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Derginin Amaci ve icerigi

Afyon Kocatepe Universitesi Fen ve Miihendislik Bilimleri Dergisi (AKU FEMUBID), fen ve
miihendislik bilimleri alanlarindaki giincel geligmeleri takip etmek, meslek kuruluslar1 ve bireylerin
ulusal ve uluslararasi gelisimlerine katkida bulunmak ve bu alanlarda nitelikli bir kaynak olusturmak
amactyla yayimlanmaktadir.

Afyon Kocatepe Universitesi Fen ve Miihendislik Bilimleri Dergisi, 6zgiin bilimsel arastirmalar ile
uygulama calismalarina yer veren bir dergidir. Dergide, fen ve miihendislik bilimlerinde yapilmis
deneysel ve teorik ilerlemeleri igeren bilimsel ve 6zgiin aragtirma makalesi tiirlindeki ¢aligmalara yer
verilir.

Fen ve Miihendislik Bilimleri Dergisi; Afyon Kocatepe Universitesi tarafindan 1999'dan bu yana yilda
2 say1 (Haziran ve Aralik) Tiirk¢e veya Ingilizce olarak hazirlanan calismalar yayimlanan, bilimsel ve
hakemli bir dergidir.

Dergimizde makale degerlendirme siirecinin daha seffaflastirilmasi ve hizlandirilmasi i¢in Subat 2013
itibariyla online makale degerlendirme ve takip sistemi uygulamaya alinmistir.

Ocak 2015 itibaren dergimiz; yaymlanma siireci ile yazarlara ve gerekse yapilan ¢aligmalara pratik
ulasma imkanlar1 nedeniyle okuyuculara birgok avantajlar saglayan; elektronik dergi (e-1ISSN: 2149-
3367) olarak yilda 3 say1 (Nisan, Agustos ve Aralik) Tiirkce ve ingilizce makaleleri kabul edecek ve ¢ift
tarafli kor hakemlik esasina gore en az iki hakemli olarak degerlendirilmektedir. Makale gondermek
isteyen yazarlarimiz, dergi sayfamizdan (https://fenbildergi.aku.edu.tr/ yada

https://dergipark.org.tr/tr/pub/akufemubid) kayit yaptirarak, 6zgiin bilimsel makalelerini ¢evrimigi

olarak génderebilir ve siireci takip edebilirler. Ozellikle lisansiistii tezlerden hazirlanan yayinlar veya bu
tezlerin bir alt ¢aligmasi olarak yapilan 6zgiin bilimsel ¢aligmalar tesvik edilmektedir.

Ocak 2020 yilindan itibaren dergimiz; yilda 6 say1 (Subat, Nisan, Haziran, Agustos, Ekim ve Aralik)
olmak iizere 6zgiin aragtirma makalelerini kabul etmektedir.

Dergimizde yayimlanan makaleler izin alinmaksizin bagka bir yerde yayimlanamaz veya bildiri olarak
sunulamaz. Makalelerin bir kism1 veya tamam dergimiz kaynak gosterilmeden kullanilamaz.

Dergimize hem hakem hem de yazar olarak katkilarimizi beklemekteyiz. Dergimize olan desteginiz i¢in
simdiden tesekkiir eder, calismalarinizda basarilar dilerim.


https://fenbildergi.aku.edu.tr/
https://dergipark.org.tr/tr/pub/akufemubid

AFYON KOCATEPE UNIVERSITESI
FEN VE MUHENDISLIK BIiLIMLERI DERGISI
Afyon Kocatepe University
Journal of Science and Engineering

IMTIiYAZ SAHIBI/OWNER

Ibrahim EROL, Chemistry, Afyon Kocatepe University, (Turkey)
e-mail: ierol@aku.edu.tr

EDITOR / EDITOR-IN-CHIEF

Tamer BAYBURA, Survey Engineering, Afyon Kocatepe University, (Turkey)
e-mail: tbaybura@aku.edu.tr

YARDIMCI EDITOR/ ASSOCIATE EDITOR
Hakan OZTURK, Mathematics, Afyon Kocatepe University, (Turkey)
e-mail: hozturk@aku.edu.tr

ALAN EDIiTORLERI / EDITORIAL BOARD

Afife Binnaz HAZAR, Metallurgy and Materials Engineering, Yildiz Teknik University,
(Turkey)
e-mail: afife.hazar@gmail.com

Ahmet CETKIN, Mechanical Engineering, Afyon Kocatepe University, (Turkey)
e-mail: acetkin@aku.edu.tr

Ahmet SERTESER, Molecular Biology and Genetics, Afyon Kocatepe University, (Turkey)
e-mail: aserteser@aku.edu.tr

Ahmet YILDIZ, Geological Engineering, Afyon Kocatepe University, (Turkey)
e-mail: ayildiz@aku.edu.tr

Atilla EVCIN, Material Science and Engineering, Afyon Kocatepe University, (Turkey)
e-mail: evcin@aku.edu.tr

Ahmet YONETKEN, Mechatronic Engineering, Afyon Kocatepe University, (Turkey)
e-mail: yonetken@aku.edu.tr

Bojan Zlender, Civil Engineering, University of Maribor, (Slovenia)
e-mail: bojan.zlender@um.si

Cevat INAL, Survey Engineering, Konya Teknik University, (Turkey)
e-mail: cinal@ktun.edu.tr

Engin TAS, Statistics, Afyon Kocatepe University, (Turkey)
e-mail: engintas@aku.edu.tr

Ersin KIVRAK, Department of Science Education, Afyon Kocatepe University, (Turkey)
e-mail: ekivrak@aku.edu.tr


mailto:tbaybura@aku.edu.tr
mailto:acetkin@aku.edu.tr
mailto:aserteser@aku.edu.tr
mailto:engintas@aku.edu.tr
mailto:ekivrak@aku.edu.tr

Ertugrul ERGUN, Internet and Information Technologies Management, Afyon Kocatepe
University, (Turkey)
e-mail: ertugrulergun@gmail.com, ertue@aku.edu.tr.

Fatih Onur HOCAOGLU, Electrical Engineering, Afyon Kocatepe University, (Turkey)
e-mail: fohocaoglu@gmail.com

Hiiseyin Ali YALIM, Physics, Afyon Kocatepe University, (Turkey)
e-mail: hayalim@aku.edu.tr

Hiiseyin BAYRAKCEKEN, Automotive Engineering, Afyon Kocatepe University, (Turkey)
e-mail: bceken@aku.edu.tr

fbrahim Hakki CIGERCI, Molecular Biology and Genetics, Afyon Kocatepe University,
(Turkey)
e-mail: cigerci@aku.edu.tr

Ismail DEMIR, Civil Engineering, Afyon Kocatepe University, (Turkey)
e-mail: idemir@aku.edu.tr

Ismail Sedat BUYUKSAGIS, Mining Engineering, Afyon Kocatepe University, (Turkey)
e-mail: shsagis@aku.edu.tr

Ismail ZORLUER, Civil Engineering, Afyon Kocatepe University, (Turkey)
e-mail: izorluer@aku.edu.tr

Levent OZCAN, Biomedical Engineering, Afyon Kocatepe University, (Turkey)
e-mail: leventozcan@aku.edu.tr

Mehmet CAKMAKKAYA, Automotive Engineering, Afyon Kocatepe University, (Turkey)
e-mail: cakmakkaya@aku.edu.tr

Mehmet KAHRAMAN, Computer, Afyon Kocatepe University, (Turkey)
e-mail: kahraman@aku.edu.tr

Mehmet OZKAN, Physics, Afyon Kocatepe University, (Turkey)
e-mail: mozkan@aku.edu.tr

Meltem DILEK, Chemical Engineering, Afyon Kocatepe University, (Turkey)
e-mail: mdilek@aku.edu.tr

Muhammed YURUSOY, Mechanical Engineering, Afyon Kocatepe University, (Turkey)
e-mail: yurusoy@aku.edu.tr

Mustafa Kemal YILDIZ, Mathematics, Afyon Kocatepe University, (Turkey)
e-mail: myildiz@aku.edu.tr

Mustafa Serhat BASPINAR, Metallurgy and Materials Engineering, Afyon Kocatepe
University, (Turkey)


mailto:ertue@aku.edu.tr
mailto:idemir@aku.edu.tr
mailto:leventozcan@aku.edu.tr
mailto:kahraman@aku.edu.tr
mailto:yurusoy@aku.edu.tr

e-mail: sbaspinar@aku.edu.tr

Mustafa YILMAZ, Survey Engineering, Afyon Kocatepe University, (Turkey)
e-mail: mustafayilmaz@aku.edu.tr

Mustaque Hossain, Civil Engineering, Kansas State University, (USA)
e-mail: mustak@k-state.edu

Omer HAZMAN, Chemistry, Afyon Kocatepe University, (Turkey)
e-mail: ohazman@aku.edu.tr

Ramazan SEVIK, Food Engineering, Afyon Kocatepe University, (Turkey)
e-mail: ramazansevik03@yahoo.com

Regita Bendikiene, Department of Production Technologies, Kaunas University of Technology,
(Lithuania)
e-mail: regita.bendikiene@ktu.lt

Yiiksel OGUZ, Electrical Electronics Engineering, Afyon Kocatepe University, (Turkey)
e-mail: yukseloguz@aku.edu.tr

ADRES/ADDRESS:

Afyon Kocatepe Universitesi, Fen Bilimleri Enstitiisii,

Ahmet Necdet Sezer Kampusu, 03200, AFYONKARAHISAR
Telefon: 444 03 03 / 1460-1470

Belgegecer: 0272218 14 62

e-posta: fmbd@aku.edu.tr


mailto:sbaspinar@aku.edu.tr

ICINDEKILER / CONTENTS

FEN BiLiIMLERIi / SCIENCE

BIYOLOJI / BIOLOGY (10)

Arastirma Makalesi / Research Article

Kaya Tuzu ile Deniz Tuzu Stresinin Bugday (Triticum vulgare L.) ve Arpa (Hordeum vulgare
L.) Uzerindeki Etkileri

Effects of Rock Salt and Sea Salt Stress on Wheat (Triticum vulgare L.) and Barley (Hordeum
vulgare L.)

Etem OSMA, Ali KARA, Tugce VAROL, Miijgan ELVEREN

031001 (547-554)

Aragtirma Makalesi / Research Article
Mardin ilinde insan Tiiketimi Amagh Yenilebilir Bitkilere Katkilar

A Survey on Edible Plants for Human Consumption in Some Mountainous district of
Mardin, Turkey

Hasan AKAN, Cebrail EKSIK

031002 (555-575)

FIZIK / PHYSICS (11)

Aragtirma Makalesi / Research Article

Sulfiur Hekzafloriir Molekiiliiniin Elektron Etkisi ile iyonlasma ikili Diferansiyel Tesir
Kesitlerinin Olctimii

Measurement of Double Differential Cross Sections for Electron Impact
lonization of Sulfur Hexafluoride Molecule

Murat YAVUZ, Hiseyin Ali YALIM

031101 (576-581)

KIMYA / CHEMISTRY (12)

Arastirma Makalesi / Research Article

Sulu Cozeltilerden Alizarin Sarisi GG Gideriminde Gypsophila arrostii var nebulosa’dan Elde
Edilen Biyokémirin Kullanilmasi

Using Biochar from Gypsophila arrostii var nebulosa for Alizarin Yellow GG Removal
from Aqueous Solutions

Okan BAYRAM, Emel MORAL, Fethiye GODE

031201 (582-589)




Arastirma Makalesi / Research Article

Kogpinar/Siirt Kili Kullanarak Atik Sulardan Kristal Violet Boyar Maddesinin
Uzaklastirilmasinda Adsorpsiyon Yénteminin izoterm ve Termodinamik Hesaplamalari

Isotherm and Thermodynamic Calculations of Adsorption Method for Removal of
Crystalline Violet Dyestuffs from Wastewater Using Kogpinar/Siirt Clay

Ali Riza KUL, Veysel BENEK

031202 (590-601)

Arastirma Makalesi / Research Article

Gadolinyum(l1l) Asetat igeren Yeni Tetrapirazinoporfirazinin Sentezi ve Spektroskopik
Ozellikleri

Synthesis and Spectroscopic Properties of Newly Tetrapyrazinoporphyrazine
Containing Gadolinium(lll) Acetate

Mehmet PiSKiN, Zafer ODABAS, Mahmut DURMUS

031203 (602-607)

Aragtirma Makalesi / Research Article

Dihidroksibenzen Tirevlerinin MWCNT Baglanmasi ve Elektrokimyasal NADH Oksidasyonu

The Coupling of Dihydroxybenzene Derivatives to MWCNT and Electrochemical
NADH Oxidation

izzet KOCAK

031204 (608-617)

Aragtirma Makalesi / Research Article

AcCl veya Ac20 Kullanilarak Bazi Norkantarimid Tirevlerinin Molekiler Kararhlik, Sentez
Mekanizmasi ve Olusumunlarinin incelenmesi: Mekanizma Tabanli Bir Calisma

Investigation Into The Molecular Stability, Synthesis Mechanism, and Formation of
Some Norcantharimide Derivatives Using AcCl or Ac20: A Mechanism-Based Study

Aytekin KOSE

031205 (618-627)

MATEMATIK & ISTATISTIK / MATHEMATICS & STATISTICS (13)

Arastirma Makalesi / Research Article

Rasyonel Uslii Cebirsel ve Ustel Esleme Yaklasimi ile Thomas-Fermi Denklemi igin ikinci
Derece Dogruluklu Sonlu Farklar Yontemi

Second Order Finite Difference Method for the Thomas-Fermi Equation via Fractional
Order of Algebraic and Exponential Mapping Approach

Utku Cem KARABULUT, Turgay KOROGLU

031301 (628-637)




Arastirma Makalesi / Research Article
Genellestirilmis Kuaterniyonlar ve Matris Cebiri
Generalized Quaternions and Matrix Algebra

Umit Ziya SAVCI, Erhan ATA

031302 (638-647)

MUHENDISLIK BiLIMLERIi / ENGINEERING

BILGISAYAR & BILISIM / COMPUTER & INFORMATICS (51)

Arastirma Makalesi / Research Article
Mahsul Verim Tahmini icin Hibrit Derin Ogrenme Gergeklestirimi
Hybrid Deep Learning Implementation for Crop Yield Prediction

Halit CETINER

035101 (648-660)

Aragtirma Makalesi / Research Article
Barabasi-Albert Cizgesinde K-Derece Anonimlestirmenin Performans Analizi
Performance Analysis of K-Degree Anonymization on Barabasi-Albert Graph

Damla OGUZ, Fatih SOYGAZI

035102 (661-670)

Aragtirma Makalesi / Research Article
Derin Evrisim Tabanli Cekismeli Uretici Aglari ile Ugtan Uca Sanat Eserleri Uretimi

End-to-End Artworks Generation Via Deep Convolutional Based Generative
Adversarial Networks

Nazh TURHAN, Ahmet Hasim YURTTAKAL

035103 (671-676)

Arastirma Makalesi / Research Article
Kapil Tekrarlayan Hiicreler Tabanl Bulanik Zaman Serileri Tahminleme Modeli

Gated recurrent unit network-based fuzzy time series forecasting model

Serdar ARSLAN

035104 (677-692)




HARITA, MIMARLIK & SEHIR VE BOLGE PLANLAMA / MAP, ARCHITECTURE & CITY AND REGIONAL

PLANNING (55)

Arastirma Makalesi / Research Article

Goktiirk-1 Stereo Uydu Gériintiileri ile 1/5000 Olgekli Fotogrametrik Harita
Yapilabilirliginin Arastiriimasi

Investigation of the Usability of Gokturk-1 Stereo Satellite Images in 1/5000 Scale
Photogrammetric Map Production

Cagri KILING, Murat UYSAL

035501 (693-699)

Arastirma Makalesi / Research Article

Tas yapilarin cephelerindeki malzeme bozulmalarinin yersel lazer tarama yontemiyle
arastirilmasi: Mardin Konagi Ornegi

Investigating the Material Deteriorations on the Facades of Stone Structures by
Terrestrial Laser Scanning Method: Case Study of Mardin Mansion

Lale KARATAS, Aydin ALPTEKIN, Murat YAKAR

035502 (700-711)

Aragtirma Makalesi / Research Article

23.11.2022 (Mw:5.9) Gélyaka-Diizce depreminde TUSAGA-Aktif istasyonlarinin
davranislarinin incelenmesi

Investigation of the behavior of TUSAGA-Active Stations in the 23.11.2022 (Mw5.9)
Golyaka-Diizce Earthquake

Seyma SAFAK YASAR, Eda Esma EYUBAGIL, Ece Bengiinaz CAKANSIMSEK

035503 (712-721)

Aragtirma Makalesi / Research Article

C1-C2 Noktalarinin Enterpolasyon Yontemiyle Elde Edilen GNSS Hizlarina Ait
Dogruluklarin Arastiriimasi

Investigation of Accuracy of GNSS Velocities of C1-C2 Sites Obtained by Interpolation
Method

Hiilya BALABAN, Halil ibrahim SOLAK, ibrahim TIRYAKIOGLU

035504 (722-729)

Aragtirma Makalesi / Research Article

Hassas Nokta Konumlama (PPP) Tekniginin Agaclik Alanlardaki Konum Belirleme
Performansinin CSRS-PPP Yazilimi Kullanilarak incelenmesi

Investigation of Accuracy of GNSS Velocities of C1-C2 Sites Obtained by Interpolation
Method

Berkant KONAKOGLU, Serhat SENSES

035505 (730-739)




INSAAT & ULASTIRMA / CIVIL ENGINEERING & TRANSPORTATION (56)

Aragtirma Makalesi / Research Article

6 Subat 2023 Depremleri Sonrasi Zemin BlyUtmesi ve Sivilasma Gergegi: Antakya,
Goélbasi, Tirkoglu Ornekleri

The Facts of Soil Amplification and Liquefaction After the Earthquakes of February 6,
2023: Examples of Antakya, Golbasi, Tiirkoglu

Muhammed ULUCAN, Kirsat Esat ALYAMAC

035601 (740-752)

KIMYA & METALURJI VE MALZEME / CHEMISTRY & METALLURGY AND MATERIALS (57)

Aragtirma Makalesi / Research Article

Kaolin Yiizeyine Dekore Edilmis Bakir Katkili Cinko Oksit Nanokompoziti Kullanilarak
Reaktif Mavi 21 Tekstil Boyar Maddesinin Adsorpsiyonu, Kinetigi ve Termodinamigi

Adsorption, Kinetics and Thermodynamics of Reactive Blue 21 Textile Dyestuff Using
Copper Doped Zinc Oxide Nanocomposite Decorated on Kaolinite Surface

Eda KELES GUNER, Agah OZDEMIR, Bilge DOGAN, Biilent CAGLAR

035701 (753-771)

Aragtirma Makalesi / Research Article
RTM Yénteminde Jelkot ve Laminasyon Planinin Nihai Uriiniin Mekanik Ozelliklerine Etkisi

The Effect of Gelcoat and Lamination Plan on Mechanical Properties of the Final Product
in RTM Method

Mustafa Can TOPBA$OGLU, Mustafa KELES, Cihan KABOGLU

035702 (772-779)

MADEN & JEOLOJI | MINES, & GEOLOGICAL (58)

Arastirma Makalesi / Research Article

Pinarbasi Karst Kaynaginin (Denizli) Bosalim Hidrodinamigi ve Hidrojeokimyasal
Ozelliklerinin Degerlendirmesi

Assessment of Discharge Hydrodynamics and Hydrogeochemical Properties of Pinarbasi
Karst Spring (Denizli)

Ali GOKGOZ, Bilge SEMERCI AYGUN

035801 (780-796)




MAKINE , IMALAT & OTOMOTIV / MACHINERY, MANUFACTURING & AUTOMOTIVE (59)

Aragtirma Makalesi / Research Article
Arastirma Makalesi / Research Article

Tarimsal ilaglamada X tipi Katlanabilen ve Geleneksel Kanatlarda Olusan Gerilme-
Gerinimin Tahmini ve Taguchi Analizi

Prediction of Stress in of X type folding and Conventional Booms and Taguchi Analyses

Bekir YALGIN, Haci ERDOGAN, Ahmet SAYRUGAG

035901 (797-810)

Arastirma Makalesi / Research Article

Demir Esasli Sert Dolgu Kaplamalarin Karakterizasyonu ve Kirilma Toklugunun
incelenmesi

Characterization and Fracture Toughness Investigation of Iron Based Hardfacings

Melis YURDDASKAL

035902 (811-819)




Afyon Kocatepe Universitesi Fen ve Miithendislik Bilimleri Dergisi

Afyon Kocatepe University Journal of Science and Engineering

AKU FEMUBID 23 (2023) 031001 (547-554) AKU J. Sci. Eng. 23 (2023) 031001 (547-554)
DOI: 10.35414/akufemubid.1148300

Arastirma Makalesi / Research Article
Kaya Tuzu ile Deniz Tuzu Stresinin Bugday (Triticum vulgare L.) ve Arpa

(Hordeum vulgare L.) Uzerindeki Etkileri
Ali KAYAL, Tugce VAROL?, Miijgan ELVEREN?, Etem OSMA3*

1Erzincan Binali Yildirim Universitesi, Fen Bilimleri Enstitiisii, Erzincan

2Erzincan Binali Yildirim Universitesi, Saglk Hizmetleri Meslek Yiiksekokulu, Tibbi Hizmetler ve Teknikler Béliimii,
Erzincan

3Erzincan Binali Yildirim Universitesi, Fen Edebiyat Fakiiltesi, Biyoloji Béliimii, Erzincan

Sorumlu yazar e-posta*: eosma@erzincan.edu.tr ORCID ID: https://orcid.org/0000-0002-5250-8194
alikara3861@hotmail.com ORCID ID: https://orcid.org/0000-0002-8722-7106
tugcevarol7291998@hotmail.com ORCID ID: https://orcid.org/0000-0001-7027-462X
mujgan.elveren@erzincan.edu.tr ORCID ID: https://orcid.org/0000-0002-6110-8088

Gelis Tarihi: 25.07. 2022 Kabul Tarihi: 08.06.2023

0z

Bu c¢alismada kaya tuzu ile deniz tuzunun bugday ve arpa gelisimi lzerindeki etkileri kiyaslanmistir.
Calisma igin 650 g topraga 4 g arpa ve 5 g bugday tohumu ekilerek tzerleri 100 g toprak ile kaplanmistir.
Cimlenen bugday ve arpalara 50, 100 ve 250 NM olacak sekilde farkl konsantrasyonlarda bir kez kaya

Anahtar kelimeler
tuzu ile deniz tuzu ¢ozeltisi verilmistir. Bitkiler yetistirilme stirecinde tarla kapasitesine uygun sulanarak,

15 gilin yetistirildikten sonra hasat edilmistir. Hasadi yapilan orneklerde elektrolit sizinti miktari ile
antioksidan aktiviteleri (CAT, SOD, POD) belirlenmistir. Kontrol érnekleri ile deniz ve kaya tuzunun
uygulandigi rnekler arasindaki iliski SPSS 22 istatistik Paket Programi’nda istatistiksel olarak
degerlendirilmistir. Ornekler arasinda anlamli farkhiliklar oldugu tespit edilmistir. Sonug olarak, farkli tuz

Antioksidan aktivite;
Elektrolit sizinti; Tuz
stresi; Bugday

konsantrasyonlarinin uygulandigi érneklerde konsantrasyon artisina bagh olarak bitkilerin elektrolit
sizinti ile antioksidan aktivitelerinde 6nemli 6lglide artis gdzlenmistir.

Effects of Rock Salt and Sea Salt Stress on Wheat (Triticum vulgare L.) and

Barley (Hordeum vulgare L.)

Abstract

In this study, the effects of rock salt and sea salt on wheat and barley growth were compared. For the
study, 4 g barley and 5 g wheat seeds were planted in 650 g soil and covered with 100 g soil. Rock salt
and sea salt solution were given to germinated wheat and barley once at different concentrations of
50, 100 and 250 NM. The plants were irrigated according to the field capacity and harvested after 15
days of growing. The amount of electrolyte leakage and antioxidant activities (CAT, SOD, POD) were

Keywords
Antioxidant activity;
Electrolyte leak; Salt

. determined in the harvested samples. The relationship between the control samples and the samples,
stress; Wheat

to which sea and rock salt was applied, was statistically calculated with SPSS 22 Statistical Package
Program. Significant differences between the samples were found out. As a result, in the samples where
different salt concentrations were applied a significant increase was observed in the electrolyte leakage
and antioxidant activities of the plants due to the increase in concentration.

© Afyon Kocatepe Universitesi

Ignat et al. 2022). Tuzluluk, diinya genelinde bitki

1. Giris
blylimesini ve gelisimini olumsuz yonde etkileyen

Yiksek tuzluluk, kuraklik, soguk ve sicak gibi abiyotik en 6nemli abiyotik streslerden biridir (Dehnavi et al.

2020, EL Sabagh et al. 2021). Ozellikle sulama
yapilan kurak ve yari kurak bélgelerde Griin verimini

stresler bitkilerin canliigini, biyokitle lretimini ve
verimini etkileyerek temel gida mahsullerini yaklasik

%70 civarinda azaltmaktadir (Mantri et al. 2012, ciddi oranda azaltan bir sorun haline gelmistir
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Kaya Tuzu ile Deniz Tuzu Stresinin Budday (Triticum vulgare L.) ve Arpa (Hordeum vulgare L.) Uzerindeki Etkileri, Osma vd.

Tuzluluk iyon stresi ve osmotik strese neden olarak
bitki bliyime ve gelismesini negatif yonde
bitkiler
etkileri tuzun cesidine, miktarina, siresine ve

etkilemektedir. Tuzlulugun Uzerindeki
bitkinin tlrine bagh olarak degisebilmektedir. Tuz
bitkiler

molekiler ve fizyolojik cevaplar ile strese karsi

stresine  maruz kalan biyokimyasal,
kendini koruyabilmektedir (Tarchoune et al. 2010,
Culha and Cakirlar 2011, Kibar et al. 2020). Bugline
kadar yapilan calismalarda tuz stresinin cesitli
bitkilerde (MDA) ve

antioksidan enzim aktivitelerini etkiledigini gosteren

lipid peroksidasyonunu

bircok calisma bulunmaktadir (Bor et al. 2003,
2010). Tuz stresi, bitkilerin
yapraklarinin kiicilmesine ve sayisinin azalmasina,

Tarchoune et al.
ciceklenme periyodunun degisimine, koklerinin
gelismemesine ve tohum veriminin azalmasina
sebep olmaktadir (Ashraf et al. 2004, Munns 2003,
Kaya and inan 2017).

Tuz stresine bagh olarak bitkilerde zararli ROS
birikimi, bitki dokularinda fizyolojik ve biyokimyasal
problemlere, fotosentezin sekteye ugramasina,
mitokondri ve kloroplastlarin elektron transferinde
bozukluklara ve hiicresel zararlara neden
olabilmektedir (Bose et al. 2014, Oukarroum et al.
2015). Bitki htcreleri genellikle ROS'u detoksifiye
eden bir antioksidan savunma sistemi tarafindan
oksidatif stres etkilerden korunmaktadir (Das and
Roychoudhury 2014, Hossain et al. 2017). ROS
Uretimi ve kapasite arasindaki dengesizlik bitki

ciddi oksidatif
Bitkilerde yliksek

enzimatik olmayan

antioksidan sistemi Uzerinde
hasarlara yol agabilmektedir.

seviyelerde enzimatik ve
antioksidanlarin oksidatif hasarlara karsi daha biylk
diren¢ gosterdigi yapilan g¢alismalar ile rapor
edilmistir (Chakraborty et al. 2016, Farhangi-Abriz
and Torabian, 2017, Farhangi-Abriz and Rashidabad
2017, Raiet al. 2018). Tuza karsi tolerans, bitkilerde
tur, cins ve familyalar arasinda 6nemli farkliliklar
icinde bile farkhhklar
bitkilerin butilin

gelisim sireclerini etkilemekte olup c¢ogu bitki

olabildigi gibi ayni tir
gosterebilmektedir. Tuz stresi
tlriinde tuz stresine en hassas donemin ¢imlenme
zamani oldugu yapilan bircok calisma ile tespit
edilmistir (Zamani et al. 2010, Uyanik et al. 2014)

Bu calismada farkli ozelliklere sahip sofra tuzu ile
kaya tuzunun bugday ve arpa Ulzerindeki etkileri
arastirilmigtir.

2. Materyal ve Metot

Bu ¢alismada farkli konsantrasyonlarda kaya tuzu ve
deniz tuzu arpa ve bugday bitkilerine uygulanmistir.
Calismada arpa (Kral 97) ile bugday (Esperia)
varyeteleri kullanilmistir. Kral 97, basaklari 6 sirali,
beyaz, kil¢ikli, boyu 70-80 cm, kurakliga karsi hassas,
soguga orta dayanikh olup yatmaya dayanikli bir
arpa cesididir.
Bolgeleri ile benzeri yorelerin sulanan alanlarda

Kral 97, Orta Anadolu ve gecit

yetisebilmektedir (int. Kyn. 1). Esperia, italya orijinli,
ekmeklik bir gesit olup basak yapisi kilgikl, beyaz,
80-85 cm boya sahiptir. Orta Anadolu, Bati ve Dogu
gecit bolgeleri, ic Ege, Marmara ve bilhassa Trakya
kesimi, sahil bolgelerinin yaylalarinda kolaylikla
yetisebilen bugday cesididir (int. Kyn. 2). Oncelikle 1
kg Ik kaplara 650 gr tarla topragi koyularak 5 gr
bugday ve 4 gr arpa ekilmistir. Bugday ve arpalar
¢imlendikten sonra 100 ml de ¢6zilen 50 mM, 100
mM ve 250 mM oraninda kaya ve deniz tuzu (NaCl)
¢Ozeltileri verilmistir. 15 glin sonunda bitkiler hasat
edilmistir. Hasat sonrasi bitkilerde elektrolit sizinti,
agirlik, antioksidan  aktivitelerinin  analizleri
yapabilmek (izere bitkiler saklamaya alinmistir

(Senay et al. 2005).

12 deney tipu saf sudan gegcirildikten sonra, tiiplere
0.1 g taze bitki yapragi konulmustur. Bu tiplere 4 mL
saf su eklenerek 4°C’de bir giin bekletilmistir. Bir giin
sonra elektriksel kondiiktivimetre ile tliplerdeki saf
suya gecis yapan iyon miktari 6l¢clilmustir (Griffith
et al 1992, Elveren et al 2018). Havir and Mchale
(1987)'nin gelistirdigi metot kullanilarak Katalaz
enzim aktivitesi belirlenmistir. 0.5 g 6rnek tartilarak
5 mL ekstraksiyon tamponunda (%1 PVP, 5 ml 100
mM potasyum fosfat (pH 7.0), 1 mM EDTA (0.04 gr))
homojenizasyonu saglanmistir. Homojenat +4 °C’'de
14.000 rpm ile 20 dk’lik stirede santrifiij edilmistir.
Santrifiij isleminden sonra aktivite 6l¢imu igin
hazirlanan 103,5 mM (1,475 mL) KH,PO, tamponu
ve 40 mM‘ lik (1,5 mL)H,O, substrat cozeltisi
karistirihp 3 mL quartz kivetine konulduktan sonra,
20 pL enzim ekstrakti ilave edilmistir. Son olarak,
hazirlanan kiivet spektrofotometreye konularak 240

548



Kaya Tuzu ile Deniz Tuzu Stresinin Budday (Triticum vulgare L.) ve Arpa (Hordeum vulgare L.) Uzerindeki Etkileri, Osma vd.

nm’de absorbans azalisi izlenmistir (Elveren et al.
2018).
Nitro blue tetrazoliumun (NBT)

meydana

fotokimyasal

indirgenmesi sebebiyle gelen
inhibisyonunun, spektrofotometrik olarak élgliimesi
dismutaz (SOD) aktivitesi
and Pandey 2004).
Reaksiyon karisimi 3 mL; 13 mM metiyonin, 50 mM
KH,PO4 (pH: 7.8), 2 M riboflavin, 0.1 mM EDTA ve 75
M NBT ile olusturulmustur. (SOD) aktivitesinin

Olcimi

sonucu superoksit

belirlenmektedir (Agarwal

icin 3 pL spektrofotometre kivetine
riboflavin bulunmayan reaksiyon ¢ozeltisinden 2.84
100 L
tamamlanmistir. Tlp Uzerine 100 M’lik riboflavin

mL alinarak enzim  ekstrakti ile
cOzeltisinden 60 pl'si pipetle aktarilip birbirleriyle
karistinlmistir. Karisim hizh bir sekilde beyaz isik
kaynaginin etkisine birakilarak reaksiyon
baslatilmistir. Hazirlan tip, olusan reaksiyon isik
kaynaginin kapatiimasiyla durdurulmustur. 15 dk.
stresince 560 nm’de NBT renginin agilma yogunlugu
kore karsi okunmustur. Kor, ayni islemin enzimsiz
halidir. EU g?

belirlenmistir (Elveren et al. 2018).

Olgiilen veriler doku olarak

POD enzim aktivitesinin tespit edilmesi, H,0, ve
guaikolun substrat olarak kullanildigi reaksiyonun
sonucu olan renkli bilesigin meydana getirdigi
absorbans artisinin 470 nm’de takip edilmesiyle
belirlenmektedir. 0.5 g bitki numunesi sivi azot ile
toz haline getirildikten sonra 5 ml ekstraksiyon
tamponunda (%1 PVP, 5 ml 100 mM potasyum
fosfat ve 1mM EDTA (0.04 g) tamponunda (pH 7.0))
homojenisyonu gergeklestirilmistir. Homojenat +4
9C de 14.000 rpm’de 20 dakika boyunca santrifij
yapilmistir. Numunesinin enzim aktivite
belirlenmesi icin  spektrofotometre kiivetine;
NaH,PO, tampon ¢ozeltisi, 100 ml 0,1 M ve 5 mM
3 mL
konulduktan sonra, lzerine 10 uL enzim ekstrakti
Spektrofotometrede 470

sonuglar (EU g?! doku)

guaikol iceren substrat ¢o6zeltisinden

eklenmistir. nm’de
okunarak olarak
hesaplanmistir (Osma et al. 2017).

Yapilan calismada elde edilen veriler istatistiksel
olarak analiz edilmistir. SPSS 22 Paket istatistik
Programiile veriler, %95’lik gliven araliginda ANOVA
testi ve ¢oklu karsilastirmalarda kontrol 6rnekleri ile

farkh tuz konsantrasyonlarinin uygulandigi érnekler

arasindaki farkhliklar Tukey’s B ve S-N-K ile

belirlenmistir.

3. Bulgular

Yapilan bu calismada kaya ve deniz tuzu farkl
konsantrasyonlarda arpa ve bugdaylara uygulanarak
bu bitkilerde elektrolit sizinti, CAT, POD ve SOD
enzim aktiviteleri tespit edilmis ve 6nemli sonuclara
ulasiimistir. Elde edilen veriler dikkate alindiginda,
kaya ve deniz tuzu ile yetistirilen 6rnekler ve kontrol
grubu ornekleri karsilastirildiginda elektrolit sizint
aktivitelerinde anlamli

ve antioksidan enzim

farkhliklar oldugu gorilmistir.

Yapilan ¢alismada elektrolit sizinti analizlerine gore
elde edilen verilerin 91,25+7,89-885,71+45,92
us.cm? arasinda degistigi belirlenmistir (Sekil 1.).
Katalaz  aktivitesi ~ degerlendirildiginde,  tuz
miktarinin artmasina bagl olarak CAT aktivitesinde
bir artis goriilmustir. CAT enzim aktivite verilerinin
3446,88+126,72-6100+464,71 EU g! FW arasinda
degistigi belirlenmistir. Arpa Orneklerine deniz
baglh olarak CAT

aktivitesinin daha fazla oldugu tespit edilmistir (Sekil

tuzunun konsantrasyonuna
2.). POD enzim aktivitesi verileri incelendiginde kaya
ve deniz tuzu konsantasyonunun artmasina bagli
olarak aktivitenin kontrol 6rneklerine gore daha
fazla arttigi gortlmistir. POD enzim aktivite
verilerinin 31531.43+798.94-181532+5529.11 EU g
L FW arasinda oldugu belirlenmistir. Deniz ve kaya
tuzunun uygulandigi bugday ve arpalarda tuz
konsantrasyonuna bagh olarak enzim aktivitesinin
(Sekil 3.).
¢alismada kullanilan iki tuzun Na miktari birbirine

farkhlik gostermistir Bu durumun
yakin olsa da igerdikleri diger mineral element
konsantrasyonlarinin birbirinden farkh dizeyde
olmasindan kaynaklanabilecegi
(Saruhan, 2021).

incelendiginde, uygulanan tuz miktarina bagli olarak

dislincesindeyiz
SOD enzim aktivite verileri

enzim aktivitesinde artma oldugu gézlenmistir. SOD
enzim aktivite verilerinin 467,2316,7-670,17+4,09
EU g FW arasinda degistigi tespit edilmistir. Deniz
tuzunun uygulandigl bugday ve arpalarda tuz
konsantrasyonu arttikga SOD aktivitesinin arttigi
goralmastir (Sekil 4). Elde edilen veriler istatistiksel

olarak degerlendirildiginde kaya tuzu ve deniz
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tuzunun uygulandig bitkilerde glicllii yonde anlamli
farkhliklarin oldugu gézlenmistir.

Bu calismada elde edilen veriler daha 6nce yapilan
calismalar ile kiyaslanmistir. Yaptiklar calismada,
tuz toksisitesi ile hicrelere Na+ girigsinin, ROS
olusumunu, lipid peroksidasyon ile antioksidan
aktivitesini artirdigi ve sonugta bitki bliyiimesinin
azalmasina neden oldugunu belirlemiglerdir
and Rashidabad, 2017). Tuz

yogunlugunun artmasina bagli olarak ¢alisilan farkl

(Farhangi-Abriz

arpa gesitlerinde ¢cimlenmenin geciktigi ve ¢cimlenme

oraninin  distigt  belirlenmistir.  Genotiplerin
tuzluluga karsi olan toleranslarinin tespit edilmesi
icin slirgiin ve kok uzunlugu belirlenmis ve tuz
konsantrasyonun artmasina bagh olarak kisalmistir
Ozkan, 2015). Farkh tuz

konsantrasyonlari reyhan bitkisine uygulanmis ve

(Benlioglu and

bitkinin biylime ile gelismesini olumsuz olarak
etkiledigi tespit edilmistir. Tuz stresine maruz
birakilan reyhanda bitki taze ve kuru agirliklari, dal
sayisl, boyu ile pigment icerikleri belirgin bir sekilde
azalmis ve beraberinde oksidatif hasarin 6nemli bir
gostergesi olan MDA miktari artmistir. Bununla
birlikte APX ve POD
baskilanmasina neden olmustur (Kaya and inan,
2017). PEG ve NaCl uygulanan titin bitkisinde
kuraklik ve tuzluluk stresi etkisine bagh olarak bazi

enzim aktivitelerinin

biyokimyasal ve fizyolojik farkhhklar
MDA
konsantrasyonu azalmistir; ayni zamanda prolin

meydana

gelmis, miktari artmis ve  klorofil
birikimi, karotenoid igerigi ile antioksidan enzim
aktiviteleri artis gdstermistir (Kaya and inan, 2018).
Tuz, aycicegi bitkilerinin tohumlarinin depolama
lipidlerinde kayiplara neden olmustur. Tuz stresi
altinda oleik ve linoleik asit seviyelerinin asagi
regililasyonu meydana gelmistir (Gogna, 2020). Tuz
stresi, G. uralensis fidelerinde ROS birikimini,
membran lipid peroksidasyonunu artirmis, C ve N
metabolizmalarini daha fazla etkiledigi
belirlenmistir (Ahmadi et al. 2019, Lang et al. 2020).
Ulkemizde vyetistirilen 23 tane ekmeklik bugday
farkli  tuz

cesitlerinin konsantrasyonlarinda

¢imlenme ve ilk gelisme periyodunda bazi

parametreler incelendiginde; bugdaylarin ilk

gelisme sirecinde ¢imlenme orani, kék uzunlugu,

kuru madde orani ve fide boyunun farkhlik

gosterdigi ve artan tuz konsantrasyonlarina bagl
olarak kok uzunlugu, c¢imlenme orani ve fide
boyunun azaldigi goralmustir (Senay et al 2005).

Tuz yogunlugunun ortalama c¢imlenme siresi,
¢imlenme orani, bitkilerde kok yas ve kuru agirhg
yas agirhk, kok uzunlugunun istatistiki olarak 6nemli
olglide etkilendigi gozlenmistir (Asci and Uney
2016).
uzunlugunu, Na+ konsantrasyonunu onemli 6l¢lide

Artan tuzlulugun, bitki boyunu, basak
artirdigl, K+ konsantrasyonunu azalttigi gérilmustir
(Kalharo et al. 2016). Deniz suyunun uygulandig
bugdaylarin klorofil iceriginde ciddi boyutlarda
olmak tizere, fotosentez, bitki boyu, ana gévde cap,
bitki basina toplam yaprak alani ve toplam kuru
agirhklar ile birlikte gévde ve yapragin anatomik
ozelliklerinde duvar kalinligi, ici bos 6z boslugunun
¢apl, toplam damar demeti sayisi, bliylk ve kiguk
damar demetleri, demet uzunlugu ve genisligi,
floem dokusunun kalinhg ile c¢apinda azalma
2020).

tuzlulugunun bitki blylmesinde ve misirin biyo

goralmastiir (Nassar et al. Toprak
kiitlesinde azalmaya neden oldugu belirlenmistir.
stoma direnci ve
arttigl,

konsantrasyonu azaldigl gézlenmistir (Turan et al.

Ote vyandan, prolin

konsantrasyonunun toplam  klorofil
2009). Tuz uygulamalarinin fizyolojik performansi
(stoma iletkenligi, fotosentetik hiz, terleme orani)
etkiledigi tespit edilmistir (Ignat, 2022). Yaptiklari
¢alismada tuz stresinin H. marinum ve H. vulgare
bitkilerinde farklilk gosterdigini tespit etmislerdir.
H. marinum'un tuz kaynakli oksidatif hasara karsi H.
vulgare'den daha iyi koruma mekanizmasi sahip

oldugunu belirlemislerdir (Seckin et al. 2010).

550



Kaya Tuzu ile Deniz Tuzu Stresinin Budday (Triticum vulgare L.) ve Arpa (Hordeum vulgare L.) Uzerindeki Etkileri, Osma vd.

1000 240000
£ a
d 200000 d
_I’T“?_‘O /
g % 7 %
g A , 160000 /
w / :
00 be ;‘: @J 120000 é
- ab 7 : : /
A a ,/‘, 0 s /
s 7 . 7
2 / 10000 /
Z 7
m 0 0 A
250 b 75000 b
c C
’%OO be & - 60000 C
Tﬁ b 7 E ?
d50 ﬁ L 45000 /
. i %
g00 2 7 a wm I 7
s é 9 /
w
=50 4 15000 /
7 7
i 7 ! %
Kontrol K1 K2 K3 D1 D2 D3 Kontrol X1 K2 K3 D1 2 D3
Sekil 1. Kaya tuzu ile deniz tuzunun bugday (a) ve Sekil 3. Kaya tuzu ile deniz tuzunun bugday (a) ve
arpalarin (b) elektrolit sizinti Gzerine etkisi. (Kontrol, arpalarin (b) peroksidaz enzim aktivite Uzerine etkisi.

K1=50 NM, K2=100 NM, K3=250 NM, D1=50 NM, D2=100 (Kontrol, K1=50 NM, K2=100 NM, K3=250 NM, D1=50
NM, D3=250 NM). (*p<0,05; **p<0,01; ***p<0,001  NM, D2=100 NM, D3=250 NM). (*p<0,05; **p<0,01;
anlamhlik). ***p<0,001 anlamlilik).

6000

d 2 800 a

4500 b g ! : b : E

’ be be c T i I ’

~ b ? . 60 3 %

T o I

; 3000 : / : é
a / 240 /
: 7 /
8 1w % 8 %
3 % & /
0 ) g

0 4

8000 b 800 b

6000 a . é 600 b be be be
S 7 /
: 4000 % 5 400 %
g 2 / 8w %

7

U 7 .
: 7 0 7

Kool KI K2 K3 DI D2 D3 Kontrol K1 k2 k3 D1 D2 D3

Sekil 2. Kaya tuzu ile deniz tuzunun bugday (a) ve Sekil 4. Kaya tuzu ile deniz tuzunun bugday (a) ve
arpalarin (b) katalaz enzim aktivite Uzerine etkisi. arpalarin (b) stiperoksit dismutaz enzim aktivite lizerine

(Kontrol, K1=50 NM, K2=100 NM, K3=250 NM, D1=50 etkisi. (Kontrol, K1=50 NM, K2=100 NM, K3=250 NM,
NM, D2=100 NM, D3=250 NM). (*p<0,05; **p<0,01; D1=50 NM, D2=100 NM, D3=250 NM). (*p<0,05;
***p<0,001 anlamlilik). **p<0,01; ***p<0,001 anlamlilik).
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Hassas ve toleransli arpa cesitlerinin tuz stresine
farkh tepki verdigini belirlemislerdir. Bu ¢alismada
cesitli fonksiyonlara sahip bir dizi tuza duyarl
protein tanimlamislardir (Mostek et al. 2015).
bahar
genotiplerini fizyolojik olarak karsilastirmislardir.

Yaptiklari ¢alismada, ve kishk bugday
Kishk ve baharlik bugdaylar arasinda farkhliklar
oldugunu tespit etmislerdir (Saddiq et al. 2021). Tuz
ve ozmotik stresler bugday fidelerinin blylimesini
ve fizyolojik ozelliklerini olumsuz etkiledigini tespit
etmislerdir. Fide yapraklarinin soluk vyesil renk
almasina ve bitkinin bodur fide seklinde kalmasina
ve ayrica kloroplastlarda ultra striktirel hasarlara
neden oldugunu belirlemislerdir (Zhu et al. 2021).
Bu calismada elde edilen verilerin, daha &nce
yapilan ¢calismalarda elde edilen veriler ile 6rtistigi
tespit edilmistir.

4. Sonug

Bitkiler yasamlari stiresince kuraklik, tuzluluk, soguk,
sicak v.b. gibi bliylime ve gelismelerini olumsuz
olarak etkileyebilecek streslere maruz kalir. Abiyotik
stresler arasinda tuzluluk stresi 6zellikle diinyanin
kurak ve yari kurak bolgelerinde bitkiler Gzerinde
olumsuz etkisi olan 6nemli bir faktérdir. Bitkilerde
¢imlenmeyi, fide blylimesini ve Gremeyi azaltmakla
birlikte hayati fizyolojik ve metabolik durumu
bozarak verim ve kalitede keskin duslse yol
acabilmektedir. Bu ¢alismada farkli 6zellige sahip tuz
uygulamalarina maruz kalan bitkilerde 6nemli
degisimler gorilmustir. Kaya tuzu ile deniz tuzunun
bitkilerde etkisinin farkli oldugu tespit edilmistir.
Tuzluluk stresine karsi topragi ve tarimsal
uygulamalari koruyacak yontemler gelistiriimeli,
fizyolojik stratejiler (ozmotik ayarlama, tohum
hazirlama, fotosentez verimliligini artirma ve su
iliskisi), molekiler araclar gelistirilerek tarimda

Uretim verimi ve kalitesi artiriimalidir.
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Abstract
Keywords This research was carried out to determine the ethnobotanical studies of edible wild plants in some
Edible herbs; parts of Mardin province, a historical city of Upper Mesopotamia, in the Southeastern Anatolia Region
Ethnobotany; of Turkey, between the years 2018-2020. The wild plants consumed as food by the local people living
Food Plants; in the villages of Mardin province and their usage patterns were determined. Face-to-face interviews
Mardin were conducted with 80 people and ethnobotanical information forms were prepared. The local and

scientific names of the identified plants were included and their usage purposes were determined. As
a result of the study, it was determined that 131 plant species were used as edible in folk tradition.

Mardin llinde Insan Tiiketimi Amach Yenilebilir Bitkilere Katkilar

0z

Bu arastirma, 2018-2020 vyillari arasinda Tirkiye'nin Glneydogu Anadolu Boélgesi'nde Yukar
Mezopotamya'nin tarihi bir kenti olan Mardin ilinin bazi kesimlerinde, yenilebilir yabani bitkilerin
etnobotanik arastirmalarini belirlemek amaciyla yapilmistir. Mardin ili kdylerinde yasayan yore halkinin
gida olarak tiikettikleri yabani bitkiler ve kullanim sekilleri belirlenmistir. 80 kisi ile yiz ylize gériisme
yapilmis ve etnobotanik bilgi formlari diizenlenmistir. Tespit edilen bitkilerin yerel ve bilimsel isimlerine

yer verilerek kullanim amaglar belirlenmistir. Calisma sonucunda 131 bitki tlriinln halk geleneginde
yenilebilir 6zellikte kullanildigi tespit edilmistir.

Anahtar kelimeler
Yenilebilir otlar;
Etnobotanik;
Gida Bitkileri;
Mardin

© Afyon Kocatepe Universitesi

1.Introduction

Turkey has a rich plant diversity due to the different
geographical, geological features and different types
of climates. In Turkey, 167 families, 1320 genera and
a total of 11 707 taxa is reported. 3649 of these taxa
are endemic for Turkey. (Giner et al. 2012).
Anatolian lands have hosted many civilizations and
have a rich traditional knowledge heritage. Many
local plants in Anatolia have been used for food for
centuries. In this respect, the traditional uses of
plants in Anatolia are of unique value. It is important
that this information can be passed on to future

generations. In particular, the increasing demand of
the consumer for natural and organic foods in recent
years has increased the interest in these plants
(Urhan et al. 2016).

From antiquity until today, human beings utilize
plants, which are important food sources, as food,
and continued their lives by passing this knowledge
traditionally from generation to generation (Tuzlaci
2011; Ertug 2004).

Edible wild plants are oils,
antioxidant and vitamins than cultivated plants

rich in essential
(Alarcon et al. 2006). They also contain significant
amounts of minerals and enhancing taste and color
in diets (Aktan and Bilgir 1978; Turan et al. 2003).
These plants, which are used as food, are eaten raw
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or cooked as well as dried, consumed in the form of
pickles (Faydaoglu and Siirlicioglu 2011).

The wild plant species used as food worldwide are
over 10,000 (Baytop 2007; Yiicel et al. 2010). Around
3,000 species are grown as food (Baytop 2007).
Edible plants are collected by the local people,
especially in spring, and brought to the daily local
markets. Some of these plants can be consumed
freshly by cooking raw or cooked, while others can
be consumed by freezing, drying, pickling or canned.
The main ethnobotanical studies conducted in the
Southeastern Anatolia region, especially in the
Mardin province, which is near to research area, are
as follows: (Arasan and Kaya 2015; Oztiirk et al.
2017; Akgul et al. 2018; Yesil et al. 2019; Yesil and
inal 2019; Kilig et al. 2020; Satil et al. 2021; Eksik and
Akan 2021; Demir and Ayaz 2022; Balos et al. 2022).
Since Mardin has a very rich cultural location, it was
found worth doing research because of the high
usage of traditional plants. Especially in order to
reveal the similarities and differences of plant uses
in different cultures such as Turkish, Kurdish, Arabic
and Syriac, the area selection was made accordingly.
Our aim is to investigate the ways people use wild
edible plants in Mardin and contribute to country’s
ethnobotany.

2. Materials and Methods

2.1. Methodology

2.1.1. Study area: Mardin is one of the oldest cities
of Upper Mesopotamia, established between Tigris
and Euphrates. Mardin has embraced different
ethnic diversities and multiple religions throughout
history, and is still known as one of the important
cities of a civilization of tolerance (Demir 2010).

The research area is located in C8 square according
to Davis's grid (Grid) system (Davis 1965-1985).
Mardin is located between 36 ° 55-38 ° 51 north
latitudes and 39 ° 56-42 ° 54 east longitudes. Its
height from the sea is about 1.083 meters.

Mardin has the common characteristics of the
Mediterranean climate and continental climate.
General vegetation in the region is steppe. Due to
the sheltered microclimate in the region, olive, oak
and maquis species are observed. It is rich in Poaceae
and Fabaceae plants in the region. Among the
Lens, Astragalus,

herbaceous forms, Lathyrus,

Medicago, Onobrychis, Lotus, Trifolium and
Trigonella species are very common. Also, as an
example of woody plants, Quercus infectoria, Q.
brantii, Pistacia khinjuk can be given (Odabasi and
Boydak 1984; Seydosoglu et al. 2018).

Mountainous areas are suitable for dry garden
agriculture and plains are more suitable for irrigated
agriculture. Almond, peanut, fig, walnut, cherry,
grape and apricot are grown as cultivated plants.
Cherry is famous and festivals are organized on
behalf of it every year. Wheat, barley, lentils, okra,
pepper,
watermelon, melon, garlic and onion are mostly

green tomato, carrot, cucumber,
grown as agricultural products. Viticulture is highly
developed (Demir 2010; Aydin 2019).

As a pilot study, the research area covers a total of
20 vilalges in Mardin. Among the researched villages
Akbag, Atlica, Bilge, Cevizpinar, Eskikale, Hamzabey,
Ozliice, Sultan, Yayla, Yaylacik and Yiice are belong to
Artuklu, Havuzbasi, Kaynakkaya, Kocasirt, Oztas,
Pinarcik and Sivritepe are belong to Omerli, Alicli,
Sancar and Uzunkdy are belong to Yesilli town
(Figure 1). While the study area is preferred,
mountain villages with intensive plant-human

relationship are preferred.
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Figure 1. Research area map
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2.1.2. The Plant materials: The study material
consists of plant samples collected from the region.
The targeted regions were visited at certain
intervals. The samples were numbered, pressed,
then dried according to the herbarium methods.
Plant samples identification of these plants (Davis
1965-1985; Davis et al. 1988; Giner et al. 2000,
2014, 2018) has been used. Plant samples collected
and diagnosed are stored in Harran University
Herbarium (HARRAN). The scientific names of plant
samples were checked by using the web site of
http://www.theplantlist.org/ (1). The plants list is

given in alphabetical order of family category.

2.1.3. Interviews with informants: Information from
the local people, who have traditional knowledge
and experience, was obtained with face to face
interviews. A total of 80 people were interviewed, 18
of them are women and 62 of them are men. Since
there are different ethnic groups in the region such
as Kurdish, Turkish, Arabian and Syriacs, the
information of the people in different cultures was
consulted. Interviews with informant persons aged
18-92 ages were provided. In addition, different
education levels and different age groups were
preferred. Interviews were conducted with 80
informant people in 20 different villages (Figure 2).
The informant people were asked about the local

name of the plant, its intended use, the part used
and its usage.

Figure 2. Inerviews with informant people in a)Akbag and
b) Havuzbasi villages

2.1.4. Data analysis: To quantify the relative
importance of species, the use value (UV) index, by
Phillips and Gentry (1993) has been used. The
formula of VU index has been calculated for each

taxon by using: UV = U/N, UV = the use value of a
species,

U = the number of citations per species and N = the
number of informants.

3. Results

The traditional usage purposes and usage patterns of
edible plants intended for human consumption in
Mardin are given in Table 1.

Families containing the most taxa; Rosaceae (14),
Asteraceae (13), Fabaceae (10), Lamiaceae (8) and
Amaryllidaceae (7). The remaining plant families (79)
are represented by 6 or less species (Figure 3).

Families with the most taxa
7
14
: d}
10 13

m Rosaceae m Asteraceae Fabaceae

= Lamiaceae = Amaryllidaceae

Figure 3. Plant families containing the most taxa

In this study, interviews were conducted with 80
informant persons in order to determine the local
names of natural and cultivated plants and their
intended use and usage patterns in a total of 20
villages in the province of Mardin, Turkey.

3.1. Demographic characteristics of informants: In
14.40% of the
interviewed are women and 85.60% are men. The

our study, informant people
reason why we prefer men among informant
persons in our study is that men have more intense
relationships with natural life, they are more
experienced in plant use and they are mostly mature.
In this study, face to face interviews were held with
80 informants, 18 of them are women and 62 of
them are men. The informants people whose
knowledge is benefited are generally of advanced
age and their educational status is relatively lower
than the younger generation. Informant persons in
the research area are classified as 18-45, 46-64 and
over 65. Informant person are mostly older people
due to their more intense relationships with natural
life and their experiences. The age distribution of
informant persons is shown in Figure 4. In this study,
interviews were made with 80 informant people in

20 different villages of Mardin. The average age of
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informant persons in our research area is 59%. The
rate of over 60 years old among the informant
people interviewed is 53.2%.

b

A

= 18-45 = 46-64 65-over

Figure 4. Distribution of informant persons by age

The distribution of educational status of informant
persons is shown in Figure 5.

= illterate = University

Secondary school = Elemantary school

High school

Figure 5. Educational status of informants

The education status of informant people illterate
(28), elementary school (25), secondary school (12),
high school (7) and University (8). The elderly people
For this
reason, it can be seen that the number of those who

of informant persons is relatively low.

do not attend school and those who are primary
school graduates is significantly high.

In most of the villages, it has been expressed with
sorrow that people who can know the plants closely
and know their ethnobotanical characteristics better
unfortunately died 5-10 years ago. Therefore, the
knowledge of such people should be urgently
recorded while still alive.

It has been observed that two-word phrases based
on analogy are generally used when naming plants,
considering their shape, color, and the place where
they grow. For example, yellow flower, red flower,
black grass, dill mint, rock thyme, etc. In addition, it
has been observed that there are plenty of animal
names in the phrases used in plant names. For

example, bird's feet, beef pods, snake bulbs, dog
bulbs, goat pods, etc. It is worth investigating
whether these simulations were created by the
plant's personal name or by the fact that its original
name was not used and was about to disappear. In
this context, the fact that the plants that are used a
lot are usually a single word special nouns are not a
phraseology based on analogy raises this suspicion.
The cagetorizing of wild edible plants:

The use of natural herbs as food in the folk tradition
is a common culture in Mardin and mountainous
villages. Especially middle-aged and older people
care about organic and natural nutrition and prefer
dishes made from these plants as a taste. Especially
local women go out to search for food plants by
taking such tools in their hands, like knives etc. in all
seasons.

Of the herbs used for food purposes, 5 are used as
spices and 6 as flavorings.

The plants can be categorized to different groups on
the basis of their use in study area. Vegetables,
spices, fruits, seed, beverage, nectar and resin,
gums,

These uses included those plants that are consumed
as cooked vegetables, used in cheese making, used
as rennet, spices and gums, and consumed as raw
(salads, etc.) or beverages (tea, coffee).

Kenger (Gundelia tournefortii), mallow (Malva
neglecta), and mustard (Sinapis arvensis) are among
the most common herbs used as food in the region.
Vegetables

Plants used as vegetables and greenery, Allium cepa,

Allium  noeanum, Allium oriantale, Allium
scorodoprasum subsp. scorodoprasum, Allium
schubertii, Allium stamineum, Scandix stellata,

Scandix pecten-veneris, Petroselinum crispum,
Geropogon hybridus, Taraxacum aleppicum, Eruca
vesicaria, Sinapis arvensis, Geranium robertianum,
Mentha x piperita, Mentha longifolia, Mentha
longifolia.

Spices

Plants used as spices; Rhus coriaria L., Coriandrum
sativum L., Trigonella foenum-graecum L., Satureja
hortensis L., Thymbra spicata L. subsp. spicata.
Aroma and flavoring herbs

Plants used as flavoring; Euphorbia altissima, var.
craspedia, Euphorbia

glabrescens,  Euphorbia
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macroclada., Hypericum triquetrifolium, Ocimum
basilicum, Laurus nobilis, Orchis simia.

As a wrapping material

The plant species used in making wraps are Alcea
setosa, Alcea striata, Arum dioscorides, Arum
rupicola, Plantago major, Plantago lanceolata,
Morus alba, Vitis vinifera and Morus nigra.

Fruits as food

Plants that eat fruit as food; Armeniaca vulgaris,
Amygdalus communis, Amygdalus orientalis, Pistacia
khinjuk, Rhus coriaria, Coriandrum sativum, Celtis
tournefortii, Cerasus avium, Cerasus mahaleb var.
mahaleb, Cerasus microcarpa, Capparis sicula subsp.
sicula, Cydonia oblonga, Ficus carica, Juglans regia,
Morus alba, Morus nigra, Hordeum vulgare, Lathyrus
annuus, Lathyrus aphaca, Lathyrus cicera, Lathyrus
pseudocicera, Prosopis farcta, Rosa canina, Prunus
spinosa, Oleac bonaensea, Rubus Triticum aestivum,
Trigonella foenum-graecum, Pisum sativum subsp.
elatius. pumilio, Quercus brantii, Quercus infectoria
and Vitis vinifera

Gum

Pistacia khinjuk Stocks, Chondrilla juncea L.,
Gundelia tournefortii L. var. armata Freyn & Sint.,
Taraxacum aleppicum Dahlst., Scorzonera
pseudolanata Grossh.

Yeasts

Arum rupicola Boiss. var. rupicola, Arum dioscoridis
Sm. var. dioscoridis

Beverages

Rhus coriaria L., Pistacia khinjuk Stocks, Mentha x
piperita L., Punica granatum L., Tilia rubra DC. subsp.
caucasica, Morus nigra L., Orchis simia Lam.,
Armeniaca vulgaris Lam., Prunus spinosa L., Vitis
vinifera L.

Consuming as soup

Amaranthus retroflexus L., Arum dioscoridis Sm. var.
dioscoridis, Biarum carduchorum (Schott) Engl.,
Hordeum vulgare L.
Snack

Amygdalus arabica, Amygdalus communis L.,
Amygdalus orientalis Mill., Armeniaca vulgaris Lam.,
Cerasus avium (L.) Moench, Cerasus mahaleb (L.)
Mill. var. mahaleb, Cerasus microcarpa (C.A.Mey.)
Boiss.

subsp. microcarpa, Cerasus microcarpa

(C.A.Mey.) Boiss. subsp. tortuosa (Boiss. & Hausskn.)

Browicz, Crataegus monogyna Jacq. var. monogyna,
Cydonia oblonga Mill., Vitis vinifera L.

Jam

Prunus spinosa L., Rosa canina L., Rosa foetida
Herrm., Rosa orientalis A.Dupont ex DC.

Other uses (nectar, resin, latex):

The parts used the most were leaves (26%), fruits
(24%), above ground (17%), flowers (8%), bulbs (6%),
stems (4%), roots (3%), seeds (3%) and tubers (2%).
Leaves are generally prepared for use by boiling, and
are eaten as a salad, cooked as a meal, or used for
pastry (Figure 6). Fruit and leaf parts of the plants
used for food are mostly consumed. Some of these
herbs are used in local dishes. It is a common culture
to boil food crops and fry them in oil with onions.
Usually fresh leaves or base leaves are fried with
onion.

Data analysis:

Vitis vinifera L. (0,86), Juglans regia L. (0,84), Olea
europaea L. subsp. europaea (0,82), Allium cepa L.
(0,81), Mentha x piperita L. (0,71), Morus alba L.
(0,71), Lindl. (0,70),
Petroselinum crispum (Mill.) Fuss (0,68), Echinops
orientalis Trautv. (0,68) and Pistacia khinjuk Stocks
(0,68)are reported to be of the highest use value.

Quercus brantii

It is recommended that some of our important
cultural values such as seed and fruit heritage be

o 3% 2%
4%

18%

= Leaves = Fruits Above ground
= Flowers Bulbs Stems
= Roots m Seeds m Tubers

protected and registered.
Figure 6. Distribution of the parts of edible plants used

4. Discussion and Conclusion

Comparison of the research area with studies carried
out in nearby regions in terms of family and taxa
numbers is given in Table 1.
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Table 1. Comparison of the research area with studies
carried out in nearby regions

Study area Family Number of
taxa used as
food

Yesilli (Yesil et al. 2019) 31 74

Hasankeyf (Yesil and inal 2019) 32 86

Mardin wild edible (Demir and 34 92

Ayaz 2022)

Midyat (Akgul et al. 2018) 14 24

Mardin geophyte (Balos et al. 15 45

2022)

Looking at the data in Table 1, it is seen that the
number of taxa is high only in studies on food use.
Among the reasons for this; Influences such as
concentration on the area, the area of the region, the
informants, and living in the countryside are also
determining factors. In the ethnobotanical studies
carried out in the region; It has been determined that
there are differences in plant use as well as in plant
names. When the studies carried out in the region
are compared, it is seen that this study gains more
importance with 131 taxa.

The use of natural plants as food in folk tradition

It is a common culture in Mardin and mountain
villages. Especially middle-aged and older people
care about organic and natural nutrition and prefer
dishes made from these plants as a taste. Especially
local women knives etc. They go out in search of food
plants by taking such tools as their hands. Mostly
fruit and leaf parts of plants used for food are
consumed. Some of these plants are used in local
dishes. It is common culture to boil food plants and
fry them in oil with onions. Generally, fresh leaves or
base leaves are fried with onions. It has been
determined that the use of natural plants for food
purposes is decreasing day by day.

Opening fields and gardens in an unconscious way
that will threaten wild plants should be prevented.
This study is important in terms of identifying some
wild food plants popular in some mountainous
villages in the Mardin region and transferring them
to future generations.
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Table 1. The wild plants in research area

Vernacular

Edible

Use

Family name Scientific name Utilization method Life form . uv
name parts categories
Amaranthaceae Amaranthus retroflexus L. Koksor (K) Above Boiled then fried with egg, cooked as  Herb Vegetable 0,05
(CE1002) Ground soup with yogurt and bulgur
Amaryllidaceae Allium cepa L., (CE1005) Sogan (T), Pivaz Leaves its dried leaves are cooked together  Herb Vegetable 0,81
(K) with Malva sylvestris leaves
Amaryllidaceae Allium noeanum Reut. ex Ekinsogani (T), Bulbs, Bulbs eaten fresh, leaves used as Herb Vegetable 0,07
Regel, (CE1004) Sirdim (K), Sirk Leaves salad
(L), Sirim (K)
Amaryllidaceae Allium orientale Boiss., Dogu sogani (T), Leaves Leaves used as salad Herb Vegetable 0,1
(CE1006) Sirdim (K), Sirk
(K), Sirim (K)
Amaryllidaceae Allium sativum L. (CE1008) Sarimsak (T), Sir Bulbs, Eaten raw with yogurt and purslane Herb Vegetable 0,62
(K), sirim (K) Leaves herb
Amaryllidaceae Allium schubertii Zucc. Okiizsogani (T), Bulbs, Bulbs etaen fresh, leaves used as Herb Vegetable 0,03
(CE1223) Sirdim (K), Sirik Leaves salad
(K), Sirim (K)
Amaryllidaceae Allium scorodoprasum L. Delipirasa (T), Bulbs, Bulbs etaen fresh, leaves used as Herb Vegetable 0,03
subsp. scorodoprasum Sirdim (K), Sirik Leaves salad
(CE1007) (K), Sirim (K),
sirikemara (K)
Amaryllidaceae Allium stamineum Boiss. Yaban sarmisagi Bulbs, Bulbs etaen fresh, leaves used as Herb Vegetable 0,03
(CE1224) (T), Sirdim (K), Leaves salad
Sirik (K), Sirim (K)
Anacardiaceae Rhus coriaria L. (CE1010) Fruit Shrub Fruits 0,65

Sumak (T), Simak
(K)

Fruits used as spice, included in
salads
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Anacardiaceae

Apiaceae

Apiaceae

Apiaceae

Apiaceae

Apiaceae

Apiaceae

Araceae

Araceae

Araceae

Pistacia khinjuk Stocks
(CE1009)

Coriandrum sativum L.
(CE1015)

Eryngium campestre L. var.
virens (Link) Weins (CE1012)

Eryngium creticum Lam.
(CE1014)

Petroselinum crispum (Mill.)
Fuss(CE1019)

Scandix pecten-veneris L.
(CE1020)

Scandix stellata Banks & Sol.
(CE1013)

Arum dioscoridis Sm. var.

dioscoridis (CE1023)

Arum rupicola Boiss. var.
rupicola (CE1024)

Biarum carduchorum (Schott)
Engl. (CE1021)

Bittim (K), kizvan | "Uit, Resin

(K), menengig (T),
dara benge (K)

Kisnis (T), Gizbara  Fruit
(A), Gijnij (K)

Yerkestanesi (T), Stem,

Zengilzave (K), Petiole
Kivar (A),

nankekosi (K)

Goz Dikeni (T), Stem
Nankekosi (K),

Zengilzave (K)

Maydanoz (T), Above
Bagdunis (K) Ground
Zuhretaragi (T), Above
Terefreffo (A) Ground
Dagkiskisi (T), Above
Derziya Pire (K) Ground
Tirsikpancari (T), Leaves
Kardi (K),

Kardiyaereba (K)

Dagsorsali (T), Leaves
Kardi (K),

Kardiyaereba (K)

Kardi (K), Leaves
Zilkearaba (K),

gardi (K)

Fruits used as snack and for
Traditional coffee, resin for gum
making

Fruits used as a spice

Eaten raw

Eaten raw

Used as greens alongside meals,
added to salads,

Used as greens alongside meals

Used as greens alongside meals

Boiled with salt and sumac fruit,
boiled leaves used for a soup,

Boiled with salt and sumac fruit,
boiled leaves used for a soup,

Soup is made from the base leaves
of the plant

Shrub

Herb

Herb

Herb

Herb

Herb

Herb

Herb

Herb

Herb

Fruits, Latex

Spices

Vegetable

Vegetable

Vegetable

Vegetable

Vegetable

Vegetable

Vegetable

Vegetable

0,29

0,61

0,06

0,05

0,68

0,15

0,06

0,02

0,14

0,05
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Asparagaceae

Asparagaceae

Asteraceae

Asteraceae

Asteraceae

Asteraceae

Asteraceae

Asteraceae

Asteraceae

Asteraceae

Ornithogalum narbonense L.
(CE1027)

Ornithogalum orthophyllum
Ten. subsp. kochii (Parl.)
Maire & Weiller (CE1028)

Centaurea iberica Trev. ex
Spreng.(CE1053)

Centaurea regia Boiss.
(CE1043)

Carduus pycnocephalus
subsp. breviphyllarius
(CE1301)

Geropogon hybridus (L.)
Sch.Bip. (CE1035) (CE1054)

Gundelia tournefortii L. var.
armata Freyn & Sint. (CE1042)

Notobasis syriaca (L.) Cass.
(CE1038)

Onopordum carduchorum

Bornm. & Beauverd (CE1047)

Scorzonera pseudolanata
Grossh. (CE1055)

Akbaldir (T),
Sersipik (K),
Agbedir (K)

Bayiryildizi (T),
Sersipik (K),
Agbedir (K)

Deligdzdikeni (T),
Sitrizerk (K)

Sahkavgalaz (T),
Kalilka nebi (K),
Karg (K)

Kilindor (K),
Sekerok (K)

Melezyemlik (T),
Hesping (K),
Gezrik (K)

Kerenk (K),
Kenger (T)

Yavankenger (T),
Kelbes (K)

Kavdikeni (T),
Kerbes (K)
Kerbesakera (K)

Kegimemesi (T),
Kafir (K), Kahfir
(K), Kahfirnok (K),
Gelililok (K), Gilok
(K)

Bulbs,
Leaves

Bulbs,
Leaves

Basal
Leaves

Roots

Head

Leaves

Roots,
Young
Stems,
Petioles

Stems

Stems

Tubers,
Leaves

Bulbs eaten fresh with the bulgur,
leaves used in pastry making

Bulbs eaten fresh with the bulgur,
leaves used in pastry making

Basal leaves eaten raw, fried in oil
with onions.

The roots eaten raw

Capitulum is cleared of its thorns
and the remaining interior is eaten
as food

Leaves eaten as greens with meals

Eaten raw as a snack, boiled and
then fried, eggs added, gum making

While the plant is fresh, it is eaten
raw after the stem is peeled off.

While the plant is fresh, it is eaten
raw after the stem is peeled off.

Tuber and the leaves of the plant are
eaten raw. gum making

Herb

Herb

Herb

Herb

Herb

Herb

Herb

Herb

Herb

Herb

Vegetable

Vegetable

Vegetable

Vegetable

Vegetable

Vegetable

Vegetable

Vegetable

Vegetable

Vegetable

0,16

0,02

0,27

0,04

0,1

0,06

0,68

0,3

0,11

0,23
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Asteraceae

Asteraceae

Asteraceae

Asteraceae

Asteraceae

Berberidaceae

Boraginaceae

Boraginaceae

Boraginaceae

Boraginaceae

Boraginaceae

Silybum marianum (L.)
Gaertn. (CE1048)

Taraxacum aleppicum Dahlst.

(CE1056)

Tragopogon porrifolius L.
subsp. longirostris (Sch.Bip.)
Greuter (CE1052)

Chondrilla juncea L.

Echinops orientalis Trautv.
(CE1041)

Bongardia chrysogonum (L.)
Spach (CE1039)

Anchusa azurea Mill. var.
azurea (CE1061)

Anchusa strigosa Banks & Sol.

(CE1062)

Asperugo procumbens L.
(CE1059)

Echium italicum L. (CE1060)
Onosma alborosea Fisch. &

C.A.Mey. subsp. alborosea
var. alborosea (CE1057)

Devedikeni (T),
Kivar (K), Kifar (K)

Halep hindibasi
(T), Tali (A),
Tehli (A)
Tehliyakeva (K),
Tehlisirk (K)

Helevan, Gezrik,
Parikamihe (K)
Pirgika pire (K),
Siping (K)

Benistok (K)

Dag sekeri (T),
Sekerok (K)

Catlakotu (T),
Tirsok (K)

Sigirdili (T), Guriz
(K), Himhim (A)

Gelezan (K), Guriz
(K), Himhim (A)

Nevazilotu (T),
Tarafulgaruf (A)

Kurtkuyrugu (T),
Guriz (K)

Kayaemcegi (T)
Mijmijok (K)

Stems

Basal
Leaves

Leaves

Roots

Basal
Leaves

Above
Ground

Basal
Leaves

Basal
Leaves

Above
Ground

Leaves

Flowers,
Nectar

While the plant is fresh, it is eaten
raw after the stem is peeled off.

Basal leaves eaten as greenery, fried
with onions, gum making

Leaves are added to the dishes to
give taste and aroma to the dishes,
and it is also added to the pastries
made at home.

For gum making

Basal Leaves are consumed by
roasting with onions

Above-ground parts are consumed
as greens alongside The meals, and
also put into salads.

Basal leaves are fried with onion,
boiled and cooked

Basal leaves are fried with onion,
boiled and cooked
Above ground parts are eaten raw

Above ground parts are eaten raw

Its nectar sucked

Herb

Herb

Herb

Herb

Herb

Herb

Herb

Herb

Herb

Herb

Herb

Vegetable

Vegetable

Vegetable

Latex

Vegetable

Vegetable

Vegetable

Vegetable

Vegetable

Vegetable

Vegetable

0,57

0,47

0,17

0,05

0,07

0,03

0,36

0,24

0,07

0,08

0,27
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Brassicaceae

Brassicaceae

Brassicaceae

Brassicaceae

Brassicaceae

Brassicaceae

Cannabaceae

Capparaceae

Caryophyllaceae

Crambe alutacea Hand.-Mazz.

(CE1063)

Eruca vesicaria (L.) Cav.
(CE1065)

Nasturtium officinale R.Br.
(CE1066)

Lepidium draba L. (CE1064)

Sinapis arvensis L. (CE1067)

Capsella bursa-pastoris (L.)
Medik. (CE1068)

Celtis tournefortii Lam.
(CE1069)

Capparis sicula Veill. subsp.
sicula (CE1070)

Silene brevicaulis Boiss.
(CE1075)

Kahtaakyumagi
(T), Gir (K)

Roka (T)

Su teresi (T),
Tuzik (K)

Dignik (K),
Kineber (A),
Dijnik (K)

Hardal (T), Gerdel
(K)

Piguk (K),
Niklaguke (K)

Dardagan (T),
Tuu (K), Teav (K),
Dara teavé (K),
Gingirez (K)

Deli karpuzu (T)
Kapari (T),
Kulilkakember
(K),
Berikékemberé
(K), isfellah (A)

Gosberk (K),
Dimsok (K)

Roots

Leaves

Leaves

Leaves

Leaves

Above
Ground

Fruit

Fruit, Buds

Flowers

The root of the plant is eaten raw

Its leaves are used as greens
ingredients or added to salads,
usually lemon is squeezed on fresh
leaves

The above-ground parts are fried
together with onions, boiled and
cooked. It can be eaten raw or used
in salads

Used as greens alongside meals

Used as greens alongside meals

Salad made while fresh or with
onions and eggs roasted and
consumed

Eaten raw as a snack

Raw as salad, pickled

Its nectar sucked

Herb

Herb

Herb

Herb

Herb

Herb

Tree

Herb

Herb

Vegetable

Vegetable

Vegetable

Vegetable

Vegetable

Vegetable

Fruits

Fruits

Nectar

0,02

0,59

0,22

0,29

0,41

0,07

0,19

0,35

0,07
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Caryophyllaceae

Convolvulaceae

Convolvulaceae

Cucurbitaceae

Eleagnaceae

Euphorbiaceae

Euphorbiaceae

Euphorbiaceae

Fabaceae

Fabaceae

Silene conoidea L. (CE1074)

Convolvulus arvensis L.
(CE1077)

Ipomoea purpurea (L.) Roth
Bryonia multiflora Boiss. &
Heldr. (CE1084)

Elaeagnus angustifolia L.
(CE1300)

Euphorbia altissima Boiss. var.

glabrescens Boiss. ex
M.S.Khan (CE1088)

Euphorbia craspedia Boiss.
(CE1087)

Euphorbia macroclada

Boiss.(CE1089)

Astragalus aleppicus Boiss.
(CE1106)

Glycyrrhiza glabra L.
(CE1109)

Sivananotu (T),
Dimsok (K)

Tarla sarmasig|
(T), Tirsok (K),
Liblak (A), Lolavk
(A)

Kahkahagcicegi
(T), Dargerin (K)

Ulingir (T),
Gerzikurevi (K)

Sing (A)

Neblul (A), Gusil
(K), Sirik (K)

Kabargag (T),
Gusil (K), Sirik (K)

Kalin stitlegen
(T), Gusil (K), Sirik
(K)

Halep geveni (T)
Glnpisik (K),
Gisavatulharun
(A)

Meyan (T), Ava
suse (K)

Flowers

Basal
Leaves

Leaves

Above
Ground

Fruits,
Flowers

Above
Ground

Above
Ground

Above

Ground

Fruit

Roots

Its nectar sucked

Leaves are consumed raw with
meals, sometimes added to salads

As a wrapping material for "sarma"

Used as greens alongside meals

Raw as a snack

The above-ground parts of the plant
are used to flavor molasses

The above-ground parts of the plant
are used to flavor molasses

The above-ground parts of the plant
are used to flavor molasses

The fruit of the plant is eaten raw.

The root is cut into small pieces,
after thoroughly cleaning, it is left in
water overnight, then the pulp is
filtered and licorice sherbet is
obtained.

Herb

Herb

Herb

Herb

Tree

Herb

Herb

Herb

Herb

Herb

Nectar

Vegetable

Vegetable

Vegetable

Fruits

Latex

Latex

Latex

Fruits

Beverage

0,02

0,05

0,07

0,16

0,02

0,07

0,15

0,12

0,11

0,17
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Fabaceae

Fabaceae

Fabaceae

Fabaceae

Fabaceae

Fabaceae

Fabaceae

Fabaceae

Fagaceae

Lathyrus annuus L. (CE1102)

Lathyrus aphaca L. (CE1103)

Lathyrus cicera L. (CE1099)

Lathyrus pseudocicera Pamp.
(CE1104)

Pisum sativum L. subsp.
elatius (M.Bieb.) Aschers. &
Graebn. var. pumilio Meikle
(CE1110)

Prosopis farcta (Banks & Sol.)
J.F.Macbr. (CE1100)

Trigonella foenum-graecum L.
(CE1108)

Vicia narbonensis L. var.
narbonensis (CE1101)

Quercus brantii Lindl.
(CE1114)

Dagdirilcasi (T),
Baklebizina (K),
Bakil (K), Sokil (K)

Sariburcak (T),
Baklebizina (K),
Bakil (K), Sokil (K)

Bakil eyso (A),
Bakil (K), Sokil (K)

Hatun baklasi (T),
Bakilgatun (A),
Bakil Eyso (A),
Sokil (K), Bakil (K)

Bezelye (T), Bakil
(K)

Cediotu (T),
Heshesuk (K),
Berik (A), Gurnuf
(K), Gernup (K)

Cemenotu (T),
Nefel (K), Hilbe
(A)

Kocafig (T),
Baklega (K), Bakil
(K), Sokil (K), Kizin
(K)

Kara mese (T),
Berru (K), Cilo (K),

Bellot (A)

Fruit

Fruit

Fruit

Fruit

Fruit

Fruit

Above
Ground,
Seeds

Fruit

Seeds

The unripe fruit of the plant is eaten
raw

The unripe fruit of the plant is eaten
raw

The unripe fruit of the plant is eaten
raw

The unripe fruit of the plant is eaten
raw

The unripe fruit of the plant is eaten
raw

Unripe green fruit is peeled, peeled
fruit is salted and eaten raw

Used as greens alongside meals, As
spice

The unripe fruit of the plant is eaten
raw

The fruit of the plant is eaten raw or
roasted on the stove

Herb

Herb

Herb

Herb

Herb

Herb

Herb

Herb

Tree

Fruits

Fruits

Fruits

Fruits

Fruits

Fruits

Vegetable,
Fruits

Fruits

Seeds

0,21

0,08

0,05

0,18

0,05

0,2

0,31

0,27

0,7
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Fagaceae

Geraniaceae

Geraniaceae

Geraniaceae

Geraniaceae

Hypericaceae

Iridaceae

Iridaceae

Iridaceae

Iridaceae

Quercus infectoria G.Olivier
(CE1115)

Erodium cicutarium (L.) L Hér.

subsp. cicutarium (CE1117)

Geranium robertianum L.
(CE1118)

Geranium rotundifolium L.
(CE1119)

Geranium tuberosum
L.(CE1116)

Hypericum triquetrifolium
Turra (CE1120)

Crocus cancellatus Herb.
subsp. damascenus (Herb.)
B.Mathew (CE1123)

Crocus leichtlinii (Dewar)
Bowles (CE1124)

Iris persica L. (CE1125)

Iris reticulata M. Bieb. var.
bakeriana (Foster) B.Mathew
& Wendelbo (CE1122)

Mazi mesesi (T),
Mazi (K)

ignelik (T),
Derzidank (K),
Derziya pire (K)

Dagitiri (T),
Gelilok (K)

Helilok (K),
Gelilok (K)

Cakmuz (T),
Penerok (K)

Pirpirotu (T),
Batov (K), Batof
(K), Botav (K),
Bahtof (K)

Pivok (K), Pelneks
(K), Hilhiliye (A)

Mardin ¢igdemi
(T), Pivok (K),
Pelneks (K),
Hilhiliye (A)

Buzala (T),
Bilbizek (K),
Berbizzek (K),
Bilbizekamiha (K),
Pizgileyk (A)

Kegi navruzu (T),
Bilbizekabizina

(K)

Seeds

Above
Ground

Leaves

Leaves

Tubers

Above
Ground

Corm

Corm

Flowers

Flowers

The fruit of the plant is eaten raw or
roasted on the stove

Fruit is eaten raw. It is generally
consumed by frying in oil with
onions with other herbs.

Used as greens alongside meals
Used as greens alongside meals
Above ground parts are eaten by
frying with eggs

Gives aroma to molasses and dried
figs

Corms are commonly eaten raw

Corms are commonly eaten raw

Fresh flowers are eaten raw.

Fresh flowers are eaten raw.

Tree

Herb

Herb

Herb

Herb

Herb

Herb

Herb

Herb

Herb

Seeds

Vegetable

Vegetable

Vegetable

Vegetable

Vegetable

Vegetable

Vegetable

Vegetable

Vegetable

0,35

0,09

0,03

0,06

0,13

0,03

0,31

0,12

0,41

0,09
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Ixioliriaceae

Juglandaceae

Lamiaceae

Lamiaceae

Lamiaceae

Lamiaceae

Lamiaceae

Lamiaceae

Lamiaceae

Lamiaceae

Lauraceae

Ixiolirion tataricum (Pall.)
Schult. & Schult.f. var.
tataricum (CE1127)

Juglans regia L. (CE1128)

Lamium amplexicaule L. var.
amplexicaule (CE1141)

Mentha longifolia (L.) L.
subsp. typhoides (Briq.)
Harley (CE1136)

Mentha pulegium L. (CE1131)

Mentha x piperita L. (CE1137)

Nepeta cataria L. (CE1133)

Ocimum basilicum L. (CE1130)

Satureja hortensis L. (CE1139)

Thymbra spicata L. subsp.
spicata (CE1138)

Laurus nobilis L. (CE1146)

Koépekotu (T),
Giyarok (K)

Ceviz (T), GGz (K),
Gevzé (S)

Baltutan (T),
Gihaye pire (K)

Derenanesi (T)
Punk (K), Nihne
(A)

Yarpuz (T), Punk
(K), Nihne (A)

Nane (T), Nihne
(A)

Kedinanesi (T),
Nane (T), Punk

(K)

Feslegen (T),
Reyhan (K), Rthan
(K)

Cibriska (T),
Zehteratehta (K),
Cehter (A)

Zahter (T), Zehter
(K), Cehter (A)

Defne (T), Rend
(K)

Flowers

Leaves

Flowers

Above
Ground

Above
Ground

Above
Ground

Above
Ground

Leaves

Above
Ground

Above
Ground

Leaves

Its nectar sucked

The dried leaf of the plant is brewed
as a tea and the juice is drunk as a
fortifier.

Its nectar sucked, herbal tea made
from above ground parts

Used as greens alongside meals, As
spice

Used as greens alongside meals
Used as greens alongside meals, As
spice

Used as greens alongside meals, As

spice

Used as greens alongside meals

As spice

As spice

Leaf is especially used in heavy-
smelling dishes due to its beautiful
aroma and pleasant smell.

Herb

Tree

Herb

Herb

Herb

Herb

Herb

Herb

Herb

Herb

Shrub

Nectar

Fruits

Vegetable

Vegetable

Vegetable

Vegetable

Vegetable

Vegetable

Spices

Spices

Vegetable

0,28

0,84

0,07

0,32

0,17

0,71

0,07

0,03

0,42

0,57

0,07
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Lythraceae

Malvaceae

Malvaceae

Malvaceae

Malvaceae

Malvaceae

Moraceae

Moraceae

Moraceae

Punica granatum L. (CE1150)

Alcea setosa (Boiss.) Alef.
(CE1151)

Alcea striata (DC.) Alef. subsp.
striata (CE1152)

Malva neglecta Wallr.
(CE1154)

Malva sylvestris L. (CE1302)

Tilia rubra DC. subsp.
Caucasica (Rupr.) V.Engl.

Ficus carica L. subsp. carica
(CE1159)
Ficus carica L. subsp. rupestris

(Hausskn.) Browicz (CE1160)

Morus alba L. (CE1157)

Nar (T), Hinar (K)

Hitmiye cicegi (T),
Hiro (K) Hitmiye
(A)

Yivlihatmi (T),
Hiro (K), Hitmiye
(A)

Cobangoregi (T),
Tolik (K), Gibbas
(A)

Cobancoregi (T)
Tolik (K), Gibbas
(A)

Ihlamur (T),
Iglamur (K)

incir (T), Hejir (K,
Tin (A)

itinciri (T), Sitohi
(A)

Akdut (T), Dara tu
(K), Tuyehelebi

(K)

Fruit

Leaves

Leaves

Above
Ground

Above
Ground

Flowers

Leaves

Fruit

Fruit,
Leaves

The seeds of the pomegranate are
dried in the sun, salted, the dried
mints are kept in warm water, the
seeds are used instead of lemons to
give a sour taste, and the juice is
drunk for its refreshing feature

Its leaves are used in wrapping-
stuffed dishes.

Its leaves are used in wrapping-
stuffed dishes.

Its leaves are boiled and consumed.
Usually eaten fried with eggs and
onions

Its leaves are boiled and consumed.
Usually eaten fried with eggs and
onions

The flowers are used for herbal teas

The milk secreted from the leaves of
the plant is used in fermentation

Raw as a snack, dried eaten

Its fruit is consumed raw or dry,
mulberry molasses is made from its
fruit, and wrapping is made from its
leaves. raw as a snack

Shrub

Herb

Herb

Herb

Herb

Tree

Tree

Tree

Tree

Fruits

Vegetable

Vegetable

Vegetable

Vegetable

Vegetable

leaves

Fruits

Fruits

0,46

0,35

0,6

0,63

0,63

0,03

0,57

0,13

0,71
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Moraceae

Nitrariaceae

Oleaceae

Orchidaceae

Oxalidaceae

Papaveraceae

Papaveraceae

Papaveraceae

Papaveraceae

Morus nigra L. (CE1158)

Peganum harmala L. (CE1161)

Olea europaea L. subsp.
europaea (CE1162)

Orchis simia Lam. (CE1164)

Oxalis articulata Savigny
(CE1166)

Glaucium grandiflorum Boiss.
& A. Huet subsp. grandiflorum

(CE1169)

Hypecoum procumbens L.
subsp. procumbens A.E.Dahl
(CE1172)

Papaver glaucum Boiss. &
Hausskn. ex Boiss. (CE1171)

Papaver rhoeas L. (CE1170)

Karadut (T),
Tusemi (K),
Tuyesami (K)

Uzerlik otu (T),
Hermel (A)

Zeytin T), Zeytun
(A)

Saleppiskali (T),
Sahlep (A)

Pembe eksiyonca
(T), Tirsok (K)

Develalesi (T),
Bukuzave (K),
Gangilok (K),
Kulilkaereba (K)

Yavruagzi (T),
Surik (K)

Seksekik (K), Buk
u zave (K),
Kulilkaereba (K),
Zengilzave (K),
Gangilok (K)

Gelincik (T),
Bukuzave (K),
Kulilkaereba (K),
Zengilzave (K),
Gangilok (K)

Fruit,
Leaves

Seeds

Fruit, Oil

Tubers

The Whole
Plant

Basal
Leaves

Above
Ground

Basal
Leaves

Above
Ground

Raw as a snack, dried eaten, Its fruit
is consumed raw or dry, mulberry
molasses is made from its fruit, and
wrapping is made from its leaves

The seeds of the plant are mixed in
yogurt as they give off aroma

Eaten conserved, Its fruit is
consumed in the form of olive groves
as food, cooking olive oil is obtained.

The dried tuber is ground and
powdered, the powder is boiled in
water and drunk like tea

As it is consumed with meals as
greens, added to salads due to its
sour taste

The base leaves of the plant are fried
with onions and eaten. Herbal tea is
made by drying the flower.

Used as greens alongside meals

The base leaves of the plant are fried
with onions and eaten. Herbal tea is
made by drying the flower.

The base leaves of the plant are fried
with onions and eaten. Herbal tea is
made by drying the flower.

Tree

Herb

Tree

Herb

Herb

Herb

Herb

Herb

Herb

Fruits

seeds

Fruits

Vegetable

Vegetable

Vegetable

Vegetable

Vegetable

Vegetable

0,26

0,02

0,82

0,03

0,07

0,16

0,05

0,06

0,23
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Plantaginaceae

Plantaginaceae

Poaceae

Poaceae

Poaceae

Polygonaceae

Portulacaceae

Rosaceae

Rosaceae

Rosaceae

Rosaceae

Rosaceae

Plantago lanceolata L.
(CE1174)

Plantago major L. subsp.
major (CE1175)

Hordeum bulbosum L.
(CE1184)

Hordeum vulgare L. (CE1181)

Triticum aestivum L.(CE1179)

Rumex patientia L. (CE1185)

Portulaca oleracea L.
(CE1186)

Amygdalus arabica Oliv.
(CE1303)

Amygdalus communis L.
(CE1205)

Amygdalus orientalis Mill.
(CE1206)

Armeniaca vulgaris Lam.
(CE1208)

Cerasus avium (L.) Moench
(CE1207)

Sinirotu (T),
Sabuna leglege
(K), Pelhavas (A)

Sinirotu (T),
Sabuna leglege
(K), Pelhavas (A)

Boncukarpa (T),
Sivanok (K)

Arpa (T), Ceh (K)

Ekmeklik Bugday
(T), Genim (K)

Efelek, Tirsok (K),
Tirsokaga (K)

Semiz Otu (T),
Pirpar (K)

Arapbademi (T),
Biiv (K)

Badem (T), Bliv
(K)

Payam (T), Biiv
(K)

Kayisi (T), Mismis
(K)

Kiraz (T), Karesi

(K)

Leaves

Leaves

Bulbs

Fruit

Fruit
Leaves
Above
Ground

Fruit

Fruit

Fruit,
Seeds

Fruit

Fruit

Its leaves are added to salads as
greens

Its leaves are added to salads as
greens, leaves are used for wrapping

Bulbs of the plant is consumed raw

in making soup

in making bulgur

Used as greens alongside meals

Used as greens alongside meals

Its fruit is eaten raw for food.
Almond sugar is made from fruit,
raw as a shack

Its fruit is eaten raw for food.
Almond sugar is made from fruit,
raw as a snack

Raw as a snack, dried eaten

Raw as a snack

Raw as a snack, dried eaten

Herb

Herb

Herb

Herb

Herb

Herb

Herb

Shrub

Shrub

Shrub

Tree

Shrub

Vegetable

Vegetable

Vegetable

Vegetable

Vegetable

Vegetable

Vegetable

Fruits

Fruits

Fruits

Fruits

Fruits

0,06

0,15

0,05

0,36

0,59

0,18

0,38

0,61

0,31

0,33

0,22

0,42

573



Contributions to Edible Plants for Human Consumption in Mardin Province, Eksik and Akan

Rosaceae

Rosaceae

Rosaceae

Rosaceae

Rosaceae

Rosaceae

Rosaceae

Rosaceae

Rosaceae

Rosaceae

Cerasus mahaleb (L.) Mill. var.

mahaleb (CE1202)

Cerasus microcarpa
(C.A.Mey.) Boiss. subsp.
microcarpa (CE1199)

Cerasus microcarpa
(C.A.Mey.) Boiss. subsp.
tortuosa (Boiss. & Hausskn.)
Browicz (CE1222)

Crataegus monogyna Jacq.
var. monogyna (CE1201)

Cydonia oblonga Mill.
(CE1204)

Prunus spinosa L. (CE1197)

Rosa canina L. (CE1194)

Rosa foetida Herrm. (CE1195)

Rosa orientalis A.Dupont ex
DC. (CE1196)

Rubus sanctus
Schreb.(CE1203)

Mahleb (A),
Kenner (K),
Gilgilok (K)

Yaban kirazi (T),
Dara Belaluk (K),
Hilalk (A), Hejajk
(K)

Saridag kirazi (T),
Dara Belaluk (K),
Hilalk (A), Hejajk
(K)

Yemisen (T), Guij
(K), lyzeran (A)

Ayva (T), Bihok
(K)

Yunuserigi (T),
Hulutirsk (K),
Pulutirsk (K)

Gul (1),
Gulakugka (K),
Gulsilav (K), Silan
(K), Verde (A)

Acemsarisi (T),
Gul (T), Gulsilav
(K), Silan (K)

Askerguli (T),
Gulsilav (K), Silan
(K)

Bogirtlen (T),
Diriresk (K), illeyk
(A)

Fruit

Fruit

Fruit

Fruit

Fruit

Fruit

Flowers

Flowers

Flowers

Fruits

Raw as a snack

Raw as a snack

Raw as a snack

Raw as a snack

Raw as a snack, dried eaten

Herbal tea from fruit, syrup and jam
from flowers

Herbal tea from fruit, syrup and jam

from flowers

syrup and jam from flowers

syrup and jam from flowers

The fruits of the plant are consumed
while they are fresh.

Shrub

Shrub

Tree

Tree

Shrub

Shrub

Shrub

Shrub

Shrub

Shrub

Fruits

Fruits

Fruits

Fruits

Fruits

Fruits

Fruits

Vegetable

Fruits

Fruits

0,17

0,13

0,32

0,11

0,11

0,23

0,1

0,15

0,43

0,03
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Urticaceae Urtica dioica L. subsp. dioica Liddeyga (A), Above
(CE1219) Gezgezk (K), Ground
Gezgezok (K)
Vitaceae Vitis vinifera L. (CE1200) Uziim Agaci (T), Leaves
Asma (T), Tri (K),
Meyo (A)

Fried with onion and then eggs
added

It is wrapped from the leaves of the
plant and consumed.

Herb

Shrub

Vegetable

leaves

0,06

0,86

A: Arabic name, K: Kurdish name, S: Syriac name, T: Turkish name
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Abstract
Sulfur hexafluoride (SFg) is a widely used insulator in the industry, but it also has a high global warming

Keywords

Electron spectrometry; potential. Studying electron impact ionization of SFe, particularly measuring the energy and angular

distributions of the collision products, can provide valuable information about the underlying physics
of the collision process and the nature of SFs molecule. In this study, double differential cross sections

Electron-Molecule
Collision; Double

Differential Cross (DDCSs) for electron impact ionization of SFg have measured using a crossed beam experimental setup.

The incident electron beam, with an energy range of 50-350 eV, was directed towards a target gas
composed of SFs, and scattered electrons were detected as a function of the energy and scattering

Sections; Sulfur

Hexafluoride.
angle. The findings of this study offer significant insights into the molecular structure of SFg and will

contribute to enhancing the understanding of charged particle interactions involving SFs.

Silfiir Hekzafloriir Molekiiliiniin Elektron Etkisi ile iyonlasma ikili
Diferansiyel Tesir Kesitlerinin Ol¢iimii

0z

Sulfir heksaflorir (SFe), kiresel 1sinma potansiyeli olmasina ragmen yaltkanlik 6zellikleri nedeniyle

endustride sik kullanilan bir gazdir. SFg'nin elektron etkisi ile iyonlasma galismalari, 6zellikle garpisma
sonucu agiga cikan pargaciklarin enerji ve agisal dagilimlarinin 6lgiilmesi, iyonlasma siirecinin temel

Anahtar kelimeler
Elektron Spektrometri;
Elektron-Molekail

Carpismalar; ikili fiziksel ozellikleri ve SF6 molekiilinln yapisi hakkinda degerli bilgiler saglamaktadir. Bu g¢alismada,

SFs'nin elektron etkisi ile iyonlasma olayi igin ikili diferansiyel tesir kesiti (DDCS) Olg¢timleri yapilmistir.
SFs molekiili 50-350 eV enerijili elektronlar ile ¢arpistirilarak ortaya gikan elektronlar enerji ve sagiima
acisinin fonksiyonu olarak dedekte edilmistir. Bu ¢alismanin bulgulari, SF¢'in molekiler yapisi hakkinda
onemli bilgiler sunmakta olup, molekilin yikli pargaciklar ile olan etkilesimlerinin anlagiimasina katki
saglayacaktir.

Diferansiyel Tesir
Kesiti; Stlfur
Hekzaflorir.

© Afyon Kocatepe Universitesi

1. Introduction global warming potential approximately 23500

Sulfur hexafluoride (SFg) is widely utilized in various times higher than carbon dioxide. Moreover, SF¢ has

industrial applications and electrical equipment due a long atmospheric lifetime of 3200 years,

. . . . . . contributing to environmental concerns and the
to its exceptional insulating properties. It is

. . . depletion of the ozone layer (Rabie and Franck 2018,
commonly employed in gas-insulated switchgear,

Wang et al. 2019). In this sense, there is emerging
need to explore replacements and investigate the

properties of alternative insulation gases.

circuit breakers, transformers, and other high-
voltage electrical components. SFs is also utilized in
the production of semiconductors, flat panel
displays and electronic devices. Despite its

usefulness, SFs is a potent greenhouse gas with a The exceptional electrical insulation capabilities of

SFs arise from its molecular structure and the
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robustness of chemical bonds between its atoms. It
consists of a central sulfur atom surrounded by six
fluorine atoms, with fluorine atoms exhibiting high
electronegativity. Consequently, the sulfur-fluorine
bonds
properties, rendering them resilient even under

possess  strong  electron-attracting
high-voltage conditions. Furthermore, SFs remains
stable without undergoing significant chemical
reactions at typical temperatures and pressures.
These factors collectively contribute to SFe's
without

capacity to endure high voltages

breakdown (Wang et al. 2021).

Crossed-beam experiments offer a powerful and
direct approach to measure the differential cross
sections for electron impact ionization. By colliding
an incident electron beam with atoms/molecules
and detecting the resulting outcome electrons at
different energies and scattering angles, it is
possible to obtain detailed information about the
ionization processes and the energy and angular
distribution of the ejected electrons (Yavuz et al.
2016).

The interaction of electrons with SFs molecules
leads to complex ionization dynamics, involving
multiple scattering and energy transfer processes.
Measuring cross sections provide valuable insights
into the underlying mechanisms governing these
interactions, enabling a deeper understanding of
the electronic structure and dynamics of SFs and its
role in various applications.

As the industrial applications became apparent,
experiments focusing on electron-SFs collisions
were conducted, requiring precise cross-sectional
data to
comprehensive summary of previous research in
in the
Chrisophorou and Olthoff (2000). Investigations on

comprehend these interactions. A

this field can be found review by
the total cross section (TCS) of sulfur hexafluoride,
as well as the exploration of compounds that can
potentially replace it while possessing similar
electrical properties, have gained increasing
importance in the literature (Goswami and Antony
2014, Joshipura et al. 2004, Park et al. 2022).

Experimental and theoretical studies have focused

on the interaction of SFs in its gaseous form under
pressure with charged particles.

SFe is also of interest for understanding molecular
structures at a fundamental level due to its highly
symmetric nature and investigating electron-

molecule interactions. The literature on the
excitation of SF¢'s vibration levels and resonances,
particularly with low-energy electrons is relatively
extensive (Fabrikant et al. 2005, Fedus 2022,

Winstead and McKoy 2004).

In recent years, remarkable research has been
conducted using electron momentum spectroscopy
(EMS) technique to measure electron momentum
profiles of SFs molecules (Wang et al. 2018, Wang et
al. 2020, Watanabe et al. 2016, Watanabe et al.
2019, Zhao et al. 2015). These studies aim to
of the
structure on the electron

investigate the interference effects
orbital
momentum profile. Due to the nature of EMS

technique,

molecule's

these investigations have been

performed using high-energy electrons (>1 keV).
differential cross-section
measurement studies in this area is rather limited.
While Nixon et al. 2016 and Giardini-Guidoni et al.
(2008) conducted triple-differential cross-section

The literature on

measurements, the DDCS measurements, which are
the focus of this study as well, were only performed
in a few spectra in specific sections of the studies
conducted by Al-Nasir et al. (1996) and Pal et al.
(2004).

In this study, we present the experimental
measurement of double differential cross sections
(DDCS) for the electron impact ionization of SFe
molecules that covers a range of incident electron
energies from 50 eV to 350 eV. The obtained data
provides crucial insights into the ionization
dynamics of SFs and its applications in various fields.
The results contribute to the fundamental
understanding of electron-molecule interactions
and can facilitate the development of improved
models, simulations, and practical implementations

involving SFe.
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2. Materials and Methods

The experimental setup used for electron-molecule

collision studies is an electron collision
spectrometer. This setup consists of an electron
gun, a Faraday cup, a target gas, and two rotatable
electrostatic  hemispherical deflector energy
analyzers equipped with a channel electron
multiplier (Dogan et al. 2013, Yavuz et al. 2014). The
whole system is housed in the vacuum chamber
which has base pressure of 8.10® mbar and during

the experiment it reaches to 5,5.107° mbar.

The electron gun is responsible for generating a
well-controlled and focused electron beam. It
typically employs cylindrical lenses to control the
electron beam parameters, such as energy and
focus and it is employed a thermal cathode design
and a Wehnelt electrode. The energy of electrons is
controlled by adjusting the voltage applied to the
cathode, allowing for precise variations of 100 eV in
the range of 50 eV to 350 eV with in desired
increments. The current of the electron beam,
typically ranging from 3 to 4 pA, is measured using a
Faraday cup positioned downstream of the gun.

The molecular beam, composed of the target

molecules, is produced using a nozzle. The
molecular beam is directed towards the interaction
region where it intersects with the 2 mm afocal
electron beam. In the interaction region, the
electron beam collides with the molecules, leading
to various processes such as ionization, excitation,

and dissociation.

The detection system typically includes electron
energy analyzers, which can measure the energy
and angular distributions of the scattered or ejected
electrons. These analyzers are hemispherical
deflector analyzers equipped with channel electron
multipliers to amplify electron signals. The electron
energy analyzer and Faraday cup are positioned on
separate concentric tables outside of the vacuum
chamber, allowing them to be rotated
independently within the horizontal plane. The
channel electron multipliers at the exit of the
electron analyzers produce measurable signals,

which are amplified and processed to distinguish

the true signal from noise. The processed signal is
then counted using a dual counter or timer.

Overall, the electron collision spectrometer
provides a controlled environment to investigate
the dynamics and outcomes of electron-molecule
collisions. It enables researchers to study various
processes and interactions, contributing to our
understanding of molecular physics and chemical

reactions.

In this study, we measured the Differential Double
Differential Cross Sections (DDCSs) of SF¢ molecules
at ranges from 50eV to 350eV electron impact
energies for detection angles ranging from 25° to
130°. The energy resolution was below 0.8 eV, and
the angular resolution was better than #1°. To
gather data, a series of runs were conducted at
various incident electron energies (Eo), ranging from
50eV to 350eV with in 100eV increments. In each
run, the DDCSs were measured, considering the
energy and angle of the scattered or ejected
electrons. Different detection energies were chosen
at different Eo values to examine the homogeneous
variation in the experimental accessible energy
scale. The data were recorded in counts per second
and determined as relative cross section.

3. Results and Discussion

This study focuses on observing the variation in the
angular distributions of detected electrons at
different energies relative to each other in DDCS
measurements. Since the structural changes in the
cross section are investigated, the measurements
have been normalized with respect to their
maximum value for each set. In order to observe the
variation smoothly, the data points have been

connected using B-Spline interpolation.

The only comparable measurements to this study
were performed as part of the study conducted by
al-Nasir et al. (1996). The comparison demonstrates
structurally good agreement except for angular
displacement, which can be considered insignificant
in terms of examining the variation of cross sections
with energy (Figure 1). This comparison serves as a
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validation of our experimental setup and

methodology.

—e—This experiment

\ —u— al-Nasir et al. 1996
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Figure 1. DDCS measurements compared to al-Nasir et al.
1996 for available results.

DDCS measurements for the electron impact

ionization of SFs molecule for 50eV incident energy

are shown in Figure 2.
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Figure 2. DDCS measurements for 50eV incident energy.

A general decreasing trend is observed in the DDCS
values for Eo=50eV as the scattering angle is
increased. This trend signifies a decrease in the
probability of electron detection at larger angles.
This behavior can be explained by the diminished
interaction between the incident electrons and the
SFs molecules, resulting in a lower likelihood of
ionization events. It indicates that the scattering
process dominates in this region. However, an
exception is observed for the detected electrons at
10eV energy, where a minimum is observed at an
angle of 80°. This minimum is interpreted as a result
of complex ionization events caused by the longer
interaction time for slow electrons.
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Figure 3. DDCS measurements for 150eV incident energy.

It is worth noting that the electrons detected in the
experiment may have undergone scattering or
ionization processes. Due to the inherent
indistinguishability of these electrons, the measured
DDCS values encompass a combined contribution
arising from both scattered and ionized electrons.
The DDCS results obtained at Eq=150eV exemplify
this phenomenon (Figure 3), wherein lower-energy
detected electrons exhibit complex variations with
increasing scattering angles, while higher-energy

electrons demonstrate scattering behavior.
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Figure 4. DDCS measurements for 250eV incident energy.

Comparing the DDCS values at Eo=250eV (Figure 4),
at higher energies, the cross sections show a smooth
decreasing trend, indicating a higher probability of
electron scattering. Conversely, as the detection
energy decreases, the structure of the DDCS
indicates an increasing probability of ionization
event.
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Figure 5. DDCS measurements for 350eV incident energy.

Figure 5 shows the present measurements of DDCS
at 350eV incident energy, for various detected
electron energies. The dependence of the DDCS
values on the detection energy is evident. At lower
energies (10eV, 15eV, and 75eV), the cross section
values present maxima and minimums, indicating a
higher probability of ionization and post collision
effects. As the detection energy increases, the DDCS
values decrease smoothly with increasing scattering
angle, implying probability of scattering process for
detected electrons.

4. Conclusion

The DDCS experiments provide crucial insights into
the ionization processes occurring in atoms and
molecules. These findings are expected to enhance
our understanding of the underlying ionization
processes and their implications in the broader field
of atomic and molecular physics, as well as
industries depending on this.

The results of this study contribute to our
knowledge of the electron-molecule interaction
and have implications for various
applications.

Understanding the ionization behavior of SFg is

processes
scientific and technological
crucial for fields such as plasma physics, gas
discharges, and environmental research.

Overall, the DDCS measurements for electron
impact ionization of SF6 molecules shed light on the
underlying physics and offer valuable information
for developing accurate models and simulations.

They contribute to the broader understanding of
electron-molecule interactions and pave the way for
advancements in various research areas.
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0z
Endustriyel alanda yaygin olarak kullanilan boyar maddeler su kirliligine sebep olmaktadir. Kirliligin
giderilmesi cevre ve canlilar igin dnem kazanmistir. Bu ¢alismada, anyonik bir boyar madde olan ve

Anahtar kelimeler
Gypsophila a.v.n; zararh etkileri bulunan alizarin sarisi GG (AS) giderimi igin adsorpsiyon yontemi ile Gypsophila arrostii
Adsorpsiyon; var nebulosa (GAVN) bitkisinin kklerinden elde edilen biyokémir kullanilmistir. Elde edilen sonuglarda
Alizarin Sarisi GG; adsorpsiyon isleminin 60 dakikada doygunluga ulastigi bulunmustur. Adsorban miktari, pH, sicaklik,
Langmuir; zaman ve AS konsantrasyon degisiminin adsorpsiyon Uzerine etkileri incelenmistir. Maksimum
Freundlich. adsorpsiyon kapasitesi 4.097 mg/g bulunmustur. Adsorpsiyon prosesinin Langmuir adsorpsiyon

izotermine (R?=0.995) uygun oldugu, yalanci ikinci dereceden gergeklestigi (R?=0.981) ve negatif AG®
degerlerine sahip oldugu bulunmustur. Elde edilen sonuglar dogrultusunda biyokdmir haline getirilen
GAVN’In AS giderimi igin kullanilabilecegi sonucuna ulagiimistir.

Using Biochar from Gypsophila arrostii var nebulosa for Alizarin Yellow
GG Removal from Aqueous Solutions

Abstract

Dyes, which are widely used in the industrial field, cause water pollution. Removal of pollution has
gained importance for the environment and living things. In this study, biochar obtained from the roots

Gyp,s(Z::/iTar:fv.n; of Gypsophila arrostii var nebulosa (GAVN) plant by adsorption method was used for the removal of
Adsorption; alizarin yellow GG (AS), which is an anionic dye and has harmful effects. In the obtained results, it was
Alizarin yellow GG; found that the adsorption process reached saturation in 60 minutes. The effects of adsorbent amount,
Langmuir; pH, temperature, time and AS concentration changes on adsorption were investigated. The maximum
Freundlich. adsorption capacity was found to be 4.097 mg/g. It was found that the adsorption process was suitable
for the Langmuir adsorption isotherm (R2=0.995), took place in the pseudo-second order (R2=0.981) and
had negative AG® values. In line with the results obtained, it was concluded that GAVN, which was
turned into biochar, could be used for AS removal.
© Afyon Kocatepe Universitesi
1. Giris gelmektedir. Bu cins ilk defa Linne tarafindan 1751

yilinda tanimlanmistir (Koyuncu vd. 2006). Bu bitki,

Latince adi Gypsophila olan ¢oven bitkisi, cok yillik,
Caryopyllaceae familyasindandir.  Gypsophila’nin

kazik koklu bir bitkidir. Gypsophila jipsli topraklari
Ulkemizde 59 taksonu mevcuttur. Saponin

seven, jipsli topraklarda yetisen anlamina } o _
bakimindan zengin ve ekonomik ©6nemi olan
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taksonlari halk arasinda ‘Coven’ ve ‘Covenotu’
olarak bilinmektedir (Ozgelik ve Yildirim, 2011).

Bu bitkinin bir tiirG olan Gypsophila arrostii
var nebulosa (GAVN) bitkisi cok yillik, kdkleri kalin;
govdesi genellikle 30-60 cm araliginda yayvan
dallanmis bir bitkidir. Cicek agma zamani genellikle
haziran ve temmuz aylar olup taslik ve rakimi
yuksek yerlerde yetismektedir. Bitkinin yayilisi
genellikle Beysehir, Afyon, Ankara, Burdur ve Isparta
cevreleridir. GAVN bitkisinin bilesimindeki ham
saponozit orani %19.000 ve %22.000 araliginda olup

kaliteli bir ¢cévendir (Koyuncu vd., 2006).

Hizla artan sanayilesme nedeniyle boyar
maddeler, tekstil basta olmak tzere bir¢cok enddstri
alaninda vyaygin olarak kullaniimaktadir. Boyar
maddelerin, plastik, tekstil, kagit, kaucuk, kozmetik
endistrilerinde yaygin olarak kullanimi ¢evre
sorunlarini da beraberinde getirmektedir. Boyar
madde iceren atik sular, insanlara, suda yasayan
canhlara ve c¢evreye zararldir. Solunum yollarinda
tahris, ciltte kasinti, yara, gozlerde alerjik reaksiyon
gibi ciddi etkilere sebep olabilirler (Srivatsav et al.
2020). Bircogu toksik olan bu boyalar, ¢ok distk
konsantrasyonlarda bile suyu kirletmektedirler.
boya
bilesiklerinin biyolojik olarak parcalanmasi c¢ok

Karmasik  kimyasal vyapilari  nedeniyle
zordur. Bu nedenle, endistriyel atik sular gevreye
bosaltiimadan ©nce uygun sekilde aritilmalidir.
Kullanilan bircok yontem olmasina ragmen, boyalari
atik sulardan ayirmak igin siklikla tercih edilen
yontemlerden  biri

adsorpsiyon  yontemidir.

Adsorpsiyon, boyar maddelerin atik sulardan
uzaklastiriimasi icin ekonomik ve yaygin olarak
kullanilan yontemlerden biridir (Al Rubaye et al.
2016). Adsorpsiyon yonteminde son zamanlarda
yaygin
kullanilmaktadir. Organik maddelerin az oksijen

disik maliyetli biyosorbentler olarak
varliginda piroliziyle elde edilen biyokdmirler
birisidir 2020).

Biyokomiirler, yiiksek karbon igerigi, genis ylzey

bunlardan (Kaya ve Uzun,
alani ve farkl fonksiyonel gruplar icermesi ve
ekonomik olmalari sebebiyle adsorpsiyon igin tercih

edilmektedir (Wu et al. 2020).

Alizarin sarisi GG (AS), anyonik bir boyar

maddedir. Kompleks aromatik yapisi nedeniyle

kanserojen bir etkiye sahiptir. Biyolojik olarak
parcalanmaya direncli bu boyar maddeler ¢evre igin
ciddi sorunlar olusturabilmektedir. (Al-Salihi et al.

2021).

Bu calismada dogal bir madde olan GAVN
bitkisinin kokleri 450 °C ve az oksijen varliginda
piroliz edilmis ve dislik maliyetli biyokdmir elde
edilmistir. Elde edilen biyokdmir halindeki GAVN,
AS boyar maddesini sulu ¢ozeltiden uzaklastirmak
icin kullanilmistir. Hazirlanan biyokémirler AS ile
temas etmeden oOnce ve temas ettikten sonra
Fourier Transform Kizilotesi Spektroskopisi (FT-IR)
kullanilarak karakterize edilmistir.

2. Materyal ve Metot

2.1 Kullanilan Boyanin Ozellikleri

Deneylerde kullanilan AS, Sigma-Aldrich firmasindan
temin edilmis ve deneylerde kullanilmistir. Boyar
maddenin 6zellikleri Cizelge 1’de gosterilmistir.

Cizelge 1. AS boyar maddesinin 6zellikleri

AS Ozellikleri
Adi Alizarin sarisi GG
Molekil Formlu Ci3HgN3NaOs
Molekal Agirlhigi 309.210 g/mol
Amax 355 nm
Yapisi :j-om

VAR
Y=/ \—/

oN

2.2 Deneylerin Yapilisi

GAVN kokleri Isparta bolgesinde yerel bir saticidan
temin edilmistir. Kékler musluk suyuyla birkag kez
yikanarak topraktan arindirilmis daha saf su ile de
yikanip Niive FN500 marka etiivde 60 °C sicaklikta
24 saat kurutulmustur. Kurutulan GAVN kokleri
Carbolite ELF 11/6B marka kil firinda 450°C
sicaklikta 4 saat boyunca karbonize edilerek
biyokomiir elde edilmistir. Oda sicakligina getirilen
biyokdmiir porselen havanda doviilerek toz haline
kesikli
kullanilmak (izere kapali ortamda saklanmistir.

getirilmis, sorpsiyon deneylerinde
Deneylerde kullanilan tim ¢ozeltiler ultra saf su ile
hazirlanmistir.  pH deneylerinde gerekli olan

ayarlamalar 0.100 M HCl ve 0.100 M NaOH
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¢ozeltileri kullanilarak yapilmistir ve Hanna HI2020-
02 edge® marka pH metre ile dlgtlmustdr.

Adsorpsiyon deneyleri zaman, sicaklik,

adsorban madde miktari, pH, konsantrasyon

parametreleri, literatirdeki benzer c¢alismalar

yardimiyla yapilmistir (Parlayici and Pehlivan 2019,
2022). GAVN-AS

Bayram et al. adsorpsiyon

kapasitesi (ge) denklem 1 kullanilarak
hesaplanmistir.

(Co_ce)v
e =~ (1)
Denklemdeki Co(mg/L) baslangic boya
konsantrasyonu, Ce¢(mg/L) dengedeki boya
konsantrasyonunu gostermektedir. V(L) boya

¢Ozeltisinin hacmini ve w(g) adsorban miktarini
belirtmektedir.

2.3 Kalibrasyon Setinin Hazirlanmasi

AS icin dalga boyu taramasi grafigi Sekil 1'de
gosterilmistir. 10.000 mg/L’de yapilan taramada en
yiksek absorbans degeri 355 nm’de bulunmustur.
Tum deneylerin sonucunda elde edilen ¢ozeltiler
UV/VIS cihazinda 355 nm’de okunarak elde edilen
absorbans degerleri yardimiyla tiim hesaplamalar
yapilmistir. Deneylerde Peak Instruments C-7100
UV/VIS marka cihaz kullanilmistir.

2.0+ 355 nm
1.5 4
[72]
| -
28
a 1.04
7]
Ke]
<
0.5 1
0.0 S
Alizarin Sarisi GG

T T
0 500 1000
Dalgaboyu (nm)

Sekil 1. AS icin dalga boyu taramasi

Deneylerde kullanilan AS icin 0.500 mg/L, 1.000
mg/L, 5.000 mg/L, 10.000 mg/L ve 25.000 mg/L
derisimlerinde hazirlanan boya ¢ozeltileri yardimiyla
kalibrasyon grafigi  cizilmistir. Elde edilen
kalibrasyon grafigi Sekil 2’de gosterilmistir. Elde

edilen grafikte R?=0.999 bulunmustur.

1.5
w 104
| =
©
£
[]
7]
0
<054

y =0.0569x-0.0013
R? = 0.9999
0.0
Alizarin Sarisi GG
T T T

0 10 20 30
Derigim (mg/L)

Sekil 2. AS icin hazirlanan kalibrasyon grafigi

2.4 FT-IR Taramasi

Ham haldeki GAVN ve AS ile temas etmis GAVN-AS
icin FT-IR taramalari JASCO FT/IR-4700typeA model
cihaz ve ATR PRO ONE aksesuari ile yapilmistir.
Cihazin dedektort; TGS, birikimi; 32, ¢ozdnarluga 4
cm™Ydir.

3. Bulgular

3.1. FT-IR Sonuglan
GAVN ve GAVN-AS icin FT-IR sonuglar Sekil 3’te
gosterilmistir.

160

140 -

120

100

%Gegirgenlik

80

60
GAVN
GAVN-AS

T T T T
1000 2000 3000 4000

40

Dalga Sayisi (cm™)

Sekil 3. GAVN ve GAVN-AS icin FT-IR grafigi

FT-IR spektrumlari ile adsorban yilizeyinde bulunan
fonksiyonel gruplar belirlenmistir. Analizler 4000-
400 cm™ araliginda yapilmistir. GAVN adsorbaninin
Isil  pargalanmasi sonucu vylzeyinde karboksil,
hidroksil, karbonil gibi fonksiyonel gruplarin ve
aromatik yapilarin

(Weber and

olustugu dusliniilmektedir

Quicker, 2018). Elde edilen
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biyokémiirde (GAVN) 2911 cm™ civarinda alifatik C-
H gerilme titresimi gorilmektedir. Ayrica 1400 cm*
civarinda C-H egilme titresim bandi gézlenmektedir.
1650 civarinda gorilen bantlar alkenlerde C=C

gerilme titresimini gostermektedir. 1116 cm?
civarinda gorilen C-O gerilme titresimi bandi
karboksilli  asitin varligina isaret etmektedir

(Fatombi et al. 2019). 1700 cm™de gdzlenen bant
karboksilik asitlerin C=0 (karbonil) varligina isaret
etmektedir. 3300 cm™ civarinda gdzlenen bant
hidrojen bagina ait O-H gerilmesini gosterirken,
3609 cm™ civarinda gozlenen keskin bir bant alkol ve
fenollerdeki serbest O-H gerilmesini isaret
etmektedir. GAVN-AS FT-IR spektrumunda 3527 cm”
! civarinda goriilen bant adsorbe edilen suyun O-H
gerilme titresimine karsilik geldigi distintlmektedir.
1113 cm? civarinda goérilen bant C-O gerilme
titresimine ait oldugu dastntlmektedir (Abd-
Elhamid et al. 2020). GAVN’a ait spektrumda 1116
cm¥de gdézlenen bandin GAVN-AS de bir miktar
kaymasi, 1921 cm™¥de belirgin bir bant olusmasi,
1700 cm™Yde gozlenen bandin siddetini kaybetmesi
boyanin biyokdmiir Uzerinde adsorbe oldugu
ihtimalini kuvvetlendirmektedir.

3.2. Adsorban miktarinin etkisi

GAVN ile AS gideriminde GAVN miktarinin etkisini
belirleyebilmek i¢in adsorban miktari (g) ve %S
(%Sorpsiyon) grafigi Sekil 4’te verilmistir.

80

60

S%

40 4

20

0 GAVN-AS
T ™ T T T T

0 i 2 3 4 3
Adsorban Miktari (g)

Sekil 4. Adsorban madde miktari degisiminin GAVN-AS
adsorpsiyonu Uzerine etkisi (Deney kosullart:
adsorban miktari: 0.250 g, 0.500 g, 1.000 g,
2.000 g, 3.000 g, 4.000g; boya konsantrasyonu:
50.000 mg/L; etkilesim zamani: 60.000 dk.;

sicakhk: 25.000+1.000 °C; pH: AS ¢ozeltisi icin pH

6.600—-6.800)
Adsorpsiyon prosesi (zerine adsorban madde
miktari etkisini incelemek igin her bir reaksiyon
kabina 0.250 g, 0.500 g, 1.000 g, 2.000 g, 3.000 g,
4.000 g GAVN sirasiyla tartilmis, 50.000 mg/L AS
¢Ozeltisinden her bir reaksiyon kabina 30 mL
eklenmistir. 25.000 °C de 250.000 rpm hizla 1.000
saat sireyle calkalanmistir. Daha sonra c¢ozeltiler
mavi bant stizge¢ kagidi ile stiziilmus, kalan ¢ozelti
ultra saf su ile 50.000 mL hacme tamamlanmistir.
Cozeltide GAVN tarafindan adsorplanmayan boya
Uv/VviIS
absorbans degerleri 6l¢imi yapilmistir.

miktarini  hesaplamak igin cihazinda

3.3. Konsantrasyon degisiminin etkisi

2.000 g GAVN ile farkh derisimlerde kullanilan AS
boyasinin adsorpsiyonu sonucu elde edilen C (mg/L)
ve q (mg/g) grafigi Sekil 5'te gosterilmistir.

1.2 -
0.8
)
()]
£
o
0.4
0.0 GAVN-AS
0.0 05 10 15
C (mg/L)
Sekil 5. Konsantrasyon degisiminin GAVN-AS

adsorpsiyonu (zerine etkisi (Deney kosullar:
adsorban miktari: 2.000 g; boya konsantrasyonu:
5.000 mg/L, 25.000 mg/L, 50.000 mg/L, 75.000
mg/L, 100.000 mg/L; etkilesim zamani: 60.000
dk.; sicaklik: 25.000+1.000 °C; pH: AS ¢ozeltisi
icin pH 6.600—6.800)

Oncelikle her derisim icin ayri ayri GAVN tartiimis ve
Uzerine 5.000 mg/L, 25.000 mg/L, 50.000 mg/L,
75.000 mg/L, 100.000 mg/L boya ¢ozeltisinden her
bir reaksiyon kabina 30.000 mL eklenmistir. 25 °C’'de
250.000 rpm hizla 1.000 saat siireyle ¢alkalanmistir.
Daha sonra c¢ozeltiler mavi bant stizge¢ kagidi ile

¢Ozelti 50.000 mL hacme
Elde edilen

stzilmis, kalan

tamamlanmistir. boya
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konsantrasyonu arttikca q degerlerinin arttig
gozlenmistir.

Sekil 5 yardimiyla elde edilen degerlerden
hesaplanan Langmuir (1916), Freundlich (1907),
Dubinin ve Raduskevich (1947), Scatchard (1949),
Temkin (1940) izotermlerinin sonuglari Cizelge 2'de

verilmistir.

Cizelge 2. izoterm sonuglari

izotermler

Langmuir COlmaks Ku R? Ru

4.097 0.211 0.995 0.087
Freundlich Ke n R?

0.709 1.137 0.989
DR Om B R2

0.577 3E-08 0.966
Scatchard Qs Ks R?

2.998 0.298 0.817
Temkin BT Kt R?

0.415 5.706 0.946

Adsorpsiyon sirecinde elde edilen denge verileri
kullanilarak adsorpsiyon izotermleri incelenmistir.
R? degerleri kiyaslandiginda siirecin
(R?=0.995)  uygunluk

Langmuir izoterminde

Langmuir
adsorpsiyon izotermine
gosterdigi gorilmektedir.
adsorpsiyon tek katmanli ve homojen bir ylizeyde
gerceklesmektedir 2022).

Adsorpsiyon uygulanabilirligini

(Praveen et al.
isleminin
dogrulamak icin R. degeri hesaplanmistir. R.
(0.087) 0 ve 1

adsorpsiyonun boyar madde sorpsiyonu i¢in uyumlu

degerinin arasinda olmasi
oldugunu gostermektedir (Demissie et al. 2021).
Langmuir modeli tarafindan hesaplanan maksimum
Omaks=4.097 mg/g

adsorpsiyon kapasitesi

bulunmustur.

3.4. pH degisiminin etkisi

GAVN yardimiyla sulu ¢ozeltilerden AS gideriminde
ortamin pH degerinin etkisini belirlemek icin yapilan
deneylerin sonucu Sekil 6’'da pH ve %S grafigi ile
verilmistir.

100

80

60

S%

40

20

GAVN-AS
0 T v T ™ T § T v
2 4 6 8 10

pH

Sekil 6. pH degisiminin GAVN-AS adsorpsiyonu Uzerine
etkisi (Deney kosullari: adsorban miktari: 2.000
g; boya konsantrasyonu: 50.000 mg/L; etkilesim
zamani: 60.000 dk.; sicakhk: 25.000+1.000 °C,
pH: AS ¢ozeltisi igin pH: 2.000-9.000)

Adsorpsiyon sireci lizerine pH degisiminin etkisini
incelemek icin her bir reaksiyon kabina 2.000 g
GAVN sirasiyla tartilmis ve Uzerine 50.000 mg/L
boya ¢ozeltisinden her bir reaksiyon kabina 30.000
mL AS eklenmistir. AS’nin pH degerleri 0.100 M HCI
ve 0.100 M NaOH c¢ozeltileri yardimiyla
ayarlanmistir. 25.000 °C’de 250.000 rpm hizla 1.000
saat slreyle calkalanmistir. Daha sonra c¢ozeltiler
50.000 mL hacme
Cozeltilerden  elde

stzlilmls, kalan ¢ozelti

tamamlanmistir. edilen
absorbans degerleri yardimiyla pH ve %S grafigi
cizilmistir. Elde edilen sonuglar yorumlandiginda
anyonik bir boya olan alizarin sarisi GG’'nin asidik
bolgede daha iyi bir tutulum gosterdigi ve bazik

bolgeye dogru azaldigl gozlenmistir.

3.5. Sicaklik degisiminin etkisi
GAVN
kullanilmasi igin

adsorban maddesinin AS gideriminde
sicakliga bagh olarak LogKqg

degerlerinin degisimi Sekil 7’de verilmistir.
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Sekil 7. Sicaklik degisiminin GAVN-AS adsorpsiyonu
Uzerine etkisi (Deney kosullari: adsorban miktari:
2.000 g; boya konsantrasyonu: 50.000 mg/L;
etkilesim  zamani:  60.000 dk.; sicaklik:
25.000+1.000 °C, 35.000£1.000 °C,
45.000+1.000 °C, 55.000%+1.000 °C; pH: AS
¢Ozeltisi icin pH 6.600—6.800)

25.000 °C ve 55.000
deneylerden elde edilen sonuclarda sicakhk arttikca

°C araliginda vyapilan

LogK4 degerlerinin arttig gézlenmistir. Tepkimenin
endotermik oldugu sonucuna varilmistir (Bayram et
al. 2022). Sekil 7’de gosterilen sicaklik degisimi
yardimiyla GAVN adsorbani ile AS boyar maddesinin
gideriminde AS°, AH® ve AG® degerleri hesaplanarak
Cizelge 3’te verilmistir.

Cizelge 3. GAVN ile AS giderimi icin termodinamik
parametreler

T (K) AG° (kimol™) AS° (kimol™)  AH° (kJmol™)
298.150 -1.174 8.509 1.348
308.150 -1.290

318.150 -1.371

328.150 -1.429

Cizelge 3 incelendiginde negatif AG° degerleri,
adsorpsiyonun kendiliginden gerceklestigini
gostermektedir. Pozitif AH° degerleri, AS boyar
GAVN

adsorpsiyonunun endotermik bir sire¢ oldugunu

maddesinin adsorbani Uzerine

gostermektedir. Pozitif AS® degerleri, adsorpsiyon
islemi sirasinda  dlizensizligin ifade
etmektedir (Kaya ve Uzun 2020).

arttigini

3.6. Etkilesim zamani degisiminin etkisi
GAVN
kullanilmasi i¢in zamana bagli olarak degisimi Sekil

adsorban maddesinin  AS gideriminde

8’de gosterilmistir.

80 -
40 -
=
)
20 4
04
GAVN-AS
T T T
0 100 200 300

Zaman (dk)

Sekil 8. Zaman degisiminin GAVN-AS adsorpsiyonu
Uzerine etkisi (Deney kosullari: adsorban miktari:
2.000 g; boya konsantrasyonu: 50.000 mg/L;
etkilesim zamani: 15.000 dk., 30.000 dk., 60.000
dk., 120.000 dk., 180.000 dk., 240.000 dk.;
sicaklik: 25.000£1.000 °C, pH: AS ¢ozeltisi igin pH
6.600-6.800)

Deneyler 15.000 dk., 30.000 dk., 60.000 dk., 120.000
dk., 180.000 dk. ve 240.000 dk. etkilesim
zamanlarinda ilk 60.000 dakikada
60.000
dakikadan sonra adsorban yiizeyinin doygunluga

yapilmistir.
maksimum  tutunma  gerceklesmis,
ulastigl gozlenmistir.

Adsorpsiyon kinetigi yalanci birinci derece
kinetik model ve yalanci ikinci derece kinetik model
(Cizelge 4) uygulanarak arastirilmistir. R? degerleri
kiyaslandiginda adsorpsiyon kinetiginin yalanci ikinci
derece modele (R?=0.981) daha uygun oldugu
bulunmustur. Cizelge 4’te ge-nes.=hesaplanan (mg/g),
Je-den.=deneysel olarak bulunan ge (mg/g), ki (1/dk.),
ka (g/mg.dk.) degerleridir.

Cizelge 4. GAVN-AS igin yalanci birinci ve ikinci derece hiz
sabitleri

Derece Qe-hes kl( k2 e-den. R?
Birinci 0.184 7.38x10° - 0.462 0.765
ikinci 0.512 8.18x102 0.460 0.981
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3.7. Sulu ¢ozeltilerden AS giderimi ile benzer
calismalar

Literatlirdeki AS giderimi ¢alisilan bazi galismalarin
maksimum adsorpsiyon kapasite degerleri Cizelge
5’te verilmistir.

Cizelge 5. AS giderimi yapilan benzer galismalar

Adsorban Adi Adsorpsiyon Referans
Kapasitesi (mg/g)
Polypyrrole- 113.600 Gholivand et al. 2015
Fes0q
Cam kozalagi 3.450 Kaya ve Yildiz 2020
kémurd
Aktif karbon 12.730 Kaya ve Yildiz 2020
Ceviz kabugu 4.920 Albatrni et al. 2022
GAVN 4.097 Simdiki ¢alisma
4, Tartisma ve Sonug
Atk sulardaki boyar  madde kirliliginin

giderilmesinde kullanilan yontemlerden biri olan
adsorpsiyon ucuz ve etkili bir yontem olmasiyla 6ne
¢ikmaktadir. Calismalarimiz igin segilen GAVN, ASile
50.000 mg/L derisimde etkilestirilerek elde edilen
sonuglar ¢alismamizda paylasiimistir. Elde edilen
sonuglarda GAVN ve AS 60.000 dakika sonunda

maksimum  ylzde sorpsiyon (%S) degerine
ulasmigtir.  Sicaklik degisimine goére tepkime
endotermik olup, negatif AG°® degerleri elde
edilmistir.  Bu degerler GAVN maddesinin

adsorpsiyon isleminin kendi kendine gergeklestigini
ve adsorpsiyon icin uygun oldugunu gostermektedir
(Bayram et al. 2022). Hesaplanan izoterm modelleri
arasinda en yiiksek R? degeri Langmuir izoterminde
bulunmustur. Buradan hesaplanan GAVN-AS igin
maksimum adsorpsiyon kapasitesi qmaks=4.097 mg/g
bulunmustur. Bulunan adsorpsiyon kapasitesi
degeri Cizelge 5 yardimiyla literattirdeki bazi benzer
calismalarla karsilastiriimistir. GAVN ile AS giderimi
icin bulunan maksimum adsorpsiyon kapasitesi
¢alismalarin bir kismindan yliksek bir kismindan ise
disilik degerde oldugu tespit edilmistir. Gholivand et
al. (2015) yaptiklari ¢alismada bu degeri 113.600
mg/g, Kaya ve Yildiz (2020) yaptiklari calismada cam
kozalagi icin 3.450 mg/g ve aktif karbon i¢in 12.730
mg/g, Albatrni et al. (2022) yaptiklari calismada bu
degeri 4.920 mg/g olarak bulmuslardir. Bu degerin
yiksek olmasi iyi olmakla birlikte elde edilen
adsorban  maddenin temin

maliyeti, kolay

edilebilmesi de blyik bir etkendir. Bu calismada
kullanilan GAVN’in maliyeti olduk¢a distktir ve bu
acidan kullanilabilirligi ylksektir. Calisma sonucunda
biyokomir haline getirilen GAVN koklerinin AS
kullanilmasi  ekonomik ve

gideriminde kolay

erisebilir olmasindan dolayi 6nerilmektedir.
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Arastirmamizda, kanserojen etkisi de bilinen boyar maddelerden biri olan kristal viyoletin sulu
cozeltilerden Siirt/Kogpinar kili ile uzaklastirilmasi ¢alisildi. Birinci asamada kil modifikasyona maruz

birakilmadan dogal sekliyle (KO) kullanildi, ikinci asamada ise ayni islemler HNOs ile aktiflestirilen

Anahtar ke.llmeler Siirt/Kogpinar kili (KA) ile tekrar edildi. Adsorpsiyon neticesinde veriler D-R, Langmuir ve Freundlich
I;L\:;:rr‘rﬁ:gﬂ; izoterm modellerine uygulandi. Hesaplamalar sonucunda en iyi verim, 0.4 g adsorbent dozaji ile pH 5
izoterm; ortaminda elde edildi. Calisma neticesinde optimum kosullarda KO adsorbenti i¢in % 59.48, KA

Kil; adsorbentin de % 83.97 giderim saglandi. Korelasyon katsayisinin 0.99’dan biyik olarak hesaplandig
Termodinamik Freundlich izoterm modeli, galismamizin uygun oldugu izoterm modeli oldu. Ayrica D-R izoterm modeli

icin bulunan D-R adsorpsiyon serbest enerjisi, hem dogal hem de aktiflestirilmis kil icin 8 kJ/mol
degerinden kigik bulundu. Bu sonug adsorpsiyon isleminin fiziksel oldugunu gosterdi. Termodinamik
hesaplamalar neticesinde hesaplanan Gibbs serbest enerji degerlerinin sifirdan kigik ¢ikmasi bizlere
¢alismamizin istemli meydana geldigini gosterdi.

Isotherm and Thermodynamic Calculations of Adsorption Method for
Removal of Crystalline Violet Dyestuffs from Wastewater Using
Kogpinar/Siirt Clay

Abstract

In our research, it was tried to remove crystal violet, one of the dyestuffs known to be carcinogenic,
from aqueous solutions with Siirt/Kogpinar clay. In the first stage, the clay was used in its natural state

(KO) without being modified, and in the second stage, the same processes were repeated with

Keywo:i'ds Siirt/Kogpinar clay (KA) activated with HNOs. As a result of adsorption, the data were applied to D-R,
Adsglr;p;‘lon; Langmuir and Freundlich isotherm models. As a result of the calculations, the best efficiency was
Dyestl;ff; obtained in pH 5 environment with 0.4 g adsorbent dosage. As a result of the study, 59.48% removal
Isotherm: was achieved for KO adsorbent and 83.97% for KA adsorbent. The Freundlich isotherm model, in which
Thermodyna’mic the correlation coefficient was calculated as greater than 0.99, showed that our adsorption study was

suitable for this model. In addition, the D-R adsorption free energy found for the D-R isotherm model
was found to be less than 8 kJ/mol for both natural and activated clay. This result showed that the
adsorption process is physical. The negative Gibbs free energy values calculated as a result of
thermodynamic calculations showed us that our work occurred spontaneously.
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Kogpinar/Siirt Kili Kullanarak Atik Sulardan Kristal Violet Boyar Maddesinin Uzaklastirlmasinda Adsorpsiyon ..., Kul and Benek

1. Giris

Biz insanlar ¢evremiz ile her an etkilesim icindeyiz
fakat bu etkilesimin tim zamanlarda olumlu bir seyir
izledigini soylemek maalesef mimkiin degildir.
Bizlerin bilingli veya bilingsiz bir sekilde dogaya
biraktigi atik maddeler topraga, suya ve havaya
karisarak oralarda kirlilige neden olmakta boylece
canlilar (zerinde olumsuz etkiler birakabilmektir
(Galip 2006). Elbette cevrenin kirletiimemesi bu
olumsuz etkilerin ortadan kaldirilmasi yolunda
onemlidir fakat kirlenen ¢evrenin etkin yontemler ile
temizlenmesi de bir o kadar gereklidir. Bu olumsuz
etkilerin azaltilmasi amaciyla bilim insanlari birgok
yontem gelistirmek adina ¢alismalarini halen devam
ettirmektedirler (Cakmak 2004; Chen 2004; Ece
2021). Ornegin kumas ya da elyaf gibi tekstil
GrGnlerinin  boyanmasinda  kullanilan  boyar
kirlettigi  tekstil  atik
aritilmasinda kullanilan adsorpsiyon (Tegin et al.
2022),
¢alismalar neticesinde gelistirilmistir. Akif ¢amur
(Cakmak 2004), kaolin (Riza et al. 2011), aktif karbon
(Depci et al. 2011), pomza (Kul et al. 2017), diatomit
(Kul et al. 2010) ve bitki atig1 (Kul et al. 2018) gibi
kullandigi

maddelerin sularinin

bilim insanlar tarafindan yiritilen

porlu vyapilarin adsorpsiyon islemi,
ortamdaki kirleticilerin Van der Waals kuvvetlerinin
etkisiyle  uzaklastiriimasi

2014).

kullanilmasinin nedeni bu yéntemin etkili olmasi

prensibine  dayanir

(Alacabey Adsorpsiyonun cokca
kadar maliyet bakimindan da uygun olmasindan
kaynaklanmaktadir (Demir and Yalgin 2014). Cinki
su aritimi gibi islemlerin etkili ve uygun maliyetle
gerceklestirilmesi,  yontemin  sirdirdlebilirligi
acisindan gereklidir.

Yilda yaklasik 7 x 10* ton tekstil boyar maddesinin
Uretildigi ve bunun da biyik bir kisminin atik sulara
desarj edildigi tahmin edilmektedir (Onal and
Tantekin 2018). Bu boyar maddeler anyonik veya
katyonik olabilen ve suda ¢ok iyi ¢Ozlinen
bilesiklerdir. Kanser gibi hastaliklara neden olduklari
bilinen bu bilesikler (Srivastava 2004) canllar igin
zararhdirlar. Tim canlilar hayatta kalabilmek igin
suya ihtiyag duyarlar (Atasoy et al. 2011), bu durum
kirleticilerin atik sulardan uzaklastirilmasinin ne
kadar

Calismamizda kullandigimiz kristal viyolet (KV), so6zii

elzem oldugunu gostermektedir.

edilen kirleticilerden biri olup, trifenilmetan
grubunda yer alan katyonik bir boyar maddedir
(Alacabey 2022a). ipek ve pamuk gibi driinlerin
boyanmasi, boya ve miirekkep imalati, veteriner
hekimlikte bakteriyostatik ajan olarak kullanma,
kimes hayvanlarinda parazit ve mantar 6nleyici
olarak besin takviyesi, insan derisinde dezenfektan
olarak tiketilme gibi olduk¢a genis bir kullanim
yelpazesine sahiptir. Bu kadar kullanim alanlarina
karsin KV, kanserojendir. Ayrica katyonik bir yapiya
sahip oldugu icin de gdzde tahrislere ve korneada
kalici hasarlara yol agabilmektedir. Asiri durumlarda
ise solunum sorunlarina ve bobrek yetmezligine
neden olabilmektedir (Chakraborty et al. 2011).

Adsorpsiyon islemlerimizde Siirt il sinirlari igine yer
edilen kil
kullanilmistir. Temin edilen adsorbent oncelikle
dogal sekli ile (KO) adsorpsiyon
kullanilmis sonrasinda da islemler nitrik asit ile ylizey

alan Kocpinar koyinden temin

islemlerinde

aktivasyonu yapilan kil (KA) ile tekrar edilmistir.
Adsorpsiyon islemlerinin ylrittlmesi sirasinda pH,
temas siiresi, adsorbent dozaji, derisim ve sicakligin
etkisi incelenerek veriler izoterm ve termodinamik
hesaplamalara uygulanmistir.

2. Materyal ve Metot
2.1. Adsorpsiyon isleminde kullanilan kimyasallar

Adsorpsiyon isleminde Sigma - Aldrich firmasi
tarafindan temin edilen kristal viyolet (C,sH30CIN3),
HCI, NaOH ve HNOs analitik saflikta kullaniimistir.

2.2. Karakterizasyonda kullanilan cihazlar

KO ve KA Kkillerinin yapisal 6zellikleri, literatlrde
rapor edildigi sekilde hazirlandi (Riza et al. 2011). KO
ve KA killerinin yapisal gruplari belirlenirken fourier
donlstimli kizilotesi (FTIR) spektroskopisinde 500 —
4500 cm™ kullanild.
morfolojisinin belirlenmesi amaciyla SEM, Zeiss

arahg Adsorbentlerin

model  taramali  elektron  mikroskobundan
yararlanildi.  Yiizey  alaninin hesaplanmasi,
Brunauer—Emmett-Teller (BET, Nova 2200e
Quantachrome Instruments) cihazi ile

gerceklestirildi. Cozelti ortamindaki boyar madde
konsantrasyonu UV-Vis. spektrofotometresi (Pg
T80+ icin  Amax=590
kullanilarak hesaplandi.

instruments, nm'lik)
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2.3. Deneylerde kullanilan cihazlar

Selecta, pH-2005 marka pH metre, Julabo, Model ED
marka 1sitmali su banyosu, Thermo Scientific,
Telesystem 15.07 with Telemodul 15 marka
manyetik karistirici ve Nive Nf 200 marka santrif(j

cihazi.

2.4. KO kilinin 6zellikleri
2.4.1. XRF analizi

Calismalarda kullanilan dogal kil, Siirt ilinin Kogpinar
koylinden temin edildi. Kéylin 3 km dogusunda ve
ylizey kabugunun 10 cm derininden alinan
adsorbent bilesimlerinin belirlenmesi icin X-isinlari
(XRF)

tutularak analiz sonuglari tablo 1'de sunuldu.

Floresans spektrometresi analizine tabi

Cizelge 1. KO kilinin XRF analizi sonucunda bulunan bilesenlerin % degerleri

A.Za TiO: K20 Cao Fe203 MgOo P20s Al203 SiO: Na.0
27.00 0.6 1.2 31.7 3.7 4.9 0.1 6.3 24.0 0.2
2.4.2. XRD analizi mineraldir. Bu mineral yaklasik 21° seviyelerinde

. o . o .
Adsorpsiyon islemlerinde kullanilan KO  kilinin 4.25 A, 36.5° civarinda 2.45 A, 42.1° civarinda 2.12 A

yapisinda bulunan minerallerin tespit edilmesi
amaciyla adsorbent XRD analizi yapildi. Elde edilen
XRD semasi sekil 1'de sunuldu.

Sekil 1. KO kiline ait XRD grafigi

KO adsorbentine ait XRD grafigine baktigimiz zaman
kilimizin saf olmadigi birden fazla kil minerali icerdigi
gorilmastiir. Kaolinit mineraline ait difraksiyon
pikleri yaklasik 12.4° (7.08 A), 19.8° (4.46 A), 37°
(2.49 A), 46.9° (1.91 A) ve 63° (1.47 A) gorulmustiir
(Gllcan et al., 2017; Meroufel et al., 2013). Kalsit
mineraline ait pikleri ise 23° (3.85 A), 29.4° (3.03 A),
39.4° (2.28 A), 48.5° (1.87 A) civarlarinda gérmekle
beraber yaklasik 37° (2.49 A) ve 47° (1.92 A)
piklerinde de kaolinit ile beraber goérilmektedir
(Altay et al., 2017; Deng et al., 2010; Dogan, 2018).
illit pikleri vyaklasik olarak 8.73° (10.39 A)
seviyelerinde pik verdigi gibi 19.8° (4.46 A)
civarlarinda kaolinit ile 26.9° (3.34 A) seviyesinde de
kuvars ile pik vermistir (Wachowiak et al., 2012).
Kuvars bulunan bir

kilimizin yapisinda diger

ve 60° civarinda ise 1.54 A pik vermistir (Ozbay,
2014; Sen and Yakupoglu, 2022; Tahiri et al., 2014;
Zuo et al., 2016). Adsorbentin yapisinda bulunan
baska bir kil minerali dolomittir. Dolomit minerali
4.03 Aile 22°,2.88 Aile 31°, 2.67 Aile 33.5°, 2.54 A
ile 34.5°,2.19 Aile 41° ve 2.01 A ile 46° seviyelerinde
gorulmistiir (Deng et al.,, 2010; Kalinkin et al.,
2021).
literatlr verileri ile uyum arz etmektedir.

Verilen pikler ve elde edilen sonuglar

2.5. KA kilinin hazirlanmasi

ilk asamada KO adsorbentinden 10 g tartilarak 1.7 L
distile su icinde 12 saat streyle 150 rpm karistirma
hizi ile yikanarak safsiziliklar giderildi (Alacabey
2006; Erol et al. 2019; Alacabey 2022c). Ardindan
karisimimiz  sivi ve kati fazlarin birbirinden
ayrilmasina kadar oda sicakliginda dinlenmeye
birakildi. Ayirma isleminin ardindan sizilen kil, bir
hafta siiresince oda sicakliginda kurumaya birakildi
(Alacabey 2006). Kurutma isleminin sonrasinda

adsorbentler desikatorde saklandi.

3. Bulgular ve tartisma
3.1. KO ve KA killerinin karakterizasyonu
3.1.1. BET analizi

KO ve KA kilerinin ylizey alanlari N, gazinda BET
yontemi ile tespit edilerek elde edilen sonuclar sekil
2, sekil 3 ve tablo 2’de gosterilmistir.
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Sekil 2. KO kilinin adsorpsiyon ve desorpsiyon grafigi
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Sekil 3. KA kilinin adsorpsiyon ve desorpsiyon grafigi

Cizelge 2. KO ve KA adsorbentlerine ait BET analizleri

KO KA
Mikro gézenek hacmi (cc/g) 0.002 0.014
Mikro gozenek alani (m?/g) 4.275 29.637
Dis ylzey alani (m?/g) 28.751 118.321
Toplam gbzenek hacmi (cc/g) 0.009575 0.3844
Ortalama gozenek yarigapi (A) 57.98 51.96
Toplam ylizey alani (m?/g) 33.026 147.957

Verilen sonuglar degerlendirildiginde KO kilinin
yuzey alani 33.026 m?/g olarak hesaplanmasina
karsin KA adsorbenti icin bu deger 147.957 m?/g
olarak bulunmustur. Bu artisin, asit ile modifikasyon
sonrasinda adsorbentin yapisinda yer alan karbonat
gruplarinin CO; olarak ayrilmasinin sonrasinda
meydana gelen gozeneklerden olustugu
disinidlmektedir. Sekil 1 ve sekil 2’de verilen
desorpsiyon ve adsorpsiyon grafiklerinde de
goruldigl gibi adsorbent izotermlerinin IUPAC
siniflandirmasina gore tip Il b izoterm tipine

uydugunu soyleyebiliriz (Alacabey et al. 2020;

Alacabey 2022c). Bununla beraber adsorbentlerin
gozenekleri hakkinda bilgilerin yazildig1 Tablo 2’den
mikro gbzenek hacmi ve mikro gézenek alanlarinin
yaklasik olarak 7, dis ylizey alanlarinin ise yaklasik 4
kat arttigi soylenebilir. Ayrica toplam goézenek
hacminin artis gosterdigi fakat ortalama gézenek
capinin ise azaldigr gorilmistiir. Adsorbentlerin
ortalama gozenek caplarinin 500 A ile 20 A arasinda
olmalari killerin mezo gbzenek yapili olduklarini
gostermistir.

3.1.2. FTIR analizi

KO ve KA killeri icin verilen FTIR grafiklerinin yer
aldigi Sekil 4 ile Sekil 5%i inceledigimizde yayvan ve
genis 3026 cm™'deki pikin karakteristik OH grubuna
isaret ettigi soylenebilir. 2307 cm™'de cizilen pik
atmosferik CO,’'yi gostermekle beraber 1611 cm”
Y'deki keskin pik adsorbent icinde adsorbe edilen su
molekdllerine aittir. Kalsit titresimini isaret eden pik
1416 cm™Yde seviyelerinde iken, Si-O’ya ait pikse
1128 cm? seviyelerinde gorulmustir. Al-OH-Al
deformasyonlarini, 970 cm™ bélgesinde gérmek
mimkindir. 696 cm™ ve 760 cm™ titresimleri Si-O-
Al ve farkl
gostermektedir. Bunlara ek olarak 2940 ve 2857 cm-

Si-O  kuvars tepe noktalarini
! bélgelerinde kilin yapisinda yer alan kuaterner

amonyum tuzunun organik zincirindeki CH,
gruplarinin simetrik ve asimetrik uzamasini gésteren
bantlarin gorildigi soylenebilir. KO kilinin FTIR
spektrumunda kalsit titresimlerini gosteren pikler
KA spektrumunda goriilmemektedir. Bu durum KO
kilinin nitrik asit ile aktivasyonu sonucunda kildeki
karbonatlarin CO; olarak parcalanip ayrilmasindan
kaynaklandigi distinilmektedir. Ayrica eldeki veriler
karsilastirildiginda ise KO adsorbentinin KA

malzemesine gore daha fazla nem icerdigi

anlasilmaktadir.  Bulgular literatiire uygundur

(Rezende et al. 2018; Ece 2021).
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Sekil 5. KA kiline ait FTIR grafigi

3.1.3. SEM analizi
KO ve KA adsorbentlerinin adsorpsiyondan 6nce ve
adsorpsiyon sonrasinda alinan SEM gorintdleri Sekil
6’da gosterilmistir.

Sekil 6. KO ve KA adsorbentlerine ait SEM gériintiileri (a.
KO adsorbenti, b. KA adsorbenti c. KV boyar
maddesi ile muamele edilmis KO adsorbenti, d.

KV boyar maddesi ile muamele edilen KA kili)

Adsorpsiyondan 6nce, heterojen bir goriinim arz
eden kil ylizeylerinin kismen kiiresel gézeneklere

sahip oldugu soylenebilir. Adsorpsiyon ardindan ise
bu goézeneklerin boyar madde tarafindan isgal
edildigi boylece daha homojen bir ylizey gosterdigi
soylenebilir.

3.2. Adsorpsiyon Calismalari

Adsorpsiyon calismalari 298 K, 303 K, 313 Kve 323 K
sicakliklar, 0.05g,0.1g,0.2g,0.4 g, 0.6 g, 0.8gve
1 g adsorbent miktarlari ile 50 ppm, 80 ppm, 100
ppm, 120 ppm ve 150 ppm ¢o6zelti derisimlerinde
calisiimistir. islemler neticesinde adsorplanan boyar
maddenin ylzde miktari (% adsorpsiyon), denge
sirasinda birim kil ylizeyinde adsorplanan madde
miktari (qe) ve t aninda birim kil ylizeyinde tutunan
madde miktari (q:) 1, 2, 3 esitlikleri kullanilarak

hesaplanmistir.

% ads. = ({L=6"100 (1)
Ci
Ci—Ce)xV
Qe = % (2)
gt = CLmCOY 3)

m

Esitliklerde; Ce:
¢Ozelti ortaminda arta kalan boyar madde derisimini

adsorpsiyon isleminin ardinda
(ppm), Ci: KV boyar maddesinin baslangi¢ derisimini
(ppm), V: ¢ozeltinin hacmini (L), m: KO ve KA
adsorbentlerinin kitlesini (g) géstermektedir.

3.2.1. Temais siiresinin KV adsorpsiyonuna etkisi

Adsorpsiyon isleminde ¢oOzeltinin dengeye ulastig
sirenin bulunmasi igin stok c¢ozeltiden uygun
seyreltme ile hazirlanan 250 mL hacim ve 100 ppm
derisimlerde 2 adet KV ¢ozeltisi, su banyosuna
birakildi. Ardindan 400 rpm karistirma hizinda 303 K
kadar  bekletildi.  Sicakhk

saglandiginda boyar madde c¢dzeltilerinden ilkine

sicakliga dengesi
0.5 g KO, ikincisine ise ayni miktarda KA kili ilave
edildi. Calisma boyunca ¢ozeltilerden0, 1, 3, 5, 7, 10,
15, 25, 35, 45, 60, 75, 90, 120. dakikalarda 1.5 mL
numune alindi. Son asamada ise 2000 rpm dénme
hizinda 3 dakika boyunca santrifiij edilen numuneler
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590 nm dalga boyunda UV-Vis. spektrofotometre
cihazinda okundu.

Her iki adsorbentler (zerine KV boyar madde
adsorpsiyonu ile temas slresi arasindaki iliskiyi
gosteren calisma sonuclari sekil 7'de gosterilmistir.

m KO @ KA

% adsorpsiyon

Zaman (dk)

Sekil 7. KO ve KA kili tizerine KV boyar maddesinin
adsorpsiyon denge noktasi ¢alismasi (Co: 100
ppm, V:0.25L, m: 0.5 g, T: 303 K)

Zaman - boyar madde giderim orani arasindaki
iliskiyi gosteren sekil 7’ye baktigimizda, KO kilinin
ylzeyine tutunan boyar madde miktarinin ilk zaman
araliginda hizli bir sekilde meydana gelmesine
ragmen ilerleyen zaman dilimlerinde yavaslayan bir
seyir izledigi ve yaklasik 25. dakikadan sonra grafigin
yatay bir pozisyon seyrettigini gorilmektedir.
Benzer durum KA Kkili icin cizilen grafikte de
gorilmektedir. Bu seyir 60. dakika civarina kadar az
bir yikselme kaydetmesine karsin 60. dakikadan
sonra gozle gorilir bir yikselme gostermemistir. Bu
durum kil gozeneklerinin baslangicta hizli bir
bicimde dolmasindan ve bu zaman zarfinda doyuma
ulagsmasindan kaynaklanmaktadir. Bu slireye denge
siiresi denilmektedir (Oztiirk et al. 2020) bundan
KO ve KA

adsorbentleri icin 60. dakika denge noktasi olarak

dolayr ¢alismamizda kullandigimiz

belirlenmistir.

3.2.2. Adsorbent miktarinin KV adsorpsiyonuna
etkisi

Adsorpsiyon isleminde optimum  adsorbent
dozajinin belirlenmesi icin KO kilinden; 0.05 g, 0.1 g,
0.2g,0.4g, 0.6 g 0.8gvelg kitlelerde yedi adet

numune tartildi. Daha sonra stok ¢ozeltiden uygun

seyretme yontemi ile 100 mL hacim ve 100 ppm
derisimlerde yedi farkli ¢ozelti hazirlanarak 400 rpm
karistirma hizinda denge sicakligina ulasmasi igin
bekletildi. Cozeltiler ile ortam arasindaki sicaklik
sabit bir degere ulastiktan sonra tartilan farklh kutleli
killer

¢Ozeltilerin her birinden alinan 1.5 mL’'lik numuneler

bu c¢ozeltilere eklendi. Denge siresinde
2000 rpm dénme hizinda 3 dakika boyunca santrifij
edildikten sonra 590 nm dalga boyunda UV-Vis.
spektrofotometre cihazinda okundu. Boylece
adsorplanmadan kalan boyar madde derisimi (Ce)
hesaplandi. islem KA kili kullanarak da tekrar edildi.
Adsorbent miktarinin adsorpsiyon Uzerindeki etkisi

sekil 8’de gosterilmistir.

m KO @ KA

100 —
75 +
- 1
2 T
é_ 50 +—
'g 4
& 25 +

0 I I I I I

02 04 0,6 08 1.0

Adsorban miktari (g)

Sekil 8. KO ve KA kili izerine KV boyar maddesinin
adsorpsiyon adsorban miktari calismasi (V: 0.1 L,
Co: 100 ppm, T: 303 K, t: 60 dk.)

miktarindan

Distk adsorbent daha

adsorbent miktarina dogru gidildikce adsorpsiyon

yluksek

miktarinda artis gézlenmistir ama bu artis, belirli
birbiri
olarak azalma egilimi

dozaj sonrasinda  killerin Ustline
yigilmalarindan kaynakl
Bundan olarak

sergilemektedir. kaynakh

¢ahsmamizda 0.4 g kil miktarina kadar artis
gorildigi halde bu miktardan fazla adsorbent
ortaminda yukselis gozlemlenmemistir. Bu nedenle
calismamizda optimum adsorbent miktari 0.4 g
olarak belirlenmistir. Benzer durum (Padmavathy et
al. 2016; Oter 2021) cahsmalarinda da rapor

edilmistir.
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3.2.3. Baslangi¢ pH degerlerinin KV adsorpsiyonu
lizerindeki etkisi

Baslangic pH degerlerinin  tutunma isleminde
etkinligini bulmak icin baslangi¢c pH degerleri 2, 3, 4,
5, 6, 7 ve 8 olan (100 ppm derisim ve 100 mL
hacimlerde) yedi adet ¢ozelti hazirlandi. Adsorbent
dozu olarak 0.4 g KO kilinin kullanildigl calismamizda
¢Ozeltiler, 303 K denge sicakhginda ve 400 rpm
karistirma hizinda denge siiresine (60 dk.) kadar
bekletildi. Son asamada ise ortamlardan alinan 1.5

mL’lik numuneler 2000 rpm donme hizinda 3 dakika

boyunca santrifij edildi. Santriflij sonrasinda
numuneler, 590 nm dalga boyunda UV-Vis.
spektrofotometre cihazinda okundu boylece

adsorplanmadan arta kalan boyar madde derisimi
(Ce) hesaplandi. Baslangic pH degerlerinin tutunma
isleminde etkinligini bulmak igin yapilan galisma KA
kili kullanarak da tekrar edildi.

Baslangic pH degerleri ile boyar madde giderimi
arasindaki iliskiyi ifade eden Sekil 9’a baktigimizda
KO ve KA killeri igin pH 5 ortaminda % 59.48 ve %
83.97 oranindaki giderimle en yiiksek adsorpsiyon
orani elde edildigi gorilmektedir. Buna karsin bu
oran pH 5 degerinden az ve ylksek degerlerde ise
azalma egilimi gostermistir.

100

l}

% adsorpsiyon
(4]
(=]
3
|
|
|

[
o
1
T

pH

Sekil 9. KO ve KA killeri tizerine KV boyar maddesinin pH
¢alismasi (V: 0.1 L, Ci: 100 ppm, T: 303 K, m: 0.4
g, t: 60 dk.)

pH 5 degerinden vyiksek c¢ozeltilerde verimin
diismesi, ortamdaki OH" fazlaligindan kaynaklandigi
ve bu durumun katyonik yapili boyar maddenin
tutunmasini engelledigi diisiiniilmektedir. Dlsuk pH
degerlerinde ise adsorbent Uzerindeki negatif yik

bolgelerinin azalmasina bagh olarak vylzeydeki

pozitif yUkli alanlarin  artmasi  sonucunda

elektrostatik itme ile katyonik yapidaki boyar
maddenin daha az tutunmasina neden oldugu ifade
edilebilir. Bu durumlar pH 5 degerinden kii¢lik ve
bliylk ortamlarda tutunmanin azalan bir seyir

izlemesine neden oldugu soylenebilir.

3.2.4. KV adsorpsiyonu iizerinde derisimin etkisi

Derisimin, adsorpsiyon Uzerindeki etkisini bulmak
amaciyla ilk olarak 50 ppm, 80 ppm, 100 ppm, 120
ppm ve 150 ppm derisimlerde ve 100 mL hacimlerde
bes adet ¢Ozelti hazirlandi. Daha sonra 303 K sabit
sicaklik altinda ¢ozeltiler 400 rpm karigstirma hizinda
bekletildi. Sicaklik dengeye ulastiktan sonra her bir
¢Ozeltiye 0.4 g KO adsorbenti eklendi. 60 dakika
sonunda c¢ozelti ortamindan 1.5 ml’lik numune
alindi. Son asamada 2000 rpm dénme hizinda 3
dakika  sdreyle UV-Vis.
spektrofotometre cihazinda 590 nm dalga boyunda
okundu. Calisma ayrica KA kili kullanilarak da tekrar
edildi.

KV adsorpsiyonunun derisimin

santrifij  edilerek

ile etkilesimini
gosteren grafik Sekil 10’da verilmistir.

Calisma sonuglari bizlere, KV derisiminin artmasi ile
killerin ylizeyinde tutunma kapasitesinin azaldigini
boylece verimin dismesine neden oldugunu
gostermistir (Girkan and Coruh 2017; Kopag¢ and
Elvan 2019; Demir and Kalpakli 2020) ¢alismalarinda

da benzer sonuglar elde edilmistir.

100 +— HKO @ KA
90
< |
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=
w 70 1
E .\‘—\1\‘“
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2 1
-
L]
2 50 +
30 4 t t f : f : —t t 1
50 80 100 120 150
Ci (ppm)

Sekil 10. KO ve KA adsorbentleri ile KV boyar madde
gideriminde derisimin etkisi (pH: 5, m: 0.4 g, V:
0.1L,T:303K)
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3.2.5. izoterm ¢alismalar

Denge sirasinda kil Uzerinde adsorplanan KV
konsantrasyonu ile adsorpsiyona ugramayan KV
derisimi arasindaki baglantiyi gérmek icin veriler;
303 K sicaklik, 0.4 g adsorbent miktari ve pH 5 ¢ozelti
ortaminda Freundlich, D-R ve Langmuir izoterm
modellerinde test edilerek elde edilen sonuclar
tablo 4’te gosterilmistir. Bu hesaplamalarda tablo

3’te verilen esitlikler kullaniimistir. Esitliklerdeki; Ce:

Cizelge 3. Hesaplamalarda yararlanilan izoterm bagintilari

denge sirasinda ¢ozeltide adsorplanmadan kalan
(ppm), T: sicakhgr (K), Kui:
Langmuir izoterm sabitini (L/mg), gm: adsorbent

madde derisimini

ylzeyinde tutunan maksimum madde miktarini
(mg/g), R: ideal gaz sabitini (8.314 j/mol), D: D-R
izoterm sabitini (mol?/kJ?), E: D-R adsorpsiyon
serbest enerjisini (kJ/mol), ge: denge sirasinda
adsorbent ylizeyinde tutunan madde miktarini
(mg/g), €: Polanyi potansiyelini gbstermektedir.

izoterm Lineer baginti Grafik Esitlik Ref.
Ce 1 Ce Ce
. Lo (2 _\4(Lle evsC (Behnamfard and
Langmuir e (KLqm)+(qm) de Ve te (4) Salarirad 2009)
1
Freundlich long, = lonKy +—InC, Inge vs InCe (5) (Acet et al. 2018)
Inge = Ingm—  Be?
1
€ =RTIn(1+=) | )
D-R Ce NQe Vs € (6) (Kireg et al. 2021)

= [

Cizelge 4. KO ve KA killeri Gizerine KV boyar maddesinin

adsorpsiyonu icin bulunan izoterm
hesaplamalari (pH: 5, V: 0.1 L, m: 0.4 g, T: 303 K)
KO KA

K. 0.0209 0.0533

Langmuir qm 79.5367 52.1246

R? 0.9115 0.9847

n 1.3409 1.6458

1/n 0.7458 0.6076

Freundlich

Ke 2.4699 4.3319

R? 0.9974 0.9906

Gm 26.6922 27.1160

E 0.2376 0.3286

D-R
D 8.8597 4.6299
R? 0.8641 0.8956

izoterm calismasinda hangi modelin daha iyi
sagladigini ifade eden korelasyon katsayisi (R?),
Freundlich izoterm hesaplamalarinda 0.99’dan

buyuk bulunmustur. Bu yilizden g¢alismamizin
Freundlich izoterm modeline diger modellere goére
daha fazla uydugu soéylenebilir. Freundlich izoterm
modeli bizlere ¢ok tabakali bir tutunmanin ve bu
tutunmanin killerin tiim ytzeyinde farkh oldugunu
soylemektedir. Calisma neticesinde Freundlich
izoterm sabitlerinden olan n degerleri ve 1/n
degerlerinin 1-10 ve 0-1 arasinda bulunmasi
izoterm modeline

tutunmanin Freundlich

uygunlugunu disindiren diger bir
(Alacabey 2022b).

Hesaplanan D-R adsorpsiyon serbest enerijisinin (E)

sonugtur

tim killerde 8 kJ/mol’dan disiik bulunmasi fiziksel
bir adsorpsiyon meydana geldigini gostermistir.
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3.2.6. Termodinamik ¢alismalar

AH® (kJ/mol), AG° (kJ/mol) ve AS° (kJ/mol.K)
verilerinin hesaplanmasi adsorpsiyonun nasil isledigi
hakkinda bize yol gostermesi acisindan énemlidir.
AG° Gibbs serbest enerji olarak tanimlanir. Gibbs
serbest enerji degerinin sifirdan kiglk bir deger
almasi adsorpsiyon mekanizmasinin kendiliginden
meydana geldigini ifade eder.

AG° degerini hesaplamak icin 6ncelikle K. degerinin
hesaplanmasi gerekir. K. degeri esitlik 7 kullanilarak

bulunabilir.
—le
Kc—Ce (7)

Ardindan bulunan Kc degeri, 8 numarali bagintida
gerekli yere yazilarak AG° hesaplanabilir.

AG° = -RTInKc (8)

(9)

AS° —AH° 71
Inke = [452=417] 1

T R

Son basamakta ise 9 numarahl esitlikteki InK
1/T degerine karsi
egiminden AHI ve kesisim noktasindan ise AS°'yi

degerinin gizilen grafigin

bulabiliriz. Hesaplama basamaklari kullanilarak

hesaplanan parametreler Tablo 5’te verilmistir.

Cizelge 5. KO ve KA Kkilleri ile KV boyar maddesinin
uzaklastirilmasinda hesaplanan termodinamik
parametreler (Ci: 50 ppm)

T, AG®, AH° (kJ/mol)

(K) KJ/mol AS° (kJ)/mol.K)

298 -0.4312

303 -1.0546 20.8342
ko 0.0720

313 -1.9341

323 -2.0202

298 -1.5017

303 -1.9872 14.0082
kA 0.0525

313 -2.4617

323 -2.6151

Hesaplanan termodinamik verilere baktigimizda KO
ve KA killeri ile yapilan adsorpsiyonun kendiliginden
geldigini AG°®
degerlerinde anlasiimistir (Alkan et al. 2014). Ayrica

meydana degerlerinin  negatif
pozitif AH° degerleri adsorpsiyonun isi alan bir
proses oldugunu (Depci et al. 2011), AS® verilerinin
sifirdan blylk olmasi ise dizensizligin arttigini
gostermistir. AH® degerlerinin 40 kJ/mol’dan kiguk
olmasi prosesin fiziksel olduguna isaret etmistir (Kul
et al. 2010; Caliskan et al. 2011; Akpomie et al.
2015).
yoluyla kendiliginden gerceklesir (Alacabey et al.

2021).

Adsorpsiyon islemi, fiziksel mekanizma

4. Sonuglar

KO ve KA killeri ile KV boyar maddesinin
uzaklastiriilmasi 298 K, 303 K, 313 K ve 323 K
sicakliklari, 50 ppm, 80 ppm, 100 ppm, 120 ppm ve
150 ppm c¢ozelti derisimleri, 0.05 g, 0.1 g, 0.2 g, 0.4
g, 0.6 g, 0.8 g ve 1 g seklinde farkh adsorbent
miktarlari ve baslangi¢ pH degerleri pH 2, pH 3, pH
4, pH 5, pH 6, pH 7 ve pH 8 olan yedi farkh baslangi¢
pH degerlerinde arastirildi. KV’'nin killer Gzerindeki
adsorpsiyonu ile arasindaki iligki
degerlendirildiginde, tutunan KV miktarinin doyuma

Zaman

ulasmasi icin gerekli zaman yaklasik 60 dakika
oldugu tespit edildi.

BET yontemi ile hesaplanan goézenek yapilarina
baktigimizda, KO kili icin mikro ve mezo gozenekleri
4.275 m?/g, 28.751 m?/g olarak
hesaplanmis iken, KA kili icin bu degerler sirasiyla
29.637 m?/g, 118.321 m?/g olarak hesaplandi.

Kil dozaji ve KV adsorpsiyonu arasindaki bagintiyi

siraslyla

gormek icin icra ettigimiz ¢calisma sonucunda 0.4 g
kil miktarinin her iki adsorbent icin de optimum
dozaj miktari oldugu goérildi.

KV boyar maddesinin aritilmasinda arastirdigimiz
diger bir yontem ise pH c¢alismasidir. Bu calismada
0.4 g kil kullanilarak KO ve KA killerinde en iyi
giderimin hangi baslangic pH degerinde oldugu
arastirildi. Calisma neticesinde pH 5 degerine sahip
¢Ozelti ortaminda meydana gelen giderimin her iki
kil icin de diger pH degerlerine gore daha fazla
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oldugu hesaplandi. 303 K sicaklik ve 100 ppm
derisimde icra edilen bu ¢alisma sonucunda KO ve
KA adsorbentleri igin sirasiyla % 59.48 ve % 83.97
giderim elde edildi.

izoterm hesaplamalari bizlere her iki adsorbentin
Freundlich izoterm

adsorpsiyon islemlerinin

modeline uydugunu gosterdi. Bu hesaplamalar
sonucunda n degeri 1-10, 1/n degeri ise 0-1 arasinda
hesaplandi. Bizler elde edilen veriler 1siginda
adsorpsiyon ¢alismamizin heterojen bir sekilde
meydana geldigini ve tutunmanin ise multi tabakal
oldugunu soyleyebiliriz.

Termodinamik hesaplamalar neticesinde ise butiin
AG® degerlerinin  sifirdan  kiiglik  bulunmasi,
adsorpsiyonun istekli bir sekilde meydana geldigini
gosterdi. Ek olarak hesaplanan tim AH° degerlerinin
pozitif olmasi ¢alismamizin 1sialan bir g¢alisma
oldugunu, AS° hesaplamalarinin sifirdan buyuk
olmasi ise adsorpsiyonun entropisinin arttigini ifade

etti.
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Oz

A new tetrakis-(2-methylpyrazino)porphyrazinato gadolinium(lIl) acetate complex was synthesized.
Elemental analysis, Fourier-Transform Infrared, Ultraviolet-visible, and fluorescence spectroscopy
techniques clarified its structure. It can dissolve very well without aggregation in both Dimethyl
sulfoxide and N, N-Dimethylformamide, which have high dielectric constant and high dipole
moment from polar aprotic solvent type. Its aggregation property was also investigated in dimethyl
sulfoxide at different concentrations, and it was determined to contain monomeric species. In
addition, its fluorescence properties were investigated in Dimethyl sulfoxide, and the effect of
gadolinium(Ill) acetate metal ion as a heavy rare earth element was determined. According to the
findings in this study, it may be used as an electronic and optical material and in various
technological applications such as photocatalytic applications. In addition, these findings may be
useful for systems that include changes in pyrazinoporphyrazine-like forms.

Anahtar kelimeler
Tetrapyrazinoporphyrazine;
Gadolinium(lll) acetate;
Synthesis; Aggregation;
Spectroscopic

Gadolinyum(lll) Asetat iceren Yeni Tetrapirazinoporfirazinin Sentezi ve
Spektroskopik Ozellikleri

Abstract

Yeni tetrakis-(2-metilpirazino)porfirazinato gadolinyum(lll) asetat kompleksinin sentezlenip,
saflagtiriimasinin ardindan yapisi element analiz, Fourier-Transform Kizilétesi, Ultraviyole goriinir ve
Floresan spektroskopi teknikleri ile karakterize edildi. Polar aprotik solvent olan ve yiiksek dielektrik
sabitine ve ylksek dipol momente sahip olan hem Dimetil silfoksit hem de N,N-Dimetilformamid
solventlerinde agregasyon yapmadan iyi bir sekilde ¢dzlinebilmektedir. Dimetil sulfoksitte hazirlanan
belirli farkli konsantrasyon araliklarindaki ¢ozeltilerindeki agregasyon 6zelligi arastirilarak cogunlukla
monomerik tiirler icerdigi de belirlenmistir. Ayrica; dimetil silfoksitte hazirlanan ¢ozeltisinin floresan
ozellikleri incelenerek merkezinde agir bir nadir toprak elementi olarak gadolinyum(lll) asetat metal
iyonunun etkisi belirlenmistir. Tetrakis-(2-metilpirazino)porfirazinato gadolinyum(lll) asetat, elektronik
ve optik malzeme olarak ve fotokatalitik uygulamalar gibi cesitli teknolojik uygulama alanlarinda
kullanilabilir ve pirazinoporfirazin benzeri formlardaki degisiklikleri iceren sistemler icin de faydali
olabilir.

Keywords
Tetrapirazinoporfirazin;
Gadolinyum(lll) asetat;

Sentez; Agregasyon;
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1. Introduction analogs with stronger acceptor properties due to

Tetrapyrazinoporphyrazines (TPyzPzs), commonly

known as aza phthalocyanine or aza-
phthalocyanine", are structures formed by the
condensation of four pyrazine rings into the

porphyrin skeleton. TPyzPzs are phthalocyanine aza

the presence of four acceptor pyrazine fragments
instead of phenylene groups. (Novakova et al. 2018,
Faraonov et al. 2020) Azaphthalocyanines (AzaPcs)
are aza analogs of phthalocyanines (Pcs), which are
formed by replacing some carbons in macrocycle
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2016).
Compared to Pcs, the additional eight nitrogen

systems with nitrogen (Donzello et al.

atoms in TPyzPzs cause large electronic effects in
the structure. TPyzPzs form a separate class of Pc
aza-analogs. Both metal-free TPyzPzs and metal
complexes have shown interesting optical and
electrochemical properties as well as potential
applications in technology and medicine (Kolarova
et al. 2023, Park et al. 2015, Donzello et al. 2016,
Novakova et al. 2018, Donzello et al. 2008, Park et
al. 2005, Donzello et al. 2010, Tomachynskyi et al.
2011, Lee et al. 2005, Kopecky et al. 2011). Like Pc,
TPyzPzs exhibit comparable abilities to generate
singlet oxygen (Kostka et al. 2006, Park et al. 2015).
Unsubstituted TPyzPz's generally have extremely
low solubility in organic solvents (Donzello et al.
2016). Substituted TPyzPz's are of great interest and
importance appropriate
increase macrocyclic

because only the
substituent groups can
compound solubility in organic solvents or water
properties
necessary for a particular application (Donzello et al.

and fine-tune the physicochemical

2016). Lanthanide(lll) mono-AzaPcs generally show
good solubility and low aggregation tendency due to
the steric effect of an axial ligand and the high
solubility of the central lanthanide ion (Donzello et
al. 2022, Kosov et al. 2019, Tikhomirova et al. 2018).
The incorporation of rare earth metal ions into the
AzaPc cavity helps to improve the photophysical and
photochemical properties, as well as to overcome
their aggregation in solutions (Donzello et al. 2022,
Kosov et al. 2019, Tikhomirova et al. 2018)
Intramolecular heavy atom effect can induce
relaxation through fluorescence or singlet oxygen
generation. The presence of heavy atoms in the
molecule can increase the intersystem crossing of
the compound. Thus, it can lead to higher singlet
in other

oxygen production and a reduction

competitive relaxation pathways, such as

fluorescent emission (Svec et al. 2015). Despite
structural

promising properties and unique

features, little attention has been paid to
pyrazinoporphyrazine complexes of rare earth
elements (Botnar, et al. 2022). Therefore, it is
essential to develop an efficient synthesis and
characterization of novel pyrazinoporphyrazine

complexes containing rare earth metal ions. For this

purpose, in this study, a new tetrapyrazino
(Gd(OAC)TPyzPz) 1

containing rare earth metal ion Gadolinium(lll)

porphyrazine  complex
acetate in its cavity and methyl groups as tetra from
its peripheral positions was designed, synthesized,
purified and isolated (Scheme 1). Its structure was
characterized by widely known spectroscopic
techniques and its spectroscopic, aggregation, and
fluorescence properties were investigated in DMSO.
N// \<N o
"
>[ ]\Gd(c _Gd(C,H,0,);, DMAE, DBU,
~ N,, 145°C, 6h
Z

OCCH3

m--w--m

Scheme 1. Synthesis of newly Gd(OAc)TPyzPz 1

2. Experimental

Gadolinium(lll) acetate and 2,3-Dicyano-5-methyl
pyrazine were acquired from Fisher Scientific. The
solvents were purified, dried, and retained in
molecular sieves, 4A. All reactions were carried out
under a dry nitrogen atmosphere. It was purified by
successive washings with various solvents using a
Soxhlet apparatus. The purity of the product was
tested by thin-layer chromatography after washing
with each solvent and drying. FTIR Spectra and
electronic spectra were recorded on a Shimadzu
FTIR-8300 (ATR) and a UV-1601
spectrophotometer, respectively. TUBITAK Ankara

Shimadzu

Instrumental Analysis Laboratory carried out
elemental analysis using LECO CHN 932. Fluorescent
excitation and emission spectra were recorded on a
Varian Eclipse spectrofluorometer using 1 cm path

length cuvettes at 25 °C.

2.1 Synthesis of tetrakis-(2-methylpyrazino)
porphyrazinato gadolinium(lll) acetate
[Gd(OAc)TPyzPz] 1

2,3-Dicyano-5-methyl pyrazine (0.10 g, 0.69 mmol),
gadolinium(lll) acetate (0.06 g, 0.18 mmol), and a
catalytic amount of 1,8-diazabicyclo[5.4.0]undec-7-
ene (DBU) in 1.50 mL of 2-Dimethylaminoethanol
(DMAE) was heated with stirring at 145 °C in a
leakproof glass tube for 6 hours under nitrogen
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atmosphere. The resulting suspensions were cooled
to room temperature and then poured into 25 ml of
ethanol. The precipitates were filtered and washed
sequentially with each of the solvents of water,
ethyl acetonitrile, hexane,
toluene, acetone, and diethyl ether and dried over
phosphorus pentoxide in a vacuum desiccator. Mp:
>300 °C. Yield: 45.29 mg (28.65%). The Elemental
analysis result calculated for CsoH2:1GdN160; is C,
45.33; H, 2.66; N, 28.20%. lts elemental analysis
findings are C, 44.78%; H, 2.48; N 28.67%. FTIR (ATR)
Amax/cmt: 1090, 950 (C-H bend.), 1201 (C-N str.),
1276 (C-Ostr.), 1358, 1425 (symmetrical C-H bend),
1508 (C=N- str.), 1574 (asymmetric aliphatic -CHs),
1675 (C=C str.), 1728 (-C=0 str. acetate), 2953,
2898, 2840 (>CH, str.), 3052(=C-H str.). UV-vis
[Dimethyl sulfoxide (DMSO), 1.00 x 10° M): Amax
(nm), (log €): 346 (4.84), 586 (4.20), 615 (4.30), 643
(5.02). UV-vis [N, N-dimethylformamide (DMF),
1.00x 10° M): 343 (4.72), 590 (4.18), 614 (4.29), 643
(4.91)

methanol, acetate,

3. Results and discussion

3.1 Synthesis and characterization

The Gd(OAc)TPyzPz 1 was synthesized by the
cyclotetramerization reaction of 2,3-Dicyano-5-
methyl pyrazine, and gadolinium(lll) acetate, in the
presence of a catalytic amount of DBU as a strong
non-nucleophilic base, in a dried high boiling
solvent, and, under an inert atmosphere (Scheme
1). Since it adsorbed strongly to the silica and
alumina stationary phases in the column,
chromatographic isolation methods could not be
used in this case. It was purified by washing at reflux
in polar and non-polar solvents, respectively, using
the soxhlet apparatus, until the colour of the solvent
resulting from the interaction of these solvents with
it became clear. Its structure was elucidated by
elemental analysis, FTIR, UV-vis, and fluorescence
spectroscopy techniques, and the data and results
obtained were determined to be compatible with
the proposed structure. In its FTIR spectrum, no
sharp peak belonging to the nitrile group at 2220
cm™ was monitored after the conversion of 2,3-

Dicyano-5-methyl pyrazine to Gd(OAc)TPyzPz 1 as

evidence of cyclotetramerization reaction. The band
monitored at 3052 cm? corresponds to the
characteristic aromatic =C-H stretching vibration.
Stretching vibrations of its aliphatic CH groups were
monitored as sharp and intense absorption bands at
2953-2840 cm™. In the FTIR spectrum, strong and
sharp vibration of the carbonyl (-C=0) group of
acetate of Gadolinium(lll) metal, which is the central
metal ion, was observed at approximately 1728 cm”
1. The bands at 1358, and 1425 cm™ observed in the
FTIR spectrum are attributed to symmetrical C-H
bending vibrations, while the band at 1574 cm? is
attributed to asymmetric C—H bending vibrations.
Bands of stretching vibrations for aromatic -C=C-
and Ar-O-CH, were monitored at 1675 cm™ and
1276 cm?, respectively. A band of CHs bending
vibration was monitored at 1425 cm™,

822 I
4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000
em-1

Figure 1. FTIR spectrum of Gd(OAc)TPyzPz 1.

The Q band at 643 nm resulting from the m-nt*
electronic transitions typical for metal-containing
phthalocyanine and AzaPc is monitored in the UV-
vis spectrum of its solution in both DMSO and DMF
at 1.00 x 10 M, one of the two absorption bands.
Its Q band is 8 nm more redshifted than
unsubstituted TPyzPz in DMSO. This may be due to
the inclusion of methyl groups from alkyl
substituents in the mt system as an electron donors.
Because methyl groups activate the aromatic ring
by increasing the electron density on the ring
through an inductive donor effect (Kudrevich and
Van Lier 2005).

The shoulder peak of its Q band was monitored at
586 nm in DMSO and at 590 nm in DMF. Its Q band
at 643 nm was determined to have a high molar
extinction coefficient of 85800 M™.cm™ in DMSO
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and 81020 M.cm™ in DMF. The Soret and other B
bands were monitored at 346 nm in DMSO and at
343 nm in DMF.

0,9
0,8
07 —Dimethyl sulfoxide
0,6 —N',N-dimethylformamide
0,5

0,4

Absorbancea.u.

03
0,2

0,1

0

300 330 360 390 420 450 480 510 540 570 600 630 660 690 720 750 780
Wavelength (nm)

Figure 2. UV-vis absorption spectra of Gd(OAc)TPyzPz 1 in
DMSO and DMF.

3.2 Aggregation studies

Aggregation is known for incorporating monomers,
dimers, and rings into higher-order complexes in
different types of solvents. The aggregation
behavior of Gd(OAc)TPyzPz 1 in DMSO and DMF,
which are polar non-protic solvents with high
dielectric constant and dipole moment values, was
investigated. It has been determined to easily
dissolve in its solutions in these solvents without
aggregation and contains monomeric species. (Fig.
2). Its aggregation behaviour was also determined
by investigating whether it obeyed Lambert-Beer's
law at decreasing concentration ranges from 1.20 x
10° M to 2.00 x 10® M in DMSO (Fig. 3). It was
investigated by performing a linear regression
analysis between the intensity and concentration of
its Q-band. It has been determined to obey the
Lambert-Beer law and contains monomeric species.
It was also monitored that the absorbance of the Q
band augmented depending on the augment in its
concentration, and no novel band formation was
monitored. These results confirm that it does not
tend to aggregate and does not include aggregated
species.

1,1 12 1
y = 85269
1 1 R?=0,9987
508
0,9 >
gos | —1.20e-05m
508 £oa . * —1.00E-05 M
g 07 oz | | —8.00€-06M
E d o | —6.00E-06 M
0,6 0,00E+00 a.uuiw s.waius ?ﬂ?e—ua 1,20€-05 —4.00E-06 M
oncentration
g ¥ 2.00E-06 M

300 350 400 450 500 550 600 650 700 750 800
‘Wavelength (nm)
Figure 3. Aggregation demeanor of Gd(OAc)TPyzPz 1 in

DMSO at particular concentrations (Inner:

Concentration vs. absorbance diagrams).

3.3 Fluorescence spectra

To determine Gd(OAc)TPyzPz 1’s fluorescence
properties in DMSO, fluorescence emission,
absorption, and excitation
investigated (Figure 4). Its bands with maximum

spectra were

intensity in the fluorescence spectrum were
monitored at 643 nm for excitation and 648 nm for
emission, respectively. It has a Stokes shift of 5 nm,
which is characteristic of TPyzPz (Zimcik et al. 2012).
Its fluorescent emission in DMSO is low intensity
and characteristic due to the presence of the heavy
rare earth metal gadolinium(lll) acetate. Its
fluorescent emission spectrum has a typical shape
for AzaPc (Zimcik et al. 2012). Its excitation
spectrum is like the absorption spectrum, and both
of its spectra are optical isomerism of the
fluorescence spectrum. This indicates that the
nuclear configurations of the ground and excited
state are similar and unaffected by excitation.
Furthermore, it contains only monomeric species,
and the matching of absorption and fluorescence
excitation spectra indicates no aggregation. The
slight difference in the excitation spectrum from the
absorption spectrum may be due to the presence of
the heavy rare earth metal gadolinium(lll) acetate in

its cavity.
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Figure 4. Excitation, emission, and absorption spectra of
Gd(OAc)TPyzPz 1 in DMSO.
wavelength= 615 nm.

Excitation

4. Conclusions

In this research study, a novel tetrapyrazino
porphyrazine containing Gadolinium as the heavy
rare earth metal ion, which is tetrakis-(2-methyl
pyrazino)porphyrazinato gadolinium(lll) acetate
was synthesized. Its structure was illuminated and
confirmed using elemental analysis, FTIR, UV-vis,
and fluorescence spectroscopic techniques. It has
been reported to dissolve very well in both dimethyl
sulfoxide and N, N-dimethylformamide without
aggregation, with a high molar extinction coefficient
and absorption at long wavelengths. As a metal ion
species, it has been reported to show low
fluorescence emission due to the presence of
gadolinium(lll) acetate metal ion, which is heavy and
has a high coordination number in its cavity. Due to
its good solubility without aggregating in solvents
and favorable fluorescent properties, it can be used
in various technological applications. It may be
useful for systems containing changes in forms like

the tetrapyrazinoporphyrazine studied.
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Abstract

3,4 and 2,5- dihydroxybenzene compounds were separately and covalently coupled to the multiwalled
carbon nanotube (MWCNT) deposited on the surface of glassy carbon electrode through

electrochemical reduction of diazonium compound of benzylamine bearing Boc protecting group (tert-

Keywords butyloxycarbonyl). Following the removal of the Boc group, an amide bond was formed between the
MWCNT; amine-terminated surface and the acyl group of the dihydroxybenzene derivatives. The electrochemical
NADH;Sensor; properties of dihydroxybenzene-modified MWCNT and the influence of the sweep rate on the

Electrode Modification  voltammogram were elucidated by cyclic voltammetry (CV). Electron transfer kinetics of modified
MWCNT by dihydroxybenzene derivatives was also studied using Laviron’s theory. As evidenced by an
improvement in the anodic peak current and a negative shift in the overpotential of NADH oxidation
when compared to the bare MWCNT, 3,4 and 2,5- dihydroxybenzene modified MWCNT electrodes were
shown to possess catalytic activity toward NADH oxidation.

Dihidroksibenzen Tiirevlerinin MWCNT Baglanmasi ve Elektrokimyasal
NADH Oksidasyonu

Oz

3,4 ve 2,5-dihidroksibenzen bilesikleri, Boc (tert-btiloksikarbonil)  koruyucu grubunu tasiyan

benzilaminin diazonyum bilesiginin elektrokimyasal indirgenmesi yoluyla camsi karbon elektrotun (GC)
yuzeyinde biriktirilen ¢ok duvarl karbon nanotiipe (MWCNT) ayri ayri ve kovalent olarak baglanmistir.

Anahtar kelimeler Boc grubunun gikarilmasinin ardindan, amin uglu yizey ile dihidroksibenzen tirevlerinin agil grubu
MWCNT; NADH; arasinda bir amit bag olusturulmustur. Dihidroksibenzen ile modifiye edilmis MWCNT'nin
Sensor; Elektrot elektrokimyasal 6zellikleri ve tarama hizinin voltamogram uzerindeki etkisi dontisimli voltametri (CV)
Modifikasyonu ile aydinlatilmistir. Dihidroksibenzen tiirevleri tarafindan modifiye edilmis MWCNT'nin elektron transfer

kinetigi de Laviron teorisi kullanilarak incelenmistir. Modifiye edilmemis MWCNT ile karsilastirildiginda
anodik pik akimindaki artis ve NADH oksidasyonunun asiri-potansiyelindeki negatif kayma ile
kanitlandigi gibi, 3,4 ve 2,5-dihidroksibenzen ile modifiye edilmis MWCNT elektrotlarinin NADH
oksidasyonuna karsi katalitik aktiviteye sahip oldugu gosterilmistir.

© Afyon Kocatepe Universitesi

1. Introduction extraordinary properties, one of the instinctively
Over the last few decades, carbon nanotubes or most encountered drawbacks of carbon nanotubes is
its poor solubility in water. In order to get rid of this
problem, the surface of the MWCNT is modified

through two methods, non-covalent adsorption and

carbon-based nanoparticles have been considered a
hot research topic among researchers due to their

exceptional electronic features (lijima 1991, lijima
covalent binding of the regarding molecules to the

MWCNT (Downard 2000, Karousis et al. 2010,
Kharisov et al. 2009, Marcoux et al. 2004). For the

and Ichihashi 1993). Therefore, carbon nanotubes are
at the center of many scientific and nano-
technological types of research. Besides its
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covalent modification of MWCNT, chemical or
electrochemical reduction of diazonium has widely
been utilized for sensor and bioelectronics
applications due to its capability to manipulate
surface coverages of the components to be coupled
and flexibility to bind the wide variety of the
compounds to aromatic ring bonded to MWCNT
surface (Abiman et al. 2008, Barbier et al. 1990,
Marcoux et al. 2004). Bartlett et al.(2008) proposed a
novel method for the functionalization of carbon
electrodes with diamine derivatives to form C-C or C-
N bonds through electrochemical oxidation or
reduction of the corresponding diamine or diazonium
compounds bearing the Boc protecting group. After
the deprotection of the amine from the Boc group, it
was shown that anthraquinone, nitrobenzene, and
dihydroxybenzene compounds could be coupled to
the free amino group by applying basic experimental
methods designed for solid-phase synthesis (Chrétien
et al. 2008, Ghanem et al. 2008, Ghanem et al. 2012).
We have also used this mentioned method to obtain
functionalized MWCNT in order to form a chemical
bond between dihydroxybenzene and the free amino
group on the MWCNT surface.

It is
nicotinamide adenine dinucleotide (NADH) bears a

well-established in the literature that
vital role in the electron transfer events that take
place in a living organism (Baradoke et al. 2019,
1985). NADH
considered one of the most significant biomolecules

Carlson and Miller is therefore
and detection of this corresponding biological
compound is extremely important. Consequently, the
construction of electrodes with the ability to
interchange NADH with NAD* has drawn extensive
attention in the biosensor field. However, there are
two difficulties required to be taken into account for
an NADH biosensor. These are the large overpotential
belonging to the NADH oxidation triggered by
electrochemical inducement and fouling taking place
in the electrode surface due to the adsorption of
NADH oxidized form, NAD* (Jiménez et al. 2014, Kogak
and Alici 2020). If this fouling issue is not overcome, a
lack of sensitivity, selectivity, reproducibility, and
stability in the biosensor system could be observed. In
order to dispose of the above-mentioned drawbacks,
numerous types of the mediator to be coupled to the
conductive surfaces have extensively been utilized to

accelerate electron transfer kinetic between the
related surface and NADH. For this purpose, quinone
derivatives, (Carlson and Miller 1985), (poly(caffeic
acid), Rebis et al. 2021), nitroaromatic compounds,
(Contreras et al. 2020), Porphyrazine (Rebis et al.
2020) were utilized as mediator.

We have reported here the functionalization of
MWCNT immobilized on GC via electrochemical
reduction of -C¢HisCH.NHBoc linker, followed by the
covalent attachment of 3,4 and 2,5 dihydroxybenzene
to an amine-terminated MWCNT surface obtained
after removal of Boc group through the formation of
an amide bond by employing synthesis approach
designed for solid surface. Electrochemical properties
of dihydroxybenzene-modified MWCNT and their
impact on the NADH oxidation were investigated by
CV, considering the oxidation potential of NADH at
the bare GC and MWCNT deposited on GC.

2. Materials and Method

2,5 and 3,4 dihydroxybenzene chloride, 1,4-dioxane,
and dimethylformamide (DMF) were obtained from
TCl Chemicals. Tetrabutylammonium
tetrafluoroborate (TBATFB), acetonitrile (ACN), HCI
(%37), dichloromethane, pyridine, and 1 M BBr3 in
dichloromethane were purchased from Sigma
Aldrich. Ethanol and NaOH, Na;HPO,4, and NaH,PO,
were also purchased from Fisher Scientific. Multiwall
carbon nanotubes with bamboo-like structures
(CNTs) with a diameter of 20—30 nm and length of 10-
30 um was purchased from NanolLab (Boston, MA). As
previously mentioned (Chrétien et al. 2008, Ghanem
2008, Ghanem et al. 2013), 4-(N-Boc-
aminomethyl) aniline was converted into 4-(NBoc-

et al

aminomethyl) benzene diazonium tetrafluoroborate
salt in two processes. Ultra-pure water (18 MQ cm)
from New Human Power System was used to prepare
all solutions.

Glassy carbon was manually fabricated into the
working electrodes (GC). Here are the steps for
creating a homemade GC. The GC rod was first divided
into segments and placed within a glass tube (0.071
cm?, HW-Germany). Copper wires were joined to
glass-working electrodes made of glassy carbon using
indium (Aldrich). Each electrode's conductivity was
measured to assume each experiment in order to
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provide a good electrical connection. Before
electrochemical analysis, we initially polished the
glassy carbon electrodes with silicon carbide polishing
paper, followed by 1 pum and 0.3 um alumina
(Buehler), sonication in acetonitrile and a thorough
cleaning procedure with ethanol and ultrapure water,
Finally, the surface of the resulting electrode was

dried under an argon stream.

All electrochemical measurements stated in this
work were performed by employing the SP-50 model
Biologic Science Instruments
Potentiostat/Galvanostat. A three-electrode system
was used and Ag/AgCl electrodes are utilized as
reference electrodes, platinum wire, and GC/MWCNT
electrodes were employed as counter and working
electrodes, respectively. The deposition of MWCNT to
a glassy carbon electrode (GC) was performed as
follows; 10 mg of carbon nanotube is added to 10 ml
of dimethylformamide. The resulting suspension was
sonicated for 30 minutes and 5 uL of obtained aliquot
was then dropped onto the GC, which was permitted
to evaporate at ambient circumstances. The resulting
electrode is noted as GC/MWCNT. Electrochemical
grafting of diazonium compound to GC/MWCNT was
carried out by electrochemical reduction of -
C¢HsCH,NHBoc  in ACN 0.1M

tetrabutylammonium tetrafluoroborate at 50 mv s*

comprising

through sweeping potential toward negative
potential values. Afterward, detachment of the Boc
was fulfilled by inserting the functionalized
GC/MWCNT in 4M HCl in dioxane, followed by
washing the modified electrodes with ethanol and
plenty of water. The covalent attachment of 3,4 and
2,5 acetyl chloride at modified MWCNT with free
amine group was done by the following method.
Acetyl chloride (1 mmol) was added into the solution
consisting of dichloromethane-pyridine  (1:1).
Resulting functionalized GC/MWCNT electrode was
inserted into the solution for 16 hours at ambient
conditions to react. The alteration of the methoxy to
hydroxyl groups was fulfilled by using 1 M of BBr; for

1 hour.

3. Results and Discussion

3.1. The Functionalization of MWCNT

Electrochemical grafting of -C¢HisCH,NHBoc linker
onto MWCNT immobilized GC and plain GC was
performed via reduction of 10 mM of diazonium
compound of the above-mentioned linker in
acetonitrile containing 0.1 M TBATFB at 50 mV s, As
clearly seen in Figures 1 a and b, a quite large cathodic
peak at -600 mV was acquired during the first scan,
which could be associated with electrochemical
reduction of -C¢HisCH,NHBoc and generation of
radical that couples to either GC or MWCNT surface
to form C-C bond.
following scan, the corresponding peak becomes

However, in the case of the

absent, indicating that the surface is covered by the -
CsH4CH2NHBoc linker (Ghanem et al. 2012, Ghanem et
al. 2013). When it comes to GC immobilized with
MWOCNT, the story slightly differentiates. As shown in
Fig. 1b, contrary to GC, two cathodic peaks are
appearing at the peak potential of 105 mV and -420
mV. Similar to the modification of bare GC surface as
stated above, these two peaks can be associated with
electrochemical reduction of -C¢HsCH,NHBoc and
formation of radical attacking to the carbon surface.
The reason for the appearance of two cathodic peaks
at the MWCNT surface rather than one may be linked
to the discrepancy in the reactivity towards generated
aromatic radical of the different surfaces of MWCNT.
It is well documented that MWCNT consists of two
surfaces with edge and basal sites and the MWCNT
used in our work possesses a bamboo-like structure
where the density of edge sites is ampler than basal
sites (Banks and Compton 2006, Banks et al. 2005). It
is also widely accepted that edge sites exhibit more
reactivity than basal sites for many electrochemical
reactions. Based on all these explanations, it can
therefore be drawn that peaks that come into view at
105 mV and
electrochemical reduction of edge and basal location,
respectively (Ghanem et al. 2012, Kocak et al. 2013).
In the case of the modification of GCimmobilized with
MWCNT, related cathodic peaks are diminished on
the third scan.

-420 mV could be assigned to
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Figure 1 a. The CV of the 5 mM -CsHsCH2NHBoc
recorded for GC in ACN containing 0.1M TBATFB at 50

mV s,
0~2 L} L] L] L} L]
—— 18! Cycle
00 2" Cycle
" ——3"Cycle
o
g 02} 4
<
£
= 04 -
06} 4
-0,8 1 1 1 L 1
1,5 1,0 -0,5 0,0 05 1,0
E /V (vs Ag/AgCl)

Figure 1 b. The CV of the 5 mM -CsHaCH2NHBoc
recorded for GC/MWCNT in ACN containing 0.1M
TBATFB at 50 mV s,

To confirm whether the covalent attachment of the -
Ce¢HaCH;NHBoc linker onto the MWCNT surface is
achieved, CV experiments were fulfilled in 1 mM of
Fe(CN)s*
electrolyte for bare and modified MWCNT electrode
through -C¢H4sCH,NHBoc as illustrated in Fig.2. In
Fig.2, reversible electrochemical process with the

comprising 0.1M KCl as supporting

redox potential of 230 mV was attained for the plain
MWCNT. However, the CV recorded for modified
MWOCNT through -C¢HsCH,NHBoc shows no either an
anodic or cathodic peak, which means the reversible
electrochemical process obtained for unmodified GC
is completely surpassed. This certainly suggests a
successful covalent binding of -CsH4CH,NHBoc to the
MWCNT.

3 T T T T T

j/ mA cm™
o
T

-0,2 0,0 0,2 04 0,6 0,8
E/V (vs Ag/AgCI)

Figure 2. The CV recorded at the sweep rate of 50 mV s’
for 5 mM Ka[Fe(CN)e] containing 0.1 M KCl as a supporting
electrolyte. The solid line and dotted line represent bare
and -CeH4CH2NHBoc modified MWCNT, respectively.

After the achievement of the covalent attachment of
the -C¢HsCH.NHBoc linker to MWCNT, deprotection
of the amine group was fulfilled by the removal of Boc
in 4M HCI solution in dioxane. Treatment of the
modified MWCNT electrode with this procedure leads
to the acquisition of an amine-terminated surface
that allows the coupling of any chemical compounds
with the generation of an amide bond through the
solid phase synthesis methodology. The resulting
electrode is then treated with acyl chloride
derivatives of 3,4 and 2,5 dimethoxybenzene in the
presence of pyridine for 16 hours to give a di-HB
(dihydroxybenzene) modified electrode (Figure 3).
These two dimethoxybenzene compounds are
reacted with 1 M BBr3 in DCM for 60 min to achieve
the conversion of 3,4 and 2,5 dimethoxybenzene
compounds to corresponding dihydroxybenzene

compounds.
NHBoc

OCH;
N Electrochemical

reduction
N

HaCO— ; 00— :F
NHBoc
Acetyl chloride Acetyl chloride mm:
Remoalofbos
DCM:Pyriding
\\mu i dies

ELECTRODE SURFACE

Figure 3. General representation for coupling of
dihydroxybenzene compounds to MWCNT deposited on

GC.
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The FTIR technique was used to better elucidate the
respective reactions carried out on the MWCNT
surface as illustrated in Figure 4. For this purpose, the
self-attachment of the Diazonium salt to the MWCNT
surface was carried out. The presence of CsHsCH;NH-
linker and 3,4-dihydroxybenzene on the MWCNT was
confirmed by FTIR spectroscopy. Infrared spectra of
modified-MWCNT through CsH,CH,NH- after removal
of the Boc group and dihydroxybenzene-modified
MWCNT through CsHsCH;NH, were represented in
Fig.1. For modified MWCNT through CsHsCH,;NH-two
peaks located at 2930 and 3190 cm ™ were assigned to
the nitrogen-hydrogen stretching mode of primary
amines (Silverstein et al. 2005). Strong peaks
obtained at 1680 cm™®and 1277 cm™ were assigned to
nitrogen-hydrogen bending and carbon-nitrogen
stretching vibrations of primary amines. Benzene ring
carbon- carbon stretching at 1520 cm™, and benzene
ring C—H out-of-plane bending at 720 cm™ were also
observed (G. Giambastini et al. 2011). The
transmission spectrum of the modified carbon
nanotubes also revealed the presence of
dihydroxybenzene through CgHsCH;NH, on the
MWCNT. Two other distinct bands at 1430 and 1580
cm™ were also observed, located in the zone related
to the (-CONH-), corresponding, respectively, to the
(C=0) stretching band and to the (N-H) bending
vibration band (N. Follain et al. 2008), indicating that
an amide bond was formed between
dihydroxybenzene and CsH,CH,NH—-. Peaks at 2990
cm™ and 3070 cm™ are characteristic of the oxygen-
hydrogen vibration bands for dihydroxybenzene that
is hydrogen-bonded. While the out-of-plane bending
of the carbon-hydrogen bonds in a phenyl ring is
accountable for the other absorption bands at 690
cm® and 803 cm’?, the other two peaks located at
1250 cm™ and 1280 cm™ can also be assigned to the
carbon-oxygen vibration band (Kafi-Ahmadi and
Javanpour, 2020). The intense peak appearing at 1695
cm™ could also be associated with the presence of the
carbon-carbon vibration band of the aromatic ring.

—— MWCNT-C¢H,CH,NH-3,4-dihydroxybenzene
—— MWCNT-C4H,CH,NH-
Bare MWCNT

@
o
§ 803 12501/1430
-‘g 1580
8 480 1280 1695
o A
L e
3190
\ / 1520 \
|
1277 1680

500 1000 1500 2000 2500 3000 3500
Wavelength (cm™)
Figure 4. FTIR spectra for bare MWCNT, MWCNT modified
by diazonium salt after removal of protecting group
(Ghanem et al. 2013), and dihydroxybenzene-modified
MWCNT via diazonium salt.

After washing the resulting electrode several times
with ethanol and water, respectively, electrochemical
characterization of MWCNT modified with 3,4, and
2,5 dihydroxybenzene was carried out in PBS
(phosphate buffer solution) at 50 mV s. Figures 5 and
6 show successive cyclic voltammograms for MWCNT
electrodes modified  with 3,4 and 2,5
dihydroxybenzene derivatives. Both voltammograms
clearly demonstrate characteristic and well-defined
peaks for MWCNT electrode modified via both
dihydroxybenzene compounds with the redox
potential of 170 mV for 3,4 dihydroxybenzene and
190 mV for 2,5 dihydroxybenzene, indicating quasi-
reversible electrochemical process and successful
covalent coupling and conversion of
dimethoxybenzene to dihydroxybenzene
compounds. CVs also show that there is a merely
neglectable loss in the peak current of related
dihydroxybenzene compounds even after 30 cycles,
referring to the fact that the stability of the resulting
electrodes fairly exhibits good performance. It is also
noteworthy that peak separation for 3,4
dihydroxybenzene is larger by 20 mV than 2,5
dihydroxybenzene, which suggests faster electron
transfer kinetics at the MWCNT electrode modified by
2,5 dihydroxybenzene. This finding is also supported
by applying the Laviron theory to be discussed
afterward.
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Figure 5. Successive CVs of 3,4-dihydroxybenzene
modified GC/MWCNT in PBS buffer at 50 mV s,
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Figure 6. Successive CVs of 2,5-dihydroxybenzene
modified GC/MWCNT in PBS at 50 mV s™.

3.2. The Effect of Scan Rate on Modified MWCNT
Figures 7a and 8a show the CV of the corresponding
MWCNT-modified electrode with 3,4 and 2,5
dihydroxybenzene compounds at various sweep rates
which range from 5 mV s to 500 mV st in 0.1M PBS.
As clearly seen in both Figures, there is an increment
in the anodic and cathodic signal upon the increasing
scan rate  as  expected  surface-confined
dihydroxybenzene derivatives. Also, a linear straight
line between the sweep rate and the anodic and
cathodic peak current was attained, which could be
regarded as further verification of the successful
covalent coupling of dihydroxybenzene derivatives as
shown in Figure 7b and Figure 8b. It can also be said
that increasing the scan rate brings about a shift in the
oxidation peak potential to a more positive value and
again a shift in the reduction peak potential to a more
negative value. This also indicates redox pair of both
modified MWCNT electrodes by dihydroxybenzene
derivatives exhibit a quasi-reversible electrochemical
process.
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Figure 7. a) CVs of 3,4 -di-HB modified GC/MWCNT
in the increasing sweep rate from 5 to 500 mV s b)
linear relationship displayed for anodic or cathodic
peak current vs sweep rate.
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Figure 8. a) CVs of 2,5 -di-HB modified GC/MWCNT
in the increasing sweep rate from 5 to 500 mV s
b) linear relationship displayed for anodic or
cathodic peak current vs sweep rate.

613



The Coupling of Dihydroxybenzene Derivatives to MWCNT and Electrochemical NADH Oxidation, Kogak

Once the difference between oxidation or reduction
peak potential and mid potential is plotted versus the
logarithm of sweep rate as illustrated in Figures 9 and
10, a linear relationship is obtained at the relatively
higher sweep rates values (v > 200 mV s!) for the
cathodic and anodic branch of corresponding curves.
By following Laviron's theory, the electron transfer
coefficient (k) and apparent rate constant of charge
transfer (o) can be calculated by taking the linear part
of the anodic and cathodic curves into account
(Laviron, 1979). The slope of both straight lines
corresponds to -2.3RT/anF and -2.3RT/(1-a)nF for the
anodic and cathodic regions, respectively. a values for
MWCNT electrodes modified by 3,4 and 2,5
dihydroxybenzene were calculated to be 0.34 and
0.28, respectively. electron transfer coefficient (ks) is
calculated by the given equation below

RT
logks = alog(1 —a) + (1 —a)loga — log (ﬁ)
a(1 — a)nFAE,
23RT

Where R is the ideal gas constant, F is the faraday
constant, and n is the number of electrons
transferred. ks values of MWCNT electrodes modified
by 3,4 and 2,5 dihydroxybenzene were calculated to
be 0.88 and 2.15, which can be considered a further
confirmation of faster electron transfer kinetics at
MWOCNT electrode modified by 2,5 dihydroxybenzene
in comparison to 3,4 dihydroxybenzene.
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Figure 9. Laviron plot for 3,4- di-HB modified GC/MWCNT.
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Figure 10. Laviron plot for 2,5- di-HB modified

GC/MWCNT.Also, the amount of drop-coated loadings
of MWCNT on the GC electrode was investigated.
Thus, electrochemical grafting of -CsHsCH;NHBoc
linker to deposited MWCNT on GC and the coupling
of 2,5 dihydroxybenzene through the formation of
amide bond using solid phase synthesis methodology
were accomplished as previously detailed in
experimental sections. As illustrated in Figure 11,
oxidation and reduction peaks response inherently
rise upon the addition of more MWCNT on the GC
surface. It is also attention-grabbing that peak
separation enlarges as the amount of the deposited
MWOCNT increases. This interesting behaviour could
stem from pH changes in the vicinity of the modified
surface when the buffer capacity is not capable of
compensating for the generation or consumption of
proton during the electrochemical redox reaction.
Another reason for this experimental finding could be
attributed to the fact that all dihydroxybenzene
molecules attached to the MWCNT surface cannot be
accessed by buffer solution as a consequence of the
massive surface area of MWCNT, therefore quite a
sluggish electron transfer kinetics takes place in the
dihydroxybenzene modified MWCNT

1221~

-0.6 04 02 00 02 04 06
E/V (vs SCE)
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Figure 11. The influence of the amount of MWCNT
deposited on GC on the peak current of 2,5 di-HB modified
GC/MWCNT. Inset shows a linear relationship obtained for
anodic or cathodic peak current and the amount of
deposited MWCNT on GC.

3.3. NADH Oxidation at modified MWCNT

The covalent tethering of dihydroxybenzene to the
MWCNT surface was considered to have a significant
influence on NADH oxidation. As shown in Figures 12
and 13, CV measurements were run in the existence
and absence of NADH at 50 mV s for 3,4 and 2,5
dihydroxybenzene-modified MWCNT, respectively. As
clearly seen on both curves, the introduction of both
dihydroxybenzene derivatives to MWCNT leads to an
increment in the oxidation peak response and a shift in
the oxidation potential of the NADH toward a more
negative value for modified-MWCNT electrodes by 2,5
and 3,4 dihydroxybenzene compounds, in comparison
to NADH oxidation at plain MWCNT, which makes
NADH oxidation happen at 400 mV (not shown). As
clearly seen from Fig. 11 and 12, as electrochemical
oxidation of NADH oxidation occurs at the modified-
MWOCNT by 2,5 and 3,4 dihydroxybenzene compounds
at 230mV and 240 mV (dotted lines), it can be deduced
that the overpotential of NADH oxidation s
substantially decreased by both the dihydroxybenzene
modified MWCNT electrodes by 170 mV and 160 mV
for 2,5 and 3,4 dihydroxybenzene, respectively,
compared to NADH oxidation at bare MWCNT. This
interesting behavior could be assigned to the surface
features and morphology of the MWCNT, which
suggest that carbon nanotubes are quite abundant in
terms of the proportion of edge planes, which mainly
comprise oxygenated functional groups such as
carboxylate, phenol, and quinone. Because, as the
density of the edge sites increases, it can intrinsically be
assumed that any electrochemical reactions between
biomolecules and surfaces possessing oxygenated
organic groups become more facile. Based on all these
experimental findings and deductions, it can be said
that  the covalent  attachment of  both
dihydroxybenzene derivatives to MWCNT gives rise to
more effortless interaction between NADH and both
modified MWCNT, referring to the appearance of
oxidation peak potential of NADH arises at the lower
positive value for both modified MWCNT electrodes
compared to plain MWCNT. It is also required to state
that both modified-MWCNT  electrodes  with
dihydroxybenzene derivatives have a significant
catalytic influence on NADH oxidation because of a
noticeable increase in the anodic response and a shift

toward

negative potential values observed for

electrochemical NADH oxidation.
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Figure 12. CVs of 2,5- di-HB modified GC/MWCNT in
PBS buffer at 50 mV s* in the absence (solid line) and
existence (dotted line) of 1 mM NADH.
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Figure 13. CVs of 3,4- di-HB modified GC/MWCNT in
PBS buffer at 50 mV s* in the absence (solid line) and
existence (dotted line) of 1 mM NADH.

4. Conclusion

We have demonstrated that the previously described
method for the functionalization of conductive
surfaces could be used for the modification of
MWCNT with dihydroxybenzene derivatives, For this
purpose, coupling of the benzylamine linker via
-CsH4CH,NHBoc
compound followed by the covalent attachment of

reduction of the corresponding

3,4 or 2,5 dihydroxybenzene to free amine group
obtained after removal of Boc group via formation of
amide bond using conventional solid phase synthesis
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Both
electrodes

methodology was accomplished.
MWCNT

were characterized using cyclic voltammetry and

dihydroxybenzene-modified

exhibit a quasi-reversible process. di-HB-modified
MWCNT electrodes were also shown to have an
electrocatalytic activity for NADH oxidation due to an
enhancement in the anodic peak response and a
negative shift in the anodic peak potential of NADH
oxidation. Hence, the proposed modified MWCNT
electrodes could be utilized in the detection of NADH
in biological samples.
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Abstract
The aim in this study was first to explain, in detail the conversion of diacetates over time into

chlorinated monoacetates following ether cleavage with AcCl of norcantharimide derivatives with the
help of the NMR technique and second, to verify this conversion theoretically and computationally.

Keywords
Chlorinated products;
S Ether cleavage reactions of N-methyl, N-benzyl, and N-acetoxyethyl-substituted norcantharimide
Norcantharimide;

N , derivatives were performed with Ac,0 or AcCl in the presence of H,SO4, and the mechanisms of these
Amines; Sy2

mechanism reactions were elucidated in detail. According to the H NMR analyses of aliquots from the reactions
with AcCl, trans-1,4-diacetates formed firstly. Upon the continuation of the reaction, trans-1,4-
diacetates transformed into trans-1,2-chloroacetates via an Sy2' mechanism. Additionally, this

explanation was further supported by the soft theoretical and physical calculations.

AcCl veya Ac;0 Kullanilarak Bazi Norkantarimid Tiirevlerinin Molekiiler
Kararhlik, Sentez Mekanizmasi ve Olusumunlarinin incelenmesi:
Mekanizma Tabanh Bir Calisma

0z
Bu ¢alismadaki amag, ilk olarak norkantarimid tiirevlerinin AcCl ile eter parg¢alanmasindan sonra olusan
Anahtar Kelimeler diasetatlarin zamanla klorlu monoasetatlara dénisimini NMR teknigi yardimiyla detayli olarak
Klorlanmig drtnler; aciklamak ve ikinci olarak bu déniisiimii teorik ve hesaplamali olarak dogrulamaktir. N-metil, N-benzil
Norkantarimid; ve N-asetoksietil slibstitlie norkantarimid tirevlerinin eter pargalanma reaksiyonlari Ac,0 veya AcCl ile
Aminler; Sy2' H,S04 varliginda gergeklestirildi ve bu reaksiyonlarin mekanizmalari detayli olarak agiklandi. AcCl ile
mekanizmasi yapilan reaksiyonlardan alinan érneklerin 1H NMR analizlerine gore, 6nce trans-1,4-diasetatlar olustu.

Reaksiyonun devam etmesi ile trans-1,4-diasetatlar, Sn2' mekanizmasi yoluyla trans-1,2-kloroasetatlara
déndsti. ilave olarak, bu agiklama teorik ve fiziksel hesaplamalarla daha da desteklendi.

© Afyon Kocatepe Universitesi

1. Introduction norcantharidin (1) and, norcantharimide (2) and
Cantharidin is a natural compound, and its use as a jchelr analogs 3 and'4 (Flgurej 1) attract blc‘)r'ne('jl‘cal
potential anticancer agent dates back to 1264 interest due to their small size, easy modifiability,
(Nickolls and Teare 1954, Wang 1989, Lin et al.

1998). This molecule belongs to the terpenoid class,

and ability to pass through cell membranes without
requiring energy. Although cantharidin is suitable

S . . for use for chemotherapeutic purposes, it has
which is used for curative purposes in numerous

treatments in traditional Chinese medicine (Wang limited usage due to its known toxic effects

1989). Cantharidin and its structural derivatives (Tagwireyi et al. 2000). Therefore, there is a need for

new cantharidin derivatives with increased



Investigation Into The Molecular Stability, Synthesis Mechanism, and Formation of Some Norcantharimide..., Kése

therapeutic effect and reduced toxicity. For this
purpose, scientists have long focused on the
synthesis of these new derivatives and on studies to
improve the products’ therapeutic index.

o o o R' o
R2
o N-H N-H N-R
R3
o) 0] o R* o]
1 2 3 4

isoindoline-1,3-dione
(phthalimide)

Norcantharimide
analogue

Norcantharidin Norcantharimide

Figure 1. Molecular structures of norcantharidin (1),
norcantharimide (2), isoindoline-1,3-dione (3), and
norcantharimide analog 4.

Norcantharidin (1),
isoindoline-1,3-dione (3) and its analogs 4 are

norcantharimide (2),

preferred due to their small molecular structures,
ability to be synthesized by short-step syntheses,
using cheap and simple chemical methods, and the
above mentioned biochemical properties. It is
possible to synthesize norcantharimides from
which are

cantharidin and norcantharidin,

structurally anhydrides, using primary
aromatic/aliphatic amines and thus the synthesis of
norcantharimide derivatives having potentially
different bioactivity becomes possible. Recently,
Kara and co-workers synthesized norcantharimide
analogs containing different functional groups on
the cyclohexane ring starting from 3-sulfolene. They
synthetic routes for
norcantharimide their
photophysical properties (Tan et al. 2011 and 2014).
In this the ether reaction
mechanism of norcantharimide derivatives using
Ac;0O and AcCl was examined in detail. The

compounds synthesized  and

also investigated the

derivatives and

study, cleavage

used were
characterized by the NMR technique previously
(Kése et al. 2017 and 2020). Here, detailed NMR
spectroscopy studies depending on the specified
reaction time intervals, conversions between of
trans-1,4-diacetates and trans-1,2-chloroacetates,
and detailed and descriptive synthesis mechanisms
of the products were discussed and explained,
unlike in the previous work (Kése et al. 2020).
Moreover, the products that formed at specified
time intervals were identified and the data from
these conversions were graphed. All reactions are
solvolysis reactions. In contrast to our previous

work, in this study, soft density functional theory
(DFT) studies and computational calculations were
performed. Computed energies of the products in
the reactions were calculated using theoretical data
2020).
formation energy calculations were performed to

(Kose et al. Physical and theoretical
better explain the mechanisms of the products

obtained.

2. Materials and Methods

The experimental procedures for all products have
been reported in detail in our previous papers (Kése
etal. 2017 and 2020). The reader is invited to access
this information for additional data concerning this
article.

2.1 General

All chemical solvents and reagents were used as
received (Sigma-Aldrich). NMR spectra were
recorded in CHCls-d; using a 400 MHz Bruker
spectrometer for 'H NMR and a 100 MHz Bruker
NMR.
chromatography (TLC) was visualized using UV light.

spectrometer  for  13C Thin-layer

2.2 General procedure for the ether cleavage step
with Ac,O

Corresponding tricyclicimides (1.0 g) were dissolved
in Ac,0 (5 mL) and 3-4 drops of H,SO, was added at
room temperature. The resulting solution was
stirred at the times indicated in Figures 5a and 5b at
rt. Aliquots were occasionally taken from the
reaction medium to determine the consumption of
tricyclic imide. Upon completion of diacetate
formation, the mixture was concentrated under
reduced pressure. The crude product was
crystallized from dichloromethane/hexane. The

crystals were obtained by filtration.

2.3 General procedure for the ether cleavage step
with AcCl

To a stirring solution of corresponding tricyclic
imides (1.0 g) in CH,Cl; (10 mL) were added AcCl (4
mL) and 3-4 drops of H,SO4 at room temperature.
The resulting solution was stirred at the times
indicated in Figures 5a and 5b at rt. Aliquots were
taken from the reaction medium to determine the
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conversion from diacetate to chloroacetate. After
the conversion of diacetate (indicated by *H NMR),
the mixture was filtered and the filtrate was
concentrated under reduced pressure. The residue
was diluted with CH,Cl, and crystallized with
hexane. The crystals were filtered and washed with
fresh hexane.

3. Results and Discussions

3.1. Overview

The aim in this study was to prove that the
chlorinated monoacetate products (5b-9b) forming
during the ether cleavage reaction with AcCl
proceed through the diacetate products (5a-9a),
which form firstly, and to demonstrate this
transformation spectroscopically. In accordance
with this purpose, Ac,0 only was firstly used for the
ether cleavage of the starting compounds (5-9) and
it was determined that trans-1,4-diacetates were
the products. When these starting compounds were
treated with AcCl, diacetates, which formed in the
previous reaction, were determined first. For this,
aliquots were taken from the reaction medium with
AcCl at specific times and their NMR spectra were
examined. A careful examination of the spectra
showed that the diacetate product formed in the
reaction medium firstly. As the reaction proceeded,
the diacetate transformed into the chloroacetate
completely
consumed. This conversion, which was determined

gradually and then finally was
using NMR integration data, was observed with N-
methyl-, N-benzyl- and N-acetoxyethyl-substituted
norcantharimide derivatives. The other two
derivatives (N-ethyl and N-phenyl) were excluded

from this work since they have not been studied.

Reaction 1

O 54 3a
OAc
5a-9a

Racemic mixture

\O’
»
P ~
"~
=0
|
pu)
Ii>
[
O|0
iy
o o
5
O"’ZI"O
P

0
o " (20 o OH o
o] o
o 10
5-9 ; o "
o o HC4 O
Jn X [,
HsC” Y07 “CHj H,0 3
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Ac,0 ‘-H
5aR = -CHj QAc o OAc o OAc o
6aR = -CH,CHj
7aR = -Ph N-R| = N-R 5~ N-R
8aR =-Bn -AcOH
9aR=-(CHp)0Ac| : o HC_o O o ©
OAc 13 H29\>< o0, 12
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H CHs
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0 o OAc 0
NGB ACCI Hp80, | e
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/ N-R AL AL N—-R
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5-9 5b-9b

Racemic mixture
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° /“ 10 ®O
5-9 i H3CA/<\) 14
H,C” el ( cl
(solvent and reagent) H,0
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5b R =-CHj oAc o o o
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7b R = -Ph of ’ N-R N
R
8b R =-Bn ongoing -HCl
9b R = -(CH,),0Ac reaction OAc O o o I
Hz
5a-9a <j\><f\ 15
0. ¢l

H

Figure 2. The reaction mechanisms of the formation
of racemic trans-1,4-diacetates 5a-9a and racemic

5b-9b
cleavage of

trans-1,2-chloroacetates because  of

stereospecific  ether exo-4,7-
epoxyisoindoline-1,3-diones 5-9 by using Ac;O and

AcCl, respectively, in the presence of H,SO..

Baran et al. conducted cleavage reactions with
internal ethers in an acidic medium. In their
research, instead of 1,2-chloroacetates, 1,4-
chloroacetates were formed as the sole product.

They performed an Syi reaction and cis-1,4-
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chloroacetates were synthesized (Baran et al. 2003
and 2004). By application of their methodology, the
etheric bonds in norcantharimide derivatives were
subjected to cleavage reactions using Ac;0O or AcCl.
The products and their formation mechanisms
resulting from the ring-opening reactions with Ac,;0
and AcCl appear to be as described in mechanisms 1
and 2 in Figure 2. Since the formation of the product
in the cleavage reaction with AcCl took a long time,
a detailed study was designed to establish how this
product formed, unlike in the previous article (Kose
et al. 2020). Surprisingly, it was found with the help
of the 'H NMR spectra that the trans-1,2-
chloroacetate formed in this reaction according to
the Sn2' mechanism progressed from the trans-1,4-
diacetate that formed first as in the cleavage

esgliesS

reaction with Ac;0, as well.

OAc
attack a
S /?éié
Cl
5 3a
\_,14,
OAc

attack b

@
3]
3
o
[
L
@
3
<
E 5a'-9a’ isomer of attack a of attack b
@ 16a-20a 16b 20b
kel
i)
S
3 anack o OAc
X
3 ; i i ii zé
(0]
<
attack d
5a"-9a" isomer of attack ¢ isomer of attack d

16¢-20c 16d-20d

*and " represent enantiopure products

Figure 3. The structure of the expected
stereoisomer products 16a-20a, 16b-20b, 16c-20c,
and 16d-20d at the end of the reaction time in the
reaction with AcCl.

First, when the NMR results were analysed, it was
thought that the reaction mechanism proceeded as
in Figure 3 because the NMR results and the
expected products were in agreement. However,
due to doubt, the structures were crystallized and X-
ray analysis was performed (Kose et al. 2020). Here,
it was seen that the diastereomeric products in
Figure 4 were formed instead of the expected
diastereomeric products in Figure 3.

OAc OAc OAc o
cP > chlorination 5~~~ Cle,
e MN-ROTTTERD N-R = N-R
AcCl el T TR
o ° OAc O a "o
( PO e . o
; N <V 5a'-92 5b"-9b" 5b"9b"
-R

N
-c| —2 o] 7
AcCl a ()
: % 0Ac 0o one © o
C

59 My .
chlorination s |23 A%
. MWR S NR =] N-R
Faco™ g Ny o

Cl o
5a"-9a" OAc
5b"-9b™ 5b"-9b"

the actual synthesis route

Enantiomeric mixture of
trans-1,2-chloroacetates

Figure 4. The structures and mechanistically

*and " represent enantiopure products

synthetic routes of the enantiomeric final products
5b'-9b' and 5b"-9
in the reaction with AcCl.

b" at the end of the reaction time

Looking at the structures of the products of 5-9 it
can be clearly seen that this tricyclic compound has
an axis of symmetry and therefore bridgehead
carbons and protons are identical and have the
same steric area (Figure 4). Due to this feature, AcCl
attacked both bridgehead carbons equally and the
symmetry was broken. Following the formation of
enantiomeric 5a'-9a' and 5a"-9a", a chlorination
reaction occurred (Figure 4). If the chloride had
attacked the carbons where the acetates were
attached according to the expected synthesis routes
in Figure 3, the formation of the regioisomers in
Figure 3 would have been required. However, the
reaction did not progress that way. The chloride ion
attacked the olefinic carbons according to the
mechanism in Figure 4 and the products were
formed as an enantiomeric mixture according to the
Sn2' mechanism. The attack direction of the chloride
was determined by X-ray analysis in our previous
study. Based on the results of that analysis, we
proved that the five membered ring and chlorine
atom were trans in that article. Moreover, the steric
hindrance is lower at the endo-directed attack of
chloride. If chloride had attacked from the exo face
of 5a'-9a' and 5a"'-9a", product 17 would have been
formed (for 17 see table 1).
information lacking about the detailed mechanism

There was some

of the formation and conversion from 5a'-9a' and
5a"-9a" of these enantiomers (5b'-9b' and 5b"-9b"")
in the earlier paper (Kose et al. 2020). In this paper,
this mechanism was elucidated. The conversion
times and quantitative ratios of the trans-1,2-
chloroacetate products were determined by NMR
spectroscopy. Additionally, the reason why the
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expected products/isomers in Figure 3 did not occur
was proved by DFT analysis.

3.2 Detailed Reaction Tracing

To further clarify the mechanism and conversion,
aliquots were taken from the reaction medium at
regular periods during the formation of the
chloroacetate with AcCl and NMR analyses of these
samples were performed. It was seen that the
diacetate product formed in the reaction medium
firstly. As the reaction continued, the heights of
peaks belonging to the diacetate decreased and the
heights of peaks belonging to the chloroacetate
increased. Because of this conversion, the
chloroacetate formed as a single product after
consumption of the diacetate. It was deduced that
the chloride performed a nucleophilic attack at C5
and C6 on 5a'-9a' and 5a"-9a" in the actual synthetic
route instead of at C7 and C4 as in the expected
synthetic route and therefore the chloroacetate
formed following an Sn2' mechanism as an
enantiomeric mixture (Figure 4). Here it is clearly
explained when the chloroacetate began to form

and how long completion of the conversion took.

In the reaction that used AcCl, the reaction mixture
was initially colourless, then turned light green, and
after 8-10 h turned dark green under the daylight.
This coloration indicated that the reaction was
progressing from the diacetate product to the
chloroacetate product. The work was carried out
with internal ethers 5, 8, and 9.

He HsH HHl

6 7 1h 477

nh & 2h ** |
MM

N D SETT I W
N A 24h Ax

H ﬁszhu_

Figure 5a. This column shows *H NMR spectra taken
from the reaction of 8 with AcCl at 1, 2, 7, 19, 24, 32
and 40 hours.

Figures 5a and 5b show the 'H NMR spectra of 5a,
5b and 8a, 8b, respectively, at the specified reaction
times. The 'H NMR spectra seen in the Figure 5a and
5b were obtained from the reactions with AcCl of
the two compounds (5 and 8) substituted with
methyl and benzyl groups on the nitrogen under the
same conditions. The spectra seen in the Figure 5a
belong to compound 5 at reaction times 1, 7, 24, 32,
44, 67, and 90 hours in the presence of AcCl.
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Hs HsH; Hy Hy

1h

32h

Figure 5b. This column shows 'H NMR spectra taken
from the reaction of 5 with AcCl at 1, 7, 24, 32, 44,
67, and 90 hours.

Those seen in the figure 5a belong to compound 8
at reaction times 1, 2, 7, 19, 24, 32, and 40 hours
with AcCl. Before analysing these spectra, it was
considered useful to determine which peaks

belonged to which protons.
3.3 Analyses of NMR spectra

The signal at 6.3 ppm seen in both columns as a
doublet of doublet (dd) belonged to the olefinic H6

protons for both trans-1,2-chloroacetates (5b and
8b) and trans-1,4-diacetates (5a and 8a). The other
olefinic protons H5 in 5a and 8a and H7 in 5b and 8b
resonated at 6.05 ppm as a multiplet (m) and the
signals overlapped. In the spectra in the left column,
the signal at 5.5 ppm belonged to H4 for 5b. In the
spectra in the right column, the signal of this proton
was seen at 5.45 ppm for 8b (Figures 5a and 5b). This
H4 proton belonged to the trans-1,2-chloroacetates
(5b and 8b) and was also geminal to the acetate
group. The signals seen at 5.4 ppm and 5.2 ppm in
the left spectra belonged to H7 and H4 protons for
5a and 8a, respectively. These signals resonated at
5.37 ppm and 5.12 ppm in the right spectra. It was
determined that trans-1,4-diacetate and trans-1,2-
chloroacetate in 4:1 stoichiometry for an hour in the
reaction of 9a and 9b. As the reaction continued, it
was seen that the heights of the signals belonging to
trans-1,4-diacetate decreased. Simultaneously, the
heights of the signals belonging to trans-1,2-
chloroacetate increased. According to this result, an
intermolecular transformation from trans-1,4-
diacetate to trans-1,2-chloroacetate was occurring
and it was detected that trans-1,2-chloroacetate
was  synthesized from trans-1,4-diacetate.
Moreover, based on the integrations in the NMR
spectra, the ratio of trans-1,4-diacetate to trans-1,2-
chloroacetate in the reaction mixture was observed
to decrease proportionally with the reaction time.
Integration bars are not specified in the spectra
shown in Figures 5a and 5b. The reader is invited to
refer to the spectra with integration provided in the
supporting information section of the online version

of this article.

As mentioned in detail in the mechanism part, the
location of the double bond in 5a-9a shifted with the
intermolecular  transformation via the Sy2'
mechanism. In spite of this migration, no substantial
chemical shift was observed in the olefinic signals in
the NMR spectra during the reaction. The signal at
4.5 ppm belonging to the H5 proton in 5b and 8b,
which was in the geminal position with the chlorine
atom and is shown in brown, is not specified in
Figures 5a and 5b. Nevertheless, it was determined
that the height of this

signal increased
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proportionally with the signal of H4 at the same
time.
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Figure 6. Concentration (%) / reaction time (hour)

graphs of trans-1,4-diacetates and trans-1,2-
chloroacetates obtained from 5, 8, and 9. Graph A
shows the concentration of 5b and 5a, graph B
shows the concentration of 8b and 8a, and graph C
shows the concentration of 9b and 9a relative to

each other over time.

3.4 Graphic depiction of the products

It was demonstrated by H NMR spectroscopy that
the trans-1,2-chloroacetate product was
synthesized in the ether cleavage reaction with AcCl
formed from a trans-1,4-diacetate intermediate,
which formed firstly for all reactions. The graphs
display the concentration (%) of the conversion of
trans-1,4-diacetate to trans-1,2-chloroacetate over
time (Figure 6). These graphs were designed using
the integration data in the *H NMR spectra of the
synthesized products because of the cleavage
reactions of compounds 5, 8, and 9 with AcCl. A
careful examination of the graphs shows that the
concentrations of trans-1,4-diacetate and trans-1,2-
chlorocetate were 1:3 for 5b and 5a, respectively, at
the end of one hour of reaction time. This ratio was
1:1 between 8a and 8b and between 9a and 9b. As
indicated in graph A, the concentration of trans-1,4-
diacetate product 5a was 73% in the first hour and
after 26 hours the concentration decreased to 22%.
In the other graphs, the concentration of trans-1,4-
diacetate was 13% for 8a and 6% for 9a at this time.
This result indicates that it could be said that the
synthesis of the trans-1,2-chloroacetate 5b was
slower than that of other trans-1,2-chloroacetates
8b and 9b. The reason was thought to be the
intramolecular Van der Waals interactions for 8. The
extended synthesis time of trans-1,2-chloroacetate
8a from 8 showed that this interaction was quite
strong compared to that of 8 and 9. The
intermolecular conversion from trans-1,4-diacetate
to trans-1,2-chloroacetate required 4 days for the
reaction of 5, 40 h for the reaction of 8, and 32 h for
the reaction of 9. As outlined in graphic C in Figure
6, the synthesis of 9b took less time compared to the
syntheses of 5b and 8b, even though 9b was the
most sterically bulky and substituted heteroatoms
at nitrogen. Nevertheless, the formation time of 9b
showed that this steric effect did not hinder the
reaction. Additionally, when the amount of acid was
increased, the synthesis time of trans-1,2-
chloroacetate decreased but the aromatized
product began to form.

3.5 Computational Part
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To further explain the formation of 5b and better
understand the behaviour of 5a, DFT with the B3LYP
functional (Lee et al. 1988) was used via the
program Gaussian 09 (Frisch et al. 2009). All
energies reported in the results and discussion were
calculated at the B3LYP/6-311G(d,p) level and
include unscaled zero-point vibrational energies.

Computational studies showed that the energy of
the
transformation was lower than that of trans-1,4-

trans-1,2-chloroacetate  resulting  from
diacetate, which first occurred in the reaction. The
trans-1,2-chloroacetate product formed because of
the reaction with AcCl, and the formation energies
of the isomers of this structure are given in Table 1
in kcal/mol. This table shows that in the ongoing

reaction with AcCl the attack aspects of the chloride

ion that formed in the same reaction medium was
supported exactly. Moreover, the stereochemistry
and absolute configuration of these chlorinated
products, formed as an enantiomeric mixture
following the Sn2' mechanism, were verified by
computational calculations. These computational
results clearly revealed that compound 5b was
preferable and the difference in energies between
them proved this theoretically

Table 1. Formation energies of all possible products (in hartree/particle), including Zero-Point corrections
and relative energy differences (kcal/mol) for 5b, 17, 16a, and 18 respectively.

OAc o (:)AC o C:;I O % (6]
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ﬁcfa ‘C%VC,{ < @ }QE gp @n # A
Computed  @ef” Vi gl oL 38 o e b, KK O
structures 1 , 'é\ T )c‘ F\ ,‘\g ) )gf* { u% “é\ ){C‘.‘,& ¥
e £, . (c* < i G Nl Jhem(C =
W & N A PR TR
> b \\#I XN i A é
2 s ¢ “\.
ey

Energy -1242.28027650 -1242.27682650
values
Formation
energy
differences
kcal/mol 0.0 22

(between 5b
and others)

-1242.27042600 -1242.26581230

4. Conclusion

In this study, the ether bonds of 5, 8, and 9 were
subjected to cleavage reactions to give 5a, 8a, 9a,
5b, 8b, and 9b in the presence of Ac;O or AcCl and
H.SO0, as catalyst. First, the ether cleavage reaction
was performed using Ac,0 and trans-1,4-diacetates
(5a, 8a, and 9a) were synthesized. The mechanism
of these reactions was explained in detail. Second,

the ether cleavage reactions of 5, 8, and 9 were
performed using AcCl and it was determined that
trans-1,2-chloroacetates 5b, 8b, and 9b were the
products instead of the expected cis-1,4-
chloroacetates 16a-d and 20a-d. Studies such as *H
NMR and theoretical calculations were conducted
to determine the mechanism. The results of these
First, the
mechanism of the reaction of 5, 8, and 9 with AcCl

studies were discussed in detail.

was explained by identifying and monitoring the
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reaction intermediates and products with *H NMR
spectroscopy. It was determined that 5b, 8b, and 9b
through the
intermediates 5a, 8a, and 9a in the reaction medium

formed trans-1,4-diacetate
over time. The stoichiometric proportions of the
(trans-1,4-diacetate and  trans-1,2-
of the ether
cleavage reaction with AcCl of 5, 8, and 9 were

products
chloroacetate) formed because
measured via integrals of H NMR spectra of aliquots
taken from the reaction at certain time points.
Based on these findings, trans-1,2-chloroacetate
began to occur from the corresponding trans-1,4-
diacetate over time via an Sy2' mechanism. These
results were reinforced by theoretical calculations.
The formation energies of 5b and its isomers were
calculated and it was determined that the formation
of 5b was preferential computationally.

Caution: During the method described here, when
an excess amount of AcCl is removed under reduced
pressure, suffocating AcCl and HCl gases are
released from the vacuum pump if not adequately
trapped or ventilated in a fume hood. Appropriate
precautions should be taken during this procedure.

Supporting Information: Aliquot NMR spectra,
characterized spectra of the compounds, and
computations with the B3LYP/6-311G(d,p) statistics
for the optimized structures are provided in the
Supporting Information
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Abstract
Many problems based on natural sciences need to be solved by the scientists and engineers to serve

keywords the humanity. One of the well-known model in atomic universe is condensed into an equation, and
Thomas-Fermi called the Thomas-Fermi equation. It is a second order differential equation, which describes charge
equation; non-linear distributions of heavy, neutral atoms. No exact analytical solution has been found for the equation yet.
ODE; semi-infinite In fact, strong nonlinearity, singular character and unbounded interval of the problem causes great

difficulty to obtain an approximate numerical solution as well. In this paper, the Thomas-Fermi equation
is solved using a second order finite difference method along with application of quasi-linearization
method. Semi-infinite interval of the problem is converted into [0, 1) using two different coordinate
transformations, namely algebraic and exponential mapping. Numerical order of accuracy has been
interval mapping checked using systematic mesh refinements and comparing the calculated initial slope y'(0). Calculated
results for initial slope is found in good agreement with the results available in the literature. Lastly,
accuracy is improved by the application of the Richardson extrapolation.

interval; finite
difference method;
quasi-linearization;

Rasyonel Uslii Cebirsel ve Ustel Esleme Yaklasimi ile Thomas-Fermi
Denklemi igin ikinci Derece Dogruluklu Sonlu Farklar Yontemi
0z

Doga bilimlerine dayali bir¢ok problemin insanliga hizmet etmesi igin bilim insanlari ve mihendisler

tarafindan ¢ozllmeleri gerekir. Atomik diinyadaki iyi bilinen modellerden biri, bir denklemde yogunlasir

Anahtar Kelimeler ve bu denklem Thomas-Fermi denklemi olarak adlandirilir. Thomas-Fermi denklemi agir, nétr atomlarin
Thomas-Fermi yuk dagilimlarini tanimlayan ikinci dereceden bir diferansiyel denklemdir. Denklem igin heniiz tam bir
Denklemi; analitik ¢6zim bulunamamistir. Esasen, problemin gi¢li nonlineer yapisi, tekil 6zellik sergilemesi ve
nonlineer ADD; sinirsiz aralikli tanim kiimesi, yaklasik sayisal bir ¢dziim elde etmede de biyik zorluklara yol agmaktadir.
Yari sonsuz aralik; Bu makalede, Thomas-Fermi denklemi, sanki-dogrusallastirma yontemi ile birlikte ikinci dereceden
Sonlu Farklar Metodu;  dogruluklu bir sonlu farklar ydntemi kullanilarak ¢ézilmistiir. Problemin yari sonsuz araligi, cebirsel ve
Sanki-lineerlestirme;  (istel esleme olarak adlandirilan iki farkli koordinat déntsimd kullanilarak [0, 1) araligina
Aralik esleme donusturilmastiar. Sayisal dogruluk mertebesi, sistematik ag sikilastirma teknigi kullanihp hesaplanan

baslangic egim y'(0) degerlerinin karsilastiriimasi ile kontrol edilmistir. Baslangic egimi icin hesaplanan
sonuglarin, literatiirde verilen sonuglarla iyi bir uyum iginde oldugu gosterilmistir. Son olarak,
Richardson ekstrapolasyonunun uygulanmasiyla ¢6zlimin dogruluk mertebesi arttiriimistir.

© Afyon Kocatepe Universitesi

1. Giris Engineering problems as well as scientific ones such

Researchers use mathematics to reveal the mystery as heat transfer, ship hydrodynamics, fluid

of the universe by modelling the physical dynamics, strength of marine structures are mostly

phenomena mostly in differential forms. described in differential equations. Moreover, they
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are initial and/or boundary value problems in finite,
semi-infinite and infinite intervals. However, exact
solution of the investigated differential equation of
the modelled system is not always available.
Therefore, some approximations and approaches
should take place to reach to the solution of the
problem, which satisfies the requirements of the
case or the investigated system.

The Thomas-Fermi model was first presented by
Thomas (1927) to determine the effective electric
field inside the heavy atoms with four assumptions
to condense the model into an equation. Moreover,
Fermi (1928) stated that the model is statistically
founded to determine the distribution of electrons
in a heavy atom, where he considered electrons as
a uniform gas around the nucleus. Therefore,
Thomas-Fermi  equation  describes  charge
distribution of heavy, neutral atoms. The equation is
a second order nonlinear and singular differential

equation with semi-infinite interval, which is given

The Thomas-Fermi equation is considered as one of

the most important non-linear
physics and

researchers. Baker (1930) searched an analytical

equation in
mathematical attracted many
solution around x =0 and obtained a series
solution as

43 2 5 1 3
Y(x):1+ax+§x2+§ax2+§x +- (2)

Where a is the initial slope. Sommerfeld (1932)
examined the asymptotic behaviour of the problem
and reported that:

144
y(x)~Fasx - © 3)
Feynman (1949) numerically integrated the

equation with quadratic approximation for the eight
different slope, and
approximated «a in between —1.58876 and
—1.58874. Kobayashi et al. (1955) obtained an
improved asymptotic solution and reported a =

values of the initial

(4

as —1.588070972 with great accuracy. Mason (1964)
5 3 used a rational approximation, which satisfies both
d—z = ﬁ,y(O) =1,y(0) =0 (D asymptotic approximation of Sommerfeld (1932)
dx Vx and initial approximation of Baker (1930) and
obtained following analytical approximation:
1 2
1+ 1.81061x2 + 0.60112x

y(x) = T 3 5

1+ 1.81061x2 + 1.39515x + 0.77112x2 + 0.21465x2 + 0.04793x2
Csavinsky (1968) obtained an approximate Thomas-Fermi equation, which is based on modified

analytical solution for the Thomas-Fermi equation
using Ritz variational method with a three-
parameter-trial function. Moreover, Roberts (1968)
presented a one-parameter trial function. Anderson
and Arthurs (1968) suggested a better trial function
in comparison with Csavinsky and Roberts. Bender
et al. (1989) introduced a perturbative technique
and applied to several ordinary differential
equations including the Thomas-Fermi equation.
They calculated the a with 13% relative difference
from the exact result. Laurenzi (1990) used a similar
perturbative method and calculated the initial slope
with only 0.03% relative difference from the exact
result. Wazwaz (1999) introduced a new non-

perturbative analytical approach to solve the

decomposition method with Pade approximants.
Abbasbandy and Bervillier (2011) have achieved a
new level of accuracy. They used Pade-Hankel
method to solve the Thomas-Fermi Equation and
were able to compute first 22 decimal places of the
initial slope as a=
—1.5880710226113753127189 + 7 x 10722,

Parand et al. (2017) introduced an accurate spectral
method using fractional order of rational Jakobi
Robin
approximation, which was obtained from numerical
data provided by Parand et al. (2017). Parand and
Delkhosh (2017)
method by using fractional order of rational

functions. (2018) gave an analytical

introduced another spectral
Chebyshev functions and solved the Thomas-Fermi
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problem with an excellent numerical accuracy of 37
decimal places. The method of Parand and Delkhosh
(2017) was further improved recently by Zhang and
Boyd (2019). Zhao et al. (2021) introduced a hybrid
technique using finite volume method and the
asymptotic Puiseux series to obtain approximate
solution to the Thomas-Fermi equation.

Solving eq. 1 with common integration methods,

such as Runge-Kutta method, involves great
difficulty. The main reason for that, y is strongly
dependant to the initial slope a = y'(0). In order
to use such method, an initial guess for a should be
chosen in order to numerically integrate eq.1 from
x = 0. If a is chosen larger than its exact value, y
tends to infinity for some finite value of x. On the
other hand, if a is chosen smaller that its correct
value, y becomes negative for a finite value of x so
that the These
behaviours of the equation were examined in detail

by Hille (1970).

solution becomes complex.

Solving eq. 1 with a numerical method such as finite
difference method also involves difficulties. Firstly,
the problem is a boundary value problem, which is
defined on an unbounded interval. Secondly, direct
discretization of the eq. 1 results in a system of
nonlinear equations. Finally, it is difficult to achieve
second order or higher order accuracies, since
second derivative and higher order derivatives of y
has a pole at x = 0.

In this paper, a second order finite difference
method is introduced to solve the Thomas-Fermi
equation. Suitable coordinate transformations are
used in order to achieve a second order accuracy
and avoid any error due to domain truncation. By
these transformations, semi-infinite interval of the
Quasi-
linearization method is applied in order to convert

problem is mapped into interval [0, 1).

the problem to a set of linear system of equations.
The aim of this paper is to provide a simple and
effective compact finite difference formulation and
show the power of mapping to solve problems
defined on an unbounded interval.

2. Coordinate Transformation

The Thomas-Fermi equation is a boundary value
problem defined on a semi-infinite interval. A
common method to solve such problems is called
boundary truncation method. In this method, semi
infinite interval where x € [0, o) is replaced with
x € [0,x4) where x, is a sufficiently large finite
number. However, choosing x., either is based on
the experience or requires additional study.
Mathematicians developed several techniques to
determine x, (Lentini and Keller 1980; de Hoog and
Weiss, 1980; Markowich, 1982; Markowich 1983;
Fazio 1992). On either case, truncation of the

boundary includes some error.

Another approach is to introduce a suitable

coordinate transformation, which maps the
unbounded interval of the problem into a bounded
one. Van de Vooren and Dijkstra (1970) applied
coordinate transformations to investigate laminar
fluid flow over a flat plate. They change the original
interval x € [0,0) into ¢ € [0,1.25) via following

transformation:

_ 5
T 5 —4¢

+582(1—¢%) (5)

X

(1977)  used
transformations for several problems such as heat

Grosch and Orszag coordinate
equation, wave equation, fluid dynamics etc., and
showed the success of the method for problems
where the solution approaches to a constant value
at infinity. Fazio and Jannelli (2014) introduced
quasi-uniform grid approach, which is based on the
coordinate transformations, in order to solve
Falkner-Skan fluid flow equation and a structural
mechanics following

problem. They used

transformations to map x € [0, o) into & € [0,1):

X

f=1-ec (6)
f_x+c 7)

where c is a control parameter. Eq.s 6 and 7 are
called exponential and algebraic maps, respectively.
In this
transformations for the Thomas-Fermi Equation:

study, we introduce following
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f=1—eV* (8)
x
§= o 9)

These transformations map the interval x € [0, 00)
into ¢ € [0,1).

Eq. 8 is referred fractional order of exponential map
(FOEM) while eq. 9 is referred fractional order of
algebraic map (FOAM). The term fractional order is
due to the fact that v/x is used instead of x in the

(1-92 d’ (-9l -In(-9ldy 3

equations. The reason we use +/x instead of x is
that, the asymptotic approximation of the eq. 1
around x =0 is of the form of power series
expansion of vx . Due to this behavior of y(x), it is
not possible to achieve second or higher order

accuracy by using eq.s 6 and 7 (see Ref. 3). There will
3
always be an error dominated by the term gxi

The FOEM and FOAM convert the Thomas-Fermi
equation to the following boundary value problems,
respectively:

41n(1 — &) dé? 4[In(1 - &)1?

+y2=0,y(0)=1,y(1)=0 (10)

3

3
2

-9 dly (1-9*+360-9%dy

4§ dg? 4
3. Quasi-linearization of the Equations

The quasi-linearization is an effective method for
solving nonlinear differential equations. First,
Bellman and Kalaba (1965) introduced this method,
and used it to solve several nonlinear boundary
value problems. It is also frequently used approach
to analyze and solve engineering and design
problems as in maritime applications. Amromin
(2015) investigated bottom ventilated cavitation in
seaways with control device of the flow by quasi-
linearize the cavity flow, pressure constancy
condition as well as momentum for turbulent flow.
In another article, Amromin (2018) executed a
research on the impact of sea waves on ships as if
the bottom cavity acts as a shock absorber, and
quasi-linearized the equations to analyze and solve.
Kumari and Kukreja (2022) proposed a method,
which consists of quasi-linearization of the non-
linear terms, to analyze modified long wave
equations. Ahmad et al. (2017) introduced a method
to carry out static deflection analysis of an infinite
which

equations to be quasi-linearized. Pelka et al. (2017)

beam, requires governing non-linear
presented a study on underwater positioning and
communication for the autonomous vehicles, and
they use quasi-linearization to estimate the position

based on distance.

=0,y(0)=1y(1)=0 (11)

ac "7
Discretization of the eq.s 10 and 11 leads to a set of
nonlinear algebraic equations, which are not easy to
solve. Instead, we apply quasi-linearization before
discretizing the equations in order to obtain a set of
linear equations, which can be solved.

In this paper, the Thomas- Fermi equation is quasi-

linearized as:
d*Yni1 Y 3 yn%
Froa 1.5\/;31,,“ = —O.SE (12)
with the boundary conditions:
Yn+1(0) =1, ¥p4q(e0) =0 (13)

where n denotes the number of iteration. The same
quasi-linearization could be seen in Mandelzweig
and Tabakin (2001) and Parand et al. (2017). It can
be seen from the eq. 12 that (n + 1)"th solution of y
is calculated from nth iteration. Thus, the quasi-
linearisation method requires an initial guess of y,,
which can be chosen from physical or mathematical
considerations. In this study, initial guess is assumed
as follows:

Yo(x) =e™* (14)

Using the similar approach, eq.s 10 and 11 can be
rearranged as follows:
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(1-9)? d®ynia

(1 -9 —In(1 = H]dyn+1

4In(1—¢&) dé2

4[In(1 - )7

(1 - 5)5 dz)’n+1 _ (1 - 5)4 + 35(1 - 5)3 dYn+1

3
dg + 1.5/ ¥nYns1 = —0.5y,2 (15)

3
+ 1.5y ¥n¥n+1 = —0.5y,2 (16)

48 qez 4¢

with boundary conditions:

Yn+1(0) = Lyn (1) =0 (17)

Now, eq.s 15 and 16 can be solved numerically for
Vn+1 Under boundary conditions given eq 17.
Iterations can be terminated when a desired level of
convergence is achieved.

4. Discretization of the Equations via Finite
Difference Method

Finite difference method is considered as a popular,
simple, yet powerful tool to obtain approximate
solutions for nonlinear boundary value problems.
Moreover, particularly in marine sciences, naval
architecture and ocean engineering, the method is
well-respected and utilized by many engineers and
designers to cope with analytically unsolvable
engineering problems. Lee et al. (2011) simulated
and analyzed tank sloshing phenomena regarding to
the free surface effect by using finite difference
method. Jose et al. (2017) modeled and simulated
non-linear forces due to breaking waves on a mono-
pile structure and compared to experimental
results, then they showed that finite difference
method yields a good agreement with experiments.
Mekki and Ali (2013) used finite difference method
based on a Crank-Nicholson type discretization to
simulate and handle a water wave problem, which
appeals to engineers dealing with ships and off-

On+1)ivr — 20n+1)i + Ona1)i-1 In+)iv1 — One1)io1
A +B

d¢§

shore structures. Lu et al. (2016) applied finite
difference method via utilizing Padé approximation
to deal with a numerical solution of the propagation
of long waves on the surface of water. In addition,
researchers developed compact finite difference
schemes for solving singular nonlinear boundary
value problems (Roul et al. 2019, Setia and Mohanty
2021, Chawla et al. 1986, Pandey and Singh 1978).

We use a well-known finite difference method to
obtain a numerical solution for eq.s 15 and 16. In
order to achieve that, we first divide the interval
[0,1) into N equally spaced subintervals. Then, we
define §; = ih for i = 0,1,2,....,N, and h denotes
the length of subintervals. For convenience, we
define y; = y(§;). The boundary conditions in eq.
17 corresponds to:

Yo=Lyy=0 (18)

Derivatives of y with respect to & can be calculated
from the central difference formula, which are given
by Gerrald (1978):

l hz

where coefficients are

A =g)?
= (-8 (22)
B, = (1-¢&)[1—-1In(1-¢)] 23)

4[In(1 - §)]?

d’y|  _ Yie1 = 2yi+Yin (19)
dé? h?
&
dy Yi+1 = Yi-1
- == 20
dé ¢, 2h (20)
The discretization of FOEM yields to:
h + Ci(Yn+1)i = Dy (21)
Ci = 1.5y (m); (24)
3
D; = —0.5(yp);2 (25)

Egs. 21 — 24 can also be written as in the following:

AiWn+1)i—1 + BiWns1)i + Ci(Ynt1)isr = D; (26)

where
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=g’ (1-¢)[1—-In(1-¢)]
A ema-5)  shmd-&F )
_ (1-¢§)?
B; = 1.5 (y)i T2 = &) (28)
=) (1-¢)[1—In(1-¢)]
CEEma-g) T shma - &)
D; = ~05(y,);2 (30)

Egs. 25 — 29 gives N-1 linear equations for N-1
unknown (y,,+1); Where the coefficient matrix of
the system of equations has tridiagonal banded
form so that this system of equations can easily be
solved by the Thomas algorithm (Ford 2015).

Application of the same procedure on FOAM leads
to following equations:

Ai(Vn+1)i-1 + Bin+1)i + Ci(Wns1)iv1 = D; (31)

( - fl
Bo=15V0i~ "y (33)
(1§ A-&)*+3501-¢§)°
“=Tanzg, 8h¢; (34)
D; = —0.5(y);" (35)

As one can notice that, the discretization of both
eq.s 16 and 17 results in a similar system of linear
algebraic equations where the coefficient matrix of
the equations have a tridiagonal banded form.

5. Results and Discussion

Fig. 1 compares the meshes created with FOEM and
FOAM approaches for N = 10. It can be seen that
both approaches provide higher resolution for small
x while lower resolution for large x. This is very
beneficial particularly for problems where y closely
follow a constant value for large values of x. When
the meshes are compared, it is seen that FOEM

where approach gives slightly higher resolution than FOAM
(1- fi)s (1-&)*+ 3&,(1— fi)3 approach when x is small. While FOAM approach
4; = 4h2E; + 8h¢; (32) gives higher resolution than FOEM approach when
l l
x is large.
Xp X19 X = o0
aoo
05 15
Xo X19 X— o
o o O
0 15 80

Figure 1. Comparison of the Meshes Created Using FOEM (Top Frame) and FOAM (Bottom Frame). The last

mesh point is at infinity in both cases.
Table 1 lists the calculated results of a = y'(0)
using both FOEM and FOAM approaches for
increasing values of N. Estimated order of accuracies
(p) are also added to the Table 1. The order of
accuracies is estimated by:

—In(lajzg0 — aznl)

In2

_ In(|a;250 — an|)

(36)

where ap is the initial slope calculated using N
intervals. It can be said that the results of the both
approaches are in a good agreement. The calculated
initial slopes obtained from FOEM approach are
slightly less than those obtained from FOAM
approach. It can also be deduced from the table that
the second order of accuracy is achieved by both

approximations. Fig. 2 shows the numerical
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solution obtained using FOEM approach when N =

40.

Table 1. Numerical Approximation of a and Estimated Order of Accuracies

N a Relative « Relative
FOEM Error ProEm FOAM Error Proam
40 -1.5866617401 -8,87E-04 1.93774 -1.5849416318 -1,97E-03 1.97696
80 -1.5877020899  -2,32E-04 2.01871 -1.5872738147  -5,02E-04 2.03099
160 -1.5879788813  -5,80E-05 2.05932 -1.5878736628  -1,24E-04 2.08197
320 -1.5880478088  -1,46E-05 2.31679 -1.5880220892  -3,08E-05 2.32841
640 -1.5880651998  -3,67E-06 o -1.5880588486 -7,67E-06 %)
1280 -1.5880695670  -9,17E-07 -1.5880679870 -1,91E-06
15 r—-----m--- T-—TTTT oo B e i Sl B B e |
i i i i |
fmmmm yTTTTms T At i
i i i | wow |
R S e
0 3 & g 12 15
X
Figure 2. Numerical Solution obtained with FOEM approach (N = 40).
Zhang and Boyd (2019) gives a = g = 2P,y — ay 37)
—1.5880710226 --- with high accuracy. The error of ext 2P —1

the both approaches in this paper, when N = 1280,
is less than 10~° in comparison of initial slope. This
error can be reduced by improving the order of the
(1927)
extrapolation method. Application of this method is

numerical accuracy via Richardson
explained in detail by Fazio and Janelli (2014). By
using this method, extrapolated values of a can be

calculated from

Since p = 2 for both numerical methods in eq. 36
can be written as

4da,y — ay

Aext = 3 (38)

Table 2 shows the results obtained for a after
extrapolations. We see that the extrapolated value
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of a is correct up to 10 decimal places for FOEM
approach and 8 decimal places for FOAM approach.

Table 2. Numerical Results for a after Richardson’s Extrapolations

N AroEM QAext Aroam Aot
320 -1.5880478088 -1.5880220892
640 -1.5880651998 -1.588070997 -1.5880588486 -1.5880711018

1280 -1.5880695670 -1.588071023

-1.5880679870

-1.5880710332

6. Concluding Remarks

The main goal of this study is to develop an effective
numerical method to solve the Thomas-Fermi
second order

different
transformations to convert the semi-infinite interval

Equation with accuracy. We

introduced two coordinate
of the problem to a finite interval in order to avoid
potential errors caused by boundary truncation. We
applied the quasi-linearization method and the
finite difference method to convert the boundary
value problem into linear systems of algebraic
equations. Resulting algebraic equations are easy to
solve since coefficient matrix of them has
tridiagonal-banded form. Hence, it can be said that
the proposed method requires a low amount of

computational effort.

Numerical accuracy of the solution was improved by
applying Richardson extrapolation. An alternative to
achieve third order or higher order solutions would
be to use higher order finite discretization stencils.

Proposed coordinate transformations can be used
to solve nonlinear boundary value problems, which
are defined on semi-infinite intervals. We suggest
following algebraic transformation to extend this
method to solve problems defined on (—oo, +0):

x
= — 38
Ve? + x?
where c is a control parameter. This transformation
converts the infinite interval into (-1, 1).
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Anahtar kelimeler 0z
Genellestirilmis Bu calismada, Hamilton operatérlerini kullanarak genellestiriimis kuaterniyon cebiri ile gergel
kuaterniyonlar; (kompleks) matris cebirleri arasindaki baglantiyr kurduk. Genellestirilmis kuaterniyonlarin gergel ve
Hamilton operatorleri;  kompleks temeline karsilik gelen gercel ve kompleks matrisler elde ettik. Ayrica, gercel ve kompleks
Pauli matrisleri; matrislerin temel 6zelliklerini arastirdik. Genellestirilmis kuaterniyonlara karsilik gelen Pauli matrislerini

Genellestirilmis Giniter  elde ettik. Daha sonra, bu matrisler tarafindan tretilen cebirin, genellestirilmis ESB uzayi tarafindan
matrisler;
Genellestirilmis
ortogonal matrisler

Uretilen Clifford cebiri Cl(E;B) ile izomorf oldugunu gosterdik. Son olarak, genellestirilmis birim
kuaterniyonlara karsilik gelen simplektik matrisler grubu, genellestirilmis birim matrisler grubu ve
genellestirilmis ortogonal matrisler grubu arasindaki iliskileri inceledik.

Generalized Quaternions and Matrix Algebra

Keywords Abstract
Generalized In this paper, we established the connection between generalized quaternion algebra and real
quaternions; (complex) matrix algebras by using Hamilton operators. We obtained real and complex matrices
Hamﬂtqn op?rators; corresponding to real and complex basis of the generalized quaternions. Also, we investigated the basis
Pauli matices; features of real and complex matrices. We get Pauli matrices corresponding to generalized quaternions.

Generalized unitary Then, we have shown that the algebra produced by these matrices is isomorphic to the Clifford algebra

matricgs; Cl(E;ﬁ) produced by generalized space Egﬁ.FinaIIy, we studied the relations among symplectic

Generalized matrices group corresponding to generalized unit quaternions, generalized unitary matrices group, and
orthogonal matrices generalized orthogonal matrices group.
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1. Introduction and Preliminaries following property must be provided for the x and y

vectors in vector space V,
Clifford algebra is a unital associative algebra

generated by a vector space with a quadratic form. xyt+yx=2x-y

This algebra examines the properties of the vector
spaces by using dot product, cross product, where ’+" is a scalar product on V. The subset of the

geometric product. Thus, this algebra is a usefuland ~ €ven degree elements of Cl(p defines th? even
standard tool in dealing with geometric and physical subalgebra'and denotednby Cl (['/)' Wren dlml:l_=1
problems. Clifford algebra can be generalized tothe 7t then, dimCI(V) = 2 .and dimCl™ (V) = 2
real numbers, complex numbers, quaternions, (Aragan et al. 1997, Catoni et al. 2005).
hyper-complex number‘ §ystems. Cliffo‘rd‘ algebra’s In this study, we defined Clifford algebra
name comes from British mathematician W. K. product on generalized space. Afterward, we have
Clifford (1876). The CI'|fford algebra generateq by shown that even Clifford algebra of Egﬁ
th? vector space V with r—:u‘scalar produFt on it is corresponds to generalized quaternion algebra. 3-
uniquely defined. In addition to the linear and . . 3

7 ] dimensional non-degenerate vector space Eaﬁ has a
associative properties of the scalar product, the . .

orthogonal basis {e;,e,,e;}. The even Clifford

algebra C1*(Egg) = Clyq; p + q = 3 of the vector
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space has a orthogonal basis {l,e; =1i,e, =
j,eie; = k}, wheree? = —a, e = —f and e e,
—eyeq (Ata and Savci, 2021).

Generalized quaternions have emerged as a

tool for studying quadratic forms. These
qguaternions are a natural generalization of
Hamilton quaternions and split quaternions.

Generalized quaternions can be either a
Hamiltonian quaternion or a split quaternion,
depending on the choice of numbers a and S.
Therefore, it has a more general algebraic structure.
For more detailed information on Hamiltonin and
split quaternions, see (Alagéz 2012,Cockle 1849,
Hamilton 1853, 1866, Ozdemir and Ergin 2006,
Sangwine and Le Bihan 2010). Ata and the Savci
have shown that unit generalized quaternions Héﬁ
correspond to a rotation in generalized space Eéﬁ.
They stated that this motion gives the rotational
motion in 3-dimensional Euclidean space E3 and in
3-dimensional Lorenz space E} for their special
choices of a, f € R (Ata and Savci, 2021). Ata and
Yildirnm have obtained a different polar
representation of generalized quaternions. And,
they showed that a rotational motion in generalized
space can be obtained as the product of two
rotations in the same space by using this notation
(Ata and Yildirim, 2018). See detail (Ata et al. 2012,
Jafari and Yayh 2015, Lam 2005 ) for more
information about generalized space and their
algebraic properties.

In this paper, real and complex matrix
representations of a generalized quaternion are
obtained with the help of Hamilton operators. The
real and complex basis matrices corresponding to
the real and complex basis vectors of the
generalized quaternion algebra are obtained.
Besides that the properties of these matrices are
investigated. It is shown that second complex
Hamilton matrices corresponding to a generalized
unit quaternion are a generalized special unitary 2 X
2 matrix. These matrices have been obtained in
exponential form using generalized Pauli matrices. It
has been shown that the algebra produced by the
generalized Pauli matrices is isomorphic to Cilfford
algebra Cl(Egﬁ) and the Lie algebra of group

SUqp(2).

In this sections, we present some properties
of the generalized quaternions.

Let u = (uq,uy,U3), vV = (V,V,,V3) be in
R3 and a,f € R, then the generalized metric tensor

product is defined by g(u,v) = au,v; + fu,v, +
afusvs. It could be written matrix formas as;

a 0 O
gwv) =u’ [0 B 0 ] v =u’Gv.
0 0 ap

Generalized metric tensor g(u,v) has different
names depending on the choice of numbers a, 8 €
R; g(u, v) is called generalized inner product when
a>0,6>0,

g(u,v) is called the generalized semi-
Euclidean inner product when a > 0, § < 0,

g(u,v) is called Euclidean inner product
when a = =1,

g(u,v) is called semi-Euclidean inner

product whena =1, = —1,

The vector space on R3 equipped with the
generalized inner product, is called 3-dimensional
generalized space denoted by ESB or E3(a, B).

If a=p=1, then E3(1,1)=E3% 3-
dimensional Euclidean space If « =1 and § = —1,
then E3(1,—1) = E3 3-dimensional semi-Euclidean
space (Minkowski space).

1.1 Generalized Quaternions

A generalized quaternion is defined as
q =a9+ai+a,j+azk
where ay, a4, a, and a; are real numbers and i, j, k
are quaternionic units which satisfy the equations
it=-a, jP=-B, k*=-ap
j=k=—ji, jk=pi=—kj
and

ki=aj=—ik, ap€ER

The set of all generalized quaternions are denoted
by Hgp. A generalized quaternion q is a sum of a
scalar and a vector, where scalar part, Sq = aop, and
vector part V,=a;i+ayj+azke ]Rg’lﬁ.
Therefore, Hep forms 4-dimensional real space
which contains the (real) axis R, Hep =R ) Egﬁ.

Special cases:

1) If @ = B =1, then Hgyp is the algebra of
real quaternions.

2)Ifa=1,p = —1,then Hyp is the algebra
of split quaternions.

3)Ifa=1,p =0, then Hyp is the algebra
of semi quaternions.
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4)Ifa = —1,B = 0, then Hyp is the algebra
of split semi-quaternions.

5)Ifa =0, =0, then Hyp is the algebra
of 1/4 quaternions (Jafari 2012).

The addition rule for
quaternions, Hal;, is:

generalized

p+q=(ap+by)+ (ar + by)i + (az + by)j
+ (az + b3)k

for p =ay+aqi +ayj +azk and q = by + byi +
byj + bsk.

This rule preserves the associativity and
commutativity properties of addition, and provides
a consistent behaviour for the subset of quaternions
corresponding to real numbers, i.e

Sp+q = Sp +Sq = ao +b0.

The product of a scalar and a generalized quaternion
is defined in a straight forward manner. If c is a
scalarand g € Hep,

cq =cSq +cVg = (cag)l + (cay)i+ (cay)j + (cas)k.

The multiplication rule for generalized quaternions
is defined as

Pq = SpSq — (Vi Vg) + SpVy + SVg + V, AV,

which could also be expressed as

ay, —aa; —PBa, —afasz\ /by
pq = a; Qo —Paz Pa, by
a, aas ag —aa, b,
a; —a, ag bs

Obviously, quaternion multiplication is associative
and distributive with respect to addition and
subtraction, but the commutative law does not hold
in general (Grop et al. 2003).

Hgp with addition and multiplication has all
the properties of a number field except
commutativity of the multiplication. It is therefore
called the skew field of generalized quaternions.

Some properties of generalized quaternions
were given below;

1) The Hamilton conjugate of q =ay +
ai+ayj+azk=S,+V,is
a=a0_(a1i+a2j+a3k) =Sq _Vq
2) The norm of q is defined as N, = |qq| =
|9q| = |a§ + aa? + Baj + apa3|. If N, = 1, then
q is called unit generalized quaternion, for Nq * 0,

qo = Ni is unit generalized quaternion.
q

If Ny =|a§ +aa? + paj + apaj| =1,
then q is called as unit generalized quaternion.

3) The inverse of generalized quaternion q

is definedas g1 = Ni, N, # 0.
q

IfI, >0,1;,<0,and [, =0 for<gq,q >=
I, , then q is called spacelike, timelike, and lightlike
guaternion, respectively.

If generalized quaternion g is lightlike
quaternion (N, = 0), then, q is not inversible.

4) The scalar product of two generalized
quaternions, p =S5, +V, and q = Sq+Vy, is
defined as;

<p,q> =8585,+9Vp, Vy)

= Spq

The above expression defines a metric in Eéﬁ. From
know on, for the calculation below, according to the
selection of a and f3, Hgﬁ generalized quaternion
space were taken identical to generalized Euclidean
and semi-Euclidean space, where

Eéﬁ ={q = (ay,ay,a;,,a3) € R*: < q,q >
=a¢ +ad? + Ba + aBad a, B
€ R}

Generalized quaternions with scalar part zero are
called pure quaternions and denoted by H;lﬁ. The

set Hgp is a subalgebra of Hyg and it is identical to
3-dimensional generalized real linear Euclidean
space R} 5.

5) Polar form: Let a,8 > 0, then every
generalized quaternion q = ay + a,i + a,j + ask

can be written in the form
q = r(cosf + using), 0<6<2m

with

r=,/N;, = \/a% + aa? + a3 + afaj,

and

Jaa? + Baz + apa?
- :

Qo .
cosf = —, sinf =
T

The unit vector u is given by
a;i +a,j + azk
u=
Jaa? + paz + apa?

where aa? + a3 + afa3 # 0.

Leta > 0,8 <0, then
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q=ag+ai+a,j+azk is generalized
quaternion, in polar coordinates, q is given by

q = r(coshg + usinhg), (the generalized
guaternion is called timelike generalized quaternion
with spacelike vectorial part), where < gq,q >< 0,

=%
g(V,,Vg) >0, coshg = - and

aa?+Bat+afa’
—— @ €ER

T

sinhg =
(Ata and Yildirnm 2018).

1.2 Hamilton Operators in Generalized Quaternion

We will study, the real and complex
Hamilton operators and their properties,
corresponding to generalized quaternions, via
matrices.

Let H* and H™ be linear transformations,
H*: Hup > Hyp and H™:
q-H"(q)

are endomorphisms.

Haﬁ d Haﬁ
q—->H"(q)

Left and right notations of H,g algebra can
be given equation (1) and equation (2), respectively;

H*(q): Haﬂ - Haﬁ (1)
x = H"(q)(x) = qx
and
H™(q): Haﬂ - Ha[?
_ _ (2)
x = H™(q)(x) = xq
Those maps are called as Hamilton operators
As known, each finite dimensional

associative A algebra over the K field, isomorphic to
subalgebra of M,,(K) algebra. Thus, one can find
accurate representation of the A algebra of the
M, (K) algebra.

For the H,p generalized quaternion algebra
H*(q) and H™(q) transformations are
isomorphisms,

H*:Hyp - My(R),

a, —aa; —fa, —afas

H*(q) = a; Qo —Baz Pa,
a, aas ag —aay
az —a a Qo

and

H™:Hyg = My(R),

a, —aa, —fa, —afas
H (q) = a; Qo Bas —pa;

a, —aaz ag aa,

a a; —ay QAo

where q = ag +a,i+ayj+azk € Hyp. H'(q)
and H™(q) matrices are called real Hamiltonian
matrices of generalized quaternions. The product of
the generalized quaternions (p and q) can be shown
as matrices product;

qr = H"(q@)p and qp = H™ (p)q

Matrices derived by Hamilton matrices H* (q) and
H™(q) are generalized pseudo-orthogonal matrices
which satisfy the following properties,

i) (H* (@) e(H* (@) = N(q)e,
i) (H™ (@) e(H™ () = N(q)e,
i) H*(q) and H (q) are generalized

orthonormal matrices if and only if g is a generalized
unit quaternions,

qp = H*(q@)p andpq = H™ (p)q
(Jafari and Yayli 2015).

1.3 Fundamental Real Matrices of the Generalized
Quaternions

The scope of this section is to find out how
many real fundamental matrices that generalized
guaternions have .

Let I, be a 4 X4 identity matrix and
Hi,J1,K; be 4 X 4 real matrices. Hence, the first
fundamental matrix of g can be given as

H*(q) = aply + a;Hy + ay]; + azK; (3)

0O —a 0 O

(10 o0 o0
Where H, = 0 0 0 —al

0 o0 1 0

00 —§ 0

L =[00 o g
10 o of

0 -1 0 0

00 0 —ap

K, =0 0 =B 0

0 a O 0

1 0 0 0

The second fundamental matrix;

H™(q) = agly + a1 H; + az); + a3k, (4)
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0 —a O 0
|1 0 0 0
Where H, = 0 0 0 ol
0 0 -1 0
0 0 - O
J, = 0 0 O ]
2"\t 00 o [
010 0
0 0 0 —af
0 0 B 0
K, =
2710 —a 0 0
1 0 0 0
0 as; s, afs;
Amatrixs = [ ~5t O ~Bsa B called a
-5, as, 0 —asg
—S3 —S5 Sg 0
generalized skew-symmetric matrix if STe = —¢S,
where
1 0 0 O
0 a O
£e=1o o g o | a,f ER
0 0 0 af

(Jafari and Yayli 2015).

2. Some Properties of Real Hamilton Matrices in
Generalized Quaternions

The set of all the H,p generalized
guaternions is a form of 4-dimensional real vector
space which contains the real axis R and 3-
dimensional real linear space Egﬁ, so that, Hyp =
R D Ejﬁ. So, q € [RE;B (where E;B is generalized
4-dimensional real vector space) vector and ¢
generalized quaternion can be match, which is
denoted as ”=". Here

q=ag+ai+a,j+azk=q=

2.1 Generator Fundamental Real Matrices of
Generalized Quaternion

In this part, we obtained different
fundamental matrices using the triplet (Hq, /1, K1)
with their negations. Firstly, we generated ordered
triples which satisfy condition 3. We found that
there were totally two possible choices for the first
element of the triplet. Then, deleting the chosen
matrix and its negation, we had four choices for the
second element of the triplet, leaving the third
element to be determined by the product of the first

and second elements. Thus, we got a totally 8
choices for the first system. By the same way, we got
a totally 8 choices for the second system
((Hy,J5,K5). Then, we had 16 ordered triples for
each system. Hence, we obtain 16 different
fundamental matrices using the ordered triples
which satisfy condition 3 or 4.

For the convenience in working, we will
express fundamental matrices H*'(q) and H™'(q),

0<i<7 obtained from ordered triples
(Hs']sv Ks)r (Hsr _]sr _Ks)r (Hs' _151 Ks)r
(Hs']sv _Ks)r (_Hsr]sv _Ks)r (_HSJ _]s' Ks)r

(—Hg,Js, Ks), (—Hg,—Js,—Ks), respectively, for
s=1,2.

2.2 Basic Properties of The Fundamental Real
Matrices

For a given generalized quaternion g =
ag + aqi + a,j + azk, we can write the conjugate
of q as below,

Qo 1 0 0 0
— = [ Ta1 ) [0 -1 0 0
1=a=| _q, |=C C={y o 1 o
—as 0 0 0 -1
and
1 0
0 a
Sq = Ap€q, €1 = 0 , Vq = q. = a;
0 as

Let g and p be the generalized quaternions and a, b
€ R, then the following identities hold: H*!
represents H*! and H™! together.

lLgq=pe HY (@) =H@®p), 0<i<7,
2. HYM(p+q@) =HYM(p)+HY(g),
H*(pq) = H*' (p)H*'(q),
3. H* (@)H ' (p) = H'(p)H*'(q),
4 HY(PHY(q) = H(H () @),
H*(ap + bq) = aH*'(p) + bH*'(q),
5. (HY' (@)™ = C(H (9)"C,
6. tr(H*(q)) =4S, det(H*(q)) =
llqll?.

The 3th identity can be proved by simple
matrix computation. Naturally, these identities are
closely related to basic properties of generalized
quaternion algebra. For example, the identity

H*'(ap + bq) = aH*'(p) + bH*'(q)
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is connected to the linearity of left (or right)
multiplication. Similarly, the identity

H* (p)H* (@) = H* ((H™ () (»))

is related to the associative law for generalized
quaternion multiplication. Furthermore, applying
the matrix approach leads to a convenient and
concise way of writing proofs. We can illustrate this
point by considering three well-known identities

lqql = llqll% llgpll? = liqli?llp|l? and gp = Pq.
lqq| = |H*(@)(@| = [H°@) ()| = |q|%ey,

2

= ||lqlI? = ||a3 + aa? + a3 + aBdi|

2
lapll* = [IH** (@ ®)I|” = llali*llplI?

and
@ = C(H™ (@ @) = (CH* (@) )
=H (@) = pq.
Now, we define the linear transformation

representing  multiplication of fundamental
matrices in Hyp. Let g be a generalized quaternion,
then y*'(q): Hop = Hap and ¥ 7'(q): Hyp = Hyp
are defined as follows:

Y@ () = HT (@) (%), ,
Y (@) =H ' (@)(x),
X € Ha,B

Let g be a unit generalized quaternion;

Y@@ = [H @] = [H (@]lx] = Ix|,

and

ly " H @ @)| = [H (@) )| = [H (@)|Ix] = |x],

where y*{(q) and y~i(q) are generalized
orthogonal transformations of Hgp. Thus, for unit
generalized quaternions q and p, the mapping
Cp,q: Hap = Hyp is defined by

Cpg =V (@ v '@ =7v7 () o v+ (@)
Similarly, the complex Hamilton operators

corresponding to generalized quaternions are
calculated as follows

q =ay+ai+ayj+aszk
= (ap + a;i) + (a; + agi)j

q =z +wj, where z = ay + aqi, w = a,j + ask,
and z,w € C. Hence, the generalized quaternion g
is conceivable pair of complex number, i.e. Hyp =
C2. The complex standard base of the generalized
quaternion algebrais {1, j},

HY (@) =q-1 =z+wj
HE@G) =q-j =@z+w) j=zj+wj?
=—pw + zj
from the above two equations;
z w
HE@=Cgy ) @=LBER

Fundamental
quaternions;

complex matrices of generalized

H{ (q) = zl, + wHy;

where I, = (1 0), H, = (0 _ﬁ) and

0 1 1 0
H? = —BI,.
Similarly, second fundamental complex
matrices;
Hc(@)(1) =1-q =z+wj
Hc(@U) =j-q =j-(z+wj)=jz+jwj
=Zzj + wj?
=7j - pw
= —fw+7zj

from the above equations;
_ z w
He(q) = (—,BW 5)
Using the Hyp = C? relation, mentioned above, D
and g quaternion product of generalized
quaternions p, q (right product of p with q)

according to matrix product H¢ (q) - p, such as, for
q =2z, +wyjandp =z, + wyj,
qp = (z1 + wyj)(z; + wyj)
= (2125 — Pwiwy) + (W12 + Z1wy)j
= (2123 — Pwiwy, 21w, + Wy Z3)

- Z1 W1 .
and, for H¢(q) = [_'[),Wl 2 ], P =2 twy =

[3122], then

- _[%2 W21 %1

qp =Hc(p) -q = [—ﬁWz ;2][W1]
_ [z122 + wiw,

B —ﬂW221+W122]

In this respect, quaternion multiplication can be
presented with second Hamilton complex matrices.

If one take g =z+wj, ZzweC as a
generalized unit quaternion, then second
fundamental Hamiltonian complex matrix H¢ (q) =

z w
[—,BW E] is equivalent (Nq)2 =|z|2 + Blw|? =
1, where 8 # 0. In this case, matrix Hc (q) is a
generalized special unitary matrix, i.e.
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—_\T
(H(C‘(q)) €Hg (q) = e and det(HE (q)) =1,

B 0]

0 1

where € is 2 X 2 diagonal matrix, obtained using
generalized inner product and base {1,j}. Those
matrices generate SU,p(2) which is a group of
generalized special unitary 2 X 2 matrices.

€ =

If we take p <0, then SU,p(2) is a group of
generalized special unitary hyperbolic matrices.
Consequently, it is an isomorphism of the group Sgﬁ
onto the group SUqg(2). Using the matrix H¢ (q),
we can obtain matrices corresponding to unit
quaternions {1, i, j, k} as follows:

=l 3 =l 2l=il 20

l
P R A i B
Let '
w=lp 1 a=ls o
l-
GRS A

Then
wew =[pw 3=ty 2t

call Prals OJraly Jrall )

0

=aoao+a1i[(1) 21]+a2i B

T 0 1
+a3L[ 0]
0 B

= Qp0y + i(a301 + a,0, + a103),

where the matrices {0y,0,,03} are generalized
Paula matrices. These matrices are generalized
Hamilton matrices and have zero traces. if we chose
ay = ey, a3z = e4,a, = e, and a; = e3 then we can
write Hc (q) = ageg + i(e104 + a0, + azo3)
where e, €4, e; and e5 are called Euler parameters
corresponding to the rotation specified by H¢ (q).
Since det(H¢ (q))= 1 so we can

Hc (q) = cosbay + isinf(fo3 + yo, + 601),

1
where (B,7,6) = pev
known exponential function for matrices A =

Bos; +yo, + 60y we get

(as,a,,a1). If we use the

HZ (q) = cosfay + isinfA = e'04,
Since the matrix A is a generalized Hamilton
matrices and has zero traces, matrix iA is a

generalized skew symmetric Hamilton matrix and
has zero traces.

The group SU,p(2) is the Lie group of
generalized unitary matrices which determinant is
1. The Lie algebra of SU,p(2) is a 3 —dimesional
generalized real algebra spanned by the set
{igy,i0,,i03} and denoted by

Suqp(2) = span{ioy, ioy, ioz}. As a result, the
above exponential formula is obtained from the
exponential transformation defined from Lie group
SUqp(2) to Lie algebra su,p(2). Generalized vector
space Eo?;ﬁ is a Lie algebra with the cross product
defined on itself. Thus,

exp = Egﬁ - SUqp(2)

0v — exp(0D) = (cosH, sinf1’)
the transformation is isomorphism where ¥ is a unit
vector in space Eo?;ﬁ and 8 € R. The algebra
produced by generalized Paulo matrices {ay, 03, 05}
is isomorphic to the Cl(Egﬁ ) Clifford algebra of Egﬁ

and the algebra produced by matrices {ioy, ig,, io3}
is isomorphic to the algebra of generalized
quaternions Hypg

In the following section, we showed matrix
representation of the generalized 3-sphere 523.

Also, its relations with other matrix groups are
given.

3. Matrices Representation of The Generalized
Unit 3-Sphere Siﬁ

Let Séﬁ denotes the wunit generalized
quaternions set in Hypg, generalized quaternions
space. Hence,

533 = {(xo,xl,xz,x3)
€ R*|x3 + ax? + Bx3 + afx3|
=1,a,B € R} C Egp.

The set has a group structure with generalized
quaternions product.

Symplectic group over the generalized
guaternion matrices is defined with the following
set;
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A € Mp(Hgp)| < Ax, Ay >=}

5P 0 (M) ={ <x,y>Vxy € Hyg

if we choose n = 1, then;

SPap(1) = {q € HapIN(q) = 1},
namely, the set becomes group of all unit length
generalized quaternions. Therefore, if Spaﬁ(l) =
Sgﬁ then Sp aﬁ(l) is unit sphere in Egﬁ generalized
space.

In Section 3, we defined an isomorphism
between a group of generalized unit quaternions
Sgﬁ and a group of generalized special unitary
matrices SU,p(2). Now using the following
proposition, we will establish a correspondence
between a group of generalized unit quaternions
503,,3 and a group of generalized special orthogonal
matrices S0,p(3). A group of generalized
orthogonal matrices O,p(3) can be given as follow;

A € M3(R)|ATeA = |Ale,
a 0 O
Oaﬂ(g) = &= <0 ,8 0 ) .
| 0 0 af |
ka,[feR,a;«tOorﬁiO

If we take @ > 0 and 8 < 0, then the group is to be
generalized semi-orthogonal group. SO4p(3) is a
group of generalized special orthogonal matrices,
which is a subgroup of generalized orthogonal
matrices group. SO, (3) can be given as follows;

S0ap(3) = {A € 0,45(3)|detd = |A| = 1}.

Teorem 4.1: p: 523 - 850,33), p(q) =
rqr-i,r € Hgp is a surjective homomorphism and
Kerp = {—1,1}.

Proof. The set of H,p the generalized
quaternions composes a group under the
quaternion multiplication. Sz and SOqp(3) sets
are subgroups of Hyg. Forany p,q € Hyg,

1 1

=rp(r r)qr-
= (rpr~H(rqr™) = p(P)p(q)

so, p defines a group homomorphism.

p(pq) = rpqr-

If r # 0 then |p(q)| = |rqr~1| = |q|, then
p mapping is a linear isometry,

ifr =S, (ie.r € R)thenp(q) =rqr' =g,

if =1V (i.e. r €span{i,j, k} =Im Hgp)
thenr =S, + V. and I, =1 — §, thus,

p(V) =rhrt=r@-S)r
rrr~! —rS,rt
=r—35,

=V

From the above equations, 3-dimensional
space spanned by {i, j, k} remains invariant under p
transformation. Also, p is an isometries, thus the
plane, which is perpendicular to V., remains
invariant by p. Hence the restriction of p to space
which is span{i,j, k}, determines rotation with
angle 6 around the axis RV, . This statement is
illustrated in Figure a.

Thus, spatial rotations can be obtained from
generalized quaternionic multiplication restricted to
E;g = ImHgg. These consist of the group of all
linear isometries of Eg;ﬁ (leaving the origin fixed),
that is, they make up to the generalized orthogonal
group Oaﬁ(3). For simplicity, we restrict ourselves
to direct linear isometries that constitute the
generalized special orthogonal group S0.g(3), a
subgroup of O,43(3). Thus, if £1 # 7 € 525, thenr
defines a rotation, an element of SO,z(3). On the
other hand, r = +1 defines the identity elements in
$04p(3) so that p maps into 523- Itis clear that p is
a homomorphism of group, and by what we just
said, * are in the kernel p. We know that p is into
since all elementsin S, 3(3) are rotations. It remains
to show that the kernel of p is exactly {+1}. Let
T EKerp, that is, rqr~1 =q for all q € ImHgg.
Equivalently, r commits with all vectorial part of
generalized quaternions. Writing this condition out
in terms of i, j and k, we obtain that r must be real.
Since it is in S 5, it must be one of +1.

Theorem 4.1 implies that the group 525 of
generalized unit quaternions module the normal
subgroup {£1} isomorphic with the group S044(3)
of direct spatial linear isometries. The quaternions
group S;5/{x1} is, by definition, the group of right
(or left) cosets of {+1}. A right coset containing q €
SéB, thus has the form {+1}q ={%q}. Thus,
topologically, Séﬂ{il} can be consider as a model
for the generalized projective space RaBP3 as in
(Ata and Yayh 2009). By Theorem 4.1, RaﬁP3 can be
identified by the group of direct spatial isometries
S04p(3). Thus, we obtain S7g/{+1} = RyzP3.
These relationships can be illustrated in Fig.b.
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RV,

r

Rotation in generalized quaternions

S
SO04(3)

Diagram of the relations among the groups

Example 1: Let g, =i+\/77i+ij+§k be

a unit generalized quaternionanda = 1,5 = 2.The
rotation matrix is

SUuB(Z)

[ V7—V3 V2141 ]
0 4 4
R, =|V7+Y3 5 V7 +2v3
8 8 8
V21-1 VJ7+2V3 1
8 8 8
R, is a generalized orthogonal matrix, i.e Rj&; R, =
1 0 0
g anddet(R,) = 1 whereg; = [0 2 0], gqunit
0 0 2

generalized quaternion corresponds to the complex
matrix

1 V7. 1. 3
nEGtIt Ytk
1 V7. 1 v3_
h=GTt 0+ G+
| 1 V7, 1 V3
g1 = z; + wijwherez; = I + Tlandwl =3 + Tl

substituting z;, w; in the matrix H¢(q) =

Z1 W1 .
( — = ) the complex matrix is represented as:
—Bwy 7y

Ir1+ 7 1+\/§_1|
—+—i —+—i
_ _ 14 4 4 4
=" "5 | 7|

=zt 2t 27 %1

H¢ (qq) is a generalized special unitary matrix, i.e.
— T
(Hz (q1)) €1Hg (q1) = €1 and det(Hg (q1)) = 1,

where €; = [(2) 2]

Example 2: Let g, =\/7+0i+%j+%k be

a unit generalized quaternionand a =1, f = —2.
The rotation matrix is
3 V2 —2V2
Ry, = (V2 2 -1
—2 -1 2
R, is a generalized orthogonal matrix, i.e Ry&,R, =

1 0 O
&y and det(R,) = 1wheree, =0 -2 0

]'QZ
0 0 -2

unit generalized quaternion corresponds to the
complex matrix

1,1
q2=\/§+0i+zj+zk

1 1
VT4 (2D
q: + (2 + > )]
. 1 1.
q, = z, + wyjwherez, = v2andw, = 5 + rk
substituting z;, w, in the matrix H¢(q) =

Z3 w2 -
( — = ) the complex matrix is represented as:
—Bw;

Zy
1 1
- V2. o+ =i
H™(q2) = 2 2
1—-i 2

H¢ (g3) is a generalized special unitary matrix, i.e.

T
(H; (q2)) €2Hc(qz) =€, and det(Hg (92)) = 1,
where

-2 0
€, = [0 1].

4 Conclusion

Generalized quaternions, which are a
natural expansion of quaternions and split
quaternions, have attracted the interest of
researchers in recent vyears. Many authors
considered generalized quaternions from different

aspects.

In this study, different matrix
representations of generalized quaternions were
given and the relations between them were
investigated. These relations between generalized
guaternions and matrices mean that all known
concepts and formulas of matrix algebra can be

646



Generalized Quaternions and Matrix Algebra, Ata and Savci

transferred to generalized quaternion algebra. This
will provide a great convenience for scientists who
will work on generalized quaternion algebra.

5.References

Alagoz, Y. Oral, K.H. and Yuce, S., 2012. Split quaternion
matrices. Miskolc Mathematical Notes, 13(2), 223—
232.

Aragon, G., Aragon J.L. and Rodriguez, M.A., 1997.
Clifford algebras and geometric Algebra. Adv. Appl.
Clifford Al., 7(2), 91-102.

Ata, E. and Yayli, Y., 2009. Split quaternions and semi-
Euclidean projective spaces. Chaos, Solitons and
Fractals, 41(4), 1910-1915.

Ata ,E., Kemer, Y. and Atasoy, A., 2012. Quadratic
Formulas for Generalized Quaternions. Dumlupinar
Universitesi Fen Bilimleri Enstitiisii Dergisi, 28, 27—34.

Ata, E. and Yildirm, Y. 2018. A Different Polar
Representation for Generalized and Generalized Dual
Quaternions. Adv. Appl. Clifford Al., 28(4), 77.

Ata, E., Savci, U.Z., 2021. Spherical kinematics in 3-
dimensional generalized space. International Journal
of Geometric Methods in Modern Physics, 18(3),
2150033.

Catoni, F., Cannata, R., Catoni, V. and Zampetti, P., 2005.

N-dimensional geometries generated by
hypercomplex numbers. Advances in Applied Clifford

Algebras, 15(1), 1-25.

Cockle, J., 1849. On Systems of Algebra Involving More
than One Imaginary. Philos. Mag. (series 3), 35, 434—
435,

Grob, J., Trenkler, G. and Troschke, S.0., 2003.
Quaternions: further contributions to a matrix
oriented approach. Linear Algebra Appl., 326(2), 251—
255.

W.R.,
Landmark Writings in Western Mathematics.

Hamilton, 1853. Lectures on quaternions,

Hamilton, W.R., 1866. Elements of quaternions,

Longmans, Green and Company.

Jafari, M., 2012 Generalized hamilton operators and lie
groups, Ph.D. Thesis, Ankara University, .

Jafar, M. and Yayli, Y., 2015. Generalized Quaternions
and Rotation in 3-Space E3.3. TWMS J. Pure Appl.
Math., 6(2), 224-232.

Lam, T.Y., 2005. Introduction to Quadratic Forms Over
Fields, American Mathematical Society, USA.

Ozdemir, M. A. and Ergin, A., 2006. Rotations with unit
timelike quaternions in Minkowski 3-space. Journal of
geometry and physics, 56(2), 322-336.

Sangwine, S.J. and Le Bihan, N., 2010. Quaternion polar
representation with a complex modulus and complex
argument inspired by the Cayley-Dickson form. Adv.
Appl. Clifford Al., 20(1), 111-120.

647



Afyon Kocatepe Universitesi Fen ve Miihendislik Bilimleri Dergisi

Afyon Kocatepe University Journal of Science and Engineering

AKU FEMUBID 23 (2023) 035101 (648-660) AKU J. Sci. Eng. 23 (2023) 035101 (648-660)
DOI: 10.35414/akufemubid.1116187

Arastirma Makalesi / Research Article
Hybrid Deep Learning Implementation for Crop Yield Prediction

Halit CETINER!
Ysparta University of Applied Sciences, Vocational School of Technical Sciences, Isparta

e-posta: halitcetiner@isparta.edu.tr ORCID ID: http://orcid.org/0000-0001-7794-2555
Gelis Tarihi: 13.05. 2022 Kabul Tarihi: 13.06.2023

Abstract

Agriculture producers should be supported technologically in order to continue production in a way

that meets the worldwide food supply and demand. Automatic realization of crop yield estimation

calculation is a desired need of farmers. Automatic yield estimation also facilitates the work of
Keywords

Crop; Yield estimation;
CNN; LSTM; Hybrid
model

agricultural producers with different goals such as imports and exports. To achieve the stated
objectives, deep learning models have been developed that estimated yield using parameters such as
the amount of water per hectare, the average amount of sunlight received by the hectare, the amount
of fertilization per hectare, the number of pesticides used per hectare, and the area of cultivation. With
the hybrid model created by combining the strengths of the LSTM and CNN models developed within
the scope of this article, the success rate of data prediction has increased with fine adjustments. Success
rates of 89.71 R?, 0.0035 MSE, 0.0248 RMSE, 0.0461 MAE, and 10.10 MAPE have been achieved with
the Proposed hybrid model. This model is competitive with similar studies with the stated values.

Mahsul Verim Tahmini iin Hibrit Derin Ogrenme Gergeklestirimi
0z

Tarim Ureticilerinin diinya capindaki gida arz ve talebini karsilayacak sekilde Gretime devam edebilmesi

icin teknolojik olarak desteklenmesi gerekmektedir. Mahsul verim tahmini hesaplamasinin otomatik
olarak gercgeklestirilmesi, ciftcilerin arzu ettigi bir ihtiyactir. Otomatik olarak verim tahmini

Anahtar kelimeler gerceklestirilmesi ithalat ve ihracat gibi farkli hedefleri olan tarim dreticisinin islerini de
Mahsul; Verim kolaylastirmaktadir. Belirtilen amaglara ulasabilmek igin hektar basina su miktari, hektar tarafindan
tahmini; CNN; LSTM;  alinan ortalama giines 1511 miktari, hektar basina verilen giibreleme miktari, hektar basina kullanilan
Hibrit model pestisit miktari, ekim yapilan alan boélgesi parametrelerini kullanarak verim tahmini gergeklestiren derin

o6grenme modelleri gelistirilmistir. Bu makale kapsaminda gelistirilen LSTM ve CNN modellerinin gigli
yanlari birlestirilerek olusturulan hibrit modelde ile veri tahmin basari oraninin ince ayarlamalar ile
artirilmistir. Onerilen hibrit model ile 89.71 R2, 0.0035 MSE, 0.0248 RMSE, 0.0461 MAE, ve 10.10 MAPE
basari oranlarina ulasiimistir. Bu model, belirtilen degerlerle benzer galismalarla rekabet edebilir
seviyededir.

© Afyon Kocatepe Universitesi

1. Introduction For the sustainability of the food supply and supply

. . - chain to continue, agricultural activities must
Developing countries, their income sources need to

be fed and developed. At this point, agriculture is
one of the important sources of income for most
countries around the world. Developments in
agriculture not only improve the sustainability of

continue uninterruptedly in a certain order and
stability. Although this necessity is possible in many
non-agricultural areas, it is not possible due to
environmental and natural factors affecting
production in agriculture. In addition to these, many
factors affect the production of crops in a wide
range, from the flat or handicapped area of
cultivated land to the hot or cold planting weather.

nutrition and the food supply chain but also increase
development.
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It is seen that scientists doing academic research in
this field around the world are researching different
methods of crop productivity prediction (Asseng et
al. 2017, Cao et al. 2021, Jeong et al. 2016, Vanli,
Ahmad,
Hoogenboom 2019).

Ustundag, Hernandez-Ochoa, and

Food insecurity is increasing day by day in the world
population (FAO 2017). In the current situation, it is
expected that the population whose food supply
and supply continues to increase by another two
billion people in approximately thirty years (Cao et
al. 2021, Dodds and Bartram 2016). With the
increase in population, there will be an increase in
food demand in terms of the sustainability of the
food supply (Gorelick et al. 2017). A large proportion
of the world's food demand is provided by wheat
(Vanli, Ahmad, and Ustundag 2020). Wheat
productivity must be calculated correctly to meet
the food supply and need according to the growing
population. There is a decrease in wheat cultivation
areas due to different reasons (Deutsch et al. 2018).
As a result of the decrease in cultivation, it is
necessary to increase the production that will
provide the increased consumption supply. Itis seen
that the product warehouses of different countries
are empty (Chen, Zhang, Tao, Wang, and Wei 2017).
For the reasons stated, crop productivity must be
achieved with the least error to protect the profits
of crop producers, maintain the global food supply,
and protect the interests of the producers.

Environmental difficulties can cause irregularities in
temperature due to climate change. It is necessary
environmental

to reduce irregularities and

uncertainties for the continuation of crop
production without affecting food safety (Ahmad et
al. 2018, Nasim et al. 2018). Global temperatures
are expected to increase by a few degrees in the
next quarter-century. It is predicted that this
temperature increase will adversely affect crop
production (Ben-Asher, Yano, Aydin, and Garcia y
Garcia 2019, Nasim et al. 2018). The fluctuation
between seasons is considered a harbinger of this
situation (Ahmad, Wajid, Ahmad, Cheema, and
Judge 2019, Asseng et al. 2017).

The increase in temperature, which is predicted to
adversely affect crop production, will increase the
risk to the sustainability of the food supply (Dogan
and Karakas 2018). As a continuation of this
information, some researchers expect a decrease in
precipitation rates and an increase in temperature
in the next half-century (Cline 2007). Increased yield
losses are expected if no effective adaptation or
genetic-based adaptation is carried out on the crop
(Zhao et al. 2017). The wheat crop is a crop that
grows in rainy conditions rather than in extreme hot
and cold weather (Dudu and Cakmak 2018). If the
temperature increases above the growing
conditions of normal wheat, there is a decrease in
wheat grains (Ahmed et al. 2019, Asseng et al.
2015). As a result of this situation, efficiency

decreases.

Farmers who produce for different reasons such as
population growth, temperature fluctuations, and
extreme temperatures should be supported for crop
production planning. For this stated purpose,
accurate estimation of wheat productivity is a must
in the production planning that will continue the
food supply.

Annual insurance of the crop, yield forecasting, and
market planning is of great importance for the
sustainability of the food supply and supply of the
countries. Efficiency estimation for topics of
specified importance has been analyzed with deep
learning-based approaches within the scope of this
article. Considering the growing crop data piles,
complex deep learning models based on the
Convolutional Neural Network (CNN) and Long
Short-Term Memory (LSTM) are needed to extract
meaningful content from these data. The input
parameters in the crop yield estimate of the study
to be carried out for this purpose are as follows;

e amount of water per hectare,

e the average amount of sunlight received

per hectare,
o fertilization amount per hectare,
e amount of pesticide used per hectare,

e Sowing area.
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Analyzes were performed based on the above-
mentioned items. The prediction accuracy of deep
learning models is improved by extracting features
from the inputs given above (Lago, De Brabandere,
De Ridder, and De Schutter 2018, Qing and Niu
2018, Srivastava and Lessmann 2018, Ye, Cao, and
Xiao 2017). In this context, three different deep
learning models based on CNN and LSTM, which use
the specified parameters as inputs for crop yield
estimation, are proposed. In one of the proposed
models, a CNN-based model was developed. With
this model developed, it is possible to capture
temporal information. CNN-based models provide
superior results in obtaining spatial correlations (Ye
et al. 2017). Second, an LSTM-based model has been
developed that offers good performance in
estimating the data from the past time series (Qing
and Niu 2018).
Depending on water, sunlight, fertilization,
pesticides, and field area, support for continued
production is needed to ensure the sustainability of
agriculture around the world. For this purpose, the
main additives provided to the literature of the
study, which were carried out to timely and
accurately predict food efficiency to maintain
production planning by maintaining food supply, are
as follows.

e Data should be normalized so that the data
can be processed quickly.

e A hybrid deep learning model consisting of
CNN, LSTM, and a combination of both
useful models in normalized crop vyield
estimation is presented.

e The
compared according to the R? score, MSE,
RMSE, MAE,
metric results to evaluate the performance

results of similar studies were

and MAPE measurement

of the presented yield estimation model.

e Success rates of 0.8624, 0.8834, and 0.8971
were obtained from the R? performance
metric of the proposed CNN, LSTM, and
hybrid models, respectively.

The following sections of the article consist of
and Methods,
Conclusion and Discussion sections. In the Material

Material Experimental Results,

and Methods section, detailed information about
the data set used in the regression analysis is given.
The methods wused and recommended are
mentioned.

obtained from the

The performance results

proposed method are presented in the
Experimental Results section. In the last section, the

study concludes with controversial analyzes.

2. Material and Methods

In this section of the article, detailed information is
given about the data set used to evaluate the
performance results of CNN, LSTM, and the hybrid
model. At the same time, three different deep
learning models are presented for crop vyield
prediction using the data set.

2.1 Material

The data set used in the regression analyses carried
out within the scope of this article has the
parameters of the amount of water per hectare, the
average amount of sunlight received by the hectare,
the amount of fertilization per hectare, the number
of pesticides used per hectare, the area of
cultivation, and the actual yield of the crop.

The values in the data set were obtained from the
World Bank, the Food and Agriculture Organization
(FAO) web pages (FAO 2023; WorldBank 2023). The
values in the dataset consist of data between 1990
and 2022 years. The dataset consists of 2000 data
for the specified years. The scales of the parameter
inputs and outputs used in the article are shown in
Figure 1.

The data whose distributions are shown in Figure 1
have been reduced to the 0-1 range to increase the
processing speed. A built-in function was not used
in the normalization process. Normalization was
performed by dividing all variables by the maximum
of the values in them. All other parameters except
the vyield parameter were used as input for
regression analysis. The values of the vyield
parameters in the data set are used as the output

value.

650



Hybrid Deep Learning Implementation for Crop Yield Prediction, Cetiner

in Table 1 are the detailed
parameters used in the analysis of the study. In

The data shown

order not to encounter different analysis results in
each run of three different deep learning models

Table 1. Features used in wheat yield estimation

created within the scope of this article, it is divided
into two separate parts training and testing
according to the K-fold 4 value.

Raw inputs Outputs
Water uv Area Fertilizer Pesticides Yield
5.615 65.281 3.23 8.969 7.977
7.044 73.319 9.081 23.009 7.197
5.607 60.038 2.864 23.019 7.424
9.346 64.719 2.797 28.066 1.256
6.11 89.28 7.367 37.244 0.321
5.92 78.735 5.245 29.507 1.136
9.07 71.769 4.13 29.673 2.075
Water uv Area
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Figure 1. Distribution of parameters in the data set

2.2 Methods

Within the scope of this article, LSTM and CNN-
based methods that perform active analysis of
temporal information and serial data are used. The
model was created from LSTM structures, which
removed the gradient boosting problems in the RNN
structure.

A model has also been created from CNN structures
that provide detailed and distinctive features to the
data with convolution layers. Subsequently, a hybrid
model is proposed to include strong features of both
structures. The LSTM structure, which eliminates
the problem of keeping long-range data in RNN
structures in memory, has been utilized in efficiency
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estimation (Jayaraman, Murugappan, Trueman, and
Cambria 2021).

2.2.1LSTM

In Recurrent Neural Networks, the training process
takes a lot of time depending on the length of the
input parameters in the data set. These networks
have loss functions with variable precision. There
may be different gradient values depending on the
loss variation of the layers that make up the model
(Aggarwal 2018).

These different gradient values can often cause
gradient boosting in RNN structures (Liu and Guo
2019). The specified boosting usually occurs in the
backpropagation stage of the RNN structure by
successive multiplication of the weight matrices.
Although RNN structures are good for keeping data
in short-term memory, RNN-based structures that
have the feature of remembering and not forgetting
in long-term processes are LSTM structures
(Srinivasu et al. 2021, Wang, Du, and Wang 2020).

iy = o(WiX¢ + Uihe—1 + by) (1
fe = o(WpX, + Uphe_y + by) (2)
0r = o(WoX¢ + Uphe—1 + by) 3)
g¢ = tanh(W,x; + Ryhe_y + by) (4)

In LSTM structures with three gates and one layer,
the input data at time t is shown as x;, and the
structure showing the hidden state is h; (Cetiner and
Cetiner 2021). The hidden state structure attime t —
1 is represented as h;_;. When time t, forgetting,
entrance and output gates are shown in Figure 2
with terms i;, f; and o;.The state layer at time t is
represented by the symbol g;. R, b, and W used in
Equations 1-4 are used as a recurrent weight, bias,
and weight values.

Forget Update
N AN (I
fe It I, 0t
he_4 F S S hy
Output
X¢ Input

Figure 2. LSTM cell structure (Cetiner and Kara 2022)

2.2.1 CNN

In classical neural networks, it is necessary to create
a fully connected structure between the previous
layer and the next layer. In this case, it causes the
model to work slowly and ineffectively. Instead,
CNN methods connect the previous layer to a small
point of the next layer by interlayer connections.

With the mentioned approach, a great gain is
obtained in model cost calculations. In LSTM
structures, it is prevented from forgetting the words
in the time series by keeping them in memory for a
long time. In CNN models, automatic detection of
words in space is provided (LeCun, Bengio, and
Hinton 2015).

The convolution layer, which is the basic layer of the
CNN architecture, moves filters on the data to
obtain distinctive features in the time series. During
filtering, the values in the convolution kernel are
multiplied by the corresponding values in the
hovering window, and the convolution operation is
performed. The specified process is represented by
the | data matrix in Equation 5. A filter matrix K of
size [i,j] is circulated in this matrix.

h
U %K)y =)

i=17]

w

Kij " Leyic1,y+j-1 (5)
=1

2.2.1 Hybrid Model

A hybrid model was created as a result of combining
the LSTM cell of the LSTM architecture and the
convolution layers of the CNN architecture with fine
adjustments in a certain order and plane, the
theoretical definitions of which were made in
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Sections 2.2.1 and 2.2.2. Information was given
about the number of layers, structure, number of
steps, and batch size values of the hybrid model,
which was obtained as a result of a detailed study
with fine adjustments. The Adam optimization
method was used to run all models suggested in the
article. In Figure 3, the number of layers and
structure of the hybrid CNN-LSTM deep learning
model are given.

In the first layer, the amount of water per hectare of
the crop, the average amount of sunlight received
by the hectare, the amount of fertilization per
hectare, and the amount of pesticide used per
hectare are given as inputs.

In the second and third layers, a one-dimensional
convolution operation was carried out by using 64
filters with a window size of 3x3. Capturing
distinctive features is provided. In the fourth layer,
there is an LSTM structure with 200 units of hidden
neurons. With this structure, it is ensured that the
data in the time series are kept in memory for a long

Max Pooling
layer Dropout

Batch Dense
Normalization layer

® @

time. In the fifth layer, the maximum pooling was
performed using a 1x1 filter. The maximum
numbers in the filtered windows have been
captured. In the sixth layer, the fluctuations
between the layers were eliminated by mass
normalization. In the seventh layer, there is a Dense
layer with 512 neurons. It realizes the full
connection with the previous layers. In the eighth
layer, there is a dropout layer that releases 0.2

neurons.

The ninth layer contains a layer similar to the dense
layer in the seventh layer. In the tenth and eleventh
layers, the fully connected layer with the linear
activation function is connected with the features
from the previous layers. At the end of the twelfth
step, the yield value obtained as a result of the
specified steps is obtained as output. This value is
the output value. It is the output value of the
proposed model. How close the value obtained as a
result of the output process is to the real value is
compared with the performance metrics.

Regression
Fully Connected Layer
Layer

Linear
=
(o)
[~

LSTM

Convolution Layer

Convolution Layer

f
f

— — —

Input Material

T
1
T
!

Water uv Area

P

Fertilizer Pesticides

Figure 3. The proposed hybrid deep learning model
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3. Experimental Results

The study was carried out on a 64-bit Windows 10
operating system on a computer with an Nvidia
RTX 3060 graphics
experimental analyzes carried out within the scope

GeForce card. In the
of the article, the data were first subjected to the
normalization process. In the normalization process,
the data is reduced to the 0-1 range, thus
accelerating the model training process. The data,
whose data are normalized to a certain range value,
are divided into two training and testing according
to the K-fold 4 value. The separated training data
were trained separately in 3 different models.

The performance results of the trained models were
compared with the performance measurement
metrics given in Equations 6-10. Equations 6-10
used MAE, MSE, RMSE, MAPE, and R measurement
metrics (Cetiner and Cetiner 2021). The first of the
models used in crop forecasting is based on the
LSTM structure detailed in Figure 2. The parameters
of the LSTM model used in training data are given in
Table 2.

Table 2. LSTM model parameters were used.

Parameter Value

Layers 3,5,6

Loss Mean squared error
Optimizer Adam

Epochs 100

Batch size 16, 32, 64
Activation name RelLU

Table 3. Performance results of the LSTM model

MAE = %Zzl [Yi ;l ?"] (6)
MSE = %Z;(Yi - 7)° )
RMSE = %Zzl(yi -7%) (8)
MAPE = %Z: [Yi ;l ?i] ©)
w1 R

The LSTM model was created according to the
number of basic layers and the setting parameters
given in Table 2. In the LSTM model created, the
best results were obtained in the 5-layer structure
with 125 neurons. In the analyses made, it was seen
that the best result was obtained in 100 iteration
steps. The MAE, MSE, RMSE, MAPE, and R?
measurement metrics given in Equations 6-10,
which are widely used in the literature, were used
to measure the performance of the proposed crop
productivity.

The performance results obtained in the training
and testing of the LSTM model are given. According
to these performance results, the training and test
performance results of the proposed LSTM model
are shown in Table 3.

Algorithm R? Score MSE RMSE MAE MAPE
LSTM Model with 0.8834 0.0043 0.0369 0.0512 11.22
Adam (Testing)

LSTM Model with 0.8727 0.0045 0.0385 0.0518 11.30

Adam (Training)

654



1.0

g ! s;fcij?:tled | '| h P.|||

| \"li T
oo Ll ‘1lh 'Hh .M'w:i.‘?‘ i i
. v’\f‘w il ‘W dhi \j it

0 50 100

150 200 250 300

Figure 4. The proposed LSTM model performance output

The test results gave a slightly better result than the
training results. As the R? value approaches 1, the
success rate increases, while the other MSE, RMSE,
MAE, and MAPE values have fewer error values,
indicating a higher success rate.

For all model outputs, the average of K-fold 4 values
is given. In Figure 4, the estimated yield estimation
graphs are drawn with the actual crop vyield
estimation. For the structure in this graph to be seen
more closely, the first 40 indexed forms shown in
Figure 5 were drawn. Deviations appear on the
bottom, top, and sides of this drawing.

14

original
3 -—- predicted
1
12 i
1)
it
i
i E
'y
it ! i
10 ) h I
i ) I'l
) {1 fis
P i H
© 1! (] ]
o | 1 ) O
< 8 i ) )i i i
=1 i I I T T {0
0 \ i I KRS
2 i [ \ 1
> i il P e :(-"\ L
1 Pyone By 1 A O | Ol
6 Lot fp1Y T AP
¥ I T 1 ! i 1 y 3,
VR & U LS LT V&l N e
0 ooy Uy 1y 1) 1 f
el g ® & 4 P v/
i 1
4 ke xp A =1 ! s
Voo i
{ @ *
L}
'll
2 U
3
0 5 10 15 20 25 30 35 40

Index of output
Figure 5. Prediction output of 40 scale LSTM model

In Figure 6, training and test loss rates are plotted.
While the test loss rate is less than the training loss

rate, both curves converge towards the 100th
iteration.
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Figure 6. LSTM model training and test loss graph

The CNN model was created according to the
number of basic layers and the setting parameters
given in Table 4. In the proposed CNN model, the
model was created using the 1-dimensional
convolution layer. In the proposed CNN model, the
best results were obtained in the 6-layer structure
using 64 filters in 3x3 size. In general, convolution,
maximum pooling, dense layer, dropout, batch
normalization, fully connected layer, and regression
layer are used. The linear activation function is used
in the fully connected layer. Filtering outputs were
subjected to maximum pooling, and the highest
values were selected. In this model, MAE, MSE,
RMSE, MAPE, and R?> measurement metrics given in
Equations 6-10, which are widely used in the
literature, were used to measure the performance
of the proposed crop productivity.
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Table 4. Used CNN model parameters

Parameter Value

Layers 6

Loss Mean squared error
Optimizer Adam

Epochs 100

Batch size 32,128

Activation name Linear

Table 5. Performance results from the CNN model

Algorithm R? Score MSE RMSE MAE MAPE
CNN Model with 0.8624 0.0051 0.0386 0.0573 12.94
Adam (Testing)

CNN Model with 0.8537 0.0062 0.0398 0.0618 13.98

Adam (Training)

The performance results obtained in the training
and testing of the CNN model are given. According
to these performance results, the training and test

08 "‘ H 1 o . iy | |l
06 | | Alhy‘ \4it|il 'L\M l\l | FV' ;*A,f‘f I . rf’;"" W'-“v'}»A fl \" \ lil\ji M “N

L

performance results of the proposed CNN model are
shown in Table 5. The test results gave a slightly
better result than the training results.

‘ —— original
—— predicted

150 200 250 300

Figure 7. The proposed CNN model performance output
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Figure 8. Prediction output of 40 scales CNN models

In Figure 7, the estimated yield estimation graphs
are drawn with the actual crop yield estimation. For
the structure in this graph to be seen more closely,
the first 40 indexed forms shown in Figure 8 have
been drawn. There are deviations on the bottom,
top, and sides of this drawing. It is seen that the
deviations on the sides increases between 35-40
scale. It is seen that the deviations at the peaks are
more than the LSTM model. In Figure 9, the training
and test loss rates of the CNN model are plotted.
The test loss rate is less than the training loss rate.
Towards the 100th iteration, both curves move in
parallel with each other.

The remainder of this section of the article focuses
on the hybrid model, which is one of the important
points of the article.
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In the hybrid model, which was created by
combining the strengths of the LSTM and CNN
models, fine adjustments were made to the model
to increase the success rate. An LSTM cell layer has
been added to ensure that the distinctive features
remain in memory for a long time, by enabling the
with
convolution layers. By performing maximum pooling

identification of distinctive features

on this cell output, the most remarkable values are
separated. The performance results obtained in the

whole of the operations carried out by the specified
flow chart are given in Figure 10.
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Table 7. Performance results of the hybrid model

Figure 9. CNN model training and test loss graph

Table 6. Used hybrid model parameters

Parameter Value

Layers 12

Loss Mean squared error
Optimizer Adam

Epochs 100

Batch size 32

Activation name Linear

The tuning parameters given in Table 6 were used to
train the hybrid model. The model, consisting of 12
layers, was run at 100 epochs. The specified
parameters were used to obtain the obtained R2
Score, MSE, RMSE, MAE, MAPE values. While the
training time of the hybrid model was 25.56
minutes, the training times of the CNN and LSTM
models took 10.91 and 19.38 minutes, respectively.
Although the hybrid model is better than the CNN
and LSTM models in terms of performance, the
training time is high.

Algorithm R? Score MSE RMSE MAE MAPE
Hybrid Model with 0.8971 0.0035 0.0248 0.0461 10.10
Adam (Testing)

Hybrid Model with 0.8945 0.0037 0.0276 0.0483 10.89

Adam (Training)

The performance results obtained in the training
and testing of the hybrid model are given. According
to these performance results, the training and test
performance results of the proposed hybrid model
are shown in Table 7. When the results of the hybrid
model in Table 7 are compared with the results of
the LSTM model in Table 3 and the results of the

] il M
'JW:A | W i M M " M

CNN model in Table 7, the hybrid model has the
highest R? score. When the MSE, RMSE, MAE, and
MAPE values are examined, it is seen that the lowest
error values are obtained in the hybrid model. It is
seen that the proposed hybrid model can be used
effectively in crop yield estimation.

150 200 250 300

Figure 10. The proposed hybrid model performance output
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Although the test results give a result close to the
training results, a higher result was obtained than
the success rates of other models.
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Figure 11. The first 40 index outputs of the hybrid model

In Figure 10, the estimated yield estimation graphs
are drawn with the actual crop yield estimate. For
the structure in this graph to be seen more closely,
the first 40 indexed forms shown in Figure 11 have
been drawn.
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Figure 12. Proposed hybrid model training and test loss
graph

From this drawing, it is seen that the deviations in
Figure 5 and Figure 8 are slightly reduced. In
particular, it is seen that the lateral deviations in the
35-40 scale have decreased. In Figure 12, the
training and test loss rates of the hybrid model are
plotted. The test loss rate is less than the training
loss rate. Towards the 100th iteration, both curves
move in parallel with each other.

Table 8. Comparison results of the hybrid model with similar studies

Algorithm R? Score MSE RMSE MAE MAPE
CNN+GP (Gavahi et al. 2021) 0.803 0.5755 - -
CNN+LSTM (Gavahi et al. 2021) 0.786 0.5844 - -

DT (Gavahi et al. 2021) 0.774 0.7441 - -
DeepYield (Gavahi et al. 2021) 0.864 0.4803 - -
Hybrid Model with Adam 0.8971 0.0035 0.0248 0.0461 10.10
(Testing)

Hybrid Model with Adam 0.8945 0.0037 0.0276 0.0483 10.89
(Training)

Since there is no study using the same dataset, a
comparison has been made with a model developed
using CNN and LSTM architectures in the literature.
The comparison results shown in Table 8 show that
the models benefiting from the strengths of CNN
and LSTM architectures can compete with the
studies in the literature. The comparison results
shown in Table 8 show that the models benefiting
from the strengths of CNN and LSTM architectures
can compete with the studies in the literature. The

GP Gaussian Processor is denoted by GP, while the
Decision Tree is abbreviated as DT.

4, Conclusion and Discussion

Deep learning models have been proposed to
perform yield estimation, which depends on many
different parameters to meet food supply and
demand. Among the models proposed in this article,
the CNN model took 10.91 minutes, the LSTM model
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took 19.38 minutes, and the hybrid model took
25.56 minutes.

The hybrid model R2, MSE, RMSE, MAE, and MAPE
performance metrics were 0.8971, 0.0035, 0.0248,
0.0461, 10.10, respectively. From the proposed CNN
model, 0.8624, 0.0051, 0.0386, 0.0573, and 12.94
results were obtained for the R, MSE, RMSE, MAE,
and MAPE performance metrics, respectively. From
the proposed LSTM model, the results for 0.8834,
0.0043,0.0369, 0.0512, and 11.22 were obtained for
the R?, MSE, RMSE, MAE, and MAPE performance
metrics, respectively.

When the results obtained are evaluated, the hybrid
model is more successful than both the LSTM and
CNN models. In future studies, the aim is to develop
different studies that will perform an in-depth
analysis of a data set that affects the entire crop
yield.
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Abstract

Anonymity is one the most important problems that emerged with the increasing number of graph-

Keywords based social networks. It is not straightforward to ensure anonymity by adding or removing some nodes

Anonymization; from the graph. Therefore, a more sophisticated approach is required. The consideration of the degree

K-Degree Anonymity; of the nodes in a graph may facilitate having knowledge about specific nodes. To handle this problem,
Barabasi -Albert

Graph; Social

one of the prominent solutions is k-degree anonymization where some nodes involving particular
degree values are anonymized by masking its information from the attackers. Our objective is to

Networks; Knowledge evaluate the achievement of k-degree anonymization with a well-known graph structure, namely,

Bases Barabasi-Albert graph, which is similar to the graphs on social networks. Hence, we generate multiple

synthetic Barabasi-Albert graphs and evaluate the k-degree anonymization performance on these
graphs. According to experimental results, the success of k-degree anonymity approximately
proportional to the number of edges or nodes.

Barabasi-Albert Cizgesinde K-Derece Anonimlestirmenin Performans

Analizi

0z
Anonimlik, cizge tabanli sosyal aglarin sayisinin artmasiyla ortaya ¢ikan en 6nemli sorunlardan biridir.
Anabhtar kelimeler Cizgeye bazi diiglimler ekleyerek veya ¢ikararak anonimligi saglamak kolay degildir. Bu nedenle, daha
Anonimlegtirme; komplike bir yaklagim gereklidir. Cizgenin yapisi veya cizgedeki diigiimlerin derecesi, belirli digimler
K-Derece Anonimlik, hakkinda bilgi sahibi olmayi kolaylastirabilir. Bu sorun igin éne ¢ikan ¢dzlimlerden biri olan k-derece
Barabasi-Albert anonimlestirme, belirli dereceleri iceren bazi dugimlerin bilgilerinin saldirganlardan gizlenerek
Cizgesi; Sosyal Aglar;  anonimlestirilmesidir. Amacimiz, sosyal aglardaki cizgelere benzeyen Barabasi-Albert cizgesi gibi iyi
Bilgi Tabanlar bilinen bir gizge yapisi ile k-derece anonimlestirmenin bagsarisini degerlendirmektir. Bu nedenle, birden

cok sentetik Barabdasi-Albert ¢gizgesi degerlendiriyoruz. Deneysel sonuglara gore, k-derece anonimligin
basarisi, yaklasik olarak kenar veya diiglim sayisi ile orantilidir.

© Afyon Kocatepe Universitesi
1. Introduction relationships between these nodes. The main
question at this point is about the graph
modification by applying a minimum number of

The immense data on social networks that has
sharply increased in the last decade leads to
anonymity problems and analyzing them helps operations when the identity of each graph element
attackers to infer knowledge about the identities of

the users. The solution for the anonymity on social

is kept anonymous.

There are three critical anonymity problems that
need to be considered such as identity, link, and
content disclosures in a social network. Identity
disclosure is related to the identity of an individual

networks might be provided by graph-based
anonymization approaches. In a social network,
nodes are the individual identities that may describe
some social entities, and the edges indicate the
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node. Link disclosure deals with the privacy of the
relationships among the nodes. Content disclosure
considers the data of the nodes that are transmitted
between each node: like social media messaging
between two individuals frequently. While different
techniques propose solutions for each disclosure,
our aim is to work on identity disclosure in this
paper, namely k-degree anonymization (Liu and
Terzi 2008).

The definition for k-degree anonymization is:
“Given a graph G and an integer k, modify G via a set
of edge-addition (or deletion) operations in order to
construct a new k-degree anonymous graph G, in
which every node v has the same degree with at
least k — 1 other nodes.” (Liu and Terzi 2008). k-
degree anonymity aims to apply a minimum number
of modifications to the graph. Hence, the general
structure of the graph is preserved mostly, and the
degree of anonymity is ensured at the same time.

The aim of this paper is to analyze the achievement
of k-degree anonymity on social networks. Network
topologies
understanding of a graph in a social network.

provide a way of structural
Therefore, this structure may facilitate generating a
simulated social network recognizing the real one.
Network topologies can be classified into three
categories: random graphs, scale-free and small-
world networks (Albert and Barabasi 2002). Social
networks have similar properties with scale-free
networks which follow the power law distribution.
This distribution pertains to the network degree of
the nodes with their relationships in social networks
(Barabasi 2016). In simple terms, the probability of
making a connection with another node of a specific
node increases proportionally with the degree of
that node. There is an 80-20 rule between these
nodes that denote that 80% of the nodes have a
probability of 20% linking with the other nodes in
2016).
relationship between a new node and the existing

the network (Barabasi Hence, a new
nodes has higher linking probability for nodes who
already have a high node degree compared to the

nodes with low degree theoretically. Barabasi and

Albert (Barabasi and Albert 1999), (Barabasi et al.
1999) propose a well-known scale-free network,
Barabasi-Albert model and the generated graph
from this model called Barabasi-Albert graph, that is
appropriate for generation of a social network.

In this paper, we generate various numbers of
Barabasi-Albert
anonymization on these graphs to assess identity

graphs and apply k-degree
disclosure performance by changing the number of
nodes, edges, and k value as a parameter in k-
degree anonymization. Hence, we discuss the
success of k-degree anonymization for different
configurations in social networks.

The rest of this paper is organized as follows: Section
2 explores the related work. Section 3 introduces
the methodology used in this study. Section 4
presents the results and discussions on
performance evaluation. Lastly, Section 5 concludes

the paper.

2. Related Work

The increase of data especially on the Web has
brought about a requirement to handle the
identifiability of that data by attackers. Therefore,
data anonymization has started to be worked
especially on databases and the well-known
anonymity technique named as k-anonymity is
introduced when disclosing information (Samarati
and Sweeney 1998b). Until the emergence of social
networks, the studies about anonymization on
tabular data have been popular (Samarati and
Sweeney 1998a, Aggarwal et al. 2005, Bayardo and
Agrawal 2005, Zhong et al. 2005, Ciriani et al. 2007).
The common use of social networks has changed the
focus from tabular data to graphs with respect to
anonymization. Liu and Terzi (2008) propose k-
degree anonymity to avoid disclosure of individual’s
identities in a graph by attackers. Their objective is
to keep the identity of each individual anonymously
by a graph-based approach. Hay et al. (2008) focus
on the structural knowledge in the network and
propose a model named k-candidate anonymity
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with at least k candidate vertices. Their work
aggregates the various network structures and
generates a sampling model from these structures
that facilitate graph anonymization. Narayanan and
Shmatikov (2009) present a framework to obtain an
anonymized social network graph. Their work on
real time data in Twitter and this data can be re-
identified with 12% error rate on Twitter graph with
224K nodes. Zou et al. (2009) focuses on the
problem that the adversary can retain the
information about the subgraphs linked to the
target node. If a subgraph around a certain node in
is identified with high
probability, the chance of identification for the

an anonymized graph

target node also increases. Therefore, the authors
have an objective to “construct a graph G’ from the
original graph G so that for any subgraph X cG, G
contains at least k subgraphs isomorphic to X” (Zou
et al. 2009). They also work on the information loss
by modifying the original graph from G to G’
Accordingly, lower anonymization cost to measure
the information loss indicates the number of fewer
changes in the constructed graph or vice versa (Wu
et al. 2010). Ying et al. (2009) compare the edge-
based approach with k-degree anonymization
schemes regarding utility and privacy risks. Casas-
Roma et al. (2013, 2017) present a new algorithm
for achieving k-degree anonymity on large networks
with minimal edge modifications by utilizing
univariate micro-aggregation. Lin and Liao (2015)
propose a method for anonymizing social network
data by modeling it as directed graphs with signed
edge
anonymization approach based on privacy and

weights and developing a graph
attack models. Additionally, a clustering algorithm
for graphs is introduced, which groups similar nodes
in the graph into clusters while ensuring a minimum
cluster size constraints. Their proposed approach
employs a relaxed-balance step to lower
computational cost and space requirements for

large and realistic datasets.

The Barabasi-Albert model is a mathematical model
that is widely used to study real-world networks.
This model has been used in a wide range of fields

to understand the behavior of real-world networks
and has been shown to be a useful tool for
predicting the behavior of these networks under
different conditions. Tirker and Sulak (2018)
propose that the Twitter hashtag network and
typical real networks exhibit power-law degree
distributions, indicating that nodes tend to self-
organize with preferential attachment mechanisms.
They conduct a two-layer analysis of tag networks
using Twitter entries data. They examine the
intersection layer, consisting of edges present in
both layers, and find that it more closely resembles
the pure Barabasi-Albert model. This similarity can
be largely attributed to the semantically validated
co-occurrence edges. Turker and Albayrak (2018)
find that the most efficient data transfer rates are
found in pure Barabasi-Albert topology, where the
time and number of nodes required for data transfer
are minimized.

There are some recent studies (Rossi et al. 2015,
Qian et al. 2016, Ma et al. 2017, Mohapatra and
Patra 2017, Minello et al. 2020, Kiabod et al. 2019;
2021, Li et al. 2022) which focus on identity
disclosure following k-degree anonymity to reduce
the total running time or information loss.

To the best of our knowledge, there is not a
comprehensive study which analyzes the impact of
k-value, number of nodes and edges of k-degree
anonymity separately in Barabdsi-Albert model
graphs. In our paper, we analyze the k-degree
anonymity (Liu and Terzi 2008) on simulated
Barabasi-Albert model graphs (Albert and Barabasi
2002) by assessing with different parameters to
comprehend the graph anonymity in various cases.
These cases actually mimic the real social networks
following scale-free property (Barabasi 2016). Our
research aims to provide an understanding of graph
when social

anonymization facing different

networks with different node/edge combinations.
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3. Methodology

In this section, first we provide the essential
principles of k-degree anonymity (Liu and Terzi
2008) and Barabasi-Albert graph (Barabasi and
Albert 1999), (Barabasi et al. 1999) which are the
constitutive elements of our proposal. Then, we
present the application of k-degree anonymity in a
widely used model that is appropriate for social
networks, Barabasi-Albert graph.

3.1 K-Degree Anonymity

As social media emerges and the private
information of the people are easily accessible on
the Web, the interlinked data facilitates accessing
the information of the people. A fingerprint about a
person caught in a social network even without the
name or the surname might help traversing
different data sources and obtaining a great amount
of information. Although the explicit identifiers like
name or mobile phone number can be encrypted to
minimize the accessibility of those individuals, other
jointly used properties (like birthdate, gender, and
the city of birth), called quasi-identifiers, can cause
the identification of them. Samarati and Sweeney
(1998) propose that

suppression of each property is the way of

the generalization or

anonymization to make it difficult for identification.
For example, a postcode as 09100 that resembles
the city and also the town information is hidden by
defining as 09000. Hence the town information is
kept secret (generalization). In another case, the
date of birth for a person is changed from “1982” to
“between 1980 and 1985” (suppression). Hence, a
way of generalization or suppression for the
common data obfuscates the information retrieval
in the social network. The commonly used
technique, namely k-anonymity (Ciriani et al. 2007,
Samarati 2001, Samarati and Sweeney 19983,
Sweeney 2002), anonymizes the dataset where an
individiual’s information cannot be distinguished
from at least k-1 individuals. While k-anonymity is
mostly focused on tabular data, the social networks
are an application area of graph data structure.
Hence, a graph-based anonymization technique

similar to k-anonymity is needed. Graph
anonymization mainly focuses on masking the
information of a node from the attackers. An
attacker having some knowledge about a specific
user in a social network facilitates revealing the
information of that user. For example, if the number
of connections of a user is unique in a social
network, he/she might be easily identified. k-degree
anonymity (Liu and Terzi 2008, Lu et al. 2012,
Minello et al. 2020, Ren et al. 2014) is another
technique to make this user (or the node) to
anonymize the network in which at least k-1 nodes
have the same properties. Hence, the number of
edges of each node will be the same with at least k-

1 nodes.

Liu and Terzi (2008) define the concept of the graph-
anonymization problem. The problem involves
operating a graph construction process on graph G
to create a k-degree anonymous graph with the
least possible modifications to the original graph. As
an example, if there is just one person in the social
network involving a unique number of friends such
as 178, the identity disclosure of that person is
obvious. Hence, the minimum number of graph-
based modifications would resolve this situation.

Formally, let G(V, E) be a simple graph; V is a set of
nodes and E the set of edges in G. Given a graph G(V,
E) and an integer k (degree anonymity value), Liu
and Terzi (2008) propose the modification of G via
the minimum number of edge addition or deletion
operations to construct a new graph G'(V’, E’).

Definition 1. If every distinct value in a vector v
appears at least k-times, v is called k-anonymous.
For example, v = [7,7,7,4,4,4,4,3,3,3,3,2,2,2] is 3-
anonymous.

Definition 2. For every node v € V there is at least k-
1 other nodes that have the same degree. In that
case graph G which involves the nodes V with k-
anonymity property is a k-degree anonymous graph.
Figure 1 represents sample k-degree anonymous
graphs. Figure 1(a) is a 2-degree anonymous graph
since there are two nodes with degree 1 and the
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degree sequence of Gis ds=[1,1] accordingly. Figure
1(b) is a 4-degree anonymous graph since there are
four nodes with degree 1 and the degree sequence
of Gis ds=[1,1,1,1]. Similarly Figure 1(c) is also a 4-
degree anonymous graph since there are four nodes
with degree 2 and the degree sequence of G is dg =
[2,2,2,2].

(a) (b) (c)

Figure 1. K-degree anonymous graph examples

Definition 3. The symmetric difference between
two graphs G(V, E) and G'(V’, E’) is given in Equation
(1). The symmetric difference between G and G’
must be minimal for k-degree anonymization. In
simple terms, the minimum number of update
operations must be applied on G to acquire G".

SymmDiff(G,G") = (E'\E) U (E\E') (1)

Figure 2 shows a sample situation for symmetric
difference between graphs. The blue lines in Figure
2(c) define the difference from the graph in Figure
2(a) to the graph in Figure 2(b). The pink lines
represent the difference from the graph in Figure
2(b) to the graph in Figure 2(a). Then, the symmetric
difference between the graphs is 7.

A B C D E A B C D E
F G H I 7 F G H 1 I
(a) (b)

Figure 2. Symmetric difference between two graphs

From the perspective of k-degree anonymity, the
modification of the original graph should bring
about an anonymous graph with minimum number
of operations. Figure 3 shows the k-degree
anonymization process by checking symmetric
difference. Adding one edge from B to E in Figure 3
anonymizes the initial graph. While the degree
sequence of initial graph G is [2,1,1,1,1,1] and A
node is susceptible for attacking, the anonymized
graph G’ has the degree sequence [2,2,2,1,1] and it
is a 2-degree anonymous graph after edge addition.

v & AQ)
B(l.)/\F«(U M. B(2) E (1)

C () D (1) C(Q) D (1)

Figure 3. The 2-degree anonymization of a graph

3.2 Barabdasi-Albert Model

Barabasi and Albert (1999) propose a prominent
research generating the model to describe the scale
free networks. A scale-free network is a network
whose degree distribution follows a power law. The
degree distribution of the number of edges per node
is given in Equation (2) (Cohen et al. 2003) where A
is the exponent, it is frequently in the range 2 < A <
3 and c is a proportionally constant normalization
factor. Barabasi-Albert model is an algorithm for
generating scale-free networks like Figure 4(a) with
the degree distribution shown in Figure 4(b).

P(k) = ck™* (2)
°
\: f
1
LN .\‘ .> \ )4
SV — ¢ ° £ oo
/I I r ; 0.001
o / 6\.\/'\< 3 0.0001
/ I\
e “‘\( T T 0T o0 1,000
o
(a) (b)
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Figure 4. Scale-free network and its degree distribution
(Rosato et al. 2008)

Barabasi-Albert model has growth and preferential
attachment which are the two important general
concepts of this model. Both of these attachments
are the terms widely appearing in real networks.
Growth denotes the addition of new node(s) to the
network at each time interval and consequently,
defines the number of nodes. Preferential
attachment refers to the tendency of a new node in
a network to connect to a node that already has a
large number of links, and the probability of a node
receiving a new link is proportional to its degree.
This is also known as the "rich get richer"
phenomenon. For example, a newcomer in a social
network mostly would like to become acquainted

with a well-known person (node).

Barabasi-Albert model has two parameters: n,
which refers to the number of nodes in the graph,
and m, which represents the number of edges in the
graph that connect each new node to the existing
nodes. Hence, when the total number of nodes in
the network is n, the total number of links in the
network can be calculates as n x m [3]. Figure 5(a),
(b) and (c) represent the Barabdasi-Albert model
graph with 10 nodes with number of edges 1, 2 and
3 respectively.

The network is generated gradually by the addition
of new nodes. Each node is inserted to the network
one by one. The new node tends to connect with an
existing node having more links. The probability p
that the new node connected to the node i is given
in Equation (3) (Albert and Barabasi 2002) where k;
denotes the number of degree of node i and the sum
describes the sum of all previously existing nodes j
in the graph. According to Equation (3), the nodes
around the center of the graph have more degree
than the newly added nodes as shown in Figure 5(a),
(b) and (c).

*https://networkx.org/

ki
Pi= 3 (3)
(@) (b) (©)

Figure 5. Barabasi Albert Model Graph with various
degrees

4, Evaluation

This section presents the evaluation results of k-
degree anonymization on social networks. We
generate synthetic social networks based on the
Barabasi-Albert model to evaluate anonymization
performance with respect to various
anonymization-based parameters. We use the
NetworkX library in Python to create synthetic social
networks using the Barabasi-Albert model. We
generate different graphs by changing the number
of nodes and edges in a graph.! First, we aim to
analyze the effect of the number of edges and nodes
on the k-degree anonymity. Second, we aim to
understand how the k value affects the success of k-
degree anonymity on social networks. We use the
percentage of edges overlap as the evaluation

metric.
4.1 Impact of Number of Nodes and Edges

In this case we calculate the percentage of edges
overlap for different edge numbers when the k
value and the number of nodes are fixed. We
conduct the experiments for two different numbers
of nodes, and we compute 50 anonymized graphs
for each experiment. Figure 6 shows the percentage
of edges overlap when the k value is assigned to 5
and the number of nodes is assigned to 500 and
5000, respectively. Regardless of the number of
nodes, the percentage of edges overlap increases as
the number of edges increases. However, the
percentage of edges overlap is = 95% in the worst
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case. That is, k-degree anonymity provides graph
anonymization with high similarity to the original
graph even when the number of edges is small.
Furthermore, the success of k-degree anonymity
increases as the number of nodes increases.

Figure 7 shows the percentage of edges overlap
when the k value is set to 10 and the number of
nodes is set to 500 and 5000, respectively. The
success of k-degree anonymity increases as the
number of edges increases for the both number of
nodes. Although the behaviors of results of Figure 6
and Figure 7 are similar, the percentages of edges
overlaps are slightly higher in Figure 6. In the
generated social networks in Figure 6 and Figure 7,
the number of edges is set to 5, 10, 25, 50 and 100
while the k value is fixed to 5 and 10, respectively.
When the k value is 10, the anonymization work is a
bit more complicated, and it slightly affects the
success of edges overlap. However, even the lowest
percentage of edges overlap is = 91%.

100 -
99 /_—/‘
98
97
9%

95
9%

L ]

Edges overlap (%)

0 10 20 30 40 50 60 70 80 90 100
Number of edges

—a—Number of nodes=500 —e—Number of nodes=5000

Figure 6. Impact of number of nodes and edges
when k=5

100 -

98 /'/"—'_’—' 5

96

94

Edges overlap (%)

92

90
0 10 20 30 40 50 60 70 80 90 100
Number of edges

—a—Number of nodes=500 —e—Number of nodes=5000

Figure 7. Impact of number of nodes and edges
when k=10

Based on the experiments presented in this section,
we can conclude that the success of k-degree
anonymity is slightly influenced by the number of
nodes. As the number of nodes increases, the edges
overlap increases on a small scale. For the same
number of nodes, the success of k-degree
anonymity increases as the increase in the number

of edges.

4.2 Impact of the k Value

In Section 4.1, we have shown that the number of
nodes slightly affects the success of k-degree
anonymity, and we have noticed that the k value has
an effect on the percentage of edges overlap. For
this reason, in this case we fix the number of nodes
and edges when the k value is changed to show the
impact of the k value on the success of k-degree
anonymity. In order to analyze different conditions
we evaluate the percentage of edges overlap when
the number of nodes and edges respectively i) 500
and 5, ii) 500 and 10, iii) 500 and 50, iv) 5000 and
5, v) 5000 and 10, and vi) 5000 and 50.

Figure 8 shows the percentage of edges overlap for
the first three conditions. The increase in the k value
decreases the success of k-degree anonymity since
the approach should need to make more changes to
provide the anonymization. On the other hand, the
increase in the number of edges in the social
network affects the success of k-degree anonymity
positively. In other words, the flexibility of k-degree
anonymity increases as the number of edges in the
original network increases. Figure 9 shows the
percentage of edges overlap for the remaining
conditions - when there are exactly 5000 nodes.
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Figure 8. Impact of k value when number of nodes = 500
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Figure 9. Impact of k value when number of nodes = 5000

According to the comparison of results in Figure 8
and Figure 9, the k-degree anonymity is more
successful when the number of nodes is higher in
the original social network because the approach is
more flexible in a higher number of nodes for the
same k-values.

5. Conclusion

In this paper, we focus on the anonymization of
social networks and the efficiency of k-degree
anonymization on various social networks based on
the Barabasi-Albert model. We evaluate the success
of k-degree anonymity according to the percentage
of edges overlap because it shows the percentage of
preserved edges from the original graph. The results
of the performance evaluation show the efficiency
of k-degree anonymity for the Barabasi-Albert
graph, which is similar to the graphs on social
networks. In conclusion, the success of k-degree

anonymity increases proportionally with the
number of nodes and edges independently. The
success of k-degree anonymity decreases as the k
value increases since more changes are needed to

anonymize the original graph. However, k-degree

anonymity is substantially successful at social
network anonymization in high k values.

We are motivated to evaluate the achievement of k-
degree anonymization with other graphs such as
Erd6s-Rényi graph and Watts-Strogatz graph, as
they can provide insights into the effectiveness of
this technique in various types of networks,
including social networks.
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Abstract
While artificial intelligence (Al) technologies are used in many fields such as health, education, art and

continue to develop rapidly, emerging artificial intelligence solutions are also being addressed by
different disciplines, such as informatics and law. Apart from the problems of legal rules' having access
to the speed of social change, the search of a legal infrastructure that is suitable for keeping up with
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these changes has started to make itself felt in recent years. In the study, the technical stages of digital
artworks created by using contentious producer networks from deep learning algorithms were
discussed and evaluated within the scope of intellectual and artistic works law. In the study, 6989
abstract and portrait paintings, which are a subset of the Wiki-Art dataset, were used. As a result, it has
been seen that the number of images in the dataset affects the originality of the outputs. It is thought
that the proposed method can be applied to different branches of art and can give art lovers a different
perspective.

© Afyon Kocatepe University

Derin Evrisim Tabanli Cekismeli Uretici Aglar ile Ugtan Uca Sanat
Eserleri Uretimi

Oz

Yapay zeka (Al) teknolojileri saglik, egitim, sanat gibi birgok alanda kullanilip hizla gelismeye devam
ederken ortaya ¢ikan yapay zeka ¢ozimleri, bilisim hukuku gibi farkh disiplinler tarafindan da ele
alinmaktadir. Hukuk kurallarinin sosyal degisimin hizina erisim sorunlari bir yana, degisime ayak
uydurmaya misait bir hukuki alt yapinin varliginin arastirilmasi da son yillarda énemini hissettirmeye
baslamistir. Calismada derin 6grenme algoritmalarindan gekismeli Gretici aglar kullanilarak olusturulan
dijital sanat eserlerinin teknik asamalari ele alinarak fikir ve sanat eserleri hukuku kapsaminda

Anahtar Kelimeler
Sanat Eserleri;
Cekismeli Uretici Aglar;

Ugtan uca; Yapay Zeka.
degerlendirilmistir. Calismada Wiki-Art veri kiimesinin bir alt kiimesi olan 6989 adet soyut ve portre

tablolar kullaniimistir. Sonug olarak veri kimesindeki goriintl sayisinin giktilarin orijinalligine etki ettigi
gorilmistir. Onerilen ydntemin farkli sanat dallarina uygulanabilecegi ve sanatseverlere farkli bir bakis
acisi kazandirabilecegi distintilmektedir.

© Afyon Kocatepe Universitesi

1. Introduction never seen a tree to draw the concept of a tree on a

table or a natural water element as a stream. On the

Artists who create works of art reveal the

information they have learned throughout their
lives by processing them with the creative aspects of
their minds. It is impossible for someone who has

other hand, the potential effects of groundbreaking
artificial intelligence on art and creativity are
followed with interest by scientists (Mazzone and
Elgammal 2019).
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Psychologists define the concept of intelligence as a
process in which many different elements come
together. Learning, reasoning, problem-solving,
perceiving and using language; are inseparable basic
elements of intelligence (Terman 1948). Artificial
Intelligence, on the other hand, is a situation similar
to the working process of human intelligence,
extracting unknown information from known data
(Hunt 2014). Machine learning algorithms focus on
learning by finding relationships from patterns in
datasets (Zhou 2021). Machine learning is used in
various fields such as healthcare, natural language
processing, image processing, agriculture (Hayit et
al. 2021; Akmese 2022; Aslan et al. 2018). Machine
learning methods performed by labelling the output
with the desired value are called Supervised
Learning, while machine learning methods
performed without labelling the output data are
called Unsupervised Learning (Saravanan and
Sujatha 2018). Deep Learning is a sub-branch of
machine learning in which complex structures are
learned in datasets (Alaskar and Saba 2021). It has
been found that deep learning algorithms trained
using large-scale data perform significantly better
than classical image processing techniques (Wason
2018). The first image generation model of deep
networks was proposed in 2014 (Goodfellow et al.
2014).

Turhan and Bilge (2020) obtained a high-resolution
image on the MNIST dataset using a Generative
Network and Autoencoder hybrid. Xue (2021)
proposed a two-step GAN algorithm consisting of
Sketch and Paint stages on a dataset consisting of
2192 images. Roziere et al. (2020) proposed an
evolution-based generative network on different
data sets such as cat, dog, horse, and face. Chen et
al. (2020) proposed generative networks with style
transfer to produce works of art. Shahriar (2022)
presented a comparative survey analysis of Gan
Networks' production of different artworks.

In this study, Deep Convolutional Generative
Adversarial Networks (DCGANs) were proposed for
producing original artworks on the Wiki-Art dataset
with access for academic research. Remarkable
works were obtained in printouts and presented to

the attention of art lovers.

The data set and the DCGANs are presented in the
second part of the article, while the outputs
obtained in the third part are presented. In the last
section, a discussion and conclusion are given.

2. Material and Methods

This section presents the dataset used in the study
and the proposed architecture's basic structure.

2.1 Dataset

Two datasets consisting of abstract paintings and
portraits were used in the study. Both datasets are
subsets of the Wiki-Art Visual Art Encyclopedia
dataset (Int. Source 1). The number of abstract
artworks in the datasets feeding the proposed
model is 2872, and the number of portrait artworks
is 4117. Artworks have different width and height
values. Sample images from the datasets are given
in Figure 1.

Figure 1. Sample Images from the Datasets

2.2 Deep Convolutional Generative Adversarial
Networks (DCGANSs)

Generative Adversarial Networks (GANs) are a type
of deep learning structure that generates data with
similar properties to the fed dataset. Networks of
GANs consist of two different network structures
working together. One of these network structures,
the Generator network, generates data similar to
the data in the dataset from randomly generated
noise data.

The generator network is Unsupervised Learning.
The discriminator network distinguishes whether
the data is real or generated. Discriminator network
is Supervised Learning (Radford et al. 2015 ). The
DCGAN structure is given in Figure 2.
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Figure 2. The GAN Structure

Discriminator output is a binary classification as real
or generated and is denoted by Y. Equation 1 gives
the loss function for the generator network, and
Equation 2 gives the loss function for the
discriminator network. Here & denotes the loss
function, and u denotes the mean operation. Yreal
represents the probability that the discriminator
network output is real images, while Yfake

represents the probability of generated images.

dgen = —u(log(Yfake)) (1)

ddisc = —u(log(Yreal)) — u(log(1 — Yfake)) (2)

The scoring metric measures how well the

generator and discriminator networks have
achieved their goals. In Equation 3, the formula of
the scoring metric of the Generator network is
given, while in Equation 4, the formula of the scoring

metric of the Discriminator network is given.

dgen = u(Ygenerated) (3)

ddisc = %,u(Yreal) + i,u(l — Ygenerated) (4)

3. Simulation Results

The developed method has been tested on a
personal notebook computer with an i5-1035G1
processor and 8GB RAM. The structure of the
Generator network of the proposed method
consists of 13 layers. The layers are given in detail in

Table 1.

Table 1. Generator Network
No Layer Name

Layer Description

1 Input 100 features
Reshape Reshape 4x4x512

3 Convolution numFilter=256 Filter Size=5x5 Striding=[1
1] Cropping =[0 0 0 0]

4 Normalization ~ Batch normalization

5 Activation RelLU

6 Convolution numpFilter=128 Filter Size=5x5 Stride=[2 2]
Cropping ='same’

7 Normalization ~ Batch normalization

8 Activation RelLU

9 Convolution numFilter=64 Filter Size=5x5 Striding= [2 2]

Cropping='same'
10 Normalization  Batch normalization
11  Activation RelLU
numFilter=3 Filter Size=5x5 Striding=[2 2]
Cropping = 'same'

12 Convolution

13 Activation Hyperbolic tangent

There are four convolutions, four activation and
three normalization layers in the Generator network
of the model. While the hyperbolic tangent
activation function is used in the last layer, Relu is
used in other activation functions. The structure of
the Discriminator network of the proposed method
consists of 15 layers. The layers are given in detail in
Table 2.

Table 2. Discriminator Network
No Layer Name

Layer Description

1 Input 64x64x3 images

2 Dropout 50%

numFilter=64 Filter Size=5x5 Striding= [2 2]
Padding='same'

Leaky ReLU Scale=0.2

numpFilter=128 Filter Size=5x5 Striding=[2
2] Padding="'same’

3 Convolution

Activation
5 Convolution
Normalization =~ Batch normalization
Leaky ReLU Scale=0.2
numpFilter=256 Filter Size=5x5 Striding=[2
2] Padding="'same’

7 Activation
Convolution

Batch normalization

Leaky ReLU Scale=0.2

numFilter=512 Filter Size=5x5 Striding=[2
2] Padding="'same’

9 Normalization
10 Activation
11 Convolution

Batch normalization

Leaky ReLU Scale=0.2

numFilter=1 Filter Size=4x4 Striding=[1 1]
padding=[0 0 0 0]

Sigmoid

12 Normalization
13 Activation
14  Convolution

15  Activation

There are five convolutions, five activation and
three normalization layers in the Discriminator
network of the model. While the Sigmoid Activation
function is used in the last layer, Leaky Relu is used
in other activation functions. The hyperparameters
of the proposed model are given in Table 3.
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Table 3. Hyper-parameters

Parameter Value
Epoch 500
Minibatch 128
Learn Rate 0.0002
gradientDecayFactor 0.5
squaredGradientDecayFactor  0.999
validationFrequency 100

Hyperparameters can be changed and different

images can be obtained in different trials.
Transforms have been applied to the images so that
the discriminator network cannot easily learn real
and generated images. Generated abstract pictures

are given in Figure 3.

Generated Images

Figure 3. Generated Abstract Images

When the abstract artworks are
examined, it is seen that some similar works have
been produced. The reason for this is considered to
be that the data set is relatively small. In some
abstract paintings, the colour variety is limited, and
there are also images where white colour is
dominant. This situation had a direct effect on the
output images. On the other hand, generated

portrait pictures are given in Figure 4.

produced

Generated Images

Figure 4. Generated Portrait Images

When the portrait artworks produced are examined,
it is seen that they are mostly different, and some of
them resemble human beings. The reason for this is
considered to be because the data set is relatively
large. Generator and discriminator scores are given
in Figure 5.

Epoch: 500, Iteration: 11000, Elapsed: 09:19:09

Score

0 2000 4000 6000 8000 10000 12000
Iteration

Figure 5. Generator-Discriminator Score

which
approximately 9 hours, it was observed that the

During the training period, lasted

generator and discriminator networks were
competing and produced score values close to each
other in some iterations. This shows that the

education process is realized as desired.

4, Discussion and Conclusion

Humans have begun to experience that there may
be beings who think and make decisions other than
themselves with artificial intelligence and machine
learning technologies. In machine learning, the
information in the outside world is digitized and
taught to a machine. Deep Learning, on the other
hand, is closely related to representational Learning,
unlike machine learning. This process can be
in the
experiencing the outside world step by step and

compared to a baby learning age,
coding it into his conscious system. Therefore, it can
be said that the paintings painted by the painters
present the already existing information, which they
have previously encoded in their memories, in line
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with a composition. One of the most interesting and
attractive topics of deep Learning is GAN structures.

In this study, artworks were produced using the
DCGAN structure. The images in our dataset are the
Wiki-Art dataset, and there are artworks by artists
such as Pablo Picasso, Claude Monet, and Salvador
Dali. Our primary motivation in this study was to
produce new images, present them to art lovers,
and evaluate the produced works in the context of
intellectual property law.

According to the 5846 Law on Intellectual and
Artistic Works, work refers to all kinds of intellectual
and artistic products considered works of science
and literature, cinema, and music with the owner's
characteristics. While there are clear lines on
conventional works of art in the Law on Intellectual
and Artistic Works, there is no regulation on works
of art created through machine learning yet.

For this reason, although there are legal rights to the
pictures used in our data set, the artists who made
them have legal rights; it is impossible to evaluate
this study by our current law since the pictures
created as a result of machine learning are other
creations.

Intellectual efforts created through artificial
intelligence technology are a value that should be
protected when directed to the appreciation of
society. While the regulations protect intellectual
and artistic works, the value protected here is not
only creations but also society's appreciation. In
other words, art and society have mutually created
each other for centuries. Therefore, in addition to
making legal regulations that act with the spirit of
protecting all kinds of artificial intelligence products
offered to the public, there is a need for new
initiatives that support artificial intelligence and
recognize it in the legal world and make room for it.
Instead of defining artificial intelligence as a
separate entity from humans, it should not be
ignored that the features that exist in humans and
that have not yet been noticed have benefits that

encourage them to emerge and gain value.

However, while the legal framework for machine
learning-supported creations is being drawn, it is
thought that a legal step is needed to not only be
limited to the regulations focused on the creations
in question but also to respect and protect the
appreciation of the society.

In conclusion, the proposed method has obtained
interesting images on the pictures. It has been
observed that more different images are obtained,
especially in portrait tables with more data than
abstract pictures. In future studies, it is thought to
be applied to different branches of art, such as
literature, poetry and music.
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Abstract

Time series forecasting and prediction are utilized in various industries, such as e-commerce, stock

markets, wind power, and energy demand forecasting. An accurate forecast in these applications is an
essential and challenging task because of the complexity and uncertainty of time series. Nowadays,
deep learning methods are popular in time series forecasting and show better performance than

Keywords classical methods. However, in the literature, only some studies use deep learning methods in fuzzy
Gated Recurrent Unit;  time series (FTS) forecasting. In this study, we propose a novel FTS forecasting model based upon the
Time Series hybridization of Recurrent Neural Networks with FTS to deal with the complexity and uncertainty of
Forecasting; Fuzzy these series. The proposed model utilizes Gated Recurrent Unit (GRU) to make predictions using a
Time Series; combination of membership values and past values from original time series data as model input and
Deep Learning. produce real forecast value. Moreover, the proposed model can handle first-order fuzzy relations and

high-order ones. In experiments, we have compared our model results with state-of-art methods by
using two real-world datasets; The Taiwan Stock Exchange Capitalization Weighted Stock Index (TAIEX)
and Nikkei Stock Average. The results indicate that our model outperforms or performs similarly to
other methods. The proposed model is validated using the Covid-19 active case dataset and BIST100
Index dataset and performs better than Long Short-term Memory (LSTM) networks.

Kapili Tekrarlayan Hiicreler Tabanh Bulanik Zaman Serileri Tahminleme
Modeli
0Oz
Zaman serisi tahminleme hava durumu, is diinyasi, satis verileri ve enerji tiketimi tahminleme gibi bir
¢ok alanda uygulama alanina sahiptir. Bu alanlarda tahminleme yaparken kesin sonuglar elde etmek gok

onemlidir ama ayni zamanda zaman serilerinin karmasik ve de belirsizlik iceren veriler olmasi nedeniyle
Anahtar kelimeler cok zordur. Giiniimiizde, derin 68renme metotlari bu alanda klasik metotlara gére daha iyi sonuglar
Kapili Tekrarlayan vermektedir. Fakat literattirde bulanik zaman serileri tahminleme konusunda ¢ok az ¢alisma vardir. Bu
Hicreler; Zaman Serisi  calismada, zaman serilerindeki karmasikligin ve belirsizligin dogurdugu problemleri yok etmek icin
Tahminleme;Bulanik Yinelemeli sinir Aglari ile bulanik zaman serilerini bir arada kullanan bir model ortaya konumustur. Bu
Zaman Serisi; Derin ¢alismada, Kapili Tekrarlayan Hiicreler kullanarak gegmis veriler ile bulanik verilerin Gyelik degerleri
Ogrenme. birlestirilerek tahminleme degeri hesaplanmistir. Ayrica, bu ¢alismadaki model ilk seviye bulanik
iliskileri ele alabildigi gibi, coklu seviye bulanik iliskileri de kapsamaktadir. Testlerde literatiirde var olan
galismalar ilgili model ile iki agik veri seti ile karsilastiriimis olup bahsi gecen modelin daha iyi veya
benzer sonuglar verdigi gozlemlenmistir. Ayrica model Covid-19 ve BIST100 borsa verileri kullanilarak

da test edilmis ve Uzun-Kisa Sureli Bellek modellerinden daha iyi sonug vermistir.
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1. Introduction

Time series analysis and forecasting methods are
important research areas in machine learning and
indispensable in diverse applications such as
energy consumption, business retail or the stock
market, cryptos, wind power, antibiotic resistance,
weather pollution, water pollution, etc. In a simple
manner, time series forecasting is a process of
predicting the following values of time series by
examining its historical values. Time series
forecasting aims to understand and extract some
implicit patterns such as seasonality, trend, and
noise in these series. However, the traditional time
series approaches cannot solve prediction
problems on data with uncertainty raised due to
imprecision, vagueness, and representation of this
series in linguistic terms. Thus, Fuzzy Time Series
(FTS) was proposed by Song and Chissom in 1993
(Song and Chissom 1993) in order to cope with this
uncertainty problem by using the concepts of fuzzy
set theory. In FTS, historical data is represented as
linguistic values. The domain of the time series
dependent variable, Universe of Discourse (U), is
first defined and then divided into sub-domains.
These sub-domains are linked to a fuzzy set, and
this process is calledthe fuzzification step.
After the fuzzification step, the fuzzy logical
relationships (FLR) are established inthe fuzzy
inference step. In this step, forecasts are produced
using FLRs. As a final step, after FLR identification
and obtaining the forecast values on FTS, the
defuzzification method is applied to have actual
forecast values.

The establishment of fuzzy relationships is very
important in FTS since it directly affects the
accuracy of the forecasting model (Yu and Huarng
2010, Panigrahi and Behera 2020). Thus, in the
literature, there are many approaches proposed
such as fuzzy logic group relation table (Song and
Chissom 1993, Bulut 2014, Chen and Chen 2014,
Chen and Tanuwijaya 2011, Efendi, Ismail, and
Deris 2015, Huarng 2001b, Huarng 2001a, Lee,

Wang, and Chen 2008), fuzzy relation matrices
(Aladag et al. 2012; Sullivan and Woodall 1994,
Tsaur, O Yang, and Wang 2005; Wong, Tu, and
Wang 2010), statistical methods (Cai et al. 2015,
Chang et al. 2011, George E. P. Box 2015, De
Gooijer and Hyndman 2006, Kocak 2017, Novak
1995, Sadaei et al. 2016, Sadaei et al. 2019, Torbat
etal. 2018, Tseng et al. 2001) in order to determine
and establish these relationships.. In addition to
these methods, there are also many machine
learning methods for identifying FLRs. In (Bas et al.
2018), a high-order neural network based on pi-
sigma artificial neural network is proposed for fuzzy
time series. A single multiplicative neuron model is
proposed in (Aladag 2013). In (Bas et al. 2015), a
FTS neural network model is presented for both
linear and non-linear time series. In (Cagdas et al.
2009, Aladag et al. 2010a, Egrioglu et al. 2009,
Egrioglu et al. 2013, Huarng and Yu 2006), feed
forward neural networks are used. These models
used fuzzy sets index number as input and tried to
produce an index number as output. However, (Yu
and Huarng 2010) and (Aladag 2013) have used
neural network model with different input/output.
They used membership degrees to determine fuzzy
relations. In (Hajek and Olej 2017, Kocak et.al.
2021), intuitionistic fuzzy time series are modeled
with neural networks and membership degrees
and non-membership degrees are used as input.
Using membership degrees as input-output
provides better accuracy results but requires much
more computational time because of large number
of nodes (Bose and Mali 2019). There are also other
machine learning methods for determining FLRs
such as (Cagcagetal. 2017, Changetal. 2011, Chen
and Kao 2013, Jang 1993, Nie 1997, Panigrahi and
Behera 2020, Stefanakos 2016).

Recurrent Neural Network (RNN) is a type of deep
learning method that uses sequential data or time
series data (Lin et al. 1998). Long short-term
memory networks(LSTM) and gate recurrent unit
networks(GRU) are two popular variants of RNN
with long-term memory. LSTM is an improved
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version of RNN by adding two extra gates to
capture long-term information; thus, it performs
better in long-sequence data. Bidirectional LSTM
(BiLSTM) is a popular variant of LSTM that uses
forward and backward LSTM layers to learn long-
term bidirectional dependencies of time series.
BiLSTM often performs better than LSTM (Siami-
Namini, Tavakoli, and Namin 2019).

LSTM is widely used in time series forecasting
(Lindemann et al. 2021, Arslan 2022). However, a
few studies in the literature applied LSTM in FTS. In
(Tran et al. 2018), multivariate fuzzy time series are
used as input for their LSTM model for forecasting.
In (Kocak et al. 2021), authors proposed an
intuitionistic fuzzy time series (Castillo et al. 2007)
forecasting model using a simple LSTM with a single
hidden layer of LSTM units and an output layer
used to make a prediction. They used merged
membership and non-membership values as input
to produce one-dimensional output.

Gated Recurrent Unit (GRU) is another RNN model
that is very similar to LSTM with a few internal
changes (Cho et al. 2014). It has considered having
a simpler architecture than LSTMs since it uses only
two gates, whereas LSTM has three gates. Similar
to LSTMs, GRUs have also been used in forecasting
time series in different types of domains (Becerra-
Rico et al. 2020, Dutta et al. 2020, Shen et al.
2018a, Tan et al. 2020, Wang et al. 2018) and
outperforms LSTM models (Jozefowicz, Zaremba,
and Sutskever 2015, Yang et al. 2020). However,
these studies use classical time series for
forecasting.

Recently, hybrid models which use a neural
network with FTS are a significant development in
forecasting (Singh 2017). Using deep learning
methods provides the ability to deal with large data
sets and also ensures fast learning capability. On
the other hand, enabling fuzzy sets in the
forecasting domain contributes to handling
uncertainty and imprecision of time series data.

Thus, hybridizing deep learning models with FTS is
expected to produce much better results than
classical forecasting methods, especially for
complex systems.

In this study, we used GRU and BiLSTM with FTS
(called FTS-GRU and FTS-BiLSTM, respectively) to
identify first-order and high-order fuzzy logical
relationships and compared the proposed hybrid
model with neural network models, including
LSTM. Moreover, the hybrid model is compared
with other state-of-art models in the literature. The
input of the proposed model is fuzzy membership
values to all fuzzy sets. The model is trained, the
optimal weights for fuzzy relations are obtained,
and the model output is computed using the
trained model. The accuracy of the model is
calculated using outputs and actual values. Hence
the main contributions of this work are enlisted as
follows;

e Two different RNN-based deep learning
methods, GRU (FTS-GRU) and BiLSTM (FTS-
BiLSTM) are separately used for defining FLRs that
support first-order FTS and high-order FTS.

e The fuzzy time series model obtained using GRU
for identifying fuzzy relations using membership
values as input and output produces superior
forecasting performance than other RNN-based
approaches.

e An empirical study has been conducted for four
real-world data sets; TAIEX, Nikkei 225 stock
exchange, BIST100 index, and Covid-19 cases in
Turkey.

e The proposed models are also compared with
state-of-art methods, and the FTS-GRU hybrid
model shows better forecasting performance than
these methods.
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2. Methods

2.1. LSTM

LSTM neural networks are designed as a new
recurrent neural network (RNN) form. Essentially,
LSTM networks have their memory structure.
Typical RNNs endeavor to solve the poor
performance of feed-forward neural networks on
sequential inputs. They are widely used in speech
recognition, opinion and sentiment analysis, text
processing, and time series prediction. In the LSTM
model, an extended data sequence is memorized
or held by adapting a gating structure. The
structure of an LSTM cell is depicted in Fig. 1.

NEW Cell
‘ state

m = NEW Hidden
state

Hidden State/ t
Short-term
Memory

Fig. 1. LSTM cell structure (Arslan 2022)

The forget gate is utilized to specify which data will
be preserved or not. In order to achieve this
preservation, the following formula are used;

fe = 0 Wr[ he—q, x¢] + by) 1)

where x; is input at time t, h;_; is the output of
previous cell, and o is sigmoid function. The
information is kept in the cell state if forget gate
produces one as output. In the next stage, the
sigmoid function constructs a vector. This vector
contains possible new values. Input gates are used
to specify the updated values, and new possible
values are stored in the vector C~;. This new
vector is constructed with the following formulas;

ir = o(Wi[ hemq, xe] + by) 2

€~ = tanh(W,[ he—y, x¢] + b @)

Now cell’s old state C;_; is updated to new cell
state C;.

Ce=fe* Cooqat i xC¢ (4)

Eventually, we select the network's output
regarding on the cell state. This selection process is
carried out by using the following formulas;

0 = oWyl he—1,x¢] + by) ®)
h; = o; * tanh(C;) (6)

Stacked LSTMs (SLSTMs) are a special type of
classical LSTMs (Graves et al. 2013). In SLSTMs, one
and/or more LSTM layers are utilized and merged.
The first LSTM layer employs the time series data
as input and deliver the output. This output now
becomes the input of next LSTM layer. All LSTM
layers have an identical inner architecture with
various units. Fig. 2 represents an example SLSTM

network.
Output
Dense Layer with 1 Node
oo T"l-lz T ne Thmz oo
oz os? o? cur?
hg? LsTMCel  n,,2 LSTMCel |2 LSTMCel  n,2
000 —)> — 000
Dropout Layer
Tm‘ T nd Th;l
Cr.z‘ ‘7:-11 ot CM‘
[P LSTM Cell htt LSTM Cell ht LSTM Cell ey
000 —> o0

(U t. e T

Fig. 2. Stacked LSTM network (Arslan 2022)

Classic LSTMs use only previous information to
resolve the following states. Bidirectional LSTMs
(BiLSTMs) are devised to deal with data in both
directions (Schuster and Paliwal 1997). Two distinct
hidden layers assemble BiLSTMs. Therefore, in
order to push bidirectional information passing
achievable at every time step, the overall model
uses these two separated LSTMs. A BiLSTMs cell
has two inputs; one from the previous step and the
other from the next step. These two inputs are
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fused in the cell; thus, it makes BiLSTMs network
capable of storing information from both the past
and future. The general architecture of BiLSTM is
illustrated in Fig. 3 (Cui and Wang 2017).

Ve-1 Ve Ye+1
f f f
g 0 g

hl—l - h, 2 h{+1 -
(" hy ht1
Forward layer  =——sp LSTM LSTM LSTM

\

LSTM \ LSTM \ LSTM €—

BDLSTM BDLSTM
Hidden layer Hidden layer

X-q Xt Xt41

Backward layer

BDLSTM
Hidden layer

Fig. 3. Bidirectional LSTM network (Arslan 2022)

2.2. GRU

GRU is simplified version of LSTM and widely used

in  sequence modeling, natural language
processing, time series analysis etc. Unlike LSTM,
GRU has only two gates; update and reset. Update
gate is used to determine the amount of previous
data which will be passed to the next state. By using
update gate, GRU model can copy all the past data
if necessary. Reset gate is, on the contrary to
update gate, for forgetting or neglecting the past
data. This means, with the help of reset gate, GRU
model decides whether previous cell state is

important or not.

Output
L]
O 1y 0 g
L)
Sgmokd @

—_——
NEW Hidden
state, by

-

L

tanh

.
. 4 L
&

Fig. 4. GRU cell structure (Arslan 2022)

GRU models do not contain internal memory and
also do not have output gate which is used in LSTM
models (Fig. 4). The recent studies shows that the

GRU outperforms the LSTM on forecasting tasks
(Dutta et al. 2020; Jozefowicz et al. 2015; Shen et
al. 2018b).

2.3. Fuzzy Time Series

Fuzzy Time Series(FTS) are first introduced in (Song
and Chissom 1993) and uses basic fuzzy set
principles developed by Zadeh (Zadeh 1965). For
last decades, FTS have been applied to various
number of forecasting problems in the literature
(Bose and Mali 2019, Singh 2017). A fuzzy set can
be described as class with varying degrees of
membership in the set.

Let U be the universe of discourse, where
U=1{uuy, .., u,} (7)

Thus, a fuzzy set A of the universe of discourse U
is defined as follows:

A = fu)/ug + fatux)/up + -+ fa(uy)/uy,
(8)

where, f; is the membership function of the fuzzy
set A, f,: U = [0,1] and f4(u;) represents the
degree to which u; belongs to the fuzzy set A, and
1 <i <n. In this equation "+" symbol
represents union operation. If the universe of
discourse U is infinite and also continuous then the
fuzzy set A can be defined as:

A= {[ faCu)/u;} (9)

where Yu; € U and “[” symbol represents union
of fuzzy singletons f, (u;)/u;.

The definitions of fuzzy time series are reviewed
as follows:

Definition 2.1. Let Y(¢t)(t =--+,0,1,2,...) be a
subset of R ( real number) and also the universe of
discourse on which fuzzy sets f;(t) (i =
1,2,...) are defined. Let F(t) be a collection of
fi(®) (i =1,2,..). Then, F(t) is called a fuzzy time
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seriesonY(t)(t = ---,0,1,2,...) (Song and Chissom
1993).

In this definition, F(t) represents a linguistic
variable and f;(t) (i = 1,2, ...) can be regarded as
possible linguistic values of F(t) (Song and Chissom
1993).

Definition 2.2. Let U,,;;,and U, 4, be minimum and
maximum values of the time series data
respectively. By using these values, we can define
the universe of discourse U as (Song and Chissom
1993):

U = [ Unin» Unax] (10)

Thus, fuzzy logical relationships can be established
using the following definition.

Definition 2.3. If there exist a fuzzy relationship
R(t —1,t), such that:

F(t)=F(t—-1)oR(t—1,¢t) (11)

Then F(t) is said to be caused by F(t —1). “0”
symbol represents max-min composition operator.
Assume that F(t —1) = A; and F(t) = A;. The
relationship between F(t) and F(t — 1) is called
as a fuzzy logical relationship (FLR) and can be
represented by:

In Eq.12, A; refers to left-hand side (LHS) and A4;
refers to right-hand side (RHS) of FLR. Now we can
group FLRs if FLRs have the same fuzzy sets on LHS
and this group is referred as fuzzy logical
relationship group (FLRG). For example, if we have
following FLRs;

Ai g Ak
Ai - Al
Ai - Am

These FLRs can be grouped into a FLRG as:

A > A, AL Anm (13)

FTS models are represented by using these FLRs. If
F(t) is caused by only F(t — 1) then it is called
first-order model and can be represented as Eq.11.
However, if F(t) is caused by F(t —1), F(t —
2),..., and F(t — n), then this model is called n-th
order model and can be represented as:

F(t—n),...F(t—2),F(t—1) > F(t) (14)

2.4. FTS forecasting model

FTS forecasting models uses five different steps in
general (Panigrahi and Behera 2020, Bose and Mali
2019, Singh 2017, Chen 1996); defining and
partitioning the universe of discourse, defining
fuzzy sets, fuzzification of data, identifying of FLRs
and FLRGs, forecasting and defuzzification and
these steps shown in Fig. 5.

Step I. Defining the universe of discourse. The
universe of discourse U can be defined by using
Eg.10. In order to partition U, the length of the
intervals “/” should be defined. After that, U is
partitioned into equal length intervals by using this
I value. There are several studies in the literature
for finding intervals on U and effective partitioning
(Panigrahi and Behera 2020, Bose and Mali 2019,
Singh 2017).

Defining universe of discourse

Defining Fuzzy Sets

Fuzzification

Identifying fuzzy logical
relationships

Defuzzification
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Fig. 5. FTS forecasting model steps

For an example, U can be defined as [4600,10300]
for TAIEX 2000 dataset. After finding interval length
I, U is divided into equal-lengths partitions. The
number of partitions called “n” can be calculated
by using following equation:

— (Umax— Umin) (15)

n
l

Let / is equal to 100, then U has n = 57 partitions.
Thus, eachinterval is formed using this | parameter;

u; = [4600, 4700]

u, = [4700, 4800]

us7 =[10200, 10300]

Step Il. Defining fuzzy sets. After partitioning U and
finding intervals, linguistic terms for each interval
should be defined. These terms (A;, A, ..., A,) are
represented as fuzzy sets and can be defined by
using Eq.8. Thus, each linguistic term is evaluated
as follows:

Ay
=1/u; +0.5/u; +0/us + -+ 0/up_5 +0/uy_1 +0/u,

A
=0.5/u; +1/u; +0.5/uz + -+ 0/up_5 + 0/u,_1 +0/uy,

Az
=0/u; +0.5/uy, +1/us + -+ 0/up_5 +0/u,_1 +0/u,

An
=0/u; +0/uy, +0/ug + - +0/up_» +0.5/up_1 +1/u,

(16)

The degree of membership of each observation in
original time series values belonging to each
linguistic term is now defined. Thus, each interval
correspondence to all linguistic terms is calculated,
for example, for interval u; the degree of

correspondence to linguistic term A, is equal to 1
whereas for A, it is equal to 0.5. Similarly, for u, ,
the degree of membership values to 44, 4, and Az
are 0.5, 1 and 0.5 respectively.

Step lll. Fuzzification. Now, each observation in
original time series data is fuzzified by obtaining its
membership degree to each linguistic term (44,
Ay,.., Ay).

Step IV. Identification of FLRs. FLRs are identified on
fuzzified time series by using Definition 2.3. Most
studies in the literature uses first-order FLRs (Bose
and Mali 2019, Huarng and Yu 2006, Panigrahi and
Behera 2020, Singh 2017) but using high-order FLRs
can increase the accuracy of forecasting (Cagdas H
Aladag et al. 2009, Aladag et al. 2010b, Kocak et al.
2021, Lee et al. 2008, Singh 2017) . The identifying
of FLRs is very crucial for accuracy of forecasting
model and in the literature there are various
numbers of studies using different methodologies;
statistical approaches, fuzzy relation tables and
matrices, and recently machine learning based
methodologies (Yu and Huarng 2010, Panigrahi and
Behera 2020).

Step V. Defuzzification In the study (Chen 1996),
defuzzification step is constructed using following
rules:

e If the FLR is empty (4; = @) , then
defuzzified forecast calculated as centroid
of the corresponding interval u; .

e If FLR has only one interval in RHS (4; =
Aj) then defuzzified forecast is calculated
as centroid of the corresponding interval
u;.

e If RHS of FLR has more than one intervals
(4; = Ajy, Aja, ...,A]-n) , then defuzzified
forecast is arithmetic mean of
corresponding interval centroids:

A]'1+ Aj2+"'+A]‘n

| an

Forecasted,qp,e = [ n
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The study in (Song and Chissom 1993) defines
defuzzification rules as follows: (1) if there is only
one output membership value (which can be
refereed as single maximum value) then forecasted
value is the centroid of the interval corresponding
to the maximum. (2) if there is more than
maximum membership then the arithmetic
average is calculated for corresponding intervals.

Defining universe of discourse

Defining Fuzzy Sets

Fuzzification

RMN Input transformation

Mormalization of model input

Training RNN model

Forecasting using RNN model

Denormalization for real
forecastvalue

Fig. 6. FTS-GRU forecasting model steps

2.5. Proposed hybrid model.

In FTS domain, neural networks are used in
different stages of forecasting. Some of these
works have used neural networks in order to define
and partition the universe of discourse (Bahrepour
et al. 2011, Singh and Borah 2014). In (Singh and
Borah 2013), a neural network is used in the
defuzzification of the FTS values. Moreover, there
have been a various number of studies that use a
neural network to identify FLRs. Most of these
works have used the index number of the interval

as input to produce the index number as output
(Cagdas H Aladag et al. 2009, Aladag et al. 20103,
Egrioglu et al. 2009, Egrioglu et al. 2013, Huarng
and Yu 2006). The studies by (Yu and Huarng 2010)
and (Kocak et al. 2021) have used a neural network
model with membership degrees as input/output
to determine fuzzy relations.

In this study, we used GRU to identify FLRs (FTS-
GRU). The GRU model is applied to the fourth step
of FTS modeling (Step IV. Identifying FLRs), and the
methodology chart is illustrated in Fig. 6. The
proposed model uses membership values obtained
in the fuzzification step and also original time series
value in order to produce the actual forecast. Thus,
our model does not need to defuzzification step.
The algorithm for using GRU in FTS is explained in
Algorithm 1.

Furthermore, we have used another RNN model
(Bidirectional LSTM) as an alternative method for
identifying FLRs (FTS-BiLSTM). The algorithm of this
model is similar to Algorithm 1 except using two
BiLSTM instead of GRU.

The proposed model can handle first-order fuzzy
relations and high-order ones since the model
input is formed by membership values and also
actual values for corresponding original time series.
For the first-order FLRs, there is only one real value
as additional input to the GRU model. In contrast,
for the n-order FLRs, n actual values are used as
input to produce a single output, the actual
forecast value, as shown in Table 1.

We can use Fuzzy C-means based partitioning (Li,
Cheng, and Lin 2008) or partitioning method
proposed by Huarng in (Huarng 2001a) at line 2 of
Algorithm1. However, for simplicity, we have used
equal length partitioning method. For FTS-BiLSTM,
the model implementation at line 11 of the
algorithm is replaced with BiLSTM implementation.
Both LSTM and GRU models are implemented using
Tensorflow (Martin Abadi, Ashish Agarwal, Paul
Barham et al. n.d.).
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Algorithm 1: FTS-GRU Methodology

Input: Y;(y1,¥2, ..., ¥;) Original time series

n: number of partitions

Output:acc : accuracy of forecasting

10:

11:

12:

13:

14.

//Define the universe of discourse U
U = [min(¥;), max(¥,)]
//Partition U by using even length grid partitioning
{ug, uz, .., up} = [min(¥;), max(¥,)]/n
//Compute the midpoints of the intervals
Vu € U,m; = [Witower + Uicupper]/2
//Fuzzify using membership function
Alj,n]=0
A =fiu)/ug + faux)/ug + -+ falun)/u,
m = order of A // define the order of FTS
// Add real time series value to fuzzified time series
fori=[1,m]
Alj,n+1]=jmei)
//normalize fuzzified time series
A = normalize(A)

//split train and test data

Xirains Yerains Xtest» Yeest = Split(A: 0.8)

//train GRU model using test data and make prediction

GRU_model = train(Xirain, Yerain)

¥ = GRU_model.prediction(Xest)
//Compute accuracy using ¥ and Viest
acc =rmse (9, Yeest)

return acc
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Table 1. Sample input for GRU using high-order FLRs(n=2)

A A, As A, As  Y(t-2) Y(E-1) Y(©)
0 0.54 1 0.46 0 2720 3126 3522
2.6. Model evaluation Table 3. Sample data from TAIEX2000 Dataset.
Date Opening Highest  Lowest Closing
The actual time series values and our model's (MM/DD) Price Price Price Price

prediction results are compared to evaluate the
' 01/04 8,644.91 8,803.61 8,642.50 8,756.55
proposed work's performance. Two performance
metrics, namely Root Mean Square Error (RMSE) 01/05 8,690.60 8,867.68 8,668.02 8849.87
nd Mean Absol Error (MAE), ar for thi

and e_a bsolute _O ( )' are used _O this 01/06 8,876.59 9,023.99 8,863.91 8,922.03
evaluation. These metrics are computed using the

following equations; a0 e e e

ST (v, )2 10/27 5,991.83 6,003.38 5,805.17 5,805.17
RMSE = /% (18)
10/30 5,644.26 5,666.96 561590 5,659.08
j— 1 n 4
MAE = - Yimal (Vi =Yl (19) 10/31 5,530.80 5,626.03 5,502.67 5,544.18

3. Results and Discussion
Table 4. Sample data from NIKKEI225 Dataset.

To demonstrate proposed model performance, we Date Opening  Highest Lowest  Closing
have conducted accuracy tests on four different YY/MM/DD  price Price Price Price

datasets (Table 2). The sample from these datasets
are shown in Table 3-5.

2011/01/04 10352.1  10409.1 10321.2 10398.0

2011/01/05 10387.9 104134 10358.0 10380.7
Table 2. Dataset description

- 2011/01/06 10477.5 10530.1 10477.5 10529.7
Number of observations

Dataset

Tram Test e e e
2017/12/20 228349 229235  22806.7  22891.7

TAIEX2000 194 48
2017/12/21 22852.0 228949 227280  22866.0

TAIEX2001 191 48
2017/12/22 22850.7  22908.8  22801.1  22902.7

TAIEX2002 196 49

TAIEX2003 197 49

Table 5. Sample data from BIST100 Dataset.

TAIEX2004 198 49 - -
Date Opening Highest  Lowest  Closing
NIKKEI225 1466 244 YY/MM/DD Price Price Price Price
COVID-19 CASES 933 cg 2013/09/19  749.22 751.65 744.99 746.60
2013/09/18 782.14 805.70 782.14 794.66

BIST100 INDEX 3200 800

2013/09/20 794.68 795.06 775.82 778.63
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Table 6. Descriptive statistics for BIST100 Dataset.

Mean Std. Min Max
Deviation
824.55 186.55 595.67 1133.56

Table 7. Related fuzzy forecasting methods.

Study Establishing FLR for forecasting

Chen (Chen 1996) Rule based

Huarng (Huarng and

Yu 2006) Neural network

Aladag (Cagdas H.

Aladag et al. 2009) Neural network

Yu (Yu and Huarng

2010) Neural network

Aladag (Aladag

2013) multiplicative neuron model

Bas (Bas et al. 2018) pi-sigma neural network

Panigrahi (Panigrahi

and Behera 2020) SVM, LSTM and neural network

First of all, in order to show performance
comparison of proposed models, Covid-19 active
cases of Turkey are used. Dataset contains 291 days
of active cases. The RMSE and MAE results are
demonstrated in Figure 7. One can observe from
Figure 7 that FTS-GRU has better accuracy results
than both LSTM based approaches (FTS-BiLSTM and
FTS-LSTM). The models are evaluated using first
order FLRs. Number of units in hidden layers of each
model is set to 32 partition number is set to 40 for
this performance test. Moreover, we have tested
our approach using BIST100 Index dataset. This
dataset contains 4000 values of Turkish Stock
Market between 08/06/2005 and 20/09/2013. The
descriptive analyisis of this dataset is shown in Table
6.

W FT5-GRU
FTS-BiLSTM
FTS-LSTM

RMSE MAE

Fig. 7. RMSE and MAE graphic for Covid-19 dataset.

Table 8. RMSE results for TAIEX dataset.

Dataset Chen Huarng  Aladag  Yu(Yu Aladag Bas Panigrahi FTS-GRU FTS- FTS-LSTM
(Cagdas and (Aladag (Baset (Panigrahi BiLSTM
(Chen  (Huarng H. Huarn 2013) al. and
1996)  andYu  Aladag g 2018) Behera
2006) etal.  2010) 2020)
2009)
TAIEX2 149.5 2297.8
000 176.32  152.00 2857.58 9 2297.60 5 264.00 188.65 201.54 255.69
TAIEX2
001 147.84  130.00 564.14 98.91 546.40 481.25 173.54 103.57 114.52 278.74
TAIEX2
002 101.18 84.00 611.03 78.71 530.59 533.68 86.93 155.89 135.60 185.41
TAIEX2
003 74.46 56.00 644.44 58.78 511.03 142.06 78.36 69.45 98.41 112.51
TAIEX2
004 84.28 NA 303.66 55.91 336.47 364.4 73.77 52.77 87.13 158.47
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Table 9. Test results for Nikkei225 dataset.

Metric  Aladag Kocak FTS-GRU FTS-GRU
(Aladag  (Kocak (first (second
2013) et al. order) order)

2021)
RsME °28:03 3447 87.74 51.57
MAE 4427 7788 63.57 44.32

Moreover, to show effectiveness of the proposed
model we used another dataset, Taiwan Stock
Exchange Capitalization Weighted Stock Index
(TAIEX) which is widely used in FTS studies (Bose and
Mali 2019).

The RMSE results are compared with state-of-art
studies in the literature (summarized in Table 7) by
taking their RMSE values obtained from (Bose and
Mali 2019; Huarng and Yu 2006; Panigrahi and
Behera 2020; Singh 2017) and summarized in Table
8. Again, the proposed models are evaluated using
first order FLRs. Number of units in hidden layers of
each model for each TAIEX dataset are set to
(32,32,64,50,64) respectively. Partition number is
set to 40 for each TAIEX dataset.

The test results in Table 8 show that the proposed
FTS-GRU LSTM  based
approaches again. Moreover, we can observe from
the table that FTS-GRU outperforms most of the
studies except Yu (Yu and Huarng 2010) but our
study shows very close performance. Furthermore,
for TAIEX2004 dataset, FTS-GRU has better RMSE
values than each of these models.

model outperforms

A recent study of Kocak et al. 2021, which uses LSTM
for intuitionistic fuzzy time series forecasting
applied Nikkei 225 stock exchange dataset for
performance evaluation. Thus, we conducted same
RMSE performance test by using this dataset and
compared our results with the results obtained from
(Kocak et al. 2021 and Aladag 2013).
since they have used intuitionistic fuzzy sets, they

Moreover,

tried to forecast FTS by using high order FLRs.

Hence, we have evaluated performance comparison
by defining first order and also second order FLRs
and result are shown in Table 9. For this evaluation,
number of hidden layer is set to 8 (eight) and

partition number is set to 10 (ten). The test results
show that our work outperforms Aladag 2013 but
not so good as Kocak et al. 2021.

Table 10. Test results for BIST100 dataset.

Metric  Gocken  FTS-GRU (first FTS-GRU
(Gocken order) (second
et al. order)
2016)
RSME 2.413 2.207 1.781
MAE 2.813 1.715 1.511

However, the overall RMSE accuracy values are not
presented in Kocak et al. 2021, rather, they present
only a subset of their test set containing 10(ten)
elements and its accuracy value. Thus, for a
meaningful comparison, the overall performance
values for whole dataset should be computed and
compared.

The test results for a recent dataset (BIST100 Index)
is shown in Table 10. The proposed work is
compared with Gocken et al. 2016, which integrates
metaheuristics and artificial neural networks. The
test results also confirm the previous results and our
appraoch has better RSME and MAE values for this
dataset.

4. Conclusion

Deep learning approaches are extensively used in
time series forecasting. However, a few studies use
deep learning methods in fuzzy time series
forecasting problems in the literature. In this study,
we proposed a novel fuzzy time series forecasting
model which uses recurrent neural networks. Our
model is based on Gated Recurrent Unit (GRU),
which has recently been widely used in time series
forecasting. The proposed model(FTS-GRU) tries to
combine the effectiveness of GRU in nonlinear time
series forecasting with the fuzzy set theorem in

order to handle uncertainty.

The proposed model evaluates both the time series
non-linearity and the inherent uncertainty and
ambiguity of the data. At the same time, this model
has high accuracy compared to state-art techniques
in time series prediction resulting that this model
can play an essential role in real-world applications.
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Four different data sets are used in the experiments.
The model is compared with the Bidirectional LSTM
and also a single LSTM-based FTS forecasting model
and has better prediction results.

Our numerical experiments revealed that fuzzy time
series and deep learning may efficiently be adapted
to develop strong, stable, and reliable forecasting
models. It is worth mentioning that due to the
sensitivity of various hyper-parameters of the
proposed models and their high complexity, it is
possible that their prediction ability could be further
improved by performing additional optimized
configuration and mostly feature engineering.
Nevertheless, the accuracy results show that our
method outperforms most of state-art techniques.
Thus the proposed hybrid method can be
competitive among these techniques.

Another future work may be to study whether the
network model proposed in this paper has the effect
of further improving the prediction accuracy on the
problem of fuzzy cluster number optimization and
hyperparameter selection.
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Oz

Glinimiizde uydu goruntuleri kullanilarak harita Gretimi veya mevcut haritalarin giincellenmesi gibi

¢alismalar yapilmaktadir. Clnkiu uydu goruntilerinin yeryuzid alanlarina ait konumsal verileri
kullanicilara diger fotogrametrik yontemlere gore daha az zahmetle ve her mevsimde saglamasi gibi

Anahtar kelimeler
Goktirk -1; Uydu; Hava avantajlari vardir. Bu kapsamda da (lilkemizin sahip oldugu yiiksek ¢6ziintirliikli uydusu olan Goktiirk-1
Fotc;érafl' ' uydusunun da harita Gretimi alaninda kullanilmasi ile ilgili bir galisma yapilmistir. Yapilan bu ¢alismada

- ... 50cm ¢ozunarlukli stereo Goktiirk-1 uydu goruntusi kullanilarak fotogrametrik is istasyonunda 1/5000
Fotogrametrik Harita;

Olgekli harita yapilmis ve sonuglar 15 cm ¢ozunirlukli stereo hava fotograflar ile karsilastirilarak
dogruluk analizi yapilmistir. Elde edilen sonuglar incelendiginde stereo Goktiirk-1 uydu gorintileri ile
¢alisma bolgesindeki detaylar %93 oraninda degerlendirilmistir. Boylelikle Goktlirk-1 stereo uydu

goruntilerinin 1/5000 6lgekli harita tGretim 6lgitlerini karsilayabilecegi degerlendirilmektedir.

Investigation of the Usability of GOKTURK-1 Stereo Satellite Images in
1/5000 Scale Photogrammetric Map Production

Abstract

Today, studies such as map production or updating of existing maps are carried out using satellite

images. Because satellite images have the advantages of providing geospatial data of the earth’s areas
Keywords to users with less effort than other photogrammetric methods and in all seasons. In this context, a study

Goktirk-1; Satellite; has been carried out on the use of GOKTURK-1 satellite, which is the high resolution satellite of our
Aerial photograps; country, in the field of map production. In this study, a 1/5000 sacele map was made on the
Photogrammetric Map;  Photogrammetric workstation using a 50 cm resolution GOKTURK-1 stereo satellite image and the
results were compared with 15 cm resolution stereo aerial photographs and an accuracy analysis was
made. When the results obtained are examined, the details in the study area were evaluated at a rate
of %93 with stereo GOKTURK-1 satellite images. Thus, it is evaluated that GOKTURK-1 stereo satellite

images can be feasible to use for compilation of 1/5000 scale topographic map.
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Goktiirk-1 Stereo Uydu Gériintiileri ile 1/5000 Olgekli Fotogrametrik Harita Yapilabilirliginin Arastiriimasi, Kiling ve Uysal.

1. Giris
GUniUmizde uzaktan algillama bircok alanda
arastirma yapmak amaciyla kullanilmaktadir.

Ozellikle uydu gérintileri tarim, orman, gevre,
jeoloji, meteoroloji, osinografi gibi alanlarda cesitli
arastirmalarda vazgecilmez bir veri kaynagidir. Ayni
zamanda uydu gorintileri bahsedilen bu alanlar da
oldugu kadar haritaciik alaninda kendine vyer
Ozellikle
¢Oziinirluk degerleri iyilestikce hem harita Gretimi

edinmigtir. uydu  goruntilerindeki
hem de mevcut haritalarin glincellenmesi ve Cografi
(CBS)

kullaniminin uygun olup olmayacagl konusunda

Bilgi  Sistemleri kurulumu alanlarinda

bircok arastirmalar yapilmaktadir. Arastirmalar
daha c¢ok ortogoriintli, sayisal yukseklik modeli ve
topografik harita liretimi Gzerine yapilmaktadir. Bu
kapsamda da uydu gorintilerinin sayisal hava
fotograflarini yerini alip alamayacagi strekli bir
tartisma konusu olmustur. Ornegin; Ordnance
Survey tarafindan Bati Avrupa gibi yuksek kaliteli
harita verileri olan bolgelerde harita Uretimi ve
glincellenmesi, harita Uretim maliyetlerin
duslirilmesi, 3B kentsel modeller, arazi kullanim
siniflandiriimasi gibi isler igin uydu goérintilerinin
potansiyeli arastirilmistir ( Ridley et al. 1997). Bunun
gibi calismalarin yaninda IKONOS uydu gorintileri
ile hava fotogrametrisinin yeterli gelisemedigi veya
gerekli altyapisinin  kurulamadigi bolgelerde de
harita  Uretiminde  kullanilmasi  konusunda
arastirmalar yapilmistir (Kumar and Castro 2001).
Ayrica European Organization for Experimental
(OEEPE)

¢OzUnlrlukli

Photogrammetric  Research kurumu

tarafindan da  yiksek uydu
gorintilerinin topografik harita tGretimi konusunda
arastirma yapimistir (Holland et al. 2003). Bu
organizasyona llkemizden de katihm saglanmistir.
Calismadan c¢ikan sonu¢ uydu gorintilerindeki
¢Ozunlrligun iyilesmesiyle dogru orantili olarak
gorintide detay teshisi artmakta ve boylece kentsel
haritalarin yapilabilirligi artmaktadir. Avrupa ile

Amerika da topografik haritalar hem hava
fotograflari hem de uydu gorintileri yardimiyla
glncellenmektedir (Forghani 2000). Axes vd (2004)
tarafindan SPOT-5 uydu gorintileri kullanarak
topografik ve kadastral harita calismalari ile harita

glincelleme calismalari gerceklestirmislerdir. Ancak

literatirde yapilan ¢ogu calisma mono gorintiler
kullanilarak yapilmistir. Bu ¢alismada ise stereo
uydu gortntileri kullaniimistir.

Uydu goriintllerinden harita bilgisi Gretmek igin

oncelikle gorintinin gerekli ¢ozinirlik ve
dogruluk kriterlerini saglamasi gerekir. Bu iki kriter
dogrultusunda Uretilecek haritanin dlcegine karar
verilmesi gerekir. Ornegin 50 cm veya alti
¢OzUnUrluklt uydu goérintileri ile 1/50 000 ve Ustl
harita yapmak uygun olmayacagi gibi 2 m veya Usti
¢OzUnUrluklt uydu gorintdleri ile de 1/5000 o6lgekli

harita yapmaya calismak dogru bir yaklasim degildir.

Hava fotografi veya uydu gorintiilerinden harita
Uretilmesi ve glincellenmesinde yerylziine ait
kritik
Detaylarin ve nesnelerin gorintiiler Uzerinden

nesnelerin  taninmasi 6neme sahiptir.
taninmasini saglayan etkenlerin en Onemlisi ise

konumesal ¢ozlnurliktir (Forghani 2001).

Uydularin konumsal ¢6zinirligi yikseldikce uydu

gorantaleri  ile  blyuk  olgekli  haritalarin
yapilabilecegi degerlendiriimektedir (Li 1998). Bu
calismada ise Turkiye’'nin sahip oldugu yliksek
¢6zliniirliikli uydusu olan GOKTURK-1 uydusunun
stereo gorintdleri ile 1/5000 dlcekli harita tretim
potansiyeli arastirilmistir. Yapilan bu calisma stereo
fotogrametrik kiymetlendirme g¢alismalari alaninda
Goktirk-1 kullanildigr ilk

¢alismadir. Bu ¢alisma ile siyasi ve askeri kisitlamalar

uydu gorintisiniin
veya meteorolojik olaylar nedeniyle ugus
yapilamayan bolgelerde 1/5000 o&lcekli stereo
fotogrametrik harita Gretmek icin Goktiirk-1 uydusu
gorintisiiniin hava fotograflarina alternatif olarak
kullanilabilecegini gostermek amaclanmistir.

2. Materyal ve Metot

Bu ¢alismada veri seti olarak Ankara boélgesine ait 24
Ekim 2019 tarihinde 50 cm c¢ozindrlaklia, 31.69
derecelik agi ile stereo c¢ekilmis geometrik
diizeltmesi yapilmis pankromatik Goktirk-1 uydu
gorlintusl ile Agustos 2020 tarihinde Harita Genel
Miuduarlagia (HGM) tarafindan sayisal hava kamerasi
ile cekilmis fotograf olgegi 1/37500 olan 15 cm
¢Ozunirlukli stereo hava fotograflari kullaniimistir.
Goktirk-1 uydusu uzaya Avrupa Uzay Ajansina ait

VEGA roketi ile Fransiz Guyanasi’ndan 05 Aralik
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2016 tarihinde TSI 16.51.44 de firlatilmis ve
yoringeye basariyla yerlestirilmistir. Uydu ile
iletisim dogrudan gorme prensibine dayal olarak
saglanmaktadir. Bu dogrultuda uydu ile haberlesme
konisi adi verilen ve Ankara da konuslu yer istasyonu
merkez olmak Ulzere yaklasik 4600 km ¢apli bir koni
tabani icerisinde iken iletisim saglanabilmektedir.
Glin igcinde uydu ile kurulan iletisim sayisi 4 - 5°tir.

Goktirk-1 Uydusu yoringe istikametine ek olarak
dogu-bati veya tersi istikamette de c¢ekim
yapabilmektedir. Uydu iletisim konisi icerisinde bir
geciste maksimum 102 adet spot gorinti (15x15
km) ile 780 km uzunlugunda serit gorintli cekip
indirebilme kabiliyetine sahiptir. Ayrica maksimum
410 km uzunlugunda stereo goriinti ile 410 km x 34
km blylklGgiinde genis alan
cekebilmektedir (int. Kyn. 1).

goruntu

Uydu diinya etrafinda bir turunu 98 dakika da
tamamlamaktadir ve 24 saatte toplam 14-15 tur
atmaktadir (int. Kyn. 2). Goktiirk-1 uydusuna ait
teknik 6zellikler Cizelge 1 de gosterilmistir.

Cizelge 1. Goktirk-1 Uydusu teknik ozellikleri.

Goktiirk-1 Uydusu

Yoriinge Tipi Glines Eszamanli
Yoriinge irtifas 681 km
Egim Agisi 98,11°
Yériinge Hizi 7,51 km/sn.
Periyot 98 dk 11 sn.
Spot Boyutu 15 X 15 km
Serit Genisligi 15 km
Serit Uzunlugu 780 km

Uydu Kitlesi 1061 kg (yakit dahil)
Coztintirlik 0,5m PAN -2 m MS
(Mekansal)
Radyometrik 11-Bit
cozaniirliik

Ortalama

Konumsal Dogruluk

Yatay olarak

10 m (GCP’siz), 2 m (GCP’li)
Dusey olarak

20 m (GCP’siz), 3 m (GCP’li)

Spektral Bantlar

PAN, RGB, NIR

Gunluk Yoriinge Sayisi

14-15 (14,7)

Stereo Goktirk-1 uydu gorintilerinin yoneltilmesi
amaciyla Rasyonel Polinom Katsayilari (RPC)
parametreleri ile dengeleme islemleri icin ise GNSS
Olcimleri yapilmis ¢alisma alanini kapsayan 5 adet
yer kontrol noktalari (YKN) kullanilmis (Sekil 1) ve
stereo model elde edilmistir (Die et al. 2003).
Gereginden fazla YKN kullanmak geometrik
dogrulugu arttirici bir etkisi olmaz ancak cografi
konumlandirma isleminin guvenirligi hakkinda bilgi
verir (Fraser 2004). Stereo modelin disey
dogrulugunun dogruluk analizi icin Harita Genel
Madarluga tarafindan Tirkiye jeoit modeli (TG-20)
olusturma calismalari Simav vd (2021) kapsaminda
Uretilen yer kontrol noktalari kullanilmistir (Sekil 2).
Elde edilen stereo model fotogrametrik s
istasyonunda DATEM Summit Evolution ile
MicroStation  yazilimi  lzerinde 3B olarak
kiymetlendirilmistir. Ayni sekilde HGM tarafindan
cekimi yapilan stereo sayisal hava fotograflari da
fotogrametrik is istasyonunda deneyimli operatorler
tarafindan kiymetlendirilmesi yapilarak referans
olarak kabul edilerek hem uydu goérintileri hem de
hava fotograflarindan elde edilen vektor veriler
nicelik bakimindan karsilastiriimistir (Cizelge 4).
Bunun icin nokta detaylar adet, alan detaylar
kilometre kare (km?), cizgi detaylar ise kilometre
(km) cinsinden hesaplanmistir. Bu islemler ArcGIS
programinda yapimistir.

Sekil 1. Dengeleme islemi igin yer kontrol noktasi (YKN)
dagihmu.
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Sekil 2. Dusey kontrol icin yer kontrol noktasi (YKN)
dagihmi.

2.1 Cahisma Alani

Secilen c¢alisma bdlgesi Ankara’nin  kuzeydogu
bolgesi olup pafta igerisinde ilge merkezi ile
alanlar bulunmaktadir.

gayrimeskun ekili dikili
Topografya denizden ortalama 1135 m yikseklikte,
orta engebeli ve hafif daglik bir bolgedir. (Sekil 3 ).
Alanin seciminde detay cesitliligi bakimindan yeterli
olan bolge secilmeye dikkat edilmistir.

o

Sekil 3. Calisma boélgesi.

2.1 Stereo Gizimlerin Yapilmasi

Calisma bolgesine ait stereo Goktirk-1 uydu
gorintileri ile sayisal hava kamerasi ile gekilmis
hava fotograflari kullanilarak olusturulan stereo
modellerde paralaks olup olmadigi kontrol edilerek
fotogrametrik is istasyonunda 1/5000 6lcekli pafta
bazinda 3B kiymetlendirilmesi yapilmistir (Sekil 4 ve
Sekil 5).
isleminde parsel sinirlari ile bina detaylarin gati

1/5000 olcekli stereo kiymetlendirme

kenar sinirlari 6nemlidir. Ayrica harita Ureten bazi
kurum ve kuruluslar 1/5000 6lcekli fotogrametrik
kiymetlendirmede kaldirrm  kenarlari, reklam
panolari, rogarlar gibi detaylarinda gizilmesini talep
edebilirler. Bunun i¢in bu detaylara da dikkat
edilmistir. Kiymetlendirilmesi yapilan 15 cm
¢OzUnarlikli hava fotograflari uydu

gorintilerinden elde edilen detaylarin
karsilastirilmasi igin referans olarak kullaniimistir.
Yapilan karsilastirmada bina, parsel, duvar, git,
rahathkla uydu
kiymetlendirilmektedir. Yol

detaylarinda 50 cm alti patika yollarin teshisinde

yarma, dolma sinirlari

gorintisiinden

operator zorlanabilir. Ekili dikili alanlar rahatlikla
teshis edilebilir fakat siniflandirma igin yardimci
kaynak gerekebilir. Menfezler teshis edilebilir fakat
rogar, reklam panolari, elektrik ve telefon direkleri,
anten gibi detaylarin teshisinde operator igin
yardimci kaynak gerekebilir.

Sekil 4. 15cm ¢ozlndrlikla hava fotografi (sol Gst ve sol
alt) ile 50 cm ¢o6zunlrlukli Goktirk-1 uydu
gorintisi (sag Ust ve sag alt).
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p=

Sekil 5. 15cm ¢ozlinlrlaklt hava fotografi (sol Gst ve sol
alt) ile 50 cm ¢o6zunlrlukla Goktirk-1 uydu
gorintusi (sag Ust ve sag alt).

3. Bulgular

50 cm ¢ozlnlrldklG  Goktlrk-1  Stereo uydu
1/5000 Olcekli pafta
kiymetlendirilmesi Once
gorintilerinin RPC parametreleri ile i¢ yoneltmesi
yapildiktan sonra GNSS ile 6lglilen yer kontrol
noktalari ile dengelemesi yapilmis ve sonuglar
Cizelge 2 de gosterilmistir.

gorintisinin bazinda

yapilmadan uydu

Cizelge 2. Stereo Goktirk-1 uydu goriintiisii dengeleme

sonuglart.

Nokta No rx ry r
(m) (m) (m)

NO6 -539 -0.14 0.341 -0.026

NO6 -525 0,016 -0,301 0,012

NO6 -473 -0,089 0,320 0,017

NO6 -051 0,159 -0,010 0,022

NO6 -036 0,055 -0,353 0,008

Disey dogrulugunu belirlemek icin HGM tarafindan
TG-20 projesi kapsaminda (retilen yer kontrol
noktalari kullanilarak Karesel Ortalama Hata (KOH)
hesaplanmistir. Burada noktanin bilinen yukseklik
degeri ile noktanin model (zerinde bulunan
konumundaki stereo modelin yuksekligi kullanilarak
sadece diisey yondeki KOH hesaplanmistir. Yatay
yonde dogruluk icinde 15 cm ¢ozlndrlGkla sayisal
3B  model

referans alinarak bina, duvar ve beton zemin

hava fotograflarindan olusturulan
koseleri fotogrametrik is istasyonunda 3B okunarak
blatin bu noktalarin karesel ortalama hatalar
hesaplanmistir. Elde edilen yatay ve disey

dogruluklar Cizelge 3’te gosterilmistir.

Cizelge 3. Goktirk -1 uydusu gorintiisinden olusturulan
stereo modelin yatay ve disey dogruluklari.

Yoéntem my my m; My
(m)  (m) (m) (m) (adet)

Nokta Sayisi

GNSS ile

Olgulmis (TG-20)

noktalar ile - - 0.63 - 53
3B modelin

disey yoniinde

hesaplanan KOH

Detaylarin
3B Stereo Okumalar 0.49
ile hesaplanan KOH

0.98 033 1.10 28

Son olarak stereo uydu gérintistinden 1/5000 6lcek
bazinda 3B vektor
fotograflarinin 3B kiymetlendirilmesi ile elde edilen

gizilen veriler, hava

vektor veriler ile karsilastirilarak uydu goriintisu ile

hava fotografinin birbirini karsilama orani nicelik
olarak incelenerek Cizelge 4’te gosterilmistir.
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Cizelge 4. Goktirk-1 uydu goruntiisinden 3B
kiymetlendirilen detaylarin hava fotografi ile
nicelik olarak karsilastiriimasi.

. Hava Uydu Uydu/Hava
Kategori Detaylar Fotografi  Gorintiisii (%)
Ekili Dikili
Alanlar 2 2 1
Alan
) .
(km?) Bina 031 03 0.968
Parsel 6 6 1
Yol 140 138 0.986
Dere, Kanal vb. 7 7 1
Cizgi iletim Hatlar
(km) 38 29 0.763
Sinirlar
(Duvar, Cit vb.) 12 12 !
Agag, Cal 542 534 0.985
Menfez
1 1 .
Nokta 8 6 0.889
(adet) Diger detaylar
(Pano, Anten, 11 8 0.727
Trafo vb.)

Ortalama
(Uydu/Hava) 0.932
(%)

4.Tartisma ve Sonug

Kiresellesen diinyamizda harita bilgileri Gretmek
ve glincellemek amaciyla yiksek ¢ozuntrlikla
uydu gorintilerini ¢ozlnlrlik ve harita olgegi
dengesi  gozetilerek  kullanilmalidir.  Clinki
kullanicilarin uydu ile goriintl elde etmede politik
ve askeri gibi sinirlamalara maruz kalmamasi,
hava sartlarina bagh olmamasi ve uydularin
goriintii cekim alanlarinin ucak veya iHAlara gore
daha biyik olmasi hava fotograflarina gore
avantaj saglamaktadir. Ancak sayilan avantajlarla
birlikte ¢ozinirlik s6z konusu oldugunda hava

fotograflari da gliniimiizde 6nemini korumaktadir.

Bu calismada da tlkemizin sahip oldugu 50 cm
Goktirk-1 uydu
goruntileri ile 1/5000 6lcekli fotogrametrik harita

konumsal ¢OzUnurlikli
yapilabilirligi arastirilmistir. Bunun icin 6 km? lik bir
alan 1/5000 Olcek stereo olarak
kiymetlendirilmistir.  Elde  edilen  bulgular
incelendiginde Goktiurk-1 uydusunun 1/5000
Olgekli stereo fotogrametrik harita Uretim
oraninda

Olgitiini  ylzde 93 karsiladigi

gorllmastiir. Ancak goriintl lizerinde operator

tarafindan kiymetlendiriimekte zorlanilan iletim
hatlar direkleri, rogar, menfez vb. nokta detaylar
icin yardimci kaynak veya arazi buitlinlemesi
gerektirebilir.

Elde edilen bu bulgular degerlendirildiginde
literatlirde uydu gorintileri ile fotogrametrik
harita Uretimi ile ilgili calismalari destekler
niteliktedir. Ornegin Ridley et al. (1997)
cahsmasinda 1m ¢ozinirlikli uydu gorintisindn
mono ve stereo olarak degerlendirmis stereo
cizimlerde uydu goérintisiinde detaylarin %65,9 u
degerlendirilmis, mono degerlendirmede ise %51
oraninda degerlendirilerek 1 m ¢ozlnUrlikli uydu
goruntlstiniin 1/10000 6lgekli harita Gretimi igin
uygun oldugu sonucuna varilmistir. Detay
degerlendirmede binalar ve yollar gibi detaylarin
tanimlanmasinin  ve yorumlanmasinin benzer
oldugu fakat cit gibi detaylarin tanimlanmasinin
zor oldugu belirtilmistir. Ancak Goktiirk-1 uydu
gorintlistinin ¢ozindrltga 50 cm oldugu igin ¢it
gibi detaylar rahatlikla tespit ve teshis
edilebilmistir (Cizelge 4).

Kumar ve Castro (2001), IKONOS uydusu ile yaptigi
calismada arazinin nispeten diiz oldugu vyeterli
sayida kontrol noktasinin mevcut olmasi kosuluyla
1/10000 olgekli harita yapimi igin  uydu
gorintistintn  kullanilabilecegi belirtildi. Ancak
bizim c¢alismamizda ise engebeli alanlarda da
detay degerlendirme ve geometrik dogruluk
acisindan diiz alanlara gore herhangi bir farklilik
olmadigi gorulmustir (Cizelge 3).

European  Organization for  Experimental
Photogrammetric Research (OEEPE) projesi
calismalari sonucunda ise uydu goérintisinden
topografik harita Uretirken detay tespit ve
yorumlanmasinda mono yerine stereo
degerlendirme yapilmasinin detay degerlendirme
oranini 6nemli 6l¢lide arttirdig1 gérilmustir. Bizim

calismamizda da stereo degerlendirme yapilmistir.

GOktirk-1  Stereo  uydu
goruntiistiniin 1/5000 6lcekli fotogrametrik harita

Sonug¢  olarak

Uretimini hem dogruluk hem de detay teshis

edilebilirligi bakimindan sagladig

degerlendirilmistir.
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Tesekkiir

Bu makale ikinci yazarin danismanliginda sorumlu
yazarin doktora tezinden alinmistir. Tez danismani
olan ikinci yazara ve Harita Genel MidirlGgline
tesekkdir ederiz.
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Abstract

Mardin Mansion is located in the protected area of the Mardin urban site. The building is a valuable
building that reflects the architectural features of the traditional houses of Mardin. The aim of the study

Keywords

Terrestrial laser
is to investigate the stone material problems of the historical Mardin mansion, which reflects the

scanning;
Orhtophoto; traditional housing characteristics of the province of Mardin. For this purpose, the data obtained from
. . ', observational and laser scanning were combined and interpreted. As a result of the study, the most
Deterioration;

. common types of material deterioration in buildings; It has been seen that there are discolouration and
Stone material;

Cultural Heritage plants. It is thought that the intense discolouration occurring on the facades is due to the effect of

increasing air pollution in the region. As a result, it is recommended to take precautions against the
damages caused by air pollution on the facades of the buildings in the region.

Tas yapilarin cephelerindeki malzeme bozulmalarinin yersel lazer
tarama yontemiyle arastirilmasi: Mardin Konag: Ornegi

Oz

Mardin Koskl, Mardin kentsel sit alanindaki koruma altina alinmig bolgede yer almaktadir. Yapi Mardin
geleneksel evlerinin yoreye mimari 6zelliklerini yansitan degerli bir yapidir. Geleneksel konakta, gesitli
etkenlerden dolay olusan bozulmalar agik¢a gorilmektedir. Calismanin amaci, Mardin ili geleneksel

Anahtar Kelimeler
Yersel lazer tarama;

Ortofoto; konut 6zelliklerini yansitan tarihi Mardin konaginin tas malzeme sorunlarinin arastiriimasidir. Buamagla
Bozulma; gozlemsel ve lazer taramadan elde edilen veriler birlestirilerek yorumlanmistir. Calisma sonucunda
Tas malzeme; yapilarda en sik goriilen malzeme bozulmasi tirlerinin; yiizey kirliligi ve bitkilenme oldugu goérilmstir.
Kiiltiirel miras Cephelerde meydana gelen yogun yiizey Kkirliliginin, yorede artan hava kirliliginin etkisinden
kaynaklandigi duslinilmektedir. Sonugta, bolgedeki yapilarin cephelerinde hava kirliliginin neden
oldugu hasarlara karsi 6nlem alinmasi 6nerilmektedir.
© Afyon Kocatepe Universitesi
1. Introduction 2003). Stone structures are subject to physical

deterioration as a result of various factors (Karatas
et al. 2022, Alptekin et al. 2019, Kanun et al. 2022).
These deteriorations in the structures occur with

The preservation of the physical integrity of the
buildings is also important for the sustainability of
the traditional architectural culture prevailing in

that geographical context (Riegert and Turkington the effect of various factors and processes (Karatas
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2023). It is of great importance in terms of
determining and understanding these factors and
processes correctly and applying appropriate
protection interventions (Martinho et al. 2014,
Kapsalas et al. 2007).

When the relevant literature is reviewed, it is seen
that there are numerous factors affecting the stone
material deteriorations in the world. Factors such as
the hours of sunshine on the structure due to the
location of the structure and the wetness — drying
process affecting the stone are among the most
significant factors affecting the deterioration of
stone structures in the world (Robinson and
Williams 1996, Paradise 1999, O'Brien et al. 1992).
2018, states that the material
deteriorations, which are dominant on the stone

Fioretti et al.

structures, differ between the locations on the
facades of the structure and hours of sunshine and
weather data during exposure must be investigated
in order to interpret the deterioration rates.
Another major factor, which causes stone material
deterioration, is the humidity content and saline
affecting the stone. The presence of humidity and
saline solution remaining for a long term within the
porous environments of the stone materials
provides the environment required by various
deterioration types and intensify the segregation
processes (Martinho et al. 2014). It is seen that
deteriorations called as plant formation on the
stone material with the impact of the water and
saline within the solution occur more, since the
porosity is higher, particularly in the countries,
where limestone constructions are high, such as in
South Italy (Fioretti et al. 2018).

In the literatlire stated that the deteriorations types
seen as black crust on the stone structures are also
increasing (Graue et al. 2013, Corvo et al. 2010,
2004, Spezzano 2021). Main
component of the black crust, which are observed

Moroni et al
on the areas of the monuments that are protected
by rain, is caused by sulfur dioxide (502) (Moroni et
al. 2004). Formation of black crust appear as
decolorization and a discolouration varying from
reddish-brown to brown-black depending on the
lower chemical

exposure of the layer and

composition (Kapsalas 2007).

Stone material deteriorations may be caused by
different
environmental conditions. Within this context, it is

reasons due to the changing
emphasized in the literature that there is an
increasing need to research which strategies may be
appropriate to manage the material deterioration
processes on stone cultural heritage structures, to
understand which factors trigger the deterioration
processes, and retard their start (Smith et al. 2008,
Brimblecombe and Grossi 2005, Smith and Prikryl
2007). Assessing the mechanisms, which play a role
in stone deterioration, and measuring the scope and
severity of stone deterioration processes is crucial
to conserve the stone cultural heritage and ensuring
their sustainability (Cammarano and Tian 2018). In
addition, it is also highlighted in the literature that
the traditional methods are insufficient to analyze
better, and the
advantages of combining terrestrial laser scanning
with the other software tools De Reu et al. 2013. De
Reu et al. 2013, demonstrated that 3D modelling of
Rome has been created easily within a shorter

the material deterioration

period and the material deteriorations have been
determined easily, by using digital data created with
the air images that are enriched by laser scanning
and photogrammetry. In the study conducted by
Guidi et al. 2009, the interventions necessary to
conserve, repair and renew the stone material of
the church have been demonstrated on the facade
drawings by the investigations conducted with laser
scanning, in order to determine the material
deteriorations of Mathias Church.

It is proven with the studies conducted that there is
anincreasing acceleration in material deteriorations
occurring on the stone structures, which constitute
the majority of or cultural heritage, and it is seen
that the researches aiming to solve this problem are
being intensified recently. It is emphasized that
today different disciplines must work together
aiming to solve this complex problem, in order to
understand the material deterioration processes
better, and to make accurate determinations. It is
proven with various studies that more accurate
results can be determined in a short period with the
use of various technologies such as UAV
photogrammetry and terrestrial laser scanning, in
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order to determine material problems easily and
within a short period. However, researches and
additional researches, which shall be conducted to
determine the material deteriorations within
different geographic contexts, are needed, since the
factors and processes affecting the stone materials
differ in each geographic context (O'Brien 1992,
Alptekin et al. 2019).

The scope of the study was determined based on
the requirements of  investigating  the
which

deterioration of different geographic contexts

environmental factors, cause material
emphasized in the literature, and of combining the

other  techniques,  which meet  today’s
competencies, in the documentation stage of
material deterioration. Traditional Mardin Mansion
that is the subject of the study, is a formation, which
has unique characteristics and a special importance
among the examples of stone civil architecture
located in Anatolia, has been formed under the
decisiveness of the regional elements such as the
topography, material, climate, and the cultural
elements in the vicinity, as well as the factors such
as Turkish-Islamic family structure. The aim of the
study is to investigate the material problems of a
historical mansion reflecting the characteristics of
the traditional housings in Mardin City, which is a
unique geographic area, by utilizing the terrestrial
laser scanning method.

The article differs in the context of presenting a

method using the dense point cloud data obtained

from a laser scanner instead of sparse point clouds,
which have been used in previous studies utilizing
terrestrial laser scanning technique to identify
material issues. In similar studies in the literature,
the sparse point cloud used to obtain orthophotos
creates various disadvantages in damage detection
due to low resolution. In this study, these
disadvantages have been overcome by utilizing the
high resolution provided by the dense point cloud.
The novelty that this study brings to the field is the
ability to detect

precisely, and quickly using the high-resolution data

damages more accurately,
obtained from laser scanning.

As a result of the study, it was seen that the most
frequent material deterioration types seen on the
structure were surface contamination and plant
formation. The findings of the study confirm that
discolouration on the facades of the stone
structures caused by increasing air pollution have
also occurred within this geographical context.

1.1. Location and history of research area

Mardin Mansion is located at Sar Neighbourhood,
219 Varan Sokak No:1 affiliated to Mardin Province,
Centre Artuklu County (“Fig. 1”).
entrances of the building are on Varan Sokak located

Residence
on the east; and the entrances of the stores are

located on the Avenue 1. They constitute a part of
the complicated building on Avenue 1.
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Figure 1. Location map of the study area

A road expansion work between 1950 and 1960 is
mentioned in the searches conducted based on
data. When the
neighbouring buildings are reviewed, the date of

verbal epigraphs of the
1958 is seen on the upper floors. There are two
epigraphs in the adjacent rooms, which are the
continuation of the units, for the history of the
building (“Fig. 2”).

Figure 2. Epigraph of 1958 on the adjacent buildings

The date of 1881 is read on the 1st epigraph and
1958 is read on the second epigraph, in the dates
written by Arabic numbers on the epigraphs. The
date of 1958 is seen on the epigraphs of the
adjacent  buildings,
constructed new. This detail shows that there was a

concrete which  were

construction activity in the interval of 1958 (‘“‘Fig.
311).

(b)
Figure 3. Epigraphs on the building a) Epigraph-1 with
drop motive b) Epigraph-2 with flat motive
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It is known that the oldest owner of the building was
a person named Haci Hasan —dave-alakusin the
middle of 1980, it was purchased by Pamukcu
Family, which is one of the established families in
Mardin. In 2019, it was purchased by Filigree Master
ibrahim Cihan, who is the owner today. Stores are
utilized as filigree sales point and soap sales point,
and the upper floors are utilized by an architecture
restoration firm, in the current status. The
neighbouring units that are the continuance of the
building are used by Mr Dogan Agalday for 12 years:
the lower floors are used as stores; upper floors are
used as residence and TUFAD — Turkish Association
of Football Coaches, Mardin Branch and ASKF —
Federation of Mardin Amateur Sports Clubs.

1.2. Spatial characteristics

Mardin House, which is located in Mardin Province,
Artuklu County, Sar Neighbourhood, on block 83
and plot 06, is in a plan scheme that is used
frequently among the traditional Mardin houses,
with its U plan scheme. The building constitutes the
section located on the northeast wing of a
complicated house. The building has reached today
with road opening works and the construction
activities carried out later. The building is consisted
of two main floors and two mezzanine floors on
Avenue 1. It is consisted of two stores on the facade
facing the main road, bathroom on the upper
mezzanine floor, two rooms on the second main
floor, and mezzanine floor on the top. Balcony is
reached from the upper main floor on the south and
roof is reached by a stair. Entrance of the stores is
on the south, and the entrance of the upper floor is
provided on the east from the beginning of the
street.

There are two stores facing south on the ground
floor. Construction system of the store on the east
is reinforced concrete and the construction system
of the store on the west is barrel vault. The room,
which the entry is provided from the south with a
wooden shop window, and which the construction
system is barrel vault, is used as the sales point of
filigree. When measurements are made in the store,
of which its modification was carried out within the
scope of simple repairs, it is seen that any furnishing

was not made. Woods of the stores have been
completed within the process. The niches and
candle holders are on the north, east and west
facades within the room. Flooring, walls, and the
ceilings of the store are stone. It is thought that the
room has a connection with the adjacent stores
located on the southwest of the room (“Fig. 4”).

ZEMIN KAT PLANI =1/50 %

Figure 4. Sketch of ground floor

The stairs, which is accessed via a metal door on the
facade of the building facing the east, and the unit
utilized as bathroom and WC are located on the first
floor (“Fig. 5”).

Figure 5. Sketch of the 1st floor

Plan of the 2nd Floor: Mezzo hall, waiting room,
kitchen, two rooms and the stairs reaching to the
upper roof are located in the second floor, which is
accessed through the Stairway Landing. Although
the base of the construction system involves
masonry walls, except the room located on the
west, it is reinforced concrete (“Fig. 6”).
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Figure 6. Sketch of 2nd floor

Roof plan: The roof, which is accessed by a metal
door from the east, has two stages; the reinforced
concrete section, which was constructed later, and
the roof section of the vault part. The flooring is
concrete screed; the surrounding of the roof is
briquette wall and plaster on the north, and there
are metal rail guards and two-lines of freestone on
the east and south. (“Fig. 7”).

DAM PLANI +1/50

Figure 7. Sketch of roof

The carrier system of the building is groined vault
and reinforced concrete. It is thought that the
emergence of concrete in Mardin and the expansion
works on the Avenue 1 has been efficient on the
recent status of this building. When the building
facade is assessed together with the neighbouring
plots, it is seen as a whole (“Fig. 8").
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Figure 8. View of the floors of the building
1.3. Facade characteristics

North facade: Rubble, freestone and briquette
masonry are seen on the facade, there are facade
beams of reinforced concrete attachment, which
was made later (“Fig. 9”).

Figure 9. North facade

South Facade: The south facade faces the main
avenue. It is seen that the facade of the room, which
is located on the west of the facade, was
constructed in the same system with the adjacent
building. The facades of two stores on the ground
level, two windows of the upper mezzanine floor,
balcony and the metal joinery of the building are
seen. The building has been subjected to major
changes during opening the Avenue 1 (“Fig. 10”).
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Figure 10. South Fagade

East Facade: Double-wing metal entrance door,
concrete beams of it, freestone masonry level and

the plastered area are seen on the east facade (“‘Fig.
11”7).

2. Material and Method

Terrestrial laser scanning is frequently used recently
in the solution of both engineering and architectural
2019). Intense and
sensitive point cloud, which is obtained from laser

problems (Alptekin et al.

scanning, can be taken without contacting with the
object and thus the object is not damaged during
data collections (Alptekin and Yakar 2020). With
laser scanning, millions of coloured points can be
obtained as 3D in a short time (Alptekin and Yakar
2020). Laser scanners are used in natural disasters,
mining, forestry, in determining the sink-hole area,
in determining the deformation of bridge piers, in
volume calculations, in modelling of the geological
structures, and in relievo studies (Yakar et al. 2009,
Yilmaz and Yakar 2006).

Measurement and documentation procedures were
carried on the housing via terrestrial laser scanning
device of Faro Focus 3d X 130 brand. Device was
installed on 82 different stations on the area of the
building and the building was scanned via Faro
Focus 3d laser scanning device and point cloud were
obtained. Raw scanning data, which was obtained
after the scanning procedures on the area, was
combined with the Scene 6.2.03 software, which is
produced specifically for Faro Focus 3d laser
scanning device. Coloring procedure was carried out
by designating color to the point data on each
coordinate from the photographs obtained via the
integrated camera of the device, after the
combining procedure is completed. The point cloud
data was converted into a format, which can
operate in CAD softwares, by exporting it in .pod
and .rcp. Besides, the point cloud, which was
obtained by using PointCab 3.3 Software, was
transferred to dwg media as 2-dimensional
orthophotograph (“Fig. 12").
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(c)

Figure 12. Orthophotographs obtained regarding the

frontages a) Orthophotograph of east frontage b)
Orthophotograph of south frontage c) Orthophotograph
of north frontage

Panoramic photograph album of each station,
where the device was installed, was created by
Its measured
drawings was created in the light of all data

using Pointcab 3.3 programme.

obtained, and damage and material determination
study were conducted.

3. Results

It is seen that unoriginal stones were used in some
venues of the building. Blackening, humidity,
swelling and spalling have occurred on vault
surfaces, where intervention has been made with
plaster, of the building. Building’s flooring of the
roof was filled with concrete screed afterwards. The
legend is provided below regarding the stone
material deteriorations occurred on the building

(“Fig. 13").

DAMAGE LEGEND

Plant

Blackening / Humidity

Plaster and/or spalling

Deterioration (wear-crack)

- Dissolve on the Surface of Stone

Figure 13. Legend regarding the stone material

deteriorations

Blackening is present on North facade (“Fig. 14”).
South facade: Major changes have been made on
the building during opening. Blackening is present
on the facade (“Fig. 15”). East facade: There are
blackening and humidity-originated plant formation
present on the facade (“Fig. 16”).

707



Investigating the material deteriorations by terrestrial laser scanning method, Karatas et.al.

R T L

-

b 8 - Ly e il T S
) T o
JfTTrTY 0 T 8 e

=
Figure 14. Material deterioration measured drawing of north facade

T T | m—

o oo e o e e S e e S e e s s o e o s

el B i Ees

W | .

— i

] | oo n

LT =1 IIIIIIID - TA e

o= S 0 0 O D O O —aa,

TLTT J
TITTT

. -

L

TITTT e

TTTT o

—

- el
735 " o L
o o it o
o 0 0 s ]
I
- N I 3 5
EoR T T T 11
=8 T T T L T IIT l
T N 17
e
1 D
553 74 N 3 S
i . 1 0
3 1255 SRR | UQ
e I
e D D
_ﬂthlllll’,,'lT' i 1 e S 0 O 3
299
LT
I
5 T s
- T
- i 11T
£ e g 2
) T 1
v i S I L A |
s | S R I B D T T-T_T)
) s e e v o e w0 6 (Y S e o
7 LT S B
LT T 11 T C T T T T = o o
L L1 1 i P | T S | ==
—
9]

Figure 16. Material deterioration measured drawing of east facade
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4. Discussion

The aim of the study is to investigate the material
problems and causes of a historical mansion
reflecting the characteristics of the traditional
in Mardin City, which
geographic area, by utilizing the terrestrial laser

housings is a unique
scanning method. As a result of the study, the first
finding that must be emphasized is that the most
frequent stone material deterioration type seen on
the building is in the form of discolouration as a
result of air pollution.

As a result of the observations carried out on the
historical building, the excessiveness discolouration
on the facades that are caused by the air pollution,
due to the fact that the building is located on the
avenue called Avenue 1, where the vehicle traffic is
the most intense, draws attention. This result
support the finding determined in the studies
conducted in different studies, regarding that the
types of deteriorations seen in the form of
discolouration and black crust on the facades of
stone structures increase as a result of air pollution,
specific to Mardin Province (Karatas et al. 2022,
Karatas and Alptekin 2022, Karatas,2023).

Another significant finding that must be emphasized
is the intensity of plant formation seen on the east
facade of the building. The reason of the intensity of
this plant formation is the excessiveness of the
factors such as wetness — drying process, which
affects the stone due to having less hours of
sunshine on east facade. This finding confirms the
fact that factors such as sunshine hours and the wet-
drying process in the building are effective in the
deterioration of stone structures in the world
(Robinson and Williams 1996, Paradise 1999,
Martinho et al. 2014, O'Brien 1992, Kapsalas et al.
2007). For this reason, in order to interpret the
causes of deterioration in the facades correctly, the
factors that the facades are exposed to should be
investigated specifically for the facade.

As a result of the study, it is seen that material
deteriorations can be created easily and in a short
time from the data obtained from the terrestrial

laser scanning method, and the material
deteriorations can be determined easily. This result
verifies the results of the study performed by Guidi
et al. 2009 regarding that the interventions required
to renew the stone material can be easily mapped
on the facade drawings with laser scanning carried
out to determine the material deteriorations.
Furthermore, the study supports the results
emphasizing that the material deteriorations can
easily be determined with the method of terrestrial
laser scanning, traditional methods are insufficient
today to analyse the material deteriorations better,
and the advantages of combining terrestrial laser
scanning method with the other software tools (De

Reu et al. 2013).

5. Conclusion

Within the scope of the study conducted, the
material problems and causes of a historical
mansion reflecting the characteristics of the
traditional housings in Mardin City, which is a
unique geographic area, with the help of the
terrestrial laser scanning method. As a result of the
study, it was seen that the most frequent stone
material deterioration type seen on the building was
discoloration and plant formation. The results of the
study confirm the finding regarding that the
discoloration on the facades, which are caused by
air pollution on stone structures within different

geographic contexts of the world, are high.

Besides, it was revealed as a result of the study that
factors such as hours of sunshine and wetness —
drying process occurring on the building have
impact on the deterioration of stone structures in
the world, with the effect of the location of the
building, material deteriorations, which are
dominant on the stone structures, differ between
the locations on the facades of the structure and the
factors, which the facades are exposed to, must be
investigated in order to interpret the deterioration

rates.

In the study, it is recommended to remove the plant
formations existing on and surrounding of the
building, and to clean the places, where humidity,
mould and blackening are seen, with pulp, during
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the repair process of the building, within the scope
of the deterioration types revealed on the building.
With the conservation of cultural heritage of a
historical mansion reflecting the characteristics of
the traditional housings in Mardin City, which is a
unique geographic area, through the repairs and
reinforcements to be carried out on the building
within this context, not only the protection of the
physical integrity of the building, but also the
sustainability of the abstract concepts such as
cultural experiences and social impacts within that
geographical context shall be ensured. The results of
the study are significant within the context of
determining and understanding these factors and
processes accurately, applying the appropriate
conservation interventions, knowing the
deteriorations that shall occur on the structures in

advance and taking measures.
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Oz

Bu ¢alismada, 23.11.2022 tarihinde meydana gelen (Mw:5.9) Golyaka-Dizce depreminin 12 adet
TUSAGA-Aktif istasyonu Uzerindeki etkisi CSRS-PPP, PRIDE PPP-AR ve GAMIT/TRACK yazilimlari ile
incelenmistir. istasyonlara ait deprem anini igeren 2 saatlik 1-Hz veriler degerlendirmede kullanilmistir.

Anahtar kelimeler
Golyaka-Diizce
depremi; Kinematik
PPP;CSRS-PPP; PRIDE
PPP-AR;
GAMIT/TRACK.

Depremin neden oldugu deformasyonun arastirilmasi igin 20.11.2022-27.11.2022 tarihlerine ait
kesintisiz veriler GAMIT/GLOBK yazim takiminda islenmistir. 12 istasyonun farkli yazilimlarla
degerlendirilmesine gére deprem dalgasinin istasyonlara ulagsma siresi belirlenmistir. Ulasma sireleri
ve istasyonlarin depremin merkez Ussiine olan yaklasik uzakliklarindan yararlanarak deprem dalgasinin
istasyonlara ulagsma hizi hesaplanmistir.

Investigation of the behavior of TUSAGA-Active Stations in the
23.11.2022 (Mw5.9) Golyaka-Diizce Earthquake

Abstract

In this study, the impact of the 23.11.2022 Golyaka-Dizce earthquake (Mw5.9) on 12 TUSAGA-Aktif
stations was examined using the software CSRS-PPP, PRIDE PPP-AR, and GAMIT/TRACK2 hours and 1-
Hz data including the during the earthquake of the stations were used during the evaluation. In order
to investigate the deformation caused by the earthquake, continuous data from the 20.11.2022 to the
27.11.2022 were used. These data were processed in the GAMIT/GLOBK software. According to the
evaluation of 12 stations with different software, the arrival time of the earthquake wave to the stations

Keywords
Golyaka-Duzce
earthquake; Kinematic
PPP; CSRS-PPP; PRIDE
PPP-AR;

GAMIT/TRACK.
was determined. The velocity of the earthquake wave reaching the stations was calculated by using the

arrival times and the approximate distances of the stations from the epicenter of the earthquake.

© Afyon Kocatepe Universitesi
GNSS teknolojisi, ¢alismalarinda

deprem ani

sismo-jeodezi

1. Giris donemdeki (kosismik)  vyer

degistirmelerin  belirlenmesinde ve bu yer

GuUnumuizde kiiresel uydularla konumlandirma degistirmelerin ters ¢ozimleriyle depreme neden

sistemleri (Global Navigation Satellite Systems olan aktif yapilarin modellenmesinde etkin olarak

GNSS) araciligiyla uzun sireli yapilan gézlemler ve
bagil konumlandirma teknikleri kullanilarak yer
kabugunun deprem oncesi (pre-sismik) depremler
ani (inter-sismik) ve deprem sonrasi (post-sismik)
donemlerindeki hareketleri izlenebilmektedir. Bu

teknoloji 6zellikle kisa bir siire igerisinde guvenilir
sonuglara ulagsmayr mimkin kilmaktadir. Ayrica

kullanilmaktadir (Yavasoglu vd. 2011, Gilal vd.
2013, Uzel vd. 2013, Tiryakioglu 2015, Tiryakioglu
vd. 2017a, Tiryakioglu vd. 2017b, Tiryakioglu vd.
2017c, Dogan vd. 2021, Aktug vd. 2021).

GNSS teknolojisindeki gelismelere paralel olarak
cesitli kuruluslar tarafindan bilimsel veya ticari
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amaclarla GNSS veri degerlendirme yazilimlari ve
Web tabanli, cevrimici veri degerlendirme servisleri
gelistirilmistir. Bu yazihm ve servisler kullanicilara
Ucretsiz olarak hassas efemeris ve saat bilgilerinin
erisimini saglamaktadir. Ek olarak, statik veya
kinematik degerlendirme ve gercek zamanli sekilde
veya sonradan degerlendirme (post-process)
secenekleri bulunmaktadir. Veri degerlendirmede
gelinen bu nokta sayesinde distk maliyete sahip
hassas nokta konumlama (Precise Point Positioning
PPP) tekniginin konum performansi artarak yiksek
dogruluk gerektiren calismalarda uygulanabilir hale
gelmistir (Bezcioglu vd. 2018, Karadeniz vd. 2021,
Yigit vd. 2021, Ozbulat vd. 2022). 1 Hertz (Hz) ve
daha yiiksek frekansh GNSS verileri ve kinematik PPP
teknigi son vyillarda sismo-jeodezi calismalarinda
sikhkla kullanilmaktadir. Bu teknikle gerceklestirilen
calismalar, 0Ozellikle depremlerin neden oldugu
sismik dalgalarin alicilardaki anlik davranislarinin
belirlenmesi icin tamamlayici nitelik tasimaktadir
(Kouba 2003, Larson vd. 2003, Bock vd. 2004, Larson
2009, Fang vd. 2014, Yigit 2016, Tiryakioglu vd.
2017a, Bezcioglu vd. 2021).

23.11.2022 tarihinde, Tlrkiye saati ile 04:08:15’de
Mw5.9
blylikliginde bir deprem meydana gelmistir. Diizce

Golyaka-Diizce merkez Usslinde
ili ve cevresi basta olmak tzere Tirkiye'nin farkh
bircok bolgesinde hissedilen depremin blyuklugi
cesitli sismoloji kurumlar tarafindan Mw5.9 (T.C. i¢
isleri Afet ve Acil Durum Yoénetimi Baskanhgi AFAD),
Mw6.0 (Kandilli Observatory and Earthquake
Institute KOERI), Mw6.1 (The United States
Geological Survey USGS) olarak acgiklanmistir (Int

Kyn. 1, Int Kyn. 2, Int Kyn. 3).

Bu calismada 23.11.2022 tarihinde meydana gelen
Golyaka-Diizce depreminin neden oldugu anlhk
koordinat degisimlerinin ve deprem sonrasi
meydana gelen yer degistirmelerin belirlenmesi icin
Turkiye Ulusal Sabit GNSS Agi-Aktif (TUSAGA-AKktif)
sistemine ait 19

istasyon  secilmistir.  Bu

istasyonlardan koordinat deformasyon

gorilmeyenler  degerlendirmeye  alinmamistir.
Deprem anindaki anlik davranislar icin 12 TUSAGA-
Aktif istasyonundan alinan 1-Hz veriler Web tabanli

cevrimici bir veri degerlendirme servisi olan The

Canadian Geodetic Survey of Natural Resources
Canada (CSRS) PPP ile kinematik olarak ve Wuhan
Universitesi GNSS Arastirma Merkezi tarafindan
gelistirilen bilimsel degerlendirme yazilimi PRIDE-
PPP AR ile kinematik olarak degerlendirilmistir. 1-Hz
ayrica bagil
kullanarak degerlendirme gerceklestiren GAMIT-

veriler konumlandirma teknikleri
TRACK yaziiminda islenmistir. Verilerin UGg¢ farkli

yazihmla degerlendirilmesi sonucunda deprem

dalgasinin istasyonlarda olusturdugu koordinat
degisimlerinin grafikleri elde edilmistir. Deprem
dalgasinin  istasyonlara ulasma slrelerinden
yararlanilarak depremin istasyonlara ulasma hizlari
hesaplanmistir. Ayrica 12 istasyona ait 24 saatlik
veriler depremin neden oldugu deformasyonun
GAMIT/GLOBK  bilimsel

yazilim takiminda da islenmistir. Her istasyon icin

arastirilmasi  amaciyla
farkh yazilimlar kullanilarak ile elde edilen sonuglar
karsilastirilarak incelenmistir.

2. Materyal ve Metot

Golyaka-Diizce depremi, 23.11.2022 tarihinde AFAD
degerlendirmelerine gore yerel saat ile 04:08:15'de
(UTC saatiyle 01:08:15) 5.9 biyukliginde meydana
gelmistir. Depremin buyGklga farkh ulusal ve
uluslararasi sismoloji kurumlari tarafindan Mw6.0
(Kandilli Observatory and Earthquake Institute
KOERI), Mw6.0 (KOERI), Mwé6.1 (USGS) olarak
aciklanmistir. Depremin odak derinligi ise 6.8 km
(AFAD), 10.6 km (KOERI), 11 km (USGS) olarak
verilmistir. Depremin sismik kaynagi, yapilan odak
mekanizma ¢ozliimlerine gore dogrultu atim fay
mekanizmasina sahip Kuzey Anadolu Fay Zonu
(KAFZ) icerisinde yer alan K71°D dogrultulu Karadere
segmenti olarak belirlenmistir. Karadere segmenti,
yaklasik 35-40 km uzunluga sahiptir. Deprem
segmentin kuzeydogu ucunda meydana gelmistir.
Bu kisim, 1999 yilinda meydana gelen izmit (Mw7.6)
ve Dizce (Mw7.1) depremlerinde kirilmayan
kissimdir. AFAD ve Maden Tetkik ve Arama Genel
Mudarlaga (MTA) tarafindan hazirlanan deprem
raporlarina goére 23.11.2022 tarihinde meydana
gelen bu depremin daha 6nce 1999 depreminde
kirlmamasindan  kaynakli  meydana  geldigi
distnilmektedir (Int Kyn. 1, Int Kyn. 2, Int Kyn. 3, Int

Kyn. 4).
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Golyaka-Diizce depreminin neden oldugu anlik
davraniglarin ve deprem sonrasi meydana gelen
anlk koordinat degisimlerinin belirlenmesi amaciyla
12 TUSAGA-Aktif GNSS istasyonu segilmistir.
TUSAGA-Aktif istasyonlarina ait GNSS verileri Tapu
Kadastro Genel (TKGM) internet
sitesinden 1-Hz olarak RINEX formatinda elde

Midarlagi

edilmistir (Int Kyn. 5). Verileri elde edilen istasyonlar
deprem merkez tissiinden olan yaklasik uzakliklarina
gore sirasl ile; HEND, KRSU, BOL1, NAHA, IZMT,
ZONG, BILE, SLEE, YLOV, KRBK, ISTN, AFYN
istasyonlaridir. Calismada kullanilan 12 adet
istasyon ile KOERI, USGS ve AFAD tarafindan elde
edilen deprem ¢oziimleri Sekil 1'de verilmistir.

41°30" o

41°00" 4

N U Y

T T T T T T T T T T T T
27°30' 28°00' 28°30° 29°00° 29°30' 30°00° 30°30" 31°00' 31°30° 32°00" 32°30" 33°00" 33°30°

Sekil 1. Calismada kullanilan 12 adet TUSAGA-AKktif
istasyonu ve farkl ulusal ve uluslararasi sismoloji
kurumlarina ait deprem odak mekanizma ¢oziimleri.

Cozimlenen 1-Hz veriler, Ug¢ farkli yazihm ile
degerlendirilerek GNSS istasyonlarinda meydana
gelen koordinat degisimleri incelenmistir. Her bir
epokta elde edilen koordinatlarin birbirleri
arasindaki  (epoklar

edilmigstir. Deprem anini kapsayacak sekilde 2 saatlik

arasindaki) farklar elde

veriler degerlendirilmistir. Degerlendirme
asamasinda yalnizca GPS uydulari kullaniimistir. Bu

veriler, oncelikle web tabanh c¢evrimici bir veri

degerlendirme servisi olan CSRS-PPP’de, kinematik
yontemle degerlendirilmistir. Bu veriler ayni
zamanda Wuhan Universitesi GNSS Arastirma
Merkezi tarafindan Uretilen bilimsel yazilim PRIDE-
PPP AR ile kinematik olarak degerlendirilmistir. Bu
GAMIT/TRACK vyazilim
Degerlendirmeye

veriler takimi ile de

degerlendirilmistir. alinan
istasyonlar arasinda deprem merkez {issline en uzak
AFYN CSRS-PPP  ve  PPP-AR

degerlendirme sonuglarina gbére bu istasyonda

istasyonudur.
deprem aninda koordinat degisimi gérilmemis olup

GAMIT/TRACK yazihm takiminda AFYN istasyonu
sabit alinarak degerlendirme yapilmistir. (Sekil 2).
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AFYN istasyonu
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Sekil 2. AFYN istasyonu Kinematik-PPP ve PPP-AR yazilimlarina gére dogu ve kuzey bilesen koordinat degisimi

grafikleri.

Ayrica TKGM’ den bu istasyonlarin 20.11.2022-
27.11.2022 tarihleri arasindaki 24 saatlik 30 s RINEX
verileri de temin edilmistir. Bu
GAMIT/GLOBK vyazilim takiminda
deformasyonun

veriler ise
istasyonlarda
depremin neden oldugu kalici
arastirilmasi igin statik olarak degerlendirilmistir.
Verilerin  degerlendirilmesi  asamasinda  tiim
yazilimlarda IGS hassas uydu yoriinge ve saat hatasi
Bu degerlendirme

sonuglarina goére her istasyonun her (i¢ koordinat

ardnleri kullanilmistir.
bileseni igin zaman serileri elde edilmistir. Deprem
UTC saatine gore 01:08:15'de meydana gelmistir.
GPS ile UTC saati arasinda 18 saniye fark
bulunmaktadir. Her iki zaman dilimini esitlemek igin
18 (leap sec.) hatasi
giderilmistir. Tiim istasyonlara ait degerlendirilen 2
saatlik verilerden GPS saatine gére deprem anini

saniyelik artik saniye

HEND istasyonu
Dogu Bilesen Koordinat Degisimi

01:08:21-01:09:53
belirlenmistir.

iceren zaman aralig

Deprem merkez Ussiine en yakin olan (yaklasik 11
km uzakhkta bulunan) HEND istasyonu CSRS-PPP,
GAMIT/TRACK ve PRIDE-PPP AR vyazilimlar ile
degerlendirilmistir. Bu istasyonun dogu ve kuzey
bilesenlerinde ardisik iki epok arasindaki en fazla
koordinat degisimi depremin olus saatinden 9 s.
sonra olmustur. Degisimler HEND istasyonunun
dogu bileseni icin 55 mm, kuzey bilesen igin ise 70
mm civarinda elde edilmistir (Sekil 3). Bu istasyonun
GAMIT/GLOBK ile elde edilen kisa dénem zaman
serisi incelendiginde; depremin dogu bilesende 7-8
mm civarinda yer degistirmeye neden oldugu
belirlenmistir (Sekil 4).

HEND istasyonu
Kuzey Bilesen Koordinat Degisimi
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Sekil 3. HEND istasyonu dogu ve kuzey bilesen koordinat degisim degerleri.
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HEND North Offset 4541277.900 m
wmean(mm)=7901.34 + 0.87 nrms= 0.41 wrms= 1.0mm#8
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Sekil 4. HEND istasyonu GAMIT/GLOBK ile elde edilen kisa donem zaman serisi.

Deprem merkez Gssiinden yaklasik 41 km uzaklkta
bulunan KRSU istasyonunda maksimum koordinat
degisimi depremin olus saatinden 15 s sonra
gorulmustiir. KRSU istasyonunda Kuzey ve Dogu
bilesenler incelendiginde gurultinin fazla oldugu
gorlilmistiir. Dogu bilesende koordinat degisimi
11 mm, kuzey bilesende 10 mm

KRSU istasyonu
Dogu Bilesen Koordinat Degisimi

civarinda elde edilmistir (Sekil 5). Yaklasik 53 km
uzaklikta bulunan BOL1 istasyonunun dogu ve
kuzey bilesenleri igin koordinatlari arasindaki en
fazla degisim depremin olus saatinden 15 s sonra
olmustur. Dogu bileseni i¢in koordinat degisimi 46
mm, kuzey bileseni igin ise 44 mm civarinda elde
edilmistir (Sekil 6).
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sekil 5. KRSU istasyonu dogu ve kuzey bilesen koordinat degisim degerleri.
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Sekil 6. BOL1 istasyonu dogu ve kuzey bilesen koordinat degisim degerleri.

bulunan  NAHA
gore dogu
bileseninde koordinatlar arasindaki en fazla fark 12

Yaklastk 72 km  uzaklikta

istasyonunun  degerlendirmelere
mm civarinda ve depremin meydana gelis saatinden
27 saniye sonra gorlilmistlr. Kuzey bilesen igin ise
her lg¢ degerlendirme sonucunda giiriltinin fazla
oldugu gorilmistir. Bu nedenle kuzey bilesende
anlamli bir koordinat degisimi

1ZMT istasyonu
Dogu Bilesen Koordinat Degisimi

belirlenememistir.  1ZMT dogu

bileseninde girtltld fazla oldugu icin bu bilesende

istasyonunun

anlamli bir koordinat degisimi belirlenememistir.
Kuzey bilesende GAMIT/TRACK
degerlendirmesinde koordinat degisimi depremin

ise yalnizca

olus saatinden 38 saniye sonra 18 mm civarinda elde
edilmistir (Sekil 7).
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Sekil 7. IZMT istasyonu dogu ve kuzey bilesen koordinat degisim degerleri.

Deprem merkez lGsslinden sirasiyla 90 km ve 110 km
uzaklikta olan ZONG, BILE ve KRBK istasyonlarinin
dogu bilesenlerinde giriltiinin  fazla oldugu
gorllmustir. Kuzey bilesenler igin ise yalnizca

GAMIT/TRACK degerlendirmesi sonucunda

koordinat degisimi 13 -20 mm civarinda; 37 s ve 38
s olarak belirlenmistir.

SLEE istasyonunda her iki bilesende giriltiiniin fazla
oldugu gorilmiustir. Bu sebeple koordinat degisimi
belirlenememistir (Sekil 8). YLOV istasyonunda en
fazla koordinat degisimi degerlendirmelere goére
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depremin olus sliresinden 52 s sonra gorilmustr.
Dogu bilesende en fazla koordinat degisimi PRIDE-
PPPAR degerlendirmesi sonucunda 17 mm civarinda
elde edilmistir. Kuzey bilesen igin ise CSRS-PPP ve
GAMIT/TRACK degerlendirmeleri sonucu 14 mm
civarinda elde edilmistir (Sekil 9).
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Sekil 8. SLEE istasyonu dogu ve kuzey bilesen koordinat degisim degerleri.
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Sekil 9. YLOV

ISTN istasyonunun her iki bileseninde koordinatlar
arasindaki degisim depremin olus saatinden 57 s.
sonra 20 mm civarinda elde edilmistir.

istasyonu dogu ve kuzey bilesen koordinat degisim degerleri.

Secilen 12 adet istasyondan AFYN istasyonu
GAMIT/TRACK degerlendirmesinde sabit alinmistir.
11 adet istasyonun deprem merkez Ussiine olan
uzakliklari ve en fazla koordinat degisiminin
goruldigl saniyelerden vyararlanarak hesaplanan
deprem dalgasinin yayilma hizlar Cizelge 1'de

verilmistir.
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Cizelge 1. Deprem dalgasinin tiim istasyonlara deprem merkez Usslinden yaklasik uzakliklarina gore ilk ulasma saniyesi

ve hesaplanan hizlari.

Deprem Dalgasinin Ulasma Saniyesi

Nokta Adi Merkez Ussiine CSRS-PPP PRIDE PPP-AR GAMIT/TRACK Hiz (km/s)
Olan Yaklagik
Mesafe (km)
HEND 21 9 9 9 2.3
KRSU 41 15 15 15 2.7
BOL1 53 16 16 16 33
NAHA 72 27 27 27 2.6
IZMT 88 38 38 38 2.3
ZONG 98 - - 39 2.5
BILE 110 38 2.8
SLEE 125 - - -
YLOV 145 52 - 2.7
KRBK 150 - - 38 39
ISTN 182 57 57 57 3.1

3. Tartisma ve Sonug¢

Bu c¢alismada, 23.11.2022 tarihinde meydana gelen
Golyaka-Diizce depreminden sonra merkez Ussline
farkli konumlarda bulunan 12 tane TUSAGA-Aktif

istasyonunun 2 saatlik verileri CSRS-PPP, PRIDE-PPP
AR, GAMIT/TRACK vyaziimlar ile ayri ayn
degerlendirilmistir. Bu degerlendirmeler sonucunda
istasyonlarin deprem anini iceren 100 saniyelik
zaman dilimine bagh kuzey ve dogu bilesenleri igin
koordinat degisimlerinin grafikleri elde edilmistir. 12
istasyon icerisinde deprem aninda her iki bilesen icin
HEND ve BOL1
3, Sekil 6).
istasyonuna ulasma

en fazla koordinat degisimi
istasyonlarinda gorilmastir (Sekil
Deprem dalgasinin  HEND
saniyesi U¢ yazilmda da uyumlu olarak elde
edilmistir. BOL1 istasyonu icin ise HEND istasyonuna
benzer sekilde (¢ yaziimda elde edilen sonuglarin
birbirleriyle uyumlu oldugu gorilmistir. Ayrica
GAMIT/GLOBK ile HEND istasyonuna ait kisa donem
zaman serisi incelendiginde, depremin kalici olarak
yer degistirmeye neden oldugu tespit edilmistir

(Sekil 4).

KRSU ve ISTN
bilesenleri incelediginde Ui¢ yazilimin birbirleriyle
(Sekil 5). NAHA
istasyonunun dogu bileseni i¢cin deprem anindaki

istasyonlarinin dogu ve kuzey

uyumlu oldugu gorilmastir

koordinat degisimi l¢ yaziimda uyumlu sekilde elde
edilmistir. Ancak kuzey bilesende giirilti fazla
oldugu icin anlaml bir degisim gérilmemistir. Sekil
7 incelendiginde, 1ZMT

istasyonunun  kuzey

bileseninde sadece GAMIT/TRACK degerlendirmesi
sonucunda koordinat degisimi gortlmustiir. Fakat
degisim G¢ yazilm

dogu bilesende bu

degerlendirmesinde  de  glriltu nedeniyle
belirlenememistir. YLOV istasyonunda ise dogu
bilesende yalnizca PRIDE PPP-AR degerlendirmesi
sonucunda koordinat degisimi belirlenmistir. Kuzey
bilesendeki koordinat degisimi CSRS-PPP ve
GAMIT/TRACK vyazihimlari ile uyumlu olarak elde

edilmistir (Sekil 9).

CSRS-PPP, PRIDE PPP-AR ve GAMIT/TRACK
yazilimlariyla elde edilen sonuglar incelendiginde
deprem aninda ZONG, BILE ve KRBK istasyonlarinin
dogu ve kuzey bilesenlerinde benzer davranislar
yakalanmistir. Her (g istasyonun kuzey bileseninde
glriltt fazla oldugundan deprem dalgasinin ulasma
siiresi ve koordinat degisimi belirlenememistir. Ug
istasyonun dogu bileseninde de deprem dalgalarinin
ulasma slreleri ve  koordinat

GAMIT/TRACK yazilimi ile elde edilmistir.

degisimleri

SLEE istasyonunda her {i¢ yazihmin sonuglari
incelendiginde dogu ve kuzey bilesenlerde guriltu
fazla oldugundan deprem dalgasinin ulagsma siresi
ve koordinat degisimi belirlenememistir (Sekil 8).

Deprem merkez Usstine en yakin istasyon olan HEND
istasyonuna deprem dalgasinin ulasma hizi 2.3 km/s
olarak hesaplanmistir. Ayni hiz degeri deprem
merkez Ussinden yaklasik 88 km uzaklikta bulunan
IZMT istasyonu icin elde edilmistir. Bu iki istasyon

icin hesaplanan hiz degeri tim hesaplanan hiz
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degerleri arasinda en kiicliik deger olmustur. Bu
istasyonlar arasinda deprem dalgasinin en biyik hiz
degeri 3.9 km/s olarak KRBK
hesaplanmistir. En uzak

istasyonunda
istasyon olan ISTN
km/s hizda
Cizelge 1'de deprem dalgasinin

istasyonuna ise 3.1 ulastig
belirlenmistir.
yayllma hizlarinin farkli olmasinin nedenleri olarak;
tesislerin farkli jeolojik formasyonlar izerinde, bina
Gstiinde ya da zeminde bulunmasi ve veri 6rneklem

araliginin 1-Hz olabilecegi dislinlilmektedir.
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Anahtar kelimeler

Bu calismada, Afyonkarahisar ve civar illerde bulunan C1 ve C2 noktalarinin gecmis donemlerde

enterpolasyonla hesaplanan hizlari ile Harita Genel Midurligi tarafindan yayinlanan giincel hiz alani

kullanilarak hesaplanilan hizlari karsilastirilip, degerlendirilmistir. Elde edilen giincel hizlar ile gegmis

Referans Cergevesi donemdeki hizlar arasindaki farklar incelenmis ve bilesen bazinda fark haritalari olusturulmustur. Fark

(TUREF) haritalari incelendiginde bilesen bazinda farkin yiiksek ¢iktigi degerlerin X bileseninde 17 mm/yil, Y
bileseninde 14 mm/yil, Z bileseninde ise 14 mm/yil oldugu gérilmustr.

GNSS; Noktasal
Hiz;Tirkiye Ulusal

Investigation of Accuracy of GNSS Velocities of C1-C2 Sites Obtained by
Interpolation Method

Abstract

Keywords In this research, the velocities of C1 and C2 sites in Afyonkarahisar and its surroundings, which were
GNSS; Velocity; Turkey ~ calculated by interpolation in the past (published by the TKGM) and present (published by the HGM),
were compared. The differences at each site were calculated using these two velocity fields and
difference maps were created for each coordinate component. The results obtained show that the
differences between the two velocity fields reach 10 mm/yr. Maximum differences were figured out to
be 17 mm/yr for the X component, 14 mm/yr for the Y component and 14 mm/yr for the Z component.

© Afyon Kocatepe Universitesi

National Reference
Frame

1. Girig Ulkemizde gecmisten bugiine bircok deprem
meydana gelmistir. 1900 yili ve 6ncesinde 200’den
fazla yikict depremin meydana geldigi, bu
depremlerin bircok medeniyetin yikilmasina bile
neden oldugu bilinmektedir. 1900 ile 2023 yillar
arasinda Ulkemizde ve cevresinde buylkliga 6 ve
Uzerinde olan 208 buiylik deprem kayitlara gegmistir
(Duman vd. 2017, AFAD).

Alp-Himalaya kusagl Uzerinde bulunan Ulkemiz;
Anadolu plakasi ile Avrasya-Arabistan levhalarinin
carpismasi, Afrika levhasinin Ege Denizi altina
dalmasi sonucu sekil degisikligine ugramistir
(Duman vd. 2017). Avrasya ve Arabistan levhalarinin
carpismasi sonucu batiya yonelik hareket eden
Anadolu Levhasi icinde ve levhanin etrafinda
meydana gelen tektonik deformasyonlar ve bunlarin
neden oldugu deprem etkinligi Ulkemizin
sismotektonigini etkilemektedir (Duman vd. 2017).

Ulkemiz béylesine aktif bir tektonige sahip iken
meydana gelen depremlerde gilincel jeodezik olgi
dogrulugunun ¢ok Ustlinde blyutklige varan disey
ve yatay yerkabugu hareketleri olusturmaktadir. Bu
sayede jeodezik GNSS (Global Navigation Satellite
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System) olcllerinden elde edilen sonuglarla bu
hareketler modellenebilmektedir (Ayhan vd. 2001).

Turkiye’de, kuruldugu glinden bu yana bolgesel ve
statik bir jeodezik datum olan European Datum
1950 (ED-50) olarak hizmet veren Turkiye Ulusal
Yatay Kontrol AgI (TUYKA); tektonik hareketler
sonucu deformasyona ugramis ve yiksek
konumlama dogruluklarina cevap veremez hale
gelmistir. Bu nedenle de tektonik hareketleri de
icinde bulunduran modern, kinematik ve yer
merkezli bir sistemde 3 boyutlu bir agin kurulmasi
ihtiyaci duyulmus ve 1997-1999 yillari arasinda
gerceklestirilen c¢alismalarla 594 noktali olarak
Turkiye Ulusal Temel GNSS Ag (TUTGA-99)
kurulmustur (Ayhan vd. 2002, Cing6z vd. 2020).

Daha sonra meydana gelen 1999 izmit ve Diizce
depremi ile 2000 Cerkes/Cankiri depremlerinin
bliylk bir alanda olusturdugu diseyde ve yatayda
yer degistirmeler sebebiyle, 2000 ve 2001 yillarina
ait ozellikle deprem alanlarini iceren noktalarda
yapilan Olcllerle  yenilenerek  TUTGA-99A
tanimlanmis ve siklastirma c¢alismalar ile nokta
sayllari glinimizde 864’e ulasmistir (Ayhan vd.
2002, Harita Dergisi Temmuz 2020, 164).

Bu depremlerin etkisiyle Tiirkiye Ulusal Temel GPS
Ag1 (TUTGA) noktalarinin koordinatlarinda ve
hizlarinda olusan degisimlerden kaynakli; Gilkemizde
kadastral calismalarda kullanilan C1 ve C2
dereceden noktalarin hizlari da etkilenmistir. Bliyik
Olgekli Harita Ve Harita Bilgileri Uretim
Yénetmeliginde (BOHHBUYY) “C1 Derece Noktalar
icin Ust derecedeki aglara dayali, baz uzunlugu 15-20
km olan C2 Derece Noktalar icin kenar uzunlugu 5
km olan noktalardir” ifadeleri kullaniimaktadir. Bu
noktalarin hizlari TUTGA ve TUSAGA-Aktif (Tirkiye
Ulusal Sabit GNSS Ag1) verileri ile gerekli kestirmeler
yapilarak hesaplanmaktadir. 2022 yilinda
enterpolasyon kaynakli hiz problemlerini ¢6zmek
icin Harita Genel MiudurlGgi (HGM) tarafindan
ulusal hiz alani yayimlanmistir. Bu arastirmada farkh
donemlerde enterpolasyon ile elde edilen kadastral
nokta hizlarinin giincel hizlari hesaplanmistir. Elde
edilen hizlar arasindaki farklar ile bolgesel hiz
degisim haritalar Gretilmistir.

2. C1 ve C2 Noktalarinin Datum Doniisiimii ve Hiz
Alanlarinin Uretilmesi

Ulkemizde bulunan C1 ve C2 noktalarinin hizlari
enterpolasyon yontemiyle yani gecmis yillarda elde

edilen hizlarla hesaplanmistir.  Enterpolasyon
yonteminde kullanilan hizlar ise Harita Genel
Mudurligu (HGM) tarafindan hazirlanan ve sunulan
TUTGA ve TUSAGA-Aktif wverileri ile

kestirmeler yapilarak hesaplanmistir. Harita Genel

gerekli

Mudurligt (HGM) tarafindan elde edilen hizlar ise
zamana bagl olarak degiskenlik géstermis ve bu
degisimlerin nedenine inildiginde pek cok etkenin
neden oldugu gorilmustiir. Bu etkenlerden bazilari
tektonik
degisiklikler ve oOlgli sayisindaki veri yetersizligi

hareketler sonucu meydana gelen
olarak siralanabilir. Ulkemizde meydana gelen
depremlerin etkisiyle noktalarin hizlarinda ve
koordinatlarinda degisimler meydana gelmektedir.
Post sismik donem yani deprem sonrasi dénem
depremin blyukligine gore 1-2 ay ile 5-15 vyil
arasinda siirebilmektedir (Tiryakioglu vd. 2017a,
Tiryakioglu vd. 2017b). Bu siire igerisinde noktalarin
hizlarinin ve koordinatlarinin yeniden hesaplanmasi,
revize edilmesi gerekmektedir. Hizlar etkileyen bir
diger
parametrelerin olmamasidir.

unsur ise hizi belirleyecek vyeterli

2011 yilinda tlkemiz igin hiz alani belirlenirken fay
hatlari dikkate alinmamistir. Biiyiik Olgekli Harita ve
Harita Bilgileri Uretim Yénetmeligi (BOHHBUY) ne
gore uretilen C1, C2 ve C3 noktalarinin hizlarinin
hangi TUTGA ve TUSAGA Aktif noktasindan
belirlenecegi ve hangi enterpolasyon ydntemini
sececegi kullanicinin  kendisine birakilmis olup,
hizlarin degistigi ana fay sistemleri i¢in bir metot
belirtilmemistir. GUnimizde vyapilan GPS
Olcllerinde elde edilen koordinatlari epok kaydirma
islemleri uygulanmaktadir. Epok kaydirma isleminde
BOHHBUYY'ne goére asagidaki  esitlik (1)
kullanilmaktadir. Bu noktada T 6l¢l epogudur ve Vx,
Vy ile Vz noktanin TUSAGA-Aktif istasyonundan
hesaplanmis olan son hizlaridir.

X(T) X(To) Vx
Y(T) = |Y(T,) +(T—=Ty) . |W (1)
Z(D) 1 yrea Z(To) ) 1yrea Vzlrurea

C1 ile C2 derece noktalarin referans epogundaki
koordinatlarinin elde edilmesine yonelik olarak da
bu noktalarin hizlari TUTGA ile TUSAGA-Aktif nokta
hizlarinin enterpolasyonu ile hesaplanmaktadir.
Buna yonelik olarak BOHHBUYY’e gére asagida yer
alan esitlik (2) kullanilmaktadir (BOHHBUYY, 2018).
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X (Ty) X(T) Vx
Y(T,) = v (™) +(To=T) . |V (2)
Z(To) TUREF Z(T) TUREF Vzluoner

Nokta hizlarinin hesabinda genel olarak mesafe ile
ters orantili enterpolasyon metodu kullanilir. S6z
konusu metotta Oncelikle 3 boyutlu uzayda
koordinatla hizlari bilinen noktalarin P noktasindaki
uzakliklari esitlik (3) ile elde edilir.

S; =V (X1 —Xp)2 + (Y1 — Yp)2 + (Zy — Zp)? (3)

Her 3 noktanin P noktasina uzakligi bulunmasinin
ardindan asagida yer alan esitliklerin yardimi ile P
noktasinin  hizi  enterpolasyon yontemi ile
bulunmaktadir.

Vb =((Vi1/S:) + (Vi2/S;) + (Vi3/S3)) / ((1/8:) + (1/S,) + (1/S3))

Vyp =((Vy1/8,) + (Vy2/S) + (Vy3/S3)) / ((1/S1) + (1/S,) + (1/55))(4)

Vap =((V21/S1) + (%2/S;) + (V;3/8))/ ((4/8) + (5) + (1/85)

Burada;

S: Sabit noktalar ile koordinati

noktalar arasi uzaklik;

hesaplanacak

Vx, Vy ve Vz; sabit noktalarin kartezyen hizlarini
gostermektedir.

Bu formillerle yeni tesis edilen P noktasinin
enterpolasyon yontemi ile hizlari
belirlenebilmektedir (BOHHBUYY, 2018).

3. Calisma Alani

Calisma alani olarak Ege, Akdeniz ve i¢ Anadolu
bolgelerinde bulunan Afyon, Kiitahya, Usak, Manisa,
Isparta, Konya, Eskisehir, Ankara, Bursa illeri
secilmistir. Bu illerin sinirlariigerisinde kalan 19 adet
TUSAGA-Aktif noktasi ve 28 Adet TUTGA noktasi
calisma kapsaminda kullanilmistir. Bu noktalarin
seciminde Harita Genel MudurlGgi web sayfasinda
periyodik olarak yayin yaptig dergilerinden olan
(Kurt vd. 2020) makalesinde kullanilan yatay konum
farklari haritasindaki biyik degisikliklerin meydana
geldigi yerler galisma bdlgesi olarak alinmistir (Sekil
1). Se¢imi yapilan bdlgelerin TUTGA ve TUSAGA-
Aktif noktalari ile baglantisi Harita Genel MidurlGgi
Turkiye Jeodezik Aglar Haritasinda (Sekil 2)'de yer

alan noktalarla eslestirilerek TUTGA ve TUSAGA-
Aktif noktalari saptanmistir.

pree g

+ + + IO

Sekil 2. HGM Turkiye Jeodezik Aglar Haritasl (TUTGA ve
TUSAGA-AKktif).

Sekil 3. Calisma bolgesinde kullanilan TUTGA ve TUSAGA-
Aktif noktalarinin dagilimini gosteren harita
(Google Earth ekran gorintisi).

4 Verilerin Analizi

Bu calisma bolgesi icinde bulunan TUTGA ve
TUSAGA-Aktif  noktalarinin  1992-2021  villari
arasinda hesaplanan hiz verileri ile 6l¢i epoklari
HGM’den resmi yazi ile temin edilmistir. Bu veriler
kullanilarak farkli donemlerde hesaplanan hizlar igin
bolgesel bir hiz alani olusturulmustur. Boylelikle
¢aisma alani icerisindeki her bolge igin
enterpolasyon yontemi ile noktasal hizlar elde
edilmistir. Ancak tez ¢alismasi devam ederken 2022
yili Haziran ayinda Harita Genel Madurltgi (HGM)
tarafindan Tlrkiye Ulusal Hiz Alani (TUREF Hiz Alani)
web sitelerinde yayinlanmistir (int. Kyn. 1).

724



C1-C2 Noktalarinin Enterpolasyon Ydntemiyle Elde Edilen GNSS Hizlarina Ait Dogruluklarin Arastirilmasi Balaban vd.

Bu hiz alani icin Harita Genel MudurlGginin
envanterindeki tarihsel GPS verileri yeniden
degerlendirilmis, zaman serileri incelenmis ve
uyusumsuz olanlar ayiklanmistir (Kurt vd. 2020).
GPS kampanyalari uzun zaman 3 giin tekrarli sekilde
glinde minimum 8 saat olarak yapilmistir. Boylelikle
merkezlendirme hatalarinin  6niine  gecilmesi
saglanmistir. Bununla beraber IGS Urlnlerindeki
gelismeler, yoriingedeki uydu sayilarinin arttiriimasi
ve zorunlu merkezlendirmeli yeni aparatlarin
kullanima baslamasiyla uzun dénem zaman serileri
olan noktalarda bir giin 8 saat Olgliler yapilmaya
baslanmistir.

Bu veri setinde, kullanicilarin yénetmelige gore hiz
kestiriminde kullanabildikleri TUTGA ve TUSAGA-
Aktif noktalarina ilave olarak, nokta ¢ozlnurligin
artirmak maksadiyla Harita Genel MudurlGglinde
mevcut jeodinamik, mareograf istasyonlarinda
bulunan GPS noktalari ile bazi kurum ve
belediyelerin istasyonlari da yer almaktadir (int.
Kyn. 2). Belirlenen nokta hizlarindan yola ¢ikarak
tim noktalar istatistiksel olarak anlamli 5 bdlgeye
ayrilmistir. Cahismada olusturulan bolgeler ve TUREF
hizlari verilmistir. Bu bolgelerden olusturulan 6'x6'
¢Ozinirlikli  grid dosyalari ile kullanicinin
konumunu girdigi noktada hiz bilgisini elde etmesini
saglayan bir uygulama gelistirilerek HGM web
sitesinde Harita Genel Midirligi (HGM) tarafindan
Turkiye Ulusal Hiz Alani (TUREF Hiz Alani) adresinde
kullanicilarin hizmetine sunulmustur (int. Kyn. 1).

Bu web sitesinde hiz kestirimi yapilacak noktanin
enlem ve boylam konum bilgisine dayali olarak
TUREF Datumu-ITRF 96 hizlan (Vx, Vy, Vz)
sorgulanabilmektedir. Web sitesine dair ekran
goriintlist Resim 1'de gosterilmistir.

TUREF HIZ ALANI-2020

Hiz Kestirimi Yapilacak Noktzrin Enlem ve Boylamini Giriniz: (Nokta Tarkiye sinirlan igerisinde olmalidir)
Enlem (): 32768828242

Boylam (°): 30.64437124
oo [

Senuglar (TUREF Datumu-ITRFS6 Hizlar)

Vix (myyil): -0.00609

000021

Vz (m/yil): 0.00471

Resim 1. HGM web sitesinde hiz kestirimi yapilacak
noktanin enlem ve boylam bilgisine dayanarak
Vx, Vy, Vz (m/yil) hizlarini sorgulama ekrani.

HGM den alinan veriler kullanilarak Enterpolasyon
yontemiyle hesapladigimiz hizlar ile web sitesindeki
hizlar  karsilagtirlmis  ve anlamh  farklar
bulunamamistir. Bu nedenle galisma boyunca HGM
tarafindan yayinlanan hizlar referans alinmistir.

Daha sonra ¢alisma alani igerisinde bulunan ve
hizlari TUTGA hizlarindan enterpolasyonla elde
edilen (ge¢cmis donemlerde hesaplanan) C1 ve C2
noktalarinin  tespiti islemine gecilmistir. Bu
noktalarin  tespitinde Tapu Kadastro Genel
Mudurligu tarafindan kurulan Harita Bilgi Bankasi
(HBB) Portali kullanilmistir. Bu portal tlke diizeyinde
blyik oOlcekli mekansal bilgi sistemlerinin
olusturulmasi hedefine yonelik olarak harita yapan
ve vyaptiran kuruluslarca gelisen teknolojinin
faydalarindan da yararlanarak olusturulan haritalara
ait bilgi ve belgelere iliskin meta verilerin ilgili
kurumlarca girisine, gilincellenmesine ve internet
Gzerinden sunumuna ve bu sayede miikerrer harita
Uretimi ile kaynak israfinin 6nlenmesi hedefine
yonelik gelistirilen bir Mekansal Bilgi Sistemidir (int.
Kyn. 3). Bu sistemde pafta bazinda sorgulanan
bolgedeki C1, C2 noktalarinin Tapu Kadastro Genel
Mdaddirliglu Harita Dairesi Baskanligi’'nin sundugu
veriler listelenmektedir. Bu veriler arasinda nokta
numarasi, koordinat tiri, pafta adi, koordinat
bilgileri, Vx, Vy, Vz hizlari, noktalarin iretim yili, tesis
yillari vb. bulunmaktadir.

Sekil 4. Secilen C1 ve C2 noktalarinin tablo degerleri.
5. Hiz Farklarinin Hesaplanmasi ve Bulgular

Calisma bolgesiicinde bulunan C1 ve C2 noktalarinin
nokta numarasi, nokta tlrd, enlem, boylam bilgileri
ve enterpolasyon yontemiyle (ge¢mis donemlerde)
hesaplanan hizlari, Gretim yillari ve referans yillari
Harita Bilgi Bankasi’ndan elde edilmistir. Cizelgede
yer alan hizlarin  glincel TUREF hizlariyla
karsilastirilabilmesi icin ITRF-96, 2005 epogundaki
hizlar alinmistir.
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39°30"

39°00' |

38°30' - h———

Fark (mm)
Sekil 5. X bilesenindeki hiz farklari grafigi.

Sekil 5 incelendiginde, X bilesenindeki hiz farklarinin
en vyiksek oldugu degerin 17 mm/yil oldugu
gorilmektedir. Ayrica farklarin ortalamasi (mutlak
degerce) 6 mm/yil olarak hesaplanmistir.

Farklarin en ylksek oldugu noktalar K252H004(C2),
K251H001(C1), K252H003(C2), K242H010(C2) nokta
numaralari olup Afyonkarahisar ilinin Cay-Bolvadin-
Cobanlar ilge yakinlarinda yer almaktadirlar.

39°30"

39°00"

38°30' — 20
29°30' 30°00 30°30" 31°00
[ e : ]
-10 -5 0 5
Fark (mm)

Sekil 6. Y bilesenindeki hiz farklari grafigi.

Sekil 6 incelendiginde, Y bilesenindeki hiz farklarinin
en vyiksek oldugu degerin 14 mm/yil oldugu
gorilmektedir. Ayrica farklarin ortalamasi (mutlak
deger) 4.25 mm/yil olarak hesaplanmistir.

Farklarin en yiksek oldugu noktalar K252H004(C2),
K251H001(C1), L251H001(C1), K242H010(C2) nokta
numaralari  Afyonkarahisar ili  Cay-Bolvadin-
Cobanlar ilgesi yakinlarinda yer almaktadirlar.
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Sekil 7. Z bilesenindeki hiz farklari grafigi.

Sekil 7 incelendiginde, Z bilesenindeki hiz farklarinin
en vyiksek oldugu degerin 14 mm/yil oldugu
gorulmektedir. Ayrica farklarin ortalamasi (mutlak
deger) 6 mm/yil olarak hesaplanmistir.

Farklarin en yilksek oldugu noktalar K252H004(C2),
K251H001(C1), K252H003(C2), L251H001 (C1) nokta
numaralari olup Afyonkarahisar ili Cay-Bolvadin-
Cobanlar ilcesi yakinlarinda yer almaktadirlar.

39°30' =
e /
= [
(- h_l et
N ey
— =
39°00" ' = v
) 1 / /_.
- Ot Y
o 3
— \
| ; -
A A
e\ k- —
kY > = </
K 4
km
38°30' ———
/Dq 10 20 30
29°30 30°00' 30°30' 31900
[ ]
5 10 15 20
Fark (mm)

Sekil 8. XY bilesenindeki hiz farklari grafigi.

Yukaridaki fark haritalari incelendiginde 6zellikle
¢alisma bolgesinin  glineydogusu ve kuzeyinde
farklarin maksimum seviyeye ulastigi gérilmektedir.
Bu hiz farklarinin (bilesen bazindaki) blyklikleri o
noktanin gercek hizindan bile 2 kat fazla oldugu
goralmastlr. Bu farkin temel sebebi C1 ve C2
noktalarinin tesis edildigi yillarda noktanin hizlarinin
hesaplanmasinda  (enterpolasyon  yOntemiyle)
kullanilan TUTGA noktalarinin noktaya olan uzakligi
ve hiz dogrulugunun etkili oldugu dusintlmustur.
Bu nedenle bolgede bulunan TUTGA noktalarinin
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HGM’den temin edilen 6l¢l epoklarindan C1 ve C2
noktalarinin tesis yilinda anlaml hiz verilerinin olup
olmadigl arastirilmistir. Bir TUTGA noktasinin
anlamli bir hizinin hesaplanabilmesi i¢in ge¢mis
yillarda en az 3 kampanya statik GNSS oOl¢listiniin
olmasi gerekmektedir. HGM’den elde edilen GNSS
Ol¢li donemlerinde yapilan incelemelerde bodlgede
bulunan TUTGA noktalarinin C1 ve C2 noktalarinin
tesis yillarindan 6nce en az 2 tane 0&lglsi olan
noktalar (ALYT Harig) oldugu goérilmistiir. Ancak
Ozellikle hiz farklarinin maksimum seviyede oldugu
bolgelerde 2002 yilinda meydana gelen 6.2 mw
blylkligindeki Cay-Sultandagl depremi sonrasi
post sismik donem etkisinin oldugu goérilmustdr.
Deprem sonrasi donemde bdlgedeki TUTGA
noktalarinin hizlarinin glincelleme c¢alismalarina
(yeniden hesaplanilmasina) baslanmis oldugu ve
disik dogrulukta (2 kampanya veri olmasindan
dolayi) olan TUTGA hizlarinin yeniden hesaplanildig
distnilmektedir (Cizelge 1).

Cizelge 1. Harita Genel MudirlGgi’nden temin edilen
TUTGA noktalari 1992-2020 yillari arasi 6l¢im
epoklari gizelgesi.

1.epok 2.epok 3.epok 4.epok 5.epok 6.epok 7.epok
Nokta Adt tarihi tarihi tarihi tarihi tarihi tarihi tarihi

EMRD_GSU 2003544 2016.318 2017.448
KMDL_GPS ~ 1997.859  2001.555

KMDL_GSU  2003.544 2005.347 2014.352  2016.433 2017.541

ALYT_GPS  2005.347 2011495 2016.318 2017.634

AFYO_GPS  1992.693 1994771 1996712 1997.859  1998.73  2000.709  2001.555
AFYO_GSU  2003.544 2005.347 2011495  2016.318

MHMT_GPS ~ 1997.859 2001.555 2003.544 2005.347 2016.318

AKOR_GPS  1997.859 2003.590  2011.495 2016.357

6. Tartisma ve Sonug

Yatay yonde ve diisey yonde farkin yiksek ¢iktig
Bati Anadolu Fay (BAF) hatti Uzerinde bulunan
Afyonkarahisar ili ve gevresinde bulunan C1 ve C2
noktalarinin giincel Vx, Vy ve Vz hizlar ile gegmis
doénemlerde enterpolasyon yontemiyle hesaplanan
GNSS hizlari arasindaki fark karsilastirilip, nedeni
arastiriimistir.

Bu anlamda ¢alisma alaniicerisinde bulunan 19 adet
TUSAGA-Aktif noktasi ve 28 adet TUTGA noktasi
tespit edilip, calismada kullanilmistir. Bu noktalarin
koordinat bilgileri ve GNSS hizlari ilgili kurumlardan
temin edilmistir. Bu noktalarin GNSS hizlarindan
yola c¢ikilarak kestirme vyapilacak Cl1 ve C2
noktalarinin  hizlari manuel olarak enterpole
edilmistir. Fakat bu tez g¢alismasi slreci icerisinde
(2022 yil Temmuz ayinda) Harita Genel Mudurlugi

kendi web sayfasinda kullanicilarin  konumunu
girdikleri noktanin hiz bilgisini elde etmesini
saglayan  “TUREF HIZ ALANI - 2020” adh bir
uygulama gelistirmistir.

Hiz kestirimi yapilacak noktanin enlem ve boylam
bilgilerine bagh olarak TUREF Datumu- ITRF 96
hizlarina (Vx, Vy, Vz) erisilebilmektedir. Bu baglamda
¢alisma alani icerisinde bulunan 15 adet C1 ve 23
adet C2 noktasi hizlari incelenmisgtir.

Bu uygulama kapsaminda ¢alisma bolgesi icerisinde
bulunan C1 ve C2 noktalarinin enlem ve boylam
bilgileri girilerek TUREF Datumu-ITRF 96 hizlar (Vx,
Vly, Vz) sorgulatilip, tablo haline getirilmistir. Bunun
yani sira hesaplanilan hizlarin dogruluklarini tespit
etmek amaciyla Harita Bilgi Bankasi (HBB) web
sitesinde ¢alisma bolgesi icerisinde bulunan C1 ve C2
noktalarinin  1/25000 olcekli haritada pafta
numaralari tespit edilip, sorgulama yapilmistir. Her
bir pafta sinirlar icerisinde kalan C1 ve C2
noktalarinin; nokta numaralari, nokta tirleri, enlem
ve boylam bilgileri, enterpolasyon ydntemiyle
hesaplanan hizlari, Gretim ve referans vyillari
hakkindaki  bilgiler listelenip, tablo haline
getirilmistir. Bu uygulamay! yaparken Cl1 ve C2
noktalarinin tretim yillari ve referans yillarinin 2005
yili ve sonrasi olmasina dikkat edilmistir.

iki farkl uygulamadan elde edilen bilgilerden yola
¢ikarak noktalarin X, Y ve Z bilesenindeki TUREF
hizlari (Vx, Vy, Vz) karsilastirilip, bilesen bazinda fark
haritalari olusturulmustur.

Bu baglamda X bileseninde hesaplanan hizlar
arasinda farkin en yiksek c¢iktigi deger 17 mm/yil
olup, K252H004 numarali C2 noktasi olup bu nokta
Ege bolgesinde Afyonkarahisar ilinin  Salar
kasabasinin glineybatisinda bulunmakta ve “AFYO,
AKOR, MHMT” isimli TUTGA noktalari arasinda yer
almaktadir.

X bilesenindeki farkin yiliksek ¢iktigi diger noktalar
ise 13-15 mm/yil ile Afyonkarahisar il siniriicerisinde
bulunan C derece noktalardir. Y bilesenindeki hiz
farklari en yiksek 11- 14 mm/yil hesaplanmistir. Z
bilesenindeki hiz farklari ise 11-14 mm/yil
arasindadir. Bu C dereceli noktalar AFYO, AKOR,
MHMT, EMRD, ALYT ve KMDL adli TUTGA noktalari
arasinda bulunmaktadir.

Bu TUTGA noktalari 2002 yilinda meydana gelen
Mw:6.2 blylikliglindeki Cay-Sultandagi depreminin
etki alaninda bulundugu gorilmektedir. Bu nedenle
C1 ve C2 noktalarinin dretim yillarinda bu TUTGA
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noktalarinin hizlarini yeterli dogrulukta
hesaplayacak epokta 6l¢li olmadigl gorilmektedir.
Bununla birlikte bdlgenin post sismik donemdeki
hareketler kapsaminda gecmis dénem
hareketlerinden farkli davranista  bulundugu
duslintlmektedir. Bununda TUTGA hizlarinin kisa
donemdeki hizlari lizerine olumsuz etkisi nedeniyle
enterpolasyonla hesaplanan C1 ve C2 hizlarinin
hatali hesaplanmis olma ihtimali {zerinde
durulmaktadir. Ozellikle biyik depremler
sonrasinda tesis edilecek olan Cl1 ve C2 derece
noktalarin koordinat hesaplamalarinda deprem
oncesi hizlarin kullanilmasi koordinat hesaplarinda
yanlisliklar yapilmasina neden olmaktadir.  Bu
durum deprem sonrasi atim ve hizlar
hesaplanmayan noktalardan (retilen kadastral ve
miihendislik calismalarinda hatalara neden olabilme
potansiyeli tasimaktadir.
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GNSS teknolojisi, orman kaynaklarinin arastirilmasi ve izlenmesi igin guiglu bir arag haline gelmistir.
Ancak, ormanlik/agaclik alanlarda orman 6rtisti GNSS sinyalleri ve uydu sayisi tizerinde olumsuz etkiye
sahiptir. Bu ylizden hassas konum belirlemek miimkiin olmayabilmektedir. Uydu jeodezisinde ve analiz
tekniklerinde yasanilan gelismeler ile sadece bir GNSS alicisi kullanarak Gzeri agik alanlarda santimetre
diizeyinde konumlama yapilabilen Hassas Nokta Konumlama (PPP) teknigi yakin zamanda biiyik ilgi

Anahtar kelimeler A N X o ~ o s
PPP: gormistlr. Bu ¢alismada, agaclik alanlarda yapilan statik PPP-AR (Ambiguity Resolution) ¢éziimlerinin,
! farkl gézlem siirelerinin (1, 2, 4 ve 6 saat), farkli 6rnekleme araliklarinin (30, 60 ve 120 sn) ve farkli uydu
CSRS; verilerinin (sadece GPS ve GPS+GLONASS) dogruluk acisindan etkisi incelenmistir. Bu kapsamda,
Konum Dogrulugu; Amasya Universitesi Yesilirmak Kampiisii’nde iki farkl konumda (agik ve agaglk alanda) GNSS élgiimleri
Agaglik Alanlar. yapilmistir. Agaghk alanin kapalilik orani i-Tree Canopy yazilimi ile yaklasik %56 olarak belirlenmistir.

Toplanan goézlem verileri statik PPP-AR ¢6zUmU yapabilen Canadian Spatial Reference System Precise
Point Positioning (CSRS-PPP) online (¢evrimigi) degerlendirme yaziimina gonderilmistir. Sonuglar,
agachk alanlarda PPP-AR teknigi kullanilarak 2 saat 6l¢i ile yaklasik 10 santimetre dogrulugunda konum
belirlenebilecegini ortaya koymustur. Ayrica, genel olarak GPS+GLONASS sonuglarin sadece GPS
sonuglarina gore daha dogru performans gosterdigi ve 6rnekleme araliginin yiiksek segilmesinin elde
edilen sonuglarda anlamli olmadigi gorilmustiir.

Investigation of Positioning Performance of Precise Point Positioning
(PPP) Technique in Woodland Areas Using CSRS-PPP Software

Abstract

GNSS technology has become a powerful tool for researching and monitoring forest resources.
However, forest cover has a negative impact on GNSS signals and satellite availability in woodland areas,
which may make it difficult to determine a position with high accuracy. The Precise Point Positioning
(PPP) technique, which allows for centimeter-level positioning in open areas using only a GNSS receiver,
has gained considerable interest due to advancements in satellite geodesy and analysis techniques. In

Keywords this study, the effect of different observation durations (1, 2, 4, and 6 hours), sampling rates (30, 60,
PPP; and 120 seconds), and satellite data (GPS-only and GPS+GLONASS) on the accuracy of static PPP-AR
CSRS; (Ambiguity Resolution) solutions in woodland areas was investigated. GNSS measurements were

conducted at two different locations (open and woodland areas) on the Yesilirmak Campus of Amasya
University. The canopy closure ratio of the woodland area was determined to be approximately 56%
using i-Tree Canopy software. The collected observation data was sent to the Canadian Spatial
Reference System Precise Point Positioning (CSRS-PPP) online evaluation software, which is capable of
performing static PPP-AR solutions. The results were showed that using the PPP-AR technique in
woodland areas, the position can be determined with an accuracy of about 10 centimeters with a 2-
hour observation duration. In addition, it was observed that generally GPS+GLONASS results perform
better than GPS-only results and selecting a high sampling rate did not have a significant impact on the
results.

Positioning Accuracy;
Woodland Areas.
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1. Giris
GNSS, mutlak ve rolatif konum belirleme teknikleri
jeodezi ve farkl pek ¢cok meslek disiplinlerince uzun

yaygin
ylksek

bir  stredir olarak  kullanilmaktadir.

Arastirmacilar dogruluk  gerektiren
calismalarda rolatif konum belirleme yontemini
tercih etmektedir (Hofmann-Wellenhof et al. 2001;
Leick, 2003). Bu yontemde kesin koordinati bilinen
baska nokta ya da noktalar yardimiyla bilinmeyen bir
noktanin ya da noktalarin konum bilgileri
hesaplanmaktadir. Bu durum, kullaniciya en az 2
adet GNSS alicisi

zorunlulugu getirmektedir. Bu zorunlulugun nedeni

ile es zamanh Olcli yapma

s6z konusu yontemin hata kaynaklarini (uydu-alici
saat hatalari ve atmosferik etkileri gibi) ikili farklar
¢6zimdi ile gidermesidir. Ayrica bilinmeyen nokta ya
da noktalarin koordinatlarinin hesaplanabilmesi igin
bir  veri ihtiyag

degerlendirme  yazilimina

duymaktadir.

Teknolojide yasanan gelismeler neticesinde gercek

zamanli olarak santimetre dizeyinde konum
belirleme uygulamalari Real-Time Kinematik (RTK)
veya Ag-RTK teknikleri

baslanmistir. Klasik RTK yonteminde konumu yiiksek

kullanilarak yapilmaya

dogrulukta bilinen bir referans istasyona ihtiyac
Ag-RTK'da  ¢ok
istasyona ihtiyac duyulmaktadir (Pirti ve Kurtulgu

duyulurken, saylda referans
2021). Her iki yontemde dizeltmelerin iletilmesi ya
da alinmasi igin radyolink, internet, GSM vb. gibi
gerektirmektedir. Kanyonlar,

iletisim altyapisi

ormanlik/agaclk alanlar, vadiler, yuksek
daglar/tepelerle cevrili alanlar vb. gibi zorlu arazi
kosullarinda yukarida bahsi gecen iletisim yollarinin
kullanimi mimkin olmayabilir. Bu durumda GNSS
Olgimleri igin statik oturumlar yapilmali ve toplanan

veriler post-proses yontem ile degerlendirilmelidir.

IGS (International GNSS Service) analiz merkezinin,
uydulara ait hassas yoriinge ve saat dizeltme
verilerini Ureterek arastirmacilara sunmasi, bir GNSS
ahcisi  kullanarak  duyarhigr  yliksek  konum
belirlemeye imkan saglamistir. Bu sayede rolatif
konum belirleme ydntemine vyakin konumsal
hassasiyet verebilen PPP teknigi gelistirilmistir. Bu

yontem, mutlak konum belirleme yéntemlerinden

biridir 1997).
bagimsiz olan kod ve tasiyici faz gozlemlerini

(Zumberge et al. lyonosferden
kullanan bu teknik ile kullanicilar tek bir GNSS alicisi
kullanarak kiresel bir referans sisteminde konum
belirleyebilmektedir. Boylece o6lglimler daha kolay
yapilabilmekte ve 6l¢ciim maliyetini azaltmaktadir.
Yontem avantajlarinin yani sira bazi dezavantajlara
da sahiptir. Bu teknigin en blylk dezavantajl,
noktanin  konum  dogrulugunun  santimetre
diizeyinde olabilmesi i¢in yakinsama siresinin
ortalama 20-30 dakika, bazi durumlarda da daha bu
sireden daha fazla olmasi gerektigidir (Alkan vd.
2022). hatta

dogrulugunda konum elde edebilmek icin baz

Ayrica, santimetre milimetre

hatalarin  modellenmesi veya dlzeltmelerin
getirilmesi gereklidir (Héroux and Kouba 2001).
Geleneksel PPP tekniginde tam sayi belirsizligi
¢6zimi vyapilamazken, son vyillarda tam sayi
belirsizlik ¢o6zimlini iceren ve PPP teknigine gore
yakinsama stiresini kisaltan PPP-AR teknigine iliskin
calismalar yapilmaktadir (Li et al. 2018, Li et al.

2020).

GNSS alicilar ile toplanan verilerin PPP teknigini

(post-process islemler icin) kullanilarak
degerlendirilmesi asamasinda akademik yazilimlar
kullanilmaktadir. Bu vyazilimlara 6rnek olarak
Bernese, GIPSY-OASIS, RTKLIB ve BNC verilebilir. PPP
tekniginin populer hale gelmesiyle birlikte baz
Universiteler ve arastirma merkezleri web-tabanh
online (gevrimici) calisan veri degerlendirme
yazilimlari gelistirmeye baslamistir. S6z konusu
servislerin genel amacinin, arastirmacilara kullanici
dostu ve kisa slirede konum bilgisi elde edilmesine
olanak saglamak oldugu soylenebilir. Ancak,
degerlendirme hizinin araylize yiklenen dosya
boyutuna, internet hizina/kesintisine, servisin
yogunluguna ve sistem gilincelleme durumuna bagl
oldugu unutulmamalidir. Genel olarak alicidan
bagimsiz veri degisim formatinda (RINEX) g6zlem
dosyasinin sisteme yilklenmesi ile baslayan GNSS
verisinin islenmesi, arastirmacinin sisteme girmis
oldugu e-posta adresine detayli sonug raporunun ya
da koordinat bilgilerinin gelmesi ile son bulmaktadir.
Temel seviyede teorik bilgi gerektiren bu servisler
kullanicilara degerlendirme yontemi (statik ve/veya

kinematik), koordinat sistemi, GNSS alici anten tipi
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ve vyilksekligi gibi bilgilerin araylize girilmesini
isteyebilmektedir. Web tabanli bu
kolayligi  sayesinde

uygulamalari (Guo et al. 2018), arkeolojik dlgmeler

yazihmlar

kullanim hassas  tarim
(ilgi ve Ozulu 2016), hidrografik uygulamalar (Aykut
ve Akpinar 2021), kabuk deformasyonu belirleme
(Tiryakioglu et al. 2017, Gunaydin et al. 2023); yapi
saghginin izlenmesi (Yigit and Gurlek 2017, Yigit et
al. 2020) gibi birgok ¢alismada kullaniimistir.
GNSS sinyal kalitesi

olusturmaktadir.

Ormanlik/agaclik bolgeler,
engel
sinyallerde agac, dal ve yaprak ylizeylerinden dolay!

bakimindan bir Alinan

yansima hatasi olusmakta ve bu da konum
hassasiyetinin kotilesmesine neden olmaktadir
(Pirti 2021) Sinyaller ya tamamen bloke edildiginden
ya da yapraklar tarafindan zayiflatildigindan, orman
etkisi kirinimidir.  PPP
tekniginin konum belirleme performansi sadece tam

alanlarinin  ana sinyal
sayl belirsizligi ¢ozimine bagh degildir. Agaclik
alanlarin da neden oldugu kisith uydu gorisleri ve
hata kaynaklari ile dogrudan iliskilidir.

Literatlirde agaclik alanlarda web-tabanli online
GNSS
performanslarini inceleyen galisma sayisi kisithdir.

degerlendirme servislerin konum
Ocalan (2016) yaptigi calismada orman alanlarinda

mutlak ve rolatif konumlandirma tekniklerini
kullanan web-tabanl online veri degerlendirme
(CSRS-PPP, APPS, GAPS ve OPUS,
AUSPOS) performanslari arastirilmistir. Ocalan et al.
(2016) ¢alismada,

goristinin sinirl oldugu yerlerde 6 farkh web-

servislerin

tarafindan  yapilan uydu
tabanli online PPP degerlendirme servislerinde
(AUSPOS, OPUS, CSRS-PPP, APPS, GAPS ve Trimble-
RTX) farkh efemeris Grlnleri kullanarak analizler
yapilmis ve performanslari karsilastiriimistir. Ucarli
vd. (2021) vyaptiklari ¢alismada, farkli

kosullarina sahip boélgelerde (agik alan, orman alani,

Olgme

su kenari ve yerlesim yogunluklu alan) yapilan GNSS
Olcimlerinden elde edilen verilerin  farkl
kombinasyonlari ile, APPS, CSRS-PPP ve magicGNSS
servislerini kullanarak, PPP konum dogrulugu, farkl
GNSS uydu sistemleri ile degerlendirilmistir. Farkli
ornekleme araliginin  PPP teknigi kullanilarak
yakinsama siiresi ve konum dogrulugu Gzerindeki
bulunmaktadir

etkisini arastiran c¢alismalar da

(Bahadur and Nohutcu 2021, Erol et al. 2021,
Romero-Andrade et al. 2021, Ogutcu et al. 2022).

Yapilan c¢alismalarda secilen istasyonlar, acik
gokylzii gbzlem imkanina sahip olup uydu
gorandrlGgini kisitlayacak konumlarda

bulunmamaktadirlar.

Ormanlik/agaclik alanlarin, yerlesim vyerlerinden
uzak olabilecegi, iletisim imkanlarinin zorlugu ve
yakinlarda koordinati bilinen jeodezik nokta
olmamasi gibi nedenlerle haritalama calismalarinin
yapilabilmesi zor olabilmektedir. Bu sorunlara es
zamanl 6l¢clime ihtiyac duymadan ¢o6ziim olabilecek
yontemlerden PPP/PPP-AR teknigi 6ne ¢ikmaktadir.
Bu calismanin (i¢c tane amaci bulunmaktadir: (1)
kapalilik orani belirlenen agaclik alanlarda farkh
gbzlem sdrelerinin (1, 2, 4 ve 6 saat) PPP-AR
¢ozimleri lzerindeki etkisini incelemek, (2)
GLONASS'In GPS ¢ozlimiine katkisini da gorebilmek,
(3) farkh ornekleme araliginin (30, 60 ve 120 sn)
konum dogrulugu Uzerindeki etkileri incelemektir.
Calisma kapsaminda i-Tree Canopy yazilmi ile
kapalilik orani belirlenen agaglk alanda jeodezik
nokta tesis edilerek GNSS verileri toplanmistir. PPP-
CSRS-PPP

rolatif konum

AR ¢6zUmu yapan cevrimigi

degerlendirme servisi sonuglari

¢Ozlmleri ile karsilastiriimistir.

2. Uygulama

2.1 Gahsma alani ve kapallik oraninin

hesaplanmasi

Agaclik alanlarda PPP-AR tekniginin performansini
degerlendirmekigin 11 Ocak 2023 tarihinde (11. GPS
giinli) Amasya Universitesi Yesilirmak Kampisiinde
jeodezik dlgiimler yapilmistir. Olgiimler icin Gzeri
acik ve agaclik alanda olmak Uzere 2 jeodezik nokta
tesis edilmistir. Noktalarin konumlari Sekil 1'de
gosterilmektedir.
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Sekil 1. Noktalarin konumlari: a) agaglik alan, b) acik alan.

Calisma kapsaminda tesis edilen jeodezik noktalarda
ayni zaman araliginda 2 adet cift frekansl Sokkia
GCX3 ile 6 saat slreyle es zamanli OGl¢imler
gerceklestirilmistir. Olciimlerde kullanilan alicilarin
Ozellikleri Gretici firmanin web sitesinde bulunabilir
(Int. Kyn. 1). Olgiim sirasinda uydu yiikseklik agilari
10° olarak segilmistir.

Calisma alaninin ne oranda kapali oldugunu

belirlemek icin i-Tree Canopy uygulamasindan

yararlanilmistir ~ (Int.  Kyn.  2).  Uygulamaya
https://canopy.itreetools.org/ adresinden
ulasilabilmektedir. Ucretsiz  web tabanh bir

uygulama araci olan uygulama, althk olarak Google
uydu gorintilerini kullanmaktadir. Analiz Gic asama
takip edilerek gerceklestirilmistir. ik olarak
uygulama alaninin sinirlarinin tespiti yapilmis olup
daha sonra arazi 6rtusii tiplerine gére alan icerisinde
rasgele noktalar secilmistir. Nokta sayisi arttiginda
tahmin dizeyinin de artacag diistincesiyle toplam
6.500 tane rastgele nokta otomatik olarak atanarak,
arazi ortisu tipleri belirlenmistir (Sekil 2). Calisma
alaninda tespit edilen arazi ortlsi tiplerinden
Agac/Cali sinifinin toplam c¢alisma bdlgesi icerisinde
olarak %56 olarak

kapladigi alan vyaklasik

belirlenmistir.

& Agac¢/Cali
# Toprak/Ciplak Zemin@
: Cimen/Otsu @

Sekil 2. Noktalarin calisma alanindaki dagilimlarinin
gosterimi  (i-Tree Canopy uygulamasi ile

hazirlanmistir).

2.2 Veri Toplama ve Dederlendirme

Dilution of Precision (DOP) degeri, GNSS konum
dogrulugu Uzerinde 6nemli bir gostergedir. Distk
uydu gorintrlGgi, DOP degerinde bir artisa neden
olur ve konum hesaplamasinin hatali olmasina
neden olmaktadir. Ol¢iim siiresince toplam izlenen
uydu sayisi (GPS+GLONASS) ve DOP degerlerinin
zamana gore degisimleri RTKLIB yazilimi kullanilarak
sadece GPS icin Sekil 3'de, GPS+GLONASS icin ise
Sekil 4’te verilmistir. Sekillerin sag tst kisimlarinda
ise uydu sayisi ve DOP degerlerinin istatistiksel
bilgileri bulunmaktadir. Burada agik alandaki nokta
icin, minimum, maksimum ve ortalama toplam
izlenen uydu sayisi sirasiyla 12, 17 ve 14 iken, agaglik
alandaki jeodezik nokta igin, minimum, maksimum
ve ortalamatoplam izlenen uydu sayisi sirasiyla 9, 16
ve 13'diir.
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Sekil 3. Acik (a) ve agachk (b) alanlardaki jeodezik
noktalara ait 6l¢lim suiresince izlenen uydularin
sayisi ve DOP degerleri (sadece GPS).

Sekil 4. Acik (a) ve agachk (b) alanlardaki jeodezik
noktalara ait 6l¢lim siiresince izlenen uydularin
sayisi ve DOP degerleri (GPS+GLONASS).

Ayrica, PDOP degeri acgik alandaki nokta igin,
minimum, maksimum ve ortalama degerleri sirasiyla
1, 2 ve 1 iken, agaclik alandaki nokta icin, minimum,
maksimum ve ortalama degerleri sirasiyla 1, 3 ve
2'dir.

Gergeklestirilen arazi ¢alismalari sonunda veri seti
hazirlama ve analizler 6ncesi 6l¢im gilninde
herhangi bir jeomanyetik aktivitenin olup olmadig
https://kp.gfz-potsdam.de/en/ web
kiiresel Olcekte etkiyi ifade eden Kp indeks degeri

adresinden

incelenmistir. ilgili kuruluslar tarafindan dretilen bu
indeks, dlinya (zerine yerlesik manyetik alan
dedektorleriile elde edilmektedir. Bu indeks en az 0,
en ¢ok 9 degerlerini alan bir indekstir. Yapilan
calismalarda, bu indeks icin sinir degerin 4 olarak
alinabilecegi belirtilmistir. 11 Ocak 2023 tarihli
Olgim glinline ait giinlik Kp indeks degerleri Sekil
5’de gosterilmektedir. Buna gére; Kp indeksinin giin
aldig
jeomanyetik etkilerin

boyu genellikle 2 ve altinda degerler
gorilmektedir. Boylece,
yapilan gozlemler lizerinde bozucu bir etkiye neden

olmayacagi soylenebilir.

Nowcast Kp index, GFZ German Research Centre for Geosciences (CC BY 4.0)

Kp index
O = N W AR OO N @ W

=l

2023-01-11 (Hour UTC)

0 3 6 8 21 24

Sekil 5. Olcii gliniine ait Kp indeks degerleri.

Daha sonra, tiim gozlemler ‘.tps’ formatindan RINEX
formatina donUstlrilmustir. Donldsim sirasinda
arazide toplanan uydu verileri ile sadece GPS ve
GPS+GLONASS olacak sekilde 2 farkli veri seti
hazirlanmustir. Farkli rnekleme arahiginin (30, 60 ve
120 sn) agachk alanlardaki PPP-AR ¢ozimlerine
etkisini arastirmanin yaninda goézlem siirelerinin de
sonuclar Uzerindeki etkisini arastirmak amaciyla,
RINEX gbzlem dosyalari 1-, 2-, 4- ve 6- saatlik zaman
dilimlerine ayrilmistir. Bu ¢alismada, PPP-AR teknigi
ile koordinatlari hesaplatmak icin popller web-
tabanh online veri degerlendirme servislerinden
CSRS-PPP secilmistir. Natural Resources Canada
(NRCan) kurulusu tarafindan 2000’li yillarin basinda
hizmete alinan web-tabanli GNSS (GPS+GLONASS)
CSRS-PPP  ultra
hizh/hizli/hassas uydu yoringe efemeris ve saat

degerlendirme servisi olan
bilgilerini kullanarak tek bir noktanin konumunu
PPP-AR teknigiile belirleyebilmektedir. Ucretsiz olan
servise giris yapabilmek igin Uye olunmasi
gerekmektedir. Servise liye olduktan sonra gozlem
dosyasi (RINEX formatinda) kullanici tarafindan
degerlendirmeyi

icerisinde yaparak

sisteme  yuklenir.  Sistem,
dakikalar
kullaniciya iletebilmektedir. Statik veya kinematik
PPP-AR

¢6ziminden tiretilen koordinatlari, grafik analizleri

yogunluga gore

yontemle ¢o6zlimler vyapabilen servis,
ve raporlari iceren birkag dosyayi, diger baska
bilgileri de iceren sonug klasoriini erisimi saglayan
bir link ile birlikte e-posta ile kullanicilara gonderir.
Servis, 2020 Ekim ayindan itibaren elde edilen
geleneksel PPP ¢6ziimi yerine, PPP-AR teknigi ile
¢6zim yapmaktadir. CSRS-PPP, 30 saniye ve daha
araligina sahip verileri

yuksek gbzlem

¢Ozebilmektedir. Coziimde kullanilan bazi

parametreler Cizelge 1’de verilmektedir.
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Cizelge 1. CSRS-PPP Yaziliminda Kullanilan Temel Bazi
Parametreler

Parametre Tanimi

Yazihm ve strimi SPARK v.3.54.2

Proses modu Statik

CozUm stratejisi PPP-AR

Uydu verisi GPS/GPS+GLONASS
Troposferik model Davis (GPT); Hopf (GPT); GMF
Gozlemler Faz ve kod

Uydu yoriinge ve saat bilgisi NRCan Final

Referans gergevesi ITRF20

PPP-AR sonuclarinin  dogrulugunu test etmek
amaclyla jeodezik noktalarin kesin olarak kabul
edilen koordinatlari GPS+GLONASS uydu verileri
kullanilarak Topcon Magnet Tools yazilimi ile elde
Rolatif
asamasinda, Amasya’da Tusaga-Aktif sisteminde

edilmistir. konum degerlendirme
bulunan AMAL1 istasyonu sabit olarak alinmis olup
IGS tarafindan sunulan hassas yoriinge/saat trtnleri
kullanilmistir. Ornekleme araligi 30 saniye olan
Ol¢lim glinline ait 24 saatlik GNSS verileri sistemin
ilgili web sayfasindan indirilmistir (Int. Kyn. 3). Veri
degerlendirme isleminden sonra gerekli datum ve
epok donlsumleri yapilarak jeodezik noktalarin
kesin (referans) koordinatlari ITRF2020 datumu olgi
epogunda elde edilmistir (Int. Kyn. 4).

3. Bulgular

Farkli GNSS gozlem setleri CSRS-PPP yazilimiyla

degerlendirilmis  olup epok epok cografi
koordinatlar elde edilmistir. Rolatif ¢oziimler ile
karsilastirma yapabilmek igin cografi koordinat
sisteminden Kartezyen koordinat sistemine (X, Y, Z)
dondsiim yapilmistir. Daha sonra Topcon Magnet
Tools yaziimi ile elde edilen koordinatlar referans
koordinat

olarak kullanilarak tim degerleri

Kartezyen koordinat sisteminden, toposentrik
kartezyen sistemine (Kuzey, Dogu ve Yukari) epok
epok donustiridlmustar. Rolatif ¢oziimler ile CSRS-
PPP ¢ozimler arasindaki koordinat fark degerleri
kullanilarak her iki noktaya ait konum dogruluklari
(KOH)

Hesaplama

Karesel Ortalama Hata degerleri ile

iliskilendirilmistir. yapmadan oOnce

koordinat serilerindeki uyusumsuz olgller, robust
yontemlerden biri  olan

Medyan  yontemi

kullanilarak  degerlendirmelerden  ¢ikariimistir
(Hekimoglu 2005, Rousseeuw et al. 2011, Sezer vd.

2021). Uyusumsuz 6l¢li analizi sonucu hesaplanan

KOH deger bilgileri acik alandaki nokta icin Cizelge
2’'de, agaclik alandaki nokta icin ise Cizelge 3’'de
verilmistir.

Cizelge 2. Acgik alanda bulunan jeodezik noktaya ait KOH
degerleri (cm)

Sadece GPS GPS+GLONASS O.A.
Kuzey Dogu Yukari Kuzey Dogu Yukari (sn)
5.8 13.4 13.7 1.0 1.6 1.5 30
1sa 6.0 14.4 13.6 1.4 4.8 3.3 60
6.4 14.1 13.6 1.5 4.3 2.0 120
3.9 10.3 6.0 0.8 1.9 1.6 30
2sa 3.7 10.2 5.9 0.7 2.0 0.6 60
3.6 9.7 5.9 0.6 2.2 0.7 120
1.2 1.8 1.9 0.9 1.4 1.2 30

0.s.

4sa 1.2 1.7 1.7 0.8 0.9 0.8 60
1.1 1.6 1.6 0.8 0.8 1.0 120
1.1 1.5 1.6 1.0 13 1.4 30
6sa 1.0 1.5 1.6 0.8 0.7 0.9 60
0.8 13 13 0.8 0.8 1.0 120

0.S.: Olcii Siiresi, 0.A.: Ornekleme Araligi, sa: Saat

Cizelge 3. Agaclik alanda bulunan jeodezik noktaya ait
KOH degerleri (cm)

Sadece GPS GPS+GLONASS 6.A.
Kuzey Dogu Yukari Kuzey Dogu Yukari (sn)
5.1 24.6 12.4 0.9 5.1 14.0 30
1sa 5.7 28.6 19.9 3.2 4.6 14.0 60
6.7 30.9 21.0 2.9 8.5 7.8 120
3.2 9.7 13.3 1.2 3.3 9.7 30
2sa 3.3 12.0 15.1 0.8 4.3 10.6 60
2.6 8.9 12.6 2.1 5.8 9.1 120
4.9 9.0 8.5 0.9 1.6 7.7 30

a.s.

4sa 1.1 2.8 7.1 0.5 2.5 8.9 60
1.3 2.6 6.3 0.5 1.1 5.4 120
0.8 13 5.3 0.7 1.0 6.4 30
6 sa 1.3 0.8 4.4 0.4 0.7 6.5 60

1.6 0.9 3.1 0.6 1.0 4.0 120
0.5.: Olgii Suresi, O.A.: Ornekleme Araligi, sa: Saat

Cizelgelerdeki KOH degerleri incelendiginde, daha
once vyapilan calismalarda oldugu gibi gozlem
sdresinin artmasiyla konum dogrulugunun hem agik
alanda hem de agaglik alanda arttig1 gorilmektedir.
Bilesen bazinda degerlendirildiginde acik alanda
KOH degeri tim bilesenlerde 4 saatlik 6l¢lim
sonucunda 2 cm’nin altina inebilmis, agaclik alanda
ise bu degere sadece kuzey ve dogu bilesenlerde 6
saatlik Olcim sonucunda ulasabilmistir. Agachk
alanda yukari bileseninde en iyi KOH degeri yaklasik
GLONASS
sisteminin neredeyse tiim bilesenlerde, acik ya da

3-4 cm olarak elde edilebilmistir.

agachk alan fark etmeksizin, GPS sistemine katki
sagladigl gorilmektedir. Katki orani acik alanda 2
saatlik verilere kadar net bir sekilde gorilebilirken,
agaclk alanda ise 4 saatlik 6lglim silresinden sonra
degisim gozlemlenmemistir. Farkli kayit araliklari
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bilesen bazinda incelendiginde; konum dogruluklari
actk ve agachk alanlarda birbirlerine oldukca yakin
performans gostermistir.

Cizelge 4 ve Cizelge 5 sirasiyla, agik ve agaclk alanlar
icin elde edilen yatay konum dogruluklarini
gostermektedir. Ayrica, Sekil 6 ve 7’de siraslyla yatay
ve yukari bileseni konum dogruluklari verilmistir.
Kuzey ve dogu bilesenler icin KOH degerleri ile yatay
konum dogrulugu (YKD) esitlik (1) ile hesaplanir.

ogu (1)

YKD= \/KOH,%uzey + KOH3

Cizelge 4. Agik alan icin elde edilen yatay konum
dogrulugu sonuglari (cm)

Cizelge 5. Agaclik alan icin elde edilen yatay konum
dogrulugu sonuglari (cm)

Sadece GPS GPS+GLONASS 0.A.
1sa 2sa 4sa 6sa 1sa 2sa 4sa 6sa (sn)
25.1 10.2 10.2 1.5 5.2 3.5 1.8 1.2 30
29.2 12.4 3.0 1.5 5.6 4.4 2.5 0.8 60
31.6 9.3 2.9 1.8 9.0 6.2 1.2 1.2 120

0.A.: Ornekleme Aralig), sa: Saat

Acik alan igin yapilan incelemede kayit araliginin
sadece GPS ve GPS+GLONASS ¢6ziim sonuglarindan
hesaplanan vyatay ve vyukari bilesen konum
dogruluklari Gzerinde énemli bir fark olusturmadigi
gorltlmustlr. Agaclk alan icin ise sadece GPS verileri
ile vyapilan degerlendirme sonuglarinda kayit
araliginin artmasi yatay konum dogrulugunu 1
saatlik 6l¢l stresinde azaltabildigini ancak 1 saat ve
Gzeri bir degisim
olmadig belirlenmistir. GPS+GLONASS ¢6zimu ise

kayit araliginin yatay konum dogrulugu Uzerinde 4

degerlendirmelerde anlamli

Sadece GPS GPS+GLONASS 0.A. saat ve (zeri veri ¢oziimiinden sonra biyik oranda
1sa 2sa 4 sa 6 sa 1sa 2sa 4sa 6sa (sn) . .. o .. .
146 110 22 19 19 21 17 16 30 bir etkisi olmadigini gostermektedir.
156 109 21 18 50 21 12 11 60
155 103 19 15 46 23 11 11 120 Agaclik alanda sadece GPS verileri kullanildiginda
O.A.: Ornekleme Araligi, sa: Saat . . X
kayit araliginin artmasi yukari bileseni konum
dogrulugunu 2 saat ve Uzeri Ol¢l slresinde
iyilestirebildigi, GPS+GLONASS verilerinin
kullanilmasi durumunda ise tim 0Ol¢l slrelerinde
kayit arahiginin artmasinin konum dogrulugunu
iyilestirebilecegi gozlemlenmistir.
Sadece GPS GPS+GLONASS
=35 35
530 £ 30
,2325 .E;Z:'s
§20 EZO
15 215
¥ “I il I
2 5 2 5
E 0 | 1 I | L T :: 0 -.. .. - — e
o 1sa 2sa 4 sa 6sa h 1sa 2sa 4sa 6sa
m30sn m60sn W120sn a) m30sn ®GOsn m120sn b)
Sadece GPS GPS+GLONASS
_35 _35
530 E 30
,g.,zs .§zs
'_"320 EZ[}
215 215
g 10 g 10
£ - i 1 = pall amm
o 1sa 2sa 4 sa 6 sa -~ 1sa 2sa 4sa 6sa
m30sn m60sn m120sn C) m30sn m60sn m120sn d)

Sekil 6. Yatay konum dogrulugu: a) Acik alan (sadece GPS) b) Acgik alan (GPS+GLONASS) c) Agaclik alan (sadece

GPS) d) Agaclik alan (GPS+GLONASS).
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Sadece GPS GPS+GLONASS

25 25
g E
2 =20 2 =20
28 2§
B D15 ‘B 515
Zgl0 ZE10
=¥ ]
3, i . 2,
cl =
~ - e mlln . ann ma-

2sa 4sa 6sa 1sa 2sa 4sa 6sa
m30sn m60sn m120sn a) m30sn m60sn m120sn b)
Sadece GPS GPS+GLONASS

25 25
: g
a2 =20 a2 =20
ZE E
g’%ls '§_ 2 15
22 22
ZEI0 ZEE10
- o sl
i In i
: e | 1 Ein
- 0 B - 0

2sa 4 sa 6sa 2sa 4sa 6 sa
m30sn ®m60sn w120 sn c m30sn m60sn m120sn d)

Sekil 7. Yukari bileseni konum dogrulugu: a) Acik alan (sadece GPS) b) Acik alan (GPS+GLONASS) c) Agaglik
alan (sadece GPS) d) Agaglik alan (GPS+GLONASS).

4. Sonug ve Oneriler

Orman tipinin ve orman o6rtisi yogunlugu, GNSS
sinyallerini engelleyebilir veya agac gévdesi/yaprak
gibi ylzeylerden yansiyan sinyaller konumlandirma
dogrulugunu olumsuz etkilemektedir. Bu ¢calismada,
son zamanlarda sagladigi dogruluk ve kullanim
kolayhgi bakimindan her gegen giin kullanimi tim
diinyada artan statik PPP-AR yonteminin agachk
alanlardaki performansi arastirilmistir. Bu amagla,
farkh  ol¢i
incelemek amaciyla ilk olarak iki farkli jeodezik
noktada 6 saatlik 6l¢l siresi ile toplanan GNSS
verileri, dncelikle 1, 2, 4 ve 6 saat olmak Uzere yeni
veri setlerine bolinmistir. Farklh GNSS uydu
sistemlerinin (sadece GPS ve GPS+GLONASS) ve
(30, 60 120
kullanilmasinin PPP-AR konum dogrulugunu nasil

surelerinin  konum  dogruluklarini

ornekleme araliginin ve sn)
etkiledigini de arastirmak (izere toplamda 48 veri

seti degerlendirilmistir. Bu calismanin sonuglari;

e  Optimum 6l¢iim kosullarina sahip acik ya da
kapalilik orani yaklasik %56 olan agaclik
alanda 6lg¢lim siiresi arttikca KOH degerleri
azalarak daha hassas yatay ve diisey konum
bilgileri elde edilmistir. Agaclk bir alanda
dm ve alt1 diizeyde yatay konum dogrulugu
elde edilebilmesi igin, 6l¢l siresinin sadece

GPS verileri kullanilmasi durumunda en az 2
saat, GPS+GLONASS verileri kullanildiginda
ise en az 1 saat olmasi gerektigi, yukari
bilesende ise GPS verileri kullaniimasi
durumunda en az 4 saat, GPS+GLONASS
verileri kullanildiginda ise en az 1 saat
olmasi gerektigi sonucuna ulasiimistir.

e GPS ve GPS+GLONASS ¢ozUmleri
incelendiginde tim 6lcl sirelerinde acik ve
agachk alanlarda GPS+GLONASS

¢O6zimlerinin yatay konum dogrulugunu

belirgin sekilde iyilestirdigi ancak yuksek

diisey konum dogrulugunu elde etmek igin

kisa sareli gozlemlerin yeterli
olmayabilecegi gorilmustir.

e En az dm diizeyinde dogruluk istenmesi
durumunda verilerin (sadece GPS ve

GPS+GLONASS fark etmeksizin) yiksek kayit

araligi ile toplanmasina gerek olmadigi
gorilmektedir. Yani, 30 ve 60 sn’lik
ornekleme araligina gerek kalmadan,

arazide 120 sn’lik 6rnekleme araligi ile 1
saatlik 6l¢li yapilmasi yeterli olabilir.

Elde edilen sonuglar genel olarak yorumlandiginda
glnimizde pek ¢ok farkli uygulamalarda kullanilan
PPP teknigi,

ormanhk/agaclik alanlarda rolatif
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yonteme alternatif olabilecek dogrulukla konum
belirleme imkani saglayabildigini gostermistir. Kamu
kurumlari, 6zel miuhendislik firmalari ya da
arastirmacilar bu tarz alanlarda cift frekansli tek bir
GNSS alicisi ve PPP-AR ¢6zlim algoritmasini kullanan
CSRS-PPP online degerlendirme servisini kullanarak

ulasabilirler.
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6 Subat 2023 Kahramanmarag-Pazarcik (Mw=7.7) ve Elbistan (Mw=7.6) Depremleri 11 ilimizi etkilemis

olup depremler, Tirkiye'nin dogusunda ve gliney dogusunda vyer alan Hatay, Adiyaman,

Anahtar kelimeler Kahramanmaras, Malatya, Gaziantep, Osmaniye, Adana, Kilis, Diyarbakir, Sanliurfa ve Elazig illerinde

Antakya; Gélbasi; binlerce insanimizin hayatlarini kaybetmesine, on binlerce insanin yaralanmasina, alt yapi ve ulasim

Tirkoglu; Sivilasma; sistemlerinde, yapilarda ve yollarda ciddi hasarlara neden olmustur. Bu ¢alisma kapsaminda 6 Subat

Zemin BiiyGtmesi; depremleri sonrasinda sahaya &zel analizlerle, hasarin ve yikimin ne kadar biyik oldugunu tahmin

Sahaya Ozel Analiz. edebilme kapasitesi arastirilmistir. Her turli statik-sismik tasarim igin yonetmelik genel bir standart
sunmaktadir. Depremlerin yikiciliginin azaltilmasina bir katki saglamak amaciyla bélgede depremden en
cok etkilenen 3 farkl bdlgeden alinan sondaj-sismik dlgiim bilgilerine dayanarak sahaya 6zel analizler
yapilmistir. Arazi ve laboratuvar deney sonuglarindan yararlanilarak DeepSoil v6 programinda zemin

blyiutme ve sivilasma analizleri yapilmistir.

The Facts of Soil Amplification and Liquefaction After the Earthquakes of
February 6, 2023: Examples of Antakya, Golbasi, Tiirkoglu

Abstract

February 6, 2023, Kahramanmaras-Pazarcik (Mw=7.7) and Elbistan (Mw=7.6) Earthquakes affected 11

provinces and the earthquakes occurred In the provinces of Hatay, Adiyaman, Kahramanmaras,

Malatya, Gaziantep, Osmaniye, Adana, Kilis, Diyarbakir, Sanliurfa and Elazig located in the east and

Keywords southeast of Turkey, thousands of our people lost their lives, tens of thousands of people were injured,
Antakya; Gélbagi; and in infrastructure and transportation systems, structures and roads. caused serious damage. Within
Turkoglu; Liquefaction;  the scope of this study, the capacity to predict the extent of damage and destruction was investigated
Soil Amplification; Site  with site-specific analyzes after the 6 February earthquakes. The regulation provides a general standard
Specific Analysis. for any static-seismic design. In order to contribute to the reduction of the destructiveness of

earthquakes, site-specific analyzes were made based on the drilling-seismic measurement information
obtained from 3 different regions in the region that were most affected by the earthquake. Soil
amplification and liquefaction were analyzed in the DeepSoil v6 program, using the field and laboratory
test results.

© Afyon Kocatepe Universitesi
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1. Giris

6 Subat 2023 Kahramanmaras-Pazarcik (Mw=7.7) ve
Elbistan (Mw=7.6) Depremleri 11 ilimizi etkilemis
olup bu depremler, Tirkiye'nin dogusunda ve giiney

dogusunda yer alan Hatay, @ Adiyaman,

Kahramanmaras, Gaziantep, Osmaniye, Elazig,

Malatya, Kilis, Diyarbakir, Sanliurfa ve Adana

illerinde binlerce insanimizin hayatini

kaybetmesine, on binlerce insanimizin da
yaralanmasina, altyapi ve ulasim sistemlerinde ve

binalarda ciddi hasarlara sebep olmustur. Ulkemiz

ne vyazik ki depremlerin yogun vyasandigi bir
cografyadadir. Meydana gelen depremlerin
olusumunu ve ivmesini dikkate aldigimizda,

yapilarimizin betonarme tasarimlari yeterli olsa bile
zeminde gergeklesecek sivilasma ve zemin biliylitme
olaylarinin depremin siddetini artirdigini bir kez
daha net bir sekilde ortaya koymaktadir. Bu sebeple
sadece (st yapilarda degil, zemin arastirmalarina da
ciddi anlamda 6nem verilmesi gerekliligini net bir
sekilde ortaya koymustur.

Kahramanmaras merkezli depremler 6 Subat 2023
tarihinde, Dogu Anadolu Fay Zonu (DAFZ) lzerinde
yerel saat ile sabaha karsi 04:17’de (GMT 01:17),
Afet ve Acil
yayinlamis oldugu verilere gére moment biyiklGgi

Durum YoOnetimi Baskanliginin
Mw:7.7 olan blylik bir deprem meydana gelmistir.
AFAD verilerine gére merkez lissii Kahramanmaras-
Pazarcik olan deprem, Kahramanmaras ilinin
yaklasik 33 km giiney dogusunda, Osmaniye ilinin
yaklasik 55 km kuzey dogusunda, Gaziantep ilinin ise
yaklasik 40 km kuzey batisinda merkezi bir yerde
Afet ve Acil
Baskanhg (AFAD) tarafindan depremin merkez
8.6 km

Pazarcik depreminin

bulunmaktadir. Durum Yonetimi

derinligi ise olarak belirlenmistir.

Kahramanmaras hemen
ardindan yaklasik 9 saat sonra, Ekinozl-Elbistan
Kahramanmaras bolgesinde yerel saat ile 6gleden
13:24’de (GMT 10:24)

blylkligi Mw: 7.6 olan ikinci buyilk bir deprem

sonra saat moment

meydana gelmistir.

Sekil 1. Turkiye Haritasi. 6 Subat 2023 Pazarcik-
Kahramanmaras ve Elbistan-Kahramanmaras
depremlerinin yaklasik yerleri beyaz imge ile
belirtilmistir (Rapor: METU/EERC 2023-01)

6 Subat 2023 tarihi 6glen saatlerinde meydana gelen
ikinci depremin merkez (issii, Kahramanmaras ilinin
60 km kuzey dogusunda, Malatya ilinin yaklasik 120
km dogusunda, Adiyaman ilinin ise yaklasik 100 km
kuzey batisinda yer alip, merkez derinligi ise 7.0 km
olarak belirlenmistir. Sekil 1’de Turkiye haritasinda
gosterildigi gibi bolgede sonradan meydana gelen
depremlerin merkez Usleri ile birlikte on binin
Uzerinde meydana gelen artgi depremler
gosterilmektedir. Turkiye'nin Kuzey Dogu Anadolu
Fay sisteminden sonra en aktif ve bilyik fay
sisteminden digeri olan Dogu Anadolu Fay Zonunda
(DAFZ) meydana gelmistir. Meydana gelen bu iki
depremin Dogu Anadolu Fay sisteminin 6zelliklerine
uygun oldugu tespit edilmis olup, sol-yanal dogrultu

atimli fay mekanizmasi seklinde meydana gelmistir.

Hatay/Antakya,
Adiyaman/Merkez ve Golbasi ilcesi ile birlikte

Bu calisma kapsaminda
Kahramanmaras/Dulkadiroglu/Elbistan ilcelerinden
farkli noktalardaki zemin profillerini dikkate alarak
sondaj kuyularindan elde edilen veriler ile DeepSoil
v6 programi kullanilarak zemin biiyitme degerleri
2018
Deprem Yonetmeligi Sismik Haritasi g6z ©niinde

ve sivilasma potansiyelleri belirlenmistir.
bulundurularak noktasal olarak spektrum zarflar

elde edilmis, Dogu Anadolu Fay zonunun
ozelliklerine uygun olarak segilen deprem kayitlari
secilmis ve Ol¢eklendirilmis daha sonra da 1 boyutlu
sahaya Ozel esdeger lineer ve lineer olmayan

analizlerde Darendeli (2001) yaklasimi kullaniimistir.
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2. Bolgenin Jeolojisi

Bu calisma kapsaminda depremlerin en ¢ok
etkiledigi illerin basinda Hatay, Adiyaman ve
Kahramanmaras gelmektedir. Arabistan ve Afrika
levhalarinin kuzeye dogru hareketleri neticesinde
Anadolu levhasinin ise tam tersi yoniinde giiney
batiya dogru hareketi neticesinde kaymasina neden
olmaktadir. Bu biyik levhalarin hareketleri 6zellikle
de Hatay ve civarini ciddi sekilde etkileyen Dogu
Anadolu Fay Sisteminin glneydeki kolu seklinde
hareket eden Olii Deniz Fay1 (ODF), Amanos Fayi (AF)
ve Hatay-Antakya-Kibris Transform Fayi (KATF)
boyunca yillardir meydana gelmis olan gerilmelerin
toplamda ciddi bir sekilde enerjinin artmasina sebep
olmaktadir. Ozellikle bu bolgedeki aletsel ve tarihsel
donemlerdeki depremlerin olusumu ve tekerriiri de
bunu net bir sekilde ortaya koymaktadir. Bu
sebeplerden dolayi ciddi anlamda yer degistirmelere
maruz kalan Antakya, Adiyaman, Kahramanmaras,
Gaziantep’in batisi ve yakin ¢evresi Tirkiye Deprem
Tehlike Haritasina gore, deprem riski olan bolgeler

icinde yer almaktadir (Yayla, 2011).

En ¢ok hasar goren illerin basinda gelen Hatay ili
Antakya ilcesi, Asi nehri boyunca sehrin tam
ortasindan gececek sekilde uzanan arazi, gencg
olmakla birlikte yerlesmemis gevsek olarak tabi
birikintilerinden

edebilecegimiz dere meydan

gelmektedir. Antakya merkez, Mezozoyik ve
Paleozoyik jeolojik geng birimlerinden meydana
gelen iki kayac serisi ile birlikte erken Pliyosende
diye tabir edilen gelismis olan Karasu vadisi
sinirlarinin igerisine yerlesmistir. Olusum sekline
bagh olarak yaklasik 1300-1400 m’lik bir geng
Senozoyik ¢okmustur. Antakya bolgesinde genis
havzaya yayilan sedimanlar esas olarak gakil, kum,
kil ve siltleri icerisinde fazlasiyla gevsek bir sekilde
barindiran  alliivyonlu  zemin diye bildigimiz
birikintilerden olusmaktadir. Hatay Antakya ilcesinin
zemin Ozelliklerinden kisaca bahsedecek olursak
soyle tanimlanabilir: en blylk problemlerden birisi
olan yer alti su seviyesinin yiiksek olmasi ayni
zamanda kumlu killi siltli olarak ifade edilen
altvyonlarin olusturdugu Kuvaterner materyallerini

esas olarak icermektedir (Saban, 2010).

Maden Tetkik ve Arama Genel Mudirligli 2008
Kahramanmaras raporuna goére, Kahramanmaras
merkez ilce Dulkadiroglu ve Elbistan ilgeleri,
yerlesim alani ve ¢evresinde, birbirinden farkh kaya
zemin  Ozellikleri birimler

tard  ve sunan

ylzeylenmektedir. Kaya birimleri kuvarsit seyl,
kumtasi, dolomit-dolomitik kiregtasi, killi kirectasi,
ve kiltasi zemin o6zellikleri sunan birimler ise
Kuvaterner yaslh, tutturulmamis,
geng

gincel

bazen gevsek

yash)
¢cOkellerden

tutturulmus, (Kuvaterner yamag

molozlari  ve altvyal
olusmaktadir. Kahramanmaras’in énemli bir kismi
altivyon, bir kismi da biraz daha yasli ama yine zayif
zemin birimlerinden olusmaktadir. il merkezi
kuzeydeki Ahir Dagi’'nin eteklerine vyerlesmistir.
icerisinde Aksu Cay’'min yer aldigi genis ova
tamamen bu nehir tarafindan tasinan allvyonlar ile

doldurulmustur.

Adiyaman merkez ve golbasi ilgesi, calisma alani ve
yakin cevresi Stratigrafik olarak calisma alani ve
yakin cevresinde yaslidan gence dogru; allokton
kokenli Jura-Alt Kretase yash Kocali Karmasigi ve Alt
Karadut
konumundadir. Bunlarin iizerine Ust Maestrihtiyen

Maestrihtiyen yasl Karmasigi temel
yasli Germav formasyonu (Sirnak Grubu) agisal
uyumsuzlukla gelmektedir. Eosen transgresyonu ile
Lutesiyen yash Hoya formasyonu (Midyat Grubu)
¢okelmis olup, daha yaslh birimleri agil uyumsuz
olarak ortmektedirler. Pliyosen yasli Esmepuru

formasyonu kendisinden yaslh birimler Gzerine acili

uyumsuz olarak gelmekte olup Ustte Pliyo-
Kuvaterner vyasli Donduikler formasyonu ile
gecislidir. Pliyo-Kuvaterner yash Pazarcik
formasyonu ise daha vyash birimler Uzerinde

uyumsuz olarak bulunmaktadir. Calisma alanlarini
siltli-killi kum, glincel alGivyonlar, yamag¢ molozlari ve

gincel batakhk c¢okelleri Kuvaterner birimleri
olusturmaktadir (Akil vd., 2008).
Hatay, Adiyaman, Kahramanmaras illerinde

meydana gelen hasarlarin temel sebebi allivyon

zemindir. Deprem dalgalari bu tir zeminler

tarafindan blyitilerek binalara iletilir. Zemin
bliylitmesi olarak da tanimlanan bu durum meydana
gelen depremlerle birlikte yapilar daha siddetli

sarsildigl icin sonucunda da hasar orani fazla
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olmustur. Ornegin 2020 yilinda yasanan izmir ve

Sivrice depremleri deprem merkezinden ¢ok
uzaklarda blytk hasarlar yaratmis, bunun ana
nedeni olarak da dislik yapi kalitesi yani sira zemin
blyltmesi gosterilmistir. Bu depremde de
goruliyor ki depremlerin merkez (isst Pazarcik ve
Elbistan olmasina ragmen hasarin diger uzak illerde
de (Hatay,

gozlemlenmistir. Zemin blyltmesinin yani sira

Malatya gibi) blyidk oldugu
yapilan arastirmalarda, deprem etkisiyle birlikte
Elbistan,

ilcelerinde

Kahramanmaras/Dulkadiroglu ve
Hatay/Antakya,
sivilasma olaylarinin da bariz bir sekilde yasandigi

Adiyaman/Goélbasi

gozlemlenmistir. Belli baylklage ulasan
depremlerde belli kosullara sahip
meydana gelebilen sivilasma, zeminin Ustlindeki

zeminlerde

yapilari tastlyamamasina neden olmus ve yapilar yer
sarsintisinin bir sonucu olan bu olay nedeniyle de
ciddi hasarlar aldig1 gozlemlenmistir.

3. 6 Subat Depremleri ve Saha Gozlemleri

6 Subat depremleri sonrasi bolgede yapilan
¢alismalarindan da
bahsetmek gerekmektedir. Saha incelemeleri

neticesinde deprem boélgelerinde ¢ok ciddi zararlar

geoteknik  saha kisaca

veren sivilasma ve zemin biyiltmesi olaylarinin 6n
plana  ¢iktig geoteknik
problemler neticesinde zemin deformasyonlarinin,

gorilmektedir. Bu

temel ve yapi performansinin, istinat yapilarinin,
sevlerin ve bos arazilerin ciddi anlamda etkilendigi
gozlemlenmistir.

bolgelerde esasli
problemler, Sekil 2a, 2b ve 2c’de sunuldugu lzere
¢okme seklinde ve kum kaynamasi meydana gelen
sismik kaynakli zemin sivilagsmasinin yizey belirtileri

inceleme yapilan sivilasma

gozlemlenmistir.

Bu sivilasma olaylarinin bir kismi yapilarin olmadigi
bos zemin sahasi olarak adlandirilan bolgelerde, bir
kismi icerisinde ve bina
Bircok

bolgede bina temellerinin kenar kisimlarinda tespit

da yerlesim alanlar
temellerinin ¢evresinde gozlemlenmistir.

edilen kum kaynamalarini mevcuttur. Sivilasma
kaynakh ylzey izlerinin en yogun oldugu bdlge
Adiyaman-Golbasi ilgesi olarak gozlemlenmistir.

(c)
Sekil 2. Zemin Sivilagmasinin Yuzeysel Belirtileri

Sismik dalga kaynakli
binalarda, yol yapilarinda, istinat duvarlarinda,
sevlerde bir¢ok yerde yapinin deprem davranisi
Uzerinde 6nemli bir faktor oldugu net bir sekilde
goralmistir. Adiyaman Golbasl, Hatay Antakya
basta olmak Uzere depremden etkilenen birgok
yerde temelleri  sismik
sivilasmasindan kaynakli tasima gici yenilmeleri,

zemin sivilasmasi olayl,

yapilarin zemin
yanal kaymalar ve asiri oturmalara neden olmustur.
Sekil 3a, 3b, 3c, 3d, 3e ve 3f'de goruldigu lzere
temel oturmalarinin miktari 15 santimetreden 80
cm'ye kadar degismektedir.

Oturmanin yani sira deprem etkisiyle birlikte (Sekil
4a, 4b ve 4c) fay hattinin da gectigi Kahramanmaras-
Dulkadiroglu ilcesinde ise, temellerde 40 dereceye
varan donmelere neden oldugu, diger bolgelerde ise
glizergah boyunca faylanma ve sismik nedenlerden
dolayi meydana gelen zemin sivilasmasi olayi ile
birlikte birgok yerde farkli farkli zemin yizey kirig
deformasyonlari gézlemlenmistir.
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(d)

Sekil 3. Ylzeysel Oturma Gozlemleri

Sekil 4. Ylzeysel Kirik Gézlemleri

inceleme yapilan bolgelerde zemin biiyiitme esash
problemler bir¢cok bdlgede tespit edilmistir. Zemin
blyltme olayina bagl yikimlar yogun olarak Hatay-
Antakya, Adiyaman-Merkez ve Kahramanmaras-
Merkezde gozlemlenmistir. Zemin tabakalari sismik
dalgalar icin bir slizgec¢ gibidir. Bazi frekanslardaki
sismik dalgalar
blytllir. Zemin blyUtmesi olayl yumusak-gevsek

sonimlendirilirken bazilari da

zemin diye tabir ettigimiz allivyon zeminlerde
gorilmektedir. En ¢ok hasarin oldugu bolgelerde
alivyon zemin tabakasinin kalinhg arttikga bunun
yani sira zemin tabakasindaki hiz azaldikga zemin
hakim periyodunun biyludidgi bilinmektedir. Bu
sebepler 6zelliklede, gevsek halde bulunan, yer alti
su seviyesinin yiksek oldugu, kalin allvyon
¢Okellerinin bulundugu arazilerde 6zellikle yapilacak

ve yapilmis olan yiiksek kath binalarin risk altinda
oldugunu isaret etmektedir.

Deprem dalgalari ayni zamanda zemin igerisinde
ortam  Ozelliklerine  gore de
sekillenmektedir. Eger yumusak zemin ortaminda
ilerlerse, farkh frekanslar icin deprem dalgalari ayni
sekilde tepki vermemektedir, bu durum biyitmenin
frekansa bagimli oldugunu goéstermektedir. Yerel
zemin kosullarina bagl olarak farkli bolgelerde
tespit edilen hasar ve vyikimlar Sekil 5’de
sunulmustur. 21. Yizyilda gelismis lkelerde bu tiir
hasar ve yikimlarin olmasi mihendislik hizmetlerinin
kontroli hakkinda soru isaretleri

yayildiklari

alimi  ve
dogurmustur.
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(d)

Sekil 5. Hasar ve Yikim Gozlemleri

Hasar  tespit  tutanaklarina
Kahramanmaras, Gaziantep, Adiyaman ve Malatya
illeri Dogu Anadolu Fay Zonuna yakinliklari sebebiyle
¢ok buyuk hasarlar gorilir iken Adana, Osmaniye,
Kilis, Diyarbakir, Elazig ve Sanhurfa illerindeki yikilan
bina sayisi digerlerine gére daha azdir. Deprem yer
hareketinin blylkligu, siddeti, tasarim ve yapim
kalitesi, yapisal sistem yapilarin performansinda en
onemli belirleyici unsurlar oldugu gorilmektedir.
Bolgeden
cercevesinde bina hasar dagilimlarini 2000 yih

Oncesi ve 2000 yili sonrasi olarak ikiye ayirabiliriz. Bu

gore, Hatay,

elde etmis oldugumuz veriler

ayrimin sebebi ise deprem yonetmeliginin yirirlige
girmesi, 1999 depremlerinin olumsuz tecribeleri,
mikrobolgeleme ve zemin etitleri, hazir beton
kullanimi sarti, nervirli demir kullanimi, siklastirma
bolgeleri ve yapi denetim kanunu gibi bircok etkeni
siralamak mimkundr.

4. Segilen Zemin Profilleri ve Ozellikleri

Calisma kapsaminda 3 farkh sehirde farkli noktalar
icin analizler vyapilmistir. Bu bdlgeler sirasiyla

Antakya (Hatay), Gélbasi (Adiyaman) ve Tiirkoglu

(e) (f)

(Kahramanmaras) olarak belirlenmistir. Secilen
sondajlar noktasal olarak birbirlerinden uzak, profil
olarak birbirlerinden farkh olmalari nedeniyle
sonugclari da ayri ayri degerlendirilecektir. Yeralti su
seviyesi 4.5 mt. olarak tespit edilmistir. Secilen

profillere ait bilgiler Sekil 6’da gosterilmektedir.

Sekil 6’da gorildigl lizere, Antakya’dan alinan
sondajda ¢ok yumusak ve sivilasma potansiyeli olan
siltli kum profili hakimdir ve ortalama kayma dalgasi
hizi (Vs30) 148 m/s olarak belirlenmistir. Zemin sinifi
ZE olarak ortaya cikmistir. Golbasi’'ndan alinan
sondaj da siltli kumdan olusmakta, yumusak bir 10
m sonrasi daha bilylk SPT-N ortalamalari olan bir
zemin olarak ortaya ¢cikmistir. Zemin sinifi ZD olarak
belirlenmistir (Vs30=184 m/s). Kayma dalgasi hizi
degerleri Cok Kanalli Yiizey Dalgasi Analiz Yontemi
(MASW) ile belirlenmistir. Tirkoglu zemin profili de
benzer 6zellikleri gdstermekte ve yaklasik 14 m’den
rijitlesmektedir.  Diger
profillerine nazaran Tirkoglu 6rnek zemin profili

sonra zemin zemin

daha yiksek kayma dalga hizina sahip olmasi
nedeniyle bu zemin de ZD olarak siniflandiriimistir.
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Sekil 6. Analizlerde Kullanilan Zemin Profilleri
Kahramanmaras-Pazarcck ve  Kahramanmaras- on bir ili etkilemistir. Cevre, Sehircilik ve iklim

Elbistan depremleri blyiklik ve siddeti ile birlikte
son ylzyilda yasanan en bliyik depremi degilse bile
en yikici depremler seklinde kayitlara geg¢mistir.
Depremlerden kaynakli meydana gelen hasarlar
sadece tek bir sehirde degil eklemeli-tetiklenen
diyebilecegimiz depremlerin etkisiyle cok genis bir
alana yayilmis olup birbirine komsu olan toplamda

Degisikligi Bakanlig, Yapi isleri Genel Midirlugi
tarafindan vyapilan hasar tespit c¢alismalari
neticesinde 2.141.250 binada toplam 5.818.067
bagimsiz bélim icin, 15 Mayis 2023 tarihi itibari ile
tespiti yapilmis olan binalarin genel hasar seviyeleri
ve 2000 yili sonrasi yapilan binalardaki hasar
seviyeleri Cizelge 1 ve 2’de verilmistir.

Gizelge 1. Genel Hasar Seviyeleri (Cevre, Sehircilik ve iklim Degisikligi Bakanligi, Yapi isleri Genel Mudiirliigi, 2023).

iLLER/HASAR BiNA AZ ORTA AGIR ACiL
DURUMU SAYISI HASARSIZ HASARLI HASARLI HASARLI YIKILACAK YIKIK
HATAY 342531 140337 103549 12874 64283 8038 13450
KAHRAMANMARAS 225230 93168 79027 5987 35229 4423 7396
ADIYAMAN 110354 38666 38576 4629 20201 2329 5953
MALATYA 155204 60825 48690 2783 36046 1810 5050
GAZIANTEP 282693 188639 68429 5524 14047 1994 4060
SANLIURFA 321065 195565 112690 3192 7706 740 1172
OSMANIYE 133992 87674 35006 1094 9010 530 678
KiLis 34346 20188 11191 486 1867 151 463
ELAZIG 27760 11767 7945 506 7441 48 53
ADANA 324345 276691 39541 5118 2923 37 35
DiYARBAKIR 183730 129986 45602 3355 4708 59 20
GENEL 2.141.250 1.243.506 590.246 45.548 203.461 20.159 38.330
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Cizelge 2. 2000 Yilindan Sonra insa Edilen Yapilar igin Hasar Seviyeleri (Cevre, Sehircilik ve iklim Degisikligi Bakanligi, Yapi
isleri Genel Miidiirligi, 2023).

iLLER/HASAR BiNA AZ ORTA AGIR ACiL
DURUMU SAYISI HASARSIZ HASARLI HASARLI HASARLI vikitacak  TKIK
HATAY 174056 79384 61223 8675 19595 2697 2482
KAHRAMANMARAS 136213 65862 51405 4813 10994 1509 1630
ADIYAMAN 69562 29479 28250 3110 6582 714 1427
MALATYA 73695 37362 26247 1936 7080 298 772
GAZIANTEP 137906 94598 34059 2362 4916 671 1300
SANLIURFA 241333 150677 85526 1553 3133 262 182
OSMANIYE 67055 46994 17311 703 1853 125 69
KiLis 17677 11190 5748 232 439 24 44
ELAZIG 12061 8355 2671 58 972
ADANA 130761 120212 9517 678 342 7 5
DiYARBAKIR 109868 81237 25874 1039 1688 15 15
GENEL 1.170.187 725.350 347.831 25.159 57.594 6.326 7.927

Yapilacak bir boyutlu (1-B) analizler igin tabakalarin Cizelge 3. Analizlerde Kullanilmak Uzere Yénetmelikten

sig olmasi veya anakayanin ¢ok derinlerde olmasi Alinan DD-2 Parametreleri
durumunda ZD ve ZE zeminler icin kullanilacak Parametre A’;tZ‘:)k)Va A“(tzaE';Va G?Z"I;“;s' Tu(r;;f'“
cjeprem kayitlarinin 6lgeklendirilmesinde ZD zemin DS 1.102 1.101 1.23 114
Ozelliklerinin gOZ oninde bulundurulmasi SD1 0.545 0.785 0.645 0.579
gerekmektedir (TBDY, 2018). Noktasal olarak sismik TA 0.99 0.143 0.105 0.102
haritadan alinan parametreler ve olusturulan TA 0.495 0.713 0.524 0.508
spektrumlar Cizelge 3 ve Sekil 7a, 7b ve 7c'de PGA 0.486 0.486 0.512 0.445
sunulmustur.
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Sekil 7. Secilen Noktalar igin Yénetmelik Tarafindan Onerilen Spektrumlar
Plato spektral ivmeleri (SDS) birbirlerine yakin kose ivmesi icin kullanilacak deprem kayitlari boélgenin
periyotlarinin zemin sinifina gore farklilik gosterdigi jeolojisine, fay uzakhgina, bolge icin beklenen
Sekil 7’de gorilmektedir. Analizlerde anakaya deprem biiyiikliiklerine gore secilmis ve Cizelge 4’de

sunulmustur.
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Cizelge 4. Secilen Deprem Kayitlari ve Ozellikleri

Sira  Sayi Deprem yil istasyon Mw  Rjb(km) Rrup(km) PGA(g)
1 6 imperial Valley-02 1940 El Centro Array 6.95 6.09 6.09 0.281
2 95 Managua Nicaragua-01 1972 Managua ESSO 6.24 3.51 4.06 0.372
3 160 imperial Valley-06 1979 Bonds Corner 6.53 0.44 2.66 0.598
4 265 Victoria Mexico 1980 Cerro Prieto 6.33 13.8 14.37 0.645
5 727 Superstition Hills-02 1987 Superstition Mtn Camera  6.54 5.61 5.61 0.583
6 821 Erzincan-Turkiye 1992 Erzincan 6.69 0 4.38 0.496
7 864 Landers 1992 Joshua Tree 7.28 11.03 11.03 0.274
8 901 Big Bear-01 1992 Big Bear Lake-Civic 6.46 7.31 8.3 0.545
9 1120 Kobe-Japan 1995 Takatori 6.9 1.46 1.47 0.618
10 1158 Kocaeli-Tirkiye 1999 Dizce 7.51 13.6 15.37 0.312
11 2734 Chi-Chi Taiwan-04 1999 CHY074 6.2 6.02 6.2 0.323

Secilen kayitlarin ivme zaman grafikleri ise Sekil 8'de ayri ayri Olceklendirilmis ve taban ivmesi olarak
sunulmustur. Secilen kayitlar, en biyiik ivme, siire, kullanilmistir.  Bir sonraki bolimde ise analiz
frekans icerigi bakimindan farkhliklar sonuglari sunulacak ve elde edilen degerlendirmeler
gostermektedir. Secilen kayitlar 3 farkli nokta icgin detayli olarak tartisilacaktir.
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Sekil 8. Secilen Kayitlarin ivme Zaman Grafikleri
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5. Sahaya Ozel Sivilasma ve Zemin Biiyiitme
Sonuglari

Sahaya 0zel bir boyutlu analizler esdeger dogrusal
ve lineer olmayan yontemlerle yapilmaktadir. Son
zamanlarda bu konuda llkemizde de bir¢cok ¢alisma
Esdeger
Dinamik

yayinlanmistir.  Bu ¢alismalar; Analiz

Yontemi ile  Zeminin
Degerlendirilmesi: Eskisehir Ornegi (Civelekler vd.,
2018), Bir Boyutlu Analiz Yéntemiyle Sahaya Ozel
Sivilasma  Risk
Afyonkarahisar Ornegi (Giicek ve Zorluer,2021),
Esdeger
Yaklasimlara Gore Sismik Ylk Etkisindeki Zeminlerde

Davranisinin

Haritalarinin ~ Olusturulmasi:

Dogrusal Ve Dogrusal Olmayan
Davranis Analizi (Civelekler vd.,2021), Dogrusal

Olmayan Analiz Yontemi ile Belirlenen Sivilasma

EL Model
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— TBDY (ZE]

-
4]

_..
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Sekil 9. Antakya Ornegi icin Farkli Analizlerle Elde Edilen Yiizey Spektral ivmeleri

Yonetmeligin verdigi spektral degerler kullanilarak
Olceklendirilen kayitlarin ylizeydeki yansimalari
distnildiginde aslinda yonetmeligin iyi bir is
cikardigi soylenebilir. Plato degerlerini asan birkag
model olsa da ortalama olarak dusindldiginde
hem esdeger lineer hem de lineer olmayan
sonuglara gore noktasal olarak glivenli tasarim
onerdigi goralmuastir. Peki yikimin bu kadar buyuk
olmasinin temel sebebi nedir? Sorunun cevabi tabi
ki sivilasmadan baska bir sey degildir. Asiri bosluk
suyu basinct orani sivilasma gostergesi olarak
kullanilir ve bu degerin 1’e yakin olmasi o tabakada
sivilasma olacaginin habercisidir. ilgili profil igin
derinlik boyunca asiri bosluk suyu basinci orani

degisimi Sekil 10-a’da gosterilmektedir.

Riskinin  Cografi Bilgi Sistemleri Kullanilarak

Haritalanmasi: Kiitahya Ornegi (Zorluer vd.,2022)
olarak literatiirlerde yer almaktadir. Bu calismada da

sonuglar 2 farkh analiz kapsaminda
degerlendirilecektir. Zeminlerin dinamik davranisi
modellenirken Darendeli (2001) yontemi

kullanilmistir.

Antakya Ornegi:

Calisma kapsaminda sivilasmanin beklendigi siltli
kum icerigi olmasi nedeniyle zemin blylitmesinin
olmayan sivilasma analizi de

yaninda lineer

yapilmistir. Tabandan verilen kayitlar sonucu
ylzeyde kayit edilen spektral davranis yénetmeligin
Onerdigi tasarim spektrumuyla beraber Sekil 9'da

sunulmustur.

2 L l L lIIllI L 1 Ll IIIII A L L L 1i}

{ NL Model — ROV L
—~ 15 - =
o 4 L
o 4 L
E - =
= i B
— 1 =
m _ R
z - b=
7] . \ -
(=% _ . B
D o5 . ~
0 __I_V_I'l'l'l'ﬂ'l_l_l_l'l'ﬂ'l'#l_l‘l—nn_
0.01 0.1 1 10

Asiri bosluk suyu basinci orani farkl deprem
derinliklerde 1 degerine
Sekilden de

seviyesine 4.5 mt. de

senaryolari icin farkli

ulasmis ve tabaka sivilagmistir.
anlasilacagr lizere su
rastlanmistir. Bolgedeki hasarin biyldk olmasinin
temel sebebi tabi ki tahminlerin Gzerinde bir sismik
yukin ortaya ¢ikmasidir fakat yonetmelige gore
Olceklendirilmis taban ivmeleri kullanilarak bile
bircok tabakada sivilasma gerceklesmistir. Bu da
yikicihgin en 6nemli etkenlerinden biridir. Sivilasma
olmayan tabakalarda bile dayanim kaybi oldugu da
bir gercektir. Zemin iyilestirmesi yapilmadan
yapilmis yapilarin yikilmasi/yan dénmesi/oturmasi

da sirpriz olmamistir.

749



6 Subat 2023 Depremleri Sonrasi Zemin Biiyiitmesi ve Sivilasma Gercedi: Antakya, Gélbasi, Tiirkoglu Ornekleri, Giicek vd.

Asin Bosluk Suyu Basinci Orani, r,

0 0.2 0.4 0.6 0.8 1
o411

@@ D1 00 D7

© ©0D2eeDs8 |

0 0D3 @eD [

oo D4 o D10 |
e D5 0@ DI1 |

Derinlik (m)
5
]

15 -

20

a) Antakya

Asin Bosluk Suyu Basinci Orani, r,
0 0.2 0.4 0.6 0.8 1
o 11,

D1
D2
D3

o
o]

D7
D8 |
Do [
p1o |

1til

L
*—o
o0
o 0o
@ D4
9o D5
o0

Derinlik (m)
3

20— T —T— T

b) Golbasi

Sekil 10. Derinlik Boyunca Asiri Bosluk Suyu Basinci Orani Degisimi

Gélbasi Ornegi:

Calisma kapsaminda Antakya zeminine benzer
sekilde sivilasmanin beklendigi siltli kum icerigi
Golbasl
bilyltmesinin yaninda lineer olmayan sivilasma

nedeniyle ornegi icin de zemin
analizi de yapilmistir. Sekil 10-b’de gorildigi Gzere

en az bir tabakada sivilasma gerceklesmis birkag

w
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tabaka da ise sivilasma tamamen olmasa bile bilyiik
derecede tasima giict kaybi olmustur. Sekil 11 de ise
ylzeydeki spektral davranis sunulmaktadir. Dislk
periyotlarda yonetmelik her iki ydontemde de giivenli
tarafta  kalmistir. Lineer olmayan yontem
disindldiginde uzun periyotlarda birka¢ kayit
yonetmeligin lzerinde kalsa da yonetmelik pozitif

bir tasarim spektrumu énermistir.
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Sekil 11. Golbasi Ornegiicin Farkli Analizlerle Elde Edilen Yiizey Spektral ivmeleri
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Fakat esdeger lineer yontem secildiginde hem plato
spektral ivmesi (kisa periyot spektral ivmesi) diisik
kalmis hem de orta-uzun periyot davranisi degerinin
altinda hesaplanmistir.

Baska bir ifadeyle, bu saha igin SDS degeri 1.2'ler
yerine 1.5-1.6 seviyesinde, TB periyodu da 1.0-1.2
s’'lerde oOnerilebilir ki bu degerler yonetmeligin
Gzerinde kalmistir. Ayrica 2 farkli senaryo icin farkh
periyotlarda spektral ivme 2.5g¢ ve 2.9g
seviyelerindedir bu da bu periyotlara yakin hakim
periyotlardaki binalarin 0.45g’lik bir ivmeyi nedenli
Yiksek

periyotlarin sismik davranisinin eksik hesaplanmasi

blylik hissedeceklerinin gostergesidir.
cok kath yapilara gelecek dinamik yiklerin yetersiz
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modellenmesi sonucunu dogurmasi nedeniyle,
yapisal kusurlardan bagimsiz olarak yikicihigin biyik
olmasinin  ana  etkenlerinden  biri  olarak
gorilmektedir. Parametrik calismalarin giktilari belli
oranda sahaya 0zel davranislarla dogrulanarak

standart haline getirilmelidir.
Tiirkoglu Ornegi:

Son olarak da igeriginde hi¢ kum barindirmayan
disik plastisiteli silt ve kil baskin bir zemin icin
Sekil 12'de
sunulmustur. Buradaki temel hedef kum baskin ve

yapilan analiz sonuclari asagida

kil baskin davranislarin ne kadar degistiginin altinin

gizilmesidir.
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Sekil 12. Tirkoglu Ornegi icin Farkli Analizlerle Elde Edilen Yiizey Spektral ivmeleri
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Diger profillere gére daha ylksek kayma dalga hizina
ve rijitlige sahip bir zemin ic¢in bile orta-ylksek
periyotlarda yonetmelikten bilylk degerler elde
edilmistir. Lineer olmayan analizler plato spektral
ivmesi bakimindan givenli tarafta olmakla beraber
yine vyiksek periyotlar 4-5 tane senaryo
yonetmelikten yliksek degerlerle tasarim spektrasini
glvensiz hale getirmislerdir. Esdeger lineer analiz
sonuglari  dastnildiginde  ise  yonetmelik
tarafindan onerilen kisa periyot spektral ivmesi de
analiz sonuglarinin altinda kalmistir. Yine hakim
periyodu ylksek binanlar icin eksik sismik tasarim
olarak degerlendirmek mumkiin olacaktir. 3 farkh
nokta i¢in yapilan analizlerin sonuglari sadece ilgili

noktalarin yansitmakta olup

genellestirilemez. Bunun yaninda arazi
gozlemleriyle analiz sonucglarinin  oOrtlistiglt de

yadsinamaz bir gercek olarak ortaya ¢cikmistir.

6. Sonuglar ve Tartisma

Bu calisma kapsaminda 6 Subat depremleri
sonrasinda sahaya 6zel analizlerle hasarin ve yikimin
ne kadar biyldk oldugunu tahmin edebilme
kapasitesi arastirilmistir. Her tirlG statik-sismik
tasarim i¢in yonetmelik genel bir standart
sunmaktadir. Depremlerin yikicihginin azaltiimasina
bir katki saglamak amaciyla depremden etkilenen 3
farkli  bolgeden

bilgilerine dayanarak sahaya 6zel analizler yapilmis

alinan  sondaj-sismik  6lglim
ve su sonuglara ulasiimistir.

e Sivilasma potansiyeli olan zeminlerde,
sahaya 0Ozel analizlerin 6nemli oldugu ve
zemin iyilestirmesi yapilmadan bu sahalarda
yapilasmanin olmasinin deprem hasari ve
yikicthgr  bakimindan  biyik  olacagi
beklenmelidir. Doygun gevsek kumlu veya
siltli kumlu zeminlerde ozellikle sivilasma
potansiyeli arastiriimalidir.
e Tasarimin spektrumunu olusturan ana
parametreler (Sps, Ta ve Tg) hesaplanirken
parametrik/istatiksel yaklasimlarin yaninda

sahaya 0zel analizlerle dogrulanmaldir.

e Hasarin blylmesi ve yikici hale gelmesinin

temel unsurlarindan biri yerel zemin
Ozelliklerine bagli olarak ortaya ¢ikan zemin
blyltmesi kavramidir. Analiz sonuglarina
tasarimin

gore 2 farkh zeminde de

spektrumunun  onerdigi kisa  periyot

spektral ivmesi eksik kalmistir.

e Zemin bilylUtmesi sonucu ortaya cikan diger
bir 6nemli sonu¢ da tasarim sag uc¢ kose
periyodunun sahaya ait sonuglara gore
disik kalmasi ve orta-yiksek hakim

periyoda sahip binalarin sismik
tasarimlarinin eksik hesaplanmasi sonucunu

dogurmaktadir.

Son olarak zeminin dinamik davranisi ve sahaya 6zel
davranis analizi sismik tasarimda onemlidir ve ilgili
bilim dallarinin disiplinler arasi galisarak deprem
kurulma c¢alismalarinin

direncgli yapilar/kentler

yapilmasi elzemdir.
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Oz

Bu ¢alismanin amaci, tekstil endistrisinde yaygin olarak kullanilan bir boyarmadde olan Reaktif Mavi 21
(RM21)’'in atik sulardan adsorpsiyon yontemiyle uzaklastiriimasinda kaolin yiizeyine dekore edilmis
bakir katkili ginko oksit nanokompozitinin adsorban olarak kullanilabilirli§inin arastiriimasidir.

Anahtar kelimeler Adsorpsiyon (izerine, baslangic RM21 derisimi, adsorban miktari, sicaklik ve adsorpsiyon denge siresi
Adsorpsiyon; Boyar gibi cesitli deneysel parametrelerin etkileri incelenmistir. Adsorpsiyon verileri gesitli adsorpsiyon
madde; Reaktif Mavi  jzoterm modelleri ve kinetik modelleri kullanilarak degerlendirildi ve RM21 boyar maddesinin kaolin

21; Bakir Oksit; Cinko  yiizeyine dekore edilmis bakir katkili cinko oksit nanokompozitine adsorpsiyonunun en iyi Redlich-
Oksit; Kaolin Peterson izoterm modeline uydugunu ve adsorpsiyon kinetigininin ise yalanci ikinci derece kinetik
esitligini takip ettigi bulunmustur. AG®, AH® ve AS° gibi termodinamik adsorpsiyon parametreleri de
hesaplanarak adsorpsiyon isleminin endotermik ve istemli oldugu tespit edilmistir. Bu g¢alismanin
sonuglari, RM21 boyarmaddesinin sulu ¢6zeltilerden uzaklastiriimasinda kaolin ylizeyine dekore edilmis

bakir katkili ¢cinko oksit nanokompozitinin etkili bir adsorban olarak kullanilabilecegini gostermistir.

Adsorption, Kinetics and Thermodynamics of Reactive Blue 21 Textile
Dyestuff Using Copper Doped Zinc Oxide Nanocomposite Decorated on
Kaolinite Surface

Abstract
The aim of this study is to investigate the potential use of copper-doped zinc oxide nanocomposites
decorated on kaolinite surfaces as an adsorbent for the removal of Reactive Blue 21 (RM21), a

commonly used dye in the textile industry, from wastewater via the adsorption method. The effects of
Keywords various experimental parameters such as initial RM21 concentration, adsorbent dosage, temperature,
Adsorption; Dyestuff;  and adsorption equilibrium time on the adsorption process were examined. The adsorption data were

Reactive Blue 21; evaluated using various adsorption isotherm and kinetic models, and it was found that the adsorption
Copper Oxide; Zinc of RM21 dye onto the copper-doped zinc oxide nanocomposite decorated on kaolinite surfaces
Oxide; Kaolinite followed the Redlich-Peterson isotherm model and the adsorption kinetics followed a pseudo-second-

order kinetic equation. Thermodynamic adsorption parameters such as AG®, AH®, and AS° were also
calculated, and the adsorption process was found to be endothermic and spontaneous. The results of
this study demonstrate that copper-doped zinc oxide nanocomposites decorated on kaolinite surfaces
can be effectively used as an adsorbent for the removal of RM21 dye from aqueous solutions.

© Afyon Kocatepe Universitesi.
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1. Giris

Son yillarda, hizli nifus artisi ve sanayilesmenin

ilerlemesi, c¢evre Uzerinde olumsuz sonuglar

dogurmakta ve dogal kaynaklarin tikenmesine yol
acmaktadir. Sanayilesmenin bir sonucu olarak
bircok kirletici tirliniin ¢cevreye salinmasi ¢evrenin
kalitesini dlsurmistlr. Endistriyel atiklar, atik

sular, agir metaller, yapay tarimsal giibreler,

deterjanlar, pestisitler ve tekstil endistrisinde
kullanilan boyarmaddeler dogal dengeyi bozan
bircok faktorler arasindadir (Markandeya et al.
2022, Velusamy et al. 2021, Xu et al. 2020, Mia et al.
2019). Tekstil

renklendirmek icin boyarmaddeler kullanmakta ve

endustrileri, nihai  Grinlerini
blylk miktarlarda organik madde ve renk iceren
atiklar Gretilmektedir (Lellis et al. 2019). Karmasik
aromatik yapilara sahip bu maddelerin varhg
azaltarak sulu ortami

fotosentez aktivitesini

olumsuz etkilemektedir.  Ayrica, bu aromatik

bilesiklerin ¢ogu cilt tahrisine ve solunum
problemlerine neden olmakta ve insanlarda kanser
ile hiicre mutasyon risklerini de artirmaktadir. Bu
sebeple, boyarmadde iceren atik sular, cevreye
atilmadan o6nce etkin bir aritma isleminden
gecirilmesi gerekmektedir (Al-Tohamy et al. 2022,

Hassan and Carr 2018).

Reaktif boyarmaddeler tekstilde, basta selilozik
lifler olmak Gzere, yiin, ipek ve poliamid gibi bircok
lifin renklendirilmesinde kullanilan bir boyarmadde
Yiksek
yontemleri ve gorlnir spektrumda tim renkleri
basarili  bir  sekilde reaktif
boyarmaddeleri seliilozik lifler grubunun en 6nemli

sinifidir. hasliklari, kolay uygulama

verebilmeleri

Uyesi olan pamuk lifinde ©One ¢ikarmaktadir
(Ozdemir ve Tutak 2016). Reaktif boyarmaddeler,
pamuk lifinde 6zellikle yikama hasligl basta olmak
Uzere iyi hashk ozellikleriyle birlestiren dnemli bir
boyar madde sinifi  olarak  gorilmektedir.
Boyarmadde molekilinde bulunan fonksiyonel
gruplar ile seliilozik lif Gzerindeki hidroksil gruplar
arasinda bir kovalent bag olusmaktadir. Boyar
maddeler boyama ortaminda bulunan su molekdli
ile hidroliz lifleri

reaksiyonu vererek boyama

yetenegini kaybetmektedir ve bu durum reaktif
boyarmaddelerin en Onemli dezavantaji olarak
gorilmektedir (Ghaffar et al. 2019, Bamfield 2001,
Broadbent 2001).

CaoH25CuNg0O14Ss formiiliine sahip Reaktif Mavi 21
(RM21)
optimum ¢éziinirliik ve uzun raf dmri gibi 6zellikleri
sebebiyle tekstil
kullanilmaktadir (Aksu ve Isoglu 2007, Vaghela and
Nath 2020). Oldukga
nedeniyle RM21 boyarmaddesinin yapisini bozmak
tekstil
endustrilerinden su kaynaklarina karismasi, biyolojik

boyar maddesinin ylksek kararhlk,

endlstrisinde yaygin olarak

kararli aromatik vyapisi

zordur. RM21 boyarmaddesinin ¢esitli

olarak bozunmamalari, toksisiteleri ve
mutajenlikleri nedeniyle ciddi bir endise haline gelir.
Boylece canlilarin 6limiine neden olacagl igin
ekosisteme zarar verir. RM21 boyasinin kimyasal

yapisi Sekil 1'de gosterilmistir (Ahmad et al. 2019).

0 N
n = 2\ I J X 9
NaO-S—— | N—Cu—N | —S —NHCH:SO.CH:CH:0H
TR ’ Pl
(0] \ / o}
N NS N
\ /
\|/

0=8=0

ONa
Sekil 1. RM21 boyasinin kimyasal yapisi

Atik sulardan boyarmaddelerin uzaklastiriimasi igin
pithtilasma/flokilasyon, membran filtrasyonu, ters
ozmoz, foto bozunma, ozonlama ve adsorpsiyon gibi
birgok yontem kullanilmaktadir (Liu et al. 2019,
Bilinska et al. 2019, El-Bindary et al. 2016, Luo et al.
2022, Kiziltas 2022, Tekin et al. 2020). Belirtilen bu
yontemlerin bazi avantajlari ve dezavantajlari
bulunmaktadir. Bu yéntemler arasinda adsorpsiyon,
uygulanabilirligi kolay, yiksek verimli, diger
geleneksel yontemlere gére daha zahmetsiz, diislik
maliyetli ve ¢evre dostu olmasi sebepleriyle en ¢ok
tercih edilen yontemdir (Senthil Rathi ve Senthil

Kumar 2021, De Gisi et al. 2016).
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Boyar maddelerin adsorpsiyon yontemi ile atik

sulardan  giderimi  i¢in bircok  adsorban
kullanilmaktadir. Aktif karbon, aliimina, zeolitler ve
silika jel ticari olarak kullanilan bazi adsorbanlardir.
Bu tlr adsorbanlarin adsorpsiyon kapasiteleri

beklentileri karsilamasina ragmen hem yiksek
adsorpsiyon kapasitesine sahip hem de dusuk
maliyetli adsorban malzemeler gelistirme ihtiyaci
hala bulunmaktadir. Bu sebeple bircok arastirma
gurubu bu alandaki laboratuvar ¢alismalarini devam
ettirmektedir (Hamad and Idrus 2022, Nasar and
Mashkoor 2019, Bayramoglu et al. 2020, Zhou et al.
2019, Yagub et al. 2014). Son zamanlarda, kiguk
parcacik boyutuna, bliylik ylizey alanina ve c¢ok
sayida aktif merkez sayisina sahip nanoyapili metal
oksitlerin adsorban olarak kullanilmasina yonelik
calismalar git gide artmaktadir (Sun et al. 2012,
Naseem and Durrani, 2021). Kil, zeolit, aktif karbon,
destek

ylzeylerinde dekore edilen nanometal oksitler

grafen ve karbonnanotlip gibi cesitli
kullanilarak elde edilen adsorbanlarin bu vyolla
adsorplama kapasitesi arttirilmistir (Kibanova et al.
2012, Alswat et al. 2022, Pala et al. 2022, Gan et al.
2019). Elde edilen bu nano metal kompozitlerin
sinerjik etkisinden o6tird, bireysel metal oksitlere
nispeten daha yiksek adsorpsiyon kapasitesilerine
sahip oldugu gorilmistir (Eskandari et al. 2021,
Ayanda et al. 2013, Lu ve Chiu 2006). Kadmiyum
sulfir, tungsten trioksit, titanyum oksit ve g¢inko
oksit gibi nanometal oksitler, disik maliyetleri,
ylksek ytzey alani, iyi kararhhklari, az toksisiteleri,
uzun siire bozulmadan kalabilmeleri ve miikemmel
adsorpsiyon kapasiteleri nedeniyle
nanokompozitlerin sentezinde en yaygin olarak
tercih edilen metaloksitlerdir (Mahmood 2022,
Patra et al. 2022, Chandrabose et al. 2021, Binaeian
et al. 2020, Stengl and Kr alov’a 2011, Muthuvela et

al. 2020).

killer
nanokompozit sentezinde yaygin olarak kullanilan
baslica desteklerdir (Ewis et al. 2022, Fadillah et al.
2020). Kaolin, oldukga termik karaliliga, iyi bir yiizey

Kaolin, bentonit ve montmorillonit gibi

alanina ve tabakalali yapiya sahip olmasindan dolayi
kil destekli nanokompozitlerin sentezinde tercih
edilen 6nemli bir kil tiriidir. Nanometal oksitlerin

kaolin ylizeyinde dagilimiyla; nanoyapilarin saf

haline nispeten gerek agregasyonlarinin ve parcacik

boyutlarinin  azalmasi gerekse destek olarak
kullanilan kaolinin uygun bir ylizey saglamasindan
otliri elde edilen kaolin destekli nanokompozitlerin
adsorpsiyon kapasiteleri artmaktadir (Khan et al.

2015, Rind et al. 2023).

Bu calismada kaolin ylizeyine dekore edilmis bakir
katkili ¢cinko oksit nanokompoziti kullanilarak tekstil
sanayisinde kullanilan RM21 boyar maddesinin
adsorpsiyon yontemi ile giderimi aragtiriimigtir.
Baslangi¢c boyar madde derisimi, adsorban miktari,
sicaklik ve temas siresi gibi cesitli parametreler ile
RM21 boyar maddesinin giderilmesi i¢in en uygun
sartlarin belirlenerek adsorpsiyon izotermi, kinetik
edilerek

ve termodinamik verileri elde

degerlendirilmistir.
2. Materyal ve Metot

2.1. Materyal

Adsorpsiyon calismalari icin boyar madde olarak
Reaktif Mavi 21 (Sigma-Aldrich) kati formda ve toz
halinde alinmistir. Belirli derisimlerde boyarmadde
¢Ozeltileri hazirlamak icin stok ¢dzeltiler kullanilarak
gerekli seyreltmeler

yapilmistir. Cozeltiler

hazirlanirken de-iyonize su kullaniimistir.

2.2. Kaolin yiizeyine dekore edilmis bakir katkili
ZnO nanokompozitinin iiretilmesi

Adsorban olarak kullanilan kaolin yizeyine dekore
edilmis bakir katkili ZnO nanokompoziti, birlikte
¢coktirme metodu ile hazirlanmistir ve sentez

yontemi oOnceki c¢alismamizda ayrintih  olarak

verilmistir (Keles Gliner ve Caglar 2020).
2.3. Adsorpsiyon Calismasi

Daha oOnce (retilen kaolin ylizeyine dekore edilmis
bakir katkili ZnO nanokompoziti Gzerinde RM21
boyar maddesi i¢in gergeklestirilen adsorpsiyon
deneyleri manyetik karistiricida homojen karisim
saglanarak yapilmistir (Keles Glner ve Caglar 2020).
Temas sliresinin belirlenmesi icin ayni baslangi¢
RM21 derisimi (25mgL?), adsorban miktari (30mgL
1) ve sicakliktaki (25°C) boyar madde ve adsorban
farkh erlenler icerisine konularak kendi pH’sinda
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(pH7) manyetik karistiriciya yerlestirilip  belirli
zaman araliklarinda (0-120 dakika) boya derisimi
Olgiimleri UV-Vis spektrofotometre (PG Instruments
T80+) ile

belirlenmesinin

yapimistir. Denge slresinin

ardindan, adsorpsiyon
deneylerinde, baslangic RM21 derisimi, adsorban
miktari ve sicakhk gibi parametrelerin etkisi
arastirilmistir. Spektrofotometrik okumalar RM21
boyar maddesinin maksimum dalga boyu olan 666
nm’ de absorbans degerleri olgilerek yapilmistir.
Cozeltide kalan boyar madde miktarlarinin tespit
edilmesi amaci ile belirli derisimlere karsilik gelen
absorbans degerlerinin cizildigi kalibrasyon egrisi
kullanilmistir. Adsorpsiyon deneylerinde baslangig
boyar madde derisimleri 15, 25 ve 35mgL™* olarak,
adsorban madde miktar 5, 10, 15, 20, 25, 30 ve35
mgL? olarak, sicaklik calismalari ise 25, 35 ve45°C
olarak calisiilmistir. Deney esnasinda belirlenen
zaman araliklarinda numune alinmis ve 5000rpm’de
3 dakika santrifj edilerek partikillerin karisimdan
Daha

spektrofotometrede RM21 derisiminin belirlenmesi

ayrilmasi  saglanmistir. sonra oOrnekler
icin analiz edilmistir. Numunelerin alinmasi ve
analizleri sistem dengeye ulasincaya kadar devam

etmistir.
% Giderim ve denge adsorpsiyon kapasitesi
Denklem (1) ve (2) kullanilarak hesaplanmistir

(Kumbhar et al. 2022).

YGiderim = “"C;Ce)xmo (1)

e

Co—Ce
qe= Dy (2)

burada Co ve Ce (mgL?) sirasiyla RM21 boyasinin
baslangi¢ ve denge derisimleri, V (L) ¢ozelti hacmi ve
M (g) adsorbanin kitlesidir.

2.4. Karakterizasyon

Sentezlenen numunenin karakterizasyon kismi daha
onceki yayinimizda detayli bir sekilde incelenmistir
Caglar  2020). RM21
boyarmaddesinin adsorpsiyonundan sonraki

(Keles  Guner ve

SEM-EDX ve FT-IR analizleri alinmistir. Bolim
3.5 te yorumlanmistir. Numunelerin SEM/EDX

analizleri alan emisyon taramali elektron

mikroskobu (Quanta FEG 450-FEl) kullanilarak, FTIR
6700
spektrofotometre ile 4 cm™ ¢dzinurlikte 4000-400

spektrumlari ise  Thermo Nicolet

cm™ bélgesinde dlculmustir.
3. Bulgular ve Tartisma

3.1. Adsorpsiyon Parametrelerinin Etkisi
3.1.1. Adsorban Miktarinin Etkisi

Kullanilan adsorban miktarinin RM21 boyasinin
giderimi Uzerinde blylk etkisi vardir. Adsorban
25 mglL! baslangic RM21
derisiminde, 25°C sicaklikta, adsorban miktarinin 5

miktarinin  etkisi
mgL? ila 35 mgL? araliginda degistigi ortamlarda
incelenmistir. Elde edilen sonuglar Sekil 2’'de

verilmistir.

Sekil 2’de gorildigi gibi, adsorban miktari arttikca
boyar madde giderim orani da kademeli olarak
artmaktadir. 5 mgL? adsorban kullanildiginda RM21
giderimi %16,1 iken; miktar 35mgL™"e cikarildiginda
RM21 giderimi %97,2 olarak elde edilmistir.
Kullanilan adsorban  miktarinin  artirilmasiyla
adsorpsiyonda etkili ylizey aktif merkezlerinin sayisi
da artacagindan adsorbanin birim kitlesi basina
adsorplanan boyar madde miktari da artmaktadir
(Sekil 2).
artmasi ile boyanin neredeyse tamamina yakininin
kinetik ve

Adsorban miktarinin 35 mg’a kadar

giderilmesi sebebiyle, daha sonraki
termodinamik calismalarinin daha verimli devam
etmei amaciyla adsorplayici miktari olarak 30 mgL™?

secilmistir.
100
80
60
£
I
T 40+
(U]
=S
20
0 i
—=— 35 mgL"'—e— 30 mgL" 25 mgL-'—»— 20 mgL"!
15 mgL'—<— 10 mgL"' 5 mgL"!
T T T T T
0 20 40 60 80 100
Siire (dak)

Sekil 2. Kaolin ylizeyine dekore edilmis bakir katkili ginko
oksit nanokompozitinin RM21 gideriminde adsorban
miktarinin etkisi
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3.1.2. Baslangic RM21 Boyar Madde Derisiminin
Etkisi

Baslangic RM21 derisiminin etkisini arastirmak
amaciyla, ¢ozelti pH'inda (pH 7), adsorban miktari
30 mglL?, sicaklik 25°C, baslangic RM21 derisimleri
15, 25 ve 35 mgL? ile bir seri deney yapilmis ve
sonuglar Sekil 3'de verilmistir.
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Sekil 3. Kaolin ylizeyine dekore edilmis bakir katkili ginko
oksit nanokompozitinin RM21 gideriminde boyar madde
derigiminin etkisi

Baslangi¢c boya derisim miktarinin artmasi, kaolin
ylzeyine dekore edilmis bakir katkili ¢inko oksit
nanokompozit yizeyindeki tutunma kapasitesinin
diismesine boylece giderimin azalmasina sebep

olmustur (Kul et al. 2022). Baslangic boya
derisiminin 35  mgLden 15  mglL'ye
disdridlmesiyle, RM21'in giderimi, %73,1'den

%96,2'ye (Sekil 3) artmistir. Bu durum, artan boya
derisimiyle adsorban ylizey aktif merkezlerinin isgal
edilmesinin artmasi sonucu adsorpsiyon miktarinin

azalmasi ile iliskilidir. Buna ilaveten, ¢ozelti
icerisinde artan boyarmadde derisimi
boyarmaddelerin  agregasyonuna, dolayisi ile

adsorpsiyon alanlarindaki baglanma kapasitesinin
azalmasina sebep olurken, disiik boyar madde
derisimleri, boya molekillerinin birbirleri ile
etkilesimde bulunmamasi nedeniyle ylizey kitle
olmasina ve boyanin

transferinin  yliksek

adsorpsiyonunun  hizla  ilerlemesine  sebep
olmaktadir (Demir ve Kalpakl, 2020). Baslangi¢
boyar madde miktarinin 15 mg'a azalmasiyla
boyanin tamamina yakininin giderilmesi sebebiyle,

daha sonraki kinetik ve termodinamik ¢alismalarinin

daha
boyarmadde miktari olarak 25 mgL? secilmistir.

verimli  yUratilebilmesi  icin  baslangi¢

3.1.3. Sicakhgin Etkisi

Sicaklik, adsorpsiyon sirecini etkileyen en dnemli
faktorlerden biridir. Sicakliktaki degisiklik, kirletici
maddenin sudaki ¢ozUnarlGgind etkiledigi gibi
kirleticinin giderilme miktarini da etkiler. RM21
giderimi Uzerine sicakhgin etkisini belirlemek
amaciyla, adsorban miktari 30 mgL? ve baslangic
boya derisimi 25 mgL! olarak ayarlanmis ve
adsorpsiyon giderimi farkli sicaklklar (25, 35 ve

45°C) i¢in incelenmistir (Sekil 4).
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Sekil 4. Kaolin ylizeyine dekore edilmis bakir katkil ¢inko
oksit nanokompozitinin RM21 gideriminde sicakhgin
etkisi

Sekil 4' te gorildigi gibi, RM21 boyar maddesinin
kaolin ylzeyine dekore edilmis bakir katkili ginko
oksit
kapasitesi artan sicaklikla artmistir; bu durum sulu

nanokompozitin  (izerindeki adsorpsiyon
¢Ozeltiden kaolin ylizeyine dekore edilmis bakir
katkili cinko oksit nanokompozit ylizeyine RM 21
boyar maddesinin adsorpsiyonunun endotermik bir
sire¢ olabilecegini gostermistir (Bensalah et al.
2021). 90 dakikada, boya giderim verimi 25°C'de
%86,22 45°C'de  %97,61'e
gorilmektedir.

iken, yukseldigi

3.2. Adsorpsiyon izotermleri

Hem teorik hem de pratik agidan 6nemli olan
adsorpsiyon izotermleri, sabit sicaklikta adsorbe
edilen bir maddenin miktari ile denge ¢ozeltisindeki
derisimi arasindaki iliskiyi ortaya koyar. Genel
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olarak, adsorpsiyon izotermi, adsorbatlarin
adsorbanlarla nasil etkilesime girdigini agiklar. Bu
nedenle, denge verilerinin teorik veya deneysel bir
denklemle korelasyonu, bir adsorpsiyon sisteminin
pratik tasarimi ve calismasi i¢in esastir (Karaoglu et
al. 2009, Alkan et al. 2005). Birgok izoterm modeli
vardir ve bu calisma icin, Langmuir, Freundlich,
Temkin, Jovanovich, Halsey ve Redlich-Peterson

izoterm modelleri segilmistir.
3.2.1. Langmuir izotermi

Langmuir izotermi, adsorban ylizeyinin es deger
aktif merkezler icerdigi varsayimiyla ve tek tabakal
homojen adsorpsiyonu aciklamak igin tiiretilmistir.
Langmuir adsorpsiyon izoterminin
dogrusallastirilmis matematiksel formu asagidaki
sekilde ifade edilir (Kiglk 2021, Zheng et al. 2013).
1 1

Z—: =i Cet — (3)
Burada, Ce/qe degerinin, C. degerine gore degisimi
grafige gegcirilerek, qm grafigin egiminden, K, ise y
eksenini kestigi noktadan hesaplanir (Sekil 5a). K.
degeri Langmuir sabitini (L.mg?), qm blyuklGgi ise
adsorbanin tek tabaka kapasitesini ifade eder.

Langmuir modeline gére RM21 boyar maddesinin
kaolin yuzeyine dekore edilmis bakir katkili ginko
oksit nanokompozite adsorpsiyonunda korelasyon
katsayisi (R*) 0,9994 olarak hesaplanmistir ve gm
adsorpsiyon tek tabaka kapaitesi 40,48 mg.g? ve
Langmuir izoterm sabiti K. degeri ise 2,35 olarak
bulunmustur (Cizelge 1). Yapilan deneysel calismada
en yiiksek adsorpsiyon kapasitesi 25°C’de 5mglL?
kaolin ylzeyine dekore edilmis bakir katkili cinko
oksit nanokompozit icin 90. dakikada 40 mg.g*
olarak tespit edilmistir. Bu durum Langmuir
izoterminin tahmin ettigi maksimum adsorpsiyon
kapasitesinin deneysel c¢alisma ile uyum icinde
oldugunu ortaya koymustur (Bayramoglu et al.
2009).

Adsorpsiyonun elverisliligini bulmak icin boyutsuz R,
(dagilma) sabiti hesaplanir (Esitlik 4). Ri>1 olmasi
elverisli olmayan, Ri=1 olmasi lineer, 0<R.<1 olmasi
elverisli ve Ri=0 olmasi ise tersinmez adsorpsiyonu
gosterir (Sari ve Soylak 2006):

_ 1
1+K;Co

(4)

R,

Burada, R, dagilma sabitini, ifade eder.

Elde edilen R, degerleri, 15-35 mgL™'lik farkli boya
derisimleri icin 0.92-0.98 araligindaydi; bu durum,
RM 21 boyarmaddesinin kaolin ylizeyine dekore
edilmis bakir katkili ¢inko oksit nanokompozit
Uzerine elverisli adsorpsiyonunu gosterir.

3.2.2. Freundlich izotermi

Freundlich izotermi, aktif bolgelerin heterojen
dagilimini varsayar ve ¢ok katmanl adsorpsiyonu
destekler (Kalam et al. 2021). Freundlich izoterm
modeli dogada ampiriktir ve buna goére, daha giglu
baglanma bolgeleri 6nce isgal edilir ve artan site

isgal miktari ile baglanma kuvveti azalir. Freundlich

denkleminin lineer formu asagida verilmistir
(Kumbhar et al. 2022, Ncibi et al. 2007):

Ing, = InKy +~InC, (5)
Inge’'nin  InCe’ye karsi degisimi Sekil 5b'de

gosterildigi gibi grafige dokilmesiyle, egimden n,
dogrunun y eksenini kestigi noktadan da Kg bulunur.
Ke cok katmanli adsorpsiyon kapasitesiyle ilgilidir.

degisen n
adsorpsiyon yogunlugunu belirtir. “n” degerinin 1’

Adsorbanin heterojenligiyle

den kigik olmasi g¢alisilan derisim arahginda

adsorpsiyon yogunlugunun uygun oldugunu, “n”
degerinin 1’ den bliylk olmasi ise ¢alisilan ve daha
Ustlindeki derisimler icin adsorpsiyon yogunlugunun
daha uygun oldugu anlamina gelmektedir. 1/n
heterojenite faktortdir ve 0-1 araliginda degerler
alir. Yazey ne kadar heterojense, 1/n degeri o kadar
sifira yakin olur (Eren et al. 2010). Birin altindaki 1/n
degeri, normal bir Langmuir izotermini gosterirken,
birinin  Gzerindeki

1/n degeri ise kooperatif

adsorpsiyonun gostergesidir (Alkan et al. 2005).

RM21 boyarmaddesinin kaolin yilizeyine dekore
edilmis bakir katkili ¢inko oksit nanokompozitine
adsorpsiyonunda elde edilen sonuclar Cizelge 1'de
verilmistir. 0,0452 olarak elde edilen 1/n degeri,
kompozitin ylzey heterojenligini ifade eder.
Korelasyon katsayilarina (R?) bakilirsa gerceklesen
Freundlich izotermine

adsorpsiyonun nazaran
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Langmuir izotermine daha iyi uyum sagladigini
gostermistir (Nandi et al. 2009, Rais 2009).

3.2.3. Temkin izotermi:

Temkin izotermi, ¢Ozelti igerisindeki  tiim

dikkate alinarak
gelistirilmistir ve asagidaki sekilde ifade edilir

molekillerin  adsorpsiyon isisi

(Zewde ve Geremew 2022).
ge = R;—TanT + Rb—TlnCe (6)

Sekil 5c'de gosterildigi gibi ge degerinin InCe
degerine gore degisim grafigi cizilerek, egimden b ve
dogrunun grafigin y eksenini kestigi noktadan Kr
degerleri elde edilir. Burada T, sicakhk (K), R,
evrensel gaz sabiti (J.mol'K?), b adsorpsiyon
entalpisi (J.mol?) ve Ky, denge baglama sabitidir (L.g"

Y,

Bir adsorpsiyon isleminde, adsorban yizeyindeki
tutunma arttik¢a adsorban molekdllerinin reaksiyon
1sisi dogrusal olarak azalir. Bu durum adsorban ve

adsorban  molekilleri  arasindaki  etkilesimler
nedeniyle olur. Bu izoterm modelinin
kullanilmasinin sebebi, adsorpsiyon reaksiyonu

sirasindaki 1s1 dislisiini belirlemektir. Bu izoterm
modeli, reaksiyonun baglanma enerjisinin tahmin
edilmesini saglar (Demir et al. 2022). Cizelge 1'de
0,9337 R? degerlerinden géruldugi gibi, Temkin
izoterm modeli RM21 boyarmaddesinin kaolin
yuzeyine dekore edilmis bakir katkili ginko oksit
nanokompozitine adsorpsiyonu icin adsorpsiyon

1sisi diislisiini tanimlamada kullanighdir.
3.2.4. Jovanovich izotermi:

Jovanovich izotermi, Langmuir izotermine benzer
olarak tek tabakali bir adsorpsiyonu tanimlar fakat
Langmuir izoterminde olmayan adsorbat ve
adsorban arasindaki etkilesimlerin de 6nemli oldugu

varsayllmaktadir (Kietbasa et al. 2021, Saloglu 2019).

Jovanovich izoterminin lineer formu asagida
verilmistir:
Ing, = In g, — K;C, (7)

Sekil 5d'de gosterildigi gibi
degerine gore degisim grafigi cizilerek, egimden K,

Inge degerinin Ce

ve dogrunun grafigin y eksenini kestigi noktadan gm
degerleri elde edilir. Burada K;, Jovanovich sabitini,
Om, adsorbanin maksimum adsorpsiyon tek tabaka
kapasitesini ifade eder.

Cizelge 1. Kaolin ylizeyine dekore edilmis bakir katkih
¢inko oksit nanokompozit adsorpsiyonu igin izoterm
parametreleri (Sartlar; temas siresi: 90 dakika, baslangi¢
boyar madde derisimi: 25mgL%, adsorban miktari: 30mgL’
! sicaklik: 25°C).

Model Parametre Deger
Qm 40,48
Langmuir K 235
R. 0,94

R? 0,9994

1/n 0,0452

Freundlich n 22,12
Ke 34,48

R2 0,942

b 1477,1

Temkin Kr 7,78x108

R? 0,9337

K, -0,0071

Jovanovich Om 35,02

R? 0,9441

n 22,12

Halsey Ku 9,57x1035

R? 0,942

B 0,9548

Redlich-Peterson A 34,48

R? 0,9999

Bu modelin fiziksel adsorpsiyondaki uygulamasi
sinirlidir. Bu model, mobil ve tek tabakal yizeylerde
adsorbat molekiilleri arasinda gergek etkilesimlerin
Adsorbat
doyma noktasina ulasmak

olmadigi durumlarda uygulanabilir.

derisimi ylksekse,
mimkin olabilir. Ote yandan, disiik adsorbat
derisimlerinde, bu model Henry yasasina indirgenir.
Langmuir modeli ile karsilastirildiginda, Jovanovich
modeli doygunluga daha yavas bir yaklasim
sergilemektedir (Al-Ghouti ve Da’ana 2020). 0,9441
gibi  RM21
boyarmaddesinin kaolin ylizeyine dekore edilmis
bakir  katkil oksit

adsorpsiyonu Jovanovich modeli ile

R? degerinden de goérildigi

¢inko nanokompozitine
verileri

eslesmistir.
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3.2.5. Halsey izotermi:

Halsey izoterm modeli, ¢ok katmanh adsorpsiyon

isisinin - Uniform olmayan bir sekilde dagildigi
heterojen ylizeyler icin uygundur (Gholitabar ve

Tahermansouri 2017). Halsey izoterminin lineer

sistemini degerlendirir ve ylizeyden nispeten bilyuk formu:
bir mesafede yogunlasmasini tanimlar. Halsey ) 1
modeli, Freundlich izoterm modeline benzer  INge =_In Ky + ;lnc—e (8)
sekilde, ¢ok katmanli adsorpsiyon ve adsorpsiyon
0.6 = N
Langmuir 370 4 Freundlich
1 |
051 3.68 =
0.4 4 3.65—_
3.64
% 031 ..'f 3.62
o = ] m
0.2 3.60
3.58
0.14 ] u
3.56
0.0 a) ase] M b)
lIJ é 1I0 1I5 2I0 25| -0I.5 OTD OTS 1:0 1:5 2!0 2f5 3:0 3.5
C, In(C,)
41 T
Temkin 3.70 J Jovanovich
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o] 4
E 362
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|
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-3.04
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Sekil 5. Farkli izoterm modellerinin lineer ¢izimleri (a) Langmuir (b) Freundlich (c) Temkin (d) Jovanovich (e) Halsey (f)

Redlich- Peterson.

Sekil 5e'de gosterildigi gibi Inge degerinin In 1/Ce
degerine gore degisim grafigi cizilerek, egimden n ve

dogrunun grafigin y eksenini kestigi noktadan Ky
degerleri elde edilir. Burada Ky ve n Halsey izoterm
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sabitleridir ve hesaplanan degerler freundlich
izotermine benzer sekilde 0,9441 R? korelasyon
katsayisi ile Cizelge 1’de gosterilmistir. Halsey ve
Freundlich izoterm modelleri, diger izoterm
RM21 boyarmaddesinin

kaolin ylzeyine dekore edilmis bakir katkili g¢inko

modellerine nispeten,

oksit nanokompozitine adsorpsiyonu icin verileri
makul 6l¢lide iyi yorumlayamamistir. Bu sebeple,
Halsey ve Freundlich modellerinin ¢ok katmanli
adsorpsiyon varsayimi, ¢alisilan derisim araliginda
deney ile uyum icinde degildir.

3.2.6. Redlich — Peterson izotermi

Redlich — Peterson izotermi, hem Langmuir hem de

Freundlich izotermlerini kapsayan melez bir
izotermdir. Adsorpsiyon mekanizmasi ideal bir tek
katmanli adsorpsiyon mekanizmasini izlemez. Bu
izoterm hem homojen hem de heterojen
ortamlarda calisir (Simonic et al. 2022). Redlich —
Peterson izoterminin lineer formu:

ln% = BInC, — InA (9)
Sekil 5f'de gosterildigi gibi InCege™ degerinin In Ce
degerine gore degisim grafigi cizilerek, egimden B ve
dogrunun grafigin y eksenini kestigi noktadan A
degerleri elde edilir (Cizelge 1). A degeri Redlich —
Peterson izoterm sabiti, B ise Redlich — Peterson
izoterminin 0 — 1 arasinda degisen Ustel degeridir.
Redlich — Peterson izotermi disik derisimde
Langmuir'e  yaklasirken,  yiksek  derisimde
Freundlich'e yaklasir (EI-Desouky et al. 2021, Haladu
2022). 0,9999 R? korelasyon katsayi degerlerinden
gorildugl gibi, Redlich — Peterson izoterm modeli
RM21 boyarmaddesinin kaolin ylizeyine dekore
edilmis bakir katkili g¢inko oksit nanokompozitine
adsorpsiyonunu en iyi agiklayan izoterm modelidir.
Tim uygulanan izotermlerin R?* degerleri
karsilastirildiginda, Redlich-Peterson > Langmuir >
Jovanovich > Freundlich = Helsey > Temkin oldugu
gorilmastiir. Hem Langmuir hem de Redlich-
Peterson'in RM21 boyarmaddesinin kaolin yiizeyine
dekore bakir  katkil oksit

edilmis ¢inko

nanokompozitine adsorpsiyonunu deneysel
verilerini temsil etmek igin en uygun izoterm
oldugunu dogrular. Bu durum, Langmuir izoterm
modelinden hesaplanan gm ve deneysel olarak elde
edilen ge degerlerinin uyumlu olmasi ile de
desteklenmektedir. RM21 boyarmaddesinin kaolin
ylzeyine dekore edilmis bakir katkili ¢inko oksit
nanokompozitine dogrusal olmayan modeller
kullanilarak, tek tabakal adsorpsiyonununun daha

iyi gerceklestigi belirlenmistir.
3.3. Adsorpsiyon Kinetigi

Adsorbat gideriminin gergeklestigi mekanizmayi
bilmek icin kinetik calismalar 6nem arz eder.
Adsorpsiyon prosesinin hizina etki eden adsorpsiyon
basamaklarinin ortaya konulmasi igin 6énemli bir
asamadir (Kumbhar et al. 2022, Ozdemir 2015).
Deneysel sonuglar, yalanci birinci dereceden, yalanci
ikinci dereceden, pargacik i¢i diflizyon ve Elovich
kinetik modellerine gore calisiimistir.

2.6.1. Yalanci Birinci Derece Kinetik

Yalanci birinci dereceden kinetik model Lagergren
tarafindan gelistirilmistir ve asagidaki gibi ifade
edilir (Lagergren 1898, Nazifa et al. 2017):

In(q. — q¢) = Inq, — k4t (10)

Burada, q:, herhangi bir anda adsorbanin birim
kitlesi basina adsorplanan madde miktari (mgg?),
ki, Yalanci birinci derece kinetik hiz sabiti (dak?), t,
temas suresidir. Sekil 6a’da gosterildigi gibi, In(qe-q:)
degerinin slireye gore degisim grafigi cizilerek grafik
yardimiyla k; ve teorik q. degerleri elde edilir. Hiz
sabiti k; egimden, teorik ge ise dogrunun grafigin y
eksenini kestigi noktadan hesaplanmistir.

Hiz sabiti, maksimum adsorpsiyon kapasitesi ve
korelasyon katsayisi degerleri Cizelge 2 ve 3'de
gosterilmektedir. Bunlar, Sekil 6a'da gosterildigi gibi
In(ge-qt) ile temas siresi grafigi cizilerek elde
edilmistir.
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Sekil 6. Kinetik modeller (a) Yalanci birinci dereceden (b) Yalanci ikinci dereceden (c) Pargacik igi diftizyon (d) Elovich.

Cizelge 2 ve 3'te, Yalanci Birinci Derece Kinetik

(mg/g)
degerlerinin birbiriyle Ortismedigi aciktir. Ayrica

modeli icin hesaplanan ve teorik qe
korelasyon katsayisi (R?) degerleri Yalanci ikinci
Derece Kinetik modele nazaran dusiktir, bu da
adsorpsiyon verilerinin, Yalanci birinci dereceden
kinetik modeline k6t uyum sagladigini géstermistir.

2.6.2. Yalanci ikinci Derece Kinetik

Yalanci ikinci dereceden kinetik model asagidaki gibi
ifade edilir (Saeed et al. 2022).

t 1 t
=—+— 11
a:r k9% qe (11)

Burada, k;, yalanci ikinci derece kinetik hiz sabitidir
(dak). Sekil 6b’de oldugu gibi, tg:* degerinin siireye
gore degisim grafigi cizilerek grafik yardimiyla k; ve
teorik qe. degerleri elde edilir. Teorik ge egimden, ka
ise dogrunun grafigin y eksenini kestigi noktadan
hesaplanir.

Hiz sabiti, maksimum adsorpsiyon kapasitesi ve
korelasyon katsayisi degerleri Cizelge 2 ve 3'de
gosterilmistir.

Cizelge 2 ve 3’ten goruldugi gibi yalanci ikinci
dereceden kinetik korelasyon katsayilari tim
adsorban miktarlari ve baslangic boyar madde
derisimlerinde ~0.999 olarak belirlenmistir. Ayrica
deneysel calisma ile elde edilen g. degerleri ile
teorik olarak elde edilen q. degerlerinin benzer
olduklari tespit edilmistir. Yapilan ¢alismanin yalanci
ikinci dereceden kinetik model ile uyum igerisinde

oldugu kanitlanmistir.
2.6.3. Partikiil ici Difiizyon

Weber ve Morris tarafindan onerilen partikdl igi

diftizyon modeli, adsorpsiyonun adsorbat
molekiillerinin adsorban Uzerine kutle transferi
yoluyla gerceklestigi esasina dayanir. Bu denklemin

lineer formu asagidaki denklemde oldugu gibi yazilir
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(Weber ve Morris 1963, Baldermann and Stamm
2022, Demir et al. 2022).

qe = kgt +C (12)

Burada, ki, hiz sabiti, C, sinir tabaka kalinligi
hakkinda bilgi veren model sabitlerdir. Sekil 6c’de
gosterildigi gibi, q: degerinin Vt' ye gore degisim
grafigi cizilerek grafik yardimiyla kig ve C degerleri
elde edilir. kig eg§imden, C ise dogrunun grafigin y
eksenini kestigi noktadan hesaplanir.

Sekil 6¢’ de, yedi derisimin hepsi icin, grafikler iki

adimh ¢oklu dogrusallik gostermistir. Dogrusal

¢izimin ilk kismi, sinir tabakasi diflizyonuna, ikincisi

ise partikdl ici difizyona ve kimyasal reaksiyona
atfedilir. Her iki egim cizgisinin orjinden gegmemesi,
film diflizyonu ve partikdl ici difizyonun ayni anda
meydana geldigini gbstermistir (Nandi et al. 2009,
Gad ve El Sayed 2009).

Cizelge 2 ve 3'de sekil 6c’de ki dogrulardan elde
edilen kig1, kigz, C1 ve C; sayisal degerleri verilmistir.
Bu degerlerden, adsorpsiyonun ilk adimi olan sinir
tabakasi diflizyonunun, ikinci adim olan partikil igi
difizyon adimina nazaran daha hizli (kisi>kiq2) ve
daha (C1<Cy)  gergeklestigi
gorilmektedir.

nispeten kolay

Cizelge 2. Kaolin yilizeyine dekore edilmis bakir katkil ¢inko oksit nanokompozit adsorpsiyonu igin kinetik

parametrelerinde adsorban miktarinin etkisi (Sartlar; temas siresi: 90 dakika, baslangi¢c boyar madde derisimi: 25mgL"

1 sicaklik: 25°C).

Adsorban Madde Miktari

Kinetik Parametreleri

5mg 10 mg 15 mg 20 mg 25 mg 30 mg 35mg
Deneysel
de 40 39,55 38,8 38,13 37,01 35,82 34,62
Degerler

k1 0,0556 0,061 0,0574 0,0632 0,0628 0,058 0,0619
Yalanci Birinci Derece Qe 24,86 27,06 25,75 26,87 21,33 21,58 20,42
R? 0,9787 0,9742 0,9738 0,986 0,9687 0,9769 0,9803
k2 0,0047 0,0050 0,0048 0,0049 0,0074 0,0060 0,0069
Yalana ikinci Derece Qe 42,19 41,67 40,98 40,32 38,46 37,59 36,23
R? 0,9997 0,9998 0,9998 0,9998 0,9999 0,9999 0,9999
Kia1 2,2993 2,2163 2,2432 2,4187 1,815 2,034 1,9638
C1 22,676 22,907 21,839 20,446 23,775 20,859 20,497
R? 0,9916 0,9702 0,9714 0,9636 0,8851 0,9726 0,966

Partikiil igi Diflizyon
kiaz 0,5142 0,5176 0,5324 0,3479 0,3414 0,4296 0,2645
C 35,112 34,709 33,785 34,85 33,812 31,762 32,109
R? 0,9991 0,9644 0,9888 0,9958 0,9704 0,9965 0,9962
a 233,13 275,77 196,89 156,59 1143,15 317,35 411,99

Elovich B 0,21 0,21 0,21 0,20 0,27 0,24 0,26

R? 0,9765 0,9783 0,9795 0,961 0,9296 0,9679 0,9522
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Cizelge 3. Kaolin ylizeyine dekore edilmis bakir katkih
cinko oksit nanokompozit adsorpsiyonu icin kinetik
parametrelerinde baslangic RM21 boyar madde derisimi
etkisi (Sartlar; temas slresi: 90 dakika, adsorban
miktari:30mgL?, sicakhk: 25°C).

RM21 Miktan
Kinetik Parametreleri
15mg 25mg 35mg
Deneysel
Qe 23,98 35,82 42,63
Degerler

ks 00622 0,058 0,0537

Yalanci Birinci Derece  ¢e 15,49 21,58 25,86
Rz 0,9839

0,9769 0,9735

k20,0087 0,0060 0,0044

Yalanci ikinci Derece Qe 25,25 37,59 45,04

RZ 0,9999 0,9999 0,9999
kier 1,5071 2,034 2,4531
C: 13,145 20,859 24,129
R 09651 0,9726 0,9842
Partikil igi Diflizyon
kiz 0,2319 0,4296 0,6788
C; 21,79 31,762 36,215
Rz 0,9958 0,9965 0,9957
o 133,88 317,35 261,87
Elovich B 0,34 0,24 0,19

RZ 0,9508 0,9679 0,9728

2.6.4. Elovich Kinetik Model

Genellikle heterojen adsorpsiyon ylizeylerine sahip
sistemler icin gegerli olan Elovich denklemi, kimyasal
adsorpsiyon sirecini acgiklamak icin yaygin olarak
kullanilmaktadir (Boulika, et al. 2022). Elovich
denklemi:

1 1
qs = Eln(a,[?) + Elnt (13)
Burada, a, ilk adsorpsiyon hizi, B, desorpsiyon

sabitidir. Sekil 6d’de oldugu gibi, q: degerinin Int’ ye
gore degisim grafigi cizilerek grafik yardimiyla a ve B

degerleri elde edilir. B egimden, a ise dogrunun
grafigin y eksenini kestigi noktadan hesaplanir.

Yapilan izoterm g¢alismalarinda en iyi uyumu Redlich-
Peterson izotermi gostermistir. Bu izoterm disik
derisimlerde galismamizda da oldugu gibi Langmuir
izotermine

indirgenirken ylksek derisimlerde

Freundlich izotermine indirgenmektedir. Ayrica
Freundlich izoterminde bulunan sifira yaklasan 1/n
degeride kompozitimizin ylzey heterojenligini isaret
etmistir. Bu bilgiler 1s18inda Elovich kinetik modelin
uygulanmasina karar verilmistir. Elovich denklemi,
reaksiyon sirasinda aktivasyon enerjisinde biiyik
degisiklikler olan siiregleri iyi tanimlayabilen ampirik
bir denklemdir (Xu et al. 2023). Sekil 6d de
goraldiga gibi elovich kinetik model grafigi, partikdl
ici diftizyon model grafigine benzerdir. Bu uyum,
farkli diflzyon asamalarina karsilik gelen coklu
tanimlanabilecegini

dogrusal segmentlerin

ispatlamistir (Viana et al. 2023).
Cizelge
parametreleri a ve B degerleri ile korelasyon

2 ve 3’te Elovich kinetik denklem

katsayilari (R?) verilmistir. Cizelge 2 ve 3’te verilen
korelasyon katsayilari (R?) karsilastirildiginda RM21
boyarmaddesinin kaolin ylzeyine dekore edilmis
bakir  katkili oksit
adsorpsiyonunun kinetik uyumu yalanci

¢inko nanokompozitine
ikinci
derece > Partikiil ici Difiizyon > Yalanci Birinci

Deerce > Elovich olarak tespit edilmistir.
3.4. Adsorpsiyon Termodinamigi

Adsorpsiyon termodinamigi, adsorpsiyon isleminin
sonucunda elde edilen entalpi, entropi, serbest
enerji degisimi ve denge sabiti buyukliklerinin
vasitaslyla incelenir. Bu termodinamik parametreler
asagidaki esitliklerde gosterilmistir (Haladu 2022,
Bensalah et al. 2021).

AG® = —RTInK, = AH® — TAS® (14)
Ca

KC = C_e (15)

Ik, =2 -2 x1 (16)

Burada, AG®, standart Gibbs serbest enerjisi; T,
Sicaklik (K); K. adsorpsiyon denge sabiti; AH°,
standart entalpi; AS°, standart entropi degerlerini
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ifade etmektedir. AH® ve AS° sirasiyla, sekil 7a’da
gosterilen InK/ye karsi TVnin grafiginin egiminden
ve dogrunun y eksenini kestigi noktadan hesaplanir.

4.2
4.0+
3.8 1
3.6
34+

X 32

e

3.0

28

26+

244

2.2-a) e

000315 000320 000325 000330  0.00335
T (1/K)

41

404

39 4

38

374

36 4

35

b)

295

T T T T T T T

300 305 310 315
Sicaklik (K)

320

Sekil 7. RM21 boyarmaddesinin kaolin yiizeyine dekore edilmis bakir katkili ¢inko oksit nanokompozit Uzerine
adsorpsiyonunda; a) Sicakligin adsorpsiyona etkisi (b) In (kc)’ ye karsi 1/T grafigi

Tum sicakliklarda elde RM21 boyar maddesinin
kaolin yuzeyine dekore edilmis bakir katkili ¢inko
oksit nanokompozitine adsorpsiyonu icin Gibbs
serbest enerjileri (AG®) Cizelge 4'te listelenmistir.
AG° degerleri tim sicakliklarda negatif bulunmus ve
negatif bu RM21
boyarmaddesinin kaolin yiizeyine dekore edilmis
bakir  katkili oksit
adsorpsiyonunun kendiliginden olustugunu
dogrulamistir (Chowdhury et al. 2011). Sicakhk
yukseldikce AG®'In mutlak degerinin artmasi, RM21

bulunan degerler,

ginko nanokompozitine

boyarmaddesinin kaolin ylizeyine dekore edilmis
bakir katkili ¢cinko oksit nanokompozit Uzerindeki
afinitesinin yliksek sicaklkta daha ylksek oldugunu

RM21
ylzeyine dekore edilmis bakir katkili ¢inko oksit

gostermistir. boyarmaddesinin  kaolin
nanokompozitine adsorpsiyonunun artan sicaklikla
arttigr Sekil 7b'de gosterilmistir (Chowdhury et al.
2011, Kumbhar et al. 2022). AH'In pozitif degeri,
adsorpsiyon
dogrulamistir (Kaveeshwar et al. 2018). AS°'in pozitif

isleminin  endotermik  oldugunu

degeri, RM21 boyarmaddesinin kaolin yUlzeyine

dekore edilmis bakir katkih  ¢inko  oksit
nanokompoziti icin  afinitesi  oldugunu ve
adsorpsiyon sirasinda  kati-gozelti arayiiziinde

dlzensizligin arttigini yansitmistir (Naseem et al.
2021)

Cizelge 4. 25-35-45 °C i¢cin RM21 adsorpsiyon kinetigi sayisal verileri.

Termodinamik Sabitleri

Sicakhk Ink AG° AH° AS°
n
(K) ¢ (Jmol?) (mol?)  (Jmol'K?)
298,15 2,317 -5566,56 69054,42 250,28
30 mg Adsorban
308,15 3,004 -7829,276
25 mg RM21
318,15 4,073 -10774,91
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3.5. Adsorpsiyon Sonrasi SEM-EDX ve FT-IR
Verilerinin Degerlendirilmesi

RM21 boyarmaddesinin kaolin ylizeyine dekore
edilmis bakir katkili ¢inko oksit nanokompozit
Gzerine adsorpsiyonu sonrasi SEM-EDX spektrumlari
ve FT-IR spektrumlari sirasiyla Sekil 8 ve Sekil 9’da
verilmistir. Adsorpsiyon sonrasi SEM gorintilerinde
kaolin yizeyine dekore edilmis bakir katkili ¢inko
oksit  nanokompozitin yapisinin
degismedigi, kaolin tabakalari Gzerinde bakir katkil
¢inkooksit nanogubuklarinin varligi gorilmektedir
(Keles Giiner ve Caglar 2020). EDX spektrumunda Si,
Al, O ve K elementleri kaolinden, Cu, Zn ve O
elementleri bakir katkili ¢cinko oksitten, C, N, O, Cu
ve S elementlerinin varlig ise adsorbe olan RM 21
(Keles

morfolojik

boyarmaddesinden  kaynaklanmaktadir

Gliner ve Caglar 2020).

Kaolinin 3688, 3648 ve 3618 cm™¥deki IR bandlari
yapisal hidroksillerin gerilmesinden, 935, 910 ve 788

Intensity (a.u.)

cm¥deki IR bandlar ise yapisal hidroksillerin
egilmelerinden, 1024 ve 996 cm™¥de gicli IR
bandlar Si-O-Si gerilmelerinden, 750, 641, 523 ve
456 cm™Vdeki IR pikleri Si-O, Al-O-Si ve Si-O-Si egilme
titresimlerinden, 475cm™Ydeki pik ise bakir katkili
¢inko oksitin metal-oksijen gerilmesinden
kaynaklanmaktadir (Keles Glner ve Caglar 2020).
RM21 boyar maddesinin adsorpsiyonundan sonra
boya molekilinden kaynaklanan IR pikleri
gdzlenmistir (Sekil 9b). 3690 ve 3620 cm™Vdeki pikler
RM21’in O-H gerilmelerinden, 3446 cm™Ydeki pik
RM21’in O-H ve N-H gerilmelerinden, 3020 cm ™Y’ deki
omuz piki RM21’in aromatik C-H gerilmelerinden,
2923 ve 2852 cmYdeki pikler RM 21’in alifatik C-H
gerilmelerinden, 1650, 1453 ve 1384 cm™deki pikler
ise RM21’in aromatik halka titresimleri ve C-H

egilmelerinden kaynaklanmaktadir (Sekil 9b).

Element Weight % Atomic % Net Int
QKed. cK 2008 2095 022 981 d)
(NK 108 13 13 1789
Al Ka oK 4534 5077 22012 843
CAK m3 78 201 52
SiK 127 719 20847 493
C Kal S R G
K L sk 012 0o 22 2148
S La KK 066 03 1056 947
5 ok a1 an s
Si b
Zn Lo ZnK 541 148 19.45 517
cult Cu KB1
ula s Kp1 K Ka Cu Ka
S Ka K KB1 Zn Ka
Lhu 1 Kk kp 2 Zn KB1
1] 1.8 3.6 5.4 7.2 9.0
Energy (keV)

Sekil 8. RM21 boyarmaddesinin kaolin yiizeyine dekore edilmis bakir katkili ¢inko oksit nanokompozit Uzerine

adsorpsiyonu sonrasi; a-b-c) SEM gorintuleri, d) EDX verileri
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Sekil 9. RM21 boyarmaddesinin kaolin ylizeyine dekore
edilmis bakir katkili ¢inko oksit nanokompozit lizerine
adsorpsiyonu éncesi (a) ve sonrasi (b) FT-IR spektrumlari

4. Sonug

Kaolin yizeyine dekore edilmis bakir katkili ¢inko
oksit nanokompoziti bu ¢alismada RM21 boyasini su
basariyla
deneylerinden elde

ortamindan uzaklastirmak icin

kullanilmistir.  Adsorpsiyon
edilen sonuglar, RM21 boyarmaddesinin kaolin
yuzeyine dekore edilmis bakir katkili ginko oksit
Redlich-

Peterson izotermi tarafindan daha iyi agiklandig

nanokompozitine adsorpsiyonunun,
bulunmustur. izotermlerin RM21 boyarmaddesinin
kaolin ylzeyine dekore edilmis bakir katkili cinko
oksit
korelasyon

nanokompozitine adsorpsiyonununu

katsayilarina  (R?) gdére  uyum

siralamasinin  Redlich-Peterson > Langmuir >
Jovanovich > Freundlich = Helsey > Temkin oldugu
Kinetik  ¢alismalara

adsorpsiyon sureci, yalanci ikinci derece kinetik

tespit  edilmistir. gore,
modele 0,9999 korelasyon katsayisi (R?) ile uyum
saglamistir. AG®, AH® ve AS° degerleri adsorpsiyon
isleminin uygun, endotermik ve kendiliginden
oldugunu gosterir.

RM21'u atik sudan uzaklastirmak icin kaolin

ylzeyine dekore edilmis bakir katkil ¢inko oksit

nanokompozitini kullaniminin etkili bir adsorban
secimi oldugu sonucuna varilmistir.
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Bu calismada, Regine Transfer Kaliplama (RTM) yontemiyle Uretilmis cam fiber takviyeli kompozit

plakalarda elyaf agirhginin ve jelkotun mekanik 6zelliklere etkisi incelenmistir. Ug farkli laminasyon plani
ve bu planlarin jelkotlu halleri kullanilmistir. Numunelerin incelenmesi igin gcekme testi, (ic nokta egme
testi ve Barcol sertlik testleri yapilmistir. Laminasyon planlarinda 300 g/m2, 450 g/m2, 600 g/m?2 olmak
Uzere 3 farkh agirlikta elyaf kullanilmistir. Ayrica laminasyon arasinda 180 g/m?2 ve 250 g/m?2 polipropilen

Anahtar kelimeler
Kompozit Malzeme;
Laminasyon Plani;
Mekanik Ozellikler;
RTM Metodu

képik malzeme kullaniimistir. Her laminasyon icin bir jelkotlu, bir jelkotsuz plaka Gretilmistir. Uretim
sonunda kalinliklari 2.5 — 3.2 mm arasinda degisen 6 plaka retilmistir. U¢ nokta egme ve ¢ekme testi
icin 10’ar numune kesilmistir, Barcol sertlik testi plaka Uzerinde 5 noktadan alinmistir. Testler
sonucunda elyaf agirhginin artmasiyla mukavemet degerlerinin arttigl, uzama degerlerinin azaldig
gozlemlenmistir. Her laminasyonun jelkotlu hallerinde %5 - 15 araliginda mekanik Ozellik dislisi
gbzlemlenmistir.

The Effect of Gelcoat and Lamination Plan on Mechanical Properties of
the Final Product in RTM Method

Abstract

This study investigated the effect of fiber weight and gelcoat on the mechanical properties of glass fiber-
reinforced composite plates produced by Resin Transfer Molding (RTM). Three different lamination

plans and gelcoat versions of these plans were used. Tensile test, three-point bending test and Barcol

Keywords hardness tests were performed to examine the samples. Fibers of 3 different weights, 300 g/m?2, 450
Composites; g/m?, and 600 g/m?2, were used in the lamination plans. In addition, 180 g/m? and 250 g/m?
Lamination Plan; polypropylene core material was used between lamination. One gelcoat and one non-gelcoat plate
Mechanical Properties;  were produced for each lamination. At the end of the production, 6 plates with thicknesses ranging
RTM Method from 2.5 mm to 3.2 mm were produced. For the three-point bending and tensile test, 10 samples were

cut each, the Barcol hardness test was taken from 5 points on the plate. As a result of the tests, it was
observed that the strength values increased and the elongation values decreased with the increase in
fiber weight. A decrease in mechanical properties in the 5 - 15% range was observed in the gelcoat
versions of each lamination.

© Afyon Kocatepe Universitesi

1. Girig havacilik, enerji, otomotiv ve birgok alanda sundugu
avantajlar ile 6n plana ¢ikmaktadir (Falaschetti et al.
2020). FRP’ler sagladiklari; hafiflik, Gstiin mekanik
ozellikler, korozyon 6zellikleri ve tasarim 6zgirlugi

Fiber takviyeli plastikler (FRP), sert cam fiber takviye
ve slinek polimer matristen olusan kompozit
malzeme tirleridir (Santa et al. 2016). FRP’ler uzay,
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ile diger malzeme tirlerine karsi blylk avantaj
sunmaktadir. Ayrica lretimsel olarak metal veya
diger kompozit pargalarla iyi yapisabilme kabiliyeti
bilyiik avantajlarindan bir baskasidir (Baumann et al.
2022).

Recine Transfer Kaliplama (RTM), karmasik yapilara
sahip kompozitlerin Uretilmesini saglamaktadir
(Optiz et al. 2019). RTM, gliniimiiziin en umut verici
RTM;

yiksek mekanik performans, kiiclik boyut toleransi,

kompozit Uretim yontemlerinden biridir.

yanmazlk ve vyiksek ylzey kalitesi avantajlari
saglamaktadir (Saad 2023). RTM; distlik viskoziteye
sahip (<1 Pa.s), bir reginenin, disi-erkek kapali bir
kalba yerlestirilmis kuru preform haline getirilmis
takviyelere; duslk basing ve disik akis hizinda
enjekte edildigi sivi kompozit lretim yontemidir.
Enjeksiyon  asamasi  tamamlandiktan  sonra,
polimerizasyon siireci baslar ve islem bitince kalip
acllarak parga cikartilir (Laurenzi and Marchetti

2012).

RTM  dretim oncesinde

yapilmasi; nihai sekle yakin karmasik pargalarin

slreci tasarmin iyi
Uretilmesini saglar ve orta hacimli miktarlar igin

uygun maliyetli yapisal parcalarin Uretilmesini
saglar.

Ozellikleri sayesinde metal vyapilara 6zgiu olan

Bu avantajlara ek olarak, iyi yapisma

baglanti sorunlari olusmaz (Poodts et al. 2014,
Goumghar et al. 2022).

Yapisal parga Uretiminde 6zellikle son yillarda gevre
sorunlarinin 6n plana alinmasiyla; hafiflik, malzeme
israfinin azaltiimasi gibi etkenler tasarimlarda
belirleyici faktor olmustur (Miranda et al. 2022).
Laminasyon planinin optimizasyonu, bu 6zelliklerin
en iyi sekilde saglanmasi icin kilit rol oynamaktadir.
Laminasyon planini  etkileyen 4 parametre
bulunmaktadir. Bunlar; 1) 6rgli hammaddesi, 2)
katman sayisi, 3) 6rgi yogunlugu, 4) 6rgi deseni’dir

(Cristian et al. 2011).

Lee (2021) farkh
laminasyonlarda testler yapmislardir. Laminasyon

¢ahismalari sirasinda

planina ekstra farkli yoénlenmedeki bir elyaf
katmaninin eklenmesi mekanik 6zellikleri olumlu

anlamda gelistirmistir.

Katman sayisi optimizasyonunun, mekanik 6zellikler
acisindan bilyiik 6neme sahip oldugunu Sakin (2021)
¢alismasinda gostermistir. Optimum laminasyon
sayisl ve yonlenmesini calisma sonucunda ortaya
¢cikarmistir.

Davallo ve Pasdar (2009) farkl elyaf oranlarinin RTM
ve el yatirmasi yonteminde parg¢anin mekanik
ozellikleri Gzerine etkisini arastirmislardir. Bu
¢alisma icin farkh laminasyonlar kullanmislardir ve
RTM parcalarinda elde edilen cekme mukavemetleri
laminasyon planina gore + %30 degismektedir. Bu
da bize

gostermektedir.

laminasyon planinin onemini

Reddy vd. (2012) farkli laminasyon planlarinin
bosluk ve ag vyapisina etkisini incelemislerdir.
Laminasyon optimizasyonunun bosluk geometri ve
sayisini degistirdigini godzlemlemisler, bunun da

mekanik anlamda etkisini incelemislerdir.

Khalil vd. (2009) cam ve dogal fiberler ile hibrid
takviye edilmis FRP parcanin farkli laminasyonlarda
mekanik 6zelliklerinin  degisimine bakmuslardir.
Farkh laminasyonlarda egme mukavemetleri 100
MPa ile 250 MPa arasinda degismektedir.

Bu calismada RTM {retim yonteminde farkli

laminasyon planlarinin etkisiyle mekanik
ozelliklerin, agirhgin nasil degistigi ve jelkotun
parcanin mekanik o6zellikleri (izerine etkisi olup

olmadigi incelendi.

Bu c¢alisma sonucunda (retilecek FRP parganin
ozelliklerini en optimum dizeye getirebilmek icin
laminasyon planlarinin ve jelkotun parga Uzerinde
etkisini  analiz  ederek  mekanik  o6zellikleri
iyilestirmeyi ayrica uygun laminasyon plan secimiyle
malzeme israfini azaltma

beraber amacimiz

bulunmaktadir.
2. Materyal ve Metot

2.1 Malzeme

FRP Uretimi icin RTM yontemi tercih edilmistir.
Dislik viskoziteli doymamis polyester regine, teknik
detaylari Cizelge 2’de verilmis olan elyaflar ile 6 ayri
parca olarak 1 Bar enjeksiyon basinci ve 400 mbar
vakum basinci altinda Uretilmistir. Uretim sonrasi
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60°C’de 4 saat kiirleme islemi yapilmistir. Ug farkli
elyaf laminasyonunda bir tane jelkot uygulamasi
yapilmis, bir
yapilmigtir.

tane vyapilmamis olarak (retim

Cizelge 1. Numunelerde kullanilan regine, jelkot, elyaf ve
Uretimde kullanilan parametreler

Plaka No  Jelkot Uygulamasi Elyaf Tipi
1 Yok 300M* / 180PP* / 300M
1-GC* Var 300M / 180PP / 300M
2 Yok 450M / 180PP / 450M
2-GC Var 450M / 180PP / 450M
3 Yok 600M / 250PP / 600M
3-GC Var 600M / 250PP / 600M

*GC; jelkot uygulamasi yapilmis plakayi ifade etmektedir.
*Elyaf tipi stitununda M; kege elyafi, PP; polipropilen képugl ifade
etmektedir.

Cizelge 2. Kullanilan elyaflarin teknik 6zellikleri

Plaka No Elyaf Agirlik Dikis Agirhg
1,1-GC  300M / 180PP /300M 790 g/m? 10 g/m?
2,2-GC  450M / 180PP/450M 1161 g/m? 11 g/m?
3,3-GC 600M / 250PP / 600M 1459 g/m? 9 g/m?

JELKOT
300M
300M 300M
1-GC

ELKOT
450M
450M 450M

|
2-GC
|

ELKOT

3-GC

waH I‘\JII HII

Sekil 1. Elyaf laminasyonlarinin sematik gésterimi

2.2 RTM Prosesi

RTM prosesi bes temel asama icermektedir, bunlar;
1) Takviye Yerlestirme, 2) Kalip Enjeksiyonu, 3)
Polimerizasyon, 4) Kirleme, 5) Sogutma ve Son
islemler’dir (Hillermeier et al. 2013). Sematik
gosterim Sekil 2’de gosterilmistir (Friedrich et al.
2011). RTM, daha dusik Gretim maliyeti, yiksek
kalite ve daha yliksek tiretim hizi gibi 6zelliklerinden
dolayr diger tekniklere goére c¢esitli avantajlara

sahiptir (Asim et al. 2017). Recine, preforma
enjeksiyon sistemi araciligiyla iki kahp arasinda
basing altinda emprenye edilir. Enjeksiyon islemi
sirasinda regine sizintisini 6nlemek igin iki kalp
plakasi sikica kenetlenir (Dai and Fan 2014).
Enjeksiyon sonrasi
kadar
prosesinde

regcine tamamen sertlesene
artar. RTM
icin vakum
destegi kullanilmaktadir. Parga kaliptan g¢ikarildiktan

recine viskozitesi sirekli

islanabilirligi arttirmak
sonra malzemenin sertliginin artmasi icin kirleme
islemine sokulur (Mehdikhani et al. 2018). Kirleme
islemi sonrasi parga cikarilir ve kalip temizlenerek
yeni Uretimlere hazir hale getirilir (Cristian et al.
2011).

Prepare RTM mould
< 6 ) <5 1€,

Dry reinforcement 1 !’
Fabrics

Finished part

.

‘}‘V Z
J (3 4 =§L
2 l\‘ Dt ) | ] ff" 3)

Remove

Preform
Reinforcement

Preform Closure of Resin part
insertion mould injection from mould
to mould

( Diagram courtesy of Dieffenbacher )
Sekil 2. RTM Prosesinin sematik gosterimi

2.3 Testler

20 kN kapasiteli mekanik test cihazinda (Sekil 3.a)
ISO 14125 standardina uygun (¢ nokta egme
testleri, ISO 527-4 standardina uygun sekilde cekme
testleri uygulanmistir. Eme testleri icin 60 x 15 mm
boyutlarinda (Sekil 4), cekme testleri icin 150 x 20 x
10 mm boyutlarinda papyon seklinde 10 adet
numune alinmistir. U¢ nokta egme testinde parganin
orta noktasina yik uygulanarak, malzemenin egme
deformasyonu incelenir. ASTM D2584 standardina
uygun sekilde Barcol cihaziyla (Sekil 3.b) sertlik
testleri yapilmistir.

Sekil 3. a) Mekanik Test Cihazi, b) Barcol Sertlik Cihazi
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Sekil 4. Ug nokta egme testi numune boyutlar
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Sekil 5. Cekme testi numune boyutlari

3. Bulgular

3.1. U¢ Nokta E§me Testi Sonuglari

ISO 14125 standardina uygun sekilde Uretilmis olan,
Sekil 7'de gosterilen numuneler ¢ nokta egme
testine tabi tutulmustur (Sekil 6). Test sonucunda
egme dayanimi, egme kuvveti verilerine ulasiimistir.
Cizelge 3’te veriler verilmistir.

Sekil 6. Ug nokta egme testi

B e e L WA

Sekil 7. Ug nokta egme testi numuneleri

Gizelge 3. Ug nokta egme testi sonuclari

Ortalama Egme

Numune Kalinhk Dayanimi (MPa)
1 2.621+£0.216* 139.124 £5.725
1-GC 3.014 +£0.181 127.980 +7.779
2 2.878 £0.173 172.160 £ 6.070
2-GC 3.068 +£0.103 152.299 + 7.407
3 3.042 +£0.142 244.154 +£12.022
3-GC 3.118+0.121 212.503 £10.570

*Sonuglar numunelerin ortalamasina gore verilmistir. Art1 eksi ile
verilen degerler standart sapma degerleridir.

Sekil  8'de testinden elde edilen

dayanim/uzama sonugclari verilmistir. Metrekare

egme

basina elyaf agirhg arttikca egme dayanimi arttigi,
deformasyonun distigu gortlmektedir.

RTM prosesinde kullanilan elyaflarin ortasinda
recine emip sismesi ve hafiflik saglamasi icin PP
kopiik bulunmaktadir. Ayni kalip icerisinde Gretilen
kalinhk, elyaf agirligina gore
degismektedir. Elyaf agirligi Numune 1’den Numune

FRP pargalarda

2’ye gectiginde %47 artmis olsa da kalinhk artisi
%9’da kalmistir. Bu durum da kalibin regineden gok
elyafla doldurulmasina yol agmis ve mekanik
ozelliklerde artis gézlemlenmistir. Numune 2’den
Numune 3’e gectigimizde ise elyaf agirhgr %25
artmis olmasina ragmen kalinllk %2 oraninda
artmistir. Bunun sebebi ayni RTM kalibini kullaniyor
olmamizdir, kalip kalinhgl zaten belli oldugu igin
Numune 3’in degerleri Numune 1 ve 2'ye oranla
cok daha yiiksek ¢ikmistir. Clnki elyaf agirlig
artisina ragmen kalinlik limitli kalmis ve bu sebepten

parcada elyaf orani artmistir.

Jelkotun parcanin egme Ozelliklerine etkisini
inceledigimizde ise egme dayaniminda her numune
icin yaklasik %10 - 15’lik bir dislis gézlemlenmistir.
Kaliplara Uretim baslamadan 6nce 0,5 mm
kalinliginda jelkot uygulamasi yapilmistir. Parganin
icerisindeki takviyesiz yapi yuzdesinin artmasi da

mekanik 6zellikleri olumsuz anlamda etkilemistir.
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Sekil 8. Egme dayanimi/Deformasyon grafigi

3.2 Cekme Testi Sonuglari
ISO 527-4 standardina uygun sekilde iretilmis olan,
Sekil 11'de gosterilen numunelere c¢ekme testi

yapilmistir - (Sekil 10). Sonuglari Cizelge 4’te
verilmistir.
Cizelge 4. Cekme testi sonuglari
Numune Kalinhk (I));?;:?r?l ((;;[lg:)e
1 2716+ 0.237* 43.198 + 3.068
1-GC 3.114+0.269 40.601 +2.543
2 2.947 + 0.094 58.286 +2.790
2-GC 3.246 +0.243 55.604 +2.696
3 3.177 +0.102 89.168 + 4.398
3-GC 3.271+0.178 83.386 +3.738

*Sonuglar numunelerin ortalamasina gore verilmistir. Art1 eksi ile
verilen degerler standart sapma degerleridir.

Cekme testi sonuglari mekanik degerler olarak egme
testi sonuclariyla ortlismektedir. Elyaf agirliginin
artisi ve limitli kalinlik artisi sebebiyle par¢adaki
takviye orani artmis ve mukavemet degerleri

artmistir.  En iyi  mukavemet 3 ve 3-GC

numunelerinde gézlemlenmistir.

Jelkot, cekme dayanimini Numune 1 ve Numune
2’de %5 - 10 araliginda olumsuz etkilerken, Numune
3’te bu deger %15 seviyelerinde ¢ikmistir.

Cekme Mukavemeti (MPa)
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Sekil 9. Cekme mukavemeti/Yiizde Uzama grafigi

; \ 7 \o
Sekil 10. Cekme testi

Sekil 11. Cekme testi numuneleri
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3.3 Barcol Sertlik Testi Sonuglari

Her numune i¢in ASTM D2584 standardina uygun
sekilde Barcol sertlik 6lciim yapilmis olup sonuclar
Cizelge 5’te verilmistir.

Cizelge 5. Barcol sertlik testi sonuglari

Numune Ortalama Barcol Sertlik
1 62+2.48
1-GC 64 +1.72
2 67 +3.65
2-GC 66 +2.41
3 72+3.54
3-GC 74 £3.82

*Sonuglar numunelerin ortalamasina gore verilmistir. Arti
eksi ile verilen degerler standart sapma degerleridir.

Sonuglara gére numuneler arasinda gozle gorilar bir
fark yoktur. Elyaf agirligi daha yiiksek olan
numunelerde dlgllen sertlikte ortalamalar alininca
kiicuk bir artis s6z konusudur, fakat birbirlerinden
daha distik veya yuksek sertlik sonucu aldigimiz
numuneler de mevcuttur.

4, Tartisma ve Sonug

Alti farkh deney plakasi RTM yontemiyle Uretilmistir.
Bu plakalarin laminasyon plani elyaf agirliklarina
gore degismektedir. Her laminasyon planiigin bir de
jelkotlu  numune dretilmistir. Bu numunelerin
mekanik 6zelliklerinin tayini igin UGg¢ nokta egme
testi, cekme testi ve Barcol sertlik testi
uygulanmistir.  Egme testinde elyaf agirliginin
artmasiyla egme dayanimi artmis, deformasyon
miktari azalmistir. Cekme testindeki sonuglar da
egme testini dogrulamistir. Jelkotlu numunelerde
ise egme ve ¢ekme testlerinde her laminasyon igin
egme dayanimive cekme dayanimi 6zelliklerinde %5
- 15 arasinda disus gozlemlenmistir.

1. Elyaf agirhginin artmasiyla kompozit parganin
egme Ozelliklerinde artis gozlemlenmistir.
Numune 2 ile Numune 1 arasinda egme
dayanimi agisindan ortalama degerler baz
alindiginda %23.7’lik bir fark s6z konusudur. Bu
sonu¢ metrekare basina diisen elyaf agirliginin
artmasina baglanmistir. Numune 3 ile Numune
2 arasinda ise %41.8’lik bir artis vardir. Artisin
Numune 1 ile Numune 2 arasindaki orandan
daha yilksek olmasinin sebebi limitli kalinliga

sahip kalipta kalinhk artisinin ¢cok daha distk
olup, takviyesiz bolimiin daha distk kalmasina
baglanmistir. Egme testinin kompozit
malzemeler gibi katmanl yapilar i¢in en 6nemli
mekanik test oldugunu soyleyebiliriz. Clink Gg
nokta egme testinde parcaya alttan cekme
kuvveti, yukaridan da basma kuvveti
uygulanirken  katmanlar arasinda kayma
gerilmesi meydana gelir. Bunun sonucunda da
laminasyon katlarinin hatalari belirlenir. Egme
testi sonucunda numunelerin kirik yizeylerini
inceledigimizde delaminasyon, islanmama gibi
kritik hatalar gortlmedi.

Elyaf agirhginin  artmasi  parganin ¢ekme
Ozelliklerini de olumlu etkilemistir. Cekme
mukavemeti agisindan Numune 2 ile Numune 1
arasinda %34.9’luk bir artis s6z konusudur.
Numune 3 ile Numune 2 arasinda %106’lk bir
fark bulunmaktadir. Bu ylksek artisin sebebi de
egme Ozelliklerinde oldugu gibi metrekare
basina disen takviye oraninin artisiyla
iliskilendirilebilir. Laminasyon planinin dizgin
belirlenmesi bu konuda ¢ok kritik 6nem arz
etmektedir. Bizim bu calismada incelememis
oldugumuz agirhk konusu da dikkate alinarak
laminasyon plani diizenlenmelidir. Cok kiguk
agirliklarin bile 6nemli oldugu havacilik, uzay
gibi kritik sektorlerde kullanilan kompozit
parcalardaki laminasyon planinda elyaf agirlig,
parca agirhgi, -kullanilacak ise- képik agirhgi,
kat sayisi gibi bircok parametre degistirilerek
optimum sonug elde edilmelidir.

Barcol sertliklerine baktigimizda elyaf agirhig
artan numunelerin ortalama olarak daha yuiksek
sertlik degeri verdigi gorilmektedir. Fakat
numuneler igerisinde sertlikleri digerlerine
yakin numuneler de mevcuttur. Elyaf agirliginin
degistirilmesinin sertlik 6zelligine ciddi bir etkisi
bulunmamaktadir.

Jelkotlu Uretilmis olan numuneler
incelendiginde egme o6zelliklerinde normal
numuneye gore egme dayanimi ozelliklerinde
%10 - 15 diustus gozlemlenmistir. Cekme
ozelliklerinde de ¢ekme dayaniminda %5 - 15
araliginda dusus vardir. Jelkot, polimer esasli bir
malzemedir, takviyesiz bir yapida olmasindan
kaynakh olarak da mukavemeti dusiktir. Bu

777



RTM Yénteminde Jelkot ve Laminasyon Planinin Nihai Uriiniin Mekanik Ozelliklerine Etkisi, Topbasoglu vd.

sebepten dolayl yapida jelkotun bulunmasi
egme dayanimi ve cekme dayanimi gibi mekanik
Ozellikleri olumsuz etkilemektedir. Jelkotun
mekanik 6zelliklere etkisi ile ilgili literatlire bu
konu hakkinda bir katkida bulunuldu. Jelkot
kullanimi, konvansiyonel olarak g6z ardi
edilemeyecek bir durumdur. Jelkotsuz Uretilen
parcalarda boya tutunmasi ve goérsel sorunlar
gorilmektedir. Mekanik ozelliklerdeki dislsu
minimuma indirebilmek icin jelkot uygulamasi
dikkat edilmeli,

kullanimi, sprey kullanimi ve gelismis jelkot

yapilirken kalinliga robot

sistemlerinin kullanimi arttiriimalidir.

Tesekkiir

Yazarlar, Sazcilar Arge Merkezi'ne Uretim ve test
konusundaki destekleri igin tesekkiir eder.
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Pinarbasi Kaynagi Denizli ilindeki yiiksek debili karstik kaynaklardan biridir. Menderes Masifi'nin

Mesozoyik yash rekristalize kiregtaslarindan bosalan ve debisi genellikle 1000 I/s’den fazla olan kaynak

sulamada kullaniimaktadir. Bu galismada Ekim—2017 ve Eylil-2018 arasinda aylik olarak Pinarbasi

Kaynagi'nin debi ve fizikokimyasal kompozisyonundaki degisimler izlenmis ve degerlendirilmistir.

Kaynak bosaliminin analizi, Pinarbasi Kaynagi’'nin geldigi karstik akifer igin, hidrolik iletkenlik katsayisinin

Anahtar kelimeler - L e - L - .
dlsuk-orta, etkin gozenekligin yiksek ve akiferin depolama kapasitesinin buyiik oldugunu, ayni

Karst kaynagi; zamanda kaynak bosaliminin tabaka, kirik ve catlaklar yoluyla gerceklestigini géstermektedir. izleme

Bosalim katsaysi; iyodunda Pinarbasi Kaynag/ Kiik, pH ve elektriksel iletkenlik degerlerindeki degisi |
Hidrojeokimya; periyodunda Finarbagl Kaynagi nin sicaklik, pR ve eleKktriksel lletkenli egerierinaeki aegisim sirasiyla

izotop; 18,6-18,9°C, 7,09-7,42 ve 611-657 uS/cm araliginda olmustur. Kaynagin kimyasal kompozisyonunda

izleme. onemli bir mevsimsel degisim gézlenmemistir. Pinarbasi Kaynagi ve civarindaki sondaj sulari Ca-Mg-
HCO3-S0,4 tipinde iken beslenme alanindaki kaynak sulari Ca-HCOs tipindedir. Pinarbasi Kaynagi'nin
izleme déneminde toplam sertlik degerleri igin elde edilen degisim katsayisi yaygin akimli akifer tipine
isaret etmektedir. izotop (6180, 8D ve trityum) verilerine gére inceleme alani sulari meteorik kékenli ve
nispeten giincel yagislarla beslenen sulardir. Pinarbasi Kaynagi suyu C,S; sulama suyu sinifinda olup orta
akaglama o6zelligindeki topraklarda tiim bitkilerin sulamasinda kullanilabilir. Ancak yiiksek arsenik
miktari nedeniyle icilmez 6zelliktedir.

Assessment of Discharge Hydrodynamics and Hydrogeochemical
Properties of Pinarbasi Karst Spring (Denizli)

Abstract

Pinarbasi spring is one of the high flow karstic springs in Denizli. The source, which is discharged from
the Mesozoic aged recrystallized limestones of the Menderes Massif and whose flow rate is generally
more than 1000 L/s, is used in agricultural irrigation. In this study, monthly changes in the flow rate and
physicochemical composition of Pinarbasi spring between October—2017 and September—2018 were
monitored and evaluated. The analysis of the spring discharge shows that for the karst aquifer from
which Pinarbagi spring comes, the hydraulic conductivity coefficient is low-medium, the effective
porosity is high and the storage capacity of the aquifer is large. During the monitoring period, the

Keywords

Karst spring;

Recession coefficient; h it ¢ H and electrical ductivit | £p b . in th f
Hydrogeochemistry; changes in temperature, pH and electrical conductivity values of Pinarbasi spring were in the range o

Isotope; 18.6-18.9 °C, 7.09-7.42 and 611-657 uS/cm, respectively. No significant seasonal fluctuation was
Monitoring. observed in the chemical composition of the spring. While the borehole waters in and around Pinarbasi
spring are of Ca-Mg-HCO3-SO4 type, the spring waters in the recharge area are of Ca-HCOjs type. The
coefficient of variation obtained for the total hardness values of the Pinarbasi spring during the
monitoring period indicates the diffuse flow—type aquifer. According to the isotope (620, 6D and
tritium) data, the waters of the study area are of meteoric origin and fed by relatively recent
precipitation. Pinarbasi spring water is in C,S; irrigation water class and can be used for irrigation of all
plants in moderately drained soils. However, it is undrinkable due to its high arsenic content.
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1. Giris

GUnlmuzde kuresel 1sinma etkileri ve hizla artan
nifus nedeniyle yeterli miktarda igme, kullanma ve
sulama suyu temininde gigclik yasanmaktadir.
Yeraltisuyu seviyelerinin diismesi, kaynak
debilerinin azalmasi ve antropojenik kirlenme tath
surdirilebilir

su kaynaklarindan yararlanmayi

kisitlayan baslica faktorlerdir. Bu nedenle su

kaynaklarinin hidrojeolojisi, hidrodinamigi,
hidrojeokimyasi ve kirliligi Gzerine yapilan ¢alismalar
daha fazla ©6nem kazanmistir. Su temininde
genellikle yliksek debili olmalari nedeniyle karstik
Ancak
kirlilik

tasiniminin hizh ve kaynak debilerindeki mevsimsel

kaynaklarin  6nemli bir yeri vardir.

karstlasmanin ilerledigi akiferlerde
degisimin fazla olmasi su teminini olumsuz yonde
etkileyebilecek 6gelerdir.

Karstik kaynaklarin bosalim hidrodinamiginin ve su
kimyasindaki degisimlerin bilinmesi ve izlenmesi
kaynak debilerinde ve kimyasal kompozisyonlarinda
gozlenen olasi degisimlerin hangi faktorlere bagli
oldugunu acikliga kavusturacak ve su temini
degerlendirme

calismalarinda  gercek¢i  bir

yapilmasini saglayacaktir. Bu baglamda karst
akiferleri ve kaynaklari Gizerine birgok ¢alisma vardir
(Atkinson 1977, Lopez-Chicano et al. 2001, Ekmekgi
2005, Yiice 2007, Hershey et al. 2010, Gabrovsek et
al. 2011, Bicalho et al. 2012, Kagaroglu 2012, Malik
and Vojtkova 2012, Jemcov 2014, Paiva and Cunha

2020, Celiker et al. 2021).

Pinarbasi Kaynagi Denizli il merkezine 15 km

mesafedeki Honaz vyerlesim  alaninin ~2km
batisinda, aktif Honaz Fayi (izerinde yer almaktadir.
Bir hat boyunca bosalan kaynagin suyu bir havuzda
toplanmakta ve oradan agik kanallarla sulamaya
verilmektedir. Denizli il merkezi icin yaz aylarinda

bazi donemlerde gorilen su sikintisini gidermek igin

Pinarbasi Kaynagi’'ndan da yararlanilmasi
disinidlmektedir. Bu durumda kaynagin
hidrodinamik ozelliklerinin, kimyasal
kompozisyonunun ve bunlarin mevsimsel

degisimlerinin bilinmesi 6nem tasimaktadir. Bu

¢alismanin amaci Pinarbasi Kaynagi'nin bosalim
analizini yaparak akiferin hidrodinamik 6zelliklerini
belirlemek, su kimyasindaki olasi mevsimsel
degisimleri incelemek ve kaynagin suyunun icmeye

uygunlugunu ortaya koymaktir.

2. Materyal ve Metod

Orneklenen sularin fizikokimyasal

kompozisyonlarini ve bu kompozisyonlardaki

mevsimsel  degisimleri  arastirmak  amaciyla
Pinarbasi Kaynagi ve yakinindaki iki sondaj ile
beslenme alanindaki dort kaynaktan yerinde 6l¢im,
ornekleme ve analiz calismasi yapilmistir. Olgiim ve
ornekleme galismasi Pinarbasi Kaynagi'ndan 1 il
boyunca (2018 yili Ocak ve Haziran aylari eksik
olmak Gzere ayhk periyotlarla), diger sulardan Ekim
2017 ve Mayis 2018 olmak lzere iki donemde

gerceklestirilmistir.

Sularin sicakliklari, pH ve elektriksel iletkenlik (Ei)
HACH-LANGE HQ40D model
parametre 6lciim cihaziyla ile 6l¢timustr.

degerleri coklu

Anyon ve katyon (HCOs-, COs?, SO, CI5, NO,
NOs, Br, F, Mg*?, Ca*?, Na*, K*, Li*, NH4*) analizleri
250 ml
yogunluklu polietilen (HDPE) siselere filtre edilerek

icin o6rnek alimi hacmindeki yuksek

(0,45 pm) vyapilmistir. Element analizleri igin
ornekler 100 ml hacimli HDPE siselere filtrelenerek
alinmis ve nitrik asit ilave edilerek pH degerleri 2
veya altina indirilmistir. Durayli izotop (*80 ve 2H) ve
3H analizleri igin su érnekleri sirasiyla 50 ml ve 500
ml hacmindeki HDPE siselere toplanmistir.

Sularin katyon, anyon ve 3H analizleri Hacettepe

Universitesi Su Kimyasi ve Cevresel Trityum
Laboratuvarlari’nda, element analizleri AcmelLab’da
yapilmistir. 80 ve ?H izotop analizleri D.S.i. Genel
Mdadarligu Teknik Arastirma ve Kalite Kontrol
Dairesi Baskanligi (TAKK) izotop Laboratuvari’nda
gerceklestirilmistir. fyon analizlerinde

elekrondtralite hatasi %—2,47 ile %4,87 arasindadir.
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Hidrojeokimyasal degerlendirmeler icin PhreeqC
(Parkhurst and Appelo 1999) yazilimi kullaniimistir.

Pinarbasi Kaynagi'nin hidrodinamik 6&zelliklerini
belirlemek icin kaynaktan Devlet Su isleri Genel
Mudarligi 212. Sube Muddrltagi tarafindan yapilan
aylik debi 6l¢iim degerleri kullanilmistir. Eylil-2017
ve Eyl(il-2018 arasinda 13 aylik periyodu iceren debi
Maillet (1905)

degerlendirilmistir.

degerleri Yontemi'yle

3. Jeoloji

Galisma alaninin temel kayaglarini Likya Naplari,
Menderes Masifi metamorfitleri, Gobecik Tepe
birimi ve Honaz seyli olusturur. Honaz Seyli egemen
olarak koyu mavi — vyesilimsi renkli seyl ve
silttasindan olusur. Kirikli ve kivrimli bir yapiya sahip
olan ve hafif metamorfizma geciren (Okay 1989)
birim olasilikla Permiyen yaslidir (Konak ve Senel
2002).

Menderes Masifi’ne ait birimler yer alir. inceleme

Honaz seyli Uzerinde allokton olarak
alaninda Menderes Masifi Yilanli ve Zeybekolen

Tepe formasyonlari ile temsil edilir. Yilanl
formasyonu gri renkte, genellikle kalin katmanli,
ince taneli rekristalize kirectaslarindan olusur
(Meshur ve Akpinar 1984, Konak vd. 1987, Okay
1989). Gorunir kalinligr yaklasik 1500 metre olan
formasyonun vyasi Ust Kretase’dir (Okay 1989).
Yilanl Formasyonunun (izerine Paleosen-Alt Eosen
yash  Zeybekolen
kirectasi,
kirectasindan olusur ve 1000 metreyi asan goérunur
kalinhiga sahiptir (Okay 1989). Bu kayalar Likya

Naplari’na ait Sandak birimi (Gereme formasyonu ve

Tepe Formasyonu  gelir.

Formasyon, seyl ve rekristalize

Catalca Tepe kirectasi birimi) ve Honaz ofiyoliti

tarafindan nap dokanagi ile (zerlenir. Honaz
DagI’'nin dogu yamacinda goézlenen Ust Triyas-
Kretase yash (Bernoulli vd. 1974, Erakman vd. 1986)
Gereme formasyonu gri, koyu gri, siyah renkli ve
masif-kalin tabakali dolomit, dolomitik kirectasi ve
kirectaslarindan Koyld’'ndn

olusur.  Mentese

glineydogusunda siyah dolomit ve dolomitik
kirectaslari ile kalin jips katmanlari ardalanmahdir
(Giindogan vd. 2008). inceleme alaninin B-GB’sinde
gdzlenen Dogger-Ust Kretase yash Catalca Tepe
kirectas! birimi gri, koyu gri, kalin katmanli—masif
(Okay 1989). Nap

kirectaslarindan  yapilidir

silsilesinin en Ustteki tektonik birimi olan Honaz
ofiyoliti egemen olarak koyu yesil renkli, kismen
serpantinlesmis harzburjitlerle temsil edilir (Okay
1989) ve Kretase yasldir (Glindogan vd. 2008).
Menderes Masifi kayaglarinin veya Honaz seylinin
altinda tektonik dokanakla yer alan Ust Triyas-Eosen
yash Gobecik Tepe birimi ise mikritik kirectasi,
mikrit, kirectasi, seyl, cakiltasi, kumtasi ve
silttasindan olusur (Okay 1989). Temel kayaglari
Uzerine uyumsuz olarak Eosen-Pliyosen vyash
birimler gelir. Eosen birimleri baslica turbidit istiften
olusur. istifte, tabanda biyoklastik kirectaslar ve
cakiltasi, Uste dogru ise silttasi-kiltasi-kumtasi
ardalanmasi izlenir (Poisson 1977, Goktas 1990, Sun
1990).

¢Okellerinden olusan ¢amurtasi, kumtasi, cakiltasi

Oligosen  birimleri allivyon yelpazesi
ardalanmasi sunar (Hakyemez 1989, Goktas 1990).
Miyosen-Pliyosen istif yersel olarak linyit ve jips
dizeyleri iceren ¢amurtasi-kumtasi-cakiltasi
ardalanmasi ile golsel kirectasi, killi kirectasi, kiltasi
ve silttasi ¢okellerinden meydana gelir (Simsek
1984, Taner 2001). Traverten, yama¢ molozu,
alivyon vyelpazesi ve allivyon ile temsil edilen
Kuvaterner yagsl birimleri

¢Okeller altlayan

uyumsuzlukla oérter (Sekil 1a).

4. Hidrojeoloji
4.1 Jeolojik Birimlerin Hidrojeolojik Ozellikleri

Calisma alaninda catlakh karbonat akiferi ve
gozenekli akifer olmak Uzere iki tir akifer bulunur.
Menderes Masifi'nin Yilanh formasyonu ve ayrica
Sandak ve Gobecik Tepe birimleriile traverten birimi
catlakli karbonat akiferleri olusturur (Sekil 1b).
Maruz kaldiklari yogun tektonik aktivite nedeniyle
bu birimlere ait Mesozoyik—Eosen yash rekristalize
kirectasi, kirectasl, dolomitik kiregtasi ve dolomitler
cok kirikli ve catlakhdir. Buna ilaveten sireksizlik
yuzeyleri boyunca gelismis ve ilerlemis karstik
bosluklara sahiptirler. Bu nedenle ikincil gozeneklilik
ve gecirgenlikleri yiksektir. Ayni zamanda bu
birimlerin kalinliklarinin fazla ve yayihimlarinin genis
olmasi yagmur ve eriyen kar sularinin siizilmesiyle
onemli miktarda beslenmelerine ve yiiksek hacimde
yeraltisuyu depolamalarina olanak saglar. Bu
akiferlerden gelen yeraltisular yiksek debili karstik

kaynaklari
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ACIKLAMA Kretase || Honaz ofiyoliti
) . - }Likya naplar
I:l Aliivyon, yamag¢ molozu  Ust Triyas-Ust Kretase Sandak birimi
Kuvaterner I:] Aliivyon yelpazesi Ust Kretase-Eosen @ Menderes Masifi
% Traverten Ust Triyas-Eosen - Gobecik Tepe birimi
Eosen- Kirmtili kayaglar, 2 .
Pliyosen |:| marn, kirecytagl e - Honaz seyli
Normal/oblik fay --=-- Devrik antiklinal ekseni 6 Kaynak . Sondaj
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Sekil 1. a) inceleme alaninin jeoloji haritasi ve drneklenen kaynak ve sondajlarin lokasyonu (jeoloji haritasi Okay 1989,
Bozkus vd. 2001, Konak ve Senel 2002, Emre vd. 2011, Gokgoz et al. 2022’den modifiye edilmistir), b) kavramsal
hidrojeolojik kesit (MM: Menderes Masifi, GTB: Gobecik Tepe Birimi).
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olusturur ve ayrica yanal akimla diger akiferleri
(Neojen’in gecirimli birimleri, traverten, allivyon,
alivyon vyelpazesi) besler. Yilanli formasyonunu
kesen sondajlar genellikle pozitif artezyen 6zellikte
olup verimleri yiksektir. Bol kirikli, ¢catlakh ve fayh
olan travertenlerde siireksizlik diizlemleri boyunca
¢O6ziinme bosluklari gelismistir. Alivyonun altindaki
toplam traverten kalinhig 90 metreyi bulmakta olup
(Onhon vd. 1988) ve bu birimde acilan sondajlar
ylksek verime sahiptir.

Alivyal c¢okeller inceleme alanindaki en 6nemli
gozenekli akiferleri olustururlar. Allvyal c¢okeller
dogrudan yagis sulari ve dolayli olarak da Mesozoyik
karbonatli yeraltisulari ile

kayaclardan gelen

beslenir. Allivyonda ve allivyon yelpazelerinin
memba tarafinda agilan ve bu birimlerin ¢akill-
kumlu dizeylerini kesen sondajlardan yliksek
debilerde yeraltisuyu alinmaktadir (Onhon vd.
1988).

Menderes Masifi'ne ait Zeybekoélen Tepe
formasyonunun ¢ok catlakli karbonatl seyl ve seyl
akitard

blnyesindeki sulari alttaki Yilanh formasyonuna

birimleri ozelligindedir. Bu  birimler
iletir. Eosen vyasl ¢okellerden cakiltaglar ve az
karstik kirectaslari gecirimli, kumtasi, c¢akiltasi ve
marn ardalanmasi ise yari gecirimli 6zelliktedir
(Ozler 1996). Honaz seyli, Honaz ofiyoliti ve Neojen
birimlerinin kil ve silttaslarinin egemen oldugu
kesimleri

pratik olarak gecirimsiz ya da az

gecirimlidir.
4.2. Kaynaklar

inceleme alani ve yakin cevresindeki karstik akiferler
genellikle Clrlksu Ovasi’nin dogu kesiminde Honaz
Fayi ve ovadaki olasi gmilt faylar boyunca karstik
kirectaslarindan bosalan ¢ok sayida yiliksek debili
kaynagi sonuclamistir. Bu havzada debileri 157 I/s ile
>1000 I/s arasinda degisen en onemli karstik
kaynaklar Pinarbasi, Boceli, Kazanpinar, Kaynarca,
Halkabasi ve Kokarsu’'dur.

Bu c¢alisma kapsaminda o&rneklenen Pinarbasi,
Kayapinar, Kizilpinar, Kozakh ve Erikli kaynaklari
Yilanli

formasyonundaki yeraltisularini

bosaltmaktadir. Yeraltina siziilen yagis sularinin bir
kismi sig dolasim yapar ve genellikle mevsimsel
kaynaklari olusturur. Yiksek kesimlerde bulunan
distk debili Erikli, Kozakh, Kizilpinar ve Kayapinar
kaynaklari yil boyu akiglidir. Bu kaynaklardan kaptaja
alinan Kayapinar (Q=3 I/s) ve Kizilpinar (Q=0,5 I/s)
kaynaklari Honaz ilge merkezine icme suyu olarak
verilmektedir. Kozakh (Q=0,15 |/s) ve Erikli (Q=0,04
I/s) kaynaklari ise disuk debileri nedeniyle igme
suyu sebekesine dahil edilmemistir. Daha derine
suzlilen sular su tablasina erigir. Honaz Fayi
ontindeki kil boyutlu malzeme agirlikli yamag
molozu yeralti sulari icin gegirimsiz zon olusturarak
fay boyunca bircok kaynak cikisina olanak saglar.
Pinarbasi Karst Kaynagi bu kaynaklar icinde debisi en
yuksek olan (genellikle >1000 |/s) kaynaklardan

biridir (Sekil 2).

4.3 Sondajlar

Calisma alani ve civarinda Denizli Bulylksehir
Belediyesi, DSI Genel Miidurliigd, iller Bankasi, Kéy
Hizmetleri gibi kurumlar ve sahislar tarafindan acilan
ve derinlikleri 60—246 m arasinda degisen ¢ok sayida
sondaj mevcuttur. Traverten, allivyal cokeller ve
karstik kirectaslarinda acilan sondajlarin verimi
yuksektir.
Pinarbasi  Kaynagi’'nin oldukca vyakinindaki iki
lokasyonda 490-491 m zemin kotunda agilmis 2 DSI
kuyusu da (S—1: 44153 ve S—2: 20019 nolu kuyular)
artezyen kuyulardir (Sekil 2). Bu kuyularda yaklasik
70-80 m kalinlikta yamag¢ molozu kesilmis, daha
sonra bol kirik ve gatlakli ve karstik seviyeler igeren
kirectaslarina (Yilanli formasyonu) girilmistir (Sekil
3). Kuyu loglarindaki aciklamalara gbére yamag
molozu egemen olarak kil boyutlu malzemeden
olusmaktadir. Bu durumda yamag¢ molozu Honaz
Fayi 6nilinde, glineyden kuzeye akan yeraltisulariigin
gecirimsiz bir bariyer olusturmaktadir. Acildiklari
tarih itibariyle S—1 kuyusunda (1993 yili) basing
yuzeyi 40,5 m ve artezyen debisi 60 I/s, S-2
kuyusunda (1975 yil) bu degerler sirasiyla +6,4 m ve
50 |I/s’dir.
miktarlari 20 m civarindadir.

Pompa testleri sonundaki disim
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Sekil 3. Pinarbasi Kaynagl ve sondajlarin lokasyonu ve
kuyularin jeoloji loglari. (mavi ve kirmizi daireler

siraslyla  soguk ve sicak su sondajlarini

gostermektedir).

5. Bulgular ve Tartisma
5.1 Pinarbasi Kaynagi’'nin bogalim rejimi

Surekli akish karstik kaynaklar sulama, icme ve
kullanma suyu temini planlamalarinda énemli bir
yer tutarlar. Bunun baslica nedeni bu kaynaklarin
genellikle yiksek debili olmalaridir. Ancak karst
akiferlerinin olumsuz tarafi kirlenmeye goézenekli
akiferlerden daha agik olmalaridir. Bu da genellikle
hizli bir kirlilik tasinimini sonuglar. Bundan dolayi bu
tir kaynaklardan su temininde vyararlaniimasi
planlandiginda kullanim amaci ile de iliskili olarak
uzun dénem periyodik su kimyasi ve debi verisine
ihtiyag duyulur. Pinarbasi kaynaginin debisi D.S.I.
tarafindan bazi yillar ve aylar kesintiye ugrasa da
1973 vyilindan itibaren aylik donemlerle dazenli
olarak olg¢llmektedir. Kaynagin 1973-2010 yillar
arasindaki debi degerleri 1140 |/s ortalamayla 880
ile 1440 |/s arasinda degismistir. Bu calismada Eylul—
2017 ile Eylul-2018 arasindaki debi degerleri
998-1385 (1923)
siniflamasina gore Pinarbasi Kaynag “fazla yiiksek

I/s araliginda olup Meinzer

debili kaynaklar” sinifinda yer alir.

Sekil 2. Bazi 6rnekleme noktalarindan gorinimler. a) Pinarbasi Kaynagi, b) S—1 ve c) S-2 sondaj kuyulari.

Pinarbasi Kaynagi’'nin Eylil-2017 ile Eyliil-2018
arasindaki debi degerleri Cizelge 1'de verilmistir.
Kurak donem baslangi¢ debisi (Qo) ile kurak donem
sonu debisi (Q:) farkinin Q¢’a orani debi degisim
ylzdesini (Qg) tanimlar. Uzun doénem o6lglim
sonuglarina gore debi degisim yizdesi 13,5-22,3
arasinda olan Pinarbasi Kaynagi “debi degisimi orta
kaynaklar” sinifinda yer alr (Gokgoz vd. 2015).
Calisma donemindeki debi degisim yilzdesi 20,6
olup bu deger uzun dénem verilerden hesaplanan
degerlerle benzerdir. Debi maksimum degerine
2018—Nisan (kurak

baslangici) ve daha sonra Agustos ayina kadar

ayinda ulasmis donem
azalmistir (Sekil 4a). Denizli il merkezi igin Haziran
ay! toplam yagis ortalamasi 26,9 mm iken 2018 yih
Haziran ayi igin aylik toplam yagis miktari 154,2 mm
olmustur. Kaynak debileri ile aylik toplam yagis
degerleri dikkate alindiginda Pinarbasi Kaynagi

debisinin aylk vyagislarin etkisinde olmadig

soylenebilir (Sekil 4a).

Pinarbasi Kaynagi’'nin gergek rejimdeki bosalim
rejimini ve karst akiferin depolama kapasitesini
belirlemek icin cekilme egrisi analizi yapilmistir.
Gergek rejimde, bir karstik kaynagin debisi akiferde
depolanan yeraltisuyunun fonksiyonudur ve Esitlik
(1) ile ifade edilir (Maillet 1905):

Qr = Q. e~ (7t (1)

Esitlikte Qo ve Q gercgek
baslangicindaki (to anindaki) ve t zamanina karsilik

sirasiyla rejimin
gelen debi (m3/s), a bosalim katsayisi (giin™!), e
dogal logaritma tabani (2,718) ve t—to bosalimin
baslangicindan itibaren gegen zamandir (glin). Esitlik
(1)’den bosalim katsayisi g¢ekilerek Esitlik (2) elde
edilir.

— lOgQO_lont (2)
t.loge
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Akiferin depolama kapasitesi (V;) ile t zamanda
hazneden bosalan su miktari (V) sirasiyla Esitlik (3)
ve (4)'den hesaplanabilir.

Q
Vo= (3)

Vy =2 [emat]y (4)

Pinarbasi Kaynagr'nin gercek rejimdeki bosalim
grafiginde c¢ekilme tek bir dogruyla temsil
edilmektedir (Sekil 4b) ve Esitlik (2)’den a degeri
0,0020 giin™? olarak belirlenmistir. Kaynagin gecmis
yillaricin belirlenen a degerleri 8,4x10™*ile 2,81x10~
3 ginTtaraliginda degismektedir (Gékgoz vd. 2015).
Bu durum olasilikla akiferin beslenme rejiminin,
yeralti su seviyesinin, akim yollarinin ve depolanma
farklilik
nedeniyledir. Bosalim katsayisi degerinden akiferin

zonlarinin  yillara  gore gostermesi
depolama kapasitesinin blyik, su hacminin fazla,
hidrolik iletkenlik katsayisinin dlsik—orta, etkin
porozitesinin yiiksek ve kaynaktaki bosalimin
egemen olarak kirectasinin tabaka, kirik ve catlaklari

yoluyla oldugu soylenebilir.

Gizelge 1. Pinarbasi Kaynag’’nin debi degerleri (DSi’den

alinmistir).
Tarih Q Tarih Q

(I/s) (I/s)

12.09.2017 1049 12.03.2018 1205
19.10.2017 998 16.04.2018 1385
10.11.2017 1188 02.05.2018 1319
25.12.2017 1146 08.06.2018 1242
15.01.2018 1123 12.07.2018 1100
05.02.2018 1151 10.08.2018 1119
12.09.2018 1279

Esitlik (3) ve (4)'den akiferin depolama kapasitesi
60,13x10° m3 ve 120 giinde hazneden bosalan su
miktari 16,31x10° m3 ve haznede kalan su hacmi
miktari 43,82x10° m? olarak hesaplanmistir. Baska
bir deyisle kurak donemde Pinarbasi Kaynagi'ndan
bosalan su hacmi akiferdeki su hacminin %27'sidir.

Pinarbasi Kaynagl a ve debi degerleri dikkate
alindiginda bosalim katsayisi orta degisken bir
kaynaktir. Bu tiir kaynaklarin debileri ve bosalttiklari
yillik su miktarlari, uzun yillar yagis ortalamasindan
yillik yagish
dénemlerdeki ile paralellik gosterir

eklenik  sapmalarin  kurak ve

degerleri

(Korkmaz 1989). Sekil
eklenik sapma grafigi ile Pinarbasi Kaynagi’'nin debi—

5'de ortalama vyagistan

zaman grafiginin uyumlu oldugu goérilmektedir. Bu
durumda, kaynagin debisinin anlik, mevsimsel veya
yillik yagislarin etkisinde olmadigi ve debinin yillik
ortalama vyagistan eklenik sapma degerleri ile
kontrol edildigi soylenebilir.

1,6
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Sekil 4. Pinarbasi Kaynagi'nin (a) debi—zaman (mauvi

cizgiler ayhk toplam vyagis  miktarini

gostermektedir) ve (b) gergek rejimdeki bosalim
grafikleri.

5.2 Sularin fizikokimyasal 6zellikleri

Orneklenen sularin sicaklik, Ei ve pH degerleri ile
kimyasal analiz sonuglari Cizelge 2’de verilmistir.
GCalisma alaninda, hidrojeolojik sistemin beslenme
alanini temsil eden yiiksek kesimlerdeki kaynaklarin
(Erikli, Kozakli, Kizilpinar ve Kayapinar) sicakliklari
9,3 ile 11,2°C arasinda degismektedir. Pinarbasi
izleme doneminde hemen

18,6-18,9°C  araliginda
S—1 ve S-2 sondaj sulari ise daha
sicaktir ve iki 6rnekleme déneminde sicakliklari
sirasiyla 19,8°C ile 20,4°C ve 23,7°C ile 24°C olarak
Olctlmaustar (Cizelge 2). Clridksu Grabeni’'nin dogu
kisminda 1lik (Kaklik Magarasi
kaynaklari ve sondajlari gibi) bilinmektedir. Kaklk-

Kaynagi’'nin sicakhg
hemen sabit olup

OlgUlmustar.

sularin  varligi

Honaz bodlgelerindeki travertenleri olusturan

sularda jeotermal su katkisinin oldugu ortaya
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Sekil 5. inceleme alaninin 1970-2020 dénemindeki yagis, ortalama yagistan eklenik sapma ve Pinarbasi Kaynagi’nin

1973-2012 araligindaki debi-zaman grafikleri. Gri ton minimum ve maksimum debi araligini géstermektedir

(1974-1979 yilllari arasi ve 1985 yili debi degerleri Onhon vd. (1988), digerleri DSi’den alinmistir).

Cizelge 2. Su 6rneklerininin fizikokimyasal analiz sonuglari (iyonlar mg/I).

Adi Ornekleme T Ei pH Ca®? Mg*? Na* K* CF S04 HCOs~ F-  Sutipi
tarihi (°C)  (uS/cm)

Pinarbasi 10/2017 18,6 657 7,31 102,0 31,4 590 0,95 2,70 111,6  293,5 0,30 Ca-Mg-HCOs-S04
11/2017 18,7 645 7,28 101,6 30,6 6,12 1,14 2,56 111,3 2918 0,30 Ca-Mg-HCOs-S04
12/2017 18,7 636 7,22 103,9 33,2 6,35 1,01 291 113,8 308,8 0,36 Ca-Mg-HCOs-SO4
02/2018 18,7 620 7,15 104,7 31,9 6,38 0,97 2,96 122,6 295,3 0,29 Ca-Mg-HCOs-S04
03/2018 18,6 625 7,42 103,6 31,0 6,46 1,02 3,29 119,9 3112 0,29 Ca-Mg-HCOs-S04
04/2018 18,7 623 7,15 96,7 31,7 6,55 1,01 3,15 124,6 276,2 0,39 (Ca-Mg-HCO3-S04
05/2018 18,9 625 7,30 105,2 31,1 6,32 0,99 2,88 118,5 299,1 0,28 Ca-Mg-HCOs-S04
07/2018 18,7 617 7,09 81,1 29,8 594 0,96 3,71 119,8 239,7 0,37 Ca-Mg-HCOs-S04
08/2018 18,7 618 7,13 100,5 31,0 6,06 0,92 3,61 120,5 312,55 0,44 Ca-Mg-HCOs-SO4
08/2018 18,8 611 7,09 103,6 31,3 6,21 0,99 2,85 121,7 300,8 0,28 Ca-Mg-HCOs-S04

Kayapinar 10/2017 9,3 259 8,28 50,0 4,1 3,00 0,551 1,89 4,4 161,5 0,04 Ca-HCOs
05/2018 7,8 188 7,80 34,1 5,4 1,57 0,48 1,98 6,5 126,1 0,02 Ca-HCOs

Kizilpinar 10/2017 10,7 258 7,59 47,8 4,4 3,24 051 1,76 4,5 176,9 0,02 Ca-HCOs
05/2018 14,9 288 7,40 56,7 5,4 4,69 0,61 2,02 54 1921 0,04 Ca-HCOs

Erikli 10/2017 11,2 397 8,26 59,4 19,3 3,02 1,33 2,95 8,3 256,2 0,07 Ca-Mg-HCOs
05/2018 13,0 361 7,73 56,4 17,7 2,61 1,12 2,59 8,2 246,8 0,06 Ca-Mg-HCOs

Kozakli 10/2017 9,8 316 8,50 56,5 4,9 2,44 0,36 2,29 6,6 176,9 0,05 Ca-HCOs
05/2018 11,3 303 7,75 52,4 51 2,21 0,35 2,42 6,6 170,8 0,03 Ca-HCOs

Sondaj-1 10/2017 23,7 1065 6,79 184,1 43,7 15,98 2,37 4,61 200,6 516,6 0,56 Ca-Mg-HCOs-SO4
05/2018 24,0 1009 6,81 179,8 44,5 16,61 2,43 5,05 220,2 500,4 0,47 Ca-Mg-HCOs-SO4

Sondaj-2 10/2017 19,8 795 7,11 133,0 36,2 8,60 1,36 3,78 134,0 384,88 0,43 Ca-Mg-HCOs-S04
05/2018 20,4 766 7,09 136,0 36,0 9,09 1,39 3,37 140,9 402,7 0,40 Ca-Mg-HCOs-S0O4

konmustur (Ozkul vd. 2013). Aktif Honaz Fayi
Gzerinde agilan S—1 nolu sondaj suyu sicak su sinifina
girer (24°C; Denizli il merkezindeki hava sicaklig
ortalamasinin 8°C Ulizerinde). Sularin elektriksel
iletkenligi 188—1065 uS/cm, pH degerleri de 6,79-
8,50 arasinda degismektedir. Beslenme alani soguk
sulari daha diisiik Ei degerlerine sahip ve daha bazik,

sondaj sulari ise daha yiiksek Ei ve nétre yakin pH
degerlerine sahiptirler (Cizelge 2). Sularin sicaklik ve
Ei degerleri arasinda pozitif (R?=0,91), sicaklik-pH
(R?=0,93) ve Ei-pH (R?=0,88) degerleri arasinda ise
negatif korelasyon vardir.
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Pinarbasi Kaynagi’'nda major iyonlar icin ortalama
degerler Ca*%: 100,3 mg/Il, Mg*%: 31,3 mg/|, Na*: 6,2
mg/l, K*: 1 mg/l, HCOs™: 292,9 mg/l, SO, % 118,4
mg/l ve CI: 3,1 mg/I'dir. Bu degerler S-2 sondaj
suyunda bir miktar daha yulksektir. En yiksek iyon
derisimleri S-1 sondaj suyunda gorilir. Diger kaynak
sularinin iyon miktarlarn disiik olup Ca*%: 34,1-59,4
mg/l, Mg*%: 4,1-19,3 mg/I, Na*: 1,57-4,69 mg/|, K*:
0,35-1,33 mg/l, HCOs™: 126,1-256,2 mg/l, SO4 2
4,4-8,2 mg/l ve CI": 1,76-2,95 mg/l araligindadir
(Cizelge 2). Tim sularda ana katyon Ca*?, ana anyon
HCOs‘dir. Pinarbasi ve Erikli kaynaklari ile sondaj
sularinda Ca*? iyonunun derisimi %65 (mek/l) ve
HCOs™ derisimi Erikli kaynagl (%94) hari¢ olmak
lizere %66 civarindadir. Diger kaynaklarda bu iyonlar
icin ortalama degerler sirasiyla %82 ve %94’dir.
Tim sularda katyon ve anyon dizilimi
Ca*>Mg**>Na*>K* ve HCO;>S0,2>Cl~ seklindedir.
Uluslararasi Hidrojeologlar Birligi siniflamasina gére
Pinarbasi Kaynagi ve sondaj sulari Ca—Mg—HCO;—
SO,, Erikli Kaynag Ca—Mg—HCOs ve diger sular Ca—
HCO:s tipindedir (Cizelge 2).

Sularin yari logaritmik diyagramindan Pinarbasi
Kaynagl ve sondaj sularinin ayni akiferden gelip
gectigi
anlasiimaktadir (Sekil 6a ve 6b). Bu sularda Pinarbasi

benzer jeokimyasal slireclerden
Kaynagi, S—2 ve S-1 sondaj suyu sirasiyla su
sicakliklar, Ei degerleri, iyon derisimleri ve dzellikle
As (20, 26 ve 98 ug/l), B (30, 65 ve 160 ug /1), Li (7,
12 ve 30 pg/l), SiO; (12, 13 ve 15 mg/1) ve Sr (1150,
1400 ve 1750 pg/l) miktarlari artmistir. Ciriksu
Grabeni’nin dogusundaki yeraltisularinin sicakliklar
graben kenar faylarindan, grabenin orta kesimine
dogru azalmaktadir (Gokgoz et al. 2022). Pinarbasi
Kaynagi'nin sicakhg da (ortalama 18,7°C) graben
orta kesimindeki kaynak ve sondaj sularindan
yaklasik 2°C daha fazladir. S—1 ve S-2 sondaj
sularinin sicakliklari da dikkate alindiginda (sirasiyla
20,4°C ve 24°C) bu sulara derindeki dusik sicaklikh
bir jeotermal sistemden (Ozler 2000) degisik
oranlarda jeotermal su katkisi oldugu (Gokgoz et al.
2022) soylenebilir. Beslenme alanindaki kaynak
sulari daha disik iyon ve element derisimlerine
sahiptirler ve kimyasal kompozisyonlari benzerdir.
Sadece Erikli daha

Kaynag’'nda Mg*? miktar

ylksektir. Tim sularin kurak ve yagisli donemdeki
iyon derisimleri arasinda 6nemli bir farklilik yoktur.

Sondaj sulari ve Pinarbasi Kaynagi’'ndaki florir
miktari diger kaynak sularindan 10-20 kat daha
ylksektir. Flor karbonatl tortul kayaclarda florit
olarak bulunur, kirectaslari 200 ppm, seyller 1000
ppm’e kadar flor icerir (Frencken et al. 1992).
Orneklenen sulardaki floriiriin kaynagi inceleme
alani akifer kayaclarinda (Yilanli formasyonu) olasil
olarak bulunan floritin ¢6ziinmesidir. Honaz
seylinden de bir miktar katki olasidir. Sondaj sulari
ve Pinarbasi Kaynagl su-kaya etkilesimi sirelerinin
diger sulara gore goreceli olarak uzun olmasi ve
termal su katkisi nedeniyle daha fazla F~ igerirler.
Sulardaki
dustktir ve maksimum degerler NOs™: 3,35 mg/I, Br~
: 0,023 mg/l ve Li*: 0,30 mg/lI'dir (Semerci Aygin

2019).

diger iyonlarin derisimleri oldukca

Sulardaki molar Na*/CI~ orani 1 civarinda ise sudaki
sodyumun kaynagi halit ¢6zinmesidir, bu oran
1’den biyikse sodyumun kokeni tipik olarak silikat
ayrisma reaksiyonlaridir (Meybeck 1987). inceleme
alani sularinda bu oran 1,22 ile 5,35 ve baz degisim
indeksi de (bei=(Cl-(Na+K))/Cl, Schoeller 1934) —
0,44 ile —4,81 arasinda degismektedir. Metamorfik
ve tortul kayaclardan gelen sularin bei degerleri
silikatlarin ~ bozunumundan ortaya ¢ikan CI~
iyonlarindan daha fazla alkali iyonlarinin suya
karismasi nedeniyle genellikle negatiftir (Sahinci
1991). Ayrica negatif bei degeri sudaki Ca*? ve Mg*?
kayaglarda
minerallerindeki Na+ ve K+ iyonlari ile degisiminden
kaynaklanir. Na*/(Na*+Cl") orani 0,6’dan buylk

oldugunda yeraltisuyundaki

iyonlarinin  akifer bulunan kil

sodyumun kaynagi
silikat ayrismasi yani sira katyon degisimidir
(Adomako et al. 2011). Buradan hareketle sulardaki
Na* fazlahginin Yilanh ve Zeybekdlen
formasyonlarindaki kil ve seylerin ayrismasi ve
katyon degisiminden kaynaklandigi soylenebilir.
inceleme alaninda &rneklenen sulardaki Ca* ve
l\/lg+2

kayaclarin ¢éziinmesidir. Sulardaki molar Ca*2/Mg*

iyonlarinin  baslca kaynagl karbonath
orani 1 ise dolomit ¢6zinmesinin egemen oldugunu,
daha kalsit

¢O6ziinmesinin daha fazla katki sagladigini gosterir

yliksek oranlar ise mineralinin
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(Mayo and Loucks 1995).
kaynaklari ile S-1 ve S-2 sondaj sularinda bu oran

Pinarbasi ve Erikli

1,63 ile 2,53 arasinda olup diger kaynak sularinda
daha (3,79-7,32). Ca**-Mg*?
diyagraminda 1:1 cizgisinin saginda yer alirlar ve

yuksektir Sular
kalsitce zengin bir karbonat kaynak kayayi isaret
ederler (Sekil 7a). Benzer sekilde sularin Pinarbasi ve
Kozaklh kaynaklari ile sondaj sularinin Ca*’)/HCOs~
0,47 ile 0,55 arasindadir. Kayapinar,
Kizilpinar ve Erikli kaynak sularinin Ca*?)/HCOs™
oranlar daha disuktir (0,35-0,47). Sularin Ca*>-
HCOs~ diyagramindaki konumlarinin 0,5:1 ¢izgisi

oranlari

lizerinde ve civarinda olmasi Ca*? ve HCO3™ kaynagi
icin egemen reaksiyonun kiregtasi (kalsit) ayrismasi
oldugunu gosterir (Sekil 7b).

Beslenme alani sularinin Ca*?/SO472 oranlar 12,6 ile
27,3 bu
kompozisyonunda ¢O6zlinmesinin

arasinda  olup sularin  kimyasal
jips etkin

olmadigina isaret eder. Pinarbasi Kaynagi ve sondaj

Derisim (mek/I)

1 —— Pmnarbasi —— Kozakh
- - = Kayapmar w— S-1
1 —— Kizilpmar - S22
Erikli kaynagi
0.01 T T T T
Ca Mg NatK Cl SO, HCO,

sulari i¢cin daha duslik olan oranlar (1,62-2,38)
sulardaki Ca*? ve S04 iyon derisimlerinin jips
¢O6ziinmesiyle bir miktar arttigini géstermektedir.
inceleme alanindaki karst akiferi olusturan denizel
kokenli karbonatlh kayalarin icerisindeki jips ¢okelleri
sulardaki silfat iyonunun baslica kaynagidir.

Pinarbasi Kaynagi’'nin iyon miktarlarinin aylara gére
degisimi ve bu degisimin kaynak debisi ile iliskisi
Sekil 8‘de verilmistir. Ca*? ve HCOs™ iyon derisimleri
hemen hemen ayni olup izleme periyodu boyunca

birbiriyle ¢akismislardir. En disik miktarlar kurak
dénem sonundadir (Temmuz-Agustos 2017). Mg*?
ve SO, 2iyonlari da birbirine benzer miktarlarda olup
bir degisim
gostermemislerdir. Diger iyonlarin sudaki miktarlari

zaman iginde ve debiye bagl

¢ok dusik oldugundan derisim-debi iliskisi kurmak
gercekei olmayacaktir.

0.1 o

0.01 T T T T

Ca Mg Natk Cl SO, HCO,

Sekil 6. Sularin yari logaritmik diyagrami. (a) Ekim—2017, (b) Mayis—2018.
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Sekil 7. Orneklenen sularin (a) Ca*>-Mg*? ve (b) Ca*>~HCOs™ diyagrami.
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Sekil 8. Pinarbasi kaynagi iyon derisiminin mevsimsel
degisimi.

Schuster and White (1971) karst kaynaklarindaki en
onemli kimyasal degiskenin toplam sertlik oldugu
varsayimi ile kaynak kimyasindaki mevsimsel
degisimlerin toplam sertlik icin degisim katsayisinin
ifade

edilebilecegini ve CV degerine gore (CV=standart

(cv) hesaplanarak  sayisal olarak
sapmax100/aritmetik ortalama) kaynaklarin yaygin
akimli (diffuse flow) ve kanal akimh (conduit flow)
olarak siniflanabilecegini belirtmislerdir. Schuster
and White (1971)'a gore cok duslik CV degerleri
(<%5) yaygin akim tipini gosterirken White (1999)
%3’den kiguk CV degerlerinin kirikli bir akiferden
bosalan kaynagi, %20’den bliyik degerlerin ise agik
kanallar iceren bir akiferden bosalan kaynag isaret
ettigini belirtmistir. Pinarbasi Kaynagi'nin toplam
sertligi 381 mg/| CaCOs aritmetik ortalama ve 20,4
mg/| CaCOs standart sapmayla, 327 (Temmuz 2018)
ile 398 (Aralik 2017) mg/l CaCO;
degismektedir. Buradan hesaplanan CV degeri
%5,34’dlr. Bu deger Schuster and White (1971)
tarafindan yaygin akim icin verilen degere oldukga

arasinda

yakindir. Buna gore Pinarbasi Kaynagl bosalim
katsayisi ile de uyumlu sekilde egemen olarak kirikh,
catlaklh ve dar ¢o6ziinme bosluklu bir akiferden
(Yilanh formasyonu) bosalmaktadir. Kaynagin iyon
onemli bir mevsimsel

derisiminde degisimin

olmayisi akiferin depolama kapasitesinin biyuk
oldugunu gostermektedir.

Orneklenen sularin 6rnekleme sicakhigi ve pH’indaki
kalsit
(Parkhurst and Appelo 1999) ile hesaplanmis ve

doygunluklari  (Sc) PhreeqC programi
sonuglar Cizelge 3’de verilmistir. Cizelgedeki negatif
degerler (doygunluk alti) suyun kalsit mineralini
¢Ozindirmeye, pozitif degerler (doygunluk isti) ise
¢Okeltmeye egilimli oldugunu gostermektedir.
Pinarbasi Kaynagi genellikle kalsitce doygun veya
dengededir. Sadece debisinin en diisiik Ca* ve
HCOs™ miktarinin en az oldugu dénemde doygun
degildir. Kizilpinar ve Kayapinar (Mayis—2018 6rnegi)
disindaki

doygundur. inceleme alani ve yakin gevresindeki

kaynak ve sondaj sulari kalsitce

yaygin ve kalin travertenler gecmiste kalsitce
debili
gostermektedir. Pinarbasi Kaynagl ve S—1 sondaj

doygun  yiksek kaynaklarin  varhgini
suyu karisarak 1595 m uzunlugundaki bir acik
kanalla sulamaya verilmektedir. Kanal basi ve kanal
sonunda pH degeri 7,16’dan 7,98’e yikselmekte,
Ca*? ve serbest CO; degerleri sirasiyla 106 mg/I'den
84 mg/I'ye ve 69 mg/I'den 38 mg/I've dismekte
(Horvatinci¢ et al. 2005) ve kanal sonundaki yapay

selalede su tufa ¢cokeltmektedir.

Cizelge 3. inceleme alani sularinin kalsit doygunlugu.
Adi Tarih Se Adi Tarih Sc

Pmarbagi 10/2017 0,17  Kayapmar 10/2017 0,51
11/2017 0,14 05/2018 0,22
12/2017 0,11 Kizilpinar  10/2017  -0,10

02/2018 0,02

03/2018 0,31  Erikli
04/2018 -0,04
05/2018 0,18
07/2018 -0,22
08/2018 0,19 S-1
08/2018 -0,03

05/2018 0,13
10/2017 0,77
05/2018 0,25
10/2017 0,83
05/2018 0,08
10/2017 0,15
05/2018 0,15
S-2 10/2017 0,19

05/2018 0,21

Kozakl

5.3 Sularin izotop kompozisyonlari

5.3.1 &0 ve 8D (6°H)

Calisma kapsaminda sularin kokeni ve nitel olarak
beslenme alani ylksekliklerine yaklasim saglamak
icin su drneklerinden 80 ve 8D analizi yapilmis ve
sonuglari Cizelge 4’de sunulmustur. Orneklenen
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sularin 680 degerleri %0—8,43 ile %0—9,66 ve 8D
degerleri %0—54,37 ile %0—60,28 arasindadir. Su
580-6D
degerlendirmesi icin Kiresel Meteorik Su Dogrusu
(KMSD) ve Akdeniz Meteorik Su Dogrusu (AMSD)
kullanilmistir. AMSD’nin denklemi Esitlik (5)'de (Gat
and Carmi 1970) ve buharlasma etkisinde olmayan

orneklerinin diyagraminda  koken

atmosferik sular icin gecerli olan KMSD’nin denklemi
Esitlik (6)’da (Craig 1961) verilmistir.

8D = 8 X 5180 + 22 (%oSMOW) (5)

5D =8 X 5180 + 10 (%oSMOW) (6)

5'80-86D diyagraminda (Sekil 9) su &rneklerinin
timunin KMSD ile AMSD arasinda kalmasi meteorik
kékene isaret etmekte ve sularin Akdeniz kdkenli
nemin  olusturdugu vyagislardan beslendigini
gostermektedir. Pinarbasi Kaynagi’nin Ekim—2017
ile Eylil-2018 arahgindaki 8D ve &0 degerleri
siraslyla %0—55,30 ile %0—57,28 ve %0.—8,86 ile %o—
9,15 arasinda olup 6nemli bir mevsimsel farklilik
yoktur. Erikli, Kozlupinar, Kizilpinar ve Kayapinar
kaynaklarinin 880 ve 8D degerlerinin daha negatif
olmasi bu kaynaklarin Pinarbasi Kaynagi'na gore
isaret

Mayis ayi

daha vyiksek kesimlerden beslendigine

etmektedir. Bu kaynak sularinda
orneklerinin Ekim ayi1 6rneklerine gére daha pozitif

olmasi olasilikla kar ortlisinden erime ©6ncesi

siblimasyon ve silizilme oOncesi buharlasma
nedeniyledir.
Déteryum  fazlasi  degerleri  (d=86D-8x50),

hidrolojik g¢evrim siirecinde cografi konum, iklim
kosullari, nem, buharlasma ve yagisa bagh olarak
degismektedir. inceleme alani sularinin déteryum
fazlasi degerleri birbirine yakin olup %013,07 ile
%017,62
%016,01). Bu da sularin ayni yagis rejiminin etkisi

arasinda  degismektedir  (ortalama

altinda oldugunun gostergesidir.

5.3.2 Trityum (T)

Atmosferdeki 10 hidrojen atomundan sadece bir
tanesi trityumdur (Evans 1996). Yarilanma omri
12,32 yil olan (Lucas and Unterweger 2000) trityum
(*H) beta bozusmasi yoluyla *He izotopuna déniisiir.
1953-1964 yillari arasindaki nikleer denemeler
nedeniyle atmosferdeki dogal (kozmojenik) trityum

degeri (25 TU) giderek artmis ve 1964 vyilinda
maksimum degerine (2200 TU) ulasmistir (Faure
1986). Bu tarihten sonra atmosferde azalmaya
baslayan trityum degeri yaklasik son 25 yilda normal
hidrolojik
sistemlerde vyeraltisuyu yasinin belirlenmesinde

degerlerine gelmistir. Bu durum,
trityumun vyararh bir ara¢ olarak kullaniimasini
saglamistir. Buna gore trityum degeri <0,8 TU olan
sularin 1952 yili dncesi beslenmeye sahip sulari, 0,8
ile ~4 TU arasinda olan sularin glincel ve yasli sularin
karisimini (10-50 yil), 5-15 TU arasinda olan sularin
ise glincel beslenmeli sulari (5-10 yil) temsil ettigi
ifade edilmistir (Clark and Fritz 1997).

Nisan-2017 ve Nisan-2018 arasinda Akdeniz
yagislarinda belirlenen trityum degeri 1,62 ile 10,07
TU arasindadir (ortalama 4,52 TU) (Juhlke et al.
2020). Antalya vyagislarindan 2012-2016 yillan
arasinda olcilen trityum degeri ise ilkbahar ve yaz
vagislarinda daha yiiksek olmak lzere 1,50-7,75 TU
(ortalama 3,65 TU) araliginda olmustur (Dilaver vd.
2018). inceleme alaninda Kasim-2017’de alinan
yagmur suyu ornegindeki trityum degeri 5,64 TU
yagisi
uyumludur. Pinarbasi Kaynagi'ndan Ekim—2017 ve

olup Akdeniz ortalama degerleri ile
Eyliil-2018 arasinda alinan 6 Ornegin trityum
1,64 (Agustos) ile 3,87 TU (Nisan)
araligindadir. S-1 sondaj suyundaki trityum Ekim
ayinda 1,39 TU, Mayis ayinda ise 0,83 TU olup

birbirine yakin degerlerdedir. Bu sondajdaki distk

degerleri

trityum degerleri sondaj suyunun soguk yeralti suyu

ve jeotermal suyun karisgimini  yansitmasi
nedeniyledir. Trityum degerleri soguk su akiferi ve
termal akiferdeki basing degisimleri ve dolayisiyla
degisen karisim ytzdeleri ile kontrol edilmektedir. S-
2 sondaj suyunda trityum degerleri ayni aylar icin
0,95 TU’dan Pinarbasi Kaynagi’na benzer olarak 2,35
TU’ya yikselmistir. Beslenme alanini temsil eden
Kayapinar, Kizilpinar, Kozakli ve Erikli kaynaklarinda
ise trityum degerleri daha yiiksektir (2,88-5,11 TU
arasinda). Bu durumda inceleme alani sularinin
yaslarinin 10 ile 50 yil arasinda oldugu ve sondaj
sularinin kaynak sularina gore daha derin dolasim
yaptigi sdylenebilir. Sadece 1 yagis 6rneginin trityum
degeri sisteme trityum girdisini temsil edemez.

Ancak bu deger (5,64 TU)
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Cizelge 3. inceleme alani sularinin izotop degerleri.

Adi Tarih 8180 8D T(TU) Adi Tarih 8180 8D T(TU)
(%eVSMOW) (%oVSMOW)
Pinarbasi 10/2017 -9,08 -57,28 2,19+40,30 Kayapinar 10/2017 -9,66 -59,66 2,8840,30
11/2017 -9,02 -56,92 - 05/2018 -9,27 -57,07 4,94+0,48
12/2017 -9,03 -55,30 - Kizilpinar 10/2017 -9,65 -59,61 3,53+0,33
02/2018 -9,15 -55,83 - 05/2018 -9,18 -57,12 5,11+0,48
03/2018 -9,12 -55,78 - Kozakli 10/2017 -9,43 -59,40  3,07+0,32
04/2018 - - 3,8740,51 05/2018 -9,72 -60,28 4,74+0,48
05/2018 -8,90 -55,76 2,06+0,47 Erikli 10/2017 -8,63 -55,68 2,95+0,31
07/2018 -9,07 -56,30 2,69+0,46 05/2018 -8,43 -54,37 4,63%0,46
08/2018 -8,86 -55,57 1,64+0,41 S-1 10/2017 -9,11 -57,48 1,3940,28
09/2018 -8,97 -56,38 1,73+0,41 05/2018 - - 0,83+0,40
S-2 10/2017 -9,15 -57,40 0,95+0,27
05/2018 - - 2,314+0,42
Yagmur 11/2017 - - 5,64+0,38

-40 I I I 1 1
@ Pinarbasi
O Kayapimar
. @ Kizilpnar .
@ Erikli
@ Kozakh
@ S-1
50O s-2 =]
3
@)
= n =
2
§
@)
17}
-60 - -
KMSD = §D=8x8"0+10
AMSD — 3D=8x5"0+22
=70 1 ] ] 1 1
-12 -10 -8 -6 -4

3'%0 (%SMOW)
Sekil 9. Sularin 680 — &D grafigi.

baz alinirsa beslenme alanindaki kaynaklardan
bosalan sularin sirkiilasyon yasi 10 yildan daha geng
olabilir. Bu vyaslar 6zellikle Pinarbasi Kaynagi ve
sondaj sulari icin farkli akim kanallarindan gelen
sular veya jeotermal su karisimi olasiligi nedeniyle
gercegi yansitmayabilir. Beslenme alani kaynak
sularinin Mayis ayi trityum degerlerinin Ekim ayi
degerlerinden yliksek olmasinin nedeni olasilikla
bahar

beslemesidir.

aylarinda eriyen kar sularinin akiferi

5.3.4 Sularin igme ve sulamada kullanilabilme

ozellikleri

Orneklenen sularin igilebilirligi insani Tiketim
Amach Sular Hakkinda Yonetmelik
(ITASHY)(2005)'de  verilen standartlara gére

incelenmistir. icilebilirlik degerlendirmesi sadece
Olclilen ve analizi yapilan parametrelere gore
yapilmistir. Orneklenen tiim sular Ei, pH, Na*, CI-,
S047%, NH4*, F-, NOy-, NOsT, Al, B, Cd, Cr, Cu, Fe, Hg,
Mn, Ni, Pb, Sb ve Se degerlerine gore igilebilir
sulardir. Ancak arsenik degerleri gbz Online
alindiginda Pinarbasi (18,7-21,2 ug/l) ve Erikli (11,4—
11,5 pg/l) kaynaklari ile S-1 (92,1-98,2 ug/l) ve S-2
(24,9-26,1 pg/l) nolu sondaj sulari limit degerin (10
ug/l) Gzerindeki As degerleri nedeni ile icilemezler
(Semerci Aygiin 2019). Ozellikle S-1 nolu sondaj
suyunda As limit degerden 10 kat daha fazladir.
Buna gobre o6rneklenen sulardan sadece Kozakli,
Kizilpinar ve Kayapinar kaynaklari suyu igilebilir
ITASHY
standardinda yer alan ancak bu calismada analizi

Ozelliktedir. Bunun yaninda, sularin
yapilmayan radyoaktivite, tarimsal kalinti, bakteri
gibi diger parametreler agisindan da incelenmesi
gerekir.
Sularin  sulamada  kullanilabilme  6zelliklerini
belirleyen odlgiitler genellikle pH, toplam sertlik, Ei,
%Na, sodyum adsorbsiyon orani (SAR), kalinti

sodyum karbonat (RSC) ve magnezyum orani
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(MR)’dir. Sularin Ei ve %Na (%3,2 ile 6,3 arasinda)
degerlerine gore yapilan Wilcox (1954) siniflamasina
gore kaynak sulari ¢ok iyi—iyi, sondaj sulari iyi—
kullanilabilir sular sinifindadir. Sularin Ei ve SAR
degerlerini baz alan siniflamaya gére (ABD Tuzluluk
Richards 1954) sondaj
sulari C3S; (tuzlu, az sodyumlu) sinifinda yer alirlar ve

Laboratuvari Diyagrami,

tuzlu olmalari nedeniyle iyi akaglamaya sahip
arazilerde tuza dayanikli bitkilerin sulamasinda
kullanilabilirler. Pinarbasi ve diger kaynak sulari
genellikle C,S: sinifinda (orta tuzlu—az sodyumlu)
sular olup bu sularla akaglamasi orta diizeyde olan
topraklarda tim bitkiler sulanabilir. Sularin bor ve
klorar ve sulanan bitkiler

degerleri dusuktir

Gzerinde bor ve klorir tehlikesi olusturmazlar.

6. Sonuglar ve Oneriler

Pinarbasi  Kaynagi Menderes Masifi'ne ait
Mesozoyik yash Yilanli formasyonunun rekristalize
kirectaslarindan bosalmaktadir. Kaynagin calisma
donemi icindeki debi degerleri ve debi degisim
ylzdesine gbre Pinarbasi Kaynag “fazla yliksek
debili kaynaklar” ve “debi degisimi orta kaynaklar”
siniflarinda yer alir. Aylik toplam yagis miktarlari ile
Pinarbasi Kaynagi’'nin debi degerleri arasinda
anlamli bir iliski olmamasi kaynagin debisinin aylik
yagislarin etkisinde olmadigini gostermektedir.
Pinarbasi Kaynagi’'nin debisi anlik, mevsimsel veya
yillik yagislardan cok yillik ortalama yagistan eklenik

sapma degerleri ile kontrol edilmektedir.

Kurak donemde kaynak bosalim analizinden elde
edilen bosallm katsayisi degeri (0,0020 giin™?)
kaynagin bosaliminin egemen olarak katman yiizeyi,
kirik ve catlaklar gibi stireksizlikler yoluyla oldugunu
gostermistir. Kaynak suyunun toplam sertlik degisim
katsayisi da bu yorumu desteklemektedir. Buna gore
olagantsti kosullar disinda (iklim degisimi-uzun
kuraklik,
patlatmalar veya magnitidi yiksek depremlerin

sureli cesitli  amaclarla yapilacak

etkisiyle kaynak debisinin 6nemli 6l¢lide azalmasi ya
da kurumasi gibi) Pinarbasi Kaynagi’'nin debisi uzun
su temini

doénem planlamalari igin bir risk

olusturmamaktadir. Son doénemde Pinarbasi

Kaynagi'nin debisindeki goreli azalma olasilikla son

yillarda beslenme alanina diisen kar miktarinin
onemli oranda azalmasi nedeniyledir.

Pinarbasi  Kaynagi’'nin  toplam iyon derisimi
beslenme  alanindaki  kaynaklardan  ylksek,
yakinindaki sondajlardan ise duslktiir. Sondaj

sularina derindeki disiik entalpili bir jeotermal
sistemden aktif Honaz Fayr yoluyla bir miktar
jeotermal su karisimi s6z konusudur. Beslenme alani
kaynaklari genellikle Ca-HCOs, Pinarbasi Kaynagi ve
sondaj sulari Ca-Mg-HCO3-S0, tipindedir. Pinarbasi
izleme

Kaynagi’'nin kimyasal kompozisyonunda

doneminde o6nemli bir mevsimsel degisim

gozlenmemesi akiferin depolama kapasitesinin

bliyik oldugunu gostermektedir.

Orneklenen kaynak ve sondaj sulari meteorik
kokenli olup Akdeniz kokenli nemin olusturdugu
yagislardan beslenmektedir. Doteryum fazlasi
degerlerinin birbirine yakin olmasi sularin ayni yagis
rejiminin etkisi altinda olduguna isaret etmektedir.
Yiksek kotlardaki

degerlerinin yagmur suyundaki degerlere yakin

kaynak sularinin  trityum

olmasi bu kaynaklarin beslenmesinde giincel
yagislarin etkili oldugunu gostermektedir. Pinarbasi
kaynagi ve S-2 sondaj sulari nispeten derin dolasim
yaparlar. S-1 sondaj suyu jeotermal su karisimi
nedeniyle en dislik trityum degerine sahiptir.

Pinarbasi Kaynagr'nin suyu ylksek As icerigi
nedeniyle sofra suyu olarak kullanilamaz. Ancak
Denizli il merkezinde

icme suyu ihtiyacinin

karsilanmasinda guglik ¢ekildiginde, zorunlu
kahnirsa, As miktari distk olan sularla arsenik
miktari limit degeri asmayacak sekilde karistirilarak
icilebilir. Honaz ilgesindeki Akbas Baraji suyu bu
karisima girebilir. Bu durumda kaynak ve baraj suyu
kimyasinin (6zellikle arsenik agisindan) izlenmesi

gerekir.

Tesekkiir

Bu calisma Pamukkale Universitesi Bilimsel Arastirma
Projeleri Komisyonu tarafindan desteklenmistir (Proje
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Ozet

Glnumiz teknolojisinde, tarimsal ilaglama makinelerinin genigliklerinin artmasiyla ilag puskirtuci

kanatlarin katlanma ve montaj usullerinde farklilasmaya gidilmistir. Orta ve uzun kanath ilaglama
makineleri, daha ekonomik ve hizli ilaglama avantajlarini sunmakla birlikte arazi, ¢evre kosullari ve
Anahtar kelimeler disik montaj rijitlik etkisiyle kanatlarda trin ilaglama kalitesini etkileyen stabilite problemlerine sebep
Tarimsal ilaglama olmaktadir. Bu calismada, tarimsal ilaglama makinelerinde kullanilan X tipi katlanir kanatlar ile
makinesi; X tipi katlanir  geleneksel kanatlar; tasarim farkliligi, farkli yiiklemeler altinda olusan gerilme ve gerinim bakimindan
kanat; Sonlu elemanlar  mukayese edilmistir. Konuyla ilgili literatlr arastirmasi yapildiktan sonra, her iki kanat tipi tasarlanarak
analizi; Taguchi. gerekli malzeme sabitlerine ve literatiirde belirtilen farkli deplasman degerlerine gére yiklemeler
altinda yapisal sonlu elemanlar analizleri (FEA) yapilmistir. Taguchi deney tasarimina gore yapilan FEA
neticesinde; X tipi katlanan kanatta maksimum gerilme ve gerinimler puskirtiici kanadin kayar
mekanizmaya montaj konstriiksiyonunda, geleneksel kanatlarda profillerin kaynakli montaj
baglantilarinda yogunlasmistir. Ayrica, FEA analiz sonuglari kullanilarak yapilan Taguchi analizi ile

yorumlanarak imalata projeksiyon bilgiler elde edilmistir.

Prediction of Stress in of X type folding and Conventional Booms and
Taguchi Analyses

Abstract

In today technology, differentiation has been made in methods of boom folding and mounting methods
with increased width of agricultural spraying machines. Spraying machines with middle and long booms
offer advantage of more economical and fast spraying and cause stability problems affecting plant

Keywords
Aaricul y | . spraying quality due to terrain and environment condition, and also low rigid fixing. In this study, X type
g”f” tura sprayln'g folding boom compared with conventional boom in terms of stresses and strains and also design
machine; X type folding gitferences. After doing literature surveys, the X type and conventional spraying booms were designed

boom; Finite elements  and then the structural finite elements analyses (FEA) were performed by defining of materials
analyses; Taguchi. constants and under the determined loading according to displacements of booms mentioned in
literature. As results of FEA analyses with Taguchi experimental design; the obtained stresses and
strains focused on the mounting construction to sliding mechanism of agriculture spraying machine, on
the other hand, stresses and strains localized on welding connection of boom profiles. The projection
information obtained with interpreting of the Taguchi analyses using FEA results to manufacturing of

sprayer boom.
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1. Giris olmus ve potansiyel ekilebilir tarim arazilerinin

Dinya nifusundaki  artis, Glkelerin  tarim tarimsal Uretiminde kullanilmasi igin radikal yasal

politikalarini tekrar gozden gecirmesine neden diizenlemeler - yapiimaya baglanmistir. Bununla

birlikte, diinya genelinde yasanilan pandemi, yerli
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farkindalk
uretimin  onemini

tarimsal Uretim konusunda o6nemli

olusturmus ve vyerli ortaya
¢ikarmistir. Bu 6nem, erisilebilir tarimsal arazilerin
ve Urlnlerin verimini arttirmak adina bilimsel ve
uygulamali c¢alismalarin yapilmasina ve tarimsal
mekanizasyon teknolojilerinin gelistiriimesine katki

saglamistir.

2022 yilinda yapilan bir calismada (Lipinski et al.
2022), tarimsal
arttirmak, UrdnG zararlilardan ve hastaliklardan

stabil
Uzerine odaklanilimistir.

aran kalitesini ve verimliligini

korumak igin ilaclama teknolojilerinin

gelistirilmesi Homojen
tarimsal ilaglamanin, arazi ve hava kosullarina,
traktor ve ilaglama makinesinin baglama elemanlari
rijitligine, uygulamanin kalitesine bagh oldugu
bilinmektedir. Bir baska ¢alismada (Bisesi and Koren
2003), tarimsal hastaliklarin ve zararlilarin Grinin
verimini, tane blylklGgini, depolanma siresini ve
kalitesini dislirmekle birlikte olasi hastaligin hizlica
yayllmasina neden oldugu ve vyeterli ilaglamanin
onemi vurgulanmistir. Diger yandan, ilaglamada
yanhs uygulama ve fazla dozajin topragin ve
ylzeyinin, suyun kirlenmesine ve ayrica bitkide fazla
ilac kalintisina sebep olabilecegi de rapor
edilmektedir (lica ve Boz 2017). Yapilan bir
¢alismada (Jink and Wei 2023), piring lretiminde
homojen ilaglama igin yeni nesil sacak veya tente
ifade
edilmektedir. Pek ¢ok galismada (Gil and Badiola
2007; Cui et al. 2017; Jeon et al. 2004; Langenakens

et al. 1999), ilaglama kalitesinin diger ilaglama

usultd akilli  plskdrticulerin - gelistirildigi

parametreleri ile birlikte puskirticilerin montajh
oldugu kanatlarin stabilitesine bagh oldugu rapor
edilmektedir. Onallar'in raporuna (Onallar 2022)
tarimsal makinelerinde

gore de, ilaclama

plskdrticilerin bulundugu mekanizasyon
kanatlarin genelde c¢ekilir tip (trailed type) ve
montajli tip (mounted type) olmak Ulzere iki tip
tasarlandigl anlasilmaktadir ve bu durum Sekil 1'de

verilmistir.

(a) (b) (c)

Sekil 1. Tarimsal ilaglama makinesi plskirtiici kanatlar
(a) X tipi katlanabilen (b) Geleneksel yatay
katlanabilen (c) Dikey piuskiirtmeli (Onallar
2022)

GUnlUmiz malzeme ve imalat teknolojileri ile

dramatik bir

sekilde arttirilmis ve 45m genislige kadar piskirtici

puskurtict kanatlarin  genislikleri

kanatlara sahip ilaglama makinelerinin ticarilestigi
gorilmektedir. Cin’de yapilan istatistik calismalara
gore 10m ila 14.9m araligina sahip tarim ilac
plskdrtict kanatlarin kisa ve orta uzunlukta oldugu
ileri strtlmektedir (Zhuang et al. 2018). Orta ve
uzun puskirtiict kanatlar ile ilaglamada, diizensiz
tarla kosullar, ara¢ hizi degisimi, teker yiki
dizensizligi ve ila¢ deposunun calkalanmasi ve
dolayi
kanatlarin yatay konumu ve zemine olan mesafesi

montajlama  hatalarindan plskirtici

degiserek bitkiyi asiri ilaglama, eksik birakma ve
dengesiz ilag dagilimi gibi ilaglama problemlerinin
ortaya cikmasina sebep oldugu ifade edilmektedir
(Lipinski et al. 2022; Yan et al. 2021). Piskurtlci
kanatlar cok parcali kafes sisteme sahiptirler ve bu
parcalarin esneklik ve

dogru montajlanmasi

dayanim icin 6nem arz etmektedir.

Mekanizasyon kaynakh tarimsal ilaclama

problemlerin ¢6zimi adina, puskirtlici kanatta ve
deliklerinde mekanik ve

montaj metaldrjik

yayginlasmaya
basladigi anlagiimistir. Ornegin, Lipinski et al. (2022)

karakterizasyon  galismalarinin

plskdrticinin  Uniform  ilaglamaya  etkisini
incelemisler ve engebeli arazide distk sivi akisina
stabil katki
sagladigini ileri strmektedirler. Bazi calismalarda
(Benez et al. 2016; Cui et al. 2019), yaklasik 12m
genislige sahip ilag¢ puskirtici kanatlar ile yapilan

ilaclama

sahip puskurticilerin ilaglamaya

makinelerinde  kanat stabilizasyon
sisteminin kullaniimadigina yer verilmistir. ilaglama

sirasinda arag slrls yonlndeki eksen etrafinda
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dikey dizlemde ve yatay dlzlemde esneme ve

sarsinti  seklinde kanat hareketleri meydana
gelmektedir (Antonis et al. 2005). Ayrica, yatay
diizlemdeki sarsinti ve esneme seklindeki kanat
hareketlerinin daha kritik oldugu ve dikey yondeki
hareketlerin ilave stspansiyon sistemleri ile tolere

edilebildigi ileri slrilmektedir. Sekil 2’de dikey ve

yatay yondeki kanat sehimlerini temsili eden etmektedir.
sematik gosterilmistir (Antonis et al. 2005).
1
os(BH) = /mZﬁV:ﬂBi — u(BH) |? (2)
1
um) = [33i, )
Sekil 2. Dikey ve vyatay vydndeki kanat vyer ideal tarim ilaglama durumu, piskirtiicilerin gift
degistirmelerinin temsili sematigi (Antonis et al. ilaglama paterni (spraying overlap) ve bitki hedefinin
2005). tizerinde ideal yikseklik degeri Sekil 3’de
gosterilmistir.
Genis kanatl puskirtmeyle ilaglama kalitesini
etkileyen puiskirticinin bitkiye olan ytksekliginin;
e e e o . e o 0.5m Puskurtucliden
plskdrtict koniklik acisi ile bitkinin boyuna bagh pliskiirtici o i il
oldugu ve ideal puskirtici yuksekliginin bitki  Cift paternli DUESHESEL . mesafe
ilacl ici o A ¥ e
tzerindeki ilaglama paternini Ust tste bindirebilecek Lzzsfmba;tfi'ye | T s Pizk:;t”
mesafe oldugu rapor edilmektedir (Bets and Gordon ~ ©0:4 m uzaklik | ; |~ {bitki arasi
e ; P LAY s 05 m
2020). Puskarticulerin yuksekligini kontrol eden Y W ¥ WA AR I YR mesafesi
\ V3m\ \ N\ \ A\ \ \ \,1 \ \

otomatik sistem gelistirirken puskirtiici kanadin
maksimum hizinin 2m/s ve maksimum hizlanmanin
10m/s? test parametrelerinin nominal limit degerleri
oldugu ileri slrilmektedir (Herbst et al. 2018).
Literatlirde (Griffith et al. 2012), kanat yiksekligini
kontrol etmek icin Hockley indeksi (H-indeks)
gelistirilmis ve Esitlik 1’de verilmistir. Esitlik 1'de, B1
toplam ilaglama siresince puskirticli kanadin
hedeften 635mm altinda kaldigi siireyi, B2 381 ila
635mm araliginda hedefin altinda kaldigi siireyi, B3
hedeften 127mm asagida kaldigi siireyi, B4 kanadin
hedefte ve hedefin 127mm Ustiinde kaldigi sureyi,
B5 kanadin hedefin 127 ila 381mm (zerinde kaldigi
sureyi, B6 kanadin hedefin 381 ila 635mm Ulizerinde
kaldig1 slreyi ve B7 ise kanadin hedefin 635mm
Gzerinde kaldigi slireyi ifade etmektedir (Griffith et
al. 2012).

H = B1(-1) + B2(0.25) + B3(0.75) +
b4(1) + B5(0.75) + B6(0.25) + B7(-1) (1)

Benzer olarak bir baska arastirmada (Miles, 2018),

piskiirtme  kanadinin  yiksekliginin  standart

degisimiyle ilgili Esitlik 2’de verilen teorik hesaplama
Esitlik 2'de N
sayisini, Bi

yonteminden bahsetmektedir.

gozlemlenen  kanat  ylkseklik
g6zlemlenen mm olarak kanat yuksekligi, o,(BH)
mm olarak gozlemlenen kanat yiksekligindeki
standart degisim, u(BH) (Esitlik 3) mm olarak

gozlemlenen kanat yliksekliginin ortalamasini ifade

7 7
e

/ 7 7 % / 7 v
-_.&.*-.__‘._{&___44._. S
T

= «

I
Hedef bitkinin 0.5m Gzerindeki
herbir puskurtuctinin teorik
puskurtme genisligi

N

Sekil 3. ideal tarim ilaglama durumu, piskiirtiiciilerin cift
ilaglama paterni ve bitki hedefinin izerinde ideal
yuksekligi gosteren sematik (Bets and Gordon
2020)

Sekil 3‘de gorilecegi tizere, 0.5m araliklarla dikilen
bitkinin 110° koniklik agisina sahip ve 0.5m aralikla
montajlanan plskirticdler ile verimli ilaglama igin,
plskirtict kanadin zeminden 0.85m yiikseklikte
olmasi ve puskirticilerin bitki yaprak ucundan Ust
Uste bindirmeli hizada (overlap patern) plskirtme
icin 0.4m ile 0.5m araliginda yukarida olmasi tavsiye
edilmektedir (Bets and Gordon 2020).

GUnUmiz mihendislik tasarim ve analiz ¢alismalari,
prototip imalatta deneme yanilma sayisini ciddi
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anlamda azaltmis ve herhangi bir mekanik yapinin
imalatina kabul edilebilir oranlarda (>80) tahmini
veriler elde edilebilir hale gelmistir. Endistride
miihendislik tasarimlari, en yaygin bilinen Autocad,
Solidworks, Catia, Pro-Engineering, Fusion ve NX
yazilimlara gerceklestirilirken; tasarimlarin
uygunlugunun analizinde ise sonlu elemanlar tabanh
yaygin bilinen ANSYS, Abaqus, Cutpro, Nastran ve
Marc miuihendislik programlarinin  kullanildig
bilinmektedir. Ornegin; hibrit kompozit yapilarin
kirllma davranisinin belirlenmesinde (Yalgin ve
Ergene 2019), kesme islemlerinin similasyonunda
(Kurt 2009; Zang and Bagchi 1994; Yalgin vd., 2017;
Tang and Huang 2011), bazi mekanik pargalarin yiike
bagh hasar olusumunun tahmininde (Yalcin vd.,
2019; Mahen 2007) sonlu elemanlar modelleme
(FEM) tabanli programlarin yayginca kullanildigi
gorulmustir. Tarim makine tasarimlarinin analiz ve
optimizasyonunda, FEM analizlerinden
yararlanildig gérilmektedir (Baijing et al. 2014; Wu
and Miao 2016; Kappaun et al. 2021; Ergene ve
Bolat 2023). Bu calismalarda, ilaglama puskdrtici
kanatlarin pasif slispansiyon sistemin, modelleme
ve analizinde ANSYS programini kullanmis ve
neticede puskirtict kanadin  yatay rijitliginin
salinimli  harekete bagh oldugu ve puskirtici
kanadin  yeniden  boyutlandinlarak  rijitligin
arttirilabilecegi ve yeni kanat tasarimlarinin ortaya
ciktig (2013), FEM

metodunun siirekli sistemlerde gerilme ve gerinim

belirtilmektedir.  Alves
davraniglarini yaklasik hesaplayan metot oldugunu
ifade etmistir. Engelen (2008) ise, plskdrtici
kanatlarin disik yapisal soniimlemeye ve yatay
ylksek esneklige sahip mekanik yapilar oldugunu,
rezonans frekansinin diisiik ve hizli oldugunu ve bu
rezonansin kritik degerlere ulasmasi durumunda
kanatta yatay yonde mekanik hasarlara sebep
olabilecegi ileri sirmektedir. Literatirde (Kappaun
et al. 2021) genellestirilmis koordinat sistemine gére
traktor ve puskirtict kanadin hareketleriyle ilgili
gosterim Sekil 4’de verilmistir. Sekil 4’de goriilecegi
Uzere, ilaglama sirasinda traktoriin saga sola

ilerlemesiyle puskirticti kanatlarda Z ekseni
boyunca dikey 6teleme hareketi ile birlikte X ekseni
etrafinda dénme hareketi meydana gelmektedir. Bu
hareketlerin 6zel stispansiyon ve yay mekanizmalari

ile 6nlenebildigi ancak ilaglama sirasinda olusan

salimim hareketlerinin mekanize kanadin tasarimi
ve malzeme sec¢imi ile en aza indirilebilecegi
anlasiimaktadir.

(a) Puskiirtiicii =7
-
kanatlar (booms)

(b)

Sekil 4. (a) Genellestiriimis koordinat sistemine gore
traktér ve plskdrtici kanadin hareketleri, (b)
kanatta kirilmaya sebep olan salinim hareketleri
(Kappaun et al. 2021).

Bu calismada, konuyla ilgili literatiir arastirmasi
yapildiktan sonra, tasarim ve imalat tecribesiyle
tarimsal ilaglama makinelerinde kullanilan X tipi
kanatlar kanatlar
Gerekli

deplasman degerlerine gore farkl

katlanabilen ile geleneksel

tasarlanmistir. malzeme sabitlerine ve
belirlenen
ylklemeler altinda statik FEM yapilmistir. Tasarim
farkhhg, puskirtiici kanatlarda olusan gerilme ve
gerinimler mukayese edilerek projeksiyon bilgiler

elde edilmistir.

2. Materyal ve Metot

Bu calismada, cekilir ilaclama makinesinin X tipi
katlanabilen ve geleneksel katlanan olmak lizere iki
farkh tasarim Solidworks programiyla modellenmis
olup, tasarim farkliligi ve avantaj ile dezavantajlari
izah edilmistir. Akabinde, X tipi ve geleneksel
plskirtict kanatlar literatlirde belirtilen (Blaylock
2020) zeminden 0.85m yukarida yatay pozisyondan
50mm ve 100mm iki farkli mesafelerde sehim
yapacak sekilde yiklemeler altinda kanatta olusan
normal ve kayma gerilmeleri ile birlikte gerinim
degerleri sonlu elemanlar analizi (FEA) ile tahmin
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edilmistir. Sonuglar yorumlanarak her iki tarimsal
ilaglama kanat sisteminin imalati icin teorik bilgiler
elde edilerek prototip imalat gergeklestirilmistir.

2.1 Tasarim ve FEA Prosediirii

Tarimsal ilaglamada kullanilan ¢ekilir makinelerin
kanatlari, geleneksel ve X tipi katlanir olmak lzere
iki sekilde tasarlanmistir. Sekil 5’de yeni nesil
tarimsal ilaglama makinesinin X tipi katlanabilen
kanadin acik ve kapali pozisyonu, Sekil 6'da ise
geleneksel kanadin acik ve kapal tasarimlari
verilmistir. X tipi tarimsal ilaglama makinesinin
kanadi, kayar mekanizmasiyla Y ekeninde asagi
yukari kayabilen sisteme sahiptir. 12m ve 15m
genislikte tarimsal ilaglama vyapabilen X tipi
atlanabilen puskiirtiici kanatlar, egimli arazilerde
bitkiye
saglanabilmesi igcin komplike hidrolik sistemleriyle

homojen ilaclama mesafesinin
modernize edilmistir. 15 m X tipi puUskirtici
kanadin kapal genisligi (Wx) 2541,25mm, kapal
yuksekligi (hg) 2709mm, agik yiksekligi 1407mm ve
agirhg 330kg’dir. 12m X tipi kanadin kapal genisligi
2541mm, kapal yiksekligi 2709mm, agik yiksekligi
1407mm ve agirhigr 313kg’dir. 12m geleneksel
plskdrtict kanadin kapali genisligi 2700mm, kapali
yuksekligi 342mm, agik yiksekligi 342mm ve agirlig
64kg’dir. 15m geleneksel piskirtiici kanadin ise,
kapali genisligi 2713mm, kapal ylksekligi 424mm,
acik yuksekligi 148mm ve agirligr 64kg’dir. Ayrica,
geleneksel kanatlarin imalatinda kutu St37 c¢elik
profil kullaniimistir. X tipi kanatlarda ise, yine ayni
malzemeden sac yari mamul, kesme, delme, bilkkme
ve kivirma sekillendirme yontemleriyle imal
edilmistir. Sekillendirilmis sac ve kutu profiller
kaynakli baglanti ile montajlanmistir. Her iki
ilaglama sisteminde civata somun baglantisiyla
ilaclama makinasina tespit edilmistir. Tarimsal
ilaglama sirasinda olusan asiri sehimin absorbe
edilebilmesi icin, plskilrtict kanatlar uygulama
tecrlibesine bagh olarak yay slispansiyon sitemleri
ile  desteklenmistir.  Tasarimsal c¢alismalarda
Solidworks, FEA analizlerinde Ansys Workbench

muhendislik programlari kullaniimistir.

; = Kayar
(@) l— mekanizma
o - e o e N ]
Piiskiirtiicii
kanat
(b) Y

Sekil 5. Tarimsal ilagclama makinesi icin yeni X tipi
katlanabilen puskirtiici kanat tasarimi, a)
Kanadin agilmis hali, b) X tipi katlanmis hali.

mekanizma
(b) <

Puskiirtiici D
kanat

'MM

D1

Sekil 6. Tarimsal ilaglama makinesi icin geleneksel
katlanan puskdrtict kanat tasarimi, a)
Kanadin katlanmis hali, b) Agik hali.

Literatlr arastirmasindan sonra (Kappaun et al.
2021; Bets and Gordon 2020; Blaylock 2020; Onallar
2022; itmeg ve Bayat 2017; Kog 2015), belirlenen X
tipi katlanan puskirtici kanadin ve geleneksel
plskirtliclinin FEA analizleri, ANSYS programi
kullanilarak rijid body teorisine gére modellenmistir.
Gerekli 210 GPa elastisite
moduli ve poisson orani 0.3 olarak, sinir sartlari

malzeme sabitleri;

kanadin makine gévdesine montajlandigi deliklerde
olacak sekilde M
noktasindaki montaj deliklerine (Sekil 7-c) silindirik

tim vyonlerde hareket “0”
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mesnet uygulanmis ve ilk yiikleme kosulu (F1) kanat
¢irpma hareketi olarak bilinen D1 ve D2 ugtan ayni
anda —Y yoninde sirasiyla 50mm ve 100mm yer
degistirme uygulanmistir. ikinci yiikleme kosulunda
(F2) ise; capraz kanat hareketi olarak bilinen kanadin
D1 ucundan +Yyonde c¢capraz yonli sirasiyla
50mm ve 100mm, es zamanh D2 ucundan da
—Yvyobnde sirasiyla 50 mmve 100mm  vyer
degistirecek sekilde uygulanmistir. FEA neticesinde,
plskdrtict genisligi boyunca olusan maksimum
von-Mises gerilme ve kayma gerilmesi, ortalama
asal gerilme, von-Mises gerinim elde edilmistir.
Kapsamli yapilan FEA analizleri, Tablo 1’de verilen
Taguchi deney tasarim parametreleri ve seviyeleri
L8 (274) ortogonal dizinde ve 4 faktor 8 analiz sayisi
ile yapilmis (Tablo 2) ve elde edilen FEA sonuglari

Taguchi analizi yapilarak yorumlanmustir.

Tablo 1. Taguchi L8 (274) deney parametreleri ve

seviyeleri.
Seviyeler
Parametreler 1 2

A Kanat Uzunlugu (m) 12 15
B Yer Degistirme

Miktari(mm) >0 100
C Yer Degistirme F1 (Kanat F2

Yoni ¢irpma) (Capraz)
D Kanat Tipi Geleneksel X tipi

Tablo 2. Taguchi Ortogonal Dizin Test Tasarimi L8 (274).

FEA Analiz FEA Analiz Kosullari
No

A B C D

1 12 50 1 1

2 12 50 2 2

3 12 100 1 2

4 12 100 2 1

5 15 50 1 2

6 15 50 2 1

7 15 100 1 1

8 15 100 2 2
Sonlu elemanlar analizinde ANSYS 2020 Workbench
miihendislik ~ programi,  sonuglarin  Taguchi

analizinde Minitab programi kullanilmistir. Taguchi
analizi ile girdi parametrelerin sonuglara etkisi, elde
uggen
elemen tipi secilmis ve yiliksel kalitede mesh

edilmistir. FEA analizlerde, tetrahedral

yapilmistir. Sekil 7’ de, 15m uzunluga sahip X tipi

katlanabilen ilag puskirtici kanadin  sonlu

elemanlar modeli, mesh goriintlisii, ve mesnet
durumu gosterilmistir.

Sekil 7. a) Tarimsal ilaglama makinesinin 15m X tipi
kanatin  FEA
modeli, b) Uygulanan yiiksek mesh kalitesi,

katlanabilen  puskdrtici
c) Silindirik mesnet uygulanan montaj
delikleri.

Element boyutu bes farkli (1-20mm araliginda)
blylklikte deneme vyapilarak sonuglari ihmal
edilebilecek diizeyde etkileyen element boyutu
secilmistir. ilag puskiirtiicii kanat igin element kenar
uzunlugu 5mm ve kayar mekanizmasi igin 10mm
belirlenmistir. 10m ve 15m geleneksel kanatlarin
FEA'de sirasiyla 159032 ve 238548 adet element,
318064 ve 477096 node elde edilmistir. 10m ve 15m
X tipi katlanir kanatlarin FEA’de sirasiyla 159032 ve
280397 adet element, 373597 ve 560296 node elde
edilmistir. Mesh kalitesini arttirmak icgin, standart
mekanik (standart mechanical) ve yliksek hassasiyet
(yuksek smooting) modlari agik otomatik metot
kullanilmistir. Malzeme olarak, kanadin imalatinda
kullanilan St37 sinifindaki celik malzeme secilmistir.
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Sekil 8. a)
puskirtict kanatin FEA modeli, b ve c)
Uygulanan vyiksek mesh kalitesi, d)

montaj

12m tarimsal ilaglama makinesi

Silindirik  mesnet
delikleri.

uygulanan

2. FEA Sonuglari
2.1 Tasarimsal Farklihgin Degerlendirilmesi

Ayni sartlarda yapilan FEA'de, gerilme ve gerinim
sonuglarinin puskdrtict kanadin tasarimina, yer
degistirme tipine ve siddetine, kanadin uzunluguna
degistigi
sonuglarindan secilen 4 adet sonlu elemanlar
analizlerinin sonuglari Sekil 9 ve Sekil 16 arasinda

bagh  olarak gorilmistir.  FEA

verilerek yorumlanmistir. Sekil 9’da 15m genislige
sahip X tipi katlanan tarimsal ilag¢ puskirtici kanat
¢irpoma denilen her iki ugtan =Y yoéninde 50mm
deplasmana sebep olan F1 yikleme altinda (5 nolu
FEA analiz) meydana gelen bileske von-Mises
gerilme ve kayma gerilmesi dagilimi verilmistir.

750,00 25000 AN

= 0 150000 3000,00 () X
47,835 Min 75000 2250,00 N

Sekil 9. 15m X tipi katlanan tarimsal ilag puskiirtiici
kanadin her iki ucundan -50mm deplasman
sonucu a) Bileske von-Mises gerilme ve b)
Kayma gerilmesi dagilimi (5 nolu FEA analiz).

Sekil 9'da gorilecegi lzere, plskirtiici kanadin
katlandigi mafsalda 171.4 MPa maksimum bileske
gerilme ile birlikte ayni mafsalda —47.835 MPa
kayma gerilmesi meydana gelmistir.

Sekil 10. 15m X tipi katlanan von-Mises bileske
gerilmenin kanat Gzerinde dagilimi.
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Karmasik ve ince kesitli sagtan imal edilmis
plskirtict kanadin blinyesinde 0 ila 40 MPa
araliginda von-Mises gerilme konsantre olmustur
(Sekil 10). Ayrica kanadin ince kesitli bolgelerinde
olusan kayma gerilmesinin —4.4 MPa ila 6.6 MPa
Sekil 11'de ise

gerinim

arasinda oldugu anlasilmistir.

plskirtict  kanatta  olusan akisi

gosterilmektedir.

A: Static Structural
Equivalent Elastc Strain
Type: Equivalent Elastic Strai

Unit;

Tirne: 1

5.03.20313:34
0,00093624 Max
0,00083221
0,00072819
0,00062416
0,00052013
000041611
0,00031208
0,00020805
0,00010403 p
0Min 500,00 1500,00

2000,00 (mrm)

Sekil 11. 15m genislige sahip X tipi katlanan von-
Mises bileske gerinimin kanat (izerinde

dagihmi.
Sekil 11'e gore maksimum gerinim kanadin
katlandigi mafsalda %0.09221 mertebesinde

gerceklesmis ve kanadin diger kesitlerinde ortalama
%0.020805 gerinim olugsmustur. Kanadin genelinde
olusan gerinimin, mafsal baglantisinda olusan
gerinimden 4.6 kat daha disik degerde oldugu
saptanmistir. Benzer sekilde puskirtict kanadin
ince kesitli ve tarim ilaci plskirtme memelerinin
montajli oldugu bolgelerdeki kayma gerilmesinin,
kanadin katlandigi mafsalda olusan erilmesinde
yaklasik 9 kat distk oldugu sonucuna varilmistir.
Sekil 12’de, 8 numaral analize ait gerilme analizi

verilmistir.

[ 26403 424083 (mm)
L~ S——— SS—
Te+3 3e+B3

Sekil 12. 15m genislige sahip X tipi katlanir kanadin
¢apraz yikleme (F2) ile von-Mises bileske
gerilme dagihmi (8 numaral FEA).

Sekil 12’de gorilecegi tizere, 15m uzunluga ve X tipi
katlanan kanadin bir ucundan —Y yoniinde 100mm
ve diger ucundan +Y yoniinde 100mm capraz yer
degistirmesi sonucu olusan vyikleme altinda,
maksimum bileske gerilme kanatta degil de, kanadin
ilaclama makinesine montajlandigi kayar
mekanizmada 393.74 MPa siddetinde meydana
daha

karmagsik ve ince kesitli kanatta ise 0 ila 87 MPa von-

gelmistir. Montaj konstriksiyona gore
Mises bileske gerilme gorilmustir. Capraz yikleme
durumunda, montaj konstriiksiyonda 152.99 MPa
maksimum kayma gerilmesi gorilmistir. Kanat
gévdesinde de, —12.54 MPa ile 38,26 MPa arasinda
degisen kayma gerilmesi elde edilmistir. Bu durum
Sekil 13-a’da gosterilmistir. Sekil 13-b ise %0.23
gerinimin yine kanadin tarimsal ilaglama makinesine
montajlandigl yataga vyakin bdlgede meydana

geldigini gbstermektedir.

Sekil 13. 15m genislige sahip X tipi katlanan kanadin

[ 20533 Ze+03 (mm)
[ S— S
Te03 3603

capraz vyiikleme sonucu a) kayma
gerilmesi dagihmi, b) von-Mises bileske

gerinimin kanat Gzerinde dagilimi.

Yeni X tipi katlanan tarimsal ilag puskiirtiici kanadin
—Y ekseni boyunca asagi yonli salinim hareketinde
meydana gerilme ve gerinimlerin kanat mafsali
Uzerinde konsantre olurken, X eksenine gore capraz
salimin hareketiyle olusan gerilme ve gerinimler
kanadin yakin  bolgede

montaj  deligine

yogunlasmistir. Bu durum, kanat ¢irpma hareketi
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olarak ta adlandirlan F1 yikleme durumunun

kanadin mafsallarini zorladigi ve -Y yoniinde

deplasmanin artmasina karsi 6nlem alinmasi

gerektigi ile ilgili on bilgi vermektedir. Sekil 14’de
15m uzunluga sahip geleneksel katlanan
plskirttictideki von-Mises bileske gerilme ve kayma

gerilmesi dagilimi (7 nolu FEA) verilmistir.

Sekil 14. a) 15m uzunluga sahip ve geleneksel

katlanan kanatta F1 yikleme ile olusan

von-Mises bileske gerilme dagilimi, b)
Kayma gerilmesi dagilimi (7 nolu FEA).

Sekil 14-a’da 398,04 MPa
maksimum bileske gerilme kanadin uca yapin profil

gorilecegi Uzere,
baglantisinda meydana gelmistir. Benzer olarak,
ayni profil baglantisinin oldugu yerde 98.421 MPa
maksimum kayma gerilmesi goérilmustir. Bu sonug,
konvansiyonel katlanan puskirtiici kanadin daha
fazla risk altinda c¢alistigi ve kanatta olusan
maksimum asal gerilmenin ise kanadin ucuna daha
yakin profilin kaynak baglantisinda yogunlasmasi ile
15-a’da
gorilmektedir. Benzer olarak, maksimum gerinimin

desteklenmektedir. Bu durum Sekil
%0.20448 mertebesinde kanadin ug bolgesine yakin
profil baglantisinda lokalize oldugu Sekil 15-b’de
gorilmektedir. Ayrica, Sekil 14’e gore, kanadin genel
yapisinda 44 MPa ile 132 MPa arasinda degisen
bileske gerilme ile birlikte —24 MPa ile 16 MPa
arasinda degisen kayma gerilmesinin meydana
geldigi anlasiimaktadir. Bu gerilme degerlerinin X

tipi katlanabilen yeni puskirtlicii kanatta olusan
gerilme daha
saptanmistir. Bunun nedeni, geleneksel katlanan

degerlerinden blyik oldugu
plskirtict kanatta celik profil kullaniimis, diger
yandan, X tipi kanadin imalatinda profil yerine
hafiflestiriimis delme ve uygulanmig

topolojik tasarima sahip celik sac kullaniimistir bu da

biikme

kanattaki gerilme degerlerinin dismesine katki
saglamistir.

0,0020448 Max

00018176

-l ooorsoos

[ ooorsen

L ootz

0,00090878

ﬂ 0,00068158
0,00045439

0,00022719

3.2465¢-17 Min

[ 26403 de+03 (mmm)

Sekil 15. a) 15m uzunluga sahip ve geleneksel
katlanan kanatta F1 yikleme ile olusan
maksimum asal gerilme dagilimi, b) Kayma
gerilmesi dagilimi.

Sekil 16’da 12m geniglige sahip geleneksel katlanan
kanadin +100mm capraz salinima sebep olan F
tipinde yiikleme durumunda elde edilen von-Mises
bileske gerilme ve kayma gerilmesi sonucu
verilmistir. Sekil 16-a’da gorilecegi lzere, 263.48
MPa maksimum bileske gerilmenin kanat profil
birlesiminde ve ug¢ bolgelerdeki profillerde de
maksimum gerilmeye vyakin degerde gerilme
meydana gelmistir. Kanat genisliginde, 0 ile 90 MPa
degisen von-Mises bileske
gorilmastlr. Bununla birlikte, kanat govdesinin
profil birlesiminde 92.938 MPa maksimum kayma
gerilmesi (Sekil 16-b), ve kanat gévdesinin genelinde
de yaklasik —6 MPa ile 26 MPa arasinda degisen
kayma gerilmesi  gorllmistir. Bu gerilme
degerlerinin ayni baglantida, %0.15307 maksimum
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gerinime sebep oldugu anlasilmaktadir. Bu durum

Sekil 16’da gosterilmistir.

Time: 1
5032032039
263,48 Max
Y
[ amo
[ 17566
L] 130
3
| 87,828
5553
w21
00013236 Min 0% 150000

730,00 2250,00

300000 {mrm)

AT Compeneniy
Global Coordinate System
Time:
5.03.2023 2036

92,938 Max

982 00 150000
Ll 75000 25000

300000 ()

1,0342e-8 Min o REL 300000 {mm)
—_— e
7000 2500

Sekil 16. a) 12m geleneksel katlanan kanadin
+100mm capraz yikleme (F2) sonucu
elde edilen von-Mises bileske gerilme, b)
Kayma gerilmesi, c) von-Mises bileske
gerinim (7 nolu FEA).

Taguchi deney tasarimina (Tablo 2) gére yapilan
sekiz adet (L8) sonlu elamanlar analizinde; 32 adet
gerilme ve gerinim sonucu elde edilmis olup, bu
Taguchi yapilarak
yorumlanmistir. Taguchi analizlerinde; Tablo 1'de
parametresi olarak,
kanatta elde edilen maksimum von-Mises bileske

sonuglarin  timu analizi
verilen parametreler girdi

gerilme, maksimum von-Mises bileske gerinim,

maksimum kayma gerilmesi ve ortalama asal
gerilme c¢ikti olarak tanimlanmistir. Yapilan Taguchi
analizinde en kigulk gerilme en kiigik gerinim ve
kanat disi gerilme konsantrasyonu en iyi sonug
olarak secilmis ve c¢ikti parametrelerine girdi
parametrelerinin etkisi tayin edilmeye c¢alisiimistir.
Sekil 17 ve Sekil 18'de de tarimsal ilaglama
makinesinin iki farkh plskdrtict kanadinin FEA

sonuclarinin Taguchi analiz sonuglari verilmektedir.

(a) Von-Mises Gerilmeye FEA Parametrelerin Temel Etkisi

Kanat Uzunlugu (m) [ Yer degistime miktari (mm) [ _ Yer degjistirme ydnii Kanat tipi

™
o
=3
9}
£
@

§ 30 \
(%]

o

)

=

c

(=]

>

320

310

300

290

280

(b) Gerinime FEA Parametrelerin Temel Etkisi

Kanat Uzunlugu (m) _[ver degistime miktan (mm)| _Yer degistirme y6nii Kanat tipi

0,0022

0,0021

0,0020

0,0019

0,0018

Gerinim (mm/mm)

0,0017

0,0016

0,0015
12 15 50 100 1 2 1 2

Sekil 17. a) FEA analiz parametrelerinin von-Mises
bileske gerilmeye etkisi, b) von-Mises
bileske gerinime etkisi.

Sekil 17-a’ya gore, kanat uzunlugu 12m’den 15m’ye
arttirildiginda, c¢apraz yer degistirme degeri
+100mm olmasi durumunda von-Mises bileske
gerilme belirgin olarak artarken, kanat tasariminin X
tipi katlanabilen olmasi durumunda da bileske
gerilmede nispeten azalma egilimi gorilmustir.
Bileske gerilmeyi kanat uzunlugu parametresi en
fazla etkileyen degisken olmustur. Kanat tipinin von-
Mises bileske gerinime etkisi ¢ok daha disiik elde
edilmistir. Bileske gerinime en blyilk etki capraz
kosullarinda Sekil 18
plskirtict kanatta olusan ortalama asal gerilme ve

ylikleme gorilmastir.
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kayma gerilmesi lizerine FEA girdi parametrelerinin
etkisini gostermektedir.

(a) Ortalama Asal Gerilmeye FEA Parametrelerin Temel Etkisi

Kanat Uzunlugu (m) [Yer degistirne miktari (mm) Yer degistirme y6nii Kanat tipi
210
S 200
o
Z 190
@
£ 180
& 10
3
2 160
©
£ 150
K}
£ 140
o
130
120
12 15 50 100 1 2 1 2
(b) Kayma Gerilmesine FEA Parametrelerin Temel Etkisi
120 Kanat Uzunlugu (m) Yer degistirne miktari (mm) Yer degistirme yénii Kanat tipi
© 10
o
=
$ 100
E
8
- 90
£
>
]
X~
80
70

12 15 50 100 1 2 1 2

Sekil 18. Puskirtlicii kanatta olusan ortalama
asal gerilme ve kayma gerilmesi (lzerine
FEA girdi parametrelerinin etkisi

Sekil 18-a’da gobre, ortalama asal gerilme vyer
degistirmenin capraz salinimli olmasi durumunda
belirgin bir sekilde artarken, X tipi kanatta olusan
asal gerilme disls egilimindedir. Kanat uzunlugu,
asal gerilmeyi yer degistirme parametresinden
sonra ikinci etkileyen parametre olmustur. X tipi
kanat tasarimi kayma gerilmesinin artisina sebep

olmus, bunun nedeni kanatin imalatinda
sekillendirilmis sacin kullaniimasi olarak
degerlendirilmistir. Ancak, bu artisin olusan

maksimum kayma gerilmesi bakimindan kanadin
disinda kayar mekanizmada yogunlastigi, kanadin
genelindeki kayma gerilmenin maksimum kayma
daha oldugu
gorulmustir (Sekil 9). Kayma gerilmesinin, capraz

gerilmesinden on kat dislk

yiuklemeyle (F2) £100mm deplasman sonucu en
18-b’den
anlasilmaktadir. Taguchi analizlerinde S/N grafikleri

fazla artis egiliminde oldugu Sekil

girdi parametrelerinin giktilara somut etkisini ve en

iyi kosulun tayini icin 6nem arz etmektedir. Yapilan
Taguchi analizinde, S/N grafikleri sonuglarin en
kiicik degeri en iyi (smaller is better) yaklasimina
gore belirlenmis ve Sekil 19'da verilmistir.

Sonuglar ile Girdilerin Etkilesim Grafigi

50 100 1 2
"
// 'S 200 Kanat
—— ’ \\\ 150 Uzunlugu (m)
,
anat Uzunlugu (i / —r— s / —
LS 100 — - 15
200 Yer degistirne
- miktar (mm)
150 = . i —. 50
Yer degistirne miktari (mm) Cm ann
100
- g
i 200 Yer degistirme
s yonii
. . 150 —e— 1
[ Yer degistirme yonfi M N
100
200 Kanat tipi
% —— 1
150 = . - >
~um Kanat tipi
100

Sekil 19. FEA analiz parametrelerinin sonuglarla
etkilesimiyle ilgili S/N grafikleri

Tim gerilme ve gerinim sonuglari en diasiik en iyi
yaklasimina gore yapilan Taguchi analizinde, capraz
ylikleme durumu, yer degistirme +50mm’den
+100mm’ye artmasi halinde kanadin disinda kayar
mekanizmada daha disik gerilme konsantrasyonu
elde edilmis ve 12m X tipi katlanir kanat avantaj
sergilemistir. Ote vyandan, ilaglama genisligini
belirleyen kanat wuzunlugu 15m’ye arttiriimasi
durumunda geleneksel kanat tipinin avantajli hale
(2015)’'un  yaptig
calismada, aliminyum tarimsal ilaglama makinesi

geldigi yorumlanmistir. Kog
kanatlarinda 27mm toplam deformasyona karsilik
189 MPa bileske gerilme; celik kanatlarda 19mm
deformasyona karsilik 399.67 MPa bileske gerilme
elde etmistir. Manea et al. (2018), degisik yapiya
sahip tarimsal ilaglama puskirticli kanatlarin
mekanik performanslarini Ansys programiyla analiz
etmislerdir. Rijit body teorisi kullanilarak yapilan
lineer statik analizleri sonucunda, 7mm deplasmana
karsi 229 MPa bileske gerilme elde etmislerdir. Bu
¢alismada, gelistirilen yeni X tipi katlanir ptskirtiici
govdesinde —Y yoninde 50mm deplasmana karsilik
171,4 MPa bileske gerilme elde edilmistir. Dudda
(2018), Ansys ile tarimsal ilaglama plskdrtiicilerinin
Kutu

profillerden olusturulan kanadin FEA’ de 24mm

dayanim analizini gerceklestirmistir.
deplasmana karsi 148 MPa maksimum gerilmeyi
elde ettigini rapor etmistir. Bu ¢calismada, kutu profil

ve sekillendirilmis sacdan tasarlanan iki farkli
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tarimsal ilaglama puskirtiicii kanatlarinda daha
yiksek deplasman degerleri ve iki farkli yikleme
detaylica
arastirilmistir. Sekiz farkh FEA ile elde edilen von-

tipinin gerilme ve gerinime etkisi

Mises bileske gerilme sonucu Sekil 20’de verilmistir.

Individual Value Plot of Bileske von-Mises Gerilme(MPa)

5 w0 * 6 nolu FEA

s

£ .3 nolu FEA

T * 7 nolu FEA *8 nolu FEA

(U]

S s *2 nolu FEA

£ * 4 nolu FEA

r -5 nolu FEA

@ « 1 nolu FEA

100 1‘ é
Kanat tipi

Sekil 20. Taguchi L8e gore vyapilan FEA’de
kanatlarda meydana gelen von-Mises
bileske gerilme degerleri.

3. Sonuglar

Tarimsal ilaglama makinelerinde yaygin kullanilan
geleneksel katlanabilen ilag plskirtiict kanatlar ve
X tipi katlanir tasarlanan piskirtict kanatlara,
kanat ¢cirpma kosulu (F1 ylikleme) ve capraz hareket
kosulu (F2 ylkleme) ile yapilan FEA analizinde
asagida siralanan sonuglar elde edilmistir:

> 1. FEA’ de, geleneksel katlanan kanatta 137.29
MPa von-Mises bileske gerilme ve —Y yonde her
iki ugta 50mm deplasman (F1) ile meydana
gelmistir. 1.8 glivenlik faktori elde edilmistir. 5.
FEA’ de, X tipi kanatta 171.4 MPa von-Mises
bileske gerilme ve =Y yonde her iki ugta 50mm
deplasman (F1) ile meydana gelmistir ve givenlik
faktori  1.45'dir. Bu sonucun, literatirde
belirtilen (Manea et al. 2018; Dudda 2018), kanat
tasarimi FEA analiz sonuglarindan daha iyi oldugu
anlasiimistir.

> X tipi katlanabilen kanatta olusan bileske gerilme
ve gerinim, ortalama gerilme; geleneksel kanatta
olusan sonuglara goére dislis egilimindedir.
Ancak, X tipi kanat sekillendirilmis sagtan imal
edildigi icin kayma gerilmesi nispeten artis
egiliminde olmustur.

» 12m’den daha genis X tipi puskirttct kanadin
50mm’den daha fazla ¢apraz ve kanat ¢irpma
ihtimaline karsin, puskirtictd kanadin kayar

tarafindan

mekanizma ile bir zincir

desteklenmesi ve puskirticinin  makine
govdesine montajinda 1Y eksenince oynar yatak
Onerilebilir

kullaniimasi ve boylece efektif

ilaclama genigliginin arttirilabilecegi
duslintlmektedir.

> FEA analizlerinde elde edilen maksimum gerilme
geleneksel kanatlarin gévdesinde olusurken, X
tipi kanatlarda ise kayar mekanizmada
yogunlasmistir. Bu durumun, X tipi katlanabilen
plskdrtict kanatlari tarimsal ilaglama sirasinda
daha ylksek rijit davranis ile avantajli hale
getirecegi distintlmektedir.

» X tipi
mekanizmada lokalize olan maksimum bileske

4.6 kat daha

(Sekil 10).

olusturan kutu profillerin kaynakl

kanatta olusan gerilmenin, kayar

gerilmeden disik oldugu

goralmastir Geleneksel kanadi
birlesim
bolgelerinde, X tipinden daha yiksek bileske
gerilme yogunlasmistir. Bu durumun, geleneksel
kanatlara kalitesinin

uygulanan  kaynak

arttirilmasi gerektigi sonucuna varilmistir.
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Metal bilegenler genellikle kirllmalarindan degil, asinmalarindan, orijinal boyutlarini ve kullanighliklarini

Anahtar kelimeler kaybetmelerinden dolayl amaglandigi gibi ¢alismazlar. Sert dolgu kaplamalar, endistride kullanilan

bilesenlerin/aletlerin  6mrind uygun maliyetle arttirmasindan 6tiuri olduk¢a populer olarak

Sert dolgu kaplama;
kullaniimaktadir. Bu ¢alismada, ferrokrom ve ferroboron tozu ilavesiyle masif tel ve krom karbdr igerikli

Mikroyapi; Makro

indentasyon kinlma 0zli tel kullanilarak S235JR celiginin ylzeyi metal ark kaynagi teknigi kullanilarak kaplanmistir.

toklugu; Palmauist Kaplamalarin makro ve mikro sertlik testleri yapilmig, mikroyapi incelemeleri ve faz analizleri
g;tlagl gerceklestirilmistir. Elde edilen sert kaplamalarda olusan sert fazlarin kaplamanin kirilma toklugu
Gzerindeki etkisini gdstermek amaciyla indentasyon teknigi kullanilarak olusan Palmaqvist catlaklari ile

kirlma tokluklari hesaplanmistir. Kaplamada olusan sekonder sert faz morfolojisinin kirilma toklugu
lizerinde olumlu etkisi oldugu gorilmustr.

Characterization and Fracture Toughness Investigation of Iron Based

Hardfacings
Abstract
Metal parts frequently fail to perform as intended not because they break but because they deteriorate
Keywords over time and lose their original shape and functionality. Because they cost-effectively extend the life
Hardfacing; of components and tools, hardfacing coatings are very common in industry. In this study, the surface of

Microstructure; Macro- S235JR steel was coated using metal arc welding technique, using massive and chrome carbide cored

indentation fracture
toughness; Palmqvist
crack

wires with the addition of ferrochrome and ferroboron powders. Macro and micro hardness tests,
microstructure studies and phase analyzes of the coatings were carried out. The hard phases' effects
on the coating's fracture toughness were demonstrated using the indentation technique, and the
formation of Palmquvist cracks was used to calculate fracture toughness. It was observed that the
morphology of secondary hard phases formed in the coating had a positive effect on the fracture
toughness.

© Afyon Kocatepe Universitesi

1. Giris kaplamalarin  disik maliyetli olmasi yaygin
Sert dolgu kaplamalar malzemelerin sertligini ve kullanimlarina neden olmaktadir. Boylelikle asinan

o/t .
asinma oOzelliklerini iyilestirmek igin cesitli kaynak parcanin %25'ine varan maliyetlerle o parcay:

yontemleri kullanilarak metalik bir bilesen zerine yeniden kullanima kazandirmak mimkdndir. Ayrica

S - . aplanan malzemenin dmrini 30 ila 300 kat uzatir ve
belirli bir alasim malzemesinin kaplanmasi ile elde

edilir. Metaller i¢in istenen asinma, darbe, korozyon
ve isll sok direnci gibi 6zellikleri karsilayabilen cesitli
alasimlar vardir. Kaynak, bu gereklilikleri yerine
getirmek ve sert dolgu alasimlarini uygulamak igin
kilit bir teknolojidir (Garbade et al. 2021). Sert dolgu

ariza slresini ve yedek parga stoklarini azaltmaya
olanak saglar. Bununla birlikte, sert dolgu bilesenleri
daha ucuz ana metalden dretilebilir (Ahn 2013).

iki yiizey birbirine temas ettiginde ve biri digerinden
daha sert oldugunda, abrasiv asinma olusur.
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Ozellikle tarim ve madencilik ekipmanlarinda
mekanik bilesenlerin sertligini ve abrasiv asinma
direncini artirmak igin sert kaplamalara basvurulur.
Parcaciklarin boyutu, malzemelerin asinma direnci
Gzerinde 6nemli bir etkiye sahiptir (Coronado et al.
2009).

Sert kaplama icin, korumali metal ark kaynagi
(Nikoli¢ et al. 2021), 6zll ark kaynagi (Cardoso et al.
2022), toz alti kaynag (Patel, Wanare, and Kalyankar
2021), gazalti kaynag (Kravchenko, Kartsev, and
Kuznetsov 2021), toz puskiirtme (Patel et al. 2021),
Yiiksek Hizda Oksi Yakit Pusklirtme (HVOF) (Aoudia
et al. 2020), plazma transferli ark (Srimath and
Sathyabalan 2020), elektrik ark (Singh et al. 2022),
tungsten soy gaz kaynagi (TIG) (Krzysztof et al. 2019)
gibi cesitli kaynak yontemleri kullanilir.

Sert kaplamalarda dolgu malzemesi olarak masif
ve/veya 6zl tellerin  kullanimi  endustriyel
uygulamalarda sikhkla karsilasilan bir yontemdir.
Dastk alasimh celikte sert kaplamalar icin uygun
malzemelerin secilmesi maliyetleri buylk o6lcide
azaltabilir (Yang et al. 2013). Ancak bazi durumlarda
istenen ozellikleri elde edebilmek igin kullaniimasi
gereken tel miktari maliyeti oldukga arttirabilir.
Kaynak islemine toz ilavesi ise, kaynak alasimi
Ozelliklerini gelistirmek igin kullanilan en ekonomik
yollardan biridir (Srikarun and Muangjunburee
2018).

Metalik sert dolgu malzemelerinin asinma ve
triboloji ozellikleri genellikle WC, CrsC;, VC, Al,Os,
Mo ve TiC (Hou et al. 2007; Rokanopoulou et al.
2014; Celik 2013) gibi sert partikiller tarafindan
guglendirilir. Asinmaya dayanikli demir bazl sert
dolgu alasimlarinin mikro yapisi, 0stenit, ferrit, perlit
veya martensit matrisi icerisinde sert fazlar-6zellikle
karbirler, borirler veya krom, demir, niyobyum,
tungsten ve vanadyum karboborirleri-icerebilir.
calismalarda yapidaki
kirllma davranisinin Fe bazli sert dolgu alasimlarinin

Yapilan baz karburlerin

asinma direncini etkileyebilecegi bildirilmistir
2007; Dogan and Hawk 1995;

Coronado 2011). Bu tir fazlarin kirilma davranisi,

(Correa et al.

kirllma toklugu testleri kullanilarak incelenebilir.
Ancak Fe esasli sert dolgu alasimlarinda ¢ok sayida
katilasma catlagl gorildiginden, Charpy ve CTOD
Testi (Crack Tip Opening Displacement Test (Catlak
Ucu Agma Yer Degistirme)) icin numune hazirlamak

oldukg¢a zordur. Bu nedenle, Fe bazl sert dolgu
alasimlarinin kirilma toklugu hakkindaki literattrin
sinirh oldugu gorilmektedir. Bu durumu ortadan
kaldirmak icin son yillarda indentasyon teknigi
gelistirilmistir. indentasyon teknigi ile cok daha hizli
ve basit bir sekilde
(Moradkhani et al. 2013)
Bu calismada da S235JR celiginin ylizeyi metal ark

sonu¢ alinabilmektedir

kaynak yontemi ile krom karbir igerikli 6zIU tel ve
masif tele sirasiyla ferrokrom ve ferrobor toz ilavesi
yapilarak kaplanmistir. Sert kaplamalarin igyapisi,
olusan fazlar, sertlikleri ve kirilma tokluklar
arastinilmistir. Boylelikle sert kaplamalarda siklikla
kullanilan karbir ve borir fazlarinin kirilma toklugu

Uzerindeki etkileri gozlemlenmistir.

2. Materyal ve Metot
2.1 Malzemelerin Uretilmesi

Bu c¢alismada kullanilan numuneler 5 mm
kahnhgindaki S235JR celiginden plakanin (izerine
elektrik ark yontemiyle sert dolgu kaplanarak
(Sekil 1) 2018).

Kaplamalarda kullanilan toz ve kaynak teli kimyasal

Uretilmistir (Durmus et al
bilesimleri Cizelge 1 ve Cizelge 2’de, kaplama
icerikleri ve Uretim parametreleri ise sirasiyla
Cizelge 3 ve Cizelge 4’te verilmistir. Kaplama Oncesi
celik malzemeye herhangi bir 6n isitma islemi

uygulanmamistir.

Numune

o 4

Kaynakla kaplanan ylizey

I T
Altlik malzeme (S235JR)

Sekil 1. Uretilen numunelerin sematik gdsterimi

2.2 Mikroyapi ve XRD analizleri

Sert fazlarin mikroyapisi ve hacimsel orani, Clemex
Yazilimi kullanilarak Nikon Eclipse LV 100 optik
mikroskop ile

incelenmistir.  Sert  dolgu

kaplamalarinin zimparalanmis (st ytizeyinden 20°-
(XRD)
gercgeklestirilmistir. XRD analizinden hem olusan

90° arasinda X-isini kinnim  analizi
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fazlarin tiirG tespit edilmistir hem de Origin Pro
yaziimindan elde edilen yari yikseklikteki tam
genislik (full width at half maximum-FWHM) degeri
(Sekil 2) ile sekonder fazlarin demir esasli matris
fazinin  kafes yapisinda meydana getirdigi
distorsiyonlar hakkinda fikir edinilerek yoruma katki

saglanmistir.

Cizelge 1. Dolgu tellerinin seyreltilmemis kimyasal
bilesimi (%agirlik¢a)

Tel. c B si wmn W Fe
Tiirii

Masif 0,08 - - 0,8 1,45 - Kalan
Ozlii

tel 360 3430 220 0,30 0,13 0,27 Kalan

Cizelge 2. Ferrokrom ve ferroboronun kimyasal
bilesimleri (%agirlik¢a)

Toz Tiirli C Cr B Si Fe
55 - 2 37

Ferrokrom 6

Ferrobor - - 17 - 83

Cizelge 3. Sert kaplamalarin igerikleri

Numune Kullanilan Tel Toz Ferrobor Ferrokrom
Tel Turii (%) (%) (%) (%)

FeB Masif 50 50 100% -

FeCr 0zli tel 70 30 - 100%

Cizelge 4. Kaplamalarin Gretim parametreleri

burada H sertlik (Pa) ve W catlak direnci

parametresidir ve W=P/LT formillyle hesaplanir.
Burada P uygulanan yik (N), LT ise toplam catlak
uzunlugu (m) olarak alinmistir. Sertlik testleri bes
kez tekrarlanmis ve calismada ortalama degerlere
yer verilmistir.

2 Bookt ~ [=)[a ]
~
@, 1 = Nonlinear Curve Fit (Gauss) (19.10.2022
] ® Notes =
* Input Data |
= Parameters |
Value Standard Error
vd 6503693 395176
4 X 44,63904 0,00318
w 045946 0,00654
B A 9832972 12,50705
° sigma 022973 0,00327
s FWHM 054007 0,0077
o | Height 16728336 20,23031
Reduced Chi-sqr = 5448 52377794
COD(R2) = 0,85887010541384
< [+ 5, Sheetd FitNL1 {FitNCCurved 7| < >
T T T T T T T T T T T T T 1
20 30 40 50 60 70 80 90
20

Sekil 2. Origin Pro yazihmiyla yari ylikseklikteki tam
genislik degerinin elde edilmesi

Numune Takviye  Tel miktari  Toz debisi Voltaj Amper Tel ilerleme hizi Tel ¢api Serbest tel boyu
tirii (g/dak) (g/dak) (v) (mm/dak) (mm) (mm)

A FeB 62 62 27.5 280-300 170 1.6 20-25

B FeCr 157.5 105 27.5 400 220 3.2 35

2.3 Sertlik testi ve kirilma toklugu hesaplamalari

Sert kaplamalarin enine kesitinden alinan makro-
Vickers sertlik olcimleri, ASTM E-384'e gore 20 kgf
yluk altinda Emco-Test DuraVision sertlik test cihazi
ile gerceklestirilmistir. Sertlik degerleri kaplamadan
alinan bes farkh olcimin ortalamasi alinarak elde
edilmistir. Sertlik 6l¢climlerinde batici ucun numune
Gzerinde olusturdugu izin etrafini cevreleyen
Palmqvist radyal catlaklarin uzunlugu bir optik
mikroskop yardimiyla O6l¢llmuistir ve kirilma
tokluklari asagidaki formilasyon ile hesaplanmistir

(Majumdar et al. 2006):

3. Bulgular ve Tartisma
3.1 Mikroyapi ve XRD analizi

Sekil 3 ve Sekil 4’te sert dolgu kaplamalara ait
mikroyapi gorintdleri verilmistir. Krom ve bor
farkli
meydana getirdigi tespit edilmistir. A numunesi

takviyesinin morfolojide primer fazlar
olarak adlandirilan bor igerikli kaplamanin, dort
koseli morfolojide primer borirler ve demir esasli
matris fazi icerisinde dagilmis nano boyutta, agsi
yapida sekonder borir/matris otektigi icerdigi
(Sekil  3.a-b).

numunesinde ise altigen morfolojide primer krom

gortlmustir Krom icerikli B
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karbiir ve karmasik sekilli, ayrik partikiller halinde
matris fazinda dagilmis sekonder karbirler tespit
edilmistir (Sekil 3.c-d). Yapilan bir galisma (Durmus
2018) Fe-Cr-C-B
kaplamalarda artan bor

et al icerikli sert dolgu

iceriginin  sekonder
karbir/matris 6tektiginin morfolojisini degistirdigini
ifade etmistir ve otektigin ¢cokelmis parcaciklardan
surekliligi olan ag yapiya donistiglni gostermistir.
Sekil 4'te sert dolgu
malzemesi/kaplama ara yizeyine ait mikroyapi

kaplamalarin  althik

gorintileri verilmistir. Bu boélgede primer fazlarin
meydana gelmedigi tespit edilmistir. Bunun nedeni,
alasim elementince yoksun olan altlik malzemesinin
kaplama islemi sirasinda ergiyerek, ergiyik haldeki
kaplama malzemesini alasim elementi bakimindan
seyreltmesidir. Bu durumda primer fazlari meydana
getirecek bor/krom miktar azalacagindan primer
fazlar yerine mikroyapida sekonder karbir/borir
olusumu gozlenmistir.

Mikroyapi incelemelerinde gozlenen fazlarin tlrini
belirlemek amaciyla yapilan XRD analizlerine gore
(Sekil 5), FeB iceren A numunesinin koseli sekle
sahip olan birincil fazlari (Sekil 5.a) demir-bor
bilesikleri (FeB ve Fe,B) olarak tespit edilmistir.
Shoushtari Fe-B-C sert dolgu alasimlarinin mikroyapi
morfolojisini  incelemistir  (Shoushtari  2019).
Calismasi sonucunda XRD analizi ile Fe;,B ve FeB
fazlarini tespit etmistir. Ayrica, bu c¢alismada elde
edilen mikroyapi gorintilerine (Sekil 3.b) benzer
sekilde sekonder fazlarin ag benzeri morfolojide
oldugu gorulmustar.

B numunesine ait XRD grafigi incelendiginde (Sekil
5.b) Cr,C; fazina ait spesifik piklerin varligi tespit
edilmistir. Her iki kaplama da demir esash bir althik
ylzeyine yapildigi icin grafiklerde yaklasik 452 de
matris fazina ait a-Fe piki de gézlemlenmistir.

Sert dolgu kaplamalarin fazlarina ait hacimsel oran
analizine gore (Sekil 6) FeB iceren A numunesinde
yaplya sertlik veren borir fazlarinin orani yaklasik
olarak %58,8 dir. Bu oran karblir iceren B
numunesinde %61,2 dir.

Prir}hef"liahb'_“p &

Sekonder karbiir

Sekil 3. Sert kaplamalarin mikroyapilari a) FeB iceren
numunenin genel morfolojisi b) FeB iceren numunenin
sekonder faz morfolojisi c)FeCr iceren numunenin genel
morfolojisi d) FeCr iceren numunenin sekonder faz
morfolojisi
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Sekil 4. Altlik malzeme/kaplama ara yiizeyine ait
mikroyapi gériintileri: a)FeB, b)FeCr

Siddet

20 40 60 80

Sekil 5. Kaplamalarin XRD sonuglari 1: Demir-bor 2:
Ferrit 3: CrsCs 4: FesC3 5: Fe

Sekil 6. Sert fazlarin (sari) ve matrisin (mavi) fraksiyonel
analizi a)FeB b)FeCr

3.2 Sertlik ve kirilma toklugu

Kaplama tabakasinin ylizeyinden altliga kadar mikro
sertligin degisimi Sekil 7'de gosterilmistir. FeCr
iceren kaplamalarin ortalama makro sertligi 662+18
HV20 iken FeB igeren kaplamalarin makro sertligi ise
766125 HV20 dir. FeCr iceren kaplamalarda karbir
yogunlugunun fazla olmasindan dolayi (Sekil 6.b)
mikro sertlik olgimlerinde FeB iceren kaplamaya
gore daha yiksek elde edilmistir. Bu durum alinan
Olgciimlerin dogrudan karbirlere denk gelmesiyle
aciklanabilir.  FeB iceren kaplamanin  mikro
sertliginin diger kaplamaya gore daha dusik elde
edilmesinin sebebi ise mikroyapisinda gorildugi
gibi (Sekil 6.a) sert faz oraninin diger kaplamadan
oldukga diistk olmasidir.
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Kafes  distorsiyonlarindaki  artis  dislokasyon

’\:! 1600 yogunluklari ile iliskilendirilebilir. Buna karsin krom
§’ 1400 iceren B numunesinde krom karbir fazlarinin
L 1200 nispeten yiksek oranda olmasi ve sekonder karbir
~¢ 1000 . e
5 00 yapisi nedeniyle makro sertlik 6lcimi sirasinda
D 600 karburlerin kirllmasiyla sertligin beklenenden diisiik
© 400 = ¢iktigl sonucuna varilmistir. B numunesinin mikro
g 200 j:? sertlik dagilimi A numunesine gbre daha yiksek
o :; s deger araliginda iken makro sertligin daha distk
g olmasi bu durumla agiklanmistir.
FeCr FeB
0 1000 2000 3000 4000 5000 600 o 1 "5
Mesafe (um)
Sekil 7. Kaplamalara ait sertlik degerleri
iki kaplamanin da ayni sertlik degisim egilimine
sahip oldugu gorilmistir. Kaplama sertligi althk
tabakaya dogru azalma egilimi sergilemistir.
Kaplama tabakasinin degisen mikrosertligi, mikro
yapisi ile ilgilidir. Althk malzemesine yakin bélgede
mikrosertlikte dists meydana geldigi gozlenmistir.
Ozellikle krom iceren B numunesinde sertlik diisiisii
daha  belirgindir.  Mikroyapi  incelemelerine
bakildiginda B numunesinin althk malzeme/kaplama b

araylzeyinde primer karbir olusmadigi ve sekonder
sekilde dagildig
gorilmektedir. Buna bagl olarak sertligin ani olarak

karbirlerin daha seyrek bir
diistigi tespit edilmistir. Bor iceren A numunesinde
ise althk malzeme/kaplama ara ylizeyinde nano
sekonder  borlr/matris
Otektiginin olusmasi, sertlikte kayda deger bir
diistslin 6nine gegmistir. Genel bir ifade ile althk

malzeme/kaplama ara ylzeyinde meydana gelen

boyutta  yapilanmis

sertlik dlststinin temel sebebi seyrelmedir
2019; Srikarun et al. 2021).

Kaplamalarin yaklasik 452 de a-Fe fazina ait yari

(Srikarun et al.

yukseklikteki tam genislik degerleri incelendiginde,
bor iceren A numunesinin 0,69808 olan FWHM
degerinin krom iceren B numunesine gore (FWHM:
0,54097) daha yiksek oldugu tespit edilmistir. A
numunesinin sekonder faz morfolojisi sebebiyle
demir esash matrisin kafes yapisini daha fazla
distorsiyona ugrattigi dislinilmektedir. Buna bagh
olarak A kaplamasinin tokluktan 6diin vermeden
ylksek makro sertlige sahip oldugu gortlmustiir. Oh
ve ark., artan dislokasyon yogunlugunun FWHM
degerini artirdigini tespit etmistir (Oh et al. 2017).

2

. ’$ . Ko
10,86 pm * $e

100 ym

Sekil 8. indentasyon izlerinin ve ¢atlaklarin temsili
mikrograflari a)FeB b)FeCr

FeB ve FeCr iceren numuneler ayni ylkleme
kosullari altinda batici ug izinin bazi kdselerinden
¢atlama gostermislerdir. Bu ¢atlaklar kendi iglerinde
egrisellikler gosterse de Sekil 8 de gosterildigi gibi iz
boyunca catlak uzunlugunun izdliisimi alinarak
Olctilmus (Lin 2015) ve ortaya ¢ikan kiriima tokluklari
degerleri sirasiyla 13,5£2,8 MPavm ve 8,2810,8
MPavm olarak hesaplanmistir.

FeCr numunesinde elde edilen c¢atlaklarin boylari
FeB iceren A numunesinde elde edilen c¢atlaklara
gore daha fazladir. Bunun sebebi yapida bulunan
kaba taneli primer sert fazlar ve karmasik sekilli,
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keskin koseler barindiran sekonder fazlardir. FeB
iceren A numunesinde elde edilen sert faz orani her
ne kadar FeCr iceren B numunesiyle benzerlik
gosterse de A numunesinin mikroyapisinda da
gorildugi gibi sekonder sert fazlar ayrik pargaciklar
halinde degildir ve matris fazi ile katmanh bir yapi
olusturmustur.

FeB iceren A numunesinin nano boyutlara sahip agsi
yapidaki (petek ve balik kilgigi benzeri goériinti)
sekonder fazlarinin gatlak ilerlemesini engelledigi
distnilmektedir. Wang vd. (Wang et al. 2013).
sekonder faz iceren bilesiklerin, catlak ilerlemesi
Uzerinde pozitif bir dnleyici etkiye sahip oldugunu
One sUrmustir. Bununla birlikte mevcut sekonder
fazlarin morfolojisi de kirllma toklugu agisindan goz
oninde bulundurulmasi gereken bir faktordir.
Birbirinden ayri keskin koseler iceren sekonder
fazlar yik altinda gerilme yigilmalarinin meydana
gelebilecegi noktalar olusturabilir (Sekil 3.d). Buna
karsin, birbiri ile baglantili halde ve matris ile ince
kanallar seklinde otektik olusturan agsi yapida
sekonder fazlarin ¢atlak ilerlemesine karsi daha
direncli oldugu, bu calismada elde edilen bulgularla
desteklenmistir. Benzer sekilde, Gramajo ve ark.,
M7 BC3 karbir fazinin artan miktari ve boyutunun
kirllma toklugu acisindan kaplamayl dezavantajh
hale getirdigini ifade etmistir (Gramajo et al. 2020).
Dolayisiyla Krom iceren B numunesinde ayrik
sekonder fazlarin boyutunun A numunesinde
meydana gelen agsi sekonder fazlara kiyasla daha
blylik olmasi sebebiyle B numunesinde kirilma

toklugunu distrdgi tespit edilmistir.

4. Sonug

Bu calismanin amaci, FeB ve FeCr iceren sert dolgu
kaplamalarin mikroyapisini ve kirilma toklugunu
incelemektir. Sonuglar asagidaki gibi 6zetlenebilir:

1. Kaplamalarda meydana gelen primer fazlar
krom ve bor icerigine gore farkh morfolojik
yaplya sahiptirler.

2. Kaplamada yer alan sert fazlarin orani sertlik
Olcimlerinde 6nem arz etmektedir. Sert faz
(karbir/borir) oraninin artmasi mikro sertlik

alinma

althik

Olcimlerinde sert fazdan o6l¢lim

ihtimalini  arttirmaktadir.  Ayrica

malzeme/kaplama ara yizeyinde meydana
gelen seyrelme miktari mikroyapinin dolayisiyla
mikro sertligin ani degisim miktarini da
etkilemektedir.
3. Kaplamalarin a-Fe fazina ait FWHM degerleri
dislokasyon  yogunlugunu belirlemektedir.
Buna gore FWHM degeri daha yuksek olan
numune daha fazla kafes carpilmasina sahip
oldugu

¢itkmaktadir.

icin makro sertlik degeri yuksek
4. Yapida hesaplanan kirilma toklugu ile sert
fazlarin mikroyapisi ile arasinda bir iliski vardir.
Ayrik yapida keskin koseler iceren sekonder
fazlar, indentasyon sirasinda olusan ¢atlaklarin
ilerlemesine neden olurken; agsi yapiya sahip
sekonder faz yapisi, catlagin ilerlemesine engel
olusturmaktadir. Bor icerikli sert dolgu
kaplamalarin bu anlamda sertlikten 6din
vermeden kirilma toklugunu gelistirebilecegi

gorilmastir.
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