considered.




It is important to minimize the bubbling using various
techniques such as pre-vacuuming the material before
molding or molding in vacuum environment and
improving the surface finish of the embedded
components. The typical embedded components
include motors, pistons, air cylinders, chips, and strain
gage sensors. A collection of embedded components is
shown in Figure 10 [10].

Figure 9. Sacrificial material (yellow), support material
(blue) and embedded components [10].

Figure 10. Example of embedded components Double-
Jointed compliant leg (fabricated by SDM) [10].
EXPERIMENTAL RESULTS AND
DISCUSSIONS

Operations on Material

As mentioned before the mechanical properties of
elastomeric materials could change over time. This
happens because of vaporization of chemical gasses
trapped in the material. Temperature and humidity have
large effects on vaporization of the gasses; therefore, all
specimens are stored in room conditions. Figure 11
shows elongation at break over time. Five specimens
are manufactured and tested each day under the same
conditions.
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Figure 11. Plot of elongation vs. time (days)
As it is seen in the plot, the elongation decreases
rapidly in the first days, but the graph saturates after
30 days. As it seen in Figure 11, the specimens tested
in day 19 have large errors mainly due to the
manufacturing problems. The maximum force that
specimen endures during uniaxial tension test is
shown in Figure 12. It should be noticed that the width

and the length of the specimens are kept constant.
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Figure 12. Plot of load/thickness vs. time (days)
As previously mentioned, the polyurethane elastomer
is made by mixing two materials (resin and hardener).
According to manufacturer the elastomer should be
mixed for three minutes. We have found that mixing
time below three minutes dramatically decreases the
maximum endurable stress of the material. Further,
the annealing could be applied to the material by heat
the specimen to150°F (65°C) for 4 to 8 hours after
overnight cure; the maximum endurable stress
increases up to 30% however the maximum strain
decreases 5%. Conventional SDM process uses flat
surfaces as contact surfaces each layer; however, we
have found that increasing the cross section of
bonding would increase the maximum bonding
between layers. For this purpose, we manufactured
and tested different cross-sectional bonding.
CONCLUSIONS



In this study, a unique manufacturing method called
Shape Deposition Manufacturing (SDM) is analyzed.
As it comes from its name, this method includes
shaping and deposition to manufacture desired models.
Parameters which could affect mechanical properties
(the maximum elongation and stress tolerance) such as
mixing time and annealing are presented. Also,
mechanical properties change during days is presented.
Further, it is found that bonding feature could be
improved up to 20% by increasing cross sectional area
of layers, especially in a conic shape.
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AMACLAR

Bu calismada basta otomotiv sektdrii olmak {izere
imalat sanayisinde 6nemli bir sorun olan metal ve
polimerlerin bir arada oldugu hibrit iiriinlerde metal-
polimer birlesmelerine ekonomik, etkili ve pratik
¢Oziim sunmak amacglanmistir. Metal olarak araglarda
siklikla kullanilan E155 Kkalitesinde ¢elik, polimer
olarak ise yine araglarda yiiksek toklugu ve darbe
dayanimindan dolayr siklikla tercih edilen ABS
kullanilmistir. Birlestirme eleman1 olarak ise metaller
icin uygun olan epoksi bazli yapistirict tercih
edilmistir.

GIRIS

Ozellikle geleneksel igten yanmali kara tagitlarmda
yakit tiiketimi hem ekonomik olarak hem de karbon
salimi ile gevresel olarak 6nem arz eden iki unsurdur.
Arag ireticileri tarafindan oOl¢iimlendirilen bu iki
parametre kataloglarda miisterilerin
degerlendirilmesine sunulan o&zelliklerin baglarinda
gelir. Bununla birlikte yeni nesil kara tagitlar1 olarak
planlanan ve yakin gelecekte yayginlasacagi agikga
goriilen elektrikli araglarda bu parametrelere menzil de
eklenmistir. Hem igten yanmali hem de -elektrikli
araclarda bu parametreleri dogrudan etkileyen ortak
nokta ise tagit agirhigidir. Bu nedenle son zamanlarda
tasitlarin hafifletilmesi bilylik 6nem kazanmustir.

Tasit agirliklarinin azaltilmasi i¢in en ¢ok bagvurulan
yontem metal pargalarin yerine yogunluklar1 daha
hafif olan polimer blend ya da kompozit malzemelerin
kullanilmasidir. Ancak direksiyon baglantt kisimlar
gibi hem yiiksek mukavemet gerektiren hem de
glivenlik agisindan Onem tasiyan kisimlarda yeterli
mekanik ozelliklere sahip olmadiklart endigesi ile
metal dist  malzemelerin  kullanilmasina  sicak
bakilmamaktadir. Diger taraftan ayni parga iizerinde
bulunan eglence iinitesi, klima gurubu, gosterge paneli
vb. gibi hem hafif hem de giivenligi dogrudan
etkilemeyecek parcalarmn plastik olmasi hafiflik
acisindan son derece avantajli olacaktir. Bunun
neticesinde torpido traversi gibi lizerinde hem metal
hem de polimerik kisimlarin bulunacagi pargalarin
kullanilmasi kaginilmazdir. Bu noktada ortaya ¢ikan
sorun ise metal ile polimerik pargalarin birbirlerine
nasil tutturulacagidir.
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Pargalarin birlestirilmesinde kullanilan en yaygin
yontemlerin bir tanesi de yapistiricilar kullanilarak
pargalarin birbirine kaynatilmasidir. Pargalarin bir
yapistirict ile yapistirilmasinda 6nemli olan husus
yiizeylerin kimyasal 6zellikleridir. Metal ve polimer
gibi farkli iki smif malzeme ylizeylerine
tutunabilecek ortak bir yapistirict bulmak oldukga
giictiir. Diger taraftan basit uygulamalarla yiizeylerin
kimyasal modifikasyonu gerceklestirilerek
yapismaya uygun hale getirilmesi etkili ve
uygulanabilir bir yontemdir.

Bu amagla yapilan bir ¢alismada Silberman vd. ABS
iceren kopolimerlerin ylizeyi XPS ile ince tabaka
halinde bakir ile kaplanmis ve metallere tutunmasi
incelenmistir’.

Polimer yiizeylerinin kimyasal modifikasyonu i¢in
kullanilan yontemlerden birisi de yiizeyi pirana
¢Ozeltisi ile muamele etmektir. Piranha ¢ozeltisi ile
muamele bir¢ok yiizeyde oksijen igeren fonksiyonel
gruplarin olusturulmasi i¢in siklikla tercih edilen bir
yontemdir. Hongwei vd. tarafindan yapilan bir
calismada grafen oksit piranha ¢dzeltisi ile muamele
edilerek yiizeyinde fonksiyonel gruplarin olusmasi
saglanmig, bu sayede aminlerin oksidatif birlesmesi
icin katalizér olarak kullanabilmislerdir’>. Yine bir
baska caligmada antibakteriyel 6zellik kazandirmak
i¢in polimerlerin yiizeyi Once piranha ¢ozeltisi ile
fonksiyonellestirilmis ve sonrasinda amin
bilesiklerinin baglanmasi saglanmustir®. Yine benzer
bir c¢alismada ultra yiiksek molekiikk agirlikli
polietilen yiizeyleri piranha ¢ozeletisi ile fonksiyonel
hale getirilerek amin bilesiklerinin baglanmasi
saglanmistir®. Bu ¢alismalara benzer sekilde birgok
¢alismada polimer ylizeylerine piranha ¢ozletisi ile
hidroksil basta olmak {izere diger oksijen igeren
fonksiyonel gruplar kazandirilmigtir>”.

Bu c¢alismada ABS yiizeyi pirhana ¢ozeltisi ile
muamele edilerek yiizeye fonksiyonel gruplar
kazandirilmis ve bu gruplarin epoksi yapistirict ile
metallere tutunmasi incelenmistir.

DENEYSEL

Malzeme

Graniil halinde ABS (HI121H) LG Chem’den temin
edilmistir. Piranha ¢ozeltisi hazirlamada siilfiirik asit
(H2SO4) ve %50’lik  hidrojen peroksit (H20-)



¢ozeltisi (Sigma-Aldrich) kullanilmigtir. Polimer-metal
birlestirilmesi i¢in epoksi yapistirici olarak
(Araldite 2014-2) kullanilmugtir.

Yontem

Yapigma test numuneleri icin ABS plakalar sicak pres
kullanilarak ~ ASTMD3163 standardina ~ gore
hazirlanmigtir.  Buna gore ABS ve metal plaka
yiizeyleri 25 x 25 mm boyutlarinda ortiisecek sekilde
epoksi  yapistirict  ile  yapistirilmustir.  Yiizey
modifikasyonu pirana ¢ozeltisinin ABS  plaka
ylizeyine film seklinde siiriildiikten sonra 5 dakika
bekletilerek gerceklestirilmistir. Daha sonra bu
ylizeyler su ile yikanarak kurutulmugtur. Yiizey
karakterizasyonu FTIR, su temas agis1 ve SEM-EDX
teknikleri ile gerceklestirilmistir. Yapigma
performanslart  iiniversal —mekanik test cihazi
kullanilarak ¢ekme testleri ile belirlenmistir.

DENEYSEL SONUCLAR/TARTISMA

Sekil 1’de ABS yiizeylerinden alman ATR-FTIR
spektrumlar1 karsilagtirilmali olarak verilmistir. Ham
ABS’ye ait spektrumda 3025 cm! de stiren
gurubundan kaynaklanan aromatik C-H gerilmelerine,
2919 ve 2850 cm’! sirsiyla biitadien ve akrilonitrillerde
bulunan alifatik C-H gerilmelerine ve 2236 cm™! de
nitril bagina (C=N) ait pikler goriilmiistiir. 1601 cm!
de ¢ikan pik biitadiene ait C=C ikili bag gerilmesine,
1492 cm!' de goriilen pik aromatik halkamin gerilme
titresimine, 965 ve 910 cm' de goriilen pikler
biitadienden kaynaklanan C-H deformasyonlarina ve
702 cm " deki pik ise aromatik C-H baglarinin diizlem
dis1 egilmelerine aittir.

Sekil 1. Numunelere ait ATR-FTIR spektrumu

Kimyasal modifikasyon uygulanmis ABS’ye ait
spektrumda 3300 cm!, 1718 cm! ve 1193 cm’! de
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¢ikan pikler sirasiyla hidroksil (-OH), karboksilik
asit karbonili (C=0) ve karboksilik asit C-O bagina
ait gerilemelerine aittir. Bu sonuglardan ABS
ylizeyinin pirana ¢ozeltisi ile muamele edilmesiyle
yiizeyde gerceklesen yiikseltgenme sonucu ¢ok
sayida karboksilik asit ve hidroksil gruplarmin
olustugu anlasilmaktadir.

Plaka yiizeylerinden su temas agilar1 ham ABS i¢in
86° olarak Olcililmiistiir. Kimyasal modifikasyon
uygulanan yiizeyde temas agist 33° olarak
belirlenirken yiizeyin hidrofilik 6zelliginin biiyiik
Olciide arttig1 anlasilmigtir. Bu artis ATR-FTIR
sonuclarmdan da anlasildigi  gibi  ylizeyde
yiikseltgenme sonucu olugsan yogun hidroksil ve
karboksilik  asit  gruplarindan  kaynaklandigi
sonucuna varilmigtir.

Sekil 2. Numunelere ait su temas agisi Ol¢iim
goriintiileri ve sonuglari

Hazirlanan ABS plakalarin morfolojik yapilar1 SEM
goriintiileri ile incelenmis ve Sekil 3’de verismistir.
Modifiyesiz plaka yiizeyinin genel olarak piiriizsiiz
oldugu, sadece kalip yiizeyinden kaynaklanan
dalgalanmalarin olustugu goriilmektedir. Kimyasal
modifikasyona maruz birakilan yiizeyin ise yogun
gbzenekli bir yapiya sahip oldugu agiga ¢ikmustir.
Olusan bu goézeneklerin 235 ile 872 nm arasinda
caplara sahip olduklar1 tespit edilmistir. Bu
gozeneklerin kullanilan kimyasalin agindirict etkisi
neticesinde olustugu diisiiniilmektedir.

Sekil 3. Numune yiizeylerine ait sem goriintiileri a)
ham ABS yiizeyi, b) kimyasal olarak modifiye
edilmis ABS yiizeyi

Hazirlanan numunelerin lap shear testleri ¢ekme
kuvveti altinda incelenmis ve sonuglar Sekil 4’de



verilmistir. Modifiyesiz ham ABS plakanin yapisma
mukavemeti 1172 N olarak Olciilmiistiir. Kimyasal
olarak yiizeyi modifiye edilmis yiizeyde ise yapigsma
kuvveti 2931 N olarak belirlenmistir. Bu sonuglardan
kimyasal modifikasyon sonucu yiizeyde olusan
fonksiyonel gruplarin epoksi ile etkilesime girerek
yapisma performansini artirdigi goriilmektedir.

Sekil 4. Numunelere ait yapisma test sonuglar1 a) ham
ABS plaka, b) kimyasal modifikasyonlu yiizey

GENEL SONUCLAR

Yapilan ¢alismalar neticesinde pirana ¢ozeltisi ile ABS
ylizeyinin muamelesi neticesinde yapida hidroksil ve
karboksilik asit gruplar1 olustugu ATR-FTIR ve su
temas agis1  Olglimleri ile anlasilmistir. SEM
goriintiilerinden kimyasal modifikasyon isleminin
yiizeyde gozenekli bir yapi olusturdugu gorilmiistiir.
Gergeklestirilen mekanik testlerinden modifiye edilmis
yiizeyde yapisma kuvvetinin 3 kat arttig1 anlagilmistir.

SONRAKI DONEM CALISMALARI

ABS vyiizeyi fakli yontemler ile de modifiye edilerek
sonuclar  karsilastirilacaktir.  Ayrica  yapisma
performanslar1 ayrilma ve carpma testleri ile de
arastirilacaktir.

TESEKKUR/BILGILENDIRME/FON KAYNAGI
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AMACLAR

Calismada giiniimiiz teknolojisinde onemli bir yere
sahip olan Sekil Hafizali Poliiiretanlarin hazirlanmasi
ve gerekli karakterizasyon yontemleri kullanilarak

sentezlerinin optimizasyonu ve yapi-0zellik
iligkilerinin tespitinin gerceklestirilmesi
hedeflenmektedir.

GIRIS

Son yillarda hayatimiza giren 6zel bir malzeme grubu,
belirli fiziksel veya kimyasal 6zelliklerin degistirilmesi
ile belirli bir uyarana uygun sekilde yanit verebilme
o6zelligine sahiptir. Teknik olarak Uyarana Tepki Veren
Materyaller (Stimulus Responsive Materials, SRM)
adlandirilan bu malzeme grubu iizerinde etki gosteren
uyaran tiirlerine goére 1s1 (1stya duyarl); stres ve/veya
basing (mekanik duyarli); elektrik akim1 ve/veya voltaji
(elektro-duyarli); manyetik alan (manyeto-duyarli); pH,
¢Oziici veya nem seviyesinin  degistirilmesi
(kemoreponsif); 151k (15182 duyarli))  olarak
siniflandirilabilir!,

Sayet biiziisebilir (shrink) polimerler Sekil Hafizali
Polimer (SMP) olarak adlandirilirsa, SMP’lerin
tarihgesinin =~ 1906  yilindan  itibaren  basladigi
diisiiniilebilir''2. Bu tanim iizerinden SMP’lerin ilk
orneklerinin Nippon Zeon C. Tarafindan 1984 yilinda
polinonbornen esasl bir polimer ile gergeklestigi kayda
gecmektedir’®. Bu ilk 6rnegin ardindan kesfedilen
trans-izopoliprem ve stiren-biitadien esasli SMP’lerin
islenebilirliklerinde gézlenen sikintilarin ardindan,
kolay islenebilir ilk 6rnek olan ve giiniimiizde hala en
yaygin olarak kullanilan SMP olan termoplastik
poliiiretan esasli malzemeler Dr. S. Hayashi tarafindan
ortaya kondugu bilinmektedir’. Genis bir aralikta
iirlinler i¢in basaril1 bir ticari performans ortaya koyan
olan termoplastik poliliretan esasli SMP’lerin ardindan
¢ok sayida SMP sistemleri gelistirilmis, giiniimiizde de
bu alanda calismalar devam etmektedir®'°.

Poliiiretanlarin, alternatif olarak baglanmus iki farkl tip
segment iceren ice ice ge¢mis, uzun ve dogrusal
zincirlerden olustugu bilinmektedir. Bu segmentler
tipik olarak diizosiyanatla birlestirilmis diisiik erime
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noktali polyester veya polieter zincirlerinden olusan
esnek, yumusak segmentler, ve tipik olarak bir
diizosiyanatin kii¢iik molekiillii bir glikol zincir
uzatici ile reaksiyonundan olugan sert segmentlerdir.
Poliiiretanlar sentezlenirken uygun diizosiyanat ve
poliol kombinasyonu tercihi ile veya yumusak/sert
segment oraninin  ayarlanmasi ile elastiklik,
kristallenme sicaklig1 ve erime noktasi gibi dzellikler
istenen yonde ayarlanabilir. Yukarida tanimlanan
Sekil  Hafiza  Etkisinin  mekanizmas1  ile
poliliretanlarin  bu ¢ok yonlii hazirlanabilme
olanaklar1 ¢ok uyumlu bir karakter sergilemektedir,
bu nedenle giiniimiizde akademik ve ticari alanlarda
SMP’lerin hazirlanmasi ve gelistirilmesinde siklikla
poliliretan esasli &rnekler iizerinde duruldugu
goriilmektedir'3-1°,

DENEYSEL
Malzeme

Sekil Hafizali poliiiretanlarin sentezinde sert segment
olarak 4,4’-Metilen difenil diizosiyanat, yumusak
segment olarak poli(1,4-butilen adipat) ve zincir
uzatici olarak 1,4- biitandiol kullanildi.

Yontem

Polimerizasyon reaksiyonlari monomerlerin
belirlenen miktarlari, Kkatalizor olarak DBTDL
kullanilarak DMF ¢6ziiciisii iginde gergeklestirildi.

Sentezlenen PU’lar film formuna getirilerek sekil
degistirme, mekanik ve termal karakterizasyonlari
gerceklestirildi.

DENEYSEL SONUCLAR/TARTISMA

Poliliretan sentezinde izosiyanat, poliol ve zincir
uzatict oranlar1 degistirilerek farkli  bilesimde
ornekler hazirlandi. Ayrica sentez regetesinde
NCO:OH oranlarinda da farklilandirilmaya gidilerek
aynt bilesimde ancak farkli molekiil agirliginda
orneklerde sentezlendi.

Sentezlenen poliliretan 6rneklerinden bazilarina ait
molekiil agirligt degerleri asagida verilmektedir.



Tablo 1. Sentezlenen ¢esitli poliliretanlarin molekiil
agirhig dagilimlari.

Kod Mn Mw PDI
(g/mol) | (g/mol)
SM-TPU 37810 | 107730 | 2,849
SM-1 18670 | 50570 | 2,708
SM-2 14260 | 42340 | 2,968
SM-3 15950 | 44970 | 2,819

Sekil hafiza 6zelligi siki sikiya 1sisal gegislere bagh
oldugundan sentezlenen poliiliretan Orneklerin 1sisal
gecis degerleri DSC ile tespit edildi.

Sentezlenen poliliretan 6rneklerinden bazilarma ait
1s1sal gecis sicaklik degerleri asagida verilmektedir.

Tablo 2. Sentezlenen ¢esitli poliliretanlarin 1sisal gegis
sicaklik degerleri.

Kod Tg Tm
O | €O
SM-TPU 64 >70
SM-1 62 >70
SM-2 61 >70
SM-3 61 >70

Sentezlenen politiretan Orneklerinden bazilarma ait
sekil geri kazanim oranlar agagida verilmektedir.

Tablo 3. Sentezlenen ¢esitli poliliretanlarin sekil geri
kazanim degerleri.

Kod 70 °C 80 °C
%100 Uzatmada | %100 Uzatmada
Geri Kazanim Geri Kazamim
(%) (%)
SM-TPU 91 92
SM-1 81 86
SM-2 83 88
SM-3 44 46

KURT, Goékge (https://orcid.org/0000-0002-8262-
4786)

KAYA, Mehmet Arif (https://orcid.org/0000-0001-
9339-3381)
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GENEL SONUCLAR

Polimerizasyon reaksiyonlar1 sonucunda yiiksek
molekiil agirhigma sahip, film yapma o6zellikli PU
esasli polimerler basari ile sentezlendi. Elde edilen
PU esash film orneklerinin Sekil Hafiza 6zellikleri
acisindan ticari Orneklere yakin bir performans
sergiledikleri tespit edildi.

SONRAKI DONEM CALISMALARI

Calismada polimerizasyon regetelerinde
diizenlemeler ile farkli sert-yumusak segment oranli
ve stokiyometri ayarlamasi ile farkli molekiil agirlikli
PU ornekler sentezlenerek, bilesim ve molekiil
agirliklar: perspektiflerinden Sekil Hafiza 6zelliginin
degisimi incelenecektir.
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KAYNAGI

Calisma Yalova Universitesi Bilimsel Arastirma

Projeleri  Koordinasyon Birimi  (Proje  No:
2020/YL/0019) tarafindan desteklenmistir.
Arastirmacilar  Unigrup ve Kempro Kimyasal

Maddeler ve Dis Tic. A.S.’ne destekleri nedeniyle
sonsuz tesekkiirlerini sunar.

KAYNAKLAR

1- Arun, D. 1., Chakravarthy, P., Arockiakumar, R., &
Santhosh, B. (2018). Shape Memory Materials. First
edition. | Boca Raton, FL: CRC Press/Taylor &
Francis Group.

2- Gu, X., & Mather, P. T. (2012). Entanglement-
based shape memory polyurethanes: Synthesis and
characterization. Polymer, 53(25), 5924-5934.

3- Huang, W. M., Ding, Z., Wang, C. C., Wei, J.,
Zhao, Y., & Purnawali, H. (2010). Shape memory
materials. Materials Today, 13(7-8), 54—61.

4- Huang, W. M., Yang, B., & Fu, Y. Q. (2011).
Polyurethane Shape Memory Polymers. Polyurethane
Shape Memory Polymers. CRC Press.

5-Kim, B. K., Shin, Y. J., Cho, S. M., & Jeong, H. M.
(2000). Shape-memory behavior of segmented
polyurethanes with an amorphous reversible phase:
the effect of block length and content. Journal of
Polymer Science, Part B: Polymer Physics, 38(20),
2652-2657.

6- Lendlein, A., & Kelch, S. (2002). Shape-Memory
Polymers. Angewandte Chemie International Edition,
41(12), 2034-2057.

7- Liu, C., Qin, H., & Mather, P. T. (2007). Review
of progress in shape-memory polymers. Journal of
Materials Chemistry, 17(16), 1543—-1558.



8- Meng, H.,, & Hu, J. (2010). A brief review of
stimulus-active polymers responsive to thermal, light,
magnetic, electric, and water/solvent stimuli. Journal of
Intelligent Material Systems and Structures, 21(9),
859-885.

9- Meng, H., & Li, G. (2013). A review of stimuli-
responsive shape memory polymer composites.
Polymer, 54(9), 2199-2221.

10- Merline, J. D., Nair, C. P. R., Gouri, C,,
Bandyopadhyay, G. G., & Ninan, K. N. (2008).
Polyether polyurethanes: Synthesis, characterization,
and thermoresponsive shape memory properties.
Journal of Applied Polymer Science, 107(6), 4082—
4092.

11- Otsuka, K, & Wayman, C. M. (1999). Shape
Memory Materials. Cambridge University Press.
Otsuka, Kazuhiro, & Ren, X. (1999). Recent
developments in the research of shape memory alloys.
Intermetallics, 7(5), 511-528.

12- Parameswaranpillai, J., Siengchin, S., George, J. J.,
& Jose, S. (2020). Shape Memory Polymers, Blends
and Composites: Advances and Applications. Springer
Singapore (Vol. 115).

13- Ratna, D., & Karger-Kocsis, J. (2008). Recent
advances in shape memory polymers and composites:
A review. Journal of Materials Science, 43(1), 254—
269.

14- Wang, H. H., & Yuen, U. E. (2006). Synthesis of
thermoplastic polyurethane and its physical and shape
memory properties. Journal of Applied Polymer
Science, 102(1), 607-615.

15- Wei, Z. G., Sandstrorém, R., & Miyazaki, S. (1998).
Shape-memory materials and hybrid composites for
smart systems: Part I Shape-memory materials. Journal
of Materials Science, 33(15), 3743-3762.

16- Yakacki, C. M. (2013). Shape-memory and shape-
changing polymers. Polymer Reviews, 53(1), 1-5.

219



SILIKON KAUCUGUNUN CAM-SIR YUZEYLERE
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AMACLAR

Silikon kaugugunun cam-sir (inorganik dolgularla
kaplanmis) yiizeylere yapigmasini artirmak amaciyla
cam-sir yiizeylerinde 6n kaplama yaparak ya da silikon
kaugugunun igerisine adezyon artirici katkilar katilarak
cam-sir yiizeylere olan yapismayi arttirmak i¢in katki
maddelerinin gelistirilmesi ve uygulanmast.

GiRiS

Elektrik izolator sektdriinde yaygin olarak kullanilan
seramik ve silicon izolatdrlerin gelistirilmesine ihtiyag
oldugu tespit edilmistir. Mevcutta bulunan seramik ve
silikon izolatorlerin bir arada kullanilarak daha verimli
hale getirilmesi ve sektoriin ihtiyacina yonelik
caligmalar yapilacaktir.

DENEYSEL

Malzeme

Seramik sektdriinde kullanilan silika bazl kil, quartz,
feldspat gibi malzemelerin ¢esitli formiillerle porselen
izolator formuna getirilmis pargalar.

Ayrica izolator sektoriinde kullanilan silikon kauguk.

Yontem

Porselen izolatorler iizerine astar kaplama yapilacak
daha sonra silikon kaugugunun astar kaplanmig olan
porselen izolatdr {izerine kaplama yapilarak ¢alismalar
yapilacaktir.

DENEYSEL SONUCLAR/TARTISMA

Astar  kaplamalar iizerine yapilan ¢aligmalar
sonu¢lanmak {izeredir. Porselen izolatdr malzemelerin
prototipleri iiretilmis olup deneysel caligsmalar i¢in hazir
bulunmaktadir.
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GENEL SONUCLAR

Porselen izolatorler iizerine gesitli silikon kauguk
malzemelerin kaplamalar1 yapilmigtir. Fakat seramik
iizerine silikon kaugugunun bag yapmamasi sebebiyle
izolator sektoriiniin ihtiyaglarini karsilamamaktadir.
Bu sebeple ¢esitli astar arastirmalarina ihtiyag
duyulmustur.

SEHITLI Emre, ORCID ID
0003-0736-7721

. https://orcid.org/0000-

SONRAKI DONEM CALISMALARI
Oniimiizdeki siiregte astar denemeleri yapilacak ve
porselen izolatorler ile silikon kaugugunun bag yapisi
incelenecektir. Sonrasinda ihtiya¢ dogrultusunda
gerekli caligmalar yapilacaktir.
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PURPOSE

In this work, an investigation is presented about a
composite foam and its acoustic application. The
impact of various filling which are used as reinforced
phase was critical in changing the acoustic behaviors.

INTRODUCTION

In recent years, increasing of noise pollution has
significant negative effects both environment and
personal health. Besides, noise leads to serious problem
in many mechanical systems. Therefore, the porous
materials and their composite forms play an important
role for reducing or isolating noise level, especially, in
an automotive and aeronautical industries. Composite
foam materials that includes porous structure, have
appropriate application in sound absorption ['*]. Due to
cavities, channels or interstices of its porous structure,
the sound waves are able to enter and absorb through
them®. In recent years, composite foams containing
cellular, fibrous or granules structure as reinforcement
phase are frequently used in sound absorbing and noise
control applications. In terms of using those structure,
the sound absorption mechanism of the composite
structure can be briefly explained in three ways: (1)
when sound waves entered into the materials, the air in
the fiber pores vibrated and rubbed against cell walls.
As result of generated viscous resistance, acoustic
energy turned into thermal energy. (2) Due to the air in
the pores, the material heats up when compressed and
cools when expanded. The heat conduction in the
material irreversibly causes to turn acoustic energy into
thermal energy. (3) The fiber vibrations among
themselves may cause scattering of the acoustic energy.
The acoustic energy could be absorbed within
cooperation of these three aspects®. Polyethylene is one
of versatile polymer that widely use as foam application
in construction®’, packaging®®, sports', automotive!!
etc. It is usually preferred for packaging or sound
absorbing application due to its excellent cushioning
and insulation properties!>. In this research, the
different additives such as waste cotton, cork powder
and perlite clay were used as reinforcement phase in
order to improve acoustic properties of PE foam.

ARAS, Cansu (ORCID: 0000-0003-0773-4560)
YAZICI, Murat (ORCID: 0000-0002-8720-7594)
KARACA, Esra (ORCID: 0000-0003-1777-3977)
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EXPERIMENTAL

Material

Waste cotton, cork powder and perlite clay were used
as additives. Low density polyethylene (LDPE) was
purchased from PETKIM A.S§, Turkey (density:
0,920g/cm®). The chemical foaming agent and
lubricant agent were sodium bicarbonate (NaHCOs)
and glycerol monostearate (GMS), respectively.

Method

First, the polymer melt was prepared at 120 ° C. The
additives and foaming agents were added to the
melted polymer and then mixed. The mixtures were
left in the furnace at 80 ° C for 1 hour to start the
foaming reaction. Three different foam samples
prepared and their components are listed in Table 1.

Table 1. Components of foam composites

Sample LDPE | NaHCO: GMS Additive
P Wt%) | wt%) | wt%) | (wt%)
Waste

cotton/LDPE

Cork/LDPE 8 10 2 >

Perlite/LDPE

EXPERIMENTAL RESULTS AND
DISCUSSIONS

Foam morphological characterization

The morphology of the foams was described by three
parameters: foam density, average cell diameter, and
cell density. The foam density was calculated
according to the principle of determining the density
of porous materials. The average cell size was
determined by Image J software (Figure 1). Foam
porosity and cell density was calculated following
equation' (1):

Porosity% = (1 — pf/pp) x100 (1)
where p, is the density of solid unfoamed polymer and
pr is the foam density determined via experimental
measurement of weight at a certain dimension. The
cell density (N volume occupied by the voids in per
cm®) was determined following equation'* (2).
Calculations regarding foam morphology are given in
Table 2.

N, = porosity
f /(”/6)x(pore diameter)3)



Figure 1. (a) Waste cotton/LDPE foam, (b) Cork/LDPE
foam, (c) Perlite /LDPE foam images

Table 2. Foam morphological properties

Foam Average
Sample density cell Porosity Cell
(g/cm’) diameter (%) Density
£ (cm)
Waste
cotton/LDPE 0,240 0,189 74 209,444
Cork/LDPE 0,152 0,289 83 65,706
Perlite/LDPE 0,230 0,287 75 60,623

Acoustic Properties

The produced three different samples were subjected to
sound absorption and sound transmission loss tests in
impedance tubes. A small tube (500 to 6400 Hz) set-up
was chosen for the analysis. The sound absorption
coefficient of waste cotton/LDPE, cork/LDPE,
perlite/LDPE foam were indicated in Figure 2.

Figure 2. Sound absorption coefficient of waste cotton
/LDPE foam, cork/LDPE foam and perlite/LDPE foam
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When the sound absorption values of reinforced
foams were examined, it was seen that the highest
sound absorption coefficient was in the waste
cotton/LDPE foam and perlite/LDPE foam at the
frequency range of 800-1600 Hz. In these ranges, the
highest sound absorption coefficient was obtained as
0.9 for waste cotton and perlite reinforced LDPE
foam. Following this result, the other highest sound
absorption coefficient of about 0.8 was obtained from
cork added LDPE foam around 2000 Hz frequency.
Briefly, the highest sound absorption coefficient was
observed at the 800-1600 Hz frequency and belong to
cotton, perlite and cork added foam, respectively. On
the contrary, the highest sound absorption coefficient
in the high frequency range such as 2400-3200 Hz
was determined on the cork, perlite and cotton added
LDPE foam, respectively. From this point, the sound
absorption behavior was undulated.

The soundproofing property of the samples were
evaluated by using sound transmission loss (STL)
measurement. The results of the STL measuring were
determined as decibels (dB) according to equation (3),

TL (db) = 1010g(f—i) (3)
where (Ii) and (It) are the incident and transmitted

acoustic power, respectively. The STL results are
given in Figure 2.

Figure 3. Sound transmission loss of waste cotton
/LDPE foam, cork/LDPE foam and perlite/LDPE
foam

The composite foams containing waste cotton, cork
and perlite exhibited lower STL in frequencies less
than 4000 Hz. After 4000 Hz, the waste cotton added
LDPE foam performed higher STL than cork and
perlite added foam. The maximum STL had been
observed for waste cotton added LDPE foam with
nearly 25 dB at higher frequency. It can be obviously
see that waste cotton added foam is more effective on
STL higher frequencies.



CONCLUSIONS

In this research, the effects of different additives on
morphological and acoustic properties of LDPE
composites foam were investigated. The important
results were obtained as followings:

e The use of waste cotton increased the cell
density of the foam composites while
decreased the average diameter of the cell.

e The minimum density was observed for foam
composites filled with cork powder.

e The highest sound absorption coefficient was
observed cotton and perlite added foams.

e The cork powder added foams was effected
sound absorption at the high frequency range

e The STL frequency curves of all composites
nearly showed similar trends in the frequency
range between 800-1600 Hz.

e Waste cotton is more effective on STL at
higher frequencies.

SUGGESTIONF FOR FURTHER WORK

Acoustic properties depending on the percentage
weight change of different additives used in this study
will be investigated in future studies.
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Flame Retardant Natural Fibre Hybrid Composites for Advanced
Applications
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Natural fibre based hybrid composites with nanofiller as potential alternative material that displays better mechanical,
thermal and Fire retardant properties for advanced applications. In this work, we fabricated two times of Hybrid
composites, kenaf(K)/bamboo(B)/nano clay and kenaf/oil palm nano filler hybrid composites by hand lay-up
techniques. The flammability properties of halloysite nanotube (HNT), montmorillonite (MMT) and organically
modified MMT (OMMT) based kenaf/epoxy composites and nano OPEFB/kenaf/epoxy, MMT/kenaf/epoxy and
OMMT/kenaf/epoxy hybrid nanocomposites were analyzed. The flammability of the B/K/Nano clay/Epoxy hybrid
nanocomposites were characterized. The flammability properties were evaluated through Underwriters Laboratories
94 horizontal burning test (UL-94HB), limiting oxygen index (LOI), cone calorimetry and smoke density tester. All
hybrid nanocomposites achieved an HB40 rating in the UL-94HB test. With the addition of nanoclay, the LOI value
increased from 20 to 28%. A significant reduction of total heat release and peak heat release rate between 36 — 43%
was observed on nanoclay filled hybrid composites. Improvement of other fire indicators such as FIGRA (fire growth
rate index), MARHE (maximum average rate of heat emission) and SMOGRA (smoke growth rate index) were noticed
in all hybrid nanocomposites with excel performance observed on B/K/OMMT. LOI and UL-94V ratings of
kenaf/epoxy are 24% and V-2 respectively but the addition of nano OPEFB filler to it increases to 30% and V-0
respectively, for MMT to 28% and V-1 whereas for OMMT to 30% and V-0 rating. The findings from this work can
be utilized in preparing high-performance hybrid composites with improvement in their dimensional stability and fire

performance for automotive and building applications.

Keywords: Kenaf fibre; Oil palm fibres; Nano filler; Nanocomposites; Flammability properties.
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Diinyada Bir Ilk Niteligi Tasiyarak %100 Asetat Lifinin
Kisa Elyaf Egirme Teknolojisi Ile Iplik Haline Getirilmesi
Ve Yumusak Tuseli, Antipilling, Hizh Nem Emen

Multifonksiyonel Orme Kumaslarin Gelistirilmesi
Bozan Neslihan', Isik Fatih?
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AMACLAR

Caligma kapsaminda, yumugak tutuma ve ipege
yakin parlakliga sahip, hizli nem emen ve
antipilling olan %100 asetat lifinin istiin
ozelliklerinin, diinyada bir ilk olarak kisa lif
teknolojisiyle tekstil sektoriine kazandirilmasi
hedeflenmektedir.

1.GIRiS

Asetat ipegi odun ve pamuk liflerden elde edilen
seliloz hammaddesinin asitlendirilerek, asetil
seliilozun ¢Oziindiiriillmesi ve ¢Ozeltinin
puskiirtiilmesi ile elde edilen ve suni ipek olarak da
anilan bu hammadde giliniimiizde tekstil sektoriinde
moda ve tasarimcilarin gozde elyafi haline
gelmigtir.” Asetatin etkileyici 6zelliklerinin yani
sira yas ve kuru mukavemet degerlerinin diisiik
olmast (1,5-2 gr/denye ) bu elyafin daha ¢ok
textiirize olarak kullanilmasimi  gerektirmistir.
Asetat lifi plirlizsiiz ve ipege yakin bir goriiniime
sahiptir. Bu sebeple ¢ok yumusak bir tutumu
vardir. Nem tutumu oldukca diisik oldugundan
cabuk kurur. Kiife, giivelere ve boceklere karst
oldukc¢a dayaniklidir. Statik elektriklenme derecesi
distiktir. Pilling ozelligi olmadigindan
boncuklanmaz?. Siirdiiriilebilir bir hammaddedir.
Selilloz  asetatin ~ konfor,  dokiimlilik ve
boyanabilirlik &zellikleri takim elbise, etek ve
pantolon astarlarinda kullanimini arttirmistir. Kuru
temizleme ile temizlenmesi gerektigi i¢in bazi
alanlarda kullanimi kisitlanmistir.  Fakat krep,
saten, jakar, siiprem, rasel ve twill gibi giysi
yapiminda kullanilan dokuma ve 6rme kumaslarin
astarlarinda kullanilmaktadir. Kisa asetat lifleri
sargl bezi, 1slak mendil gibi dokusuz ylizeyli
iiriinlerin iiretilmesinde kullanilabilir.

C. Law’m calismasinda ise 4, “Seliiloz Asetatin
Uygulama Alanlar1” arastirmasinda lif igerisinde
antimikrobiyel madde kullanilarak koku olusumu
engelleyen iriin gelistirilmistir. Bu iplikler spor
giysilerinde ve i¢ c¢amasirinda seliiloz asetatin
kullanimt i¢in yeni firsatlar sunmaktadir. Diisiik
denyede flament iplikler kullanilarak estetik,
dokiimliilik ve tuse Ozellikleri gelistirilmistir.
Yapilan ¢aligmada asetat/naylon karigimlari ¢apraz
boyama efekti tasarimi eldesi ve mukavemet,
sicaklik ayarim gelistirmek icin kullanilmaktadir.
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Yapilan bu calismayla, literatiir arastirmalarindan
elde edilen sonucglara gore; ipek parlakligina ve
yumusakligina  sahip, antistatik, antipilling
ozellikleri ve amorf yapis1 sayesinde nemin
transfer edilmesiyle serinlik hissi veren ve boylece
termal konfor sartlarini saglayan, %100 asctat
lifinin bu istliin 6zelliklerinden faydalanilmasi
ongoriilerek, kisa elyaf ring egirme teknolojisiyle
iplik  ve orme kumasmm  gelistirilmesi
hedeflenmistir. Ancak asetat lifinin diigiik elyaf
mukavemeti (1,5-2 gr/denye) ile egrilebilir
ozelliginin zayif olmasi tekstil sektoriinde kisa
elyaf olarak kullanimini zorlastirmakta ve bu
konuda literatiirde kisith bilgi oldugundan bir
bosluk bulunmaktadir. Yukaridaki calismalardan
da  gorildigii gibi asetat diisik elyaf
mukavemetinden dolay1 flament olarak ve farkli
hammaddeler ile karistirilarak  kullanilmistir.
Calisma kapsaminda diinyada bir ilk olarak %100
asetat  lifinin  kisa  elyaf  teknolojisiyle
egrilebilirliginin  arastirilmast  amaciyla ring
iplikleri gelistirilecek, iplik ve kumas performans
testleri yapilacaktir. Diinyada bir ilk olan bu
caligmayla katma degeri ve ihracat potansiyeli
yiiksek siirdiiriilebilir iiriinlerle iilkemiz
ekonomisine katkida bulunulmus olunacaktir.
DENEYSEL

Malzeme

Calismada asetat lifi %100 olarak kullanilmistir.
Asetat liflerinin inceligi 1,33 dtex, elyaf uzunlugu
38 mm'dir. Mukayese yapabilmek igin %100
pamuk karde ve penye kullanilmistir. Pamuk
Incelik (mic.) 4,5, Uzunluk (mm) 30, Mukavemet
(gr/tex) 32.

Yontem

Bu ¢alismada teknik 6zellikleri verilen %100 asetat
lifi, %100 pamuk karde ve %100 penye ile ring
hattinda Ne 30/1 {iretilerek iplik performans testleri
yaptlmigtir. Bu ipliklerden suprem o6rme kumas
ortilerek kumasg performans testleri yapilmigtir.
DENEYSEL SONUCLAR/TARTISMA

%100 Asetat , %100 karde pamuk Rieter harman-
hallag islemlerine tabi tutulduktan sonra, Rieter C-
70 tarak makinesinde tarama islemi gormiistiir.
Akabinde Rieter cer makinelerinde seritlerin lif
uclarindaki kancalar acilarak, homojen bir yap1
kazandirilmistir. %100 penye pamuk ise unilab ve



penye makinelerinden gegirilmistir. Sonrasinda ise,
Zinser Z670 fitil makinesinde {iiretilen fitiller, 45
mm bilezik ¢apli Toyota Kompakt Ring
makinesinde Ne 30/1 inceliginde egirilerek
bobinlenen iplikler %50-55 °C sicaklik, ortalama
30-35  dakika siire ile basing  altinda
fikselenmistir.(Sekil 1)

Sekil 1:9%100 Asetat lifi boyuna kesiti/iplik ve
kumas goriintiileri

Bobinlenen Ne 30/1 ipliklerin mukavemet
degerleri “TS 245 EN ISO 2062” standardi ile
Uster Tensojet-4, iplik diizgilinsiizlik ve hata
testleri degerleri ise “TS 628” standardi
kullanilarak Uster Tester-4 cihazinda olgiilmiistiir.
%100 asetat ipligin diizgiinsiizlik degeri CV%
12,38 iken,%100 karde pamuk CV%16,2 ve %100
penye pamuk CV% 12,28 olarak; mukavemetleri
ise, %100 asetat ... Rkm, %100 karde pamuk
16,22 RKm ve %100 penye pamuk 17,88 RKm
olarak 6l¢iilmiistiir (Tablo1).

Tablo 1.30/1 Ne Diizgiinsiizliik-iplik Hatalar1 ve

Mukavemet Degerleri

%100 %100 %100
Hammadde karde Asetat Penye
%CVm 16,2 12,38 12,28
-50% 12 0 1,7
50% 285 79 30
200%
NEPS 388 46 79
Rkm
(kef Ne) 16,22 9,83 17,88
%CV RKm 9,32 7,6 8,35
Min.RKm 11,11 7,45 13,38
% Uzama 4,38 12,17 5,07
B.Work
(N.cm) 3,89 8,29 4,9

Bu ipliklerden oriilen suprem yuvarlak Orme
kumaglara  yapilan boncuklanma testlerinde
martindale cihazinda 6l¢iilen degerler agagidaki
gibidir.(Tablo 2).
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Tablo 2: 30/1 Ne Orme Kumas Boncuklanma Test

Sonuglari
Asindirma Derecelendirme
siirtme
hareketinin Karde Asetat Penye
pamuk Pamuk
sayisi
500 5 3-4 5
1000 4-5 4-5 4-5
2000 4 4-5 4-5
GENEL SONUCLAR

Bu calismada kullanilan %100 asetatin diigiik lif
mukavemetine ragmen, Olgiilen B-Work ve
diizgiinsiizlik %CV degerlerinin karde ipliginden
daha iyi, penye pamuk ipligi ile ayni skalada
oldugu goriilmiistir. Boncuklanma testi sonucunda
ise, 500 devirde 3-4 bandinda olmasi diisik lif
mukavemetinden  dolay1 iplik  gdvdesine
tutunamayan liflerin siirtinme ile kumas yiizeyine
¢tkmasi, 1000 devirden sonra 4-5 bandinda olmast
ise bu liflerin kumas yiizeyinden kopmasiyla
boncuklanma probleminin olmayacagini
gostermektedir.

SONRAKIi DONEM CALISMALARI

Kisa elyaf teknolojisi kullanilarak %100 asetatin
egirilme zorluklarinin asilamasiyla literatiiriin
Onlinii acacagi oOngoriilmektedir. Siirdiiriilebilir
asetat lifinin tekstil sektdriine kazandirilmasiyla
sentetik liflerin tiiketimi azaltilarak, ekolojik ayak
izinin diigiirilmesi hedeflerinde sosyal sorumluluk
ilkesiyle dnemli bir adim atilmis olacaktir.
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Kesilmeye Karsi Koruyucu Tekstiller
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AMACLAR

Bu ¢aligmanin amaci, is kazalarinda siklikla karsilagilan
parmak ve kol yaralanmalarini 6nlemek i¢in mekanik
risklere karsi koruyucu kisisel tekstiller gelistirmektir.
Bu amagla ring egirme yontemi ile performansi yiiksek
lifler kullanilarak hibrid iplikler iiretilmis ve bu iiretilen
ipliklerden hava gegirgen ve koruyucu yapida orgi
yapilar1 gelistirilmistir. Uretilen ipliklerin eldiven
formunda mekanik risklere karst dayanimi EN 388
standartlarinda (asinma, kesme, delinme, yirtilma
dayanimi)  davranig  Ozellikleri  incelenmistir.
Calismanin ~ sonucunda ¢elik ipligi ¢evreleyen
mantolanmis farkli 6zellikteki kompozisyonu ayni
liflerden karbon ve polietilen liflerin hem tek kat hem
de ¢ift kat iplik formundaki performanslari diger
polyester ve viskon liflerine kiyasla daha yiiksek
¢ikmistir. Bu calisgma sonunda tek kat ve ¢ift kat
ipliklerin hem iplik hem de 6rgii formunda performans
testleri incelenmis EN 388 standardi tizerindeki ¢ikan
veriler degerlendirilmistir. Bu ¢alisma, el disinda kol,
kafa ve ayak gibi viicuttaki diger dis etkenlere maruz
kalan hareketli organlarinda korunmasi igin yenilik¢i
iirtinlerin gelistirilmesine katk: saglayacaktir.

Anahtar Kelimeler— Koruyucu eldivenler, Kesme
direnci, Celik iplik, Hibrid iplikler, Karbon, polietilen,
polyester, viskon

GiRiS i
Diinya Saglik Orgiitii verilerine gore! mesleki
yaralanmalarin yaklasik 330.000'1 6liimle

sonuglanmaktadir (yil basina 2.7 milyar is¢i). Buna
karsilik Amerika'da yil bagina 150 milyon is¢i olmak
tizere yaklagitk 6000 Oliim mesleki yaralanmalara
baglanmistir. Geligsmis {ilkelerde, gelismekte olan
iilkelerdeki gibi yaralanmalara bagli yiiksek Oliim
oranlar1 tarim, ingaat ve madenciligi igeren bazi
sektorlerde bir araya toplanmustir. Biitiin diinyada
kasitsiz yaralanmalarin %10'n ve 13 milyondan fazla
Sakathiga Ayarlanmis Yasam Yillar1 (DALYs) mesleki
yaralanmalara baglanmustir. Ulkemiz, is kazalarl
acgisindan Avrupa’da birinci, diinyada ise tigiincii sirada
yer almaktadir. T.C. Sosyal Giivenlik Kurumu
verilerine gore®? Is kazalarimin dagilimina bakildiginda
son ii¢ yildaki Sosyal Giivenlik Kurumu istatistiklerine
gore yillik ortalama 70 bin is kazasmnin %30’luk gibi
biiyiik bir kismini, el, parmak ve kol yaralanmalarimin
olusturdugu goriilmiigtiir. Davas’in ¢alismasina gore*
Kullandigimiz en Onemli aletler olan ellerimizi
korumanin en etkili yolu ise riskli ortamlarda her zaman
koruyucu eldiven kullanmaktir. Doles ise’ Koruyucu
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eldivenler, teknik tekstiller igerisinde yer alan
koruyucu teknik tekstillerin bir pargasi olup; 6zellikle
askeriye, giivenlik kuvvetleri, 6zel timler, itfaiyeciler,
kurtarma ekipleri, madenciler, hastanelerdeki bazi
birim gorevlileri ile yol yapim ve onariminda, kimya,

elektrik-elektronik  sanayisinde, agir sanayide,
niikleer santrallerde calisanlar, vb. tarafindan
kullanildigimmi  belirtmistir.  Koruyucu  eldiven

liretiminde materyal olarak 6érme, dokuma ve dikim
islemlerinde kullanilan lifler ve kumaslar ile polimer
malzemeler tercih edilmektedir. Hearl ¢alismasinda®
Koruyucu tekstil yapilarinda hammadde olarak
kullanilan liflerin klasik liflerle kiyaslandiginda
birtakim istiinliiklere sahip olmas1 gerektigini
belirtmistir. Bu lifler genellikle sentetik liflerin
gelistirilmesiyle elde edilen ve “yiiksek performansl
lifler” olarak adlandirilan teknik liflerdir. Ciobanu
ise’ Mekanik ve/veya termal risklere karsi koruyucu
eldivenlerin iretiminde yiiksek mukavemete sahip
olan ve/veya yiiksek sicakliga dayanabilen lifler (6rn.
aramid lifleri, yliksek yogunluklu polietilen lifleri
(HDPE), metal lifleri) kullanildigmni belirtmistir.
Mapa  Professionnel =~ Koruyucu  Eldivenler
Katalogu’'nda® Mekanik risklere karsi koruyucu
eldivenler, kuru veya 1slak ortamda nesneleri tutmak
icin kavrama Ozelliklerine ek olarak kesilmelere,
yirtilmalara, yipranmalara ve delinmelere karst
koruma  saglayacak  sekilde tasarlandigindan
bahsetmektedir. Bu alanda, genellikle yiiksek hava
gegirgenligi ve elastikiyet 6zelliklerine sahip, dikissiz
yapis1 sayesinde siirtinmeden dolay1 olusan tahrisi
azaltan orme teknigi ile iiretilen eldivenler siklikla
tercih edilir. Ertekin ise ¢alismasinda’ Eldivenlerin
mekanik  performans Ozelliklerini  iyilestirmek
amaciyla eldivenler nitril ve silikon kaplama islemine
tabi tutuldugundan bahsetmistir.

Ozellikle metal risklere karst koruyucu eldivenleri
inceledigimizde ya tek kat yada g¢ift kat iplik yapilar
iizerine nitril yada silikon kaplama yapilarak
koruyuculuk 6zellikleri arttirilmaktadir. Bu kaplamali
yapilar kumas yiizeyinde hava gecirgenligini yok
ettigi i¢in cildi uzun g¢aligmalarda olumsuz
etkilemektedir. Ayrica kullanilan kaplamalar ¢oklu
kullanimda yikama sonrast deformasyona ugrayarak
koruyuculuk 6zelliklerini kaybetmektedir.

Bu ¢aligmanin temel amaci, kaplama yapilmadan
metal igeren Ozli yapida fonksiyonel lifler
kullanilarak hava gegirgen 6zelliklerde kesmeye karst
koruyucu o&zellikleri saglayabilen Orgii yapilart
gelistirmek ve bu yapilarin mekanik risklere karsi



dayanim (asinma, kesme, delinme, yirtilma dayanimr)
testlerini inceleyerek birbirileri arasinda ki farklari
ortaya koymaktir.

DENEYSEL

Malzeme ve Yontem

Bu ¢aligmada yiiksek performansli ipliklerden tiretilmis
koruyucu eldivenlerin  performans  &zelliklerini
saglamak i¢in Tablo I.de karbon, polietilen, polyester,
viskon gibi kesikli lifler kullanilarak ring egirme
yontemi ile ae=3,10, 422 biikiim degerlerinde ve 13/1
Ne ve 26/2 Ne numaralarda iplikler tiretilmistir.

Tablo I. Kullanilan malzeme, lif ve 6zellikleri

Malzeme Lif Tanimi
Celik 0,50 mikron
Viskon 1,3 dtex, 38 mm
PES 1,7 dtex, 38 mm
Polietilen 1,7 dtex, 51 mm
Karbon 2,2 dtex 51 mm

Tablo II. Uretilen iplik ve Kumaslarin 6zellikleri
Iplik Cinsi Kumag Materyal/ Kumag
Ne 26/2 Hibrid | Siiprem Celik+ Karbon/Pes
Ne 26/2 Hibrid | Siiprem Celik+Polietilen/Pes
Ne 26/2 Hibrid | Siiprem Celik+Pes/Viskon
Ne 13/1 Hibrid | Siiprem Celik+Karbon/Pes
Ne 13/1 Hibrid | Siiprem Celik+Polietilen/Pes
Ne 13/1 Hibrid | Siiprem Celik+Pes/Viskon

DENEYSEL SONUCLAR/TARTISMA

Uretilen core ipliklerin test sonuglar1 Tablo III ve &rgii
formunda gelistirilen kumaslarin kesme dayanimlar
Tablo V’de ve hava gecirgenlik sonuglari tablo VI’da
belirtilmistir.

Tablo III. Uretilen ipliklerin test sonuglari

Ozgiil

Sekil 1. Shima Seika Eldiven Orme Makinesi

Eldivenlerin iiretimi, 13 G incelikteki Shima Seika
eldiven makinesinde gerceklestirilmistir (Sekil 1).
Eldivenler, tek siklik degerinde manset kismi, mock
rib, aya ve parmak kisimlar1 siliprem yapida
Oriilmiistiir.

Tablo IV. EN 388 standardina gore performans
seviyesi derecelendirme

Test 0 1 2 3 4 5
Derecelendirm

e

Asmma <100 | 10 50 200 | 8000 | -
Direnci 0 0 0

Kesme <1, 1, 2, 5,0 | 10, 20,
Dayanim 2 2 5 0 0
Yirtilma <10 | 10 | 25 |50 |75 -
Dayanimi

Delinme <20 | 20 | 60 | 100 | 150 | -
Dayanimi

‘0’ degeri en diislik ‘5’ ise en yiiksek performans
seviyesini gostermektedir.

iplik Kopma Kopma
K i Articl Ni . . v
ompozisyon ee urlr\}zram mukavemeti uz;)r/?; . Tablo V. Uretilen orgli yapilarinin EN 388 test
A 26/2 é(6g/l; 26/2 sonuc;larl

Celik/Pes/Viskon 5 B 15.90 32 Article Asmnma | Kesme | Yirtilma | Delinme
Celil/Karbon™? C 26/2 26.83 3.97 direnci | dayanimi | dayanimi | dayanim

crvRabonTes ™o 13/1 23,83 427 A 2 5 4 3

g e 1 D W

: . C 3 5 4 4

T T . D 3 5 4 3
Uretilen ipliklerin 6zgiil kopma mukavemeti ve kopma E 3 5 2 4
uzamast degerleri Tablo I1I’de verilmistir. F 3 5 ) 3
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Uretilen kumaglarm EN 388 standartlarinda ham
testleri Tablo V’de verilmistir.



Tablo VI. Orgii kumaslarin hava gegirgenlik testleri
Article Hava Gegirgenligi 5 cm?
141

166

152

172

148

181

o |m|O|OQ|w| >

Gelistirilen 6rgii yapilarinin hava gegirgenlik degerleri
EN ISO 9237 metodu ile 5 cm? yiizey alani ile
Ol¢lilmiistir. Tek kat ipliklerden {iretilen orgii
yapilarinda hava gecirgenligi daha yiiksek ¢ikmustir.

GENEL SONUCLAR

Yapilan mukavemet Ol¢limleri degerlendirildiginde,
numune eldivenler arasinda en yiiksek koruyuculuk C
ve E tiplerinde goriilmiistiir. Burada UHMPE ve
Karbon lifi gibi uzun elyaf boylarma sahip lifler hem
iplik mukavemetlerini hem de aginma direncini olumlu
etkilemistir.

Eldivenlerin  mekanik  risklere  karst1  kesme
dayanimlarinda ¢ekirdekte bulunan gelik metalin 1.
derecede etkili oldugu, dis mantoda yer alan Karbon ve
Polietilen liflerinin asmma, yirtilma ve delinme

testlerinde diger liflere gbre avantaj sagladigi
gorilmiistiir.
Eldivenlerin  mekanik risklere karsi dayanim

ozelliklerine numaranin etkisi incelendiginde ¢ift katli
ipliklerde ozellikle asinma ve delinme dayanimi daha
iyi gikmuigtir.

Gelistirilen tekstil yapilarinda koruyucu 6zelliklerin
yani sira hava gegirgen Ozelliklerinde yiiksek olmasi
kullanimda rahatlik ve konfor saglayacaktir.
Gelistirilen ipliklerden elde edilen eldivenlerin
kullanim alanlar1; kasaplar, agir sanayi ¢alisanlari veya
bigaklanmaya karst koruyucu giysiler olarak pazarda
yerini almasi diistiniilmistiir.

Ring egirme yontemi ile ipligin dis mantosunda farkli
lif boyuna sahip liflerin sarilmasi ile birbirinden farkli
hibrid yapida iplikler elde edilebilmistir.

EN 388 standard {izerinde yapilan bu ¢alisma sonunda
¢ikan verilerin degerlendirilmesi saglanmis ve el
disinda kol, kafa ve ayak gibi viicuttaki diger dis
etkenlere maruz kalan hareketli organlarinda
korunmasini saglayacak yenilik¢i iiriinlerin
gelistirilmesi planlanmgtir.

SONRAKi DONEM CALISMALARI

Bu c¢alismada birbirinden farkli hibrid yapidaki
kumaglarin kesme direnci testlerinde yontem olarak 5 N
olarak uygulanan EN 388 standardi kullanilmustir.
Sonra ki donem ¢aligmalarinda ise revize olan, kesme
direnci 20 N olarak uygulanan EN ISO 13997-1999
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metodu baz alinarak dayanim testleri
gergeklestirilecektir. Ayn1 zamanda gelistirilen bu
orgii yapilarinda konfor test sonuglarina gore nefes
alabilir Ozellikleri geriye gotiirmeden kimyasal
yontemler kullanilarak su gecirmez ozelliklerinde
ilave edilmesi diistiniilmektedir.
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PURPOSE

The purpose of this review is to bring awareness to the
rising concern of microfibers released into marines. We
are discussing the nature of microfibers, their
connection to textile manufacturing in all steps, the
importance of fiber types used in fabrics on microfiber
release as well as consumer awareness.

INTRODUCTION

When the words "plastic pollution" are uttered an image
of discarded plastic bottles, shopping bags, crushed
cigarettes and garbage floating on top of our seas comes
to mind. However, there is an even bigger "unseen"
threat that is synthetic microfibers. Microfibers are
synthetic particles of small polymers with a size
between 1 pm to 5 mm with either primary or secondary
manufacturing origin.! Textile products are considered
to be the largest source of microfiber in the environment
with analyses indicating that a single wash has the
potential to release 700,000 fibers. 2

Currently, microfibers and nanofibers are estimated to
total up to 35%' of the microplastics in the marine
environment mostly seen in shorelines, water surfaces,
arctic waters, freshwaters, and even in the digestive
systems of aquatic life as seen in Table 1.

e GONUL, Ecehan Aygiil (0000-0001-6720-3740)
e  BENLI, Birgiil (0000-0001-7386-5003)
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Table 1. Various sources of microplastics compared.
SOURCES OF MICROPLASTICS

Plastic Nurdles
Beauty Industry
Marine Coatings

Road Markings

City Dust
Tyres

Clothing & Textiles

Microfibers also can contain certain additives;
remnants of their manufacturing state such as
plasticizers which are a substance added to improve
the flexibility of the fabric, flame retardants, and
antimicrobial agents.> These added chemicals have
the ability to leach from the plastic into the oceans to
even poison the animals that ingest the microfibers
causing animals physical injury, changes to oxygen
levels in the cells, or reduced energy which in return
crashes their reproduction systems,* this digestion can
be seen in Figure 1. This effect on the food chain can
eventually affect humans as well. It has been studied
that clams and oysters can carry microplastic,
resulting in frequent eaters of seafood to ingest over
11,000 microplastic substances per year.’



Figure 1. A plankton that has ingested microfiber. ¢

To better understand this topic we have divided our
review into three categories, firstly we will discuss the
potential microfiber sources in the textile and clothing
industries looking at its production cycle from
manufacturing to the eventual disposal. Secondly, we
will be exploring the effects of different fibers, yarns if
and how they differ from one and another in regards to
microfiber pollution, and thirdly, we will address
whether a change in consumer behavior, recycling
programs, or government action in a sustainable path
can help conserve the environment.

POTENTIAL SOURCES OF MICROFIBERS IN
TEXTILE AND CLOTHING INDUSTRIES

Microfibers have a lower density compared to soil
particles making them more transportable, in
comparison cotton the most commonly found fiber in
textiles has a density of 1.5 g/cm? and polyester another
popular fiber’ has 1.4 g/cm® while an average soil
particle density is of 1.6 g/cm3.® Their physical
characteristics allows them to easily transport through
water and air in long and short terms.

Textile factories generate the highest amount of solid
waste that is then dumped into wastewaters with certain
processes contributing to the creation of pollutants than
others including yarn spinning, fabric weaving, dyeing,
and scrubbing.” However, at-home practices of
shedding through physical actions such as by tugging or
rubbing,'? friction, or cleaning via washing machines or
in rivers have also been considered as sources of
microfibers.!! Even if the wastewater after washing
were to be processed through a treatment plant, these
WWTPs (wastewater treatment plants) have the
potential to be significant sources of microfibers. Even
with the optimum removal rate of 95%, the 5%
unrecoverable fibers are then discharged into aquatic
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environments'?, the lifecycle of microfibers from
textiles affecting aquatic life can be seen in Figure 2.

Figure 2. Cycle of microfibers released into aquatic
environments considering a proper treatment
scenerio.

Handwashing also poses a high risk as it can
contaminate rivers. In Europe, 87% of all citizens own
a washing machine while 3% uses laundromats,
however in countries like China, Brazil, and India
over 30% of its population still uses handwashing.'?

These fibers have also been detected in sewage
sludges of WWTPs, these sludges can later be used as
agricultural fertilizers leading to microfibers
contaminating soil and consumed food', this cycle
can be seen in Figure 3.

Figure 3. Cycle of microfibers released into aquatic
environments considering sewage sludge scenerio.



IMPACTS OF FIBER AND FABRIC TYPES ON
MICROFIBER RELEASE

Compared to its cellulose-based counterparts, polyester
was shown to shed fewer microfibers. The main reason
for this occurrence is due to polyester fabric having high
abrasion resistance while having low hairiness and high
breaking strength. However, compared to other
synthetic fibers such as acrylic and nylon, polyester was
noted to shed more microfibers. '

On the other hand, some reports suggest that blended
knitted fabrics with 50% polyester and 50% cotton
fibers release significantly fewer fibers than 100%
acrylic fabric.? The difference in microfiber release
suggests that the difference in fibers used to construct
fabrics and yarns plays a major role in microfiber
production.

Fabric structure also is important when microfiber
shedding is concerned. Polyester fleece fabrics were
noted to shed more fibers compared to knitted fabrics
from the same type of fiber or even nylon and acrylic.
Polyester fleece fabrics shed 1200 per cm? of fabric
while knitted polyester fabrics were reported to shed
only 9 fibers per cm? of fabric.!®

THE ROLE OF FASHION
MICROFIBERS

INDUSTRY ON

The fashion industry is of great importance to many
countries economies, especially Turkey's. It is currently
the 6th most significant textile supplier in the world
while also being the 3rd largest supplier to European
countries. This importance has contributed to the
world's production and consumption of textile and
mainly fashion products and thus resulting in alarming
amounts of waste. According to The United Nations,
Economic Commission for Europe (UNECE) fashion
industry is the world's second-largest user of water and
producing 20% of the total water waste. !

The global annual water usage requirement for the
textile industry is estimated as 93 billion cubic meters,
the estimated need for water supplies L/kg per fiber are
given in Figure 4. °

233

Figure 4. The volume of water used per kg of fiber.

A shift in consumer behavior may influence less
microfiber release into marines mainly thrifting and
opting for secondhand apparel as it does not promote
the creation of new clothes to generate more waste
while also keeping billions of articles of clothing
away from being thrown into landfills that would
eventually release microfiber into soils.

Slow fashion, the direct opposite of today's
mainstream fast fashion, promotes high quality
manufacturing by individual sewing rather than
factories emphasizing sustainability as it generates
less waste.

Awareness and education on microfiber release as
primary and secondary manufacturing origin of
garments have also been reported as an important
factor in the rising popularity of the trends stated
above and less microfiber release.

CONCLUSION

The nature of microfibers, the importance of the threat
they pose as well as their potential release reasonings
in regards to textile products were discussed in this
review as well as the importance of the fiber types
chosen, the impact of consumers, and their collective
awareness while also touching on the impact of the
fashion industry on water waste.

Microfiber is a growing threat that needs to be
addressed by manufacturers, sellers, treatment plants,



and buyers immediately. As the fiber types affect the
release dates it is essential to develop innovative
technologies that would generate less waste. Future
textile engineers and fashion designers should consider
eco-friendly designs that promote recycling and
durability especially in countries that rely on textile
products in their economy to keep the market steady
while at the same time promoting sustainability.
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AMACLAR

Proje ile bazalt minerali kaplama metoduyla kumasa
entegre edilerek kumastaki teknik 6zelliklerinin
degisimi gozlenmistir. Ayrica lif olarak bazalt
iplikleriyle dokuma yontemleri bulunup teknik
ozellikleri incelenip yangin sondiirme ic¢in gerekli
fonksiyonel 6zelliklerin kumasa eklenmesi yapilmustir.

GIRiS

Yanmaz koruyucu kumaslarin {iretiminde, canlilarin
can gilivenligini ve dogayr koruyucu kalitede {iriin
iiretebilmek icin, kapsamli bir aragtirma yapilmigtir.
Yanginlarin hizin1 azaltan, boliimlere alev sigramasini
kesen bazalt paravan kumaslari, bazalt yangin
battaniyeleri, yangin perdeleri, yasam alanlarinda
kullanilan déseme kumasglarinda kullanimi, perdelerde
kullanilarak yanmaz dayanmimini artiracak ydntem,
stire¢ ve lirlinlerin gelistirilmesi proje ile amaglanmustir.

Bazalt liflerinin baglica avantajlari cam liflerine kiyasla
daha yiiksek kimyasal hasliga sahip olmasi ve yiiksek
1silarda galigilabilmesidir. Bu liflerin 1s1, ses ve elektrik
yaliim ozellikleri oldukga iyidir. Mukavemetleri son
derece yiiksektir. Bazaltin rengi kahverengi ve griden
mat  yesile kadar  kimyasal  Dbilesimine  gore
degisebilir (Deak and Czigany, 2009) .

Bazalt lifleri g¢esitli kompozit materyallerde cam
elyafindan ~ mamul fitil  ve  ipliklerin  yerine
kuvvetlendirici olarak; dokiim bazalt ise ¢ogunlukla yol
kaplama ve ingaat malzemesi olarak kullanilir. Bazalt
liflerinin kompozitlerde takviye olarak kullanilmasi
fikri Sovyetler Birligi zamaninda uzay arastirma
programlart sirasinda ortaya cikmustir. Giinlimiizde
bazalt liflerinin ¢ogu Rusya ve Ukrayna’da
tiretilmektedir (Kurkov and Labok, 2003) . Kurkov ve
Labok c¢alismasindaki’ bazalt ve cam liflerinin
karsilastirmali 6zellikleri Cizelge 1 de verilmistir.

Tablo 1.Bazalt ve cam liflerinin karsilagtirmali
ozellikleri (Kurkov and Labok, 2003)
SI Bazalt ||Cam
Ozellikler Birimle||Filament |[Filament
1i ler ler
Maksimum
Termal |juygulama ||(°C) /982 650
18181
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Devamht o lgr 480
caligma 1s1s1
Minimum o) 260 60
¢alisma 1s1s1
Termal 0.031- {|0.034-
iletkenlik WimK) 0.038 0.04
Ergime o
sicakhig (°0) 1450 1120
Camla
kaplama (°C) 1050 600
iletkenligi
Isikaybr  |(%) |91  ]0.32
Termal o
genlesme g;pm/ 8° 5,4°
katsayist
Yogunluk gg/°m3 275 |6
Filament (mikro
capt n) 9-23 9-13
Kopma = i\ 1 payllagao  |[3450
mukavemeti
Sikistirma |[(psi)  |[550.000 [[440.000 |
|[Elastikmodiil] (G Pa) |89 |77 |
Linear
genlesme (x10/K)||5.5 5
katsayisi
Fiziksel/ ||Kopma o 315 47
uzamast ’ ) )
Mekanik ||Rutubet
emme(% 65||% <0.1 <0.1
RAH)
Tansiyon
altinda N
stabilite (2070 (100 ||19°
oc)
Tansiyon
altinda N
stabilite (200 4 93 92
OC)
Tansiyon o 2 57
altinda




stabilite (400
OC)
Giiriiltii
Akustik |lemme % 0.9-0.99 {|0.8-0.93
katsayisi
Spesﬁk ses||(ohn.m 1%10x12 [l1*10x11
direnci )
Elektriks Iszlgs ](\}IHZ) 0.005  (0.0047
el
Relatifdielek a
trik 2.2 2.3
akigkanligi MH?z)
Kimyasal|[H20 % Jo.2 0.7 |
direng % |INaOH % 50 Jro ]
Agirlik
kaybi
3 saat)HCI % 23 38.9
sonra
(i¢inde
kaynatar
ak)

Bazalt lifi, 6zenle se¢ilmis bir tag ocagi kaynagindan,
tek bir malzemeden, ezilmis bazalttan yapilir. Lif
tiretimi icin yliksek asitlik bazalt (% 46'min iizerinde
silika igerigi ve diisiik demir igerigi arzu edilir. Cam
elyaf gibi diger kompozitlerin aksine, {iretimi sirasinda
esasen hi¢bir malzeme eklenmez. Bazalt basitce yikanir
ve sonra eritilir. (https://tr.qaz.wiki/wiki/Basalt_fiber)3
Bazalt lifi, yesil endiistriyel malzeme olarak bilinir.
Bazalt lifleri, % 100 dogal ve inerttir. Bazalt iirlinlerinin
hava veya su ile toksik reaksiyonu yoktur, yanmaz ve
patlamaya dayaniklidir. Diger kimyasallarla temas
ettiginde sagliga veya ¢evreye zarar verebilecek hicbir
kimyasal reaksiyon liretmezler. Kanserojen ya da toksik
olmadig1 kamtlanmustir. Bazalt lifi siirdiiriilebilir bir
malzeme olarak smiflandirilabilir, ¢linkii bazalt lifi
dogal malzemeden yapilmistir ve iretimi sirasinda
kimyasal katki maddesi de kullanilmaz.

Bazalt elyaflarin geri doniistimii, cam elyaflardan ¢ok
daha verimlidir. Bazalt elyaflar ve kumaglar hem ABD
hem de Avrupa is giivenligi yonergelerine gore giivenli
olarak etiketlenmistir.
(http://basaltfm.com/eng/fiber/info.html)4

DENEYSEL MALZEME

Projede bazalt dokuma ydntemlerinin gelistirilmesi ve
teknik ozelliklerinin kumasa aktarilmasi ile dogal
mineral bazalt ile yeni {riinler olugturulmasi
hedeflenmistir. Bu kapsamda bazalt mineral halde
polyester kumasa kaplama yapilacak sekilde
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kullanilmigtir. Ayrica Sekil 1 deki gibi bazalt ipligi
tedarik edilerek dokuma yontemleri ve parametreleri
belirlenmistir.

Sekil 1. Bazalt ipligi goriinimii
Yontem

Proje faaliyetlerimiz;

1. Bazalt liflerinin aragtirilmasi,

literatiir patentlerin taranmasi

2. Hammadde ve ihtiyaglarinin belirlenmesi

3. Prototip caligma
%100 bazalt tek katl, ¢cok katlh dokuma kumaglar
yapilmistir. Kaplama yontemiyle bazalt minareli
kaplama yapilmistir. Bazalt minareli ile %100 PES
kumasa yapilan ¢ift yiiz kaplama caligmalari i¢in 38
micron/alti bazalt minareli kullamlmistir. Bazalt
minarelini baglamak i¢in gii¢ tutusur katkil
poliiiretan binder kullanilmigtir. Regetedeki binder
orant sabit tutulup bazalt mineral miktar
degistirilmistir.

makale,

Sekil 2. Bazalt kumag goriiniimii



Sekil 6. Giig tutusur ipliklerle bazalt

) birlestirilerek yapilan kumas
Sekil 3. Bazalt kumas goriiniimii

Sekil 4. Bazalt kumag1 dokumasi

Sekil 7. Bazalt minerali kaplama
yapilmis kumasg

Sekil 5. Giig tutusur iplikler arasinda bariyer ) ) )
olusturan bazalt Sekil 8. Bazalt minerali kaplama yapilmis kumasg
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DENEYSEL SONUCLAR/TARTISMA

Dokunan ve g¢orap Orme yapilan numune

kumaslarin yanmazlik testleri gergeklestirildi.

e  Yanmazlik testleri TSEN 13501-1,
MO,ML,IMO yapilip yanmazlik dereceleri
belirlenmigtir.

Sekil 9. Deneme 2 OKEY- Oriilen
numunelerin test sonucu goriiniimii

Sekil 10. Deneme 4 RED -Oriilen
numunelerin test sonucu goriiniimii

Sekil 11. Dokunan kumas test goriintiisii

238

Sekil 12. Yanma 6ncesi kumasin mikroskopik
gOrinimi

Sekil 13. Yanma sonrasi kumagin mikroskopik
gorinimu

Bazalt minerali kaplama polyester kumaslarinda
bazalt mineral oram1 100 g/l ve 50 g/l oranlarinda
NFPA 701 testinden ge¢mistir. Bazalt minareli 100
g/l oraninda ise 504 testinden kalmistir. Calisma
sonucunda mineral bazli bazaltin binder ile giig
tutusurluk anlaminda uyum saglamadig goriilmiistiir.

Hem ¢evreci yonleri ile Berteks'in siirdiiriilebilirlik
politikalarma uyumlu olmast hem de teknik
ozellikleri ile istenen gereksinimleri saglamasi,
bazalti bizim acgimizdan diger liflerin Oniine
gecirmistir.

Bu sebeple Dbazalt'la isletmemizde dokuma
denemeleri yapilmis, elde edilen kumagsin yanmazlik
davranigi, yangm tatbikati seklinde test edilerek
onaylanmistir. Bazalt kumaslarin yangini sondiiriicii
etkisi yoktur. Yangin sondiiriicii etkisinin olmasi igin
arge caligmalar1 devam etmektedir. Ama var olan bir
yanginin ¢evreye yayilmasimi engelledigi yapilan
denemelerde net bir sekilde goriilmiistiir.



GENEL SONUCLAR

Bazalt ipligi dokumasi zor bir iplik tiiriidiir. Mevcut
dokuma makinalarinda bazalt ipliginin zorlugunu
azaltacak, randimani artirarak siirekliligi saglayacak
¢Oziimler gelistirildi.

Volkanik kayaglardan elde edilen bazalt iriinleri hem
kendisinin dogadan elde edilmesi hem de dogayi
korumada ©nem kazanarak yesil pazarlarda yer
alacaktir. Son yillarda kesfedilen yeni 6zellikleriyle
bazaltin 6nemi artmis ve farkli endiistriyel alanlarda da
kullanim alani1 bulmustur.

SONRAKI DONEM CALISMALARI

Yangin paravani, ortiisii olarak kullaniminin verimli ve
etkin hale getirilmesi i¢in caligmalara devam
etmekteyiz. Ozellikle yangmin séndiirme etkisini
artiracak uygulamalar1 kumaga aplike etmekteyiz.

TESEKKUR/BILGILENDIRME/FON KAYNAGI

Projenin fikir agamasindan iiriin agamasina gegmesi igin
onay veren, proje boyunca desteklerini esirgemeyen
Berteks Tekstil Yonetim Kurulu Bagkan1 Berk Noyan,
Berteks Tekstil Yonetim Kurulu Baskani1 Baskan Vekili
Murat Erdebil ve Berteks Tekstil Yonetim Kurulu
Uyesi Burcu Noyan Erdebil’e tesekkiir ederiz.
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OBJECTIVES

Cyclotides (CTs) as a cyclic peptide obtained from
different groups of plants have been very attractable
field of research for scientists because of their specific
properties like their natural function as host defense
agents.

CTs are bioactive peptides from plants that
characterized by their head-to-tail cyclic backbone and
knotted arrangement of their three conserved disulfide
bonds. Their natural function is thought to be as host
defense agents and a single plant can express dozens
to hundreds of CTs. CTs stand out as a family of
antimicrobial peptides (AMPs) because of their
exceptional stability, structural plasticity, unique
biochemical target, and Gram-negative selective
antimicrobial action. These features together with
recent advancements in the methods of production of
CTs make them an intriguing prospect from a drug
development perspective.

To accomplish this aim, as part of a separation,
detection and research of anti-cancer properties CTs
study, we investigate the separation of cyclotides in
violets into polar and non-polar groups by microfluidic
chips.

INTRODUCTION

Cyclotides (CTs) are bioactive peptides from plants
that are characterized by their head-to-tail cyclic
backbone and knotted arrangement of their three
conserved disulfide bonds. CT sequences range
typically between 28 and 37 amino acid residues.
Their natural function is thought to be as host defense
agents and a single plant can express dozens to
hundreds of CTs.

The field may be traced to the discovery of kalata Bl
in 1970 based on its use in an African folk medicine.
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Several other macrocyclic peptides were discovered
in the late 1990s'", and with the elucidation of the
structure of kalata B1 in 1995 *, the name Cyclotides
was introduced in 1999 3. In 2011, it became clear
that CTs are ribosomally synthesized. The
exceptional stability of kalata Bl was clarified in
2004 and the idea that it could be used as a
framework in a drug design because of this stability
emerged shortly subsequently in 2006 °.

Now there is increasing proof that CTs are expressed
and distributed more widespread in various orders of
the plant kingdom. The majority of CTs has been
isolated from Rubiaceae 78, or Violaceae ° plant
species.

Extraction of the CTs is one of the key steps in their
screening. If extraction procedure can be done in
high efficiency and purity, it will lead to more
successful screening and then anticancer activity.

CTs are capable to be engineered to bind and inhibit
specific cancer targets. In addition, some CTs are
toxic to cancer cells, though not much is known
about their mechanisms of action.

The current techniques for screening of CTs in plants
comprises of the steps including extraction,
purification, HPLC hydrophobic elution property
and mass range. After identifying of a CTs bearing
plant, Isolation and characterization are the next
steps which will be done by hydrophobic
chromatography and mass spectrometry techniques,
respectively. All of these methods are expensive and
time consuming.

The long-term goal of natural products for
researchers is to discover new compounds with
biological activities for potential solutions for
disease treatments. Cyclic peptide discovery is one



of the most promising fields and one cyclotide
candidate is currently under clinical development for
multiple sclerosis '*!'. The objective of current study
is to develop a simple and rapid technique to screen of
CTs bearing plants. After finding CTs bearing plants,
our chance will be increased to discover novel CTs
with interesting biological activity against a target
human disease.

EXPERIMENTAL SECTION

Materials and Methods

Production of the microfluidic chip

The microfluidic (MF) chip template was prepared
using the photolithography method and then, PDMS
layer was prepared using the soft lithography method.
The mixture of PDMS and crosslinker (9:1) was
prepared by stirring up for 3 minutes and added to
molds and vacuumed in the desiccator for 20 minutes
12, 1t was then left to stand at 50 °C overnight and then
the microfluidic chip was prepared by peeling off the
PDMS layer. On a PDMS layer, there are three
microchannels that connected along the channel by
holes. Microchannel had three inputs and three
outputs. Each channel diameter for the two side
channels was approximately 100 pm(width) * 40
pum(depth) and for the middle channel 60 pm(width) *
40 pm(depth).(Figure 1)

Figure 1. Microfluidic Chip for Separation.

Preparation of Violet Extract

To obtain the violet extract, we first allowed the violet
leaves to dry. Later, the dried leaves were got into
powder. Then the powdered leaves are mixed with
50% methanol and subjected to ultrasound for 1 hour.
The solution was filtered and was dried, then the
extract was collected as a powder (Figure 1).

On-chip experiments In the chip we designed, was
injected HEPES buffer (PH=8.1) from the first inlet,
50 % methanol + 50 % chloroform + violet extract
from the second inlet, and 80 % methanol + 0.1 %
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acetic acid was injected from the third inlet. Flow
rate was set 3 ul / min for 1 and 2™ phases ( phase
1: HEPES buffer ; phase 2: 80% methanol + 0.1%
acetic acid) and 6 ul / min for 3™ phase (50%
methanol + 50% chloroform + violet extract). Then
were collected samples from the three outlets.
Collected samples were analyzed using HPLC.

Figure 2. Preparation of Violet Extract

RESULTS AND DISCUSSION

Figure 3 show the HPLC result of samples collected
from three outlets of microfluidic chip and the
extract. Figure 3 A show the HPLC analysis result
for the extract. As showed in Figure 3 A there are 5
peaks for the extract sample that show the presence
of five cyclotides (vigno 1, 2, 3, 4 and 5). As shown
in figure 3 B, C and D different peaks were seen for
3 outlets of microchip. Only one peak was seen for
second channel (50 % methanol + 50 % chloroform
+ violet extract) that contains violet extract in inlet
solution. Results show that only one cyclotide are
present in second channel outlet and other 4
cyclotides were transferred to other 2 channels.
Figure 3 B shows the HPLC results for sample
obtained from outlets of channel 1 (HEPES buffer
PH=8.1). As shown in Figure 3 B there are 3
different peaks were seen in outlets of 1% channel
that one is same with peak was seen in 2™ channel.
Figure 3 D show the HPLC result for 3™ channel
(80% methanol + 0.1% acetic acid). As shown in
Figure 3 D there are 2 peaks for outlet 3 that show 2
cyclotide transferred from channel 2 to channel 3.
This 2 peptides are the same with 2 of 3 peptide were
seen in channel 1. There are not distinct result for
two of the peptides in any of the three channels.
Probably use of highly diluted sample for separation
process caused to decrease the peaks height for these
peaks belongs to two of the cyclotides that cannot be
separated from noises.



Figure 3. HPLC analysis results for violet extract and
samples obtained from separation process by using 3
channel microfluidic chip: A) Violet extract, B) 1%
channel, C) 2" channel, D) 3™ channel.

CONCLUSION

In this work separation of cyclotides present in the
violet extract were done by using of 3 channel
microfluidic chip. The results show that the designed
system has a good applicability for the separation of
cyclotides.

FUTURES STUDIES

Separated cyclotides (CTs) will be detected by the
electrochemical sensing method (PalmSence4). For
this purpose, Monoclonal antibodies will have
immobilized onto the modified gold surface of
DropSence to electrochemical detection. Finally, the
anticancer activity of extracted CTs on cancer cells
will be studied.
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Production technique of ceramic fibres and their high
temperature applications

ONAL, Levent
Namik Kemal University, Department of Textile Engineering, Tekirdag/Turkey
lonal@nku.edu.tr

Inorganic fibers, both metal and non metal ones, are more resistant, more rigid, have an higher melting point and
are more heat resistant than the rest of industrial fibers. They are almost totally uninflammable in nature, but their
application area is rather limited due to their fragile nature. Even though fiberglass and basalt fiber are the most
well-known mineral fibers in the industry but ceramic fibers are the most unique one among the mineral fibers.
Ceramic fibers has excellent high temperature endurance and resistance to corrosive surrounding. They are mostly
used as refractory fibers in uses over 1000°C and could be both polycrystalline and amorphous in nature. Ceramic
fibers are mostly used for refractory usage and thermal insulation at high temperatures and to make special
composites. Refractory ceramic fibers could be manufactured either in filament form of in staple form. The
production technique, fiber properties and application areas of silica fiber and ceramic wool will be explained in
details. The raw materials that are the ingredients of the ceramic fiber and the production line will be evaluated
section by section.
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PURPOSE

In this study, the auxetic performance of the plain
woven fabric with a partial stretch structure was
investigated. Experimental results showed that
investigated fabric structure, which has a foldable
geometric form, exhibited an auxetic behavior by
giving negative Poisson's ratios under tension, by
creating flat and wrinkled surface areas on the fabric
surface by using elastic and non-elastic yarns in the weft
direction to form partial stripes.

INTRODUCTION

Materials with Negative Poisson’s Ratio (NPR) are also
called auxetic materials. Poisson's ratio (v), in other
words, the coefficient of elasticity, is defined as the
negative ratio of the transverse unit strain occurring
perpendicular to the force applied to a material to the
longitudinal strain in the direction in which the force is
applied. Auxetic materials, as opposed to materials with
a positive Poisson’s ratio, expand laterally when
stretched and contract laterally when compressed 6.

Increased mechanical properties (breaking strength,
abrasion resistance, indentation resistance, fracture
toughness, shear resistance, etc.), variable permeability,
improved acoustic absorption, high energy absorption
properties make auxetic materials superior to
conventional materials'>7-!2,

In the literature, it was reported that fabrics woven with
conventional yarns could exhibit auxetic behavior
depending on the geometric shape of the fabric structure
units. Therefore, realization of geometry capable of
applying auxetic behavior in a woven structure is an
important point in the development of auxetic woven
fabrics. There are many types of auxetic geometries that
can potentially be realized in a woven structure.
Foldable geometry is one of these structures. Foldable
structures can be opened when stretched in one
direction, increasing the dimensions in the lateral
direction, thus achieving auxetic behavior'>!4.

In literature, it was shown that the formation of different
shrinkage phenomena in woven fabric structures can be
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achieved by using weave pattern combinations with
different contraction/shrinkage properties and
elastic/non-elastic yarns. Elastic yarns are used to
provide flexibility and return capability to the fabric
structure, while non-elastic yarns are used as a
stabilizing component!®'4,

It was shown that uni-stretch auxetic fabric structures
were developed using elastic and non-elastic yarns.
Developed auxetic woven fabrics are based on
foldable geometric structure. The basic principle of
these geometries is the differential shrinkage effect. It
was found that different shrinkage effects can cause
auxetic behavior in woven fabrics and can be
achieved with a combination of loose and tight weave
patterns, with the use of elastic and non-elastic yarns
with different tensile properties. Foldable structures
can be produced by utilizing the differential shrinkage
phenomenon. It was observed that the uni-stretch
foldable structures developed in the study, when the
foldable structures can be unfolded when stretched in
one direction, preserving or increasing the dimensions
in the transversal direction and giving rise to zero
Poisson’s ratio or the NPR effect!?.

In another study on the development of auxetic woven
fabric, it was aimed to develop a bi-stretch auxetic
woven fabric with auxetic behavior using
conventional elastic and non-elastic yarns and
existing weaving machines. Bi-stretch auxetic woven
fabrics are designed with a foldable geometry with a
negative Poisson's ratio, considering different design
parameters such as yarn float length, arrangement of
tight and loose weave patterns, and the arrangement
of elastic and non-elastic yarns. From the results, it
was found that the developed bi-stretch woven fabrics
gave negative Poisson's ratios up to 0.36 and 0.27,
respectively, when stretched along the warp and weft
directions'*.

In this study, the changes in Poisson's ratio and
possible auxetic behavior of a cotton woven fabric
with a plain weave in a partial stretch structure under
tension were investigated.



EXPERIMENTAL

Material

When the fabric structure was examined, it was
observed that the cotton fabric woven with plain weave
structure using non-elastic (37 piece of yarns) and
elastic (43 piece of yarns) yarns were used in weft
direction to form a succession of stripes (Figure 1).
Warp yarns consisted of non-elastic yarn.

Table 1. Constructional properties of fabric sample

Yarn Count Yarn Density Fabric
[Nm] [Thread/cm] Weight
Warp Weft Warp Weft [g/m?]
non-elastic: Nm47
Nm64 elastic: Nm35 33 27 201

Figure 1. Fabric sample (a) area woven with elastic weft
yarns (b) area woven with non-elastic weft yarns

Method

Tensile measurements of fabrics were made in
Shimadzu AG-X plus strength device for warp and weft
direction. The fabric images were taken simultaneously
at certain intervals (5 seconds) by applying tension to
the fabrics to be subjected to an elongation of 0.1667
mm/sec. By making image analysis of the fabrics,
Poisson's ratios were calculated using Equation (1)!:

v = - (transverse strain / longitudinal strain) (1)

EXPERIMENTAL RESULTS AND
DISCUSSIONS

The partial stretch fabric examined in the experimental
study made stripes with flat and wrinkled areas in the
direction of the fabric width by using elastic and non-
elastic yarns in the weft.

In Figure 1, it was seen that the area where non-elastic
weft yarns were used created wrinkled stripe areas, and
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the area woven with elastic weft yarns created flat
stripe areas. This structure, which had a similar
appearance to the seersucker fabric, was created by
using elastic and non-elastic weft yarn groups. Since
the elastic areas showed a pulling effect in the
direction of fabric width, it was observed that the non-
elastic areas caused wrinkled / raised areas. It was
shown that this formation gave the fabric a relatively
similar structure to the foldable geometric structure
and therefore could have an auxetic performance.

In Figure 2, the change in Poisson's ratio of partially
stretch fabric sample under tension was presented.

0.1
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Figure 2. Change in Poisson's ratio of fabric

In Figure 2, it was observed that the fabric had a
Negative Poisson Ratio (NPR) and therefore had an
auxetic behavior. It was seen that all values were
negative especially in the weft direction of the fabric.
When the Poisson's ratios in the warp direction (using
non-elastic yarns) were examined, it was seen that
close to zero and positive values were obtained in the
first seconds of tension application. It was observed
that negative Poisson’ ratios were obtained in the
warp direction of the fabric after 40 seconds (= 6,67
mm elongation) and continued negatively for 180
seconds.

CONCLUSIONS

When stretched along the warp and weft directions of
plain woven fabric structure with partial stretch
properties, it was observed that a negative Poisson's
ratios of around 0.1 and 0.15, respectively.

It was predicted that the woven fabric structure with
partial stretch property, which structural form was
analyzed in terms of auxetic performance, could be
used in the desired application areas with increased
surface area under tension.



SUGGESTION FOR FURTHER WORK

Auxetic analysis studies of fabrics to be woven using
different structural parameters, consisting of different
stretch combinations, will be carried out.
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AMACLAR

Pasa kilici (sansevieria cylindrica) bitkisi yapraklarinimn
lif 6zelliklerinin incelenerek arastirilmasi

GiRiS

Sansevieria trifasciata tiriniin ilkemizde yaygin
olarak evlerde kullanildig1 tespit edilmis ve lif eldesi,
kumas  yapim ¢aligmasi gerceklestirilmigtir.
Caligmamizda bitki yapraklarinin enine ve boyuna kesit
polarize 151k mikroskop calismast yapilmigtir. Lif
uzunlugu ve genisligi hesaplarinda 1if morfolojisi
Olctilmiis ve tekstil sektdriinde kullaniminin uygun
oldugu saptanmustir.

Liflerin elle kolaylikla bitkiden ayrilmasi lifin eldesinin
ekonomik oldugunu gostermektedir. Cilinkl ¢lirlitme
islemi keten, 1sirgan ve pamuk gibi bitkilerin lif
eldesinde su ile ciiriitme, ¢ig ve kimyasal kullanarak
gibi islemler uygulanmaktadir. Kimyasal kullanimi
pahali bir yontemdir. Kimyasal kullanilmamasi da
gevre, insan ve ekolojik diizen agisindan onemlidir.
Ayrica ekonomiktir.

DENEYSEL

Malzeme
Pasa Kilic1 Bitkisi Sansevieria trifasciata lifleri

Yontem

Liflerde

e Havuzlama

o Zamk ¢ikarma

Kirma ve temizleme

Mikroskop goriintiisiiniin alinmasi
Fiziksel 6zelliklerinin belirlenmesi
Su tutma kapasitesinin 6l¢iilmesi testi
Kimyasal reaktiflere kars1
belirlenmesi:

Islemleri yapilmustir.

Ozelliklerinin

DENEYSEL SONUCLAR/TARTISMA

Kullanilan yapraklardan en iyi lifler 3 yillik bitkiden
kolaylikla elde edilmistir. Bitkinin 1 y1l iginde 60-70
cm kadar uzamasi miimkiindiir. Konuldugu yerde 3
haftada bir saks1 altindan sulanmasi ve giines alan bir
yere konulmasi yapraklarin daha iyi gelismesine yani
daha iyi lif elde edilmesine etken olmaktadir.
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Lif 6zelliklerinin belirlenmesi

e Lif Uzunlugu (mm) 8,26 + 0,30

Lif Genisligi (um) 22,4 + 5,41
Liimen Genisligi (um) 16,5 + 3,75
Lif Ceper Kalinlig1 (um) 10,4 £2,98
Elastiklik Oran1 73,66

Tablo 1 Sansevieria trifasciata yapragi liflerinin
kimyasal bilesenleri

Selu_l 9% |Hemiseliiloz | Pektin | Li gnin Nem Kil Yag-

icerigi o o o, miktar1 o vaks
% ° % %
68 8 3-3,1 32 12-14 | 0,5 | 0,2

Tablo 2 Sansevieria trifasciata lifinin nem tutma

kapasitesi
Zaman (dakika) Suyun aldig1 yol(mm)
5 25
10 29
15 33
20 39
25 39

Tablo’2 de Sansevieria trifasciata bitkisinin Tablo
3’te ise ¢esitli liflerin su tutma kapasite Olgiimleri
verilmistir. 25 dakika sonunda Sansevieria trifasciata
39 mm yol alirken pamuk 34 mm, keten ise 38 mm
yol almustir. Sansevieria trifasciata nem iletkenligi
acisindan keten bitkisine yakindir. Lifin boyuna
kesitlerinde bir diiglimlenme veya bogumlama
gozlenmemistir.

Tablo 4 Diger liflerin nem iletkenligi (mm) ( Kurban,

M. ve ark).

Zaman | Isirgan | Pamuk | Rami | Keten | Kenevir
dk

5 29 25 24 26 27

10 39 28 27 29 30

15 47 30 29 32 36

20 49 34 34 38 42

25 49 34 34 38 42




GENEL SONUCLAR

Organik olarak {iretilmis lifler ekolojik tekstil endiistrisi
icin biiyik Onem tagimaktadir. Organik iriinler
ekonomik olarak da gelecek vaat eden bir potansiyel
gostermektedirler. Pasa kilicinin dogal bir tekstil
hammaddesi olmasi ve lif ¢ikarma islemlerinin diger
bitkilere gore ekonomik olmasi, evlerde gece oksijen
miktarini arttirmasi, yapilan kumasin ise keten kumasi
ozellikleri tasimasi, bitkinin yetistirilmesi ve ihracatin
da yapilmas: sayesinde Onemli ekonomik girdilere
neden olacaktur.

SONRAKI DONEM CALISMALARI
Serbetciotundan elde edilen liflerden yararlanarak
kumas yapimi denemeleri yapilacaktir.

TESEKKUR/BILGILENDIRME/FON KAYNAGI
Calisma da Eskisehir Orman Bolge Fidanligi
Midirligiinden destek alinmugtir.
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ZEOLIT KATKISI iCEREN PET (POLIETILEN
TEREFTALAT) POY IPLIKLERININ BAZI

OZELLIKLERININ INCELENMESI
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AMACLAR

Bu c¢aligmada, farkli miktarlarda zeolit katkili PET
(Polietilen tereftalat) POY (Kismen Yonlendirilmis
Iplik) iplikler eriyik egirme prosesi ile iiretilmistir.
Daha sonra zeolit igeren PET POY ipliklerinin
mukavemet, uzama, iplik diizgiinligii, yag orant ve
ylizey morfolojisi gibi bazi 6zellikleri incelenmistir.
PET POY zeolit katkili iplik diretimi endiistriyel
Olcekte basariyla gerceklestirilmistir. PET polimer
igerisine nano zeolit ilavesiyle mukavemet ve uzama
degerleri azalmis ve iplik diizgiinsiizlik degerleri
artmugtir. Dahasi, PET elyafta artan zeolit miktart (%
1'e kar1% 0.5), daha diisitk mukavemete ve biraz daha
diisiik uzamaya yol agarken, biraz daha yiiksek iplik
diizgiinsiizliigiine neden olmustur.

GiRiS

Polyester (PET), tekstil ve plastik endiistrisinde
kullanilan en 6nemli polimerlerden biridir. Polyester
elyaftan yapilan giysi, dodsemelik kumaslar, halilar ve
teknik tekstiller gibi malzemeler giinlimiizde yaygin
olarak kullanilmaktadir. Polyester elyaflarin tekstil
malzemelerinde tercih edilmesinin sebebi diisiik
maliyetleri,kolay islenebilirlikleri, diisiik yogunluklari,
yiikksek mukavemetleri ve iyi kimyasal direngleri
oldugu soylenebilir. Polyester elyaflarin bu 6zellikleri,
kullanim  alanlarmmin ~ genislemesini  saglamustir.
Polimer malzemelere yapilan farkli katki maddeleri
ilaveleri ile, polimer nanokompozit endiistrinin farkli
alanlarinda kullanim1 giderek artmaktadir [1]. Tekstil
malzemelerinin  modifiye edilmesinde kullanilan
partikiil boyutlarinin azalmasiyla birlikte, geleneksel
malzemelere gore birim hacimdeki toplam yiizey
alanlar1 genislemekte ve nanopartikiillerin etkileri
artmaktadir  [2,3]. Nanokompozitlerdeki polimer
matrikse eklenen nanopartikiiller, yiiksek siirtiinme
direnci, kolay temizlik ve farkli optik performanslar
saglamaktadir [4].

Zeolitler, kafes yapilarinda aliiminyum, silika ve
oksijen, gozeneklerinde ise katyon ve su igeren mikro
gozenekli kristal katt maddelerdir. Silika ve
aliminyum atomlari, ortak oksijen atomu sayesinde
dort yiizlii olarak birbirine baglidir [5]. Zeolit, kirlilik
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kontrolii, absorpsiyon, iyon degisimi, filtreleme gibi
farkli kullanim alanlar1 nedeniyle son yillarda 6nemli
bir endiistriyel hammadde haline gelmistir [6].

Bu ¢alismada, ¢esitli miktarlarda zeolit katkis1 igeren
PET  (polietilen  tereftalat) POY  (kismen
yonlendirilmis iplik) iplikler endiistriyel olarak
eriyik egirme prosesi ile {iretilmigtir. Daha sonra
zeolit iceren PET POY ipliklerinin mukavemet,
uzama, iplik diizglinligi, yag oram ve ylizey
topografyasi dzellikleri incelenmistir.

DENEYSEL

Malzeme

Farkli oranlarda zeolit katki maddesi iceren PET
POY iplikleri endiistriyel iiretim makinasinda
iretimi gerceklesmistir. Bu amagla PET'e (Polietilen
tereftalat) katki maddesi olarak toz halindeki (35 nm)
nano boyutlu zeolit kullanilmistir (Sekil 1).

Sekil 1. Zeolit nano tozu

Yontem

Zeolit nano malzeme ve PBT (Polibiitilen tereftalat)
(Sekil 2) ile PBT tasiyict polimer igin eriyik
birlestirme yontemine gore cift vidali ekstriiderde
(Sekil  3) masterbatch formunda {iretilmistir.
Masterbatch'teki aktif madde (zeolit) oran1 % 10'dur
(Sekil 4).



Sekil 2. PBT polimeri . e .
Sekil 5. Endiistriyel iplik tiretim makinasi

Kullanilan iplik iiretim parametreleri Tablo 1'de
gosterilmektedir. Sonug olarak % 1 zeolit ve % 0,5

zeolit iceren PET POY iplikleri tiretilmistir..

Tablo-1: iplik iiretim parametreleri

Uretim Kontrol PET PET POY PET POY
Parametreleri POY (%0.5) (%1)
Masterbatch - 0.5 1
orani (%)
. cn . PET  Polimer 100 99.5 99
Sekil 3. Cift vidali ekstriider orant (%)
Ekstriider 280 49,6 3,4
1.Bolge (°C)
Ekstriider 280 47,7 32
2.Bolge (°C)
Ekstriider 280 49,5 3,4
3.Bolge (°C)
Difil (°C) 280 48,4 3,3
Winder hizi 2600 48,9 3,3
Godet 1(m/dk) 2500 48,8 3,2
Sekil 4. PBT tasiyicili zeolite masterbatch Godet 2(m/dk) 2610 50,4 3,2
Melt 20.5 47,7 3,2
Graniil halindeki polyester PET polimeri ile 2 farkli pompasi(hz)
oranda zeolit katkis1 iceren PET POY iplikleri eriyik Lif kesiti Round 48,8 3,3
¢ekim prensibine gore iiretilmistir. Bu amacgla Barmag
markali  endiistriyel  iplik  diretim  makinesi
kullanilmigtir (Sekil 5). PET polimerine, gravimetrik
dozlama sistemi K-Tron, kullanilarak % 0.5 ve% 1 DENEYSEL SONUCLAR/TARTISMA
oraninda zeolit iceren masterbatch ilave edildi ve daha Uretilen ipliklerin analiz sonuglar1 Tablo 2 de
sonra elde edilen karisim ekstriidere beslenmistir. verilmistir.

Tablo-2 Iplik analiz sonuglari

Analiz Sonuglari Kontrol PET POY PET POY
PET POY (%0.5) (%1)
Iplik Numarasi (Dtex) 290.9 291,4 282,2
Mukavamet (cN/dtex) 1.8 1.5 1.3
Kopma Uzamasi (%) 164.2 163,2 161,1
Yag Orani (%) 0.8 0,9 0.94
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Tablo-3 EDXRF Analiz sonuglari

Analiz Sonuglari Kontrol PET POY PET
PET (%0.5) POY
POY (%1)

Si Yogunlugu (%) 0 0,6255 | 1,0925

Kontrol PET POY ipligi, PET POY 0.5 ipligi ve PET
POY 1 ipliginin mukavemet degerleri sirastyla 1.8, 1.5
1.3 cN / dtex olarak dl¢iildii (Tablo 2). Bu sonuglar
g0z oniine alindiginda, PET polimerine eklenen zeolit
miktar1 arttikca mukavemet azalmaktadir.

Kontrol PET POY ipligi, PET POY 0.5 ipligi ve PET
POY 1 ipliginin iplik diizgiinliigii degerleri sirasiyla
0.8, 0.9 ve 0.94 tiir (Tablo 2).

PET POY iplikte % 0,5 zeolit varligi, herhangi bir
zeolit icermeyen Kontroll PET POY ipligine kiyasla
daha yiiksek iplik diizgiinsiizliigli ile sonuglanmustir.
Dahasi, polimerdeki zeolit miktar1 arttikga, aglomerat
olusumuna ve daha yiiksek iplik diizgiinsiizligiine yol
acan olasi deformasyonlara neden olabileceginden,
iplik diizgiinsiizIigl artmstir.

Tablo 3 EDXRF sonuglar1 incelendiginde polimer
icerisinde silika varligina rastanlanmistir. Bu nedenle
iplik icerisinde zeolite varligini gdstermektedir.

GENEL SONUCLAR

Bu g¢alismada PET POY zeolit katkili iplik iiretimi
endiistriyel Olgekte basariyla  gerceklestirilmistir.
Uretilen PET POY ipliklerindeki zeolit materyalin
varligt EDXRF kullanilarak belirlenmistir. Daha
yiikksek zeolit igerigi (% 0,5'e gore % 1) PET POY
ipliginde daha yiiksek Silika varlifini gostermistir.
EDXRF analizinde elde edilen Si varligi sonuclarina
gore PET elyaf POY ipligindeki zeolit miktari,
masterbatch dozajimin ikiye katlanmasiyla iiretim
sirasinda yaklasik 2 kat artmistir. Ote yandan, PET
polimerdeki zeolit miktarindaki artig, mukavemette bir
azalmaya ve iplik diizgiinsiizliiglinde bir artisa neden
olmustur.

SONRAKi DONEM CALISMALARI

Bundan sonraki ¢alogsmalarda tiretilen iplikler tekstiire
edilip kumas dokunduktan sonra kumas iizerinde ses
absorbsiyonu, nem transferi, UV gecirgenlik testleri
uygulanacaktir.
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AMAC

Bu ¢alismada, son yillarda ¢evreci 6zellikleriyle birlikte
on plana cikan Polilaktik asit (PLA) ipliginin bir
dezavantaj1 olarak karsimiza ¢ikan, zayif alev geciktici
Ozelliginin gelistirilmesine yonelik iplik egirme ve
fonksiyonellik testlerinin yapilmasi amaglanmisgtir.

GIRIS

Giiniimiizde, dogal kaynaklardan elde edilen biyolojik
olarak pargalanabilen polimerler, petrokimyasal bazli
polimerlerin asir1 kullaniminin olumsuz etkisi, artan
cevre bilinci nedeniyle giderek daha fazla ilgi
gormektedir. Poli Laktik Asit (PLA) yenilenebilir
kaynaklardan iiretilen, biyo bozunur, termoplastik bir
malzemedir'? PLA musir, seker kanusi, patates gibi
nigasta iceren yenilenebilir bitkilerden iiretilir®*. PLA,
dort temel avantaja  sahiptir:  yenilenebilirlik,
biyouyumluluk, tiretimde diisiikk enerji kullanimi ve
kolay islenebilirlik®. Bu sayede PLA diger biyo
polimerlerin arasinda 6ncii durumda yer almaktadir.
PLA basta paketleme, tekstil, tek kullanimlik iiriinler
olmak {izere genis bir ¢er¢evede uygulama alani
bulmustur. Fosil kaynakli {irinlerin kullanimi ve
bertarafi son yillarda en ciddi problemler olarak
goriilmesi PLA polimerinin siirdiiriilebilir  {irlin
portfoyiinde yer almasini saglanustir. Tlgi duyulan bir
konu haline gelen biyobozunur PLA nin bir dezavantaji
olan zayif alev geciktiricilik "% potansiyel kullanim
alanlarinda engel teskil etmektedir. PLA’nin kolay
tutusturulabilirlik ve alevli damlama karakteristigi
alevlerin hizla yayilarak yangin olusturma potansiyelini
ortaya c¢tkarmaktadir. PLA ipliginin alev geciktirici
6zellik kazandirilmast i¢in en uygun yontem; eriyikten
¢ekim  yontemidir'®.  Biyo-bozunur/giibrelenebilir
ozellikli PLA tekstil iirlinlerine alev geciktirici 6zellik
kazandirilmasi bu firiinlerin teknik tekstiller alaninda
kullaniminin dniinii agacaktir.

DENEYSEL

Malzemeler

Caligmalarda tasiyict polimeri PLA, erime sicakligi
178°C, viskozite degeri 0,93 dl/g olan gii¢ tutusur
masterbatch ve erime sicakligi 179°C, viskozite degeri
1,26 dl/g olan PLA cipsi kullanilmistir.
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Yontem

PLA tastyicili masterbatch katkisi, eriyik c¢ekim
prosesine optimum doz oraninda sisteme beslenerek,
100 denye 48 filamente sahip gii¢ tutusur PLA POY
iplik iretiminin akabinde yalanci biikiim teknigiyle
tekstiire iplikler iretilmistir. Tekstlire prosesini
takiben 250 tur biikiim verilen ipliklerden, 30 tel atki-
60 tel ¢ozgi sikhiginda 4/1 dimi  kumas
konstiiksiyonunda dokuma yiizeyi gelistirilmistir.
Dokuma kumag numunelerinin bir kismi ram+ytkama
(ekru), bir kismi1 boyali olarak, gii¢ tutusur testlerine
tabi tutulmustur. Bu ¢aligma kapsaminda numuneler
dikey yanma testi NFPA 701 ve yatay yanma-
otomotiv FMV SS 302 testleri ile degerlendirilmigtir.
NFPA 701  testi; dikey alev  yiiksekligi
100mm+10mm, kumasin 6n yilizeyine alev alev
uygulama zamani 45 saniye+1 saniye olarak kriteleri
belirlenmis dikey yanma testidir. FMVSS 302 testi;
numunenin atki ve ¢dzgii yonlindeki yanma hizim
mm/dk cinsinden max. 100mm/dk olacak sekilde
kriteleri belirlenen yatay yanma testidir. Caligmaya
ait sematik bir proses diagrami Sekil 1’de mevcuttur.

Sekil 1: Proses akis diagrami
DENEYSEL SONUCLAR/TARTISMA

Tekstiire ipliklere uygulanan biikim islemi ile
mukavemetin artmasi ve kaynama ¢cekme degerinin
diismesi gibi biikiim isleminden beklenen sonuglar,
¢alismamizda da paralel sonuglar vermis olup,
fiziksel test sonuglar1 Tablo 1°de mevcuttur. Biikiim
isleminin dokuma prosesinde olusabilecek kopma ve
filamatasyonlar1 engellemistir.

Tablo 1: Katkili PLA ipliklerin tekstiire ve biikiim
fiziksel test sonuglari

Mukavemet % Kaynama

Dtex % Uzama

(cN/dtex) Cekme
Tekstiire 114 29.72 242 5
Biikiim 118 33,46 2,57 12




Gli¢ tutusur masterbatch katkili PLA ipliklerden
iretilmis olan 4/1 dimi kumas numuneleri -bir kismi
ram+yikama (ekru) bir kismi boyali olacak sekilde-,
NFPA701 testine gonderilmistir. Testi gecme Kriteri;
kumastaki kiitle kaybinin ortalama %40’ altinda
olmasi ve test siirecinde yere diisen damlalarin 2 saniye
icinde sonmesidir. Numuneler test kritelerini saglamig
olup, ilgili test sonuclar1 Tablo 1’de verilmektedir.

Tablo 1: NFPA 701 test sonuglar

Ram+Yikama/Ekru Kumas Boyah Kumas
NFPA 701 Atla Corgii Atla Cozgii
Kiitle Kaybi(%) 8,05 283 6,49 331
Damlama Var Var Var Var
Damlanm yams siiresi 2 sn 1-2sn 1-2sn 1-2sn

Ayni numuneler FMVSS 302 test standardina tabi olup;
tutusan alevin max. 3,8cm mesafesine ulasarak sonmesi
durumunda kendiliginden sonen, olarak test kriterlerini
saglamiglardir.

GENEL SONUCLAR

Bu ¢alisma, PLA iplik kalitelerine kalic1 6zellikte giic
tutusur fonksiyonellik kazandirabilmek i¢in alev
geciktirici katkilar ile eriyik ¢ekim ydnteminin umut
vaadeden bir proses oldugunu gostermistir.

SONRAKI DONEM CALISMALARI

Gelecek donem galigsmalar1 kapsaminda, gii¢ tutusur
olarak iiretimi yapilacak PLA iplik kaliteleri; perdelik
kumaslar, pencere storlar1 i¢in dikey yanma testi olan
BS 5867 testine ve alev direnci/alev yayilma testi olan
NF P92 503-504-505 testleri gibi farkli gii¢ tutusurluk
testlerine  tabi  tutulup,  kullamim  alanalan
belirlenecektir. Ayrica farkli alev geciktiricili iplik
cekimleri ve bu ipliklerden farkli konstriiksiiyonlarda
dokuma ve 6rme kumas tipleri gelistirilecektir.

TESEKKUR

Calisma kapsamindaki hammadde temini, deneysel veri
ve ipliklerin tiretimini saglayan Korteks Mensucat
Sanayi ve Ticaret A.S.’ye tesekkiirlerimizi sunariz.
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AMACLAR

Bu calismada, mekanik olarak geri donistiiriilmiis
Poli(laktik asit) (PLA) esasli biyobozunur malg
filmlerinde kullanilabilecek karigim formiilasyonlari
hazirlanmasi ve Ozelliklerinin incelenmesi,
amaglanmaktadir. Ulkemizde hammadde kaynaklari
yeterli degildir. Geri doniigiim iiriinii olan PLA atik
filament {izerine g¢aligilarak ve dogal lif ile takviye
edilerek giiglendirilecektir.

GIRiS

Poli(laktik asit) (PLA), en ¢ok kullanilan biyobazli
ve biyolojik olarak pargalanabilen polimerlerden
biridir. Yiiksek stabiliteleri nedeniyle, en yeni PLA
smiflarindan bazilar1 yalnizea agir endiistriyel kosullar
altinda parcalanabilir. Bu smiflar igin, mekanik geri
dontigiim, biiyiikk c¢evresel avantajlarla  birlikte
uygulanabilir bir kullanim 6mrii sonu secenegidir.
Bununla birlikte, polimer, hizmet dmrii boyunca ve
eriyik yeniden iglemede bozulmaya ugrar, bu da
PLA’nin  geri  dondistiriilebilirligini  tehlikeye
atabilecek o6zelliklerde bir azalmaya yol agar!. Bu
calismanin amaci, geri doniistiiriilmiis plastigin
ozelliklerini iyilestirmek icin geri donilisim islemi
sirasinda kiiglik miktarlarda organik dolgu maddesi,
(kitosan) eklenmesinin yararliligini degerlendirmektir.
Yenilenebilir hammaddelerden tiiretilen ve ayni
zamanda biyolojik olarak parcalanabilen bir¢ok
termoplastik polimer vardir. Polilaktik asit (PLA)
boyle bir adaydir ve daha yiiksek sicakliklarda uzun
stireli dayaniklilik veya yiiksek mekanik performans
gerektirmeyen uygulamalar i¢in uygun olan oldukca
iyi Ozellikler gosterir. Pek ¢ok teknik uygulamada
olasi kullanimlarin1 daha ¢ekici hale getirmek igin
PLA'nin mekanik o&zellikleri takviyeler kullanilarak
geligtirilebilir . PLA'nin lignoseliilozik liflerle
giiclendirilmesi, mekanik performanslarini artirmak ve
nihai malzemenin g¢evre dostu karakterini korumak
icin mantikli  bir alternatif gibi gdriinmektedir’.
Bitkilerden elde edilen kenevir, pamuk, hint keneviri,
kenaf, keten, sisal vb. Dogal lifler lignoseliilozik lifler
olarak bilinir. Bunlar esas olarak seliiloz, hemiseliiloz,
lignin, pektin, mumlar ve diger suda ¢oziniir
maddelerden olusur. Vinod ve ark.' nin yaptigi
calismada’, bolluklari, diisiik maliyetleri ve diisiik

1. ALTUN, Yagmur (0000-0003-3230-2866)
2. CELEBI, Mithat (0000-0002-2013-5354)

255

yogunluklar1 nedeniyle, bu lifler, gelistirilmis
mekanik  Ozelliklere  sahip  hafif  agirlikh
biyokompozitlerin  gelistirilmesi  icin  polimer

matrislerinde takviyeler olarak degerlendirilmistir.
Dogal liflerin kullanimi1 ayrica matrisin biyolojik
olarak pargalanabilirligini ve yenilenebilirligini
artirabilir ve sera gazi emisyonlarin1 azaltabilir .
Eskimis polimerin bozunma seviyesi ve dolgu
maddesinin niteligi ve miktari, geri doniistlirilmiis

plastiklerin performansini etkiler. Dolgu
maddeleri, onceden siddetli hidrolize maruz kalan
PLA’nin  eriyik halinde yeniden islenmesi
sirasinda  bozunmayr  azaltir, bdylece  geri

doniistiiriilmiis plastigin i¢sel viskozitesini arttirir.
Eklenen organik dolgu maddesinin dikkatli bir
sekilde secilmesi, bazi Onemli mekanik, termal
ve bariyer Ozelliklerinde iyilestirmelerle geri
doniistiiriilmiis plastiklere yol agar. Bu nedenle,
organik dolgu maddelerinin kullanima,
biyoplastiklerin ~ mekanik  geri  donisimiini
tyilestirmek i¢in uygun maliyetli ve ¢evreye duyarli
bir yolu temsil etmektedir*. Biyolojik olarak
parcalanabilen tarimsal plastik malglar, gerektiginde
topragin istiine serilebilir ve boylece plastiklerin
toplanmas1 ve depolanmasi gerekmez’. Genellikle,
PLA gibi biyopolimerin, nem ve yiiksek sicakliklara
duyarliliklarindan ~ dolay1 ekstriizyon yoluyla
islenmesi zordur®. PLA, 165 °C ila 185 °C arasinda
degisen ve 185-190 °C sicakliklarda islenebilen bir
Tm’ye sahiptir. Bu sicakliklarda, molekiiler agirligin
kaybina ve termal bozunmaya yol agan acgilma ve
zincirleme reaksiyonlari meydana geldigi
bilinmektedir. Islem sirasinda molekiil agirligmdaki
bir azalma, eriyik viskozite {izerindeki etkisi
nedeniyle PLA igin bir sorun olusturur. Dahasi,
yiiksek sicakliklarda ve uzun bir siire de PLA’nin
islenmesi, erimis polimerde laktit olusumunu
destekleme egilimindedir. Laktitin olugmasi, eriyik
viskozitesini ve elastik esnekligini azaltabilir’. PLA,
yonlendirme yapilmayan piiskiirtmeli kaliplama
ile iglendiginde, kaliplanmis iriiniin diisik bir
kristallesme derecesine ve yaklasik 60 °C’ lik bir Tg
sicakliginda deforme olmasi gibi problemlere sahip
oldugu goriilmiistiir. PLA disiik bir kristallesme
oranina sahip ve kisa bir siirede kaliplandiginda



kristallesmesi  yeterince ilerlememektedir  ve
kaliplanmusg iiriin, 1s1 direnci ve elastik modiil gibi daha
diisiik 6zelliklere sahiptir. PLA, yavas kristallesme
oran1 nedeniyle isleme sirasinda kalibin metaline

yapisma egilimi  gosterir ve  bdylece iriiniin
gOriinimiinii etkiler. Isleme sirasinda
biyopolimerlerin  metal  yiizeylere  yapigmasini

onlemek i¢in tipik olarak eklenen kalip ayirici
ajanlar, parca kaliptan c¢ikarildiktan sonra da yiizey
kirliligine neden olur. PLA, erimis halde termal
bozunmaya maruz kalma egilimi gosterir. Bu bozunma
seklinin ¢ogu, proses sicakliklarini ve ekstriidderde
kalma siiresini iceren PLA’nin islenmesiyle ilgilidir.
PLA’nin termal bozulmasina katkida bulunabilecek
diger faktorler sunlardir:

» Az miktarda su ile hidroliz,

* Depolimerizasyon,

+ Oksidatif, Rasgele ana zincir yarilmasi,

* Monomer ve oligomerik esterlere molekiiller arasi
transesterifikasyon,

* Molekiil i¢i transesterifikasyon, diisiik molekiil
agirlikli  monomer ve  oligomer laktitlerin
olusumuyla sonuglandirilir®,

Geri doniistliriilmiis PLA'nin 6zelliklerini iyilestirmek
igin  kullanilan  dolgular, diisik  maliyetleri,
bulunabilirlikleri ve biyolojik olarak
parcalanabilirlikleri nedeniyle ilgi cekicidir. Ornegin,
Tesfaye ve ark. yaptig1 calismada! ipek fibroin (SF)
nanokristallerinin PLA {izerinde ¢ekirdeklenme etkisi
oldugunu ve aymi zamanda c¢oklu yeniden isleme
dongiileri sirasinda ig¢sel viskozitenin azalmasini
azaltmaya yardimci oldugunu bildirmistir. PLA’nin
tiretiminde kullanilan hammadde iiretiminin biiylik
miktarlarda ekili alan gerektirdigi goz ardi edilemez
ve bu da ozellikle yoksul iilkelerde gida tedariki
ve agirt fiyatlandirma sorunlarmma neden olabilir. Bu
nedenle, PLA atiklarinin ydnetimi i¢in ¢evre dostu
yontemlerin  gelistirilmesi, bu  biyoplastiklerin
stirdiiriilebilirligi agisindan ¢ok &nemlidir. Potansiyel
degerleme yontemleri arasinda, mekanik geri doniisiim
onemli bir rol oynamaktadir, ¢iinkii birgok yasam
dongiisii  degerlendirme ¢alismasi, emisyonlar1 ve
hammadde tiiketimini azaltarak ¢evresel etkiyi
azaltmaya izin verdigine isaret etmektedir. Ote
yandan, onceki caligmalar, plastigin mekanik geri
doniisiimii sirasinda ambalaj uygulamalarindaki bazi
onemli ozelliklerin azaldigim gdstermektedir'. Bu
da geri donistirilmiis PLA pazarini olumsuz
etkileyebilir ve siirecin  siirdiiriilebilirligini tehdit
edebilir. Dolayisiyla ekonomik ve gevreye duyarli
yontemlerin gelistirilmesi gerekmektedir.

SONUC

Geri doniigtimlii PLA’nin ham PLA ya gdre mekanik,
termal vebiyobozunurluk &zelliklerindeki degisim
incelenecektir.  PLA’min  mekanik  mukavetinin
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arttirilmas1 amaciyla dogal lif kullanilacaktir ve
sonug olarak dogal lifin geri doniistiiriilmiis PLA’nin
ozelliklerine katkis1 aragtirilacaktir.
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AMACLAR

Diinyada grafen alanindaki gelismeler bu sektoriin son
yillarda emekleme safhasina gectigini ortaya
koymaktadir. 2017 sonu itibariyla alman grafen
baglantili patentler iizerine yapilan bir incelemede Cinli
kurum ve kuruluslarca alman 32.000°den fazla patentin
ylizde 63,5’inin “bliyiime safhasindaki” bir grafen
teknolojisine isaret ettigi goriilmektedir. Grafen’in
tekstil materyallerine uygulanmasi ile ilgili de bir ¢ok
calisma s6z konusudur. Yapilan bazi calismalarda
grafen ile kumagin mekanik ve UV koruma ozellikleri
arastirilmig, bazi ¢aligmalar da ise elektriksel iletkenlik
ozelliginden yararlanilarak elektronik tekstil alanindaki
calismalara 1s1k olmustur. Grafen alaninda bu hizl
gelisim yasanirken, Kipas Ar-Ge merkezi olarak grafen
katkili  elyaflarin  kullanilmas: ile fonksiyonel
kumaglarin iiretilmesi amaglanmigtir. Bu ¢alisma
kapsaminda, % 1grafen katkili polyester ve %2 grafen
katkili viskon elyaflar1 belirlenen oranlarda kullanilarak
iplik ve kumas gelistirme c¢aligmalar1 yapilmustir.
Yapilan caligsmalar neticesinde gelistirilmis grafen
katkili triinlerde fonksiyonel Ozellikler incelenmis,
istenilen bakteriostatik ve termal regiilasyon gibi multi-
fonksiyonel ozellikleri kazandirilmistir. Bu ¢alisma ile
birlikte grafen alaninda; arastirma ve laboratuvar
caligmalarinin &niine gecen, katma degeri yiiksek, ticari
olarak sunulabilecek Ttrinler gelistirmelerine katki
saglayacaktir.

Anahtar Kelimeler—Grafen, fonksiyonel tekstiller,
termal regiilasyon, bakteriosatik, polyester, viskon

GIRIS

Grafen, tek tabaka karbon atomlarmin 2 boyutlu
balpetegi yapisinda diizenlenmesiyle olugsmaktadir ve
diger tiim boyutlardaki grafitik malzemelerinin temel
yapitagidir.  Grafen, essiz yapist ve miikemmel
elektronik, optik, termal ve mekanik o&zellikleri
sebebiyle bir¢ok konvansiyonel 3 boyutlu malzemeden
farklilik géstermekte ve ¢ok cesitli alanlarda gelismis
malzemelerin tretilmesinde oldukga dikkat
¢ekmektedir. Grafenin konvansiyonel tekstillerle
birlestirilmesiyle fonksiyonel tekstillerin gelistirilmesi
onemli aragtirma konular1 haline gelmistir Chen ve
arkadaslarina gore! Grafen igerikli tekstillerin gerilim
sensorleri, siiperkapasitorler, enerji depolama gibi
elektriksel uygulamalarda olduk¢a umut verici oldugu
gorilmiistiir. Ayrica, tekstillerin sahip oldugu esneklik,
hafiflik, diisiik maliyet gibi 06zelliklerinden dolay1
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grafen esasli giyilebilir elektriksel iletken tekstillerin
gelistirilmesi son yillarda 6nem kazanmustir.

Grafenlerin tekstil materyallerine uygulanmasi ile
ilgili  bircok  caligmalar  yapilmistir.  Karim
calismalarinda?, tekstil kumasina uygulanabilecek
kararli indirgenmis rGO dispersiyonu elde etmek i¢in
GO’in kimyasal indirgenmesi yoluyla grafen esasl
giyilebilir e-tekstillerin {iretilmesi ¢aligmalarini
denemislerdir. Ouadil ¢calismasinda’, 6rme polyester
kumagin mekanik, elektrik ve UV koruma
ozelliklerini attirmak i¢in GO, grafen ve grafen /
giimiis nanokompozitler ile ylizey modifikasyonu
saglamislardir. Tang ise?, yiiksek elektrik iletkenligi
UV radyasyondan korunma ozelliklerine sahip ¢ok
fonksiyonlu pamuklu kumas elde etmek i¢in kumas
yiizeyine GO nano tabaka dispersiyonunun vakumla
stizme biriktirme (VFD) yontemi ile kaplama islemi
yapmig  ve  polianilini ~ (PANI)  kimyasal
polimerizasyon islemi ile birlestirmiglerdir. Yapilan
testler, GO nano tabakalarinin birikmesinin, PANI-
GO-Pamuklu kumasin yiizeyi iizerindeki anilin
polimerizasyonunun homojenligini arttirmada faydali
oldugunu gdstermistir. Karimi  ¢aligmalarmda’,
pamuklu  kumas ylizeyine ¢ok fonksiyonlu
ozelliklerin, yani kendi kendini temizleme, elektriksel
iletkenligin, ultraviyole (UV) korumanin yani sira
kumag  iizerine antimikrobiyal ozelliklerin
kazandirilmas1  i¢in  yenilik¢gi  bir  yaklagimi
incelemislerdir. Cai ve arkadaslari® ¢alismalarinda
Grafeni” pamuklu kumas yiizeyine klasik emdirme-
kurutma yaklasimiyla uygulamiglardir. Grafen /
pamuklu kumaglar iyi elektriksel iletkenlik, yiizey
hidrofobikligi ve ultraviyole (UV) koruma 6zellikleri
gostermistir. Bu  Ozellikler, tekrarlanan kumas
biikiilmesinden ve yikanmasindan sonra Onemli
Olglide  bozulmamustir. Tian ve  arkadaslari
calismalarinda’, Grafen ve kitosanin cok tabakali
kaplanmas1 ile ultraviyole korumasi saglayan
pamuklu kumas elde etmislerdir. Yapilan testlerde
¢ok tabakali elektrostatik kendiliginden diizenlenme
igleminin, pamuklu kumas yiizeyi iizerinde
Grafen/CS filmini basarili bir sekilde
olusturabildigini ve pamuklu kumasin miikemmel
ultraviyole koruma ozelligi sagladig1 goézlenmistir.
Ayrica, yikama testleri, muamele edilmis pamuklu
kumagin hem elektriksel iletkenlik hem de UV



koruma kabiliyeti iizerinde etkili evsel yikama

Tablo II. Uretilen iplik ve Kumaslarin zellikleri

dayamklihiga sahip oldugunu gostermistir. Cozgii Ipligi | Atk ipligi Sz?lilﬁlk T;Ir;lk (Sji)kzlz‘lgll(l Gr/m>
Mucha ve arkadaslarina gére®, Uygun yasam 28/2Ne | 28/2 Ring
ortamlarinda mikroorganizmalar biyofilm olusturarak 1 Ring 80/20 67/33 225 75/3 30.7 280
hizla ¢ogalmaktadirlar. Hizla gelisen grafen Pes/Vis+ ’ ’
mikroorganizmalar, kotii kokulara, goriintii ve renk pes/viskon | 78 dtex
bozukluklarina, lekelenmelere ve kumas mukavemet 28/2 Ring 28/2 Ring
kaybina neden olabilmektedir. Mikrobiyoloji bilim dali > 67/33 67/3.3 225 7553 | 307 | 280
tarafindan incelenen bu kiiciik canlilar tekstil Pes/Vis Pes/Vis+ ’ ’
iirtinlerinde performans kaybi, renk degisikligi, koku 78 dtex
olusumu gibi olumsuzluklara sebep olmaktadirlar. Bu 28/2 Ring | 28/2 Ring
durum tekstil irliniiniin hijyenik ve estetik bakimlardan 60/40 Pes/ 67/33
kullanilamaz hale gelmesine neden olabilmektedir. 3 Grafen Pes/Vis+ 18,7 10072 1 28,5 243
Tekstil yilizeylerinde goriilen bu tiir mikrobiyolojik Viskon 78 dtex
gelisimler ayrica saglik agisindan potansiyel tehdit . 28/2 Ring
olusturmaktadir 28/2 Ring 67/33
’ 4 67/33 ; 18,7 | 100/2 | 28,5 245
. . Pes/Vis Pes/Vis+
Shao ve arkadaglar’® ¢alismalarmda antibakteriyel 78 dtex
aktivitenin varlig1 nitel olarak tespit edildikten sonra,
antibakteriyel aktivitenin hangi oranda etkin oldugunu Gelistirilen grafen katkili polyester ve grafen katkili
belirlemek igin AATCC 100 test metodunu uygulamak viskon iplikler Tablo.2’de belirtildigi lizere kumas
gerekmektediginden bahsetmis ve c¢alismalarinda bu icerisinde belirlenen karigim oranlarinda sadece
yontemi uygulamislardir. Bu yontemle ile elde edilen R ¢0Ozgl yoniinde kullanilarak grafen katkili elyaflarin
degerlerinin  biiylikliigi  antimikrobiyal etkinligi genel karisimdaki etkisi incelenmistir. Toplamda dort
gostermektedir. R> 99.99 ise “miikkemmel”, 99 < R < farkli kumasg iretilmis; iki kumag grafen katkili, iki
99.99 ise “1iyi 7, 50 <R <99 ise “ bakteriostatik , 0 < kumag da ise herhangi bir grafen katkili elyaflar
R < 99 ise “ kabul edilebilir “olarak kullanilmamugtir.
Olceklendirilmektedir.
Kumaglara termal regiilasyon testi ve antibakteriyel
DENEYSEL aktivite testi olmak Tlizere iki farkli test iglemi
uygulanmustir. ik islem olarak; 100°C‘lik bir 1s1
Materyal ve Metot kaynagina maruz birakilarak sicaklik degisimleri
Bu calisma kapsaminda grafen katkili polyester ve termal kamera altinda g6zlemlenmis, ikinci islem
grafen katkili viskon elyaflari, normal polyester ve olarak ise; kumaglarin yikamasiz ve yikamalt AATCC
viskon elyaflari ile istenilen 6zellikleri saglamasi igin 100:2019 standardina gore antibakteriyel aktivite
daha onceden belirlenen oranlarda karistirilarak iplik durumunun degerlendirilmesi gergeklestirilmistir.
gelistirmeleri yapilmustir. Ayrica grafen igermeyen
iplik yapilar1 da fretilerek son {iriinde kiyaslama Asagida belirtilen tabloda antibakteriyel test igin
¢alismalar1 amaglanmustir. uygulanacak test yoOntemine dair  bilgileri
icermektedir.
Tablo I. Kullanilan malzeme, lif ve 6zellikleri
Malzeme Lif Tanimi Tablo III. Antibakteriyel testi i¢in ilgili sartlar
%1 Grafen katkil1 1,5 Denye, 38 mm Kullanilan Esherichia coli ATCC 25922
Polyester Mikroorganizma (Gram(-)) /  Staphylococus

%2,5 Grafen katkili
Viskon

1,2 Denye, 38 mm

aureus ATCC 6538 (Gram(+))

Bakteri konsantrasyonu

2,2x105/2,8 x 105

Polyester 1,5 Denye, 38 mm (kob/ml)
Viskon 1,5 Denye, 38 mm Inokolum Hacmi 1.0 ml
Elastan 70 Denye Numune Boyutu Daire, cap 48 mm
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Yikama Sayisi

20 yikama ve yikamasiz islemler

Yikama Metodu

40 oC, Tamburlu kurutma

Inkiibasyon Siiresi

24 saat, 37 oC +/- 2 oC

Temas Siiresi

24 saat

Sterilizasyon

VAR




DENEYSEL SONUCLAR

Ik olarak, grafen katkili polyester igerikli numune
(sekil 1) ile grafen igermeyen numunenin (sekil 2)
termal regililasyon test deneyleri yapilmis ve
karsilastirilmistir. Numune kumaslar 100°C*lik bir 1s1
kaynagi altinda maruz birakilarak sekil 1 ve sekil
2’deki goriintiiler elde edilmistir. Is1 kaynagi ile test
edilen {irinler arasindaki mesafe 4 cm olarak
belirlenmistir. Sekil 1 ve 2’nin sagindaki goriintiiler, 1s1
kaynaginin  kaldirilmasiyla bir  dakikalik  dogal
sogumadan sonraki goriintilyli temsil etmektedir.
Termal goriintiilerde, kirmizi renk; sicak sicakligi, mavi
renk; soguk sicaklig1 temsil etmektedir.

Sekil 1. 1-nolu polyester grafenli kumasin sicaklik
uygulandiktan bir dakika sonraki ve dogal olarak
soguduktan sonraki termal kamera goriintiileri

Sekil 2. 2-nolu grafensiz kumasin  sicaklik
uygulandiktan bir dakika sonraki ve dogal olarak
soguduktan sonraki termal kamera goriintiileri

Tablo IV. 1 ve 2-nolu kumaglarin sicaklik dagilimlari

100°C’ Soguduktan | Sicaktan

No deki sonraki soguga Dagilim
maksimum | maksium termal fark1 (%)
sicaklik sicalik (<C) | dagilim(-C)

1 60,7 32,8 27,9

2 | 557 33 22,7

Sekil.1, Sekil.2 ve Tablo.4’ te belirtilen numune
kumaglarin en sicak noktadaki termal-regiilasyon
dagilimlarini inceledigimizde 55,7°C’den 60,7°C’ ye
dogru bir 1s1 emilimi mevcuttur. Grafen katkili
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polyester elyafi ile birlikte %9’luk bir artig oldugu
goriilmektedir. 1ki kumasin aralarindaki 1s1 dagilim
delta farklarin1 inceledigimizde ise %?23’lik bir
dagilim fark: olugmaktadir.

Grafen katkili viskon elyaf igerikli numune ile grafen
icermeyen numunenin termal regiilasyon test
deneyleri yapilmis ve sekil.3 ve sekil.4’teki gibi
karsilastirilmigtir. Numune kumaglart 100°C‘lik bir
1s1 kaynagi altinda maruz birakilarak sekil 3 ve 4’teki
goriintiiler elde edilmistir. Is1 kaynagi ile test edilen
iriinler arasindaki mesafe 4 cm olarak belirlenmistir.
Sekil 3 ve 4’lin sagindaki goriintiiler, 1s1 kaynaginin
kaldirilmasiyla bir dakikalik dogal sogumadan sonra
gOriintiiyli temsil etmektedir. Termal goriintiilerde,
kirmizi renk, sicak sicaklifi, mavi renk soguk
sicakligi temsil eder.

Sekil 3. 3-nolu grafen viskonlu kumasin sicaklik
uygulandiktan bir dakika sonraki ve dogal olarak
soguduktan sonraki termal kamera goriintiileri

Sekil 4. 4-nolu grafensiz kumasin sicaklik
uygulandiktan bir dakika sonraki ve dogal olarak
soguduktan sonraki termal kamera goriintiileri



Tablo V. 3 ve 4-nolu kumaslarin sicaklik dagilimlar

100°C’ | Soguduktan Sso“i?llft:n
deki sonraki gug Dagilim
No . . termal
maksimum | maksium dagihim(-C fark1 (%)
sicaklik sicalik (-C) ) &
3 60,9 33,5 27,4
4 51,6 32,5 19,1

Sekil.3, Sekil.4 ve Tablo.V’teki belirtilen numune
kumaglarin en sicak noktadaki termal-regiilasyon
dagilimlarin1 inceledigimizde 51,6°C’den 60,9°C’ye
dogru bir 1s1 emilimi mevcuttur. Grafen katkili viskon
elyafile birlikte %18’lik bir artig oldugu goriilmektedir.
ki kumasm aralarindaki 1s1 dagilim delta farklarim
inceledigimizde ise %@43’lik bir dagilim farks
olusmaktadir.

Gelistirilen kumaglarin antibakteriyel aktivitesini analiz
etmek i¢in bazi deneysel ¢alismalar gergeklestirilmistir.
Grafen katkili kumasglar ile grafen katkisiz kumaglarin
Tablo.VI ve Tablo.VII'de goriildiigii iizere
mikrobiyolojik testlere tabi tutulmus, Staphylococcus
aureus (Gram (+)) ve Esherichia coli (Gram (-))

mikroorganizmalar1 kullanilmustir.

Tablo VI. Kumas 1 ve 2’nin yikama dncesi ve sonrasi
antibakteriyel aktivite sonuglari

Temas Antibakteriyel
. R
No sure51(24h). Mikroorganizma Aktivite %R
sonu bakteri
sayis1 =((B-A)/B)X100
1 | A-1,2x10°
kob/ml ATCC 6538 o
2 | B47x10° (Gram(+) 768,09
kob/ml
1 | A-5,0x10° 20 yikama
kob/ml ATCC 6538 sonrasi
2 | B-5,2x108 (Gram(+))
kob/ml %99,04
1 A-2,0x10°
kob/ml ATCC 25922 o
2 | B-6,1x10° (Gram(-)) 767,54
kob/ml
1 | A-7,6x108 20 yikama
kob/ml ATCC 25922 sonrast
2 | B-1,95x10° (Gram(-))
kob/ml %61,03
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Tablo VII. Kumas 3 ve 4’iin yikama dncesi ve sonrasi
antibakteriyel aktivite sonuclari

Temas Antibakteriyel
. R
No sure51(24h). Mikroorganizma Aktivite %R
sonu bakteri
sayist =((B-A)/B)X100
1 | A-1,6x10°
kob/ml ATCC 6538 o
2 [ B4,7x10° (Gram(+)) 7066,38
kob/ml
1 | A-3,5x10° 20 yikama
kob/ml ATCC 6538 sonrasi
2 | B-5,2x108 (Gram(+))
kob/ml %99,33
1 | A-1,8x10°
kob/ml ATCC 25922 o
2 | B-6,1x10° (Gram(-)) 770,49
kob/ml
1 | A-7,8x108 20 yikama
kob/ml ATCC 25922 sonrast
2 | B-1,95x10° (Gram(-))
kob/ml %60
SONUC VE TARTISMA

Bu calisma kapsaminda grafen katkili elyaflarin
kullanilmasi ile fonksiyonel kumaslarin iiretilmesi
amaglanmustir. Igerik olarak % 1 grafen katkili
polyester ve %2 grafen katkili viskon elyaflar
kullanilmis, bu igerik oranlarina gére harman karigim
oranlar1 hesaplanmig, farkli iplik ve kumag gelistirme
caligmalar1  yapilmistir. Kumag genel karigim
oranlarinda %22’lik grafen viskon igerigi ile %42°lik
grafen polyester icerigi ¢aligmalarin  basaril
olmasinda yeterli olmustur.

Yapilan c¢aligmalar neticesinde gelistirilmis grafen
katkili dirtinlerde fonksiyonel dzellikler incelenmis,
bakteriostatik ve termal regiilasyon ozelliklerinin
grafen katkili kumaslar ile saglandig1 kanitlanmusgtir.

Grafen katkili kumaslarda termal-regiilasyon testi
sonucunda artan bir 1s1 emilimi oldugu, 1s1 dagilim
delta farklarmin arttig1 goézlemlenmistir. Daha yiiksek
bir dagilim deltasi, daha iyi bir termal regiilasyon
performansi anlamia gelmektedir. Bu sonuglar bize,
grafen katkili viskon ve polyester elyaflarin, 1s1
depolama (en sicak noktada daha yiiksek bir sicakliga
ulasma) ve daha iyi bir termal dagilim (dagilim
deltas1) agisindan daha hizli ve daha yiiksek bir
tepkiye sahip oldugunu gostermektedir.

Kumaglarin ~ antibakteriyel  test  sonuglarini
inceledigimizde grafen katkili kumaglarin Shao ve
arkadaslarimin® da bahsettigi gibi iyi antibakteriyel



aktiviteye sahip oldugu goriilmektedir. Grafen katkili
viskon elyaflarla yapilan kumaslari, gram (+)
mikroorganizmalar1 ile yapilan caligmalarda %68’lik
bakteriostatik aktivite gostermistir. Yirmi yikama
sonrast sonuglarini inceledigimizde ise aktivitesini
artirarak %99’luk bir degere ulagmustir.

Grafen katkili polyester elyaflardan iiretilen kumaglari
gram (+) mikroorganizmalar1 ile test ettigimizde
%66’lik bakteriostatik aktivite gorilmiistir. Yirmi
yikama sonrasit sonuglarmi inceledigimizde ise
%99’luk bir deger ile iyi bir antibakteriyel aktivite elde
edilmistir.

Grafen katkili viskon elyaflarla yapilan kumasglari,
gram (-) mikroorganizmalar1 ile test ettigimizde
%67’lik bakteriostatik aktivite gostermistir. Yirmi
yikama sonrasi ise %61°lik deger ile bakteriostatik
ozelligini korumustur.

Yine grafen katkili polyester elyaflardan {iretilen
kumaglar1 gram (-) mikroorganizmalar1 ile test
ettiimizde %70’lik bakteriostatik aktivite goriiliirken,
yirmi yikama sonrast sonuglart inceledigimizde
%60’lik deger ile aktivitesini korumustur. Tian ve
arkadaglart ¢alismalarimda’ da grafen kaplamali
iriinlerin yikama sonrasi elektriksel iletkenlik hem de
UV koruma kabiliyeti iizerinde etkili oldugunu dile
getirerek, grafenin kattig1 6zelligi yikama sonrasinda da
korudugunu dile getirmislerdir.

Gorildigi tizere iki farkli grafen katkili iiriinlerde de
aktivite saglanmis, yikamalar sonrast aktivitelerini
kaybetmedigi gozlemlenmistir. Sasirtict bir sonug
olarak gram (+) mikroorganizmalar1 ile yapilan
caligmalarda yikama sonrast aktivite azalmasi
beklenilirken, %99’Iuk bir tersine etkiye ulagilmigtir.

Bu calisma ile birlikte grafen alaninda; arastirma ve
laboratuvar ¢aligmalarinin 6niine gegen, katma degeri
yiiksek, ticari olarak sunulabilecek multifonksiyonel
ozellikleri iiriinlerin gelistirilebilecegi goriilmiistiir.
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Iletken iplik Kullanilarak Uretilen Seamless Uriinlerin

Elektromanyetik Kalkanlama Ozelliginin Olciilmesi
KOPTUR TASAN, Perinur', COREKCIOGLU, Mustafa?, YILDIRIM, F. Filiz, ARAS ELIBUYUK , Sultan,
DEMIR, Ozlem,

!0zanteks Tekstil San. ve Tic. A.S.,
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AMACLAR

Bu calismada iletken 6zellikli iplikler (giimiis igerikli)
kullanilarak  elektomanyetik kalkanlama 6zellikli
seamless tekstil irlinlerinin iiretimi yapilmistir. Bu
iirtinlerin elektromanyetik kalklanlama etkinliklerinin
ve yikama dayanimlarinin dl¢iilmesi amaglanmugtir.

GIRiS
Teknolojinin gelismesiyle birlikte teknolojik {irtinlerin
kullanim1  artmistir.  Cevremizdeki akim tasiyan

kablolar, elektrikli aletler, yiiksek gerilim hatlari, TV
ve bilgisayarlar, radyo antenleri, cep telefonlar1 ve
diger elektrik-elektronik iiriinler elektromanyetik (EM)
alan olusturmaktadirlar  ve calisirken kasith veya
kasitsiz olarak ¢evreye elektromanyetik radyasyon
yayarlar. Ginliik hayatta etrafimizda bulunan
elektromanyetik alanlar (EMA) insan organizmasina
biiyiik 6l¢iide zarar verebilmektedir. Elektro manyetik
(EM) alanin insanlar {izerinde iki tiir biyolojik etkisi
oldugu bilinmektedir?. Birinci kisim kisa zamanda
hissedilen etkiler diye bilinen stres, uykusuzluk,
migren, cilt problemleri, hafiza kaybi, kilo alim gibi
sikayetlerdir. Diger bir etki ise molekiiller ve kimyasal
baglara, hiicre yapisina viicut koruma sistemine
yaptig1 ve uzun siirede ortaya ¢ikabilen etkilerdir.
Kalkanlama ya da ekranlama; kart, devre ya da cihaz
diizeyinde iki ortami birbirinden elektromanyetik
alanda izole etmek olarak tanimlanabilir'. Kalkanlama
terimi yerine elektrik-elektronik miihendisliginde
ekranlama terimi de yaygin olarak kullanilmaktadir.
Elektro manyetik dalgalar hayatimizin her alaninda

bulunmakta ve viicudumuzu etkilemeye devam
etmektedir. Bu etkilerden viicudumuzun
korunabilmesi amaci ile cesitli iriinler

kullanilmaktadir. Ozel tekstil yapilar1 sayesinde farkli
frekans araliklarinda farkli koruma etkinlik alanlarinda
(dB) 9%99°dan daha yiiksek degerlerde koruma
saglanabilmektedir. Gelisen iiretim teknolojileri ve
malzemeler sayesinde, ¢esitli kullanim alanlarina gore
ozel tekstil yiizeyleri iiretilebilmektedir. Ekranlama
amact ile kullanilacak malzeme iyi elektrik
iletkenligine sahip olmali (dalgalarin malzemeye
niifuzunu minimize etmek i¢in) ve yiiksek manyetik
gecirgenlige sahip olmalidir. Iletken iplikler, iletken
filamentlerden, kesikli iletken liflerden, iletken Ilif
veya tellerin iletken olmayan tekstil lifleri ile birlikte
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egrilmesinden elde edilebilmektedir. Ayrica iletken
olmayan ipliklerin, iletken metal malzemelerle
sarillmasi ile de iletken tekstiller iiretilebilmektedir.
fletken kumaglar ise, yapilarinda iletken ipliklerin
veya tellerin kullanilmasi ile, kumasin iletken
malzemelerle kaplanmasi veya muamele edilmesi ile
elde edilmektedir. Metalik iplikler, iletken olmayan
bir ipligin bakir, giimiis veya altin tel veya folyo gibi
metalik bir malzeme ile birlikte sarilmasiyla elde
edilebilmekte ve ayrica iletken tekstillerin
iiretilmesinde kullanilabilmektedir'.

Bu calismada da iletken olmayan bir ipligin giimiis
ile kaplanmasi ile olusturulan iletken o6zellikli
iplikler kullanilarak seamless diriinler iiretilmis ve
elekromanyetik kalkanlama 6zellikleri test edilmistir.

DENEYSEL

Malzeme

Elektromanyetik kalkanlama 06zellikli seamless
riinlerin {iretiminde, glimiis igerikli Frescura ve
elastan iplikler kullanilmigtir.

Yontem

Santoni M-8 dikissiz 6rgii makinesi ile seamless
iirtinlerin 6rme iglemleri yapilmustir.

Bitim islemleri sirasinda yikama disinda herhangi
ekstra bir iglem uygulanmamustir.

Uriinlerin ¢oklu yikama testleri ISO 6330 evsel

yikama ve kurutma prosediiri  kapsaminda
yapilmistir.
Tekstil {driinlerinin  elektromanyetik kalklanlama

etkinlikleri in-house bir yontemle test edilmistir.
Elektromanyetik kalkanlama analizi sirasinda sinyal
iireticisi antenden 20 dbm’lik 1 Ghz’de sinyal tiretilir
ve bu sinyalin diger antenden alindig1 deger
kaydedilir. Bu sayede verilen ve aliman sinyal
arasindaki degerler oOlgiilerek kumasin ne kadar
kalkanlama sagladigi goriilmiis olur.

DENEYSEL SONUCLAR/TARTISMA

In-house olarak gelistirilen test yontemi ile seamless
driinlerin  elektromanyetik kalkanlama degerleri
oOlctilerek hesaplamalar yapilmis ve asagidaki grafik
olusturulmustur.
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Sekil 1:Poliamid ve iletken iplik igeren (ozan iletken
bel korsesi) seamless iirlinlerin elektromantyetik
kalkanlama degerlerinin karsila