EJEAS

L]
L] L
L L]

L ]
. .
" * .

Number: 1
L ]
-,
[ ]

.

* . * .

. -a-_
- .

-
[ ] ]

* *

L] .-_-

[ ] [ ]
[ L] L ]
. ",
* .

.

. . 5
L] L
--------
LA * 5
L ] »
.......
-----
-------

ENGINEERING AND
APPLIED SCIENCES

ISSN:2652-3412 \olume:5

EUROPEAN JOURNAL OF



EJEAS

ISSN: 2651-3412

European Journal of Engineering and Applied Sciences

http://dergipark.gov.tr/ejeas
Volume 5 Number 1, June 2022

European Journal of

Engineering and Applied Sciences

Volume: 5 Number: 1 June 2022

Eur J Eng Appl Sci

https://dergipark.org.tr/tr/pub/ejeas

email: ejeas@nku.edu.tr

ISSN: 2651-3412


http://dergipark.gov.tr/ejeas
https://dergipark.org.tr/tr/pub/ejeas

@ European Journal of Engineering and Applied Sciences

http://dergipark.gov.tr/ejeas
EJ EAS Volume 5 Number 1, June 2022

On behalf of Tekirdag Namik Kemal University,
Dean of Corlu Fakulty of Engineering,
Prof. Dr. Lokman Hakan TECER

Editor-in-Chief
Prof. Dr. Aysun SAGBAS
Vice Editor

Asst. Prof. Rabia KORKMAZ TAN
Asst. Prof. Suna Ozden CELIK
Dr. Giilen OZKULA

Section Editors

Prof. Dr. Hafiz ALISOY Assoc. Prof. Dr. Erding UZUN

Assoc. Prof. Dr. Rafet AKDENiZ Asst. Prof. Dr. Ulviye POLAT

Prof. Dr. Giinay YILDIZ TORE Asst. Prof. Dr. Aylin AKYILDIZ
Assoc. Prof. Dr. Koray CIFTCI Asst. Prof. Dr. Suna Ozden CELIK
Assoc. Prof. Dr. Resat MUTLU Asst. Prof. Dr. Rabia KORKMAZ TAN
Assoc. Prof. Dr. Ugur AKYOL Dr. Giilen OZKULA

Language Editor

Assoc. Prof. Dr. Ufuk CETIN Namik Kemal University

Editorial Board

Prof. Dr. Lokman Hakan Tecer Namik Kemal University
Prof. Dr. Giilen iskender Istanbul Technical University
Prof. Dr. Askin Demirkol Sakarya University

Prof. Dr. Yilmaz Kiligaslan Adnan Menderes University
Prof. Dr. Oguzhan Cigekoglu Bogazici University

Prof. Dr. Giil Kremer lowa State University

Prof. Dr. Nevin Cigdem Giirsoy Istanbul Technical University
Prof. Dr. Rizvan Erol Cukurova University

Prof. Dr. Giilgiin Kayakutlu Istanbul Technical University
Prof. Dr. Emine Cokgor Istanbul Technical University
Asst. Prof. Dr. Ismail Faik Baskaya Bogazigi University

Assoc. Prof. Dr. Kristina Uzuneanu "Dunarea de Jos" University of Galati
Asst. Prof. Dr. Feride Sermin Utku Yeditepe University

Dr. Giusy Lofrano University of Salerno

Correspondance Address

ISSN: 2651-3412

Turkey

Turkey
Turkey
Turkey
Turkey
Turkey
USA
Turkey
Turkey
Turkey
Turkey
Turkey
Romania
Turkey
Italy

T.N.K.U. Corlu Miihendislik Fakiiltesi Dekanlig1 Silahtaraga Mahallesi Universite 1. Sokak No:13 59860

Corlu / Tekirdag, TURKEY

e-mail: ejeas@nku.edu.tr
Tel: +90 282 2502300

Fax: +90 282 2509924
Front & Back Pages Designed by Abdurrahman Ozdemir


http://dergipark.gov.tr/ejeas
mailto:ejeas@nku.edu.tr

ISSN: 2651-3412

@ European Journal of Engineering and Applied Sciences

http://dergipark.gov.tr/ejeas
EJ EAS Volume 5 Number 1, June 2022

Yayin hayatina baslarken,

Trakya’nin kalbinde 1992 yilinda kurulan Tekirdag Namik Kemal Universitesi Corlu Mithendislik Fakdiltesi’nin
“European Journal of Engineering and Applied Sciences (EJEAS)” isimli dergisi yayin hayatina baslyor. Temel
ve uygulamali mihendislik konularinda evrensel diizeyde bilgi Uretmek, Urettigi bilgiyle teknolojik
gelismelere yon verebilmek ve bu bilgileri toplumsal faydaya doénistiirmek misyonuna sahip fakiiltemizin
bu ilk sayisi ile yayin hayatina kazandirdig dergimiz yilda iki kez yayinlanacaktir.

European Journal of Engineering and Applied Science (EJEAS) disiplinler arasi alanlarda orjinal arastirma
makalelerini, vaka c¢alismalarini ve teknik raporlari, derleme ve analiz raporlarini yayinlamayi
amaclamaktadir. Yayin Gcreti bulunmayan ve bilimsel hakemli arastirma dergisinde Fen ve Mihendislik
Bilimlerinde deneysel, teorik veya hesaplamali Tiirkce ve ingilizce hazirlanmis giincel ve 6zgiin bilimsel
calismalara yer verilecektir. EJEAS konusu asagidaki disiplinlerdeki calismalari kapsayacaktir, ancak konu
kapsami bunlarla sinirl tutulmayacaktir:

e Otomasyon ve mekatronik mihendisligi

e Biyomedikal mihendisligi

e Bilgisayar bilimi ve yaziim mihendisligi

e insaat miihendisligi ve mimarlk

o Elektrik, elektronik ve telekominikasyon miihendisligi
e Cevre mihendisligi

e Endustriyel ve imalat miihendisligi

e Makine mihendisligi

e Malzeme bilgisi

e Tekstil mihendisligi

Dergiye gelen tum c¢alismalar ¢ift-kér hakem degerlendirme siirecinden gegerek uygun bulunanalar
yayinlanma sirecine alinacaktir.

Bu ilk sayisiyla yayin hayatina baslayan dergimizin size ulasmasinda emegi gecen herkese tesekkiir eder,
dergimize yayin hayatinda basarilar dilerim.

Prof. Dr. Lokman Hakan TECER

Tekirdag Namik Kemal Universitesi, Corlu Miihendislik Fakiiltesi Dekani
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Degerli Bilim insanlari,

“European Journal of Engineering and Applied Sciences (EJEAS)” isimli dergimiz, 2018 yilinda yayin hayatina
baslamis olup, bilimsel hakemli dergi olarak, Fen ve Miihendislik disiplinlerinde “Tiirk¢ce ve ingilizce”
hazirlanmis glincel arastirma ve derleme c¢alismalarina yer vermekte ve vyilda iki sayr olarak
yayinlanmaktadir.

Dergimizin ilk yilinda, Tekirdag Namik Kemal Universitesi Corlu Mihendislik Fakiiltesi'nin farkli
disiplinlerinde gorev yapmakta olan ¢ok degerli akademisyenleri, gonullli olarak dergimizin tiim sireclerine
destek vermistir. Bu durum bizleri daha gigli kilmis ve calismalarimizda sinerji yaratarak, azim ve
kararlihgimiza 6nemli katki saglamistir. Dergimizin ilerleyen sayilarinda daha gliglii bir yapi ile daha iyi
noktalara ulasmasini, alana ve literatlire daha fazla katki saglayarak tim diinyadaki bilim insanlari tarafindan
yayin gonderilen bir dergi konumuna gelmesini Gimit ediyorum.

Dergimizin bu iki sayisinda degerli calismalarini bizimle paylasip dergimizde yayinlanmasina katki saglayan
tliim yazarlarimiza, yayinlarin degerlendirilmesi ve siireg igerisinde her tiirl bilgi ve tecriibesi ile bizleri yanliz
birakmayan cok degerli hakemlerimize, makalelerin dergimizde yayinlanma siirecinin basindan sonuna
kadar 6zveriyle calisan alan editorlerimize ve editorler kurulumuza, bu siirecte desteklerini esirgemeyen
Tekirdag Namik Kemal Universitesi Corlu Miihendislik Fakiiltesi’nin dekani sayin Prof. Dr. Lokman Hakan
Tecer’e sonsuz tesekkirlerimi sunarim.

Prof. Dr. Aysun SAGBAS

EJEAS Bas Editori
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Dear Colleagues,

Our “European Journal of Engineering and Applied Sciences (EJEAS)” journal has begun in 2018 as a scientific
refereed journal. EJEAS includes up to date Turkish and English language based researches in Science and
Engineering and publishes two issues in a year.

In the first year of EJEAS, very valuable academicians of Tekirdag Namik Kemal University have contributed
and supported all the processes voluntarily. This made us stronger and with the synergy, it boosted our
willingness. | hope that it will achieve better success soon, contribute more to the community, and become
a globally recognized journal which publishes journals to entire science community in the world.

For these two issues, | would like to thank our authors who share their studies with us to contribute the
journal, our reviewers for assessing the articles with their knowledge and experience, our editors and
editorial board for their willingness from the beginning to the end, lastly, dear Dean of Engineering at
Tekirdag Namik Kemal University, Prof. Dr. Lokman Hakan Tecer for his ultimate support.

Prof. Dr. Aysun SAGBAS

Editor in-Chief pf EJEAS
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Arastirma Makalesi

Serbest Yap1 Kimligindeki Imar Parsellerinde Trigonometrik
Yontemle Bina Oturum Alami Cikartma Islemi

Selim Taskaya® "

! Mimarhk ve Sehir Planlama Boliimii, Artvin Meslek Yiiksekokulu, Artvin Coruh Universitesi, Artvin Turkiye, 08000
3selim_taskaya@artvin.edu.tr

0z. Serbest yap1 nizamindaki imar adalari, uygulama imar planlarindaki ayrik, blok ve bitisik yap1 nizamlarinin 6zel halidir. Bu tip
yap1 nizamlari verilerek imar sinirlar igindeki alanlarda insani ihtiyaglarin karsilanmasi amaciyla yapilar kurulur. Serbest nizamli imar
parselleri daha gok ayrik ve blok nizamlarimn bir baska tiirtidiir. Bu tip parsellerin bulundugu alanlarda genellikle sadece adanin toplam
ingaat alani olan emsal degeri verilir. Bu emsal deger tlizerinden ilgili kanun ve ydnetmelik uyarinca gesitli yontem ya da yaklagimla
bina oturum alani parsele verilir. Bu ¢alismada yaklagim olarak trigonometrik dik iz diisiimlerle a¢1 yardimiyla tiggenleme yapilarak
parsellerin taban oturum alanlari ¢ikartilmaya caligildi. Bu ¢ikartmalar ile gerekli olan 6n, yan ve arka ¢ekim sinirlar1 gesitli plan
ornekleri verilerek nasil olmasi gerektigi ortaya konmaya ¢alisildi. Bu sekilde arazi iizerinde yer alan bir imar parseline dogru olarak
en iyi imar ¢gekme mesafelerini en iyi matematiksel yaklagimla uygulamaya ¢aligmak amag edinilmistir.

Anahtar Kelimeler: Serbest Yapi Imar Adasi, Imar Durumu, Trigonometrik Yaklasim.

Removal Building Residence Area with Trigonometric Method in Free Building Identity Zoning Plots

Abstract: The zoning blocks in the free building order are the special case of the separate, block and adjacent building regulations in
the implementation zoning plans. Buildings are established in order to meet human needs in areas within the zoning boundaries by
giving such building regulations. Free-order zoning parcels are another type of mostly separate and block orders. In areas where such
parcels are located, only the precedent value, which is the total construction area of the island, is usually given. Based on this precedent
value, the residential area of the building is given to the parcel with various methods or approaches in accordance with the relevant law
and regulation. In this study, trigonometric perpendicular projections and triangulation with the help of angles were used to determine
the base settlement areas of the parcels. With these stickers, the required front, side and rear shooting limits were tried to be revealed
by giving various plan examples. In this way, it is aimed to try to apply the best zoning drawing distances to a zoning parcel on the
land with the best mathematical approach.

Keywords: Free Building Reconstruction Island, Zoning Status, Trigonometric Approach

1. Giris ve kiiltiirel nitelikteki hemen her beseri faaliyete dair basit ya
da geligkin kurallar konulmus, diizenlemeler yapilmistir [1].
Bu noktada, “toprak” (arz / arazi ve arsa) lizerindeki yerlesme
ve yapilasmaya iligkin muhtelif kurallara, imara dair
diizenlemelere de &teden beri rastlanmaktadir [2;3].Yani
yerlesim yerlerini bir diizen igerisinde tutma cabalar1 yeni
degildir [4;5].

Toplumsal yasam, her bakimdan belli bir diizeni (intizami)
zorunlu kildigindan, en ilkelinden en gelismisine kadar her
toplumda, diizeni saglayacak kurallara gereksinim vardir.
Nitekim toplumdaki &zel ve kamusal faaliyetler i¢in, her ¢agda
cesitli kurallar ongoriilmiistiir. S6z gelimi barinma, beslenme,
eglenme, ¢aligma gibi her konuya; bu anlamda iktisadi, sosyal

* Sorumlu yazar
E-posta adresi: selim_taskaya@artvin.edu.tr (S. Taskaya)
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Bugiin gelinen noktada, her ne kadar imar miiessesesi ve
planlama konusunda farkli yaklasimlar [6] bulunsa da diizenli
kentlesmenin planlamadan bagimsiz bi¢cimde diisliniilmesi pek
miimkiin goriinmediginden, imar planlamasi ve bu faaliyetin
temel enstriimani olan imar planlarinin toprak iizerindeki
yerlesme ve yapilasmaya yonelik getirdigi kurallarla, imar
diizeninin esas belirleyicisi mertebesine ulastig1 sylenebilir
[1]. Planlama sozciik olarak belli bir amaca yoOnelmis
eylemlerin 6gelerinin zaman igerisindeki sirasini ve mekan
icerisindeki dagilimlarini diizenleyen siirectir [7].Planlama
eylemi ekonomik planlama, sosyal planlama, fiziksel
planlama olarak siniflandirilabilir [8]. Ornegin belediyelerin
gorev, yetki ve sorumluluk smnirt igerisinde olan alanlarda
hazirlanan planlar konusunda karar alma yetkisi, segimle
isbagina gelen genel karar organi niteligindeki belediye
meclisine taninmigtir [7]. Belediye meclisinin imar planlarinda
son sozii sdyleyecek yetkili olmasi, planlamanin temel hak ve
ozgiirliiklerle olan yakin ve yogun iliskisinden 6tiirtidiir.

Temel hak ve Ozgiirliikler iizerinde yogun bir baski
olusturabilme yetenegine sahip imar planlama galismalarinin,
bu hak ve oOzgirliklerin sahibi olan kisiler tarafindan
olusturulmus olan belediye meclisi tarafindan karara
baglanmast demokratik bir yonetim anlayist bakimindan
dogru bir yaklagim oldugu gibi planlamanin katilimci yapisi
bakimindan da olumlu olmustur [9]. Esasen imar planlar
kapsadiklar1 bolgeye iliskin olarak hem genel kurallar hem de
bu kurallarin uygulanmasini gosteren bir sema igeren karmasik
yapili bir islem tiiridiir [7]. Planlarin igtihat ve Ogretideki
baskin goriisle diizenleyici islem rejimine tabi kilinmast belirli
bir bolgede imar ilke ve kurallarinin miimkiin olan soyutluk
diizeyinde ifade edilmesinden kaynaklansa da bu ¢dziimiin
pratik sonuglar dogurmasi nedenine de dayanmaktadir [10].
Kent planlarinin bu agsamada {izerinde durulmasi gerek 6nemli
bir diger evresi de arastirma ve c¢oziimleme evresidir.
Giintimiizde kent planlamasinin, statik bir kavram olmaktan
ciktig1 ve hizli degisimlere ayak uydurmak zorunda olan bir
calisma oldugu kabul edilmektedir [11].

2. Materyal ve Metot

Trigonometri, ag1 ve mesafe 6l¢lim yardimiyla kenar bulma
islemidir. Haritacilikta ise bu tip imar planlarinda entegre
edilmis olarak kullanilir. Trigonometrik fonksiyonlar,
diizlemde birim ¢ember iizerinde (X, y) noktast igin
trigonometrik fonksiyonlar x = cos a ; y = sin a olarak
tanimlanir. Birim ¢ember {izerindeki (x, y) noktasi ile a
parametresini eslestirmenin iki yolu vardir [12]. Ya (cos a, sin
a) noktast X ekseni yoniinde pozitif yonde a agisi yapan
orjinden gegen dogrunun birim ¢emberi kestigi noktadir ya da
saat yoniiniin tersi yoniinde a birim yay uzunluguna karsilik
gelen noktadir [12].

Oklidyen diizlemde siniis ve kosiniis fonksiyonlarmi birim
¢cember lizerindeki (X,y) noktasina bagli olarak tanimladigimiz
gibi taksi diizlemde de ayni sekilde tanimlanabilir [12]. Sekil
1.de diizlem bir noktada arazi iizerinde bir noktanin diizlem
tizerindeki yerinin saptamada uydulardan faydalanilarak
konum bilgisi tespiti yapilir. Birim ¢ember gibi diisiiniilerek
arazi yiizeyi y ve x den koordinat farklarindan hem mesafe
hem de a¢1 hesaplanmasi ile birlikte diinya yiizeyinde birim
cember olarak istenilen noktanin nereye denk gelecegi
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matematiksel bulunur. Uzunluk olarak, 1.2.,3., ya da 4.
Bolgelere denk gelen y ve x koordinatlarindan birim ¢ember
iizerinden alanda yer tayini bulunur. Ama¢ dogru aplikeyi
zeminde yapabilmektir.

y= x+1 y= -x+1

F 3

y=x-1

"

Sekil 1. Taksi Birim Cember [12].

1 1
sinaisin,8=Zsinz(aiﬁ)cosz(a¢,8) )]

1 1
cosa + cosf = Zcosz(a +B) cosz(a

2
-B)
roq4 X x? x3
e’ = +ﬁ+§+§+“'. 3)
—0 < x <o
nmx _nmx
fx)=ay+ Z (an cos—— + b, sin T) 4)
n=1
n
n
x+a) = Z (k) xkank (5)
k=0

Siniis ve Kosiniis teoremleri araciligiyla gerek alan gerekse de
iicgen i¢ acilarindan 200 graddan toplam i¢ agilar ¢ikarilip
igiincli i¢ a¢1 bulunabilir. Boylelikle dik iz diisiimden
istikamet alinarak yukaridaki fourier ya da trigonometrik
formiiller yardimiyla 6klid kenar belirlenebilir[14].

f ve g fonksiyonlar [a, b] araliginda tanimli reel fonksiyonlar
ve p>1 igin $+ % =1 olsun [13]. Eger, Ifl* ve Igld

fonksiyonlart [a, b] araliginda integrallenebilir ise;

b b
[ 1r@georac < ( | If(x)ld(x)> 1 ©
a a
esitsizligi saglanir. Bu esitsizlik literatiirde Holder integral
esitsizligi olarak adlandirilir [15].Bulgular ve Tartisma

Serbest nizam parseller, imar planlarinda imar durumu adi
verilen imar ¢apit verme islemlerinde yoruma oldukg¢a agik
kimlik olarak planci tarafindan olusturulmus adalardir. Bu
adalarda 6zellikle yan ve arka ¢ekme Olgiileri ayrik ve blok
tiplerde oldugu gibi yasal cercevede verilmeye calisilir[16].

2



Bazi adalarda emsal degeri verilebilir bazilarinda ise
olmayabilir. Emsal degeri verilenlerde yonetmelige gore
ortalama TAKS (Taban Alan Katsayis1) 0.30 alinarak,
Emsalin/TAKS yapilmas: suretiyle ka¢ kata denk geldigi
bulunabilir [18]. Emsal degeri verilmeyenlerde ise ilgili
adanin ¢evresinde bulunan imar adalarina bakilarak isleme
devam edilir. Yiikseklik lejanti belli olan adalarin gibi yan ve
arka ¢ekme Olgiileri uygulanabilir [17]. Eger yine tiim etrafi
serbest nizam seklinde ise belli bir kat adeti alinarak 6lgiiler
belirlenebilir.

Serbest yapt nizami digger tiim yapi nizamlarinin 6zellesmis

Selim Tagkaya / European J. Eng. App. Sci. 5(1), 1-8, 2022

halidir. Arazi iizerinde aplike edilirken bina zemin alanine
¢ikarimlarinda ¢esitli matematiksel yaklagimlarla alana bina
oturtulmasinda bu islem yapilir. Kompleks yaklagim,kiimesel,
polinomsal ya da burda kullandigimiz trigonometric
yaklagimla, imar planlar iizerinde emsal ve yiikseklik gibi
ozellikleri belli olan parsellerin zeminde ¢ekme mesafelerini
gosterirken siniissinusiniis ya da tanjant gibi teoremlerden baz
almarak diizgiin geometrik bir parselin zeminde nasil
yerlestirilecegi lizerine irdeleme yapilarak bu tip parsellerde
yap1 yaklasma mesafelerinin nasil ayarlanmasi gerektigine
bakilmustir.

free order zoning island

—

210
-.-.-.-'-'--_;

Tanjant or
sin/cos teoifg

212 g

Sekil.2 Serbest Emsalsiz Bir Imar Adasi Gériintiisii

Sekil 2.de, imar adasinin batisinda bulunan bir parsel
goziikmektedir. Planda imar adasinin emsali hakkinda bilgi
verilmemistir. Bundan dolay1 yonetmelige gore 4 kata kadar
olan parsellerde yan bahge mesafesi 3 metre olacak sekilde
o6l¢iilmelidir [18]. Buna istinaden serbest olan bu adanin ilgili
parseli ii¢ tarafi imar yolu oldugu i¢in sabit 6n ¢ekme mesafesi
5 metre ¢ekilmis, yan bah¢e mesafesi 4 kat olarak
degerlendirilip 3 metre ¢ekilecek sekilde verilmistir. Eger
parsel sahibi ruhsat alabilir ise 4 kattan fazla kat yapmasi
durumunda kat basina yarim metre artacak sekilde yan ¢ekme
Ol¢iisii artar [19].

Ozellikle goriintiide parselin disindan igerisine dogru 6l¢iim
dik hat g¢ekilerek 100 seklinde yapilmasi gerekir. 100 grad
seklinde yapildig:1 takdirde parselin dig kenar uzunlugundan
ticgen yapilarak oklidsel uzaklik siniis, kosiniis ya da tanjant
teoremlerinden bulunarak plan iizerinde manuel taban ¢ikarimi
yapilabilir.

Yan kesit olarak serbest parselde yan ¢ekme mesafesi belli
olmadigindan belli bir bina kat ytiksekligi ve daire baz alinarak
pisagor ya da talesten parselin trigonometrik olarak yan
bahgesi belirlenir.

tan/sin/gos

teorem
199

6m

Sekil 3. Emsali ii¢ olan serbest imar adasindan bir goriintii



Sekil 3.de kuzey ve giiney dogrultulu iki tarafa cephesi olan
bir imar parseline imar durumu verilmistir. Serbest bir imar
adasi olmasma ragmen emsal degeri belli oldugundan kat
adedi  bulunarak ¢ekme Olgiileri  hesaplanabilmistir.
Emsal/0.30 dan ilgili parsele 10 kata kadar imar durumu
verilebilir ibaresi ¢ikmaktadir. Tlgili 6n dlciiler sabit 5 metre
olarak kag kat olursa olsun alinabileceginden, yan bahgelerde
bu kat adet sayis1 daha fazla 6nem arz edecektir [20]. Plan
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tizerinden dik iz diisiimle siniis ve kosiniis formiillerinden
maksimum geriye dogru cekilebilecek miktar
hesaplanabilecektir. Ister integral olarak fourierden bulunsun
isterse de tanjant teoreminden ayni sonuca ulagilacaktir. Yani,
sina agis1 ile agist belli olan bir noktadan sin ya da cos
formiiliinden parselin 6n ya da yan yan bahgesini belirlemek
temel problem dogru ¢6zme bigimidir.

——
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Sekil 5. Serbest Nizamda Toplam Ingaat Miktar: Belli Bir Imar Adast Goriintiisii



Sekil 4.de yine farkli bir emsalde nasil hareket edilmesi gerekli
sorusuna 6rnek olusturacak bir parsel seklinde serbest nizamda
1.50 emsale sahip kimlikli bir imar parseline nasil izin
alinmasina bakilmisti. Bu durumda bir kere parselin bir
cephesinin imar yoluna baktig1 anlasilacaktir. Parselin
goriildiigli yol tarafi higbir zaman arka tarafi olmayacaktir.
Yani, arka bahge 6l¢iisii igerisinde yol goriinmeyecektir.

EMSAL/TAKS=KAT ADEDI

Formiiliinden hareketle ortalama 5 kata denk gelecek sekilde
olgiileri belirlenecek ve sonra trigonometrik yaklagimla taban
alan ¢ikarimi yapilacaktir. Yonetmelige gore 4 kattan sonra kat
basina yarim metre artacak sekilde arka ve yan bahge olgiileri
belirlenecektir (Planli tip imar yonetmeligi, 2017). Maksimum
sekilde serbest nizamdaki bir imar parseline yan ve arka
Olgiileri 3.5 metre olacak sekilde hesabi verilip, 100 grad
diismeler ile 3k-4k-Sk ticgeni gibi degerlendirilerek geriye
dogru manuel taban alan ¢ikarimi yapilacaktir.

Sekil 5.de bulunan parsel yine bakildiginda tek bir noktaya
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imar yolu vardir. Kag¢ kat olursa olsun 6n tarafindan tabi
istikametindeki yapilasma yok olarak degerlendirildiginde 5
metre geriye dogru gelecektir. Yan ve arka 6lgiileri 6 kat olarak
degerlendirilerek maksimum 4 metre olacak sekilde

degerlendirilmistir. Yine 6zellikle yan kesit goriintiisiinden;

X

n nix
fx)=ay,+ Z (an cos —— + b, sin T) @)
n=1

Dizi ve seri olarak orantili sekilde artacagi gosterilmeye
calisilmistir. Amag 100 gradlik iz diistimler ile en iyi mesafeli
cikarimi saglayabilmektir. Imar adasi gosteriminde emsal 1.80
oldugundan, maksimum kat yiiksekliginden g¢ekilebilecek en
azami yan ve arka ¢ekme mesaflerinin gosteriminden kat
azalmasinda bu ¢ekme mesafesinin azalacagi goriiliir. Yan
cekme kesit gosteriminden 100 graddan baz almarak eksi 200
grad toplamdan geriye kalan 100 grad {iggen i¢ agilar1 toplami
oldugundan trigonometrik unsurlarla ag1 mesafeden bu ¢ekme
mesafesinin iki baglantist bulunur. Bu sekilde imar ¢api
arazide aplike edilir.
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Sekil 6. Serbest Nizamda L seklinde Bir Imar Parselinin Oturum Alani Gosterimi

Sekil 6.da L seklinde olan bir kapali konveks sekildeki parsele
¢ift tarafinda imar yolu oldugu i¢in yonetmelige gore 5 metre
¢ekilmigtir. Serbest nizamli imar adalarinda adanin sadece
emsali olup olmadig: ilgilendirir. Kimliginde hangi alan
oldugu sorusuna bakilmaz. Ama¢ dogru ingsaat kullanim
alaninin taban ve tamaminda gosterilmesidir. Emsal degeri
belli oldugundan 4 kata kadar maksimum alinarak yan

mesafeleri belirlenmistir. Arka ve yan 6lgiiler asgari 3 metre
olacak paralel birlikte bir artis olarak degerlendirilmesi 6n
gOriilmiistiir [18]. Parselin kesit olarak planda gosterilen
kisminda yan bahge mesafesi 4 kat baz alinarak bir dik tiggen
yapilarak hipoteniisten kosiniis ya da sinus ile iz diisiim
cekilerek alanda yapilacak islem gosterilmistir
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Sekil 7. Serbest Nizam Bir Imar Parselinde Istisnai Olarak Hmax in Verildigi Goriintii

Sekil 7.de imar adasi iki tane parselden birinin park, digerinin
ise ingaat yapilacak bir parsel oldugu goziikmektedir. Emsal
degerine ekstra olarak ingaatin ¢ikma durumunda 24.50
metreye kadar yapilacagi ve bu yiikseklik boyunca en fazla
1.50 emsalin kullanilacag: anlasilir. Emsal yiiz 6l¢iim degeri
ise parselin tapu alanmin ilgili deger ile ¢arpimindan elde
edilecegi anlasilir. Bundan dolay1 5 er metre ¢ekme suretiyle

100 gradlik iz diistimler siniis ya da kosiniis hesaplarindan
bulunur. Amag imarl1 bir sahada yiiksekligi belli olsun ya da
olmasin sadece emsali belli olan noktalarda arazi {izerinde kat
adedi belli olmayan parselin bir kat baz alinarak imar ¢apinin
verilerek, kat artarsa ona gore artip ya da azalacagi husunun
mimari proje 6ncesi gostermektir.

bection View

Yencok=24.50 /

Sekil 8. Serbest Nizamda 12 Kata Denk Gelebilecek Parsel Gértintiisii

Sekil 8.de biiylik olan bir parselin sadece kesit olarak en
o6nemli kismi elastik olarak kat adedine gore cekilecek olan
yan Olgiisiidlir. Emsalinden 12 kat hesaplamasi ile 8 metre
sekilde azami ¢ekilmesi hesaplanacag: ortaya ¢ikacaktir

1 1
sinaisin[)’=25in§((xiﬁ)cosz(6¥$ﬁ) ®)

1 1
cosa + cosf = 2COS§(0! +B) COSE((Z
-B)

Formiillerinden sistematik bir orantiyla elastik sekilde artip

)

azalacagl anlasilacaktir. Yani, plandaki goriintliniin arazi
tizerinde ag¢1 ve mesafe ile parselin distan igeriye dogru nasil
cekilmesi gerektigi gosterilmistir. Imar planlar1 kadastral
altliklar dogrultusunda meydana gelir. Sehir merkezlerinde
bitisik, yeni yerlesime agilan yerlerde ise ozellikle ayrik ve
blok yapi nizamlarinda parseller olusur. Plan tadilati ile
ozellikle yiiksek kata elverigli zemine sahip parsellerde dnemli
soru zeminde bina oturtulurken yan bahge ve arka bahgelerin
nasil ¢ekilmesi gerektigidir. Bununda dogru olabilmesi i¢in
mutlaka doru matematik ile ancak yapilmas: gerektigi temel
amagtir. Orneklerde de kag kat iizerinden baz alinarak nasil

6



cekilmelerin yapilacagi gosterilmistir. Planli tip alanlar
yonetmeligine ne kadar metre cekilmesi  gerektigi
gosterilmistir.

Tablo 1. Cekme mesafelerinin kat adetlerine gore gosterimi

On Bahce Yan Bahce Arka Bahce

Kat Adedi (m) (m) (m)
4 5 3 3
5 5 3.5 3.5
6 5 4 4
7 5 4.5 4.5
8 5 5 5
9 5 5.5 5.5
10 5 6 6
11 5 6.5 6.5
12 5 7 7
13 5 7.5 7.5
14 5 8 8
15 5 8.5 8.5

Serbest yap1 kimligine sahip imar parsellerinde aynen digger
ayrik, blok ya da bitisik nizamlarda oldugu gibi planli alanlar
tip imar ydnetmeligine gore bu ii¢ nizam tirtniin ortak
kompkles yapist oldugundan aynen on, yan ve arka ¢ekme
mesafeleri digger yapi sekilleri gibi kat aedine gore
uygulanmaktadir. Bu yapi tipindeki sadece fark baz alinarak
vapiulacak kata gore yan ve arka ¢ekmelerin uygulanmasidir.
Yani, plandaki ve tablodaki gésterimlerden su anlasiimalidir.
Bir imar planinda yer alan ayrik, blok ve bitisik parsellerin
ozel hali olan serbest yapi dzelliginde yer alan parsele
zeminde oturumu alaminin gésteriminde imar ¢apt verilriken
planl alanlar da yer aldigindan planh alanlar tip imar
yonetmeligine gore bahge mesafelerinin, a¢t ve uzunluk
kavramlarindan matematiksel nasil bulunmasi gerektigi
lizerine inceleme yapilmistir.

3. Sonuc ve Oneriler

Serbest nizam imar parselleri, ayrik ve blok nizamlarin 6zel
durumudur. Ozel durum oldugundan azami ve asgari bahge
6lgiileri orantili sekilde artig ya da azaliglarini farkli yaklagimla
hesaplanabilecektir. Ozellikle calismadaki plan
goriintiilerinden farkli sekillerde verilen parsellerde konveks
olduklarindan dik iz diisiimlerinin dik grad olacak sekilde
kapali bir hale gelmesi ile trigonometrik hesaplardan
yararlanarak bir imar durumunun nasil olmasi gerekligi
gosterilmeye calisildi. Ozellikle belediyelerde, bu plan 6zel
hallerinde yan ve arka dlgiiler yonetmelik dogrultusunda bir

kol gibi artis ve azalmanin farkli bir yaklagimla nasil olmasi
gerektigi ortaya konmaya ¢alisildi. Yiikseklik ve emsal
oranlar1 sadece plan lizerinde islenmis olan bu tip parsellerde
yan ve arka ¢ekmeler belli bir kat yiiksekligi baz alinarak onun
alt1 ve tizerinde kat adedi yapilacaksa zemin iizerinde ¢ekme
isleminin ne Olgiide olacagi belirtilmektedir. Mimari proje
yapilandirilmasinda temel nokta olan imar ¢ap1 alinmasi
esnasinda, nasil bir imar ¢ap1 hesaplanmasi yoniinden irdeleme
yapilarak mimari ve haritacilik sektorii literatiiriine katki
verilmeye caligilmigtir.
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Abstract: Fractional-order capacitors and memcapacitors have become a major research area in recent decades. Analog applications of
both circuit elements are getting more common. In literature, the conformal fractional derivative (CFD) is getting lots of interest due
to its easiness to use and to comprehend. Some supercapacitors have already been modeled with the conformal fractional derivative.
Two-capacitor problem is an important problem in physics. Recently, a two-capacitor problem with a CFD capacitor and a linear time-
invariant (LTI) capacitor has been examined. To the best of our knowledge, a circuit, which is made of a CFD capacitor and a
memcapacitor, has not been analyzed in the literature yet. In this study, a two-capacitor problem, a circuit, which consists of a CFD
capacitor and a memcapacitor, has been examined using simulations for the first time in literature. It is found that the circuit is in ever
transient state.

Keywords: Memcapacitor, Conformable Fractional Order Capacitor, Two-capacitor Problem, Circuit Analysis, Circuit Theory.

Memkapasitor ve Konformal Fraksiyonel Dereceli Kondansatoriin Bir Araya Getirildigi iki Kapasitor Problemi

Oz: Kesirli mertebeli kondansatorler ve memkapasitérler son yillarda énemli bir aragtirma alam haline geldi. Her iki devre elemaninin
analog uygulamalart giderek yaygilagmaktadir. Literatiirde, uyumlu kesirli tiirev (UKT), kullanimi ve anlagilmasi kolay olmasi
nedeniyle ¢ok ilgi gérmektedir. Baz1 siiperkondansatdrler zaten uyumlu kesirli tiirev ile modellenmistir. ki kondansatér problemi
fizikte 6nemli bir problemdir. Son zamanlarda, bir UKT kondansatérii ve bir lineer zamanla degismeyen (LZD) kondansatorii ile bir
iki kondansatdr problemi incelenmistir. Bildigimiz kadariyla, literatiirde heniiz bir UKT kondansator ve bir memkapasitdrden olusan
bir devre incelenmemistir. Bu ¢aligmada, literatiirde ilk kez simiilasyonlar kullanilarak bir UKT kondansatorii ve bir memkapasitérden
olusan bir devre, bir - iki kondansatorlii bir problem incelenmistir. Devrenin siirekli gegici rejimde oldugu goriilmiistiir.

Anahtar Kelimeler: Memkapasitor, Kesir Dereceli Kondansator, Iki Kondansator Problemi, Devre Analizi, Devre Teorisi.

1. Introduction prediction [1, 2]. The conformal fractional derivative (CFD) is
one of the last found fractional derivatives [5]. It is easier to

Fractional order derivatives have become a hot research area understand than the other types of the fractional derivatives [5,

especially in the recent years [1-3]. Their application areas
have been increasing continuously [1-4]. The search to find
new fractional derivatives continues since their initial

6]. In addition to that, it has a physical interpretation which the
others lack [7]. A review on using fractional derivatives in
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electrical circuits can be found in [8]. Supercapacitors have
already been modeled using fractional order derivatives in [9-
12]. The CFD has become very popular and been used to
model supercapacitors [13-15]. The CFD capacitors and
analysis of their usage with other circuit elements have
emerged as a study area [13-15].

Following the discovery of the nonlinear circuit element
memristor [16], existence of the memcapacitive and
meminductive systems have also been predicted [17, 18]. The
memcapacitor is a subbranch of the memcapacitive systems
[17]. A memcapacitor has a flux-dependent capacitance and a
zero-crossing hysteresis curve when it is excited with an AC
signal [17, 19]. Its usage with other circuit elements and its
emulators has also become a hot topic [20-23]. The search for
different types of memcapacitors continues [24-33]. They have
already been employed in chaotic circuits [34-37]. There are
also memcapacitor-based oscillator circuits examined in the
literature [38-39]. The stored energy of a memcapacitor is
examined in [40-41]. Two capacitor problem is a well-known
physical problem, it can be found even in undergrad textbooks
[42], and it is still studied [43-48]. A memcapacitor-an LTI
capacitor problem is examined in [48]. Recently, a CFD
capacitor- an LTI capacitor problem is examined in [15]. To
the best of our knowledge, a two-capacitor problem which
consists of a memcapacitor and a CFD capacitor have not
been examined in literature yet. In this study, the problem has
been examined using the memcapacitor model used in [39, 40,
48]. Such an analysis may be needed to model capacitive
behavior of living tissues [4]. Simulations have been done to
analyze the circuit’s behavior using Simulink™ toolbox of
MATLAB.

The remainder of the paper is organized as follows. In the
second section, Conformal Fractional Derivative and CFD
Capacitor Model are briefly told. In the third section, the
memcapacitor model used in this paper is given. In the fourth
section, the differential equation which describes the two-
capacitor problem with a CFD Capacitor and a memcapacitor
are derived. The simulations are given in the fifth section. The
paper is finished with the conclusion section.

2. The Conformal Fractional Derivative and the
CFD Capacitor Model

In the literature, the fractional calculus [2-4] is reported to be
able to model fractional order elements. The conformal
fractional derivative has been developed in recent decade and
it has emerged as a popular fractional order derivative method
[5-7]. 1t is easy to use and to understand compared to the other
types of fractional derivatives [5-7]. In [S], the general
description of Conformal Fractional Derivative (CFD) is given
as

a*f(®
dt«

a“f(t)
date
coefficient depending on the fractional order coefficient o.

— £ —-a _m 1-a (1)
=f(tt* = T

where is the fractional derivative, and t1~%is the time

Some capacitors can be modeled using fractional order
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derivatives [9-15]. The constitutional law of a capacitor
modeled with the conformal fractional derivative is written as

. dVe(®) _ e e
ic(6) = Ca— g = CaVe(O1™
2
0] ji-a @
*odt

where C, is the CFD capacitor coefficient, i.(t) is the
capacitor current, and v (t) is capacitor voltage.

The circuit symbol of a CFD capacitor is shown in Figure 1.

Figure 1. The CFD capacitor symbol
3. The Memcapacitor Model

A Memcapacitive systems and memcapacitors have been
described in [17]. Memcapacitors have become a hot research
topic in recent decade [18]. A voltage-controlled
memcapacitor model is given as

qm(t) = CAE)) Ve () 3

daA(t)
T - Vmc (t) (4)

where A(2) is the memcapacitor flux, which is the integral of
memcapacitor voltage by respect to time.

A memcapacitor flux is written as either

t
MO=f%AﬂM ®)

or .
MO = [ Ve de+ 2o ©)
0

where Ao is the initial flux of the memcapacitor at t=0.

Literature has different types of memcapacitors [18]. Their
emulator circuits have been examined in [20-23]. Often,
phenomenological models are used for their study [18, 19]. An
explanation for hysteresis curve of the small signal
memcapacitor circuits have been given using the model in
[19]. The following memcapacitor phenomenological model
given in [48] is also used in this study. More about the model
and its zero-crossing voltage-charge hysteresis loop can be
found in [48]. The memcapacitor symbol is shown in Figure 2.
For the polarity shown in Figure 2, the memcapacitance of the
memcapacitor is given as

Cm(A) = Co + KA(L) (M

where Cp is the minimum memcapacitor memcapacitance and
K is the flux coefficient of the memcapacitor.
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Figure 2. The Memcapacitor symbol

The minimum memcapacitor memcapacitance is calculated at
A=0
Cc(0) =C, (®)

The memcapacitor has been assumed to have a saturation
mechanism in [57]. Therefore,

where Ag 7 is the maximum value of the memcapacitor flux.

The maximum memcapacitance occurs at A = Ag4r and given
as:

Csar = Co + KAsar (10)
Therefore, the memcapacitance ranges from C; to Cgu7:
Co < C(A(M) < Csar (1

The memcapacitor current can be found as

i) = 21O _ &, 1 KAl
im(t) = Co dv’(’; Q) + KA (t)V, e (8) (12)
+ KA(t) dedct ©
Since % = V,(t), the memcapacitor current 13)
turns into:
im(t) = (Co + KAL) Dine (1) + KV, 2 (t) (14)

dt

4. Examination of the Memcapacitor- the CFD
Capacitor Circuit

Recently, two new two-capacitor problems have been
examined [15, 48]. A memcapacitor with an LTI capacitor,
whose circuit is shown in Figure 3, has been examined in [48].
A CFD with an LTI capacitor, whose circuit is shown in Figure
4, has been examined in [15]. A circuit, which consists of a
memcapacitor and a CFD capacitor, is shown in Figure 5. The
circuit is lossless since it has no resistance. Perhaps, such a
circuit can also be used to model memcapacitive and fractional
order behavior of the living tissue when they coexist [4].
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o 1

Figure 3. The memcapacitor-the LTI capacitor circuit
examined in [48].

licm iC
C“§7 u; ;i —C

<+

o

Figure 4. The CFD capacitor-the LTI capacitor circuit
examined in [15].

iMCl ilc‘x

Figure 5. The CFD capacitor-the memcapacitor circuit.
Using Kirchhoff's current law:

iMC = _ica (15)
Using Kirchhoft’s voltage law:
Ve, () = Vie(8) (16)

Eq. (17) is written with using Eq. (2) and Eq. (12)

Cy %tl'“ + % ((Co + KA®))Vyc@®) =0 (17
Ca % e+ %((C0 + KAV, () =0  (18)
Ca %tl_“ +Co dV;“t(t) + KA(t) %

+K Ve, ()2 =0
% (Cat™™ % + Co + KA(t)) + KV, ())? (19)

=0
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When Ve, () = A'(t) and —2

simplified equation is found as:

= A"(t) are used, the

() (Cat?™% + Co + KA(R)) + KA'(®)2 =0 (20)

Co(A"(ENE™Y + Co(A"(1)) + KA (A"(1))
+KQ')?=0

A" (Cut™ + Co + KA(D) + KA'(£)2 =0 (21)

The differential equation does not have any analytical solution.
That’s why a simulation program is employed for its solution
in the next section.

5. Simulations of the Memcapacitor-the CFD
Capacitor Circuit

Since a numerical solution for Eq. (21) could not be found,
Simulink is used to analyze the two-capacitor problem. The
Simulink block diagram of the circuit which is shown in Figure
6 made using Eq.s (5), (15), and (19) and the parameters given
in Table 1. A Matlab function is used to obtain the term of t1~¢
needed for the CFD. The voltage of the CFD capacitor or the
memcapacitor, the current of the CFD capacitor, the current of
the memcapacitor, the charge of the memcapacitor, and flux of
the memcapacitor are obtained with the Simulink simulation
and given in Figures 7-11.

After a sufficiently long time, the memcapacitor gets saturated
and its memcapacitance value becomes equal to Cs,7. In this
case, the circuit turns into a two-capacitor problem, which can
be considered to consist of a constant capacitor, whose
capacitance is equal to Cs4r, and the CFD capacitor.

The circuit waveforms are simulated for « = 0.3, 0.6, and 1
The simulation parameters are given in Table 1.

Table 1 The circuit parameters and the memcapacitor initial
conditions.

Parameter Value
K 0.5F /Wb
Co 0.5 mF
Csar 2.5 mF
C, 0.05F
Ve, (0) 1V
Ve (0) 1v
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Figure 6. Simulink block diagram
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Figure 7. The voltage of the CFD capacitor or memcapacitor
for three different o values
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Figure 8. The current of the CFD capacitor for three
different a values
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Figure 9. The current of the memcapacitor for three different
a values

As the memcapacitor capacitor charges, the CFD discharges as
shown in Figures 8 and 9. The current of the memcapacitor
capacitor reaches its maximum value while the CFD current
reaches its minimum value after a sufficiently enough time
since their polarities are opposite. The charging and
discharging curves look like exponential functions even
though they are not. When a increases, the curves discharges
quicklier. The quickliest discharge curve is obtained fora = 1.
Furthermore, the CFD

=]
W
0

0.3

=
[

The Memcapacitor Flux

0.1 H a=0.3
0.05 — a=0.6| |
a=1

Time (s)
Figure 10. The flux of the memcapacitor for three different a
values

capacitor behaves as an LTI capacitor when a = 1 applied
because the time value equals 1 at this condition. Thus, the
outputs of the designed capacitor give the same outputs as an
LTI capacitor. Also, for @ = 1, the problem turns into the
memcapacitor-the capacitor problem given in [48].

The flux of the memcapacitor for three different a values is
shown in Figure 10. The flux of the memcapacitor shows that
the memcapacitor saturates if a sufficiently long time passes,
the element flux remains constant during saturation, and this
saturation is dependent on o as shown in Figure 10. The
saturation time decreases when o increases. It becomes the
lowest for ¢ = 1.

The memcapacitor charge has interesting dynamics as shown
in Figure 11. First, it increases, and it starts decreasing after

Palaz and Mutlu / European J. Eng. App. Sci. 5(1), 9-15, 2022

the memcapacitor saturates and the dynamics continuous since
the equivalent capacitance starts varying due to the CFD
capacitor’s time dependent term. The circuit is in ever transient
state due to the CFD capacitor. After the saturation occurs, the
circuit can be regarded as consisting of a CFD capacitor and
an LTI capacitor as examined in [15]. After saturation, the
tangent, and the peak value of the memcapacitor charge is
dependent on o as shown in Figure 11. The peak value of the
memcapacitor charge is the highest for a =1. The
memcapacitor charge has the highest descent for @ = 1. The
memcapacitor charge curves appears to start merging when
time increases.

) —a=0.3
004 A et
0035F/\ =1

The Memcapacitor Charge (C)

Time (s)
Figure 11. The charge of the memcapacitor for three different
a values

6. Conclusion

Memcapacitors and CFD capacitors have been becoming a
prevalent research area for years. Both capacitor models
cannot be described using the constitutive law of an LTI
capacitor. The two-capacitor problem examined here is a
nonlinear problem and it has no analytical solution even
though a simple phenomenological memcapacitor model is
used. That’s why the Simulink toolbox of MATLAB is used to
simulate the derived circuit equation. It has been found that a
time dependent charge sharing dynamics exists between two
capacitors. The dynamics also depend on the power exponent
of the CFD capacitor. If a sufficient time passes, the
memcapacitor flux and capacitance become constant and the
problem turns into an LTI capacitor and a CFD capacitor
problem. The circuit can be thought as in ever transient state
due to the CFD capacitor’s time dependent capacitance.

New kinds of circuit elements like memcapacitors, CFD
capacitors, and the combinations of these circuit elements need
to be analyzed in detail to understand their behaviors well and
to use them efficiently. The results reported in this study may
find usage in the biological circuits where the memcapacitor
and the CFD capacitors may exist together.
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Farkl Tipte Ucucu Kiil Kullamlarak Uretilen Alkaliyle Aktive
Edilmis Harclarin Fiziksel ve Mekanik Ozellikleri
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Oz: Cimento {iretimi sirasinda atmosfere salinan karbondioksit (CO2), kiiresel 1sinmaya neden olan énemli faktorlerden biridir. Bu
nedenle, ¢imento tiikketimini azaltmak amaciyla farkli malzemelerin kullanimi 6nem kazanmistir. Bu amagla alkalilerle aktive edilmis
malzemelerin (AAM) kullanimi1 oldukg¢a yayginlagmaktadir. Bu ¢alismada; yiiksek firin ciirufu (YFC) ve 2 farkli tipte ugucu kiil (UK)
ile iiretilen alkaliyle aktive edilmis har¢larin fiziksel ve mekanik 6zellikleri aragtirilmistir. Harglar; Tungbilek Termik Santrali'nden
temin edilen F sinifi UK ile Cayirhan Termik Santrali'nden elde edilen C sinifi UK, CEN referans kumu, YFC, sodyum hidroksit
(NaOH), distile su ve kimyasal katki maddesi kullanilarak tiretilmistir. Su/baglayici ve kum/baglayici orani sirastyla 0.5 ve 3 olarak
almmigtir. UK; YFC ile agirlikga %0, %10, %20, %30 ve %40 oranlarinda yer degistirilerek kullanilmistir. Alkaliyle aktive edilmis
har¢ numunelerinin 1. serisine; 28 giin boyunca 214+1°C’de s1zdirmazlik kiirii, 2. serisine ise 2 giin boyunca 105+5°C’de 1s1l kiir ve 26
giin boyunca 21+1 "C’de sizdirmazlik kiirli uygulanmistir. Alkaliyle aktive edilmis har¢ numunelerinin yayilma degeri, agirlik¢a su
emme orani, bosluk orani, egilme dayanimi ve basing dayanimi belirlenmistir. Caligma sonucunda 1. ve 2. seride YFC100’e en yakin
basing dayanimi UKF10°’da elde edilmistir.

Anahtar kelimeler: Alkalilerle aktive edilmis malzeme, Yiiksek firin ciirufu, Ugucu kiil, Fiziksel ve mekanik ézellikler.

Physical and Mechanical Properties of Alkali Activated Mortars Produced Using Different Types of Fly Ash

Abstract: Carbon dioxide (CO2) released into the atmosphere during cement production is one of the important factors causing global
warming. Therefore, the use of different materials has gained importance to reduce cement consumption. For this purpose, the use of
alkali-activated materials (AAM) is becoming widespread. The physical and mechanical properties of alkali-activated mortars
produced with blast furnace slag (BFS) and 2 different types of fly ash (FA) were investigated in this study. Mortars were produced by
using F class FA from Tungbilek Thermal Power Plant and C class FA from Cayirhan Thermal Power Plant, CEN reference sand, BFS,
sodium hydroxide (NaOH), distilled water, and chemical additives. The water/binder and sand/binder ratios were taken as 0.5 and 3,
respectively. FA was used by replacing 0%, 10%, 20%, 30%, and 40% by weight of BFS. For Ist series of alkali-activated mortar
samples sealing cure was applied at 21+1°C for 28 days. For 2nd series of alkali-activated mortar samples the thermal cure was applied
at 105+5°C for 2 days, and the sealing cure was applied at 21+1°C for 26 days. The workability, water absorption ratio by weight, void
ratio, flexural strength, and compressive strength of the alkali-activated mortar samples were determined. As a result of the study, the
closest compressive strength to YFC100 was obtained for UKF10 in the 1st and 2nd series.

Keywords: Alkali-activated materials, Blast furnace slag, Fly ash, Physical and mechanical properties
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1. Giris

Beton, giiniimiiziin en 6nemli yap1 malzemesi olup diinya
genelinde her y1l 10 milyar tondan fazla iiretilmektedir [1].
Beton; basing dayaniminin yiiksek olmasi, yangma ve
paslanmaya kars1 dayanikli olmasi, hammadde temini i¢in az
enerji gerektirmesi, rijit yapiya sahip olmasi, bakiminin kolay
olmasi, bilesenlerinin kolay temin edilebilmesi ve ucuz olmasi
gibi bir¢cok avantaja sahiptir [2]. Ancak bunlarin yaninda
biinyesinde birtakim dezavantajlar da bulundurmaktadir. En
biiyiik dezavantaji, betonda baglayict olarak kullanilan
Portland ¢imentosunun (PC) {iretimi asamasinda agi3a ¢ikan
karbondioksit (CO2) miktaridir. Yaklasik 1 ton PC iretimi,
atmosfere yaklasik 1 ton CO2 salinmasina neden olmaktadir.
Bu da 1 m? beton iiretiminde yaklagik 400 kg PC kullamldig
icin havaya yaklasik 400 kg CO: salindigi anlamina
gelmektedir. Cimento endiistrisinin, Diinya capinda acia
¢ikan CO2 miktarimin yaklagik %6-7’sinden sorumlu oldugu
tahmin edilmektedir [1, 3].

Gliniimiizde yogun enerji tiiketimi ve olumsuz c¢evresel
etkilerinden dolayr miimkiin oldugunca az ¢imento tiiketimi
amaciyla farkli malzeme kullanimi 6nem kazanmistir. Bu
amagcla alkalilerle aktive edilmis materyallerin (AAM)
kullanim1 olduk¢a yayginlagsmaktadir. AAM; aliiminosilikat
icerikli katt materyaller (yiiksek firin clirufu, ugucu kiil, silis
dumani, metakaolin vb.) ile alkali ¢ozeltilerin (Na2SiOs,
NaOH vb.) reaksiyona girmesi sonucu meydana gelmekte [4]
ve ¢imentoya alternatif, cevre dostu bir malzeme olma 6zelligi
tagimaktadir [5]. Ciiruf, ¢esitli metal endiistrilerinde yan iiriin
olarak elde edilen atik maddelerdir [6]. Yiiksek firin ciirufunun
(YFC) yiiksek miktarda kalsiyum oksit (CaO) igeriginden
otiiric kendi kendine hidrolik baglayicilik 6zelligi oldukga
fazladir. Bu 6zelligi ile PC’ye en yakin yapay puzolandir [7].
Ucucu kiil (UK); pulvarize komiirle ¢aligan termik santrallerde
yanma neticesinde elde edilen bir yan {iriin olan ¢ok ince
kalintilardir [8].

Literatiir incelendiginde, geopolimer harg/beton iiretiminde en
¢ok kullanilan malzemelerin YFC ve UK oldugu
goriilmektedir [9-17]. Yazdi ve ark. [9], oda kosullarinda kiir
edilmis UK ve YFC bazli AAM’nin igyap1 ve mekanik
ozelliklerini incelemistir. UK’nin ileri yaslardaki puzolanik
aktivitesinden 6tiirli 28 giinliik dayaniminin daha fazla oldugu,
agirlikca esit oranlarda UK ile YFC bazli karigimlarin YFC
bazli karisimlardan daha yogun bir i¢yapiya sahip olmasindan
dolayr UK’nin dayanim artisinda daha etkin rol oynadigi ve
YFC bazl karigimlarda bazi kristal yapilarin goriildiigi tespit
edilmistir. Hu ve ark. [10], alkaliyle aktive edilmis UK bazli
har¢larin basing dayanimi ve gozenek yapisi lizerinde alkali
dozaji, UK igerigi ve buhar kiiriinlin etkisini arastirmistir.
Buhar kiiriiniin, basing dayanimi {izerinde ¢ok az etki
gosterdigi  gortilmistiir. Ayrica alkali dozajmin ve UK
iceriginin artmasiyla basing dayanimlarinin azaldigi tespit
edilmistir. Hadi ve ark. [11], YFC yerine ¢esitli yapay puzolan
ikame edilmis geopolimer betonun 6zelliklerini incelemistir.
UK oranindaki artisin priz baglangig-bitis siiresi ile yayilma
degerini artirirken basing dayanimini azalttigi ve sdz konusu
ozellikler bazinda YFC ile birlikte kullanilabilecek en uygun
yapay puzolanin UK oldugu tespit edilmistir. Ayrica UK
ikameli YFC’nin ortam kiirleme kosullari altinda prekast
yapiya ek olarak yerinde insaat i¢in uygun bir geopolimer
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beton baglayicist oldugu ve 1sil kiir gerekliligini ortadan
kaldirdig1 goriilmiistir.

Nath ve Sarker [12], UK bazli geopolimer harcin priz siiresi,
islenebilirlik ve erken basing dayanimi o6zellikleri iizerinde
YFC’nin etkisini incelemistir. UK oranindaki artisin
islenebilirlik ile priz baglangi¢-bitis siiresini artirirken basing
dayanimini azalttigi ve 1sil kiir isleminin 28 giinliik basing
dayanimini yaklasik 20 MP’a artirdig1 tespit edilmistir. Ayrica
ic yapt incelemelerinde UK oranindaki artisin jel
kompakthigmi azalttigr goriilmiistir. Kirkld [13], 1s1l kiir
stiresinin (5, 24, 48, 168 saat) YFC/UK bazli geopolimer
harcin 6zelliklerine etkisini incelemistir. Genel olarak 1s1l kiir
stiresindeki artig, su emme oranini azaltmistir. 5 saatlik 1s1l kiir
sonrasi su emme oraninda kaydadeger farklilik gézlenmezken,
24 saat ve lizeri 1s1l kiir sonrasinda UK artig1 su emme oranini
artirmisti. UK artis1 yogunlugu ve basmg dayanimini
azaltmstir. Ayrica, 168 saatten fazla 1s1l kiiriin basing
dayanimin diistirdiigii goriilmistiir. Mohammed ve ark. [14],
YFC ve UK bazl1 geopolimerin 6zellikleri iizerinde UK orani
ve NazSiOs/baglayict oraninin etkisini incelemistir. Basing
dayanimi, tiim UK oranlarinda Na>SiO3 miktarindaki artis ile
belli bir degere kadar arttiktan sonra sabit kalmakta olup tiim
NazSi03 miktarlarinda UK oranindaki artig ile azalmaktadir.
Su emme oraninda ise basing dayanimindaki degisimin tam
tersi gozlenmistir. Jang ve ark. [15], siiper akigskanlastiricili
alkaliyle aktive edilmis UK/YFC macunlarinin 6zelliklerini
incelemistir. UK oranindaki artigin  basing dayanimini
azalttig1, %0-%30 UK oraninin otojen biiziilme nedeniyle hizli
priz ve catlamaya sebep oldugu, polikarboksilat bazli
stiperakigkanlastiricinin  priz geciktirici etki gosterdigi ve
islenebilirligi naftalin bazli sliper akigkanlastiricidan daha iyi
gelistirdigi tespit edilmistir. Ayrica diisilk UK igeriginin daha
yogun hidratasyon iriinleri matrisi olusumuna yol agtigi
gbzlemlenmistir. Shang ve ark. [16], UK oraninin UK/YFC
bazli geopolimer harcin 6zellikleri iizerindeki etkisini
incelemistir. UK  oranindaki diislisiin  priz ~ siiresini
hizlandirdig1 ve erken dayanimi artirdigi tespit edilmistir.
Ayrica akiskanlik, priz siiresi, mukavemet gelisimi, hacim
kararliligi ve kloriir gecirimliligi agisindan optimum UK
oraninin %80 oldugu goriilmiistiir. Chi ve Huang [17],
alkaliyle aktive edilmis UK/YFC bazli har¢larin baglanma
mekanizmasi ve 6zelliklerini incelemistir. UK/YFC oraninin
har¢larin baglanma mekanizmasi ile 6zelliklerini etkileyen
onemli bir faktér oldugu ve optimum UK/YFC oranmin
%350/%50 oldugu tespit edilmistir. Ayrica kuruma biiziilmesi
disinda AAM harglarinin basing dayanimi, egilme dayanimi ve
su emme gibi Ozelliklerinin referans harca goére gelistigi
gOrillmiistiir.

Bu ¢alismada enerji tasarrufu ve sifir karbon salinimu ile beton
endiistrisinde ¢evre dostu siirdiiriilebilir iiretime katki
saglanmasi amaglanmistir. AAM iiretiminde UK kullanimi,
endiistriyel atiklarin bertarafi agisindan oldukca 6nemlidir. Bu
durum insaat sektoriinde siirdiiriilebilir iiretime ydnelimi
artiracak ve basta hava kirliligi olmak iizere gevresel
sorunlarin en aza indirilmesine katk: saglayacaktir.

2. Materyal ve Metot

Bu ¢alismada F ve C tipi UK’nin alkaliyle aktive edilmis
harglar tizerindeki etkileri fiziksel ve mekanik O6zellikler
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bakimindan Kkarsilagtirilarak incelenmistir. UK; YFC ile
agirlikca %0, %10, %20, %30 ve %40 oranlarinda yer
degistirilerek kullanilmigtir.

2.1. Materyal

Calismada kullamilan YFC, ISDEMIR celik fabrikasindan
temin edilmistir. Kullanilan YFC’nin 6zgiil agirligi 2.91 olarak
belirlenmistir.

Calismada kullanilan F smifi  UK; Tungbilek Termik
Santrali’'nden (Kiitahya), C smifi UK ise Cayirhan Termik
Santrali’nden (Ankara) tedarik edilmistir. UK’ nin kimyasal ve
fiziksel 6zellikleri sirasiyla Tablo 1 ve Tablo 2’de verilmistir.

Tablo 1 UK’nin kimyasal 6zellikleri

ASTM C 618
Bilesim(%) Tungbilek  Cayirhan  TS639 —C
SiO, 58.59 49.13 - - -
Al,O3 21.89 15.04 - - -
Fe,0s 9.31 8.25 - - -
S+A+F 89.79 72.42 >70 >70  >50
CaO 4.43 13.2 - - -
MgO 141 4.76 <5 <5 <5
Na,O 0.24 2.2 - <15 <15
K0 181 1.76 - - -
SOs 0.41 3.84 <5 <5 <5
KK* 1.39 0.72 <10 <12 <6
*KK; Kizdirma kaybi
Tablo 2 UK ’nin fiziksel 6zellikleri
Ozellik F c
Ozgiil agirlik 2.26 2.36
90 mikron elek bakiyesi (%) 5.15 6.7
45 mikron elek bakiyesi (%) 24.2 24.5

Harg tiretiminde TS EN 196-1 [18] standardina uygun CEN
referans kumu kullanilmigtir. CEN referans kumu; yiiksek
miktarda SiOz barmdiran (en az %98 oraninda) dogal bir kum
olup izometrik ve yuvarlak taneciklere sahiptir [18]. CEN
referans kumu elek analizi Tablo 3’te verilmistir.

Tablo 3 CEN referans kumu elek analizi

Kare Goz Ac¢ikhgi (mm) Kiimiilatif Elekte Kalan (%)

2 0

1.6 7+5
1 3345
0.5 67+5
0.16 87+5
0.08 99+5
2 0

Deneysel c¢alismada kullanilan 10M sodyum hidroksitin
(NaOH) kimyasal kompozisyonu Tablo 4’de verilmistir.
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Tablo 4 NaOH’in kimyasal kompozisyonu

Kimyasal Adi Sodyum  Hidroksit

(Kostik)
Kimyasal Formiili NaOH
Molekiil Agirligi 40 gr/mol
Asidimetrik >97
Na,CO, <1
Cl <0.01
SO, <0.01
Agir Metal <0.002
Al <0.002
Fe <0.002
2.2. Metot

Hazirlanan karisim, 40x40x160 mm boyutlarindaki yiizeyleri
yaglanmig kaliplara aktarilmistir. Taze har¢ numuneleri,
sarsma tablas1 yardimi ile sikistirilmistir. Sikistirma isleminin
ardindan kaliplar streg filmle sarilmistir. Toplam 9 harg serisi
iretilmis olup her har¢ serisinin 1. serisi; 28 giin boyunca
21+1°C’de s1izdirmazlik kiirii islemine (Sekil 1), 2. serisi ise 2
giin boyunca 105+£5°C’de 1sil kiir ve 26 giin boyunca
21£1°C’de sizdirmazlik kiirii islemine tabi tutulmustur. 28
giinlin ardindan stre¢ filmden ¢ikarilan numuneler iizerinde
deneyler gergeklestirilmistir.

Sekil 1. Sizdirmazlik kiirii islemi

Harg serilerinin iiretiminde 900 gr baglayici kullanilmis olup
kum/baglayict  oran;; 3, su/baglayict orani;; 0.5,
soliisyon/baglayici orani; 0.4 ve baglayici agirhiginca
akigkanlastirict katki maddesi kullanim orani; %2’dir.

Numunelerin kodlanmasi ve malzemelerin kullanim orant
Tablo 5’de verilmistir. UKC30; %30 oraninda (270 gr) C sinifi
UK, %70 oraninda (630 gr) YFC kullanildigi anlamina
gelmektedir.

18



Tablo 5 Numunelerin kodlanmasi ve malzemelerin kullanim
orani
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sonuglari benzerlik gostermistir. Harg serilerine ait agirlikga su
emme orani tayini sonuglart Sekil 2’de verilmistir.

Tablo 7 1. Serinin fiziksel ve mekanik deney sonuglari

Harg Serisi UK M
% %
YFC100 0 100
UKC10 10 90
UKC20 20 80
UKC30 30 70
UKC40 40 60
UKF10 10 90
UKF20 20 80
UKF30 30 70
UKF40 40 60

ASEO BO ED* BD**
Kiir Kosulu 12T

Serisi % % MPa MPa

Harg serilerine ait malzeme miktarlar1 Tablo 6’da verilmistir.

Tablo 6 Harg serilerine ait malzeme miktarlari

Hare UK YFC Kum Su  Sol*  KK**

YFC100  9.29 1779 6.2 22.5
UKC10 9.39 1777 53 245
UKC20 9.99 18.65 4.9 26.5
UKC30 10.06 18.77 50 21
28 SK UKC40 10.16 19.08 46 20
UKF10 9.57 1815 6.1 34
UKF20 9.82 18.01 56 26.2
UKF30  10.23 18.5 4.7 19.8
UKF40 1027 1834 4.0 11.9

YFC100 0 900
UKC10 90 810
UKC20 180 720
UKC30 270 630
UKC40 360 540 2700 450 360 18
UKF10 90 810
UKF20 180 720
UKF30 270 630
UKF40 360 540

*ED; egilme dayanmimi, **BD; basing dayanimi

Tablo 8 2. Serinin fiziksel ve mekanik deney sonuglari

ASEO BO ED* BD**
Kiir Kosulu Harg

Serisi % % MPa MPa

*Sol.; Soliisyon, **KK; Kimyasal katk

Calisma kapsaminda iiretilen numuneler iizerinde TS EN
1015-3 standardi uyarinca yayilma tablast deneyi [19],
agirlikca su emme ve bosluk orami tayini (Denklem 1 ve
Denklem 2), TS EN 196-1 standardi uyarinca egilme deneyi
[18] ve TS EN 196-1 standardi uyarinca basing deneyi [18]
gerceklestirilmistir. Denklem 1 ve Denklem 2’de ASEO;
agirlikga su emme orani (%), BO; bosluk orani (%), FKA; firin
kurusu agirlik (gr), DYKA; doygun yiizey kuru agirlik (gr),
SA; su igindeki agirlik (gr) ve d; suyun yogunlugudur (gr/cm?).

(DYKA — FKA)
—_— U x1

= 1
ASEO A 00 ey
BO = (DYKA — FKA) « 100 )

~ (DYKA —SA)/d 2)

3. Deneysel Sonuclar

Calisma kapsaminda iiretilen taze harclarin yayilma degeri
10.1-11.7 cm arasinda degismektedir. Caligma kapsaminda
tiretilen harg serilerinin 1. ve 2. serilerinden elde edilen fiziksel
ve mekanik deney sonuglar1 sirasiyla Tablo 7 ve Tablo 8’de
verilmistir.

Tim serilerde agirlikga su emme oram1 ve bosluk orani

YFC100 576 1122 64 421
UKCI0 697 1329 43 273
UKC20 694 1327 44 269
UKC30 741 142 48 279
2FK+26SK  UKC40 839 1553 38 225
UKF10 7.2 1365 39 293
UKF20  7.66 14.1 38 244
UKF30 693 1261 32 182
UKF40 749 1342 37 187

*ED; egilme dayanimi, **BD; basing dayanimi

Agirlik¢a Su Emme Orani

——28 SK 2 FK+26 SK
11
o W
X
7
5

Q Q Q Q Q Q Q Q
&L ECCE
OSSN N N R N N

b(Q

Sekil 2. Agirlik¢a su emme orani tayini sonuglart

Sekil 2 incelendiginde; 1. seri i¢in C ve F sinift UK oranindaki
artig ile birlikte su emme orani artmistir. 2. seri igin C simifi
UK oranindaki artig, agirlik¢a su emme oranini artirmigtir. En
diisiik su emme orani YFC100, en yiiksek su emme orani ise
UKC40 harg serisine aittir. Isil kiir uygulanan tiim harg
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serilerinin agirlikga su emme orani, 1sil kiir uygulanmayan
serilere gore azalmistir.

Harg serilerine ait egilme dayanimi deneyi sonuglari Sekil 3’te
verilmistir.

Egilme Dayanimi
——28 SK 2 FK+26 SK
7
6 W
<
§5
4
3
S O O O O O O O O
IR
IR N NS NN NN NN

Sekil 3. Egilme dayanimi deneyi sonuglart

Sekil 3 incelendiginde; 1. seri i¢in C ve F sinifi UK oranindaki
artig, egilme dayanimimi azaltmisti. En yiiksek egilme
dayanimi 6.1 MPa olup UKF10 harg serisinden elde edilmistir.
YFC100 ve UKF10 harg serilerinin egilme dayanimi birbirine
yakin degere sahiptir. 2. seri igin en yiiksek egilme dayanimi
4.8 MPa olup UKC30 har¢ serisinden elde edilmistir. Bu
deger, YFC100 harg serisine ait egilme dayanimindan %25
distiktiir. Isil kiir igslemi, YFC100 harg serisi hari¢ egilme
dayaniminda azalmaya sebep olmustur. En diigiik azalma
miktar1 UKC30 har¢ serisine aittir. Ayrica F smifindaki
diislistin C smifina kiyasla daha fazla oldugu goriilmektedir.
Harg serilerine ait basing dayanimi deneyi sonuglari Sekil 4’te
verilmistir.

Basin¢ Dayanimi
——28 SK 2 FK+26 SK

45
40

s A
: N

10

MPa

Q Q Q
2 Vv (,b‘ <(’\,

Q Q
Q )
N 9] @) @)

AR N

Q Q Q Q

v ) ™
Y&

&« NN N

Sekil 4. Basing dayanimi deneyi sonuglart

Sekil 4 incelendiginde; 1. seri i¢in C smifi UK oranindaki artig
basing dayanimmi (UKC20)’ye kadar artirmistir. 1. seride en
yiiksek basing dayanimi 34 MPa olup UKF10 harg serisinden
elde edilmigtir. Bu deger, YFC100 har¢ serisinin basing
dayanimindan %51 fazladir.

2. seri i¢in UK oranindaki artig, basing dayanimini azaltmustir.
En yiiksek basing dayanimi 29.3 MPa olup UKF10 harg
serisinden elde edilmistir. Bu deger, YFC100 harg serisinin

Akyiincii ve Avsar / European J. Eng. App. Sci. 5(1), 16-21, 2022

basing dayanimindan %30 azdir. Isil kiir iglemi, YFC100 harg
serisinde %87 oraninda basing dayanim artis1 saglamistir.

4. Sonuclar ve Oneriler

Caligma  kapsaminda elde edilen sonuglar asagida
siralanmigtir:

o 28 giin sizdirmazlik kiirii islemi uygulanan numunelerde
C ve F sinifi UK oranindaki artig ile birlikte su emme
orani artmigtir. Isil kiir uygulanan tiim har¢ serilerinin
agirlikga su emme orani, 1s1l kiir uygulanmayan serilere
gore azalmistir. 2 giin 1s1l kiir ve 26 giin sizdirmazlik
kiirii islemi uygulanan numunelerde C simifi UK
oranindaki artis agirlika su emme ve bosluk oranini
artirmigtir. En  diisik su emme ve bosluk oram
YFC100’e, en yiiksek su emme ve bosluk orani ise
UKC40’a aittir.

o 28 giin sizdirmazlik kiirii islemi uygulanan numunelerde
C ve F smifi UK oranindaki artis, egilme dayanimini
azaltmustir. En yiiksek egilme dayanimi UKF10’dan
elde edilmis olup (6.1 MPa) YFC100’in egilme
dayanimina yakin degere sahiptir.

o 2 giin 1s1l kiir ve 26 giin sizdirmazhik kiri islemi
uygulanan numunelerde C ve F smifi UK oranindaki
artis egilme ve basing dayanimini azaltmigtir. F sinifinin
egilme ve basing dayanimi, C smifina gore daha
diistiktiir. En yiliksek egilme dayanimi YFC100’den
sonra UKC30’a (4.8 MPa), en yiiksek basing dayanimi
ise UKF10’a aittir (29.3 MPa).

o 28 giin s1izdirmazlik kiirii islemi uygulanan numunelerde
basing dayanimi bakimindan YFC100’e gére UKC10 ve
UKC20’de sirastyla %9 ve %18 oraninda artis meydana
gelirken UKC30 ve UKC40’ta sirasiyla %7 ve %11
oraninda azalig meydana gelmistir. En yiiksek basing
dayanimi 34 MPa (UKF10), en diisiik basing dayanimi
ise 12 MPa’dir (UKF40).

e YFC100’e 1s1l kiir uygulanmasi, basing dayaniminda
%87 oraninda artig saglamistir.

e 2 giin 1s1l kiir ve 26 giin sizdirmazhik kiri islemi
uygulanan numunelerde en yiiksek egilme ve basing
dayanimi C sinifindan elde edilmistir. Bu durum; CaO
oraninin C tipi UK’de daha yiiksek olmasi, 1s1l kiir
isleminin alkalinasyonu hizlandirmasi ve CaO’nun 1s1l
kiir isleminde daha yiiksek aktiviteye sahip olmasi ile
aciklanabilir.
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Abstract: Fractional order circuit elements are being examined by researchers unremittingly. They are ever becoming more popular in
the literature. The Conformable Fractional Derivative has been proposed and gained importance in the last decade. Examination of an
LC tank circuit or an LC oscillator can be found in almost all undergrad physics books. There’s a considerable number of studies on
fractional-order capacitor circuits but, to the best of our knowledge, examination of an oscillator made of a linear time-invariant
inductor and a supercapacitor modeled with Conformable Fractional Derivative has not been found in literature. In this paper, a lossless
oscillator circuit containing a linear time-invariant inductor and a supercapacitor modeled with Conformable Fractional Derivative is
examined for the first time in the literature. Natural response of the circuit has been found analytically. Its behavior has been illustrated
with simulations for different initial conditions.

Keywords: Circuit analysis, Conformable Fractional Derivative, Fractional Order Circuit, Natural response, Oscillation circuit,
Supercapacitor:

Lineer Zamanla Degismeyen Endiiktorlii ve Uyumlu Kesirli Dereceli Tiirev ile Modellenmis Kondansatorlii Bir
Salinim Devresinin Analizi

Oz: Kesirli dereceli devre elemanlart arastirmacilar tarafindan araliksiz olarak incelenmektedir. Literatiirde giderek daha popiiler hale
gelmekteler. Son on yilda Uyumlu Kesirli Tiirev 6nerilmis ve olduk¢a dnem kazanmistir. Bir LC tank devresinin veya bir LC
osilatdriiniin incelenmesi, neredeyse tiim lisans fizik kitaplarinda bulunabilir. Kesirli mertebeden kondansator devreleri iizerine ¢ok
sayida caligma var olmasina ragmen, bildigimiz kadariyla, dogrusal zamanla degismeyen bir endiiktorden ve Uyumlu Kesirli Tiirev ile
modellenmis bir siiper kondansatérden yapilmis bir osilatoriin incelenmesi literatiirde bulunmamaktadir. Bu makalede, literatiirde ilk
defa Uyumlu Kesirli Tiirev ile modellenmis bir siiper kondansatér ve lineer zamanla degismeyen bir endiiktor igeren kayipsiz bir
osilator devresi incelenmistir. Devrenin dogal tepkisi analitik olarak bulunmustur. Devrenin davranisi, farkli baglangi¢ kosullart igin
benzetimlerle gdsterilmistir.

Anahtar Kelimeler: Devre Analizi, Dogal Yanit, Kesirli Dereceden Devreler, Salinim devresi, Siiperkondansatér, Uyumlu Kesirli Tiirev.
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1. Introduction

In the late 17th century, among the classical calculus another
branch of mathematics, Fractional Calculus (FD), which
analyzes integrals and derivatives of non-integer order, has
come to the spotlight [1]. Many mathematicians such as
Liouville, Riemann and Holmgren have contributed to the
progress of it [1-3]. It is an ongoing research area to seek out
new fractional derivatives (FDs) [4-6]. Some applications of
FDs for various systems are examined in [1-2, 4-10]. There are
different definitions of FDs. Some well-known FDs are
Riemann-Liouville, Caputo, Hadamard, and Weyl FDs [6]. In
the Caputo approach, the derivative of a constant is zero While
in Riemann-Liouville definition, the derivative of a constant is
not zero [7]. All FDs satisfy the linearity property although
mathematical features such as chain and product rules cannot
be used. Some of the FD’s drawbacks have caused another
innovative approach and, in [11], the Conformable Fractional
Derivative (CFD) has been suggested. This definition is
satisfying the standard derivative rules. The CFD is easier to
use than the Caputo and other fractional derivatives. It has
analytical solutions and is easier to compute than the other
FDs. Because of these properties, the CFD definition became
quite popular and preferable to use in modeling fractional
order (FO) systems [12]. FO derivatives have been used to
model some supercapacitors. The CFD has already been used
modeling electric components such as capacitors, inductors
and memristors [13-16]. The capacitance of a supercapacitor
is measured using a Fractional order model in [17]. In [18],
due to the time dependent nature of FO models, it is shown
that a FO supercapacitor model can be used to estimate its
energy. The parameters of a commercial supercapacitor are
determined from experimental data using a FO model [19].
Using the step voltage response of a supercapacitor, its FO
model parameters are obtained [20]. Due to its time-
dependency, it is hard to analyze the electrical circuits having
a CFD capacitor or a supercapacitor modelled with the CFD
[21]. A CFD capacitor’s behavior under DC and sinusoidal
waveforms are examined with incomplete gamma functions in
[22]. A two-capacitor problem with a linear time-invariant
(LTI) capacitor and a CFD capacitor has been inspected in
[23]. A parallel resonant circuit is analyzed with Simulink
since it does not have any analytical solutions [24]. Some FO
modeled RC and LC electrical circuits are found in [25].
Examination of LC tank circuits is found in every physics book
[26]. Such a circuit is lossless and the simplest circuit showing
oscillation. A tank circuit is obtained in [27] by replacing the
LTI capacitor with a memcapacitor and its analysis is given
with perturbation theory. Such an LC tank circuit can also be
modified replacing the LTI capacitor with a CFD capacitor
and, to the best of our knowledge, it has not been examined in
the literature yet. In this study, a lossless tank circuit, which
consists of an LTI inductor and a CFD capacitor, has been
examined analytically. An analytical solution is found. Its
simulation results for different initial conditions have been
given.

The paper is organized as the follows. Model of the CFD
capacitor is given in the second section. Circuit The
differential equation, which describes the oscillation circuit, is
given and solved in the third section. The simulated
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waveforms, which are obtained with MATLAB, are presented
in the fourth section. The paper is concluded with the last
section.

2. The CFD Capacitor Constitutional Law

Before giving the constitutional law of the CFD capacitor or
the supercapacitor, first the definition of the Conformable
Fractional order Derivative (CFD) must be given as done in
[11]. Definition 1. For a given function f:[0,2)—R , the
conformable derivative of f for order a, is defined by:

f+et™ ) —f()

&

(1)

(T)® = lim

Forall t > 0and 0 < @ < 1and if f isdifferentiable for given
a and tlim(Taf)(t) exist, it is defined as:

TN = lim (TN© @)

If the function f is « differentiable att, > 0, 0 < a < 1, then
f is continuous at t, and satisfies the condition:

T = - L0 ®)

An LTI capacitor constitutional law is given as:

dvc(t)
dt

To model a capacitor with the Conformal fractional
Derivative, the following the constitutional law is obtained
with replacing the ordinary derivative with the CFD:

dv%(t dvg(t
ic(t) =C, 76“2( ) _ C tle —gt( ) (5)

ic(t), ve(t), Coand a are capacitor’s current, voltage,
capacitance and fractional order.

3. Analysis of the L-C, Tank Circuit

Natural response of the well-known LC tank circuit shown in
Figure 1.a shows oscillatory behavior if there is energy stored
with one or both of the circuit elements. In this study, the LTI
capacitor C in Figure 1.a is placed with a CFD capacitor to
obtain the L-C, tank circuit shown in Figure 1.b.

The differential equation, which describes the circuit in Figure
1.b must be derived. Starting by applying Kirchhoff’s voltage
and current laws,

Uca -V, = 0 (6)
ic, +i,=0 (7)
where v¢_, vy, ic,, and i, are respectively the CFD capacitor

voltage, the inductor voltage, the CFD capacitor current, and
the inductor current.

Using the constitutive laws of the elements:

di; (t
v () = L- —‘;E ) (8)

23



dvc(t)

i — 1-a
ic,(t) = Cyqt at

"3
&~
f——
hﬁll
ﬁ".
- —
| |
all
‘.F

=0
(a)
)< =0
52 * +
Ve Bl s
[ Ca
=0
(Y]

Figure 1. LC Tank Circuit modeled with a) an LTI capacitor
and b) a CFD capacitor

By combining the Egs. 8 and 9, the differential equation, which
describes the circuit, is obtained as

ve(t) — v, (t) = 0 (10)
diy (t
ve-10 0 .
i) = —ic(t) = —Ctl_“% 2]
il
Ldvc@®  d*uc(D)
ve(t) + LC <(1 —a)t it + ¢! dt? ) (14)
=0
_a dzvc(t) —a dvc(t)
L — 5=+ LCA -t ™ — =+ vc(t) (45
=0

Such a differential equation is named as Sturm-Liouville [28].
Wolfram| Alpha, an online symbolic calculator, is used for its
solution. The differential equation solution is given as

ve ()
= (a

1 —a (CL)Z(_al) ar 1 J ZtuTH
+ DFic @ D7 ( ) o |
1 1+ a/’ a1\ (a + DVLC

(16)
+a+1 i CL 2(;31%%1“(—“
@+l
(a + 1)a+ic,(CL) 1+a

+1)) a 7%%1
a+1\ (a + DVLC
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Here Jv(x) is the Bessel function of the first kind of order v. In
this solution, the Bessel function order is given as non-integer
and it is singular at x=0. More about the Bessel function can
be found in [29]. The series expansion of the Bessel function
around x = 0 can be expressed as

(17)

Jo = Y e CDT (5

m!r'(m+v+1) 2
m=0

where I'(x) is the Complete Gamma function. It is an
important function used to calculate factorials [29].

The Complete gamma function is given by the integral
definition as

I = f " yxtevay (18)
0

Let’s define the following parameters:

a __a _ 1
_ ~Z(CL) 2@ 19
A= (a+ 1) @(CL) r(1+a) (19)

~ari(cLy T@rp (5 (20)
B= 1)"@+i(CL) 2@+Dr 1
(a +1)7@+1(CL) (32+1)
Then, Eq. 16 turns into
at1
O =cd) 2
v = C a —_—
¢ -\ (e + DVIC
at1 (21)
2t 2

+¢BJa | ———
2B o (a + DVLC

c; and ¢, are the integral constants of the solution of the
differential equation, which must be found. The given initial
conditions of the energy storing elements are used for defining
the constants. In the expression found for the CFD capacitor
voltage in the circuit, the Bessel functions are used as series
for simplicity and the initial conditions v-(0) and i, (0) are
used at t=0 instant. To determine c;, at t = 0, the initial
condition v (0) is substituted in Eq.16:

GO
vc(0)=c;A4-0- 7
ambmi T (m =751+ 1)

0 meg
. ((af + 1)\/E>
+c,B-0 (22)

[ee)

. Z =™
mzom!l‘(m+ﬁ+ 1)

0 2m4 g
. ((a + 1)\/E>

The following expression is undetermined since it turns into
“zero times infinity"
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0form =1,2,34...
1 2 _a
ve(0) = cA———(0- o0)(LC)2@+) (@ + 1)a+T + 0form = 0
r a+1

By taking the limit of the term that causes singularity at t=0 for

a a
lim(tz-t72)=Ilimt° =1
m=0, t—0 t—0

Therefore, using the limit at t=0,

__a e 1 1 _a a
ve(0) = ¢y (@ + 1) @ (LC) 2@ D[ (m>—1(LC)2(“+1)(a + 1)aH

r (a +1
= ¢, =v(0)
To determine c,, att = 0,
ic(0) = i,(0)
By differentiating v.(t) ,
oo a+1l Zm_%
dve d A t% Z =nm t 2 B t%
—_— T — Cl . . CZ .
dt dt __a
Lmir (1 S+ 1) (a + DVIC
© a+l 2m+%
Z ( 1)m t 2
Smir (1457 +1)\ @+ DVIC
Using Eq. 9, the CFD capacitor current can be expressed as
dv; d a
— 1-a = 1-a 12
(t) = Cut v = Cyt a GA-t
© a+1 Zm_ﬁ
Z o N + B t2
. c,B -
m=0m'F a—+1+1) (a+ DVLC
o a+l 2m+%
Z (—1)’” tz
mzom'l" m+ —1 + 1) (a + 1DVLC
. _ N ™ §
= ic(t) = C,t=D |, A Z 7 (Y -m(a+1) - tm@+rd-1)
fmbmir (m -1 +1)
( 1)m (ma+1)+a—-1)
+csz Z-(ma+D)+a)-t )
Zr1t1)
N com
= io(t) = Cy| 1A Z (Y -m(a + 1) - t0n@D-0)
ymir (m =g +1)
=™
+c,B T (Z - (m(a + 1) + a) - t(m@+D))
Symir (m+ 57 +1)

(23)

(25)

(26)

(27)

(28)
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Where
1 (2m-255) (29)
Y= ——M8M —
<(a + 1)@)
1 (2m+557) (30)
7=
((a + 1)@)
Substituting t=0 in equation (28),
ic(t)
N ™
=Cy|c1A Y -m
! ,Zomll“(m—af_1+1)( «“
+1)- O(m(tl+1)—0l))
© (_1)m (31)
+ B T Z- -(m(a+1)
szm!F(m+a+1+l)

+ a) - 0(m(@+1))

The following expression is undetermined since it turns into
“Zero to the power of zero":

ic(t) =
=1,2
0 aform ,2,3 (32
1 ( 1 >m 0 )
0+c,B @ ca-0
r(ggg+1)\@+ VL

form=20

In order to get rid of the indeterminant form, taking the limit
as time variable approaches to zero of ¢ ™(@+D)as follows

lim(t%) = 1 (33)

Therefore, using the limit at t=0, the second coefficient c; is
found as

ic(0)
__a S a
= ¢,C(a + 1) a+1(LC) 2(“+1)1“(?
* (34)
+1)—— ( ! >7
a
a
VL
r(a+1+1) (@+DVLC
=0 = icz(g) —a
aCq(a+1) a+i(cL) (@+1) (35)

The capacitor current for t=0 instance is related to Eq. 7 with
the inductor current at that instance. Therefore,

ic(0) = =i, (0) (36)

Finally, the equation of the CFD capacitor voltage can be
rearranged as:
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a+1

a 2t 2
ve(t) = vc(0) - A-t2 ']a-_fl m

i,(0) 2 (37)

e —a | Bt
alCy(a + 1)a+1(LC)a+1
atl
2t 2
Ja | ———=
a+1 \ (a + DVLC

4, Circuit waveforms

In this section, using Eq. 37, the plots of the inductor current
and the CFD voltage of the tank circuit are given in Figures 2-
4. All simulations are made for the parameters given in Table
1 and three different initial conditions. A short investigation of
the waveforms it is concluded that the amplitude of the super-
capacitors voltage is decreasing as the time progresses
although the amplitude of its current is increasing with respect
to time. This is caused by the time-dependent term t1~%, It can
be thought that the equivalent capacitor capacitance increases
by time and this results in falling down of the circuit’s
characteristic impedance, and an increase in the circulation
current. For low values of a , the effect of the CFD capacitor
is more dominant and this results in higher CFD capacitor
current amplitudes. Another interesting result is that when a
becomes 1 (integer order), the L-C, tank circuit is oscillating
with the same amplitude as the well-known LC circuit with the
LTI components.

N

-

(=}

The CFD Capacitor Voltage (V)

'
N

a=0.3
«=0.6
a=1

The CFD Capacitor Current (A)

t(s)
(b)

Figure 2. a) v, and b) i, vs. time (t) for v;(0) =1V and
ir(0)=0A.
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Figure 3. @) v, and b) i. vs. time (t) for v;(0) =0V
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Figure 4. a) v andb) ic vs. time (t) for v-(0) =1V and i, (0)
=1A.

Table 1 The circuit parameters

Parameter Value
(o 1F/st~«
L 1H
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If the circuit with a more realistic super capacitor model were
to be analyzed, a series resistor had to be added to it, and, then,
the current would go down to zero due to the power dissipation
within the resistor. An inductor with a core gets saturated if its
current gets sufficiently high enough. During saturation, the
solution given in the last section and the waveforms given in
this section cannot be used to analyze such a circuit.

5. Conclusions

The combination of every circuit element with others must be
examined analytically. Analysis of physical and engineering
systems modelled with FDs have become a hot research area
with promising applications. The CFD is much simpler than
other FDs. Some supercapacitors can be modeled with CFD.
The CFD capacitor’s combination with an inductor has been
examined in this study. Its analytical solution has been found
using the Bessel functions of the first kind of order and the
Complete Gamma function. Using simulation, the behavior of
L-C, tank circuit for different initial conditions is examined.
The solution given here is important from the circuit theory
point of view. It may help to tank circuit and undamped
oscillator designers. Also, it may find usage in other areas if
there is an electrical and mechanical analogy existing.

The results given here presents a lossless L-C,, tank circuit. In
such a case, the amplitude of the CFD capacitor and the LTI
inductor currents keeps increasing. The damping and analysis
of an R-L-C circuit is of great importance and can be found in
all circuit theory books. As a future work, we suggest that, by
adding a series resistor to the circuits, the analytical solution
and behaviour of an R-L-C,, circuit can be examined.
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Investigation of Temperature Correlations on Corrosion
Inhibition of Carbon Steel in Acid Media by Flower Extract

Loveth Nwanneka Emembolu " {2, Chinenye Adaobi Igwegbe!-?

1 Department of Chemical Engineering, Faculty of Engineering, Nnamdi Azikiwe University, Awka, Nigeria, 420110
2 In.emembolu@unizik.edu.ng, ® ca.igwegbe@unizik.edu.ng

Abstract: Temperature relationships of Vigna subteranea flower (VSFE) extract on the corrosion of carbon steel in 2.0 M H2SO4 at
303-323 °K was studied by weight loss method. The obtained results show that VSFE extract acts as inhibitor for carbon steel in
H2S04 solution. The inhibition efficiency was found to increase with increase in VSFE extract concentration but decreased with
acid concentration and temperature, which is suggestive of physical adsorption mechanism although chemisorption may play a
part. The adsorption of VSFE onto the carbon steel surface was found to follow the Langmuir adsorption isotherm. The correlation
coefficient (R?) ranging from 0.9992 > R? > 0.9715 was obtained. Both kinetic parameters (activation energy, pre-exponential
factor, enthalpy of activation and entropy of activation) and thermodynamics of adsorption (enthalpy of adsorption, entropy of
adsorption and Gibbs free energy) were evaluated and discussed from the effect of temperature on the corrosion and inhibition

processes.

Keywords: Acid corrosion, Carbon steel, Inhibition, Temperature correlations, Vigna subteranea flower extract

Bitki Ekstrakti ile Asidik Ortamda Karbon Celiginin Korozyon inhibasyonu Uzerine Sicakhik
Korelasyonunun incelenmesi

Oz: Vigna subteranea ¢icegi (VSFE) ekstraktinin karbon geliginin korozyonunda sicaklik iligkisi 303-323 °K’de 2 M H2SO4
kullanilarak agirlik kayb1 metodu ile incelenmistir. Elde edilen sonuglara gore, VSFE karbon ¢eligi icin H2SO4 ¢dzeltisinde inhibitor
gibi davranmaktadir. Inhbisyon veriminin VSFE ekstrakt1 konsantrasyonunun artigi ile artt1g1, asit konsantrasyonu ve sicaklikla
azaldig1 belirlenmistir. Buna gore, bir kisim kemisorpsiyon s6z konusu olsa da, fiziksel adsorpsiyon mekanizmasi baskin
bulunmustur. VSFE’nin karbon c¢eligi yiizeyinde adsorpsiyonunun Langmuir adsorpsiyon isotermine uydugu belirlenmistir.
Korelasyon katsayisii (R?) 0.9992 > R2 > 0.9715 araliginda oldugu bulunmustur. iki kinetik parametre de (aktivasyon enerjisi,
pre-eksponansiyel faktor, aktivasyon entalpisi ve aktivasyon entropisi) ve adsorpsiyon termodinamigi (adsorpsiyon enthalpisi,
adsorpsiyon entropisi ve Gibbs serbest enerjisi) degerlendirilmis ve inhibisyon prosesi ve korozyona sicaklik etkisi agisidan
tartigtlmustir.

Anahtar kelimeler: Asit korozyonu, Karbon celigi, Inhibisyon, Sicaklik korelasyonu, Vigna subteranea gicegi ekstrakti
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1. Introduction

Carbon steel has its application in Engineering construction,
as well as in chemical and allied industries for holding
alkalis, acids and salt solutions due to its availability, cheap
and simple construction. Sequel to this carbon steel
disintegrates when it comes in contact with the above
industrial conditions [1, 2] and [3]. The consequences of the
chemicals on metals can be reduced or protected efficiently
by application natural inhibitors. According to a study of
Ugi, et al, [4], H2SO4 is one of the major chemical used
globally in almost all the industries like paper bleaching,
cellulose fibers, pharmaceuticals, sugar bleaching,
fertilizers, automobile batteries, water and coloring agents,
sulfonation agents, treatment, amino acid intermediates,
steel manufacturing, iron and steel pickling, gasoline,
regeneration of ion exchange resins. Tetraoxosulphate VI
acid popularly known as Sulfuric acid (H2SO4) is an
important mineral acid that has substantial application in
many fields has led researchers to investigate its effect of
corrosion inhibitors. Furthermore, it is used in pickling
solution for steel alloys. Influence of temperature on acidic
corrosion and corrosion inhibition of iron and steel
especially in H2SOs solutions has acknowledged by a
numerous investigations and researchers recently. The
dependence of temperature on inhibitor efficiency (1) and
the evaluation of thermodynamic data obtained for the
corrosion process both in absence and presence of inhibitors
was instrumental to some inferences regarding the inhibition
mechanism [5-8]. The objective of this current work is to
assess the influence of temperature on carbon steel corrosion
in 2.0 M H2SOs4 solutions in the absence and presence of
different concentrations of Vigna subteranea flower extract
using gravimetric method. Different thermodynamic
variables for inhibitor adsorption on carbon steel surface
were estimated and discussed. Kinetic parameters for carbon
steel corrosion in absence and presence of the studied
inhibitors were evaluated and interpreted.

2. Materials and Methods
2.1 Materials and Solution Preparation

Carbon steel sheets were sourced from Awka, Nigeria. The
Carbon steel sheet was subsequently cut into coupons of 4 x
7 x 0.17cm polished, degreased and cleaned for further use
as previous described in [9]. All reagents, chemicals used
were of analytical grade and double distilled water was used
for preparing solutions. The concentrated plant flower
extracts were used for the preparation of inhibitor test
solutions in the concentration range of 0.1mol/100 ml
solution of 2.0 M H2SOa.

2.2 Sourcing of Plant Shells and Preparation of Extracts

The flower extracts used in this study were derived from
Vigna subteranea plant sourced locally in Enugu state. The
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flowers were plucked and collected for analysis. Two
hundred grams of sun dried and powdered flower were
extracted with 95% ethanol at room temperature for 48hrs.
The extracts were concentrated until the solvents were
totally removed. The concentrated extracts were kept for
advance use [10].

2.3 Weights Loss Measurements

The corrodent concentration was 0.2 mols and the volume of
the test solution used was 100 ml. All tests were carried out
in aerated solutions. The difference between the weight at a
given time and the initial weight of the coupons was taken as
the weight loss which was used to evaluate the corrosion rate
and inhibition efficiency for carbon steel with different
inhibitor concentrations as:

2.3.1 Corrosion Rate (CR)

The corrosion rate (CR) was calculated using Equation (1)
[13, 14]
M, — M,
—_1 "2 1
CR T 1)
Where Mz is weight in (mg) before immersion, Mz is weight
in (mg) after immersion, A is area in (cm?) of the specimen,
and t is the exposure time in (hours).

2.3.2 Inhibition efficiency (7%)

The inhibition efficiency (n%) of the extract was estimated
using Equation (2); [12, 13]

_ Whiank = Winn

n% X 100 @

Wblank
Where Whiank and Winh are weight losses in the absence and
presence of inhibitor respectively.

The degree of surface coverage (6) was computed from
equation (3); [14]:
I/Vinh

f=1-—"" 3
Wblank ( )

3. Results and Discussion

3.1 Effect of Temperature on Corrosion Rate Carbon
Steel

The data of corrosion rate were obtained using Equation
(2). The calculated values of corrosion rates of carbon steel
in free and inhibited concentrations of VSFE extracts at
varying temperatures are presented in Table 1. The data
indicates that the rate of corrosion increases with increase in
temperature and decrease on addition of inhibitors in all
cases studied. The results of corrosion rates of carbon steel
in 2.0 M H2S04 are shown in Table 1 follows Arrhenius
reactions since increase in temperature progressively
increases corrosion rate. Assuming the rate of corrosion of
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carbon steel against the concentration of inhibitors is in line
with the kinetic relationship according to [7] then,

log CR = lOgK +AlOngh (4)

Where k is the rate constant and is equal to CR at inhibitor
concentration of unity, A is the reaction constant and a
measure of inhibitor effectiveness and Cimn is the
concentration of the VSFE extract. The plots of Figure 1
provides information on how the kinetic parameters (K and
A) were evaluated from Equation (4) and presented in Table
2

Table 1 Calculated values of corrosion rates (mg/cm?hr) and
inhibition efficiencies of carbon steel in 2.0 M H2S04

Inhibitor ~ Con. CR (mg/cm?hr) n (%)
Inh. 303 323 343 303 323 343
(o) K K K K K K

VSFE 0 265 285 307 - - -
0.2 165 195 213 377 316 300
0.4 141 175 175 472 386 417
0.6 103 142 155 623 509 483
0.8 9.1 125 135 66.0 56.1 550
1 7.4 9.5 12 73.6 632 60.0

The values of reaction constant A from Table 2 were all
negative implying that the rate of corrosion process is
inversely proportional to the inhibitor concentration, that is
gradual increase in concentration of the extracts cause
improvement in the inhibitor efficiency and effectiveness.
This can be attributed to high negative value of constant A
due to alteration of CR and extract concentration
reproducing enhanced inhibitive properties for all the
inhibitors studied. Furthermore, constant values of A can be
used in comparing the inhibitive performance of two acids at
varying temperatures. A values were negative at all
temperatures revealing the active nature of H2S04. Also,
progressive increase in temperature points to increase in
inhibitory activity of VSFE extract. Table 2 equally disclose
that the values of k rises as the temperature moves up
progressively.

1,5

=

& 1

S

% 303K
0,5

2 323K

S

o 0 343K

S1 -0,5 0

-0,5
LOG CON. INH. (G/L)

Figure 1. Plot of log CR versus log Cinn of carbon steel
corrosion in 2.0 M H2SO4 containing VSFE extract at
varying temperatures.
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Table 2 Kinetic parameters for corrosion of carbon in 2.0
MH2S04

Temp (K) Kinefic parameters
Inhibitor
A K
VSEE 303 5834 085
i 4435 1004
343 4201 10844

3.2 Influence of Temperature on Inhibition Efficiency (n
%)

Table 1 presents the relationship between 1 (%) with VSFE
extract concentrations at different temperatures in 2.0 M of
H2S04. The result of Table 1 reveals that in the presence of
H2SO4 the inhibition efficiency increased with increase in
the inhibitor concentrations. This is attributed to the
adsorption of inhibitor molecules on the carbon
steel/solution interface thereby preventing the activity of the
aggressive environment. The effect of temperature on
inhibition efficiency of the inhibitor at all concentrations and
temperatures studied showed a significant increase in the
inhibitor efficiency as the temperature rises to 343K.
Chemical adsorption mechanism was proposed due the fact
that increase in temperature leads to increasing efficiency.
Inhibition efficiency was calculated from Equation (2). Due
to several transformations resulting from rapid etching and
desorption as well as inhibitor decomposition and/or
rearrangement on the surface of the metal, the effect of
temperature on the inhibited acid-metal reaction is highly
complex. Although, close observation revealed that some
inhibitors can work efficiently at high temperature or low
temperature [15-18] with acid-metal systems.

3.3 Adsorption Considerations

The experimental data for Vigna subteranea flower extract
generated from Equation (3) was fitted into Langmuir
adsorption isotherm and a number of expressions were
obtained for the isotherm at equilibrium. It is important to
note the degree of surface coverage 6 differs with the
concentrations of the inhibitors at all temperatures
investigated [19]. Langmuir adsorption isotherm model, can
be expressed mathematically as in Equation (5); [6, 19-21].

C_ 1
6 Kads

+C (5)

Where C is the inhibitor bulk concentration in g/l, K.ags is the
equilibrium constant of adsorption.

Figure 2 represents the plot of Log (C/6) versus Log C
signifying that the adsorption of the plant extracts is in line
with Langmuir isotherm. The adsorption parameters were
calculated and presented in Table 3. The adsorption
isotherm used has correlation coefficients (R?) ranging from
0.9992 > R2 > 0.9715 with slope almost equal to 1. Kags rises
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with rise in temperature [22] as seen in Table 3.
0,3

0,2
ol

—e— AEVSS 303K

- 0.7 010 AEVSS 323K
g 0,2

z -0,3 AEVSS 343K
9 0,4
0,5

LOGC

Figure 2. Langmuir adsorption isotherm for carbon steel
corrosion in H2S04

Table 3 Adsorption parameters obtained from Langmuir
adsorption isotherm

Inhibitor Temp (K)  Adsorption parameters
R? Kads slope
VSFE 303 0.9969 0.1827 2.4909
323 0.9964 0.3431 1.3573
343 0.9915 0.0749 3.9510

Technique 1

The free energy of adsorption (AGades) was related to
equilibrium constant (K) of the inhibitor constituents by
applying Equation (6) [23, 24] and shown in

—AG°aas) ©)

1
Koas = e &P ( RT

The plot gives a linear relationship as indicated in Figure 3
with AHags as intercept and putting the values of AHads
obtained into Equation (7) the values of ASags with other
thermodynamic properties studied were computed at all
temperatures.

3.4 Thermodynamic Studies

The universally accepted thermodynamic adsorption
parameters include the heat of adsorption (AHags) the
entropy of adsorption (ASass), and the free energy of
adsorption (AGads). These parameters can be calculated
using different mathematical methods depending on the
values of Kags from adsorption isotherms, at different
temperatures:

Where Chzo is the concentration of water molecules (mol/L)
at metal/solution interface, Kaas is the equilibrium constant
signifying the strength between adsorbate and adsorbent
[25]. Then, the obtained AGads values were plotted against
T (Figure 3) in accordance with the basic equation [26]:

AGags = AHggs — TASqus )
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Figure 3. Plot of AGads against T
Technique 2

The Kads depends on temperature as can be seen from
Equation (8) below;

AS, AH,
Koo = e (%) e (-52) @

Rewriting Equation (8):

ASads _ AHads
2.303R 2.303RR

log K 45 = €)

Here, plot of Kags against 1/T Figure 4 gives a straight line
AHads
2.303R
into Equation (9) the data for ASads was equally computed
for all temperatures. Then the values of ASass and AHads

was combined using Equation (7) to get AGads values.

slope of — . By putting the calculated values of AHads

0
2,8 3 3,2 3,4
-0,2
»n 04
[a)
<
E -0,6
S & H2504
-0,8 *
-1
-1,2
1T
Figure 4. Plot of Kads against 1/T
Technique 3
Gibbs-Helmholtz Equation [27, 28]
a(AGads/T) AHads
[ ot |PT T (10)
Integrating (10);
0 (AGads) AHa.ds
- adss 11
= [Sar (11)

Equation (11) can be gotten from Equation (10) as
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AG AH,
Tads = Tads + constant t (12)

The relationship between AG‘“"S/T and 1/T gives a straight
line with AHags as the slope Figure 5. The free energy of
adsorption AGads Was computed as done in technique 1 from
Equation (6). Then Equation (7) was used to calculate A Sads
and other thermodynamic parameters as in technique 1 for
the all the systems and presented in Table 4.

Technique 4

The heat of adsorption was computed using Van Hoff
equation [29-31]:

AHads

____ads 13
S 303RT + constant t (13)

log Kogs =

Also, Figure 4 denotes the correlation Equation (13) with a
straight line slope of AHags in 2.0 M H2SO4 solutions.
Equations (6) and (7) were used to evaluate A Gads and A Sads
accordingly.

Technique 5

By adding A Gads term in Equation (6), the terms in Equation
(6) equals that in Equation (7) and a new expression was
obtained as shown below

_ ASads AHads]
Kads - CHZO exp T RT (14)
Eq. (14) can be rewritten as;
AS ds AHads
10gK ags = [—1 c ads | _ 15
09 aas °8Cu20 *53038] " 2303k )

Equation (15) is comparable with Eqg. (9) except the
intercept, where a new term was introduced in the intercept
of Equation (15), this is Cn 20 —log [32]. Figure 4 also
represents the relation in Equation (15). Although it can be
used to compute AHads Whereas ASads and AGads can be
evaluated from Equations (6 and 7). Hence forward, the
negative values of AGads reveals the spontaneous nature of
the extracts on the carbon steel surface [33-35]. The
occurrence of endothermic process, results in decrease of
A\ Gads (becomes more negative) with increasing temperature
which favours inhibitor adsorption on the metal surface.
Additionally, the heat of adsorption (AHads) provides a
useful information on the mechanism of inhibitor adsorption.
(AHads) shows positive values for all the range of
temperatures studied showing that the corrosion inhibition of
carbon steel in 2.0 M H2SO4 solutions proceeds by chemical
adsorption for the studied inhibitor species on the metal
surface [36-38]. The negative ASass values was
complemented with decrease in the entropy energy change
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which occurs whenever the adsorption process is exothermic
[39-41]. The effect of temperature can be clearly
established using Arrhenius and transition state equations
(Equations 16 and 17) [42-44].

0
-0,005 25 3 3,5
-0,01
-0,015
-0,02
-0,025
-0,03
-0,035
-0,04

H2504

AGads/T

YT
Figure 5. Plot of AGaas/T against 1/T

Eq (16)

log CR =logA ~2303RT

Where, A is the pre-exponential factor, Ea is the activation
energy, R is the universal gas constant, T is the absolute
temperature. Figure 6 gives a linear relationship between
logs CR versus 1/T. from which the Ea values were
evaluated. The entropy of activation, AS°®, the enthalpy of
activation AH°, were obtained using Transition state
Equation (17) [42].

CR R AS*
log (?) - [(loy (W)) * (2.303R)]
AH*
" 2.303RT

an

N is the Avogadro number, h is the Planck constant. A plot
of log (CR/T) versus 1/T as shown in Figure 7 gives a
straight line with a slope of (—AH*/2.303 R) and an intercept
of log (R/Nh + AS°/2.303 R) from which the values of
AH*and AS* were deduced.

The gradual addition of VSFE extract causes increase in
activation energy to a value lower than that of the blank
solution implying that the action of VSFE extract on carbon
steel corrosion in 2.0 M H2SO4 solutions was through
chemical adsorption. The values of Ea are bigger than the
values of AH* indicating that the process involves gaseous
reaction which cause reduction in reaction volume. The
negative values entropy of activation (AS*) in the absence
and presence of inhibitor show that the activated complex in
the rate determining step represents an association rather
than dissociation, meaning that, a decrease in disordering
takes place on going from reactants to the activated complex
[43]. The more negative (AS*) is the high the inhibition
efficiency.
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Figure 7. Transition state plot of log CR/T against 1/T for carbon steel in H2SO

4. Conclusions

The inhibition efficiency of Vigna subteranea flower extract in
2.0M H2S0s, increases with increasing extract concentration and
solution temperature. The extract inhibits carbon steel corrosion in
H2SO4 at all inhibitor concentrations and solution temperatures.
The retarding action of Vigna subteranea flower extract in 2.0M
H2S0a4, were done by adsorption of the extract species on carbon

steel surface. The adsorption process is spontaneous and obeys
Langmuir adsorption isotherm in H2SO4 at all temperatures
studied. Thermodynamic data for both inhibitor adsorption and
carbon steel corrosion proposes the existence of chemical
adsorption for the inhibitor species on carbon steel from H2SO4
solution.
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Abstract: Thin-walled profiles with different core structures have been utilized to obtain lightweight energy absorbers. In this paper,
syntactic foams introduced aluminum tubes. Syntactic foams are composed of epoxy resin and expanded glass granules. The energy
absorption behavior of empty tubes and syntactic foam-filled tubes are studied through quasi-static axial compression tests. The effects
of the interaction between the tube and the foam on the deformation mode are analyzed in the aspect of several parameters such as
specific energy absorption, energy absorption effectiveness, initial peak load, and average load. It is found that the addition of syntactic
foam to the aluminum tube increases the specific absorbed energy by 42 %.

Keywords: Aluminum tube, Crashworthiness, Expanded glass, Syntactic foam

Bosluklu Kopiik Dolgulu Ince Duvarh Tiiplerin Enerji Absorpsiyon Davramisi Uzerine Deneysel Calisma

O7z: Hafif enerji emiciler elde etmek icin farkli gekirdek yapilarma sahip ince cidarh profiller degerlendirilmektedir. Bu galismada,
bosluklu kopiikler aliiminyum tiiplere doldurulmustur. Bosluklu képiikler, epoksi recine ve genlestirilmis camdan olusturulmustur. Bos
tiiplerin ve bosluklu kopiik dolgulu tiiplerin enerji absorpsiyon davranisi, statik eksenel sikistirma testi ile aragtirtlmistir. Tiip ve kopiik
arasindaki etkilesim ve bunun deformasyon modu iizerindeki etkisi arastirillmigtir. Spesifik enerji absorpsiyonu, enerji absorpsiyon
etkinligi, ilk tepe yiik, ortalama yiik gibi ¢esitli parametreler karsilagtirilmistir. Gelistirilen bogluklu kopiigiin aluminyum boruya ilavesi
spesifik enerji absorpsiyonunda %42 iyilestirme saglamistir.

Anahtar Kelimeler:. Aliiminyum boru, Bosluklu kopiik, Carpismaya Dayamiklilik, Genlestirilmis cam

1. Introduction walled structures without meaningful increase in total weight.
In addition to foam filling, the interaction between the foam
and the tube wall has a positive effect to improve the energy
absorption capacity. Total energy absorption capacity is
greater than the sum of the energy absorption capacities of the
tube and the foam alone due to the interaction effect [13, 17].
Yalcin and Genel [13] considered two polymeric foam-filled

Energy absorption is a significant phenomenon for saving the
life of passengers during crashes. Kinetic energy during a
crash should be dissipated via plastic deformation, fracture,
friction, etc. In this regard, thin-walled structures like tubes are
commonly used to absorb energy [1].

To improve the energy absorption capacity of thin-walled Aluminum tube specimen configurations including uniform
structures, different kinds of foam such as metallic foams [2- and radially-graded density foam to show the interaction
12], polymeric foams [13-17], syntactic foams [18-22], and effect. The axial crushing test results revealed that radially-
aluminum honeycombs [23, 24] are introduced to the thin- graded foam filling improves the energy absorption capacity
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due to the squeezed foam between inward parts of the folds.
Toksoy and Guden [17] noted the same phenomenon and
pointed out that the deformation of the filler between folds
exceeds the plateau stress of the foam.

To dissipate more kinetic energy by expanding the plastic
deformation zone without losing weight efficiency, tubes filled
with honeycomb structures [23, 24]. Zhang et al. [24] used six
different honeycomb structures between two circular tubes. It
was shown that the kagome core gave the best energy
absorption. Zarei and Kroger [23] used a multi-design
optimization technique to maximize the energy absorption
capacity with less weight for the honeycomb core tubes. It was
found that the same energy as that of the empty tube has been
absorbed by the filled tube with a 14% reduction in weight.

To improve the energy absorption capacity and specific energy
absorption (SEA) different aluminum foam cores were
considered [2, 3, 10, 11, 20, 21]. Song et al. [2] used bio-
inspired foam cores in aluminum and carbon-reinforced
polymer tubes. Holes were introduced to the foams inspired by
cornstalk. Dynamic and quasi-static tests were conducted.
According to test results, specimens with holes improved the
SEA values as compared to filled tubes. A similar study was
performed by Li et al. [21]. They also used double circular and
square tubes including aluminum foam. Dimensions of the
inner tube were found to have a significant effect on the
structural crashworthiness. The ex-situ ordered aluminum
cellular structure is used as a foam material in the study of
Wang et al. [10]. Altin et al. [3] investigated the effect of foam
fill ratio on the energy absorption performance of the
aluminum foam-filled circular tubes. Alumina hollow spheres
were dispersed inside the aluminum to obtain syntactic foam,
and thin-walled aluminum tubes were prepared by inserting
these foams into empty tubes [20]. During axial compression,
foam-filled tubes were deformed by concertina mode, which
was different from the diamond mode of tubes and the brittle
deformation characteristic of the foam. Interaction between
foam and the tube increased with deformation, and syntactic
foam-filled one gave higher SEA values.

Axially [8, 12, 15] and radially [13] graded foams were also
evaluated to explore interaction effect and thus energy
absorption capacity. It was found that functionally graded
foam-filled tubes enhance the SEA more than the uniform-
filled tubes [8, 12, 15]. This effect can be explained by the
rising in the plateau stress of the functionally graded foams,
which comes from the higher plastic energy damping in layers
of graded structures [12]. Cui et al. [15] proposed a
functionally graded foam model, including density gradient
functions such as logarithmic, square root, linear, quadratic,
and cubic through-thickness direction. It was shown that
convex gradients perform better than concave gradients in
terms of SEA, the performance of these foams can be enhanced
by increasing the density difference.

To develop lightweight energy-absorbing structures,
aluminum tubes were filled with syntactic epoxy foams [22].
Higuchi et al. [22] used acrylonitrile copolymer micro-
balloons with epoxy resin to fill the aluminum tubes.
According to the static and dynamic test results, the structure
developed led to higher energy absorption capacity. Zhang et
al. [18] developed low-cost syntactic foams using fly ash
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cenospheres in the rigid polyurethane foams. It is found that
when the relative density is below 0.29 the cenosphere size
marginally affects the compression response.

In the light of previous studies such as [23], circular tubes
outperformed as compared to the square and rectangular tubes
concerning energy absorption capacity. Thus, circular
aluminum tubes were considered in the study. The expanded
glasses were introduced to the epoxy matrix as a core material.
Aluminum tubes were filled with the developed syntactic
foam.

2. Materials and Manufacturing

Syntactic epoxy foams are composed of expanded glass
particles and an epoxy binder. Expanded glasses are a white
inorganic material made from recycled glass, in the form of
small porous spheres [25]. Thanks to its porous structure, it
can be used to manufacture lightweight syntactic foam cores.
Epoxy resin system MGS R285/H285 was preferred as the
matrix material for binding expanded glasses. The properties
and the sizes of the expanded glasses and epoxy resin are given
in Table 1. Syntactic foam samples were manufactured
through mechanical mixing. Firstly, resin and its hardener are
mixed at a ratio of 100/40 by weight for five minutes. The
expanded glasses were added to the mixture of resin system
and mixed gently until ensuring homogeneity. A conventional
turning machine was used to prepare samples to their final
dimensions after demolding. The samples included expanded
glasses with a mass fraction of 56%. The foam material had an
18 mm outer diameter and 25 mm height. The aluminum tube
had a 20 mm outer diameter, 1 mm thickness, and 25 mm
height. The mechanical properties of the aluminum material
(6060-T6) are given in Table 2. Three samples were produced
for each configuration. Samples manufactured are shown in
Figure 1 with their designations. SF, BT, and FFT correspond
to syntactic foam, base tube, and foam-filled tube,
respectively.

o

Foam BaseTube Foam Filled Tube
(BT) (FFT)

Figure 1. Samples manufactured

3. Results and Discussions

Figure 2 shows the load-displacement curves and crushing
behavior of the base tube, the syntactic foam, and the foam-
filled tube under the quasi-static compression test. The total
compression displacement was 20 mm but the values
considered were up to the compaction region. There are three
stages in the curves for all samples; linear region, plateau
region, and densification (compaction) region. The images
were captured at the beginning of the initial failure (a, d, g), at
the plateau region (b, e, h), and around 16 mm (c, f, ).
Buckling of the tube wall initiated the deformation of the base
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tube (d). The collapse mode of the base tube was diamond
mode (non-symmetrical deformation), which related to
diameter over thickness ratio.

Table 1 Mechanical and physical properties of the resin
system and the expanded glass.

Cured resin (MGS R285/H285) [26]

Properties Values
Tensile strength, (MPa) 70-80
Compressive strength (MPa) 120-140
Elastic modulus, (GPa) 3.2
Poisson's ratio 0.36
Shear modulus (GPa) 1.18
Density (g/cm3) 1.20
Expanded glass [25]

Density (kg/m?3) 230
Crush strength (MPa) 1.5-25
Particle size (mm) 1-2

Table 2 Mechanical and physical properties of the aluminum

tube material.

Properties Values
Yield strength, (MPa) 195
Tensile strength, (MPa) 230
Elastic modulus, (GPa) 69
Poisson's ratio 0.33

Percent elongation at break% 12

80

70

60

—RT-1 —NRT-2 ~—RT-3 SF-1

—SF-2 —FFT-1 —FFT-2 —FFT-3 c

compaction zone

4&/472’"

8 9 10 11 12 13 14 15 16 17 18
Displacement (mm)

Figure 2. Load-displacement curves under a compression

test
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Figure 3. The top view of the samples after the tests

The collapse mode of the diamond changed to ring/concertina
mode (b, c) as the syntactic foam was introduced to the base
tube as shown in Figure 2. Shear deformation is the failure
initiation in the syntactic foams (g). Then the collapse
continues with the separation of material from the sample (h,
). The collapse modes can be seen in Figure 3, which is
captured after tests from the top view. Diamond mode for base
tube, ring mode for foam-filled tube, and material separation
can be also seen in Figure 3. Tube confined the foam material
to prevent separation in foam-filled tube configuration. The
initial peak load value of FFT samples was higher than the base
tube but the difference between the initial peak load value and
the average plateau load is lower than the base tube, which is
preferable.

To show the interaction effect between the foam and the base
material, the sum of load values of the base tube and the
syntactic foam was compared to the foam-filled tube. There
was a difference in the energy absorption capacity between the
foam-filled tube, and the sum of the base tube and syntactic
foam, which is shown in Figure 4 in yellow color.

The foam-filled tube had a higher energy absorption capacity
(EAC) than the sum of the base tube and the syntactic foam,
which is an indication of the interaction effect between the
tube wall and the foam. The yellow region starts from
compression of 3 mm. Up to 3 mm, the crushing of expanded
glasses occurs, after that point expansion of the foam
constraint by the tube wall and absorbed energy increases. It
should be noted that the load value exceeds the initial peak
value for FFT samples after 11 mm. Most of the absorbed
energy occurred after this compression value.
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Figure 4. Interaction effect between foam material and the
tube wall

To observe the shape of the deformation, samples were cut and
polished. Micrographs were captured from the cross-section of
the samples, as shown in Figure 5. The microvoids inside the
expanded glasses and macro voids between the expanded
glasses can be seen in Figure la, which was captured before
testing. Micrographs captured after testing show that spheres
were crushed and elongated. It is also observed that foam
material is confined in fold clearance (Figure 5b). There was
bulging at the top of the samples after unloading due to elastic
recovery of the epoxy material.

bulged after
unloading

Figure 5. Micrograph views of the samples (a) before the
compression test, (b) after the compression test, and (c) elastic
recovery

Figure 6 shows specific absorbed energy and absorbed energy
values. The addition of syntactic foam in the aluminium tube
enhanced the specific absorbed energy (SAE) by 42 % and
absorbed energy (AE) by 188 %.

4. Conclusion

To improve the energy absorption capacity and specific energy
absorption a syntactic foam was developed using an epoxy
resin system and expanded glasses. The samples produced
included expanded glasses of 56% mass fraction. There was a
difference in the energy absorption capacity between the foam-
filled tube and the sum of the base tube and the syntactic foam.
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The foam-filled tube had a higher energy absorption capacity
(EAC) than the sum of the base tube and the syntactic foam,
which is an indication of the interaction effect between the
tube wall and the foam. Tube confined the foam material to
prevent separation in foam-filled tube configuration. As a
result, the addition of the syntactic foam to the aluminum tube
enhanced the specific absorbed energy by 42 %.
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Derleme Makalesi

Su Kaynaklari ve Sedimentlerde Polisiklik Aromatik
Hidrokarbonlarin (PAH) Kaynaklar1 ve Toksik Etkileri

El¢in GUNES"* ©, Giil KAYKIOGLU"" @, Asude HANEDAR" ¢, Yalein GUNES" ¢*
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Oz: PAH’lar, iki veya daha fazla aromatik halkay1 biinyesinde bulunduran, yar1 ugucu organik bilesiklerdir. Su ortamlarinda PAH
konsantrasyonlar1 ve etkileri son yillarda iizerinde 6énemle durulan konularin basinda gelmektedir. Sedimentler, su ortamindaki en
onemli PAH rezervuarlarindandir. Bu nedenle sedimentler, sucul ekosistemlerinin su kalitesinin kirliliklerinin degerlendirmesinde
siklikla kullanilmaktadir. PAH’lar organik bilesiklerin tam yanmamasindan dolay1 olugmakta ve ¢esitli kaynaklardan alic1 ortamlara
ulagabilmektedirler. PAH’lar ¢evre ve insan saglig1 agisindan zararl etkilere sahiptir ve endiistriyel gelisme ile dogal ortamlardaki PAH
konsantrasyonlarinda énemli artislar olmustur. Sanayi-yogun havzalarda kentlesme ve endiistrilesmeden dolayr PAH miktarlarinin
yiiksek olmasi beklenmektedir. Amerikan Cevre Koruma Ajansi (USEPA) tarafindan belirlenen 16 oncelikli PAH tiiriiniin su
kaynaklarinda ve sedimentlerde izlenmesi, PAH’larin su ve sedimentlerdeki konsantrasyonlarmin belirlenmesi ve PAH-toksisite
iligkisini ortaya konmasi agisindan olduk¢a dnemlidir. Bu ¢aligmada literatiirdeki ¢aligmalar derlenerek diinyada bu konuda yapilmig
caligmalarin sonuglari ortaya koymaktadir.

Anahtar kelimeler: Cevresel etki, polisiklik aromatik hidrokarbonlar (PAH 'lar), sediment, toksisite.

Sources and Toxicity Effects of Polyaromatic Hydrocarbons (PAH) in Water Resources and Sediments

Abstract: PAHs are semi-volatile organic compounds containing two or more aromatic rings. PAH concentrations and their effects on
aquatic environments are among the issues that have been emphasized in recent years. Sediments are one of the most important PAH
reservoirs in the aquatic environment. Therefore, sediments are frequently used in the evaluation of water quality pollution of aquatic
ecosystems. PAHs can reach receiving environments from various sources and are formed due to incomplete combustion of organic
compounds. PAHs have harmful effects on the environment and human health and with industrial development, there have been
significant increases in PAH concentrations in the natural environment. Due to the intense urbanization and industrialization in
industrial-dense basins, PAH amounts are expected to be high. The monitoring of 16 priority PAH species determined by the USEPA
in water resources and sediments, and the determination of the concentrations of PAHs in water and sediments are very important in
terms of revealing the PAH-toxicity relationship. In this study, the studies in the literature are compiled and the results of the studies
conducted in the world on this subject are revealed.

Keywords: Environmental effect, polycyclic aromatic hydrocarbons (PAHs), sediment, toxicity.

1. Giris ¢ikarmustir. Cevre kirliligine neden olan diger 6nemli etkenler
insan niifusundaki ve sehirlesme oranindaki hizli artigtir.

Giiniimiizde hizla gelisen sanayilesme insan yasamini . . . .o
el yries yas Cevrenin kirlenmesi canli yasammin devam etmesi igin

kolaylastirmakla birlikte birgok g¢evre sorununu da ortaya
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gerekli olan hava, su ve toprak kalitesini olumsuz yonde
etkilemektedir [1]. Cogu kirletici bu ortamlarda yillarca veya
on yillarca varligmi siirdiirmektedir. Su ortami agisindan
bunun en 6nemli nedeni Kirleticilerin su ortaminda ¢ok yavas
bozunmasi veya hi¢ bozunmadan kalmasidir [2].

Evsel ve endiistriyel atik sularin aritilmadan/yetersiz aritilarak
ve kati atiklarin diizensiz olarak alic1 ortamlara birakilmasi ve
bilingsiz zirai ilaglama ve giibreleme sonucu yeralt1 sular1 ve
ylizeysel sular kirlenmektedir. Aritilmamis/yetersiz aritilmig
atiksularin alic ortama verilmesi ile kirlenen sular hem sucul
dengeyi bozmakta hem de daha sonra sulama suyu olarak
kullanildiginda sudaki kirleticiler topraga ve bitki Ortiisline
zararlar vermektedir. Buna bagli olarak hem su kaynaklari
kirlenip tikenmekte hem de canli yasami tehlike altina
girmektedir [3].

Su ortamindaki kirleticilerin bir kismi partikiiler organik
maddelerden olusmaktadir. Partikiiler Kkirleticiler; evsel
atiklar, hayvan atiklari, tarimsal atiklar, gida endiistrisi
atiklari, kagit endiistrisi atiklari, mezbaha atiklar1 gibi
faaliyetler sonucu olugsmaktadir. Sulara karigan bu Kirleticiler
suyun dibinde toplanmakta ve sedimentasyon olay1
gergeklesmektedir [4].

Sediment taneleri arasindaki bosluklar gézenek boslugunu
olusturur (Sekil 1). Suya doymus ¢okeltilerde bu bosluklar
gbzenek suyu ile doludur [5]. Sediment igindeki organik
kirleticiler tipik olarak ince sediment partikiillerine adsorbe
olur ve sediment partikiilleri arasindaki gdzenek suyunda
bulunur. Sediment ile goézenek suyu arasindaki Kkirletici
maddelerin nispi orani, kirletici maddenin tipine ve sediment
ile suyun fiziksel ve kimyasal 6zelliklerine baghdir [2].

sediment taneleri

gozenek sivisi ile dolu
gozenekler

sediment gergevesi

Sekil 1.Sedimentlerin bilesenleri

PAH’lar, iki veya daha fazla aromatik halkay1 biinyesinde
barindiran, yar1 ugucu organik bilesiklerdir. Yar1 ugucu olma
ozellikleri, bu bilesiklerin hava, toprak ve su kiitlelerinde
birikim ve yeniden buharlagma ile siirekli yer degistirmelerine
neden olur [6]. Sedimentler, su ortamindaki en 6nemli PAH
rezervuarlarindandir. Bu  nedenle  sedimentler, sucul
ekosistemlerinin kirliliklerinin degerlendirmesinde siklikla
kullanilmakta ve nehir, dere, g6l ve kiy1 sistemleri gibi
bolgelerde PAH girdilerinin izlenmesi i¢in yararli bir arag
olmaktadirlar. Bu tip sistemlerde sedimentlerde PAH birikimi
hem insan kaynakli hem de dogal emisyonlardan
kaynaklanmaktadir [7].

Bu c¢alismada oOncelikle c¢evresel ortamlarda bulunan
PAH’larin  kaynaklar1 ve c¢evresel etkileri konusuna
deginilmistir. Daha sonra su kaynaklarindaki ve alict
ortamlardaki sedimentlerde bulunan PAH’larin
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konsantrasyonu ile suda yasayan organizmalara zehirlilik
etkisinin iliskisinin belirlendigi ¢aligmalar 6zetlenmistir.

2. PAH’larin Kaynaklari ve Cevresel Etkileri

PAH'lar esas olarak antropojenik siireglerden, 6zellikle de
organik yakitlarin eksik yanmasindan kaynaklanmaktadir.
PAH'lar atmosferde genis bir sekilde dagilmis ve yayilmistir.
Volkanik patlamalar ve orman yanginlari gibi dogal siirecler
de PAH'larin ¢evresel varligina katkida bulunur [8]. Cevrede
yiizlerce PAH bilesigi bulunmaktadir. Fakat bunlardan 16’s1,
kendileri ve kaynaklar1 hakkinda daha fazla bilgi bulunmasi,
toksisiteleri ve insana maruziyetleri agilarindan USEPA
tarafindan 6ncelikli kirleticiler listesine alimustir [9]. PAH'lar
genellikle iki sinifa ayrilir: diisiik molekiiler agirlikli PAH'lar
(LPAH"ar) ve yiiksek molekiiler agirlikli PAH'lar (HPAH'lar)
(Sekil 2). LPAH'lar (6rnegin, naftalin, asenaften, asenaftilen,
floren, antrasen, fenantren) iki ila ii¢ benzenoid halkasindan
(alt1 tarafli aromatik karbon halkalari) olusan bir ¢ekirdek
yapisina sahip olma egilimindedir. HPAH'lar, dort veya daha
fazla benzenoid halkadan olusan molekiiler yapilara sahip
olma egilimindedir ve floranten, piren, benzo(a)piren ve
benzoflorantenleri icerir. Hidrofobiklik, biyoakiimiilasyon
egilimi, biyolojik bozunmaya kars1 direng ve ¢evresel kalicilik
genellikle artan molekiiler agirlik ile artar. Naftalin gibi
LPAH'lar suda ¢oziiniir olduklarindan HPAH'lara gére sudaki
organizmalar i¢in daha akut toksik olma egilimindedir [8].

PAH'larin toksisitesi ve ¢evresel dongiisii, merkezi halka
yapisi etrafinda gesitli molekiiler yan gruplarin varligiyla daha
da degistirilebilir. Bagli karbon-hidrojen zincirlerine sahip
olan alkillenmis PAH'lar (6zellikle metil gruplari, fakat ayni
zamanda izopropil veya diger alkil gruplar) gevresel
numunelerde siklikla tanimlanmistir. Alkillenmis PAH'larla
ilgili olasi endiseler, hem hidrokarbonla kontamine olmus
cevresel numunelerde nispeten yiiksek konsantrasyonlarin
rutin olarak ortaya ¢ikmasindan hem de canli organizmalar
tizerindeki olumsuz etkilerin potansiyelinden
kaynaklanmaktadir [10]. Tablo 1’de, 16 oncelikli PAH’in
toplam molekiiler formiilleri ve kanserojen aktiviteleri
listelenmistir [11].

Cevreye salinan bircok kimyasal ¢evredeki sinirli dmiirleri
nedeniyle wuzun Omiirlilere gore daha az tehlike
olusturmaktadir. Tarihsel olarak daha ciddi ¢evresel tehlikeler
olusturan kimyasallar (6rnegin, diklorodifeniltrikloroetan
(DDT), poliklorlubifeniller (PCB'ler), 2,3,7,8-
tetraklorodibenzo-p-dioksin (TCDD)) bozunma siireglerine
direnglidirler ve buna bagli olarak ¢evrede son derece uzun
stire kalabilirler (Tablo 2) [12]. Sucul sistemlerde, PAH'lar
genellikle uzun siireli kaldiklarindan askida kati maddelere ve
sedimentlere adsorbe olma egilimindedirler [10]. Pek ¢ok
toksisite ¢aligmasinda, benzo(a)pirenin (BaP) c¢evrede uzun
vadeli kalicilik ile en yiiksek kanserojen potansiyele sahip
oldugu belirtilmistir [10].
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Lower Molecular Weight PAHs

Naphtnalens Acenaphthene Acenaphthylens
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Higher Molecular Weight PAHs
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Flasranihene e Benz{alantheacens
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SR oD

Benzodalpyrens

®

Sekil. 2. Diisiik molekiil agirlikli ve yiiksek molekiil agurikli

Benzo(ghilperytene Indens (123-cdipyrens

PAH’larin yapist (Yildiz isareti (*) ile gosterilenler, olasi
kanserojen dzellik gostermektedir)[8]

Tablo 1 ABD EPA 6ncelikli PAH listesi

Bilesik Molekiil Molekiil Kanserojenik
Formiilii Agirhg1  Aktivite
(g/mol)
Naftalin CioHs 128 +
Fenantren CiaH10 178 -
Antresen CaaHio 178 +/-
Floranten CisH1o 202 -
Piren CisH1o 202 -
Krisen CisH12 228 +/-
Benzo(a)antresen CigH12 228 +
Benzo(b)floranten CaoH12 252 ++
Benzo(k)floranten CaoH12 252 +
Benzo(e)piren CaoH12 252 +/-
Benzo(a)piren CaoH12 252 +++
Perilen CaoH12 252 +/-
Benzo(ghi)perilen Ca2H12 276 +/-
Dibenzo(ah)antresen  Cz2Hi4 278 +++
Indeno(cd)piren C22oH12 276 +
Koronen Ca4H12 300 +/-

+ (++) maddenin deney hayvanlar igin kanserojen olduguna
dair yeterli kanit var.

+ Mevcut veriler, deney hayvanlari i¢in maddenin
kanserojenliginin bir degerlendirmesine izin vermek icin
yetersizdir.

- Mevcut veriler, maddenin deney hayvanlari icin tek basina
kanserojen olduguna dair hi¢bir kanit sunmamaktadir
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Tablo 2 Baz1 kimyasal kirleticilerin ¢gevresel yar1 6mrii

Kirletici Yar1 Omiir ~ Alan
DDT 10 y1l Toprak
TCDD 9yl Toprak
Atrazin 25 ay Su
Benzoperilen(polisiklik

aromatik 14 ay Toprak
hidrokarbon(PAH))

Fenantren 138 giin Toprak
Karbofiiran 45 gilin Su

3. PAH’larin Su ve Sedimentlerde Kaynaklari,
Konsantrasyonlari ve Toksisite Etkileri

Benz(a)antrasen, Krizen, Benzo(b,k)floranten ve
Benzo(a)piren gibi bazi yiiksek molekiil agirlikli PAH’lar ve
bunlarin metabolitlerinin balik, memeli ve insanlarda
mutajenik, teratojenik ve kanserojenik etkileri oldugu tespit
edilmigtir. PAH’larin kendileri kadar metabolitleri de canlilar
iizerinde benzer olusumlara yol acarlar. Bu bilesikler gerek
kimyasal/mikrobiyolojik kararliliklari, gerek sudaki diisiik
¢ozlintirlikkleri ve gerekse yag dokusundaki ¢oziiniirliikleri
dolayisi ile hem su ortamlarinda hem de karasal ortamlarda
biyoakiimiile olma ve besin zincirine transfer olma gibi
ozelliklere sahiptirler [6]. Sularda/atiksularda, sediment
gbzenek suyunda ve sedimentlerde toksisite 6lgiimii igin
genellikle kabuklular, baliklar ve algler gibi organizmalar
kullanilmaktadir. Bu organizmalara dayali testler, biiyiik
maruz kalma siiresi ve numune hacmi gerektirir. Bu nedenle,
mikroorganizmalara dayali hizli, uygun maliyetli ve
tekrarlanabilir toksisite deneyleri popiilerlik kazanmaktadir
[13]. Daphnia magna, atik sularin, tatli ve tuzlu sularin ve
sediment 6rneklerinin toksisitesini belirlemek i¢in literatiirde
yaygin olarak kullanilan ve bir¢ok ¢evresel kirletici maddeye
duyarli organizmalardan biridir. Asagida PAH’larin su ve
sedimentlerdeki konsantrasyonlar1 ve toksisite ozellikleri ile
ilgili caligmalar dzetlenmistir.

Zhang ve ark. [14] yaptiklar1 ¢aligmada Cin’deki Tonghui
Nehri’nde su ve sediment Orneklerinde 16 PAH tiird, 18
organoklorlu pestisit tiirii ve 12 PCB izlenmislerdir. Toplam
PAH, PCB ve organoklorlu pestisitler suda sirasiyla su sekilde
belirlenmigtir: 192,5-2.651 ng/L, 31,58-344,9 ng/L ve 134,9-
3.788 ng/L. Yiizeysel sedimentlerde ise PAH, PCB ve
organoklorlu pestisitler sirasiyla su sekilde degismistir: 127-
928 ng/g, 0,78-8,47 ng/g ve 1,79-13,98 ng/g. Sonuglar
sedimentlerde bulunan kirletici konsantrasyonlarinin sularda
bulunan konsantrasyonlardan daha yiiksek oldugunu
gostermistir. Bunun nedeni olarak bu kirleticilerin hidrofobik
olmalar1 ve sedimentte birikme egiliminde olmalar
gosterilmistir.

Edokpayi ve ark. [15] Giiney Afrika’da Mvudi ve Nzhelele
Nehirlerinin su ve sedimentlerinde 16 adet PAH’in 6lgiimiini
yapmiglardir. Calisma sonuglarinda tiim orneklerde yiiksek
molekiil agirlikli PAH’larin baskin oldugu goriilmiistiir. PAH
konsantrasyonlart su ve sediment numunelerinde sirasiyla su
sekilde degismistir: 13,174-26,382 mg/L ve 27,10-55,93
mg/kg. Biyokiitlenin yakilmasi en 6nemli PAH kaynagi olarak
gosterilmistir. Ayrica atiksu aritma sistemlerinin desarjlart da
PAH’larin potansiyel kaynaklari olarak gosterilmistir.
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Zhang ve ark. [16]'nin yaptiklart ¢alismada, yiizey deniz
suyunda ve Cin'in kuzey Liaodong Korfezi'nden
sedimentlerde bulunan polisiklik aromatik hidrokarbonlarin
(PAH) seviyeleri, kaynaklar1 ve potansiyel ekolojik riskleri
mevsimsel olarak arastirilmigtir. Toplam 16 PAH
konsantrasyonu, deniz suyunda 145,96 ng/L ila 896,58 ng/L
arasinda ve sedimentlerde 191,99 ng/g ila 624,44 ng/g arasinda
Ol¢iilmiistiir. Deniz suyunda PAH konsantrasyonlari 6nemli
6lgtide farklilik gosterirken, sedimentlerde mevsimsel olarak
nispeten daha stabil bulunmusgtur. Diisiik molekiiler agirhikl
PAH'lar deniz suyunda baskin olarak &l¢lilmiis, buna karsilik
yiksek molekiiler agirlikli PAH'lar sedimentlerde yiiksek
konsantrasyonlarda bulunmustur. Bitkisel saman ve komiir
yanmasinin  baslica PAH  kaynaklarini  olusturdugu
bildirilmistir.

Huang ve ark. [17]’'nin yaptiklari ¢alismada, Sangay'daki
Huangpu Nehri'nde sehirlesmenin yogun oldugu bolgelerdeki
nehir sedimentlerinin mekansal-zamansal ¢esitlilikleri ve PAH
kaynaklar1 degerlendirilmistir. Sonuglar, sedimentlerdeki
PAH konsantrasyonlarinin yere gore ve mevsimsel olarak
biiytik farkliliklar gosterdigini ortaya koymustur. Kurak
mevsimde toplam 16 PAH konsantrasyonu yagish
mevsimdekinden 6 kat daha fazla bulunmustur. Bununla
birlikte, kurak ve yagish mevsimlerde sirasiyla
%42,41+%6,81 ve %44,70+7,73 katkida bulunan 4 halkal
PAH bilesikleri baskin olmustur. Cok degigkenli istatistiksel
ve arazi kullanim analizi, PAH'larin ana kaynaklarinin
tarimsal, trafik ve ticari faaliyetler oldugunu diisiindiirmistiir.
Ekili arazi, yol/cadde, ulasim ve ticari amach tesislerin
bulundugu tampon yarigap (<750 m) alan1, Huangpu Nehri'nin
sedimentlerindeki PAH'lara 6nemli olglide katkida
bulunmustur. Risk degerlendirme sonuglari, sedimentlerdeki
PAH toksisitesinin kurak mevsimde yagisli mevsimden daha
yiiksek oldugunu ortaya koymustur.

Liu ve ark. [18]’nin yaptiklari ¢aligmada Yangtze Nehri derin
su kanali boyunca sedimentlerdeki PAH 6zellikleri, dagilimi,
kaynagi ve ekolojik risk diizeyleri arastirilmistir. Calisma
alaninda on bes PAH'!n toplam konsantrasyonu 89,52 ile
208,02 ng/g arasinda degismistir (ortalama deger 140,48 ng/g).
PAH oranlar1 ve istatistiksel analiz, yerel fosil yakitlarin
yiiksek sicaklikta yanmasmin (ara¢ egzozu, antropojenik
yanma ve pirojenik kaynaklar) PAH'larin ana kaynagi
oldugunu gostermistir.

Dong ve ark. (2022) [19]'nin yaptiklari ¢aligmada, kurak,
normal ve yagisli mevsimlerde, Han Nehri'nin orta ve asagi
kesimlerindeki 15 6rnekleme noktasindan yiizey sularinda ve
sedimentlerde 16 PAH incelenmistir. GC-MS ile belirlenen
toplam PAH konsantrasyonu (XPAHs) yiizey suyunda 18,3 ile
146,8 ng/L (ortalama 77,4 ng/L) arasinda, sedimentte ise
137,1-1478,4 ng/g (ortalama 679,6 ng/L) arasinda degismistir.
Yiizey suyunda iki ila {i¢ halkali PAH'lar ve sedimentteki dort-
bes halkalt PAH'lar, tespit edilen bilesiklerin ¢cogunlugunu
olusturmustur. PAH'larin kurak mevsimdeki seviyesi, yagish
ve normal mevsimlerdekinden daha yiiksek bulunmustur.
PAH'larin dagilimlari, nehir boyunca dnemli dlgiide degismis,
ylizey suyu ve sedimentteki PAH'larin kaynaklari biyokiitle ve
komiir yanmasi, ardindan petrol yanmasi olarak tespit
edilmistir [19].
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Shi ve ark. (2022) yaptiklari caligmada deniz suyu, sedimentler
ve deniz organizmalarindaki PAH'larin durumunu, Cin'de
geleneksel bir deniz balig: yetistiriciligi bolgesi olan Haizhou
Korfezi'nde aragtirmiglardir. Deniz suyu, sedimentler ve deniz
organizmalarindaki toplam PAH konsantrasyonlar: sirasiyla
12.4-40,3 ng/L (ortalama 24.8 ng/L), 183.2-496.6 ng/g
(ortalama 293.5 ng/g) ve 228.1-679.9 ng/g (ortalama 392,6
ng/g) olarak bulunmustur. Kaynak analizi sonuglari, deniz
suyu ve deniz organizmalari i¢in PAH kaynaklarinin kdmiir ve
biyokiitle yanmasi (%66,53), petrol (%28,94) ve trafik
(%4,52) oldugunu, sediment i¢gin olanlarin ise trafik (%48,14),
komiir ve biyokiitle yanmasi (%40,56) oldugunu goéstermistir
[20].

Adeyeye ve ark. (2022) yaptiklar1 caligmada sedimentlerde ve
baliklarda PAH'larin birikim &zellikleri hakkinda veri
toplamak i¢in bir balik yetistirme ¢iftliginin Kkirlenme
durumunu degerlendirmislerdir. Calisma sonuglarinda analiz
edilen PAH'larin sedimentlerde, su 6rneklerinden daha fazla
yogunlastigi goriilmiistiir. Floranten, piren ve antrasen
baliklarda en konsantre bilesikler olmuslardir. PAH yiizde yiik
orant 34.9:34.2:30.9 swrastyla kas, kafa ve karacigerde
gozlenmistir.  Sedimentlerde  asenafetilen,  asenaften,
indeno(1,2,3-cd)piren  ve  dibenzo(a,h)antrasen  diger
numunelere kiyasla yiiksek oranda birikirken, floren ve
benzo(k)floranten en az ve en yiiksek birikmis PAH'lar
olmugtur [21].

Tepe ve ark.’nin (2022) yaptiklari ¢alismada Giineydogu
Karadeniz'in Giresun kiy1 seridi boyunca mevsimsel olarak
sediment ornekleri toplanmis ve 16 PAH seviyesinin tespiti
icin analiz edilmistir. 28,47 ile 444,36 ng/g arasinda degisen
PAH seviyeleri (ortalama 102,57 ng/g) diinya c¢apinda
yiriitillen diger sediment caligmalarmin c¢ogunda tespit
edilenlerden daha diisiik kalmistir. Ug halkali PAH'larin
ylizdesi (%38,9) oldukca yiiksek bulunmus, bunu 5 halkali
PAH'larin oram (%21,8) izlemistir. Tespit edilen oranlar,
Giresun kiy1 seridi boyunca yiizey sedimentlerindeki
PAH'larin esas olarak komiir yanmasi ve yerel emisyonlarla
iliskili oldugunu ortaya koymustur. Sediment kalite kilavuzlar:
(SQG'ler) ile yapilan degerlendirme, bazi istasyonlarda PAH
seviyesinin olumsuz biyolojik etki riskinin g6z ardi
edilemedigi (>TEL ve <PEL) seviyeyle karsilastirilabilir
oldugunu gostermistir.  Giresun kiyr  sedimentlerinde
PAH'larin olusturdugu risk, risk oranina gore diisiik ila orta
ekolojik risk olarak siniflandirilmigtir [22].

Cin'deki Fenhe rezervuart ve yukari havzadaki 28 bolgeden
PAH'lar ve PCB'ler arasindaki iliskileri belirlemek ve
toksisitenin kaynaginin belirlenmesi i¢in sediment numuneleri
almmigtir. Caligma sonucunda > 16PAH'lar ve > 123PCB'lerin
dagilimlart yiiksek korelasyon gostermistir. Y 7C-PAH'lar
(yedi kanserojen PAH'!n toplam konsantrasyonlar1) 87,7 ile
2005,0 ng/g dw (kuru agirlik) arasinda degismis ve Y 6DL-
PCB'ler (alti dioksin benzeri PCB tiirdesinin toplam
konsantrasyonlari) n.d.(non- detectable)-5.96 ng/g dw olarak
bulunmustur. Calismada toksisite ve biyolojik risk, toksik
esdeger miktar (TEQ) ve sediment kalitesi kilavuz katsayisi
(SQGQ) kullanilarak degerlendirilmistir. BaP, CHR en yiiksek
konsantrasyon seviyesini gostermesine ragmen, ¢ogu bolgede
TEQPAH i¢in baskin rol oynamistir (%37,17-89,40). PCB-81,
en yiiksek TEQPCB'ye katkida bulunmustur. > 16PAH'lar ve
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> 7C-PAH'lar, >123PCB'ler ve Y} 6DL-PCBler, Y. 7C-PAH'lar
ve > 6DL-PCB'ler ile TEQPAH ve TEQPCB arasinda yiiksek
korelasyonlar gozlenmistir. Cogu bolge igcin, TEQPAH'a en
biylik katkiyr tasit kaynaklart (%46,58) yaparken, PAH
konsantrasyonlarina en yiiksek katkiyt komiir yakma
kaynaklar1 (%43,31) yapmistir. PCB'ler ile kdmiir yakmanin
PAH'lara katkilar1 arasindaki nispeten daha yiiksek
korelasyonlar, PAH'lar ve PCB'ler i¢in endiistriyel kaynaklarin
benzer dagilimini gostermistir [23].

Rogers’in  (2002) yaptigt bir c¢aligmada equilibrium
partitioning—toxic unit (EQP-TU) yaklasim: kullanilarak
Birlesik Krallik nehir agzi sedimentlerindeki suda yasayan
organizmalar i¢cin PAH kalintilarinin potansiyel akut
toksisitesine iligkin tahminler, Clyde ve Mersey nehir
agizlarindan ve Southampton deresinden gelen sedimentlerin
yiiksek ortalama toksisiteye sahip oldugunu gostermistir.
Calismada PAH kalintilarinin, belirli endiistriyel kaynaklarin
ve ¢evredeki yerlesim bdlgelerinden yanma ve akis yoluyla
girdilerin bir kombinasyonundan kaynaklandig: belirtilmistir.
Maksimum sediment toksisiteleri, Southampton deresinde bir
kimyasal tesis ¢ikisinin yakinindaki belirli yerlerde ve Wear
ve Clyde'deki rihtimlardaki sedimentlerde bulunmustur [24].

Li ve ark. (2016) yaptiklari calismada sedimentlerdeki
PAH'larin saglik riskini degerlendirmenin olduk¢a zor
oldugunu belirtmislerdir. Bunun nedeni olarak sedimentlerin
deniz tabaninda meydana gelmesi ve insanlarla dogrudan
temas etmesinin zor olmasi belirtilmistir. Caligsmada, ylizey
sedimentlerindeki PAH konsantrasyonlar: ile deniz iiriinleri
tiiketicilerinin saglik riski arasindaki iliski ortaya konmaya
caligitlmistir. PAH'larin sedimentlerden bentik organizmalara
transferi (biyobirikimi) tahmin edilmistir. PAH'lara kaynak
katkilar1 ve ilgili toksisite ve saglik riskleri (PAH'larla
kontamine bentik organizmalarin alimindan kaynaklanan)
sirastyla PMF modeli ve Monte Carlo simiilasyonu temelinde
incelenmistir. Cin'deki Bohai Denizi (BS) sedimentlerinde
toplam PAH (TPAH) konsantrasyonlari 149,40 ila 1211,97
ng/g arasinda degismistir. Petrol ve ara¢ emisyonu, komiir
yakma ve kok firini sirastyla PAH'larin %40,0'n1, %32,2'sini
ve %27,8'ini olusturmustur, ancak PAH'larin sedimentlerde
olusturdugu toksisitenin %53,0, %22,8 ve %24,2'sine katkida
bulundugu belirtilmistir. Cocuklar, gengler ve yetigkinler i¢in,
%95°1lik kanserojen ve kanserojen olmayan riskler, sirastyla
1076 ve 1,0 esik degerlerinin altinda kalmis ve potansiyel bir
saglik riski olmadigin1 gostermistir. Duyarlilik analizi, risk
degerlendirmesinde maruz kalma siiresinin (ED) ve PAH
konsantrasyonlarinin (CS) en hassas iki parametre oldugunu
gostermistir [25].

Bihari ve ark.’nin (2006) yaptiklar1 ¢alismada Hirvatistan,
Kuzey Adriyatik, Rovinj kiy1 bdlgesindeki 8 oOrnekleme
alanindan toplanan yiizey deniz sedimentleri, PAH'lar ve
sediment  organik  ekstraktlarinin  toksik/genotoksik
potansiyelini belirlemek i¢in kullanilmistir. Toplam PAH
konsantrasyonlar1 32 pg/kg (korunan alan) ile 13,2 mg/kg kuru
agirlik (liman) arasinda degismistir ve bozulmamis, kentsel
sanayi ve liman alanlari arasinda agik farkliliklar
belirlenmigtir. PAH'larin  dagilimi, limanda bir miktar
biyojenik etki ile pirojenik kokenlerini ortaya ¢ikarmigtir. Tim
ornekleme alanlarinda sediment oziitleri sediment tipiyle
tutarl toksik potansiyel gdstermistir. Microtox testi ile dlgiilen
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toksisite ile bireysel veya toplam PAH konsantrasyonlar
arasinda bir iliski bulunmamistir. Sitotoksik olmayan tortu
ekstraktlari dozu, bakteriyel umu-testinde genotoksik
potansiyel gostermemistir. DNA hasari, 4 6rnekleme alaninda
toplam PAH'larla pozitif iligkili bulunmustur, ancak en yiiksek
DNA hasari, toplam sediment PAH iceriginin en yiiksek
oldugu yerde gozlenmemistir [26].

Sun ve ark.’nin (2022) yaptiklari ¢alismada PAH'larin
dagilimimin, kaynaklarinin ve ekolojik toksisitesinin
aragtirilmasinin, kirliliklerini ve biyolojik risklerini azaltmak
icin gerekli oldugu belirtilmistir. Cin'deki kuzey Taihu
Goli'ndeki farkli g6l kenar1 ve nehir agzi sedimentlerindeki 16
oncelikli PAH, gaz kromatografisi-kiitle spektrometrisi ile
belirlenmigtir. Sonuglar, toplam PAH konsantrasyonlarmin
(ZPAH'ler) 672,07 ng/g ile 5858,34 ng/g arasinda degistigini
ve ortalama degerinin 2121,37 ng/g oldugunu gdstermistir.
Yiiksek molekiiler agirlikli PAH'lar (4-6 halka) baskin olarak
bulunmus ve tespit edilen TPAH'lerin %85'ini olusturmustur.
Nehir agz1  alanindaki  baraj  bariyeri  nedeniyle,
sedimentlerdeki PAH konsantrasyonlart nehir agzi ve gol
kenar1 arasinda 6nemli Olgiide farkli bulunmustur. Toplam
organik karbon (TOC) icerigindeki degisiklikler ve
sedimentlerdeki PAH'larin mekansal dagilimmm tutarl
oldugu belirlenmistir. Bulanik degerlendirme modeli
kullanilarak arastirilan sediment kirliligi degerlendirmesi,
hafif PAH kirliliginin %75'ini gostermistir. Wuli G6lii'niin
dogusunda yogunlagan bazi nehir agzi1 sedimentlerinin (%22)
orta veya agir derecede kirlenmis oldugu belirlenmistir [27].

4. Sonug

Bu caligmada su kaynaklari, alici ortamlar ve sedimentlerdeki
PAH’larin kaynaklari, konsantrasyonlar1 ve toksisite etkisi
literatiirdeki ¢aligmalar ile ortaya konmaya g¢aligilmigtir. Genel
olarak PAH kaynaklarinin biyokiitle, komiir vb. organik
maddelerin tam yanmamasindan kaynaklandigi ¢alismalarda
tespit edilmistir. Su kaynaklarindaki ve sedimentlerdeki PAH
kaynaklarinin  bu yanmalar oldugu kaynak analizi
caligmalariyla  gosterilmistir.  Su  tabaninda  olusan
sedimentlerin kirleticileri adsorplamasi sebebiyle
sedimentlerin tiimiinde ve gdzenek sularinda toksisite testleri,
kirleticilerin suda yasayan canlilara etki diizeyini belirlemede
olduk¢a Onemlidir. Ayrica PAH konsantrasyonlarinin
mevsimsel ve yersel degisiminin izlenmesi gerekliligi
literatiirdeki ¢alismalarda vurgulanmistir. Ozellikle sanayi
yogun havzalarda dereler ve nehirlerde USEPA tarafindan
belirlenen dnemli 16 PAH tiiriiniin sedimentlerde izlenmesi
PAH’lar ile toksisite iligkisini ortaya konmasi ve sanayi-yogun
bolgelerdeki durumu ortaya koymasi agisindan onemli bir
konudur. PAH’larin canlilara mutajenik, teratojenik ve
kanserojenik  etkileri oldugu da Dbirgok ¢alismada
vurgulanmigtir.  Bunun yaninda sedimentlerde bulunan
PAH’larin sucul organizmalara toksik etkilerinin belirlendigi
¢aligmalar, PAH’larin olusumunun kaynakta engellenmesinin
gerekliligini ortaya koymustur.
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Tiirkiye’deki Orman Yangin Sayilari ile Giines Leke
Sayillarimin Periyodik Analizi

Taner M. Cengizh 2"

!insaat Miihendisligi Boliimii, Corlu Miihendislik Fakiiltesi, Tekirdag Namk Kemal Universitesi, Tekirdag, Tiirkiye, 59860
tcengiz@nku.edu.tr

07z: Bu caligmada Tiirkiye orman yangin sayilar ile giines leke sayilarmin periyodik yapilarmin incelenmesi amaglanmstir. Calismanin
temel hedefi siirekli dalgacik dontisiimleri ve global spektrumlar yontemini kullanarak Tiirkiye orman yangin sayilari ile giines lekesi
sayilarinin degiskenligini arastirmaktir. Tirkiye son yillarda orman yangin sayilarinin artmasi tizerinde odaklanilan sorunlardan
birisidir. Giines faaliyetini gostermek i¢in genellikle giines lekesi sayist kullanilmaktadir. Dalgacik doniisiimii Fourier doniisiimiiniin
gelismis ve iyi planlanmig bir siirimii olup sinyallerin frekans bilesenlerini ortaya ¢ikarmaktadir. Dalgacik doniisiim teknikleri
yaklagimi Tiirkiye’deki orman yanginlarinin sayilari ve giines lekesi sayilarinin periyodik analizi i¢in uygulanmistir. Bu kapsamda
Orman Genel Midiirliigiiniin (OMG) 1937 yilindan 2020 y1l1 sonuna kadarki giincel yangin sayilar kayitlari ile giines lekesi sayilarmin
kayitlar1 degerlendirilmistir. Mevcut olan 84 yillik toplam orman yangin sayilar1 verileri ve ayn1 dénemde olan giines lekeleri sayilari
verilerinin periyodik yapisi Siirekli Dalgacik doniisiimii (SDD) ve Global Dalgacik Spektrumu (GDS) tekniginden yararlanilarak analiz
edilmistir. Orman yangin sayilart i¢in hakim periyodik bilesen 6.60 yillik bulunurken giines leke sayilarinda ise 10.67 yillik periyodik
bilesen belirlenmistir. Her iki degiskenin uzun yillik diger periyodik bilesenleri de tespit edilmistir. Tiirkiye’deki orman yangin sayilari
ile giines leke sayilarinin periyodik yapilarinin birbirlerinden ¢ok farkl: yapilarda oldugu bu ¢aligma sonucunda saptanmustir.

Anahtar Kelimeler: Orman Yangin Sayisi, Giines Leke Sayist, Dalgacik Dondisiimii, Periyodiklik.

Periodic analysis of forest fire numbers and sunspot numbers in Tiirkiye

Abstract: The aim of this study is to examine the periodic structures of forest fire numbers in Tiirkiye and sunspot numbers. The main
purpose of this study is to investigate the variability of forest fire numbers in Turkey and sunspot numbers using continuous wavelet
transforms and global spectra method. The change of sunspots observed in the photosphere layer of the sun is one of its important
activities affecting the world. The sunspot number is often used to show solar activity. Wavelet analysis reveals the frequency
components of signals such as the Fourier transform yet wavelet transform is actually a advanced and well planned version of Fourier
transform. Wavelet transform techniques approach has been applied to the periodic analysis of the number of forest fires and sunspot
numbers in Turkey. In this context, in the period from 1937 to the end of 2020, the records of the current fire numbers of the General
Directorate of Forestry (OMG) and the sunspots numbers for the same period have been evaluated. The periodic structure of the existing
84-year forest fire numbers data and the sunspot numbers data in the same period are analyzed using Continuous Wavelet transform
(SDD) and Global Wavelet Spectrum (GDS) techniques. While the dominant periodic component for forest fire numbers was 6.60
years, 10.67 years periodic component is determined for sunspot numbers. Other long-year periodic components of both variables have
also been determined. As a result of this study, it has been determined that the periodic structures of the number of forest fires and the
number of sunspots in Tiirkiye are very different from each other.

Keywords: Number of Forest Fires, Number of Sunspot, Wavelet Transform, Periodicity.
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1. Giris

Orman yangmlari, dogal nedenlerden (yildirim gibi), insan
kaynakli kazalardan (sigara ve kamp atesi gibi) veya kasith
kundaklama eylemlerinden kaynaklanabilen yikici gliglerdir.
Orman yanginlar1 hem orman alanlarini azaltip, hem de erozyon
yoluyla topraklarin azalmasina sebep olmaktadir. Ayrica
atmosferde karbon salinmini artirarak iklim degisikligine
katkida bulunmaktadir. Orman yanginlarinin hem dogal hem de
antropojenik (insan kdkenli) nedenleri vardir. Genelde orman
yanginlar1 oOrtii yangini ile baslayip zamanla geliserek tepe
yangmina doniisebilmektedir [1, 2]. Bir orman yangini ii¢
elementi gerektirmektedir; 1s1, oksijen ve yanict madde. Bu {i¢
unsur “yangin iggeni” olarak belirlenmistir [3].

Tirkiye’deki orman yangin sayilarinin, iklim anomalilerinde
goriilen u¢ degerlerle, artis egiliminde oldugu goriilmektedir.
Yaz aylarinda goriilen asir1 sicaklar azalan yagis miktarina bagl
kuraklik ile orman yanginlar1 hem sayisal hem de alansal olarak
biiyiiyerek dogaya zarar vermektedir. Ozelikle iklim
degisikliginin sonucu olarak sicakligin artmasi, kurak donemin
uzamasi, yagls motiflerinin degismesi gibi klimatolojik
degiskenlerin ug noktalara gitmesi orman yanginlarini sayisini ve
yanan orman alanlarim ¢ogaltmaktadir [4, 5]. Ozellikle son 20
yilda afet diizeyinde goézlenen orman yangmlarina sebebiyet
veren faktorlerin analizi yapilarak orman yangin onlemlerini
disiplinli bir sekilde ele alip uygulamaya gegirilmesi gerekir.

Tirkiye’de orman yanginlarina sebebiyet veren en bilylik
faktoriin insan etkisi oldugunu tespit eden Orman Genel
Miidiirliigii insanlarin ihmal ve dikkatsizligi sonucu yanginlarin
meydana geldigini tespit etmistir. Ayrica kasith olarak yangin
¢ikarip orman alanlarindan yerlesim yerleri, tarla ile otlak alanlar
elde etmenin amaglandigi1 da  belirlemistir.  Yangin
istatistiklerine gore 2011-2020 y1llar1 arasindaki on y1llik siiregte
Tiirkiye’de insan faaliyetleri kaynakli orman yanginlart % 89
oraninda iken yildirnrm kaynakli orman yangin sayist %11
kadardir [6]. Yillik meydana gelen orman yangin sayilarinda
genel egilim siirekli bir artig yoniine sahip oldugu Sekil 1°de
goriilmektedir. Yine Tirkiye’de orman yanginlarinin olusma
yerleri sirasiyla; orman i¢i ve yakinlarindaki tarimsal alanlar,
yerlesim yerleri, enerji nakil hatlari, kara ve demiryollari, maden
sahalari, piknik alanlar1 ve ¢opliiklerdir [6]. Tiirkiye’deki orman
yanginlarinin %97°si, Haziran ila Ekim aylar1 arasinda, yaz
yagiglarinin goriilmedigi kurak dénemde meydana gelmektedir.
Bu aylar yine Akdeniz havzasindaki diger iilkelerde goriilen en
stk orman yanginlarinin goriildigii zamanlardir [7].

Akdeniz havzasinda orman yanginlar1 6zellikle yaz aylarinda,
kurak gegen ilkbahar ve sonbahar mevsimlerinde sik olmaktadir.
Bu yanginlar orman ekosistemine ¢ogunlukla biiyiik zararlar
vermezler ancak artma egiliminde olan bu orman yangimlar
goriilmeye devam etmektedir [8]. Orman yangmlar ile iklim
degiskenlerinin iliskisi hakkinda pek ¢ok c¢alisma yapilmis,
ozelikle iklim degisikligi ve artan sicakliklarla orman
yangimnlarint iligkilendirilmistir  [9,10,11,12,13,14]. Akdeniz
iklimi yasayan 5 Avrupa iilkesinde (Yunanistan, italya, Giiney
Fransa, Portekiz ve Ispanya) ve Amerika kitasimin Pasifik kiy1
eyaletlerinde (Kaliforniya ve Oregon’da) ¢tkan orman yanginlari
sayilarinin  sicakligin  yiiksek, yagisin az oldugu kurak
donemlerinde giderek arttig1 tespit edilmistir [15]. Portekiz ve
Ispanya’daki orman yangn sayilari ile giines faaliyetleri
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degisimlerinin incelendigi bir ¢alismada [16] bu iki degisken
arasinda dogrusal bir iliskinin oldugu tespit edilmistir.

iklim degisiminin en biiyiik kism1, cogunlukla artan sera gazi
konsantrasyonlarindan kaynaklanan insan kokenli etkilere
baglanmaktadirlar [17, 18, 19]. Bu degisikligin 6zellikle hava
sicakliginda 6nemli o6lgiide bir paymin oldugu da tespit
edilmigtir [20, 21, 22]. Yine kiiresel oOlgekte iklim
dalgalanmalarinin astronomik dongiiler tarafindan
yonlendirildigine dair kanitlar bulunmustur [23]. Giines leke
sayist degiskenligi ile giines faaliyetleri dongiilerinin
jeomanyetik akivite ve hava degiskenligi tizerine 6nemli etkileri
oldugu bilinmektedir [24].Arastirmacilar tarafindan yogun bir
tartisgma konusu olmasina ragmen, hem giines radyasyonu
degisimi hem de jeomanyetik diizensizlikler diinyanin iklimi
iizerinde bir miktar etkiye sahiptirler [25, 26, 27, 28]. Kiiresel,
bolgesel ve yerel iklim degisiklerinin birinci derecedeki
meteorolojik parametresinin hava sicaklig1 oldugunu iddia eden
Echer ve arkadaslar1 [29] dalgacik doniisiimii analiziyle hava
sicakligi ile giines lekesi sayisint iligkilendirerek giines lekesinin
22 yillik dongiiniin 11 yillik dongiiden hava sicakliklariyla daha
iliskili oldugunu gostermistir. Ozellikle yaz aylarinda meydana
gelen orman yangmlarinin ¢ikis nedenlerinin bir kismi iklim
degiskenlerinin aldigi uc¢ degerlerden, bir kismi da insan
kaynakli oldugu tespit edilmistir [30, 31]. Glines leke sayisinin
cesitli aragtirmacilar tarafindan yapilan periyodik analizlerinde
hakim periyodik bilesen 10.67 yil bulunurken, yapilan
calismanin tarihlerine gore diger periyodik bilesenlerde
degisiklikler tespit edilmistir. [32, 33, 34]. Orman yanginlarinin
%43 ile 6nemli bir kisminin iklim degisikliginden etkilendigi ve
gelecekte ¢ok sicak iklim kosullarinda yaz yangin doénem
stirelerinin ~ uzayarak  artacagi  bilimsel  ¢alismalarda
gosterilmistir [35, 36, 37]. Sicaklik temel bir meteorolojik
parametredir ve varyasyonu kiiresel, bolgesel ve yerel iklim
degisikliklerinin birincil dlgiistidiir [29] . Giines radyasyonun
enerji bakimindan yiiksek oldugu 10-12 yillik periyodlarda
Tiirkiye orman yanginlarinin hem sayisal hem de zarar géren
toplam alanlar ile dogrusal iligkili oldugu yapilan bir ¢alismada
tespit edilmistir [38].

Bazi bilim insanlari giines leke sayilarinda artig hem diinyamiza
gonderilen radyasyon enerjisinde artisa hem de giinesten diinya
izerine gelen giines riizgarinda artisa sebebiyet verdigini
diistinmektedirler [39, 40]. Dolayisiyla giines leke sayilarinda
artig diinya sicakligini artirmaktadir. Bu calismamizda giines
radyasyonu kaynak verisi olarak, son yillarda popiiler bir
kullanima sahip “giines leke sayilar1” verisi alinmistir. Orman
yangin sayilari ile gilines leke sayilari arasinda yapilan gesitli
caligmalarda bu iki degisken arasinda anlamli dogrusal
iliskilerin oldugu belirlenmistir [16, 41, 42]. Ancak aksi yonde
bulgulari olan bilim insanlar1 da mevcuttur. Ornegin Wright [43]
Kanada’da bulunan Quebec, New Brunswick ve Nova Scotia'da
en bilylik alanli orman yanginlarmin giines lekesi aktivesinin
minimum oldugu dénemlerde oldugunu tespit etmistir. Yine
Meksika orman yanginlarinin ¢ogunlukla giines leke sayilarinin
minimumlart civarinda meydana geldigine isaret eden Herrera
[44] toplam giines 1s1n1m1 minimum seviyede olmasi orman
yanginlarinin meydana gelmesi i¢in uygun kosullart sagladigini
tespit etmistir. Tiirkiye’de orman yangin sayismnin periyodik
analizi heniiz yapilmamis olup bu caligmayla ilk kez orman
yangin sayisinin periyodik yapisi ortaya konulup giines leke
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sayilarinin periyodik yapist ile birlikte degerlendirilmistir. Daha
once yapilan baska bir ¢aligmada giines lekesinin 10-12 yilik
dongili doneminde artan giines radyasyonu verileri ile Tiirkiye
toplam orman yangin alanlari arasinda belirgin bir dogrusal iligki
oldugu bulunmustur [45].

Bu c¢alismada, Tiirkiye orman yangin sayilari ile giines leke
sayilart siirekli dalgacik doniisimii (SDD) ve global dalgacik
spektrumu (GDS) yardimu ile analiz edilerek bu iki degiskenin
periyodik yapisi ortaya konulmustur. Bulunan sonuglarin orman
yanginlarinin modelleme ¢aligmalarinda periyodik yapinin (ayrik
dalgacik  doniisiimiiyle) ilavesiyle katki  saglayacagi
diistiniilmektedir.

1. Materyal ve Metot

Bu ¢alismada Tiirkiye orman yanginlarimin yillik toplam sayilari
ile giines leke sayilarinin aylik ve yillik toplamlarinin periyodik
analizi yapilmistir. Orman yangimi sayilart olarak 1938-2020
yillart arasindaki 84 yillik veriler kullanilmistir. Y1llik orman
yangmi sayist Orman Genel Miidiirliigii, Orman Yanginlar ile
Miicadele Dairesi Bagkanligi veri tabanindan temin edilmistir
[46]. Giines leke sayilar1 verileri ise SIDC internet veri
tabanindan [47] alinarak analiz edilmistir. Giines lekelerinin
aylik toplam verileri ile yapilacak analizin daha saglikli olacagi
diistiniilerek aylik toplam giines leke sayilarinin Haziran 1936-
Eyliil 2021 verileri analize ilave edilmistir. Calismada kullanilan
verilere ait zaman serileri Sekil 1 ve Sekil 2°de goriilmektedir.

4000 | S — ) I E—
| ! | ! |

3500

3000

2
3
8

Orman Yangm Sayisi (adet)
- [ 3
s =]
g 8

1935 1945 1955 1965 1975 1985 1995 2005 2015 2025
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Sekil 1. Tiirkiye orman yangin sayisi yillik toplamlarinin
zaman serisi.

Verileri, fonksiyonlar1 veya operatorleri farkli frekanstaki (veya
periyoddaki) bilesenlere ayirabilen Dalgacik doniisimil bir
yardimc1 ara¢c olarak periyodik bilesenleri cesitli Olgek
degerlerinde ortaya ¢ikarabilmektedir [48]. Ilk dalgacik
doniisiimii yontemi meteorolojik verilerin ve sismik sinyallerin
anlasilmas1 amaciyla diisiiniilmiistiir [49]. Zaman serilerine
dalgacik doniisiimii uygulayan Torrence [50] zaman serilerini;
zaman-frekans uzayinda gosterimini elde etmis boylelikle baskin
periyodik bilesenleri ve bu bilesenlerin zamanla nasil degistigini
tespit etmistir. Dalgacik doniisiimii bize bir zaman serisinin hem
zaman hem de frekans ortaminda incelenmesine olanak saglayan
gelismig bir yontemdir. Bu ydntemle secilen zaman serisi
degiskeninin periyodik bilesenleri zaman i¢inde enerji seviyeleri
ile birlikte tespit edilebilmektedir. Dalgacik doniisimleri segilen
bir ana dalgacik ile sinyaller degisik pencerelerde iliskilendirilir
[51]. Yapilan bu SDD ¢alismasinda temel olarak Morlet dalgacik
fonksiyonunun genisletilip 6telenmesi kullanilmig olup analiz R
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Project yazilim programinda sonuglandirilmistir. Dalgacik
doniisiimiinde dalgacik fonksiyonu olarak yararlanilan ana
dalgacilar; Morlet, Gaussian , Daubechies, Mexican hat olarak
kullanilmaktadir. Bu analizde ise uygun dalgacik tiirii Morlet
secilerek uygulanmasi yapilmistir. Morlet dalgacik dontisiimii
gercek ve irrasyonel kisimlari dikkate alarak hem faz hem de
genligi analiz edebilmektedir. Ayrica frekans alaninda keskin
kenarlarinin olmamasi nedeniyle periyodik davranisi daha kolay
ve anlasilabilir olmaktadir [49,52].
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Sekil 2. Giines leke sayist yillik toplamlarimin zaman
serisi

Siirekli dalgacik doniigiimii ile segilen bir zaman serisinin
periyodik yapisinin zamanla nasil degistigi ve periyodikligin
giicii belirlenebilmektedir. Siirekli dalgacik spektrum sonuglari
gorsel bir sekilde yatay eksen dlgiim siiresini (zamani), diisey
eksen de logaritmik olarak zaman serisinin periyodik dlcegini
gostermektedir. Yiiksek dalgacik katsayilari degisimi koyu renk
tonuyla gosterilirken, diisiik dalgacik katsayilar1 degisimi agik
renkle tonlanmistir. Dalgacik katsayilarinin biiyiikliigii enerjinin
yiiksekligini ifade etmekte olup parlak acik renk tonlartyla
goziikmektedir. Aslinda enerjinin yiiksek olmasi o zaman
stiresinde kuvvetli 6nemli periyodikliginin meydana geldigini
gosterirken agik renk tonlar enerjinin diigiik yani periyodikligin
kayboldugunu gosterir. Sekil 3 ve Sekil 4’te yatay eksende yil
olarak zaman diisey eksende ise 6lgek periyodu olacak sekilde
¢izilen SDD spektrumlar1 goriilmektedir

Siirekli dalgacik doniisiimii, secilen dalgacik fonksiyonunun
stirekli olarak kaydirilip degisen olgeklerle carpimindan sonra
zaman ekseni boyunca toplanmasindan agagidaki formiil ile elde
edilmektedir [53].

+o0 . (1)
SDD(sry = J- g(@®). o5, (O)dt
* : kompleks eslenigini ifade eder,
g(t) : doniistimii yapilacak fonksiyondur,

@s.(t)  :dalgacik ya da ana dalgacik fonksiyonu,

T : kaydirma degiskenidir,

S : 0lgek degiskenidir.

Dalgacik fonksiyonlari, bir ana temel dalgacik fonksiyonundan

Olcek ve kaydirma degiskenlerinin degistirilip kullanilmasiyla
elde edilir ve matematiksel olarak soyle gosterilir;

t—t @
—)

1
Ps,z ®) = ﬁ (P(
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Bu denklemde 1/4/s olgek faktorii, farkli olgeklere sahip
normalizasyon faktoriidiir. Bu esitlik ¢ . (t) denkleminde yerine
konulursa [50]

1 3 . =
SDDsx) = [y 9(0. 95 ()dt 3)

Bu formiil t zaman degiskenini gostermektedir. ¢(t) doniisiim
fonksiyonu olup dalgacik fonksiyonu olarak isimlendirilir, g(t)
de yillik ve aylik giines leke sayilar1 ve orman yangin sayilart
degerleri olmaktadir.

Doniisiimde kullanilan farkli genislikteki pencere fonksiyonlari
ana dalgaciktan Glgekleme ile siirekli olarak tiiretilir. Pencere
isaret iizerinde siirekli olarak gezdirilerek farkli dalgacik
katsayilarma ulagilir. Dalgacik fonksiyonu farkli pencerelerde
zaman serisi ile dteleye oteleye carpimi ile dalgacik dontisiimii
katsayilart elde edilir. Bulunan katsayilar zaman, olgek ve
dalgacik katsayisinin degerini gosteren ii¢ boyutlu goriintii ile
elde edilerek periyodik yapi1 ortaya konulmus olur. Sayet her bir
6leek icin tiim zaman ekseni boyunca hesaplanan spektrumlarin
ortalamalar1 alinirsa GDS olusturulmus olur. GDS’nun formiilii
ise sOyle yazilabilir [54].

- 1 —N-1
W) =5 ). W) @

Bu denklemde s 6lgek degiskenini, N zaman serisinin toplamidir.
GDS her bir 6lgek igin dalgacik sonuglarmin ortalamasini
vermektedir. Bu ortalamalar iist iiste toplanarak GDS nihayetinde
iki boyutlu, yani 6l¢ek ve gii¢ olarak, periyodik yapiy1 gorsel
olarak aciklamaktadir [54]. Zaman serileri analiz edilirken
Morlet dalgacigindan yararlanilmis ve analiz R Project
Programinda gergeklestirilmisti. SDD periyodik bilesenlerin
zaman igindeki degisim enerjisini yani bilesenlerin zamanla
degisimi gosterirken, GDS ile de en 6nemli periyodik bilesenler
tespit edilebilmektedir. Boylelikle orman yangin sayilar ile
giines lekesi sayilarinin periyodik bilesenlerinin hem gii¢csel hem
zamansal degisimlerini ortaya ¢ikarilabilmektedir.

2. Sonuclar ve Tartisma

SDD’da, yatay eksende zaman (yil) diisey eksende ise dlgek
(periyot) olacak sekilde cizilmektedir (Sekil 3, Sekil 4 ve Sekil
5). Kullanilan degiskenin zaman serisinin genligi degisebilen ve
zamanda Otelenebilen Morlet ana dalgacik pencereleri ile
carpilmasi ile iki boyutlu dalgacik katsayilarinin goriintiisii elde
edilmektedir. Bu katsayilarin biiyiikligi o periyodik bilesenin
enerjisinin yliksekligi ile ifade edilmis olur. Bu spektrumlarda
enerjinin yiiksek oldugu bolgeler koyu kahve renkli (kirmizimsi)
goriilmektedir. Enerjinin yiiksek olmasi o zaman siiresince o
periyottaki bilesenin etkili oldugu anlamma gelmektedir.
Enerjinin diisiik oldugu yerler de agik kahverengi ile agik gri renk
arasinda goriilmekte ve o periyodik bilesenin goriilen zaman
araliginda etkisinin zayifligini ifade etmektedir.

Orman yangin sayilarinin SDD’nlin R Project programinda
gorintiisii Sekil 3’te gosterilmistir. Gliglii periyodik yapinin
zaman ekseninin ilk yarisinda zayif iken, 1970°den sonra
giiclenmeye baglayarak 1980’den sonra daha giiglii hale geldigi
anlasilmaktadir. En hakim bilesen olan 6.60 yillik periyodik
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bilesen 1996 yilindan 2004 yilina kadar ¢ok giiclii, 1988-1995
ila 2004-2014 yillarinda giiglii oldugu SDD goriintiisiinde
goriilmektedir. SDD’de 3.48 yillik periyodik bilesenin 2013-
2018 yillarinda ¢ok giiglii, 1973-1976, 1991-1996 ve 2002-2007
gliclii oldugu tespit edilmistir. 21.24 yillik periyodik bilesen
1996-2020 yillarinda giiglii, 1940-1955 ve 1981-1996 yillarinda
az giiclii enerjilidir. SDD spektrumlarinda 29.48 yillik periyodik
bilesen sadece 2004-2020 yillari arasinda belirgin oldugu
goriilmektedir.

Yine 52 yillik periyodik bilesen zaman boyunca siirekli fakat
zayif oldugu sdylenebilir. Orman yangin sayist zaman serisinde
gozlenen 1990-1995 yillart ile 2010-2015 yillart arasi ¢ok fazla
artisin gozlendigi zaman araliginda SDD’de de bu artiglarin
kuvvetli enerjileri saptanmustir.

Yillik toplam orman yangin sayilar1 verilerinin Global spektrum
sonucu Sekil 6’da gosterilmigtir. Global Spektrum bize etkin
periyodik bilesenlerin hangilerinin oldugunu goéstermektedir.
Periyodik bilesenler yaklagik olarak 3 yil ila 52 yil arasinda
degisimler gostermekle birlikte kisa yillik periyodik yapinin
uzun yillardan daha giiglii oldugu tespit edilmistir. Sekil 6’da
o6nemli periyodik bilesenler; 6.60 yil, 3.48 yil, 21.24 yil, 29.48
yil, 12.12 yil ve 52 yil olarak tespit edilmisti. GDS’na gore
orman yanginlarmin hakim periyodik bileseni 6.60 yildir yani
6.60 y1l dongiilerle iilkemizde orman yangin sayilarinda artislar
olmaktadir. Diger giiclii periyodik bilesenler ise 3.48 yil, 21.24
yil ve 29.48 y1l dongiilere sahiptirler.

Giines leke sayilar1 yillik toplam verilerinin SDD spektrumlari
Sekil 4’te gosterilmistir. Spektrumda baskin periyodik bilesen
10.67 yil olarak tiim zaman siirecinde etkin olarak
goriilmektedir.  Glines leke sayillariin GDS  Sekil 7°de
goriildiigii gibi hakim bilesen ¢ok net bir sekilde 10.67 yillik
periyodik bilesendir. GDS’da diger periyodik bilesenler 6.12
yillik, 26.12 yillik ve 42.24 yillik periyodik bilesenler olarak
bulunmustur. SDD’de 10.67 yillik periyodiklik 1948 yilindan
1989 yilina dek ¢ok cok kuvvetli, 1945 yilindan 1948 yilina ve
1990 yilindan 1993 yilina kadar kuvvetli oldugu goériilmektedir.
Zaman ekseninde goriilecegi gibi 2017 yilindan 2020 yilina
kadar periyodiklikte zayiflama oldugu saptanmustir. Ikinci
olarak 6.12 yillik periyodik bilesen 1951 yilindan 1960 yilina
kadar kuvvetli, 1968 ila 1990 aras1 kuvvetlice degisim
gostermistir. SDD’de tiim zaman boyunca sabit bir enerjide olan
26.12 yillik periyodik bilesen sadece 1959 ila 1967 yillarinda
enerjisinde bir miktar artisa sahip olmustur. 42.24 yillik
periyodik bilesen 1941 yilindan itibaren baglayip degismeyen
fakat az bir enerjili olarak goriilmektedir. Giines leke sayilart
aylik toplam verileri ile yapilan dalgacik doniisiim sonuglart
Sekil 5’te SDD olarak ve Sekil 8’de GDD olarak gdsterilmistir.
Aylik verilerin sonucunda hakim periyodik bilesen 128 aylik
(10.67 y1l) periyodik bilesendir. 128 aylik periyodik bilesen
Temmuz 1987 ayindan Mart 1996 aymna kadar ¢ok kuvvetli,
Mayis 1941 den Temmuz 1987 ayina ve Mayis 1996 den Eyliil
2000 aymna kadar kuvvetli bilesen olarak seyretmistir. Bu
periyodik bilesen; Eyliil 2001 den Ocak 2008’e, Subat 2008’den
Eyliil 2010°a, Ekim 2013’e ve Eyliil 2015’e kadar tedrici azalma
gostermektedir.
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ikinci biiyiik periyodik bilesen 576 ayhk (48 yil) dongiiye
sahiptir. 576 aylik (48 yillik) periyodik bilesen Mayis 1946
aymdan Temmuz 1960°a kadar kuvvetlidir. Zaman siiresinin en
son kismi olan Eyliil 2014 ayindan Eyliil 2021°e kadar zayif
enerjiliyken kalan zaman siirede normal bir enerjili
gozlenmektedir. Ugiincii bilyiik periyodik bilesen 256 aylik
(21.33 yillik) olup en kuvvetli oldugu zaman Haziran 1936’den
Eyliil 1945 arasindadir. 256 aylik periyodik bilesen Ekim 1945
ten Eyliil 1950°e kadar daha zayif, Ekim 1950°den Eyliil 1964’e
kadar zayif bir yapidadir. 64 aylik (5.33 yil) periyodik bilesen
Haziran 1936 ila Ocak 1939 tarihleri arasinda kuvvetli, Subat
1939 dan Mart 1943 tarihleri arasinda daha az kuvvetli bir
yapida salimim gostermistir. 6.24 aylik periyodik bilesen
Haziran 1982 tarihinden Mart 1983 tarihlerinde oldukca
kuvvetli ve yerel olarak tespit edilmistir. Yine 12 aylik bilesenin
izleri de SDD’de yersel olarak gbzlenmistir.

Orman yangin sayilari ile giines leke sayilarimin GDS’nin
birbiriyle korelasyon iliskisinin hi¢ olmadigi (p=0,05) tespit
edilmigtir.

Calisma kapsaminda giines leke saymin 11 yillik dongiisiiniin
tespit edilmesi beklenen bir sonu¢ olup, birgok iklim
caligmasinda bu periyot gozlemlenmistir. [56, 57]. Ancak
Tiirkiye orman yangin sayilarmin periyodik davranigi giines
leke sayist ile uyumlu bulunmamustir.

3. Sonuc ve Oneriler

Arastirma sonucunda Tiirkiye orman yangin sayilart ve giines
leke sayilarinin 1937 yilindan 2020 yili sonuna kadar olan
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donemde 6nemli periyodik bilesenleri ortaya ¢ikarilmigtir. SSD
ve GDS Tiirkiye orman yangin sayilarmin yillik toplam verileri
kullanilarak, giines leke sayilari hem aylik toplam hem de yillik
toplam verileri kullanilarak degerlendirilmistir. Tiirkiye yangin
sayilar1 ve gilines leke sayilarinin zaman serilerinin SDD ile
GDS’unda farkli zaman o6lgeklerinde (periyotlarda) degisik
salimimlar gosterdigi anlasilmistir. Tiirkiye orman yanginlari
sayilarinin baskin periyodikligi 6.60 y1l, giines lekelerinin hakim
periyodu 10.67 yil olarak bulunmustur. Orman yangmlarimin
SDD’de bu baskin periyodik yap1 2000°li yillardan sonra siirekli
sayilabilecek kadar belirginken. giines leke sayilarinin SDD’de
10.67 yillik periyot kesintisiz ve ¢ok gii¢lii bir sekilde mevcuttur.
Sonug olarak calisilan Tiirkiye orman yangin sayist ile giines leke
sayllart arasinda periyodik yapilarinda bir  benzerlik
bulunamamistir ancak orman yanginlari dogal oldugu gibi dogal
olmayan nedenlerle de meydana gelmektedir. Bu etkilerin ne
kadar oldugu tam olarak bilinmemektedir bunun sonuglara etkisi
de diistiniilmelidir.

Bu caligmadaki her iki degiskenin ayni zaman dilimdeki
periyodik spektrumlart birbirlerinden ¢ok farkli yapida oldugu
gOriilmiistiir. Giines lekesinin en biiyiikk enerjili dongii
doneminde artan giines radyasyonu verileri ile Tirkiye’deki
yanan toplam yangin alanlarim ile yangin sayilar1 arasinda
belirgin bir dogrusal iliski oldugu bulunan caligmanin [44]
aksine bu ¢aligmada giines lekesinin baskin periyodik bilegenleri
ile orman yangin sayilarinin periyodik bilesenleri arasinda bir
iliski bulunamamistir. Bunun nedeninin OMG’nin orman yangin
sayist verilerinin Ozellikle ilk yarisimin Tirkiye’nin gergek
verilerini temsil etmedigi diisiiniilmektedir. Ozelikle giines leke
sayisinin uzun yillik periyodlarinin olmasi giines mekaniginin
kendine 0Ozgli biiyilk dongiilerinin olmasina baglanabilir.
Dalgacik doniigiimil analizinin istatistiksel anlamlilik testler ile
gelistirilerek yapilmasinin daha uygun olacag: disiiniilmektedir.

Yazar Katkis1

Bigimsel analiz - Taner M. Cengiz(TMC); Arastirma - TMC;
Deneysel performans - TMC; Veri toplama - TMC; Veri isleme -
TMC; Literatiir taramasi - TMC; Yazan - TMC; Inceleme ve
diizenleme - TMC.
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Abstract: As it is known, finishing processes of polyester/cotton blended fabrics require a double dyeing process. Therefore, the
consumption of water, energy and chemicals and the waste it generates are quite high. Within the scope of this study, it is aimed to
compare the yarn and fabric performance properties of a PES/CO blended fabric of a certain color, produced by using virgin fiber or
recycled fiber in its CO component. In the light of the studies, it can be said that during the production of PES/CO blend fabric, recycle
cotton can be used as well as virgin fiber, and although there won’t be problem in terms of color and fastness, the fabric produced
cannot meet the standards provided by the fabric produced from 100% virgin fiber in terms of general appearance and physical-
technological properties. Beyond that, the color gamut will also be limited. However, in the case of using recycled fiber, it is thought
that significant environmental benefits will be achieved, both because a waste is recycled and a fabric that requires too many processing
steps such as a PES/CO blend can be produced without dyeing. It is also worth noting that fabrics produced using recycle fibers have
a unique visual effect. The worn-out look can be particularly interesting in some product lines.

Keywords: Polyester/cotton, dyeing, recycle, virgin fiber, visual effect

PES/CO Kumaslarda Geri Déniisiim Yoluyla Boyama islemi Ortadan Kaldirilabilir mi?

Oz: Bilindigi gibi polyester/pamuk karigimli kumaslarm terbiye islemleri ¢ift boyama islemi gerektirir. Bu nedenle su, enerji ve
kimyasallarmn tiiketimi ve agiga ¢ikan atiklar oldukga fazladir. Bu ¢alisma kapsaminda, pamuk bileseninde virjin elyaf veya geri
donistiiriilmiis elyaf kullanilarak iiretilen belirli bir renkteki PES/CO karisimli bir kumasin iplik ve kumas performans 6zelliklerinin
karsilastirilmas1 amaglanmaktadir. Yapilan ¢alismalar 1s18inda PES/CO karigimli kumas iretiminde virjin elyafin yani sira geri
doniisiim pamugunun da kullanilabilecegi, renk ve haslik agisindan herhangi bir sorun olmamasina ragmen geri doniisiim elyaftan
tiretilen kumasin genel goriiniim ve fiziksel-teknolojik 6zellikler agisindan %100 virjin elyaftan iiretilen kumasin sagladigi standartlart
karsilayamayacagi sdylenebilir. Bunun 6tesinde, renk gami da sinirli olacaktir. Bununla birlikte, geri doniistiiriilmiis elyaf kullanilmasi
durumunda hem bir atigin geri doniistiiriilmesi hem de PES/CO kariginu gibi ¢ok fazla islem adimi gerektiren bir kumasin boyama
yapilmadan iretilebilmesi nedeniyle dnemli ¢evresel faydalarin elde edilecegi diisiiniilmektedir. Geri doniisiim lifleri kullanilarak
tiretilen kumaglarin kendine 6zgii bir gorsel etkiye sahip oldugunu da belirtmekte fayda vardir. Bazi iirlin gruplarinda yipranmig
goriiniim ozellikle ilgi ¢ekici olabilir.

Anahtar kelimeler: Boyama, Geri déniisiim, Gorsel efekt, Polyester/pamuk, Virjin elyaf.

1. Introduction chemical properties [1]. Blends may be needed for a variety of
reasons. Blends have become a key word to meet the
increasing demands of consumers in order to optimize the
clothing comfort and at the same time to bring innovative

Blends refers to the population possibilities that can be formed
by many fiber polymers that differ in their physical or
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trends to the fashion industry. Blends of ester fibres with
cotton or viscose are produced in greater quantity. Factors
contributing to this situation have been the relative ease of
processing, effective clearing and versatility of application,
leading to a wide range of dyed and finished effects.
Polyester/cellulosic yarns are used in sewing threads and slub
effects for apparel [2].

Sustainability is one of the most up-to-date terms in the world,
which consists of three aspects: environment, economy and
society. With the emergence, acceptance and obsolescence of
fast fashion, textile waste is rising to unprecedented levels at
extraordinary speeds. On the other hand, textile wastes can be
raw materials for the development of high value-added
products with an appropriate recycling methodology. Textile
waste management systems are currently going through a
crucial phase aimed at producing value-added products with
various recycling concepts and methods [3].

Inoue and Yamamoto (2004) investigated the performance and
durability of woven fabrics containing recycled polyester fiber
in their study. First, forty-eight commercially available fabrics
containing polyester fibers made from PET bottles were
collected and their ~ mechanical, surface and
thermal/moisture/air transport properties were measured with
the KES-F system to clarify performance. In addition, the
performances of the fabrics were tested after repeated
washings. It was determined that the bending stiffness and
shear strength values tended to increase with the increase in
the recycled polyester fiber ratio [4].

Kurtoglu et al. (2013) investigated the usability of recycled
clothing produced by evaluating fabric residues in their study.
Ne 28 50% recycled cotton - 50% polyester yarns were
produced from fabric scraps of a clothing company and
compared with Ne 28 50% cotton - 50% polyester yarns.
Single jersey fabrics were knitted with these yarns and
garments were sewn with these fabrics under the same
production conditions. The physical properties of yarns,
fabrics and clothing were compared with products made from
virgin fibers. Test results showed no significant difference
between recycled and virgin clothing grades. As a result of this
study, it was stated that recycled clothes obtained from fabric
residues can be used in the garment manufacturing industry

[5].

Telli and Ozdil (2015) investigated the usability of recycled
PET fibers in the apparel industry in their study. The burst
strength, abrasion resistance, air permeability, surface friction,
circular bending stiffness and dimensional stability properties
of knitted fabrics made from recycled PET and blends of PET
and cotton fiber were compared. It has been determined that
while producing the fabric, recycled PET fibers can be blended
in certain amounts instead of PET without sacrificing fabric
performance [6].

Yuksekkaya et al. (2016) compared some properties of yarns
and fabrics produced from virgin and recycled polyester and
cotton fibers. Virgin cotton, recycled cotton, virgin polyester,
recycled polyester fiber and blends of these fibers were used
to produce OE (rotor) yarns. Single jersey fabrics were knitted
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from these yarns. The physical properties of yarns and fabrics
such as strength, evenness, yarn evenness, bursting strength,
pilling and kinetic friction coefficient were measured and
compared statistically. Although, in general, the properties of
yarns and fabrics produced from virgin fibers are better than
those produced from recycled fibers, it was emphasized in this
study that it is possible to produce textiles of optimum quality

[7].

In the light of this information, it can be said that there are a
limited number of studies in the literature on the use of both
cotton and polyester and the mixture of these two fibers in the
production of recycled fabrics and the comparison of the
performance properties of the recycled fabric with the virgin
fabric. However, in none of these studies, the environmental
and economic benefits of using recycled fiber in the
production of colored fabrics have not been examined, since
dyeing is not required if the equivalent of the colored recycled
fabrics produced from virgin fiber are produced. Therefore, it
can be said that this study will make an original contribution
to the literature.

As it is known, finishing processes of polyester/cotton blended
fabrics require a double dyeing process. Therefore, the
consumption of water, energy and chemicals and the waste it
generates are quite high. Within the scope of this study, it is
aimed to compare the yarn and fabric performance properties
of a PES/CO blended fabric of a certain color, produced by
using virgin fiber or recycled fiber in its CO component.
Beyond the comparison of product performance
characteristics between producing a fabric from virgin fiber
and recycled fiber, it is also aimed to reveal the environmental
effects of this production route.

2. Material and Methods

While producing 70/30 PES/CO blend fabric, 70 cotton part
was produced by using 42% Recycle / 28% virgin cotton.
Flament PES was used as the core yarn in the middle. Colored
fabric production was carried out using colored fibers directly.
Beyond that, fabric was produced using 70% virgin undyed
cotton and 30% undyed PES filament, and then dyed in fabric
form by two-bath method. Then, Martindale pilling (TS EN
ISO 12945-2 (ISO 2021), bursting strength (ISO 13938-2 (ISO
2019)), fastness (washing ISO-105 C06 (ISO 2010), dry and
wet rubbing (ISO 105-X12 (ISO 2016)), water (ISO 105-E01
(ISO 2013), alkaline and acidic perspiration (ISO 105-E04
(ISO 2013)), saliva fastness (GB/T 1886-2009)) tests were
performed on all fabric samples. Furthermore, Datacolor 850
spectrophotometer (D 65/10°) was used to determine the
reflectance (R%) values of samples. Then color yield (K/S)
values were calculated by using the Kubelka-Munk equation;

K/S =(1-R)?/2R (1)

R: Reflection value at maximum absorption wavelength
K: Absorption coefficient
S: Scattering coefficient

3. Results and Discussion

USTER test values of the produced yarns are given in Table 1.
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Table 1 USTER test values of the yarns

22/1

- 22/1
Z:O(:t/;)o\rqugln 28% Virgin Cotton /
Fiber Content 309 Virgin %42 Recycled
Cotton / 30% Virgin
Polyester Polyester Flament
Flament
Weight (g/m?) 175 161
um % 8.86 28.2
Thin Place (-50%) 0 4853
Thick Place (+50%) 14.2 5763
Neps (-200) 11.3 7607
Neps (+280) 3.8 3882
Hairness (H) 5.09 9.92
Tenacity (cN/tex)  17.3 9.7
Elasticity 6.61 192.7
Yarn Count (Ne) 215 21.9
Yarn Cv (Ne) 0.63 1.8
Twist T/m 706 890
Twist % Cv 2.82 4.25
Paraffin Mean [n] 0.1 0.28
Humidity 7 6
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When Table 1 is examined, the values such as thin place-thick
place, hairiness and neps are quite good for 70/30 PES/CO
blend yarn produced using virgin cotton, but these values
deteriorate if recycle cotton is used. In addition, although the
yarn twists were higher, the tenacity values were worse in the
yarns containing recycle fiber. Looking at the yarn counts, it
can be said that they have similar values.

The photos of fabrics produced are given in Figure 1. Color
yield values of fabrics produced from virgin and recycle fiber
were 16,24 and 21,79, respectively.

Figure 1. Photos of fabric sample produced by using virgin
and recycled fiber

Washing, water, dry and wet rubbing, alkaline and acidic
perspiration and saliva fastness test results (staining) of
samples are given in Table 2-4. Color change values for each
fastness tests were found to be 4/5 for both fabric types.

Table 2 Washing and water fastness test values of fabrics produced from recycled and virgin cotton fibers

Washing Fastness

Water Fastness

WO PAC PES PA CO CA WO PAC PES PA CO CA
70% Virgin Cotton / , ; - . < A =
. 5 /5 /5 3 4/5  4/5 /5 A5 45 4/5

30% Virgin Polyester Flament 4 4 4 44 Y5 A Al A4
28% Virgin Cotton / %42 Recycled Cotton 45 45 45 3 4 4 45 45 5415 45 4/5

/ 30% Virgin Polyester Flament

Table 3 Alkali and acidic perspiration fastness test values of fabrics produced from recycled and virgin cotton fibers

Acidic Perspiration Fastness

Alkaline Perspiration Fastness

WO PAC PES PA CO CA WO PAC PES PA CO CA

70% Virgin Cotton / c Az = . . , . . ‘
s 5 45 45 45 45 45 4 /5 45 4/5 45 4/5

30% Virgin Polvester Flament 4 4 45 45 45 4 454 3 A4S
28% Virgin Cotton / %42 Recycled Cotton NS4S A4S A5 A4S A4S 45 45 A5 A4S 45 AfS

/ 30% Virgin Polyester Flament

Table 4 Saliva and rubbing fastness test values of fabrics produced from recycled and virgin cotton fibers

Saliva Fastness Rubbing Fastness

WO PAC PES PA CO CA Dry Wet
T0% Virgin Cotton / I 5 i 54 = /s
30% Virgin Polyester Flament 4545 A5 A5 4 Al 4 3
28% Virgin Cotton / %42 Recycled Cotton 45 45 A5 45 45 45 4 3

/ 30% Virgin Polyester Flament

When the tables are examined, it can be said that all the
fastness values of the fabric containing only virgin cotton and
the fabrics containing recycled cotton are at very good levels
and there is no significant difference between them.

Fabric samples were also tested for bursting strength and
results are given in Table 5.

Table 5 Bursting strength values of fabrics produced from recycled and virgin cotton fibers

Bursting Strength
KPA mm Sec.
70% Virgin Cotton /
30% Virgin Polyester Flament 180.26 29.86 15
28% Virgin Cotton / %42 Recycled Cotton
/ 30% Virgin Polyester Elament 158.4 32 22.2
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However, the bursting strength of the fabrics were lower in
those using recycled fiber. In addition, fabric handles were also
compared with the subjective method, and it can be said that
the handle is well balanced with the finishing processes and a
performance similar, but not equal, to the fabric produced from
virgin fiber can be achieved.

Cost analyzes of the fabrics (70% Cotton / 30% Polyester)
produced were also made and the results are given in Table 6.

Table 6 Cost comparison of fabrics produced from recycled
and virgin cotton fiber

Cost change in case of recycled cotton usage
instead of virgin cotton

Cotton (VirginRecycled) (S/kg) -%l15
Polyester ($/kg) 0

Yarn (3/kg) 9525
Knitting (3/kg) 2510
Dyeing/Washing ($/kg) 2470
Finishing ($/kg) 0

Total (S'ke) 9010

When Table 6 is examined, the first thing that draws attention
is that the production costs of fabrics containing recycled fiber
are similar (even lower) to the case of using 100% virgin fiber.
Although there seems to be something wrong at first glance,
the reason for this is that the PES fiber to be used with it must
be supplied in colored form in order for the dyed cotton fiber
from the recycling to be used in the production of recycle
fabric. The high price of colored PES fiber leads to the high
price of fabrics using recycled cotton. However, if undyed
recycled cotton fiber is used directly, the cost of fabric will
significantly be reduced since it will be possible to use undyed
PES filament together with it.

4. Conclusion

In the light of the studies, it can be said that during the
production of PES/CO blend fabric, recycle cotton can be used
as well as virgin fiber, and although there won’t be problem in
terms of color and fastness, the fabric produced cannot meet
the standards provided by the fabric produced from 100%
virgin fiber in terms of general appearance and physical-
technological properties. Beyond that, the color gamut will
also be limited. However, in the case of using recycled fiber, it
is thought that significant environmental benefits will be
achieved, both because a waste is recycled and a fabric that
requires too many processing steps such as a PES/CO blend
can be produced without dyeing. Because the fabric produced
from PES/CO blended virgin fiber needs to consume 10 baths
such as pretreatment, PES dyeing, reducing washing, rinsing,
cotton dyeing, 4-5 washing steps. The use of recycle fiber will
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provide a serious advantage by eliminating all these steps. It is
also worth noting that fabrics produced using recycle fibers
have a unique visual effect. The worn-out look can be
particularly interesting in some product lines.

In future studies, it will be useful to work on determining the
ideal blend ratio that will allow production without negatively
affecting the general yarn and fabric properties by reducing the
amount of recycle cotton used in the yarn production stage.
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