D

e- ISSN:2458-7575

Bilecik Seyh Edebali Un1vers1t‘

Fen Bilimleri De

Bilecik Seyh Edebali University
Journal of Science

@O



BILECIK SEYH EDEBALI UNIVERSITESI FEN BILIMLERI DERGISI

BILECIK SEYH EDEBALI UNIVERSITY JOURNAL OF SCIENCE
ISSN 2458-7575

Cilt 11, Say: 2, 2024 / Valume 11, Number 2, 2024

Sahibi / Publisher
Prof. Dr. Zafer Assm KAPLANCIKLI (Rektor / Rector)

Bas Editor / Editor in Chief
Prof. Dr. Murat ALANYALIOGLU (Enstitii Miidiirii / Institute Director)

Editorler / Editors
Dog. Dr. Adem SARIHAN
Dog. Dr. Serpil MENTESE

Sekretarya / Secretariat
Ars. Gor. Damla KILIC ERIKGENOGLU
Ars. Gor. Ezgi GULER
Ars. Gor. Kadriye Nurdanay OZTURK

Dil Editorii / Language Editor
Ogr. Gor. Dr. Ayca BAKINER

Alan Editorleri / Field Editors

Prof. Dr. Burak DIKICI (burakdikici@gmail.com)
Makine Miihendisligi Boliimii, Mithendislik Fakiiltesi, Atatiirk Universitesi

Prof. Dr. Osman Zeki OKUYUCU (osman.okuyucu@bilecik.edu.tr)
Matematik Boliimii, Fen Fakiiltesi, Bilecik Seyh Edebali Universitesi

Prof. Dr. Tuba YURDAKADIM (tugba.yurdakadim@bilecik.edu.tr)
Matematik Boliimii, Fen Fakiiltesi, Bilecik Seyh Edebali Universitesi

Prof. Dr. Ugur YUZGEC (ugur.yuzgec@bilecik.edu.tr)
Bilgisayar Miihendisligi Boliimii, Miihendislik Fakiiltesi, Bilecik Seyh Edebali Universitesi

Prof. Dr. Ulkiiye Dudu GUL (ulkuyedudu.gul@bilecik.edu.tr)
Biyomiihendislik Boliimii, Miihendislik Fakiiltesi, Bilecik Seyh Edebali Universitesi



mailto:tugba.yurdakadim@bilecik.edu.tr
mailto:ugur.yuzgec@bilecik.edu.tr

BILECIK SEYH EDEBALI UNIVERSITESI FEN BILIMLERI DERGISI

BILECIK SEYH EDEBALI UNIVERSITY JOURNAL OF SCIENCE
Cilt 11, Say: 2, 2024 / Valume 11, Number 2, 2024 ISSN 2458-7575

Alan Editorleri / Field Editors

Dog. Dr. Fatih APAYDIN (fatih.apaydin@bilecik.edu.tr)
Metalurji ve Malzeme Miihendisligi Béliimii, Miihendislik Fakiiltesi, Bilecik Seyh Edebali Universitesi

Dog. Dr. Rafig GURBANOV (rafig.gurbanov@bilecik.edu.tr)
Biyomiihendislik Boliimii, Miihendislik Fakiiltesi, Bilecik Seyh Edebali Universitesi

Dog. Dr. Senay BALBAY (senay.balbay@bilecik.edu.tr) )
Cevre Koruma Teknolojileri Boliimii, Meslek Yiiksekokulu, Bilecik Seyh Edebali Universitesi

Dr. Ogr. Uyesi Eralp SENER (eralp.sener@Dbilecik.edu.tr) )
Elektronik ve Otomasyon Boliimii, Meslek Yiiksekokulu, Bilecik Seyh Edebali Universitesi

Dr. Ogr. Uyesi Meryem GOKTAS (meryem.goktas@Dbilecik.edu.tr)
Makine ve Metal Teknolojileri, Meslek Yiiksekokulu, Bilecik Seyh Edebali Universitesi

Dr. Ogr. Uyesi Musa OZKAN (musa.ozkan@bilecik.edu.tr) )
Makine Mithendisligi Boliimii, Mithendislik Fakiiltesi, Bilecik Seyh Edebali Universitesi



mailto:fatih.apaydin@bilecik.edu.tr
mailto:meryem.goktas@bilecik.edu.tr
mailto:musa.ozkan@bilecik.edu.tr

BILECIK SEYH EDEBALI UNIVERSITESI FEN BILIMLERI DERGISI

BILECIK SEYH EDEBALI UNIVERSITY JOURNAL OF SCIENCE
Cilt 11, Sayr 2, 2024 / Valume 11, Number 2, 2024 ISSN 2458-7575

D

SAHIBI / PUBLISHER
Bilecik Seyh Edebali Universitesi adina Rektor Prof. Dr. Zafer Asim KAPLANCIKLI
Prof. Dr. Zafer Asim KAPLANCIKLI (Rector) on behalf of Bilecik Seyh Edebali University

BAS EDITOR / EDITOR-IN-CHIEF
Prof. Dr. Murat ALANYALIOGLU
Bilecik Seyh Edebali Universitesi, Lisansiistii Egitim Enstitiisii, 11230 Bilecik, Tiirkiye
Bilecik Seyh Edebali University, School of Graduate Studies, 11230 Bilecik, Turkey
Telefon/Phone: +90228 2141130 Faks /Fax: +90228 2141132
E-posta/E-mail: murat.alanyalioglu@bilecik.edu.tr

iletisim Bilgileri / Contact Informations

Bilecik Seyh Edebali Universitesi, Lisansiistii Egitim Enstitiisii, 11230 Bilecik, Tiirkiye
Bilecik Seyh Edebali University, School of Graduate Studies, 11230 Bilecik, Turkey

Hakemli bir dergi olan Bilecik Seyh Edebali Universitesi Fen Bilimleri Dergisi yilda iki kez yayimlanir ve yayimlanan tiim eserlerin yaym hakki Bilecik
Seyh Edebali Universitesi’ne aittir.

A refereed journal “Bilecik Seyh Edebali University Journal of Science” is published twice a year and Bilecik Seyh Edebali University holds the copyright of
all published material that appear in this journal.

Dergimiz, ULAKBIM Tr Dizin, EBSCO ve Eurasian Scientific Journal Index tarafindan taranmaktadir.
Our journal is indexed by ULAKBIM Tr Dizin, EBSCO and Eurasian Scientific Journal Index.

iletisim Bilgileri/Contact Information: Bilecik Seyh Edebali Universitesi, Lisansiistii Egitim Enstitiisii, 11230 Bilecik/Tiirkiye / Bilecik Seyh Edebali
University, School of Graduate Studies, 11230 Bilecik/Turkey. web: http://dergipark.org.tr/pub/bseufbd




BILECIiK SEYH EDEBALI UNIVERSITESI FEN BILIMLERI DERGISI

BILECIK SEYH EDEBALI UNIVERSITY JOURNAL OF SCIENCE

Cilt 11, Say1 2, 2024 | Valume 11, Number 2, 2024 ISSN 2458-7575

Hakem Listesi / Reviewer Board
Prof. Dr. Atilla Gencer Devecioglu / Dicle Universitesi/Miihendislik Fakiiltesi/Makine Miihendisligi Boliimii/Enerji Anabilim Dal1/

Prof. Dr. Belgin Karabacakoglu / Eskisehir Osmangazi Universitesi/Miihendislik-Mimarlik Fakiiltesi/Kimya Miihendisligi B&liimii/Kimyasal
Teknolojiler Anabilim Daly/

Prof. Dr. Burcu Ertit Tastan / Gazi Universitesi/ Saglik Hizmetleri Meslek Yiiksekokulu/ Disgilik Hizmetleri Boliimii/ Agiz ve Dis Saglig1 Pr./
Prof. Dr. Filiz Dadaser Celik / Erciyes Universitesi/Miihendislik Fakiiltesi/Cevre Miihendisligi Boliimii/Cevre Bilimleri Anabilim Dali/

Prof. Dr. Mehmet Aydin / Bilecik Seyh Edebali Universitesi/Giizel Sanatlar ve Tasarim Fakiiltesi/Endiistriyel Tasarim Boliimii/Endiistriyel
Tasarim Anabilim Daly/

Prof. Dr. Mehmet Karatas / Necmettin Erbakan Universitesi/ Fen Fakiiltesi/ Biyoteknoloji Boliimii/ Biyoteknoloji Anabilim Dali/

Prof. Dr. Murat Koru / Isparta Uygulamali Bilimler Universitesi/Teknoloji Fakiiltesi/Makine Miihendisligi Béliimii/Termodinamik Anabilim
Daly/

Prof. Dr. Musa Demirci / Bursa Uludag Universitesi/Fen-Edebiyat Fakiiltesi/Matematik Boliimii/Cebir ve Sayilar Teorisi Anabilim Dali/

Prof. Dr. Mustafa Serdar Karakas / Konya Teknik Universitesi/ Mithendislik ve Doga Bilimleri Fakiiltesi/ Metalurji ve Malzeme Miihendisligi
Béliimii/ Metalurji ve Malzeme Miihendisligi Anabilim Daly/

Prof. Dr. Rabia Aktas Karaman / Ankara Universitesi/ Fen Fakiiltesi/ Matematik Boliimii/ Uygulamali Matematik Anabilim Dali/

Prof. Dr. Ugur Yiizges / Bilecik Seyh Edebali Universitesi/Miihendislik Fakiiltesi/Bilgisayar Miihendisligi Boliimii/Bilgisayar Yazilimi
Anabilim Daly/

Prof. Dr. Yavuz Kesicioglu / Recep Tayyip Erdogan Universitesi/ Fen-Edebiyat Fakiiltesi/ Matematik Boliimii/ Analiz ve Fonksiyonlar Teorisi
Anabilim Dal/

Dog. Dr. Abdulaziz Kaya / Gaziantep Universitesi/ Miihendislik Fakiiltesi/ Metalurji ve Malzeme Miihendisligi Béliimii/ Malzeme Anabilim
Dalv/

Dog. Dr. Ali Celik / Ali Celik / Eskisehir Teknik Universitesi/Miihendislik Fakiiltesi/Malzeme Bilimi ve Miihendisligi Boliimii/Malzeme Bilimi
ve Miithendisligi Anabilim Dali/

Dog. Dr. Ali Hikmet Deger / Karadeniz Teknik Universitesi/ Fen Fakiiltesi/ Matematik Boliimii/ Analiz ve Fonksiyonlar Teorisi Anabilim
Daly/

Dog. Dr. Ardahan Eski / Bilecik Seyh Edebali Universitesi/Meslek Yiiksekokulu/Elektronik ve Otomasyon Boliimii/Biyomedikal Cihaz
Teknolojisi Pr./

Dog. Dr. Bergem Kiran Yildinm / Marmara Universitesi/Miihendislik Fakiiltesi/Kimya Miihendisligi Béliimii/Temel Islemler ve
Termodinamik Anabilim Dali/

Dog. Dr. Elis Soylu Yilmaz / Eskisehir Osmangazi Universitesi/Fen Fakiiltesi/Matematik ve Bilgisayar Bilimleri Boliimii/Cebir ve Sayilar
Teorisi Anabilim Daly/

Dog. Dr. Eray Arslan / Vienna University of Technology/
Dog. Dr. Giilden Gok / Aksaray Universitesi/Miihendislik Fakiiltesi/Cevre Miihendisligi Boliimii/Cevre Bilimleri Anabilim Dal/

Dog. Dr. Mehmet Kog / Eskisehir Teknik Universitesi/Miihendislik Fakiiltesi/Bilgisayar Miihendisligi Boliimii/Bilgisayar Bilimleri Anabilim
Daly/

Dog. Dr. Muharrem Pul / Kirikkale Universitesi/ Kirikkale Meslek Yiiksekokulu/ Elektrik ve Enerji Boliimii/ iklimlendirme ve Sogutma
Teknolojisi Pr./

Dog. Dr. Miisliim Ozisik / Yildiz Teknik Universitesi/ Kimya-Metalurji Fakiiltesi/ Matematik Miithendisligi Boliimii/ Matematik Miihendisligi
Anabilim Dali/

Dog. Dr. Nuray Canikoglu / Sakarya Universitesi/Miihendislik Fakiiltesi/Metalurji ve Malzeme Miihendisligi Boliimii/Seramik Anabilim Dali/

Dog. Dr. Sevde Ustiin Odabasi / Ondokuz Mayis Universitesi/Miihendislik Fakiiltesi/Cevre Miihendisligi Boliimii/Cevre Miihendisligi
Anabilim Dali/




BILECIK SEYH EDEBALI UNIiVERSITESI FEN BILIMLERI DERGISI

BILECIK SEYH EDEBALI UNIVERSITY JOURNAL OF SCIENCE
Cilt 11, Say: 2, 2024 [ Valume 11, Number 2, 2024 ISSN 2458-7575

Hakem Listesi / Reviewer Board

Dog. Dr. Taha Ceylani / Mus Alparslan Universitesi/ Teknik Bilimler Meslek Yiiksekokulu/ Gida Isleme Boliimii/ Gida Kalite Kontrolii ve
Analizi Pr./

Dog. Dr. Tuba Yagc1 Gurbanov / Bilecik Seyh Edebali Universitesi/ Fen Fakiiltesi/ Molekiiler Biyoloji ve Genetik Boliimii/ Genel Biyoloji
Anabilim Dali/

Dog. Dr. Zehra Yigit Avdan / Eskisehir Teknik Universitesi/Miihendislik Fakiiltesi/Cevre Miihendisligi Boliimii/Cevre Bilimleri Anabilim
Daly/

Dr. Ogr. Uyesi Ali Oztiirk / Necmettin Erbakan Universitesi/ Miihendislik Fakiiltesi/ Makine Miihendisligi Boliimii/ Mekanik Anabilim Dali/

Dr. Ogr. Uyesi Aytag Perihan Akan / Hacettepe Universitesi/ Mithendislik Fakiiltesi/ Cevre Miihendisligi Boliimii/ Cevre Bilimleri Anabilim
Daly/

Dr. Ogr. Uyesi Emrah Kaygusuz / Bilecik Seyh Edebali Universitesi/ Fen Fakiiltesi/ Molekiiler Biyoloji ve Genetik Boliimii/ Genetik Anabilim
Daly/

Dr. Ogr. Uyesi Emre Giingdr / Kiitahya Saglik Bilimleri Universitesi/ Miihendislik ve Doga Bilimleri Fakiiltesi/ Bilgisayar Miihendisligi
Boliimil/ Bilgisayar Bilimleri Anabilim Dali/

Dr. Ogr. Uyesi Hayrullah Ozimamoglu / Nevsehir Hac1 Bektas Veli Universitesi/ Fen-Edebiyat Fakiiltesi/ Matematik Boliimii/ Cebir ve Sayilar
Teorisi Anabilim Dali/

Dr. Ogr. Uyesi Ilker Burak Giresunlu / Bilecik Seyh Edebali Universitesi/Fen Fakiiltesi/Matematik Boliimii/Uygulamali Matematik Anabilim
Daly/

Dr. Ogr. Uyesi Nese Isler Acar / Burdur Mehmet Akif Ersoy Universitesi/Fen-Edebiyat Fakiiltesi/Matematik Boliimii/Uygulamali Matematik
Anabilim Dali/

Dr. Ogr. Uyesi Ridvan Yayla / Bilecik Seyh Edebali Universitesi/ Miihendislik Fakiiltesi/ Bilgisayar Miihendisligi Boliimii/ Bilgisayar
Donanimi Anabilim Daly/

Dr. Ogr. Uyesi Serkan Asliyiice / Amasya Universitesi/ Fen-Edebiyat Fakiiltesi/ Matematik Boliimii/ Uygulamali Matematik Anabilim Dali/
Dr. Ogr. Uyesi Yunus Demirtas / Siirt Universitesi/Miihendislik Fakiiltesi/Makine Miihendisligi Béliimii/Enerji Anabilim Daly/
Ars. Gor. Dr. Aysun Inan Geng / Kastamonu Universitesi/Fen Fakiiltesi/Biyoloji Boliimii/Genel Biyoloji Anabilim Dali/

Ars. Gor. Kiibra Solak / Tekirdag Namik Kemal Universitesi/Corlu Miihendislik Fakiiltesi/Makine Miihendisligi Boliimii/Termodinamik
Anabilim Daly/

Ogr. Gor. Fethi Ahmet Cakmak / Manisa Celal Bayar Universitesi/Soma Meslek Yiiksekokulu/Makine ve Metal Teknolojileri Boliimii/Makine
Pr./

Opr. Gor. Dr. Sibel Soylemez / Gazi Universitesi/ Saglik Hizmetleri Meslek Yiiksekokulu/ Tibbi Hizmetler ve Teknikler Boliimii/ Tibbi
Laboratuvar Teknikleri Pr./

Dr. Hizlan Hincal Agus / World Medicine Tiirkiye/
Dr. Sefa Tunger / DT Cloud/




Bilecik Seyh Edebali Universitesi Fen Bilimleri Dergisi =]
Bilecik Seyh Edebali University Journal of Science
11. Cilt — 2. Sayi, 2024 Volume 11 — Issue 2, 2024 I .

Sehmus Baday, Hiiseyin Giirbiiz, Onur Ersoz

) . BILECIK SEYH EDEBALI
O e-1SSN: 2458-7575 (https://dergipark.org.tr/tr/pub/bseufbd) UNIVERSITESI
ICINDEKILER
Arastirma Makaleleri / Research Articles
1 | ikame Kutularmn Lineer Olmama Degerini Optimize Etme
N 236-243
Frat Artuger
2 Huntington Hastalig ile iliskili ERN1 ve TRAF2 Genlerindeki Yanls Anlamli SNP'lerin In
Silico Degerlendirilmesi 244-254
Nurbanu Tanrwverdi, Omer Faruk Karasakal, Mesut Karahan
3 Pb-Cd in Maternal Blood and Affecting Factors 255269
Yilmaz Altuner, Yesim Omiir, Suzan Onur
4 A New Method for Solving Fisher-Type Equations 970-275
Murat Diiz, Ahmad Issa
Gene Expression Profiling with Transcriptomic Data Analysis In Small Cell Lung Cancer
5 N < 276-284
Gozde Oztan
Karbon Elyaf Takviyeli PoliEterEterKeton Kompozitin Farklh Malzemelere Karsi
6 Siirtiinme ve Asinma Performanslariin Karsilastiriimasi 285-293
Hiiseyin Unal, Salih Hakan Yetgin
7 Fdm Yontemiyle Uretilen Pla Malzemelerde Dolgu Deseninin Mekanik Ozelliklere Etkisi 204-307
Omer Adanur, Oguz Kocar, Ahmet Serdar Giildibi
Fibonacci Numbers Sequence Derived From Suborbital Graphs for the Modular Group I
8 . 308-315
Seda Oztiirk
(1+1)-Boyutlu Benjamin-Bona-Mahony (BBM) Denkleminin Modifiye Edilmis Kudryashov
9 | Metodu ile Soliton Coziimleri 316-324
Sait San, Zeynep Aydin
10 Groupoid and Semigroup Construction on Isosceles Triangular 395.334
Numbers Ahmet Emin, Umit Sarp
Mikrodalga Uygulamalan icin A1203/Cam/ZrO2 Seramiklerinin Yogunlastirilmasi ve
11 | Karakterizasyonu 335-342
Oguzhan Bilag
12 Evsel Kat1 Atikta Sifir Atik Uygulanabilirligi: Bursa Ornegi 343-358
Samet Oztiirk, Nour Aljbili
Grey Relationship Analysis of Cutting Forces and Surface Roughness in Turning using
13 | Cryo-treated and Untreated Cutting Tools 359-368




Bilecik Seyh Edebali Universitesi Fen Bilimleri Dergisi =]
Bilecik Seyh Edebali University Journal of Science
11. Cilt — 2. Sayi, 2024 Volume 11 — Issue 2, 2024 I .

O( R BILECIK SEYH EDEBALI

O e-1SSN: 2458-7575 (https://dergipark.org.tr/tr/pub/bseufbd) UNIVERSITESI
Interactive Use of Deep Learning and Ethereum Blockchain for the Security of 10T Sensor

14 | Data 369-384
Emrullah Sahin, Naciye Nur Arslan, Firat Aydemir
Is1 Yalittminin Farkli Dis Duvar Modellerindeki Etkisinin Niimerik Olarak incelenmesi

15 385-393
Mehmet Kan
Effects of Thin Cell Layer Technique and Nutrient Media Contents of Regeneration and

16 | Browning Characteristics of the Laurus nobilis L. Explants 394-406
Biisra Toskal, Halide Hande Giingér, Aynur Giirel
Buhar Sikistirmali Sogutma Sisteminde R404A Alternatifi GWP Degeri Diisiik Sogutucu

17 | Akiskanlarin Kullanilmasimin Termodinamik Analizi 407-421
Nazan Sevtap Can, Ragip Yildirim, Arzu Sencan Sahin
The Efficient Robust Conformable Methods for Solving the Conformable Fractional Cahn-

18 | Allen Equation 422-436

Ozkan Avit, Halil Ana¢

Derleme Makaleleri / Review Articles

Ahsap Plastik Kompozit Malzemelerin Cevresel Siirdiiriilebilirlik Uygulamalar:: Yasam

19 | Dongiisii Degerlendirmesi ) 437-450
Gézde Colak Bayram, Burgin Atilgan Tiirkmen, Gamzenur Ozsin
20 Defne Ucucu Yagimin Fitokimyasal Icerigi ve Farmakolojik Etkilerinin Degerlendirilmesi 451-468

Seyda Giines, Melek Karaaslan, Bur¢in Ergene




BSEU Fen Bilimleri Dergisi / BSEU Journal of Science, 2024, 11(2): 236-243

i Bilecik Seyh Edebali Universitesi Fen Bilimleri Dergisi 1
C?@ Bilecik Seyh Edebali University Journal of Science ’

11(2), 236-243, 2024

O DOI: 10.35193/bseufbd.1323521 BILECIK SEYH EDEBALI
O e-ISSN: 2458-7575 (https://dergipark.org.tr/tr/pub/bseufbd) UNIVERSITESI

Arastirma Makalesi - Research Article

Ikame Kutularinin Lineer Olmama Degerini Optimize
Etme

Optimizing Nonlinearity Value of Substitution Boxes

Firat Artuger'”

Gelis | Received: 06/07/2023 Revize / Revised: 14/09/2023 Kabul / Accepted: 16/10/2023

Oz

Sifreleme algoritmalarinda en 6nemli gereksinimlerden bir tanesi karigtirma olarak adlandirilmaktadir. Bu nedenle
sifrelenecek verinin etkin bir sekilde karistirilmasi gerekmektedir. Ikame kutusu (s-box), bu gereksinimi saglayan
en 6nemli yapilardan bir tanesidir. Bu yapinin en 6énemli dzelliklerinden biri olan lineer olmama degeri ne kadar
yiiksek olursa karistirmay1 o kadar saglikli bir sekilde yerine getirecektir. Ikame kutulariin elde edilmesinde
birgok teknik kullanilmaktadir. Bu tekniklerden en ¢ok kullanilan, optimizasyon teknigidir. Bu teknikte,
baslangicta genellikle kaos yardimiyla bir s-box elde edilir. Daha sonra bir optimizasyon teknigi kullanilarak
elemanlarin  konumlar1 degistirilir. Uygunluk degeri olarak lineer olmama kriteri kullanilir. Yeni
konumlandirmalardan sonra lineer olmama degeri arttigmnda s-box yapist giincellenmektedir. Bu calismada
oncelikle s-box yapilarinda lineer olmama degerinin nasil optimize edildigi agiklanmistir. Daha sonra siniis
kosiniis algoritmasi kullanilarak bir s-box optimize edilmistir. Elde edilen s-box yapisinin, 500 iterasyon sonunda
lineer olmama degeri 108 olarak gézlemlenmistir. Ayrica bir s-box yapisinin diger performans kriterleri de
acgiklanmustir.

Anahtar Kelimeler- fkame kutusu (s-box), Kaos, Lineer olmama, Optimizasyon

ABSTRACT

One of the most important requirements in encryption algorithms is called confusion. For this reason, the data to
be encrypted must be effectively mixed. Substitution box (s-box) is one of the most important structures that meet
this requirement. The higher the nonlinearity value, which is one of the most important features of this structure,
the healthier the mixing will be. Many techniques are used to obtain substitution boxes. It is the most used
optimization technique among these techniques. In this technique, an s-box is obtained initially, usually with the
help of chaos. The positions of the elements are then changed using an optimization technique. The nonlinearity
criterion is used as the fitness value. When the nonlinearity value increases after new positioning, the s-box
structure is updated. In this study, first, explains how the nonlinearity value is optimized in s-box structures. Then
an s-box is optimized using the sine cosine algorithm. The nonlinearity value of the obtained s-box structure was
observed to be 108 at the end of 500 iterations. Other performance criteria of an s-box structure are also described.

Keywords- Substitution box (s-box), Chaos, Nonlinearity, Optimization
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. GIRIiS

Hayatimizin neredeyse tamamen dijitallestigi giinlimiizde veri en degerli varliktir. Verilerin hem
depolanmasit hem de iletilmesi aninda en O6nemli sorunlardan bir tanesi giivenliktir. Giliniimiizde verilerin
giivenligini saglayan en temel teknik simetrik sifreleme algoritmalaridir. Simetrik sifreleme algoritmalari, blok ve
akis olmak iki lizere iki temel teknige dayanmaktadir. Akis sifrelemede bitler tek tek sifrelenir. Bu algoritmalar
hizli ve giivenlidir. Ancak verinin boyutu arttikca uygulamasi neredeyse imkénsiz hale gelmektedir. Bir diger
teknik ise blok sifrelemedir. Giiniimiiz blok sifreleme standardi AES algoritmasidir ve 8 bit gii¢lii bir s-box yapisi
kullanilmaktadir [1]. Blok sifrelemede veri bloklara bdliiniir ve her blok kendi iginde sifrelenir. Daha sonra
sifrelenmis bloklar birlestirilerek sifreli veri elde edilir. Blok sifreleme algoritmalarinin giivenligi saglamasindaki
en temel yap1 taslarindan bir tanesi s-box yapilaridir. Ciinkii s-box, blok sifreleme algoritmasinin genellikle lineer
olmayan tek birimidir. Lineer olmama degeri ne kadar yiiksek olursa s-box o kadar giiglii olacaktir. 8 bit bir s-box
256 deger icermektedir. Buda giiclii bir s-box aramak i¢in arama uzayimin 256! oldugu anlamina gelmektedir. Bu
genis arama uzayinda giiclii bir s-box aramak oldukca zor bir problemdir. Bu tarz problemlerin ¢dziimii i¢in
optimizasyon teknikleri siklikla kullanilmaktadir.

Bir s-box matematiksel olarak denklem 1 ‘de verildigi gibi ifade edilebilir. Yani elemanlarin bagka
elemanlarla yer degistirdigi lineer olmayan bir haritalama islemidir [2]. Giiglii s-box yapilar1 gelistirmek igin
literatiirde birgok yaklagim bulunmaktadir. Bunlardan ilki kaos tabanli yaklasimlardir. Kaos tabanli yaklagimlar
genellikle kaotik haritalara dayanmaktadir [3-8]. Kaos tabanli yontemler rastgele olusturulduklar igin giigliidiir.
Ancak bu yontemler ile gelistirilen s-box yapilarinin genellikle lineer olmama degeri diisiiktiir. Bu degerin diisiik
olmasi sifreleme algoritmasini diferansiyel saldirilara karsi direngsiz hale getirmektedir. Buda bu yontemlerin en
onemli dezavantajidir. Ancak son yillarda bu dezavantaji gidermek i¢in ¢esitli yaklagimlar dnerilmistir [9, 10]. Bu
yaklagimlar sayesinde kaotik s-box yapilarmi performansi iyilestirilmistir. Bir diger yaklasim ise matematiksel
doniistimlerdir [11-13]. Matematiksel doniistimler ile gelistirilen s-box yapilar1 genellikle istatistiksel olarak
oldukca giicliidiirler ve lineer olmama degerleri yiiksektir. Ancak, pratik ve cebirsel olarak yapilabilecek sifre
¢oziimleme saldirilarina karsi gesitli zayifliklart mevcuttur. Bunlardan farkli olarak hiicresel otomata modelleri
[14,15], DNA-RNA zincir yapilart [16-18] kullanilarak s-box yapilar1 olugturulmustur. Son olarak s-box
yapilarinda lineer olmama degerini arttirmak i¢in optimizasyon yontemleri siklikla kullanilmistir. Bu teknikler ile
s-box yapilarinin lineer olmama degeri arttirilabilmektedir. Ancak bu algoritmalarin hesaplama karmasikligi
yiiksektir. Buda bu yontemlerin dezavantaji olarak goriilebilir.

Su ana kadar literatiirde yapilan optimizasyon tabanli s-box gelistirme yontemlerine kisaca deginilmistir.
Farah ve arkadaglarinin yaptigi calismada 6gretme 6grenme tabanli optimizasyon algoritmasi kullanilarak yeni bir
s-box tireteci onerilmistir. Bu yontem, toplam sekiz turdan meydana gelmektedir. Her tur iki doniigiimden olusur.
Bunlardan birincisi satir sola kaydirma ve digeri ise siitun yoniinde dondiirme islemidir. Bu operasyonlar sayesinde
lineer olmama degeri 106.5 olan bir s-box gelistirilmistir [19]. Ahmed ve arkadaslar1 tarafindan ates bocegi
optimizasyon algoritmasini kullanan yeni bir yontem Snerilmigtir. Bu yontemde de baslangic s-box ‘1 i¢in kaotik
harita kullanilmistir. Bu yaklasimda, uygunluk fonksiyonu yardimryla rehberli arama yapilarak lineer olmama
degeri 107.5 olan bir s-box tretilmistir [20]. Zamli, glivenlik uygulamalarinda kullanilabilecek etkili bir s-box i¢in
uyarlanabilir ajan kahramanlar ve korkaklar algoritmasi olarak tanimlanan yeni bir metasezgisel algoritma
gelistirmistir. Bu algoritma ajan kahramanlar ve korkaklar algoritmasina dayanmaktadir. Baslangi¢ popiilasyonu
i¢in ise literatiirde siklikla kullanilan kaotik haritalardan biri olan ¢adir haritast kullanilmistir. Bu yeni metasezgisel
algoritma sayesinde lineer olmama degeri 109.75 olan giiglii bir s-box elde edilmistir [21]. Alhadawi ve arkadaslar
tarafindan guguk kusu arama algoritmasina dayanan yeni bir s-box iireteci onerilmistir. Baglangic popiilasyonu
ayrik zamanli kaotik haritalara dayanmaktadir. Bu yontemin temel avantaji, Genetik algoritma ve Parcacik siirii
optimizasyonu algoritmalarina kiyasla verimli rastgelelik ve daha diisiik ayarlanabilir parametreler yardimiyla
gosterilmesidir. Bu yaklasim sayesinde lineer olmama degeri 108.5 olan bir s-box elde edilmistir [22]. Wang ve
arkadaglar1 tarafindan etkili bir s-box gelistirmek igin genetik algoritmaya dayanan yeni bir algoritma
gelistirilmistir. Bu yontemde boole fonksiyonu s-box ‘i kromozomu olarak alinir. Baslangi¢ popiilasyonunu igin
yine kaotik yaklagimlar temel alinmistir. Genetik algoritmanin etkili ¢aprazlama ve mutasyon birimleri sayesinde
lineer olmama degeri 110.25 ‘e kadar arttirilmistir [23]. Artuger ve Ozkaynak tarafindan yapilan calismada genetik
algoritmanin ¢aprazlama ve mutasyon birimleri farkli bir sekilde kullanilarak lineer olmama degerini 111.75 ‘e
kadar ¢ikarmigtir [24]. Alhadawi ve arkadaglar tarafindan ates bocegi optimizasyon algoritmasi bir kez daha s-
box iiretiminde kullanilmistir. Baglangic popiilasyonu i¢in kaotik haritalardan yararlanilmigtir. Bu yontemde
optimizasyon, sabit bir uygunluk fonksiyonunu azaltarak iyi ¢6ziimleri hizli bir sekilde aramaktadir. Bu algoritma
sayesinde lineer olmama degeri 107 olan bir s-box iiretilmistir [25]. Ahmad ve Al-Solami ‘nin yaptig1 ¢alismada
kesirli sirali zaman gecikmeli hopfield sinir agina dayanan yeni bir algoritma Onerilmistir. Algoritmanin evrimi
lineer olmama degerini arttrmak iizerine kurulmustur. Bu yontemde lineer olmama degeri 111.25 olarak
hesaplanmistir [26]. Wang ve arkadaslari tarafindan, s-box elde etme problemi bir gezgin satici problemine
uyarlanmistir. Optimizasyon i¢in genetik algoritma, baslangi¢c popiilasyonu igin ise kaos kullanilmistir. Bu
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calismada genetik algoritmanin evrim siireci sayesinde lineer olmama degeri 108 olan bir s-box tiretilmistir [27].
Ahmad ve arkadaglari tarafindan en popiiler metasezgisel algoritmalardan biri olan karinca kolonisi optimizasyon
algoritmasina dayanan yeni bir yontem &nerilmistir. Baslangi¢ s-box ‘1i¢in yine kaos kullanilmistir. Bu yontemde,
s-box elde etme problemi yine bir gezgin satict problemine donistiiriilerek arama gerceklestirilmistir. Bu sayede
lineer olmama degeri 107 olan bir s-box elde edilmistir [28]. Chen tarafindan tavlama metodu kullanilarak yeni
bir s-box tireteci gelistirilmistir. Bu yontemde yine kaotik haritalara dayanmaktadir. Bu sayede lineer olmama
degeri 104 olan bir s-box ftiretilmistir [29]. Khan ve arkadaslari tarafindan giivenli bir sifreleme algoritmast
gelistirmek i¢in gii¢lii s-box ‘lar kullanmay1 benimseyen yeni bir yontem onerilmistir. Bu yontemde s-box
iiretiminde pargacik siirii optimizasyonu kullanilmaktadir. Baslangic popiilasyonu rastgele iiretilmektedir.
Buradaki temel felsefe pargacik konumlarinin s-box tiretiminde kullanilmasidir. Bu yontem ile 112 lineer olmama
degerine ulasilmistir [30]. Hematpour ve Ahadpour tarafindan pargacik siirii optimizasyonunu kullanilarak yeni
bir s-box iireteci gelistirilmistir. Lineer olmama degeri 106.5 olan bir s-box elde edilmigtir [31]. Zamli ve
arkadaslar tarafindan, futboldan esinlenilerek gelistirilmis tiki-taka optimizasyon algoritmasina dayanan yeni bir
algoritma gelistirilmigtir. Bu yoOntemde baslangi¢ popiilasyonu i¢in 5 farkli kaotik haritadan bir tanesi
secilebilmektedir. Buda algoritmay1 ¢esitlendirmektedir. Bu algoritma ile 109.25 lineer olmama degerine sahip
olan bir s-box iiretilmistir [32]. Tian ve Lu tarafindan, bir diger 6nemli optimizasyon algoritmalarindan biri olan
bakteriyel yiyecek arama optimizasyonuna dayanan yeni bir s-box tireteci 6nerilmistir. Baglangi¢ popiilasyonu igin
i¢ ice gegmis lojistik harita temel alinmigtir. Bu algoritma optimizasyon asamasinda uygunluk fonksiyonlari olarak
dogrusal olmayan ve diferansiyel tekdiizeligi kullanmasi sayesinde lineer olmama degeri 107.5 olan bir s-box elde
etmistir [33]. Alzaidi ve arkadaslar tarafindan, son yillarda gelistirilen gii¢lii optimizasyon algoritmalarmdan biri
olan siniis kosiniis algoritmasina dayali yeni bir yontem Onerilmistir. Bu yontemde baslangi¢ popiilasyonu i¢in
yeni bir kaotik harita kullanilmistir. Bu algoritmanin giiglii kaotik dinamikleri sayesinde lineer olmama degeri
109.5 olan bir s-box iiretilmistir [34]. Ahmad ve arkadaslari tarafindan giiglii s-box yapilar {iretmek i¢in parcacik
stirisii optimizasyonu kullanilmistir. Bu yontemde baslangic popiilasyonu i¢in zengin dinamiklere sahip olan
Renyi haritas1 kullanilmigtir. Bu yontemde lineer olmama degeri 111.5 ‘e kadar arttirilmigtir [35]. Kang ve Wang
‘in yaptig1 ¢aligmada genetik operasyonlar kullanilarak lineer olmama degeri 108 olarak elde edilmistir [36]. Zamli
ve arkadaglarinin yaptigi calismada ¢iplak kostebek faresi algoritmasi kullanilarak 109.75 lineer olmama degerine
ulasilmstir [37].

Caligmanin ikinci boliimiinde ikame kutularmin nasil optimize edildigi agiklanmis olup, siniis kosiniis
algoritmas1 kullanilarak yeni bir s-box iireteci olusturulmustur. Ugiincii béliimde elde edilen s-box yapis1 analiz
edilmis olup, literatiirdeki diger ¢alismalarla performans karsilagtirmasi yapilmistir. Dordiincii boliimde ise
sonuglar tartisilmis olup dnerilerde bulunulmustur.

I1. IKAME KUTULARININ OPTIMiZASYONU

Ikame kutularinda en &nemli kriter lineer olmama degeridir. Bu yiizden optimizasyon teknikleri
uygulandiginda genellikle uygunluk degeri olarak lineer olmama kullanilir. Bu yontemlerin uygulanmasinda
oncelikle kaotik bir harita veya farkl bir teknikle bir s-box elde edilir. Bu s-box yapisinin elde edilmesi olduk¢a
kolaydir. Kaotik haritanin baslangi¢ parametreleri belirlenir ve bu harita ile bir deger iiretilir. Daha sonra bu deger
bir tam sayiya doniistiiriiliir ve [0-256] araliginda olabilmesi i¢in 256 degerine gore mod islemi uygulanir. Son
olarak elde edilen bu deger ikame kutusunda yoksa eklenir. Varsa yeni bir deger iiretilerek siire¢ devam eder. Bu
sekilde 256 hiicre dolana kadar bu isleme devam edilir. Bu sekilde bir s-box yapisi elde edilmis olunur. Ancak bu
yap1 kriptografik olarak zayif 6zellikler gosterecektir. Ozellikle lineer olmama degeri 107 ‘nin altinda kalacaktir.
AES algoritmasinda bu deger 112 ‘dir. 112 degerine ulasilamasa bile buna yakin degerler elde edilmesi
istenmektedir. Optimizasyon burada devreye girmektedir. Optimizasyon algoritmasinin burada kullanimi ¢ok
cesitli olsa bile, genellikle bu algoritmalardan bir tanesiyle iki veya daha fazla hiicre belirlenir ve konumlar
degistirilir ya da ornegin genetik algoritmada ¢aprazlama siirecinde satirlar veya siitunlar yer degistirilip lineer
olmama degeri arttirilabilmektedir. Bu sekilde lineer olmama degeri arttiginda s-box giincellenir. Belli bir
iterasyona kadar bu siire¢ uygulandiginda lineer olmama degerinin oldukga arttigi goriilmektedir. Tkame
kutularimin optimizasyon siireci i¢in temel sistem modeli sekil 1 ‘de verilmistir.

S:{0,1}™ - {0,1}" _ 1)
lterasyon saglanana
kadar

Obtimizasvon S-box hicreleri| ;
Kaotik Harita §  Zayif s-box ] ﬂF\)I oritmga I y  yeniden ! § Guglu s-box
g I ¥|konumiandirir | |

Sekil 1. S-box yapilarmin optimizasyonu igin sistem modeli
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Bu ¢aligmada siniis kosiniis algoritmasi kullanilarak bir s-boX yapis1 optimize edilmistir. Baglangig i¢in
kaotik ¢adir harita kullanilmigtir. Cadir haritanin matematiksel modeli denklem 2 ‘de verilmistir.

; < 0.5
R %, €01], a€[12] @

a(l—x,) x;=205"

Siniis kosiniis algoritmasi, optimizasyon problemlerini ¢ozmek icin matematiksel siniis ve kosiniis
fonksiyonlarmin déngiisel modellerini kullanan popiilasyon tabanl etkili bir optimizasyon algoritmasidir. Yakin
zamanda Seyedali Mirjalili tarafindan Onerilmis ve ¢ogu optimizasyon algoritmasindan ¢ok daha hizli bir
yakinsamaya sahip oldugu kanitlanmugtir [38]. X} 'nin konumunu r, parametresine gére giincellemek igin denklem
3 kullanir. Denklem 3 “de verilen X/** degeri s-box yapisinda X! ile konum degistirecek olan deger olacaktir.

X+ = {Xf +1y xsin(ry) x |3 x PF— Xf|, 1,<0.5) .

Xt +r xcos(ry) x|rsxPf—XE|, 71,>05)

Burada X} i. boyutunun t. iterasyonundaki giincel ¢oziimiidiir. 71, 75, 73, 7, rastgele sayilardir. Ozellikle
14, 0 ile 1 aralifinda rastgele bir sayidir. P; i. boyuttaki hedef noktanin pozisyonudur. Yani baslangigta rastgele bir
X} degeri segilir. Daha sonra bu degere gére bir X;/*! degeri elde edilerek bunlarin konumlari degistirilir. Bu
islemden sonra lineer olmama degeri arttiginda s-box giincellenir. X/ degeri bir sonraki adimda X/** degeri
yapilarak belli bir iterasyona kadar algoritma devam ettirilir. Kaotik bir s-box yapisin iretip lineer olmama
degerini optimize etmek icin dnerilen algoritmanimn akis diyagrami sekil 2 ‘de verilmistir. Onerilen algoritma
belirlenen iterasyon sayisina gore tek dongiide calistigi icin O(n) karmasikligina sahiptir.

Kaotik s-box Optimize s-box
e N et N
i Lo \
i Lo imize s [
i i i Optimize s-box i
! Lo !
! L !
| Denklem 2 'ye ! | - !
| gore bir gikis ! I lterasyon Hayir |
i hesaplanir ! i amamlandi m)> !
! o !
[ b !
i Cikisa mod256 | i |
i islemi uygulanit : I s-box ' giincelle :
| - | .
! P |
I -] :
! Evet Bu deger : ! :
! -box 'da var mi2 i ! i
[ P ‘
! L !
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! P
! Degeri s-box 'a ;! !
I ekle i | !
| . ] X(i), X(i+1) s-box !
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! Hayir | l |
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| | : |
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i Sl ‘
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Sekil 2. Onerilen algoritmanin akis diyagrami
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I11. ANALIiZ SONUCLARI

Bir s-box yapisinin performansini analiz etmek i¢in literatiirde var olan farkli yaklagimlar mevcuttur.
Bunlar; Bijektiflik, Kat1 C1g Kriterleri (SAC), Lineer olmama, Bit Bagimsizlik Kriteri (BIC) ve giris/¢ikis XOR
dagilimi kriterleridir. Bijektiflik, birebir ve 6rten bir fonksiyon anlamina gelmektedir. Yani 256 deger igeren s-box
yapisinda, 0 ile 256 arasindaki degerlerinden her birinin sadece bir kere kullanilmas: gerekmektedir. Bu ¢aligmada
Onerilen s-box yapist ve literatiirdeki diger ¢ogu ¢aligma bu kriteri saglamaktadir. Daha etkin bir karistirma islemi
i¢in s-box yapilarinin bijektif olmasi 6nerilmektedir. SAC kriteri, girdi verisinde bir bit degistiginde, ¢ikt1 verisinde
meydana gelecek olan degisikligi 6lgmektedir [39]. Bu degisikligin 0.5 veya buna yakin bir deger olmast istenir.
Yani girdide bir bit degistiginde c¢iktida bitlerin yarisina yakinmin degismesi beklenmektedir. Bu sayede
saldirganlarin bitleri degistirerek yapabilecekleri herhangi bir saldirinin 6niine gegilmis olunur. Lineer olmama
kriteri, affine doniisiimiinde boole iglevinin bit sayisindaki degisikligini ifade eder. Bu kriter bir s-box yapisindaki
en onemli deger olarak goriilmektedir. Bu degerin olabildigince yiiksek olmasi istenir. Giiniimiiz standardi olan
AES algoritmasinda bu deger 112 ‘dir. BIC kriteri, Webster ve Tavares tarafindan 6nerilmis olup, i ve j olarak
tanimlanan iki bitin bagimsiz bir sekilde degismesi gerektigi ve herhangi birinin digerinden ¢ikarilmasinin
miimkiin olmadig1 bir olaymn meydana gelisinin bagimsizligina dayanmaktadir [39]. BIC kriterinde hem lineer
olmama degerinin olabildigince yiiksek olmasi, hem de SAC degerinin 05 ‘e yakin olmasi beklenmektedir. XOR
dagilim kriteri Biham ve Shamir tarafindan sunulmustur [40]. Giriglerdeki XOR degerleri ile ¢ikista meydana
gelen XOR degerleri ayni olasiliga sahip olmalidir. Yani, bir s-box ‘in giris ve ¢ikis olasilik dagilimina
olabildigince izin verilmediginde, bu yap1 diferansiyel kriptanalize kars1 direngli hale gelebilmektedir.

Bu ¢alismada oncelikle kaotik ¢adir harita kullanilarak tablo 1 ‘de verilen s-box yapist elde edilmistir.
Daha sonra siniis kosiniis algoritmasi ile 500 iterasyonda optimize edilmis s-box yapisi tablo 2 ‘de verilmistir.
Lineer olmama degeri 102.75 ‘den 108 ‘e ¢ikmustir. Bu deger literatiirdeki birgok optimizasyon tabanli s-box
yapisini geride birakmaktadir. Ayrica literatiirdeki diger optimizasyon tabanli s-box gelistirme yontemlerinin
performans degerleri de incelenmistir. Bu degerler tablo 3 ‘de verilmektedir. Bu tabloda goriildiigii gibi bircok
optimizasyon teknigi kullanilmigtir. Bu ¢alismanin temel amaci lineer olmama degerini optimize etmek oldugu
i¢in ¢alismalar bu degere gore kiyaslanmustir.

Tablo 1. Cadir harita ile elde edilen s-box

0 1 2 3 4 5 6 7 8 9 A B C D E F

0 18 175 83 92 247 196 130 111 65 137 103 191 52 5 105 152
1 50 45 42 51 142 117 226 96 78 81 39 13 46 84 159 80
2 236 195 228 16 144 14 118 141 59 114 32 178 97 169 66 139
3 a1 148 170 172 102 100 121 164 47 217 154 71 86 158 95 136
4 238 205 143 180 156 12 87 157 218 250 230 7 219 239 112 231
5 6 48 21 147 58 120 210 153 69 55 22 116 24 109 168 34
6 101 8 249 211 193 93 75 146 225 0 44 1 177 150 253 165
7 68 4 187 113 245 190 233 108 188 135 199 125 56 173 110 27
8 26 162 73 10 115 184 181 122 185 9 208 251 123 19 227 207
9 53 94 140 119 194 134 106 244 242 204 223 126 11 192 163 243
A 1714 99 43 72 167 3 202 63 176 252 203 128 38 240 186 85
B 40 2 212 220 35 132 235 255 155 221 28 29 36 133 62 88
C 211 182 61 161 232 179 160 41 23 171 145 201 82 37 224 206
D 67 229 166 183 127 104 57 60 49 138 209 91 64 151 234 77
E 248 254 237 131 215 76 17 70 213 20 30 189 214 149 26 98
F o120 222 200 54 246 107 198 33 15 197 74 90 79 89 25 124
Tablo 2. Tablo 1 ‘de verilen s-box yapisinin optimize edilmis hali

0 1 2 3 4 5 6 7 8 9 A B C D E F
0 18 175 83 81 247 196 130 111 65 137 103 191 52 132 105 152
1 50 45 209 51 142 117 226 96 78 92 55 13 46 84 159 80
2 236 188 228 16 144 14 118 141 59 114 32 178 97 169 66 244
3 181 148 48 172 102 100 121 164 47 217 154 71 86 158 95 136
4 238 205 239 180 156 12 87 157 218 250 230 7 219 143 220 231
5 6 170 21 147 58 120 210 153 69 39 22 116 24 109 168 34
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6 101 166 249 211 193 93 75 146 225 O 44 1 177 150 253 165
7 68 140 187 113 245 190 233 108 195 135 199 125 56 173 110 27
8 36 162 73 10 115 184 31 122 185 9 208 251 123 19 2271 207
9 53 29 4 119 194 134 106 139 242 204 223 126 11 192 163 213
A 174 99 43 72 167 3 202 63 176 252 203 128 38 240 186 85
B a0 2 212 112 35 5 235 255 155 221 28 94 216 133 189 88
C 21 232 61 161 182 179 160 41 23 171 145 201 82 37 224 206
D 7 229 8 183 127 104 57 60 49 138 42 91 64 151 234 77
E 248 254 237 131 215 76 17 70 243 20 30 62 214 149 26 98
Fo129 222 200 54 246 107 198 33 15 197 74 90 79 89 25 124
Tablo 3. Optimizasyon tabanli s-hox iiretme yontemlerinin performans karsilastirmasi
Lineer olmama BIC SAC Max.
Optimizasyon Teknigi Ort Min Max Lineer O. SAC Ort XOR
Ogretme-6grenme algoritmasi [19] 106.5 104 110 105.2 0.4984 0.5120 10
Atesbocegi algoritmasi [20] 107.5 106 108 104.3 0.5001 0,4944 10
Uyarlanabilir ajan kahramanlar ve korkaklar 109.75 108 112 104.35 0.5009 0.5068 10
algoritmasi [21]
Guguk kusu arama algoritmasi [22] 108.5 106 110 103.85 0.5011 0.4995 10
Genetik algoritma [23] 110.25 110 112 104.07 0.5021 0.4953 10
Genetik algoritma [24] 111.75 110 112 104 0.5033 0.4968 12
Atesbocegi algoritmasi [25] 107 106 108 104.6 0.4974 0.496 10
Kesirli sirali zaman gecikmeli hopfield sinir ag1 111.25 110 112 102.57 0.5034 0.5007 10
algoritmasi [26]
Genetik algoritma [27] 108 108 108 90 0.4950 0.5068 10
Karinca kolonisi algoritmasi [28] 107 106 110 105.5 0.5010 0.5015 10
Tavlama algoritmasi [29] 104 102 106 103.2 0.4971 0.4980 10
Pargacik siirii optimizasyonu [30] 112 112 112 110 0.5134 0.5431 -
Pargacik siirii optimizasyonu [31] 106.5 104 108 105.85 0.4995 0.5036 10
Tiki-Taka algoritmasi [32] 109.25 106 110 104.07 0.5005 0.5017 10
Bakteriyel yiyecek arama optimizasyonu [33] 107.5 106 110 103.7 0.5025 0.5093 10
Siniis kosiniis algoritmasi [34] 109.5 108 110 104.07 0.5020 0.4985 10
Pargacik siirii optimizasyonu [35] 1115 108 112 110.28 - 0.5022 6
Genetik algoritma [36] 108 - - - - - -
Ciplak kostebek faresi algoritmasi [37] 109.75 - - 104.14 0.5041 0.4998 10
Kaotik ¢adir harita (Tablo 1) 102.75 100 106 103.71 0.4966 0.4978 12
Siniis kosiniis algoritmasi (Tablo 2) 108 106 110 103.57 0.4976 0.4939 10

IV. SONUC VE ONERILER

Sifreleme algoritmalarinda en 6nemli gereksinimlerden bir tanesi karigtirma islemidir. Bu islem blok
sifreleme algoritmalarinda genellikle s-box yapilar ile gerceklestirilir. Ciinkii s-box lineer olmayan bir yapidir ve
veriyi etkin bir sekilde karistirir. Giiglii s-box yapilari elde etmek i¢in birgok teknik kullanilmaktadir. Bunlardan
bir tanesi optimizasyon teknigidir. Bu ¢alismada oncelikle s-box yapilariin nasil optimize edildigi agiklanmistir.
Daha sonra ¢adir harita yardimiyla elde edilen giicsiiz bir s-box, siniis kosiniis algoritmasi ile optimize edilmistir.
Baslangigtaki giicsiiz s-box yapisinin lineer olmama degeri 500 iterasyon sonunda 102.75 ‘den 108 ‘e ¢iktig
gbzlemlenmistir. Ayrica literatiirde kullanilan diger degerlendirme kriterleri de agiklanmig olup Onerilen s-box
yapisi analiz edilmistir. Yapilan optimizasyon iglemi sonunda lineer olmama ve XOR dagilimi degerlerinde artig
olmustur. Diger kriterler i¢in ¢ogu c¢alismada benzer degerler elde edilmektedir. Bunlardan bir tanesi SAC
degeridir. SAC degeri bu ¢alismada 0.5 degerine oldukga yakin bir degerdir.
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Ayrica literatiirdeki diger optimizasyon tabanli s-box gelistirme yoOnteminin performans degerleri

incelenmigtir. Tablo 3 ‘e bakildiginda bu yontemler arasinda sadece bir ¢alismanin 112 degerine ulastigi
goriilmektedir. Bu sonug¢ aslinda optimum ¢6ziimiin heniiz elde edilemedigini gosteriyor. Gelecek ¢aligsmalarda
arastirmacilar igin sicak bir konu olmaya devam edecektir. Ozellikle yeni gelistirilen metasezgisel algoritmalar
farkli sekillerde kullanilarak daha etkin sonuglarin elde edilebilecegi diisiiniilmektedir. Bu algoritmalar hem zaman
bakimindan hem de kriptografik dzellikler olarak daha iyi sonuglar verebilir.
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Oz

Huntington hastaligi (HD), kromozomun 4. kolundaki HTT genindeki CAG triniikleotidlerinin tekrar1 sonucu
beyin noronlarinda ciddi dejenerasyona neden olan ve 6liimle sonuglanabilecek bir hastaliktir. Bu ¢alisma,
Huntington hastaligs ile iliskili ERN1 ve TRAF2 genlerinin yanlis anlamli SNP'lerinde potansiyel olarak zararli
etkileri olanlarin biyoinformatik yazilim araglart kullanilarak belirlenmesini ve bunlarin proteinlerin fonksiyonlari
ve stabilizasyonu iizerindeki etkilerinin degerlendirilmesini amaglamistir. Yanlis anlamli SNP'lerin potansiyel
olarak zararli etkilerini tahmin etmek icin SNAP2, SIFT, PolyPhen-2 (HumDiv ve HumVar), SNPs&GO, PhD-
SNP, PANTHER ve Meta-SNP, protein stabilizasyonu i¢in [-Mutant 2.0 ve MUpro, ii¢ boyutlu modelleme i¢in
Project HOPE, gen-gen etkilesimleri icin GeneMANIA ve protein-protein etkilesimlerinin belirlenmesi igin
STRING yazilim araglart kullanildi. Huntington hastalig: ile iliskili ERN1 ve TRAF2 genleri i¢in 7 farkl
programda 8 yazilim araci kullanilarak 7’si ve lizerinde ortak zararli etkiye sahip olan varyantlar secildi. Sonug
olarak hastalikla iligkili oldugu diistiniilen ERN1 ve TRAF2 genleri i¢in toplam 4 varyant belirlendi. ERN1 geni
icin rs138082110 (S224C), rs199512451 (G133R), rs370210153 (P623Q) varyantlarinin, TRAF2 geni igin ise
rs144405558 (C469R) varyantinin olasi zararli etkiye sahip olabilecegi calisma sonucunda belirlenmistir. Bu
calismalar sonucunda elde edilen veriler Huntington hastaligi ile ilgili yapilacak ileri aragtirmalarda ve deneysel
calismalarda fayda saglayacaktir.

Anahtar Kelimeler- Huntington Hastaligi, ERN1, TRAF2, Biyoinformatik Analiz

ABSTRACT

Huntington's disease (HD) is a disease that results from the repetition of CAG trinucleotides in the HTT gene in
the 4th arm of the chromosome, causing severe degeneration of brain neurons and may result in death. This study
aimed to identify those with potentially harmful effects in the missense SNPs of ERN1 and TRAF2 genes associated
with Huntington's disease, using bioinformatics software tools, and to evaluate their impact on the functions and
stabilization of proteins. SNAP2, SIFT, PolyPhen-2 (HumDiv and HumVar), SNPs&GO, PhD-SNP, PANTHER
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and Meta-SNP to predict potentially deleterious effects from missense SNPs, I- Mutant 2.0 and MUpro for protein
stabilization, Project HOPE for three-dimensional modeling, GeneMANIA for gene-gene interactions and
STRING software tools for determination of protein-protein interactions were used. For ERN1 and TRAF2 genes
associated with Huntington's disease, variants with 7 or more common deleterious effects were selected using 8
software tools in 7 different programs. As a result, a total of 4 variants were identified for the ERN1 and TRAF2
genes, which were thought to be associated with the disease. As a result of the study, it was determined that the
rs138082110 (S224C), rs199512451 (G133R), rs370210153 (P623Q) variants for the ERN1 gene and the
rs144405558 (C469R) variant for the TRAF2 gene may have potentially harmful effects. The data obtained as a
result of these studies will be beneficial in further research and experimental studies on Huntington's disease.

Keywords- Huntington's Disease, ERN1, TRAF2, Bioinformatics Analysis

I. GIRIS

Huntington hastaligi (HD), nadir goriilen bir hastalik olmakla birlikte, otozomal kalitsal hastalik olup,
istem digi1 anormal hareketlere, bilissel ve davranissal bozukluklara neden olan O6limle sonuglanabilen
norodejeneratif bir hastalik olarak tamimlanmaktadir [1,2] Huntington hastaligimin Asya ve Afrika
popiilasyonlarinda goriilme sikligi diisiik, Bati Avrupa popiilasyonlarinda ise goriilme sikligi yiiksek olarak
bildirilmistir. Diinya genelinde ise insidansinin 5-10 kisi/100.000 oldugu goriilmektedir [3]. Huntington
hastaliginda her hastanin kendine 6zgii bulgular1 bulunmaktadir. Bazi ilag ve tedavi yontemleri goriilse dahi heniiz
net bir tedavi siirecinin olmadigi literatiirde bildirilmistir [4]. Son yillarda yapilan ¢alismalarda Endoplazmik
retikulum stres faktoriiniin norodejeneratif hastalik patolojisi arasinda iligki oldugu tespit edilmistir [5,6].
Endoplazmik retikulum stres faktorii norodejeneratif hastaliklar gibi birgok hastaligin baslangicinda ve
ilerlemesinde 6nemli etki gostermektedir [7]. Endoplazmik retikulum stresi sirasinda ortaya ¢ikan yanlis katlanmig
ya da katlanmamig olan proteinlerin birikmesi sonucunda katlanmamis protein tepkisinin (UPR) pargasi olarak
apoptozu indiiklemektedir [8,9]. Ayni zamanda ER membraninda bulunan ERN1, PERK ve ATF6 katlanamamis
protein (UPR) tepkisini aktive ederek apoptozu baglatmaktadir [10]. ER stres yolaklarindan olan ERN1 ve TRAF2
genlerinin (https://www.genome.jp/kegg/pathway.html) ER stres yollarinin detayli incelenmeleri sonucunda Mhtt
birikimlerinin otofaji akiginin inhibisyonundan kaynaklandigi belirtilmistir [11]. ER stres faktdrlerinden olan
ERN1 Huntington hastalig1 patogenezine katilabilmektedir. ER stres faktorleri giderilemediginde ERN1 hiicre
olimiini indiikleyerek apoptozu baslatmaktadir [6]. Yiiksek ER stresi altinda kalan ERN1 mRNA’nimn islevini
bozarak antiapoptatik proteinlerde mRNA’larin parcalanmasi ile hiicrelerin 6liimiine neden olarak apoptoz
meydana gelmektedir [12,13]. ERN1 ve TRAF2 kompleksi MAP/JNK yolunu aktive ederek otofajiyi baslatarak
apoptozu desteklemektedir [14]. Ayrica ERN1 ve TRAF2 kompleksleri apoptoz sinyal diizenleyicilerden olan
kinazl (ASK1) ve JNK'ye ilave olarak NF-«xB sinyalinin etkinlestirilmesine dahil olmaktadir [15,16]. ERN1 ve
TRAF2 yolaklarmin daha ileri boyutlarinin incelenmesi sonucunda otofajik inhibisyona bagli olarak hiicrelerde
6liime neden oldugu bulunmustur [11]. Genetik hastaliklarda ve otonom sinir sistemi hastaliklari ile iligkili olan
genlerin kapsaml arastirilmasinda SNP analizlerinden faydalanilmaktadir [17]. Bu analizler ile birlikte hedef
genlerin tespiti, elde edilen verilerin analizi agisindan kolayliklar saglamasi, hastaliklardaki anormal semptomlarin
incelenmesi ve ilag kesif ¢alismalarinin yapilmasina yardimci olmay1 hedeflemesinin yani sira maliyet agisinda
etkin bir avantajda saglamaktadir [18]. Huntington Hastaligina neden olan CAG tekrari ile olusan mutant genlerin
SNP ¢aligmalari ile susturulabilecegi diistiniilmektedir [19]. Tek niikleotit polimorfizm (SNP) ¢aligsmalar1 kanser,
diyabet, cilt hastaliklar1 ve norodejeneratif hastaliklar gibi ¢oklu gen hastaliklariin taninip ¢aligilmasinda 6nemli
yer saglamaktadir [20].

SNP’ler bireylerdeki hastaliklara yatkinlik ve tedaviye yamitlarindaki farkliliklarindan dolayr klinik
aragtirmalar agisindan 6nemli bir yere sahiptir [21]. DNA polimorfizm ¢esitlerinde birincil polimorfizm olan ve
DNA dizilimindeki degisikliklere neden olabilecegi diisiiniilen polimorfizm olan Restriksiyon Pargalari Uzunluk
Polimorfizm’leri (RFLP), daha sonra ¢ok sayida genetik hastaliklarin haritalanmasinda ve bu hastaliklardan
sorumlu olan genleri izole eden Degisken Sayili Bitisik Tekrarlar (VNTR) olan ikincil polimorfizmler
kesfedilirken, tigiinciil polimorfizm olarak bireyler arasinda farklilik meydana getiren ve kimliklendirme yaptigi
diigiiniilen mikrosatelit (Short Tandem Repeats-STR) ve takiben kopya sayisi ¢esitliligi ile dordiincii polimorfizm
olarak adlandirilan Tek Niikleotit Polimorfizmleri tamimlanmistir [22,24]. SNP’ler DNA’da kodlanan ve
kodlanmayan dizilerinde ya da genler arasi bolgelerinde gériilebilmektedir [24]. Kodlanma bolgesinde bulunan
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SNP’ler sinonim ve sinonim olmayan bdlgeler olmak {izere ikiye ayrilmaktadir. Sinonim olan SNP’ler kendi i¢inde
yanlig anlamli ve anlamsiz olmak iizere iki kategoride incelenmektedir. Anlamsiz SNP’ler durdurma kodonlarinda
olugan mutasyonlar sonucunda farkli fonksiyonel 6zellige sahip protein olusumuna neden olmaktadir [25]. Yanlig
anlamli SNP’ler ise bir amino asidi kodlayan kodonun farkli bir amino asidi kodlamast sonucunda proteinleri
islevsiz hale getirerek hastalik olusumuna neden olabilmektedir [26]. DNA dizisindeki farkliliklardan olugan
polimorfizmler hastaliklar ile iligkilendirilebilmektedir [27]. Huntington hastaligina neden olan kalitsal
polimorfizmlerin arastirilmasi, Huntington hastaligi ile iligkili genlerin belirlenmesinde de o6nemli bir rol
oynamaktadir [28].

Bu ¢aligmada Huntington hastalig1 ile iligkili oldugu bilinen ERN1 ve TRAF2 genlerindeki yanlig anlaml
SNP’lerin tespit edilerek farkli ve literatiirde yaygin olarak tercih edilen biyoinformatik internet tabanl yazilim
araglarini kullanilarak degerlendirilmesi hedeflenmistir. Yapilan in siliko analizde 7 farkli programda 8 yazilim
araci kullanilarak 7’si ve tizerinde ortak zararli etkiye sahip olan varyantlar belirlenerek olasi zararl etkiye sahip
oldugu tahmin edilen SNP’lerin ayn1 zamanda proteinin islevini, yapisini ve stabilizasyonu {izerine etkileri
degerlendirilmistir.

Il. MATERYAL VE METOT
A. Veri Eldesi ve Is Akist

Huntington hastalig1 ile iligkili olan ERN1 ve TRAF2 genlerindeki yanlis anlamli SNP’lerin in siliko
analizlerini yapabilmek i¢in kullanilan biyoinformatik yazilim araglar1 semas1 Sekil 1°de gosterilmistir.

NCBI dbSNP UniProt
KEGG Pathway

GeneMANIA

Project HOPE

SIFT
PolyPhen-2
SNPs&GO I-Mutant 2.0
PhD-SNP
Mupro
Panther

Meta-5NP
SNAP2

Sekil 1. Biyoinformatik Akis Semast
B. Biyoinformatik Analizler

NCBI veri tabanindan elde edilen bilgilere gére ERN1 geni i¢in toplam 33486 SNP sayisindan 740 adet
yanlig anlamli SNP, TRAF2 geni i¢gin ise 23398 SNP sayisindan 434 adet yanlis anlamli SNP tespit edilmistir. Bu
yanlig anlamli SNP’lerde internet tabanli kamuya acik yazilim araglari kullanilarak olasi zararl etkiye sahip olanlar
tahmin edilmistir. Yazilim araglarindan SIFT, bir proteindeki aminoasit ikamelerinin fenotipik olarak zararli veya
tolere edilebilir etkiye sahip olup olmayacagmi tahmin etmektedir [29]. PolyPhen-2, proteinlerin aminoasit
dizilerindeki degisimi, protein yapisini ve islevi iizerindeki olasi etkisini tahmin etmektedir [30]. SNPs&GO,
proteinin fonksiyonel verilerini kullanarak olas1 zararli SNP’lerin tahmini i¢in kullanilmaktadir [31]. PhD-SNP,
insanlarda hastalikla iliskili oldugu diistiniilen zararli SNP’leri tahmin etmektedir [32]. SNAP2, ¢esitli sekanslar1
ve varyant boyutlarini degerlendirerek varyantlarin fonksiyonel islev ve etkilerini belirlemektir [33]. PANTHER,
gen ve proteinlerin siniflandirilmasi ve analizleri igin tasarlanmig yazilim programidir [34]. Meta-SNP protein
varyasyonlarinin hastalikla iliskili olup olmadigini ve polimorfizm olarak siniflandirilip siniflandirilmayacagini
belirlemede kullanilan yazilim aracidir [35]. Proteinlerin stabilizasyonuna olan etkileri i¢in MUpro ve I-Mutant
2.0 kullanilmigtir. 1-Mutant 2.0, proteinlerin yapisinda ya da protein dizilerinden tek bir alandaki varyasyon
tizerindeki degisimi analiz etmek i¢in kullanilan yazilim aracidir. [36]. Mupro, tek bolgedeki aminoasit
dizilisindeki varyasyonlarin protein stabilitesi ve katlanmalar1 lizerine etkisini tahmin etmede kullaniimaktadir
[37]. Project HOPE, varyantlarin amino asit ikamesinin yapisal 6zelleri birlikte boyut, yiik ve hidrofobikligi
acisindan degerlendirme yapmasmin yani sira protein yapilarinin ii¢ boyutlu (3B) modelleri ile ilgili rapor
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vermektedir [38]. Gen-gen etkilesimleri i¢in kullanilan GeneMANIA, en temel anlamda ¢ok amagl fonksiyonel
veri kanallarmi kullanarak belirlenen genlerin diger genlerle olan fonksiyonel iliskisini bulmak igin
kullanilmaktadir [39]. Protein-Protein etkilesimlerinin belirlenmesi i¢in kullanilan STRING yazilim araci ile
islevsel protein-protein etkilesimlerini Ve biyolojik siirecleri ile birlikte fiziksel etkileri degerlendirilmistir [40].

1. BULGULAR
A. ERN1 ve TRAF2 Gen-Gen Etkilesimleri

GeneMANIA Birden fazla genlerin birbiri ile etkilesimlerini tahmin etmede kullanilan yazilim aracidir
[41]. ERN1 ve TRAF2 genleri igin GeneMANIA yazilim aracindan elde edilen gen-gen etkilesimleri Sekil 2°de
gosterilmektedir.

@@ﬁ ®@®

Y *° 0 ©
& ° @
Qo © S e ®

Fiziksel Etkilesim
Ortak Ekspresyon

Tahmin Edilen

Ortak Lokalizasyon
Genetik Etkilesim
Yolak

Paylasilan Protein Domainleri

Sekil 2. ERN1 ve TRAF2 gen-gen etkilesimi

B. ERN1 ve TRAF2 Protein-Protein Etkilesimleri

Biyomolekiiller aglar arasinda protein-protein etkilesimleri ¢ok yonliilik ve ozgiilliigiin belirlenmesi ile
birlikte hem fiziksel hem de fonksiyonel iligkileri birlestirmeyi amaglamistir [42]. Protein- protein etkilesimleri
hiicresel biyolojik siire¢leri énemli olgiide etkilediginden dolayr bu etkilesimlerin tanimlanmasi yasam
aktivitelerinin yapisina katki saglamaktadir [43]. ERN1 ve TRAF2 genleri i¢in STRING yazilim aracindan elde
edilen protein-protein etkilegsimleri Sekil 3’te gosterilmektedir.
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=" Gen komsulugu

#ter v Gen fuzyonu

‘e Birlikte gen olusumu
++ Veri madenciligi

'~ Bitlikte ekspresyon

4 Protein homolojist

TMBIMG

Kiratdrhi ver tabam kaynakh
Deneysel olarak belirlenmis

Sekil 3. ERN1 ve TRAF2 protein-protein etkilegimi

ERN1 ve TRAF2 genlerinde yapilan in silico analizler sonucunda ERN1 geninde yer alan yanlig anlamli

SNP’lerden 3 varyantin, TRAF2 de ise 1 varyantin olasi zararl etkiye sahip oldugu bulunmustur. ERN1 ve TRAF2
genlerine ait yazilim araglarmdan alinan bu bilgiler Tablo 1’de gosterilmektedir. ERN1 ve TRAF2 genlerinde tespit
edilen varyantlarin I-Mutant 2.0 ve MUpro programlarmin veri analizleri sonucunda tiim varyantlarin protein
stabilizasyonuna olan etkisinin azalan oldugu tespit edilmistir ve Tablo 1’de gosterilmektedir.

Tablo 1. ERN1 ve TRAF2 Genleri SNP analizleri yazilim araglarindaki tahmin sonuglar

SNP NUMARASI

Amino asit degisimi
Snap2 Sonucu

SNAP2 Skoru

SNAP2 Dogrulama Oram
SIFT Sonucu

SIFT Skoru

Polyphen2 (HumDiv) Sonucu
Polyphen2 (HumDiv) Skoru
Polyphen2 (HumVar) Sonucu

Polyphen2 (HumVar) Skoru

SNPs&GO Sonucu

ERN1 GEN
rs138082110

(S224C)
Etkili
30
%66
Zararh

0.032

Muhtemelen
Zararh

0.990

Muhtemelen
Zararli

0.999

ERN1 GEN
rs199512451

(G133R)
Etkili
38
%91
Zararl

0.001

Muhtemelen
Zararh

1

Muhtemelen
Zararlt

0.999

ERN1 GEN
rs370210153

(P623Q)
Etkili
57
%66
Zararl

0.002

Muhtemelen
Zararh

0.998

Muhtemelen
Zararlt

0.986

TRAF2 GEN
rs144405558

(C469R)
Etkili
51
%85
Zararh

0
Olas1 Zararli
0.999

Olas1 Zararlt

0.993

Hastalik Iliskili
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SNPs&GO Skoru - - - 8
PhD-SNP Hastalik Tliskili ~ Hastalik Tliskili Hastalik Tliskili Hastalik iliskili
RI 3 5 1 6
PANTHER Olas1 Zararli Olas1 Zararl Olasi Zararl Olas1 Zararl
Pdel Skoru 0.85 0.89 0.85 0.85
Meta-SNP Sonucu Hastalik Tliskili ~ Hastalik Tliskili Hastalik Tliskili Hastalik iligkili
Meta SNP Skoru 0.651 0.747 0.568 0.824
I-Mutant 2.0 Tahmin sonucu Azalan Azalan Azalan Azalan
Giivenlik indeksi GI 4 8 9 6
MUpro Analiz Sonucu Azalan Azalan Azalan Azalan
Serbest Enerji Degisim Degeri 13752049 -0.37544877 192377539 -1,0368671

(DDG)
C. Project HOPE Sonuclari

Project HOPE mutasyonlarin yapisal etkilerini analiz etmede kullanilan yazilim aracidir [44]. ERN1 ve
TRAF2 genlerine ait varyasyonlar Project HOPE sonuglar1 Tablo 2’de verilmistir. Ug boyutlu modellemeleri ise
Tablo 3’ te gosterilmistir.

Tablo 2. ERN1 ve TRAF2 genine ait yabanil ve mutant tip aminoasitlerin Project Hope yazilim araci sonuglari

SNP AMINO ASIT DEGIiSiMi
NUMARASI
SH OH
ERN1 S224C varyantinda 224.
1$138082110 OH OH pozisyonda Serin amino
$224C HN HN asidinin Sistein amino asidine
2 2 degigimi
0 0
HaN AWM
ERNL OH NH G133R varyantinda 133.
rs100512451 | o pozisyonuinda Glisin amino
G133R asidinin Arjinin amino
0 OH asidine degisimi
H,N
0]
NH,
ERNL . P623Q varyantinda 623.
rs370210153 N OH pozisyonunda Prolin amino
H OH asidinin Glutamin amino
P623Q 0 e I asidine degisimi
SH “ZN\(N "
TRAF2 NH C469R varyantinda 469.
rs144405558 HN OH ppz_is_yonu_r_ldg Sistgin an)iqo
C469R 2 asidinin Arjinin amino asidine
0 TV degisimi
0

249



BSEU Fen Bilimleri Dergisi / BSEU Journal of Science, 2024, 11(2): 244-254

N. Tanrwerdi, O. F. Karasakal, M. Karahan

Tablo 3. ERN1 ve TRAF2 genine ait varyasyonlarn ii¢ boyutlu gosterimi

SNP
Numarasi

Polimorfizm Bélgelerinin Yakindan Gériiniimleri
(Protein gri renkte gosterilmis olup, yabanil (yesil) ve mutant
(kirmizi) rezidiiler tablo igerisinde ilgili siitunda gosterilmistir.)

Mutant Proteinin ii¢ boyutlu

goriiniimii

rs138082110

ERN1

S224C

rs370210153
ERN1

P623Q

rs144405558
TRAF2
C469R

SNP’lerin Project HOPE yazilim aracilig1 ile belirlenen 6zellikleri ise Tablo 4’te verilmistir.

Tablo 4. ERN1 ve TRAF2 Genleri i¢in Yabanil ve Mutant Varyantlarin Sonuglary

AMINO YABANIL TiP OZELLIK MUTANT TiP OZELLIK
SP ASIT YU HiDROFOBI HiDROFO
NUMARASI BEGISI Bovut | % o BOYUT | YUK BIKLIK

ERN1

rs138082110 S224C - - > - <
ERNL ) -

rs199512451 GI33R < Notr > +Yiik <
ERNL

rs370210153 P623Q > - < - >
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TRAF2

1144405558 C469R < Notr > > +Yiik <

IV. TARTISMA

Bu calismada Huntington hastaligi ile iligkili ERN1 ve TRAF2 genlerindeki yanlig anlamli SNP’lerin in
silico analizi verilerinde ERN1 geni i¢in NCBI dbSNP veri tabaninda 740 adeti yanhs anlamli SNP olmak {izere
toplamda SNP sayis1 33486 olarak tespit edilmigtir. ERN1 geninde yer alan yanlis anlamli SNP’lerin in silico
yazilim araglari ile degerlendirilmesi sonucunda kamuya acik internet tabanli yazilim araglarinda ortak zararli
etkiye sahip oldugu tespit edilenleri rs138082110 (S224C), rs199512451(G133R) ve rs370210153 (P623Q)’dir.
TRAF?2 i¢in ise toplam SNP sayis1 23398, yanlis anlamli SNP sayis1 434 olarak belirlenmistir ve rs14440558
(C469R) referans numaralarina sahip SNP’nin olas1 zararl etkiye sahip oldugu tahmin edilmistir.

2021 yilinda yapilan bir calismada, Huntington hastaliginda patolojik protein HTT yi hedeflemek icin
varsayilan proteinlerin agregasyonunu 6nledigi bilinen gesitli etkin peptitleri karsilagtirilmali olarak Swiss-model
in silico yazilm araci kullanarak analizleri gergeklestirilmis ve hastaligin tedavisinde kullanilmak tizere yeni
peptidler kesfetmislerdir [45]. Aym yilda yapilan baska bir ¢alismada, nérodejeneratif hastaliklarda etkisi olan
GOT1 geni ve mutasyonlarini, PROVEAN, Mutation Assesor, PANTHER, PolyPhen-2, PMut, SNAP, PhD-SNP,
SNPs&GO, [-Mutant in silico yazilim araglar1 kullanarak SNP analizlerini gergeklestirmiglerdir. Analiz
sonuglarinda L36R, W162C, L345P olmak iizere 4 mutasyonun GOT1 geni iizerinde zararli etkiye neden oldugunu
bulmuslardir [46]. 2019 yilinda gergeklestirilen farkli bir calismada ise, BDNF varyantlarinin proteinler tizerindeki
zararli mutasyonlarin belirlenmesinde, PhD-SNP, P-Mut, PolyPhen-2, SIFT, SNAP, SNPs&GO, VarMod, NP
Effect 4.0, mutasyonlarin iglevi ve kararlilhigim tizerindeki etkilerini analiz etmek i¢inse I-Mutant 2.0 in silico
yazilim aracini kullanmislardir. Arastirma sonucunda, BDNF’nin insanlarda en yaygin olan mutasyonu V66M 'nin
hastalikla iligkili olacag1 sonucuna varmiglardir [47]. Yukarida 6rneklendirilen baz1 caligmalarda goriildiigii tizere
in silico aragtirmalarin polimorfizm ¢alismalarinda siklikla kullanildig: literatiirde goriilmektedir. Huntington
hastaligi ile ilgili 2021 yilinda yapilan deneysel bir ¢alismada, arastirmact ERN1 ve Tip 2 Diyabet (T2D) iliskisini
incelemek amaciyla, ERN1 geninin SNP’leri ile Tip 2 Diyabet riski arasindaki iliskiyi arastirmigtir. Calismaya
1558 T2D hastasi (586 erkek ve 972 kadin) ve 1611 (618 erkek ve 993 kadin) saglikli birey dahil etmigtir. ERN1’in
diizenleyici bolgesinde yer alan rs196914 ve rs9911085 gibi iki yaygin SNP geni, MassArray Analyzer-4 sistemi
ile genotiplenmistir. rs196914-rs9911085 'nin asir1 kilolu ve obez deneklerde (yani BMI>25 kg/m2) T2D riski ile
iliskili oldugu sonucunu bulmustur (p=0.004). [48]. 2020 yilinda ABD'deki 7 tesiste, HD'li 202 denekten, CAG
tekrarlarinin sayisini ve boyutunu, SNP'lerin varligini, heterozigotlugunu ve uzun okumali dizileme ve fazlama
kullanilarak mutant HTT aleli iizerinde SNP'lerin bulunup bulunmadigim belirlemek amaciyla merkezi olarak
islenen kan ornekleri saglamiglardir. Caligmalar1 sonucunda, SNP1 ve/veya SNP2'nin heterozigotlugul46 (%72)
kiside tanimlanmuglardir. Bu 2 polimorfizm, bireylerin %61'inde (%95 yiiksek yogunluk araligi: %55, %67)
yalmzca Mhtt aleli ile iligkilendirildigini tespit etmislerdir [49]. 2013 te deneysel bir ¢alismada ise, oksidatif strese
verilen yanitlarla iligkilendirilen, OGG1 ve XPC genlerindeki tek niikleotid polimorfizmlerinin (SNP) HD'nin
baslangi¢ yasi ile iliskili olup olmadigini degerlendirmek amaciyla, HD'li 299 bireyde ve 582 kontrolde 9 SNP
genotiplenmistir. OGG1 ve XPC haploitlerinin HTT igindeki CAG tekrarlarinin sayisindan bagimsiz olarak
baslangigta geng yasla iliskili oldugu bulmuslardir. Ayrica bu iki haploitten bir tanesinde, daha diisiik bir 8-0x0G
onarim aktivitesi ile iligkili olan ve 6zellikle hiicresel redoks durumuna duyarli OGG1 -326Cys (rs1052133) aleli
icerdigini sdylemektedirler. Calisma sonucunda, oksidatif stresin HD baslangicindaki yasi belirlemedeki
potansiyel rolii oldugunu vurgulamiglardir [50]. 2010 yilinda, HD’li 91 Italyan denekten kan DNA's1 iizerinde
yapilan bir ¢alismada, mutant Cys326 alel (Ser326Cys + Cys326Cys) tasiyicilarinin, genislemis HD alelinin
(P = 0.049) artan sayida CAG tekrarina sahip olma egiliminde olduklarini gézlemlemislerdir. Sonug olarak HD’li
bireyler ve saglikli deneklerden olusan kontrol gruplari arasinda, hOGG326 Ser200Cys aleli ve genotip
frekanslarinda fark bulunmadigi ve bu durum sonucunda HD deneklere tercihli alel iletimi olmadigini
caligmacilara diigtindiirmiistiir [51].

ERN1 geninde, G133R varyantinda mutant tip rezidii, yabanil tip rezidiiden boyut olarak biiyiiktiir. Bu
boyut farklilig1 nedeniyle mutant rezidiiniin proteinin ¢ekirdegine sigamayabilecegi diistiniilebilmektedir. P623Q
varyantinda ise, yabanil tip rezidii mutant tipe gore boyut olarak biiyiiktiir ve bu sebeple protein ¢ekirdeginde bos
bir alan olusumuna sebep olabilecegi one ¢ikmaktadir. TRAF2 geninde ise C469R varyantinda mutant tip rezidi
yabanil tipe gore biiyiiktiir ve bu boyut farklilig1 yapim bozulmasina neden olabilir. ERN1 geninde S224C ve
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[1]

[2]

(3]
[4]
[5]

[6]
[7]

[8]

G133R varyantlarinda mutant tip rezidii, yabanil tip rezidiiye gore daha az hidrofobiktir. Bu durum sonucunda
etkilesim kayiplar1 meydana gelebilmektedir. TRAF2 geninde hidrofobik etkilesimler degerlendirildiginde ise
C469R varyantinda mutant tip rezidii, yabanml tip rezidiiye gbre daha az hidrofobiktir ve hidrofobiklik
farkliligindan dolay: proteinde etkilesim kayiplarinin ortaya ¢ikabilecegi diisiiniilebilir [38]. Hidrofobik etkiler,
proteinlerin katlanmasinda itici gii¢ olsalar bile, elektrostatik etkilesimler proteinlerin katlanmasi, esneklik,
stabilitesi ve fonksiyonlarinda 6nemli rol oynamaktadir [52]. ERN1 geni G133R varyantinda elektriksel yiik
acisindan yabanil rezidii ndtr mutant rezidii ise pozitif olarak belirlenmistir. Yiik verilerinde ayni yiike sahip olan
ligandlar birbirlerini itebilmektedir [38].

ERN1 ve TRAF2 genlerinde olasi zararl: etkiye sahip oldugu tiim programlarca tespit edilen SNP’lerinin
protein stabilizasyonlari iizerine etkilerini aragtirmak i¢in I-Mutant 2.0 ve MUpro yazilim ara¢lar1 kullanilmistir.
Yapilan analizler sonucunda her iki programda da ERN1 geninde rs138082110 (S224C), rs199512451(G133R),
rs370210153 (P623Q) TRAF2 geninde ise rs144405558 (C469R) SNP’lerinin protein stabilitesini azalttig tespit
edilmistir.

V.SONUCLAR

Huntington hastalig1 ile iliskilendirilen ERN1 ve TRAF2 genleri i¢in yiiksek riskli olabilecegi tahmin
edilen toplamda 4 varyant saptanmistir. Yanlis anlamli SNP’lerin olasi zararli etkilerini tahmin etmek igin
SNAP2, SIFT, PolyPhen-2 (HumDiv ve HumVar), SNPs&GO, PhD-SNP, PANTHER ve Meta-SNP, protein
stabilizasyonu i¢in I-Mutant 2.0 ve MUpro, li¢ boyutlu modelleme i¢in Project HOPE yazilim araglar
kullanilmigtir. ERN1 genine ait rs138082110 (S224C), rs199512451(G133R), rs370210153 (P623Q), TRAF2
genine ait rs144405558 (C469R) polimorfizmlerinin zararl olabilecegi belirlenmistir. Gen-gen etkilesimlerinin
degerlendirilmesi icin GeneMANIA yazilim araci kullanilmig ve ERN1 geni i¢in maksimum etkilesimli ilk 5 gen
YIPF5, TRIM2, TRIM3, HSPA5 ve TAOKK3 olarak tespit edilmistir. TRAF2 geni i¢in ise TANK, BIRC2, TRAF1,
ZFANDG, CASP8 genleri yazilim araci ile belirlenmistir. Protein-protein etkilesimleri i¢i kullanilan STRING
yazilim araciligi ile ERN1 ve TRAF2 genlerinin islevsel protein-protein etkilesimlerini ve fiziksel etkileri
aragtirilmistir. ERN1 geni i¢cin TRAF2, HSPA5, SYVN1, XBP1, TMBIM6, TRAF2 geni i¢in ise RIPK1,
TNFRSF1A, MAP3KS5, BIRC, TRADD proteinleri tespit edilmistir.

Huntington hastalig1 ile yapilan bu ¢alisma sonucunda ERN1 ve TRAF2 genlerindeki yiiksek riskli
olabilecegi tahmin edilen SNP’lerin, ileride gergeklestirilecek farkli genotipleme arastirmalarinda SNP se¢imi
konusunda destek saglayacag diistiniilmektedir. Bu ¢aligmada in silico olarak zararli etkilerinin olabilecegi tahmin
edilen bu SNP’lerin ERN1 ve TRAF2 genleri ile yapilacak olan deneysel ¢alismalarda tercih edilebilecegi
bildirilmektedir.
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ABSTRACT

The exposure to Pb-Cd during pregnancy has negative effects on both the mother and the baby. Karabuk province,
which is the center of the iron and steel industry, is a region with a high risk of Pb-Cd exposure. This study was
designed to determine the levels of lead and cadmium in maternal blood samples and the factors influencing them.
After the ethical committee approval from Karabiik Training and Research Hospital Ethical Committee,
descriptive and analytical analyses were started on the blood samples collected from 100 pregnant women in their
third trimester with the childbirth between 01.09.2018-01.09.2019 in Karabiik Training and Research Hospital
Obstetrics and Gynecology Clinic. The study, conducted in a descriptive and analytical manner, utilized a 32-
question survey form prepared by the researchers and venous blood samples collected simultaneously. For the Pb-
Cd analysis, a 3 ml venous blood sample was obtained from pregnant women using a sterile syringe into hemogram
tubes with purple caps containing Ethylenediaminetetraacetic acid (EDTA). The collected samples were preserved
in a-20°C refrigerator immediately after labeling and were kept until they were taken for analysis. Maternal blood
samples were analyzed using the Atomic Absorption Spectroscopy (AAS) Graphite System method. According to
the analysis results, the mean maternal blood Pb levels of pregnant women with an average age of 28.3+5.37 were
found to be 0.89+0.22 pg/dl, and Cd levels were 0.26+0.07 pg/dl. Maternal blood Pb-Cd levels were compared
each other according to five parameters which are socio-demographic aspect, obstetrical variables, location
characteristics, dietary history, and cosmetic use. Based on these parameters any statistically significant results
were obtained. However, blood lead levels were significantly different in pregnant women who smoked (p=0.001)
and were exposed to secondhand smoke (p<0.05) compared to non-smokers and those not exposed to secondhand
smoke. On the other hand, there was no significant difference in blood Cd levels with respect to exposure to
secondhand smoke (p>0.05). Since exposure to Pb-Cd is not a short-term exposure, but rather long-term exposure
to low concentrations in daily life, and because their half-lives are long-term. These results obtained from this
study can shed light on future studies which aimed to determine the effect of long- term exposure of heavy metals
on pregnant women and infants.
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0z

Gebelik doneminde Pb-Cd’ye maruziyet anne ve bebek iizerinde olumsuz etkiler olusturur. Demir ¢elik
endiistrisinin merkezi olan Karabiik ili, Pb-Cd maruziyeti bakimmdan oldukga riskli bir bélgedir. Bu ¢alisma
maternal kanda Pb-Cd diizeylerini ve etkileyen faktorleri belirlemek amaciyla yapilmistir.

Etik kurul izinleri alindiktan sonra, 01.09.2018-01.09.2019 tarihleri arasinda, Karabiik Egitim ve Arastirma
Hastanesi Kadin Hastaliklar1 ve Dogum Poliklinigi’ne dogum veya kontrol/izlem yapmak iizere gelen iigiincii
trimesterdeki gebeler (n=100) arastirmanin Orneklemini olusturmustur. Tanmimlayict ve analitik tipte
gerceklestirilen calismanin veri toplama araglari olarak, arastirmacilar tarafindan hazirlanan 32 soruluk bir anket
formu ve es zamanl alinan vendz kan kullanilmigtir. Pb-Cd analizi i¢in gebeden, Etilen Diamin Tetraasetik Asit
(EDTA) igeren mor kapakli hemogram tiiplerine, steril enjektor araciligryla 3 ml’lik vendz kan drnegi alinmustir.
Alman numuneler etiketlendikten hemen sonra -20°C sogutucuda analize gidene kadar muhafaza edilmistir.
Maternal kan numuneleri, AAS (Atomik Absorbsiyon Spektroskopisi) Grafit Sistem yontemi kullanilarak analiz
edilmistir. Analiz sonuglarina gore, yas ortalamalar1 28,3+5,37 olan gebelerin maternal kan Pb diizeyleri ortalama
0,89+0,22 pg.dl-1, Cd diizeyleri ise 0,26+0,07 pg.dl-1 olarak bulunmustur. Maternal kan Pb-Cd diizeyleri;
gebelerin sosyo-demografik, dogurganlk o6zellikleri, beslenme, kozmetik kullanimi ve lokasyon degiskenleri ile
kargilastirildiginda istatistiksel olarak anlamli bir sonug elde edilmemistir. Ancak sigara igen (p=0.001) ve sigara
dumanina maruz kalan gebelerde (p<0.05) kan Pb diizeyleri, sigara icmeyenlere ve sigara dumanina maruz
kalmayanlara oranla anlamli farklilik géstermistir. Diger taraftan, kan Cd diizeyleri ile sigara dumanina maruz
kalma ac¢isindan anlamli bir farklilik bulunmamistir (p>0.05). Pb-Cd'ye maruz kalma kisa siireli bir maruziyet
olmadigindan, giinliik yasamda diisiik konsantrasyonlara uzun siireli maruz kalma ve yar1 émrii de uzun vadeli
olmasindan dolayi, yiiriitiilen bu ¢alismanin sonuglar1 6zellikle agir metallere uzun siire maruz kalan gebeler ve
bebekler iizerindeki etkilerini belirlemek amaciyla yapilacak olan ¢aligmalara 151k tutabilir.

Anahtar Kelimeler- Agir Metal, Kadmiyum, Kursun, Maternal Kan

ILINTRODUCTION

Technological advancements, which play a significant role in for human beings, also generate substantial
amounts of waste [1, 2]. Artificial agricultural fertilizers, chemicals, industrial waste, petroleum and its derivatives,
inorganic salts, radioactivity, detergents, pesticides, waste heat, and heavy metals are some important pollutants
that disrupt the ecological balance dramatically [3, 4].

It is well-known that the exposure of environmental pollution which derived from the chemical pollutants
have a long-term detrimental effect on cellular development [5]. Metals that have high concentrations but can
show toxic effects even at low levels are called heavy metals [6]. There are more than 60 heavy metals, including
copper, cobalt, lead, mercury, chromium, cadmium, and zinc are found trace amounts in the nature. [7, 8, 9]. Heavy
metals have toxic and/or carcinogenic effects in the biological organisms and accumulate their metabolism. Their
intake into the body is faster, while their metabolism and elimination are slower [7, 10]. Elements found in the
human body at the mg/l (ppm) or (ppb) level are defined as heavy metals and these elements are taken into the
human body through air, water, food and cigarettes. Metals that are not useful for the body, that are not excreted
even if they are taken in very little, and that cause toxic effects over time are called toxic metals [11].

Many biological and chemical substances in our environment such as industrial waste and environmental
pollutants, addictive substances, X-ray devices, heavy metals such as copper, mercury, lead, cadmium and arsenic,
pesticides and psychotropic drugs and food additives cause toxic effects in living organisms acutely or chronically,
directly or indirectly [12]. According to toxicokinetics, heavy metals can be analyzed in the body through various
biological materials such as nails, teeth, saliva, bones, urine, stool, whole blood (plasma, whole blood), breast milk
and cord blood [13]. Inhalation, oral intake, and/or dermal exposure of heavy metals can cause acute and/or
chronic poisoning. During both the intrauterine and postpartum period long-term exposure of chemical pollutants
have damaging effects on the baby’s physiological systems especially nervous system [14, 15].

Lead (Pb) and cadmium (Cd) are among the top 10 heavy metals according to the Agency for Toxic
Substances and Disease Registry (ATSDR)'s Priority Hazardous Substances 2007 [16].

Pb which is a heavy metal found naturally in the earth's crust and has a toxic effect [17], is mainly
transmitted by inhalation (gasoline, cigarettes, etc.), water, food, transplacental route during pregnancy, dust, soil,
paints, skin contact, solder on food cans and cosmetic products [18-20].

Cd, which can be rapidly converted to cadmium oxide in the air and has the highest solubility in water,
is a toxic heavy metal that spreads very rapidly in nature [21]. Cd is a ubiquitous heavy metal that continuously
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diffuses into the environment as a result of human economic activities, has negative effects on human health, has
toxic effects on multiple organs and systems and is ubiquitous. It is transmitted to the human body through
occupational exposure, inhalation, diet, smoking and passive smoking or drinking water [22]. Sources of Cd
affecting human life are refined foods, electricity industry, water pipes, coal burning, tea, coffee, smoking, flue
gases from industrial production, fertilizers used in the seed stage, shellfish, ceramics, rubber, textiles, leather
industry, plastics, fruits [23-25]. Cd has become an important environmental pollutant with industrialization. Cd
from emission sources passes into the air and then into water and soil. A lot of Cd accumulates in heavy traffic,
highways and their surroundings, factories and industrial zones [26]. Cd is not normally found in the organism and
has toxic effects for every system. It accumulates in the kidney and liver as a result of lifelong exposure. Cd is
toxic to all organisms even in very small amounts. It can cause birth anomalies, genetic mutations and cancer [27,
28].

Pregnancy, in which many changes occur simultaneously, is an important turning point for women and
family life [29, 30]. It is a process in which physical, hormonal, psychological and social changes are experienced
in the body in order to ensure the growth and development of the fetus and to prepare the mother's body for birth
and requires adaptation to these changes. Changes in the body can return to normal within the first 6-8 weeks after
birth [29, 31, 32]. In the third trimester, organs mature for extrauterine life and the fetus begins to gain weight
rapidly. The body takes a round appearance and subcutaneous fat tissues are seen [33]. At the end of this period,
if there are no fetal, placental and maternal adverse factors, term delivery occurs [34].

Pregnant women and fetuses are potentially highly sensitive to environmental pollutants. There are some
studies in the literature related to prenatal Pb exposure. In these studies different biological materials were collected
such as maternal venous blood or cord blood, nails, urine, and hair at different trimesters and measuring the level
of Pb in these biological materials [35, 36]. The maternal Pb exposure level changes in a correlation with the Pb
level passed through the fetus. For example, during pregnancy, Pb stored in the bones can easily pass from the
placenta to the fetus, called prenatal Pb exposure. Intrauterine Pb exposure during pregnancy can lead to
developmental delays, behavioral disorders, and low 1Q. Although a significant portion of Pb is stored in the bones,
it can still pass into the placenta, fetus brain, and breast milk. The lead accumulation rate in infants is low but it
increases with the age and long-term Pb exposure [14].

Chronic exposure to Cd increases the risk of liver and prostate cancer. Some of the detrimental effects of
the Cd exposure include osteoporosis, tooth loss, loss of the sense of smell, and anemia [37]. Exposure to Cd
during pregnancy is harmful both the mother and the fetus because the placenta cannot create a barrier against Cd
[38]. Furthermore, exposure to Cd has been associated with low birth weight, a decrease in newborn length and
head circumference, as well as neurobehavioral and physiological developmental disorders [39]. Blood Cd levels
are 4-5 times higher in smokers compared to non-smokers [40]. A person who smokes 20 cigarettes a day is
exposed to 2-4 ug Cd [41]. Cadmium causes serious damage to reproductive organs such as ovaries and testes and
embryos [42]. After Cd is ingested through vapor, it accumulates entirely in the liver. Cigarette smoke is a major
source of vapor exposure, with smokers having Cd levels 4-5 times higher than non-smokers [40]. One cigarette
contains around 1-2 ug of Cd. Repeated cigarette exposure causes Cd to reach toxic levels [43]. Cd level in the
blood indicates the accumulation of Cd absorption in the last 3-4 months [44].

It has been known that there are limited number of clinical and experimental studies related to Pb-Cd
levels and its effects during maternal period. In this study our main aim is to determine the levels of Pb-Cd, which
are toxic heavy metals, in maternal blood samples and try to understand their detrimental effects, both the mother
and the baby and, interpret their effects on maternal and infant health, and make recommendations for taking
necessary measurements to eliminate these potential risks of these two heavy metals.

1. METHODS

Karabuk University received ethical approval for this research with the decision number 4/7 from the
Karabiik University Non-Interventional Ethics Committee on July 4, 2018.

Population and Sample of the Research: The population of the study consisted of all pregnant women
who applied to the Obstetrics and Gynecology Outpatient Clinic of Karabuk University Training and Research
Hospital between 01.09.2018-01.09.2019 for delivery or control/monitoring; the sample consisted of 100 pregnant
women who voluntarily agreed to participate in the study, who could understand and speak Turkish, who had been
residing in Karabuk province and its districts for at least one year, who were in the third trimester of pregnancy
and who were determined by random sampling method.

Data Collection Instruments: In this descriptive and analytical study, a 32-question questionnaire
prepared by the researchers and venous blood drawn simultaneously were used as data collection tools.

Data Collection and Evaluation Methods and Data Analysis: Data in the study were collected using a
data collection form created by the researchers. In the first stage, Pregnant women in the third trimester who
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applied to Karabuk University Training and Research Hospital Obstetrics and Gynecology Outpatient Clinic for
delivery or control/monitoring purposes were provided with information about the purpose, significance, and
procedures of the research, and informed voluntary consent was obtained. The data collection form was
administered to pregnant women who agreed to participate in the study through face-to-face interviews.

In the second stage of the study, pregnant women were seated to obtain a blood sample, and 3 ml of blood
was drawn with a syringe from the inner elbow vein, or alternatively, from the hand if the vein was thin or deep.
After removing the needle tip, the obtained blood was transferred to a hemogram tube with a purple cap containing
Ethylenediaminetetraacetic acid (EDTA) to prevent coagulation and obtain whole blood/plasma. To prevent clot
formation inside the tubes, the blood was mixed 5-6 times immediately after collection but not shaken. A label
with the pregnant woman's identity information was attached to the sample tube. The samples were preserved in a
-20°C refrigerator immediately after labeling until they were taken for analysis. Pb and Cd analyses were
conducted in a specialized toxicology laboratory. When a sufficient sample size was reached, the samples were
transported to the toxicology laboratory by the researcher himself, following the cold chain rules, for analysis.
Measurements of the collected blood samples in the study were performed using the Perkin Elmer AAnalyst 600
Zeeman model electrothermal atomic absorption spectroscopy (Graphite Furnace Atomic Absorption
Spectroscopy). In this analysis method, blood samples are diluted with matrix modifiers buffer, which contains
sodium dihydrogen phosphate, nitric acid, and Triton X-100. The instrument operates in the furnace program
defined for the method. The reading time for each sample is 5 minutes. Atomic absorption spectrometry (AAS) is
a single-element technique that measures the concentrations of elements. The principle is based on the
measurement of the decrease in light intensity due to the absorption of electromagnetic waves emitted from the
radiation source by the gaseous atoms. The radiation emitted from the hollow cathode lamp specific to the element
to be measured is passed through the current flame and measured by the detector. The sample to be analyzed is
sent into the flame. If the relevant element is present in the sample, the emitted radiation from the lamp is absorbed,
resulting in a decrease in light intensity. The amount of absorbed radiation is directly related to the change in the
concentration of the element in the sample.

Data Analysis Methods: Before proceeding to significance tests, the parametric test assumptions of
normal distribution were assessed using the Shapiro-Wilk test and homogeneity of variances was evaluated using
the Levene's test for the obtained data [45]. In the examination of maternal blood Pb and Cd levels in terms of the
obtained variables, Mann-Whitney U test was used for comparisons between two groups, and the Kruskal-Wallis
test was used for comparisons involving more than two groups. Correlations between Pb and Cd levels and
continuous variables were determined using Spearman Rank correlation analysis. Results were interpreted as
follows: p < 0.05 was considered statistically significant, while p>0.05 was considered statistically not significant.

I1l. RESULTS

The findings obtained as a result of the study conducted to investigate the Pb-Cd level in the blood of the
pregnant women in the third trimester of pregnancy with an age range of 17-42 years and the factors affecting it
were classified and tabulated as follows;

- Findings related to the comparison of Pb levels in maternal blood with variables such as socio-
demographic aspect, obstetrical variables, dietary history and cosmetic use, smoking habits, exposure to
secondhand smoke and location characteristics of pregnant women (Tables 1-5),

- Findings related to the comparison of Cd levels in maternal blood with variables such as socio-
demographic aspect, obstetrical variables, dietary history and cosmetic use, smoking habits, exposure to
secondhand smoke and location characteristics of pregnant women (Table 6-10).

Results Obtained by Comparison of Maternal Blood Pb Levels with Socio-Demographic Aspect of Pregnant
Women

In our study, it was determined that maternal blood Pb level was 0.89+0.22 pg.dl and a statistically
significant relationship was found between Pb levels and age (p<0.05). However, no significant relationship was
found between Pb levels and height, previous weight, and weight gain (p>0.05). When the Pb levels were
compared with the socio-demographic characteristics of the pregnant women, no statistically significant difference
was observed between the groups (p>0.05) (Table 1).

Table 1. Comparison of Socio-Demographic Aspect and Blood Pb Levels of Pregnants

Arith. Cover. .
n +SD Min-Max
Lead Level 100 0.89+0.22 0.52-1.54
Age 100 28.3+£5.37 17-42
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Size 100 160.4+5.72 144-172
Weight gained 100 11.63+5.68 1-28
Socio-demographic characteristics n rt p
Age 100 0.214 0.032*
Size 100 -0.056 0.578
Weight gained 100 0.034 0.741
n Arith. Cover. Rank Avg. Statlstl(.:al
+SD analysis
Primary school 18 0.86+0.220 45.97
Middle school 19 0.85+0.247 44.61 HL = 5,202
Educational Status High school 27 0950236 59.04 0=0.259
University and Above 33 0.88+0.186 51.36
Not Literate 3 0.75+0.185 28.67
Housewife 69 0.90+0.22 51.68
Job Officer 16 0.86+0.19 46.88 H=1.370
Employee 0.81+0.19 42.06 p=0.713
Free 0.89+0.29 56.79
Primary school 18 0.88+0.23 48.92
. Middle school 28 0.91+0.25 52.36 H=0.254
Spouse Education _
High school 32 0.88+0.20 50.95 p=0.968
University/School 22 0.87+0.21 48.77
Officer 21 0.83+0.20 41.57
Employee 28 0.85+0.21 47.63
. ) H=7.473
Spouse Profession Private sector 16 0.96+0.22 60.16 0=0.113
Self-employment 29 0.95+0.24 57.60
Unemployed 6 0.77+0.02 77.42
Bay 10 0.94+0.27 52.95
Permanent Residence  District 33 0.88+0.25 47.33 H=0.464
p=0.793
City 56 0.89+0.19 51.04

Maternal blood Pb levels were compared between pregnant women based on their obstetrical variables.
It was found that the maternal blood Pb level in women who gave birth to low birth weight was 0.83+0.17 pg.dl°
! while it was 0.89+0.22 pg.dl'tin women who did not give birth, and this difference was not statistically
significant (p>0.05). In all pregnant women, when maternal blood Pb levels were compared based on the history
of pregnancy termination, it was determined that the average Pb level was 0.89+0.25 pg.dl* in those who had
undergone curettage and 0.89+0.21 pg.dl?-1 in those who had not, and this difference was not statistically
significant (p>0.05). When maternal blood Pb levels were examined based on the presence of pregnancy-related
hypertension (HT), it was found that those with hypertension had an average Pb level of 0.90+0.09 pg.dl?, while
those without had 0.89+0.22 pg.dl?, and this difference was not statistically significant. Similarly, when
gestational diabetes (GD) was considered, those with GD had an average Pb level of 0.98+0.28 pg.dl™, while those
without had 0.87+0.21 pg.dl'?, and this difference was not statistically significant (Table 2).

*p<0.05, r :correlation coefficient, H * :Kruskal Wallis H Test

Results Obtained by Comparing Maternal Blood Pb Levels with Obstetrical Variables of Pregnant Women

Table 2. Comparison of Variables Related to obstetrical variables of Pregnants with Blood Pb Levels

— g —
Variables Arith. Cover. Rank Avg. Statlstlt?al
SD analysis
Yes 5 0.83+0.17 46.20 z1=-0.340
Did you give birth to a low-birth-weight baby?
youd g Y No 95 0.89+0.22 50.73 p=0.734
. Yes 21 0.89+0.25 50.29 =-0.
Have you had an abortion before? z _ 0.038
No 79 0.89+0.21 50.56 p=0.970
. Yes 5 0.90+0.09 57.30 z=-0.538
Do you have HT during pregnancy?
Y g pregnancy No 95 0.89+0.22 50.14 p=0591
. Yes 11th 0.98+0.28 60.64 z=-1.229
H h D ?
ave you had GD during pregnancy No 89 0.87£0.21 49.25 p=0.219

" p<0.05, z *:Mann Withney U
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Results Obtained by Comparison of Maternal Blood Pb Levels with Dietary History and Cosmetic Use of
Pregnant Women

When the Pb levels in the pregnant women participating in the study were compared with their dietary
history and cosmetic use, no statistically significant difference was found (p>0.05) (Table 3).

Table 3. Comparison of Variables Related to Dietary History and Cosmetic Use of Pregnants with Blood Pb Levels

Variables Arith. Rank  Statistical
Cover.=SD  Avg. analysis
Y 12 0.93+0.1 57.46 1=-0.
Did you dye your hair while pregnant? e 93 ? 2 =088
No 88  0.88x0.22 4955  p=0.376
Did you use make-up products during pregnancy? es 53 0872020 49.88  2=-0.225
' No 47 090+024 5119 p=0822
Y 15 0.89+0.1 53.13 =-0.
Have you used skin lightening cream in the last year? e 89 7 2=-0.459
No 84  0.89+0.23 4944 p=0.646
Yes 7 0.89+0.23 49.14 z=-0.128
Did you use herbal medicine during pregnancy?
y g pregnancy No 93  0.89+022  50.60 Pp=0.898
Do you consume canned food during pregnancy? ves 23 0.95+0.28 5176 z=-1172
' No 77 0.87+020 4864 p=0241
. . Yes 87 0.27+0.89 51.52 z=-0.912
Do you consume fish and seafood during pregnancy?
Y g pregnancy No 13 0.26+0.83 4365 P=0.362
1 per day 15 0.85+0.07 47.20
2 or more per day 2 0.95+0.06 52.00
. 1 per week 25 0.924+0.07 54.18 H'=4.088
Frequency of coffee consumption? _
1 per month 13 081+0.08 3658  P=0.537
1 in a few months 6 0.91£0.03 52.75
I don't consume 39 0.90+0.08 53.63

" p<0.05, z *:Mann Withney U z statistic, H * :Kruskal Wallis H Test

Results of Maternal Blood Pb Levels and Smoking Habits and Exposure to Secondhand Smoke of Pregnant
Women

In this study, when the Pb level in the maternal blood was compared according to the smoking habit
(1.29+0.30 pg/dlt) and not smoking habit (0.88+0.16 pg/dlt), the results were found to be statistically significant
(p=0.001). Furthermore, a statistically significant difference was obtained according to whether the pregnant
women were in smoking environments (0.97+0.25 ug/dl) or not (0.85+0.15 pg/dl) ** (p<0.05). Accordingly, it
was determined that the Pb levels of pregnant women in smoking environments were higher than those in non-
smoking environments and it was statistically significant (Table 4).

Table 4. Comparison of Findings Related to Smoking Habit and Exposure to Secondhand Smoke in Pregnancy with Blood Pb Levels

. Arith. Cover. Rank Statistical
Variables .
SD Avg. analysis
Yes 9 1.29+0.30 86.65 z'=-4,156;
Do you smoke? _ N
No 91 0.88+0.16 46.48 p=0.001
. . . Yes 50 0.97+0.25 56.29 z=-2,447;
Have you been in a smoking environment? B .
No 50 0.85+0.15 41.81 p=0.014

" p<0.05, z t:Mann Withney U standard z statistic

Results Obtained by Comparison of Maternal Blood Pb Levels and Location Characteristics of Pregnant
Women

When the Pb level in the maternal blood was compared with the location characteristics of the pregnant
women and the frequency of house staining, the findings were not found to be statistically significant (p>0.05)
(Table 5).

Table 5. Comparison of Pregnants' Location Characteristics and Blood Pb Levels

Lead Level
Variables Arith. Cover. + Statistical
n Rank Avg. .
SD analysis
Is your house close to the factory? Yes 20 0.90+0.24 53.90 z1=-0.586
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Is your house close to the bus station?

Is your house near the main street?

Is your house close to the train station?

Do you often paint your house?

No 80 0.88+0.22 4965 p=0558
Yes 22 0.84+0.20 46.27 z2=-0.774
No 78 0.90+0.22 51.69 p=0.439
Yes 76 0.88+0.23 49.38 z=-0.690
No 24 0.89+0.18 54.06 p=0.490
Yes 14 0.85+0.31 43.00 z=-1.043
No 86 0.89:+0.20 51.72 p=0.297
Yes 17 0.83+0.18 45.06 z=-0.849
No 83 0.90£0.23 51.61 p=0.396

*p<0.05, z *:Mann Withney U z statistic

Table 6. Comparison of Socio-Demographic Aspect and Blood Cd Levels of Pregnants

Arith. Cover. +

D Min-Max
Cadmium Level 100 0.26+0.07 0.12-0.43
Age 100 28.3+£5.37 17-42
Size 100 160.4£5.72 144-172
Weight gained 100 11.63+5.68 1-28
Arith. S istical
rith. Cover Rank Avg. Statlstl(.:a
SD analysis
Primary school 18 0.28+0.084 58.97
Middle school 19 0.26£0.074 49.45 Hi=2733
Educational Status  High school 27 0.26+0.061 49.28 0=0.603
University and Above 33 0.25+0.085 46.44
Not Literate 3 0.30+0.087 62.00
Housewife 69 0.27+0.08 52.67
Officer 16 0.23+0.08 37.66 H=9.733
Job _
Employee 0.2320.05 37.13 p=0.021
Free 0.32+0.05 73.71
Primary school 18 0.30+0.08 63.47
. Middle school 28 0.25+0.07 47.48 H=5.215
Spouse Education _
High school 32 0.27+0.08 50.69 p=0.157
University/School 22 0.25+0.07 43.45
Officer 21 0.24+0.08 39.57
Employee 28 0.25+0.06 45.57
. ) H=10.422
Spouse Profession Private sector 16 0.29+0.08 58.38 0=0.034
Self-employment 29 0.27+0.07 53.26
Unemployed 6 0.34+0.08 77.42
Bay 10 0.31+0.05 68.55
. o H=5.75
Permanent Residence  District 33 0.27+0.08 52.06 p=0.056
City 56 0.25+0.07 45.47

“p<0.05, H *: Kruskal Wallis H Test

Results Obtained by Comparison of Maternal Blood Cd Levels with Socio-Demographic Aspect of Pregnant

In our study, it was determined that the maternal blood Cd level was 0.26+0.07 pg/dl?, and the
relationship between Cd levels and age, height, previous weight, and weight gain was not statistically significant
(p>0.05). When Cd levels were compared with the variables constituting the socio-demographic aspect of pregnant
women, no statistically significant difference was found between the groups (p>0.05); however, a statistically
significant difference was found between the groups constituting the "occupation™ variable (p=0.021) and the
"spouse's occupation” variable (p=0.034) (p<0.05). When the "occupation” subgroups were examined in detail in
terms of Cd levels, a significant difference was found between civil servants and self-employed individuals
(p=0.036), while no statistically significant difference was observed between the other subgroups when compared
within themselves (Table 6).

Results Obtained by Comparing Maternal Blood Cd Levels with Obstetrical Variables of Pregnant Women
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No statistically significant difference was found in the results of the analysis performed according to the
blood Cd level and obstetrical variables of the pregnant women who participated in the study (p>0.05). In addition,
no statistically significant difference was found in maternal blood Cd levels according to the presence of
pregnancy-related HT and GD (p>0.05) (Table 7).

Table 7. Comparison of Variables Related to Obstetrical Variables of Pregnants with Blood Cd Levels

T —~ —
Variables Arith. Cover. Rank Avg. Statlstl(_:al

SD analysis
Yes 5 0.23+0.07 38.40 1=-0.958;
Did you give birth to a low-birth-weight baby? 2=-0.958;
No 95 0.27+0.08 51.56 p=0.338

Y 21 0.25+0.0 46.50 =-0.712;

Have you had an abortion before? e > 7 z=-0.712
No 79 0.27+0.08 51.56 p=0.477

Yes 5 0.26+0.0 48.30 =-0.174;

Do you have HT during pregnancy? 6 > z _O 174;
No 95 0.26+0.08 50.62 p=0.862

. Yes 11th 0.28+0.06 58.50 z=-0.971;

" ;

Have you had GD during pregnancy? No 89 0.2640.08 4951 p=0.332

" p<0.05, z *:Mann Withney U

Results Obtained by Comparison of Maternal Blood Pb Levels with Dietary History and Cosmetic Use of
Pregnant Women

When the maternal blood Cd level was compared with the dietary history and cosmetic use of pregnant
women in the study, no statistically significant difference was found (p>0.05) (Table 8).

Table 8. Comparison of Variables Related to Dietary History and Cosmetic Use of Pregnants with Blood Cd Levels

Variables n Arith. Cover. Rank Avg. Statlstu?al
+SD analysis
Yes 12 0.27+0.07 56.33 z1=-0.744
Did you dye your hair while pregnant? No 38 0.26+0.08 49.70 p=0.457
) _ Yes 53 0.27+0.07 52.24 2=-0.636
Did you use make-up products during pregnancy? No 47 0.26+0.08 4854 p=0.525
o ) ) Yes 15 0.26+0.07 47.07 7=-0.430
Have you used skin lightening cream in the last year? No 84 0.2740.08 50.52 p=0.667
i h | . i , Yes 7 0.25+0.08 43.93 7=-0.622
Did you use herbal medicine during pregnancy? No 93 0.27£0.07 50.99 p=0.534
Do you consume canned food during pregnancy? Yes 23 0.28+0.08 57.76 2=-1370
No 77 0.26:0.08 48.33 p=0.171
. . Yes 87 0.2740.08 51.22 z=-0.641
Do you consume fish and seafood during pregnancy?
Y 9 PrEgNAEY= " Mo 13 0.26:0.08 45.69 p=0.521
1 per day 15 0.26 +0.07 50,50
2 or more per day 2 0.30 +0.06 65.25
1 per week 25 0.26+0.07 54.52 H'=4.860
Coffee frequency? -
1 per month 13 0.26+0.08 37.58 p=0.433
1 in a few months 6 0.26+0.03 63.58
I don't consume 39 0.26+0.08 49.46

" p<0.05, z *:Mann Withney U z statistic, H * :Kruskal Wallis H Test

Results of Maternal Blood Cd Levels and Smoking Habits and Exposure to Secondhand Smoke of Pregnant
Women

No statistically significant difference was observed between smoking habit and exposure to secondhand
smoke during pregnancy and blood Cd level (p>0.05) (Table 9).

Table 9. Comparison of Findings Related to Smoking Habit and Exposure to Secondhand Smoke in Pregnancy with Blood Cd Levels

Avrith. Cover. Rank

Variables +SD Avg. Statistical analysis
Yes 9 0.25+0.09 43.78 z1=-0.730;
Do you smoke? _
No 91 0.27+0.08 51.16 p=0.466
. . . Yes 50 0.27+0.08 52.43 z =-0.666;
Have you been in a smoking environment?
No 50 0.26+0.08 48.57 p=0.505

" p<0.05, z t:Mann Withney U z statistic
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Results Obtained by Comparison of Maternal Blood Cd Levels and Location Characteristics of Pregnant
Women

There was no statistically significant difference between Cd levels and characteristics depending on the
location of the pregnant women (p>0.05) (Table 10).

Table 10. Comparison of Pregnants' Location Characteristics and Blood Cd Levels

Lead Level
Variables i isti
Arith. Cover. Rank Avg. Statlst!cal
+SD analysis
Y 20 0.25+0.08 42.95 =-1.
Is your house close to the factory? & z l_ 1.303
No 80 0.27+0.08 52.39 p=0.193
Y 22 0.26+0.0 49.48 =-0.
Is your house close to the bus station? & 6 8 z _ 0.150
No 78 0.27+0.08 50.73 p=0.881
. Yes 76 0.26+0.08 47.59 z=-1.786
Is your house near the main street? _
No 24 0.28+0.06 59.71 p=0.074
. . Yes 14 0.25+0.08 45.71 =-0.
Is your house close to the train station? z _ 0666
No 86  0.27+0.08 51.28 p=0.505
. Yes 17 0.24+0.09 42.03 z=-1.323;
Do you often paint your house? B
No 83  0.27+0.07 52.23 p=0.186

" p<0.05, z *:Mann Withney U
1V. DISCUSSION

Chemical pollutants causing environmental pollution have a long-term impact on cellular development
[5]. Pb-Cd, among these pollutants, leads to serious health problems in all living organisms [46]. Preghant women
and fetuses, in particular, are highly sensitive to environmental pollutants [35]. When Pb accumulates in the body
for a long time, it passes from the mother to the placenta and fetus during pregnancy and from breast milk to the
baby after birth [14, 15].

Moving from the fact that high concentrations of heavy metals adversely affect all living organisms in
the ecosystem, there is limited research in Turkey on the factors influencing Pb-Cd levels, especially in pregnant
women. Therefore, this study, aimed at determining Pb-Cd values, was conducted in the city of Karabuk, which is
among the few cities in our country with a notable Iron and Steel Industry. In this context, the study sample
consisted of pregnant women in the third trimester who visited the Obstetrics and Gynecology Clinic of Karabuk
Training and Research Hospital for childbirth and follow-up.

In our study, it was determined that the average Pb level in maternal venous blood is 0.89+0.22 ug/dl?,
and the average Cd level is 0.26+0.07 pg/dlL. In a study conducted by Oktem (2018) in Karabuk, the average
maternal venous blood Pb level was found to be 1.97+0.74 ug/dl’, and the Cd level was 0.73+0.24 pg/dI* [47].
Durska (2001) reported maternal venous blood Pb-Cd levels as 2.75 pg/dl and 0.09 pg/dl, respectively [48]. In a
study by Iwai-Shimada et al. (2019) aiming to determine the prenatal Pb-Cd exposure level, they found that the
maternal blood Pb level was 8.65-13.5 ng/dl?, and the Cd level was 0.74-1.79 pg/dlt [49]. While studies
conducted in different regions observe similar and high Pb-Cd levels, the values in our study were found to be
lower. These results, contrary to the reported Pb-Cd levels in pregnant women, suggest that factors affecting the
accumulation of these heavy metals in the bodies of pregnant women living in the industrial city of Karabuk may
be different.

In our study, Pb levels showed variations concerning certain socio-demographic aspect among pregnant
women, while for some variables, no significant differences were observed (Table 1). When examining the
maternal blood Pb levels in terms of demographic characteristics of pregnant women, a statistically significant
relationship was found between Pb levels and age (p=0.032). Nakayama et al. (2019), in a study conducted in
Japan to determine maternal blood Pb-Cd levels and determinants, concluded that the main determinants of Pb
levels were the mother's age and whether she consumed alcoholic beverages [50]. In our study, it was determined
that blood Pb levels varied on average between 0.75-0.95 pug/dl*t according to the educational level. This result is
parallel to the findings of Durska (2001) [48]. In Oktem's (2018) study, the average Pb level was found to be
between 1.87-2.23 pg/dl* according to educational level [47]. Blood Pb levels in our study varied between 0.81-
0.90 pg/dl based on the occupations of pregnant women, between 0.87-0.91 pg/dl? based on the educational level
of spouses, and between 0.77-0.96 pg/dl! based on the occupation of spouses. No significant difference was
observed in Pb-Cd levels in the blood concerning education and occupation, and this result was found to be parallel
to the results of Oktem (2018) [47]. Considering that 69% of the participating pregnant women were homemakers,

263



BSEU Fen Bilimleri Dergisi / BSEU Journal of Science, 2024, 11(2): 255-269
Y. Altuner, Y. Omiir, S. Onur

16% were civil servants, 8% were workers, and 7% had worker status, it can be said that whether they were
working or not, the pregnant women in the study had low Pb exposure.

In our study, no significant difference was found in the Pb levels of pregnant women according to
obstetrical variables (Table 2). Accordingly, the average Pb level of mothers who gave birth to low-birth-weight
babies and those who did not was determined to be between 0.83-0.89 pg/dl. The average Pb level of those who
had undergone curettage previously was found to be 0.89 pg/dl*t. Motawei et al. (2012), in their study aiming to
determine whether the blood Pb level in preeclamptic pregnant women exceeded normal limits, found a significant
association between preeclampsia and high Pb levels in the blood [51]. Yazbeck et al. (2009), in their study, found
the Pb level to be significantly higher in cases of pregnancy-induced hypertension (2.2+1.4 pg/dl™t) compared to
normotensive patients (1.9+1.2 ug/dl’Y; p=0.02) [52]. However, in our study, no significant difference was
observed in the blood Pb levels between pregnant women with and without hypertension. The average Pb levels
of pregnant women with and without hypertension ranged between 0.89-0.90 pg/dl*. Additionally, the average Pb
levels of pregnant women with and without gestational diabetes mellitus (GDM) were determined to be 0.87-0.98
ug/dlt. Soomro et al. (2018) found a long-term environmental exposure to Pb-Cd to be associated with GDM in
their studies [53]. It can be stated that the presence or absence of GDM and hypertension did not affect the Pb-Cd
levels in the pregnant women participating in our study. Furthermore, women diagnosed with pregnancy-induced
hypertension had Cd values of 0.26 pg/dl, and those with or without GDM had Cd values ranging from 0.26-0.28
pg/dlL. Oguri et al. (2019), in their study in Japan to determine the relationship between maternal blood Ph-Cd
concentrations and GDM, concluded that Pb-Cd concentrations were slightly higher in women with GDM
compared to those without GDM, but these differences were not statistically significant [54].

In a study conducted by Al-Jawadi et al. (2009), they found that coffee consumption is an important
determinant for Pb levels [55]. However, in our study, no significant difference in blood Pb levels (0.81-0.95 pg/dl
1) was observed based on the frequency of coffee consumption during pregnancy (Table 3).

In our study, a significant difference was found in Pb levels between pregnant women who smoked and
those who did not, with higher Pb levels observed in pregnant women who smoked. Additionally, it was
determined that Pb levels showed significant differences based on the exposure of pregnant women to secondhand
smoke (p<0.05) (Table 4). Menai et al. (2012) also found a significant difference in Pb levels between pregnant
women who smoked and those who did not during the pregnancy period (p<0.05) [56]. Therefore, pregnant women
exposed to secondhand smoke had higher Pb levels.

In Oktem's study (2018), the blood Pb level was found to be 1.81-2.29 pg/dI'* according to the continuous
residence, while in our study, this value was determined to be 0.88-0.94 ng/dl* [47]. However, Falcon et al. (2002)
and Rollin et al. (2009), in their studies, demonstrated that the blood Pb levels of individuals living in urban and
rural areas significantly differed, with women living in urban areas having higher blood Pb levels [57, 58]. The
pregnant women participating in our study were found to generally reside in locations far from the Iron and Steel
factory and areas with heavy traffic. Therefore, it was considered that the similar blood Pb levels according to the
residence might be related to this fact. When examining Pb levels in terms of location characteristics in our study,
the average Pb values were found to be 0.88-0.90 pg/dl concerning the proximity of the house to the Iron-Steel
factory, 0.88-0.90 pg/dl™ concerning the proximity of the house to the bus station, and averages ranging from
0.88-0.89 ng/dl* concerning the proximity of the house to the main street. It was determined that the Pb levels of
pregnant women did not show a significant difference according to these location characteristics (Table 5). Durska
(2001) also found in her study that the Pb level was not related to the location of the house [48]. In contrast to
these studies, Kim et al. (2019), in their study to determine the impact of an electronic waste recycling factory in
the Guiyu town in southeast China on heavy metal concentration in pregnant women, found that the geometric
mean of maternal blood Pb concentration in Guiyu was 1.74 times higher than that of women in Haojiang. This
study concluded that living in the area where the electronic waste recycling factory is located poses a higher risk
of exposure to heavy metals [59].

In our study, while Cd levels of pregnant women showed differences in some variables concerning their
socio-demographic aspect, they did not show differences in some other variables. When examining the average
Cd levels of variables that did not show significant differences, it was determined that they ranged between 0.25-
0.30 pg/dl* for education level, 0.25-0.30 pg/dl* for spouse's education level, and 0.25-0.31 pg/dl™* for residence
(Table 6). While no significant difference was observed in blood Cd levels based on education level in our study,
significant differences were observed in terms of occupation (p=0.036) and spouse's occupation (p=0.034).
Accordingly, it was found that the Cd level of pregnant women who were self-employed (0.32+0.05 pg/dl) was
higher than those who were civil servants (0.23+0.08 pg/dl’). When examined in terms of spouse's occupation, it
was determined that the Cd levels of pregnant women whose spouses were unemployed (0.34+0.08 pg/dlt) were
higher than those whose spouses were civil servants (0.24+0.08 pg/dl™Y).
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In our study, no significant difference was observed in blood Cd levels based on the obstetrical variables
of pregnant women (Table 7). In this context, it was found that the average Cd values ranged between 0.23+0.27
ng/dlt based on the condition of giving birth to low-birth-weight babies. This result is consistent with the findings
of Zhang et al. (2004). Indeed, the study found no significant relationship between Cd levels and birth weight [59].
Sun et al. (2014) reported that Cd exposure significantly affected newborn birth weight [61], and Huang et al.
(2017) determined a significant relationship between high maternal urinary Cd and low birth weight [62]. In Zhang
et al.'s (2004) study, it was observed that Cd levels ranged between 0.25-0.27 pg/dl** based on the previous history
of curettage among pregnant women [60]. In Durska's (2001) study, although there was a significant difference in
Cd levels between women who had previously undergone curettage and those who had not, women who had
undergone curettage had higher Cd levels [48]. Omeljaniuk et al. (2018) found that in women who had a
miscarriage, blood Pb level was 35.54+11.0 ng/l, Cd level was 2.73+£2.07 pg/l, while in the control group (35
women in the first trimester of pregnancy and after delivery), Pb was 27.11 + 4.6 pg/l, and Cd was 1.035+0.59
ng/l. When compared, blood Pb-Cd levels were found to be higher in women who had a miscarriage and it was
concluded that smoking habits significantly influenced this situation [63].

In our study, it was found that blood Cd levels ranged between 0.26-0.30 ug/dl* based on the frequency
of coffee consumption during pregnancy (Table 8). In a study conducted by Osorio-Yafiez et al. (2018), urinary
Cd was found to be negatively associated with coffee consumption [64].

When looking at the Cd levels based on the exposure to secondhand smoke during pregnancy, it was
found that the Cd level was between 0.25-0.27 pg/dl* for the smoking habits and between 0.26-0.27 pg/dl™* for
being in a smoking environment (Table 9). However, Menai et al. (2012) found that pregnant women who smoked
had higher Cd levels, and this was associated with low birth weight [56]. Higher Cd levels in pregnant women
who smoke have also been observed in other studies [14, 65, 66]. Zhu et al. (2018), in their study aiming to
determine the relationship between chronic exposure to secondhand smoke and toxic metal accumulation in hair
in pregnant women, concluded that long-term passive smoking could potentially increase Pb-Cd levels [67].

When examining Cd levels in terms of location characteristics, it was found that the average Cd values
ranged between 0.25-0.27 pg/dl* based on the proximity of the house to the Iron-Steel factory, between 0.26-0.27
ng/dl! based on the proximity of the house to the bus station, and the averages ranged between 0.26-0.28 pg/dl*
based on the proximity of the house to the main street. Cd levels of pregnant women participating in the study did
not show a significant difference based on the location characteristics (Table 10). This result is consistent with the
findings of Durska (2001) [48]. However, according to the research conducted by Tavakkali and Khanjani (2016),
high exposure to Cd was found in industrial workers and those with environmental exposure due to living in
industrial areas [68], which contradicts the results of our study.

V.RESEARCH AND PUBLICATION ETHICS

In the study conducted on maternal blood Pb and Cd levels and the factors affecting them, the ethical
principles and guidelines for research and publication were meticulously followed. The following ethical
considerations were taken into account during the planning, implementation, and reporting phases of the research:

Institutional Ethical Approval: The study obtained ethical approval from the non-interventional ethics
committee of Karabuk University (Approval Number: 4/7, Date: 04.07.2018).

Informed Consent: Informed consent was obtained from all participants. The purpose of the study, data
collection procedures, and the potential risks and benefits were explained to each participant, and their written
consent was obtained.

Confidentiality: The privacy and confidentiality of the participants were strictly maintained. Personal
information was anonymized, and the data was stored securely to prevent unauthorized access.

Data Collection Tools: The data collection tools were developed based on a comprehensive literature
review and were designed to respect the rights and privacy of the participants.

Data Collection Procedure: Data collection was carried out with the utmost care and consideration for
the well-being of the participants. Blood samples were collected using appropriate medical procedures.

Data Analysis and Reporting: The data analysis was conducted rigorously and transparently, following
standard statistical methods. The results were reported accurately and without bias.

Authorship and Acknowledgments: Authorship was determined in accordance with the contributions of
individuals to the research. All contributors were appropriately acknowledged in the publication.

Plagiarism and Citations: Plagiarism was strictly avoided in the research, and all sources of information
and previous studies were properly cited and referenced.
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Publication Ethic: The research adheres to the principles of responsible and ethical publication. It was
not simultaneously submitted to multiple journals, and the publication guidelines of the selected journal were
followed.

Conflict of Interest: Any potential conflict of interest was disclosed, and the research was conducted
impartially and without bias.

Overall, the research followed ethical standards and guidelines to ensure the integrity, credibility, and
reliability of the study findings and the responsible dissemination of research results.

VI. CONCLUSION

The exposure to Pb-Cd during pregnancy has negative effects on both the mother and the baby. Karabuk
province, which is the center of the iron and steel industry, is a region with a high risk of Pb-Cd exposure. This
study aims to determine the levels of Pb-Cd in maternal blood and the factors influencing them. According to the
analysis results, the mean maternal blood Pb levels of pregnant women with an average age of 28.3£5.37 were
found to be 0.89+0.22 pg/dl, and Cd levels were 0.26+0.07 pg/dl. When maternal blood Pb-Cd levels were
compared with the socio-demographic aspect, obstetrical variables, dietary history, cosmetic use and location
characteristics of pregnant women, no statistically significant results were obtained. However, in smokers and
pregnant women exposed to secondhand smoke, blood Pb levels showed significant differences compared to non-
smokers and those not exposed to secondhand smoke. On the other hand, no significant difference was found in
blood Cd levels concerning exposure to secondhand smoke.

According to the results of this study, smoking, either actively or passively, has been indicated as a
significant factor in maternal blood Pb-Cd levels. Women planning for pregnancy and pregnant women should be
educated, made aware of the short and long-term adverse effects of smoking, and smoking habits should be
controlled. There is existing evidence in the literature regarding the negative effects of heavy metal exposure on
pregnant women and fetuses. The relatively low metal-loaded air pollution due to the distance from the factory
and the majority of participating pregnant women being away from the factory, bus station, and train station may
have contributed to the lower metal burden in maternal blood in our study. More comprehensive studies are needed
to better investigate the factors contributing to Pb-Cd toxicity.

Although Pb-Cd levels were not found to be high in pregnant women residing in Karabuk province, the
findings obtained in the scope of this research will contribute to the literature with a more extensive sample size
upon replication.

RECOMMENDATIONS

-To inform women of reproductive age and pregnant individuals about the risks associated with heavy
metal exposure, particularly Pb-Cd, public awareness campaigns should be organized.

-Increased awareness should be emphasized on the adverse effects of smoking, both active and passive,
during pregnancy, on maternal blood Pb-Cd levels. The importance of avoiding such exposures during pregnancy
should be highlighted.

-By integrating preconception counseling services into routine healthcare practices, women should be
provided with information about the potential risks of heavy metal exposure, and lifestyle changes should be
encouraged before conception.

-Routine monitoring programs should be established, especially in industrial areas or regions with
potential environmental pollution, to assess heavy metal levels in pregnant women.

-Maternal blood Pb-Cd levels should be regularly checked during prenatal care visits, and interventions
should be promptly implemented upon identifying potential risks.

-Encouraging additional research with larger sample sizes is essential to comprehensively investigate
factors contributing to Pb-Cd toxicity in pregnant women.

-Longitudinal studies should be conducted to examine the long-term effects of heavy metal exposure on
both maternal and fetal health.

-Efforts should be made to develop and implement policies aimed at reducing heavy metal exposure in
the general population, with a specific focus on vulnerable groups such as pregnant women.

-Collaboration between health authorities and industries should be promoted to develop strategies for
minimizing environmental impacts of industrial activities, reducing heavy metal emissions, and ensuring
environmental safety.
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-Research findings should be shared with healthcare professionals and integrated into clinical practice to

enable informed decision-making and personalized care for pregnant individuals.
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ABSTRACT
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I. INTRODUCTION

The Fisher-type equations are a class of partial differential equations commonly used to model the spatial
dynamics of population growth and propagation. Named after biologist and statistician R.A. Fisher, these equations
play a crucial role in understanding the spread and distribution of biological species, epidemics, and other
phenomena with spatial components [1,2]. Several methods for solving Fisher-type equations have been developed
by many researchers. Humaira and Shah [3] have employed Laplace Adomian decomposition method to solve the
general Fisher’s equation. In [4], Yildirim and Bayram, implemented the reduced differential transform method
(RDTM) to construct explicit /exact solutions of Fisher-type equations. Agirseven and Ozis [5] used the homotopy
perturbation method for solving Fisher type equations. In addition, Bhalekar and Patade [6] used the decomposition
method to give an analytical solution to Fisher’s equation. Other methods for the Fishers equation are the Exp-
function method [7], Q-function method [8], Adomian decomposition method [9], Laplace transform, and new
homotopy perturbation methods [10]. In this article, we propose a method, namely, The Fourier Adomian
Decomposition Method (FADM) to solve Fisher-type equations given by

Up = Uy, + au(l — w). @

The paper is organized as follows: In Section 2, basic definitions and theorems related to the Fourier
transform and Adomian decomposition method. In Section 3, some examples have been given for the solution of
the fisher equation by using FADM. Finally, we have given a conclusion.

In this article, the Fisher-type equations have been solved using the proposed method for several reasons:
Firstly, FADM is known for its versatility, it can handle nonlinear problems like Fisher-type equations with relative
ease. Its ability to break down complex problems into more manageable parts makes it a valuable tool in the
researcher's toolbox. Secondly, FADM has a solid theoretical foundation. Leveraging the Fourier transform and
the Adomian polynomials, it provides a systematic and efficient way to approximate solutions. This method allows
you to express the solution as a series, making it easier to work with and potentially yielding more accurate results.
Finally, FADM often proves computationally efficient, especially when dealing with problems that might be
challenging for other numerical methods. This can save valuable time and resources in the research process. The
choice to use FADM boils down to its adaptability, theoretical robustness, and computational efficiency, which
are essential when tackling complex Fisher-type equations.

I1. PRELIMINARIES AND THEOREMS
Definition 2.1. : [12] The Fourier transform of f(t) is given by

FIFO1 = Fw) = | f(©).e"de @
Definition 2.2. : [12] The inverse Fourier transform of F(w) is given by

1 r® .
F@O =FHF@I] =5 | Fon.etar @

Theorem 2.1.[11-12] (Linearity of Fourier Transform) If F[f;(t)] = F;(w), F[f>(t)] = F,(w), then
Flr- 1) + 1. ()] = . F;(w) + 1. F (W),
where ry, 1, are arbitrary constants.

Theorem 2.2]11-12] Let f(t) be -continuous or partially continuous in (—oo,0), and

FO, '@, f" @), e, f® V() » 0 for|t| > 0. Also, if f(t),f' (), f"(t),..,f® V() are absolutely
integrable in (—oo, ), then

FIf®@®)] = (w)"F[f ()] 4
Definition 2.3. The Dirac delta function is given by
0, t+0
8(1) = {oo t=0

Some properties of the Dirac Delta distribution are as follows [12]:

i [0 sdt=1

i. [° f(®).80—ty)dt=f(ty) ®)
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iii. [ £(6). 6™ (t — to)dt = (=1)™ fF ™ (t,) (6)
iv. (t—tx)"6™(ty) = (—1)™n! 8(t — t,) )

Where §(t — ty) is given by
6t —ty) = {

Theorem 2.3. [11-12] The Fourier transform of §(t) is 1.

0, t+t
o, tzto

Theorem 2.4.[11-13] The Fourier transforms for some functions are following
DF[1] = 2m.6(w)

i) F[t"] = 2m. i 6™ w)

iii)Fe™ot] = 26 (w — wy)

iv)Fle®] = 2n6(w + ia)

Lemma 1. The Fourier Transform of Partial derivative functions are following:

F [Z—ﬂ = iwF(w,y) ®)
o[ o 0
F [ZTf] = -w?F(w,y) (10)
T g zaZI;(vam (11)

I1l. FADM FOR FISHER’S EQUATION

In this section, we will show the reliability of the proposed method and its compatibility with some real
physical processes.

Consider the following general form of the nonlinear diffusion equation with the specified initial
condition:

U = Uy, + F (1) (12)

u(x,0) = f(x) (13)

where F (u) is a continuous nonlinear function that satisfies the conditions
F(0O)=F(1) =0
F'(0)>0>F'(1)
F(u)>0,0<u<1
The methodology consists of applying Fourier transform first on both sides of Eq. (12)

T(ut) = :F(uxx) +T(F(u))
Using the differentiation property of Fourier transform, we get
AU (w,t)

el (w)2U(w,t) + F(F(u)) (14)

The second step in the Fourier Adomian decomposition method is that we represent solution as an infinite
series given by
u(x,t) = 2 Uy (x,t) = uplx, t) + uy (x, t) + uy(x, ) + -+
n=0
Where the component u,, (x, t),n = 0 will be determined in a recursive manner.
Also, by applying inverse Fourier transform to Eq (14), our required recursive relation is given below
ou(w,t
F [% = —F L (w2 (w, 0)+F " ( F(FwW))
OQUpyr
at

—F(w2U,(w,t)) + FH(F(4,)),n=0
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Where u, = u(x,0) = f(x) from the initial condition, and A,,’s are the Adomian polynomials.

Example 1: [3,5,6,9,10] Consider the following Fisher’s equation

Uy = Uy + au(l —uw) (15)
with initial condition u(x,0) =Afora =1

The exact solution of Eq (15) is

3 Aet
W) =T e
By using Fourier transform of Eq (15), we obtain
Fu) = F(ur) + F) — Fu?)

aU(w,t)

Tk (iw)2Uw,t) + Fu) — F(u?)

Now, using the inverse Fourier transform of the previous equation, we obtain

Fl [w = —F 1 (w2U(w, ))+F Y FW) - FH(F@w?)
OUnyiy —-1(4,,2 -1
5 = F (W2U,w, ) + u, — FY(F(4)

The first few components of u,, (x, t) are given by

Uug=A, Ay =us, Uyw,t) =F(uy) =FQ) =2r1.6(w)

ou
a_tl = —F 1 (wWiU,w, 1)) +uy —F HF(Ap) =up—ud =1 —22
u; = At — A%t, Ay = 2ug.uy = 2A(At — 22¢t), U, (w, t) = F(u,) = 2m6. (At — 2%t)
a
=2 = —FI WAL W,0) +u — F(F(AD) == —F T (w2ns (At — 20) + (At — ) — 24t — 1)
= At — A%t — 22%t + 223t
A2 322t
w, == - + 3¢2,

2
A2 = zuo.uz + u% = (2},2 - 5/13 + 3&4)t2

At? 322t 5
U,(w,t) = F(uy) = 2nd + A3t

2 2
dus —1(,, 2 -1
—o = ~F W lw,0) +u ~ FH(F(4))
At2 322¢2 A2 37%t2
= —F1 <W22n6 (T -+ /13t2>> + o B - (222 - 5% + 320

_/Itz 3%t
T2 2

+ A3t2 — (242 — 523 + 3AH)¢?
A 722 5 . t3
Uz =\ - — T + 61° — 34 ?

2

and so on. Therefore, on taking the sum of the above iterations, we get
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[ee)

A 322 A TR
u(x,t)=Zun(x,t)=/1+(/1—/12)t+ E—T+/13 t* + g—?+2/13—/14 3+
n=0

Which leads to the exact solution of equation (15)
Aet

W) =T e

Example 2[5, 6] Consider the following Fisher’s equation

Uy = Uyy + 6u(l —u) (16)

1
(1+e%)2

with initial condition u(x,0) =
By using Fourier transform of Eq (16), we obtain
F(uy) = F(uy,) + 6F (W) — 6F (u?)

aU(w,t)

Fra (iw)2U(w, t) + 6F (u) — 6F (u?)

Now, using the inverse Fourier transform of the previous equation, we obtain
aun+1 —

o —F Y (w2U,(w, 1)) + F1(F(4,))
The first few components of u,, (x, t) are given by

1

uo = (1+ex)2 'AO = 6u0 - 6U(2)

o _ FHw2Uy(w,t)) + A _62u0+6 6 2—48236_2626+ 6 6 __ 10
at W Eol, 0T oxz T T T T e T U1 e T (4 en)t (1+e)?
10e*t
u(x,t) = A+e)?
Ay = 6uy — 12upuy
ou, i 0%u, 50e*(e®* — 1)
M - A==t A=
ot F (W Ul(w,t))+ 1= 53 + A4, 1+ e
25e*(e** —1) ,
u(x,t) = TAte)t
A2 = 6u2 - 12u0u2 - 6u]2_
ous 0%u, e*(—1+ 7e* — 4e?*)
B P (W2U,w, t)) + A, = —2 + A, = —125 2
at (W »(w ))+ 2 Ox2 + 4; (1 +eX)s
125e¥(—1 + 7e* — 4e?*
s, ) = — o s

3 (1 +e¥)5

and so on. Therefore, on taking the sum of the above iterations, we get

1 10e*t  25e*(e** —1) , 125e*(—1+7e* —4e*)

t3 + ..
Atre2 TAtep  dten)t 3 a+e)s

u(x,t) =

Which matches highly accurately with the literature
IV. CONCLUSION

In this study, employing the Fourier Adomian Decomposition Method (FADM) to solve Fisher-type
equations has proven to be a good choice. Through its versatile approach, FADM effectively handles the inherent
nonlinearity of Fisher equations, providing a systematic framework for obtaining accurate approximations. The
theoretical underpinnings of FADM, utilizing Fourier transform and Adomian polynomials, contribute to the
method's reliability and efficiency. The ability to decompose complex problems into more manageable
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components facilitates a clearer understanding of the solution process. Furthermore, FADM showcases its prowess,
demonstrating efficiency in tackling challenges that may pose difficulties for other numerical methods. This
computational advantage translates to saved time and resources in the research endeavour. Finally, the application
of FADM in solving Fisher-type equations emerges as a robust and efficient methodology, offering a promising
avenue for researchers seeking accurate solutions to complex mathematical problems in various scientific domains.
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ABSTRACT

Small-cell lung cancer (SCLC) is aggressive due to fast tumor development, early metastatic dissemination, and
genetic instability. In this study, the RNA sequencing method was applied to the selected experimental data set for
gene expression analysis in lung tissue samples of SCLC using Array Express functional genomic data. Array
Express is a public repository for transcriptomic and related data that aims to store MIAME-compliant data in
accordance with MGED recommendations. We wanted to look into the genomic sequence data (GSE60052) of 7
healthy controls and 75 SCLC patients through the GEO2R platform and the NCBI Gene Expression Omnibus
(GEO) using the accession number E-GEOD-60052. The GSE60052 dataset of the genomic expression study was
found on the GEO2R platform using the Illumina HiSeq 2000 RNA sequencing method in lung tissue samples
from 75 SCLC patients and 7 controls. This was done to find out how the gene profile in SCLC were being
expressed. In patients both in the SCLC and the control group, it was identified through the Volcano plot graph
that HOXD10, FAM83A, HOXB1, ECEL1, GATA4, DMRT3, TGM3, CHP2, and PPP1R1A genes were down-
regulated (log2(fold change) < -5), while PGC, SFTPC, SLC6A4, and CSF3 genes were up-regulated (log2 (fold
change > +5). We share the view that SCLC is a type of neuroendocrine tumor with high malignancy and a poor
prognosis, and identifying significant genes through expression profiling in lung tissue samples may be effective
in elucidating the complex mechanisms underlying SCLC and determining their effect on the prognosis of the
disease. The use of related genes as possible prognostic biomarkers in targeted therapy in SCLC could be enables
the determination of the effects of the tumor microenvironment on immune cells and stromal cells.

Keywords- Biomarker, Gene Expression, RNA Sequencing, Small Cell Lung Cancer, Transcription Profile
Array

Oz

Kiiciik hiicreli akciger kanseri (SCLC), hizli tiimor gelisimi, erken metastatik yayilim ve genetik dengesizlik
nedeniyle agresiftir. Array Express, MIAME uyumlu verileri MGED 0nerilerine uygun olarak depolamayi
amaglayan, transkriptomik ve ilgili veriler igin halka agik bir depodur. Bu ¢alismada, Array Express fonksiyonel
genomik datast kullanarak, SCLC’nin akciger dokusu orneklerinde gen ekspresyon analizine yonelik segilen
deneysel veri setinde RNA dizileme yontemi uygulanmigtir. E-GEOD-60052 erisim numarasi tizerinden NCBI
Gene Ekspresyon Omnibus (GEO) kullanarak 7 saglikli kontrol ve 75 SCLC’li hastalarin genomik dizi verilerini
(GSE60052) GEO2R platformu araciligiyla arastirmay1 amagladik. SCLC’de genlerin ekspresyon diizeylerinin
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belirlenmesi i¢in 75 SCLC hastasindan ve 7 kontrolden alinan akciger dokusu orneklerinde Il1lumina HiSeq 2000
RNA dizileme yontemi kullanilarak genomik ekspresyon calismasinin GSE60052 veri seti GEO2R platformu
tizerinden tespit edildi. SCLC’li hastalar ve kontrol grubunda, HOXD10, FAM83A, HOXB1, ECEL1, GATA4,
DMRT3, TGM3, CHP2, PPPIRIA genlerinin asagi regiile oldugu (log2(fold change) < -5), PGC, SFTPC,
SLC6A4, CSF3 genlerinin (log2 (fold change > +5) ise yukar regiile oldugu Volcano plot grafigi araciligiyla
tanimlandi. Yiiksek maligniteye ve kotii prognoza sahip bir tiir ndroendokrin tiimér olan SCLC’nin, akciger
dokusu orneklerinde ekspresyon profillemesiyle anlamli bulunan genlerin tanimlanmasimnin SCLC’nin altinda
yatan karmagik mekanizmalarinin aydinlatilmasinda ve hastaligin prognozuna olan etkisinin belirlenmesinde etkili
olabilecegi goriisiinii paylasmaktayiz. Ilgili genlerin SCLC'de hedefe yonelik tedavide olasi prognostik
biyobelirtegler olarak kullanilmasi, timdr mikro ortaminin bagisiklik hiicreleri ve stromal hiicreler iizerindeki
etkilerinin belirlenmesini saglar.

Anahtar Kelimeler- Kiigiik Hiicreli Akciger Kanseri, Transkripsiyon Profil Array, Gen Ekspresyonu

I. INTRODUCTION

Lung cancer is the leading cause of cancer-related mortality worldwide [1]. Estimates from GLOBOCAN
2020 indicate that 2.2 million new cases of lung cancer (11.4%) and about 1.8 million deaths from lung cancer
(18.0%) took place in 2020 [2]. Lung neoplasms rank second among cancer diagnoses in both men and women,
behind only breast and prostate cancers, respectively [3]. Lung cancer kills 350 people daily, about 2.5 times more
than colorectal cancer, the second-greatest cause of cancer deaths [4]. Small-cell lung cancer (SCLC) and non-
small-cell lung cancer (NSCLC) are the two main subtypes of lung cancer that may be distinguished by
histopathology. The most lethal form of lung cancer, SCLC, is responsible for 13-15% of all cases and has a 5-
year survival rate of fewer than 7%. The course of SCLC is defined as being very aggressive due to an unstable
tumor genome, a quick growth rate, enhanced angiogenesis, and a high propensity for metastatic spread [1]. Only
about a third of individuals get their cancer detected at an early enough stage to benefit from multimodal treatment,
while the majority have advanced metastatic disease. Genomic analysis of SCLC shows widespread chromosomal
rearrangements and a significant mutation load, which almost always includes functional inactivation of TP53 and
RB1. Subtypes of human SCLC have been established by analyzing the expression of prominent transcriptional
regulators, and analyses of murine models have demonstrated significant intratumoral variability [5].

The embryonic development of several organs is controlled by the hedgehog signaling pathway. Adult
stem cell renewal and organ homeostasis are both regulated by the hedgehog signaling pathway. Within the
classical hedgehog signaling pathway, three ligands have been identified: Sonic Hedgehog, Indian Hedgehog, and
Desert Hedgehog [6]. SCLC cells stimulate the hedgehog signaling pathway, which regulates airway epithelial
shape and stem-cell destiny throughout embryonic development. It is essential to activate the pathway in order to
maintain the viability of SCLC cells both in vitro and in vivo [7]. One important route for physiological cell death
in vertebrates is the mitochondrial pathway to apoptosis.The mitochondrial outer membrane permeabilization
(MOMP) process starts the cell death pathway by letting apoptogenic chemicals into the cytosol from the inner
and outer mitochondrial membranes that are intertwined. The BCL-2 proteins that help cells die (BCL-2 associated
X protein and BCL-2 antagonist Killer 1) start MOMP. The BCL-2 proteins that stop cells from dying (BCL-2,
BCL-xlI, and myeloid cell leukemia 1) stop it. Caspases are activated when mitochondria produce pro-apoptotic
substances, including cytochrome c, which causes the creation of the apoptosome, a multimeric complex. While
these pathways are critical for healthy cellular homeostasis, they are also involved in the development of many
illnesses [8]. The mitochondrial apoptosis pathway is now being investigated as a potential therapy option for
SCLC. There are proapoptotic and antiapoptotic functions for proteins in the Bcl-2 family, which are essential
regulators of apoptosis. SCLC cell lines and primary tissues overexpress Bcl-2, which inhibits BAX and BAK [7].

Single-cell RNA sequencing, or sScRNA-seq, has been used to study and describe the molecular features
of lung cancer cells and the tumor microenvironment in great detail. Recent advances in high-throughput
sequencing methods, particularly single-cell sequencing, have made it feasible to characterize lung cancer
molecularly in great detail [9]. New generation single-cell sequencing method have made it possible to create a
detailed profile of individual cells in the tumor microenvironment (TME) and their potential involvement in
tumorigenic processes. Tumor cells in SCLCs showed a wide range of characteristics, most of which were
associated with the cell cycle, the immune system, and hypoxia. The results obtained from the previous study
showed that major transcription factors in SCLC exhibit intratumor variability in gene expression patterns and
associated activities. A higher response to immune control inhibitors has been shown in SCLC, a non-
neuroendocrine tumor, where there is a link between elevated inflammatory gene markers and immune cell
infiltrates [10]. SCLC contains several chromosomal rearrangements and mutations, according to omics profiling
[11]. The discovery of immune checkpoint inhibitors, either alone or in combination with chemotherapy, has
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shown long-term benefits for only a tiny proportion of patients [9]. Recent advances in single-cell harvesting,
liquid biopsies, and genomics-bioinformatics analysis hold promise as potent new methods for studying drug
resistance. Still, there may be scientific grounds and a better clinical result for SCLC if we learn more about its
features, such as tumor immunity, immunological microenvironment, intratumoral heterogeneity, and genetic
profiles and development [12].

The scRNA-seq approach used in SCLC offers a thorough cellular diversity setting in lung tumor tissues,
according to our study. The ability to compare and contrast tumor cell heterogeneity and cellular variations is
therefore realized. Additionally, the sScRNA-seq approach may reveal genetic processes that may lead to drug
resistance after tumor therapy. Is there a relationship between important SCLC-related genes and the prognosis of
the disease when creating an expression profile from SCLC lung tissue samples? The goal is to learn all the genes
that are involved in SCLC cancer cell biology and phenotype by studying functional genomic data sets. Also, we
discovered genes that could be used as biomarkers for SCLC that can help guide targeted treatment. The study's
hypothesis can help us learn more about the molecular processes that lead to lung cancer. The aim of this study
was to examine the underlying pathogenesis of SCLC and potential molecular markers and gene expression levels
between patients with SCLC and healthy control groups.

I1. MATERIAL AND METHOD
A. Selection of an experimental dataset via the Array Express platform

The primary objective of the first step of our investigation was to show gene expression patterns. To do
this, we searched the Array Express database, which openly publishes high-throughput functional genomic data,
utilizing gene names and characteristics such as Gene Ontology keywords. The Array Express database allows for
the querying of all experiments that have disease expression, and it also allows for the accessing of data based on
the accession numbers and sequence design names of the experiments, respectively. Array Express, which provides
data analysis, mining, and visualization by providing easy access to large volumes of data, such as the
transcriptomic data analysis we included in our study, via the web, has many filtering options such as study type,
experimental design, organism, technology, assay by molecule, access to raw data, access to processed data,
released, link type, and file type in order to provide deeper integration. Identification of differentially expressed
genes by transcriptome sequencing (RNA array) will provide guidance in the pathogenesis of SCLC. Array
Express is an open database for transcriptomic data that follows the MGED-recommended format for storing
MIAME-compliant information (https://www.ebi.ac.uk/biostudies/arrayexpress). In this study, the experimental
data set with the accession number E-GEOD-60052 was chosen. Samples of lung tissue from SCLC patients were
sequenced using the Illumina HiSeq 2000 RNA sequencing technology and analyzed on the Array Express
platform to determine gene expression.

B. Identification of non-coding RNAs via the NCBI Gene Expression Omnibus (GEQO) database

Gene chip data were searched using the GEO database, a publicly available genomic database containing
all gene expression data, chips, and microarrays. (https://www.ncbi.nlm.nih.gov/geo). The coding RNA sequence
dataset (GSE60052) was downloaded from the GEO database. After that, we used the GEO database, which stores
both raw and processed data related to high-throughput gene expression and genomic studies, including sample
designs, methods, and experimental designs. As the GEO database continues to evolve, it will include an increasing
amount of gene expression data. This opens up new possibilities for solving data complexity and conducting data
queries, visualizations, and analyses straight from the GEO website. Filling up the "GEO access" query box with
the GEO accession number chosen in the Array Express database does this. The next step is to run the data via the
GEO2R program for analysis.

RNA sequencing data from 75 individuals diagnosed with SCLC and 7 healthy individuals was detected
using the GEO2R program through GEO, a functional genomic data repository for the dataset with accession
number E-GEOD-60052. GEO2R is a web-based, user-interactive application for analyzing expression profile
array datasets for differentially expressed genes (DEGs). GEO2R’s define group command makes it easy to
categorize subjects into different categories. Simple analysis customization is made possible using GEO2R’s panel
choices. Selecting the statistical trimmer, data normalization technique, and cutoff value from the option panel
enables users to exclude genes that do not meet the set cutoff value [13].

The “GEO2R,” “Options,” “Profile Plot,” and “R Script” tabs are part of the GEOZ2R suite of tools. This
GEO2R program is based on the R packages Limma and GEOQuery, both developed by Bioconductor. The
Benjamini-Hochberg false discovery rate approach is used by default for multiple testing corrections. Limma and
DESeq?2 offer a variety of options for adjusting P-values. In an effort to account for the possibility of false positive
findings, these modifications are known as multiple-testing corrections. By default, the Benjamini & Hochberg
false discovery rate approach is used because it effectively limits false positives while also discovering statistically
important genes.
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C. Evaluation of gene data through the Human Protein Atlas database

We used the Human Protein Atlas database to sort the proteins made by the genes we found to be
statistically significant using the RNA-Seq method into groups based on the type of cell they were in and to find
out where in the body they were found. It can be a guide in determining cell-based treatment options specific to
disease-related genes through the Human Protein Atlas database.

The Human Protein Atlas database’s section on tissue cell type offers cell type expression specificity
estimates for all human protein-coding genes. These estimates were developed by an integrated network analysis
of publicly accessible bulk RNAseq data (https://www.proteinatlas.org). Estimating which genes were enriched in
which cell types within a particular tissue was done using a specificity classification. Tissue slices stained with
immunohistochemistry were used for the analysis. The cell-type specificity of genes in lung tissue was
investigated. The cell types of the down-regulated and up-regulated genes in the lung tissue were determined, as
were the enrichment scores of the genes.

I11. RESULTS

The raw data of GSE60052 was efficiently processed using the limma package in R using smoothing,
normalization, and log2 transformation. Using the Illumina HiSeq 2000 RNA sequencing technology in the
GEOZ2R software, lung tissue samples from 75 SCLC patients and 7 controls were sequenced to find genes and
pathways that are unique to SCLC. The GSE60052 dataset was from a genome-wide expression study.

The findings of RNA-seq or other omics investigations are often presented using volcano plot graphics.
The genes that are most significantly up-regulated are shown to the right of a volcano plot, whereas the genes that
are most significantly down-regulated are displayed to the left of the plot, and the most statistically significant
genes are displayed at the top of the plot. Non-coding RNAs expressed at different levels are shown according to
the log2 fold change in the volcano plot. Genes with a p-value of 0.05 are considered to be substantially
differentially expressed.

According to the Volcano plot, homeobox D10 (HOXD10), family with sequence similarity 83 member
A (FAM83A), homeobox B1 (HOXB1), endothelin converting enzyme like 1 (ECEL1), GATA binding protein 4
(GATAA4), doublesex and mab-3 related transcription factor 3 (DMRT3), transglutaminase 3 (TGM3), calcineurin
like EF-hand protein 2 (CHP2), and protein phosphatase 1 regulatory inhibitor subunit 1A (PPP1R1A) genes were
downregulated (log2(fold change) <-5) (Table 1), while progastricsin (PGC), surfactant protein C (SFTPC), solute
carrier family 6 member 4 (SLC6A4), and colony stimulating factor 3 (CSF3) genes (log2 (fold change > +5) were
identified as upregulated (Figure 1) (Table 2).

-log10(Pvalue)

log2(fold change)

Figure 1. Volcano plot (comparison of patients with SCLC and a healthy control group)
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Table 1. Down-regulated genes obtained in comparison of patients with SCLC and individuals in the healthy control group (log2(fold
change) < -5)

Gene ID Genes log2 (fold change) -log10 (p value)
3236 HOXD10 -6.177 7.488
84985 FAMB83A -6.333 6.099
3211 HOXB1 -6.386 4.305
9427 ECEL1 -5.124 3.392
2626 GATA4 -5.304 2,518
58524 DMRT3 -5.627 3.206
7053 TGM3 -5.091 2.392
63928 CHP2 -5.083 2423
5502 PPP1R1A -5.435 249

Table 2. Up-regulated genes were obtained in comparison between patients with SCLC and individuals in the healthy control group (log2
(fold change > +5)

Gene ID Genes log2 (fold change) -10g10 (p value)
5225 PGC 5.235 10.101
6440 SFTPC 5.337 4.956
6532 SLC6A4 5.559 12.235
1440 CSF3 5.029 4.809

By looking at the boxplot distribution, it was decided that some samples from people with SCLC and
some samples from people in the healthy control group could be used for differential expression analysis.
Expression values were determined using the limma package in R software (Figure 2). Black bars give the median
value. The resulting median-centered values indicate that the data are normalized and cross-comparable.

5 @ healfiy
® smal cell lung

log10(normalized counts)

Figure 2. R boxplot displaying the distribution of sampled values

In the next part of the study, the Human Protein Atlas database (https://www.proteinatlas.org) was used
to look at the genome-wide analysis of genes found to be important in SCLC that make proteins. Accordingly,
among the down-regulated genes, the expression specificities of the HOXD10 gene in fibroblasts and mast cells,
the FAM83A, HOXB1, TGM3, and CHP2 genes in respiratory ciliary cells, the ECEL1, GATA4, and DMRT3
genes in fibroblasts, and the PPP1R1A gene in smooth muscle cells were determined (Table 3).
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Table 3. Cell types and enrichment scores in lung tissue of downregulated genes according to the Human Protein Atlas database

Genes Cell type Enrichment score
HOXD10 Fibroblast (mesenchymal cells) 0.346
HOXD10 Mast cells (blood and immune cells) 0.302
FAMB83A Respiratory ciliary cells 0.564

(Glandular epithelial cells)

HOXB1 Respiratory ciliary cells 0.376
(Glandular epithelial cells)

ECEL1 Fibroblast (mesenchymal cells) 0.442
GATA4 Fibroblast (mesenchymal cells) 0.318
DMRT3 Fibroblast (mesenchymal cells) 0.303
TGM3 Respiratory ciliary cells 0.596

(Glandular epithelial cells)

CHP2 Respiratory ciliary cells 0.412
(Glandular epithelial cells)

PPP1R1A Smooth muscle cells (muscle cells) 0.443

Based on the Human Protein Atlas database, the expression specificities of the PGC gene in type Il
alveolar cells and macrophages, the SFTPC gene in type Il alveolar cells and macrophages, the SLC6A4 gene in
type | alveolar cells, and the CSF3 gene in neutrophils were found (Table 4).

Table 4. Cell types and enrichment scores in lung tissue of upregulated genes according to the Human Protein Atlas database

Genes Cell type Enrichment score
PGC Type Il alveolar cells (specialized epithelial cells) 0.748
PGC Macrophages (blood and immune cells) 0.585
SFTPC Type Il alveolar cells (specialized epithelial cells) 0.830
SFTPC Macrophages (blood and immune cells) 0.581
SLC6A4 Type | alveolar cells (specialized epithelial cells) 0.343

CSF3 Neutrophils (blood and immune cells) 0.302

IV. DISCUSSION

A complete genomic or proteomic study is essential to identifying cancer biology. The vast genetic study
of many solid tumors, including SCLC, has only recently been possible because of advances in molecular biology.
Next-generation sequencing aided in the genomic and epigenetic analyses; RNA microarrays helped identify the
transcriptome; and mass spectrometry provided the proteomics [14]. Using omics data, researchers found that
SCLC had a high mutation load and widespread chromosomal rearrangements.

Immune checkpoint inhibitors were developed as standalone medicines or in conjunction with
chemotherapy, but only a tiny proportion of patients had a persistent benefit [11]. Despite an encouraging early
response to systemic therapy, SCLC continues to be a malignancy with a dismal prognosis. The majority of patients
eventually acquire severe disease, quickly develop resistance to therapy, and ultimately pass away as a result of
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their illness. Patients with NSCLC have greatly benefited from targeted therapy, while those with SCLC have not
seen the same progress. The progress made in our molecular and genetic knowledge of tumor biology in recent
years, however, bodes well for big advances for patients with SCLC in the near future. PARP1, BCL-2, WEEL,
EZH2, and DLL3 are only a few of the new targets in SCLC that have been uncovered by thorough genomic,
proteomic, and transcriptome investigations [15].

HOXD10 belongs to the homeobox gene family and is a master regulator that can directly affect
organogenesis and play a role in maintaining differentiated tissue functions [16]. They found the HOXD10 gene,
which we found to be down-regulated in our study, to be up-regulated in a study conducted for the determination
of biomarkers and pathways in SCLC [17]. High expression of FAM83A in lung adenocarcinoma (LUAD), the
most common subtype of non-small cell lung cancer, predicted a poor prognosis in LUAD patients. Regardless of
gender, low-expression individuals have a better prognosis than high-expression patients [18]. Through analysis
of RNA-Seq data from the encyclopedia lung cancer cell line, the level of FAM83A antisense RNA 1 (FAMB83A-
AS1) was found to be higher in LUAD, squamous cell lung cancer (LUSC), and large cell lung cancer (LLC), but
not in SCLC. It has been confirmed that it is not higher [19].

Specific hsa-let-7g effects on HOXB1 were reversed when HOXB1 expression was reduced in lung
cancer cells. Hsa-let-7g overexpression has been linked to lung cancer progression by inhibiting HOXB1
expression [20]. Reduced GATA4 levels were strongly linked with a poor prognosis, and these levels were
associated adversely with WNT7B or TGF-2. Recent research demonstrates the tumor-suppressing role of GATA4
in lung cancer and suggests that therapeutic targeting of TGF- signaling may be an effective strategy for treating
GATAA4-deficient lung cancer [21]. In our study, a parallel decrease in GATA4 expression level was observed,
and we can say that the course of the disease is associated with a poor prognosis in the SCLC patients we selected
in the study.

DMRT3 was found to be significantly upregulated in LUAD cell lines. High DMRT3 expression has been
observed to be significantly associated with poor overall survival in LUAD [22]. The copy number of DMRT3 is
different in different LUSC tumors. Tumors that don’t have DMRT3 deletions express DMRT3 much more than
tumors that do [23]. We determined that the DMRT3 gene was downregulated in the SCLC patient group.
Compared with healthy control groups, TGM3 expression was found to be higher in cancer groups, including
LUAD and LUSC [24]. We identified the TGM3 gene as downregulated in the patient group with SCLC.

New evidence suggests that the protein CHP2 promotes NSCLC tumor growth, suggesting that it might
be used as a prognostic indicator or therapeutic target for the illness. Upregulation of CHP2 was seen in NSCLC
tissues and cells, and data showed that high CHP2 levels were inversely related to patients’ 5-year survival rates
[25]. In our study, we found that the expression level of the CHP2 gene was downregulated in patients with SCLC.
The expression of the PPP1R1A gene has been detected in normal tissues and has also been determined to be
reduced in various lung cancer cell lines [26]. Based on these results, it can be said that similar results were
obtained with our study. When we compared patients with SCLC to healthy controls, we determined that four
genes: PGC, SFTPC, SLC6A4, and CSF3 were upregulated. One study reported that circular progastricsin (circ-
PGC) was upregulated in NSCLC tissues and cells. Circ-PGC knockdown has been determined to inhibit NSCLC
cell viability, colony formation, cell migration, invasion, and glycolysis metabolism [27].

The SFTPC gene encodes a protein known as pulmonary-associated surfactant protein C, which is
necessary for lung function and homeostasis. Low levels of SFTPC expression were linked to poor overall survival
in lung adenocarcinoma patients, and both human lung cancer tissues and cell lines showed downregulation of
SFTPC expression. SFTPC overexpression inhibits lung cancer cell growth in vitro and in vivo [2]. SLC6A4 is a
serotonin reuptake transporter that recycles serotonin from the synaptic cleft. According to the results, SLC6A4
overexpression in non-small cell lung cancer is linked to a dismal prognosis because it turns on the cMyc oncogene
[29]. High expression in the binding subgroup of CSF3 and granulocyte-colony stimulating factor 3 receptor
(CSF3R) has been associated with a good prognosis in LUAD and a poor prognosis in LUSC. The highly expressed
binding subset of CSF3 and CSF3R indicates an unfavorable prognosis, which is co-regulated by all common
upregulated genes associated with inflammatory and signal transduction [30].

In our study, the role of genes that may be associated with SCLC was investigated using bioinformatic
analyses taken from public databases. In SCLC, the expression and functions of genes related to immunity in
immune cells that had moved into the tumor and to inflammation in fibroblasts were studied. Additional studies
will be conducted using SCLC cohorts with larger patient groups, which should support the results obtained from
this study. In order to confirm our findings, the expression levels of genes identified as significant by RNA
sequencing should be investigated using real-time quantitative PCR as an alternative tool.

So that we can figure out whether the SLCL prognostic process is good or bad, we look at the pathways
where the differentially expressed genes are enriched for both up-regulated and down-regulated genes separately.
These genes are increased in SCLC, and their products are involved in cellular processes such as mitosis, the cell
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cycle, DNA repair, transcriptional control, and the p53 signaling pathway. These pathways are the primary targets
of anti-cancer medications and are well-known to have a significant role in cancer etiology. It has been discovered
that the products of genes that are downregulated in SCLC are linked to the control of the immune response. Only
75 SCLC patients and 7 control samples were used in this study’s experimental data set for gene expression
analysis in SCLC lung tissue samples through Array Express data. This shows that the sample size for the control
group is small. The Human Protein Atlas database was used to find out which cell types express these protein-
coding genes. The Array Express platform and the GEO2R program through the GEO database were used to profile
and analyze gene expression. These databases included in the study are web-accessible and offer easy accessibility
and rapid evaluation of data for bioinformatics analyses.

In the future, we expect that by analyzing RNA sequencing and proteogenomic data for this fatal illness,
more effective treatment regimens based on the molecular processes of SCLC will be developed. Also, genomic
and transcriptomic data from gene expression profiling show that they can be used as molecular biomarkers for
targeted therapies in SCLC.

V. CONCLUSION

It is well established that the tumor microenvironment is a crucial factor in tumor development and
progression. We determined that the tumor microenvironment consists of stromal cells (fibroblasts and
mesenchymal cells), macrophages, neutrophils, and Type | and Type Il alveolar cells, in addition to cancer cells.
Based on the data we collected, new therapeutic approaches can be made using potential prognostic and predictive
biomarkers that target all of these cells in the tumor microenvironment to find out how SCLC grows.

Ethics Committee Approval: Since this study was obtained from bioinformatics analysis data, ethics committee

approval is not required.

[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]
[10]
[11]
[12]

[13]

[14]
[15]
[16]

[17]

REFERENCES

Liang, J., Guan, X., Bao, G., Yao, Y., & Zhong, X. (2022). Molecular subtyping of small cell lung cancer.
Semin Cancer Biol, 86(Pt 2), 450-462.

Li, C., Lei, S., Ding, L., Xu, Y., Wu, X., Wang, H., Zhang, Z., Gao, T., Zhang, Y., Li, L. (2023). Global
burden and trends of lung cancer incidence and mortality. Chin Med J, 136(13), 1583-1590.

Thandra, K.C., Barsouk, A., Saginala, K., Aluru, J.S., Barsouk, A. (2021). Epidemiology of lung cancer.
Contemp Oncol, 25(1), 45-52.

Siegel, R.L., Miller, K.D., Wagle, N.S., Jemal, A. (2023). Cancer statistics, 2023. CA Cancer J Clin, 73(1),
17-48.

Rudin, C. M., Brambilla, E., Faivre-Finn, C., & Sage, J. (2021). Small-cell lung cancer. Nat Rev Dis Primers,
7(2), 3.

Abe, Y., Tanaka, N. (2016). The Hedgehog Signaling Networks in Lung Cancer: The Mechanisms and Roles
in Tumor Progression and Implications for Cancer Therapy. Biomed Res Int, 2016(7969286), 1-11.

van Meerbeeck, J. P., Fennell, D. A., & De Ruysscher, D. K. (2011). Small-cell lung cancer. Lancet,
378(9804), 1741-1755.

Gupta, S., Kass, G.E.N., Szegezdi, E., Joseph, B. (2009). The mitochondrial death pathway: a promising
therapeutic target in diseases. J Cell Mol Med, 13(6), 1004-33.

Li, Q., Wang, R., Yang, Z., et al. (2022). Molecular profiling of human non-small cell lung cancer by single-
cell RNA-seq. Genome Med, 14(1), 87.

Tian, Y., Li, Q., Yang, Z., et al. (2022). Single-cell transcriptomic profiling reveals the tumor heterogeneity
of small-cell lung cancer. Signal Transduct Target Ther, 7(1), 346.

Meijer, J. J., Leonetti, A., Airo, G., et al. (2022). Small cell lung cancer: Novel treatments beyond
immunotherapy. Semin Cancer Biol, 86(Pt 2), 376-385.

Wang, Y., Zou, S., Zhao, Z., Liu, P., Ke, C., & Xu, S. (2020). New insights into small-cell lung cancer
development and therapy. Cell Biol Int, 44(8), 1564-1576.

Agapito, G., Milano, M., Cannataro, M. (2022). A statistical network pre-processing method to improve
relevance and significance of gene lists in microarray gene expression studies. BMC Bioinformatics,
23(6):393.

Hayashi, R., & Inomata, M. (2022). Small cell lung cancer; recent advances of its biology and therapeutic
perspective. Respir Investig, 60(2), 197-204.

Yuan, M., Zhao, Y., Arkenau, H. T., Lao, T., Chu, L., & Xu, Q. (2022). Signal pathways and precision
therapy of small-cell lung cancer. Signal Transduct Target Ther, 7(1), 187.

Li, S., Zhang, J., Zhao, Y., Wang, F., Chen, Y., & Fei, X. (2018). miR-224 enhances invasion and metastasis
by targeting HOXD10 in non-small cell lung cancer cells. Oncol Lett, 15(5), 7069-7075.

Liu, H.,, Li, T., Ye, X, & Lyu, J. (2021). Identification of Key Biomarkers and Pathways in Small-Cell Lung
Cancer Using Biological Analysis. Biomed Res Int, 2021, 5953386.

283



BSEU Fen Bilimleri Dergisi / BSEU Journal of Science, 2024, 11(2): 276-284
G. Oztan

[18]
[19]
[20]
[21]

[22]

[23]
[24]
[25]
[26]
[27]

[28]

[29]

[30]

Yu, J., Hou, M., & Pei, T. (2020). FAM83A Is a Prognosis Signature and Potential Oncogene of Lung
Adenocarcinoma. DNA Cell Biol, 39(5), 890-899.

Bai, S., Zhao, H., Zeng, X, et al. (2021). FAM83A-AS1 Promotes Tumor Progression Through MET
Signaling in Lung Adenocarcinoma. Research Square. 1-19

Cui, F., Zhou, Q., Xiao, K., & Ma, S. (2020). The MicroRNA hsa-let-7g Promotes Proliferation and Inhibits
Apoptosis in Lung Cancer by Targeting HOXB1. Yonsei Med J, 61(3), 210-217.

Gao, L., Hu, Y., Tian, Y., et al. (2019). Lung cancer deficient in the tumor suppressor GATAA4 is sensitive to
TGFBR1 inhibition. Nat Commun, 10(1), 1665.

Yang, D., Liu, M., Jiang, J., et al. (2022). Comprehensive Analysis of DMRT3 as a Potential Biomarker
Associated with the Immune Infiltration in a Pan-Cancer Analysis and Validation in Lung Adenocarcinoma.
Cancers (Basel), 14(24).

Zhang, S., Li, M., Ji, H., & Fang, Z. (2018). Landscape of transcriptional deregulation in lung cancer. BMC
Genomics, 19(1), 435.

Zhang, W., Wu, C., Zhou, K., et al. (2022). Clinical and immunological characteristics of TGM3 in pan-
cancer: A potential prognostic biomarker. Front Genet, 13, 993438.

Xu, L., Qin, Y., Sun, B., et al. (2020). Involvement of CHP2 in the Development of Non-Small Cell Lung
Cancer and Patients' Poor Prognosis. Appl Immunohistochem Mol Morphol, 28(9), 678-686.

Takakura, S., Kohno, T., Manda, R., Okamoto, A., Tanaka, T., & Yokota, J. (2001). Genetic alterations and
expression of the protein phosphatase 1 genes in human cancers. Int J Oncol, 18(4), 817-824.

Xia, D., Chen, Z., & Liu, Q. (2021). Circ-PGC increases the expression of FOXR2 by targeting miR-532-3p
to promote the development of non-small cell lung cancer. Cell Cycle, 20(21), 2195-2209.

Li, B., Meng, Y. Q., Li, Z., et al. (2019). MiR-629-3p-induced downregulation of SFTPC promotes cell
proliferation and predicts poor survival in lung adenocarcinoma. Artif Cells Nanomed Biotechnol, 47(1),
3286-3296.

Pappula, A. L., Gibson, L. N., Bouley, R. A., & Petreaca, R. C. (2022). In silico analysis of a SLC6A4 G100V
mutation in lung cancers. MicroPubl Biol, 2022.

Huang, X., Hu, P., & Zhang, J. (2020). Genomic analysis of the prognostic value of colony-stimulating
factors (CSFs) and colony-stimulating factor receptors (CSFRs) across 24 solid cancer types. Ann Transl
Med, 8(16), 994.

284



BSEU Fen Bilimleri Dergisi / BSEU Journal of Science, 2024, 11(2): 285-293

A Bilecik Seyh Edebali Universitesi Fen Bilimleri Dergisi |
C%) Bilecik Seyh Edebali University Journal of Science ’

11(2), 285-293, 2024

O DOI: 10.35193/bseufbd.1293924 BILECIK SEYH EDEBALI
O e-1SSN: 2458-7575 (https://dergipark.org.tr/tr/pub/bseufbd) UNIVERSITESI

Arastirma Makalesi - Research Article

Karbon Elyaf Takviyeli PoliEterEterKeton Kompozitin
Farkhh Malzemelere Karsi Siuirtiinme ve Asinma
Performanslarinin Karsilastirilmasi

Comparison of Friction and Wear Performance of Carbon Fiber
Reinforced Poly-Ether-Ether-Ketone Composite against Different
Materials

Hiiseyin UNALY", Salih Hakan YETGIN?

Gelis | Received: 08/05/2023 Revize / Revised: 13/07/2023 Kabul / Accepted: 18/12/2023

0Oz

Elektrik/elektronik ve makine gibi farkli sektorlerde galisan makine elemanlart belli amaca uygun ve gerekli
sartlar1 saglayacak sekilde secilir. Makinalarin bazi aksamlarinda plastik ve/veya plastik esasli kompozit
malzemelerden iiretilen disliler, makara, bur¢ ve rulman gibi yataklama elemanlar1 kullanilmaktadir. Bu makine
elemanlaria kullanilan sartlara baglh olarak farkli yiikler etki etmektedir. Bazen de farkli malzemelerden imal
edilmis makine elemanlari ile temash olarak ¢aligmaktadir. Temasli ¢aligma neticesinde malzeme ¢iftlerinde
asinma meydana gelmektedir. Bu ise makine elemanlarinin dmriiniin azalmasina sebep olmaktadir. Bu ¢aligmada,
yiiksek performansli miihendislik plastigi sinifinda yer alan agirlik olarak %30 oraninda karbon elyaf (KE)
takviyeli polietereterketon (PEEK/30KET) kompozitinin tribolojik performanslari arastirilmistir. Tribolojik
deneyler disk iizerinde pim cihazi kullanilarak oda sicakliginda ve kuru kayma sartlarinda gerceklestirilmistir.
Deneyler ii¢ farkli yiik (20 N, 40 N ve 60 N) altinda ve 1,0 m/s kayma hizinda gergeklestirilmistir. Kars1 disk
malzeme olarak paslanmaz celik ile %20 kisa cam elyaf (CE) takviyeli polieterimid, %40 cam elyaf takviyeli
polifenilen siilfit ve %20 uzun cam elyaf (UCE) takviyeli polyester kompozit malzemeleri kullanilmistir. Deneyler
sonucunda %30 oraninda KE takviyeli PEEK kompozitinin spesifik aginma orani ve siirtiinme katsayisi tespit
edilmistir. Ayrica asinmis yiizeylerin mikroyap1 incelemeleri optik mikroskop kullanilarak gerceklestirilmistir.
Deneyler sonucunda uygulanan yiike bagli olarak karbon elyaf takviyeli PEEK kompozitin farkli karsi disk
malzemelerde genellikle siirtiinme katsayist degerleri azalmigtir. Ancak asinma hizi farklilik gdstermistir. En
diisiik asinma oran1 PEEK/30KET kompozit/paslanmaz ¢elik disk ¢iftinin ¢aligmasinda elde edilmistir

Anahtar Kelimeler- Kompozit, PEEK, Karbon Elyaf, Asinma Hizi, Siirtiinme Katsayisi

ABSTRACT

Machine elements working in different sectors such as electricity/electronics and machinery are selected in a way
that is suitable for a certain purpose and meets the necessary conditions. In some parts of the machines, bearing
elements such as gears, rollers, bushings and bearings made of plastic and/or plastic-based composite materials
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are used. Different loads act on these machine elements depending on the conditions used. Sometimes they work
in contact with machine elements made of different materials. As a result of contact operation, wear occurs in
material pairs. This causes the life of the machine elements to decrease. In this study, tribological performances
of polyetheretherketone (PEEK-30CF) composite reinforced with 30% carbon fiber (CF) by weight, which is
classified as high-performance engineering plastic, were investigated. Tribological tests were carried out at room
temperature and dry sliding conditions using a pin-on-disk device. The experiments were carried out under three
different loads (20 N, 40 N and 60 N) and at a sliding speed of 1,0 m/s. Stainless steel and 20% short glass fiber
(GF) reinforced polyetherimide, 40% glass fiber reinforced polyphenylene sulfide and 20% long glass fiber
reinforced polyester composite materials were used as counter disc materials. As a result of the experiments, the
coefficient of friction and specific wear rate of 30% GF reinforced PEEK composite were determined. In addition,
wear surface microstructure examinations of the experimental materials were carried out using an optical
microscope. As a result of the experiments, the coefficient of friction values of carbon fiber reinforced PEEK
composite generally decreased in different counter disk materials depending on the applied load. However, the
wear rate varied. The lowest wear rate of carbon fiber reinforced PEEK composite was obtained with stainless
steel disc.

Keywords- Composite, PEEK, Carbon Fiber, Wear Rate, Friction Coefficient

I. GIRIS

Polietereterketon (PEEK) polimeri, aromatik yapiya ve yari-kristal 6zelliklere sahip, yiiksek performansh
polimerlerden birisidir. Yiiksek sicakliklarda bile mekanik ve kimyasal direng 6zelliklerini koruyan, hem organik
hem de sulu ortam sartlarinda termal bozunmaya ve korozyona kars1 direngli olan bir polimerdir [1-3]. PEEK
polimeri, 143 °C gibi yiiksek camsi gegis sicakligina (Tg) [4] ve 250 °C gibi yiiksek kullanim sicakligina [5-6]
sahiptir. Bu 6zellikleri nedeniyle rondelalar, rulmanlar, piston pargalari, pompalar, kompresor plaka valfleri, ugak
pargalari, ¢ok yiiksek molekiil agirlikli polietilen (CYMA-PE) polimeri yerine ortopedik uygulamalarda implant
malzemesi olarak kullanilmasi gibi farkli endiistriyel uygulamalarda tercih edilmektedir [2-3, 7-8]. Ancak, zorlu
kosullar altindaki endiistriyel uygulamalarda katkisiz PEEK polimerinin mekanik 6zellikleri ve termal &zellikleri
karsilamasi zordur [8]. Ozellikle, kuru siirtinme sartlar1 altinda PEEK polimerinin siirtiinme katsayis1 yiiksek
degerlere ulasabilir ve daha yiiksek asinma ve dolayisiyla daha erken malzeme deformasyonuna sebep olabilir [9].
Plastiklerde uygun katki ve dolgu malzemeleri kullanilarak mekanik ve tribolojik 6zelliklerin gelistirilmesi en gok
tercih edilen yontemlerden birisidir. Tribolojik uygulamalarda poli-tetra-flor-etilen (PTFE), molilbden disiilfit
(MoS;) veya grafit gibi kat1 yaglayicilar, kars1 disk yiizeyinde ince bir transfer filmi olusturabilir. Metal-metal,
polimer-metal ve polimer-polimer arasinda kayma sirasinda malzeme transferi olgusu hem bilimsel hem de pratik
hususlar agisindan Onemlidir. Transfer film tabakasinin (TFT) yumusak polimer yiizeyini sert metal
piiriizliiliklerinden korudugu bilinmektedir. Bu transfer filmi yaglayici gorevi gorerek metal-metal temasi yerine
polimer-metal temasi sagladigi i¢in kars1 disk yiizeyi arasinda dogrudan temasi dnleyerek siirtinme katsayisinin
azalmasina neden olmaktadir [10-11]. Zalaznik ve arkadaslar1 [9] farkli bilesik, sekil ve mikro/nano boyuttaki
molibden disiilfit (MoS>) ve tungsten disiilfit (WS>) katkili PEEK kompozitlerin mekanik ve tribolojik dzelliklerini
incelemislerdir. Deneysel ¢alisma sonucunda, katkilarin bilesim ve boyutlari ne olursa olsun, siirtiinmeyi %30°a
kadar asinma miktarmi ise %51°e kadar azaltti1, nano 6l¢ekli katkilarmn tribo-film olusturmak i¢in daha yiiksek
oranlarda katilmasi gerektigi belirtilmistir. Bununla birlikte, karbon ve cam lifleri gibi takviye malzemeleri de
kompozitlerin mekanik ve termal 6zelliklerini etkili bir sekilde gelistirebilir. Siirtlinme direncinin ve basing
dayaniminin artmasi, numunenin temas alanindaki deformasyonunu azaltarak 6zgiil asinmada da bir azalma
saglayabilmektedir [8, 12]. Garzon-Hernandez ve arkadaslar1 [13] kisa karbon fiber takviyeli PEEK kompozitin
darbe 6zelliklerini incelemislerdir. Deneysel ¢aligmalar sonucunda, Karbon fiber takviyeli kompozitlerin gevrek
bir kirilma gosterdiklerini belirtmislerdir. Stimer ve arkadaslar1 [14] ayrica agirlik¢a %30 cam elyaf (GF) igeren
PEEK kompozitlerinin siirekli servis sicakliginin 250 °C'den 300 °C'ye ¢ikabilecegini belirtmislerdir. Karbon ve
cam lifleri ile kompozitin ¢ekme, darbe ve egilme mukavemetleri artirilarak yiiksek siirekli ¢alisma sicakligina
sahip tistiin performansli PEEK kompozit {iriinler, daha genis bir pazarda daha kullanigh hale gelecektir [2,7].

Havacilik, otomobil, insaat vb. endiistriyel alanlarda yiiksek performansli kompozitlerin kullanilmasi giin
gegtikce giderek yayginlagmaktadir. Yiiksek mekanik 6zelliklere, iyi asinma direncine, diigiik maliyete ve ¢evre
dostu 6zelliklere sahip olan fiber takviyeli termoplastik kompozitler, miithendislik alaninda giderek daha fazla ilgi
gormektedir [15]. Son zamanlarda, cam fiber ve karbon fiber takviyeli PEEK kompozitlerinin ¢elik disklere kars
asmma direnci alanindaki uygulamalari, PEEK polimerinin miikemmel kendi kendini yaglama 6zelliklerinden
dolay1 artan bir ilgi gérmektedir. Davim ve Cardoso [16] kuru siirtiinme kosullar1 altinda katkisiz PEEK,
agirlikca %30 karbon elyaf (KE) ve agirlikca %30 cam elyaf (CE) takviyeli kompozitlerin siirtiinme katsayisini
ve aginma direncini incelemistir. Deneysel sonuglarda, elyaf takviyeli kompozitlerin mitkemmel aginma direnci
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gosterdigi ve %30KE/PEEK kompozitin daha iyi tribolojik davranis gosterdigi belirtilmistir. Kosmachev ve
arkadaglar1 [17] PEEK polimerine ilave edilen kisa karbon fiber katkinin siirtiinme katsayisin1 1.3 kat, aginma
oranini ise 3 kat azalttigini belirtmiglerdir. Stimer ve arkadaglari [ 14], katkisiz PEEK ve agirlik¢a %30 CE takviyeli
PEEK kompozitlerin ¢esitli kosullar altinda siirtinme davranislarini kargilagtirmistir. Kayma hizi arttik¢a
stirtiinme katsayist azalirken 6zgiil asinma orani artmistir. Ayni test kosullart altinda, agirlikga %30 CE takviyeli
PEEK kompozitlerinde daha kiigiik siirtlinme katsayis1 ve 6zgiil asinma orani elde edildigi belirtilmistir. Fangfang
ve arkadaglar1 [2] farkli viskozite degerlerine sahip PEEK polimerine ilave ettikleri kisa karbon elyaf (KKE)
takviyesinin kompozitin termal, mekanik ve tribolojik 6zelliklere etkisini arastirmislardir. %10 ve %20 oranindaki
KKE, PEEK kompozitin siirtinme katsayisini ve asmma oranini azaltmistir. Deneysel sonuglarda, diisiik
viskoziteye sahip PEEK polimerinin asginma direncinin ve mekanik 6zelliklerin daha iyi oldugu, %10 KKE
takviyeli PEEK kompozitlerin tribolojik davranislar ve mekanik 6zellikler acisindan optimum katki miktar1 oldugu
belirtilmistir. Ganesh ve Dhamejani [18] ise farkli kullanim sicakliklari altinda katkisiz PEEK ve PEEK/30CE
kompozitlerin farkli ortam sartlarindaki (kuru/sulu) asinma 6zelliklerini incelemislerdir. Agirlik¢a %30 CE igeren
PEEK kompozitin 150 °C gibi yiiksek sicakliklarda iyi aginma direncine sahip oldugu bulunmusgtur. Ayrica kuru
kayma kosullarinda, 80 N yiikte agirlik¢a %30CE igeren PEEK'in asinma performansinin gelistigi belirtilmistir.
Theiler ve Gradt [19] ve Wang [20] ise PEEK gibi kimyasal inert polimer malzemelerin, artan sertlik ve elastiklik
modiiliinden kaynaklanan azalan ger¢ek temas alani nedeniyle diisiikk sicakliklarda diisiik siirtiinme katsayist
gosterdigini belirtmislerdir. Lin ve Schlarb [21] geri dontstiiriilmiis karbon fiber (r-CF) ve orijinal karbon fiber
(CF) katkili PEEK kompozitlerin tribolojik 6zelliklerini incelemislerdir. Orta ve siddetli pv-sartlarinda r-CF/PEEK
kompoziti mitkemmel siirtiinme ve aginma 6zellikleri gostermistir. Celik kars1 disk tizerinde sekillenen tribo-film
yapisinin karbon fiber katkinin tiiriinden bagimsiz oldugu belirtilmistir.

Genel olarak, polimer esasli tribo-malzemelerin optimizasyonu ve kalifikasyonu, laboratuvar sartlari
altinda, testten Once belirlenen belirli test siiresi veya test mesafesi icin sabit yiik ve kayma hizlarinda
gerceklestirilmektedir. Bununla birlikte, polimer esaslt tribo-malzemelerin modern endiistriyel uygulamasinda,
tribolojik bilesenler, genellikle dinamik yiik ve kayma hizi kosullar1 altinda zarar gérmektedir [22]. Degisen
caligma sartlar1 altinda silirtinme katsayisinin azaltilip asinma direncinin artirilmasi uygun polimer-metal veya
polimer-polimer malzeme kombinasyonu ile elde edilebilir. Asinma ve siirtiinme ¢alismalarinda, uygulanan yuk,
kayma hizi, temas sicakligi, ortam sartlar1 gibi parametrelerin yaninda disk malzemesinin de polimer ile uygun
olmasi istenmektedir. Jain ve Bahadur [23] polietilen (PE) polimeri ile PTFE, PVC, PP ve PMMA disklerini ve
ayri¢ PET film ile PE ve PVC disklerinin tribolojik davraniglarini incelemislerdir. Malzeme kaybinin, diisiik enerji
yogunlugundaki polimerden yiiksek enerji yogunlugundaki polimere dogru oldugunu belirtmislerdir. Disk
yiizeyindeki film tabakasi kalinliginin 6nemli olmadig1 belirtilmistir. Hiiseyin ve arkadaslar1 [24] PEEK/30CE
kompozitlerin agmmma 6zelliklerini kuru ortamda incelemislerdir. Disk malzemeleri %10 PTFE katkili PEEK
ve %40 cam elyaf katkili PPS olarak belirlenmistir. Yiik arttiginda, PEEK/30CE polimerinin siirtiinme katsay1si
ve aginma miktart artmistir. Optimum tribolojik 6zellikler PEI/10%PTFE disk-PEEK/30CE pim numuneleri ile
calisildiginda elde edilmistir. Demir [25] PA6/20Mika ve PSU/20CE kompozitlerin tribolojik &zelliklerinin
aragtirmiglardir. Disk olarak AISI 316L paslanmaz gelik ve poli-fenilen-siilfit (PSU)/30CE polimer kompozit
kullanilmistir. PA6/20Mika ve PSU/20CE polimerleri ¢elik disk ile ¢alistiginda tribolojik ozellikler gelisirken
PSU/30CE disk kullanildiginda siirtiinme katsayist degismemis ancak aginma orani artmistir. Jia ve arkadaslart
[26] poliamit 66 (PA66), Polifenilensiilfit (PPS) ve PTFE polimerlerinin kuru ve yagh ortamda kendi polimer
disklerine kars1 (PA66 pim/PA66 disk gibi) pim-disk sistemi ile tribolojik 6zelliklerini incelemiglerdir. Caligmada
ayn1 zamanda kayma hizi ve uygulanan yiikiin etkileri de incelenmistir. Deneysel c¢alisma sonucunda, yaglh
ortamda tiim malzemeler i¢in siirtiinme 6zelliklerinin gelistigi, PTFE ve PPS polimerlerinin asinma direnglerinin
arttigl, ancak PA66 polimerinin asinma direncinin azaldigi belirtilmistir. Kuru ortam sartlart altinda fiziksel
ozellikleri degistiren siirtlinme 1s1s1 polimer-polimer temasinda tribolojik 6zellikleri etkilemistir. Kuru ortam
sartlar1 altinda adhesif aginma mekanizmasimin baskin oldugu belirtilmistir. Literatiirde birbiri ile temas eden
malzemelerin polimer-celik kombinasyonlu olmasi olduk¢a yaygindir. Ancak polimer-polimer kombinasyonlu
olmasi iizerine oldukca az sayida ¢alismaya rastlanmistir. Literatiirde goriildiigii gibi farkli polimer ciftlerinin
birbirleri ile temasinda tribolojik performanslar degismektedir. Literatiirde bu nedenle asinma ve siirtiinmenin 6n
plana ciktig1 uygulamalarda dogru malzeme ¢iftinin se¢ilmesi malzeme dmriiniin uzun olmasi agisindan énem
arzetmektedir. Bu galigsma, elektrik sektoriinde endiistriyel olarak kullanilan bazi parcalarin asinma davranislarini
belirlemek ve uygun malzeme ¢iftini segmek icin gerceklestirilmistir.

Bu calismada, %30 oraninda KE takviyeli polietereterketon (PEEK/30KET) kompozitin dort farkl disk
malzemesine karsi kuru ortam sartlar1 altinda aginma ve siirtinme davranislar incelenmistir. Kars1 disk olarak,
AISI 304 paslanmaz celik, %20 CE takviyeli Polieterimit (20CET-PEI), %40 CE takviyeli Poli-fenilen-siilfit
(40CET-PPS) ve %20 uzun CE takviyeli doymamis polyester (20UCET-BMC) kompozit kullanilmistir. Deneyler
pim-disk aginma sistemi ile 1.0 m/s kayma hizinda 20, 40 ve 60 N yiikte yapilmistir.
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Il. MATERYAL VE METOT

Karbon elyaf takviyeli PEEK kompozit, 8 mm ¢apinda ve 1000 mm uzunlugunda ¢ubuk formunda Ketron
PEEK-CA30 ticari koduyla temin edilmistir. Tablo 1’de PEEK/30KET kompozitin {iretici firmadan temin edilen
Ozellikleri verilmistir. Kuru sartlar altinda, ortam sicakliginda, pim-disk cihazi ile gergeklestirilen aginma
deneylerinde birisi metal esasli diger {i¢ii ise polimer kompozit esaslt dort farkli disk malzemesi kullanilmastir.
AISI 316 L SS paslanmaz gelik disk, 90 mm ¢apinda ve 5 mm kalinliginda ve yiizey piiriizliligi 0,30-0,40 um
Ra araliginda olacak sekilde hazirlanmigtir. %20 CE takviyeli polieterimid PEEK (20CET-PEI) kompozit graniil
formunda Ultem 2200 ticari koduyla General Electric Firmasindan temin edilmistir. %40 CE takviyeli Polifenilen-
sulfit (40CET-PPS) kompozit graniil formunda Ryton GF40 ticari koduyla Solvay Specialty Polymers
Firmasindan temin edilmistir. Her iki kompozit graniiller 6zel olarak imal edilmis bir kalip yardimiyla 90 mm
capinda ve 5 mm kalinhiginda olacak sekilde ERAT marka bir enjeksiyon makinasinda basilarak disk malzemesi
haline getirilmistir. Termoset disk (20UCET-BMC) ise kalsit ve cam elyaf katkili doymamis polyester kompozit
malzeme kullanilarak dokiim kaliplama bilesimi (BMC) yontemiyle iiretilmistir. Polyester Poliya firmasindan
temin edilmistir. 4:1 oraninda siv1 polyester stirenle 50 It kapasiteli bir haznede karistirilmis ve akigskanlik/ya da
viskozite ayarlanmistir. Daha sonra metil etil keton peroksit capraz baglayici katalizor ile renklendirici,
kivamlastirict, 1s1 stabilizatorii vb. diger katkilar karisima ilave edilmistir. Karigim yaklagik 10 dakika boyunca
gergeklestirilmigtir. Daha sonra karigim Z miksere alinmistir. Bu mikserde dnce kalsiyum karbonat ilave edilmis
ve 30 dakika boyunca karistirilmistir. Ardindan Cam elyaf Sanayi/Gebze den temin edilen 13 pm ¢apinda ve 12
mm uzunlugundaki uzun elyaflar %20 oraninda ilave edilmis ve 15 dakika boyunca karistirilmistir. Hazirlanan
hamur daha sonra bir hafta boyunca dinlendirilmig ve ardindan hamur belirli dl¢iilerde dilimler halinde kesilmistir.
Dilimler, 160 °C sicakligindaki alt ve {ist kalip arasina yerlestirilerek 1500 MPa basing altinda ve 60 saniye siire
ile preste basilmis ve vulkanize edilmistir. 120 mm ¢apinda ve 5 mm kalinliginda olacak sekilde termoset disk
numuneleri Uretilmistir. Deneylerde kullanilan tiim disk malzemelerin yiizey piirtizliligi 0,30-0,40 um Ra
araliginda olacak sekilde hazirlanmistir. Asinma deneyleri, pim-disk asinma test cihazi kullanilarak oda
sicakliginda yapilmistir. Her aginma testi dncesi numune pim agirligi (m1) ve aginma testi sonrast pim agirligi (my)
oOl¢lilmiis ve agirlik kayb1 Am yani (mi-my) tespit edilmistir. Spesifik aginma orani (Ko) ise Esitlik (1)'de verilen
formiil ile hesaplanmigtir. Formiilde, L; kayma mesafesi (m), p; malzemenin yogunlugu (g/cm®) ve Fn; uygulanan
yiik (N)’ tiir.

Am
KO - L*p*Fn (1)

Asimma test numunelerinin siirtinme katsayisi 6l¢iimleri pim-disk asinma deney cihazinda 6l¢iilmiistiir.
Pim-disk asinma test makinasi dort ana kisimdan olugsmustur. Makinanin ana gévdesi tizerine monte edilmis bir
elektrik motoru, bir yiik kolu, bir elektronik yiik hiicresi ve verilerin gonderildigi bir bilgisayardan meydana
gelmistir. Asinma cihazinin ana gévdesinde donen bir disk vardir. Bu disk, 2kW giiciinde bir elektrik motoru
sayesinde donmektedir. Diskin iizerine deneyde kullanilan karsi disk malzemeler bir vida yardimiyla baglanir.
Deneylerde kullanilacak pim numunesi aginma diizeneginde olan kola baglanir. Asinma cihazi ¢alistirildiktan
sonra kola baglanan polimer kompozit pim numunesi diskin {izerine yavasga birakilir. Pim numunesinin dénen
diske temas etmesi ile birlikte numune bagli olan kol aparati doniis yoniine gore hareket eder. Bu hareket yanal
kuvvet (Fs) olarak adlandirilir. Bu yanal kuvvet asinma cihazina bagl olan bir yiik hiicresi ile 6l¢iiliip bilgisayara
aktarilarak excell programinda kaydedilir. Asinma cihazi, aginma yapilacak olan deneyler i¢in dakikada 1000 veri
almabilecek sekilde ayarlanmistir. Deney siiresi boyunca yanal yiikii dlgen yaklasik 65.000 veri elde edilmistir.
Bu yanal yiik verileri Excell programinda bir siituna kaydedilmis olup sonrasinda uygulanan yiike boliinerek
stirtiinme katsayisi hesaplanmigtir. Deneylerde kullanilan polimer kompozit pim malzemesi ile farkli diskler
arasindaki siirtiinme katsayisi (p), yanal kuvvetin normal kuvvete oranidir ve Esitlik (2)'de verilen formiil ile
hesaplanmaktadir. Formiilde p: siirtiinme katsayisini, Fs: slirtinme kuvvetini (N) ve Fn ise normal kuvveti (N)
gostermektedir. Deneylerde kullanilan aginma testi parametreleri ve karsi disk malzemeleri ise Tablo 2’de
verilmistir.

— FS
H= Fy )

Tablo 1. PEEK/30KET kompozitin iiretici firmadan temin edilen 6zellikleri [27].

Ozellik PEEK/30KET Birimi Test standardi
Yogunluk 1,40 g/cm® ASTM D792
Su emme, (24 saat) 0,05 % ASTM D570(2)
Cekme mukavemeti 144 MPa ASTM D638
Elastiklik modiilii (¢ekmede) 9200 MPa ASTM D638
Kopmadaki % uzama 35 % ASTM D638
Termal iletkenlik 0,92 W/ m.°’K -
Sertlik 102 Rockwell M ASTM D785
Ergime sicakligi 340 °C ASTM D3418
Maksimum/Minimum siirekli ¢alisma sicakligi 250/-20 °C
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Tablo 2. Asinma test parametreleri ve kullanilan karsi disk malzemeler

Pim Kars disk Yiik, N Kayma hizi, m/s Kayma mesafesi, m
AISI 316 SS 20
20CET-PEI
PEEK/30KET 40CET-PPS gg 1,0 1000
20UCET-BMC
I11. BULGULAR VE TARTISMA

Tribolojik sistemlerde, kompozit malzemenin asinma direnci esas olarak siirtiinme katsayilar1 ve aginma
oranlart ile dlgiiliir. Asinmaya dayanikli malzemenin temel 6zelligi, daha diisiik siirtinme katsayist ve aginma
oranina sahip olmasidir [2, 28]. Sekil 1’de %30 karbon fiber takviyeli PEEK kompozitin uygulanan yiike bagl
olarak farkli kars1 disklere kargt ¢alismasi durumunda elde edilen siirtiinme katsayisi sonuglari verilmistir. Genel
olarak degerlendirildiginde uygulanan yiikiin artmasi ile siirtiinme katsayist artmigtir. PEEK/30KET kompozitin
AISI 316 SS paslanmaz celik ile g¢alismasi durumunda siirtiinme katsayist 0,22-0,24 araliginda oldugu
belirlenmistir. Siirtiinme katsayist yiik artirildiginda %9,25 oraninda artmigtir. PEEK/30KET kompozitin 40CET-
PPS kompozit diske karsi c¢aliymas: durumunda ise siirtiinme katsayisi yiike bagl olarak %18,45 oraninda
artmistir. 20UCET-BMC kompozit diski kullanildiginda en yiiksek siirtiinme katsayisi degerleri elde edilmis ve
stirtiinme katsayis1 60 N yiik altinda 0.32 degerine kadar ulagsmistir. Yiike bagli olarak siirtlinme katsayist %22,8
oraninda artmistir. PEEK/30KET kompozitin 20CET-PEI kompozit diske karsi ¢aligmasi durumunda siirtiinme
katsayis1 0,24-0,31 araliginda elde edilmistir. Siirtlinme katsayisindaki degisim ise %29,1 oraninda elde edilmistir.
Viskoelastik o6zellige sahip olan PEEK polimerinin yiik-siirtinme katsayis1 arasindaki iliski Esitlik (3)’de
gosterilmistir. Bu esitlige gore siirtiinme katsayist yilk artist ile birlikte azalmaktadir. Ancak hem siirtiinme
katsayis1 hem de aginma orani, uygulanan yiik PEEK/30KET kompozitin limit degerlerine ulastiginda artmaktadir.
Bunun nedeni ise temas noktasindaki siirtiinme kaynakli olusan 1s1 sicakligi artirmis ve polimerin yumusamasina
neden olmustur [29]. p: siirtinme katsayisi, N: uygulanan yiik, K ve n ise malzeme ile ilgili sabitlerdir ve “n”
degeri 2/3<n<1 arasindadir.

p=KxN®D (3)

Kullanilan karsi disklerin siirtiinme katsayisi {izerine etkisi incelendiginde ise en diisiik siirtiinme katsayist
AISI 316 SS paslanmaz ¢elik disk kullanildiginda elde edilmistir. Polimer/gelik disk sisteminde gelik disk
ylizeyinde tribofilm olusum siireci siirtiinme katsayisini etkilemistir. Diigiikk yiik sartlar1 altinda siirtinmenin
adhezyon bileseni siirtiinme siirecinde baskin iken tribo-filmlerin olusumu, artan gercek temas alani ile birlikte
stirtiinme katsayisinin artigina sebep olan polimer/polimer temasinin olusmasina sebep olmugtur [21]. Cam elyaf
takviyeli disklerin siirtiinme katsayisi iizerine etkisi degerlendirildiginde ise en diigiik siirtiinme katsayist 40CET-
PPS kompozit diskinde elde edilmistir. 40 N yiik altinda, 40CET-PPS kompozit diski, 20UCET-BMC ve 20CET-
PEI kompozit diskleri ile karsilagtirildiginda, siirtiinme katsayisint %16.6 ve %12.5 oranlarinda azalttigi
belirlenmistir. Bilindigi gibi karbon elyaflar, kompozit malzemelerin tribolojik performansini iyilestirmek igin
yaygin olarak kullanilmaktadir. Karbon elyaflar, polimer kompozite uygulanan yiikii desteklemekte ve polimer
ana matrisin siiriinme direncini artirmaktadir [2, 30]. Yingshuang ve arkadaslari [28] kuru kayma prosesi siiresince
kirilan pargalarin disk yilizeyinde ince ve daha rijit bir transfer film tabakasi olusumuna katki saglayacagini ve bu
durumun numune ve disk ylizeyi ile arasindaki direkt temasi azaltacagi ve siirtiinme katsayisinin azalacagini
belirtmislerdir.
04
H BAISI316L $S B40CET-PPS B20UCET-BMC D20CET-PEI
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Sekil 1. Karbon elyaf takviyeli PEEK polimer kompozitin degisik kars1 disk malzemelere karsi siirtiinme katsayisinin yiike gore degisimi

Sekil 2’de ise PEEK/30KET kompozitin, AISI 316L SS, 40CET-PPS kompozit, 20UCET-BMC
kompozit ve 20CET-PEI kompozit disklere kars1 20 N, 40 N ve 60 N yiik altindaki spesifik asinma oran1 sonuglari
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verilmistir. Sekilde goriildiigii gibi diisiik yiikte (20 N) ve yiiksek yiikte (60 N) AISI 316L SS paslanmaz gelik disk
kullanildiginda spesifik asinma oraninin degismedigi belirlenmistir. Spesifik aginma orani yiike baglh olarak 6,24-
7,33x10°* m?/N araliginda oldugu belirlenmistir. Cam elyaf takviyeli polimer kompozit diskler kullamldiginda ise
disiik yiikte (20 N) yiiksek spesifik aginma orani elde edilirken yiikiin artmasi ile birlikte aginma oraninin azaldigi
belirlenmistir. Bu azalma 40CET-PPS kompoziti igin %42,6, 20UCET-BMC kompoziti igin %148,9 ve 20CET-
PEI kompoziti i¢in ise %283,9 oranlarinda elde edilmistir. Yiike bagl olarak, polimer disk kullanildiginda en
diisiik spesifik asinma oran1 20CET-PEI polimer kompozit diskinde elde edilmistir. Uygulanan yiike bagli olarak
spesifik aginma oraninin degismesi disk yiizeyinde olusan transfer film tabakasi ve kompozitlerin yapisinda
bulunan cam elyaf ve miktari ile iligkili oldugu diistiniilmektedir. Sekil 3’te gosterildigi gibi gerek AISI 316L SS
paslanmaz celik disk kullanildiginda gerekse polimer kompozit diskler kullanildiginda disk yiizeylerinde transfer
film tabakalarinin oldugu goériilmektedir. Transfer film tabakasinin yogunlugu siirtiinme katsayisinin ve spesifik
asimma oraninin degigmesine sebep olmustur. Daha dnce yapilan ¢aligmalarda da disk yiizeyinde olusan transfer
film tabakasinin tribolojik 6zellikleri 6nemli oranda etkiledigi belirtilmistir [31]. Zhang ve arkadaglar1 [32]
tarafindan yapilan ¢aligmada ise PEEK polimerine ilave edilen kisa karbon elyaf kompozitin sertligini ve siirlinme
direncini artirarak asinma direncini artirdig1 belirtilmistir. Yapilan diger ¢caligmalarda ise karbon elyaf ilavesi ile
kompozitin yiik tagima kapasitesinin arttigi ve polimer matrisin aginma direncinin 6nemli oranda gelistigi
belirtilmistir [33-35]. Wang ve arkadaglar1 [8] tarafindan yapilan ¢alismada da basalt fiber ilavesi ile yiizey
sertlginin arttigi, bunun sonucunda ise numune ylizeyine etki eden normal yiikiin daha homojen bir sekilde
dagitilabildigi ve kompozitlerin aginma direnglerinin arttig1 belirtilmistir. Ayrica, siirtiinme prosesi siiresince,
PEEK polimerinin plastik akist yap1 icerisindeki elyaflar tarafindan kisitlanarak asinma oraninda azalmaya sebep
olmus ve asinma direncini artirmistir [36].
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Sekil 2. %30 karbon elyaf takviyeli PEEK polimer kompozitinin degisik kars1 disk malzemelere kars1 farkl: yiikler altindaki agimnma hizi-
kayma oran iligkisi

Bilindigi gibi, tribolojik olaylarda, asinma ve siirtiinme davranislarinin sekillenmesinde, temas
noktalarinda (metal/metal, polimer/metal, polimer/polimer) meydana gelen malzeme transferi 6nemli bir rol
almaktadir. Malzemeler arasindaki uyumsuzluk ve malzemeye bagl olarak 1s1 transfer 6zellikleri gibi nedenlerden
dolay1 bir¢ok uygulamada polimer/metal temast tercih edilmektedir. Polimer/metal temasinda malzeme transferi
yumusak olan polimerden sert olan metale dogru olurken polimer/polimer temasinda bu durum ¢ok net degildir.
Daha once belirtildigi gibi hiz, yiik, sicaklik, polimer tiirii, mekanik ve termal 6zellikler gibi birgok parametre disk
ylizeyindeki film tabakasinin sekillenmesini etkilemektedir [37]. Sekil 3’te PEEK/30KET kompozitin AISI 316L
SS, 40CET-PPS kompozit, 20UCET-BMC kompozit ve 20CET-PEI kompozit disklere karsi 1,0 m/s kayma hiz1
ve 40 N yiik altinda ¢alismasi durumunda elde edilen aginmis pim yiizey optik mikroskop goriintiileri verilmistir.
Sekilde goriildiigii gibi polimer kompozit disklere karsi ¢alisan PEEK/30KET kompozitin pim yiizeylerinde
polimer ana matrise gore daha gevrek yapidaki karbon elyaflardan dolay1r kayma yoniinde asinma izlerinin
olustugu goézlenmistir. Bu durum abrazif asinma mekanizmasinin gerceklestigini gostermektedir. Sekil 4’te ise
PEEK/30KET kompozitin farkli kars1 disklere karsi ¢alismasi durumundaki aginmis disk yiizey optik mikroskop
goriintiileri verilmistir. Sekillerde gortildiigii gibi 40CET-PPS kompozit disk ylizeyinde homojen olmayan bir
transfer film tabakasi dagilimi elde edilmistir. Ayrica pim yiizeylerinde kiigiik topaklanmis asimnmis polimer
partikiillerin belirtileri de goriilmektedir. Bu durum, PEEK/30KET pim-40CET-PPS kompozit disk asinma
sisteminde spesifik asinma oranmin neden yiiksek oldugunu agiklamaktadir. 20CET-PEI kompozit disk
yiizeylerinde ise 40CET-PPS kompozit disk yiizeyine gore transfer film tabakasinin daha homojen bir dagilim ile
sekillendigi goriilmektedir. AISI 316L SS ¢elik disk yiizeyi ise kismen transfer film tabakasi ile kaplanmis ve bu
tabaka PEEK polimerinin daha sert olan disk ylizeyi ile temasim azaltarak siirtlinme katsayisinin azalmasina ve
asmmma direncinin artmasina sebep olmustur. PEEK polimerinin yiizeyinde adhezif asinma mekanizmasinin
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meydana gelerek ince ve liniform olmayan bir transfer film tabakasinin disk yiizeylerinde sekillendigi daha 6nce
yapilan ¢aligmalarda da belirtilmistir [28]. Bilindigi gibi polimer malzemelerin siirtiinme ve aginma davraniglart
sicaklik degisiminden 6nemli oranda etkilenmektedir. Yiiksek sicakliklarda polimerlerin asinmasi abraziften
adhesife dogru degismektedir. Polimer/metal temasinda temas yiizeyinde olusan 1sinin nasil paylasildig1 yoniinde
aragtirmalar devam etmektedir. Yapilan ¢alismalarda temas yiizeyinde biriken 1sinin iki pargaya boliindiigii ve bu
stirecten sonra iki malzemenin 1s1 transfer siireglerinin etkili oldugu belirtilmigtir. Polimer ile metal temasindaki
siirtinme sirasinda, olusan 1sinin sadece kiigiik bir boliimii polimer malzemeye aktarilmaktadir. Dolayisiyla
polimer malzeme son derece diisiik bir 1s1 bolmesine maruz kalarak rijitligini korumaktadir [38].

ry

r i
AISI 316L SS celik disk (40N, 1m/s)
Sekil 3. PEEK/30CET kompozitin farkli karg: disklere kars1 ¢aligmasi durumundaki agmmis pim yiizey optik goriintiileri

20UCET-BMC (40N, 1m/s)

[ A

20UCET-BMC disk (40N, 1m/s) AISI 316 L SS celik disk (40N, 1m/s)

Sekil 4. PEEK/30CET kompozitin farkli kars1 disklere karsi ¢alismasi durumundaki agmmus disk ylizey optik mikroskop goriintiileri
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[5]
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8]

[9]
[10]

[11]

[12]

[13]
[14]
[18]
[16]

[17]

IV. SONUCLAR VE ONERILER

PEEK/30KET kompozitin AISI 316L c¢elik disk, 40CET-PPS kompozit, 20UCET-BMC kompozit ve
20CET-PEI kompozit disklere karsi tribolojik &zelliklerin arastirildigi bu ¢alismada elde edilen sonuglar agagida
verilmistir;

Yiikiin artmasi ile siirtiinme katsayist artmistir. En diisiik siirtinme katsayisi AISI 316L SS ¢elik disk
kullanildiginda elde edilmistir. 20 N ve 60 N yiik araliginda AISI 316L paslanmaz gelik disk kullanildiginda
spesifik asinma oraninin degismedigi belirlenmis olup spesifik agmnma oram yiike bagh olarak 6,24-7,33x10°14
m?/N araliginda elde edilmistir. Transfer film tabakasi, siirtiinme katsayisinin azalmasima ve asgmma direncinin
artmasina sebep olmustur. PEEK-30KET/AISI 316 L paslanmaz ¢elik disk ciftinde en diisiik siirtiinme katsayist
ve en diigiik aginma oran1 degeri elde edilmistir.

Asmmma deneylerinde birbiri ile temas eden malzeme giftlerinin iyi secilmis olmasi gerekmektedir.
Polimer pim malzeme, kars1 disk malzeme, malzemeye ilave edilen katk: ¢esidi ile asinmada uygulanan yiik ve
kayma hizi gibi proses faktorleri bu ¢alismanin sinirlayicilaridir. Birbirleriyle temas etmesi planlanan
malzemelerin se¢imi ve malzeme g¢iftine gore optimum g¢alisma sartlarinin ¢aligma kosullarina gore segilmesi
oldukga 6nem arzetmektedir.
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Oz

Bu ¢aligmada PLA (poly lactic acid) malzemeler ile %15 doluluk oranlarinda tiretilen numunelerde farkli baski
desen ve acilarin malzemelerin iiretim siirelerine, agirliklarina ve mekanik 6zelliklerine olan etkileri incelenmistir.
Bu amagla tam dolu numune ile toplam 14 adet cekme numunesi ve 12 adet basma numuneleri iiretilmis ve ¢cekme
ve basma testlerine tabi tutulmustur. Elde edilen sonuglara gore, geometrik desenin karmagikliginin baski siiresini
uzattig1, %15 dolu numunenin tam dolu numuneye oranla ¢ok daha kisa baski siiresi ve malzeme sarfiyat1 verdigi
tespit edilmistir. Baski agisinin malzemenin mukavemetine etkisi oldugu goriilmiistiir. Cekmeye dayanikli
numunelerin basma testlerinde daha zayif performans sergiledigi, basmaya dayanikli numunelerin ise ¢ekme
testlerinde daha zay1f dayanim sergiledigi goriilmiistiir. Her iki testte de benzer dayanimi gdsteren numuneler ise
bal petegi, jiroid ve grid desenleri olmustur. Dolgu desen ve agisinin uzama ve sekil degistirme davranislarinda da
etkili oldugu goriilmiistiir.

Anahtar Kelimeler- Dolgu Deseni, PLA, FDM, 3B Yazict

ABSTRACT

In this study, the effects of different printing patterns and angles on the production times, weights, and mechanical
properties of samples produced with PLA (poly lactic acid) materials at a 15% fill density were investigated. For
this purpose, a total of 14 tensile specimens and 12 compression specimens were produced, along with a fully
filled specimen, and subjected to tensile and compression tests. According to the obtained results, it was
determined that the complexity of the geometric pattern extended the printing time, and the 15% filled specimen
had much shorter printing time and material consumption compared to the fully filled specimen. The printing angle
was found to affect the material's strength. Tensile-resistant specimens showed weaker performance in
compression tests, while compression-resistant specimens exhibited weaker resistance in tensile tests. Samples
with similar strength in both tests were honeycomb, gyroid, and grid patterns. It was also observed that the fill
pattern and angle affected elongation and deformation behaviors.
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I. GIRIS

3B (iig¢ boyutlu) yazicilar essiz liretim kabiliyetleri, tasarimi kisa siirede iirline doniistiirebilme 6zellikleri
ve geleneksel iiretim tekniklerine gore sagladiklar1 essiz avantajlar nedeniyle birgok sektor tarafindan
kullanilmaktadir. Kullanim alanlarina ve kullanilan {iretim malzemelerine gore birgok farkli 3B yazici tiirii vardir.
ASTM 3B yazic1 teknolojisini, baglayici piskiirtmeli (binding jetting), direk enerji biriktirme (direct energy
deposition), malzeme ekstriizyon (material extrusion), malzeme piiskiirtmeli (material jetting), toz yatagi ergitme
(powder bed fusion), sac lamine (sheet lamination) ve foto polimerizasyon (photopolymerization) olarak 7 farkli
guruba ayirmaktadir [1]. Bu guruplarda da ergiterek yigma modeli (FDM-Fused Deposition Modeling),
sterolitografi (SLA-), Lazer Sinterleme (SLS-Service Level Agreement), elektron 1ginli ergitme (EBM-Electro
Beam Melting) gibi kendi i¢inde farkli ydntem ve teknolojilerde makineler sayilabilir [2].

3B yazicilar igerisinde en ¢ok kullanilani, maliyet ve tedarik agisindan sagladig: kolayliklar nedeniyle
FDM 3B yazicilardir. Bu yazicilar malzeme olarak ergitilebilir ve filament formdaki herhangi bir malzemeyi
yazdirabilir. FDM tipi yazicilarda kullanilan ve ticari olarak sunulan filament malzemeleri PLA, PETG, ABS,
ASA, PC/ABS, TPU tipi malzemelerdir. Bu malzemeler haricinde, akademik ¢aligmalarda iretilen ve filament
Ozelliklerini gelistiren katkili filamentler de mevcuttur [3,4]. Kullanilan filamentlerin 6zelliklerine ve baski
kriterlerine gore, baski kalitesi ve iiriin kalitesi elde etmek miimkiindiir. Kullanilan filament 6zelliklerine gore
baski siiresi, baski sicakligi ve diger parametreler farklilik gostermekte, ¢ikan iiriin de bu parametrelere ve
kullanilan filamente bagh olarak farkli mekanik 6zellikler gostermektedir [5].

Diinyada artan niifus ve beraberinde gelen enerji ve liriin tiikketimi, daha tasarruflu ve ekonomik {iriinlerin
iiretilebilmesi icin ¢aligmalart tesvik etmektedir. 3B yazicilar da gerek prototip iiretimler i¢in gerekse diisiik
sayidaki imalatlar i¢in kalip ihtiyacini ortadan kaldirmasiyla bu gereksinimlere cevap verebilmektedir. 3B yazicilar
ile yapilan iiretimlerde numunelerin tam dolu olarak iiretilmesine de gerek yoktur ve numuneler arzu edilen
doluluk oranlarinda gerekli kalite ve dayanim g6z dniinde bulundurularak iiretilebilir. Bu imkén sayesinde de hem
malzeme hem de zaman ve enerjiden tasarruf edilmesi miimkiindiir. FDM tipi yazicilarmn kullaniminin
yayginlagmasi ile bu yontem ile tiretilen numunelerin mekanik 6zelliklerini iyilestirmek igin yapilan ¢aligmalar da
yayginlagmigtir. Literatiirde bu alanda yapilan caligmalar da filamentlere katki ilavesi ile kompozit filament tiretimi
[6,7], dolgu deseni [8] ve sandvig yapilar [9], doluluk oranlar1 [10,11] gibi farkl ¢alismalar yer almaktadir.

3B yazicilardan elde edilen tiriinlerin baski kalitesini arttirmak amaciyla kullanilan yontemlerden birisi
de sandvi¢ yontemidir. Bu yontemde, farkli polimer malzemeler, katmanlar halinde birbiri {izerinde yazdirilir ve
elde edilen iiriin birden fazla polimerin birlesimidir. ABS, PLA ve HIPS polimerleri ile yapilan galigmanin
sonuglarina gore, gekme mukavemeti agisindan en yiiksek deger PLA katmanlar1 arasinda ABS dolgusu ile elde
edilmistir. En diigiik cekme performansi ise dis katmanin HIPS, i¢ dolgunun ABS oldugu ¢alismada elde edilmistir
[12].

Nikhil ve arkadaslari FDM yontemiyle farkli dolgu desenlerinde iiretilmis 3B malzemelere darbe
dayanimini incelemiglerdir. Caligmada {i¢ farkli dolgu yogunlugu (40, 60 ve 80), ii¢ farkli desen (diiz, kiibik ve
grid) ve ii¢ farkli yazdirma yonii (yatay, kose ve dik) se¢mislerdir. Sonuglara gdre optimum degerin dolgu
yogunlugu 40 olarak secilen numunede, diiz baski ve kdse yoniinde olan baskida elde edildigi bildirilmistir [13].

Kain ve arkadaslar1 [14], dolgu deseninin aga¢ katkili PLA malzeme ile yapilan iiretimlerde mekanik
ozelliklerine olan etkilerini incelemislerdir. Calismada kullanilan filamentlerin gevrek gecis sicakligi 55-60 °C
araliginda ve 1.24 g/cm3 yogunlugundadir. Katki olarak kullanilan agag fiberlerinin tane boyutlari 30-200 pm
araligindadir ve %15 ve %25 katkili olarak iki tiir filament dretmislerdir. Yaptiklar1 ¢alismada, numunelerin
¢ekme, basma, egme ve darbe ¢entik 6zelliklerini incelemislerdir. Numune iiretiminde 7 farkli ag1 (0°, 15°, 30°,
45°,60°, 75°, 90°) kullanmiglardir. Elde ettikleri sonuglara gore, en yiiksek ¢ekme dayanimi beklenenin aksine 0°
ac1 ile yapilan tiretimde degil, odun katki oranina bagl olarak 15° ila 30° ag1 ile iiretilen numunelerde elde
edilmistir. En yiiksek basma dayanimi ise 0° ve 15° agilarda iiretilen numunelerde elde edilmistir. Darbe ¢entik
testi sonuglarina gore, baski agisinin darbe ¢entik degerlerine bir etkisi olmadig1 ancak artan agag fiber katkisinin
darbe dayanimim arttirdig: bildirilmistir.

Kumar ve arkadaglar1 [15] yaptiklari ¢alismada PLA malzemeye PEG (ethylene glycol) ilavesinin
fiziksel, mekanik ve yazdirilabilirdik {izerine olan etkilerini incelemislerdir. Bu amagla %1, 3 ve 5 oranlarinda
PEG ilave ettikleri PLA filamentleri iiretmislerdir. Elde edilen sonuglara gore, PEG ilavesi eriyik akis orani olan
MFR degerini arttirmistir. PEG ilavesi tiretilen malzemelerin ¢cekme dayanimlarinda diisiise neden olurken, uzama
miktarlarmi arttirmistir. Darbe dayanimi test sonuglarina gore ise PEG ilavesi plastiklik 6zelligini arttirarak darbe
dayaniminda artis saglamistir.

Khan ve arkadaglari [16] PLA malzemelerin iiretiminde dolgu deseninin ¢gekme ve egme mukavemetine
olan etkilerini incelemistir. Calismada elde edilen verilere gore, dolgu deseni numunelerin elastikiyet modiili
tizerinde etkili oldugu goriilmiistiir. En yiiksek elastikiyet modiilii “dogrusal” numunede 6l¢lilmiistiir, en diigiik ise
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“hilbert egirisi” deseninde elde edilmistir. Dayanim degerlerine bakildiginda ise, en yiiksek ¢ekme ve egme
mukavemeti “Dogrusal” desende dlciiliirken, en diisiik degerler “Hilbert Egrisi” deseninde ol¢iilmiistiir.

Rismalia ve arkadaslar1 [17] baski deseni ve baski yogunlugunun PLA malzemelerin ¢gekme dayanima
olan etkilerini incelemislerdir. Yapilan ¢alismada 6 farkli desen ve ii¢ farkli doluluk oranlart degerlendirilmistir.
Farkli baski yogunluklar1 ve desenlerinde yapilan ¢alisma sonuglarina gore, en yiiksek ¢ekme dayanimi (UTS)
esmerkezli desenlerde elde edilirken, en diisiik ¢gekme dayanimi altigen desende elde edilmistir.

Vicente ve arkadaglari [18] farkli baski desen ve oranlarinda ABS malzemelerin mukavemet degisimlerini
incelemistir. Urettikleri numunelerde agik kaynak yazilimi kullanmis ve alti farkli desen ve ii¢ farkli doluluk
oranlarit (%20, %50 ve %100) degerlendirilmistir. Elde ettikleri veriler incelendiginde, en yiliksek c¢ekme

=99

dayanimi “bal petegi” deseninde elde edilirken, en diisiik dayanim “dogrusal” baski seklinde elde edilmistir.

Yukaridaki literatiir aragtirmalarindan da goriilecegi lizere, baski desen ve doluluk oranlar1 ile kullanilan
yazici ve dilimleme yazilimi gibi farkli yontemler farkli sonuglar vermistir. Bunun en temel nedeni, her bir yazilim
ve yazicinin kendine 6zgii baski kalitesinden kaynaklanmaktadir. Bu ¢alismada ise, Prusa marka 3B yazic1 ve
“Prusa Slicer” dilimleme programi kullanilmistir. Bu programin dilimleme 6zelliklerinde yer alan desen diizeni,
yazici baski kalite ve hassasiyeti ve tabla sicakligi uygulamast ile yazdirma kalitesini arttirmaktadir. Ayni zamanda
“Prusa Slicer” yaziliminin diger yazilimlardan farkli olarak sundugu “3B Petek” gibi ¢aligma da kullanilan baski
desenleri mevcuttur. Her ne kadar literatiirde benzer ¢aligmalar yer alsa da kullanilan ekipman ve yazilimin etkileri
nedeniyle sonuglar degisebilmektedir. Nitekim Marsavina ve arkadaslari [19] Prusa ve WN400 3B Platform marka
ve model bir yazici ile farkli baski agilarinda iiretilen numuneleri kiyaslamistir. Sonuglar degerlendirildiginde,
Young modiilii 3B platform yazicisinda yiiksek ¢ikarken, ¢ekme dayanimi Prusa marka yazicida daha yiiksek
sonuglar vermistir. 3B yazici ile yapilan tiretimler artarak devam etmekte ve bu konu iizerinde yapilan ¢aligmalar
da giderek yayginlasmaktadir [20,21].

Bu caligmada, Prusa Mini 3B yazici ile en sik kullanilan 6 farkli desen segilmistir ve %15 doluluk
oranlarinda tretilen bu desenlerin, malzemelerin mekanik o6zelliklerine olan etkilerinin degerlendirilmesi
amaglanmistir. Caligsmada segilen baski deseni (3B Petek ve Jiroid) Prusa Slicer yazilimimnin sundugu ve birgok
markada yer almayan bir desen olmasi nedeniyle diger ¢alismalardan farklilagmaktadir. Bu iki desen 3B formda
olmasi nedeniyle hem ¢ekme hem de basma deneylerinde daha stabil sonuglar verecegi diisiinilmiistiir.

Il. MATERYAL METOT

Farkli desen ve agilarn iiriiniin mekanik 6zelliklerine olan etkilerini belirlemek i¢in yapilan bu ¢alismada,
tam dolu numune ile toplamda 7 farkli desen ve 3 farkli a¢1 ile triinler dretilmistir. ESUN marka PLA+ filament
kullanilarak yapilan tiretimlerde gekme numuneleri ve basma numuneleri ASTM standartlarina gore tiretilmistir.

A. Dolgu Desen ve Acilari

Numuneler Prusa marka 3B yazici ile 7 farkli desende ve desenlere gore secilen 3 farkli agida (0°, 45°,
90°) basilmistir. Desenlerin mekanik 6zelliklere olan etkilerini daha detayli gorebilmek adina, numunelerin
ylizeyleri bog birakilmus, {ist ve alt tabakalara herhangi bir yiizey baskist yapilmamistir. Katman kalinligi 0,15 mm
olarak secilmis ve yan duvarlar tek katmanli olacak sekilde iiretilmistir. Uretimi yapilan desen ve acilar Tablo 1°de
verilmigtir.

Kullanilan desenlerden 3B Petek ve Jiroid desenleri 3 boyutlu olmalari nedeniyle, basilan agidan bagimsiz
olarak ayni deseni almaktadir. Bu numunelerde aginin degistirilmesi geometrik olarak herhangi bir degisiklige
neden olmadigi i¢in, bu numuneler tek ag1 segeneginde basilmistir. Benzer sekilde “Hizalanmig Dogrusal” sekil
haricindeki numuneler 0° ile 90° dolgu agis1 seceneklerinde ayni geometrik yapiya sahip olmasi nedeniyle bu
numunelerden sadece birisi iretilmistir. 90° dolgu agisinda geometrisi degisen iki farkli numune vardir. Bunlar
“Hizalanmig Dogrusal” numunesi ve %100 doluluga sahip “DOLU-90” numunesidir. “Dogrusal” desen ile
“Kafes” desen geometrik olarak birbirine benzemesine ragmen, desen seklindeki farklilik olarak birbirinden
ayrismaktadir. Numunelerde segilen doluluk oranlart, en sik kullanilan ve “Prusa Slicer” yaziliminda da varsayilan
olarak onerilen %15 doluluk oranmi olarak tercih edilmistir. Bu oran ayni zamanda, iiretim zamanindan ve
malzemeden tasarruf edilmesi agisindan 6nemli bir orandir. Numunelerin mukavemet degerlerini kiyaslayabilmek
icin %100 doluluk oranlarinda da numune iiretimi gerceklestirilmistir. Agisal yonlendirilmeler Tablo-1’de
verilmistir ve acilarin daha net goriilebilmesi amaciyla oklarla yonler isaretlenmistir.
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Tablo 1. PLA filament 6zellikleri

Ag1 Degerleri
Desen
0° 45° 90°
Numune Kodu x0 T X-45 \ X-90 «—

Farkl1 Acilarda Basilmis
Tam Dolu Numuneler

Numune Kodu A0 A45 -

- A0 ile ayn1
Rectilinear (Dogrusal) © 90 )
° ve 90° aynt
Numune Kodu BO B45 B90

Aligned Rectilinear

(Hizalanmis Dogrusal)

Co C45 -

Grid CO ile ayn1
(Kafes) (0° ve 90° ayni)

DO D45 -

Honeycomb DO ile ayni
(Petek) (0° ve 90° ayni)

3B Honeycomb
(3B Petek)

3 Boyutlu Desen
(0°, 45° ve 90° ayn1)
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Gyroid
(Jiroid)

3 Boyutlu Desen
(0°, 45° ve 90° ayni)

Numuneler ¢ekme testi icin ASTM D638-14 standardina gore ve Tip 1 6lciilerinde, basma testi icin ise,
ASTM D-695 standartlarina gore tiretilmistir. Bu standarda gore ¢cekme deneyleri icin numune kaliliklar: plastik
numuneler i¢in 1 mm ile 14 mm araliginda degisebilmektedir [22]. Bu ¢aligmada iiretilen numune kalinliklari ise,
zaman ve maliyet kayiplarini azaltmak amaciyla 3 mm olarak se¢ilmistir. 3B baskida, secilen doluluk oranlari ile
olusturulan desenin boyutu degistiginden, Tip-1’den daha kiiclik standartlarda numune hazirlanmasi desenin
yeterince olusmasini engelledigi icin 165 mm boyunda tip-1 numuneler tiretilmistir.

Cekme “Prusa Slicer”
Numunesi CAD . Ile Dilimlemeve |
Modelleme Baski Ayariari

[ G Kodlarn

Sekil 1. Uretim adimlari.

Uretim - Test

Baski i¢in Esun marka PLA+ filament kullanilmigtir ve baski sicakligi Prusa’nin varsayilan degeri olan
215 °C ve 60 °C tabla sicakligi degerleri kullanilmistir bu degerler PLA iireticisi Esun firmasinin tavsiye ettigi 210-
230 °C degerleri arasindadir. Esun marka filamentin iiretici firmadan temin edilen 6zellikleri Tablo 2°de verilmistir.

Tablo 2. PLA filament 6zellikleri

Ozellik Birim Deger
Yogunluk g/cm? 1,23
Cekme Dayanimi MPa 63
Uzama - 20
Egme Mukavemeti MPa 74
Egme Modiilii MPa 1973
1zod Testi kj/m2 9

Numunelerin iretimi i¢in Prusa Slicer yazilimi kullanilmistir. Yazilim gelismis moda ayarlanarak
yazdirma sec¢eneklerinin tiimiine miidahale edilebilir hale getirilmistir ve boylece baski dzelliklerinden alt ve iist
kaplama katmanlar1 tek katman olarak ayarlanmis ve boylece desenlerin mukavemete olan etkilerinin net olarak
belirlenebilmesi amaglanmistir. Diger baski degerleri ise tliretilen biitiin numuneler i¢in ayn1 degerlerde secilerek

degerler Tablo 3’te verilmistir.

Tablo 3. Yazdirma parametreleri

Parametre Birim Deger
Katman Yiiksekligi mm 0.15
Tk Katman Degeri mm 0.20
Yan Duvar Sayisi mm 1

Alt Katman Kalilhig: mm 0.5
Ust Katman Kalmlig: mm 0.5
Yazma Hizi mm/s 40
Dolgu Yazma Hizi mm/s 80

B. Cekme ve Basma Testleri

Tam dolu numune ile 7 farkli desen ve 3 farkli ag1 igcerisinden yapilan kombinasyon ile toplamda ¢cekme

testi i¢in 14 farkli iiriin Tiretilmistir. Testler i¢in her bir numuneden en az 3 adet test gerceklestirilmis ve elde edilen
degerlerin ortalamasi ¢ekme testinin sonucu olarak alinmistir. Cekme testleri ASTM D638-14 plastik malzemeler
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icin ¢ekme testi standartlarinda verilen degerlere uygun olarak 5 mm/dk ¢ekme hizinda ve oda sicakliginda
gergeklestirilmigtir. Basma testi igin ise, X-90 ve B-90 numuneleri ayn1 desenin 0° agi ile iiretileni ile ayni
geometride olmasi nedeniyle bu numuneler hari¢ diger numuneler ile toplamda 12 numune iiretilmis ve ASTM D-
695 standartlarinda testler gergeklestirilmistir.

Sekil 2. Numune iiretimi ve Prusa 3B yazici, A) Jiroid desende ¢ekme numunesi B) Jiroid desende basma numunesi C) 3B yazici ve baski
siireci

Sekil 3. Cekme ve basma numuneleri.

Numuneler ¢ekme testlerine tabi tutuldugunda, ¢ekme ¢enelerinin baskisi ile numune kulaklarinda
meydana gelen ufak g¢apli deformasyonlar nedeniyle kopmalarin bu bélgelerden veya bu bdlgelere yakin
bolgelerden meydana geldigi tecriibe edilmistir. Bu sorunu ¢d6zmek amaciyla numunelerin kulaklart énce sicak
silikon ile kaplanmis, ancak daha sonra sicak silikonun 1s1 etkisi ile sicakliktan etkilenen bolgeler olusturarak
kirilmalarin bu bdlgelerden olusmasina neden oldugu fark edilmistir. Bu nedenle, sicak silikonlama yonteminden
vazgecilerek soguk RTV-2 kalip silikonu ile numunelerin kulaklar1 korumaya alinmis ve kulaklarin deforme
olmas1 engellenerek ¢ekme testlerinin verimliliginin artmasi saglanmistir. Ancak yapilan bu uygulamanin da
yeterli olmadig1 goriilmils ve bunun lizerine, PLA malzemeden %100 doluluk oranlarinda kulaklari tutacak
aparatlar Uretilmis ve gekme testlerini yaparken, bu aparatlar kulaklar tizerindeki baskiy1r korumak amaciyla
kullanilmistir.

I11. SONUCLAR VE TARTISMA

Uretimi ekonomik kilan en temel unsur verimliliktir ve bu genellikle birim zamanda iiretilen kusursuz
parca sayist olarak hesaplanir. Bu bakimdan, iiretim siiresi 6nem arz etmektedir. Sekil 4’te baski1 desenlerine gore
3B yazicinin harcadigi baski siireleri saniye cinsinden verilmistir. Desenler arasi farkliliklarin daha net
goriilebilmesi amaciyla bir tablada 7 farkli {irin (tablaya sigan maksimum iiriin sayis1) iretilecek sekilde
yerlestirilmesi ile simiilasyon yapilarak zaman farkliliklarinin daha net goriilmesi amaglanmistir. Verilere
bakildiginda, %100 dolulukta yapilan iiretim, en uzun iretim siiresi olarak goriilmektedir. %100 doluluk
oranlarinda fakat farkli agilardaki tiretimler kiyaslandiginda ise, en uzun siireli iiretim 45° agtya sahip iiretimde
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gerceklesmektedir. Bunun nedeni 3B yazicinin hem X hem de Y eksenlerinde hareket etmek zorunda olmasindan
kaynaklanmaktadir.

3B yazicilarin birgogunda varsayilan iiretim orani olarak %15 orani ayarli segilmistir. Bu oran, iiriin
mukavemeti, liretim zamani ve malzeme tasarrufu a¢isindan 6nerilmektedir. Ancak daha mukavemetli malzemeler
iiretilmek istenmesi durumunda bu oran degistirilebilmektedir. %15 doluluk oraninda yapilan tiretimlerde iiretim
zamaninin tam dolu orana kiyasla 1/4 oraninda azaldigi goriilmektedir. Kisaca, %100 dolulukta 1 tam parga
iiretmek yerine, %15 doluluk oranlarinda yaklasik 4 parga iiretilebilmektedir.
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Sekil 4. Farkli dolgu desen ve agilarina gore imalat siireleri ve agirliklari.

Uretilen numunelerin ayrica agirlik degerleri de “Prusa Slicer” uygulamast ile hesaplanmis ve Sekil 4’te
verilmistir. En yiiksek agirlik Dolu-45° numunesinde 6lgiiliirken en diisiik agirlik degeri ise jiroid desenle iiretilmis
olan F numunesinde 6l¢tilmiistiir. %15 doluluk oranina sahip numuneler igerisinde en yiiksek agirlik degerleri ise
“bal petegi” formunda iiretilen D numunelerinde 6l¢iilmiistiir.
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Sekil 5. Cekme ve basma testi sonuglarina gore 6l¢iilen mukavemet (UTS) degerleri.

Numunelerin ¢ekme testi sonucu mukavemet degerlerine bakildiginda, en yiiksek mukavemet degerinin
tam dolu numunelerde elde edildigi goriilmektedir. Tam dolu numuneler kendi i¢erisinde degerlendirildiginde ise,
en yiiksek mukavemet degeri 45° baski agisi ile iiretilen numuneden elde edilmistir. 45° baski agisinda en yiiksek
mukavemet degerinin elde edilmis olmasinin nedeni §dyle agiklanabilir: 45° agida iiretilen numunelerde PLA
lifleri daha uzundur ve agili olmasi nedeniyle yiik altinda numune lifleri esneyerek, lizerine gelen yiikii diger liflere
dagitarak stresin tek bir noktada yogunlagmasini engellemektedir. Bu geometrik baski farkliligi nedeniyle, PLA
lifler hem yay gibi davranarak tizerindeki yiikii biitiin malzemeye dagitabilmekte, hem de daha uzun olan PLA
liflerinin birbiri ile olan temas yiizey alanlari artmaktadir. Bu her iki faktor beraber yiik altinda mukavemet artiginin
nedenleri olarak diisliniilmektedir. Bu nedenlerle en yiiksek mukavemet degeri bu numunede elde edilmistir. Sekil
6’da goriilen kopma sekillerinden de 45° ac1 ile iiretilmis numunenin hem ¢ekme hem de kayma gerilmelerine
maruz kaldig1 goriilmektedir. Baski yonii, boyuna olan X-0 numunesi ise, en yliksek ikinci mukavemet degerini
vermistir; bunun nedeni de ¢ekme testinde uygulanan kuvvet yonii ile baski yoniiniin ayn1 olmas1 sonucu, PLA
liflerinin dogrudan ¢ekmeye karsi direng gostermis olmasidir. 90° agi ile basilan X-90 numunesi ise dolu
numuneler i¢erisinde en diisiik cekme degerlerini vermistir. 90° a¢1 ile tiretilen tam dolu numunede dolu numuneler
icerisinde en diisiik ¢ekme mukavemetinin 6l¢iilmiis olmasinin nedeni, numunenin baski yonii nedeniyle PLA
liflerinin ¢ekme testi esnasinda kayma gerilmesine maruz kalmasi nedeniyle oldugu diigiiniilmektedir. Malzeme
bu durumda kesmeye maruz kalmis olur ve daha diisik mukavemet sergiler.
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Sekil 6. Tam dolu numunelerde kirilma sekilleri.

Benzer bir sonug, %15 doluluk oranina sahip numunelerde de goériilmektedir. B-0 numunesi humune
yoniine dogru 0° a1 ile iretilmis numunedir ve %15 doluluk oranina sahip numuneler igerisinde en yiiksek
mukavemet degerini gostermistir. A-0 numunesi de benzer sekilde %15 doluluk oranina sahip ikinci en yiiksek
mukavemet degerinin 6l¢iildiigi numunedir. A-O numunesinin B-0 numunesinden daha diisiik mukavemet degeri
gostermesinin nedeni yatay yonde de baski yapilmis olmasi nedeniyle dikey yonde yer alan yapinin zayiflamasidir.
Yatay yondeki baski kayma gerilmesine mukavemet gostermek iizere tepki verirken, dikey yondeki baski ¢cekme
yoniindeki kuvvetlere mukavemet gostermektedir. Sonug olarak, ¢ekme testinde baski yoniiniin biiyiik etkisi
oldugu goriilmektedir [11].

Doluluk orant %15 olan numunelerden en yiiksek ¢ekme dayanimi gosteren {i¢ numune ise, A-0, B-0 ve
D-0 numuneleri ¢ikmigtir. Bunun nedeni, ¢ekme igsleminde uygulanan kuvvetin dogrusal yonde olmasi ve bu
numunelerin de {iretim agilarimin 0° olmasi ve boyuna yonde ¢ekme kuvvetlerine kars1 daha mukavemetli olmasi
nedeniyle bir miktar daha fazla mukavemet gosterdikleri diigiinilmektedir. Nitekim, B-0 numunesi sadece boyuna
yonde doluluk ile tiretilmis olmasi sonucu en yiliksek mukavemet degerini gostermistir.

1%
e
i
]
]
&

Sekil 7. Numunelerin kopma davranislari.

Uretilen numunelerin 6zgiil dayanimi olarak isimlendirilen kiitle-mukavemet oranlarina bakildiginda ise,
en yiiksek deger B-0 numunesinde elde edilmistir. Bunun nedeni, B-0 numunesinin tamamen dikey (boyuna)
yonde imal edilmis olmasi nedeniyle ¢ekme yoniinden gelen kuvvetlere gosterdigi yiiksek mukavemetten
kaynaklanmaktadar. ikinci en yiiksek dayanim ise, A-0 numunesinde 6l¢iilmiistiir. Dolu malzemelerden olan X-45
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ise en yiiksek {iglincli 6zgiil dayanim degerini vermistir. Basma test sonuclarina gore hesaplanan 6zgiil dayanim
degerlerine bakildiginda, en yiiksek deger C-45 numunesinde 6l¢iilmiistiir. En yiiksek ikinci 6zgiil dayanim degeri
ise X-45 numunesinde ve en yiiksek liglincii deger ise C-0 numunesinde 6l¢iilmiistiir.
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Sekil 8. Cekme ve basma test sonuglarina gore 6zgiil dayanim degerleri.

Genel olarak bakildiginda, ¢ekme degerleri yiiksek ¢ikan numunelerin basma degeri diisiik ¢cikmistir.
Bunun nedeni, ¢ekme yoniinde iiretilen numuneler basma yoniinde zayif mukavemet gostermeleri nedeniyledir.
Ornegin B-0 numunesi boyuna PLA malzemelerden iiretilmistir ve eksenel herhangi bir destek yoktur. Bu numune
basmaya maruz kaldiginda, eksenel yonde herhangi bir destek olmamasi nedeniyle flambaj olugsmasi sonucu daha
diisiik kuvvetler altinda deforme olmaktadir. Bu nedenle, eksenel destekleri olan numunelerin hem ¢ekme hem de
basma degerlerinde daha kararli davranislar sergiledigi goriilmektedir.
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Sekil 9. Basma testi sonuglarina gore % sekil degistirme oranlari.

Cekme testi sonuglarinda goriilen uzama degerlerine bakildiginda en ¢ok uzama tam dolu ve 45° baski1
acsi ile iiretilmis olan X-45 numunesinde gériilmiistiir. Ikinci en biiyilk uzama degeri ise DO numunesinde
goriilmistiir. Sekil 10°da yer alan numune dis ¢eperinde olusan kayma bantlarina bakildiginda, numunelerin dolgu
desenlerine gore deformasyonun yogunlagtigi bolgeler hakkinda bilgi vermektedir. Uzama oranlarinin yiiksek
oldugu numunelerde bu plastik deformasyon bdlgeleri daha fazla ve sik goriilmektedir. Bu durum ayni zamanda
deformasyonun numune boyunca dagildigini da gostermektedir. Hi¢ kayma bandi olusmayan C0O ve AO numuneleri
en diisiik uzama degerlerini vermistir. DO numunesi bal petegi formu sayesinde, yiiksek esneme o6zelligi
gostererek %15 doluluk oranina sahip numuneler igerisinde en yiiksek uzama degerini gosteren numune olmustur.
Kayma bantlarina bakildiginda en yiiksek gerilim dagilimi 3B bal petegi formu olan E numunesinde, dogrusal
desene sahip A45 numunesinde ve F numunelerinde goriilmiistiir.
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Sekil 10. %15 dolulukta iiretilen numunelerde kayma bantlari

Basma testi sonuglarindan 6lgiilen % sekil degistirme oranlarina bakildiginda, dolgu desenlerinin sekil
degistirme oranlarina 6nemli oranda etki ettigi goériilmektedir. En yiiksek sekil degistirme oranlari tam dolu
numunelerden 45° agi ile tiretilen numunede elde edilmistir. Bunun nedeni, 45°a¢1 ile iiretilen numunede ¢ekme
ve kayma mekanizmalarinin beraber gerceklesmesi ve bdylece malzeme i¢ yapisinda bir miktar daha fazla
esnemeye olanak tanimasi oldugu diisiiniilmektedir. Tam dolu numunelerin daha yiiksek sekil degistirme
gdstermesinin nedeni ise, tam dolu olarak iiretilmis olmalar1 nedeniyle birbiri tizerinde kayma yaparak sekil
degisikligi oranini artiran daha fazla lif olmasi ve bu liflerin birbiri {izerinde esneyerek daha fazla uzamaya olanak
saglamasi oldugu diisliniilmektedir. Sekil 8’de gosterildigi gibi, dolu malzemede, akma noktasina kadar meydana
gelen sekil degistirme daha fazladir.
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Sekil 11. Basma testinde meydana gelen sekil degistirmeler.

Sekil degistirme oraninin en diisiikk ¢iktigi numunelerde, i¢ dolgu deseni uygulanan basinca en az
mukavemet gosterebilmis dolgu desenine sahip numunelerdir. Bu nedenle, akma noktasina kadar sadece yan duvar
¢eperleri mukavemet gostermis ve akma noktasina hizla ulasilmistir. Basma testinde en yiiksek mukavemet
gosteren dolgu desenleri ise, petek desenine sahip D-0 numunesi ve grid desenli C-45 numuneleridir. D-45
numunesinde sekil degistirmenin D-0’a gore bir miktar daha az olmasinin nedeni, 45° iiretim agis1 nedeniyle,
basma numunesi igerisinde sadece 2 tane tam bir altigen petek formu olusurken, D-0 numunesinde 3 adet tam
altigen petek formu elde edilmistir. Bu durum D-0 numunesini yapisal olarak bir miktar daha mukavemetli hale
getirmistir. Jiroid deseni de basma testinde en diisiik sekil degisimi gosteren numuneler arasinda yer almaktadir.
Bunun nedeni, jiroidin 3 boyutlu bir desen olmasi nedeniyle, her bir katmanin kendisinden bir 6nceki katmanin
tam olarak {izerine oturmamasi, bir miktar donme hareketi ile kayarak 3B desen olusturmasidir. Bunun sonucu
olarak, PLA lifleri arasi temas daha azdir ve yiikiin katmanlar arasi aktarimi zayiflamigtir.

Numunelerin testlerden elde edilen ¢ekme grafikleri sekil 12°de verilmistir. Grafikler incelendiginde,
geometrik farkliligm numunelerin kopma davranisi iizerinde ciddi etkisi oldugu gériilmektedir. Ozellikle karmasik
geometriye sahip D, E ve F geometrileri ile, yatayda dolgu agisina sahip numuneler maksimum ¢ekme dayanimi
sonrasi kopma noktasina kadar bir miktar daha uzama davranisi sergilemistir.
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Sekil 12. Numunelerin testlerden elde edilen ¢ekme grafikleri.

305



BSEU Fen Bilimleri Dergisi / BSEU Journal of Science, 2024, 11(2): 294-307
O. Adanur, O. Kogar, A.S. Giildibi

[1]
[2]
[3]
[4]
[5]

[6]
[7]
[8]

Birgok alanda siklikla PLA filament ile kullanilan 3B yazicilarin, dolgu desenlerinin malzemenin
mekanik 6zelliklerine olan etkilerinin incelendigi bu ¢aligmada, tam dolu ile %15 doluluk oranina sahip 6 farkh
desen ile 3 farkli baski agisinda toplam 14 farkli numune iiretilmistir. Segilen desenlerden 5 tanesinde kullanilan
baski agilarindan 0° ile 90° agilarinda iiretilen numunelerin ayn1 geometriye sahip olmalari nedeniyle, sadece birisi
tiretilmistir. %15 doluluk oranina sahip numunelerin yani sira, tam dolulukta iiretim yapilarak iiriinler arasi kiyas
saglanmistir. Uretilen numuneler cekme ve basma testlerine tabi tutulmustur. Elde edilen sonuglara gére,

* Dolgu deseninin imalat siirelerini etkiledigi ve en yiiksek imalat siiresi tam dolu numunelerde
goriilmiistiir. %15 doluluk oranina sahip numunelerde desen karmasiklastikca iiretim siiresi artmigtir. En yiiksek
iiretim siiresi D-45 numunesi olan bal petegi formunda ve 45° baski agisinda elde edilmistir.

* Secilen baski desen ve agisinin iiriiniin agirlig1 izerinde etkili oldugu goriilmiistiir. %15 doluluk oranina
sahip numunelerde en yiiksek agirlik bal petegi deseninde ve en diisiik agirlik ise jiroid deseninde dl¢tilmiistiir.
Tam dolu numunelerde ise agirlik degerleri benzerdir.

* Cekme testi sonuglarina gore, en yliksek mukavemet tam dolu numunede Ol¢iilmiistiir. Tam dolu
numunelerde en yiiksek ¢ekme mukavemeti sirastyla 45°, 0° ve 90° baski agilarinda elde edilmistir. %15 doluluk
oranlarina sahip numunelerden en yiiksek mukavemet degeri ise, B-0 numunesinde 6l¢iilmistiir ve sirasiyla en
yiiksek {i¢ mukavemet B-0, A-O ve D-0 numunelerinde elde edilmistir.

» Basma testlerinde dlgiilen en yiiksek mukavemet degerleri tam dolu numunelerden 45° baski agisinda
{iretilen numunede elde edilmistir. Ikinci en yiiksek deger ise, 0° ve 90° baski agisinda iiretilen numunelerden elde
edilmistir. Bu her iki a¢1 baski testi numunesinde geometrik olarak ayni iiriinii vermesi nedeniyle ayni sonug elde
edilmistir. %15 doluluk oranina sahip numunelere bakildiginda ise, en yiiksek basma mukavemeti degerleri
strastyla C-45, C-0 ve D-0 numunelerinde dl¢iilmiistiir.

* Hem basma hem c¢ekme testlerinde yiiksek mukavemet gosteren numuneler ise, D-0, D-45, E ve F
numuneleri olmustur.

* Baski geometrisi ve agisi malzemenin mekanik 6zelliklerini dogrudan etkiledigi goriilmiistiir. Cekmeye
mukavemetli numuneler, basmaya karsi zayif, basmaya karst mukavemetli numunelerin ise ¢ekmeye karst daha
mukavemetsiz oldugu goriilmiistiir. Ancak karmagsik geometrili baski desenlerinde ise (bal petegi, 3B bal petegi,
jiroid) hem ¢ekme de hem de basmaya karsi olan mukavemetleri beraber degerlendirildiginde daha stabil sonuglar
verdigi gorilmiistiir.

* Dolgu deseninin malzemenin uzama miktarini dogrudan etkiledigi belirlenmistir.

* Malzemelerin agirlik-mukavemet iligkilerine bakildiginda, cekme testlerinde en yiiksek 6zgiil dayanimi
strastyla B-0, A-0, X-45, X-0 ve D-0 numunelerinde goriilmiistiir. Cekme testinde en yiiksek degerlerin 0° acisinda
gerceklesmesi, baski yonii ile ¢ekme dogrultusunun ayni olmasindan kaynaklanmaktadir. Basma testlerinde en
yiiksek 6zgiil dayanim degerleri ise sirasiyla C-45, X-45, C-0, X-0=X-90 ve B-45 numunelerinde dl¢lilmiistiir.
Ozgiil dayanim degerlerine bakildiginda, tam dolu numunelerin performansmnin ciddi sekilde diistiigii
goriilmektedir.
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ABSTRACT

The Fibonacci sequence, a special number sequence studied a lot recently and plays an important role with its
applications in many fields of science, can be obtained in different areas of mathematics and with different
methods. In this study, Fibonacci numbers are obtained with using suborbital graphs of the Modular group T and
some special matrices.
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Son zamanlarda iizerinde ¢okca ¢aligilan ve bilimin bir¢ok alanindaki uygulamalariyla 6nemli bir rol oynayan 6zel
bir say1 dizisi olan Fibonacci dizisi, matematigin farkli alanlarinda ve farkli yontemlerle elde edilebilmektedir. Bu
caligmada, Fibonacci sayilart Modiiler grubun alt yoriingesel graflar1 ve bazi 6zel matrisler kullanilarak elde
edilmigtir.
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I. INTRODUCTION

In the 13th century, the Fibonacci sequence {0,1,1,2,3,5,8, ... } is constructed inductively so that each
member is the sum of the preceding two members, was introduced by Leonardo Fibonacci. These numbers play a
significant role not only in all areas of Mathematics but also in statistics, finance, architecture ext. Additionally,
the golden ratio is a mathematical principle that originates from the Fibonacci sequence, calculated by dividing
each Fibonacci number by one that directly precedes it. Further, [1] has more thorough details regarding this
sequence.

The modular group is a fundamental group in number theory. The group acts on the upper half plane

U = {z € C: Im(z) > 0} and its elements correspond to fractional linear transformations of this plane as follows.
It plays a crucial role in the study of modular forms, automorphic forms, and their connections to elliptic curves,
quadratic forms, and many other areas of mathematics. For more information, see [2].

Suborbital graphs are an interesting topic within graph theory that has received significant attention in the
literature. Suborbital graphs are classes of graphs that arise in the study of group actions on sets, particularly when
considering the orbits of vertices or edges under the action of a group. These graphs have applications in various
fields, including algebraic graph theory and combinatorics.

The concept of suborbital graphs for a permutation group acting on a set was first introduced in [3]. Based
on this idea in [4], suborbital graphs for the Modular group were given as follows:

The modular group T" consists of the pairs of matrices

+(a b),where a,b,c,d €Z vead — bc = 1.
c d

In the paper, we omit the symbol +, and identify each matrix with its negative. I' acts on the extended
rational

Q=QuU {»}by

+b
z= (Z+d' (Ccl Z)EF'

More precisely, by
(a b) x ax+by
c dy  cx+dy’
We summarize imprimitive action of a group G on a set X and suborbital graphs concerning the pair

(G, X). For each member g of G, if g: X — X one to one onto, then g is called a permutation of X. If all members
of G are permutations of X, then pair (G, X), or only G for short, is said to be a permutation group.

Now suppose (G, X) is a permutation group and the relation " = " on X is an equivalence relation. Whenever x =
y implies that g(x) = g(y), for all g € G, the relation =~ is called G —invariant. In this case, each equivalence
class is said to be a block. Some of G —invariant equivalence relations are below:

(i) Identity relation: x=y ©x =y,

(ii) Universal relation: x = y for all x, yeX.
These two relations are called trivial. If there is a relation other than the above two, on X then (G, X) is called an

imprimitive permutation group. If G is transitive on X, that is, if x,y € X then y = g(x) for some g € G, then
(G, X) is an imprimitive transitive permutation group.

In the paper, we take G = I and X = Q. Of coursg, in this case, (T, Q) is a transitive permutation group,
the imprimitive relation is defined in [3] as follows:
The stabilizer I, of the Modular group T is the group
_(fa b _
L(n) = {(c d) € F| c= Omodn}.
Ifn > 1, then I, < I(n) <T. So the relation, defined by

x
~ — & ry—sx =0 (modn),

“ =
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is imprimitive. So (T, Q@) is an imprimitive transitive permutation group.

Now we give suborbitals, and suborbital graphs from [4]. T acts, as well, on the set @ x @, by g: (a, ) -
(g(a), g(B)). The orbits of the action are called suborbitals.

From the suborbital O(a, ) containing (a, 8), we construct the suborbital graph G(a, 8): the vertices a
are in Q, while there is a directed edge from u to v, shown

u - v if (u,v) € 0(a, B).

If we chose, as a vertex set, the block
[eo] = [1/0] = {£ € @] y = 0 Gmodn)},
we get a subgraph G (a, %) , F, , for short.

Let vy, vq, Vs, ..., Vg be in [oo]. The configurations vy - vy > v, 5 - > v, and vy = v; = Uy > ==
are called a path and infinite path, respectively.

r X
Theorem 1.1 [4] There is an edge 3 - ; € F,, ifand only if either

a)x =urmodn, ry—sx=n or
b) x = —urmodn, ry—sx=-n

One of the studies about suborbital graphs can be reviewed in [5]. After that several authors' work on
these subjects facilitated some branches of Mathematics such as number theory, group theory ext. Obtaining the
Fibonacci sequence is one of the most attractive outcomes within them. This sequence has been obtained in many
ways. For example, in [6-9], some modular subgroups of T" and related suborbital graphs are used to construct the
sequence using infinite paths, and furthermore, in [10-12], some continued fractions are taken to produce the
sequence, and in [13] some special matrices are used.

In this work, we believe in outlining the suborbital graph for a congruence subgroup I;(n) to find a
relation of these graphs and the Fibonacci sequence.

1. MAIN CALCULATIONS

Let u be a natural number. Then,

T = ( —-u 1 )
—(w?+3u+1) u+3
isinT.
If ko, = 3, is the minimal positive integer for which u? + ko u + 1 = 0(modn) in [5], and n = u? + 3u + 1,
then T € I, (n).
Further, from

—uz+1 _
—(u2+3u+1)z+(u+3)_z

T(z) = 1)

we get that

—(u+3)+V5 —(u+3)—V5 _
2@ +3u+ D) Y 2 +3u+ 1) 2

are fixed points of T.

Theorem 2.1 Let k be a natural number. Then,
. 1 uy
i Tk (6) — Tk (r—l) inF,,
1 1

ii)y Tk (6) — Tkl (6) inF,,

1 . .
iii) {T" (—)} is an increasing sequence and the path

0 keN
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- f)-r ()

Proof. i) We will prove this by using the principle of mathematical induction and Theorem 1.1.

1 3u+1
(5= =6

is an infinite.

We observe that

holds for k = 1.

Assume that

(3 - ) @)

Since the expression (2) is true for k, we have
1 Uu
k(Z k(Z
T <T (0)) N T<T (n))

ii) Using the above condition (i), we get

(5) =)= (r(3))

W +3u+z+w+3)
1 a Qu+3)—+5
<—)— 7T

So the proof is completed.

iii) Since T with T(z) =

is strictly increasing, we have the results.

Theorem 2.2 Let a,beN and — < — hen,
n- nb 2n
j a ay (u+3)—+5
i) b <T (%) < —
ii) 5 T (%) inF,, ifandonlyif a = : and

there exists some teN such that 5b% + 4 = t2.

a 2u+3)—+/5
Proof. i) Given — < u
nb 2n

Then, a®? — 2u + 3)ab + (u? + 3u+ 1)b? > 0 and letustake n = u? + 3u + 1, so

we have (2u + 3)b — 2a > V5b = ((2u+3)b - Za)2 > 5b2.

na? — (2u + 3)abn + n?b% > 0

Then, we obtain that

a<T(a)_ —au + nb 3
nb nb/  (—a+ (u+3)b)n ®)
Furthermore, since
a < Qu+3) -5
nb 2n
and T isincreasing on
1 Ru+3)—+5
_’u> naQ
n 2n
and by (1), then we get that
a Qu+3) -5
() < @)
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From (3) and (4), we see that

a a Qu+3)—+5
E<T(E)<—2n :

.o a a b d . h
ii) Let E_)T(%) e an edge in F,,, . Then,

it follows that
a?—Qu+3)ab+nb?>>0 and a?— Qu+3)ab+nb?=1.

Since
4a? — 4Q2u + 3)ab + 4nb? = 4, 4a®? — 4Q2u + 3)ab + 4nb? + 5b? = 4 + 5b?,
SO
|(2u + 3)b — 2a| = y/5b% + 4 holds.

a 2u+3)—+5
Since — < # this shows that (2u + 3)b —2 > 0 and

nb 2n

(2u+3)b—V5bZ + 4
a =
2

which means for a, beN there exists some teN such that 5b2% + 4 = t2.

 Qu+3)b—+Ebr T4
Conversely, if a = 3 , teN and 5b2 + 4 = t?, then

(2u+3)b—+V5b* +4
2

nb nb
and

+nb

B ((Zu +3)b —V5bZ + 4)u
2

= T(:—b).

(_ <(2u+3)b2—\/5b2+4>+(u+3)b>n

This implies that

(2u +3)b —V5b2 + 4 (Qu+3)b—V5bZ + 4
(- (B e (B

—b(— ((2u+3)b2—\/5b2 +4>u+nb> 1

and

( ((2u+3)b—\/5b2+4> ) < <(2u+3)b—\/5b2+4
- u+nb|=—||-

> > )u + nb) u (mod n).

. a a .
According to Theorem 1.1, we have that s —T (%) ink,,.

Here are two major corollaries without proof.

Corollary 2.3
o1 u+ 0 u+ 1 u+ 3 u+ ay u+ by,

-_—— -t -t — -4 — s - — S - — 5 ...
D 0 n 1n n 3n n 8n n b.n n @Bb,—a)n

is an infinite path in F, ,, ,
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Qu+3)—+5
2n ’
iii) The numbers 5az + 4, 5b% + 4 are perfect squares for the natural numbers a, b, € N in (i) .

i) Every vertex in (i) is less than

Proof. Theorem 2.1 and Theorem 2.2 conclude the proof.
Corollary 2.4 The numbers k € Z* making 5k? + 4 perfect squares are
0,1,3,8,...,x,y,3y — x (5)
Proof. Corollary 2.3 concludes the proof.
Now, we will investigate the numbers obtained from the inverse matrix of T .

u+3 -1

The inverse matrix of T is <(u2 +3u+1) -u

),andfor u=1wehaveS = (g :})

So we get the following.
Theorem 2.5

3 3
i) Forallk € N, Sk (§> — Gkl (E)'

y e (3 ) ) ) 3 3 , (3 5 (3

ii) {S (—)} is an increasing sequence and the path = — § (—) — S (—) — S <—) —
5/ ) ken 5 5 5 5

is an infinite.

Proof. We conclude the proof as in Theorem 2.1.

_ 3 a 5++5
Theorem 2.6 Let S := (é _1) €l (5) and a, beN such that 3 < 33 < TR Then,
_a a 5++5
l) % <S (5) < 10 ,
B a S(a) . dee in F ¢ and onlv if 5b + V5b% — 4 d
— — =

ii) =3 £p,) isanedgeinFy 5 if andonlyif a 5 an
there exists some reN such that 5b%? — 4 = r2,

a 5445
Proof. Given w0 <o ' We have 2a — 5b < V5b = (2a — 5b)? < 5b2.

From this, we get 4a? — 20ab + 20b2 < 0, a? — 5ab + 5b% < 0 and 5a? — 25ab + 25b? < 0. Then,

a <4(}L—5b_ (a) 6

50 5a—5b ~ \5b (6)
‘ . . 3 5++5 5+v5\ 5++5
Since S is increasing on [g, 10 )n@,and5< 10 )— 10 from (1), we have

a 545
(§)< 10 (7
a a 54++/5

From (6) and (7), we get 5<S(5)< 0 -

a a
ii) Given 5 S (§) we have that a? — 5ab + 5b? < 0 and by Theorem 1.1, we have

a? —5ab +5b%* = -1
Then, —4a? + 20ab — 20b? = 4, —4a? + 20ab — 20b?> — 5b% = 4 — 5b% and (2a — Sb)2 = —4 + 5h?

3 5++/5
so |2a — 5b| =+/5b% — 4. Since i<

< —
<73 10 we have 2a — 5b > 0 and
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2a — 5b =+/5b% — 4, and

_ 5b ++5b2%2 — 4

B 2

Furthermore, since V5b2 — 4 e N, there exists some reN such that 56 — 4 = r2.

5b +V5b% — 4
2

a

Conversely, let a = and 5b% —4 =71? for some reN.

Then,

5b +/5b2 — 4 10b + 4V/5b% — 4
a _ 2 g(i) - 2
5bh 5bh ’ 5b c (3b + m)
- 2

and

5b++V5b%2 —4 3b++5b% -4 b 10b + 4V5b2% — 4

2 2 2
_ 15b% + 5bV5b% — 4 + 3bV5b% — 4 + 5b% — 4 — 20b? — 8bV5b% — 4

4

=-1

Since

10b+4\/5b2—4+ 5b+\/5b2—4_5<3b+\/5b2—4

> > > ) = 0 (mod5),

we get that

10b + 4v5b% — 4 <5b+\/5b2—4

> > ) (mod5),

and

a a . .
33 —S (%) isanedgein F; 5.
We get the following corollaries.

Corollary 2.7

_ 4 1

1) T —

is an infinite path in F; 5,

4 ag 4 bk

2
—_—— ) ss _——

— _—— - ...
5.5 5 5b, 5 5.(3bx —ay).

(S0

1
-
5.2

(S0

5-+5
10
iii) The numbers 5aZ — 4, 5b% — 4 are perfect squares for the natural numbers a,, b, € N in (i) .

i) Every vertex in (i) is less than

Proof. Theorem 2.5 and Theorem 2.6 conclude the proof.

Corollary 2.8 The numbers k € Z* making 5k2 — 4 perfect squares are
1,2,513,..,x,y,3y — x

Proof. Corollary 2.7 concludes the proof.

In view of Corollary 2.4 and Corollary 2.8, we have the main result as follows:

Corollary 2.9 Let the sequences {k,, },en, {Mmnlneny be satisfying the conditions (5) and (8), respectively.

Then, the sequence {F, },ey defined by

314

®)



BSEU Fen Bilimleri Dergisi | BSEU Journal of Science, 2024, 11(2): 308-315
S. Oztiirk

kn+1, if nis an odd

E,=9 2

mn, if nis an even
2

forall n € N, that is (ky, my, ..., kp, My, Kny1, Muyq, - ), 1S the Fibonacci sequence.

I1l. CONCLUSIONS

In this work, we have found a connection between the suborbital graph of the Modular group and the

Fibonacci sequence. Fibonacci sequence and suborbital graphs are widely studied by several authors [6-13]. These
studies using suborbital graphs are not so old. So we believe that our contributions open avenues to some more
advanced studies. It might be that the Fibonacci sequence may be generalized by the theory of graphs, namely
suborbital graphs by taking some groups other than the Modular group, using the method in the study or different
methods.
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Oz

Bu ¢aligma, (1+1)-boyutlu Benjamin-Bona-Mahony (BBM) denkleminin analitik soliton ¢6ziimlerinin modifiye
edilmis modifiye Kudryashov metodu ile elde edilmesine yoneliktir. Birinci asamada, dogrusal olmayan kismi
tirevli diferansiyel denklem formuna sahip olan model, uygun dalga doniisiimii ile dogrusal olmayan adi
diferansiyel denkleme indirgenmektedir. Ikinci asamada ise, homojen denge prensibi ve Riccati yardimci
diferansiyel denklemi kullanilarak dogrusal cebirsel denklem sistemi elde edilerek bu sistemin ¢oziimiinden
incelenen modelin bilinmeyen parametreleri belirlenmektedir. Elde edilen farkli ¢6ziim setlerine bagli olarak
analitik soliton ¢6ziimleri elde edilerek ana denklemi saglama kontrolii yapilmaktadir. Son asamada ise ¢oziimlerin
fiziksel olarak yorumlanmasini kolaylastirmak amaciyla kontur ve ii¢ boyutlu grafik sunumlart yapilmaktadir.

Anahtar Kelimeler- Dalga doniigiimii, Analitik Céziim, Kismi Diferansiyel Denklemler, Soliton Coziimii

ABSTRACT

This study is aimed at obtaining analytical soliton solutions of the (1+1)-dimensional Benjamin-Bona-Mahony
(BBM) equation with the new modified Kudryashov method. In the first stage, the model, which has the form of
a nonlinear partial differential equation, is reduced to a nonlinear ordinary differential equation with the
appropriate wave transformation. In the second stage, a system of linear algebraic equations is obtained by using
the homogeneous equilibrium principle and the Riccati auxiliary differential equation, and the unknown
parameters of the model examined are determined from the solution of this system. Depending on the different
solution sets obtained, analytical soliton solutions are obtained and the main equation is checked. In the final stage,
contour and three-dimensional graphic presentations are made to facilitate the physical interpretation of the
solutions.
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. GIRIiS

Kismi diferansiyel denklemler (PDEs), matematigin alt dali olan uygulamali matematigin ¢ok énemli bir
parcasidir. Dogrusal olmayan kismi diferansiyel denklemlerin analitik, yar analitik, say1sal ve kesin ¢dziimlerinin
bulunmasi, akiskanlar mekanigi, kimyasal fizik, kimyasal kinematik, plazma gibi ¢ok ¢esitli alanlarda ¢alisan bilim
insanlarinin dikkatini ¢ekmistir. Dogrusal olmayan olusum denklemlerinin yiirliyen dalga ¢dztimleri, birgok fizik
ve mithendislik problemlerinin ¢dziimiinde etkili bir aragtir.

Son yillarda, Maple, Mathematica, Matlab gibi sembolik hesaplama programlarinin gelistirilerek yaygin
olarak kullanilmaya baglamasi, karmasik denklem sistemlerinin ¢oziilmesini saglamistir. Dogrusal olmayan
olusum denklemlerine analitik ¢ézliimler bulmak i¢in literatiirde heniiz evrensel bir metot kesfedilemedigi i¢in
farkli yontemler 6nerilmistir. Bu yontemlerden bazilari; Jacobi eliptik fonksiyon metodu [11], iistel fonksiyon
metodu [13], homojen denge metodu [25,7], varyasyonel iterasyon metodu [12], Sine- Gordon metodu [27], tanh-
coth metodu [26], ilk integral metodu [8], (G’/G) a¢ilim metodu [24], ve modifiye Kudryashov metodu [16].

Kudryashov metodu ilk olarak N. A. Kudryashov tarafindan, Bernoulli diferansiyel denklemini yardimci
denklem olarak almasiyla iistel formda ¢oziimler bulunabilecegini gostermistir [14]. Daha sonra farkli formlarda
yardimei denklem alinmasiyla yeni metodlar gelistirilmistir [20,21]. Bunlardan biri olan ve bu makalede kullanilan
modifiye edilmis yeni Kudryashov metodu, yeni Kudryashov metoduna [16] dayali olarak son yillarda literatiirde
kullanilan metodlardan biridir [20]. Modifiye Kudryashov metodu son yillarda Mustafa Bayram ve arkadaslar
tarafindan Kadomtsev-Petviashvili [5] denklemine, Calogero-Bogoyavlenskii-Schiff [4] denklemine, Biswas-
Milovic [2] denklemine, Biswas-Arshed [19] denklemlerine; Onder ve arkadaslari tarafindan kompleks yapida
olan Maccari sistemine uygulanmigtir [21].

Bu ¢alismada ele alinan Benjamin — Bona — Mahoney (BBM) denklemi [28],
Up + Uy — By + AU, =0 @

ilk olarak uzun dalga davranisinin gelisimini aciklayan Peregrine tarafindan ortaya atilmustir. Ilk kez Benjamin ve
arkadasglar tarafindan KdV denklemlerinin diizenlilestirilmis bir versiyonu olarak arastirilmistir.

Klasik bir model olarak karsimiza ¢ikan bu denklemin, sivilarda uzun dalga boyu, soguk plazmada
hidromanyetik dalga, sikilastirilabilir sivilarda akustik- yercekimi dalgalar1 ve harmonik olmayan kristallerde
akustik dalgalar dahil olmak iizere ¢esitli fiziksel uygulamalarda ortaya ¢ikan dalgalarin analizinde kullanilir [1].

Bu denklemin periyodik, soliton ve analitik yiiriiyen dalga ¢oztimleri [18]; Abdel Rady ve arkadaslari
tarafindan homojen denge yontemi ile [22]; Tang ve arkadaglar tarafindan cebirsel metodu ile [23]; Estevez ve
arkadaglar1 tarafindan faktorizasyon teknigi ile [6] ve Jacobi eliptik fonksiyon genisletme yontemi kullanilarak An
ve Zhang tarafindan [3] incelenmigtir. Gomez ve arkadaglari tanh-coth metodunu genellestirilmis BBM ve
Burgers-BBM denklemlerine uygulayarak bazi yeni periyodik ve soliton ¢oziimler elde etmislerdir [9]. Gomez ve
Salas Benjamin — Bona — Mahoney (BBM) denklemi i¢in varyasyonel iterasyon metodu ve iistel fonksiyon metodu
kullanarak yiiriiyen dalga ¢6ziimleri bulmuslardir [10].

Bu ¢alismanin akisi su sekilde verilebilir: Boliim 2 de modifiye Kudryashov metodunun herhangi bir
kismi diferansiyel denkleme uygulama algoritmasi verilecektir. Boliim 3 de (1+1) boyutlu BBM denklemine dalga
doniigiimii altinda modifiye Kudryashov metodunu uygulanarak yiiriiyen dalga ¢oziimler elde edilecektir. Ayrica
baz1 ¢oziimlerin secilen 6zel degerlere gére Maple ile ¢izdirilmis 2-boyutlu, 3-boyutlu, kontur ve kutupsal
grafikleri verilecektir. Son boliimde ise elde edilen sonuglar paylagilacaktir.

Il. MATERYAL VE METOT
A. Modifiye Kudryashov Metodu

Bu béliimde, modifiye Kudryashov metodunun polinom formunda verilen bir dogrusal olmayan
denkleme uygulanisi adim adim verilecektir [16]. Oncelikle dogrusal olmayan kismi diferansiyel denklemi
asagidaki formda verilsin;

U, Up, Uy, Uge) Uy, o) = 0 2
buradaki £2bir polinomu ifade eder.

Adim I: u(x,t) =U@®)ve 9 = x — ot dalga dontsimii yardimiyla (2) denklemi asagidaki adi
diferansiyel denkleme indirgenir:

G(U, Uy, Ugg, Uggy, -.) = 0. 3

Adim 2: (3) denkleminin asagidaki sekilde bir toplam formunda bir ¢éziime sahip oldugunu varsayalim;
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U@®) = X, Q') 4
buradaki c;’ler (i=0, 1,...,N), Q'(9) nin katsayilaridir, cy # 0 ve yardimc1 denklem
2 2
(Q'®)" = (6(InA)Q®)) (1 — 4abQ?(9)) )
dir. Bu denklemin ¢6ziimii ise kolayca
QM) = _aA919+1bA—919' (A>0,A=+1). (6)

oldugu goriilebilir.

Buradaki a, b, ® ve A (A>0) sabitleri daha sonra belirlenecek sifir olmayan keyfi gergek parametrelerdir.
Ayrica pozitif tam say1 olan N, (3) denklemindeki en yliksek mertebeden dogrusal terim ile dogrusal olmayan en
yiiksek dereceden terimler arasindaki homojen denge ile bulunur.

Adim 3: (4) denkleminin (3) denkleminde yerine yazilmasiyla ve (5) yardimci denkleminin
kullanilmasiyla Q(9) nin kuwvvetleri cinsinden bir polinom elde edilir. Q(¥9)’nin aymi kuvvetten terimleri
toplanarak katsayilart sifira esitlendiginde c, ¢y, 5, 4, a, b ve ® parametrelerini iceren bir cebirsel sistem elde
edilir.

Adim 4: Adim 3’deki dogrusal cebirsel denklem sistemi uygun bir sembolik hesaplama programi
yardimiyla ¢6ziildiigiinde ¢, ¢4, ¢5, 4, a, b ve ® degerleri bulunur. “Bu degerler, 9 = kx — wt dalga doniisimii
ve (6) denklemini g6z oniinde bulundurarak (4) denkleminde yerine yazildiginda (2)’deki dogrusal olmayan kismi
diferansiyel denklemin soliton ¢dziimleri elde edilir.

I1l. BULGULAR VE TARTISMA
A. Modifiye Kudryashov Metodunun (1+1) boyutlu BBM denklemine uygulanmast

Bu boliimde (1+1) boyutlu BBM denkleminin ¢oziimleri modifiye Kudryashov metodu ile yiiriiyen dalga
¢oziimleri elde edilecektir. BBM denklemi asagidaki formda verilir;

Up + AUy — Py + A(uz)x =0 (7

Burada a,B ve A reel sabitlerdir. (7) denklemine U(x,t) = U®) , 9 = kx —wt dalga doniisiimii
uygulandiginda, indirgenen denklemin bir kez integralinin alinmasiyla ve integral sabitinin gézardi edilmesiyle
asagidaki adi diferansiyel denkleme indirgenir.

—wU(9) + akU(®) + wk?BUgg + Ak(U())" = 0 )

En yiiksek mertebeden dogrusal terim olan Uyy Ve dogrusal olmayan en yiiksek dereceden terim olan
(U(t?))z arasinda dengeleme yapildiginda, dengeleme sabiti N = 2 bulunur.

Boylece (4) denklemine gore U () ¢oziimii asagidaki formda aranir;

U®) =co + 00 + 0% (). 9)

Buradaki c,, c; ve ¢, sonradan belirlenecek sabitlerdir.

(9) denklemindeki U(¥9) ifadesi (8) denkleminde yerine yazildiginda ayrica yardimci denklem de
g6zo6niinde bulundurularak @ (9)’nin kuvvetleri cinsinden polinom elde edilir. Q () nin ayni kuvvetten terimleri
diizenlenerek katsayilari sifira esitlendiginde elde edilen cebirsel denklem sistemi asagida verilmistir :

Q*: —241n(4)? 6%abPfk?*wc, + kAc2.

Q3: — 81In(4)? G%abBk?*wc, + 2klc;c,.

0?%:41n(4)? 6?Bk*wc, + 2kcyc, + kAc? + akc, — we,.
Q':1In(4)? 62Bk?*wc, + 2klAcyc; + akc; — we.

Q%: kAcg + akcy — wcy.

Verilen cebirsel sistem sembolik hesaplama programi kullanilarak ¢oziildiigiinde bulunan parametreler,
(9) denkleminde yerine yazilmasiyla, (istel(hiperbolik)) fonksiyon olarak yedi ¢6ziim ailesi elde edilmistir.

Durum 1:

K, cg, c1Ve ¢, igin bulunan ¢oziim kiimesi su sekildedir;
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P + /(a? — 161n(4)? 62pw?)
a 81n(4)? 02pw ’

—8 (“a . J(aézln_(fﬁglz(ﬁv); S w) In(4)? 62 gw

(¢ + /(a2 — 161n(4)2 62pw?))A

Cop =

)

L = O,

a+ /(a2 — 161n(4)% 62pw?2)
7 :

Bulunan ¢y, c; ve ¢, degerleri (6) denklemindeki yardimet denklem kullanilarak (9) ¢6ziimiinde yerine
yazildiginda (10) denkleminde verilen U; () ¢6ziimii elde edilir.

(a?-161n(4)202pw?2)
w |In(4)?6?pw

a+
—8l « 81n(4)262Bw
U,(9) =

c, = 3ab

3ab(a+/(a?-161n(A)267fw?))

(a+ V@@= 16In(@)%62pw?)2 A(aA®9 +pa=09)* ' (10)
a + +/(a? — 161n(4)? 02pw?
burada ¥ = \/( 8In(A)? @2(31)41 F )x — wt seklindedir.
Durum 2:
k, 4, ¢y, c1ve ¢, icin bulunan ¢oziim kiimesi su sekildedir;
a \/(az — 161In(4)2 02pw?)
k = 7 2
41n(4)2 02pw ’
A= 2,
2 _ 2 02 L2
—41n(A)? 02pw? + % - (@ 1612(14) 0%fw )a
Co = — ,
° (a J(@2— 16In(A)? @23w2)>
AV 2
L = 0,
2 _ 2 Q2 Qw2
. a +/(a? = 161n(4)? 02Bw?) ba
2 2
c, = 7
Bulunan degerleri gerekli denklemlerde yerine yazdigimizda asagidaki U, (9) ¢6ziimii elde edilir;
@ 2075w?) (a (a2- 161n(A)262[i'w2)>
a?-161n(4)20%pw 6 ba
—41n(4)202pw2+< a z z
U,) = — 2 2 6 , 11
2(9) « J(a2—16ln(A)2626w2) * 1(aA®? +pa=09) (11)
A 2 2
a +/(a? = 16In(4)? 02Bw?)
burada 9 = 2 2 x — wt seklindedir.

41n(A)% 02fw

U, (x, t) ¢oziimiiniin -10<x<10 ve -10<t<10 araliginda ve 6zel olarak A = 0.1,a = 10,b =10, g =1,
a=05 w=0.1, =2, 0 = 0.1 degerleri alindiginda Maple yardimiyla ¢izilen 3 boyutlu ve kontur
grafikleri Sekil 1 ve Sekil 2 de verilmistir.
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0.001 ‘
0.0008

0.0006

0.0004

0.0002

Sekil 1 Sekil 2

Sekil 3 ve Sekil 4 de ise ayn1 degerler i¢in U, (x, t) soliton dalga ¢6ziimiiniin t = 0.2, t = 0.5, t = 1 zaman
degerlerindeki 2 boyutlu ve kutupsal koordinat grafikleri verilmistir.

2 S
7 4 0.00104 \\
4 AN
e N
f;/ 0.0009+ \\\\
# \\\
/ N
/,// 0.0008 \\
7 A\
,// \\ [
/‘” 0.0007 \\ \ : 0 0.0002
1/ : \
i \
i \
f,n‘/ 0.0006-] \\
’,,‘,f \\
f \
VA 0.0005
f
L ; ; .
—10 -5 2 5 10
I ol — — 0.5 — — 02 [ - t=1 — — t=0.5 — — 1=02]
Sekil 3 Sekil 4
Durum 3:
k, 2, ¢y, c1ve ¢, icin bulunan ¢6ziim kiimesi su sekildedir;
P ot J(@*+ 161n(A4)? 02w?)
- 81n(A4)2 02pw ’
A= 2
CO = 0,
L = 0,
—a+ \/(az + 161In(4)2 ©%2pw?)
c, = 3ab :
A
¢o = 0,¢; = 0 oldugundan (9) ¢éziimiinde ¢, degeri yerine koyuldugunda asagidaki U; () ¢oziimii elde
edilir.

—a++/(a?+ 161n(4)202Bw?2)
(2499 +b4=09)*

U3 (19) = 3ab

. (12)
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—a + /(a?+ 161n(4)2 02fw?2)

burada 9 =
urada 81n(A)? 024w

x — wt seklindedir.

Durum 4:
k,w, cy, cyve ¢, i¢in bulunan ¢dziim kiimesi asagida verilmistir;
k =k,
ak
w = ,
41In(A)2 0%2Bk%2 + 1
41n(A)? ©2pk?

= J@mn(A)Zezpk + 1)
1 = 0,
241n(A)? ©%aabfk?
C2

~ 2(41n(A)? 02Bk2 + 1)
Degerler gerekli denklemlerde yerine yazildiginda asagidaki U, (9) ¢oziimii elde edilir.

202 2 202 2
Ua®) = A(4i;?i§2®(zﬁi§+ 1) A(4ln(A):gzl;(li):j)?Z:gl;(wr@ﬁ)z' (13)
burada ¥ = kx — ak t seklindedir.
41n(A)? 0%2pk% + 1
Durum 5:

B, k,w,cy, cive ¢, igin elde edilen ¢oziim kiimesi su sekildedir;
Acy
B = - )
41n(A)? 0%2k%(Acy + @)

k =k,
w = kAc, + ak,

CO = Co,
1 = O,
¢, = —6abc,.

(9) ¢6ziimiinde, bulunan ¢, degeri yerine yazildiginda (14) denkleminde verilen Us(¥9) ¢oziimii elde
edilir.

_ _ 6abcg
Us(®) = (aa®9+pa-69)% ()

burada 9 = kx — (kAc, + ak)t seklindedir.
Durum 6:

Asagidaki ¢oziim kiimesi ise «, k, w, ¢y, ¢;ve ¢, i¢in bulunmustur;

_ Aco(41n(4)? ©2BK? + 1)

41n(A)? ©%2k2pB ’
k =k,
Acy
W= ——————
41n(A)? 0%kp
CO = Co,
L = 0,
¢, = —6abc,.
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¢, degeri (9) ¢oziimiinde yerine yazildiginda Ug(9) ¢6ziimii asagidaki sekilde bulunmustur;

Ug(®) = co———o2% (15)

(aA®9+pa=69)%’

burada ¥ = kx + t seklindedir.

Co
41n(A)? 0%kp
Durum 7:

Son olarak k, 4, w, ¢y, ¢, ve ¢, i¢in bulunan degerler su sekildedir;

k =k,
_ 41n(4)? 02k?fa
co(41n(A)2 02Bk%2 + 1)
ak
Y= @A)z epr? + 1)
Co = Co
=0,
¢, = —6abcy.

Bu durumda da U (9) ve Ug(9) ¢oziimiine benzer olarak asagidaki U, () ¢dziimii bulunmustur. Ancak
9 dalga denkleminde kullanilan w degeri diger iki ¢6ziimdeki w degerinden farkli olmasi sebebiyle U, (9) ¢oziimii
tektir.

_ _ 6abcg
U7 () = (2499 +p4a=09)" (16)

ak

buradad = kx + GInAreTRET D

t seklindedir.

U, (x,t) ¢oziimiiniin -10<x<10 ve -10<t<10 arahginda, A=0.1,a=3,b=1,=1,5a = 1,k =
0.1,0 = 0.1, ¢y = 2 degerleri alindiginda 3 boyutlu ve kontur grafikleri Sekil 5 ve Sekil 6 da verilmistir.

Sekil 5 Sekil 6

Ayni degerler kullamldiginda U, (x,t) soliton dalga ¢6ziiminin, t = 0.2, t = 0.5, t = 1 zaman
degerlerindeki 2 boyutlu ve kutupsal koordinat grafikleri ise Sekil 7 ve Sekil 8 de verilmistir.
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N B
N> i
NN 15
NN
NN
N
NN
A\ !
N\
A 4
A A //
AYR 5 /
v /7
A A /7
AW !/
AN !/
_rm— T -:5— '\-\\\-u ————— ; ) /'r‘/, 1"
v A A
A A //
Y /7
S /oy
\ ///
A /
NN Vv
14 NN
t=1 — — =05 — — =02
Sekil 7 Sekil 8
1IV. SONUCLAR

Bu makalede, modifiye Kudryashov metodu kullanilarak (1+1)-boyutlu Benjamin-Bona-Mahony

denkleminin yiiriiyen dalga ¢oztiimleri incelenmistir. Elde edilen sonuglarin tamami Maple programi yardimiyla
saglamasi yapilmigtir. Bulunan ¢6ziim kiimeleri i¢in yedi adet durum verilmistir. Parametrelere 6zel degerler
verilerek U,(9) ve U,(9) ¢oziimleri -10<x<10 ve -10<t<10 zaman araliklarinda 3 boyutlu ve kontur grafikleri;
t=0.2, t=0.5, t=1 zaman degerlerinde ise 2 boyutlu ve kutupsal koordinat grafikleri olmak iizere toplamda sekiz
adet grafik verilmistir. Ayrica kullanilan bu yaklagimin diger dogrusal olmayan diferansiyel denklemlere analitik
¢oziimler bulmak icin kullanilabilecek olmasi, kullanish ve giiclii bir matematiksel ara¢ oldugunun agik bir
gostergesidir.
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ABSTRACT

Basic information about figurative numbers is provided. Then, information about isosceles triangular numbers,
one of the two-dimensional figurative numbers, is given. It also includes information about algebraic structures
and their definitions. Additionally, a binary operation that includes k -isosceles triangular numbers is presented,
and the study investigates whether the algebraic structures defined with this operation form a groupoid or
semigroup. Also, two examples are given that satisfy the results at the end of the paper.

Keywords- Isosceles Triangular Number, Binary Operation, Groupoid, Semigroup, Monoid

Oz

Figiiratif sayilar hakkinda temel bilgiler verilmektedir. Daha sonra iki boyutlu figiiratif sayilardan biri olan
ikizkenar {iggen sayilart hakkinda bilgi verilmistir. Ayrica cebirsel yapilar ve tanimlar1 hakkinda bilgi igerir. Ek
olarak Kk -ikizkenar iiggensel sayilar igeren bir ikili islem sunulmus ve bu ikili islem ile tanimlanan yapilarin bir
grupoid veya yari grup olusturup olusturmadigi arastirilmistir. Ayrica, makalenin sonunda sonuglart saglayan iki
adet 6rnek verilmistir.
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1. INTRODUCTION AND PURPOSE

Figurate numbers are numbers that represent geometric shapes such as triangles and squares, formed by
arranging specific points in a plane or space according to a certain rule. There are many types of figurate numbers,

such as polygonal numbers, centered polygonal numbers, L -shape numbers, and solid numbers. Among these,
polygonal numbers are the most well-known and widely studied. In particular, the beauty and elegance of
triangular numbers have captured the attention of scientists for thousands of years.

Points positioned in the plane as a regular triangle with equal intervals represent triangular numbers. They
are formed by starting with a single point and adding the same common difference, which is always one, to each

successive point.
1 3 6 10

Figure 1. Triangular numbers

n(n+1
The triangular numbers can be represented by S,(n)=1+2+3+...+n= ( 5 ) . For further knowledge

on figurate numbers and triangular numbers, one can refer to book by Deza et al. [1].
Isosceles triangular numbers are a novel type of figurate numbers that were first defined and introduced
by Jitman et al. in [2,3]. Isosceles triangular numbers are a new type of figurate numbers that can be represented

by a pattern of points arranged in the shape of an isosceles triangle. The nth k —isosceles triangular number is
represented by A(n,k). It's worth noting that regular triangular numbers are a specific case of isosceles triangular
numbers. If k =1, then the isosceles triangular number becomes a triangular number, i.e., A(n,1) =S, (n) .

Additionally, for convenience, if n=0, then A(0,k) is used in some contexts and it is defined to be 0.
Some summation formulas for isosceles triangular numbers are derived [2,3].

Q@< 1+k points
- @& 1+2k points

n points

®@ @ - ® @&—1+(n-3)k points
@ - - -~ @ @& 1+(n-2)k points
@ - @® @® O&—1+(n-1)k points

Figure 2. Isosceles triangular numbers

The concept of a binary operation is crucial in many algebraic structures. It takes on different names
depending on the binary operation defined on the algebraic structures. Groupoids, semigroups, and monoids are a
few examples. Specifically, Sparavigna has established that it is a groupoid with binary operators defined on some
polygonal numbers in [4,5]. Additionally, Emin has defined some algebraic structure on some polygonal and
figurate numbers in [6,7]. By utilizing similar methods as in these papers, we will present a general binary
operation that includes k -isosceles triangular numbers. Additionally, it will be examined whether the structures a
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semigroup or not. Other algebraic properties may be studied with the binary operation defined on this new
algebraic structure.

Algebraic structures allow the study of different properties of mathematical objects. It helps to better
understand mathematical systems by revealing the relationships of mathematical structures with each other. For
this reason, algebraic structures have an important place in mathematics.

It is possible to see algebraic structures in mathematics as well as in other branches of science. Algebraic
structures can be used in disciplines such as Physics, Engineering and computers. This can be help to contribute
to the modeling and solving of problems.

Various algebraic structures are defined in order to make the transition between geometry and algebra. It
is also possible to express figurate numbers geometrically. For this reason, if an algebraic structure can be defined
on figurate numbers, its relationship with other mathematical systems can be examined algebraically.

The real motivation behind this paper is to explore the properties of algebraic structures defined with
isosceles triangular numbers and determine whether they form a groupoid or semigroup, supported by illustrative
examples.

Il. PRELIMINARIES

Definition 2.1. A groupoid (A,o) is an algebraic structure on a set with a binary operator. The only

restriction on the operator is closure e: Ax A— A (i.e., applying the binary operator to two elements of a given
set returns a value which is itself a member of A). Associativity, commutativity, etc., are not required [8].

(A,-) is called a semigroup if the operation e is satisfies properties of associative, that is, if for all
X, Y, 2€A;

(xoy)ozzxo(yoz). ®

If xey=yexequality is provided for all x,y e A, Ais called a commutative semigroup.
(A, ) is called a monoid if the operation e is satisfies the properties of identity, that is, there isan e A,
forall xe A;

Xee=eceXxX=X. (2)

A semigroup is an algebraic structure that is associative and closed, and a semigroup with an identity
element is called a monoid.

If A does not have an identity element, then adding the identity element to A allows for the conversion of
this algebraic structure into a monoid. As defined in Eq. (2), (Au{e},o) became a monoid.

Example 2.1. The sets N, Z, Q, R and Z, are all semigroups with the respect to the addition and
multiplications operations.

It is clear that a monoid is a semigroup. Semigroups, then, provide some monoid concepts exactly. For
example, the order of a semigroup is equal to the number of members of the semigroup, as in monoids. The N,
Z,Q, R and Z, semigroups satisfy certain properties of these structures’ monoid counterparts. Also, they have

the property of commutative. However, not all semigroups have to be commutative.

A semigroup (A= {e} ,®) consisting of only one element that satisfies the property of eee=e is called
a trivial semigroup. Let T be a subset of A (T * @) . If the set T provides the closure property according to the
operation defined in Eq. (1), then T is called a sub-semigroup of the semigroup (A,e).

Definition 2.2. For n,k € N, the nth k -isosceles triangular number formula is as follows [2];

A(n,k):=n+@k. ©))

For n,k e N, k—isosceles triangular number A(n,k) is obtained as the sum of the first n elements of
the sequence [3]. So, it holds;
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A(n,k)=1+(1+k)+(1+ 2k)+...+(l+(n—l)k)
={1+(1+(2n—1)k)}{(n—kl)k+l} @
n(n-1)
2

=n+ K.

For the remainder of the paper, set A will be employed as a set constituted by the elements of the A(n, k)
sequences.
Example 2.1. For k =1,2,3,4 and ne N, k—isosceles triangular numbers formulas are as follows;

+n(n—1) n(n+1)

A(n1)= 1= ,
(n1)=n 5 x 5

-1
A(n,2):n+¥x2:n2,

-1 -1
A(n,3):n+n(n2 )stn(az )

A(n,4)=n+ n(n2—1)x4= n(2n-1).

The above expression implies the following recurrence formula for k — isosceles triangular numbers;
A(n+1Lk)=A(nk)+1+nk and A(Lk)=1.

In particular, we get
A(n+11)=A(n1)+1+n,

(
A(n+1,2)=A(n,2)+1+2n,
A(n+1,3)=A(n,3)+1+3n,
A(n+1,4)=A(n,4)+1+4n.

Example 2.2. Some figures of k —isosceles triangular number for k =1,2,3 are as follows [3];

... Q'. QQ.QQ
® 06 0 00300 0000000
A(3,1)=6 A(3,2)=9 A(3,3)=12

Figure 3. Some figures isosceles triangular numbers
Il. SEMIGROUP CONSTRUCTION ON POLYGONAL NUMBERS

A set consisting of elements of all k —isosceles triangular numbers sequence A(n, k) is created in this

section. An algebraic structure is obtained by defining binary operation on the defined set. Theorems that show
necessary conditions for this algebraic structure to be groupoid and semigroup are given.

Before we can construct the theorem that yields the main result of this study, we need to define a set and
a binary operation on that set. So, let A denote the sequence of numbers A(n, k) .

1
A:{l,k+2,3k 13,6k +4,10k +5,15k+6,...,¥k+n,..} (5)

A binary operation can be found on the given set of A as,
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[A(n,k)%(k—zfj: n+n<n—1>k+1<k—z>2T

2 8 k

1

_ i(4n2k2 —4nk® +8nk +k? —4|<+4D2

2k 4

1

_ L(an—mzf :
2k 2

We define as follows,

[N

Asin :(A(n+m,k)+%(k_kz) ]2 :\/;_k((n+m)k—k—;2j.

We use A, for definition of binary operation as follows;
k-2
22k

1 (nk_k—2J+ 1 (mk_k—zj+ k-2
J2k 2 ) Jk 2 ) 22k

:i( k_g+mk_g+gj

J2k 2 2 2
1 k-2
:E((n+m)k—T].

Therefore, we have the binary operation as follows;

An=A oA =A +A +

1 1 1
_2)2\2 DAY 22 B
VO3 P i AP Y o N NPT G
8 k 8 k 8 k
As aresult, from Eq. (9), we can rewrite the defined binary operation as follows;
A(n,k)eA(m,k)=A(n+m,k)
k-2)*
4k

+2£A(n,k)+(k8_—k2)J2 [A(m,k)+(k;k2) T

k-2

k-2)° : k- k-2)° :
+E{A(n,k)+( 8k) ] +\/2_k2[A(m,k)+( 8k) J .

:A(n,k)+A(m,k)+(

22k
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Theorem 3.1. Let n,k e N and A be the set of sequences of numbers A(n,k), and let e be a binary
operation defined on the set A . Then the algebraic structure (A,o) is a groupoid.

Proof. From the binary operation e, we can derive a recursive relation for m=1;

A(n,k)eA(Lk)=A(n+1k)

=A(nk)+A(Lk)+

k
{A(l,m (k-2) J (11)

And finally, we have,

8k

A(n+l,k)=A(n,k)+g+ﬂ{A(n,k)+M]z. (12)

We prove this part of the theorem by using mathematical induction on n. For n=1,2,3 and starting from

number A(l,k) =1, we have k+2, 3k +3, 6k +4 which are the elements of the set of Ain Eq. (5). In fact, for
k>1;

8k

A(2,k) =A(1,k)+§+ﬂ[A(Lk)+ (k—2)’ Jz

N

k k2 -4k +4
=1+ 2k | 12
1

=1+E+\/§u=k+2,
2 2~/ 2k

N

A(3,k)=A(2,k)+g+ﬂ[A(2’k)+(k_z)sz

1
2 _ 2
=k+2+g+\/2k(k+2+$j

k 3k +2
=k+2+—+2k =3k +3,
2 242k

8k

A(4.k)=A(3,k)+%+ﬂ{A(3,k)+(k_z)sz

1
2

2
:3k+3+g+ﬂ[3k+3+$]

k Tk +2
=3k +3+—+/2k ——= = 6k +4.
2 232k

We assume that Eq. (12) holds recursively for n+1.
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k—2) |
For k>1, A(n+1,k):A(n,k)+;+@[A(n,k)—( 8k) J is the element of the set of A. Also,

from Eqgs. (7) and (12), we have

A(n+1,k)+g+@[A(n+1,k)_(

L
k—2)" )
8k

8k
= (n,k) Jl_(nk—k—;zj+5+@
(,k)+k+nk+(n+1)k k+2
A(nk)+(2n+1)k+2

n(n2 )k+(2n+l)k+2

(n+2)(n+1)

=n+2+ k

=A(n+2,k)

:A(n,k)+g+\/ﬁ[A(n’k)_(k_2)2 ]2+g+ﬂ[A(n+l,k)—(kgk2)2

Therefore A(n+2,k) is element of the set of A. Thus, the algebraic structure (A,e) satisfies the

properties of closure which gives us the theorem that (A,o) is a groupoid.

O

The following theorem presents a necessary condition for the algebraic structure (A,e) to be a semigroup,
which is the central result of this paper.

Theorem 3.2. Let n, ke N and A be the set of sequences of numbers A(n,k), and let e be a binary

operation defined on the set A. Then the algebraic structure (A,e) is a semigroup.

Proof. From Theorem 3.1,
demonstrate that it satisfies the properties of associativity, as established by the construction of the binary

operation.

For nnmeN and k>1 using A,, A, and A,

(An oAm)oA

So, we obtain (A, eA)e

associativity.

A =

the following is obtained.

(JJ%

( E %i—k( >—JT

it follows that the algebraic structure is a groupoid. Now, we need to

(13)

" Ap) which gives us that (A,o) satisfies the properties of

O

Considering the starting point as A(0,k) =0 and using Theorem 3.2., we can deduce the following
corollary that provides the conditions for (A,e) to be a monoid.
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Corollary 3.1. Let A be the set of sequences of numbers A(n, k) ,and let e be a binary operation defined

ontheset A.If A(0,k)=0e A, then the algebraic structure (A,e) is a monoid.

Proof. From the Theorem 3.2., we have demonstrated that (A,e) is a semigroup. Demonstrating that the

algebraic structure (A,e) is a monoid requires showing that it has an identity element. Let A(O, k) =0eAand
from Eq. (10);

A(n,k)eA(0,k)=A(n+0,k)=A(n,k) and A(0,k)eA(nk)=A(0+n,k)=A(nk).
Thus, we have,
A(n,k)eA(0,k)=A(0,k)eA(n,k)=A(nk).

The corollary 3.1. demonstrates that the pair (A, ) satisfies the identity properties.

U
Example 3.1. The A(n,3) is referred to as the 3—isosceles triangular numbers, which are integers of the
form:
n(3n-1)
A(f'l,3)=l+(1+3)+(1+6)+--~(1+(n—1)3):—2 _

Let A={1512,22,3551,70,92,...; denote the sequence of numbers A(n,3). We can define a binary
operation on the set A;

and,

Pn+m = Pn .Pm
1
=P +P, +——=
246

As a result, we can show the defined binary operation as follows;
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A(n,3)eA(m,3)=A(n+m,3)

=A(n,3)+A(m,3)+E
s +_)2(A(m,3>+2_3f

Ao
ok )

For m =1, recursive relation is obtained;

I\)\P

A(n+1,3)=A(n,3)+§+«/§[A(n,3)—i)2.

For A(13)=1, we get 512,22,35,51,70,92,... which are the elements of the set of A. From the
Theorem 3.2., the algebraic structure (A, ) is a semigroup. Also, from Corollary 3.1., if the A(0,3)=0¢€ A, then

the algebraic structure (A, ) is a monoid.

Example 3.2. The A(n,6) is known as the 6— isosceles triangular numbers, which are integers that can
be expressed in the form:

A(n,6)=1+(1+6)+(1+12)+---(1+(n-1)6)=n(3n-2).

Let B ={1,8,21,40,65,96,133176, ...} represent the sequence of numbers A(n,6) . We can define a binary
operation on the set B;

(A(n,6)+%); :T(Sn 1)

and,

o, (A(n,6)+%j; :T(3n 1),

1
12 1
O, =|A(mB6)+=| =—(3m-1
o= [ame)+ 3] ~Fam-).
1
12 1
O..=lA(N+m,6)+=| =—=(3(n+m)-1).
We use O, for definition of binary operation:
On+m:On.om
1
=0,+0 +—
n m \/§
1 1 1
—(3n-1)+—(3m-1)+
= -1
=—(3n-1+3m-1+1)
ﬁ(
1
_ﬁ(3(n+m)—l).

As a result of this situation, we can demonstrate the defined binary operation as follows;
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A(n,6)eA(m,6)=A(n+m,6)
:A(n,6)+A(m,6)+§

{ane L (amey L)

N

2

1
2 1 1)2
+—| A(N,6)+=| +—=| A(M,6)+=] .
Hlaeo3)+ Hame3)
If one take m =1, recursive relation is obtained as follows;

A(n+1,6)=A(n,6)+3+ 2\/§(A(n,6)+:—13j2 .

Because of A(1,6)=1, we get 8,21,40,65,96,133,176,... which are the elements of the set of B . From
the Theorem 3.2., the algebraic structure (B,e) is a semigroup and from Corollary 3.1., if the A(0,3)=0€B,

then the algebraic structure (B,o) becomes a monoid.

As a result, Theorems 3.1., 3.2., and Corollary 3.1. demonstrate that this structure forms a monoid. The
important question that needs to be addressed now is whether the structure of isosceles triangular numbers
constitutes a group or not.

Remark 3.1. The algebraic structure (A,o) does not exhibit group properties, primarily due to the

operation e failing to satisfy the requirements for inverses. This can be exemplified as follows:
Let A(x,1) be the inverse of A(31), where A(31)=6eA. So, A(31)eA(x,1)=A(0,1)and
A(3+x,1)=A(0,1) = x=-3. Because of that x=—3¢ N, A(3,1) doesn’t have an inverse.

IV. CONCLUSION

When we interpret the results, only basic algebraic structures such as semigroups and monoids can be
constructed. But being able to construct algebraic structures such as groups and rings with figurative numbers will
mean many new fields of study.

As a result, in this study, polygonal numbers, which have an important place in Number Theory and have
been studied for centuries, are combined with semigroup and monoid structures, which is one of the basic and
important subjects of Algebra. The results show us that new examples of algebraic structures can be given by using
figurative numbers. Since these structures are studied in the set of integers, they can be used in fields such as
artificial intelligence, algebraic machine learning, and encryption. So, they are important. They can also lead to
the discovery of new interdisciplinary research areas.
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0z

Bu calismada Al,Os/cam/ZrO, kompozitlerin yogunlagsma davranisi, faz olusumu, sertligi ve dielektrik 6zellikleri
karakterize edilmistir. Alimina, CaO-Al,03-SiO; bazli ticari cam ve nano zirkonyum oksit baslangic malzemesi
olarak kullanilmigtir. ZrO,, C55 tozuna (agirlikca %45 Al,Osz+ agirlikca %55 cam) farkli miktarlarda (6rnegin,
agirlikca %47 ZrO,, agirlikca %57 ZrO; ve agirlikga %68 ZrO, iceren C55) ilave edilmistir. Al,O3/Cam ve
Al>,03/Cam/ZrO, numuneleri tek eksenli kuru presleme yontemiyle iiretilmistir. Optimum yogunlastirma sicakligi
C55 i¢in 800 °C, C55-47Z i¢in 1100 °C, C55-57Z i¢in 1150 °C ve C55-68Z i¢in 1150 °C oldugu tespit edilmistir.
ZrO; diger fazlarla kimyasal olarak reaksiyona girmemistir ve sicaklikla bozunmamustir. ZrO, miktarinimn
artmastyla sertlik kademeli olarak artmigtir. C55-47Z i¢in 824 HV, C55-57Z i¢in 881 HV ve C55-68Z igin 907
HV oldugu saptanmustir. C55-47Z ve C55-68Z'nin 5 MHz'deki dielektrik sabiti sirasiyla 11.7 ve 16.3 oldugu
bulunmustur. Mikrodalga uygulamalar1 igin, yiiksek dielektrik sabiti (5SMHz'de 16.3, 1GHz'de 14.79 ve 10GHz'de
14.43) ve diisiik dielektrik kaybi (SMHz'de 0.0032, 1GHz’de 0.0045 ve 10 GHz’de 0.0051) nedeniyle C55-68Z
numunesi onerilmistir.

Anahtar Kelimeler: Cam/seramik, ZrO2, dielektrik dzellikler, sinterleme, mikro dalga uygulamalari

ABSTRACT

A commercial SiO,-Al;03-CaO based commercial glass, Al,Os, and ZrO, were used as initial materials. ZrO, was
added to the C55 powder (45 wt% Al,Os+ 55 wt% glass) at different amounts (e.g., C55 with 47 wt% ZrO,, 57
wit% ZrO, and 68 wt% ZrO,). Al,O3/Glass and Al,03/Glass/ZrO, samples were fabricated by uniaxial dry pressing
method. These compositions were determined for specific microwave applications due to their various dielectric
constants. Densification behavior, phase formation, hardness, dielectric properties of the samples were
characterized in this study. The optimum densification temperature was 800 °C for the C55, 1100 °C for the C55-
4727, 1150 °C for the C55-57Z and 1150 °C for the C55-68Z. X-ray diffraction proved that ZrO, neither chemically
reacted with other phases nor decomposed with temperature. Hardness slightly increased with increasing amount
of ZrO,; 824 HV for the C55-47Z, 881 HV for the C55-57Z and 907 HV for C55-68Z. Dielectric constant for the
C55-47Z and C55-68Z at 5 MHz were 11.7 and 16.3, respectively. For microwave applications, the C55-68Z
sample as proposed due to high dielectric constant (16.3 at 5SMHz, 14.79 at 1GHz, 14.43 GHz at 10GHz) and low
dielectric loss (0.0032 at 5 MHz, 0.0045 at 1GHz and 0.0051 at 10 GHz).
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. GIRIiS

Mikrodalga dielektrik malzemeler, yazilim radyosu, GPS ve DBS TV dahil olmak iizere karasal ve uydu
iletisiminden uydular araciligiyla cevresel izlemeye kadar genis bir uygulama yelpazesiyle 6nemli bir rol
iistlenmistir [1]. Mevcut ve gelecekteki sistemlerin gereksinimlerini karsilamak igin, yeni dielektrik malzemelere
veya yeni tasarimlara dayali gelistirilmis yeni mikrodalga bilesenlerine ihtiyag duyulmustur. Mikrodalga
devresinde kullanilacak dielektrik seramiklerin, tiim ¢evre kosullarinda aym performansta caligabilmesi igin
sinyalde diistik giiriiltii ve diistik gii¢ kaybin1 tolere etmesi gerekir ve sicaklik kararliligint devam ettirmesi igin
dielektrik kaybinin diisiik (veya yiiksek kalite faktorii= 1/dielektrik kayip) olmasi istenmektedir [2,3].

Malzemelerin dielektrik sabiti malzemenin uygulanacagi alan1 belirler ve genel olarak dielektrik seramik
malzemeler {i¢ sinifa ayrilir; dielektrik sabiti 25’ten kiiciik olan seramikler (anten devre elamanlarinda kullanilir),
dielektrik sabiti 25 ile 50 arasinda olan seramikler (uydu iletisiminde ve cep telefonu baz istasyonlarinda kullanilir)
ve dielektrik sabiti 50’nin {izerinde olan seramikler (cep telefonu gibi minyatiirlesme gerektiren cihazlarda
kullanilir) [4]. Sistem performansi malzeme 6zellikleriyle yakindan iligkilidir, ¢iinkii tane boyutu, tane sinirlart,
kristal yap1 ve nokta kusurlar1 seramigin fiziksel 6zelliklerini etkilemektedir [5]. Bununla birlikte daha biiyiik
dielektrik sabiti (6rnegin 20'ye yakin veya biiylik) mikrodalga bilesenlerinin daha kiigiik iiretilmesi i¢in 6nemli bir
faktordiir. Minimum dielektrik kaybiyla birlikte yiiksek dielektrik sabiti ve kalite faktori elde etmek igin yiizde
yiize yakin bir yogunlastirma sarttir [6].

AlyOs diigiik dielektrik sabitine (10-40 GHz'de 9.6[7]), yiiksek kalite faktorii (Q, veya diisiik dielektrikl
kayip, Q=100000-380000 GHz [8]) ve -60 ppm/°C [8] negatif rezonans frekansina sahip oldugundan mikrodalga
uygulamalarinda kullanilmaktadir. Ayn1 zamanda mikrodalga uygulamalarinda diigiik dielektrik sabitine sahip (9.9
GHz’te 4.1) ve yiiksek kalite faktorii (9.9 GHz’te 2600) CaO-B,03-SiO; bazli cam sistemleri [9] veya 7.4
dielektrik sabitine sahip, 12000 GHz kalite faktoriine ve -130 ppm/°C negatif rezonans frekansina sahip
Zn0:B;,03:Si0; bazli cam sistemleride kullanilmaktadir [10]. Mikrodalga o6zelliklerini optimize etmek igin
agirlikga %40 Al,O3’e agirlikga %60 SiO2-B,03-Al;03 bazli cam [11], agirlikga %50 Al,O3’e agirlikea %50 SiO--
B,03-Al,0;3 bazli cam [11] veya agirlik¢a %50 La,O3-B,03’e agirlikga %50 Al,O3[12] gibi seramik/cam veya
0.89Al1,03-0.11TiO2’ye agirlikga % 0.5 ZnO eklenerek [13] gesitli seramik sistemleri ¢alisgtlmigtir. Choi ve ark.
[11] SiO2-B203-Al;03 bazli cam/Al;O3 sistemlerini ¢alismig, Al,O3’e agirlikga %40-50 arasinda cam eklemis ve
dielektrik ozellikleri belirlemistir. Agirlikga %40 cam iceren numune 5.4 dielektrik sabitine, 8000 GHz kalite
faktoriine ve -50 ppm/°C rezonans frekansina sahip oldugu ifade edilmistir. Agirlikga %50 cam igeren Sistem 6.2
dielektrik sabitine, 11400 GHz kalite faktoriine ve -35 ppm/°C rezonans frekansina sahip olmustur. Seo ve ark.
[12] agirlikga %50 La,0s-B,0s3 sistemine agirlikga %50Al,03 eklemis ve 17.7 GHz’te 6.7 dielektrik sabitine, 2800
GHz kalite faktoriine sahip oldugunu bulmuslardir. Mandai ve ark. [14] CaO-ZrO,-cam sistemini aragtirmiglar ve
dielektrik sabitini 25, kalite faktoriinii 3500 GHz olarak bulmuslardir. Anortit (CaAl;Si>Os) bazli cam sistemi 7.4
dielektrik sabitine ve 12400 GHz kalite faktoriine sahiptir [15]. Gao ve ark. [16] mikroldalga uygulamalari i¢in
ZrO; miktarinin  ZnO-B;03 cam/seramik sistemlerin iizerine etkisini incelemistir. %0,25 mol ZrO; igeren ZnO-
B,03 cam seramigi, 6.18 dielektrik sabitine, 23670 GHz kalite faktoriine ve —65 ppm/°C rezonans frekansina sahip
oldugu bulunmustur. Mao ve ark [17]. BaO-MgO-Al,03-SiO; (BMAS) bazli cam/Al,Oj3 sistemlerini mikrodalga
uygulamalari i¢in incelemistir. Agirlikga %50 BMAS camu igeren cam/seramik sistemi 5.40 dielektrik sabitine,
5235 GHz kalite faktoriine sahip oldugu bulunmustur.

Genel olarak, mikrodalga dielektrik malzemeler i¢in yiizde yiize yakin yogunlagma yiiksek dielektrik
sabit ve yiiksek kalite faktorii (veya diisiik dielektrik kayip) ¢ok kritiktir. Bu sebepten dolay1 bu ¢alismada 6zellikle
viskoz sinterleme yoluyla Al,O3/Cam/ZrO; seramiklerinin yiiksek sinterleme sicakligini diigiirmek i¢in diigiik
ergime sicakligina sahip anortit bazli cam bilegimi kullanilmasi amaglanmigtir ve ayni zamanda dielektrik sabitini
ve kalite faktoriinii arttirmak i¢in ZrO; eklenmistir. Yas numuneler kuru presleme ile istenilen boyutlarda
hazirlanarak yogunlagma, faz olusumu, dielektrik ve mikrodalga 6zellikleri incelenmistir. Literatiir arastirmalari
neticesinde Al,03/Ca0-SiO,-Al,03 bazli cam/nano ZrO, kompozitleri ile ilgili bir ¢alismaya rastlanilmamigtir ve
elde edilen sonuglar literatiirle karsilastirilarak tartisilmustir.

I1. DENEYSEL CALISMALAR

Alimina (AlOs, saflik %699.78, dse= 0.5 um Almatis, CT 3000 SG), ticari cam (CaO-Al,03-SiO; bazli;
Akkim, Tiirkiye) ve nano ZrO; (tane boyutu= 90nm, yiizey alam=10 m?/g, ZrO,, Tosoh, Zpex 4) baslangig
malzemesi olarak kullanilmistir. Al,O3; tozuna 600°C’de 30 dakika baglayici giderme islemi (ticari tozun
kendisinde bulunan su bazli m1 etil alkol bazli m1 oldugu bilinmeyen baglayiciy1 gidermek igin) uygulanmigtir.
Al,O; ve cam tozlari etanol kullanarak ayri ayri karigtirilmig, bilyali degirmen yardimiyla 6giitme islemi
uygulanmistir. Daha sonra agirlikga %45 Al,Oz ve agirlikca %55 cam karigimindan olusan bilesime, agirlikga %

336



BSEU Fen Bilimleri Dergisi / BSEU Journal of Science, 2024, 11(2): 335-342
O. Bilac

47, %57 ve %68 nano- ZrO; eklenip etanol iginde bilyali degirmende 24 saat boyunca karisgtirtlmistir. Numunelerin
kodlar1 ve oranlar1 Tablo 1’de gosterilmistir.

Tablo 1. Numune kodlar1 ve numunelerin % agirlik¢a igerikleri ve oranlart

Numune kodu Al2O3 (ag %) Cam (ag %) ZrO; (ag%o) Al;O3/Cam oram
C55 45 55 0 1.222
C55-47Z 23.85 29.15 47 1.222
C55-57Z 19.35 23.65 57 1.222
C55-68Z2 14.4 17.6 68 1.222

Numuneler tek eksenli bir pres kullanilarak, 100 MPa basing uygulanarak 10 mm capa sahip bir kalip ile
preslenmistir. Daha sonra numuneler, 800-1250 °C araligindaki gesitli sicakliklarda, hava ortaminda 1 saat
bekleme siiresinde, 5°C/dakika 1sitma ve sogutma hiziyla sinterlenmistir. Y1gmn yogunluklari 6l¢mek i¢in Argimet
yontemi kullanilmigtir. Faz olusumu bir X-151m1 kirinimi1 (XRD, Rigaku, Miniflex 600) ile kontrol edilmistir. Y1gin
yogunlugu ve dielektrik dzellikleri tahmin etmek icin paralel (E = Ei - Vi), seri (VE =Y ViEi) ve logaritmik
(log E =3 Vi- log Ei ) karisim modelleri kullanilmistir [18]. Al,O3 ve cam tozlarinin tane boyutu, lazer kiriniml
tane boyutu analiz cihaz1 (Malvern, Mastersizer 3000) ile Ol¢iilmiistiir. Tozlarin yiizey alanini belirlemek i¢in
Brunauer-Emmett-Teller (BET) yontemi (Quantachrome ASiQwin) kullanilmugtir. Sinterlenmis kompozitlerin
Vickers sertligi, mikro sertlik test cihazi (Shimadzu HMV-G) ile 10 saniye boyunca 20 N yiik uygulanarak
belirlenmistir. Dielektrik 6zellikler, bir endiiktans-kapasitans-direng 6lger (Hioki, IM3570) kullanilarak 5 MHz'de
Olciilmiistiir. Yansiyan bir sinyalin (yansima katsayisi, S11) dalga kilavuzundan ge¢mesi prensibine dayanan tek
portlu bir 6l¢iim kullanarak 1 ila 10 GHz arasindaki dielektrik 6zellikleri hesaplamak i¢in bir ag analizorii
(Rohde&Schwarz ZNB40) kullanilmistir.

I11. BULGULAR VE TARTISMA

Baslangi¢ malzemeleri olarak ticari Al,Os, cam firit ve nano ZrO; kullamilmistir. Al,O3 ve cam tozlari,
tane boyutunu azaltmak i¢in ayr1 ayri bilyali degirmen ile 6giitiilmistiir. Bilyali 6giitme sonrasinda cam tozunun
dso= 2.13 pm ve yiizey alam=1.89 m?/g, Al,O3 tozunun dsp= 0.44 pm ve yiizey alan1=6.44 m?/g oldugu tespit
edilmigtir. Cam firitin sinterleme, yumusama, kiiresel, yar1 kiiresel ve erime sicakliklar1 1sitma mikroskobu ile
sirastyla 726, 852, 958, 1088 ve 1180 °C olarak belirlenmistir. Camin bilesimi SEM-EDS yo6ntemi ile agirlik¢a
%65,8 SiOy, agirlik¢a %15.1 AlxOs, agirlikga %11.7 CaO, agirlikca %4 NayO ve agirlikga %3.4 KoO olarak
belirlenmistir [19].

Sekil 1°de, ZrO, miktarinin ve sicakligin bir fonksiyonu olarak kuru preslenmis Al,Os/cam
kompozitlerinin yogunlagsma ve agik gozeneklilik (AG) degerleri gosterilmistir. ZrO, miktarinin artmasiyla daha
yiiksek sicakliklarda tam yogunlagma elde edildiginden her bir kompozitin yogunlagsma davraniglari birbirlerinden
farklidir. Her bir kompozit i¢in optimum sinterleme sartlari, Arsimet yontemiyle belirlenen yiiksek yigin
yogunlugu, sifira yakin AG ve su emme (SE) sonuglar1 dikkate alinarak saptanmistir. Her bir kompozit i¢in
optimum sinterleme sicakliklar1 C55 igin 800 °C'de (2.89 g/cm?, AG= %0.13, SE= %0), C55-47Z igin 1100 °C'de
(3.71 g/cm®, AG= %0.23, SE= %0.06), C55-57Z igin 1150 °C (4.02 g/cm3, AG= %0.25, SE= %0.06), ve C55-68Z
icin 1150°C (4.39 g/cm®, AG= %0.33 SE= %0.07) olarak belirlenmistir. Genel olarak, optimum sinterleme
sicakliklarinda ZrO, miktari arttikga, daha yiiksek ZrO, yogunlugu (ZrO; yogunluk= 6.07 g/cmq) nedeniyle (Al,O3
teorik yogunlugu = 3.96 g/cm? [20] ve cam = 2.43 g/cm? [19] kompozitlerin y18in yogunluklari artmistir. C55 igin
yogunlastirma (yogunlagma sicakligi 800 °C), viskoz sinterleme nedeniyle cam matris fazinin yumusama
sicakligina (yani 852°C) yakin sicakliklarda tamamlanmistir. Bununlar birlikte, yiiksek ZrO, miktarlarinda y1gin
yogunlugu camin erime noktasinda (6rnegin, 1180 °C) keskin bir sekilde artmis ve C55-68Z ic¢in optimum
sinterleme sicakligi, daha diigiik sivi miktar1 (veya daha fazla ZrO, miktar1) nedeniyle 1150 °C'de elde edilmistir.
Literatiirde benzer sonuglar elde edilmistir. Bilag ve arkadaslari nano -AIN tozunu (ag %1-10) miillit (ag
%45)/cam (ag %55) [21,22] bilesimine ekleyip, AIN miktarinin artmasiyla cam iceriginin azaldigini , sinterleme
sicakliginin artigin1 bulmuglardir..Liu ve arkadaglar1 [23] CaO-B,03-SiO; bazli cam sistemine agirlikca %]1-
10miktarinda ZrO, ekleyip, CBS/ZrO; sisteminin yogunlasma ve dielektrik 6zelliklerini incelemistir. ZrO, miktari
agirlikca %0°dan %7’ye arttirildiginda yigin yogunluk yaklasik 1.7 g/cm®den 2.71 g/cm® e artmistur.
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Sekil 1. ZrO, igerigi ve sicakligin bir fonksiyonu olarak kompozitlerin yogunlagma davranislari

Sekil 2°de, her bilesim i¢in optimum sinterleme sicakliginda Al,Os/cam/ZrO, kompozitlerinin y1gin
yogunluklarint gosterilmistir. Y1gin yogunluklarinin degisimini degerlendirmek igin, paralel, seri ve logaritmik
karigtirma modelleri [18] dikkate alinmigtir. Paralel, seri ve logaritmik modellerden hesaplanan degerler kesikli
cizgilerle gosterilmistir. Sistemde iki kompozit; C55 (yogunluk=2,94 g/cm®) ve ZrO (yogunluk=6,07 g/cm?)
degerlendirilmistir. Dolayisiyla artan miktarda ZrO; iceriginin daha yiiksek yigin yogunluklarina yol agtig
goriilmektedir. Deneysel olarak belirlenen y1gin yogunluklar1 seri kurala daha yakin oldugu tespit edilmistir.

W css5-63Z

ugu (g/cm®)

121m yog

W Ccis472
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Zr0; miktan (ag %)

Sekil 2. Her bilesim i¢in optimum sinterleme sicakliginda sinterlenen Al,0s/cam/ZrO, kompozitlerinin y1gin yogunluklari ve modellemeler

Sekil 3°de, optimum sinterleme sicakliklarinda (C55 igin 800 °C, C55-47Z igin 1100 °C, C55-57Z igin
1150 °C ve C55-68Z igin 1150 °C) sinterlenen kompozitlerin X-1s11 kirmim (XRD) grafikleri gosterilmistir. ZrO;
(Kart numarast: 00-017-0923) biitiin kompozisyonlar igin (C55 harig) ana kristalin faz olarak grafiklerde
goriilmektedir. Anortit (Ca,Na)(Si,Al)4Og (Kart numarasi: 00—-041-1481) ve corondum (Kart numarasi: 00-010-
0173) fazlar1 da sistemde yer alan diger fazlardir. Anortit fazinin kristalizasyonu sicakliga (anortit faz1 825°C'de
olugmaya baglar [21]) ve cam igerigine bagli olarak degismektedir, ancak 26 = 29.8°'deki ana ZrO; pik siddeti
C55-47'den C55-68'e yiikselmistir; bu, ZrO.'nin diger fazlarla kimyasal olarak reaksiyona girmedigini ve
sicaklikla ayrismadigini (bozunmadigini) gostermektedir. ZrO2'nin kimyasal kararliligi dielektrik ve mekanik
ozelliklerin degerlendirilmesinde son derece dnemli olmustur.
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Sekil 3. Her bir bilesim i¢in optimum sinterleme sicakliginda sinterlenen kompozitlerin XRD pikleri

Sinterlenmis numunelerin mekanik o&zellikleri, yapidaki kristal fazlara, sinterleme sicakligi ile
yogunlagsma (veya agik gozeneklilik) arasindaki iliskiye ve malzemedeki kusurlara baglidir [24]. Sekil 4’te, ZrO»
iceriginin bir fonksiyonu olarak Al;Os/cam/ZrO;’nin kompozitlerinin sertlik degerleri gosterilmigtir. Tiim
numuneler kuru presleme yontemi ile optimum sinterleme sicakliginda (C55 igin 800 °C, C55-47Z igin 1100 °C,
C55-57Z igin 1150 °C ve C55-68Z igin 1150 °C) iiretilmistir. C55 ve ZrOz'nin sertlik degerleri sirasiyla 703 HV
ve 1250 HV'dir. ZrO; miktarinin artmastyla sertlik degerleri de artmugstir. Bagka bir ifadeyle, sertlik degerleri C55
icin 703+51 HV, C55-47Z igin 824+11 HV, C55-57Z igin 881+£7 HV ve C55-68Z igin 907+33 HVolarak
saptanmistir. Bunun sebebi ZrO;’nin yiiksek sertlik degeri (bkz. Sekil 3 ZrO; faz olarak kalmig ve sicaklik ile
bozunmamistir) ve tam yogunlagma olarak (bkz. Sekil 1 AG< %1’den kiiciiktiir) agiklanabilir. Benzer bir davranis
MgAI;04 /ZrO; kompozit sisteminde de gézlemlenmistir; sertlik 13,5 GPa'dan (agirlik¢a %0 ZrO,) 15,1 GPa'ya
(agirhikca %20 ZrO,) yiikselmistir [25].

Zr0; (a8 %)

Sekil 4. Her bir bilesim i¢in optimum sinterleme sicakliginda sinterlenen kompozitlerin sertlik grafigi
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Dielektrik 6zellikler, numunelerin yogunlagmasi (veya gozenekliligi), cam igerigi ve yapida mevcut
kristalin fazlar dahil olmak tizere gesitli faktorlere baglidir. Sekil 5°te, seri, paralel ve logaritmik modellerle birlikte
ZrO; igeriginin bir fonksiyonu olarak optimum sinterleme sicakliginda sinterlenen kompozitlerin dielektrik
sabitleri gosterilmistir. C55 ve ZrO, kompozitlerin kapasitans degerleri (C, Farad) 5 MHz'de 6l¢iilmiistiir ve
ardindan dielektrik sabiti (K) asagidaki denkleme gére hesaplanmigtir.

k=% @)

g0 A

Bu denklemde d kalinlik (m), o vakumun gegirgenligi (Farad/m) ve A elektrot alanidir (m?)[1]. C55 ve
ZrO; igin dielektrik sabit 5 MHz'de sirasiyla K=7.3 ve K=32.75 olarak 6l¢iilmiistiir. Dielektrik sabiti (kayip)
degerleri 5 MHz’de C55-47Z i¢in 11.69 (0.0091) , C55-57Z i¢in 13.71 (0.0060) ve C55-68Z i¢in 16.29 (0.0032)
olarak belirlenmistir. Deneysel olarak belirlenen dielektrik sabitleri (K) logaritmik modelle iyi bir uyum iginde
oldugu bulunmustur. ZrO, kimyasal kararlilig1 (bkz. Sekil 3) ve ZrO, nin yiiksek dielektrik sabiti (SMHz’de 32.75)
nedeniyle ZrO, miktar1 artikca kompozitlerin dielektrik sabiti yiikselmistir. Bir baska deyisle, tim numuneler
neredeyse sifira yakin AG'ye (yani %0,33'den az) ve SE'ye (yani %0,07'den az) sahip oldugundan, K'deki artis
temel olarak ZrO;'nin yiiksek K'sina atfedilmistir. Malzemenin radyo frekansina veya mikrodalga radyasyonuna
tepkisini gozlemleyerek dielektrik malzemelerin kendine 6zgii elektromanyetik 6zelliklerini belirlemek amaciyla,
C55-68Z'nin dielektrik sabiti (olas1 bir mikrodalga uygulamasi i¢in) ayrica bir ag analizorii kullanilarak 1 GHz ve
10 GHz'de olgiilmiistiir. Bu sonuglar, dielektrik sabitinin artan frekansla birlikte siirekli olarak azaldigini
gostermektedir; 5 MHz'de dielektrik sabit(kayip) 16.29 (0.0032)'dan 1 GHz'de 14.79(0.0045)'a ve 10 GHz'de
14.43(0.0051)'e dismiistiir. Bu diisiisiin sebebi esas olarak uzay yiikiinden ve dipolar katkilardan kaynaklanan
polarizasyon eksikliginden kaynaklanmaktadir [20]. Literatiirde benzer bir egilim CaO-B,03-SiO; bazli cam/ ZrO-
sistemlerde gozlemlenmistir. ZrO, miktarinin artmasiyla dielektrik sabit agirlikca 0’dan (K=4.27) agirlikca
%20’ye (K=4.89) artmugtir [23]. Daha yiiksek dielektrik sabiti (6rnegin 20’ye yakin veya daha yiiksek) mikrodalga
bilesenlerin minyatiirlesmesi icin Kkritiktir [6]. Tim kompozitlerin dielektrik kayiplar1 SMHz'de 0,0091'in
altindadir. Genel olarak, dielektrik kayiplar frekans ve sicaklifa gore degisir ve katki maddesi, safsizlik
atomlarindan, mikroyapisal kusurlardan (6rnegin tane sinirlari, gézeneklilik, mikro catlaklar, dislokasyonlar,
bosluklar), diizen-diizensizlik, kristal yap1 ve yonelimden kaynaklabilir [26]. Maksimum sinyal 1s1 kaybini
onlemek igin dielektrik kayip (kalite faktorii (Q)= (1/dielektrik kayip) yiiksek) miimkiin oldugu kadar kiigiik
olmalidir [27].
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Sekil 5. Her bilesim i¢in optimum sinterleme sicakliginda sinterlenen Al,Os/cam/ZrO, kompozitlerinin dielektrik sabiti ve modellemeler

ZrO; diger fazlar ile rekasiyona girmedigi ve sicaklikla bozunmadig i¢in (bkz. Sekil 3), Al,Os/cam /ZrO;
kompozitleri cam seramiklerin y13m yogunlugunu (daha yiiksek ZrO; yogunlugu (ZrO; yogunluk= 6.07 g/cm?®)
nedeniyle), sertligini (daha yiiksek ZrO, sertlik degeri (ZrO; sertlik= 1250 HV) nedeniyleve dielektrik sabitini
(daha yiiksek ZrO; dielektrik sabiti degeri (ZrO, K=32.75) arttirmigtir. C55-68Z en yiiksek yogunluga (4,39
g/cm?®), en yiiksek sertlige (907 HV) ve en yiiksek dielektrik sabiti degerine (5 MHz’de 16.29, 1 GHz'de 14.79 ve
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10 GHz'de 14.43) sahip olmugtur. C55-68Z mikrodalga uygulamalari igin en umut verici kompozisyon olarak
belirlenmistir.

IV. GENEL SONUCLAR

Al,03/Cam/ZrO, kompozitleri mikrodalga uygulamalari i¢in kuru presleme yontemiyle basartyla
iiretilmistir. Maksimum yogunluga C55 i¢in 800 ‘C'de, C55-47Z i¢in 1100 °C'de, C55-57Z icin 1150 °C'de ve
C55-68Z i¢in 1150 “C'de (tiim kompozisyonlar i¢in; AG<%0,33 ve SE<%0,07) ulagilmistir. XRD sonuglar1, ZrO;
diger fazlarla kimyasal olarak reaksiyona girmedigini ve sicaklikla bozunmadigini gostermistir. Yogun
kompozitlerin dielektrik sabiti, ZrO; miktarinin artmasiyla 5 MHz'de C55 i¢in 7.3, C55-57Z i¢in 13.71 ve C55-
68Z igin 16.29 olacak sekilde artmistir. Sertlik degerleri artan ZrO; igerigiyle (yani C55 i¢in 703 HV'den C55-68Z
i¢in 907 HV'ye) artmistir. Ozetle, cam eklenmesi kompozitlerin sinterleme sicakligini diisiirmiis, ZrO, eklenmesi
ise kompozitlerin y1gin yogunlugunu, dielektrik sabitini ve sertligini arttirmistir. Bu nedenle, C55-68Z numunesi
mikrodalga uygulamalari i¢in umut verici bir adaydir.

KAYNAKLAR

[1] Sebastian, M. T. (2008). Dielectric Materials for Wireless Communications, 1st ed. Amsterdam: Elsevier.

[2] Ohsato, H. (2005). Research and development of microwave dielectric ceramics for wireless
communications. Journal of the Ceramic Society of Japan, 113(1323), 703-711.

[3] Plourde, J. K., & Ren, C.-L. (1981). Application of Dielectric Resonators in Microwave Components. IEEE
Transactions on Microwave Theory and Techniques, 29, 754-770.

[4] Ohsato, H., et al. (2004). Microwave-millimeterwave dielectric materials. Key Engineering Materials, 269,
195-198.

[5] Freer, R., & Azough, F. (2008). Microstructural engineering of microwave dielectric ceramics. Journal of
the European Ceramic Society, 28(7), 1433-1441.

[6] Takata, M., & Kageyama, K. (1989). Microwave Characteristics of A(B1/2 B1/2)O3 Ceramics (A = Ba,
Ca, Sr; B3+ =La, Nd, Sm, Yb; B5+ = Nb, Ta). Journal of Materials Science, 59, 1955-1959.

[7] Cary, R. H. (1974). Avionic Radome Materials. Paris.

[8] Alford, N. M. N., & Penn, S. J. (1996). Sintered alumina with low dielectric loss. Journal of Applied
Physics, 80(10), 5895-5898.

[9] Chiang, C.C., Wang, S. F., Wang, Y. R., & Wei, W. C. J. (2008). Densification and microwave dielectric
properties of CaO-B203-Si0O2 system glass-ceramics. Ceramics International, 34(3), 599-604.

[10] Wu, J. M., & Huang, H. L. (1999). Microwave properties of zinc, barium and lead borosilicate glasses.
Journal of Non-Crystalline Solids, 260(1-2), 116-124.

[11] Chai, Y. J., et al. (2006). Co-firing and shrinkage matching in low- and middle-permittivity dielectric
compositions for a low-temperature co-fired ceramics system. Journal of the American Ceramic Society,
89(2), 562-567.

[12] Seo, Y. J., Shin, D. J., & Cho, Y. S. (2006). Phase evolution and microwave dielectric properties of
lanthanum borate-based low-temperature co-fired ceramics materials. Journal of the American Ceramic
Society, 89(7), 2352-2355.

[13] Ohishi, Y., Miyauchi, Y., Ohsato, H., & Kakimoto, K. I. (2004). Controlled temperature coefficient of
resonant frequency of Al203-TiO2 ceramics by annealing treatment. Japanese Journal of Applied Physics,
Part 2 Letters, 43(6A), 6-9.

[14] Mandai, H., & Okube, S. (1992). Ceramics Transactions, 32, 91.

[15] Krzmanc, M. M., Valant, M., & Suvorov, D. (2005). A structural and dielectric characterization of
NaxCal-xAl2-xSi2+x08 (x = 0 and 1) ceramics. Journal of the European Ceramic Society, 25(12), 2835—
2838.

[16] Gao, W., Cao, S., Li, L., Wang, J., Liu, C., & Han, J. (2023). Network structure, crystallization behavior,
and microwave dielectric properties of ZnO-B203 glass-ceramics with ZrO2 additions. Journal of Alloys
and Compounds, 953, 170145.

[17] Mao, H., Wang, F., Chen, X., Liu, Z., Li, W., & Zhang, W. (2023). Preparation of BaO-MgO-Al203-
Si02/AI203 glass-ceramic/ceramic LTCC substrate material for microwave application. Journal of
Materials Science: Materials in Electronics, 34(4), 1-12.

[18] Chung-Lun, W.-H. L., Lo, J.-G., & Duh, B.-S. C. (2002). Low-Temperature Sintering and Microwave
Dielectric Properties of Anorthite-Based Glass-Ceramics. Journal of the American Ceramic Society, 85(9),
2230-2235.

341



BSEU Fen Bilimleri Dergisi / BSEU Journal of Science, 2024, 11(2): 335-342
O. Bilac

[19] Dursun, G. M., & Duran, C. (2019). Glass alumina composites for functional and structural applications.
Ceramics International, 45(9), 12550-12557.

[20] Kingery, W. D. (1997). Introduction to Ceramics. Journal of the Electrochemical Society, 124, 152C.

[21] Bilag, O., & Duran, C. (2023). Mechanical, thermal, and dielectric properties of glass mullite composites
for low-temperature co-fired ceramic and radome applications. International Journal of Applied Ceramic
Technology, 3287-329.

[22] Bilag, O., & Duran, C. (2023). Effect of nano aluminum nitride filler on mechanical, thermal, and dielectric
properties of the glass/mullite compaosites for low-temperature co-fired ceramic applications. Journal of the
American Ceramic Society, 106(8), 4902-4910.

[23] Liu,J. Z., Yao, Z. H., Xu, N. X., Zhang, Q. L., & Yang, H. (2016). Densification behavior and dielectric
properties of CaO-B203-SiO2 system glass-ceramics containing ZrO2. Key Engineering Materials, 697,
253-256.

[24] Zhang, L., Olhero, S., & Ferreira, J. M. F. (2016). Thermo-mechanical and high-temperature dielectric
properties of cordierite-mullite-alumina ceramics. Ceramics International, 42(15), 16897-16905.

[25] Marais, F., Sigalas, 1., & Whitefield, D. (2022). The effects of the addition of tetragonal-ZrO2 on the
mechanical properties of MgAI204 — ZrO2 composites. Ceramics International, 48(1), 563-568.

[26] Gurevich, V. L., & Tagantsev, A. K. (1991). Intrinsic dielectric loss in crystals. Advances in Physics, 40(6),
719-767.

[27] Sebastian, M. T., Silva, M. A. S., & Sombra, A. S. B. (2017.). Measurement of Microwave Dielectric
Properties and Factors Affecting Them. In M. T. Sebastian, H. Jantunen, & R. Ubic (Eds.), Microwave
Materials and Applications 2V Set, | & Il, First Edition.

342



BSEU Fen Bilimleri Dergisi / BSEU Journal of Science, 2024, 11(2): 343-358

s Bilecik Seyh Edebali Universitesi Fen Bilimleri Dergisi S
O%J Bilecik Seyh Edebali University Journal of Science !

11(2), 343-358, 2024

O DOI: 10.35193/bse_ufbd.1349378 BILECIK SEYH EDEBALI
O e-1SSN: 2458-7575 (https://dergipark.org.tr/tr/pub/bseufbd) UNIVERSITESI

Arastirma Makalesi - Research Article
Evsel Kat1 Atikta Sifir Atik Uygulanabilirligi: Bursa
Ornegi
Zero Waste Applicability in Domestic Solid Waste: Bursa Case

Samet Oztiirk 1*, Nour Aljbili 2

Gelis | Received: 25/08/2023 Revize / Revised: 20/12/2023 Kabul / Accepted: 25/12/2023

0z

Bu ¢alismanin amaci Bursa ilinde ikamet eden bireylere yonelik belediyeler ve ilgili kurumlar tarafindan verilen
biling ve farkindalik olusturma caligmalarinin ve egitimlerinin ne kadar etkili oldugunun ve bireylerin bilgi
diizeylerinin ve sifir atik projesinin Bursa ilinde uygulanabilirliginin analiz edilmesidir. Bu ¢aliymada tamamen
gonillilik esasma dayanan c¢evrimigi anket 529 kisi tarafindan yanitlandirilmigtir. Toplanan veriler SPSS 26
uygulamasi vasitasiyla ANOVA ve t-testi ile istatistiksel olarak analiz edilmistir. Bu ¢alismayla Bursa ilinde
medeni durum parametresine gore evli katilimcilarin bekar katilimcilara gore sifir atik bilincinin daha yiiksek
oldugu, kadinlarin gevre bilinci ve kirliligin 6nlenmesine erkek katilimcilardan daha ¢ok dikkat ettikleri tespit
edilmistir. 26-35 yas araligindaki katilimeilarin sifir atik ve ¢evresel atik bilincinin diger yas araliklarina gére daha
yiiksek oldugu saptanmustir.

Anahtar Kelimeler- Evsel kati atik, Atk yénetimi, Sifir atik, Bursa.

ABSTRACT

The aim of this study is to analyze how effective the awareness and awareness-raising studies and trainings given
by municipalities and related institutions for individuals residing in Bursa province, and the applicability of
individuals' knowledge levels and zero waste project in Bursa province. In this study, the answers of 529 people
who were completely voluntarily selected based on the online questionnaire prepared in the electronic environment
were accepted and analyzed. The collected data were statistically analyzed with ANOVA and t-Test by means of
SPSS 26 application. With this study, it can be stated that married participants have higher zero waste awareness
compared to single participants in Bursa, and women participants pay more attention to environmental awareness
and pollution prevention than male participants. It was determined that the participants between the ages of 26-35
have higher awareness of zero waste and environmental waste compared to other age groups.
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. GIRIiS

Diinya genelinde insanlik kiiresel 1sinma, asit yagmuru, ozon tabakasinin tahribati, ¢evre kirliligi, dogal
hasar ve biyolojik ¢esitlilik kayb1 gibi mevcut ve 6zellikle de 6zellikle gelecek nesillerin hayatini ciddi sekilde
tehdit edebilecek ciddi ¢evre sorunlariyla karst karsiyadir [1, 2]. Cevre sorunlart yasam kalitelerini iyilestirmek
icin dogal alanlardaki dikkatsiz ve yogun insan faaliyetlerinden kaynaklanmaktadir [3, 4]. Daha dikkat ¢ekici bir
husus ise insan etkilerinin gevrelerindeki bilingsizligidir [5]. Cevreye verilen zarar dogal kaynaklar, iklim, kirlilik,
gida ve ekonomi ile ilgili bir dizi soruna neden olacak ekolojik bir krize yol agmaktadir [2, 6]. Diinya ¢apinda
¢evre sorunlarini ¢6zmek i¢in hiikiimet politikalari, toplumsal uygulamalar, dogaseverlerin hareketleri ve hiikiimet
diizenlemelerinin gii¢lendirilmesi gibi ¢evre sorunlarimi ¢ézmek igin bir¢ok yontem uygulanmigtir [1, 7].
Strdiiriilebilir bir ¢cevre olusturulmasi ve yasam kalitesinin daha iyi olmasi i¢in bu sorunlarla basa ¢ikabilmek
adna bilingli ve ¢evreye duyarli bireyler yetistirmek gerekmektedir [5, 8, 9].

Kati atik yonetimi konusu gelismekte olan iilkelerdeki hem kiigiik hem de biiyiik sehirlerin yetkilileri i¢in
en bilyiik zorluktur. Bu durum, esas olarak bu tiir kat1 atiklarin artan {iretimi ve belediye biit¢esine getirilen yiikten
kaynaklanmaktadir. Ayni zamanda kati atik yonetimi ¢ok farkli faktorlerin de birarada oldugu yonetimi kolay
olmayan bir siiregtir. [10]. Mevcut atik yonetim sistemlerini izlemek ve kontrol etmek, diizenleyici, finansal ve
kurumsal kararlar almak i¢in bu alanlarda dogru bilgi gereklidir. Her yil diinya ¢apinda yaklasik 10 milyar kg kat1
atik iiretilmektedir [11]. Kat1 atiklarin bertarafi i¢in en yaygin kullanilan depolama olarak gosterilmistir [12]. Bazi
calismalar, kati atiklarin neredeyse %95'inin diinya ¢apinda depolama sahalari ile bertaraf edildigini
gostermektedir [13]. Avrupa Birligi'nde (AB), iiye devletlerin ¢ogu atiklarimin %50'sinden fazlasini diizenli
depolama alanlarina yonlendirmektedir [14]. Ancak kentlesmenin ilerlemesi ve sakinlerin daha yiiksek yagam
ortamu kalitesi talepleriyle birlikte ¢opliik alanlarinin kirlenmesi diinyada giderek daha fazla dikkat ¢ekmistir,
clinkii depolama sahasi, bazilar1 ¢evrenin giivenligini tehdit edebilecek cok sayida potansiyel toksik bilesik
icermektedir. Kat1 atik depolama alanlarinin etkisinin tiim c¢evresel bilesenlerin kirlenmesine neden olabilecegi
bilinmektedir [15].

2050 Yilinda diinya niifusunun 9 milyarin iizerinde olacagi tahmin edilmektedir [16]. Niifus patlamasi
genellikle gevre iizerindeki etkilerle birlikte gelir ve bunlardan biri hizl1 atik iiretimidir. [17]. Insan faaliyetleri ya
depolama sahasina dikkatsizce atilan ya da diizenli depolama alanlarina atilan atiklar iiretmektedir. Son
aragtirmalar, kat1 atik yonetimi sorununun bu neslin kargilagtig1 sorunlar arasinda oldugunu géstermistir [17-19].
Bu sorunun ¢6ziimii i¢in atiklarin yeniden kullanilmasi veya geri doniisiimiinii ¢6ziim olarak ileri siiren sifir atik
yaklagimi kullanilabilir [17-19].

Sifir atik, evsel kati atiklarin depo alanlarina veya atik yakma tesislerine gitmeden uzaklastirilmasiyla
beraber sinirli dogal kaynaklarin yenilenmesine ve korunmasma yonelik bir hedeftir. Atik {iretiminin en aza
indirilmesini, atiklarin kompostlastirilmasini, geri doniisiimiinii, yeniden kullanimini ve insanlarin sinirli dogal
kaynaklar1 tiiketme bi¢imlerinin ayarlanmasini ve endiistrilerin iiretim siireclerinde atiklarin yok edilebilmesi i¢in
iiriinlerini yeniden tasarlama ihtiyacini icerir [20]. On yillar boyunca, endiistriyel ekonomi dogrusal bir model
malzeme tiiketimi sistemi {izerine kurulmustur. Boylece kaynaklar dogal ortamdan ¢ikarilir; driinler ¢ikarilan
kaynaklardan tiretilir, bu tirlinler nihai tiiketicilere dagitilir ve tiiketiciler raf dmriinden sonra malzemeleri atarlar.
Bu tiir bir malzeme yonetimi sistemi siirdiiriilemez [21].

Ote yandan, dongiisel ekonomi canlandirici, faydali ve siirdiiriilebilir bir siirectir. Déngiisel ekonominin
hedefleri, iriinlerin degerinin korunmasini, ekonominin iyilestirilmesini, agagi akig iglerinin yaratilmasint ve
cevreye karbon emisyonu gibi etkilerin azaltilmasini saglamaktir [22]. Bu nedenle, kaynaklarin geri kazanabilecegi
depolama alanlarmna sifir atik uygulanmasi igin kati atik karakterizasyonu c¢alismasina iliskin giivenilir veriler
gerekmektedir. Bu kayitlarin ¢ok azi veya higbiri gelismekte olan iilkelerde mevcut degildir [23, 24].

Sifir atik kavrami zaman igerisinde evrilmis olup glinlimiizde uygulama alan1 sadece atik yonetimi ile
degil davranigsal degisiklik icermesi yoniiyle de sosyal bir kavram haline gelmistir [25-27]. Zaman ve Lehmann
(2011) sifir atik kavramini, atik malzemelerden elde edilen tiim kaynaklarin %100 oraninda geri doniisiimii ve geri
kazanimi olarak kavramsallastirmistir [26]. Palmer (2004) ilk olarak 1973 yilinda kimyasallardan elde edilen
kaynaklarin geri kazanilmasim ifade etmek igin "sifir atik" terimini kullanmustir [28]. Sifir atik kavrami
Kaliforniya, Kanada, Giiney Avustralya, Victoria gibi birgok il ve tilkede uygulanmigtir [29].

Tiirkiye’de de Cevre ve Sehircilik Bakanligi tarafindan atiklarin kontrolii ve sonraki nesillere daha
yasanabilir ve temiz bir hayat birakilmasina odaklanan siirdiiriilebilir kalkinma ilkeleri kapsaminda 2017 yilinda
Tiirkiye'nin Sifir Atik Projesi baslatilmistir. Projenin uygulanmasi Cumhurbaskanliginda baglamis, yayimlanan
genelgelerle devletin tiim kurum ve kuruluslarinda uygulanarak projenin gelisimi i¢in planlamalar yapilmistir [30].
Sifir Atik Projesi’yle birlikte iilkede verimlilik ve siirdiiriilebilirlik bilinci artarken ¢evresel riskler azalmis, tilkenin
prestiji de artirmigtir [31].
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Atik yonetiminin temellerinden birisi olan ve Sekil 1’de sematize edilen “atik yonetimi hiyerarsisi”
ilkesinin birinci ve en 6énemli 6nceligi atiklarin daha liretim agamasindayken 6nlenmesi ve miktarinin azaltilmasi
ve cevreye karsi olusturabilecegi zararlar ve tehlikelerinin diizeyinin azaltilmasidir. Ikinci sirada ise s6z konusu
atiklarin yeniden kullanima uygun hale getirilmesi, geri doniistimiiniin arttirilmasi ve enerji elde etmek i¢in geri
kazanima tesvik edilmesi yer alir. Ugiinciil ve son amaci olan atiklarin zararsiz ve atik bertaraf yonetmeligine
uygun bir sekilde yakilmasi, o da miimkiin degilse giivenli depolanmasidir [32].

\ Onleme /
\ Yeniden kullanim /

Geri doniistim

Sekil 1. Atik Yonetimi Hiyerarsisi [32].

Bu hiyerarsi diizenine gore bertaraf asamasindan {iretim asamasindaki atik 6nleme basamagina ¢ikildik¢a
siirdiiriilebilirlik ve Sifir Atik uygulanabilirligi artmakta ve bu atiklardan olusan yarar diizeyinde ciddi bir fayda
saglanmaktadir [32]. Sifir Atik Projesi, daha az atik iiretilmesi, etkin toplama sistemlerinin kurulmasi ve atiklarin
geri doniistiiriilmesi i¢in atik onleme ve yonetiminin hedefleridir. Proje, ¢evreyi koruyarak ekonomik fayda
saglamay1 ve sehri gelecek nesiller i¢in daha yasanabilir hale getirmeyi amaglamaktadir [33].

Sekil 2°de yillara gore Tiirkiye’de evsel kati1 atik miktarinin zamanla degisimi gosterilmektedir. Evsel kat1
atik miktar1 2008 yilinda yaklasik 24 milyon ton iken, 2020 yilinda 32 milyon tona ulagsmstir [34].

25

20

15

2008 2010 2012 2014 2016 2018 2020

Milyon ton
o

(6]

B Diuzenli depolama M Vahsi depolama Geri kazanim Diger

Sekil 2. Tiirkiye’de evsel kati atik miktarinin zamanla degisimi [34].

Sekil 3’te Tiirkiye’de evsel kat1 atik bertaraf oranlar1 gosterilmistir. Buna gore Tiirkiye'de 2020 yili
itibartyla %13,2 oraninda evsel kati atiklar geri doniistiiriilmektedir [34]. Geri kazanilabilir atiklar igin kotii
organize edilmis toplama sistemleri, finansman eksikligi ve sakinlerin atiklar1 ayirma egiliminin diigiik olmasi,
geri kazanimin verimliligini etkileyen faktorlerdir.
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0,40%

= Diizenli depolama Tesislerine
gonderilen

= Belediye ¢oplugiine gonderilen
= Geri kazanim tesislerine
gonderilen
Diger bertaraf yontemleri (agikta

yakarak, gomerek, dereye ve
araziye dokerek)

Sekil 3. Tirkiye’de evsel kati atik bertaraf oranlar1 [34].

Tiirkiye’de Sifir Atik Projesi’nin uygulanabilirligine dair yapilan arastirmalara 6rnek olmak iizere
Antalya’da bulunan bir otel isletmesi [35], Tekirdag’daki Siileymanpasa Belediyesi’nin idari binalar1 [36],
Adana’daki Cevre ve Sehircilik 11 Miidiirliigii [37], Nigde Belediye Binasi [38], ve Kayseri’de bulunan Sehir
Hastanesi [39] kapsaminda yapilan arastirmalar gosterilebilir.

Ankara ili Sifir Atik yonetim sistemi 2019 yilinda planlanmigtir. Plana gére 3155 alanda Sifir Atik sistemi
kurulmustur. 2019 yilindan itibartyla 6273 kisi proje hakkinda bilgilendirilmistir. Ankara ilinde sadece geri
kazanimdan 29 kg hammadde tasarrufu, 94 m3 depolama alani ve 170 agag elde edilecektir [40].

Bursa ili atik toplama islemini fazla niifusa sahip ve merkeze yakin olan bolgelerde yiiklenici firma
iistlenirken diger bolgelerde belediye personeli gergeklestirmektedir [41]. Bursa’da atiklar, geri kazanimlarinin
saglanmasi ve daha sonra bertaraf edilmek {izere 17 ilgede kapasiteleri 7 metrekiiple 20 metrekiip arasinda
degisiklik gosteren 300 tane sikistirmali ¢op toplama araciyla toplanmaktadir. Ayni zamanda bazi uzak ilgelerde
acik kasa damperli traktorlerle mahallelerden bulunan konteynerlerden toplanmaktadir [41].

Bursa ilinde kati atik toplama konteynerlerinin kapasiteleri 120 L ile 1000 L arasinda degiskenlik
gostermesine ragmen en sik kullanilan konteynerler genellikle 400 ile 800 litrelik kapasiteye sahiptir [41]. Bursa
ilinde en fazla atik {ireten ilgeler 900 ton/glin ile Osmangazi ilgesi, 680 ton/giin ile Yildirim ilgesidir [41]. En az
atik iireten ilgeler ise 53 ton/giin ile Kestel ilgesi ve 47 ton /giin ile iznik ilgeleridir [42]. Sekil 4’te Bursa ili mevcut
kati atik karakterizasyonu gosterilmektedir [41]. Organik atiklar %52 orani ile en yiiksek evsel kat1 atiklar olup
onu diger yanabilir kat1 atiklar, Poset atiklar, diger yanmayan ve kagit-karton atiklar takip etmektedir [41].

= Organik atik 0,52%_(14 0,16%

= Metaller

= Plastikler
Poset

= Pet

= Cam

= Kagit-karton 52,15%

= Diger yanmayan

= Diger yanabilir

= Cocuk bezi

= Kompozit

» Tehlikeli atiklar

= Elektrik-Elektronik atiklar

Sekil 4. Bursa ili mevcut evsel kati atik karakterizasyonu [41].
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Tablo 1°de 2015 yilinda olugmus kat1 atiklar g6z 6niinde bulundurarak 2018, 2023, 2035 ve 2050 yillarina
kadarki niifusa bagli olarak hesaplanmis tahmini atik miktarlar1 gdsterilmis olup bu yillarda beklenen atik
miktarlari sirastyla, 3.267, 3.873, 5.711 ve 8.963 ton/giin olarak hesaplanmistir [41].

Tablo 1. Bursa ilinde olugabilecek tahmini atik miktar1 [41].

Yillar Niifus Atik Miktar1 (ton/yil) A?tl; I?;gi'i‘f)‘“
2015 2.819.423 1.075.822 2.947
2018 2.923.359 1.192.522 3.267
2023 3.100.754 1.413.811 3.873
2035 3.499.772 2.084.393 5.711
2050 3.933.533 3.271.467 8.963

Bursa ilinde evsel kati atikta sifir atik uygulamasi ile ilgili literatiirde yeterli sayida yayin
saptanamanugtir. Bursa Uludag Universitesinde Gériikle kampiisiinde yapilan arastirmaya gére giinliik 20,84 kg
geri doniistiirebilir atik atilmaktadir. Bu atiklarindan geri kazanim saglanirsa 4,71 kg ham madde, 48 agac, 24,76
veril petrol kurtaracaktir [43]. Bu ¢aligsmayla, Bursa ilinde evsel kat1 atikta sifir atik uygulamasina yonelik yeni bir
bakis acisinin sunulacagi diisiiniilmektedir.

Bu caligmada Bursa ili genelinde Sifir Atik Projesi’nin uygulanabilirliginin incelenmesi amaglanmigtr.
Bu ¢aligmanin motivasyonu, Sifir Atik Projesinin Bursa ili i¢in uygulanmasi dniindeki engellerin tespit edilip hedef
kitlelere uygun calismalar yapilmasina bir altlik olusturulmasidir. Buna goére dort farkli parametre olan medeni
durum, cinsiyet, yas ve egitim durumu iizerinden Bursa ilinde yasayan insanlarin Sifir Atik biling durumlari
6lciilmesi hedeflenmistir. Bu dogrultuda Bursa ilinde evsel kati atikta Sifir Atik Projesi’nin uygulanabilirlik
diizeyini belirlemek i¢in goniilliiliik esasina dayanarak ¢alismaya dahil olmay1 kabul eden vatandaglar tarafindan
bir anket doldurulmustur. Bu anketten elde edilen verilerin istatistiki olarak analiz edilmesiyle ¢esitli parametreler
bazinda Bursa ilinde yasayan insanlarin sifir atik projesine yaklagimlari incelenmistir. Bu ¢alismanin alt amaglari
asagidaki gibi siralanabilir.

e Insanlarn sifir atik konusunda ne kadar bilingli oldugunun saptanmas.

e Cesitli parametrelerle farkli &zellikteki toplumun katmanlarinin sifir atiga olan ydnelimlerinin
incelenmesi.

e  Sifir atigin Bursa ili 6zelinde nasil degerlendirilebileceginin incelenmesi.

Boylelikle bu ¢alismanin sifir atik uygulanabilirligi ile ilgili daha sonra yapilacak aragtirmalar igin bir 6n
calisma niteligi tasimasi amaglanmaktadir.

Il. MATERYAL VE YONTEM
A. Calisma Deseni

Bu calismada Bursa ilinde yasayan vatandaslara sosyal medya mecralarindan ve cevrimigi anket
duyurarak goniilliilik esasina dayali olarak bireylerden belirtilen anketin doldurulmasi istenmistir. Bu ankette Sifir
Atik Projesi’ne katki sunmanin hangi seviyede oldugunu 6lgen sorular bulunmaktadir. Bu arastirmanin temel
amaci ise Bursa’da Sifir Atik Projesi’nin uygulanabilirligini degerlendirmektir.

Bu amagla toplumun bir grubunun goriigleri ve tutumlart ile ilgili veri elde etmek istedigimiz igin kesitsel
calisma deseni kullanilmigtir. Kesitsel ¢aligma tasarimi, en yaygin ve en iyi bilinen ¢aligma tasarimlarindan biridir.
Bu tiir bir arastirma ¢alismasinda, tiim popiilasyon veya bunlarin bir alt kiimesi segilir ve bu bireylerden, ilgilenilen
arastirma sorularini yanitlamaya yardimci olmak igin veriler toplanir [44]. Arastirmaya katilacak kisiler icin
orneklem metodu olarak kolayda 6rnekleme metodu kullanilmigtir. Kolayda &rnekleme arastirmacinin yargilarina
gore secilen ve rastgele olmayan bir 6rnekleme yontemidir. Bu ¢alismada kolayda 6rnekleme segilmesinin sebebi
veri toplamanin en hizli ve ekonomik sekilde saglanmasidir [45].

B. Veri Toplama Araclart

Bu c¢alismada Bursa Teknik Universitesi Arastirma Etik Kurulunun yazili onayi ile yapilandirilmus,
onceden test edilmis ve dogrulanmis 24 sorudan olusan bir anket kullanilmistir [40]. Gelistirilen yapilandirilmis
0z degerlendirme anket formu Google forms olarak hazirlanan anket iletisim araglariyla ¢evrimigi ortamda
dagitilmigtir. Anket formu Bursa ilinde yasayan vatandaslar arasinda duyurulmustur. Caligmaya katilmay1 kabul
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eden goniilliilere, aragtirmanin amaci ile uyumlu olarak 7 baslik altinda 24 sorudan olusan anket uygulanmistir
(EKler).

Yedi bolimden olusan anketin ilk boliimiinde katilimcilarin demografik 6zelliklerine yonelik 5 soru
bulunmaktadr. Ikinci boliimde kisisel atik yonetimi ile ilgili davranis ve tutumlarini tespit eden, iigiincii boliimde
katilimeilarin Sifir Atik Projesi algilarini degerlendiren, dordiincii bolimde atik yonetimine doniik gevresel
gozlemlerini tespit eden sorular sorulmustur. Besinci boliimde ¢evre kirliligi ile ilgili katilimcilarin goriislerini
tespit eden sorular, altinci ve yedinci boliimlerde ise sirasiyla katilimcilarin farkindalik ve duyuru ¢alismalarinin
yeterli olup olmadigina yonelik algilari ve kamusal hizmetlerin yeterliligi noktasindaki beklentilerini
degerlendiren sorular yer almistir. Katilimeilarin anket sorularini “Katiliyorum” ve “Katilmiyorum” arasinda
degisen bes puan araliginda cevaplamalari istenmistir.

C. Kriterler ve Sumirliliklar

Calismaya; bilgilendirilmis yazili onam veren ve Bursa ilinde yasayan vatandaglar katilmustir.
Katilimeilarin cinsiyeti, uyrugu, meslegi veya sosyoekonomik diizeyi ile ilgili herhangi bir kisitlama olmamustir.
Bursa ilinde ikamet etmeyenler, yas, egitim durumunu veya medeni durumunu yanlis giren ve/veya hig
girmeyenler, celiskili cevaplar veren veya birden fazla kez anketi dolduran vatandaslarin anketi iptal edilmistir.

Bu ¢alismanin hedef kitlesi Bursa ilinde yasayan toplumun tiim kesitleri olmasindan dolay1, verilerin tiim
toplum gruplarindan esit bir sekilde toplanmamasi olasiligi calismanin i¢ gecerliligine tehdit olarak
degerlendirilebilir. Bu arastirmada azami 6l¢iide anket formunun toplumun tiim kesimlerine ulagsmig olmasina ve
tiim bu kesimlerden esit sekilde dagilmis veri toplanmasina dikkat edilmistir.

D. Veri Analizi

Arastirmaya katilan goniilliilerin yanitlarinin dagilimi SPSS 26.0 (Sosyal Bilimler icin istatistik Paketi)
kullanilarak gerceklestirilmistir. Buna gore p degeri 0,05'ten az olanlarin istatistiksel acidan anlamli oldugu kabul
edilmistir. Alt problem analizi i¢in kullanilan yontemler, frekans, yiizde, t-testi ve tek yonlii varyans analizi
(ANOVA) gibi istatistiksel yontemlerdir [46]. T-Testi yalnizca iki istatiksel ortalama arasindaki farkin istatiksel
olarak anlamli olup olmadigini test etmek i¢in kullanilir. Bu g¢alismada veriler normal dagilima uygunluk
gostermesinden dolay: t-testi kullanilmigtir. Ayrica, bu ¢alismada bireylerin cinsiyet (kadin, erkek) ve medeni
durum (bekar, evli) parametrelerinin kendi i¢lerinde anlaml olup olmamasi analiz edilirken t-testi kullanilmigtir.
ANOVA testi ise bagimsiz degiskende ikiden fazla grup bulunuyorsa, 6rnegin yas ve egitim durumu 6zelliklerinde
oldugu gibi durumlarda, tercih edilir. Testin temel amaci ise bu bagimsiz degiskenlerin kendi aralarinda nasil
etkilesime girdiklerinin ve aralarinda anlamli bir fark olup olmamasinin istatiksel olarak analiz edilmesidir. T-
Testi ve ANOVA testinin bu ¢alismada tercih edilmesinin sebebi ise verilerin normal dagilima yaklasik olarak
uygunluk gdstermesinden kaynaklidir.

iki gruptan daha fazla degisken bulunduran durumlarda T-testinin tercih edilmemesinin sebebi ise kisaca
hata yapma olasiliginin normal kabul edilen 0.05 degerinden yiikselmesi ve hata yapmama (0,95) degerinin
ditsmesidir, bu durum istatiksel olarak kabul edilemezdir. Yani 3 grup bulunan bir veri setinde hata yapmama
olasiligi ¢arpilirsa 0,95%0,95%0,95 = 0,857 degeri ortaya ¢ikar, hata yapmama degeri 0,857 ise hata yapma olasiligi
0,143 olacaktir ve bu durum p<0,05 kuralina uymaz. Grup sayist ne kadar artarsa hata yapma olasilig1 da dogru
orantili olarak artacaktir. Yapilan biitiin testlerde p<0,05 durumunda farkin anlamli oldugu belirtilecek, aksi
durumda test edilen iki veya daha fazla parametre arasinda anlamli bir fark olmadigi kabul edilecektir.

I11. BULGULAR VE TARTISMA

Bursa ilinde ikamet eden ve bu arastirmaya katilan katilimcilarin; yas, egitim durumu medeni durum ve
cinsiyet olmak tizere olan veriler incelenmis, ayrintili olarak demografik dagilimlarina Tablo 2°de yer verilmistir.
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Tablo 2. Tanimlayici 6zelliklere yonelik bulgular.

Parametreler Alt kategori n %
Cinsiyet Kadin 364 68,8
Erkek 165 31,2
Yas 12-25 yas 305 57,7
26-35 Yas 118 22,3
36-45 Yas 75 14,2

46-55 Yas 22 472

56 ve Uzeri Yas 9 1,7
Medeni Durum Evli 176 33,3
Bekar 353 66,7

Egitim Durumu [1kdgretim 14 2,6
Ortadgretim 16 3,0
Lise 73 13,8
Universite 367 69,4
Lisansiisti 59 11,2

A. Giivenirlilik Gegerlilik Testi (Cronbach’s Alpha)

Bu ¢alismada kullanilan 6lgegin giivenilirligi ve gegerliliginin belirlenmesi amaciyla “Cronbach’s alpha”
testi yapilmistir. Cronbach’s alpha degeri anketteki soru igeriklerinin birbiri ile tutarliliginin 6lgtildiigii degerdir.
Ay zamanda, a¢imlayici faktor analizi testi de uygulanmig olup neticeleri Tablo 3’te belirtilmistir. Genel
Gtivenirlik (Cronbach's Alpha) 0,814 olarak bulunmustur. 0,8 ile 1 arasindaki Cronbach’s alpha degerleri 6l¢egin
Buna gore soru kategorilerinin degerlerinin birbirine yakin oldugu ve belirlenen soru kategori faktorlerinin uygun
oldugu soylenebilir. A¢imlayic1 faktor degerleri de 0,494 ile 0,870 arasinda degigmekte olup maddeler arasi
iligkilerin ytiksek oldugunu gostermektedir.

Sorular S1°den S24’°¢ kadar Tablo 3’te temsil edilmistir. S1-S9 arasi kisisel atik yonetimi, S10-S13 arasi
sifir atik projesi algisi, S14-S17 arasi ¢evresel gozlemler, S18-S19 arasi gevre kirliligi, S20-S22 arast duyuru ve
farkindalik, son olarak S22-S24 aras1 da kamusal hizmet yeterliligi ile ilgili sorulari temsil etmektedir.

Tablo 3. Olgegin giivenilirlik ve gegerliligine yonelik analiz bulgulari.

Sorular Kigisel atik Sifir atik Cevresel Cevre Duyuru ve Kamusal
yonetimi projesi algisi gozlemler kirliligi algis1  farkindahk hizmet
yeterliligi

S1 0,790
S2 0,804
S3 0,638
S4 0,693
S5 0,559
S6 0,755
S7 0,703
S8 0,494
S9 0,517
S10 0,793
S11 0,870
S12 0,766
S13 0,688
S14 0,774
S15 0,794
S16 0,780
S17 0,605
S18 0,840
S19 0,819
S20 0,586
S21 0,786
S22 0,663
S23 0,821
S24 0,798

Bursa ilinde yasayan ve bu aragtirmaya katilan kisilerden edinilen veriler, varimax rotasyonlu agimlayici
faktor analizi yapilarak ve temel bilesenler analizi yontemi (principal components) kullanilarak 6lgiilmiistiir.

Bu calismada ayrica soru gruplarinin korelasyonunu incelemek adina Barlett testi uygulanmis ve Kaiser-
Meyer-Olkin degeri bulunmustur. Kisisel atik yonetimi, ¢evresel gozlemler, Sifir Atik Projesi algisi, duyuru ve
farkindalik ¢alismalari, ¢cevre kirliligi algis1 ve kamusal hizmet yeterliligi seklinde alt1 faktorii olan dlgegin Barlett
testi degeri p<0,000 iken Kaiser-Meyer-Olkin (KMO) degeri 0,914 degerlendirilmistir. Bulunan degerlerde Barlett
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testi igin p degeri 0,05°den kiigiik ise anket sorular arasinda korelasyonun oldugunu, KMO ise 0,9’dan biiyiik ise
soru gruplamanm (faktdrlemenin) uygunlugunun yiiksek oldugu anlamma gelmektedir. goz Oniinde
bulunduruldugunda ag¢imlayici faktor analizi bu 6lgegin uygulanabilirligini gostermekte olup anket soru ve
faktorleri arasinda tutarlilik oldugunu belirtmektedir. Olgiilen giivenirlik katsayismin Cronbach's Alpha a=0,814
seklinde olmasi, 6l¢egin giivenilir olduguna isaret etmektedir [47].

B. Cinsiyete Gore Dagilim

Faktorlerin cinsiyetler bazinda anlamli bir farklilik gosterip gostermedigini belirleyebilme amaciyla
yapilan t-testinin neticeleri Tablo 4’te belirtilmistir. Buna gore, Bursa ilinde ikamet eden ve ankete katilan
katilimcilarin cinsiyetlerine gore 6 temel faktor grubu ile yapilan veri karsilastirmasinda ilk faktor olan kigisel atik
yonetimi davraniglart faktoriiniin p degeri 0,009 ve sifir atik projesi algist faktoriintin p degeri 0,093 olarak
bulunmustur. Atik yonetimine doniik cevresel gozlemleri faktoriiniin p degeri 0,000, cevre kirliligi algist
faktortiniin p degeri 0,000, duyuru ve farkindalik ¢alismalarinin yeterliligine yonelik algisi faktoriiniin p degeri
0,013 ve son olarak kamusal hizmetlerin yeterliligine yonelik beklentileri faktoriiniin p degeri 0,754 olarak

bulunmustur.
Tablo 4. Bireylerin cinsiyetini esas alarak yapilan t testi sonuglari.

Soru kategorileri Cinsiyet N Ortalama P degeri
Kisisel atik yonetimi Erkek 165 2,84 0,009
davraniglar Kadmn 364 3,15
Sifir atik projesi algisi Erkek 165 2,41 0,093
Kadin 364 2,62
Atik yonetimine doniik Erkek 165 2,71 0,000
cevresel gozlemleri Kadmn 364 3,15
Cevre kirliligi algisi Erkek 165 3,24 0,000
Kadin 364 3,77
Duyuru ve farkindalik Erkek 165 2,61 0,013
calismalarmin Kadm 364 2,87
yeterliligine yonelik
algisi
Kamusal hizmetlerin Erkek 165 2,46 0,754
yeterliligine yonelik Kadin 364 2,50
beklentileri

Ankete katilan erkek ve kadinlarin kisisel atik yonetimine dair tutumlarinda, atik yonetimine iligkin
cevresel gozlemlerinde, duyuru ve farkindalik ¢aligmalarinin yeterli olup olmadigiyla ilgili goriislerinde ve gevre
kirliligi algilarinda anlamli bir farklilik bulunmaktadir. Sifir Atik Projesi algis1 ve kamusal hizmetin yeterli olup
olmadigina dair goriislerinde ise anlamli bir farklilik g6zlemlenmemektedir. Bu noktada kadinlarim, atiklarin ayri
toplanmasini miimkiin kilan fiziksel sartlarin daha yeterli oldugunu diistindiikleri, atik yonetimi konusunda kisisel
davranislara daha ¢ok 6nem verdikleri, ¢evre kirliligini ciddi bir gevresel problem olarak gordiikleri ve sz konusu
kirlilige kars1 tedbir almada iizerlerine diisen mesuliyeti daha fazla hissettikleri sdylenilmektedir.

C. Medeni Duruma Gore Dagilim

Faktorlerin ankete katilan bireylerin medeni durumlarina gére analizinde anlamli bir farklilik bulunup
bulunmadigin tespit edebilmek i¢in uygulanan t-testi sonuglarina Tablo 5’te de yer verilmektedir. Tabloya gore
istatistiksel agidan anlamli bulunan soru kategorilerinde evli insanlarin ortalamasi hep daha yiiksek ¢ikmistir.
Bunun nedeni ise evli insanlarin daha uzun siireli planlar yapma egiliminde olmalarindan veya evde yasayan diger
insanlarin sagligina da dikkat etmelerinden ve onlarin saglikli bir g¢evrede yasamasini istemelerinden
kaynaklanabilir. Evli insanlar genelde sorumluluk alma egilimindedir ve evdeki atiklar1 diizgiin bir sekilde
yonetmek sorumlulugunu istlenirler.
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Tablo 5. Bireylerin medeni durumunu esas alarak yapilan t testi sonuglari.

Soru Kategorileri Medeni N Ortalama P degeri
durum
Kisisel atik yonetimi Bekar 353 2,91 0,000
davramglar Evli 176 3,33
Sifir atik projesi algisi Bekar 353 2,43 0,002
Evli 176 2,81
Atik yonetimine doniik Bekar 353 2,91 0,010
cevresel gozlemleri Evli 176 3,23
Cevre kirliligi algist Bekar 353 3,48 0,004
Evli 176 3,85
Duyuru ve farkindalik Bekar 353 2,75 0,292
¢aligmalarinin Evli 176 2,87
yeterliligine yonelik
algisi
Kamusal hizmetlerin Bekar 353 2,51 0,482
yeterliligine yonelik Evli 176 2,43
beklentileri

Ankete katilan bireylerin medeni durumlarina gére yeterli oranda kamusal hizmetin olup olmadigina ve
duyuru ve farkindalik ¢alismalarina yonelik goriislerinde anlamli bir farklilik bulunmazken kisisel atik yonetimine
dair eylemlerinde, Sifir Atik Projesi hakkindaki algilarinda, ¢evresel gézlemlerinde ve gevre kirliligi algilarinda
evlilerin bekarlara gore ¢ok daha fazla ilgi gosterdikleri ve bu ¢aligmalara katildiklart belirlenmistir.

D. Yas Diizeylerine Gire Dagilim

Bu béliimde Bursa ilinde ikamet eden ve yas parametresine gore siniflandirilan katilimeilar, 5 farkli grup
altinda toplandigindan bu analizde 6 faktoriin yas dagilimina gore anlamli bir fark olusturup olusturmadigi
ANOVA testi uygulanarak belirlenmistir.

Tablo 6’da 12-25 aras1 yas grubu, 26-35 arasi yas grubu, 36-45 arasi yas grubu, 46-55 arasi yas grubu,
56+ yas grubu olarak 5 grup halinde ele alinan yas diizeylerine gore yapilan test ve analizlerin sonucu ayrintili bir
sekilde listelenmis ve tablosu verilmistir.

Tablo 6’da belirtilen verilere gore 26-35 yas araliginda Bursa ilinde ikamet eden katilimcilarin kisisel atik
yonetimi davraniglari ile ilgili bolimiin cevap ortalamasi 3,08, sifir atik projesi algist ile ilgili boliimiin cevap
ortalamasi 2,77 iken atik yonetimine doniik gevresel gozlemleri ile ilgili bolimiin cevap ortalamasi 3,06 olarak
tespit edilmistir. Ayrica, ¢evre kirliligi algisi ile ilgili boliimiin cevap ortalamast 3,55, duyuru ve farkindalik
calismalarinin yeterliligine yonelik algisi ile ilgili bolimiin cevap ortalamasi 2,79, kamusal hizmetlerin
yeterliligine yonelik beklentileri ile ilgili boliimiin cevap ortalamasi 2,61 olarak bulunmustur.

Tablo 6. Yas diizeyine gére dagilimi esas alan ANOVA testi sonuglari.

Soru kategorileri Yas N Ortalama P degeri

Kisisel atik yonetimi 12-25 305 2,89 0,000
davranislari 26-35 118 3,08
36-45 75 3,39
46-55 22 3,25
56 + 9 3,80
toplam 529 3,03

Sifir atik projesi algisi 12-25 305 2,47 0,002
26-35 118 2,77
36-45 75 2,88
46-55 22 2,81
56 + 9 3,55
toplam 529 2,63

Atik yonetimine doniik 12-25 305 2,89 0,013
¢evresel gozlemleri 26-35 118 3,06
36-45 75 3,37
46-55 22 3,26
56 + 9 3,33
toplam 529 3,03
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Tablo 6. Devami

Cevre kirliligi algisi 12-25 305 3,42 0,000
26-35 118 3,55
36-45 75 3,93
46-55 22 4,11
56 + 9 4,66
toplam 529 3,57

Duyuru ve farkindalik 12-25 305 2,77 0,659
caligmalarinin yeterliligine 26-35 118 2,79
yonelik algisi 36-45 75 2,84
46-55 22 3,09
56 + 9 3,00
toplam 529 2,80

Kamusal hizmetlerin 12-25 305 2,55 0,844
yeterliligine yonelik 26-35 118 2,61
beklentileri 36-45 75 2,44
46-55 22 2,43
56 + 9 2,44
toplam 529 2,54

Kisisel atik yonetimi konusunda ise 26-35 yas araligi ile 36-45 ve 56+ yas araliklar1 arasinda anlaml fark
bulunmaktadir. Buna goére 36-45 yas aralig1 katilimcilar 26-35 yas araligi katilimeilardan daha fazla dikkat ederken
26-35 yas araligi katilimcilar 56+ yas araligi katilimcilardan daha fazla 6nem vermektedir. 36-45 yas araligi
katilimeilar ise 12-25 yas araligindaki katilimcilardan daha fazla onem gostermezken 26-35 yas araligi
katilimcilardan daha fazla 6nem gostermektedirler. 46-55 yas araliginda bulunanlarla diger yas araliginda
bulunanlar arasinda fark gozlemlenmemektedir. 56+ yas araligindaki katilimcilar ile diger yas araligindaki
katilimcilar karsilagtirildiginda +56 yas araligindaki katilimcilar 12-25 yag araligindaki katilimeilardan ve 26-35
yas araligindaki katilimcilardan daha ¢ok 6nem gostermektedirler.

Sifir Atik Projesi algis1 konusunda ise 12-25 yag araligindaki katilimcilarin 26-35, 36-45 ve 56+ yas
araligindaki katilimcilardan daha az bilgiye sahip olduklar1 gériilmektedir. Ote yandan 12-25 yas araliginda
bulunan katilimcilarla 46-55 yas araliginda bulunan katilimcilar arasinda Sifir Atik Projesi algisi konusunda
belirgin ve anlamli bir fark bulunmamaktadir. 26-35 yas araligindaki katilimcilar 12-25 yas araligindaki
katilimcilardan daha fazla 6nem gosterirken diger yas araligi ile aralarinda anlamli bir fark bulunmamaktadir. 36-
45 yas araligindaki katilimcilar, 12-25 yas araligindaki katilimcilardan daha fazla 6nem gosterirken diger yas
araliklar1 ile anlamli bir fark bulunmamaktadir. 46-55 yas araligi ile diger yas araliklari arasinda bir fark
bulunmamaktadir. 56+ yas araligindaki katilimcilar 12-25 yas araligindaki katilimcilardan daha fazla 6nem
gosterirken diger yas gruplari ile aralarinda anlamli bir fark bulunmamaktadir. Atik yonetimine yonelik ¢evresel
gozlemleri konusunda 12-25 yas araligindaki katilimcilar 36-45 yas araligindan daha az 6nem verirken diger yas
gruplari ile aralarinda anlamli bir fark bulunmamaktadir.

Atik yonetimine yonelik ¢evresel faktorler konusunda 26-35 yas araligindaki katilimeilar ile diger
araliklardaki katilimcilar arasinda anlamli bir fark bulunmamaktadir. Atik yonetimine yonelik ¢evresel faktorler
konusunda 36-45 yas araligindaki katilimeilar 12-25 yas araligindaki katilimeilardan daha fazla 6nem gosterirken
diger yas araliklari ile aralarinda anlamli bir fark yoktur. 46-55 yas araligindaki katilimeilar ile diger araliklardaki
katilimeilar arasinda anlaml bir fark bulunmamaktadir. 56+ yas araligindaki katilimcilar ile diger araliklardaki
katilimeilar arasinda anlamli bir fark bulunmamaktadir.

Cevre kirliligi algis1 konusunda ise 12-25 yas araligindaki katilimeilar, 36-45, 46-55 ve 56+ yas
araligindaki katilimcilardan daha az 6nem gdsterirken 26-35 yas araligindaki katilimeilar ile aralarinda anlamli bir
fark bulunmamaktadir. 26-35 yas araligindaki katilimcilar 36-45 yas araligindaki katilimcilardan daha az 6nem
gosterirken diger yas gruplari ile aralarinda anlamli bir fark bulunmamaktadir. 36-45 arasinda bulunanlarla 46-55
ve 56+ bulunan katilimeilar arasinda anlaml bir fark bulunmazken 12-25 ve 26-35 yas araliklarindan daha fazla
onem gostermektedirler. 46-55 yas araligindaki katilimeilar 12-25 yas araligindakilere gore daha fazla énem
gosterirken diger yas gruplar ile aralarinda anlamli bir fark bulunmamaktadir. 56+ olan katilimcilar ile yaslari,
36-45 ve 46-55 araliginda bulunan katilimcilar arasinda belirgin bir fark bulunmazken 12-25 ve 26-35 yas
araligindaki katilimeilardan daha fazla 6nem gostermektedirler.

Katilimeilarin yeterli oranda duyuru ve farkindalik ¢alismalar1 yapilip yapilmadigina yonelik algilari ve
kamusal hizmetlerin yeterli olup olmadigia dair beklentileri ile yas araliklariin dagilimi arasinda anlamh
istatiksel fark bulunmamustir.

E. Egitim Diizeyine Gére Dagilim
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Bu boliimde katilan katilimcilarin egitim diizeylerine gore dagilimi ve aralarindaki farkliliklar 6 temel
soru kategorisine gore analiz edilmistir. ilkokul, ortaokul, lise, lisans ve lisansiistii seklinde 5 farkli gruba
ayristirilmig ve incelenmistir. Bes farkli grup oldugu igin analiz ederken ANOVA testi uygulanmistir. Ankete
ilkogretim grubundan 14 kisi, ortadgretim grubundan 16 kisi, lise grubundan 73 kisi, {iniversite grubundan 367
kisi, lisansiistii grubundan ise 59 kisi katilmis olup, toplamda 529 kisinin verileri Tablo 7’de belirtilmistir.

Tabloya gore sifir atik projesi algist kismimin p degeri 0,022 bulunmus olup sadece bu kisim istatistiksel
olarak anlaml bulunmustur, diger kisimlarin tiimii p degeri 0,05’ten kiigiik bulundugundan anlamli bulunmamustir.
Temel 6 faktdr grubunun ilkokul, ortaokul, lise, lisans ve lisansiistii egitim durumlarina gore incelendiginde sadece
Sifir Atik Projesi algis1 faktoriiniin {izerinde egitim durumunun etkisi ile olusan fark saptanirken katilimcilarin
kisisel atik yonetimi davranislari, cevre kirliligi algilari, atik yonetimine doniik gevresel gozlemleri, duyuru ve
farkindalik calismalarinin ve kamusal hizmetlerin yeterli olup olmadigina dair diistinceleri {izerinde Bursa ilinde
bulunan ve ankete katilan katilimeilarin egitim durumlari ile anlamli herhangi bir fark bulunmadig: belirlenmistir.

Tablo 7°de Bursa ilinde bulunan katilimcilarin Ilkokul, ortaokul, lise, lisans ve lisansiistii egitim
diizeylerinin esas alarak yapilan ANOVA testi sonuglar1 ayrintili sekilde verilmistir. Sifir Atik Projesi algist
konusunda ilkokul, lise grencileri arasinda anlaml fark gézlenmistir, buna gore ilkdgretim egitim diizeyindeki
katilimeilar lise egitim diizeyindeki katilimcilardan sifir atik projesi hakkinda daha az bilgi sahibi olduklar
gozlenmistir. Ortadgretim egitim diizeyindeki katilimcilar ile ilkdgretim, {iniversite ve lisansiistii egitim
diizeylerindeki katilimcilardan sifir atik projesi hakkinda daha fazla bilgi ve bu projeye olan biling diizeylerinin
daha yiiksek oldugu gozlenmistir.

Tablo 7. Egitim diizeyi parametresi esas alarak yapilan ANOVA testi sonuglari.

Soru Kategorileri Egitim durumu N Ortalama P degeri

Kisisel atik yonetimi Hkégretim 14 2,60 0,301
davranislan Ortadgretim 16 3,22
Lise 73 3,12
Universite 367 3,00
Lisansiisti 59 3,16
Toplam 529 3,03

Sifir atik projesi [lkégretim 14 2,01 0,022
algisi Ortadgretim 16 3,31
Lise 73 2,80
Universite 367 2,58
Lisansiisti 59 2,66
Toplam 529 2,63

Atik yonetimine [lkdgretim 14 2,60 0,168
doniik gevresel Ortadgretim 16 3,59
gozlemleri Lise 73 3,02
Universite 367 3,03
Lisansiistii 59 2,91
Toplam 529 3,02

Cevre kirliligi algist [lkégretim 14 2,67 0,056
Ortadgretim 16 3,78
Lise 73 3,73
Universite 367 3,55
Lisansiisti 59 3,67
Toplam 529 3,57

Duyuru ve [lkégretim 14 2,45 0,310
farkindalik Ortadgretim 16 2,60

¢alismalarinin .
A P Lise 73 2,73
yeterliligine yonelik Universite 367 2.86
algisi

Lisansiisti 59 2,68
Toplam 529 2,80
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Tablo 7. Devami

Kamusal leégretim 14 2,03 0,412
hizmetlerin Ortadgretim 16 2,37
yeterliligine Lise 73 252
yonelik Universite 367 2,58
beklentileri Lisansiistii 59 2,49
Toplam 529 2.54
F. Tartisma

Bursa ilinde uygulanan Sifir atik yaklasiminin atik 6nleme hiyerarsisine uygunlugu ile alakali olarak:

* Bursa ilinin ¢esitli bolgelerinde geri doniisebilen tiim atiklar igin ayri biriktirme ekipman ve
kumbaralarin alinmasina ve ayristirilmasina gdsterilen 6zen,

» Gerek ambalaj atiklar1 gerekse de bitkisel atik yaglar, atik piller veya dmriinii tamamlamis lastiklerin
ayri olarak biriktirilmesi ve geri kazanimini saglamak i¢in anlagsmali firmalara teslim edilmeleri konusunda
gosterilen hassasiyet,

* Belediye calisanlarina, ilkokul ve ortaokullardaki 6grencilere ve halka agik alanlarda verilen egitim ve
sifir atik bilincinin yayginlastirilmasinin saglanmasi i¢in diizenlenen projelerin uygulanmasi gibi konular goz
onene alindiginda uygun ¢aligmalarin oldugu soylenebilir [47].

Bu ¢alismanin alt amaglarina gore elde edilen bulgular degerlendirildiginde,

« Insanlarmn sifir atik konusunda ortalama diizeyde bilingli oldugu sonucuna varilabilir. Baz1 faktérler
(cevre kirliligi algis1) konusunda bilincin yiiksek oldugu bazilarinda ise diisiik oldugu soylenebilir (kamusal
hizmetlerin yeterliligine yonelik beklentiler).

* Cinsiyet, medeni durum, yas ve egitim durumu gibi parametrelerde en 6ne ¢ikanlari cinsiyet ve medeni
durum parametrelerinin oldugu gdzlenmistir. Buna gore kadinlar v evliler sifir atik bilinci konusunda erkekler ve
bekarlara gore daha yiiksek bilince sahip bulunduklari saptanmistir.

* Sifir atik konusunda Bursa ili 6zelinde 6zellikle bekar ve erkek toplum katmanlarinda bilinci arttirict
faaliyetler diizenlenmesi Onerilmektedir. Yas parametresine bakildiginda da gen¢ bireylerde Sifir Atik
farkindaliginin arttirilmasinin 6nemli oldugu goriilmektedir.

Aragtirma sonucunda elde edilen sonuglarin sorulara herhangi bir parametreyi géz oniinde bulunmaksizin
verilen cevaplar kisaca 6zetlenecek olursa kisilerin, bitkisel atik yaglart ayr bir sekilde biriktirdikten sonra
toplama noktalarina birakmaya énem vermedikleri ortaya ¢ikmistir. Ote yandan elektrikli ve elektronik esyalardan
olusan atiklar1 toplama noktalarina gétiirmeye, kullanilmis olan pilleri, atik pil toplama noktalarina birakmaya, tek
kullanimlik pillerden ziyade sarjli pilleri tercih etmeye, kimyasal veya tehlikeli maddeler ile ilaglarin ambalajlarini
ayri1 toplamaya, evlerde biriken kat1 atiklari, Sifir Atik Projesine uygun bir sekilde ayrigtirmaya ve esas kullanim
gayesini kaybetmis bir malzemeyi veya {iriinii, imkanlarin elverdigi 6l¢iide geri doniistiirmeye kismi oranda 6nem
verdikleri anlagilmistir. Ayrica elde edilen verilerde katilimcilarin, ¢evre kirliliginin 6niine gecilmesine destek
olabilmek i¢in daha az atik tiretmeye ve tekstil yahut giysi kaynakli atiklar ilgili toplama noktalarina ulastirmaya
Oonem gosterdikleri goriilmustiir.

Bu ¢alismada atik elektrik ve elektronik esyalari toplama noktalarina teslim etmek konusunda Bursa’daki
katilimcilarin %45,4 tiniin yeteri kadar gereken 6nemi géstermedigi saptanmustir. Giil ve Yaman (2021) tarafindan
Ankara ilinde yapilan benzer bir ¢aligmada bu oranin %45,5 oldugunu ve bu oranlara bakilarak iki ilin arasinda
AEEE toplama noktalarina teslim etmede belirgin bir fark olmadigini anlayabiliriz [40]. Yine de elektronik
atiklarin toplanabilmesi i¢in farkindaligin arttirilmasi gerekmektedir. Buna yonelik olarak da elektronik toplama
faaliyetlerin arttirilmasi, buna yonelik belediyelerin kampanyalar diizenlemesi, ¢esitli tegvikler ve mevzuat
diizenlemeleri ile elektronik atik kazanimlarmin arttirilmasi hedeflenmelidir.

Ayrica, kullanilmis pilleri atik toplama noktalarina teslim etme konusunda ise Bursa’daki
katilimeilarin %46,3 oraninda katilmadiklart goriiliirken tarafindan Ankara ilinde yapilan ¢aligmada bu oran %29
olarak goriilmiistiir [40]. Bu oranlara gore ise atik piller konusunda Bursa’da yasayan bireylerin yeteri kadar
bilingli olmadiklart Ankara’daki bireylerin Bursa’ya nazaran atik pilleri toplama noktalarina teslim etmek
konusunda daha bilingli olduklar1 sdylenebilir.

Sifir Atik Projesi hakkinda halkin bilinglendirilmesi de 6nem arz etmektedir. Halkin bilin¢lendirilmesi
yazili ve gorsel medyada yapilacak reklam faaliyetleri ve sosyal medyada belediyelerin ve ilgili bakanliklarin
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yayinlayacag: bilgilendirici videolar araciligiyla saglanabilir. Ayrica, egitim kurumlarinda Sifir Atik kavramina
yonelik dersler konulabilir veya seminer, konferans, ¢alistay gibi organizasyonlar diizenlenebilir.

Sifir Atik Projesi uygulandiginda ekonomik faydalar da elde edilmis olacaktir. Ornek olarak, geri
dontistiiriilebilen karton, plastik ve elektronik atiklarin ekonomiye hammadde olarak geri kazanilmasi ekonomik
bir katki saglanmasi seklinde diisiiniilebilir. Ayni zamanda atiklarin Sifir Atik yaklagimiyla bertaraf edilmemesi
cevresel kirlilikleri olugturacak, bu da zaman igerisinde ekonomik yiik haline gelecektir. Bu nedenlerle Sifir Atik
Projesinin yayginlastirilmasi ekonomik yonden de fayda saglayacagi diistiniilmektedir.

Uluslararasi birgok bilimsel yayin sifir atik yaklasimin gelismis veya gelismekte iilkelerde esitli faydalar
sagladigini gostermistir [48-50]. Song vd. (2015) sifir atik yaklasiminin artan kati atik ile olusacak cevresel
kirliligin azaltilmasindaki roliiniin 6nemini vurgulamistir [48]. Bilgili vd. (2023) Tiirkiye i¢in dongiisel ekonomi
ve Sifir Atik Projesi yaklagiminin iligkisini ortaya koymustur [49]. Zaman (2022) gesitli 6lgeklerde ve bolgelerde
sifir atik uygulamalarindan ve faydalarindan bahsetmistir [50].

IV. SONUCLAR

Toplumun atiklar1 yonetim bigiminde gegmise nazaran biiyiik degisiklikler olmustur. Hem atik {iretimi
miktarlar1 hem de geri doniisiim oranlar siirekli artmaktadir. Ancak 21. yiizyilin geri doniisiim ekonomisini
gercege doniistiirmek i¢in davranis degisikligi ve farkindalik yaratacak egitim programlarina ihtiyag vardir. Ciinki
tiiketicilerin atiklarin degerli bir kaynak oldugu gergeginin farkinda olmalar gerekir.

Bu nedenle, kaynaklarin verimli kullanimi ve atiklardan elde edilen kaynaklarin geri kazanimi kiiresel
stirdiirtilebilirlik i¢in hayati 6nem tagimaktadir. Atik yonetim sistemlerinin gelisiminin ¢esitli sosyo-ekonomik ve
cevresel etkili faktorlere bagli oldugunu anlamak da onemlidir. Kendi yiyecegini yetistirebilen, kendi
bolgelerinden su kullanabilen, kendi sistemlerinden enerji iiretebilen, is ve ekonomik faaliyetler yaratabilen, tiim
sistemi verimli bir sekilde diizenleyebilen ve son olarak tiim kaynaklar1 atik akiglarindan geri kazanilabilen bir
sehir gercek bir siirdiiriilebilir “’Sifir Atik Kenti” olabilir.

Bu calismada uygulanan anket sonucunda toplanan verilerin degerlendirilmesi ile medeni durum
parametresine gore evlilerin bekar katilimcilara gore sifir atik bilincinin daha yiiksek oldugu gosterilmistir.
Cinsiyet parametresine gore ise kadinlarin ¢evre bilinci ve kirliligin 6nlenmesinde erkek katilimcilardan daha ¢ok
dikkat ettikleri gdsterilmistir. Katilimcilarin egitim durumu parametresine gore anket sonuglari ise sifir atik ve
kisisel atik yonetiminde ortadgretim ogrencilerinin ilkdgretim, {iniversite ve lisansiisti egitim diizeyindeki
Ogrencilere gore daha c¢ok Onemsedikleri lise egitim diizeyindeki Ogrencilerin ise ilkdgretim diizeyindeki
ogrencilerden daha ¢ok dnem verdikleri gosterilmistir. Yas parametresi baz alindiginda ise 26-35 yas araligindaki
katilimeilarin sifir atik ve gevresel atik bilincinin diger yas araliklarina gore daha yiiksek oldugu gosterilmistir. Bu
calisma ile Bursa ilinde yasayan bireylerin Sifir Atik Projesine yaklasimi tespit edilmeye ¢alisilmistir. Elde edilen
sonuglarin degerlendirilerek karar vericilerin gerekli tedbirleri uygulayabilmesi amaglanmaktadir.

Bu calisma, kentsel atik yonetimi baglaminda kent dinamiklerindeki karigikliklarin daha iyi anlasilmasi
i¢in atilmis bir adimdir. Insan davranis degisikligi, atiklardan korunma ve geri déniisiim dahil olmak {izere farkli
yonlerin karsilikli iligkilerinin daha iyi anlasilmasi i¢in kapsamli arastirmalara hala ihtiyag vardir.

TESEKKUR
Bu ¢aligma bir Yiiksek Lisans tez ¢alismasindan tiiretilmistir. Tez caligmasinda katkis1 olan tiim anket
katilimcilarina tesekkiir ederiz.
CIKAR CATISMASI
Yazarlar ¢ikar catigmasi olmadigini beyan etmektedir.
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ABSTRACT

The aim of this experimental study is to establish the optimum heat treatment procedure and machining parameters
to obtain values of cutting force and surface roughness in machining AISI 1050 workpiece by utilizing grey
relations analysis based on Taguchi method. In this regard, machining operations were carried out at three different
cutting speeds and three different feed rates at a constant depth of cut. Taguchi mixed-level design L18 (272 372)
was chosen for machining experiments. The optimum heat treatment and machining parameters for determination
of cutting force and surface roughness values were identified according to the fact that higher the Signal/Noise
ratio is better based on grey relations analysis of Taguchi method. The results showed that the optimum parameters
for surface roughness and cutting forces were obtained as 0.1 mm/rev at feed rate and 180 m/min at cutting speed
with cryo-treated cutting tool. According to ANOVA table and Signal/Noise ratios, it was specified that the most
effective parameters on cutting forces and surface roughness were feed rate, cutting speed and heat treatment
conditions, respectively.

Keywords: Surface Roughness, Cutting Forces, ANOVA, Grey Relations Analysis, Taguchi

Oz

Gergeklestirilen bu deneysel ¢aligmanin amaci, Taguchi Gri iligkiler yontemi kullanarak AISI 1050 ¢eliginin
tornalanmasinda kesme kuvveti ve yiizey puriizliliigii degerlerini elde etmek igin optimum 1s1l islem sartlarini ve
isleme parametrelerini belirlemektir. Bu dogrultuda tornalama islemleri, sabit kesme derinliginde {i¢ farkli kesme
hiz1 ve ti¢ farkli ilerleme degerlerinde gergeklestirilmistir. Tornalama deneyleri i¢in Taguchi L18 (272 3/2) karma
seviyeli tasarim dizilimi secilmistir. Yiizey piiriizliliigii ve kesme kuvveti degerleri icin en ideal 1s1l iglem ve
isleme parametreleri Taguchi Gri iliskiler yontemine gore sinyal/giiriiltii oran1 en biiyiik en iyidir yaklasimi ile
tespit edilmistir. Sonuglar yiizey piirlizliligl ve kesme kuvvetleri i¢in optimum parametrelerin kriyojenik 1s1l
islem uygulanmis kesici takim ile, ilerleme degerinin 0,1 mm/dev ve kesme hizinin 180 m/dak oldugu durumda
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elde edildigini gostermistir. ANOVA tablosu ve sinyal/giiriiltii oranlarina gore, kesme kuvvetleri ve yiizey
piiriizliiligii tizerinde en etkili parametreler sirasiyla ilerleme, kesme hizi ve 1s1l islem sarti oldugu tespit edilmistir.

Anahtar Kelimeler: Yiizey piiriizliiliigii, Kesme Kuvvetleri, ANOV A, Gri iligkiler Analizi, Taguchi

I. INTRODUCTION

In recent years, cryogenic heat treatment, which has an important place especially in the field of
manufacturing, has been used more widely every passing day. In particular, the cryogenically heat treatment,
applied to cutting tools, gives the cutting tools many features such as wear resistance, strength and toughness.
Thanks to these features, workpieces can be machined more easily with these cutting tools. Cryogenic heat
treatment makes significant contributions to the quality of surface properties, reduction in cutting forces (Fc) and
tool wear. Fc and surface roughness (Ra) obtained during turning process of workpiece are important in terms of
both cost and machining time. In machining process, values of the Fc and the Ra that occur depending on the
machining conditions are desired to be low as much as possible. Therefore, in recent years, many statistical tools
have been used to interpret experimental results obtained in the field of machining. One of these statistical tools is
Grey Relations Analysis (GRA) based on Taguchi design, by which appropriate machining parameters can be
established to acquire the desired low values of the Fc and the Ra, especially in metal cutting.

Mia et al. optimized the interaction parameters of the tool-chip by using GRA. According to the results of the
GRA, authors obtained that cutting speed and then feed rate were the most effective parameters on the experimental
results [1]. Debnath et al. investigated the effects of cutting parameters and cutting fluid conditions, which are
control factors, on Ra and tool wear, which are the responses, in the machining, by using the Taguchi design.
Authors revealed that the most suitable machining conditions for the desired Ra and tool wear are medium depth
of cutting, high cutting speed, low feed and low cutting fluid flow during high-speed cutting [2]. Lin revealed the
impact of cutting parameters on tool life, Fc and Ra via using GRA and Taguchi method. Using the GRA, the
author identified feed rate, depth of cut, and cutting speed are the most effective parameters based on results of the
experiments [3]. Rao et al. investigated the Ra values being derived from turning of AA7075 workpiece depending
on the cutting parameters by utilizing Taguchi L9 orthogonal array and ANOVA (Analysis of Variance).
According to Taguchi results, authors found that the most important cutting parameters effective on the Ra were
cutting speed and feed rate; and they achieved low Ra when optimal combination of machining parameters was
selected as 0.2 mm/rev feed, 0.5 mm depth of cut and 1000 m/min cutting speed [4]. Cetin et al. applied ANOVA,
regression and S/N ratio to identify the impact of machining conditions on Ra and Fc during machining of AlSI
304L workpiece. They revealed that the experimental values, obtained for Ra and Fc and the values of the
regression mathematical models were very close to each other. Authors also found that feed rate and depth cutting
were effective on reducing Fc and improving Ra [5]. Salvi et al. analyzed the Ra values obtained in hard turning
process by using the Taguchi orthogonal design. The authors observed that feed rate was more effective than
cutting speed to achieve low Ra [6].Zerti et al. researched an experimental and statistical study using GRA to
determine the effect of turning parameters on the Ra and productivity results obtained as a result of machining
AISI D3 steel with ceramic inserts. In conclusion, authors established that cutting speed and depth of cut were the
most influential machining parameters on the results of experiment (surface quality and productivity) [7]. Uzun
used GRA to define the relationships between Ra, tool wear and Fc values. He applied austempering process to
workpiece subjected to three different holding times and two different temperatures. According to the GRA, he
achieved the conditions that gave the highest cutting performance at 375°C with a holding time of 120 minutes
[8]. Bhattacharya et al. predicted the impact of machining parameters on power consumption and Ra during high-
speed turning of AISI 1045 steel by using Taguchi method and ANOVA. The authors found that the cutting speed
has a more significant effect than the other cutting parameters on power consumption and Ra values [9]. Tzeng et
al. optimized the cutting parameters utilized in turning by using Taguchi and GRA. Consequently, authors found
that the depth of cutting was the most effective parameter on Ra. Additionally; they determined the effect of the
parameters on the experimental results using ANOVA [10]. Nalbant et al. conducted a study revealing the effect
of optimum cutting parameters on Ra using ANOVA and Taguchi method. The authors revealed that the control
factors such as cutting tool nose radius, feed rate and depth of cut have the most meaningful effect on the response
parameter Ra, respectively. The percentage contributions of insert radius, feed rate and depth of cut are 48.54,
46.95 and 3.39, respectively. [11]. Giinay et al. utilized Taguchi L18 to define the optimum Ra in turning
workpieces has two different hardness. They found that the feed rate has an effect on the Ra values obtained from
the 50 HRc workpiece surface, while the cutting speed has an effect on the Ra values obtained from the 62 HRc
workpiece surface [12]. Sarikaya and Giillii investigated the cutting parameters by utilizing GRA based on Taguchi
in machining Haynes 25 specimen. According to multiple optimization results, the optimum control parameters
were specified as fluid flow rate 180 m/min, cutting speed 30 m/min and cutting fluid vegetable oil [13]. Ramesh
et al. used the GRA to identify the impact of turning parameters on cutting insert temperature in turning. In the
light of their analysis results, authors defined that the low tool insert temperature engenders low tool insert wear
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[14]. Alaba et al. examined the effect of MQL and vegetable oil on turning AISI 1039 steel using Taguchi-grey
relational analysis. In their study, authors found that they improved the surface roughness by 44% and the cutting
temperature by 12%. According to the grey relations analysis results, they found that the most effective parameter
in terms of cutting parameters was the feed rate [15].

As a result of reviewing the literature, various statistical and experimental studies based on experimental design
methods and analyses have been conducted to reveal the impacts of machining and cutting parameters on
experimental results emerging from the machining of workpieces [1-15]. However, unlike the literature, no study
has been found that examines the effects of heat treatment conditions and machining parameters on the Fc and Ra
values resulting from turning with cryo-treated and untreated cutting tools using Taguchi GRA. The cryogenic
process applied to cutting tools helps the workpieces be processed more easily by giving them properties such as
wear resistance and toughness. When we look at the literature, AISI 1050 steel is widely used in many areas. For
this reason, machining such a material with a cryogenically treated cutting tool will be faster and more efficient in
terms of both time and cost. With this statistical and experimental study, it is aimed to reveal the parameters
affecting the Fc and Ra values when machining workpiece materials in CNC lathe operations.

I1. MATERIAL AND METHOD
A. Workpiece Material

AISI 1050 steel is a medium carbon steel that includes about 0.5% carbon and is often utilized in a wide
range of applications due to its good machinability and combination of mechanical characteristics. Microstructure
of this material, it consists of a fine lamellar perlitic structure that has 20 pm average column length in the primer
ferritic matrix. Because of the lamellar cementite phases AISI 1050 contain, the formability and machinability of
medium and high carbon steels are quite difficult, and they raise the cost. So, their fatigue, impact toughness,
ductility and machining behavior can importantly be improved with spheroidizing heat treatment which is
conducted with long-time annealing about at eutectoid transformation temperatures. In the experiments, AISI 1050
steel, which is widely used in general use and is often utilized in the production of machine components, was
utilized as the workpiece material. The dimensions of the workpiece were prepared as 60 mm in diameter and 300
mm in length. The workpiece was longitudinally turned at a depth of cutting of 1.5 mm to eliminate surface defects
arising from the manufacturing phase. At the end of this process, the workpieces were made ready for experiments.

B. Cutting Tools and Tool Holder

Turning experiments were performed by a CNC lathe by using a CVD coated WC-Co insert with the 1ISO-
1832 code WNMG and a chip breaker form MP, which is recommended for the processing of medium carbon
steels. This insert is a cutting tool suitable for medium cutting for stainless and carbon steels. PWLNR 2525M08
tool holder and WNMG inserts were used in machining experiments. The cutting insert was chosen as CVD coated
carbide (TiCN + Al,O3 + TiN). The properties of cutting tool geometry are represented as follow: clearance angle:
0°, corner radius: 0.8 mm, rake angle: 7°, approach angle: 95°, side cutting edge angle: 5° The picture of this
cutting insert is given in Figure 1.

Figure 1. WNMG insert utilized in the experiments

C. Identifying Cutting Parameters and Machining Experiments

For machining experiments, the AISI 1050 workpieces supplied with a diameter of 60 mm were reduced
to 57 mm in diameter to clean the outer surface. Then, after their faces were machined and tailstock holes were
formed, the workpiece became ready for processing. The machining parameters utilized in the cutting experiments
were determined by taking into account the recommendations of the cutting tool manufacturer and 1SO 3685
requirements. Accordingly, machining parameters in turning experiments were determined as given in Table 1.
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Table 1. Machining parameters used in cutting experiments

Feed rate (mm/rev) 0.1,0.2,0.3
Cutting Speed, V (m/min) 180, 200, 220
Depth of cutting, a (mm) 2

D. Measurement of Ra and Fc

According to the specified machining conditions, Ra value of the surfaces after machining tests was
measured with the portable "Hommel T500 Tester" device. Ra values were estimated by taking the arithmetic
mean of the values taken from three separate measurements performed 4.8 mm long from the workpiece surface.

The cutting force (Fc) acting on the tool during machining experiments were measured using a KISTLER 5070
dynamometer.

E. Cryogenic Heat Treatment

In the light of the literature research, it has been understood that the cryogenic heat treatment applied to
cutting inserts is generally subjected to a period of 24 hours [16, 17]. Therefore, deep cryogenic heat treatment
was applied to the CVD-coated cutting insert used for turning experiments at -146 °C. The schematic stages of
this cryogenic process are given in Figure 2. It is seen that the cutting tools were placed in the heat treatment
furnace and the furnace temperature was gradually reduced to -146 °C under computer control. Then, the cutting
tools were kept in the oven at -146 °C for twenty-four hours. Finally, the cutting tools in the oven were gradually
brought back to room temperature. The final phase change of the cutting tools was completed by tempering heat
treatment twice by increasing the room temperature furnace to 200 °C.

Tempering

200

B Y
§/

24 4
Time (Hour) Time (Hour)

Temperature (°C)
o

-146
-200

Figure 2. Cryogenic process diagram

F. Grey Relations Analysis

In this experimental study, GRA based on Taguchi was utilized to optimize the effects of heat treatment
type and machining parameters on Ra and Fc values. In grey relationships, the first step to normalize the values is
to convert the values to values in the range of zero and one. In this method, the most important thing in normalizing
the factors affecting the results is the chosen approach. At this stage, if small impact factor values are a desired

feature, the values close to "0" are chosen, while the values close to "1" are selected for large values in
normalization [18,19].

The Ra and Fc values obtained in the turning process with cryo-treated and untreated cutting tools were
normalized between zero-one (0-1). Three different approaches can be used to normalize the values attained as a
result of the experiments:

If “Lowest is best”, the test results are normalized as follows:

maxx? (k) — x? (k) 1
maxx? (k) — minx? (k) @

yi(k) =
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Where, y;(k), minx? (k) ,maxx? (k) and x? (k) correspond to the GRA, minimum values, maximum values and
normalization values, respectively. In the GRA, while defining GRA degree, the relation degree of 18 series (y0
(k) ve yi (k), i=1, 2, 3, ....28; k=1,2) is defined. The GRA coefficient &i (k) is determined by using following
equations:

Amin B aAmax
El(k) B Aoi(k) - aAmax (2)
Boi (k) = llyo (K)=y: (B ©)
Amax: maxvjEi Mmaxyy ”)/o (k)_yi(k)” (4)
Appin= Minyje; miny ||y, (k) —y; (K| 5)

In the equations 2-5, @ = discrimination coefficient (0-1), @ = 0.5 is generally taken in the literature,
A,; (k) the absolute deviation value between y,(k) and y;(k) and [17, 18]. Ay.x , IS the maximum value of
Ay;values, and A,,;, is the minimum value. GRA degree ('Y'i) is attained by averaging the GRA formation
coefficients and this degree can be found by using following equation:

Y=~ &) (6)

In Equation 6, the symbol n represents the GRA coefficient attained from normalized response values. A
high degree of GRA occurrence shows a strong connection between y; (k) and y, (k). When two series with the
same values are compared, the GRA degree becomes 1.

G. Taguchi Signal/Noise (S/N) Ratio

Taguchi method S/N ratio has been utilized by many researchers in the analysis of data that obtained from
experimental [1, 7, 14, 20]. In Taguchi design, the desired value for the output characteristic is called Signal (S),
and the undesirable value for the output characteristic is called Noise (N). In this study, the S/N ratio equation was
used according to the “larger is better” approach in the Taguchi L18 (272 372) mixed array. Because the higher
the analysis degree of grey relationships (closer to 1) indicates that the relationship is better. Therefore,
experimental results were evaluated according to the “larger is better” approach. In the analysis of experimental
values, 3 types of S/N ratio formulas were used in Taguchi design: “nominal is better” (Equation 7), “smaller is
better” (Equation 8) and “larger is better” (Equation 9). These formulas are given below:

—2

S/N = 10log (i—z) )
S/N = —10log%<z yf) (8)
S/N = —1010g%(2 y—12> ©)

In Equation 9, y; where yi represents the calculated values for Fc and Ra, while n and s represent the
number of experiments performed and the standard deviation of the response values, respectively.

H. ANOVA

In ANOVA, which is a statistical method, there are two types of variables: control factors and response
results. The aim of ANOVA is to find out which control factors are affective on the response values. The significant
of control factors in an ANOVA table is defined by the P value of each control factor. If P value is less than 0.05,
it is considered "statistically meaningful" in scientific parlance. Additionally, it reveals how affective each control
factors indicated in the ANOVA table is on the response value of PCR value. An ANOVA table contains
percentage contribution ratios (PCR), statistics (F), degrees of freedom (DF), sum of squares (SD), mean of squares
(MS), and P values demonstrating the level of significance of each control factor on the response [21-23].
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1. STATISTICAL ANALYSIS AND DISCUSSION
A. Grey Relation Analysis

Taguchi mixed array, representing the turning results attained based on values of the Ra and Fc obtained
from the machined workpieces at a constant depth of cutting, with 3 different cutting speeds and feeds, was
designed as L18 (272 3"2). The Taguchi mixed array corresponding to the experimental sequence performed
according to L18 experimental setup and the responses are given in Table 2. When the control factor and response
values in Table 2 are analyzed, it is seen that responses such as Ra and Fc values change according to the change
in control factors such as heat treatment type and cutting parameter. The heat treatment type numbers in Table 2
indicate "cryo-treated cutting insert” with number 1 and "untreated cutting tool™ with number 2. In determining
GRA based on Taguchi for responses such as Ra and Fc, the average grey relational degree was calculated for that
parameter after the same level values were collected and averaged. For the second levels, this process is repeated
to create a response table for the Grey relational degrees. The calculated grey relations degree and ranking of
measurement results of the Fc and the Ra, their normalized values and the absolute deviation values obtained are
shown in Table 3.

Table 2. Taguchi L18 (272 32) mixed array, Ra and Fc values

Heat

Experiment o ent  CUting o Fc, Fc Ra, Ra
No Type Speed
1 1 180 0.1 599 0.517
2 1 180 0.2 948 0.967
3 1 180 0.3 1306 1.058
4 1 200 0.1 588 0.563
5 1 200 0.2 933 1.077
6 1 200 0.3 1280 1.123
7 1 220 0.1 577 0.653
8 1 220 0.2 926 1.16
9 1 220 0.3 1255 1.2
10 2 180 01 588 0.548
11 2 180 02 935 1.057
12 2 180 0.3 1289 1.15
13 2 200 0.1 576 0.62
14 2 200 0.2 925 1.11
15 2 200 0.3 1277 1.257
16 2 220 0.1 566 0.737
17 2 220 0.2 910 1.28
18 2 220 0.3 1247 1.333

For each experiment performed, GRA coefficients and GRA degrees were calculated with these
coefficients. While estimating the coefficients, the discriminant coefficient was taken as 6=0.5 [17, 18]. The GRA
coefficient given in Table 3, with a value of 1, shows the highest relationship between Ra and Fc values. When
Table 3 is examined, it is understood that experiment no one (1) is the highest value among the GRA degrees. It
can be understood from Table 3 that this type of heat treatment has cryo-treated, feed rate 0.1 mm/rev and cutting
speed 180 m/min values.

Table 3. Rankings for L18 mixed array, calculated Grey relational coefficient, normalized values and Grey relational degree

Experiment Normalized Values Grey Re_lgtional Grey
No Coefficient Relational Ranking
Fc Ra Fc Ra Degree
1 0.9554 1.0000 0.9181 1.0000 0.959 1
2 0.4838 0.4485 0.4920 0.4755 0.484 7
3 0.0000 0.3370 0.3333 0.4299 0.382 13
4 0.9703 0.9436 0.9439 0.8987 0.921 3
5 0.5041 0.3137 0.5020 0.4215 0.462 9
6 0.0351 0.2574 0.3413 0.4024 0.372 14
7 0.9851 0.8333 0.9711 0.7500 0.861 5
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0.5135 0.2120 0.5068 0.3882 0.448 1

0.0689 0.1630 0.3494 0.3740 0.362 16
10 0.9703 0.9620 0.9439 0.9294 0.937 2
1 0.5014 0.3382 0.5007 0.4304 0.466 8
12 0.0230 0.2243 0.3385 0.3919 0.365 15
13 0.9865 0.8738 0.9737 0.7984 0.886 4
14 0.5149 0.2733 0.5075 0.4076 0.458 10
15 0.0392 0.0931 0.3423 0.3554 0.349 17
16 1.0000 0.7304 1.0000 0.6497 0.825 6
17 0.5351 0.0650 0.5182 0.3484 0.433 12
18 0.0797 0.0000 0.3520 0.3333 0.343 18

B. Results of S/N Ratio

In this experimental study, the effects of machining parameters such as cutting speeds and feed rate on
responses such as Ra and Fc which obtained the cryo-treated and untreated cutting insert were optimized with the
GRA based on Taguchi. The experiments were performed according to Taguchi L18 (22 3"2) mixed array and
the control factors were taken as heat treatment type (cryo-treated and untreated) and cutting speeds (180, 200 and
220 m/min) and feed (0.1, 0.2 and 0.3 mm/rev). The heat treatment type was determined as two levels, the cutting
speed and feed rate were determined as three levels, and the response values were determined as Ra and Fc values.
Response values were optimized S/N ratio values GRA based on Taguchi. With the rankings attained as a result
of grey relations, the effects of heat treatment type, cutting speed and feed rate on Ra and Fc values were
investigated, depending on S/N ratio. The control factors such as heat treatment type, cutting speed and feed rate
and their levels utilized in the turning experiments are indicated in Table 4.

Table 4. Control factors and their levels

Factors Levels

Control Factors

Level 1 Level 2 Level 3
Heat Treatment Type 1 (Cryo-treated) 2 (Untreated)
Cutting Speed, m/min 180 200 220
Feed rate, mm/rev 0.1 0.2 03

The graph obtained according to responses values calculated by S/N ratios and GRA based on Taguchi
and showing the effects of their interrelationships on values of the Ra and Fc according to heat treatment type and
machining parameters are given in Figure 3.

Main Effects Plot for SN ratios

Heat treatment type Cutting speed Feed rate

Mean of SN ratios
=

1 2 180 200 220 0,1 0,2 0,3
Signal-to-noise: Larger is better

Figure 3. Signal noise (S/N) ratio main effect graph for responses

Looking at the average of S/N ratios graph in Figure 3, the optimum machining parameters for values of
Ra and Fc were obtained as heat treatment type cryo-treated cutting insert, cutting speed 180 m/min and feed rate

365



BSEU Fen Bilimleri Dergisi / BSEU Journal of Science, 2024, 11(2): 359-368
S. Baday, H. Giirbiiz, O. Erséz

0.1 mm/rev. S/N ratio values calculated according to GRA based on Taguchi L18 mixed array are presented in
Table 5. When Table 5 is analyzed, according to S/N ratios, it has been defined that the heat treatment type, cutting
speed and feed values are at the first level among all control factors, making responses such as Ra and Fc values
optimum.

Table 5. S/N ratios calculated according to grey relations degree

Level Heat Treatment Type Ra Fc
1 -5.3528 -5.1660 -0.9453
2 -5.6874 -5.5009 -6.7831
3 -5.8933 -8.8320
Delta 0.3345 0.7274 7.8867
Ranking 3 2 1

In other words, the delta value represents the effect of the control factors on the responses. In other words,
the delta value shows heat treatment type, cutting speed and feed rate on responses such as Ra and Fc. Here, both
the "Delta"” value and the ranking in Table 5 show that feed rate is the most effective control factor on responses.
When ranking values in Table 5 are looked into, it can be seen that feed rate, cutting speed and heat treatment type
are effective on responses, respectively. From the results given for the control factor values in Figure 3 and Table
5, it is understood that the optimum responses (Ra and Fc) occur with a cryo-treated cutting tool, cutting speed of
180 m/min and feed rate of 0.1 mm/rev. As a result, according to S/N ratios calculated by GRA based on Taguchi
design, the feed rate is determined to be the most significant and effective factor on Ra and Fc values.

C. Results of ANOVA

Statistically tool that indicates the effect of control factors such as heat treatment, cutting speed and feed
rate on response values such as Ra and Fc is ANOVA results. In the assessment of ANOVA results, according to
the GRA, the response values are the Ra and Fc results, while the control factors are heat treatment type, cutting
speed and feed. ANOVA results based on GRA and S/N ratio values are given in Table 6.

Table 6. ANOVA values for S/N ratios

Source DF SeqSS  Adj SS Adj MS F P Importance
Heat g«;)itment 1 0.001972 0.001972  0.001972 5.20 0.042 Significant
Cutting speed 2 0.008628 0.008628  0.004314 11.38 0.002  sjgnificant

Feed rate 2 0.980206 0.980206 0.490103  1292.30  0.000 Significant

Residual error 12  0.004551 0.004551  0.000379
Total 17 1260.2

In statistically analyses, whether the value of control parameter is statistically meaningful or not can be
stated with "P" value. If "P" control factor value is less than 0.05, it is meaningful; if it is greater, it is not
meaningful [21-23]. When "P" control factors in Table 6 are analyzed to display the effect of control factors on
the response values, it is concluded that the heat treatment type, cutting speed and feed (0.042-0.002 and 0.000
<0.05) were statistically significant. Additionally, the effect of control factors such as heat treatment, cutting speed
and feed rate on the response values such as Fc and Ra can be evaluated by looking at "F" value in Table 6. Here,
a large "F" value means that the importance value on the response values of the control factors is high. In this
direction, it has been comprehended that the most effective parameter on responses (Fc and Ra) are feed rate.

IV. CONCLUSION

In this study, response; the Fc and Ra values which attained in turning AISI 1050 steel with cryo-treated
and untreated cutting tools at a constant depth of cutting, with three different feed rates and cutting speeds, were
optimized with GRA based on Taguchi. The results obtained from the analysis of GRA based on Taguchi are given
below:

» According to S/N ratio values calculated by GRA based on Taguchi, it was defined that feed rate, one of the
cutting parameters, is the most effective factor on response values (Ra and Fc).

> Depending on Taguchi-based grey relations ranking and S/N ratios, it was seen that feed rate, cutting speed
and heat treatment type were the factors affecting the Fc and Ra values, respectively.
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» According to the grey relations ranking and S/N ratios, the heat treatment type cryo-treated, which optimizes
response values (Ra and Fc), was obtained at a cutting speed of 180 m/min and a feed rate of 0.1 mm/rev.

» According to the grey relations ranking, the best conditions in the ranking of Ra and Fc values were realized
in experiment number one, while the worst conditions were realized in experiment number eighteen. In other
words, the best machining conditions are achieved with cryo-treated cutting tool, the cutting speed is 180
m/min and the feed rate is 0.1 mm/rev, while the worst machining conditions are achieved with untreated
cutting tool, the cutting speed is 180 m/min and the feed rate is 0.3 mm/rev.

> The results of statistical obtained from experimental data and GRA based on Taguchi design have shown that
it is an analysis and experimental design that can be successfully applied in machining operations such as
turning.
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ABSTRACT

The Industrial Internet of Things (110T) refers to a structure where multiple devices and sensors communicate with
each other over a network. As the number of internet-connected devices increases, so does the number of attacks
on these devices. Therefore, it has become important to secure the data and prevent potential threats to the data in
factories or workplaces. In this study, a deep learning-based architecture was used to determine whether the data
collected from 10T sensors was under attack by looking at network traffic. The data that was not exposed to attacks
was stored on the Ethereum Blockchain network. The Ethereum blockchain network ensured that sensor data was
stored securely without relying on any central authority and prevented data loss in case of any attack. Thanks to
the communication process over the blockchain network, updating and sharing data was facilitated. The proposed
deep learning-based intrusion detection system separated normal and anomaly data with 100% accuracy. The
anomaly data were identified with an average of 95% accuracy for which attack type they belonged to. The data
that was not exposed to attacks was processed on the blockchain network, and an alert system was implemented
for the detected attack data. This study presents a method that companies can use to secure 10T sensor data.

Keywords- Industrial Internet of Things, Blockchain, Cyber Security, Intrusion Detection System, Deep
Learning

Oz

Endiistriyel Nesnelerin Interneti (IIoT), birden fazla cihazin ve sensériin bir ag iizerinden birbirleriyle iletisim
kurdugu bir yapy1 ifade eder. Internetle baglantili cihazlarn sayis1 arttik¢a, bu cihazlara yénelik saldirilarin sayis
da artar. Bu nedenle, fabrikalarda veya igyerlerinde verileri glivence altina almak ve olasi tehditlere kars1 dnlem
almak onemli hale gelmistir. Bu ¢aligmada, IIoT sensorlerinden toplanan verilerin ag trafigine bakilarak saldir
altinda olup olmadigini belirlemek i¢in derin 6grenme tabanli bir mimari kullanildi. Saldiriya ugramamis veriler
Ethereum Blok Zincir agina kaydedildi. Ethereum blok zincir agi, sensor verilerinin merkezi bir otoriteye
dayanmadan giivenli bir sekilde saklanmasini ve herhangi bir saldir1 durumunda veri kaybmin dnlenmesini
saglamaktadir. Blok zincir ag1 iizerinden iletigim siireci sayesinde veri giincelleme ve paylagimi kolaylastirildi.
Onerilen derin 6grenme tabanli saldir1 tespit sistemi, normal ve anormal verileri %100 dogrulukla
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ayirabilmektedir. Anormal verilerinde, hangi saldir tipine ait olduklari ortalama %95 dogrulukla tanimland.
Saldirilara maruz kalmayan veriler blok zincir aginda islendi ve tespit edilen saldir1 verileri igin uyar1 sistemi
gelistirildi. Bu c¢aligsma, sirketlerin IIoT sensor verilerinin giivenligini saglamak i¢in kullanabilecegi bir yontem
sunmaktadir.

Anahtar Kelimeler- Endiistriyel Nesnelerin Interneti, Blok Zinciri, Siber Giivenlik, Sizma T espit Sistemi,
Derin Ogrenme

I. INTRODUCTION

The Internet of Things (1oT) is a network that connects real-life objects such as devices, vehicles, and
appliances. These objects are equipped with sensors, software, and connectivity features, allowing them to gather
and share data over the Internet. 10T is utilized in various fields such as Industry 4.0, smart cities, healthcare, and
transportation [1]. Since 10T devices are connected to the internet, systems are vulnerable to attacks [2]. With the
increasing number of 10T devices, the demand for cybersecurity solutions has also risen. The International Data
Corporation (IDC) predicts that by 2025, there will be 55.7 billion connected devices, and generated data by these
devices will significantly increase from 18.3 zettabytes in 2019 to 73.1 zettabytes [3]. Therefore, it is expected that
the cybersecurity market will reach $270 billion by 2026.

The Industrial Internet of Things (11oT) is a subset of 10T and consists of a collection of interconnected
devices, sensors, networks, and software that encompass all stages of a manufacturing process or industry. 10T
systems are utilized to enhance the performance, efficiency, and security of industrial processes or machine
operations [4]. However, when system security is compromised, processes can fail, or systems may become unable
to fulfil their functions. These security vulnerabilities can result in production losses, increased costs, or customer
attrition. Additionally, they can lead to the unauthorized acquisition or use of personal data belonging to employees
or customers by third parties.

0T intrusion detection is defined as any unauthorized action or activity that causes harm to the loT
ecosystem [5]. It refers to unauthorized access to data or devices, alteration or destruction of data or devices, and
disruption of the normal functioning of the loT system [6]. Examples of 10T intrusion detection include malicious
software attacks, denial of service attacks, and unauthorized access to devices. With the increasing number of
connected devices, 10T intrusion detection has become a significant concern in the field of cybersecurity. Deep
learning is utilized as an effective tool in 10T intrusion detection. The 10T ecosystem typically generates a large
amount of data, and analyzing and protecting it against intrusions can be challenging using traditional methods.
Deep learning can process these large datasets and identify meaningful patterns and behaviors [7].

IloT and blockchain technology can be combined to enhance the security of industrial systems and
processes [8]. Blockchain is a distributed data structure that records transactions without the need for a central
authority. Each block in a blockchain contains multiple transactions, and when a new transaction occurs on the
blockchain, the record of that transaction is added to the copies of the ledger held by all participants [9]. Blockchain
transactions are secured using cryptography, and the ledger is maintained by multiple computers rather than a
central authority. Therefore, making changes to historical transaction records requires modifying each copy, which
is highly challenging. The identities of the parties involved in transactions are encoded and protected. As a result,
blockchain technology has become a popular choice for applications such as digital currencies, supply chain
management, and voting systems [10].

In the context of 10T, blockchain can be used to create an immutable record of sensor data and system
events, which can be utilized to detect and prevent security threats [11]. For example, data collected by an loT
device can be recorded on the blockchain network and accessed by other devices, ensuring data integrity and
preventing data manipulation. Furthermore, transactions conducted through blockchain technology are performed
securely and encrypted, thereby enhancing the security of 10T devices [12]. In the tracking process of products
manufactured in a factory, data collected by 10T sensors can be recorded on the blockchain to enable tracking
information such as the current stage of products and the devices involved in processing [13]. Another example is
the combined use of blockchain and 10T in the energy market, where 10T devices present in many homes can
monitor energy production and consumption in real-time. This data can be recorded on the blockchain to facilitate
the creation of a fair energy market between energy producers and consumers. Additionally, energy transactions
conducted through blockchain technology are executed securely and transparently.

Blockchain technology, unlike traditional databases, enables trust between parties involved in
transactions without the need for a central authority. Transactions on the blockchain network are shared fairly
among the participating parties, and no single entity can control the network. This demonstrates that blockchain
can be used as a secure and reliable means for financial transactions, industrial data storage, and commercial
operations [14].
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When delving into the fundamentals of why blockchain is considered trustworthy, we encounter the
consortium mechanism. A blockchain consortium is a group of organizations that come together to operate a
blockchain network [15]. Blockchain consortiums typically use Proof-of-Stake (PoS) variations as a consensus
algorithm, maintaining blockchain integrity and verifying transactions while ensuring security and stability [16].
However, depending on trust levels within the consortium, other methods such as Proof of Authority (PoA) and
Practical Byzantine Fault Tolerance (PBFT) may be preferred. For a democratic approach, Delegated Proof of
Stake (DPoS) allows token holders to elect validators. For specific needs, consortiums can integrate various
consensus algorithms using a pluggable consensus method. These range from Federated Byzantine Agreement
(FBA), Proof of Elapsed Time (PoET) to traditional methods like Proof of Work (PoW) and PoS [17,18]. As
technology advances, new consensus methods will emerge to meet evolving requirements.

In our study, we proposed a deep learning-based intrusion detection system integrated with blockchain.
To prevent attacks on industrial 10T devices, we first check if the incoming data to our system has been
compromised. If there is malicious data as a result of an attack, we determine the type of attack it belongs to. We
store 10T sensor data containing normal network traffic that is not exposed to attacks in the blockchain system.

The following sections will delve into a deeper analysis and comparisons with other studies in the field.
Investigations related to 10T threats and anomaly detection from various studies will be examined in Section 1.
Detailed insights into the definition of the dataset, a range of attacks and anomalies, learning models, and system
frameworks are provided in Section Il. Section 11l encompasses our experiment methodology, findings from the
analysis, and comparisons with the most recent and advanced techniques in the field. Lastly, Section 1V, and V,
discloses the conclusions of our study, along with a perspective on potential future applications.

A. Related Works

A review of studies on the security of 10T devices in the literature reveals three distinct phases: machine
learning, deep learning, and blockchain-related research.

The authors propose an Intrusion Detection System (IDS) for detecting injection attacks in smart cities.
They employ two feature selection techniques, namely constant removal and recursive feature elimination, and
test them with Decision Tree (DT), Random Forests (RF), and Support Vector Machines (SVM) classifiers. They
use the AWID dataset, which contains real Wi-Fi traces. By utilizing only 8 selected features through constant
removal and recursive feature elimination, they achieve the highest accuracy rate (99%) with the DT classifier [3].

In their study, the authors created a simulated dataset for botnet attacks. They compare SVM, LSTM, and
RNN models to classify the attacks using the generated dataset. They present binary classification results for both
attacked and non-attacked attack types. Using SVM with all features, they achieve the highest accuracy rate [1].

Using a specifically designed 1oT/I10T testbed that includes a range of typical devices, sensors, protocols,
and cloud/edge setups, Ferrag et al. produce a dataset. Data from various IoT devices, including inexpensive digital
sensors, ultrasonic sensors, water level detection sensors, pH sensor probes, soil moisture sensors, heart rate
sensors, flame sensors, and others are included in the dataset. Along with developing the dataset, they also identify
and analyze fourteen attacks that they group into five categories: information gathering, man-in-the-middle attacks,
injection attacks, and other attacks related to 10T and IloT communication protocols. To identify these attacks,
they contrast deep learning with conventional machine learning methods (DT, RF, KNN, and SVM) [19].

Babu et al. aim to address security concerns in smart cities. They propose a permission-based blockchain
system using the mediator PUF (Physically Unclonable Function) model. Additionally, they propose a
collaborative detection system utilizing machine learning techniques (SVM, RF, LR, DT) to detect DDoS attacks
on 10T devices. Their ensemble model (SVM+RF+LR+DT) achieves the highest accuracy rate (97.39%) [20].

Tahir et al. propose a new authentication and authorization framework for blockchain-enabled loT
networks in healthcare applications. The framework utilizes a probabilistic model that uses random numbers in
the authentication process and establishes a secure connection between 10T devices for data collection. The
framework addresses critical security, privacy, and legal requirements in healthcare informatics. The proposed
model is evaluated using the AVISPA tool and the Cooja simulator [21].

Chen et al. propose a blockchain-based system for Healthcare 10T that addresses isolated information and
security gaps. The proposed system focuses on balancing data sharing and privacy protection. To achieve this,
they designed a privacy protection method based on content extraction signatures, which provides detailed privacy
protection to patients. Additionally, they designed a fault-tolerant Byzantine leader selection mechanism to
enhance the security of the Raft algorithm while maintaining data sharing efficiency. Lastly, they design a
summary contract to ensure efficient data acquisition. The proposed mechanism is evaluated through simulation
and analysis for efficiency and security [22].
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When reviewing the literature, it is observed that most studies perform intrusion detection on network
traffic datasets obtained from 10T sensors or attempt to enhance security by storing 10T data in a blockchain
mechanism. In our proposed system, we have a two-phase security mechanism. In the first phase, intrusion
detection is performed, and if a sensor is under attack, our alert system is activated to provide information about
the type of attack. If data is received from an unaffected sensor, the second phase of our work, which is the
blockchain mechanism, records the sensor data. A similar architecture to our proposed system has not been found
in the literature.

1. MATERIAL AND METHODS
A. Dataset

In this study, the Edgellotset dataset prepared specifically for deep learning algorithms was used to check
for any intrusion or tampering in the data received from the sensors. The Edgellotset dataset is a new cybersecurity
dataset that can be used for 10T and 110T applications [19]. Researchers have created this dataset to enable machine
learning algorithms to perform intrusion and tampering detection on sensor data. Additionally, the researchers of
the 1loT-Edge dataset prepared a subset called DNNEdgelloT-dataset to test deep learning-based IDS. 1oT and
IloT detection, Cloud computing, Blockchain network, Fog computing, NFV, SDN, and Edge computing are the
seven layers that make up the dataset. It contains network traffic information gathered from a variety of sensors,
including ultrasonic, water level detection, pH, soil moisture, pulse rate, and flame sensors. The report also
includes information on 14 distinct attacks against 10T and I[loT connectivity protocols. Denial-of-
Service/Distributed denial-of-service, Information gathering, Man-in-the-middle, Injection, and Malware are the
five basic categories into which these types of attacks fall.

In our data preprocessing phase, after removing rows with missing values and splitting the dataset into
training (80%) and testing (20%) sets, we focused on converting categorical output values into numerical form.
For this conversion, we utilized pandas' dummy encoding method. This technique transforms each categorical
feature into multiple binary columns, representing the presence (1) or absence (0) of each unique value in the
original feature.

Mathematically, for a categorical variable ¢ with m unique values, dummy encoding creates m new
binary features. Each feature D; corresponds to one of the m values, where D; = 1 if C equals the i*"} value, and
D; = 0 otherwise. This method ensures that the model interprets these features as distinct categories without any
inherent order.

This process, along with the normalization of data to a range between 0 and 1, prepared our dataset for
network processing. The transformed class distribution and statistical values are presented in Figure 1, reflecting
the dataset’s state after these preprocessing steps.
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Figure 1. Distribution graphs of the EdgelloT dataset based on classes.
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B. Feature Selection and SmoteENN

In our study, to determine the best features in the dataset and thereby achieve improved results, the
Recursive Feature Elimination with Cross-Validation (RFECV) technique [23,24] is employed. This method
systematically combines feature elimination with model validation, executed through the following steps:

Initial Setup:

o LetF = {fy,f5 ..., fny represent the set of all n features in the dataset.

e A Random Forest classifier, denoted as E, is utilized as the base estimator. This choice is motivated
by the classifier's capability to compute feature importances, which are essential for the elimination
process.

Recursive Feature Elimination (RFE):

e The importance of each feature is evaluated by the estimator E. In the case of the Random Forest
classifier, this is typically based on metrics like Gini importance or mean decrease in impurity.

e The feature with the least importance, say fj.qs:. IS identified and eliminated, resulting in a reduced
feature set F' = F \{f_least}.

Cross-Validation (CV) Integration:
e The dataset is partitioned into k equal-sized subsets for k-fold cross-validation.
o For each iteration, the estimator E is trained on k — 1 subsets and validated on the remaining subset.

e The performance of E is evaluated, typically using metrics like accuracy or F1-score, on the
validation subset.

e  This process is repeated until each subset has been used for validation once.
Optimization and Selection:
e The average cross-validation score is calculated for each reduced feature set F'.

e The process iteratively continues, eliminating one feature at a time, and tracking the corresponding
cross-validation scores.

e The optimal number of features is determined when the highest average cross-validation score is
achieved.

Outcome:

e The final set of selected features, denoted as F*, represents the subset of F that yields the highest
cross-validation score, balancing model performance and simplicity.

This methodical approach, underpinned by the rigorous application of RFECV, led to the identification
of the most relevant features in our dataset, significantly contributing to the enhanced performance of our model.
As a result of this process, from the initial set of 92 features, we successfully identified and selected the 27 most
impactful features. These selected features, which represent the optimal subset for our model, are comprehensively
listed in Table 1. This strategic reduction and focus on key features have been instrumental in improving the
model's accuracy and efficiency.

Table 1. List of the best 27 features obtained using the RFECV method.

No Feature Name No Feature Name No Feature Name

1 icmp.checksum 10 tcp.connection.syn 19 http.request.method-0.0

2 icmp.seq_le 11 tcp.connection.synack 20 http.referer-0.0

3 http.content_length 12 tep.flags 21 http.request.method-GET

4 http.response 13 tep.flags.ack 22 http.referer-0

5 tcp.ack 14 tcp.len 23 http.referer-127.0.0.1

6 tcp.ack_raw 15 tcp.seq 24 http.request.version-0

7 tcp.checksum 16 udp.stream 25 http.request.version-0.0

) tcp.connection.fin 17 dns.gry.name 26 http.request.version-HTTP/1.0
9 tcp.connection.rst 18 http.request.method-0 27 http.request.version-HTTP/1.1
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To address the class imbalance problem in the dataset, the SMOTEENN (Synthetic Minority Over-
sampling Technique with Edited Nearest Neighbors) technique was applied. Class imbalance occurs when one
class has significantly more instances than the others. In such cases, machine learning models tend to focus more
on the majority class and may misclassify minority class examples. SMOTE is a popular high-speed oversampling
technique that generates synthetic examples for the minority class by interpolating among existing examples [25].
However, SMOTE can also introduce noisy examples that may degrade the classifier's performance. On the other
hand, ENN is an undersampling technique that removes examples from the majority class that is close to the
minority class in the feature space [26]. Since ENN can help in removing the noisy examples generated by
SMOTE, it is deemed appropriate to use both methods together. After these procedures, the proportional
distribution of the resulting data across the classes is shown in Figure 2.
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Figure 2. Distribution of data after applying the SmoteENN method for data augmentation.
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C. Deep Learning based Attack Detector

After preprocessing the data, the Anomaly Detector model is applied. The Anomaly Detector model
performs binary classification, separating the data into two classes: attacked (anomaly) and not attacked (normal).
If no anomalies are detected in the incoming sensor data, the data is stored in the Blockchain layer. If an attack is
detected in the incoming data, the Intrusion Detector model is used to determine the type of attack among the 14
predefined attack types. The Warning layer is activated, providing the necessary information to the expert using
the system. The proposed architectural structure is presented in Figure 3.
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Figure 3. Main diagram of the proposed Deep Learning-based Intrusion Detection System.
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The proposed Anomaly and Intrusion Detector models share the same layer composition and workflow.
The recommended model starts with two convolutional layers with filter sizes of 32 and 64, and kernel size of 3.
A Dropout layer with a rate of 0.2 is added to reduce overfitting by randomly disabling the outputs of neurons
[27]. Then, a Max pooling layer is added to reduce the input size by selecting the maximum feature values. Two
more convolutional layers with filter sizes of 128 and 64, and kernel size of 3 are added. All convolutional layers
use the ReLU activation function to calculate their outputs. A Flatten layer is added to convert the inputs into a
vector form [28]. A fully connected layer with 224 neurons and a ReLU activation function is added. Another
Dropout layer with a rate of 0.2 is added. A fully connected layer with 112 neurons using the ReL U activation
function is added. Another Dropout layer is added. A fully connected layer with 56 neurons is added. The last
layer of the model includes the SoftMax method.

D. Blockchain-based I1oT Data Management

Blockchain technology is a method used to enhance the security of digital transactions. This technology
enables the establishment of direct trust between the parties involved in the transactions and guarantees the
irreversibility of the transactions. The blockchain network is distributed fairly among the parties involved in the
transactions, and it is not possible for any party to control the network.

Currently, there are multiple blockchain technologies available. In this study, the Ethereum blockchain
network is used. The Ethereum blockchain network is a distributed computer network and an open-source platform
that enables the execution of smart contracts [29]. This network is operated by numerous computers and nodes
worldwide, and each contributes to the security of the network and the accuracy of the transactions. As a result,
the Ethereum network enables secure and fast transactions without the need for a central authority [30]. The
Ethereum network verifies transactions using cryptographic techniques and maintains data integrity among all
participating nodes. This ensures that all transactions performed on the Ethereum network are carried out securely
and transparently.

The Ethereum blockchain network proffers a multitude of advantages primarily due to its prowess in
executing smart contracts [31]. It operates on the principle of decentralization, nullifying the need for a central
authority, thereby facilitating expeditious and secure transactions. Additionally, Ethereum ensures rigorous
security through its verification of transactions using advanced cryptographic techniques, thereby maintaining data
integrity across all nodes. Consequently, transactions on the network are secure and resistant to tampering. The
speed at which transactions are verified and confirmed is substantially accelerated due to Ethereum's distributed
architecture. The hallmark of Ethereum, smart contracts, automate a wide array of processes, thereby mitigating
human errors. Moreover, Ethereum offers a transparent transaction framework where all transactions can be
tracked and recorded by any observer, boosting transaction transparency and significantly reducing the likelihood
of manipulation.

Thanks to these advantages, the Ethereum blockchain network is used in various sectors. In our study, we
utilized the Smart Contract feature of the Ethereum network for the storage and management of data from sensors
in factories. These contracts are written in the Solidity programming language. Solidity is the most popular
programming language for smart contracts on the Ethereum platform [32]. Solidity has a syntax similar to other
languages such as C++ and JavaScript. Smart contracts written in Solidity are distributed and executed among the
nodes in the Ethereum network.

Once the contract code is written, it is compiled into executable bytecode by the Ethereum Virtual
Machine (EVM). The contract code is then sent to the Ethereum network, where it is distributed among the nodes
of the network. When a user submits a transaction that affects the contract, the transaction is verified on the
network, and the transaction fee required for executing the contract code is paid in Ethereum's cryptocurrency,
Ether. Once the transaction is verified and the fee is paid, the contract code is executed by the nodes in the network,
and the results are returned to the network.

In this way, you can write smart contracts using Solidity on the Ethereum blockchain network, send them
to the network, and perform various transactions through these contracts. Another advantage of using the Ethereum
network is its compatibility with IPFS data servers for easy data transfer. IPFS (InterPlanetary File System) is a
distributed file system and protocol [31]. The integration of Ethereum with IPFS allows Ethereum smart contracts
to hold references to files stored on IPFS and access those files. This integration enables smart contracts on
Ethereum to be connected to a distributed file system like IPFS instead of relying on centralized servers.

Technically, the integration between IPFS and Ethereum provides Ethereum smart contracts with the
ability to access files stored on IPFS. This is achieved by making IPFS hashes (IPFS addresses) part of the
Ethereum smart contracts. A user can store the hash of an IPFS file within an Ethereum smart contract. As a result,
the file content is not uploaded to the Ethereum network but is stored on IPFS. IPFS hashes can be placed in the
data fields or function parameters of Ethereum smart contracts and later used to access the file.
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In summary, in this study, a secure system was developed for the storage, verification, processing, and
management of data from 10T sensors in factories. The visual diagram of the proposed Blockchain-based Data
Management System is presented in Figure 4. The step-by-step progression of this system is as follows:

1.

Intrusion = Activate Warning
Detection Model System

Blockchain registration layer: Allows factories to register with their company information and then
register their sensors.

Data reading layer: Involves transferring data from 10T sensors to distributed edge devices.

Data validation layer: Involves testing the data transferred to edge devices with a pre-trained Deep
Learning-based Intrusion and Intrusion Detection System to check for tampering or attack attempts.
If any tampering or attack is detected, send a message to the alert layer in the fifth step; if not, transfer
the data to the blockchain layer in the fourth step.

Blockchain data addition layer: The factory's user and sensor information are verified through the
Ethereum network. If the transaction is approved, the validated data from 10T sensors is stored on
the IPFS server. During the registration process, the access key obtained from the IPFS server is
transferred to the Ethereum network along with the factory and sensor information.

Alert message sending: The sensor and type of attack information from the alert message are
transferred to the factory's alert system.
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Figure 4. Main diagram of the proposed Blockchain-based Data Management System.

I1l. RESULTS

A. Blockchain Implementation

This study was developed using the Ethereum blockchain. The main coding part was done in the online
Remix environment provided by the Ethereum blockchain. This environment allows us to write Smart Contracts
and test them on various blockchain networks. Our study works on a private blockchain that we created. The first
of our Smart Contracts is the Factory Registration contract. The pseudocode of this contract is provided in Figure
5. The main function of this algorithm is factory Register, which takes factory_name, registry_number, and
tax_number as parameters. In this function, the readBlockchain function is called to retrieve the data from the
chain and assign it to the "blockchain™ variable. Then, if there is a previous record for this factory, it displays a
warning message. If there is no previous record, it combines the incoming three parameters with the timestamp
value and passes it to the writeBlockchain function.
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Function factoryRegister(factory_name, registry_number, tax_number)
blockchain « call readBlockchain()
if registry_number in blockchain then
print "This registry number is already in use."
else
data < [factory_name, tax_number, registry_number, timestamp]
call writeBlockchain(data)
endif
endFunction

Figure 5. Factory registration function.

Our second Smart Contract in our application is the Sensor Registration. After the factory registration
phase, the sensors belonging to these factories are registered on the blockchain along with their MAC addresses.
The pseudocode of this contract is provided in Figure 6. First, similar to the first algorithm, data is read from the
blockchain. Then, it is determined whether the sensor has been previously registered based on the MAC address.
If there is no existing record and the incoming factory id (factory information) is also validated, the sensor
information along with its corresponding factory _id is passed to the writeBlockchain function for registration on
the blockchain network.

Function sensorRegister (sensor_name, mac_address, factory_id)
blockchain « call readBlockchain()
if mac_address in blockchain then
print "This Sensor MAC address is already in use."
else if factory_id not in blockchain
print "The factory with the given ID does not exist."
else
data < [sensor_name, mac_address, factory_id, timestamp]
call writeBlockchain(data)
endif

endFunction
Figure 6. Sensor registration function.

The data from the sensors go through the data Control function before being sent to the blockchain
network. The pseudocode for this function is provided in Figure 7. We pass the data from the sensors and the
network's data to our pre-trained Anomaly Detector model to perform anomaly detection. If an anomaly or attack
is detected, we pass the data to our Intrusion Detector model, which performs intrusion detection and returns the
type of attack. The information is then directed to the warning Layer. If the data is determined to be healthy, we
send the sensor data to the sensorAddData function for further processing.

Function dataControl(sensor_id, sensor_data, network_data)
anomaly_result «— call AnomalyDetectorModel([sensor_data, network_data])
if anomaly_result then
intrusion_result « call IntrusionDetectorModel([sensor_data, network_data])
call warningLayer(intrusion_result)
else
call sensorAddData(sensor _id, sensor_data)
endFunction

Figure 7. Data control function.

The verified data obtained in the final stage is transferred to the sensor Add Data function. The
pseudocode for this function is provided in Figure 8. In the initial step, data is retrieved from the blockchain
network, and the sensor information is checked. If the sensor does not exist, a warning is issued. If the sensor
information is validated, the incoming data is uploaded to the IPFS (Inter Planetary File System) using the upload
IPFS function. The resulting IPFS hash value is then sent to the blockchain network for data access.

Function sensorAddData(sensor_id, sensor_data)
blockchain « call readBlockchain()
if sensor_id not in blockchain then
print "Sensor 1D not found in the blockchain."
else
ipfs_hash < call uploadIPFS(sensor_data)
data «— [sensor_id, ipfs_hash, timestamp]
call writeBlockchain(data)
endFunction

Figure 8. Sensor data recording function.
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1) Gas Cost Analysis and Considerations: In this analysis, we focus on the gas costs associated with the
“Factory Registration”, “Sensor Registration”, and “Sensor Data Manager” smart contracts on the Ethereum
network. The values are presented in Wei, the smallest denomination of Ether, and represent average costs obtained
in the Remix VM (Shanghai) environment. The cost calculations are provided in Table 2.

Table 2. Gas Costs of Smart Contracts (in Wei).

Smart Contract Operation Transaction Cost (Wei) Execution Cost (Wei)
Factory Registration Create 140,000 120,000
Update 40,000 20,000
Delete 50,000 40,000
Sensor Registration Create 160,000 140,000
Update 50,000 30,000
Delete 50,000 40,000
Sensor Data Create 170,000 55,000
Manager Delete 55,000 45,000

Considerations on IPFS Costs and Real-world Testing: It's important to note that the above gas cost
analysis does not include the costs associated with IPFS (InterPlanetary File System). Factories can either host
IPFS software on their servers or use third-party hosting services, leading to variability in IPFS-related expenses.
Additionally, while the simulations provide useful insights, testing this blockchain application in a real-world
factory setting would yield more definitive results.

Scenario Analysis: Gas Cost for 200 Sensors: Let's consider a hypothetical scenario where a factory has
200 sensors, with each sensor transmitting data every five minutes. Assuming the “Create™ operation is used for
each data transmission in the “Sensor Data Manager™ contract, we can estimate the total gas cost over a certain
period. For simplicity, we'll calculate the cost for one hour:

60 minutes

o  Number of data transmissions per sensor in one hour: = 12 transmissions/sensor.

5 minutes / sensor

e Total transmissions for 200 sensors in one hour: 12 transmissions / sensor x 200 sensors = 2400
transmissions.

e  Gas cost per transmission (using “Create™ in Sensor Data Manager): 170,000 Wei.
e Total gas cost for one hour: 2400 transmissions x 170,000 Wei/transmission.
Now, let's calculate the total gas cost for one hour: Total Gas Cost for 1 Hour = 2400 x 170,000 Wei.

This calculation provides a concrete example of the operational costs associated with this system for a
specific use case.

B. Comparison Metrics

Precision, recall, F1-score, and accuracy are metrics used to evaluate the performance of classification
models in fields such as machine learning, deep learning, and data science. These metrics are computed according
to the following formulas (1-4):

TP

Precision = TP T FP (1)
TP

=— 2

Recall TP FN 2)
precision * recall

Fl-score = 2 ¥ ————— 3
precision + recall

A _ TP+ TN @

MY = TP ¥ TN + FP + FN

Here, TP, TN, FP, FN, and FP indicate the number of true positive predictions, true negative predictions,
true false positive predictions, and true negative predictions, respectively. These indicators have a range of 0 to 1,
with 0 being the worst performance and 1 the best performance. While accuracy can be more helpful in datasets
with balanced class distributions, precision, recall, and F1-score are more insightful in datasets with class
imbalance.

Confusion Matrix is a matrix used to evaluate the performance of classification models. The matrix
displays the numerical values of true and predicted classes, distinguishing correct classifications,
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misclassifications, false positives, and false negatives. Simply put, the Confusion Matrix is a visual tool that depicts
the classification ability of a model.

C. Loss Functions

In training our anomaly detection model, we focused on distinguishing between normal and anomalous
instances. This task, being a binary classification problem, necessitated the use of the Binary Cross-Entropy (BCE)
loss function. The BCE [33] loss is calculated as —(ylog (p) + (1 — y)log (1 — p)), where y is the true label (0
or 1 for normal and anomalous instances, respectively), and p is the predicted probability of the instance being
anomalous. This function is particularly effective in measuring the difference between the predicted probabilities
and the actual binary labels, penalizing any significant deviations.

For the intrusion detection model, which involves classifying multiple types of network intrusions, the
Categorical Cross-Entropy (CCE [34]) loss function was employed due to its suitability for multi-class

classification tasks. The CCE loss is defined as — chw: 1 Yo,c108 (po,c) Where M represents the number of classes,
Yo,c I @ binary indicator for whether class c is the correct classification for observation o, and p, . is the predicted
probability of observation o being in class c. The CCE loss function excels in scenarios where each observation is

assigned to one, and only one of several categories, making it highly suitable for our model focused on intrusion
detection.

Both loss functions were integral in guiding the respective models toward achieving accurate and reliable
classifications, a critical aspect for the effective detection of anomalies and intrusions in network environments.

D. Anomaly Detection Results

Our Anomaly Detector model, developed in the Keras framework to discern attacks on sensor data,
underwent a rigorous training regimen. It was trained using the Adam optimizer over 30 epochs with a batch size
of 256. The training dataset, constituting 80% of the total data, encompassed ~1,500,000 samples, while the test
dataset, making up the remaining 20%, contained ~400,000 samples. The performance metrics of the model on
this test dataset are illustrated in Table 3.

Table 3. Performance metrics of the Anomaly Detector model on the test dataset.

Dataset Version Class Name Precision Recall F1-Score Accuracy

Standard dataset =~ Normal 0.89 0.99 0.94 0.91
Anomaly 0.98 0.68 0.80

Pre-processed Normal 1.00 1.00 1.00 1.00

el Anomaly 1.00 1.00 1.00

Despite the dataset exhibiting a significant class imbalance, with a ~3.5:1 ratio between the two classes,
the model achieved notable results on the standard dataset. It showed high precision in detecting normal data, at
0.89, with an overall accuracy of 0.91. The model's precision for anomaly detection was impressive at 0.98,
although recall and F1-scores were relatively lower.

The model's advanced capabilities, as discussed in the intrusion detection section, played a pivotal role in
these outcomes. It demonstrated a strong aptitude for understanding the data, a critical factor in overcoming the
challenges posed by class imbalance. Moreover, when tested on the pre-processed dataset, the model's performance
was exceptional, achieving 100% accuracy, precision, and F1-score for both classes. This remarkable performance,
even on the test dataset, indicates that the model not only understood the data well but also effectively avoided
overfitting, showcasing impressive results across the board.

E. Intrusion Detection Results

We utilize our Intrusion Detector model to determine the specific attack types of the data identified as
belonging to the anomaly class by our Anomaly Detector model. This model has the same network structure as the
Anomaly Detector, except for the last layer, which contains 14 neurons representing the different attack classes.
We trained this model using the Keras framework, performing the training process for 50 epochs with a batch size
of 256 and utilizing the Adam optimization method. The training dataset consisted of approximately 60% of the
total data, encompassing around 1,000,000 samples. The validation dataset contained approximately 20% of the
data, with ~400,000 samples. The remaining 20% comprised the test dataset, also containing ~400,000 samples.

Due to the imbalanced distribution of the 14 attack classes in our dataset, we had to work on multiple
versions. The first version includes only the pre-processed results of the standard 92 features in the dataset. The
Confusion matrix and ROC area under the curve (AUC) obtained from the test dataset for this version are provided
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in Figure 9, and Table 4. When examining these figures, we can observe that the obtained results have achieved
high accuracy rates in certain classes but showed very low performance in multiple classes.

Backdoor
DDoS_HTTP
DDoS_ICMP

DDoS_TCP
DDoS_UDP
Fingerprinting
MIT™M
Password
Port_Scanning
Ransomware
SQL_injection
Uploading
Vulnerability

scanner
XSS

Table 4. Performance of Intrusion Detector model on the test dataset for the standard 92-feature model.

Class Name
Backdoor
DDoS_HTTP
DDoS_ICMP
DDoS_TCP
DDoS_UDP
Fingerprinting
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Password
Port_Scanning
Ransomware
SQL_injection
Uploading
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XSS
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Figure 9. Confusion matrix values (column a) and ROC area indicator (column b) for the standard 92-feature model.

In the initial stage of our multi-class (14 classes) intrusion detection system, we faced a perplexing challenge.
Some classes were identified with high accuracy, while others were markedly less accurate. This inconsistency
prompted an investigation to ascertain whether the issue was rooted in the model design or the dataset. To this end,

we conducted extensive tests on the Resnet50 [35] and Transformer [36] architectures.

The test results were revealing:

Transformer: This model achieved an accuracy of 0.79, an F1-score of 0.74, a recall of 0.78, and a
precision of 0.75. Despite these figures, the performance across different classes was uneven.

Resnet50: It showed a better accuracy of 0.93, but like the Transformer, the F1-score was 0.72, recall

0.76, and precision 0.73, again with variable performance across classes.

Ultimately, these tests led us to conclude that the problem did not lie within the network architectures. Rather, it
was the dataset itself that was the source of the issue, specifically the class imbalance within it.

To address the imbalance in our dataset, we implemented a multi-faceted strategy focusing on dataset
enhancement. In terms of feature selection, we adhered to the methodology outlined in the Material Methods
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section B of our study, utilizing the RFECV (Recursive Feature Elimination with Cross-Validation) technique.
This approach enabled us to efficiently narrow down from 92 features to the 27 most impactful ones, ensuring a
more focused and relevant dataset for our models.

For data augmentation, we primarily utilized the SmoteENN method. While we experimented with
various Smote techniques, SmoteENN emerged as the most effective in our context. Its combination of Synthetic
Minority Over-sampling Technique (SMOTE) and Edited Nearest Neighbors (ENN) provided a robust solution to
our class imbalance issue.

After extensive testing with different combinations of features and data augmentation methods, we found
that the best results were achieved with a specific configuration. The combination of using just the 27 selected
features, applying class weighting, and incorporating the SmoteENN method for data augmentation proved to be
the most successful. This particular setup not only addressed the class imbalance effectively but also enhanced the
overall accuracy and reliability of our model, making it adept at handling the complexities of multi-class intrusion
detection.

In the final phase of our research, we applied the updated version of our dataset to train our proposed
model. The performance of these models is depicted in Figure 10. On the left column of the figure, we present the
training and validation accuracy of the models, while the right column features the training and validation loss
visual graphs. Careful analysis of these visual graphs shows that our training process was effectively balanced.
Both the accuracy and loss visual graphs demonstrate a stable and consistent progression, indicating that our
models were adeptly trained, avoiding common pitfalls such as overfitting or underfitting. The steady convergence
of these graphs is a testament to the effectiveness of our dataset enhancements, particularly the refined feature
selection through RFECV and the implementation of the SmoteENN method for data augmentation. This
equilibrium in the training and validation process suggests that our models are not only well-calibrated but also
possess a strong capability for generalization, making them robust tools for multi-class intrusion detection.
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Figure 10. Visual schema of proposed model: Training and validation accuracy and loss graphs.

In our continued effort to thoroughly understand the results of training the proposed model with the
updated dataset, we present a detailed analysis in Figure 11. The left column of this figure features the Confusion
Matrix, while the right column displays the ROC curves. A comprehensive examination of these elements reveals
significant insights. Compared to the initial results shown in Figure 9, the high-performance capability of the
network now extends across all classes. This is a clear indication that the modifications we made, particularly in
addressing the dataset imbalance, have substantially improved the model's performance. Moreover, a closer look
at the individual class performances in the Confusion Matrix and the ROC curves indicates a notable reduction in
the imbalance problem, especially in those classes where it was previously more pronounced. This improvement
is not just quantitative but qualitative as well, demonstrating the model's enhanced ability to detect attacks
accurately and reliably across all classes.

In concluding our results section, we highlight the data presented in Table 5, which outlines the average
F1-score, precision, recall, and accuracy for each class in our model. Detailed examination of this table shows a
pronounced improvement in comparison to the initial data shown in Table 4. The average accuracy, which was
initially in the vicinity of 82%, has impressively risen to approximately 95%. Similarly, the average F1-score,
previously at around 81%, has also escalated to about 95%. These enhancements in the average performance
metrics across all classes clearly demonstrate the substantial improvements achieved in our model. This leap in
average accuracy and F1-scores is a testament to the effectiveness of the adjustments we made to the model and
our approach in tackling dataset imbalances. These collective improvements underscore our model's enhanced
capability in accurately and reliably detecting multi-class attacks, providing a strong and conclusive finish to our
analysis of the results.
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Figure 11. Confusion matrix values (column a) and ROC area indicator (column b) for the improved Intrusion Detector model.

Table 5. Performance of Proposed Intrusion Detector model on the test dataset.

Class Name Precision Recall F1-Score
Backdoor 1.00 1.00 1.00
DDoS_HTTP 0.92 0.91 0.91
DDoS_ICMP 1.00 1.00 1.00
DDoS_TCP 1.00 0.83 0.90
DDoS_UDP 1.00 1.00 1.00
Fingerprinting 0.99 0.99 0.99
MITM 1.00 1.00 1.00
Password 0.56 0.80 0.66
Port_Scanning 0.82 1.00 0.90
Ransomware 1.00 0.99 1.00
SQL_injection 0.95 0.74 0.84
Uploading 0.83 0.89 0.86
Vulnerability_scanner 0.99 0.96 0.98
XSS 0.91 0.95 0.93
Accuracy 0.95
Macro avg 0.93 0.93 0.93
Weighted avg 0.95 0.95 0.95

IV. DISCUSSION

1) Blockchain Implementation Discussion: In this study, we conducted tests on our Ethereum blockchain-
based applications named Factory Registration, Sensor Registration, and Sensor Data Manager using the Remix
IDE's Virtual Machine environment. These tests included gas calculations, providing us with preliminary insights
into the operational aspects of our blockchain implementation. However, it's important to note that the results
obtained in a simulated environment, while valuable, may not fully capture the complexities and costs associated
with real-world factory settings. Therefore, for more accurate and realistic assessments, especially in terms of cost-
effectiveness and practical feasibility, conducting tests in actual factory environments is crucial. This approach
will allow us to better understand the scalability, security, and cost implications of deploying our blockchain
solution in real-world industrial scenarios, providing a more comprehensive and realistic evaluation.

2) Design of the Proposed Deep Learning-Based IDS: Regarding the design of our proposed deep
learning-based Intrusion Detection System, the development process involved experimenting with various layers,
filter sizes, kernel dimensions, and activation functions. While the final model emerged as a result of these
extensive trials, we acknowledge that the process, though informed by various architectures in the literature, was
somewhat prolonged and not fully streamlined. In future work, the adoption of methods like Hyperparameter
Optimization (HPO) and Neural Architecture Search (NAS) could significantly enhance the efficiency and
effectiveness of the model design process. These advanced techniques would enable a more systematic and
optimized exploration of network architectures, potentially leading to more robust and performing models.
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Incorporating these methods in future research could streamline the development process, leading to quicker, more
efficient iterations and potentially more innovative solutions in the field of intrusion detection.

V. CONCLUSIONS

This study presents a method for ensuring the security of data from 10T sensors in factories. The security
of data is determined based on deep learning techniques to identify whether the data from 10T sensors have been
subjected to attacks. The data that is not exposed to attacks is stored and decentralized on the Ethereum blockchain
network, ensuring its security and preventing data loss in the event of an attack. Ethereum blockchain is a
distributed database that securely stores data without relying on any central authority. This method can be
considered as a significant step towards securing 10T sensor data. Secure storage of data prevents businesses from
experiencing significant data loss. Additionally, the process of decentralization facilitates data updates and sharing.
In the future, this method can be further improved to provide a stronger solution for securing 10T sensor data.
This study encourages further research in the field of 10T security.
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Oz

Enerji kaynaklarinin azalmasi ile enerji ihtiyaci her gecen giin hizla artmaktadir. Enerji ihtiyacin1 karsilamak
amaciyla Diinyada farkli enerji arayislarina gidilmekte var olan tiikketimin de azaltilmasina yonelik ugraslar devam
etmektedir. Ulkemizde, enerji tiiketiminin 6nemli bir kismin1 binalarin 1sitilmasina harcanmaktadir. Bunun igin
enerji tasarrufu ve yok olan yakitlarin tiikketiminin azaltilmasima yonelik 1s1 yalitimi1 uygulamalar1 daha fazla yer
almaktadir. Yaliim malzemesi kalinliginin belirlenmesi ve uygun yaliim malzemesinin sec¢ilmesi hem verim
agisindan hem de ekonomiklik a¢isindan olduk¢a 6nemlidir. Bu ¢alismada, bir dis duvarin farkli duvar modellerine
gore poliiiretan yalitim malzemesi kullanilarak termal davraniglar irdelenmistir. Yap1 malzemesi olarak tugla ve
gaz beton kullanilan yalitimli (politiretan) ve sandvi¢ duvar olmak iizere 4 farkli duvar modelleri i¢cin Ansys
yazilimi kullanilarak analizler yapilmistir. Duvar modelleri 2 cm i¢ siva, 13,5 cm tugla/15 cm gaz beton ve 3 cm
dis stva, sandvi¢ duvarda 2 cm i¢ siva, i¢ tarafta 8 cm tugla/8 cm gaz beton, dis tarafta 13,5 cm tugla/15 cm gaz
beton ve 3 cm dig sivadan ve yalitim malzemesinden (poliiiretan) olugsmaktadir. 3. iklim bolgesinde bulunan
Ankara ili ele alinarak bu duvar modelleri i¢in analizlerden elde edilen sicaklik ve 1s1 akisi verileri ile hesaplamalar
sonucunda elde edilen optimum yalitim kalinliklar1 ve geri 6deme siireleri karsilastirilmigtir. Analizler ve yapilan
hesaplamalar sonucunda sandvi¢ duvar modelinde daha iyi sonuglar elde edildigi gozlemlenmistir.

Anahtar Kelimeler- Optimum yalitm kalinlig, 151 yaliimi, HAD analizi.

ABSTRACT

As energy resources diminish, the need for energy increases rapidly from day to day. Various energy sources are
being sought worldwide to meet energy needs, and efforts to reduce current consumption continue. In our country,
a significant part of energy consumption is spent on heating buildings. For this reason, thermal insulation
applications are increasingly used to save energy and reduce the consumption of waste fuels. Determining the
insulation thickness and selecting the appropriate insulation material is very important from both efficiency and
economy points of view. In this study, the thermal behavior of an exterior wall with polyurethane insulation
material was investigated according to different wall models. The analyzes were carried out using Ansys software
for four different wall models: insulated (polyurethane) and sandwich walls, as well as brick and aerated concrete
as building materials. Wall models: 2 cm interior plaster, 13.5 cm brick/15 cm aerated concrete and 3 cm exterior
plaster, 2 cm interior plaster on the sandwich wall, 8 cm brick/8 cm aerated concrete on the inside, 13.5 cm brick/15
on the outside It consists of 2 cm aerated concrete and 3 cm exterior plaster and insulation material (polyurethane).
Considering Ankara, which is in the 3rd climate zone, the temperature and heat flux data obtained from the
analyzes for these wall models were compared with the optimum insulation thicknesses and payback periods
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obtained because of the calculations. In conclusion the analyzes and calculations, it was found that the sandwich
wall model gave better results.

Keywords- Optimum insulation thickness, thermal insulation, CFD analysis.

. GIRIiS

Son yillarda teknolojinin siirekli gelismesi, sanayilesme, niifusun hizli bir sekilde artmasi ve fosil kokenli
yakitlarin azalmasi nedeniyle iilkelerin yeni enerji kaynaklarma talepleri artmaktadir. Artan enerji ihtiyacina
karsilamak icin alternatif enerji kaynaklarina yonelimler ve arayislar devam etmektedir. Bu yilizden iilkeler fosil
kokenli yakit tiiketimini azaltarak, yenilenebilir enerji kaynaklarina agirlik vermek igin ¢aligsmalar yapmaktadir.
Bununla birlikte enerji tiiketimini azaltmak igin enerji tasarruf planlamalar1 yapilmaktadir. Bu enerji tasarruf
planlamalarinin baginda 1s1 yalitimi gelmektedir.

Kis aylarinda i¢ ortam sicakligi dis ortamdan daha yiiksektir. Bu yiizden 1s1 gec¢isi digsartya dogru
olacagindan 1s1 yalitim malzemeleri 6n plana ¢ikmaktadir. Bu 1s1 gegis miktar1 yapinin 1s1 gegirgenlik katsayisina
baglidir. Bu amagla binanmn iklim sartlar1 géz Oniinde bulundurularak 1s1 gegirgenlik katsayisina gore
tasarlanmalidir [1]. Enerji, tiim diinya iilkeleri i¢in 6nemlidir. Ulkemizde, enerji kaynaklarinin yetersiz olmasi
nedeniyle enerji ihtiyacinin ¢ogunu yurtdisindan karsilamaktadir. Bu yiizden enerji ihtiyaglar1 daha da
artmaktadir. Enerji ihtiyacini azaltmak ve fosil kokenli yakitlarin gevreye olumsuz etkilerinin minimize etmek i¢in
1s1 yalitimmin 6nemi daha iyi anlasilmaktadir. [2-4]. Yiiksek sicakliktaki ortamlardan diisiik sicakliga sahip
ortamlara dogru 1s1 transferi ger¢eklesmektedir. Ayrica 1s1l direng azaldikga 1s1 akiginin hizi da artmaktadir. Bu
nedenle kisin meydana gelen 1s1 kayiplarin1 ve yazin da olusan 1s1 kazanimlarini azaltmakla birlikte yapilarda
harcanan enerji miktarinin da azaltilmasi gerekmektedir. Binalarda enerji kayiplarini azaltmak ve enerji maliyetini
aza indirgemek i¢in 1s1 yalitimi yapilmaktadir [5-6]. Ist yalitimi, iklim sartlarina gére yazin sicak havay1 dnleyerek
sogutma veya kisin soguk havayi onleyerek isitma problemlerinin azaltilmasina yardimer olur. Ist yalitimi
sayesinde iki ortam arasinda sicaklik farkindan meydana gelen 1s1 kayiplari azaltilabilir. Fakat yalitim
malzemelerinin ilk yatinm maliyetleri yiliksektir. Bununla beraber elde edilen enerji tasarruflari sayesinde
amortisman siiresi gz oniine alindiginda ilerideki yillarda enerji sarfiyatin1 engelledigi ve enerji tiiketiminin
azaldigini tespit etmiglerdir [7-10]. Enerji tasarrufu saglamak amaciyla binalarda enerji ihtiyaclarini azaltmak i¢in
1s1 yalitimi daha da 6nem kazanmaktadir. Teknolojinin gelismesiyle birlikte saman, kil, toprak gibi organik
malzemelerden yapilan yalitim malzemeleri yerine polistren, poliiiretan veya tas ylinli, cam ylini gibi inorganik
bilesenli malzemeler almistir [11]. Poliol reginesi ve yangin geciktirici katki maddelerinden olusan poliiiretan;
catilarda, dosemelerde, sandvi¢ panellerde ve endiistriyel yapilarda yaygin olarak kullanilan uygulama
alanlarindandir [12]. Giirel ve Cingiz [13] yaptiklar1 ¢alismada yatay delikli tugla ve gaz beton yap1 malzemeleriyle
ve distan yalitimli ve sandvi¢ yalitimli bir bina dig duvari modelleyerek 1s1 kaybi hesaplamislar ve 6miir maliyet
analizine gore optimum 1s1 yalittm kalinliklarini, geri 6deme siirelerini ve enerji tasarruflarini belirlemislerdir.
Kandemir vd. [14] bu ¢alismada digtan yalitim uygulamasinda tag yiinii ve cam yiinii yalittim malzemesi kullanarak
Ankara i¢in iki farkli tugla duvar ve gaz beton duvar modellerine uygulamislardir. Sonug olarak yalitim malzemesi
olarak tas yiinii olan gaz betonun kullaniimasinin daha uygun oldugunu sdylemislerdir. Oztunali ve Dereli [15]
yaptiklart ¢alismada, Edirne ili i¢in iki yalitim malzemesine gore dis ve sandvi¢ duvar modellerinde farkli yakit
tirleri kullanilarak geri 6deme siirelerini ve optimum yalitim kalinliklarini belirlemislerdir. Kiirekgi vd. [16] bu
calismada biitiin iller i¢in distan yaliimli bir duvar modelinde dogal gaz ve ithal komiire gore bes farkli yaliim
malzemelerine ait geri 6deme siireleri ve optimum yalitim kalinligi belirlediklerini séylemislerdir. Ertiirk [17]
yaptigl calismada yalitim malzemesiyle birlikte hava boslugunun eklemesinin 1s1 yalittimindaki etkisini
incelemistir. Sandvi¢ duvar modeli i¢in EPS, XPS ve tas yiini yalitim malzemeleri kullanarak, XPS igin optimum
yalitim kalinlig1 belirlemislerdir. Yu vd. [18] yaz-kis mevsimleri i¢in Cin’in farkli bolgelerinde farkli yalitim
malzemelerine ait optimum yalitim kalinhiklarmi karsilagtirmiglardir. Géleti vd. [19] dis duvar modelinde tas
yiiniinil yalitim malzemesi olarak kullanarak enerji tasarruflarini, optimum yalitim kalinliklarin1 ve geri 6deme
slirelerini hesapladiklarini belirtmiglerdir. Yavuz vd. [20] ¢aligmalarinda bir yapinin yalitimli ve yalitimsiz
durumlarinda meydana gelen 1sil problemleri analiz etmislerdir. XPS yalitim malzemesi olarak kullanildiginda
optimum yalitim kalmligi 0.0882 m olarak hesaplamiglardir. Ugar ve Balo [21] ¢alismalarinda degisik iklimlere
sahip bolgelerde optimum yalitim kalinliklarini ve yatirim maliyetlerini inceleyerek, bolgelerdeki farkliliklardan
dolay1 enerji tasarrufunun degistigi gézlemlemislerdir. Liu vd. [22] Cin’de bulunan farkli sehirler i¢in EPS ve XPS
icin optimum yalitim kalinliklarin1 bulmak amaciyla yaptiklari ¢alismada hesaplamalar sonucunda optimum
yalitim kalinliginin XPS ve EPS igin sirasiyla 0.053-0.069 m ve 0.081-0.105 m arasinda degistigi belirtmislerdir.
Aktemur ve Atikol [23] sandvi¢ duvar modelinde Mugla, Kocaeli, Ardahan ve Ankara i¢in farkli yalitim
malzemesi ve yakitlara gore optimum yalitim kaliliklarini tespit etmislerdir. Yaptiklar1 hesaplamalara gore
optimum yalitim kalinliginin 2.8-45.1 cm arasinda degisim gosterdigini belirtmiglerdir.
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Bu ¢alismada, bir dig duvarin farkli duvar modellerine goére poliiiretan yalitim malzemesi kullanilarak
termal davranislari irdelenmistir. Yapi malzemesi olarak tugla ve gaz beton kullanilan yalitimli (poliiiretan) 4 farkli
duvar modeli ig¢in Ansys yazilimi kullanilarak analizler yapilmistir. Ankara iline ait bu duvar modelleri igin
analizlerden elde edilen sicaklik ve 1s1 akist verileri ile hesaplamalar sonucunda elde edilen geri 6deme siireleri ve
optimum yalitim kalinliklar1 karsilastirilmagtir.

I1. MATERYAL VE YONTEM
A. Dis Duvar Modelleri ve Matematiksel Analizi

Ulkemizde, genellikle sandvi¢ duvar ve distan yalitimli duvar tipi olmak iizere iki cesit dis duvar yalitim
uygulamasi kullanilmaktadir. Her ne kadar tugla yapt malzemesi olarak kullanilsa da son yillarda gaz beton
kullanim1 da yayginlasmistir. Binalardaki dis duvarlarda en ¢ok 1s1 kayip-kazanglart meydana gelmektedir. Yalitim
malzemesi olarak poliiiretan yalitimli duvar ve sandvi¢ duvar model uygulamalarinda kullanilmistir. Sekil 1°de
duvar modelleri verilmistir. Yapilan bu ¢alismada yalitim malzemesi olarak poliiiretan kullanilan iki adet (tugla
ve gaz beton), iki adet sandvic duvar (tugla ve gaz beton) olmak iizere dort farkli duvar modelleri incelenmistir. 1.
yaliimli duvar modelinde sirasiyla i¢ siva, tugla, yalitim malzemesi ve dis siva; 2. yalitimli duvar modelinde
sirastyla i¢ siva, gaz beton, yalitim malzemesi ve dis sivadan olugsmaktadir. 1. sandvi¢ duvar modelinde sirasiyla
i¢ s1va, tugla, yaliim malzemesi, tugla ve dis siva; 2. sandvi¢ duvar modelinde sirasiyla i¢ siva, gaz beton, yalitim
malzemesi, gaz beton ve dis sivadan olusmaktadir. Ayrica duvar bilesenlerine ait kalinliklar Tablo 1°de x (m)
olarak verilmistir.
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gu ve dis ortamin olumsuz etkilerinin goriildi

duvarlaridir. Bu yiizden yaliim malzemelerini segerken bina duvarmin dis tarafinda meydana gelen 1s1 kayiplari
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Tablo 1. Dis duvar bilesenlerinin 6zellikleri [6,15]
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24]. Bu galismada 3. Iklim bolgesinde yer alan Ankara ili icin dort farkli

tasarlanmistir. Tasarlanan duvar modelleri i¢in Tablo 1’de dis duvar bilesenlerine ait 6zellikler yer almaktadir.

[

Binalarda 1s1 kaybinin en fazla oldu
dikkat edilmektedir. Ulkemiz TS 825 Binalarda Is1 Yalitim Kurallar1 Standartlilarinda dért iklim bélgesinden

olugmaktadir
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Binada meydana gelen 1s1 kayiplar1 genellikle en ¢ok duvar ve pencerelerde meydana gelmektedir.
Denklem 1°de dig duvar igin birim yiizeydeki 1s1 kayb1 (q) verilmistir [2, 15, 25, 26].

q=U.AT 1)

Burada U ve AT sirasiyla toplam 1s1 transfer katsayisi ve giin igerisindeki dig ortam sicakligi ile i¢ ortam
sicakligmin farkini ifade etmektedir. Bu durumda gergeklesen yillik 1s1 kazang ve kaybi (q,) Denklem 2°de
verilmistir [2, 15, 26].

qa = 86400.DG.U @)

Burada DG derece-giinii ifade etmektedir. DG degeri belirli bir denge sicaklik dikkate alinarak
hesaplanir. Denge sicakligi, binadaki 1s1 kaynaklariyla (insan, aydinlatma, giines iginim1 vs.) binada olan 1s1
kayiplarimin esit (dengede) oldugu sicaklik olarak tanimlanir. Bu nedenle binanin yapisal 6zellikleri (duvar tipi,
yalitim durumu, hava sizintilari, giines 1sinimi durumu), iklim kosullar1 ve bina kullanicilarinin kigisel tercihleri
gibi birgok faktér DG degerinin belirlenmesini etkilemektedir. Ulkemizde, TS 825°de derece-giin (DG) sayilarina
gore il merkezleri icin 4 yalitim bdlgesine ayrilmigtir. 1. bdlge 1sitma icin en az enerji ihtiyacinin oldugu, 4. bolge
ise en fazla enerji ihtiyacinin oldugu bolgeyi temsil etmektedir.

Duvarin toplam 1s1 transfer katsayis1 Denklem 3’ te verilmistir [2, 15, 26].

S
" Ri+Ry+Ry+Ro ®)

Burada i¢ ve dig ortamlarin, yaliimsiz duvar tabakalar1 ve yalitim malzemesinin 1s1l direngleri sirastyla
Ri ve Ry, Rw ve Ry’dir. Ry Denklem 4’teki bagmtiyla hesaplanabilir. Ayrica Denklem 5°te toplam 1s1 transfer
katsayisi1 (U) verilmistir [26].

X
R, == 4
y=2 @
1
U= R X (5)
wt+%

Burada xy, ky ve Ru, sirasiyla yalitim malzemesinin kalinligy, 1s1l iletkenligi ve yalittim malzemesi harig
duvarin toplam 1s1l direncini ifade etmektedir.

Is1 kazang-kaybini 6nemli 6lgiide azaltmak i¢in binalarin dis duvarlarina yalitim yapilmasi gerekmektedir.
Bu yiizden yaliimin optimum kalinliginin tespit edilmesi enerji tasarrufu da saglanmis olacaktir. Optimum
yalitimin kalinligi, enerji ve yatirim maliyeti ile yillik maliyetlerin daha diisiik ve ekonomik agidan daha verimli
olacaktir. Isitma (C, ;) ve sogutma (Cy 5) yillik enerji maliyeti i¢in Denklem 6-7 ile hesaplanir [2, 15, 26]:

86400.IDG.Cy

Cay = 7T Xy
(th"'E)Hu-rl

(6)

86400.SDG.Ce

Xy
(th+k—).COP
y

O

CA,S =

Meteoroloji Genel Miidiirliigii’nden alinan Ankara ili igin Isitma derece-giin degeri (IDG) ve sogutma
derece-giin degeri (SDG) sirasiyla 2335 ve 229 olarak belirlenmistir [27]. Yakit fiyat1 ($/kg), elektrigin fiyati
($/kWh), yakitin alt 1s1l degeri (J/kg), 1sitma sisteminin verimi ve sogutma performans katsayisi sirasiyla
C, Ce, Hy,m ve COP ile ifade edilir. Toplam yillik enerji maliyeti (C,) Denklem 8 ile yazilir.

Ca= Car+Cys )

Yalitilmig bir binanin toplam maliyeti (Ct) Denklem 9 yardimiyla hesaplanmaktadir.
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Cr = Cp. PWF + Cy. %, )

Burada Cy, x, C4 N, PWF, i ve g sirasiyla, yalitimin fiyati ($/m?), kalinligs, birim yiizey igin yillik 1sitma
ve sogutma maliyetinin toplami, yillik dmiir izerinden toplam 1sitma maliyeti, simdiki deger faktorii, faiz orani ve
enflasyon oranidir. PWF, i ve g’ ye bagli olarak Denklem 10 ile hesaplanir. Ayrica optimum yalitim kalinlig
(xope), Denklem 11 ile elde edilir [2, 15, 26].

N_ i—
PWF = &0 1 > r=_% (10)

r.(1+n)N ’

PWF.k (Cf-IDG Ce.SDG

Cy \Hyn 3,6.106.cop) —ky. Ryt (11)

Xopt = 293.94J
Denklem 12 ile geri ddeme periyodu (P;,) hesaplanir.

) )

In{T37

Burada Sa yillik tasarrufu ifade etmekte olup, yalitimsiz-yaliimli duvarlarin yillik enerji maliyetleri
Denklem 13’te verilmistir [2, 15, 26].

Sy = (CA)yalsz —Cy (13)

Hesaplamalarda kullanilan yakitin ve yalitim malzemelerinin 6zellikleri Tablo 2’ de verilmistir.
Hesaplamalarda; i (%)=36; g (%)=30; PWF=7,55; N=10 yil olarak alinmustir [2,15].

Tablo 2. Hesaplamalarda kullanilan parametreler [2,15]

Dogalgaz Politiretan
Parametre Degeri Parametre  Degeri
Cr [$/m?] 0,259 C,[$m3 75

Hy [/m?] 34526*10° Kk [W/mK] 0.035
H [%] 93

B. Dig Duvar Modellerinin Niimerik Analizi

HAD (Hesaplamali Akiskanlar Dinamigi) analizlerinde kullanilmak tizere dig duvar modelleri igin sayisal ag
yapisi olusturulmustur. Sekil 2°de duvar modeline ait ag yapisi verilmistir. Bu modelde ortalama 1761002 eleman
ve 1249600 adet diigiim noktasi bulunmaktadir.

ANSYS

R18.1

=,

Binalarmn yalitilmasi; yakit maliyetini ve toplam 1sitma maliyetini etkileyen 6nemli bir faktordiir. Yalitim
kalinliginin artmasi ile 1s1 kaybi ve gerekli enerji ihtiyaci azalirken toplam maliyette diiger. Fakat gereksiz ve fazla

Sekil 2. Duvar modeli ag yapisi
I1l. BULGULAR VE TARTISMA
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yalitim kalinligi yaliim maliyetini ve toplam maliyeti artirir. Yalitim kalinligi belirlenirken optimum yalitim
kalinliginin 6nemi ve maliyet iizerindeki etkisi dikkate alinmalidir.

Sekil 3’te farkli duvar modelleri i¢in elde edilen yakit, yalitim ve yillik maliyetleri verilmistir.

R — 30 T ;
—e—YAKIT MALI—=—YALITIM MALYETI —+—TOPLAM MALIYET | —+—YAKIT MALI—8—YALITIM MALIYETI —+—TOPLAM MALIYET
1
& ] » 1
e — 10
i ] i /9/ oAl
w 1 8 w10
> 0o > i >
=1 5 gy <—(' 6 4 B
s — TP wto” = L J
X Pt a5 8 s > AT
= 10 - = 6 4
j o3 /-7 — 5
= ub > 5
> "4>!:§/ y <,5
wd S—eb . e SN %
/'3/ e 1011 ) Sm—e10—s1
2
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Sekil 3. Farkli duvar modelleri igin elde edilen yakit, yalitim ve yillik maliyetleri

Duvar modelleri i¢in hesaplanan optimum yalitim kalinlig1 ve geri 6deme siiresi Tablo 3’te verilmistir.
Tablo 3’e gore yalitim kalinligimin en diisiik sandvi¢ duvar (gaz beton) duvar modelinde elde edildigi ve en yiiksek
degerin ise tugla duvar modelinde oldugu; geri 6deme siireleri bakimindan tugla duvar modelinde en diisiik oldugu,
sandvi¢ duvar (gaz beton) duvar modelinde yiiksek oldugu gézlemlenmistir.

Tablo 3. Duvar modelleri i¢in hesaplanan optimum yalitim kalinlig1 ve geri 6deme siiresi

Duvar modeli Optimum Yalitim Kalinhgi (m) Geri Odeme Siiresi (yil)
Tugla duvar modeli 0.64 2.1
Gaz beton duvar modeli 0.52 3.7
Sandvi¢ duvar (Tugla) modeli 0.57 4.8
Sandvi¢ duvar (Gaz beton) modeli 0.46 5.4

Optimum yalitim kalinliklart belirlendikten sonra bu yalitim malzemesi ve duvar modelleri i¢in termal
analizler gergeklestirilmistir. Analizlerde Ankara iline ait ocak ay1 verilerine gore i¢ ve dig ortam sicakliklari
sirastyla 22 °C ve -3°C oldugu belirlenmistir [27]. Sekil 4’te duvar modelleri igin sicaklik dagilim konturlarmin
degisimleri verilmistir.
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Sekil 4. Farkl yalitim kalinligina sahip duvar modellerinin sicaklik konturlart

Sicaklik konturlar1 incelendiginde dis ve i¢ siva tarafindaki sicaklik farki oldugu gériilmiistiir. ¢ ortam
sicaklik degisimi bakimdan incelendiginde en iyi sonucun sandvi¢ duvar (gaz beton) modelinde yaklasik 2 °C
iken, i¢ ortam sicaklik degisimi en kotii yaklagik 4 °C ile tugla duvar modelinde oldugu gézlemlenmistir. Ayrica
hesaplanan optimum yalitim kalinliklar1 ile analizlerden elde edilen sicaklik dagilimlar birbiriyle ortiismektedir.
Sandvi¢ duvar (gaz beton) modelinde diger duvar modellerine gore 1s1 kaybi daha az oldugu gozlemlenmistir.
Analizler sonucunda 1s1 kayiplari incelendiginde en diisiik 1s1 kaybinin sandvi¢ duvar (gaz beton) modelinde en
yiiksek 1s1 kaybinin tugla duvar modelinde oldugu gézlemlenmistir. Yapilan hesaplamalarda tugla, gaz beton,
sandvig duvar (tugla) ve sandvi¢ duvar (gaz beton) duvar modellerinde birim alan i¢in 1s1 kayb1 degerleri sirasiyla
7190 W/m?, 4800 W/m?, 4660 W/m? ve 3300 W/m? olarak bulunmustur.

IV. SONUCLAR

Bu calismada bir binanin dis duvar modelleri i¢in 3D tasarimlar yapilarak, hesaplamalar ve analizler
gerceklestirilmigtir.  Analizlerde 4 farkli duvar modelleri i¢in termal davraniglari irdelenmistir. Analiz
sonuclarindan elde edilen sicaklik ve 1s1 kaybi verileri ve hesaplamalar sonucunda elde edilen optimum yalitim
kalinliklar1 ve geri 6deme siireleri karsilastirilmistir. Elde edilen sonuglara gore en iyi optimum yalitim kalinlig1
sandvi¢ duvar (gaz beton) modelinde 0.46 m olurken, optimum yalitim kalinlig1 en kotii 0.64 m ile tugla duvar
modelinde gozlemlenmistir. Ayrica birim alan igin 1s1 kaybi degerleri bakimindan en iyi ve en kotii sonucun
sirastyla sandvi¢ duvar (gaz beton) ve tugla duvar modellerinde 7190 W/m? ve 3300 W/m? olarak bulunmustur. ¢
ortam sicaklik degisimi bakimdan incelendiginde en iyi sonucun sandvi¢ duvar (gaz beton) modelinde yaklasik
2 °C iken, i¢ ortam sicaklik degisimi en kotii yaklasik 4 °C ile tugla duvar modelinde oldugu gézlemlenmistir.
Analizler ve yapilan hesaplamalar sonucunda sandvi¢ duvar modelinde daha iyi sonuglar elde edildigi
gozlemlenmistir. Yapilan bu calisma ile hesaplamalarin yaninda duvar modellerinin hesaplamali akiskanlar
dinamigi analizleri yapilarak literatiire katki saglamaktadir. Binalarda yalitim yapilmasinin yalitim ve yakit
maliyetleri toplam 1sitma maliyetini etkileyen en 6nemli faktorlerdir. Yalitim kalinliginin artmasi ile 1s1 kaybi
azalir. Fakat gereksiz ve fazla yaliim kalinlig1 yalitim maliyetini arttirir. Bu yilizden yalitim maliyeti artarsa toplam
maliyet artar. Yalitim kalmlig1 belirlenirken optimum yalitim kalmligimin 6nemi ve maliyet iizerindeki etkisi
dikkate alinmalidir.
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ABSTRACT

The aim of this study is in order to investigate the effects of explant source, explant type and MS media
composition containing different concentrations of sucrose, activated carbon and Coconut milk for regeneration
and browning of Laurus nobilis L. using thin cell layer (TCL) culture system. A higher rate of callus (57.15%) and
shoot (2%) regeneration and a lower rate of blackening were determined in transversely cut stem TCL explants
compared to leaf explants. While 1.33% callus regeneration was achieved in leaf explants; shoot regeneration
could not be achieved. While more callus regeneration (35.17%) was found in explants taken from the field, more
shoot regeneration (1.5%) and lower rate of browning were obtained in explants taken from in vitro. In the sugar
trials, the highest callus regeneration (40.83%) was defined in MS medium containing 30 g/L sucrose
supplemented with 1 mg/L BAP, and the highest shoot regeneration (2.5%) was determined in MS medium
containing 45 g/L and 60 g/L sucrose supplemented with 1 mg/L BAP. When explant type, explant source and
nutrient media composition are considered together; the highest callus regeneration (100%) was obtained in field-
sourced stem TCL explants cultured in medium containing 25 mL/L coconut milk and 1 mg/L BAP. The highest
shoot regeneration (6.6%) was determined in in vitro stem TCL explants cultured in MS media containing 30, 45,
60 g/L sucrose and 1 mg/L BAP. The lowest percentage of browning (50%) was obtained from in vitro stem TCL
explants cultured in MS medium containing 2 g/L activated carbon and 1 mg/L BAP.

Keywords- browning; callus; Laurus nobilis L.; regeneration; Thin Cell Layer

Oz

Bu ¢alismanin amact, Ince Hiicre Tabaka (TCL) sistemi kullanilarak Laurus nobilis L. bitkisinin rejenerasyonu ve
kararmasi iizerine eksplant kaynagi, eksplant tipi ve farkli konsantrasyonlarda siikroz, aktif karbon ve Hindistan
cevizi siitll igeren MS ortami kompozisyonunun etkilerini aragtirmaktir. Enine kesilmis sap TCL eksplantlarinda
yaprak eksplantlarina kiyasla daha yiiksek oranda kallus (%57.15) ve siirgiin (%2) rejenerasyonu ve daha diisiik
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oranda kararma belirlenmistir. Yaprak eksplantlarinda %1.33 oraninda kallus rejenerasyonu elde edilirken; siirgiin
rejenerasyonu elde edilememistir. Arazideki disi Laurus nobilis L. agacindan alinan eksplantlarda daha fazla kallus
rejenerasyonu (%35,17) elde edilirken; in vitro kosullarda ¢imlendirilen tohumlardan almman eksplantlarda daha
yiiksek oranda siirgiin rejenerasyonu (%1,5) ve daha diisiik oranda kararma belirlenmistir. Seker denemelerinde,
en yiiksek kallus rejenerasyonu (%40,83) 30 g/L siikroz igeren besin ortaminda; en yiiksek siirgiin rejenerasyonu
(%2,5) 45 g/L ve 60 g/L siikroz igeren besin ortaminda elde edilmistir. Eksplant kaynagi, eksplant tipi ve besin
ortami kompozisyonu interaksiyonu beraber incelendiginde, en yiiksek kallus rejenerasyonu (%100) 25 mL/L
Hindistan cevizi siitii igeren besin ortaminda kiiltiire alinan arazi kaynakli sap eksplantlarinda; en yiiksek siirgiin
rejenerasyonu (%6,6) 30 g/L, 45 g/L ve 60 g/L siikroz i¢eren besin ortaminda kiiltiire alinan in vitro kaynakli sap
TCL eksplantlarinda; en diisiik kararma yiizdesi (%50), 2 g/L aktif karbon i¢eren besin ortaminda kiiltiire alinan
in vitro kaynakli sap TCL eksplantlarinda elde edilmistir.

Anahtar Kelimeler- kararma; kallus; Laurus nobilis L.; rejenerasyon, ince Hiicre Tabaka

I. INTRODUCTION

The homeland of the Laurus nobilis L. plant is stated as the Mediterranean countries in some sources, and
Western Asia Minor (Anatolia) and the Balkans in some sources. There are approximately 45 genera and 1000
species in the Lauraceae family, and two species in the Laurus genus: L. canariensis Willd and Laurus nobilis L..
In the plant kingdom, Laurus nobilis L. (the laurel plant) is included in the vascular plants subkingdom, seed plants
phylum, dicotyledons class, Magnoliidae subclass, angiosperms subsection, Laurales order, Lauraceae family and
Laurus genus. Laurus nobilis has four subspecies: aurea, crispa and undula, which have wavy edges, and
angustifolia, which has narrow leaves [1,2].

Laurus nobilis L., a plant of the scrub flora; it is a shrub-shaped plant that can withstand temperatures as
low as 15 °C, is dioecious and evergreen, can grow up to 10-15 m tall and has dense branches [3,4]. Its fresh shoots
are green and later turn red-black and are naked. Its leaves are fragrant. Its fruit is black in color, resembling an
olive, and has a thin, oily wall apart from its chickpea-sized seeds. Laurus nobilis L. leaf is 5-10 cm long, its edges
are slightly wavy, it has an elliptical structure and tapers towards both ends. The upper surface of the leaf is shiny
dark green. Fresh Laurus nobilis L. leaves are light green in color and have thin veins. Fresh leaves have little
aromatic smell [5].

The most commonly used parts of the plant are its leaves and fruits [6]. Laurus nobilis L. leaves, fresh or
dried, are used as spices to add flavor to dishes [3]. In addition, since its leaves and fruits have aromatic and
stimulating properties [6], the oils obtained from leaves are used in the cosmetic and pharmaceutical industries
[3,7]. Essential oils obtained from fruits and seeds are used in the treatment of arthritis, psoriasis, eczema and
herpes [7]. Laurus nobilis L. tree is also used as an ornamental plant. It can be planted to provide shade in gardens
and parks or grown as a small tree. In addition, the branches of the tree are a source of wood used in fireplace fires
[8]. 90% of the Laurus nobilis L. in the world is found in Turkey and spreads over an area of approximately 150
thousand hectares. Around 22 thousand tons of dried bay leaves are produced every year and approximately 1
million people are employed in this field. When we look at the foreign trade figures in Turkey, it is seen that the
total laurel exports increased more than 3 times from 2005 to 2017, and as of 2017, dried laurel exports reached
40 million dollars ($ 36,058,749). Considering the exported by-products, the economic volume of bay laurel is
estimated to be over 100 million dollars. Considering the high export potential of bay laurel and the diversity of
its by-products, it is predicted that it will become an increasingly demanded product in the world [9].

Laurus nobilis L. areas are being destroyed due to excessive collection and faulty cultural practices. In
addition, the production amount is not sufficient to meet the ever-increasing demands. Therefore, studies to protect,
propagate and develop the Laurus nobilis L. are becoming more important day by day [9]. Like other Laurus
species, propagation of L. nobilis by seedlings is difficult due to poor fruit set, very low germination and double
dormancy in the bark [3]. In addition to these, there are restrictions such as the low yield of small seeds obtained
from wild trees, pollination difficulties, and the fact that Laurus nobilis L. is a forest plant, harvesting the land in
every 3 years. For all these reasons, there is a need for alternative propagation procedures such as plant tissue
culture techniques that can clonally produce a large number of plants that are not affected by seasonal changes in
a short time and in a narrow area [10].

Plant cell, tissue and organ cultures are very valuable tools that are used for basic and applied studies as
well as for the commercial market. Plant cell, tissue and organ cultures are techniques designed for the growth and
reproduction of plant materials. For this reason, various tissue culture methods are used in plant tissue cultures to
protect endangered species and to produce species that are difficult to propagate [11]. Tissue culture techniques
have different types of culture such as embryo culture, protoplast culture, meristem culture, anther and pollen
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culture, ovary and ovule culture, callus culture and micropropagation [12]. Embryo culture is defined as the
isolation of embryos from plant seeds and ovules and then culturing them in nutrient media. The most important
issue in embryo culture is to determine a culture environment that supports the regular development of embryos
cultured at different development periods. The technique in which protoplasts are cultured is called protoplast
culture. When the cell wall of a plant cell is removed, the remaining part is the protoplast. Protoplasts can survive
in isotonic environments, form a new cell wall, divide by mitosis, form new cell groups (microcallus) and then
new plants. The culture of the meristematic dome smaller than 1 mm is called meristem culture. Meristem cultures
are especially used to obtain virus-free plants. Anther culture is the separation of anthers containing immature
pollen (microspores) from the buds and placing them in artificial nutrient media under in vitro conditions, where
haploid embryos are obtained from immature pollen. The formation of haploid embryos and plants by culturing
unfertilized ovaries or egg cells is called ovary or ovule cultures [13].

Micropropagation, one of the plant cell, tissue and organ culture techniques, is the process of propagating
and rooting shoots obtained directly (organogenesis or somatic embryogenesis) or indirectly (callus, protoplast,
etc.) from organized meristems and somatic cells that are not yet mature or have completed their maturation [13].
Callus, plant wound tissue, are cell masses without morphological order obtained by placing explants taken from
the mother plant that have not lost their ability to divide into sterile nutrient media under in vitro conditions [14].
Callus can initiate from various plant parts such as pollen, embryo, petiole, root parts and internodes, where cells
with the ability to divide are located [12]. Callus culture is a technique in which organ or tissue explants taken
from plants are cultured in in vitro conditions, mostly in semi-solid nutrient media containing carbon sources and
plant growth regulators, and unorganized cells are formed [11]. The process by which plant organs are derived
from the callus mass is called indirect organogenesis [15]. In indirect organogenesis, plant regeneration is carried
out by taking advantage of the pluripotent feature of the callus [16]. The production of buds or shoots directly from
the tissue without the callus stage is called direct organogenesis [15]. In somatic embryogenesis, plant somatic
cells undergo differentiation into embryonic stem cells and then form full plants through embryonic development,
indicating that plant cells are totipotent thanks to the embryogenic callus. Somatic embryos can be produced
directly from somatic cells or indirectly from embryonic callus. Under suitable conditions, somatic embryos can
develop into shoots and roots. Callus occurs in both indirect organogenesis and indirect embryogenesis; however,
the properties of the callus are different. Somatic embryogenesis induces embryogenic callus with totipotency and
then into a somatic embryo, while organogenesis induces non-embryogenic callus with pluripotency. Furthermore,
indirect organogenesis can cause genetic instability and somaclonal variance [16].

In the thin cell layer (TCL) culture system, longitudinal thin cell layer culture (ITLC) is obtained from
different plant organs (stems, leaves, inflorescences, flower organs, apical region or embryo) by cutting them
longitudinally when 1-2 mm remains, or transverse thin cell layer culture (tTCL) is obtained by cutting them
transversely. While ITCLs are cut longitudinally and contain only one tissue type, such as a single layer of
epidermal cells; now that TCLs are cut transversely, they contain a small number of cells from different tissue
types [17,18]. Since the surface area of an explant in contact with the nutrient medium is greater in TCL explants
compared to conventional explants, the components in the nutrient medium can reach the recipient cells of the
explants more. This allows faster and more successful in vitro growth and morphogenesis to be observed in TCL
explants [19]. Although they are much smaller than traditional explants, the regeneration potential of explants
obtained with the TCL culture system is considerably higher than traditional explants. Factors such as explant
type, morphological characteristics and source of the explant directly affect the regeneration potential [20]. TCL
culture is also an effective method for inducing specific morphogenic pathways such as controlled somatic embryo
production [18].

In addition to being used for in vitro micropropagation and synthetic seed production, the TCL technique
is also successfully used in cryopreservation and genetic research [19]. It is also a very advantageous method for
the propagation and protection of endangered and economically important plants [21,22]. One of the important
advantages of the TCL technique is its ability to induce somatic embryogenesis, the formation of embryos from
somatic cells. In this way, it is used as a highly efficient method for clonal propagation as it enables the production
of many genetically identical plants from a single explant [20].

There are a number of factors that affect the regeneration capacity of TCL explants. The influence of
parent plant and origin is an important factor, but other biotic factors such as genotype (species and variety), tissue
or organ from which the explant is prepared, age, size and shape of the parent tissue or organ also affect
regeneration success. While genotype determines the regeneration ability of plants through their genetic structure
and characteristics, the selected tissue or organ of the explant also affects its regeneration potential. Younger
tissues or organs from the parent plant may often have higher regeneration capacity. Besides, the regeneration of
TCL explants is also related to the size and shape of the donor tissue, since tissues or organs of a certain size and
shape may show better regeneration. Biotic factors such as microbial infections (fungi, bacteria or viruses) are also
important. Therefore, it is important to ensure sterile working conditions. Additionally, growth hormones,
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nutrients, light conditions and other physical environmental factors used in tissue culture may also affect
regeneration capacity. Trial and error methods can be used to determine optimal regeneration conditions [18,20].

Within the scope of this study, the regeneration of L Laurus nobilis L., which is difficult to propagate by
seed and vegetative propagation methods, was attempted under in vitro conditions. Due to the increasing demand
and the excessive and destructive use of its natural distribution areas, alternative production techniques are needed
for the production of this plant. At this point, it was decided to use the TCL culture technique, which offers a wide
range of advantages compared to other plant tissue culture techniques. In addition, within the scope of this study,
various experiments were carried out to determine the effect of explant source, TCL type and nutrient medium
composition on callus and shoot regeneration. When the literature studies on the regeneration of the Laurus nobilis
L. were examined so far, no study using the TCL technique was found. Therefore, this study is intended to be
pioneering and guiding. When the data obtained from this study were evaluated, it was aimed to establish an
effective regeneration protocol by determining the best explant source, TCL type and nutrient medium composition
for callus and shoot regeneration in Laurus nobilis L.

I1l. MATERIAL AND METHOD
A. Plant Material

In this study seed, leaf and stem explants to be obtained from the female tree of Laurus nobilis L. at the
Aegean Agricultural Research Institute were used as starting materials. After the seeds were germinated under in
vitro conditions, the leaf and stem parts in vitro plantlets and also the leaf and stem parts taken from the female
tree were cut transversely using the TCL technique and used for regeneration experiments (Figure 1).
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Figure 1. TCL explants a. leaf TCL explants taken from the female tree, b. stem TCL explants taken from the female tree, c. leaf TCL eksplants
taken from in vitro plantlets, d. stem TCL explants taken from in vitro plantlets.

B. Sterilization

Seed, leaf and stem explants taken from the field were surface sterilized. For the sterilization of leaf
explants, firstly, pre-washing (rinsing in water with detergent for 1 minute and waiting in running water for 10
minutes) and then sterilization in a laminar air flow cabinet (waiting in 0.1% HgCl; for 1 minute, then rinsing with
sterile water 5 times) were carried out. For the sterilization of stem explants, the method of keeping them in 70%
ethyl alcohol during 1 minute and in 25% bleach for 5 minutes in a laminar air flow cabinet and then rinsing with
sterile water 5 times was used. For sterilization of seeds without pericarp, they were kept in 70% ethyl alcohol for
1 minute and 0.1% HgCl, for 5 minutes in a laminar flow cabinet and then rinsed with sterile water 5 times.

C. Germination

A cut was made on the edge of the seed to break dormancy. Afterwards, the seeds were cultured in glass
tubes containing 10 mL MS [23] nutrient medium supplemented with 1 mg/L BAP (30 g/L sucrose, 3 g/L gelrite,
pH 5.8).

397



BSEU Fen Bilimleri Dergisi | BSEU Journal of Science, 2024, 11(2): 394-406
B. Toska, H.H. Giingor, A. Giirel

D. Regeneration

Both sterilized leaf and stem explants taken from female Laurus nobilis L. tree and also taken from seeds
germinated under in vitro conditions were cut transversely at a thickness of 0.5 - 1 mm using the TCL system and
cultured in the nutrient media containing with different amount of sucrose, activated carbon and Coconut milk
specified in Table 1. Explants were maintained in a 16-hour light and 8-hour dark photoperiod, 24 = 2 °C and 3500
lux light intensity.

Table 1. Nutrient media codes and ingredients

Amount of
Nutrient Amount of activated Amount of
media sucrose carbon Coconut
codes (g/L) Milk (mL/L)
(9/L)
Bl 15g/L - -
B2 30 g/L - -
B3 45 g/L - -
B4 60 g/L - -
B5 30 g/L 0.5¢g/L -
B6 30 g/L lg/L -
B7 30g/L 15¢g/L -
B8 30 g/L 2g/L -
B9 30 g/L - 25 ml/L
B10 30g/L - 50 ml/L

*MS-based nutrient media containing 1 mg/L BAP were used (3g/L gelrite).

E. Statistical evaluation

The trials were carried out with 3 replications, with 10 explants in each trial, according to the randomized
plot design. Minitab 17 Statistical Software (Minitab Inc, PA, USA) was used to evaluate the data obtained.
Statistically, differences between applications were compared based on the Tukey test with an error limit of %5
and expressed with different letters.

I11. RESULTS AND DISCUSSION

A. Effect of explant type on callus regeneration, shoot regeneration and browning

When the effect of explant type on callus and shoot regeneration is examined; a higher percentage (%)
was defined in stem TCL explants compared to leaf TCL explants taken from field and in vitro. While 57.15%
callus-forming explant percentage were obtained from stem TCL explants; in leaf TCL explants, this value was
found as 1.33%. Considering the effect of explant type on shoot formation, shoot regeneration was not achieved
in leaf TCL explants; 2% shoot regeneration rate was determined in stem TCL explants. Browning was observed
at a rate of 100% in leaf TCL explants and 87.5% in stem TCL explants (Table 2).

Table 2. Effect of explant type on callus formation, shoot formation and browning

Percentage of Percentage of

Explant type explants forming explants forming eziﬁ:‘;m:%o/ )
callus (%) shoot (%) p ge (v
Stem 57.15a+3,91 2a+0.572 87.5b+3.15
Leaf 1.33b+0,556 0b=0 100a+0

*Tukey was applied for forming callus, Fisher was applied for forming shoot and for browning.
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B. Effect of explant source on callus regeneration, shoot regeneration and browning

When the explant source was considered in terms of callus formation, a higher rate of callus was obtained
in TCL explants taken from the field compared to TCL explants taken from plants grown in vitro. While
determining the percentage of callus-forming explants in TCL explants taken from the field as 35.17%; in TCL
explants taken from in vitro, this value was found 23.32%. The highest percentage of shoot-forming explants
(1.5%) was defined in TCL explants taken from Laurus nobilis L. seeds germinated in vitro. Very similar browning
rates (%) of explants taken from the field and from Laurus nobilis L. plants germinated under in vitro conditions
were obtained (Table 3).

Table 3. Effect of explant source on callus regeneration, shoot regeneration and browning

Explant Percentage of explants Percentage of explants Browning percentage
source forming callus (%) forming shoot (%) (%)

Field 35.17a+5,21 0.5a+0.284 94.17a+2.44
In vitro 23.32b+3,70 1.5a+0.522 93.33a+2.30

*Tukey was applied for forming callus, Fisher wat applied for forming shoot and browning.

C. Effect of nutrient media on callus regeneration, shoot regeneration and browning

The highest percentage of callus-forming explants (40.83%) was obtained in B2 (MS + 1 mg/L BAP +
30 g/L sucrose) nutrient medium. The highest shoot regeneration (2.5%) was defined in B3 (MS + 1 mg/L BAP +
45 g/L sucrose) and B4 (MS +1 mg/L BAP + 60 g/L sucrose) nutrient media. No shoot regeneration was observed
on B5 (MS + 1 mg/L BAP+ 0.5 g/L activated carbon), B6 (MS + 1 mg/L BAP+ 1 g/L activated carbon), B7 (MS
+ 1 mg/L BAP+ 1.5 g/L activated carbon) and B8 (MS + 1 mg/L BAP + 1.2 g/L activated carbon) nutrient media.
The lowest browning percentage was determined as 77.5% in B8 (MS + 1 mg/L BAP + 1.2 g/L activated carbon)
nutrient medium. The highest percentage of browning explants (100%) was found in B1 (MS + 1 mg/L BAP + 15
g/L sucrose), B2 (MS + 1 mg/L BAP + 30 g/L sucrose), B4 (MS + 1 mg/L BAP + 60 g/L sucrose), B9 (MS + 1
mg/L BAP + 25 ml/L coconut water) and B10 (MS + 1 mg/L BAP + 50 ml/L coconut water) nutrient media (Table
4).

Table 4. Effect of nutrient media on callus regeneration, shoot regeneration and browning

Nutrient media Percentage of explants Percentage of Browning
code forming callus (%) explants forming percentage (%)
shoot (%)

Bl 26.67ab+38.01 0.83a+0.833 100a+0
B2 40.83a+11.8 1.67a+1.12 100a+0
B3 19.17b+6.68 2.50a+1.79 97.5ab+2.5
B4 17.5b+7.99 2.50a+1.31 100a+0
B5 29.92ab+11.4 Oa+0 86.67bc+7
B6 31.67ab+10.3 0a+0 85.83bc+7.83
B7 33.33ab+10.7 Oa+0 90abc+7.18
B8 36.67ab+11.6 0a+0 77.5c+8.89
B9 32.50ab+12.5 1.67a+1.12 100a+0
B10 24.17ab+11.3 0.83a+0.833 100a+0

*Tukey was applied for forming callus, Fisher was applied for forming shoot and browning.

D. Effect of explant type, explant source and nutrient medium interaction on callus regeneration,
shoot regeneration and browning

Regarding the explant type*explant source*nutrient medium interaction on callus formation, the highest
percentage of callus-forming explants (100%) was obtained in the stem TCL explants of the female Laurus nobilis
L. tree in the field cultured in B9 (MS + 1 mg/L BAP + 25 mL/L coconut milk) nutrient medium; the lowest callus-
forming explant percentages (0%) were obtained both in vitro and in field leaf TCL explants. The highest shoot
formation percentage (6.66%) was found in the stem TCL explants from in vitro cultured in B2 (MS + 1 mg/L
BAP + 30 g/L sucrose), B3 (MS + 1 mg/L BAP + 45 g/L sucrose) and B4 (MS + 1 mg/L BAP + 60 g/L sucrose).
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No shoot regeneration was observed in leaf explants taken from in vitro and the field. The lowest percentage of
browning explants (50%) was defined from the stem TCL explants of the female Laurus nobilis L. tree in the field
cultured in B8 (MS + 1 mg/L BAP + 2 g/L activated carbon) nutrient medium (Table 5).

Table 5. Effect of explant type, explant source and nutrient medium interaction on callus regeneration, shoot regeneration and browning

Explant Explant type Nutrient Percentage of Percentage of Browning
source media explants forming  explants forming  percentage (%)
callus (%) shoot (%)
Bl 23.33efg+6.67 3.33ab+3.33 100a+0
B2 63.33abcdef+3.33 6.67a+3.33 100a+0
B3 40cdefg+5.77 6.67a+6.67 90ab+10
B4 26.67defg+6.67 6.67a+6.67 100a+0
B5 46.33bcdefg+27.5 0b+0 83.33abcd+16.7
STEM
B6 63.33abcdef+13.3 0b+0 70bcde+15.3
B7 66.67abcdef+20.3 0b=+0 73.33bcde+26,7
B8 70abcde+5.77 0b+0 50e+0
B9 30defg+10 3.33ab+3.33 100a+0
INVITRO B10 10g+0 3.33ab+3.33 100a+0
Bl 16.67fg+3.33 0b+0 100a+0
B2 6.67g+3.33 0b+0 100a:+0
B3 0g+0 0b+0 100a+0
B4 0g+0 0b+0 100a:+0
LEAF B5 0g+0 0b+0 100a+0
B6 0g+0 0b=+0 100a+0
B7 3.33g+3.33 0b+0 100a+0
B8 0g+0 0b+0 100a+0
B9 0g+0 0b=+0 100a:+0
B10 0g+0 0b+0 100a+0
B1 66.67abcdef+12 0b+0 100a+0
B2 93.33ab+3.33 0b+0 100a:+0
B3 36.67cdefg+14.5 3.33ab+3.33 100a+0
B4 43.33bcdefg+26 3.33ab+3.33 100a:+0
STEM B5 73.33abcde+12 0b+0 63.33cde+18.6
B6 63.33abcdef+12 0b+0 73.33bcde+26.7
B7 63.33abcdef+8.82 0b+0 86.67abc+13.3
B8 76.67abcd+14.5 0b+0 60de+26.5
B9 100a+0 3.33ab+3.33 100a:+0
FIELD B10 86.67abc+13.3 Ob+0 100a+0
B1 0g+0 0b+0 100a:+0
B2 0g+0 0b+0 100a+0
B3 0g+0 0b=+0 100a:+0
B4 0g+0 0b+0 100a:+0
LEAF B5 0g+0 0b+0 100a+0
B6 0g+0 0b+0 100a:+0
B7 0g+0 0b+0 100a+0
B8 0g+0 0b=+0 100a+0
B9 0g+0 0b+0 100a+0
B10 0g+0 Ob+0 100a+0

*Tukey was applied for forming callus, Fisher was applied for forming shoot and browning.

400



BSEU Fen Bilimleri Dergisi | BSEU Journal of Science, 2024, 11(2): 394-406
B. Toska, H.H. Giingor, A. Giirel

Callus and shoot regeneration achieved and browning observed in experiments using different 10 nutrient
media, 2 explant types and 2 explant sources are given in Figure 2, Figure 3 and Figure 4.

-c-(d)

Figure 2. Calli regeneration obtained in the trials: a. Calli formed on explants belonging to the in vitro sourced leaf explant*B2 nutrient
medium, b. Calli formed on explants belonging to the field sourced stem explant*B2 nutrient medium, c. Calli formed on explants belonging
to the field sourced stem explant*B10 nutrient medium, d. Calli formed on explants of in vitro derived stem explant*B2 nutrient medium.

Figure 3. Shoot regeneration achieved in the trials: a. Shoots formed in explants of in vitro sourced stem explant*B4 nutrient medium, b.

Shoots formed on explants belonging to the in vitro sourced stem explant*B9 nutrient medium, c.Shoots formed in explants belonging to the
field derived stem explant*B10 nutrient medium, d.Shoot formation on explants of in vitro sourced stem explant*B9 nutrient medium.
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Figure 4. Browning situation observed in the trials: a. No browning explants belonging to the field-derived stem explant*B8 nutrient medium,
b. Explants belonging to the field-derived stem explant*B9 nutrient medium, c. Explants belonging to the field-derived leaf explant*B1 nutrient
medium, d. Explants of in vitro sourced leaf explant*B4 nutrient medium.

1V. DISCUSSION AND CONCULUSION

In this study, an attempt was made to determine the most suitable explant source, explant type and nutrient
medium combination for the propagation of the bay plant, which is difficult to propagate by traditional methods,
with alternative production techniques. In this context, leaf and stem explants taken both from the field and from
seeds germinated under in vitro conditions were cut and cultured using the TCL technique. Since 1973, TCL
explants have been used to check the organogenesis potential of a wide variety of plants. This is because the TCL
system contains a wide range of advantages: higher regeneration potential compared to traditional in vitro methods
[24], more effective transport of media components to target cells, early morphogenesis [25], cells in the TCL
system have more contact with the nutrients and growth regulators in the culture medium than all explants [26],
and micropropagation is easier and more efficient than other micropropagation techniques [27].

In this research, callus regeneration was obtained higher in stem TCL explants compared to leaf TCL
explants. While 57.15% callus regeneration was achieved in stem TCL explants; this rate was achieved as 1.33%
in leaf TCL explants. Kiigiikrecep and Tekdal carried out a study aiming to successfully create callus regeneration
from the leaf and stem explants of selected Turkish genotypes of Common Bean. According to the results, the
highest callus ratio was obtained stem explants [28]. In the study conducted by Mahood et al., a higher rate of
callus regeneration was obtained in stem explants of Gazania rigens plant compared to leaf explants [29]. These
results support our findings obtained in our study. Callus regeneration (100%) was achieved in stem TCL explants
of female Laurus nobilis L. tree cultured in MS nutrient medium supplemented with 1 mg L' BAP and containing
25 mL L coconut milk. Many studies have reported the growth-promoting effects of coconut milk. The growth-
stimulating effects of coconut milk are due to its content of free amino acids, reduced nitrogen, myo-inositol and
sorbitol, as well as unidentified substances [30]. George’s study, revealed that coconut milk was useful for inducing
the development of both callus and suspension cultures and at the initiation of morphogenesis [31]. Stanica et al.
used modified MS + NAA 0.01 mg/L + BA 0.3 mg/L + ascorbic acid 250 mg/L + adenine sulfate 1 mg/L and
DKW + IBA 0.1 mg/L as the basic nutrient medium in the tissue culture study conducted on Laurus nobilis L. The
best result was achieved as 62% rate of callus development in the MS nutrient medium with 1 mg/L BA [32]. The
data obtained in our study is higher than the literature.

While 2% average of shoot regeneration acording to two explant sources was observed in the cultivated
stem TCL explants which found to be more successful since no shoot regeneration occurred in the leaf explants.
Shoot regeneration percentages of TCL explants taken from in vitro plants were higher than those of TCL explants
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taken from field. No shoot formation occurred in leaf TCL explants taken both in vitro and in the field. This is
thought to be due to the fact that ITCL explants contain a single type of tissue, while tTCL explants contain a small
number of cells in different tissue types [19]. In this research, all nutrient media were supplemented with 1 mg/L
BAP. Blakesley and Constantine stated that BAP is a shoot-stimulating cytokinin that is widely used in many plant
species, and emphasized that when used in combination, the ratios of cytokinin and auxin in combination are of
critical importance in stimulating shoot formation [32]. Cytokinines are one of the growth regulators widely used
in plant tissue culture technology. Cytokinines cause a variety of physiological effects when administered at low
concentrations as high molecular weight nitrogenous bases. For example, they promote axillary bud growth and
stimulate the division and differentiation processes of plant cells [34]. Mechanisms such as cell division and callus
formation can be stimulated by plant growth regulators [35].

In this study, the highest shoot regeneration (6.6%) was obtained in vitro stem TCL explants cultured in
MS nutrient media containing 30, 45 and 60 g L™ sucrose supplemented with 1 mg L** BAP. Nhut et al. found that
in their study established with stem transverse TCL explants of Lilium longiflorum plant, a higher rate of shoot
regeneration was obtained in nutrient media containing 30 and 40 g L sucrose compared to nutrient media
containing less concentration of sucrose. Shoot regeneration efficiency was obtained at a lower rate in nutrient
media containing 10 and 20 g L™* sucrose [36]. In the study by Gauchan, the effect of various concentrations of
different sugars on root and shoot formation in maize was reported that all concentrations of maltose and sucrose
showed a good growth response in shoot and root [37]. Zulfigar et al., as a result of their study on the avocado
plant, reported that there are some factors that determine the success of in vitro plant regeneration, and that the
ontogeny of the mother plant, explant source (apical or axillary), the location of the explant in the mother plant,
its metabolic state and genotype are effective on the regeneration potential [38]. Ismail et al. found that young
explants were more likely to form shoots than mature explants [39]. The findings obtained in this study support
the results obtained in our study.

Oxidation of phenolic compounds originating from the cut surface of explants in the nutrient medium can
cause significant problems in the culture of some plant species. This situation causes browning of the nutrient
medium and toxic effects in the tissues, negatively affecting the development and differentiation abilities of the
explants. To prevent the nutrient medium and tissues from browning, phenolic compounds must be removed from
the environment. For this purpose, phenolic compounds are removed from the environment by using phenolic
adsorbents such as activated carbon or polyvinylpyrrolidone (PVP). These chemicals adsorb phenolic compounds
and neutralize them [40]. In plant tissue culture studies, it has been shown that activated carbon can promote the
irreversible adsorption of inhibitory compounds in the culture medium and significantly reduce the levels of toxic
metabolites, phenolic exudation, and brown exudate accumulation [41]. In this study, it was determined that adding
2 mg/L activated carbon to the nutrient medium reduced the browning percentage (77.5%). In a study conducted
in Tunisia, Souayah et al. stated that the best shoot development in the propagation of Laurus nobilis L. by tissue
culture was with the addition of BAP + GA3 (1g/L) to 1/3 MS medium. He stated that activated carbon improves
shoot, root and callus development. In various species of the family Lauraceae, one of the main problems is high
levels of tannins and phenolic compounds that leach into the environment, where they undergo oxidation and
interfere with growth. Therefore, the role of activated carbon appears to be essential in the process due to its ability
to neutralize the reaction of tannins [42].

Laurus nobilis L. is an evergreen tree from the Lauraceae family, belonging to the Mediterranean climate,
with shiny dark green leaves and small greenish yellow flowers, containing aromatic, valuable essential oils. It is
widely used in ornamental plants, cosmetics and food fields. In addition to the fact that Laurus nobilis L. seeds
have a double dormancy and low germination rate, alternative production techniques such as plant tissue culture
techniques are needed for the production of the Laurus nobilis L. due to reasons such as excessive collection and
destruction of Laurus nobilis L. areas due to faulty cultural processes. By using plant tissue culture techniques, the
problems encountered in traditional Laurus nobilis L. production can be eliminated in a short time and regardless
of the season, and it becomes possible to obtain a large number of plants. This research is a pioneering study, as
there has been no study conducted using the "Thin Cell Layer (TCL) Culture System™ on the plant Laurus nobilis
L. to date.

According to the results of this study, important findings were obtained when examined in terms of callus
and shoot formation, and it was determined that the in vitro regeneration potential of stem TCL explants of Laurus
nobilis L. plant was higher compared to leaf explants. TCL explants taken from female Laurus nobilis L. trees in
the field were found to have a higher tendency to form callus, whereas TCL explants belonging to plants grown in
vitro were more convenient in order to form shoots. It has been determined that adding activated carbon to the
nutrient medium reduces browning. With the important findings to be obtained, it is obvious that TCL technique
will be addressed more comprehensively in this plant species.
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Isitma ve sogutma endiistrisinde ¢alisma akigkani olarak sogutucu akigkanlar kullanilmaktadir. Cevresel sorunlarin
artmasiyla birlikte diinyada giderek artan sera gazi emisyonu, kiiresel 1sinma gibi gevresel problemlerin oniine
geemek i¢in ¢cevreye zarar veren akiskanlarin kullanimi azaltilmaya ¢alisilmaktadir. Bu kapsamda bir¢ok sogutucu
akigskan gelistirilmis ve gelistirilmeye devam edilmektedir. Bu g¢aligmada, kiiresel 1sinma potansiyeli (GWP)
yiiksek olan R404A yerine alternatif sogutucu akiskanlarmin kullanildigi buhar sikistirmali sogutma sisteminin
teorik analizi, mithendislik denklem ¢oziicii (EES) programi kullanilarak yapilmigtir. Buhar sikistirmali sogutma
sisteminde GWP degeri diisiik olan R454A, R454C, R455A, R457A ve R459B sogutucu akiskanlari kullaniimustir.
Sogutucu akiskanlarin termodinamik 6zellikleri REFROP yazilimindan alinmistir. Yapilan analizler sonucunda en
yiiksek sogutma performans katsayis1 (COP) degeri, kondenser sicakligi 30°C ve evaporator sicakligi 5 °C iken
R457A sogutucu akigkanmi ile ¢alisan sistemde 8.03 olarak bulunmustur. Ayni sartlarda, R404A sogutucu
akiskaniyla ¢alisan sistemde, COP degeri 7.94 olarak bulunmustur. En yiiksek ekserji verimi ise kondenser
sicakligl 30°C ve evaporator sicakligr -5°C iken R457A sogutucu akiskani ile c¢alisan sistemde 0.59 olarak
bulunmustur. Aymi sartlarda, R404A sogutucu akigkaniyla c¢aligan sistemde ekserji verimi 0.58 olarak
bulunmustur. En yiiksek ekserji yikiminin ise sogutma sisteminin evaporatoriinde oldugu goriilmistiir. Sonug
olarak, R457A'nin hem GWP hem de COP ve ekserji verimliligi agisindan R404A yerine kullanilabilecek en uygun
alternatif sogutucu akigkanlardan biri oldugu belirlenmistir.

Anahtar Kelimeler- Sogutma, enerji, ekserji Yeni nesil sogutucu akiskanlar

ABSTRACT

Refrigerants are used as working fluids in the heating and cooling industry. In order to prevent environmental
issues such as greenhouse gas emissions and global warming, which are on the rise due to increasing environmental
problems worldwide, the use of environmentally harmful fluids is tried to be reduced. In this study, the theoretical
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analysis of a vapor compression refrigeration system using alternative refrigerants instead of R404A, which has a
high global warming potential (GWP), was carried out using the Engineering Equation Solver (EES) program.
R454A, R454C, R455A, R457A and R459B refrigerants with low GWP were used in the vapor compression
refrigeration system. The thermodynamic properties of the refrigerants were obtained from REFROP software. As
a result of the analysis, the highest coefficient of performance (COP) value was found to be 8.03 in the system
operating with R457A refrigerant when the condenser temperature was 30°C and the evaporator temperature was
5°C. Under the same conditions, the COP value was found to be 7.94 in the system operating with R404A
refrigerant. The highest exergy efficiency was found to be 0.59 in the system operating with R457A refrigerant
when the condenser temperature was 30°C and the evaporator temperature was -5°C. Under the same conditions,
the exergy efficiency was found to be 0.58 in the system operating with R404A refrigerant. The highest exergy
destruction was observed in the evaporator of the cooling system. As a result, it was determined that R457A is one
of the most suitable alternative refrigerants that can be used instead of R404A in terms of both GWP and COP and
exergy efficiency.

Keywords- Cooling, energy, exergy, new generation refrigerants

|. GIRIS

Sogutma, 151 pompasi sistemleri ve organik Rankine ¢evrimlerinde kullanilan R134a, R410A ve R404A
gibi yiiksek GWP (kiiresel 1sitnma potansiyeli) degerine sahip sogutucu akigkanlar, iklim degisikligi tizerindeki
etkileri nedeniyle asamali olarak kullanimdan kaldirilmaktadir. Bu nedenle ¢evre dostu ayni zamanda yiiksek
enerji performansina sahip sogutucu akigkanlarin kullanilmasi 6nemlidir. Baz1 iilkeler veya kuruluslar, sera
gazlarini sinirlandirmak igin alternatif sogutucu akiskanlarin gelistirilmesini tesvik etmek amaciyla bir dizi yasa
ve yonetmelik yaymlamistir. Avrupa Birligi 2015 yilinda HFC'leri (Hidroflorokarbonlar) azaltmaya baglamistir ve
yaymlanan F-gaz yonetmeligi 2030 yili sonuna kadar HFC sogutucu akigkanlarinin %79'unu agamali olarak
ortadan kaldirmay1 planlamaktadir. Ayni1 zamanda, kullanilabilir sogutucu akigskanlarin GWP degeri de
belirtilmistir [1,2]. Tirkiye’de 2010 yilindan itibaren CFC (kloroflorokarbon) ve HCFC (Hidrokloroflorokarbon)
sogutucu akigkanlarin kullanimi yasaklanmistir. HCF’lerin ise 2030 yilina kadar kullanimina miisaade
edilmektedir. Dolayisiyla, R404A gibi sogutucu akiskanlarin kiiresel 1sinma tizerindeki etkisi 6nemli oldugundan,
yiikksek GWP'li HFC'ler HCFC'lerin yerini alacak en uygun segenek olarak goriilmemektedir. Kiiresel iklim
degisikligi lizerinde yiiksek etkiye sahip bu sogutucu akiskanlarin yerini alacak alternatif sogutkanlara yonelik
tesvik de artmaktadir [3].

Literatiirde, R404A ve alternatiflerine iligskin bazi ¢aligmalar yer almaktadir. Altinkaynak ¢aligmasinda
R404A'ya alternatif sogutucu akigskanlar R455A, R454C, R452A igin bir sogutma sisteminin kapsamli bir
termodinamik performans analizi yapmistir. R455A, R454C, R452A ve R404A i¢cin COP degerleri sirasiyla 2.63,
2.30, 2.31 ve 2.47° dir. R455A, R454C, R452A ve R404A igin ekserji degerleri sirasiyla % 43.9, %38.7, %38.8
ve %42.3 olarak bulunmustur. Bu alternatifler sogutkanlar arasinda en iyi akigkanin R455A oldugu tespit edilmistir
[4]. Devecioglu ve Orug ¢alismalarinda sogutma sistemlerinde kullanilan R404A ve R452A sogutucu akigskanlarini
deneysel olarak karsilastirmiglardir. R452A kullanildiginda COP degerinin R404A'dan yaklagik %3 ila %8
oraninda daha yiiksek oldugu goriilmiistiir. Sistemin gii¢ tiiketimi de yaklagik %5 oraninda azaltilmistir [5]. Orug
ve Devecioglu yaptiklar ¢alismalarinda R404A'y1, R454A ve R454C ile deneysel olarak karsilastirmislardir.
R454A ve R454C' nin COP degerlerinin R404A'dan sirasiyla yaklasik %14 ve %10 daha biiyiik oldugunu tespit
etmislerdir [6]. Llopis ve ark., R404A'ya alternatif olan daha diisik GWP degerlerine sahip R459B, R454C, R455A
ve R457A sogutucu akigkanlarinin enerji performansini deneysel olarak aragtirmistir. R454C, R459B, R457A,
R455A'nin enerji tiketiminin R404'e gore sirasiyla %2.45, %11.55, %10.69 ve %2.9 daha diisiik oldugunu
belirtmislerdir [7]. Yildirim vd., R404A ve R454C sogutucu akiskanlarinin enerji ve ¢evresel performansini, farkli
evaporator ve kondenser sicakligi igin kargilagtirmiglardir. R454C, R404A'dan yaklasik %4 daha yiiksek bir COP
degerine sahipken, yasam dongiisii iklim performansimin yaklasik %3.5 daha diisiik oldugunu tespit etmislerdir
[8]. Ender, ¢alismasinda R404A sogutucu akigkani kullanan buhar sikistirmali sogutma sisteminde herhangi bir
degisiklik olmaksizin R404A yerine R442A ve R453A kullanimint deneysel olarak incelemistir. R442A ve
R453A'nin sogutma kapasitelerinin R404A'ya gore sirasiyla %6.92 ve %3.10 daha yiiksek oldugunu belirtmislerdir
[9]. Mendoza-Miranda vd., R134a ve R404A’nin yerine kullanilabilen R448A ve R450A sogutkanlarinin sogutma
sistemlerindeki performansini arastirmuglardir [10]. Mota-Babiloni vd., R404A'ya alternatif R448A sogutucu
akigkani ile ¢aligan sistemi gii¢ tiiketimi, sogutma kapasitesi ve COP degerleri agisindan kiyaslamiglardir [11]. Li
yaptig1 calismada, R404A akiskani yerine kullanilabilecek R452A akiskaninin R404A’ya gore sera gazi
emisyonlarini %5-15 oraninda azalttigini gostermistir [12].

Literatiir 6zetlerinde goriildiigii gibi, R404A’nin alternatifleri olan akigkanlarla ilgili baz1 ¢aligmalar
mevcuttur. Ancak R454A, R454C, R455A, R457A, R459B sogutkanlarinin hepsinin karsilastirmali olarak

408



BSEU Fen Bilimleri Dergisi / BSEU Journal of Science, 2024, 11(2): 407-421
N.S. Can, R. Yildirim, A. §S. Sahin

incelendigi bir ¢alismaya literatiirde rastlanmamistir. Bu ¢aligmada; R404A ve R404A’ya alternatif bes sogutucu
akigkanla calisan sogutma sistemi enerji ve ekserji performanslari agisindan karsilastirilmigtir. Teorik olarak
yapilan analizlerde EES programi kullanilmigtir. Literatiirde gogunlukla bu alternatif sogutucu akigkanlar ayr1 ayri
incelendiginden birbirleriyle ayni ¢alisma parametrelerinde karsilagtirma imkani olamamistir. Bu caligmada
literatiirden farkli olarak, bahsedilen alternatif sogutkanlarin hepsi ayni ¢alisma parametrelerinde mukayese
edildiginden en uygun sogutucu akiskanin belirlenmesi miimkiin olmaktadir.

Il. MATERYAL VE METOT

Bu calismada, R404A’ya alternatif sogutucu akigkanlarin kullanildigi ve sematik diyagrami Sekil 1’de verilen
buhar sikistirmali bir sogutma sisteminin teorik olarak termodinamik analizleri yapilmistir. Bu amagla EES
programi kullanilmistir.

Dis Ortam
Kondenser
Fan 7
Kompresor
Sogutma
€ Bolgesi
Genlesme
Valfi
Evaporator

Sekil 1. Buhar sikistirmali sogutma sisteminin sematik diyagrami

Bu calismada incelenen alternatif sogutucu akigkanlar (R454A, R454C, R455A, R457A, R459B)
ozellikle giivenlik ve ¢evresel etkiler bakimindan degerlendirilerek segilmislerdir. Alternatif sogutkan se¢iminde
GWP degeri en 6nemli etkenlerden biridir. Bu akigkanlarin GWP degerlerinin R404A’dan oldukea diisiik olmast,
alternatif sogutkan olarak secilmelerinde en dnemli etken olmustur. Tablo 1’de bu sogutucu akigkanlarin 6zellikleri
verilmistir. Sogutucu akigkanlara ait diger termodinamik 6zellikler REFROP yazilimindan alinmistir.

Tablo 1. R404A Alternatifi Olan Sogutucu Akiskanlarin Ozellikleri [13, 14]

Sogutucu akiskan GWP Emniyet Simifi

R404A 3943 Al

R454A 238 A2L
R454C 146 A2L
R455A 146 A2L
R457A 139 A2L
R459B 143 A2L

Sogutma sisteminin analizinde yapilan kabuller Tablo 2’de goriilmektedir. Cevre sicakligi 20 °C ve gevre
basinci 1 atm olarak alinmustir.
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Tablo 2. Sistem i¢in yapilan kabuller

Sogutma Yiikii (Qe) 1 kw

Kondanser Sicakligi (Tg) 30°C, 35°C ve 40°C

Evaporator Sicakligi (Te) -40°C ile 5°C ( her bir 5°C adim igin)
Kompresor izentropik Verimi 0.80

Asirt Kizdirma Sicakligi 7°C

Asirt Sogutma Sicakligi 7°C

Alternatif sogutucu akiskanlarin kullanildig1 sogutma sisteminin enerji analizinde; kompresor enerji
tiiketimi (W,), sogutkan debisi (h,.), sogutma performans katsayist (COP) ve ikinci yasa verimi (1)
karsilagtirma parametreleri olarak kullanilmis ve Esitlikler (1-5) asagida verilmistir.

Qe =1, (hy —hg)e @)
W, = 1, (h, — hy), @
COP = va_c 3)
1ty = (V0) e hate “)
N 2

Tv ve Ty sicaklik sinirlart arasinda ¢aligan bir sogutma sisteminin en yiikksek COP degeri agsagidaki gibi
yazilabilir:

T
COPey = TH——LTL (6)

Gergek bir sogutma sisteminin COP'si her zaman tersinir bir sogutma sisteminin COP'sinden daha
diisiiktiir. Sogutma sisteminin ikinci yasa (ekserji) verimi asagidaki gibi yazilabilir:

cop
M = Cop,00 )
Sogutma sisteminin ekserji yikimi Esitlik (8) ile hesaplanabilir [15].
. _ . _ _ . _ T_O
fxg = We — [-Qe (1-7)] (®)
I1l. BULGULAR VE TARTISMA

Bu ¢aligmada, R404A'nin alternatifleri olarak GWP'si diisiik olan R454A, R454C, R455A, R457A ve
R459B sogutucu akiskanlarin kompresor giicii, sogutucu akigkan debisi, COP ve ekserji verimleri incelenmistir
[16]. Sekil 2’de, 30°C, 35°C ve 40°C kondenser sicakligi i¢in farkli sogutucu akigkanlarm kompresor enerji
tilketiminin evaporatér sicakligiyla degisimi gosterilmektedir. Tiim sogutucu akigkanlar igin evaporator
sicakliginin  artmasiyla ve kondenser sicakliginin azalmasiyla kompresor enerji tiiketiminin azaldigt
goriilmektedir. En yiiksek kompresor enerji tiiketimi, R455A sogutucu akiskani ile calisan sistemde -40°C
evaporator sicakligi ve 40°C kondenser sicakliginda 0.718 kW olarak bulunmustur. Ayni sartlarda, R404A
sogutucu akiskaniyla c¢alisan sistemde, kompresor enerji tiiketimi 0.683 kW olarak bulunmustur. En diisiik
kompresor enerji tikketimi ise R457A sogutucu akiskaniyla calisan sistemde 5°C evaporator sicakligi ve 30°C
kondenser sicakligi i¢in 0.125 kW olarak bulunmustur. Ayni sartlarda, R404A sogutucu akiskaniyla ¢alisan
sistemde, kompresor enerji tiiketimi 0.126 kW olarak bulunmustur.
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Sekil 2. Kompresor enerji tiiketiminin farkl evaporator ve kondenser sicakliklarinda karsilastirilmas:
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Sekil 3’te, 30°C, 35°C ve 40°C kondenser sicaklig1 i¢in farkli sogutucu akiskanlarin kiitlesel debilerinin
evaporator sicakligiyla degisimi gosterilmektedir. Tiim sogutucu akiskanlar i¢in evaporatdr sicakliginin artmastyla
ve kondenser sicakliginin azalmasiyla kiitlesel debinin azaldigi goriilmektedir. En yiiksek kiitlesel debi, R404A
sogutucu akigkani ile ¢aligsan sistemde -40°C evaporator sicaklig ve 40°C kondenser sicakliginda 0.010 kg/s olarak
bulunmustur. En diisiik kiitlesel debi ise R454A sogutucu akiskaniyla ¢alisan sistemde 5°C evaporator sicakligi ve
30°C kondenser sicakligi i¢in 0.005 kg/s olarak bulunmustur. Ayni sartlarda, R404A sogutucu akiskaniyla ¢alisan
sistemde, kiitlesel debi 0.007 kg/s olarak bulunmustur.
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Sekil 3. Sogutucu akigkanlarin kiitlesel debilerinin farkli evaporator ve kondenser sicakliklarinda karsilagtirilmasi
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Sekil 4'de, 30°C, 35°C ve 40°C kondenser sicaklig: igin farkli sogutucu akigskanlarin COP degerinin
evaporator sicakligiyla degisimi gosterilmektedir. Tiim sogutucu akiskanlar i¢in evaporatér sicakliginin artmasiyla
ve kondenser sicakligmin azalmasiyla COP degerinin arttii goriilmektedir. En yitksek COP degeri R457A
sogutucu akiskani ile c¢alisan sistemde, 5°C evaporator sicakhigi ve 30°C kondenser sicakliginda 8.03 olarak
bulunmustur. Ayni sartlarda, R404A sogutucu akigkaniyla ¢alisan sistemde, COP degeri 7.94 olarak bulunmustur.
En diisik COP degeri ise R455A sogutucu akiskaniyla caligsan sistemde -40°C evaporator sicakligr ve 40°C
kondenser sicakligi i¢in 1.39 olarak bulunmustur. Ayni sartlarda, R404A sogutucu akiskaniyla ¢alisan sistemde
COP degeri ise 1.46 olarak bulunmustur.
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Sekil 4. Sogutucu akiskanlarin COP degerlerinin farkli evaporator ve kondenser sicakliklarinda karsilastirilmasi

Sekil 5 te, 30°C, 35°C ve 40°C kondenser sicaklig1 i¢in farkli sogutucu akiskanlarin ekserji verimliliginin
evaporator sicakligiyla degisimi gosterilmektedir. Tiim sogutucu akiskanlar igin kondenser sicakliginin
azalmasiyla ve evaporatdr sicakliginin artmasiyla ekserji veriminin artt1g1 goriilmektedir. Fakat ekserji veriminin
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-5°C evaporator sicakliginda maksimum degere ulastiktan sonra azalmaya basladig1 goériilmektedir. En yiiksek
ekserji verimi, R457A sogutucu akigkaniyla calisan sistemde -5°C evaporator sicakligi ve 30°C kondenser
sicakliginda 0.59 olarak bulunmustur. Ayni sartlarda, R404 A sogutucu akiskaniyla ¢alisan sistemde ekserji verimi
0.58 olarak bulunmustur. En diisiik ekserji verimi ise R455A sogutucu akiskaniyla ¢aligsan sistemde 5°C evaporator
sicaklig1 ve 40°C kondenser sicakligi i¢in 0.35 olarak bulunmustur. Ayni sartlarda, R404A sogutucu akiskaniyla
calisan sistemde ekserji verimi 0.37 olarak bulunmustur.
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Sekil 5. Sogutucu akiskanlarin ekserji veriminin farkli evaporator ve kondenser sicakliklarinda karsilagtirilmasi

Tablo 3’ te, yine ayn1 ¢aligma sartlarinda (kondenser sicakligi 35°C ve evaporator sicaklig -10 °C) tiim
sogutucu akigkanlar i¢in elde edilen sonuglarin genel bir karsilagtirmasi goriilmektedir. Tablo 3’ te goriildiigii gibi
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en yiiksek COP degeri R457A sogutucu akigkani ile ¢alisan sistemde 3.83 olarak bulunmustur. En yiiksek ekser;ji
verimi de yine R457A sogutucu akiskaniyla caligan sistemde 0.51 olarak bulunmustur.

Tablo 3. Tim sogutucu akigkanlar igin elde edilen sonuglarin genel bir karsilagtirmasi

Parametre RA404A R454C RA454A RA455A RA457A  R459B
m, (kg/s) 0008 0007 0006 0008 0006  0.007
W, (kw) 027 026 020 020 021 026
0. (kw)  1.26 126 127 129 126 126

COP 3.72 3.74 3.71 3.45 3.83 3.75
CR 3.71 3.83 3.80 3.63 3.87 3.85
Exda (KW)  0.36 0.36 0.36 0.38 0.35 0.35
nu 0.49 0.49 0.49 0.46 0.51 0.50

Literatiirde R404A sogutucu akigkanina alternatif olan diisiik GWP oranma sahip alternatif sogutucu
akigkanlar ile ilgili ¢aligmalar mevcuttur. Bunlardan bazilarinin mevcut ¢alisma ile karsilagtirmasi yapilarak Tablo
4’te verilmistir. Genel olarak, bu calismada elde edilen sonuglar literatiirdeki c¢aligmalarla uyumlu oldugu
goriilmektedir. Fakat ¢calisma parametre ve kabullerinin her ¢alismada ayn1 alinmamasindan dolayi, elde edilen
sonuglarin farkl olacag: da asikardir. Literatiirdeki ¢alismalarda ¢ogunlukla bu alternatif sogutucu akiskanlar ayr
ayr1 incelendiginden birbirleriyle ayni ¢caligma parametrelerinde karsilagtirma imkéni olamamaistir. Bu ¢alismada
literatiirden farkli olarak, bahsedilen alternatif sogutucu akiskanlarin hepsi ayni caligma parametrelerinde
mukayese edildiginden en uygun sogutucu akiskanin belirlenmesi miimkiin olmaktadir.

Tablo 4. Mevcut ¢aligmanin literatiirde bulunan ¢alismalar ile karsilastirilmasi

Yazar(lar) Yil Akigkan Analizler Sonuglar

e R404A’ya alternatif R454C sogutucu akiskan bir sogutma
sisteminde incelenmistir.

e Bes farkli evaporator sicakligi (-15°C, -10°C, -5°C, 0°C ve
5°C) ve sabit bir kondenser sicakligi (35 °C) i¢in analizler
yapilmugtir.

e Caligmada, R454C’nin enerji performans (COP) degeri
R404A’dan yaklasik olarak %4 oraninda daha yiiksek

RA04A “Eneri oldugu belirtilmistir. . ]

. : ® R454C’nin yasam dongisii iklim performansi (LCCP)

Ras4C Govresel etki degeri R404A dan biraz diisiik (yaklasik %3.5) oldugu

ifade edilmistir.

e Son olarak sogutma sistemlerinin gevresel etkilerinin
azaltilmasi i¢in sadece diigiik GWP sogutucu akigkanlarin
kullanilmasi tek basina yeterli bir kriter olmadig1 bunun
yaninda sogutma sisteminin enerji performansinin
arttirilmast  ve ¢evre dostu enerji kaynaklarinin
kullanilmasi dnerilmistir.

e Yazar, gida tasgimaciligi sogutma sektdriiniin yasam
dongiisii iklim performansini kapsamli bir arastirmasini
yapmustir.

-Enerji e Calismada R404A sogutucu akiskanina alternatif olarak

-Cevresel etki diisiik GWP’li R452A sogutucu akiskani segilmistir.

e Digsik GWP oranina sahip R452A, R404A ile

kargilagtirlldiginda %5 ile %15 arasinda emisyonlarin

azalmasini sagladig ifade edilmistir.

Caligma kapsaminda ticari bir sogutma sisteminde R404A

yerine daha diigiik GWP oranina sahip sogutucu akiskanlar

(R4554C, R459B ve R457A, R455A) deneysel

RAEAC incelenmistir.

R459B R454C, R459B, R457A, R455A nin R404’a gore enerji

Llopis vd. [7] 2019 RASTA -Enerji tilketimleri sirasiyla %2.45, %11.55, %10.69, % 2.9

RA55A oraninda daha diisiik oldugunu ifade etmislerdir.

Alternatif sogutucu akiskanlarin tiimiiniin optimum sarj
oranlarinin R404A’dan daha diisiik oldugu belirtilmistir.

Alternatif sogutucu akigkanlarin R404A ya gore enerji

performansini iyilestirebilecegi sonucuna varimigtir.

Calismada, R404A'ya alternatif olarak daha diisiik GWP'ye

sahip R454A ve R454C akigkanlarinin performanst

RAO4A deneysel olarak incelenmis ve karsilastirmstir.

RA54A . Caligmada farkli buharlagsma sicaklig1 (-5°C, 0°C, 5°C) ve

Orug ve Devecioglu [6] 2021 RABAC -Enerji farkli kondenser sicakligi (30 °C, 40 °C, 50°C)

kullanilmustir.

R404A ile karsilagtirildiginda, R454A ve R454C'nin tim

kondenser sicakliklarinda dlgiilen kompresor giic tiikketimi

sirastyla %6 ve %15 oraninda azaldig ifade edilmistir.

Yildirim vd. [8] 2021

RA04A
Li [12] 2017 | R452A

R404A
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e R454A ve R454C'nin R404A'ya kiyasla COP degerleri
incelendiginde sirastyla %14 ve %10 daha yiiksek oldugu
belirtilmigtir.

On bir farkl evaporator sicaklig (-40 °C, -35°C, -35°C, -
30°C, -25°C, -20°C, -15°C, -10°C, -5°C, 0°C, 5°C), ii¢ farkli
kondenser sicaklig1 (30°C, 35°C, 40°C), sabit sogutma yiikii
(1 kW), 0.8 kompresor izantropik verimi ve 7 °C asiri
kizdirma ve asirt sogutma sartlari i¢gin R404A’ya alternatif
sogutucu akigkanlar bir sogutma sistemi i¢in incelenmistir.
En yiiksek COP degeri R457A sogutucu akiskani sahiptir.
5°C evaporator sicakligi ve 30°C kondenser sicakliginda
R457A ve R404A’nin COP degerleri sirasiyla 8.03 ce

R404A

7.94°tiir.
gjgjé B e En disik COP degerine sahip sogutucu akigkan
Bu ¢alisma 2024 RA55A -Enerj I R455A’dir. -40°C evaporator sicakligi ve 40°C kondenser
RA57A -Ekserji sicakliginda R455A ve R404A nin COP degerleri sirastyla
R459B 1.393 ve 1.464tiir.

R454C, R457A ve R459B sogutucu akiskanlarinin
kompresor  enerji  tiketimleri  R404A’ya  gore
sirastyla %2.98, %6.62 ve %3.57 oraninda daha diisiik
oldugu gorulmustir.

R454C, R457A ve R459B sogutucu akiskanlarinin COP
degerleri R404A’ya gore sirasiyla %3.07, %7.09 ve %3.7
oraninda daha yiiksek oldugu gérilmistiir.

En yiiksek ekserji verimi ise kondenser sicakligi 30 °C ve
evaporator sicakligr -5 °C iken R457A sogutucu akiskani
ile calisan sistemde 0.594 olarak hesaplanmisgtir.

IV. SONUCLAR

GWP degeri diisiik olan yeni nesil sogutucu akigkanlarla ¢aligan sistemlerin R404A sogutucu akigkaniyla
calisan sisteme gore yakin veya daha yiiksek verimlilik sagladig1 goriilmiistiir. Caligma sonucunda R404A yerine
alternatif R454C, R454A, R455A, R457A ve R459B sogutucu akiskanlar kullanilmasi durumunda elde edilen
sonuglar asagida dzetlenmistir:

e Sistemdeki sogutucu akiskan debileri agisindan alternatif sogutkanlar R404A ile karsilastirildiginda;
R454C sogutucu akiskaninda %14.48, R454A ve R457A akigkanlarinda sirasiyla %34.71 ve %22.11 ve
R459B akigskaninda %15.19 oraninda azalma meydana gelmistir.

o Kompresor enerji tiiketimi karsilastirildiginda; R454C sogutucu akiskaninda %2.98, R457A ve R459B
sogutucu akiskanlari igin sirastyla %6.62 ve %3.57 oraninda azalma meydana gelmistir.

e Sistemin performans katsayilarinda R454C sogutucu akiskaninda %3.07, R457A ve R459B sogutucu
akiskanlarinda sirasiyla %7.09 ve %3.7 oraninda artis meydana gelmistir.

o Enyiksek ekserji verimi ise kondenser sicakligi 30 °C ve evaporator sicakligi -5 °C iken R457A sogutucu
akigkani ile ¢aligsan sistemde 0.59 olarak bulunmustur.

R404A'nin disik GWP'li alternatif sogutucu akigkanlarla yer degistirmesi durumunda sogutma
sisteminde daha disiik sogutucu akigkan yiikleri, daha az enerji tilketimi ve daha yiiksek performans degerleri
miimkiin olmaktadir. Boylece ¢alismada sunulan verilerin ticari 6neme sahip oldugu da gériilmektedir. Caligmadan
elde edilen sonuglar, enerji ve ekserji verimliligi kriterleri agisindan sogutma sistemi tasarimcilarina katki
saglayacagi diisliniilmektedir.

SIMGELER VE KISALTMALAR DiZiNi

COP  Performans katsayisi

CR Sikistirma orani
Exq Ekserji yikimi (kW)
h Entalpi (kJ/kg)
Kiitlesel debi (kg/s)
Q Birim zamanda 1s1 gegisi (KW)
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T Sicaklik (°C veya K)
\Y Hacimsel debi (m3/s)
W Giig (kW)
p Yogunluk [kg/m®]
nn Ekserji verimi
Alt Indisler
c Kondenser
Cc Kompresor
¢ Cikan
e Evaporator
g Giren
H Ist atilan ortam
L Sogutulan ortam
0 Cevre
r Sogutucu akiskan
rev Tersinir
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ABSTRACT

This study focuses on the novel conformable methods employed to obtain new numerical solutions for the Cahn-
Allen equation with conformable fractional derivatives. One of the two distinct methods put forth is the Cg-HATM,
a hybrid technique that integrates the g-homotopy analysis transform method with the Laplace transform, utilizing
the definition of conformable derivative. The CHPETM is a hybrid technique that combines the homotopy
perturbation method with the Elzaki transform (ET). New numerical solutions of the conformal fractional
differential Cahn-Allen equation were obtained using CHPETM and Cqg-HATM. The computer simulations have
been conducted in order to provide validation for the efficacy and reliability of the proposed methods. Upon
performing a comparative analysis between the exact solutions and the solutions obtained through the novel
methods, it becomes evident that both of these approaches exhibit simplicity, efficacy, and proficiency in
addressing nonlinear conformable time-fractional coupled systems.

Keywords- Cahn-Allen equation, conformable homotopy perturbation Elzaki transform method, conformable
Elzaki transform

Oz

Bu ¢alisma, uyumlu kesirli tiirevli Cahn-Allen denkleminin yeni sayisal ¢oziimlerini elde etmek i¢in kullanilan
yeni uyumlu yéntemlere odaklanmaktadir. One siiriilen iki farkli yontemden biri, uyumlu Kesirli tiirev tanimimi
kullanarak, g-homotopi analizi doniisiim yontemi ile Laplace dontistimiiniin birlesiminden olusan hibrit bir yéntem
olan Ug-HADY" dir. UHPEDM, homotopi pertiirbasyon yontemininin Elzaki déntisiimiiyle birlesiminden olusan
hibrit bir yontemdir. Uyumlu kesirli tiirevli Cahn-Allen denkleminin yeni niimerik ¢oziimleri UHPEDM ve Ug-
HADY kullanilarak elde edilmistir. Onerilen metodlarimn etkinliginin ve giivenilirliginin dogrulanmasini saglamak
amactyla bilgisayar simiilasyonlar1 yapilmigtir. Kesin ¢oziimler ile yeni yontemlerden elde edilen ¢6ziimler
arasinda kargilagtirma analizi yapildiginda, bu yaklagimlarm her ikisinin de dogrusal olmayan uyumlu zaman-
kesirli bagl sistemleri ele almada basitlik, etkinlik ve yeterlilik sergiledikleri ortaya ¢ikmaktadir.

Anahtar Kelimeler-Cahn-Allen denklemi, uyumlu homotopi pertiirbasyon Elzaki diniisiim metodu, uyumlu
Elzaki doniisiimii

1Contact: secondauthor@example.com (https://orcid.org/XXXX-XXXX-XXXX-XXhttps://orcid.org/0009-0003-7503-
1012XX)

Mathematical Engineering of Department, Gumushane University, Address Gumushane University Faculty of Engineering
and Natural Sciences

2*Corresponding author contact: halilanac0638@gmail.com (https://orcid.org/0000-0002-1316-3947)

Computer Technologies, Gumushane University, Address Gumushane University Torul Vocational School
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I. INTRODUCTION

Extensive study has been conducted in the topic of fractional calculus, leading to its formal definition by
numerous esteemed scientists. The researchers have formulated novel conceptualizations of fractional calculus
(FC), which subsequently laid the foundational framework for the field of fractional analysis. Fractional
differential equations (FDEs) are frequently employed in the construction of nonlinear models. The utilization of
FC has been utilized to analyze and explore diverse topics, such as chaos theory, financial models, disordered
environments, and optics. The application of solutions generated from FDEs plays a crucial role in the discovery
and understanding of nonlinear occurrences in the natural world. A diverse range of analytical and numerical
methods are employed in order to get precise solutions for fractional differential equations that incorporate
nonlinear phenomena, due to their inherent complexity. [1-11].

Khalil et al. have recently introduced a novel conceptualization of fractional derivative and fractional integral
in their scientific publication. The authors have successfully demonstrated that the newly presented definition
exhibits the fundamental characteristics of the classical derivative as described in classical analysis, while also
adding a limit form that closely approaches the definition of the classical derivative. The author introduces a novel
conception of the fractional derivative in their scholastic contribution. The definition presented incorporates a
variety of mathematical concepts, including the product rule, quotient rule, chain rule, fractional Rolle's theorem,
and fractional mean value theorems. The utilization of the conformable fractional derivative is regarded as a key
and very advantageous approach. Furthermore, it increases our ability to articulate the actions exhibited by tangible
entities. The utilization of the conformable fractional derivative gives an innovative approach for addressing
intricate problem domains. Fractional order models are commonly employed in the field of engineering and applied
sciences due to their ability to offer a more precise representation of real-world phenomena. Conformable
fractional derivatives have been employed by a multitude of academics across several academic fields. The
utilization of the conformable fractional operator serves as a viable approach to tackle specific limitations that are
present in existing fractional operators. The subject matter being examined spans a range of mathematical concepts,
such as the mean value theorem, the chain rule, the product rule for differentiating two functions, the derivative of
the quotient of two functions, and Rolle's theorem [12].

The Elzaki transform method has been utilized for solving the ordinary differential equations. Differential
transform method (DTM) in conjunction with ET has been employed to address a range of nonlinear differential
equations. The Homotopy Perturbation Elzaki Transform Method (HPETM) was initially introduced by Elzaki
and Hilal in their original work. Furthermore, the HPETM has successfully solved three nonlinear partial
differential equations (PDEs). Elzaki and Kim employed a novel hybrid approach that combines the ET with the
modified variational iteration method to tackle the radial diffusivity and shock wave equations in their research.
Aggarwal et al. employed the method of ET to obtain solutions for the first kind Volterra integral equations.
HPETM is applied to construct a solution for the fractional Navier-Stokes equations [13-18].

However, it is imperative to recognize that the fractional order has the ability to exhibit both time and space.
The topic under consideration pertains to the advancing field of fractional partial differential equations (FPDES)
that encompass operators with varying orders of fractional differentiation. Numerous rigorous numerical methods
have been devised and documented in scholarly publications, with substantial contributions from respected experts
within the discipline. A multitude of approaches have been proposed in academic literature to tackle mathematical
conundrums. This collection of techniques includes Adomian Decomposition Method (ADM), Homotopy
Analysis Method (HAM), Homotopy Perturbation Method (HPM), Collocation Method, Sumudu Transform
Method (STM), DTM, and Variational Iteration Method (VIM) [19-38].

Yasar and Giresunlu employed the homotopy analysis method to obtain the fractional order analytical solution
to the Cahn-Allen equation (CAE) [44]. The time-fractional CAE was examined using the fractional sub-equation
method to provide an approximation solution for the S-H equation [45]. Yasar et al. employed the (G’/G)-expansion
method to obtain a series solution for the space-time CAE [46]. Hariharan and Kannan employed the Haar wavelet
method to provide a numerical solution for the CAE [47]. Tascan and Bekir discovered both solitary and periodic
wave solutions for the CAE [48]. The modified handy equation technique is utilized to provide novel feasible
solutions for the CAE, and the resulting outcomes are also consistent with the penalties proposed by Tarig and
Akram [49]. Bekir [50] utilized the double exp-function method to solve the CAE and obtain solutions for one-
soliton and two-soliton cases. Guner et al. investigate three methods for analyzing the time-fractional order CAE
[51].

The primary objective of this project is to acquire innovative numerical solutions for the Cahn-Allen equation
with conformable fractional derivative (CFD). This will be achieved by employing the conformable g-homotopy
analysis transform method (Cq-HATM). The secondary objective of the study is to acquire innovative numerical
solutions for the Cahn-Allen equation using CFD. The objective will be accomplished by the utilization of the
conformable homotopy perturbation Elzaki transform method (CHPETM).
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The subsequent enumeration presents a detailed inventory of the other constituents of the study. The following
section of the article provides a thorough explanation of the fundamental principles that underlie conformable
fractional calculus and the Elzaki transform in Section 2. Section 3 introduces novel numerical approaches that are
capable of conforming to specific requirements. Section 4 of the document presents an illustrative example of the
conformable time-fractional Cahn-Allen equation. The findings are presented in Section 5.

Il. PRELIMINARIES
This section presents a set of foundational definitions.
Definition 2.1. [12, 39-41] Let a function g: [0, ) — R. Then, CFD of g order « is defined as

glx+ex™) —g(x)
€

Te(9)() = lim e (1], @

for all x > 0.

Theorem 2.1. [12, 39-41] Assume that a € (0, 1] and The functions g and h exhibit @ —differentiability at a point
x > 0., The following conditions exist:

(i) T,(ag + bh) = aT,(g) + bT,(h),foralla,b € R, (3)

(ii)T,(xP) = pxP~1,forallp € R, (4)

(iii)T,(A) = 0, for all constant functions, f(t) = 4, (5)

()T, (gh) = gTo(h) + hT,(g), (6)
g hTa (g) - gTa(h)

W1 (3) == ™

Definition 2.2. [42] Assume that @ € (0,1], h:[0,0) - R is function. The conformable fractional Elzaki
transform (CFET) of order a of h is defined as

[ee]

Ealh(D)] = To(v) = f PKZ(=p, DR(E)dqt, ®)

0
= _1
where K, (—p,t) = Ea( p,t),p > 0.
Definition 2.3. [42] Assume that a € (0, 1], h: [0,00) - R is function. The CFET for the CFD of the function
h(t) is defined as

cEalToh(D](p) = — Ea[h()](0) — ph(0). 9)

"=

11l. THE NOVEL NUMERICAL TECHNIQUES
This section presents an overview of Cq-HATM and CHPETM.

A. Conformable g-homotopy analysis transform method

A new method is presented. Consider the conformable time-fractional order nonlinear partial differential
equation (CTFNPDE) to give the main idea of Cq-HATM:

T,w(x, t) + Aw(x, t) + Hw(x, t) = h(x,t),t > 0,a € (n — 1,n], (10)

where A is linear, , H is nonlinear operators, h(x, t) is the nonhomogeneous term, and T, is a CFD of order a.
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Now, by performing conformable Laplace transform (CLT) on Eqg. (10) and using initial condition, then

we get
k-1
sLyw(x, t)] — w(x,0) + L [Aw(x, t)] + L [Hw(x, t)] = L, [h(x, t)]. (11)
m=0
If we simplify the Eq. (11), then we have
1 1 1 1
Lolw(x, )] — ;W(x, 0)+ ;La [Aw(x, )] + ;La [Hw(x,t)] — EL"‘ [A(x,t)] = 0. (12)

We define the nonlinear operator by the assist of HAM for real function ¢ (x, t; q) as follows

1 1
Nlp(x, t;q) ] = Lolo(x, t;q) ] — ot q) (09 + 5 & [Ap(x, t; Q)] + Lo[Ho(x, t; q)]

—Lo[h(Cx, DD, (13)

where ge [0, %]
We establish a homotopy in the following:
(1 —nq)Lalo(x, t;q) — wo(x, )] = hqH™ (x, )H[(x, t; @)], (14)
where, h = 0 is an auxiliary parameter and £, demonstrates conformable Laplace transform. Forg = 0 and q =

%, the outcomes in Eq. (14) are respectively provided:

o(x,t;0) = wy(x, t), @ (x, t; %) = w(x,t). (15)

Hence, by incrementing g from 0 to % then the solution ¢(x,t; q) converges from wy(x,t) to the
solution w(x, t). Employing the Taylor theorem around q and expanding ¢ (x, t; g) and then, we obtain

D006 D) = wolx, ) + D wn(x,0q™, (16)
i=1
where
1 0Mp(x,t;q)
Wi (%, t) = mlagm lg=o0- 17

Eq. (16) converges at g = % for the appropriate w,(x, t), n and h. Then, we have

m

w(x,t) = wy(x, t) + i Wy, (x, t) (%) . (18)

If we differentiate the zeroth order deformation Eq. (14) m —times with respect to g and we divide by
ml, respectively, then for g = 0, we obtain

Lo[Wi (x,6) = kW1 (x, O] = RH* (3, )Ry (Wi -1), (19)
where the vectors are defined by

Wi = {wo(x, ), wy (x, 1), ..., W, (x, )} (20)
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When we apply to the inverse CLT to Eq. (19), then we obtain
Wi (%, ) = KWy (6, 8) + hLe ™ [H* (o, )R (Win-1)], (21)

where

N k.\1 1
:Rm(Wm—l) = ['a [Wm—l(xl t)] - (1 - Tm) ;WO (xv t) + ;La(Awm—l(xl t) + Hr-:.‘t—l(x: t)

—h(x, 1)), (22)
and
0, m<1,
ke = {n, m> 1. (23)

where, H, is homotopy polynomial and presented as

1 0™ (xt;q)
m! aqm

Hy, = lg=o and @(x,t;q) = @o + q@1 + q° @, + . (24)

By utilizing Egs. (21)-(22),then we obtain

W (6, 8) = (K + W)Wy 1 (6, £) — (1 - %’")%Wo(x, £) + hL, [GL(X [Rwy,_ (x, )

+Hp 1 (x,8) = f(x, OD]- (25)
By using g-HATM, the series solution is

m

w(x,t) = i Wy, (x, t) (%) . (26)
m=0

I11. CONFORMABLE ELZAKI ADOMIAN DECOMPOSITION METHOD

The analysis of the CTFNPDE in Eq. (10) is performed.

Now, by performing conformable Elzaki transform (CET) on Eq. (10) and using initial condition, then
we have

% Eqlw(x, )] —vw(x,0) + E [Aw(x,t) + Hw(x, t)] = E,[h(x, t)]. (27)

If we simplify the Eq. (27), then we get
E lw(x, )] = v2w(x, 0) + v E [h(x,t)] — v E [Aw(x, t) + Hw(x, t)]. (28)

On applying inverse CET to Eq. (28), then we have

wix,t) = €, t) — ( Eq) (v EolAw(x, ©) + Hw(x, 0)]}. (29)

Now, HPM is utilized, then it is obtained as
w(x, t) = Z p"wy (x, t). (30)
n=0
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Also, the nonlinear term has been decomposed as
Hw(x,t) = ) p"Ha(w), (31)
n=0

where the homotopy polynomial H, (w) is given by

10 < (32)
H,(wy, Wy, ..., W) = m@ H Zp‘wi ,n=20,12,..

i=0 p=0
Eqgs. (30)-(31) are substituted in Eq. (29), then we have
} (33)

D P t) = 60— p (B {vZE;
n=0

AN prwa (6 + ) pH (W)
n=0 n=0

where G (x, t) is the term consisting of the initial condition and the external source term.

If we compare the identical powers of p, the resulting iterations are as follows:
P wo(x, t) = G(x,t),
pliw; (x,t) = —E~Y{w2E[Aw,y(x, ) + Hy(W)]}
p2:wy(x,t) = —E"H{v2E[Aw; (u, ) + H; (W)}

p3ws(x, t) = —E"Yw2E[Aw,(u, t) + H,(W)]}

(34)
Ultimately, the solution u(x, t) is approximated as follows.
W E) = lim ) pw (£ = woCx, )+ Wy (1, €) + wi (e, ) + - (35)
p—?

n=0

IV.RESULTS

This section seeks to provide graphic depictions of the conformable time-fractional Cahn-Allen equation.

Example 3.1. [43] Consider the conformable time-fractional Cahn-Allen equation (CTFCAE)
{ DEW(x,t) — Wi (x, ) + W3(x, ) —w(x,t) =0, t>0, 0<ac<l1 (36)

with the initial conditions

1
w(x,0) = —— (37
1+ev2

Case (i) Cq-HATM solution
CLT is employed to Eq. (37), and by applying Eq. (38), the resulting expression is produced as

L,w(x, )] - %W(x, 0) + %La[—wxx +w3—w]=0. (38)
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The nonlinear operators are defined by employing Eq. (38):

+ @3(x,t;9)

1 ) 1 [_azq)(x,t;q)
O0x? (39)

1
NipQ, t; )] = Lalp(x, t; )] = ¢ (—__x +- Ly
1+eV2

—o(xt;q)].
The m — th order deformation equations are defined by the application of the proposed algorithm:
LW (x,t) — kyyWp—1 (x,£)] = hRy(Wyp—1), (40)

where

1 km 1
R (Wp—1) = La[Wm—l 1- E(l - 7) ( —_x)
1+ev2

1| we, v (41)
+El:a —W‘l‘ Z ZWj.Wr_j Whm—1—r — Wm—1|-
=0 \j=0
By utilizing the inverse CLT to Eq. (40), we obtain
Wi = kam—l + hLa_l[Rm(Wm—l)]- (42)

By employing initial conditions, we are able to drive

wo(x, t) = ——% (43)

1+ev2

To get the value of w, (x, t), we substitute m = 1 into Eq. (42), resulting in the following expression:

.
—3e 2 te

wi(x,t)=h —_X\EZ Py (44)
2 (1 + eT)
In a similar vein, by substituting m = 2 into Eq. (42), the resulting value for w, (x, t) can be obtained:

—x\2 —x\2
9(6‘ 2 —1) he 2

2a

Wy (x, t) = (TL + h)Wl + h@ V2 3 (45)

2 (1 +e 2 )

Similarly, by substituting m = 3 into Eq. (42), the resulting value for w5 (x, t) can be obtained:
—xV2
2
— _ 2
ws(x,t) = (n+ h)w, — 27h .

16a?(1+e 2z )*

—4(n + h)(e V% — 1)¢2* —xv2 t3a (46)
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By employing this approach, it is possible to identify the remaining terms. The solutions of the CTFCAE
are determined through the Cg-HATM:

m

w(x, t) = wol(x, t) + i Wi, (x, t) (%) . 47

By substituting « = 1,n = 1, h = —1 into Eq. (47), we have that the resulting outcome, denoted as

1
(%)
1+e 2 2

m
M wn(x,t) (%) to the exact solution w(x, t) = of the CTFCAE when M — oo,

Case (ii) CHPEDM solution
By employing the CET to Eq. (36) and utilizing Eq. (37), the resulting expression is obtained.

1
EE,Q[W(x, )] — sw(x,0) + ES[—wy, + w3 —w] =0, (48)
Rearranging Eq. (48), then we obtain

1
Ecg [w(x, t)] = s? - == SEa[_Wxx +w? - W], (49)
1+eV2
By utilizing the inverse CET on Eqg. (48), we are able to derive the following result:

W, €) = ——x — (B [sBE [ + W — wl],
1+ev2 (50)

Let us consider the assumption that the answer to the infinite series can be expressed in the following
form:

w(x, t) = Z Wy, (x, t). (51)
m=0

Utilizing HPM, now, if we rewrite Eq. (50), then it is obtained as

i P Wi, 1) = ( ! )

- vz
m=0 1+e (52)

+p {E; ! |sEa (— i P (Wim)xx + i P Hm (W) — i pmwm>”,
m=0 m=0 m=0

The symbols H,,,(w) represent He's polynomials, that are utilized to represent nonlinear variables.

Some components of H,,(w) are as follows.

Ho(w) = wq?, (53)
Hl(W) = 3W03W1, (54)
Hz(w) = 3W03W2 + 3W12W0, (55)

If the powers of p are compared, they are obtained in the same manner.
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-x -x
plwo(x,t) =1+evZ, Hy(w) = (1 + ev2)3,

36520 301+ e V7). 36500
e 2t +ev2)“.3e 2 t
pl: Wl(x' t) = 2 Hl(W) = _ \/— )
—x\V2 —XV2
2a(1+e 2 ) 21+e 2 )%a
922 — 1yree St 27652 (36732 — 1yp2e
e 2 —1)t%e 2 e 2 e 2z —1Dt
2. _ _
p 'WZ(x't) - —X\/E !HZ(W) - —X\/i )
8a?2(1+e 2 )3 8a?(1+e 2 )S

By continuing in a similar manner, the outcomes for CTFCAE can be derived.

wix,t) = Z Wy, (3, 6) = W (x, £) + wy (x, ) + wy(x, £) + -

m=0

—x\2 -x\2 —xV2
= 3e 2z t¢ 9(e” 2 —1t%e 2

=1+eV2+ >
—xVZ —xv2
2a<1+e—2 ) 8a2(1+e 2 )

(56)

(57)

(58)

(59)

Fig. 1 displays the 3D graphical representations of Cq-HATM, the exact solution, and the absolute error

for w(x, t).

Figure 1. (@) Nature of Cg-HATM solution w(x, t) (b) Nature of exact solution w(x, t) (c) Nature of absolute error=|wemct - wcq_,mm| at

h=-1,n=1,a =1 for CTFCAE.

Fig. 2 presents the three-dimensional graphical depictions of CHPETM, the exact solution, and the absolute error

for w(x, t).
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Figure 2. (a) Nature of CHPETM solution w(x, t) (b) Nature of exact solution w(x, t) (c) Nature of absolute error=|we,qc: — Wepperm| at
a =1 for CTFCAE.

Figure 3 shows the two-dimensional graphical representations of Cqg-HATM and CHPETM for w(x, t) solutions
for different a values.
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Figure 3. The comparison of the Cq-HATM solutions for w(x;, t) (b) The comparison of the CHPETM solutions for w(x,t) at h = —1,n =
1,x = 0.5 with different a.

Table 1 shows the numerical solutions of w(x, t) obtained from the solution of CTFCAE with Cg-HATM for
different x, t and a values.

Table 1. Numerical solution of w(x, t) by Cq-HATM for CTFCAE with different x,t andaat n =1, h = —1.

X t a=0.75 a=0.8 a =0.85 a=0.9 a=1

1 0.001 21x1073 1.3x 1073 7.6 X 107* 4.0x107* 1.4 x 10710
0.002 3.5%x 1073 2.2%x1073 1.3x 1073 7.0 x 107* 7.1 x 1071t

0.003 46 x1073 2.9 %1073 1.7 x 1073 9.7 x 107* 1.3 x 10710

0.004 5.6 X 1073 3.6 x 1073 2.2%x1073 1.2x 1073 4.7 x 10711

0.005 6.6 x 1073 4.2%x1073 2.6 x 1073 1.4 x 1073 2.1x 10710

2 0.001 1.5x 1073 9.3 x 1074 5.4 x 107* 2.8x107* 1.3x 10710
0.002 2.4 %1073 1.5x 1073 9.3x 107* 5.0 x 107* 1.0 x 10710

0.003 3.2x1073 2.1x1073 1.2x 1073 6.9 x 107* 1.9 x 10710

0.004 40x 1073 25x 1073 1.5x 1073 8.7 x 107* 2.7 x 10710

0.005 46x 1073 3.0x 1073 1.8x 1073 1.0x 1073 1.9 x 10710

3 0.001 9.2x107* 5.6 X 107* 33x107* 1.7 x 107* 2.3x 10718
0.002 1.5x 1073 9.4 x 107* 5.6 x 107* 3.0x 107* 3.7 x 1071

0.003 1.9 x 1073 1.2x 1073 7.7 x 1074 4.2 x107% 1.8x 10713

0.004 2.4 %1073 1.5%x 1073 9.6 x 107* 52x107* 5.9 x 10713

0.005 2.8x 1073 1.8x 1073 1.1x1073 6.3x107* 1.4 x 10712

4 0.001 51x107* 3.1x107* 1.8x107* 9.5%x 1075 3.6 x 10715
0.002 8.3 x 107 5.2 x107* 3.1x107* 1.6 x 107 5.8 x 10714

0.003 1.0 x 1073 7.0 x 107* 4.2 x107* 2.3x107* 29x 10713

0.004 1.3x 1073 8.6 x107* 53 x107* 29x107* 9.3x 10713

0.005 1.5%x 1073 1.0 x 1073 6.2 x107* 34 x107* 2.2x 10712
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5 0.001 2.6 x107* 1.6 x 107 9.5 x 10~° 5.0 x 10~° 3.6 x 10715
0.002 43x107* 2.7 x107* 1.6 x 107* 8.7 x 1075 5.8 x 10714
0.003 5.7 x107* 3.6 x107* 22x107* 1.2x107* 2.9x 10713
0.004 6.9 x 107* 45x%x107* 2.7 X107* 1.5x 107* 9.3x 10713
0.005 8.1x10™* 5.2 %107 3.2x107* 1.8x107* 2.2x10712

Table 2 presents the numerical solution of the function w(x,t), which was derived from the solution of the
CTFCAE using the CHPETM. The table displays the results for various values of x, t, and a.

Table 2. Numerical solution of w(x, t) by CHPETM for CTFCAE with different x, t and a.

X a=0.75 a=0.8 a=0.85 a=0.9 a=1

1 0.001 2.1x1073 1.3x 1073 7.6 x 1074 4.0x 107* 1.4 x 10710
0.002 3.5x 1073 2.2%x1073 1.3x 1073 7.0 x 1074 7.1 x 1011

0.003 46 %1073 29x 1073 1.7 x 1073 9.7 x 107* 1.3 x 10710

0.004 5.6 x 1073 3.6 x1073 2.2x1073 1.2x 1073 47 x 10711

0.005 6.6 x 1073 42 %1073 2.6 X 1073 1.4 %1073 2.1 x 10710

2 0.001 1.5x 1073 9.3 x107* 54 x 107* 2.8x107* 1.3 x 10710
0.002 2.4 %1073 1.5x 1073 9.3x107* 5.0x 107* 1.0 x 10710

0.003 3.2x 1073 2.1x 1073 1.2x 1073 6.9 x 1074 1.9 x 10710

0.004 4.0x 1073 2.5%x 1073 1.5%x 1073 8.7 x 107* 2.7 x 10710

0.005 4.6 x 1073 3.0 x 1073 1.8x 1073 1.0 x 1073 1.9 x 10710

3 0.001 9.2 x 1074 5.6 x 107* 3.3x107* 1.7 x 1074 2.3x 10715
0.002 1.5x 1073 9.4 x107* 5.6 x 1074 3.0x107* 3.7x 107

0.003 1.9 %1073 1.2x 1073 7.7 x 1074 42 x107* 1.8x 10713

0.004 2.4 x 1073 1.5%x 1073 9.6 X 107* 52 % 107* 59x 10713

0.005 2.8x 1073 1.8x 1073 1.1x 1073 6.3 x 1074 1.4 x 10712

4 0.001 5.1x%x107* 3.1x107* 1.8x 107* 9.5 x 1073 3.6 x 10715
0.002 8.3x107* 52 x107* 3.1x107* 1.6 x 1074 58 x 1071

0.003 1.0 x 1073 7.0 x 1074 42 x 1074 2.3x107* 2.9 x 10713

0.004 1.3x 1073 8.6 x 107* 53 x107* 29x107* 9.3x 10713

0.005 1.5%x 1073 1.0 x 1073 6.2 x 107* 3.4 x%x107* 2.2 x 10712

5 0.001 2.6 X 1074 1.6 x 107% 9.5 x 1073 5.0 x 1073 3.6 x 10715
0.002 43x107* 2.7 x107% 1.6 x 1074 8.7 x 1075 58 x 107

0.003 5.7 x 1074 3.6 x 1074 2.2 %1074 1.2 x 1074 29x%x 10713

0.004 6.9 x 1074 45x 107 2.7 x 1074 1.5%x 1074 9.3x 10713

0.005 8.1 x 1074 52 x107% 3.2x 1074 1.8x 1074 2.2 X 10712

Table 3 shows the comparison of absolute errors of Cg-HATM, CHPETM and NITM.

Table 3. Absolute errors obtained with Cq-HATM and CHPETM compared to NITM [43] for CTFCAE when a=1.

x t NITM [43] Cq — HATM CHPETM

1 0.001 33x10"1 2.6 x 10~ 2.6 x 10~
0.002 2.6 x 10710 41x 10713 41x 10713

0.003 8.9 x 10710 2.1 x 10712 2.1 x 10712

0.004 2.1x107° 6.7 x 10712 6.7 x 10712

0.005 41x107° 1.6 x 10~11 1.6 x 10711

2 0.001 49 x 1071t 1.7 x 10714 1.7 x 10714
0.002 3.9x 10710 28x10713 28x10°13

0.003 1.3 x 107° 1.4 x 10712 1.4 x 10712

0.004 3.1x107° 45 x 10712 45 x 10712

0.005 6.2x107° 1.1x10™11 1.1x 101

3 0.001 41 x 1071t 23 %1071 2.3 %1071
0.002 3.3x10°1° 3.7x 1071 3.7 x 1071

0.003 1.1 x 107° 1.8 x 10713 1.8 x 10713

0.004 2.6 x107° 59x 10713 59x 10713

0.005 5.1x107° 1.4 x 10712 1.4 x 10712

4 0.001 2.6 x 10711 3.6 x 10715 3.6 x 1071°
0.002 2.0x 10710 5.8 x 1071 5.8 x 107

0.003 7.0 x 10710 29x10°13 29x10°13

0.004 1.6 x 10~° 9.3 x 10713 9.3 x 10713

0.005 3.2%x107° 2.2x 10712 2.2x 10712

5 0.001 1.4 x 10711 3.6 x 10715 3.6 x 1071°
0.002 1.1 x 10710 5.8 x 1071 5.8 x 107

0.003 3.9x10°1° 29x10°13 29x10°13
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0.004 9.3 x 1071 9.3 x 10713 9.3 x 10713
0.005 1.8x107° 2.2 x 10712 2.2 x 10712

V. RESULTS AND DISCUSSION

Figure 1 exhibits the three-dimensional representations of the numerical solutions acquired by the Cg-
HATM, alongside the exact solutions and the absolute errors between the Cg-HATM solutions and the exact
solutions for the CTFCAE. Figure 2 exhibits the graphical representations in three dimensions that illustrate the
numerical solutions acquired by the CHPETM for the CTFCAE. Furthermore, the figure 2 also presents the exact
solutions and the absolute errors between the CHPETM solutions and the exact solutions. Figure 3 shows the 2D
comparison of the solutions obtained with methods Cqg-HATM and CHPETM for the CTFCAE. Table 1 displays
the numerical solutions of w(x,t) obtained using Cq-HATM for several values of «, specifically « = 0.75,a =
0.8, = 0.85,a = 0.9, and a = 1, for CTFCAE. In addition, Table 2 presents the numerical solutions of w(x, t)
acquired through the use of CHPETM for various values of a, namely @ = 0.75,a = 0.8, @ = 0.85,a = 0.9, and
a =1, for CTFCAE. Table 3 presents the absolute errors of the NITM solutions in the literature, Cq-HATM
solutions and CHPETM solutions for the CTFCAE. Table 3 demonstrates that the two recently developed methods
exhibit lower errors compared to NITM.

VI. CONCLUSION

This work investigates the CTFCAE using two novel numerical approaches, specifically Cq-HATM and
CHPETM. The numerical findings have provided confirmation of the reliability of these newly developed methods.
The newly introduced techniques for addressing nonlinear fractional partial differential equations have been found
to hold significant benefits and exhibit a high level of efficacy.

REFERENCES

[1] Liouville J. (1832). Mémoire sur quelques questions de géométrie et de mécanique, et sur un nouveau genre
de calcul pour résoudre ces questions. Ecole polytechnique, 13, 71-162.

[2] Miller, K.S., Ross, B. (1993). An introduction to the fractional calculus and fractional differential equations,
Wiley, New York.

[3] Podlubny, 1. (1999). Fractional differential equations, mathematics in science and engineering, Academic
Press, New York.

[4] Baleanu, D., Diethelm, K., Scalas, E., Trujillo, J. J. (2012). Fractional calculus: models and numerical
methods, World Scientific, London.

[5] Povstenko, Y. (2015). Linear fractional diffusion-wave equation for scientists and engineers. Birkhauser,
Switzerland.

[6] Baleanu D., Wu G.C., Zeng S.D. (2017). Chaos analysis and asymptotic stability of generalized Caputo
fractional differential equations. Chaos Solitons Fractals, 102, 99-105.

[7] Sweilam, N. H., Abou Hasan, M. M., Baleanu, D. (2017). New studies for general fractional financial
models of awareness and trial advertising decisions. Chaos, Solitons & Fractals, 104, 772-784.

[8] Liu D. Y., Gibaru O., Perruquetti W., Laleg-Kirati T. M. (2015). Fractional order differentiation by
integration and error analysis in noisy environment. IEEE Transactions on Automatic Control, 60, 2945—
2960.

[9] Esen A., Sulaiman T.A., Bulut H., Baskonus H. M. (2018). Optical solitons to the space-time fractional
(1+1)-dimensional coupled nonlinear Schrédinger equation. Optik, 167, 150-156.

[10] Caponetto R., Dongola G., Fortuna L., Gallo A. (2010). New results on the synthesis of FO-PID controllers.
Communications in Nonlinear Science and Numerical Simulation, 15, 997-1007.

[11] Veeresha, P., Prakasha, D.G., Baskonus, H. M. (2019). Novel simulations to the time-fractional Fisher’s
equation. Mathematical Sciences, 13(1), 33-42.

433



BSEU Fen Bilimleri Dergisi / BSEU Journal of Science, 2024, 11(2): 422-436
O. Avit, H. Anag

[12]Khalil, R., Al Horani, M., Yousef, A. Sababheh, M. (2014). A new definition of fractional
derivative. Journal of computational and applied mathematics, 264, 65-70.

[13] Aggarwal, S., Chauhan, R., Sharma, N. (2018). Application of Elzaki transform for solving linear Volterra
integral equations of first kind. International Journal of Research in Advent Technology, 6(12), 3687-3692.

[14]Elzaki, T. M. (2011). Applications of new transform “Elzaki transform” to partial differential equations.
Global Journal of Pure and Applied Mathematics, 7(1), 65-70.

[15] Elzaki, T. M. (2012). Solution of nonlinear differential equations using mixture of Elzaki transform and
differential transform method. In International Mathematical Forum, 7(13), 631-638.

[16] Elzaki, T. M., Hilal, E. M. A. (2012). Homotopy perturbation and Elzaki transform for solving nonlinear
partial differential equations. Mathematical Theory and Modeling, 2(3), 33-42.

[17]Elzaki, T. M., Kim, H. (2015). The solution of radial diffusivity and shock wave equations by Elzaki
variational iteration method. International Journal of Mathematical Analysis, 9(22), 1065-1071.

[18]Jena, R. M., Chakraverty, S. (2019). Solving time-fractional Navier—Stokes equations using homotopy
perturbation Elzaki transform. SN Applied Sciences, 1(1), 1-16.

[19] Abu-Gdairi, R., Al-Smadi, M., Gumah, G. (2015). An expansion iterative technique for handling fractional
differential equations using fractional power series scheme. Journal of Mathematics and Statistics, 11(2),
29-38.

[20]Baleanu, D., Golmankhaneh, A. K., Baleanu, M. C. (2009). Fractional electromagnetic equations using
fractional forms. International Journal of Theoretical Physics, 48(11), 3114-3123.

[21] Baleanu, D., Jajarmi, A., Hajipour, M. (2018). On the nonlinear dynamical systems within the generalized
fractional derivatives with Mittag—Leffler kernel. Nonlinear Dynamics, 2018(1), 1-18.

[22] Baleanu, D., Asad, J. H., Jajarmi, A. 2018. New aspects of the motion of a particle in a circular cavity.
Proceedings of the Romanian Academy Series A, 19(2), 143-149.

[23] Baleanu, D., Jajarmi, A., Bonyah, E., Hajipour, M. (2018). New aspects of poor nutrition in the life cycle
within the fractional calculus. Advances in Difference Equations, 2018(1), 1-14.

[24] Anag, H., Merdan, M., Bekiryazici, Z., Kesemen, T. (2019). Bazi Rastgele Kismi Diferansiyel Denklemlerin
Diferansiyel Doniisiim Metodu ve Laplace-Padé Metodu Kullanarak Coziimii. Giimiishane Universitesi Fen
Bilimleri Enstitiisii Dergisi, 9(1), 108-118.

[25] Ayaz, F. (2004). Solutions of the system of differential equations by differential transform method. Applied
Mathematics and Computation, 147(2), 547-567.

[26]He, J. H. (1999). Variational iteration method-a kind of non-linear analytical technique: some examples.
International Journal of Non-linear Mechanics, 34(4), 699-708.

[27]1He, J. H. (2003). Homotopy perturbation method: a new nonlinear analytical technique. Applied
Mathematics and Computation, 135(1), 73-79.

[28] He, J. H. (2006). Homotopy perturbation method for solving boundary value problems. Physics Letters,
350(1-2), 87-88.

[29] He, J. H. (2006). Addendum: new interpretation of homotopy perturbation method. International Journal
of Modern Physics B, 20(18), 2561-2568.

[30]Jajarmi, A., Baleanu, D. (2018). Suboptimal control of fractional-order dynamic systems with delay
argument. Journal of Vibration and Control, 24(12), 2430-2446.

[31]Jajarmi, A., Baleanu, D. (2018). A new fractional analysis on the interaction of HIV with CD4+ T-cells,
Chaos, Solitons & Fractals, 113, 221-229.

434



BSEU Fen Bilimleri Dergisi / BSEU Journal of Science, 2024, 11(2): 422-436
O. Avit, H. Anag

[32] Kangalgil, F., Ayaz, F. (2009). Solitary wave solutions for the KdV and mKdV equations by differential
transform method. Chaos, Solitons & Fractals, 41(1), 464-472.

[33]Klimek, M. (2001). Fractional sequential mechanics-models with symmetric fractional derivative.
Czechoslovak Journal of Physics, 51(12), 1348-1354.

[34] Merdan, M. (2010). A new applicaiton of modified differential transformation method for modeling the
pollution of a system of lakes. Selcuk Journal of Applied Mathematics, 11(2), 27-40.

[35] Alkan, A. (2022). Improving Homotopy Analysis Method with An Optimal Parameter for Time-Fractional
Burgers Equation. Karamanoglu Mehmetbey Universitesi Miihendislik ve Doga Bilimleri Dergisi, 4(2), 117-
134,

[36] Wang, K., Liu, S. (2016). A new Sumudu transform iterative method for time-fractional Cauchy reaction-
diffusion equation. Springer Plus, 5(1), 865.

[37]Wazwaz, A. M. (1999). A reliable modification of Adomian decomposition method. Applied Mathematics
and Computation, 102(1), 77-86.

[38] Aslefallah, M., Abbasbandy, S., Yiizbasi, S. (2023). Numerical Solution for a Class of Nonlinear Emden-
Fowler Equations by Exponential Collocation Method. Applications and Applied Mathematics: An
International Journal (AAM), 18(1), 10.

[39] Abdeljawad, T. (2015). On conformable fractional calculus. Journal of computational and Applied
Mathematics, 279, 57-66.

[40]Ala, V., Demirbilek, U., Mamedov, K. R. (2020). An application of improved Bernoulli sub-equation
function method to the nonlinear conformable time-fractional SRLW equation. AIMS Mathematics, 5(4),
3751-3761.

[41] Goziitok, U., Coban, H., Sagiroglu, Y. (2019). Frenet frame with respect to conformable derivative.
Filomat, 33(6), 1541-1550.

[42] Shrinath, M., Bhadane, A. (2019). New conformable fractional Elzaki transformation: Theory and
applications. Malaya Journal of Matematik, 1, 619-625.

[43] Ali, L., Shah, R., & Weera, W. (2022). Fractional View Analysis of Cahn—Allen Equations by New lterative
Transform Method. Fractal and Fractional, 6(6), 293.

[44] Yasar, E., Giresunlu, 1. B. (2016). The (G’/G, 1/G)-expansion method for solving nonlinear space-time
fractional differential equations. Pramana, 87, 17.

[45] Esen, A., Yagmurlu, N. M., Tasbozan, O. (2013). Approximate analytical solution to time-fractional damped
Burger and Cahn-Allen equations. Appl. Math. Inf. Sci., 7, 1951.

[46]Jafari, H., Tajadodi, H., Baleanu, D. (2014). Application of a homogeneous balance method to exact
solutions of nonlinear fractional evolution equations. J. Comput. Nonlinear Dyn., 9, 021019-1.

[47]Hariharan, G., Kannan, K. (2009). Haar wavelet method for solving Cahn-Allen equation. Appl. Math. Sci.,
3, 2523-2533.

[48] Tascan, F., Bekir, A. (2009). Travelling wave solutions of the Cahn-Allen equation by using first integral
method. Appl. Math. Comput., 207, 279-282.

[49] Tarig, H., Akram, G. (2017). New traveling wave exact and approximate solutions for the nonlinear Cahn-
Allen equation: Evolution of a nonconserved quantity. Nonlinear Dyn., 88, 581-594.

[50] Bekir, A. (2012). Multisoliton solutions to Cahn-Allen equation using double exp-function method. Phys.
Wave Phenom., 20, 118-121.

435



BSEU Fen Bilimleri Dergisi / BSEU Journal of Science, 2024, 11(2): 422-436
O. Avit, H. Anag

[51] Guner, O., Bekir, A., Cevikel, A.C. (2015). A variety of exact solutions for the time fractional Cahn-Allen
equation. The European Physical Journal Plus, 130, 1-13.

436



BSEU Fen Bilimleri Dergisi / BSEU Journal of Science, 2024, 11(2): 437-450

A Bilecik Seyh Edebali Universitesi Fen Bilimleri Dergisi |
C%) Bilecik Seyh Edebali University Journal of Science ’

11(2), 437-450, 2024

O DOI: 10.35193/bse_ufbd.1326097 BILECIK SEYH EDEBALI
O e-1SSN: 2458-7575 (https://dergipark.org.tr/tr/pub/bseufbd) UNIVERSITESI

Derleme Makale-Review Article

Ahsap Plastik Kompozit Malzemelerin Cevresel
Surdiirilebilirlik Uygulamalari: Yasam Dongiisiu
Degerlendirmesi

Environmental Sustainability Applications of Wood Plastic
Composite Materials: Life Cycle Assessement

Gozde Colak Bayram?!, Burgin Atilgan Tiirkmen?", Gamzenur Ozsin®

Gelis | Received: 11/07/2023 Revize / Revised: 09/01/2024 Kabul / Accepted: 09/01/2024

0z

Ahsap-plastik kompozit (APK) malzemeler, ¢evre dostu alternatifler arayan endiistriler i¢in ¢ok yonli ve
stirdiiriilebilir bir ¢6ziim sunan malzemeler olarak gelistirilmistir. Fonksiyonel malzemelerin ¢evreye olan
etkilerini analiz etmek amaciyla uygulanan yasam dongiisii degerlendirmesi (YDD) ise, sirdiiriilebilirlik
kavramiin gitgide dnem kazandig1 giiniimiizde bir¢ok bilimsel ¢alismanin odak noktasi haline gelmistir. Ancak,
farkli malzeme gruplarina 6zgii gevresel siirdiiriilebilirlik ve yasam dongiisii degerlendirmesi aragtirmalarini
biitiinlesik bir bicimde 6zetleyen caligmalar bulunmakla birlikte, APK 6zelinde bir derleme ¢aligmasina literatiirde
rastlanmamaktadir. Bu kapsamda, APK i¢in hazirlanan YDD calismalar1 kapsamli bir sekilde incelenmis ve bu
konudaki giincel literatiir bulgular1 ilk kez derlenmistir. Bu amagcla, 6ncelikle YDD’nin temelleri a¢iklanmis;
ardindan farkli lignoseliilozik biyokiitle 6rnekleri ve polimer birlesimlerinden elde edilen kompozitlerin ¢esitli
cevresel etki kategorilerindeki sonuglart degerlendirilmistir. Boylece, APK malzemelerin gevresel
siirdiiriilebilirligine etki edebilecek parametreler tartisilmistir. Sonug olarak, geleneksel malzemelere alternatif
olarak kullanilabilecek APK'lerin iiretim siire¢lerinde daha siirdiiriilebilir malzeme ve yontemler belirlenmistir.
Ayrica, farkli malzeme kompozisyonlart i¢in YDD’nin daha yaygin bir sekilde uygulanmasinin gerekliligi
vurgulanmigtir. Giincel literatiir verilerinin de destekledigi {izere, bu malzemelerin ayni isleve sahip benzer
malzemelere gbre daha c¢evre dostu oldugu sonucuna varilmis; daha siirdiiriilebilir bir yaklagim i¢cin APK
malzemelere yonelik onerilerle makale sonlandirilmistir.

Anahtar Kelimeler- Ahsap, kompozit, polimer, siirdiiriilebilirlik, yasam dongiisii degerlendirmesi

ABSTRACT

Wood-plastic composite (WPC) materials have been developed as a versatile and sustainable solution for industries
looking for environmentally friendly alternatives. Life cycle assessment (LCA), which is applied to analyze the
environmental impact of functional materials, has become the focus of many scientific studies as the concept of
sustainability is becoming increasingly important. However, while there are studies that summarize environmental
sustainability and LCA research specific to different material groups in an integrated manner, there is no
compilation study specific to WPC in the literature. In this context, the LCA studies prepared for WPCs have been
comprehensively reviewed and the current literature findings on this subject have been compiled for the first time.
For this purpose, firstly, the basics of LCA are explained and then the results of composites obtained from different
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lignocellulosic biomass samples and polymer composites are evaluated in various environmental impact
categories. Thus, the parameters that can influence the environmental sustainability of WPC materials are
discussed. As a result, more sustainable materials and methods have been identified in the production processes of
WHPCs that can be used as an alternative to traditional materials. Furthermore, the necessity of more widespread
application of LCA for different material compositions is emphasized. As supported by the current literature, it is
concluded that these materials are more environmentally friendly than similar materials with the same function,
and the article is concluded with suggestions for WPC materials for a more sustainable approach.

Keywords- Wood, composite, polymer, sustainability, life cycle assessment.

I. AHSAP-PLASTiK KOMPOZIT MALZEMELERIN SURDURULEBILIRLiGi

En genel tanimi ile “bugiiniin ihtiyaglarini, gelecek kusaklarin da kendi ihtiyaglarini karsilayabilme
olanagindan 6diin vermeksizin karsilayabilmek” seklinde aciklanan siirdiiriilebilirlik kavrami malzeme iiretim
teknolojileri agisindan bilyiikk 6nem arz etmektedir [1]. Malzemelerin siirdiiriilebilirligi, ekonomik, sosyal ve
cevresel boyutlart bir arada bulunduran ¢ok yonlii bir kavramdir. Siirdiirtilebilirligin ekonomik boyutu; istihdam
olusturma kapasitesi, liretimde kaynak verimliligi, diisiik maliyet, ekonomik biiyiime ve atiklarin degerlendirilerek
yenilenebilir kaynaklarm kullanimi gibi bagliklar1 incelerken, g¢evresel boyutu ise ¢evrenin korunmasi ve
kaynaklarin ekosisteme zarar vermeden kullanilmasi konularini ele almaktadir. Siirdiiriilebilirligin sosyal
boyutunun kapsamu ise, firsat esitligi, saglik ve egitim dahil olmak iizere temel ihtiyaglarin giderilerek kaliteli bir
yasamin toplumsal diizeyde saglanmasmin yami sira hak ve oOzgiirliklerin giivence altina alinmasini da
gerektirmektedir [2, 3].

Siirdiiriilebilir malzemeler, g¢evreye zarar vermeyen ve iretiminde yenilenemeyen malzemelerin
kullanimmin smirli oldugu yesil malzemeler olarak tanimlanabilmektedir. Bu tiir malzemeler, polimerler ve
seramikler gibi biyobazli malzemelerden yeniden islenebilen veya yeniden kullanilabilen geri doniistiiriilmiis
malzemelere kadar cesitlilik gostermektedir. Siirdiiriilebilir malzemeler, istenilen hacimde iiretilebilirken, tiretim
ve kullanim siireclerinde ekosistemi ve insan sagligini olumsuz etkilemez. Ayrica bu malzemelerin kullanim émrii
sonunda yeniden kullanilabilmesi ya da yiiksek oranda geri doniistiiriilebilmesi miimkiindiir. Kullanim 6mrii
boyunca ise malzeme se¢iminde ekonomik olmasi, ihtiyaglart kargilamasi, kaliteli ve siirdiiriilebilir olmas1 da
tercihi etkilemektedir [4, 5]. Malzemelerin siirdiiriilebilirligi i¢in hammadde eldesinden tiretim, kullanim ve
Omriiniin sonuna kadar tiim malzeme yasam dongiisiine bakilmali ve siirdiiriilebilirligi analiz etmek igin giivenilir
ve detayli verilere dayali kapsamli yasam dongiisii degerlendirmeleri uygulanmalidir. Bu nedenle, yakin
gelecekteki kiiresel ekonomi hedeflerine ve 2050 yili net sifir emisyon hedefine ulagabilmek igin siirdiiriilebilir
malzemeler tiretmek ve kullanmak kilit noktadir [6].

Giinlimiizde niifusun hizla artmasi ve modernlesmeye paralel olarak ahsap-plastik kompozitlere olan talep
artmaktadir. Mevcut kaynaklarin kiiresel talebi karsilayabilmesine dair ¢alismalar ve potansiyel hammaddelerin
kullanimmin bir zorunluluk haline gelmesi, bu talebin ana nedenlerindendir. Bu nedenle, malzemelerin tiretim
stirecleri, tirtin kullanim 6mrii gibi kistaslar ve siirdiiriilebilirli§in saglanmasi amaciyla malzeme tasarimina
yonelik verilerin endiistriyel boyutta izlenmesi gerekmektedir. Geleneksel polimer matrisli kompozitlere kryasla
daha siirdiiriilebilir ve ¢evre dostu oldugu diistiniilen ahsap-plastik veya ahgap-polimer kompozit (APK)
malzemeler, temelde iki ana bilesenden olusmaktadir. Bu malzemelerin igeriginde bulunan ahsap fazi, yani
biyokiitle, sagliga zararli madde igcermeyen, yenilenebilir ve fazla atik olusturmadan iretilebilen dogal bir
malzemedir. Bu malzemenin {retiminde kullanilan fosil enerji miktar1 disiiktiir ve biinyesinde CO:
depolamaktadir. Ayrica bu malzeme, genel olarak enerji ve ham madde kullanimi yogun olmayan islemlerden
gecirilerek kullanilabilmektedir. Hammaddesi biyokiitle olan malzemelerin sahip oldugu diger avantajlar ise
Omiirleri bitince yeniden kullanilabilmeleri, biyolojik yolla bertaraf edilebilmeleri ve enerji veya ham madde
olarak degerlendirilebilmeleridir [7, 8]. Ayrica, biyokiitle kaynaklarinin tiim diinya ¢apinda mevcut olmasi ve
dolayistyla temininde bolgesel bagimlilik yaratmamasi da endiistriyel siireglerde bu anlamda biiyiik bir avantaj
olarak goze ¢arpmaktadir [9]. Polimerik fazda kullanilan makromolekiiler yapidaki malzemeler ise giiniimiizde
artan niifusun ihtiyacini karsilama konusunda en yaygm kullanilan malzeme tiiriidiir. Polimerlerin farkli
uygulamalarda yogun kullanimlar1 dolayisiyla [10] farkli ekosistemler tiizerindeki potansiyel etkilerinin
incelenmesi ve cevresel sirdiiriilebilirliklerinin irdelenmesi konusunda bir¢ok c¢alismanin tartisma konusu
olmustur [11-16]. Polimerlerin tiretimini genel olarak karmasik, enerji yogun ve nispeten ucuz bir siire¢ olarak
tanimlayabilmek mimkiindiir. Fakat, ¢ogunlukla tek kullanimlik malzeme iiretiminde tercih edilen polimerik
malzemeler kullanim 6mriinii tamamladiktan sonra dogada yok olmadigindan gevre ve insan sagligini uzun yillar
olumsuz etkilemektedir. Bu nedenle plastik polimerik malzemenin yeniden kullanimi ya da geri dontistiiriilmesi
stirdiirtilebilir liretim i¢in biiyiik 6nem tasimaktadir. Ayrica, plastiklerin malzemelerin ¢evresel siirdiirtilebilirligini
artirmak i¢in, tiiketimin azaltilmasi, iyilestirilmis geri doniisiim altyapisi, biyo-esasl alternatiflerin gelistirilmesi
ve plastik kullanimi ve bertarafina iligkin kamu bilinci ve egitimi dahil olmak iizere kapsaml1 bir strateji izlenilmesi
de gerekmektedir. Agirlikli olarak ham petrol ve dogal gaz gibi fosil yakit bazli hammaddelerden elde edilmesi
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nedeniyle, bu kaynaklarin yenilenemez ve simirlt olmasi polimerik malzemelerin siirdiiriilebilirligi konusunda
dikkat ¢eken birincil endisedir. Atik yonetimi agisindan bakildiginda ise yanlis atik doniisiim/bertaraf siireclerinin
uygulanmas1 ekosistemleri ve canli yasamii olumsuz yonde etkileyen plastik kirliligine neden olabilir. Bu
polimerik malzemelerin geri doniisiimii genellikle ¢evresel olarak siirdiiriilebilir bir ¢6ziim olarak sunulsa bile,
uygulanan siirecler beraberinde zorluklari da getirebilir. Ornegin, farkl1 plastik tiirlerinin atik toplama esnasinda
kontaminasyonu, son tiiketici farkindalig1 eksikligi ve ekonomik uygulanabilirlik gibi kistaslar geri doniisiimde
stirdiirtilebilirligi etkileyebilmektedir. Bu nedenlerden dolayi, polimerik malzemeler i¢in dongiisel ekonomi
modeline gecis, uzun vadeli ¢evresel siirdiiriilebilirlik icin ¢ok Onem arz etmektedir. Odaklanilabilecek
uygulamalar ise geri doniistiiriilebilir {irlinler tasarlanmasi, geri doniisiim altyapisinin olusturulmasi, daha gevre
dostu iiriin tasarimi yoluyla atik olusumunun en aza indirgenmesi ve yenilik¢i geri doniisiim ve ileri doniisiim
teknolojilerinin gelistirilmesi siralanabilmektedir. APK malzemelerin iiretimi ile plastik icine ahsap biyokiitle
kaynagi Katkilanarak atik degerlendirme hedef alinarak katma degere sahip fonksiyonel malzemeler elde
edilebilmektedir [17].

APK malzemelerin iiretimi esnasinda plastik malzemelerin tekrar kullanilmasi saglanarak cevresel
etkilerinin 6nemli 6lglide azaltilabilecegi bilinmektedir [18, 19]. APK malzemeler, geleneksel malzemelere
fonksiyonel bir alternatif sunmasmin yani sira g¢evresel siirdiiriilebilirlik acisindan da cesitli avantajlar
sunmaktadir. Kompozit yapisinda bulunan ahsap bileseni yenilenebilir biyokiitle kaynaklarindan elde edildigi igin
kaynak verimliligine ve tedarikte siireklilige katki saglamaktadir. Kompozit yapisindaki bitkisel kokenli ahsap
bilesenin ayrica agaglarin biiylimesi sirasinda karbondioksiti tutucu olmasi ise APK malzemelerin, diger pek ¢ok
malzeme gruplarinin {iretimine kiyasla diisiik sera gazi salinimi ile sonuglandigini gostermektedir [20-22]. Diger
bir degisle, ahsap biyokiitle kaynaklarinin yapi icinde kullanimi sadece APK'lerdeki yenilenemeyen malzeme
miktarin1 dengelemenin yani sira, atmosferik karbonu tutar ve malzeme ¢ikarma ve iglemenin enerji kullanimina
bagl iklim degisikligi potansiyelini diisiiriir [23, 24]. Uriin formiilasyonu ve iiretim siire¢lerinde hammaddelerin
dikkatli bir sekilde tedarik edilmesi ve siirdiiriilebilir tiretim uygulamalarina baglilik gibi kistaslar da APK
malzemelerin cevresel faydalarimi en iist diizeye ¢ikarmak icin c¢ok onemlidir. Ozellikle yerel kaynakli
biyokiitlelerin {iretim siirecinde kullanilabilmesi, nakliyeyle iliskili c¢evresel etkilerin azaltilarak bolgesel
ekonomileri destekleyecegi bilinmektedir [25-27]. Ayrica geri doniistiiriilmiis ahsap parcaciklari ve polimerlerin
kompozit yapisina katkilanarak iiretilen APK malzemeler ile kaynaklarin ¢ok daha verimli bir sekilde kullanilmas,
ayn1 zamanda plastik atiklarin neden oldugu kirliligin azaltilmasini ve iglenmemis malzemelere olan talebi
azaltilmasini saglamaktadir [28, 29]. Ozellikle islenmemis birincil plastik kullaniminin azaltilmas ile petrol-esasl
polimerlerin iretim ve iglenmesiyle iligkili ¢evresel etkinin azaltilmasi da polimerik malzemeler yerine APK
kullanimi ile miimkiindiir [30]. APK malzemelerin iiretim sonrasinda kullanimina bakildiginda ise bu
malzemelerin ¢ok yonliiliigli, geleneksel malzemelerin yerini almasina ve bir¢ok endiistride siirdiiriilebilir
alternatifler olarak konumlanmasi dikkat gekmektedir [31, 32]. Ornegin, APK malzemelerin, sicaklik, nem ve
ultraviyole 1sinlarindaki degisiklikler gibi zorlu ¢evre kosullarina dayanima olanak saglayan fiziksel 6zellikleri,
bu kompozitlerin geleneksel malzemelere gore uzun 6miirlii ve dayanikli olmasina yol agmaktadir [33]. Bu
nedenle APK malzemeler uygulamalarda sik stk malzeme degistirme ve bakim ihtiyacini azaltarak zaman iginde
daha az malzeme tiiketimine yol agar ve dolayisiyla gevresel ve ekonomik siirdiiriilebilirlige énemli bir katk1
saglamaktadir.

Bu c¢alismada APK malzemelerin ¢evresel siirdiiriilebilirliklerinin  kargilagtirilmast amaciyla bu
malzemeler igin yiriitilen yasam dongiisii ¢evresel etki degerlendirmesi calismalari kapsamli bir sekilde
incelenmistir. Bu amagla oncelikle siirdiirtilebilirlik ve yasam dongiisii degerlendirmesi kavramlari irdelenmis ve
sonrasinda ve APK malzemeler 6zelinde literatiir bulgular tartigilmistir. Boylece, farkli malzeme kombinasyonlari
ve siireclerin ¢evresel etkileri konusunda yapilan ¢alismalar derlenerek elde edilen veriler sunulmustur. Yiriitilen
bu arastirma ahsap plastik malzemelerin yasam dongiisti boyutunda cevresel etkilerinin derlendigi ilk ¢alismadir.
Kompozit malzemelerin ¢evresel siirdiiriilebilirliklerini analiz eden ¢alismalarin derlenerek irdelenmesi
malzemelerin ve iiretim sistemlerinin gelecek vizyonunun belirlenmesi agisindan biiyiik 6nem tagimaktadir.

I1. YASAM DONGUSU DEGERLENDIRMESIi

Yasam Dongiisii Degerlendirmesi (YDD), tiim yasam dongiileri boyunca siireglerin iiriinlerin ve
hizmetlerin ¢evresel yiiklerini degerlendirmek, raporlamak ve yonetmek i¢in kullanilan bir analiz yontemidir [14].
Bu yontem Sekil 1°de gosterildigi gibi ham maddelerin ¢ikarilmasini ve islenmesini kapsayan bir iiriin, siire¢ veya
sistemin tliretim, nakliye ve dagitim; kullanim, yeniden kullanim, bakim, geri doniisiim ve nihai bertaraf gibi tim
yasam dongiisii basamaklarini kapsamaktadir. YDD, yasam dongiisii diisiincesi dogrultusunda "besikten mezara"
tiim yasam dongiisii yaklagimini benimser. Boylece, daha geleneksel analizlerde dikkate alinmayan etkiler de dahil
olmak {izere, iirlin yagam dongiistindeki tiim asamalardan kaynaklanan c¢evresel etkilerin detayli ve sistematik bir
sekilde analizi saglanmaktadir [15]. Bu analizde {iriin, proses ya da hizmetlerin belirlenen yasam dongiisii
basamaklari i¢in kullanilan kaynaklarin ve tiretilen kirleticilerin bir envanteri olusturulur. Elde edilen ¢evresel etki
sonuglart ise iiriin, sistem ya da hizmetin ¢evresel performansini optimize etmek, yeni iiriin ya da siire¢ tasarimi,
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alternatifleri degerlendirmek, eko-etiket ya da iiriinlerin ¢evresel iiriin beyaninin yapilmasi i¢in kullanilmaktadir
[34, 35].

On/ Ara iiriin
uretimi
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85
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Sekil 1. Yasam dongiisii basamaklari [36].

111. YASAM DONGUSU DEGERLENDIRMESi METODOLOJISI

Yasam dongiisli degerlendirmesi, {iriinlerin, hizmetlerin ve siire¢lerin yasam dongiisiindeki g¢evresel
etkileri 6lgmek ve analiz etmek i¢in metodolojik bir ¢cergevedir. YDD metodolojisi, Uluslararas: Standardizasyon
Orgiitii (ISO) tarafindan olusturulan Cevre Yonetim Sistemleri ile tanian 14000 serisi standartlar1 arasinda ISO
14040 ve ISO 14044 [37, 38] standartlarina gore tamimlanmustir. Bu standart serisi, yasam dongiisii
degerlendirmesi ¢aligmalarinin gergeklestirilmesine ve bildirilmesine yonelik genel gergeveyi, prensipleri ve
gereklilikleri belirtmektedir.

Yasam dongiisii degerlendirmesi yontemi Sekil 2°de gosterildigi gibi asagidaki agamalardan olusmaktadir
[39]:

Amag ve kapsam tanimi
Envanter analizi,

Etki degerlendirmesi,
Sonuglarin degerlendirilmesi.
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Sekil 2. Yasam Dongiisii Degerlendirme Metodolojisi [37, 38]
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A. Amag ve kapsam tanimi

YDD’nin ilk asamasinda ¢alismanin amaci, kapsami, sistem sinirlari ve detay diizeyi tanimlanmaktadir.
Calismanin kapsami tanimlanirken sistem ve sinirlari, veri ihtiyaglari ve tahminler belirtilir. Sistem sinir1, hangi
basamaklarin sistem igerisinde degerlendirilecegini tanimlar. Ayrica YDD c¢aligmasindaki bir {iriiniin iglevinin
nicelik olarak belirtilmis tanim1 olan fonksiyonel birim bu basamakta belirlenmektedir [39, 40].

Kompozit malzemeler i¢in yasam dongiisii degerlendirme ¢aligmalarinda, fonksiyonel birim,
degerlendirmenin referans birimini tanimlayan kritik bir parametredir. Fonksiyonel birim, ¢aligilan {iriin veya
sistemin performansmin veya islevinin bir dlgiisiidiir ve farkli alternatiflerin karsilagtirilmasi icin bir temel
saglamaktadir [41]. Secilebilecek fonksiyonel birim, hedeflenen uygulama alanina bagli olarak APK malzemesinin
agirhigina, hacmine, kullanim ozelliklerine veya yiizey alanina bagli olabilir. Ayrica, fonksiyonel birim
tanimlarken APK’nin beklenen ekonomik 6mriinii de dikkate almak, malzemenin tiim yagsam dongiisii boyunca
performansint dogru bir sekilde yansitmasini saglamaktadir. Ayrica, {iriin kalitesindeki olusabilecek olasi
degisiklikler veya kompozit malzemenin zaman i¢indeki uygulamasindaki degisiklikler gibi fonksiyonel birimdeki
herhangi bir degiskenligi hesaba katmak da 6nem arz etmektedir [11, 42, 43].

B. Envanter analizi

YDD'nin ikinci agamasi envanter analizidir. Bu basamak veri toplama ve hesaplama prosediirlerini igerir.
Bu veriler ¢aligmanin temeli olacagindan bu basamak kilit dneme sahiptir. Verilere bagl olarak sistem sinirlari
degistirilebilir ya da yeniden tanimlanabilir. Sekil 3’te gosterildigi gibi, envanter analizinde ¢evreden gelen tim
girdilerin (su, enerji ve hammadde gibi) sinirdan sisteme akiginin ve sistemden tiim ¢iktilarin (firiin, yan {iriin,
enerji, hammadde, emisyon ve atik gibi) smirdan c¢evreye akisi dikkate alinir. Yasam dongiisii envanteri
asamasinda hedef ve kapsam tanimlama asamasinda tanimlanan sistem sinirlarina gore akis semasiin
olusturulmasi, fonksiyonel birime bagli olarak tiim birim siiregleri igin veri toplama ve sistemin ¢evresel yiikiiniin
hesaplanmasi gerceklestirilir [19].
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Sekil 3. Bir birim siirecin girdi ve ¢iktilarini gosteren yasam dongiisii envanterinin sematik gosterimi [44].

Yasam dongiisii degerlendirmesinde envanter analizi basamaginda sonuclarmin giivenilirligini ve
gegerliligini dogrudan etkiledigi i¢in veri kalitesinin ve dogrululugunun gézden gegirilmesi son derece dnemlidir
[42]. Verilerin giincel olmast, glivenilir kaynaklardan elde edilmesi ve miimkiinse dogrudan toplanan ya da 6l¢iilen
degerlerin olusturdugu birincil verilerin kullanimi esas alimmalidir. Ancak birincil verilere erisilememesi
durumunda bilimsel sayginlig1 kanitlanmis veri tabanlarindan veya yayinlarda gelen ikincil verilerde kullanilabilir.
Ayrica, yiiriitillecek ¢alisma ile ilgili konum ve zamana bagl faktorlerin de veri toplarken goz Oniinde
bulundurulmas: gerekmektedir. Bu noktada 6nemli degisimleri veya niianslar1 belirlemeyi engelleyebilecek, asiri
derecede genellestirilmis veya toplu verilerin kullanimimdan kaginmak da diger bir dnemli husustur. Veri tutarlilig
acisindan ve hesaplamalardaki hatalar1 6nlemek ve en aza indirgemek icin ise Ol¢iim birimleri gibi verilerin
kesinliginin saglanmasi da gerekmektedir.

C. Etki Degerlendirmesi

Yasam dongtisii etki degerlendirmesi basamaginda envanter analizine dayali olarak elde edilen enerji, su
ve hammadde kullanimi verilerinin potansiyel g¢evre etkileri degerlendirilmektedir. Bu basamak ilk olarak
emisyonlari etki kategorilerine ayiran ve ikinci olarak karsilastirmaya olanak saglamak i¢in bunlari ortak birimlerle
karakterize eden cevresel etki degerlendirme yontemleri araciligiyla yapilir [45].

Yasam dongiisii cevresel etki degerlendirmesi hesaplamalar1 giiniimiizde siklikla GaBi, OpenLCA ve
SimaPro gibi yazilmlar kullanilarak yapilmaktadir. Bazi yazilimlar kendi veritabanlariyla birlikte
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kullanilabilirken Ecoinvent, NEEDS gibi kiiresel ve iilkelere 6zel hazirlanan veri tabanlari ile de desteklenmesi
gerekebilmektedir. Yasam dongiisii degerlendirme igin kullanilan yazilimlarin bir¢ogu yasam dongiisii
maliyetlendirmesi ve yasam donglisii raporlamasini da gergeklestirmektedir. CML, ReCiPe, gibi degisik yasam
dongiisii etki degerlendirme yontemi mevcuttur. Farkli yontemler genellikle farkli sonuglar verir, bu da YDD
uygulayicisinin en uygun yontemi se¢gmesini ve hangi sonuglarin en iyi veya en olast etki tahminini verdigini
belirlemesini karmagik hale getirmektedir. Bu yontemler gesitli agilardan farklilik gésterse de temel ayrimlardan
biri orta nokta ve son nokta yontemleri arasindadir. Bu yontemler, etkiyi hesaplamak i¢in neden-sonug zincirindeki
farkli agamalar1 kullanmaktadir [46].

Sekil 4’te gosterildigi gibi etki degerlendirmesi smiflandirma, karakterizasyon, normallestirme ve
agirliklandirma gibi basamaklardan olusur. Her ¢alisma igin farklilik gostermekte olup ilk iki asama zorunlu, son
iki agama ise istege baglidir [47].

co, \ NORMALIZASYON

CHy —  » KURESELISINMA ——b CO,esd.
CFC11

BOD

TN ——— OTROFIKASYON  —— pQesd.

NO, — \s AGIRLIKLANDIRILMIS

/ ETKi

NO, "% ASIDIFIKASYON  ——  H+-esd.

SO,

voe

co FOTOKIMYASAL  _ CHyesd?

> 0zON OLUSUMU 2
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Sekil 4. Etki analizi basamaklari ve iliskisi [47]

Smiflandirma, yasam dongiisii envanter girdi ve ¢iktilarinin ¢alisma amacina uygun olarak segilen etki
kategorilerine ayrilmasidir. Ornegin, smiflandirma asamasinda, sera gazi neden olan tiim girdiler/¢iktilar iklim
degisikligi etki kategorisine atanir [39]. YDD’de en yaygin olarak dikkate alinan ¢evresel etkiler kaynak kullanimu,
insan saghgi ve ekolojik hususlarla ilgili olup asagida listelenmistir. Bu liste kiireselden yerele dogru etki 6l¢egi
sirasma gore diizenlenmistir [48].

Abiyotik ve biyotik kaynaklarin tiikenmesi
Kiiresel 1sinma

Ozon tabakasiin incelmesi

Fotokimyasal ozon olusumu veya duman olusumu
Asitlesme

Otrofikasyon

Insan toksisitesi

Ekotoksisite

Kat1 atik, tehlikeli ve radyoaktif atiklar

Karakterizasyon, her envanter akismin ilgili ¢evresel etkisine yonelik potansiyel etkilerinin
biiyiikliigiiniin degerlendirilmesidir. Ornegin, iklim degisikligi etkileri hesaplanirken, yasam dongiisii envanter
analizinde daha Once envanteri ¢ikarilan tiim sera gazi emisyonlari, karbondioksite gore etki yogunluklari
acisindan agirliklandirilir ve kg CO; esdegeri olarak ifade edilir. Karakterizasyon agamasinda envanter analizinde
hesaplanan yiikler, her bir yiikiin uygun etki kategorilerine nicel katkisini belirlemek icin bir karakterizasyon
faktorii ile ¢arpilir. Karakterizasyon faktorleri maddeye veya kaynaga 6zglidiir [46, 48].

Normallestirme asamasinda, farkli ¢evresel etki potansiyelleri, kabul gérmiis normalizasyon yontemleri
kullanilarak ortak referans sistemine gore birimsiz hale getirilerek karsilagtirilir. Etkiler, belirli bir zaman
diliminde belirli bir alandaki toplam etkilere gore de normallestirilebilir [49]. Ancak, yerel ve bolgesel 6lgekte
bazi etki kategorilerinin (6rnegin insan toksisitesi, asitlenme) goreceli katkilar1 kiiresel dlgekteki toplam etkiye
(6rnegin kiiresel 1sinma, abiyotik tiikenme) kiyasla ¢ok daha kiigiik ve bazen ihmal edilebilir goriinebileceginden
normallestirme sonuglar1 dikkatle yorumlanmalidir [39, 50, 51].
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Agirliklandirma asamasinda ise hangi ¢evresel etki potansiyelinin daha 6nemli oldugu ortaya koyulur. Bu
basamakta her ¢evresel etki kategorisi i¢in azaltim hedeflerine dayanan agirliklandirma yontemlerinden biri
kullanilarak belirli katsayilarla ¢arpilir [48]. Agirliklandirma, analiz sonuglarinin yorumlanmasini ve iletigimini
destekler.

D. Sonuclarin Degerlendirilmesi

YDD’nin son asamasi sonuglarin degerlendirilmesidir ve bu basamagm amaci sonuglart analiz etmek,
veri hassaslik analizini degerlendirmek, en fazla etkinin geldigi basamaklarin bulunmasi ve sonuglarin
raporlanmasidir. Bu agsamada ayni zamanda bir YDD veya bir yasam dongiisii envanteri ¢aligmasinin sonuglarinin
calismanin amag ve kapsam tanimina uygun olarak, kolayca anlasilabilir, eksiksiz ve tutarli bir sunumu saglanir
[39, 52].

APK malzemeler icin bir YDD ¢alismasinin sonuglarini yorumlarken dikkate alinmasi gereken bazi
onemli noktalar Tablo 1’de 6zetlenmistir.

Tablo 1. YDD’de sonuglarin yorumlanmasinda kullanilmasi gereken yaklasimlar [49].

Yontem Amacg

Detayly, sayisal ve karsilastirmal veriler ile malzemenin yagsam dongiisii ile
En ¢ok etkinin geldigi noktalarin belirlenmesi iliskili sera gazi1 emisyonlari, su kullanim1 veya toksik salinimlar gibi
cevresel etkilere en ¢ok sebep olan basamaklarin tespit etmek.

Incelenen kompozit malzemenin gevresel siirdiiriilebilirliginin, kompozit

Alternatif hammaddelerin ve iiretim siirecinin icindeki bilegenler ve diger alternatif malzemeler ile karsilagtirmak.

kiyaslanmasi . . R .
Farkl: tasarim segeneklerini tespit ederek, iyilestirme firsatlarini belirlemek.

Envanter analizinde veya etki degerlendirmesinde yapilan varsayimlari,
veri kalitesini ve model belirsizliklerinin sonuglar tizerindeki degisimini
yorumlamak.

Modeldeki belirsizliklerin, varsayimlarin ve sinirlamalarin
degerlendirilmesi

IV. AHSAP PLASTiK KOMPOZITLERIN YASAM DONGUSU DEGERLENDIRMESi: GUNCEL
LITERATUR ORNEKLERI

YDD, tiim diinyada kullanilan, siirekli gelismekte olan, asil {irlinleri hedef alan ve standardize edilmis
bilimsel bir analiz metodudur [53]. YDD ¢ok ¢esitli iiriin, hizmet ve sistemler i¢in genis uygulama alanina sahiptir
[49] ve kompozit malzemelerin yasam dongiisii boyutunda g¢evresel etkilerinin analiz edildigi ¢aligmalar da
literatlirde yer almaktadir. Bu ¢aligma kapsaminda incelenen ahsap ve plastik temelli kompozit malzemeler igin
yapilan yasam dongilisii degerlendirmesi caligmalarina ait bilgiler Tablo 2’de sunulmustur. Caligmalar
degerlendirildiginde, kullanilan hammadde tiirii, ¢alisma kapsami ve amaci, fonksiyonel birim ve odaklanilan
cevresel etki kategorilerine gore farklilik gosterdigi goriilmistiir. Genel olarak tek kompozit malzemenin gevresel
etkileri hesaplanirken, bazi ¢alismalarda [54-56] alternatif hammaddelerle tiretilen APK malzemelerin gevresel
etkilerinin karsilastirildigi goriilmiistiir. Fonksiyonel birim genel olarak agirliga bagl secilirken APK malzeme
alanina [56, 57] ve kullanimina [58] bagli secilen fonksiyonel birime gére hesaplamalarin yapildigi ¢aligmalar da
literatiirde mevcuttur. Biitiin ¢alismalarda kiiresel 1sinma potansiyeli (KIP) hesaplanmistir. Sadece iki ¢aligmada
[59, 60] asidifikasyon potansiyeli (AP) ve ii¢ ¢alismada [59-61] 6trofikasyon potansiyeli (OP) hesaplanmanustir.
Diger yayinlarda hesaplanan gevresel etki kategorileri ise ¢alismanin amacina gore farklilik gostermektedir.
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Tablo 2. APK malzemeler i¢in yapilan yasam dongiisii degerlendirmesi ¢aligmalari

APK Bilesimi Fonksiyonel birim  Etki kategorileri Amag Sonug¢ Referans
Alternatif malzeme kullanimi Ikincil ahsap kullanim en ¢evreci yaklagimdir.
Ahsap (yumusak AP, ATP element,
odunumsu)- 1 kg APK FOOP, KIP, OP, . e . [62]
HDPE OTIP Kullanim dmrii sonu Malzeme geri donusumu., yakit olarak kullanilarak bertarafina gére daha
degerlendirilmesi ¢evre dostu bir yontemdir.
Alternatif malzeme kullanum APK 1cer1glpd? geri donusFurulmus PP ve mineral yiin kullanilmas: daha az
ATP fosil. AP. ATP cevresel etki gostermektedir.
. osil, AP,
Ladin agaci1-PP 100 kg APK clement, KIP, OP . . . . [63]
Kullanim émrii sonu Geri doniistiiriilmiis PP’nin kullanim 6mrii sonunda islenmesi toplam
degerlendirmesi emisyonlar1 6nemli 6l¢iide azaltmaktadir.
Ahsap tozu- 5 AP, ATP element, Ahsaba yapilan 6n islemin Alkali bakir kuarterner ile 6n islem yapmanin OP disindaki etki
30 m* APK EE, FYK, KIP, OP, - . . o . . [57]
HDPE SK. SP etkisinin belirlenmesi kategorilerinde daha iyi sonug vermektedir
APK igindeki katkilarin Katkisiz APK igin su tiiketimi daha yiiksektir.
(polihidroksialkanoatlar) o ) o o
Cam agaci talagi- 1 ton APK AP, FOOP, KIP, incelenmesi FOOP tiim kompozitler i¢in en 6nemli etki kategorisidir. [64]
PLA OP, SP
Uretim siireglerinin iyilestirilmesi {thgp k}}mtr.ng islemi optlml_zasyonu ve gt_lk su 1slahi ¢aligmalari ile AKP
iretim siirecinin ¢evresel etkiler azaltilabilir.
Ingaat odun atigmimn yonetim Atik ahsabin APK iginde kullaniminin gevresel siirdiiriilebilirlige katkisi
Odun atig1-Ure stratejilerinin (APK i¢inde, bulunmaktadir.
formaldehit 1 ton ahsap KIP ¢imento katkisi, yakit ve arazi [59]
regine dolgusu olarak kullaniminin) Atik ahsap i¢in en iyi atik yonetiminin yakit olarak kullanimi oldugu
karsilagtiriimast belirlenmistir.
Odun lifi-PP 1 ton odun lifi AP, FYK, ITP APK’nin PP malzemeler ile APK’nin, PP malzemelere gore daha gevre dostudur. [61]
karsilastirilmasi
Ahsap (%50
yumusak
odunumsu + %50 1 ton ahsap, )
sert odunumsu 1 kamvyon ahsa AP, FYK, KIP, OP,  Toz ve pelet halinde kullanilan APK iiretimi i¢in, pelet seklinde ahsap kullaniminin ekonomik ve ¢evresel [65]
biyokiitle)- Y $ap OTiP, ahsabin etkisinin saptanmasi faydalar1 bulunmaktadir.
polimer
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Ladin talagi-PP

insaat ve yikim atiklarimin APK’da

Geleneksel atik bertarafi yontemlerine gore insaat atiklarinin APK’da

/ Ladin talast 1000 kg APK FYK, KIP kullaniminin incelenmesi kullanimi avantajl bir yontemdir. [60]
polimer karigimi
Kendiliginden yetisebilen (cam
Cam ignesi-PLA ignesi) veya yetisemeyen (kenevir)  Kenevir lifi ile iiretilen kompozitler daha iistiin 6zelliklere sahip olmasina
AP, ATP element, biyokiitle ¢esitlerinin ragmen, cam ignesi lifleri, diisiik toksisite gostergelerine sahiptir.
1 kg PLA ITP, KEP, KIP, OP,  karsilagtiriimasi [54]
OTIP, TSEP
Kenevir lifi-PLA Blyokutle oranimin etkisinin PLA oraninin azaltilmasi ile ¢evresel etkiler azalmaktadir.
incelenmesi
Keten lifi-PLA
Kenevir lifi-PLA Organik ve inorganik (cam elyaf ve
o talk) dolgu malzemelerinin
Piring kabugu- karsilagtirilmasi
PLA = : oo . P
| kg APK AP, KIP, OP, OTIP,  yammadde tedarigi, islenmesi, Organlklblyo-esasll mz?lzemele{m k1~111an1r~n1 daha dg§uk bir [55]
SP nakliyesi ve kullanim émrit sonu ekonomik/cevresel etki ve enerji yogunlugu elde edilir.
Ahsap tozu-PLA o Lo
ile iliskili maliyetleri, emisyonlar1
ve enerji yogunlugunun
Kurutulmus belirlenmesi
damitma-tane ve
¢oziinirleri
(DDSA)-PLA
. o . . SBS ile modifiye edilen APK'ler, SBS i¢cermeyenlere gore daha ¢evre
AP. ATP el Stiren-biitadien-stiren (SBS) ile dostudur
Cam talasi-PLA 1 ton APK ’ ¢ ement, modifikasyonun ve SBS miktarinin ' [66]
FOOP, KIP, OP, SP - . .
etkisinin belirlenmesi o L . . .
APK icindeki biyokiitle miktar arttikga ¢evresel etkiler azalmaktadir.
Ahsap tozu- 1000 kullanmm ATP fosil, AP, KIP,  Ahsap, plastik ve APK’nin APK, KIP (biyojenik karbon hari¢) hari¢ tiim kategorilerde en diisiik (58]
HDPE 4 OP, OTIP kiyaslanmas1 cevresel etkiye sahiptir.
Ahsap-PE Malzeme bilesimi ve geometrisi Ham ahsaptan (¢am) yapilmis malzeme, ¢evreye en zararsiz olmasina
2 AP, FOOP, KIP, farkli olan iki farklt APK’nin, iki ragmen
1 m*> APK A - ’ [56]
ODF, OP farkli ahsap zemin kaplamasi (¢am
Ahsap-PVC ve bilinga) ile karsilagtirimas: APK kullanim dmrii ve geri doniisiim bakimindan avantaj sunmaktadir.

Abiyotik kaynaklarin tiikenme potansiyeli (fosil olmayan) (ATP elements), Abiyotik kaynaklarin tiikenme potansiyeli (fosil) (ATP fosil), Ekolojik etki (EE), Fotokimyasal ozon olusturma potansiyeli
(FOOP), Fosil yakitk (FYK), Insan toksisite potansiyeli (ITP), Karasal ekotoksisite potansiyeli (KEP), Kiiresel isinma potansiyeli (KIP), Ozon tabakasinin incelmesi potansiyeli, (OTIP), Otrofikasyon
potansiyeli (OP), Su kullanimi (SK), Sis potansiyeli (SP), Tatli su canlilarina ekotoksisite potansiyeli (TSEP)
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Tablo 2’de sunulan literatiir bulgulari incelendiginde, genel olarak geri donistiiriilmiis malzemelerin ham
madde olarak kullanilmasinin yani sira, dogal malzemelerin de iiretimde kullanilmasiyla elde edilen ¢esitli
alternatif kompozit malzemelerin farkli sektdrlerde kullaniminin ¢evresel etkilerinin degerlendirildigi
goriilmektedir. Ayrica, hazirlanan ¢aligmalarin bir kismi, yasam sonu basamagi i¢in uygulanan farkli atik yonetimi
alternatiflerinin c¢evresel etkilerini karsilastirmaya odaklanmigtir. Calismalarin amacina ve kapsamina uygun
olarak farkli fonksiyonel birim ve gevresel etki kategorileri se¢imi yapildigi sonucuna varilmig; dolayisiyla,
calismalarin mukayese edilebilmesi acisindan bir standardizasyon eksikligi tespit edilmistir. Bunun yani sira,
yapilan literatiir taramasinda ¢ok az sayida ¢aligmada veriler igin hassasiyet analizi yapilmistir. Genel olarak elde
edilen sonuglar degerlendirildiginde, kompozitlerin iceriginde ahsap kullanilmasinin ¢evresel etki kategorileri
6zelinde KIP degerini diisiirdiigii gdzlemlenmistir. Ancak, malzemelerin performanslari, ekonomik 6mrii, bakim
ve onarim gibi faktdrler géz oniinde bulundurulmalr; ayrica geleneksel malzemelerle, 6zellikle de kompozit
yapisini olusturan ahsap ve polimerik malzemelerle kiyaslanmasinin gerekliligi de belirginlesmektedir. G6z
onilinde bulundurulmasi gereken bir diger husus, yiiriitilen c¢aligmalarda gevresel siirdiiriilebilirlik igin etki
kategorileri incelenirken, sosyal ve ekonomik siirdiiriilebilirlik analizlerinin degerlendirilmemis olmasidir. Bu
nedenle, farkli hammadde kombinasyonlarmi inceleyen c¢aligmalarin yani sira, biyokiitle ve polimer
hammaddelerinin eldesinden APK kullanim &mriiniin sonuna kadar atilmasina kadar tim asamalarinin dikkate
alindigi, besikten mezara yaklasimiyla cevresel, ekonomik ve sosyal bir analizin kapsamli bir sekilde
degerlendirilmesi, siirdiiriilebilirlik a¢isindan biiyiik bir 6nem tagimaktadir.

V. SONUC VE DEGERLENDIRME

APK malzemelerin ¢evre dostu ve eko-siirdiiriilebilir olmalari, onlart modern hayatin pek ¢ok
uygulamasinda tercih edilen malzemelerden biri haline getirmistir. Son yillarda, teknolojik geligsmeler
dogrultusunda fonksiyonel ve uzun Omiirli malzemelere olan talebin artmasiyla birlikte, ahgap-plastik
kompozitlerde malzeme seg¢imi, iiretim tasarimi, maliyet azaltimi ve ¢evresel siirdiiriilebilirlik gibi konular 6nem
kazanmigtir. Bu ¢aligmada, literatiir taramasi ile elde edilen veriler dogrultusunda, APK malzemelere yonelik farkli
cevresel etki kategorileri kapsamli bir sekilde degerlendirilmistir. incelenen literatiir, belirli siirdiiriilebilirlik
hedeflerine ulagsmay1 amaclayan ¢evresel etki ¢caligmalarinin giin gectikge arttigini ancak halen yeterli seviyeye
ulasmadigini gostermektedir. Ozellikle APK malzemelerin kullanim alanlar1 ve kiiresel iiretim hacmindeki
beklenen artis gz Oniline alindiginda, yasam dongiisii degerlendirme g¢aligmalarinin biitiinlesik bir yaklagimla
artirilmasi gerekliligi dikkat ¢ekmektedir. Sonug olarak, kaynak verimliligini destekleyen, sorumlu {iretim ve geri
doniisim uygulamalarint tesvik eden yontemler, APK malzemelerin dongiisel ekonomiye sagladigi katkiyi
artirmaktadir. Bu malzemelerin dayanikliligi, ¢ok yonliiliigii ve yerel kaynak potansiyeli ile birlestiginde, uzun
omiir ve enerji verimliligi ilkeleri ile uyum iginde siirdiiriilebilirlige katki saglamaktadir. Bu nedenle, APK
malzemelerin iiretim siirecine ikincil geri donistiiriilmiis ahsap ve polimer kaynaklarinin dahil edilmesi, teknolojik
inovasyonun ekolojik sorumlulukla uyumlu oldugu daha siirdiiriilebilir bir gelecege katki sunmaktadir. Ayrica,
APK malzemelerin yasam dongiisii cevresel siirdiiriilebilirlik analizlerine ek olarak, ekonomik ve sosyal etkilerinin
de degerlendirilmesinin, bu sektdriin siirdiiriilebilirligine dnemli katkilar saglayacagi 6ngoriilmektedir.
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Oz

Yaygin olarak defne adiyla bilinen Laurus nobilis L., Lauraceae familyasina ait bir tiir olup, Akdeniz ikliminin
karakteristik bir bitkisidir. Bitki, iilkemizde kiy1 kesimlerinde yayilig gostermektedir ve yapraklarindan elde edilen
ucucu yagi, halk arasinda gidalarda aroma verici ve baharat olarak kullanilmaktadir. Yapilan calismalar
sonucunda, terpenik bilesiklerce zengin ugucu yaginin, antimikrobiyal, antioksidan, insektisit, akarisidal,
antikonviilsan, sitotoksik vb. birgok biyolojik aktiviteye sahip oldugu gosterilmistir. Ugucu yagin ana bilesiminde
yaklagik 322 bilesik tespit edilmis olup, ana bilesenlerin 1,8-sineol, a-terpinil asetat oldugu belirlenmistir. Bu
derlemede, L. nobilis yapraklarindan elde edilen ugucu yagin geleneksel kullanimi, fitokimyasal igerigi ve
biyolojik aktiviteleri vurgulanarak, u¢ucu yag hakkinda yapilan ¢alismalarin bilimsel bir sentezinin sunulmasi
amaclanmaktadir.

Anahtar Kelimeler- Biyolojik Aktivite, Fitokimyasal Calisma, Defne, Geleneksel Kullanim, Laurus Nobilis

ABSTRACT

Laurus nobilis L., commonly known as laurel, is a species belonging to Lauraceae family and a characteristic plant
of the Mediterranean climate. The plant is distributed in the coastal areas of our country, and the essential oil
obtained from its leaves is used as a flavoring agent and spice in public. The studies conducted on the essential oil,
which is rich in terpenic compounds, revealed various biological activities such as antimicrobial, antioxidant,
insecticide, acaricidal, anticonvulsant, and cytotoxic activity. Approximately 322 components have been
determined in the content of the essential oil and the major components were identified as 1,8-cineole, a-terpinyl
acetate. In this review, it is aimed to present a scientific synthesis of the studies on the essential oil by emphasizing
the traditional use, phytochemical content and biological activities of the essential oil obtained from the leaves of
L. nobilis.
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I. GIRIS

Cok cesitli 6zelliklere sahip olan bitkiler, insanoglunun varolusundan bu yana besin barmak vb. ¢ok ¢esitli
ihtiyaglarini karsilamiglardir. Zamanla insanlar bazi bitkilerin sifali etkilerini kesfederek, bunlari hastaliklarin
tedavisinde kullanmaya baglamislardir. Bu geleneksel kullanim, deneme yanilma yoluyla kesfedilip gelistirilerek
nesilden nesile aktarilmis ve giiniimiize ulasmustir [1]. Bitkilerle tedavi hakkindaki ilk kayitlar M.O. 5000
yillarinda Mezopotamya uygarliginda goriilmiis ve 250 bitkisel drogun kullanildig: tespit edilmistir [2].

Tibbi ve aromatik bitkiler; sagligin siirdiiriilmesi, hastaliklarin iyilestirilmesi ve dnlenmesi amaciyla
tamamlayici olarak geleneksel ve modern tipta kullanilmakta olup, icerdikleri etken bilesikler ve kullanim amaclar1
bakimindan gesitlilik gostermektedir [2]. Tibbi ve aromatik bitkiler; ugucu yag eldesinde, i¢erdikleri pigmentler
dolayisiyla boya ve vernik yapiminda, gidalara renk ve tat vermek amaciyla baharat olarak, karakteristik
kokularindan dolay1 kozmetik parfiimeride, dahilen ve haricen kullanim ile hastaliklarin tedavisinde, depolanan
gidalarin boceklenmeden uzun dmiirlii olmasini saglamada, ¢esitli igecek ve serbetlerin hazirlanmasinda, viicutta
performans arttirma vb bir¢ok alanda uzun yillar kullanim alan1 bulmustur [3, 4]. Cesitli bitki tiirlerinden elde
edilen ugucu yaglarin kimyasal bilesimi ve biyolojik aktiviteleri yapilan ¢alismalarla da gosterilmistir [5].

Ucucu yaglarin kullanim alanlar1 incelendiginde; en ¢ok antiseptik etkileri ile kullanimlart 6ne ¢iksa da
farkl1 biyolojik etkileri ile hastaliklarin tedavisinde, parfiim, sabun, krem gibi kozmetik iriinlerin i¢eriginde, ayrca
istah acic1 ve gida koruyucu dzellikleriyle kullanilmiglardir. Eski bir yontem olan mumyalama tekniginde, insanlar
Olen hiikiimdarlarinin viicutlarin1 koruyup, naasin bozulmasmi engellemek icin ugucu yaglardan cokca
faydalanmiglardir. Giintimiizde yapilan bilimsel ¢aligmalarla, ugucu yaglarin antimikrobiyal, analjezik, sedatif,
antienflamatuvar, spazmolitik, lokal anestezik, antibakteriyel, antifungal, antioksidan, insektisit, sitotoksik,
antiviral vb. etkiler gosterdigi ispatlanmistir [6]. Diinya Saglik Orgiitii (DSO), bu tespitleri dikkate alarak
geleneksel tedavide kullanilan bitkiler ve bitkisel ilaglar hakkinda galigmalar yiirlitmiis; stratejiler ortaya koymus,
kilavuzlar, standartlar ve yaymlar hazirlamistir [7].

Tiirkiye, li¢ ayr1 bolgenin kesistigi bir cografyada yer almasi dolayisiyla, yedi farkli iklime, ¢ok degisken
nitelikte topraklara, jeomorfolojik ve topografik 6zelliklere sahip bir ililkedir. Bu durum, iilkemizde oldukga zengin
bir bitki florasinin gelismesine olanak saglamistir. Tiirkiye’nin sahip oldugu 12 bin civarindaki bitki taksonunun
yaklasik 3800 tanesi endemiktir [8]. Ulkemizin 6nemli tibbi ve aromatik bitkilerinden birisi olan defne (Laurus
nobilis L.), diinyada diger tibbi ve aromatik bitkiler kadar yaygin olarak kullanilmamakla birlikte, Tiirkiye’de
popiilerligi yiiksek olan bitkilerdendir [9].

Bitkiler aleminde, damarl bitkiler sinifinda olan L. nobilis, bilimsel siniflandirilmasina bakildiginda
tohumlu bitkiler (Spermatophyta) subesi, dikotiledonlar (Magnoliopsida) sinifi, Magnoliidae alt sinifi, kapal
tohumlular (Angiospermae) alt boliimii, Laurales takimi, defnegiller (Lauraceae) familyasi ve Laurus cinsi
icerisinde yer almaktadir [8,12].

Laurus cinsi, diinya genelinde yaklasik olarak 45 cins ve 1000 tiirii barindiran Lauraceae familyasina
aittir. Cinsin Laurus canariensis Willd. ve Laurus nobilis olmak tizere iki tiirii bulunmaktadir. L. nobilis tiiriniin
yaprak kenarlar1 dalgali olan aurea, crispa ve undula ile dar yaprakli olan angustifolia olmak tizere dort alt tiirii
bulunmaktadir [10]. Akdeniz defnesi olarak bilinen bu tiir, ¢ok dalli, aromatik, genis yaprakli, ince, yaprak
dokmeyen bir agag veya biiylik bir ¢alidir. Dogal kosullarda boyu 2-20 m'ye kadar ulasir. Kabuk piiriizsiiz, ince
ve soluk gri olup yogun ince dallar piramidal sekilli bir tag seklini olusturur. Yapraklar alternan, kisa sapli, uzun,
mizrak veya dikdortgen-mizrak sekillerinde, akut, derimsi yapida ve kenarlar1 dalgalidir. Yapraklarin iist yiizeyi
parlak koyu yesil; alt ylizeyi ise tiiysiiz olup belirgin bir orta damara ve soluk yesilden kahverengiye donen bir
renge sahiptir. Defne, iki evcikli bir agagtir. Bu tiirlin gigekleri, ilkbaharin bagindan ortasina kadar goriinen
salkimlar halinde, 4-5 cicekli, kisa piiskiillii parlak sari-yesildir. Erkek ¢icekler 4—5 mm uzunlugunda 8-14
stamenli, ¢ogu 2 bazal bezlidir. Disi ¢icekler yaklasik 4-5 mm uzunlugunda, 2-4 staminotludur ve nektar igerirler.
Ayrica meyveler tek tohumlu, oval 10-15 mm boyutlarinda parlak siyah dut benzeri ve ince perikarpa sahip olup,
kirildiginda tohum kabugu perikarpin i¢ yiizeyine yapisan bir ¢ekirdegi agiga ¢ikarir [11-15].

L. nobilis, mitolojide Apollon Defnesi adl ailenin bir iiyesi kabul edilmektedir. Genellikle defne, defne
agaci, gar, Grek defnesi veya tatli defne olarak adlandirilmaktadir [16]. Defne yapraklarindan ugucu yag elde
edilirken meyve ve tohumlan sabit yag tasimaktadir. Elde edilen sabit yaglar genel olarak sabun yapiminda
kullanilmaktadir. Akdeniz iklimine 6zgli maki denilen bitki ortiislinlin karakteristik bir tiirii olan defne, Kuzey
Afrika, Bat1 Asya ve Giiney Avrupa’nin yani sira tilkemizde tiim kiy1 kesimlerinde dogal olarak yetismektedir [9,
17, 18]. Kislar1 1lik, yazlar1 sicak bolgelerde; nemin yeterli oldugu dere yataklarinda ve balgik, kum ve kil
karisimlar1 halinde bulunan alanlarda yayilis gostermektedir. Ana kaya ise kalker ve sist olup ayrica defne bitkisi
topraktaki tuz stresine dayaniklidir [9].

Defnegiller olarak da bilinen Lauracea familyas, iilkemizde tek cins ve tek tiir ile temsil edilmektedir.
Giineyde 1000-1200 m rakima kadar ulasabilmektedirler [9, 19]. Sekil 1’de gosterildigi gibi Hatay yoresinden
baglayip Karadeniz’in Kuzeydogusuna kadar uzanmakla birlikte subtropik iklimin etkisine bagli olarak ic
kisimlara da yayilabilmektedir [20].
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Sekil 1. Defne bitkisinin Tiirkiye’deki yayilis alanlart [21]

Halk arasinda defne bitkisi, 6zellikle et ve balik yemeklerinin hazirlanmasinda baharat olarak kullanimi
ile 6ne ¢ikmaktadir [15]. Bunun disinda, defnenin yapraklar1 ve meyveleri gesitli hastaliklari tedavi etmek igin
oral veya topikal olarak kullanilmaktadir [15, 22]. Yapraklarin, Akdeniz bolgesinde geleneksel olarak, yiiksek kan
sekerini dengelemek amaciyla; ugucu yagn ise, mantar ve bakteriyel kokenli enfeksiyonlar: engellemek, siskinlik
ve gaz gibi gastrointestinal problemleri tedavi etmek amaciyla kullanildign bilinmektedir [23, 24]. Birgok
calismada; gida koruma, romatizmal rahatsizliklar, kanser, epilepsi, mide-bagirsak sorunlar1 ve ¢esitli bulasici
hastaliklarin tedavisinde kullanimi belirtilmistir [25]. iran halkinin geleneksel olarak defne yapraklarini epilepsi,
nevralji ve parkinsonizm gibi hastaliklarin tedavisinde ve yapraktan elde edilen ugucu yagi hemoroit ve romatizmal
agrilarmin giderilmesinde kullandiklarina dair eski kayitlar meveuttur [23, 26]. Defne ugucu yaginim, haricen sedef
hastaliginin tedavisi igin ve kepek onleyici etkisi ile sa¢ losyonunun bilesiminde kullanildig: bildirilmistir [27].

A. Laurus nobilis Ucucu Yagimin Fitokimyasal I¢erigi

Tiirk farmakopesine gore defne ugucu yagi; Laurus nobilis (Lauraceae) yapraklarindan elde edilen en
az %48 oraninda 1,8-sineol ve %7 a-terpinil asetat iceren berrak, sar1 renkli, karakteristik aromatik, baharat kokulu
ve kafurumsu tatta bir sivi olarak tanimlanmistir [28]. Bitkinin yapraklarindan genellikle %1-3 oraninda ugucu
yag elde edilmektedir. Defne yapraginin karakteristik aromasi ve tadi biiyiik 6lciide 6jenol adli fenolik bilesikten
kaynaklanmaktadir. Dogu Akdeniz Ormancilik Arastirma Midirliigii’niin yaptig1 bir calismada yaprak toplama
periyotlarinin ugucu yag oranina etkisi degerlendirilmis ve en yiiksek miktarda ugucu yagin %4,19 orani ile iki
yilda bir hasat edilen agaglarin yapraklarindan elde edildigi tespit edilmistir [29].
L. nobilis yapraklarindan elde edilen ugucu yag oOrnekleri tizerinde yiiriitiilen ¢aligmalara dair veriler
incelendiginde; yaklasik 322 tane bilesen saptanmistir [15, 30-42]. Bu bilesiklerin bazilari; monoterpen
hidrokarbonlar, oksijenli monoterpenler, seskiterpen hidrokarbonlar, oksijenli seskiterpenler ve fenilpropanoitler
olarak siralanabilir. Bilesiklerden one ¢ikan bazilar1 Tablo 1°de listelenmistir [43-45].

Tablo 1. Defne Ugucu Yaginda Bulunan Bilesenlerin Siniflandirilmasi

Monoterpen Oksijenli Seskiterpen Oksijenli Asitler ve Fenil
Hidrokarbonlar Monoterpenler Hidrokarbonlar Seskiterpenler digerleri propanoitler
a-pinen a-terpinol B-elemen B-karyofillen oksit formik asit djenol
f-pinen terpinen-4-ol B-karyofillen 1(12), 8(15)- propiyonik asit metil jenol

karyofilladien-9-ol
kamfen a-terpin B-selinen spatulenol kaprik asit asetil djenil
B-mirsen p-simenol v-kadinen karyofillen oksit heptanoik asit sinnamil asetat
B-fenandren 1,8-sineol 8-sadinen viridiflorol kaprilik asit 3-4-dimetoksi-
allilbenzen
A-3-karen dehidro-1,8 sineol alloarodendren B-6desmol nonanoik asit metil kavikol
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a-tuyon linalol a-selinen ledol linalil asetat hidrosinnamil
asetat
a-fellandren geraniol B-6desmol a-6desmol bornilasetat trans-sinnamil
asetat
limonen kafur a-kopen a-kadinol a-terpinenil trans-metil
asetat
p-simen linalil asetat 6,9-guadinen geranil izoGjenol
biitanoat
a-terpinen terpinil formiat a-humulen trans-sinnamil elemisin
asetat
terpinolen terpinil asetat allo-aromadendren karvakrol trans-izodjenol
metil eter
sabinen a-terpinil asetat germasiren D timol etil-trans-
sinnamat
mirsen cis-sabinen hidrat bisiklogermasiren izobiitil
izobiitirat
cis-osimen cis-p-ment-2-en-1- a-bulnesen 2-nonanon
ol
y-terpinen A-terpineol A-kadinen 2-undekanon
terpinolen nerol trans-kadina-1,4-dien

4-tujanil asetat

bornil asetat

A-terpinil asetat

neril asetat

geranil asetat

trans-p-ment-2-en-
1-ol

Farkli ugucu yag numunelerinde yiiriitiilen GC-MS analizleriyle yiizlerce farkli bilesen tespit edilmis olsa
da, genel olarak birkag diizine terpenik bilesik defne ugucu yagmin temel i¢erigini olusturmaktadir. Terpenler, esas
olarak doymamis hidrokarbon yapisinda olmakla birlikte steroitlerin dncii bilesikleri olup, birgok farkli biyolojik
isleve sahiptir. Ornegin, hos ve giiglii kokular1 sayesinde bitki savunmasinda rol alir ve tozlasmaya yardimci olarak
gorev yaparlar. L. nobilis tiirli, monoterpenler ve seskiterpenler olup bunlarin tiirevleri olan oksijenli
monoterpenler ve seskiterpenler bakimindan zengindir. Ugucu yaginda bulunan bu bilesikler arasinda; 1,8-sineol
(6kaliptol), kamfen, limonen, p-simen, sabinen, terpinen-4-ol, linalol, a-pinen, a-terpinen, a-terpineol, a-tuyon
sayilabilir. Okaliptol, ugucu yag iceriginde en ¢ok bulunan oksijenli monoterpendir ve birgok calismada, ugucu
yag igindeki oraninin %25 ile %60 arasinda oldugu tespit edilmistir. Defne ugucu yagi ayrica, 6jenol (%0,1-5,1)
ve metil djenol (%0,9-21,3) igerir. Ojenol, birgok bitkinin ugucu yaginda rastlanan parfiim ve tatlandiricilarda
kullanilan bir alkilbenzen; metil §jenol ise bir fenilpropanoittir ve temel islevi bitkiye tozlayicilar1 ¢ekmektir.
Ayrica epikatesin, prosiyanidin dimer, prosiyanidin trimer, flavonol ve flavon tiirevleri gibi bazi fenolik bilesenlere
ve B-pinen, mirsen, limonen, linalol, kavikol, metil kavikol, a-terpineol, geranil asetat gibi bir¢cok ugucu aktif
bilesene sahiptir [46]. Yiiksek alkanlar sinifina giren n-heneikosan, n-heptakosan, n-heptadekan, n-hekzakosan, n-
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oktakosan, n-pentakosan, n-tetrakosan, n-trikosan bilegiklerinin miktarlar1 ugucu yag kiitlesinin %]1'ini temsil
etmekte olup tespit edilebilir sinirin altindadir [15].

CHy GHy CH3 CHy
? ?Hz
HyC CH3 HiC CH3 HC CHy HiC CHy
1,8-sineol p-simen limonen linalol
cl HiC
Chs CH; =5
5C CH
Hae HO : CHy
HyC HyC CHy
HiC
a-pinen B-pinen djenol trisiklin
CHy CHy CH;
CHz
@:Hs
CHs
HiC CH; H3C CHy HC CHy
y-terpinen sabinen p-fellandren kamfen
CH; CH H,
3 z CH;
| HiC
CHz
oH cHy
Hal H,o” TCHy HiC CHz
OH
terpineol terpinen-4-ol mirsen tuyon

Sekil 2. Defne Yapragi Ugucu Yaginin Igerigindeki Major Bilesenlerin Molekiil Yapilari

GC-MS analiz yontemi kullanilarak yapilan bir c¢aligmada, Kuzey Kibris’da toplanan defne
yapraklarindan elde edilen ugucu yagin 81 bileseni tanimlanmistir. Yagin, monoterpenik hidrokarbonlar agisindan
¢ok zengin oldugu ve 1,8-sineol (%58,59), a-terpinil asetat ve terpinen-4-ol gibi monosiklik monoterpenlerin en
biiyiik fraksiyonu olusturdugu tespit edilmistir [30].

Hatay’dan toplanan defne yapraklari ile yapilan bir ¢aligmada, ugucu yag verimi %2,3-2,5 olarak tespit
tespit edilmis ve GC-MS analiz yontemi kullanilarak ugucu yagin igerinde toplam 27 bilesik tanimlanmigtir. Ana
bilesikler olarak tespit edilen 1,8-sineol (%51,8), a-terpinil asetat (%11,2) ve sabinen (%10,1) yaninda; a-terpineol
(%5,2), terpinen-4-ol (%3,1) ve 6jenol (%0,4) varhigr da gosterilmistir [22].

Tunus’ta yapilan bir caligmada yerli olarak yetisen defne yapraklari toplanarak, ugucu yaginin %92,88"ini

olusturan 31 bilesik tanimlanmuistir. Bu bilesikler arasinda 1,8-sineol (%46,8) major bilesik olarak tespit edilmistir.
Ugucu yag igerigindeki bilesiklerin %64,29’unu oksijenli monoterpenlerin olusturdugu ve hidrokarbon
monoterpen (%22,98) ve seskiterpen (%5,61) yapisinda bilesikler icerdigi tespit edilmistir. [37].
Tiirkiye’de yapilan bir ¢calismada, defne yapraklarindan buhar distilasyonu ile elde edilen ugucu yagda 48 bilesen
tespit edilmistir. GC-MS ile analiz edilen ugucu yagda major bilesik olarak 1,8-sineol (%46,16), a-terpinil asetat
(%10,62), a-pinen (%6,27), terpinen-4-ol (%5,07), sabinen (%4,99) ve B-pinen (%4,47); mindr bilesik olarak ise
3-hekzen-1-ol (%0,03), cis-f-0-simen (%0,05) ve 2-metilprop-1-enil-siklohekza-1,3-dien (%0,07) gibi bilesikler
tespit edilmistir [36].

Giiney italya’min kiyilarindan toplanan defne yapraklarindan elde edilen ugucu yagmn %91,6’sin1
olusturan 55 bilesen tammlanmistir. Ana bilesenleri oksijenli monoterpenler (%48,6) olan 1,8-sineol (%31,9),
sabinen (%12,2) ve linalol (%10,2) olarak tespit edilmistir. Bu bilesikler yaninda; a-terpinil asetat (%5,9), a-pinen
(%5,8), a-terpineol (%3,3), metil 6jenol (%3,3), izopulegol (%2,5), djenol (%1,6), B-pinen (%1,4) ve y-terpinen
(%1,0) olup ayrica hidrokarbonlardan -funebren (%0,5), B-elemen (%0,4) ve spatulenol (%0,4) tespit edilmistir
[47].

Stiperkritik siv1 ekstraksiyon (SFE) ve hidrodistilasyon (HD) yontemleri kullanilarak elde edilen defne
ucucu yaginin GC-MS analiz yontemiyle bilesenlerinin belirlendigi bir calismada; SFE ile %22,84; HD ile %23,51
oraninda 1,8-sineol major bilesik olarak tespit edilmistir. Bunun yani sira linalol SFE ile %12,46 ve HD ile %10,57;
a-terpinil asetat SFE ile %11,36 ve HD ile %10,79; metilojenol SFE ile %8,09 ve HD ile %9,42 oranlari ile diger
onemli bilegenler olarak tespit edilmistir [48].

Bulgaristan’da yapilan bir ¢alismada defnenin farkli kisimlarindan elde edilen ugucu yagin kimyasal
icerigi incelenmistir. Calismanin sonuglarma gore; defnenin meyvelerinden %0,78 verim ile elde edilen ucucu
yagin ana bilesenleri 1,8-sineol (%33,3), a-terpinil asetat (%10,3), a-pinen (%11,0), B-elemen (%7,5), sabinen
(%6,3), B-fellandren (%35,2), bornil asetat (%4,4) ve kamfen (%4,3) olarak tespit edilmistir. Bitkinin dallarindan
elde edilen ugucu yagn iceriginde 1,8-sineol (%48,5), a-terpinil asetat (%13,1), metil 6jenol (%6,6), p-linalol
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(%3,8), B-pinen (%3,4), sabinen (%3,3) ve terpinen-4-ol (%3,3); yapraklarindan elde edilen ugucu yagin
bilesiminde ise 1,8-sineol (%41,0), a-terpinil asetat (%14,4), a-pinen (%2,6), p-elemen (%0,78), sabinen (%8,8),
B-linalol (%4.,9), a-terpineol (%3,1), a-pinen (%2,6) ve terpinen-4-ol (%2,4) tespit edilmistir [44].

Cezayir’de yetisen defne yapraklarindan elde edilen ugucu yagda GC-MS analizi sonucunda 27 kimyasal bilesik
tanimlanmigtir. Ugucu yagin %59’unu oksijenli monoterpenlerin olusturdugu ve ana bilegenlerinin 1,8-sineol
(%30,1), a-terpinil asetat (%21,6) ve metil djenol (%16,9) oldugu belirlenmistir. [45].

Baska bir calismada, defne yapraklarindan elde edilen ugucu yagin 26 bileseni tanimlanmistir. Ugucu
yagm igeriginin %63,93 inii oksijenli monoterpenlerin olusturdugu goriilmistiir. Ana bilesen olarak 1,8-sineol
(%35,50) ile linalol (%14,10) bilesiklerinin yaninda daha diisiik oranda sabinen (%9,45) ve terpinil asetat (%9,65)
varhigi tespit edilmistir [49].

fran’da yiiksek kesimlerde yetisen defne yapraklarindan hidrodistilasyon yontemiyle elde edilen ugucu
yagin igeriginde 39 bilesenin bulundugu belirlenen bir ¢aligmada; ana bilegenler 1,8-sineol, trans-sabinen hidrat,
a-terpinil asetat, metil 6jenol, sabinen, Gjenol ve a-pinen olarak tespit edilmigtir [50].

Hidrodistilasyon yontemiyle elde edilen defne ugucu yaginin, GC-MS ve GC-FID analizleriyle kimyasal
bilesenlerinin ve kemotiplerinin tanimlandig1 baska bir caligmada; 26 bilesen tanimlanmistir. Major bilesik 1,8-
sineol (%52,43) olup, diger bilesenler a-terpinil asetat (%8,96), sabinen (%6,13), limonen (%5,25), a-pinen
(%3,72), linalol (%3,14), terpinen-4-ol (%2,56), a-terpinen (%2,12), a-pinen (%1,98), a-terpineol (%1,56), bornil
asetat (%1,89), a-fellandren (%1,28), mirsen (%1,13), kamfen (%1,05), p-simen (%0,94), a-terpinen (%0,98) ve
6jenol (%0,56) olarak tespit edilmistir [51].

Hatay’da Antakya, Yayladagi ve Samandagi’nda yetisen defnelerin meyve ve yapraklarindan elde edilen
ucucu yaglarin kimyasal bilesenlerinin karsilagtirildigt bir ¢alismada, farkli bolgelerden toplanan yapraklardan
elde edilen ii¢ ugucu yagin yaklasik %50 oraninda 1,8-sineol icerdigi tespit edilmistir. Tiim 6rneklerde yapraklarin
sabinen ve o-terpinil asetat icerigi yiiksek iken a-pinen, a-fellandren ve trans-p-osimen igeriginin diisiik oldugu
tespit edilmistir. Samandagi’ndaki yapraklardan elde edilen ugucu yagm digerlerine kiyasla en yiiksek
konsantrasyonda 1,8-sineol (%59,94) igerdigi ve meyve ugucu yaginin ana bilesenin trans-f-osimen (%28,35)
oldugu tespit edilmistir. U¢ yerden toplanan meyvelerden elde edilen ugucu yaglarda a-pinen, B-pinen, a-
fellandren, 1,8-sineol ve trans-B-osimen ana bilesenler olarak tespit edilmistir [52].

Mikrodalga destekli hidrodistilasyon (MAHD), omik yardimli hidrodistilasyon (OAHD), hidroakim
distilasyon (HSD) ve hidrodistilasyon (HD) gibi farkli yontemlerle elde edilen defne ugucu yaglarindaki kimyasal
bilesenlerin tespit edildigi bir ¢alismada; ugucu yagin ana bilesenleri 6kaliptol (%34,4-50,0), a-terpinenil asetat
(%14,9-18,8), terpinen-4-ol (%4,7-6,0) ve sabinen (%4,9-5,9) olarak tespit edilmistir. HD ve MAHD
yontemlerinin digerlerine kiyasla daha yiiksek oranlarda 6kaliptol igeren ugucu yag elde edilmesini sagladigi
belirlenmistir [53].

Hidrodistilasyon (HD) ve buhar distilasyonu (SD) yontemleri kullanilarak defne yapraklarindan elde
edilen ugucu yaglarin GC-MS ve GC-FID analizleriyle kimyasal bilesenlerinin karsilastirildigi bir baska
¢alismada; SD ile 73 bilesen, HD teknigi ile 54 bilesen tanimlanmustir. Ortak bilegenlerin sayist 49 olmakla birlikte
iki ugucu yagda da en fazla bulunan gruplarin monoterpenler (SD ile %30,18; HD ile %26,52) ve oksijenli
monoterpenler (SD ile %48,92; HD ile %57,78) oldugu, bunlarin yan1 sira seskiterpenler, oksijenli seskiterpenler,
diterpenoidler, fenilpropen tiirevleri, alkoller, karboniller ve esterler gibi gruplarin da tespit edildigi belirtilmistir.
Ana bilesen 6kaliptol (SD ile %26,99, HD ile %37,29) olup a-terpinil asetat (SD ile %17,46, HD ile %15,33),
sabinen (SD ile %13,72; HD ile %10,41) ve a-pinen (SD ile %10,92; HD ile %8,92) gibi bilesiklerin varligina da
rastlanilmigtir [54].

B. Laurus nobilis L. Tiiriiniin Biyolojik Aktivitesi

Literatiir verilerinin taranmasi sonucunda, Laurus nobilis tiiriiniin sergiledigi tespit edilen biyolojik etkiler
Sekil 3’te gosterilmistir.

Antimikrobiyal“___._m .......Antikonviilzan
Etki Etki
Antioksidan ‘ Sitotoksik
< >
Etki Etki
Nematisidal .y Insektisit
Etki Etki
Akarasidal _entienﬂamatuvar
Etki ve Analjezik Etki
Antikolinerjik ., | | O Antihelmintik
ST i I > Etki

Sekil 3. L. nobilis Tiiriine Ait Biyolojik Aktivitelerin Siniflandirilmasi
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1) Antimikrobiyal Etki: L. nobilis meyvelerinden elde edilen ugucu yagmm SARS-CoV ve HSV-1
replikasyonuna karsi inhibe edici etkisinin degerlendirildigi bir in vitro ¢alismada; viriise bagl gelisen sitopatik
etki gorsel olarak puanlanmigtir. Defne ugucu yaginin SARS-CoV'a kars1 ICsp (enzim aktivitesini %50 inhibe eden
konsantrasyon) degeri 120 pg/mL ve secicilik indeksi (SI); TCso (hiicrelerin %50’sine toksik etki gdsteren
konsantrasyon) /ICsg 4,2 olarak hesaplanmis ve ugucu yagin bu viriise karsi aktivitesinin yiiksek oldugu; HSV-1’e
kars1 ICso degeri 60 pg/mL ve segicilik indeksi 8,3 ile aktivitesinin oldukga diisiik oldugu belirlenmistir. Yapilan
baska bir ¢caligmada izoborneoliin, viral adsorpsiyonu etkilemeden HSV-1 replikasyonunu tamamen inhibe ettigi
tespit edilmistir. L. nobilis meyvelerinden elde edilen yagdaki bu monoterpenin miktar: diisiik oranda bulunmasi
dolayisiyla, diisiik etkinin sebebinin icerisinde az miktarda izoborneol bulunmasindan kaynaklandig:
diistiniilmiistiir [27].

L. nobilis yaprag ile hazirlanan etanollii ekstrelerin antiviral potansiyelleri, dogal olarak BQCV (siyah
kralige hiicre viriisil) ile enfekte olmus toplayici bal arilari iizerinde test edilmistir. En diisiik konsantrasyonda (1
mg/mL) toplam viral yiikleri; 5mg/mL ve daha yiiksek konsantrasyonlarda ise viriis replikasyonunu azalttig1 tespit
edilmistir [55].

Defne ugucu yaginin, insanlarda bulunan patojenik bakteriler lizerindeki antibakteriyel aktivitesinin
degerlendirildigi bir ¢alismada; disk difiizyon yontemi ile toplam dokuz bakteri susuna karsi inhibisyon zon gaplari
tespit edilmistir. Gram (+) olan S. aureus (29mm), Staphylococcus epidermidis (26mm) ve Streptococcus faecalis
(18mm); gram (-) olan Pseudomonas aeroginosa (24mm), Shigella flexneri (27mm), Klebsiella pneuomoniae
(21mm), Salmonella typhi (18mm), Serratia marcescens (26mm) ve E. coli (28mm) suslarmin tiimiine karsi,
tetrasiklinden (8mg/mL) ¢ok daha yiiksek bir antibakteriyel aktiviteye sahip oldugu tespit edilmistir [56].
Cezayir’de yapilan bir aragtirmada, defne ugucu yagmin farkli konsantrasyonlarda hazirlanan diliisyonlarinin yirmi
bakteri susuna kargi antibakteriyel aktivitesinin kiyaslandigi bir ¢alismada; ugucu yag Pseudomonas aeruginosa
harig test edilen tiim bakteri suglarinda etkili bulunmustur. En duyarli bakteri susu Enterobacter sp. i¢in inhibisyon
zon ¢aplari, saf ugucu yagda 22,4 mm ve 1/8 diliisyonda 16,8 mm olup; en direngli susun P. aeruginosa oldugu
tespit edilmistir [57].

Defne ugucu yaginin 20 bakteri (M01-M20) susuna karsi antibakteriyel etkisinin in vitro olarak
degerlendirildigi baska bir calismada, disk difiizyon testi kullanilarak en diisik MIK (minimum inhibitor
konsantrasyonu) degeri 25 pL/mL konsantrasyonda Escherichia coli M18, Bacillus subtilis MO7, M10 ve B.
circulans MO1, MO8 suslarina kars1 ve en yiiksek MiK degeri 125 pL/mL konsantrasyonda E. coli M19 ve B.
subtilis M02, MO05 suslarina karsi tespit edilmistir. Calisilan numunenin, B. subtilis M02, M06 (3 mm) suslarina
kars1 diisiik antibakteriyel aktivite sergilerken; E. coli M18, M20 (8mm) suslarina kars1 yiiksek aktivite gosterdigi
belirtilmigtir. Bu antimikrobiyal aktivitenin 1,8-sineoldan kaynaklanmis olabilecegi bildirilmistir [58].

Sirbistan’da yapilan bir ¢alismada, hidrodistilasyonla elde edilen defne ugucu yag1 ve siiperkritik sivi
ekstraksiyon yontemiyle elde edilen ekstrelerin; kopeklerden, sigirlardan, insanlardan ve hayvansal kokenli
yiyeceklerden izole edilen Staphylococcus suslarina karsi benzer yiiksek antibakteriyel etkiye sahip oldugu tespit
edilmistir [59].

Avustralya’da yapilan bir ¢alismada, L. nobilis ugucu yaginin antibakteriyel aktivitesinin agar disk
difiizyon test yontemi kullanlarak Staphylococcus aureus (MiK=0,35 mg/mL), Staphylococcus intermedius (0,56
mg/mL) ve K. pneumoniae (MIK=0,70mg/mL) kars1 etkinligi gosterilmistir. S. aureus 13 mm zon cap1 ile en
hassas sus olup; S. intermedius 10 mm zon ¢api ile orta derecede ve K. pneumoniae susunda ise 7 mm zon ¢api ile
minimal bir aktivite gozlendigi bildirilmistir [51].

Ayr ayn iki farkli giic (249W ve 622W) seviyesinde mikrodalga destekli ¢oziiciisiiz ekstraksiyon
(SFME) ve hidrodistilasyon (HD) yontemleri kullanilarak elde edilen ii¢ farkli defne ugucu yaginin antimikrobiyal
aktiviteleri karsilastirilmistir. Numunelerin Listeria monocytogenes harig, S. aureus, E. coli ve Salmonella
typhimurium bakterilerine kars1 gii¢lii bir antimikrobiyal aktivite sergiledigi gozlemlenmistir. Sonug olarak, diisiik
gii¢ seviyesinde SFME ile elde edilen ugucu yagin, S. aureus tizerindeki antibakteriyel etkisinin HD ve yiiksek
gii¢ seviyesinde SMFE ile elde edilen ugucu yaga gore daha zay1if oldugu bildirilmistir [60].

Tiirkiye’de yapilan bir ¢alismaya gére, L. nobilis yaprak ugucu yagmmn MIK degerleri, E. coli i¢in
125ug/mL, S. enteritidis i¢in 250 pg/mL ve L. monocytogene i¢in 500ug/mL olarak bulunmustur. Bununla birlikte
eritromisin ve sefoksitin antibiyotiklerine kiyasla ¢ok daha yiiksek inhibisyon zon c¢aplarma sahip oldugu tespit
edilmistir. C. albicans maya susu igin MIK degeri 250 pg/mL olup, 26mm zon ¢api ile flukanozole (10,7mm)
kiyasla etkisinin oldukca yiiksek oldugu belirlenmistir. Her testteki inhibisyon caplarmin, MIK degerleri ile
anlamli bir korelasyon gdsterdigi tespit edilmistir [22].

L. nobilis yaprak ugucu yagmin Salmonella sp. Escherichia coli ve Lactobacillus tiirlerine karst
antibakteriyel aktivitesinin degerlendigi bir caligmada, MiK degerleri ve inhibisyon zon gaplar1 sirastyla 2,5
mg/mL ile 23 mm ve 10 mg/mL ile 19,3 mm ve 20 mg/mL ile 15mm olarak tespit edilmistir. Salmonella spp. en
hassas sus olarak bulunurken, diger bakterilerin yiiksek direng gosterdiklerini tespit edilmistir [61].

Misir’da yiiriitiilen bir ¢alismaya gore, defne yaprak ugucu yagmin, 14 mikroorganizmaya karsi antimikrobiyal
aktivitesi, disk difiizyon ve tiip diliisyon yontemleriyle in vitro olarak degerlendirilmistir. Bacillus cereus, S.
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aureus ve B. subtilis'in ugucu yaga kars1 en duyarli mikroorganizmalarin gram (+) bakteriler oldugu, ancak gram
(-) bir bakteri olan E. coli'nin ugucu yaga kars1 direngli oldugu bildirilmistir [31].

L. nobilis yaprak ugucu yag1, antimikrobiyal aktivitesinin belirlenmesi i¢in etanol ve hekzan ile 10 mg/mL
ve 20 mg/mL konsantrasyonlarinda seyreltilip, disk difiizyon ve agar dillisyon yontemiyle 12 bakteri ve 2 fungus
tizerinde denenmistir. Yagin, tim bakterilerin biiylimesinin engelledigi bildirilmekle beraber ozellikle L.
monocytoge, C. perfiringes ve S. enteritidis bakterilerine karsi yiiksek antibakteriyal etki; C. albicans ve A. niger’e
karsi da giiclii bir antifungal etki gosterdigi tespit edilmistir. En diisiik etki K. pneumoniae’da (MIK=20 mg/mL
inhibisyon zon cap1 6,3 mm) alkol seyreltigi ile en yiiksek etki L. monocytoge (MiK=30 mg/mL inhibisyon zon
¢ap1 16,9 mm) hekzan seyreltigi ile oldugu tespit edilmistir [62].

Defne yapragi ugucu yagimin, depolanmis pirincin baskin mikrobiyotasint olusturan gida kaynakli
mantarlardan olan Fusarium culmorum ve F. verticillioides'e kars1 antifungal etkisinin in vitro olarak test edildigi
bir ¢alismada; ugucu yagin her iki mantarin da iiremesini kontrol etme konusunda anlamli bir inhibisyon
gozlemlenmemistir [63].

Unlu mamullerin bozulmasina neden olan Eurotium spp., Aspergillus spp. ve Penicillium spp.
mikroorganizmalar1 tizerine antifungal aktivitesinin in vitro olarak arastirildigi bir ¢alismada; defne ugucu yagi
farkli konsantrasyonlarda hazirlanarak %2’lik bugday unu igeren agar kiiltiir ortamina eklenmistir. Antifungal
aktivitenin gida icerisinde bulunan serbest su miktarina (0,80-0,90) ve ortamin farkli pH kosullarina (5-7,5) bagh
oldugu belirlenmistir. Ortam kosulu pH 5'te daha etkili oldugu bulunurken; artan pH degerlerinde aktivitenin
diistiigii, gidada su mevcudiyeti arttik¢a da aktivitenin arttig1 tespit edilmistir. Defne ugucu yaginin potansiyel bir
antifungal ajan oldugu belirtilmistir [64]. Bu ve buna benzer baska calisma ile; defne yapragi ugucu yaginin
Eurotium, Aspergillus ve Penicillium cinslerine karsi antimikrobiyal etki potansiyelinin oldugundan bahsedilmistir
[65].

Defne ucucu yagmnimn, Aspergillus flavus'a karst MiK ve minimum fungusidal konsantrasyon (MFC)
degerleri sirastyla 1,75 mg/mL ve 2 mg/mL olarak bulunmustur. Ugucu yag, 0,25 mg/mL ve 1,50 mg/mL
konsantrasyonlarinda aflatoksin B1 iiretimini sirasiyla %15 ve %86 oraninda inhibe etmistir. Doza bagimli bir
sekilde Aspergillus carbonarius, A. fumigatus, A. niger, A. ochraceus, A. tamarii, A. terreus, Fusarium sp.,
Penicillium sp., ve Rhizopus sp. mantarlarina kars1 gii¢lii bir antifungal etki gdzlenmistir. Gida modeli ¢aligmasi
yapildiginda, 6 aylik depolama sirasinda fumigasyon iglemi uygulanmis bugday tanelerinde A. flavus'a kars1 %51,5
ile %76,7 koruma saglayan dikkate deger bir etkinlik gosterdigi kaydedilmistir [66].

Farkli zamanlarda toplanan defne yaprak ugucu yaglarinin bilesimlerindeki degisikliklerin belirlenmesi,
ana bilesenlerin aktivitesinin aragtirilmasi ve antifungal ajanlar olarak kullanimlar1 i¢in en iyi toplanma zamaninin
belirlenmesinin amaglandigi bir c¢aligmada; ugucu yagin, Fusarium moniliforme, Rhizoctonia solani ve
Phytophthora capsici tiirlerine kars1 fungitoksisitesinin ugucu yagdaki ana bilesen olan 1,8-sineolden
kaynaklandigi ortaya koyulmustur [67].

Defne ugucu yaginin kitosan nanoemiilsiyon kapsiilasyonu (CS-Ne-LNEO) halinde hazirlanmig
formunun, depolanmis gidalarda mantar istilasim ve aflatoksin B1 (AFB1) kontaminasyonunu Onlemesi
bakimindan etkinliginin degerlendirildigi bir ¢aligmada; 0,4 konsantrasyondan itibaren CS-Ne-LNEO,
kapsiillenmemis u¢ucu yaga kiyasla diisiik konsantrasyonlarda gidayi kirleten mantarlardan olan Aspergillus flavus
ve AFBI iretimine kars1 %100 olacak sekilde genis bir antifungal aktivite yelpazesi sergiledigi tespit edilmistir.
Ayrica, CS-Ne-LNEO orneginin, depolanmus Phyllanthus emblica meyve orneklerinde %86,32 ve %81,55
oraninda fungal cogalmay1 engelledigi goriilmiistiir. Ornegin, memelilerde yiiksek LD50 degeri (13,504 uL/kg
viicut agirh@i) sergiledigi belirlenmistir. Bununla birlikte, CS-Ne-LNEO 6rneginin mantar yerlesimine karst;
kapsiile edilmis ve edilmemis ugucu yag Orneklerinin her ikisinin de asilanmis ve agilanmamig P. emblica
meyvelerinde AFB1 olusumuna karst %100 inhibisyon sagladig: tespit edilmistir. Bu ¢alismada elde edilen
sonuglarin; CS-Ne-LNEO'nun daha iyi etkinlik gosterdigini ve defne ugucu yagi yiikli kitosan nanoemdiilsiyon
formunun depolanmis gidalarda mantar ve AFB1 kontaminasyonuna kars1 tam olarak korunma saglanmasi igin
¢evre dostu bir koruyucu olarak 6nemli bir potansiyel tasidigini gosterdigi bildirilmistir [68].

Yapilan bir caligmada; misir nisastasi ile hazirlanan yenilebilir filmleri gliglendirmek igin piring proteini
(RP: %10-20 a/a) kullanilmis olup, film bilesimine defne yaprak ugucu yagi eklenmistir. Ugucu yag igeren
yenilebilir filmlerin B. cereus'a karg1 antimikrobiyal etkisi gézlemlenmis, ayrica bu filmler ¢ilek iizerinde de test
edilmis ve ortam kosullarinda 5 giinliik depolama siiresince meyvenin gorsel kalitesinin ve raf dmriiniin olumlu
yonde etkilendigi tespit edilmistir. %1 (h/h) defne yapragi ugucu yagi ve %10 RP ve %20 RP igeren film
orneklerinin S. typhi ve B. cereus bakterilerine karsi inhibisyonu gézlenmemistir. Ayrica, gida koruma etkinligini
degerlendirmek igin ¢ilek 6rnekleri; kontrol, %10 RP, ucucu yag iceren %10RP, %20 RP ve ugucu yag igeren %20
RP seklinde hazirlanan filmler {izerine yerlestirilmis ve 5 giin boyunca ortam kosullarinda saklanmigtir. Yenilebilir
filmler lizerine yerlestirilen ¢ileklerde 3. gline kadar gozle goriiliir bir kiif olusumu gézlenmemis, 4. giinde kontrol
filmi tizerine yerlestirilen ¢ileklerde kiif gelisimi gozlenmistir. Sonug olarak; defne yapragi ugucu yagi ve RP
iceren filmlerin aktif ambalaj uygulamalar1 i¢in uygun oldugu kanitlanmistir [69].

Yapilan bir ¢alismada, adagay: (Salvia officinalis L.), kekik (Thymus vulgaris L.) ve defneden (Laurus
nobilis L.) elde edilen {i¢ ugucu yag, Frankliniella occidentalis ergin zararlisina karsi ayr1 ayr1 kullanilmistir. Daha
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sonra da, ikili (1:1) ve tglii (1:1:1) karigimlarin fumigant toksisitesi laboratuvar kosullarinda arastirilmigstir. F.
occidentalis'in 3-5 giinliik yetiskinlerinin 6liim oranlarinin, 2-10 pL/L arasinda artan dozda uygulanan ugucu yag
gruplarinda 24 saatten 96 saate kadar arttig1 belirlenmistir. Test edilen ugucu yaglar arasinda defne ugucu yaginin
24.ve 48. saat sayimlarinda en yiiksek dozda (10 puL/L hava) %100 6liim orani saglandigi tespit edilmistir. Calisma
sonucunda; ugucu yaglarin ikili ve iiglii karigimlar tekli uygulamadan daha etkili oldugu ve en yiiksek sinerjik
etkinin, 48 saat sonraki tiim uygulama dozlarinda (LCso= 10,0 pL/L hava) ti¢lii ugucu yag karisimlarinda (adagay1
+ defne + kekik) goriildiigii bildirilmistir. Kekik + defne yagi1 karigiminin 24. ve 48. saat sayimlarinda, en yiiksek
dozda %100 6liim goézlenirken, defne + adagay1 karisiminda en yiiksek dozda %72,8 6liim orani tespit edilmistir.
Ayrica ugucu yaglarim tigli karigimu ile, tiim ikili karigimlara gore daha bagarili sonug elde edildigi bildirilmistir.
Calismada tespit edilen LCqo degerleri, LCso degerleri ile benzerlik gosterip, genel olarak tiim yaglarda ve yag
karigimlarinda artan sayim saatlerinde LC degerlerinde diisiis tespit edilmistir [70].

Syzygium aromaticum, Artemisia herba-alba ve Laurus nobilis ugucu yaglarimi ve bunlarin
karigimlarinin, oda sicakhiginda saklanabilen patates ¢esidi Ranger Russet igin filiz bastirici olarak
degerlendirildigi bir ¢aligmada; A. herba-alba ve L. nobilis ugucu yaglarinin birlikte uygulanmasinin filiz sayisini
degistirdigi ve farkl oranlarda karigim olarak ¢alisilan bu {i¢ ugucu yagin, karigim halinde yumru filiz uzunlugunu
ve sayisini tek bagma kullanilan ii¢ ugucu yagin herhangi birinden daha etkili bir sekilde azaltabildigi tespit
edilmistir. Ayrica ¢caligmada, diger sebze ve meyveler de dahil olmak {izere cileklerde antraknoz hastaliginin etken
organizmasi olan Colletotrichum fragariae'ye karsi antifungal aktiviteleri degerlendirilmis, ancak defne ugucu
yagmin C. frangariae’ye kars1 herhangi bir antifungal etki gostermedigi tespit edilmistir [71].

Cuminum cyminum, Artemisia sieberi, Laurus nobilis, Ferula gummosa, Lippia citriodora ve
Cymbopogon citratus ugucu yaglarimin aktif bilesenlerinin ve antibakteriyel etkilerinin degerlendirildigi bir
calismada; Staphylococcus aureus ve Pseudomonas aeruginosa'ya karsi ICsp degerleri 6l¢iilmiistiir. Defne ugucu
yaginin, S. aureus liremesi tizerinde herhangi bir etkisi gézlenmezken; P. aeruginosa’ya karsi, caligilan yaglar
arasinda en yiiksek etkinligi (MIK=0,25 mg/mL) gosterdigi tespit edilmistir [72].

2) Antioksidan Etki: DPPH (1,1-difenil-2-pikrilhidrazil) serbest radikal siipiriicii etki ve f-
karoten/linoleik asit test sistemleri kullanilarak L. nobilis ugucu yaginin antioksidan kapasitesinin degerlendirildigi
bir ¢alismada; ugucu yagin serbest radikal DPPH’e karsi ICso degerinin 94,65 mg/mL oldugu belirlenmistir.
Linoleik asit sisteminde; linoleik asidin oksidasyonunun, ugucu yag tarafindan %64,28 oraninda inhibe edildigi
gozlenmistir [73].

Bagka bir caligmada; L. nobilis'in yaprak ugucu yagi, iki tamamlayici test sistemi olan DPPH serbest
radikal siipiiriicii etki ve B-karoten/linoleik asit testleri kullanilarak antioksidan kapasite agisindan taranmigtir. Bu
in vitro yontemlerin her ikisinde de ugucu yag, iyi bilinen sentetik antioksidanlar olan, biitilhidroksitoluen ve
askorbik asitten daha diisiik aktivite géstermis olsa da, indirgeyici bir ajan oldugu bildirilmistir [22].

Defne yapraklarindan elde edilen ugucu yagin DPPH, hidroksil ve siiperoksit radikallerinin yani sira
hidrojen peroksit radikal siipiiriicti aktiviteleri bakimindan degerlendirildigi bir ¢alismada; ugucu yagin bagimsiz
olarak kullanildig testlerde icerigindeki {i¢ ana bilesen olan 1,8-sineol, 1-(S)-a-pinen ve R-(+)-limonenden daha
yiiksek aktivite gosterdigi tespit edilmistir [74].

Defne ugucu yagimin kitosan nanoemiilsiyon kapsiilasyonunun(CS-Ne-LNEO) yapildig: bir ¢alismada
DPPH radikal stipiiriicti aktivitesi degerlendirilmis ve 1Cso degeri 0,004 puL/mL olarak tespit edilmis olup bu
degerin kapsiilasyonun yapilmamis halinden yiiksek oldugu tespit edilmistir. Sonugta kapsiillenmis defne ucucu
yagimin antioksidan kapasitesinin azaldig tespit edilmistir [68].

Yapilan bir ¢alismada, L. nobilis ugucu yaginin antioksidan aktivitesi degerlendirilmis ve yagin DPPH
serbest radikaller siipiiriicii kapasitesinin yiiksek oldugu (%76,84) oldugunu tespit edilmistir [70].

3) Nematisidal Etki: Hindistan'da yapilan bir caligmada, defne yapragi ugucu yagmim Meloidogyne
incognita’ya karst nematisidal aktivitesinin, c¢aligilan tiim konsantrasyon ve siirelerde, yumurtadan ¢ikmada
inhibisyona ve artan yavru 6liimiine sebep oldugu in vitro olarak gozlenmistir. M. incognita yavrularina karsi en
yiiksek aktivitenin gézlendigi konsantrasyonlar olan 1,00 mg/mL konsantrasyonda 72. saatte yumurtadan ¢ikma
iizerinde maksimum inhibisyon ve 0,80 mg/mL konsantrasyonda 96. saatte en yiiksek 6liim oraninin oldugu tespit
edilmistir [75].

Hindistan’da yapilan baska bir ¢alismada ise, defne ugucu yaginin Meloidogyne javanica iizerindeki
nematisidal etkileri degerlendirilmistir. 1000 pL/L konsantrasyonda, 2 giinliik inkiibasyonun sonunda, %80'in
tizerinde aktivite gozlenmistir [16].

Defne ugucu yagmin, domates ve biberde Meloidogyne incognita'ya karsi nematisidal aktivitesinin
arastirildigi bir ¢aliymada; nematot asilama diizeyi ile kullanilan ugucu yag konsantrasyonu arasinda anlamli fark
bulunmamuistir. Ancak ugucu yag uygulamasinin hem domates hem de biberde nematot popiilasyonlarini kisitladig:
gozlenmistir [16].

4) Akarisidal Etki: L. nobilis yaprak ucgucu yagmim, Psoroptes cuniculi'ye karsi akarisidal
aktivitesi %10’luk konsantrasyonda %73 6liim oran1 ile etkinlik gdsterdigi tespit edilmistir. Calismaya gore %5’lik
konsantrasyonda ortalama aktivite dnemli 6lciide (%51) diiserken, %2,5; %1,25 ve %0,625'lik konsantrasyonlarin
etkisiz oldugu goriilmiistiir [76].
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Tunus’ta yapilan bir ¢caligmada, defne ugucu yagi, defne yapraklarindan hazirlanan siklohekzan, aseton
ve etanollii ekstrelerinin Hyalomma spupense ve Dermanyssus gallinae tizerindeki toksisitesi degerlendirilmistir.
Ucucu yag ve ekstrelerin H. spupense’e karsi akarasidal etkilerinin tespiti i¢in yetiskin daldirma testi ve larva paket
testi yontemleri kullanilmistir. Calisma sonucunda, ugucu yagin, ekstrelerden daha yiiksek akarisidal etki
gosterdigi tespit edilmistir. 100 mg/mL konsantrasyondaki ugucu yaga 24 saat maruz birakilan H. spupense
larvalarinda 6liim orani %690,67 (LCs0=10,69 mg/mL) olarak tespit edilmistir. Ayni sekilde, D. gallinae’ye karst
da ugucu yagin tiim ekstrelerden daha etkili oldugu g6zlenmistir. Defne ekstreleri arasinda en fazla etki gosteren
ise %81,27 6liim orani ile etanollii ekstre olmustur. Defne ugucu yag1 320 mg/mL konsantrasyonunda 12 saat
maruziyetten sonra %100 6lim oranina ulasirken; etanollii ekstrenin, ayni konsantrasyonda 24 saat maruziyetten
sonra %100’e ulastig1 bildirilmistir. En diigiik akarisidal aktivite gdsteren ekstrenin ise, siklohekzan ekstresi
oldugu tespit edilmistir [77].

5) Antikolviilzan Etkisi: L. nobilis yaprak ugucu yaginin, deneysel nobetlere karsi antikonviilsan aktivite
acisindan degerlendirildigi bir ¢alismada; ugucu yagin pentilen tetrazoliin neden oldugu tonik konviilsiyonlara
kars1 korudugu tespit edilmistir. Sorumlu bilesenlerin, ugucu yagda bulunan metil 6jenol, 6jenol ve pinen oldugu
bildirilmistir. Ancak etkin dozlarda, ugucu yagin yan etki gostererek sedasyon ve motor bozukluklara neden oldugu
tespit edilmistir. Bu etkinin ise sineol, djenol ve metil djenolden kaynaklanabilecegi bildirilmistir [12].

L. nobilis yaprak ugucu yagimin deneysel nébetlere karsi antikonviilzan aktivitesinin degerlendirildigi bir
calismada; ugucu yagin tonik nobetleri engelledigi goriilmiis ancak yagin etkili oldugu dozda sedasyon ve motor
bozukluklarina neden oldugu gozlenmistir. Bu etki, defne ugucu yaginda bulunan metil §jenol, djenol ve pinen
gibi bilesenlerine baglanmustir [78].

6) Insektisit ve Repellent Etki: Yapilan bir calismada defne yapraklarindan elde edilen ugucu yagin tek
basina Ve kitosan ile birlikte uygulandiginda, bir peynir bocegi olarak bilinen Piophila casei’nin zaman igerisinde
yumurtlamasi {izerine gosterdigi etki karsilastirilmistir. Kurutulmus et ve peynir kullanilarak gida 6rnekleri
kontrol, ugucu yag, kitosan ve kitosan+ugucu yag igerecek sekilde dort gruba ayrilmistir. Bu kosullar altinda, P.
casei yumurtlamasini kontrol etmek i¢in kullanilacak en iyi ugucu yag konsantrasyonu degerlendirilmistir.
Calisma sonucunda, kitozan ile birlikte yapilan uygulamanm, P. casei'nin yumurtlama davranigint kontrol etmede
en yiiksek etkinligi gosterdigi tespit edilmistir. Bu 6rneklerde, yumurtlama ytizdesini %40-80'den (kontrol) %5-
10'a diistigi gozlenmistir. Defne yapragi ugucu yagmin (%1) yumurtlamanin kontrol edilmesinde oldukga iyi bir
secenek oldugu belirlenmistir. Ayrica, caligmaya katilan panelistler duyusal profil, genel hosluk ve hedonik indeksi
en yiiksek puanlarla kabul etmislerdir. Bu nedenle, defne ugucu yag ile karistirllmis kitosan kullaniminin, islenmis
gidalarin organoleptik nitelikleri olumsuz etkilenmeden P. casei'yi uzaklagtirmak i¢in en etkili ¢éziim oldugu
sonucuna ulasilmigtir [79].

Yapilan bir ¢aligmada; defne yaprak ugucu yaginin stabilitesini, ¢oziinlirliiglinii, kalicilik siiresini, aktif
bilesenlerin taginmasini ve salinimini artirmak amaciyla ugucu yaglarin nanoemiilsiyonu hazirlanarak istilaci
Xylosandrus compactus bocegi tarafindan se¢im davranisi, konak kolonizasyonu ve dél tiretimi lizerindeki etkileri
laboratuvar ve yar tarla kosullarinda degerlendirilmistir. Hazirlanan nanoemiilsiyon, dinamik 1sik sagilimi
kullanilarak karakterize edilmistir. Sonugta defne ugucu yaginin nanoemiilsiyonunun X. compactus segim
davranigi tizerinde 6nemli bir etkisinin bulunmadigi tespit edilmistir [80].

Halk saglig1 i¢in biiyiik bir tehdit olusturan Chrysomya megacephala bocegine karsi dogal bir insektisit
olarak defne ugucu yaginin kullaniminin arastirildigi bir ¢alismada; defne ugucu yagi ve bilesikleri, dimetil
stilfoksit icinde seyreltilerek uygulanmig ve %63,7 oraninda 6liime neden oldugu tespit edilmistir. Defne ugucu
yagmin ana bilesenleri olan 1,8-sineol ve linalol ayr1 ayr saf olacak sekilde sirasiylal25 pg/ul ve 30 pg/ulL
konsantrasyonda uygulanarak sirasiyla %67,6 ve %100 oraninda 6liime neden oldugu tespit edilmistir [81].

Yapilan bir ¢alismada, narenciye bahgelerinde gbzlenen ve zararli bir hurma giivesi olan Ectomyelois
ceratoniae’nin defne yaprak ugucu yagina karsi repellent etkisi arastirilmigtir. Defne yaprak ugucu yaginin alti
farkli dozu kullanilarak E. ceratoniae gelisim evresi takip edilmistir. Son larva doneminde 24 saat maruziyetten
sonra 0,24 uL/cm? konsantrasyonda defne ugucu yagmm %80 oraninda yiiksek bir iticilik gosterdigi tespit
edilmistir [82].

Yapilan bir ¢alismada, defne ugucu yagmin sivrisinek larvast Culex pipiens'e kars1 insektisit etkisi
degerlendirilmistir. Ugucu yag, C. pipiens larvalarinin {igiincii ve dordiincii larva evrelerinde 5-35 pL/L arasinda
degisen farkli konsantrasyonlarda verildiginde; her iki asamada da Olim go6zlenmis olup, Oldiiriici
konsantrasyonlarin (LCsp ve LCg) iiglincii larva dénemi i¢in sirasiyla 3,74 pL/L ve 14,47 uL/L ve dordiincii larva
donemi i¢in 18 pL/L ve 39,08 uL/L oldugu tespit edilmistir. Ayrica, dordiincii larva déneminde LCso ve LCo
degerlerinde gelisme siiresinde uzama ve iiremede bir rahatsizlik oldugu tespit edilmistir. Kullanilan en diisiik
konsantrasyon olan 5 pL/L; 24 saatlik maruziyet siiresinin ardindan liglincii agama larvalari i¢in %32 ve dordiincii
agsama larvalari i¢in %25 oraninda 6liime neden olmus, gézlenen bu 6liim oranin (%) zaman ve dozun fonksiyonu
olarak arttig: tespit edilmigtir. 72 saat sonra ise, en yiiksek konsantrasyon olan 35 pL/L ugucu yag ile muamele
edilen {iglincii asamadaki tiim larvalarin 61diigii (%100), dordiincii asamadaki larvalarda ise ayni1 doz i¢in 6lim
oraninin %85 oldugu goriilmustiir. Sonug olarak; ugucu yagin larvisidal etkisinin konsantrasyon bagimli oldugu
tespit edilmistir [83].
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Defne yapraklarindan elde edilen ugucu yag, 4-12 mg/g arasinda degisen bes farkli konsantrasyonda
Tribolium castaneum'a kars1 bocek o6ldiriicii aktivitesi agisindan test edilmis ve yagin polar fraksiyonunun;
nonpolar fraksiyonu ve ugucu yaga kiyasla daha yiiksek insektisidal aktivite gosterdigi tespit edilmistir. Calismada,
ugucu yagin insektisidal etkisinin doz ve zaman ile iligkisi anlamli bulunmustur [16].

Jeama ve arkadaslarinin yaptigi bir ¢aligmada, L. nobilis ugucu yagmin 7-10 giinliik yetiskin Lasioderma
serricorne popiilasyonuna kars1 uzaklastirici etkisi degerlendirmis ve en yiiksek etki, yiiksek doz-kisa maruz kalma
stiresinde gozlenmistir. Bu nedenle, L. nobilis ugucu yaginn tiitiin bocegine karsi insektisit etkisinin, tiim
konsantrasyonlarda kisa siireli maruziyette etkili oldugu sonucuna varilmistir. En diisiik konsantrasyonda (0,04
uL/cm?) 1 saat siireyle maruziyet sonrasi insektisit etki %52,5 iken en yiiksek konsantrasyonda (12 pL/cm?), 1
saatlik maruziyetten sonra kovucu etkinin %92,5'e ulastigi gézlenmistir. Ortalama 6ldiiriicii doz degeri (RDso) ise
37,84 pL/cm? olarak tespit edilmistir [84].

Tunus, Cezayir ve Fas'tan toplanan defne yapraklarindan elde edilen ugucu yaglarin kovucu etkisinin
aragtirlldig1 bir ¢aligmada; depolanmig iiriin zararlist olan Rhyzopertha dominika ve Tribolium castaneum kars1
kovucu ve toksik etkinin biiyiik dl¢lide zararlinin tiiriine ve ugucu yagin kokenine bagl olarak degiskenlik
gosterdigi tespit edilmistir. Filtre kdgid1 testlerinde; Fas’tan toplanan yapraklardan elde edilen L. nobilis ugucu
yagi, Tunus ve Cezayir’den toplanan yapraklarin ugucu yaglarina kiyasla daha etkili bulunmustur. R. dominika
icin RDsg degerleri sirastyla 0,013; 0,036 ve 0,033 mL/cm?; T. castaneum igin ise 0,045; 0,139 ve 0,096 mL/cm?
olarak tespit edilmistir. Fumigant aktivite testlerinde, hem R. dominika hem de T. castaneum zararlilarina karst,
Fas kokenli defne ugucu yagmin, Cezayir veya Tunus'tan toplanan yapraklarinkinden daha etkili oldugunu
gbzlenmis ve T. castaneum i¢in LCsp degerleri, 172, 194 ve 217 mL/L hava; R. dominika igin LCsq degerleri 68,
99 ve 113 mL/L hava olarak tespit edilmistir. Calismanin sonuglari, Akdeniz kdkenli bitkilerden elde edilen ugucu
yaglarin hem bocek ilact hem de depolanmis iiriin zararlilarina karsi kovucu etkinligi agik¢a dogrulamaktadir [85].
Yapilan bagka bir calismada; defne yapragi ugucu yaginin, 2 pL/L konsantrasyonda, Ephestia kuehniella Zeller’e
kars1 %82,4 oraninda repellent aktivite gosterdigi bildirilmistir [16] .

L. nobilis yaprak, dal ve govdelerden elde edilen ii¢ ugucu yag 6rneginin, T. castaneum'a karst iticilik ve
toksisite 6zellikleri agisindan degerlendirildigi bir ¢calismada; asetonda ¢dziinmiis ugucu yag emdirilen filtre kagidi
tizerindeki iticilik testinde bdcek sayisinda azalma ile gozlenen belirgin kovucu etkinlik tespit edilmistir.
Calismada; akut erigkin mortalitesi uygulamanin 3. 5. ve 7. glinlerde belirlenmistir. Konsantrasyonu 10 pL/mL'den
az olan gruplarda mortalite gbzlenmemistir. Ancak 50-80 pL/mL arasinda, toksisite konsantrasyonla dogru orantili
artarken; 80-100 pnL/mL ve daha yiiksek konsantrasyonlarda toksiste doz ile negatif korelasyon gdstermistir. 7 glin
icinde 50 pL/mL'den diisiikk konsantrasyonlarda bocek oliimii gozlenmemis, ancak hayatta kalan boceklerin
dogurganligi azalmistir [86].

Defne ugucu yagmin karigik un bocegine (Tribolium confusum) karsi insektisit etkisinin degerlendirildigi
¢alismada; ugucu yagin 4, 6, 8, 10, 12 mg/g konsantrasyonlart hazirlanmistir. En diisiik konsantrasyon 10. giinden
sonra, geriye kalan dort konsantrasyon ise ikinci giinden itibaren %70'ten fazla 6liim oran1 gézlenmistir. Ugucu
yag i¢in tespit edilen LCso degerleri 2,7-3,6 mg/g arasinda olup, T. castaneum'a karsi orta derecede etkili oldugu
bildirilmistir [87].

Trogoderma granarium boceginin larvalarma karsi defne ve adagayr ugucu yaglarimin fumigant
toksisitesinin arastirildigi bir ¢alismada; defne ve adacay1 ugucu yaglarinin buharlarina 48 saat maruz kalmak,
larvalarin sirastyla 60 ve 90 uL/160 cm® hava konsantrasyonda yaklasik %98 ve %100 &liimiiyle sonuglanmigtir
[87].

7) Analjezik ve Antienflamatuvar Etkisi: Fas defnesinin yapraklarinin, ugucu yaginin ve ekstresinin insan
notrofillerinin mikrobisidal aktivitesi izerindeki etkilerinin degerlendirildigi bir ¢alismada; ekstre ve ugucu yagin
notrofil  mikrobisidal aktivitesi {izerindeki immiinomodiilatér etkileri 3-(4,5-dimetiltiyazol-2-il)-2,5-
difeniltetrazolyum bromiir (MTT) testi ile belirlenmistir. Ugucu yagin, nétrofillerin mikrobisidal aktivitesi 200
ug/mL konsantrasyonda %38,13 olarak maksimum inhibisyon ile inhibe edildigini ve doza bagli oldugu
bildirilmistir [88].

L. nobilis’in yapraklarindan elde edilen ugucu yagin, farelerde ve siganlarda analjezik ve antienflamatuvar
etkilerinin degerlendirildigi bir ¢alismada; ugucu yag, kuyruk kaldirma ve formalin testlerinde dikkat ¢ekici
seviyede analjezik etki sergilemistir. Ugucu yag, 0,03 mL/kg ve ilizeri dozlarda, kuyruk kaldirma hareketini
0,06mL/kg morfinin etkisiyle karsilastirilabilecek 6l¢tide geciktirmistir. Formalin testinde, ugucu yag 0,25 mL/kg
konsantrasyonda agr1 nosisepsiyonu 6nemli 6lgiide azalttigi, daha yiiksek konsantrasyonlarda ise sedasyon
yarattig1 tespit edilmistir. Formaldehit kaynakli penge 6demi testinde; 0,2 mL/kg konsantrasyondaki ugucu yagin
antienflamatuvar etkisinin piroksikama gore daha etkili oldugu tespit edilmistir. Ayrica, ugucu yagin giinliik olarak
verilmesi olugan enflamasyonu azalttigi, etkinliginin morfin ve piroksikam gibi nonsteroidal antienflamatuvar
ilaglarla karsilastirlabilir diizeyde oldugu bulunmustur [89].

8) Antikolinerjik Aktivite: L. nobilis yapraklarindan elde edilen ugucu yag, etanolli ekstre ve
dekoksiyonun farkli konsantrasyonlar1 hazirlanarak asetilkolinesteraz (AChE) enzimine karsi inhibisyonun
incelendigi bir ¢alismada; etanollii ekstrenin 0,5 mg/mL konsantrasyonda %48,4 ve 1 mg/mL
konsantrasyonda %64,3 oraniyla en yiiksek inhibitor etkiyi gosterdigi tespit edilmistir. Ugucu yag 0,5 mg/mL
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konsantrasyonda %351,3 oraninda inhibe edici etki gosterirken; 1 mg/mL konsantrasyonda herhangi bir inhibisyon
gozlenmemigtir. Dekoksiyonun; 0,5 mg/mL konsantrasyonda %19,9; 1mg/mL konsantrasyonda %36,2 ve 5
mg/mL konsantrasyonda %56,1 oranlarinda inhibisyon sagladigi tespit edilmistir. Sonu¢ olarak, calisilan
numuneler arasinda en yiiksek etki gosteren, defnenin etanollii ekstresi olup, en diisiik etki dekoksiyonunda
gozlenmigtir [90].

Tunus'tan toplanan L. nobilis tiriinden elde edilen ugucu yagin kimyasal bilesiminin farelerde
skopolaminin neden oldugu hafiza bozuklugu tizerindeki anti-amnezik aktivitelerinin Morris su labirenti ve Y
labirenti testleri kullanilarak incelendigi bir ¢calismada; ugucu yagin ana bilesikleri olan 1,8-sineol ve a-terpinil
asetat AChE ile baglanmustir. Farelerin beyin dokularindaki kolinerjik sistemle ilgili biyobelirteglerin, enzim
aktivitesi ve protein ekspresyonu seviyeleri 6l¢iilmiis ve Kronik skopolamin uygulamasi, hem Morris Su Labirenti
hem de Y labirenti testlerinde biligsel performansta belirgin bir diisiise yol agmis, buna belirgin oksidatif hasar ve
asetilkolinesteraz aktivitesinde diger gruplara kiyasla 6nemli bir artigin eslik ettigi tespit edilmistir. Bununla
birlikte, skopolamin grubuyla karsilagtirildiginda, ugucu yag (100 mg/kg) ile tedavinin biligsel islevi 6nemli 6lgiide
artirdig1 ve oksidatif hasari iyilestirdigi tespit edilmistir. Defne ugucu yaginin farelerde skopolamin kaynakl
demans lizerinde, potansiyel olarak kolinerjik aktivite ve antioksidan 6zelliklerin modiilasyonu yoluyla elde edilen
faydali etkisinin yani sira, ana bilesikler olan 1,8-sineol ve a-terpinil asetatin AChE baglanmasinin, ugucu yagimn
hafiza gii¢lendirici potansiyelini ortaya koydugu bu ¢alismayla bildirilmistir [91].

9) Sitotoksik Etki: Misir’da yapilan bir ¢aligmada, L. nobilis ugucu yaginin, bes farkli insan kanser hiicre
serisinde biiyiimeyi inhibe edici etkisi incelenmistir. Insan karaciger kanseri hiicre hatt: (Hepg2) iizerindeki ICso
degeri 0,6 pg/mL olarak tespit edilmis ve karaciger kanseri hiicreleri tizerindeki etkinliginin, meme, akciger, beyin,
serviks hiicre serilerine kiyasla daha yiiksek oldugu gézlenmistir. Ayrica taze elde edilmis L. nobilis ugucu yagi,
doz bagimli bir sekilde, test edilen tiim hiicre hatlar1 iizerinde belirgin inhibisyon sergilemisken; depolanmis ugucu
yagin sitotoksik aktivitesinde dikkat ¢ekici seviyede azalma gozlenmistir [31].

Nil tilapia (Oreochromis niloticus) yavrularinin diyetine defne yagimm ilavesinin biiyiime performansi,
karaciger ve bagirsak histolojisi lizerine etkilerinin degerlendirildigi bir caligmada, defne yagi baliklarin
diyetlerine %0; %0,3; %0,6 ve %]1,2 oranlarinda eklenmistir. Yaklasik iki ay boyunca takip edilen baliklarin
diyetine %0,3 defne yagi ilavesinin histopatolojik bulgulara neden olmadigi, hatta karaciger ve bagirsak dokularimni
iyilestirdigi tespit edilmistir. Sonug olarak, 6zellikle biiyiime ve histolojik analizlerden elde edilen veriler dikkate
alindiginda, %0,3 defne yaginn tilapia kiiltlirinde yem katki maddesi olarak kullanilabilecegi bildirilmistir [92].

10) Antihelmintik Etki: Yapilan bir c¢alismada; defne ucucu yaginin kimyasal profili, Haemonchus
contortus'a karsi in vitro antihelmintik aktivitesi ve fare helmint parazit modeli Heligmosomoides polygyrus'a karsi
in vivo antihelmintik etkisi arastirilmistir. In vitro antihelmintik potansiyelin degerlendirilmesi sonucunda; 4
mg/mL doza 8 saat maruz kaldiktan sonra 1,72 mg/mL inhibisyon ile H. contortus yumurta ¢ikigina kars ovisidal
etki ve yetiskin solucanlarin %87,5 hareketsizlik tespit edilmistir. In vivo antihelmintik potansiyel ile ilgili olarak;
ucucu yagm 2400 mg/kg dozda 7 giinliik oral tedaviden sonra H. polygyrus'un yumurta ¢ikisini tamamen
durdurdugu ve toplam solucan sayisinda %79,2'lik bir azalma sagladigi tespit edilmistir. Elde edilen sonuglara
gore, defne ugucu yaginin gastrointestinal parazitlere karg1 umut verici in vitro ve in vivo antihelmintik kapasite
gosterdigi bildirilmistir [93].

1. SONUCLAR

Bu derlemede, literatiir verileri 1siginda L. nobilis tiirliniiniin botanik 6zellikleri, etnofarmakolojik
kullanimui, fitokimyasal igerigi ve farmakolojik kullanim1 anlatilmaya g¢alisilmistir. Defne yaprak ugucu yaginin,
geemisten gilinlimiize kadar bir¢ok farkli amag icin geleneksel olarak kullanildigi tespit edilmistir. Yapilan
caligmalar, defne ugucu yaginin, gida endiistrisinde sadece bir baharat ve aroma verici olarak degil, ayn: zamanda
koruyucu olarak kullanilabildigini gostermistir [59].

L. nobilis yapraklarindan elde edilen ugucu yag; monoterpenler, seskiterpenler, fenilpropanoitler ve asitler
yoniinden zengindir. Yapilan bir ¢alismada; bu tiiriin yetistigi farkli bolgelerden toplanan yapraklardan elde edilen
ugucu yagin igerigindeki major bilesenlerin aym kaldigi tespit edilmistir [75]. Buna karsin ugucu yag eldesinde
kullanilan yontemler degistirildiginde ugucu yagin igerigindeki major bilesiklerin oranlarinda da degisimler
oldugu saptanmustir. Yapilan bir caligmaya gore, hidrodistilasyon ve buhar distilasyonu ile ugucu yagda daha fazla
seskiterpen elde edilirken, mikrodalga destekli hidrodistilasyon ve hidrodistilasyon yontemleri ile ugucu yagda
daha yiiksek miktarda oksijenli monoterpen elde edilmistir [48, 94].

Bu tiiriin ugucu yagi lizerinde yapilan antimikrobiyal, antioksidan, nematisidal, insektisidal, analjezik ve
antienflamatuvar, antikolinerjik, antikonviilsan, akarisidal etki ¢aligsmalar1 arastirilip literatiir verileri toplanmustir.
Defne ugucu yaginin giiclii antibakteriyel aktivitesinin terpenler (linalol), laktonlar, monoterpenler (kamfen, o-
pinen) ve oksitleri (1,8-sineol) gibi bilegenler arasindaki sinerjizmaya bagli oldugu sonucuna ulagilmistir [57].
Defne ugucu yagmin kitosan nanoemiilsiyon kapsiilasyonu halinde hazirlanmig formunun, mantar tiirii olan
Aspergillus flavus susunda ergosterol biyosentezinde bozulmaya ve Ca?*, Mg?*, K* iyonlarinm ve 260, 280 nm
dalga boyunda 15131 absorblayan maddelerin sizintisinda artisa neden olurken, metilglioksal iiretiminin
engellenmesi antifungal ve anti-aflatoksijenik etki mekanizmasini diisiindiirmektedir [68]. Yapilan bir ¢aligmada,
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defne ugucu yaginin, sivrisinek larvalarina karg1 toksik etkileri dogrulanmig ve sonug olarak, hasere ve bocek
vektor kontrolii igin dogal larvisidal ajanlar ve biyoinsektisitler iretmek i¢in 6nemli bir kaynak olarak
diistiniilebilecegi bildirilmistir [78].

Bagka bir caligmaya gore ise, defne ugucu yaginin gram negatif bakterilere kiyasla gram pozitif
bakterilere kargt daha etkili oldugu bildirilmistir [60]. Defne ugucu yaginin antifungal aktivitesinin, igeriginde
bulunan bilesiklere bagli olarak degiskenlik gosterdigi tespit edilmistir [67]. Defne ugucu yaginin oksidatif hasari
kontrol ederek gida giivenligini artirmak ve raf dmriinii uzatmak i¢in kullanilabilecek dogal bir koruyucu oldugu
belirlenmistir [66].

Defne ugucu yaginin sitotoksik aktivitesi hakkkinda birgok galigmalar yapilmigtir. L. nobilis ugucu
yaginin sitotoksik aktivitesinin, icerigindeki monoterpen ve seskiterpen tiirevi bilesiklerden kaynaklanabilecegi
sonucuna varilmistir. Monoterpen ve seskiterpen tiirevlerinin bu etkisini destekleyen bir ¢aligmada; Abies
balsamea (balsam goknari) yaprak ugucu yagimm GC-MS analizi ile bilesenleri belirlenip, sitotoksisitesi
degerlendirilmistir. Ugucu yagin, esas olarak %96 oraninda monoterpenler ve seskiterpenlerden olustugu tespit
edilmistir. Bu bilesenlerin bir¢ok kanser hiicre hattina kars1 aktivitesi bulunmus ve tlimor hiicre hatlarinin Glsg
(bliylime inhibisyonu) degerleri 0,76-1,7 mg/mL arasinda oldugu tespit edilmistir. Calisma sonucunda, seskiterpen
yapisindaki a-humulen (Glso =53-73 pm) ve y-karyofillen (Glsp=34-102 mg/mL) bilesiklerinin asil olarak
sitotoksisiteden sorumlu olan bilesikler oldugu belirtilmistir [95,96]. Monoterpenlerin; meme, karaciger ve/veya
akciger karsinojenezi (tiimor olusumu) gibi kanser olusumlarinin 6nlenmesinde ve tedavisinde etkili oldugu
bilinmektedir. Yapilan ¢aligmalarla monoterpenler arasinda olan d-limonen ve a-pinenin birgok kanser tiiriine karsi
koruyucu ve tedavi edici dzelliklere sahip oldugu gosterilmistir. Ayrica d-limonenin, siganlarda hem spontan hem
de kimyasal olarak indiiklenen meme, karaciger, akciger ve 6n mide tiimorlerine karsi antikanser etkili oldugu
tespit edilmistir. Bunun yan1 sira meme ve kolorektal kanserlerine kars1 koruyucu etki gosterdigi gézlemlenmistir.
a-pinenin, fare B16 melanomuna ve insan HL-60 16semi hiicrelerine kars1 sitotoksik etki gosterdigi tespit edilirken,
bagka bir ¢alismada o—pinenin Hep-G2 ve Sk-MEL-28 insan timor hiicre hatlarina kargt da aktif oldugu
bildirilmistir. Bununla birlikte; diisiik konsantrasyonda bulunan a-pinen ve d-limonenin, L. nobilis ugucu yaginin
yiiksek sitotoksik aktivitesini tam olarak agiklayamasa da; bu etkinin, ugucu yagmn ana bilesenleri ile bu aktif
kimyasallarinin ~ sinerjik etkilerinden kaynaklandigi ayrica ugucu yagmn antioksidan aktivitesinden
kaynaklanabilecegi bildirilmistir [31].

Sonug olarak; L. nobilis ugucu yaginin birgok geleneksel kullanimi ¢esitli farmakolojik arastirmalar ile
dogrulanmistir. Yapilan aragtirmalar sonucunda L. nobilis tiirii ile ¢esitli farmasotik formlarda dogal kaynakh
driinlerin gelistirilmesinin ve ticarilestirilmesinin yararl olabilecegi ancak risk faktorlerinin de belirlenip, Klinik
caligmalarla detaylandirilarak, ulasilan sonuglarin literatiire kazandirilmasi gerektigi sonucuna ulasilmistir.
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