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AMAC ve KAPSAM

Karaelmas Fen ve Mithendislik Dergisi (https://dergipark.org.tr/tr/pub/
karaelmasfen), Zonguldak Biilent Ecevit Universitesinin resmi yayin
organidir.

Derginin amact, Fen Bilimleri, Temel Saglik Bilimleri ve Miihendislik
Bilimleri alanlarinda yapilan 6zgin aragtirma makaleleri, derlemeler, kisa
makaleler, teknik not, kitap elestirileri ve bilimsel nitelikli editére mektup-
lar1 yayinlayan uluslar arasi ve saygin bilimsel bir dergi olmaktur.

Bu dergide yayinlanan makaleler, bagimsiz ve onyargisiz ¢ift-korleme
hakemlik (peer-review) ilkeleri dogrultusunda bir danisma kurulu tarafin-
dan degerlendirilir. Makaleler baglica alt: kategoride yayimlanur: (1) “Arag-
tirma Makaleleri”, (2) “Derleme Makaleler”, (3) “Kisa Makaleler”, (4)
“Teknik Not ve Vaka Takdimleri”, (5) “Editére Mektuplar”, (6) “Kitap ve
Yazilim Program: Elestirileri”. Makaleler Tiirkge veya Ingilizce dillerinde
yazlabilir; Ingilizce veya Tirkge Ozetler ile anahtar sézciikler icermelidir.

Karaelmas Fen ve Mihendislik Dergisi, Haziran ve Aralik aylarinda
olmak tizere yilda iki kez yayinlanmaktadir ve https://dergipark.org.tr/tr/

pub/karaelmasfen internet adresi tizerinden takip edilebilir.

Yayim Izni

Bireysel kullanim diginda, Karaelmas Fen ve Mihendislik Dergisi'nde
yayimlanan makaleler, sekiller ve ¢izelgeler yazili izni olmaksizin ¢ogal-

tilamaz, bir sistemde argivlenemez veya reklam ya da tamitim amagh
materyallerde kullanilamaz.

Bilimsel makalelerde, uygun sekilde kaynak gosterilerek alinti yapilabilir.

Abone Iglemleri

Karaelmas Fen ve Miihendislik Dergisi, Universite Kiitiiphanelerine ve
bilim insanlarina diizenli olarak ulagtirilmaktadir. Yayimlanan makalelerin
tam metnine, gizelgelerine ve 6zetlerine ¢evrim-igi olarak https://dergi-
park.org.tr/tr/pub/karaelmasfen adresinden tcretsiz olarak erisilebilmek-
tedir.

Yazilarin Bilimsel ve Hukuki Sorumlulugu

Yayimlanan yazilarin bilimsel ve hukuki sorumlulugu yazarlarina aittir.
Yazilarin iceriginden ve kaynaklarin dogrulugundan yazarlar sorumludur.
Editér, Yardimer Editorler, Yayin ve Danigma Kurulu tyeleri ve Yayimer,
dergideki hatalardan veya bilgilerin kullanimindan dogacak olan sonuglar-
dan dolay: sorumluluk kabul etmez.

Yazarlarimizin etik ihlalleri ile ilgili tim iddia ve kesinlesmis siirecler
kendi sorumluluklarinda olup, kesinlesen etik ihlalleri durumunda makale
otomatik iptal edilir.

AIMS and SCOPE

Karaelmas Science and Engineering Journal (https://dergipark.org.tr/
tr/pub/karaelmasfen), is the official journal of Zonguldak Bilent Ecevit
University.

The journal’s aim is to be scientific journal publishing original papers,
reviews, short communications, technical notes and scientific editorial let-
ters of science in the following areas: basic sciences, basic medicine science
and engineering fields.

Articles submitted to this journal are evaluated in a double blinded peer-
reviewed fashion by an advisory committee. Articles are published mainly
in six categories: (1) “Research articles”, (2) “Review Articles”, (3) “Short
Communications”, (4) “Technical Notes and Case Reports”, (5) “Letters
to the Editor” and (6) “Book/Software Reviews”. All articles may be
written in Turkish or English, and should include English and Turkish
abstracts and key words.

Karaelmas Science and Engineering Journal is published two issues per
year in June and December.

The journal has also been available on-line by a website: https://dergipark.
org.tr/tr/pub/karaclmasfen

Permission Requests

Manuscripts, figures and tables published in the Karaclmas Science and

Engineering Journal cannot be reproduced, archived in a retrieval system,
or used for advertising purposes, except personal use.

Quotations may be used in scientific articles with proper referral.

Subscriptions

Karaelmas Science and Engineering Journal is delivered complimentarily
to University Library and scientists Tables of contents, abstracts and full
texts of all articles published are accessible free of charge through the web
site https://dergipark.org.tr/tr/pub/karaclmasfen

Material Disclaimer

Scientific and legal responsibilities pertaining to the papers belong to
the authors. Contents of the manuscripts and accuracy of references are
also at the authors’ responsibility. Editor, Associate Editors, Editorial and
Advisory Board members and the Publisher decline responsibility for
errors or any consequences arising from the use of information contained
in this journal.

All claims and finalized processes regarding violations of ethics by our

authors are under their own responsibility, and in case of ethical violations,
the article is automatically canceled.
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YAZARLARA BiLGILER

Karaelmas Fen ve Mithendislik Dergisi, Fen Bilimleri, Temel Saglik
Bilimleri ve Mihendislik Bilimleri alanlarinda yapilan 6zgiin aragtirma
makaleleri, derlemeler, kisa makaleler, teknik not, kitap elestirileri ve
bilimsel nitelikli editére mektuplar: yayinlayan uluslararas: bir dergidir.
Aralik ve Haziran aylarinda olmak tizere yilda iki kez yayinlanir. Dergi,
http://fbd. beun.edu.tr internet adresi tizerinden takip edilebilir.

Dergide yayinlanacak makale tiirleri agagidaki gibidir.

Aragtirma makalesi: Makale mutlaka orijinal ve daha énce hi¢ bir
dergide basilmamg veya sunulmamig olmali, tablo ve gekiller dahil 20
sayfay1 gegmemelidir.

Derlemeler: Herhangi bir aragtirma alanindaki son yillarda yasanan
gelismeleri ve bu konuda son yillarda yapilmis ¢aligmalarin bir araya
getirildigi makale tiridir. 15 sayfay: gegmemelidir.

Kisa makaleler: Kiigiik ¢apta yapilan caligmalar, orijinal aragtirma
deneylerinin 6n sonuglarindan, yeni buluglar ve klinik deneylerden
olugmali ve 5 sayfay: gegmemelidir.

Teknik notlar, Olgu sunumlar:: Bilimsel olarak énemli katki sunan
raporlardan olusmali ve 3 sayfay: gegmemelidir.

Editore mektuplar: Herhangi bir aragtirma konusuna ait fikirler,
haberleri, 6nerileri kapsamalidir ve 2 sayfay: gegmemelidir.

Kitap veya yazilim programlarina ait elestiriler: Kitap veya yazilim
programu hakkindaki kisa ve ozet bilgileri icermelidir ve 1 sayfay1
gegmemelidir.

YAYIN KURALLARI

Dergide yayinlanacak makalelerin yazim dili Tiirkge veya Ingilizcedir.
Yazim kurallarina uymayan makaleler, hakemlere gonderilmeden
duzeltilmek tizere yazara geri gonderilir. Bu nedenle derginin yazim
kurallar: dikkate alinmalidir. Makaleler sekiller ve cizelgeler dahil
20 sayfay1 gegmemelidir. Dergiye yayin icin génderilen makaleler iki
uzman hakem tarafindan degerlendirilir ve yayinlanmasina editor
tarafindan karar verilir. Dergiye gonderilen yazilar bagka bir yerde
yayinlanmamis veya yayinlamak tzere gonderilmemis olmalidir.
Dergide yayinlanmak tzere kabul edilmis olan yazilarin yayin haklar:
Karaelmas Fen ve Mihendislik Dergisine aittir. Diizeltilmis yazilar 3
ay icerisinde editére gonderilecektir.

Makalelerdeki tiim degisiklikler yazarlar: tarafindan yapilir. Son gekli
verilen ve yayina hazirlanan makaleler tizerinde yazarlarca bir degisiklik
yapilamaz. Her ne nedenle olursa olsun makalesinin yayinlanmasindan
vazgegen bir yazar, makalesini dergiye sunum tarihinden itibaren en
fazla iki ay icerisinde gekebilir. Hayvan deneylerinde etik kurul izin
belgesi gereklidir.

MAKALE SUNUMU
Makaleler elektronik ortamda sunulacaktur.

YAZIM KURALLARI

* Makale A4 boyutlu kagida, tek yiize, tiim kenarlardan 2.5 cm
bosluk birakilarak, ¢ift satir aralikli yazilmalidir.

vV

*  Yazim bi¢imi, Times New Roman yaz: tipi ve 12 punto biiyiik-
ligtinde Microsoft Word Processor kullanilarak hazirlanmalidur.
Tamamu siyah-beyaz renkte olmalidir (sekil ve ¢izelgeler dahil).

* Satir baslar1 numaralandiridmalidir. Sayfa numaralari, sayfalarin
alt orta bolimlerine konmalidr.

e Makalenin ana bélimleri, Tirkge Oz, Ingilizce Oz (Abstract),
Giris, Gereg ve Yontem/Yontemler (Saha tanimlamalari, ¢aligilan
malzeme v.d. Yontemler kisminin altinda alt baglik olarak verilme-
lidir), Sonuglar, Tartiyma/Sonuglar ve Oneriler, Tesekkiir ve Kay-
naklardan olusur. Oz haric biitiin boliimler numaralandirilmalidir.

e Latince isimler italik olarak yazilmalidur.

Kapak Sayfasi: Yazinin ayr1 word dosyas: olarak bir baghk sayfas:
olmalidir; bagslik; tim yazarin tam adi, kurumlar ve ORCID ID’leri;
sorumlu yazarin iletigim adresi ve e-posta adresi.

Kapak Yazis1 Plani:

e Tirkge ve Ingilizce baslik

*  Yazar adlari ve adresleri

*  Sorumlu yazarin ads, adresi ve e-posta adresi
e Kisa baghk

e Tim yazarlarin ODCID numaralar

Baglik: Metne uygun kisa ve anlagilir olmalidir. Ortalanmug olarak,
sadece ilk harfi biiylik sonrakiler kiigiik, 14 punto ve koyu olmalidur.

Yazar adlar1 ve adresleri: Bagligin altindaki yazar isimleri kisaltmasiz,
ad1 ve soyad: (varsa ikinci ismi veya soy ismi) kuclik harf ile
ortalanmig olarak 12 punto ve koyu yazi karakteri ile yazilmalidir.
Yazar isimlerinden sonra adres belirtmek i¢in tst simge olarak rakam
kullanilmalidir (* 23 gibi). Sorumlu yazar isminde yildiz semboli
olmalidir (*). Yazarlarin tam adresleri kiigtik harfle, ortali ve 10 punto
olarak yazilmali, Universite, Fakiilte, Bélim ve Sehir belirtilmelidir.
Sorumlu yazarin e-posta adresi, adresinin sonunda mutlaka
verilmelidir.

Oz ve Anahtar Kelimeler: Ozetler 10 punto ile yazilmali ve 250
kelimeyi gegmemelidir.

Tiirkge ve Ingilizce 6zetin altinda 2-6 kelimeden olugan Anahtar
kelimeler yazilmalidur.

Ozet Sayfasinin Plam

1. Tirkge makalelerde

a) Turkce Baglik
b) IngilizceBaslik
¢) Yazar Adlar
d) Orcidid

e) Adres(ler)

f) Oz

g) Anahtar Kelimeler

h) ingilizce Abstract

1) Ingilizce Anahtar Kelimeler
(Keywords)
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2. 1ngilizce makalelerde

a) Ingilizce Baglik f) Abstract
b) Tirkge Baglik g) Keywords
¢) Yazar Adlar h) Oz

d) Qrcid id
e) Ingilizce Adres(ler)

Tam Metin: Makaledeki anabagliklar ve varsa alt baglklar anlagilir
olmalidir. Ana metin bagliklar: sola yanagik, bas harfi biiyik, 12
punto ve koyu renkli olmalidir. Alt bagliklar 10 punto, kiigiik ve italik
yazilmalidir.

1) Anahtar Kelimeler

Girig: Aragtirmanin amacit, 6nemi ve konusunda yapilmis yayinlar
arasindaki yeri belirtilmelidir.

Gere¢ ve Yontem/Yontemler: Uygulanan yontemler ve teknikler
anlagilir bir geklide verilmelidir.

Sonuglar: Bu bolimde elde edilen bulgulara (sonuglara) yer verilmeli,
sonuglar gerekirse sekil ve ¢izelgelerle de desteklenmelidir.

Tartigma: Elde edilen bulgular ilgili literatiirlerle kargilagtirilmalidur.
Sonuglarin benzer ve farkliliklari yorumlanarak, ¢alismadan elde
edilen bulgular 6zetlenmelidir.

Tesekkiir: Aragtirmaya destek olan kisi ve kuruluglara yapilan
tesekkirleri igermelidir.

Her tiirli ¢ikar ¢atigmasi, finansal destek, yazarlarin katki beyani, bagis
ve diger editoryal (istatistik analiz, Ingilizce/Tiirkee degerlendirme)
ve/veya teknik yardim var ise metnin sonunda sunulmalidur.
Kaynaklar: Yayinlanmams bilgiler kaynak olarak verilmemelidir.
Ancak, tamamlanmis ve jiriden ge¢mis tezler kaynak olarak verilebilir.
Kaynaklar, makale sonunda alfabetik sirada (yazar soyadlarina gore)
verilmeli, yazar adi ve soyadlari, makalenin basim tarihi koyu olarak
yazilmalidir.

Kaynaklarin metin igerisindeki kullanimi agagida verilmistir:

1. Tirkge Makalelerde:
Tek yazarh ¢aligma (Regat 2001, Landen 2002).

iki yazarli ¢aligma (Aydan ve Genis 2008, Stanley ve Tunaz 1999,
Biiyiikgiizel ve Yazgan 2002) seklinde belirtilmelidir. Ug ve daha fazla
yazar sozkonusu ise, (Kuscu vd. 2002, Yilmaz vd. 2007) seklinde, ayn1
yazarin birden fazla makalesi kullanilacaksa (Simith vd. 1995a,b,1997)
seklinde olmalidir. Herhangi bir kaynaktan alint: yapilmigsa: Aydan ve
Genis (2008)e gore.....seklinde olmustur; Yilmaz vd. (2007)e gore;
diye yazilmahdir.

2. Ingilizce Makalelerde:
Tek yazarh ¢alisma (Landen 2002).

1ki yazarli galisma (Anderson and Pratt 2002, Biiyiikgiizel and Yazgan
2002). Herhangi bir kaynaktan alinti yapilmigsa Unli and Gergek
(2003) gore...seklindedir, diye belirtilmelidir.

Ug ve daha fazla yazardan olusan calismalar (Evans et al. 2001,
Landen et al. 2004) seklinde olmalidir. Alint1 yapilacaksa Landen et
al. (2002)’ye gore; diye yazilmalidir.

Kaynak gosterilecek yayinda kag isim varsa, kaynaklar bolimiinde
timi belirtilmeli, kisaltma yapilmamalidur.

Tiirkee ve Ingilizce makalelerde, yazilim programlar metin igerisinde
ismi ve yil belirtilerek (PROC GLM, SAS Institute 1999) seklinde

verilmelidir.

Kaynaklarin metin sonunda verilis sekilleri agagidaki gibidir:

Makale:

Biiyiikgiizel, K., Yazgan, $.1996. Bazi antibiyotiklerin endoparazitoid

Pimpla turionellae L. (Hymenoptera: Ichneumonidae)'nin yagama ve

gelisimine etkileri. Turk. J. Zool.,20:1-7.

Ozer, M., Perc, M., Uzuntarla, M. 2009. Stochastic resonance on
Newman-Watts networks of Hodgkin-Huxley neurons with local
periodic driving. Phys. Let. A, 373 : 964-968.

Kitap:
Resat, U. 2001. Uygulamal: Jeoteknik Bilgiler. 4. Basim, TMMOB
Jeoloji Mihendisleri Odast Yayinlari, Nitelik Matbaacilik, Ankara,
385 s.

Sanford, RJ. 2003. Principles of fracture mechanics, Prentice Hall,
Pearson Education, Inc. Upper Saddle River, USA, 404 pp.

Kitapta Bolim:

Cheeseman, KH. 1993. Lipid peroxidation in biological systems.
In: B. Halliwell, O.I. Auroma [eds.], DNA and Free Radicals. Ellis
Horwood, London, pp. 12-17.

Rapor:

Makarewicz, JC., Lewis, T., Bertram, P. 1995. Epilimnetic
phytoplankton and zooplankton biomass and species composition in
Lake Michigan, 1983-1992.U.S. EPA Great Lakes National Program,
Chicago, IL. EPA 905-R-95-009.

Kongre, Sempozyum:

Kuscu, S., Azar A., Kisa, A. 1997. Arsiv bilgi ve belgelerinden
yararlanilarak grafik kadastronun sayisallagtirilmasi ve bir uygulamanin
sonuglar. 6. Harita Kurultayi,s. 211-222, Ankara.

Kaplan, A. 2000. Ankara havasinda bulunan biyolojik partikiiller. XV.
Ulusal Biyoloji Kongresi, s. 45-50, Ankara.

1nternet:

Eger bir bilgi herhangi bir internet sayfasindan alinmus ise (internetten
alinan ve dergilerde yayinlanan makaleler harig), kaynaklar bolimiine
internet sitesinin ismi ve konu baghg1 tam olarak yazilmalidir.

Anonim web sayfasi:

Leafy seadragons and weedy seadragons. 2001. Jetp//www.
windspeed. net. au/jenny/seadragons/

Yazarli web sayfasi:
Dawson, J., Smith, L. Deubert, K. 31 Ekim 2002. A¢£p.//studytrekk.
lis.curtin.edu.au/ seklinde belirtilmelidir.

Baskida olan makale:
Evans, MA. 2002. Makale baslhigi. Dergi. (baskida).
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Tezler:

Ozcan, A. 2006. Endiistriyel atiklar ve polipropilen lif iceren saha
betonlarinin 6zelliklerinin aragtirilmast. Yiiksek Lisans Texi, Zonguldak
Karaelmas Universitesi, 70 s.

Yazilim:

SAS Institute. 2001. PROC user’s manual, version 6th ed. SAS
Institute. Cary, NC.

Cizelgeler ve Sekiller: Tim sgekil ve cizelgeler makale igerisinde
strayla numaralandirilmali (Cizelge 1., Sekil 1., Cizelge 2 ve 3, Sekil
2 ve 3; Sekil 4., Cizelge 2.), sekillerin sira numaralar1 ve bagliklary
altta, cizelgelerinki ise tstlerine yazilmahdir. Grafik ve sekiller sayfa
boyutlar: dikkate alinarak ¢izilmelidir. Cizelge ve sekilllerin baglk ve
aciklamalari, Kaynaklardan sonra ayri sayfalar halinde Cizelgeler dizini
ve Sekiller dizini olarak hazirlanmalidir. Agiklamalardan sonra ayri
sayfalar halinde ¢izelge ve sekiller verilmelidir. Grafikler, ¢izimler ve
fotograflar JPEG ya da TIFF formatinda (en az 600 dpi ¢oztintrlikte)
siyah-beyaz veya renkli olarak sunulmalidir. Fotograflarda bliyttmeyi
gostermek i¢in mutlaka bar kullanilmalidir.

Cizelgede verilecek olan verilerde standart sapma veya standart
hatalar (1.42 + 1.36) seklinde, istatistiksel analiz yapilmigsa (731.2ab)
seklinde, bunlarin baglik olarak yazilis sekilleri de (ort + SE; ort + SD,
vb.) gibi olmalidir.

Denklemler: Matematiksel ifadeler “Equation Edit6r” (word orta-
minda) kullanilarak 9 punto ve alt ve ist indisler 8 punto yazilma-
lidir. Metin igerisinde gegen esitlikler normal parantez () igerisinde
numaralandirilmalidir. Denklem sira numaras: ile birlikte (parantez
icerisinde) yazilmalidir.

Matematiksel denklemlerdeki esitlikler:

R =Abamype +Blog  (f)  (2) scklinde olmalidur.

Ekler: Tim ekler ayr1 sayfaya yazilmali ve Romen rakamlar ile
numaralandiriimalidir.

Matematik dalinda yayin goénderecek yazarlarin konu siniflandirma
numarasini (AMS-Mathematical Subject Classification Number)
belirtmeleri gerekir.

Semboller ve Birimler: Metrik sistem veya SI birimleri (kPa, kIN/
m?, g/cm?, m/sn, g/m?®, v.b.) kullanilmalidir. Gerek metin i¢inde ve
cizelgelerde, gerekse sekillerde rakamlarin ondalik bolimlerinin
belirtilmesi i¢in nokta kullanilmalidir (10.25 gibi). Yiizdelik birimler
(%50) seklinde belirtilmelidir.

Kisaltmalar: Zamanla ilgili olan kisaltmalar: sa (saat), dk (dakika), sn
(saniye), y (y1l), hf (hafta) olarak belirtilmelidir. Tarihler verilirken giin
ay ve y1l kisaltma yapmadan tam olarak yazilmalidir (23 Ocak 2007).

Sayilar: Sayilar climle baglarinda yazi ile verilmelidir. Birden
dokuza kadar olan sayilar yaz ile, 10 ve daha biyik sayilar rakamla
belirtilmelidir. Birden kii¢iik olan sayilar (0.05, 0.56, 0.50, P < 0.05,
v.b.) olarak belirtilmelidir. Binden biiyiik sayilarda yiizden sonra olan
kisimlar virgiille ayrilmalidir (100, 000).

Dipnotlar: Cizelgede kullanilacak olan dipnotlar istatistiksel analiz
yapildig1 durumlarda (*P<0.05; ** P<0.01; ** P<0.001; NS, istatistiksel

olarak onemsizdir, v.b.) seklinde olmalidir.

Derginin bir sayisinda, ilk isim olarak bir yazarin Ggten fazla eseri
basilamaz. Donemler igerisinde tigten fazla eser gonderilmisse, ilk tigi
diginda kalanlar daha sonraki sayilara aktarilir.

Matematik ve ilgili konular i¢in makalenin hazirlanmasi su sekilde
olmalidir:

Makalenin ilk sayfasinda, Matematik Reviews yillik dizini itibaren en
az bir 2010 MSC (Matematik Konu Siniflandirmasi) numaralarin

icermelidir. MSC Konu Simiflandirmas: http://www.ams.org/math-
scinet/msc/msc2010.html adresinden temin edilebilir.

Kaynaklar bélimiinde, yazarlarin soy isimleri alfabetik siraya gore
dizilmeli ve numaralandirilmalidir [1],[2],..gibi. Metin igerisinde
kaynak numaralar1 kogeli parantez icerisinde alinmalidir, [23] veya
[12]-[15] gibi. Formiil numaralarini ayirt etmek i¢in, yuvarlak parantez
icinde tirnak igerisine alinmalidir. Yukaridaki sartlari saglamayan
yayinlar degerlendirmeye alinmaz.

Makale Yazim Kontrol Listesi

Makale dergiye sunulmadan 6nce makalenin yazim kurallarina uygun
olup olmadifindan emin olmak i¢in agagida belirtilen kontrolleri
yapiniz.

e Bagslik sayfas: eklendi mi?

o Imlave dilbilgisi kontrolii yapild: mi?

e Tum sayfa diizeni ¢ift aralikli yazildi mi?

* Koselerden 2.5 cm bogluk birakildi m1?

*  Yaz tipi Times new roman ve buyukligi 12 punto mu?

*  Metin icerisindeki basliklar sola yanastk, 12 punto ve koyu renkli
yazildi m1?

e Tim yazarlarin adlar: ve soyadlar kisaltma yapilmadan belirtildi
mi?

e Adresler belirtildi mi?

e Bagslik 14 punto koyu yazi karakteri ile ortalanarak yazildi mi?

e Tirkge Oz ve Anahtar Kelimeler yazildi mi?

. 1ngilizce Abstract ve Keywords verildi mi?

* Kaynaklar yazim kurallarina gore ve alfabetik sirayla yazildi m1?

e Ondalik dilimler nokta ile belirtildi mi? (10.25 gibi)

e Yuzdelik gosterimler (%63, %10 gibi) seklinde yapildi mi?

*  Cizelgelerin maksimum boyutu 16x20 cm; minimum 8 cm mi?

*  Cizelgeler makale icerisinde sirayla verildi mi?

*  Orijinal sekiller eklendi mi?

e Sekiller yazim kurallarina uygun olarak diizenlendi mi?

e Sekillerin maksimum boyutu 16x20 cm; minimum 8 cm mi?

e Sekiller makale igerisinde sirayla verildi mi?

e Cizelgeler ve Sekiller Dizini ayr1 sayfalarda verildi mi?

e Tiim sayfa ve satirlara numara verildi mi?
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ETIiK KURALLAR

Zonguldak Biilent Ecevit Universitesinin yayin organi olan Karaelmas
Fen ve Mihendislik Dergisi ulusal ve uluslararasi tim kurum ve
kisilere ticretsiz olarak ulagmay: hedefleyen hakemli bir dergidir.

Dergimize gonderilen bilimsel yazilarda, ICMJE (International
Committee of Medical Journal Editors) tavsiyeleri ile COPE
(Committee on Publication Ethics)un Editér ve Yazarlar igin
Uluslararas: Standartlari dikkate alinmaktadir.

Yazarlarimizin etik ihlalleri ile ilgili tiim iddia ve kesinlegmis
siirecler kendi sorumluluklarinda olup, kesinlesen etik ihlalleri
durumunda makale otomatik iptal edilir.

Hakemler igin Etik Kurallar
Hakemler;

Degerlendirdigi yazilarin gizliligine saygi gosterir ve makaleyi
tartiymaz veya yazi hakkinda baska herhangi bir kisiyle iletisim

kurmaz.

Olasi bir cikar ¢atigmasi oldugunda editorii konu hakkinda
bilgilendirir.

Onerileri i¢in nesnel ve yapict bir agiklama saglar.

Makaleye iligkin kararlarinin konudan veya yazarlik biciminden
etkilenmesine izin vermez.

Giigli bir bilimsel gerek¢e olmadik¢a yazarin kendi makalelerini
belirtmesini istemez.

Yazarlar tarafindan yayinlanmadan 6nce kendi ¢aligmalarinin
hicbirinde incelenen makalenin herhangi bir bélimini veya
bilgiyi ¢ogaltmaz.

Hakem degerlendirmelerini sadece uzmanliklar1 dahilinde ve
makul bir siire iginde kabul etmeyi kabul eder.

Yazinin yayina ¢ikmasini geciktirecek ertelemeler yapmaz.
Hakaret, diismanca veya kii¢iik digtrict bir dil kullanmaz.

Gonderilen makaleleri ve ilgili tim materyalleri inceledikten
sonra imha eder.

https://publicationethics.org/files/Ethical guidelines for peer

reviewers 0.pdf

Yazarlar icin etik kurallar
Yazarlar ve yardime yazarlar;

International Committee of Medical Journal Editors (ICMJE)

tarafindan belirtilen yazar kriterlerine uygunluk saglanur;

a. Eserin tasarimina veya tasarimimna énemli katkilar saglayan
verilerin elde edilmesi, analizi veya yorumlanmas:

b. Calismanin hazirlanmasi veya literatiriin icerik icin elegtirel
olarak gézden gegirilmesi

c.  Yayinlanacak versiyonun nihai onay:

d. Caligmanin herhangi bir béliminitin dogrulugu veya biitiin-
lagi ile ilgili sorularin uygun sekilde sorusturulup ¢oziilme-
sini saglamada, caligmanin tim yo6nlerinden sorumlu olacak
anlagma.

Gonderilen makaleler yazar(lar)in 6zglin ¢aligmasi olmalidir ve
eszamanli olarak farkli yayincilara génderilmemelidir

Yazar(lar) aragtirma Onerisinde, icrasinda ya da aragtirma
sonuglarini raporlarken aragtirma suiistimali olarak tanimlanan
uydurma, tahrifat ya da intihalden sorumludur.

Gonderilen makalelerde ¢ikar catigmas: varsa editore bilgi
verilmelidir

Gonderilen makalelerde 6n kontrol, degerlendirme stireci ya
da yayinlanmig olan strimiinde yazar veya yardimci yazarlar
tarafindan hata fark edilirse bilgi vermek, dizeltmek ya da geri
cekmek i¢in editéri bilgilendirmelidir.

Makale gonderildikten sonra yazar siralamalar: ve yazar ekleme-
¢ikartmalari 6nerilmemelidir

Yazar(lar), etik kurul karar1 gerektiren aragtirmalar icin etik kurul
onay1 aldiging; etik kurul ads, karar tarihi ve sayist aday makalenin
ilk-son sayfasinda ve yontem bolimiinde belirtmeli, etik kurul
kararini gosteren belgeyi makalenin bagvurusuyla birlikte sisteme

yiklemelidir.

Yazarlar olgu sunumlarinda olur/onam formunun alindigina
iliskin bilgiye makalede yer vermelidir.

Kullanilan fikir ve sanat eserleri i¢in telif haklari diizenlemelerine
riayet edilmesi gerekmektedir.

Makale sonunda; Aragtirmacilarin Katki Orani beyani, varsa
Destek ve Tegekkiir Beyani, Catisma Beyani verilmelidir.

http://www.icmje.org/icmje-recommendations.pdf
https://www.ease.org.uk/wp-content/uploads/2018/11/d0i.10.20316.

ESE .2018.44.el.tr .pdf

Editorler igin Etik
Editorler:

Okuyucular, aragtirmay: veya diger bilimsel c¢aligmalari kimin
finanse ettigi ve fon verenlerin aragtirmada ve yayinlanmasinda
herhangi bir roli olup olmadig1 ve eger dyleyse bunun ne oldugu
konusunda bilgilendirilmelidir.

Editorlerin yayin i¢in bir makaleyi kabul etme veya reddetme
kararlari, makalenin 6nemi, 6zglinligi ve netligi ile ¢aligmanin
gegerliligi ve derginin gorev alanina uygunluguna dayanmalidir.

Editorler, gonderimle ilgili ciddi sorunlar tespit edilmedikge,
gonderimleri kabul etme kararlarini tersine ¢evirmemelidir.

Yeni editorler, bir 6nceki editor tarafindan yapilan bagvurular:

yayinlama kararlarini  bozmamalidir ciddi  sorunlar tespit

edilmedikge.

VII
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Hakem degerlendirmesi siireglerinin bir agiklamasi yayinlanmali
ve editorler agiklanan streglerden 6nemli sapmalar: ortaya ¢ikarir.

Yazarlarin editoryal kararlara itiraz edebilmeleri igin beyan edilmis
bir mekanizmaya sahiptir.

Editorler, kendilerinden beklenen her sey hakkinda yazarlara
rehberlik etmelidir. Bu rehberlik diizenli olarak gincellenmeli ve
bu koda atifta bulunmali veya bu koda baglant: vermelidir.

Editorler International Committee of Medical Journal Editors
(ICMJE) 6nerdigi yazarlik kriterlerini belirtmeli

Editorler, hakemlere, kendilerinden beklenen her sey hakkinda
rehberlik saglamalidir. gonderilen materyalin giivenle ele alinmasi
ihtiyac1. Bu rehber diizenli olarak giincellenmelidir ve bu koda
basvurmali veya bu kodu baglamahdir

Editorler, kabul etmeden 6nce gézden gegirenlerin rekabet ede-
bilecek potansiyel ¢ikarlar: ifsa etmelerini istemelidir bir sunumu
gozden gegirin.

Editorler, hakemlerin kimliklerinin korunmasini  saglayacak
sistemlere sahip olmalidir yazarlara ve hakemlere bildirilen agik
bir inceleme sistemi kullanir.

VIII

Editorler, yeni yayin kurulu tyelerine kendilerinden beklenen her
sey hakkinda kilavuzlar sunmali ve meveut tyeleri yeni politikalar
ve gelismeler hakkinda glincel tutmalidur.

Editorler, derginin kalitesine ve uygunluguna gore ve dergi
sahibinin / yayincinin mudahalesi olmadan hangi makalelerin
yayinlanacagina karar vermelidir.

Editorlerin derginin sahibi ve / veya yayma ile iligkilerini
belirleyen yazili bir s6zlesmesi olmalidir. Bu s6zlesmenin sartlar:
Dergi Editorleri i¢cin COPE Davranig Kurallari ile uyumlu
olmalidir.

Editorler dergilerindeki hakem degerlendirmelerinin adil, tarafsiz
ve zamaninda yapilmasini saglamak icin ¢aba gostermelidir.
Editorler, dergilerine génderilen materyallerin incelenirken gizli
kalmasini saglayacak sistemlere sahip olmalidir.

Editorler, dergilerdeki bélimlerin farkli amag ve standartlara

sahip olacagini kabul ederek, yayinladiklar1 materyalin kalitesini
saglamak i¢in tim makul adimlari atmalidir.

https://publicationethics.org/files/Code%200f%20Conduct.pdf

endislik
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YAYIN ETiGi

Karaelmas Fen ve Mihendislik Dergisinin yayin etigi beyani, www.
publicationethics.org adresinde bulunan Yayin Etigi Komitesinin
(COPE) Davranis Kurallar: kilavuzuna dayanmaktadur.

Editorlerin Goérevleri
Adil ve editoryal bagimsizlik

Editorler sunulan makaleleri, yazarlarin irki, cinsiyeti, cinsel tercihi,
etnik kokeni, vatandaghgi, dini inanci, siyasi felsefesi veya kurumsal
egilimleri ne olursa olsun, sadece akademik yararlari (6nemi, 6zgiinliik,
caligmanin gegerliligi, netligi) ve derginin kapsamiyla olan ilgisine gore
degerlendirirler. Dizenleme ve yayinlama kararlari, hiikiimetlerin
veya derginin digindaki diger kurumlarin politikalar: tarafindan
belirlenmez. Genel Yayin Yonetmeni, derginin tim editoryal icerigi
ve bu igerigin yayinlanma zamanlamas: tizerinde tam yetkiye sahiptir.
Gizlilik

Editorler ve editorler, gonderilen bir makaleyle ilgili hicbir bilgiyi
ilgili yazar, gozden gegirenler, potansiyel gézden gegirenler, diger yayin
danigmanlari ve yayinci disinda kimseye agiklamaz.

Agiklama ve ¢ikar ¢catigmalar:

Editérler ve yayin kurulu tyeleri, génderilen bir makalede agiklanan
yayinlanmamug bilgileri, yazarlarin agik yazili izni olmadan kendi
aragtirma amaglar: dogrultusunda kullanmayacaktir. Yazinin iglenmesi
sonucunda editérler tarafindan elde edilen ayricalikls bilgi veya fikirler
gizli tutulacak ve kisisel avantajlari i¢in kullanilmayacaktir. Editérler,
makalelere bagli herhangi bir yazar, sirket veya kurumla rekabet,
igbirlik¢i veya diger iligkilerden/baglantilardan kaynaklanan ¢ikar
catismalari olan el yazmalarini dikkate almaktan geri ¢ekilecekler;
bunun yerine, yazi isleri kurulunun bagka bir tyesinden yaziyr
islemesini isteyecekler.

Yayin kararlar

Editorler, yayinlanmak tGzere degerlendirilen tim makalelerin, alanin-
da uzman en az iki gézden gegiren tarafindan hakem incelemesinden
gecmesini saglar. Yazi Tsleri Midiird, séz konusu calismanin dogru-
lanmasina, aragtirmacilar ve okuyucular i¢in 6nemine, elestirmenlerin
yorumlarina ve iftira, telif hakk: ihlali ve intihal ile ilgili su anda
yurtrlikte olan yasal gerekliliklere dayanarak, dergiye gonderilen el
yazmalarindan hangisinin yayinlanacagina karar vermekten sorumlu-
dur. Genel Yayin Yonetmeni bu karar: verirken diger editérler veya
yorumcularla gériigebilir.

Sorugturmalara katilim ve igbirligi

Editorler (yayinct ve/veya kurulla birlikte) gonderilen bir makale veya
yayinlanmis makaleyle ilgili etik kaygilar ortaya ¢iktiginda duyarli
onlemler alacaktir. Etik olmayan yaymncilik davranglarinin rapor
edildigi her eylem, yayimlandiktan yillar sonra kesfedilmis olsa bile
incelenecektir. Editorler, suistimal stphesiyle ugragirken COPE
Akis Semalarini takip eder. Eger, sorusturma tzerine, etik kaygi iyi
kurulmusgsa, bir duzeltme, geri ¢cekme, endisenin ifade edilmesi veya
ilgili olabilecek diger notlar dergide yayinlanacaktur.

Gozden Gegirenlerin Gérevleri
Editoryal kararlara katk:

Akran incelemesi editorlerin editoryal kararlar almalarina yardimer
olur ve yazarlarla editoryal iletisim yoluyla yazarlarin makalelerini
gelistirmelerine yardimer olabilir. Akran incelemesi resmi bilimsel
iletisimin 6nemli bir bilegenidir ve bilimsel ¢cabanin kalbinde yer alir.

istem

Bir makalede bildirilen aragtirmayr gozden gegirmek i¢in niteliksiz
hisseden veya derhal gozden gegirilmesinin imkansiz olacagini bilen
davet edilen her hakem, edit6rleri derhal bilgilendirmeli ve alternatif
hakemlerle iletisime gegilebilmesi i¢in inceleme davetini reddetmelidir.
Gizlilik

Incelenmek igin alinan tiim el yazmalar: gizli belgelerdir ve bu sekilde
ele alinmalidir; Genel Yayin Yonetmeni tarafindan izin verilmedikleri
stirece (istisnai ve 6zel durumlarda bunu yapacak olanlar) baskalariyla
gosterilmemeli veya tartigtlmamalidir. Bu, inceleme davetini reddeden
davet edilen gozden gegirenler i¢in de gegerlidir.

Nesnellik standartlar1

Incelemeler objektif olarak yapilmali ve g6zlemler, yazarlarin makale-
nin iyilestirilmesi i¢in kullanabilmeleri i¢in destekleyici argimanlarla
net bir sekilde formile edilmelidir. Yazarlarin kisisel elestirisi uygun-
suzdur.

Kaynaklarin kabulii

Gozden gegirenler, yazarlar tarafindan belirtilen olmayan ilgili
yayinlanmig ¢alismalar: tanimlamalidir. Onceki yayinlarda bildirilen
bir gozlem, tiretme veya argiiman olan herhangi bir ifade ilgili
alintt eslik etmelidir. Bir elestirmen ayrica, kisisel bilgileri olan
makale ile kigisel bilgileri olan diger el yazmalar: (yayinlanmis veya
yayinlanmamig) arasinda 6nemli bir benzerlik veya 6rtiisme oldugunu
editorlere bildirmelidir.

Agiklama ve ¢ikar catigmalar:

Makaleye bagli yazarlar, sirketler veya kurumlarla rekabet, isbirlikei
veya diger iligkiler den kaynaklanan ¢ikar catigmalari olan davet
edilen hakemler, editorleri derhal ¢ikar ¢atigmalarini beyan etmeleri
ve alternatif hakemlerle iletisime gecebilmeleri i¢in inceleme davetini
reddetmeleri konusunda bilgilendirmelidir.

Gonderilen bir el yazmasinda agiklanan yayinlanmamig materyaller,
yazarlarin agik yaziliizni olmadan bir elegtirmenin kendi aragtirmasinda
kullanilmamalidir. Akran incelemesi yoluyla elde edilen ayricalikl
bilgiler veya fikirler gizli tutulmali ve gézden gecirenin kisisel avantaji
i¢in kullanilmamalidir. Bu, inceleme davetini reddeden davet edilen
gozden gecirenler icin de gecerlidir.

Yazarlarin Gorevleri

Raporlama standartlar:

Orijinal aragtirmanin yazarlari, yapilan eserin ve sonuglarin dogru bir
agiklamasini sunmali ve ardindan ¢alismanin dneminin objektif bir

IX
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tartigmasini sunmalidir. El yazmasi, bagkalarinin eseri ¢ogaltmasina
izin verecek yeterli ayrinti ve referanslar igermelidir. Inceleme
makaleleri dogru, objektif ve kapsamli olmali, editoryal ‘gériis’ veya
perspektif parcalari acik¢a bu sekilde tanimlanmalidir. Hileli veya
bilerek yanlis ifadeler etik olmayan davransglar teskil eder ve kabul

edilemez.
Veri erigimi ve saklama

Yazarlardan, ¢alismalarinin ham verilerini editoryal inceleme icin el
yazmast ile birlikte saglamalar: istenebilir ve uygulanabilirse verileri
kamuya agik hale getirmeye hazir olmalidir. Her haliikarda, yazarlar,
katihmeilarin  gizliliginin  korunmast ve 6zel verilerle ilgili yasal
haklarin serbest birakilmasini engellememesi kosuluyla, bu verilerin
yayimlandiktan sonra en az 10 yil siireyle (tercihen kurumsal veya
konu tabanli veri deposu veya diger veri merkezi aracilifiyla) diger
yetkili profesyonellere erisilebilirligini saglamalidir.

Ozgiinliik ve intihal

Yazarlar sadece tamamen orijinal eserler yazdiklarindan ve sundukla-
rindan ve baskalarinin ¢aligmalarini ve/veya sozlerini kullanmuglarsa,
bunun uygun sekilde atifta bulunuldugunu saglamalidir. El yazmasin-
da bildirilen eserin niteliginin belirlenmesinde etkili olan yayinlar da
belirtilmelidir. Intihal, baska bir makalenin “yazarin kendi makalesi”
olarak “aktarilmasindan”, bagka bir makalenin 6nemli bolimlerini
kopyalamaya veya paraphrasinge (atif yapmadan), bagkalar: tarafindan
yapilan aragtirmadan elde edilen sonuglarin iddiasina kadar pek ¢ok
bi¢im alir. Tim bi¢imlerinde intihal etik olmayan yayincilik davranist
tegkil eder ve kabul edilemez.

Coklu, yinelenen, gereksiz veya eszamanli gonderim/yayin

Temelde ayn: aragtirmay agiklayan bildiriler birden fazla dergide veya
birincil yayinda yayinlanmamalidir. Bu nedenle, yazarlar zaten bagka
bir dergide yayinlanmig bir makale dikkate i¢in gondermemelidir. Bir
makalenin ayni anda birden fazla dergiye gonderilmesi etik olmayan
bir yayin davramgidir ve kabul edilemez.

Bazi makalelerin (klinik kilavuzlar, geviriler gibi) birden fazla dergide
yayinlanmasi, belirli kosullarin kargilanmasi kosuluyla bazen hakli
olabilir. ﬂgili dergilerin yazarlar1 ve editérleri, birincil belgenin ayni
verileri ve yorumlanmasini yansitmas: gereken ikincil yayiu kabul
etmelidir. Birincil bagvuru ikincil yayinda belirtilmelidir.

Makalenin yazarlig:

Sadece bu yazarlik kriterlerini kargilayan Kkisiler, icerigin kamuya
actk sorumlulugunu Ustlenebilmeleri i¢in makalede yazar olarak lis-
telenmelidir: (i) ¢aligmanin anlagilmasina, tasarimina, ylritilmesine,
veri edinilmesine veya analizine/yorumlanmasina énemli katkilarda
bulunmustur; ve (ii) el yazmasi nin hazirlanmas: veya 6nemli ente-
lektiiel igerik i¢in elestirel olarak revize edilmes; ve (iii) gazetenin son
halini gérmis ve onaylamis ve yayimlanmak tizere sunulmasini kabul
etmis ve kabul etmis. Yazida bildirilen eserin 6nemli katkilari olan
(teknik yardim, yazma ve diizenleme yardimi, genel destek gibi) ancak
yazarlik kriterlerini karsilamayan kisilerin yazar olarak listelenmemesi,
yazili izin alindiktan sonra “Bildirimler” bélimiinde kabul edilmesi
gerekmektedir. ﬂgili yazar, tim uygun ortak yazarlarin (yukaridaki
tanima gore) ve uygunsuz ortak yazarlarin yazar listesine dahil edilme-
mesini saglamali ve tiim ortak yazarlarin makalenin son halini goriip
onayladigini ve yayina sunulmasini kabul ettigini dogrulamalidur.

X

Agiklama ve ¢ikar ¢atigmalar:

Yazarlar miimkin olan en erken agamada (genellikle gonderim
sirasinda bir agiklama formu gondererek ve makaleye bir ifade
de dahil olmak tzere)—, sonuglari veya makaledeki yorumlarin
etkilemek i¢cin yorumlanabilecek ¢ikar ¢atigmalarini ifsa etmelidir.
Agiklanmas1 gereken potansiyel ¢ikar ¢atigmalarina ornek olarak,
fahri, egitim hibeleri veya diger finansman, konugmaci birolarina
katilim, Gyelik, istthdam, danismanlik, hisse senedi sahipligi veya diger
hisse senedi ¢ikarlar ile ticretli uzman ifadeleri veya patent lisanslama
duzenlemeleri ile kisisel veya mesleki iligkiler, ilgili kisiler, bilgi veya
inanglar gibi finansal olmayan konular veya makalede tartigilan
materyaller verilebilir. Calisma i¢in tim finansal destek kaynaklar:
agitklanmalidir (hibe numarasi veya varsa diger referans numaras: da
dahil olmak iizere).

Kaynaklarin kabulii

Yazarlar, bagkalarinin ¢alismalarini dogru bir sekilde kabul ettiklerin-
den emin olmali ve bildirilen eserin niteligini belirlemede etkili olan
yaymnlara da atifta bulunulmalidir. Ozel olarak elde edilen bilgiler
(Giginct gahislarla konusma, yazigma veya tartisma) kaynaktan agik,
yazili izin alinmadan kullanilmamali veya rapor edilmemelidir. Yazar-
lar, bu hizmetlerde yer alan eserin yazarinin agik yazili iznini almamag-
sa, el yazmalarina hakemlik veya hibe bagvurular: gibi gizli hizmetlerin
saglanmasi nda elde edilen bilgileri kullanmamalidir.

Tehlikeler ve insan veya hayvan denekleri

Calisma, kullanimlarinda olagandis1 tehlikeler etlit eden kimyasallar,
prosediirler veya ekipmanlar iceriyorsa, yazarlar bunlari el yazmasinda
acikea Eger caligma hayvanlarin  veya
katilimeilarin kullanimini igeriyorsa, yazarlar tiim prosedirlerin ilgili
yasalara ve kurumsal yonergelere uygun olarak gergeklestirildiginden
ve ilgili kurumsal komitenin bunlari onayladigindan emin olmalidir;
el yazmasi bu yonde bir ifade icermelidir. Yazarlar ayrica, insan
katihimecilarla deneyler i¢in bilgilendirilmis onam alindigina dair bir
ifadeyi de makaleye eklemelidir. Insan katilimeilarin gizlilik haklarina
her zaman uyulmalidir.

tanimlamalidir. insan

Akran incelemesi

Yazarlar, editorlerin ham veri, agiklama ve etik onayi, hasta onaylar
ve telif hakk: izinleri i¢in isteklerine derhal yanmit vererek akran
degerlendirme siirecine katilmak ve tam igbirligi yapmak zorundadirlar.
“Gerekli revizyonlar” ilk karari durumunda, yazarlar gézden
gecirenlerin yorumlarina sistematik, nokta isaretli ve zamaninda cevap
vererek, makalelerini verilen son tarihe kadar gézden ge¢irip dergiye
yeniden gondermelidirler.

Yayinlanan ¢aligmalardaki temel hatalar

Yazarlar kendi yayinlanmig ¢aligmalarinda 6nemli hatalar veya yanlis-
liklar bulduklarinda, derginin editorlerini veya yayimcisini derhal bil-
gilendirmek ve ¢alismay: bir hata bi¢iminde dizeltmek veya geri ¢ek-
mek i¢in onlarla igbirligi yapmak onlarin yukimliligidir. Editorler
veya yayinct, yayinlanmis bir caligmanin 6nemli bir hata veya yanliglik
icerdigini tigtinci bir taraftan 6grenirse, makalenin dogrulugunu dergi
editérlerine derhal dizeltmek veya geri cekmek veya dergi editorlerine
kanit sunmak yazarlarin yikimlaligidir.
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INSTRUCTIONS to AUTHORS

Karaelmas Science and Engineering Journal is the international
scientific journal publishing original papers in English or Turkish,
reviews, short communications, technical notes and scientific editorial
letters of science in the following areas: basic sciences, basic medicine
science and engineering fields. This journal publishes two times a year
(June and December). Manuscripts should be submitted online by a

website: https://dergipark.org.tr/tr/pub/karaelmasfen

Manuscript Categories:

Research articles: Manuscripts should report original information
which have not been published or submitted previously. Articles
should not exceed 20 printed papers including tables and figures.

Review articles: Reviews of recent developments in a research fields
and ideas will be accepted. Manuscripts should not exceed 15 papers
of printed text. The use of tables and figures to summarize critical
points is encouraged.

Short  communications: These include small-scale investigations,
innovative methods, perspectives on existing laboratory techniques
and new methodologies, clinical trials and epidemiological studies. It
should no exceed 5 printed pages.

Technical notes or Case Reports: Scientific reports providing important
contributions their area will be considered in this category. It should
not be exceed 3 pages.

Letters to editor: These include opinions, news and suggestions. Letters
should not exceed 2 pages.

Book/Software Reviews: Short but concise description of the book/
software, not exceeding a page. These types are not peer reviewed.

CONDITIONS FOR PUBLICATION
Journal articles are published in Turkish or English. Manuscript should

be suitable to the formal criteria of Instructions to Authors, otherwise,
the manuscript will be sent back to the authors. Manuscripts should
not exceed 20 papers of printed text, including tables, figures and
references. Manuscripts that are found suitable for peer review will
be assigned to two expert reviewers. The final decision to accept or
reject a manuscript will be made by the Editor-in-Chief. After review
process, the Editor-in-Chief will inform the authors of acceptance,
rejection or necessity of revision of the manuscript. The paper has
not already been published elsewhere and it is not currently being
considered for publication elsewhere. If accepted, Karaelmas Science
and Engineering Journal have exclusive license to publish. Review
process is three months.

PRESENTATION
Papers should be submitted online.
PREPARING MANUSCRIPTS

e Manuscripts should be written double space on A4 sized typing
paper with 2.5 cm all margins.

e Text should be prepared using Microsoft Word Processor with

Times New Roman font and 12 point size.

e All pages must be numbered. All lines must be numbered.

e The full paper should be divided in to following parts in order
to Abstract, Introduction, Materials and Method/Methods (Area
descriptions, Study materials, e.g. should be cited as subheadings),
Results, Discussion/Conclusions or Recommendations, Acknowl-
edgements and References. All sections must be numbered except
for the Abstract.

e Latin expression should be typed in italics.

Cover Letter: Please indicate title of manuscript and authors. You
may briefly explain your work.

Title Page: The article should have a title page as a separate word file;
hood; full author’s full name, institutions and ORCID IDs; contact
address and e-mail address of the corresponding author.

The Title: The title should be as short as possible, but give adequate
information regarding the contents. Title must be written on the
center with bold 14 font size. The first letter must be capital and the
others must be written as lower case.

Author’s Names and Addresses: All Authors full names must be
written as lower case with bold 12 font size in the middle. After
authors name and surnames, authors addresses should be stated with
superscript numbers (e.g. '2°). Corresponding author’s full name
should be marked with an asteriks (*). All authors addresses must
be typed with lower case 10 font in the center. The corresponding
author’s contact address and e-mail address should be given. Names of
institutions and cities each authors also must be stated.

Abstract and Keywords: A brief, informative abstract, not exceeding
250 words, should be typed in 10 font size. Immediately following the
Turkish and English abstract, authors should provide 4-6 keywords or
phrases that reflect content of the article.

The Abstract Paper:

1. Turkish Paper

a) Turkish Title f) Abstract

b) English Title g) Keywords in Turkish

¢) Author’s names in Turkish ~ h) English Abstract (suitable
d) Orcid id with Turkish Abstract)

e) Addresses in Turkish 1) English Keywords

2. English Paper

a) English Title f) Abstract in English

b) Turkish Title g) Keywords

c) Author’s names h) Turkish Abstract (0z)

d) Orcid id 1) Turkish Keywords (Anahtar

e) Addresses in English Kelimeler)

Main Text: Main Headings and subheadings should be informative,
must be typed in capital, bold 12 font size. Subheadings should be
written in lower case, 10 font size. Main headings should not be
numbered in the manuscript.

XI
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Introduction: This section should include the topic and importance
of the article and prior works.

Material and Methods: Experimental methods and procedures
should be described with clear and brief explanations.

Results: This section contain only findings, no writing comment.
Results can be supports by tables, figures, graphics etc., if necessary.

Discussion: Results should be compare with other studies and discuss
similarity and distinction.

Acknowledgements: It should be grants, funds, peoples reviewing the
manuscript and must be placed before thr references.

Any conflict of interest, financial support, authors’ contribution
statement, donation and other editorial (statistical analysis, English /
Turkish evaluation) and / or technical assistance should be submitted
at the end of the text.

Referencing: Please do not use unpublishing data. But MSc and PhD
thesis can be use as references. References in the text:

If they have one author (Resat 2001, Landen 2002)

Two authors (e.g.: Biiyiikgtizel and Yazgan 2004, Unli and Gergek
2003);

In the case of multiple authors they should be cited as (Landen et al.
2002, Yilmaz et al. 2007). Multiple citations (Smith 1996, Yilmaz et
al. 2007, Jones 2008), multiple publications by same author(s) should
be written as (Smith et al. 1996a, 1996b, 1997). Software should be
cited as (PROC GLM, SAS Institute 1999).

References should be given at the end of the text according to
alphabetical order of the first authors surname.

References should appeared at the end of the text as in the examples
provided below:

ournal Articles:
Biiyiikgiizel, K., Tunaz, H., Putnam, SM., Stanley, DW. 2002.
Prostoglandin biosynthesis by midgut tissue isolated from the Tabacco
Hornworm, Manduca secta. Insec Biochem. Mol. Biol., 32: 435-443.
Biiyiikgiizel, K., Yazgan, $.1996. Bazi antibiyotiklerin endoparazitoid
Pimpla turionellae L. (Hymenoptera: Ichneumonidae)'nin yasama ve
gelisimine etkileri. Turk. J. Zool., 20: 1-7.

Ozer, M., Uzuntarla, M. 2008. Effects of the network structure and
coupling strength on the noise-induced response delay of a neuronal
network. Phys. Let. A, 372: 4603-4609.
A Book:

Resat, U. 2001. Uygulamal: Jeoteknik Bilgiler. 4. Basim, TMMOB
Jeoloji Mithendisleri Odas: Yayinlari, Nitelik Matbaacilik, Ankara,
385 s.

Sanford, RJ. 2003. Principles of fracture mechanics, Prentice Hall,
Pearson Education, Inc. Upper Saddle River, USA, 404 pp.

A Chapter in a Book:

Cheeseman, KH. 1993. Lipid peroxidation in biological systems,
In: Halliwell B., Auroma OI. [eds.], DNA and Free Radicals. Ellis
Horwood, London, pp. 12-17.
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A Report:

Makarewicz, JC., Lewis, T., Bertram, P. 1995. Epilimnetic
phytoplankton and zooplankton biomass and species composition in
Lake Michigan, 1983-1992. U.S. EPA Great Lakes National Program,
Chicago, IL. EPA 905-R-95-009.

Conference Proceedings:
Stock, A. 2004. Signal transduction in bacteria. In the Proceedings of
the 2004 Markey Scholars Conference, pp: 80-89.

Kaplan, A.2000. Ankara havasinda bulunan biyolojik partikiiller. XV.
Ulusal Biyoloji Kongrest, s. 45-50, Ankara.

A Thesis:

Strunk, JL. 1991. The extraction of mercury from sediment and the
geochemical partitioning of mercury in sediments from Lake Superior,

M. Sc. thesis, Michigan State Univ., East Lansing, MI, 119 pp.

Ozcan, A. 2006. Endiistriyel atiklar ve polipropilen lif igeren saha
betonlarinin ézelliklerinin arastirilmas. Yiiksek Lisans Texi, Zonguldak
Karaelmas Universitesi, 70 s.

In Press:
Evans, MA. 2002. Title. Journal. (in press).
Software:

SAS Institute. 2001. PROC user’s manual, version 6th ed. SAS
Institute. Cary, NC.

Internet and URL:

If author(s) obtained from some information from internet, should be
write full web address in the reference section.

Web documents with no authors:

Leafy seadragons and weedy seadragons 2001.
windspeed. net. au/jenny/seadragons/

http://www.

Web document with author:

Dawson, J., Smith, L., Deubert, K. 31 October 2002. Referencing,
not plagiarisim. Aztp.//studytrekk.lis.curtin.edu.au/

Symbols and Units: Metric systems or SI units should be used (kPa,
kN/m?, g/cm? m/sn, g/m®, e.g.). Current abbreviations can be used
without explanation, others must be explained. Use “ % ” only with
numerals and in tables and figures. Close up space to numerals (e.g.
60%). Use the dot for decimal units (e.g. 10.26).

Abbreviations: All acronyms/abbreviations must be explained in
parenthesis after their first occurrence. If many unfamiliar acronyms/
abbreviations are used, please compile them in an “Abbreviations”
section at the end of the paper.

Use the following abbreviations for time: h (hour), min (minute), s
(second), yr (year), mo (month), wk (week), add “s” to create plurals
(e.g. wks). Do not abbreviate “liter” by itself or when accompanied by

a numeral.

Dates: Present dates in this format: day month year (e.g. 13 February
1998).
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Gene Sequencing: Genbank may be conducted at their website at

http://www.ncbi.nlm.nih.gov/Genbank/submit.html.
Tables and Figures:

e Tables and figures captions must be written in separate pages in
Table Legends and Figure Legends sections after the reference
section.

e Tables and figures should be embeded in separate papers and must
be numbered consecutively throughout the paper (Table 1, Fig. 1,
Figs. 2-3, Fig. 4).

*  Use a semicolon to separate different types of citations (Fig. 3;
Table 3)

e Electronically submitted figures and graphs are preferred *.jpg or
*.tiff (min. 600 dpi) formats. Do not give magnification on scales
in the figure titles; instead draw bar scales directly on the figures.

e All the tables and figures must be referred in the text.

e The numbers and headings of figures must be written below the
figure.

e The numbers and headings of tables should be written the top of
the table.

e Standart erors or deviations should be cited as (e.g., 1.45 + 1.06),
statistically data should data must be given as (e.g., 734.3ab) in
the table.

* Figures must be uploaded as tift or jpeg files on our web sites on
supplementary files.

* The column title of standart errors or deviations must be cited as
(means = SD, or means + SE).

e Use the following abbreviations for months: Jan., Feb., Mar,
April, May, Jun., July, Aug., Sep., Oct., Nov., and Dec.

Appendices: All appendices must be typed on separate sheet and

should be numbered consecutively with capital Roman numerals.

Equations: Mathematical expressions should be written by an
equation editor (Word format) in 9 point size. Indices font should be
8 point size. Each equation in text should be numbered in parenthesis.

Mathematical equations should be citated as below:
R :Abarrtype + BlOg 10 O[) (2)

When authors send mathematical papers, they should state AMS-
Mathematical Subject Classification Number.

Numbers: Spell out numbers at the beginning of sentence. Spell out
the numbers one through nine. 10 and up are always cited as arabic
numerals. All numbers <1 must be preceded by a zero (e.g. P<0.05).
When a number is >1000, use a comma to separate hundreds from
thousands.

Footnotes to Tables: In case of statistical data in tables, use footnotes
to define or clarify column headings or specific datum with in data
field (*P<0.05; ** P<0.01; *** P<0.001; N, not significant).

For submitting first namely author’s manuscripts should not exceed
three folds in the same issue. Authors when submit the four folds
manuscripts, they will be publish in another issues.

The preparation of the manuscript should be as follows for
Mathematics and related subject:

The first page of the manuscript must include at least one 2010 MSC
(Mathematics Subject Classification) numbers following the annual
index of the Mathematical Reviews. MSC Subject Classification can
be obtained from “http://www.ams.org/mathscinet/msc/msc2010.
html!”.

The items in the reference section should be ordered according to
the alphabetical order of the surnames of the authors and numbered
numerically such as [1], [2],....

In the text, reference numbers should be enclosed in square brackets,
such as [23] or [12]-[15], to distinguish them from formula numbers
which should be quoted in round brackets.

Final Checklist of the Manuscript

Before submitting of your paper (and other writings as applicable),
please make sure that the following requirements have all been made:

e Cover letter is enclosed

*  Spell check and grammar check have been performed

* Entire paper is double-spaced including abstract, tables, captions,
references

*  Marigins are 2.5 cm each marigin

e Font size is 12 punto

*  Font type is Times new roman

*  Decimals are shown by a full stop (e.g., 10.25)

e Percent signs appear without a space after the number (e.g., 63%)

e Names of authors are written in full (not abbreviated)

e Address is given

* English title is given

e Title is in title case

* English abstract is given

*  English keywords are given

o Turkish abstract (Oz) is given

e Turkish keywords (Anahtar Kelimeler) are given

*  Original figures are enclosed

* Figures are prepared according to the instructions

*  Figures are maximum 16x20 cm; minimum 8 cm wide

*  Figures are refered to the consecutively in the paper

e Tables are maximum 16x20 cm; minimum 8 cm wide

* Tables are refered to the consecutively in the paper

* Captions are written in left case

* Figure legends are given

e Table legends are given

*  References are typed according to the instructions

* References are listed alphabetically

* All pages and all lines are numbered
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ETHICAL PRINCIPLES

Official journal of Zonguldak Biilent Ecevit University, Karaclmas
Science and Engineering Journalis a peer-reviewed journal which aims
to reach all national and international institutions and individuals free
of charge.

In the scientific articles sent to our journal, the recommendations of
ICMJE (International Committee of Medical Journal Editors) and
the International Standards of COPE (Committee on Publication
Ethics) for Editors and Authors are taken into consideration.

All claims and finalized processes regarding ethical violations of
our authors are under their own responsibility, and in case of ethical
violations, the article is automatically canceled.

Ethical Guidelines for Peer Reviewers
Peer Reviewers,

- respect the confidentiality of the manuscript, do not discuss it and
do not reveal any details of it.

- inform the editor about any conflict of interest.

- provide objective and constructive explanations for their
suggestions.

- do not allow the decisions related to the article to be influenced by
the subject of the manuscript or the way of writing.

- do not contact the authors directly and request their previous
articles unless there is a strong scientific reason.

- do not duplicate any part of the article or information reviewed in
any of their own work before it is published by the authors.

- agree to accept the reviews only within their expertise and finish
the review process within a reasonable time.

- do not intentionally prolong the review process which leads to a
delay for the publication of the article.

- use a language refrained from being hostile and avoids making
derogatory personal comments.

- destroy the manuscript and associated material after reviewing.

https://publicationethics.org/files/Ethical_guidelines_for_peer_
reviewers_0.pdf

Ethical Guidelines for Authors
Authors and co-authors,

- meet the following criteria for authorship defined by International
Committee of Medical Journal Editors (ICMJE);

a. Substantial contributions to the conception or design of the
work; or the acquisition, analysis, or interpretation of data for
the work;

b. Drafting the work or revising it critically for important
intellectual content;
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c. Final approval of the version to be published,;

d. Agreement to be accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity
of any part of the work are appropriately investigated and
resolved.

- ensure that submitted articles are original and are not sent to
different publishers.

- are responsible for any falsification, alteration or plagiarism which
are defined as abusing research before or during the research or
while reporting the findings of it.

- inform the editor if there is any conflict of interest in the submitted
articles.

- inform the editor for correction or withdrawal if any mistake is
noticed after publication or during the process of pre-control or
evaluation.

- do not suggest reordering, adding or dropping author names after
article submission.

- state, if the research requires the decision of the ethics committee,
that they have the ethics committee approval with the name of
the ethics committee and the date and number of the decision in
the first and last page of the article and the methods section, also
upload the ethics committee approval document to the system
along with the application of the article.

- state in the article that they have the consent form for the case
reports.

- comply with the copyright regulations for the ideas and works of
art used in the article.

- provide statements for Author Contribution, Conflict of Interest,
Disclosure and if necessary, Acknowledgements.

http://www.icmje.org/icmje-recommendations.pdf

https://www.ease.org.uk/wp-content/uploads/2018/11/d0i.10.20316.
ESE_.2018.44.el.tr_.pdf

Ethical Guidelines for Editors
Editors:

- The readers should be informed about who provides financial
support to the study or other scientific studies and whether there
is any role of sponsors in the study or publication, and if there is
any, what the contribution is.

- Editors should base their decisions of acceptance or rejection on
the importance, originality and clarity of the article, validity of
study and its relevance to the remit of the journal.

- Editors should not reverse decisions to accept submissions unless
serious problems are identified with the submission.
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New editors should not overturn decisions to publish submissions
made by the previous editor unless serious problems are identified.

A description of peer review processes should be published, and
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Effect of Beauveria bassiana on Galleria mellonella L. (Lepidoptera: Pyralidae) and

Its Parasitoid Trichogramma cacoeciae

Beauveria bassiana’ nin Galleria mellonella L. (Lepidoptera: Pyralidae) ve Parasitoiti Trichogramma
cacoeciae Uzerine Etkileri

Benay Sezer Tuncsoy' ®, Francisco Bueno-Pallero? ®, Lidia Dionisio? ®, Luis Neto? ®, Pinar Ozalp?

"University of Adana Alparslan Turkes Science and Technology, Faculty of Engineering, Department of Bioengineering, Adana, Turkey
“University of Algarve, Faculty of Science and Technology, Campus de Gambelas, 8005-139 Faro, Portugal
SUniversity of Cukurova, Faculty of Science and Letter, Department of Biology, Adana, Turkey

Abstract

Beauveria bassiana, which is used for this experiment in order to determine the effects on Galleria mellonella and its parasitoid
Trichogramma cacoeciae, is a naturally occurring pathogens and have been used to control insect pest. The conidia of the fungi germinate
on the surface of the insect host, penetrate through the cuticle, spread in the hemolymph, and then resulting in the death of the host.
10°,10° 107 and 10° conidia/mL were applied to the last instar of G. mellonella by injecting the suspensions. Mortality of G. mellonella
larvae, effects of B. bassiana on emergency of G. mellonella eggs and parasitization were investigated. To determine the effect of B.
bassiana on 1. cacoeciae, 10° conidia/mL were applied to the G. mellonella eggs. No mortality was observed in 10° and 10° conidia/mL of
B. bassiana injected group, whereas death larvae was determined in 107 and 10° conidia/mL injected groups. Prevalence of black spots
within the integument increased day by day. Hatchability of G. mellonella eggs were significantly decreased when B. bassiana applied
to the G. mellonella eggs. No statistical difference was observed in the parasitizing and hatching rates of Galleria mellonella eggs by
Trichogramma cacoeciae adult females.

'The biosafety of B. bassiana against T. cacoeciae was determined by monitoring the parasitization and emergence ratio. It was detected
B. bassiana was safe to this egg parasitoid. However, there is a significant effect on mortality of G. mellonella larvae and hatchability of
G. mellonella eggs.

Keywords: Beauwveria bassiana, Emergence ratio, Galleria mellonella, Survival, Trichogramma cacoeciae

Oz

Calismada Galleria mellonellave parasitod Trichogramma cacoeciae iizerine olan etkilerini belirlemek amaciyla kullanilan Beauveria bassiana,
dogal olarak olusan ve zararli boceklerin kontroliinde kullanilan bir patojendir. Mantarin konidiyumlar: konak bécegin yiizeyinde
gelismeye baglar, kiitikiilden geger, hemolenf icine yayilir ve ardindan konagin dliimiyle sonuglanir. Galleria mellonella ve parazitoid
Trichogramma cacoeciae izerindeki etkilerinin belirlenmesi amaciyla kullanilmugtir. 10°,10°, 107 ve 10° spor/mL B. bassiana, G. mellonella
larvalarina enjekte edilerek uygulanmugtir. B. bassiand’ nin G. mellonella larvalarinda mortalite, yumurtalarinin agilmasi ve parazitlenme
Uzerine olan etkileri aragtirilmistir. B. bassiana’ nin 1. cacoeciae Uzerindeki etkisini belirlemek icin G. mellonella yamurtalarina 108spor/mL
B. bassiana uygulanmigtir. 10° ve 10° spor/mL B. bassiana enjekte edilen grupta mortalite gozlenmezken, 107 ve 108 spor/mL B. bassiana
uygulanan gruplarda mortalite meydana geldigi tespit edilmistir. Integumentteki siyah noktalarda deney siiresi boyunca artis meydana
geldigi gozlenmistir. G. mellonella yamurtalarinin agilma orani B. bassiana uygulamasi yapilan gruplarda énemli 6l¢tide azalmugtir. 7
cacoeciae ergin disilerin G. mellonella yamurtalarini parazitleme ve yumurtalarin agilma oranlarinda istatistiki fark gézlenmemistir.

Sonu¢ olarak, B. bassiana’ nin yumurta parazitoidine karsi giivenli oldugu, buna karsin G. mellonella larvalarinin mortalitesi ve
¢ yu P 51 g g S
yumurtalarin agilma orani tizerinde 6nemli bir etkisi oldugu belirlenmigtir.

Anahtar Kelimeler: Beauveria bassiana, Yamurtadan ¢ikma orani, Galleria mellonella, Sagkalim, Trichogramma cacoeciae
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1. Introduction

Entomopathogenic fungi are the most common pathogens
that cause disease in agriculture and forest pests and known
to be one of the most important biological control groups
due to being cheap and easy to apply and able to enter the
host actively when they find suitable conditions for spore
germination, (Demirci et al. 2011).

Beauveria bassiana (Balsamo) (Ascomycota: Hypocreales:
Clavicipitaceae) is a widely-distributed fungus, which affects
a broad variety of insect species and is used as a biological
pesticide (Dembilio et al. 2010; Fuguet and Vey 2004; Wojda
et al. 2009; Xiong et al. 2013). Beauveria species attack
their host insects percutaneously. The infection pathway
consists of the following steps; attachment of the spore to
the insect cuticle, spore germination on cuticle, penetration
through the cuticle, overcoming the host immune response,
proliferation within the host, saprophytic outgrowth from
the dead host and production of new conidia (de Fariaa
and Wraight, 2007; Keswani et al. 2013). Due to being the
first barrier encountered by fungi, insect cuticle synthesize
a wide variety of extracellular enzymes involved in the
degradation of protein, chitin, and lipids which are the
principal components of the insect’s cuticle. After the death
of the insect, the fungus produces thousands of new spores
on the dead body which disperse and continue their cycle on
new hosts (Pedrini et al. 2007; Schrank and Vainstein 2010;
Pelizza et al. 2017).

Due to the ease of breeding on alternative hosts, high
aggressive parasitism and wide geographic distribution,
Trichogramma species are widely used agents for biological
control (Souza et al. 2016). Trichogramma cacoeciae
(Hymenoptera: Trichogrammatidae) is a species of
parasitoids of insect eggs that has been reported by several
researchers to be efficient in comparison to several other
parasitoids of insect pests (Potrich et al. 2015).

Investigations regarding the effects of chemical insecticides
on parasitoids are common, however there are few studies
on the efliciency of entomopathogenic fungi on parasitoids
and combined use of biological control methods. The aim of
the study is to know about interactions between biological
control agents, used in combination or simultaneously
and understand the effects of entomopathogenic fungi by
using Galleria mellonella L. (Lepidoptera: Pyralidae) as host
organism.

132

2. Materials-Methods
2.1.Insect Rearing

G. mellonella larvae were reared in the dark at 30 °C and
%65 humidity in an incubator. Larvae were reared during
the first and second instars with pollen and wax, afterwards
in an artificial diet were prepared with a mixture of glycerol,
honey, water, dry dog food, and wheat bran.

Adult T cacoeciae were used in this experiment. Parasitoids
were reared on G. mellonella eggs in the laboratory conditions
at 23+1 °C and 16:8 photoperiods. Adults were fed with a
droplet of a honey solution.

2.2. Culture of B. bassiana

'The entomopathogenic fungus B. bassiana was cultivated and
maintained on a rich medium, potato dextrose agar (PDA;
Biokar), incubated at 25+1 °C, under dark conditions, for 15
days to allow fungal growth and conidial production.

Conidia were harvested in PBS and %1 (v/v) Tween 20, by
scrapping the surface of PDA culture with a sterile loop. The
different conidia concentrations were estimated by using
Neubauer haemocytometer and the different concentration
for each culture (10°,10°,107, 108 conidia/mL) were prepared
and tested for its efficacy on last instar larvae of G. mellonella
and 7 cacoeciae.

2.3. Mortality of G. mellonella Larvae

Last instar G. mellonella used for the experiment were
selected to be similar in size (250-270 mg). Four different
suspensions (10°, 10°, 107, 10® conidia/mL) of B. bassiana
were applied to last larvae instar of G. mellonella by injecting
10 pl of suspension using a Hamilton syringe, at the last left
pro-leg of larvae. Before injection the proleg was disinfected
with %70 alcohol by using a swab. After the treatment with
the different concentrations, the larvae were put in 15 mm
Petri dishes and incubated, under dark conditions at 30+1
°C for 7 days. For the control, a PBS and Tween 20 mixture
was injected. Fifteen larvae were used for each experiment
and all the trials were done in triplicates. Larvae mortality
was checked daily with a paintbrush. Larvae was considered
dead when there was no movement in response to touch.
Also, a change on the larvae colour was investigated.

2.4. Spray Bioassay

A B. bassiana suspension of 10® conidia/mL were tested for
its effect on G. mellonella eggs measured by the emergence
ratio of L1 larvae and for its safety on the egg parasitoid of
T cacoeciae and measured by the number of parasitized eggs
and emergence ratio.
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Fresh G. mellonella eggs (12 h old) were collected from the
top of the rearing pots and divided into little pieces each
having at least 40 eggs. For determining the eftect of B.
bassiana on parasitization, the highest concentration of
spores (10 conidia/mL) were sprayed on the G. mellonella
eggs, air-dried and then placed in the tubes with one 77
cacoeciae temale. For the control, egg cards were sprayed
using the same methodology but using water. After 24h,
egg cards were taken from the tubes and put into different
tubes to wait hatching or parasitoid emergence. The number
of parasitized eggs were evaluated by the number of eggs
become dark (Figure 1). The emergence ratio was evaluated
by the number of adults emerged in relation to the number of
dark eggs. Each modality had 20 replicates. The experiment
was conducted at room temperature of 25+2 °C, 60% RH
and photoperiod 16:8.

Figure 1. Parasitized G. mellonella eggs.

2.5. Statistical Analysis
The Kaplan-Meier (SPSS 21 Statistical Programme) test

was used for the statistical significance of differences in
survival of G. mellonella larvae between different conidia
concentrations. T test (SPSS 21 Statistical programme)
was used for the statistical significance of differences in the
effects of B. bassiana on egg hatching, number of parasited
eggs and adult parasitoid emergence ratio in relation to
control. For emergence ratio data was transformed by prior
to data analysis. Differences indicated with a P value of less
than <0.05 were considered significant.

3. Results and Discussion

3.1. Injection Bioassay

The different spore suspensions (10°, 10°, 107, and 10°
conidia/mL) of B. bassiana which was cultivated in PDA
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media were applied on wax moth G. mellonella. Physical and
motile changes were determined in larvae post-infection
with fungal cells and the highest mortality was observed
at 107 and 10® conidia/mL suspensions due to B. bassiana
infection as compared to the control larvae. As shown
in Fig. 2., the larvae of the 107 and 10° conidia/mL of B.
bassiana injected groups were killed faster compared to the
larvae injected with PBS (control), 10° and 10° conidia/mL.
No mortality was observed in 10° and 10° conidia/mL of
B. bassiana injected groups. Death of larvae was observed
in 10® conidia/mL injected group within 72h but this was
delayed to 120h with 107 conidia/mL of B. bassiana injected

group (Figure 2).

Survival Functions

treatment
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Figure 2. Killing of G. mellonella by B. bassiana. Kaplan-
Meier plots of the control, 10°, 10°,107 and 108 conidia/mL
of B. bassiana survival after injection. Little letters represent
statistical differences for each treatments of exposure (p<0.05).

Overall, it is obvious that high concentrations of B. bassiana
reduced survival. Ibrahim et al. (2016) found that B. bassiana
has 98% larval mortality with lethal time of 1.7 days on
G. mellonella by using 10°, 10" and 10° spores/mL of B.
bassiana. Nedveckyte et al. (2011) also detected B. bassiana
lead to 100 % mortality within 12 days on Bupalus piniaria
(L.) larvae at a concentration of 1x10® spores/mL. It was
determined that the virulence of B. bassiana against second,
third and fourth instar larvae of Spodoptera litura by using
2.03x10%, 4.03x10° and 1.4x10° spores/mL concentrations,
and all the treatments resulted in significantly higher
mortality than control (Kaur et al. 2011). According to
Wraight et al. (2010) Lepidopteran insects such as Plutella
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Figure 3. Black spots as the immune response indicating direct
penetration of B. bassiana.

xylostella, Obstrinia nubilalis, Helicoverpa zea and Spodoptera
Jfrugiperda are highly susceptible to B. bassiana strains.
Later, Correa-Cuadros et al. (2014) also indicated that B.
bassiana had a mortality of 95, %33 ar 1x10° conidia/cm?
on P xylostella larvae. These findings are also supported by
another study on G. mellonella that demonstrated that the
mortality of greater wax moth was %0, %8 and %10 at 24,72
and 120h respectively following infection with B. bassiana.
By the fifteen days, total mortality was %52 (Chertkova et
al. 2018).

According to the morphological changes, prevalence of
black spots within the integument increased day by day.
Death of the larvae was followed by a change in the body
colour to brunny (Figure 3).

According to Hussein et al. (2012), the cuticle of the treated
larvae became dark and black-spotted due to excessive
melanization, indicating direct attack of the fungus on the
defence system of the insect. Xiong et al. (2013) found that
B. bassiana infected the host larvae of Carposina sasakii
(Lepidoptera: Carposinidae) mainly by penetrating the
integument, and dark spots appeared on the cuticle due
to the appearance of melanisation in the hemocoel. After
overcoming the host’s defense system, the pathogen grew
and reproduced in the hemocoel.

3.2. Effect of B. bassiana on Emergence of G. mellonella Eggs
and Adult of T. cacoeciae, Parasitization

Hatchability of G. mellonella eggs were significantly
decreased when B. bassiana applied to the G. mellonella eggs
(Table 1; p<0.05). Kaur et al. (2011) determined that B.
bassiana induced egg hatchability of §. /izura. In another
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study, it was shown that Metarhizium anisopliae has a
potential effect on both eggs and first larval stage of Tuza
absoluta, although B. bassiana is effective just on egg stages
(Inanl et al. 2012). Yuksel et al. (2017) determined that B.
bassiana has a high pathogenicity in egg term of 7. absoluta
in vitro conditions. It was also found that egg hatchability
ratio was 86 % in control group, while it is 18 % in B.
bassiana applied group. We were detected the similar results
with other studies. It was found that there is a significant
difference about emergence of G. mellonella eggs between B.
bassiana applied and the control groups. We assumed that
the larvae couldnt be grown inside the eggs or couldn’t be
emerged due to the fungal infection.

Parasitism and emergence ratio were unaffected by B.
bassiana (Table 1; p>0.05). Amaro et al. (2015) found that
B. bassiana had no significant effect on adult emergence,
parasitisim and progeny viability. Otherwise, according
to Potrich et al. (2009) Metarhizium anisopliae decreased
Trichogramma pretiosum emergence and caused mortality.
dos Santos Junior et al. (2006) found that B. dassiana could
cause a significant reduction in parasitism of larvae of
Plutella xylostella L. by Oomyzus sokolowskii (Kurdjumov).
However, Greathead and Prior (1990) maintained that there
are no signs of intolerance adverse eftects by Metarhizium
flavouiride on a number of non-target species.

Table 1. Effects of B. bassiana on G. mellonella and T. cacoeciae.
Little letters represent statistical differences for each treatments
of exposure (p<0.05). X + sx = mean =+ standard error.

‘ Variable ‘ Control
Hatching ratio 19.4+423 b |374+3.42 a
Number of parasitized| 15, 191 5| 1142148 a
ngs
Parasitoid emergence | ) 1 003 4 | 065005 a
ratio

The use of chemical insecticides induces adverse effects
to the beneficial insects and non-target organisms in the
ecosystem due to its toxins. B. bassiana is a biopesticide that
has high virulence against pests, while little or no virulence
against non-target organisms such as parasitoids. This is
particularly important in the case of pest control, since B.
bassiana present low risk for humans and other mammals,
and it easily cultured and formulated.

In the present study, when we applied B. bassiana on
G. mellonella larvae and eggs, we were determined that
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there is an important effect on mortality of G. mellonella
larvae, hatchability of G. mellonella eggs, however there is
no significant effect on parasitism and emergence ratio
of T cacoeciae, so that this fungus could be used in pest
management studies in order to control the pests in the

fields.

4. References

Amaro,]T.,Bueno, AF.,Pomari-Fernandes, AF., Neves, P.2015.
Selectivity of Organic Products to Trichogramma pretiosum
Riley (Hymenoptera: Trichogrammatidae). Neotrop Entomol,
44: 489-497. Doi: 10.1007/s13744-015-0317-2

Chertkova, EA., Grizanova, EV., Dubovskiy, IM. 2018.
Bacterial and fungal infections induce bursts of dopamine in
the haemolymph of the Colorado potato beetle Leptinotarsa
decemlineata and greater wax moth Galleria mellonella. J

Inwvertebr Pathol.,153:203-206.Doi: 10.1016/j.jip.2018.02.020

Correa-Cuadros, JP., Rodriguez-Bocanegra, MX., Séenz-
Aponte, A. 2014. Susceptibility of Plutella xylostella
(Lepidoptera: Plutellidae; Linnaeus 1758) to Beauwveria
bassiana Bb9205, Metarhizium anisopliae Ma9236 and
Heterorbabditis bacteriophora HNI10100. Univ Sci., 19(3): 277-
285. Doi: 10.11144/Javeriana.SC19-2.spxl

Dembilio, O., Quesada-Moraga, E., Santiago—Alvarez, C,
Jacas, J.A. 2010. Potential of an indigenous strain of the
entomopathogenic fungus Beauveria bassiana as a biological
control agent against the Red PalmWeevil Rhynchophorus
ferrugineus. J. Invertebr. Pathol, 104(3): 214-221. Doi:
10.1016/].jip.2010.04.006

Demirci, F., Mustu, M., Kaydan, MB., Ulgentiirk, S.
2011. Laboratory evaluation of the effectiveness of the
entomopathogen; I[saria farinosa, on citrus mealybug,
Planococcus citri. J. Pest. Sci., 84: 337-342. Doi: 10.1007/
$10340-011-0350-9

De Fariaa, MR., Wraight, SP. 2007. Mycoinsecticides and
Mycoacaricides: A comprehensive list with worldwide coverage
and international classification of formulation types. Biol.
Control, 43: 237-256. Doi: 10.1016/j.biocontrol.2007.08.001

Dos Santos, HJ. Jr, Marques, EJ., Barros, R., Manoel
Gondim, MG. Jt, Zago, HB., da Silva, CCM. 2006. Effect
of Metarhizium anisopliae (Metsch.) Sorok. and Beauveria
bassiana (Bals.) Vuill. on adults of Oomyzus sokolowskii
(Kurdjumov) (Hymenoptera: Eulophidae). Acza Sci. Agron,
28 (2): 241-245. Doi: 10.4025/actasciagron. v28i2.1106

Fuguet, R., Théraud, M., Vey, A. 2004. Production in vitro
of toxic macromolecules by strains of Beauwveria bassiana,
and purification of a chitosanase-like protein secreted by a
melanizing isolate. Comp. Biochem. Physiol., 138: 149-161. Doi:
10.1016/j.cca.2004.06.009

Karaelmas Fen Miih. Derg., 2020; 10(2):131-136

Greathead, D]J., Prior, C. 1990. The Regulation of Pathogens for
Biological Control with Special Reference to Locust Control.
In: Proceedings of the Workshop on Health and Environmental
Impact of Alternative Control Agents for Desert locust control.
(Somme, L. and Bie, S. eds.). Noragric Occasional Papers Series C:
Development and Environment, 5: 65-80.

Hussein, KA., Abdel-Rahman, MAA., Abdel-Mallek, AY.,
El-Maraghy, SS., Joo, JH. 2012. Pathogenicity of Beauveria
bassiana and Metarhizium anisopliae against Galleria mellonella.
Phytoparasitica, 40: 117-126. Doi: 10.1007/s12600-011-0204-
2

Ibrahim, AA., Mohamed, HF., El- Naggar, SEM., Swelim,
MA., Elkhawaga, OE. 2016. Isolation and Selection of
Entomopathogenic Fungi as Biocontrol Agent against the
Greater Wax Moth, Galleria mellonella L. (Lepidoptera:
Pyralidae). Egypt J. Biol. Pest. Co., 26(2): 249-253.

Inanli, Z., Yoldas, A., Birgiici, K. 2012. Effects of
entomopathogenic fungi, Beauveria bassiana (Bals.) and
Metarhizium anisopliae (Metsch.) on larvae and egg stages
of Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae). Ege J.
Agri. Res., 49(3): 239-242. Doi: 10.20289/zfdergi.69694

Khetan, S. 2001. Microbial pest control. New York: Marcel
Dekker, 16 pp.

Nedveckyte, 1., Peciulyte, D., Dirginé¢iute-Volodkiene,
V., Buda, V. 2011. Pine defoliator Bupalus piniaria (L.)
(Lepidoptera: Geometridae) and its entomopathogenic fungi.
2. Pathogenicity of Beauveria bassiana, Metarhizium anisopliae
and ILaria farinosa. Ekologija, 57(1): 12-20. Doi: 10.6001/
ekologija.v57i1.1305

Peciulyté, D.,Nedveckyté, I., Dirginciaté-Volodkiené, V., Buda,
V. 2010. Pine defoliator Bupalus piniaria L. (Lepidoptera:
Geometridae) and its entomopathogenic fungi 1. Fungi
isolation and testing on larvae. Ekologija, 56(1-2): 34-40. Doi:
10.6001/ekologija.v56i1-2.1285

Pedrini, N, Crespo, R., Juarez, MP. 2007. Biochemistry of
insect epicuticle degradation by entomopathogenic fungi.
Comp. Biochem. Physiol, 146: 124-137. Doi: 10.1016/].
cbpc.2006.08.003

Pelizza, SA., Medina, H., Ferreri, NA., Eliades, LA., Pocco,
ME., Stenglein, SA., Lange, CE. 2017. Virulence and
enzymatic activity of three new isolates of Beauveria bassiana
(Ascomycota: Hypocreales) from the South American locust
Schistocerca cancellata (Orthoptera: Acrididae). Journal of
King Saud University — Science (In press). Doi: 10.1016/].
jksus.2017.11.006

Potrich, M., Alves, LFA., Haas, J., da Silva, ERL., Daros, A.,
Pietrowski, V., Neves, PMOJ. 2009. Selectivity of Beauveria
bassiana and  Metarhizium anisopliae to  Trichogramma

pretiosum Riley (Hymenoptera: Trichogrammatidae). Neotrap.

Entomol., 38: 6. Doi: 10.1590/51519-566X2009000600016

135



Tuncsoy, Pallero, Dionisio, Neto, Ozalp / Effect of Beauveria bassiana on Galleria mellonella L. (Lepidoptera:Pyralidae) and

Its Parasitoid Trichogramma cacoeciae

Potrich, M., Alves, LFA., Lozano, E., Roman, JC., Pietrowski,
V., Neves, PMO)J. 2015. Interactions between Beauveria
bassiana and  Trichogramma  pretiosum under laboratory
conditions. Entomol Exp. Appl., 154: 213-221. Doi: 10.1111/
eea. 12272

Schrank, A., Vainstein, MH. 2010. Metarhizium anisopliae
enzymes and toxins. Zoxicon, 56: 1267-1274. Doi: 10.1016/.
toxicon.2010.03.008

Souza,AR.,Giustolin, TA., Querino, RB.,Alvarenga, CB.2016.
Natural parasitism of lepidopteran eggs by Trichogramma
species (Hymenoptera: Trichogrammatidae) in agricultural
crops in Minas Gerais, Brazil. Fla. Entomol., 99: 221-225 Doi:
10.1653/024.099.0210

Woijda, 1., Kowalski, P., Jakubowicz, T. 2009. Humoral immune
response of Galleriamellonellalarvae after infection by Beauveria
bassiana under optimal and heatshock conditions. [ Insect

Physiol., 55(6): 525-553. Doi: 10.1016/j.jinsphys.2009.01.014

136

Wraight, SP., Ramos, ME., Avery, PB., Jaronski, ST.,
Vandenberg, JD. 2010. Comparative virulence of Beauveria
bassiana isolates against lepidopteran pests of vegetable
crops. J. Invertebr. Pathol., 103: 186-199. Doi: 10.1016/].
jip.2010.01.001

Xiong, Q., Xiea, Y., Zhua, Y., Xuea, J., Li, J., Fan, R. 2013.

Morphological and characterization  of
(Lepidoptera:
infected by Beauveria bassiana (Ascomycota: Hypocreales:
Clavicipitaceae). Micron, 44: 303-311. Doi: 10.1016/j.

micron.2012.08.002
Yuksel, E., Acikgoz, C., Demirci, F., Mustu, M. 2017. Effects

of the entomopathogenic fungi, Beauveria bassiana, Isaria
farinosa and Purpureocillium lilacinum, on eggs of Tuta absoluta
(Meyrick) (Lepidoptera: Gelechiidae). Turk. J. Biol. Cont.,
8(1): 39-48.

ultrastructural

Carposina ~ sasakii  larvae Carposinidae)

Karaelmas Fen Miih. Derg., 2020; 10(2):131-136



Karaelmas Fen ve Miih. Derg. 10(2):137-141, 2020

Karaelmas Fen ve Mithendislik Dergisi
Dergi web sayfasi: https://dergipark.org.tr/tr/pub/karaelmasfen
DOI: 10.7212/zkufbd.v10i2.1550

Aragtirma Makalesi

Gelis tarihi / Received  :19.11.2019
Kabul tarihi / Accepted : 02.01.2020

Flag Elektroretinogram (fERG) Testi I¢in Normal Degerlerin Belirlenmesi

Determination of Normal Values for Flash Electroretinogram (FERG) Test
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Oz

Elektroretinografi, retinal hiicrelerin flag 1s1kla uyarilmas: durumunda ortaya ¢ikan elektriksel potansiyellerin kayit altina alinmasidir.
Bu sayede fotoreseptérlerden amakrin hiicrelerine kadar olan retinal gérme yollar: bir butiin olarak degerlendirilebilmektedir. Boylelikle
retinal gorme yollarinin bir biitiin olarak degerlendirilmesi miimkiin olabilmektedir. Elektroretinografi sinyallerinin elde edilmesinde;
kullanilan cihaz, elektrot, uygulanan testlerdeki yontemler ve laboratuvar kosullar: gibi faktdrler nemli bir rol oynamaktadir. Elde
edilen sinyaller bu faktérlere bagh olarak degiskenlik gostermektedir. Bundan dolay: her elektrofizyolojik laboratuvarinin kendisine
6zgl normal degerlerini belirlenmesi zorunlu hale gelmistir. Bu dogrultuda ¢alismamizda flag elektroretinografi testi icin normal
degerlerin belirlenmesi amaglanmstir. Zonguldak Biilent Ecevit Universitesi Obezite ve Diyabet Uygulama ve Arastirma Merkezinde
bulunan cihaz kullanilarak okiiler herhangi bir rahatsizlig: bulunmayan bireylere flag elektroretinografi testi uygulanmigtir. Testin tim
asamalar1 Uluslararasi Elektrofizyoloji Cemiyeti'nin 6nerileri dogrultusunda gergeklestirilmistir. Elde edilen test sonuglar: kullanilarak
normal degerler ortanca cinsinden hesaplanmig olup %95 giiven araligindaki alt ve st sinir degerleriyle ortaya konulmustur. Belirlenen
normal degerlerin yeni kurulan laboratuvar ortamlarina referans teskil edebilecegi diistiniilmektedir.

Anahtar Kelimeler: Tstatistiksel analiz, Flas elektroretinogram, Normal deger, Okiiler elektrofizyolojik testler

Abstract

Electroretinography is the recording of the electrical potentials when the retinal cells are stimulated with flashlight. In this way, the
retinal visual pathways from photoreceptors to amacrine cells can be evaluated as a whole. In this manner, it is possible to evaluate
the retinal visual pathways as a whole. In obtaining electroretinography signals; factors such as the device used, the electrode, the
methods in the tests performed, and the laboratory conditions play an important role. The obtained signals vary depending on these
factors. Therefore, it has become necessary to determine the normal values of each electrophysiological laboratory. In this respect, we
aimed to determine normal values for the flash electroretinography test. Flash electroretinography test was applied to individuals
who did not have any ocular disease by using the device in Zonguldak Bulent Ecevit University Obesity and Diabetes Research and
Application Center. All stages of the test were carried out in accordance with the recommendations of the International Society for
Clinical Electrophysiology of Vision. Using the test results, the normal values were calculated in the median and were presented with
the upper and lower limits of 95% confidence interval. It is thought that the normal values determined may serve as a reference for
newly established laboratory environments.

Keywords: Statistical analysis, Flash electroretinogram, Normal value, Ocular electrophysiological tests

1. Giris

Okiiler elektrofizyolojik testler goz rahatsizliklarinin tani ve
teshisinde 6nemli bir yer tutmaktadir. Bu baglamda uzman
hekimler goz muayenesinin degerlendirilmesinde elektroo-
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kilografi, elektroretinografi ve gorsel uyarilmis potansiyeller
gibi cesitli elektro-fizyolojik testlerden yararlanmaktadir
(Marmor vd. 2004). Bu testler klinik olarak tespit edileme-
yen ancak gorme sikayeti olan bireylerin gérme sorunlari-
nin nedenlerinin agifa ¢ikarilmasinda, retina ve optik disk
hastaliklarinin ayirt edilmesinde ve makula, glokom gibi
rahatsizliklarin degerlendirilmesinde siklikla kullanilmakta-
dir (Giindogan vd. 2006, Miguel-Jiménez vd. 2012, Oztiirk
vd. 2015).
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Elektroretinografi (ERG), flag bir uyaran vasitasiyla
retinanin uyarilmasi sonucu retinadan elde edilen elektriksel
yamitin degerlendirilmesinde kullanilan klinik bir testtir
(Barraco vd. 2011). ERG testinin kendi igerisinde patern
elektroretinografi (PERG), flag elektroretinografi (fERG)
ve multifokal elektroretinografi (mfERG) olmak tzere g
farkli ¢esidi bulunmaktadir. PERG’ de uyaran olarak satrang
tahtas: veya cubuk seklindeki desenler kullanilmaktadir. Bu
desenlerin yanip sénmesi sonucunda retinanin elektriksel
potansiyelinde meydana gelen degisim kayit edilmektedir
(Celesia ve Kaufman 1985, Oztiirk vd. 2015). fERG’ de flas
seklinde bir 1s1k uyaran kullanilarak retinanin kitlesel yaniti
kayit altina alinmaktadir. mfERG’ de ise retina ¢ok sayida
alanla bolunerek, her bir alandaki yerel (fokal) yanitlar
kaydedilmektedir (Lai vd. 2007, Miguel-Jiménez vd.
2010). ERG kayitlarinin alinmasinda Uluslararasi Gorme
Elektrofizyolojisi Toplulugu (ISCEV)nun belirledigi
standartlar g6z 6ntinde bulundurulmaktadir (Gtven 2005,
Miguel-Jiménez vd. 2015).

Diger taraftan goéz sinyalleri milisaniyelik bir zamanda
mikro volt gibi oldukga kii¢iik degerlere sahip biyoelektriksel
potansiyellerdir. Bundan dolay: elektrofizyolojik testlerde
elde edilen sonuglar bireye, test ortamina, kullanilan él¢im
cihazina ve testlerin uygulanma seklindeki farkhiliklara bagl
olarak degiskenlik gosterebilmektedir. Bu nedenle testler
i¢in standart 8l¢im degerleri tam olarak tanimlanamamakla
birlikte her bir elektrofizyolojik laboratuvarinin kendi
normal degerlerini belirlenmesi zorunlu hale gelmistir

(Gundogan vd. 2006). Literatirde PERG (Gtindogan vd.

2006, Oztiirk vd. 2015), fERG (Giindogan vd. 2006) ve
mfERG (Bagkesen vd. 2012) testleri i¢in farkli laboratuvar
ortamlarinin normal degerlerinin tanimlandig ¢alismalar
mevcuttur. Yapilan bu ¢alismada ise Zonguldak Bilent
Ecevit Universitesi Obezite ve Diyabet Uygulama ve
Arastirma Merkezinde bulunan Metrovision MonPackOne
Elektrookiilografi cihazindan alinan fERG 6l¢timleri
icin normal degerlerinin ortaya konulmas: amaglanmugtir.
Boylelikle ayni cihaz kullanilarak yapilacak olan ilerideki

caligmalara referans olusturulmasi hedeflenmistir.

2. Gereg ve Yontem
2.1. Elektroretinogram (ERG)
fERG, goziin kisa strekli bir 1stk flagiyla uyarilmasi

sonucunda retinal hiicrelerin tiimiinden elde edilen kitlesel
elektriksel potansiyelin kayit edilmesidir. Dewar 1877 yilinda
insan tizerinde ilk ERG kaydin: gergeklestirmistir. Ardindan
1908 yilinda Eindhoven ve Jolly tarafindan ERGde a, b,
¢ ve d dalgalarini tanimlamuglardir (Sekil 1) (Tzekov ve
Barden 1999). Bu dalgalardan a dalgas: sadece fotoreseptif
tabakadan, b dalgas: bipolar-Miiller hiicre kompleksinden
ve c dalgas: ise pigment epitelyum tabakasinda olusan
aktivitelere bagli olarak olustugu bilinmektedir. d dalgasi
ise uyartim bittigindeki kapama yamti olarak ifade
edilmektedir (Miller ve Dowling 1970, Hood ve Birch 1993,
Sieving vd. 1994, Oner 2004, Gauvin vd. 2014). Klinikte
rutin aragtirmalarda a ve b dalgas: incelenerek bireyin goz
rahatsiziginin olup olmadig: tespit edilebilmektedir (Aksu

b dalgasi

100

¢ dalgasi
50 9

Genlik (uv)

=50

-100

a dalgast

d dalgasi

| . | | . | . . . .
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Sekil 1. Normal bir bireyden elde edilen ERG

sinyal 6rnegi.
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vd. 2019). Bu baglamda yapilan bu ¢aligmada da s6z konusu
ERG dalgalari gz 6niinde bulundurularak kullanilan 6l¢tim
cihazi i¢in standartlar belirlenmeye ¢aligtlmigtir.

2.2. Veri Toplama

Yapilan bu ¢alismada Zonguldak Biilent Ecevit Universitesi
(ZBEU) Obezite ve Diyabet Uygulama ve Aragtirma
Merkezine bagvuran yaglar: 18 ila 70 arasindaki 13 kisinin 26
gozinden elde edilen fERG sinyallerinden yararlanilmistur.
Caligma ZBEU Insan Aragtirmalarni Etik Kurulundan
onay alindiktan sonra baglatilmistir. fERG alimi Helsinki
Deklarasyonuna uygun olacak sekilde gerceklestirilmistir.
Yan: sira testlerden 6nce bireylere gerekli bilgilendirmeler
yapilarak onaylar1 alinmig ve uzman hekimler tarafindan
oftalmolojik muayeneleri yapilmugtir.

fERG sinyallerinin aliminda ZBEU Bilimsel Arastirmalar
Projesi (BAP) kapsaminda alimi gergeklestirilmis olan

Metrovision MonPackOne  Elektrookiilografi ~ cihazi

kullanilmigtir. Testin tim adimlart ISCEV’ in tavsiyeleri
dogrultusunda gergeklestirilmistir (Marmor vd. 2004). Bu
baglamda oncelikle dl¢tim i¢in her iki géz onceden dilate

Sekil 2. ERG ol¢iimiinde kullanilan elektrotlarin yerlesimi.

edilmigtir. Farkli elektrot kullanimina da imkan saglayan
cihazda Dawson-Trick-Litzkow (DTL) plus tipi elektrot
secilerek, elektrot her iki gozin alt konjonktival kesesine
yerlestirilmistir. Referans ve toprak elektrotlar: ise sirasiyla
alnin yanlarina ve orta kismina yerlestirilmigtir (Sekil
2). Daha sonra bireylere 6nce karanlik (yani bireyin 20
dakika karanlik bir odada bekletilmesi) sonra aydinlik (15
dakika bireyin aydinlik ortamda bekletilmesi) adaptasyon
uygulanarak, her bir durumda cihazdan génderilen uyarana
kargi goziin elektriksel potansiyelinde meydana gelen

degisimler kayit edilmistir (Uzun vd. 2018).

ERG sinyallerinin kayd: i¢in ISCEV tarafindan tg¢ farklh
adim ortaya konulmugtur. Bunlardan rod yanit1 20 dakikalik
karanlik adaptasyon sonrast ERG kaydi sirasinda 6lgtlen ilk
sinyali icermektedir. Maksimal rod kon yanit1 hem rod hem
de kon hiicrelerinin birlesik yanitini olugturmaktadir. Tek
kon yanit1 ise aydinlik adaptasyon sonrasi kon hicrelerinden
elde edilen yanittir (Marmor vd. 2004).

3. Bulgular

Caligma kapsaminda yaglar1 18 ila 70 arasinda degisen 13
kisiye fERG testi uygulanmistir. Testin uygulanmasindan
once her bireyin géz muayenesi uzman bir hekim tarafindan
yapilarak okiiler herhangi bir rahatsizliginin olmadig: tespit
edilmistir. Bu dogrultuda 13 saglikli bireyden elde edilen 26
adet goz sinyali verisi kullanilarak ortanca cinsinden normal
degerler hesaplanmigtir. Ayrica %95 giiven araligi temel
alinarak olusan normal degerin alt ve st siur degerleri
de belirtilmigtir. Caligmada gerceklestirilen istatistiksel
analizler SPSS 22.0 istatistiksel paket programi kullanilarak
ortaya konulmugtur. Bu dogrultuda fERG dalgasinin iki
onemli bilegeni olan a ve b dalgalar: i¢in elde edilen latans
ve amplittid (genlik) degerleri sirastyla Tablo 1 ve Tablo 2'de

gosterilmigtir.

Cizelge 1. Flas elektroretinogramin a dalgast i¢in elde edilen normal degerler.

Parametreler
ERG Cevab: Amplitiid (pvolt)
Ortanca %95 Giiven Aralig: Ortanca %95 Giiven Aralig:
Rod cevab: a 32 27-37 10 4-27
Maksimal rod-kon cevabi a 20 19-21 96 87-107
Tek kon cevabi a 14 13-15 16 12-18
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Cizelge 2. Flas elektroretinogramin b dalgasi i¢in elde edilen normal degerler.

Parametreler
ERG Cevabi Amplitiid (volt)
Ortanca %95 Giiven Aralig: Ortanca %95 Giiven Aralig:
Rod cevabi b 81 76-85 110 87-144
Maksimal rod-kon cevabi b 41 39-43 198 174-224
Tek kon cevabi b 29 28-29 52 48-58
4. Tartisma deger olarak bu calismada belirlenen normal degerleri

fERG ile gozin flag bir 11k ile uyarilmasi sonucu retina
tabakasinin  elektriksel ~potansiyelinde
kitlesel degisimin kayit altina alinmasinda kullanilan

meydan gelen

elektrodiyagnostik bir testtir. Bu test genellikle retinada yer
alan fotoreseptor hiicrelerin (yani rod ve kon hiicrelerinin)
islevlerinin degerlendirilmesinde kullanilmaktadir. Bu sayede
g6z muayenesiyle belirlenemeyen g6z rahatsizliklarinin tani
ve teshisi mimkiin kilinabilmektedir (Giiven ve Kara 2006).

Elektrofizyolojik testlerin giivenirliligi kullanilan teknigin
standarthigina, agik bir sekilde belirtilen test agamalarinin
tam olarak uygulanmasina baglidir. Fakat ISCEV tarafindan
tERG testineaitstandart 6l¢im sonuglari belirtilmediginden,
laboratuvarlar arasinda  sonuglarin  yorumlanmasinda
karmasalar yaganmaktadir. Farkli laboratuvarlarda ayni veya
farkli bir cihazin kullanip kullanilmamasina bakilmaksizin
farkli normal degerler elde edilebilmektedir. Bu baglamda her
bir laboratuvar ortami i¢in normal degerlerin tanimlandig:
bircok farkli ¢ahigma gerceklestirilmistir. Gindogan ve
arkadaglar1 (2006) fERG normal degerlerinin olugturulmas:
icin yaptiklar1 ¢alismada ve yapilan bu ¢alismada a ve b
dalgalar1 icin farkli amplitid ve latans degerleri ortaya
koyulmustur. Her bir caligmada elde edilen sonuglar arasinda
farkliliklar gézlemlenmistir. Bunun nedeni alinan fERG
sinyallerinin genliklerinin ¢ok kigiik olmasindan, fizyolojik
faktérlerden (bireyin yasi, cinsiyeti, adaptasyon durumlari
gibi), 6lcim esnasinda meydana gelen artefaktlardan (goz
kirpma, géz sulanmasi, goz hareketleri gibi) ve kullanilan
cihazin teknik o6zelliklerindeki farkliliklardan (kullanilan
elektrotun yerlesimi, uyarimin siiresi, uyaran siddeti
gibi) kaynaklanmaktadir. Artefaktlarin ihmal edilebilir
seviyelerde oldugu bu ¢alismada, Metrovision MonPackOne
Elektrookiilografi cihaziyla yapilacak olan fERG testiyle
retinaya bagl olusabilecek rahatsizliklarin tanisinda kolaylik
ve glivenilirlik saglayacag: distinilmektedir. Bunun yani sira
yeni kurulan laboratuvarlar baglangi¢ asamasinda referans
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kullanabilirler. Yapilan bu ¢aligmada literatirde daha 6nce
ERG testi agamalarinda kullanilmamis olan Metrovision
MonPackOne Elektrookiilografi cihazi i¢in laboratuvarda
yapilacak ERG sinyalleri i¢in referans deger araliklari
belirlenmistir. Boylelikle bu deger araliklarinin retinaya
bagli hastaliklarin teghisinde uzman hekimlere yardimci
olacag: kanaatindeyiz.

5. Tesekkiir

Bu aragtirma Klinik Aragtirmalar Etik Kurulu tarafindan
onaylanmistir. Ayrica Zonguldak Biilent Ecevit Universitesi
Bilimsel Aragtirma Projeleri Komisyonu (BAP) tarafindan
2017_75737790_01 proje numarasi ve “Elektroretinogram
(ERG) Sinyali ile Goz Hastaliklarinin Tespiti” adiyla
desteklenmistir.
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Farkli Kadmiyum ve Kursun Oranlarinin Ergin Pimpla turionellae L. (Hymenoptera:
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Effects of Different Cadmium and Lead Rates on the Egg Production and Hatchability of Adult Pimpla
turionellae L. (Hymenoptera: Ichneumonidae)

Bilge Nur Kaydan ®, Mehmet Sulang*

Cukurova Universitesi, Fen-Edebiyat Fakiltesi, Biyoloji Bélimi, Balcali, Adana, Turkiye

Oz

Bu ¢aligmada, kursun-nitrat ve kadmiyum-klorir gibi agir metallerin Pimpla turionellae L.(Hymenoptera: Ichneumonidae) ergin
digilerinin yumurta verimi ve agilimi tizerine olan etkileri aragtirilmistir. Deneylerde, kursun-nitratin besine katilan tim konsantrasyon
degerleri kontrol grubuna gére béceklerin toplam yumurta sayisi ve agilma oranini etkilememigtir. Bununla beraber %0.50 ve %1.00
oraninda kadmiyum-kloriir iceren sentetik besin hem toplam yumurta sayisi hem de ac¢ilma oranini 6nemli derecede azaltmugtir.
Bunun tam tersine %5.00 kadmiyum-kloriir konsantrasyonu yumurta verimlilii ve agilma ytizdesini kontrol grubuna gére arttirmugtir.
Sonug olarak, kadmiyum-kloriir, yumurta verimi ve yumurta a¢ilim yiizdesini kursun-nitrat’tan daha fazla digtirmistir.

Anahtar Kelimeler: Kadmiyum, Kursun, Pimpla turionellae, Yumurta agilimi, Yumurta tretimi

Abstract

In this study, the eftects of heavy metals such as lead-nitrate and cadmium-chloride on the egg production and hatchabilty of the adult
females of Pimpla turionellae L. (Hymenoptera: Ichneumonidae) were investigated. In the experiments, in all rates of lead-nitrate,
added to diets did not significantly affect the total egg productions and percentages of egg hatch comparing to the control group.
Furthermore, both total egg productions and their hatchability were significantly decreased by the synthetic diet consisting of 0.50 mg
percent and 1.00 mg percent of cadmium-chloride rates. However, 5.00 mg percent of cadmium-chloride concentration increased the
egg production and percentage of egg hatch compared to the control group. Consequently, cadmium-chloride decreased the values of

egg productions and percentages of egg hatch more than lead-nitrate.

Keywords: Cadmium, Lead, Pimpla turionellae, Egg hatchability, Egg production

1. Girig

Son yillarda cesitli sebeplerle ortaya ¢ikan gevre kirliligi
gindemi mesgul eden olduk¢a onemli bir sorundur.
Cevrenin kirlenmesine yol agan etkenlerden biri olan agir
metaller hava, su, toprak ve bunlara bagh olarak flora ve
fauna kirlilifine sebep olmaktadir (Ortel 1989,1991,1995a,
Tiirkan 1995, Florea ve Bisselberg 2006, Chouhan vd.2017).
Eser miktarlarda bile tehlikeli olan agir metallerin atom
numaralar: biyudikee toksisite dereceleri de artmakta ve
toksisite derecesinin artmasina bagli olarak canli sistemlerde
agir tahribatlara neden olmaktadir. Bu yoniyle agir metaller

*Sorumlu yazarin e-posta adresi: msulanc@cu.edu.tr

Bilge Nur Kaydan ® orcid.org/0000-0003-0599-8984
Mehmet Sulang @ orcid.org/0000-0002-0938-0084

ozellikle biyolojik kontrol ajani olarak kullanilan predator
bécek tiirlerinin populasyonlarinin azalmasi ve zamanla
yok olmasi agisindan olduk¢a 6nem arz etmektedir. Agir
metallerin ekosistemden elimine edilememesi (Linde vd.
1996) sorunun énemini bir kat daha artirmaktadar.

Agir metaller arasinda bulunan kursun endistride oldukg¢a
genis bir sekilde kullanilmaktadir. Dogal su ortamlarinda
cok digik miktarlarda bulunmakla birlikte miktarindaki
artis atmosferik birikim yoluyla gerceklesir. Arag trafiginin
yogun oldugu alanlarda, sehir merkezlerinde ve maden tas-
viye alanlarinda atmosferik birikim yiiksek olabilir (McLa-
ughlin vd. 1999). Ayni zamanda tarimsal alanlara kurgun
girdisi de kursun katkis: iceren gazlarin yanmasi ve demir
digindaki metallerin eritilmesiyle ortaya ¢ikan atmosferik
birikim artig1 ile gergeklesir. Gelisen fotografcilik ve boya
sanayinin atiklarinin yani sira patlayici madde tretimi de
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kursun kirliliginin artigina neden olmaktadir. Cesitli dozlar-
daki kursunun degisik canli tiirlerinde teratojenik ve klas-
tojenik etkilerinin giicli oldugu gésterilmistir (Nordenson
vd. 1982; Sharma vd. 1988; Lerda 1992; Winder ve Bonin,
1993, Pandey vd. 2016).

Kadmiyum da ekosistemde toksik agir metal kirlenmelerine
neden olan etkenlerden biridir. Kadmiyum, ytiksek toksisitesi
ve canli organizmalarda birikme yetenegi nedeniyle son
derece toksik ve mutajenik bir metaldir (Jensen vd. 1990;
Jensen ve Bro-Rasmussen 1992, McMurrey ve Tainer 2003).
Yiiksek toksisitesi ile ekolojik anlamda 6nemli bir sorun
olan kadmiyum, ¢cogunlukla Cd* seklinde +2 degerli katyon
olarak bulunur, bazi durumlarda inorganik ligandlarla iligki
kurarak solisyonda kompleks iyon olarak da bulunabilir
(McLaughlin vd. 1996). Ayni zamanda diger metallerin
yerlerine gecerek esas metabolikler ile rekabete girerek
hiicresel membran transport mekanizmasini etkileyip
(Gregory 1997), lipid, protein ve niikleik asitlerin oksidatif
hasarlarina yol agarak (Mikhailov vd. 1997), anti-oksidatif
ve detoksifikasyon enzimlerinin aktivitelerini degistirip,
nérohormonlarin sentez ve salimimini engelliyerek etkisini

gosterir (Lijun vd. 2005, Ilijin vd. 2010).

Belirtilen yollarla besin, su, toprak ve hava ortamlarinda
miktar1 artan afir metaller ¢esitli canli tirlerinde kalici
zararlara yol agmakta ve hatta 6limlere neden olmaktadir.
(Gupta 2013, Suganya vd. 2016). Bu olumsuz durum
ozellikle biyolojik kontrol programlarinda kullanilabilirligi
olan bocek tiirleri i¢in biyo-indikatér nedeni olarak
degerlendirilebilir.

Ayni zamanda diger canli organizmalarda da oldugu gibi
ekosistemlerinde gelisen olumsuz faktorlerden etkilenme-
leri kaginilmazdir. Ornegin Pimpla turionellae L. (Hyme-
noptera: Ichneumonidae) bir kag lepidopter tiirtintin pupal
endoparazitoididir ve kolaylikla kiltiire alinabilen parazitik
hymenopterlerin ilk temsilcisidir (Yazgan 1981).

Pimpla turionellacde kadmiyum, kursun ve kadmiyum +
kursunun beslenme yoluyla 6zellikle kadmiyumla kontami-
ne olan parazitoidlerin su igeriginde bir artma ile birlikte
total lipid ve protein igeriginde bir azalma bulunmug (Ortel
1991), ayn1 zamanda su ve besin i¢erigine bakilarak kadmi-
yumun kursuna gore daha disiik konsantrasyonlarda ortala-
ma 6mri azalttig1 belirlenmistir. Ceratitis capitatada kursun,
kadmiyum ve bakirin besin yoluyla birikimi ve metallerin
tek tek pupal parasitoid Coptera occidentalise transferi konta-
mine diyetler yoluyla deneysel olarak incelenmis, kadmiyum
ve ¢inkonun, kursun ve bakirdan daha fazla birikim yaptig:
gozlenmistir (Kazimirova ve Ortel, 2000).
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Her ne kadar belirtilen ¢aligmalar béceklerin agir metal
kirlenmelerinden etkilenme durumlarina stk tutsa da
cogunlugu larval donemde gerceklestirilmis olup ergin
bir disinin yumurta Uretimi ve verimlilifi konusunda
yetersiz kalmaktadir. Ozellikle biyolojik kontrol ajani
olarak kullanilan béceklerin agir metal etkileri altinda,
yumurta tretebilirligi ve yumurtalarin agilimlarinin nasil
etkilendiginin bilinmesinin biyolojik micadelede avantaj
saglayacagi bir gercek olup, bu bilgiler is1ginda sunulan
caligmanin amact, kursun ve kadmiyumun degisen cevre
sartlarinda en ¢ok rastlanan kompleksleri olan kursun
nitrat ve kadmiyum kloriiriin artan konsantrasyonlarinin
P turionellae ergin disilerinin yumurta tretimi ve agilimi
Uzerine etkilerini aragtirmaktir.

2. Gereg ve Yontem

2.1. Bécek Kiiltiiriiniin Devamliligi ve Deney
Béceklerinin Beslenmesi

Deney boceklerinin elde edilmesi, beslenmesi, laboratuar
kosullarinin  belirlenmesi, yumurta eldesi ve agilimin
saglanmasi islemleri Emre (1988) tarafindan belirlenen
yontem ve teknikler uygulanmistur.

2.2.Deney Besinlerinin Hazirlanmasi

Deneyler sirasinda kontrol besin olarak Emre (1988)
tarafindan kimyasal yapisi belirlenen sentetik besin bilesimi
kullanilmigtir. Bu besine %0.05, %0.1, %0.5, %1.0 ve %5.0
oranlarinda kursun nitrat ve kadmiyum kloriir ¢ézeltilerinin
eklenmesiyle hazirlanan besinlerle P, zurionellae ergin disileri
beslenmistir.

2.2.1. Kontrol besinin hazirlanmasi

Calismada Emre (1988) tarafindan kullanilan kontrol
besinin kimyasal bilesimi Cizelge 1'de verilmistir

Amino asit karigimi: Bu karigim 100 gramlik stok halinde
hazirlanmigtir. Karisimda yer alan amino asit miktarlari gram
olarak soyledir: Alanin 7.0; arjinin-HCI 5.0; aspartik asit 6.5;
fenilalanin 5.5; glisin 6.0; glutamik asit 10.5; hidroksiprolin
1.9; histidin 4.0; izolosin 5.2; lizin 5.3; 16sin 7.7; methionin
3.0; prolin 8.2; serin 6.5; sistein 1.3; tirozin 4.0; treonin 5.5;
triptofan 2.0; valin 4.5. Belirtilen miktarlarda alinan amino
asitler porselen havan i¢inde ezilerek toz haline getirilmis
ve karigtm homojen yapiya kavusturulmugtur. Karigim renkli
bir siseye konularak agz siki sekilde kapatilarak saklanmugtur.
100 ml'lik stok besine bu karigimdan 3.0 g katilmugtar.

inorganik tuz karigtmi: Bu kanigim icin  0.8580 g
CaCl; 0.1572 g CuSO,.5H,0; 0.1356 g CoCl..6H,O;
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Cizelge 1. Pimpla turionellae bireylerini beslemede kullanilan
temel besin bilegimi.

Besin bilesimi g/100ml

L-Amino asit karigimi 3.000

Lipit karigim1* 6.000

Vitamin karigim1™* 9.000

Inorganik tuz karigimi 0.075

RNA 0.075

Stkroz 14.000

2N KOH™* 2.500

Saf su Toplam hacim100 ml

oluncaya kadar

* :Besine 6 ml ¢ozelti halinde katildi.
** : Besine 9 ml ¢ozelti halinde katildi.
“**: Besine 9 ml ¢ozelti halinde katildi.

0.5048 g FeClL.6H,O; 10.5280 g KHPO, 1.4548 ¢
Na ,HPO,.12H,0; 3.6920 g MgSO,.7H,O; 0.0112 ¢
MnSO,H,O; 0.2000 g ZnCl, bir beher igine alinarak
100 ml sicak su ilavesiyle tuzlarin ¢6ziilmesi saglanmigtir.
Hazirlanan bu ¢ézelti 150 °C deki etiivde karigimin agirligi
sabitleninceye kadar bekletilmistir. Bu siire sonunda suyu
tamamen uzaklagtirilmig tuz karigimi porselen bir havana
konularak doviilmus ve karigim homojen bir hale getirilmigtir.
Hazirlanan karigim renkli bir siseye konularak agzi sikica
kapatilarak kullanilincaya kadar nem i¢ermeyen bir ortamda
saklanmugtir. 100 ml'lik stok besine bu karigimdan 0.075 g
katilmigtur.

Lipit karigimi: Karisimda yer alan yag asitleri ve kolesterol
miktarlar: gram olarak s6yledir: Kolesterol 0.840; linolenik
asit 0.1546; linoleik asit 0.0486; oleik asit 0.0641; palmitik
asit 0.0041; stearik asit 0.0014. Yag asitleri ve kolesterol
verilen miktarlarda bir homojenizatér tiptine konmus,
tzerine 2.16 g Tween 80 ve 32.0 ml sicak su konulduktan
sonra UltraTurrax T25 marka homojenizatorde 22.000
devirde 5 dakika sireyle karigtirilmigtir. Hazirlanan bu
karigim bir erlenmayere konularak agzi sikica kapatilmig
sekilde —10 *C’de kullanilincaya kadar saklanmugtir. Kontrol
besine katilmadan 6nce 40 “C'deki su banyosuna konmusg
ve tekrar sivi hale gelmesi saglanmistir. Sivilagan karigim
manyetik karistiricada iki  dakika stireyle karistirilarak
homojenligi saglanmigtir. 100 ml'lik stok besine bu
emiilsiyondan 6.0 ml katilmistur.

Vitamin ¢ozeltisi: Stok ¢ozeltinin igerdigi vitaminler gram
olarak soyledir: Askorbik asit 0.1120; biotin 0.0004; Ca-
pantotenat 0.0296; folik asit 0.0012; inositol 0.1800; kolin
klortir 2.6000; nikotinik asit 0.0600; pridoksin-HC1 0.0030;
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riboflavin 0.0140; tiamin-HCI 0.0016. Verilen miktarlarda
tartilan vitaminler bir erlenmayer icine konulmus tizerine
90.0 ml saf su ilave edilerek manyetik karigtiricida karig-
tirilarak ¢oztinmeleri saglanmistir. Cozelti suda ¢dziinen
vitaminleri igermektedir. Cozeltinin pH’sinin 6.5 olmas:
i¢in 0.850 ml 2N K,HPO, ilave edilmistir. Hazirlanan stok
¢ozelti kullanilincaya kadar —10 °Cde saklanmigtir. Kontrol
besine katilmadan 6nce ¢ézeltinin oda sicakligina gelmesi
saglanmig ve manyetik karigtiricida karigtirildiktan sonra
100 ml besine 9.0 ml olarak katilmigtir.

Belirtilen stok ¢ozeltiler hazirlandiktan sonra kontrol
besinin hazirlanmas su sekildedir: Oncelikle Cizelge 1.de
belirtilen miktarlardaki L- amino asit karigimi, inorganik
tuz karigimi, RNA ve siikroz bir behere konulmus ve tizerine
toplam su miktarinin yarisi kadar 80°C'de saf su eklenerek
bu maddelerin ¢oziinmesi saglanmugstir. Cozelti soguduktan
sonra zerine lipit karigimi, vitamin karigimi ve pH’y1 6.5%
ayarlamak i¢in 2N KOH eklenmistir. Daha sonra elde edilen
¢ozeltinin hacmi, saf su ilavesiyle 100 ml'ye tamamlanmistur.
Hazirlanan bu besin bir erlenmayer icinde agzi sikica
kapatilarak buzdolabinda saklanmugtir.

2.2.2. Kursun nitrat iceren ¢ozeltilerin besin serilerine
uygulanmasi

Deneylerinbirinciserisii¢inagir metalgrubuelementlerinden
olan kursun, sentetik besine kursun nitrat ¢ozeltisi seklinde
katilmigti. Her derisim icin belirlenen kursun nitrat
¢ozeltisi hazirlanan sentetik besinlere her deney grubu i¢in
artan derigsimlerde (%0.05, %0.1, %0.5, %1.0 ve %5.0 mg
olmak tizere) stok kursun nitrat ¢ozeltisinden alinarak ilave
edilmistir.

2.2.3. Kadmiyum kloriir iceren ¢ozeltilerin besin
serilerine uygulanmasi

Deneylerin ikinci serisi i¢in yine afir metal grubu
elementlerinden kadmiyum, sentetik besine kadmiyum
klortur ¢ozeltisi seklinde katilmigtir. Deney gruplari igin
belirlenen derisimlerde (%0.05, %0.1, %0.5, %1.0 ve %5.0
mg olmak tzere) stok kadmiyum kloriir ¢ozeltisi sentetik
besinlere ilave edilmistir.

2.3. Deney Boceklerinin Beslenmesi

Deneylerde pupalardan yeni ¢ikmis, heniiz besin almamis ve
ciftlesmemis P turionellae ergin disileri kullanilmistir. Her
deney serisinin her grubu i¢in bu disilerden 4 birey alinarak
500 ml lik behere konulmus ve agzi ¢ift kat tilbentle
kapatilmigtur.

Hazirlanan birinci seri i¢in kontrol ve deney grubu olmak
tizere iki deney seti hazirlanmigtir. Kontrol grubu, kontrol

Karaelmas Fen Miih. Derg., 2020; 10(2):142-150



Kaydan, Sulang / Farkli Kadmiyum ve Kursun Oranlarinin Ergin Pimpla turionellae L. (Hymenoptera: Ichneumonidae)’nin

Yumurta Uretimi ve Agilimi Uzerine Etkileri

besinle; deney grubu ise farkli kurgun nitrat derisimleri iceren
sentetik besinle beslenmistir. Ikinci seri i¢in de birinci seride
oldugu gibi kontrol ve deney grubu olmak tizere iki deney
seti hazirlanmugtir. Kontrol grubu yine kontrol besinle; deney
grubu ise farkli kadmiyum kloriir igeren sentetik besinle
beslenmigtir. Boceklerin beslenmesi sirasinda, hazirlanan
besinler 3cm x 3cm boyutundaki aliiminyum kagit parcalar:
tizerine esit miktarlarda damlatilarak deney beherlerinin
i¢ine yerlestirilmistir. Beherlerin igine birakilan besin 1
saat slire ile tutularak béceklerin beslenmesi saglanmugtur.
Deney periyodu stiresince bu islem her giin ayni saatte
tekrarlanmistir. Bocek digkiar: ile kirlenen beherler
kontaminasyonu engellemek amaciyla belirli periyotlarda
temizlenmistir.

2.4. Verilerin Elde Edilmesi ve Degerlendirilmesi

Caligmanin amacina yonelik olarak P, furionellae disilerinden
yumurta elde edilmesi i¢in stok kiltirden elde edilen
béceklerin deney ortamina alinmasindan sonraki 10. giinden
itibaren parazitleme islemine baglanmistir ve her ¢ giinde
bir bu iglem tekrarlanarak 31. giine kadar devam edilmistir.

Parazitleme sirasinda G. mellonella pupalari, deney bocek-
lerinin yumurta birakmalarini saglamak, ayni zamanda bu
pupalarin bocekler tarafindan yenmesini engellemek ama-
cryla iki kat kafes teli ile sarilmistir. Tel kafesler 25 cm? alana
sahip iki kat kafes teli parcasinin ortasina pupanin yerleg-
tirilebilecegi bir bombenin olusturulmas: ile hazirlanmistir.
Parazitleme sirasinda hazirlanan bu bombeye G. mellonella
pupalar: yerlestirilmis ve agikta kalan alt kisim aliminyum
kagit parcas: ile kapatilmigtir. Bu sekliyle deney beherlerine
birakilan pupaya, dis etkilerden zarar gérmeden, béceklerin
ovipozitdrlerini kullanarak yumurtalarini birakmalar1 sag-
lanmustir.

Deney serilerinin  her tekrarinda P turionellae  disi
bireylerinin yumurtalarini birakmasi i¢in tel kafesle ¢evrilmis
2 adet G. mellonella pupast 1 saat siireyle deney beherlerine
birakilmug, bu siire sonunda pupalar beherlerden alinmugtir.
Tel kafeslerden ¢ikartilan pupalar embriyonik geligimleri
i¢in laboratuar kogullarinda 24 saat siireyle ayr1 ayri petri
kaplarinda bekletilmistir. Bu siire sonunda pupalar disekte
edilerek yumurta sayimi yapilmistir.

Diseksiyon islemi sirasinda bir petri kab: i¢inde % 0.08’lik
NaCl ¢ozeltisinde P furionellae tarafindan parazitlenmisg
G. mellonella pupalart ince uglu bir pens yardimiyla
parcalanmigtir. A¢iga cikarilan yumurtalar yumugak ince
uglu bir fir¢a yardimiyla yine i¢inde %0.08’lik NaCl ¢6zeltisi
bulunan saat camlarina alinmigtir. Burada 24 saat streyle
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bekletilen yumurtalar siire sonunda binokiiler mikroskop
altinda incelenmis ve birakilan toplam yumurta ve agilan
yumurta sayist belirlenmigtir. Her bir deney serisinin her
tekrarinda ayni islem uygulanmig her tekrarda bir behere
konan iki pupa tzerinde yapilan parazitleme isleminde
birakilan toplam yumurta sayisi ayni beherdeki disi bocek
sayisina bolinerek disi birey bagina diigen ortalama yumurta
say1st hesaplanmigtir. Birakilan yumurtalarin agilim oranlar:
ise a¢ilan yumurtalarin birakilan toplam yumurta sayisina
gore yizdelerinin hesaplanmasiyla elde edilmistir.

Bitiin deneyler tger kez tekrarlanmis ve elde edilen veriler
cizelgeler halinde sunulmustur. Her deney serisi igin
besinlerin etkileri deney periyodu boyunca bir disi birey
tarafindan birakilan ortalama yumurta sayist (yumurta
Uretimi) ve yine ayni periyot siiresince disi bireyin biraktig1
yumurtalarin agilma yiizdesi (yumurta agilma orani) hem o
serideki kontrol grubu verileri ile hem de kendi aralarinda
kargilastirilmak suretiyle degerlendirildi.

Verilerin analizinde SPSS 21.0 paket program kullanilmig
ve Varyans Analizi ile Student-Newman Keul’s Test (SNK)”
testleri uygulanmistir (Sokal ve Rohlf, 1969).

3. Bulgular

Sunulan ¢ahigmada farkli Kursun nitrat ve Kadmiyum
Klortr’tin Pimpla turionellae ergin disisinin deney periyodu
boyunca 10. ve 31. giinler arasinda biraktig1 toplam yumurta
sayist ve a¢tlimi Uzerine etkileri Cizelge 2'de sunulmugtur.

Yumurta eldesinin gergeklestirildigi periyot boyunca (10.
ve 31. giinler aras1) kursun nitrat iceren besinlerle beslenen
digilerin biraktigi yumurta sayist incelendiginde %0.50,
%1.00 ve %5.00 derisimleri 6nemli bir etkide bulunmamig
ancak 90.05 ve %0.10 derisimleri birakilan toplam yumurta
sayisini onemli derecede diigirmistir .

Ayni kursun nitrat derisimlerinin deney periyodu boyunca
birakilan
bakildiginda, kontrol besinle beslenen disilerin biraktig

toplam  yumurtalarinin  agihm  yiizdesine
toplam yumurtalarin agilim yiizdesi ile kursun nitrath

besinlerle beslenen disilerin  toplam  yumurtalarinin
acthm yiizdesi arasinda istatistiksel olarak 6nemli bir fark

gorilmemistir .

Yumurta eldesinin bagladigi 10. giinden 31. giine kadar
denenen kadmiyum kloriir derisimlerinden %0.05, %0.10
ve 9%5.00°lik derigimler birakilan toplam yumurta sayisi
uzerinde kontrole gore o6nemli bir etkide bulunmamig
bununla birlikte %0.50 ve %1.00’lik derigimler toplam

yumurta sayisint 6nemli derecede diigtirmistiir
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Cizelge 2. Kursun nitrat ve Kadmiyum klortir’tin P furionellae ergin disisinin biraktig1 toplam yumurta sayisina ve agilim yiizdesine

etkisi.

Kursun Nitat (06 mg) Toplam Yomorta Sy Toptan Yocnurts Asilns (49

0.00 § 48.90 £ 0.49 a 76.46 + 1.76 a

0.05 33.98 +0.39b 79.54+142a

0.10 36.07 £ 0.36 b 81.73+291a

0.50 53.64+0.43 a 82.32+2.67a

1.00 50.02+0.19a 78.41+2.44a

5.00 50.40 + 0.32 a 78.89 + 4.06 a
Kadmiyu Klorir (tome) Toplam Yamurta Sy Toplam Yormurta Asins (09

0.00 § 48.90 £ 0.49 a 76.4+1.76a

0.05 48.42+0.42a 85.98 +3.15b

0.10 40.14+£0.43 a 7143 +£2.38a

0.50 16.93 +0.37b 78.28 +3.78 a

1.00 2.55+0.53¢ 58.33+0.03 ¢

5.00 55.51+021a 7149 +2.01a

: Uc tekrarin ortalamast
: Standart hata

§ :Kontrol

Ayni kadmiyum klorir derigimlerinden %0.05’lik derigim
kontrole gore istatistiksel olarak toplam yumurta agihim
yizdesini 6nemli derecede arttirmig; buna ragmen %1.00
lik derisimde ise toplam yumurta a¢ilim yiizdesinde 6nemli
olgtide bir distis gozlenmistir. Denenen diger derigimler
toplam yumurta agilim yiizdesinde herhangi bir azalis veya
artiga neden olmamigtir

4. Tartigma

Biyolojik kontrol ajani olarak kullanilan P turionellae'nin
devamliligs diger endoparazitik hymenopter tirlerinin
¢ogunda oldugu gibi disi bocegin konak pupaya biraktigi
yumurtalardan ilk acilanin erginlesmesiyle gerceklesir.
Bu nedenle biyolojik micadelede kullanilmak tizere kitle
halinde tretimi amaglanan bu gruplarin istenilen seviyede
avantaj saglayabilmesi igin verimli disi birey sayisinin
arttirilmasi  bununla  birlikte her gelisme diizeyinde
bireylerin cevre sartlarina karst duyarlibk simirlarinin iyi
bilinmesi gerekmektedir.

Ekosistemde bulunan toksik etkili metallerin hem dinamik
yapilarinin hem de bocek tirleri tizerine etkilerinin metal
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: Aynu stitunda ayni harfi iceren degerler birbirinden farkl degildir. p<0.05

konsantrasyonlarina gére tam olarak anlagilmasi olduk¢a
6nem tagimaktadir. Ciinkd toksik etkili maddelerin bocekler
tarafindan alinmast sonucu etkilenen metabolik siireglerin,
hem hemolenf iceriginde hem de sentez olaylarinda
onemli degisimlere neden olmasi, ATP ve ADP’nin fosfat
gruplariyla olan reaksiyonlari, hiicre membranlarinin zarar
gormesi, silthidril gruplariyla olan reaksiyonlari, esas
iyonlarin yerine gegcmeleri ve esas metabolitlerle rekabet
etmeleri yani sira Uremeyi de direkt etkiledigi sayilabilir
(Gupta 2013, Suganya vd. 2016, Gregory 1997).

Besinsel kontaminasyon yoluyla bdceklere taginabilen
agir metallerin  bécek tirlerinde bagigiklik  sistemini
gelistirip gelistirmedigi (Ooik vd. 2007), bu metallerin
hangi konsantrasyonlarda hangi etkilere neden oldugu
belirlenmelidir. Bu amagla, sunulan bu ¢alismada kursun
nitrat ve kadmiyum klortriin farkli derisimleri her bir deney
grubuna ayri ayr1 olarak uygulanmigtir.

Calisma sonucunda elde edilen verilere gore sentetik besine
ilave edilen kursun nitratin %0.05 ve %0.10 derisimlerinin
uygulandigi gruplarda ergin disinin biraktig1 toplam yumurta
sayisinin azalmast, ayni derisimlerde birakilan yumurtalarin
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agilim yiizdesinin kontrolden farkli olmamasi; bununla
birlikte uygulanan diger derisimlerde ise ne toplam yumurta
tretiminde ne de yumurta agilim ytizdelerinde herhangi bir
etkinin gérilmemesi kursun nitratin digik derigimlerinin
sadece yumurta tretimi tizerinde negatif yonde etkili oldugu
kanisini dogurmaktadir. Agir metallerin, hiicre niikleusu
icine membran Uzerindeki Ca* kanallarindan girisiyle
genotoksik etkide bulunduklar: (Lin vd. 1993) ve niikleusa
giren bu metallerin DNA yapisindaki fosfat grubunun
yerine gecerek baglanmasi yoluyla hem DNA sentezini
(Uysal ve Bahgeci, 1996), hem de oksidatif fosforilasyonu
inhibe ettikleri (Moura vd. 2000) bilinmektedir. Kursun
nitratin digik derisimlerde birakilan yumurta sayisini
azaltmasi durumu da biytk bir olasilikla benzer bir
mekanizma ile gerceklesmektedir. Bununla birlikte besin
zincirinden kuvvetle asimile edilmesine ragmen kurgunun
diger metallere oranla canli biinyesinde daha az birikim
gostermesi (Kazimirova ve Ortel, 2000) deney periyodunun
ilerleyen giinlerinde birakilan yumurta sayisinin kursun
nitrat derigimlerinden etkilenmemesi durumunu agiklamaya

destek olabilir.

Kadmiyumun degisen konsantrasyonlarinda Hydopsyche pel-
lucidula larvalarinda anal papilla yapisini etkiledigi (Vuori
ve Kukkonen, 1996); Acheta domesticusda solunum metabo-
lizmas verimliligi ve gelisme periyodunda enerji diizeylerini
etkiledigi (Migula, 1989, Migula vd. 1989), néroendokrin
sistem aktivitelerinde degisiklere neden oldugu (Ivanovic ve
Jankovi¢-Hladni, 1991), hormon reseptérlerinin sentezini
ve fonksiyonel o6zelliklerini etkiledigi (Cervera vd. 2006,
Planello vd. 2010) bilinmektedir. Sunulan bu ¢alismadan
elde edilen verilere gore ise kadmiyum, ergin disi bireyin
biraktig1 toplam yumurta sayisini 6nemli derecede etkile-
mistir.

Caligma sonucunda elde edilen verilere gore kadmiyum
klortirtiin %0.05 ve %0.10 derisimlerinin uygulandig: deney
gruplarinda P, zurionellae L. ergin disisinin biraktig1 toplam
yumurta sayisinin metalden etkilenmemesi, %0.50 ve %1.00
derisimlerde yumurta sayisinin 6nemli ol¢tide azalmast,
buna ragmen %5.00 olan en yiiksek derisimde ise yumurta
sayisinin kontrol degerlerinden bile fazla bir artis géstermesi
dikkate deger bir bulgudur. Disik kadmiyum diizeylerine
maruz birakilan Chironomus riparius larvalarinin gelisim
hizinda kontrole gore artis gostermesi (Timmermans
vd. 1992), sunulan ¢aligmada goézlenen digik kadmiyum
dizeylerinde yumurta sayisindaki artigi destekleyen bir
bulgudur. Bununla birlikte ytiksek kadmiyum diizeylerinde
yine C. riparius larvalarimin gelisiminin azalmasi (Pascoe
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vd. 1989) ¢aligma sonucunda elde edilen kadmiyum kloriir
etkisindeki ergin P turionellae digisinin yumurta sayisinin
azalmasina paralellik gostermektedir.

Kursun ve bakirda oldugu gibi organik maddelere baglana-
rak bagirsak yoluyla viicuda alinmasinin yani sira molekiiler
yapisinin  degistirilememesinin  sonuglari  kadmiyumun
atiimdan ¢ok depolandigini (Crawford vd. 1995) goster-
mektedir. Bu olay kadmiyumun metallothionein gibi bag-
layict enzimlerin tretimini uyarmasinin bir sonucu olarak
gerceklesebilir veya kadmiyumun sindirimi i¢in gerekli
etkili olmayan bir sistemin baglica sonuglarindan biri olarak
kargimiza ¢ikabilir. Buna dayanarak bocegin bagirsagindaki
kadmiyum baglayici metallothioneinde de bir artisin oldu-
gunu soyleyebiliriz.

Methallothionein yaygin bir indikatér protein olarak
bilinmekte olup 6zellikle kadmiyumun metallothioneindeki
—SH (stlfthidril) gruplarina baglanma yetenegine sahip
oldugu da ortaya ¢ikmistir (Hensbergen vd. 2000).

Boceklerde metallothionein hakkinda ¢ok az bilgi mevcuttur
ayni zamanda bu konuda ¢alisilan Drosophilada iki tip
metallothionein geninin (Mtn ve Mto) bagirsakta tespit
edilmis olmasi (Mokdad vd. 1987) bu baglayici proteinin
tim bocek tirlerinde de yaygin olarak bulunabilecegi
ihtimalini giiclendirmektedir.

Aslinda biyolojik sivilarda birikmis mevcut agir metaller
proteinlerle veya asidik mukopolisakkaritlerle birlesmis
olabildigi gibi (Wada ve Fujinuki, 1976), artan metal
derigimleri etkisiyle béceklerde hem protein sentezini
hem de treme sistemindeki yumurta Uretimini azaltmasi
ve inhibe etmesi (Chinni ve Yallapragada. 2002, Bream.
2003, Telang vd. 2002, Burmester 2001) muhtemelen bu tir
metabolik olumsuzluklar nedeniyle ortaya ¢ikan fizyolojik
gelisimlerin etkilenmesinden kaynaklanmaktadir. Buna
ragmen uygulanan en yiksek kadmiyum kloriir derigiminde
P, turionellae L. ergin disisinin biraktif1 yumurta sayisinin
kontrol degerlerinin oldukga tizerine ¢ikmasi bu derisimde
metalin yumurta Uretimi Uzerine stimile edici bir etki
yaptigini gostermektedir.

Artan metal derisimlerinin Pturionellae ergin disisinin
biraktig1 toplam yumurta sayist tizerine etkileri boyleyken
erginin biraktigi bu yumurtalarin agilm ytizde oranlari
ekstrem sonuglar gostermemektedir. Yumurta sayisinin
en distk goézlendigi derisimlerde bile yumurtalarin agilim
yiizdesinin kontrole gore 6nemli 6l¢iide yiiksek degerlerde
etkisindeki
deney gruplarindan elde edilen veriler dikkate alindiginda

oldugu belirlenmigtir.

Kadmiyum klorir
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glnlere gore birakilan yumurta sayist onemli farkliliklar
gostermektedir. %0.50 oraninda 31. giinde, %1.00 da 16.
ginden itibaren yumurta Uretiminin tiimiyle durmas:
kadmiyumun bu yiizdelik konsatrasyonlarda 6zellikle
yumurta Uretimi tzerinde 6nemli 6l¢iide inhibe edici bir
etki gosterdigi, buna ragmen yumurta agiliminda énemli
oranlarda azalmalarin gorilmemesi hatta bazi yiksek
derisimlerde artiglarin gézlenmesi kadmiyumun yumurta
ragmen birakilan

etkili

Uretimini  azaltmasina yumurtaya

aktarilmadigy  icin  agilimda olmadig:r fikrini

cagristirmaktadr.

Calisma sonucunda ergin P furionellae disisinin yumurta
Uretimi Uzerinde kursun nitratin distk derisimlerinde,
kadmiyumun ise yiiksek derisimlerinde negatif yonde etkili
oldugu tespit edilmigtir. Buna ek olarak %5.00 kadmiyum
derisiminin ergin disi bireyin yumurta dretimini stimile
etmis olabilecegi konusu dikkate deger bir ayrintidir.
Uygulanan agir metallerden kursun nitrat ve kadmiyum
kloriiriin ergin P turionellae disisinin biraktigi yumurtalarin
etkide

bulunmamasi, bu durumun ergin bireyin viicudunda biriken

acihm  yuzdesi tzerinde o6nemli olgllerde
metallerin yumurtaya transferinin gergceklesmemesi ile ilgili

olarak agiklanabilir.
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Determining Gaze Information from Steady-State Visually-Evoked Potentials
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Abstract

Brain-Computer Interface (BCI) is a communication system that enables individuals who lack control and use of their existing
muscular and nervous systems to interact with the outside world because of various reasons. A BCI enables its user to communicate
with some electronic devices by processing signals generated during brain activities. This study attempts to detect and collect gaze
data within Electroencephalogram (EEG) signals through classification. To this purpose, three datasets comprised of EEG signals
recorded by researchers from the Autonomous University were adopted. The EEG signals in these datasets were collected in a setting
where subjects’ gaze into five boxes shown on a computer screen was recognized through Steady-State Visually Evoked Potential
based BCI. The classification was performed using algorithms of Naive Bayes, Extreme Learning Machine, and Support Vector
Machines. Three feature sets; Autoregressive, Hjorth, and Power Spectral Density, were extracted from EEG signals. As a result,
using Autoregressive features, classifiers performed between 45.67% and 78.34%, whereas for Hjorth their classification performance
was within 43.34-75.25%, and finally, by using Power Spectral Density their classification performance was between 57.36% and
83.42% Furthermore, classifier performances using Naive Bayes varied between 52.23% and 79.15% for Naive Bayes, 56.32-83.42%
for Extreme Learning Machine, and 43.34-72.27% for Support Vector Machines by regarding classification algorithms. Among
achieved accuracy performances, the best accuracy is 83.42%, achieved by the Power Spectral Density features and Extreme Learning
Machine algorithm pair.

Keywords: Brain-computer interface, Classification, Electroencephalogram, Steady-state visual-evoked potential

Oz

Beyin-Bilgisayar Araytuzii (BBA), mevcut kas ve sinir sistemlerini ¢esitli nedenlerle kontrol edemeyen bireylerin dis diinya ile etkilesime
girmelerini saglayan bir iletisim sistemidir. Temel olarak, bir BBA, kullanicinin beyin aktiviteleri sirasinda tretilen sinyalleri igleyerek
baz: elektronik cihazlarla iletisim kurmasini saglar. Bu ¢alisma, siniflandirma yoluyla Elektroensafalogram (EEG) sinyalleri igindeki
sabit bakis verilerini belirlemeye ve toplamaya galismaktadir. Bu amagla Autonomous Universitesindeki aragtirmacilar tarafindan
kaydedilen EEG sinyallerinden olusan iig veri seti incelenmistir. Bu veri kiimelerindeki EEG sinyalleri, deneklerin bilgisayar ekraninda
gosterilen bes kutuya bakiglarinin Duragan Durum Gorsel Uyarilmis Potansiyel bazli BBA ile tanindig1 bir ortamda toplanmugtir. Naive
Bayes, Asir1 Ogrenme Makinesi ve Destek Vektor Makineleri algoritmalar: kullanilarak siniflandirma yapildi. EEG sinyallerinden
Ozbaglanimli, Hjorth ve Giig Spektral Yogunlugu olarak ti¢ 6znitelik seti ¢ikarilmistir. Sonug olarak, Ozbaglanimli ézniteliklerin
kullanildigr durumda siniflandiricidlar %45.67 ile %78.34 arasinda performans gosterirken, Hjorth ozniteligi kullanildiginda
stniflandirma performanslar: %43.34-75.25 ve son olarak Gii¢ Spektral Yogunlugu kullanilarak simiflandirma performanslar: %57.36
ile %83.42 arasindadir. Ayrica siniflandirma performanslari, siniflandirma algoritmalarina gére Naive Bayes i¢in %52.23 ile 79.15, Asirt
Ogrenme Makinesi i¢in %56.32-83.42 ve Destek Vektor Makineleri igin %43.34-72.27 arasinda degismektedir. Elde edilen dogruluk
performanslar1 arasinda en iyi dogruluk degeri, Gii¢ Spektral Yogunluk 6zniteligi ve Asirt Ogrenme Makinesi algoritmasi cifti ile elde
edilen %83.42 olmugtur.

Anahtar Kelimeler: Beyin bilgisayar arayiizii, Siniflandirma, Elektroensefalogram, Duragan-durum gorsel-uyarilmis potansiyel
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1. Introduction

Brain-computer interfaces (BCI) translate brain activity into
computer commands that provide direct communication
between the brain and its environment, enabling users to
interact within a predefined context without requiring
muscle power (Wolpaw et al. 2000, Loo et al. 2011, Mason
and Birch 2013). Today, the major focus of research on BCls
is on creating custom applications that enable individuals
with severe motor disabilities to have effective control of
devices such as computers, speech synthesizers, assistive
devices and/or prostheses.

Electroencephalogram (EEG) signals are one of the most
widely used types of biomedical signals for BCIs, owing to
their portability, high time resolution, ease of acquisition
and implementation, and cost-effectiveness (affordable) as
compared to other brain activity monitoring techniques
(Sayilgan et al. 2019, Sayilgan et al. 2020). There are four
typical EEG-based BCI paradigms: steady-state visual-
evoked potentials (SSVEP), slow cortical potentials (SCP),
the P300 component of evoked potentials, and sensory-
motor rhythms (SMR) (Pasqualotto et al. 2012). The
SSVEP signal is a periodic response to a visual stimulator
modulated at a frequency greater than 6 Hz (Wang et al.
2006) (or higher than 4 Hz (Regan 1990)). The amplitude
and phase characteristics of the SSVEP depend on the
stimulus intensity and frequency (Sayilgan et al. 2019b,
Sayilgan et al. 2020).

SSVEP-based BCIs have become a popular research
area utilizing many advantages over other types of BCls,
including higher signal-to-noise ratio (SNR) and faster
information transfer rate (ITR), lesser training time. To
improve SSVEP based BCIs performance, an effective
frequency recognition algorithm plays an important role.
In literature, various techniques for SSVEP based feature
extraction and classification have been analyzed and
developed by Carvalho etal.(2015), Oikonomou et al. (2016),
Tello et al. (2014), Zerafa et al. (2018), and Zhang et al.
(2018). The same features used in this study were previously
investigated for different tasks (listening to music, mental
task, motor task, etc.), and they reported high accuracies
using the same features by Durmus et al. (2014), Ozmen et
al. (2017), Sadreddini et al. (2014), Sayilgan et al. (2019a).
Also, classification methods are proposed in Sayilgan et al.
(2017), Sayilgan et al. (2019b). However, combinations of
feature extraction and classification algorithms discussed in
this study have not been studied for SSVEP signals.
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In this study, various classification methods are used to
classify SSVEP signals. The three well-known and popular
classification algorithms, including Naive Bayes, Extreme
Learning Machine (ELM), and Support Vector Machine
(SVM) algorithms have a major impact on the performance
of the entire systems, particularly on accuracy. Therefore,
the achievements of these algorithms commonly used in
SSVEP-based BCIs were compared in system performances.

This study was organized as follows: the second section
introduces the materials. The characteristics of the raw
signals recorded from the EEG device, details of the visual
stimulation, basic information about the participants were
provided and the visual task was described. Besides, detailed
information on signal processing steps is presented in this
section. In the next section, section 3, experimental results
are shown that explain the performance of both classifiers
and participants in successfully predicting tasks (through
accuracy, sensitivity, and selectivity). Finally, the results of
the classification and the performance differences among
adopted classifiers are discussed and evaluated.

2. Materials and Methods
2.1 Collecting EEG Data: Experimental Setup and

Protocol
2.1.1.'The EEG signal dataset and participants

EEG signals recorded at the Autonomous University were
downloaded from the Internet (http://archive.ics.uci.edu/
ml/datasets/ EEG+Steady-State+Visual+Evoked+Potential
+Signals) and were used in this study. Dataset comprises of
EEG signals acquired at experiments that were conducted
on a total number of 29 healthy participants (17 males and
12 females) aged between 20-29 and 48-50. Seventeen of
the participants had normal whereas twelve had corrected
views (Fernandez-Fraga et al. 2018a).

2.1.2. The EEG device

EEG signals were obtained using a portable, high-resolution
Emotive Epoc+ EEG model. The device has a total number
of 16 electrodes (14 data channels, and 2 reference channels).
The electrodes are positioned concerning the international
standard called the International 10-20 System (Figure
1). The device was capable of measuring amplitude within
a dynamic range of -4.17 mV and +4.17 mV for each
channel. The device’s sampling rate per channel was 128
Hz. However, by applying a band-pass filter, signals within
a frequency response of 0.16 to 43 Hz was acquired and
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quantized using an Analog-to-Digital Converter with a
quantization resolution of 16 bits per channel (Fernandez-

Fraga et al. 2018a).
2.1.3.The setting and experimental protocol

During the experimental trials, participants were seated in a
comfortable chair at a distance of 70 cm from the standard
15-inch LCD monitor (Fernandez-Fraga et al. 2018a). This
experimental setup is developed by another group Makeig
et al. (1999), for visual discrimination for the analysis of
SSVEP-based BCI systems. The tests aimed to obtain data-
related stimuli in brain signals during a simple attention
exercise, and research was conducted to find the difference
between carefully related and irrelevant stimuli. Test
participants were expected to distinguish between different
types of stimuli presented at high frequencies (Fernandez-
Fraga et al. 2018a, Fernandez-Fraga et al. 2018Db).

Before starting the test, the participant is asked to
concentrate when a red cross appears in the green box
(Makeig et al. 1999). The test begins with the configuration
shown in Figure 2 (a). A total number of 100 stimuli were

Figure 1. 10-20 international electrode topographic
representation.

presented in each test: 20 attended (events) 80 unattended
(Figure 2 (b) and 2 (c), respectively), the last 200 ms remain
on the screen before the stimulus disappears (Courchesne

et al. 1994).
2.2. Analysis of Steady-State Visually-Evoked Potentials
2.2.1. Preprocessing

SSVEP signals, unfortunately, might easily get contaminated
by other bio-signals or environmental noise. Therefore, the
first step is to filter noisy data as much as possible (Diez
et al. 2013). According to the literature, band-pass and
notch filters are widely used as filters in the preprocessing
step. The signals are digitized within a certain frequency
range corresponding to the stimulus frequencies and
their harmonics. Since the EEGs are in the narrow-band
frequency range, a band-pass filter was used in the signal
preprocessing step. Also, the notch filter is often used to
filter the mains line interference. SSVEP is subdivided
using stimulus points that indicate the beginning and end
of the signal. The data were filtered by a band-pass filter
with cutoft frequencies of 0.16 and 43 Hz to remove the
DC component and high-frequency artifacts, including city
mains interference (50 Hz). Since SSVEP signals are not
sensitive to low-frequency structures such as eye or body
movements, no extra artifact removal method has been used
(Wu 2016, Oostenveld et al. 2011).

2.2.2. Feature extraction

Feature extraction and feature classification use distinctive
features of SSVEP signals to define an individual’s intention
to control an external device. In other words, feature
extraction consists of extracting important features from the
recorded SSVEP data and obtaining the feature vector. In
this way, the size of the feature vector is reduced while the
most defining properties are selected for the classifier.

Feature extraction sometimes requires time-consuming
signal analysis. Existing BCIs typically generate, frequency
domain information such as mu (p) (8-12 Hz) and/or

+
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Figure 2. Five-box test (A) Initial state (B) Unattended stimulus (C) Attended stimulus (event).
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high beta (18-26 Hz) rhythm amplitudes, or time-domain
information such as P300 and slow cortical potentials (SCP)
(Guger at al. 2009, Chiappa and Bengio 2004) or power
spectral density (PSD) values (Millan and Mourino 2003,
Penny et al. 2000), and autoregressive (AR), and Hjorth
parameters (Pfurtscheller et al. 1998, Gunal 2001).

In this study, as the feature vectors, autoregressive parameters
(AR), Hjorth parameters and power spectrum density
(PSD) were tested. These three feature extraction methods
were compared in terms of classification performances.

The autoregressive model (AR), whose order is p, is
calculated by Eq. 1 equation. In this equation, x(n) indicates
the output sequence, e(n) indicates the white noise sequence
with the variance 02, a(k) indicates the relational parameters
(AR) and/or feature. The AR(p) model is characterized by
the AR model parameters {a [1],a [2], ..., a [p], 0*}.

[1],a[2],...,a[p],0‘2}. W
x[n] =—Z::1 alk]x[n—k]+e[n]

'The Hjorth identifiers are constructed by combining three
sub-parameters. These parameters are activity, mobility, and
complexity. Activity is simply defined as the energy of the
signal (ox). Mobility is the ratio of the standard deviation of
the first derivative of the x signal to the standard deviation
of the signal, expressed in the equation given in Eq. 2.

_ oz’
M= 2)

Complexity, also known as form factor (FF), gives a
computable value for the form of the signal.
Mgz ox"/ox

FE="pp = ox'/ox

©)

'The power spectral density (PSD) can be considered as the
power distribution on the frequency band of the signal.
The strength of a signal is calculated by squaring it. PSD
of a signal is calculated by taking the Fourier transform of
the signal’s autocorrelation function. PSD is widely used
in the literature as a feature, was calculated by the Welch
periodogram (Millan and Mourino 2003, Penny et al. 2000,
Pfurtscheller et al. 1998, Gunal 2001, Oikonomou et al.
2016).

2.2.3. Classification methods

Naive Bayes is a clustering classification algorithm based
on probability prediction which is widely used in pattern
recognition studies. It is a successful classification model

based on the principle of calculating the probability of
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membership in all data classes in a data set (Ibanez et al.
2014).

Extreme-learning machine (ELM) was developed based
on a single-layer and feed-forward network model (Huang
et al. 2006). ELM is preferred in many different areas of the
literature due to its advantages such as short training time,
high accuracy generalization (Altan and Kutlu 2018, Altan
et al. 2016, Yayik 2017) over new samples in multi-class
training clusters and no need for any training parameters
(Huang and Chen 2007). ELM randomly assigns the input
weights and hidden node values of the neural network, and

the output layer weights are calculated by the least-squares
method (Tang et al. 2015).

Support vector machine (SVM) has adopted the principle
of large margins to formulate decision rules, using a solid
foundation in statistical learning theory (Vapnik 1998).
Depending on the selection of kernel functions, different
classifiers, including linear and non-linear classifiers, can be
created. For ease of evaluation, only linear classifiers were
used and the penalty parameter was taken as 1 in SVM
training.

2.2.4. Evaluation of classifiers

In order to evaluate the performance of the classification
algorithms used in this study, 4-fold cross-validation and
confusion matrix evaluation criteria were used.

k-Fold Cross-Validation

One of the most commonly used methods to separate
the data set as a training and test set is the k-fold cross-
validation method. In this method, the data set is divided
into random pieces. Each time k-1 is used for training the
algorithm, while the remaining 1 is used for testing the
algorithm. This process is repeated until all parts are used for
testing purposes. Test errors are recorded each time and the
average of the errors is calculated after the last piece (Narin
et al. 2014). The performance of the classifier algorithm used
is evaluated in this way. In this study, the data set is divided
into 10 equal parts.

Confusion Matrix

To evaluate the classifier performance, the confusion matrix
is first calculated. It is created by comparing the answers
given by the classification algorithm to the test set with the
real values in the data set. The confusion matrix criteria used
for performance evaluation in this study are given below;

_ TP+ TN
ACC=Tp T FN¥FPTTN (4)

Karaelmas Fen Mih. Derg., 2020; 10(2):151-157



Sayilgan, Yiice, Isler / Determining Gaze Information from Steady-State Visually-Evoked Potentials

TP

SEN = Tp 1 N (%)
TN
SPE = 75 1 P (6)

The above formulas are expressed as accuracy (ACC),
sensitivity (SEN) and selectivity (SPE), respectively.
All values in the equations are calculated in the Matlab
environment using the “Confusion Matrix”. TP belongs to
a class and represents the number of data assigned to the
same class by the classifier and FN represents the number
of data assigned to a different class in error. The number of
data belonging to a different class and assigned to a different
class by the classifier is represented by TN, and the number
of data assigned by mistake to the same class is represented

by FP (Narin et al. 2014).

3. Results and Discussion

The performances of the classifier algorithms were
calculated with the Matlab program and SSVEP data were
classified by using Naive Bayes, ELM and SVM algorithms.
For the SVM algorithm, the libSVM library was used with
the library’s default parameters (i.e. Linear Kernel and C =
1). In the remaining algorithms (Naive Bayes and ELM),
we trusted MATLAB’s Statistics and Machine Learning
toolbox applications, using the default parameters for each
classification scheme found in MATLAB’s online manual.
In order to obtain a correct solution in a reasonable time for
each algorithm, the optimum number of iterations deemed
appropriate in the literature was determined as convergence

Table 1. Classification results of SSVEP-based BCI data.

criteria. Performance values were determined by performing
10 iterations in total and averaging the results obtained. The
performance of each classification algorithm was evaluated
using 10-fold cross-validation. Nine combinations of
different feature extraction and classifiers were tested for
each person. Table 1 summarizes the average performance
of all classification schemes.

The classification achievements of SSVEP data recorded
from twenty-nine different individuals during visual tasks
were given as percentages. According to these results, when
the AR, Hjorth and PSD feature extraction methods were
applied separately and tested with Naive Bayes, ELM and
SVM classifiers, the success rates of the tasks were close to
each other but the ACC rates were between 46.43-82.58%
on average. When the classifiers are compared among
themselves, the lowest and highest achievements of the
Naive Bayes classifier are 52.23% and 79.15%, while the
ELM classifier is 56.32-83.42% and the SVM classifier
is the lowest 43.34% and the highest 72.27%. In terms of
feature methods, the classification results of the AR and
PSD features are 45.67-78.34%, and 57.36% and 83.42%,
respectively, and for Hjorth 43.34-75.25%.

When the experimental results of the feature methods are
examined, it is seen that the classification success of the
AR and PSD feature parameters including the frequency
domain properties is higher than the Hjorth descriptors.
Also, the ELM algorithm gave the highest success among
the classifiers that are investigated in this study while the
SVM algorithm resulted in the worst performance among
these classifiers.

Classifier Performances (%)

Trial set Classifiers Hjorth
SEN SPE ACC
_ ' Naive Bayes | 59.85 | 55.33 | 57.93 | 5223 | 56.81 | 54.30 | 68.96 | 75.43 | 71.03
%Vsﬁox Visual ELM 7324 | 69.01 | 71.79 | 68.41 | 56.32 | 61.80 | 79.07 | 72.18 | 76.33
SVM 4567 | 52.84 | 50.11 | 47.22 | 4334 | 46.43 | 6033 | 57.36 | 59.20
. . Naive Bayes | 58.02 | 62.76 | 60.94 | 52.58 | 59.05 | 54.90 | 70.40 | 66.65 | 68.41
%‘S{};"X Visual ELM 78.34 | 7542 | 7338 | 71.31 | 69.83 | 71.03 | 83.42 | 81.36 | 82.58
SVM 49.92 | 5833 | 57.45 | 5420 | 51.10 | 53.17 | 64.88 | 61.39 | 63.44
‘ . Naive Bayes | 62.43 | 68.98 | 66.68 | 60.38 | 66.41 | 6431 | 79.15 | 73.59 | 77.26
%ﬁﬁ"" Visual ELM 77.88 | 66.69 | 70.09 | 71.77 | 75.25 | 74.34 | 81.03 | 77.26 | 80.16
SVM 65.14 | 58.03 | 63.32 | 53.43 | 54.42 | 52.75 | 7227 | 69.40 | 71.39
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In conclusion, since it is known that SSVEP data varies
from person to person, a larger number of participants
may be necessary to reach a general judgment. It is one
of the drawbacks of our study. We used a general-purpose
and freely-available dataset; hence, we were not able
to use a larger dataset in this study. Besides, since it is
difficult in many respects to experiment with people with
neurophysiological disorders, trials have been conducted
with healthy individuals in this study and many studies in
the literature.

The experimental results show the potential of the proposed
procedure in real-time applications to contribute to SSVEP
based brain-computer interface applications.
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Mikroemiilsiyon Teknigi ile Uretilmis Hidroksiapatit Nanoparcaciklarin Ti6 Al4V
Altliklar Uzerine Elektroforetik Biriktirme Yontemi ile Kaplanmasi ve Vakum
Ortaminda Sinterlenmeleri

Elecz‘ropborez‘ic Deposz’z‘ion of Hydroxyapaz‘iz‘e Nanoparz‘ic[es Synz‘/.)esized by Microemulsion Tec/migue on
Ti6 A4V Substrates and their Sinz‘ering in Vacuum Ambient

Mustafa Burak Telli ®, Arzu Altinpinar®

Kocaeli Universitesi, Miihendislik Fakiiltesi, Metaliirji ve Malzeme Mihendisligi, Tzmit-Kocaeli, Tiirkiye

Oz

Bu ¢alismada mikroemiilsiyon teknigi kullanilarak Gretilmis biyouyumlu hidroksiapatit nano par¢aciklarin Elektroforetik biriktirme
(EPD)yontemiyle Ti6 Al4V altliklar izerine kaplanmalari ve vakum ortaminda sinterlenmeleri incelenmigtir. Mikroemiilsiyon teknigiyle
hidroksiapatit nanopargacik tiretiminde yiizey aktif madde olarak Sodyum Dodesil Siilfat (SDS), su emiilsiyon ortami olarak kalsiyum
hidroksit soliisyonu, ikinci sivi organik matris ortami olarak benzen ve fosfor kaynag: olarak seyreltilmis ortofosforik asit kullanilmgtur.
Nano boyutta HAp pargaciklari, hizli bir karigtirma iglemi ile olugan su mikroemilsiyonu i¢inde ¢dkeltme reaksiyonu sonucunda
tretilmigtir. Sentezlenen hidroksiapatit nanopargaciklarin boyutunun Taramali Elektron Mikroskobu (SEM) incelemeleri ile 20-200
nm aralifina oldugu belirlenmigtir. Nano hidroksiapatit parcaciklar1 sentezlendikleri su ortaminda dogru akim (DC) gii¢ kaynag:
kullanilarak 5, 10, 15, 20 ve 30 dakikalik siirelerde elektforetik biriktirme yontemiyle kaplanmis, hava ortaminda yavag kurutulmus ve
1000 °Cde 10™* mbar vakum altinda 20 dakika sinterlenmistir. Sentezlenen nano hidroksiapatit parcaciklar ve kaplamalarin kiristal
yapt olusumlari X - Isinlar: difraksiyonu (XRD) kullanarak incelenmigtir. Kaplamalarin sinterleme dncesi ve sonrast mikroyapilari 1s1k
mikroskobuyla incelenip belirtilmistir.

Anahtar Kelimeler: Elektroforetik biriktirme, Hidroksiapatit, Mikroemiilsiyon, Sinterleme, Ti6Al4V

Abstract

In this study, the coating of biocompatible hydroxyapatite nanoparticles produced by using microemulsion technique on Ti6Al4V
substrates by electrophoretic deposition (EPD) method and their sintering in vacuum environment were investigated. In the production
of hydroxyapatite nanoparticles by microemulsion technique, Sodium Dodecyl Sulphate (SDS) was used as a surfactant, calcium
hydroxide solution as a water emulsion medium, benzene as a second liquid organic matrix medium and diluted orthophosphoric acid
as a source of phosphorus. Nano sized HAp particles were produced as a result of precipitation reaction in a water microemulsion
formed by a rapid mixing process. The size of the synthesized hydroxyapatite nanoparticles was determined to be in the 20-200 nm
range by Scanning Electron Microscope (SEM) examinations.

Nano hydroxyapatite particles were coated by electrophoretic deposition method for 5, 10, 15, 20 and 30 minutes using a direct
current (DC) power source in the water environment where they were synthesized, dried slowly in air ambient and sintered at 1000
° C under 10-4 mbar vacuum for 20 minutes. Synthesized nano hydroxyapatite particles and crystal structure formations of coatings
were examined by using X - Ray diffraction (XRD). The microstructures of the coatings before and after sintering were examined and
specified with a light microscope.

Keywords: Electrophoretic deposition, Hydroxyapatite, Microemulsion, Sintering, Ti6A14V
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1. Girig

1.1. Hidroksiapatit

Hidroksiapatit (HAp) [Caw(PO,)s(OH),],insan viicudun-
da bulunan baglica kalsiyum fosfat seramik tiirlerinden bi-

ridir ve biyolojik olarak uyumlu bir malzemedir (Ahn vd.
2001). HAp yapisi Sekil 1'de sematik olarak gosterilmistir.

Sekil 1. Hidroksiapatit yapisinin sematik gosterimi
(Rujitanapanich vd 2014).

Hidroksiapatit kalsiyum ve fosfor igeren biyouyumlu
bir malzemedir. HAp, kemik dokusu rejenerasyonu igin
bir implant olarak, metalik implantlar i¢in bir kaplama
malzemesi olarak, kontrolli ilag salinimi sistemlerinde
ve malzemelerin biyouyumlulugunu artirmak i¢in yaygin

olarak kullanilir (Gomes vd. 2019).

HAp uretiminde kimyasal ¢okeltme, sol-gel, hidrotermal
sentez ve mikroemiilsiyon islemi gibi bir¢ok yontem kulla-
nilmaktadir. Bu yontemler icinde, mikroemiilsiyon teknigi,
boyut, geometri, morfoloji, homojenlik ve yiizey alani gibi
nanopargacik 6zelliklerinin daha iyi kontrol edilmesini ige-
ren gesitli avantajlara sahiptir (Olteanu vd. 2015).

1.2. Mikroemiilsiyon Yontemi

Mikroemiilsiyon yoéntemi nanoparcacik sentezinde yaygin
kullanilan bir yontemdir (Ashok vd. 2008). Emiilsiyonlar
yag ve su gibi birbiriyle karigmayan iki swvimn bir
yuzey aktif madde yardimiyla mikrometre c¢apinda sivi
damlacigin ¢oziinmeyen baska bir sivi icinde dagitilmasiyla
olusturulur. Mikroemilsiyon sistemlerinde dagitilmig sivi
damlaciklar mikro reaktorler gibi davranarak nanoparcacik
sentezlenmesine olanak saglayan reaksiyon ortami olarak
kullanilirlar (Ghosh vd. 2016). Bu yontemde iretilen
parcaciklar askida kalarak kolloidal bir siispansiyon
olustururlar. Mikroemiilsiyon yontemi ile HAp sentezi,
kullanilan ytizey aktif madde sayesinde topaklanmalarin
olusumunu engeller, nano pargacigin boyut ve morfolojisinin
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kontroline izin verir (Ghosh vd. 2016). Uygun miktarda
lipofilik (organik seven) ve hidrofilik (su seven) gruplara
sahip yizey aktif madde (strfaktan) ile birbiri i¢inde
¢oziinmeyen organik ve su fazlarinin mekanik olarak
karigtirilmasiyla olustururlar.

Mikroemiilsiyonlar genellikle su i¢cinde yag emilsiyonu ya
da yag i¢inde su emilsiyonu sekline olusturulurlar (Ghosh
vd. 2016). Sekil 2'de yiizey aktif madde (surfaktan) iceren
su icinde yag, yag icinde su emilsiyonunun olugumu
gosterilmistir.

I L€ £263
e | &3

()= Yilzey aktif madde Yagi 5

Sekil 2. Faz 6zelliklerine gore emiilsiyonlarin gosterimi: a) yag
iginde su emiilsiyonu, b) su iginde yag emiilsiyonu.

Emiilsiyon olusumu hizli bir karigtirma iglemi gerektirir
(Khan vd.2011). Hizl karigtirma islemi sonucunda birbirine
karigmayan iki sivi faz arasindaki ara yiizey deforme olur,
devam eden karistirmayla kigiik damlaciklar olusur ve iki
stvi faz bir birinden ayrilirlar. Bir emiilsiyonun olusumunda
iki siv1 faz arasindaki hacimsel oran, ylizey aktif maddenin
miktari, karigtirma hizi ve siiresi 6nemli faktérlerdendir
(Khan vd. 2014). Yizey aktif madde, ara ylizeyde sogurulan,
ylizey gerginligi azaltan bir molekildir ve iyi tanimlanmig
iki gruptan olusur; biri suda ¢6ziintr hidrofilik kisim, digeri
ise yagda ¢6ziinebilir hidrofobik kisimdir (Khan vd. 2014).

Yiizey aktif madde yag-su araytzeyinde, hidrofilik grup
suda, hidrofobik grup yagda kalacak sekilde yerlesir, ara
ylizey gerilimi digirir yag ve suyu aywan kuvvetleri
zayiflatur, boylece iki fazin bir birinden ayrilmasini engeller
(Menaa 2014). Bu ¢alismada kullanilan mikroemilsiyon
yontemi, daha kii¢iik boyutlarda pargacik tretimine olanak
saglamast ve elde edilen stspansiyonun elektroforetik
kaplama kullanim  kolaylig:

deneylerinde  dogrudan
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saglamasi nedeniyle tercih edilmigtir. Bdylece elektroforetik
kaplamalar i¢in gerekli olan ayri bir siispansiyon hazirligina
gerek duyulmamugtir.

1.3. Elektroforetik Biriktirme

Elektroforetik kaplama, bir kolloid ¢6zeltisi icerisinde
parcaciklarin substrat (altlk malzeme) tzerine biriktigi
bir islemdir (Amrollahia 2015). Sekil 3'de gosterildigi gibi
sistem iki elektrotlu bir hiicrede gergeklesir ve swvi i¢inde
dagitilan yikli parcaciklarin, uygulanan elektrik alan
sonucu kaplama elektroduna dogru hareketi saglanir béylece
elektrot tizerinde kat: birikimi olusur (Augello vd 2015).

Kabat (-}

Amal it

VIKE i |
pargacichr

Sekil 3. Yiikli parcaciklarin metal plaka tizerine elektroforetik
birikiminin sematik gosterimi.

Metal plakalar tizerine hidroksiapatit kaplama olusturmak
icin daldirmali kaplama, plazma piskiirtme, elektroforetik
kaplama ve sol-gel islemleri gibi ¢esitli teknikler
kullanilmaktadir. Bu teknikler arasindan elektroforetik
kaplama (EPD), diger tekniklerle kiyaslandiginda, kolay
kurulumu, disik donanim maliyeti, karmagik sekillere
uygulanabilirligi, althk malzemenin sekliyle ilgili ¢ok
kisitlama getirmemesi, gozenekli yapilarin i¢ ytizeylerini
bile kaplayabilen ¢esitli sekiller i¢in ¢ok yonli olmasi ve
kaplama kalinhiginin kontrol edilmesi gibi avantajlara
sahiptir (Boccaccini vd. 2010). EPD yonteminde, kullanilan
nano parcaciklarin uygulanan elektrik alani altinda hareket
edebilmeleri i¢in yiizey yiikiine sahip olmalari gereklidir.
Boylece bir elektrik alan uygulandiginda pozitif veya
negatif ytizey yikiine sahip olan parcaciklar hareket ederek
elektrotlardan birinin ylzeyinde birikmeye baglayarak bir
birikim meydana getirecektir (Tassel vd. 2006, Corni vd.
2008). Parcaciklarin homojen bir sekilde elektrot tzerinde
birikmesi i¢in deney parametreleri olduk¢a 6nemlidir.
Pargacik boyutu, kaplama siiresi, uygulanan elektrik alan
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ve althik malzemenin se¢imi bu parametrelerden birkagidir.
(Besra ve Liu 2007, Chen ve Liu 2001). Gergeklestirilen
bu caligmada altlik malzeme olarak biyouyumlu Ti6Al4V
alagimi  tercih edilmigtir. Ti6Al4V  alagiminin; toksik
olmayan yapist, hafif olmasi, iyi mekanik 6zelliklere sahip
olusu, biyouyumlulugunun yiiksek olmasi ve korozyona karsi
direncli olmas: gibi 6zellikleri ortopedik uygulamalarda bir
biyomalzeme olarak kullanilmasina olanak saglamaktadir
(Juliadmi vd. 2017). Bu nedenle; Ti6Al4V elektroforetik
kaplamalarda HAp kaplamas: i¢in metal althk olarak
kullanilmigtir (Juliadmi vd. 2017).

1.4. Sinterleme

Elektroforetik islemi sonras: kaplama par¢aciklarin birikimi
seklindedir ve pargaciklar ile kaplamanin yapildig: althik
malzeme (substrat) arasindaki kimyasal bag olusturmak
icin numune yiksek sicaklikta sinterleme isleminden
gecirilmelidir (Augello vd. 2015). Sinterlemede birbirine
temas eden partikiillerin yiiksek sicakliklarda birbirine
ve althga kimyasal olarak baglanmasi saglanmaktadur.
Malzemenin kimyasal kompozisyonu, tane boyutu ve yiizey
kimyasi sinterlemeyi etkileyen 6nemli faktorlerden birkagidir.
Genelde mikron boyutunda taneciklere sahip HAp'lar
i¢in uygun sinterleme sicakligs 1100-1300°C bandindadir
(Ruys vd. 1995). Ancak nano boyuttaki taneciklere sahip
hidroksiapatitler daha yiiksek ytizey alanlarina sahip olmalari
nedeniyle mikron tanecikli hidroksiapatitlere gore daha
dustk sicakliklarda sinterlenmeye olanak saglarlar (Ruys
vd. 1995). Mikron boyutundaki HAp parcaciklar: genellikle
1100°C’nin sicakliklarda
sonucunda kalsiyum oksit ve trikalsiyum fosfat (TCP)

tzerindeki sinterlenmeleri
gibi ikincil fazlara ayrismaya baglarlar (Ahn vd. 2001,
Ruys vd. 1995). Ancak nano boyutlu HAp'lar daha disik
sicakliklarda sinterlenebilmeleri sayesinde ikincil fazlarin
olugmasi azalmaktadir.

2. Gereg ve Yontem
2.1. Nanoparcacik Sentezi

Hidroksiapatit pargaciklar1 Ca/P mol orani 1,67 olacak
sekilde oda sicakhiginda tretilmistir. Ca(OH), (Kireg suyu)
iceren bazik su mikroemilsiyonu, Sodyum Dodesil Stlfat
(SDS) ytizey aktif maddesi kullanimiyla organik benzen
solventi icinde hizli karigtirmayla olusturulmustur. 50 ml
kire¢ suyu ve 0,5 g SDS, “Heildoph Rotary Evaporator”
buharlagtiricida  hizli  kanigtirilarak
¢ozdiurilmistir. Karigtirma iglemi devam ederken; 25 ml

marka  donerli

benzen ve seyreltilmis ortofosforik asit (H,PO,) karisima
damla damla eklenmis ve karigtirma iglemi devam etmigtir.
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Karigtirma tamamlandiktan sonra benzen vakum altinda
¢ozeltiden buharlagtirilip yogunlagtirilarak ayrigtirilmis ve
su i¢inde askida kalan HAp nanopargaciklar: elde edilmistir.
Sentezlenen HAp pargaciklari ti¢ kez yikanmig ve etiivde
kurutulmustur.

2.2. Elektroforetik Kaplamalar

Elektroforetik kaplamalar i¢in $ekil 4de gosterilen DC
glic kaynagi (T'T Technic RXN-3010D-II) kullanilmis ve
kaplamanin yapilacag: altik malzeme olarak ise Ti6A14V
plakas: tercih edilmigtir.

Sekil 4. Elektroforetik kaplama deneysel sistemi.

HAp ile kaplanacak Ti6Al4V altliklar 600, 1000 ve 2000’
lik SiC zimpara kagitlar1 ile zimparalanmig ve 3 pm
elmas siispansiyon kullanarak parlatilmistir. Kaplamalar
mikroemiilsiyon yontemi ile dretilmis ve askida nano
hidroksiapatit parcaciklar1 iceren su bazli sispansiyon
icinde gergeklestirilmistir. Uretilen siispansiyon saf su ile
tamamlanmig ve ultrasonik banyoda 30 dk karistirilmistur.
Akabinde siispansiyon uygulanacak bes farkli kaplama
stiresi icin 5 ayri behere esit olacak sekilde bolinmustiir.
Her kaplama numunesi i¢in ayri stispansiyon kullanilmig
kaplama isleminden O6nce stspansiyonlar tekrar 15 dk
ultrasonik banyoda karigtirilmigtir. 50 ml stispansiyon i¢inde
yaklagik 0,2 g nano HAp pargacigi bulunmaktadir. Kaplama
isleminde negatif karsi elektrot olarak parlatilmis 304 L
celik kullanilmigtir. HAp parcaciklarini igeren stiispansiyona
kaplamanin yapilacag: althk malzeme pozitif Ti6Al4V
elektrot ve karsi negatif elektrot 304L birbirine paralel
olacak sekilde kargilikli daldirilmig ve aralarindaki mesafe 1
cm olacak sekilde ayarlanmistir. DC gii¢ kaynag: kullanarak;
60 volt’luk sabit bir gerilim altinda 5, 10, 15, 20 ve 30
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dakikalik farkli siirelerde ve manyetik karigtirici tizerinde
50 rpm hizda stispansiyonda dalgalanma olusturmayarak
kontrolli bir sekilde kaplama islemi gerceklestirilmistir.
EPD yontemi ile kaplanan numuneler oda kosullarinda 24
saat kurumaya birakilmigtar.

2.3. Elektroforetik Kaplamalarin Sinterlenmesi

Kaplamasi tamamlanan numuneler Sekil 5de gosterilen
vakum destekli “DIEX” marka tek eksenli sicak pres
cihazinda ylizeyine
uygulanmadan sinterlenmigtir. Numuneler grafit bir pota

numune basing

herhangi bir

i¢ine, pota kenarlarina temas etmeyecek sekilde yerlestirilmis
ve vakum altinda (10 mbar) ve 1000 °C’ de 20 dakika’lik

sire ile sinterlenmisgtir.

Sekil 5. Tek eksenli sicak pres sinterleme.

2.4. Karakterizasyon

Kurutulan HAp nanoparcaciklarinin ve Ti6Al4V althig
Uzerine farkli strelerde elektroforetik kaplama yontemi
ile kaplanip sinterlenen numunelerin kristal faz analizleri
“Rigaku SA-HF3” model X 1ginlar1 difraksiyonu (XRD) ile
incelenmis, dl¢iimleri oda sicakliginda, 10° ile 80° 2 teta (9)
agilar1 arasinda 1°/dk tarama hizinda ve 40 kV/ 20 mAda
yapilmistir.

Sentezlenen ve kurutulan hidroksiapatit nanoparcaciklarin,
morfolojik 6zelliklerinin ve pargacik boyutlarinin belir-
lenmesi amaciyla “JEOL 6060” model taramali elektron
mikroskobu (SEM) ile 20 kV hizlandirma voltaji, 20000x
buytitme ve ikincil elektron goérintileme modunda mik-
royapt gorintileri alinmigtir. Ti6A14V althk malzemesi
Uzerine farkli sirelerde EPD yontemiyle kaplanan nano
hidroksiapatit numunelerinin sinterleme 6ncesi kaplama
ylzeyinden aydinlik alan modunda ve sinterleme sonrasi
kesit bolgesinden karanlik alan modunda “Zeiss Axiotech”

161



Telli, Altinpinar / Mikroemiilsiyon Teknigi ile Uretilmis Hidroksiapatit Nanopargaciklarin Ti6A14V Altliklar Uzerine Elektroforetik

Biriktirme Yontemi ile Kaplanmasi ve Vakum Ortaminda Sinterlenmeleri

marka 151k mikroskobu ile mikroyap: gorintileri alinmistur.
Kesit goriintiileri i¢in sinterlenen numuneler ayr1 ayr: baka-
lit kaliba alinmigtir. Her bir numune orta kismindan kesilip
sirastyla 600, 1000 ve 2000’lik SiC zimpara kagitlar: ile
zimpalanmig ve 3 pm’lik elmas stispansiyon ile parlatilarak
kesitten 151k mikroskobu incelemelerine hazir hale getiril-
mistir.

3. Bulgular

Mikroemiilsiyon yontemi ile tretilen HAp pargaciklarinin
mikroyapisal 6zellikleri taramali elektron mikroskobu
(SEM) ile incelenmis ve parcactk morfolojisinin kuresel
formda, boyutunun ise agirlikli olarak 20 -200 nm arasinda
oldugu Sekil 6 da gosterilmistir (Telli 2019).

Sekil 6. Mikroemiilsiyon ile Gretilmig hidroksiapatit’e ait ikincil
elektron SEM goruntisi.

Sentezlenen, yitkanan ve kurutulan nano HAp parcaciklari-
nin XRD analizi yapilmis olusan fazlar incelenerek HAp ve
haricinde bir faz olup olmadig: belirlenmigtir. Nano HAp’a
ait XRD paterni Sekil 7 de verilmistir. XRD incelemele-
rinde ¢okelen HAp parcaciklarinin kristalin oldugu, TCP
gibi diger fosfat gruplarina ait piklerin yer almadig: ve Sekil
7'de gorilen pik pozisyonlarinin standartlarda yer alan XRD
paterni (JCPDS 09-0432) ile uyum i¢inde oldugu goriil-
mektedir (Boujaady vd. 2016).

HAp nanotozlarinin kristalin boyutu, Sekil 7de verilen
XRD paterninde yer alan ve (002) olarak indekslenmis pik
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pozisyonu ele alinip, Debye Scherrer esitligi kullanilarak
hesaplanmistir. XRD grafiginde (002) indeksli pik tstiiste
binmis piklerden olugsmayan tek bir piktir ve referans
calismalarida goz 6ntinde bulundurularak kristalin boyutu
hesaplamak i¢in bu pik tercih edilmistir (Brundavanam vd
2013).

Debye Scherrer esitligi (1) numarali denklemde verilmigtir.

D= (k.A)/(B.cos®?) (1)

Burada D ortalama kristalin boyutu, A kullanilan X 1511
dalga boyu, f radyan cinsinden maksimum pik genliginin
yarisinin tam genisligi (FWHM), 9 Bragg kirinim agisidur.
Denklemde yer alan k degeri ise kristalin bigimine bagh
bir sabittir ve genellikle 0,9 olarak alinir. Debye Scherrer
esitligi kristalin boyutunu hesaplamada yaygin olarak
kullanilan metotlardan biridir (Brundavanam vd. 2013).
Bu esitlige gore; (002) dizlemindeki XRD pikine ait
FWHM degeri kullanilarak hesaplanan kristalin boyu 27,20
nmdir. Hesaplanan kristalin boyutu SEM gérintilerinde
belirlenen tane boyutunun altindadir ve SEM sonuglar ile
uyum i¢indedir (Sakae vd. 2017).

Az

Sl {0,

HAp- JCPDS 09-1432

I |||||h|||l|||||||||
50

55 60 65 il

0 15 30 3z ad a5
2- Teta Tarama Agisi {deg)

Sekil 7. Mikroemilsiyon yontemi ile sentezlenip, su ile ytkanip
ettv firinda kurutulan HAp parcaciklarinin XRD paterni.

Mikroemiilsiyon yontemi ile sentezlenen nano HAp par-
caciklar: kullanilarak; parlatilmig Ti6Al4V tizerine 60V luk
sabit bir gerilim altinda 1 cm aralikla ayrilmis elektrotlara
5,10,15,20 ve 30 dK'lik farkli strelerde elektroforetik kap-
lamalar yapilmistir. Sekil 8 ve 9da sirasiyla numunelerin
dogrudan sinterleme 6ncesi ve sinterleme sonrasi gorintii-
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15 dk

Edk dk 20 ik Ik

Sekil 8. Ti6Al4V pargalar tizerine farkli sirelerde uygulanan nano HAp pargaciginn sinterleme oncesi elektroforetik kaplama
gorintileri.

15 dk ‘ 20 dk 0k

Sekil 9. Ti6Al4V parcalar tizerine farkl siirelerde uygulanan nano HAp parcaciginin elektroforetik kaplamalarinin sinterlenme

sonrast gorintileri.

leri siyah bir platform tizerinde ve oda kogullarinda ¢ekilerek
verilmistir. Gergeklestirilen kaplamalar incelendiginde her-
hangi bir ¢atlak olusumu gorilmemistir. Ancak sinterleme
esnasinda kullanilan 10"* mbar’lik vakum seviyelerinde altlik
malzeme olarak kullanilan Ti6Al4V’nin bir miktar oksit-
lendigi Sekil 9’ da kaplamanin olmadig: st bolgelerde daha
belirgin olarak gézlemlenmistir.

Hidroksiapatit kaplamalar1 agirliklarinin, kaplama stirele-
riyle degisimi Sekil 10'da gosterilmistir. Sekil 10'da kaplama
suresinin artmastyla, kaplama agirhiginin artign gozlem-
lenmistir. Kaplama hizinin ilk basta yiiksek olmasinin
sonrasinda azalmasinin sebebi Ti6AL4V elektrot yizeyin
hidroksiapatit kaplanmasiyla beraber HAp parcaciklarin
yalitici katman olugturmas: ve uygulanan elektrik alaninin

azalmasidir (Abdeltawap vd. 2011).

EPD yontemi ile farkli siirelerde kaplanan ve 1000°C’de
sinterlenen numunelere ait XRD paterni $ekil 11de
verilmistir. Sekil 11'de Ti6A4V tizerine HAp kaplamalarina

ait pik pozisyonlarinin standartlarda yer alan HAp ve
Ti6Al4V XRD paternleriyle (JCPDS 09-0432 ve PDF 00-
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Sekil 10. Elektroforetik biriktirme yontemiyle kaplanmig hid-
roksiapatit kaplama agirliklarinin, kaplama siireleriyle degisimi.

044-1294) ile uyum i¢indedir (Wysocki vd. 2017). Bunun
diginda hidroksiapatitin bozumuna yonelik Trikalsiyumfosfat
(TCP) gibi herhangi bir ikincil faz olusumuna yonelik pikler

gozlemlenmemistir.

Ti6Al4V tzerine HAp kaplamalari yapilan numunelerin
sinterlenme Oncesi ve sonrasi 151tk mikroskobu (aydinlik
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elektroforetik kaplamalar1 yapilan
ve sinterlenen numunelere ait XRD
patterni.

alan) goruntileri Sekil 12de verilmigtir. Isik mikroskobu
gorintiileri incelendiginde, numunelere ait kaplama 6nce-
sinde gozlemlenen mikroyapilarin, sinterleme sonrasinda
degistigi gozlemlenmistir. Buna ek olarak kaplama stre-
sindeki artig ile kaplamanin mikroyapisinda degisimler de
s6z konusudur. Sinterleme sirasinda yiizey aktif maddenin
kaplamadan uzaklagmasi, hidroksiapatit parcaciklarin birbi-
rine ve alttk malzemesine baglanmalari ve kullanilan vakum
degerlerinde altigin oksitlenmesi olugan mikro yapilari etki-
leyebilecek 6nemli parametrelerdir.

Sekil 13’ de verilen 5 ve 30 dk kaplama yapilan numunelerin
kesitten alinmis 15tk mikroskobu karanlik alan gériintileri
incelendiginde; nano HAp pargaciklarinin althigi homojen
bir sekilde kapladigi ve kaplama siiresinde artigla kaplama
kalinliginin artti1 gozlemlenmistir. Ayrica kaplama yapilan
numunelerin ortalama kaplama kalinligi 2,5 ve 6 pm

arasinda degistigi Sekil 13'de gorulmektedir.

4. Tartisma

Nano boyutta hidroksiapatit par¢aciklari mikroemiilsiyon
teknigi kullanilarak sentezlenmis ve elektroforetik kaplama
yontemiyle Ti6Al4V altliklara bagariyla kaplanmistir. Elde
edilen nano HAp parcaciginin XRD paterni incelendiginde
piklerin standartlarla (JCPDS 09-0432) yer alan karakteris-
tik kirinim pikleri ile eslestigi gorilmistiir ve literatiirde yer
alan hidroksiapatit XRD analizleri ile paralellik icerisinde
oldugu belirlenmistir (Boujaady vd. 2016). Ayrica Scherrer
esitligi kullanilarak HAp XRD paterninden kristalin boyutu

164

27,20 nm olarak hesaplanmustir. Incelenen SEM gbriintii-
lerinde ise nano hidroksiapatit parcaciklarinin buyiikli-
giniin 200 nm’ nin altinda oldugu ve kiiresel morfolojiye
sahip oldugu belirlenmigtir. Scherrer esitliginden hesaplan
Kristalin boyutunun SEM ile gériintilen tane boyutunun
altinda kalmas: neticenin uyumlu oldugunu gostermektedir
(Sakae vd. 2017). Ma ve arkadaslar: (2016) oda sicakliginda
mikroemilsiyon teknigi ile HAp sentezlemis ve parcacik
boyutunun 100 nm altinda oldugunu belirlemistir (Ma vd.
2016). Ancak bu ¢alismada kullanilan yiikstiz Span-80 isim-
li ytizey aktif madde elektroforetik kaplama ¢alismalarinda
dogrudan kullanima olanak vermemekte ve sisteme yukli
ikinci bir yuzey aktif madde eklenmesini gerektirmektedir.
Bu nedenle gergeklestirdigimiz bu ¢aligmada toz sentezinde
yukli yiizey aktif madde (SDS) kullanimi tercih edilmistir.
HAp cesitli tekniklerle sentezlenebilmektedir. Ornegin;
Jamil ve arkadaglar: (2018), HAp uretiminde, kalsiyum ve
fosfat iceren 6ncii reaktifler karigtirmis ve daha sonra belirli
bir siire boyunca yiiksek sicakliklarda (yaklagik 1000°C)
kalsine etmistir. Bu islem sonucunda nihai trtinde ikincil
fazlarin oldugu goézlemlemis ve yiksek atesleme islemi
ile bu fazlar giderildigini belirtmigtir (Jamil vd. 2018).
Koutsopoulos 2002de kimyasal ¢okelme iglemi ile diizgiin
morfolojiye sahip HAp sentezlemis ancak islem sonunda
yapida klor varligindan kaynaklanan gesitli fazlar igeren
stokiyometrik olmayan driinlerin olustugunu belirtmistir
(Koutsopoulos 2002). Bu ¢alismada ise; mikroemilsiyon
yontemi ile Uretilen HAp; oda sicakliginda tretilmis ates-

Karaelmas Fen Mih. Derg., 2020; 10(2):158-167
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Sekil 12. A) Sinterleme 6ncesi ve B) Sinterleme sonrast 10x 151k mikroskobu goriintileri.
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Sekil 13. 5 ve 30 dk kaplanan numunelerin sinterleme sonras: kesitten 50x biytitmede 151tk mikroskobu (karanlik alan) gorintileri.

leme gibi herhangi bir ilave islem gerektirmemis ve yapida
ikincil faz olusumu goézlemlenmemistir. Nano boyutta toz
sentezlemek icin bir mikro reaktér ortami olusturan bu
yontem ile sonrasinda gerceklestirilen elektroforetik kap-
lama iglemi kolaylagmistir. Elektrofeoretik kaplamalarda
toz boyutu ve morfolojisi 6nemli bir etkendir. Ornegin;
Wei ve arkadaglar1 (2005), kaplamalarda nanopartikiillerin
kullanilmasinin seramik kaplamalarin tiretimi i¢in avantajlar
sundugunu ve sinterleme davranigini kontrol etmede 6nem-
li bir faktor oldugunu belirtmigtir (Wei vd. 2005). Ayrica
mikroemiilsion yontemi sentezlenen hidroksiapatit nano
parcactklari, yukla bir yiizey aktif madde kullanim: nede-
niyle dogrudan elektroforetik kaplama deneylerine su bazl
stispansiyon olarak kullanilmigtir. Kaplama iglemi manyetik
bir karistirict tizerinde stispansiyonda diigiik hizda (50 rpm)
yapilmis ve kaplamanin yizeyde homojen bir sekilde gercek-
lesmesi saglanmustir. Elektroforetik deneyler, hidroksiapatit
parcaciklarinin kullanilan negatif yikli yizey aktif madde
(SDS) nedeniyle negatif olarak yiiklendigini ve uygulanan
elektrik alan altinda pozitif elektrota dogru hareket ettigini
gostermistir. Kaplama agirliklari ve kalinliklarinin, kaplama
suresindeki artigla arttifn gozlemlenmistir. Ayrica kaplama
suresindeki artis ve sinterlemeyle kaplama mikroyapilarin
degistigi gozlemlenmistir. Sinterleme iglemi esnasinda kul-
lanilan vakum seviyelerinde (10 mbar) Ti6Al4V althgin
oksitlenebildigi bu durumun kaplama kalitesini ve morfolo-
jisini etkileyebilecegi gozlemlenmistir.

5. Tesekkiirler

Bu ¢alisma Kocaeli Universitesi Bilimsel Aragtirma Projeleri
(BAP) Koordinasyon Birimi (Proje No: 2019/70) tarafindan

desteklenmistir.
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Oz

Endustrinin hizla gelismesi ve diinyamizin mevcut enerji kaynaklarinin yetersizligi, yenilenebilir enerji kaynaklarina olan ilgiyi glin
gectikce daha da arttirmugtir. Turkiye’nin hizli sanayilesme ve hizhi niifus artist enerji talebinde de artiga yol agmugtir. Bu nedenle
Tiirkiye’nin yenilenebilir enerji kaynaklari potansiyelinin belirlenmesi ve ekonomiye kazandirilmas: gerekmektedir. Bu amagla yenile-
nebilir enerji tiirlerinden biri olan riizgar enerjisi tizerinde durulmus, enerji tiretim miktarlarinin dogru verilere dayali hesaplanmasi ve
riizgar enerjisi santralleri (RES) i¢in en uygun yerlerin se¢ilmesinin, riizgar enerji santrallerinin tilke ekonomisine katk: saglamasi i¢in
olduk¢a 6nemli oldugu gortilmustiir. Bu ¢alismada Karabiik iline bagh Yenice il¢esinde uygun RES yapim yerleri se¢iminin Cografi
Bilgi Sistemlerine dayali Cok Kriterli Karar Analizi (CBS-CKKA) yontemi kullanilarak belirlenmesi amaglanmustir. Elde edilen
sonuglara gore, calisma alaninin RES yapimi i¢in dugiik ve orta duyarlilik diizeyinde oldugu tespit edilmistir.

Anahtar Kelimeler: Cografi bilgi sistemleri (CBS), Cok kriterli karar analizi (CKKA), Riizgar enerjisi, Yenice

Abstract

'The rapid development of the industry and the inadequacy of the world’s existing energy resources have increased the interest in
renewable energy sources day by day. The fast industrialization and rapid population growth in Turkey raised the demand also for
energy resources. Therefore it is necessary to determination of Turkey’s renewable energy potential and to enhance the contribution
of this renewable energy potential to the economy. In this study, wind energy, one of the renewable energy types, was emphasized.
Calculating energy production amounts based on accurate data and determining the most suitable location for wind power plants
(WPDPs) is very important for wind power plants to contribute to the country’s economy. In this study, it was aimed to determine the
selection of suitable WPP construction sites in Yenice district of Karabik province using Geographic Information Systems based
Multiple Criteria Decision Analysis (MCDA) methods. According to the results obtained, it was determined that the study area is at
low and medium sensitivity level for RES construction.

Keywords: Geographical information systems (GIS), Multi-criteria decision analysis method (MCDA), Wind power, Yenice

1. Girig

Enerji kaynaklar1 niikleer, fosil ve yenilenebilir kaynaklar
olmak tizere 3 ana gruba ayrilmaktadir. Dinya elektrik
tretiminde yenilenebilir enerji 6nemli bir yere sahiptir.
elektrik 26,2’si

yenilenebilir kaynaklardan elde edilirken bu oraninin sadece

Toplam  kiiresel Uretiminin  ytzde

yizde 5,5’1 riizgar santrallerinden saglanmaktadir (REN21
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2019). Turkiye'de ise elektrik Giretiminde komiir ve dogal gaz
kaynaklarinin Ustinligi bulunmaktadir. Ulkemiz toplam
elektrik Uretiminin ytizde 35,2’si yenilenebilir kaynaklardan
elde edilirken bu oraninin sadece ylzde 5,6’ rizgar
santrallerinden saglanmaktadir (Enerji ve Tabii Kaynaklar
Bakanlig1 2016). Turkiye, cografi konumu ve jeolojik yapis
nedeniyle yenilenebilir enerji kaynaklar: bakimindan zengin
bir tlke olup, bu kaynaklardan ytiksek seviyede yararlanilmasi
hem enerji arz giivenligine hem de yeni istihdam alanlarinin

olusumuna katk: saglayacaktir (Dikmen 2019).
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Enerji kaynaklarinin yetersizligi, insanoglunu, tilkemizde
de yaygin olarak kullanilan, glines ve riizgar enerjisi basta
olmak tzere alternatif enerji kaynaklarina yonlendirmigtir
(Sahin vd. 2019). Yenilenebilir enerji kaynaklarindan biri
olan riizgar enerjisi, fosil yakitlardan tasarruf saglayan
ve ticari bakimdan en ucuz enerji tirtdir. Teknolojinin
gelismesi ile kurulum ve isletim maliyetinin dismesi,
stirekli olmas1 ve insan saglig: ile uyumlu bir enerji kaynagi
olmasindan dolay: rizgar, giinimuzde en ¢ok tercih edilen
enerji kaynaklarindan biri haline gelmigtir (Bayrag 2011).

Enerji tirleri arasinda O6nemli bir paya sahip olan
strdirilebilir elektrik enerjisi iretiminde, fosil yakitlar yerine
rizgar enerjisinin kullanilmas: alternatif enerji kaynaklari
arasinda en o6nemli roli olusturmaktadir. Rizgar enerjisi
santrali (RES) projelerinin daha verimli ve stirdirtlebilir
olabilmesi i¢in, riizgar enerjisi santrallerinin kurulmasi tercih
edilen alanlarin uygunluklar: da ¢ok 6nemlidir (Can 2019).
RES kurulumunda riizgar tirbinlerinin yerlesimi RES’in
tiretim potansiyelini etkilemekte, riizgar tiirbinlerinin uygun
sekilde yerlestirilmesi RES’in tiretim miktarinin artmasini
saglamaktadir (Celik vd. 2018). Riizgar enerji santrallerinin
(RES) ekonomiye katki saglayabilmesi i¢in strekli riizgar
alan bolgelere kurulmas: gerekmektedir. RES kurulacak
yerlerin belirlenmesi i¢in bilinmesine gerek olan saatlik
ve ortalama riizgar hizlari, meteoroloji istasyonlarindan
temin edilmektedir. RES yerlerinin planlanmasinda riizgar
atlaslar1 kullanilmakla birlikte atlaslar tek bagina yer se¢imi
i¢in yeterli degildir. Bu nedenle RES yer se¢imlerinde daha
detayli ¢aligmalar ve Ol¢iimlerin yapilmasi biiyik 6nem
tasimaktadir (Acar ve Dogan 2008). Aras (2003), Ogulata
(2003), Sozen vd. (2015), Onal ve Yarbay (2010) Tiirkiye'nin
rizgar enerji potansiyeli, kullanimi ve degerlendirilmesi
tzerine ¢aligmis ve riizgar enerjisi kullaniminin artarak
devam etmesi gerekliligi tizerinde durmuglardir. Hepbagh
ve Ozgener (2004) Tiirkiye'de riizgar enerjisi potansiyelinin
tmit verici oldugunu ve ayrica kullaniminda artig oldugunu
ortaya koymuslardir. Doganci vd. (2016) ¢alisma alaninin
yer aldigi Bati Karadeniz bolgesinde yapay sinir aglar
kullanarak riizgar enerjisi tahmin c¢aligmasi yapmistir.
Akpinar ve Balpetek (2019) Elazig ilinin riizgar enerjisi
potansiyelini inceledikleri ¢aligma sonucunda, riizgar
enerjisinden elektrik enerjisi tretiminin daha ¢ok sebeke
erisimi bulunmayan veya kirsal alanlarda digik gli¢
yogunlugu gerektiren uygulamalarda kullanilabilecegini
ortaya koymuslardir. Dikmen ve Orgen (2018) Aglasun
Bolgesi'nin (Burdur) riizgar enerji potansiyelinin Turkiye
ortalamasinin tGzerinde oldugunu, Pusat (2017) ise Sakarya
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Universitesi ve etrafinin riizgar enerjisi potansiyelini
degerlendirdigi ¢alisma sonucunda bélgenin riizgar enerjisi
potansiyelinin genel olarak digiik oldugunu tespit etmistir.
Erduman vd. (2018) Istanbul’'un Bakirkoy Tlgesinde bulunan
Bakirkdy Botanik Parki’na kurulmas: planlanan rizgar
tirbinlerine ait teknik ve ekonomik fizibilite ¢aligmasini
gerceklestirilmigtir. Can (2019) elektrik enerjisi Gretimi i¢in
planlanan riizgar santrali projelerine yonelik FMEA (ariza
modu etki analizi) ve sistematik Pareto analizi kullanarak
cevresel alan modellerinin tretilmesi Gizerinde ¢aligmugtir.

Karabiik Ili'nde yer alan 16 hidroelektrik santrali (HES)
projesinin toplam kurulu giicii 202,968 MW, enerji tiretimi
666,823 GWH/yildir (Karabiik Cevre ve Sehircilik I
Midurligia 2019). Bununla birlikte Karabiik Ilinde Yagmur
RES Enerji tarafindan 30 MW giiciinde Karabik Ruzgar
Enerji Santrali 6n lisans: alinmis olmakla birlikte halen
devreye alinmigaktifriizgarsantralibulunmamaktadir (Enerji
Atlas1 2020). Enerji ve Tabii Kaynaklar Bakanligi Enerji
Isleri Genel Midiirligi'nin illere kurulabilecek RES lerin
toplam alan ve kurulu gii¢ verilerine gére Karabiik 1li 14,67
km? toplam alan ve 73,36 MW kurulu gii¢ kapasitesine
sahiptir (Enerji Isleri Genel Miidiirligii 2020a). Bu galigma
ile Karabiik Tlinin sahip oldugu RES kurulu giig kapasitesi
dikkate alinarak mevcut hidroelektrik santrallerine (HES)
ek olarak yine yenilenebilir enerji kaynaklarindan biri olan
riizgar enerjisinden yararlanilabilmesi igin Yenice Ilgesi
orneginde uygun RES alanlarin belirlenmesi amaglanmugtir.
Bu amagla Karabiik iline bagli Yenice ilgesinde potansiyel
RESkurulumui¢inuygunyersecimi,coklusegimkriterlerinin
yonetilmesinde faydali ¢6zim treten bir sistemden meydana
gelmesi sebebiyle Cografi Bilgi Sistemleri (CBS) tabanli
cok kriterli karar verme analizi yontemi ile olusturulmustur.
Bu baglamda veri katmanlari olarak; rizgar hizi, yiikseklik,
egim, baki, yola olan uzaklik, akarsuya olan uzaklik, fay
hatlarina uzaklik, litoloji, arazi kullanimi ve trafoya olan
uzaklik faktorleri kullanilmigtir. Caligmada kullanilan tim
faktorler CBS yazilimi kullanilarak raster yapida uretilmis
ve ikili kargilagtirma matrisi ile her bir faktorin agirhik
degerleri belirlenmigtir. Bu asamadan sonra birlestirme
analizi ile siniflandirilmis 6lgiit haritalar: birlestirilerek RES
i¢in en uygun alanlar1 gésteren uygunluk sonug haritas: elde
edilmistir.

Temiz enerjinin arz givenliginin ana unsuru haline
getirilmesine yonelik 6neriler (Yilmaz ve Can Ozi¢ 2018) de
dikkate alindiginda Yenice il¢esinde fosil yakit kullaniminin
devam edilmesiyle birlikte en azindan baslangic icin
konutlarin enerji ihtiyacinin bile basta rizgar enerjisi olmak
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tzere yenilenebilir enerji kaynaklar: ile saglanmas: Yenice'de
hem temiz ve saglikli ¢evre, hem de ucuz enerji temini
agisindan 6nem sunmaktadir.

2. Gereg ve Yontem
2.1. Caligma Alan1

Calisma alan1 Bati Karadeniz Bolgesinde 31° 58' ve 32°
31" dogu-bati meridyenleri ile 41° 19" ve 41° 0' kuzey-
giney paralellerinde bulunan ($ahin 2018) Karabuk
iline bagli olan Yenice il¢esidir (Sekil 1). Adrese Dayali
Nufus Kayit Sisteminin 2019 sonu verilerine gore Yenice
Tlgesinin niifusu 9277 kisi olup kéyleriyle beraber toplam
niifusu 20310 kigidir (TUIK 2020). Kuzeyde ve batida
Zonguldak, doguda Karabiik ve Safranbolu, gineyde Bolu
ile ¢evrili olan Yenice ilgesi deniz seviyesinden 130 metre
yiiksekliktedir. Yenice’nin arazi yapist Bati Karadeniz

Bolgesi'nin temel 6zelliklerini tagimakta olup, diiz ve ova

Q Cebeciler

Derebasi
3

Yenikéy o/ P Karsiyaka

b ~ %
& Yesilkoy Orens — ‘l;% \
e
K Bagbas
0 2 4
s km

Hisarkéy @
Sekil 1. Calisgma alaninin yer buldur haritasi (Karabik
Belediyesi 2020, Karabiik 11 Ozel 1daresi 2020).
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niteliginde olan arazisi olduk¢a azdir. Engebeli bir arazi
yapisina sahip oldugu i¢in tarima elverigli olmamakla
beraber koylerde ciftcilik yapan ailelerin dretimi de sadece
kendi tiketimlerini kargilamaktadir. Yenice'nin yiiksek
tepelerinden baglayan verimli ormanlik alanlar komsu il
ve ilgelerin icine kadar uzanir. Ara¢ ve Soganli Caylarinin
birlesmesiyle olusan Yenice Irmag, yerlesim merkezinden
gecer ve ilge topraklarini iki parcaya boler. Tlgeye hayat veren
Yenice Irmagi, Zonguldak 1li sirlart icinde Filyos Irmag
adin1 alir ve Karadenize dokilir (Yenice Belediyesi 2020).
Yenice, Karabiik 11 Merkezine 33 km mesafededir. 777 km?
alana sahip ilgede merkez belediye, 17 mahalle ve ilgeye
bagli 34 kéy bulunmaktadir (Yenice Kaymakamligi 2020).
Yenicenin ilge merkezini kapsayan ¢alisma alan: yaklagik 22
km? lik bir alana sahiptir.

2.2. Riizgar Enerji Santrallerinin (RES) Yer Seciminde
Kullanilan Parametreler

Riizgar enerji santrallerinin en uygun yer se¢iminin
belirlenmesinde kullanilan yontemler kadar dikkate alinan
parametrelerin etkisinin de 6nemli bir roli vardir. Diger
bir ifade ile yer seciminin belirlenmesinde etkin olan
parametreler dogru secilirse, uretilecek haritalarin, daha
temsil edici ve/veya mevcut durumu daha iyi yansitici
ozellikte olacag: sdylenebilir (Mazman 2005).

Bu ¢alismada riizgar hizi, yiikseklik, egim, baki, yola olan
uzaklik, akarsuya uzaklik, aktif fay hatlarina uzaklik, litoloji,
arazi kullanimi ve trafoya olan uzaklik kriterleri kullanilarak
uygun RES kurulabilecek sahalar tespit edilmistir. Bu
kriterlerden yola, akarsuya, aktif fay hatlarina ve trafoya
olan uzaklik parametreleri belirli araliklarla buffer (tampon)
analizi yapilarak kullanilmaktadir. Bu nedenle, duyarhilik
analizinin yapilacag: bu kriterlerin siniflara ayrilmas, ilgili
literatir ¢aligmalar1 ve calisma alaninin genel ozellikleri
dikkate alinarak yapilmistir. Caligma alani kus gég yolu
tzerinde olmadigindan (Tarim ve Orman Bakanlig:
2020) analizde go¢ yollarina olan uzaklik parametresi
kullanidmamigtr.

En uygun RES yerlerinin belirlenmesinde riizgar hizi
dagilimina gore riizgar giic yogunlugu tespit edildiginden
oncelikle riizgar hiz dagiliminin belirlenmesi gerekir (Enerji
Isleri Genel Midiirliigii 2020b,c). Riizgar hiz1 ve riizgar giig
yogunluguna gore gerekli ekonomik ve gevresel analizler
yapilarak rlizgar enerji santralinin yararli olup olmadig:
anlagilir (Yildirim vd. 2012). Bu baglamda ¢aligma alanina
ait Enerji Isleri Genel Midirligii tarafindan tespit edilen
50 m yiikseltideki ortalama riizgar hiz dagilimi (Enerji Isleri
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Genel Mudirligi 2020a) haritasindan faydalanilmistir. Bu
haritaya gore ¢alisma alani rizgar hiz dagilimi 5-5,50 m/s

olarak belirlenmistir (Sekil 2a).

RES yapim yeri seciminde arazi kullanim 6zellikleri etkili
bir parametredir. Insan ve dogal etkenlerden etkilenen
ve kolayca degisime ugrayan toprak hidrolojisini i¢inde
barindiran arazi kullanim yogunlugu (Yal¢in vd. 2011) RES
yapim yeri seciminde dikkate alinmasi gereken bir faktordiir.
Caligma alanina ait genel arazi kullanim haritas: Sekil 2b de
verilmistir.

Riizgarhiziyiikseklige gore artmaveyaazalmagosterdiginden
dolay:r riizgar enerji santrallerinin yapim yeri se¢iminde
yiikseklik 6nemli bir faktordir (Nisanct vd. 2010, Uyar 1985,
Tagil 1995, Ultanir 1996, Kog 1996). Riizgar tarlalar1 son
yillarda diinyada ve Turkiye'de deniz seviyesindeki alanlarin
yam sira ylksek rizgar hizi kapasitesine sahip daghk
bolgelerde de kurulmaya baglamistir (Bingol 2018). Calisma
alanina ait yukseklik haritasi bolgenin 10 m ¢éziintrlige
sahip sayisal yiikseklik modelinden iiretilmistir. Uretilen
harita analizlerde kullanilmak tzere 0-800 m araliginda 8
esit zona siniflandirilmistir (Sekil 2c).

Topografyanin egim 6zellikleri de RES yapim yeri se¢iminde
etkili olan faktorlerden biridir. Dugiik ve orta egim simiflar
RES yapimina en uygun egim simniflaridir (Ozsahin ve
Kaymaz 2013). Caligma alanina ait egim verisi bolgeye ait
sayisal yiikseklik modelinden iiretilmistir. Uretilen egim
haritasinin egim derecesi 0 ile 50 derece araliginda elde
edilmistir ve analizler i¢in 10 sinifa ayrilmigtir (Sekil 2d).

Arazi ylzeyinin yonini gosteren ve yizeyin herhangi bir
noktasindaki teget diizleminin baktig1 yon ile ifade edilen
baki RES yapim yeri se¢iminde etkili bir diger faktérdir.
Hakim riizgar yontine bakan yamaglar RES yapimi igin
uygun alanlardir (Ozsahin ve Kaymaz 2013). Bu nedenle
caligmada -1 ve 360 derece araliginda 10 sinifi kapsayacak
sekilde baki haritas: olusturulmustur (Sekil 2e).

Yol hatlarina uzaklik da RES yapim yeri se¢imi i¢in etkili bir
parametredir. Ulagim imkanlar1 rahat ve kolay olan sahalar
RES kurulumu i¢in tercih edilen alanlardir (Uyan 2017).
Caligma alanin da yol hatlarina uzaklik faktéra 7 sinif
altinda degerlendirilmistir (Sekil 2f).

Litolojik yap1 6zellikleri RES’lerin yapim yeri seciminde
etkili olan bir diger faktérdir. RESlerin dayanikh
kayaclarin bulundugu zeminlere kurulmas: gerekmektedir
(Mora ve Vahrson 1994). Calisma alaninda; kiltasi, marn,
kirectag1 ve seyl gibi yerinde ¢okelmis sedimanlarla kumtast,
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kumlu kiregtagi ve konglomera gibi tiirbiditik ¢okellerin
ardalanmasindan olusan ve ¢esitli olistolitler iceren Ulus
formasyonu (Ku) ve kil, mil, silt, kum, ¢akil ve blok gibi
malzemelerden olusan kuvaterner yash alivyon (Qal) yer
almaktadir (Alan ve Aksay 2002) (Sekil 2g).

Trafo merkezine uzaklik ekonomik yonden 6nemli oldugu
icin RES yapim yeri seciminde gerekli parametrelerden bir
bagkasidir. Trafo merkezlerine yakinlik artttkca RESlerin
kurulumu daha ekonomik olacaktir. Trafo merkezlerine 10
km'yi gecen uzakliklar RES yeri se¢imi i¢in uygun degildir
(Uyan 2017) (Sekil 2h).

Akarsulara yakin alanlar RES kurulumu i¢in uygun
olmadigindan RES yapim yeri se¢iminde akarsulara olan
uzaklikta etkili bir faktordir (Kaymak 2020). Akarsulara
yakin alanlar daha yogun arazi kullanimi, tarimsal faaliyet,
bitki ortlisi ve yerlesim alani olma gibi 6zelliklere
sahip olmasindan dolayr RES yapim yeri olarak tercih
edilmemektedir (Ozgahin ve Kaymaz 2013). Calisma
alaninda bulunan Yenice Irmagy, ilge topraklarini iki pargaya
bélecek sekilde yerlesim merkezinden ge¢mekte oldugundan
akarsulara olan uzaklik parametresi analizde kullanilmigtir.
Caligma alaninda akarsulara uzaklik faktori 5 simif altinda

degerlendirilmigtir (Sekil 2i).

Aktif fay hatlarina yakinlik arttitkca deprem etkisi de
daha fazla olacagindan RES yapim yeri se¢iminde aktif
fay hatlarina uzaklik da yer se¢im analizini etkileyici bir
faktordir. Caligma alaninda aktif fay hatlarindan uzaklik
faktori O ile 2000 m araliginda 6 simifi kapsayacak (Alan ve
Aksay 2002) sekilde belirlenmigtir (Sekil 2j).

2.3.Yontem

Bu caligmada duyarliik haritasinin iretilmesi i¢in CBS
tabanli ¢ok kriterli karar verme analizi (CKKA) yontemi
kullanilmigtir. CKKA ¢6zimiinde ise Analitik Hiyerarsi
(AHY) ve Agirliklandirilmis Dogrusal Birlegtirme (ADB)

yontemleri kullanilmigtur.

AHY; birbiri ile celisen olgiilebilir veya soyut olgiitleri
dikkate alan, karar analizlerinde genis uygulama alani
bulunan bir 6l¢me yontemidir. AHY de veriler kadar uzman
kisilerin bilgi ve deneyimleri de dikkate alinmaktadir
(Yildirim ve Yomralioglu 2013). AHY, karar vericinin tim
alternatiflerini tiim kriterler ile beraber degerlendirerek,
birbirlerinin goéreceli 6nemlerine gore ikili kargilagtirmalar
yapmast prensibine dayanmaktadir (Saral ve Musaoglu
2011). AHY ve diger tim yontemlerde, aragtirmacilar
ellerindeki olanaklar dahilinde parametrik harita Gretimlerini
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Sekil 2. Calismada kullanilan parametreler. A) riizgar hiz1, B) arazi kullanimi, C) yiikseklik, D) egim, E) baki, F) yola olan uzaklik,
G) litoloji, H) trafo merkezine olan uzaklik, I) akarsuya olan uzaklik, J) fay hatlarina uzaklik.
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gerceklestirmekte, ya deneme-yanilma yoluna giderek, ya
da istatistiksel analizler veya deneyimleri dogrultusunda,

duyarlilik

segmektedirler.

AHY faktorlerin ikili kargilagtirilmalar: ile baglamaktadir.
Ikili kargilagtirmanin  yapilabilmesi igin, Saaty (1977)
tarafindan  6nerilen  AHY Degerlendirme Olgeginden
(Cizelge

olusturulur.

analizlerinde  kullanacaklar1  parametreleri

1) yararlanilarak ikili kargilagtirma matrisi

Cizelge 1. AHY degerlendirme olgegi (Saaty 1977).

Onem . Tamimlama
Derecesi
1 Esit derece 6nemli
3 1. 6lgiit 2.’ye gore biraz daha 6nemli
5 1. 6lgiit 2.’ye gore fazla 6nemli
7 1. élgiit 2.’ye gore ¢ok fazla 6nemli
1. olgiit 2.’ye gore olast en kuvvetli 6neme
9 . 4t
sahip veya tercih ediliyor.
2468 Ara degerler, uzlagma gereken durumlarda
T kullanilmaktadur.

Kargilagtirma matrisi, her bir faktérin agirhiklarim
belirlerken ayni zamanda agirliklarin tutarhilik oranlarinin
hesaplanmasini da saglar (Saaty 1977). Rastgele olusturulan
ikili kargilagtirma matrisinin derecelendirmesindeki olasilik

Cizelge 2. Kargilagtirma matrisi ve agirlik degerleri.

tutarlilik orani olarak tanimlanir. Maksimum tutarlilik
orani Saaty (1977) tarafindan 0.10 olarak onerilmistir. Eger
0.10’un ustiinde bir deger elde edilirse, ikili kargilagtirma
matrisinin tekrar yapilmasi gerekmektedir.

Cok  kriterli karar
ozniteliklerinin normallestirilmesidir. Olgiit katmanlar
farkli deger araliklarinda ve 6l¢ii birimlerinde oldugundan,

analizinin ilk adimi faktorlerin

olgtitleri bir arada isleme koyabilmek ve birbirleri ile
kargilagtirabilmek i¢in her katman 0-255 araliginda
degerler alacak sekilde normallestirilmigtir. Faktorlerin
normallestirilmesi agsamasindan sonra her bir kriterin
birbirlerine olan goreceli 6neminin tespiti i¢in AHY
uygulanmugtir. Olusturulan kargilagtirma matrisi ve agirhik
degerleri Cizelge 2'de verilmistir. Kargilagtirma matrisi
sonucu elde edilen en yliksek agirhiga sahip faktorler sirastyla
riizgar hizi, arazi kullanimu, yikseklik, baki, trafo merkezine
uzaklik, egim, litoloji, yola olan uzaklik, fay hatlarina
uzaklik ve akarsuya olan uzaklik olarak belirlenmistir.
Olugturulan kargilagtirma matrisindeki degerlerin ve elde
edilen agirliklarin tutarl olup olmadiklarinin belirlenmesi
amaciyla hesaplanan “Tutarlilik orani” (CR) degeri ise
0,09 olarak hesaplanmustir. Elde edilen oran Saaty (1977)
tarafindan O6nerilen 0.10'un altinda oldugu i¢in ikili
kargilagtirma matrisi sonucu bulunan degerlerin birbirleriyle
tutarli olduklar: kanaatine varilmistir.

AHP ile ikili kargilagtirma matrisinin olusturulmasi ve
her bir kriterin agirliklarinin hesaplanmasindan sonraki

E-x , § ;: § oS {5:“ z £ E‘ §

g 852 & = f$3% FE : =% 3R iz

£ 42 E & = & 5 Eo £5 =20
Riizgar Hiz1 1 2 4 4 6 8 5 7 7 7 0,28
Arazi Kullanimi 3 4 6 7 6 7 7 7 0,24
Yiikseklik 1 2 4 5 3 5 6 5 0,13
Baka 1 3 5 3 4 5 4 0,11
Trafo Merkezine Uzaklik 1 3 1/2 1/2 3 2 0,05
Egim 1 3 2 4 3 0,05
Litoloji 1 3 2 0,06
Yola Olan Uzaklik 2 2 0,04
Fay Hattina Uzaklik 1 2 0,02
Akarsuya Olan Uzaklik 1 0,02
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agama ise, agirlikli dogrusal birlestirme (ADB) yontemi
kullanilarak tim kriterlerin birbirleriyle birlestirilerek sonug
haritasinin elde edilmesidir. Bu yontemin kullanilmasinin
nedeni, her bir kriterin alt kriterlerinin standartlagtirilmasi
ve standartlagtirilmig faktorlerin birbirleri ile toplanarak
tek bir haritanin Uretilmesidir. ADB ortak bir sayisal
dizide standartlagtirilmig stirekli kriter (j) agirhiklarinin (w)
ortalamasi temeline dayanir ve her bir alternatifin toplam
puani, o alternatifin degeri ile kendisine atanmis 6nemlilik
puaninin ¢arpimiyla ve sonra bu tim sonuglarin toplamiyla
elde edilir. Puan tiim alternatifler i¢in hesaplanir ve en yiiksek
puana sahip olan alternatif secilir. Bu yontemde, éznitelik
degerleri ve agirliklarin rakamsal ve kargilagtirilabilir olmasi

gerekmektedir (Triantaphyllou ve Mann 1989).

3. Tartisma

CBS, konumsal karar verme uygulamalar1 ve problemle-
rin ¢6ziiminde, pek ¢ok alternatifin analiz stirecine dahil
edilmesine ve bu sayede de farkls stratejiler gelistirilmesine
imkan sunmaktadir. Bu ¢alismada da RES kurulmas: i¢in
uygun yer haritasinin tretilmesinde CBS ile biitiinlesik ¢ok
kriterli karar verme analizi uygulanmigtir. CKKA islemi i¢in
Analitik Hiyerarsi Yontemi (AHY) ve Agirliklandirilmg
Dogrusal Birlegtirme (ADB) metotlarindan faydalanilmig-
tir. CBS dayali ¢ok kriterli karar analizi yontemi ile Yenice
ilesine ait 10 kriterin normallegtirilmesi, kriterlerin agirlik-

larinin belirlenmesi ve tiim kriterlerin toplanmas: ile RES
yapim yeri i¢in duyarlilik siniflar: haritas: tretilmigtir (Sekil
3). Uretilen duyarlilik haritas: ¢ok yiiksek, yiiksek, orta, dusik
ve ¢ok diistik duyarli olmak tzere bes farkli sinifa ayrilmigtir
(Cizelge 3). Duyarhilik haritalarinin tretilmesinde kullani-
lan kriterler ve yontemler rizgar enerjisi amagli Hatay ili
icin Ozgahin ve Kaymaz (2013), Trabzon ili igin Nisanci vd.
(2010) ve glines enerjisi amagli olarak Konya ili i¢in Uyan
(2017) tarafindan duyarlilik analizde kullanilan kriterler
ve CBS gibi kullanilan ydntemlerle uyum saglamaktadir.
Gergeklestirilen analizler sonucunda ¢ok ytiksek ve yiksek
duyarlilik %0.00, orta duyarlilik %37,50, distik duyarlilik
%37,25 ve ¢ok digiik duyarlilik %25,25 oraninda elde edil-
mistir. Niganct vd. (2010) ¢aligma alani ile ayni cografi bolge
olan Karadeniz bélgesinde yer alan Trabzon ilinde yine CBS
tabanli riizgar enerjisi tretim alanlarini belirledikleri ¢alig-
malarinda Trabzon'un riizgar tribiini uygunlugunu dusiik ve
cok iyi araliginda olmak tzere, Yenice ilgesini konu alan bu
caligmada oldugu gibi 5 sinifta incelemislerdir.

Uretilen RES uygunluk haritasinin dogrulugunu belirlemek
icin sonug haritasi Enerji Isleri Genel Miidiirliigii tarafindan
cesitli faktorler temel alinarak olugturulan “Turkiye
Rizgar Enerjisi Potansiyel Atlass (REPA)nin Karabik
ili raporundaki “Ruzgar Enerjisi Santrali Kurulabilir
Alanlar (Enerji Isleri Genel Midirligi 2020a) haritast
ile karsilagtirilmis ve bulgularin birbirleriyle ortistigi
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Cizelge 3. Uygun RES yapim yeri i¢in duyarlilik siniflarinin
dagilima.

Duyarlilik Stnify AHP F;f)zl;siyonu Yuz(:rg:llzl)mu
Cok disik 25,25 5,56
Diisiik 37,25 819
Orta 37,50 825
Yiiksek 0 0

Cok ytiksek 0 0
Toplam 100 2

gortlmugtir. Benzer sekilde Doganci vd. (2016) Orta ve
Bati Karadeniz bodlgesinde meteorolojik verilerle yapay
sinir aglarim kullanarak riizgar enerjisi tahmini yaptiklari
caligmalarinda bu c¢aligmaya konu olan Yenice ilgesini
cevreleyen ve yakininda yer alan Zonguldak, Karabik,
Bafra ve Inebolu icin hesaplanan tahmini degerlerle gercek
degerlerin Ortiistigiini ortaya koymusglardir. Bu veriler
caligma sonuglarinin gegerli ve uygulanabilir oldugunu
kanitlamaktadir. Yenice ilge merkezini olusturan ve 22
km?lik alan kaplayan c¢aligma alaninda RES kurulmasina
uygun alanlarin, orta duyarlilik 6zelligi sunan 8,25 km?
alana sahip oldugu ve agirlikli olarak ¢alisma alaninin dogu
ve glney kistmlarinda yer aldig gérialmusgtur.

Bagta rizgar enerjisi olmak Uzere yenilenebilir enerji
kaynaklarindan faydalanilmas: temiz ve saglikli bir ¢evre ve
ucuz enerji temini agisindan tlkemize katki saglayacaktir.
Ayrica gerceklestirilen bu ¢alisma CBS tabanli CKKA ve
AHY yontemlerinin de uygun yer se¢imi ve haritalarinin
tretilmesinde oldukea etkili bir yontem oldugunu ortaya
koymas: bakimindan 6nem sunmaktadur.
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Effect of Alkali Content and Activator Modulus on Mechanical Properties of
Alkali Activated Mortars

Alkali fperigi ve Aktivator Modiiliiniin Alkali Aktive Edilmis Harclarin Mekanik Ozellikleri
Uxzerindeki Etkisi

Ahmet Onur Pehlivan

Maltepe University, Faculty of Engineering and Natural Sciences, Department of Civil Engineering, Istanbul, Turkey

Abstract

Alkali activation is a promising method of reducing cement production considerably without further significant investments. Utilization
of these materials are of extreme importance when environmental aspects such as CO, emissions and energy consumptions are
considered. In this article, effect of activator modulus and alkali content on fresh behavior and mechanical properties were investigated.
12 M NaOH solution and sodium silicate solution with a modulus of 3 were used. Water-to-binder ratio was selected as 0.5 for all
specimens where binder content was calculated as the total of slag content plus activator solids. Slag content was 500 kg/m? for all
mixtures. Mechanical tests were conducted on 40 x 40 x 160 mm prismatic specimens. Results indicate that mechanical properties
of alkali activated mixtures are highly dependent on both parameters hence proper optimization of these two parameters becomes
compulsory. In this study, it is concluded that alkali content (Na,O/slag) should be selected 9% and whereas activator modulus should
be leveled near a value of 1.5. Flexural properties were also highly affected from optimization of these parameters and similar findings
are deduced. Early strength evaluations are highly dependent on activator modulus. Workability of the mixture was also assessed and
it should be noted that flowability of mixture was adversely affected with the increasing activator solids content.

Keywords: Activator modulus, Alkali activated slag, Alkali content, Sodium silicate

Oz

Alkali aktivasyonu ¢ok biiyik yatirimlar yapilmadan dahi ¢imento Gretimini 6nemli seviyede indirgeyebilecek umut verici bir ydntem
olarak gorilmektedir. Atik olarak goriilen ciiruflarin bu sekilde endustriye kazandirilmasi ile CO2 emisyonlarinin ve enerji tiiketiminin
azalmasi, bu malzemelerin strdirelebilirlik kapsaminda 6nemli katkilar saglayabilecegini isaret etmektedir. Bu ¢alismada, alkali icerigi
ve alkali aktivatér moduli degerlerinin alkali aktivasyonu stirecinde har¢ numunelerin akigkanlik ve mekanik 6zellikleri tizerindeki
ozellikleri aragtirlmigtir. Aktivator olarak 12 M NaOH ¢ozeltisi ve 3 modulli sodyum silikat kullanilmigtir. Su-¢imento oran: 0.5
olarak belirlenmis ve baglayici miktar1 karigimda kullanilan curuf ve kati aktivatér miktarlarinin toplami olarak alinmigtir. Harg
numuneler hazirlanirken cliruf miktar: 500kg/m?® olarak tercih edilmis ve 40 x 40 x 160 mm prizmatik kaliplara dokilerek 7 ve 28 giin
boyunca kiirde tutulmuglardir. Har¢ numunelerin mekanik 6zelliklerinin kullanilan her iki parametreye daha fazlasiyla bagimli oldugu
ve parametrelerin optimizasyonunun ¢ok énemli oldugu gézlenmistir. Caligmanin 6zelinde kullanilan degerlerle mekanik 6zellikler
agisindan en iyi parametre se¢imi olarak aktivasyon modiiliniin 9% ve aktivatér modilinin 2 oldugu secenck olarak bulunmustur.
Erken dayanim sonuglarinin agirlik olarak aktivatér modiili degerlerinden fazlasiyla etkilendigi gézlenmistir. Har¢ karigimlaranin
islenebilirlik sonuglarinin ézellikle kati aktivatér miktarinin artmasiyla olumsuz etkilendigi gézlenmistir.

Anahtar Kelimeler: Aktivator modulu, Alkali aktive edilmis ctruf, Alkali miktari, Sodyum silikat

1. Introduction the process of producing iron and has glassy structure rich

Alkali activated slag composites display great potential to with calcium and silicon (Gao et al. 2015).

be used as replacement for cementitious materials. As an ~ Many rich deposits have been depleted all around the world
industrial by-product, blast furnace slag is formed within ~ with the production of ordinary Portland cement which also
contributes to 8% of man-made CO, emissions (Luukkonen

*Corresponding author: onurpehlivan@maltepe.edu.tr et al. 2018). As the construction sector and accordingly
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optimized to reduce energy consumption and gas emissions
(El-Hassan et al. 2018). In recent years, researchers focus on
alternative methods to decrease cement production (Biricik
and Karapinar 2018). Partial replacement of cement with
supplementary cementitious materials is developed and
added to regulations and standards. However, these efforts
were not satisfactory for reduction in gas emissions thus
any prospect of advancement in this concept gained utmost
significance.

Many studies have been conducted to understand the
influence of mixture proportions and microstructure of
alkali activated slag mixtures (Jiao et al. 2018, Aydin and
Baradan 2014). High alkaline solutions were implemented
as activator by combining sodium hydroxide pellets and
sodium silicate solutions. Na and Si contents were decided
and used in mixture proportioning. Combination of sodium
silicate and sodium hydroxide was found to be significantly
effective when increasing the reactivity of the slag particles.
Development of mechanical and rheological properties
were monitored with several parameters including activator
modulus, Na,O content, amount of slag, slag fineness, curing
method and vice versa (Jiao et al. 2018, Jimenez et al. 2003,
Shi 1996, Li et al. 2018).

Due to findings in several studies alkali activated slag
composites have several advantages such as low hydration
temperature, high mechanical performance, good micro-
structural integrity, low porosity and several good durability
features. And comparatively, they have several disadvantages
such as susceptibility to high shrinkage and rapid setting
(Jiao et al. 2018, Gao et al. 2015, Akcaozoglu et al. 2017)

Alkali activated slag composites may be attributed as a great
prospect to replace ordinary Portland cement (Taghvayi et
al. 2018, Babaee and Castel 2018). Currently its applicability
is not easy to implement in construction industry since
parameters governing both early and ultimate mechanical
properties are interrelated. This may be also concluded from

Table 1. Composition of ground granulated blast furnace slag.

SiO

several studies, there is not a net conclusion derived to
establish some strict rules for alkali activated concrete mix
design. This study aims to fill these gaps with the findings
derived from the 2 most significant parameters (Na,O
content and activator modulus) and give insight about the
most effective parameter combinations.

2. Materials and Methods
2.1. Materials

In this study ground blast furnace slag was acquired from
Erdemir steel factory as waste of steel production and
transported to Akcansa cement factory and grinded to a
Blaine specific surface area of 5550 cm?/gr with a specific
weight of 2.75 gr/cm?®. Distilled water was used as mixture
water. Chemical oxide compositions and physical properties
of slag are shown in Table 1. Natural river sand with a
maximum diameter size of 4 mm was used. Specific gravity
of the sand was 2.71 gr/cm?®. Sodium hydroxide and sodium
silicate were used as activators. Sodium hydroxide used was
in powder form whereas sodium silicate was used in aqueous
form and detailed properties of the sodium silicate activator
were provided in Table 2.

2.2. Specimen Preparation
2.2.1. Preparation of activator solutions

NaOH in powder form was mixed with water and 12 M
NaOH solution was formed at least 48 hours before mortar
mixing. Alkali activator solution was formed prior to mortar
casting by combining mixture water with 12M NaOH
solution and sodium silicate with proper stirring since
sodium silicate was in a more viscous state. Alkali activator
solution was left for at least for 24 hours in laboratory
conditions.

2.2.2. Mixture proportion configurations

Mixture proportions were designed for the given parameter
configurations. Liquid to binder ratio and ground granulated

Composition (%)

GGBS

ALO,
12.64

Fe,O,

2

40.21 1.20

36.42

5.50 0.13 0.81 0.64 0.11

Table 2. Composition of sodium silicate activator solution.

Specific gravity

Activator

Modulus

Na,O (%)

$iO, (%)

(g/cm®)

1.40 41.25

Sodium Silicate

(Si0,/Na,0)

9.44 28.28 3.00
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blast furnace slag (GGBS) dosage were held constant at 0.5
and 500 kg/m’, respectively. Na,O amount originated from
12 M NaOH solution and sodium solution were summed
and calculated as total Na,O content of the mix. Total Na,O
and SiO, contents were summed and noted as activator
solids. Binder content was calculated as the sum of slag and
activator solids. Total mixture water amount was calculated
as the total water used in 12 M NaOH solution plus the
water in the sodium silicate and the extra water added to

supply the liquid to binder ratio of 0.5.

Sixteen different mortar mixtures were formed with 4
different Na,O/slag ratios (3, 6, 9, 12%) and 4 different
moduli (SiO, / Na,O) ratios (M=0.5, 1, 1.5, 2). Mixture
proportions and several calculation details are given in
Table 3. In this study, a constant sand to slag ratio of 2.70
is used. Sodium silicate, 12 M NaOH and water amounts
are adjusted for 16 different mixture types so that activator
modulus and Na,O / slag ratios are satisfied. Finally, water
amounts are adjusted to have a liquid binder ratio of 0.5 for
all mixes.

2.2.3. Preparations of specimens

Dry mixture was formed by mixing slag with aggregates and
alkali activator solution was added gradually in 3 minutes
time and mixing was continued for one more minute. Alkali
activator solution was formed 24 hours prior to mortar
casting by adding NaOH in powder form, sodium silicate
solution and also the mixing water.

Mixture compositions are given in Table 3. 40x40x160 mm
specimens were casted from all sixteen mixtures. Specimens
were placed in water tanks which were held at constant
temperature of 20+1 *C. All specimens were casted in steel
moulds and held in laboratory conditions. Subsequently
specimens were demolded 48 hours after mixing and placed
in curing chambers.

2.3.Testing Method
2.3.1. Flowability of mortar mixtures

Flowability tests were conducted to determine the effect
of alkali activated slag mortars. There were no coarse
aggregates in mixtures so that the workability of the
mixtures was tested according to ASTM C1437-15 which
is the standard for flow analysis of hydraulic cement mortar
(ASTM International 2015). Tests were conducted on a
jumping table with a steel ring mold that was filled with two
layers of mortar mixture to its full height of 50 mm and both
layers were tamped 20 times. When mixture was released by

Karaelmas Fen Miih. Derg., 2020; 10(2):177-185

o
Q
N[O~ —~| o
) o | L
Slslalnl o [B] 2 2 (2228|1218 gl
SIS S 2 g2 | 2 (2l818|8|8 S| 2| S
2] - = — | O =R =S|~
Z
=
[ Bl Bl N
) | oo
z HEHENE B EEREENENEEE
~ ol g L E=1E=1 :
= e} [Sol ] n|lRw| R
7 = @ IS RCIR-N A a] RVl IR B B
4
=
< ||| o
=lololal 2|2 2| 8 (|33 2=2(2] 2]
SIZ| 2| 2= s | o |Sa2]22] &2
== —
% = N o |O(nl S| —
S
N < |
a |wv|a < L
2 HEEE R R R RN
on H
Sl R == = S [T B S| S| S
17} — n (nla| (e B —~
Z
=)
S| ol o o || FID D o
S x| o B = © |l = =2 ]8
AR = 22 2| = |3gldaa S| <
E N ™ — | @A =8 D
(Lo}
= o| o > IR I I
=222 o | B © S R IR R AR
N R(DQ] | & | o |Fx|ZYY Sl
2] = NI IS ) o B el SN
Z
=)
= o| o — ||| Z|o| R <
=29 @ |B| —~ IR IR RS
NRZ2] 22 8| o [s5|sS]S|22]2]2
7] = o~ A [(F[F| QDR D
Z
1
= = N I A RN S
=eol 2R 8| ¥ |e|e|TeERIK
ISR X e 2| o |33 25222
%2} — o [FlN|Qn[ol R D
Z
=)
S o = NSNS
= 2N o | R S S N NI N BRI R B =
¢ HEEEE R R R E R
% — N NN | R R|©
wn
= o| o o |a|o|T|n|R|
oY o |B| © N N I R R N R S
G R[22 © || B 3 || <ld]F]F| S| e
» ke — = SO FRIR|R[ e e~
Z
=)
= o| o o |on|Q|xo| R«
= 2|~ e o |B| © & |3 R]8
HR(2 2 @ || S| « |38 B]2] S
» R Al — = 2 |RAZ|B|R| eS|~
Z
1
e o — |||l =53] o
= 2SR S B S o |ola|Fe|2 R
G 2] S || =2 m | S| Eelslela]we|w
% A == SR I R R I R R
Z
=)
N o o wm“‘ooo
Ssials] o R = | 8 [=[9ZF(FE|]]8
SR22 V= S| B |52 L 2SI
% | - "‘"‘N‘"m"‘
wn
vic:\ Q| v e ERERRNNEREE
= > :
5l & R EEREREI RN N EI B
=~ B —| ™~ [N Bt N N PN ) B I
ué N Sy
=)
S = o — o 22|82 R] ||
S P22 8w| o B 3 S R N N R EN BRI = B =
SR w| F | o g hd ety pYOY g K- B R
o [
<
1
2 = ol N NS vn[R o] ol o
ola :
oON R R = 2 aleldl Sl el n| =
R S B Cl « S N NN IR R
Il Z
2.
o o —~ [ %)
a, 5 gl 8 = 5
8: s 3 Zla 3l = <
= 215 |5 E2|EEIT| | 82| o &
=] L% 227223 sl 5lg| |2 2
= o= = SR slol=2|l=|Z| 3
R hgz.ggvav:v HEE I
o BlE|S Bl B|C.2|C.0|C| A=|2|=|C|E|S
s 22BN Bl s Bl <3| 2G| 8 & .8 &8
§ g
oA FH|E|S|RE|Z|Z 3|z Z|Z|B|E&|<|E|Z| 5| =
3}
= (ew/3) (sw/3Y) sanfep pajenoe) |siojowrered
ﬁ suonrodorg XIA



Pehlivan / Effect of Alkali Content and Activator Modulus on Mechanical Properties of Alkali Activated Mortars

removing the mold, jumping table was dropped for 25 times
in a period of 15 seconds. Two sets of flowability tests were
conducted for all specimens. Diameters of the mortar flows
were measured from two vertical directions and average
of these values were calculated. Flow of the mixtures were
determined by dividing the findings by the initial diameter
of the mold and expressed in percentage form.

All mortar specimens were tested under both compressive
and flexural loads. Three-point loading procedure was
applied according to ASTM C 348-20 with a span length
of 100 mm with a displacement controlled loading rate at a
speed of 0.5 mm/min at different curing intervals of 7 and
28 days (ASTM International 2020). Subsequent to three
point loadings, specimens were cracked at midspan and
separated into two pieces where both pieces were used for
compressive strength tests according to ASTM C 349-18
(ASTM International 2018). Compressive strength tests
were applied at a compressive loading test device which
was force controlled at a rate of 0.5 MPa/sec. Appropriate
loading fixture was implemented for compressive testing to
apply accurate loading on the 40x40 mm surfaces.

3. Results
3.1. Flowability Results of Mortar Mixtures

Mixtures were diagnosed by means of workability when
being casted into steel molds and it has been seen that all
mixtures were in highly workable state hence there were
no need for superplasticizers. Also workability conditions
were measured by flowability tests. Although all mixtures
were diagnosed as workable, some differences were observed
from flowability results which are illustrated in Figure
1. Flowability values were calculated as the percentage to
initial diameter size of 100 mm.

According to test results, highest flowability result was 154%
(NS3M10) whereas lowest value was 133% (NS12M20). It
is observed that low alkali content specimens had better
workability results.

3.2. Compressive Strength Results

The compressive strength results were obtained from the
two halves of the specimens that were cracked under flexural
loadings. Since there were 3 specimens from each set tested
under flexure, six specimens were tested for compressive
strength results. Therefore, a good set of results were
obtained and given in Table 4.

The highest compressive strength was obtained for
specimens with 9% Na O content where activator modulus

180

is highest (M=2). Second best result from these findings
were found for 6% Na,O specimens with a modulus of 2
whereas specimens with 9% Na,O content and modulus of
1.5 was very close to these results. So these results show that

Table 4. Compressive and flexural strength results.

Compressive Flexural Strength
Strength (MPa) (MPa)
7-day  28-day  7-day  28-day
NS3MO05 24.13 32.61 3.38 5.24
NS6MO5 32.14 43.44 4.06 6.63
NS9IMO5 39.76 55.22 4.68 7.87
NS12MO05 39.60 55.00 4.26 7.43
NS3M10 29.63 46.30 4.06 7.27
NS6M10 37.25 55.60 4.58 8.28
NS9IM10 43.82 63.50 5.26 9.23
NS12M10 43.56 60.50 5.03 8.46
NS3M15 23.81 44.10 3.00 6.42
NS6M15 43.01 66.16 5.11 9.51
NSIM15 51.12 73.03 6.34 10.97
NS12M15 48.11 67.76 5.63 9.59
NS3M20 20.69 40.57 2.58 5.71
NS6M20 44.80 73.44 5.36 10.64
NS9IM20 55.48 78.14 6.94 11.84
NS12M20 49.80 66.40 6.05 9.77
160
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Figure 1. Flowability test results with different Na,O content
and activator modulus.

Karaelmas Fen Miih. Derg., 2020; 10(2):177-185



Pehlivan / Effect of Alkali Content and Activator Modulus on Mechanical Properties of Alkali Activated Mortars

there is a net combined effect of both Na,O/slag ratio and
activator modulus.

Lowest compressive strength results were recorded for
NS3MO5 mixtures which have the lowest Na O/slag ratio
and lowest modulus. NS3MO5 specimens have shown very
low strength with respect to all other mixtures (Figure 2).
Specimens with 3% Na,O/slag ratios showed generally
the lowest results. For these specimens, it can be seen that
increasing the activator modulus have little effect on the
compressive strength except NS3MO5 specimens which is
most probably because of the low Na,O content. When 6%
and 9% Na O / slag ratio specimens were investigated, it is
seen that compressive strength increased with the increasing
activator modulus with a linear good fit. However, this
behavior was not seen for specimens with 3 and 12% Na,O

When exact values of 7-day results were compared,
specimens with the lowest Na,O content and highest
modulus (NS3M20) were found to be weaker than all the
other mixtures which contradicts with the 28-day results
where weakest mixtures were found to be NS3MO5 (Figure
2). When all mixtures are compared, effect of modulus
contradicted only specimens with 3% of Na,O content.
For all the other mixture types, increasing modulus content
increased the 7-day compressive strength results. Maximum
7-day compressive strength was obtained for specimens
with 9% Na O content with an activator modulus of 2.

When analyzing the early strength results, 7-day results
are normalized with the 28-day results and given in Table
5. Since specimens had quite different 28-day results so
that comparing their 7-day results are found to be more

content. expressive when analyzed with this point of view.
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Figure 2. Comparison of 7 and 28-day compressive strength results for all mixtures.
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Table 5. 7-day results normalized with 28-day results.
7-day / 28-day

Activator Modulus (Si,0/Na,O)

ratios
0.5 1 1.5 2

o0 3 0.74 0.64 0.54 0.51
<

L~ 6 0.74 0.67 0.65 0.61
S &

s 9 0.72 0.69 0.70 0.71
“ 12 0.72 0.72 0.71 0.75

Highest difference between 7-day and 28-day results were
recognized for mixtures with higher modulus (M =2). For
mixtures with modulus of 0.5, there was no important
difference increase between early and 28-day strengths.
Importance of the difference between the early and 28-day
strength increases with the increasing activator modulus.

Accordingly,it can be concluded that early strength evolution
is found to be limited for higher modulus mixtures. And
also it may be added that for higher percentages of Na,O
content, early strength results are more stable for various
modulus levels.

Increase in compressive strength results with the increasing
activator modulus can be directly related to SiO, content
increasing and especially it is observed that SiO, content
becomes more meaningful when alkali level (Na,O content)
of the mixture is higher.

3.3. Flexural Strength Analysis

Flexural strength tests are made on triplicates of 40x40x160
mm specimens loaded under three-point loadings. Flexural
strength results are given in Table 4 and also depicted in
Figure 3.
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Figure 3. Comparison of 7 and 28-day flexural strength results for all mixtures.
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When 28-day results are investigated, it can be seen that
NS3M20 specimens showed the worst flexural performance.
Similar results were also seen for compressive strength
specimens. Best flexural performance was seen for mixtures
with 9% Na,O content with higher modulus values (1.5
and 2). When best performances are considered, it is seen
that at higher Na,O contents, advantage of using higher
modulus activator diminishes hence NS12M15 is very
close to NS12M20 results. Moreover, it is seen that flexural
performance for all Na,O contents other than 3%, increases
with the increasing activator modulus. However, mixtures
containing 12% Na,O are relatively limited in flexural
performance.

When 7-day results are observed it may be deduced that
performance of 3% Na,O content specimens are highly
different with respect to 28-day results. Effect of modulus is
different for 7-day results with respect to 28-day results. All
other findings are very close to 7-day compressive strength
results.

4. Discussion

Alkali activation of slag mortars is a highly applicable
solution to replace cement in concrete applications for a
sustainable approach. Optimization of the alkali activators
are significantly important when designing the alkali
activated mix proportions. In this study, two types of
activators are used together with different proportions to
satisfy the predefined parameters: (i) activator modulus and
(if) Na,O/slag ratio. Four different moduli (SiO,/Na,O)
(0.5,1,1.5,2) and also and 4 different Na,O / slag ratios (3,
6,9, 12%) were selected to conclude on the effects of these
parameters on mechanical properties of alkali activated slag
mortars. From the flowability results it may be deduced
that workability of specimens were not much aftected with
varying parameters however difference between results may
be analyzed nevertheless. Specimens with higher alkali
content was found to be adversely affected in workability.
Higher amount of sodium silicates provides a higher early
strength thus decreasing workability with quick reaction
and rapid hardening (Bakharev et al. 2000). Slag particles
were observed to affect the workability quicker when
activation progress is more efficient (Gao et al. 2015). In
this study, activation progress is assessed to be more related
to activator solids content rather than just alkali content.
Correspondingly, modulus of the specimens should be
optimized for proper workability assessments. When the
averages of specimens with same Na,O content are compared
with the averages of mixtures with same modulus, it may

Karaelmas Fen Miih. Derg., 2020; 10(2):177-185

be noticed that effect of Na,O content is more pronounced
whereas effect of modulus seems more impotent. Moreover,
for specimens with modulus of 1.5 it is seen that flowability
results were found to be more close to each other for all
Na,O contents which may be concluded as a more robust
design value for alkali activated slag mixtures in workability
concept.

When mechanical properties were considered, flexural and
compressive strength results were found to have similar
trends. However, in a study authors declared that flexural
strength is more prone to cracks with respect to compressive
strength. They reported that there was not a remarkable
change in flexural strength with the increasing M, values.
Same authors also declared that early strength values for
both compression and flexural strength were observed
to higher for lower modulus specimens as in accord with
the findings of this study (Aydin and Baradan 2014). In
another study, researchers reported higher early strength
with lower modulus specimens and added that maximum
strength results at later ages were found to be better for
higher modulus specimens (Bakharev et al. 1999). Alkali
activation process without sodium silicate activator was
halted by a fast initial reaction of NaOH activated slag thus
creating a dense CSH formation with smaller amount of
chemically bound water. This phenomenon causes higher
porosity and accordingly lower mechanical strength. Use
of two activators simultaneously were significant and
increasing amount of solid activators were dominant in
mechanical strength evolution. Single NaOH activation
produced a microstructure constructed with dense particles
with connected pores whereas simultaneous use of activators
supplied better homogeneity. (Ben Haha et al. 2011).
Mechanical strength of the alkali activate mortars is altered
by the pore volume and hydration products. Microcracks
in the formation of the mortars were also significant when
mechanical properties were considered (Zhang et al. 2020).

Specimens with higher alkali content attributed better
results and activator modulus should be optimized by
adjusting the sodium silicate amount in the mix design.
Both Na,O and soluble Si contents act an important part
in the development mechanical properties of alkali activated
mixtures (Zhang et al. 2020). Compressive strength results
increased with the increasing modulus values which may be
correlated to decreasing Ca/Si ratio thus binding ability of
C-S-H particles was improved. Therefore, more compact
inner structure was formed with the increasing modulus

(Aydin and Baradan 2014, Bakharev et al. 2000).
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Earlier strength values for both compressive and flexural
results were found to be higher for low modulus specimens
in contrast to later ages as was also reported by different

studies (Aydin and Baradan 2014, Bakharev et al. 1999).

NaOH activated alkali reactions can be parted into three
segments: First stage consists of the breaking of the bonds
of Ca-0, Si-O-Si and Al-O-Al and also Al-O-Si bonds in
the binder material. In the second stage, polycondensation
occurs which is a results of the precipitation of the products
in the solution. Existence of higher soluble Si amount create
a difference of hydration products till exhausted (Zhang et
al. 2020).

Conclusions derived from this study may be summarized as:

Mechanical properties were found to be affected
from both parameters (Na,O/slag ratio and activator
modulus). Both parameters are found to be significantly
related to both compressive and flexural strength results.

Best combination of these two parameters were found to
be 9% alkali content with a modulus of 2.

Mechanical properties except 3% alkali content speci-
mens were found to be improved with the increasing ac-
tivator modulus. However, this effect started to diminish
for 12% alkali content specimens which is the maximum
alkali level used in this study.

Early strength values were better for lower modulus
specimens with respect to 28-day strength values.

Flow characteristics of mixtures at the fresh state were
adversely affected by the increasing the content of the
activator solids although liquid to binder ratios were the
same for all mixtures.
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Meme Kanserinin Evrisimsel Sinir Ag1 Modelleriyle Tespitinde Farkli Gortnta
Biiytitme Oranlarinin Etkisi
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Oz

Meme kanseri, tim dinyada olduk¢a yaygin olan bir kanser tirtidir. Cogunlukla kadinlarda gérillen bu kanser tiirtinin erken
tespiti olduk¢a énemlidir. Bu nedenle zorlu ve yorucu olan meme kanseri tespit siirecinde bilgisayar destekli karar mekanizmalarinin
gelistirilmesi 6nem arz etmektedir. Bu ¢aligmada, meme kanseri tespitinde kesin taninin konulmasina yardimer olmak igin bilgisayar
tabanli otomatik bir karar destek sistemi tasarlanmistir. Sistem igin, farkli biiyitme miktarlarina sahip ger¢ek ham histopatolojik
gorintiler kullanilmugtir. Bu goruntilerden hangisinin iyi huylu timér hangisinin koti huylu timér olduguna 6n egitimli ResNet50
evrigimsel sinir ag1 (Convolutional Neural Network (CNN)) ve 6n egitimsiz VGG16 CNN kullanilarak karar verilmistir. Bununla
beraber veri setindeki 4 farkli biiyilitme oranlarindan (40X, 100X, 200X, 400X) hangi biiyiitme miktarinda daha iyi tespit yapildig:
aragtirilmistir. Sonug olarak 200X buyiitme miktarina sahip veriler i¢in %93,03 dogruluk, %93,03 hassaslik ve %93,03 secicilik
performans degerleri 6n egitimli ResNet50 CNN ile tespit edilmistir. Benzer sekilde 6n egitimsiz VGG16 modelinde ise %93,03
dogruluk, %99,28 hassaslik ve %79,03 secicilik degerlerine ulagilmistir. Elde edilen bu sonuglara gére, dnerilen bu sistemin patologlara
yardimeci bir bilgisayar tabanli timoér tespit uygulamasi olacag: digiinilmektedir.

Anahtar Kelimeler: Derin 6grenme, Meme kanseri, On egitimli ResNet50, VGG16

Abstract

Breast cancer is a very common form of cancer all over the world. Early diagnosis and detection of this type of cancer, which is mostly
seen in women, is very important. Therefore, it is significant to develop computer-aided decision mechanisms in the difficult and
laborious breast cancer detection process. In this study, an automated computer based decision support system has been designed to
help for the diagnosis of breast cancer. For the system, real raw histopathological images with different magnifications have been used.
Whichever of these images are benign or malignant tumors has been decided using the pre-trained ResNet50 Convolutional Neural
Network (CNN) and VGG16 CNN. However, it has been investigated which magnification amount has been determined better from
4 different magnification rates (40X, 100X, 200X, 400X) in the data set. As a result, 93.03% accuracy, 93.03% sensitivity and 93.03%
specificity performance values for 200X magnification data have been determined with the pre-trained Resnet50 CNN. Similarly,
93.03% accuracy, 99.28% sensitivity and 79.03% specificity values have been achieved in the VGG16 model without pre-trained.
According to these obtained results, it is thought that this proposed system will be a computer-based tumor detection application to
assist pathologists.

Keywords: Deep learning, Breast cancer, Pre-trained ResNet50, VGG16

1. Girig kadinlarda gorilir. Memede olusan sertlik ve yumru,

Meme kanseri, kadin ve erkeklerde gogis hiicrelerinde meme kanserinin ilk belirtilerindendir (Haliloglu vd.

olusan bir kanser turudir (Siegel vd. 2017). Cogunlukla 2019). Bu yapilarin, kanser olup olmadigi gorintileme

yontemlerinden mamografi ve ultrasonografi testleri ile
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yapilir (Lipponen vd. 1994). Patoloji uzmanlar: tarafindan
incelenen dokunun iyi huylu (benign) mu veya koéti huylu
(malign) mu oldugu mikroskop altinda ¢esitli biytitmeler
esliginde test edilir (Wan vd. 2017, Rahlal 2018). Bu
islemler sonucunda kéyii huylu tiimére sahip oldugu tespit
edilen kisinin, hemen tedavi altina alinmas: gerekmektedir.
Aksi halde viicudun diger taraflarina yayilmas: ile birlikte
onlenemez bir hal almasina neden olabilir. Tedavi i¢in iki
yontem sz konusudur. Bunlardan biri tiimériin yayilmasini
engelleyen kimyasal tedavidir. Digeri kanserli olan yerin
cerrahi yontemlerle alinmasidir ki bu yéntem daha kesin bir
yontemdir.

Tim dinyada alinan ¢ok ¢esitli 6nlemler ve farkindaliklilar
sayesinde 6lim oranlarinin digmesine ragmen, hala meme
kanserine yakalananlarin sayisi ¢ok fazladir. Tahminen 2019
yilinda sadece ABDde yaklagik 268,600 kadinin meme
kanserine yakalandigi ve 41,760 kisinin bu kanserden
oldugi rapor edilmistir (DeSantis vd. 2019).

Meme kanserinin tespiti genellikle manuel yontemlerle
yapilmaktadir. Bu is zaman alict oldugu kadar yorucu
bir istir. En ufak bir dikkatsizlikte hastaligin yanls teshis
edilmesine neden olabilir. Bu sebeple aragtirmacilar,
bilgisayar destekli otomatik teshis sistemleri geligtirmiglerdir.
Ozellikle son yillarda derin 6grenme tabanli modellerin
Elektrokardiyogram (EKG), Elektroensefalogram (EEG)
gibi biyolojik isaretlere ve Manyetik Rezonans Gértintilleme
(MR), rontgen gibi gortntilere uygulandifi ¢alismalar
literatiirde yerini almaktadir (Hammad vd. 2020, Talo vd.
2019,Michiellivd. 2019, Narin vd.2020). Ayni sekilde meme
kanseri tespiti i¢in 6znitelik ¢ikarimi ile yapilan geleneksel
olarak bilinen ¢aligmalarin yaninda, derin 6grenme tabanh
yontemlerle de yapilmis ¢alismalar vardir (Spanhol vd.
2016, Bayramoglu vd. 2016, Spanhol vd. 2017, Gour vd.
2020). Veri sayisinin az oldugu ilk zamanlarda geleneksel
Geleneksel

yontemler icerisinde siniflandirict olarak ¢ogunlukla k-en

yontemlerle c¢aligmalar  gerceklestirilmistir.
yakin komsu, Naive Bayes, karar agaclari, geri yayilimli ¢ok
katli algilayici aglar, olasiliksal sinir aglari ve destek vektor
makina algoritmalarinin  kullanildigini  gorilmektedir

(George vd. 2014, Hang ve Lai 2010, Rashmi vd. 2020).

Meme kanseri tirdi tzerine derin 6grenme modelleri
ilk olarak 2016 yilinda BreakHis adi verilen 82 kanser
hastasindan alinan toplam 7909 adet iyi huylu ve kéti huylu
timor verileriyle baglanmigtir. Bu alanda ilk ¢aligmay: bu
verileri erisime agan Spanhol ve arkadaglar: gerceklestirmistir
(Spanhol vd. 2016). Caligmalarinda, derin CNN’in en temel
modellerinden biri olan AlexNet modelini kullanmiglardir.
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Caligma igerisinde olan farkli bitytitme oranlar1 i¢in sirasiyla,
40X’lik biytitme oraninda %85,6, 100X’lik biyttme
oraninda %83,5, 200X’lik buyitme oraninda %82,7 ve
son olarak 400X’lik buyiitme oraninda %80,7 dogruluk
degerlerine ulagmiglardir. AlexNet ile elde edilen sonuglarin
geleneksel yontemlerden daha iyi performans sergiledigini
ifade etmislerdir. Bayramoglu ve arkadaslari ise CNN ve ¢ok
amacli CNN olmak tzere iki farkli mimari ile ¢aligmalarini
gerceklestirmistir.  Yazarlar farkli buyiitme miktarlarina
gore de sonuglari detayh bir sekilde sundular. Histopatolojik
goruntilerin iyi huylu mu yoksa kétii huylu mu olduklarini
sayisal sonuglar vererek destekleyen bu arastirmaciar
200X biytutme oraninda en yiksek %84,63+2,72 bagarim
elde ettiler. Tim biiylitme oranlarinda ortalama %83,25
dogruluk degerine ulagtilar. Verilerin dogrudan kullaniimasi
ve sonuglarin geleneksel yontemlerle elde edilen sonuglarla
karsilagtirilabileceklerini ifade ettiler (Bayramoglu vd. 2016).
Bir diger ¢aligmalarinda Spanhol ve arkadagslari, deCAF
dedikleri derin 6grenme modelinden 6znitelikler ¢ikarip,
onceden egitilmis CaffeNet modelini kullanmiglardir.
Sonugta 200X biiyitme oraninda en yiiksek 90,3% F-skor
(F1) bagarim degerini elde ettiler (Spanhol vd. 2017). Gour
ve arkadaglar1 meme kanseri histopatolojik géruntilerinin
iyi huylu veya kétii huylu olup olmadiklarini adina ResHist
dedikleri 152 katmanli CNN ile gerceklestirmislerdir.
ResHist modelinin, histopatolojik gértintilerin ayriminda
olduk¢a basarili ve ayirt edici oldugunu gdstermislerdir.
Sonug olarak veri artirimi yapilmadan %84,34 dogruluk
degeri elde etmisken, veri artirimi yontemi ile %92,52
dogruluk degerini elde etmiglerdir (Gour vd. 2020).

Gergeklestirilen bu c¢alismada, meme kanserinin erken
tespit edilmesinin éneminden yola ¢ikarak, farkli buyitme
oranlarina sahip gorintilerin yer aldigi (Meme Kanseri

(BreakHis))
verileri kullanilarak timérin iyi huylu veya kéti huylu olup

Histopatolojik ~ Goériintd  Simiflandirmasi
olmadigini belirlemek i¢in bir ¢aligma gerceklestirilmistir.
Farkli buyiitme oranlarindan hangisinin tespit bagariminin
daha yiksek oldugu iki farkli derin 6grenme modeli ile
kiyaslanmigtir. Derin  6grenme modellerinden 6zellikle
onceden egitilmis model olan ResNet50 ve on egitimli
olmayan VGG16 modeli kullanilmigtir. Bu ¢caligmada ayrica,
histopatolojik verilerden hangi biyiitme oraninin, siniflar
arast ayrimi daha iyi ifade ettigini aragtirmanin yaninda, iki
modelin kiyaslanmasi da amaglanmigtir. Calismanin 6ne
ctkan yonleri 6zetlenirse:

i) Hem on-egitimli hem de 6n egitimsiz iki model
kullanilmigtr.
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ii) Dogrudan ham veri lizerinden ugtan uca denilen bir
sistem ile ¢aligma yapilmistur.

iii) Herhangi bir 6znitelik ¢ikarimi iglemi bulunmamaktadir.

iv) Calisilan modellerin 40X, 100X, 200X ve 400X biiyttme

oranlarindaki siniflandirma dogruluklar: aragtirilmagtir.

Makalenin devaminda, kullanilan veri seti ve ozellik-
lerinden, ¢alismada kullanilan 6n egitimli Resnet50 ve 6n
egitimsiz VGG16 modellerinin mimarilerinden, elde edilen
deneysel sonuglardan bahsedilecektir. Son olarak elde edilen
bulgularin tartismasina yer verilecektir.

2. Gereg ve Yontem
2.1. Veri seti

Caligmada, “Meme Histopatolojik  Goériinti
Siniflandirmas: (BreakHis)” veri seti (https://web.inf.ufpr.
br/vri/databases/breast-cancer-histopathological-database-
breakhis/) kullanilmistir (Spanhol vd. 2016, Spanhol vd.
2016b). Veri seti i¢inde iyi huylu ve kéti huylu olmak
uzere toplam 7909 adet histopatolojik timoér goriintist
bulunmaktadir (Cizelge 1). Gortintiler farkli buytutme
oranlarina sahip olmakla birlikte (40X, 100X, 200X ve
400X), 700x460 piksel boyutundadir.

Kanseri

Cizelge 1. Veri setini olugturan siniflar ve sayilari.

Biiyiitme Miktar1 | Iyi huylu | Kétii huylu | Toplam
40X 625 1370 1995
100X 644 1437 2081
200X 623 1390 2013
400X 588 1232 1820
Toplam 2480 5429 7909

Sekil 1de, iyi huylu timére ait farkli biyitme miktarina
sahip gortntiler gosterilmisken, Sekil 2'de kéti huylu
timore ait farkli buyitme miktarina sahip gorintiler
gosterilmigtir.

2.2. On Egitimli ResNet50 CNN Modeli

ResNet50 CNN modelinin ismi, artik degerli noral aglarin
(residual neural network) kisaltmasindan olugsmaktadir.
Icerisinde ¢ok miktarda evrisimsel sinir ag bulunan
gelistirilmis bir CNN versiyonudur (He vd. 2016).
Katmanlar arasinda gegislerin olmasi ResNet modellerinde
ag1 derinlestirmektedir. Bu gegisler sayesinde derinlesen
agda meydana gelebilecek bozulmalar 6nlenmektedir. Bu
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Sekil 2. Kot huylu timére ait goruntiiler.
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modellerde egitimin hizli gerceklesmesi i¢in darbogaz
(bottleneck) denilen bloklar kullanilir. ResNet50 modelinde
yaklasik 23 milyon parametre hesabi yapilmaktadir. On
egitimli Resnet50 modeli, ImageNet veri kiimesi tizerinde
egitilmis 50 katmanli bir agdir. ImageNet, goriintii tanima
yarismalari i¢in olusturulmus 20 binden fazla kategoriye
ait 14 milyondan fazla resmin bulundugu bir goriinti veri
tabanidir (Russakovsky vd. 2015). Bu ¢aligmada kullanilan
6n egitimli ResNet50 modeli Sekil 3de gosterilmistir. Tki
kissmdan olusan bu modelde, birinci kisimda ImageNet
veri tabani tizerinden egitilmis ResNet50 modeli ve ikinci
kisimda yani egitim agamasi kisminda meme kanseri tiri
i¢in 6nerdigimiz agin modeli bulunmaktadur.

2.3. On Egitimsiz VGG16 CNN Modeli

VGG16 CNN modelinde 2’li ya da 3’ld evrisim katmanlar:
kullanilmaktadir (Simonyan ve Zisserman 2014). Iki tam
baglanti katmani ¢ikisinda 1000 sinifli Softmax bagarimi
hesaplanir. Diger bir ifade ile modelin son katmaninda
Softmax  diye  bilinen
gecirilmesiyle ¢ikiglar elde edilir. Yaklagtk 138 milyon
parametre hesab: yapilmaktadir. Sekil 4de VGG16 mimarisi

verilmistir. Diger modellerde oldugu gibi giristen ¢ikisa

aktivasyon  fonksiyonundan

dogru matrislerin yiikseklik ve genislik boyutlar: azalirken
derinlik degeri (kanal sayis1) artmaktadur.
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Sekil 4. VGG16
CNN mimarisi.
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2.4. Performans Olgiitleri

Derin 6grenme modellerinin performanslari i¢in 3 olgiit

kullanilmigtir (Duda vd. 2001). Bunlar:
TP

Hassashk (SEN) = TP+ FN (1)

Segicilik (SPE) = it s )
i TP+TN

Dogruluk (ACC) = p T PN T FP T TN ©)

Burada, Gergek pozitif (TP), gercek negatif (TN), yanls
negatif (FN) ve yanhs pozitif (FP). Bu degerler bizim
problemimiz i¢in ele alinirsa, kot huylu (pozitif) bir
timorin kot huylu olarak tespiti (TP), iyi huylu (negatif)
bir timorin iyi huylu olarak tespiti (TN) ile gosterilir. iyi
huylu bir tiimériin koti huylu olarak tespiti (FP) ve Kotu
huylu bir timériin iyi huylu olarak tespiti ise (FN) olarak
ifade edilir (Isler ve Narin 2012, Narin vd. 2014).

3. Bulgular

Bu ¢aligmada, modellerin olusturulmasi ve sonuglarin elde
edilmesi i¢in Python programlama dili kullanilmistir. Go-
ogle Colab tizerinden herkesin tcretsiz (12 saat) bir sekilde
kullanabilecegi Tesla K80 grafik islemcisi tizerinde Ten-
sorflow-Keras kiitiphanesi kullanilarak ¢alismanin tamami
gergeklestirilmistir. Calismada, meme kanseri histopatolo-
jik gorintilerinden olusan BreakHis veri seti kullanilmig-
tir. Veri seti icerisinde 4 farkli biiylitme miktarlarina sahip
veriler bulunmaktadir. Derin 6grenme modellerinde egitim
strecinin saglikli gergeklesmesi icin veri sayisinin fazla ol-
masi istenir. Bu nedenle, her bir biiytitme miktar: verilerinin
%90’1 modellerin egitimi i¢cin ayrilirken %10’u ise egitilen
modellerin testi i¢in ayrilmistir. Ayrilan bu veriler ile 6n
egitimli ResNet50 modeli ve 6n egitimsizVGG16 modeli
ile egitim ve test agamalar1 gergeklestirilmigtir. Burada en
onemli konulardan biri bu agamalarin ugtan uga denilen bir
sirecle gerceklesmesidir. Yani, herhangi bir harici 6znitelik
ctkarimi yada segmentasyon islemi olmadan modele giren
veri, model icerisindeki katmanlarda egitilir ve siniflandir-
ma iglemi ile birlikte modelin son katmaninda ¢ikti olarak
sunulur.

Her iki modelin egitimi sirasinda asir1 6grenme proble-
minden kaginmak i¢in egitim agamasi 30 devir (epochs)
i¢in gerceklestirildi. Tum histopatolojik goérintiiler, veri
setinde sunulan 700x460 piksel boyutundan 224x224 pik-

sel boyutuna donustirilmistir. Modellerin 6grenme orani
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(learning rate) ise 0,0001 olarak alinmigtir. Modellerin egi-
timinde agirliklarin optimize edilmesi ADAM algoritmas:
ile yapilmugtur.

On egitimli ResNet50 ile VGG16 modeline ait 40X, 100X,
200X ve 400X buytitme oranina sahip veriler i¢cin 30 devirlik
egitim stirecindeki dogruluk grafikleri Sekil 5de verilmistir.
On egitimli ResNet50 modelinin baslangic dogruluk
degerleri ve genel egitim bagarim degerleri 6n egitimsiz
VGG16 modeline gore daha yiiksektir. On egitimli
ResNet50 modeli ortalama 10 devir sonra %100 egitim
basarimina sahip olurken, 6n egitimsiz VGG16 modeli ise
5. devirden sonra ¢ok daha yavas 6grendigi goriilmektedir.
Burada, 6n egitimli modelin ¢ok hizli 6grendigini ve 6n
egitimsiz modelin ise ¢ok daha yavas 6grendigini ifade
edebiliriz. Benzer sekilde, egitim stiresindeki kayip degerleri
Sekil 6'de verilmistir. Sekilden de goriilecegi gibi 6n egitimli
ResNet50 modelinin 6n egitimsiz VGG16 modeline gore
cok daha iyi egitim performans: gosterdigi gorilmektedir.
Her iki sekilden de 200X buyiitme oranina sahip verilerin
diger buyiitme oranina sahip verilerden daha yiiksek oldugu
soylenebilir.

Hem buyitme hem iki farkli derin 6grenme modeli
ile elde edilen sonuglar Cizelge 2de detayli bir sekilde
verilmistir. Cizelge 2 incelendiginde, k6t huylu timoérlerin
%99 oraninda dogru tespit edildigi goézlemlenirken,
Iyi huylu timérlerinde ise %93 oranindan dogru tespit
edildigi gorulmektedir. 200X biyitme oranina sahip
goruntilerin performanslarinin  diger buylitme oranina
sahip gorintilerden daha iyi oldugu soylenebilir. VGG16
modelinin de aslinda egitim sirecindeki diistik bagarimi
test verilerinde gdstermedigini goérilmektedir. Bunun
nedeni 6n egitimsiz modellerin egitim stire¢lerinin daha geg
olmasina kargi daha saglam olmasidir. Fakat verilerin ¢ok
daha sinirh olan uygulamalarinda iyi sonuglar vermedigi
bilinmektedir. Bu problemlerin ¢6ziimi i¢in 6n egitimli
modeller kullanilmaktadir. Calismada bu yon distnilerek
6n egitimli model kullanilmas: uygun goriildii. On egitimsiz
VGG16 modeli egitim siirecinde her ne kadar distk olsa da
test edilen verilerde aslinda modelin iyi bir sekilde 6grendigi
soylenebilir.

4. Tartisma

Meme kanseri tiirii tespiti konusunda son yillarda yapilan
caligmalara bakildiginda, genel olarak ¢aligmalarin derin
6grenme modelleri tzerine odaklandigi gorilmektedir
(Cizelge 3). Bu ¢alismalardan Deniz ve arkadaglari, transfer
ogrenme denilen on egitimli AlexNet ve VGG16 CNN'i
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Cizelge 2. Buyiitme miktarlarina gére modellerin test performanslari.

Bityiitme Dogruluk  Hassashik Secicilik
Miktar: ACC(%) SEN(%) SPE(%)
40X 136 31 31 83,92 99,27 50,00
On Egitimli 100X 134 40 24 9 84,06 93,71 62,50
Resnet50 200X 129 58 4 10 93,03 92,81 93,55
400X 106 42 16 17 81,77 86,18 72,41
40X 131 41 21 6 86,43 95,62 66,13
On Egitimsiz 100X 141 51 13 2 92,75 98,60 79,69
VGG16
200X 138 49 13 1 93,03 99,28 79,03
400X 115 41 17 8 86,19 93,50 70,69
40X 100X
100 i 100 ——
95 ” 95 !
i ¥
, i
a0 ! a0 I
] 1
1 ]
g s5p ! £ 851 1 %
@ gof W o 8wl
I 1
[} ]
7511 75
70 70
65 65
0 5 0 15 20 25 30 ) 10 5 @0 25 @0
Devir Devir
100 == 100
'f
st 4 95
‘
I )
90| & o ¢
t 1
1 = L
E 81 o e £ 85 1
© 1 © I
8 & 8 w1
:
7i<) Bria
49
; ¥
L) i - (LY
% g Sekil 5. 40X, 100X, 200X ve
0 ] 10 15 20 25 30 4] 10 15 20 25 30
Devir D&V 400X biiytitme miktarlarina gére
modellerin egitim bagarimlar1.

Karaelmas Fen Miih. Derg., 2020; 10(2):186-194

191



Narin, Kefeli / Meme Kanserinin Evrigimsel Sinir A1 Modelleriyle Tespitinde Farkli Gortintii Biiyiitme Oranlarinin Etkisi

40X 100X
0.7 07
0.6 0.6
1
0.5 .‘ y osf,
- i % r— 1 "
b 1 b5 ' i
o 0.4 1 o 0.4
L5} L0} 1 -
° I o . i
B s 2
FO3[ | Foar !
e i x i
1
o2 ° oz A
0.1 0.1
-~ -
- - o ol - ~ - oy = capiomee
. s " S
0 10 15 20 25 30 0 10 15 20 25 30
Devir Devir
200X 400X
0.7 07
0.6 06} 3
v
1
05 o5}
- = 1
© 04|, T o 04r b g .
@ e Lo 1 %
© \ = o©
=% 4 =% .
S ZoEr v
< 4 < '
v
ool © 0
5 \ 5E
0.1 0.1
5
o .
R N e g, " = v Sekil 6. 40X, 100X, 200X ve
. A @ a8 e < e g o 18 & e LB %1 400X biiytitme miktarlarina gore
Devir Devir ! .. B X
modellerin egitim kayip degerleri.

kullanarak elde ettikleri 6znitelikleri destek vektor maki-
neleri siniflandiricist yardimiyla siniflandirip sonugta 200X
biylitme oraninda en yiksek %91,37 dogruluk degerini
elde etmiglerdir (Deniz vd. 2018). Spanhol ve arkadaslar:
AlexNet icin en yiiksek 40X’lik biiyiitme oraninda %85,6
dogruluk degerlerine ulagmiglardir ve bir diger ¢caligmalarin-
da Spanhol ve arkadaglari, deCAF dedikleri derin 6grenme
modelinden 6znitelikler ¢ikarip, 6nceden egitilmis CafteNet
modelini kullanmiglardir. Sonugta 200X biiytitme oraninda
en yiksek 90,3% basarim degerini elde etmislerdir (Spanhol
vd. 2016, Spanhol vd. 2017). Bayramoglu ve arkadaglar: iki
tarkli evrisimsel model ile en yiiksek 200X biiytitme oranin-
da %84,63+2,72 basarim elde ettiler (Bayramoglu vd. 2016).
Gour ve arkadaglar1 ResHist adin1 verdikleri 152 katmanl
CNN ile veri artirimi yapilmadan %84,34 dogruluk degeri
elde etmisken, veri artirimi yontemi ile %92,52 dogruluk
degerini elde etmislerdir (Gour vd. 2020). Gergeklestirilmis
olan bu ¢aligmada ise 200X buyiitme miktarinda %93,03
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dogruluk degeri elde edilerek, giincel literatiirdeki ¢aligma-
lardan daha yiksek siniflandirma bagarimi elde edilmistir.
Bunun yani sira 6n egitimli model olan ResNet50 ve 6n
egitimsiz VGG16 modelinin karsilagtirilmasi yapilmis olup
6n egitimli ve egitimsiz modellerin egitim stireclerini ve so-
nuglar1 detayl: bir sekilde kargilagtirilmigtir. Literatiirde ise
bu tirden bir kargilastirma yapilmamig olmakla birlikte ya
6n egitimsiz modeller ya da 6n egitimli modeller kullanilmig
ve karsilagtirilmistir. Genel olarak literatiirde yapilan ¢ahs-
malarda 200X biiylitme miktarina sahip goriintilerin iyi ya
da kot huylu meme kanserini ayirt etmede daha yiksek ba-
sarima ulagtig1 gorilmektedir. Benzer sekilde bu ¢aligmada
da 200X biyttme miktarindaki goruntilerin diger biytitme
oranlarina gore daha yiiksek bagarima sahip oldugu géste-
rilmistir. Bunlara ek olarak, ¢calismada kullanilan veri setinin
genisletilmesiyle, elde edilen bagarimlarin daha da artacag:
ongorilmektedir.
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Cizelge 3. Elde edilen sonuglarin ayni veri seti ile yapilmus literatiirdeki diger ¢aligmalarla kargilagtirilmast.

Calisma Biiyiitme Miktar: Kullanilan Yontem Dogruluk (ACC) (%)
(Deniz vd. 2018). 200X AlexNet ve VGG16 CNN Modelleri 91,37
(Spanhol vd. 2016) 40X AlexNet CNN Modeli 85,60
(Spanhol vd. 2017) 200X deCAF + CaffeNet CNN Modeli 90,30
(Bayramoglu vd. 2016). 200X Tek Gorevli ve Cok Gorevli CNN Modelleri 84,63

100X ResHist CNN Modeli 84,34
(Gour vd. 2020)

200X ResHist CNN + Veri Artirimi 92,52
Bu calisma 200X On °giﬁg‘11‘\}NR°SN“5° 93,03
Bu calisma 200X On egiﬁg‘lf&VGG“ 93,03

Onerilen bu yontemin en 6nemli kolayliklarinda biri de
verilerin ham olarak yani dogrudan kullanilabilir olmasidir.
Sonucun ise bir bitiniin ¢iktisi olarak alinabilmesidir. Bu
yontyle patologlara kullanim kolayligi saglayacagini da
disinmekteyiz. Gelecekteki ¢aligmalarda ise farkli CNN
modelleri ve parametreleri ile ¢aligma daha detayli bir

sekilde ele alinabilir.
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Finite Elements Modeling and Analysis of an Axially Loaded Prestressing Strand

Elksenel Yiikli Bir Ongerilmelz' Demetin Sonlu Elemanlar Modellenmesi ve Analizi
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Abstract

Wire ropes and strands have found an important place in many different engineering disciplines with their strengths and flexibilities.
Ropes are frequently used in elevators, cranes and bridges as material handling equipment due to their constructional advantages. The
purpose of this study is to reveal mechanical behavior of a prestressing steel strand subjected to axial tension load by means of finite
elements method. Twisting moment, wire stress, wire strain at each layer of investigated prestressing strand and safety factors have been
determined. It can be concluded that safety factors are 2.44 for frictional contact condition and 2.39 for frictionless contact condition
in accordance with total axial load carried.

Keywords: Finite elements method, Prestressing strand, Safety factor, Wire rope

Oz

Tel halatlar ve demetler, mukavemetleri ve elastikiyetleri ile ¢ogu mihendislik disiplinlerinde 6nemli bir yer bulmuslardir. Halatlar,
konstriksiyonel avantajlar1 nedeniyle, asansorler, vingler ve képrilerde malzeme tagima ekipmani olarak siklikla kullanilirlar. Bu
¢aligmanin amaci, sonlu elemanlar metodu ile eksenel ¢ekme yiikiine maruz bir 6ngerilmeli ¢elik demetin mekanik davranisini ortaya
koymaktir. Incelenen éngerilmeli demetin her kademesindeki burulma momenti, tel gerilmesi,tel birim sekil degistirmesi ve emniyet
katsayilar: tespit edilmistir. Taginan yiike gore stirtinmeli temas durumunda emniyet katsayisinin 2.44, stirtinmesiz temas durumunda
2.39 oldugu sonucu ¢ikarilabilir.

Anahtar Kelimeler: Sonlu elemanlar metodu, Ongerilmeli demet, Emniyet katsayisi, Tel halat

1. Introduction occurred on strands and wire ropes by means of computer
simulations. Ghoreishi et al. (2007) evaluated the validity

It is very important to know the safely transportation limits . . . )
Y mp Y P the results from nine linear elastic models of a 6+1 wire

and maximum load lifting capacities of steel wire ropes. In single layered strand (simple straight strand) subjected

articular, steel wire ropes have flexible structure and consist . ) ) )
P ’ P to static axial loads being compared with values from 3D

finite element modeling. Wang et al. (2015) CATIA V5
and MATLAB were used for implementation of derived
geometric equations and calculation of mathematic optimal

of many wires to share the total carried load in order to
increase operational safety. Steel wire ropes and strands are
widely used as hauling element for lifting and transporting
loads due to their flexibility and comfortable usage. The

strand is manufactured by winding a number of thin steel rope models. Elata et al. (2004) proposed a new model for

. L . simulating the mechanical response of a wire rope with an
wires around the center wire in one or more layers at various

pattern (Ciirgtil 1995, Onur 2019).

independent wire rope core. In contrast with previous models
that consider the effective response of wound strands, their
Various experimental, analytical and numerical studies have ~ model fully considers the double-helix configuration of
been conducted to attain to strength and lifetime values  individual wires within the wound strand. Jiang et al. (1999)
presented an accurate and general strand model using the
*Corresponding author: aytaconur@hotmail.com finite element method. The model was capable of predict
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presented concise finite element model of three-layered
straight helical wire rope strand under axial loads. Stanova
(2013) tried to implement computer-aided modeling of
ropes which have oval, circular and triangular shaped wires
by means of ProEngineer Wildfire software. Vukelic and
Vizentin (2017) considered three design types of wire
(6x7, 7x7, 8x7) to investigate the effect of cross-section area
reduction on stress levels. Von Mises stress was obtained
using finite element analysis (FEA). Ziegler and Wehking
(2006) modeled the spiral rope having 1x19 structure and
ANSYS was used to provide knowledge of the stresses in
investigated rope. Shi et al. (2017) proposed strand-traction
sheave interaction model and simulations with Abaqus
software were performed to reveal investigate effects of
pretension and groove angle values on the traction behavior.
Kastratovic and Vidanovic (2011) explored some aspects of
3D modeling of independent wire rope core (IWRC) by
using CATITA and Ansys with special emphasis on different
types of contacts and different types of axial loading. Onur
(2016) investigated the response of the prestressing strands
to axial tensile load theoretically and experimentally. Onur et
al. (Onur et al. 2017, Onur and Imrak 2017, Onur et al. 2019)
put effort to determine fatigue lifetime of steel wire ropes
subjected to bending over sheave fatigue. Wokem (2015)
studied on finite element modeling, analysis and fatigue
prediction of wire ropes and strands. Erdénmez (2010) tried
to mathematically formulate path of each wire of steel wire
ropes in Frenet-Serret frame. Erdénmez and Imrak (2011)
presented a more realistic three-dimensional modeling
approach and finite element analysis of independent wire
rope core. Demir and Ala (2017) performed theoretical
and experimental natural frequency analysis of prestressed
monotron ropes with single helix angles and different
diameters. The purpose of this paper is to investigate
mechanical response of a presstressing strand under tensile
load through finite element method. Presstressing strand
is computer aided modeled and stress analyses have been
carried out using the Ansys Workbench and safety factors
have been determined. In the stress analysis, friction and
frictionless situations are considered separately.

2. Finite Elements Analysis of Prestressing Strand

Prestressing steel strand is used in bridges, concrete
structures, nuclear power stations, water tanks, anchorages
and hoisting member for lifting heavy loads. It consists of
one center wire which is also known as core wire and six
helical wires wrapped around center wire. ASTM A416
standard (2012) covers dimensions and some mechanical
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properties of prestressing strands. In this study, 11.11
mm diameter prestressing strand is adopted to determine
twisting moment, wire stress and wire strain at each layer
of strand by virtue of FEA. Some properties of investigated
prestressing strand is given in Table 1.

Table 1. Properties of investigated prestressing strand.

Diameter of prestressing strand 11.11 mm
Radius of core wire 1.875 mm
Radius of outer wires 1.84 mm
Strand pitch 165 mm
Lay angle 81,947976°
Modulus of elasticity 196500 MPa
Strand grade 1860 MPa
Minimum breaking load 138 kN
Number of outer wires 6
Poisson’s ratio (V) 0.3

Six outer wires do not come into contact with each other
but each one comes in contact with the center wire. A circle
representing the center wire is extruded and one circle
touching the center wire representing one outer wire at same
plane is swept on the helix. Circular pattern is made to form
six outer wires. Solid modeling is done at one pitch length
by using Solidworks and imported Ansys Workbench. Solid

model is shown in Figure 1.

The rope length does not significantly affect the torsional
moment which is transmitted by the rope and the axial load
to be carried (Ghoreishi 2007). However, in case of using
increased number of length the number of finite elements
and nodes to be used in the solution domain will increase.
‘Therefore, it is expected that there will be an increase in the
solution time of FEA.

Solid 186 meshing element including intermediate node
was used in the mesh structure and a homogeneous mesh
distribution was tried to obtain. Meshed geometry has

25463 elements and 126308 nodes.

It is possible to define the contact of the wires each other
in different ways during FEA. According to the friction
coefficient values in the problem, two different solutions
have been made through two different contact definitions:
frictional and frictionless contacts. The friction coefficient
is taken to be 0.115 when frictional contact condition is
considered. Surface to surface contact condition is identified

Karaelmas Fen Miih. Derg., 2020; 10(2):195-201
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Figure 1. Solid model and cross section of prestressing strand with 11.11 mm diameter.

at each touching neighbor surface of wires. As boundary
conditions, one end of the strand is fixed. Displacements on
x and y axes and rotations on x, y and z axes are fixed at the
other end due to the use of lead alloy casting or connection
fixtures to prevent the ropes from rotating while the ropes
are being mounted, and only displacement in the pulling
direction is allowed. The reason is of ropes other than the
rotation resistant ropes are sensitive to untwisting. Tombak
(2019) prepared a MSc thesis about modeling and analysis
of axially loaded rope strands and tried to compare the
solution of Costello’s theory with the finite element solution.
Author solved wire loads generated separately by using
Costello’s theory while prestressing strand was strained by
value of 0.003. In this study, those wire loads are exerted
upon wires of prestressing strand at the free end and finite
element analyses are performed under two different contact
conditions. Wire load of 6510.847 N is exerted upon center
wire and 6050.906 N is exerted upon each outer wire. The

applied loads are given in Figure 2.

[&] Force 5: 6050,9 N
[H] Force 6: 050,9 N
[E] Force 7:6050,9 N
lI‘ Displacernent 2

Figure 2. Loads applied to the center and outer wires of
prestressing strand.
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3. Results and Discussion

In this study, a prestressing strand having 11.11 mm diameter
has been modeled and finite element analyses have been
performed by frictional and frictionless conditions in order
to reveal mechanical behavior of investigated prestressing
steel strand subjected to axial tension load. Results obtained
by ANSYS simulations have been presented and discussed.
Twisting moment, wire stress and wire strain at each layer
of investigated prestressing strand in accordance with FEA
studies have been presented in Table 2.

Strain is determined as 0.00324 when friction is taken into
account and strain is determined as 0.00322 in frictionless
contact condition if 42816.247 N load is applied to the
prestressing strand. The variation of total carried load with
axial strain for various helix angles were plotted in (Erd6nmez
2010). A strand having 11.40 mm diameter and 80 lay
angle were considered. Author found that when strand was
strained 0.003, total carried load by investigated strand was
40000 N and author determined that total twisting moment
was 20000 Nmm. Xiang et al. (2017) constituted analytical
model to determine elastic—plastic response of 1x7 strand
with a diameter of 11.4 mm.They presented axial force-strain
and axial torque-strain variations graphically. Axial force
and axial torque values were determined as approxiametely
40 kN and 21 kNmm respectively. In this study, axial force
and axial torque were 42.816 kN and 18.612 kNmm in
accordance with strain value of 0.00324 in frictional state.
Parameters and strand configuration considered were little
different than this study but the results were observed to be
consistent with each other. Tensile stress in the center wire
is determined as 661.020 MPa in frictional contact state and
661.46 MPa in frictionless contact state. Tensile stress in
the outer wire is determined as 584.48 MPa in frictional
contact state and 584.53 MPa in frictionless contact state.
Erdénmez’s work presented that Von-Mises stress on the
center wire was 550 MPa and Von-Mises stress on the outer
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Table 2. FEA results for investigated prestressing strand

il FEA Results

Frictional (1 = 0.115) Frictionless
Strand strain, € m/m 0.00324 0.00322
Center wire tensile stress, O, MPa 661.020 661.460
Outer wire tensile stress, o, MPa 584.480 584.530
Maximum axial load carried by center wire, F, N 6510.847 6510.847
Maximum total axial load carried by outer wires, F, N 36305.44 36305.44
Total axial load carried by strand, F N 42816.287 42816.287
Maximum twisting moment on center wire, M, Nmm 4 18
Maximum total twisting moment on outer wires, M, Nmm 18608 18631
Maximum total twisting moment on strand, M Nmm 18612 18649

wire was 600 MPa in frictional contact condition. Von-
Mises stress covers normal stress and shear stress together.
Tensile stresses on center and outer wires presented in this
study only consider normal stresses. It was observed that the
stress in the center wire was slightly larger than the stress
in the outer wire. Ziegler and Wehking (2006) examined
the 1x19 spiral rope with a diameter of 11.64 mm. They
conducted FEA by applying 50% of the rope breaking load
(58.64 kN) as axial tensile load. Maximum axial tensile stress
was found as 952.103 MPa. In this study, 31% of the rope
breaking load (42.816 kN) was applied as axial tensile load
and maximum axial tensile stress was determined as 661.02
MPa in frictional state. When the obtained results were
compared, it was observed that when the axial tensile load
was increased by 36.96%, the axial tensile stress increased
by 44.03% as well. Stanova et al. (2011) performed FEA by
means of Abaqus software in order to determine maximum
stress values occurred on core wire and outer wire of 1x37
multilayered strand having 7.09 mm diameter. They found
that maximum stress on core wire having 1.09 mm diameter
was 1050 MPa and outer wire having 1 mm diameter was
950MPa under 30 kN tensile load. In this study stress value
occurred on core wire having 3.75 mm diameter was 661.02
MPa and outer wire having 3.68 mm diameter was 584.48
MPa under 42.816 kN. When the results are examined, it
was seen that the increase in the wire diameter decreases
the stress value. Since the center wire is straight, it does
not twist under the influence of load and therefore the
torsional moment in the center wire is very close to zero.
The total torsional moment in the outer wires was found to
be 18612 Nmm in frictional contact state and 18649 Nmm
in frictionless contact state.
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Stress probe properties are used to extract center wire and
outer wire tensile stresses separately at z-direction as shown

in Figure 3.

Moment reaction properties are used to extract center wire
and outer wire tensile stresses separately at z-direction as
shown in Figure 4.

Equivalent Von-Mises stress contours are shown in Figure 5
and Figure 6 considering frictional and frictionless contact
conditions by applying the total axial load carried.

It is seen that maximum Von-Mises stresses occurred on the
side of fixed end of the prestressing strand and maximum
stress values were almost equal for frictional and frictionless
contact conditions. Wokem (2015) perfomed FEA for same
strand to predict it’s fatigue lifetime. Author presented that
maximum Von-Mises stress was 802.8 MPa when 42000 N
load was applied to strand in frictional contact condition. In
this study, maximum Von-Mises stress has been found as
760.13 MPa under axil load of 42816.247 N. Abdullah et
al. (2016) investigated a prestressing strand which has 15.24
mm diameter using an efficient finite element model. They
obtained that the center wire initially carries a greater share
of axial force as long as the material remains elastic. The
center wire was determined to carry 31.3 kN (14.94% of
total carried load) and the each outer wire was determined
to carry 29.7 kN (14.18% of total carried load). It is
determined from this study that center wire carries 15.2%
of total load and each outer wire carries 14.13% of total load.
Results were found to be harmonic with each other. Chiang
(1996) and Raoof and Kraincanic (1994) used analytical

methods and finite element method to reveal mechanical
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Figure 3. Stress probe used for
reading center wire tensile stress
in frictional contact.

Figure 4. Moment reaction
used for reading maximum total
twisting moment on outer wires
in frictional contact.

Figure 5. Equivalent Von-Mises
stress contour considering
frictional contact condition.

Figure 6. Equivalent Von-Mises
stress contour considering
frictionless contact condition.
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behavior of helical strand having 11.4 mm diameter. They
also presented obtained strain/axial load ratio. Chiang
found strain/axial load ratio as 66.2 kN-1.10-6. Raoof and
Kraincanic stated that strain/axial load ratios were found by
different researchers in the range of 67-75.4. In this study,
strain/axial load ratio is found as 75.67 in frictional state.
The maximum Von-Mises stresses shed light on researchers
in finding the safety factor. Safety factor can be found by
dividing the strand grade to the Von-Mises stress. Safety
factor has been found as 2.44 for frictional contact condition
and 2.39 for frictionless contact condition. There is slight
difference between safety factors in frictional and frictionless
contact conditions. Coeflicient of friction is assumed as zero
in FEA where frictionless contact condition is considered.
It causes the free sliding between adjacent wires. Unlike
frictionless contact condition, friction between adjacent
wires is regarded in FEA where frictional contact condition
is considered. Contacting surfaces do not slip if a certain
shear stress is not exceeded in frictional contact condition.
'The friction between wires creates a resistance in favor of
the strand. This keeps the wires together and allows them
to move together. It causes reduction in Von-Mises stress in
frictional contact condition.
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Abstract

The magnetic nature, mechanical properties and electronic behavior of the ternary silver-based telluride system (Ag,FeTe,) which has
sulvanite type simple cubic (SC) crystal structure which has 215 space number and conforms P43m space group, have been inspected
by spin-polarized Generalized Gradient Approach (GGA) under Density Functional Theory (DFT). First of all, to investigate
suitable magnetic order for this system, it has been considered various antiferromagnetic phases which are A-type (A-AFM), G-type
(G-AFM) and C-type (C-AFM) and ferromagnetic (FM) phase. As a result of calculations, it has been understood that, for Ag FeTe,
compound, the energetically most favored magnetic phase is ferromagnetic. After that, well-optimized structural parameters and
atomic positions have been obtained in ferromagnetic phase. The electronic band structure of this ferromagnetic system indicating
half-metallic behavior due to the observed a small direct band gap (Eg =0.297 V) in spin-down states, has been investigated. Also,
this compound has thermodynamic stability and structural synthesizability due to its calculated negative formation enthalpy values for
all different types of magnetic phases. Also, the elastic constants provide the Born Huang criteria, the material is mechanically stable.

Keywords: Chalcogenide, Density functional theory, Electronic structure of bulk materials, Ferromagnet, Semiconductor

Oz

Sulvanit tipi basit kiibik (BK) kristal yapya sahip ve 215 bosluk sayst ile P43m uzay grubuna uyan iiglii giimiis bazli telliir (Ag,FeTe,)
sisteminin manyetik dogasi, mekanik ozellikleri ve elektronik davranisi, Yogunluk Fonksiyonel Teorisi (YFT) altinda spin-polarize
Genellestirilmis Gradyan Yaklagimi (GGY) ile aragtirlmistir. 11k olarak, bu sistem igin uygun manyetik fazi arastirmak icin, A-tipi,
G-tipi ve C-tipi antiferromanyetik ve ferromanyetik faz diigiintilmistir. Hesaplamalar sonucunda, Ag FeTe, bilesigi iin, enerjisel olarak
en ¢ok tercih edilen manyetik fazin ferromanyetik faz oldugu anlagilmigtir. Daha sonra, iyi optimize edilmis yapisal parametreler ve
atomik pozisyonlar ferromanyetik faz i¢in elde edilmigtir. Bu ferromanyetik sistemin, elektronik bant yapisinda, spin-agag: durumunda
0.297 ¢V’lik bir bant boslugu gozlemlenmesi sebebiyle, yar1 metalik bir davrams gostermektedir. Ayrica, bu bilesik, tim farkls tip
manyetik fazlar i¢in hesaplanan negatif olusum entalpi degerleri nedeniyle termodinamik kararhiliga ve yapisal sentezlenebilirlige
sahiptir. Ek olarak, elastik sabitler Born Huang kriterlerini saglamas: sebebiyle mekanik olarak da kararlidur.

Anahtar Kelimeler: Kalgojenit, Yogunluk fonksiyonel teorisi, Yigin malzemelerin elektronik yapist, Ferromanyetik, Yar: iletken

1. Introduction

Recently, transition metal chalcogenides have attracted the
attention of many researchers, as their electronic nature
is prone to half-metal or semiconductor properties and
since they exhibit different magnetic behaviors and also,
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are usually very soft and flexible materials (Erkisi et al.
2019, Erkisi 2019, Nakamura, Kato et al. 2007, Nakamura,
Akiyama et al. 2007, Nakamura et al. 2008, Zhou et al. 2016,
Feng et al. 2013). In this view, the compounds consisting
of transition metal group and chalcogenide group elements
such as sulphur, selenium or tellurium element, have been
used widely in technological fields such as solar cells and
thermoelectric materials (Nakanishi et al. 1969, Miles et al.
2007, Skoug et al. 2010, Temple et al. 2012, Katagiri 2005),

for a while. Therefore, there are many scientific researches
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about electronic, magnetic or thermal properties of these
type of compounds in experimentally and theoretically
(Nitsche et al. 1967, Zwick et al. 1999, Shannon et al. 2000,
Doublet et al. 2000, Debus et al. 2002, Aiura et al. 2003,
Klepp et al. 2000, Kars et al. 2005, Lu et al. 1993, Delgado
et al. 2007). In recent years, especially ternary transition
metal-based sulvanite type chalcogenide series having
simple cubic (SC) crystal structure with 215 space number
and conforming P43m space group, have become the center
of attention among material scientists (Pauling et al. 1932,

Mujica et al. 1998).

In the early 2000s, using similar experimental methods,
it was discovered that, some chalcogen-based compounds
(Tate et al. 2008) and copper-based tantalate sulfide
(Cu,TaS,)) and selenide (Cu,TaSe,) exhibit p-type
semiconductor properties by Tate (Newhouse et al. 2009).
In some subsequent studies, the electronic and optical
behaviors, of copper-based vanadate sulfide (Cu,VS)
investigated in experimentally by Lv et al., and it was
discovered that this compound can be used in technology as
a light absorbing material due to its suitable band gap (Lv
et al. 2012), and after a short time, Ali et al. examined the
electronic and optical characters, mechanical and thermal
properties of copper-based sulfide series Cu,TMS, (TM
=V, Nb, and Ta) in computationally and they found that
these compounds were found to be semiconductors (Ali et
al. 20014). In some recent theoretical studies, by Erkisi et
al., the electronic nature and some mechanical properties
of some ferromagnetic copper-based (Erkisi, Surucu 2019)
and zinc-based chalcogenides (Erkisi, Yildiz et al. 2019)
investigated and the mentioned compounds were found to
be half-metallic indicating to be able to used for spintronic
applications in technology. In these two studies, due to the
fact that there is a half~-metallic electronic behavior in zinc-
based chalcogenides as well as copper-based chalcogenides,
in the present study, some silver-based chalcogenide
compounds have been considered may exhibit interesting
electronic behaviors, and therefore their electronic, magnetic
and also some mechanical properties have been investigated.

In the present study, the electronic behavior in suitable
magnetic nature and mechanical properties of new ternary
silver-based ferrite telluride (Ag,FeTe,) which has simple
cubic (SC) crystal structure with 215 space number and
conforming to P43m space group has been examined in
detail. Therefore, firstly, four different magnetic orders,
ferromagnetic (FM), A-type antiferromagnetic (A-AFM),
G-type (G-AFM) and C-type

antiferromagnetic
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antiferromagnetic (C-AFM), have been considered for this
compound. The electronic band structure of this compound
has been calculated for the stable magnetic order which is
the ferromagnetic phase, by spin-polarizing within GGA.
Adding a new material to the ternary chalcogenides family is
of great importance, as the mentioned compound has a half-
metallic behavior and therefore could be used in spintronic
applications. To the best of our knowledge, the electronic
behavior and stable magnetic phase of this material have not
been examined yet in detail. The obtained results indicate
that this telluride in the present study has half-metallic
behavior in its stable ferromagnetic phase. In this view, the
analysis of the electronic behavior and magnetic nature and
also mechanical properties of this telluride system have
been carried out from the first principles by using the VASP
code. The computational details which are used in this study
have been presented in the next section. The well optimized
structural parameters, the suitable magnetic order and the
calculated electronic band structure with the density of
state (DOS) in the most stable magnetic phase, and some
mechanical properties of this compound have been given
in the third section. Conclusively, in the last section, the
observed and obtained results have been concluded.

2. Material and Method

The density functional theory (DFT)-based calculations
(Kohn et al. 1965; Hohenberg et al. 1964) in the present
study, has been carried out by using VASP (Vienna Ab
initio Simulation Package) (Kresse et al. 1993, 1996) code
in which valence electron densities are expanded in plane-
wave basis sets which determine the electronic states with
the projector-augmented wave (PAW) method (Blochl
994). The exchange-correlation effects have been described
by Perdew, Burke and Ernzerhof (PBE) (Perdev et al. 1996)
type pseudopotentials implementation of the generalized
gradient approximation (GGA). In the mentioned ternary
silver-based telluride, the electronic configurations of Ag, Fe,
and 72 atoms are as follows: 55’44, 3d’4s’, and 4d"°555p”.

For this composition, the well-optimized some structural
parameters have been obtained by using automatically
generated 12x12x12 Monkhorst-Pack scheme (Monkhorst
et al. 1976) to perform the integrations in the irreducible
Brillouin zone yielding 56 k-points. During this
computational study, the plane-wave cutoff energy has been
set to 900 eV.'The atoms in primitive cell of this composition
have been relaxed by using the quasi-Newton method and

also, the convergence criteria for the force and energy have
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been taken 10® eV/A and 10 eV, respectively. per unit cell
in the iterative solution of the Kohn-Sham equations. For
the atoms in the primitive cell of the ternary silver-based
telluride (Ag,FeTe,), the well-optimized atomic positions
have been obtained by minimizing forces and pressures on
this crystal system. After the optimization process of our
system, to decide the most stable magnetic phase, a 2x2x2
super-cell containing 64 atoms has been produced and
calculated energy-volume values for each different type of
magnetic order. Then, the electronic behavior and some
mechanical properties of this material have been examined
in the most stable magnetic phase detected.

3. Results

'The relaxed atomic positions in primitive cell for our system
have been obtained by optimization process and then, the
electronic and magnetic character of ternary silver-based
telluride (Ag,FeTe,) having simple cubic (SC) sulvanite
structure and conforming P43 space group with 215 space
number. The optimized atomic positions in the eight-atom
primitive cell and three-dimensional (3D) crystal shape of
the mentioned compound have been illustrated in Figure 1.

As seen from Figure 1 that, in the represented primitive
cell, three silver atoms and one iron atom are positioned in
3d (0.5, 0, 0) and 1a (0, 0, 0) Wyckoft positions (Wyckoff
1963), respectively, while tellurium atoms are placed on
4e (0.237, 0.237, 0.237) positions. After the optimized
structural parameters have been achieved, a 2x2x2 super-
cell consisting of 64 atoms has been considered to detect
the suitable magnetic order for our system. Finally, the
electronic nature and mechanical properties of this telluride

Figure 1: The 3D (three-dimensional) crystallographic shape

of primitive cell with silver, iron and tellurium atoms.
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compound have been investigated in its energetically more
favorable magnetic phase.

3.1. The energetically Favorable Magnetic Phase and the
Obtained Structural Parameters

A solid three different

antiferromagnetic orders, consists of two ferromagnetic

crystal having anyone of

subsystems and each of which is mutually aligned and has
large magnetization, but antiferromagnet material doesn't
yield any magnetic field because its total magnetization
is zero. It is well known that antiferromagnetic orders are
three different types which are A-type, C-type and G-type.
For each of these orders, the directions of the magnetic
moments are organized in different types to be zero total
magnetization (Han 2013), as shown schematically in

Figure 2.

In order to detect the suitable magnetic order for this
chalcogenide, the directions of the magnetic moments of
the eight iron ions in the generated supercell have been
regulated accordingly to the mentioned antiferromagnetic
arrangements yielding zero total magnetization. Then,
the formation enthalpy value (AH /) which is usually
calculated to decide the stability in thermodynamically
or the synthesizability in structurally of a crystal, for each
of different magnetic phases of this system, have been
calculated by using the internal energy changes. It can be
said that any solid crystal is structurally synthesizable and
thermodynamically stable when the calculated formation
enthalpy (AH j) of it, is less than zero. For any solid crystal
having its chemical formula AxBy’ this energy value can be
usually determined from the internal energy changes (Zhao
et al. 2008) as given in Equation 1;

AHf =Et0t_(xE£{le+yEléulk) (1)

where, E}" and E3" are the ground state energies of 4
and B atoms and FE\, is the total energy of the unit cell.
Formation enthalpy can also be used to decide to be stable
in which crystal structure or in which magnetic phase a
compound which can be found in different crystal structures
or different magnetic phases. In this respect, when the
calculated enthalpy value of a solid crystal of its any structural
or magnetic phase is less than that of others, it could be said
that this magnetic phase or structure is energetically more
suitable than others.

For different magnetic orders, as seen in Table 1, the
calculated formation enthalpy values of this telluride system
indicate that the suitable magnetic phase is ferromagnetic

(FM) for this compound and also A-type AFM and
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Table 1: The well-optimized bond lengths in primitive cell, lattice parameters and the calculated formation enthalpies of ternary
silver-based telluride Ag FeTe, (Space group: PA3m, Space No:215) for different magnetic orders.

Compound AH;(eV/f.u.)
6.432 (FM) -0.321 (FM)
6.434 (A-Type AFM) -0.231 (A-Type AFM)
Ag FeTe, 2.64249 2.74105
6.371 (C-Type AFM) 0.369 (C-Type AFM)
6.371 (G-Type AFM) 0.369 (G-Type AFM)
-28.00
2816
s
@ 2832 |
£
2
A-Type AFM C-Type AFM m 2848 1
g M —
H —28.64 L AiAFM -----
.......... C-AFM ==
G-AFM
-28.80 : : ‘
230 251 m 293 314
Volume (A% / f.u.)
Figure 3. The energy-volume graphic of four different types of
GrlymeaT magnetic phases for ternary silver-based telluride (Ag,FeTe,).

Figure 2. The schematic representation of different types of
A-type, C-type and G-type antiferromagnetic orders for a
simple cubic crystal.

ferromagnetic phase have thermodynamic stability and
structural synthesizability, which is so important for the
future possible technological applications, while C-type
AFM and G-type AFM have no stability. Then, a well-
optimized ground state energy-volume values of this system
for each magnetic phase have been obtained and with the
help of these values, it has been plotted as shown in Figure
3 by fitting the Vinet equation of state (Vinet et al. 1969).
For this telluride system, a well-converged ground state has
been achieved, maximum 1% asymptotic standard errors.
For each magnetic phase, the obtained structural parameters
have been presented in Table 1.

The graphed energy-volume plots for four different
type magnetic orders, show that C-type and G-type

antiferromagnetic orders for this compound are not suitable

Karaelmas Fen Miih. Derg., 2020; 10(2):202-212

in energetically since our system has much higher ground
state energies in these magnetic phases than the others. In
the mentioned figure, it can be obviously understood that
FM phase is most suitable for this compound due to have
somewhat lower energy than A-type AFM phase and this
is compatible with the formation enthalpies previously
calculated for all magnetic phase types. To the best of our
knowledge, to make any comparison, there is not detailed
study or any investigation about this chalcogenide in
literature yet. Furthermore, it can be said that the bond
lengths between silver and tellurium atoms are greater than
the bond lengths between iron and tellurium atoms in the
primitive cell of ternary silver-based telluride.

3.2.The Electronic Nature of Ag FeTe, Telluride

The electronic nature of the ternary silver-based telluride
has been understood from the electronic band structure and
total density of state calculated by spin-polarizing with the
GGA approach. The observed electronic band structure of
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Figure 4: Spin-polarized energy band structure with the total density of electronic state (DOS) of ternary silver-based telluride

(Ag,FeTe,) within GGA.

this chalcogenide system has been plotted along the high
symmetry directions for both spin states in the Brillouin
zone as demonstrated in Figure 4. As apparently shown in
this figure, ternary silver-based telluride (Ag FeTe,) having
ferromagnetic nature, behaves as half-metallic material due
to have a small indirect band gap (Eg =0.297 ¢V and from
R to I' point) in spin-down state in observed its electronic
band structure. In addition, the difference between spin-
down and spin-up channels hint that this telluride system is
not paramagnetic with regards to magnetic properties.

In order to see the orbital effects in the electronic band
structure more clearly, the total and orbital projected partial
density of electronic states for ternary silver-based telluride
system (Ag FeTe,) have been plotted as given in Figure 5.
For this system, it can be obviously seen the dominancy of
unfilled p-orbitals of tellurium (72) namely chalcogen atoms
for the valence band below Fermi level, while unfilled 34
states of iron (Fe) atoms are dominant for the conduction
band above Fermi level. In the region below Fermi level,
approximately between -3 ¢V and 0 eV, it has been observed
hybridizations in telluride system, between d-states of iron
(Fe) and silver (Ag) atoms and p-orbitals of tellurium (7?)
atoms. Furthermore, above the Fermi level almost between
0 ¢V and 1.5 eV, there is hybridizing between p-orbitals
of tellurium (72) atoms and d-orbitals of iron (). In the
same band, it is seen that the fully-filled 44-states of silver
(Ag) atoms are not effective on the electronic structure.
Moreover, it can be understood from Figure 5 that, 5s-
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Figure 5: The observed orbital projected partial and total

density of electronic states of atoms in Ag3FeTe , compound.

and 4d- states, which have very low density of states, of
tellurium (7%) atoms in this compound haven't remarkable
effect on chemical bonding features of ternary silver-based
ferrite telluride system. Similarly, as seen from the related
figure that, s- and p- orbitals of iron (Fe) and silver (Ag)

atoms in this composition, as plotted with red and blue lines
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respectively, haven't an important role in chemical bonding
and the formation of related compound structure. On this
subject, the electronic behavior of this telluride system could
be determined by especially d-orbitals of iron (Fe) atoms
which is a transition metal atom, and p-orbitals of tellurium
(7%) atoms and hybridizations between them.

'The total magnetic moments of ferromagnetic semi-metallic
materials are expected to be close to the integer value, as
a typical feature. The calculated total magnetic moment of
this telluride compound is much close to the integer value
in accordance with the mentioned feature of half-metallic
materials ( Lagorere, = 2.908 ££5). Moreover, the data obtained
from the self-consistent calculations show that, the partial
magnetic moments of the iron atoms (Fe) play an effective
role on the total magnetic moment of this composition,
as presented in Table 2. In this regard, it can be said that
the iron atom (Fe) has responsibility for the ferromagnetic
nature of this telluride system.

Table 2. The determined total magnetic moment (p,) of the
silver-based Ag FeTe, telluride in ferromagnetic order and
total magnetic moments of silver (4g), iron (Fe) and tellurium

(Te) atoms in this composition.

Material . (1p) Pacom (M)
i, = - 0.010

Ag FeTe, 2.908 K, = 2.954
pp, = -0.035

3.3. The Predicted Mechanical Properties of Ag FeTe,
Telluride

The stress-strain approach (Page et al. 2001) has been used
under the ab initio method to calculate the elastic constants
that can be used to study the mechanical stability of this
telluride system and to determine some of its mechanical
properties. C,,, C,, and C,, are three independent elastic
constants (Mouhat et al. 2014), for a solid crystal having
cubic symmetry. The second order elastic constants for
ternary silver-based telluride (Ag,FeTe,) calculated under
this approximation within the first principles methods have

been presented in Table 3.

A solid crystal is expected to have mechanical stability,
which is a desirable feature in industry and technology, and
to resist external stresses. To be mechanically stable, the
calculated elastic constants, have to satisfy Born-Huang
criteria to understand the mechanical stability of a material
(Mouhat et al. 2014). These conditions for any solid crystal
having cubic symmetry are given in Eq. 2.

C,-C,>0; C,+2C,>0; C,>0andC,,>0 (2)

The determined second order elastic constants of this
compound by using “stress-strain” method, of this compound
show its mechanical stability due to satisfy the above-
mentioned criteria.

The calculated C,, constant for a cubic crystal, gives
information about resistance to shear deformation across
the (100) plane in the [110] direction while the information
about the resistance to shear deformation on the (110) plane
in the [110] direction can be taken from the calculated (C,, -
C,,)/2 value (Knowles et al. 2015, Arikan et al. 2014, Zener
et al. 1948). It is clearly seen from the calculated constants
as seen in Table 3 that, for silver-based Ag FeTe, telluride,
resistance to shear deformation across the (100) plane in
the [110] direction is higher than the resistance to shear
deformation on the (110) plane in the [110] direction.

The idea of about a material’s ductility can be obtained
by using Cauchy pressure (C’p =C, - C,), which can be
calculated with the help of elastic constants (Pettifor 1992).
In this regard, if a crystalline Cauchy pressure is calculated
as a positive value, the crystal can be considered as a ductile
material, on the contrary, if this pressure value is negative, it
can be considered as a fragile. In this computational study, the
ternary silver-based telluride compound is ductile material
since its calculated Cauchy pressure value is positive. It is an
industrial desirable feature that a material is ductile. Because
a fragile material does not have the ability to absorb energy
and doesn’t deform plastically, so that it tends easily under
stress and strain (IMercier 2002).

3.3.1. Some Predicted Elastic Features by Using Elastic

Constants

In this section of this research, technologically vital elastic

Table 3. The determined Cauchy pressure (Cp) and second order elastic constants of ternary silver-based telluride (Ag FeTe,)

under GGA approximation.

C,,(GPa)

Compound

Ag FeTe, 19.356

13.019

CP(GPa) =C,C,

3.833 9.186

Karaelmas Fen Miih. Derg., 2020; 10(2):202-212
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properties such as bulk moduli (B) and shear moduli (G),
Young’s modulus (E), Poisson’s ratio (o) and Pugh’s ratio
(B/G) have been predicted for our material ternary silver-
based ferrite Ag FeTe, telluride, by employing formerly
determined elastic constants in Section 3.3.The upper limit
of bulk and shear moduli (B,, G,) have been estimated from
Voigt (Voigt 1928) approximation, the lower limit of bulk
and shear moduli (B,, G,) have been estimated from Reuss
(Reuss 1929) approximation and finally average values of
bulk and shear moduli (B,,, G,) have been estimated from
Hill (Hill 1952) approximation by using Eqs.3-6. Since,
any solid crystal in cubic structure, lower and upper limit of
bulk moduli is equal to each other as seen from the Eq. 3.,
only the average value of bulk moduli (B) has been added
to Table 4.

B,=B,=B,=B=(C, +2C,)/3 3)
G,=(C,=C,+3C)/5 (4)
G,=5(C,-C,)C,/(4C,, +3C, -3C,) (5)
B, =(1/2)(B,+ B and G, = (1/2)(G, + G,) (6)

It is seen in Eq. 7 and Eq. 8, Young’s modulus (E) and
Poisson’s ratio (0 ), which could provide us vital information
about the compressibility of a material, could be predicted as
a function of formerly deduced bulk (B) and shear moduli
(G) (Wu et al. 2014).

E=(9BG)/(3B + G) (7)
o =(3B-2G)/[2(3B + G)] (8)

'The estimated Young’s moduli (E), which has been tabulated
in Table 4, of ternary silver-based ferrite Ag FeTe, telluride
demonstrate that the material could be treated as soft
material. In addition to that, bulk (B) moduli, upper lower
and average value of shear moduli (G, G,and G,), Poisson’s
ratios (0') and Pugh’s ratio (B/G) have been shown in Table
4, too.

If B/G ratio, of any solid crystal is higher than the critical
value 1.75, material counted as ductile otherwise brittle

(Pugh 1954). One could deduce from Table 4, in our

case material is soft and ductile. In addition, this result is

compatible with our expectation from Section 3.3 Cauchy
pressure (Cp) predictions. Also, to visualize the mechanical
properties better, two and three-dimensional (3D) predicted
elastic properties of Ag FeTe, compound Young’s moduli,
linear, shear moduli and, Poisson’s ratio have been drawn in
Figure 6.

The estimated Poisson’s ratio (o), could be used for
determining the compressibility or incompressibility of the
material. If Poisson ratio value is around 0.5 material could
be considered nearly incompressible, otherwise if the value is
around 0.3 it can be considered nearly compressible (Gupta
et al. 2017). As one can see from the Table 4, our value
is around 0.4. Therefore, this indicates that our material
cannot be considered as compressible or incompressible.
Also, for any solid crystal, if Poisson’s ratio is around 0.1 the
bond is ionic, if around 0.25 is the bond is covalent, if it is
higher than 0.25 the bond is metallic (Bannikov et al. 2007).
"Therefore, it is metallic bond for our case.

Another important mechanical parameter is shear anisotropy
factor of the crystal. It presents vital knowledge about
anisotropicity. Shear anisotropy factor of a cubic crystal, for
the {100}, {010} and {001} planes are , is shown in Eq.9 and
for the {110} planes are , is shown in Eq. 10 as a function of
elastic constants (Lau 1998).

4=2C,/(C,-C,) 9)
A_= C44(CL + 2012 + Cn)/(c G, - Ch)

LG (10)
C=C,+(C,+C,)2

Both shear anisotropy factor of ternary silver-based ferrite
Ag FeTe, telluride have been presented in Table 5. If
2C,, = C,,- C,, the value of 4 goes to 1 and the material has
isotropic nature. In our case, for both directions, the value is
around 1 and it could be said that the material is isotropic.
Also, this result is compatible with Figure 6, in which elastic
modules symmetric for all axis.

3.3.2.The Predicted Some Thermal Properties

In this part of this study, some thermal features such
as wave velocities (v , v, and v), of ternary silver-based
ferrite Ag FeTe, telluride, melting temperature (7',,,) and

Table 4. The predicted bulk (B), shear (£) and Young’s moduli (E), Poisson’s (0 ) and Pugh’s ratios (B/G) of ternary silver-based
ferrite Ag FeTe, telluride.

Compound B (GPa) G,(GPa) G, (GPa) G, (GPa) E (GPa)
Ag FeTe, 15.13 3.57 3.54 5.55 9.88 4.314 0.391
208 Karaelmas Fen Miih. Derg., 2020; 10(2):202-212
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finally Debye temperature (65) have been presented. The
transverse and longitudinal sound wave velocities v, and
v,0f the material are predicted as a function of formerly
determined shear (G) and bulk (B) moduli in Eq. 11 and 12
by using Navier’s equation (Schreiber et al. 1973).

Table 5. The determined A4 and (anisotropy shear factors) of
ternary silver-based ferrite Ag FeTe, telluride

A_for the {110}

planes
1.135

A for the {100}

Compound

planes

Ag FeTe, 1.188

Ag FeTe,
o= [G/p]" ()
v = [(B+(4G/3))/ 0 ] (12)

Then, v, and o, values are used to calculate the average sound
wave velocity (v ) in Eq. 13 (Anderson 1963):

v ={(1/3)[2/(v})) + (1/(vi )]} (13)

All the estimated values of ternary silver-based ferrite
Ag FeTe, telluride have been tabulated in Table 6. Other

important the thermal feature of a material is the Debye
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Figure 6. Two and three-dimensional (3D) predicted elastic properties of Ag.FeTe, compound a) Young’s moduli b) Linear

Compressibility c) Shear moduli and d) Poisson’s ratio (ELATE 2016).
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Table 6. The determined transverse (v), longitudinal (v), and average (v,) wave velocities and also Debye (6p) and melting

temperatures (7', ) of ternary silver-based ferrite Ag FeTe, telluride.

Compound v, (m/s) v, (m/s) v, (m/s) 0, (K) T, (K
AgFeTe, 1576 3251 1771 163.9 668 + 300
temperature (0,). High Debye temperature could mean 5. Acknowledgment

high melting temperature and high thermal conductivity.
For this material, Debye temperature has been estimated by
using Eq. 14 (Anderson 1963):

05 = (B/#R)[3n/4m)(Nap/M] v (14)

where % the Boltzmann’s constant, N, is the Avogadro’s
number, 7 is the number of atoms in the molecule, 5 is
the Planck’s constant, M is the molecular weight, p is the
density of the material and finally v is the average sound
wave velocity. The estimated Debye temperatures (6,) for
ternary silver-based ferrite Ag FeTe, telluride has been
presented in Table 6.

Lastly, the melting temperature has been roughly predicted
for the crystal in this study by adopting the formerly
calculated C,, elastic constant value in Table 3 (Fine et al.

1984).

591K
GPa

Ty = | 553 K+( )ou |+ 300 K (15)

One could see from the Table 6, the approximately estimated
melting temperatures for this telluride is consistent with the
determined Debye temperatures.

4. Conclusion and Comment

In this research, for the most suitable magnetic order,
mechanical properties and electronic features of new
ternary silver-based ferrite Ag FeTe, telluride, which has
215 space number and conforms P43m space group, has
been inspected in detail. The graphed volume-energy plot
and determined negative formation enthalpy of this ternary
silver-based ferrite telluride demonstrate that the crystal
is ferromagnetic and synthesizable. With the half-metallic
nature with small indirect band gap (Eg= 0.297 eV) in spin-
down state of silver-based ferrite Ag FeTe, telluride, is a
promising material for technological applications such as
spintronic devices. Since the elastic constants provide the
Born Huang criteria, the material is mechanically stable.
Also, with the positive Cauchy pressures and high Pugh’s
ratio, the crystal is soft and has high ductility. In addition to
that, the mentioned material is isotropic due to the value of
shear anisotropy factor for all directions are around 1.
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