Q\ FIBER &
< ¥ POLYMER

RESEARCH INSTITUTE

ULUSLARARASI
LiF VE POLIMER
ARASTIRMALARI
SEMPOZYUMU

10™ INTERNATIONAL FIBER AND POLYMER RESEARCH SYMPOSIUM

anoy Tk s 13 - 14372022

www.ulpas.org

Akilli ve Teknik Tekstiller | Smart and Technical Textiles

BiLDIRI KiTAPCIGI
BOOK OF PROCEEDINGS




Bu kitabin baski versiyonu bildirilerin tam metinlerini icermektedir. E-kitaba
www.ulpas.org adresinden ulagsilabilir.

This printed book contains the full texts of the papers presented at the symposium. The pdf
version of the Book of Proceedings can be downloaded from the website www.ulpas.org.




ITU

© 2022, Istanbul Teknik Universitesi
© 2022, Istanbul Technical University.

ISBN: 978-975-561-540-0

Bu kitabin her hakki saklidir ve tiim yayin haklar1 "ITU Rektorliigii'ne" aittir.

Bu kitabin tamami1 yada herhangi bir boliimii yayinevinin izni olmaksizin yayinlanamaz,
basilamaz, mikrofilme cekilemez, dolayli dahi olsa kullanilamaz. TEKSIR, FOTOKOPI veya
baska teknikle ¢ogaltilamaz, bilgisayarda, dizgi makinalarinda islenebilecek bir ortama
aktarilamaz. Kitapta yayinlanan tiim yazi ve gorsellerin sorumlulugu yazar/yazarlara aittir.

All rights of this book are reserved and all publication rights belong to "ITU Rectorate". All
or any part of this book cannot be published, printed, filmed or used indirectly without the
permission of the publisher. It cannot be reproduced by DUPLICATION, PHOTOCOPY or
any other technique, and cannot be transferred to an environment that can be processed on
computers or typesetting machines. The responsibility of all texts and visuals published in the
book belongs to the author(s).

Uluslararasi Lif ve Polimer Arastirmalar1 Sempozyumu (05: 2022: iITU/On-line ve on-site)
10. Uluslararasi Lif ve Polimer Arastirmalar1 Sempozyumu: 13 — 14 Mayis 2022 / editorler
Yusuf Ulcay, Ali Demir, Ali Kilig, Giilcin Baysal, Merve Nur Sagirh

1.Tekstil lifleri-Tiirkiye-Kongreler 2.Polimerler-Tiirkiye-Kongreler

Istanbul Teknik Universitesi yayinlari. Yayin no. 2022.2KNF/3

Istanbul Technical University publications. No.2022.2KNF/3



Mayis 2022

Editorler
Prof. Dr. Yusuf ULCAY
Prof. Dr. Ali DEMIR
Dog. Dr. Ali KILIC
Dr. Giilgin BAYSAL

Merve Nur SAGIRLI



Bilim Komitesi / Scientific Committee

Prof. Dr. Ismail KOYUNCU, Rector, Istanbul Technical University
Prof. Dr. Omer Berk BERKALP, Istanbul Technical University
Prof. Dr. Yusuf ULCAY, Bursa Uludag University
Prof. Dr. Ali DEMIR, Istanbul Technical University
Prof. Dr. Ayse CELIK BEDELOGLU, Bursa Technical University
Prof. Dr. Kenan YILDIRIM, Bursa Technical University
Prof. Dr. Levent TRABZON, Istanbul Technical University
Prof. Dr. Ahmet GUL, Istanbul Technical University
Prof. Dr. Mustafa Erdem UREYEN, Eskisehir Technical University
Assoc. Prof. Dr. Hiiseyin AVCI, Eskisehir Osmangazi University
Prof. Dr. Vural BUTUN, Eskisehir Osmangazi University
Prof. Dr. Melih Cemal KUSHAN, Eskisehir Osmangazi University
Prof. Dr. Levent ONAL, Tekirdag Namik Kemal University
Prof. Dr. Cem GUNESOGLU, Gaziantep University
Prof. Dr. Mustafa OKSUZ, Yalova University
Prof. Dr. Yildiray TURHAN, Pamukkale University
Prof. Dr. Ali OZSEVINC, Tokat Gaziosmanpasa University
Prof. Dr. Behnam POURDEYHIMI, NCSU, US4
Prof. Dr. Mohammad JAWAID, UPM, Malaysia
Prof. Dr. Osman BABAARSLAN, Cukurova University
Prof. Dr. Hasan Basri KOCER, Bursa Technical University
Prof. Dr. Mehmet KANIK, Bursa Uludag University
Prof. Dr. Kenan CEVEN, Bursa Uludag University
Prof. Dr. Esra KARACA, Bursa Uludag University
Prof. Dr. Ramazan ERENLER, Tokat Gaziosmanpasa University
Prof. Dr. Mevliit TERCAN, Usak University
Prof. Dr. Ahu Demiréz GUN, Usak University
Prof. Dr. Elif KORCAN, Usak University
Prof. Dr. Arif Taner OZGUNEY, Aegean University
Prof. Dr. Esen OZDOGAN, Aegean University
Prof. Dr. Asli DEMIR, degean University
Prof. Dr. Tiillay GULUMSER, Adegean University
Prof. Dr. Neji LADHARI, University of Monastir, Tunusia
Prof. Dr. Islam SHYHA, Edinburg Napier University, UK
Assoc. Prof. Dr. Ali KILIC, Istanbul Technical University
Assoc. Prof. Dr. Eren ONER, Usak University
Assoc. Prof. Dr. Muhammet AKAYDIN, Usak University
Assoc. Prof. Dr. Fatih SUVARI, Bursa Uludag University
Assoc. Prof. Dr. Selahattin BOZKURT, Usak University
Assoc. Prof. Dr. Selim GURGEN, Eskisehir Osmangazi University
Assoc. Prof. Dr. Ayla EKER SARIBOYACI, Eskisehir Osmangazi University
Assoc. Prof. Dr. Ali AKPEK, Yildiz Technical University
Assoc. Prof. Dr. Tarik ARAFAT, Bangladesh University of Engineering and Technology, Bangladesh
Assoc. Prof. Dr. Tamer HAMOUDA, National Research Center, Egypt
Assoc. Prof. Dr. Ahmed H. HASSANIN, Egypt Japan University of Science and Technology, Egypt
Assist. Prof. Dr. Sule SELCUK, Istanbul Technical University
Assist. Prof. Dr. Ismail TIYEK, Kahramamaras Siitcii Imam Univeristy
Assist. Prof. Dr. Abdelrahman ABDELGAWAD, NCSU, USA
Assist. Prof. Dr. Onur UYSAL, Eskisehir Osmangazi University
Assist. Prof. Dr. Sahin COSKUN, Eskisehir Osmangazi University
Assist. Prof. Dr. Bedri BAKSAN, Eskisehir Osmangazi University

iv



Assist. Prof. Dr. Hamed GHORBANPOOR, Eskisehir Osmangazi University
Assist. Prof. Dr. Cigdem TASDELEN-YUCEDAG, Gebze Technical University
Assist. Prof. Dr. Yasin AKGUL, Karabiik University
Assist. Prof. Dr. Gamze TETIK, Usak University
Assist. Prof. Dr. Gizem CELEP, Usak University
Assist. Prof. Dr. Nefise Goniil SENGOZ, Usak University
Assist. Prof. Dr. Bahar TIBER, Usak University
Assist. Prof. Dr. Mehmet KAYHAN, Usak University
Assist. Prof. Dr. Aminoddin HAJI, Yazd University
Assist. Prof. Dr. Mohamad MIDANI, Cairo German University, Egypt
Assist. Prof. Dr. Abdelrahman ABDELGAWAD, National Research Center, Egypt
Dr. Mohammad MANSOOB KHAN, Universiti Brunei Darussalam
Dr. Nadeem BUKHARI, Istanbul Technical University
Dr. Yasin ALTIN, Bursa Technical University
Dr. Ismail BORAZAN, Bartin University
Dr. Fatma DEMIRCI, Bursa Technical University
Dr. Fatmanur PARIN, Bursa Technical University
Dr. Mehmet CALISIR, Rize Recep Tayyip Erdogan Unversity
Dr. Ayse Sevkan MACIT, Usak University
Dr. Gonca ALAN, Usak University
Dr. Miiyesser Selda TOZUM, Usak University
Dr. Sena Demirbag GENC, Usak University
Dr. Giilgin BAYSAL, Usak University
Pinar TASDELEN ENGIN, Polyteks-Bursa
Seda UNAL, Polyteks-Bursa
Dr. Merve Ozkutlu DEMIREL, TAI/TUSAS
Dr. Yahya OZ, TAI/TUSAS



Organizasvon Komitesi / Organization Committee

Prof. Dr. Yusuf ULCAY, Bursa Uludag University
Prof. Dr. Ali DEMIR, Istanbul Technical University
Prof. Dr. Ayse CELIK BEDELOGLU, Bursa Technical University
Prof. Dr. Kenan YILDIRIM, Bursa Technical University
Prof. Dr. Levent TRABZON, Istanbul Technical University
Prof. Dr. Behnam POURDEYHIMI, NCSU, US4
Prof. Dr. Mohammad JAWAID, UPM, Malaysia
Prof. Dr. Islam SHYHA, Edinburg Napier University, UK
Assoc. Prof. Dr. Hiiseyin AVCI, Eskisehir Osman Gazi Univeristy
Assoc. Prof. Dr. Ali KILIC, Istanbul Technical University
Assoc. Prof. Dr. Fatih SUVARI, Bursa Uludag University
Assoc. Prof. Dr. Tamer HAMOUDA, National Science Foundation, Egypt
Assoc. Prof. Dr. Ahmed H. HASSANIN, Egypt Japan University of Science and Technology, Egypt
Assist. Prof. Dr. Sule SELCUK, Istanbul Technical University
Assist. Prof. Dr. Halil ibrahim AKYILDIZ, Bursa Uludag University
Assist. Prof. Dr. Abdelrahman ABDELGAWAD, NCSU, USA
Assist. Prof. Dr. Mohamad MIDANI, Cairo German University, Egypt
Dr. Yasin ALTIN, Bursa Technical University
Dr. Yusuf POLAT, Erzurum Technical University
Assist. Prof. Dr. Yasin AKGUL, Karabiik University
Assist. Prof. Dr. Cigdem TASDELEN-YUCEDAG, Gebze Technical University
Dr. Mehmet CALISIR, Rize Recep Tayyip Erdogan Unversity
Dr. Fatma DEMIRCI, Bursa Technical University
Dr. Fatmanur PARIN, Bursa Technical University
Dr. Giilgin BAYSAL, Usak University
Dr. Nazli ARMAN, Bursa Uludag University
Aybeniz SEYHAN, Istanbul Technical University
Ahmet AYDIN, Bursa Technical University
Ali TOPTAS, Karabiik University
Merve Nur SAGIRLI, /TU TEMAG Lab.
Melike GUNGOR, ITU TEMAG Lab.
Omer Faruk UNSAL, Bursa Technical University
Asli GIRGIN, Bursa Uludag University
Atike KOKEN, Bursa Uludag University
Semanur DEVLI, /TU TEMAG Lab.
Kardelen PEKGOZ, ITU TEMAG Lab.
Nesrin KARA, /TU TEMAG Lab.

Vi



Welcome to the 10" ULPAS at ITU

First of all, I would like to thank Prof. Dr. Ismail KOYUNCU, The Rector of Istanbul Technical University,
for his allocation of facilities of the university and contribution to officiate the meeting. I also would like to
thank Prof. Dr. Muzaffer SEKER, The President of The Turkish Academy of Sciences to support the meeting
by giving a welcome speech.

We, as Fiber and Polymer Research Institute, are delighted and honored to organize the 10" International
Fiber and Polymer Research on Fibrous and Polymer Materials and to welcome all of you for coming to ITU
and Turkey.

I wish to extend a warm welcome to fellow academicians from the various countries and cities in Turkey. |
realize that you are fully dedicated yourselves to the sessions that will follow up, but I do hope you will also
take time to enjoy being in this historical city of 1stanbul.

I noticed that studies will be presented are principally devoted to enhance the development and use of the
fibrous materials in technical textiles end-use fields besides their usage in pure textiles and clothing. These
bi-annual meetings enable to build a productive dialogue between members, academicians and industry
people from different cities and countries. I believe that this meeting also provides a precious opportunity for
networking and fruitful contacts between universities and companies in different countries.

We are pleased that as much as about guest delegates are in attendance - being from different countries
namely Iran, Greece, India, USA and Check Republic.

The sector is aware of the trend in international markets towards increasing demand for healthier and more
environmentally-friendly / sustainable 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.

The fiber and polymer sectors 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 these 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. One of the main objects of the Fiber and
Polymer Research Symposiums of the center is to be internationally recognized as a preeminent, small but
comprehensive research center dedicated to inspiring its members and preparing them to excel intellectually.

Primary mission of the symposium is to prepare the participants and researchers in the field of fiber and
polymer to contribute continuous positively to their organizations and communities. [IF&PRC (ULPAS) aims
to provide challenging symposium programs and based on project studies in a caring environment in order
to prepare well-educated, independent researchers ready for lives of continuous growth. IF&PRC (ULPAS)
also aims to establish collaboration and coordination among her members.

Today’s academic studies are multidisciplinary and the world that changes rapidly calls for a close
partnership between countries. Globalization presents many challenges to our region and as such we should
cooperate with the aim of achieving mutual benefits. I hope the symposium will highlight possible avenues
for cooperation between academicians from different universities and research centers and also come up with
beneficial, cutting-edge resolutions, which can positively impact the textile industries of related countries.

To sum up, I wish to express my gratitude to all attendees for their full cooperation and contribution to
International Fiber and Polymer Symposium. I take this opportunity to thank the organizing committee for
organizing this conference and for providing the necessary funding. [ would also like to express my gratitude
to the Fiber and Polymer Research Institute for their diligence.

Prof. Dr. Yusuf ULCAY

The Head of the International Fiber and Polymer Research Institute
On behalf of the 10" ULPAS Organizing Committee
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ITU’de 10. ULPAS’a Hosgeldiniz

Oncelikle istanbul Teknik Universitesi Rektorii Prof. Dr. ismail KOYUNUCU’ya iiniversitenin
imkanlarmi tahsis ettigi ve toplantinin gergeklesmesine katkilarindan dolayi tesekkiir ederim. Ayrica,
TUBA Bagkani Prof. Dr. Muzafer SEKER'e de sempozyumun agilisinda yapacagi selamlama konusmasi
icin de samimi tesekkiir ederim.

Lif ve Polimer Arastirma Enstitiisii olarak 10. Uluslararas1 Elyaf ve Polimer Malzemeler iizerine Lif ve
Polimer Arastirmasini sempozyumuna katilimizdan dolay1 hos geldiniz demekten mutluluk ve onur
duyuyoruz.

Tiirkiye'nin ¢esitli sehirlerinden ve farkli iilkelerden katilan akademisyen arkadaslarima da hos geldiniz
demek istiyorum.

10. ULPAS oturumlarinda sunulacak c¢aligmalarin, esas olarak lif ve polimer malzemelerin tekstil ve
giyimin yani sira farkli son kullanim alanlarinda gelistirilmesini ve kullanimini gelistirmeye yonelik
oldugunu hepimiz fark ediyoruz. Yilda iki kez yapilan bu toplantilar, farkli sehir ve iilkelerden gelen
iiyeler, akademisyenler ve endiistri insanlar1 arasinda verimli bir diyalog kurulmasini saglamaktadir. Bu
toplantilarin ayn1 zamanda farkl: tilkelerdeki iiniversiteler ve sirketler arasinda ag olusturma ve verimli
temaslar i¢in degerli bir firsat sunduguna inanityorum.

fran, Hindistan, Yunanistan, ABD ve Cek Cumhuriyeti gibi farkli iilkelerden gelen konuk delegelerin
katilimindan da memnunuz.

Sektor, uluslararasi pazarlarda daha saglikli ve daha ¢evreci iiriinlere yonelik artan talebin farkinda olup,
yasal ve teknik diizenlemelerle bu gelismelere uyum saglamaya calismaktadir. Bununla birlikte,
yiikselen sektor iireticileri ile dolu diinya pazarindaki rekabetci konumunu korumak olduk¢a zordur.
Bundan dolay1 tireticiler, faaliyetlerini katma degerli tirlinlere ve marka olusturmaya kaydirdilar.

Lif ve polimer sektorleri, maliyet faktorlerini agmak i¢in katma degeri yiiksek iriinler iiretmeleri
gerektiginin bilincindedir. Ayrica, uluslararas1 pazarlar giderek daha saglikli ve daha g¢evre dostu
iiriinler talep etmektedir. Bu nedenle sektdrlerin yasal ve teknik diizenlemelerle bu gelismelere uyum
saglamalar1 gerekmektedir. Ancak, stratejik bir plan ve temel bir AR-GE olmaksizin, gelismekte olan
oyuncularla dolu diinya pazarinda bu sektorleri rekabet¢i konumda tutmanin ¢ok zor oldugu da agiktir.

Aslinda AR-GE, bir iilkede biiylimenin motoru olarak ilan edilebilir. Lif ve Polimer Arastirma
Sempozyumlariin ana hedeflerinden biri, liyelerine ilham vermeye ve onlar entelektiiel olarak {istiin
olmaya hazirlamaya adanmis, 6nde gelen, kiiciik ama kapsamli bir aragtirma merkezi olarak uluslararasi
alanda taninmaktir.

Sempozyumun ana misyonu, lif ve polimer alanindaki ¢alisan ve arastirmacilart kuruluslarma ve
topluluklarina siirekli olumlu katkida bulunmaya hazirlamaktir. Uluslararast Elyaf ve Polimer
Sempozyumu ULPAS (IF&PRC), siirekli biiyiime sartlarina hazir, iyi egitimli, bagimsiz aragtirmacilari
hazirlamak i¢in 6zenli bir ortamda proje calismalarina dayali ve nitelikli sempozyum programlari
saglamay1 amaclamaktadir. Ayrica, Lif ve Polimer Aragtirma Enstitiisii tiyeleri arasinda isbirligi ve
koordinasyon kurmayi da amaglamaktadir.

Glniimiiziin akademik ¢alismalari, ¢cok disiplinli ve hizla degisen diinya sartlarinda, iilkeler arasinda
yakin bir ortaklik gerektiriyor. Kiiresellesme iilkelerimize bir¢ok zorluk getiriyor ve bu nedenle
karsilikl yararlar elde etmek amaciyla isbirligi yapmaliyiz. Sempozyumun, farkli {iniversitelerden ve
arastirma merkezlerinden akademisyenler arasinda olasi isbirligi yollarini vurgulayacagini ve ilgili
iilkelerin lif ve polimer endiistrilerini olumlu yonde etkileyebilecek faydali, son teknoloji kararlara
varacagini umuyorum.

viii



Ozetlersek, Uluslararasi Elyaf ve Polimer Sempozyumu'na (ULPAS) tam is birligi ve katkilarindan
dolay1 tiim katilimcilara tesekkiir etmek istiyorum. Bu vesileyle, bu konferansi organize ettigi ve gerekli
finansman1 sagladig1 i¢in diizenleme komitesine ve Sempozyum ortamimi bizlere tahsis eden ITU
Rektdrii Prof. Dr. Ismail KOYUNCU hocamiza ve ekibine tesekkiir ediyorum. Ayrica Fiber ve Polimer
Aragtirma Enstitiisii'ne gosterdikleri 6zen igin tesekkiir etmek istiyorum.

Prof. Dr. Yusuf ULCAY
10. ULPAS Organizasyon Komitesi Adina
Uluslararasi Lif ve Polimer Aragtirmalar1 Enstitiisii Bagkan1
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Flexible energy harvesting devices for wearables
Ayse Celik Bedeloglu

Bursa Technical University, Polymer Materials Engineering Department, Bursa, Turkey

Abstract:

Wearable devices, which have started to be used inside and outside the body, have attracted attention in recent
years due to the benefits they provide in daily life and health. The smart wearable device market was valued at
US$14920 million, with 266.3 million units worldwide in 2020 and is expected to reach US$38650 million by the
end of 2026, an increase of approximately 20%, reaching 776.23 million units by 2026. While a wide variety of
devices such as pacemakers, fitness trackers, retinal prostheses are produced commercially in the field of wearable
electronic and biomedical devices, many studies are carried out on wearable technologies in the academy. On the
other hand, most of the smart wearable products developed use batteries that can run out after a certain period of
time. Since this affects the operation of these devices, the power supply requirement of wearable devices is one of
the biggest problems to be overcome today. In order to overcome this problem, various studies are carried out on
scalable, light, cost-effective, sustainable and continuous energy producing technologies by using different energy
sources based on motion/vibration, light, heat and electromagnetic radiation. Recently, in the energy generation
devices, polymer-based films, nanofibers, yarns and textile fabrics are prefered to obtain flexible harvesting
technologies. In this study, the types, features, advantages-disadvantages and future situations of polymer-based
flexible energy harvesting devices for wearable devices will be discussed by giving examples from our studies.

Keywords: nanogenerator, piezoelectric device, triboelectric device, pyroelectric device, polymer, textile,
nanofiber

Acknowledgement: This study was supported by Turkish Scientific and Technical Research Council, TUBITAK,
project no: 219M103.



Terbiye Sektoriinde Verimlilik Artirma Calismalari le

Karbon Ayak izinin Azaltilmasi
Mehmet Kanik

Bursa Uludag University, Department of Textile Engineering, Bursa, Turkey

OZET:

Avrupa Yesil Mutabakati ¢ergevesinde getirilen “sinirda karbon diizenlemesi” ile birlikte, tiim sektdrlerde oldugu
tekstil terbiye sektoriinde de “karbon ayak izinin” azaltilmasi &nemli giindem maddelerinden birisi haline
gelmistir. Bu amagla, bir yandan daha diisiik karbon ayak izi ile iiretim yapilmasina yonelik olarak yeni
teknolojilerin gelistirilmesi ve kullanilmasi; diger yandan da mevcut tiretim teknolojileriyle iretimde daha diistik
karbon ayak izine yol agan girdilerin/proseslerin kullanilmasi tizerinde ¢alisilmaktadir. Bu konuda terbiye sektorii
acgisindan ¢ok O6nemli olan {iglincli bir husus da, 6zellikle kaynak ve zaman kullanimma yonelik “iiretim
verimliliginin artirilmast” yoluyla karbon ayak izinin azaltilmasidir. Bu sunusta, boyahane verimliliginin
stirdiiriilebilir tekstil {iretimi agisindan 6nemi, verimlilik artist ile karbon ayak izinin azaltilmasi ve Yasam
Déngiisii Degerlendirmesinin (LCA) bu amagla etkin bir arag olarak kullanimi lizerinde kisaca durulacaktir.






A New Method Of Determination Of Evaporative
Resistance Of Clothing From Its Thermal Resistance

Measured On Dry Thermal Manikin
Lubos Hes and Frederic T. Fung
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Technical University of Liberec, Czech Republic
Abstract:

In the paper, a new method of determination of thermal and evaporation resistance of clothing through thermal
manikins is presented. The so-called dry thermal manikins serve to determine the thermal resistance of clothing
only, whereas the very costly sweating thermal manikins measure also the clothing evaporation resistance. Due to
irregular moisture distribution absorbed in clothing, which also reduces thermal resistance and water vapour
permeability of the tested clothing, the experimental results achievable in these manikins suffer from low
reproducibility.

In the study, novel method is theoretically analysed and experimentally verified, in which thermal resistance data
measured on dry manikins are transformed into evaporative resistance of clothing. The transformation procedure
is based on comparative measurements of thermal and evaporative resistances in a special quick and non-
destructive PERMETEST Skin model, which evaluates heat and mass transfer in simulated vertical air gaps
corresponding to real air gaps in the worn clothing. Results of this original and systematic research were then
statistically treated, theoretically analysed and then presented as transformation equations specific to all tested
woven fabrics.

The evaporation resistance data determined by these equations then correlated with data achieved by testing
clothing (made of the studied fabrics) on a real sweating manikin at the Lund University in Sweden. For air gaps
in the range of 8 to 14 mm (the mostly occurring gaps), the differences did not exceed 15%, which can be accepted
as a good result when considering the complexity of the measurements.

As follows from an extended literature survey, no study on a similar topic was found in the available reports,
despite many papers published on manikins. Application of the presented innovative method may extend the use
of cheaper and easy operable dry manikins in many textile laboratories globally, despite certain limitations of this
new method.



The Effect of a Phosphorus-Based FR on the Fire
Performance and Flammability Properties of Basalt Fiber

Reinforced Acrylonitrile-Butadiene-Styrene Composite
ARSLAN, Cagrialp', DOGAN, Mehmet?
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SUMMARY

This study focuses on the improvement in fire performance, and flame retardancy (FR) properties of chopped
basalt fiber (BF) reinforced acrylonitrile-butadiene-styrene (ABS) composites. For this purpose, different amount
of aluminum diethyl phosphinate (AIPi) compound (5, 10, and 15wt%) was incorporated in the composites. The
FR properties of the composites were examined via limiting oxygen index (LOI), UL-94 standard, and mass loss
calorimeter tests. Thermogravimetric analysis (TGA) was carried out to analyze the decomposition behavior of
the composites. SEM inspection was also performed to examine the char surfaces of the composites. The results
and findings showed that the introduction of AIPi compound into the composite structure leads to promotion in
the char yield and improves the fire performance of the ABS matrix. As the added amount of AIPi into the
composite increased, the LOI value of the composite increased. The addition of 15 wt% AlPi resulted in a UL-94
rating of V1 and the LOI value of 31.4%.
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The effect of calcium carbonate content and particle size
on the thermal properties of the PVC foamed layer used

for coated textiles
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SUMMARY

Two different particle sizes of calcium carbonate filler have been tested for their ability to ameliorate the thermal
stability of the foamed layer used for PVC synthetic leather. Calcium carbonate (CaCOs3) particles are particularly
effective HCI absorbers, and the particle size and loading of the fillers have a considerable impact on their
absorbing capabilities. The synergy of the two fillers in absorbing HCl is supported by TGA and DSC analysis,
and its mechanism is also proposed.
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Abstract:

In the literature, there are studies for medical applications with different nanofiber production methods using
natural polymers. However, each system has different fiber forming capabilities. For this reason, in this study, we
studied production of nanofibers from a biodegradable natural polymer, gelatin, with four seperate nanofiber
production methods which are electrospinning (ES), electroblowing (EB), solution blowing (SB), and centrifugal
spinning (CS), so that we aimed to decide on the production method in which the most suitable fibrous web
structure is obtained for medical applications and to shed light on science in this respect. It was seen that the
thinnest fibers (386 nm) and the heaviest mats (15.975 g m2) were produced by the SB method as a result of the
production made with 10wt.% gelatin solution using a total of 10 ml. With the ES and EB methods, tighter fabric
structures were obtained than the others due to the presence of electric field. In the CS method, more and bead-
free fibers were produced due to the increase in viscosity with a 12.5wt.% gelatin solution. Also, with the
concentration of 12.5wt.%, the fiber diameters of SB and CS samples increased by about 2 times.

Keywords: Nanofibers, Gelatin, Nanofiber production methods, Medical applications
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SUMMARY

This study investigated the effect of cord weave
structures on auxetic woven fabric designs. For this
purpose, warp cord weave combined with plain weave
structure were used. At the same time, these weave
structures were woven with different weft yarn
thickness and the effects of yarn thickness were also
evaluated.

Experimental results showed that an auxetic
performance could be obtained from the weave
structure that cord weave (warp cord weave) combined
with plain weave in the warp direction. In the case of
using thick weft yarn, it was observed that the auxetic
performance of the fabric continued under longer
elongation values. In the cord weave pattern designs, it
was observed that the density of the one-to-one yarn
connection regions placed between the long yarn
floating regions affects the auxetic behavior of the
fabric.

PURPOSE

Since cord weave structures create a durable fabric
structure, they could be preferred in upholstery,
outdoors, and technical textile areas. In this study,
possible auxetic performance behavior of cord weave
structures woven with conventional yarns were
evaluated.

INTRODUCTION

Materials with a Negative Poisson’s Ratio (NPR) are
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. As opposed to materials with a positive
Poisson's ratio, auxetic materials expand laterally when
stretched and contract laterally when compressed!S.
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Auxetic woven fabric structures can be produced by
using auxetic yarn with conventional weave design,
using auxetic weave design with conventional yarn,
and by combining auxetic yarn and auxetic weave
design’10,

In literature, it was noted that different combinations
of conventional yarns are used in warp and weft yarns
to develop the auxetic fabric. Also, it was stated that
the benefit of using conventional yarns in making
auxetic fabrics is that they have higher structural
stability than auxetic fibers’.

Cord weaves are pattern structures that create
corrugated effects or raised stripes running in the
warp or weft direction in the fabric structure. There
are varieties of cord weaves in different pattern
structures that can be created in warp or weft
directions'"12,

EXPERIMENTAL

Material

In this study, fabrics were woven using the cord
weave (warp direction) combined with plain weave
structure to examine the effect of cord weave structure
on the auxetic performance of the woven fabric. The
weave pattern is presented in Figure 1.

F2
Figure 1. Schematic presentation of the weave
pattern

In the pattern structure of the F1 fabric, long yarn
floats were more dominant. In the pattern structure of
the F2 fabric, yarn intersection areas that make a one-



to-one connection between the yarns that make long
yarn floats were added. The density of the one-to-one
intersections region of the F2 fabric was higher than F1.
Fabrics were woven with textured polyester yarn in the
warp and weft. In addition, two different thicknesses of
yarn were used in the weft yarn to examine the effect of
yarn thickness. Structural parameters and microscopic
images (INSIZE ISM-PRO) of fabrics at 50 times
magnification are presented in Table 1 and Figure 2,
respectively.

Table 1. Structural parameters of fabric samples

. Yarn Count Yarn Density
Fabric .
Code [denier] [thread/cm]
Warp Weft Warp Weft

300 42 24

Fl 100 600 42 24

300 42 24

F2 100 600 42 22

Figure 2. Microscopic images of fabrics (Mag: 50X)

Method

Tensile measurements of fabrics at warp and weft
direction were made in Shimadzu AG-X plus strength
device, according to ISO 13934-1 (2013) standard test
method. The gauge length and tensile speed were set at
200 mm and 10 mm/min, respectively. Fabrics were
photographed by a digital microscope (INSIZE ISM-
PRO) with a time interval of 5 seconds (or after each
0.83 mm extension) until the 20 mm (120 seconds)
elongation during the tensile test. The setup of the
testing system is presented in Figure 3.

Markers were placed on the fabric to calculate the
strains of the fabric in both transverse and longitudinal
directions. The distances between the markers placed
on the fabric were measured with a method'* developed
using MATLAB software, on the fabric images taken
both in the free state and stretched state. Poisson's ratio
(v) was calculated! using Equation (1) as follows;

v = - (transverse strain / longitudinal strain) (1)
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Figure 3. Measurement setup

EXPERIMENTAL RESULTS AND
DISCUSSIONS

To evaluate the possible auxetic performances of
fabrics woven in cord weave patterns, Poisson's ratios
of the fabrics at the warp and weft directions were
investigated (Figures 4 — 7).

In Figure 4, it was observed that the F1 fabric showed
auxetic behavior under the warp direction. It was seen
that F1 fabric gave negative Poisson's value in both
weft yarn thickness values.

It was observed that NPR values up to = 7.5 mm
elongation value was obtained in the fabric woven
with 300 denier weft yarn, while NPR values up to =
10 mm elongation value was obtained in the fabric
woven with 600 denier weft yarn. It was observed that
the auxetic performance of the fabric could continue
under longer elongation values in case of using thick
weft yarn.

In addition, as the elongation value applied to the
fabrics increased (Fig.4), it was observed that
although positive Poisson's ratio values showed, this
value remained below approximately +0.1 until 20
mm elongation. This result showed that the fabric
deformations were relatively low under a high
elongation of 20 mm.
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Figure 5. Poisson’s ratio — elongation curve of
F1 fabric at weft direction

In Figure 5, it was seen that positive Poisson's ratios
were obtained under weft directional elongation in the
F1 fabric.

In Fig.5, it was observed that the Poisson's ratios
decreased steadily after a certain value as the elongation
was continued. In the literature'’, it was stated that the
value of fabric Poisson’s ratio is expected to decrease
steadily at large elongations. After a certain stage, as the
fabric continues to be extended, due to the locking of
the yarns connecting with each other in the fabric
structure, the strain in the width direction does not more
contraction while the longitudinal strain continues to
increase. As a result, it was observed that the Poisson's
ratio values of the fabric decreased as the extension
applied to the fabric was increased.
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Poisson's Ratio

—&—F2-300

Elongation (mm)
Figure 6. Poisson’s ratio — elongation curve of
F2 fabric at warp direction

In Figure 6, the change in the warp directional
Poisson's ratio values of the F2 fabric due to
elongation was presented. It was observed that NPR
could not be obtained under the warp direction of the
F2 fabric.

In the weave structure forming the F2 fabric, yarn
intersection (connection) regions that make one-to-
one connections between the yarns that make long
yarn floats were added. The one-to-one connection
points in the weave structure forming the F2 fabric
were denser than the fabric forming the F1 fabric.
This result showed that the F2 fabric could not show
a widening effect in the transverse direction under the
longitudinal elongation. Therefore, it was seen that
the NPR could not be obtained from the weave
structure forming F2 fabric in the warp direction.

On the other hand, the density of the one-to-one
intersection regions of the yarns placed between the
long yarn float regions was less in the weave structure
that cord combined with plain weave that formed up
the F1 fabric. This situation enabled NPR values to be
obtained in the warp direction of the fabric by
showing an expansion effect in the transverse
direction of the fabric under the effect of longitudinal
elongation.

In Figure 7, it was seen that positive Poisson's ratios
were obtained under weft directional elongation in the
F2 fabric. NPR effect could not be obtained in both
warp and weft directions in F2 fabric (Figs. 7 and 8).
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Figure 7. Poisson’s ratio — elongation curve of
F2 fabric at weft direction

It was considered that this NPR effect was since the
weft yarns in the long floating regions created a
widening effect in the transverse direction of fabric
when the fabric was extended in the warp direction in
the F1 fabric (Figure 1). In the F2 fabric, it was
considered that the cord combined weave design that
made up the F2 fabric did not show the NPR effect since
the one-to-one yarn connection regions placed between
the weft yarns in the long floating regions prevent this
widening effect of the fabric in the transverse direction.
The density of the one-to-one intersection regions
placed between the long yarn floating regions in the
weave structure that cord combined with the plain
weave that made up the F1 fabric was less. This
situation enabled NPR values to be obtained in the warp
direction of the fabric by showing an expansion effect
of the fabric in the transverse direction under the effect
of a longitudinal elongation.

As a result of the experimental study, it was observed
that the NPR could be obtained in cord combined (warp
cord weave) weave designs (as obtained in F1 fabric
weave patternn) under the warp direction. It was
observed that this NPR effect maintain under relatively
high elongation values at both yarn thickness values of
weft (300 and 600 denier) in the warp direction.

CONCLUSIONS

In this study, in which the effect of cord combined
weave structures on the auxetic performance of fabrics
was examined.

Experimental results showed that an auxetic
performance could be obtained from the cord weave
(warp cord weave) structures in which long yarn floats
were more dominant. NPR effect was obtained in the
warp direction. In the case of using thick weft yarn, it
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was observed that the auxetic performance of the
fabric continued under longer elongation values. In
the cord weave pattern designs, it was observed that
the density of the one-to-one yarn connection regions
placed between the long yarn floating regions affects
the auxetic behavior of the fabric.

SUGGESTION FOR FURTHER WORK

Auxetic analysis studies of fabrics woven with
different auxetic weave pattern designs will be carried
out.
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Textile -Based Soft Robotics
Ozgiir ATALAY
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Abstract:

The field of soft robotics seeks to advance wearable assistive and rehabilitative devices that improve the physical
abilities of patients with disabilities. Soft robotics conform to the human body and allow safer human-robot
interactions than rigid exoskeletons made of metal due to their adaptable morphologies. Patients with degenerative
conditions or those who have experienced pathologies such as stroke, muscular dystrophy, spinal cord injury, or
traumatic brain injury frequently lose control and muscle strength in their extremities. If left untreated, these
disabilities result in a loss of independence and the ability to perform basic daily activities. Soft wearable robotic
devices have risen in popularity over the last decade as an appealing solution for human mobility assistance and
rehabilitation. Soft robotic systems are well suited for wearable applications. Unfortunately, despite current
research's tireless efforts, the current solutions are bulky, expensive, non-scalable, and have limited portability. As
a result, soft robotic assistive devices are incompatible with range of motion assistance and rehabilitation
applications and must be used in clinical settings. This limits their use for at-home assistance and rehabilitation
during daily activities.

Although the soft robotics area has only recently begun to explore the potential of textiles and textile-based
technologies for developing completely wearable soft robotic systems, both disciplines have been conducting
research in tandem and independently. The importance of coordinating the activities of roboticists and textile
scientists has never been greater. The TEXWEAROTS project is dedicated to realizing the vision of a world in
which wearable robots can aid and rehabilitate patients with extremity dysfunctions outside of the clinic and into
their daily lives!
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Summary

Three-dimensional printing (3DP), also known as additive manufacturing (AM), has rapidly evolved over the past
few decades. Researchers around the globe have been putting their efforts into AM processes improvement and
materials development. One of the most widely used extrusion-based technology under AM processes is Fused
Deposition Modeling (FDM), also known as Fused Filament Fabrication (FFF). Numerical simulation tools are
being employed to predict the FFF process complexities and material behavior. These tools allow exploring
candidate materials for their potential use in the FFF process and process improvements.

Several studies reported experimental analysis and virtual modeling of different phases involved in the process,
however, the FFF process is a complex multi-stage process. The most reported computational work either focused
on the material flow inside the liquefier or material behavior after deposition and is not as mature as the
experimental literature. Therefore, there is a need for integrated studies considering all these phases of the FFF
process (i.e., melt flow behavior inside/outside the nozzle, material deposition, solidification behavior, bond
formation, and warpage and residual stresses).

Our research group is working on integral simulation techniques for FFF process to consider effect of geometries,
process parameters and material properties. Recently, we performed the 3DP process simulations using Digimat®
software for carbon fiber-reinforced polyamide-6 (PA6) composites fabricated via the fused filament fabrication
(FFF) process to evaluate the effect of reinforcement content on deflections, warpages, and process-induced
residual stresses. The FFF process simulations were performed to fabricate tensile testing coupons with pure PA6
and 10-28% CF-reinforced PA6 composites. A significant impact of CF-reinforcement was observed on the
deflections, warpages, and residual stresses. The CF reinforcement significantly improved the 3DP manufacturing
performance of PA6/CF composites, with reduced deflections and warpages.
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ABSTRACT

Recently, remarkable efforts have been made to
integrate functional polymers into finish agents.
High performance and active role in clothing are
expected features, especially for sportswear. New
generation finishing agents helps to improve liquid
transporting and drying rate features of the fabrics
for the physical comfort of clothing. In this study,
hydro-functional ~ polymer  was used as
thermoregulation finish agent, in the presence of
moisture, the affinity of the polymer for moisture
decreases, water diffuses faster and evaporates. The
objective of this work was to verify the effect of
hydro-functional polymer finish treatment on
properties of knitted fabrics in terms of wicking,
absorbency, and drying rate. Bleached and undyed
100% cotton and 100% recycle cotton knitted fabrics
and scoured and optical brightened 100% polyester
knitted fabric were treated with finish application by
padding method. Half of the processed samples were
washed 5 times to assess the effect of the wash.
Based on the results of the measurements, high
drying and absorbency rates were identified in the
treated fabrics.

PURPOSE

The aim of this study is to investigate the effect of
hydro-functional thermoregulation finishing
treatment on the comfort issue of the knitted fabrics
made of 100% cotton and 100% polyester fibers.

To this end, liquid transport capabilities in terms of
absorbency, vertical wicking, and drying rates of
fabrics were tested and measured.

INTRODUCTION

A sense of physical, physiological and psychological
pleasure can describe the comfort. Humans maintain
the body core temperature at a certain level with
thermoregulation'. Thermal comfort is characterized
by six primary factors including humidity, air
velocity, air temperature, radiant temperature,
metabolic rate and clothing insulation®. It is
significant to determine how clothing contributes to
thermal comfort or discomfort as it interfaces
between the human body and the external
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environment!. The heat and moisture transfer
features of the fabric define the thermal comfort of
the garments®. Continuous imperceptible heat and
moisture vapor are produced during everyday
activity and clothing transfers them from the skin to
the atmosphere ', When the temperature rises or
during exercise, the body sweats to prevent
overheating, thus maintaining thermal balance.
Sweat accumulated on the skin causes discomfort
and if it does not evaporate quickly, the heavy
sweating may occur, creating different ailments such
as such as post-exercise chill!”.

Especially for sportswear, it is important to provide
thermophysiological comfort with the movement of
heat and moisture throughout the textile'.
Therefore, fluid transport and drying speed are
critical components for performance of active
sportwear®. One of the ways to increase clothing
comfort is to treat textiles with moisture
management finishes. Finishing is a very common
method due to its features such as ease of application
and suitable for large-scale production in order to
give the desired properties to the fabrics. With the
latest developments in smart materials, it has become
easier to produce garments that have an additional
function in adapting to the temperature changes of
environment and physiological changes of the
wearer’.  Stimuli-responsive  polymers, shape
memory polymers, and phase change materials are
important classes of smart polymers for active
comfort regulation technology’. Stimuli-responsive
polymers (SRPs) are a class of functional materials
that can change their solubility, dimensions, or
conformation in response to a variety of an external
stimuli, such as temperature, pH, light,electricity, or
moisture!. The SRPs for the textile applications, can
react to the changes in temperature and/or moisture
by changing their form and attraction to water at
different temperatures'. When the temperature
increase, the interaction between hydro-functional
polymer and water weakens, so water disperse faster
on the fabric and evaporate rapidly.

In this respect, current research work focuses on
determining the fluid transport capabilities and
drying rate of fabrics treated with hydro-functional
polymer finish and investigating the advantages of
hydro-functional thermoregulation finishing
treatment.



EXPERIMENTAL

Material

Bleached and undyed 100% cotton and 100%
recycle cotton knitted fabrics and scoured and
optical brightened 100% polyester knitted fabric
samples having single jersey structure were selected
for this study. Properties of fabrics used in the study
are shown in Table 1.

Method

Half of each fabric group was treated with finishing
application, while the other half of the samples were
not treated with any finishing application as a control
group.

The finishing solution was prepared at
concentrations of 60 g/l and applied to fabrics by
padding method. The solution bath was adjusted to
pH 5-6, fabrics were passed through with a target of
70% wet pickup of chemical solution. After this
process, the fabrics were dryed at 120 °C.

All test specimens were conditioned at standard
atmospheric conditions (21 £ 2 °C, 65 + 5% RH) for
24 h in accordance with ASTM D1776 before the
tests. Half of the finishing treated samples were
washed 5 times at 30 °C for 30 minutes, then they
were flat dried to evaluate the wash resistance of the
finishing agent.

The tests were carried out in accordance with the
relevant test standards: weight of the fabric (g/m?),
ASTM D 3776; thickness of knitted samples, ASTM
D1777; absorbency of textiles, AATCC 79; vertical
wicking of textiles, AATCC 197.

Coplan and Fourt methods>%° was used to determine
the drying rate of the fabrics.

Table 1 Properties of fabrics

Fabric REC- | Polyester
Code Cotton Cotton
20/1 20/1 50/48%2
Yarn compact den
Counts combed recycled textured
cotton
cotton polyester
Mass per
unit area 170+%5 185+%5 | 260+%5
(g/m?)
Fabric
Thickness 0.473 0.515 0.367
(mm)
Siit:;ie Single Jersey

EXPERIMENTAL RESULTS AND
DISCUSSIONS

Samples were tested according to standards to
understand after-process performance values. The
samples were coded such that the first letter shows
the fiber type (C-Cotton, R-Recycle cotton, P-
Polyester), the second letter shows the treatment (T-
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Treated), and the third one stands for the washing
process (W-washed). Fabric weight and fabric
thickness test results were shown in Table 2. In the
padding method, the fabric is pressed between two
rollers, causing the thickness and weight values of
the treated fabrics to decrease as given in Table 2.
Also, the fabric moves toward the drying cabinets by
being held by needles or pins on a pair of chains. By
adjusting the distance between the carrier chains in
the stenter, the width of the fabric is opened. For this
reason, the width of the fabric expands, its weight
decreases. In case of washing, the fabric shrinks as it
is washed and the weight and thickness of the fabric
increases.

Table 2 Fabric weights and thicknesses

Fabric ll\l/::;:saf_):; ) Fabric
Code (g/m?) Thickness (mm)

C 170+%5 0.489
C-T 145+%5 0.471
C-T-W | 180+%5 0.650
R 185+%5 0.525
R-T 175+%5 0.515
R-T-W | 200+%5 0.663
P 260+%5 0.367
P-T 235+%5 0.349
P-T-W | 260+%5 0.374

The test results of vertical wicking of textiles and
absorbency of textiles were presented in Table 3.
Fabrics treated with finish agent were compared to
untreated ones in terms of the wicking distance were
recorded at 30 minutes. It is clear that hydro-
functional polymer finish has a positive contribution
to the wicking distance of the fabrics. Both the
widthwise and the lengthwise wicking distance
values increased after treatment.

While cotton fabric has appropriate level of wicking
distance values, recycle cotton fabric has lower
values. As pointed out in Cimilli and Candan study?,
a suitable channel is required to allow water to pass
through. Cotton is recycled from pre-consumer or
post-consumer wastes and these fibres are shorter
than virgin fibres and have unevenness that make
them difficult to spin. Therefore, the wicking
distances of recycled cotton fabric are the lowest
values because of the lacking proper channels.

After five repeated washing cycle, wicking distances
of fabrics increased, as can be seen from Table 3. It
can be said that washing process leads to
rearrangement of the capillaries of the fabric, results
in changes in capillary behavior of the transport
capacity >>10,



Table 3 Wicking of fabrics and absorbency of

Wicking (cm) (30
Fabric min) Absorbency
Code X (sec)
Length Width
C 12.440.2 | 13.6+0.1 |2
C-T 13.3+0.2 | 15.5¢0.1 | 1
C-T-W_ | 16+0 160 0
R 8.1+0.1 9.134£0.1 |2
R-T 10.2+£0.1 | 11.6+0.1 |1
R-T-W | 16+0 160 0
P 13.1£0.1 |12.3+0.1 |2
P-T 15.5¢0.2 | 14.5+0.1 | 1
P-T-W | 16+0 16+0 2
fabrics

As can be seen from Table 3, the water absorbency
values of the untreated fabric samples were 2
seconds. The treated fabrics absorb water more
rapidly as the water absorbency times were 1 second.
After washing cycles, absorbency times decreased to
zero second. This may be because the washing
process affects the fabric differently in terms of
capillaries, pores and fiber surface>'°.

Coplan and Fourt methods>®? was used to identify
fabric drying rates and the results were presented in
Figure 1. 8 cm x 16 cm samples were weighed and
immersed in distilled water for 30 minutes. After
being removed from the water and suspended in a
vertical position for 15 seconds, each side of the
samples was laid on drying paper for 2 minutes to
remove excess water. The samples were weighed at
half-hour intervals while drying proceeded under
standard atmospheric conditions (21 +2 °C, 65 + 5%
RH). Average weight loss over the initial water
content per unit area per unit hour gives drying rates.
According to the results, finishing treatment
increases drying rates of fabrics. Washing process
slightly increases the drying rate of cotton and
recycled cotton fabrics, while it results in a lower
drying rate for polyester fabric.

The initial amount of water in a fabric affects the
drying rate of the samples®. Cotton fabrics absorbs
more initial water amount, so their drying time was
longer than the polyester fabric. Five time washed
polyester fabric swells more water than the
unwashed polyester fabrics, it causes the higher
drying time and lower drying rate. Washing process
can remove particles between the fibers and change
the capillaries of the fabric, so the washed samples
absorb a little more water than unwashed samples.
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Figure 1 Drying rates of the fabrics

CONCLUSIONS

As part of this study, the vertical wicking,
absorbency, drying rates of the fabrics were
measured to investigate the effect of hydro-
functional polymer finish treatment on the water-
related comfort performance of knitted fabrics. Tests
were applied to the samples in accordance with the
ASTM and AATCC standards. The finishing agent
used which has a hydro-functional polymer, when it
is warm and wet, its moisture affinity decreases, the
water spreads quickly and evaporates faster.

Test results demonstrated that finishing application
has an effect on the water absorbency time data of
the samples; even the untreated fabrics had good
absorbance properties. Moreover, higher drying
rates and wicking distances have been determined in
treated fabrics. Washing process also has a positive
contribution to the wicking distance, absorbency,
and drying rates of the fabrics.

Briefly, the hydro-functional polymer finishing
treatment provides a significant improvement in the
liquid transport capabilities of knitted fabrics.
Textiles transfer the liquid from the skin rapidly and
dry faster, so gives rise to feeling comfort to the user.

SUGGESTIONS FOR FURTHER WORK

In future studies, the determination of moisture
management and thermal management properties of
the fabrics can be made more detailed by moisture
management tester (MMT), sweating guarded
hotplate test method, water vapor permeability,
thermal conductivity, or thermal resistance. In
addition, tests can be performed at different
temperatures to study the effect of temperature on
the working principle of the hydro-functional
polymer. Statistical evaluations can be used to see if
there are significant results. The effect can be
examined with different yarn types and knitted
structures.
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Abstract:

In the textile sector, the range of raw materials has
expanded with the increasing customer demands
after the 1980s. In this study, yarn and fabric
performance properties of sustainable and traceable
polylana/cotton were compared with acrylic/cotton
blend yarns.

Key words: Polylana, ring spinning technology,
sustainable, tracable

Introduction

Synthetic fiber production, which constitutes 80% of
the world fiber production in the textile sector has
brought environmental concerns and increased the
need for sustainable and traceable textile products.
Acrylic fiber, with its soft and flexible structure,
breathability and warm keeping properties, has been
used as an alternative to wool for many years,
especially in terms of cost and physical aspects. For
this reason, acrylic is widely used in wool-like
sweaters, knitted jackets, women's jersey dresses and
socks in the textile industry. However, in the textile
industry, there is no alternative fiber like acrylic,
which can be flexible and economical.

As is generally accepted in the industry, the impact
of a material can be calculated by comparing the
energy consumption, water consumption and
greenhouse gas emissions of different yarns.
Acrylics are made from petrochemicals and a large
amount of water is consumed during their
preparation. For this reason, acrylic is the worst fiber
used in the textile industry in terms of environmental
load.!

Acrylics release more microplastics into the
environment than polyester during laundry. The
amount of fiber released is estimated to be 6 kg per
wash with 728,789 fibers for acrylic and 496,030
fibers for polyester.? After acrylics are recycled, the
product loses its properties. Polylana® is a fiber that
is produced as an alternative to 100% acrylic and
wool fibers by using less energy, water and CO,
during production and consists of 45-55% modified
polyester and 55-45% regenerated polyester with a
mass  percentage. Being economical and
environmentally friendly, Polylana® fiber has the
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same product properties as acrylic, such as lightness,
softness, breathability, good flexibility and warmth.
It is an innovative fiber with a wool-like hand and is
100% traceable and recyclable.

As can be seen from the table below, when the
environmental impact of 1 kg of undyed fabric is
examined, Polylana® fiber compared to acrylic uses
76% less energy, 85% less water, generates 75% less
waste, releases 19% less carbon dioxide, 32% less
fiber emissions.?

Tablo 1: 1 kg. Boyanmamis Kumas Uretiminin
Cevresel Etkileri

Material | Energy | Water | Waste GhG
(MJ) (D) (kg) | (kg CO2)

Polylana® | 90.7 27.2 0.3 13.6

Akrilik 379 182 1.2 16.9

In this study, which was carried out with the
awareness of environmental responsibility, yarn and
fabric were produced using 50/50% Polylana/Cotton
blend and 50/50% Acrylic/Cotton blends, and their
performance values were compared.

Experimental

Material

One of the most important factors affecting the yarn
properties is the characteristics of the raw material
used. In the study, 50% polylana fiber and 50%
cotton were used. Again in the scope of the study,
50% of acrylic fiber and 50% of cotton were used.
The fineness of Polylana fibers is 1.5 dtex, and the
fiber length is 38 mm. The fineness of cotton fiber is
4.5 mic, its length is 30 mm, and its strength is 32
cN/tex. The fineness of acrylic fibers is 1.33 dtex,

fiber length is 38 mm.

Figure 1: Polylana fiber (left) and Acrylic fiber
(right) microscope longitudinal section view




Method

In this study, polylana-cotton fiber blend and acrylic-
cotton fiber blends, the technical properties of which
are given above, are produced by ring short fiber
spinning technology with Ne 22/1 polylana/cotton
50/50 and Ne 22/1 acrylic/cotton 50/50 yarns and
their performance tests have been done. Performance
tests of the fabric knitted from these yarns were
carried out. These performance tests were compared.

Experimental Results/Discussion

In the study, polylana and cotton fiber and acrylic
and cotton fiber, whose technical specifications are
given above, were subjected to opening, mixing and
cleaning processes in the blowroom machine, and
then combed in the Rieter C-70 carding machine.
Subsequently, the hooks at the fiber ends of the
slivers were opened on Rieter draw frame machines
and a homogeneous structure was obtained.
Afterwards, the rovings produced on the Zinser Z670
roving frame and the yarns spun at a fineness of Ne
22/1 in the Zinser Ring machine with a ring diameter
of 46 mm were fixed under pressure at 50-55°C for
an average of 30-35 minutes.

These fixed yarns were conditioned for 24 hours at
20+/-20C temperature 65+/- 5 humidity laboratory
conditions, and their yarn strength values were
determined in Uster Tensojet-4 device in accordance
with TS 245 EN ISO 2062 standards. Evenness
(%Cvm) and yarn faults were measured in Uster
Tester-6 device using TS 628 standard. Fabrics
knitted from these yarns as 100 gr/m have been
subjected to pilling test in martindale device with EN
ISO 12945-2 standard, moisture transmission test in
MMT test device with AATCC 195 standard, acidic
and basic sweat fastness test with TS EN ISO 105-
EO04 standard, contact angle test with TS EN ISO 828
standard.

The unevenness and yarn fault value of the yarn
produced on the ring line from Ne 22/1
polylana/cotton 50/50 blend were measured as % CV
value 11.55, 200% neps value 34, and hairiness
value 7.76. The yarn produced from the Ne 22/1
acrylic/cotton 50/50 blend on the ring line has an
unevenness and yarn fault value of 12.59%, a 200%
neps value of 52, and a hairiness value of 8.99. The
strength of the work done with polylana on the Uster
Tensojet-4 device was measured as 12.27 Rkm, the
%Elongation value was 7.6 and the B-Work value
was 7.7 N.cm. The strength of the work done with
acrylic was measured as 1525 Rkm, the
%Elongation value was 7.3 and the B-Work value
was 8.9 N.cm (Table 1).

26

Table 2. Comparison of Ne 22/1 Polylana/Cotton
50/50% and Acrylic/Cotton 50/50% Irregularity-
Yarn Faults and Strength Values

221 221
YARNNE Polylana/cotton | Acrylic/cotton
%CVm 11,55 12,59
-50% 0 0
50% 18 16
200% NEPS 34 52
Hairness 7,76 8,99
Rkm (kgf. Ne) 12,27 15,25
Min. RKm 11,86 14,8
% Elongation 7,6 7,3
B.Work (N.cm) 7,7 8,9

The pilling test results applied in the martindale
device with the EN ISO 12945-2 standard to the
fabrics knitted from these yarns in the knitting
machine as 100 gr/m are as in Table 2.

Table 3. Pilling Test Results of 22/1 Ne Polylana
Cotton 50/50% and Acrylic/Cotton 50/50% Fabrics

Number of

abrasive GRADING

rubbing

motions

Polylana/ Acrylic/ cotton
cotton

1000 4 4
2000 3 3
3000 3 3
4000 3 3
5000 3 3

As can be seen in Table 2, according to the pilling
test results performed in the martindale device with
the EN ISO 12945-2 standard, it was observed that
there was very light pilling at 1000 cycles on the
surface of the fabric where polylana fiber and acrylic
fiber were used. It is seen that there is moderate
hairiness and pilling at 2000 cycles and that hairiness
and pilling do not increase until 5000 cycles. (Figure
1). Moderate hairiness and pilling continued from
2000 to 5000 cycles in both studies because the yarn
strengths are not very high (11,86 RKm and 15,25
RKm) and the fibers on the fabric surface are easily
broken although polylana and acrylic are synthetic
fiers.

Polyana/Cotton Acrylic/Cotton

- Figﬁre 3.: Fébﬁc appearances éftér 22/1 Ne .
Polylana/cotton 50/50% and Ne 22/1
Acrylic/Cotton pilling test



Table 4: Moisture Transmission Test Result of 22/1
Ne Polylana Cotton 50/50% and Acrylic/Cotton
50/50% Fabrics
Yarn Types
Polylana/Cotton Acrylic/Cotton
0,77 0,56

OMMC

As can be seen from Table 3, in the moisture
transmission test performed with the AATCC 195
standard, 0.77 OMMC values were measured in the
fabric made with Ne 22/1 Polylana/cotton, and 0.56
OMMC values were measured in the fabric made
with 22/1 Acrylic/cotton.

Table 5: Acidic/Basic Fastness Test Results of 22/1
Ne Polylana Cotton 50/50% and Acrylic/Cotton

50/50% Fabrics
Yarn Types
Change in hue Polylana/ Acrylic/
(Fading) cotton cotton
Color Fastness to 5 5
Acidic Sweat
Color Fastness to 5 5
Basic Sweat

When the acidic and basic sweat fastness tests
performed with the TS EN ISO 105-E04 standard are
examined, it is seen that the fastness values of both
fabrics are “5” and are very good.

Table 6: Contact Angle Test Result for 22/1 Ne
Polylana Cotton 50/50% and Acrylic/Cotton

50/50% Fabrics
Yarn Types
Polylana/cotton Acrylic/cotton
Time (s) 4 4

When the contact angle values of the sample fabrics
are examined, it is seen that both studies of the
samples are in the same scale and absorb the water
before the contact angle is formed.

Results

This study showed that the unevenness values of
yarns made with polylana fiber were better than
those made with acrylic fibers. Strength values were
found to be higher in the study with acrylic. It is
predicted that this is the result of the fiber fineness
of polylana fibers being 1.5 dtex, the fiber fineness
of acrylic fibers being 1.33 dtex and the polylana
fiber being composed of modified polyester and
recyled polyester. When the B-Work values of both
studies are examined, it is seen that it will not pose a
problem for knitting machine performances.
However, if polylana fiber is desired to be used in
the weaving sector, yarn strength and loom
performances can be increased by making double-
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ply yarn. It has been observed that in the fabric made
with both fibers, light pilling and hairiness up to
1000 cycles, moderate pilling and hairiness after
2000 cycles, and both in the same scale at 5000
cycles. According to Martindale results, in both
studies, it is predicted that even if synthetic fibers are
used, pilling and hairiness problems will not be as
much as fabrics made with polyester fiber even in
long-term use due to their low yarn strength. As can
be seen from the moisture transmission tests, it is
predicted that the moisture transfer properties of the
fabrics made with polylana fiber are better than the
fabrics made with acrylic, and this will prevent the
formation of sweat. When the sweat fastness tests are
examined, it is seen that the fastness values of both
studies are very good and there will be no bleaching,
yellowing or fading in the fabrics in sweaty areas.
Again, as can be seen from the contact angle tests, it
is seen that both studies have the same scale and a
hydrophilic structure. The yarn and fabric
performance values of this study made with Polylana
fiber, although it offers similar properties and
qualities with yarn and fabrics produced from
acrylic, its environmental footprint is incomparable.
By expanding the use of polylana fiber in short fiber
technology, it will contribute to 85% reduction in
water consumption, 76% energy savings and 19%
reduction in carbon emissions. It is predicted that
this study, in which sustainable and traceable
polylana fiber, which is an alternative to acrylic with
its physical properties and wool in terms of physical
properties and cost, is used, will pave the way for the
literature and start new R&D studies.
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SUMMARY

In this study, it was aimed to introduce antimicrobial
properties to nanofiber films. For this purpose,
Ampicillin (AMP) as antimicrobial drug and
biocompatible poly(vinyl alcohol) (PVA) polymer
matrix were preferred. Bare PVA and drug-
conjugated PVA nanofiber films were characterized
by SEM, TGA, and FT-IR. The antimicrobial
activities of both bare PVA and drug-
containing/drug-conjugated PVA films were tested
against Gram-positive S. aureus ATCC 6538 and
Gram-negative bacteria E. coli ATCC 8739. The
results showed that drug conjugated films were
highly effective against bacteria. Therefore, we
believe that these films have application potential in
many fields such as surface coating, food packaging
etc.

PURPOSE

As mentioned above, the aim of this study is to reveal
the potential of polymer nanofiber structures against
bacteria. To product the nanofibers, we used
electrospinning technique and AMP was introduce to
the PVA nanofiber structures via grafting. Thus,
PVA nanofibers, which both had antimicrobial
properties and could be used easily in many areas,
were produced.

INTRODUCTION

Microorganisms can be encountered in any place
where life continues. It is known that the number of
microorganisms in the world is quite high.
Pathogenic microorganisms are included in this
number. Infectious diseases are one of the most
common diseases worldwide. These diseases occur
when microorganisms enter the body and multiply.
Antibiotics are a group of drugs used for the
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treatment of these diseases and known as an effective
method.

Although antibiotics are one of the most frequently
used treatment methods against pathogenic
microorganisms, the resistance of microorganisms to
antibiotics has increased over time [1].
Microorganisms can cause infections in areas such
as health products, food packaging, textiles, and
water treatment systems and in various ways
(contact, inhalation, eating, etc.). Many researchers
have sought a solutions to this problem by
developing new materials and surfaces for protection
against bacterial infections [2-5].

Polymers are used efficiently in many fields with
their advantageous features such as low thermal-
electrical conductivity, flexibility, high strength,
easy processing and low cost. Additionally, it can be
imparted them to antimicrobial properties.
Antimicrobial polymers have become the materials
that attract the attention of researchers to prevent
bacterial contamination, thanks to their nature-
friendly and not increasing the resistance of
microorganisms. In recent years, great advances
observed in studies in this field. In the studies,
various forms of polymeric antimicrobial materials
such as nanospheres, tubing, and fibrous structures
developed. Nanofibers that can be produced via
different methods are generally threadlike structures
with diameters ranging from micrometers to
nanometers [6].

One of the most preferable technique,
electrospinning technique has been heavily serving
membrane technology for the last ten years.
According to this technique, polymer nanofibers are
produced from the polymer solution by means of an
electric field. With this technology, both natural and
synthetic polymer solutions are used for fiber
production. Electrospinning is a versatile, controlled,
easy and economical method for obtaining
nanofibers from different polymer types. Parameters
affecting the electro-spinning process in which
submicron-continuous fibers are produced; (i)



solution properties, (ii) process parameters (iii)
environmental conditions [7].

Electrospun fibers have high porosity, controllable
pore structure and high surface area/volume ratio. In
addition, the products obtained by this method can
be used directly and allow easy application of
chemical modifications such as drug modification.
Electrospinning nanofibers have the potential to be
used in biomedical, environmental, defense and
security, filtration and tissue engineering
applications thanks to these interesting properties [8-
11].

Different fiber structures can be formed by
modifying the electro-spinning parameters as
desired. The high surface area and porous structure
of nanofibers also allow for drug modification.
Antibiotics and antibacterial agents can be easily
incorporated into polymeric nanofibers. Parwe and
co-workers, in their study, examined the drug release
behavior of nanofibers containing the antibiotic
ciprofloxacin, used as a model drug, and reported
that the drug released from nanofibers effectively
inhibited bacterial growth [12].

It is known that certain techniques can extend the
shelf life of foods. However, these techniques may
be insufficient  to prevent  pathogenic
microorganisms from time to time. Thanks to the
antimicrobial packaging system, this situation can be
avoided. Similarly, bacterial infections can be
caused by microorganisms living on hospital gowns,
patient covers, implants, and medical devices etc.
Such situations can endanger human health. For
these reasons, in the present study, PVA electro-
spinning nanofibers were prepared by using an
antimicrobial drug AMP to alleviate/eliminate
possible infections, and their antimicrobial activities
were analyzed. In this study, it was seen that PVA
films have the potential to be used in different areas,
thanks to the easy applicability of the method used
and the fact that drug-conjugated films create strong
antimicrobial systems.

EXPERIMENTAL

Material

Bare nanofiber film synthesis, poly(vinyl alcohol)
(PVA, 99%, Mw: 130000, Aldrich), 1-hexadecyl
trimethyl ammonium bromide (CTAB, 98%, Alfa
Aesar) and double distilled water were used.
Ampicillin ~ (AMP, Fisher Bioreagent) as
antimicrobial drug was used as model drug. N,N’-
dycyclohexylcarbodiimide (DCC, 99%, Aldrich)
and 4-(dimethylamino) pyridine (DMAP, > 99%,
Aldrich), 1-Ethyl-3-(3-dimethylaminopropyl)
carbodiimide (EDC, Sigma-Aldric), N-
hydroxysuccinimide (NHS, > 98%, Sigma-Aldric)
were used for the grafting to the drug onto polymer
nanofibers. Dimethyl sulfoxide (DMSO, 99.9%,
Sigma-Aldrich), ethanol (EtOH, 99.9%, isolab) and
acetone (99.5%, isolab) were used as solvent and
Gram-positive S. aureus ATCC 6538 and Gram-
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negative bacteria E. coli ATCC 8739 strains to
determine antimicrobial activity of the films were
used.

Method

Production of Nanofiber PVA films: To prepare
bare PVA film, 10 mL 6% (w/v) of PVA solution
was prepared by heating at 90°C and then 50 mg
CTAB was added into this solution. The mixture was
filled in 10 mL syringe and then it was spun by using
Inovenso NE200 electro-spinning device with 16.5
kV electrical power, the distance between the
collector plate and the needle was 10 cm, using a 21
G needle tip. The solution flow rate was adjusted to
1.0 mL/h. A total of 10.0 mL of solution was
collected on the same surface. (Figure 1.) The PVA
film was denoted as (1).

P )
=

Collector

High Voltage Power
- Syt P"mﬁ

Figure 1. Schematic representation of electro-
spinning device.

Polymer Solution

Drug conjugation on PVA films: In order to
conjugate antibacterial drug (AMP) onto PVA film,
firstly, 24 mg EDC was added to 8.0 mL
EtOH+0.125 mL water solution containing 44 mg
AMP. This reaction mixture was stirred at room
temperature for 20 min. Subsequently, 22 mg of
NHS was added to this mixture and the reaction was
allowed to progress for 20 min at RT under constant
stirring. Apart from this mixture, 100 mg PVA film
was immersed in EtOH solution. This film
containing vessel was stirred slowly by magnetic
stirrer. Drug containing mixture was added drop-by-
drop to the film containing vessel, while stirring was
continued. After drug solution was completely
transferred in the film containing vessel, the vessel
was put on the roller and reaction was continue
overnight to complete drug conjugation. The PVA
film was washed several times with EtOH and water-
EtOH mixture and dried under vacuum (freeze-
dryer) to obtain PVA-Ampicillin conjugate. The
PVA_APM conjugate was denoted as (2).

Drug containing PVA film synthesis: This film was
prepared in the same conditions as the blank PVA
film. The only difference is that the drug is added to
the 6% PVA solution. The added drug concentration
is 0.2%. The PVA/AMP film was denoted as (3).



Drug conjugation of PVA and use in film
preparation: Another conjugate was synthesized
before PVA film formation. In brief, 88 mg AMP, 52
mg DCC and 46 mg DMAP were dissolved in 8.0
mL DMSO and the mixture was stirred at RT for 2 h
constant stirring. Apart from this mixture, 400 mg
PVA was dissolved in 4.0 mL DMSO at about 70 °C
and then cooled the solution RT. Drug containing
mixture was added drop-wise to the PVA solution.
Stirring of the total mixture was continued overnight
to complete drug conjugation. End of the time, the
mixture was precipitated in acetone. Then
supernatant was decanted and precipitate washed
several times with EtOH and water-EtOH mixture
and dried under vacuum (freeze-dryer) to obtain
Ampicillin-PVA conjugate. After conjugation, the
drug conjuge PVA solution was prepared 6%
concentration. Then the solution was spun same
condition as bare PVA film. The APM PVA
conjugate was denoted as (4).

Characterization: The prepared films (1-4) were
characterized using different techniques such as
Scanning Electron Microscopy (SEM), Fourier
Transform Infrared Spectroscopy (FT-IR) and
Thermal Gravimetric Analysis (TGA).
Antimicrobial activity assay: The activity of the
Ampicillin loaded/conjugated films was investigated
in vitro against two Gram-positive S. aureus ATCC
6538 and Gram-negative bacteria E. coli ATCC
8739 strains using a disk diffusion assay [13].
Briefly, the bacterial isolates solutions were
swabbed on an agar plate’s surface and the AMP-
loaded films were placed on agar.

All four samples were separately labeled as drug-
loaded/conjugated  films, drug-unloaded film,
positive and negative controls, respectively. After
the test samples were placed on agar, the plates were
incubated for 18-24 h at 37 °C. The concentrations
of the reference solution ampicillin were used at
1280 pg/mL with an aliquot of 20 pL.

After 24 h incubation, a clear bacteria-free zone, also
known as the zone of inhibition (ZOI), would be
found from the samples that have antibiotic activity
and the larger size of ZOI indicates a higher potency
of the sample. A clear zone of inhibition (ZOI) was
observed against S. aureus, and E. coli for the
negative control (normal saline, an aliquot of 20 pL),
positive control (ampicillin), drug-loaded films, and
drug-unloaded film. Each type of sample was tested
in triplicate.

EXPERIMENTAL RESULTS AND
DISCUSSIONS

In this study, first of all, blank PVA film was
prepared by electro-spraying technique under the
optimized conditions mentioned in the method
section. SEM images of blank PVA film at different
magnifications were shown in Figure 2. The
synthesized PVA films appeared to consist of fibers
with a size distribution between 150 nm and 200 nm.
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Secondly, films containing antimicrobial drugs were
prepared with the same technique and conditions
bare PVA film. An antibacterial drug, AMP, was
chosen as the model drug.

e e e = e e

Reg 10.0kV A‘ 1mm x15.0k SE L I : 3.00pm
Figure 2. SEM images of PVA film with different
magnifications.

This drug was integrated into the PVA film in two
ways: (a) AMP was introduced without chemical
conjugation to the PVA solution before electro-
spinning process and remained in the film network
as a result of the physical interaction of the drug with
PVA, and then release was realized depending on the
nature of the film and the conditions of the
environment, (b) AMP was attached to the PVA
polymer by esterification reaction and chemically
bounded conjugates were prepared. These
conjugates were prepared in two different ways as
before PVA film formation and after PVA film
formation. FT-IR spectrum and TGA results of the
all PVA are given in Figure 3 (a, b).
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Figure 3. (a) FT-IR spectra and (b) TGA
thermogram of bare PVA film (1) and Ampicillin
containing PVA films (2-4).

FT-IR analysis was performed to demonstrate the
success of the modification of PVA films and all
conjugates were analyzed by FT-IR in the 400-4000
cm-1 range. As shown in Figure 3a, the FT-IR
spectrum of the PVA blank film (1) showed the
presence of the symmetric stretching of C-H and the
tension band of the 1093 cm-1 C-O group in the 2920
cm-1 and 2852 cm-1 absorption bands, respectively.
The broad peak observed at 3294 cm-1 and the peak
at 1423 cm-1 are attributed to the O-H group and the
C-OH stretching vibration in the PVA structure,
respectively. When we looked at the spectrum of the
other films (2, 3, 4), new peaks were seen in addition
to the bare PVA film. The FT-IR spectrum of the
conjugate film showed a broad absorption band in
the range 0f 3650-3000 cm-1 confirming the presence
of AMP N-H and O-H groups. The FTIR spectrum
of the conjugated film was revealed by the band C-
N stretching at 1130-1140 cm-1, revealing the
presence of the band C=O stretching vibration at
1770-1775 cm-1. TGA were used to examine the
thermal degradation profile of synthesized films
(Figure 3b). The analysis was carried out in N2
atmosphere at a flow rate of 200 mL/min with a
temperature increase of 15 °C/min in the range 30-
1000°C. In thermogram, all sample residue was
same and about 2% at 980°C. Bare PVA film had
two main degradation max at 250°C and 350°C (1).
Addition of drug, main degradation profile was
changed as the max 290 °C for sample (3) lower than
bare PVA. The conjugate film max 365°C for sample
(2) higher than bare PVA film. For film (4), max
degradation point was 335°C. After the comparison
of all samples, it is seen that the thermal resistance
of the sample (2), which was conjugated after the
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film formation, was higher than the others.
Antimicrobial activity of the films was studied by
using disk diffusion method as mentioned method
section. Figure 4 showed the digital camera image of
petri dishes S. aureus and E. coli threated with the
films after 24 h incubation. The activity of the AMP
loaded/conjugated films was investigated in vitro
against E. coli and S. aureus bacteria with the
positive control (AMP), negative control (saline) and
blank (bare PVA film). At the end of the 24-hour
incubation period, ZOI was measured and the results
were averaged, and the graph in Figure 5 was
obtained with its standard deviation. Figure 4-5
shows that the observed ZOI against AMP for the
positive control was 8 mm for E. coli and 10 mm for
S. aureus, while no sites were observed for the
negative control.

E. coli

S. aureus

Figure 4. The antibacterial activity by disc diffusion
assay using AMP containing PVA films (2), (3), (4)
[PK: Positive control, NK: Negative control, B:
Blank (bare PVA (1)].

Also, the ZOI obtained for the blank PVA film (1)
was 4 mm for both bacteria. For S. aureus, no zones
of inhibition were observed in the negative control
group, while the positive control had ZOIs of 10 mm.
Z0Is were measured as 4 mm, 11 mm and 13 mm,
11 mm in films (1), (2), (3) and (4), respectively. For
E. coli, no zones of inhibition were observed in the
negative control group, while the positive control
had ZOI of 8 mm, and ZOIs were measured as 4 mm,
5 mm and 8 mm, 8§ mm in films (1), (2), (3) and (4),
respectively.
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Figure 5. Graphical representation of zone of
inhibition observed.

The study results showed that the blank PVA film
had little antibacterial activity, whereas clear ZOls
were observed against both bacterial strains of the
AMP-containing films, as shown in Figure 4. The
study revealed that it showed a greater ZOI against
the Gram-positive strain compared to the Gram-
negative strain. We can say, all AMP containing
PVA films have good antibiotic activity compare the
positive control.

CONCLUSIONS

In this study, PVA film was prepared successfully by
electro-spinning method using optimized conditions.
An antimicrobial drug was conjugated this film. The
films were characterized and antimicrobial activity
of the films was evaluated by disc diffusion assay
against E. coli and S. aureus bacteria. The
antimicrobial activity results showed that drug
conjugated films were quite effective, that was, the
conjugates had high antibacterial effect. These
prepared conjugated systems/films can be used for
surface coating, food packaging etc.

SUGGESTIONS FOR FURTHER WORK

The potential usages of synthesized PVA-drug film
conjugates in surface coating, food packaging
studies will be investigated.
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Isletme Sartlarinda Mikrokapsiil Aplike Edilen Havlu

Kumaslarin Fiziksel Ozelliklerinin Arastirilmasi
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OZET

Giiniimiizde, kullanicilarin  konfor ve giivenligini
olumlu yonde etkileyen fonksiyonel 6zellikli ve katma
degeri yiiksek tekstil iriinlerine olan ilgi artmaktadir.
Bu diriinlere bir &rnek de aromatik mikrokapsiiller
iceren giizel kokulu tekstil iriinleridir. Bu ¢aligmada
dogal yag icerikli mikrokapsiillerin igletme sartlarinda
havlu kumaslara aplikasyonu saglanmigtir. Dogal yag
olarak aromatik icerikli nane yagi kullanilmis, tekstil
kumaslarina aplikasyon yontemi olarak da emdirme
metodu uygulanmigtir. Mikrokapsiil igerikli havlu
kumaglara uygulanan testler ile mikrokapsiil
aplikasyonunda isletme sartlarimin havlu kumaslarin
fiziksel 6zelliklerine etkisi arastirilmugtir.

AMACLAR

Tekstil tirtinlerine hos koku, aroma terapi gibi 6zellikler
kazandirmak amaciyla uygulanan dogal igerikli
mikrokapsiillerin, havlu kumaslara aplikasyonu sonrasi
havlularin ~ fiziksel ~ ozelliklerindeki ~ degisimin
arastirtlmasi amaglanmaktadir. Laboratuvar sartlarinda
uygulanan aplikasyon ydntemlerine oranla isletme
sartlarinin ~ mikrokapsiillerin ~ kumas  iizerindeki
etkinliginin dl¢lilmesi hedeflenmistir.

GiRiS

Kiiresel rekabetin yogunlasmasiyla birlikte gelismis
iilkelerden tekstil {iretimi yapan firmalar, yeni
teknolojiler veya yeni iriinler gelistirerek kiiresel
pazarin 6nemli bir boliimiine sahip olmak icin rekabet
etmektedir. Tiketici taleplerinin gesitliligi ile birlikte

pazar rekabet giiciinlin artmasi tekstil sektorii
sektoriinde zorlu bir ortam yaratmustir.
Gliniimiizde tekstillerdeki  yenilik¢i  teknolojiler,

benzeri goriilmemis islevlere sahip ¢ok ¢esitli kumaslar
sunmay1 basarmustir. Fonksiyonel tekstillerin en yaygin
uygulamalar faz degistiren maddeler, bocek kovucular,
antimikrobiyaller, kokular, boyalar ve renklendiriciler,
cilt yumusaticilar ve nemlendiriciler, bazi ilaglar ve
alev  geciktiricilerin ~ kullanimini  igerir.  Tekstil
ireticileri, Urlinlerini belirli ve o&zel islevlerle
farklilagtirmaya g¢aligmaktadirlar. Arastirmacilar, ¢ok
islevli tekstiller olarak bilinen iiriinleri elde etmek igin
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birgok girisimde bulunmaktadirlar. Fonksiyonel
tekstillerin tek kullanimlik olmamasi ve kullanimdan
sonra yikanmasi gerektigi igin dayanmikliligini
arttrmak ve kullanim Omriini uzatmak tekstil
iireticileri i¢in her zaman en zorlu gdrevlerden biri
olmustur. Bu  baglamda, mikrokapsiilleme
tekniklerinin tekstillere uzun omiirli 6zellikler ve
katma deger sagladig: bilinmektedir.

Ucucu yaglar, giiclii bir koku ile karakterize edilen
aromatik bitkilerden olusturulan dogal karmagik
yapili bilesiklerdir. Genellikle su buhar1 destilasyonu
veya hidro damitma yontemiyle elde edilirler. Dogal
aromatik yaglar, oksijene, 151a, neme ve 1stya duyarl
ugucu maddelerdir®.

Nane tim diinyada gida, kozmetik ve ilaglarda
kullanilmaktadir. Nanenin  sivrisinek  kovucu,
antiviral, antifungal gibi 0&zellikleri literatiirde
incelenmistir®. Yagmn yapisinda bulunan limonen,
1958 yilinda pestisit, 1971 yilinda ise antimikrobiyal
olarak tescil edilmistir.

Aromatik yaglarin igerdigi bilesenlerin tedavi edici
ozellikleri ile insan sagligina pozitif etkileri
bulunmaktadir. Nane bitkisinin, gaz soktiiriicii,
bulant1  kesici, serinletici, burun acic1  gibi
ozelliklerinden literatiirde bahsedilmektedir. Ayrica
nane yaginin igerdigi mentol; kagintiya kars1 olarak
deri hastaliklarinda ve ansiteptik olarak solunum yolu
rahatsizliklarinda kullanilmaktadir®.

Ucucu yaglarin  stabilitesi mikroenkapsiilasyon
teknolojisi kullanilarak arttirilabilir. Normal sartlarda
ucucu yaglar dig etkenlerden olumsuz etkilendikleri
icin igerdikleri 6zelliklerin etkileri kisitlanmaktadir.
Bu nedenle yaglarin ugucu dzelliklerini azaltabilmek,
uzun siireli  kullanimlarini ~ arttirabilmek  adina
¢ekirdek malzeme olarak ucucu yaglarin kullanilmasi
ile dogal yag igerikli mikrokapsiil {iretimleri
yapilmaktadir.

Farkli tiir maddeler farkli pek ¢ok amag igin
mikrokapsiillenebilmektedir. ~ Koku  maddesinin
mikrokapsiillenmesindeki ama¢ onu uygun olmayan
¢evre kosullarina karst korumak, kontrollii ve yavas
salinimim ~ saglamaktir'.Koku maddeleri ugucu
ozelliklerinden dolayr tekstil materyaline direkt



olarak aplike edilememektedir. Bu maddeler 1s1, nem ve
diger dis  etkenler nedeniyle  buharlasarak
uzaklagmalarint  Onlemek, kokunun uzun siire
kullanilmas1 ve yavas salinimi amaciyla polimerik
duvar materyali igerisine kapsiillenmektedirler®!°,
Mikrokapsiil aplikasyonu ile fonksiyonel o6zellik
kazandirilan triinlerin fiziksel 6zelliklerinin olumsuz
yonde degisimi istenen bir durum degildir.

Bu caligmada, aromatik mikrokapsiillerin {iretimi ve
kumasa aplikasyonu c¢aligmalar1 gergeklestirilmistir.
Uretilen mikrokapsiillerin isletme sartlarinda emdirme
yontemi ile pamuklu kumaslara aplikasyonu
saglanmstir. Aplikasyon sonrasi miisteriler tarafindan
da en ¢ok talep edilen fiziksel testler yapilarak havlu
kumaslar analiz edilmis ve fiziksel Ozelliklerindeki
degisim aragtirilmisgtir.

DENEYSEL

Malzeme

Calismalarda c¢ekirdek malzeme olarak nane yagi
kullanilmistir. Duvar malzemesi olarak arap zamki,
ylizey aktif madde olarak da Triton-x kullanilmistir.
Mikrokapsiillerin  tekstil {iriinline aplikasyonunda
%100 pamuklu havlu kumas ve binder olarak Tanapur
One (Tanatex) kullanilmugtir.

Yontem

Mikrokapsiillerin tiretimi 5 L kapasiteli ¢ift cidarh
reaktorde mikroemiilsiyon yontemi ile
gergeklestirilmistir. .

Sekil 1. Cift cidarli reaktor igerisindeki nane yagi
igerikli mikrokapsiil ¢ozeltisi

Mikrokapsiillerin ~ havlu ~ kumaglara  aplikasyon
uygulamas1 ramdz makinesinde 130°C’de 12 m/dk ile
yapilmigtir.

Havlu kumaglara, mikrokapsiillerin kumas tizerindeki
varligini tespit edebilmek icin SEM analizi, su emiciligi
i¢in AATCC 79 standardina gore hidrofilite testi, ISO
150-C06  standardina  yikama  hashigi testleri
gerceklestirilmistir. Mikrokapsiillerin yikama sonrasi
kumas iizerindeki kaliciliklarinin Slgililebilmesi i¢in
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ISO 6330 evsel yikama ve kurutma prosediiri
kullanilmigtir.

DENEYSEL SONUCLAR/TARTISMA
Isletme sartlarinda mikrokapsiillerin  aplikasyonu
sonrast kumaglarin  analiz  sonuglar1  asagida

verilmistir.

Mikrokapsiillerin kumas {izerindeki varligini tespit
edebilmek i¢in SEM analizi yapilmistir. Sekil 2°de
mikrokapsiil igerikli havlu kumaglarin yikamasiz ve
10 yikama sonrast SEM goriintiileri gosterilmistir.

Sekil 2. Nane yag: icerikli mikrokapsiillerin isletme
sartlarinda emdirme yontemi ile aplike edildigi,
yikamasiz (solda) - 10 yikama sonrasi havlu (sagda)

kumaslarin SEM goriintiileri

Mikrokapsiil igerikli havlu kumaslarin su emicilikleri
AATCC 79 standardina uygun olarak belirlenmistir.
Test sirasinda kumas ylizeyine damlatilan su
damlalar1 1 saniyeden daha kisa bir siirede (ylizeye
damlar damlamaz) kumas tarafindan emilmistir.
Mikrokapsiil igerikli havlu kumaglarin yikama
hasliklar1 ISO 150-C06 testine gore analiz edilmistir.
Sonuglar Tablo 1’ de verilmigtir.

Tablo 1. Mikrokapsiil igerikli havlu kumaslarin
yikama hasligi degerleri

GENEL SONUCLAR

Literatiirde, mikrokapsiillerin tekstil iriinlerine
aplikasyonu ile ilgili yapilan caligmalarin birgogu
laboratuvar sartlarinda gerceklestirilmektedir. Bu
calismada ise nane yagi icerikli mikrokapsiiller
isletme sartlarina uygun olacak sekilde yiiksek
miktarda retilmis ve mikrokapsiillerin havlu
kumaglara  aplikasyonu  ram6éz  makinesinde
yapilmustir.



Yapilan fiiretim denemelerinde hedeflenen kiiresel
yapiya sahip mikrokapsiillerin varligi SEM goriintiileri
ile kanitlanmustir (Sekil 2). Uretilen mikrokapsiillerin
aplike edildigi kumaslara ait ytkanmamis ve 10 kez
yikanmis kumaglarin SEM analizleri incelendiginde,
mikrokapsiillerin varligt kumas yapisinda 10 kez
yikama sonrasi ispatlanmaisgtir.

Literatiir kaynaklar1 ve misteri taleplerine gore
AATCC 79 hidrofilite test sonuglarinda kumaglarin
suyu emme siiresinin 5 s’nin altinda olmasi1 kumagin su
emiciliginin iyi oldugu anlamina gelmektedir Bu
referans deger dikkate almarak  mikrokapsiil
aplikasyonunun kumaslarin  hidrofilitesini olumsuz
yonde etkilemedigi ve kumaglarin hidrofilitesini
korudugu sonucuna ulasilmstir.

Tablo 1 incelendiginde de tiim kumaslarin yikama
hasliklarinin geger degerlerde oldugu ve mikrokapsiil
aplikasyon prosesinin kumaslarin renk hasligim
olumsuz etkilemedigi tespit edilmistir.

SONRAKI CALISMALAR iCiN ONERILER
TESEKKUR/BILGILENDIRME/FON KAYNAGI
Bu c¢alisma, Ozanteks Tekstil Ar-Ge merkezi
tarafindan, TUBITAK 3190195 proje numarasi ile
desteklenmigtir. Ayrica, bu g¢alisma, 119C070 nolu
TUBITAK 2244 Sanayi Doktora Programi Projesi
kapsaminda siirdiiriilebilir {iriinler gelistirilmesine
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ABSTRACT

Noise negatively affects people physiologically and
psychologically, and quality of life decreases in noisy
environments. In terms of work efficiency, it is known
that 60% of the office staff and 35% of the physical
workers, and some faulty productions are caused by
noise. Work accidents, which are directly or indirectly
due to noise, are another dimension of the event. The
use of acoustic elements and the design of new
materials that can perform better have become
important in line with the regulations on increasing
noise pollution, as well as the increasing comfort
demands of people and the need to control the sound in
terms of human health.

Sound-absorbing, flame-retardant acoustic fabrics will
be designed and produced without deteriorating the
visuality of durable and aesthetic fabrics produced by
Kadifetek. Noise occurring in closed environments is
often dominant in a specific frequency range.

High absorbency in the entire frequency range requires
the fibrous material to be heavy and thick. With the
elimination of a scientific and technological uncertainty
by developing fabrics that provide sound absorbing at
the desired frequencies, which are not known in the
literature, a fabric design method with the highest level
of absorbency yarn and fabric knitting has been
developed from Polyester Acrylic and Polypropylene
materials with the desired absorption value and at the
frequency requested by the customer. With qualified
products, it is aimed to reduce foreign dependency in
the domestic market and to increase competitiveness in
foreign markets.

The developed products were evaluated by performing
international acoustic tests, flame retardancy tests and
other physical tests.

PURPOSES

It is aimed to produce flame retardant and easy-to-clean
acoustic fabrics that can pass the acoustic tests
requested by our customers.

Most of the fabrics with acoustic properties are
imported from abroad. After these products are supplied
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with domestic means, it is aimed to create added value
by importing them abroad.

INTRODUCTION

Acoustic features

Sound is a form of energy that propagates in waves
and is defined as the pressure change in air, water or
similar medium that can be perceived by the ear.
Sound is an objective concept and its existence does
not change from person to person. [7].

Today, acoustic insulation has become very important
due to industrial and environmental noise. This type
of acoustic insulation materials and acoustic damping
systems are frequently used in the defense industry,
where acoustic privacy is also important, as well as in
sectors such as housing, automotive, and white goods
where acoustic properties are important[1,2].
Multilayer structures with solid, liquid and porous
properties are used for insulation purposes in various
engineering applications[3,4,5].

The problem of sound transmission through the
coated panel structure has been extensively studied in
the literature. Most of these theoretical and
experimental studies have been evaluated in
structures consisting of two layers, where porous
structures are not used and the sound wave is
perpendicular to the surface[6].

However, materials in which multi-layer porous
structures are used instead of a single layer have been
evaluated to obtain superior sound insulation
performance in a wide frequency range in residential
insulation.

Sound measurement parametres

Basically, three parameters play a role in the
definition of sound and especially in sound
measurements. These are sound pressure, sound
power and sound intensity.

Sound pressure and sound level
Since sound is perceived by changing the pressure of
the air in contact with the eardrum, the sound pressure



created at a certain point is more important than the
sound power of a sound source.

5

L,= 10log P >
Po

It is defined as the sound pressure level. Here, p is the
square root of the mean value of the sound pressure
(rms value), and pO is 20 micropascals, which is
accepted as the international reference pressure. The
reason for choosing 20 micropascal value; A pressure
of at least 20x107° Pa is required for an average young
adult to hear a sound wave with a frequency of 1000 Hz.
Therefore, the threshold of hearing at 1000 Hz was
taken as reference. The reason for using the ratio of the
squares of the pressures, not the pressures, in the
definition of the sound pressure level is because the unit
dB is often used for power ratios, and the power is
proportional to the square of the pressure[7].

(dB)

Sound force and sound force level

The power of the sound energy emitted by a sound
source is called the sound power or acoustic power, and
the level of this power is called the sound power level.
According to this definition, the sound power level of a
source with W can be determined from the equation.

(dB)

1/
L; =10log—

w,
Here, 1072 W is the international reference power. The
sound power of a machine is the sound radiated portion
of the total power of the machine and is very small

relative to the total power.
L

W =10"2x101  (War)

The sound power level of a known source can be found
from the relation[7].

Sound volume and level of sound volume

Another feature of a sound that changes depending on
the acoustic and geometrical properties of the
environment where the source is and the distance from
the source is the sound intensity[7].

It is difficult to measure sound intensity, but the
difference between sound intensity and sound pressure
is valid for planar waves and for other wave types
provided that they are far from the source.

Starting from this relation, the sound intensity in the
dispersed and free space is proportional to the square of
the sound pressure.

itis concluded that. The reference value is taken as 1072
(W/m?).
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Sound absorbance index

The ratio of the sound energy absorbed on a surface
to the total sound energy incident on that surface is
called the sound absorption coefficient of the surface.
The sound absorption coefficient is generally a
function of the wave angle incident on the material
surface. The sound absorption coefficient, indicated
by a, can take values between 0 and 1.

a=0 fully reflective surfaces; If a=1, it indicates
surfaces that absorb all of the sound energy. The
sound absorption coefficient of a surface varies
depending on the properties of the material, its
thickness and frequency. The value obtained by
multiplying the area of a surface by the sound
absorption coefficient of that surface is called the
sound absorption of the surface and its unit is
Sabin[7].

Sound transmission loss
Sound transmission loss is a property of a material
that gives its sound insulating capacity in dB.

Repellency features

Water/Stain repellency and easy
application

In the water repellency finishing process, the aim is to
create a thin hydrophobic membrane on the surface of
the fibers, creating a low energy surface on the
material or product to provide resistance against water
molecules.

Since the fabric pores are not closed in the water-
repellent finishing process, skin respiration and sweat
transfer are not adversely affected. Since water-
repellent chemicals are attached to the fabric by
mechanical means, they are damaged during washing
and dry cleaning processes and their effects are
reduced. While the hydrogen bonds of the fabric
provide strength, thermal resistance or resistance to
dry cleaning, they cause the fibers to absorb water
easily. It is necessary to form covalent bonds between
the fibers and the water-repellent chemicals to ensure
a permanent water-repellent effect. In order for the
textile surface to show water repellency, the contact
angle must be more than 90 degrees.[8]

Applications made by treating the surface or body
covered by the textile product with different finishing
materials to protect it from water are called water
repellency finishing. While these processes
completely preserve the appearance and permeability
of the fabric, they give it water repellent properties.
The water-repellent finishing process allows the
passage of water vapor from the fabric surface by

repellency



forming a hydrophobic and porous film layer without
dissolving on the fabric surface. Applications made by
treating the surface or body covered by the textile
product with different finishing materials to protect it
from water are called water repellency finishing. While
these processes completely preserve the appearance and
permeability of the fabric, they give it water repellent
properties. The water-repellent finishing process allows
the passage of water vapor from the fabric surface by
forming a hydrophobic and porous film layer without
dissolving on the fabric surface.[9]

Wetting a flat surface by a liquid is purely physical and
can be explained simply physically. But the
heterogeneity of the textile fiber, the complex nature of
the fiber content and the construction of the textile
surface make it difficult in practice to predict whether
the textile surface can be wetted by a liquid. Another
important variable is the temperature of the liquid,
because as the temperature of the liquid increases, the
surface tension decreases. In addition, the presence of
surfactants, albeit in very low amounts, lowers the
surface tension of water. According to classical
thermodynamic theory, for a solid to be wetted by a
liquid, the free energy in the system must decrease.

If the sum of energy between the surfaces decreases, the
liquid in contact will spontaneously wet the solid. In
order for the liquid to penetrate the solid by itself, the
work that must be done must be positive. This is
achieved by the fact that the surface energy of the solid
in contact with the air is greater than the surface energy
of the liquid. The work required to hold the contact solid
and liquid together depends on their attraction to each
other. With the disappearance of the solid-liquid
interface, the surface tension is also lost. This causes the
formation of two new surfaces, solid air and liquid
air[3].

STAIN

R

YARN

Figure 1. Relation of stain and yarn

Wetting of textile materials is defined as the
displacement of the fiber/air interface with the
fiber/liquid interface, and wetting is a prerequisite for
capillary wetting, which is defined as the spontaneous
(simultaneous) transfer of liquid within the fiber mass
under the action of capillary forces. In a complex
capillary system, fluid transfer can be counted as a
capillary wetting process, or this phenomenon is called
‘capillary penetration'. High contact angle values
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indicate poor wettability, low angles indicate good
wettability.

Wetting of textile materials is defined as the
displacement of the fiber/air interface with the
fiber/liquid interface, and wetting is a prerequisite for
capillary wetting, which is defined as the spontaneous
(simultaneous) transfer of liquid within the fiber mass
under the action of capillary forces. In a complex
capillary system, fluid transfer can be counted as
capillary wetting, or this phenomenon is called
'capillary penetration'. Partial wetting when the liquid
surface tension is greater than this critical tension;
when it was small, he stated that it was completely
wet[5].

There are many constraints and limitations in the
experimental measurement of critical surface tension.
It is possible to determine the critical surface tension
with various approaches used to determine the
wetting behavior of the fibers. These methods are
Zisman graph, Wu equation, Fowkes theory, Kaelbeh
method and Wilhemly method.[10]

The preparation processes, known as pre-treatment
processes, are the preparation stages for the dyeing
and finishing processes that the textile products will
see later. In these processes , the product is given its
properties by using various chemical substances .
Fabrics produced from staple or continuous fiber can
be water repellant. However, yarns produced with
staple fibers need to be twisted well because if the
fiber does not adhere well to the yarn, the fabric to be
woven becomes hairy and adversely affects water
repellency.

Chemicals used for water repellency can also be used
as dirt repellants. Because liquid dirt substances
(sauce, juice, coffee, etc.) remain on the surface of the
fabric and can be easily wiped. A liquid wets a solid
surface if the surface tension of the liquid is lower
than the critical surface tension of the solid.[11]

Flame redartancy features

Combustion

It is an interaction that needs heat, oxygen and
suitable fuel components. Combustion continues until
oxygen, fuel source or heat is consumed. Combustion
produces light and heat.

¢—— COMBUSTION ~———— Incombustibles gases

FLAMING GASES ——
/ Tc ﬁ / Liquid disjunction products
PYROLISIS ——————» Ashes

0: Tp f
> van

HEAT

Incombustibles gases

Figure 2. Combustion of textile yarns[12]



When heat is supplied, the temperature of the fiber
begins to increase until it reaches the pyrolysis
temperature (Tp). At the pyrolysis temperature,
chemical changes occur in the fiber and non-
combustible gases (such as carbon dioxide, water
vapor, nitrogen and sulfur oxides), carbonization
residues, liquid condensates and combustible gases
(carbon monoxide, hydrogen and many oxidisable
organic molecules) are formed. As the temperature
continues to rise, the liquid decomposition products
also pyrolysis, producing more non-combustible gas,
ash, and burning gas. When the combustion
temperature (Tc) is reached, the phenomenon we call
combustion, which consists of a series of free radical
reactions in the gas phase and occurs when the burning
gases combine with oxygen, takes place. These
reactions are highly exothermic and produce enormous
amounts of light and heat. The heat provided by the
combustion process provides the additional thermal
energy required to continue the pyrolysis of the fiber
and hence the release of more combustion gases for the
combustion process[1].

Combustion behavior is also affected by factors such as
the nature of the ignition source and the time it hits the
fabric, fabric orientation, ignition point (edge, face,
bottom or top of the fabric), ambient temperature,
relative humidity, air flow rate, and fabric structure, as
well as fiber type and fiber blends. . In addition, in
studies on the effect of yarn structure and geometry on
combustion behavior, it is stated that different yarn
twisting methods cause different burning resistance in
yarns[2]

Mechanisms of Flame retardancy

Many ways have been tried to break the burning cycle
of textiles. One of these ways is to use materials that
can thermally decompose as a result of strong
endothermic reactions inside the fiber. If sufficient heat
can be absorbed as a result of these reactions, the
pyrolysis temperature of the fiber will not be reached
and combustion will not occur. Examples of this
method are aluminum hydroxide, aluminum trihydrate
and calcium carbonate.

Al,0;5.3H,0 ALO; +3H,0 T

"
——» Ca0+CO t

Figure 3. Endothermic degradation reactions[1]

CaCO;

Another approach is to use an insulating layer
surrounding the fiber at temperatures below the fiber
pyrolysis temperature. Boric acid and its hydrated salts
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are examples of this approach. When these
compounds are heated, they give off water vapor. In
this way, they make the fiber surface glassy and
reduce the contact of the fiber with air, giving it a
flame-retardant effect.

-2H,0 -H,O
2H3B03 T> 2H BOZT B:O_;

Figure 4. Glassy surface

The third way to achieve flame retardancy is to
change the pyrolysis mechanism to produce less
burning volatile matter and more ash. This dense
structure mechanism is seen in flame retardants
containing phosphorus. As a result of cross-linking of
phosphoric  acid  formed  during  thermal
decomposition with polymers containing hydroxyl
groups, less flammable products are released. The
fourth way used to prevent combustion is to create
free radical reactions that provide the necessary heat
for the continuation of the process. Halogen-
containing compounds, which are given as an
example, capture the OH radicals formed during
pyrolysis, ensure their rapid oxidation and reduce the
heat required for combustion[12]

H+0: =—= HO +0
O +H, =— HO +O
HO +CO =—= CO, +H

Figure 5. Free radical combustion reaction[1]

Chemicals of flame retardancy

The most important flame retardants can be classified
into three categories. These are basic flame retardants
based on phosphorus and halogens, synergistic
substances that have a small amount of flame-
retardant effect when used alone, increase their
effectiveness when used with basic flame-retardant
substances (such as the use of phosphorus with
nitrogen, halogens and antimony), and flame retardant
substances that reveal their activity through physical
effects (borate). , aluminum trihydrate, calcium
carbonate) [12,13,14].

EXPERIMENTAL

Material

Polyester, Acrylic and Polypropylene fiber and fabric
were used.



Method
The  reverberation chamber acoustic  value
determination was made by an accredited institution.

Experiments

Reverberation room

ISO 354 is an acoustic test method. In these tests, the
acoustic performances of the fabrics were measured
under certain conditions and the results could be
expressed numerically. ISO 354 is used to simulate
textiles used in home textiles.

RESULTS

Acoustic performance

In this method, as stated in Table 1, the sound
parameters change from low frequency to high
frequency and it is expressed at what rate the sound
waves that the sample is exposed to are absorbed.

Table 1. ISO 354 fabric test result

ISO 354
Fre((ﬁlze)ncy Sample
100 0.05
125 0.10
160 0.17
200 0.28
250 0.43
315 0.55
400 0.74
500 0.85
630 0.90
800 0.89
1000 0.88
1250 0.88
1600 0.87
2000 0.86
2500 0.84
3150 0.86
4000 0.85
5000 0.81
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Graph 1. ISO 354 test result
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Assesment of acoustic test result

Table 2. ISO 354 E acoustic test result

I1SO 354
Fr(ill‘za)“s Lazio Velvet-E
100 0.00
125 0.02
160 0.05
200 0.08
250 0.14
315 021
400 0.36
500 0.46
630 0.58
800 0.68
1000 0.76
1250 0.82
1600 0.87
2000 0.90
2500 0.91
3150 0.90
4000 0.81
5000 0.80

As the results, fabric sample is able to absorbe sound
with high frequency values. It shows that created
surface allow to use on acoustic panels or another
interior/outdoor needs.

RO IR R
N S S %@@“&\@ S

Graph 2. ISO 354 test result

Repellency performance
In the test, operations were carried out according to 3
types of stain sources.

Stain A type

* A few paper towels are sufficient to clean the coke
(50ml) stain. After pouring the coke onto the fabric
and waiting for 5 minutes, it is cleaned with paper
towels.



Stain B type

* 50ml of water and a paper towel are sufficient to clean
the fruit juice (50ml) stain. The juice is poured onto the
fabric and left for 5 minutes. Then it is cleaned with
water and paper towels.

* 50ml of water and a paper towel are sufficient to clean
the red wine (50ml) stain. Red wine is poured onto the
fabric and left for 5 minutes. Then it is cleaned with
water and paper towels.

* 25ml of water, a spoon and a paper towel are sufficient
to clean the ketchup (8.2gr) stain. Ketchup is poured
onto the fabric and left for 5 minutes. After 5 minutes,
the ketchup on the fabric is taken with a spoon. The
stain is treated with 25 ml of water. With the tip of the
finger, oval cleaning movements are made on the fabric
10 times in a clockwise and counterclockwise direction.
Then it is cleaned with a paper towel.

* 25ml of water, a spoon and a paper towel are sufficient
to clean the mayonnaise (8.2gr) stain. Mayonnaise is
poured onto the fabric and left for 5 minutes. After 5
minutes, the mayonnaise on the fabric is removed with
a spoon. The stain is treated with 25 ml of water. With
the tip of the finger, oval cleaning movements are made
on the fabric 10 times in a clockwise and
counterclockwise direction. Then it is cleaned with a
paper towel.

Stain C type

* Water (25ml), classic hand soap and microfiber
cleaning cloth are sufficient to clean the tea (50ml)
stain. Hot tea is poured onto the fabric and left for 5
minutes. Then water is poured onto the stain and the
stain is treated with hand soap. Cleaning is finished with
a microfiber cleaning cloth.

* 50ml of water, spoon, hand soap, paper towel and
microfiber cleaning cloth are sufficient to clean the
stain of pasta sauce (8.15gr). The sauce is poured on the
fabric and after waiting for 5 minutes, the top sauce is
scraped off with a spoon. 25 ml of water is poured into
the stain and rubbed with the tip of the finger 10 times
clockwise and counterclockwise. It is cleaned with a
paper towel. If the stain is still visible; This time, after
pouring 25 ml of water, the stain is treated with soap.
Cleaning is finished with a microfiber cleaning cloth.

* 50ml of water, spoon, hand soap, paper towel and
microfiber cleaning cloth are sufficient to clean the
chocolate (7.3gr) stain. The chocolate is poured onto the
fabric and after waiting for 5 minutes, the top chocolate
is scraped off with a spoon. 25 ml of water is poured
into the stain and rubbed with the tip of the finger 10
times clockwise and counterclockwise. It is cleaned
with a paper towel. If the stain is still visible; This time,
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after pouring 25 ml of water, the stain is treated with
soap. Cleaning is finished with a microfiber cleaning
cloth.

+ 25ml of water, hand soap and a microfiber cleaning
cloth are sufficient to clean the ballpoint pen stain.
Scribble 50 times left and right on the fabric with a
ballpoint pen and after 5 minutes, 25 ml of water is
poured onto the stain. Afterwards, the stain is treated
with hand soap. Cleaning is finished with a microfiber
cleaning cloth.

« Evaluation; After cleaning the stains are evaluated.
This evaluation is made visually according to a certain
scale with 3 observers. The average of 3 people is
taken. This measurement is as follows;

* 5 stains are completely cleaned,

* 4Stain very little visible,

* 3Stain is visible or partially removed,
« 2Stain visible,

« 1Stain is very obvious.

Table 3. Stain types and repellency performance

trial [observerl|observer2|obsrever3|average
coke 1 5 5 5 5
cherry juice 1 5 5 5 5
red wine 1 5 5 5 5
ketchup 1 5 5 5 5
mayonnaise 1 5 5 5 5
black tea 1 5 5 5 5
pasta sauce 1 5 5 5 5
chocolate 1 5 5 5 5
ball point pen 1 5 5 5 5

When we evaluate the results of the tests, successful
results have been obtained in producing a fabric that
meets the expectations in terms of acoustics, catches
fire late and is easy to clean.

Based on these results, it seems possible to use the
developed acoustic textiles in noise environments.
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OZET

Yeryiiziinde bulunan tiim canlilar, radyasyona maruz
kalmaktadir. Radyasyon kaynaklari; glines 1sinlar1 gibi
dogal kaynaklar olabilmekle birlikte, X 1ginlar1 ya da
gama radyasyonu gibi yapay kaynaklar olmasi da
miimkiindiir. Teknolojinin hizli gelisimi, yapay
radyasyon kaynaklarina olan maruziyetin de artmasina
neden olmustur. Radyasyon, canli viicudunda ciddi

hasarlara  sebebiyet vermektedir. Bu nedenle
radyasyondan korunmak olduk¢a biiylk Onem
tagimaktadir.

Radyasyondan korunmada en etkili yOntem,
zithlamadir.  Zirhlama, radyasyon kaynagi ile

radyasyona maruz kalan kisiler arasina, radyasyonu
Onleyici malzemelerin konulmasidir. En yaygmn
kullanilan zirhlama malzemeleri kursun igerikli plaka
ve bloklar olsa da son yillarda tekstil tabanh
malzemelerin kullanim1 da yaygin hale gelmistir.
Kursun igerikli malzemelerin sahip olduklar1 negatif
Ozellikler, kursun igermeyen alternatif malzemelerin
gelistirilmesini  saglamigtir. Kursun malzemelere
alternatif olarak; tekstil tabanli zirhlama malzemelerin
gelistirilmesi lizerine ¢aligmalar yapilmaktadir.
Calismada, gama radyasyonuna karsi zirhlama
ozelligine sahip kaplamali tekstil iiriinleri gelistirilmesi
hedeflenmektedir. Bu kapsamda; baryum siilfat ve
bizmut oksit metallerini iceren kaplama dispersiyonlari
kumaglara bigakli kaplama yontemiyle uygulanacak ve
elde edilecek kaplamali tekstil {irlinlerinin zirhlama
verimleri yilizde olarak tespit edilecektir.

AMACLAR
Bu c¢alismada; tibbi ya da askeri uygulamalarda
radyasyona maruz kalan kisilerin korunmasini
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saglayacak zirhlama ozelligine sahip tekstil {iriinleri
geligtirilmesi amaglanmistir. Farkli 6zelliklere sahip
iki 6rme kumasa, metal tozu icerikli kimyasal
maddeler kaplama yontemiyle uygulanmis ve soz
konusu kumaslarin yiiksek zirhlama verimine sahip
olmasi hedeflenmistir.

GIRiS

Giinlimiiz sartlarinda teknolojinin hizla gelismekte
olmasi, radyasyon kaynaklarmm da aym hizda
artmasina sebebiyet vermektedir. Cep telefonlari,
bilgisayarlar, televizyonlar, ev aletleri gibi giinliik
hayatta siklikla kullanilan cihazlar ile giines 1s181,
bagslica radyasyon kaynaklar1 arasinda yer almaktadir.
Bunlarla birlikte radyasyon; tibbi alanlarda, enerji
iretiminde, askeri alanlarda ve bilimsel faaliyetlerde
de kullamlmaktadir.  Ozellikle tibbi  alanda
hastaliklarin  teshisi ve tedavisinde Onemli rol
oynamaktadir® 2,

Radyasyon, yapisina gore; foton tipi ve pargacik tipi
olarak iki ana baglikta incelenmektedir. Alfa ve beta,
parcacitk tipi radyasyona Ornek olup bu tiirde
radyasyonun durdurulmasi olduk¢a kolaydir. Gama
ve X-1ginlar1 ise foton tipi radyasyona ornektir. Bu
tirde radyasyonun durdurulmasi olduk¢a zordur ve
foton tipi radyasyon canli hiicrelerine biiyiik zararlar
vermektedir. Sebep oldugu biiyiik zararlardan dolay1

radyasyondan  korunmak  olduk¢a  Onemlidir.
Radyasyondan korunmak igin ii¢ temel unsur
bulunmaktadir. Bunlar; zaman, mesafe ve

zirthlamadir. Radyasyona maruz kalinan siire arttikga,
radyasyonun meydana getirecegi hasar da artacaktir.
Bu sebeple radyasyona maruz kalinan siire miimkiin
oldugunca  minimum  seviyede  tutulmalidir.
Radyasyon siddeti, radyasyon kaynagina olan mesafe
arttikca azalmaktadir. Radyasyondan korunmada rol
oynayan en dnemli faktdr ise zirhlamadir® 3.

Zirhlama; radyasyon kaynagi ile radyasyona maruz
kalacak kisi arasina, radyasyonun etkilerini azaltict



malzemeler konulmasi olarak tamimlanmaktadir. Bu
malzemelere ise  zirhlama  malzemeleri  adi
verilmektedir. Zirhlama malzemeleri, radyasyonun
tirtine gore farklilik gostermektedir. Alfa ve beta
radyasyonlar1 i¢in ince bir kagit malzeme ile zirhlama
miimkiin iken, gama ve X 1simlar1 gibi radyasyonlarda

ise kalm ve kursun igerikli = malzemeler
kullanilmaktadir® 4 3.
Foton tipi radyasyonlarn zirhlanmasinda yiiksek

yogunluklu materyaller ve agir atomlarin kullanilmasi
gerekmektedir. Bu 6zelliklere sahip olmalar1 nedeniyle
zithlama materyali olarak kursun, baryum, bizmut,
tungsten metallerinin kullanimi1 miimkiindiir. Kursun,
en ¢ok kullanilan zirhlama malzemesidir. Ancak; toksik
ozellik gostermesi, agir olmasi ve sahip oldugu kirillgan
yapisy, kursun yerine alternatif malzemelerin
arastirilmasina sebebiyet vermistir® " 8. Bu alternatif
malzemelerin basinda da tekstil tabanli zirhlama
malzemeleri gelmektedir. Zirhlama o6zelligine sahip
olmayan geleneksel tekstil lifleri ve bu liflerden elde
edilen kumas yapilari, farkli katkilarla ve
uygulamalarla zirhlama malzemesi haline
getirilebilmektedir. Tletken iplik kullanimi, iletken
polimerler ile tekstil materyallerinin kaplanmasi veya
iletken olmayan polimer malzemelerin gesitli metal
katkilar1 eklenerek tekstil materyallerine uygulanmast,
tekstil tabanli zirhlama malzemelerinde en sik
kullamlan yéntemlerdir. Tletken iplik kullanim, iletken
polimerler ile tekstil materyallerinin kaplanmasi gibi
yontemler ile radyasyon koruyucu tekstil iiriinleri elde
edilmesi {izerine ¢ok sayida ¢aligma bulunmaktadir® '°.
Kilingarslan ve arkadaglarma ait ¢alismada* pamuk
polyester elyaf karisimindan mamul kumaslara, farkli
oranlarda baryum siilfat icerikli kimyasal madde,
kaplama yontemiyle uygulanmistir. Caligma sonucunda
baryum siilfat miktar1 arttikca, zirhlamanin arttigi
gbzlenmistir.

Maghrabi ve arkadaglarimin yapmus olduklart bir
calismada®, baryum siilfat ve bizmut oksit kaplamali
kumaslarin  X-ray 1sinlarimt  zirhlama davraniglart
incelenmistir.

Kumas olarak poliamid 6.6 igerikli bezayagi dokuma
kumas tercih edilmigtir. Kumaglara; baryum siilfat,
bizmut oksit ve bunlarin karisimlarindan olusan
dispersiyon uygulamasi bigakli kaplama yontemiyle
yapilmistir. Calisma sonucunda en yiiksek zirhlama
verimi, baryum siilfat-bizmut oksit metal tozu karigimi
iceren kumas ile saglanmustir.

Aral ve arkadaglan’®; %60 oranlarmda baryum siilfat,
bizmut oksit ve tungsten oksit metal tozu icerikli silikon
kauguk malzemeler ile kaplanmis %100 pamuk igerikli
bezayagi dokuma kumaglarm X-ray isinlarini
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zirhlamasi tizerine bir ¢alisma yapmiglardir. Caligma
sonucunda en yiiksek zirhlama bizmut oksit kaplamali
kumaglar ile elde edilmistir. Tungsten oksit metali
tlim enerji seviyelerinde en yiiksek zirhlamaya sahip
olmasina ragmen, kaplama dispersiyonu igerisindeki
hacimce oranimnin diisiik olmas: sebebiyle zirhlama
yiizdelerinin bizmut oksitten daha diisiik ¢iktig
sonucuna varilmigtir. Tim zirhlama degerleri
arasinda en diisiik sonu¢ baryum siilfat kaplamali
kumaglarda goriilmiistiir.

DENEYSEL

Malzeme

Calismada; Sun Tekstil Ar-Ge Merkezi’nde
gelistirilen, %100 polyester ve %100 pamuk igerikli
mamul interlok konstriiksiyonunda iki farkli 6rme
kumag kullanilmigtir. Kullanilan 6rme kumaslara ait
bazi 6zellikler Tablo 1°de verilmistir.

Tablo 1. Kumaglara ait 6zellikler

igerik %100 Pamuk | %100 Polyester
Kumas Tiirii Orme Orme
Konstriiksiyon |  Interlok Interlok
Kalinhk (mm) 1,02 1,25
Agirhik (g/m?) 345 340

Poliiiretan bazli dispersiyon kaplama maddesi Rudolf
Duraner firmasindan satin almmustir. Metal tozu
olarak baryum siilfat (BaSO,) ve bizmut oksit (Bi2O3)
tozlar1 (Sigma Aldrich, Tiirkiye) kullanilmigtir.

Yontem

Calisma kapsaminda; Sun Tekstil Ar-Ge Merkezi
laboratuvar  altyapisinda  bulunan  Kkaristirici
kullanilarak ~ kaplama patlart  olusturulmustur.

Poliiiretan bazli kaplama kimyasal: igerisine baryum
stilfat ve bizmut oksit tozlar1 %60 oraninda eklenip,
1-2 saat karigtirilarak iki farkli kaplama pati hazirligi
yapimistir. Hazirligi tamamlanan kaplama patlari,
kaplama uygulamasina hazir hale getirilen kumaslara
Ata¢ RGK-40 bigakli kaplama (rakle) aleti
kullanilarak uygulanmustir. Tki kat baryum siilfat, iki
kat bizmut oksit ve bir kat baryum siilfat/bir kat
bizmut oksit olmak lizere ili¢ farkli deney seti ile
calisma yapilmigtir. Kumaglara her kaplama
uygulamas1 sonunda fikseleme islemi yapilmistir.
Elde edilen kumaslarin kalinlikk degisimleri
incelenmis, Ege Universitesi Niikleer Bilimler
Enstitiisii altyapisinda bulunan Nal(TI) dedektorii
kullanilarak zirhlama verimi potansiyeli tespit
edilmistir. Radyasyon kaynagi olarak 2*'Am (Ey=60



keV) ve 37Cs (Ey= 662 keV) kaynaklar1 kullamlmistir.
Kumasglarin  kaplama uygulamasi Oncesinde ve
sonrasinda yiizey mikroskobu ile yiizey goriintiileri
karsilastirilmistir.

DENEYSEL SONUCLAR/TARTISMA

Calisma kapsaminda kullanilan pamuk 6rme kumasin
kaplama wuygulamasi Oncesi ve sonrasi Yyiizey
gortintiileri Sekil 1°de yer almaktadir. Sekil 1°de
verilmis pamuk 6rme kumasa ait goriintiiler sirasiyla;
(a) ham kumas, (b) baryum siilfat kaplamali kumas, (c)
bizmut oksit kaplamali kumas ve (d) baryum
stilfat/bizmut oksit hibrit kaplamali kumasa aittir.

(a) (b) (©) (d)

Sekil 1. Pamuk 6rme kumasa ait mikroskop gorselleri

Polyester 6rme kumasin kaplama uygulamasi 6ncesi ve
sonrasi yiizey goriintiileri Sekil 2°de verilmistir. Sekil
2’de yer alan polyester 6rme kumasa ait goriintiiler; a)
ham kumas, (b) baryum siilfat kaplamali kumas, (c)
bizmut oksit kaplamali kumas ve (d) baryum
stilfat/bizmut oksit hibrit kaplamali kumasa aittir.
Kaplama uygulamasit oncesi kumaslarin mikroskop
gortintiileri  ile  kaplama uygulamast  sonrasi
karsilagtirildiginda, kumaglara basarili sekilde kaplama
uygulamast yapildig goriilmektedir. Uygulama yapilan
kumaslarin yiizeylerinde film yapis1 olusmustur.

(a) (b) (©) (d)
Sekil 2. Polyester 6rme kumasa ait mikroskop
gorselleri

Bununla birlikte kaplama uygulamasi yapilmis
kumaslarin yiizeyinde diizgiinstizliikler ve
topaklanmalar ~ goriilmektedir. Bu durum metal

tozlarinin, kaplama polimeri igerisinde homojen sekilde
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dagilmamasindan kaynaklandigi yorumu yapilabilir.
Kaplama uygulamas: yapilmig pamuk ve polyester
icerikli 6rme kumaslarin kalinlik dlgiimleri Sekil 3’te
yer almaktadir.

Kalinlik Degisimi

1.6
14

12

0.8
0.6

Kalinltk (mm)

0.4
0.2

Ham Kumas BaSO4 Kaplama Bi203 Kaplama BaSO4 / Bi203

Hibrit Kaplama
PES Orme Kumas  ====Pamuk Orme Kumas

Sekil 3. PES 6rme kumas ve pamuk 6rme kumasa ait
kalinlik degisimleri

Kaplama uygulamasi yapilmis kumasglarin iizerinde
olusan film yapilari, kumaglarin kalinliklarinda artis
meydana gelmesini saglamigtir. Her iki kumas
tirtinde de en yiiksek kalinlik artisi bizmut oksit
kaplamali kumaslarda olmustur. Bunu baryum siilfat
kaplamal1 kumasglar takip etmistir. Kalinlik artiginin
en diisiik oldugu kaplama baryum siilfat/bizmut oksit
hibrit kaplamadir.

Sekil 4’te kaplama uygulamasi yapilmis kumaglarin
24l Am kaynagi i¢in zirhlama verimleri yer almaktadir.
Sonuglar degerlendirildiginde polyester kumaglarin
zirhlama verimlerinin, pamuk kumagtan daha yiiksek
oldugu goriilmektedir.

MIAm Kaynagi Igin Zirhlama Verimleri

20
X 15 14.6
= 13 11.9
=S . 11 -
g 9.1 9.5
8 10 6.5
= »
g 5
o il
20
N BaSO4 Bi203 BaSO4 /
Kaplama Kaplama Bi203 Hibrit
Kaplama

® Pamuk Orme Kumas M Polyester Orme Kumag

Sekil 4. PES 6rme kumas ve pamuk 6rme kumagin
241 Am kaynaginda zirhlama verimleri

Polyester kumasin kalinliginin pamuk kumastan daha
fazla olmasi, zirhlama veriminin de daha yiiksek
olmasim1 saglamaktadir. Baryum siilfat ve bizmut
oksit metalleri kiyaslandiginda ise en yiiksek zirhlama
verimi %14,6 ile bizmut oksit kaplamali polyester



orme kumasta elde edilmistir. Bu degeri %11,9 ile
baryum siilfat kaplamali polyester kumas takip etmistir.
Baryum siilfat ve bizmut oksit hibrit kaplamali kumasta
zirthlama verimleri %9,5’te kalmstir.

Sekil 5°te ise, kaplama uygulamasi yapilmis kumaslarin
137Cs kaynagi igin zirhlama verimleri verilmistir.

137Cs Kaynagi i¢in Zirhlama Verimleri

2.5 o
S 1.9 1.8 ‘
- 1.6 1.5 o 15
=15
LY
£ D
8
E 0.5
L
N BaSO4 B1203 BaS0O4 /
Kaplama Kaplama Bi1203 Hibnt
Kaplama

# Pamuk Orme Kumas ® Polyester Orme Kumas

Sekil 5. PES 6rme kumag ve pamuk 6rme kumasin
137Cs kaynaginda zirhlama verimleri

Pamuk ve polyester icerikli kumaslar kiyaslandiginda
en yiiksek zirhlama orani1 %2 ile Baryum siilfat/bizmut
oksit hibrit kaplamali pamuk kumasta elde edilmistir.
Bunu %1,9 ile baryum siilfat kaplamali polyester kumas
takip etmektedir. '¥’Cs kaynagi, **'Am kaynagidan

daha gi¢lii bir kaynak oldugu i¢in zirhlama
verimlerinin  olduk¢a  diisik  degerler aldif1
goriilmektedir.

Elde edilen tiim sonuglar degerlendirildiginde;

polyester 6rme kumasin daha kalin bir yapida olmasi,
kaplama uygulamasi sonrasinda daha yiiksek bir
zirthlama verimi elde edilmesini saglamigstir. Bu sonug
yalnizca baryum siilfat bizmut oksit hibrit kaplamada
degisiklik gostermistir.

Kullanilan gama kaynaginin enerjisinin artmasi,
kumaslardaki zirhlama veriminin diismesine yol
acmustir. Bu nedenle '*’Cs kaynagi ile yapilan
dlgiimlerdeki zirhlama verimleri, >*' Am kaynagina gore
olduk¢a diisiik seviyededir. Literatiirdeki bilgilere®
bakildiginda en yiiksek zirhlama veriminin baryum
stilfat/bizmut oksit hibrit kaplamali kumasglar ile elde
edilmesi beklense de 2*'Am kaynagi ile pamuk ve
polyester kumaslarin her ikisi ile 6l¢iimlerde en yiiksek
zirhlama verimi bizmut oksit kaplamada elde edilmistir.
137Cs kaynag ile yapilan dlgiimlerde polyester kumasta
literatiirde® bahsedilen sonuca ulasilmistir. Calismada
kullanilan metal tozlar1 agirlik¢a %60 oraninda olsa da,
metallerin  yogunluk farklar1 nedeniyle kaplama
dispersiyonu igerisindeki hacimce yiizdelerin farklilik
gostermesi s6z konusu olmustur®. Bu bakis agisiyla;
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baryum siilfat ile yapilan uygulamalara kiyasla, daha
yiiksek zirhlama verimi gostermesi beklenen bizmut
oksit metali bazi numunelerde daha diigiikk zirhlama
verimine sahip olmustur.

GENEL SONUCLAR

Calisma sonucunda polyester ve pamuk igerikli 6rme
kumaglara basarili sekilde kaplama uygulamasi
yapilmis ve kumas yapilarin yiizeylerinde film
katmani olusturulmustur. Kaplama uygulamasi
yapilmis kumaslarin kalinlik degerlerinde, uygulama
yapilmamis kumaslara gore artis gozlenmistir.
Baryum siilfat ve bizmut oksit metal tozlar
kullanilarak kaplama uygulamasi yapilmis tiim
kumasglarin % gama radyasyonu zirhlama verimleri
beklenen degerlerin oldukga altinda ¢ikmustir.

SONRAKI CALISMALAR iCIN ONERILER
Caligmanin ilerleyen donemlerinde, kullanilan 6rme
kumas yapilarina ek olarak farkli 6zelliklere sahip
dokuma kumaglara kaplama uygulamasi yapilmasi
planlanmaktadir. Bdylelikle, kaplama uygulanmis
dokuma ve  Orme  kumaslarin  Ozellikleri
karsilastirilacaktir. Calismada kullanilan Baryum
Siilfat ve Bizmut Oksit metal tozlari ile birlikte
Tungsten Oksit metal tozu ile kaplama uygulamalari
yapilmasi hedeflenmektedir. Farkli hibrit kaplama
denemeleri yapilarak yiizeyde zirhlama verimlerinin
artirilmas1 amaglanmaktadir.
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Buhar Fazinda Polimerizasyon Yontemiyle PEDOT Kaph
Iletken Tekstil Yiizeyi Eldesinde Polimerizasyon Sartlarinin

Iletkenlik Uzerine Etkisinin Arastirilmasi

YILDIZ Serkan', HOCKENBERGER Asli?
2Bursa Uludag Universitesi,
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OZET

Buhar fazinda polimerizasyon yontemi iletken tekstil
ylizeyleri elde etmek i¢in kullanilan en etkin ve kolay
yontemlerden biridir. . Bu ¢aligmada sicaklik, oksidan
miktar1 ve polimerizasyon siiresi gibi reaksiyon
kosullarinin iletkenlik {izerindeki etkisi aragtirilmustir.
Polimerizasyon kinetigi iletken polimer o6zelliklerini
tanimlarken kritik bir faktordiir. Buhar fazinda
polimerizasyon yontemiyle Poly(3,4-
ethylenedioxythiophene) (PEDOT) kapli iletken tekstil
ylizeyi eldesinde maksimum iletkenlik degeri i¢in
optimum polimerizasyon sartlar1 bulunmustur.

AMACLAR

fletken polimerler dogasi geregi diizensiz yapil
malzemelerdir ve yapi iginde iiniform olmayan bir
sekilde dagilmis ¢esitli uzunluklarda polimer
zincirlerinden olusur. Bu nedenle, ¢esitli konjugasyon
uzunluklarinin bir kombinasyonu goriiliir (elektronlarin
zincirler boyunca delokalize oldugu etkili mesafe) [1].
Polimer zincirlerinin daha iyi paketlenmesi ig¢in
zincirler arasindaki © - etkilesimleri, zayif Van der
Waals  kuvvetlerine sebep olur [2]. Iletken
polimerlerdeki yiik tasima 6zelliklerini optimize etmek
icin hem yiiksek tasiyict hareketliligi hem de/veya
zincir i¢i ve zincirler aras1 verimli tasima aranir [3]. In-
situ yontemle sentezlenen PEDOT i¢in, elde edilen
doping seviyesi yaklasik %40 gibi nispeten yiiksektir
[4]. Iletkenligi daha da artirmamin anahtari, bu tiir
yogun katkili PEDOT'ta yiikk aktariminin nasil
tyilestirilecegidir. Bunu etkileyen en onemli faktorler
de polimerizasyon sartlar1 olarak belirlenmistir.
PEDOT igin farkli sentezleme yontemleri arasinda,
buhar fazinda polimerizasyon (VPP), yiiksek
iletkenlige sahip tekstiller tiretmek i¢in en kullanigh
teknikler arasindadir [5] Bu ¢alismada amacimiz buhar
fazinda polimerizasyon yontemiyle PEDOT kapl
iletken tekstil yiizeyi eldesinde polimerizasyon
sartlarmin etkilerinin arastirilarak optimum
polimerizasyon sartlarinin belirlenmesidir.
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GIRIS
Tekstil malzemeleri c¢ogunlukla iletken 06zellik
gostermezler. Tekstilde kullanilan malzemelerin

iletken hale getirilebilmesi i¢in farkli yontemler
kullanilmagtir.

Tekstil yiizeylerinin iletken bir polimerle kaplanmasi
polimerlerin esneklik, mukavemet vb 6zelliklerinin
yaninda metal icermemesi nedeniyle birgok
uygulamada tercih edilmesine neden olmus ve iletken
polimerlerin  endiistriyel uygulama alanlarinda
kullanilmasini saglamistir.

Iletken polimerler, fotovoltaikler, ince ekranlar ve
dokunmatik ekranlar gibi yiiksek teknolojik alanlarda
ve ayrica inorganik 1s1k yayan cihazlarda (OLED'ler),
organik fotovoltaik veya diger uygulamalarda
kullanilan akilli sensérler veya organik elektronikler
gibi alanlarda dnemlidir.

Iletken polimerlere olan ilgi 1977'de Profesor Heeger,
MacDiarmid ve Shirakawa tarafindan
kesfedilmelerinden bu yana artmistir[6]. Ozellikle
iletken polimerlerin hafif ve yari iletken yapisi
organik elektronik i¢in yeni bir pencere agmustir [7].
Bu alanda ¢ok fazla sayida patent verilmesi,

endiistriyel sirketlerin ~ iletken  polimerlerin
kullanimina ve ticarilestirmeye baslamig olduklarini
gostermektedir[8].

Elektriksel iletkenlik, bant araligina olduk¢a baglhidir.
Bant araligi kiigiikse, elektronlar kii¢iikk bir miktar
termal enerji ile bile uyarilabilir. [9]

Iletken polimerler simifinda en ¢ok calisilan
polimerler arasinda polianilin (PANi), polipirol (PPy)
ve Poly (3,4-cthylenedioxythiophene) (PEDOT) yer
almaktadir.

Polianilin ve polipirol, yari-iletken polimerler
sinifinda bulunan polimerlerdir. Ancak, bu polimerler
birgok ¢oziiciide diisiik ¢oziinilirliige sahiptir ve rijit
polimer zinciri nedeniyle yiiksek esneklik eldesi
miimkiin olmamaktadir [10]. Ayrica yiiksek maliyet
ve ticari kullanima uygun olmamasi gibi nedenlerle
yapilan caligmalar laboratuvar Olceginde
kalmigtir.[11]



Poly-3, 4-ethylenedioxythiophene (PEDOT), yiiksek
iletkenlik, kolay islenebilirlik, ¢evresel ve termal
kararlilik ve diisiik bant araligt gibi dzellikleri
nedeniyle en onemli iletken polimerlerden biridir.
Ozellikle, diisiik bant arali1 yapisi, organik 151k yayan
diyotlar (OLED), fotovoltaikler (PV), sensorler,
elektroliiminesans cihazlari, antistatik kaplamalar ve
siiperkapasitorler ~ gibi cesitli uygulamalarda
kullanilmasini saglar [12].

Poly (3, 4-ethylenedioxythiophene) (PEDOT) polimeri
ii¢ ana polimerizasyon reaksiyonunu ile sentezlenebilir
[13]:

Elektrokimyasal Polimerizasyon

Bu polimerizasyon yontemi iletken yiizey iizerine
sentezleme gerektirdigi ve monomerin uygun bir
¢oziiclide ¢oziilmesi gibi sinirlandirmalar gerektirdigi
icin tekstil ylizeylerine uygun degildir. Ayrica olusan
ince filmin diizgiinliik problemi nedeniyle uygulama
alanlar1 kisith kalmistir[14].

Kimyasal Buhar Biriktirme (CVD)

Tletken polimer sentezinde, monomer uygun ¢oziiciide
coziilerek, katalizor esliginde, bir yiikseltgeme veya
indirgeme araci kullanilarak polimer sentezlenir.
Kimyasal polimerizasyonda, kullanilacak olan dopant
maddesi ve katalizoriin elde edilecek iletken polimerin
elektriksel iletkenligi  ilizerinde Onemli etkisi
bulunmaktadir. CVD metodu ile yiiksek iletken
degerlikli filmler {iiretirken; genel olarak karmagik
deneysel kurulumlar gerektirmesi, elde edilen iiriiniin
safsizliklar igermesi ve yiikseltgenme basamaginin
kontrol edilememesi gibi dezavantajlar1 vardir [1].

Buhar Fazinda Polimerizasyon (VPP)

Bu yontemde, polimerizasyon reaksiyonu gaz fazinda
gerceklestirilir ve bir katalizor ¢ozeltisi ile dogrudan
oksidasyona dayanir[12]. EDOT'un buharlagtinlmasi ve
substrat iizerindeki polimerizasyonu, polimerizasyon
odas1 (haznesi) icinde nitrojen ve argon gibi ¢esitli
gazlar esliginde yapilir. VPP islemi sirasinda
¢ogunlukla baz inhibitorii olarak piridin ve oksidan
olarak Fe(IIl) tosylate kullanilir. EDOT monomerleri
buhar fazina isitilarak substratlar tizerinde oksitleyici
maddeler (Fe(III) tosylate, butanol ve piridin karigimi)
ile reaksiyona girdiginde PEDOT kaplamasin1 baglatir
ve polimerizasyon islemi gergeklesir. [15]. Bu
yontemde polimerizasyon siireci hizli ve basittir [16]
PEDOT igin farkli sentezleme yontemleri arasinda,
buhar fazinda polimerizasyon (VPP), yiiksek
iletkenlige sahip tekstiller tretmek i¢in en kullanigh
teknikler arasindadir [17] [18]
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Buhar fazinda polimerizasyon islemi, iletken
polimerleri {iretmek i¢in diger yontemlere gore birkag
avantaja sahiptir, ¢linkii monomerler bir ¢ézelti yerine
buhar olarak wuygulanir ve ortamda partikiil
aglomerasyonuna neden olabilecek herhangi bir sivi
yoktur. VPP yontemi ile elde edilen yiizeyler,
oksidatif ve elektrokimyasal metotlara kiyasla ¢ok
diizglin homojen bir yapiya sahiptir. Taramali
elektron mikroskobu (SEM) ¢aligmalari, VPP
yonteminin ¢ok diizgiin ve homojen ince filmler
irettigini gostermektedir [19]

Kumaglar ve iplikler {izerinde yapilan arastirma
caligmalari, PEDOT kaplamalarmin elektriksel ve
mekanik ozelliklerinin oksidan ¢Ozeltinin
konsantrasyonundan, liflerin tipinden ve VPP
yonteminin uygulanma siiresinden ve polimerizasyon
sicakligindan  biiyiik  6lglide  etkilenebilecegini
gostermistir [20]

Diisiik etkili oksidasyon mukavemeti ve dolayistyla
daha yavas polimerlesme hizi nedeniyle, Fe(OTs)3,
birgok uygulama igin tercih edilen oksidandir.
Buradaki hipotez, daha yavas polimer olusum hizinin,
konjugasyon uzunluklar1 ve dolayisiyla iletkenligi
daha fazla olan uzun polimer zincirlerinin olusmasina
izin verdigidir. Buna dayanarak, polimerizasyon
kinetiginin baz1 yollarla yavaslatilmasiin, ince,
piiriizsiiz, yiiksek iletken filmlere sebep oldugu
diistintiliir [21]. Daha biiyiik zincirli polimerlerin,
komsu polimer zincirleri arasinda etkili olan
molekiiller arasi kuvvetleri degistirdigi kabul edilir.
Bu degisiklik, daha yiiksek elektriksel iletkenlik
saglayan komsu zincirlerdeki yiikiin taginmasinin bir
sonucudur [22]. Bunlar gibi sonuglar, bir iletken
polimerin elektriksel 06zelliklerine, (konjugasyon
uzunlugu, doping seviyesi, vb.) gore degil, aym
zamanda iletken polimer filmlerinin yapisal
ozelliklerine (zincir araligi, kristallik, morfoloji, vb.)
de hitap etmektedir. Fe(OTs)3 ayrica diisiik ylizey
pliriizliliigii ve homojen bir film olusmasi igin en
etkili oksidandir [17]

Yapilan caligmalar  gOstermistir ki oksidan
konsantrasyonu ile birlikte iletkenlik degerlerinde de
artis  gorilmigtir. Bununla birlikte, oksidan

konsantrasyonunun arttirilmasi, yiizey piriizliligi
gibi baz1 dzellikler iizerinde olumsuz etkiye sahip
olabilir. Biitin bu ¢aligmalar, polimerizasyon
kinetiginin, iletken polimer &zelliklerini tanimlarken
kritik bir faktdr oldugunu gostermektedir. Genel
olarak, daha yiiksek bir oksidan konsantrasyonu daha
hizli polimerizasyon oranlarina yol agar; daha piiriizlii
ve daha az iletken olan daha kalin iletken polimer
filmler olugur. Cok yiiksek oksidan miktarlar1 polimer



zincirindeki konjugasyonda bozulmalara neden olarak
diisiik iletkenlik degerine sahip polimere sebep olur
[23]

EDOT'un polimerizasyonu sirasinda, asidite kaynakli
yan reaksiyonlar, kismi konjiigasyon nedeniyle diisiik
iletkenlikli film olugmasina yol agar. PEDOT'un bir
VPP islemi ile polimerizasyonu, asidik protonlari
reaksiyondan ¢ikarmak i¢in bir bazin kullanilmasini
gerektirir. Piridin, yiiksek uguculugu nedeniyle bu
reaksiyonda baz olarak kullanilir. Piridin olmadan,
HCL gazi polimerizasyon sirasinda PEDOT
morfolojisini bozar [24] Piridin varliginda EDOT'un
oksidatif polimerizasyonu sekildeki gibidir.[25]

g © QP rervores
+ (FoOTeg Py ——= + (Fe®)OTs; Py
/\ -
s

S

I\ /N
o O Q O
VAR
0/_\0 Q 0 / H / \_ s —
)\—/( ; s
T /S K / 2H \ /
© oy P
VAR
o/—\0 o/—\o o) q ©
YA Y S U [ N__s Ts\ S/ + (Fe)OTs;-Py
s S T\ ] Eeorseryl S N \
q_p Q_p 0\_/01 QP
OTs”

Sekil 1 Piridin varliginda EDOT'un polimerizasyonu
[25]

PEDOT filmlerinin iletkenligi VPP sicakligina ¢ok
baglidir. Iletkenlik, kimyasal yapimn, kristal yapimn ve
mikro yapinin kolektif bir islevidir. Polimerizasyon
sicakligi, elde edilen filmlerin kimyasal yapisinda
onemli bir degisiklik olmadigindan, sicaklik, zincirlerin
hareketliligini degistirebilir ve farkli kristal yap1 ve
mikro yapiya neden olabilir. Sicakligin, filmlerin kristal
yapist lzerindeki etkisi, polimerizasyon sirasinda
polimer =zincirlerinin hareketliligini etkilediginden
anlagilabilir. Sicakligin arttirilmas1  sadece zincir
hareketliligini arttirmaz, ayni zamanda
polimerizasyonu da hizlandirir. Bu nedenle, sadece
uygun sicaklikta, ¢cok diizenli bir yapiya sahip PEDOT
filmler elde edilebilir. VPP sicaklig1 arttikca, iletken
polimer filmin morfolojisi giderek daha yogun ve
pirtizsiiz hale gelir. Yiiksek sicakliklarda iletken
polimerde  polimerizasyon = hizindan  kaynakl
diizgiinsiizliikler goriilmeye baslanir. [26]

DENEYSEL
EDOT monomeri, Demir(II)
heksahidrat Fe(OTs)3, biitanol,

p-toluensiilfonat
Poli(etilen glikol)
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(PEG) ve piridin, Sigma Aldrich'ten temin edildi.
Tiim kimyasallar alindig1 gibi kullanild.
Bu aragtirma i¢in kullanilan ve 6zellikleri tablo 1 de
verilen tiim tekstil kumagslar1 satin alindi.

Tablo 1 Deneyde kullanilan kumasg 6zellikleri.

Yiizey
iplikler Kopma Mukavemeti | Elektrik
(Eozg-l Atl) (CW;-I Gr 1S013934-1 Direnci

Ata) (Cézgi/Atk) Tayini

EN1149-1

150F48
Bezayag: Puntaly 24124 >600 N
150F48 Teks

Yirtilma
Mukavemeti
150139372

(Cozgi/Ada)

2845N 284N >600 N

>108Q

27.3(1. Ne Pamuk /

Bea¥aBl 5673/1 Ne Pamul: 3024 106 529N

440N

Ne 27/1 Pes. - Pamuk
/ Ne 31/1 Pes. — 30126
Pamuk

Bezayagi 125 997N oN 5185N

Ferrik tosilat (Sigma aldrich, heksahidrat) soliisyonu,
mol ferrik tosilat bagina 0.5 mol piridin ile biitanol
icinde agirlikga % 30-40-50 olarak hazirlandi.
EDOT'un polimerizasyonu sirasinda, asit kaynakli
yan reaksiyonlar, kismi konjugasyon nedeniyle diisiik
iletkenlikli bir film olusumuna yol agar. PEDOT'un
bir VPP islemi ile polimerizasyonu, reaksiyondan
asidik protonlar1 uzaklastirmak icin bir bazin
kullanilmasimi ~ gerektirir. [27] EDOT'un VPP'si
sirasinda piridini baz inhibitdrii olarak kullandik.
[26]. PEG (agirlikca %5) elektrik direncini azaltmak
i¢in plastiklestirici gérevi gordii[28]

Yontem

Kumaslar 6 cm x 20 cm Olgiilerinde 0Ozenle
kesilmistir. Kumaslar tizerindeki olasi
kontaminasyonlar ortadan kaldirilmalidir. Bu

nedenle kumaglar etanol/deiyonize su ¢ozeltisinde
(%50/50 hacim orani) iki kez oda sicakliginda 5
dakika yikand:1 ve ardindan 50 °C firmnda 15 dakika
kurutuldu. Kurutma isleminden sonra numuneler
PEDOT iletken polimer ile kaplanmadan 6nce 2 giin
oda sicakliginda kondiisyonlanmaistir.

Bjeorn Winther-Jensen Buhar fazinda polimerizasyon
ile ilgili polimerizasyon kabininin gelismesi
caligmalarin1  baslatmis ve bir¢ok ¢alisgma bu
calismay1 referans almistir. Bjern Winther-Jensen
polimerizasyon  kabininin  tasarlarken  tekstil
malzemelerine gore degil normal substaratlara gore
diigtinmiis ve bu yiizden malzeme kabin i¢inde dikey
bir sekilde asilmistir [15]. Ancak tekstil
malzemelerinin  buhar fazinda polimerizasyon
yontemi ile iletken hale getirilmesi i¢in farkli bir
tasarima ihtiya¢ duyulmusgtur. Tekstil yiizeylerinin
dopant ile kaplanmas1 sonucu kabine dikey bir sekilde
asilmasi ile dopant malzemesi aglomere olarak asagi
dogru akmis ve homojen olmayan kaplamalar elde

409.68N 22966 N 6,010°Q

496N 7,5510°Q



edilmistir. Bu nedenle c¢alismada kullanilacak
polimerizasyon kabininin  yeniden tasarlanmasi
gerekmistir. Biz de deneylerimizde Sekil 2de goriilen
ve tekstil malzemesinin yatay bir sekilde asilarak
homojen kaplama saglayacak diizenegi gelistirdik.
Polimerizasyon kabinine igerideki sicakligi homojen
bir sekilde ve sabit kalacak sekilde dagitimini
saglayacak diizenekler ilave edilmistir. Polimerizasyon
sirasinda EDOT monomerinin buharlasarak kumasg
iizerinde bulunan dopantla reaksiyona girerek iletken
polimer film olusturmasimi kolaylastirmak i¢in fan
eklenmistir.

Dopant
Gozeltisi

PEDOT Kapli Kumas
|l ’

Argon Isitict

Kumas

Polimerizasyon Kabini

Sekil 2 Polimerizasyon kabini tasarimi

Yeni olusturulan tasarim ile kabinin igine monomer
buhar1 akisinin homojen bir sekilde saglanmasi, dopant
kaplanmis tekstil numunesi ile monomer arasinda
onceden belirlenmis bir siire boyunca ve belirli bir
sicaklikta temasa izin verilmesi amag¢lanmaktadir.
Formiile gore Ferrik tosilat ¢ozeltisi hazirlandiktan
sonra, bir siringa ile tekstil substratina damlatildi.
Tekstil kumaglar1 daha sonra Sekilde gosterildigi gibi
bdlmenin igine yatay olarak asildi. Kiiciikk bir EDOT
monomer beheri, Sekil 2 de gosterildigi gibi 6nceden
isitilan  kabine aktarildi ve buharlagsmaya bagladi.
Tiipten 15 I/saat argon gazi inert ortam saglamak i¢in
kabine aktarilmistir. Hazne igindeki monomer buhari
akist fan ile saglandi. Belirli bir siire sonra PEDOT
kapli tekstil numuneleri hazneden ¢ikarildi. Reaksiyona
girmeyen monomer ve dopant malzemeleri
uzaklagtirmak i¢in kumaglar etanol/deiyonize su ile
yikanmistir. Tekstil numuneleri daha sonra 50 °C'ye
ayarlanmig firma aktarildi. 15 dakika sonra tekstil
malzemeleri firindan ¢ikarilmis ve diren¢ Olgiimleri
yapilmadan 6nce kondiisyonlanmistir.

DENEYSEL SONUCLAR/TARTISMA

(ASTM) Standart Test Yontemi F 1529-97 (dort
noktali prob), tekstil kumaslarinin direncinin 6l¢imii
i¢in kullanildi.

Dopant  ¢oOzeltisinde  kullanacagimiz ~ Fe(OTs)3
konsantrasyonu ig¢in % 30-40-50 lik ¢ozeltileri
deneyerek farkli tekstil yiizeyleri iizerindeki etkisini
inceledik.
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Polyester Pes/Pamuk

Direng (ohm)

Pamuk

m30% m40% m50%
Sekil 3 Dopant konsantrasyonun direng degeri

tzerindeki etkisi.

PEDOT filminin iletkenliginin hazirlanan dopant
¢ozeltisi ile dogrudan baglantili oldugunu gordiik.
Yapilan calismalar  gostermistir ki oksidan
konsantrasyonu ile birlikte iletkenlik degerlerinde de
artly gOrillmiigtiir. Bununla birlikte, oksidan
konsantrasyonunun  optimum noktadan sonra
arttirilmasi  iletkenligi  diisiirmiistiir. Caligmamizda
%40 Ik dopant c¢ozeltisi en iyi iletkenlik degeri
sonucunu vermistir.

PEDOT filmlerinin iletkenligi VPP sicakligina ¢ok
baglidir. {letkenlik, kimyasal yapinin, kristal yapiin
ve mikro yapinin kolektif bir islevidir. VPP sicakligs,
elde edilen filmlerin kimyasal yapisinda 6nemli bir
degisiklik  olmadigindan, sicaklik, zincirlerin
hareketliligini degistirebilir ve farkli kristal yap1 ve
mikro yapiya neden olabilir. Sicakligin arttirtlmasi
polimerizasyonu hizlandirir. Bu nedenle, sadece
uygun sicaklikta, c¢ok diizenli bir yapiya sahip
PEDOT filmler elde edilebilir. VPP sicaklig1 arttik¢a,
iletken polimer filmin morfolojisi giderek daha yogun
ve piirlizsiiz hale gelir. Yiiksek sicakliklarda iletken
polimerde  polimerizasyon hizindan  kaynakli
diizgiinsiizliikler goriillmeye baslanir.

Farkli tekstil yiizeyleri iizerinde polimerizasyonun
sonuglarinin nasil olacaginin aragtirilmast énemli bir
husus olacaktir. Biz de ¢alismamizda 40°C, 50°C ve
60°C de polimerizasyon sonucu iletkenlik degerinde
olusan degisimleri inceleyerek optimum sicaklik
degerini belirledik.

___ 3000

=

S 2000

=4

3 1000

o 0 - - -

Pamuk  Polyester Pes/Pamuk
H40C m50C m60C

Sekil 4 Polimerizasyon sicakliginin etkisi



Artan sicakligin sivilarin buhar basincini yiikselttigi ve
genellikle  reaksiyon  hizlannm  arttirdigr  iyi
bilinmektedir. Bu nedenle, daha yiiksek sicakliklarda
daha hizli film biyilimesi agiklanabilir. En yiiksek
iletkenlik, 50°C 'lik bir sicakliginda elde edilirken, 60
°C sicaklik iletkenlikte dnemli bir diisiise neden oldu.
Polimerizasyon siiresi arttikga PEDOT kalinlig1 artacak
ve bu da iletkenlik degerini degistirecegi icin 50-60-70
dakika siirede olusan PEDOT iletkenlik degerleri
incelenerek optimum polimerizasyon siiresi tespit
edildi.

Reaksiyon siiresinin film olusumu iizerindeki etkisini
aragtirmak i¢in sicaklik degisimi deneyinde en yiiksek
iletkenligi saglayan 50°C'lik bir sicaklik se¢ilmistir.
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Sekil 5 Polimerizasyon siiresinin etkisi

Deney sonuglarindan da goriilecegi iizere iletkenlik
degeri polimerizasyon siiresi arttikca artmis ancak
belirli bir siire sonunda tekrar azalmaya baslamistir.
Bunun nedeni olarak erken yavas biiyiime doneminde,
polimerin yiiksek oranda polimerize oldugu ve iyi bir
diizen ve morfolojiye sahip oldugudur. Ancak daha
sonra reaksiyon hizinmin artmast ve polimer
omurgasindaki konjugasyon kusurlarimin sayisindaki
artis nedeniyle doping seviyesi diiser. Son olarak,
polimerizasyonun son asamasi, siirekli, kesintisiz film
bliylimesi i¢in yetersiz olan oksidan nedeniyle
iletkenlik degerinde azalma goriiliir.
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Sekil 6 %40 dopant, 50 C ve 60dk polimerizasyon
sonunda kumaglardaki diren¢ degisimleri.

PEDOT kaplanmis 3 kumas karsilastirildiginda en iyi
iletkenlik degeri polyester kumasta elde edilmistir.
Bunun nedeni Polyester kumasta tiim yiizey
kaplanirken Pamuk ve pamuk karisimli yiizeyde
iplikler arasinda hala bosluklarin kalmis olmasidir.
Sekil 7,8 ve 9 da PEDOT kaplanmig pamuk, polyester
ve pamuk/polyester karisimi  kumaglarin  yilizey
goriintiileri verilmistir.

A / 3 A AL
WD = 14.0 mm EHT = 20.00 kv Signal A = SE1 ﬁ

Sekil 7 PEDOT kapli pamuk kumasin SEM
gorintlsu

'zuui' \Tlalfjllij;)ofr!: EHT = 20.00 kv Signal A = SE1 W
Sekil 8 PEDOT kapli Polyester kumasin SEM
goruntisu

Sekil 9 PEDOT kapli Pamuk/Pes kumasin SEM
gorlintlisu




GENEL SONUCLAR

Bu caligmada, baz ile inhibe edilen buhar fazinda
polimerizasyon yontemi ile hazirlanan PEDOT kapli
tekstil kumaglarinin 6zellikleri iizerinde reaksiyon
stiresinin, sicakligin ve dopant konsantrasyonunun
ektilerini arastirdik. Yiiksek iletkenlik degerine sahip
tekstil yiizeyler hazirlandi. Hem daha yiiksek
sicakliklar hem de daha uzun polimerizasyon siireleri,
iletkenlikte  benzer  degisikliklerle  sonuglandi.
Konsantrasyon belirli bir noktaya kadar iletkenligi
arttirrken daha yiiksek degerlerde daha diisiik
iletkenlige sahip PEDOT kapli tekstil yiizeyleri ile
sonuglandi.
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Promising Materials Development Using PLA
Behnam Pourdeyhimi® & Hamid Ebrahimi’

'Eastman Chemical
>The Nonwovens Institute

Abstract:

This presentation will focus on the opportunities for new materials based on PLA and PLA blends with other
biopolymers.

The talk will also highlight the ongoing activities dealing with polymer blends at the Nonwovens institute.
Emphasis will be placed on enhancements achieved through blending PLA with other biopolymers such as PDLA,
PBS, and other biopolymers. Such blends offer promising new opportunities for using biopolymers in a myriad
of new applications not previously possible.
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Creating Multifunctional Materials Platforms from
Textiles & Fibers: From Superhydrophobic Surfaces to

Enhanced Food Security and Gas Sorption
Saad A. Khan

Department of Chemical & Biomolecular Engineering
North Carolina State University

Abstract:

In this presentation, we will present vignettes of various research projects in our group, the focus of which have
primarily been on using textiles or fibrous matrices to develop novel functional materials. Examples will be drawn
from: (a) superhydrophobic, abrasion resistant and breathable textiles, wherein coatings composed of branched
nanoparticles (fumed silica) and polydimethylsiloxane-polyurethane copolymers are synthesized as aqueous
dispersions. The use of these coatings on textiles substrates are examined in terms of the mechanisms of
interactions and the functionalities they provide. (b) material platform for improved food security, in which
biodegradable plant-based fibrous matrices are used as agricultural solutions to enhance crop protection globally.
Fibrous matrices impregnated with pesticides are used as seed treatments to prevent nematode infestation. We
discuss the use of this approach in field trials in Sub-Saharan Africa, and the role it is playing there in increased
crop yield and quality. (c) lignocellulose fibrous matrix for robust fabrication of Metal Organic Frameworks
(MOFs), where we develop a sustainable approach to integrate MOF via vapor phase synthesis, on a cost-effective
and mechanically strong fibrous substrate developed from lignocellulose biomass of banana harvest. Unlike
conventional substrates, the functionalities of MOFs are fully retained within these composites showing promise
for use as antibacterial surfaces, CO, adsorption and VOC sensor.
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Sustainable and Advanced Industrial Fabrics
S eshadri Ramkumar

O

Texas Tech University
S.Ramkumar@ttu.edu

ABSTRACT

In this talk, some new development in advanced textile substrates that find applications in defense, filtration and
industrial applications such as oil spill will be discussed. Given the need for sustainability, how best the advanced
and industrial textile sector can adapt to the requirement will be discussed with a model.
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Carbon Based Multidimensional and Multifunctional

Polymer Nano Composites by Hybrid Approach
Levent TRABZON

MEMS Research Center Faculty of Mechanlcal Engineering, Istanbul Technical University,
Istanbul, Turkey

Abstract:

Nanomaterials were used to enhance desired properties of polymeric matrices. Combining varied carbon-based
with dissimilar dimensions can lead to synergy through effective dispersion. In this study, we have successfully
introduced 0-, 1- and 2-dimensional of quantum dots (QDs), carbon nano tunes (CNTs) and graphene nanoplatelets
(GNPs), respectively, to induces considerable multifunctionality in the polyurethane (PU) material. Specifically,
mechanical, thermal, acoustic and dielectric properties of polyurethane (PU) hybrid nanocomposites were
investigated. PU containing multi-walled carbon nanotubes (MWCNT) and graphene nanoplatelets (GNPs) were
used to evaluate the effects of single and hybrid nanofillers on the final properties of nanocomposites. The results
showed a synergistic effect between nanofillers, in which the hybrid nanocomposites exhibit better performance,
relative to the single inclusion of the nanofillers. These hybrid nanofillers improved dispersion quality in the
polymer matrix due to the formation of a GNPs/CNTs 3D architecture, in which tensile strength, thermal
conductivity, acoustic transmission loss and dielectric constant of PU were enhanced by about 43%, 5%, 51% and
13% at 0.25 wt. % loadings, respectively. Moreover, PU with binary CNT/CQD and ternary GNP/CNT/CQD
nanocomposites revealed higher mechanical properties and thermal stability, in which tensile strength and elastic
modulus of PU enhanced up to about 54% and 71% at a very low concentration of 0.25 wt. %, respectively. The
overall properties of the hybrid nanocomposite revealed the superiority over the single nanofiller system in
multifunctionality, evaluated by a performance index. Thus, there will be a large room at the bottom to improve
mechanical and materials properties of polymeric materials and it is even further enhanced with machine learning
to predict and to manufacture polymer nanocomposites in a customized way.

59



Improvement of Mechanical and Thermal Properties of
Graphene, Carbon Nanotube and Carbon Nanofiber

Reinforced Nanocomposites
OZDEMIR, Merve!, DILSIZ, Nursel?, OZ, Yahya'

"Turkish Aerospace, Engineering Executive Vice Presidency, R&D and Technology Directorate
2Gazi University, Graduate School of Natural and Applied Sciences, Department of Chemical
Engineering
merve.ozdemir@tai.com.tr, ndilsiz@gazi.edu.tr, yahva.oz@tai.com.tr

SUMMARY

In this study, it is aimed to distribute graphene
nanoplatelet, carbon nanotube nanoribbon and carbon
nanofiber = nanomaterials  into  epoxy  resin
homogeneously by using a three roll mill and to
improve thermal and mechanical properties of the
obtained nanocomposite. In this context, nanomaterials
were first added to the epoxy resin. The resulting resin-
nanomaterial mixture was mixed using the three roll
mill. The nanocomposite material was obtained by
adding a hardener to the mixture, first degassing and
then curing at 120°C for 4 hours. It is further planned to
evaluate the effects of nanomaterials on
nanocomposites by performing thermal and mechanical
analyzes of nanocomposites produced at concentrations
0f 0.05%, 0.1%, 0.2% and 0.5%.

OBJECTIVES

In this study, it is aimed to distribute various
nanomaterials homogeneously into an aerospace grade
epoxy resin using a three roll mill and to improve the
thermal and mechanical properties of the obtained
nanocomposite. Within this regard, the effects of three
different nanomaterials used on the nanocomposite will
be compared.

INTRODUCTION

In recent years, thermoset polymer matrix composites
have been increasingly used in various engineering
applications due to their easy processing properties,
good frictional resistance and high processing
temperatures'.  Epoxies,  polyesters,  phenolics,
polyamides, polyethylenes and polyimides are among
the thermoset polymers. Although thermoset polymers
have different properties from each other; the most
widely used is epoxy resin. Features such as high
strength, low viscosity and low flow rates that ensure
good wetting of the fibers during processing and
prevent deflection, and low volatility during drying are
some of the reasons for the widespread use of epoxy?.
A polymer nanocomposite is a composite material
comprising a polymer matrix and an inorganic
dispersive phase that has least one dimension that is
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nanometric in scale.’. Polymer nanocomposites
attract attention as a new nanocomposite product in
both academic and commercial fields due to their
many advantageous properties. Nanoparticles,
nanotubes and nanofibers are the main reinforcement
elements used in the production of nanocomposite
materials.

Carbon nanotubes (CNT), which are used as
reinforcement elements in polymer nanocomposite
materials, have low density, high strength, large
surface area, high thermal and electrical conductivity,
etc. They are unique nanomaterials known for their
properties. Graphene nanoplates (GNPs), on the other
hand, are of particular interest as a supplement for
epoxies due to their low density (1.8-2.0 g/cm?),
excellent electrical, thermal and mechanical
properties (modulus: 1 TPa) and extremely high
aspect ratio®.

Carbon nanofibers (CNF) are also used as
reinforcement elements in polymer nanocomposites.
Zhou et al’ aimed to improve the mechanical
properties by using carbon nanofiber reinforcement
elements in carbon/epoxy composites and added
carbon nanofibers to the epoxy at a ratio of 1-2-3% by
weight. They stated that the tensile strength increased
by 11%, the bending strength by 22%, and the fatigue
strength increased significantly thanks to the carbon
nano fiber additives of this composite material they
produced.

It is crucial to distribute the nanoparticles
homogeneously in the matrix in order to obtain
effective results in the use of reinforcing materials in
nanocomposite materials and to observe the same
properties in every aspect of the nanocomposite. In
order to provide a homogeneous distribution, methods
such as ultrasonication, three roll milling, ball milling
and extrusion are widely used. Among these methods,
the three roll mill is one of the finest methods because
it does not contain a solvent, is scalable, cuts the entire
volume of the material evenly, and can easily handle
high nanotube loadings. In a three roll mill system, it
is possible to obtain homogeneous results with the



high shear stress created by the adjustable rotation
speed and the gap between the rollers.

The objective of this study is to homogeneously
distribute the GNP, CNF and CNT nanoribbon
nanomaterials into the epoxy resin using a three roll mill
and to improve the thermal and mechanical properties
of the obtained nanocomposite.

EXPERIMENTAL

Material

In this study, Araldite LY5052 epoxy resin and Aradur
HY5052 hardener, supplied from Huntsman company,
were used as matrix material. Araldite LY5052 epoxy
resin is the one of the most preferred resins in the
aviation industry and has a very low viscosity. GNP,
CNF and CNT Nanoribbon nanomaterials were used as
reinforcement material. All of the nanomaterials used
were supplied from Nanografi and their dimensions are
listed in Table 1. RenLease QZ 5111 supplied from
Huntsman company was used as a mold release agent.

Table 1. Dimensions of nanomaterials

Nanomaterial Dimension Purity
(%)

Graphene Thickness: 3 nm 99.9
nanoplatelet Diameter:1.5 um

Specific Surface Area:

800 m*/g
Carbon Outer diameter: 20-30 nm | > 95
nanotube Inner diameter: 5-10 nm
nanoribbon Length: 10-30 nm

Specific Surface Area:

110 m¥/g
Carbon Outer diameter: 190-590 >96
nanofiber nm

Length: 5.0-55.0 pm

Specific Surface Area: 20

m?/g
Method

In the experimental study, a Torrey Hills/TM65 brand
three roll mill, with its working principle shown in
Figure 1, was used in order to distribute the
nanomaterials homogeneously in the resin. With the
three roll mill, it is aimed to obtain more homogeneous
results compared to other methods in the literature.

In the first step, GNP and CNT nanoribbon were mixed
with epoxy resin at doping ratios of 0.05%, 0.1%, 0.2%,
0.5% by weight. Since CNF increases the viscosity of
the resin, it was used at doping rates of 0.05%, 0.1%,
0.2% by weight. The resulting resin-nanomaterial
mixture was mixed using the three roll mill. Hardener
was added to the homogeneous mixture obtained. Then,
the mixture poured into metal molds was degassed
under high vacuum. Finally, the mixture was cured at
120°C for 4 hours and samples were produced.
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Figure 1. Three roll mill

EXPERIMENTAL RESULTS/ DISCUSSION

As a result of the experimental studies, in the first
step, resin and 3 different nanomaterials were mixed
with the three roll mill, and in the second step, 11
samples were produced by degassing the obtained
homogeneous mixture in the oven and then curing.
Images of the samples produced at different
concentrations are given in Figure 1, Figure 2 and
Figure 3.

%00.2-
anNP

%00.5
GNP

Figure 1. GNP-added samples

% 0.05
CNT
Nananblon

Figure 2. CNT nanoribbon-added samples



Figure 3. CNF-added samples

First of all, SEM analysis will be performed on the
produced samples in order to observe the distribution of
nanomaterials in the resin. Afterwards, it is planned to
complete the analysis studies by performing mechanical
and thermal analyzes.

GENERAL RESULTS

With the experimental study, 11 samples were produced
by using three types of nanomaterial additives.
Produced samples were cut in appropriate sizes with a
water jet. After the analyzes of the cut samples are
completed, improvements in the mechanical and
thermal properties of the obtained nanocomposite
material are expected.

SUGGESTIONS FOR FUTURE STUDIES

After the mechanical and thermal analyzes are
completed, it is expected that the samples that give the
most promising results can be combined with carbon
fiber reinforcement materials and used in the
production of composite materials.
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SUMMARY

In the study, we performed the 3DP process simulations using Digimat® software for carbon fiber-reinforced
polyamide-6 (PA6) composites fabricated via the fused filament fabrication (FFF) process to evaluate the effect
of reinforcement content on deflections, warpages, and process-induced residual stresses. The FFF process
simulations were performed to fabricate tensile testing coupons with pure PA6 and 10-28% CF-reinforced PA6
composites. A significant impact of CF-reinforcement was observed on the deflections, warpages, and residual
stresses. The CF reinforcement significantly improved the 3DP manufacturing performance of PA6/CF
composites, with reduced deflections and warpages.
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Preparation of Halloysite Nanotube-Tertiary Amine
Thermoset Nanocomposites via Free Radical
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SUMMARY

In the present study, naturally available halloysite
nanotubes (HNTs) were first modified by 4-
(dimethylamino) benzoic acid and then used as
nanofiller by varying weight from 0 to 8% in a mixture
of multifunctional methacrylates (bisphenol A-
dimethacrylate and triethylene glycol dimethacrylate).
Free radical photocrosslinking of this mixture enabled
the in-situ preparation of functional-HNT/thermoset
nanocomposites. The presence and covalent bonding of
HNT in the thermoset matrix were confirmed by
following characteristic bands of the nanofiller, neat
thermoset, and final nanocomposite using Fourier
transformed infrared spectroscopy (FT-IR). The
obtained thermoset nanocomposites were also
evaluated in terms of mechanical properties. It was
revealed that the presence of HNT-Tertiary amine in the
thermoset matrix increased the mechanical properties of
the nanocomposites. Tensile strength, elastic modulus,
and elongation at break values of nanocomposites were
dramatically increased with increasing amount of HNT-
Tertiary amine up to 4% ratio.

PURPOSE

The main purpose of this study is to prepare thermoset
nanocomposites containing HNT known as natural
nanotubes with UV light curing systems. HNT
nanotubes are natural compounds that can be easily
converted into various functional groups of hydroxyl
groups on the inner and outer surface. HNT nanotubes
have large surface area provide high mechanical and
thermal properties to the polymer matrix. HNTs also
offer an alternative to carbon nanotubes due to their
structural similarity and low cost. Thus, it is estimated
that the use of HNT-polymer nanocomposites will
become more widespread due to its superior properties.

BEKIN ACAR, Seda (0000-0002-5448-3437)
TASDELEN, Mehmet Atilla (0000-0002-7012-7029)
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INTRODUCTION

Polymer nanocomposites are multi-phase solid
materials with at least one phase of nanometer size.
These materials can be produced in various ways with
one-dimensional (clay layers, etc.), two-dimensional
(carbon or halloysite nanotubes and beard-whiskers,
etc.) and three-dimensional spherical and polyhedral
(colloidal silica, metal and POSS) nanoparticles !. The
use of nanofillers in the polymer matrices enables
enhanced physical, thermal and mechanical
properties. Therefore, they can be used in many new
applications, such as sensors, optical materials,
medical applications, computer circuit isolation,
protective coatings, adhesives, and aerospace
composites 3.

HNT is a one-dimensional new generation natural
nanofiller including large aspect ratio, natural
availability, good biocompatibility, and high
mechanical strength properties 3. In addition, HNT-
polymer nanocomposites can be prepared at low cost
and with high mechanical, thermal and biological
properties’. HNT also has potential in controlled
release applications of active agents. Thanks to these
unique properties, HNT can be utilized instead of
expensive carbon nanotubes (CNTs) used in high
performance and multifunctional nanocomposites °.
The use of HNT in polymer composite applications
provides numerous advantages 7. However, it is
necessary to optimize the nanotube distributions and
charge transfer to improve the properties of the
designed composites. The interface between the
nanotube and the polymer matrix is also important.
Therefore, the modification of HNTs is very
important in terms of improving the properties of
HNT-polymer nanocomposites. Modified nanotube-
based polymer nanocomposites exhibit improved
mechanical and thermal properties. The modification
process improves disintegration and strain-strain
transfers. There are two important modification
approaches, which are covalent and non-covalent
modification °. The modification method should be
chosen based on the type of polymer matrix and the
cost of method. The most common modification
method of HNTs is the grafting of silanes to HNTs by
condensing hydrolyzed silanes and hydroxyl groups
on the HNT surface.



UV curing is an easy-to-apply, time-controlled and
environmentally friendly process that provides ultra-
fast production '°. UV curable acrylates, methacrylates
or epoxide containing systems containing various
nanofillers such as clay, metal, POSS, nanotubes and
silicas have been successfully prepared in the form of
intercalated or  fully  dispersed (exfoliated)
nanocomposites with the help of UV curing .

EXPERIMENTAL

Materials

Halloysite nanotubes (Sigma-Aldrich) as nanofiller, 4-
(dimethylamino) benzoic acid (98%, Sigma-Aldrich) as
silylation agent, bisphenol A-dimethacrylate (Bis-
GMA, >98%, Sigma-Aldrich) and triethylene glycol
dimethacrylate (TEGDMA, 95%, Sigma-Aldrich) as
multifunctional methacrylates, benzophenone (BP,
99%, Sigma-Aldrich) as photoinitiator, toluene (ACS
reagent, Merck), and methanol (100%, VWR) were
used as received.

Method

Synthesis of Tertiary Amine-functional Halloysite
(HNT-Tertiary amine)

The neat HNT (2 g, dried before at 100 °C for one day)
was dispersed in 50 ml of toluene under ultrasound for
30 min. Then, the solution was placed in a reactor
equipped with a magnetic stirrer and purged with
nitrogen for 15 minutes. Subsequently, 4-
(dimethylamino) benzoic acid (3.46 g, 0.021 mol),
silylation agent, was added to the mixture and degassed
again with nitrogen prior to the reflux at 110 °C for 18
h. The resulting mixture was then cooled at room
temperature, filtered, and washed with toluene for
several times to remove the residual unreacted 4-
(dimethylamino) benzoic acid. The HNT-Tertiary
amine solid phase was obtained by centrifugation and
dried under vacuum at 60 °C for 48 hours (yield =94%).

Preparation of HNT-Tertiary Amine Thermoset
Nanocomposites

HNT-Tertiary amine thermoset nanocomposites were
prepared by free radical photopolymerization of Bis-
GMA and TEGDMA monomer pair with
benzophenone photoinitiator in the presence of HNT-
Tertiary amine. Firstly, Bis-GMA (1 g, 1.95 mmol) and
TEGDMA (1 ml, 3.50 mmol) were placed in a flask and
mixed to obtain a homogeneous solution via vortex and
ultrasonication. Then, functional HNT (1, 2, 4 or 8 %
by weight) was added to the mixture and
homogeneously distributed by the help of vortex and
ultrasonication at room temperature. Finally, BP (1%)
was added to the mixture, then the final solution was
poured into double-eyed mold and placed in the center
of a photoreactor equipped with 16 lamps (Philips
8W/06) emitting at 300—400 nm at room temperature.
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At the end of the irradiation, the prepared
nanocomposites were washed with methanol for
purification. Final products were dried in a vacuum
oven at 40 °C for 12 hours. All other polymerizations

were performed under identical experimental
conditions.
o TEGDMA | HNT-Tertiary Amine
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Scheme 1. Preparation of HNT-Tertiary amine
thermoset nanocomposite films by free radical
photopolymerization
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RESULTS AND DISCUSSION

In this work, hydroxyl groups located on the inner or
outer surface of HNTs were functionalized with 4-
(dimethylamino) benzoic acid as silylation agent to
form tertiary amine-functional halloysite nanotubes
(HNT-Tertiary amine). As stated previously, tertiary
amine based thermoset nanocomposites with HNT
nanofillers were prepared by free radical
photopolymerization of Bis-GMA and TEGDMA
multifunctional methacrylate monomers. Successful
tertiary amine functionalization of HNT was
confirmed by FT-IR spectroscopy (Figure 2). Thus,
the peaks of the aromatic group were detected in the
region of 3050 cm™, 1540 cm™!, 750 cm™! and 680 cm
112" A characteristic band was the adsorption due to
the carbonyl (C=0) stretching vibrations 1730 to
1630 cm! for aryl carboxylic acids. The band seen
between 1630-1565 cm! was assigned to the aromatic
C=C stretching. The other characteristic peaks of Al-
OH (stretching, 3683 c¢cm!), Si-OH (bending, 3625
cm), Si-O (bending, 1034 cm’'), and AI-OH
(bending, 940 cm!) were also observed in Figure 2.
Then, the thermoset nanocomposites containing
different concentrations of HNT-Tertiary amine
nanofiller (0, 1, 2, 4 or 8% by weight) were obtained
according to Scheme 1.
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Figure 1. HNT-Tertiary amine thermoset
nanocomposite films

8% HNT-Tertiary amine
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Figure 2. FT-IR spectra of pure HNT and HNT-
Tertiary amine.

The  chemical  structure = of  HNT-Tertiary
amine/thermoset nanocomposites was also
characterized by FT-IR (Figure 3). Compared to neat
epoxy thermoset polymer, the FT-IR spectrum of HNT-
Tertiary amine sample showed the characteristic AI-OH
(stretching, 3600 cm™), Si-O (bending, 1100 cm™) and
Al-O (bending, 940 cm™") peaks of HNT confirming the
presence of halloysite in the thermoset matrix. In
addition, in the FT-IR spectrum of the thermoset
polymer, the observation of the C-H (strecthing) bonds
at 2900 cm! and the C = O bonds at 1730 cm™! was
evidence of the successful synthesis of thermoset
nanocomposites.

HNT-Tertiary Amine

Neat Thermoset

HNT-Tetriary Amine-8%-NC

Transmittance (% T)

e e | T T R TR |
4000 3500 3000 2500 2000 1500 1000 500
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Figure 3. Comparison of FT-IR spectra of HNT-
Tertiary amine, neat thermoset, and HNT-Tertiary
amine-8% nanocomposites.

Mechanical properties of HNT-Tertiary amine
nanocomposites were examined by tensile test and
compared with the neat thermoset sample. Test results
were presented in Figure 4 and summarized in Table 1.
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Based on the tensile test results, the tensile strength,
elastic modulus, and percent elongation values of all
HNT-Tertiary amine nanocomposites were higher
than those of the neat thermoset polymer. Especially,
the adding of 4% of modified HNT into thermoset
polymer matrix increased its tensile strength by 2.9
times from 5.51 MPa (neat thermoset polymer) to
15.96 MPa (the nanocomposite), while the elastic
modulus and the elongation at break were 1.9 and 1.3
times higher in HNT-4%-NC than the corresponding
neat thermoset, respectively (Table 1). Such behavior
is due to the contribution of covalently bonded HNT
nanotubes to mechanical reinforcement by limiting
polymer chain movement under loading. However,
elastic modulus, tensile strength and percent
elongation values of nanocomposites decreased with
the addition of 8% HNT-Tertiary amine, which could
be attributed to possible agglomerations.

20

= HNT-Tertiary Amine-4%-NC
—— HNT-Tertiary Amine-8%-NC
—— HNT-Tertiary Amine-2%-NC
—— HNT-Tertiary Amine-1%-NC
— Neat Thermoset

15 -
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Strain (%)
Figure 4. Stress—strain curves of neat thermoset and
HNT-Tertiary amine/thermoset nanocomposites

Table 1. Mechanical properties of neat thermoset and
HNT-Tertiary amine/thermoset nanocomposites

Elastic Tensile Percent
Sample Modulus  Strength Elongation
(MPa) (MPa) (%)
Neat Thermoset 18.47 5.51 19.35
HNT-Tertiary
Amine-1%-NC 19.22 6.68 16.12
HNT-Tertiary
Amine-2%-NC 20.64 7.67 15.81
HNT-Tertiary
Amine-4%-NC 36.02 15.96 24.63
HNT-Tertiary 21.15 11.43 21.28

Amine-8%-NC




CONCLUSION

In conclusion, HNT-Tertiary amine/thermoset
nanocomposites were successfully prepared by in-situ
free radical photocrosslinking polymerization of
multifunctional methacrylates. The covalent bonding of
HNT-Tertiary amine with thermoset networks was
confirmed by FT-IR spectroscopy. The final
nanocomposites demonstrated higher mechanical
properties rather than neat thermoset polymer. Tensile
strength in pure thermoset polymer was 5.51 MPa,
whereas in thermoset nanocomposite containing 4%
HNT-Tertiary amine, tensile strength increased up to
15.96 MPa. After higher loading ratio, the mechanical
properties decreased due to possible agglomerations.

SUGGESTION FOR FURTHER WORK

In the following period, the obtained nanocomposites
should also be evaluated in terms of thermal properties.
In addition, different functional groups and
modification methods can be determined for the
preparation of thermoset nanocomposites.
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Abstract: This paper focuses on effect of okra bast fillers on biodegradation of poly(vinyl alcohol) composites.
Fibers were obtained from okra plant stems via biological degumming and subjected to different chemical
treatments such as scouring, alkalizing, maleic anhydride treatment and vinyl acetate grafting. The fibers were
ground and PVA-okra bast filler composites were produced at 20 wt% fiber load via solution casting method. The
obtained composites were tested in terms of mechanical properties and exposed to biodegradation in soil. Effects
of okra bast filler addition and chemical treatments on changes in mass, breaking strength, elasticity modulus and
breaking elongation of composites upon soil biodegradation were determined. The composites can be considered
for utilization in packaging and agricultural applications.
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Abstract: In this study, polysulfone (PSF)
membranes with three different concentrations of
polyvinylpyrrolidone (PVP) (1 wt.%, 3 wt.%, and 5
wt.%) were prepared through the phase inversion
method. Experiments are carried out to
quantitatively characterize the microstructure of the
fabricated polymeric membranes. ImageJ software
was used to perform a quantitative analysis of the
enlarged bottom cross-section Scanning Electron
Microscopy (SEM) images. The pore size
distribution, average pore size, and average cross-
section porosity are determined for pure PSF and
PSF/PVP membranes. The average cross-section
porosity is 42% for pure PSF membranes.
Additionally, based on the analysis of the pore
morphology for the PSF/PVP membranes (1 wt.%, 3
wt.%, and 5 wt.%), their average porosity values are:
47.43%, 50.03%, and 50.47%, respectively. To the
best of our knowledge, this is the first time that a
quantitative analysis is carried out for PSF/PVP
membranes with different PVP loadings using
Imagel software to investigate the membranes’ pore
morphology. Investigation of the membranes’ pore
morphology is crucial as it has an important impact
on different membrane properties (e.g.: mechanical
properties) for several applications such as in the
field of water treatment.

Key words: polymeric membranes,
morphology, polysulfone, quantitative analysis.

pore

Introduction

Characterization of porous membranes is of great
importance. Porosity, pore size, pore distribution,
and tortuosity strongly influence the morphology,
structural features, mechanical properties, etc. For
different applications, membranes are required to
have good mechanical strength, stability, and
durability in addition to controllable porosity and
filtration functionalities. For example, for the water
treatment application, polymeric membranes with
low mechanical strength may fail at high operating
pressure as the porous membrane experiences
physical compaction.

Therefore, it is important to characterize porous
membranes. Microscopy is a powerful and a reliable
method to characterize the morphology of a
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membrane through observation of the surface and
cross section of the membrane. SEM and
transmission electron microscopy (TEM) are
typically used to obtain visual data on the pore size,
pore size distribution and porosity [1]. Polymeric
membranes are non-conducting materials and hence
they require to be coated with a thin metallic layer to
prevent the electrostatic charging [2]. To observe the
cross section, cutting of the sample is done using
liquid N2 [1].

It is necessary to observe several samples of the
membrane to acquire a comprehensive study of the
pore morphology [2]. In addition, there are many
software available to process the surface and cross
section images and obtain measurements on the area
of pores and total area which is used to determine the
porosity [2,3]:

Pores Area

Total Area %

Porosity (%) =

As an example, one study has investigated the
porosity, pore size and pore area distribution for a
hallow fiber membrane (HFM) mixed with
commercial PSF through analyzing the field
emission scanning electron microscopy (FESEM)
using a digital image processing package (IPP) [4].
The aim of this paper is to study the porosity, pore
size and pore size distribution for the prepared pure
PSF membrane and PSF membranes with different
loadings of PVP. A quantitative analysis is carried
out through image processing of the SEM cross-
section images of the membranes via Imagel
software. Image processing is considered as a
convenient method to determine the porosity, pore
size distribution, and average pore size [4].

Materials and method

Materials

For the synthesis of the membrane, polysulfone
(PSF) pellets (average molecular weight (Mw)
~35,000), N,N-dimethylacetamide (DMAc, purity
>99%), polyvinylpyrrolidone (PVP with average
Mw 10,000) are purchased from Sigma-Aldrich.



Method

First, 18 wt.% PSF was left to dissolve in 82 wt. %
DMACc solution for 24 hours at room temperature
using a magnetic stirrer. For the preparation of
PSF/DMAc solution with PVP, a probe sonicator
was used to ensure the dissolving of PVP in the
homogenous PSF/DMACc solution. Membranes with
three different concentrations of PVP were prepared
and then a quantitative analysis is carried out using
ImageJ software. Previous papers in the literature
have used different loadings and different molecular
weights of PVP for the preparation of PSF
membrane. Based on previously reported values in
literature, three different loadings of PVP were
chosen to be: 1 wt.%, 3 wt. %, and 5 wt.%. Before
membrane casting, the casting solution is degassed
in a water bath at 25 °C for 30 min to remove air
bubbles. The membranes are prepared through the
phase inversion method. The casting solution is
poured onto a clean and dry glass plate. The glass
plate is immersed into the coagulation bath of
deionized (DI) water. After that, the membrane is
rinsed and stored in DI water for 24 hours to remove
any remaining solvent.

Results and Discussion

Scanning Electron Microscopy (SEM) is used to
visualize the pore morphology of the fabricated pure
PSF and PSF/PVP membranes. SEM is very helpful
in studying the porosity and pore size distribution of
the membranes. Liquid nitrogen was used to obtain
the cross-section of the membrane samples before
their coating with a 5 nm gold layer. Cross-section
SEM images are analyzed through ImagelJ software.
SEM characterization of pure PSF membrane is done
to study the pore morphology. Both top surface and
cross-section images are obtained via SEM. Three
randomly selected samples were chosen for the
cross-section image analysis. Figure 1 illustrates the
top surface and cross-section SEM images for pure
PSF.

Figure 1. SEM images of pure PSF for (a)top
surface, (b)cross-section, (c) enlarged bottom cross-
section.

70

Figure 1(a) shows the membrane pores at the top
surface of the PSF sample. Figure 1(b) illustrates the
finger-like substructure of the membrane cross-
section whereas Figure 1(c) shows the pores at the
enlarged bottom cross-section.

Quantitative  characterization of the pore
morphology is performed through image processing
analysis of the cross-section images via Imagel
software. The pore size distribution determined via
analysis of three cross section SEM images of pure
PSF membrane are shown in Figure 2.
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Figure 2. Pore size distribution for the pure PSF
membrane.

Figure 2 shows that the resulst for the pore size
distribution for three randomly selected samples are
consistent and hence the results are reliable. The
average pore size in addition to the standard
deviation and cross-section porosity values for three
samples of pure PSF are represented in Table 1.
These values are also found using cross-section
image analysis.



Table 1. Average pore size, standard deviation and

porosity for pure PSF membrane

Pure PSF | Average | Standard |Porosity

membrane | Pore Size | Deviation | (%)
CS1 0.026 pm 0.145 42.947
CS2 0.028 pm 0.127 41.832
CS3 0.030 pm 0.181 40.907

As shown in Table 1, the average pore size for three
randomly selected samples of pure PSF membrane is
in the range of 0.026-0.030 um with acceptable
standard deviation. The table also shows the porosity
for the three PSF membrane samples which gives an
average cross-section porosity of 42%.

Figure 3 to Figure 5 show the SEM cross-section
images for the PSF membranes with the three
different loadings of PVP additive.

Figure 3. SEM igesfor P/ 1wt.% PVP:(a)
cross-section, (b)&(c) enlarged top cross-section.

Figure 4. SEM images for PSF/3wt.% PVP:(a)
cross-section, (b)&(c) enlarged top cross-section.
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Figure 5. SEM images for PSF/5wt.% PVP:(a)
cross-section, (b)&(c) enlarged top cross-section.

From the above figures, it can be seen that the greater
the concentration of PVP, the longer the finger-like
substructure and the bigger the macrovoid
membrane’s bottom structure. Similarly, the cross-
section images were analyzed via ImagelJ software to
quantitatively study the pore morphology. The
analysis was done for the PSF membranes with: 1
wt.%, 3 wt. %, and 5 wt.% PVP loadings. It is
important to note that enlarged bottom cross-section
images were used for the pore morphology analysis.
The average pore size with the standard deviation
and porosity for three cross-sections of each
membrane are shown in Table 2 to Table 4.

Table 2. Average pore size, standard deviation, and
porosity for PSF/1 wt.% PVP.

PSF/1 Average | Standard | Porosity
wt.% PVP| Pore Size | Deviation (%)
CS1 0.061 pm 0.258 56.540
CS2 0.042 pm 0.197 47.419
CS3 0.025 pm 0.111 38.319

Table 3. Average pore size, standard deviation, and

porosity for PSF/3 wt.% PVP.

PSF/3 Average | Standard | Porosity
wt.% PVP| Pore Size | Deviation (%)
CSl1 0.030 pm 0.137 50.065
CS2 0.034 um 0.152 49.933
CS3 0.033 pm 0.140 50.088

Table 4. Average pore size, standard deviation, and

porosity for PSF/5 wt.% PVP.

PSF/5 Average | Standard | Porosity
wt.% PVP| Pore Size | Deviation | (%)
CS1 0.036 pm 0.144 49.740
CS2 0.028 pm 0.137 50.011
CS3 0.044 pm 0.193 51.650




Table 2 to Table 4 illustrate the average pore size
with acceptable standard deviation for three
randomly selected samples for the three different
membranes (PSF/1 wt.% PVP, PSF/3 wt.% PVP,
and PSF/5 wt.% PVP, respectively). In general, the
greater the content of PVP in the PSF membranes,
the larger the average pore size. Based on the
analysis of the pore morphology as illustrated in the
above tables, the average porosity is: 47.43% for the
PSF/1 wt.% PVP, 50.03% for the PSF/3 wt.% PVP,
and 50.47% for the PSF/5 wt.% PVP. The higher the
content of PVP in the PSF membranes, the greater
the average porosity.

Conclusion

In this paper, pure PSF membrane and PSF/PVP
membranes with three different PVP loadings: 1
wt.%, 3 wt.%, and 5 wt.% were fabricated through
the phase inversion method. The pore morphology
(porosity, pore size and pore size distribution) of the
membranes were investigated in this study. SEM
characterization was done for pure PSF and
PSF/PVP membranes with different PVP contents.
SEM images showed that the greater the
concentration of PVP, the longer the finger-like
substructure and the bigger the macrovoid
membrane’s bottom structure. The SEM cross-
section images were quantitatively analyzed using
Image] software to determine the pore size
distribution, average pore size, and average porosity
for all membranes. Three randomly selected samples
were analyzed to ensure the reliability of the results.
For pure PSF membrane, the average pore size was
in the range of 0.026-0.030 um and the average
cross-section porosity was 42%. For the PSF/PVP
membranes, it was concluded that the higher the
content of PVP, the greater the average porosity and
average pore size. The average porosity values were:
47.43% for the PSF/1 wt.% PVP, 50.03% for the
PSF/3 wt.% PVP, and 50.47% for the PSF/5 wt.%
PVP.
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SUMMARY

In this study, carbon spheres were synthesized in one
step via hydrothermal method by using hydroxy ethyl
cellulose as carbon source. To characterize carbon
spheres, scanning electron  microscope  and
thermogravimetric analyzer were used. The spheres
were tested as catalysts for hydrogen production in the
reaction of sodium borohydride with methanol.
Obtained smooth and spherical particles were used as
catalyst in methanolysis of sodium borohydride and
calculated activation parameters are found as 22.96
kJ.mol!, 20.53 kJ.mol! and -187.84 J.mol'.K"' for
activation energy, enthalpy, and entropy, respectively.
Consequently, carbon spheres demonstrated much
better catalytic performance in methanolysis of sodium
borohydride according to metal-based catalysts in
literatures.

PURPOSE

The aim of this study was to synthesize carbon spheres
(CS) to use as catalysts in the methanolysis of sodium
borohydride (NaBH4) for hydrogen (H,) production and
to investigate and revealed the catalytic activity of the
synthesized particles.

INTRODUCTION

After the industrial revolution, the need for energy
resources such as fossil fuels, oil and natural gas has
increased. With this increasing energy demand, new
and sustainable resources have been called to prevent
the rapid decrease in non-renewable energy resources,
increasing environmental problems and possible energy
crises. Hydrogen is considered as a sustainable,
environmentally friendly, and promising energy source
among the developing energy technologies. In recent
years, many H» generation reactions with the inclusion
photocatalysis, biomass conversion, electrolysis of
water, and so on have been extensively investigated.
However, the application of this promising energy in a
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wide area is quite limited due to factors such as
efficient production, storage, transportation, and an
economical and safe distribution. Chemical hydrides
offer sustainable hydrogen system due to their high
gravimetric hydrogen density, low molecular weight,
and release of pure hydrogen gas during the
hydrolysis reaction.

In this context, NaBHj is seen as a promising source
for hydrogen production by hydrolysis. NaBHy is one
of the widely used hydrides due to hydrolysis at low
temperatures, having a theoretical hydrogen content
of 10.8%, affordable, harmless, high stability in
alkaline solution and recycling of the by-products
formed because of the reaction'*!°. Hydrolysis and
methanolysis reactions of NaBHy are given in the
equations below>* (AH = -300 kJ.mol™):

NaBH, + 2H,0 - NaBO, + 4H, 1 (1)
NaBH, + 4CH;0H - NaB(OCHs), + 4H,  (2)

There are some advantages to using methanol instead
of water. These; (i) methanol can be used as a solvent
in the formation of H, from renewable sources; (ii) the
kinetic reaction is faster in methanol; (iii) it shows
high catalytic activity even at low temperatures
(<0°C)*™. It is known that suitable catalysts
accelerate the hydrolysis and methanolysis reactions
of NaBH4>®.

In the literature that different metal oxides are used in
the methanolysis reaction of NaBH4. However, it has
been observed that the properties of metal oxides such
as cost, toxicity, stability, and catalytic endurance are
not good enough. Therefore, the research of new
catalyst systems has been expanded and studies with
metal-free catalysts began. Examples of these
catalysts are polymeric ionic liquids, silica particles,
halloysite clay nanotubes, poly(ethyleneimine)
microgel and quaternized polymeric microgels, and
carbon-based materials such as graphene, carbon
nanotubes (CNT) and carbon particles. It can be
controlled based on parameters such as (i) carbon
sources, (ii) carbonization techniques, and acid
treatments, and (iii) type of process. Carbon spheres
(CSs) are micron sized spherical carbon particles that



have a major potential in diverse types of applications
such as CO, capture, adsorption, separation and
purification of dyes, and other pollutants, and
encapsulation of biomacromolecules, especially energy
storage and conversion materials as catalyst supports,
fuel cells, supercapacitors, and lithium batteries. The
main reason for carbon spheres uses and applications is
that they are easily prepared from cheap and renewable
resources such as glycose, sucrose, etc. corrosion
resistance, moderate conductivity, and high surface
area, etc. so that CSs are versatile in use and
applications’.

In this study, carbon spheres were synthesized to be
used as a catalyst to produce H, from the methanolysis
of NaBH,. The synthesized catalysts were characterized
by using scanning electron microscope (SEM) and
thermogravimetric analyzer (TGA). Parameters such as
temperature of the environment, may affect the
methanolysis reaction were evaluated. In addition,
kinetic studies were carried out to determine the
activation parameters such as activation energy (Ea),
activation enthalpy (AH*), and activation entropy (AS¥)
for the methanolysis of NaBHjy catalyzed by CS in the
temperature range of 278 K-308 K.

EXPERIMENTAL

Material

In the synthesize of carbon spheres (CSs), hydroxy
ethyl cellulose (HEC) as a carbon source and phytic
acid (PA, 50% (w/w in H,O), Aldrich) as a catalyst, and
sodium borohydride (NaBH4, 98%, Aldrich) and
methanol (MeOH, 99.7%, Riedel-de Haén) were used
for hydrogen (H:) production from hydrolysis and
methanolysis reactions. Distilled water (DW) was used
throughout the experiment.

Method

Hydrothermal synthesize of carbon spheres: To
prepare CSs, 7 g of HEC mixed with 70 mL of DW was
used and stirred under magnetic stirrer for 20 min. Then
0.7 mL of PA solution (50% w:w) was added to the
solution and stirred for another 10 min. After then, the
solution was taken into the autoclave and kept in an
oven at 200 °C for 24 hours (Fig. 1). At the end of the
synthesis, the product (carbon sphere) coming out of the
autoclave and washed with distilled water. After the
cleaning procedure, CS dried in an oven at 50 °C after

centrifugation at 1000 rpm for 10 minutes.
/

T
L ©

Figure 1. Schematic representation of one pot CS
synthesis procedure.

=3 Hydrothermal
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Determination of the catalytic activity of carbon
spheres as catalysts in methanolysis of sodium
borohydride: In the NaBH4 methanolysis reaction,
the activity of CS used as a catalyst was determined
by recording the change in water volume during H»
genesis. 50 mg of catalyst was added to 20 mL of
methanol solution containing 125 mM NaBH4 and H»
formation was tracked. The reaction realized in a 50
mL glass reaction flask at 1000 rpm and 298 K with
continuous stirring. In the NaBHs methanolysis
reaction, reaction temperature (278-308 K)
investigated by replacement them.

EXPERIMENTAL RESULTS AND
DISCUSSIONS

Synthesis and characterization of catalyst:
Hydrothermal synthesis method was used to prepare
spherical shaped CSs at 200 °C in 24 h. Here, CSs
were exploited as a catalyst in H» generation in the
reaction of NaBH, with methanol. The SEM image of
CSs were depicted in Fig. 2. As illustrated in Fig.2,
the SEM images of the CS with different
magnifications demonstrated that CSs were in
spherical shapes, smooth, and nearly same size.

Figure 2. SEM images of CS with different
magnifications.

Thermal degradation patterns of HEC and CS were
illuminated by TGA and the corresponding
thermogram was shown in Fig. 3. In the Figure, CSs
appeared to have better thermal stability than HEC.
In the thermograms, the initial major decomposition
temperature of HEC was found to be around 260°C
and when heated to 983°C, 12% residual composition
was observed relative to the initial value. The
decomposition temperature of the CS catalyst was at
250°C and after heating to 980°C 51% of its weight
remained.
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Figure 3. TGA curves of HEC and CS.

Catalytic performance of carbon spheres: Self
methanolysis was realized as a control to understand the
catalytic activity under the same conditions with the
absence of catalyst, and 100% conversions were
accomplished in all reactions with and without the
addition of catalysts with and the same amount of H».
Different reaction rates were observed in self
methanolysis of NaBH4 and in the CS catalysis as
showed in Fig. 4. When compared the reaction rate
between self and presence of CS catalyst, the reaction
rate is 17 mL.min"' for self and 42 mL.min"! for CS
catalyst used. Hydrogen generation rates (HGR,
mL.min!.g"") were calculated for CS as 840 mL.min"
Lg'! at 298 K. Conversion was realized as 100% for
each reaction.

300

Volume of Hydrogen
(mL)

100 @ Self methanolysis
ACS
0
0 5 10 15 20 25
Time (min)

Figure 4. The effects of CS on NaBH4 methanolysis
[control (self-methanolysis), 50 mg CS, 1000 rpm, 298
K]

The effect of temperature on NaBH; methanolysis
reaction catalyzed with CSs were examined by
performing the reaction at four different temperatures,
278 K, 288 K, 298 K, 308 K using 20 mL 125 mM
NaBHyj solution in methanol. The hydrogen production
rate has increased from 24 mL.min"! to 55 mL.min’!
with increasing reaction temperature from 278 K to 308
K. For the temperature 278 K, 288 K, 298 K and 308 K
calculated HGR values are 480 mL.min'.g"!, 660
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mL.min".g"!, 840 mL.min".g"!, 1100 mL.min".g"!,
respectively.

To determine the activation parameters for the
methanolysis of NaBH4 catalyzed with CS, the rate
constants at different temperature (278 K-308 K), Ink-
(1/T) and In(k/T)-(1/T) graphs were composed using
Arrhenius (Eq. (3)) and Eyring (Eq. (4)) equations,
respectively®®?.

Ea
Ink=InA- (ﬁ) 3)
n(5) = (3)+ = ) ®

where, k is the rate constant, E, is the activation
energy, T is temperature, kg is Boltzmann constant
(1.381 x 1072 J/K), h is Planck constant (6.626x10734
J-s), activation enthalpy is AH#, AS# is the entropy of
activation and R is the gas constant (8.314 J.K-\.mol
1. H, production volumes for the methanolysis of
NaBH; graph was constructed and given in Fig. 5.
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Figure 5. The effect of temperature on NaBH4
methanolysis.

All the reactions start at different temperatures
produced an average of 250 mL H», that is, conversion
realized 100%. For the CS catalyst, the Ink-(1/T)
graph using Eq. (3) and, the In(k/T)-(1/T) graph using
Eq. (4) were graphed for the temperature between 278
K-308 K the corresponding graphs are presented in
Fig. 6(a) and (b), respectively.

As aresult of these calculations, the activation energy,
enthalpy, and entropy were found as 22.96 kJ.mol ",
20.53 kJ.mol! and -187.84 J.mol'.K"!, respectively.
The result show that CS was found to be a good
catalyst for the H, production of sodium borohydride
methanolysis.
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CONCLUSIONS

To sum up, using HEC as green source carbon spheres
were synthesized successfully and the spheres were
used as catalyst in the NaBH4 methanolysis. Hydrogen
production rate for this reaction was observed that it
increased, and the experiment time shortened with the
use of CS as a catalyst. In addition, HGR increased with
the increase in temperature in hydrogen production at
different temperatures reaching 1100 mL.min"!.g"! for
308 K. Calculated E, values of CS catalyst is relatively
low as 22.96 kJ.mol! in the methanolysis of NaBH,4
compared to conventional catalysts reported. These
values are better than most of the noble metal-based
catalysts reported in the literature. In conclusion, the
catalyst reported here ensures a strong candidacy for
use in industrial and environmental applications due to
its easy and cost-effective preparation, stability, obtain
from renewable sources and low toxic effects.

SUGGESTIONS FOR FURTHER WORK

In the near future, the reusability, and changes in the
amount of catalyst and NaBH4 will be investigated to
better evaluate the catalytic performance of CS. In
addition, the catalytic performance of the carbon
particles obtained from CS via pyrolysis will be
examined.
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Karbonil Demir ve Karbon Elyaf Iceren ABS

Kompozitlerinin Reolojik Ozelliklerinin incelenmesi

CAYLI Nazlican!, CINAR, Ahmet Hakan?, YURTBASI, Ziihal?>, KURT, Gokce?,
KASGOZ,Alper?,
"Yalova Universitesi, Lisansiistii Egitim Ens.
2Yalova Universitesi, Miihendislik Fakiiltesi, Polimer Malzeme Miihendisligi Béliimii
nazlicancayli@gmail.com.tr

OZET

Calisma kapsaminda birgok uygulama alani bulunan
akrilonitril biitadien stiren (ABS) polimerine farkli
oranlarda karbonil demir ve karbon elyaf (kirpik) eriyik
yontemlerle katilarak elde edilen kompozitlerin reolojik

ozellikleri incelenmistir. Kompozitlerin
hazirlanmasinda melt-mixer kullanilirken reolojik
ozellikleri rotasyonel reometre ile incelenmistir.

Yapilan analizler sonucunda her iki dolgunun da 6nemli
bir yapisal uyumsuzluk goriilmeksizin kompozit
genelinde iyi bir dagilim gosterdigi gozlemlenmistir.
Ayrica reolojik analizler ile dolgularin reolojik
perkolasyon esikleri sirastyla %30 ve %50 olarak
belirlenmistir. Ayrica karbonil demirin karbon elyafa
gore daha az bir viskozite artisina neden oldugu
gbzlemlenmigtir.

AMACLAR

Hem manyetik 6zelligi ile karbonil demir hem de
yiiksek iletkenligi nedeniyle karbon elyaf bagta
elektriksel iletken kompozitlerin gelistirilmesi olmak
izere iletkenlikle ilgili RADAR  sogurucu
kompozitlerin gelistirilmesi ya da elektromanyetik
dalga kalkanlama gibi birgok alanda yayginca
kullanilmaktadir. Ote yandan ABS ekstriizyondan
enjeksiyona ve oOzellikle son yillarda da 3 boyutlu
yazicilarda yayginca kullanilan bir polimer olup birgok
farkli kompozit gelistirmek i¢in yiiksek mekanik
mukavemeti nedeniyle siklikla tercih edilmektedir. Bu
calismada karbon elyaf ve karbonil demir ilavesinin
ABS’in akis oOzelliklerinde meydana getirecegi
degisiklik incelenmis ve birgok uygulama igin
proseslenebilirlik ve viskoelastik karakter degisimi
incelenmigtir.

GIRIS

Akrilonitril  Butadien Stiren (ABS) polimerleri,
akrilonitril, butadien ve stiren monomerleri reaksiyonu
ile elde edilen bir terpolimer olup adimi bu iig
monomerin ilk harflerinden alir. Amorf termoplastikler
siitfindandir.  ABS plastikleri lastik gibi tok bir
butadien ihtiva eden bir fazin, stiren - akrilonitril
kopolimerinden olusan siirekli fazin iginde tanecikler
seklinde dagilmasindan meydana gelmektedir.
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ABS diisiik sicakliklarda dahi sert, esnekligi olmayan,
tok ve gorselligi on planda tutabilecek parlakliga
sahip bir malzemedir [1]. Diger plastik ham maddeler
ile kiyaslandiginda iyi fiziksel 6zelliklere sahip ve
sanayide kullanilan diger plastiklerle
kiyaslandirildiginda olduk¢a ucuzdur [2]. ABS
sanayide en ¢ok kullanilan termoplastikler arasinda
yer almaktadir. Istya dayanikliligindan dolay1 beyaz
esya, glic donanim kabinlerinde, switch kutularinda,
elektrolit kaplamaya uygun olanlardan ¢esitli
otomobil sanayi iiriinlerinde, tibbi iiriinlerde ve daha
bir ¢ok sektdrde kullanilabilmektedir.

Karbonil demir iyi bilinen bir malzemedir, elementer
demirin benzersiz bir formudur (kigiik partikiil
boyutundan dolay1). Karbonil demir, demirin karbon
monoksit (CO) ile 1s1 ve basing altinda iglenmesiyle
yapilir. Elde edilen pentakarbonil demir [Fe(CO)s]
daha sonra kontrollii kosullar altinda ayristirilir ve son
derece saf olan ve ortalama 5-6 pm partikiil boyutuna
sahip neredeyse miikemmel kiireler seklinde iiretilen
CO ve demir tozu verir [3].

Karbon elyaf, diisiik yogunluga, oldukca yiiksek
mekanik dayanima ve elektriksel iletkenlige sahip
olan bir malzemedir. Poliakrilonitril (PAN) elyaf
veya ziftten iiretilebilen karbon elyafi cam elyaflardan
daha sonra gelisen ve kullanim alani halen hizla artan
bir elyaf tiridir. Karbon elyaf malzemelerin
yogunlugu metallere gore oldukea diisiik, mukavemet
ozellikleri celige gore oldukca yiiksektir. Ayrica
karbon elyafin mukavemet/agirlik, modiil/agirlik ve
1s1ya kars1 boyutsal kararliliklar1 oldukea yiiksek iken
darbe direnci ise diisiiktlir. Karbon elyafin elektriksel
olarak iletken olmasi iletken polimer kompozit
yapiminda yaygin olarak kullanilmasimna olanak
saglasa  da  iletkenligin  istenmedigi  bazi
uygulamalarda dezavantaj olusturmaktadir. Karbon
elyaf takviyeli kompozit malzemeler hafiflikleri ve
yiiksek mekanik dayanimlari nedeni ile havacilik
(ucak, roket, uydu vs.) ve otomotiv sanayisinde ve
birgok spor malzemelerinin yapiminda kullanilir.
Diinya genelinde sayili {ireticisi olan bu malzeme
ilkemizde ilk olarak Aksa firmas1 tarafindan
Aksaca® ticari ad1 altinda iiretilmektedir [4,5]
Literatiir ¢aligmalar1 incelendiginde; kompozitlerde
dolgu oranmin artmasiyla viskozitenin arttigi bu



artisin ~ Ozellikle  perkolasyonun  gerceklestigi
bilesimlerde daha hizli bir bigimde gergeklestigi
gozlenmistir [6]. Bu sebeple bu gibi calismalarda
karisim reolojisi oldukca Onem arz etmektedir.
Malzemenin karigiminda aglomerasyon goriiliirse
karisimin reolojisi degiskenlik gdstereceginden dolay1
ozellikler tamamen degisebilir. Bu c¢aligmada reolojik
ozelliklerin stabil olmasi igin ¢ift vidali ekstriidder
kullanilmastir.

DENEYSEL

Malzeme

Calismada ABS olarak TOTAL firmasi tarafindan
LG112 kodu ile iiretilen iriin temel polimer faz olarak
kullanilmistir. Dolgu olarak kullanilan karbonil demir
ise MOLCHEM firmasmnin NK84 kodlu iiriinii
kullanilirken karbon elyaf olarak kompozit pazari
firmasindan temin edilen M80-3 kodlu 80 mikron ve
altt  ogitilmiis toz formunda karbon elyaf
kullanilmigtir.

Yontem

Kompozitler Tablo 1'de verilen oranlara gore ¢ift vidal
ekstriizyonda graniil olarak iretilmistir. Kompozit
ornekler KOKBIR marka melt-mixer ile 80 rpm vida
hizinda 240 °C’de tretilmistir.

Hazirlanan  kompozitlerin  reolojik  dzellikleri
rotasyonel reometre (Discovery Hybrid Reometer-1,
DHR-1, TA, USA) ile frekans salinim testi modunda
incelenmistir.

Tablo 1. Hazirlanan kompozit 6rneklerinin
bilesimleri

ABS Karbonil Karbon
(%) Demir (%) Elyaf (%)
ABS 100 0 0
CI10 90 10
CI20 80 20
CI 30 70 30
CI140 60 40
CI 50 50 50
CI 60 40 60
CF5 95 5
CF10 90 10
CF20 80 20
CF30 70 30

DENEYSEL SONUCLAR/TARTISMA

Reolojik analizlerde oOncelikle ABS polimerinin test
stiresince eriyik formda termal olarak kararliliginin
belirlenmesi amacryla sadece ABS polimerine zaman
tarama testi gerceklestirilmistir. Bu testte higbir test
parametresi degistirilmeksizin yaklasik 30 dakika
boyunca G’ ve G*’ degerlerinin degisimi takip edilmis
elde edilen sonuglar Sekil 1°de verilmistir. Sekil
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1 incelendiginde modiil degerlerinin 30 dakika
boyunca onemli bir degisim gostermedigi ve 30

dakika boyunca termal kararliligimi siirdiirdiigi
degerlendirilmistir.
107
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Sekil 10.ABS polimerine ait zaman tarama test sonucu

Sekil 2 ve Sekil 3’de karbon elyaf dolgulu ABS
kompozitlerinin G’ ve G’ degisimleri verilmistir.
Sekiller incelendiginde her iki modiil degerinin de
diisiik miktarlardaki dolgu ilavesiyle modiil degerinin
ABS’e gore azaldig1 goriilse de dzellikle %30 karbon
elyaf ilavesi ile modiil degerlerinin énemli bir artig
gosterdigi goriilmiistiir. Bu artig literatiirde karbon
elyafin reolojik perkolasyon yapisina ulagmasi ile
aciklanmaktadir. Reolojik perkolasyonun bir diger
gostergesi ise Sekil 4’de verilen faz agisi1 grafikleri
olup CF30 6rneginin diisiik frekans bolgesinde yatay
hale gelmesi reolojik perkolasyonun saglandigini
gostermistir.
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Sekil 4.ABS/CF kompozitlerine ait tand-agisal frekans
grafikleri

Karbonil demir katkili kompozitlerin reolojik testleri
sonucu elde edilen G’ ve G’’ degerlerinin agisal
frekansa bagl olarak degisimleri ise Sekil 4-5’te
verilmistir. Modiil degerlerinin karbonil demirin
yliksek yogunlugu sebebiyle hacim fraksiyonlarinin
digiik kaldigt ve buna bagli olarak da modiil
degerlerinin karbonil demire kiyasla daha diisiik kaldig1
gozlemlenmigtir. Karbonil demir i¢in de karbon elyafa
benzer sekilde diigiik oranlarda ABS’den daha diisiik
modiil degerleri elde edilmis artan CI oraniyla modiil
degerlerinin de ABS’in iizerine ¢iktig1 ve oOzellikle
diistik frekans bolgesinde agisal frekansa olan bagiml
degisimi azaltt181 gozlemlenmistir. Bu anlamda reolojik
perkolasyon  esigi CI  igin %50  olarak
degerlendirilmistir. Reoljik perkolasyonun degisiminin
dogrulanmasi adina yine tand-agisal frekans grafikleri
(Sekil 7) incelenmis olup yine CI50 kompoziti itibariyle
tand egrilerinin reolojik perkolasyonun gostergesi olan
yatay hale geldigi gézlemlenmistir.
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Sekil 5.ABS/CI kompozitlerine ait G’-agisal frekans
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GENEL SONUCLAR

Yapilan galisma sonucunda elektriksel iletkenlik ve
ilgili bircok uygulamada kullanilabilecek karbon elyaf
ve karbonil demir katkili ABS kompozitlerinin eriyik
yontemlerle  hazirlanmasinin =~ miimkin ~ oldugu
goriilmekle  beraber  Ozellikle karbonil  demir
kullanilmas1 durumunda eriyik modiil degerlerinin daha
disiik bir gekilde arttigi goézlemlenmistir. Caligmada
ayrica CF i¢in %30, Cl igin ise %50 oranlarimin reolojik
perkolasyon konsantrasyonu olarak belirlenmistir.
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OZET

Ulkemiz ceviz iiretimi agisindan diinyanin 6nde gelen
tiretici iilkeleri arasinda yer almaktadir. Ceviz isleme
tesislerinden her yil ¢ikan binlerce ton ceviz kabugu
yakacak olarak tiiketilmekte ve ekonomik bir degere
sahip olmamaktadir. Ceviz kabugunun seliilozik esasl
olmasi, goreceli olarak sert bir yapida olmasi ve
iilkemizde bol miktarda bulunmasi nedeniyle, termoset
ve termoplastik matrisli polimer kompozitlerde dolgu
maddesi olarak kullanilabilir. Son yillarda, bu
kapsamda diisiik cevresel etki, geri doniistiiriilebilir
olmas1 ve proses kolayligi gibi nedenlerle kompozit
malzeme {iretiminde tarimsal gida  endistrisi
atiklarindan veya yan {irlinlerinden elde edilen dogal
maddelerin kullanilmasiyla ilgili ¢ok sayida calisma
yapilmaktadir. Ulkemizde yetisen tarim iiriinler ve
bunlarin olusturdugu tarimsal atiklar siirdiiriilebilir
kaynaklar acisindan da dikkat ¢ekmektedir. Bu
calismada; tarimsal bir atik olan ve atik halinde lilkemiz
ekonomisine bir katma deger iiretmeyen ceviz
kabuklarinin denizcilik, otomotiv, uzay-havacilik ve
savunma sanayi gibi ¢ok farkli  sektdrlerde
kullanilabilecek bir iiriine doniistiirilmesi
hedeflenmektedir. Caligmada; epoksi, talk ve ceviz
kabugu kullanilarak polimer dokiim yoOntemiyle test
numuneleri hazirlandi. Ideal dolgu oranmin ve
karisimmn  uygun olup olmadifinin  belirlenmesi
amaciyla iretilen test numuneleri FT-IR yontemiyle
karakterize edildi. Gelecek donem c¢aligmalar
kapsaminda, numunelerin mekanik (¢cekme, egme,
darbe) ve 1sil oOzelliklerinin (DSC, TGA, HDT)
belirlenmesi amaciyla testler uygulanacak ve SEM ile
mikro yapi1 goriintiilemeleri gerceklestirilecektir.

ABSTRACT

Our country is one of the world's leading walnut
producers. Thousands of tons of shells that come out of
walnut processing plants every year end up being used
as fuel without an economic value. As walnut shell
is a cellulosic base, is relatively hard and abundant in
our country, it may be used as a filler for thermoset and
thermoplastic matrix polymer composites. Many
studies have been conducted on the use of natural
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materials obtained from agricultural by-products and
wastes in the production of composite materials.
These materials are low in environmental impact,
recyclable, and easy to process. In terms of
sustainable resources, the agricultural products and
wastes produced in our country are attractive sources.
This study; it is aimed to transform walnut shells,
which are an agricultural waste and do not produce
any added value to our country's economy in the form
of waste, into a product that can be used in many
different sectors such as maritime, automotive,
aerospace, and defense industries. In the study; test
samples were prepared by polymer casting method
using epoxy, talc, and walnut shell. In order to
determine the ideal filling ratio and whether the
mixture is suitable, the test samples produced were
characterized by the FT-IR method. As part of future
studies, tests will be performed to determine the
mechanical (tensile, bending, impact) and thermal
properties of the samples (DSC, TGA,
HDT). Additionally, SEM microstructure  imaging
will be performed.

AMACLAR

Diinya genelinde 2021 yilinda yaklasik olarak toplam
4,6 milyon ton ceviz iiretimi gerceklesmistir. TUIK
verilerine gore 2021 yilinda iilkemizde ceviz iiretimi
bir onceki yila gore %13,4 oraninda artig gostererek
325 bin tona ulagmstir. 2022 yilinda ise toplam ceviz
iiretiminin 375-405 bin ton aralifinda gerceklesmesi
tahmin edilmektedir. Ceviz kabugu yap: itibari ile
seliiloz agirlikli olmasi, kismen sert bir yapida olmasi
ve lilkemizde iretiminin ¢ok olmasi dolayisiyla
polimer matrisli kompozitlerde dolgu maddesi olarak
kullanilabilmektedir. Son yillarda, bu kapsamda
disiik cevresel etki, geri doniistiiriilebilir olmas1 ve
proses kolayligi gibi nedenlerle termoplastik
kompozitlerin iiretiminde tarimsal gida endiistrisi
atiklarindan veya yan iriinlerinden elde edilen dogal
maddelerin kullanilmasiyla ilgili ¢ok sayida c¢alisma
yapilmaktadir. Ulkemizde yetisen tarim iiriinleri ve
bunlarin olusturdugu tarimsal atiklar siirdiiriilebilir
kaynaklar ac¢isindan dikkat g¢ekmektedir. Bu



¢alismada; tarimsal bir atik olan ve atik halinde iilkemiz
ekonomisinde bir katma deger {iiretmeyen ceviz
kabuklarmnin epoksi matrisli polimer kompozitlerin
iretiminde kullanilabilecek olan dolgu oraninin
belirlenmesi, kompozitin mekanik 6zelliklerin cam
elyaf, karbon elyaf katkilar1 ile gelistirilmesi ve katma
degeri yiiksek olan doga ile uyumlu ve iilkemiz
ekonomisine katma deger yaratacak bir {riine
doniistiiriilmesi amag¢lanmustir.

GIiRiS

Ceviz, yenilebilir findiklar1 nedeniyle diinyanin 1liman
bolgelerinde yetistirilen 6nemli bir iriindiir. Mevcut
verilerden diinya ceviz liretiminin yilda 4,6 milyon ton
civarinda oldugu bulunmustur. Cin biiylk ceviz
yetistiricisidir ve toplam {retimin yaklasik %351'ini
elinde tutar, bununla birlikte Amerika Birlesik
Devletleri, fran ve Tiirkiye de diger kitlesel ceviz
yetistiricileridir'. Ceviz meyvesi Sekil 1’de de
gorildigi gibi ¢ekirdek, zar, kabuk ve yesil kabuk
olmak {izere dort ana boliimden olusur. Ceviz kabuklar:
agirlikca yaklasik %50 lignin, %25 seliilloz, %23
hemiseliiloz ve %2 diger bilesenlerden olusur 34,
Ceviz esas olarak ¢ekirdek elde etmek i¢in yetistirilir ve
diger kabuk ve kabuk gibi pargalari, isleme sirasinda
atik driinler olarak iiretilir. Ceviz kabugu, ceviz
cekirdeginin toplam agirhiginin  yaklasik %67'sini
olusturdugundan, tiim diinyada her yil yaklasik 1,5
milyon ton ceviz kabugu geride kalmaktadir. Ceviz
kabuklarmin endistride kullanimi oldukg¢a sinirhidir,
¢ogu attk malzeme olarak atilir veya yakma
uygulamalar1 igin yakit olarak kullanilir. Ancak bu
cevre kirliligine neden olur ve ayni zamanda diislik
fayda degerine sahiptir. Bu nedenle ceviz kabuklar1 i¢in
baska, daha iyi kullanimlar bulmak gerekir. Ceviz
kabuklarmin reaktif fonksiyonel grup icermeleri,
yiiksek karbon igerigine sahip olmalari, birgok
endiistriyel kimyasal ile uyumlu olmalar1 ve aromatik

halkalar1 icermelerinden dolay1 iyi reolojik ve
viskoelastik ozellikler gostererek mekanik
ozelliklerinin  yeterli olmasi nedeniyle, polimer

kompozitlerde takviye malzemesi olarak kullanilmasi
oldukga popiilerdir’.

.
3

Ceviz meyvesi yan Granleri

Sekil 1. Ceviz kabugu ve yan iiriinleri**

Lif ve tekstil yiizey takviyeli kompozit malzemeler
genis kullanim alanina sahiptir. Son zamanlarda cam
gibi sentetik lifler yerine bitki lifleri biiylik ilgi
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gormektedir, hatta; bitkisel lif bazli termoplastik
kompozitlerin bazilart mobilya, ambalaj, bina ve
otomobil endiistrilerinde halihazirda uygulama alani
bulmustur®’. Termoplastik kompozitlerde kullanilan
dogal lifler arasinda tarimsal atiklar (bugday sapi,
piring sap1, kenevir lifi, ceviz kabugu, findik kabugu
vb. ¢esitli kuru meyve kabuklari) da yer almaktadir.
Onat ve ark. polyester recine, ¢ift eksenli cam elyaf
cam elyafli kumaslar ve ceviz kabugu kullanarak
hazirladiklar1 kompozitlerde, katki olarak kullanilan
ceviz kabugu boyutlarinin artmasiyla 1s1 yalittminin
daha iyi saglandigini, kiiciik partikiil boyutlarindaki
ceviz kabugu katkisinin ise mekanik o6zellikleri
iyilestirdigini tespit etmiglerdir’. Nitin ve Singh,
epoksi kompozitlerde ceviz kabugu oraninin
artmasiyla kompozit malzemelerin yogunlugun
azaldigini, farkl oranlardaki ceviz kabugu katkisinin
mekanik 6zellikleri degistirdigini gozlemlemislerdir®.
Singh tarafindan yapilan farkli bir ¢alismada,
kompozit yapi igerisinde iyi dagilim saglayan ceviz
kabugu partikiillerinin elastisite modiiliinii ve sertligi
arttirdig1, gekme mukavemeti ve egilme dayaniminin
ise azaldigini rapor etmistir. Alkali ile islenmis ceviz
kabuklarmin kullanildigi  bir ¢aligmada, termal
stabilitenin arttig1 ve malzemelerin Tg sicakliklarinin
yiikseldigi bulunmustur®.

Yoney ve ark. vinilester regineye cesitli oranlarda
keten ve bambu lifleri katarak hazirladiklar1 kompozit
malzemelerin darbe dayanimini incelemislerdir.
Arastirmacilar;  keten lif takviyeli kompozit
numunelerinin darbe dayanimini, bambu lif takviyeli
numunelerinkine oranla iki kat daha fazla elde
etmiglerdir. Yapilan SEM incelemelerinde hem
liflerin kopmas1 hem de siyrilmasi yoluyla kirilma
enerjisinin harcandigi sonucuna ulasilmis ve keten
lifinin darbe dayanimuni arttirict bir etkiye sahip
oldugu goriilmiistiir'®. Sagbas ve ark. %30’a kadar
farkli oranlarda keten lifi ve polyester recine
kullanarak el yatrma yontemi ile kompozit
numuneler elde etmislerdir. Aragtirmacilar polyester
recinenin keten elyaflar1 ile takviye edilmesinin
¢ekme ve darbe mukavemetini arttirdigini
gozlemlemislerdir!!. Boriaa ve ark. bazalt/keten ve
vinilester malzemelerden hibrid kompozitler iiretmis
ve malzemelerin diigen agirlik etki davranislarini
modellemislerdir. Arastirmacilar keten elyaf tabak
olarak kullaniminin, gerilme 6zellikleri agisindan
sinerjik tutum gosterdigi, plastik bir davranig
sergiledigi, bazaltin sertligini ve gevrekligini
diigiirerek, malzemeye esneklik  kazandirdigi
sonucuna varmislardir'2.

Huo ve ark. keten liflerine uygulanan yiizey
modifikasyonunun etkisini incelemiglerdir. Caligma
sonunda; elverisli yiizey modifikasyonu islemiyle,
keten lifli kompozitin mekanik 6zelliklerinin cam lifli
kompozitle mukayese edilebilir hale geldigi sonucuna



ulasilmistir'3. Ramnath ve ark. jiit, keten ve cam lif ile
takviye edilmis kompozit malzemelerin mekanik
o6zelliklerini inceleyip elde edilen sonuglar jiit ve cam
lif ile takviye edilmis kompozit ile karsilagtirmislardir.
Calismada keten lifli kompozitin ¢ok iyi ¢ekme ve
egilme ozelliklerine sahip oldugu tespit edilmistir'.
Zhang ve ark. tek yonlii keten ve cam lif ile takviye
edilmis kompozitin mekanik ozelliklerini
incelemislerdir’>. Dogal ve sentetik lifin birlikte
kullanilmasinda, kompozitlerin gerilme 6zelliklerinin
cam lifin artirilmasiyla arttig1, keten ve cam lifinin
istiflenme  swrasinin gerilme  dayanimi  ve
deformasyonuna etki ettigi bulunmustur. Croccolo ve
ark. cevreye duyarl iki ayr1 regineyi ayni keten lif ile
takviyelendirmis ve bunun sonucunda iirettikleri
kompozitlerin mekanik ozelliklerini
karsilagtirmuglardir'®. Elde edilen veriler sonucunda
izoftalik reginenin dayanim ve sertlik agisindan
vinilester rec¢ineden daha iistiin oldugu, izoftalik

recineli kompozitlerde 1if ve matris arasinda
yapismanin ise iyi olmasina ragmen az miktarda hava
icerdigi  gdzlemlenmistir.  Arastirma  neticesinde

izoftalik reginenin mekanik o&zelliklerinin keten lifi
ilavesiyle iyilestirilebildigi ve geleneksel tip regineler
yerine  kullanilabildigi  sonuglar1  belirlenmistir.
Muralidhar ve ark. ¢alismalarinda diiz dokuma, ribana
O0rme ve sirasiyla ribana 6rme/diiz dokuma seklinde
istiflenen keten kumas takviyeli epoksi regineli
kompozitlerin  egilme ve darbe oOzelliklerini
incelemislerdir'’. Cesitli siralamalarla istiflenen ribana
o6rme ve diiz dokuma kumaslarla yapilan kompozitler
arasinda, yiizey katmaninda ribana 6rme olanlar egilme
ve darbe Ozelliklerinde daha iyi sonu¢ vermislerdir.
Elde edilen veriler gostermistir ki her agida
istiflenmede katman sayis1 arttitkca mukavemet
artmugtir. Sapuan ve ark., dokunmus muz lifi ile
kuvvetlendirilmis epoksi kompozitlerinin mekaniksel
davraniglarii  aragtirmak  i¢in  varyans analizi
uygulamugtir's,

Usta ve ark., cesitli oranlardaki atik pamuklar ile PP
polimerini karigtirarak, {iretilen kompozit yapinin
mekanik ve akiskanlik Ozelliklerini incelemis ve lif
oranmin incelenen ozelliklere etkisini arastirmgstir'®.
PP polimerine %97’ye %3 ve %94’¢ %6 oranlarinda
telef pamuk atiklar1 ilavesi ile iiretilen kompozitin
elastiklik modiilii, akma, kopma dayanimi ve sertlik
degerlerinde azalig, uzama ve izod darbe dayanimi
degerlerinde artan elyaf miktarlarina bagl olarak artig
meydana geldigi tespit edilmistir. Manikandan ve ark.,
sisal lifi ile takviye edilmis kompozit malzemelerde lif
uzunlugu, lif oram1 ve lif oryantasyonun c¢ekme
dzelliklerine etkisini arastirmislardir®. Kaya, “findik ve
celtik kabuklar1 ve odun talasi ile takviye edilmis
termoset kompozitlerde regine tiirliniin fiziksel
ozelliklere etkisi” adli ¢alismasinda deney verileriyle
elde edilen sonuglarin, levha yapiminda kullanilan
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selillozik yapili odunsu hammadde c¢esidi ve
miktariyla regine ¢esidine paralel olarak fiziksel ve
mekanik 6zelliklerde farklilik oldugu fakat iiretilen
¢ogu levhada standartlarda arzu edilen degerlerin
saglandig1  sonuglarma varmistir?!.  Venkatesh,
hindistan cevizi kabugu tozu (CSP) ile giliglendirilmis
epoksi kompozitlerin iretimini ve test edilmesini
incelemistir. Kompozitin ~ yogunlugu, elyaf
igerigindeki agirlik yiizdesinin artmasiyla yavas
yavas azalmis ve kompozitin rijitlik orani lif icerigi
arttikca artmigtir®?,

Gairola ve ark., kompozit gelistirmek i¢in ¢am ignesi
lifleri ve fistik kabugu dolgu maddelerini epoksi
icerisine dahil etmislerdir®®>. Gelistirilen epoksi
kompozitler su, petrol ve kerosen gibi farkli ¢evresel
kosullara tabi tutulmustur. Gelistirilen kompozitlerin
darbe mukavemeti incelenmis ve bu da kompozitlere
fisttk kabugu dolgusu ve ¢am ignesi liflerinin
eklenmesi ile saf epoksi numuneye kiyasla darbe
mukavemetinde  artig  oldugunu  gdstermistir.
Salasinska ve ark., ceviz kabugu ile yiiksek oranda
doldurulmus epoksi regine bazli kompozitler
gelistirmis ve Kkarakterize etmislerdir. Sonuglar,
yiiksek miktarlarda ince 6giitlilmiis ceviz kabugunun
termoset polimere dahil edilmesiyle re¢inenin
mekanik ve termo-mekanik ozelliklerini arttigini
kamtlamigtir’®,  Aym  grup  daha  sonraki
caligmalarinda ceviz kabugu, findik kabugu ve
ayeicegi kabugu gibi tarimsal atik {iriinlerini epoksi
bazli kompozitlerin liretiminde kullanmistir. Parcacik
seklinde dogal atik dolgu maddeleri iceren epoksi
kompozitlerin mekanik &zelliklerinin, kullanilan
dolgu maddesinin kimyasal yapisinin yani sira
parcacik boyutuna, sekline ve serbest yiizeyine bagli
karmasik bir fonksiyon oldugu bulunmustur®. Yakin
zamanda, Albaker ve ark.,, biyo-bazli epoksi
kompozitlerin sentezi i¢in dolgu malzemesi olarak
kimyasal olarak modifiye edilmis ceviz kabuklari
(WS) kullamlmigtir ve matrise g¢esitli  kiitle
oranlarinda  (%10-50) eklemislerdir®®. Kimyasal
olarak modifiye edilmis WS'ye sahip kompozitlerde
artan ¢ekme mukavemeti gozlenmistir ve optimum
miktar1 agirlikca %20 olarak bulunmustur. %20'nin
iizerinde, kompozitlerde % WS'nin artmasiyla
degerler azalmustir. Sonuglar, kimyasal
modifikasyonun termal stabilite {izerinde 6nemli bir
etkisi olmadigimi goéstermistir. Epoksi reginenin su
emme Ozelligi, WS tarafindan takviye edilerek
geligtirilmistir. ~ Artis,  kompozitlerdeki  dolgu
malzemelerinin orani ile degismistir.

Tim bu c¢alismalar dogal lif ve dolgu olarak
stirdiiriilebilir kaynaklardan elde edilen yenilenebilir
yesil malzemelerin hibrid kompozitlerin iretiminde
gittikce onem kazandigini gostermektedir. Literatiirde
yer alan caligmalar incelendiginde, dogal liflerin
kullanilarak  iiretilmis kompozit malzemelerin



arastirildigi, bitkisel kaynakli liflerin dogal takviye
malzemesi seklinde kullanildigl, agag talast atiklarinin
kullanildig1 ¢ok fazla ¢aligmaya rastlanmistir. Ancak
ceviz kabugunun kullanimi ile ilgili yapilan
caligmalarin sinirhi oldugu goriilmiistiir. Bu nedenle
boyle bir caligmanin yapilmasinin bu konuda ¢alisanlar
ve konuya ilgi duyanlar agisindan referans bir kaynak
olusturacag diigtiniilmektedir.

DENEYSEL

Malzeme

Deneysel caligmalarda matris malzemesi olarak ERA
4000 Epoksi sistem (Teknomarin) ticari kodlu epoksi,
Marag 18 cinsi ceviz kabugu (Caglayancerit,
Kahramanmarag) ve 200 p boyutunda talk (Eskisehir)
kullanildi.

ERA 4000 Epoksi Sistem: Teknomarin ERA 4000 iki
bilesenli olup solvent igermemektedir. ERA 4000 arka
epoksi, esnekligi, ahsaba etkili niifuz ederek agac
yiizeyini korumas: ve tamir kolaylifinin yaninda
yapiskan ozellikleri nedeniyle de tercih edilmektedir.
ERA 4000 Epoksi’ye ait teknik &zellikler Tablo 1°de
verilmistir.

Tablo 1. TEKNOMARIN ERA-4000 teknik 6zellikler

Ozellik Tipik Deger Birim
Hacimce kat1 madde 100 %
Yogunluk 1,1 g/cm’
Renk Seffaf -
Parlaklik Parlak -
Kuru film kalilig 200 u
Teorik kaplama kapasitesi | 5 (200p) ~ 2 (500p) | m%It
Uygulama aralig +15~+35 °C

Talk: Caligmada kullanilan talk, Orta Anadolu
bolgesinden steatit tipi talk mineralinin mikrolize
edilmesi ile yiiksek saflikta ve beyazlikta elde edilen
magnezyum silikattir. Talk’a ait kimyasal analiz ve
teknik Ozellikler sirastyla Tablo 2 ve Tablo 3’te
verilmistir.

Tablo 2. Kullanilan talk’in kimyasal analizi

Kimyasal Maddeler % Bilesim
MgO % 32
SiO, % 62
CaO % 1,8
ALO; % 0,3
Fe;03 % 0,6
A Z. % 4
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Tablo 3. Kullanilan talk’in teknik 6zellikleri

Ozellik Tipik Deger Birim
Yogunluk 2,73 g/ml
Sertlik 1 -
Refractive index 1,6 -
En biiyiik tane (44 p elek) 23,7 i
Ort. tane biiyiik (44 p elek) 4,52 n
2 palt1 (44 p elek) % 38 -
Beyazlik % 93 min.
Nem % 0,4 max.
Dokme yogunlugu 0,4 g/ml
pH 8,2 -
Yag emmesi 42 ml/g

Ceviz Kabugu: Ozgill agirhg 1,0-1,2 g/em® olan
ceviz kabuklari Marasl8 cinsi (Kahramanmaras,
Caglayancerit) cevizlerden elde edilmistir. Yap1
itibariyle, digta odunsu sert bir kabuk ve icte bariyer
seklinde iki bolimden olusan ceviz kabugunun dig
katmani i¢ bariyere gore daha yumusaktir. Neme ve
suya kars1 olduk¢a duyarl bir yapidadir. Mohs sertlik
skalasina gore 2,5-3,5 sertlik degerinde olan ceviz
kabuklar1 ¢aki ve igneyle g¢izilenler sinifinda yer
almaktadir. Ceviz kabugunun odunsu yapisini
olusturan ve yapinin dayanikli olmasini saglayan
lignin  kimyasal bilesimde 9%50,3 oraninda
bulunmaktadir. Seliilloz, ligninden sonra %23,9
oranda yapida en ¢ok bulunan ikinci malzemedir.
Seliiloz ve lignine ek olarak yapida %22,4 oraninda
hemiseliiloz ve %3,4 oraninda da diger bilesenler yer
almaktadir. Calismada karigim esnasinda
topaklagmay1 arttirdigi igin i¢ bariyer ve kabuk
kisimlar1 ayrilmig ve yalnizca digta bulunan odunsu
yap1 ogiitillerek numune hazirlamada kullanilmigtir.
Sekil 2’de ceviz ve cevizden elde edilen yan iiriinler

gosterilmisgtir.
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Sekil 2. Ceviz kabugu ve ceviz i¢inin gériiniimii*

Yontem

Ceviz Kabugunun Ogiitiilmesi ve Elenmesi

Kirma islemi i¢in sert kabuk kismi ve yumusak
bariyer kisimlari ayrilnmus olan Marag18 cinsi cevizler
Lavion HC-500Y Marka kirici/ogiitlicii degirmen
tarafindan  ogitiildi. Sekil 3’te kirici/ogiitiicii
degirmene ceviz kabuklarinin 6giitiilmek {izere
konulmas: ve ogiitiildiikten sonraki goriintiileri
gosterilmigtir.



Sekil 3. Ceviz kabuklarimnin kiric1/6giitlicii degirmene
konulmasi ve 6giitiilme sonrasi elde edilen toz ceviz
kabuklar1

Ceviz kabuklar1 toz haline getirildikten sonra, titresimli
elek makinesi ile eleme islemine tabii tutuldu (Sekil 3)
ve Tablo 4’te verildigi gibi farkli boyutlarda ceviz
kabuklar1 eleme makinesi ile ayrildi.

E . EaE
Sekil 4. Ceviz kabuklarmin titresimli elek makinesine
konulmasi ve eleme islemi sonrasi elde edilen farkli
tane boyutundaki toz ceviz kabuklar1 goriintiisii

Tablo 4. Eleme sonrasi elde edilen ceviz kabugu
tozlarmin boyutsal siniflandirmasi

No | Mesh ol¢iileri Mikron él¢iisii_ | % Oran
1 10 Mesh ve iizeri 2000 p ve tizeri 0.87
2 10-16 Mesh arast 1190 p—2000 p 43.79
3 16-35 Mesh arast 500 u—1190 22.19
4 35-60 Mesh aras1 250 p—500 p 10.77
5 60-120 Mesh arasi 125 p—250 p 7.46
6 120-230 Mesh arast 63 u—125p 13.56
7 230-325 Mesh aras1 44pn-63p 0.89
8 325 Mesh ve tizeri 44 p ve alt1 0.47

Hibrit kompozit eldesinde, literatiirdeki g¢alismalara
benzer sekilde 35-60 Mesh tanecik boyutuna sahip
ceviz kabuklari etiivde 100 °C de 1 saat kurutulduktan
sonra kullanild1 (Sekil 5).

Sekil 5. 35-60 Mesh tanecik boyutuna ceviz kabugu
tozlarinin etiivde kurutulmasi

Ceviz Kabugu Dolgulu Epoksi Kompozitlerin
Uretimi

Ceviz kabugu, epoksi ve sertlestirici Tablo 5’te
verilen agirlikca karigim oranlarina uygun bir sekilde
terazide tartildi. Epoksi ve sertlestirici 2/1 oraninda
kullanildi. Her bir orandaki karisim silikon kaliplara
dokiildii ve kiirlesmeye birakildi. Sekil 6’da kaliptan
¢ikarilan numunelerin goriintiisii verilmistir.

Tablo 5. Calismada kullanilan karisim oranlari

Kod Epoksi | Sertlestirici CK
(%) (%) (%)
ECK10 60,00 30,00 10
ECK20 53,40 26,60 20
ECK30 46,67 23,33 30
ECK40 40,00 20,00 40

METES | ’J."';.;'h.. ;'I--‘x ‘
Sekil 6. Kaliplardan ¢ikarilan ceviz kabugu dolgulu
epoksi numunelerinin resimleri



Talk Dolgulu Epoksi Kompozitlerin Uretimi

Talk dolgulu epoksi kompozitlerin {iretilmesi i¢in de
ayni prosediir takip edildi. Karisimda yer alan talk,
epoksi ve sertlestirici Tablo 6’da belirtildigi oranlarda
hazirlandi. Karisim daha 6nceden hazirlanan silikon
kaliplara dokiildi ve kiirlesmeye birakildi. Sekil 7°de
kaliptan ¢ikarilan talk dolgulu epoksi numuneleri
gosterilmistir.

Tablo 6. Calismada kullanilan karisim oranlari

Kod Epoksi | Sertlestirici Talk
(%) (%) (%)
Etalk10 60,00 30,00 10
Etalk20 53,40 26,60 20
Etalk30 46,67 23,33 30
Etalk40 40,00 20,00 40

Sekil 7. Kaliplardan ¢ikarilan talk dolgulu epoksi
numunelerinin resimleri

FT-IR karakterizasyonu

FTIR testleri Perkin Elmer Spectrum 100 FT-IR model
cihazda ASTM D6348 standardina goére yapilmustir.
Farkli oranlarda ceviz kabugu takviyesi igeren epoksi
kompozitleri ile talk takviyeli epoksi kompozitlerinin
kimyasal yapilar1 Fourier transform kizilotesi (FTIR)
spektroskopisi ile 4000 cm™ ile 400 cm™! dalga sayisi
araliginda yapilarin fonksiyonel gruplarina ait piklerin
tanimlanmasi ile aydinlatilmustir.

SONUCLAR VE TARTISMA

Ceviz kabuklarinin sert ve yumusak kisimlar
birbirinden ayrilarak kirici 6giitiicti degirmende basarili
bir sekilde ogiitildi. Ceviz kabuklarinin yumusak ve
sert kisimlarmim birbirinden ayrilmasimin, epoksi
dokiim esnasinda (karistirma ve kaliba dokiim)
yumusak kisimlardan kaynakli olan topaklagmayi
onledigi goriildi. Eleme iglemiyle esit boyutlardaki
ceviz kabugu partikiillerinin kullanilmasi daha homojen
bir karisim olmasmi sagladi. Sekil 8’de ECK40
kompozitlerinin homojen olarak karistigi ¢ekme testleri
i¢in hazirlanan 6rneklerden goriilmektedir.
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Sekil 8. ECK 40 numunelerinin yakindan goriiniimii

Talk dolgusu igeren epoksi kompozitleri i¢in epoksi
tartimn aindiktan sonra iizerinde istenen oranda talk
dolgusu eklendi (Sekil 9a). Sekil 9 b’de gosterildigi
gibi 2:1 epoksi oraninda sertlestirici eklendi. Iyice
karistirildiktan sonra Sekil 9c’de goriildigi gibi
silikon kaliplara dokiildii ve kiirlesmeye birakildi.

Sekil 9. Etalk 40 numunelerinin hazirlanmasi
asamalari. a) talk’in epoksiye eklenmesi. b)
Sertlestiricinin regineye eklenmesi. ¢) Hazirlanan
Etalk 40’1 kaliplara dokiilmesi.



FT-IR Analiz Sonuclar1

Sekil 10°da gosterilen saf ceviz kabugunun FTIR
spektrumunda 3350, 2930, 1740, 1596, 1507, 1423,
1373 ve 1240 cm’!' dalga sayilarinda sirasiyla
karakteristik O-H gerilmesi, alifatik C-H gerilmesi,
hemiselilloz ve pektine ait karboksilik gruplarin
karbonil C=0O gerilmesi, aromatik C=C gerilmesi,
alifatik gruplarin C-H gerilmesi, C-H aromatik halka
titresimi ve lignin igindeki asetil gruplarinin C-O
gerilmesi goriilmektedir.

Transmittance (%)

4000 3000 2000 1000

Wavenumber (cm™)

Sekil 10. Saf ceviz kabuklarinin FTIR spektrumu

Epoksi reginesi ve ceviz kabugu ile modifiye edilmis
epoksi kompozitlerinin FT-IR spektrumlar1 Sekil 11'de
gosterilmektedir. 3341 ve 3300 cm™! arasinda gdzlenen
genis bantlar O-H gerilmesine aittir. 2923 ve 2853 cm
Pdeki pikler -CH> ve -CH3 gruplarinin simetrik ve
asimetrik C-H gerilmesine karsilik gelir. 1607, 1508,
1455 ve 1457 cm’''deki pikler aromatik C=C
gerilmesine aittir. Epokside gozlenmeyen, ECK40 ‘ta
1738 cm''de gdzlemlenen tepe noktasi, ceviz
kabugunun igindeki hemiseliiloz ve pektinlere ait ester
karbonil grubunun C=0 gerilme titresimine aittir. 1236
ve 1244 cm’deki pikler asimetrik aromatik C-O
esnemesine karsihk gelir. 1031 ve 1035 cm™’deki
pikler simetrik aromatik C-O esnemesine karsilik gelir.
826 cm’deki pikler diizlem dis1 aromatik —CH
deformasyonuna karsilik gelir. Ozetle, saf epoksi ve
%40 ceviz kabugu dolgulu epoksinin FTIR
spektrumlar1 ayn1 tepe noktalar1 gdstererek benzer
davranig gostermistir.

ECK40

Transmittance (%)

4000 3000 2000 1000

‘Wavenumber (cm™)

Sekil 11. Saf epoksi ile ECK40’1n kargilagtirmali FTIR
spektrumlari

Talkta bulunan mineralleri ve fonksiyonel gruplari
analiz etmek i¢in de FTIR spektrumu kullanildi. Sekil
12°deki talk’in FTIR spektrumunda 3676 cm'deki
pikler Si (Si-OH), Fe (Fe-OH) ve Mg (Mg-OH) ile
baglantili hidroksil gruplarinin titresimlerine atfedilir.
983 cm’! civarinda gozlenen giiclii bant, talkin Si-O-
Si gruplarmin diizlem dis1 simetrik gerilmesidir. 667
cm!'de bir baska keskin absorpsiyon, talk yapisindaki
Si-O-Mg'nin germe titresiminden kaynaklanmaktadir.
1435 cm™ (giiclii), 875 cm™ (omuz) ve 728 cm™
(zayif) olarak goriinen 3 bant, kalsitin karakteristik
COs titresimine denk gelmektedir.
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Sekil 12. Talk’in FTIR spektrumu

Epoksi reginesi ve talk dolgusu igceren epoksi
kompozitlerinin FT-IR spektrumlar1 Sekil 13'de
verilmigtir. ~ Sekil 11°de  epoksi  reginesinin
karakteristik pikleri detayli olarak anlatilmisti. Talk
iceren epoksi kompozitlerin FTIR spektrumu
incelendiginde epoksi reginesine ait piklerin yaninda
talk’a ait karakteristik piklerin de goriilmesi yapidaki
talk igerigini dogrulamaktadir.
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Sekil 13. Saf epoksi ile Etalk40’1n karsilagtirmali
FTIR spektrumlar1



GENEL SONUCLAR

Bu caligmada; ceviz kabuklari toz haline getirilerek
eleme makinesi yardimiyla farkli boyutlarda
smiflandirildi. Talk ve ceviz kabugu katkili epoksi
polimer kompozitler homojen olarak basarili bir sekilde
hazirlandi. Bu c¢alismadan elde edilen genel sonuglar
asagidaki gibi listelenebilir:

1. Ceviz kabuklarinin yumusak olan i¢ kisimlarinin
6glitme esnasinda ayrilmasinin  topaklagmay1
engelledigi ve daha homojen bir karigim sagladigi
tespit edildi.

2. Ceviz kabuklar1 ve talk, epoksi polimer
kompozitlerin hazirlanmasinda dolgu malzemesi
olarak  kullanilabilmektedir. ~ Ancak  karisim
esnasinda ve sonrasinda kalipta kiirlesmeye
brrakildiginda asir1  gaz  olusumuna  sebep
olmaktadir. Vakum ortaminda bekletilmesinin gaz
olusumunu  Onleyecegi ya da  azaltacagi
diisiiniilmektedir.

3. Epoksi, talk, karbon siyahi, karbon elyaf, metal
tozlar1 (bakir, aliiminyum vb.) gibi farkli inorganik
katki maddeleri ve ceviz kabugu bir arada
kullanilarak yiiksek 1s11 ve mekanik o&zelliklere
sahip hibrit kompozitlerin iretilebilir oldugu
goriildii. Toz tane boyutu ve dolgu oraninin hibrid
kompozitlerin hazirlanmasinda onemli bir etken
olacag1 ve gozlemlendi.

4. Epoksi kompozitlerin iiretiminde en &nemli
problemlerden biri, ceviz kabuklarinin nemli olmasi
(kurutulmamasi) buna bagli olarak ceviz kabugu
tozlarinin topaklanarak dokiim esnasinda kalipta bir
noktada toplanmasi (homojen bir karisim
olusturmamasi) ve  kompozitlerin  mekanik
Ozelliklerini degistirmesidir. Bunun dnlenmesi i¢in
ceviz kabuklar1 muhakkak kurutulmali ve nemden
arindirilmalidir.

5. FT-IR analizi ile saf ceviz kabugu ve talk’in
karakteristik pikleri tanimlandiktan sonra epoksi ve
epoksitceviz kabugu ile epoksi, epoksittalk
kompozitlerinin karsilastirmali FT-IR spektrumlari,
bag olusumlar1 incelendi.

SONRAKI CALISMALAR iCiN ONERILER
Sonraki dénem igerisinde, epoksi, ceviz kabugu, talk ve
ceviz kabugu+talk katkili eposki kompozitlerin polimer
dokiim yontemiyle hazirlanmast ve numunelerin
mekanik ve 1s1l testlerinin yapilmasi (Cekme testi, egme
testi, izod darbe testi, sertlik 6l¢iimii, DSC, HDT, TGA
vb.) planlanmaktadir. Ayrica darbe testi kirik ylizeyden
SEM’de mikro yap1 goriintiilemeleri yapilarak yapi
icerisindeki dagilimlarin ve kirilma mekanizmasinin
incelenmesi hedeflenmektedir.

88

TESEKKUR/BILGILENDIRME/FON
KAYNAGI

Yazarlar 2021/YL/0014 nolu, “Ceviz Kabugu
Dolgulu Epoksi Hibrit Kompozit Malzemelerin
Mekanik Davranislarinin Incelenmesi” isimli proje ile
calismaya verdigi destek nedeniyle Yalova
Universitesi Bilimsel Arastirma Projeleri
Koordinasyon Birimi’ne tesekkiir eder.

KAYNAKLAR

[1] Shejkar, S. K., Agrawal, A., Agrawal, B. (2020).
“Walnut shell particulates as filler material in
polymeric matrix: A review”, International Journal of
Engineering Research in Current Trends, 2 (3), 41-43.
[2] Orue, A., Eceiza, A. and Arbelaiz, A. (2020).
“The use of alkali treated walnut shells as filler in
plasticized poly(lactic acid) matrix composites”,
Industrial Crops and Products, 145, 111993.

[3] Alizada, A. (2020). “Alkali ve gesitli asitlerle
modifiye ceviz kabugu atigmin fenolik epoksi
re¢inede dolgu olarak kullanimi1”, Yiiksek Lisans
Tezi, Selguk Universitesi Fen Bilimleri Enstitiisii,
Konya, Tiirkiye.

[4] Cakir Yigit, N., Karagdz, I. (2021). “Ceviz
Kabugu Esasli Polilaktik Asit (PLA) Kompozit
Filamentlerin Hazirlanmasi ve Karakterizasyonu”, 9.
Uluslararas1  Lif ve  Polimer  Arastirmalar
Sempozyumu, 19-20 Kasim, Usak, Tiirkiye, 51-58.
[5] Czionka, S., Strakowska, A. and Kairyté, A.
(2020). “Effect of walnut shells and silanized walnut
shells on the mechanical and thermal properties of
rigid polyurethane foams”, Polymer Testing, 87,
106534.

[6] Cengiz, O., Karagdz, 1., Demirel, H. (2021).
“Findik Kabugu ve Talk Dolgulu Polipropilen
Kompozitlerin Mekanik ve Isil  Ozelliklerinin
Lif ve Polimer

152-159. 18-19

Incelenmesi.” 8. Uluslararast

Sempozyumu. ss.
Haziran, Eskisehir, Tiirkiye.

[7] Onat, A., Pazarlioglu, S. S., Sancak, E., Ersoy, S.,
Beyit, A., Erdem, R. (2013). “Thermal and
mechanical properties of walnut shell and glass fiber
reinforced thermoset polyester composites”, Asian
Journal of Chemistry, 25 (4), 1947-1952.

[8] Nitin, S., Singh V.K. (2013). “Mechanical
behavior of walnut reinforced composite”, Journal of
Materials and Environmental Science, 4 (2), 233-238.
[9] Singh, V.K. (2015). “Mechanical behavior of
walnut (Juglans L) shell particles reinforced
bio-composite”, Science and Engineering of
Composite Materials, 22 (4), 383-390.

[10] Yoney H., Yiikseloglu S. M. ve Demirer H.
(2008). “Keten lif takviyesinin vinilester matrisli
kompozitlerin darbe mukavameti {izerindeki etkisinin
incelenmesi”, 2. Ulusal Polimer Bilim ve Teknoloji

Arastirmalari



Kongresi ve Sergisi, 30 Nisan- 02 Mayis, Sanliurfa,
Tirkiye.

[11] Sagbas, A., Kahraman, F. ve Koyuncu, M. (2009).
“Keten lifleri ile takviye edilmis polyester esash
kompozit malzemelerin mekanik  6zelliklerinin
arastirilmasi”, Cukurova Universitesi Miihendislik
Mimarlik Fakiiltesi Dergisi, 24, 185-192.

[12] Boriaa, S., Pavlovicb, A., Fragassab, C., Santullic
C. (2016). “Modeling of falling weight impact behavior
of hybrid basalt/flax vinylester composites”, Prodecia
Engineering, 167, 223-230.

[13] Huo, S., Thapa, A., Ulven, C. (2013). “Effect of
surface treatments on interfacial properties of flax fiber
reinforced composites”, Adv Compos. Mater., 22, 109-
121.

[14] Ramnath, V., Manickavasagam, B., Elanchezhian,
V. M. C., Krishna, V., Karthik, C., Saravanan, K.
(2014). “Determination of mechanical properties of
intra-layer abaca-jute-glass fiber reinforced
composite”, Materials and Design, 60, 643-652.

[15] Zhang, Y., Li, Y., Ma, H. ve Yu, T. (2013).
“Tensile and mterfacial properties of unidirectional
flax/glass fiber reinforced hybrid composites”,
Composites Science and Technology, 88, 172-177.
[16] Croccolo, D., De Agostinis, M., Fini, S., Liverani,
A., Marinelli, N., Nisini, E. (2015). “Mechanical
characteristics of two environmentally friendly resins
reinforced with flax fibers”. Strojniski Vestnik - Journal
of Mechanical Engineering, 61, 217-226.

[17] Muralidhar, B., Giridev, V., Raghunathan, K.
(2012). “Flexural and impact properties of flax
woven, knitted and sequentially stacked knitted/woven
preform reinforced epoxy composites”, Journal of
Reinforced Plastics and Composites, 31, 379-388.

[18] Sapuan, S.M., Leenie, A., Harimi, M., Beng, Y.K.
(2006). “Mechanical properties of woven banana fibre
reinforced epoxy composites”, Materials & Design, 27,
689-693.

[19] Usta, I., Akalin, M., Kogak, D., Merdan, N. (2003).
“Farkl1 oranlardaki pamuk atiklar ile desteklenmis PP
polimerinin olusturdugu kompozit yapinin mekanik ve
akis ozelliklerinin incelenmesi”, G.U. Fen Bilimleri
Dergisi, 16, 405-410.

[20] Manikandan, K.C., Diwan, S.M., Thomas, S.
(1996). “Tensile properties of short sisal fiber
reinforced polystyrene composites”, Journal of Applied
Polymer Science, 60, 1483-1497.

[21] Kaya, N. (2017). “Findik ve ¢eltik kabuklar ve
odun talasi ile takviye edilmis termoset kompozitlerde
regine tirlinliin fiziksel Ozelliklere etkisi”, Afyon
Kocatepe University Journal of Science and
Engineering, 17, 1076-1087.

[22] Venkatesh, B. (2015). “Fabrication and testing of
coconut shell powder reinforced epoxy composites”,
International Journal of Advance Engineering and
Research Development, 2 (2), 89-95.

89

[23] Gairola, S., Gairola, S., Sharma, H., & Rakesh,
P. K. (2019). “Impact behavior of pine needle
fiber/pistachio shell filler based epoxy composite”,
In Journal of Physics: Conference Series (Vol. 1240,
No. 1, p. 012096). IOP Publishing.

[24] Salasinska, K., Barczewski, M., Gorny, R.,
Klozinski, A. (2018). “Evaluation of highly filled
epoxy composites modified with walnut shell waste
filler”, Polymer Bulletin, 75, 2511-2528.

[25] Barczewski, M., Satasinska, K. and Szulc, J.
(2019). “Application of sunflower husk, hazelnut
shell and walnut shell as waste agricultural fillers for
epoxy-based composites: A study into mechanical
behavior related to structural and rheological
properties”, Polymer Testing, 75, 1-11.

[26] Isam Bakr Albaker, R., Kocaman, S., Marti, M.
E., Ahmetli G. (2021). “Application of various
carboxylic acids modified walnut shell waste as
natural filler for epoxy-based composites”, J Appl
Polym Sci., 138 (31), 50770.

ADIBELLI, Uzeyir (0000-0001-7184-7354)
MUTLU, Derya (0000-0001-9188-7847)
CAKIR YIGIT, Nese (0000-0002-4714-4488)
KARAGOZ, idris (0000-0002-2644-8511)



Ram Ekstriizyon Yontemiyle Genisletilmis

Polytetrafluoroethylene (E-PTFE) Cubuk Uretimi

YILMAZ, Galip', USLU, Emin!
"Bayburt Universitesi Teknik Bilimler Meslek Yiiksekokulu
galipyilmaz@bayburt.edu.tr

YILMAZ, Galip (0000-0001-8128-3193)
USLU, Emin (0000-0003-3538-6022)

OZET

Bu ¢aligmada diisiik partikiil boyutlu ve diisiik molekiil
agirliklt bir Polytetrafluoroethylene (PTFE) tiiriinlin
ram (pistonlu) ekstriizyon yontemi ile iglenebilirligi
incelenmigtir. Calisma kapsaminda laboratuvar 6lgekli
bir ram ekstriizyon prototipi tasarlanmis ve iiretilmistir.
Ana parametrelerden olan sikistirma oram disiik
tutulmus ve akis kolaylastirici sivi olarak yiiksek
oranda (%22) saf Etanol kullanilmistir. Bunlarin
neticesinde diisiik basing ile cubuklar kolaylikla
tiretilebilmigtir. Fakat diigilk basincin bir yan etkisi
gozlenmistir. Ekstriizyondan elde edilen g¢ubuklar
kolaylikla kirilan, diisitk mukavemetli bir formda elde
edilebilmistir. Bu nedenle genisletilme islemleri igin
gerekli {iretim parametrelerinin neler olabilecegi
tartisilmustir.

AMACLAR

Bu ¢aligmanin amaci diisiik molekiil agirlikli ve diisiik
partikiil boyutlu bir PTFE tiiriiniin ram ekstriizyonda
nasil davrandigini ve ne sartlarda kaliteli ¢iktilar
verdigini arastirmaktir. Bu kapsamda literatiir baz
alinarak bir laboratuvar tipi ram ekstriizyon iiretilmis ve
malzeme davranisi incelenmistir.

GiRiS

Klasiklesen ticari ismi Teflon olarak da bilinen PTFE
polimeri giinlimiizde sanayiden medikal uygulamalara,
savunma alanindan, uzay alanina kadar birgok alanda
karsimiza c¢ikan bir ileri miihendislik malzemesidir.
Kendi kimyasal yapist geregi polimer zincirinde
Fluorine (F) atomu igermektedir. Bu atomun hidrojen
atomuna gore ¢ok biiylik bir hacme ve ¢ok daha giiglii
karbon bagina sahip olmasi PTFE malzemesinin
karakteristik dzelliklerini ortaya ¢cikarmaktadir'. Bunlar
arasinda, cok disiik siirtiinme katsayis1 ve diger
polimerlere gore ¢ok yiiksek termal dayanim on plana
¢ikmaktadir?. Gene polimer zincir yapisindan dolay1 ya
kendi etrafinda donebilen ve “entanglement” denilen
yani polimer zincirlerinin interfiizyon ile birbirlerine
adeta dolanmasi davranisini ¢ok az sergiledigin den
dolayr  kristal yapist  ¢ok  0Ozel davramglar
sergilemektedir. Bunlardan en ilginci 19 °C derecenin
tizerinde iken kristal hatt1 gecisine sahip olmasidir.
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Bu nedenle kristal icindeki ¢ok aktif molekiiler
hareket 327 °C erime noktasmin ¢ok altinda bile
gozlenmektedir’.

Onemli hususlardan bir tanesi ince toz halindeki
PTFE polimerininin fibrilasyon sorunu denilen
durumdur. Fibrilasyon malzemenin yapisini kalici
olarak etkileyen bir sorundur. PTFE dogasi geregi 19
°C degerinin altinda fibrilasyon yapmaz. Bu nedenle
bu derecenin altinda depolanmali ve islenme anina
kadar miimkiinse soguk tutulmalidir. Fibrilasyon
malzemenin akis 6zelliklerini azaltan ve yapisinda
kalic1 deformasyonlar olusturan bir sorundur®.
Genigletilmis  Teflon (E-PTFE) toz haldeki
hammaddeye sekil wverilerek elde edilen bir
geometriye ani bir deformasyon uygulama yontemi
ile elde edilmektedir. E-PTFE’nin sayisiz kullanim
alanlar1 vardir. Bunlardan en ilginci siiphesiz yapay
kalp damarlaridir. Diger bir yaygmn kullanim ise
Tekstil sektoriinde su itici fakat hava alabilen
kumaglar olarak goriilmektedir!. Bir diger uygulama
ornegi ise sanayide sizdirmazlik elemani olarak
kullanimidir. Kaliteli bir E-PTFE {iretebilmek i¢in ilk
once malzemenin fibrilasyon deformasyonuna
ugramamis olmasi gerekmektedir. Bir diger kriter de
ekstriizyon prosesinin dikkatli ve sistematik bir
sekilde gerceklestirilmesidir®.

DENEYSEL

Malzeme

PolisSRL sirketinin tirettigi PMX 02 iiriin numarali,
akict olmayan tip, saf PTFE toz malzemesi bu
calismada kullanilmistir. Kullanimdan 6nce malzeme
17 °C derecelik soguk depoda tutulmustur.

Yontem

Laboratuvar tipi bir ram ekstriider talaghi imalat
yontemleri ile bu calisma kapsaminda iiretilmistir.
Kovan malzemesi bir paslanmaz ¢elikten, karmasik
geometrideki konik silindir aliiminyum malzemeden,
aginmaya dayanikli oldugundan piston ve itici blok
icin piringten bir malzeme kullanilmigtir. Polimerle
temas halindeki biitiin yiizeyler parlatilmistir. Sekil
I’de iretilen ram ekstriiderin  bir modeli
goriilmektedir.  Ayrica  Sekil 2’de  {iretimi
tamamlanmis gercek pargalarinda resmi goriilebilir.



itici blok ——

Piston ——

Kovan ——

Tipa —

Konik silindir ——

Sekil 1. Uretilen ram ekstriiderin bir modeli, yukaridan
asagtya kullanim yerlerine gore dizilmistir.

Ekstriider i¢inde kullanilan malzeme karigimini
hazirlama prosediirii soyledir. 17 °C’de depolanan
PTFE toz malzemesi genisge bir cam kavanoza
aktarildiktan sonra, agirlikga %22 oraninda saf etanol
tlizerine eklenmistir. Ardindan bu karisim doner mikser
iizerinde gene soguk ortamda 30 dakika boyunca 10
rpm dénme hizinda karigtirmistir. Ardindan karisim 2
saat kadar bir siire oda sicakliginda bekletilmistir.

Sekil 2. Uretilen pargalarin gercek resimleri. Not:
Kovan disinda bir aliiminyum silindir (en sagda) 1s1
tutucu olmasi ve kovani sabitlemesi amaciyla sonradan

eklenmistir.

Yeterince bekletilmis karisim ekstriiderin  kovanina
yavas¢a doldurulup her 1 cm dolumda karisim manuel
olarak sikistirtlmigtir. Yaklagik 50 gram malzeme
kovana aktarildiktan sonra oda sicakligi 30 °C olan
laboratuvarda yaklasik 1 saat kadar bekletilmistir.
Ardindan yaklasik 0.5 MPa bir 6n yiik verilerek karigim
sikistirtlmigtir.  Daha sonra kovanin igerisindeki
sikistirma aparati ¢ikarilip sadece piston birakilmustir.
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Ektriider sabit hizda 10 mm/dk calistirilip ¢ikan
numuneler el ile toplanmustir.

Tablo 1. Deneysel parametreler

Deger | Birim

Depolama sicakligi 17 °C
Karigtirma sicakligi 17 °C
Etanol miktar1 22 %
Karigtirma siiresi 30 dk
Karigtirma hizi 10 pm
Bekletme siiresi 120 dk
Ekstriizyon hizi 10 mm/dk
Ekstriizyon sicakligt 30 °C
Kalip ¢ikis ¢cap1 6 mm
Kalip kanal uzunlugu 18 mm

DENEYSEL SONUCLAR/TARTISMA
Ekstriizyon sonucunda mekanik test makinesi
vasitastyla elde edilen piston basing ve piston konum
grafigi Sekil 3'te gosterilmistir. Malzeme igerisindeki
hava bosluklarinin sikismast ve malzemenin konik
yapida git gide daralan bir alana dolmasindan dolay1
hizli bir basing artig1 prosesin baginda gézlenmistir.
Bir doyum noktasina ulasildiktan sonra yaklagik 45
mm’den itibaren basincin 1.3 MPa gibi bir degerde
sabit kaldig1 goriilmektedir. Basing grafigindeki
dalgalanmalar malzeme igerisindeki rastgele sikismis
hava kabarciklarina isaret etmektedir. Bu nedenle
kovan  i¢ine malzeme dolumu  dikkatlice
gerceklestirilmeli ve hava kabarciklart olusumu
olabildigince engellenmelidir.

Beklendigi iizere basincin azami noktast normal
degerlerden ¢ok diisiik oldugu gozlenmistir. Diisiik
olmasi malzeme igerisinde normalden fazla akisi
kolaylagtirici etanol oldugu ve bir miktarda hava
kabarciklar1 kaldigi anlamma gelmektedir. Ayrica
unutulmamalidir ki kalip ¢ikis kanali kisa ve gap1
genis tutulmustur. Buradaki ama¢ malzemenin diisiik
basinglarda tiretilmesini saglamaktadir. Ciinkii birgok
proseste oldugu gibi yiiksek basing maliyetleri
artirdigindan ve iretimin giivenilirligini
diistirdiigiinden istenmeyen bir durumdur.

Sekil 4'te ekstriizyon isleminden sonra kaliptan
¢ikarilan kolik yapi ve iretilen bazi gubuklar
goriinmektedir. Cubuklarin diizensiz ve kolayca
kirilabilir bir yapida olmast diisik basincin iiriin
kalitesini olumsuz etkiledigi goriilmektedir. Burada
diisiik basingla kaliteli ¢ubuk iiretiminin yollarinin
arastirillmasi gerekmektedir. Yeterli uzunlukta ve
saglamlikta cubuk elde edilemediginden dolay1
Teflon genisletme islemine gegilememistir. Daha
kaliteli numunelerin iiretilmesi i¢in sonraki donem
calismalar1 gerekmektedir.
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Sekil 4. Ekstyondan sonra kaliptan ¢ikarilan konik
yap1 ve lretilen bazi cubuklar

SONRAKI CALISMALAR iCiN ONERILER
Sonraki donem ¢aligmalar1 olarak oOncelikle akisi
kolaylastiric1 gorevindeki etanoliin degisik ylizdelerde
ekstriizyon prosesine etkisi ¢calisilmalidir. Ayrica ¢ikisg
kalib1 geometrisi farkli eklentiler ile degistirilerek bu
kritik geometrinin ekstriizyon islemine ve ¢ikan
¢ubuklara etkisi incelenmelidir. Burada en onemli
parametre ¢ikis kanal ¢apinin boyuna oranidir. Bu oran
hali hazirdaki kalipta ¢ok 3.0 gibi oldukg¢a kiigiik
tutulmugtur. Bu degerin 20.0 gibi oranlara kadar
c¢ikmasinin buradaki PTFE tipinin kendine 0&zgii
ekstriizyon karakteristigini nasil etkileyecegi ve basing
degeri lizerine etkisi ¢alisilmalidir.
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Etkisi
OZKAN, Sena, AKYILDIZ, Halil 1.

Bursa Uludag Universitesi, Tekstil Miihendisligi Boliimii, Goriikle Kampiisii, 16059, Niliifer,

BURSA
halilakyildiz@uludag.edu.tr

OZKAN, Sena (0000-0001-7507-6374)
AKYILDIZ, Halil I. (0000-0002-8727-5829)

OZET

Fotokataliz mekanizmasi i¢in onerilen uygulama alanlarindan birisi de atik sularda bulunan organik kirleticilerin
radikal tiirler ile oksidasyon veya indirgenmesi yoluyla zararsiz veya daha az zararli hale getirilmesidir.!?
Fotokatalitik etkinligin artmasinda en 6nemli parametrelerden biri de katalizor yiizey alanimin fazlaligidir. Bu
nedenle yapilan galigmalarda 6zellikle nano boyutta pargacik malzemelerin kullanilmasi ¢ok yaygin olup bu
yaklagimin temel problemi pargaciklarin islem sonrasinda sudan uzaklastirilmasidir. Bu sorunun iistesinden
gelinmesi i¢in katalizor malzemelerin immobilize edilmesi yaklagimi tercih edilebilmektedir. Diizlemsel
yiizeylerde yapilacak immobilizasyon islemi ile yeteri kadar katalizor yiiklemesi yapilamayacagindan tekstil
yapilar1 gibi daha yiiksek ylizey alana sahip malzemeler tercih edilebilir. Bu c¢alismada ALD ydntemini
kullanilarak yiiksek yiizey alanina sahip alttag malzemede farkli kompozisyonlara sahip filmler olusturarak, farkl
katki oranlarinin ve tavlamanin fotokatalitik aktivite {izerindeki etkinlikleri belirlenmistir.

TESEKKUR/BILGILENDIRME/FON KAYNAGI
Bu ¢aligma TUBITAK tarafindan desteklenen 118M617 ve 218M275 numarali projeler ve ayrica Bursa Uludag
Universitesi Bilimsel Arastirma Projeleri Birimi tarafindan desteklenen OUAP(MH)-2018/7 ve TDAP(MH)-

2019/2 numarali projeler sayesinde gergeklestirilmistir.
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Diiz 6rme teknigiyle uiretilmis ¢ok kullanimhik 3 boyutlu

corona maskeleri
UNAL, Ahmet, BETZ, Daniel, WAGNER Marlen

Reutlingen Universitesi, Tekstil Mithendisligi Boliimii
ahmet.uenal@reutlingen-university.de

OZET:

2019 sonu ortaya ¢ikan ve ¢ok kisa siirede biitiin iilkelere yayilan corona salgini, biitiin insanlik i¢in ¢ok biiylik bir
problem haline gelmistir. Tiim iilkeler vatandaglarini bu salgindan korumak amaciyla, insanlar1 evlerine kapatmak da
dahil olmak iizere bir ¢ok 6nlem almak zorunda kalmislardir. Giiniimiizde Corona viriisiiniin yayilmasin engellemek
i¢in, hemen hemen tamami dokusuz yiizeylerden elde edilen tek kullanimlik maskeler kullanilmaktadir. Bu tiir
maskeler bir yandan corona viriisiiniin yayilmasini dnlerken diger taraftan da tek kez kullanilip atilmalarindan dolay1
¢evre problemlerinin artmasina sebeb olmuslardir. Hem corona viriisiiniin yayilmasini engellemek hem de bir¢cok kez
kullanilabilmelerini saglamak i¢in alternatif bir maske yapisina ihtiya¢ duyulmaktadir. Bu alternatif maske iiretme
yontemlerinden biri de diiz 6rme teknigidir ve bu caligmada Reutlingen Universitesi 6rme labaratuvarlarinda
gelistirilen ¢ok kullanimli bir maske yapisi, iplik se¢iminden makinada iiretilmesine kadar tiim {iretim asamalariyla
anlatilmistir.
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Plant assisted green synthesis of metal oxides
Mohammad Mansoob Khan

Chemical Sciences, Faculty of Science, Universiti Brunei Darussalam, Jalan Tungku Link,
Gadong, BE 1410, Brunei Darussalam.
*Email: mmansoobkhan@yahoo.com and mansoob.khan@ubd.edu.bn

Abstract

Fabrication of semiconductors, mainly metal oxides, depends largely on methods that involved toxic
chemicals and harsh reaction conditions which have been identified as the foremost drawbacks and
potential threats to health, environment, plants, animals, and its usage. Instead, green synthesis has
gained popularity as it is eco-friendly, cost-effective, and generates minimal waste. This talk focuses
on the phytogenic green synthesis of selected metal oxides, such as ZnO, SnO2, CeO2, doped-ZnO,
doped-SnOz2, doped-CeO2, etc., using various aqueous plant extract and different plant parts, as well as
evaluating their potential applications. This talk will also emphasize the effect of aqueous plant extracts
and other solvents on the size, morphology, and other properties, mainly optical properties, of the
synthesized metal oxides and doped-metal oxides. These synthesized nanomaterials have been mainly
used for photocatalysis-related applications such as dye degradation, wastewater treatment, artificial
wastewater treatment, chemicals synthesis, electrode materials, photoanodes, optoelectronic devices,
etc. The green synthesized nanomaterials using several aqueous plant extracts can further be used for
various visible-light-induced photocatalysis-related applications owing to their low band gap energy.
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Pad Batch Boyama Béliimiinde Ipligi Boyah Uriinlerde

Proses Optimizasyonu
ELIBUYUK ARAS, Sultan', COREKCIOGLU, Mustafa!, GELGEC, Esra',
TASAN KOPTUR, Perinur!, DEMIR, Ozlem', YILDIRIM, F. Filiz'
!0zanteks Tekstil San. ve Tic. A.S. Ar-Ge Merkezi
saras(@ozanteks.com.tr

OZET

Tekstil boya isletmelerinde ana giderler olan; yakat,
elektrik enerjisi, kimyasal maddeler ve sudur. Tekstil
boliimlerin arasinda terbiye igletmesinde ¢ok fazla su
kullanilmaktadir.  Bir  kilogram  tekstil  {iriinii
iretebilmek igin yaklagik olarak 95-400 litre suya
ihtiya¢ vardir. Su tiikenmekte olan en 6nemli dogal
kaynaklardandir. Bu sebeple isletmeler kullanilan su
miktarini azaltma ¢alismalar1 yapmaktadirlar. Ayrica,
tekstil terbiye igletmelerinde, boyarmaddelerle birlikte
atik su karakterini dnemli dlciide belirleyen ¢ok sayida
kimyasal madde kullanilmaktadir.  Firmamizin
benimsemis oldugu siirdiiriilebilir bir tiretim ¢ergevesi
icerisinde bu ¢aligmada, pad batch boyama bdliimiinde
ipligi boyali iiriinlerde yikama ve kurutma adimlar
optimize edilerek yeni proseler belirlenmis ve bu
optimizsayon sirasinda numunelere uygulanan testler
degerlendirilmistir.

AMACLAR

Hizla gelisen teknoloji ve artan diinya niifusu,
insanlarin yasam standartlarinda degisikliklere yol
agmaktadir. Ote yandan diinya enerji kaynaklar1 hizla
azalmakta iken, buna karsilik enerji ihtiyact siirekli
artmaktadir. Enerji cogu sektor i¢in oldugu gibi, tekstil
icin de temel gider kalemlerinden biridir. Tirkiye
ekonomisi i¢in, istihdam ve ihracat anlaminda 6nemli
bir yere sahip olan tekstil isletmeleri, gelisen rekabet
sartlarina uyum saglamak zorundadirlar. Bu yiizden de
giderlerini ve Ozellikle enerji maliyetlerini azaltmak
durumundadirlar.

Tekstil terbiye isletmelerinde, boyarmaddelerle birlikte
atik su karakterini dnemli dlciide belirleyen ¢ok sayida
kimyasal madde kullanilmaktadir. Bircogu gevresel
acgidan risk iceren bu maddeler, atik su ile birlikte bir
sorun olarak kargimiza ¢ikmaktadir. Tekstil sanayiinde
1 ton iiriine karsilik 200 m? ile 350 m? arasinda atik su
olusumu s6z konusudur. Bu c¢alismada, PadBatch
boliimiinde ipligi boyali havlularda yikama ve kurutma
asamasinda yapilan iiretim tasarruf optimizasyonu ile
kazanilan enerji, su ve kimyasal tasarruflar ortaya
konularak, edinilen kazanimlar degerlendirilmistir.
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GIiRiS

Canli yasami i¢in suyun Onemi tartisitlmaz bir
gercektir. Giinlimiizde niifusla birlikte artan ihtiyaca
karsilik iyi yonetilememesi, suyun énemini ¢ok daha
kritik bir noktaya tasimistir. Gegmiste kontrollii su
tilketimi s6z konusu bile degilken, bugiin control
mekanizmalar1 gittikce yogunlagtirilmak durumunda
kalmmistir. Su  kirliligi, su tasarrufu ve geri
doniistimil/ geri kazanimi giintimiiziin 6nemli ¢alisma
konulari arasina girmistir. (Aksay vd., 2005; Karadag,
2008; Gezer, A. ve Erdem, A. 2018).

Tiirkiye, su zengini sayilabilecek bir iilke degildir.
Gerekli Onlemler alinmadigi takdirde, ilerleyen
zamanlarda biiyiik bir su sikintis1 ile karsilasma
olasilig1 oldukga ytiksektir.

Sanayide, su tiiketimi yonii ile tekstil sektorii ilk
siralarda yer almaktadir (Alper, 2015). Tekstil kumasi
icin, uygulanan proseslere ve elyaf tiiriine bagh
olarak, ton {iriin bagina 20 m® ile 230 m? arasinda su
tiketilmektedir ~ (Kalayci,  2021).  Teknolojik
geligmeler ve niifus artisiyla birlikte siirekli bilyliyen
enerji ihtiyacina mukabil, kaynaklardaki azalma,
mevcut enerji kaynaklarin etkin kullanimini zorunlu
kilmigtir  (Kalayct vd., 2019; Enerji ve Tabii
Kaynaklar Bakanligi, 2018; Sen, 2007).

Endiistriyel tesislerdeki enerji sarfiyatinin dortte
birinin alic1 ortama salinan, 1s1 ve gaz kaynakli oldugu
ongoriilmektedir. Bu derece biiyiik bir kaybin uygun
teknolojilerle tekrar geri kazanimi, az sayilmayacak
ilk yatinm maliyetine ragmen, kisa siirede geri
doniisimii ve c¢evreyi koruyucu etkisi sebebiyle
endiistriyel tesislerde tercih edilmektedir (Selbas,
1992; Tokgdz ve Ozgiin, 2019). Kullanilan enerjinin
biiyiik ¢ogunlugu, kendini yenilemeyen esash
oldugundan, bu tasarruf kaginilmazdir (Gifford 2012;
Dursun ve dig., 2017; Kalayci ve Caglarer, 2021).
Diger taraftan maliyet kalemleri arasinda enerji ana
giderlerdendir. Bundan dolay1 isletmeler enerji
verimliligi c¢aligmalarim1 hizlandirmak durumunda
kalmiglardir.

Tekstil igletmelerinde kullanilan enerjinin ¢ok biiyiik
kismu elektrik enerjisidir. Tiirkiye’de tiiketilen toplam
enerjinin % 6-7 kadarlik bolimi tekstil sektoriine

aittir (Oztiirk, 2012; DPT, 2005; Kalayci, 2021).



Tekstil iiretiminde, toplam giderler i¢inde enerjiye
diigen pay % 6-14 arasindadir. Toplam sanayi iginde
tekstil sektdriiniin enerji tiikketim payr ise %7,2°dir.
Ozellikle bitim islemleri de denilen proses son
asamalarinda 1s1 enerji sarfiyati artmaktadir. En yiiksek
181 enerjisi tliketimi, % 75’lerdeki bir degerle tekstil
terbiye proseslerinde s6z konusudur (Enerjinin Etkin
Kullanimi ve Enerji Tasarrufu ile flgili Teknolojiler-Alt
Grup Raporu. 2017; Uyanik ve dig., 2019).

Tekstil terbiye sektoriinde fazla su sarfiyatinin yani sira
onemli 6lglide yardimci kimyasal madde kullanimi da
s6z konusudur. Bu miktar proses tiiriine, islem yapilan
materyal cinsine, makine tipine gore, materyalin
agirlikea % 10’u ile % 100’t arasinda degiskenlik
gosterebilmektedir (Hendrickx, ve Boardman, 1995;
Can, 2014).

Diinyada sadece tekstil endiistrisinden kaynakli giinde
4 milyar ton atiksu olustugu Ongdriisii yapilmaktadir.
Bu derece yiiksek miktarda atiksu olusumu ve dolayisi
ile su tiiketimi, tekstil sektdriinde suyun iyi yonetimini
zorunlu hale getirmistir. Ozellikle tekstil terbiye
islemleri sonucu olusan atiksuyun ekolojik degerlere
zarar vermeyecek sekilde geri kazanimi/ bertarafi bash
bagina bir sorun halini almigtir.

Giiniimiizde mevcut teknolojilerle atiksularin tekrar
kullanilmasi, yaygin uygulamasi olan bir proses
degildir. Uygulamada, temiz suya ulagim atiksuyun
artilip  tekrar  kullamlmasindan daha ekonomik
olabilmektedir. Burada belirleyici kriter temiz suya
ulasim kolaylig1 ve maliyet boyutudur.

Yapilan  yikamanin  siddetini, biiyiilk  6lgiide
boyarmaddenin substantivitesi belirler. Substantivite
yiiksekse hidrolize ugramus boyarmaddelerin kumas
iizerinden uzaklastirilmasi zor olacaktir. Cektirme
yontemlerinde kullanilan reaktif boyarmaddelerin
substantivitelerinin, emdirme yonteminde
kullanilanlarin aksine, yiiksek olmas: boyama sonrasi
yapilan yikama iglemlerinin daha etkili olmasini
gerektirmektedir.

Tekstil boyahaneleri, sadece boyama isgleminin
yapildig1 yerler degil, ayn1 zamanda, kumagin igletmeye
girisinden baslayip, ham kontrol, agma, gaze, yikama/
kasar, hasil sokme, yas agma, kurutma, apre, sanfor,
sardon, son kalite kontrol, ambalaj gibi bir dizi
islemlerin de yapildig: tesislerdir. Bu sebeple énemli
o6l¢tide suya ihtiyac duyan bir sektdr oldugu gibi, enerji
anlaminda da ciddi bir tiikketim s6z konusudur. Diger bir
ifade ile su ve enerji tasarruf caligmalar1 sektdriin
onceliklerindendir.

Ozanteks Tekstil isletmelerinde uygulanan tiim {iretim
islemlerin de kaynaklar1 en yiiksek verimde ve en
yiiksek performansta kullanmay1 hedefledigi gibi ¢cevre
ile dost, ekonomiye katki saglayan c¢alismalarla
desteklemeyi amaglar. Bu baglamda boyahane
boliimiinde de iiretim yaparken enerji, su, kimyasal vb.
gibi kaynaklar1 da tasarruflu kullanmay1 hedefler.
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Bu calisma ile boyahane igletmemiz igerisinde pad
batch boyama boliimiinde ipligi boyali iiriinlerimizin
yikanmasi ve kurutulmasi sirasinda fazla su ve enerji
kullanimin1 azaltmak i¢in proses degisikligi ¢aligmast
degerlendirilmistir. Bu ¢alismalar sirasinda eski
proses ve yeni proses arasinda tiriinlerde olusabilecek
hidrofilite ve haslik test sonuglar1 incelenmistir. ipligi
boyali iriinlerde  kumaglarin  yikanmasi  ve
kurutulmasi siirecinde tiiketilen zaman, kimyasal,
enerji ve su degerleri incelenerek en ideal kullanimina
yonelik ¢alismalarin gergeklestirilmesi planlanmigtir.
Boylece siirdiiriilebilirlik kapsaminda iiretilecek yeni
stirecin gelistirilmesi hedeflenmektedir.

DENEYSEL

Malzeme

Denemeler icin ilk ipligi boyali havli firiinlerden
olusan Ne 16/1 ring iplikten dokunmus, 50 kg iki top
iriin yikama i¢in pad batch bdliimiine isleme
alinmugtir.

Yontem

Faaliyetler kapsaminda yapilan uygulamada: Ipligi
boyali dirlinlerde pad batch yikama siiresinin
azaltilmas1 kumaglar i¢in uygulanan boyama ve
yikama iglemlerine yonelik literatiir incelenerek,
iretime  uygulanabilecek  alternatif  prosesler
segilmistir. Uretim ve Ar-ge ile odak grup toplantilar:
gerceklestirilmis, tasarruf adimlari belirlenmis ve
deney planlar1 olusturulmustur. Yeni siirecler ile ilgili
siire ve akis denemeleri yapilarak miisteri kalite
beklentilerine uygun optimum proses belirlenmistir.
Cikan sonuglar hidrofilite ve haslik testlerine tabi
tutulmustur. Problem ¢ikmasi durumunda literatiir
arastirmalar1 derinlestirilerek ve yeni denemelerin
yapilmasi1 6ngoriilmiistiir.

DENEYSEL SONUCLAR/TARTISMA

Proje uygulamalar1 o6ncesinde ipligi boyali havli
tirtinlerde, bir {irliniin yikama prosesleri sirasinda 1 kg
icin 20-25 litre su alimi ile baglarken islem boyunca
su azalmasina gore su alimi devam ederek tiiketim
gergeklesmektedir. Caligma sonrasi 1 kg liriini¢in 1 L
su tiiketilmektedir. Renk faki olan iiriinler de de bu
durum degismemis, 1 kg iiriin i¢in su tiiketimi yine
aynt bire bir olmaktadir. En ¢ok su tasarrufu,
rtinlerin ilk yikama adimana girdiginde pad batch
makineinde fulard kiiveti dolumu ile
gerceklestirilmisgtir.

Proses gelistirme ve yenileme siire¢ alan ve
denemeleri tekrarlanan bir sistemdir. Denemeler
sirasinda yapilan nuunelere yapilan testler; evsel ve
ticari yitkamaya karst renk hashigr (ISO 105-C06),
stirtlinmeye kars1 renk hasligi tayini (TS EN ISO 105-
E04) ve Hidrofilite testleri EN 1SO 14697 ve ATCC
79 standartlarina gore yapilmistir. Yikama hasliklari



Gyrowash makinesinde ve kuru- yas siirtme hasligi da
crockmeter cihazt ile yapilmistir.  Hidrofilite
Olciimlerinin sonuglarma bir 6rnek asagida (sekil 1)
verilmigtir.

Su emicilik Testi (EN ISO 14697-(AATCC 79)) sn
8.74

10.00
8.00
6.00
4.00
2.00

0.00
eski sistem yeni sistem

Sekil 1. Su Emicilik-Hidrofilite Testi (EN ISO 14697-
(AATCC 79)) sn

Evsel ve ticari yikamaya kars1 renk haslhigi (ISO 105-

C00), siirtlinmeye karsi renk hasligi tayini ( TS EN ISO

105-E04)Haslik test sonuglart ise Tablo 1 ‘de

verilmektedir.

Tablo 1. Eski system ve yeni system haslik test
sonuglari

Yikama Hashgi Testi (ISO 105-C06)

Pad Yin  Akrilik  Polyester =~ Naylon Pamuk  Asetat
Batch
Ipligi gy s 5 5 5 4 5
Boyah

2 Yeni 5 5 5 5 5 5

Siirtmeye karsi renk hashg tayini (TS EN ISO 105-X12)

Pad Yas Siirtme Hasligt Kuru Stirtme Haslig
Batch
ipligi .
Boyalt 1 Eski 4 5
2 Yeni 5 5

Yapilan testler sonucunda proses iyilestirme ile
hidrofilite degerlerinin eski sistem ve yeni sistem
arasinda iyilesmelerin oldugu gorilmiistir. Haslik
degerlerinde ise eski sistem ve yeni sistem arasinda fark
¢ok olmamakla birlikte iiriinlerin haslik kalitesinde artig
yasandigi da goriilmektedir. S6z konusu yapilan
optimizasyon sonucunda, asagida verilen tablo 2’de
yapilan tasarruflar 6zetlenmistir.
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Tablo 2. Eski sistem ve yeni sistem yapilan
tasarruflarin karsilastirmasi

ESKI YENI
SISTEM SISTEM
SUREC ‘ 0,25 €/kg 0,15 €/kg
MALIYETI
SU 6,67 L su/l kg 1 L/1 kg iiriin
TASARRUFU | iiriin i¢in icin
KAPASITE | Ek mesai Kapasite artisi

Proses adimlarinin kisaltilmasi ile zaman tasarrufu da
saglanmugtir. Siire¢ maliyeti 0,25€/kg  oluyor
iken, yeni siliregte bu durum 0,15 €/kg olmakta ve
%40 Tyilesme gerceklesmistir. Su kullamimu 6,671
sw/l kgiriinigin 1 L/1 kg frin i¢in tasarruf
saglanmistir.  Kapasite artist su, buhar, elektrik,
is¢ilik kazanci saglanmugtir.

GENEL SONUCLAR

Bu c¢alismaya benzer caligmalara literatiirde sinirl
sayida rastlamak miimkiindiir ancak isletmemizde
Pad Batch boliimiinde ipligi boyali iiriinlerde yikama
ve kurutma adimlarinda optimizasyon edilmesi ve
proses kisaltilmasi asamasi ilk defa denenmistir.
Dolayisiyla ¢aligmanin ¢iktisi, isletmemiz igin yeni
bir siire¢ niteligi tagimaktadir. Bu proje ile boyahane
isletmemizin ipligi boyali iiriinlerde boyama- yikama
ve kurutma adim siiregleri iyilestirilmis, Ar-Ge
merkezimizin ~ “kurumun 6grenme yeteneginin
arttirtlmas1”,  “kurum i¢i  Ar-Ge  kiiltiiriiniin
yayilimmin saglanmasi” ve “iretim verimliginin
arttiritlmasi1” stratejilerine katki saglamigtir.

Pad Batch boliimiinde ipligi boyal iiriinlerde 1 kg
iirlin igin 20-25 kg su le yikama yapiliuyorken, yeni
sistemde bu tamamen degistirilmis ve 1kg iiriine 1 kg
su yeterli olmaustur. Bodylece suyun tekrarl
yikamalarda 1siltilma sorunuda ortadan kalmus, 15 kw
/saat de 20 C den 50 C ye ¢ikip inmesi kaldulmas, tek
seferde  yikama  yapilarak  enerji  tasarrufu
saglanmigtir. Kg basina verilen yumusatici yardimci
maddesi kullanimi ile de kimyaal kullanimindan
tasarruf  saglanmistir.  Yikama adimmin teke
diigiirilmesi ile zamandan da tasaaruf edilmesi mesai
ihtiyacimi kaldirmus, kapasite artis1 olarak bize geri
doniis saglamistir. Bu sayede artan siparis talebinin
mesai  yapilmadan  karsilanmasi  saglanmuistir.
Yikamada kullanilan regete ve proses uygulama
talimat1 revize edilmistir. Boyahane isletmesindeki
Pad Batch boyama makinelerinde yapilan bu yikama
islemlerinde zaman, su, kimyasal ve enerji tiiketimi
azaltilarak firmanin g¢evresel etkisi ve karbon ayak
izini azaltilmis ve bu sayede siirdiiriilebilirliginin
devamlilig1 saglanmistir



SONRAKI CALISMALAR iCiN ONERILER
Bu ve benzeri proses optimizasyonu boyahanenin diger

bolimlerine de oOrnek olmus, uygulama islemi
baglatilmigtir. Bu  proje yeni Ar-Ge proses
optimizasyonu projelerinin  baglatma  potansiyeli
yaratmigtir.

TESEKKUR/BILGILENDIRME/FON KAYNAGI
Bu c¢alisma, Ozanteks Tekstil Ar-Ge merkezi
tarafindan, 21S03 o&zkaynak proje numaras: ile
desteklenmistir. Ayrica, bu g¢alisma, 119C070 nolu
TUBITAK 2244 Sanayi Doktora Programm Projesi
kapsaminda siirdiiriilebilir {irlinler gelistirilmesine
destek vermektedir.
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Iplik Kalite Kontrol Verilerinin Weka Yazihminda Analizi

Ile Dokuma Uretim Kararinin Alinmasi

OZMEN SELCUK, Asli!, OZER, Merve Nur!
!Ozanteks Tekstil San. Ve Tic. A.S. Ar-Ge Merkezi
asliozmen(@ozanteks.com.tr

OZET

Dokusuz yiizeyler haricinde tekstilin tiim alanlarinda
iplik hammaddesi kullanilmaktadir. ~Kullanilan
ipliklerin kaliteli olmasi, diger bir ifade ile iplikte
belirli kalite standartlarnin saglanmasi kumasin
istenilen Ozellikte olmasini yani kaliteli olmasini
saglar. Iplik iizerinde bulunan hatalar dokuma, érme,
boyama, terbiye ve konfeksiyon birimlerinde ortaya
¢iktig1 takdirde, bu hatalarin bu agamalarda giderilmesi
neredeyse olanaksizdir. Giiniimiiz piyasa kosullarinda
rekabet Ustiinliigi saglamak, kayiplart minimize
ederek maliyetleri diisiirebilmek, hizli teslimat
yapabilmek ve karliligi artirmak firmalarin ana
amaglaridir. Bunu saglayabilmek adina hammadde
ozellikleri 1iyi tayin edildiginde, nihai iiriinden
beklenen kalite seviyesine ulasabilmek i¢in {iretim
siireclerinde  gerekli olabilecek diizenlenmelerin
yapilmasi saglanmaktadir. Iplik  kalitesinde
yasanabilecek olas1 bir degiskenlik, ¢6zgii-hasil-
dokuma adimlarinda kumas kalitesinde farkli etkiler
goriilmesine sebep olmaktadir. Calismanin
gerceklestirildigi isletmeye gelen ipliklerden rastgele
bobin alinarak belirli kalite kontrol parametrelerine
bakilmakta ve iiretim ydneticisi ile kabul karari
verilmektedir. Bu durum iplik tedarik¢ilerine dogru ve
hizli geri bildirim yapilamamasina ve hammadde
maliyetlerinin artmasina neden olmaktadir. Ayrica;
dokuma sonrasi1 diger siireclerde kamci etkisi ile
olusan iiretim fireleri ve hatalar1 nedeniyle de gereksiz
kaynak kullanimi iretim maliyetlerini artirmaktadir.
Caligma kapsaminda iplik giris kalite kontrol verileri
makine 6grenmesi yazilimi olan WEKA’da J48 Karar
Agaci Algoritmasi ile analiz edilmis ve girig kalite
kontrol sorumlusunun iiretim yoneticisine sormadan,
analitik yontemlere dayali olarak kabul kararini
vermesi saglanmistir. Algoritma isletmenin 1637 adet
iplik test parametre verilerini %99,328 oranla dogru
gruplandirmis ve karar agaci 50 veri ile test edildiginde
ise algoritmanin verdigi kararlarin iiretim yoneticisinin
karari ile uyumlu oldugu goriilmiistiir.

AMACLAR

Tekstil igletmelerinin ulusal ve uluslararasi pazarda
rekabet Ustiinliigli saglayabilmeleri her gegen giin
artan ve degisen miisteri taleplerinin hizli ve etkin
sekilde kargilanmasina baglidir. Hizli olma ve etkinlik
konusunda isletmelerin  giiniimiizde  teknolojik
gelismeleri takip etmeleri ve uygulamalart artik
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zorunlu hale gelmistir. Teknolojik gelismeleri
isletmelerin iiretim sistemlerine dahil etmelerinde
amaglanan  hedefler  siparig  takibi, iretim
izlenebilirligi, ortak bir veri tabaninin olugmasi, hizl,
giincel ve saglikli iletisim kanallarinin kurulmasi,
bilginin giivenilirligi ve paylasilmasidiri.

Tekstil isletmelerinin iplik liretiminden sonraki ikinci
iretim asamasi olan dokuma ve iiretim siireglerinde
kullanilan makinelerin gelisimi ile beraber iplikten
beklenen kalite seviyesi de artmistir. Iplik iiretiminde
gerceklestirilen yeniliklerin yaninda kullanicilarin
iplik kalitesini takip etmeleri ve buna gore tedarikgileri
yonlendirmeleri  gliniimiizdeki  tedarik  zinciri
yaklasgiminin ~ bir  beklentisidir. Bu  beklentiyi
karsilamak i¢in dokuma ve Orme isletmeleri farkli
teknolojik faaliyetlerle iplik ve kumag kalitesini takip
ederek miisteri beklentisi olan kaliteyi saglamaya ve
verimliliklerini artirmaya ¢aligmaktadir2.

Calismada bir tekstil isletmesinin ana hammaddesi
olan ipligin giris kalite kontrol islemlerinin
etkinliginin yazilim teknolojileri araciligi ile nasil
artirtldigi ve bunun sonucunda elde edilen faydalar
anlatilmistir. Calismada kullanilan teknolojiler ve
bulgular sayesinde firmanin karar verme fonksiyonuna
destek saglanmustir.

GiRiS

Teknoloji, son yillarda modern diinyanin vazgecilmez
bir parcast haline gelmistir. Teknolojinin hizli
gelismesiyle veri toplanmasi ve verilerin depolanmasi
daha kolay bir hal almistir. Teknoloji ve bilgisayar
sistemlerinin kullaniminin bu derece hizli artmasiyla
Diinya’ da daha fazla veri depolanmaya baslamustir.
IDC (International Data Corporation), Seagate
Technologys verilerine gore Diinya ¢apinda verilerin
yilda % 61’lik orana sahip biliylime hiziyla
artabilecegini ve 33 ZetaByte’ tan 2025 yilina kadar
175 ZetaByte’ a ¢gitkacagini 6ngormiistiir. Giliniimiizde,
5 milyardan fazla kullanici her giin verilerle etkilesim
halindedir, 2025 yilina kadar bu rakam 6 milyara veya
diinya niifusunun % 75'ine ulagacagi ve aga bagl
durumda olan her insanin 18 saniyede bir en az bir adet
etkilesime sahip olacagi 6ngoriilmektedir.
Giliniimiizde kurumlar, diisiik maliyetler ile bilisim ve
veri depolama sistemlerine sahip olabilmektedirler. Bu
sayede bilgiye kolay erisebilmekte ve internet aglari
iizerinden kolay bir sekilde yayabilmektedirler. Biiytik



miktarda veriyle ¢alisan cogu sektor, makine 6grenimi
teknolojisini ve veri madenciliginin degerini

kabul etmistir. Sahip olunan verilerden anlamli ve
degerli iliskileri ortaya c¢ikarabilmek ve bazen de
gercek zamanli olarak tahminler yaparak, sektorde
daha verimli c¢alisabilir veya rakiplerine gore
avantajlar elde edilebilmektedir. Ayrica kurumlarin
sahip oldugu biiyiik veri ve farkli veri gesitleri, daha
ucuz ve daha giiclii olan hesaplamali isleme sahip veri
depolama istegi de makine &grenimini popiiler
kilmigtirs. Buharli makinelerin icadi ile baslayan
sanayilesme birinci ve ikinci diinya savaglarinda askeri
amaclarla yapilan arastirma-gelistirme ¢aligmalari
sonucunda farkli boyutlar kazanmistir. Bu dénemde ilk
bilgisayar  yapilmis, iletisim  i¢in  Onemli
telekomiinikasyon yatirimlar1 yapilmigtir. 1950-1960
yillarindaki kiitle iretiminden sonra 80’li yillarda
kalite caligmalarinin artmasi ile istatistiksel proses
kontroli, siire¢ analizi ve iyilestirme ¢aligmalari da bu
donemde ©Onem kazanmaya baglamistir. 2000’1l
yillarda ise teknolojik gelismelerin hiz kazanmas: ile
kalite ve yonetim anlayiglarinin degigmesi ile biligim-
yonetim sistemleri de geligmistir.

1969 yilinda programlanir lojik kontroldrlerin
(Programmable Logic Controller: PLC) ortaya ¢ikmasi
ile tiretim sistemlerinde veri iletisimi saglanmig ve
otomasyon sistemlerinin  gelisimi  hizlanmustir.
Endiistriyel otomasyon sistemlerinde iiretim birimleri
arasinda veri iletisimi saglanarak gelismis diizeyde

karar alma ve planlama fonksiyonlar1
gergeklestirilmigtirs.
Bilgisayar teknolojilerindeki gelismeler {iretim

sistemlerinde de degisime neden olmustur. Klasik
iiretim sistemlerinden sonra bilgisayar destekli liretim
(CAD/CAM) yontemleri ortaya ¢ikmis ve iiretime
esneklik/dinamizm eklenmistir. Bu yontemlerle farkl
bilgisayar birimleri ve iletisim aglar1 arasinda bilgi
akis1 saglanarak tiretim sistemlerindeki gizli verilerin
analizleri mimkiin hale gelmistir. Bu gelismelerin
sonucunda Kurumsal Kaynak Planlamasmin (ERP:
Enterprise Resource Planning) da gelisimi sistemlerin
bilisim faaliyetlerinden ¢ok daha verimli anlamda
faydalanmalarimi ~ saglamistir.  ERP,  iiretimde
darbogazlarin giderilesi, kaynaklarin optimum sekilde
planlanmasi, stoklarin optimumda tutulmasi ve
miisteri hizmetlerinin iyilestirilmesi gibi bir ¢ok
fayday1 yaninda getirmistirs.

Makine Ogrenmesi, bilgisayarlarin insanlar gibi
O0grenmesini ve hareket etmesini algoritmalar ve
veriler yardimiyla saglayan yapay zekdnin bir alt
dalidir7. Amerikan bilgisayar bilimcisi Arthur Samuel
tarafindan  1959°da  “Makine Ogrenmesi” terimi
yaygimlastiriimistir. Makine Ogrenmesi, bilgisayarlara
acikca programlanmadan 6grenme olanagi saglayan
algoritmalarin  incelenmesi,  tasarlanmast  ve
gelistirilmesi ile ilgilidirs. Makine Ogrenmesinin
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temelinde makineleri kendi kendine karar verebilir
hale getirme fikri yatmaktadir. “Bilgi kuvvettir”
prensibine dayanarak, bir sistem ne kadar ¢ok bilgiye
sahipse, o kadar ¢ok sey dgrenebilir ve ne kadar ¢ok
sey Ogrenirse o kadar ¢ok dogru kararlar verebilir.
Bagka bir tanima gore makine 6grenmesi; mantiksal
islemler gergeklestirebilen makinelerin, gozlem ve
6l¢ciim yontemleriyle elde edilen verileri tecriibe olarak
kabul etmesi ve bu tecriibelerden matematiksel
algoritmalar araciligiyla anlamli iligkiler {retmesi
stirecidiro.

Makine ogrenmesinde ii¢ c¢esit Ogrenme yontemi
vardir: denetimli 6grenme, denetimsiz 6grenme ve yar1
denetimli 6grenme.

Denetimli 6grenmede; sisteme Ogrenmesi igin girig
degerleri ile birlikte ¢ikis degerleri de verilir. Girig
verilerinin degerleri islenerek ¢ikis degerleri tahmin
edilmeye veya Ogrenilmeye calisilir. Bu siirecte
oncelikle sonuglar1 bilinen veriler {izerinde bir
smiflama yapilir ve sonuglar1 bilinmeyen veri kiimesi
icin tahmin edilmeye calisilirio. Denetimli 6grenme,
ses tanima, e-posta spam filtreleme, fotograflarda yiiz
tanima ve kredi kart1 sahtekarliklarini tespit etme gibi
islemlerin arkasindaki ana kavramdir;. Regresyon,

karar agaglari, smiflandirma denetimli Ogrenme
algoritmalaridir.
Denetimsiz  6grenmede; sisteme digsaridan  bir

miidahale s6z konusu degildir. Algoritmanin kendi
kendine kesifler yapmasi, gozilkmeyen oOriintiileri
kesfetmesi beklenir. Girdi verileri sisteme (6grenme
algoritmasina) verilir ancak herhangi bir isaretleme
yapilmaz yani talimat verecek bir insan operatdrii
yoktur. Ogrenme algoritmas1 verileri tanimlamak igin
inceler kesifler yapar, veriler arasindaki iliski agini
ortaya koymaya ¢alisirio. Sistem daha fazla veriyi
degerlendirdikge, bu verilerle ilgili karar verebilme
becerisi giderek artmakta ve daha fazla dogruya
yaklagsmaktadir. Kiimeleme, boyut azaltma bazi
denetimsiz 6grenme algoritmalaridir.

Elde az sayida isaretlenmis veri olmasina karsin ¢ok
daha fazla sayida isaretlenmemis veri varsa denetimli
O6grenme de denetimsiz 6grenme de yetersiz kalabilir.
Bu durumda yar1 denetimli 6grenme yontemi daha
kullanighdir. Yar1 denetimli 6grenme, az sayidaki
isaretlenmis veriden c¢ok sayidaki isaretlenmemis
veriyi tahmin etmek ve smiflandirmaktir. Yari
denetimli 6grenme sisteme denemeyi ve hatay1 dgretir.
Gegmis deneyimlerden dgrenir ve miimkiin olan en iyi
sonucu elde etmek i¢in duruma cevap olarak
yaklagimini adapte etmeye caligirii.

Makine dgrenmesinin is akigt 5 adimda toparlanabilir.
Veri ve problem tanimi: Bu agamada ¢6zmeye caligilan
problemin tanimi, 6nemi, bu problemin ¢6ziilmesi i¢in
kullanilacak verilerin tanimi gibi bilgiler verilmelidir.



Veri toplama: Bu asamada ele alinan problemin
¢6zlimil icin hangi tiir verilerin elde edilmesi gerektigi
belirlenir ve bu veriler toplanmaya ¢alistlir.

Veri 6n isleme: Problem ¢6ziimiinde kullanilacak olan
veriler temiz olmalidir. Kayip veriler varsa belli
algoritmalar kullanilarak onlarin yeri doldurulmali,
girtiltiili  veriler denetlenmeli, aykirt degerler
kaldirilmalidir. Daha sonra normalizasyon, deger
depolarina uyum ve boyut sayisini azaltmak islemleri
gerceklestirilmelidir.

Veri analizi ve denetimli 6grenme veya denetimsiz
O0grenme ile modelleme yapma: Bu asamada
problemin ¢dziimil i¢in, bir model belirlenir. Bu model
ile denetimli 6grenme ydntemi mi yoksa denetimsiz
O6grenme yontemi mi gerekli belirlenmelidir. Makine
Ogrenmesi algoritmalarinin genis bir yelpazesi vardir.
Rastgele orman, karar agaglari, destek vektor
makineleri, lojistik regresyon, K-en yakin komsuluk
(K-Nearest Neighbor-KNN) bu algoritmalardan
sadece birkag tanesidir.

Degerlendirme: Son asama model degerlendirmedir.
Bu adimin amac1 modeli dogru degerlendirmek ve yeni
veriler iizerinde dogru ¢alisacagindan emin olmaktir.
Degerlendirme  yontemleri  arasinda,  ¢apraz
dogrulama, egitim ve test i¢in ayrilmig veri seti, tek
¢ikigh ¢capraz dogrulama gibi yontemler mevcutturs.
Genel olarak her biiyiikliikteki isletmede makine
o0grenimi  tekniklerinin  kullanimi;  isletmenin
maliyetlerinin digiiriilmesi, miigteri i¢gdriileri ve
istihbaratinin olusturulmasi ve miisteri deneyimini
iyilestirmesine yoneliktiri2. Makine 6grenimi, yapay
zekd ve veri bilimi teknolojileri; saglik, isletme,
endiistri, giivenlik gibi bircok caligma alani {izerinde
onemli bir etkiye sahiptir ve amaci; hesaplamali ve
istatistiksel ~ yontemler kullanarak ¢esitli  veri
tiirlerinden otomatik olarak bilgi ¢gikarmaktir. Ornegin
giinlik yasamda herhangi bir web sitesinin
bilgisayariiza gelen ¢evrimigi 6neri teklifleri, miisteri
iligkileri yonetimi, dolandiricilik tespiti, uber gibi
ulagim girketleri tahmini varis siiresini hesaplamak i¢in
veri madenciligi ve makine Ogrenimi teknikleri
kullanmaktadir.

DENEYSEL

Malzeme

Calismanin yapildig: isletmede ¢dzgii, hasil, dokuma,
diiz ve yuvarlak 6rme, kumas boyama, pad batch,
overflow ve polyamid boyama, havlu, bornoz,
nevresim, dikissiz  konfeksiyon  departmanlari
bulunmaktadir. Sirket 300 adet havlu ve kumas
dokuma tezgahi, 100 adet i¢ giyim ve 6rgii makinasi,
21 HT, 7 Polyamid, 5 Koni Boyama, 1 Open-End
Boyama, kapitone kumas ve yorgan makinasi ve 700
adet dikis makinasi ile {iretim yapmaktadir. Firmanin
kullandigt hammadde olan ipligin belirli kalite
standardin1 saglamasi iiretilen kumasa da istenilen
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ozelliklerin kazandirilmasini saglamaktadir.
Calismada firmanmn tedarik ettigi tiim ipliklerin
performans test sonuglari kullanilmigtir. Calisma
kapsaminda son 3 aylik veri incelenmistir.

Yontem

Weka, makine Ogrenimi amaciyla Waikato
Universitesinde gelistirilmis ve "Waikato
Environment for Knowledge Analysis" kelimelerinin
bas harflerinden olusmus yazilimin  ismidir.

Giinlimiizde yaygmn kullammmi olan ¢ogu makine
O0grenimi algoritmalarini ve metotlarini igermektedir.
Java dilinde gelistirilmis olmas1 ve kiitiiphanelerinin
Jjar dosyalar1 halinde geliyor olmasi sayesinde, Java
dilinde yazilan projelere kolayca entegre edilebilmesi
kullaniminit daha da yayginlagtirmstirs.

WEKA' da veri 06n isleme, smiflandirma,
gruplandirma, o6zellik se¢imi veya c¢ikarimi gibi
makine Ogrenmesi ve istatistik ile ilgili birgok
kiitiphane hazir olarak gelmektedir. Bunun yani sira
icerisinde gorsellestirme araglarimi barindirmaktadir.
WEKA birgok farkli dosya tipini (names, metin tabanls
arff., csv., dat., bsi. gibi) desteklemektedir. Bu
program kullanicilarina farkli uygulama (Explorer,
Experimenter, Knowledge Flow ve Simple CLI)
secenekleri sunmaktadiris.

Karar agacglar1 (KA), siiflar1 bilinen veri setinden
tiimevarim ydntemiyle 6grenilen agag sekilli bir karar
yapisina sahip veri madenciligi yaklagimidir. KA,
bagimli degiskendeki bilgi kazancina gore veri setini
sirali bir sekilde bolmektedir. Her basarili bolme
islemi, sonu¢ gruplarinin {iyelerinin bir digeriyle cok
daha benzer hale getirmektedir. Tahmin edici ve
tanimlayici niteliklere sahip olan KA,
yorumlanmasinin kolay, maliyetinin az, veri tabani
sistemleri ile kolayca uyum saglamasi nedeniyle
yaygin bir kullanima sahiptir. Son zamanlarda ¢ok
sayida farkli karar agaci Ogrenme teknikleri
gelistirilmistir. Bunlardan en popiiler olanlar1 ID3,
C4.5 ve C5 algoritmalaridir. Bu ¢alismada WEKA
yazilimi kullanilarak karar agaci algoritmalarindan J48
uygulanmistir.

DENEYSEL SONUCLAR/TARTISMA

Calismada firmanin 1637 iplik giris kalite kontrol
verisi WEKA programina Sekil 1°de bulunan sekilde
yiklenmistir ve J48 algoritmasina goére analiz
edildiginde Sekil 4’de bulunan istatistiksel sonug elde
edilmistir. Analiz incelendiginde 1637 adet veri
%99,328 oranla dogru gruplandirilmistir. Karari
ALMA olup da algoritma tarafindan AL olarak
gruplandirilan veri sayis1 7, karari1 AL olup da
algoritma tarafindan ALMA olarak gruplandirilan veri
sayist 4’tiir. 11 adet veri yanlis gruplandirilmustir.



Sekil 1. WEKA Explorer Ekrani

=== Run information =e=

Schexe: weka.claasifiers.trees.Jd8 -C 0.25 -M 2

Relation: 1

Inatances: 1637

Attributes: 7
no
1plikne
iplikzuru
zukaverst
uzama
nemzrani
karar

Test rode: 10-fold cross-validation

=-— Clasaifier rodel (full training 3aet) =

748 prunsd tres

uzama <= 599

| iplikne <= 10

| ipliime <= 8

| | uzara <= S51: ALMA (3.0)
| | uzara > 551: AL (8.0)

| ipliime > £: RIMA (19.0)

| iplikne= > 10: BRIMA (635.0)

u

iplikturu - Karde
mukavemet <= 1730: AIMR (29%2.0/3.0)
mikavemet > 1730: AL (66.0/2.0)
iplikturu = SEN
nexorani <= 550
| nemorani <= 490: ALMA (10.0|
| nemorani > 490: 2L (34.0)
nercrani > 550
| uzaxa <= €15
| mukaven=t <= 926; AIMA (5.0/1.0)
| mukavemn=t > S86: AL (24.0)
| uzaxra > 619: AL (530.0/2.0)

Nurber of Leaves : i1

Sekil 2. J48 Algoritmasi Istatistiksel Analizi
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<= 599 599 ~
iplikne. iplikturu
AN T
=10 =10 = Karde =8PN

Va N
Iplikne ALMA (B35 mukavemet nemorani

N
=8 >8 <=1730 »1730 <= 550 560

.

V4 ~ Z N —
e ALMA (19.0 ALMA (299.0/3.0) | AL (66.0/2.0) o -
AN AN

=551 >551

AN
<=490 > 490 =619 >519

-/ AN Ve AN Ve N\
ALMA (3.0) AL(3.0) ALMA (10, u)‘ AL(34.0) mukavemet AL (630.0/2.0)
o

<096 >086

ALMA(;DM 0) @
Sekil 3. J48 Algoritmasi1 Karar Agaci

Algoritmanin  sundugu karar agact (Sekil 5)
incelendiginde ise firmanin iplikleri liretime alma
kararmi verirken dikkat etmesi gereken en Oonemli
kriterin Uzama degeri oldugu goriilmektedir. Uzama
degeri 599°dan biiyiik ise sonraki kriter Iplik Tiirii’diir.
Iplik Tiirii SPN ise Nem Oranma bakilmali ve Nem
Oran1 550°den kiigiik ve esit ise yine Nem oranina
bakilmali ve 490°dan biiylik olanlar {iretime
almmalidir. Nem Oranmi 550’den biiyiik ise Uzamasi
619°dan biiylik olanlar {iretime alinir, Uzama degerinin
599°dan kiiciik oldugu durumda ise Algoritmanin
basarisini test etmek i¢in Tablo 1’de bulunan 6rnek
verilerde de gorildigi gibi 50 veri ile test
gerceklestirildiginde ise Sekil 5°de bulunan karar
agacina gore iplik giris kalite kontrol sorumlusu
ipliklerin test verilerini incelediginde 50 veri i¢in de
dogru karar vermistir. Bu sayede iplik giris kalite
kontrol sorumlusunun iiretimin fikrini almadan daha
karar almasi saglanarak iplik giris kalite kontrol
etkinligi artirllmistir. Ayrica sorumlunun tedarikgilere
daha hizl1 déniisii ile sorunlu iplik lotlarinin tiretiminde
iyilesmeler saglanmis ve yeni sevkiyatlarda sorunsuz
iplik kabulii oran1 da artmustir.

Tablo 1. Test Verileri

. Karar
) . Uretim As
Iplikne Iplikturu | Yoneticisi gacina
nin Karari Gore
Karar
12 SPN ALMA ALMA
12 Karde ALMA ALMA
12 Karde ALMA ALMA
12 Karde ALMA ALMA
12 Karde ALMA ALMA
10 SPN ALMA ALMA
10 SPN AL AL
10 Karde ALMA ALMA
10 SPN AL AL
10 SPN AL AL
10 SPN ALMA ALMA
8 SPN AL AL
8 SPN AL AL
6 SPN AL AL




Giiniimiizde firmalar i¢in hizla artan rekabet ile
pazarda giiclii kalarak ve siirekliligi saglamak oldukga
zor olmaya baglamistir. Tekstil isletmeleri farkli
yontemler ile rakiplerine Tustiinlik saglayip, yeni
miisteriler kazanarak siirekli gelisim ilkesini
benimsemeleri  gerekmektedir. Tekstil — sektori,
Tiirkiye’nin onde gelen istihdam ve ihracat alaninda
rekabet orani1 yiiksek olan sektorlerden biridir. Yeni
teknolojiler ~ firmalarin  rekabet  dstlinligiini
saglamasinda 6nemli roller stlenmektedir. Makine
O6grenimi ve veri madenciligi yaklasimlar1 yeni
teknolojiler arasinda yer almaktadir. Bu sektdrde
basariy1 yakalayabilmek i¢in 6nemli noktalardan biri
de gelecek ile ilgili ongoriilerde bulunabilmektir.
Firmalarin gelecek ile ilgili dogru ve giivenilir bilgiler
elde edebilmesi, bulunduklar1 pazarda biiyiik avantaj
saglayacaktir. Tekstil firmalarinda s6z konusu
teknolojileri kullanarak; verilerin dogru sekilde analiz
edilmesi, verilerden anlamli yapilarin ortaya konmasi
ve gelecege yonelik planlamalar ve stratejik kararlar
alinabilir. Giiniimiiz isletmelerinin ¢ogu yazilimlari
sadece verileri toplamak ve bulgular ve raporlar
saglamak icin kullanmaktadir. Ancak 21. yiizyilin yeni
teknolojilerin ve daha akilli frlinlerin ortaya
¢ikmastyla olusan bilyiik bir verilerin okunmasi ve
anlamlandirilmasina yonelik; veri madenciligi, makine
O6grenimi ve yapay zeka uygulamalarinin kullanilmasi
isletmelere yiiksek fayda saglayacaktir. Gelecekte bu
disiplinleri isletmenin temel yetenekleri haline
getirmek, personelini egitimlerle desteklemek, 1is
akiglarimi buna gore entegre etmek ve en sonunda
tilketicilere  kigisellestirilmis  hizmet  saglamak,
isletmenin karin1 artirmanin ve deger yaratmanin
anahtar1 olacaktir.

OZMEN SELCUK, Asli (0000-0002-8227-3808)
OZER, Merve Nur (0000-0002-5257-4431)

GENEL SONUCLAR

Bilgisayarlarin ortaya ¢ikisi ile veri madenciligi
disiplini yogun bir manuel kodlama siireci olarak
baglamis, giinlilk olarak iretilen veri miktarinin
artmas1 ve bilgisayar teknolojilerinin gelisimi ile
bugiin veri madenciligi ve makine 6grenimi araclari
kullanilmaya baslamistir. 2021 yili en iyi veri
madenciligi araglarinin; MonkeyLearn, RapidMiner,
Oracle Data mining, IBM SPSS Modeler, Weka,
Knime, H20 ve Orange yazilim programlari oldugu
gortilirken (MonkeyLearn, 2021), 2021 yili uzman
gorlislerine gére en popliler makine Ogrenimi
araglarinin ise; Keras, Knime, Weka, Shogun ve Rapid
Miner yazilim programlari oldugu goriilmiistiir4.

2021 yilma ait istatistiklere en ¢ok popiiler veri
madenciligi teknikleri incelendiginde bunlarin 6ncelik
sirasinin; Appriori algoritmasi, Beklenti
maksimizasyonu (ExpectationMaximization veya

105

EM), Sayfa siralamasi algoritmasi (PageRank
Algorithm), C4.5 Algoritmasi, Naive Bayes
Algoritmasi, CART (Classification and Regression
Trees), K-Means Algoritmasi, SVM (Support Vector
Machines), = Adaboost  Algorithm  (Adaptive
Boosting'in  kisaltmast olan AdaBoost) ve KNN
Algoritmas1 oldugu goriilmiistiir (Analytics insight,
2021). En popiiler makine 6grenimi algoritmalari
incelendiginde ise bunlarin dncelik sirasinin; Dogrusal
regresyon, Lojistik regresyon, KNN Algoritmasi,
Naive Bayes, Support Vector Machines, Random
Forest, Adaboost, Gradian boost, XGBoost,
LightGBM ve CatBoost algoritmalart oldugu
goriilmistir (KDnuggets, 2021). Veri madenciligi ve
makine dgrenimi algoritmalarinin is uygulamalarinda
smiflayict temelli algoritmalarin daha yaygin bir
sekilde uygulandiklar: gérilmiigtiirs.

Bu veriler 1518inda uygulamanin yapildigi isletmede
ilk kez yapay zeka uygulamalarinin kullanilmas: ve
giincel olan WEKA yaziliminda J48 algoritmas: ile
analizin  gerceklestirilmesi  makine  Ogrenmesi
deneyimimizin artirilmasini saglamigtir.

SONRAKI CALISMALAR iCiN ONERILER
Iplik giris kalite kontrol verilerinin WEKA nin
sundugu diger algoritmalar ile analizi yapilarak
calismanin sonucu ile karsilagtirilmasi ve elde edilen
sonuglarin verimlilik analizleri devam emektedir.
Ayrica sirketin diger faaliyetleri i¢in de makine
O0grenmesi yaklasim ve analizlerinin kullanilmasi
diisiiniilmektedir.

TESEKKUR/BILGILENDIRME/FON KAYNAGI
WEKA yazilimini dgreten ve J48 Algoritmas1 Karar
Agact’nin yorumlanmasinda destek olan sayin hocam
Prof. Dr. Sezai Tokat’a ¢ok tesekkiir ederim.
Calismada fon kullanilmamistir veriler Ozanteks
Tekstil San. Ve Tic. A.S.’den tedarik edilmistir.
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Development of Halogen Free Flame retardant compound
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ABSTRACT

Flame retardancy is an important technical feature for
textile materials today. Considering the fires around the
world, it is known that textile-based materials have a
significant effect on the initiation and rapid progression
of fires, especially in living spaces.

Therefore, the fact that textile materials (upholstery
fabric, curtains, carpets, etc.) widely used in living
spaces are power keys is a functional feature depending
on standards. There are different methods for applying
this feature to textile materials. One of them is the back
coating method, which is widely used in upholstery
fabrics.

Commonly used chemicals are halogenated chemicals.
Sensitivity is developing to reduce the consumption of
halogenated chemicals all over the world due to the
damage they cause to nature and living health, and
halogenated materials from the textile sector are tried to
be eliminated for sustainable targets.

In this study, halogen free flame retardant chemicals,
synergistic flame retardant chemicals, fillers, auxiliary
chemicals and binders were used in compound
production. Compound production is achieved by
physically mixing the chemicals used in a certain order
and proportions. Fabric back coating work was carried
out with the obtained chemical. Then, the necessary
physical tests of these fabrics were made and the
physical test performances of the produced compound
were evaluated according to their equivalents.

When this project is completed, Kadifeteks will have
the ability to produce halogen-free flame retardant
chemicals, which have an important place in production
costs.

PURPOSES

The aim of this study is to increase our sales potential
and profitability by reducing the chemical costs per m2
and gaining a competitive advantage in the market by
producing chemicals with our own means, equivalent to
the halogen free flame retardant chemicals purchased
from chemical companies.

Halogen-free compound production and physical
mixing of the chemicals used in a certain order and
proportions have been considered in order to achieve
the sustainability goals and contribute to the reduction
of the damage to the nature. Then, the necessary
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physical tests of these fabrics will be made and the
physical test performances of the produced compound
will be evaluated according to their equivalents.

INTRODUCTION

Conbustion

It is an interaction that needs heat, oxygen and
suitable fuel components. Combustion continues until
oxygen, fuel source or heat is consumed. Combustion
produces light and heat.

<«——  COMBUSTION ~——— Incombustibles gases
— FL/IMING GASES ¢
/ Tcﬁ /Liquid disjunction products
PYROLISIS —— > Ashes
02 Tp f Incombustibles gases
YARN
L——>» HEAT

Figure 1. combustion of textile yarns[1]

When heat is supplied, the temperature of the fiber
begins to increase until it reaches the pyrolysis
temperature (Tp). At the pyrolysis temperature,
chemical changes occur in the fiber and non-
combustible gases (such as carbon dioxide, water
vapor, nitrogen and sulfur oxides), carbonization
residues, liquid condensates and combustible gases
(carbon monoxide, hydrogen and many oxidisable
organic molecules) are formed. As the temperature
continues to rise, the liquid decomposition products
also pyrolysis, producing more non-combustible gas,
ash, and burning gas. When the combustion
temperature (Tc) is reached, the phenomenon we call
combustion, which consists of a series of free radical
reactions in the gas phase and occurs when the
burning gases combine with oxygen, takes place.
These reactions are highly exothermic and produce
enormous amounts of light and heat. The heat
provided by the combustion process provides the
additional thermal energy required to continue the
pyrolysis of the fiber and hence the release of more
combustion gases for the combustion process[1].



Combustion behavior is also affected by factors such as
the nature of the ignition source and the time it hits the
fabric, fabric orientation, ignition point (edge, face,
bottom or top of the fabric), ambient temperature,
relative humidity, air flow rate, and fabric structure, as
well as fiber type and fiber blends. . In addition, in
studies on the effect of yarn structure and geometry on
combustion behavior, it is stated that different yarn
twisting methods cause different burning resistance in
yarns[2]

Mechanisms of Flame retardancy

Many ways have been tried to break the burning cycle
of textiles. One of these ways is to use materials that
can thermally decompose as a result of strong
endothermic reactions inside the fiber. If sufficient heat
can be absorbed as a result of these reactions, the
pyrolysis temperature of the fiber will not be reached
and combustion will not occur. Examples of this
method are aluminum hydroxide, aluminum trihydrate
and calcium carbonate.

Al,0O;5.3H,0 Al,O; +3H,0 T

Figure 2. Endothermic degradation reactions[1]

C‘aCC)s

Another approach is to use an insulating layer
surrounding the fiber at temperatures below the fiber
pyrolysis temperature. Boric acid and its hydrated salts
are examples of this approach. When these compounds
are heated, they give off water vapor. In this way, they
make the fiber surface glassy and reduce the contact of
the fiber with air, giving it a flame-retardant effect.

-2H,0 -H,O
2H,BO, T 2H BO:T B:O;

Figure 3. Glassy surface

The third way to achieve flame retardancy is to change
the pyrolysis mechanism to produce less burning
volatile matter and more ash. This dense structure
mechanism is seen in flame retardants containing
phosphorus. As a result of cross-linking of phosphoric
acid formed during thermal decomposition with
polymers containing hydroxyl groups, less flammable
products are released. The fourth way used to prevent
combustion is to create free radical reactions that
provide the necessary heat for the continuation of the
process. Halogen-containing compounds, which are
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given as an example, capture the OH radicals formed
during pyrolysis, ensure their rapid oxidation and
reduce the heat required for combustion[1]

H+0: =—= HO +0O
O +H, =—— HO +0
HO +CO =—= CO, +H

Figure 4. Free radical combustion reaction[1]

Flame retardant chemicals

The most important flame retardants can be classified
into three categories. These are basic flame retardants
based on phosphorus and halogens, synergistic
substances that have a small amount of flame-
retardant effect when used alone, increase their
effectiveness when used with basic flame-retardant
substances (such as the use of phosphorus with
nitrogen, halogens and antimony), and flame retardant
substances that reveal their activity through physical
effects (borate). , aluminum trihydrate, calcium

like carbonate)[1][3][4].

Flame retardant with halogens

Many halogen-containing compounds have been
developed and used as flame retardants in the past.
Halogen compounds contain the element I, Br, Cl or
F and their effectiveness depends on the freedom of
the halogen used. As a result of various studies, the
efficiency of these elements was determined as
I>Br>CI>F, respectively. The very low thermal
stability of iodine-containing compounds and their
decomposition most of the time during polymer
processing have made them rarely used in real
applications. On the other hand, the very late
degradation of fluorine derivatives has led to more use
of bromine and chlorinated formulations in this field.
Since it has a weaker bond with carbon, Br has a more
effective extinguishing effect in the first stages of
combustion than Cl.

The thermal stability of halogen-based compounds
can be ordered as brominated aromatic > chlorinated
aliphatic > brominated aliphatic [5].

However, synergistic formulations of antimony, zinc,
tin, iron oxide, chlorinated paraffins and/or nitrogen
and phosphorus based swelling systems with bromine
have been developed to reduce the additive and
halogen content used. Especially, antimony trioxide is
frequently used because it continues to function in gas
and liquid phases (Pawelec, 2014). To increase the
flame retardant effectiveness, brominated compounds
are used rather than phosphorus-containing agents

[6].



Hazardous effects of flame retardant chemicals
However, in recent years, due to the negative effects of
halogen-containing flame-retardant materials on health
and the environment (polymers containing some
brominated flame-retardant additives, it has been
determined that toxic dioxins and furans are formed
during accidental fires or the recovery of waste
polymer, studies have been intensified on the use of
phosphorus compounds instead of these materials. 7].
The toxic effect of flame retardant compounds and
combustible gases should be taken into account,
especially if flame retardant finishes are carried out
using halogens and heavy metals.

should be taken. Toxic problems caused by these
compounds; The fact that halogenated compounds,
especially aromatic ones, can form polyhalogenated
dioxins and furans, the presence of dusts containing
antimony oxide, the presence of antimony, zirconium
and phosphorus in the waste water, the mixing of
halogenated organic flame retardants, especially
aromatic ones, into the waste water (they usually
decompose slowly and this is why Therefore, they
cause high AOX (adsorbable organic halogen) values),
formaldehyde is released during condensation in the
application of permanent flame retardancy of cellulose,
and the presence of free formaldehyde in the finished
fabric[8].

Flame Retardants Containing Phosphorus

Flame retardant compounds containing phosphorus are
examined in three main groups as phosphinate,
phosphonate and phosphate esters. Triaryl phosphates,
red phosphorus, tris(chloropropyl)phosphate,
ammonium polyphosphate and phosphinic acid
derivatives are phosphorus compounds that are
frequently used to increase the fire resistance of
polymers.

Volatile phosphorus compounds are among the most
effective fire inhibitors, as phosphorus-based radicals
are approximately five times more effective than
bromide-containing radicals and ten times more
effective than chloride-containing radicals. In addition,
phosphorus in the gas phase can be more effective than
halogens due to the prevention of alkane combustion in
the flame [9].

Apart from APP, which is among the intumescent flame
retardants, various phosphorus compounds that can be
used to impart flame retardant properties to
polypropylene are given in Table 1.
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Table 1. Flame retardants with phosphorus[10]
Halojen fosfatlar
Fosfin oksitler ve amonyum polifosfatlar
Fosfit
Fosfonitrilik esterleri
Fosfonopropionik asit aminler
Alkil-aril fosfonatlar
Halkali fosfonat esterleri
Fosfonatizosiyonurat
Fosforik asit

Orto-, meta- veya pirofosforik asit gibi inorganik fosforik asitler
Amonyum fosfat ve tetrakishydroxymethyl fosfonyum hidroksit
Fosfonat ester

Organik fosfinat

Flame retardants containing phosphorus act in various
ways to extinguish the flame. For example, to
terminate the combustion, some parts of the flame
retardant form active hydrogen and hydroxyl radicals
in the vapor phase, while other parts contain
phosphoric acid in the presence of flame. Most
phosphorus-based flame retardants form phosphoric
acid as a result of thermal decomposition. These acids
change the decomposition mechanism when the
polymer is exposed to heat, promoting char formation
and further degradation of the polymer is prevented.
Phosphoric acid condenses to form pyrophosphate
structures and give water. The released water dilutes
the oxidized gas phase. In addition, phosphoric acid
and pyrophosphoric catalyze the dehydration reaction
of terminal alcohols, which causes the formation of
acid carbon-carbon double bonds, resulting in the
formation of cross-linked carbonized structures at
very high temperatures.

While phosphorus-containing flame retardants
generally increase their effectiveness in the presence
of nitrogen, it has been observed that red phosphorus
is more effective in inorganic elements and in the
absence of nitrogen and halogen compounds.

Some of the interesting features of red phosphorus are
that it provides excellent flame retardancy at
relatively low concentrations in many polymers, is
stable during processing, and has a negligible effect
on mechanical and electrical properties. Although red
phosphorus is a traditional and highly efficient
halogen-free flame retardant, its disadvantages are
that it reacts with moisture to form phosphine with a
high toxic content, has low thermal stability, is not
compatible with synthetic resins, and is red in color

[11].



EXPERIMENTALS

Material

Woven fabrics made of PAN, PES and PP fibers were
used for the test. Halogen-free and halogenated
materials are used for performance measurement in
production.

Method
Combustion values were measured with BS 5852 flame
retardancy test.

RESULTS
Table 2. BS 5852 test results

Halogen Free
PATTERNS | Chenille materials|Grammage| Results [Grammage| Results
SAMPLE 1 [PAN/PES 210|PASS 190|PASS
SAMPLE 2 |PES/PP 180|PASS 170|PASS

When the combustion performances of fabrics
produced with halogen-free material and fabrics
produced with halogen-free material are compared, it
has been determined that there is no situation that will
prevent them from passing the test.

However, despite the fact that cleaning performance
and combustion performance are two technologies that
are incompatible and affect each other negatively, as a
result of our research, we were able to harmonize them
together and continuous production started.

From this point of view, it is thought that getting away
from chemicals that damage the environment and
obtaining successful results will encourage the
consumption of Halogen-free materials.
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OZET

Polivinilalkol (PVA) tekstil sanayisinde sik kullanilan
bir polimerdir. Kitosan benzer sekilde dogada yaygin
olarak bulunan ayn1 zamanda endiistriyel uygulamalari
siklikla bilimsel arastirmalara konu olan bir dogal
polimerdir. Kitosan antimikrobiyal, biyouyumlulugu
yiiksek bir biyopolimerdir. Kitosanin ayni zamanda
yara iyilesmesi iizerine etkileri oldugu da gosterilmistir.

Bu kapsamda, c¢alismamizda PVA ile kitosan
karigtirilmigtir.  Bu  amagla  %15°lik  ¢dzelti
hazirlanmigtir.  Cozelti igerisinde 500 gr DMSO

(Dimetil Siilfoksit), 75 gram PVA graniil, 0,75 gram
Chitosan (Sigma, 448877-50G, Medium molecular
weight) 70 C°- 80 C° de mikser yardimi ile 5 — 6 saat
icerisinde ¢ozlilmiistiir. Karisim 100 H Nozzle bashigi
kullanilarak, Peristaltik pompa 2 RPM Pompa Hizi ile
Aseton/Metanol banyosunda koagiile edilerek filament
elde edilir. Cozeltiler pompa yardimi ile diizelerden
Metanol/Aseton koagiilasyon banyosundan
gecirilmistir. Son asamada ise 4 adet Godet yardimu ile
iplik cekimleri gerceklestirilmistir. Calismada elde
edilen iplige ISO 2062:2009(EN) standartina gore
kopma mukavemeti ve uzama testi uygulanmustir.
Sonuglar kapsaminda chitosan ve PVA igeren ipliklerin
sektorel kullanima uygun olabilecegi kanaati olugmus
ve bununla ilgili ileri testler devam etmektedir.

AMACLAR

Pratik uygulamalar icin elyaflarin ve kumaslarin
antibakteriyel apresine biiyiik ilgi gdzlenmistir.
Halihazirda hastanelerde ve otellerde kullanilan ¢ogu
tekstil  malzemesi ¢apraz  enfeksiyona  veya
mikroorganizmalarin neden oldugu hastaliklarin
bulagmasina elveriglidir. Bu bilgiler dogrultusunda
calisgmanin temel amaci, antimikrobiyal &zellikler,
fonksiyonel ajanlarin lifler veya kumaslar iizerine
kimyasal veya fiziksel olarak dahil edilmesiyle tekstil
malzemelerine kazandirilmasidir.

GiRiS

Son yillarda tekstil endiistrisi yenilik¢i iiriinler
geligtirme arayisi i¢indedir. Milkemmel performansa
sahip iiriinler olusturmak igin {istiin islevsel 6zelliklere
sahip malzemeleri ve ticari tekstilleri organik olarak
birlestirmek énemli bir yaklasimdir. Ozellikle biyolojik
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fonksiyonel malzemelerden yapilan tekstiller ile insan
saghigina fayda saglama hedefi tiim arastirmacilarin
ilgisini ¢ekmektedir.  Bir biyopolimer malzeme
olarak kitosan, gii¢lii kullanilabilirlik, diisiik maliyet,
milkemmel gilivenlik, T{stiin  performans vb.
avantajlara, 6zellikle antibakteriyel 6zellik ve tekstil
alaninda genis uygulama alanlarinda rol alma
potansiyeline sahiptir. Bu amagla, 6zellikle kitosan
lifinin hazirlanmasi, kitosan nanolif sentezi, kitosan
lifinin antibakteriyel etkinligi ele alindiginda her
yonteme gore farkli bir sonu¢ elde edildigi
gozlemlenmektedir. Ayrica, tekstillerde kullanilan
kitosan bazli malzemelerin uygulama zorluklar1 géz
oniine alindiginda, elde edilen etkinin Onemi geri
planda kalabilmektedir. (Li ve ark., 2021)

DENEYSEL

Malzeme

Kimyasal lif dretimi proseslerinden biri olan
¢ozeltiden yas c¢ekim yontemi uygulanmistir. Bu
calisma kapsaminda yas ¢ekim cihazi kullanilmustir.
Bu islemde polimer madde olan Polivinilalkol (PVA)
graniillii, Dimetilsiilfoksit (DMSO) ¢oziiciisii ve
kitosan kullanilarak uygun viskozitede bir ¢ozelti elde
edilmistir. Bu ¢Ozelti hazirlanmasinda mikser
karistiricis1 kullanilarak kitosan, ¢6zelti i¢inde islem
gormiistiir.Lif olusumunun gergeklestigi koagiilasyon
banyosu i¢in Aseton/metanol kullanilmistir. Cekim
sonrasinda elde edilen ipliklere antibakteriyel test
islemleri  uygulanarak  antibakteriyel  etkileri
gbzlemlenmistir.

Bu antibakteriyel c¢aligma kapsaminda kullanilan
malzemeler asagida detayl olarak siralanmsitr.

Steril forseps, Agar (Tryptic Soya Agar, TSA, Oxoid,
England), Petri plakalar1 ve Test mikroorganizmalari:
1-Escherichiacoli ATCC 25922

2-Salmonella Typhimurium ATCC 14028

3-Shigella flexneri ATCC 14028

4-Bacillus subtilis ATCC 19659

5-Bacillus cereus ATCC 14579

6-Geobacillus stearothemophilus ATCC 7953
7-Staphylococcus aureus ATCC 6538

8-Listeria monocytogenes ATCC 15313
9-Staphylococcus epidermidis ATCC 12228
10-Saccharomyces cerevisiae ATCC 4126



11-Aspergillus niger ATCC 20611
12-Aspergillus braziliensis ATCC 16404

Yontem

PVA ve Kitosan iplik eldesi

PVA graniili DMSO igerisinde %15 lik c¢ozeltisi
hazirlanir ve bu ¢ozelti igerisine % 0,5 - %1 arasinda
kitosan ilave edilerek viskoz ¢6zelti hazirlanir. Akigkan
bu ¢bzelti pompa yardimi ile diizelere aktarilarak diize
baghigindan koagiilasyon banyosuna piiskiirtiiliir.
Aseton/metanol igeren koagiilasyon banyosunda jel
hale gelmeye baslayan lifler godet yardimu ile banyodan
cikarilarak  kurutma  kanallarina  aktarilir.Farkli
konsantrasyonlarda ve hidroliz derecelerindeki PVA
graniilleri, %10 ile %30 arasinda 70C° / 80 C° de
PVA/Dimetil Siilfoksit c¢ozeltilerine % 0,5 / %l
arasinda kitosan ilave edilerek mikser Kkaristirict
yardim ile hazirlandi. Cozeltiler pompa yardimu ile
diizelerden Metanol/Aseton koagiilasyon banyosundan
gecirildi. 4 adet Godet yardimi ile elyaf cekimleri
gerceklestirildi. Hazirlanan %15°lik  PVA-Kitosan
¢ozeltisi 70 C° sicaklikta pompaya aktarilir, 2 rpm-
10rpm pompa hizi ile diizeden ¢ikarak metanol/aseton
karisimli koagulasyon banyosundan gegirilir. Asagida
hizlar1 verilen godetlerden cekilir, kurutma prosesi
tamamlanir ve bobine sarilir.

Calismada  kullanllan ~ godet  hizlarn  asagida
bildirilmistir:
1. Godet 180 RPM - 2. Godet 250 RPM

...S1caklik...150 C de (Kanal Sicaklig)
2. Godet 350 RPM - 4. Godet
....S1caklik...200 C de (Kanal Sicakligi)

450 RPM

Iplik mukavameti, Biiziilme, Suda ¢6ziinme:
ISO 2062:2009(EN) standartina gore Ipliklere kopma
mukavemeti ve uzama testi uygulanmistir.

Tensile Testing / iplik Mukavemeti

Numune uzunlugu: 20 mm
Cekme hizi: 20 mm/dk

Shrinkage Behavior / Biiziilme Ozelliklerinin Analizi
Test kosullari: 201 °C, %93+5 nem
Test sresi: 7 gin

Lo...IIk uzunluk (20 cm) , Ls...Son uzunluk

L1
x100

LO—
Shrinkage (S) = 7o

Solubility in Water / Suda Coéziinme Sicakligi Analizi
Su sicaklig alt limiti: 10 °C

Sicaklik artisi: 1 °C/dk

Antimikrobiyal aktivite
ISO 20645:2004 yontemine gore test numuneleri
(9,25+5 mm), asilanmig TSA iizerine yerlestirilmistir.
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Hazirlanmis iplik 6rnekleri agar (Tryptic Soya Agar,
TSA, Oxoid, England) tabakast  {lizerine
yerlestirildi. Yerlestirilen iplik Orneklerinin {izerine
ayr1 test bakterileri (1x108 kob/ml) igerecek sekilde
hazirlanmig agar dokiilmiistiir. Petri plakalar1 18-24
saat 37°C'de inkiibe edildi. Antibakteriyel aktivitesi,
agar ve test numunesi arasindaki temas bdlgesinde
bakteri iiremesinin cetvelle Olgiilmesi ve zonlarin
olusumu degerlendirildi.

DENEYSEL SONUCLAR/TARTISMA
eldesi

Cekim banyosundan lif
gbzlemlenmistir.

saglanabildigi

Sekil 1. Diize basligindan lif alimi

Calismada elde edilen ipliklere yapilan testlere ait
sonuglara bakildiginda dogrusal yogunluk:73 Dtex,
kopma mukavemeti (cN/Dtex) :2,23, kopma uzamasi
(%) : 20,58, suda ki ¢oziiniirliik: 40 C °, biiziilme(S) :
% 17 sonuclar elde edilmistir.

Caligmanin antimikrobiyal duyarlilik testi asamasina
ait veriler tablo 1 de gosterilmistir.

Tablo 1. Antimikrobiyal duyarlilik testi.
Disc diffusion zones
PVA PVA+CHI

MicroorgalName of the microorganism

Gram nega{E.coli ATCC 25922

Salmonella Typhimurium ATCC 14028
Shigella flexneri ATCC 14028

Gram posit|Bacillus subtilis ATCC 19659

Bacillus cereus ATCC 14579

Geobacillus stearothemophilus ATCC 7953
Gram posit|Staphylococcus aureus ATCC 6538

Listeria monocytogenes ATCC 15313
Staphylococcus epidermidis ATCC 12228
Yeast and NSaccharomyces cerevisiae ATCC 4126
Aspergillus niger ATCC 20611
Aspergillus braziliensis ATCC 16404

Olo|]lo|lo|lo|lo]|]lo|o|o|lo|lo|o
SH N N N N S

ISO standardi
orneklerin  antimikrobiyal

kapsaminda altinda iireme olan
aktivitesi yok kabul



edilmektedir. Sonuglara bakildiginda, sadece PVA
iceren Orneklerde antimikrobiyal etki olmadigi
gozlemlenmis, kitosan igeren orneklerin ise segkin bir
antimikrobiyal  etkisi  oldugu  go6zlemlenmistir.
Kitosanin antimikrobiyal etkisi bir¢ok caligmada yer
almaktadir (Choi ve ark., 2001, Helander ve ark., 2001
Hong Kyoon ve ark., 2002). Calismamizdan elde edilen
sonuglara bakildiginda benzer sekilde antimikrobiyal
etki oldugu gozlemlenmistir. Benzer baska bir
caligmada Yardimer ve ark. (2021) kitosant jel
formunda diyabetik yaralar i¢in elektriksel stimiilasyon
ile uygulamis ve iyilesmenin % 40 daha hizli oldugunu
bildirmislerdir. Calisma igerisinde kullanilan kitosanin
bagka molekiiler agirliklari, bagka konsantrasyonlari ile
calismalar devam etmekte olup, ayn1 zamanda patent
stireclerine bagvuru hazirliklar1 da devam etmektedir.

ADAMCI, Ulviye (0000-0001-6311-5284)

GENEL SONUCLAR

Liflerin koagulasyon banyosundan basarili bir sekilde
iplik ¢ekim islemi gergeklesmistir. Antibakteriyel test
islemi sonucunda olusan zone Olgiimleri
kiyaslandiginda, pva iplikte antibakteriyel aktivite
goriilmemistir fakat pva ve chitosan karigimi iplikte
antibakteriyel aktivite gozlemlenmistir.Buradan yola
cikarak chitosan eklenen ipligin antibakteriyel 6zelligi
oldugunu ve lifler veya kumaslar tizerine kimyasal veya
fiziksel olarak dahil edilmesiyle tekstil malzemelerine
kazandirilabilmesi ~ miimkiin  oldugu  sonucuna
verilmistir.

SONRAKI CALISMALAR iCiN ONERILER
Dogal antimikrobiyal polimerlerin kullanim alanlar
yayginlagsmaktadir.  Kitosanin ~ kullanim  alanlan
arasinda tekstil triinlerinin yer aldigi ve tekstil
sektoriiniin egilim gosterdigi gdzlemlenmektedir. Bu
kapsamda, elde edilen ipliklerin medikal tekstillerde
genis kullanim alan1 bulacag diisliniilmiistir.

TESEKKUR/BILGILENDIRME/FON KAYNAGI
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OZET

Su ihtiya¢ duyulan en 6nemli dogal kaynaklardandir.
En ¢ok su tiiketilen sektorlerin baginda gelen Tekstil
boyahane isletmelerinde bir kilogram tekstil {irlini
iretebilmek i¢in yaklasik olarak 95-400 litre suya
ihtiyag vardir. Bu da fazlaca su tiiketimi anlamina
gelmektedir. Bu sebeple isletmeler kullanilan su
miktarini azaltma ¢aligmalar1 yapmaktadirlar’.

Tekstil boyamalarinda HT boyama, en uzun siiren ve en
¢ok su harcanan proseslerden biridir. Ayrica
boyamadan dnce kumasi boyamaya hazir hale getirmek
icin &n terbiye islemleri yapilmaktadir. Bunlardan kasar
islemi, pamuk ve benzeri seliillozik liflerden olusan
kumaslardaki organik yabanci maddeleri uzaklagtirmak
ve kumasin genelindeki hidrofilite (su emicilik) farkini
en aza indirmek i¢in yapilir ve bu siiregte de ¢ok
miktarda su tiiketilir.

Calisma ile orta ve koyu renkli kumaslarin boyanmasi
stirecinde tiiketilen zaman, kimyasal, enerji ve su
degerleri incelenerek en ideal kullanimina yonelik
calismalar gerceklestirilmistir.

AMACLAR

Bu ¢aligmada boyama adimina kadar olan kisimda en
¢cok su, enerji ve zaman tiiketen kasar igleminin
kaldirilmasi igin yapilan ¢aligma anlatilmistir. Boylece
kasarsiz olarak liretilecek yeni siirec siirdiiriilebilirlige
katki saglayacak ve ihracat potansiyelini artiracaktir.

GIRiS

Tiirkiye, sanilanin tersine su zengini bir iilke degildir.
Halen, kisi bagina diisen 1.519 m*’lik su miktar1 ile “su
sikintisi geken” bir lilke kabul edilmektedir. Bu rakamin
Sanayide kullanilan 5 milyar m®ii sanayi de
kullanilmaktadir. Tiirkiye Istatistik Kurumu (TUIK),
Tirkiye niifusunun 2030 yilinda 100 milyona
ulasacagin1 ongdrmektedir. Bu durumda, kisi basina
disen su miktarmin  1.120 m*yil  olmasi
beklenmektedir. Diger bir deyisle, artan niifusu, gelisen
ekonomisi ve bilyiiyen kentleriyle Tiirkiye, “su fakiri”
olma yolunda ilerlemektedir’.

Suyun en fazla kullanildigi sektorlerin basinda tekstil
sektorii gelmektedir. Niifusun artmasi, kiiresel 1sinma,
su kaynaklarmin hizla tilkenmesi nedeniyle su
kullanimi konusunda kisitlamalar artmakta, yasalar
cikarilmakta, daha g¢evreci ve siirdiiriilebilir iretim
prosesleri gelistirilmektedir. Kaynaklarin kullaniminin
azaltilmast  i¢in  boyahane isletmelerinde su
kullaniminin optimize edilmesi ile ilgili caligmalarin
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sayist her gecen gilin artmaktadir. Yiksek su
tiketiminin yan1 sira, Tekstil boyahanelerinde
kimyasal madde (yardimci kimyasal, boya, vb.)
tiiketimi de dikkat gekmektedir. On terbiye, boyama
ve diger proseslerden kaynaklanan yiiksek kimyasal
yiik, tekstil fabrikalarinda kullanilan proseslere gore
degiskenlik gostermektedir. Boyahaneler, ayrica
enerjinin de olduk¢a fazla harcandigi igletmelerdir.
Bu baglamda boyahane boliimiinde de {iretim
yaparken enerji, su, kimyasal vb. gibi kaynaklar1 da
tasarruflu ~ kullanmayr  hedefler.  Firmamizda
uygulanan tiim {iretim islemleri kaynaklar1 en yiiksek
verimde ve performansta kullanmay1 hedefledigi gibi
cevre ile dost, ekonomiye katki saglayan ¢aligmalarla
desteklemeyi amaglar.

Boyamadan o6nce kumast boyamaya hazir hale
getirmek i¢in yapilan On terbiye islemleri, tekstil
terbiyesinde anahtar rolii oynar. Yikama, agartma,
merserizasyon, kasar gibi 6n terbiye islemleri hatasiz
ve diizglin boyama ve aprenin yapilabilmesi i¢in
oldukc¢a dnemlidir. Yapilan bir degerlendirmeye gore,
tekstil terbiyesi sonucu mamullerde goriilen hatalarin
yalnizca %23"i gergek boya, %11'i apre hatasi olup
geri kalani (yaklasik %66°s1) dolayli ve dolaysiz 6n
terbiye hatasidir®.

Kasar iglemi pamugun dogasinda var olan yag, ¢opel
ve dogal boyalarin uzaklastirilmasi ve boyamadan
once biitiin 6zellikleri her yerinde ayn1 olan bir zemin
elde edilmesi agisindan olduk¢a onemlidir. Agik
renklerin boyanmasi ic¢in iyi bir kasar yapilmasi
gereklidir. Ag¢ik ve parlak renkler disinda kalan
boyamalar i¢in agartmanin ¢ok iyi olmasi gerekli
degildir. Pamuk ve benzeri selillozik liflerden olusan
kumasglardaki organik yabanci maddeleri
uzaklastirmak ve kumasin genelindeki hidrofilite (su
emicilik) farkini en aza indirmek ig¢in yapilan
islemdir. Ancak hidrofilitesinin (su severligi ya da su
emiciligi) iyi olmasi, lizerinde kasar artiklarinin
(hidrojen peroksit v.b) kalmamasinin saglanmasi ve
hafif asidik bir banyoyla boyamaya girmek 6nemlidir.
Acik ve parlak renkler disinda kalan boyamalar i¢in
agartmanin ¢ok iyi olmas: gerekli degildir.

Firmamiz boyahanesi HT boliimiinde orta ve koyu
renge boyanan {iriinlerde misteri talebinin artis
gostermesi ile bolim {iretim kapasitesinin istiine
cikilmistir. HT boyama boliimiinde aylik islem siiresi
limiti 7.500 saattir. Orta ve koyu renklerdeki proses
stirelerinin uzun olmasi ve bu iriinlerdeki siparig
miktarlarinin artmasi ile iglem siiresi 8.400 saat/ay’ a



¢ikan iglem siiresi ile mesai yapilmadan talep
karsilanamamaktadir. Ayrica en ¢ok suyun harcandigi
boliim olarak da yer almaktadr.

Bu projede orta ve koyu renkli kumaslarin
boynamasinda kasar adimi kaldirilmasi igin ¢alisma
yapilmistir. Kumagin hidrofilikligi i¢in hidrofilite
saglayacak yeni kimyasallar denenmistir. Yeni
kimyasallar ile ilgili siire ve akis denemeleri yapilarak
misteri kalite beklentilerine uygun optimum proses
belirlenmistir.

DENEYSEL

Malzeme

16/1 OE %100 pamuk havlu kumas kullanilmigtir. 50
kg lik 2 top havlu kumasa HT boyama yapilmistir.
Hidrofilite icin belirlenen yeni kimyasal madde
uygulanmigtir.

Yontem

Orta ve koyu renkler boyamalarda kasar adim
kaldirilarak, yeni bir kimyasal madde uygulanmis ve
tek banyoda HT boyama yapilmistir. Cikan sonuglar
standart sartlarda yapilan boyama sonuglariyla
karsilagtirtlmigtir.

Elde edilen kumasa evsel ve ticari yikamaya kars1 renk
hasligi(ISO  105-C06), siirtinmeye karst  renk
hasligi(TS EN ISO 105-E04), hidrofilite(AATC79 ve
EN ISO 14697), mukavemet testleri - yirtilma
mukavemeti(TS EN ISO  13937-2), kopma
mukavemeti(TS EN ISO 13934-1(Strip) - yapilmustir.

DENEYSEL SONUCLAR/TARTISMA

Yikamaya karst renk hashgi(ISO 105-C06) ve
siirtinmeye karst renk hashigi(TS EN ISO 105-E04)
testlerinin sonuglar1 Tablo 1.’de gosterilmistir. Kasar
islemi uygulanmig ve kasar yapilmamig {iriinlerin
karsilastirilmasi yapilmigtir.

Tablo 1. Kasarli ve Kasarsiz haslik test sonuglar1

Yikama Hashgi Testi (ISO 105-C06)
Yiin  Akrilik  Polyester ~ Naylon Pamuk  Asetat
Kasarli / 1 Kasarlt 5 5 5 5 5 5
Kasarsiz
iiriinler 2 Kasarsiz 5 5 5 5 4-5 5
Siirtmeye karsi renk hash tayini (TS EN ISO 105-X12)
Yas Siirtme Hasligt Kuru Stirtme Haslig
Kasarlt / 1 Kasarli 4 4-5
Kasarsiz
iiriinler 2 Kasarsiz 4 5

Tablo 1’de de goriindiigii iizere kasarli ve kasarsiz
triinler benzer sonuglar gdstermis olup kasarsiz
iiriinlerin slirtme hasliklar1 daha iyi sonuglar vermistir.
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Hidrofilite Olgiimleri
6.63

7
6
5 .
4 “3.53
3
1.88
2
0.8

1
0

Kasarl Kasarsiz

B Su emicilik Testi (EN ISO 14697) sn
Su emicilik Testi (AATCC 79) sn

Sekil 1. Su Emicilik-Hidrofilite Testi (EN ISO
14697-(AATCC 79)) sn

Sekil  1.°deki  hidrofilite  testi  sonuglaraina
bakildiginda kasar adimi kaldirilarak uygulanan yeni
sistemde  su  emicilikte iyilesme  oldugu
goriilmektedir.

Kasarli ve kasarsiz numunelerin yirtilma ve kopma
mukavemeti sonuglar1 Tablo 2’de gosterilmistir.

Tablo 2. Kasarl ve Kasarsiz kopma ve yirtilma
mukavemet sonuglari

Numune | Kopma Yirtilma
Mukavemeti (N) | Mukavemeti
™)
atki cozgii | atki ¢cozgii

Kasarh 245.57 | 268.27 25.06 | 28.39
Kasarsiz 341.4 340.18 33.37 35.84

Kasar isleminin sebep oldugu mukavemet kaybi
iyilestirilmis, kasar adiminin  kaldirilmasiyla
mukavemet degerlerinde artig saglamistir.

GENEL SONUCLAR

Sonuglardan da goriilecegi gibi kasar islemi
uygulanarak boyanan numuneler ile kasar adimi
kaldirilarak boyanan numunelerin haslik, mukavemet
ve su emicilik test sonuclarinda benzer degerlere
ulagilmigtir. Hatta kasar adimi kaldirilarak isleme
aliman {driinlerin  slirtmeye karst renk hashg,
hidrofilite ve yirtilma test sonuglarinda kasarlt
boyanan numunelere gore iyilesme oldugu
goriilmektedir. Bu da orta ve koyu renklerde kasar
adiminin kaldirilmasinin kalite agisindan herhangi bir
olumsuz bir durum olusturmayacagini ve hatta su,
enerji ve kimyasal tasarrufu saglayacagini agikca
gostermektedir.



Orta ve koyu renklerin 500 kg parti i¢in kasar islem
stiresi 105 dakika azaltilarak, aylik HT boyama siiresi
%11,5 oraninda azaltilmistir. Bu sayede artan siparis
talebinin mesai yapilmadan karsilanmasi saglanmistir.
Kasarda kullanilan regete ve proses uygulama talimati
revize edilmistir. Boyahane igletmesindeki HT boyama
makinelerinde yapilan bu boyama islemleri ile zaman,
su, kimyasal ve enerji tiiketimi azaltilarak firmanin
cevreye atik etkisi ve karbon ayak izini azaltilmis ve bu
sayede stirdiiriilebilirliginin devamlilig1 saglanmigtir.
Bu projeye benzer ¢aligmalara literatiirde sinirh sayida
rastlamak miimkiindiir ancak isletmemizde HT
boliimiinde orta ve koyu renkli iiriinlerde kasar
adimmin kaldirilmast ve boyama asamasi ilk defa
denenmistir. Dolayisiyla ¢alismanin ¢iktisi, isletmemiz
i¢in yeni bir siire¢ niteligi tagimaktadir.

SONRAKIi CALISMALAR iCiN ONERILER
Bu ve benzeri proses optimizasyonu boyahanenin diger

bolimlerine de oOrnek olmus, uygulama islemi
baslatilmistir. Bu  proje yeni Ar-Ge proses
optimizasyonu projelerinin  baslatma potansiyeli
yaratmugtir.

TESEKKUR/BILGILENDIRME/FON KAYNAGI
Bu c¢alisma, Ozanteks Tekstil Ar-Ge merkezi
tarafindan, Oz kaynak 21802 proje numaras: ile
desteklenmigtir. Ayrica, bu g¢alisma, 119C070 nolu
TUBITAK 2244 Sanayi Doktora Programi Projesi
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OZET

Motheryarn iplik, monofilament iplik {iretimine olanak saglayan ipligin ismidir. Bu iplik 200-240-300 denye ve 10-12
filaman iplik olarak genelde FDY formatinda ve bazen de POY olarak {iretilebilmektedir. Sonrasinda filamanlari
ayirmaya yarayan (split) bir baska iiretimden gecerek monofilaman iplikler elde edilmektedir. Bu agsamadan 6nce
monofilament ipliklerin kivrimli istenmesi durumunda split 6ncesi tekstiire iglemi de uygulanabilmektedir. Giyimden
dosemelige, otomotivden filtrelere kadar ¢cok farkli sektorlerde kullanim alani bulunmaktadir. Bu iplik farkli sentetik
tiirevlerden iiretilebilmekte olup naylon ve polyester bunun en ¢ok kullanilan iki tiiridiir. Su anda giyim sektdriinde
ve ev tekstilinde elastikiyet ve tusesinden otiirii 200/10 naylon motheryarn ¢ok yogun kullanilmaktadir. Caligmalar
kapsaminda PTT kullanilarak naylon iplige alternatif ekstra 6zellikler de kazandirilan bir iplik gelistirilecektir.

TESEKKURLER

Yapilan caligmada KFS Sentetik Sanayi ve Ticaret A.S. biinyesinde liretilen iplikler kullanilmistir. Diger ¢aligmalar
KFS Sentetik Arge Merkezi biinyesinde gergeklestirilmistir. Projeye katkilarindan dolay1r Arge merkezi biinyesinde
bulunan tiim takim arkadaslarimiza tesekkiir ederiz.
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Elektrospinning Yontemiyle Uretilmis PAN ve PVDF Nanolif

Ipliklerin Incelenmesi
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AMACLAR

Nanofiber ipligin basarili bir sekilde hazirlanmasi,
fonksiyonel tekstiller i¢in olduk¢a onemlidir. Fakat
elektroegirme islemi ile ipliklerin iiretilmesi zordur.
Buradaki zorluk, piskiirtme sivi haznesinden (tipik
olarak bir ignenin ucundan) gelen lifler bir yiizeye
temas edip yapismadan 6nce binlerce minik, katilagmig
lifin bir demet halinde hizalanmasini1 saglayarak ve
ardindan biikiim yaparak kontrollii bir sekilde iplik
haline getirmektir. Nanofiber ipligin mekanik
ozellikleri, gereksinimler agisindan hala tatmin edici
degildir. Fakat, nanofiber malzeme teknolojisinin hizli
gelisimi ile nanofiber {iriinlerin uygulanmasi tekstil
teknolojisinin tamitimi  ve gelistirilmesi iizerinde
onemli bir etkiye sahip olacaktir.Bu durumlar goz
oniinde bulundurularak PAN ve PVDF polimerleri
kullanilarak elektro egirme yontemiyle nanolif iplikler
iretilecek ve mekanik olarak esneklikleri {izerinde
incelemeler yapilacaktir.

GIRiS

Tekstil, iplik ve liflerin kullanimi1 uzun yillar belirli
alanlarla siirh kalmis ve geleneksel yontemlerle
iretilmistir. Ancak son 50 yilda liretim teknolojileri ve
uygulamalar1 dikkate deger bir ilerleme kaydetti.
Tekstil ve iplikler, kumaslarin geleneksel kullanimi
disinda, artik kompozitler, filtrasyon ortamlari, gaz
ayirma, sensorler ve biyomedikal miihendisligi gibi
yiiksek talep goren yeni uygulamalarda kullanilmakta
ve elyaf, iplik, kumas {iretimi i¢in yeni yontemler
arastirilmakta ve tamitilmaktadir. Bu arastirmalarla
birlikte devrim niteliginde bir bilim olan
nanoteknolojide tekstil endiistrisine dahil olarak
uygulanmaktadir. Nanolifler, bu alandaki ¢aligmalarin
sonuglarindan biridir. Nanolifler, ¢aplari nanometre
araliginda olan liflerdir. Ulusal Bilim Vakfi'na (NSF)
gore nanomalzemeler, en az bir boyutu 100
nanometreye esit veya daha kiicik olan
maddelerdir[1]. Elyaf formundaki bu malzemeler,
yiiksek spesifik yiizey alani, esneklik ve iistiin yon
mukavemetinin kombinasyonu sayesinde, giyimden
havacilik yapilan i¢in giiglendirmelere kadar birgok
uygulama i¢in tercih edilen bir malzeme formu haline
getirir.
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Nanolifler, konvansiyonel eriyik ve ¢ozelti egirme
yontemleri gibi elektro egirme yontemleriyle 1 ila 100
mikron ¢apindaki siradan ve ince denye lifler (mikro
lifler) iiretilebilir[2].Nano liflerin iretimi igin en
verimli yontem olarak elektrospinning sayesinde 3
nm'den Spum'ye kadar farkli ¢aplarda birgok sentetik ve
dogal polimerik nanolif iiretilebilir.

Elektro-egirme tekniklerindeki ilerleme, cesitli
nanolifli diizeneklerin iiretimi ve insasi i¢in yeni
yontemler getirmistir.  Elektroegirmeyi etkileyen
parametreler, ortaya cikan jet iizerindeki elektrik
yiiklerini, yiik yogunlugunu ve dis bozulmalarin
etkilerini igerir. Coziicii ve lif toplama yontemi de
nihai nanolifli mimarinin yapisini etkiler [3]. En basit
kurulum olarak bahsedecek olursak; elektro-egirme,
polimer nanoliflerin olusumunu kontrol etmek i¢in bir
elektrik alan1 kullanir ve dort ana boliimden olusur:
metalik bir kapiler, bir yiiksek voltaj kaynagi, bir
pompa ve bir toplayici. Polimer ¢ozeltisi, donen
memeye pompalanir ve meme ucunda gelisen bir
damlacigin yiiklenmesi, Taylor Konisi olarak bilinen
bir akis olgusunun olusumuyla sonuglanir. Yiiksek
voltaj uygulandiginda ve kritik bir degere ulastiginda
(ylizey gerilimini asarak), jet olusur ve egirme
odasinin i¢inde hareket eder. Daha sonra solvent
buharlasir  ve  egrilmis lifler  Dbirlestirilerek
toplayicilarda toplanir. Ayrica, iiretkenligi artirmak

icin ¢ok igneli olarak smiflandirilan multijet
elektrospinning  gibi  ¢esitli  yontemler  de
kullanilmistir[4].

Bu c¢alisma ig¢in segilen polimerlerden biri olan
poli(viniliden floriir) (PVDF) miikemmel mekanik
Ozelliklere, mikemmel kimyasal dirence ve
olaganiistii hava kosullarina kars1 dirence sahiptir [5].
Ayrica PVDF nanolifleri yiiksek esneklik, yiiksek
yiizey alani, kimyasal eylemsizlik ve mekanik
kararlilik gibi belirli 6zelliklere de sahiptir [6].
Uzerinde ¢alisilacak diger polimer ise PAN’dir.
Yiiksek termal stabilitesi, diisiik yogunluk, yiiksek
mukavemet ve elastisite modiiliinii iceren Ozellikleri
sayesinde yiiksek teknolojide &nemli bir polimer
haline gelmistir[7].

Secilen bu polimerler ile bir elektroegirme yontemi
kullanilarak siirekli PAN ve PVDF nanofiber iplikler
elde edilmistir; egrilmis ipliklerin mekanik direnci-



¢ekme gerinim duyarliligl 6zel olarak incelenmistir.
Egirme islemindeki ana parametreler sistematik olarak
incelenmigtir.

DENEYSEL
Malzeme — Yontem
PAN nanolif iplikler i¢in, 150,000(g/mol) molekiiler

agirliga sahip ticari Poliakrilonitril tozu, J&K
Scientific firmasindan temin edildi.
DMF(dimetilformamid) ig¢inde agirlikca %10

konsantrasyona sahip bir PAN polimer ¢ozeltisi oda
sicakliginda sabit bir hizda ¢6ziilmesi ve karistirilmasi
i¢in hazirlandi. Coziinmeyi tamamlamak igin ¢ozelti
700 C'de yaklasik 2 saat tutuldu[8].

Poli(viniliden floriir) nanolif iplikler i¢in, PVDF (Alfa
Aesar) polimeri tozu temin edildi.

2:2:1 oraninda DMF/aseton/DMSO(dimetil siilfoksit)
¢oziiciisl igerisine agirlik¢a %13 PVDF eklendi. Elde
edilen ¢o6zelti homojen hale gelinceye kadar yeterli bir
stire 50 °C'de manyetik olarak karigtirildi.
Laboratuvar sartlarinda yapilan diretimde elektro
egirme nanofiber iplik iiretim siireci agagidaki gibidir:
Inovenso NS + Nanolif Iplik Elektro-iiretim Makinesi
kullanilarak tiretimi yapilan PAN ipliklerinin mekanik
ozellikleri iizerindeki etkilerini arastirmak igin, her
elektroegirme islemi sirasinda tiim parametreler en
uygun sartlarda dretim saglanabilecek sekilde
uyarlandi. Besleme ignesinin mesafesi, uygulanan
voltaj, ¢ozelti akis hizi, toplayicinin doniis hizi ve
sarma silindirinin hizi sirastyla 70-150 mm, 10-15 kV
ve 0.70-1,8 ml/saat, 100-200 r/dk ve 0.1-0,9m/dk
olarak tutuldu. PVDF nanolif iplikleri i¢in bu degerler
ise swrasiyla, 80-150 mm, 10-16kV ve 2,5-
3.50 ml/saat, 200-300 r/dk ve 0,5-1,5 m/dk olarak
tutuldu.

DENEYSEL SONUCLAR/TARTISMA

Yukarida belirtilen polimer ¢ozeltisi ve nanolif iplik
iretim parametreleri ile iretilen nanolif ipliklerin
mikroskop ile ¢ap ve yiizey incelemeleri yapilmis ve
asagida verilmistir.

=3
— |

Sekil-1: PVDF nanolif iplik yiizey (a) ve ¢ap (b)
mikroskop goriintiileri, PAN nanolif iplik yiizey (c)
ve ¢ap (d) mikroskop goriintiileri.
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PAN ve PVDF ¢ozeltilerinden 11,2 ve 29,8 tex’lik
nanolif iplik numuneleri elde edildi. Nanolif ipliklerin
mukavemet ve kopma uzamasi, her biri 25 cm olan bes
numunenin ¢ekme testi cihazi iizerinde Ol¢limii
yapilmigtir. Sonuglar tablo-1’de verilmistir.

iPLIKLER | F13stSite | o iime | Yizde
modiilii uzama
Birim N/tex cN/tex %
PAN 18,73 5,6 82,9
PVDF 13,8 5,5 152,2
PAMUK"! - 22,7 5
AKRILIK ™ - 20,3 30,5

Elde edilen veriler pamuk ve akrilik iplikleriyle
kiyaslandiginda, uzama yiizdelerinin biiyiik bir farkla
onde oldugu goriilmektedir. PAN ve PVDF verilerine
bakildiginda elastic kuvvet ve gerilme sonuglarinda
poliakrilonitril nanolif ipliginin daha iyi oldugu
gbzlemlenmis olsa da poli(viniliden floriir) nanolif
ipligin uzama yiizdesi daha yiiksek c¢ikmistir. Bu
durum PAN ve PVDF nanolif ipliklerinin akill tekstil
ve kompozit kullanim uygulamalarinda avantaj
saglayabilecegini gostermektedir.

GENEL SONUCLAR

Nanometre Olgegindeki lifli malzemeler, elektronik
polimerlerin nanofiberleri ve bunlarin kompozitleri,
insanligin ihtiyaclarima hizmet eden yeni islevler
gerceklestiren cihazlarin ve yapilarin ingasi igin temel
yap1 taglari saglayabilir. Proje ger¢evesinde sonuglar
degerlendirildiginde, mekanik test sonuglarinin
olumlu oldugu ve daha da gelistirilebilir sonuglar
verebilecegi diisiiniilerek teknik agidan uygun olup
kullanilmasi ve bu alanda yapilan c¢aligmalarin az
olmasindan dolay: gelistirilmesi dikkate degerdir.
Iplik yapis1, kumas yapisi gibi tekstillerin yapilar1 da
bilgi teknolojisi icin teller, kapasitorler,sensorler,
transistdrler ve diyotlar, piller gibi enerji tagima,
doniistirme ve depolama sistemleri ve yapisal
sistemler de yer alarak ek avantajlar saglayabilir.

SONRAKi DONEM CALISMALARI

flerleyen donemde elde edilen laboratuvar olgekli
uygulamalara iliskin veriler dogrultusunda {iretilen
nanolif ipliklerin 6zellikleri gii¢lendirilerek kullanim
alanlar gelistirilecektir.
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Iplik Kalitelerinin Dokuma Hazirhk Siireclerindeki

Verimliliklerine Gore Simiflandirilmasi
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OZET

Giinlimiizde tekstil endiistrisinde kaliteli iiriinlere olan
talebin artmast, i giicii, olas1 ariza siireleri ve liretim
maliyetlerinin en aza indirgenmesi i¢in akilli
teknolojilerin  benimsenmesine yol ag¢maktadir.
Gliniimiizde teknolojideki bu devrim niteligindeki
degisiklik, iiretim siireclerini, uctan uca tedariki ve
tiriin teslimatini siireclere ve miisteri tercihlerine gore
diizenleyebilir. Tekstil endiistrisi, elyaf, iplik, kumas,
giyim, ev ve dekorasyon igin tekstil {iriinlerinin yani
sira teknik ve endiistriyel amaglarla {iretimi olan
ekonomik faaliyet ile Kkarakterize edilir. Tekstil
sektorii, hammadde ve ara iirlinlerden nihai triinlerin
iiretimine kadar tiim {iretim dongiisiinii kapsayan ¢ok
sayida alt sektorii iceren en eski ve en karmagik
sektorlerden biridir. Tekstil endiistrisi faaliyetleri, her
biri kendine has 6zelliklere sahip farkli alt boliimler
sunmaktadir.

Uretim ve kalite kontrol dahil olmak iizere bircok
islemin agirlikli olarak insan eliyle gergeklestirildigi
emek yogun bir endiistridir. Tekstil siirecinin uzunlugu
ve teknik siireglerinin ¢esitliligi, is yapilart ve
entegrasyonlar1 agisindan farkli alt sektorlerin bir
arada bulunmasina yol ag¢maktadir. Kumaglarda
karsilagilan hatalar genellikle iplik, dokuma hazirlig
veya dokumadan kaynakli olabilmektedir.

Tekstil iiriinlerinde son kullanim kalitesini etkileyen
en Onemli parametrelerden biri dokuma hazirlik
asamasidir. Dokuma hazirlik siireci verimli bir sekilde
yapilmayan firiinlerde sonraki asamalarda kaliteyle
ilgili sorunlar ¢ikabilmektedir.

Calismada 38 adet veri seti Rapid Miner yazilimi
iizerinden  gegeklestirilen  makine  Ogrenmesi
uygulamast ile ¢aligtirtlmig ve basarili sonuglar elde
edilmistir. Projede bulunan 38 adet verinin %50 si
o6grenme amagh olarak kullandirilmis ve kalan %50 si
¢ok iyi, iyi ve kotii olarak gruplandirilmistir.

AMACLAR

Tekstil sektoriinde ¢ozgii, hasil ve dokuma kumasg
dretiminin Onemli bir pargasidir. Dokuma hazirlik
sireglerinden biri olan ¢ozgili hazirlama, zor olmasi
nedeniyle dokuma igletmeleri i¢in biiylik ©Onem
tagimaktadir. Cozgii hazirlama igleminin amaci, bobin
halindeki iplikleri dokuma makinesinde verimli
calisacak bir forma getirmektir. Iyi bir ¢6zgii ve hasil
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islemi yapilmasma ragmen iplik kalitesi iyi degilse
kumas kalitesinde problemler olabilir. Uriindeki iplik
kalitesini hangi parametrelerin etkiledigine dair birgok
¢alisma bulunmaktadir.

Son kullamim kalitesini etkileyen en &nemli
parametrelerden biri dokuma hazirlik asamasidir.
Dokuma hazirlik siireci verimli bir gekilde yapilmayan
iirtinlerde sonraki agsamalarda kaliteyle ilgili sorunlar
cikabilmektedir. ~ Makinalarin  ve  proseslerin
optimizasyonu saglanirsa iplik kopmasi minimuma
inecektir. Dokuma siireglerinde insan miidahalesi hala
biiylik 6nem tagimaktadir.

Bu proje kapsaminda ipliklerin mukavemet, nem ve
uzama degerlerine bakilarak ipliklerin iyi ya da koti
olmasi durumlari Ongérillmeye c¢alisilacaktir. Veri
setimizde 30/1 Open end iplik temel alinmis olup bu
ipliklerin lot bazinda mukavemet, nem ve uzama
degerleri alinmustir. iplik test degerleri alnan her bir
lot iplik, hasil makinasinda kopus degerleri ile
eslestirilerek hasil stirecindeki kopus oranlarma gore
kotii, iyi ve c¢ok iyi olarak 3 gruba ayrilmistir. Veri
setimizdeki 38 adet verinin 19 tanesi (%50) 6grenme
seti olarak degerlendirilmis ve gergeklestirdigimiz
Rapid Miner uygulamasinin kalan 19 (%50) veriyi
tahmin etmesi saglanmistir. Boylelikle iplikler hasil
sirecine  girdiklerinde ne gibi sonuglar ile
karsilasilabilecegi 6n goriilmiis olacaktir.

GIRiS

Bir yapmnin temel siirecleri etrafinda karar vermeyi
olugturan tekstil {iriinlerine yonelik gelecekte
olusabilecek olan talebi tahmin etmek i¢in dogru bir
tahmin modeli olusturulmasi ¢ok dnemlidir. Karmagik
verilerin analizinde ise veri madenciliginin uygulama
gicii bircok c¢aligmada kanitlanmigtir.  Tekstil
tiretiminde veri madenciligi, makine Ogrenimi ve
yapay zeka kavramlar1 yeni degildir. Endiistriyel ve
ticari alanlarda yaygmn olarak kullanilan veri
madenciligi ve makine Ogrenimi araglari, tiiretim
sorunlarinin  ¢dzlilmesi ve endiistriyel verilerden
kurallar1 ve kaliplarin ¢ikarilmasina kadar birgok
uygulamada yararlanilmistir. Tekstil imalatinda basit
bir islem veya standart bir iiriin {iretilmesinde bile
biiylik bir veri tretilir ve depolanir. Tekstil islem
parametreleri, lif ve iplik Ozellikleri, mukavemeti,
kumas performansi, hata tespiti vb. gibi birgok



uygulama veri madenciligi ve makine Ogrenimi
teknikleri ile ortaya konabilmektedir. Ayrica bu
araglarla birlikte yapay zekanimn kullanimi ile kamera
tabanli bir denetim sistemi kurarak, drinlerin
goriintiilerini ger¢ek zamanli olarak yakalayabilir ve
mevcut kumag desen verileriyle karsilastirilabilir.
Tekstil iiriinlerinde son kullanim kalitesini etkileyen
en Onemli parametrelerden biri Sekil 1°de goriilen
dokuma hazirlik asamasidir. Dokuma hazirlik siireci
verimli bir sekilde yapilmayan firiinlerde sonraki
asamalarda kaliteyle ilgili sorunlar ¢ikabilmektedir.

Cozgl iplikleri ¢ozgu
levendine belli bir
gerilimle ve paralel
olarak sanhir

Cozgu
Cikts; (o2l Levendi
T
—

Hasil

Cikty; Dokuma
Levendi

Cozgii ipliklerine
mukavemet
kazandirmak igin
iplikler hagil maddeleri
ile islem gorar

—
Taharlama ve

digumleme
islemlerinin ardindan
dokuma levendieri
dokuma iglemine alinir

Dokuma

Sekil 1. Dokuma Hazirlik Siiregleri

Cozgii Hazirlama;

Dokuma makinesinde kumas dokunabilmesi ig¢in
gerekli olan ¢6zgii iplikleri dokuma hazirlik dairesinde
bobin iizerinden direkt olarak kullanilamaz. Dokuma
makinesine uygun levent ad1 verilen bilyiik makaralara
aktarilmasi gerekir.

Ipliklerinin dokunacak kumasin ozelliklere gbore
(cozgii tel sayisi, ¢ozgii renk raporu, ¢ozgii uzunlugu)
birbirine paralel ve ayn1 gerginlikte uygun bir sekilde
dokuma levendi iizerinde sarilmasi iglemine ¢ozgii
hazirlama denir’>. Bu islem yapilirken ilk olarak
bobinler caglhiga dizilir, buradan alinan iplik uclart
levende aktarilir. Cozgli  ipliklerini, istenilen
ozelliklere gore, levent denilen biiyiikk makaralara
aktarilmasi isleminde kullanilan dokuma hazirlik
makinelerine ¢6zgii makineleri denir’.

ashik iplik yoklayic

Sekil 2. Cozgii Hazirlama

Hasillama;
Cozgili ipliklerine dokumadaki darbeli ve gerilimli
calismaya  dayanabilecek  sekilde = mukavemet
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kazandirmak, dokumadaki caligma sirasindaki yan
yana hareket eden ipliklerin birbirlerine dolasmalarini
ve elektriklenmeyi en aza indirmek i¢in
gerceklestirilen isleme hagillama, bu o6zellikleri
saglayan siviya hasil denir®.

Karutma boizest

A ek harwe s sndetr [

Sekil 3. Hagil Siireci

Dokuma Hazirlik Asamasinda Ele Alinacak Faktorler
Cozgili makinesi ile ilgili faktorler:

» Makine hizi

* Kopus sayisi

Iplik kalitesi ile ilgili faktérler:

+ Iplik numarasi

* Mukavemet

» Uzama degerleri

» Iplik biikiimii

+ Iplik nemi

» Ince-kalin yer

* Tiylulik

* Neps

* %CV

Hasil makinesi ile ilgili faktorler:

* Tekne sicakligt

* Baska silindiri

* Tambur sicakligt

* Nem degeri

» Makine hizi

* Viskozite

* Kopus sayisi

* Nem

* Ph

* Sicaklik

* Hagil maddesi

* Sikma basinci

» Cozgii ipligi gerginligi

* Caligma hiz1

* Pigirme siiresi

* Kuruma zamamn

Yapay zeka; insanlarin yaptiklarini bilgisayarlara
yaptirabilme galigmasidir®.

Yapay zeka, akilli davranig lizerine bir ¢aligmadir. Ana
hedefi, dogadaki varliklarin akilli davraniglarini yapay
olarak  {iretmeyi  amaglayan  bir  kuramin
olusturulmasidir.

Yapay zeka; su ana kadar yapilamayanlardiri.

Yapay Zekanin Problemleri®;

Problem Coziimleme; Problem ¢6ziimiinde insanin
psikolojik  agidan  gergeklestirdigi  siireglerin
modellenmesi amaglanir.



Oyunlarin Modellenmesi; burada strateji oyunlari ele
alinarak bilgisayarin insana benzer bir bi¢imde

kararlar ~ verebilmesinin  nasil  saglanacagina
deginilmektedir.
Bilgilerin Modellenmesi; buraya  bilgilerin

modellenmesi ve onlarin farkli yontemlerle bilgisayara
aktarilmas1 dahildir. Bilgilerin modellenmesi Oriintii
tanima, Dogal Dil igleme, Uzman Sistemler ve diger
Yapay Zekd problemlerinin ¢oziimiinde Onem
tagimaktadir.

Otomatik Teorem Ispat;; burada matematik ve
mantikla iligkili bir bigimde Onermelerin ispati ve
yenilerinin bulunmasi iizerinde durulmaktadir.

Uzman Sistemler; uzmanlik konusundaki problemlerin
¢oziimii ile ilgili 6zel bilgileri igermektedir. Bu
sistemler, farkli alanlarda uzmanlagmis kisiler
tarafindan ¢oziimlenen problemlerin bilgisayarda
modellenmesi seklinde tanimlanabilir.

Dogal Dilin Islenmesi; burada genellikle etkilesimli
soru-cevap bigiminde olan sistemler, anlamanin
modellenmesi, ciimlelerin analizi, imla hatalarinin
algilanmasi ve diizeltilmesi, otomatik ceviri sistemleri
ele alinmaktadir.

Ses Isleme; sesli bilgisayar-insan ara yiiziiniin
olusturulmasi, konugsmanin analizi, konugsma tanima,
ses tanima, sive/dil tamima, vb. bu alt dalin
problemlerindendir.

Oriintii Tamima; burada gorsel ve bazi durumlarda
isitsel nesnelerin taninmas arastirilmaktadir. El yazisi,
imza taninmasi, bilgisayarli dudak okuma vb.

Makine Ogrenmesi ve Derin Ogrenme; Bu béliim
matematiksel ve istatiksel islemlerle veriler {izerinden
¢ikarimlar  yaparak  tahmin  mekanizmasinin
bilgisayarli modellenmesidir. Yapay Sinir Aglari,
Ozellik ¢ikarma, Siniflandirma teknikleri bu gruba
dahil olmaktadir.

Bilgisayar Yaraticiligi; burada genellikle insana &zgii
zihinsel durumlarin modellenmesi amaglanmaktadir.
Fotografin resme doniistiiriilmesi, resmin fotografa
cevrilmesi, ifadeden ¢izimin yapilmasi, resim
eserlerinin belli bir ressama 6zgii sekilde cizdirilmesi,
bilgisayarli miizik besteleme, siirlerin, hikdye ve
romanlarin yazilmasi bu alanin problemlerindendir.
Robotik; Mekanik alanina giren robotik, Yapay
Zekanin sinirindadir. Dronlarin diizen kontroliiniin
yapilmasi,  gilizergdh  belirleme, carpisimlarin
onlenmesi ilgili alt dalin problemlerindendir. Akilli
donanimsal bilesenler, algilayicilar da bu alanla
iliskilidir.
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Stratejili
Oyunlar

Problem Bilgi Otomati
Cézme Modelleri Jeoremn
Dogal Ispati
Uzman Dil Ses

Sistemler isleme
Oriinti Derin
Tanima Ogrenme

Bilgisayarl Gorilintl

Arttinimig Akl

ot Analizi
Veri Moo
Madenciligi ve Sanal Givenlik lesnelerin
Gergeklik interneti

Sistemleri
Sekil 4. Yapay Zekanin Temel Problem Alanlary’

isleme
Bilgisayar
Yaraticiligi

Makine
Ogrenmesi

Robotik
Teknoloji

2001 yilinda, YALE (Yet Another Learning
Environment) olarak ilk kez duyurulan Rapid Miner
yazilimi, gliniimiizde bulunan makine 6grenmesi, veri
madenciligi gibi stireglerin %99’unu
gergeklestirebilecek donanimdadir®.

Rapid Miner, Java dilinde yazilmis olup, kendi
icerisine Java dili ile kod eklenme imkani saglamasinin
yaninda, Python, Weka veya R gibi diller/ortamlarla da
uyumlu olarak ¢aligabilmektedir.

Ucretli ve ticari versiyonunun yaninda, sonsuza kadar
licretsiz olacagi vaat edilmis olan ve AGPL lisansi ile
dagitim siiren topluluk siiriimii de bulunmaktadir®.
2001 yilinda ilk kez Ralf Klinkenberg, Ingo Mierswa
ve Simon Fischer tarafindan Dortmund Teknik
Universitesi, yapay zeka biriminde gelistirilmistir.
2006 yilindan itibaren, Ingo Mierswa ve Ralf
Klinkenberg tarafindan kurulan Rapid-I isimli sirket
tarafindan gelistirilmeye baslanmistir.

2007 yilinda, yazilimm adi YALE'den RapidMiner'a
¢evrilmistir.

2013 yilinda, sirket yeni ismi olan Rapid-I ile
RapidMiner tiriiniinii markalastirmsgtir.

DENEYSEL

Malzeme

Calisma verileri, Ozanteks Tekstil San ve A.S.” den
almmistir.  Ozanteks, 1973 yilinda Denizli’de
kurulmustur. Ozanteks' te ¢6zgii, hasil, dokuma, diiz ve
yuvarlak 6rme, kumas boyama, pad batch, overflow ve
polyamid boyama, havlu, bornoz, nevresim, dikissiz
konfeksiyon departmanlari bulunmaktadir. Ozanteks,
300 adet havlu ve kumas dokuma tezgahi, 100 adet i¢
giyim ve orgii makinasi, 21 HT, 7 Polyamid, 5 Koni
Boyama, 1 Open-End Boyama, kapitone kumas ve
yorgan makinasi ve 700 adet dikis makinast ile tiretim
yapmaktadir.

Aylik olarak ortalama 600 ton ev tekstili dokumasi
yapilmakta oldugu i¢in ¢6zgii ve hasil siire¢lerindeki
verimlilikler ¢cok 6nemli olmaktadir.

Ozanteks iplik laboratuvarindan elde edilen sonuglar
ile ayn1 lotlu ipliklerin ¢6zgii ve hasil makinalarindaki
kopuslar1 arasindaki iligki kurularak Tablo 1° deki veri
seti hazirlanmig ve Rapid Miner repository sine
yiiklenmigtir.



Yontem

Cozgii ve hasil makinalarindaki kopus verileri Rapid
Miner programina yiiklenerek analiz yapilmigtir.
RapidMiner;

Makine d6grenmesi,

Veri madenciligi, veri bilimi

Metin madenciligi,

Tahmin edici analiz ve is analizi

Amaclarina yonelik olarak gelistirilmis bir yazilim
platformudur.

Rapid Miner, makina 6grenmesiyle ya da ig zekasiyla
ilgili ¢ok fazla araci birlestirilebilen ve ugtan uca
¢ozlim yapilabilen, veriyi alip on islemeden gegirip,
makine Ogrenme siireclerinden gegirip en son
raporlamaya, gorsellestirmeye kadar gotiiriilebilen bir
aractir.

Karar Agaci

Karar agaglar;; smiflandirma ve  Regresyon
problemlerinde kullanilan, aga¢ tabanli algoritmadan
biridir. Karmagik veri setlerinde kullanilabilir.

+ Karar agaclarinin ilk hiicrelerine kdk (root veya root
node) denir. Her bir gozlem kokteki kosula gore
“Evet” veya “Hay1r” olarak siniflandirilir.

» Kok hiicrelerinin altinda diigiimler bulunur. Her bir
gozlem diigimler yardimiyla smiflandirilir. Diigim
sayist arttikca modelin karmasiklig1 da artar.

e Karar agacinin en altinda yapraklar bulunur.
Yapraklar, bize sonucu verir.

- KoK

~ DUCUMLER

LEAF NODES / LEAF NODES
Lenes

Tenes s ~ YAPRAKLAR

LEAF NODES.
LEmES

Sekil 6. Karar agacinin sematik gosterimi

Smiflandirma ve Regresyon problemlerinde ¢ok ¢iktili
bir sekilde galigabilir.

Karmasik veri setlerinde kullanilabilir.

Scale etmeye ve c¢ok fazla veri 6n islemeye gerek
duymaz.

Kok hiicreyi secerken veri setini miimkiin oldugunca
anlamli sekilde ayrigtirabilen siitun se¢ilmeye caligir.
Karar Agaci, 6nceden tanimlanmis olan max_depth
parametresine ulastiginda veya daha saf bir alt kiime
elde edemediginde durur.

K-NN Algoritmasi
K-NN algoritmasi, secilen noktanin hangi sinifa ait
oldugunu tespit ic¢in kullanilan smiflandirma

algoritmasidir. Temelde mesafe hesaplamasi temeline
dayandirilmastir.

KNN algoritmasi bir egitim verisi i¢erir ve yeni bir
deger geldiginde K degerine mesafeler hesaplanir ve
yeni deger bir kiimeye ilave edilir.
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Mesafe hesaplama isleminde ise k-means ve hiyerarsik
kiimeleme de kullanilan Oklid uzakligi, Manhattan
uzakligt gibi mesafe hesaplama  yOntemleri
kullanilabilir.

EEzs===

6

Sekil 7. K-NN Algoritmasi

Bu algoritma bes adimdan olusur (Calisma mantig1):
1. Oncelikle K degeri belirlenir.

2. Diger nesnelerden hedef nesneye olan Oklid
uzakliklar1 hesaplanir.

3. Uzakliklar siralanir ve en minimum uzakliga baglh
olarak en yakin komsular bulunur.

4. En yakin komsu kategorileri toplanir.

5. En uygun komsu kategorisi segilir.

DENEYSEL SONUCLAR/TARTISMA

Ozanteks iplik laboratuvarindan elde edilen sonuglar
ile ayni lotlu ipliklerin ¢6zgii ve hasil makinalardaki
kopuslar1 arasindaki iliski kurularak Sekil 8” deki veri
seti hazirlanmig ve Rapid Miner repository sine
yiiklenmistir.

Nt ke Comtn Waad e Mabmaoet e P

Sekil 8. Veri Seti

Rapidminer uygulamasinda genel ekran goriintiisii
Sekil 9 da gosterilmistir. Proje kapsaminda
kullandigim operatorler ve aciklamalari asagida
verilmektedir:

Detect Outlier: Bu operatér, en yakin k komsusuna
olan mesafeye bagli olarak verilen Ornek Kiime'de n
adet aykirt degeri yakalar. n ve k degiskenleri
parametreler  araciligryla  belirtilebilir. ~ Proje
kapsaminda 10 adet komsuya bakilip 3 adet aykiri
degerin yakalanmasina yonelik parametre girisi
yapilmustir.



Filter Examples: Bu operatér, bir Ornek Kiime’ sinin
hangi orneklerinin tutulacagimi ve hangi 6rneklerin
kaldirilacagini seger. Proje de detect outlier yaptiktan
sonra yakalanan aykir1 verilerin filtrelenmesi amaciyla
kullanilmistir.

Select Attributes: Bu operatdr, bir 6rnek kiimesinin
niteliklerinin bir alt kiimesini secer ve diger nitelikleri
kaldirir. Proje de veri seti i¢inden secilen 6zellikler;
iplik mukavemeti, iplik nemi, iplik uzama degerleridir.
Split Data: Bu operatér, verilen drnek kiimenin istenen
sayida alt kiimesini {iretir. ExampleSet, belirtilen
goreli boyutlara gore alt kiimelere boliiniir. Projemizde
verilerin %50 sini makine 6grenmesi ger¢eklesmesi
icin K-NN algoritmasinin ¢alisacagi operatore, kalan
%50 si de etiketlenmesi igin “Apply Model”
operatoriine yonlendirilmistir.

K-NN: Bu operatér, siniflandirma veya regresyon igin
kullanilan bir k-En Yakin Komsu modelini olusturur.
Apply Model: Bu operator, girdisi olan modeli veri
setine uygular. Projede veri setine K-NN algoritmasi
uygulanmistir.

Performance: Bu operator, siiflandirma gorevlerinin
istatistiksel performans degerlendirmesi i¢in kullanilir.
Projemizde K-NN algoritmasi uygulanan veri setinin
performansi incelenmistir.

COREKCIOGLU, Mustafal (0000-0001-7976-6049)
DEMIR Ozlem (0000-0003-1505-2164)
OZMEN SELCUK, Asli (0000-0002-8227-3808)

GENEL SONUCLAR

Ozanteks den elde edilen 38 adet veri seti Rapid Miner
yazilimi {izerinden geceklestirilen makine 6grenmesi
uygulamast ile ¢aligtirtlmig ve basarili sonuglar elde
edilmistir. Projede bulunan 38 adet verinin %50 si
o6grenme amagh olarak kullandirilmis ve kalan %50 si
cok 1iyi, iyi ve kot olarak gruplandirilmistir. Elde
edilen sonuglar “Performance” operatdrii ile analiz
edilmis ve Sekil 10’da verilmektedir. “Detect outlier”
ve filter example operatorii ile aykirt veriler
aytklanmis ve veriler “split data” operatérii ile K-NN
algoritmasina yonlendirilerek makine Ogrenmesi
gerceklestirilmistir. “Apply Model” operatorii ile
etiketlememis olan veriler tahmin edilmistir. Sonug
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olarak elde edilen verilere gore Sekil 10’u su sekilde
yorumlayabiliriz:

9 adet “iyi” degerindeki veri %100 oraninda dogru
olarak tahmin edilmistir.

5 adet “kotii” degerindeki veri “iyi” degerinde tahmin
edilerek %100 oraninda yanlis tahmin edilmigtir.

2 adet ¢ok iyi degerindeki veri “iyi” degerinde tahmin
edilerek %100 oraninda yanlis tahmin edilmistir.
Uygulamanin genel performans: %56,25 olarak
gerceklestirilmigtir.

Sekil 10. RapidMiner Sonu¢ Performansi

SONRAKIi CALISMALAR iCiN ONERILER
Rapid Miner uygulamasi ¢ok detayli operator ve
parametreler ile caligmaya imkan tantyan bir yazilim
oldugunu soyleyebiliriz. Veri setleri bilyiitiilerek, daha
farkli algoritmalar kullanilarak ¢ok daha iyi sonuglar
almabilecektir. Bir sonraki caligmada iplik biikiim
degerlerinin de veri setine ekleyerek, en az 500 adet
veri seti ile uygulamanin daha da gelistirilmesine
calisilacaktir.
TESEKKUR/BILGILENDIRME/FON KAYNAGI
Rapid Miner yazilimimi 6grenmeme vesile olan sayin
hocam Prof. Dr. Sezai Tokat’a ¢gok tesekkiir ederim.
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Coconut (Cocos nucifera) Sheet Based Composites for
Ballistic Applications

Mohammad Jawaid
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ABSTRACT

Fabrics having outstanding mechanical properties and ballistic resistance are used in ballistic structures and in
protective clothing. Coconut nucifera sheet (CS) is naturally available woven fabrics which can be utilized in
ballistic applications by hybridizing and modified it properties. In this study CS/epoxy and Kevlar hybridized
CS/Kevlar hybrid composites fabricated and also epoxy resin modified by Graphene nanoparticles (GNP) and
carried out comparative study between GNP modified and unmodified pure CS/epoxy and Hybrid composites.
Ballistic testing of pure and hybrid composites carried out as per NIJ 0108.01. CS/epoxy and CS/Kevlar hybrid
composites show higher ballistic performance due to randomly interlaced dense weaving nature of the Cocos
nucifera sheath which enhances the mechanical interlocking with adjacent layers which can absorb and dissipate
the kinetic energy of the projectile rapidly away from the impact zone. It noticed that GNP didn’t show
improvement for hybrid and Cocos nucifera sheath reinforced epoxy composites due to improved fibre/matrix
interfacial bonding. We developed techno economic hard body armour by using Coconut nucifera sheet. A cocos
nucifera sheath based multi-layer hard body armour system which protects the soldiers against high kinetic energy
projectiles (7.62mm caliber) according to NIJ level III standards at 840-850 m/s. The existing Kevlar fabric based
multilayer armour system is costlier and it pollutes the environment after its service life. But, natural fiber based
hard body armour reduces the environmental issues and cost.

Keywords: Cocos nucifera; Kevlar; Epoxy resin; Composites; Ballistic applications.

127



Recent Advances in Sustainable Dyeing of Textiles
Aminoddin Haji
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Iran
ahaji@yazd.ac.ir

Abstract

The conventional textile dyeing processes have several problems. Consumption of huge amounts of water and the
consequent environmental pollution are the most important challenges. The current inefficient dyeing procedures
cause the loss of huge amounts of dyes which remain in the dyebath after the dyeing. Due to these problems and
the awareness of the consumers about the existing hazards, new cost-effective, resource-efficient and sustainable
dyeing alternatives are highly demanded. These processes may include one or more of the following approaches:
- Reduce water usage (such as using non-aqueous solvents like protic ionic liquids)

- Replace wasteful procedures with efficient and cost-effective ones (such as SCCO2 dyeing)

- Pre-treatments to enhance the dyeability of textiles (such as plasma treatment of wool and cationization of cotton)
- Replacing the synthetic dyes and pigments with new sustainable alternatives (such as plant-based and microbial
pigments, structural coloration, etc.)

In this paper, the different approaches studied for the sustainable dyeing of textiles are reviewed and the results of
some works being done at Yazd University in this field are explained.
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Abstract:

Nowadays, the energy sources for human activity
come from fossil fuels. Fossil fuels are non-
renewable and have negatively impact on the
environment, such as the greenhouse effect and the
depletion of the ozone. Biofuels derived from plant,
and organic residues are renewable, environment-
friendly, and have received a large amount of
attention in recent years. Conversion of waste to
reusable products are gaining much importance in
today’s world. Textile is a global product used by all
people in the world and the textile manufacturing
process produces a significant amount of solid
waste. The annual production of textile waste is
steadily increasing. The current routine to dispose of
this waste is incineration or landfilling that causing
increasing concern about the impact of the waste on
the environment. These wastes like dirty cotton,
leather fleshing waste, textile desizing, sewage
sludge, etc., can be used as a feedstock for biofuel
production due to high fat content and cellulose. This
article targets is to overview textile waste as a
feedstock which can be wuseful in biofuels
production.

Keywords: biofuel, textile waste, cotton, leather
fleshing, sewage sludge.

Introduction

Energy has become a crucial factor for humanity.
According to the International Energy Agency
(IEA), the world will need 37% more energy in 2040
[1]. The progress has been phenomenal in the useing
of non-renewable energy sources, comprising coal
(29%), natural gas (24%), and oil (35%) [2]. Today,
Fossil fuels are dominating the global energy market
[3]- Recently, the increase of energy consumption in
transportation (more than 95% energy) and
technology has led to scarcity of fossil fuel resources
in the world [4, 5]. Fossil fuels are non-renewable,
with limited reserves and the high prices that cause
climate change, emissions of greenhouse gases,
environmental  pollution, and damage of
biodiversity. With growing concerns about fossil

fuels, biofuels as an environment-friendly energy
source have received a large amount of attention in
recent years [6, 7]. Biofuels are fuels derived from
biomass, which can play an essential role in reducing
greenhouse gas emissions [1]. For example,
bioethanol contains 35% oxygen that helps complete
combustion of fuel and reduces emission of
particulate that are dangerous to the health of living
beings [8].

The biofuels are discrete into three descendants. The
first descendant is the biodiesel from sugars, oil
crops such as soybeans, and animal fats. The second
descendant is the biodiesel from numerous kinds of
vegetables (jatropha, mahua). The last descendant is
the biodiesel from microalgae and microbes [7, 9].
Microalgae do not need much cultivation land as
compared to vegetable plants; however, it proves a
better feedstock for biodiesel as shown in Table 1
[10].

Table 1. Biodiesel production of different feedstock
[10].

Biodiesel
Crop Oil yield | productivity
Source Name | (Lha-1) | (kg biodiesel/
ha-year)
First Corn 172 152
generation Soybean 446 562
Second Jatropha 741 656
generation Castor 1307 1156
Microalgae
Third (wet) 58,700 51,927
generation | Microalgae 136,900 121,104
(Dry)
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The waste materials including municipal waste and
cellulosic waste (wood and waste textiles) are
examples of biowaste that can be used as substrate
for biofuels production [11].

Biofuels production from textile waste

The textile manufacturing process produces a
significant amount of solid waste [12]. According to
Environmental Protection Agency (EPA) report
(2013), annually, 15.1 million tons of textile waste is
generated from US. Waste textile management is
reusing of second-hand textiles, filling materials,
landfilling, and burning. All of these processes have




negatively impact on the environment and lead to the
loss of energy and raw materials [13]. Therefore, it
is essential to develop a technology to reuse nontoxic
organic and biomass to produce of renewable energy
[14]. These wastes like, dirty cotton, leather fleshing
waste, sewage sludge, etc., can be used as a
feedstock for biofuel production and energy [3, 15].

Cotton-based waste textiles

Population growth has been one of the critical
factors to more energy and fiber consumption [13].
Around 40% of the fiber consumption in the world
is cellulose. Almost one-third of the waste textiles
from clothing and other textile products are cotton
and viscose. Used clothes are landfilled or
incinerated in waste collection stations. [3, 16].
Cotton textile industries face critical problems on
waste management, which results in environmental
pollution and health hazards.

Structure and properties of cotton waste

These  wastes includes lignin  (20-30%),
hemicellulose (19-34%), and cellulose (33-51%)
which can be used as feedstock for the production of
biofuels, such as bioethanol and biogas [17, 18].
Cotton waste is rich in cellulose and the results for
analyses of cotton waste are shown in Table 2 [19].

Table 2. Analyses of cotton waste [19].

Content Percentage (%)
Cellulose 54.00
Non-cellulose 16.00
Ether extractive 12.00
Moisture 8.80
Ash 7.20
Metals & other 3.20
Nitrogen 0.80

Waste management is one of the biggest problems
faced by the cotton ginning industry. Ginning one
bale (227 Kg) of cotton lint contributes between 37
and 147 Kg of waste [20]. Figure 1 shows the solid
wastes that are generated from different stages of
cotton processing [17]. It can be shown that wastes
of spinning process include carding waste, comber
noils, sweeping waste and microdust.

] [ Spinning [ Weaving ]
—> '_)
process process

- Fiber waste
- Yarn waste

Gin trash
Figure 1. Solid wastes during cotton processing
stages [17].

Cotton
cultivation

Plant trash
(Stalks)

- Carding waste

- Comber noils

- Sweeping waste
- Microdust
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Biofuel production from lignocelluloses material
(cotton waste)

The various processes involved in biofuel
production include pretreatment, hydrolysis,
fermentation, and distillation (Figure 2) [18].

Textile Waste
Jeans Waste N Cotton Waste

Bmclhdnul

Pretreatment
Biogas

Fem)emano
Auaeroblc
D!L,c:llon
Distillation

Figure 2. Biofuel production from textile waste
[18].

?"!

Pretreatment

One of the major challenges in biofuel production
from waste textiles is highly compact and crystalline
structure of cotton, resulting in very low
bioconversion rate and yield. Thus, a suitable
pretreatment is required to improve the digestibility
of cotton-based waste textiles and achieve a high
yield of biofuel production [13]. The pretreatment
(chemical, physical and biological methods) is
considered as one of the most stages for destroying
the lignin and increase the amorphous regions
(Figure 3) [16, 21].

Cellulose

pr o
Amorphous Region { ’ 7]

e’ Pretreatment

5
Crystalline Region { 1 Y
3

Hemicellulose

Lignin

%*

Figure 3. Pretreatment effect on the lignocellulosic
[21].

Besides being considered as a crucial stages in the
biofuel production, pretreatment methods as an
energy-intensive process, represents one of the main
economic costs in the process [22]. In chemical
treatment reduced consumed lower energy, which
results in higher hydrolysis efficiency [17]. Acid
treatment is carried with concentrated or dilute acid.
Zhang et al. produced amorphous cellulose, by
dissolving cotton waste in phosphoric acid (83%)
[23]. Sahu et al. reported that maleic acid was found
the efficient pretreatment agent with minimum toxic
by-products [24]. Alkali pretreatment due to
swelling of the internal microfibrils increasing the
amount of amorphous regions [25]. Sodium
hydroxide (NaOH) is used for alkali pretreatment



due to its hydroxyl bonds, which easily enter into
hydrogen bonds and break out the crystalline nature
[17]. Elahe et al. studied alkaline pretreatment of
polyester-cotton textile using 12% NaOH at -20 °C
for 1 h. The maximum yield of ethanol production
obtained 70% after the pretreatment, whereas it was
only 36% for the untreated textile [26]. Megala et al.
showed that the concentration of bioethanol was
high in chemical pretreated cotton waste (acid)
compared to nonchemical pretreated (ultrasonicated)
with an increase in the lignin degradation and the
cellulose release. It is observed from the table 3 that
the increase in acid concentration and
ultrasonication time results in an increased lignin

degradation and increased in reducing sugar
formation [27].
Concentration Lignin | Cellulose
pretreatment (%) content | content
. (2 (g)
Without . 0251 | 0437
pretreatment
L 4 0.108 0.711
Sulphuric acid 5 0.069 0.793
Time (h) - -
Ultrasonication 6 0.129 0.612
9 0.074 0.776

The chemical treatment has some negative effects,
including corrosion and the need for neutralization
that produces environmental pollutants [13]. In the
biological method, the white-rot fungi are the major
group studied for bioethanol production [17].

Hydrolysis

The hydrolysis of the biomass is conversion of
polymers, such as cellulose, hemicellulose and
lignin into monomers such as reducing sugars
(glucose) [18].

Fermentation

Fermentation is the bioconversion of monomers
(reducing sugars) to biofuel, such as bioethanol. The
bacterial species, such as Bacillus polymyxa and
Escherichia coli and the fungal species, such as
Saccharomyces cerevisiae and Pichia stipites, are
species involved during of the fermentation process
[18].

Distillation

Distillation is necessary for the separation of
bioethanol from raw products. The vaporization of
ethanol at a low temperature of 78° C helps it during
separation. The product is an azeotropic mixture of
ethanol with an insignificant amount of water [18].
Hasanzadeh et al. used the cotton part of waste jean
(40/60 polyester/cotton) for biogas and ethanol
production [13]. Biogas, containing energy-rich
methane, is produced when some bacteria
decompose biological material in an anaerobic
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environment (anaerobic digestion) [19, 28]. Alkaline
pretreatment using sodium carbonate (Na,COs) (0.5
M, 150 °C, 120 min) is an eco-friendly method to
enhance the biodegradability of waste and
production of bioethanol (ester yield: 69.4%) (Figure
4) [13].

80
70
60

50

40

30

20

10

0
Al A2 A3 Bl B2 B3

Al: Jeans, untreated

A2: Jeans, 0.5 M, 150 °C

A3: Jeans, 1 M, 150 °C
B1:Pure cotton untreated

B2: Pure cotton, 0.5 M, 150 °C
B3: Pure cotton, 1 M, 150 °C

Ethanol yield (%)

Figure 4. Effect of the pretreatment on the ethanol
production [13].

The biodiesel yield was determined as [6]:

Total weight of fatty acid methyl ester

. o) =
yield(%) Total weight of oil in the sample

x 100 @

Jeihanipour et al. investigated ethanol production
(yield: 86%) from the waste of blue jeans and cotton.
Alkali pretreatment (12% NaOH, 0°C, 3 h) and
enzymatic hydrolysis (45 °C, 24 h) resulted in
conversion of the cotton (99.1%) and jeans to
glucose and then fermented by Saccharomyces
cerevisiae (4 days) to bioethanol [16].

The yield of enzymatic hydrolysis is defined as:

The yield of enzymatic hydrolysis
g

glucose released (f)
= g x 100 )
glucan in sample (f) x1.11

The correction factor (1.111) is used to consider the
water added to the cellulose chains [29]. In cotton
manufacturing, more than one million tons of starch
(a sizing agent) are used, annually. The carbohydrate
liquors of desizing process are without use, and no
economic strategy for the recycling of this waste.
Carbohydrates are energy sources that can be used to
fuels [15].

Sewage sludge waste textiles

Sewage sludge is a by-product of processes involved
with wastewater treatment [30]. With the rapid
increase in industrial activities, large amounts of
sewage sludge are generated annually. For example,
in 2018, Taiwan’s industry produced more than 1.1
x 10° tons of biological sludge, which textile sludge
was 4.2 x 10* tons [14]. The composition of the
textile sludge is heavy metals (Cd, Zn, Cu, Cr, Pb,
Ni, etc.), dyes, and a substantial amount of organic
matter, phosphorus, nitrogen, and micronutrients



[12, 31]. Sewage sludge can be used for soil
improver or phytoremediation purposes [32].
Phosphorus and nitrogen content in sewage sludge
improves the organic matter of the soil structure
[33]. If there is no possibility of agricultural
utilization of sewage sludge, it is subject to the
landfill or thermal disposal [32]. The shortage of
landfills and environmental damages, such as soil
and groundwater contamination, is an essential
challenge [14, 34, 35]. The primary sludge is a
combination of grease and solids. The secondary
sludge (activated) is composed of microbial cells.
The sludge is a potential source of lipids (up to 30
wt. % based on dry sludge) that could be used a
source of cheap and available for biofuels [1, 36].

Pretreatment of sludge

The utilization of the sludge pretreatments
(ultrasonic, acid hydrolysis) could improve the
efficiency of lipid extraction. These prereatments
can release the lipids from other macromolecules.
The common methods are ultrasonication and
mechanical disintegration that used to enhance
biogas production. Ultrasonic can disintegrate
sludge flocs, breaking bacterial cell walls and
releasing intracellular substances into the aqueous
phase. Mechanical disintegration is used to reduce
the size of the sludge particles and disintegrate cells
[37,38].

Lipid extraction and transesterification

Lipid extraction can determine the biodfuel yield
[37]. The common method for lipid extraction is to
extract by organic solvents (for example, toluene,
hexane, ethanol, and chloroform). It is well known
that non-polar solvents are the best because they can
extract non-polar/saponifiable lipids convertible to
biodiesel. Hexane is widely used for extracting the
lipid because it has better lipid accumulating
property. The lipids converted into biofuels using an
alcohol such as methanol and in the presence of
catalysts (acid, alkaline, enzymes) by

transesterification reaction (Figure 5) [1, 39].

Pretreatment

Ultrasonication
Mechanical disintegration

Lipid extraction

Lipid extraction by slvent

Transesterification
Biofuel synthesis

o o

W
H,C-0-C-R, Ry=C-0-CHs H,C-OH
9 NaOH 2
HC-0-C-R, + 3CH,OH R,~C-O-CH;  + HC-0OH
2 Catalyst o |
H,C—0-C-R;3 Ry—G-0—-CHy H,C—OH
Triglyceride Alcohol Esters Glycerol

Figure 5. Schematic of biodfuel production [39].
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Manyuchi et al. produced bioethanol from sewage
sludge. High bioethanol yields (60 mL/L) were
obtained at an incubation period of 10 days, the
temperature of 30 °C and pH=6.5 with the yeast of
6% wt (fermentation catalyst) [4]. Bioethanol
production from sewage sludge is a temperature
sensitive process because the process has biological
nature, and high temperatures are a stress factor for
microorganisms. Also, the yeast is denatured and
reduces the bioethanol yields (Figure 6a). The
fermentation process is very sensitive to pH because
the H in the fermentation media can change the
charge of the plasma membrane resulting in low
permeability of nutrients into the yeast cells (Figure

6b) [4].
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Figure 6. Effect of (a) temperature and (b) pH on
bioethanol production [4].

Leather fleshing waste

Tanning Industry is a major source of pollution, and
tannery wastewater is a potential environmental
concern [40]. The leather industry uses skins as raw
materials, which are the by-products of the meat and
fleshing waste [41]. The waste generation from the
tannery process is estimated over 6 million tons
annually [42]. The leather fleshing waste generated
from the tanneries causes environmental impacts,
such as groundwater contamination, and odor
problems. Even though methods, such as landfill
disposal, thermal incineration, and anaerobic
digestion are available, they again contribute to
pollution and cause additional economic burden to
the tanners [43].



Also, the methods of wastewater treatment, such as
chemical coagulation, biodegradation, adsorption,
and reverse osmosis causes high consumption of
energy, the need for a large area of land, and high
cost [44]. One way to recover the leather wastes is
using them as feedstock in biodiesel production due
to their rich fatty acid content (Table 4) [43, 45].

Table 4. Types of fatty acid from fleshing oil [46]

. Carbon
Fatty acid type chain %owt
Stearic C18:0 0.12
Oleic C18:1 3.29
Arasitic C20:0 28.67
Eicosenoic C20:1 7.72
Eicosatrienoic C20:3 9.36
D1h9mo—ggmma- C20:3
linolenic / 6 45.03
Eicosatrienoic (w6)

Krishnan et al. used tannery fleshing waste to
produce methyl ester via transesterification. The
highest methyl ester content (89 wt. %) was obtain
in 3 hour reaction time at 65 °C and 1 wt. % of
catalyst (NaOH) [5].

Dagne et al. used response surface to optimize the
biodiesel production from leather fleshing waste.
The results showed that the best situations for
making biodiesel (96%) are catalyst amount of 1%
w/w, reaction temperature of 60°C for 1 h. The
temperatures in the range from 62 to 70°C caused
evaporation of methanol and reduced the ester yield
(saponification of the glycerides by alkaline
catalyst).

The addition of a high amount of catalyst leads to the
formation of an emulsion and the gels. These hinder
the glycerol separation and reduced the ester yield
[6]. Ramos et al. extracted animal fat from tannery
fleshing waste [47]. The free fatty acid content in
animal fats is within the range of 5-30%, making a
pretreatment necessary (due to the formation of
soap) (Figure 7) [48].

Il Il
HO—C—R + NaOH —> Na''O0—C—R + H0

Fatty acid Sodium soap

Figure 7. Saponification reaction of free fatty acids
[47].

This pretreatment consists of esterification with
methanol and sulfuric acid as catalysts (Figure 8)
[47].

Il (H2S0z) Il
HO—C—R  + CH,OH <—_> CH;—0—C—R + H0
Fatty acid Methanol Methyl esters

Figure 8. Esterification reaction of free fatty acids
[47].
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After this reaction, the treated fat can be
transesterified with an alkali catalyst (KOH) to
convert the triglycerides to methyl esters (94.2%)
[47].

Conclusion

Due to the shortage of conventional fossil fuels,
greenhouse gas emissions from the combustion
engines, and environmental pollution, biofuel are
used as a substitute for petroleum fuel. The annual
production of textiles waste is increasing that
causing an increasing concern regarding the impact
of the disposal of waste on the environment. The
conversion of waste to reusable products is gaining
much importance in today’s world. While waste
textiles, comprise a synthetic polymer and cellulose
fractions, are considered as a treat to environment,
their cellulosic part has a high potential for biofuel
production. Generally, textile waste like cotton
wastes, sewage sludge, leather fleshing, etc., can
potentially be used as sustainable feedstock for
biofuels production due to availability and high
amount of cellulose and fat. The production of
biofuel from waste textile could be possible from
different materials with and without pretreatment.
The pretreatment helps to open up the structure of
the material and makes easier for the
microorganisms to degrade it. Thus, the use of
wastes could be a viable, economically and
environmentally alternative for the produce of
energy.
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Abstract: in this work, an electrospun carbon
nanofiber-carbon nanotube (CNF-CNT) composite
produced for water treatment. Synthesis variables
including integration of multi-walled carbon
nanotubes (CNTs) and stabilization temperature
(250 and 280°C) were used to control nanofiber
diameter and surface area. Composites were then
evaluated wusing kinetic experiments  with
sulfamethoxazole (logKow = 0.89) and atrazine
(logKow = 2.61), representative micropollutants
chosen for their different polarities. Although CNFs
alone were poor sorbents, integration of CNTs
achieved uptake enhanced significantly. The optimal
formulation (polyacrylonitrile 8 wt%, CNT 2 wt%;

40% relative humidity; 280°C stabilization)
represents a compromise between strength and
performance.

Key words: Water treatment, Carbon Nano fibres,
Nano composite.

Introduction

Polyacrylonitrile (PAN) is commonly used in
fabrication of electrospun carbon nanofiber (CNF)
materials [1]. Electrospun CNF materials have been
applied for a wide range of applications, ranging
from electrodes in microbial fuel cells [2-4] to
supports for photocatalytic nanoparticles [5]. Carbon
nano fibres (CNFs) have been applied as dispersions
for adsorption of organic pollutants such organic
dyes, solvents and volatile organic compounds such
as benzene [6-7]. However, application of such
dispersions is limited by the practical considerations
like potential for material release.

Application of CNFs composites has focused on
energy applications such as supercapacitors and
battery anodes rather than sorption of
polar/polyfunctional organic micropollutants.

To improve CNF strength, several groups have
evaluated the effect of embedding CNTs within the
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nanofibers. Embedded CNTs are commonly utilized
to improve both mechanical strength and
electrical/thermal properties of polymeric nanofibers
[8] For example, Singh et al. demonstrated that the
inclusion of MWCNTs in their CNF filters improved
initial removal of MCAA during flow-through
treatment, the effect of MWCNTs on composite
strength was not quantified [9]. It is also reported
that MWCNTs have good adsorption performance
for wastewater and aromatic structures (i.e. benzene,
phenol, etc.) by degradation of dye structure through
oxidation process [10]. Here, using electrospinning,
we have produced CNF-CNT composites as, non-
woven sorbents suitable for water treatment.

Materials and methods
All  reagents  were
Polyacrylonitrile (PAN; MW 150,000, Aldrich),
N,N-dimethylformamide (DMF; 99.85%, BDH
Chemicals) and multi-wall carbon nanotubes
(MWCNTs; 95+%, ash <1.5wt%, <8nm OD, 0.5-2.0
pm length, CheapTubes).

Sorption experiments were conducted either in 5
mM phosphate buffer (anhydrous potassium
phosphate monobasic, KH2PO4; RPI; ACS grade)
prepared from deionized water and pH-adjusted as
needed with 5 M NaOH.

For CNF mats, 8 wt% PAN was dissolved in DMF
by mixing at 60°C for 2 h at 1.65 g (HLC Cooling-
Thermomixer MKR 13, Ditabis). For MWCNT-
embedded CNF mats, non-functionalized MWCNTs
(0.8, 1.6, or 2.0 wt% relative to total sol gel mass)
were first dispersed in DMF via ultrasonication for 5
h, prior to dissolution of PAN in the MWCNT-DMF
suspension. Electrospinning were done with a 12 mL
plastic syringe and a 25G 1/2” needle. The needle tip
was located at a distance of 10 cm from the surface
of metal drum collector which was coated in Al foil
and grounded. A positive 16 kV voltage was applied
at the needle tip and the grounded collector was
rotating at 500-rpm. Electrospinning was typically
carried out for 5 h. After electrospinning, thermal
oxidative stabilization was most often carried out for
2 h at 280°C (5°C/min ramp rate) in air. The mat was
returned to room temperature prior to pyrolysis for 1

used as received.



h at 1000°C in an N2 atmosphere (5°C/min ramp
rate).

The performance of CNT2 mats during simulated
treatment was investigated in a gravity fed for
removal of an influent containing a suite of 5
contaminants with a range of structures and
polarities are shown in Figure 3.

Results

The morphology of electrospun nanofiber mats was
investigated using a field- emission scanning
electron microscope (SEM). Average fiber
diameters were developed from measurement of 50-
100 nanofibers in Image] software. Inclusion of
CNTs decreased nanofiber diameter from 160 (£ 30)
nm for CNF to 100 ( 20) nm for CNT 2 composites
(Figure 1).

Figure 1. SEM images, for (a) unmodified CNF, (b)
CNT 0.8 and (c) CNT 2

All batch experiments utilized a piece (~4 cm2) of
nonwoven mat. Initial sorbent optimization was
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conducted with atrazine (ATZ; logKow 2.61) and
sulfamethoxazole (SMX; logKow 0.89) to identify
the best sorbent material for species exhibiting a
range of polarities. Equilibrium time were
determined first via kinetic experiments. Kinetic
experiments monitored the decrease in ATZ and
SMX concentration over time in sorbent suspensions
(0.5 g/L) at pH 7 (buffered by either 5 mM
phosphate). Figure 2 shows results of sorption rate
studies for nanofibers: unmodified (CNF) and CNT-
embedded (CNT2).
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Figure 2 Change in (a) ATZ and (b) SMX
concentration over time during sorption kinetic
experiments with different nanofibers: CNF and

CNT2

Unmodified CNFs were the poorest sorbents,
showing <10% immediate uptake for both ATZ and
SMX and no further sorption over the following 2
hours. For CNT2 limited (<5%) immediate uptake of
ATZ and SMX was followed by considerable
sorption over one hour before slowing as the sorbent
presumably approached capacity.

In the simplified aquatic matrix, >95% removal was
maintained after 3 L of operation for naproxen,
bezafibrate, and gemfibrozil. The highest degree of
removal was observed for the sulfa components
(sulfadimethoxine (SDMX) and SMX), with >90%
removal observed throughout for SDMX (logKow =
4.63) and complete breakthrough of SMX only after
3 L of effluent volume.

Combination treatment results support CNF-CNT
composites targeting organic micropollutants via
multiple sorption mechanisms (e.g., hydrophobic
interactions and/or specific binding interactions),
presumably occurring at different sites on the
sorbent surface.
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Figure 3. Breakthrough curves from flow-through
experimental systems using a CNT?2 filter.
Breakthrough curves are shown for a multi-
contaminant treatment system, where influent
contained each target compound at 5 pg/L and used
a filter mass of 14 mg (1.5 mg/cm?2).

Discussion

Nanocarbon sorbent fabricated via electrospinning
represents a significant practical advance in water
treatment. Relying on integrated CNTs for sorption
capacity. The optimized CNF- CNT composite
(CNT2) exhibited sorption kinetics much faster than
those of commercial unmodified CNFs. Depending
on solution complexity and the number of dissolved
targets, relatively low masses can be used to treat
large volumes under dynamic flow conditions (e.g.,
14 mg for 2 L of treatment for SMX). In this study
embedded CNTs serves as the primary active sorbent
in these materials. CNF- CNT composites may
represent a self-contained platform through which
the unique reactivity of CNTs can be safely
harnessed during water treatment while minimizing
risk of their release into the finished supply.
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SUMMARY

In this study, Polypropylene nonwoven was coated with chitosan after being activated by oxygen/argon low-
pressure plasma. The chitosan-treated sample (PP-Ch) was coated with TiO2 nanoparticles by a pad-dry method.
Silver nanoparticles were in-situ synthesized on the Chitosan-TiO2-coated sample by a chemical reduction
method. The chemistry and morphology of each of the above-mentioned samples were evaluated by ATR-FTIR
and FESEM, respectively. The ability of each sample for the removal of C.I. Acid Brown 248 from aqueous media
was evaluated. The PP-Ch sample removed 90% of the dye at pH=3. Coating PP-Ch sample with TiO2 and Silver
nanoparticles improved the dye removal efficiency under UV irradiation.
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ABSTRACT

Sustainability in the textile industry is very important
from the raw material to the final product. Sustainable
products can be proved with the renewable raw
materials used, ecological production method,
transparency of the supply chain, post-production
recycling possibilities and biodegradability. In the
scope of this study, sustainable virgin fibers obtained
from renewable resources and sustainable recycled
fibers produced using different recycling methods were
mentioned. All fibers mentioned are suitable for
clothing industry. Raw materials, production
techniques, recycling methods and recycling waste
sources of these selected novel fibers are examined.

OBJECTIVES

This study is conducted to find novel sustainable yarn
alternatives in the textile market especially suitable for
garments such as blouses, dresses, shirts etc. In this
context, information about alternatives to the raw
materials used in the production of clothing fabrics,
innovative and more sustainable fibers are given.

INTRODUCTION

The sustainable concept in the textile industry becomes
even more important every passing day [70]. So textile
manufacturers work to protect the environment by
producing eco-friendly and sustainable products [12].
Sustainability is important in all processes from raw
material to final product such as fiber, yarn and fabric
production, chemicals used in  production,
transportation of products, environmental effects after
use, recycling, and disposal [57]. In order to ensure
sustainability in the textile sector, raw material and
auxiliary chemicals used in fiber and fabric production
should be produced from natural materials.

KICIK, Hiilya (0000-0002-9438-5938)
GOKBULUT, Cagla (0000-0002-8079-5792)

Besides sustainability can be supported by fiber
production from recycled products and developing new
production methods which do not cause pollution
[8][59]. Figure 1 shows the report published by Textile
Exchange on the fiber market in 2019. According to this
report, global fiber production in 2019 is approximately
111 million meters and it has doubled in the last 20
years. If it continues like this, it is estimated that it will
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increase by 30% in 2030 and reach 146 million
meters. The most demanded fiber in 2019 is polyester
with a rate of 52%. In all polyester production, there
is 14% recycled polyester and 1% biobased polyester.
Cotton fiber is in the second with 23% after polyester
fiber. 25% of cotton fiber was chosen from more
sustainable ones such as BCI, Clear Cotton, Cotton
made in Africa. Regenerated cellulose fibers are in
third place in the market with 6,4% and approximately
40-50% of these fibers are produced from FSC or
PEFC certified sources. The sustainability goals of
world-famous brands show that there will be an
increase in the sustainable fiber market over the years

[1].
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Figure 1. Proportions of fibers produced worldwide
in 2019 [1]

Both synthetic and natural fibers are harmful to the
environment and people in different ways. During the
production of natural fibers, excessive irrigation,
pesticides and synthetic fertilizers are used. Synthetic
fibers are not biodegradable and petroleum-based raw
materials are used in their production [55].
Advancing technology such as digital printing, laser
processing and enzyme processing; biodegradable,
recyclable advanced materials and environmentally
friendly production techniques provide sustainable
textile production.

The fashion brands are using materials derived from
natural resources, recycled materials, and the new
innovative materials to achieve sustainability [65].

VIRGIN FIBERS

Cellulosic Virgin Fibers

Orange Fiber

Today, potentially renewable, biodegradable

materials can be obtained by converting agricultural
wastes and other organic wastes into textile
materials [5]. On this subject, the company named
Orange Fiber uses the by-products of the citrus juice
industry to produce sustainable fabrics.



Lenzing Group has partnered with Orange Fiber to
produce the first-ever TENCEL™ Limited Edition
branded lyocell fiber made of orange and wood pulp.
The patented pulp production method Orange Fiber
uses has a completely traceable and transparent supply
chain [27].

SeaCell™

SmartFiber AG company developed SeaCell™, a fiber
produced from renewable resources seaweed, as a result
of their research on environmentally friendly
production [16].

SeaCell™ fiber is produced by mixing cellulose
obtained from sustainably managed forests with 8-10%
seaweed and it is biodegradable. This fiber is
considered a new material for the textile industry and
its importance is increasing day by day [74][14].
Cellulose is dissolved in the non-toxic aqueous solvent
N-methylmorpholine-N-oxide in its manufacture. Then
granulated seaweed from brown, red, green and blue
algae families is added as a powder or suspension to the
cellulose solution to produce SeaCell™ fibers [13].
Harvest of the seaweed used in its production has a
sustainable process, as renewable parts of the algae are
used [16].

Production is carried out in a closed loop and energy
and resource-saving methods are used in production.
Seaweed is put into the fiber structure during fiber
production. In this case, the fabric properties gained
from seaweed are permanent even after several washes.
Seaweed increases the moisture level of the skin and
also it is rich in essential substances such as vitamins
and minerals. Seacell™ combines easily with any other
fiber and it can be used in the fields of sportswear,
underwear, home textiles [16].

In a study with SeaCell™, the spinning performance of
SeaCell Active/Cotton blended rotor yarns and the
antibacterial activities of fabrics produced from these
blends were investigated. As a result of antibacterial
tests, it has been seen that good antibacterial activity
can be achieved after a few washes even with 3%
SeaCell Active fibers on fabrics [71].

Comfort is also important in textile products besides
sustainability. Therefore, in an article, knitted fabrics
with different structures were produced from Seacell™
and elastane yarns for active sportswear. The thermal,
air and water vapour permeability properties of these
fabrics were examined and found that SeaCell™ can be
preferable for active sportswear [66].

Spinnova®

Spinnova® company has aimed to produce fiber that is
least harmful to the environment and to sell them
competitive prices in the textile industry. Spinnova®, as
a sustainable fiber, has low emission values and
production is carried out with zero-waste. It is totally
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natural. Its raw material is supplied only from FSC
and/or PEFC certified forests. It only mechanically
refines the cellulose raw material using the developed
technology and it converts to ready-to spin fiber
without harmful chemicals [30]. Spinnova® also has a
patent for spinning technology. This technology is
applied for converting cellulose into textile fibers
[56].

Besides, Spinnova® is recyclable. Thus, products
taken back from consumers can be put into production
without going through another process. The quality of
the recycled fiber is not poor [30].

Naturally Colored Cotton

Almost all of the cotton fibers produced in the world
are white. But some kinds of cotton have various
shades of green and brown, unlike white. Cotton fiber
color’s is an inherited characteristic [11]. Naturally
colored cotton including natural pigments has been
grown for centuries [9] . There is also brown cotton in
shades of pink and purple in historical documents [7].
Using naturally colored cotton grown in brown and
green tones in textiles eliminates both the cost of
dyeing and the environmental effects of dyeing since
it does not need to be dyed. Despite the economic and
ecological benefits from eliminating the dyeing
process, its use in the textile industry is not common.
This is because it is considered to be of low
quality [61].

It has been observed that the quality of naturally
colored cotton varies significantly depending on the
fiber source in studies. In the evaluation, there is some
poor quality colored cotton, but it has been seen that
there are colored cotton varieties similar to the quality
of the white cotton commonly used in the world [61].
In a study conducted in Peru, the chemical and
physical properties of different types of naturally
colored cotton fibers were investigated. Besides,
cotton fibers were characterized by FTIR analysis.
When the result are examined, it was concluded that
the color intensity of cotton affected some
physicochemical properties. Darker cotton samples
compared to white and lighter colored cotton samples
showed different chemical compositions (nitrogen
presence), lower crystallinity and lower fiber lengths.
As a result, lighter-colored cotton fibers exhibit
physicochemical properties close to white cotton
fibers; therefore it has been seen that it can be used for
the production of good quality ecological textiles [7].

Synthetic Virgin Fibers

AlgiKnit

AlgiKnit company is a biomaterial company
established by designers to develop new textile
production methods. The company aimed to produce



environmentally friendly, renewable yarn for the
circular economy [33].

AlgiKnit produces compostable yarn that can be
converted from seaweed into wearable textiles.
Alginate obtained from Kelp seaweed is combined with
different renewable biopolymers to produce a yarn that
will be used in textile products [68].

It is thought that the durable and biodegradable yarn
obtained from seaweed can replace common materials
such as petroleum-based polyester and nylon [44].

Cornleaf®

RadiciGroup has a product group called green products.
In this group, there are 100% natural materials
produced from renewable plant sources. One of them is
Corfleaf®. Cornleaf® fiber is produced from polylactic
acid (PLA) polymers in the brand called Ingeo [29].
Cornleaf® is a yarn produced from corn and contains the
advantages of both natural and synthetic fibers. Thanks
to the solution dyeing technology integrated into the
spinning process, it requires lower water and energy
consumption than the traditional dyeing and finishing
process [50].

Cornleaf® yarn has antimicrobial properties due to the
silver ions in the fiber. It is biodegradable. It supports
fast drying compared to natural fibers. It has a similar
strength to synthetic yarn [50].

Owing to the structure and properties of the yarn, it can
be used in underwear and shirts, curtains, shopping
bags, automobile interiors [53].

Polyhydroxyalkanoate (PHA)

In general, bioplastics refer to synthetic or biopolymers
that are biodegradable in nature. The studies in recent
years, good results have been obtained with polylactic
acid (PLA) and polyhydroxyalkanoates (PHA). It is
thought that these two bioplastics can replace polyester
and polyamide which are the most used in the textile
industry [4].

Polyhydroxyalkanoate = (PHA) are  sustainable
biopolymers that can be used as a good alternative to
synthetic plastics. PHA has high recyclability, small
pore size and high volume/surface ratio. It is
biodegradable. Due to its features such as easy
processing and resistance to UV rays, its use has
become widespread recently [69].

PHA'’s are good examples of bacterial polyester. Most
of the biopolymers are synthesized in bacteria as
intracellular carbon and energy storage granules [3].
PHA’s has similar properties to conventional
plastics [58]. Produced from fully renewable resources,
rapidly biodegradable, good strength and hardness
properties are other advantages of PHA’s. However, its
disadvantages are the difficulty in processing and high
cost due to thermal degradability and brittleness [10].
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Mango Materials is a company that produces
polyhydroxybutyrate (PHB), a type of PHA.
Fermentation technology of Mango Materials
produces a biopolymer from naturally occurring
waste biogas (methane). Since methane is used as a
raw material in its production, it is low cost and at the
same time, the production is carried out in a closed
loop [48].

Amni Soul Eco®

Amni Soul Eco® has emerged as a result of the
research of the Rhodia-Solvay group. It is a
polyamide 6.6 fiber that allows clothes to break down
quickly when they are thrown away and left in
landfills. Compared to conventional synthetic fibers
that take more than a decade to biodegrade, Amni
Soul Eco® takes about three years to disappear from
the planet. In this way, it reduces environmental
impact and provides a better world for future
generations. The fibers produced with Amni Soul
Eco® are among the new generation sustainable yarns.
Within the scope of sustainability, reusing the water
used in its production process and reducing the
greenhouse gases that are treated before they are
released into the environment, thus protecting the
ozone layer and nature [38].

The biodegradation properties of Amni Soul Eco®
become apparent only and exclusively under landfill
conditions, where there is no oxygen and bacteria
specifically in charge of anaerobic decomposition are
found. Therefore it does not decompose after standard
use and this product’s lifecycle is the same as that of
traditional polyamide yarns [38].

EVO®

The global production capacity for bio-based
polyamide yarns, which can reduce dependence on
petroleum by using biomass, is estimated to be around
0,24 million tons [72]. Fulgar company that is among
those who carry out this production has developed a
bio-based yarn branded EVO®. The completely
renewable biomass source of the produced yarn is
obtained from the castor oil plant called Ricinus
Communis [39].

EVO® provides maximum comfort and good
performance as well as its high environmental
awareness [41] Compared to conventional polyamide,
it dries faster and has a higher modulus of elasticity.
Apart from these mechanical properties, it has an odor
control feature that controls odors and prevents the
formation of new odors, and a thermal insulation
feature that protects its users from any change in
external temperature [39].

The yarn obtained from the castor oil plant has
physical properties such as lightness, flexibility and
breathability. In this way, it is a suitable yarn for all



clothing types as well as sportswear. Besides, EVO®
branded knitted clothes of Cifra, an Italian sportswear
company, were offered for sale in 2018 [6]. Cifra used
bio-based EVO® by Fulgar yarn and LYCRA elastic
fiber to provide maximum comfort, the best
performance for the collection shown in Figure 2 [41].

:’/w‘

Figure 2. Exafnples from capsule‘collection by Cifra
made with EVO® Yarn by Fulgar [41]

The “Deterra® Jacket” product, developed by the
Swedish clothing brand Tierra, is a technical outdoor
product produced using 100% bio-based material.
EVO® yarn developed by Fulgar was used as a bio-
based material in its production [63]. Deterra® Jacket
can be seen in Figure 3.

Figure 3. Deterra® Jacket: Tierra's first 100% bio-
based jacket [42]

Microsilk™

In some cases, bio-based silk materials can replace
traditional synthetic polymers, therefore they can
contribute to sustainable, green Production and circular
economy. Microsilk™ is one of the yarns in which the
recombinant production of high-quality silk proteins on
a large scale has been developed [67].

In the Microsilk™ production process, silk proteins
spun by spiders are studied, then protein is being
developed using bioengineering to insert genes into
yeast. Protein is produced in large quantities by the
fermentation process using yeast, sugar and water [17].
Since the raw material used in production is sugar plants
used by yeast that is a renewable raw material, it causes
less harm to the environment [62].

Bolt Threads company started to study silk proteins
secreted by spiders to determine how properties such as
high tensile strength, elasticity, durability and softness
are imparted to silk. Then they developed technology to
repeat this process on a large scale with sustainable
production methods [18].
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With the developed technology, proteins are made
without using spiders, so there is no spider in the
process. The research was carried out on real spider
silk. Protein-based Microsilk™ is biodegradable
unlike polyester and other synthetic fibers [17].

RECYCLED FIBERS

Cellulosic Recycled Fibers

Infinna™

Infinited Fiber Company (IFC) uses new methods to
produce fiber from used textile, cardboard and
agricultural waste [2]. This recycled new fiber can
replace cotton, viscose and many other fibers [15]. It
has been given the name means “Endless Fiber”,
because it can be recycled again and again without
losing its quality [2].

Thanks to its patented technologies, cellulose-rich
wastes to be disposed of are taken and converted into
good quality fibers for the textile industry. In the
production process, firstly textile waste is collected,
divided by type, materials such as buttons and zippers
are removed and then the disintegration step is started.
After the cellulose fibers are separated from fibers
such as polyester and elastane, the carbamation
process is continued. This is the process of activating
cellulose fibers with urea and producing cellulose
carbamate powder. Cellulose carbamate powder is
converted to a liquid and fiber filaments are formed
by the wet spinning method. Fiber filaments are cut,
washed and dried. Finally, cellulose carbamate staple
fibers are offered for sale under the name Infinna™.,
When urea reacts with cellulose, it impacts softness,
high dye uptake and naturally antimicrobial properties
to the new fiber [23].

Agraloop ™ Biofibre ™

Circular Systems is a company that provides systemic
solutions to transform textile industry waste into
valuable fiber, yarn and fabric [19]. Known as
Agraloop ™ Biofibre ™, the product is produced
using plant stems and leaves using existing spinning
methods. High quality knitted or woven fabrics for
clothing can be produced by using these yarns that
have natural fiber performance properties [20].

Texloop™

Texloop™, another trademark of Circular Systems, is
produced by recycling pre-consumer and post-
consumer textile waste [19].

When the production process is examined, first of all,
wastes are collected and foreign materials such as
buttons and zippers separated. Mechanical recycling
is carried out by smashing the separated wastes. Then,
knitted and woven fabrics are produced from yarns
spun by existing spinning processes. Since it is a
cyclical production method, wastes both during



production and after the consumer are collected and
sent to the first stage.

Different quality yarns can be produced by mixing
Texloop™ yarn with yarns such as organic cotton.
Environmentally, it uses 98% less water, 33% less CO2
emissions and 20% less energy compared to traditional
cotton production. Texloop™ is not just a production
method designed for cotton. Texloop™ recycling
systems are designed to manage a variety of waste,
including natural fibers, synthetic fibers and
blends [22].

Orbital™ Hybrid

Orbital™ Hybrid is another yarn produced by Circular
Systems. High performance and quality yarns rich in
natural fibers are produced by using organic and
recycled fibers with Orbital spinning technology. Yarns
produced with this technology have fast-drying
properties, high pilling resistance and eliminate the
need for chemical finishing. This technology also
creates high-performance yarns by mixing with
recycled polyester or cellulosic filaments such as
Naia™ and TENCEL Luxe™ [21].

Liva Reviva

Liva Reviva viscose fiber of Birla company is produced
from 80% FSC certified wood pulp and 20% pre-
consumption cotton fabric waste and supply chain
traceability is ensured with the RCS (Recycled Claim
Standard) certificate [54].

Renewcell

Circulose® is wood pulp made from pre-consumer and
post-consumer cellulosic textile material [43] Fibers
produced using this wood pulp are offered for sale
under the Renewcell brand. Under the brand of
Renewcell, it can be produced yarns in various
compositions mixed with different cellulosic and
synthetic yarns [24].

Recover™

Circularity is ensured by converting textile wastes back
into fibers. Recover™, which uses textile waste as a raw
material source, prevents throwing away the wastes in
landfills or burning them. Less new raw materials are
needed, thereby CO» emissions are reduced by using
less water, chemicals and energy [51].

There are high-quality dyed fiber types in two different
categories, RCotton and RColorBlend within
Recover™. There are three different brands under the
RCotton brand. These are RPure, RMix and RDenim.
RPure branded product is 100% Recover™ recycled
cotton fiber. RMix is a recycled cotton fiber containing
10% different fibers. RDenim is a cotton fiber made
from recycled denim garments with 10% different fiber
content.
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There are RBlue and REarth under the RColorBlend
brand in the other category. RBlue is a blend of
recycled cotton and recycled polyester. On the other
hand, REarth is an OCS certified fiber made from a
blend of recycled cotton and organic cotton [52].

Bornewa

Fabric scraps that occurred during the production of
textiles and apparel are collected for Bornewa fibers
Production by Else Tekstil. The collected wastes are
separated according to their content, color and type.
Therefore, recycled colored fiber and yarn are
produced [36]. Recycled cotton is mixed with acrylic
or polyester in different proportions to produce yarns
in different numbers [55][36].

Naia™ Renew

Eastman company produced Naia™ Renew cellulose
fiber for increasing demands of consumers for
sustainable fiber. The Naia™ Renew structure
contains 60% sustainably sourced wood pulp and
40% recycled waste plastic [25]. Cellulose acetate
granules are produced by using acetic acid obtained
from recycled plastic materials and wood pulp [26].
The production process takes place in a closed loop.
Thereby, the chemicals used during production are
reused. It is traceable and provides a reduced carbon
footprint throughout its lifecycle. Besides, it has a
certificate that shows it is biodegradable and
compostable [25].

Synthetic Recycled Fibers

Q-NOVA®

Q-NOVAP® is an environmentally friendly polyamide
6.6 fiber developed by Fulgar [49].

Most of the Q-NOVA® fiber consists of yarn waste
from the yarn production cycle and is traceable. Waste
is mechanically recycled and brought back into
polymer form [40].

More than 50% of the fiber consists of recycled
material. It is certified by the Global Recycle Standard
(GRS) system, the European ECOLABEL EU system
and the OEKO-TEX STD 100 CLASS I system [37].
In Q-NOVA® production, CO, emissions are reduced
and less water and energy are used [49].

ECONYL®

Aquafil is an Italian fiber manufacturer and has
developed ECONYL® regenerated polyamide 6 to
help reduce environmental pollution caused by
polyamide wastes [64]. 50% of this fiber produced
using chemical recycling methods is post-consumer
waste such as discarded fishing nets and old carpet,
while the other half is pre-consumer waste [35].
Supply chain transparency is ensured with the GRS
certificate.



ECONYL® has a patented regeneration process and is
infinitely recycled. After Aquafil started to produce
ECONYL®, it has determined that greenhouse gas
emissions have decreased by 80% as a result of its life
cycle assessment [60].

MIPAN ReGen

MIPAN ReGen by Hyosung is a recycled polyamide
produced by recycling pre-consumer waste. At the same
time, it is an environmentally friendly product with the
Global Recycled Standard (GRS) certificate of Control
Union [45].

Renu

Renu is a product that used pre-consumer and post-
consumer polyester wastes aiming to realize a circular
economy and in this way, it contributes to reducing the
use of oil and other fossil resources. There are
separation and polymerization steps for used waste
fibers to transform into good quality products in the
chemical recycling method. The transparency of the
supply chain is ensured by the GRS certificate [28].

ReGen

ReGen branded yarn of Hyosung Company is made
from 100% recycled materials derived from post-
consumer PET bottle wastes. It reduces energy
consumption during production and does not use oil
resources. Waste PET bottles are ground, flaked and
decolorized. Decolorized pellets are refined and the
polyester raw material is produced. After the spinning
process, the raw materials are turned into polyester
yarns and finally into ReGen branded products [646].

REPREVE® Our Ocean®

REPREVE®, developed by UNIFI company, is a
recycled yarn produced by mechanical methods from
post-consumer plastic bottles and pre-consumer waste.
UNIFI works with recycling facilities to supply bottles
[31].

REPREVE® Our Ocean® is especially obtained from
plastic bottles collected from coastal areas close to the
water with a high risk of going to the ocean. Thus, it
helps to prevent ocean pollution [32].

ROICA™

ROICA™ branded elastane yarn is produced by Asahi
Kasei and reduces the environmental impact at every
stage, from raw material selection to the production
process and the sale of the yarn. All cooling water,
materials, and equipment used during its production are
recycled and reused at a rate of 99%. In addition to all
these advantages, air pollution is also prevented [34].
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EcoMade

LYCRA® EcoMade fiber is GRS certificated elastane
produced from 20% pre-consumer LY CRA® waste. It
helps to supply sustainable denim products for
consumers by using recycled materials [47].

CONCLUSION

Due to the decrease in resources in the world, it has
become necessary to develop bio-based materials
with low environmental loads [67]. As a result, the
demand for bio-based products in the textile industry
is expected to increase day by day. Fiber companies
keep studying on this area. In the cellulosic virgin
fibers category, Seacell™ and naturally colored
cotton are commercially available, while companies
such as Orange Fiber and Spinnova® are trying to
produce commercial-scale production.

In order to make synthetic virgin fibers more
sustainable, bio-based and biodegradable raw
material alternatives are tried to use in fiber
production. While PLA, EVO®, Amnisoul Eco® are
commercially available, Algiknit, PHB, Mikrosilk™
are not ready for commercial sale yet.

The textile industry creates large amounts of waste
with high recycling potential at different stages. For
this reason, the recycling of textile waste is very
important [73]. Some of the cellulosic recycled yarns
are already colored, some of them are the ecru form
that can be dyed if desired. Colored recycled yarns are
Recover™ and Bornewa. Infinna™, Agraloop™,
Texloop™, Orbital™, Liva Reviva, Naia™ Renew
are available as dyeable ecru colors.

In recycled polyester category ReGen, Repreve® Our
Ocean®, RENU and in recycled polyamide category
Econyl®,Qnova® and Mipan Regen are available
commercially. In the recycled elastane category, there
are Roica™ and Ecomade branded products.

It is thought that these yarns will be used even more
in final products in next years. Studies are continuing
to develop different recycling possibilities and find
renewable raw material alternatives.

REFERENCES
1. “2019 Preferred Fiber & Materials Report, Textile
Exchange —  Creating Material  Change”.

https://store.textileexchange.org/wp-
content/uploads/woocommerce uploads/2019/11/Te

xtile-Exchange Preferred-Fiber-Material-Market-
Report_2019.pdf Son erigim tarihi: 19 Agustos 2021.
2. AATCC Review. 2019. “Sustainability, Slow
Fashion, and the Circular Economy—is it the Next
Great Opportunity” 19(6), 22-29.

3. Abdellatif, F. H. H., Abdellatif, M. M. 2021.
Utilization of Sustainable Biopolymers in Textile
Processing Green Chemistry for Sustainable Textiles.
Newark.




4. Al Rumon, M. A. 2020. “Comparative Analysis of
Bioplastic And Synthetic Plastic Used in Textile
Industry”, Edinburgh Napier University.

5. Aishwariya S., Amsamani S. 2018. “Exploring the
Potentialities and Future of Biomass Briquettes
Technology for Sustainable Energy”, Innov Energy
Res., 7 (4).

6. Baydemir, A., Er Biyikli, N. 2021. “Biyotekstillerin
Yenilik¢i Malzeme Olarak Hazir Giyim Endiistrisinde
Kullanim1”, Siileyman Demirel Universitesi Giizel
Sanatlar Fakiiltesi Sanat Dergisi, 14 (27), 606-63.

7. Blas-Sevillano, R. H., Veramendi, T., La Torre, B.,
Velezmoro-Sanchez, C. E., Oliva, A. 1., Mena-Matinez,
M. E., Herrera-Kao, W. A., Uribe-Calderon, J.,
Cervantes-Ue, J. M. 2018. “Physicochemical
Characterization of Several Types of Naturally Colored
Cotton Fibers From Peru”, Carbohydrate Polymers,
197, 246-252.

8. Can, O., Ayvaz, K. M. 2017. “Tekstil ve Modada
Siirdiiriilebilirlik”, Akademia Sosyal Bilimler Dergisi,
3 (1), 110-119.

9. Chen, H. L., Yokochi, A. 2000. “X-ray
Diffractometric Study of Microcrystallite Size of
Naturally Colored Cottons”, Journal of Applied
Polymer Science, 76, 1466-1471.

10. Choudhury, A. K. R. 2017. “Sustainable Chemical
Technologies for Textile Production”, Sustainable
Fibres and Textiles

11. De Calvalho, L. P., Correia Farias, F. J., De
Andrade Lima, M. M., Da Silva Rodrigues, J. 1. 2014.
“Inheritance of different fiber colors in cotton
(Gossypium barbadense L.)”, Crop Breeding and
Applied Biotechnology, 14, 256-260.

12.  Gardetti, M.A,, Torres, A.L. 2013.
“Entrepreneurship, Innovation and Luxury:The Any
Savoirs Des Peuple Case”, J. Corp. Citizensh, 52, 55—
75.

13. Giiltekin, B. C. 2016. “Bleaching of SeaCell®
Active Fabrics with Hydrogen Peroxide”, Fibers and
Polymers, 17(8,) 1175-1180.

14. Giiltekin, B. C., Akalin, M., Yikseloglu, S. M,
2013. “The Study of Flame Retardancy and Thermal
Properties of Seacell® Fabrics”, Tekstil Ve
Konfeksiyon, 23 (2), 107-112.

15. Hokkanen, M., 2020. “Environmental Impacts of
Recycling-Based  Cellulose = Carbamate  Fiber”,
Lappeenranta—Lahti University of Technology Lut,
School of Energy Systems, Department of
Environmental Technology, Sustainability Science and
Solutions, Master’s thesis.
16.https://algaefoundationatec.org/aces/library/The%2
0Power%200f%20Seaweed%20in%20a%20Fiber.pdf
Son erisim tarihi: 2 Agustos 2021.
17.https://boltthreads.com/technology/microsilk/

Son erisim tarihi: 4 Ekim 2021.

146

18.https://cfda.com/resources/materials/detail/micros
ilk-from-bolt-threads

Son erigim tarihi: 13 Eyliil 2021.

19. https://circularsystems.com/about

Son erigim tarihi: 14 Ekim 2021.

20. https://circularsystems.com/agraloop

Son erigim tarihi: 14 Ekim 2021.

21. https://circularsystems.com/orbital

Son erigim tarihi: 14 Ekim 2021.
22.https://circularsystems.com/texloop#what-is-
texloop

Son erigim tarihi: 14 Ekim 2021.
23.https://infinitedfiber.com/our-technology/

Son erigim tarihi: 14 Ekim 2021.
24.http://kipastextiles.com/wp-
content/uploads/2021/05/RENEWCELL-
WEBSITE.pdf

Son erigim tarihi: 29 Eyliil 2021.

25. https://naia.eastman.com/renew

Son erisim tarihi: 6 Eyliil 2021.
26.https://naia.ecastman.com/sites/naia/files/documen
ts/Naia-Renew-Process-Infographic.pdf

Son erisim tarihi: 6 Eyliil 2021.

27. https://orangefiber.it/

Son erisim tarihi: 25 Temmuz 2021.
28.https://renu-project.com/en/renu-material

Son erigim tarihi: 29 Eyliil 2021.
29.https://risnews.com/radicigroup-debuts-green-
cornleaf-yarn

Son erisim tarihi: 26 Temmuz 2021.

30. https://spinnova.com/

Son erisim tarihi: 14 Eyliil 2021.

31. https://unifi.com/repreve

Son erisim tarihi: 29 Eyliil 2021.

32. https://unifi.com/products/repreve

Son erisim tarihi: 29 Eyliil 2021.

33. https://www.algiknit.com/

Son erisim tarihi: 26 Temmuz 2021.
34.https://www.asahi-
kasei.co.jp/fibers/en/roica/sustainability/index.html
Son erigim tarihi: 4 Ekim 2021.

35. https://www.econyl.com/

Son erisim tarihi: 27 Eyliil 2021.

36. https://www.else.com.tr/en-US/else-
textile/422775

Son erisim tarihi: 6 Eyliil 2021.
37.https://www.fulgar.com/eng/insights/recycled-
nylon-g-nova-by-fulgar

Son erisim tarihi: 6 Eyliil 2021.
38.https://www.fulgar.com/eng/products/amni-soul-
eco

Son erigim tarihi: 13 Eyliil 2021.

39. https://www.fulgar.com/eng/products/evo
Son erigim tarihi: 11 Ekim 2021.

40. https://www.fulgar.com/eng/products/q-nova
Son erisim tarihi: 06 Eyliil 2021.



41. https://www.fulgar.com/eng/tabloid/a-new-cutting-
edge-capsule-collection-by-cifra-entirely-made-with-
wks%E2%84%A2-technology-and-with-evo-yarn-by-
fulgar

Son erigim tarihi: 11 Ekim 2021.

42. https://www.fulgar.com/eng/tabloid/deterra-jacket-
tierra-s-first-100-bio-based-jacket

Son erigim tarihi: 12 Ekim 2021.
43.https://www.globalfashionagenda.com/innovator/re
newcell/#

Son erigim tarihi: 14 Ekim 2021.

44. https://www.greenqueen.com.hk/algiknit-bags-us2-
4m-in-li-ka-shing-backed-round-to-bring-algae-bio-
yarns-to-market

Son erigim tarihi: 26 Temmuz 2021.

45. http://www.hyosungtnc.com/en/fiber/nylon.do

Son erigim tarihi: 29 Eyliil 2021.

46. http://www.hyosungtnc.com/en/fiber/polyester.do
Son erigim tarihi: 29 Eyliil 2021.
47.https://www.lycra.com/en/business/search-
technologies/lycra-ecomade-fiber

Son erisim tarihi: 4 Ekim 2021.

48. https://www.mangomaterials.com/innovation/

Son erigim tarihi: 13 Eyliil 2021.

49. https://www.panaprium.com/blogs/i/q-nova

Son erigim tarihi: 6 Eyliil 2021

50. https://www.radicigroup.com/en/products/fibres-
and-nw/poy-starlight/biopolymer-cornleaf

Son erigim tarihi: 9 Eyliil 2021

51. https://www.recovertex.com/

Son erigim tarihi: 6 Eyliil 2021.

52. https://www.recovertex.com/products/

Son erigim tarihi: 6 Eyliil 2021.

53. https://www.somteks.com/cornleaf/

Son erigim tarihi: 9 Eyliil 2021.
54.https://www.yarnsandfibers.com/news/textile-
news/birlas-liva-reviva-project-wins-award-by-un-
global-compact-network-india/

Son erisim tarihi: 15 Ekim 2021.

55. Islam, D., Ahmed, S., Azady, A. R. 2021.
“Fundamentals of Natural Fibers and Textiles”,
Woodhead Publishing, Banglades.

56. Karp, S. G., Sydney, E. B., Woiciechowski, A. L.,
Letti, A. J., Carvalho, J. C., Torres, L. A. Z., Kumlehn,
G. S., Candeo, E. S., Soccol, C. R. 2021. “Biomass,
Biofuels, Biochemical: Circular Bioeconomy”, Current
Developments and Future Outlook, Hindistan.

57. Karthik, T., Rathinamoorthy, R. 2017. “Sustainable
Fibres and Textiles: Sustainable Syntetic Fiber
Production”, Woodhead Publishing, Ingiltere.

58. Keshavarz, T., Roy, I. 2010.
“Polyhydroxyalkanoates: Bioplastics with a Green
Agenda”, Current Opinion in Microbiology, 13, 321-
326.

59. Kurtoglu N. Senol D. 2004. “Tekstil ve Ekolojiye
Genel Bakis, Karsinojen ve Alerjik Etki Yapabilen

147

Tekstil Kimyasallar1”, K.S.U. Fen ve Miihendislik
Dergisi, 7, 26-38.

60. Maranesi, C., De Giovanni, P. 2020. “Modern
Circular Economy: Corporate Strategy, Supply
Chain, and Industrial Symbiosis”, Sustainability, 12,
9383.

61. Matusiak, M., Frydrych, 1., 2014. “Investigation
of Naturally Coloured Cotton of Different Origin —
Analysis of Fibre Properties”, FIBRES & TEXTILES
in Eastern Europe, 22, 5(107), 34-42.

62. Mazotto, A. M., De Rumos Silva, J., De Brito, L.
A. A, Rocha, N. U., De Souza Soares, A. 2021.
“How Can Microbiology Help to Improve
Sustainability in  the  Fashion  Industry?”,
Environmental Technology & Innovation 23, 101760.
63. Merig, D. 2019. “Siirdiiriilebilir Yaklasimlara Bir
Ornek Olarak Biyoesasli Malzemelerin Tekstil Ve
Moda Tasarimi Alanlarinda Kullanimi”, Usak
Universitesi Sosyal Bilimler Dergisi, 7 (2), 111-121.

64. Nayak, R., Nguyen, L. V. T., Panwar, T., Jajpura,
L. 2020. Sustainable Technologies for Fasion and
Textiles, Woodhead Publishing, Vietnam.

65. Nayak, R. Panwar, T., Nguyen, L. V. T. 2020.
Sustainable Technologies for Fashion and Textile,
Woodhead Publishing, Cambridge.

66. Onofrei, E., Rocha, A. M., Catarino, A. 2011.
“Thermal Comfort Properties of Knitted Fabrics
Made of Elastane and Bioactive Yarns”, Journal
Materials Science Engineering, 428-435.

67. Saric, M., Scheibel, T. 2019. “Engineering of Silk
Proteins for Materials Applications”, Current Opinion
in Biotechnology, 60, 213-220.

68. Sayem, A. S., Haider, J. 2020. “An Overview on
the Development of Natural Renewable Materials for
Textile Applications”, Encyclopedia of Renewable
and Sustainable Materials, 2, 822-838.

69. Sharma, V., Sehgal, R., Gupta, R. 2021.
“Polyhydroxyalkanoate (PHA); Properties and
Modifications”, Polymer, 212.

70. Shen, B., Zheng, J.H., Chow, P.S., Chow, K.Y.
2014. “Perception of Fashion Sustainability in Online
Communit”, J. Text. Inst., 105, 971-979.

71. Ureyen M. E. 2009. “Spinning Performance and
Antibacterial Activity of Seacell® Active/Cotton
Blended Rotor Yarns”, Fibers and Polymers, 10 (6),
768-775.

72. Wojciechowska, P. 2021. Fibres and Textiles in
the Circular Economy, Fundamentals of Natural
Fibres and Textiles, Banglades

73. Yiiksekkaya, M. E., Celep, G., Dogan, G., Tercan,
M., Urhan, B. 2016. “A Comparative Study of
Physical Properties of Yarns and Fabrics Produced
from Virgin and Recycled Fibers”, Journal of
Engineered Fibers and Fabrics, 11 (2), 68-76.



74. Zikeli S., 2001. Lyocell Fibers With Health-
Promoting Effect Through Incorporation of Seaweed,
Chemical Fibers International, 51, 272-276.

148



AMARLE R D } 1D L
CHRAFIER €

MEDIKAL TEKSTILLER
MEDICAL TEXTILES ( )
* l )




Engineering a Family of Disordered Fiber Networks via a
Unified Theory Approach
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AW
Indian Institute of Technology Delhi, New Delhi, INDIA

Abstract:

Disordered fiber networks (DFNs) are ubiquitous materials present in the form of paper, nonwovens, bulk assemblies
of one-dimensional (1D) carbon nanomaterials, electrospun mats to interconnected networks of filamentous proteins.
This talk will focus on a unified theory approach to predict the geometrical, mechanical, electrical and wetting
characteristics of DFNs. Specifically, the unified theory approach has been successfully applied to the nonwoven
materials and assemblies of carbon nanotubes in the form of buckypaper. The unified theory has been developed by
combining the first principles of stochastic and stereological approaches. Further, the research challenges involved in
formulation of unified theory will also be discussed.
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OZET
Bu c¢alismada, bazalt kumaslarin termal iletkenlik ve
termal direng¢ analizlerinin yanisira termal sogurganlik

ve kalmhik gibi parametreleri giyim, otomotiv,
izolasyon, giiclendirme ve filtrasyon gibi farkli
uygulama alanlar1 agisindan  degerlendirilmistir.

Calisma esnasinda Ukrayna kaynakli kayalardan elde
edilmis bazalt kumasi Alambeta cihazi kullanilarak
termal agidan iletkenlik, direng, sogurganlik ve kalinlik
parametrelerinin 6l¢iimii gibi birkag farkli analize tabi
tutulmugtur. Bu analizlere gore yiiksek termal direng
gosteren bazalt kumasinin giyim alaninda kullanimi
icin tek basina kullanimi yerine bir kompozit yapinin
icinde kullanilmasimin daha uygun olacagi sonucuna
varilmigtir.  Yine bu analizlere gore Otomotiv
uygulamalarinda izolasyon kapasitesinin
arttirtlabilmesi i¢in dokuma kumasg yerine dokunmamis
ylizey olarak kullanimimin daha uygun olacagi
sonucuna varilmistir. Genel bir degerlendirme
yapildiginda her bir alan i¢in termal agidan iletkenlik ve
direng  Ozelliklerinin, sogurganlik ve kalinlik
ozellikleriyle birlikte hatta gerekli goriilen yerlerde
kiitle transferi testlerinin de bu testlere ilaveten
yapilmasi gerektigi sonucuna varilmigtir.

AMACLAR

Bu ¢alismada bazalt kumasinin iletkenlik, direng ve
sogurganlik gibi bazi 1s1l 6zelliklerinin farkli uygulama
alanlar1 agisindan degerlendirilmesi hedeflenmistir.
Alambeta cihazi yardimiyla bazalt kumasi igin son
kullanim agisindan pratik bulgular elde edilmesi ve
ilgili uygulama alanlarina yonelik Oneriler sunulmasi
amaglanmigtir.

GIRiS

Bazalt lifleri son kulanim agisindan oldukga yiiksek
termalstabilite, korozyona dayanikli yapisi, 1sil
izolasyon performansi, giiriiltii soniimleme, diisiikk nem
emicilik,  yiiksek  mukavemet ve  modiiler
performansindan oOtiirli birgok uygulama igin gelecegin
malzemesi olarak nitelendirilmektedir'.

Uygulamalar 6zelinde, otomotivde aginma ve siirtinme
soniim leme ile 1s1l izolasyon, ingaatta giiclendirme
malzemesi, havacilik ve wuzay araglart ile deniz
araclarinin gévde giiclendirmesi, elektro teknik alanda
elektromanyetik kalkanlama ve filtre alaninda yiiksek
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1sida gaz filtrasyon fonksiyonuyla kullanimi giinden
giine artmaktadir’®. Bazalt lifi en ¢ok 1s1l dayanim ve
atese dayanikli iiriin gelistirme uygulama larinda
kullanim alani bulmaktadir ve bu durum akademi ve
endiistride ~ yapilan  ¢alismalarimn bu  alana
yogunlagmasindan da anlagilmaktadir.

maktadir. Bu konuya iligkin aragtirmacilar bazalt
lifinin ve bazalt lifinden mamiil kumasin termal
iletkenlik ~ degerini  Ol¢iimlemisler ve  diger
malzemelere gorece daha diisiik iletkenlik degerine
sahip oldugunu bulmuslar ve bu durumu disiik lif
gap1 ile agiklamiglardir’. Diger bir ¢aligmada
aragtirmacilar %100 bazalt lifinden mamiil kumas
iizerinde termal iletkenlik ve termal direng testleri
uygulamiglar ve ozellikle Polipropilen ve Jiit bazli
tekstil kumaslart ile karsilagtirildiginda en yiiksek
termal diren¢ ve en diisiik termal iletkenlige sahip
oldugu bulgusu ile bazalt lifi esasli kumaslarin
koruyucu tekstil gelistirilmesi agisindan yiiksek
diizeyde uygunlugu sonucuna varmglardir®.

Bu ¢aligmada bazalt lifinden mamiil kumagin termal
direng, termal iletkenlik, termal sogurganlik ve 1sil
akig gibi farkli parametreleri deneysel olarak analiz
edilmis ve son kullamm alam  agisindan
yorumlanmustir.

DENEYSEL

Malzeme

Bu ¢alismada Ukrayna kaynakli kayalardan iretilmis
bazalt kumas, Cek Cumhuriyeti Liberec Teknik
Universitesi tarafindan saglanmistir. Sekil 1°de
goriildiigii gibi dogal parlak bir goriiniime sahiptir.

Sekil 1. Bazalt kumasinin goriintiisii



Calismada Liberec Teknik Universitesi tarafindan
saglanan bazalt kumas multifilament esaslidir ve genel

ozellikleri Tablo 1°de verilmistir.

Tablo 1. Bazalt Kumas Numunesine Ait Oznitelikler

Doku Dimi 3/1
Goriinim Dogal parlak
Gramaj (g/m?) 385

Kalinlik (mm) 0,4

Atki siklig1 (adet/cm) 10

Cozgii siklig1 (adet/cm) | 10

Yontem

Bu calismada bazalt kumasinin baz1 termal 6zellikleri
son uygulamalar agisindan incelenmistir. Bazalt
kumasinin termal ozelliklerinin 6l¢limii i¢in Cek
Cumbhuriyeti Sensora firmasinin {iretimi Alambeta
cihaz1 kullamlmigtir. Elde edilen sonuglarin grafik
halinde gorsellestirilmesi OriginPro 9 programu ile
yapilmigtir.

Bazalt kumaginin termal iletkenlik, termal direng,
termal sogurganlik ve kalinlik degerleri, numunelere
tahribatsiz bir sekilde test yapabilen Alambeta cihazi
kullanilarak 6l¢iilmiistiir. Cihazin 6l¢iim prensibi birkag
temel adimdan ibarettir. Olgiim baslar baslamaz,
sensorlii 1s1 algilama blogunu igeren 6l¢iim kafas1 agagi
iner ve alet tabanminda bulunan O6l¢lim numunesine
dokunur. Bu anda, numunenin yiizey sicaklig1 aniden
degisir ve cihaz daha sonra 1s1 gii¢ rotasin1 kaydeder ve
farkli smir kosullarma maruz kalan ince plaka
tizerindeki gecici sicaklik alanimi ¢ozer. Tim bu
degisimler analiz edildikten sonra cihazin ekraninda
termal iletkenlik, termal direng, termal sogurganlik ve
kalinlik degerleri sayisal olarak okunur. Tekstil
kumaslar1 igin termal iletkenlik A [W/m.K], 1smin
kumas yiizeyinden baska bir yiizeye iletilmesi islevini
temsil eder. Termal direng r [m?’K/W], iletkenligin
aksine, bir tekstil kumasiin 1s1 aligverigini en aza
indiren ve yalitim iglevi saglayan bir parametredir.
Termal sogurganhik b [W s"?/ m’K] yeni bir sicak-
serinlik hissi parametresidir; bu deger yiiksek
oldugunda kumaglar serinlik hissi verirken, diisiikken
sicaklik hissi verir. Kalinlik h [mm] degeri termal
parametrelerle ¢ok ilgili bir degerdir; genellikle tekstil
yiizeylerinin kalinli§1 arttik¢a termal direnci de artar®.
Bu calisma dahilinde bazalt kumasinin 10 farkl
bolgesinden 10 tekrar 6lglim alinarak Slgiilen her bir
parametre i¢in toplamda 100 deger elde edilmistir ve
sonrasindan her bir deger 10’a bdliinmek suretiyle
ortalamasi bulunmustur.

DENEYSEL SONUCLAR/TARTISMA

Bu calismada Alambeta cihazi kullanilarak bazalt esasli
kumasa zarar verilmeden termal iletkenlik (A), termal
direng (r), termal sogurganlik (b) ve kalinlik (h)
degerleri 6l¢iilmiistiir. Bu dl¢limler esas alinarak termal
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iletkenlik ve termal direng¢ Sl¢limlerine iliskin grafik
Sekil 2’de verilmistir. Sekil 2’de gorildiigi {izere
termal direng degeri arttikga termal iletkenlik degeri
azalmaktadir. Bu grafik icin hesaplanan R? = 0,987
degeri Olgiilen iki parametre arasinda giiglii bir iligki
oldugunu gostermektedir. Bu sonuca gore bazalt
kumasginin termal iletkenligini diislirmek igin termal
direncinin arttirtlmas: gerekliligi ortaya ¢ikmakta ve
kumasa bu yonde bir iglem uygulanma ihtiyaci s6z
konusu olmaktadir.
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Sekil 2. Bazalt kumagsinin termal iletkenlik ve termal
direng Sl¢iim sonuclarina iligkin grafik

Olgiim sonuglaria goére termal iletkenlik ve termal
sogurganlik Ol¢iimlerine iligkin elde edilen grafik
Sekil 3’te verilmistir. Sekil 3°te goriildigii lizere
termal iletkenlik degeri arttik¢a termal sogurganlik
degeri de artmaktadir. Bu grafik i¢in hesaplanan R* =
0,9841 degeri dlciilen iki parametre arasinda giiglii bir
iligski oldugunu gostermektedir. Bu sonuca gore bazalt
kumaginin termal iletkenlik degeri arttikca kumas
serinlik hissi vermektedir.
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Sekil 3. Bazalt kumasinin termal iletkenlik ve termal
sogurganlik 6l¢liim sonuglarina iligkin grafik

Olgiim sonuglarina gore termal iletkenlik ve
kalinlik dl¢imlerine iliskin elde edilen grafik Sekil
4’te verilmistir. Sekil 4’te goriildiigli lizere bazalt
kumaginin kalinligi arttikga termal iletkenlik degeri
diismektedir. Bu grafik i¢in hesaplanan R? = 0,9962



degeri Olgiilen iki parametre arasinda giicli bir iligki
oldugunu gostermektedir. Bu sonuca gore daha ince
bazalt kumaglarinin daha yiiksek termal iletkenlige
sahip oldugu anlagilmaktadir.
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Sekil 4. Bazalt kumasinin termal iletkenlik ve kalinlik
sonuglarina iligkin grafik

GENEL SONUCLAR

Bu caligmada bazalt kumasinin bazi termal 6zellikleri
Alambeta cihazi kullanilarak test edilmistir. Bazalt
kumaslar son kullanim alanlar1 ac¢isindan Oncelikli
olarak 1s1ya dayanim ve termal izolasyon amagli olarak
kullanilmaktadir. Bu baglamda ¢aligmanin sonuglari
sirasiyla  farkli  uygulama  alanlarma  gore
degerlendirilmigtir.

Giyim alan1 agisindan degerlendirildiginde bazalt
kumasinin termal direncinin artmasi ile termal
iletkenliginin azaldig1 goriilmiistiir. Termal iletkenligin
diigiisii ayn1 zamanda diigiik termal sogurganliga sebep
olmakta, yani giyen kisiye daha c¢ok sicaklik hissi
verecegi anlamina gelmektedir. Yine bazalt kumaginin
kalinlig1 arttik¢a termal iletkenliginin diistiigli ve buna
bagli olarak giyen kisiye verdigi sicaklik hissinin arttig1
goriilmiistiir. Bu sonuglar degerlendirildiginde, bazalt
kumasinin 6zellikle yanmaya dayanikli giyim esyasi
olarak tek basina degil, ¢ok katmanli bir kompozit
yapinin 6zellikle viicuda temas etmeyen dig katmanina
uygulanmasi gerek giyim konforu gerekse koruyuculuk
fonksiyonu agisindan daha dogru olacaktir.

Otomotiv alani agisindan 1s1l izolasyon fonksiyonu
degerlendirildiginde, termal iletkenliginin diismesiyle
birlikte artan termal stabilite olasi bir yanginda
malzemenin koruyuculuk 6zelligini arttirdig1 gibi,
aracin 1sitilmast ya da sogutulmasinda da maliyet
diistisii saglayacaktir. Bu &zellikleriyle bazalt lifinin
otomotivde dokuma yerine dokunmamis yiizey
formunda kullanilmasi izolasyon kapasitesi ve
etkinligini arttiracaktir.

Havacilik ve uzay araglar1 alami agisindan govde
gii¢lendirilmesi amaciyla kullanimi
degerlendirildiginde, bu uygulama gii¢lendirmenin
yanisira diigiik termal iletkenligin sagladigi termal
stabilite ile birlikte 6zellikle ani 1s1 degisimlerinin s6z
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konusu oldugu bu ortamda, araglara uzun omiir ve
dayanim saglayacagi gibi bu degisimlerin getirecegi
anlik termal yiikii de en aza indirecektir.

Gaz filtrasyonu alaninda  ozellikle  yiiksek
sicakliklarda islem s6z konusu oldugu igin test
sonuglarindan da goriilebilen diisiik termal iletkenlik
ve termal sogurganlik degerleri yiiksek derecede
termal stabilite saglayacak ve bu sekilde filtrasyon
esansinda olasi risklerin dniine ge¢ilmis olacaktir.
Sonuglar genel olarak degerlendirildiginde bazalt lif
kumaglarinin giyimden ulagima ve hassas filtrasyon
uygulamalarma kadar c¢ok genis bir yelpazede
kullanimi s6z konusudur. Burada kritik husus bazaltin
tek basina m1 yoksa kompozit formunda bir yapinin
pargast olarak mi kullanilacagina ve uygulama
alanina gore dokunmus ya da dokunmamus yiizey gibi
hangi formda kullanilacagina iyi karar verilmesi
gereklidir.

SONRAKI CALISMALAR iCiN ONERILER

Gelecek c¢alismalarda bazalt kumaslarin su buhari
gecirgenligi ve hava gegirgenligi gibi diger
performans ozelliklerinin test edilmesi ve ¢esitli
uygulamalar  acisindan  potansiyel etkilerinin
arastirilmasi, termofizyolojik konfor hususunda daha
kapsamli bulgular sagsanmasi agisindan gereklidir.
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OZET

Giliniimiizde geligmig, iilkeler kan transfiizyonunda tam
kan yerine hastanin ihtiyact olan kan bilesenini
kullanmaktadir. Tam kani bilesenlerine ayirmak icin
birgok metot kullanilmaktadir ve bunlardan en yaygin
kullanilan1  ise filtrasyon metodudur. Ld&kosit
filtrasyonunda amag, kandan 16kositleri uzaklagtirarak
kan transfiizyonu sirasinda l6kositlerin gdsterdigi olasi
yan etkileri ortadan kaldirmaktir. Bu ¢aligmada, PBT ve
PA-12 lif katmanlar1 kullanilarak tam kandan 16kosit
hiicrelerini  spesifik  olarak  aywacak filtreler
gelistirilmistir.

AMACLAR

Bu ¢alismanin amaci; 16kosit tutumu fazla eritrosit
gecirgenligi yiiksek ve tikanma problemi olmayan bir
16kosit filtresini poliester-poliamid polimerlerinden
tiretilen dokusuz yiizey katmanlari kullanilarak elde
etmektir.

GIiRiS

Insan kaninda iki tiir bilesen vardir: hiicresel ve
hiicresel olmayan (plazma). Hiicresel kisim, beyaz kan
hiicrelerini ~ (I6kositler), kirmuzi kan hiicrelerini
(eritrositler) ve trombositleri icermektedir. Giiniimiizde
ozellikle gelismis iilkelerde hastalara tam kan yerine
hastanin ihtiyact olan kan bileseni transfiizyonu
yapilmaktadir. Bu durumda donérden alinan tam kan
¢esitli metotlarla bilesenlerine ayrilmakta ve hastanin
ihtiyact olan kan bileseninin hastaya transfiizyonu
saglanmaktadir. Yapilan ¢aligmalar eritrosit ve
trombosit  bilesenlerinin  hastaya  transfiizyonu
sonrasinda igerisinde kalintt halde bulunan 16kosidin
hasta tizerinde yan etkilere sahip oldugunu gostermistir.
Bu yan etkilerden bazilari hemolitik olmayan fibril
reaksiyonlar, trombosit transfiizyonunda inatcilik,
karaciger ve bobrek nakillerinde doku uyusmazlig: ve
bagisiklik sisteminde zayiflama olarak sayilabilir [1-3].
Bunun yaninda, kan transfiizyonu sirasinda donorlerden
hastalara yayilabilen viriisler de 16kositler araciligiyla
taginmaktadir [5,6]. Bu sebeplerden dolayi, hastaya
aktarilan kanin bilesenlerinin igerisinden 16kosidin
miimkiin oldugunca tamamen ¢ikarilmasi onem arz
etmektedir.  Giiniimizde tam kandan 10kositi
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uzaklagtirmak igin diferansiyel santrifij,
sedimantasyon, dondurma ve eritme, hiicre yikama ve
filtrasyon metotlar1 kullanilmaktadir. Bu metotlar
arasinda filtrasyon, 16kositleri ayirmak i¢in kullanilan
en etkili yontemdir.

Filtrasyon isleminde ii¢ mekanizma bulunmaktadir
[7]. Bunlardan birincisinde, l6kositler lifler tarafindan
olusturulan goézeneklerde tutulur veya bloke edilir;
buna mekanik eleme denir. Ikincisi ise, filtre ile
lokositler arasinda meydana gelen etkilesim
(elektrostatik etkilesim, hidrojen bagi vb.) sonucunda
16kositlerin  tutulmasit  esasmma  dayanmaktadir.
Sonuncu mekanizmada ise kan igerisinde bulunan
bazi trombositler aktive olmakta ve filtrasyon

sirasinda  filtre liflerine yapismaktadir. Aktive
trombositler, 16kositlerin bir kismuni  absorbe
edebildikleri i¢in dolayli olarak filtre liflerine

yapismaktadirlar. Bu mekanizmalara gore, filtre
malzemelerinin gbzenek boyutu ve yiizey yapilarinin
yiiksek verimli 16kosit filtrelerinin tasariminda
anahtar parametreler oldugu sonucuna varilmaktadir.
Meltblown tekninigiyle iiretilen dokusuz yiizeyler,
16kosit filtreleri i¢in en yaygin kullanilan malzemedir.
Dokusuz yiizeylerin gdzenekleri diizensizdir ve
tiretim parametrelerine bagl olarak ortalama caplar1 1
ila 5 pm arasinda degismektedir. Bu mikroliflerin
olusturdugu diizensiz sekil ve kii¢iik boyut,
l6kositlerin ~ yapigsmasini  artirmaktadir.  Lokosit
filtrasyonu i¢in yapilan ¢aligmalarda yilizeyinde azot
bulunan bazik fonksiyonel grup tasiyan malzemeler
negatif yiiklii olan eritrosit ve 16kositleri kolaylikla
tuttugu bulunmustur. Ayrica yiizeyinde azot iceren
bazik fonksiyonel grup tasiyan fiberlerin, azot
atom/ylizey orani (aygirlik¢a) 9%0,2-4,0 arasinda
oldugunda ylizeyin segici olarak eritrosit yerine
16kositi tuttugu bulunmustur [8]. Bu nedenle, filtre
olusturmak i¢in katman olarak ylizeyinde azot
bulunduran poliamid-12 polimeri (PA-12) ve yiizeyi
bazik ozellik gosteren Polibiitilentereftalat (PBT)
polimeri kullanilmstir.



DENEYSEL

Malzeme

Calismada  kullanilan  PBT  polimeri Celenase
firmasindan, PA-12 ise Arkema firmasindan temin
edilmistir ve polimerlerin fiziksel 6zellikleri tablo 1°de
verilmektedir. Ayrica 16kosit filtrasyonu performans
testlerinde kullanilan kan numuneleri Kizilay Kan
merkezinden temin edilmistir.

Tablo 1. PA-12 ve PBT polimerlerinin fiziksel

ozellikleri
Polimer Yogunlugu (g/em?®)  Erime sicakhigi (°C)
PBT 1,265g/cm3 225 °C
PA 12 1,03 g/cm? 175 °C
Yontem

Oncelikle PBT ve PA-12 polimerleri nem tutma
kapasiteleri oldugu igin lif ¢ekiminden &nce PBT
polimeri 110 °C’de, PA-12 polimeri ise 80 °C’de 4 saat
kurutuldu. Uygun sicaklik ayarlar1 yapilan meltblown
makinesine PBT polimeri konulup lif eldesi saglandu.
Ayni iglemler PA-12 polimeri i¢in gerceklestirilerek
PA-12 polimerinden de lif eldesi saglanmistir. PBT ve
PA-12 polimerleri i¢in kullanilan optimum sicaklik
degerleri tablo 2’de goriilmektedir.

Tablo 2. Meltblown cihazinda PBT ve PA-12
polimerlerinden lif ¢ekimi i¢in kullanilan optimum
sicaklik degerleri

Air
Polimer Zone3 Zone2 Zone1 Die Clamp
Temp
PBT 250 °C 245 °C 242°C 250 °C 250 °C 250 °C
PA-12 280 °C 275 °C 270°C 280 °C 280 °C 280 °C

Melt-blown cihazi ile elde edilen liflerin ¢aplari ve
katman kalinligy, iflenen havanin basinci, polimer akis
hiz1 ve kolektor ile die burun bolgesi arasindaki mesafe,
kolektdr donme hizi gibi parametrelerle degismektedir.
Olusturulacak olan filtreler i¢in lif katmaninin kalinlig
filtrenin  gbézenek boyutunu ve  gecirgenligini
belirlemektedir. Bu yiizden biitiin bu parametreler ayri
ayrt degistirilerek PBT ve PA-12 igin lif ¢ekim
denemeleri yapild: ve farkl: lif ¢aplarina sahip dokusuz
ylizeyler {iretildi. PBT ve PA-12 polimerinin lif
¢ekiminde kullanilan meltblown cihazi sekil 1°de
verilmektedir.
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Sekil 1. PBT ve PA-12 polimerinin lif gekiminde
kullanilan meltblown cihazi

Lif caplar1 ve katman kalinlig1 belirlenen liflerden
katmanlar dizilerek filtreler hazirlandi. Bu kisimda
denemeler iki faktdr goz Oniine almarak yapildi
Birincisi, filtreyi olusturan katman sayisi (toplam
tabaka kalinligl) ve katmanlarmm gozenek boyutu,
ikincisi ise iki farkli polimerden elde edilen Iif
katmanlarinin  filtrede kullanim sayisidir. Filtre
olusturuldugu zaman toplam katman kalinlig1 16kosit
aymrimint etkilemektedir, dolayisiyla katman sayisi
degistirilerek 16kosit ayirim kapasitesi miktarlar
iizerinde bir optimizasyon yapildi. Bununla birlikte
asil amag olan farkli polimerlerden olusan
katmanlarin 16kosit aymrimini nasil etkiledigini
gozlemek i¢in her bir polimerden degisik sayida
katman olusturularak ve degisik sirayla konularak
filtreler olusturuldu. Hazirlanan filtrelerin 16kosit
ayirim performansi ile ilgili denemeler yapildi. Bu
denemelerde kan numuneleri filtreden gegirilerek kan

toplama torbasinda toplandi. Kullanilan kan
numunesinin, deneme Oncesinde ve deneme
sonrasinda hemogram degerleri 6lgiildii. Bu

Olctimlere gore % lokosit ve eritrosit azalmalari
hesaplandi. Sekil 2’de iiretilen filtrenin filtrasyon
Oncesi ve sonras1 goriiniimii verilmistir.

Sekil 2. Uretilen filtrenin filtrasyon éncesi ve sonrasi
gorinimi

DENEYSEL SONUCLAR/TARTISMA

Lokosit filtrasyonunda filtre malzemesinin kimyasal
yapisinin yaninda filtreyi olusturan katmanlarin
ortalama goézenek capi da filtre performansinda
etkilidir. Ortalama gozenek ¢api kiiciildiikge filtrede
tikanma olasiligi da artarken, ortalama gbzenek



capinin biiylidiikkce adhezyon kuvveti diigmektedir ve
filtrenin performansi diigmektedir. Bundan dolayi
l6kosit filtrasyonunda kullanilacak filtrelerin  her

katmanin ayr1 ayr1 gdzenek boyut analizi yapildi.

Tablo 3. Filtrede kullanilan liflerin gdzenek boyutlari
ve % porozite degerle

Lif |Lif katman | Ot .
o Gozenek | Porozite
Numune |capr | Kalinhgi o
(um) | (um) Gapr | (%)
(pm)
25 kat
PBT-1 3,1 26,9 34,1 83,1
50 kat
PBT-1 3,1 1269 26,0 76,5
25 kat
PBT-2 2,6 25,5 28,9 82,0
25 kat
PBT-3 1,5 36,6 17,8 76,1
50 kat
PBT-3 1,5 36,6 14,7 72,5
25 kat
PA-12 52 (61,0 53,0 81,8
50 kat
PA-12 52 (61,0 67,8 82,9

Filtreyi olusturan katman sayisi, iki farkli polimerden
elde edilen lif katmanlarinin filtrede kullanimi goz
online almarak hazirlanan filtrelerin  performans
analizinde Kizilay Kan Bankasindan alinan
numunelerle filtrasyon denemeleri yapildi. Yapilan
denemelerin sonuglar1 Tablo 4’de verilmistir. Uretilen
filtrelerle yapilan denemelerde katman sayisinin
artisginin filtre performansimi etkiledigi goriilmiistiir.
Ayrica tek polimer lifinden iiretilen filtreler iki polimer
lifinden iiretilen filtrelerden daha diisiik performans
gdstermistir. ki farkli polimerin kullamldig: filtrelerde
polimerler {izerinde bulunan ve adhezyon 6zelligi
gosteren fonksiyonel gruplarmin bir filtre iizerinde
toplanmas1 nedeniyle daha {stiin ozellik gosterdigi
diigiintilmiistiir.
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Tablo 4. Kan filtrasyonu sonucunda elde edilen

sonuglar
%O0rt. % Ort.
Katman sayisi Lokosit Eritrosit
Azalmasi Azalmasi
30 Kat PBT-1
- 0 0,
N-1 30 Kat PBT-4 93,73% 5,85%
30 Kat PBT-1
30 Kat PBT-4 o o
N-2 20 Kat PBT3 96,75% 4,77%
20 Kat PBT-5
N-3 |41 Kat PA-12 97,61% 3,33%
25 kat PBT-1
N-4 |25 kat PBT-3 99.,57% 6,82%
50 kat PA-12
25 kat PA-1
N-5 50 kat PBT-3 99,52% 5,80%
25 kat PBT-2
50 kat PBT-1 N o
N-6 50 kat PA-1 99,24% 4,09%
25 kat PBT-3
N-7 50 kat PA-12 99,61% 5,53%
25 kat PBT-1
50 Kat PA-12 o N
N-8 50 Kat PBT-1 99,24% 1,33%

Uluslararasi standartlara gore eritrosit slispansiyonu
16kositten arindirilmis olarak nitelendirilmesi igin
109 dan daha fazla 16kosit igermemelidir [9]. Yapilan
calisma sonucunda iiretilen filtrelerden 100 kat
katman sayisina sahip olan N-4 ile N-8 arasindaki
filtreler Tablo 4°de goriildiigii gibi 10’ dan daha az
Iokosit igermektedir. Ayrica 16kosit filtrasyonunda
eritrosit kaybimmin daha Once de belirtildigi gibi
%10’dan daha az olmasi istenilmektedir. Ayni sekilde
N-4 ile N-8 arasindaki filtrelerde eritrosit kayb1
%10’dan daha azdir. Dolayisiyla iiretilen N-4 ile N-8
arasindaki filtreler uluslararasi standartlara uygundur

SIVRI MERT, Firdevs (0000-0002-0545-0268)

GENEL SONUCLAR

Uretilen filtrelerle yapilan denemelerde katman
sayisinin  artisinin  filtre performansimi  etkiledigi
goriilmiistiir. Ayrica tek polimer lifinden {iretilen
filtreler iki polimer lifinden iiretilen filtrelerden daha
diisiik performans gostermistir. 1ki farkli polimerin
kullanildig: filtrelerde polimerler {izerinde bulunan ve
adhezyon oOzelligi gosteren fonksiyonel gruplariin
bir filtre iizerinde toplanmasi nedeniyle daha {istiin
ozellik gosterdigi diisliniilmiistiir. Yapilan calisma




sonucunda {iretilen filtrelerden 100 kat katman sayisina
sahip olan filtreler %1,33-6,82 eritrosit kaybi ile
%99,24-99,61 arasinda 16kositi ortamdan
uzaklagtirmaktadir. Piyasada bulunan filtreler ise
kandaki 16kositlerin %95-99,9 arasinda
ayirabilmekteler, aynm1 zamanda kirmizi  kan
hiicrelerinde %10’dan daha az kayip
olusturmaktadirlar. Uretilen filtrelerin hem 16kosit
tutma orani hem de ertirosit tutma orani piyasada
bulunan filtrelere esdeger niteliktedir. Bunun yaninda
16kosit filtrelerinin en biiyiikk dezavantaji tikanma
probleminin olmasidir [10]. Yapilan ¢aligma sonucunda
elde edilen filtrelerde herhangi bir tikanma problemi
olugsmamistir. Bu sonucta elde ettigimiz {iriiniin en
biiyiik iistiinliigldiir.
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Covid Yogun Bakim Servis Cahsanlari i¢in Koruyucu Tulum

Gelistirilmesi
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OZET

Bu ¢alisma, Covid-19 Pandemi ile birlikte olusturulan
Adana Seyhan Devlet Hastanesi’nin Covid Yogun
Bakim Unitesi’nde calisan personellerin mevcutta
kullandiklar1 tek kullanimlik tulumlara alternatif ¢ok
kullanimlik  koruyucu tulumlarin  gelistirilmesini
kapsamaktadir. Calisma Nisan-Mayis 2021 déneminde
2 asamali olan ylizylize anket c¢aligmalar1 ile
gerceklestirilmistir. {lk asamada deneme iiretimleri
yapilan 54 adet ¢ok kullanimlik tulum 18 c¢alisana
teslim edilmis ve 1 ay boyunca kullanmalar
saglanmistir. Calismaya katilan saglik calisanlarinin
oneri,beklenti ve tek kullanimlik iriinlere gore
memnuniyet diizeyleri dl¢iilmiistiir. ikinci asamada ise
calisanlarin beklenti ve Onerilerine gore tekrar iiretilen
¢ok kullanimlik tulumlarin 51i likert Olgegine gore
memnuniyet diizeyleri 6l¢iilmiistiir. Tek kullanimlik
koruyucu  tulumlara  gore  konfor, terletme
diizeyi,ergonomi, kalite ve su gecirmezlik 6zelliklerinin
¢ok daha iyi oldugu belirtilen c¢alismada ¢ok
kullanimlik koruyucu tulumlarin memnuniyet diizeyi
“4-Memnun” olarak belirlenmistir.

AMACLAR

Bu ¢alisma;

* Covid-19 pandemisi nedeniyle olusturulan yogun
bakim {initesinde c¢alisan personellerin mevcutta
kullandiklar1 tek kullanimlik koruyucu tulumlara gore
caligma kapsaminda gelistirilen ¢ok kullanimlik
koruyucu  tulumlar ile  konfor  bakimindan
karsilastirmalarini,

* Fonksiyonel (antivirus dzellikli, sivi gegirmez ve ter
emici) Ozelliklere sahip, ¢ok kullanimlik koruyucu
tulumlarin enfeksiyonun en fazla oldugu Covid Yogun

Bakim  Unitesindeki  kullamcilar  ile  birlikte
gelistirilmesini,

» Koruyucu Tulum olarak gelistirilen ¢ok kullanimlik
tulumlar1  kullanan  personellerin ~ memnuniyet

diizeylerinin tespitini, amaglamaktadir

GIiRIS

Cin’in Vuhan kentinde 2019-Aralik ayinin sonlarinda
ortaya c¢ikan, bulastig1 kisilerde ates, Oksiiriik, nefes
darligi gibi belirtilere neden olan hastalik Yeni
Koronaviriis Hastaligi(COVID-19) olarak
adlandirilmigtir. COVID-19’a neden olan viriisiin adi
SARS-CoV-2’dir[1]. Diinyada 410,565,868 kiside
goriilen ve yaklagik 6 Milyon insanin 6liimiine sebep
olan pandemide Tirkiye’de de 90.542 kisi malesef

hayatin1 kaybetmistir [2]. Yaklasik 411 Milyon
kisinin etkilendigi salginda COVID-19 hastalarinin
bakim ve tedavilerini {listlenen saglik ¢alisanlar
enfeksiyon acisindan yiiksek riskli grupta yer
almaktadir. Yiiksek riskin en aza indirilmesi adina
saglik calisanlarinin ek koruyucu onlemler almasi
gerekmektedir. Hastaligin bulagmasi genellikle viriisii
tasiyan hasta ile ayni ortamda bulunanlarda, hasta
kisinin Okslirmesi ve hapsirmasi sirasinda olusan
damlaciklarinin 1 m’ye kadar yakin temasta ve
korunmasiz kisilerin agiz, burun ve solunum
yollarindan girmesi ile olugmaktadir. Koronaviriis,
saglik personelini genel olarak toplumdan ¢ok daha
fazla etkilemektedir. Bu durumun en 6nemli nedeni
saglik ¢aliganlarinin bu hastalar1 daha ¢ok gérmesi ve
tedavilerini iistleniyor olmalaridir.

Calismalar, yiiksek bulagsma riskine ragmen, dogru
kisisel koruyucu ekipman (KKE) kullaniminin saglik
calisanlarina enfeksiyon bulasini Onlemede etkili
oldugunu gostermektedir. KKE'nin amaci, bireyleri
tehlikeli bir durumda olasi kimyasal, fiziksel ve
biyolojik tehlikelerden korumak veya izole etmektir.
Kimyasal, biyolojik ve radyolojik tehlikelere karsi
koruma saglayan ¢ok g¢esitli koruyucu kumaslar

mevcuttur[3]. Saglik ¢aliganlart i¢in Sekil 1°de
gorillen 4 farkli seviyede koruyucu kiyafet
bulunmaktadir.

SEYREK KURBAN, Nazime (0000-0001-7419-
7211)

ARLIER, Resan (0000-0001-6520-1549)
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Sekil 1: Koruma seviyelerine uygun KKE [4]

Koruyucu giysiler, biyolojik ve kimyasal etkenlerin

kiginin  kiyafet ve cildine temas etmesini
engellemektedir. En az C seviye koruyucu kiyafet
kullanilmast ~ Onerilmektedir. Amerika Birlesik
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Devletleri Cevre Koruma Ajansi(EPA) Standartlarinda
C seviye koruyucu kiyafetin Avrupa Standartlarindaki
(EN ) karsilig1 tip 5 ve tip 6 giysilerdir. Bu giysiler,
siperligi, ayak korumasi ve/veya kapiisonu olan veya
olmayan tek pargali tulum veya iki pargali elbise
halinde govdeyi, kollar1 ve bacaklar1 kapatmak
suretiyle tiim viicudu koruyan giysilerdir. Bununla
birlikte, EPA Standartlarinda D seviye koruyucu
kiyafet olarak bilinen o6nliik, ceket, tibbi maske ve
eldiven bilesenlerini kapsayan ve EN Avrupa
Standartlarindaki karsiligi Tip 6B olan giysi, sadece
viicudun belli kisimlarint  kapatarak  personeli
korumaktadir[3]. Bu bildiri, saglik personeli ve ilk
miidahale ekiplerinin kullandig1, C seviyesinde bulunan
tulumlar ile ilgili caligmay1 icermektedir.

Koruyucu giysiler bir ¢ok avantaja sahip olmasinin
yanisira bazi dezavantajlarda i¢cermektedir. Koruyucu
giysilerin tek parca olmast saglik calisanlarinda
psikolojik strese neden olmaktadir. Ayni zamanda
pediatrik hastalarin KKE’I personellerden
korkmalarina da sebep olmaktadir [3].

COVID-19 pandemi doneminde iiretilen giysilerin
viriislere kars1 etkili, siv1 iticilik, stvi gecirmezlik, hava
gecirgenligi ve bazi Ozelliklere sahip kumaslardan
olmasi1 dnemlidir. Giysilerin koruyuculuk 6zelliklerinin
yanit sira uzun siireli kullanimlarindan dolay1 saglik
calisanlarinin ~ konforuna da  uygun  olmasi
gerekmektedir. Bu sebeple kumas secimi yapilirken
giysilerin bariyer Ozellikleri, virus/bakteri bulasma
riski, konfor 6zelligi, maliyeti, ¢alisana ve g¢evreye
etkisi g6z oniinde bulundurulmalidir.

Saglik calisanlariin  kullandigr  giysiler;  ¢ok
kullanimlik ve tek kullanimlik olmak iizere ikiye
ayrilmaktadir. Tek kullanimlik giysiler nonwoven
kumaglardan (SMS, Spunbond, Spunlace) iiretilirken,
¢ok kullammlik giysiler ise %100 Pamuk, %100
Polyester, Pamuk&Polyester karisimli  dokuma
kumaglardan {iretilmektedir. Gerek saglik calisaninin
gerekse hastanin korunmasinda kullanilan cerrahi
giysilerin gozenek biiylkligi, sivi iticiligi - sivi
gecirmezligi ve hava gegirgenligi 6n plana ¢ikmaktadir.
Tibbi tekstiller i¢in gdzenek biiytlikligi, sivi, hava ve
ter gecirgenligi agisindan ¢ok onemlidir. Cerrahide
stvilar, en dnemli tasiyic1 ve mikrobiyolojik nakil araci
olarak kabul edilirler. Bu ylizden kumaslarin sivilara
kars1 bariyer etkisi gostermesi beklenmektedir. Siv1 itici
O0zellik, nemli ortamlarda Dbakterilerin {iremesini
engellemesi acisindan ¢ok onemlidir. S1vi gegirmezlik
ozelligi ise cerrahi ve Hepatit B, Hepatit C veya AIDS
gibi sorunu olan hastalarin tedavisinde hastanin kaninin
ve mikroplari saglik ¢alisanlarina gegmesini 6nlemek
i¢in kullanilmaktadir. Diger dnemli bir faktdrde hava
gecirgenligidir. Kumaslarin hava gegirgenlik 6zelligi,
iretildikleri ~ malzemeye  gore  degismektedir.
Buharlasmaya miisait ve tenin digartya ter buhari
seklinde transferine izin veren medikal giysiler
viicudun 1s1 dengesini korurlar. Yeterli buharlasma ve
transfere izin vermeyen giysiler ise viicut 1s1 dengesini
bozarak rahatsizliga neden olurlar. Tek kullanimlik

iriinlerde kullanilan kumaslar arasinda en iyi nefes
alabilme ve termal dengeleyici oOzelliklere sahip
iriinler, spunlace teknolojisi ile {iretilmis dokusuz
yiizey kumaslardir. Polipropilen esasli ve piyasada en

cok bulunan SMS veya spunbond tiirii
hammaddelerden iretilmis riinler, uzun
kullanimlarda terleme yapabilmektedirler. Sonug
olarak, kumasin sahip oldugu nem - buhar

gecirgenligi, her ne kadar cerrahi ortam kosullari
sabitlense de, soguk olabilecek ortamlarda viicutta
iisiime hissine; sicak olabilecek ortamlarda da viicutta
yapiskanlik hissine yol agmamalidir [5].

Cerrahi giysilerin Olgtileri calisanin hareketlerini
kisitlamamalidir.  Giysileri olusturan materyallerin
sahip olmasi gereken diger bazi oOzellikler ise
bakteri/virus gegisine engel olmasi, sterilizasyona
uygun olmasi, uzun iglemlere dayanikli olmasi,
katlanma durumunda buhar gegirebilmesi, islakken
dayanikli ve su gegirmez olmasi, kullanilan boyalarin
hasliklarinin yiiksek ve cildi tahris etmeyecek sekilde
olmasi, rengi ¢alisanlarin gdzlerini yormamasi,
tilylenmeye (pilling) karsi direncinin yiiksek olmasi,
kopma dayaniminin yiiksek olmasi, kullanicinin
viicudunda gereginden fazla nem olusturmamasi ve
yikanabilir olmas1 gerekmektedir [6].

MALZEME VE YONTEM
Malzeme
Hastanede kullanilan mevecut tek kullanimlik

tulumlara alternatif olarak gelistirilen ¢ok kullanimlik
tulumlarin kumas 6zellikleri asagidaki gibidir.

- Kumaslarin hammaddesi %100 Polyesterdir.

- Insan vucuduna/kiyafetine temas eden ig
yiizey sivi emiciligi yiiksek mikro polyester,
dis ylizeyi de antiviral 6zellikli, siv1 gecirmez
membran ile kaplanmustir.

- Kumas gramaji 110 gr/m2,

- Kumas ¢ozgii siklig1 38 tel/cm2, atki siklig1 26
tel/cm2,

- Kumaslar yikanabilir 6zelliktedir.

- Kan ve vucut sivilarina kars1 direnclidir.

- 1. anket caligmasinda kullanilan Tulum kumasi

yesil, iyilestirmelerin yapildigi 2. Anket
caligmasindaki  tulum kumasimin  rengi
mavidir.

Sekil 2°de ilk(yesil) ve ikinci (mavi) ¢alisma igin
tiretilen tulumlar gosterilmektedir.
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N Z
Sekil 2: Tlk(yesil) ve ikinci(mavi) anket ¢aligmasi i¢in
iiretilen tulumlar

Yontem

Bu boéliimde, Adana Seyhan Devlet Hastanesi Covid
Yogun Bakim Unitesi’'nde ¢alisan personellerin 2021
Nisan-May1s doneminde 2 ay siireyle kullandiklari gok
kullanimlik  koruyucu tulumlardan beklentilerini
belirlemek amaciyla yiiz yiize anket c¢alismalar
gerceklestirilmistir. Mevcutta hastanede tek
kullanimlik  koruyucu tulumlar kullanilmaktadir.
Caligma kapsaminda tek kullanimlik tulumlara
alternatif olarak gelistirilen ¢ok kullanimlik koruyucu
tulumlarin kullanimina ait yogun bakim ¢alisanlarindan
memnuniyet diizeylerini Tablo 1 de gosterilen 1 ile 5
arasinda derecelendirmeleri istenmistir.

Tablo 1. Memnuniyet diizeyleri ve 6l¢ek degerleri

Memnuniyet Diizeyi 5°1i Likert Olgegi
Degeri
Cok Memnunum 5
Memnunum 4
Ne Memnunum Ne 3
Degilim

Memnun Degilim 2
Hi¢ Memnun Degilim 1

Aragtirmanin ¢aligma grubu 18 kigiden olusmaktadir.

Bir ay boyunca her nobette kisi basina 3 adet gok

kullanimlik tulum verilmis ve ay sonunda Tablo2’deki
sorulara verilen cevaplara gore memnuniyet diizeyleri
belirlenmistir.

Tablo 2. Anket sorular1

g g g
= = | =g
S E|EE| 2| 2 &
= g == o g .=
S E|E2 5| 2%
E|E| 25| E| o3
< |2 25| B|&
o) ~ =
Tulumun
! konforu > 4 3 2 !
Tulumun
2 terletme diizeyi > 4 3 2 !
3 Tulumun gl o
ergonomisi
Tulumun
41 Kalitesi i I R e
s Tulumunobgo b b ]
transferi
Tulumun su
6 gecirme 5 4 3 2 1
durumu
7| Tulumdan g3 g |
memnuniyetiniz
Anket sorularina verilen cevaplarin
degerlendirilmesinde Tablo3’deki araliklar

kullanilmistir. Araliklarin esit oldugu varsayilmis ve
aritmetik ortalamalar i¢in puan araligi 0,80 olarak
hesaplanmigtir.

(Puan Araligi = (En Yiksek Deger — En Diisiik
Deger)/5 = (5 — 1)/5 = 4/5 = 0,80). Bu hesaplamaya
gore aritmetik ortalamalarin degerlendirme araliklari
Tablo 3°de goriilmektedir.

Tablo 3. Besli Likert Olgegine Gore Aritmetik
Ortalamalarin Degerlendirme Araligi

Aralik Secgenck
1,00-1,80 Hi¢ Memnun Degilim
1,81-2,60 Memnun Degilim
2,61-3,40 Ne Memnunum Ne Degilim
3,41-4,20 Memnunum
4.21-5,00 Cok Memnunum

BULGULAR

Tek ve ¢ok kullanimlik tulum ile ilgili Covid yogun
bakim initesinde ¢alisan 18 kisilik personele
uygulanan ankete verilen cevaplar incelendiginde,
asagidaki bulgularin ortaya c¢iktigi goriilmektedir.
Calisma 2 agamali olarak yiiriitilmustiir.

1. Asamada Gerc¢eklesen Anket Bulgular:

18 kisilik katilimcidan olusan arastirma grubunda 1
kisi tim sorulara Hi¢ Memnun Degilim(1) yaniti
vererek en diisiik skoru (7) almis, 1 kisi ise tiim
sorulara Cok Memnunum(5) yanitin1 vererek en
yiiksek skoru (35) almustir. 1 katilimei ise sorulardan
bir tanesine cevap vermedigi igin ilgili soruda
degerlendirmeye alinamamustir.
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Tablo 4. Tulumun konforu ile ilgili anket sonuglar1

1- TULUMUN KONFORU

Cok Memnunum

Memnunum

Ne Memnunum Ne Degilim

Memnun Degilim

Hi¢ Memnun Degilim
Cevap Veren Kisi Sayisi 18

EI NSRS ReCR | \)

18 galigan iizerinden yapilan degerlendirmede ortalama
3,11 degeriyle “ne memnun ne memnun degil” olarak
degerlendirilmistir. Kumasin koruyucu 6zelligi saglik
calisanlar tarafindan terletmeme ozelligi ile birlikte
konforlu olarak tercih edilmistir.

Tablo 5. Tulumun terletme diizeyi ile ilgili anket

sonuglari

2- TULUMUN TERLETME DUZEYI
Cok Memnunum 6
Memnunum 7
Ne Memnunum Ne Degilim 1
Memnun Degilim 2
Hi¢ Memnun Degilim 2

Cevap Veren Kisi Sayisi 18

18 calisan iizerinden yapilan degerlendirmede tulum
terletme diizeyi ortalama 3,72 degeriyle "memnun"
olarak degerlendirilmistir. Caliganlar her nébette 2
tulum kullanmustir.

Tablo 6. Tulumun ergonomisi ile ilgili anket sonuglari

3- TULUMUN ERGONOMISI

Cok Memnunum

Memnunum

Ne Memnunum Ne Degilim

Memnun Degilim

Hi¢ Memnun Degilim
Cevap Veren Kisi Sayist 18

— QW[ (W

18 calisan iizerinden yapilan degerlendirmede ortalama
3,05 degeriyle "ne memnun ne memnun degil" olarak
degerlendirilmistir. Calisanlar, ayn1 kumastan tulum
yerine uzun cerrahi Onliiklerin kullanimini nermistir.
Sonraki siiregler i¢in kullanim kolayligi nedeniyle bu
oneri dikkate alinarak saglik ¢alisanlart igin ayni
kumastan yikanabilir cerrahi Onliik {iretilmesi
kararlagtirilmisgtir.

Tablo 7. Tulumun kalitesi ile ilgili anket sonuglari

4- TULUMUN KALITESI

Cok Memnunum

Memnunum

Ne Memnunum Ne Degilim

Memnun Degilim

Hi¢ Memnun Degilim
Cevap Veren Kisi Sayisi 18

[SSEENJFE N SR | 8]

18 g¢alisan iizerinden yapilan degerlendirmede
ortalama 2,61 degeriyle "ne memnun ne memnun
degil" olarak degerlendirilmistir. Caliganlar kumas
kalitesinden memnun olmalarina ragmen ayni
kumastan yikanabilir, uzun cerrahi onliikleri tercih
ettiklerini belirtmiglerdir.

Tablo 8. Tulumun kullaniciya ulastirilmasi/transferi
ile ilgili anket sonuglar1

5- TULUMUN TRANSFERI
Cok Memnunum
Memnunum
Ne Memnunum Ne Degilim
Memnun Degilim
Hi¢ Memnun Degilim

Cevap Veren Kisi Sayisi

NN | B (|~

—
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18 c¢alisan Tizerinden yapilan degerlendirmede
ortalama 2,27 degeriyle "memnun degil" olarak
degerlendirilmistir.  Uretici  firmanin  tulumlan
yikamasi ¢aligsanlar tarafindan tercih edilmemistir. Bu
sebeple 2. Asamada kisiye 6zel tulumlarin yikanma
islemi hastanenin kendi biinyesinde bulunan
camasirhanesinde gergeklestirilmesi yoniinde karar
almmistir. Bu asamada, hastane ydnetiminin siireci
planlamasi gerekmistir.

Tablo 9. Tulumun su gec¢irme durumu ile ilgili anket

sonuglari

6- TULUMUN SU GECIRME DURUMU
Cok Memnunum 1
Memnunum 8
Ne Memnunum Ne Degilim 5
Memnun Degilim 2
Hi¢ Memnun Degilim 1

Cevap Veren Kisi Sayisi 17

17 c¢alisan Tizerinden yapilan degerlendirmede
ortalama 3,35 degeriyle tulumun su ge¢irme durumu
"ne memnun ne memnun degil" olarak
degerlendirilmistir. 1 ay boyunca yaklasik 30 yikama
da tulumun kumasi su gecirmezlik 6zelligini
korumustur.

Tablo 10. Tulumun genel memnuniyet durumu ile
ilgili anket sonuglari

7- TULUMDAN MEMNUNIYETINIZ
Cok Memnunum 1
Memnunum 7
Ne Memnunum Ne Degilim 6
Memnun Degilim 3
Hi¢ Memnun Degilim |
Cevap Veren Kisi Sayist 18

18 calisan {izerinden yapilan degerlendirmede
ortalama 3,22 degeriyle tulumun genel memnuniyet
durumu "ne memnun ne memnun degil" olarak
degerlendirilmistir. ~ Katilmecilarin =~ endise  ve
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rahatsizliklari ilk agamada soruldugunda asagidaki geri
doniigler alinmugtr.

6 Kisi: Tulumun beden 6lgiilerinin kendi beden 6l¢iileri
ile uyusmadigini,

4 Kisgi: Tulumun dar oldugunu ve dolayisiyla giyinme
ve ¢ikarma esnasinda zorluk yasadigini,

2 Kisi: Tek kullanimlik tuluma gore daha ¢ok
terledigini,

1 Kisi: Tulum kapilisonunu taktiginda hareket zorlugu
yasadigini,

1 Kisi: Mevcutta kullanilan tek kullanimlik tulumlar ile
devam edilmesinin daha mantikli olacagint 1 Kisi:
Tulumlarin yikandiginda temizlik ve hijyen konusunda
endiseleri oldugunu,

1 Kisi: Tulumun kol agizlarmin ribana olmasi
gerektigini,

1 Kisi: Tulumun fermuar yerinin oldugu yerden daha
asagiya alinmasini

Kullanicilardan 11 kiginin &zellikle tek kullanimlik
tulumlara gore daha az terledigini belirtmeleri iizerine
10°1u likert 6l¢eginde (1:en yiiksek 10: en diisiik) anket
uygulanmigtir. Tablo 11°de goriildiigii gibi tek ve gok
kullanimlik  tulumlar arasinda belirgin bir fark
mevcuttur. Katilimcilarin ¢ok kullanimlik tulumlarda
kendilerini daha konforlu hissettikleri anlasilmaktadir.
Bu agsamada ayni kumas kalitesinden tulum yerine 2
parcalt iiniforma ya da uzun cerrahi onliik tiretilmesi
yoniinde talepler belirtilmistir.

Tablo 11. Tek kullanimlik tulumla ¢ok kullanimlik
tulum arasindaki terletme diizeyi

Terletme | 1ol a4l 5| 6 7| 8 o 10| 11| ort
diizeyi

Tek
kullanmmlik | 10 | 9/ 9/ 9| 9/ 9| 9| 9| 6| 7 | 9 | 8.64

tulum

kullanomlik | 2 | 3| 2{ 1] O] 3| 2| 2[ 7| 9 | 2 3

Cok

tulum

2. Asamada Gerceklesen Anket Bulgular:

Adana- Seyhan Devlet Hastanesi Covid Yogun Bakim
Servisi 18 c¢alisanindan gelen talepler iizerine 2.
asamada tulumun kalip ve tasariminda degisiklikler
yaptlmigtir. 2. Asamada standart 6l¢iiler belirlenerek
tulumlar tekrar tretilmistir. Tulum boylar1 1.64-1.70
arasi S beden, 1.76 ya kadar M beden, 1.81 e kadar L
beden, 1.87 ye kadar XL beden, 194 ¢ kadar XXL beden
ve 1.94-2 metre aras1 XXXL beden olarak tiretilmistir.
Kol agizlar gelen talepler dogrultusunda lastik yerine
ribana kumastan iiretilmistir. Ilk asamada katilimc1
olarak yer almis 18 kisilik arastirma grubundan 16 kisi
ile tekrar arastirma grubu olusturulmustur. En diistik
skor 19 iken; 2 kisinin tiim sorulara “Cok Memnunum
(5)” yanitini vererek en yiiksek skor 35 olmustur.

Tablo 12. Tulumun konforu ile ilgili anket sonuglart
1- TULUMUN KONFORU
Cok Memnunum
Memnunum
Ne Memnunum Ne Degilim
Memnun Degilim
Hi¢ Memnun Degilim

Cevap Veren Kisi Sayisi

SN [— ||

—_—

6

16 calisan {izerinden yapilan degerlendirmede
ortalama 4,12 degeriyle tulum konforu "memnun"
olarak degerlendirilmistir. Saglik calisanlari kumasin
antiviriis koruyucu 6zelligi beraberinde kumasin
calismalari esnasinda terletmeme 6zelligi ile birlikte
tulumu konforlu bulduklarini belirtmiglerdir.

Tablo 13. Tulumun terletme diizeyi ile ilgili anket

sonuglari

2- TULUMUN TERLETME DUZEYI
Cok Memnunum 6
Memnunum 8
Ne Memnunum Ne Degilim 1
Memnun Degilim 1
Hi¢ Memnun Degilim 0

Cevap Veren Kisi Sayisi 18

16 c¢alisan Tlzerinden yapilan degerlendirmede
tulumun terletme diizeyi ile ilgili 14 kisi memnun ve
¢ok memnun olarak fikirlerini belirtmiglerdir.
Tulumun terletme diizeyi ortalama 4,19 degeriyle
"memnun" olarak degerlendirilmistir. Caliganlar her
nobette 4 saat ara ile 2 tulum kullanmiglardir.

Tablo 14. Tulumun ergonomisi ile ilgili anket
sonuglari

3- TULUMUN ERGONOMISI
Cok Memnunum
Memnunum
Ne Memnunum Ne Degilim
Memnun Degilim
Hi¢ Memnun Degilim

Cevap Veren Kisi Sayisi

S| (N[N

—_

6

16 c¢alisan Ttzerinden yapilan degerlendirmede
ortalama 3.5 degeriyle tulumun ergonomisi ile ilgili
olarak "memnun" sonucu alinmistir. Calisanlar
kullanim  kolaylifi nedeniyle aynt kumastan
yikanabilir, uzun cerrahi dnliikleri tercih ettiklerini bu
asamada tekrar belirtmiglerdir. Caligsanlar tek parca
olan tulumun giyip ¢ikarma esnasinda zorlandiklarin
bu sebeple genel olarak tulumu tercih etmediklerini
ifade etmislerdir.
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Tablo 15. Tulumun kalitesi ile ilgili anket sonuglari
4- TULUMUN KALITESI
Cok Memnunum
Memnunum
Ne Memnunum Ne Degilim
Memnun Degilim
Hi¢ Memnun Degilim

Cevap Veren Kisi Sayisi

[«nNRUSE [o ol I \S R RUS]
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6

16 ¢aligan iizerinden yapilan degerlendirmede ortalama
3,31 degeriyle tulum kalitesi "ne memnun ne memnun
degil" olarak degerlendirilmistir. Burada katilimcilarin
kararsiz kalma sebebi, tulum yerine ayni kumastan,
uzun cerrahi Onliikler ile daha konforlu olacaklarini
distinmeleridir. Ayrica mevcut durumda sadece tek
kullanimlik  tulum kullanmalar1 sebebiyle olusan
aligkanliklarin  da  kalite  konusunda  kararsiz
kalmalarinda etki etmistir.

Tablo 16. Tulumun transferi ile ilgili anket sonuglari

5- TULUMUN TRANSFERI

Cok Memnunum 4

Memnunum 3

Ne Memnunum Ne Degilim 6

Memnun Degilim 3

Hi¢ Memnun Degilim 0
Cevap Veren Kisi Sayist 16

16 ¢aligan iizerinden yapilan degerlendirmede ortalama
3.5 degeriyle tulum transferi (kullaniciya ulagma
asamalarl) "memnun" olarak degerlendirilmistir.
Birinci asamada yapilan anket ¢aligmalarinda
katilimcilar kendilerine ait 6zel tulumlarin yikanmasini,
paketlenmesini ve teslimatini {iretici firma yerine
hastane tarafindan yapilmasmin daha giivenli
olacaklarin1 belirtmiglerdir. Bu geri bildirim {izerine
tulumlar hastanenin ¢amasirhanesinde yikanmaya
baslanmig ve c¢aliganlarin memnuniyet diizeyi Onceki
duruma gore artmustir.

Tablo 17. Tulumun su gegirme durumu ile ilgili anket

sonuglari

6- TULUMUN SU GECIRME DURUMU
Cok Memnunum 6
Memnunum 3
Ne Memnunum Ne Degilim 5
Memnun Degilim 1
Hi¢ Memnun Degilim 1

Cevap Veren Kisi Sayisi 16

16 calisan iizerinden yapilan degerlendirmede ortalama

3.75 degeriyle tulumun su gegirme diizeyi "memnun"
derecesine yiikselmistir.
tulumlarin  kumaglarinin  su gegirmezlik 6zelligini
korudugu gorilmiistiir.

1 ay boyunca kullanilan

Tablo 18. Tulumun genel memnuniyet durumu ile
ilgili anket sonuglari

7- TULUMDAN MEMNUNIYETINiZ
Cok Memnunum 4
Memnunum 4
Ne Memnunum Ne Degilim 6
Memnun Degilim 2
Hi¢ Memnun Degilim 0
Cevap Veren Kisi Sayisi 16

16 calisan {izerinden yapilan degerlendirmede
ortalama 3.62 degeriyle tulumdan genel memnuniyet
derecesi "4-memnun" olarak degerlendirilmistir

GENEL SONUCLAR

Anket caligmasi yapilan hastanede mevcutta tek
kullanimlik koruyucu tulumlar kullanilmaktadir. Bu
tulumlar, 6zellikle COVID-19 Pandemi déneminde
DMO (Devlet Malzeme Ofisi) tarafindan saglik
calisanlarina iicretsiz dagitilmaktadir. Katilimeilar,
tek kullanimlik tulumlarda 6zellikle terleme problemi
ile kars1 karsiya kaldiklarini ve bulunduklar1 bolge
itibariyle (Adana) bu problemden ¢ok daha fazla
etkilendiklerini belirtmislerdir.

Katilimeilar ¢ok  kullanimlik  tulumu ik kez
deneyimlemislerdir. Bu sebeple ilk etapta tulumlarin
kendilerini viriislere ve sivilara (kan,vucut sivist vs)
karsi korumada yetersiz kalacagi yoniinde endise
etmiglerdir. Tulum kumasinin antivirus ve su
gecirmezlik test sonuglarmin standartlara uygun
oldugu kendileri ile paylasildiktan sonra calismaya
katilmislardir. Katilimceilar konforu anlayabildiklerini
fakat koruyucu tulumlarin test sonuglari n1 bilmeleri
halinde kendilerini daha giivende hissettiklerini
belirtmiglerdir.

i1k asamada gelistirilen tulumlar her katilimciya 4 saat
arayla 2 adet verilmis ve 1 ay sonraki endise ve
rahatsizliklari ( kalip sorunlari, dar oldugu i¢in giyme
cikarmada zorluk, kol agizlarinin normal lastik
olmasi, fermuarin yeri gibi tasarim ve ergonomi
problemleri)  belirlenmistir.  Iyilestirilmis  cok
kullanimlik tulumlar ile ikinci bir anket calismasi
daha yapilmustir.

1 ay boyunca ¢oklu yikamalara karsi tulumlarin
deforme olmamasi ve su gegirmezliklerini koruyor
olmast  kullanicilarda  iriine  karst  giiven
olusturmustur. Bu durumun devletin 6denekleri ile
alman ve sadece tek bir kez kullanilip ¢ope atilan tek
kullanimlik  tulumlardaki israft  ve geri
doniistiiriilemeyen tibbi atik miktarini
azaltabilecegini belirtmislerdir.

Ilk asamada gelistirilen tulumlarin memnuniyet
diizeyinde kararsizllk var iken 2. Asamada
iyilestirilmis tulumlarin kullanimi ile ilgili genel
olarak memnun kalmmustir.

Ozellikle  tulum  kumaslarinin  koruyuculuk
ozellikleri( kan, viicut sivilart vb maddelere karsi
gecirmezlik ve virilislere karsi koruyucu olmasi) ve
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beraberindeki terletmeme 6zelligi katilimcilarin en gok
begendikleri 6zellik olmustur.

Ankete katilan Covid yogun bakim c¢alisanlarina
isimleri yazili tulumlar teslim edilmistir. Calisanlar
kendilerine ait tulumlarin yikanma ve paketlenmesi
islemlerinin kontrollii bir sekilde hastane biinyesinde
yapilmasi gerektigini belirtmislerdir. Once iiretici firma
tarafindan yapilan yikama, paketleme ve kisiye yapilan
teslimat 2. Asamada hastane tarafindan yapilmis ve
memnuniyet diizeyi “memnun-4” olarak belirlenmistir.
Gelistirilen tulumlarin genel itibariyle memnuniyet
diizeyleri 5 iizerinden 4 degerini almig ve katilimcilar
gelistirilen ¢ok kullanimlik koruyucu tulumdan
memnun kalmiglardir.

SONRAKI CALISMALAR iCiN ONERILER
Calisma bulgulari, aragtirmanin 6rneklem grubu ile
kistli oldugu i¢in daha fazla hastane ve daha farkli
boliimlerde de daha kapsamli bir arastirma yapilabilir.
Tulum kumaslarini begenen katilimcilar ayni kumastan
ayak bileklerine kadar uzun olan cerrahi Onliiklerin
tiretilmesini talep etmisler ve tulumlar yerine bu
iiriinlerin daha ergonomik olacagini belirtmislerdir.
Talep edilen Onliikler ile koruyucu tulumlarin
kargilastirildigt bir caligma yapilabilir.

Anketler yoluyla yapilan bu ¢alismay1 Tasarim Odakl
Diisiince (Design Thinking) teknigi ile yapilabilir ve
boylelikle deneyimleyen kisilerin kullandiklari tirtinler
hakkinda ne hissettikleri cok daha detayli 6grenilebilir.
Tekrarli yikamalara ragmen tibbi koruyuculugunu
(antivirus, antibakteriyel, sivi  gecirmez  vb)
kaybetmeyen ¢ok kullanimlik medikal {iriinlerin
enfeksiyon ile miicadelede hasta ve saglik ¢alisanlariin
korunmasinda tibbi cihaz olarak degerlendirilebilmesi
noktasinda calismalar yapilabilir.

T1bbi koruyuculuk (antivirus, siv1 iticilik/gecirmezlik)
ozelliklerinden dolay1 ¢ok kullanimlik {irtinlerin tibbi
atik olup olmadig1 noktasinda galismalar yapilabilir.
Tek  kullannmhik  koruyucu  iriinlerin  geri
doniistiiriilememesi ve tek bir kez kullanilabilirligi
nedeniyle ortaya c¢ikan maliyetin ¢ok kullanimhik
iriinlerin maliyeti ile karsilagtirilacagt ¢aligsmalar
yapilabilir.
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Effect of Needle Heating on the Sewing of Medical Textiles

Adnan Mazari

Liberec University, CZECH REPUBLIC

Abstract:

The keynote lecture is related to the sewing of medical textile. Garments like gowns, scrubs and even disposable
uniforms are all stitched by sewing machines. These garments are mostly made from Poly Propylene (PP) or Polyester
due to durability, antibacterial performance and functionality. The demand of these garments has significantly risen
from the last few year and the sewing machines are able to stitch at extremely high speeds. But the higher speeds of
swing causes burnt sport on fabric, lower seam strength and also decrease in production due to thread breakage. In
this research I have deeply discussed how the medical textile loses its strength and functionality due to higher speed
of sewing, this problem is often neglected due to higher demand of production. The research is based on the PP medical
gowns stitched with Polyester (PET) threads at different speeds of sewing. The experimental work is also followed by
the theoretical explanation of needle heating due to stitching of medical textiles.
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Modelling of Textile Structures: From the Approach to the
Reality

Savvas Vassiliadis and Argyro Kallivretaki

University of West Attica, Athens, Greece

Abstract:

More than hundred years there is a continuous attempt to create models of the textile structures, mainly in order to
predict their properties in the design phase and before their production. In the first period the efforts were focused on
the analytical geometrical representation and mechanical behavior of the woven fabrics. Later the interest was
expanded to knitted fabrics. Experimental devices have been used for the evaluation of the results. The first
computational models appeared practically in the seventies. By the increase of the computing power, gradually the
accuracy increased and the calculation time decreased allowing the effective use of the models. The Finite Elements
Method has been the most important tool for the development of realistic models.

The development of advanced commercial computational platforms allowed the incorporation of the geometrical and
mechanical non-linearities. Recently the computational modelling has been expanded in the more complex area of the
viscoelastic analysis. The later make possible the development of the creep and relaxation models, especially useful
for technical applications of textiles.

Very useful computational facilities permit the approach of the modelling through the adaptation of the structure
properties using experimental data instead of the traditional detailed geometrical approach, which is exceptionally
difficult for the complex textile structures. The continuous accuracy and efficiency increase of the textile models
supports the prediction of the mechanical properties and the efficiency of the design process.
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SUMMARY

In this study, the synthesizing graphene oxide (GO)
and the production of GO embedded aerogel in
polyacrylonitrile (PAN) template by electrospinning
technique was studied. In this context, firstly, PAN
nanofibers were produced and then GO embedded
PAN (GO-PAN) nanofibers were produced by
electrospinning device. In both productions, the pump
flow rate, the distance between the plates and the
needle-tip and the voltage were kept constant. Then,
GO-PAN nanofibers were reacted with a reducing
agent to reduce the GO in it. A process was carried out
to remove PAN from this reduced material. Finally,
their structures were elucidated by FT-IR and SEM
analysis. Consequently, aerogel produced in thin film
structure is a promising material.

PURPOSE

In this study, it was aimed to produce macro-porous
reduced graphene oxide aerogels (rGO-aerogel) in the
form of thin films. GO embedded thin films were
produced in PAN template by electrospinning
technique.

INTRODUCTION

Electrospinning equipment briefly consists of a
syringe, a pump for pumping the polymer solution, a
high-voltage power supply, and an electrically
conductive collector to direct the fibers to the plate.
In conventional spinning processes, the driving forces
are mechanical tensile and stretching forces, while in
electrospinning these forces are based on electrostatic
interactions. As the solvent evaporates rapidly during
the spinning process, the diameter of the fibers get
constantly smaller. This leads to the formation of an
ultra-thin fiber. Then, the charged fiber is deposited on
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the grounded collector placed under the array because
of electrostatic attraction (Figure 1).

Depending on the properties of the solution and other
electrospinning parameters, the diameter of the fiber
can be produced in a wide range from tens of
nanometers to several micrometers.2

Although the electrospinning process is a simple in
theory, it is not always possible to apply this technique
to the production of high-quality fibers. Thanks to the
various physical, chemical, or biological properties of
the fibers produced by the electrospinning technique,
which has become increasingly popular in recent
years, it is used in many applications such as filtration,
wound dressing, drug delivery, tissue engineering,
living membranes, sensors etc.3-7

High Volta

Voltage
Yower Supply

Syringe Pumg

Figure 1. Schematic representation of electro-
spinning device

Polyacrylonitrile (PAN) is one of the most preferred
polymers in electrospinning fiber production due to its
high tensile strength, mechanical and thermal stability,
and resistance to solvent and abrasion. Such nano-
sized fibers are also quite popular in tissue



engineering, biosensors, or fuel cell devices, etc.?
Besides forming stable nano-sized fibers, PAN also
has the capacity to form hydrogels.’

Graphene is a two-dimensional carbon material that is
attracting great attention due to its outstanding
mechanical, thermal and optical properties. The
oxidized form of graphene, which is commonly
synthesized by oxidation of graphene by various
techniques, is called graphene oxide (GO).!°
Oxygenated groups in its structure provide GO with
various impressive physicochemical properties
including chemical reactivity, electronic, mechanical,
thermal, optical, and electrochemical properties.
These oxygenated functional groups can help as active
points to constrain numerous electroactive species
such as chemical modification of GO or making it
more functional. Consequently, the physicochemical
behaviors of GO can be chemically, thermally, and
electrochemically tuned.!! Recently, GO and reduced
graphene oxide (rGO) have received a lot of attention
because of their surface functionality!?. Various
methods for the reduction of GO, such as
electrochemical reduction, photoreduction,
solvothermal reduction, microwave reduction, and
chemical reduction, have been investigated in
comparability with each other.!”> One of the most
preferred methods of reducing GO to prepare rGO is
the use of chemical reducers. The most used reducing
agents include hydrazine hydrate,'* ascorbic acid,'
hydrazine,'!®  hydriodic  acid,'” and sodium
borohydride.'®

To take full advantage of graphene's properties, it is
necessary to transform 2D material into 3D structures.
To achieve this, certain methods should be applied.
For this reason, it is very important to produce and
characterize graphene materials with a three-
dimensional (3D) structure, such as aerogels,
hydrogels and macroporous films.

Among these structures, aerogels hold great promise
and are intensively researched.!” Yu et al. lyophilized
graphene oxide (GO)—chitosan (CS) composite to
prepare GO-CS airgel for Cu2+ removal. The
produced airgel was a good adsorbent for Cu2+ with a
large adsorption capacity of 2.54x101 mg/g according
to the Langmuir model. Higher pH, lower ionic
strength and higher temperature were found to benefit
Cu 2+ adsorption on GO-CS. It is thought that the
results will benefit the ongoing graphene-based
aecrogel adsorbent research.?

In this study, GO was first synthesized. Then, GO was
embedded in PAN and thin film was produced by
electrospinning technique. Then, GO was reduced, and
PAN used as a template was tried to be removed. In
this way, it was aimed to produce the macroporous
rGO aerogel in a thin film-like structure with a
different technique.
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EXPERIMENTAL

Material

Polyacrylonitrile (PAN) (MW: 150000 g/mol) was
supplied by Carbosynth. Dimethylformamide (DMF)
from Carlo Erba, graphite, and tween 80 from Sigma
Aldrich and hydrogen peroxide (H>O,) were
purchased from Honeywell. Hydrogen chloride (HCI),
hydrazine hydrate (80% solution in water), sodium
nitrate (NaNOs), sulfuric acid 98% (H2SO4) and
potassium permanganate (KMnQOj4) were provided by
Merck.

Method

GO synthesis: Graphene oxide was synthesized by
modified Hummer’s method through oxidation of
graphite. The synthesis steps are as follows:

1-In a 1000 mL flask kept under ice bath (0-5°C) with
constant stirring, graphite flakes (0.5 g) and NaNO;
(0.5 g) were mixed in 22.5 mL of H2SO4 (98%).

2- The mixture was stirred at this temperature for 2
hours and potassium permanganate (3 g) was added
very slowly to the suspension. During the addition,
care was taken that the reaction temperature did not
exceed 15 °C.

3- 46 mL water was added very slowly dropwise to the
mixture and kept stirring for 2 hours. The ice bath was
then removed, and the mixture stirred at 35°C for an
additional 2 hours.

4- The mixture was maintained in a reflux system at
98°C for 10-15 minutes. After 10 minutes, the
temperature was reduced to 30°C to obtain a brown
colored solution.

5- After 10 min temperature changed to 25°C and kept
the temperature for 2 hours.

6- 10 ml of hydrogen peroxide was added dropwise to
the mixture, and it was observed that the color of the
mixture turned light yellow.

7- 50 ml of water was taken into two separate beakers,
added in equal volume, and mixed for 1 more hour.

8- Then it was left unmixed for about 4 hours and the
particles are expected to settle to the bottom. the
remaining water was filtered.

9- The resulting mixture was washed with 10% HCI
and then deionized (DI) water by repeated
centrifugation until pH-neutral.

10- After centrifugation, the material was dried under
vacuum at 60°C for more than 6 hours and the GO was
ready for use.

Preparation of PAN fiber PAN-GO fiber: 1.0 gram of
PAN was added to 10 ml of DMF solvent, and the
mixture was allowed to dissolve in a magnetic stirrer
for 24 hours. Then, it was prepared in the same
proportions of this solution and 5% (w/w) GO was
added into it. Then, 1.0 mL of tween 80 (stabilizer)
was added to the solution to stabilize GO and allowed



to dissolve in a magnetic stirrer for 24 hours. The
solutions were spun using an Inovenso NE200
electrospinning device with a DC voltage of 15.5 kV
and a distance between the plate and the tip were 15
cm. The pump flow rate of 1.20 mL/h was kept
constant throughout the process. After this process, we
had one control fiber sample (PAN) and one GO-
embedded PAN (GO-PAN) fiber.

Reduction of GO: Hydrazine hydrate (HH) was
chosen as the reducing agent for the reduction of GO
embedded in the thin PAN fiber. In this context, 10 ml
of HH was mixed with 90 ml of DI water. GO-PAN
fiber film was put into this solution and mixed at 95
°C for 24 hours. When the reduction of GO’s was
finished, the fiber film taken from the solution was left
to cool. After that reduced GO-embedded PAN (rGO-
PAN) fiber was put in DMF to dissolve the PAN used
as a template. In this way, it was aimed to dissolve
PAN used as a template and to prepare macroporous
rGO- aerogel film with high surface area.

The schematic representation of all these processes is
given in Figure 2.

Fiber film

Hydrazine hydrate 95°C
reduction

rGO-PAN
Fiber film

1GO Film aerogel

Figure 2. Production process of macroporous GO
aerogel

FT-IR, TGA and SEM analyzes were performed for
the characterization of the synthesized PAN, GO-PAN
and rGO aerogel.

EXPERIMENTAL RESULTS AND
DISCUSSIONS

Characterization of PAN, GO-PAN, and rGO-
Aerogel: When SEM micrographs were examined,
PAN fiber was produced smooth and beadles
successfully, as could be seen in Fig 3(a). Fig 3(b)
clearly shows the difference between GO embedded
PAN and PAN fiber images. In the first image, (Fig
3a) PAN fibers were seen as thin and straight.
however, as could be clearly seen in figure 3(b), these
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straight and thin fibers seemed to contain GO. This
result was due to the thickening of the fibers. Then, we
applied a process to reduce the GOs in this GO-PAN
fiber produced and washed with DMF to remove PAN.
The SEM image of the product we obtained as a result
of this process was depicted in figure 3(c). it was
clearly seen that a macroporous structure was formed
after washing with DMF and the space between the
fibers increased.

egulus 10 0kV 11

Figure 3. SEM images of PAN fiber (a), GO-PAN
(b), rGO-Aerogel (c).

FT-IR spectra were taken with a Bruker Tensor 27
spectrometer in the range 4000-400 cm™'. The bands
of 2244 cm™! and 1452 ¢cm™! in the obtained results
indicate —C=N groups. There were specific peaks
belonging to the -C=N group in all 3 spectra.

However, as the process progresses, the PAN
concentration in the materials decreased. Therefore, a
decrease in the intensity of the -C=N peaks was
observed. In the spectrum of GO-PAN and rGO-
Aerogel, peaks originating from various oxygen



configurations were seen. The C=0 peak was between
1740-1800 ¢cm™ and the C-OH peak was between
3400-3600 cm™'. As a result, we said that GO
embedding in GO-PAN and rGP-Aerogel materials
had been successfully achieved.

=T

= 1GO-Acrogel

Transmittance (%)

J

OH c=C N |

Wavenumber (cm™)
Figure 4. FT-IR spectrum of PAN, GO-PAN and
rGO-Aerogel.

With these results, we can say that GO and rGO-
Aerogel production in PAN template was successfully
performed by electrospinning technique.

CONCLUSIONS

PAN, GO-PAN and rGO-Aerogel were successfully
produced by electrospinning technique. With this
study, a different perspective was gained in terms of
the production of rGO-aerogel with a thin film
structure in PAN template. It was considered to be a
promising study in biomedical engineering, coatings,
and biosensors because it was structurally in the form
of thin films.

SUGGESTION FOR FURTHER WORK

In future studies, different reducing agent will be used
and template will be completely removed. The
difference will be examined with the wuse of
hydrophilic template. The use of these structures as
adsorbent, carrier system, sensor, etc. will be tested.
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SUMMARY

Nanofibers are advantageous materials in many
application areas such as air and water purification,
tissue engineering, nanosensors, and so on, by having
large surface area to volume ratio'. Production of
nanofibers is provided by various methods. The most
common ones are electrospinning, solution blowing and
centrifugal  spinning'>.  Polyvinylidene  fluoride
(PVDF) is a versatile polymer having properties as
good chemical resistance, thermal stability, good
piezoelectric and pyroelectric efficiency?.

During production of PVDF nanofibers via solution
blowing technique, defected structures like beads,
droplets and bundles are obtained. Such defects are
caused and affected by various material and system
parameters during spinning.

PURPOSE

Purpose of this study is to observe effect of material and
system parameters on formation of beads, droplets and
fiber bundles on solution blown PVDF nanofibers. The
solvent ratio is chosen as variable in case of material
parameters, and air pressure is variable of system
parameters.

INTRODUCTION

Nanofibers are fibrous materials that have average
diameter in nanometer scale. Such structures provide
many advantages by having large surface area to
volume ratio, versatility, controllable porosity, and used
in huge area of application that require advanced
engineering materials like energy harvesting and
storage, air and water purification, tissue engineering,
drug delivery, sensor applications, etc*.

Production of nanofibers from polymer melts or
solutions is provided via various techniques that require
surpassing of surface tension of the aforementioned
solution or melt. In order to reach this goal, different
driving forces are utilized in various methods. The most
common used nanofiber production methods are
classified into two main categories as electro- and non-
electrospinning  techniques.  Non-electrospinning
techniques commonly include solution blowing and
centrifugal spinning systems in order to avoid safety
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concerns caused by high voltage electric field that is
used in electro- assisted nanofiber spinning
techniques®.

In nanofiber production, there are many variables
such as ambient conditions, solvent and polymer
properties that affect the structural morphology of
nanofibers. These critical factors need to be taken into
account in order to obtain a uniform nanofiber
structure, otherwise it may result in different
structures in morphology in the form of droplets,
beads, fiber bundles. Molecular weight of the
polymer, polymer concentration, viscosity and
surface tension of the solution, boiling point and
volatility of the solvent, nozzle-collector distance,
nozzle geometry, humidity and temperature are the
parameters that should be optimized during
production’. According to the literature, choosing a
very low molecular weight polymer leads to droplet
and bead formation rather than nanofibers, high
solution concentration or viscosity results in less
bead, droplet and fiber bundles. When solution
viscosity is less than a critical value assigned by the
balance between solution viscosity and surface
tension the amount of droplets and beads in the
structure increases. For ambient parameters, an
increase in temperature affects fiber morphology by
reducing viscosity, while high relative humidity
results in more droplet and bead formation®~.
Solution blow spinning is highly productive and safe
technique that uses compressed air as driving force for
surpassing surface tension of polymer solution. As
seen on Figure 1, there is a concentric nozzle that
provides flow of solution in inner side and
compressed air through outer side. With the shearing
effect of air flow around polymer solution, a spinning
jet occurs and solvent in the solution is evaporated,
followed by the polymer’s having fibrous form and
collected onto a surface®.

Polymer
solution

Collector

Figure 2. Schematic of solution blowing system?®.



There are various studies based on solution blow
spinning of PVDF nanofibers. In Su et al’s research,
PVDF powder was dissolved in different ratios of DMF
and acetone at 20% concentration. To explore the
optimum ratio of solvents, 10 experiments are done
with 10 different solvent ratios. Very few droplets are
observed at lower magnification at each ratios of
solvent solutions. Increasing the acetone ratio in
solvent, increased the diameter of nanofibers’. In
another study by Ruiz et al, the PVDF polymer with 0.1
g/mL concentration was solved in mixture of DMF/Ac
liquid. The average diameter of nanofiber was obtained
around 350 nm. When FSEM images are examined
under different magnifications, droplets are observed!’.
According to the study by Liu et al, PVDF solution was
prepared with different concentrations (15, 20 and 25
wt%) in different solvent systems (DMEF,
DMF/Acetone (1/2 w/w). Optimal nanofibers are
formed at solution DMF-acetone/20 wt%, the average
diameter of PVDF nanofiber membranes is found about
400 nm''.

In this study, a detailed evaluation is executed on effect
of solvent ratio and compressed air to spinnability of
PVDF solutions via solution blow spinning.

EXPERIMENTAL

Material

Polyvinylidene fluoride (PVDF) powder Kynar Flex
2801-00 was purchased from Arkema Corporate, N,N-
Dimethyl formamide (DMF) 99.8% ACS reagent from
Sigma Aldrich, Acetone 99.5% from ISOLab. All
chemicals were used without further purification.

Method

Production of Nanofibers

Determined parameters for producing PVDF nanofibers
are summarized in the Table 1.

Table 2. Nanofiber spinning parameters.
Parameters Values
Solution concentration 12 wt.%
Solvent ratio 100/0; 70/30;

(DMF/Acetone) 50/50; 30/70; 0/100
Air pressure [bar] 2;3;4

Distance [cm] 25

Duration [min] 10

PVDF powder was dissolved in DMF, Acetone and
DMF/Acetone mixed solvents with 12 wt%
concentration. For mixed solvents, the solvent ratio
(DMF:Acetone) was determined as 100:0, 70:30, 50:50,
30:70 and 0:100. The solutions were stirred on a heating
magnetic stirrer with temperature of 70 °C, for at least
5 h to have homogenous solution.

Prepared solutions were spun into nanofibers via
solution blowing system (AeroSpinner L1.0, Areka).
The solutions were fed to the system with the effect of
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vacuum that nozzle provides via compressed air.
Therefore, the air pressure and solution feed rate was
changed directly proportional. Air pressure for
production of nanofibers were chosen as 2, 3 and 4
bars and feed rates caused by which were 18, 42 and
66 mL/h, respectively, as shown in the Figure 2.

&

Alr pressure [bar]

Figure 3. Pressure-feed rate relation of the nozzle
used for spinning of PVDF nanofibers.

The nozzle-to-collector distance was fixed to 25 cm,
and spinning duration was 10 min.

Characterization

Scanning Electron Microscope (SEM) images are
taken to observe morphological structure of fibers.
Image] software is used for required area and
diameter measurements.

Evaluation of Spinnability

The spinnability of PVDF solutions is evaluated
according to formed beads, droplets, bundles and
fibers from the SEM pictures. The chosen criteria and
limits are summarized in the Table 2. Random figures
are set as limit values and the spinnability of fibers is
graded as “ineffectual” and “effectual” from 1 to 5.
The first criteria is selected as the ratio of area covered
by beads/bundles to total measurement area. Second
criteria is about count of fiber bundles that are
compared with count of single fibers on the picture.
Third criteria is chosen as one of the important
responses of nanofibrous materials, which is fiber
diameter.

Table 3. Spinnability evaluation criteria.

Grade | 1% criterion | 2" criterion | 3" criterion
1 > 0.5 >0.5 >1 um
2 0.34-0.5 0.34-0.5 700 - 1000 nm
3 0.17-0.34 0.17-0.34 400 - 700 nm
4 0.01-0.17 0.01-0.17 100 - 400 nm
5 <0.01 <0.01 <100 nm

1: ineffectual; 5: effectual

Evaluation/measurement area: 4000 pm?

to total area

1% criterion: The ratio of the area of beads and droplets

single fibers count

21 criterion: The ratio of bundled fibers count to

fibers)

3" criterion: Fiber diameter (measured from at least 50




EXPERIMENTAL RESULTS AND
DISCUSSIONS

Nanofiber Morphology

The SEM images for morphology evaluation is given in
the Figure 3. The sample names as 100D, 70D, 50D,
30D and OD represent the solvent ratio (DMF/Acetone)
as 100/0, 70/30, 50/50, 30/70 and 0/100, respectively.
According to the pictures, the beads, droplets and
bundles are obtained in every experiment. In order to
observe the ratio of these defects and whether they are
increased or decreased according to experimental
parameters, the spinnability evaluation is done with
area and diameter measurements using Imagel
software.

3 bar

70D

50D

30D

i /

Figure 4. SEM images of produced nanoﬁbers in 1000
and 5000x magnifications and scales of which are 20
pm and 5 pm for larger and smaller pictures,
respectively.

Spinnability

The spinnability grades of the samples are given in
green boxes on the top left corner of SEM images that
are given in the Figure 3. The highest grade is gained as
3 by 8 samples. In order to determine optimum sample,
further observation is done via spinnability graphs
given in the Figure 4.
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(a) criteria 1 and 2, and (b) criterion 3.
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As seen on the Figure 4a, increasing amount of DMF
in the solvent increases beads and droplets formation.
On the other hand, increasing ratio of acetone in the
solvent, amount of fiber bundles increase. Especially,
for the samples of 100D and 0D, this difference is
seen clearly while in the samples containing mixed
solvent, there is not a huge difference between fiber
bundle amount and bead/droplet formation. When the
effect of air pressure is observed, the beads and
droplets are increased with increasing air pressure
when the DMF ratio is %70 and %100 in the solvent
system. Air pressure seems not having much
significant effect on fiber bundles, however 3 bar is
seen as causing the least amount of bundles in every
sample. In the Figure 4b, it is clearly seen that
increasing amount of DMF in the solvent causes
decreasing of fiber diameters. The outliers in the
graph represents fiber bundles. In the samples having
more amount of bundles, the interquartile range
become larger caused by increase of the maximum
value. When the results from both of the graphs is
evaluated, the optimum sample is determined as 30D
produced with 3-bar compressed air.

CONCLUSIONS

The effect of solvent content and air pressure on the
spinnability of PVDF nanofibers is observed in this
study. The results show that increasing amount of
DMEF in the solvent causes lower fiber diameters,
more beads and droplets while increase of acetone
causing more fiber bundles and higher fiber
diameters.



SUGGESTIONS FOR FURTHER WORK
In future work, the found optimum parameters will be
used for production an air filtration material.
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Abstract: In this study, pure polyvinylidene fluoride (PVDF), pure thermoplastic polyurethane (TPU), and PVDF/TPU
blend nanofibers (1:3, 2:2, 3:1 ratios) were produced via electrically assisted solution blow spinning for air filtration
applications. Scanning electron microscopy (SEM) analysis was conducted to investigate nanofiber diameter and
morphology of nanofibers. The filtration performance of nanofibrous webs was examined by air filtration test with
challenging with 0.26 + 0.07 pm salt particles. Moreover, the flexibility and strength of the samples were determined
via tensile tests. Results showed that pure TPU nanofibers had better mechanical properties, while pure PVDF
nanofibers showed better filtration performance. However, 3PVDF/ITPU nanofibrous sample had high filtration
efficiency (98.86%) close to pure PVDF (99.85%) and better flexibility (32.80% elongation) compared to pure PVDF
(11.64% elongation).

Key words: Polyvinylidene fluoride, thermoplastic polyurethane, electrically assisted solution blowing spinning, air
filtration applications.
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Abstract: Nanofibers are promising candidates for skin tissue engineering and wound healing applications due to their
high specific surface and similarity to extracellular matric (ECM). Many researchers have been performed on these
exciting structures. However, there was no study related to morphology's effect on cell growth behavior. In this study,
nanofibers with random, unidirectionally, and radially aligned morphologies are produced. Their chemical and physical
properties were characterized using SEM, FTIR, XRD, and DSC experiments. The biological performance of the
nanofibers was investigated using MTT assay and cell morphology studies. Results of this study showed greater
physical and biological properties for radially aligned nanofibers which makes the excellent candidate for wound
healing applications due to the guided cell growth on this type of nanofiber.

Keywords: Nanofiber, morphology, tissue engineering, biomaterials
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Abstract

Textiles and clothing based on natural, semi-synthetic and fully synthetic fibres have played a central role
in history. 21st century however will demand a revolutionary approach to fibre manufacturing as circularity,
sustainability, recycling and decarbonisation have to be dealt with, urgently. Oil as a raw material has to be
phased out and novel raw materials for fibre production have to come forward shaping a new future . In
addition innovative fibre production technology must be developed. That way a new industrial sector will
be noticed and an impressive economic engine will emerge, finally.
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Zeolitik Imidazolat Cercevelerin Boya Giderim

Performanslarimin Degerlendirilmesi
BASKAN, Giilsah!
'Usak Universitesi Teknoloji Transfer Ofisi Proje Destek Birimi
gulsah.mersin@usak.edu.tr

BASKAN, Giilsah (0000-0002-2852-6114)

OZET

Yaklagik 20 yildir kimyasal sensor, katalizor ve adsorban olarak kullanilan zeolitik imidazolat gerceveler
(ZIF) genis yiizey alanlari, yiiksek termal, stabiliteleri, mikro gézenekleri ve iglevsellikleri gibi pek gok
ozelligi ile hem zeolitlerin hem de metal-organik ger¢evelerin (MOF) avantajlarint birlestirir. Genis yiizey
alan1 ve gozenekli yapist ile tekstil atik sularindaki boyar maddelerin aritiminda adsorban olarak
kullanilabilen ZIF’ler, kolay uygulama/sentez 6zellikleri ile de oldukga avantajlidir.

Bu ¢alismada son yillarda ZIF’lerin boyar madde adsorpsiyonunda kullanilabilirligi arastirilmis ve literatiir
arasgtirmasindan ZIF orneklerinin adsorpiyon kapasiteleri incelenmistir. Arastirma sonunda ZIF’lerin su
kirliligini azaltabilen ve cesitli modifikasyon yontemleri ile kolaylikla tasarlanabilen adsorbanlar oldugu
gorillmiistiir.
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Atik Reaktif Boyama Sularimin Tekrarh Kullanim ile

Pamuklu Kumaslarin Boyanmasi
INCEKARA, Bilge'", YENER, Eyiiphan'
"Bursali Tekstil San ve Tic. A.S., Demirtas Organize Sanayi Bélgesi, Cigdem 1 Sk, No.14, Bursa,
16369, Turkey
bilge.incekara@bursaligrubu.com

eyuphan.yener@bursaligrubu.com

OZET

Seliilozik mamullerin boyanmasinda genellikle reaktif
boyarmaddeler kullanilmaktadir. Seliillozik mamullerin
boyanmast ii¢ adimda gergeklesmektedir. Bunlar;
agartma, boyama ve ard yikama proseslerinden
olusmaktadir. Reaktif boyarmaddeler kullanilarak
yapilan boyama isleminden sonra yapilan ard yikama
adimlarinda fazla miktarda temiz su tiiketilmektedir.
Boyama esnasinda ve sonrasinda kumasa tutunamayan
boyarmadde hidrolize olmakta, boya atik ¢ozeltisi ile
desarj alanina iletilmekte ve atik su yiikiiniin artmasina
sebep olmaktadir. Yapilan ¢aligmada reaktif boyama
sonrast olusan boya sonu atik su kullanilarak, havli
kumaslarin boyanmasi tizerine ¢alisilmigtir. Kullanilan
atik su icin farkli boyama prosesleri gelistirilmistir.
Atik su ile 6n islem uygulanan, 6n iglemin yani sira
katyoniklestirilen havli kumas yiizeyindeki boyama
performansi degerlendirilmistir. Geleneksel reaktif
boyama prosesinde kullanilan tuz miktarlarinda
optimizasyon ¢aligmalar1 yapilmistir. Ayn1 zamanda
atik suyun igerisinde bulundurdugu boya yardimci
kimyasallari ile havli kumaslarin tuzsuz boyanmasi i¢in
boyama prosesleri olusturulmustur. Atik suda bulunan
boya hidrolizatlarinin tekrar kullanilmasi ile havl

kumas tizerindeki AE renk farkliliklar
degerlendirilmigtir. Reaktif yikama sonrasi atik su le
boyanan havli kumaslarin, yikama ve siirtme haslik
testleri yapilmustir.

AMACLAR

Reaktif boyama sonrasi yikama proseslerinde kumasa
tutunamayan boyarmaddelerin, havli kumas yiizeyine
aplike edilmesi amaglanmigtir. Bu sayede hidrolize
ugrayan boyarmaddedinin atik suda olusturdugu renk
yiikiinlin azaltilmas1 ve ayni suyun tekstil prosesine
kazandirilarak yeniden kullanimi hedeflenmistir. Atik
sui le boyama sonrasi elde edilen renklerin, geleneksel
yontemle boyanan reaktif boyama prosesinde olusan
renklere kiyasla daha acik olmasi Ongoriilmektedir.
Atik suyla boyama sonrasi, gelistirilen proses ile
boyanin lif ylizeyine aplike edilebilmesi ile
stirdiiriilebilir boyama prosesi olusturulacaktir. Son
yillarda tekstil sektoriinde siiriidiiriilebilir anlayisin 6n
planda olmasi, boyama proseslerinde de farkli bakis
acilarinin gelismesini saglamigtir. Bu kapsamda yapilan
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proje ile reaktif atik sularinin tekrarli kulllanimiyla
hem siirdiiriilebilirlik saglanacak hem de yeni iiriin
gamlar1 olusturulacaktir.

GIRiS

Artan hizli niifus artis1 ve endiistrilesme ile birlikte,
su kaynaklar1 da hizla tikenmeye baglamis, 21.
yiizyilin en biiylik sorunlarindan biri olan su kitligini
da beraberinde getirmektedir. Ozellikle endiistrilesme
alaninda yasanan temiz su tiiketimi, su kitliginin
artmasinda biiyiik bir paya sahiptir. Su kullaniminin
artmasi, oniimiizdeki yillarda kullanilan kaynaklarin
hizla tiikenmesine sebep olacaktir. Kullanilan su
kaynaklarinin, yetersiz aritimu ve iklim degisikliginde
yaganan diizensizlik énemli ¢evre konular1 arasinda
yer almaktadir. Diinyadaki temiz su kaynaklarinin
hizla azalmaya baslamasi, insanlarin atik sular
yeniden kullanmasina ya da atik sularin aritimina
yoneltmektedir. Su kitliginin azalmasi ayn1 zamanda
su kalitesinin bozulmasina sebep olmaktadir. Bu
durum geri kazanilan atik sularin tekrarli kullanimu ile
yeni bir su kaynagi olarak kullanilmasina olanak
saglamistir. Gelistirilen aritma teknikleri sayesinde
aritilan atik sularin endiistride, tarimda ve kentsel
amagl kullanimiyla, iilke ekonomisinin yani sira
cevresel fayda saglanmasi amaglanmaktadir!.

Tekstilde kullanilan dogal lifler arasinda en ¢ok tercih
edilen lif tliri pamuktur. Pamuk, tohum bitkisi olup,
iizerinde kisa ve uzun lifler bulundurmaktadir. Pamuk
tohumu tiizerinde bulunan epidermis hiicreleri,
pamugun ¢icek agmasi iizerine digar1 dogru biiyiime
egilimi gostermektedir. Disar1 yonde gergeklesen bu
biiyiime, i¢i bos yapilar meydana getirir. Bu yapular,
tekstil sektoriinde kullanilan iplik yapisina uygun
uzun liflerin olusmasini saglamaktadir. Elde edilen
uzun lifler tohumlarindan ayrilmak iizere ¢ir¢irlama
islemine tabi tutularak, iplik yapimu i¢in uygun hale
getirilir. Kiigiik kesitli liflerin biraraya getirilmesiyle
istege gore biikiimlii ya da biikiimsiiz olarak egrilen,
uzun metrajli tekstil yapilar1 elde edilir. Iplik,
genellikle dokuma ve 6rme kumasglarda kullanilsa da
dikis ipligi olarak da kullanilabilmektedir?>. Pamuk,
tekstilde iplik olusumunda, elyaf yapiminda, dokuma
ve Oorme kumaglarin olusturulmasinda
kullanilmaktadir. Pamugun kullanildigi bu iiriin



gruplari, liflerin iginde bulundurdugu yabanci
maddelerden, mamule uygulanan proseslerden kaynakli
kirliliklerden, {iriin  isaretlemelerinden  kaynakli
boyalardan armndirilmak igin terbiye islemlerine tabi
tutulurlar. Uygulanan 6n terbiye islemi sayesinde
mamulde uygun beyazlik ve hidrofilite etkisi de

olusturulmaktadir?. Pamuk lifi, icerisinde
bulundurdugu  safsizliklardan ve dogal renk
pigmentlerinden dolayr sarimtirak renge sahiptir.

Boyama ve bitim islemlerinin uygulanabilmesi ig¢in
pamugun sarimtrak renginden arindirilarak, hidrofil
olabilmesi i¢in agartma islemine ihtiya¢ duyulur. Koyu
ve siyah renk disinda kalan boyamalarda bu dogal
pigmentlerin agartma yontemiyle giderilmesine ihtiyag
duyulmamaktadir. Agartma islemiyle pamukta bulunan
renk pigmentleri ve safsizliklarin oksidasyon islemiyle
giderilmesiyle, yiiksek hidrofilte degerine sahip ve
istenilen beyazlikta seliilozik mamullerin elde edilmesi
saglanir. Tekstil endiistrisinde agartma islemi hidrojen
peroksit, sodyum klorit ve hipoklorit kimyasallar ile
yapilmaktadir. Cevresel faktorler gézoniine alindiginda
tekstil mamullerinin agartilmasinda, klorin igeren
agartict maddeler yerine hidrojen peroksit gibi agartici
kimyasallar  kullanilmaktadir. Hidrojen peroksit,
istenilen beyazlig1 saglamasi ve g¢evre dostu olmasi
sebebiyle daha ¢ok tercih edilmektedir. Fakat,
uygulama prosesinin yiiksek sicakliklarda olmasi,
yiiksek enerji gerektirmesi ve liflere zarar vermesi
sebebiyle bazi dezavatajlara sahiptir. Bu sebeple son
yillarda daha cevreci agartma proses ve kimyasallarini
gelistirmek igin alternatif yontemler arastirilmaktadir®.
Agartma sonrast pamukta istenilen beyazlik elde
edildikten sonra pamuk renklendirilmesi i¢in boyama
isemine yonlendirilir.

Reaktif boyarmaddeler genellikle pamuklu rejenere
seliloz ~ mamullerin  boyanmasinda  kullanilan
boyarmadde grubudur. Ayrica selillozik mamuller
reaktif boyalarin yan sira kiip, direkt, kiikiirt ve azo
grubu boyarmaddeler ile boyanabilmektedir. Seliilozik
mamullerin ~ boyanmasinda  kullanilan  reaktif
boyarmaddeler, yas hashiklariin iyi  olmasi,
uygulandigr mamulde parlak renk saglamasi, genis renk
gamina sahip olmasi ve uygulama ydntemlerinin kolay
olmasi1 daha ¢ok tercih edilmesine sebep olmaktadir.
Reaktif boyarmadde molekiilleri iizerinde
bulundurudugu aktif grup sayesinde lif ile kovalent bag
yaparak, boyarmaddenin life tutunmasimni saglarlar.
Boyarmaddenin lif ile bag yapmasi, boyarmaddenin
reaktiflik  derecesine  baghdir. Boyarmaddenin
uygulanacagi yontem kromofor ve reaktif gruba
baghdir. Lif ile boyarmadde arasinda gergeklesecek
reaksiyon siiresinde reaktif grup Onemli bir rol
oynamaktadir. Boyarmaddelerde bulunan reaktivite
heterogiklik halkaya siibtituent grubun 6zelliklerine ve
diger siibtituentin Ozelliklerine baglidir.  Reaktif
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boyarmaddelerin iiretici firmalara bagli olarak
reaktiflikleri farklilik gostermektedir. Reaktiflik
farkliligi, pH ve sicaklik fakatoriine bagli olarak
degiskenlik gostermektedir. Lif ile boyarmadde
arasinda gergeklesen kovalent bag, reaktif grupta
bulunan subtituent grubun lifteki fonksiyonel uglarla
yer degistirmesi sonucu olugmaktadir. Reaktif
boyarmaddedeki kromofor gruba bagli olarak
substantivite degismektedir. Substantivite, flotteden
ayrilan boyarmaddenin elyaf iizerine niifuz etmesi
olarak  bilinmektedir. ~ Substantivite  kuvveti
boyarmaddenin cinsine bagli olarak degiskenlik
gostermektedir. Ayn1 zamanda tekstil materyalinin
yapisina, sicakligina, pH degerine ve flotte
konsantrasyonuna baghdir’. Seliillozik mamullerin
reaktif boyarmaddelerle boyanmasinda, ortam
sartlarinin bazik olmasi ve lif tarafindan boyarmadde
aliminin  arttirilmas:  i¢in - tuz  kullanilmasi
gerekmektedir. Banyo ¢ozeltisine ilave edilen tuz,
boyarmaddenin life olan afinitesini arttirarak
boyarmaddenin lif i¢erisine diflizyonunu saglar. Bazi
reaktif boyarmaddeler kullanildig1 flottede life
baglanmak ic¢in fazla miktarda tuza ihtiyag
duymaktadir. Selillozik mamullerin boyanmasinda
kullanilan reaktif boyarmaddeler, ¢ektirme ve
emdirme yOntemine gore selillozik mamulleri
boyarlar®. Reaktif boyarmaddelerle boyanan seliilozik
mamuller, tutunamayan boyarmaddenin kums ya da
lif ylizeyinden uzaklastirilmas: igin ard yikama
islemlerine tabi tutulurlar. Fikse olmayan fakat elyaf
iizerine tutunan boyarmaddenin elyaf uzaklagtirilmasi
gerekir. Yapilan ard yikamalarda uzaklagtirilan
boyarmadde, substantivite ile iliskilidir. Reaktif
boyarmaddeler genellikle diisiik substantiflige sahip
boyarmadde gruplaridir. Diigiik substantiflige sahip
bu boyarmadde gruplari, yikama iglemi sirasinda
elyaf yiizeyine tutunamayan boyarmaddenin daha
kolay uzaklastirilmasini saglarlar. Reaktivitesi diisiik
olan boyarmaddeler, sicakta boyama yapan reaktif
boyarmaddeler olarak da bilinmektedir. Reaktif
boyarmaddenin boyama sicakligi 60-80 ° C olup,
diisiik reaksiyon kabiliyetine sahiptir. Bu 6zellikleri
nedeniyle boyama sicakliklarinin yiiksek ve boyama
¢oOzeltisinin  yiiksek alkaliniteye sahip olmasi
gerekmektedir. Bu boyarmaddeler, yiiksek afiniteye
sahip olmas1 ve diigiik hidrolize ugrama yetenegine
sahip olmasi avantajlar1 arasindadir. Sogukta boyama
yapan boyarmaddeler ise yiiksek reaktiflige sahip
boyarmaddeler olarak  bilinmektedir.  Yiiksek
reaktiflige  sahip boyarmaddeler ile yapilan
boyamada, boya Dbanyosunda, diisiik alkali
miktarlarinda ve yiiksek sicakliklara ¢ikilmadan lif
boyama islemi saglanabilmektedir. Boyarmadde
veriminin yiiksek olmasi, diisiik enerji ve kimyasal
sarfiyati, hizl1 boyamanin yapilmasi ve tekrarlanabilir
olmasi avantajlari arasindadir. Reaktif



boyarmaddelerde kullnilan su miktar1 boyama icin
o6nemli bir parametredir. Suyun bir maliyetinin olmas,
artan su miktarina bagli olarak enerji tiiketim miktarinin
artmas1 ve olusan atik su miktar1 Onemlidir. Su
miktarinin artmasina bagli olarak atik su miktar1 da
artmakta ve bu durum atik su maliyetinin de artmasina
neden olmaktadir. Boyama sonrasi ortaya g¢ikan atik
sular, boyarmadde ve yardimci kimyasallar1 igermesi
sebebiyle atik suyun g¢evresel kirlilik ylkiini
arttirmaktadir. Olusan bu atik sularim alic1 ortama desarj
edilmesinden once fziksel, kimyasal veya biyolojik
olarak aritilmasi gerekmektedir. Bu nedenle olusan atik
sular ve atik su sonrasi uygulanan aritma ydntemleri
ekonomik sikintilar1 da beraberinde getirmektedir.
Tekstil sektoriine bakildiginda, son yillarda atik suyun
azaltilmas: ya da yeniden kullanimi {izerine deneysel
calismalara oncelik verilmektedir’.

Yapilan c¢alismada, reaktif boyarmadderle boyanan
havli kumaslarin boyama sonrasi ard yikama islemleri
tizerine deneysel calismalar yapilmigtir. Olusan renkli
atik sularmn aritilmasinin disinda yeniden kullanimi ve
iiretim sistemine dahil edilmesiyle yeni tiriin gamlarinin
elde edilmesi amaglanmigtir. Reaktif boyama sonu
boyama suyunun alinarak, boyama suyunda kalan
boyarmadde hidrolizatlarinin havli kumasin
boyanmasinda kullanilmasi amaglanmistir. boyama
prosesleri gelistirilerek renkli attk suyun tekrar
kullanimi iizerine ¢aligilmigtir. Siirdiiriilebilir iiretimin
on planda oldugu tekstil sektoriinde atik suya yeni bir
yaklasim kazandirilmasi {izerine ¢aligmalar yapilmstir.

DENEYSEL

Malzeme

Pamuklu havli mamullerin, reaktif boyarmaddeler ile
boyanmasi sonrasi elde edilen boyama atik suyu
kullanilmigtir. %100 pamuklu, agartilmig havl
kumaslar kullanilmistir. Boyama sonrasi elde edilen
renkli boya atitk suyunda hidrolize ugramig
boyarmadde, tuz ve tampon asit bulunmaktadir. Ayrica
pamugun Kkatyoniklestirilmesi i¢in katyoniklestirici
madde kullanilmugtir.

Yontem

Reaktif boyama sonu olusan renkli atik su i¢in iki farkl
boyama prosesi olusturulmustur. Bu proseslerde tuz
kullanimi ve tuz kullamlmaksizin atik su ile boyanan
havli kumaglar karsilastirilmigtir.  Birinci boyama
prosesi, % 100 pamuklu agartilmis havli kumasin atik
su ile regetedeki tuz ve soda oranlari kullanilarak
boyanmistir. Ayni boyama prosesi soda ve tuz
kullamlmadan da gerceklestirilmistir. Ikinci boyama
prosesinde % 100 pamuklu agartilmis havli kumagin
katyoniklestirilmesinin ardindan atik su ile regetedeki
tuz ve soda oranlart kullanilarak boyanmistir.
Katyoniklestirme islemi, %0,5” lik katyoniklestirici
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madde ile 50 ° C’ de, 20 dakika siiresince
uygulanmigtir. Katyoniklestirilen % 100 pamuklu
agartilmig havl kumaslara boyama prosesi recetedeki
soda/tuz kullanilarak ve tuz/soda kullaniimadan
yapilmigtir. Atik su ile yapilan boyama prosesi, 60°C’
de ve 60 dakika seklinde uygulanmistir.

Katyoniklestirici
Madde (% 0,1 -10)

|1l

25°C

50°C

20 dakika

Bosalt

Sekil 1. Katyoniklestirme prosesi

Atik su + Tuz + Soda
Kumas

|1l

Sekil 2. Regete degerleri ilave edilerek yapilan atik
su boyama prosesi

60°C

60 dakika

Bosalt

25°C

Atik su 60°C
Kumas
l l l 60 dakika
Bosalt
25°C

Sekil 3. Regete degerleri ilave edilmeden yapilan
atik su boyama prosesi

Boyama islemi sonrasi tiim havli kumaglara yikama
ve silirtme haslik testleri uygulanmistir. Uygulama
sonuclar1 orjinal boyanan pamuklu havli kumas ile
karsilastirilmigtir. Kumasglarin spektrofotometrede AE
degerleri de Sl¢iilmiistiir. Katyonik sonrasi atik su ile
boyanan ve katyoniksiz atik su ile boyanan kumaslar
kendi aralarinda kiyaslanmistir. Ayrica boyamalarda
tuz ve sodanin varligi da degerlendirilmistir

DENEYSEL SONUCLAR/TARTISMA

Reaktif boyama sonrasi alinan boya sonu renkli atik
sular  kullamilarak, pamuklu havli kumaslar
boyanmigtir. Katyoniklestirme igleminin boya alimi
iizerindeki etkisinin degerlendirilmesi ig¢in % 100
pamuklu agartilmis havli kumaslara katyoniklestirme
prosesi uygulanmistir. Ayrica katyoniklestirme islemi
uygulanan kumaslara tuz/soda varliginda ve tuz/soda
kullanmadan boyama islemi uygulanmustir.



%100 pamuklu agartilmis havli kumaslara, atik su ile
tuz/soda varliginda ve tuz/soda kullanilmadan boyama
islemi uygulanmistir. Atik su ile boyanan agartilmis
pamuklu havli kumaslarin gorselleri Tablo 1° de
verilmistir. Katyoniklestirme prosesi uygulanan %100
pamuklu agartilmis havli kumaglar, atik su ile tuz/soda
varliginda ve tuz/soda kullanilmadan boyama islemine
tabi tutulmugtur. Katyoniklestirme prosesi sonrasi atik
su ile boyanan havli kumaslar Tablo 2’ de

Tablo 1. Atik su ile boyanan pamuklu havli kumaglar

gosterilmistir. %100 pamuklu agartilmis havli kumas
reaktif boyama prosesi ile boyanarak, atik su ile
boyanan havli kumaglarla kiyaslanmistir. Ayrica atik
su ile boyanan havli kumaslarin spektrofotometrede
AE renk farkliliklari da ol¢iilmiigtiir. Boyanan
pamuklu havli kumaglara siirtme ve yikama haslik
testleri uygulanmistir. Elde edilen degerler Tablo 3’
de verilmistir.

Renk

Reaktif Boyama Tuz/Soda (var)

Berenjena

Green

Tuz/Soda (yok)

Katyonik ve Tuz/Soda
(var)

Katyonik ve Tuz/Soda
(yok)

Marino

Tablo 2. Atik su ile boyanan havli kumaslara uygulanan yikama ve siirtme hasliklari

Yikama Haslig1 (TS EN ISO 105-C06) Siirtme Haslig1 (TS EN
ISO 105-E04)
Numune Boyama Aseta | Pamuk Nylon Polyester | Akrilik Yiin Kuru Yas
Prosesi t
Reaktif 4/5 2/3 4/5 4/5 4/5 4/5 4/5 3
Boyama
Tuz/Soda 4/5 4 4/5 4/5 4/5 4/5 4/5 4/5
(var)
Bereni Tuz/Soda 4/5 4 4/5 4/5 4/5 4/5 4/5 4/5
cerenjena
(yok)
Katyonik ve 4/5 4 4/5 4/5 4/5 4/5 4/5 4/5
Tuz/Soda
(var)
Katyonik ve | 4/5 4 4/5 4/5 4/5 4/5 4/5 4/5
Tuz/Soda
(yok)
Reaktif 4/5 3 4/5 4/5 4 4/5 4/5 3
Boyama
Tuz/Soda 4/5 4/5 4/5 4/5 4/5 4/5 4/5 4/5
G (var)
reen Tuz/Soda 4/5 4/5 4/5 4/5 4/5 4/5 4/5 4/5
(yok)
Katyonik ve y y
Tuz/Soda 4/5 4/5 4/5 4/5 4 4/5 4/5 4/5
(var)
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Katyonik ve
Tuz/Soda 4/5 4 4/5 4/5 4 4/5 4/5 4/5
(yok)
Reaktif 4/5 3/4 43/4 4/5 4 4 4/5 3
Boyama
Tuz/Soda 4/5 4/5 4/5 4/5 4/5 4/5 4/5 4/5
(var)
] Tuz/Soda 4/5 4/5 4/5 4/5 4/5 4/5 4/5 4/5
Marino (yok)
Katyonik ve
Tuz/Soda 4/5 4/5 4/5 4/5 4/5 4/5 4/5 4/5
(var)
Katyonik ve
Tuz/Soda 4/5 4/5 4/5 4/5 4/5 4/5 4/5 4/5
(yok)
GENEL SONUCLAR kullanilan  boyama prosesine benzer oldugu
Seliilozik mamullerin boyanmasinda kullanilan reaktif belirtilmistir.

boyarmaddelerin boya atik suyundan geri kazanimi
lizerine yapilan c¢alismada, atik sular kullanilarak
seliilozik maullerin boyanabildigi goriilmiistiir. Boya
sonu atik suyu igerisinde hidrolize ugramis
boyarmadde ve boya yardimci kimyasallar1 varligini
sirdiirdigii.  i¢cin  pamuklu havli  kumaglarin
boyanabildigi belirtilmistir. Boyama sonuglar1 orjinal
reaktif boyama sonu kumaglarla karsilastirildiginda
daha agik tonda boyanmis kumaslar elde edilmistir.
Katyoniklestirme isleminin atik sudaki boyarmadde
aliminina etkisi degerlendirilmis. Yapilan haslik
sonuglarinda  katyoniklestirme islemi sonucunda
yikama ve silirtme hasliklarinda ¢ok farklilik
goriilmemistir. Katyoniklestirme prosesi sonrasi atik
su ile boyanan kumaslar, katyonize edilmemis
kumaslara kiyasla daha koyu tonda boyanmuislardir.
Atik su ile boyanan kumaglarda, tuz ve soda varliginin
boyama verimlili lizerine etkisi de degerlendirilmistir.
Katyoniklestirilmemis pamuklu havli kumaglarda tuz
ve soda kullanimininhasliklar1 arttirmadigi, tuz ve soda
kullanilmadan yapilan boyama sonucu elde edilen
hasliklarin benzer oldugu goriilmiistiir. Ancak tuz ve
soda kullanim1 kumaslarda boyanin alimini arttirmus,
tuz ve soda kullanilan boyamalarda elde edilen
kumasglar daha koyu tonda ¢ikmistir. Calisma
sonucunda boya atik suyunda bulunan boyarmadde ve
boya yardimci kimyasallarii, pamuklu havh
kumaslarin  boyanmasinda kullanilabilecegi, fakat
boyama sonrasi

elde edilen renklerin reaktif boyama sonucu elde
edilen kumaglara gore daha agik tonda oldugu
gorilmiistiir. Katyonik kullaniminin boyarmaddde
alimini arttirarak, kumagin daha koyu tonda elde
edilmesini saglamistir. Tuz ve soda kullanilmadan
boyama yapilabilecegi ve boyamanin tuz ve soda
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SONRAKI CALISMALAR iCIiN ONERILER
Pamauklu havli kumaslarin boyanmasinda, boya atik
suyunun kullanilabileceginin belirtildigi bu ¢aligmada,
ilerleyen siiregclerde ¢evreci boyama prosesleri
olustuAtik  sularin pamuklu havli kumaslarin
boyanmas: iizerine c¢alismalar yiiriitiilebilecegi, bu
sayede siirdiiriilebilir ve daha c¢evreci boyama
yapilabilecegi bilinmektedir. Bu kapsamda ilerleyen
stireglerde atik suda hidrolize olan boyarmaddenin geri
kazanilarak, daha koyu tonlarda boyamanin yapilacagi
calismalar gerceklestirilebilir.
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OZET

Seliilozik mamullerin boyanmasinda genellikle reaktif
boyarmaddeler kullanilmaktadir. Son yillarda direkt
boyarmaddeler reaktif boyarmaddelere alternatif olarak
pamugun boyanmasinda tercih edilmektedir. Yapilan
calismada seliillozik mamullerin boyanmasinda direkt
boyarmaddeler kullanilarak 6n igslem ve boyama iglemi
tek banyoda gergeklestirilmistir. Seliilozik mamuliin
boyanmasinda reaktife kiyasla direkt boyarmaddeler
kullanilarak yapilan boyama isleminde, daha az
boyarmadde orani kullanilmistir. Direkt boyarmaddeler
ile tek banyoda boyanan pamuklu mamuller reaktif

boyarmaddeler ile kiyaslandiginda AE  renk
farkliliklarinin oldugu gbzlenmistir. Direkt
boyarmaddelerle boyanan kumaslar reaktif

boyarmaddelere kiyasla daha agik renkte ¢ikmistir. Her
iki boyarmadde grubu kullanilarak yapilan boya sonrasi
yikamalarda, direkt boyarmaddeler ile tek banyoda
yapilan boyama iglemi sonrasi atik sularin daha agik
renkli oldugu gozlenmistir. Boyama sonrasi kumaslara
yikama, siirtme, asit, alkali ve su hashgl testleri
uygulanmigtir. Reaktif ve direkt boyarmaddeler
kullanilarak yapilan haslik testleri kiyaslanarak
aralarinda fark olmadig1 gozlenmistir.

AMACLAR

Seliilozik mamullerin boyanmasinda kullanilan reaktif
atik sularin ¢evreye verdigi zarari en aza indirmek igin
reaktif boyarmaddelere alternatif olarak direkt
boyarmaddelerin kullanilmasi amaglanmistir. Reaktif
boyarmaddelerlele seliillozik mamullerin boyanmasi 6n
islem (agartma/hidrofillestirme), boyama ve yikama
proseslerinden  olusmaktadir.  Yapilan  ¢alisma
kapsaminda direkt boyarmaddeler kullanarak 6n islem
ve boyama proseslerinin tek banyoda yapilmasi
hedeflenmistir. Bu kapsamda on islem banyosu
icerisine direkt boyarmaddeler ve boya yardimeci
kimyasallar1 konularak boyama ve hidrofillestirme
islemi  gerceklestirilmistir.  Bu sayede reaktif
boyarmadde ile boyama prosesine kiyasla daha az
enerji, su, kimyasal kullanilarak zamandan tasarruf
saglanmisgtir.

e INCEKARA, Bilge (ORCID No: 0000-0003-
3263-7869 )
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GIRIS

Tirkiye, Diinya tekstil endiistrisinin onde gelen
iilkelerinden biri olup sanayisi gelismekte olan bir
ilkedir. Tirkiye’de tekstil endiistrisinin 6zellikle
Marmara ve Ege bolgelerinde tekstil terbiye iglemleri
iizerine, Dogu ve I¢ Anadolu Bélgelerinde ise elyaf
tiretimi ve dokuma {izerine ¢alisildig1 bilinmektedir.
Tekstil sektorii, kontrolsiiz biiylimenin yani sira
olusturdugu atiklarla ¢evreyi tehdit etmektedir.
Ozellikle terbiye islemleri sonrast olusturdugu
atiklarla golleri, nehirleri, denizleri, ve yer alt1 su
kaynaklarin1 kirlenmesine sebep olmaktadir. Tekstil
endiistrisine  bakildiginda dogal boyarmaddelere
kiyasla sentetik boyarmadde kullaniminin daha
yaygin oldugu gorilmektedir. Ozellikle tekstil
elyafinin  renklendirilmesinde ~ boyarmaddelerin
kumasa uygulanmasi sonrast %10-20 miktarlarda
boyarmaddenin kumasa tutunamadigi belirtilmigtir.
Tutunamayan boyarmaddelerin tekstil atik su yiikiinii
arttirdign ve atik sulardan uzaklastirilmast igin
geleneksel aritma yontemlerinin yeterli olmadigt

goriilmektedir'.
Tekstilde en ¢ok kullanilan dogal liflerin basinda
pamuk lifi gelmektedir’>. Pamuk lifi tekstil

endiistrisinin yani sira yag ve yem endiistrisinde
tohumundan, ¢ir¢ir sanayisinde islenmesinden, kagit
sanayisinde linterinden yararlanilan énemli bir bitki
olma 6zelligini tagimaktadir. Bunlarin yanisira farkl
endiistri  kollarinda islenen pamuk bitkisi, yeni
isttihdam alanlarinin olugsmasim ve katma deger
saglamaktadir. Endiistriyel tarim tiriinleri
incelendiginde pamuk lifinin, 6nemli bir kiiltiir bitkisi
oldugu goriilmektedir. Diinya’da pamuk iiretiminin
%80’1ik kismi Tiirkiye’ nin de i¢inde bulundugu az
sayida iilkenin cografi sartlarina elveriglidir. 2019/20
ICAC ( Uluslararas1 Pamuk Istisare Komitesi )
verilerine gére pamuk {iretiminin 33,7 milyon
hektarlik alana pamuk ekildigi ve ekilen alanlardan 26
milyon tonluk pamuk lifi elde edildigi belirtilmistir3.
Pamuk, tek hiicreli tohum lifidir. Pamuk bitkisinden
elyaf elde edilebilmesi i¢in tohumundan arindirilarak
cirgirlama  ve mekanik temizleme islemlerinden



gecirilmesi gerekmektedir.Pamuk 1ifi, bulundurdugu
mumsu tabaka, pektin, protein yapilardan dolayi
sarimtrak renge sahiptir. Ham pamuk lifi hidrofobik
yapida olup, tekstil 6n islemlerinde hidrofilik 6zellik
kazandirilmaktadir®, Pamuga  hidrofilik  yapinmn
kazanidirilmasinin yanisira terbiye islemi
uygulanmaktadir. Pamuga uygulanan 6n iglem adimlari
hasil sokme, yikama ve agartma olmak iizere iic
adimdan olusmaktadir’. Uygulanan 6n islem adimm
sonrasi pamuk, izerinde bulunun safsizliklardan
uzaklastirilarak seliiloz oran1 %99’a ¢ikarilmaktadir.
Pamuk lifinde seliiloz diginda bulunan safsizliklar farkl
kimyasallar ile elyaf {izerinden uzaklastirilmaktadir. Bu

safsizliklarin  biiyiilk miktar1 yiiksek sicakliklarda
sodyum hidroksit ¢ozelisi kullanilarak
uzaklagtirllmaktadir. Pamuk lifinin  mikroskobik

goriintiisii  incelendiginde, fasulye seklinde yassi,
biikiimlii yapiya benzer oldugu goriilmektedir. Pamuk
lifi genel olarak 12-45 mikron arasi lif inceligine
sahiptir. Yogunlugu 1,54 g/cm® ve mukavemet olarak
3-4,5 g/denye arasinda olan pamuk lifi 1slandiginda,
mukavemeti %10-20 aras1 artmaktadir. Ayrica pamuk

lifinde  statik  elektriklenme ve  pillinglenme
goriilmemektedir®.
Pamuk lifi genel olarak beyazdir. Ancak bazi

durumlarda kahverengi ve krem rengi pamuklara da
rastlanmaktadir. Pamuk lifinin parlak bir elyaf olmadig:
bilinmektir. Pamuk, sivi sodyum hidroksit ¢ozeltisi ile
muamele ediletrek parlaklik kazandirilmaktadir. Bu
isleme merserizasyon islemi denilmektedir. Pamugun
merzerizasyon isleminde sodyum hidroksitin yan1 sira
lityum  hidroksit veya potasyum  hidroksitte
kullanilabilmektedir. Yapilan islem sonrasi pamuklu
mamuliin  stabilitesi,  mukavemeti,  parlakligi,
boyarmadde affinitesi ve kimyasal reaktifligi
artmaktadir®.

Seliilozik mamuller kullanilarak yapilan dokuma ve
o6rme kumasglarin boyanmasinda yaygin olarak reaktif
boyarmaddeler kullanilmaktadir. Diger
boyarmaddelere gore bazi avantajlara sahiptir. Bunlar;
genis renk gamlarma sahip olmasi, tim boyama
yontemlerine uygun olmasi, mat tonlardan parlak
tonlara kadar renk ¢esitliligi saglamasi, yas ve 151k
hasliklarinin iyi olmasi, kombinasyon boyamalara
uygun olmasi, yiiksek ¢Oziiniirliige sahip olmasi ve
tekrarlanabilirliginin =~ olmasi1  sebebiyle  tercih
edilmektedir. Ayrica reaktif boyarmaddelerin en 6nemli
ozelligi seliilozik mamuller ile yaptig1 kovalent bagdir.
Lif ile boyarmadde arasinda olusan kovalent bag,
boyarmaddenin yikama ve bitim iglemlerinde hidrolize
ugramasini  Onlemektedir. Reaktif boyarmaddeler
reaktif grup yapisina, elyaf ile olusturdugu baga ve
kromofor gruplarina gore smifladiriimaktadir®.

Pamuk lifinin tekstilde kullanilabilmesi i¢in bazi
ozelliklere sahip olmast beklenmektedir. Tekstil
elyafinin kolay elde edilebilir, dayanikli, yumusak,
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yiiksek nem kapasitesi ve boyama isleminde kolaylik
olmasi tercih edilebilirligini arttirmaktadir.

Pamuk lifi dogal olmasinin yani sira igeriginde birgok
safsizlik  barindirmaktadir.  On  islem  sonrasi
safsziliklarindana arindirilan seliilozik mamullere
boyama  islemi  uygulanmaktadir.  Seliilozik
mamullerin  boyanmasinda  genellikle  reaktif
boyarmaddeler kulllanilmaktadir. Bunun yani sira
azo, kikirt ve direk boyarmadde gruplari da
kullanilmaktadir>’.

Reaktif  boyarmadelerin  selillozik ~ mamulleri
boyayabilmesi i¢in bazik bir ortama, tuz ve boya
yardimc1  kimyasallarma ihtiyag duyulmaktadir.
Reaktif boyarmaddeler, selillozda bulunan hidroksil
gruplar ile kovalent bag yaparak pamugun
boyanmasini saglamaktadir®. Biyolojik bozunmaya
kars1 direngli olan reaktif boyarmaddelerin atik sudan
giderimi tam olarak saglanamamaktadir. Bu nedenle
pamugun boyanmasinda reaktif boyarmaddelere
alternatif boyama yontemleri ve boyarmadde gruplari

arastirilmaktadir®.

Seliillozik  mamullerin ~ boyanmasinda  reaktif
boyarmaddelere alternatif olarak direkt
boyarmaddeler  de  kullanilmaktadir.  Direkt

boyarmaddeler sentetik, yiin ve rejenere protein
liflerine kars1 affiniteleri olmamasi sebebiyle bu
liflerin boyanmasinda kullanilamamaktadir. Bazi
direkt boyarmadde iiyeleri; yiin, deri, nylon ve ipegin
boyanmasinda kullanilabilmektedir. Bu
boyarmaddeler substantif boyarmaddeler olarak
adlandirilabilmektedir®.

Anyonik gruba sahip olan direkt boyarmaddeler,
yapilarin bulundurdugu siilfonik asit ve karboksilik
asit tlirevleri sayesinde suda ¢oziinerek boyama
islemini gerceklestirmektedir. Suda kolay
¢oOziinebilen direkt boyarmaddeler, basit boyama
prosesine sahip olmalari, boyama sirasinda elyafa
zarar vermemeleri ve ucuz olmalari nedeniyle reaktif
boyarmaddelere alternatif olarak
kullanilabilmektedir'®.

Direkt boyarmaddelerle yapilan boyama isleminde,
sicaklik onemli bir parametredir. Cozelti halinde
agregat olarak bulunan direkt boyarmadde gruplari,
lif igerisinde monomer halde dagilarak boyama
islemini gerceklestirmektedir'!. Boyarmadde
¢oOzeltisinde, boyarmadde molekiilleri olusturdugu
hidrojen ve van der Waals kuvvetleri sayesinde
kiimelesirler. Olusan boyarmadde kiimeleri elyaf
yakininda  konsantrasyonun  yiiksek  olmasini
saglayarak, boyarmaddenin lif yilizeyinden lif
icerisine  diflizyonunu  saglamaktadir.  Direkt
boyarmaddeler lif yiizeyine tutunma &zellikleri
bakimindan {ige ayrilmaktadir. Bunlar; migrasyon
giicli yiiksek, migrasyon giicli diisiik ve migrasyon
giici olmayan boyarmadde gruplaridir. Migrasyon
giicii tiikksek olan direkt boyarmaddeler sicakligin



etkisi ile konsantrasyonun yiiksek oldugu yerden diislik
oldugu yere dogru kolaylikla gé¢ edebilme 6zelligine
sahiptirler. Migrasyon giicii az olan boyarmaddeler,
diizgiin bir sekilde dagilamadiklarindan tuz ilavesi ile
diizgiin dagilimlar1 saglanarak boyama islemini
gergeklestiriler. Migrasyon giicli olmayan direkt
boyarmaddeler ise sicakligin ayarlanmasi ile diizgiin
dagilma saglayarak diizgiin boyama islemini
gerceklestirirler!®.

Bu boyalar suda ¢6zenebilmeleri ve 6zel bir igleme
gereksinim duymadan lif tarafindan alinmasi sebebiyle
direkt boyarmade admi  almaktadir.  Direkt
boyarmaddeler selillozik mamullerin i¢ misellerinde
kimyasal bag olusumana sebep olmaksizin tutunurlar.
Boyarmadde yapist olarak sulu ¢dzeltide anyonik ve
katyonik karakterde bulunabilirler. Direkt
boyarmaddeler, 6n isleme gerek duymadan dogrudan
boyama yapabilen boyarmaddelerdir. On isleme ihtiyag
duyulmamasinin en biiyilk nedeni life kars
substantivitesinin (boyarmaddenin elyaf tarafindan
absorbe edilmesi) yiiksek olmasidir!.

Yapilan caligmada reaktif ve direkt boyarmaddeler
kullanilarak seliilozik mamullerin boyama davranisi
incelenmistir. Direkt boyarmaddeler kullanilarak
yapilan boyama prosesinde, reaktif boyama prosesi le
elde edilen renk degerlerine ulasilmaya caligilmustir.
Direkt boyarmaddeler ile elde edilen boyarmadde
kombinasyonlarinda daha az boyarmadde orami
kullanilarak, tek banyoda hidrofillestime ve boyama
isleminin yapilmasi hedeflenmistir. Elde edilen
degerler standart reaktif boyama prosesine gore
kiyaslanmugtir.

DENEYSEL

Malzeme

Calisma kapsaminda boyamalarda kullanilan %100
pamuklu kumaslar Bursali Tekstil San. ve Tic. A.S.
firmasindan temin edilmistir. Zemin ve atki ipligi
olarak sirasiyla, Ne 20/2 ve Ne 16/1 pamuk ipligi
kullanilmistir. Kumas gramaj ise 360 g/cm?’dir
Seliilozik havli kumasin agartilmasinda peroksit, iyon
tutucu, stabilizator, 1slatici ve asetik asit kullanilmastir.
Kumaglarin boyanmasinda kirmizi, sar1 ve mavi renge
sahip reaktif boyarmaddelerin ve direkt boyarmaddeler
kullanilmastir.

Boyama sonrasi yapilan yikama iglemlerinde anyonik
sabun reaktif boyarmadde ile boyanan kumaslarda

kullanilirken,  direkt  boyarmaddelerle = boyanan
kumaslar i¢in fiksator kullanilmigtir.
Boyama sonrasi renk Olgiimleri spektrofotmetre

cihazinda 6l¢iilmiistiir.

Yontem

Seliilozik mamul, boyama prosesine ge¢gmeden Once
pamuk iizerinde safsizliklarin giderilmesi, boyamaya
hazir beyazlik degerine getirilmesi ve hidrofilitenin

191

saglanmasi i¢in On iglem adimindan gegmektedir.
Proje kapsaminda yapilan On islem prosesinde
98°C’de 45 dakika iglem yapilmusgtir.

On islem yapilan kumaslar yardimci kimyasallar
kullanilarak reaktif boyarmaddeler ile 60°C’de 90
dakika islem goérmiistiir.

Direkt boyarmaddeler ile yapilan boyama prosesinde
ise 98°C’de pH 9-10’da 60 dakika islem yapilmustir.
Belirlenen  renklerin  direkt  boyarmaddelerle
uygulamasi ayn1 boyama ve agartma prosesinde
yapilmustir.

DENEYSEL SONUCLAR/TARTISMA

Reaktif boyarmaddelerin seliilozik mamullerin
boyanmasinda yaygin olarak kullanildigt
bilinmektedir. Reaktif boyarmaddelere alternatif
olarak direkt boyarmaddelerin kullanimi iizerine
aragtirmalar yapilmistir. Reaktif boyarmaddeler igin
yapilan 6n islem adimlar1 uzun slirmekte ve fazla
miktarda su tilketmektedir. Ardindan yapilan boyama
islemi ve ard yikamalar su tiiketiminin artmasina
neden olan proseslerdir. Yapilan ¢alismada oncelikle
firma biinyesinde yaygin olarak boyanan renkler
secilmistir. Secilen renklerin laboratuvar ortaminda
numune boyamalarinin gergeklesmesi igin havl
kumaglara 6n islem uygulanmistir. On islem
uygulanan kumaslara belirlenen dort renk ile (beige,
verde, mavi ve pembe) boyama yapilmistir. Reaktif
boyama sonrasi elde edilen renkler Tablo 1.’de
verilmistir.

Tablo 1. Reaktif boyama sonrasi elde edilen renkler
Reaktif Boyama Sonrasi Gorseller

Pembe Verde
Reaktif boyama igleminde her renk i¢in kombinasyon
boyalar kullanilmustir. Ug farkli boyarmaddenin
kullanilmasi ile elde edilen renkler, ayni boyarmadde
oranlar1 kullanilarak direkt boyarmaddelerle de
boyanmigtir. Ayni1 boyarmadde oranlar1 sonunda
direkt boyarmaddeler ile boyanan renkler Tablo 2’de
verilmistir.

=
Beige

Mavi

Tablo 2. Direkt boyarmaddelerle boyama sonrast
elde edilen renkler
Direkt Boyama Sonrasi

7

Pembe Ma Verde
Direkt ve reaktif boyarmaddelerle ayni oranlarda
boyama yapildiginda birbirinden farkli renkler ¢iktig1
gOriilmiistiir. Direkt boyarmaddeler ile yapilan
boyamalarda, boyarmadde oranlarinda optimizasyon




calismast yapilmistir. Direkt boyarmaddeler i¢in
yapilan optimizasyon ¢aligsmasi sonrasinda elde edilen
renkler Tablo 3’ te verilmistir.
Tablo 3. Direkt boyarmadde optimizasyon Caligmasi
yapilan renkler
Direkt Boyama Optimizasyon Yapilan Gorseller

Pembe Mavi Beige Verde

Direkt boyarmaddelere yapilan  optimizasyon
calismasindan sonra AE renk farkliliklar1 reaktif
boyarmaddelerle karsilagtirtlmigtir. Direkt
boyarmaddelerle boyanan kumaslar ve reaktif
boyarmaddelerle yapilan boyamalarin renk farklilik
degerleri Tablo 4.’te verilmigtir.

Tablo 4. Reaktif ve direkt boyarmaddeler ile elde edilen renk farkliliklar

Reaktif Boyama Direkt Boyama
Sonrasi Elde Reaktif Boyama Sonrasi Elde Edilen Direkt Boyama AE Renk
Edilen Renkler Recetesi Renkler Regetesi Farkliliklar
Yell:0.022 Yell:0.0134
Red:0.023 Red:0.0181
Blue: 0.014 Blue:0.0044 1.14
Yell:0.0217 Yell:0.114
Red:0.00653 Red:0.0068
Blue: 0.106 Blue: 0.0317 2.03
Yell :0.0144 Yell: 0.0089
Red:0.00589 Red:0.00527
Blue:0.0169 Blue :0.0052 2.03
Yell : 1.06 Yell : 0.535
Yell A :0.49 Yell A :0.62
Blue : 0.234 Blue : 0.07 2.42
Verde Verde
Tablo 4’ te elde edilen renklerden sonra AE renk Boyarmadde Oranlan
farkliliklarmin =~ az  oldugu  optimum  regete 5
optimizasyonu belirlenmistir. Caligmanin ana konusu ‘_51.5 Reaktif Boyama = Dirckt Boyama
olan direkt boyarmaddelerle boyama igleminin tek g,
proseste aymi anda gergeklesmesi i¢in caligmalar Zos
yapilmigtir. On islem prosesinde kullanilan agartict g,
kimyasallar ile birlikte, recete optimizasyon ES Verde  Agik Mavi Beige Pembe
calismasinda elde edilen oranlar kullanilarak boyama =
yapilmigtir. Boyama sonrasi elde edilen renkler Tablo Sekil 1. Reaktif ve direkt boyarmadde oranlari
5’ te verilmistir.
Selillozik ~ mamullerin ~ boyanmasinda  direkt

Tablo 5. Direkt boyama ve 6n islemin tek proseste
yapildig1 boyamalar
Tek Banyoda Direkt Boyama ve On Islem

Prosesi

Mavi Verde
Direkt ve reaktif boyarmaddeler ile yapilan boyama
calismasindan sonra boyarmadde oranlarinda azalma
gozlenmistir. Direkt ve reaktif boyarmaddelerde elde
edilen oran Sekil 1’de verilmistir.

boyarmaddeler kullanarak hem reaktif boyarmaddeler
ile elde edilen renkler elde edilmis hem de tek banyoda
on iglem ve boyama gergeklestiririlmistir. Direkt
boyarmaddelerle yapilan 6n islem ve boyama
isleminin tek banyoda yapilmasi ile elde edilen
renklere yikama ve siirtme hashk testleri
uygulanmistir. Reaktif boyarmaddelerle elde edilen
renklere de yikama ve siirme haslik testleri
uygulanmigtir. Ayn1 zamanda karsilagtirma yapmak
icin reaktif boyarmaddelerle elde edilen renklerde
yikama ve siirtme haslik testleri uygulanmstir. Elde
edilen sonuglar Tablo 6’da verilmistir.




Tablo 6. Direkt ve reaktif boyarmadde yikama ve siirtme hasligi test sonuglari

Renk Siirtme Renk Yikama Haslig1
Prosesler RAe(Iillk Haslig Kirlenme
Kuru Yas | Asetat | Pamuk | Naylon | Poliester | Akrilik | Yiin
Direkt 4/5 4/5 4/5 4 4/5 4/5 4/5 4/5
- Pembe
Kasar+Direkt a5 | a5 | 45 4 4/ 4/ 45 | 45
Boyama
Direkt 4/5 4/5 4/5 4 4/5 4/5 4/5 4/5
- Mavi
Kasar+Direkt a5 | a5 | 45 4 4/ 4/s 45 | 45
Boyama
Direkt 4/5 4/5 4/5 4/5 4/5 4/5 4/5 4/5
- Beige
Kasar+Direkt a5 | a5 | s | 4 4/ 4/5 a5 | 45
Boyama
Direkt 4/5 3/4 4/5 2/3 3/4 4/5 4/5 4/5
- Verde
Kasar+Direkt a5 | 34| s | 23 3/4 4/5 45 | 45
Boyama
GENEL SONUCLAR prosesleri icin de yenilik¢i yontemlerin
Yapilan ¢aligmada reaktif boyarmaddeler yerine direkt gelistirilebilecegi  sonucuna  vartlmigtir.  Tekstil

boyarmaddelerin kullanilmasi aragtirtlmistir. Direkt
boyarmaddelerle elde edilen renklerin, reaktif
boyarmaddelerle elde edilen renklere kiyasla AE renk
farkliliklar1 karsilagtirilmistir. Uygun degerlerin elde
edilmesinin ardindan 6n iglem ve boyama prosesinin
tek banyoda ger¢eklesmesi i¢in ¢aligma yiiriitilmiistiir.
Seliilozik mamullerin boyanmasinda yiiksek miktarda
su ve elektrik tiiketimi {ireticileri alternatif metotlar
geligtirmeye yoneltmektedir. Direkt boyalarla tek
banyoda yapilan c¢alisma sonunda, orta ve koyu
renklerde daha agik renk gozlenmistir. Elde edilen bir
ton agik farklilik kabul edilebilir deger arasinda
cikmaktadir. Tek banyoda boyama prosesinde elde
edilen acik renklerde ise reaktif boyarmadde ile
boyanan kumaslara gore farkliligin daha fazla oldugu
sonucuna varilmistir. Siirtme ve yikama hashigi
sonunda elde edilen degerlerin birbirine yakin ¢iktig:
gorilmiistiir. Tekstil sektoriinde sarfedilen su ve enerji
miktarlar1 g6z oniine alindiginda alternatif metotlarin
gelistirilmesi gerekmektdir. Yapilan ¢aligma ile 6n
islem ve boyama adiminin tek banyoda gerceklesmesi
su ve enerji tasarrufu saglayacagi sonucuna
varilmaktadir.

SONRAKI CALISMALAR iCiN ONERILER

Yapilan caligma tekstil sektoriine farkli bir bakist
kazandirmaktadir. Reaktif ve direkt boyarmaddelerin
yani1 sira kullanilan farkli boyarmaddelerin uygulama
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sektoriinde su ve enerji tasarrufu saglayacak yeni
yontemlerin gelistirilmesi, farkli bir bakig agisinin
kazandirilmasinda 6nemli rol oynayacaktir.
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OZET

Tekstilde dogal kaynaklarin tiikkenmesine karsi
alman Onlemler ve tekstil atiklarinin olusumunun
azaltilmast  tim  diinyada  giderek  6nem
kazanmaktadir. Siirdiiriilebilir tekstil i¢in en kritik
kavramlardan biri de yiiksek kaliteli {iriinlerin
iiretilmesidir. Bu calismada pre-consumer recycle
pamuk ve organik pamuk kullanilarak, fonksiyonel
anti-bakteriyel ozellikli yuvarlak orme
makinalarinda  oriilen  kumaslarin  patlama
mukavemetleri ve boncuklanma 6zellikleri gibi
kumas kalitesini ve Omriinii etkileyen faktorler
detayli olarak arastirilmigtir. Boylece ¢evre dostu ve
insan sagligia uyumlu {irlinler ortaya ¢ikmistir. Bu
projenin ana temasi, uygun fiyat-fayda dengesine
sahip, yikanabilir, yeniden kullanim ile uzun siireli
koruyucu etkiye sahip, antimikrobiyal ve giyim
konfor 6zelliklerine sahip ve bu fonksiyonellikleri
ayni anda tasiyan yenilik¢i medikal tekstillerin
gelistirilmesidir. Coklu kullanim ve recycle liflerin
kullanimiylan ¢evresel yiik hafifletilmistir. Bu
durumun da siirdiiriilebilirlige katki saglayacagi
diigiiniilmektedir.

Anahtar Kelimeler - Recycle, Siirdiiriilebilirlik,
Teknik Tekstil, Medikal Tekstil

AMACLAR

Siirdiiriilebilirlik gdz oniine alindiginda kullanilan
hammaddenin  Onemi  biiyiiktiir.  Giiniimiizde
"ekolojik, organik, biyolojik" olarak "pargalanabilir
ve ciiriitiilebilir" gibi kelimeler ¢ok cesitli maddeler
iizerinde ve hatta silireglerde  uygulandig:
goriilmektedir. Bu sebeple, hijyen iriinlerinin
iiretiminde daha siirdiiriilebilir malzemelerin se¢imi
hayati 6nem  tasiyacagindan bu  calisma
gerceklestirilmistir.

Domina ve Koch calismasinda ise’, Recycle;
Strdiiriilebilirlik kapsaminda son zamanlarda ortaya
¢ikan bir kavramdir. Tiketici sonrasi ve tiiketici
oncesi atiklarin recycle siireci, tekstil atiklarmin
toplanmasin1 ve bu atiklardan yeni giysilerde
kullanilmak iizere iplik iiretilmesini igerir.
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Wennerstrand calismasinda ise’ recycle, atik
malzemeleri yeni malzeme ve nesnelere doniistiiren
stirectir. Bir malzemenin geri doniistiiriilebilirligi,
islenmemis halde sahip oldugu o&zellikleri geri
kazanabilmesine baglidir. Modern atik azaltma
stirecinin ana bilesenlerinden biri olan geri doniisiim,
"reduce - reuse - recycle" atik hiyerarsisinde {i¢
bilesenden olusmaktadir ve giiniimiizde bu alanda
upcycle ile de 6nemli ilerlemeler kaydedilmistir.

b [ N CRAN 2
Sekil 1. Caligma kapsaminda elde edilen recycle
atiklar

DENEYSEL SONUCLAR/TARTISMA

Bu galismada Tablo 1’de verilen farkli lif tipleri
kullanilarak ring ve rotor egirme metodu ile tiim
numuneler Ne 30 ve Ne 20 inceliginde ve (ae=3.3)
olacak sekilde iplik tiretimi gerceklesmistir. Bu
iplikler ile yuvarlak 6rme makinalarinda siiprem
kumas iiretimleri yapilmistir. Bu tiretim adimlarinin
tamamu Iskur Tekstil Enerji Ticaret ve Sanayi A. S.
bilinyesinde gergeklestirilmistir. Siiprem kumaslarin
orme islemi E 28 inceliginde ve 32” ¢apl yuvarlak
O6rme makinesinde sabit ayar degerleri ile
iretilmistir. Numuneler relaksasyon islemleri igin 24
saat boyunca standart atmosfer kosullarinda
bekletilmistir. Geri doniistiiriilmiis elyaf kullanilarak
elde edilen hammaddeden kumas {iretimi, tiiketici
sonrasi standart kumas tiretimi gibidir. Farkli asama
ise kullanilan ipliklerin giysi atiklarindan recycle ile
elde edilen elyafi %50'e kadar kullanilarak karigim
hattinda organik pamuk (Virgin) elyafi karistirilarak
iplik tretiminde kullanilmistir. Buna gore 2 farkli
egirme yontemi ile (Ring ve Open End) kullanilarak
iplikler iiretilmistir. Iplik numaralarinda (Ne 30/1 ve
Ne 20/1) iplikler iiretilmistir. Bu ipliklerden 6rme
siiprem kumaslar {iretilmistir. Orme kumaslara
giimiis iyonlu antibakteriyel apre ve su itici apre



islemi 6 Karbon (Florokarbon C6) uygulanmustir.
Gelistirilen kumaglar iizerinde performans testleri,

Antibakteriyel

Aktivite,

Bakteriyel
Verimlilik Testi, Nefes Alabilirlik (Basing Farki) ve

Mikrobiyal Temizlik (Bioload) testleri yapilmustir.

Tablo 1. Proje kapsaminda {iretilen karisim iplikler

Filtrasyon

Numune Uretilen Egirme Lif Karisin
No iplik Ne
%100 Organik
Al 30/1 Ring  Pamuk
%90  Organik
. Pamuk - %10
A2 30/1 Ring Recycle
Pamuk
%80  Organik
. Pamuk - %20
A3 30/1 Ring Recycle
Pamuk
Open %100 Organik
Bl 2011 End Pamuk
%90  Organik
Open  Pamuk - %10
B2 201 End Recycle
Pamuk
%80  Organik
Open  Pamuk - %20
B3 2011 End Recycle
Pamuk

Tablo 2°de iiretilen ipliklerin mukavemet sonuglari

verilmigtir.

Tablo 2. Proje kapsaminda tiretilen iplik testleri

Numune Uretilen Tensile Kopma Mukavemet
No iplik Strength (%) (kgfxNm)
(gF)

1 Al 440.12 4.84 16.85

2 A2 421.96 4.58 13.46

3 A3 396.8 4.43 12.98

4 B1 362.23 4.47 12.42

5 B2 330.3 3.59 10.65

6 B3 303.3 3.42 10.04

Tablo 3’de iretilen kumasglara yonelik pilling test

sonuglari verilmistir.
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Tablo 3. Kumas Pilling Test Sonucu

Numune Uretilen Numune Pilling
No
! Al 34
2 A2 34
3 A3 3
4 B1 2-3
5 B2 2-3
6 B3 1-2

Tablo 4’te iretilen kumaglara yonelik patlama
mukavemeti test sonuglar1 verilmistir.

Tablo 4. Kumas Patlama Mukavemeti Test Sonucu

Numune Uretilen P.S. P.Y. P.B.

No Numune (sn) (mm) (kPa)
1 Al 20,2 44,6 240,33
2 A2 19,3 44,1 233,20
3 A3 18 439 220,50
4 B1 10,7 437 158,50
5 B2 9 42,8 150,65
6 B3 7,7 425 140,10

Tablo 5°te Antibakteriyel aktiviteye test sonuglari

verilmistir.

Tablo 5. Antibakteriyel Aktivite (AATCC TEST

100)
Numune Kumas Yikama 20 Yikama
No Oncesi Sonrasi
Antibakteriyel Antibakteriyel
Aktivite / Aktivite /
AATCC AATCC
TEST 100 TEST 100
(%) (%)
1 Al 99,99 68
2 A2 99,99 65
3 A3 99,99 69
4 Bl 99,99 69
5 B2 99,99 71
6 B3 99,99 73




Sekil 2. Medikal Kiyafet

GENEL SONUCLAR
Bu calismada elde edilen sonuglar
degerlendirildiginde  kumaslarin ~ boncuklanma

ozelliklerine ve patlama mukavemetlerine etki eden
faktorler agagida dzetlenmistir.

Patlama Mukavemetini

incelendiginde;

e %100 organik pamuktan oriilen kumas recycle
pamuk igerikli oOriilen kumasa gore daha
yiiksek patlama mukavemetine sahiptir.

e Recycle pamuk oram1 arttikca patlama
mukavemeti degerlerinde azalma oldugu
gorillmistiir.

Boncuklanma 6zelliklerini etkileyen parametreler
incelendiginde;
En disiik boncuklanma egilimi %100 organik
pamuktan Oriilen kumaslarda goriilmiistiir. En fazla
boncuklanma ise %80 organik pamuk - %20 recycle
pamuk karigimi ile riillen kumaglara aittir.
%100 organik pamuk ipliklerin lif &zelliklerinin
recycle  pamuk  igerikli = kumaglara  gore
boncuklanmaya karsi daha dayanikhi kumaslar
iretilmesine olanak tanimistir. . Bu durum, recycle
pamuk liflerinin  mukavemet ve  uzunluk
dagilimlarinin farkli olmasi ve recycle iglemlerinin
lifleri olumsuz etkilemesi vb. ¢ok sayida faktor ile
iliskilendirilebilir.

Elde edilen sonuglardan incelendiginde recycle

pamuk ile organik pamuk karsilastirildiginda

antibakteriyel fonksiyonel ozellikleri arasinda bir
fark olmadigi gozlemlenmistir. Bu g¢alisama bize
gosterdi ki AATCC TEST 100 standartina gore

etkileyen parametreler

medikal kumaslarin  antibakteriyel koruyucuk
ozellikleri ~ ozellikleri 20 yikama  sonunda
azalmaktadir.

Bu kumaslar fonksiyonelliklerini kaybedecegi igin
kullanim amacin1 kaybetmektedir. Recycle iiriinlerin
kullanim 6mriiniin ve performans 6zelliklerinin kisa
olmas1 biiyilk bir dezavantaj iken medikal
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kiyafetlerde beklenen kullanim siiresi i¢in yeterli
dayanima sahiptirler. Siirdirebilirlik agisindan
degerlendirildiginde kullan-at ya da kisa kullanim
siiresine sahip olan medikal kumaglarda ve
kiyafetlerde recycle iiriinlerin kullanilmasinin hem
hammaddenin siirdiirebilir olmasi hem de diisiikk
olarak degerlendirilen performans 6zelliklerinin bu
iirin grubu igin yeterli diizeyde olmasi sebebiyle
recycle {rlinlerin seciminin ¢ok daha isabetli
olacagini diisiinmekteyiz.
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OZET

Poliiiretan (PU) yap1, otomotiv, elektronik, beyaz esya,
tekstil ve boya gibi pek ¢ok alanda kullanilabilen
esnek, dayanikli, ¢ok amacli ve ticari 6neme sahip bir
polimerdir. PU’larin ¢ok yonliiliigii sentezlerinde
kullanilan bilesenler olan poliol ve izosiyanatlarin
farklihigindan kaynaklanmaktadir. Insaat sektoriinde
yalittm amaciyla kullanilan rijit poliiiretan kopiik
(RPUK) sistemleri PU pazarindaki en biiyiikk paya
sahiptir.

Petrol kaynaklarinin hizla tiikeniyor olmasi ve gevre
iizerindeki olumsuz etkilerinin artmasi polimerlerin
sentezinde yenilebilir, diisik maliyetli ve kolay
erisilebilen bitkisel kokenli hammaddelere yonelimi
artirmistir.

Bu calismada; bitkisel kaynaklardan biyobazli bir
poliol gelistirilmesi ve elde edilen polioliin yangin
direnci yiksek RPUK iretiminde kullanimi
amagclanmistir. Bunun i¢in, epoksilenmis soya yaginin
(ESO) dietilen glikol (DEG) ile katalizér varliginda
epoksi halka acilmasi reaksiyonuyla biyobazli
polioller sentezlenmistir. Sentezlenen biyobazli
poliollerin  polimerik difenilmetilen diizosiyanat
(PMDI) ile kondenzasyon reaksiyonlari sonucu
RPUK’lar elde edilmistir. Ayrica sentezlenen
biyobazli poliollere inorganik Bentonit ilave edilerek
RPUK’larin performans o&zellikleri iyilestirilmeye
calistlmigtir.  Sentezlenen  biyobazli  poliollerin
hidroksil (OH) sayilar1 tespit edilmis ve yapilar1 FTIR
ile karakterize edilmistir. Elde edilen RPUK’larin,
endiistriyel standartlara uygunlugunun tespit edilmesi
amaciyla yogunluk, yanma ve basing dayanimi
degerleri petrol bazli RPUK ’lar ile karsilagtirilmigtir.

AMACLAR

Bu caligmanin amaci, bitkisel kaynaklar kullanilarak
biyobazli bir poliol gelistirilmesi ve elde edilen poliol
ile yap1 malzemeleri sektdriinde kullanima yonelik
yanmazlhig1 gelistirilmis PU kopiik sentezlenmesidir.
Bu sayede, bitkisel hammaddelerin endiistride
kullanimlar1 artacak, &te yandan ¢evre dostu,
ekonomik, mekanik dayammmi ve yangin direnci
yliksek RPUK iiretimi gergeklestirilecektir.

GIRiS

Giintimiizde, petrol kaynaklar1 hizla tiikeniyorken bu
kaynaklarin maliyetlerinin ve ¢evreye olumsuz
etkilerinin hizla artiyor olmasi alternatif hammadde
arayigini tesvik etmektedir. Petrol bazli malzemelerin
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geri doniisiim ve tekrar kullanim zorluklarina bagh
olarak cevresel atik olusumu da artmaktadir!. Cevre
dostu yenilenebilir kaynaklarin kesfedilmesi, kiiresel
isinma ve CO, emisyonu sorunlart agisindan da
kritiktir. Petrol bazli plastiklere kiyasla enerji
verimliliklerinin yiiksek olmasi, biyobozunabilen ve
gevre  dostu  olmalar1  nedeniyle  biyobazh
hammaddelere yonelim artmistir?.

Yalittim sektoriinde yaygin olarak kullanilan PU
kesfedildigi 1940°l1 yillardan bu yana siirekli
gelistirilen  formiilasyonlar1  sayesinde  giinliik
yasantimizin her evresinde hayatimiza dokunan bir
polimerdir. Enerji maliyetlerinin her gecen giin artis
gostermesi PU  gibi mikkemmel bir yalitim
malzemesinin degerini yiikseltmekte ve kullanim
alanlarin1 cogaltmaktadir’.

PU’lar polioller ve diizosiyanatlarin polikondenzasyon
reaksiyonlar1 sonucu olusan polimerlerdir*. Molekiiler
diizeyde PU sentezinde polioller yumusak segmenti
olustururken diizosiyanatlar sert segmenti
olusturmaktadir. Yapidaki esnek ve sert segmentlerin
oranlar1 degistirilerek ¢esitli 6zelliklerde PU’lar
uretilebilmektedir. Sert segmentin arttirilmasiyla
zincir hareketliligi azalacag i¢in kristalinite artisindan
dolayr PU’nun basing ve yangin direnci gibi mekanik
ozellikleri artmaktadir®. Bununla birlikte, inorganik
mineraller PU sentezinde dolgu maddesi olarak
kullanilarak  RPUK’nin = mekanik  dzelliklerini
artirmakta ve {iretim maliyetlerini azaltmaktadir®.
Epoksi regineler, doymamis polyesterler ve bitkisel
yaglar gibi bitkisel kaynaklar kismen ya da tamamen
kullanilarak ¢evre dostu ve iiretim maliyetleri
agisindan avantajli RPUK ’lar elde edilebilmektedir’.
Bu ¢aligmada; ESO’nun DEG ile katalizor varliginda
epoksi halka agilmasi reaksiyonuyla biyobazli
polioller sentezlenmistir. Sentezlenen poliollerle
bentonit katkis1 ile RPUK ’lar tiretilmistir. Poliol sentez
yonteminin ve hammadde se¢iminin RPUK’larin
mekanik 6zelliklerine etkisi aragtirtlmistir. Poliollerin
OH sayis1 ve FTIR karakterizasyonu yapilmis, iiretilen
RPUK’larin yanma, yogunluk ve basing dayanimlari
tespit edilmistir.

DENEYSEL

Malzeme

Bu calismada kullanilan ESO Ataman Kimya
firmasindan, DEG ve siilfiirik asit (H2SO4) Sigma
Aldrich’den, polieter poliol (Isoexter 4404) Coim
firmasinda, polimerik MDI (SR550) Kumho Mitsui



Chemicals Inc. firmasindan, Bentonit ise Eczacibagi-
Esan firmasindan temin edilmistir.

OH sayist tayini i¢in gerekli olan Asetonitril (ACN),
Tetrabutilamonyumhidroksit (TBAOH) ve p-
Toluensiilfonil izosiyanat (TSI) ise Sigma Aldrich’den
temin edilmistir.

Yontem

Biyobazh Poliol Sentezi

Biyobazli poliolller (ESOP), 100 g ESO (My: 932
g/mol) ile 68,2 g DEG’in epoksi halka agilmasi
reaksiyonu ile Sekil 1’deki gibi sentezlenmistir.
Reaksiyonlarda katalizor olarak HoSO4 kullanilmistir.
Epoksi gruplarmin DEG’e molar oram1 1:6°dur.
Degisen sicaklik ve Kkatalizér oranlarinda biyobazli
polioller sentezlenmistir. Reaksiyon sicakligr 60°C,
80°C ve 95°C’dir. Katalizoriin konsantrasyonu, EOve
DEG’in toplam agirliginin %0,1, %0,2, %0,3, %0,5 ve
%1'1 kadardir.

Dietilen glikol (DEG)
Epoksilenmis soya yad! (ESO)
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OH
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Epoksilenmis soya yagi bazh poliol (ESOP)

Sekil 1. ESOP sentezi

Biyobazli poliol sentezi ¢alismalarinda 1 litrelik bes
boyunlu balon kullanilmigtir. Balon 1siticili manyetik
karistirict  yatagma yerlestirilmigtir. Bir geri akis
(reflux) kolonu, bir mekanik karigtirici, bir inert gaz
(azot) beslemesi, bir termometre ve malzeme
yliklemesi i¢in bir boyun kullanilmigtir. Deney
diizenegi  Sekil 2’de  gosterilmistir.  Deneysel
calismalarda ilk olarak ESO balon igerisine
eklenmigtir. 50°C  sicaklikta yaklastk 30 dk
karistirildiktan sonra deneysel ¢alisma igin belirlenen
sicaklik degerlerine (60°C, 80°C ve 95°C) ulastiktan
sonra DEG eklenmistir. Ardindan belirli
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konsantrasyondaki (%0,1, %0,2, %0,3, %0,4, %0,5 ve
%1) katalizdr yarim saat araliklarla eklenerek sentez
islemleri tamamlanmustir. Tiim ¢alismalarda katalizor
eklemeleri 90 dk igerisinde tamamlanmustir.

)
0
N
0§
(9
Z(
Su )
cKkisi Su ( <-
girisi
Termometre
Azot
girisi
Mekanik 2
Karistirici 7
% 7
77/ 7
Balon isitici

Sekil 2. ESOP sentezi deney diizenegi

RPUK’larin Hazirlanmasi

Sentezlenen ESOP’lar kullanilarak poliol karigimlari
elde edilmistir. Poliol karigiminin miktar1 Tablo 1°de
gosterilmistir.

Tablo 1. Poliol karisimlarindaki kimyasallarin

ozellikleri
Madde (m‘lil:.ls(,o ;lstio (l(z;-IK%‘I);Zl)

Polieter poliol 3200 450
Poliester poliol 3000 240
Alev geciktirici 65 0

Su 1 6233
Katalizorler 500 815
Silikon 800 97

Poliol karigimlari ile polimerik MDI'mn (PMDI) 1:1,6,
1:1,7, 1:1,8 ve 1:2,35 OH:NCO oraninda reaksiyonu
sonucunda RPUK’lar elde edilmistir. Poliol
karigimlart ve PMDI 5 saniye boyunca mekanik
karistiricida karistirillarak 30cm*30cm*Scm
Olciilerinde metal kapali kaliplara dokiilerek 5 dakika
boyunca 45°C kalip sicakliginda bekletilmistir.
Ardindan RPUK’lar kaliptan c¢ikarilarak performans
testleri i¢in uygun boyutlarda kesilmistir.



DENEYSEL SONUCLAR/TARTISMA

ESOP Sentezi ve Yap1 Analizi

ESO’nun DEG ile epoksi halka agilmasi reaksiyonu
belirli konsantrasyonlarda katalizor varliginda gesitli
sicakliklarda gerceklestirilmistir. Biyobazli poliollerin
sentezlendigi  deneysel c¢alismalar Tablo 2’de
Ozetlenmigtir.

Tablo 2. ESOP’larin sentezlenme deney kosullari

Poliol | ESO (g) | DEG (g) | H2S04 | Sicakhk
ESOP1 100 68,2 %1 95 °C
ESOP2 100 68,2 %1 60 °C
ESOP3 100 68,2 %0, 1 95 °C
ESOP4 100 68,2 20,2 95 °C
ESOP5 100 68,2 %0,3 95 °C
ESOP6 100 68,2 %0, 1 80 °C
ESOP7 100 68,2 20,3 80 °C
ESOP8 100 68,2 20,5 80 °C
Sekil  3’te  ESOP’larn FTIR  spektrumlari

gosterilmektedir. Sentezlenen ESOP1, ESOP7 ve
ESOPS igin 821 ve 833 cm! araligindaki ESO’nun
karakteristik ~ pikleri®  kaybolmustur. ESO’da
bulunmayan -O-H grubunu temsil eden ESOP1 igin
3403 cm’!, ESOP7 icin 3370 cm™' ve ESOPS i¢in3373
cm’! spektrumunda karakteristik pikler goriilmiistiir.

—————

\Varal
\ 5 [
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—— ESOP8 |
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Sekil 3. Sentezlenen ESOP’larin FTIR spektrumu

Sentezlenen biyobazli poliollerin OH sayilart ASTM-
E1899-16 standardina gore tayin edilmistir. OH sayisi
tayini sonuglari Tablo 3’te Ozetlenmistir. Sentezlenen
ESOP’larin ESO:DEG molar orani 1:6 oldugundan teorik
olarak hesaplanan OH sayis1 429 mgKOH/g’dir. Bu OH
degeri, Tablo 1°de belirtilen petrol bazli poliol
karigiminda bulunan polieter poliol yerine kullanabilmek
amaciyla belirlenmistir. OH sayis1 tayini sonucunda
ESOP7 biyobazli polioliiniin sentezlendikten sonra OH
sayisi 440,59 mgKOH/g oldugundan ve %0,3 oraninda
H,SOs igeriinden dolayr PU sentezi sirasinda ESOP7
biyobazli poliolii
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kullanilmigtir. PU reaksiyonunda ortamda bulunan
asit, izosiyanat ile reaksiyona girerek karbon monoksit
gazinin agiga c¢ikmasina neden oldugundan biyobazli
RPUK iiretiminde poliol olarak diisiik asit sayist
nedeniyle ESOP7 tercih edilmistir.

Tablo 3. ESOP’larin OH sayis1 tayini sonuglari

Poliol De“(‘;fl;eégg /;‘y‘s‘
ESOP1 418,78
ESOP5 5956
ESOP7 440,59
ESOPS8 643,5

Optimum PMDI Miktarinin Tespiti

RPUK’un temel hammaddelerinden birisi olan ve sert
segmentini olusturan PMDI’in miktarinin yanma
davranigina etkisinin tespiti amaciyla farkli OH:NCO
oranlarinda RPUK ’lar iiretilmistir. Poliol karigimlari
ile PMDI’m 1:1,6, 1:1,7, 1:1,8 ve 1:2,35 OH:NCO
oraninda reaksiyonu sonucunda RPUK’lar elde
edilmistir. Tablo 4’de firetilen RPUK’larin igerik
bilgisi yer almaktadir. Kopiik iiretimleri esnasinda
sisirici gaz olarak n-pentan kullanilmistir. Poliol
karigimlarmin (polieter poliol, poliester poliol, alev
geciktirici, katalizorler, yiizey aktif madde/silikon, su,
pentan) PMDI ile kondenzasyon polimerizasyonu
sonucunda RPUK’lar olugmusgtur.

Uretilen kopiiklere TS EN ISO 11925-2 standardina
gore tek kaynakl alev testi uygulanmistir. Kopiiklerin
test sonuglar1 Sekil 4’teki gibidir.

Sekil 4. PMDI orani farklt RPU’larin tek kaynakli
alev testi sonuglari

Kopiiklerin alev boylar karsilastirildiginda P1 20 cm,
P2 17 cm, P3 15 cm ve P4 10 cm alev boyuna sahiptir.
PMDI oranmin artmasiyla birlikte kopiiklerin alev
boylarinda azalma goriilmiistiir. Bunun nedeni
PMDI’1n aromatik yapiya sahip olmasindan dolay: PU



kopiik icerisindeki sert segmentin artmasidir. Bu
durum yanma davramiginin iyilesmesine sebep
olmaktadir. P4 kopiigiin alev boyu oldukca kisa
olmasina ragmen OH:NCO oran1 1:2,35 oldugundan
kalip icerisinde kopiigiin yayilmasi1 zayif kalmstir.
Alev boyunun 15 cm olmasi ve kalip icerisinde
kopiigiin yayilmast uygun oldugunda 1:1,8 OH:NCO
orant ile ¢aligmalara devam edilmistir.

Tablo 4. RPUK hammaddeleri

P1 P2 P3 P4

% % % %
Polieter poliol 50 50 50 50
Poliester poliol 50 50 50 50
ESOP 0 0 0 0
Alev geciktirici 15 15 15 15
Su 2 2 2 2
Katalizorler 3,5 3,5 3,5 3,5
Silikon 2 2 2 2
N-Pentane 10 10 10 10
PMDI 160 170 180 235

Biyobazhh RPUK’larin Alev Boyu Testi
Sentezlenen ESOP’lardan ESOP7°nin OH sayisi
440,59 mgKOH/g olarak elde edildigi i¢in RPUK
formiilasyonlarinda  kullanmilmustir.  P3  kopiik
formiilasyonunda polieter poliolun OH sayis1 ESOP7
ile yakin oldugu icin belirli oranlarda birbirinin
muadili olarak kullanilarak deneysel ¢aligmalar
yapilmistir. Sentezlenen kopiiklerin OH:NCO oranlart
1:1,8°dir. Yapilan ¢aligmalarin miktarlar1 Tablo 5’te
Ozetlenmigtir.
Kopiiklerin  yanma performanslar1  Sekil 5’te
gosterilmistir. Tamami ESOP igeren kopik (P9)
disindaki tiim kopiiklerin alev boyu 15 cm ¢ikmustir.
Biyobazli poliol kullaniminin yanma davranigina
olumsuz etkisi gézlemlenmemistir.

Tablo 5. Biyobazli RPUK hammaddeleri

P5 | P6 P7 P8 P9

% % % % %

Polieter poliol | 40 30 20 10 0
Poliester poliol | 50 50 50 50 50
ESOP 10 20 30 40 50
Alev geciktirici | 15 15 15 15 15
Su 2 2 2 2 2
Katalizorler 35| 3,5 3,5 3,5 3,5
Silikon 2 2 2 2 2
N-Pentane 10 10 10 10 10
PMDI 180 | 180 | 180 180 | 180
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Sekil 5. Biyobazli poliol orani farkl képﬁklerin tek
kaynakli alev testi sonuglari

Biyobazh RPUK’larin  Yogunluk ve Basing
Dayanimm

Uretilen RPUK’larin kat1 yogunluklar1 dlgiilmiis ve
basing dayanimu testi yapilmigtir. Performans testleri
sonuglar1 Tablo 6’da Ozetlenmistir. ESOP’larin
formiiller igerisinde kullanimi yogunluk ve basing
dayanimi degerlerini olumsuz etkilememistir.

Tablo 6. RPUK larin yogunluk ve basin¢ dayanimi
test sonuglari

Yogunluk Basing dayanim
RPUK (kgg/m3) (‘{V[PZ)
P3 39,16 0,185
P5 40,3 0,188
P6 39,4 0,197
P7 39,2 0,185
P8 40,4 0,186
P9 38,9 0,181
P10 40,5 0,192
P11 40,8 0,192
P12 41,2 0,197
P13 41,3 0,201

inorganik Katki Malzemesinin  Yanmazhk
Uzerindeki Etkisi

Biyobazli  polioller kullamilarak elde edilen
RPUK’larin mekanik 6zelliklerinin iyilestirilmesi ve
yangin direncglerinin artirilmasi amactyla ESOP’larin
icerisine inorganik dolgu malzemesi ilave edilerek
RPUK ’lar iiretilmistir. Dolgu malzemesi ilave edilen

RPUK’larin  formiilasyon oranlar1 Tablo 7’de
gosterilmistir.  Calismada bentonit  katkis1 ile
RPUK’larin  performans &zellikleri incelenmistir.
Kopiiklerin yanma performanslari belirli seviyede (15
cm) tutulmus olmasina karsin yogunluk ve basing

dayanimi degerleri kismen iyilesmistir (Tablo 6).



Tablo 7. Bentonit ilaveli biyobazli RPUK

hammaddeleri

P10 P11 P12 P13

% % % %

Polieter poliol 10 10 10 10
Poliester poliol 50 50 50 50
ESOP 40 40 40 40
Alev geciktirici 15 15 15 15

Su 2 2 2 2
Katalizorler 35 35 3,5 3,5

Silikon 2 2 2 2
N-Pentane 10 10 10 10
pMDI 180 180 180 180
Bentonit 2,5 5 7,5 10

GENEL SONUCLAR

Bu c¢aligmada yalitim sektoriinde yaygin olarak
kullanilan  yangin direnci yiiksek RPUK’larin
tiretilmesi amaciyla PU temel hammaddelerinden
birisi olan poliol bileseni biyobazli olarak
sentezlenmistir. Bu amagla, ESO’nun -O-H grubu
iceren DEG ile katalizor varliginda epoksi halka
acilmasi reaksiyonu gergeklestirilmistir. Elde edilen
verilere gore; belirlenen OH sayisina sahip poliol
dretimi  %0,3 H»SO4 katalizdér varliginda, 80°C
reaksiyon sicaklifi ve 6 saat reaksiyon siiresinde
gerceklesmistir. Biyobazli poliol kullanimimin %40
oranina kadar kopligiin yanma, yogunluk ve basing
dayanimi performans oOzelliklerini korudugu tespit
edilmistir. Ayrica bentonit katkisi ile biyobazh
RPUK’larin  mekanik  Ozellikleri  incelenmistir.
Bentonit ilavesi ile kdpiiklerin yanma performanslari
belirli seviyede (15 cm) tutulmus olmasina karsin
yogunluk ve basing dayanim degerleri kismen
iyilesmistir. Bitkisel kaynakli hammadde kullanim1 ve
inorganik dolgu malzemesi ilavesi ile ekonomik, ¢evre
dostu, yanma direnci ve mekanik 6zellikleri yiliksek
RPUK iiretimi gergeklestirilmistir.

SONRAKI CALISMALAR iCIN ONERILER
Sonraki dénem igerisinde, farkli inorganik katki
malzemelerinin ilavesinin RPUK’nin hiicre yapist,
mekanik Ozellikleri ve yanmazlik 6zellikleri {izerine
etkisinin ayrintili olarak incelenmesi
hedeflenmektedir. Ardindan tim sonuglar
karsilagtirilarak en uygun biyobazli ve inorganik
katkili RPUK fiiretilmesi hedeflenmektedir.
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Development of Velvet Spacer Fabric And Finishing
Technologies
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ABSTRACT

Spacer fabrics are 3-dimensional textile surfaces formed by bonding two
textile surfaces with binding threads or layers. Spacer fabrics, which can
be used as knitting, woven or nonwoven as a production technique, are
used in sectors such as automotive, aviation and construction.

The velvet spacer fabric produced within the scope of the project has a
pile structure on its surface, unlike the existing spacer fabrics. This pile
structure is aimed to provide a better sound absorption property, better
thermal resistance and better air permeability to the fabric developed, as
well as an aesthetic appearance and a good touch. In addition, the
production technique used is different from the standard spacer fabric
production techniques used today.

MATERIALS AND METHODS

The production of the developed velvet spacer fabric, 300D twisted PES
yarn was used as warp yarn, 300D centered PES yarn as weft and 300D
PES and 300 / 144D TN PES / Nylon yarn as connecting yarns were
used. As a weaving machinejacquard loom is preferred. In order to
adjust the pile size and tread pattern in between, a carcass bench was
preferred. It is used as jacquard type machine with gearbox. Because of
the high pile size, jacquard with gearbox was used instead of the existing
eccentric jacquard in order to open the pile nozzle sufficiently.

Fabric construction While the 1st pile threads are connected with the
weft threads, the 2nd and 3rd pile threads have skipped over the top
fabric, resulting in the desired curl effect. The yarns that will form the
ground fabric from the warp beam, the yarns that connect the two

ground fabrics and form the piles come from the creel.

In order to give the fabric a curl effect, a velvet loom operating according
to the jacquard opening principle was preferred. Knitting movements are
required for pattern adjustment. This knitting structure was provided by a
loom moving from jacquard.

Figure 1: Knitting structure of the developed spacer fabric
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Figure 2. The appearance and layers of the developed
spacer velvet fabric

Moisture determination, sound absorption coefficient analysis were
performed on the developed velvet spacer fabric. The results are as
below. The thickness of the fabrics are as follows. |. 4,43mm II.
4,40mm lll. It is in the form of 4.50mm. The thickness of the
developed spacer fabric is determined as 1.2 cm. Developed velvet
spacer fabric moisture determination was made according to ASTM
D2654 standard. The moisture determination of the spacer fabric
developed according to this standard was determined as 1.2%,

If the results are compared, the sound absorption coefficients of
standard spacer fabrics increase over time, while the sound
absorption coefficient of velvet spacer fabric is high even at the
beginning decibels. According to these results, the sound absorption
coefficient of velvet spacer fabric is better than normal spacer fabrics.

Table 1. Developed spacer fabricsound absorption coefficient graph

1
0,8
0,6
0,4
0,2

Table 2. Sound absorption coefficient graph of other spacer fabrics. [1]
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CONCLUSION

As a result of the tests carried out and the findings obtained, Aydin Mensucat
A.S. It has been observed that the spacer fabric, developed using its
infrastructure, is more suitable for human health than the glass wool and rock
wool used in the current construction sector. In addition, it has been observed
that it has better sound absorption coefficient and moisture permeability than
the existing spacer fabrics. It was concluded that the spacer fabric, which was
developed in the light of these findings, is more suitable for use in today's
conditions. Also as a Aydin Mensucat A.S. we patented about this project
product.
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FARKLI YAPIDAKi KUMASLARA ANTIMIKROBIYAL APRE UYGULAMASI VE ETKiNLIKLERININ
KARSILASTIRILMASI

Dr. Nisa SiPAHi%, Mehmet Ekrem AKBULUT?, Aysun YENICE2, Tugba ZENGIN?2

1 Diizce Universitesi Geleneksel ve Tamamlayici Tip Uygulama ve Arastirma Merkezi, Diizce, Tiirkiye
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OZET Kumaglarin inhibisyon Oranlari mGram (+) ®Gram (-)

Gunluk hayatin birgok yerinde tekstil materyallerden Uretilmis trtnler
bagi ¢ekmektedir. Dolayisiyla saglikli  bir yasam kalitesi
olugturulmasinda tekstil materyaller de rol oynamaktadir. Ozellikle
enfeksiyéz etmenlerden korunmada tekstil Grtinlerin énemli bir payi
bulunmaktadir. Son iki yildir yasanan covid-19 pandemi sureci
tekstilin 6nemine daha da dikkat ¢ekmistir. Bununla birlikte “tekstil
bizi salginlardan koruyabilir mi?” sorusunu da giindeme getirmistir.
Bakterilerle dolu bir gevremiz olmasi, virtslerin bakterilere tutunarak
saglimasi ve bakteri kaynakli nozokomiyal hastaliklarin son yillarda
artis gostermesi, antimikrobiyal tekstil tretiminin dnemli ihtiyaglardan
oldugunu gézler 6niine sermektedir. Bu ¢aligsmada da farkl yapidaki
kumaglara gumus ve kuarterner amonyum tuz (QAS) apre
uygulanmasi ve antimikrobiyal etkinliklerinin  karsilastiriimasi
amaglanmistir.

1. DENEYSEL CALISMA:

1.1. Malzeme:

Malzeme se¢imi yapilirken poliester ve pamuk liflerinin yapisal
farkliklarin farkli apre kimyasallari Uzerinde nasil etki edecegini
goézlemlemek amaciyla segilmistir. Segilen poliester ve  pamuk
liflerinin gramaj ve sikliklari ayni olacak sekilde numune dokumasi
gerceklestiriimisti. Numune kumas Uretimi Kuglkgallk dokuma
fabrikasinda, apre prosesleri ve fiziksel testler Kugukgallk Ar-Ge
Merkezi Laboratuvarinda gergeklestirilmistir.

Numune Numune igerigi Uretim Sekli

Kullanilan Apre Tipi

Yikama + Apre GUmus Bazh

1 Poliester

2 Poliester Yikama + Apre GUmus Bazh
3 Poliester Yikama + Apre  Tuz Bazh

4 Poliester Yikama + Apre  Tuz Bazh

5 pamuk Kasar + Apre GUmus Bazh
6 pamuk Kasar + Apre GUmus Bazh
7 pamuk Kasar + Apre Tuz Bazli

8 pamuk Kasar + Apre Tuz Bazli
1.2. Antimikrobiyal Test:

Test Laboratuvari : Duizce Universitesi Mikrobiyoloji Laboratuvari
Test Standartti  : AATCC 100

Uretilen kumaslarin antimikrobiyal etkinlikleri AATCC100 metoduyla
belirlenmistir. Kumaslar 4+0,1 cm dairesel olarak kesilmistir. Kumas
Uzerine belirtilen yogunlukta hazirlanan bakteri stspansiyonu
inokule edilerek hizlica steril su igerisinde ¢alkalanmis ve agar plak
Uzerine birakilmistir. Bu noktada bakteri kolonilerinin sayilmasi igin
NA (Nutrient agar, Merck) kati besi yeri tizerine yayma ekim yapilmis
ve 37-C'de 24 saatlik inklibasyona birakilmistir. Béylece 0. zaman
bakteri kolonileri kaydedilmistir (B). Bununla birlikte her bir kumasin
bakteriler tizerindeki inhibisyon ytizdesinin belirlenmesi i¢in kumaslar
Uzerine emdirilen bakteri kalturt ayni sartlarda inktibasyona
birakilmigtir. Ardindan 24. zamanda hizlica steril su igerisine
daldirilip ekim yapilarak tekrar inkiibe edilmis ve bakteri Uremeleri
kaydedilmistir (A). Oransal inhibisyon (R) asagidaki formul ile
belirlenmistir:

R(%) = 100 (B-A)/B

Antimikrobiyal testler 3 tekrarli olarak galigiimistir. inhibisyon oranlar
% ortalama SD olarak verilmistir. Gram pozitif ve gram negatif
bakteri i¢in ayri ayri olmak Uzere tum gruplar arasindaki inhibisyon
farki Kruskal-Wallis varyans analizi ile hesaplanmistir.
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Kumaslarin bakteriler Gzerindeki inhibisyon oranlari: Gram (+)
bakteri: S. aures, Gram (-) bakteri: K. pneumoniae. Tum bakterilerin
inhibisyon oranlari karsilastirildiginda anlamli farklilik tespit edilmigtir
(p=0,003).

Calismada test edilen tim kumaslarin gram pozitif bakterilere karsi
daha etkin oldugu gérulmustir. Bununla birlikte tum gtmis apreli
pamuk kumaslarda etkinin digerlerine oranla daha yuksek oldugu
tespit edilmistir. GimUls aprenin ise her ki kumas yapisinda da daha
fazla etkin oldugu gérilurken tuz aprenin ise poliester kumasta
pamuk olana gére daha etkin oldugu sonucuna variimistir. Gram
pozitif bakteride inhibisyon oranlari tim gruplar arasinda Kruskal-
Wallis varyans analizi ile Karsilastirildiginda anlamh fark tespit
edilmistir (p<0,01). Gram negatif bakteride inhibisyon oranlari tim
gruplar arasinda Kruskal-Wallis varyans analizi ile karsilastirildiginda
anlamli fark tespit edilmistir (p<0,01).

sekil 1. Agar tizerinde olugan kolonilerin géruntusu

SONUC

Sonug olarak bu galismada farkli yapidaki kumaslara uygulanan
antimikrobiyal  bitim islemlerinin  yuksek etkinlik gosterdigi
gorulmastir. One gikan kumas tirti pamuk apre kimyasali ise giimus
olmustur. Ancak islemlerin kalicihginin agisindan ileriki ¢aligmalarla
degerlendiriimesi gerekmektedir.

Cesitli enfeksiyon hastaliklarindaki eradikasyon veya sagdaltim
calismalarinda ve gtinimiz pandemisiyle miicadelede antimikrobiyal
tekstil sektorinin oldukga buylk bir yere sahip oldugu
unutulmamalidir. Virslerin taginiminda da rol oynayan bakterilerin
Uremesini engelleyen bu tir kumaslarin yayginlastiriimasinin ganlak
hayatin birgok yerinde saglik icin énemli avantajlar saglayacagi
dusuntlmektedir.

*Bu galisma Diizce Universitesi Bilim ve Teknoloji Dergisi'nde yayinlanmak iizere kabul almistir.
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Elektromanyetik Kalkanlama Ozellikli Seamless Kumaslarin Antibakteriyel
Ozelliklerinin incelenmesi

KOPTUR TASAN, Perinur, COREKCIOGLU, Mustafa, YILDIRIM, F. Filiz, ARAS ELIBUYUK, Sultan, DEMIR, Ozlem
Ozanteks Tekstil San ve Tic. A.S.
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OZET

Gunlik hayatta siklikla kullanilan cep telefonlari, bilgisayarlar, mikrodalga firinlar, televizyonlar, klimalar, fotokopi makineleri, baz istasyonlari,
tibbi cihazlar ve daha pek ¢ok elektrik-elektronik cihazlar ve sistemlerin olumsuz etkilerinin tekstil materyalleri ile azaltilabilmesi amaglanmistir.
Degisen yasam bigcimi ve beraberinde ortaya ¢ikan yeni kavramlar insanlarin tekstil trinlerinden beklentilerini de degistirmekte ve
¢esitlendirmektedir. Statik elektriklenmeyi 6nleyici, elektromanyetik radyasyona karsi koruyucu 6zellikte iletken 6zellikli teknik kumaglara olan
talep giderek artmaktadir!. Bu Uriinlerin tretiminde kullanilan ipliklerden biri olan glimis ipliklerin de elektromanyetik kalkanlamanin yani sira
antibakteriyel 6zellige sahip oldugu literatiirde belirtiimektedir. Bu galismada da iletken ozellikli iplikler (gtims igerikli) kullanilarak tretilen
elektomanyetik kalkanlama ozellikli seamless tekstil Grlnlerinin antibakteriyel 6zellikleri incelenmistir.

AMAGLAR

Degisen yasam kosullari ile birlikte tiketicilerin tekstil Griinlerinden
beklentileri de degismektedir. Kullanicilarin konfor ve giivenligini
olumlu yonde etkileyen fonksiyonel 6zellikli ve katma degeri yiiksek
tekstil Urtinlerine olan ilgi artmaktadir. Statik elektriklenmeyi dnleyici

elektromanyetik radyasyona karsi koruyucu ozellikte iletken
kumaslara olan talep giderek artmaktadir. Bu calisma ile
elektromanyetik  kalkanlama  6zelligine  sahip  kumaslarin

antibakteriyel etkinliklerinin olgtilmesi ile fonksiyonel ozelliklerinin
incelenmesi amaglanmaktadir.

GiRiS

Elektronik cihazlarin giinlik hayattaki yeri ve 6nemi artmistir. Cep
telefonlar, bilgisayarlar, radyo ve televizyonlar, elektronik cihazlarin
bulundugu ortamlar hayatimizin her alaninda karsimiza ¢ikmaktadir.
Genis bir alana etki eden baz istasyonlari, cep telefonlari, internet
aglar, tim canlilarin yasam kalitelerine etki edebilmektedir.
Elektromanyetik radyasyona maruz kalan insanlarda kalp atiglarinin
degisimi, biling kaybi, halsizlik gibi pek ¢ok etki ortaya
¢ikabilmektedir. Bu nedenle gevremizi kaplayan elektromanyetik
yayiminin neden oldugu zararlarin azaltiimasi gevre ve insan sagligi
acisindan son derece 6nemli hale gelmistir.

Son vyillarda gergeklesen gelismelerle insanlarin yasam tarzlarindaki
kalite standartlari 6nemli Olglude ilerleme gostererek, konfor ve
temizlik konusundaki hassasiyetler blyiik oranda artmistir. Tekstil
yuzeylerindeki uygun sicaklik araliklari ve nem sayesinde bakteriler
¢ok hizli bir sekilde gogalmaktadir. Kontrolsiiz bakteri ¢ogalmasi,
cevre ve insan sagligina zarar verirken, konfor kayiplari ve kétt koku
olusumu meydana getirmektedir. Ayrica kumas lzerinde meydana
gelebilecek renk bozulmalari, performans kayiplart ve leke
olusumlari  bakimindan da olumsuz etkiler gozlenebilir.
Antibakteriyel 6zellik kazandirilan tekstil Grlinleri bakterilerin neden
oldugu olumsuzluklar azaltmaya ve ortadan kaldirmaya yardimci
olmaktadir®.

Gumus iplik igerikli elektromanyetik kalkanlama 6zelligine sahip
kumaglarin yikama dayanimlari gok yiiksek olmadigi igin bu triinlerin
antibakteriyel 6zellikte olmasi kullanicilar igin tercih sebebi olacaktir.

DENEYSEL
Malzeme

Elektromanyetik kalkanlama 6zellikli seamless Uriinlerin Gretiminde,
gumus igerikli Frescura ve elastan iplikler kullaniimistir.

Yontem

Santoni M-8 dikissiz 6rgli makinesi ile seamless urunlerin 6rme
islemleri yapilmistir.

Seamless Uriinlerin antibakteriyel etkisi élglilmustiir. Olgiim; 1SO
20743:2013 Tekstillerde Antibakteriyel etkisinin  belirlenmesi
standardina gore yapilmistir. Bu standarda goére dort farkli bakteri
kullanilmigtir.  Bunlar; Bacillus subtilis, Staphylococcus aureus,
Escherichia coli ve Pseudomonas aeruginosa bakterileridir.

Bu kapsamda; gumis iplik igerikili elektromanyetik kalkanlama
ozellikli seamless kumaglardan 1cmxlcm olgisiinde kesilen ornekler
otoklavlanarak (121 °C, latm, 15dak) petride mevcut bakterilerin
yuzeyine birakilmis ve 37 °C’ de inkiibasyonda bekletilmistir.

DENEYSEL SONUGLAR/TARTISMA

In-house olarak gelistirilen test yontemi ile seamless urinlerin
elektromanyetik kalkanlama degerleri 6lgiilerek hesaplamalar
yapilmis ve asagidaki grafik olusturulmustur.

0,00 1
-5,00
m Poliamid (E1)
-10,00
M Ozan iletken pembe bel
korsesi
-15,00 Ozan iletken pembe bel
korsesi - 1 ylkama
20,00 Ozan iletken pembe bel
korsesi - 5 yilkama
-25,00

Sekil 1:Poliamid ve iletken iplik iceren (ozan iletken bel korsesi)
seamless Urlinlerin elektromantyetik kalkanlama degerlerinin
karsilastiriimasi

Sekil 1’de (-) yonde gorilen artig; elektromanyetik kalkanlama
ozelliginin arttigini gostermektedir.

Gumus igerikli elektromanyetik kalkanlama ozellikli seamless
urdnlerin antibakteriyel 6zellikleri 1ISO 20743:2013 standardina gore
olglilmis ve sonuglar Tablo 1’de gosterilmistir.

Tablo 1’de 37 °C’ de inkiibasyonda bekletilen kumas pargalarinin
bakteri gesitlerine gore olusturduklari zon gaplari verilmistir.
inkiibasyon sonucunda gézlemlenen her tiirlii zon olusumu driiniin
antibakteriyel oldugunu géstermektedir.

Tablo 1. Elektromanyetik kalkanlama o6zellikli seamless kumaslarin
1SO 20743:2013 standardina gore antibakteriyel test sonuglari

Bakteri Cesidi Zon Cap1 (mm)
Bacillus subtilis 25
Staphylococcus aureus 2,5
Escherichia coli 15
Pseudomonas aeruginosa 2
GENEL SONUCLAR

Calisma sonuglari incelendiginde elektromanyetik kalkanlama
ozellikli  seamless kumaslarin 4 farkli bakteri tiriine karsi
antibakteriyel 6zellikte oldugu gozlemlenmistir (Tablo 1).
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Ozet

Otomobilde klima fonksiyonu, artik otomobillerin segmeli 6zellikleri arasindan gikip, standart 6zellikler iginde yerini almistir. Otomobilin genel klimasi
surlict igin yeterli olmamaktadir. Bu sistemlerde siirlicii ve yolcularin sadece 6n tarafi (g6gsli), soumaya veya Isinmaya baslamaktadir. Dolayisiyla
govdenin 6nl ve arkasi arasinda sicaklik farki olustugu igin bu durum birgok kisinin hastalanmasina veya konforsuz hissetmesine yol agmaktadir.
Otomobilin sogumasi, belli bir zamani almakta ve eger otomobilde 4'ten daha az kisi varsa, diger alanlar da gereksiz yere sogutulmaktadir. Bu hem
zaman kaybi hem de fazladan enerji harcanmasi anlamina gelmektedir. Bu sebeple otomobil igerisinde klima fonksiyonuna sahip koltuklarin Gretimi
giderek artis gostermektedir. Bu sistemlerde konfor katmani olarak havanin gegisinin de saglanabilmesi igin belirli alanda yuvarlak deliklere sahip stinger
yapilari kullanilmaktadir. Bu yapilarin alt kisminda ise havanin daha iyi dagiliminin saglanmasi igin yiiksek hava gegirgenligine sahip disiik emisyonlu
¢0Ozglili 6rme yapilari entegre edilmektedir. Bu galismada, 3-boyutlu ¢ozgllli 6rme kumaslarin tretimi ile koltuk konstriksiyonuna goére farkl yapilarda
olan stinger kesimi gergeklestirilmistir. Bu yapilar igin laminasyona uygun OEM (Original Equipment Manufacturer) onayh polieter siinger kullaniimis ve
distik emisyon degerlerine sahip yapiskan ile bu siingere 3-boyutlu ¢ozglli 6rme kumaslar lamine edilmistir. Ayrica koltuk konstriiksiyonuna yerlesim
sirasinda stingerlerin ylizey yapisi sebebi ile stingerlerin hareketleri kisitl oldugu igin diger diisiik gramajli spunlace dokusuz yapilar lamine edilmistir.

Anahtar Kelimeler: Spacer kumas, 3-boyutlu kumas, ¢6zguli 6rme, otomotiv komponenti

Giris

Tasimacilik teknik tekstilleri; kara, deniz ve hava gibi tasima araglari igin
tretilen ve kullanilan teknik tekstillerdir. Teknik tekstiller icerisinde
yaklasik %22’lik pay ile diger teknik tekstil alanlarina gére daha yiiksek
bir paya sahiptir. Araglar igerisinde guvenlik, izolasyon, filtreleme ve
estetik uygulamalarin disinda konfor 6zelligi de saglamaktadir?.

Bu ¢alisma ile yiiksek hava gegirgenligine sahip 3-boyutlu ¢6zgilii 6rme
yapilarinin kullaniimasiyla klimali koltuk sistemlerinde lretimde zaman
kaybinin énlenmesi ve ekonomik bir ¢é6zim sunulmasi amaglanmistir.
Ayrica, otomotiv koltuklarinda daha konforlu bir sistem olusturulmasi,
koltuk uretim sisteminde Uretim veriminin artirilmasi ve kullanim
esnasinda enerji tasarrufu saglanmasi planlanmistir.

3-Boyutlu Kumas Yapilan

3-boyutlu ¢ozguli 6rme kumaslar iki ayri kumas katmaninin iplikler
vasitasiyla birbirine baglanmasi sonucunda elde edilmektedir. Kumas
katmanlari, birbirinden farkli konstriiksiyona veya hammaddeye sahip
olabilir. Her iki kumas katmani arasinda baglanti iplikleri bulunabilir
veya baglanti iplikleri beslenmeyerek bosluklar olusturulabilir. Cozgilu
orme kumaslarin en bilinen karakteristik ozelligi, ylksek hava
gecirgenligi, tizerine uygulanan basinci dagitabilme ve farkl kalinliklarda
tretilebilmesidir. Son kullanim alanina bagli olarak ¢6zgult 6rme kumas
yluzeyleri, iki ylUzeyi agik, bir ylzeyi agik bir ylzeyi kapali veya iki ylzeyi
kapali olarak lretilebilmektedir2.

Dis ylizey
Monofilament
Baglayict iplik

Dis ylizey

Sekil 1. 3-boyutlu ¢ozgtilti 6rme kumas yapisi

Bu c¢alisma kapsaminda otomotiv klimali koltuk sistemlerinde
kullanilmak tizere 3-boyutlu ¢6zgilli 6rme kumas ve siinger komponent
tasarimi yapilmigtir.

Deneysel

Calisma kapsaminda kumaslarin 6n ve arka ylizeyleri olusturacak iplikler
600 Denye 36 filament ve 1080 Denye 72 filament %100 poliesterdir.
Ara baglanti monofilamentleri olarak 0,27 ve 0,24 mm kalinliginda %100
poliester kullanilarak farkli konstriksiyonlara sahip 3-boyutlu ¢ézgull
orme kumaslar Uretilmistir. Komponentin gelistirilmesi calismalari
kapsaminda; stinger yapisina sahip koltuklarda siingerin yerlesimi ve
kaymanin o6nlenmesi amaciyla Ust katmanlarda spunlace dokusuz
ylzeyler, yapilara lamine edilmektedir. Bu sebeple VDA 277 standardina
gbre <250 ppm ve FMVSS 302 yanma standardina gére <100mm/dk
degerinden daha diisiik, otomotivde kullanima uygun spunlace dokusuz
ytzey kullanilmistir. Laminasyon islemi flatbed laminasyon hattinda
gergeklestirilecegi icin singerde kullanima uygun disuk gramajli
(10g/m2) co-PA web yapiskan kullaniimistir. Ayrica, siinger ile 3-boyutlu
¢Ozglili 6rme kumaslarin yapistirilmasi igin, DIN EN ISO 16000 ugucu
organik komponent standardina goére limit degerlere uygun su bazl bir
yapiskan kullaniimistir. Kumaslarin hava gecirgenlik ozellikleri DIN EN
ISO 9237 standardina gore, sikistirilabilirlik testleri DIN EN I1SO 3386-1
standardina gore, kalinlik tayinleri DIN EN ISO 5084 standardina gore ve
yanma davraniglari FMVSS 302 standardina gore yapilmistir.

Sonuglar ve Tartisma

Fan sistemine sahip otomotiv koltuklarinda sikistirilabilirlik ve hava
gegirgenligi  6nemli  Ozelliklerdendir. Proje kapsaminda bazi
parametrelerin bu ozellikler Gzerindeki etkisini incelemek amaciyla
cesitli kombinasyon denemeleri gergeklestirilmistir. Gelistirilen tim 3-
boyutlu kumas yapilarinin test sonuglari Tablo 1’de gorilmektedir.

Tablo 1. 3-boyutlu ¢6zgiilii 6rme kumaslarin test sonuglari

Kumas Kodu ((;grj::f)j S|k|§t(|krs:)ilirlik Gegli-irag\:eiligi

(I/dm?2/dk)
1 (Tam dolu) 530 12 5592
2 (Tam dolu) 420 8,5 6085
3 (Tam dolu) 470 10 5402
:@:ﬁﬂ;’g')amem 450 10 5895
5 (Tam dolu) 530 13 5928
6 (Tam dolu) 500 9 6137

Calisma kapsaminda 1, 2, 3 ve 4 nolu numuneler ayni 6rgi raporunda
olacak sekilde farkli ilmek sikliklari ve monofilament kalinliklarinda
uretilirken; 5 ve 6 nolu numuneler dnceki dért numuneden daha ylksek
ilmek sikliginda ancak daha ince monofilament iplikler ile dretilmistir. 6
nolu kumasin oOrgl raporu 5 nolu kumasa gore yarim rapor
kaydirilmistir. Bu sayede kumasin 6n ve arka yuzeyleri arasinda gézenek
farki yaratilmistir. Boylece parametrelerin gesitli kombinasyonlari
yapilarak ilmek sikliginin, monofilament kalinliginin ve monofilament
eksiltme yonteminin kumaslarin hava gegirgenlik ve sikistirilabilirlik
ozelliklerine olan etkisi incelenmistir.

Sonuglara gore monofilamentler inceldikge hava gegirgenlik degerinin
arttigi  ancak sikistirabilirlik  degerinin  azaldigi  gérilmektedir.
Monofilament baglanti sayisi azaltilinca hava gegirgenligi degerinin
arttig1 ancak sikistirilabilirlik degerinin etkilenmedigi gérilmustir. Tablo
1’deki sonuglara gore; oldukga yiiksek sikistirilabilirlik degeri ve yeterli
hava gegirgenligine sahip yapinin 5 nolu kumas yapisi oldugu
gorilmektedir. Bu nedenle, 5 nolu kumasin temel yapi olarak
belirlenmesi ve komponent gelistirilmesi asamasinda bu yapi Gizerinden
ilerlenmesine karar verilmistir. Elde edilen spunlace dokusuz yilzey
lamineli kesilmis stinger yapilari elle sprey yontemiyle su bazli yapiskan
kullanilarak spacer yapilara yapistirilmis ve boylelikle aktif
havalandirma sistemine sahip koltuk komponenti elde edilmistir. Elde
edilen komponentin VDA 277 emisyon testi sonuglari incelendiginde; 10
mm stinger kullanilan komponentte 20,17 pg/g ve 15 mm kalinhiginda
stinger kullanilan komponentte ise 23,10 ug/g emisyon degeri ile
gereklilikleri sagladig gorulmustur.

Yapilan galismalar sonucunda yiiksek hava gegirgenligine ve klima
sistemine sahip arag koltuklarinda kullanilmak tGzere 10mm kalinliginda
3-boyutlu bir ¢ozguli 6rme kumas yapisi ve koltuk komponenti
gelistirilmistir. Bu sayede koltuk klima sistemindeki verim artirilarak
daha ekonomik bir ¢ozim saglanmistir. Ayrica s6z konusu
komponenetlerin retimi igin gerekli olan laminasyon parametreleri
belirlenmistir. Biyobozunur lifler kullanilarak (retilecek 3-boyutlu
kumaslar ile daha hafif ve sirdirilebilir arag komponentleri
gelistirilmesinin miimkiin olabilecegi bu galisma ile gosterilmistir.
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Artekya Teknoloji Limited Sirketi’nin temelleri, 2005 yilinda NanoFiber Membranes Group (Nano FMQG) ¢alisma
grubunun Istanbul Teknik Universitesi laboratuvarinda, nano teknoloji iizerine yapmis oldugu Ar-Ge calismalari
esnasinda atilmustir.

Artekya grubu siireg icerisinde Sanayi Bakanlig1 ve Tubitak tarafindan destek gormiis, bircok Ar-Ge projesinde basarili
sonuglar elde etmis ve bu projeleri hemen hemen tiim alanlarda yenilikgi {iriinlere ¢evirmistir

Nasiol, 2005 yilindan bu yana Tiirkiye’de Ar-Ge Onciisii olan Artekya Teknoloji sirket ortakligina ait nano teknoloji
markasidir.

50°den fazla calisani ile kendi tesislerinde, kendi uzman Ar-Ge miihendisleri ile nano kaplama {iriinleri iiretmekte ve
gelistirmektedir.

NASIOL endiistriyel satig siireclerinde miisterisine her anlamda destek verir ve onlara bir ¢dziim ortagi olarak yaklagir:

+  Uriin egitimi

*  Pazarlama destegi

*  Teknik destek

*  Problem ¢oziimii

*  AR&GE - UR&GE destegi ve ortak proje gelistirme
*  Yeni Uriin gelistirme

*  Numune saglama

NASIOL’1in nanoteknolojik fonksiyonel yiizey kaplamalarinin islevlerinden bazilar1 sunlardir:

»  Seffaf ve nefes alabilen nano koruma

*  Geg kontaminasyon ve kolay temizlenebilirlik

* UV ve kiimyasallara kars1 direng

*  Cizilme direnci

*  Pas/Korozyon direnci

*  Anti-grafiti

*  Yiizeyin orijinal gériiniimiinii ve dokunusunu korumak

*  Yiizeyin/liriinlin 6mriiniin uzatma

*  Temizlik i¢in harcanan zaman, enerji, su ve paradan tasarruf
*  Yenileme

*  Renk transferini 6nleme

»  Sirtiinmeyi azaltma

*  Yiizeyde biyolojik gelisimi 6nleme (viriis/bakteri kiif/yosun vb.)

Cam, metal, tekstil, seramik, ahsap ve daha bir¢ok yiizey icin {iriinler gelistirmenin yani1 sira, Nasiol endiistriyel iiriinleri
tekstilden turizme, cam-seramik sanayisinden, ulasim sektoriine kadar ¢esitli alanlarda faaliyet gdsteren firmalara inovatif
¢Oziimler sunmaktadir.



Veritas Tekstil, Ege bolgesinde Ege pamugu ile iinlii Denizli kentinde yaratici bir kadro tarafindan kurulmustur. Uzman
calisanlar ile havlu, bornoz, nevresim, ev tekstili {izerine faaliyet gosteren bir firmadir. Pazar ihtiyaglarina gore
yapilandirilabilen {iretim hattiyla genis {iriin yelpazesi sunabilmektedir. Calisma felsefesi; Arzu edilen yiiksek kaliteyi
inovasyon igeren triinleriyle zamaninda ve kusursuz bir servis sunabilmektir. Bu felsefe Veritas Tekstil i yeniliklerin ve
kalitenin adresi haline getirmistir. Ihracatta ilk 500 firma arasinda yer almaktadir. 850 calisani ile ihracatinin %90 m
Amerika ya gergeklestirmektedir. Veritas Tekstil in Hamam markasi1 Turquality kapsamindaki ilk tekstil markasidir.
Hamam markasi ile 40 ilkede 300 satis noktasi mevcuttur. Yillardir yiiriittiigii projeler ile Ar-Ge ruhunu 6ziimseyen
Veritas Tekstil, 2018 yilinda, Sanayi ve Teknoloji Bakanlig1 onayi ile Ar-Ge merkezi unvanini almistir. Cirosunun %2
sini Ar-Ge giderleri olarak ayrilmaktadir. Farkli bilim dallarinda yetismis Ar-Ge kadrosu ile inovasyon igeren iiriinler
yaratmaktadir. Universite, Sanayi ve Ar-Ge bileskesinde sektdre yenilikgi ve tasarim igeren iiriinler sunmaktadir.
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Kurucu Osman Nuri Ugurlu’nun 1965 yilinda Babadag’daki evinde el tezgahinda tiretime baslamasiyla temelleri
atilan ve Denizli tekstil sektoriiniin dnde gelen sirketlerinden biri olan Ugurlular Tekstil, 60.000 metrekarelik arsa
iizerinde 40.000 metrekarelik kapali alanda 500’e yakin ¢alisani, 55 yili askin tecriibesi ile GHOST MANAGEMENT
SYSTEM, CLARA ve SOFTTWIST markalarinin sahibi olarak bugiin; Open-End isletmesinde giinliik 40 ton ve 8.100
rotor kapasiteyle 6/1-40/1 Ne araliginda %100 pamuk, organik pamuk, BCI pamuk ile dokuma ve 6rme ipliklerin
iretimini gerceklestirmektedir. Ring isletmesinde ise giinliik 20 ton ve 25.2000 ig kapasitesiyle 6/1-24/1 Ne araliginda
%100 pamuk ve organik pamuk, BCI pamuk ve karigimli elyaflardan; karde, penye dokuma ve triko ipliklerinin tiretimi
gerceklestirmektedir. Ayni zamanda sirospun, corespun, hardcore ve dualcore yontemlerini de kullanabilmekte ve tim

ipliklere flam efekti uygulayabilmektedir.

Her daim tekstil alaninda degisen ihtiyaglara uygun, 360 derece kalite standartlarinda ve maksimum kapasitede
hizmet sunarak ulusal ve uluslararas1 diizeyde marka hedeflerini en {ist seviyeye ¢ikarmak amaciyla ¢caligmalarina devam
eden Ugurlular; 2022 ikinci yarisinda faaliyete gecirmeyi planladiklar: 58.000 ig kapasiteli, tiim iiretim siiregleri Endiistri
4.0 destekli yeni yatirimlariyla giinliik iplik iiretim kapasitesini 110 tona ¢ikararak 6/1-100/1 Ne araliginda kompakt iplik,
6/1-60/1 Ne araliginda karigimli iplik iiretimi yapabilecektir. Ayrica tiim {iretim siireclerinde insana ve gevreye saygiy1
temel ilke olarak benimseyen ve siirdiiriilebilir biiyiime odakli Ugurlular Tekstil, 2015 yilindan beri Ring ve Open-End
isletmelerinin gatis1 iizerine konumlandirdig1 giines panelleriyle kendi temiz enerjisini tiretebilmektedir. Yeni fabrikanin

elektrik ihtiyacinin %60°1 da gatiya yerlestirilen giines panelleri ile saglanabilecektir.

2020 yilinda Tiirkiye’nin en biiytlik ikinci 500 Sanayi Kurulusu arasinda yer alan Ugurlular Tekstil’in ulastig1 bu
basarinin arkasinda; kurum kiiltiirii haline doniistiiriilen sosyal sorumluluk anlayisi ve insana yatirima dnem veren
yonetim politikasi ile arastirmaci, yaratici ve inovatif yatirim odakli yaklasimi, ¢cevreye duyarli, bilgi ve teknoloji cagina
uygun alt yapisi, kosulsuz miisteri memnuniyeti ve uzun siireli tedarikg¢i is birligi anlayisi ile iretken ve stratejik bakis

acisina sahip teknik/yonetim kadrosu yer almaktadir.



Bossa Ticaret ve Sanayi isletmeleri T.A.S /ADANA

Bossa, 1951 yilinda Adana’da kurulmustur ve giiniimiizde Tiirkiye nin Denim ve Spor giyim alaninda en biiyiik entegre
tekstil kuruluslarindandir.

Ana Uretim Noktalarinda aylhik kapasite;--1.620 Ton / Ay Ring Iplik--108 Ton / Ay Open - End Iplik--4.350.000 mt / Ay
Ham Kumas--4.000.000 mt / Ay Mamiil Kumastir.

Tiirk tekstilini aldig1 Turquality sertifikasiyla yurtdisinda da temsil etmektedir.

30 iilkede temsilciligi bulunmakta ve pazarinin % 65-70’ini Avrupa Birligi Ulkeleri ve ABD olusturmaktadir.

Bossa Brand Finance’1n son arastirmasi sonucunda, Tiirkiye’nin en degerli 100 markas: arasinda yer almis ve “A” marka
derecesiyle kumas tiretiminde faaliyet gosteren en degerli marka olmay1 2021 yilinda da siirdiirmiistiir.

Bossa, 2006 yilinda tamamen ekolojik RESET koleksiyonunu baslatti.

REEMAIN :(Kaynak ve Enerji Verimli Uretim), AVRUPA BIRLIGI tarafindan desteklenen bir projedir. Diinyada bu
projenin uygulamaya konuldugu sadece {i¢ gosterim fabrikasi mevcuttur, BOSSA TAS bunlardan biri ve Tiirkiye'de tektir.
R-PET: Bossa,hazir giyim pazarinda birincil hammadde olarak plastik siselerin geri doniistiiriilmesi yoluyla elde edilen
ve halkin ¢evre bilincini arttiran r-Pet lifleri ile %100 geri doniistiiriilmiis bir kumas gelistirdi. Diinyadaki tekstil
sirketlerinden hicbiri heniiz bu basariya ulasamadi. BOSSA, denim pazarina yeni siirdiiriilebilir iiriinler sunmaya gururla
devam ediyor.

Kojenerasyon sistemi ve 46000 m2 gat1 alanina yerlestirilen Giines enerjisi sitemi (GES) bulunmaktadir. Bossa bu iki
yatirim sonucunda toplam enerji ihtiyacinin %50'sini kendisi tiretmektedir.

Sosyal Sorumluluk Ilkeleri: Ortalama 1500 galisan1 bulunan Bossa tekstil iiriinlerinin insana ve dogaya kars1 duyarh
tiretilmesi politikasini benimseyen Bossa, GOTS (Global Organik Teksnl Standardi), OCS (Organik Content Standard),
GRS (Global Recycled Standard) ,Cotton Made in Africa, Enerji yonetim sistemi, Cevre YOnetim sistemi sertifikalarina
Ocko-Tex Standard: ,Sifir Atik belgesine sahiptir.

Bossa Neden Tercih ediliyor?

Yiiksek Kaliteli ve Inovatif Uriin Kompozisyonu,Dinamik Moda Tedarikgisi,Miisteri Odakli ve Hizh
Hizmet,Koleksiyon Zenginligi ve Genis Renk Skalasi,Trend Belirlemede Biiyiikk Rol Almasi,Etkin Fiyat
Politikasi,Yaygin ~ Pazarlama  Agi,Sosyal  Sorumluluk  Sahibi  Olmasi,Sirdirilebilirlige  Verdigi
Onem, Miisterilerimiz yukarida belirtilen 6zellik, giic ve sorumluluk ile iiriinleri nihai tiiketiciye ulastirma firsati
bularak pazarda giiclii, rekabet¢i ve takip edilen firma 6zelligine sahip olmaktadir. Bu nedenle diinyanin 6nde
gelen marka ve tasarimcilarin en giiglii ve giivenilir ig ortagi konumundadir.

Bossa Ar-Ge Merkezi:

Siirdiiriilebilirlik adina ¢calismalar hedefleyen Bossa Ar-Ge Merkezi; akademi-sanayi, sanayi-sanayi,2244 Sanayi-Doktora
programi, Bilimsel aragtirma projesi(BAP) ve uluslararasi proje is birlikleri yapmaktadir. Suan 3 onaylanmis Teydeb 1501
projesi, 1 BAP projesi , 1 tane 2244 Sanayi-doktora projesi ve 1 tane de uluslarasi proje devam eden projeler arasinda
bulunmaktadir. Daha 6nceki yillarda oldugu gibi fikri haklar konusunda proje bazli patent bagvurulari, sozli ve yazil
yayinlar gerceklestirmistir. Ar-Ge merkezi oldugu giinden bu yana toplamda 27 patent basvurusu,5 tasarim ve ulusal ve
uluslararasi olmak {izere toplamda 15 yayin1 bulunmaktadir.

Doga ve cevrenin kazanabilmesi icin Ar-Ge Projelerinin %90 nda su,enerji,kimyasal ve zaman tasarrufuna yonelik
projelere 6nem verilmistir.



HOLDING

R7=COC=LL R kara
KARAFIBER TEKSTIL

& 1989 yilinda %100 yerli sermaye ile Gaziantep’te kuruldu. 275.000 metrekare kapali
alanda tretim yapilmaktadir. 5 farkli sektorde, 16 1sletme sayisiyla giinlik 350 fon iretim
kapasitesine sahiptir. 2000°den fazla nitelikli ¢alisan sayisi ile
o Elyaf (Ecocell/Lyocell), Iplik (Ring, Rotor, Vorteks), Orgii ve Boyahaneden olusan tam

entegre tekstil tesisi,
o Nonwoven (Airlaid ve Spunlace),
o POF ve Streg Film,
o Enerji sektorlerinde hizmet veren lider firmalar arasindadir.
% lhracat yaptigimiz iilkeler basta Ingiltere, Italya, Amerika olmak iizere Avrupa’dan
Afrika’ya, Amerika’dan Uzak Dogu’ya dinyanin birgok noktasina driinlerimizi

sunmaktadir.

% ECOCELL marka adiyla, Tiirkiye'nin ilk ve tek Lyocell elyaf iireticisidir. Ik agama iiretim
hedefi 25.000 ton/y11 2022 yil1 hedefi 50.000 ton/y1l.

Forest

Soft Smooth  Keeps Color Moisture
Bright Absorber

Wrinkle Biodegradable
Resistant

¢ Karafiber Tekstil Ar-Ge Merkezi 23.02.2018 tarihinde Sanayi ve Teknoloji bakanliginin
izni ile kurulan, 26 arastirmacisiyla, 25’ten fazla projesiyle (TUBITAK ve HORIZON
dahil) faaliyetlerini yiiriitmektedir.

Karafiber  PRKarafiber @ KARWERB  rowoes R Karaplast
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KFS Sentetik Sanayi ve Ticaret A.S.

KFS Sentetik, Kiiclik¢alik Grubu tarafindan Pazar ihtiyaglarini en aza indirmek ve yeni bir Pazar olusturabilmek amaciyla
2016 yilinda Sakarya/Hendek 2. Organize Sanayi Bolgesinde faaliyete alinmigtir. Firmamiz 37,437 m?'lik kapali alaninda,
i¢ ve dig pazar taleplerine gore son teknoloji makineleriyle uluslararas: standartlara uygun polyester iplik iiretimi
yapmaktadir. Ayda 2000 tonu asan iretiminde; POY, FDY, tekstiire, motheryarn ve bikomponent iiretimleri
yapilmaktadir.

Spinning isletmesi biinyesinde polimerin (PET, Lowmelt PET, Lowmelt PBT, PBT, PTT, PA6 vb. cips) filament ipligine
doniistiiriildiigii bes ana kat bulundurmaktadir. isletmede toplam 60 ton/giin kapasiteli olmak iizere farkl1 6zelliklere sahip
23 adet makine bulunmaktadir. Yapilacak olan yeni yatirimlar ile 2023 yilinin sonunda 120 ton/giin kapasiteye
ulagilacaktir.

Tekstiire igletmesi, spinning isletmesinden ¢ikan ipligin dogal liflerdeki gibi hacimlendirildigi ve kivirciklandirildig: bir
{initedir. Isletmede toplam 25 ton/giin kapasiteli 7 adet tekstiire makinesi bulunmaktadir. Yapilacak olan yeni yatirimlar
ile 2023 yilinin sonunda 10 makine ve 35 ton/giin kapasiteye ulasilacaktir.

Spinning isletmesinde iiretilen {iriinler;

e FDY ve POY iplikler

e  Motheryarn iplikler

e Bikomponent iplikler
1. Side by Side: Kendiliginden kivrimlanir. iki polimer arasindaki biiziilme farkliligindan yararlanilir.
2. Sheath&Core: Diisiik erime noktasina sahip ipliktir. Genellikle zebra storlarin yapiminda kullanilir.
3. Segmented Pie: Mikrofilament, ultra yumusaklik ve yiiksek emicilik 6zelliklerine sahip ipliktir.

Tekstiire isletmesinde tiretilen tiriinler;
* 20 denyeden 600 denyeye kadar {iretim
*  Tam mat-yar1 mat-siiper parlak tekstiire iplik
*  Mikrofilamanl: tekstiire iplik
*  Alev geciktirici (FR) tekstiire iplik
»  Eriyikten boyali (dopedyed) tekstiire iplik
*  Puntali-Puntasiz tekstiire iplik
*  ASG, Nontorque, Low torque tekstiire iplik
»  Streg tekstiire iplik
*  Elastanh tekstiire iplik
*  Bikomponent tekstiire iplik

+  Ogzel kesitli tekstiire iplik

Firmamizin iiretim standartlarini olusturan sahip oldugumuz belgeler, Global Recycled Standard (GRS), OEKO-TEX ve
ISO 50001 seklindedir.



MOGUL HAKKINDA

Mogul, 1997 yilinda nonwoven ve kompozit iiriinler liretmek ve pazarlamak i¢in kurulan, bir sirkettir. Asagidaki ¢ok
cesitli dokusuz-orgiisiiz kumaslar ve kompozitleri miigterilerine sunar:

o Madaline (iki bilesenli bikomponent mikrofilament)
o Spunlace (Paralel ve Capraz Serim)
o Polipropilen Spunbond
o Polyester Spunbond (Mono-PET )

* Round (Yuvarlak) ya da Trilobal gekilli filamentlerle diiz (flat) kumas

* Round (Yuvarlak) ya da Trilobal gekilli filamentlerle point (nokta) baglamali kumas
o Bikomponent (PET/CoPet)

* Round (Yuvarlak) ya da Trilobal sekilli filamentlerle diiz (flat) baglamali
o Meltblown - SM, SMS, MMM
o Dokusuz-orgiisiiz kumaglardan ve diger kompozitlerden yapilmis kumaslar
o Ekstriizyon kaplama kumaslar

Hava ve sivi filtrasyonu, 1slak (mendil) ve kuru temizlik bezi, otomotiv, insaat ve ¢ati, endiistriyel temizlik (yag
emiciler), kaplama tastyici astar, mobilya-yatak, paketleme, peyzaj, tarim, hijyen & medikal, giysi, is elbisesi kumas
verilen baslica pazarlardir.

iki adet paralel spunlace hatt1 (3.2 metre eninde)

Bir adet ¢apraz spunlace hatti (3.2 metre eninde)

Dort adet PP spunbond hatt1 (1.6, 2.2, 2.5, 3.2 metre eninde)
iki adet Monopet PET Spunbond hatt1 (3.2 metre eninde)

Bir adet Bicomponent PET Spunbond hatti (3.65 metre eninde)
Bir adet Mikrofilament hibrid hatt1 (3.0 metre eninde)

Alt1 adet Meltblown hatt1 (1.6 metre eninde)

Diger yandan Mogul; ekstriizyon kaplama hatt1, genis zirai ortiiler i¢in genis en birlestirme (welding) hatti, ¢evresel ve
endiistriyel emici tirlinler tiretmek i¢in konfeksiyon tesisine sahiptir.

Mogul, Tiirkiye’de Spunbond, Meltblown ve SMS {iiretimine baslayan ilk firma olmustur. Kapasitesinin biiyiik bir
kismin1 global bazda 4 kitada 56 iilkeye ihra¢ etmektedir. Sirket hem ihracat satiglar1 hem de toplam ciro agisindan
Tirkiye’nin ilk 500 sirketi arasinda yer almaktadir.

Sirket, INDA tarafindan 2001 ve 2016 yillarinda iki kez “’Girisimcilik’” kategorisinde 6diile layik gorilmistiir.
Nonwoven Industry Magazine tarafindan diizenlenen arastirmaya gére diinyanm ILK 40 nonwoven iireticisi arasinda
yer almaktadir. Mogul, 1998 yilinda EDANA’nin (Avrupa Nonwoven ve Tek Kullanimlik Malzemeler Denegi)
Tiirkiye’den ilk iiyesi olmustur ve su anda Edana disinda INDA (Kuzey Amerika Nonwoven ve Tek Kullanimlik
Malzemeler Denegi) ve ANFA (Asya Nonwoven Kumas Dernegi) iiyesidir.
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